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THIS NEW EDITION, like previous editions, has been prepared to
assist those who work or experiment with electron tubes and circuits.
It will prove interesting and valuable to engineers, service techni-
cians, experimenters, radio amateurs, hobbyists, and many others
technically concerned with electron tubes. »

This edition has been augmented and revised to keep pace with
our rapidly changing technology. Many tube types widely used in
the design of new electronic equipment only a few years ago are now
chiefly of interest for renewal purposes; in their place, new advanced
types are being used. As a result, you will find that the information
in the Tube Types Section for many older types has been limited to
basic essential data; the information for the newer and more impor-
tant types has been given in greater detail.

Many tube types are available in addition to the home-entertainment types
described in this manual. For industrial and specialized aprlications, the
Electron Tube Division of Radio Corporation of America offers small re-
ceiving-type tubes, such as premium tubes, Special Red tubes, computer
tubes, voltage regulator tubes, and nuvistor tubes. Other lines of RCA
electron devices include:
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Photojunction Types Transistors, Silicon Rectifiers

THYRATRONS and IGNITRONS

For sales information, For technical information, write
write to Sales to Commercial Engineering
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Electrons, Electrodes, and Electron Tubes

The electron tube is a marvelous
device. It makes possible the performing
of operations, amazing in conception,
with a precision and a certainty that are
astounding. It is an exceedingly sensi-
tive and accurate instrument—the prod-
uct of coordinated efforts of engineers
and craftsmen. Its construction requires
materials from every corner of the earth.
Its use is world-wide. Its future possi-
bilities, even in the light of present-day
accomplishments, are but dimly fore-
seen; for each development opens new
fields of design and application.

The importance of the electron tube
lies in its ability to control almost in-
stantly the flight of the millions of elec-
trons supplied by the cathode. It accom-
plishes this control with a minimum of
energy. Because it is almost instantane-
ous in its action, the electron tube can
operate efficiently and accurately at
electrical frequencies much higher than
those attainable with rotating machines.

Electrons

All matter exists in the solid, liquid,
or gaseous state. These three forms con-
sist entirely of minute divisions known
as molecules, which, in turn, are com-
posed of atoms. Atoms have 2 nucleus
which is a positive charge of electricity,
around which revolve tiny charges of
negative electricity known as electrons.
Scientists have estimated that electrons

~ weigh only 1/30-billion, billion, billion,
billionths of an ounce, and that they
may travel at speeds of thousands of
miles per second.

Electron movement may be accele-
rated by the addition of energy. Heat is
one form of energy which can be con-
veniently used to speed up the electron.
For example, if the temperature of a
metal is gradually raised, the electrons

in the metal gain velocity. When the
metal becomes hot enough, some elec-
trons may acquire sufficient speed to
break away from the surface of the
metal. This action, which is accelerated
when the metal is heated in a vacuum,
is utilized in most electron tubes to
produce the necessary electron supply.

An electron tube consists of a cath-
ode, which supplies electrons, and one or
more additional electrodes, which con-
trol and collect these electrons, mounted
in an evacuated envelope. The envelope
may be made of glass, metal, ceramic, or
a combination of these materials.

Cathodes

A cathode is an essential part of an
electron tube because it supplies the
electrons necessary for tube operation.
When energy in some form is applied to
the cathode, electrons are released. Heat
is the form of energy generally used.The
method of heating the cathode may be
used to distinguish between the different
forms of cathodes. For example, a di-
rectly heated cathode, or filament-cath-
ode, is a wire heated by the passage of
an electric current. An indirectly heated
cathode, or heater-cathode, consists of a
filament, or heater, enclosed in a metal
sleeve. The sleeve carries the electron-
emitting material on its outside surface
and is heated by radiation and conduc-
tion from the heater.

A filament, or directly heated cath-
ode, such as that shown in Fig. 1 may
be further classified by identifying the
filament or electron-emitting material.
The materials in regular use are tung-
sten, thoriated tungsten, and metals
which have been coated with alkaline-
earth oxides. Tungsten filaments are
made from the pure metal. Because they
must operate at high temperatures (a



dazzling white) to emit sufficient elec-
trons, a relatively large amount of fila-
ment power is required.

Thoriated-tungsten filaments are
made from tungsten impregnated with
thorium oxide. Due to the presence of
thorium, these filaments liberate elec-
trons at a more moderate temperature
of about 1700°C (a bright yellow) and
are, therefore, much more economical of
filament power than are pure tungsten
filaments.

Alkaline earths are usually applied
as a coating on a nickel-alloy wire or
ribbon. This coating, which is dried in a
relatively thick layer on the filament,
requires only a relatively low tempera-
ture of about 700-750°C (a dull red) to
produce a copious supply of electrons.
Coated filaments operate very efficiently
and require relatively little filament
power. However, each of these cathode
materials has special advantages which
determine the choice for a particular
application.
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Fig. 2

Directly heated filament-cathodes
require comparatively little heating
power. They are used in almost all of
the tube types designed for battery op-
eration because it is, of course, desirable
to impose as small a drain as possible on
the batteries. Examples of battery-oper-
ated filament types are the 1R5, 1U4,
1U5, and 8V4. AC-operated types hav-
ing directly heated filament-cathodes
include the 2A3 and 5Y3-GT.

An indirectly heated cathode, or
heater-cathode, consists of a thin metal
sleeve coated with electron-emitting ma-
terial such as alkaline-earth oxides. With-
in the sleeve is a heater which is insu-
lated from the sleeve, as shown in Fig. 2.
The heater is made of tungsten or tung-
sten-alloy wire and is used only for the
purpose of heating the cathode sleeve

RCA Receiving Tube Manual

and sleeve coating to an electron-emit-
ting temperature. Useful emission does
not take place from the heater wire.

The heater-cathode construction is
well adapted for use in electron tubes in-
tended for operation from ac power lines
and from storage batteries. The use of
separate parts for emitter and heater
functions, the electrical insulation of the
heater from the emitter, and the shield-
ing effect of the sleeve may all be utilized
in the design of the tube to minimize the
introduction of hum from the ac heater
supply and to minimize electrical inter-
ference which might enter the tube cir-
cuit through the heater-supply line.
From the viewpoint of circuit design,
the heater-cathode construction offers
advantages in connection flexibility be-
cause of the electrical separation of the
heater from the cathode.

Another advantage of the heater-
cathode construction is that it makes
practical the design of a rectifier tube
having close spacing between its cathode
and plate, and of an amplifier tube hav-
ing close spacing between its cathode
and grid. In a close-spaced rectifier tube,
the voltage drop in the tube is low, and,
therefore, the regulation is improved. In
an amplifier tube, the close spacing in-
creases the gain obtainable from the
tube. Because of the advantages of the
heater-cathode construction, almost all
present-day receiving tubes designed for
ac operation have heater-cathodes.

Generic Tube Types

Electrons are of no value in an elec-
tron tube unless they can be put to
work. Therefore, a tube is designed with
the parts necessary to utilize electrons
as well as those required to produce
them. These parts consist of a cathode
and one or more supplementary elec-
trodes. The electrodes are enclosed in an
evacuated envelope having the neces-
sary connections brought out through
air-tight seals. The air is removed from
the envelope to allow free movement of
the electrons and to prevent injury to
the emitting surface of the cathode.

When the cathode is heated, elec-
trons leave the cathode surface and form
an invisible cloud in the space around it.
Any positive electric potential within
the evacuated envelope offers a strong
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attraction to the electrons (unlike elec-
tric charges attract; like charges repel).
Such a positive electric potential can be
supplied by an amnede (positive elec-
trode) located within the tube in prox-
imity to the cathode.

Diodes

The simplest form of electron tube
contains two electrodes, a cathode and
an anode (plate), and is often called a
diode, the family name for a two-elec-
trode tube. In a diode, the positive po-
tential is supplied by a suitable electrical
source connected between the plate
terminal and a2 cathode terminal, as
shown in Fig. 3. Under the influence of
the positive plate potential, electrons
flow from the cathode to the plate and
return through the external plate-bat-
tery circuit to the cathode, thus com-
pleting the circuit. This flow of electrons
is known as the plate current.

If a negative potential is applied to
the plate, the free electrons in the space
surrounding the cathode will be forced
back to the cathode and no plate cur-
rent will flow. If an alternating voltage
is applied to the plate, the plate is alter-
nately made positive and negative. Be-
cause plate current flows only during the
time when the plate is positive, current
flows through the tube in only one direc-
tion and is said to be rectified. Fig. 4
shows the rectified output current pro-
duced by an alternating input voltage.

Diode rectifiers are used in ac re-
ceivers to convert the ac supply voltage
to de voltage for the electrodes of the
other tubes in the receiver. Rectifier
tubes having only one plate and one

ELECTRON
FLOW

cathode, such as the 35W4, are called
half-wave rectifiers, because current
can flow only during one-half of the
alternating-current cycle. When two
plates and one or more cathodes are

used in the same tube, current may be
obtained on both halves of the ac cycle.
The 6X4, 5Y3-GT, and 5U4-GB are ex-
amples of this type and are called
full-wave rectifiers.

Not all of the electrons emitted by
the cathode reach the plate. Some return
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Fig. 4

to the cathode while others remain in
the space between the cathode and plate
for a brief period to produce an effect
known as space-charge. This charge has
a repelling action on other electrons
which leave the cathode surface and im-
pedes their passage to the plate. The ex-
tent of this action and the amount of
space-charge depend on the cathode
temperature, the distance between the
cathode and the plate, and the plate
potential. The higher the plate potential,
the less is the tendency for electrons to
remain in the space-charge region and
repel other electrons. This effect may be
noted by applying increasingly higher
plate voltages to a tube operating at a
fixed heater or filament voltage. Under
these conditions, the maximum number
of available electrons is fixed, but in-
creasingly higher plate voltages will
succeed in attracting a greater propor-
tion of the free electrons.

Beyond a certain plate voltage,
however, additional plate voltage has
little effect in increasing the plate cur-
rent because all of the electrons emitted
by the cathode are already being drawn
to the plate. This maximum current,
illustrated in Fig. 5, is called saturation
current. Because it is an indication of
the total number of electrons emitted, it
is also known as emission current or
simply emission.

Althoughtubesaresometimestested
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by measurement of their emission cur-
rent, it is generally not advisable to
measure the full value of emission be-
cause this value would be sufficiently
large to cause change in the tube’s char-
acteristics or even to damage the tube.
Consequently, while the test value of
emission current issomewhat larger than
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the maximum current which will be re-
quired from the cathode in the use of the
tube, it is ordinarily less than the full
emission current. The emission test,
therefore, is used to indicate whether
the cathode can supply a sufficient num-
ber of electrons for satisfactory opera-
tion of the tube.

1f space charge were not present to
repel electrons coming from the cathode,
the same plate current could be produced
at a lower plate voltage. One way to
make the effect of space charge small is
to make the distance between plate and
cathode small. This method is used in
rectifier types having heater-cathodes,
such as the 5V4-GA and the 6AX5-GT.
In these types the radial distance be-
tween cathode and plate is only about
two hundredths of an inch.

Another method of reducing space-
charge effect is utilized in mercury-
vapor rectifier tubes. When such tubes
are operated, a small amount of mercury
contained in the tube is partially vapor-
ized, filling the space inside the bulb
with mercury atoms. These atoms are
bombarded by electrons on their way to
the plate. If the electrons are moving at
a sufficiently high speed, the collisions
tear off electrons from the mercury
atoms. The mercury atom is then said
to be “ionized,” i.e., it has lost one or
more electrons and, therefore, has a
positive charge. Ionization is evidenced
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by a bluish-green glow between the
cathode and plate. When ionization oc-
curs, the space charge is neutralized by
the positive mercury atoms so that in-
creased numbers of electrons are made
available. Mercury-vapor tubes are used
primarily for power rectifiers.

Ionic-heated-cathode rectifier
tubes, such as the 0Z4 and 0Z4-G, also
depend on gas ionization for their opera-
tion. These tubes are of the full-wave
design and contain two anodes and a
coated cathode sealed in 2 bulb contain-
ing a reduced pressure of inert gas. The
cathode in each of these types becomes
hot during tube operation, but the heat-
ing effect is caused by bombardment of
the cathode by ions within the tube
rather than by heater or filament cur-
rent from an external source.

The internal structure of an ionic-
heated-cathode tube is designed so that
when sufficient voltage is applied to the
tube, ionization of the gas occurs be-
tween the anode whichisinstantaneously
positive and the cathode. Under normal
operating voltages, ionization does not
take place between the anode that is
negative and the cathode so that the
requirements for rectification are satis-
fied. The initial small flow of current
through the tube is sufficient to raise the
cathode temperature quickly to incan-
descence whereupon the cathode emits
electrons.The voltage drop in such tubes
is slightly higher than that of the usual
hot-cathode gas rectifiers because energy
is taken from the ionization discharge to
keep the cathode at operating tempera-
ture. Proper operation of these rectifiers
requires 2 minimum flow of load current
at all times in order to maintain the
cathode at the temperature required to
supply suflicient emission.

Triodes

When a third electrode, called the
grid, is placed between the cathode and
plate, the tube is known as a triode, the
family name for a three-electrode tube.
The grid usually consists of relatively
fine wire wound on two support rods and
extending the length of the cathode.The
spaces between turns are comparatively
large so that the passage of electrons
from cathode to plate is practically un-
obstructed by the grid wires. The pur-



pose of the grid is to control the flow of
plate current. When a tube is used as an
amplifier, a negative dc voltage is usually
applied to the grid. Under this condition
the grid does not draw appreciable
current.

The number of electrons attracted
to the plate depends on the combined
effect of the grid and plate polarities, as
shown in Fig. 6. When the plate is posi-
tive, as is normal, and the dc grid volt-
age is made more and more negative, the
plate is less able to attract electrons to it
and plate current decreases. When the
grid is made less and less negative (more
and more positive), the plate more read-
ily attracts electrons to it and plate cur-
rent increases. Hence, when the voltage
on the grid is varied in accordance with
a signal, the plate current varies with
the signal. Because a small voltage ap-
plied to the grid can control a compara-
tively large amount of plate current, the
signal is amplified by the tube. Typical
three-electrode tube types are the 6C4
and 6AF4-A.

: The grid, plate, and cathode of a
triode form an electrostatic system, each
electrode acting as one plate of a small
capacitor. The capacitances are those
existing between grid and plate, plate
and cathode, and grid and cathode.

ELECTRON
FLOW

. PLATE
cmo LATE  CURRENT
A CATHODE oUTPUT
INPUT 2 HEATER
S ) 8
Pttt}
= + - T

Fig. 6

These capacitances are known as inter-
electrode capacitances. Generally, the
capacitance between grid and plate is of
the most importanece. In high-gain radio-
frequency amplifier circuits, this capaci-
tance may act to produce undesired
coupling between the input circuit, the
circuit between grid and cathode, and
the output circuit, the circuit between
plate and cathode. This coupling is un-
desirable in an amplifier because it may
cause instability and unsatisfactory per-
formance.

-
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Tetrodes

The capacitance between grid and
plate can be made small by mounting an
additional electrode, called the screen
grid (grid No. 2), in the tube. With the
addition of the grid No.2, the tube has
four electrodes and is, accordingly, called
a tetrode. The screen grid or grid No.2
is mounted between the grid No.1 (con-
trol grid) and the plate, as shown in Fig.
7, and acts as an electrostatic shield be-
tween them, thus reducing the grid-to-
plate capacitance. The effectiveness of

ELECTRON
FLOow
— ()
e A
CURRENT
GRID
OUTPUT
INPUT
[ -] .
_l'l'l+ y ;|'|'|'1+

this shielding action is increased by a
bypass capacitor connected between
screen grid and cathode. By means of the
screen grid and this bypass capacitor,
the grid-plate capacitance of a tetrode is
made very small. In practice, the grid-
plate capacitance is reduced from sev-
eral micromicrofarads (uuf) for a triode
to 0.01 uuf or less for d screen-grid tube.

The screen grid has another desir-
able effect in that it makes plate current
practically independent of plate voltage
over a certain range. The screen grid is
operated at a positive voltage and,
therefore, attracts electrons from the
cathode. However, because of the com-
paratively large space between wires of
the screen grid, most of the electrons
drawn to the sereen grid pass through it
to the plate. Hence the screen grid sup-
plies an electrostatic force pulling elec-
trons from the cathode to the plate. At
the same time the screen grid shields the
electrons between cathode and screen
grid from the plate so that the plate ex-
erts very little electrostatic force on
electrons near the cathode.

So long as the plate voltage is higher
than the screen-grid voltage, plate cur-
rent in a screen-grid tube depends to a
great degree on the screen-grid voltage
and very little on the plate voltage. The
fact that plate current in a screen-grid



tube is largely independent of plate volt-
age makes it possible to obtain much
higher amplification with a tetrode than
with a triode. The low grid-plate capaci-
tance makes it possible to obtain this
high amplification without plate-to-grid
feedback and resultant instability. In
receiving-tube applications, the tetrode
has been replaced to a considerable de-
gree by the pentode.

Pentodes

In all electron tubes, electrons strik-
ing the plate may, if moving at sufficient
speed, dislodge other electrons. In two-
and three-electrode types, these dis-
lodged electrons usually do not cause
trouble because no positive electrode
other than the plate itself is present to
attract them. These electrons, therefore,
are drawn back to the plate. Emission
caused by bombardment of an electrode
by electrons from the cathode is called
secondary emission because the effect is
secondary to the original cathode emis-
sion,

In the case of screen-grid tubes, the
proximity of the positive screen grid to
the plate offers a strong attraction to
these secondary electrons and particu-
larly so if the plate voltage swings lower
than the screen-grid voltage. This effect
lowers the plate current and limits the
useful plate-voltage swing for tetrodes.

The effects of secondary emission
are minimized when a fifth electrode is
placed within the tube between the
screen grid and plate.This fifth electrode
is known as the suppressor grid (grid
No.3) and is usually connected to the
cathode, as shown in Fig. 8. Because of
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Fig. 8
its negative potential with respect to the
plate, the suppressor grid retards the
flight of secondary electrons and diverts
them back to the plate.
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The family name for a five-electrode
tube is ‘“pentode”. In power-output
pentodes, the suppressor grid makes pos-
sible higher power output with lower
grid-driving voltage; in radio-frequency
amplifier pentodes the suppressor grid
makes possible high voltage amplifica-
tion at moderate values of plate voltage.
These desirable features result from the
fact that the plate-voltage swing can be
made very large. In fact, the plate volt-
age may be as low as, or lower than, the
screen-grid voltage without serious loss
in signal-gain capability. Representative
pentodes used for power amplification
arethe 3V4 and 6K6-GT; representative
pentodes used for voltage amplification
are the 1U4, 6AUS6, 12SK7, and 6BAS.

Beam Power Tubes

A beam power tube is a tetrode or
pentodein which directed electron beams
are used to increase substantially the
power-handling capability of the tube.
Such a tube contains a cathode, a con-
trol grid (grid No.1), a screen grid (grid
No.2), a plate, and, optionally, a sup-
pressor grid (grid No.3). When a beam
power tube is designed without an ac-
tual suppressor grid, the electrodes are
so spaced that secondary emission from
the plate is suppressed by space-charge
effects between screen grid and plate.
The space charge is produced by the
slowing up of electrons traveling from a
high-potential screen grid to a lower-
potential plate. In this low-velocity re-
gion, the space charge produced is suffi-
cient to repel secondary electrons emit-
ted from the plate and to cause them to
return to the plate.

Beam power tubes of this design
employ beam-confining electrodes at
cathode potential to assist in producing
the desired beam effects and to prevent
stray electrons from the plate from re-
turning to the screen grid outside of the
beam. A feature of a beam power tube
is its low screen-grid current. The sereen
grid and the control grid are spiral wires
wound so that each turn of the screen
grid is shaded from the cathode by a
grid turn. This alignment of the screen
grid and control grid causes the electrons
to travel in sheets between the turns of
the screen grid so that very few of them
strike the screen grid. Because of the



effective suppressor action provided by
space charge and because of the low cur-
rent drawn by the screen grid, the beam
power tube has the advantages of high
power output, high power sensitivity,
and high efficiency.

Fig. 9 shows the structure of a beam
power tube employing space-charge sup-
pression and illustrates how the electrons
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are confined to beams. The beam condi-
tion illustrated is that for a plate po-
tential less than the screen-grid poten-
tial. The high-density space-charge re-
gion is indicated by the heavily dashed
lines in the beam. Note that the edges of
the beam-confining electrodes coincide
with the dashed portion of the beam. In
this way the space-charge potential re-
gion is extended beyond the beam
boundaries and stray secondary electrons
are prevented from returning to the
screen grid outside of the beam. The
space-charge effect may also be obtained
by use of an actual suppressor grid. Ex-
amples of beam power tubes are 6AQ5-A,
6L6-GB, 6V6-GT, and 50C5.

Multi-Electrode and
Multi-Unit Tubes

Early in the history of tube develop-
ment and application, tubes were de-
signed for general service; that is, a
single tube type—a triode—was used as
a radio-frequency amplifier, an inter-
mediate-frequency amplifier, an audio-
frequency amplifier, an oscillator, or a
detector. Obviously, with this diversity
of application, one tube did not meet all
requirements to the best advantage.

Electrons, Electrodes, and Electron Tubes

Later and present trends of tube de-
sign are the development of ‘“‘specialty”
types. These types are intended either to
give optimum performance in a particu-
lar application or to combine in one bulb
functions which formerly required two
or more tubes. The first class of tubes in-
cludes such examples of specialty types
as the 6CB6 and 6BY6. Types of this
class generally require more than three
electrodes to obtain the desired special
characteristics and may be broadly
classed as multi-electrode types. The
6BY6 is an especially interesting type in
this class. This tube has an unusually
large number of electrodes, namely
seven, exclusive of the heater. Plate cur-
rent in the tube is varied at two different
frequencies at the same time. The tube
is designed primarily for use as a com-
bined sync separator and syne clipper in
television receivers.

The second class includes multi-
unit tubes such as the twin-diode triodes
6BF6 and 6AV6, as well as triode-pen-
todes such as the 6U8-A and 6X8. This
class also includes class A twin triodes
such as the 6CGT and 12A X7, and types
such as the 6CM7 containing dissimilar
triode units used primarily as combined
vertical oscillators and vertical deflec-
tion amplifiers in television receivers.
Full-wave rectifiers are also multi-unit
types.

A third class of tubes combines fea-
tures of each of the other two classes.
Typical of this third class are the penta-
grid-converter types 1R5, 6BEG6, and
6SAT. These tubes are similar to the
multi-electrode types in that they have
seven electrodes, all of which affect the
electron stream; and they are similar to
the multi-unit tubes in that they per-
form simultaneously the double function
of oscillator and mixer in superhetero-
dyne receivers.

Television Picture Tubes

The picture tube, or kinescope, is a
multi-electrode tube used principally in
television receivers for picture display.
It consists essentially of an electron gun,
a glass or metal-and-glass envelope and
face-plate combination, and a fluores-
cent screen.

The electron gun includes a cathode
for the production of free electrons, one
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or more control electrodes for acceler-
ating the electrons in the beam, and,
optionally, a device for “trapping” un-
wanted ions out of the electron beam.

Focusing of the beam is accom-
plished either electromagnetically by
means of a focusing coil placed on the
neck of the tube, or electrostatically, as
shown in Fig. 10, by means of a focusing
electrode (grid No. 4) within the enve-
lope of the tube. The screen is a white-
fluorescing phosphor P4 of either the
silicate or the sulfide type.

Deflection of the beam is accom-
plished either electrostatically by means
of deflecting electrodes within the enve-
lope of the tube, or electromagnetically
by means of a deflecting yoke placed on
the neck of the tube. Fig. 10 shows the
structure of the gun section of a pic-
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CONDUCTIVE
COATING

GLASS
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ture tube and illustrates how the elec-
tron beam is formed and how the beam
is deflected by means of an electromag-
netic deflecting yoke. In this type of
tube, ions in the beam are prevented
from damaging the fluorescent screen by
an aluminum film on the gun side of the
screen. This film not only ‘“traps” un-
wanted ions, but also improves picture
contrast. In many types of non-alumi-
nized tubes, ions are separated from the
electron beam by means of a tilted-gun
and ion-trap-magnet arrangement.

The color kinescope 21CYP22-A
consists of three electron guns and an
aluminized,tricolor,phosphor-dot sereen
on the inner surface of the spherical fil-
terglass faceplate. It utilizes magnetic
convergence, electrostatic focus, and
magnetic deflection.

10



Electron Tube Characteristics

The term ‘“‘characteristics” is used
to identify the distinguishing electrical
features and values of an electron tube.
These values may be shown in curve
form or they may be tabulated. When
the characteristics values are given in
curve form, the curves may be used for
the determination of tube performance
and the calculation of additional tube
factors.

Tube characteristics are obtained
from electrical measurements of a tube
in various circuits under certain definite
conditions of voltages. Characteristics
may be further described by denoting
the conditions of measurements. For ex-
ample Static Characteristics are the val-
ues obtained with different de potentials
applied to the tube electrodes, while Dy-
namic Characteristics are the values ob-
tained with an ac voltage on a control
grid under various conditions of de po-
tentials on the electrodes. The dynamic
characteristics, therefore, are indicative
of the performance capabilities of a tube
under actual working conditions.

Static characteristics may be shown
by plate characteristics curves and trans-
fer (mutual) characteristics curves.These
curves present the same information,
"but in two different forms to increase its
usefulness. The plate characteristic
curve is obtained by varying plate volt-
age and measuring plate current for dif-
ferent grid bias voltages, while the trans-
fer-characteristic curve is obtained by
varying grid bias voltage and measuring
plate current for different plate voltages.
A plate-characteristic family of curves is
illustrated by Fig. 11. Fig. 12 gives the
transfer-characteristic family of curves
for the same tube.

Dynamic characteristies include
amplification factor, plate resistance,
control-grid —plate transconductance,
and certain detector characteristics, and
may be shown in curve form for varia-
tions in tube operating conditions.

The amplification factor, or u, is
the ratio of the change in plate voltage
to a change in control-electrode voltage
in the opposite direction, under the con-
dition that the plate current remains un-
changed and that all other electrode

voltages are maintained constant. For
example, if, when the plate voltage is
made 1 volt more positive, the control-
electrode (grid-No.l) voltage must be
made 0.1 volt more negative to hold
plate current unchanged, the amplifica-
tion factor is 1 divided by 0.1, or 10. In
other words, a small voltage variation in
the grid circuit of a tube has the same
effect on the plate current as a large
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plate-voltage change—the latter equal
to the product of the grid-voltage change
and amplification factor. The u of a tube
is often useful for calculating stage gain.
This use is discussed in the ELECTRON
TUBE APPLICATIONS SECTION.
Plate resistance (rp) of an electron
tubeis the resistance of the path between

8

=270

»

PLATE MILLIAMPERES
b
I
Rtare v
~ours
\\ 180
————l90

M
a5

/

N
of
\

o

- =26 =10
GRID VOLTS
Fig. 12

cathode and plate to the flow of alter-
nating current. It is the quotient of a
small change in plate voltage divided by
the corresponding change in plate cur-
rent and is expressed in ohms, the unit
of resistance. Thus, if a change of 0.1
milliampere (0.0001 ampere) is produced
by a plate voltage variation of 1 volt,
the plate resistance is 1 divided by
0.0001, or 10000 ohms.

11



Control-grid—plate transconduct-
ance, or simply transconductance (gm),
is a factor which combines in one term
the amplification factor and the plate
resistance, and is the quotient of the
first divided by the second. This term
has also been known as mutual conduct-
ance. Transconductance may be more
strictly defined as the quotient of a small
change in plate current (amperes) di-
vided by the small changein the control-
grid voltage producing it, under the con-
dition that all other voltages remain un-
changed. Thus, if a grid-voltage change
of 0.5 volt causes a plate-current change
of 1 milliampere (0.001 ampere), with
all other voltages constant, the trans-
conductance is 0.001 divided by 0.5, or
0.002 mho. A “mho” is the unit of con-
ductance and was named by spelling
ohm backwards. For convenience, a
millionth of a mho, or a micromho
(umho),is used to express transconduct-
ance. Thus, in the example, 0.002 mho
is 2000 micromhos.

Conversion transconductance (gc)
is a characteristic associated with the
mixer (first detector) function of tubes
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and may be defined as the quotient of
the intermediate-frequency (if) current
in the primary of the if transformer di-
vided by the applied radio-frequency
(rf) voltage producing it; or more pre-
cisely, it is the limiting value of this
quotient as the rf voltage and if current
approach zero. When the performance
of a frequency converter is determined,
conversion transconductance is used in
the same way as control-grid—plate
transconductance is used in single-fre-
quency amplifier computations.

The plate efficiency of a power am-
plifier tube is the ratio of the ac power
output (P,) to the product of the aver-
age dc plate voltage (Ep) and dc plate
current (Ip) at full signal, or

Plate efficiency_ Po watts
(%)

= — e 0
Ep volts X Ib amperes>< 10

The power sensitivity of a tube is
the ratio of the power output to the
square of the input signal voltage (Ein)
and is expressed in mhos as follows:

_ _Po watts

Power sensitivity (mhos) = m



Electron Tube Applications

The diversified applications of an
electron receiving tube have, within the
scope of this section, been treated under
seven headings. These are: Amplifica-
tion, Rectification, Detection, Auto-
matic Volume or Gain Control, Oscilla-
tion, Frequency Conversion, and Au-
tomatic Frequency Control. Although
these operations may take place at either
radio or audio frequencies and may in-
volve the use of different circuits and
different supplemental parts, the gen-
eral considerations of each kind of oper-
ation are basic.

Amplification

The amplifying action of an electron
tube was mentioned under Triodes in
the section on ELECTRONS, ELEC-
TRODES, and ELECTRON TUBES.
This action can be utilized in electronic
circuits in a number of ways, depending
upon the results desired. Four classes of
amplifier service recognized by engineers
are covered by definitions standardized
by the Institute of Radio Engineers.
This classification depends primarily on
the fraction of input cycle during which
plate current is expected to flow under
rated full-load conditions. The classes
are class A, class AB, class B, and class
C. The term “cutoff bias” used in these
definitions is the value of grid bias at
which plate current is some very small
value.

Classes of Service

A class A amplifier is an amplifier
in which the grid bias and alternating
grid voltages are such that plate current
in a specific tube flows at all times.

A class AB amplifier is an ampli-
fier in which the grid bias and alter-
nating grid voltages are such that plate
current in a specific tube flows for ap-
preciably more than half but less than
the entire electrical cycle.

A class B amplifier is an amplifier
in which the grid bias is approximately
equal to the cutoff value, so that the
plate current is approximately zero
when no exciting grid voltage is applied,
and so that plate current in a specific
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tube flows for approximately one-half
of each cycle when an alternating grid
voltage is applied.

A class C amplifier is an amplifier
in which the grid bias is appreciably
greater than the cutoff value, so that the
plate current in each tube is zero when
no alternating grid voltage is applied,
and so that plate current flows in a
specific tube for appreciably less than
one-half of each cycle when an alter-
nating grid voltage is applied.

Thesuffix 1 may be added to theletter
or letters of the class identification to
denote that grid current does not flow
during any part of the input cycle. The
suffix 2 may be used to denote that grid
current flows during some part of the
cycle.

For radio-frequency (rf) amplifiers
which operate into a selective tuned cir-
cuit, asin radio transmitter applications,
or under requirements where distortion
is not an important factor, any of the
above classes of amplifiers may be used,
either with a single tube or a push-pull
stage. For audio-frequency (af) ampli-
fiers in which distortion is an important
factor, only class A amplifiers permit
single-tube operation. In this case, oper-
ating conditions are usually chosen so
that distortion is kept below the conven-
tional 5 per cent for triodes and the con-
ventional 7 to 10 per cent for tetrodes or
pentodes. Distortion can be reduced be-
low these figures by means of special eir-
cuit arrangements such as that discussed
under inverse feedback. With class A
amplifiers, reduced distortion with im-
proved power performance can be ob-
tained by using a push-pull stage for
audio service. With class AB and class B
amplifiers, a balanced amplifier stage
using two tubes is required for audio
service,

Class A VYoltage Amplifiers

As a class A voltage amplifier, an
electron tube is used to reproduce grid-
voltage variations across an impedance
or a resistance in the plate eircuit. These
variations are essentially of the same
form as the input signal voltage im-
pressed on the grid, but their amplitude



is increased. This increase is accom-
plished by operation of the tube at a
suitable grid bias so that the applied
grid input voltage produces plate-cur-
rent variations proportional to the signal
swings. Because the voltage variation
obtained in the plate ecircuit is much
larger than that required to swing the
grid, amplification of the signal is ob-
tained. :

Fig. 138 gives a graphical illustration
of this method of amplification and
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shows, by means of the grid-voltage vs.
plate-current characteristics curve, the
effect of an input signal (S) applied to
the grid of a tube. The output signal (0)
is the resulting amplified plate-current
variation.

The plate current flowing through
the load resistance (R) of Fig. 14 causes
a voltage drop which varies directly
with the plate current. The ratio of this
voltage variation produced in the load

OUTPUT

VOLTAGE
INPUT

SIGNAL

Fig. 14

resistance to the input signal voltage is
the voltage amplification, or gain, pro-
vided by the tube. The voltage ampli-
fication due to the tube is expressed by
the following convenient formulas:

v X RL

RL+ rp

Voltage amplification =

or m X rp X RL
1000000 X (rp + RL)
where p is the amplification factor of
the tube, Ry, is the load resistance in
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ohmes, 1, is the plate resistance in ohms,
and gm is the transconductance in
micromhos.

From the first formula, it can be
seen that the gain actually obtainable
from the tube is less than the tube’s am-
plification factor but that the gain ap-
proaches the amplification factor when
the load resistance is large compared to
the tube’s plate resistance. Fig. 15
shows graphically how the gain ap-
proaches the amplification factor of the
tube as the load resistance is increased.
From the curve it can be seen that a
high value of load resistance should be
used to obtain high gain in a voltage
amplifier.

In a resistance-coupled amplifier,
the load resistance of the tubeis approx-
imately equal to the resistance of the
plate resistor in parallel with the grid
resistor of the following stage. Hence, to
obtain a large value of load resistance, it
is necessary to use a plate resistor and a
grid resistor of large resistance. How-
ever, the plate resistor should not be too
large because the flow of plate current
through the plate resistor produces a
voltage drop which reduces the plate
voltage applied to the tube. If the plate
resistor is too large, this drop will be too
large, the plate voltage on the tube will
be too small, and the voltage output of
‘the tube will be too small. Also, the grid
resistor of the following stage should not
be too large, the actual maximum value
being dependent on the particular tube
type. This precaution is necessary be-
cause all tubes contain minute amounts
of residual gas which cause a minute
flow of current through the grid resistor.
If the grid resistor is too large, the posi-
tive bias developed by thé flow of this
current through the resistor decreases
the normal negative bias and produces
an increase in the plate current. This in-
creased current may overheat the tube
and cause liberation of more gas which,
in turn, will cause further decrease in
bias. The action is cumulative and re-
sults in a runaway condition which can
destroy the tube.

A higher value of grid resistance is
permissible when cathode-resistor bias
is used than when fixed bias is used.
When cathode-resistor bias is used, a
loss in bias due to gas or grid-emission



effects is almost completely offset by an
increase in bias due to the voltage drop
across the cathode resistor. Typical val-
ues of plate resistor and grid resistor for
tube types used in resistance-coupled
circuits, and the values of gain obtain-
able, are shown in the RESISTANCE-
COUPLED AMPLIFIER SECTION.

Theinput impedance of an electron
tube (that is, the impedance between
grid and cathode) consists of (1) a reac-~
tive component due to the capacitance

Electron Tube Applications

frequencies to affect appreciably the
gain and selectivity of a preceding stage.
Tubes such as the “acorn’ and “pencil”
types and the high-frequency miniatures
have been developed to have low input
capacitances, low electron-transit time,
and low lead inductance so that their
input impedance is high even at the
ultra-high radio frequencies. Input
admittance is the reciprocal of input
impedance.

A remote-cutoff amplifier tube is
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between grid and cathode, (2) a resistive
component resulting from the time of
transit of electrons between cathode and
grid, and (3) a resistive component de-
veloped by the part of the cathode lead
inductance which is common to both the
input and output circuits. Components
(2) and (3) are dependent on the fre-
quency of the incoming signal. The in-
put impedance is very high at audio
frequencies when a tube is operated with
its grid biased negative. In a class A, or
AB, transformer-coupled audio ampli-
fier, therefore, the loading imposed by
the grid on the input transformer is
negligible. As a result, the secondary
impedance of a class A; or class AB, in-
put transformer can be made very high
because the choice is not limited by the
input impedance of the tube; however,
transformer design considerations may
limit the choice.

At the higher radio frequencies, the
input impedance may become very low
even when the grid is negative, due to
the finite time of passage of electrons be-
tween cathode and grid and to the ap-
preciable lead reactance.Thisimpedance
drops very rapidly as the frequency is
raised, and increases input-circuit load-
ing. In fact, the input impedance may
become low enough at very high radio

a modified construction of a pentode or
a tetrode type designed to reduce modu-
lation-distortion and cross-modulation
in radio-frequency stages. Cross-modu-
lation is the effect produced in a radio
or television receiver by an interfering
station “riding through” on the carrier
of the station to which the receiver is
tuned. Modulation-distortion is a dis-
tortion of the modulated carrier and ap-
pears as audio-frequency distortion in
the output. This effect is produced by
a radio-frequency amplifier stage opera-
ting on an excessively curved character-
isticwhen the grid biashasbeenincreased
to reduce volume. The offending stage
for cross-modulation is usually the first
radio-frequency amplifier,while for mod-
ulation-distortion the cause is usually
the last intermediate-frequency stage.
The characteristics of remote-cutoff
types are such as to enable them to
handle both large and small input sig-
nals with minimum distortion over a
wide range of signal strength.

Fig. 16 illustrates the construction
of the grid No.l (control grid) in a re-
mote-cutoff tube. The remote-cutoff ac-
tion is due to the structure of the grid
which provides a variation in amplifica-
tion factor with change in grid bias. The
grid No.1 is wound with open spacing at

15



the middle and with close spacing at the
ends. When weak signals and low grid
bias are applied to the tube, the effect of
the non-uniform turn spacing of the grid
on cathode emission and tube character-
istics is essentially the same as for uni-
form spacing. As the grid bias is made
more negative to handle larger input

SUPPRESSOR GRID SCREEN
GRID GRID

Fig. 16

signals, the electron flow from the sec-
tions of the cathode enclosed by the ends
of the grid is cut off. The plate current
and other tube characteristics are then
dependent on the electron flow through
the open section of the grid. This action
changes the gain of the tube so that
large signals may be handled with mini-
mum distortion due to cross-modulation
and modulation-distortion.

Fig. 17 shows a typical plate-cur-
rent vs. grid-voltage curve for a remote-
cutoff type compared with the curve for
a type having a uniformly spaced grid.
It will be noted that while the curves are
similar at small grid-bias voltages, the
plate current of the remote-cutoff tube
drops quite slowly with large values of
bias voltage. This slow change makes it
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possible for the tube to handle large sig-
nalssatisfactorily. Becauseremote-cutoff
types can accommodate large and small
signals, they are particularly suitable for
use in sets having automatic volume
control. Remote-cutoff tubes also are
known as variable-mu types.
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Class A Power Amplifiers

As a class A power amplifier, an
electron tube is used in the output stage
of a radio or television receiver to supply
a relatively large amount of power to
the loudspeaker. For this application,
large power output is of more impor-
tance than high voltage amplification;
therefore, gain possibilities are sacrificed
in the design of power tubes to obtain
power-handling capability.

Triodes, pentodes, and beam power
tubes designed for power amplifier serv-
ice have certain inherent features for
each structure. Power tubes of the triode
type for class A service are characterized
by low power sensitivity, low plate-
power efficiency, and low distortion.
Power tubes of the pentode type are
characterized by high power sensitivity,
high plate-power efficiency and, usually,
somewhat higher distortion than class A
triodes. Beam power tubes have higher
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power sensitivity and efficiency than
triode or conventional pentode types.

A class A power amplifier is also
used as a driver to supply power to a
class AB. or a class B stage. It is usually
advisable to use a triode, rather than a
pentode, in a driver stage because of the
lower plate impedance of the triode.

Power tubes connected in either
parallel or push-pull may be employed
as class A amplifiers to obtain increased
output.The parallel connection (Fig. 18)
provides twice the output of a single
tube with the same value of grid-signal
voltage. With this connection, the effec-
tive transconductance of the stage is
doubled, and the effective plate resist-
ance and the load resistance required
are halved as compared with single-
tube values.

The push-pull connection (Fig. 19),
although it requires twice the grid-signal
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voltage, provides increased power and
has other important advantages over
single-tube operation. Distortion caused
by even-order harmonics and hum caused
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by plate-voltage-supply fluctuations are
either eliminated or decidedly reduced
through cancellation. Because distortion
for push-pull operation is less than for
single-tube operation, appreciably more
than twice single-tube output can be ob-
tained with triodes by decreasing the
load resistance for the stage to a value
approaching the load resistance for a
single tube.

For either parallel or push-pull
class A operation of two tubes, all elec-
trode currents are doubled while all de
electrode voltages remain the same as
for single-tube operation. If a cathode
resistor is used, its value should be about
one-halif that for a single tube, If oscilla-
tions oceur with either type of connec-
tion, they can often be eliminated by the
use of a non-inductive resistor of ap-
proximately 100 ohms connected in
series with each grid at the socket
terminal.

Operation of power tubes so that
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Power-Output Calculations

Calculation of the power output of
a triode used as a class A amplifier with
either an output transformer or a choke
having low de resistance can be made
without serious error from the plate
family of curves by assuming a resist-
ance load. The proper plate current,
grid bias, optimum load resistance, and
per-cent second-harmonic distortion can
also be determined. The calculations are
made graphically and are illustrated in
Fig. 20 for given conditions. The pro-
cedure is as follows:

(1) Locate the zero-signal bias point
P by determining the zero-signal bias
Ee, from the formula:

Zero-signal bias (Eco) = ~(0.68 X Eb)/u

where Ej, is the chosen value in volts of
de plate voltage at which the tube is to
be operated, and p is the amplification
factor of the tube. This quantity is
shown as negative to indicate that a
negative bias is used.

(2) Locate the value of zero-signal
plate current, I, corresponding to point

(3) Locate the point 2I,, which is
twice the value of 1, and corresponds to
the value of the maximum-signal plate
current Iy,

(4) Locate the point X on the dc
bias curve at zero volts, E. = 0, corre-
sponding to the value of Ip,x.

(5) Draw astraight line XY through
X and P.

Line XY is known as the load re-
sistance line. Its slope corresponds to

PLATE VOLTS
Fig. 20

the grids run positive is inadvisable
except under conditions such as those
discussed in this section for class AB
and class B amplifiers.
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the value of the load resistance.The load
resistance in ohms is equal to (Emax —
Bmnin) divided by (Imax — Imin), where E
is in volts and I is in amperes.



It should be noted that in the case
of filament types of tubes, the calcula-
tions are given on the basis of a dec-
operated filament. When the filament is
ac-operated, the calculated value of de
bias should be increased by approxi-
mately one-half the filament voltage
rating of the tube.

The value of zero-signal plate cur-
rent I, should be used to determine the
plate dissipation, an important factor
influencing tube life. In a class A ampli-
fier under zero-signal conditions, the
plate dissipation is equal to the power
input, i.e., the product of the dc plate
voltage E, and the zero-signal de plate
current L. If it is found that the plate-
dissipation rating of the tube is exceeded
with the zero-signal bias Ec, calculated
above, it will be necessary to increase
the bias by a sufficient amount so that
the actual plate dissipation does not ex-
ceed the rating before proceeding further
with the remaining calculations.

For power-output calculations, it is
assumed that the peak alternating grid
voltage is sufficient (1) to swing the grid
from the zero-cignal bias value Ee¢, to
zero bias (E; = 0) on the positive swing
and (2) to swing the grid to a value
twice the zero-signal bias value on the
negative swing. During the negative
swing, the plate voltage and plate cur-
rent reach values of Epax and Imin; dur-
ing the positive swing, they reach values
of Emin and Iyay. Because power is the
product of voltage and current, the
power output P, as shown by a watt-
meter is given by

Po = (Imax — Imin) X (Emax — Emin}

0= B
where E is in volts, I is in amperes, and
P, is in watts.

In the output of power amplifier
triodes, some distortion is present. This
distortion is due predominantly to sec-
ond harmonics in single-tube amplifiers.
The percentage of second-harmonic dis-
tortion may be calculated by the follow-
ing formula:

Imax+ Imin _
2

Imax ~ Imin

where I, is the zero-signal plate current

in amperes. If the distortion is excessive,

the load resistance should be increased

or, occasionally, decreased slightly and

Io

% distortion = X 100
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the calculations repeated. )

Example: Determine the load re-
sistance, power output, and distortion
of a triode having an amplification fac-
tor of 4.2, a plate-dissipation rating of
15 watts, and plate characteristics curves
as shown in Fig. 20. The tube is to be
operated at 250 volts on the plate.

Procedure: For a first approxima-
tion, determine the operating point P
from the zero-signal bias formula, Ec, =
—-(0.68 X 250) /4.2 = —40.5 volts. From
the curve for this voltage, it is found
that the zero-signal plate current I, at a
plate voltage of 250 volts is 0.08 ampere
and, therefore, the plate-dissipation rat-
ing is exceeded (0.08 X 250 = 20 watts).
Consequently, it is necessary to reduce
the zero-signal plate current to 0.06 am-
pere at 250 volts. The grid bias is now
seen to be -43.5 volts. Note that the
curve was taken with a dc filament sup-
ply; if the filament is to be operated on
an ac supply, the bias must be increased
by about one-half the filament voltage,
or to —45 volts, and the circuit returns
made to the mid-point of the filament
circuit.

Point X can now be determined.
Point X is at the intersection of the dc
bias curve at zero volts with Imax, where
Imax = 2I, = 2'X 0.06 = 0.12 ampere.
Line XY is drawn through points P and
X. Emax, Emin, and Ipin are then found
from the curves. Substituting these val-
ues in the power-output formula, we
obtain
_ (0.12-0.012) X (365-105) _

Po 3 3.52 watts
The resistance represented by load
line XY is
(365 - 105)
0.12 = 0.012) ~ 210 ohms

When the values from the curves
aresubstituted in the distortion formula,
we obtain

012+ 0.012 o oo

i jon = ———————— = 5.5
% distortion 012 - 0013 X 100 = 5.5,

It is customary to select the load
resistance so that the distortion does not
exceed five per cent. When the method
shown is used to determine the slope of
the load resistance line, the second-har-
monie distortion generally does not ex-
ceed five per cent. In the example, how-
ever, the distortion is excessive and it is
desirable, therefore, to use a slightly



higher load resistance. A load resistance
of 2500 ohms will give a distortion of
about 4.9 per cent. The power output is
reduced only slightly to 3.5 watts.

Operating conditions for triodes in
push-pull depend on the type of opera-
tion desired. Under class A conditions,
distortion, power output, and efficiency
are all relatively low. The operating bias
can be anywhere between that specified
for single-tube operation and that equal
to one-half the grid-bias voltage required
to produce plate-current cutoff at a
plate voltage of 1.4E, where E, is the
operating plate voltage. Higher bias than
this value requires higher grid-signal
voltage and results in class AB; opera-
tion which is discussed later.

The method for calculating maxi-
mum power output for triodes in push-
pull class A operation is as follows:
Erect a vertical line at 0.6 E, (see Fig.
21), intersecting the E.=0 curve at the
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plate dissipation rating of the tube is 15
watts. Then, for class A operation, the
operating bias can be equal to, but not
more than, one-half the grid bias for cut-
off with a plate voltage of 1.4 X 300 = 420
volts. (Since cutoff bias is approximately
~115 volts at a plate voltage of 420 volts,
one-half of this value is —57.5 volts bias.)
At this bias, the plate current is found
from the plate family to be 0.054 am-
pere and, therefore, the plate dissipation
is 0.054 X 300 or 16.2 watts. Since -57.5
volts is the limit of bias for class A oper-
ation of these tubes at a plate voltage of
300 volts, the dissipation cannot be re-
duced by increasing the bias and it,
therefore, becomes necessary to reduce
the plate voltage.

If the plate voltage is reduced to
250 volts, the bias will be found to be
—43.5 volts. For this value, the plate cur-
rent is 0.06 ampere, and the plate dissi-
pation is 15 watts. Then, following the

|
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point Inax. Then, In.x is determined
from the curve for use in the formula

Po = (Imax X Eo)/5

If Imax is expressed in amperes and E,
in volts, power output is in watts.

The method for determining the
proper load resistance for triodes in
push-pull is as follows: Draw a load line
through I.x on the zero-bias curve and
through the E, point on the zero-current
axis. Four times the resistance repre-
sented by this load line is the plate-to-
plate load (Rpp) for two triodes in a
class A push-pull amplifier. Expressed
as a formula,

Rpp = 4 X (Eo ~ 0.6E¢)/Imax
where E, is expressed in volts, Inax in
amperes, and Ry, in ohms.

Example: Assume that the plate
voltage (E,) is to be 300 volts, and the
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method for calculating power output,
erect a vertical line at 0.6E, = 150 volts.
The intersection of the line with the
curve E; = 0is Imax or 0.2 ampere.When
this value is substituted in the power
formula, the power output is (0.2 X 250)
/5 = 10 watts. The load resistance is de-
termined from the load formula: Plate-
to-plate load (Ryp) = 4 X (250 — 150)
/0.2 = 2000 ohms.

Power output for a pentode or a
beam power tube as a class A amplifier
can be calculated in much the same way
as for triodes. The ealculations can be
made graphically from a special plate
family of curves, as illustrated in Fig. 22.

From a point A at or just below the
knee of the zero-bias curve, draw arbi-
trarily selected load lines to intersect the
zero-plate-current axis. These lines
should be on both sides of the operating



point P whose position is determined by
the desired operating plate voltage, E,,
and one-half the maximum-signal plate
current. Along any load line, say AA;,
measure the distance AQ;. On the same
line, lay off an equal distance, O:A.. For
optimum operation, the change in bias
from A to O, should be nearly equal to
the change in bias from O, to A,. If this
condition can not be met with one line,
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%% total (2nd and 3rd) harmonic distortion =
v (%2nd)? + (%3rd)?

Conversion Factors
Operating conditions for voltage
values other than those shown in the
published data can be obtained by the
use of the nomograph shown in Fig. 23
when all electrode voltages are changed
simultaneously in the same ratio. The

A
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as is the case for the line first chosen,
then another should be chosen. When
the most satisfactory line has been se-
lected, its resistance may be determined
by the following formula:

Load resistance (Rp) = %:]%:——:———m

The value of RL may then be sub-
stituted in the following formula for
calculating power output.

_ [Imax—Imin 4+1.41 (dx - Iy)]2 Ry,
0= 32

In both of these formulas, I is in
amperes, E is in volts, R, is in ohms,
and P, is in watts. Ix and Iy are the cur-
rent values on the load line at bias volt-
ages of Ec;=V — 0.707V=0.293V and
Eei=V + 0.707V=1.707V, respectively.

Calculations for distortion may be
made by means of the following formu-
las, The terms used have already been
defined.

% 2nd-harmonic distortion =
Imax + Imin — 2 lo
Imax — Imin + 1.41 (Ix - Iy)
€, 3rd-harmonic distortion =
Imax — Imin —~ 1.41 (Ix— 1Iy)
Tmax — Imin + 1.41 (Ix - Iy)

P

X 1¢0

X 100

nomograph includes conversion factors
for current (Fy), power output (F}),
plate resistance or load resistance (Fy),
and transconductance (Fqn) for voltage
ratios between 0.5 and 2.0. These factors
are expressed as functions of the ratio
between the desired or new voltage for
any electrode (Eqes) and the published
or original value of that voltage (E ),
The relations shown are applicable to
triodes and multigrid tubes in all classes
of service.

To use the nomograph, simply place
a straight-edge across the page so that
it intersects the scales for Eqes and Epun
at the desired values. The desired con-
version factor may then be read directly
or estimated at the point where the
straight-edge intersects the i, F;, Fy, or
Fgm scale.

For example, suppose it is desired
to operate two 6L6-GB’s in class A: push-
pull, fixed bias, with a plate voltage of
200 volts. The nearest published oper-
ating conditions for this class of service
are for a plate voltage of 250 voits. The
operating conditions for the new plate
voltage can be determined as follows:

The voltage conversion factor, F,
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is equal to 200,250 or 0.8. The dashed
lines on the nomograph of Fig. 23 indi-
cate that for this voltage ratio F; is ap-
proximately 0.72, F, is approximately

Electron Tube Applications

Because contact-potential effects become
noticeable only at very small dc grid-
No.1 (bias) voltages, they are generally
negligible in power tubes. Secondary
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0.57, F, is 1.12, and Fyn is approxi-
mately 0.892. These factors may be ap-
plied directly to operating values shown
in the tube data, or to values calculated
by the methods described previously.

Because this method for conversion
of characteristies is necessarily an ap-
proximation, the accuracy of the nomo-
graph decreases progressively as the
ratio Eaes/Epun departs from unity. In
general, results are substantially correct
when the value of the ratio Eges/Epuy is
between 0.7 and 1.5. Beyond these lim-
its, the accuracy decreases rapidly, and
the results obtained must be considered
rough approximations.

The nomograph does not take into
consideration the effects of contact po-
tential or secondary emission in tubes.

emission may occur in conventional tet-
rodes, however, if the plate voltage
swings below the grid-No.2 voltage.
Consequently, the conversion factors
shown in the nomograph apply to such
tubes only when the plate voltage is
greater than the grid-No.2 voltage. Be-
cause secondary emission may also oc-
eur in certain beam power tubes at very
low values of plate current and plate
voltage, the conversion factors shown in
the nomograph do not apply when these
tubes are operated undersuch conditions.

Class AB Power Amplifiers

A class AB power amplifier em-
ploys two tubes connected in push-pull
with a higher negative grid bias than is
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used in a class A stage, With this higher
negative bias, the plate and screen-grid
voltages can usually be made higher
than for class A amplifiers because the
increased negative bias holds plate cur-
rent within the limit of the fube’s plate-
dissipation rating. As a result of these
higher voltages, more power output can
be obtained from class AB operation.
Class AB amplifiers are subdivided
into class AB: and class AB,. In class
AB, there is no flow of grid current.That
is, the peak signal voltage applied to each
grid is not greater than the negative
grid-bias voltage. The grids therefore
are not driven to a positive potential
and do not draw current. In class AB,,
the peak signal voltage is greater than
the bias so that the grids are driven
positive and draw current.
Because of the flow of grid current
in a class AB. stage there is a loss of
ola
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power in the grid circuit. The sum of
this loss and the loss in the input trans-
former is the total driving power re-
quired by the grid cireunit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
introduced in the grid circuit be kept
low. The input transformer used in a
class AB, amplifier usually has a step-
down turns ratio.

Because of the large fluctuations of
plate current in a class AB, stage, it is
important that the plate power supply
should have good regulation. Otherwise
the fluctuations in plate current cause
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fluctuations in the voltage output of the
power supply, with the result that power
output is decreased and distortion is in-
creased. To obtain satisfactory regula-
tion it is usually advisable to use a low-
drop rectifier,such as the 5V4-GA, with a
choke-input filter. In all cases, the resist-
ance of the filter choke and power trans-
formers should be as low as possible.

Class AB: Power Amplifiers

In class AB: push-pull amplifier
service using triodes, the operating con-
ditions may be determined graphically
by means of the plate family if E,, the
desired operating plate voltage, is given.
In this service, the dynamic load line
does not pass through the operating
point P as in the case of the single-tube
amplifier, but through the point D in
Fig. 24. Its position is not affected by
the operating grid bias provided the

:__E_C"
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plate-to-plate load resistance remains
constant.

Under these conditions, grid bias
has no appreciable effect on the power
output. Grid bias cannot be neglected,
however, since it is used to find the zero-
signal plate current and, from it, the
zero-signal plate dissipation. Because
the grid bias is higher in class AB; than
in class A service for the same plate volt-
age, a higher signal voltage may be used
without grid current being drawn and,
therefore, higher power output is ob-
tained than in class A service.

In general, for any load line through
point D, Fig. 24, the plate-to-plate load



resistance in ohms of a push-pull ampli-
fier is Rpp=4E,/I’, where I' is the plate
current value in amperes at which the
load line as projected intersects the plate
current axis, and E, is in volts. This
formula is another form of the one
given under push-pull class A amplifiers,
Rop = 4(Eo - 0.6E,) /Imax, but is more
general. Power output = (Imax/+/2)? X
Ropp/4, where Iinax is the peak plate cur-
rent at zero grid volts for theload chosen.
This formula simplified is (Imax)2 X Rpp/
8. The maximum-signal average plate
current is 2Imax/7 or 0.686 Inax; the
maximum-signal average power input is
0.636 Imax X E.

It is desirable to simplify these
formulas for a first approximation. This
simplification can be made if it is as-
sumed that the peak plate current, Imax,
oceurs at the point of the zero-bias curve
corresponding approximately to 0.6 E.,,
the condition for maximum power out-
put. The simplified formulas are:

Po (for two tubes) = (Imax X Eo)/5

Rpp = 1.6Eo/Imax
where E, is in volts, Im.x is in amperes,
R,p is in ohms, and P, is in watts.

It may be found during subsequent
caleulations that the distortion or the
plate dissipation is excessive for this ap-
proximation; in that case, a different
load resistance must be selected using
the first approximation as a guide and
the process repeated to obtain satisfac-
tory operating conditions.

Example: Fig. 24 illustrates the
application of this method to a pair of
2A3’s operated at E,=300 volts. Each
tube has a plate-dissipation rating of 15
watts. The method is to erect a vertical
line at 0.6E,, or at 180 volts, which
intersects the E.=0 curve at the point
Imax=0.26 ampere. Using the simplified
formulas, we obtain

Rpp = (1.6 X 300)/0.26 = 1845 ohms

Po = (0.26 X 300)/5 = 15.6 watts

At this point, it is well to determine
the plate dissipation and to compare it
with the maximum rated value. From
the average plate current formula (0.636
Imax) mentioned previously, the maxi-
mum-signal average plate current is
0.166 ampere. The product of this cur-
rent and the operating plate voltage is
49.8 watts, the average input to the two
tubes. From this value, subtract the
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power output of 15.6 watts to obtain the
total dissipation for both tubes which is
34.2 watts. Half of this value, 17 watts,
is in excess of the 15-watt rating of the
tube and it is necessary, therefore, to as-
sume another and higher load resistance
so that the plate-dissipation rating will
not be exceeded.

It will be found that at an operating
plate voltage of 300 volts the 2A3’s re-
quire a plate-to-plate load resistance of
3000 ohms. From the formula for Ryp,
the value of I’ is found to be 0.4 ampere.
The load line for the 8000-ohm load re-
sistance is then represented by a straight
line from the point I'=0.4 ampere on the
plate-current ordinate to the point E,=
300 volts on the plate-voltage abscissa.
At the intersection of the load line with
the zero-bias curve, the peak plate cur-
rent, Iu.x, can be read at 0.2 ampere.
Then P, = (Imax/ vE)2 X Rpp/4

= (0.2/1.41)2 X 3000/4
15 watts

Proceeding asin the first approximation,
we find that the maximum-signal aver-
age plate current, 0.636In,y, is 0.127
ampere, and the maximum-signal aver-
age power input is 38.1 watts. This input
minus the power output is 38.1 - 15=
23.1 watts. This value is the dissipation
for two tubes; the value per tube is 11.6
watts, a value well within the rating of
this tube type.

The operating bias and the zero-
signal plate current may now be found
by use of a curve which is derived from
the plate family and the load line. Fig.
25 is a curve of instantaneous values of
plate current and de grid-bias voltages
taken from Fig. 24. Values of grid bias
are read from each of the grid-bias
curves of Fig. 24 along the load line and
are transferred to Fig. 25 to produce the
curved line from A to C. A tangent to
this curve, starting at A, is drawn to
intersect the grid-voltage abscissa. The
point of intersection, B, is the operating
grid bias for fixed-bias operation. In the
example, the bias is -60 volts. Refer
back to the plate family at the operating
conditions of plate volts=300 and grid
bias= -60 volts; the zero-signal plate
current per tube is seen to be 0.04
ampere.

This procedurelocates the operating
point for each tube at P. The plate cur-



rent must be doubled, of course, to ob-
tain the zero-signal plate current for
both tubes. Under maximum-signal con-
ditions, the signal voltage swings from
zero-signal bias voltage to zero bias for
each tube on alternate half cycles. Hence,
in the example, the peak af signal volt-
age per tube is 60 volts, or the grid-to-
grid value is 120 volts.

As in the case of the push-pull class
A amplifier, the second-iarmonic distor-
tion in a class AB, amplifier using triodes
is very small and is largely canceled by
virtue of the push-pull connection. Third-
harmonic distortion, however, which
may be larger than permissible, can be
found by means of composite character-
istic curves. A complete family of curves
can be plotted, but for the present pur-
pose only the one corresponding to a
grid bias of one-half the peak grid-volt-
age swing is needed. In the example, the
peak grid voltage per tube is 60 volts,
and the half value is 80 volts. The com-~
posite curve, since it is nearly a straight
line, can be constructed with only two
points (see Fig. 24). These two points
are obtained from deviations above and
below the operating grid and plate
voltages.

In order to find the curve for a bias
of —80 volts, we have assumed a devia-
tion of 80 volts from the operating grid
voltage of —60 volts. Next assume a de-
viation from the operating plate voltage
of, say, 40 volts. Then at 300 — 40 = 260
volts, erect a vertical line to intersect
the (-60) — (-30) = —30-volt bias curve
and read the plate current at this inter-
section, which is 0.167 ampere; likewise,
at the intersection of a vertical line at
300 4+ 40 = 340 volts and the (-60) +-
(-30) = -90-volt bias curve, read the
plate current. In this example, the plate
current is estimated to be 0.002 ampere.
The difference of 0.165 ampere between
these two currents determines the point
E on the 300 — 40 = 260-volt vertical.
Similarly, another point F on the same
composite curve is found by assuming
the same grid-bias deviation but a larger
plate-voltage deviation, say, 100 volts.

We now have points at 260 volts
and 0.165 ampere (E), and at 200 volts
and 0.045 ampere (F). A straight line
through these points is the composite
curve for a bias of -30 volts, shown as a
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long-short dash line in Fig. 24. At the
intersection of the composite curve and
the load line, G, the instantaneous com-
posite plate current at the point of one-
half the peak signal swing is determined.
This current value, designated I,.; and
the peak plate current, Imax, are used in
the following formula to find peak value
of the third-harmonic component of the
plate current.
Ih: = (2Le.5s ~ Imax)/3

In the example, where I,.; is 0.097 am-
pere and Imax is 0.2 ampere, Iy; = (@X
0.097-0.2) /3= (0.194-0.2) /3= —0.006/
3= -0.002 ampere. (The fact that In;is
negative indicates that the phase rela-
tion of the fundamental (first-harmonic)
and third-harmonic components of the
plate current is such as to result in a
slightly peaked wave form. Iy; is posi-
tive in some cases, indicating a flatten-
ing of the wave form.)

The peak value of the fundamental
or first-harmonic component of the plate
current is found by the {following
formula:

Ibi = 2/3 X (Imax + Io.s)
In the example, I, = 2/3 X (0.2 +
0.097) = 0.198 ampere. Thus, the per-
centage of third-harmonic distortion is
(Tns/Int) X 100 = (0.002/0.198) X 100=
1 per cent approx.

Class AB. Power Amplifiers

A class AB, amplifier employs two
tubes connected in push-pull as in the
case of class AB, amplifiers. It differs in
that it is biased so that plate current
flows for somewhat more than half the
electrical cycle but less than the full
cycle, the peak signal voltage is greater
than the dc bias voltage, grid current is
drawn, and consequently, power is con-
sumed in the grid circuit. These condi-
tions permit high power output to be
obtained without excessive plate dissi-
pation.

The sum of the power used in the
grid circuit and the losses in the input
transformer is the total driving power
required by the grid circuit. The driver
stage should be capable of a power out-
put considerably larger than this re-
quired power in order that distortion
introduced in the grid circuit be kept
low. In addition, the internal impedance
of the driver stage as reflected into or as



effective in the grid cireuit of the power
stage should always be as low as possible
in order that distortion may be kept
low. The input transformer used in a
class AB, stage usually has a step-down
ratio adjusted for this condition.

Load resistance, plate dissipation,
power output, and distortion determina-
tions are similar to those for class AB..
These quantities are interdependent
with peak grid-voltage swing and driv-
ing power; a satisfactory set of operating
conditions involves a series of approxi-
mations. The load resistance and signal
swing are limited by the permissible grid
current and power, and the distortion.
If the load resistance is too high or the
signal swing is excessive, the plate-dissi-
pation rating will be exceeded, distortion
will be high, and the driving power will
be-unnecessarily high.

Class B Power Amplifiers

A class B amplifier employs two
tubes connected in push-pull, so biased
that plate current is almost zero when
no signal voltage is applied to the grids.
Because of this low value of no-signal
plate current, class B amplification has
the same advantage as class AB,, i.e.,
large power output can be obtained
without excessive plate dissipation. Class
B operation differs from class AB, in
that plate current is cut off for a larger
portion of the negative grid swing, and
the signal swing is usually larger than in
class AB; operation.

Because certain triodes used as class
B amplifiers are designed to operate very
close to zero bias, the grid of each tube
is at a positive potential during all or
most of the positive half-cycle of its
signal swing. In this type of triode opera-
tion, considerable grid current is drawn
and there is a loss of power in the grid
circuit. This condition imposes the same
requirement in the driver stage as in a
class AB. stage; i.e., the driver should
be capable of delivering considerably
more power output than the power re-
quired for the grid circuit of the class B
amplifier so that distortion will be low.
Similarly, the interstage transformer be-
tween the driver and the class B stage
usually has a step-down turns ratio. Be-
cause of the high dissipations involved in
class B operation at zero bias, it is not

Electron Tube Applications

feasible to use tetrodes or pentodes in
this type of class B operation.

Determination of load resistance,
plate dissipation, power output, and dis-
tortion is similar to that for a class AB.
stage.

Power amplifier tubes designed for
class A operation can be used in class AB.
and class B service under suitable oper-
ating conditions.There are several tube
types designed especially for class B serv-
ice. The eharacteristic common to all of
these types is a high amplification fac-
tor. With a high amplifieation factor,
plate current is small even when the grid
bias is zero. These tubes, therefore, can
be operated in class B service at a bias
of zero volts so that no bias supply is re-
quired. A number of class B amplifier
tubes consist of two triode units mounted
in one tube. The two units can be con-
nected in push-pull so that only one
tube is required for a class B stage. An
example of a twin triode used in class B
service is the 6N7.

Cathode-Drive Circuits

The preceding text has discussed
the use of tubes in the conventional
grid-drive type of amplifier—that is,
where the cathode is common to both
the input and output circuits. Tubes
may also be employed as amplifiers in
cireuit arrangements which utilize the
grid or plate as the common terminal.
Probably the most important of these
amplifiers are the cathode-drive circuit,
which is discussed below, and the cath-
ode-follower circuit, which will be dis-
cussed later in connection with inverse
feedback.

A typical cathode-drive circuit is
shown in Fig. 26. The load is placed in
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the plate circuit and the output voltage
is taken off between the plate and ground

Fig. 26
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as in the grid-drive method of operation.
The grid is grounded, and the input
voltage is applied across an appropriate
impedance in the cathode circuit. The
cathode-drive circuit is particularly use-
ful for vhf and uhf applications, in which
it is necessary to obtain the low-noise
performance usually associated with a
triode, but where a conventional grid-
drive circuit would be unstable because
of feedback through the grid-to-plate
capacitance of the tube. In the cathode-
drive circuit, the grounded grid serves
as a capacitive shield between plate and
cathode and permits stable operation at
frequencies higher than those in which
conventional circuits can be used.

The input impedance of a cathode-
drive circuit is approximately equal to
1/gm when the load resistance is small
compared to the ry, of the tube. A certain
amount of power is required, therefore,
to drive such a circuit. However, in the
type of service in which cathode-drive
circuits are normally used, the advan-
tages of the grounded-grid connection
usually outweigh this disadvantage.

Inverse Feedback

An inverse-feedback eircuit, some-
times called a degenerative circuit, is
one in which a portion of the output
voltage of a tube is applied to the input
of the same or a preceding tube in oppo-
site phase to the signal applied to the
tube.Two important advantages of feed-
back are: (1) reduced distortion from
each stage included in the feedback cir-
cuit and (2) reduction in the variations
in gain due to changes in line voltage,
possible differences between tubes of the
same type, or variations in the values of
circuit constants included in the feed-
back circuit.

Inverse feedback is used in audio
amplifiers to reduce distortion in the
output stage where the load impedance
on the tube is a loudspeaker. Because
the impedance of a loudspeaker is not
constant for all audio frequencies, the
load impedance on the output tube varies
with frequency. When the output tube
is a pentode or beam power tube having
high plate resistance, this variation in
plate load impedance can, if not cor-
rected, produce considerable frequency
distortion. Such frequency : distortion
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can be reduced by means of inverse
feedback. Inverse-feedback circuits are
of the constant-voltage type and the
constant-current type.

The application of the constant-
voltage type of inverse feedback to a
power output stage using a single beam
power tube is illustrated by Fig. 27. In
this circuit, R, Ry, and C are connected
as a voltage divider across the output of
the tube. The secondary of the grid-
input transformer is returned to a point
on this voltage divider. Capacitor C
blocks the de plate voltage from the
grid. However, a portion of the tube’s
af output voltage, approximately equal
to the output voltage multiplied by the
fraction R./(R1 -+ R.), is applied to the
grid. This voltage lowers the source im-
pedance of the circuit and a decrease in
distortion results which is explained in
the curves of Fig. 28.

Consider first the amplifier without
the use of inverse feedback. Suppose
that when a signal voltage e is applied
to the grid the af plate current i’, has an
irregularity in its positive half-cycle.
This irregularity represents a departure
from the waveform of the input signal
and is, therefore, distortion. For this
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Fig. 27
plate-current waveform, the af plate
voltage has a waveform shown by e',.
The plate-voltage waveform is inverted
compared to the plate-current wave-
form because a plate-current increase
produces an increase in the drop across
the plate load. The voltage at the plate
is the difference between the drop across
the load and the supply voltage; thus,
when plate current goes up, plate volt-
age goes down; when plate current goes
down, plate voltage goes up.

Now suppose that inverse feedback
is applied to the amplifier. The voltage



fed back to the grid has the same wave-
form and phase as the plate voltage, but
is smaller in magnitude. Hence, with a
plate voltage of waveform shown by

o
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Fig. 28

'), the feedback voltage appearing on
the grid is as shown by e’g;. This voltage
applied to the grid produces a compo-
nent of plate current i’p. It is evident
that the irregularity in the waveform of
this component of plate current would
act to cancel the original irregularity
and thus reduce distortion.

After inverse feedback has been ap-
plied, the relations are as shown in the
curve for iy. The dotted curve shown by
i’pr is the component of plate current
due to the feedback voltage on the grid.
The dotted curve shown by i, is the
component of plate current due to the
signal voltage on the grid. The algebraic
sum of these two components gives the
resultant plate current shown by the
solid curve of i,. Since i’y is the plate
current that would flow without inverse
feedback, it can be seen that the appli-
cation of inverse feedback has reduced
the irregularity in the output current.
In this manner inverse feedback acts to
correct any component of plate current
that does not correspond to the input
signal voltage, and thus reduces dis-
tortion. :

From the curve for i, it can be seen
that, besides reducing distortion, inverse
feedback also reduces the amplitude of
the output current. Consequently, when
inverse feedback is applied to an ampli-
fier there is a decrease in gain or power
sensitivity as well as a decrease in dis-
tortion. Hence, the application of in-
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verse feedback to an amplifier requires
that more driving voltage be applied to
obtain full power output, but this out-
put is obtained with less distortion.

Inverse feedback may also be ap-
plied to resistance-coupled stages as
shown in Fig. 29. The circuit is conven-
tional except that a feedback resistor,
Rs, is connected between the plates of
tubes T\ and T,. The output signal volt-
age of T: and a portion of the output
signal voltage of T, appears across R..
Because the distortion generated in the
plate circuit of T, is applied to its grid
out of phase with the input signal, the
distortion in the output of T, is com-
paratively low. With sufficient inverse
feedback of the constant-voltage type
in a power-output stage, it is not neces-
sary to employ a network of resistance
and capacitance in the output circuit to
reduce response at high audio frequen-
cies. Inverse-feedback circuits can also
be applied to push-pull class A and class
AB, amplifiers.

Constant-current inverse feedback
is usually obtained by omitting the by-
pass capacitor across a cathode resistor.

11
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Fig. 29

This method decreases the gain and the
distortion but increases the source im-
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pedance of the circuit. Consequently,
the output voltage rises at the resonant
frequency of the loudspeaker and ac-
centuates hangover effects.

Inverse feedback is not generally
applied to a triode power amplifier, such
as the 2A3, because the variation in
speaker impedance with frequency does
not produce much distortion in a triode
stage having low plate resistance. It is
sometimes applied in a pentode stage
but is not always convenient. As has
been shown, when inverse feedback is
used in an amplifier, the driving voltage
must be increased in order to give full
power output. When inverse feedback is
used with a pentode, the total driving
voltage required for full power output
may be inconveniently large, although
still less than that required for a triode.
Because a beam power tube gives full
power output on a comparatively small
driving voltage, inverse feedback is
especially applicable to beam power
tubes. By means of inverse feedback,
the high efficiency and high power out-
put of beam power tubes can be com-
bined with freedem from the effects of
varying speaker impedance.

Cathode-Follower Circuits

Another important application of
inverse feedback is in the cathode-fol-
lower circuit, an example of which is
given in Fig. 30. In this application, the
load has been transferred from the plate
circuit to the cathode circuit of the tube.
The input voltage is applied between
the grid and ground and the output volt-
age is obtained between the cathode and
ground.The voltage amplification (V.A.)
of this circuit is always less than unity
and may be expressed by the following
convenient formulas.

For a triode:

V. A= u X R

For a pentode: &
gm X R
VA= em X Ro)

In these formulas, x is the amplifi-
cation factor, RL is the load resistance
in ohms, r, is the plate resistance in
ohms, and gm is the transconductance
in mhos.

The use of the cathode follower per-
mits the design of circuits which have
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high input resistance and high output
voltage. The output impedance is quite
low and very low distortion may be ob-
tained. Cathode-follower circuits may
be used for power amplifiers or as im-
pedance transformers designed either to
match a transmission line or to produce
a relatively high output voltage at a low
impedance level.

In a power amplifier which is trans-
former coupled to the load, the same
output power can be obtained from the
tube as would be obtained in a conven-
tional grid-drive type of amplifier. The
output impedance is very low and pro-
vides excellent damping to the load,
with the result that very low distortion
can be obtained. The peak-to-peak sig-
nal voltage, however, approaches 114
times the plate supply voltage if maxi-
mum power output is required from the
tube. Some problems may be encoun-
tered, therefore, in the design of an ade-
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quate driver stage for a cathode-follower
output system.

When a cathode-follower circuit is
used as an impedance transformer, the
load is usually a simple resistance in the
cathode circuit of the tube. With rela-
tively low values of cathode resistor, the
circuit may be designed to supply sig-
nificant amounts of power and to match
the impedance of the device to a trans-
mission line. With somewhat higher val-
ues of cathode resistor, the circuit may
be used to lower the output impedance
sufficiently to permit the transmission
of audio signals along a line in which ap-
preciable capacitance is present.

The cathode follower may also be
used as an isolation device to provide
extremely high input resistance and low
input capacitance as might be required
in the probe of an oscilloscope or vacu-
um-tube voltmeter. Such circuits can be

{

Fig. 30



designed to provide effective impedance
transformation with no significant loss
of voltage.

Selection of a suitable tube and its
operating conditions for use in a cath~
ode-follower circuit having a specified
output impedance (Z,) can be made, in
most practical cases, by the use of the
following formula to determine the ap-
proximate value of the required tube
transconductance.

1,000,000
Zo (ohms)

Once the required transconductance
is obtained, a suitable tube and its oper-
ating conditions may be determined
from the technical data given in the
TUBE TYPES SECTION. The conver-
sion nomograph given in Fig. 23 may be
used for calculation of operating condi-
tions for values of transconductance not
included in the tabulated data. After
the operating conditions have been de-
termined, the approximate value of the
required cathode load resistance may be
calculated from the following formulas.

Required gm (umhos)=

For triode:

_ Zo X 1p
Cathode RL_I‘___p T ZoxX (T 0

For pentode:

Cathode Rp= Zo

1— (gm X Zo)

Resistance and impedance values are in
ohms; transconductance values are in
mhos.

If the value of the cathode load re-
sistance calculated to give the required
output impedance does not give the re-
quired operating bias, the basic cathode-
follower circuit can be modified in a
number of ways. Two of the more com-
mon modifications are given in Figs.
31 and 32.

In Fig. 31 the bias is increased by
adding a bypassed resistance between
the cathode and the unbypassed load
resistance and returning the grid to the
low end of the load resistance. In Fig. 32
the bias is reduced by adding a bypassed
resistance between the cathode and the
unbypassed load resistance but, in this
case, the grid is returned to the junction
of the two cathode resistors so that the
bias voltage is only the dc voltage drop
across the added resistance. The size of
the bypass capacitor should be large
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enough so that it has negligible reactance
at the lowest frequency to be handled.
In both cases the B-supply should be in-~

OUTPUT
LOAD
RESISTANCE VOLTAGE

creased to make up for the voltage taken
for biasing.

Example: Select a suitable tube
and determine the operating conditions
and circuit components for a cathode-
follower circuit having an output im-
pedance that will match a 500-ohm
transmission line. Procedure: First, de-
termine the approximate transconduc-
tance required.

1,000,060

Required gm = 500 = 2000 umhos

A survey of the tubes that have a
transconduectance in this order of mag-
nitude shows that type 12AX7 is among
the tubes to be considered. Referring to
the characteristics given in the technical
data section for one triode unit of high-
mu twin triode 12AX7, we find that for
a plate voltage of 250 volts and a bias of
~2 volts, the transconductance is 1600

OUTPUT
LOAD
%RESISTANCE VOLTAGE
. 9
L

micromhos, the plate resistance is 62500
ohms, the amplification factor is 100,
and the plate currént is 0.0012 ampere.



When these values are used in the ex-
pression for determining the cathode
load resistance, we obtain

500 X 62500

Cathode R~ ooty 500X (10041)

=2600 ohms

The voltage across this resistor for
a plate current of 0.0012 ampere is
2600 X 0.0012 = 3.12 volts. Because the
required bias voltage is only -2 volts,
the circuit arrangement given in Fig. 30
is employed. The bias is furnished by a
resistance that will have a voltage drop
of 2 volts when it carries a current of
0.0012 ampere. The required bias resist-
ance, therefore, is 2,0.0012 1670
ohms. If 60 cycles per second is the low-
est frequency to be passed, 20 micro-
farads is a suitable value for the bypass
capacitor. The B-supply, of course, is in-
creased by the voltage drop across the
cathode resistance which, in this exam-
ple, is approximately 5 volts. The B-
supply, therefore, is 250 4 5 = 255 volts.

Because it is desirable to eliminate,
if possible, the bias resistor and bypass
capacitor, it is worthwhile to try other
tubes and other operating conditions to
obtain a value of cathode load resistance
which will also provide the required bias.
If the triode section of twin diode—
high-mu triode 6AT6 is operated under
the conditions given in the technical
data section with a plate voltage of 100
volts and a bias of -1 volt, it will have
an amplification factor of 70, a plate
resistance of 54000 ohms, a transcon-
ductance of 1300 micromhos, and a plate
current of 0.0008 ampere.

Then,
Cathode Ry =

500 X 54000
54000 — 500X (707 1) 1160 ohms

The bias voltage obtained across
this resistance is 1460 X 0.0008 = 1.17
volts. Since this value is for all practical
purposes close enough to the required
bias, no additional bias resistance will
berequired and the grid may be returned
directly to ground. There is no need to
adjust the B-supply voltage to make up
for the drop in the cathode resistor. The
voltage amplification (V.A.) for the
cathode-follower circuit utilizing the
triode section of type 6AT6 is

| 70 X 1460

VoA = 5000 F 1460 X (0T D)

0.65
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For applications in which the cath-
ode follower is used to isolate two cir-
cuits—for example, when it is used be-
tween a circuit being tested and the
input stage of an oscilloscope or a vacu-
um-tube voltmeter—voltage output and
not impedance matching is the primary
consideration. In such applications it is
desirable to use a relatively high value
of cathodeload resistance, such as 50,000
ohms, in order to get the maximum volt-
age output. In order to obtain proper
bias, a circuit such as that of Fig. 32
should be used. With a high value of
cathode resistance, the voltage amplifi-
cation will approximate unity.

Corrective Filters

A corrective filter can be used to
improve the frequency characteristic of
an output stage using a beam power
tube or a pentode when inverse feedback
is not applicable. The filter consists of a
resistor and a capacitor connected in
series across the primary of the output
transformer. Connected in this way, the
filter is in parallel with the plate load
impedance reflected from the voice-coil
by the output transformer. The magni-
tudeof thisreflected impedanceincreases
with inereasing frequency in the middle
and upper audio range. The impedance
of the filter, however, decreases with in-
creasing frequency. It follows that by
use of the proper values for the resist-
ance and the capacitance in the filter,
the effective load impedance on the out-
put tubes can be made practically con-
stant for all frequencies in the middle
and upper audio range. The result is an
improvement in the frequency charac-
teristic of the output stage.

The resistance to be used in the fil-
ter for a push-pull stage is 1.3 times the
recommended plate-to-plate load resist-
ance; or, for a single-tube stage, is 1.3
times the recommended plate load re-
sistance. The capacitance in the filter
should have a value such that the volt-
age gain of the output stage at a fre-
quency of 1000 cycles or higher is equal
to the voltage gain at 400 cycles.

A method of determining the proper
value of capacitance for the filter is to
make two measurements of the output
voltage across the primary of the output
transformer: first, when a 400-cycle sig-



nal is applied to the input, and second,
when a 1000-cycle signal of the same
voltage as the 400-cycle signal is applied
to the input.The correct value of capaci-
tance is the one which gives equal output
voltages for the two signal inputs. In
practice, this value is usually found to
be in the order of 0.05 microfarad.

Volume Expanders

A volume expander can be used in
a phonograph amplifier to make more
natural the reproduction of music which
has a very large volume range. For in-
stance, in the music of a symphony
orchestra, the sound intensity of the
loud passages is very much higher than
that of the soft passages. When this
music is recorded, it may not be feasible
to make the ratio of maximum ampli-
tude to minimum amplitude as large on
the record as it is in the original music.
The recording process may therefore be
monitored so that the volume range of
the original is compressed on the record.
To compensate for this compression, a
volume-expander amplifier has a vari-
able gain which is greater for a high-
amplitude signal than for a low-ampli-
tudesignal. The volume expander, there-
fore, amplifies loud passages more than
soft passages.

A volume expander circuit is shown
in Fig. 33. In this circuit, the gain of the
617 as an audio amplifier can be varied
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grid of the 6J5, is amplified by the 6J5,
and is rectified by the 6H6. The rectified
voltage developed across R;, the load
resistor of the 6HS, is applied as a posi-
tive bias voltage to grid No. 3 of the 6L.7.
Then, when the amplitude of the signal
input increases, the voltage across R
increases, and the bias on grid No. 3 of
the 6L7 is made less negative. Because
this reduction in bias increases the gain
of the 6L7, the gain of the amplifier in-
increases with increase in signal ampli-
tude and thus produces volume expan-
sion of the signal. The voltage gain of
the expander varies from 5 to 20.

Grid No. 1 of the 6L7 is a variable-
mu grid and, therefore, will produce dis-
tortion if the input signal voltage is too
large. For that reason, the signal input
to the 6L7 should not exceed a peak
value of 1 volt. The no-signal bias volt-
age on grid No. 3 is controlled by adjust-
ment of contact P. This contact should
be adjusted initially to give a no-signal
plate current of 0.15 milliampere in the
6L7. No further adjustment of contact
P is required if the same 6L7 is always
used. If it is desired to delay volume ex-
pansion until the signal input reaches a
certain amplitude, the delay voltage can
be inserted as a negative bias on the 6H6
plates at the point marked X in the dia-
gram. All terminal points on the power-
supply voltage divider should be ade-
quately bypassed.

C3

C1, C3, Cs = 0.1 uf
Cs, Cy, Cs = 0.5 uf
R1 = 1-Megohm Potentiometer

AF OUTPUT

(Volume Control)

TYPE 6H6

Ce,

T

Rs

R:>=1 Megohm
R3, Re= 100,000 ohms, 1 watt

Ri= 1-Megohm Potentiometer
(Expansion Control)

Rs = 10,000 ohms, 0.1 watt

R7= 100,000 ohms, 0.1 watt
Rs = 250,000 ohms, 0.1 watt
R = 500,000 ohms, 0,1 watt
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”
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Fig. 33

by changing the bias on grid No. 3. When
the bias on grid No. 3 is made less nega-
tive, the gain of the 6L7 increases. The
signal to be amplified is applied to grid
No. 1 of the 6L.7 and is amplified by the
6L7. The signal is also applied to the

Phase Inverters
A phase inverter is a circuit used to
provide resistance coupling between the
output of a single-tube stage and the in-
put of a push-pull stage. The necessity
for a phase inverter ‘arises because the
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signal-voltage inputs to the grids of a
push-pull stage must be 180 degrees out
of phase and approximately equal in
amplitude with respect to each other.
Thus, when the signal voltage input to
a push-pull stage swings the grid of one
tube in a positive direction, it should
swing the grid of the other tube in a
negative direction by a similar amount.
With transformer coupling between
stages, the out-of-phase input voltage to
the push-pull stage is supplied by means
of the center-tapped secondary. With
resistance coupling, the out-of-phase in-
put voltage is obtained by means of the
inverter action of a tube.

T
INPUT

SIGNAL
VOLTAGE

Fig. 34

Fig. 34 shows a push-pull power
amplifier, resistance-coupled by means
of a phase-inverter circuit to a single-
stage triode T.. Phase inversion in this
circuit is provided by triode T,. The out-
put voltage of T, is applied to the grid
of triode Ts;. A portion of the output
voltage of T, is also applied through the
resistors R; and R; to the grid of T,. The
output voltage of T, is applied to the
grid of triode T..

When the output voltage of T.
swings in the positive direction, the
plate eurrent of T; increases. This action
increases the voltage drop across the
plate resistor R; and swings the plate of
T, in the negative direction. Thus, when
the output voltage of T swings positive,
the output voltage of T, swings negative
and is, therefore, 180° out of phase with
the output voltage of T..

In order to obtain equal voltages at
E. and Ep, (Rs+Rs)/Rs should equal
the voltage gain of T, Under the condi-
tions where a twin-type tube or two
tubes having the same characteristics are
used at T, and T, R4 should be equal to
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the sum of R; and Rs;. The ratio of
Rs+R;s to R; should be the same as the
voltage gain ratio of T:in order to apply
the correct value of signal voltage to T..
The value of R; is, therefore, equal to Ry
divided by the voltage gain of T; Rs is
equal to Rs minus R;. Values of R, Ro,
R; plus R;, and R, may be taken from
the chart in the RESISTANCE-
COUPLED AMPLIFIER SECTION.
In the practical application of this cir-
cuit, it is convenient to use a twin-triode
tube combining T, and T..

Tone Controls

A tone control is a variable filter (or
one in which at least one element is ad-
justable) by means of which the user
may vary the frequency response of an
amplifier to suit his own taste. In radio
receivers and home amplifiers, the tone
control usually consists of a resistance-
capacitance network in which the resist-
ance is the variable element.

The simplest form of tone control
is a fixed tone-compensating or ‘“‘equali-
zing” network such as that shown in
Fig. 85. This type of network is often
used to equalize the low- and high-fre-
quency response of a crystal phono-
graph pickup. At low frequencies the at-
tenuation of this network is 20.8 db. As
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Fig. 35

the frequency is increased, the 100-mi-
cromicrofarad capacitor serves as a by-
pass for the 5-megohm resistor, and the
combined impedance of the resistor-ca-
pacitor network is lowered. Thus, more
of the crystal output appears across the
0.5-megohm resistor at high frequencies
than at low frequencies, and the fre-
quency response at the grid is reason-
ably flat over a wide frequency range.
Fig. 36 shows a comparison between the
output of the crystal (curve A) and the
output of the equalizing network (curve
B.) Theresponsecurve can be‘“flattened”
still more if the attenuation at low fre-
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quencies is increased by changing the
0.5-megohm resistor to 0.125 megohm.
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The tone-control network shown in
Fig. 37 has two stages with completely
separate bass and treble controls. Fig. 38
shows simplified representations of the
bass control of this circuit when the
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parallel combination is shifted so that
C; bypasses Rs, causing more high-fre-
quency than low-frequency output. Es-
sentially, the network is a variable-fre-
quency voltage divider. With proper
values for the components, it may be
made to respond to changes in the R;
potentiometer setting for only low fre-
quencies (below 1000 cycles).

Fig. 39 shows extreme positions of
the treble control. The attenuation of
the two circuits is approximately the
same at 1000 cycles. The treble ‘“‘boost”
circuit is similar to the crystal-equaliz-
ing network shown in Fig. 35. In the
treble “cut” circuit, the parallel RC ele-
ments serve to attenuate the signal vol-
tage further because the capacitor by-
passes the resistance across the output.
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potentiometer is turned to its extreme
variations (usually labeled “Boost” and
“Cut”). Inthis network, as inthe crystal-
equalizing network shown in Fig. 85,
the parallel RC combination is the con-
trolling factor. For bass “boost”, the
capacitor C; bypasses resistor R; so that

TREBLE

37

The effect of the capacitor is negligible
at low frequencies; beyond 1000 cycles,
the signal voltage is attenuated at a
maximum rate of 6 db per octave.
The location of a tone-control net-
work is of considerable importance, In a
typical radio receiver, it may be inserted
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8 TREBLE CUT
A Rp B A Ry Ct B TR: LE BOOSY
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less impedance is placed across the out-
put to grid B at high frequencies than
at low frequencies. For bass “cut,” the
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in the plate circuit of the power tube,
the coupling circuit between the first af
amplifier tube and the power tube, or



the grid circuit of the first tube. In an
amplifier using a beam power tube or
pentode power amplifier without nega-
tive feedback, it is desirable to connect
a resistance-capacitance filter across the
primary of the output transformer. This
filter may be fixed, with a supplemen-
tary tone control elsewhere, or it may
form the tone control itself. If the am-
plifier incorporates negative feedback,
the tone control may be inserted in the
feedback network or else should be con-
nected to a part of the amplifier which
is external to the feedback loop. The
over-all gain of a well designed tone-con-
trol network should be approximately
unity.

Limiters

An amplifier may also be used as a
limiter. One use of a limiter is in receiv-
ers designed for the reception of fre-
quency-modulated signals. The limiter
in FM receivers has the function of
eliminating amplitude variations from
the input to the detector. Because in an
FM system amplitude variations are
primarily theresult of noise disturbances,
the use of a limiter prevents such dis-
turbances from being reproduced in the
audio output. The limiter usually fol-
lows the last if stage so that it can mini-
mize the effects of disturbances coming
in on the rf carrier and those produced
locally.

The limiter is essentially an if volt-
age amplifier designed for saturated
operation. Saturated operation means
that an increase in signal voltage above
a certain value produces very little in-
crease in plate current. A signal voltage
which is never less than sufficient to
cause saturation of the limiter, even on
weak signals, is supplied to the limiter
input by the preceding stages. Any
change in amplitude, therefore, such as
might be produced by noise voltage
fluctuation, is not reproduced in the
limiter output. The limiting action, of
course, does not interfere with the repro-
duction of frequency variations.

Plate-current saturation of the lim-
iter may be obtained by the use of grid-
No.l-resistor-and-capacitor bias with
plate and grid-No.2 voltages which are
low compared with customary if-ampli-
fier operating conditions.
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As a result of these design features,
the limiter is able to maintain its output
voltage at a constant amplitude over a
wide range of input-signal voltage varia-
tions. The output of the limiter is fre-
quency-modulated if voltage, the mean
frequency of which is that of the if am-
plifier. This voltage is impressed on the
input of the detector.

The reception of FM signals with-
out serious distortion requires that the
response of the receiver be such that
satisfactory amplification of the signal
is provided over the entire range of fre-
quency deviation from the mean fre-
quency. Since the frequency at any in-
stant depends on the modulation at that
instant, it follows that excessive attenu-
ation toward the edges of the band, in
the rf or if stages, will cause distortion.
In a high-fidelity receiver, therefore, the
amplifiers must be capable of amplifying,
for the maximum permissible frequency
deviation of 75 kilocycles, a band 150
kilocycles wide. Suitable tubes for this
purpose are the 6BA6 and 6BJ6.

Television RF Amplifiers

All amplifier stages generate a cer-
tain amount of noise as a result of
thermal agitation of electronsin resistors
or other components, minute variations
in the cathode emission of tubes (shot
effect), and minute grid currents in the
amplifier tubes. In a radio or television
receiver, noise generated in the first am-
plifier stage is often the controlling fac-
torin determining the over-all sensitivity
of the receiver. The “front end” of a
receiver, therefore, is designed with
special attention to both gain and noise
characteristics.

Tunerinput circuits of vhf television
receivers use either a triode or a pentode
in the rf amplifier stage. Such stages are
required to amplify signals ranging from
55 to 216 Mc and having a bandwidth
of 4.5 Me, although the tuner is usually
aligned for a bandwidth of 6 Mec to as-
sure complete coverage of the band. In
the early rf tuners, pentodes rather than
triodes were used because the grid-plate
capacitance of triodes created stability
problems. The use of twin triodes in
direct-coupled cathode-drive circuits
makes it possible to obtain stable opera-~



tion along with the low-noise character-
istics of triodes.

Pentodes or tetrodes do not provide
the sensitivity of triodes because of the
‘“partition noise” introduced by the
screen grid. The direct-coupled cathode-
drive circuit provides both the gain and
the stability capabilities of the pentode
and a low-noise triode input stage. Be-
cause the cathode-drive stage provides
a low-impedance load to the grounded-
cathode stage, its gain is very low and
there is no necessity for neutralizing the
grid-plate capacitance. An interstage
impedance, usually an inductance in
series with the plate of the first stage
and the cathode of the second stage, is
often used at higher frequencies to pro-
vide a degree of impedance matching
between the units. The cathode-drive
portion of the circuit is matched to the
input network and provides most of the
stage gain. Because the feedback path
of the cathode-drive circuit is the plate-
cathode capacitance, which in most cases
is very small, excellent isolation is pro-
vided between the antenna and the local
oscillator.

Development of single triodes hav-
ing low grid-plate capacitance has made
possible the design of a neutralized tri-
ode rf circuit. The 6BN4 has been used
commercially in neutralized triode cir-
cuits. Tubessuch asthe 6FH5 and 6ER5,
now in common usage, were specially
designed to minimize grid-plate capaci-
tance to permit easier neutralization of
a grounded-cathode circuit over the wide
frequency band. The bridge-neutralized
tf amplifier cireuit has become widely
used in television tuners. In this arrange-
ment, a portion of the output signal is
returned to the grid out of phase with
the feedback signal from the grid-plate
capacitance. This circuit provides excel-
lent gain and noise performance with
stable operation across the band.

Video Amplifiers

The video amplifier stage in a tele-
vision receiver usually employs a pen-
tode-type tube specially designed to am-
plify the wide band of frequencies con-
tained in the video signal and, at the
same time, to provide high gain per
stage. Pentodes are more useful than
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triodes in such stages because they have
high transconductance (to provide high
gain) together with low input and out-
put interelectrode capacitances (to per-
mit the broadband requirements to be
satisfied). An approximate ‘‘figure of
merit” for a particular tube for this
application can be determined from the
ratio of its transconduetance, gm, to the
sum of itsinput and output capacitances,
Cin and Cout, as follows:

S o gm
Figure of Merit = m
Typical values for this figure are in the
order of 500 x 105 or greater.

A typical video amplifier stage,
such as that shown in Fig. 40, is con-
nected between the second detector of
the television receiver and the picture
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L

Fig. 40

tube. The contrast control, R,, in this
circuit controls the gain of the video
amplifier tube. The inductance, L., in
series with the load resistor, R;, main-
tains the plate load impedance at a rela-
tively constant value with increasing
frequency. The inductance L, isolates
the output capacitance of the tube so
that only stray capacitance is placed
across the load. As a result, a higher-
value load resistor is used to provide
higher gain without affecting frequency
response or phase relations. The de-
coupling circuit, C.R,, is used toimprove
the low-frequency response. Tubes used
as video amplifiers include types 6CL6
and 12BY7-A, or the pentode sections
of types 6AWS8-A and 6ANS.

The luminance amplifier in a eolor-
televisionreceiverisa conventional video
amplifier having a bandwidth of approx-
imately 3.5 Mc. In a color receiver, the



portion of the output of the second de-
tector which lies within the frequency
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band from approximately 2.4 to 4.5 Mc
is fed to a bandpass amplifier, as shown
in the block diagram in Fig. 41. The color
synchronizing signal, or “burst,” con-
tained in this signal may then be fed to
a “burst-keyer” tube. At the same time,
a delayed horizontal pulse may be ap-
plied to the keyer tube. The output of
the keyer tube is applied to the burst
amplifier tube and the signal is then fed
to the 3.58-Mec oscillator and to the
‘“color-killer” stage.

The color killer applies a bias volt-
age to the bandpass amplifier in the ab-
sence of burst so that the color section,
or chrominance channel, of the receiver
remains inoperative during black-and-
white broadcasts. A threshold control
varies the bias and controls the burst
level at which the killer stage operates.

The output of the 8.58-Mc oscil-
lator and the output of the bandpass
amplifier are fed into phase and ampli-
tude demodulator circuits. The output
of each demodulator circuit is an elec-
trical representation of a color-difference
signal, <.e., an actual color signal minus
the black-and-white, or luminance, sig-
nal. The two color-difference signals are
combined to produce the third color-
difference signal; each of the three sig-
nals then represents one of the primary
colors.

The three color-difference signals
are usually applied to the grids of the
three electron guns of the color picture
tube, in which case the black-and-white
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signal from the luminance amplifier may
be applied simultaneously to the cath-
odes. The chrominance and luminance
signals then combine to produce the
color picture. In the absence of trans-
mitted color information, the chromi-
nance channel is cut off by the color
killer, as described above, and only the
luminance signal is applied to the pic-
ture tube, producing a black-and-white
picture.

Television Sync Circuits

In addition to picture information,
the composite video signal supplied to a
television receiver contains information
to assure that the picture produced on
the receiver is synchronized with the
picture being viewed by the camera or
pickup tube. The ‘“sync’’ pulses, which
have a greater amplitude than the video
signal, trigger the scanning generators
of the receiver when the electron beam
of the pickup tube ends each trace.

The syne pulses in the composite
video signal may be separated from the
video information in the output of the
second or video detector by means of the
triode circuit shown in Fig. 42. In this
circuit, the time constant of the network
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R:C, is long with respect to the interval
between pulses. During each pulse, the
grid is driven positive and draws cur-
rent, thereby charging capacitor C..
Consequently, the grid develops a bias
which is slightly greater than the cutoff
voltage of the tube. Because plate cur-
rent flows only during the sync-pulse
period, only the amplified pulse appears
in the output. This sync-separator stage
discriminates against the video informa-



tion. Because the bias developed on the
grid is proportional to the strength of
the incoming signal, the circuit also has
the advantage of being relatively inde-
pendent of signal fluctuations.

Because the electron beam scans
the face of the picture tube at different
rates in the vertical and horizontal di-
rections, the receiver incorporates two
different scanning generators. The repe-
tition rate of the vertical generator is 60
cycles per second, and the rate of the
horizontal generator is approximately
15,750 cycles per second. The composite
video signal includes information which
enables each generator to derive its cor-
rect triggering. One horizontal syne pulse
is supplied at the end of each horizontal
line scan. At the end of each frame,
several pulses of longer duration than
the horizontal syne pulses are supplied
to actuate the vertical generator. The
vertical information is separated from
the horizontal information by differ-
entiating and integrating circuits.

Rectification

The rectifying action of a diode
finds important applications in supply-
ing a receiver with de power from an ac
line and in supplying high dc voltage
from a high-voltage pulse. A typical
arrangement for converting ac to de in-
cludes a rectifier tube, a filter, and a
voltage divider. The rectifying action of
the tube is explained briefly under
Diodes, in the ELECTRONS, ELEC-
TRODES, AND ELECTRON TUBE
SECTION. High-voltage pulse rectifi-
cation is described later under Horizon-
tal Output Circuits.

The function of a filter is to smooth
out the ripple of the tube output, as in-
dicated in Fig. 43, and to increase recti-
fier efficiency. The action of the filter is
explained in ELECTRON TUBE IN-
STALLATION SECTION under Fil-
ters. The voltage divider is used to cut
down the output voltage to the values
required by the plates and the other
electrodes of the tubes in the receiver.

A half-wave rectifier and a full-
wave rectifier circuit are shown in Fig.
44, In the half-wave circuit, current
flows through the rectifier tube to the
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filter on every other half-cycle of the ac
input voltage when the plate is positive
with respeect to the cathode. In the full-
wave circuit, current flows to the filter
on every half-cycle, through plate No. 1
on one half-cycle when plate No. 1 is
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Fig. 44

positive with respect to the cathode, and
through plate No. 2 on the next half-
cycle when plate No. 2 is positive with
respect to the cathode.
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Because the current flow to the fil-
ter is more uniform in the fuil-wave cir-
cuit than in the half-wave circuit, the
output of the full-wave circuit requires
less filtering. Rectifier operating infor-
mation and circuits are given under each
rectifier tube type and in the CIRCUIT
SECTION, respectively.

Parallel operation of rectifier tubes
furnishes an output current greater than
that obtainable with the use of one tube.
For example, when two full-wave recti-
fier tubes are connected in parallel, the
plates of each tube are connected to-
gether and each tube acts as a half-wave
rectifier. The allowable voltage and load
conditions per tube are the same as for
full-wave service but the total load-
handling capability of the complete rec-
tifier is approximately doubled.

‘When mercury-vapor rectifier tubes
are connected in parallel, a stabilizing
resistor of 50 to 100 ohms should be con-
nected in series with each plate lead in
order that each tube will carry an equal
share of the load. The value of the re-
sistor to be used will depend on the
amount of  plate current that passes
through the rectifier. Low plate current
requires a high value; high plate cur-
rent, a low value. When the plates of
mercury-vapor rectifier tubes are con-
nected in parallel, the corresponding
filament leads should be similarly con-
nected. Otherwise, the tube drops will
be considerably unbalanced and larger
stabilizing resistors will be required.

Two or more vacuum rectifier tubes
can also be connected in parallel to give
correspondingly higher output current
and, as a result of paralleling their in-
ternal resistances, give somewhat in-
creased voltage output. With vacuum
types, stabilizing resistors may or may
not be necessary depending on the tube
type and the circuit.

A voltage-doubler circuit of simple
form is shown in Fig. 45. The circuit de-
rives its name from the fact that its de
voltage output can be as high as twice
the peak value of ac input. Basically, a
voltage doubler is a rectifier circuit ar-
ranged so that the output voltages of
two half-wave rectifiers are in series.

The action of a voltage doubler can
be described briefly ‘as follows. On the
positive half-cycle of the ac input, that
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is, when the upper side of the ac input
line is positive with respect to the lower
side, the upper diode passes current and
feeds a positive charge into the upper
capacitor. As positive charge accumu-
lates on the upper plate of the capacitor,
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Fig. 45

a positive voltage builds up across the
capacitor. On the next half-cycle of the
ac input, when the upper side of the line
is negative with respect to the lower
side, the lower diode passes current so
that a negative voltage builds up across
the lower capacitor.

So long as no current is drawn at
the output terminals from the capacitor,
each capacitor can charge up to a volt-
age of magnitude E, the peak value of
the ac input. It can be seen from the
diagram that with a voltage of +E on
one capacitor and —E on the other, the
total voltage across the capacitors is 2E.
Thus the voltage doubler supplies a no-
load de output voltage twice as large as
the peak acinput voltage. When current
is drawn at the output terminals by the
load, the output voltage drops below 2E
by an amount that depends on the mag-
nitude of the load current and the capaci-
tance of the capacitors. The arrange-
ment shown in Fig. 45 is called a full-
wave voltage doubler because each
rectifier passes current to the load on
each half of the ac input cycle.

Two rectifier types especially de-
signed for use as voltage doublers are
the 25Z6 and 117Z6-GT. These tubes
combine two separate diodes in one
tube. As voltage doublers, the tubes are
used in “transformerless” receivers. In
these receivers, the heaters of all tubes
in the set are connected in series with a
voltage-dropping resistor across the line.
The connections for the heater supply
and the voltage-doubling circuit are
shown in Figs. 46 and 47.

With the full-wave voltage-doubler
circuit in Fig. 46, it will be noted that



the dc load circuit can not be connected
to ground or to one side of the ac supply
line. This circuit presents certain dis-
advantages when the heaters of all the
tubes in the set are connected in series
with a resistance across the ac line. Such
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quency modulated when its amplitude
remains essentially constant but its fre-
quency is varied.

The function of the receiver is to
reproduce the original modulating wave
from the modulated rf wave.The receiver
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a circuit arrangement may cause hum
because of the high ac potential between
the heaters and cathodes of the tubes.

The ecircuit in Fig. 47 overcomes
this difficulty by making one side of the
ac line common with the negative side
of the dc load circuit. In this circuit, one
half of the tubeis used to charge a capaci-
tor which, on the following half cycle,
discharges in series with the line voltage
through the other half of the tube. This
circuit is called a half-wave voltage
doubler because rectified current flows
to the load only on alternate halves of
the ac input cycle. The voltage regula-
tion of this arrangement is somewhat
poorer than that of the full-wave voltage
doubler.

Detection

When speech, musie, or video infor-
mation is transmitted from a radio or

stage in which this function is performed
is called the demodulator or detector
stage.

AM Detection

The effect of amplitude modula-
tion on the waveform of the rf wave is
shown in Fig. 48. There are three differ-
ent basic circuits used for the detection
of amplitude-modulated waves: the di-
ode detector, the grid-bias detector, and
the grid-resistor detector. These circuits
are alike in that they eliminate, either
partially or completely, alternate hali-
cycles of the rf wave. With alternate
half-cyclesremoved, the audio variations
of the other half-cycles can be amplified
to drive headphones or a loudspeaker.

A diode-detector circuit is shown
in Fig. 49. The action of this ecircuit
when a modulated rf wave is applied is
illustrated by Fig. 50. The rf voltage
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television station, the station radiates
a radio-frequency (rf) wave which is of
either of two general types. In one type,
the wave is said to be amplitude modu-
lated when its frequency remains con-
stant and the amplitude is varied. In the
other type, the wave is said to be fre-
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applied to the circuit is shown in light
line; the output voltage across capacitor
C is shown in heavy line.

Between points (a) and (b) on the
first positive half-cycle of the applied rf
voltage, capacitor C charges up to the
peak value of the rf voltage. Then as the



applied rf voltage falls away from its
peak value, the capacitor holds the cath-
ode at a potential more positive than the
voltage applied to the anode.The capaci-
tor thus temporarily cuts off current

Fig. 49

through the diode. While the diode cur-
rent is cut off, the capacitor discharges
from (b) to (¢) through the diode load
resistor R.

When the rf voltage on the anode
rises high enough to exceed the potential
at which the capacitor holds the cath-
ode, current flows again and the capaci-
tor charges up to the peak value of the
second positive half-cycle at (d). In this
way, the voltage across the capacitor
follows the peak value of the applied rf
voltage and reproduces the af modu-
lation. :

The curve for voltage across the
capacitor, as drawn in Fig. 50, is some-
what jagged. However, this jaggedness,
which represents an rf component in the
voltage across the capacitor, is exagger-
ated in the drawing. In an actual circuit
the rf component of the voltage across
the capacitor is negligible. Hence, when
the voltage across the capacitor is ampli-
fied, the output of the amplifier repro-
duces the speech or music originating at
the transmitting station.

Another way to describe the action
of a diode detector is to consider the
cireuit as a half-wave rectifier. When the

rf signal on the plate swings positive, the
tube conducts and the rectified current
flows through the toad resistance R. Be-
cause the dc output voltage of a rectifier
depends on the voltage of the ac input,
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the de voltage across C varies in accord-
ance with the amplitude of the rf carrier
and thus reproduces the af signal. Ca-
pacitor C should be large enough to
smooth out rf or if variations but should
not be so large as to affect the audio
variations. Two diodes can be connected
in a circuit similar to a full-wave rectifier
to give full-wave detection. However, in
practice, the advantages of this connee-
tion generally do not justify the extra
circuit complication.

The diode method of detection pro-
duces less distortion than other methods
because the dynamic characteristics of a
diode can be made more linear than
those of other detectors. The disad-
vantages of a diode are that it does not
amplify the signal, and that it draws
current from the input circuit and there-
fore reduces the selectivity of the input
circuit. However, because the diode
method of detection produces less dis-
tortion and because it permits the use
of simple ave circuits without the neces-
sity for an additional voltage supply,
the diode method of detection is most
widely used in broadcast receivers.

AF
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A typical diode-detector circuit using
a twin-diode triode tube is shown in Fig.
51. Both diodes are connected together.
R.: is the diode load resistor. A portion
of the af voltage developed across this
resistor is applied to the triode grid
through the volume control R;. In a
typical circuit, resistor R, may be tapped
so that five-sixths of the total af voltage
across R, is applied to the volume con-
trol. This tapped connection reduces the
af voltage output of the detector circuit
slightly but it reduces audio distortion
and improves the rf filtering.

DC bias for the triode section is
provided by the cathode-bias resistor R,
and the audio bypass capacitor C;. The
function of capacitor C; is to block the

Fig. 51



dc bias of the cathode from the grid. The
function of capacitor C, is to bypass
any rf voltage on the grid to cathode. A
twin-diode pentode may also be used in
this circuit. With a pentode, the af out-
put should be resistance-coupled rather
than transformer-coupled.

Another diode-detector circuit,
called a diode-biased cireuit, is shown in
Fig. 52. In this circuit, the triode grid is
connected directly to a tap on the diode

H g
INPUT
Fig. 52

load resistor. When an rf signal voltage
is applied to the diode, the de voltage at
the tap supplies bias to the triode grid.
When the rf signal is modulated, the af
voltage at the tap is applied to the grid
and is amplified by the triode.

The advantage of the circuit shown
in Fig. 52 over the seli-biased arrange-
ment shown in Fig. 51 is that the diode-
biased circuit does not employ a capaci-
tor between the grid and the diode load
resistor, and consequently does not pro-
duce as much distortion of a signal
having a high percentage of modulation.

However, there are restrictions on
the use of the diode-biased circuit. Be-
cause the bias voltage on the triode de-
pends on the average amplitude of the
rf voltage applied to the diode, the aver-
age amplitude of the voltage applied to
the diode should be constant for all
values of signal strength at the antenna.
Otherwise there will be different values
of bias on the triode grid for different
signal strengths and the triode will pro-
duce distortion. Because there is no bias
applied to the diode-biased triode when
no rf voltage is applied to the diode,
sufficient resistance should be included
in the plate circuit of the triode to limit
its zero-bias plate current to a safe value.

These restrictions mean, in practice,
that the receiver should have a separate-
channel automatic-volume-control (ave)
system. With such an ave system, the
average amplitude of the signal voltage
applied to the diode can be held within
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very close limits for all values of signal
strength at the antenna.

The tube used in a diode-biased cir-
cuit should be one which operates at a
fairly large value of bias voltage. The
variations in bias voltage are then a
small percentage of the total bias and
hence produce small distortion. Tubes
taking a fairly large bias voltage are
types such as the 6BF6 or 6SR7 having
a medium-mu triode. Tube types having
a high-mu triode or a pentode should not
be used in a diode-biased circuit.

A grid-bias detector circuit is
shown in Fig. 53. In this circuit, the grid
is biased almost to cutoff, i.e., operated
so that the plate current with zero signal
is practically zero. The bias voltage can
be obtained from a cathode-bias resistor,
a C-battery, or a bleeder tap. Because of
the high negative bias, only the positive
half-cycles of the rf signal are amplified
by the tube. The signal is, therefore, de-
tected in the plate circuit. The advan-
tages of this method of detection are
that it amplifies the signal, besides de-
tecting it, and that it does not draw
current from the input circuit and there-
fore does not lower the selectivity of the
input circuit.

The grid-resistor-and-.capacitor
method, illustrated by Fig. 54, is some-
what more sensitive than the grid-bias
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method and gives its best results on
weak signals. In this circuit, there is no
negative dec bias voltage applied to the
grid. Hence, on the positive half-cycles
of the rf signal, current flows from grid
to cathode. The grid and cathode thus
act as a diode detector, with the grid
resistor as the diode load resistor and the
grid capacitor as the rf bypass capacitor.
The voltage across, the capacitor then
reproduces the af modulation in the



same manner as has been explained for
the diode detector. This voltage appears
between the grid and cathode and is
therefore amplified in the plate circuit.
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Fig. 54
The output voltage thus reproduces the
original af signal.

In this detector circuit, the use of a
high-resistance grid resistor increases
selectivity and sensitivity. However, im-
proved af response and stability are ob-
tained with lower values of grid-circuit
resistance. This detector circuit ampli-
fies the signal, but draws current from
the input circuit and therefore lowers
the selectivity of the input circuit.

FM Detection

The effect of frequency modulation
on the waveform of the rf wave is shown
in Fig. §5. In this type of transmission,

FREQUENCY-MODULATED RF WAVE.

Fig. 55
the frequency of the rf wave deviates
from a mean value, at an af rate depend-
ing on the modulation, by an amount
that is determined in the transmitter
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and is proportional to the amplitude of
the af modulation signal.

For this type of modulation, a de-
tector is required to discriminate be-
tween deviations above and below the
mean frequency and to translate those
deviations into a voltage whose ampli-
tude varies at audio frequencies. Since
the deviations occur at an audio fre-
quency, the process is one of demodula-
tion, and the degree of frequency devia-
tion determines the amplitude of the
demodulated (af) voltage.

A simple circuit for converting fre-
quency variations to amplitude varia-
tions is a circuit which is tuned so that
the mean radio frequency is on one slope
of its resonance characteristic, as at A

VOLTAGE
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of Fig. 56. With modulation, the fre-
quency swings between B and C, and
the voltage developed across the circuit
varies at the modulating rate. In order
that no distortion will be introduced in
this circuit, the frequency swing must be
restricted to the portion of the slope
which is effectively straight. Since this
portion is very short, the voltage de-
veloped is low. Because of these limita-
tions, this circuit is not commonly used
but it serves to illustrate the principle.

The faults of the simple circuit are
overcome in a push-pull arrangement,
sometimes called a discriminator cir-
cuit, such as that shown in Fig. 57. Be-
cause of the phase relationships between
the primary and each half of the second-
ary of the input transformer (each half
of the secondary is connected in series
with the primary through capacitor C.),
the rf voltages applied to the diodes be-
come unequal as the rf signal swings
from the resonant frequeney in each
direction.
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Since the swing occurs at audio
frequencies (determined by the af modu-
lation), the voltage developed across the
diode load resistors, R, and R, connected
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in series, varies at audio frequencies.The
output voltage depends on the difference
in amplitude of the voltages developed
across R: and R.. These voltages are
equal and of opposite sign when the rf
carrier is not modulated and the outpnt
is, therefore, zero. When modulation is
applied, the output voltage varies as
indicated in Fig. 58.

Because this type of FM detector is
sensitive to amplitude variations in the
rf carrier, a limiter stage is frequently
used to remove most of the amplitude
modulation from the carrier. (See Lim-
iters under Amplification.)

Another form of detector for fre-
quency-modulated wavesis called aratio
detector. This FM detector, unlike the
previous one which responds to a differ-
encein voltage, responds only to changes
in the ratio of the voltage across two
diodes and is, therefore, insensitive to
changes in the differences in the voltages
due to amplitude modulation of the rf
carrier.

The hasic ratio detector is given in
Fig. 59. The plate load for the final if
amplifier stage is the parallel resonant
circuit consisting of C; and the primary

Fig. 657

Applications

therefore, the rf voltages applied to the
diodes depend upon how much the rf
signal swings from the resonant fre-
quency in each direction. At this point
the similarity ends.

Diode 1, R», and diode 2 complete a
series circuit fed by the secondary of the
transformer T. The two diodes are con-
nected in series so that they conduct on
the same rf half-cycle. The rectified cur-
rent through R. causes a negative volt-
age to appear at the plate of diode 1.
Because Csis large, this negative voltage
at the plate of diode 1 remains constant
even at the lowest audio frequencies to
be reproduced.

The rectified voltage across C; is
proportional to the voltage across diode
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1, and the rectified voltage across C, is
proportional to the voltage across diode
2. Since the voltages across the two
diodes differ according to the instan-
taneous frequency of the carrier, the
voltages across C; and C, differ propor-
tionately, the voltage across C; being
the larger of the two voltages at carrier
frequencies below the intermediate fre-
quency and the smaller at frequencies
above the intermediate frequency.
These voltages across C; and C, are
additive and their sum is fixed by the
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transformer T. The tuning and coupling
of the transformer is practically the
same as in the previous circuit and,
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constant voltage across Ci. Therefore,
while the ratio of these voltages varies
at an audio rate, their sum is always



constant. The voltage across C; varies
at an audio rate when a frequency-
modulated rf carrier is applied to the
ratio detector; this audio voltage is ex-
tracted and fed to the audio amplifier.
For a complete circuit utilizing this type
of detector, refer to the CIRCUIT
SECTION.

Avtomatic Volume or Gain Control

The chief purposes of automatic
volume control (ave) or automatic gain
control (age) in a radio or television
receiver are to prevent fluctuations in
loudspeaker volume or picture bright-
ness when the audio or video signal at
the antenna is fading in and out.

An automatic volume control cir-
cuit regulates the receiver rf and if gain
so that this gain is less for a strong signal
than for a weak signal. In this way,
when the signal strength at the antenna
changes, the ave circuit reduces the re-
sultant change in the voltage output of
the last if stage and consequently re-
duces the change in the speaker output
volume,

The ave circuit reduces the rf and if
gain for a strong signal usually by in-
creasing the negative bias of the rf, if,
and frequency-mixer stages when the
signal increases. A simple ave circuit is
shown in Fig. 60. On each positive half-
cycle of the signal voltage, when the
diode plate is positive with respect to
the cathode, the diode passes current.
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Because of the flow of diode current
through R, there is a voltage drop across
R: which makes the left end of R: nega-
tive with respect to ground. This voltage
drop across R, is applied, through the
filter R, and C, as negative bias on the
grids of the preceding stages. When the
signal strength at the antenna increases,
therefore, the signal applied to the ave
diode increases, the voltage drop across
R. increases, the negative bias voltage
applied to the rf and if stages increases,
and the gain of the rf and if stages is de-
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creased. Thus the increase in signal
strength at the antenna does not pro-
duce as much increase in the output of
the last if stage as it would produce
without ave.

‘When the signal strength -at the
antenna decreases from a previoussteady
value, the ave circuit acts, of course, in
the reverse direction, applying less nega-
tive bias, permitting the rf and if gain
to increase, and thus reducing the de-
crease in the signal output of the last
if stage. In this way, when the signal
strength at the antenna changes, the ave
circuit acts to reduce change in the out-
put of the last if stage, and thus acts to
reduce change in loudspeaker volume.

The filter, C and R.,, prevents the
ave voltage from varying at audio fre-
quency. The filter is necessary because
the voltage drop across R, varies with
the modulation of the carrier being re-
ceived. If ave voltage were taken directly
from R, without filtering, the audio
variations in ave voltage would vary the
receiver gain so as to smooth out the
modulation of the carrier. To avoid this
effect, the ave voltage is taken from the
capacitor C. Because of the resistance
R: in series with C, the capacitor C can
charge and discharge at only a compara-
tively slow rate. The ave voltage there-
fore cannot vary at frequencies as high
as the audio range but can vary at fre-
quencies high enough to compensate for
most fading. Thus the filter permits the
ave circuit to smooth out variations in
signal due to fading, but prevents the
circuit from smoothing out audio modu-
lation.

It will be seen that an ave circuit
and a diode-detector circuit are much
alike. It is therefore convenient in a re-
ceiver to combine the detector and the
ave diode in a single stage. Examples of
how these functions are combined in
receivers are shown in CIRCUIT
SECTION.

In the circuit shown in Fig. 60, a
certain amount of ave negative bias is
applied to the preceding stages on a
weak signal. Since it may be desirable
to maintain the receiver rf and if gain
at the maximum possible value for a
weak signal, ave circuits are designed in
some cases to apply no ave bias until the
signal strength exceeds a certain value.



These ave circuits are known as delayed
ave or dave circuits.

A dave circuit is shown in Fig. 61.
In this circuit, the diode section D: of
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Fig. 61

the 6H6 acts as detector and ave diode.
R: is the diode load resistor and R, and
C.are the ave filter. Because the cathode
of diode D, is returned through a fixed
supply of -3 volts to the cathode of Dy, a
de current flows through R: and R, in
series with D.. The voltage drop caused
by this current places the ave lead at
approximately -3 volts (less the negligi-
ble drop through D.). When the average
amplitude of the rectified signal devel-
oped across R: does not exceed 3 volts,
the ave lead remains at -3 volits. Hence,
for signals not strong enough to develop
3 volts across R, the bias applied to the
controlled tubes stays constant at a
value giving high sensitivity.

However, when the average ampli-
tude of rectified signal voltage across R,
exceeds 3 volts, the plate of diode D, be-
comes more negative than the cathode
of D, and current flow in diode D, ceases.
The potential of the avelead is then con-
trolled by the voltage developed across
R.. Therefore, with further increase in
signal strength, the ave circuit applies
an increasing ave bias voltage to the
controlled stages. In this way, the cir-
cuit regulates the receiver gain for
strong signals, but permits the gain to
stay constant at a maximum value for
weak signals,

It can be seen in Fig. 61 that a por-
tion of the -3 volts delay voltage is
applied to the plate of the detector
diode D,, this portion being approxi-
mately equal to R:/(R: + R;) times -3
volts. Hence, with the circuit constants
as shown, the detector plate is made
negative with respect to its cathode by
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approximately one-half volt. However,
this voltage does not interfere with de-
tection because it is not large enough to
prevent current flow in the tube.

Automatic gain control (agc) com-
pensates for fluctuations in rf picture
carrier amplitude. The peak carrier level
rather than the average carrier level is
controlled by the agc voltage because
the peaks of the sync pulses are fixed
when inserted on a fixed carrier level.
The peak carrierlevel may be determined
by measurement of the peaks of the
sync pulses at the output of the video
detector.

A conventional age circuit, such as
that shown in Fig. 62, consists of a diode
detector circuit and an RC filter. The
time constant of the detector circuit is
made large enough to prevent the pic-
ture content from influencing the mag-
nitude of the agce voltage. The output
voltage (age voltage) is equal to the
peak value of the incoming signal.

The diode detector receives the in-
coming signal from the last if stage of
the television receiver through the ca-
pacitor C.. The resistor R provides the
load for the diode. The diode conducts
only when its plate is driven positive
with respect to its cathode. Electrons
then flow from the cathode to the plate
and thence into capacitor Ci, where the
negative charge is stored. Because of the

AGC
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Fig. 62

low impedance offered by the diode dur-
ing conduction, C. charges up to the
value of the peak applied voltage.
During the negative excursion of
the signal, the diode does not conduct,
and C; discharges through resistor R..
Because of the large time constant of
R.C:, however, only a small percentage
of the voltage across C, is lost during the
interval between horizontal sync pulses.
During succeeding positive cycles, the
incoming signal must overcome the neg-
ative charge stored in C.before the diode
conducts, and plate cutrrent flows only
at the peak of each!positive cycle. The
voltage across C, therefore, is deter-



mined by the level of the peaks of the
positive cycles, or the synec pulses.

The negative voltage developed
across resistor R: by the syne pulses is
filtered by resistor R. and capacitor C.
to remove the 15,750-cycle ripple of the
horizontal sync pulse. The de output is
then fed to the if and rf amplifiers as an
age voltage.

This age system may be expanded
to include amplification of the age signal
before detection of the peak level, or
amplification of the de output, or both.
A direct-coupled amplifier must be used
for amplification of the dc signal. The
addition of amplification makes the sys-
tem more sensitive to changes in carrier
level.
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A *keyed” age system such as that
shown in Fig. 63 is used to eliminate flut-
ter and to improve noise immunity in
weak signal areas. This system provides
more rapid action than the conventional
age circuits because the filter eircuit can
employ lower capacitance and resistance
values.

In the keyed age system, the nega-
tive output of the video detector is fed
directly to the grid No.1 of the first
video amplifier. The positive output of
the video amplifier is, in turn, fed di-
rectly to the grid No.1 of the keyed age
amplifier. The video stage increases the
gain of the age system and, in addition,
provides noise clipping. The plate volt-
age for the age amplifier is a positive
pulse obtained from a small winding on
the horizontal output transformer which
isin phase with the horizontal syne pulse
obtained from the video amplifier. The
polarity of this pulse is such that the
plate of the age amplifier tube is positive
during the retrace time. The tube is
biased so that current flows only when
the grid No.1 and the plate are driven
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positive simultaneously. The amount of
current flow depends on the grid-No.1l
potential during the pulse. These pulses
are smoothed out in the RC network in
the plate circuit (R.C:). Because the de
voltage developed across R, is negative,
it is suitable for application to the grids
of the rf and if tubes as an agc voltage.

Tuning Indication With
Electron-Ray Tubes

Electron-ray tubes are designed to
indicate visually by means of a fluores-
cent target the effects of a change in
controlling voltage. One application of
them is as tuning indieators in radio
receivers. Types such as the 6U5, 6E5,
and the 6AB5/6N5 contain two main
parts: (1) a triode which operates asa de
amplifier and (2) an electron-ray indi-
cator which is located in the bulb as
shown in Fig. 64. The target is operated
at a positive voltage and, therefore, at~
tracts electrons from the cathode. When
the electrons strike the target they pro-
duce a glow on the fluorescent coating
of the target. Under these conditions,
the target appears as a ring of light.

A ray-control electrode is mounted
between the cathode and target. When
the potential of this electrode is less posi-
tive than the target, electrons flowing to
the target are repelled by the electro-
static field of the electrode, and do not
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Fig. 64

reach that portion of the target behind
the electrode. Because the target does
not glow where it is shielded from elec-
trons, the control electrode casts a
shadow on the glowing target. The ex-
tent of this shadow varies from approx-
imately 100° of the target when the con-
trol electrode is much more negative
than the target to 0° when the control
electrode is at approximately the same
potential as the target.

In the application of the electron-



ray tube, the potential of the control
electrode is determined by the voltage
on the grid of the triode section, as can
be seen in Fig. 65. The flow of the triode
plate current throughresistor R produces
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Fig. 65

a voltage drop which determines the po-
tential of the control electrode. When
the voltage of the triode grid changes in
the positive direction, plate current in-
creases, the potential of the control elec-
trode goes down because of the increased
drop across R, and the shadow angle
widens. When the potential of the triode
grid changes in the negative direction,
the shadow angle narrows.

Another type of indicator tube is
the 6AF6-G. This tube contains only an
indicator unit but employs two ray-con-
trol electrodes mounted on opposite sides
of the cathode and connected to indi-
vidual base pins. It employs an external
dc amplifier. (See Fig. 66.) Thus, two
symmetrically opposite shadow angles
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may be obtained by connecting the two
ray-control electrodes together; or, two
unlike patterns may be obtained by in-
dividual connection of each ray-control
electrode to its respective amplifier.

In radio receivers, ave voltage is
applied to the grid of the de amplifier.
Because ave voltage is at maximum
when the set is tuned to give maximum
response to a station, the shadow angle
is at minimum when the receiver is
tuned to resonance with the desired
station.

The choice between electron-ray
tubes depends on the ave characteristic
of the receiver. The 6E5 contains a
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sharp-cutoff triode which closes the
shadow angle on a comparatively low
value of ave voltage. The 6AB5/6N5
and 6U5 each have a remote-cutoff tri-
ode which closes the shadow on a larger
value of ave voltage than the 6E5. The
6AF6-G may be used in conjunction
with dc amplifier tubes having either
remote- or sharp-cutoff characteristics.

Oscillation

As an oscillator, an electron tube
can be employed to generate a continu-
ously alternating voltage. In present-
day radio broadcast receivers, this ap-
plication is limited practically to super-
heterodyne receivers for supplying the
heterodyning frequency. Several circuits
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(represented in Figs. 67 and 68) may be
utilized, but they all depend on feeding
more energy from the plate circuit to the
grid circuit than is required to equal the
power loss in the grid circuit. Feedback
may be produced by electrostatic or

HEATER
TRANSFORMER
Fig. 68
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electromagnetic coupling between the
grid and plate circuits. When sufficient
energy is fed back to more than compen-
sate for the loss in the grid circuit, the
tube will oscillate. The action consists
of regular surges of power between the
plate and the grid circuit at a frequency
dependent on the circuit constants of
inductance and capacitance. By proper
choice of these:values, the frequency
may be adjusted over a very wide range.



Multivibrators

Relaxation oscillators, which are
widely used in present-day electronic
equipment, are used to produce non-
sinusoidal waveshapes such as rectangu-
lar and sawtooth pulses. Probably the
most common relaxation oscillator is the
multivibrator, which may be considered
as a two-stage resistance-coupled ampli-
fier in which the output of each tube is
coupled into the input of the other tube.

Fig. 69 is a basic multivibrator cir-
cuit of the free-running type. In this cir-
cuit, oscillations are maintained by the

Fig. 69

alternate shifting of conduction from
one tube to the other. The cycie usually
starts with one tube, V., at zero bias,
and the other, V,, at cutoff or beyond.
At this point, the capacitor C.is charged
sufficiently to cut off V.. C: then begins
to discharge through the resistor R,, and
the voltage on the grid of V., rises until
V. begins to conduct. The voltage on the
plate of V. then decreases, causing V, to
conduct less and less. At the same time,
the plate voltage of V. begins to rise,
causing V. to conduct still more heavily.
Because of the amplification, this cumu-
lative effect builds up extremely fast,
and conduction switches from V, to V,
within a few microseconds, depending
on the circuit components.

In this circuit, therefore, conduc-
tion switches from V. to V. over the
interval during which C. -discharges
from the voltage across R, to the cutoff
voltage for (V.. The actual transfer of
conduction does not occur until cutoff
is reached. Conduction switches back to
V. through a similar process to complete
the cycle. The plate waveform is essen-
tially rectangular in shape, and may be
adjusted as to symmetry, frequency,
and amplitude by proper choice of cir-
cuit constants, tubes, and voltages.

Although this type of multivibrator
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is free-running, it may be triggered by
pulsesof agiven amplitudeand frequency
to provide a frequency-stabilized out-
put. Multivibrator circuits may also be
designed so that they are not free-run-
ning, but must be triggered externally
to shift conduection from one tube to the
other. Depending on the type of circuit,
conduction may shift back to the first
tube after a given time interval, or the
second tube may continue conducting
until another trigger signal is applied.

Synchroguide Circuits

The “synchroguide” is a controlled
type of oscillator used in television re-
ceivers to generate and control the syn-
chronized sawtooth voltage necessary for
adequate line- or horizontal-frequency
scanning. A simplified synchroguide cir-
cuit is shown in Fig. 70. This circuit pro-
vides stable, noise-free control of a block-
ing oscillator which generates a horizon-
tal-frequency signal. It permits com-
parison of the received sync pulses and
the generated sawtooth voltages so that
properly locked-in horizontal scanning
results.

The triode V. in Fig. 70 is a conven-
tional blocking oscillator which enables
a sawtooth voltage to be developed
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Fig. 70

across the capacitor C,. A portion of this
sawtooth is fed back to the grid of the
control tube, V.. The positive sync pulses
are also applied to the grid of V.. The
waveforms shown in Fig. 71 illustrate
the sawtooth and sync pulses (A and B)
and their proper “in-syn¢’” combination
(C). The sync pulse occurs partly during
the portion of the sawtooth voltage in
which the triode V, draws current. Any
shift in sync pulse as it is superimposed
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on the sawtooth, therefore, will affect
the amount of conduction of the control
tube. A change in control-tube conduc-
tion ultimately affects the bias on the
oscillator-tube grid by changing the
voltage to which the capacitor C, in the
cathode circuit may charge. An increase
in the positive bias increases the fre-
quency of oscillation.

For example, waveform D in Fig.
71 illustrates a condition in which the
sawtooth voltage is advanced in phase
with respect to the sync-pulses. The
widening of the pulse which occurs at
the corner of the sawtooth waveform
allows the control tube to conduct more
current and, consequently, allows the
capacitor C, to charge to a higher volt-
age. Thisincreased reference vo'tage also
appears in the grid circuit of V. and
makes the grid more positive. The in-
creased grid voltage then speeds up the
frequency of oscillations until proper
synchronization results.

The blocking oscillator can be made
more immune to changes in frequency
and noise if V. is brought out of cutoff
very sharply. This effect is obtained by
sine-wave stabilization. The tuned cir-
cuit L;-C; in the plate circuit of Fig. 70
superimposes a shock-excited sine wave
on the plate and grid waveforms, as
shown in Fig. 72.
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Vertical Output Circuits

A modified multivibrator in which
the vertical output tube is part of the
oscillator circuit is used in the vertical
deflection stage of many television re-
ceivers. This stage supplies the deflec-
tion energy required for vertical deflec-
tion of the picture-tube beam. A simpli-
fied combined vertical-oscillator-output
stage is shown in Fig. 73. Waveshapes at
critical points of the circuit are included
to illustrate the development of the de-
sired current through the vertical out-
put transformer and deflecting yoke.

The current waveform through the
deflecting yoke and output transformer
should be a sawtooth to provide the de-
sired deflection. The grid and plate volt-
age waveforms of the output tube could
also be sawtooth except for the effect of
the inductive components in the yoke
and transformer. The effect of these in-
ductive components must be taken in-
to consideration, however, particularly
during retrace. The fast rate of current
change during retrace time (which is
approximately 1/15 as long as trace
time) causes a high-voltage pulse at
the plate which could give a trapezoi-
dal waveshape to the plate voltage and
cause increased- plate current, excess
damping, and lengthened retrace time.
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However, the grid voltage is made suffi-
ciently negative during retrace to keep
the tube close to cutoff, as described
below.

The frequency, and the relative de-
viation of the positive and negative por-
tions of each cycle, are dependent on the
values of resistors R, and R; and the RC
combination R;C., as explained previ-
ously in the section on multivibrators.
The desired trapezoidal waveshape at
the grid of V. is created by capacitor C,
and resistor R.. If R, were equal to zero,
C, would cause the grid-voltage wave-
shape to take the form shown in Fig.
74(a), When R, is sufficiently large, C,

4 b

Fig. 74

does not discharge completely when V,
conducts. When V. is cut off, therefore,
the voltage on the grid of V, immedi-
ately rises to the voltage across C.. The
resulting waveshape is shown in Fig.
74(b). The negative-going pulse of the
grid-voltage waveshape prevents the
high plate pulse from causing excess
conduction, and thereby prevents over-
damping.

This vertical deflection stage uti-
lizes twin-triode tubes such asthe 12BH7
and 6CM7. The 6CM7 is particularly
suitable for this application because it
incorporates dissimilar units to provide

for the different operating requirements SYNC

of the oscillator and output sections.

Horizontal Output Circuits

Fig. 75 shows a typical horizontal-
output-and-deflection circuit used in tele-
vision receivers. In addition to supplying
the deflection energy required for hori-
zontal deflection of the picture-tube
beam, this circuit provides the high de
voltage required for the ultor of the pic-
ture tube and the ‘“boosted” B voltage
for other portions of the receiver. The
horizontal-output tube is usually a beam
power tube such as the 6DQ6-A or
6CD6-GA.

In this circuit, a sawtooth voltage
from tlie horizontal-oscillator tube is ap-
plied to the grid No.1 of the horizontal-
output tube. When this voltage rises
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above the cutoff point of the output tube,
the tube conducts a sawtooth of plate
current which is fed through the auto-
transformer to the horizontal-deflecting
yoke. At the end of the horizontal-scan-
ning cyele, which lasts for 63.4 micro-
seconds, the sawtooth voltage on the
grid suddenly cuts off the output tube.
This sudden change sets up an oscillation
of about 50 to 70 Kc in the output cir-
cuit, which may be considered as an in-
ductor shunted by the stray capacitance
of the circuit. During the first half of
this oscillation, a positive voltage ap-
pears across the transformer. In the sec-
ond half of the cycle, the voltage swings
below the plate supply voltage, and the
damper diode conducts, damping out the
oscillation. At the same time, the current
through the deflecting yoke reverses and
reachesits negative peak. As the damper-
diode current decays exponentially to
zero, the output tube begins to conduct
again. The yoke current, therefore, is
composed of current resulting from
damper-diode conduction followed by
output-tube conduction.

When the output tube is suddenly
cut off, the high-voltage pulse produced
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by shock excitation of the load circuit is
increased by means of an extra winding
on the transformer. This high-voltage
pulse charges a high-voltage capacitor
through the high-voltage rectifier. The
output of this circuit is the de high-
voltage supply for the picture tube. The
high-voltage rectifier also obtains its
filament power through a separate wind-
ing on the horizontal-output transformer.

Current flowing through the damper
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diode charges the ‘‘boost” capacitor
through the damper portion of the trans-
former winding. The polarity of the
charge on the capacitor is such that the
voltage at the low end of the winding is
increased above the plate supply volt-
age, or B+. This higher voltage or
“boost” is used for the output-tube
plate supply, and may also supply the
deflection oscillators and the vertical-
output circuit provided the current drain
is not excessive,

High-Voltage Regulator Circuit

In color-television receivers, it is
very important to regulate the high-vol-
tagesupply tothepicturetube, Asuitable
circuit using the 6BK4 for regulation of
the output of a high-voltage, high-impe-
dance supply is shown in Fig. 76. In this
circuit, the cathode is held at a fixed
positive potential withrespect toground.
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Because the grid potential is kept slightly
less positive by the voltage drop across
resistor Ry, the tube operates in the nega-
tive grid region and no grid current is
drawn.

When the output voltage, e,, rises
as a result of an increase in load current,
a small fraction of the additional vol-
tage is applied to the grid of the tube by
the voltage-divider circuit consisting of
R, and R.. This increased grid voltage
causes the tube to draw an increased
current from the unregulated supply.
The increased current, in turn, causes
a voltage drop across the high internal
impedance of the unregulated supply,
R, which tends to counteract the origi-
nal rise of the voltage. If desired, the
grid may be connected to a variable
point on the voltage divider to allow
some adjustment of the output-voltage
level.

The circuit shown in Fig. 76 com-
pensates for both load-current and line-
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voltage variations. The output of a reg-
ulated 25,000-volt supply using this
circuit does not drop more than 500
volts as the load current increases from
0 to 1 milliampere, Variations in output
voltage may be kept within =1 per cent
for input-voltage changes of =10 per
cent. If desired, the compensation for
input-voltage changes may be elimi-
nated while compensation for load-cur-
rent changes is maintained.

Frequency Conversion

Frequency conversion is used in
superheterodyne receivers to change the
frequency of the rf signal to an inter-
mediate frequency. To perform this
change in frequency, a frequency-con-
verting device consisting of an oscillator
and a frequency mixer is employed. In
such a device, shown diagrammatieally
in Fig. 77, two voltages of different fre-
quency, the rf signal voltage and the
voltage generated by the oscillator, are
applied to the input of the frequency
mixer. These voltages beat, or hetero-
dyne, within the mixer tube to produce
a plate current having,in addition to the
frequencies of theinput voltages, numer-
ous sum and difference frequencies.

The output circuit of the mixer
stage is provided with a tuned circuit
which is adjusted to select only one beat
frequency, i.e., the frequency equal to
the difference between the signal fre-
quency and the oscillator frequency.The
selected output frequency is known as
the intermediate frequency, or if. The
output frequency of the mixer tube is
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kept constant for all values of signal fre-
quency by tuning the oscillator to the
proper frequency.

Important advantages gained in a
receiver by the conversion of signal fre-
quency to a fixed intermediate frequency
are high selectivity with few tuning
stages and a high, as well as stable, over-
all gain for the receiver.

Several methods of frequency con-



version for superheterodyne receivers
are of interest. These methods are alike
in that they employ a frequency-mixer
tube in which plate current is varied at
a combination frequency of the signal
frequency and the oscillator frequency.
These variations in plate current pro-
duce across the tuned plate load a volt-
age of the desired intermediate fre-
quency. The methods differ in the types
of tubes employed and in the means of
supply input voltages to the mixer tube.

A method widely used before the
availability of tubes especially designed
for frequency-conversion service and
currently used in many FM, television,
and standard broadcast receivers, em-
ploys as mixer tube either a triode, a
tetrode, or a pentode, in which oscillator
voltage and signal voltage are applied to
the same grid. In this method, coupling
between the oscillator and mixer circuits
is obtained by means of inductance or
capacitance.

A second method employs a tube
having an oscillator and frequency mixer
combined in the same envelope. In one
form of such a tube, coupling between
the two units is obtained by means of
the electron stream within the tube.
Because five grids are used, the tube is
called a pentagrid converter.

Grids No. 1 and No. 2 and the cath-
ode are connected to an external circuit
to act as a triode oscillator. Grid No. 1
is the grid of the oscillator and grid No.
2 is the anode. These and the cathode
can be considered as a composite cath-
ode which supplies to the rest of the
tube an electron stream that varies at
the oscillator frequency.

This varying electron stream is fur-
ther controlled by the rf signal voltage
on grid No. 4. Thus, the variations in
plate current are due to the combination
of the oscillator and the signal frequen-
cies. The purpose of grids No. 3 and No.
5, which are connected together within
the tube, is to accelerate the electron
stream and to shield grid No. 4 electro-
statically from the other electrodes.

Pentagrid-converter tubes of this
design are good frequency-converting
devices at medium frequencies. How-
ever, their performance is better at the
lower frequencies because the output of
the oscillator drops off as the frequency
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is raised and because certain undesirable
effects produced by interaction between
oscillator and signal sections of the tube
increase with frequency.

To minimize these effects, several
of the pentagrid-converter tubes are de-
signed so that no electrode functions
alone as the oscillator anode. In these
tubes, grid No. 1 functions as the oscil-
lator grid, and grid No. 2 is connected
within the tube to the sereen grid (grid
No. 4). The combined two grids, Nos. 2
and 4, shield the signal grid (grid No. 3)
and act as the composite anode of the
oscillator triode. Grid No. 5 acts as the
suppressor grid.

Converter tubes of this type are de-
signed so that the space charge around
the cathode 1s unaffected by electrons
from the signal grid. Furthermore, the
electrostatic field of the signal grid also
has little effect on the space charge. The
result is that rf voltage on the signal
grid produces little effect on the cathode
current. There is, therefore, little detun-
ing of the oscillator by ave bias because
changes in ave bias produce little change
in oscillator transconductance or in the
input capacitance of grid No. 1.

Examples of the pentagrid conver-
ters discussed in the preceding para-
graph are thesingle-ended types 1R5 and
6BE6. A schematic diagram illustrating
the use of the 6BE6 with self-excitation
is given in Fig. 78; the 6BE6 may also
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Fig. 78

be used with separate excitation. A com-
plete circuit is shown in the CIRCUIT
SECTION.

Another method of frequency con-
version utilizes a separate oscillator hav-
ing its grid connected to the No. 1 grid
of a mixer hexode. The cathode, triode
grid, and triode plate form the oscillator



unit of the tube. The cathode, hexode
mixer grid (grid No.1)hexodescreen grids
(grids Nos. 2 and 4), hexode signal grid
(grid No. 3), and hexode plate constitute
the mixer unit. The internal shields are
connected to the shell of the tube and
act as a suppressor grid for the hexode
unit.

The action of this tube in convert-
ing a radio-frequency signal to an inter-
mediate frequency depends on (1) the
generation of a local frequency by the
triode unit, (2) the transferring of this
frequency to the hexode grid No. 1, and
(8) the mixing in the hexode unit of this
frequency with that of the rf signal ap-
plied to the hexode grid No. 3. The tube
is not critical to changes in oscillator-
plate voltage or signal-grid bias and,
therefore, finds important use in all-
wave receivers to minimize frequency-
shift effects at the higher frequencies.

A further method of frequency con-
version employs a tube called a penta-
grid mixer. This type has two independ-
ent control grids and is used with a
separate oscillator tube. RF signal volt-
age is applied to one of the control grids
and oscillator voltage is applied to the
other. It follows, therefore, that the
variations in plate current are due to
the combination of the oscillator and
signal frequencies.

The tube contains a heater-cathode,
five grids, and a plate. Grids Nos. 1 and
3 are control grids. The rf signal voltage
is applied to grid No. 1. This grid has a
remote-cutoff characteristic and is suited
for control by ave bias voltage. The
oscillator voltage is applied to grid No.
3. This grid has a sharp-cutoff character-
istic and produces a comparatively large
effect on plate current for a small amount
of oscillator voltage. Grids Nos. 2 and 4
are connected together within the tube.
They accelerate the electron stream and
shield grid No. 3 electrostatically from
the other electrodes. Grid No. 5, con-
nected within the tube to the cathode,
functions similarly to the suppressor
grid in a pentode.

In the converter or mixer stage of a
television receiver, stable oscillator oper-
ation is most readily obtained when
separate tubes or tube sections are used
for the oscillator and mixer functions. A
typical television mixer-oscillator circuit
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is shown in Fig. 79. In such circuits, the
oscillator voltage is applied to the mixer
grid by inductive coupling, capacitive
coupling, or a combination of the two.

RF INPUT «te—y

i

OSCILLATOR

RF
TUBE OQUTPUT

MIXER
TUBE

Fig. 79

Tubes containing electrically independ-
ent oscillator and mixer units in the
same envelope, such as the 6U8-A and
6X8, are designed especially for this
application.

Avutomatic Frequency Control

An automatic frequency -control
(afc) cireuit provides a means of correct-
ing automatically the intermediate fre-
quency of a superheterodyne receiver
when, for any reason, it drifts from the
frequency to which the if stages are
tuned. This correction is made by ad-
justing the frequency of the oscillator.
Such a circuit will automatically com-
pensate for slight changes in rf carrier or
oscillator frequency as well as for inac-
curate manual or push-button tuning.

An afc system requires two sections:
a frequency detector and a variable re-
actance. The detector section may be
essentially the same as the FM detector
illustrated in Fig. 57 and discussed un-
der Detection. In the afc system, how-
ever, the output is a de control voltage,
the magnitude of which is proportional
to the amount of frequency shift. This
de control voltage is used to control the
grid bias of an electron tube which com-
prises the variable reactance section
(Fig. 80).

|
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The plate current of the reactance
tube is shunted across the oscillator tank
circuit. Because the plate current and
plate voltage of the reactance tube are
almost 90° out of phase, the control tube
affects the tank circuit in the same man-
ner as a reactance. The grid bizas of the
tube determines the magnitude of the
effective reactance and, consequently,
a control of this grid bias ean be used to
control the oscillator frequency.

Automatic frequency control is also
used in television receivers to keep the
horizontal oscillator in step with the
horizontal-scanning frequency (15,750
cps) at the transmitter. A widely used
horizontal afc circuit is shown in Fig. 81.
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Fig. 81

This circuit, which is often referred to
as a balanced-phase-detector or phase-
discriminator circuit, is usually em-
ployed to control the frequency of a
multivibrator-type horizontal-oscillator
circuit. The 6ALS5 detector supplies a de
control voltage to the grid of the hori-
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zontal-oscillator tube which counteracts
changes in its operating frequency. The
magnitude and polarity of the control
voltages are determined by phase rela-
tionships in the afc circuit at a given
moment.

The horizontal syne pulses obtained
from the sync-separator circuit are fed
through a single-triode phase-inverter or
phase-gplitter circuit to the two diode
units of the 6AL5. Because of the action
of the phase-inverter circuit, the signals
applied to the two diode units are equal
in amplitude but 180 degrees out of
phase. A reference sawtooth voltage ob-
tained from the horizontal output cir-
cuit is also applied simultaneously to
both units. Any change in the oscillator
frequency alters the phase relationship
between the reference sawtooth and the
incoming horizontal sync pulses, causing
one diode unit of the 6AL5 to conduct
more heavily than the other, and thus
producing a correction signal. The sys-
tem remains balanced at all times, there-
fore, because momentary changes in
oscillator frequency are instantaneously
corrected by the action of the control
voltage.

The diode units of the 6AL5 are
biased so that conduction takes place
only during the tips of the sync pulses.
The relative position of the sync pulses
on the retrace portion of the sawtooth
waveform at any given instant deter-
mines which diode unit conducts more
heavily, and thereby establishes the
magnitude and polarity of the control
voltage. The network between the diode
units and the grid of the horizontal-oscil-
lator tube is essentially a low-pass filter
which prevents the horizontalsyne pulses
from affecting the horizontal-oscillator
performance.



Electron Tube Installation

The installation of electron tubes
requires care if high-quality performance
is to be obtained from the associated
circuits. Installation suggestions and
precautions which are generally com-
mon to all types of tubes are covered in
this section. Careful observance of these
suggestions will do much to help the ex-~
perimenter and electronic technician ob-
tain the full performance capabilities of
radio tubes and circuits. Additional per-
tinent information is given under each
tube type and in the CIRCUIT SEC-
TION.

Filament and Heater Power Supply

The design of electron tubes allows
for some variation in the voltage and
current supplied to thefilament or heater,
but mostsatisfactory resultsare obtained
from operation at the rated values.When
the voltage is low, the temperature of
the cathode is below normal, with the
result that electron emission is limited,
The limited emission may cause unsatis-
factory operation and reduced tube life.
On the other hand, high cathode voltage
may cause rapid evaporation of cathode
material and shorten tube life.

To insure proper tube operation, it
is important that the filament or heater
voltage be checked at the socket termi-
nals by means of a high-resistance volt-
meter while the equipment is in opera-
tion. In the case of series operation of
heaters or filaments, correct adjustment
can be checked by means of an ammeter
in the heater or filament circuit.

The filament or heater voltage sup-
ply may be a direct-current source (a
battery or a de power line) or an alter-
nating-current power line, depending on
the type of service and type of tube,
Frequently, a resistor (either variable
or fixed) is used with a de supply to per-
mit compensation for battery voltage
variations or to adjust the tube voltage
at the socket terminals to the correct
value. Ordinarily, a step-down trans-
former is used with an ac supply to pro-
vide the proper filament or heater volt-
age. Receivers intended for operation on
both dc and ac power lines have the
heaters connected in series with a suit-

able resistor and supplied directly from
the power line.

DC filament or heuter operation
should be considered on the basis of the
source of power. In the case of the bat-
tery supply for the 1.4-volt filament
tubes, it is unnecessary to use a voltage-
dropping resistor in series with the fila-
ment and a single dry-ceil; the filaments
of these tubes are designed to operate
satisfactorily over the range of voltage
variations that normally occur during
the life of a dry-cell. Likewise, no series
resistor is required when the 1.25-volt
filamentsubminiatures areoperated from
a single 1.5-volt flashlight-type dry-cell,
when the 2-volt filament type tubes are
operated from a single storage cell, or
when the 6.3-volt series are operated
from a 6-volt storage battery.

In the case of dry-battery supply
for 2-volt filament tubes, a variable re-
sistor in series with the filament and the
battery is required to compensate for
battery variations. Turning the set on
and off by means of the rheostat is ad-
vised to prevent over-voltage conditions
after an off-period because the voltage of
dry-cells rises during off-periods.

In the case of storage-battery sup-
ply, air-cell-battery supply, or dec power
supply, a non-adjustable resistor of suit-
able value may be used. It is well to
check initial operating conditions, and
thus the resistor value, by means of a
voltmeter or ammeter.

AC filament or heater operation
should be considered on the basis of
either a parallel or a series arrangement
of filaments and/or heaters. In the case
of the parallel arrangement, a step-down
transformer is employed. Precautions
should be taken to see that the line volt-
age is the same as that for which the
primary of the transformer is designed.
The line voltage may be determined by
measurement with an ac voltmeter
(0-150 volts).

If the line voltage measures in ex-
cess of that for which the transformer is
designed, a resistor should be placed in
series with the primary to reduce the
line voltage to the rated value of the
transformer primary.Unless this is done,



the excess input voltage will cause pro-
portionally excessive voltage to be ap-
plied to the tubes. Any electron tube
may be damaged or made inoperative by
excessive operating voltages.

If the line voltage is consistently
below that for which the primary of the
transformer is designed, it may be nec-
essary to install a booster transformer
between theacoutlet and thetransformer
primary. Before such a transformer is in-
stalled, the ac line fluctuations should be
very carefully noted. Some radio sets are
equipped with a line-voltage switch
which permits adjustment of the power
transformer primary to the line voltage.
When this switch is properly adjusted,
the series-resistor or booster-transformer
method of controlling line voltage is
seldom required.

In the case of the series arrange-
ments of filaments and/or heaters, a
voltage-dropping resistanceinseries with
the heaters and the supply line is usually
required. This resistance should be of
such value that, for normal line voltage,
tubes will operate at their rated heater
or filament current. The method for cal-
culating the resistor valueis given below.

When the filaments of battery-type
tubes are connected in series, the total
filament current is the sum of the cur-
rent due to the filament supply and the
plate and grid-No.2 currents (cathode

- current) returning to B(-) through the
tube filaments. Consequently, in a series
filament string it is necessary to add
shunt resistors across each filament sec-
tion to bypass this cathode current in
order to maintain the filament voltage
at its rated value.

The filament or heater resistor
required when filaments and/or heaters
are operated in parallel can be deter-
mined easily by a simple formula de-
rived from Ohm’s law.

Required resistance (ohms) =
supply volts — rated volts of tube type
total rated filament current (amperes)

Thus, if a receiver using two IT4’s, one
IR5, one 1US, and one 3V4 is to be
operated from a storage battery, the
series resistor is equal to 2 volts (the
voltage from a single storage cell) minus
1.4 volts (voltage rating for these tubes)
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divided by 0.3 ampere (the sum of
4 X 0.05 ampere + 1 X 0.1 ampere), i.e.,
approximately 2 ohms. Since this resis-
tor should be variable to allow adjust-
ment for battery depreciation, it is ad-
visable to obtain the next larger com-
mercial size, although any value between
2 and 8 ohms will be quite satisfactory.

Where much power is dissipated in
the resistor, the wattage rating should
be sufficiently large to prevent over-
heating. The power dissipation in watts
is equal to the voltage drop in the resis-
tor multiplied by the total filament cur-
rent in amperes. Thus, for the example
above, 0.6 X 0.3 = 0.18 watt., In this
case, the value is so small that any com-
mercial rheostat with suitable resistance
will be adequate.

For the case where the heaters and/
or filaments of several tubes are oper-
ated in series, the resistor value is calcu-
lated by the following formula, also de-
rived from Ohm’s law.

Required resistance (ohms) =
supply volts — total rated volts of tubes
rated amperes of tubes

Thus, if a receiver having one 6BES, one
6BA6, one 6AT6, one 25L.6-GT, and one
2576-GT is to be operated from a 117-
volt power line, the series resistor is
equal to 117 volts (the supply voltage)
minus 68.9 volts (the sum of 3 X 6.3
volts + 2 X 25 volts) divided by 0.3 am-
pere (current rating of these tubes), i.e.,
approximately 160 ohms. The wattage
dissipation in the resistor will be 117
volts minus 68.9 volts times 0.3 ampere,
or approximately 14.4 watts. A resistor
having a wattage rating in excess of this
value should be chosen.

‘When the series-heater connection
is used in ac/de receivers, it is usually
advisable to arrange the heaters in the
circuit so that the tubes most sensitive
to hum disturbances are at or near the
ground potential of the circuit. This ar-
rangement reduces the amount of ac
voltage between the heaters and cath-
odes of these tubes and minimizes the
hum output of the receiver. The order
of heater connection, by tube function,
from chassis to the rectifier-cathode side
of the ac line is shown in Fig. 82.
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Heater-to-Cathode Connection

The cathodes of heater-type tubes,
when operated from ac, should be con-
nected to the mid-tap on the heater sup-
ply winding, to the mid-tap of a 50-ohm
(approximate) resistor shunted across
the winding, or to one end of the heater
supply winding depending on circuit re-
quirements. If none of these methods is
used, it is important to keep the heater-
cathode voltage within the ratings given
in the TUBE TYPES SECTION.,

Hum from ac-operated heater tubes
used in high-gain audio amplifiers may
frequently be reduced to a negligible
value by employing a 15~ to 40-volt bias
between the heater and cathode elements
of the tubes. The bias should be con-
nected so that the tube heater is positive
with respect to its cathode. Such bias
can be obtained from the regular plate-
supply rectifier of the amplifier.

If a large resistor is used between
heater and cathode, it should be by-
passed by a suitable capacitor or ob-
jectionable hum may develop. The hum
is due to the fact that even a minute
pulsating leakage current flowing be-
tween the heater and cathode will de-
velop a small voltage across any re-
sistance in the circuit. This hum voltage
is amplified by succeeding stages.

Plate Voltage Supply

The plate voltage for electron tubes
is obtained from batteries, rectifiers,
direct-current power lines, and small
local generators., The maximum plate-
voltage value for any tube type should
not be exceeded if most satisfactory per-
formance is to be obtained. Plate voit-
age should not be applied to a tube un-
less the corresponding recommended
voltage is also supplied to the grid.

It isrecommended that the primary
circuit of the power transformer be fused
to protect the rectifier tube(s), the power
transformer, filter capacitor, and chokes
in case a rectifier tube fails.

4]
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Grid Voltage Supply

The recommended grid voltages for
different operating conditions have been
carefully determined to give the most
satisfactory performance. Grid voltage
may be obtained from a fixed source
such as a separate C-battery or a tap on
the voltage divider of the high-voltage
de supply, from the voltage drop across
a resistor in the cathode circuit, or from
the voltage drop across a resistor in the
grid circuit. The first method is called
““fixed bias’’; the second is called “‘cath-
ode bias” or ‘“self bias”; the third is
called “‘grid-resistor bias” and is some-
times incorrectly referredtoin receiving-
tube practice as “zero-bias operation.”

In any case, the object is to make
the grid negative with respect to the
cathode by the specified voltage. When
a C-battery is used, the negative termi-
nal is connected to the grid return and
the positive terminal is connected to the
negative filament socket terminal, or to
the cathode terminal if the tube is of the
heater-cathode type. If the filament is
supplied with alternating current, this
connection is usually made to the cen-
ter-tap of a low resistance (20-50 ohms)
shunted across the filament terminals.
This method reduces hum disturbances
caused by the ac supply. If bias voltages
are obtained from the voltage divider of
a high-voltage de supply, the grid return
is connected to a more negative tap
than the cathode.

The cathode-biasing method uti-
lizes the voltage drop produced by the
cathode current flowing through a re-
sistor connected between the ecathode
and the negative terminal of the B-sup-
ply. (See Fig. 83.) The cathode current
is, of course, equal to the plate current
in the case of a triode, or to the sum of
the plate and grid-No.2 currents in the
case of a tetrode, pentode, or beam
power tube. Because the voltage drop
along the resistance is increasingly nega-



tive with respect to the cathode, the re-
quired negative grid-bias voltage can be
obtained by conneecting the grid return
to the negative end of the resistance.
The value of the resistance for
cathode-biasing a single tube can be de-
termined from the following formula:

Resistance (ohms) =
desired grid-bias voltage X 1000
rated cathode current in milliamperes

Thus, the resistance required to produce
9 volts bias for a triode which operates
at 8 milliamperes plate current is 9 X
1000/3 = 3000 ohms. If the cathode cur-
rent of morethan one tube passes through
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change appreciably with plate current.
When such a tube having a separate
suppressor-grid connection is used as an
rf amplifier, these changes may be mini-
mized by leaving a certain portion of the
cathode-bias resistor unbypassed. In
order to minimize feedback when this
method is used, the external grid-No.1-
to-plate (wiring) capacitances should be
kept to a minimum, the grid No.2 should
be bypassed to ac ground, and the grid
No.3 should be connected to ac ground.

The use of a cathode resistor to
obtain bias voltage is not recommended
for amplifiers in which there is appreci-
able shift of electrode currents with the

QUTPUT
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B 8+
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Fig. 83

the resistor, or if the tube or tubes em-
ploy more than three electrodes, the
total current determines the size of the
resistor.

Bypassing of the cathode-bias re-
sistor depends on circuit-design require-
ments. In rf circuits the cathode resistor
usually is bypassed. In af circuits the use
of an unbypassed resistor will reduce
distortion by introducing degeneration
into the circuit. However, the use of an
unbypassed resistor decreases gain and
power sensitivity. When bypassing is
used, it is important that the bypass
capacitor be sufficiently large to have
negligible reactance at the lowest fre-
quency to be amplified.

In the case of power-output tubes
having high transconductance such as
the beam power tubes, it may be neces-
sary to shunt the bias resistor with a
small mica capacitor (approximately
0.0014f) in order to prevent oscillations.
The usual af bypass may or may not be
used, depending on whether or not de-
generation is desired. In tubes having
high values of transconductance, such
as the 6BA6, 6CB6, and 6AC7, input
capacitance and input conductance

application of a signal. In such ampli-
fiers, a separate fixed supply is recom-
mended.

The grid-resistor biasing method
is also a self-bias method because it
utilizes the voltage drop across the grid
resistor produced by small amounts of
grid current flowing in the grid-cathode
circuit. This current is due to (1) an
electromotive potential difference be-
tween the materials comprising the grid
and cathode and (2) grid rectification
when the grid is driven positive. A large
value of resistance is required in order
to limit this current to a very small
value and to avoid undesirable loading
effects on the preceding stage.

Examples of this method of bias are
given in circuits 20-1 and 20-4 in the
CIRCUIT SECTION. In both of these
circuits, the audio amplifier type 1U5 or
12AV6 has a 10-megohm resistor be-
tween the grid and the negative filament
or cathode to furnish the required bias
which is usually less than 1 volt. This
method of biasing is used principally in
the early voltage amplifier stages (usu-
ally employing high-mu triodes) of audio
amplifier circuits, where the tube dissi-
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pation will not be excessive under zero-
signal conditions.

A grid resistor is also used in many
oscillator circuits for obtaining the re-
quired bias. In these circuits, the grid
voltage is relatively constant and its
magnitude is usually in the order of 5
volts or more. Consequently, the bias
voltage is obtained only through grid
rectification. A relatively low value of
resistor, 0.1 megohm or less, is used.
Oscillator circuits employing this method
of bias are given in circuits 20-1 and
20-4 in the CIRCUIT SECTION.

Grid-bias variation for the rf and
if amplifier stages is a convenient and
frequently used method for controlling
receiver volume. The variable voltage
supplied to the grid may be obtained:
(1) from a variable cathode resistor as
shown in Figs. 84 and 85; (2) from a
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Fig. 84

bleeder circuit by means of a potentiom-
eter as shown in Fig. 86; or (3) from a
bleeder circuit in which the bleeder cur-
rent is varied by a tube used for auto-
matic volume control. The latter circuit
is shown in Fig. 60.

In all cases it is important that the
control be arranged so that at no time

VARIABLE

a- By
Fig. 85

will the bias be less than the recom-
mended minimum grid-bias voltage for
the particular tubes used. This require-
ment can be met by providing a fixed
stop on the potentiometer, by connecting
a fixed resistance in series with the vari-
able resistance, or by connecting a fixed
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cathode resistance in series with the
variable resistance used for regulation.
Where receiver gain is controlled by
grid-bias variation, it is advisable to
have the control voltages extend over a
wide range in order to minimize cross-~
modulation and modulation-distortion.

Ad A~ B+

Fig. 86

A remote-cutoff type of tube should,
therefore, be used in the controlled
stages.

In most tubes employing a unipo-
tential cathode, a positive grid current
begins to flow when the grid is slightly
negative and increases rapidly as the
grid is made more positive, as shown in
Fig. 87. The value of grid voltage at
which positive grid current starts to flow
is generally referred to as contaet po-
tential. Contact potential is caused by
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Fig, 87

the initial velocity of emission of elec-~
trons from the cathode and an electro-
thermal effect due to the differences in
temperature and in material composi~
tion of the grid and the cathode.

The value of the contact-potential
voltage may be as high as 115 volts. If
the operating bias of the tube is less than
the contact potential, it is found that
two effects are present. Direct current
flows in the grid circuit, and the dy-
namic input resistance of the tube may
be relatively low. It is generally desir-
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able to supply the tube with a value of
bias sufficiently high so that the tube is
not operating within the contact-poten-
tial region. When a tube must be oper-
ated within this region, care should be
taken to avoid undesirable effects in the
grid circuit due to grid current or low
input resistance.

Screen-Grid Voltage Supply

The positive voltage for the screen
grid (grid No.2) of screen-grid tubes
may be obtained from a tap on a voltage
divider, from a potentiometer, or from
a series resistor connected to a high-volt-
age source, depending on the particular
tube type and its application.The screen-
grid voltage for tetrodes should be ob-
tained from a voltage divider or a poten-
tiometer rather than through a series
resistor from a high-voltage source be-
cause of the characteristic screen-grid
current variations of tetrodes. Fig. 88
shows a tetrode with its screen-grid volt-
age obtained from a potentiometer.

‘When pentodes or beam power tubes
are operated under conditions where a
large shift of plate and screen-grid cur-
rents does not take place with the appli-
cation of the signal, the screen-grid volt-
age may be obtained through a series
resistor from a high-voltage source.This
method of supply is possible because of

the high uniformity of the screen-grid
current characteristic in pentodes and
beam power tubes. Because the screen-
grid voltage rises with increase in bias
and resulting decrease in screen-grid
current, the cutoff characteristic of a
pentode is extended by this method of
supply. :

This method is sometimes used to
increase the range of signals which can
be handled by a pentode. When used in
resistance-coupled amplifier circuits em-
ploying pentodes in combination with
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the cathode-biasing method, it mini-
mizes the need for circuit adjustments.
Fig. 89 shows a pentode with its screen-
grid voltage supplied through a series
resistor.

When power pentodes and beam
power tubes are operated under condi-
tions such that there is a large change
in plate and screen-grid currents with
the application of signal, the series-
resistor method of obtaining screen-grid
voltage should not be used. A change in
screen-grid current appears as a change

in the voltage drop across the series
resistor in the screen-grid cireuit; the
result is a change in the power output
and an increase in distortion. The screen-
grid voltage should be obtained from a
point in the plate-voltage-supply filter
system having the correct voltage, or
from a separate source.

It is important to note that the
plate voltage of tetrodes, pentodes, and
beam power tubes should be applied be-
fore or simultaneously with the screen-
grid voltage. Otherwise, with voltage on
the screen grid only, the screen-grid cur-
rent may rise high enough to cause
excessive screen-grid dissipation.

Screen-grid voliage variation for
the rf amplifier stages has sometimes
been used for volume control in older-
typereceivers. Reduced screen-grid volt-
age lowers the transconductance of the
tube and results in reduced gain per
stage. The voltage variation is obtained
by means of a potentiometer shunted
across the screen-grid voltage supply.
(See Fig. 88.) When the screen-grid volt-
age is varied, it must never exceed the
rating of the tube. This requirement can
be met by providing a fixed stop on the
potentiometer.

Shielding
In high-frequency stages having



high gain, the output circuit of each
stage must be shielded from the input
circuit of thatstage. Each high-frequency
stage also must be shielded from the
other high-frequency stages. Unless
shielding is employed, undesired feed-
back may cccur and may produce many
harmful effects on receiver performance.

To prevent this feedback, it is a
desirable practice to shield separately
each unit of the high-frequency stages.
For instance, in a superheterodyne re-
ceiver, eachif and rf coil may be mounted
in a separate shield can. Baffle plates
may be mounted on the ganged tuning
capacitor to shield each section of the
capacitor from the other section. The
oscillator coil may be especially well
shielded by being mounted under the
chassis.

The shielding precautions required
in a receiver depend on the design of the
receiver and the layout of the parts. In
all receivers having high-gain high-fre-
quency stages, it is necessary to shield
separately each tube in high-frequency
stages. When metal tubes, and in partic-
ular the single-ended types, are used,
complete shielding of each tube is pro-
vided by the metal shell which is
grounded through its grounding pin as
the socket terminal. The grounding con-
nection should be short and sturdy.
Many modern tubes of glass construe-
tion have internal shields, usually con-
nected to the cathode; where present,
these shields are indicated in the socket
diagram.

Dress of Circuit Leads

At high frequencies such as are en-
countered in FM and television receiv-
ers, lead dress, that is, the location and
arrangement of the leads used for con-
nections in the receiver, is very impor-
tant. Because even a short lead provides
a large impedance at high frequencies,
it is necessary to keep all high-frequency
leads as short as possible. This precau-
tion is especially important for ground
connections and for all connections to
bypass capacitors and high-frequency
filter capacitors. The ground connections
of plate and screen-grid bypass capaci-
tors of each tube should be kept short
and made directly to cathode ground.

Particular care should be taken
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with the lead dress of the input and out-
put circuits of high-frequency stages so
that the possibility of stray coupling is
minimized. Unshielded leads connected
toshielded componentsshould bedressed
close to the chassis. As the frequency in-
creases, the need for careful lead dress
becomes increasingly important.

In high-gain audio amplifiers, these
same precautions should be taken to
minimize the possibility of self-oscil-
lation.

Filters

Feedback effects also are caused in
radio or television receivers by coupling
between stages through common volt-
age-supply circuits. Filters find an im-
portant use in minimizing such effects.
They should be placed in voltage-supply
leads to each tube in order to return the
signal current through a low-impedance

" path direct to the tube cathode rather
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than by way of the voltage-supply cir-
cuit. Fig. 90 illustrates several forms of
filter circuits. Capacitor C forms the

VOLTAGE \/O\_TAGr
LEZAD
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oC ocC
VOLTAGE »/OLTA’E
LEAD

I TO CATHODE [ TO CATHCOE [

R=RESISTOR C=BYPASS CAPACITOR
L=AF OR RF CHOKE

Fig. 90

low-impedance path, while the choke or
resistor assists in diverting the signal
through the capacitor by offering a high
impedance to the power-supply circuit.
The choice between a resistor and a
choke depends chiefly upon the permis-
sible de voltage drop through the filter.
In circuits where the current is small (a
fewmilliamperes), resistors are practical;
where the current is large or regulation
important, chokes are more suitable.
The minimum practical size of the
capacitors may be estimated in most
cases by the following rule: The imped-
ance of the capacitor at the lowest fre-



quency amplified should not be more
than one-fifth of the impedance of the
filter choke or resistor at that frequency.
Better results will be obtained in special
cases if the ratio is not more than one-
tenth.

Radio-frequency circuits, particu-
larly at high frequencies, require high-
quality capacitors. Mica ar ceramic ca-
pacitors are preferable. Where stage
shields are employed, filters should be
placed within the shield.

Another important application of
filters is to smooth the output of a recti-
fier tube. See Rectification. A smoothing

CHOKE-INPUT TYPE FILTER
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CAPACITOR =~ INPUT TYPE FILTER

down is to be avoided. When the input-
choke method is used, the available de
output voltage will be somewhat lower
than with the input-capacitor method
for a given ac plate voltage. However,
improved regulation together with lower
peak current will be obtained.
Mercury-vapor and gas-filled recti-
fier tubes occasionally produce a form of
local interference in radio receivers
through direct radiation or through the
power line. This interference is generally
identified in the receiver as a broadly
tunable 120-cycle buzz (100 cycles for
50-cycle supply line, ete.). It is usually

CAPACITOR FILTER
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Fig. 91

filter usually consists of capacitors and
iron-core chokes. In any filter-design
problem, the load impedance must be
considered as an integral part of the fil-
ter because the load is an important
factor in filter performance. Smoothing
effect is obtained from the chokes be-
cause they arein series with the load and
offer a high impedance to the ripple volt-
age. Smoothing effect is obtained from
the capacitors because they are in paral-
lel with the load and store energy on the
voltage peaks; this energy is released on
the voltage dips and serves to maintain
the voltage at the load substantially
constant. Smoothing filters are classified
as choke-input or capacitor-input ac-
cording to whether a choke or capacitor
is placed next to the rectifier tube. See
Fig. 91.

The CIRCUIT SECTION gives a
number of examples of rectifier circuits
with recommended filter constants.

If an input capacitor is used, con-
sideration must be given to the instan-
taneous peak value of the ac input volt-
age. This peak value is about 1.4 times
the rms value as measured by an ac
voltmeter. Filter capacitors, therefore,
especially the input capacitor, should
have a rating high enough to withstand
the instantaneous peak value if break-

caused by the formation of a steep wave
front when plate current within the tube
begins to flow on the positive half of
each cycle of the ac supply voltage.
There are several ways of elimi-
nating this type of interference. One is
to shield the tube. Another is to insert
an rf choke having an inductance of one
millihenry or more between each plate
and transformer winding and to connect
high-voltage, rf bypass capacitors be-
tween the outside ends of the transformer
winding and the center tap. (See Fig.
92.) The rf chokes should be placed with-
in the shielding of the tube.The rf bypass

ELECTROSTATI
SHIELD

L=RF CHOKE

C=RF BYPASS CAPACITOR,MICA
Fig. 92

capacitors should have a voltage rating
high enough to withstand the peak volt-
age of each half of the secondary, which
is approximately 1.4 times the rms value.

Transformers having electrostatic
shielding between primary and second-
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ary are not likely to transmit rf disturb-
ances to the line, Often the interference
may be eliminated simply by making
the plate leads of the rectifier extremely
short. In general, the particular method
of interference elimination must beselect-
ed by experiment for each installation.

Output-Coupling Devices

An output-coupling device is used
in the plate circuit of a power output
tube to keep the comparatively high de
plate current from the winding of an
electromagnetic speaker and, also, to
transfer power efficiently from the out-
put stage to a loudspeaker of either the
electromagnetic or dynamic type.

Output-coupling devices are of two
types, (1) choke-capacitor and (2) trans-
former. The choke-capacitor type in-
cludes an iron-core choke having an
inductance of not less than 10 henries
which is placed in series with the plate
and B-supply. The choke offers a very
low resistance to the dc plate current
component of the signal voltage but op-
poses the flow of the fluctuating compo-
nent. A bypass capacitor of 2 to 6 micro-
farads supplies a path to the speaker
winding for the signal voltage. The
choke-coil output coupling device, how-
ever, is now only of historical interest.

The transformer type is constructed
with two separate windings, a primary
and a secondary wound on an iron core.
This construction permits designing each
winding to meet the requirements of its
position in the circuit. Typiecal arrange-
ments of each type of coupling device
are shown in Fig. 93. Examples of trans-
formers for push-pull stages are shown

PLATE
INPUT LOUDSPEAKER
B+ ?

TRANSFCRMER METHQOD
PLATE

CATHODE
CHOKE=COIL METHOD

Fig. 93

{(C= 2-8pf
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3

LOUDSPEAKER
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in several of the circuits given in the
CIRCUIT SECTION.
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High-Voltage Considerations for
Television Picture Tubes

Like other high-voltage devices,
television picture tubes require that
certain precautions be observed to mini-
mize the possibility of failure caused by
humidity, dust, and corona.

Humidity Considerations. When
humidity is high, a continuous film of
moisture may form on the glass bulb im-
mediately surrounding the ultor cavity
cap of all-glass picture tubes or on the
glass part of the envelope of metal pic-
ture tubes. This film may permit spark-
ing to take place over the glass surface
to the external conductive coating or to
the metal shell. Such sparking may in-
troduce noise into the receiver. To pre-
vent such a possibility, the uncoated
bulb surface around the cap and the
glass part of the envelope of metal pic-
ture tubes should be kept clean and dry.

Dust Considerations. The accumu-
lation of dust on the uncoated area of
the bulb around the ultor cap of all-glass
picture tubes or on the glass part of the
envelope or insulating supports for metal
picture tubes will decrease the insulating
qualities of these parts. The dust usually
consists of fibrous materials and may
contain soluble salts. The fibers absorb
and retain moisture; the soluble salts
provide electrical leakage paths that in-
crease in conductivity as the humidity
increases. The resulting high leakage
currents may overload the high-voltage
power supply.

It is recommended, therefore, that
the uncoated bulb surface of all-glass
picture tubes and the coated glass sur-
face and insulating supports for metal
picture tubes be kept clean and free
from dust or other contamination such
as finger-prints. The frosted Filterglass
faceplate of the metal picture tubes may
be cleaned with a soapless detergent,
such as Dreft, then rinsed with clean
water, and immediately dried.

Corona Considerations. A high-
voltage system may besubject to corona,
especially when the humidity is high,
unless suitable precautions are taken.
Corona, which is an electrical discharge
appearing on the surface of a conductor
when the voltage gradient exceeds the
breakdown value of air, causes deterio-
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ration of organic insulating materials
through formation of ozone, and induces
arc-over at points and sharp edges. Sharp
points or other irregularities on any part
of the high-voltage system may increase
the possibility of corona and should be
avoided.

In the metal-shell picture tubes, the
metal lip at the maximum diameter has
rounded edges to prevent corona. Ade-
quate spacing between the lip and any
grounded element in the receiver, or be-
tween the small end of the metal shell
and any grounded element, should be
provided to preclude the possibility of
corona. Such spacing should not be less
than 1 inch of air. Similarly, an air space
of 1 inch, or equivalent, should be pro-
vided around the body of the metal
shell. As a further precaution to prevent
corona, the deflecting-yoke surface on
the end adjacent to the shell should pre-
sent a smooth electrical surface with
respect to the small end of the metal
shell or the ultor terminal of all-glass
tubes.
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Picture-Tube Safety Considerations

Tube Handling. Breakage of pic-
ture tubes, which contain a high vacu-
um, may result in injury from flying
glass. Do not strike or scratch the tube
or subject it to more than moderate
pressure when installing it in or remov-
ing it from electronic equipment,

High-Voltage Precautions. In pic-
ture-tube circuits, high voltages may ap-
pear at normally low-potential points in
the circuit because of capacitor break-
down or incorrect circuit connections.
Therefore, before any part of the circuit
is touched the power-supply switch
should be turned off, the power plug dis~
connected, and both terminals of any
capacitors grounded.

X-Ray Radiation Precautions. All
types of picture tubes may be operated
at voltages (if ratings permit) up to 16
kilovolts without producing harmful
x-ray radiation or danger of personal
injury on prolonged exposure at close
range. Above 16 kilovolts, special x-ray
shielding precautions may be necessary.



Interpretation

The tube data given in the follow-
ing TUBE TYPES SECTION include
ratings, typical operation values, char-
acteristics, and characteristic curves.

The values for grid-bias voltages,
other electrode voltages, and electrode
supply voltages are given with reference
to a specified datum point as follows:
For types having filaments heated with
de, the negative filament terminal is
taken as the datum point to which other
electrode voltages are referred. For types
having filaments heated with ac, the
mid-point (i.e., the center tap on the fila-
ment-transformer secondary, or the mid-
point on a resistor shunting the filament)
is taken as the datum point. For types
having unipotential cathodes indirectly
heated, the cathode is taken as the
datum point.

Ratings are established on electron
tube types to help equipment designers
utilize the performance and service capa-
bilities of each tube type to best advan-
tage. Ratings are given for those charac-
teristics which careful study and experi-
ence indicate must be kept within cer-
tain limits to insure satisfactory per-
formance.

Three rating systems are in use by
the electron-tube industry. The oldest
is known as the Absolute Maximum
system, the next as the Design Center
system, and the latest and newest as the
Design Maximum system. Definitions of
these systems have been formulated by
the Joint Electron Tube Engineering
Council (JETEC)* and standardized by
the National Electrical Manufacturers
Association (NEMA) and the Electronic
Industries Association (EIA) as follows:

Absolute Maximum ratings are lim-
iting values which should not be ex-
ceeded with any tube of the specified
type under any condition of operation.
These ratings are used only in rare in-
stances for receiving types, but are gen-
erally used for transmitting and indus-
trial types.

Design Center ratings are limiting
values which should not be exceeded
with a tube of the specified type having

*Now identified as the Joint Electron Device En-
gineering Council (JEDEC).
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characteristics equal to the published
values under normal operating condi-
tions. These ratings, which include al-
lowances for normal variations in both
tube characteristies and operating con-
ditions, were used for most receiving
tubes prior to 1957.

Design Maximum ratings are limit-
ing values which should not be exceeded
with a tube of the specified type having
characteristics equal to the published
values under any conditions of opera-
tion. These ratings include allowances
for normal variations in tube character-
istics, but do not provide for variations
in operating conditions. Design Maxi-
mum ratings were adopted for receiving
tubes in 1957.

Electrode voltage and current rat-
ings are in general self-explanatory, but
a brief explanation of other ratings will
aid in the understanding and interpre-
tation of tube data.

Heater warm-up time is defined as
the time required for the voltage across
the heater to reach 80 per cent of the
rated value in the circuit shown in Fig.
94. The heater is placed in series with a

3E¢
R=-I—{: /
O
([ HEATER
SUPPLY VOLTS -
RMS OR DC=4E¢ e=0see(®)

Ef=RATED HEATER VOLTAGE
I¢=RATED HEATER CURRENT

Fig. 94

resistance having a value 3 times the
nominal heater operating resistance
(R = 38 Et/I), and a voltage having a
value 4 times the rated heater voltage
(V = 4 Ey) is then applied. The warm-up
time is determined when E = 0.8 E;.
Plate dissipation is the power dissi-
pated in the form of heat by the plate as
a result of electron bombardment. It is
the difference between the power sup-
plied to the plate of the tube and the
power delivered by the tube to the load.
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Grid-No.2(Screen-grid)Input isthe
power applied to the grid-No. 2 electrode
and consists essentially of the power dis-
sipated in the form of heat by grid No.2
as a result of electron bombardment.
With tetrodes and pentodes, the power
dissipated in the screen-grid circuit is
added to the power in the plate circuit to
obtain the total B-supply input power.

When the screen-grid voltage is sup-
plied through a series voltage-dropping
resistor, the maximum sereen-grid volt-
age rating may be exceeded, provided
the maximum screen-grid dissipation
rating is not exceeded at any signal con-
dition, and the maximum screen-grid
voltage rating is not exceeded at the
maximum-signal condition. Provided
these conditions are fulfilled, the screen-
grid supply voltage may be as high as,
but not above, the maximum plate volt-
age rating,

For certain voltage amplifier types,
as listed in the data section, the maxi-
mum permissible screen-grid (grid-No.2)
input varies with the screen-grid voltage,
as shown in Fig. 95. (This curve cannot
be assumed to apply to types other than
those for which it is specified in the data
section.) Full rated screen-grid input is
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permissible at screen-grid voltages up to
50 per cent of the maximum rated screen-
grid supply voltage. From the 50-per-
cent point to the full rated value of sup-
ply voltage, the screen-grid input must
be decreased. The decrease in allowable
screen-grid input follows a curve of the
parabolic form. This rating chart is use-
ful for applications utilizing either a
fixedscreen-grid voltageoraseriesscreen-
grid voltage-dropping resistor. When a
fixed voltage is used, it is necessary only
to determine that the screen-grid input
is within the boundary of the operating
area on the chart at the selected value
of screen-grid voltage to be used. When
a voltage-dropping resistor is used, the
minimum value of resistor that will as-
sure tube operation within the boundary
of the curve can be determined from the
following relation:

> Ee (Ecer—Ece)

Rege Tos

where R, is the minimum value for the
voltage-dropping resistor in ohms, E; is
the selected screen-grid voltage in volts,
Bz is the screen-grid supply voltage in
volts, and Pe. is the screen-grid input in
watts corresponding to E..

-CONNECT:
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Interpretation

Peak heater-cathode voltage is the
highest instantaneous value of voltage
that a tube can safely stand between its
heater and cathode. This rating is ap-
plied to tubes having a separate cathode
terminal and used in applications where
excessive voltage may be introduced
between heater and cathode.

Maximum de output current is the
highest average plate current which can
be handled continuously by a rectifier
tube. Its value for any rectifier tube type

of Tube Data

is based on the permissible plate dissipa-
tion of that type. Under operating con-
ditions involving a rapidly repeating
duty cycle (steady load), the average
plate current may be measured with a
de meter.

Curves of average plate character-
istics for several half-wave vacuum
rectifiers are given in Figs. 96 and 97.
These curves are shown solid up to the
maximum average or dec plate-current
rating of each type.
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Maximum peak plate current is
the highest instantaneous plate current
that a tube can safely carry recurrently
in the direction of normal current flow.
The safe value of this peak current in
hot-cathode types of rectifier tubes is a
function of the electron emission avail-
able and the duration of the pulsating
current flow from the rectifier tube in
each half-cycle.

The value of peak plate current in
a given rectifier circuit is largely deter-
mined by filter constants. If a large
choke is used at the filter input, the peak
plate current is not much greater than
the load current; but if a large capacitor
is used as the filter input, the peak cur-
rent may be many times the load cur-
rent. In order to determine accurately
the peak plate current in any rectifier
cireuit, measure it with a peak-indicating
meter or use an oscillograph.

Maximum peak inverse plate volt-
age is the highest instantaneous plate
voltage which the tube can withstand
recurrently in the direction opposite to
that in which it is designed to pass cur-
rent. For mercury-vapor tubes and gas-
filled tubes, it is the safe top value to
prevent arc-back in the tube operating
within the specified temperature range.

Referring to Fig. 98, when plate A
of a full-wave rectifier tube is positive,
current flows from A to C, but not from
B to C, because B is negative. At the in-
stant plate A is positive, the filament is
positive (at high voltage) with respect to
plate B. The voltage between the posi-
tive filament and the negative plate B is

Fig. 98

in inverse relation to that causing cur-
rent flow. The peak value of this voltage
is limited by the resistance and nature
of the path between plate B and fila-
ment. The maximum value of this volt-
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age at which there is no danger of break-
down of the tube is known as maximum
peak inverse voltage.

The relations between peak inverse
voltage, rms value of ac input voltage,
and dc output voltage depend largely on
the individual characteristics of the rec-
tifier circuit and the power supply. The
presence of line surges or any other
transient, or wave-form distortion, may
raise the actual peak voltage to a value
higher than that calculated for sine-wave
voltages. Therefore, the actual inverse
voltage, and not the calculated value,
should be such as not to exceed the rated
maximum peak inverse voltage for the
rectifier tube. A calibrated cathode-ray
oscillograph or a peak-indicating elee-
tronic voltmeter is useful in determining
the actual peak inverse voltage.

In single-phase, full-wave circuits
with sine-wave input and with no ca-
pacitor across the output, the peak in-
verse voltage on a rectifier tube is ap-
proximately 1.4 times the rms value of
the plate voltage applied to the tube. In
single-phase, half-wave circuits with
sine-wave input and with capacitor in-
put to the filter, the peak inverse voltage
may be as high as 2.8 times the rms
value of the applied plate voltage. In
polyphase circuits, mathematical deter-
mination of peak inverse voltage requires
the use of vectors.

The Rating Chart for full-wave
rectifiers presents graphically the rela-
tionships between maximum ae voltage
input and maximum de output current
derived from the fundamental ratings
for conditions of capacitor-input and
choke-~input filters. This graphical pres-
entation provides for considerable lati-
tude in choice of operating conditions.

The Operation Characteristics
for a full-wave rectifier with capacitor-
input filter show by means of boundary
line the limiting current and voltage
relationships presented in the Rating
Chart.

The Operation Characteristics
for a full-wave rectifier with choke-input
filter not only show by means of bound-
ary line the limiting current and volt-
age relationships presented in the Rating
Chart, but also give some information
as to the effect on regulation of various



sizes of chokes. The solid-line curves
show the de voltage outputs which would
be obtained if the filter chokes had in-
finite inductance. The long-dash lines
radiating from the zero position are
boundary lines for various sizes of chokes
as indicated. The intersection of one of
these lines with a solid-line curve indi-
cates the point on the curveat which the
choke no longer behaves as though it
had infinite inductance. To the left of
the choke boundary line, the regulation
curves depart from the solid-line curves
as shown by the representative short-
dash regulation curves.

Typical Operation Values. Values
for typical operation are given for many
types in the TUBE TYPES SECTION.
These typical operating values are given
to show concisely some guiding informa-
tion for the use of each type. These val-
ues should not be confused with ratings,
because a tube can be used under any
suitable conditions within its maximum
ratings, according to the application.

The power output value for any
operating condition is an approximate
tube output—that is, plate input minus
plate loss. Circuit losses must be sub-
tracted from tube output in order to
determine the useful output.

Characteristics are covered in the
ELECTRON TUBE CHARACTER-
ISTICSSECTION and such datashould
be interpreted in accordance with the
definitions given in that section. Char-
acteristic curves represent the charac-
teristics of an average tube. Individual
tubes, like any manufactured product,
may have characteristics that range
above or below the values given in the
characteristic curves.

Although some curves are extended
well beyond the maximum ratings of the
tube, this extension has been made only
for convenience in calculations. Do NOT
operate a tube outside of its maximum
ratings.

Interelectrode capacitances are di-
rect capacitances measured between
specified elements or groups of elements
in electron tubes. Unless otherwise indi-
cated in the data, all capacitances are
measured with filament or heater cold,
with no direct voltages present, and with
no external shields. All electrodes other
than those between which capacitance
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is being measured are grounded. In twin
or multi-unit types, inactive units are
also grounded.

The capacitance between the input
electrode and all other electrodes, except
the output electrode, connected together
is commonly known as the input capaci-
tance. The capacitance between the out-
put electrode and all other electrodes,
except the input electrode, connected
together is known as the output capaci-

tance.

TRUE RMS
VACUUM-TUBE
VOLTMETER

Fig. 99

Hum and noise characteristics of
high-fidelity audio amplifier tube types
such as the 7025 and the 7199 are tested
in an amplifier circuit such as that shown
in Fig. 99. The output of the test circuit
is fed into a low-noise amplifier. The
bandwidth of this amplifier depends on
the characteristic being measured. If
hum alone is being tested, a relatively
narrow bandwidth is used toinclude both
the line frequency and the major har-
monics generated by the tube under test.
In noise or combination hum-and-noise
measurements, the bandwidth is defined
in the registration of the tube type.

The amplifier gain is calibrated so
that the vacuum-tube voltmeter meas-
ures hum and noise in microvolts refer-
enced to the grid of thetube undertest. A
pentode can also be evaluated in this
manner by the addition of a screen-grid
supply adequately bypassed at the tube
screen-grid pin connection. Power-sup-
ply ripple at the plate of the tube under
test must be negligible compared to its
hum and noise output. Extraordinary
shielding of both the test socket and the
associated operating circuit is required
tominimize capacitances between heater
leads and high-impedance connections.

The test-circuit components are de-
termined by the tube type being tested
and the type of hum to be controlled.



Heater-cathode hum can be eliminated
from the measurement by closing S,.
The circuit can also be made more or
less sensitive to heater-grid hum by in-
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creasing or decreasing the grid resistance
R;. No circuit changes affect the com-
ponent of magnetic hum generated by
the tube.

TYPICAL TUBE-PART MATERIALS

. ENVELOPE—Lime glass

. SPACER--Mica sprayed with magne-
sium oxide

. PLATE—Carbonized nickel or nickel-
plated steel

. GRID WIRES — Manganese-nickel or

molybdenum

GRID SIDE-RODS — Chrome copper,

nickel, or nickel-plated iron

. CATHODE — Nickel coated with bar-

ium-calcium-strontium carbonates

HEATER —Tungsten or tungsten-mo-

Iybdenum alloy with insulating coat-

ing of alundum
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8. CATHODE TAB—Nickel

9. MOUNT SUPPORT—Nickel or nicke
el-plated iron

10. GETTER SUPPORT AND LOOP—
Nickel or nickel-plated iron

11. GETTER-—Barium-magnesium alloys
12, HEATER CONNECTOR—Nickel or
nickel-plated iron

13. STEM LEAD-IN WIRES—Nickel,
dumet, copper

14. PRESSED STEM—1Lead glass
15. BASE—Bakelite
16. BASE PINS—Nickel-plated brass
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RCA receiving tubes are classified
in the following chart according to func-
tion and filament or heater voltage. Tri-
odes are designated as low-, medium-, or
high-mu on the following basis: low-mu
—mu less than 10; medium-mu—mu 10
or more, but less than 50; high-mu—mu
50 or more. Where applicable, tubes are
designated as sharp-, semiremote-, or re-
mote-cutoff on the basis of the ratio, in
per cent, of the negative control-grid
voltage to the screen-grid voltage (or,
for triodes, the plate voltage) as givenin
the characteristics or typical operation
values. These terms are defined as fol-
lows: sharp-cutoff —less than 10 per cent;

be Classification

semiremote-cutoff — 10 or more but less
than 20 per cent; remote-cutoff —20 per
cent, or more. Types having similar
electrical characteristics are grouped in
brackets. For more complete data on
these types, refer to the TUBE TYPES
SECTION. When choosing a tube type,
refer to information on Preferred Types
and the listing of T'ypes Not Recommencd-
ed for New Equipment Design on the in-
side back cover. For information on pic-
ture tubes, refer to the RCA PICTURE
TUBE CHARACTERISTICSCHART
on pages 372 through 382. For explana-
tion of symbols on charts, see footnotes
on page 74.

Filament or Heater Volts l 1.95—1.4 2,0;—5.0 6.3—117.0
| Minia- Minia-
i ture | Other | Octal |Other | ture Miniature Octal Other
RECTIFIER DIODES—Vacuum Types (For rectifiers with amplifier units, see POWER AMPLIFIERS).
Peak | 6AF3 6V3-A 6AU4.CTA 6AX4.CT
Application |7ed iwerse- {7TH3S 6BY5-CAs 6DA4
olts 6DE4 6W4.GT .
S {i24F3¢ | 12D41] 12AX4-GTAL
H7AX4.CT+ 17D44)
D Above {7DE4 19AU4
amper 1500 22DE4+ 25AX4.CT
Sinel 25W4.CT
ingle 5
Diode |Low-Current ‘?&‘2 l.é‘?-g'?: 33?332' A2
Pulied | Above |lX7 A|[1B3.GT
v
Rectifier IXZBj ;]‘g
-60-Cyell 35W4 6W4.CT 25W4.GT. 1v
Hall-Wae Below 36AM3 B524.GT 3525-GT) | 35Y4
Raeove | 1500 50DC4 3523
Rectifier 1723
. [2526-GT | 2525)
Doubler | Below BOY6.GT 50Y7-GT] |~ 50X6
11726-GT
[5ASH-A |523]
o
. 1500 f
Twin 5U4.CB
Diode Full-Wave ‘SX“ G =
Rectifier ,_ 5V3 6AX5.CT Y4
BViG 6BW4 BX4 |6X5.GT) 724
Below l5v4.Ga, 6CA4 84/674
1500 [5Y3.GT [5AZ4 12X4
15Y4.GT |80
1574
Twin Diode (Gas Type) 074, 074-G
DETECTOR DIODES (For diode detectors with omplifier units, see YOLTAGE AMPLIFIERS and also POWER AMPLIFIERS).
Single Diode 1A3
.y 2EN5+
Twin Diode 3ALSE|  6ALS 1215 6H6 12H6 746
Triple Diode 6BC7 6BJ7
SHUNT VOLTAGE REGULATORS
Beam sharp- -
Triode cutoff l I | l SBKd

71



=== RCA Receiving Tube Manual

Filament or Heater Volts 1.95—1.4 2.0—5.0 63—117.0
Minia- Minia-
ture | Other | Octal |Other| ture Miniature Octal Other
POWER AMPLIFIERS with and without Rectifiers, Diode Detectors, and Voltage Amplifiers.
low-my single unit Zf:‘; 6CK+
. single unit 6C4
. diomemy l-sinale.
Triodes | medium-mu =0 ™ [ N7 6N7.GT]
high-my |_single unit 6AC5.GT
twin unit 6AQ7-CT
single unit 12K5°
wil_h one 12EM6°
Tetrodes diode
with two 12DL8° 12DS7°
diodes 12DV8° 12)8°
with tiode 12AL8°
3Q5-GT* |5V6.GTE 5AQ51 6AQ5-A* 6AUS-GT 6AV5.GA | 745
3LF4 5CZ5% 6AS5 6BKS 6BG6-G_6BG6-GA | 7C5
6CU5 6CZ5¢ 6BQ6-GTB/6CUS |  35A5
6DS5 6DT5 6CB5-A 50A5
6EM5 8BQS5T EﬁCD(» cA] §DCs.GT
8EMS5} 12AB5§
12A05 12BK5] - 6DQ5 6FE
lZCASI 6DQ6-A 6DQ6 «B]
[ J [L6_6L6-GB 6L6 GGl
ZCUJ/IZCS [®v6 6Ve-GT]
[12DB5} 12DT51] | [6Y6-G ] 6W6-GT
12ED5* 12R51 | [6Y6-GAl 12AV5.GAL
25BK5» 25C5 | 12BQ6-GTB/12CUGE
single unit 25CAS4 32ET5 | [12DQ6-At 12DQ6-B]
B ‘ngle unt (3585 35C 12EN6t 12L6-GTt
P [50B5 50C 12V6-GT 12W6-GTt
Tobes 6973 17BQ6-GTB«
vbes 17DQ6-A* 18A5>
19BG6-
5AV5.CA> ]
25BQ6-GTB/25CU6]
D6.G.
25CD6.CBY.
25DN6}
[5L6 25L6:GT)
BL6.CT S0FE3
50L6-GT
[5881 7027.A)
70L7.GT
with diode HILYAMEGT
17P7.CT
1547 |145-GT 6AR5  [6CL6 |6AGT] 7AD7
-334%) 11C5.GT 47 6BQ5 i
3Q4‘] ILB4 6CM6 6EHS | [6F6 6F6.G 6F6.CT | 47 783
| 3V4Y ag%
- single unit
Pentodes gie o IZEH)I 25EH5 f6k6-GT | 41]
SOEHS [E:AK6 6C6-G] 43
with triode 6AD7.G
CONVERTERS & MIXERS (For other types used as Mixers, see VOLTAGE AMPLIFIERS).
L6 |1A7.GT [6A8 6A8.G 6A8-GT | 6A7]
IR5 | 1LA6 [6BA7 |65B7.Y 788
pentagrid 1LC6 4CS6 6BES [6SA7 esm cT] 7Q7
12AD6° 12BA7 A8.G 14Q7
18FX6  [12BES IZSA7 IZSM-GT]
triode-tetrode 5CL8-AT | 6CL8-A» 9CLBA
Con- SAT8E] |[ 6ATS 6AT8-A*
verters 5CG8t | || 6CG8-A+ 6US-A*
triode-pentode 5U8t 6X8 [GEA8~
5X81| |~ 6EHS 9U8-A%
19X8
triode-hexode 6K8 12K8
| triode-heptode 7J7
octode 7A8
Mixers | pentagrid 6L7
ELECTRCN-RAY TUBES.
[indicator | EMB84/6FG6 6AB3/6NS
Single | with Iriode 6E5 6U5
Twin | without triode 6AF6-G
Triple | without triode 6AL7-GT
VOLTAGE AMPLIFIERS with and without Diode Detectors;
TRIODE, TETRODE, AND PENTODE DETECTORS; OSCILLATORS.
. . 7 6AH4-GT
single unit 6CK4
Triodes low-mu with ppes
pentode
with
two diodes 1IFK6®
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Filament or Heater Volts 1.25—1.4 2.0—5.0 6.3—117.0
Minia- | Minia- ! !
ture | Other | Octal |Other| ture Miniature I Octa! [ Other
VOLTAGE AMPLIFIERS wr'll and without Diode Defect tors;
TRIODE, TEYRODE, AND PENTODE DETECTORS; OSCILLATORS,
ILE3 mn i\*' HAF4 5AF4A] [6C5 6C5-GT) A4
3 6BC. [6J5 6J5GT]
single unit Yorie| BN BB 9 12J5.GT
15\4~] 634-A 6T4
1284487
5B8Y HAUSL 6ANS
] SANSY || 6818 Tous-A] 6ADI.G
L5AVBE! | 0ANS 6CHS]
SBERS] | 6AZ8 6BAB-AL
58R8! | | 6BRS 6BRAAY
with [5Cns 5CM3*
pentode 5USE | 6CXB 6CUBY
6EA3« GEHB«
6GH3» 8AL3-
3BH3+ 8CX8t
934> 2CT8S
7199
with j fcLsas
Imedivm-mu | orrode i ;ﬁguﬁfﬁ
(5 6R7 65R]]
with two ]
diodes M5
[i2BFs | 125R7]
)Pf‘i mQ/.A] 6BL7-GTA TAF7
SN ur 7F8
f 6C8- N7
}gccr 6F8. c o<N7 GTBI] H.A}W
- 14F8
twin unit - A
. 3BQT-A:| 7ALTD 8CGT+
Triodes SigtloAtTe: 12ALT. M8
74 124Y7
|l"3r{7 ‘i Dz
i 196
| 5AB4 bAM4 6F5 7B4
single unit 1 AN [SF5 65F5-GT]
! 125F5
with diode fan | i
3AVAL BB £ 6\'1‘6 6Q7 6Q7.GT] 7B6 7C6
FBNRE T BAVE | 0SQ7 6SQ/ JTJ K7 X7
il 8BN3 07.G. 14B6 75
with two N7+ 9BR7#t Ezsm |2507.ch
diodes 12A )0
12475 i24V6
. 128R7A (2E05°
high-my i3FYo
with three | 5T3: T3 6T3-AC) 658-GT
| diodes | 1978
1 5DTS bELT
oEV7 128274 65C7 65L7.GT 7F7
— fi2AT74 124X74) 125 14F7
win uni i 1',\77‘ 12DT8 12SL7.GT
Loy
aAw5~ SAWSAT]
with oCMs+ 6EB3
pentode
6DN7
6ENM7
dual ynit® 6
JIDEZ TiCYTe
13DE7+
single ynit 24-A 5CYS5 6ERS]
rarodes | share: ‘k Lms 6Fval 7AH7
etrodes e =
cutolf L SCLS-AT! HCLI.AY 6CG87]
with triode ‘}_SC'QSZJ‘ aCL8
1T+ | ILGS 6BJ6 657 6D6 7A7
5BA6 787
12405 [6BDé 165K7 65K7.GT]
ingle uni 12BL6° 12AFs 6K7 6K7.GT| 78} 14A7
single unit t’C\u 12BA6 1125H7
° [12BD6 |125K7 125K7-GT]
femote- ‘ 6° 1‘{)2«: 0587 12K7-GT
cutoff 120 NS’ EWE
| with triode oF7_ |
Pentodes | with diode SCRS 12CR6 6SF7 125F7
with two 12F8° 7E7
diodes 7R7 14R7
] A 3BZ6; 6326 65G7 H7
single unit B8 vCM5 12567 |
semi- | with diode i IDN5
lemc:ﬁ- with two
cul oo 6B8 12C8
with triode $AN3
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Filament or Heater Volts 1.25—~1.4 2.0—5.0 6.3—117.0
’ Minia- Minia-
ture | Other | Octal [Other| ture Miniature Octal Other

VOLTAGE AMPLIFIERS with and without Diode Detector.
TRIODE, TETRODE, AND PENTODE DETECTORS; OSClLLATORS

U4 | ILNS 3AU6E | 6AG5 6BC5 6AHG 6AB7
IN5.CT 3BCSE | 6AKS5[6AUS 75434) [6J7 6]7 GT 6W1.G | 6C6)
3CB6?] 6BH6 6SH? ~ 12J7.GT  |7AG7 7C7
3CFe}||[6CB6  6DES 767 1L7
3DK6 gggaAA laoc(s 6AC7 6S)7 VT TWI
ingle uni 3DTé} 6 2AU6
single unit 4AUss | (6DK6 | 6CY5 12857 147
4BCS+ | _ 6DT6 12AW6
4C86-] {12BV74 12BY7.A%]]
4DE6 6EW6
4DT6+ 58794
4EWS} ]
twin unit zgggf 6BUS
sharp- ANB{]| 6ANS 6AZ8 6US-A
Pentodes cutoff 5AV81 6CH8_6AUBY
sBsyl|[ 6AWSfl6BHS:
BES{ ] [6AWS-A? 6BAS-AJ)
5BR8}J| (6BR8 6BR8-A+J
5CMS{ | 6CMB8+ 6CUS*
with triode 5U8f |  6CX8 6EA8*

6EB8 6EH8

6GH8+ 8AUS*
8AWS-A+ 8BH8.
8CX8} 8EB8

9UBAS 10C83
12CT8® 7199
o 155~ | ILD5 SAMBY |  G6AMS.A* 6ASS
with diode || 15 5ASEE 6BY8}
with two
d‘iodes SBT8}
Beam A ) 3BN63 6BN6t
Pentodes single unit 4BN6
HORIZONTAL AND VERTICAL DEFLECTION AMPLIFIERS AND OSCILLATORS. (for TV Receivers)
low-mu single unit 6CK4
single unit 654-A1 12B4A%T 6AH4.GT
with .
pentode 6GHS
6CG71 7AU7#% 6BL7-GTA
. twin unit 8CGT+ 12AU7-A 6BX7-GT
Triodes | 12BH7-At 6SN7.GTBY
with two
diodes 6BJ8t
6CM7t 60573 6DN7
. 6CY7 6DE7 6EM7
dual unit 8CM7+ 10DE7}
}ICY7+ 13DE7*
SCZ51| 6CMb6 6CZ5+ | 6AUSGT 6AVS.GA
6DT5 6EM5 6BG6.G 6BG6-CA
SEM5 6BQ6-GTB,/6CUS
[i2DB53 12DT5{]| _6CBS 6CB5-A
12R5 [6CD6.GA 6DN6)
6DQ5 6DQE-A
6W6.GT 12AV5.GAt
Beam 12DQ6-At
Power single unit 12BQ6-GTB, 12CU61
Tubes IZENb‘ 17BQ6.GTB*
17DQ6-A+ 18A5%
19BG6.GA
25AV5.CA®
25BQ6-GTB/25CUS
25CD6.GAT
CD6-GBY
25DN63
single unit 6K6GT (e
Pentod:
SMIOTEEN sharme | ith wiode 6GH8*
GATED AMPLIFIERS
3BY6:]  6BY6 6CS6
Pentagrid Amplifier iccg? 12EG6°

2300-milliampere heater type having controlled warm-up
time for series-string TV operation.
 450.milliampere heater type having controlled warm-up
time for series-string TV operation.
4 600-milliampere heater type having controlled warm-up
time for series-string TV operation,
4 Heater arranged for either 6.3- or 12.6-volt operation.
# Heater nrranged for either 4.7- or 9.4-volt operation.
¢ Heater arranged for either 4.2- or 8.4-volt operation.
® Heater arranged for either 3.5- or 7.0-volt operation.
@ Twin type.

4 For such applications where low hum characteristics are
primary considerations.

1 Beam tube.

°For use in automobile receivers, with electrode voltages
supplied directly from a 12-volt storage battery.

* Filament arrangement for cither 1.4- or 2.8-volt operation.

® With dissimilar triodes.

§ For use in automobile radio receivers operating from 12-volt
storage batteries.

& For high-guality, high-fidelity audio applications where low
noise and hum characteristics are primary considerations.
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RCA Tube Types

Technical Data

This section contains technical descriptions of RCA tubes used in standard
broadcast, FM, and television receivers, in audio amplifiers, and in many other
diversified applications. It includes data on current types, as well as information
on those RCA discontinued types in which there may still be some interest as
to characteristics. Information on picture tubes is contained in a chart at the end
of this section. :

In choosing tube types for the design of new electronic equipment, the designer
is referred to the inside back cover for information regarding the availability of the
latest RCA Preferred Types List and for a listing of RCA Tube Types Not Rec-
ommended for New Equipment Design.

Tube types are listed in this section according to the numerical-alphabetical-
numerical sequence of their type designations. For Key: Basing Diagrams, see
inside front cover.

FULL-WAVE GAS RECTIFIER

Metal type OZ4 and glass octal type 0Z4-G
are used in vibrator-type B-supply units. Both
have ionically heated cathodes, require octal
sockets, and may be mounted in any position. OZ4
0Z4 Outline 2, OUTLINES SECTION. 0Z4-G
dimensions: maximum over-all length, 2-5/8
inches; maximum diameter, 1-1/16 inches; T-7
butb; dwarf-shell octal 5-pin base. Base of OZ4—G
QZ4-G has no pin No. 2. Shell of OZ4 and ex-
ternal shield of OZ4-G should be grounded.
Filters may be necessary to eliminate objection-
able noise. Maximum ratings for full-wave recti-
fier service: peak starting supply volts (per plate), 300 min; peak plate-to-plate volts, 1000 max; peak
plate ma. (per plate), 200 maxr; de output ma., 75 max; 30 min; de output volts, 300 mar; average
dynamic tube voltage drop, 24 volts. These types are used principally for renewal purposes.

DIODE

Miniature type used as detector
tube in portable FM receivers and in
portable high-frequency measuring
equipment. Qutline 11, OUTLINES ]A3
SECTION. Tube requires miniature
seven-contact socket, Heater volts
(ac/de) 1.4; amperes, 0.15.

Maximum Ratings: HALF-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. . . .. .ttiuttiiirinnerinnnsenseranas 330 max volts
PEAK PLATE CURRENT. . . .\ ottt ittt it tnar e innassass 5 max ma
DC OUTPUT CURRENT. . ..\t tit it etia i iiinarnsaarsnaansanse 0.5 max ma
PEAK HEATER-CATHODE VOLTAGE. . . ... i vvtiiiiiiannnenss Casaenn 140 mazx volts

Typical Operation (With Capacitor-Input Filter):

AC Plate-Supply Voltage (rms) . .........iciiiiiveiriinans . 117 volts
Filter-Input Capacitor. . . ... ... i i i i ittt et vnansas 2 uf
Minimum Total Effective Plate- Supply Impedance............ccuvnn, 0 ohms

75



RCA Receiving Tube Manual

REMOTE-CUTOFF PENTODE

Glass type used in battery-operated re-
ceivers as rf or if amplifier. This type is similar
1A4-P electrieally to type 1D5-GP. Outline 40, OUT-
LINES SECTION. Tube requires four-contact
socket. Filament volts (de), 2.0; amperes, 0.06.
Type 1A4-P is a DISCONTINTUED type listed
for reference only.

POWER PENTODE

Glass octal type used in output stage of bat-

tery-operated receivers. Outline 22, OUTLINES

SECTION. This type may be supplied with pin

]AS-GT No.1 omitted. Tube requires octal socket and

may be mounted in any position. For filament

considerations, refer to type 1U4. Filament volts

(de), 1.4; amperes, 0.05. Typical operation as

class A: amplifier: plate and grid-No.2 voits, 90

) (110 max); grid-No.1 volts, -4.5; peak af grid-

No.l volts, 4.5; plate ma., 4.0; grid-No.2 ma., 1.1; plate resistance (approx.), 0.3 megohm: transcon-

ductance, 850 umhos; load resistance, 25000 ohms; power output, 115 milliwatts. Type 1A5-GT is used
principally for renewal purposes.

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. This type is identical electrically with
]Ab type 1D7-G, except for interelectrode capaci-
tances. Outline 40, OUTLINES SECTION.
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06. Type 1A6 isa DISCOXN-
TINUED type listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne

circuits having battery power supplies. Qutline

23, OUTLINES SECTION. Tube requires octal

]A7-GT socket and may be mounted in any position.

Filament votts (de), 1.4; amperes, 0.05. Typical

operation as converter: plateand grid-No.2 volts,

90 (110 max); grids-No.3-and-No.5 supply volts,

110max; grids-No.3-and-No.5 volts, 45 (60 max)

grid-No.4 volts, 0; grid-No.1 resistor, 0.2 meg-

ohm; plate resistance (approx.), 0.6 meghom; plate ma., 0.6; grids-No.3-and-No.5 ma., 0.7; grid-No.2

ma., 1.2; grid-No.1 ma., 0.085; total cathode ma., 2.5 (4 mari: conversion transconductance, 250
umhos. This type is used principally for renewal purposes.

POWER PENTODE

Subminiature type used in output stage of

small, compact, battery-operated receivers for

the standard AM broadcast band. Qutline 8,

IACS OUTLINES SECTION. Tube requires sub-
miniature eight-contact socket. Filament volts

(de), 1.25; amperes, 0.04. Filament voltage

should never exceed 1.6 volts. Typical operation

as Class A: amplifier: plate and grid-No.2 volts,

67.6 max; grid-No.1 volts, -4.5; peak af grid-

No.1 volts, 4.5; zero-signal plate ma., 2; zero-signal grid-No.2 ma., 0.4; eathode ma., 4 max; plate
resistance, 0.15 megohm; transconductance, 750 umhos; load resistance, 25000 ohms; total harmonic
distortion, 10 per cent; maximum-signal power output, 50 milliwatts. This is a DIRCONTINUED type

listed for reference only.
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SHARP-CUTOFF PENTODE

Subminiature type used as rf or if amplifier
in stages not controlled by ave in small, com-
pact, battery-operated receivers for the stand-
ard AM broadcast band. Outline 8, OUTLINES 1AD5
SECTION. Tube requires subminiature eight-
contact socket. Filament volts (de), 1.25; am-
peres, 0.04. Filament voltage should never ex-
cced 1.6 volts. Characteristics as class A
amplifier: plate and grig-No.2 volts, 67.5 max;
grid-No.1 volts, 0; plate resistance, 0.7 megohm; transconductance, 735 umhos; total cathode ma.,
4 max; plate ma., 1.85; grid-No.2 ma., 0.75. This is a DISCONTINUED type listed for referencconly.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of high-
voltage pulses produced in the scanning systems
of television receivers. Outline 17, QOUTLINES
SECTION. Tube requires miniature nine-con-
tact socket. Socket terminals 8 and 7 may be ]AX2
connected to the filament, or used as tie points
F e forthe filament-droppingresistor;otherwise they
Is s should not be used. Filament volts (ac), 1.4;
amperes, 0.65. Maximum ratings as pulsed rec-
tifier in 525-line, 30-frame system: peak inverse plate volts (absolufe maximum), 25000 mas (de 20000
mar); peak plate ma., 45 mazr; average plate ma., 0.5 max. For filament and high-voltage considerations,
refer to type 1B3-GT. Type 1AX2 is used principally for renewal purposes.

tC, p _LC
=10, HALF-WAVE VACUUM RECTIFIER
LC tC
© (&) Glass octal typeused in high-voltage,
low-current applications such as the 'IB3_GT
F Gw IFS rectifier in a high-voltage, rf-operated
ORIO, power supply or as a rectifier of high-
RS Lc voltage pulses produced in television
scanning systems. For curve of average plate characteristics, see page 67.
FILAMENT VOLTAGE (AC/DC}. . 1.25% volts
FILAMENT CURRENT. .. ... ..... 0.2 ampere

DIRECT INTERELECTRODE CAPACITANCE (Approx.):
Plate to Filament and Internal Shield. . . ............................ 1.3 puf

* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1,45 volts.
PULSED RECTIFIER

Maximum Ratings: For operation in a 525-line, 30-frame system

PEAK INVERSE PLATE VOLTAGE (Absolute Maximum)*. . ...........cvov... 26000®=max volts
PEAK PLATE CURRENT . . . .. ..ttt ittt it vaaeas 50 mazx ma
AVERAGE PLATE CURRENT. . . ... ... .. i iiiiiiiiaas i, 0.5 mazx ma
Maximum Ratings: RADIO-FREQUENCY RECTIFIER

PEAK INVERSE PLATE VOLTAGE (Absolute Maximum) . ... ................. 33000 max volts
PEAK PLATE CURRENT . . ... ittt ittt i e in e it iaeannnans 30 max ma
AVERAGE PLATE CURRENT . . .. .. ... iiiinnnan. e ies e 1 max ma
FREQUENCY RANGE OF SUPPLY VOLTAGE. . . . ... ittt emenannnenn 1.5 to 100 Ke

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal seanning cyecle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

* The dc component must not exceed 21000 volts.

3 Under no circumstances should this absolute value be exceeded.

INSTALLATION AND APPLICATION
Type 1B3-GT requires an octal socket and may be mounted in any position.
Plate connection is cap at top of bulb. Socket terminals 1, 3, 4, 5, 6, and 8 may be
connected to socket terminal 7 or to a corona shield which is connected to socket
terminal 7. Socket terminals 4 and 6 may be used as tie points for components at
or near filament potential. This type may be supplied with pins 1, 4, and ‘or 6
omitted. OQutline 32, OUTLINES SECTION.

The high voltages at which the 1B3-GT is operated are very dangerous. Great
care should be taken to prevent coming in contact with these high voltages. In
those circuits where the filament circuit is not grounded, the filament circuit oper-
ates at dec potentials which can cause fatal shock. Extreme precautions must be
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taken when the filament voltage is measured. These precautions must include safe-
guards which definitely eliminate all hazards to personnel. The filament transformer,
whether it is of the iron-core or the air-core type, must be sufficiently insulated.
The voltages employed in some television receivers and other high-voltage
equipment may be sufficiently high to cause high-voltage rectifier tubes such as the
1B3-GT to produce soft X-rays which can constitute a health hazard unless the
tubes are adequately shielded. Relatively simple shielding should prove adequate,
but the need for this precaution should be considered.

1B4-P

1B5/25S

1B7-GT

1C5-GT

SHARP-CUTOFF PENTODE

Glass type used as rf amplifier or detector
in battery-operated receivers. Qutline 40, OUT-
LINES SECTION. Tube requires four-contact
socket. For typical operating conditions and
maximum ratings as a class A1 amplifier, refer
to type 1E5-GP. Filament volts (dc), 2.0; am-
peres, 0.06. Type 1B4-P is a DISCONTINUED
type listed for reference only.

TWIN DIODE —MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Outline 34 or 85, OUTLINES SEC-
TION. Tube requires six-contact socket. Fila-
ment volts (de), 2.0 amperes, 0.06. Typical
operation as class A1 amplifier: plate volts, 135
mazx; grid volts, ~3; plate ma., 0.8; plate resist-
ance, 35000 ohms; amplification factor, 20;
transconductance, 575 umhos. This is a2 DIS-
CONTINUED type listed for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits having battery power supply. Outline
23, OUTLINES SECTION. Filament volts (dc),
1.4; amperes, 0.1. This is a DISCONTINUED
type listed for reference only. The 1B7-GT may
be replaced by the 1A7-GT if circuit adjust-
ment is made for lower filament current of
type 1A7-GT,

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 22, OUT-
LINES SECTION. This type may be supplied
with pin No.1 omitted. Tube requires octal
socket. Filament volts (dec), 1.4; amperes, 0.1.
Typical operation as class A: amplifier: plats
and grid-No.2 volts, 90 (110 max); grid-Ne.1
volts, —7.5; peak af grid-No.l volts, 7.5; plate
ma., 7.8; grid-No.2 ma., 3.5; plate resistance

Fe F-

G2 GI
(3
e/
F+el2 F-
NI A%
NC NC

(approx.), 115000 ohms; transconductance, 1550 umhos; load resistance, 8000 ohms; power output,
240 milliwatts. Type 1C5-GT is used principally for renewal purposes.

1C6

PENTAGRID CONVERTER

Glass type used in battery-operated re-
ceivers. Similar electrically to type 1C7-G ex-
cept for interelectrode capacitances. Qutline 40,
OUTLINES SECTION. Tube requires six-con-
tact socket. Filament volts (de), 2.0; amperes,
0.12. Type 1C6 is a DISCONTINUED type
listed for reference only.
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PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Outline 39, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.12. Typical operation as conver- .l C7-G
ter: plate volts, 180 max; grids-No.3-and-No.5
(screen-grid) volts, 67.5 max; grid-No.2 (anode-
grid) supply volts, 180 (applied through 20000-
ohm dropping resistor bypassed by 0.01-uf
capacitor); grid-No.4 (control-grid) volts, -3;
grid-No.1 (oscillator-grid) resistor, 50000 ohms; plate ma., 1.5; grids-No.3-and-No.5 ma., 2; grid-No.2
ma., 4; grid-No.1 ma., 0.2. This is a DISCONTINUED type listed for reference only.

REMOTE-CUTOFF PENTODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. OQutline 39, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de¢), 2.0; amperes, 0.06, Typical ] DS_GP
operation as class A, amplifier: plate volts, 180
max; grid-No.2 (screen-grid) volts, 67.5 max;
grid-No.1 volts, -3 min; plate ma., 2.3; grid-No.2
ma., 0.8; plate resistance (approx.), 1.0 megohm;
transconductance, 750 umhos; transconductance
at bias of —15 volts, 15 smhos. This is a DIS-
CONTINUED type listed for reference only.

REMOTE-CUTOFF TETRODE

Glass octal type used in battery-operated
receivers as rf or if amplifier. Outline 39, OUT-
LINES SECTION. Filament volts (de), 2.0; IDS'GT
amperes, 0.06. This isa DISCONTINUED type
tisted for reference only. It is similar electrically
to type 1D5-GP.

PENTAGRID CONVERTER

Glass octal type used in battery-operated
receivers. Qutline 39, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Typical operation as conver- -I D7 G
ter: plate volts, grids-No.3-and-No.5 volts, grid- -
No.2supply volts, grid-No.4 volts, and grid-No.1
resistor are same as for type 1C7-G; plate ma.,
1.3; grids-No.3-and-No.5 ma., 2.4; grid-No.2
ma., 2.3; grid-No.1 ma., 0.2. This is a DISCON-
TINUED type listed for reference only.

DIODE—TRIODE—POWER PENTODE

Glass octal type used in compact battery-
operated receivers. Diode unit is used as detector
or avc tube, triode as first audio amplifier, and
pentode as power output tube. Qutline 21, OUT- l D8-GT
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.1. Typical
operation of pentode unit as class A amplifier:
plate and grid-No.2 volts, 90 (110 max); grid-
No.l volts, -9; plate ma., 5; grid-No.2 ma., 1;
transconductance, 925 umhos; load resistance, 12000 ohms; total harmonic distortion, 10 per cent;
power output, 200 milliwatts. Characteristics of triode unit as class A: amplifier: plate volts, 90 (110
mazx); grid volts, 0; amplification factor, 25; plate resistance (approx.), 43500 ohms; transconductance,
575 umhos; plate ma., 1.1. This is a DISCONTINUED type listed for reference only.
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DIODE—
SEMIREMOTE-CUTOFF PENTODE

'IDN 5 Miniature type used in battery- ¢2
operated portable radio receivers as
combined AM detector and af voltage rp
amplifier. Outline 11, OUTLINES
SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position. For typical operation
as a resistance-coupled amplifier, refer to Chart 1, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC) . ..ottt ettt iieanennnes 1.4 volts
FILAMENT CURRENT . . .\ttt ettt it iiiate et e erannnnas 0.05 ampere
DirECT INTERBLECTRODE (‘APACITANCE:
Diode Plate to Pentode Grid No. L. ... ... i it 0.04 max puf
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. ... .. ...... . 90 mar volts
GRID-No0.2 (SCREEN-GRID) VOLTAGE. 90 mar volts
Grip-No.1 (CONTROL~GRID) VOLTAGE:
Negative hias value. . . . ... . e e e =50 mar volts
Positive bias value. . . .. . . . i e e 0 mar volts
CATHODE CURRENT. . . .. ittt ittt et s s e et eieeiiea ey 3 mar ma
Characteristics:
Plate Voltage....... 67.5 volts
Grid-No.2 Voltage. . 67.5 volts
Grid-No.1 Voltage. .. .. .. 0 volts
Plate Resistance (Approx.) 0.6 megohm
TranscondUCtANCE . ... ... e 630 pmhos
Grid-No.1 Voltage (Approx.) for transconductance of 10 pmhos. . ........... -11.5 volts
Plate CUurrent. ... . e, 2.1 ma
Grid-No.2 CUurrent. .. ... . L e e 0.55 ma
Maximum Circuit Value:
Grid-No.1-Cireuit Resistance. . ... ..t i i ittt cnenias 3.3 megohms
Maximum Rating: DIODE UNIT
PLATE CURBENT . L oLttt et e ieieeeaaas 0.25 max ma
AVERAGE CHARACTERISTICS
PENTODE UNIT
2.57 —
Tvpe [ONS ¢ " ! : !
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Technical Data

SHARP-CUTOFF PENTODE

Glass octal type used as rf amplifier or de-
tector in battery-operated receivers. Qutline 39,
OUTLINES SECTION. Tube requires octal -
socket. Filament volts (dc), 2.0; amperes, 0.06.
Characteristics as class A1 amplifier: plate volts, .I ES'GP
180 max; grid-No.2 volts, 67.5 max; grid-No.1
volts, -3; plate ma., 1.7; grid-No.2 ma., 0.6;
plateresistance, 1.5 megohms; transconductance,
650 umhos. This is a DISCONTINUED type
{isted for reference only.

TWIN POWER PENTODE

Glass octal type used in push-pull output
stage of battery-operated receivers. Outline 22,
OUTLINES SECTION. Tube requires octal
socket. Filament volts {dc), 2.0; amperes, 0.24. IE7-GT
Typieal operation as push-pull class A1 ampli-
fier: plate and grid-No.2 volts, 135 max; grid-
No.1 volts, —-7.5; plate ma., 10.5; grid-No.2 ma.,
3.5; output watts, 0.575. This is a DISCON-
TINUED type listed for reference only.

PENTAGRID CONVERTER

Subminiature type used in small, compact,
battery-operated receivers for the standard AM
broadcast band. Outline 8, OUTLINES SEC-
TION. Tube requires subminiature eight-con- ]Es
tact socket. Filament volts (de), 1.25; amperes,
0.04. T'ypical operation as converter: plate volts
and grids-No.2-and-No.4 supply volts, 67.5 max;
grids-No.2-and-No.4 resistor, 20000 ohms; grid-
No.3 volts, 0; grid-No.1 resistor, 0.1 megohm;
plate resistance (approx.), 0.4 megohm; conversion transconduectance, 150 pmhos; total cathode ma., 2.5
(4 mazx); plate ma., 1; grids-No.2-and-No.4 ma., 1.5; grid-No.1 pa., 70. This is a DISCONTINUED

type listed for reference only.

POWER PENTODE

Glass type used in output stage of battery-
operated receivers. Outline 43, OUTLINES
SECTION. Tube requires five-contact socket. ’ 'lF4
Filament volts (dec), 2.0; amperes, 0.12. Type
1F4 is similar electrically to type 1¥5-G. Type
1F4 is a DISCONTINUED type listed for ref-
erence only.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Outline 42, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.12. Typi- 'IFS_G
cal operation as class A: amplifier: plate and
grid-No.2 (screen-grid) volts, 135 (180 mazx) ; grid-
No.l volts, —4.5; plate ma., 8; grid-No.2 ma.,
2.4; cathode resistor, 432 ohms; output watts,
0.31. This is a DISCONTINUED type listed
for reference only.

TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass type used as combined detector, am-
plifier, and ave tube in battery-operated re-
ceivers. Outline 39, OUTLINES SECTION. ]Fb
Tube requires six-contact socket. Filament volts
(de), 2.0; amperes, 0.06, Typical operation of
pentode unit as class A: amplifier: plate volts,
180 max; grid-No.2 (screen-grid) volts, 67.5 max;
grid-No.1 volts, ~1.5; plate ma., 2.2; grid-No.2
ma., 0.7, This is a DISCONTINUED type
listed for reference only.
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TWIN DIODE—
SHARP-CUTOFF PENTODE

Glass octal type used as combined detector,
amplifier, and ave tube in battery-operated re-
ceivers. Outline 39, OUTLINES SECTION.
Tube requires octal socket. Filament volts (dc),
2.0; amperes, 0.06. Similar electrically to type
1F6 except for interelectrode capacitances. Type
1F7-G is a DISCONTINUED type listed for
reference only.

HALF-WAVEVACUUMRECTIFIER

Glass octal type used in high-
voltage, low-current applications such
as the rectifier in a high-voltage, rf-op-
erated power supply or as a rectifier of
high-voltage pulses produced in tele-

e p _LC
)
LC Lc
G) (&
7
PRk
Le [X

vision scanning systems. Outline 28, OUTLINES SECTION. This type may be
supplied with pins 1, 4, and/or 6 omitted. Tube requires octal socket and may be
mounted in any position. Except for physical dimensions, this type is identical with
glass octal type 1B3-GT.

1G4-GT

1G5-G

1G6-GT

1H4-G

MEDIUM-MU TRIODE

Glass octal type used in battery-operated
receivers as detector or voltage amplifier. Qut-
line 22, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05. Typical operation and characteristics as
class A1 amplifier: plate volts, 80 (110 max);
grid volts, —6; plate ma., 2.3; plate resistance,
10700 ohms; amplification factor, 8.8; trans-
conductance, 825 wmhos. This is a DISCON-
TINUED type listed for reference only.

POWER PENTODE

(ilass octal type used in output stage of
battery-operated receivers. Outline 42, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 2.0; amperes, 0.12. Typical
operation as class A amplifier: plate and grid-
No.2 (screen-grid) voits, 135 wmax; grid-No.1l
volts, -13.5; plate ma., 9.7; output watts, 0.55.
This is a DISCONTINUED type listed for
reference only.

HIGH-MU TWIN POWER TRIODE

Glass octal type used in output stage of
batterv-operated receivers. Outline 22, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 1.4; amperes, 0.1. Typical
operation as class B amplifier: plate volts, 90
(110 max); de grid volts, 0; peak af grid-to-grid
volts, 48; effective grid-circuit impedance per
unit, 2530 ohms; plate ma. (zero signal), 2,
(maximum signal), 11; peak grid ma. per unit, 6;
output watts (approx.), 0.35. Thisisa DISCON-
TINUED type listed for reference only.

MEDIUM-MU TRIODE

Glass octal type used as detector or voltage
amplifier in battery-operated receivers. Qutline
36, OUTLINES SECTION. Tube requires octal
socket. Filament volts (de¢), 2.0; amperes, 0.06.
Typical operation as class A1 amplifier: plate
volts, 180 max; grid volts, —13.5; amplification
factor, 9.3; plate resistance, 10300 ohms; trans-
conductance, 900 umhos; plate ma., 3.1, Thisis a
DISCONTINUED typelisted for referenceonly.
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Technical Data

DIODE—HIGH-MU TRIODE

Glass octal type used as combined deteector
and amplifier in battery-operated receivers. OQut-
line 23, OUTLINES SECTION. Tube requires
octal socket. Filament volts (dc), 1.4; amperes,
0.05. Characteristics of triode unit as class A
amplifier: plate volts, 90 (110 max); grid volts, ] H 5 —GT
0; plate ma., 0.15; plate resistance (approx.),
240000 ohms; amplification factor, 65; trans-
conductance, 275 umhos. Diode is located at
negative end of filament. This type is used prin-
cipally for renewal purposes.

TWIN DIODE—MEDIUM-MU TRIODE

Glass octal type used as combined detector,
ampiifier, and ave tube in battery-operated re-
ceivers. Outline 36, OUTLINES SECTION. 1H6-G
Tube requires octal socket. Filament volits (dc),
2.0; amperes, 0.06. Type 1H6-G is similar elec-
trically to type 1B5/25S8. Type 1H6-G is a
DISCONTINUED type listed forreference only.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as a recti-
fier of high-voltage pulses produced in ]J3
the scanning systems of black-and-
white television receivers. Outline 32,
OUTLINES SECTION. Except for
physical dimensions, this type is identical with glass octal type 1K3.

POWER PENTODE

Glass octal type used in output stage of
battery-operated receivers. Qutline 42, OUT-
LINES SECTION. Tube requires octal socket.
Filament volts (dc), 2.0; amperes, 0.12. Typical
operation as class A: amplifier: plate and grid- ]JS_G
No.2(sereen-grid) volts, 135 max; grid-No.1 volts,
-16.5; plate ma., 7.0; grid-No.2 ma., 2.0; plate
resistance, 105000 ohms; load resistance, 13500
ohms; output watts, 0.45. This is a DISCON-
TINUED type listed for reference only.

HIGH-MU TWIN POWER TRIODE

Glass octal types used in output stage of
battery-operated receivers. Type 1J6-G, Out-

line 86; type 1J6-GT, Outline 26, OUTLINES 1J6-G
SECTION. Tubes require octal socket. Fila-
ment volts (de), 2.0; amperes, 0.24. Typical ]Jb-GT

operation as class B power amplifier: plate volts.

135 max; peak plate ma. per plate, 30 max;

grid volts, 0; zero-signal plate ma. per plate,

5; effective plate-to-plate load resistance, 10000

ohms; average input watts, 0.17; output watts, 2.1. These are DISCONTINUED types listed for
reference only.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as a recti-
fier of high-voltage pulses produced in
the scanning systems of black-and- ]K3
white television receivers. For curve
of average plate characteristics, see
page 67.
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FILAMENT VOLTAGE (AC/DC). .... e ren et 1.25% volts
FILAMENT CURRENT . ...ttt it taatsitntee ctennaaeriener e 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE (Approx.):

Plate to Filament and Internal Shield .......................... ... 1.6 puf

* Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts.

PULSED RECTIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE™ , .., ... ... it ciarnannnann 260009 max volts
PEAK PLATE CURRENT. ...ttt tirt ittt enatiean e innenronanaronns 50 max ma
AVERAGE PLATE CURRENT .ttt iit ittt iiin v iirararnnnennns 0.5 max ma

*The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
® The dc component must not exceed 22000 volts.

INSTALLATION AND APPLICATION

Type 1K3 requires an octal socket and may be mounted in any position. Plate
connection is cap at top of bulb. Socket terminals 1, 3, 4, 5, 6, and 8 may be con-
nected to socket terminal 7 or to a corona shield which is connected to socket ter-
minal 7. Socket terminals 4 and 6 may be used as tie points for components at or
near filament potential. Outline 28, OUTLINES SECTION. For high-voltage
considerations, see type 1B3-GT.

PENTAGRID CONVERTER

Miniature type used in low-drain battery-
operated receivers, Qutline 11, OUTLINES o2
SECTION. Tube requires miniature seven-con-
]L6 tact socket and may be mounted in any posi-
tion. Filament volts (dc), 1.4; amperes, 0.05.
Typical operation as converter: plate and grid- B
No.2 volts, 90 (110 nax); grids-No.3-and-No.H
supply volts, 110 max; grids-No.3-and-No.5
volts, 45 (65 max); grid-No.4 volts, 0; grid-No.1
resistor, 0.2 megohm; plate resistance (approx.), 0.65 megohm; plate ma., 0.5; grids-No.3-and-No.5 ma.,
0.6; grid-No.2 ma., 1.2; grid-No.1 ma., 0.035; total cathode ma., 2.35 (4 max); conversion transcon-
ductance, 300 umhos. This type is used principally for renewal purposes.

POWER PENTODE

Glass lock-in type used in output stage of ©2(3)
battery-operated receivers. Outline 15, QUT-

] LA4 LINESSECTION. Tube requireslock-in socket.
Tilament volts (de), 1.4; amperes, 0.05. For P
electrical characteristics and typical operation,
refer to glass-octal type 1A5-GT. Type 1LAd isa
DISCONTINUED typelisted for reference only.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
]LA6 converter is the same as for type 1A7-GT ex-
cept that grid-No.2 voltsis 65 max, total cathode
ma. is 4.0 max, plate resistance is 0.75 megohm,
and conversion transconductance for a grid-No.4
bias of -3 volts is 10 umhos. This type is used
principally for renewal purposes.

POWER PENTODE

Glass lock-in type used in output stage of
battery-operated receivers. Outline 15, OUT-
| LB4 LINES SECTION. Tube requiresiock-in socket.
Filament volts (d¢), 1.4; amperes, 0.05. For elec-
trical characteristics, refer to pentode unit of
glass-octal type 1D8-GT. Type LLB4 is used
prineipally for renewal purposes.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. OQutline 15, OUT-
LINESSECTION. Tube requireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A; amplifier: plate volts, 90
(110 max); grid-No.2 (sereen-grid) volts, 46 mazx;
grid-No.1 volts, 0; plate resistance (approx.),
greater than 1 megohm; transconductance, 776
umhosg; plate ma., 1.15; grid-No.2 ma., 0.3. This
isa DISCONTINUED type listed for reference
only.

PENTAGRID CONVERTER

Glass lock-in type used in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Typical operation as
converter: plate volts, 90 (110 maz); grids-No.3-
and-No.5 volts, 35 (45 max); grid-No.2 volts, 45;
grid-No.1 volts, 0; plate resistance, 0.65 meg-
ohm; plate ma., 0.73; grids-No.3-and-No.5 ma.,
0.70; grid-No.2 ma., 1.4; total cathode ma.,
2.9; conversion transconductance (zero bias),
275 pmhos. This type is used principally for
renewal purposes.

DIODE—SHARP-CUTOFF
PENTODE

Glass lock-in type used as combined detec-
tor and af voltage amplifier in battery-operated
receivers. Outline 15, OUTLINES SECTION.
Tube requires lock-in socket. Filament volts
(de), 1.4; amperes, 0.05. Characteristics of pen-
tode unit: plate volts, 90 (110 maz); grid-No.2
volts, 45; grid-No.l volts, 0; plate ma., 0.6;
grid-No.2 ma., 0.1; plate resistance, 0.75 meg-
ohm; transconductance, 575 umhos. This type
is used principally for renewal purposes.

MEDIUM-MU TRIODE

Glass lock-in type used as detector or volt-
age amplifier in battery-operated receivers. Out-
line 15, OUTLINES SECTION. Tube requires
tock-in socket. Filament volts (de), 1.4; amperes,
0.05. Typical operation as class A amplifier:
plate volts, 90 (110 max); grid volts, ~3; plate
ma., 1.4; plate resistance, 19000 ohms; trans-
conductance, 760 umhos; amplification factor,
14.5. This type is used principally for renewal
purposes,

REMOTE-CUTOFF PENTODE

Lock-in type used as rf or if amplifier in
battery-operated receivers. Outline 15, OUT-
LINES SECTION. Tuberequireslock-in socket.
Filament volts (dc), 1.4; amperes, 0.05. Typical
operation as class A amplifier: plate volts, 90
(110 max); grid-No.2 volts, 45 (110 max); grid-
No.1 volts, 0; plate resistance (approx.), greater
than 1 megohm; transconductance, 800 umhos;
plate ma., 1.7; grid-No.2 ma., 0.4. This type is
used principally for renewal purposes.

DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined detec-
tor and amplifier in battery-operated receivers.
Outline 15, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts (de), 1.4;
amperes, 0.06. For electrical characteristics, re-
fer to glass-octal type 1H5-GT. Type 1LH4 is
used principally for renewal purposes.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in battery-operated receivers. Qutline 15, OUT-
LINESSECTION. Tuberequireslock-insocket.
Filament volts (de¢), 1.4; amperes, 0.05. Typical
operation as class A: amplifier: plate and grid-
No.2(screen-grid) volts, 90 (110 max); grid-No.1
volts, 0; plate ma., 1.6; grid-No.2 ma., 0.35;
plate resistance (approx.), 1.1 megohms; trans-
conductance, 800 umhos. This type is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass octal type used asrf or if am-
plifier in battery-operated receivers.
Outline 23, OUTLINES SECTION.
Tube requires octal socket and may be
mounted in any position. When used

BC NC

in ave circuits, the IN5-GT should be only partially controlled to avoid exces-
sive reduction in receiver sensitivity with large signal input. Filament volts (dc),
1.4; amperes, 0.05. Characteristics as class A, amplifier: plate and grid-No.2 volts,
90 (110 max); grid-No.1 volts, 0; plate resistanee (approx.), 1.5 megohms; trans-
conductance, 750 umhos; plate ma., 1.2; grid-No.2 ma., 0.3.

IN6-G

DIODE-—-POWER PENTODE

Glass octal type used as combined detec-
tor and power output tube in battery-operated
receivers. Maximum over-all length, 4 inches;
maximum diameter, 1-3/16 inches. Filament
volts (dc), 1.4; amperes, 0.05. Typical operation
of pentode unit as class A, amplifier: plate and
grid-No.2 (screen-grid) volts, 90 (110 max);
grid-No.1 volts, -4.5; plate ma., 3.1; grid-No.2
ma. (zero-signal), 0.6; plate resistance (approx.),

0.8 megohm; transconductance, 800 umhos; load resistance, 25000 ohms; output watts, 0.1. This
is a DISCONTINUED type listed for reference only.

1P5-GT

1Q5-GT

RS

REMOTE-CUTOFF PENTODE

Glass octal type used as rf or if amplifier in
battery-operated receivers. Qutline 23, QUT-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.05. Typical
operation as class Ai amplifier: plate volts, 90
(110 max); grid-No.2 (screen-grid) volts, 90 (110
maz); grid-No.1 volts, 0; plate resistance
(approx.), 0.8 megohm; transconductance, 750
umhos; plate ma., 2.3; grid-No.2 ma., 0.7. This
is a DISCONTINUED type listed for reference
only.

BEAM POWER TUBE

Glass octal type used in the output stage
of battery-operated receivers. Outline 22, OU'T-
LINES SECTION. Tube requires octal socket.
Filament volts (de), 1.4; amperes, 0.1. For elec-
trical characteristics and ratings, refer to type
3Q5-GT with parallel filament arrangement.
Type 1Q5-GT is a DISCONTINUED type for
reference only.

PENTAGRID CONVERTER

Miniature type used in light-
weight, portable, compact, battery-
operated receivers. Qutline 11, OUT-
LINES SECTION. Tube requires
miniature seven-contact socket and
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may be mounted in any position. For general discussion of pentagrid types, see

Frequency Couversion in ELECTRON TUBE APPLICATIONS SECTION.

FILAMENT VOLTAGE (DC). oottt ttiiien et cneianannnns
FILAMENT CURRENT. . ...\ttt e cainnnenaennannnns

DIRECT INTERELECTRODE CAPACITANCES:

Grid No.3 to All Other Electrodes (RF Input) .........

Plate to All Other Electrodes (Mixer Output) .

Grid No.1 to All Other Electrodes (Oscillator Input)
Grid No.3toPlate . .............................
Grid No.3 to Grid No.1........

Grid No.1 to Plate .................. ...

= External shield connected to pin 1.
Maximum Ratings: CONVERTER

PLATE VOLTAGE. .. ..ottt it iin e ennas

GRIDS-N0.2-AND-N 0.4 (SCREEN-GRID} VOLTAGE . .
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE. ... . .............
GRID-N 0.3 (CONTROL- GRID) VOLTAGE, Positive Bias Value
TOTAL ZERO-SIGNAL CATHODE CURRENT. .. . ... ... ........

Characteristics, (Separate Excitation)*:

Without
Ezxternal
Shield
7

max

QO W

5
8
4 max
2
1

Plate Voltage . ......... ... ... ... ... ........ 45 67.5
Grids-No.2 and No. 4 Voltage . 45 67.5
Grid-No.83 Voltage ............. .............. 0 0
RMS Grid-No.1 (Oscillator-Grid) Voltage........ 15 25
Grid-No.1 Resistor. . ...................... . 0.1 0.1
Plate Resistance (Approx.).. ... 0.5 0.4
Conversion Transconductance 219 280
Grid-No.3 Voltage (Approx.) for conversion

transconductance of:

10 umhos -7 -13

100 umhos -2.2 -1.9
Plate Current 0.7 i.4
Grids-No.2 and No.4 Current 2.1 3.5
Grid-No.1 Current ............ L. 150 250
Total Cathode Current ...................... 3 5.2

Oscillator Characteristics (Not Oscillating):®

Plate and Grids-No.2 and No.4 vVoltage .....................

Grid-No.3 Voltage ................. ...
Grid-No.1 Voltage . ..
Amplification Factor§ ... ..

Oscillator Transconductance§
Grid-No.1 Voltage (Approx.) for plate current of 10ua

CathodeCurrent. ... ... . . .. i

1.4 volts
0.05 ampere
With

External
Shield?

7 wuf
12 puf
3.8 puf
0.3 max puf
0.2 max uut
0.1 mox puf

90 max volts
67.5 max volts

90 max volts

0 max volts
5.5 max ma
90 volts
67.5 volts
0 volts

25 volts
0.1 megohm
0.4 megohm
280 umhos
-13 volts

-5 volts
1.5 ma
3.5 ma
250 ua
5.3 ma
1.5 volts

0 voltg
0 volts
6.5
1400 pmhos
-17 volts
9 ma

* The characteristics shown with separate excitation correspond very closely with those obtained in a

self-excited oscillator circuit operating with zero bias.
® With grids No.2 and No.4 connected to plate.

§ Between grid No.1 and grids No.2 and No.4 connected to plate.

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable, battery-oper-
ated equipment, Types 1S4 and 3S4 are identi-
cal except for filament arrangement. Outline 11,
OUTLINES SECTION. Type 184 requires
miniature seven-contact socket and may be
mounted in any position. For ratings and typi-
cal operation, refer to type 384 with parallel
filament arrangement. Filament volts (de), 1.4;
amperes, 0.1. This type is used principally for
renewal purposes.

Gzp Pp
QL DIODE—
- P
°Q) (&) SHARP-CUTOFF PENTODE
& Miniature type used in light-
NC y f+ weight, compact, portable, battery-op-
e-(1) erated receivers as combined detector
G3p and af voltage amplifier. Outline 11,

154

1S5

OUTLINES SECTION. Filament volts (dc), 1.4; amperes, 0.05. Tube requires
miniature seven-contact socket and may be mounted in any position. For elec-

trical characteristics, curves, and application, refer to type 1U5.
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REMOTE-CUTOFF PENTODE

-IT4 Miniature type used in light-

weight, compact, portable, battery-op-

erated receivers as rf or if amplifier.

Because of internal shielding feature,

an external bulb shield is not needed,

but socket shielding is essential if minimum grid-No.1-to-plate capacitance is to be

obtained. Qutline 11, OUTLINES SECTION. Tube requires miniature seven-con-
tact socket and may be mounted in any position.

FILAMENT VOLTAGE (DC) . 1.4 volts
FILAMENT CURRENT . .0ttt ettt et ot eaeneanaenanannnns 0.05 ampere
DIRECT INTERELECTRODE CAPACITANCES :*
Grid No.ltoPlate. ...... ... ... .. .iiiiieiearininnnnnn.. 0 01 maz puf
Grid No.l to Filament, Grid No.2, Grid No.3, and Internal Shield Iy
Plate to Filament, Grid No.2, Grid No.3, and Internal Shield. ... 7 5 puf
* With or without external shield connected to negative filament terminal.
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOUTAGE. .. .0ttt ittt iriieeinateroeantnannanans 90 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . .t vt ettt irniannnunenns 90 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive Bias Value.......... 0 max volts
TOTAL CATHODE CURRENT. . v v vvvttonterattninnnssraaroeannnsss 5.6 max ma
Characteristics:
Plate Voltage. . . ......coviiinvennnensenn .. 45 67.5 S0 90 volts
Grid-No.2 Voltage. 45 67.5 45 67.5 volts
Grid-No.1 Voltage. ..... 0 0 0 volts
Plate Resistance (Approx. e . . 0.35 0.25 0.8 0.5 megohm
Transconductance. . .......ooenvoienvnenaa.. 700 875 750 900 umhos
Grid-No.1l Voltage for transconductance of 10
HINHOS. o oy r it e it ~10 -16 -10 -16 volts
Plate Current, . ..., it 1.7 3.4 1.8 3.5 ma
Grid-No.2 Current. .. ...oovvvnnrenenrnnenns 0.7 1.5 0.65 1.4 ma
° AVERAGE PLATE CHARACTERISTICS v
T T
TYPE IT4
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o
o
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BEAM POWER TUBE o o
Glass octal type used in output stage of 4 9

battery-operated receivers. Outline 22, OUT- e /

LINES SECTION. Tube requires octal socket. ©
]TS_GT Filament volts (de), 1.4; amperes, 0.05. Typical

operation as class A, amplifier: plate and grid- 2 -
No.2 volts, 90 (110 maxzx); grid-No.1 volts, —6; A ga
peak af grid-No.1 volts, 6; plate ma., 6.5; grid- o e
No.2 ma. (zero-signal), 0.8; grid-No.2 ma. NC NC
(maximum signal), 1.5; plate resistance, 0.25

megohm; transconductance, 1150 umhos; load resistance, 14000 ohms; total harmonic distortion, 7.5

per ecent; output watts, 0,17. This is a DISCONTINUED type listed for reference only.
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DIODE—SHARP-CUTOFF PENTODE

Subminiature type used as combined de-
tector and audio amplifier in small, compact,
battery-operated reccivers for the standard AM
hroadeast band. Outline 8, OUTLINES SEC- ]Tb
TION. Tube requires subminiature eight-con-
tact socket. Filament volts (de), 1.25; amperes,
0.04. Filament voltage should never exceed 1.6
volts. Typical operation of pentode unit as class
Aramplifier: plateand grid-No.2 volts, 67.5 ma.r;
grid-No.1 volts, 0; plate resistance (approx.), 0.4 megohm; transconductance, 600 umhos; plate

ma., 1.5;

grid-No.2 ma., 0.4; total cathode ma., 2.0 mar. Maximum diode plate ma,, 0.25. This is a DISCON-

TINUED type listed for reference only.
NC

SHARP-CUTOFF PENTODE

amplifier in stages not controlled by
ave in lightweight, compact, portable,
battery-operated equipment. Qutline
11, OUTLINES SECTION. Tube re-

Miniature type used as rf or if .|U4

quires miniature seven-contact socket and may be mounted in any position. Because
the grid No.2 can be operated at the same voltage as the plate, a voltage-dropping

resistor is not needed. For typical operation as a resistance-coupled amplifie

to Chart 2, RESISTANCE-COUPLED AMPLIFIER SECTION.

FILAMENT VOLTAGE (DC) . o o0ttt ittt et it e as 1.4
FILAMENT CURRENT. L ottt ittt ittt i it ia i ie e 0.05
IIRECT INTERELECTRODE (CAPACITAN
Grid No.ltoPlate. .. ... .. i i i i i 0.01 mazx
(irid No.1 to Filament, Grid No.2, Grid No.3, and Internal Shietd. ... .. .. 3.6
Plate to Filament, Grid Na.2, Grid No.3, and Internal Shield. . .......... 7.5
# With or without external shield connected to negative filamenr terminal.
Maximum Ratings: CLASS A, AMPUFIER
PLATE VOLTAGE. . L.ttt it et a i, 110 mazx
GRID-NO.2 (SCREEN-GRID} VOLTAGE. . . . oo. v, - 110 mac
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value v O mac
TOTAL CATHODE CURRENT. ... ... it e i e 6 wmaz
Characteristics:
Plate Voltage. . . ... i i et e 90
Grid-No.2 Voltage. . . ........ ... ... couun. e 90
Grid-No.1 Voltage. .. ... ... ... .. .covivnns P 0
Plate Resistance (Approx.). .. ............c.ou.. e 1.0
Trangconductance. . ........ .. .. ... . e P 900
Grid-No.1 Voltage for plate eurrent of 10 ua -4
PlateCurrent. ... ... ... ... ... . . . e 1.6
Grid=NO2 CUTTONt. .. ot i e et i e e e e e 0.5

AVERAGE PLATE CHARACTER!STICS
PENTODE CONNECTION
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DIODE—SHARP-CUTOFF
PENTODE

-|U5 Miniature type used in light-

weight, compact, portable, battery-op-

erated receivers as combined detector

and af voltage amplifier. The 1U5 is

similar to the 1S5 but utilizes an im-

proved structure which greatly reduces any tendency toward microphonic effects.

In addition, the diode unit is effectively shielded from the pentode unit to prevent

“play-through.” Outline 11, OUTLINES SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position. For typical operation

as a resistance-coupled amplifier, refer to Chart 1, RESISTANCE-COUPLED
AMPLIFIER SECTION.

FILAMENT VOLTAGE (D). o vttt ittt it e e etneeenannss 1.4 volts
FILAMENT CURRENT. . ... ..iurnnnnn,.. TS PN 0.05 ampere
Maximum Ratings: PENTODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. .. .. .. ... . i 90 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . ..t vivnrteennrnnnnnnnnnss 90 mazx volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negativebas value ................. s e R -50 mazx volts
Positive bias value . ...... ... ... i ittt erersens 0 max volts
TorAL CATHODE CURRENT............ teraeenns 3 mazx ma
Characteristics:
Plate Voltage. ................. ereeitar et e ves 67.6 volts
Grid-No.2 Voltage. . .. ..ovvinn i i eninrenennanes RPN 67.5 volts
Grid-No.l Voltage . .........iiiiiiiiiiiiiiiiirannanes PP 0 volts
Plate Resistance........................ 0.6 megohm
Transconduetance. . ...ttt ieiinnnn, 625 umhos
Grid-No.l Voltage for plate current of 10ua -5 volts
Plate Current. .. ....oiniinniiinn e 1.6 ma
Grid=No.2 Current. ... . ..ovivneineeerrannrnnnnrenas 0.4 ma
Maximum Rating: DIODE UNIT
PLATE CURRENT. o ¢ 4o vt ntnenrannnnrnsnieosianannenneeennes .. 0.25 max ma

Diode unit is located at negative end of filament and is independent of the pentode except for the
common filament.

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

2.3 T T T 1
TYPe 1US
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HALF-WAVE VACUUM RECTIFIER

P K Glass type used in ac/dec or automobile
2 3 receivers. Outline 34 or 35, OUTLINES SEC-
TION. Tube requires four-contact socket.
Heater volts (ac/dc), 6.3; amperes, 0.3. Maxi- 'I
mum ratings as half-wave rectifier: peak inverse -V

‘ plate volts, 1000; peak plate ma., 270; peak

o o heater-cathode volts, 500; dc output ma., 45.

H H This type is used principally for renewal pur-
poses.

HALF-WAVE VACUUM RECTIFIER

Miniature type used in high-volt-
age, low-current applications such as ]v2
the rectifier in high-voltage, pulse-op-
erated voltage-doubling power supplies
for kinescopes. The very low power
required by the filament permits the use of a rectifier transformer having small -
size and light weight. For curve of average plate characteristics, see page 67.

FILAMENT VOLTAGE (AC) . 10 vt ettt iiatanes it iacnanoanentenas 0.625" volt
FILAMENT CURRENT, ., ot .viutrnnrroriacnnenaenetoerasttansaronaeaseans 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filament (APProX.). v o oerinrernrereen oo ainencanasens 0.8 puuf

® UUnder no circumstances should the filament voltage be less than 0.525 volt or greater than 0.725 volt.

PULSED RECTIFIER

For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE® ... ..ttt iae it iicnanneans 82509 max volts
PEAK PLATE CURRENT. « .\ vt eeneanraronrsnantassotnsensonarassnssiennse 11 mazx ma
AVERAGE PLATE CURRENT . . .« .ot inirernrorncstosnsanessnrossonsnsnensns 0.6 max ma

% The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
® The dec component must not exceed 7000 volts.

INSTALLATION AND APPLICATION

Type 1V2 requires a miniature nine-contact socket and may be mounted in any
position. The socket should be made of material having low leakage and should
have adequate insulation between its filament and plate terminals to withstand
the maximum peak inverse plate voltage. To provide the required insulation in
miniaturenine-contact sockets designed with a cylindrical centershield, itisnecessary
to remove the center shield. In addition, socket terminals 2, 8, 7, and 8 shall not
be used. Socket terminal 6 may be used as a tie point for components at or near
filament potential. Outline 14, OUTLINES SECTION.

The filament is of the coated type and is designed for operation at 0.625 volt.
The filament windings on the pulse transformer should be adjusted to provide the
rated voltage under average line-voltage conditions. When the filament voltage is
measured, it is recommended that an rms voltmeter of the thermal type be used.
The meter and its leads must be insulated to withstand 15000 volts and the stray
capacitances to ground should be minimized.

The high voltages at which the 1V2 is operated are very dangerous. Great care
should be taken to prevent coming in contact with these high voltages. Particular
care against fatal shock should be taken in measuring the filament voltage in those
circuits where the filament is not grounded. Precautions must include safeguards
which definitely eliminate all hazards to personnel.
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HALF-WAVE VACUUM RECTIFIER
Miniature types used in high-volt-

]x2—A age, low-current applications such as
the rectifier in a high-voltage, rf-op-
] x2 - B erated powersupply, orastherectifier of

high-voltage pulses produced in tele-
vision scanning systems. Qutlines 16 and 17, respectively, OUTLINES SECTION.
Tubes require miniature nine-contact socket and may be mounted in any position.
Socket terminals 83 and 7 may be used as tie points for components at or near fila-
ment potential. For high-voltage considerations, refer to type 1B3-GT. For curve
of average plate characteristics, see page 67. Type 1X2-A is used principally for
renewal purposes,

FILAMENT VOLTAGE (AC). . 1 o oottt it ot e et e e 1,25* volts
FILAMENT CURRENT 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCE:

Plate to Filamentand Internat Shield (Approx.). ....... ... .. ... ... .... 1.0 uuf

# Under no circumstances should the filament voltage be less than 1.05 volts or greater than 1.45 volts.

PULSED RECTIFIER

For operation in a 525-line, 30-frame syatem

1X2-A 1X2-B
. . Design-Center  Design-Mazximum
Maximum Ratings: Valuest Values
PEAK INVERSE PLATE VOLTAGE® 20000t maz 22000 max volts
PEAK PLATECURRENT. . .. ... ... ciininiennnn.n 45 max 45 mex ma
AVERAGE PLATE CURRENT . . ... vttt i 0.5 max 0.5 max ma

+ Absolute Maximum. Under no circumstances should thisabsolute value be exceeded.
# Exceptasnoted.
a The de component must not exceed 16000 volts for 1X2-A, 18000 volts {or 1X2-B.

G
POWER TRIODE " G)
Glass type used in output stage of ra-
2A3 dio receivers and amplifiers. As a class
A; power amplifier, the 2A3 is usable ‘
either singly or in push-pull combi- F
nation.
FILAMENT VOLTAGE (AC/DC) . o v et iet ot te e e ie e eeee e 2.5 volts
FILAMENT CURRENT . & o ot i i ttaetenaaa v eaeiiineanaraannnnnn 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Gridto Plate. .. ... ... .. . e e 16.5 uuf
Grid to Filament 7.5 nuf
Plate to Filament 5.5 upf

PLATE VOLTAGE. . ... . .t iiiiinieneanonnan 300 max volts

PLATE DissiraTION 15 max watts
Typical Operation:

Plate Voltage. .. ... . . . ittt 250 volts
Grid Voltage*# ~45 volts
Plate Current. .. ... ... uuuuiii it iiiinee s ranianananaeons 60 ma
Amplification Factor. . ........ .. iiiiiiiiiiiiiiiiiiiiiea 4.2

Plate Resistance...........c.co0iveeunnnnnn. e _800 ohms
Transconductance. . ... ...t er ittt e 5250 pmhos
Load Resistance. .. ...ttt iionenenaan s 2500 ohms
Second Harmonic Distortion. . . e S 5 per cent
Power Qutput................ R e 3.5 watts
Maximum Ratings: PUSH-PULL CLASS AB, AMPLIFIER

PLATE VOLTAGE. .. ... . . et it o 300 max volts
PLATE DISSIPATION. ...t et e 15 max watts
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Typical Operation (Values Are For Two Tubes): Fized Bias Cathode Bias
Plate Supply Voltage . ... ... ... i i 300 300 volts
Grid Voltage . ... . i it i e it s r e ~62:% - volts
Cathode-Bias Resistor. ... ... .. i it iiiiiiin s - 780 ohms
Peak AF Grid-to-Grid Voltage .. .. ..... ... i, 124 156 volts
Zero-Signal Plate Current. . .. ................. - 86 30 ma
Maximum-Signal Plate Current. . ....... . 147 100 ma
Effective Load Resistance (Plate-to-plate) . 3000 5000 ohms
Total Harmonic Distortion. 2.5 5.0 per cent
PowerOutput............. .. ... ... 15 10 watts
Maximum Circuit Values:
Grid-Circuit Resistance:
For fixed-bias operation. . ... ... .. e 0.05 maxr megohm
For cathode-bias operation. .. ... ... ... . . . i 0.5 max megohm

+ Grid voltage referred to mid-point of filament transformer,
When a single 2A8 is operated eathode-biased, the cathode-biasing resistor value should be 750 ohms.

INSTALLATION AND APPLICATION

Type 2A3 requires a four-contact socket and may be mounted in any position
Outline 51, OUTLINES SECTION. It is especially important that this tube, like
other power-handling tubes, be adequately ventilated.

The values recommended for push-pull operation are different from the con-
ventional ones usually given on the basis of characteristics for a singte tube. The
values shown for Push-Pull Class AB, operation cover operation with fixed bias
and with cathode bias, and have been determined on the basis of no grid current
flow during the most positive swing of the input signal and of cancellation of
second-harmonic distortion by virtue of the push-pull circuit. The cathode resistor
should preferably be shunted by a suitable filter network to minimize grid-bias
variations produced by current surges in the cathode resistor.

When 2A3’s are operated in push-pull, it is desirable to provide means for
adjusting the bias on each tube independently. This requirement is a result of the
very high transconductance of these tubes (5250 micromhos). This very high value
makes the 2A3 somewhat critical as to grid-bias voltage, since a very small bias-
voltage change produces a very large change in plate current. It is obvious, there-
fore, that the difference in plate current between two tubes may be sufficient to
unbalance the system seriously. To avoid this possibility, simple methods of inde-
pendent cathode-bias adjustment may be used, such as (1) input transformer with
two independent secondary windings, or (2) filament transformer with two inde-
pendent filament windings. With either of these methods, each tube can be biased
separately go as to obtain circuit balance.

AVERAGE PLATE CHARACTERISTICS
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POWER PENTODE

Glass type used in output stage of ac-oper-
ated receivers. Outline 43, OUTLINES SEC-
2 A 5 TION. Tube requires six-contact socket. Except
for its heater rating (2.5 volts ac/de; 1.75
amperes), the 2A5 has electrical characteristics
identical with type 6F6. Type 2A5 is a DIS-
CONTINUED type listed for reference only.

TWIN DIODE-—HIGH-MU TRIODE

Glass type used in ac-operated receivers
chiefly as a combined detector, amplifier, and
2A6 ave tube. Outline 40, OUTLINES SECTION.
Tube requires six-contact socket. Except for its
heater rating (2.5 volts ac/de; 0.8 ampere),
and within its 250-voit maximum plate rating,
the 2A6 has electrical characteristics identical
with type 6SQ7. Type 2A6 is a DISCONTIN-
UED type listed for reference only.

PENTAGRID CONVERTER

Glass type used in ac-operated receivers.
Outline 40, OUTLINES SECTION. Tube re-
quires small seven-contact (0.75-inch, pin-circle
2A7 diameter) socket. Except for its heater rating
(2.5 volts ae/dc; 0.8 ampere) and its interelec-
trode capacitances, the 2A7 haselectrical charac-
teristics identical with type 6A8. Complete
shielding of this tube is generally necessary.
Type 2A7 is a DISCONTINUED type listed
for reference only.

MEDIUM-MU TRIODE

Miniature type used as local oscil-

2 AF4- A lator in uhf television receivers employ-

ing series-connected heater strings.

Outline 9, OUTLINES SECTION.

Heater volts (ae/de), 2.85; amperes,

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature tvpe 6AF4-A.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass type used as combined detector, ave
tube, and amplifier. OQutline 40, OUTLINES
SECTION. Tube requires small seven-contact
2B7 (0.75-inch, pin-circle diameter) socket. Except
for its heater rating (2.5 volts ac/dc; 0.8 ampere)
and its interelectrode capacitances, the 2B7
has electrical characteristics identical with type
6B8-G. Type 2BTis a DISCONTINUED type
listed for reference only.

MEDIUM-MU TRIODE

Miniature type used as rf amplifier in grid-
drive eireuits of vhf television tuners employing
series-connected heater strings. Outline 11, 0UT-

2 BN4 LINES SECTION. Heater volts (ac/dc), 2.3;
amperes, 0.6; warm-up time (average), 11 sec-
onds. Except for heater rating, this type is iden-

tical with miniature type 3BN4. Type 2BN4 is
used principally for renewal purposes.
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SHARP-CUTOFF TETRODE

Miniature type used asrf amplifier '
in vhi tuners of television receivers 2CY 5
employing series-connected heater
strings. Qutline 11, OUTLINES SEC-
TION. Heater volts (ac/dc), 2.4; am-
peres, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this type
is identical with miniature type 6CY5.

ELECTRON-RAY TUBE

Glass type with triode unit used to indicate
visually by means of a fluorescent target the
effects of a change in a controlling voltage. It is
used as a convenient means of indicating accu-
rate radio receiver tuning. Outline 34 or 35, OUT- 2 E5
LINES SECTION. Tube requires six-contact
socket. Except for its heater rating (2.5 volts
ae/de; 0.8 ampere), the 2E5 has electrical char-
acteristics identical with type 6E5.Type2E5isa
DISCONTINUED typelisted for reference only.

H 1
Q. TWIN DIODE
H
( (© Miniature type used as a horizon- 2EN 5
tal phase detector in television receiv-
e NN D70, ers. Outline 11, OUTLINES SEC-
O) TION. Tube requires miniature seven-
NC contact socket and may be mounted in

any position. Heater volts (ac/dc), 2.1; amperes, 0.45; warm-up time (average),
11 seconds. Maximum ratings (design maximum) as half-wave rectifier: dec output
ma. per plate, 5 max; peak heater-cathode volts, 200 max. When the heater is posi-
tive with respect to cathode, the de component of the heater-cathode voltage must
not exceed 100 volts.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as rectifier of high-
voltage pulses produced in scanning systems of
color-televisionreceivers.Outline16, OUTLINES
SECTION. Tube requires miniature 9-contact 3A2
socket and may be mounted in any position.
Socket terminals 3 and 7 may be connected to
the heater. Heater volts (ac¢), 3.15; amperes,
0.22. Maximum ratings as pulsed rectifier in 525-
line, 30-frame system: peak inverse plate volts,
18000 yiar; peak plate ma., 80 max; average plate ma., 1.5 max. For curve of average plate character-
istics, see page 67. For high-voltage considerations, see type 1B3-GT. Type 3A2 is used principally for
renewal purposes.

HALF-WAVE VACUUM RECTIFIER

Glass octal type used as rectifier
of high-voltage pulses produced in the 3 A3
scanning systems of color television
OREC) receivers. Outline 32, OUTLINES
Le te SECTION. Tube requires octal socket
and may be mounted in any position. Socket terminals 1, 3, 4, 5, 6, and 8 may be
connected to socket terminal 7. Socket terminals 4 and 6 may be used as tie points
for components at or near heater potential. For curve of average plate character-
istics, see page 67. For high-voltage considerations, see type 1B3-GT.

HEATER VOLTAGE {(AC) . . . tvtvein i iiine et ernntannanearoneoensans 3.16* volts
HEATER CURRENT. . ..ttt ittt ttnee et arenentneasennans 0.22 ampere
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DRECT INTERELECTRODE CAPACITANCE (Approx.):
Plate to Heater, Cathode, and Internal Shield. . ..........couuvun... 1.6 puf

* Under no circumstances should the heater voltage be less than 2.65 volts or greater than 3.65 volts,
PULSED RECTIFIER
For operation in a 525-line, 30-frame sysiem
Maximum Ratings, (Design-Maximum Values):

PEAK INVERSE PLATE VOLTAGE™. | .. .. ... .. ... . iiiinnnnnins 30000 mazx volts
PEAK PLATE CURRENT. . .00ttt teit s et eeeeas 88 mazr ma
AVERAGE PLATE CURRENT. . .. .ottt titenis ianeinrannens 1.7 max ma

® The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cyvele. Ina
525-line, 30-frame system, 15 per cent of one horizontal scanning cyele is 10 microseconds.

DIODE—TRIODE—PENTODE

Glasg octal type used as combined detector,

af amplifier, and rf amplifier in battery-operated

receivers, Maximum over-all length, 3-7/16

3A8_GT inches; maximum diameter, 1-5/16 inches. Fila-

ment volts, 1.4 (parallel), 2.8 (series); amperes,

0.1 (parallel), 0.05 (series). Typical operation as

class Aramplifier: triode unit—plate volts, 90 (110

max); grid volts, 0; amplifieation factor, 65:

plateresistance, 0.2 megohm: transconductanee,

325 wmhos; plate ma., 0.2; pentode unit—plate and grid-No.2 volts, 90 (110 max); arid-No.1 volts, 0;

plate resistance, 0.8 megohm; trangconduetance, 750 gmhos; plate ma., 1.5; grid-No.2 ma., (1.5, Thisis a
DISCONTINUED type listed for reference only.

MEDIUM-MU TRIODE

Miniature type used as local os-

3 AF4-A cillator in uhf television receivers cov-
ering the frequency range of 470 to 890

megacycles per second and employing

series-connected heater strings. Out-

line 9, OUTLINES SECTION. Heater volts (ac,'de), 3.15; amperes, 0.45; warm-up
time (average), 11 seconds. Except for heater rating, this type is identical with
miniature type 6AF4-A.

TWIN DIODE

Miniature type having high-per-

veance used as detector in television

3 AI_ 5 receivers employing series-connected

heater strings. Outline 9, OUTLINES

SECTION. Heater volts (ac.'de), 3.15;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6ALS5. u »

SHARP-CUTOFF PENTODE &R
Miniature type used as rf ampli- etge

3 AU 6 fier in television receivers employing ‘
series-connected heater strings. Out- 32
line 11, OUTLINES SECTION. * ()
Heater volts (ac/de), 3.15; amperes, =
0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200 max. When
the heater is positive with respect to the cathode, the de component of the heater-
cathode voltage must not exceed 100 volts. Except for heater and heater-cathode
ratings, this type is identical with miniature type 6AUS.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined

3 AV6 detector, amplifier, and ave tube in
television receivers employing series-
connected heater strings. Outline 11,
OUTLINES SECTION. Heater volts
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(ac/dc), 8.15; amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-
cathode volts, 200 max. When the heater is positive with respect to the cathode, the
dc component of the heater-cathode voltage must not exceed 100 volts. Except for
heater and heater-cathode ratings, this type is identical with miniature type 6AV6.

HALF-WAVE VACUUM RECTIFIER

OFlO) Glass octal type used as rectifier of high-

Le e voltage pulses produced in the scanning systems

e e of television receivers. Outline 47, OUTLINES
SECTION. Tube requires octal socket and may 3 Bz

) (7) be mounted in any position. Low-potential cir-

H w rg“ cuits should not be connected to any of thesocket

O, terminals. Any or all of the following socket-

X9 e terminal connections are permissible and may

aid in corona reduction: socket terminals 1, 3,

5, and 7 may be connected together; socket terminals 2, 6, and 8 may be connected together; socket
terminal 4 may be connected to socket terminals 2 or 7, or may be used as a tie point for a heater-
voltage dropping resistor. Heater volts (ac/de), 3.16; amperes, 0.22. Maximum ratings as pulsed rec-
tifier in 525-line, 30-frame system: peak inverse plate volts (absolute maximum), 35000 max (de 25000
mazx) ; peak plate ma., 80 mazx; average plate ma., 1.1 mazx. For curve of average plate characteristics,
see page 67. For high-voltage considerations, see type 1B3-GT. Type 3B2 is used principally for re-
newal purposes.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-
plifier in television receivers employing 3 BC 5
series-connected heater strings. Out-

line 11, OUTLINES SECTION.

Heater volts (ae/de), 3.15; amperes,

0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts, 200 max. When
the heater is positive with respect to the cathode, the de component of the heater-
cathode voltage must not exceed 100 volts. Except for heater and heater-cathode
ratings, this type is identical with miniature type 6BC5.

MEDIUM-MU TRIODE

Miniature type used as rf ampli-
fier in grid-drive circuits of vhf tele- 3BN4

vision tuners. The double base-pin
connections for both cathode and grid
reduce effective lead inductance and
lead resistance with consequent reduction in input conductance. In addition, the
basing arrangement facilitates isolation of input and output circuits and permits
short, direct connections to base-pin terminals. Outline 11, OUTLINES SECTION.
Tube requires miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .+ttt iie et ia i ii e ananaanas 3 volts
HEATER CURRENT . . ...ttt iittiitareataniaenernenaaiensinonen 0.45 ampere
HEATER WARM-UP TIME (AVEIrage) . ... ... cuuninemenneinerenacnaaans 11 seconds
DIRECT INTERELECTRODE CAPACITANCES (Approx.):*
Gridto Plate. .. .. ... ... e et e 1.2 upf
Grid to Cathode and Heater. . ..ottt inirsnrcnrvnnresns 3.2 upf
Plate to Cathode and Heater. . . ... ... .. iiiieiriannnns P 1.4 )
Heaterto Cathode. . ...... ... . i iiiiiiiiniennnns e e e 2.8e uuf
* With external shield tied to cathode, except as noted.
® With external shield tied to ground.
CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mozimum Values):
PLATE VOLTAGE. ...ttt e ina it iatsaennaanon e aaneiecnsans 275 max volts
GRID VOLTAGE, Positive biasvalue. . ............ ... il 0 max volts
PLATE DISSIPATION . e 2.2 max watts
CATHODE CURRENT. . . ...........ouu.unn e 22 max ma
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. 100 max volts

Heater positive with respect to cathode. ............ ... .. coit, 100 max volts
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Characteristics:

Plate SUPPLY Voltage. .. vouveruiuniinetinieerinennneennieennreennennns 150 volts
Cathode-Bias Resistor. . .. 220 ohms

Amplification Factor. ..., 43
Plate Resistance (Approx.) 6300 ohms
Transconductance. ... ... in e .. 6800 umhos
Grid Voltage (Approx.) for plate current of 100 ua. .. .........o0 .. ~6 volts
Plate CUITERE. . .. i sttt it ittt ettt iiniearaenanss 9 ma
Maximum Circuit Value:
Grid-Circuit Resistance, s o v v v ee o ien it it ianentnanenrennnn 0.5 max megohm
BEAM TUBE
Miniature type used as combined
3BN6 limiter, discriminator, and af voltage

amplifier in intercarrier television and

FM receivers employing series-con-

nected heater strings. Outline 13,
OUTLINES SECTION. Heater volts (ac/de), 8.15; amperes, 0.6; warm-up time
(average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is
positive with respect to the cathode, the de component of the heater-cathode vol-
tage must not exceed 100 volts. Except for heater and heater-cathode ratings, this
type is identical with miniature type 6BN6.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
3BU8 sync separator, sync clipper, and age
amplifier tube in television receivers
employing series-connected heater O
strings. Qutline 14, OUTLINES SEC- K Gap)
TION. Heater volts (ac/dc), 3.15; amperes, 0.6; warm-up time (average), 11 sec-
onds. Except for heater rating, this type is identical with miniature type 6BUS.

H p
PENTAGRID AMPLIFIER OF©,
©

Miniature type used as gated am-

3 BY 6 plifier in television receivers employing

series-connected heater strings. Out-

line 11, OUTLINES SECTION.

Heater volts (ac/de), 8.15; amperes,

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6BY6.

H P
SEMIREMOTE-CUTOFF PENTODE @ (9
Miniature type used in gain-con- n(3) (&2
3826 trolled video if stages of television re- \ ‘
ceivers employing series-connected K LN Ga
heater strings. Outline 11, OUTLINES 0 1S
SECTION. Heater volts (ac/de), 3.15; Gi

amperes, 0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts when
heater is negative with respect to cathode, 300 max (the dc component must not
exceed 200 volts). Except for heater and heater-cathode ratings, this type is
identical with miniature type 6BZ6.

SHARP-CUTOFF PENTODE @ P
Miniature type used as rf or if am- " o

3 C B 6 plifier in television receivers employing ‘

series-connected heater strings. Out- \
line 11, OUTLINES SECTION. }« N | D,
Heater volts (ac/dc), 3.15; amperes, G !
I
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0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 300 max; heater positive with respect to cathode, 200 max
(the dc component must not exceed 100 volts). Except for heater and heater-
cathode ratings, this type is identical with miniature type 6CBS6.

SHARP-CUTOFF PENTODE

Miniature type used as rf or if am-
plifier in television receivers employing 3 CF6
series-connected heater strings. Out-
line 11, OUTLINES SECTION.
Heater volts (ac/de), 3.15; amperes,
0.6; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 300 max; heater positive with respect to cathode, 200 max
(the de component must not exceed 100 volts). Except for heater and heater-
cathode ratings, this type is identical with miniature type 6CF8.

PENTAGRID AMPLIFIER

Miniature type used as gated am-
plifier in television receivers employing 3 CS6
series-connected heater strings. Out-

line 11, OUTLINES SECTION.

Heater volts (ac/de), 8.15; amperes,

0.6; warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6CS6.

SHARP-CUTOFF TETRODE

Miniature type used as rf ampli-
fier in vhf tuners of television receivers. 3 CY 5
Outline 11, OUTLINES SECTION.
Heater volts (ac/dc), 2.9; amperes,
0.45; warm-up time (average), 11 sec-
onds. Except for heater rating, this type is identical with miniature type 6CY5.

H e

P

SHARP-CUTOFF PENTODE

6‘ (92 Miniature type used as interme-
\ ©) diate-frequency amplifier in television 3DK6
D)/ Yes  receivers. Outline 11, OUTLINES

G SECTION. Heater volts (ac/dc), 3.15,

amperes. 0.6; warm-up time (average),

11 seconds, Peak heater-cathode volts: heater negative with respect to cathode,
300 mazx; heater positive with respect to cathode, 200 max (the dec component must
not exceed 100 volts). Except for heater and heater-cathode ratings, this type is
identical with miniature type 6DK6.

SHARP-CUTOFF PENTODE

Miniature type used as FM de-
tector in television receivers employing 3 DT6
series-connected heater strings. Out-

line11l,OUTLINES SECTION.Heater

volts (ac/de), 3.15; amperes, 0.6;

warm-up time (average), 11 seconds. Except for heater rating, this type is identical
with miniature type 6DT6.
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BEAM POWER TUBE

Glass lock-in type used in output stage of
ac/de/battery portable receivers. Outline 15,
3LF4 OUTLINES SECTION. Tube requires lock-in
socket. Filament volts (dc), 1.4 (parallel), 2.8
(series); amperes, 0.1 (parallel), 0.05 (series).
For electrical characteristies, refer to glass-octal
type 3Q5-GT. Type 3LF4 is used principaily
for renewal purposes.

POWER PENTODE

Miniature type used in output stage of
lightweight, compact, portable battery-operated
3 Q 4 equipment. Outline 11, OUTLINES SECTION.
Except for terminal connections, types 3Q4 and
3V4 are identical. Refer to type 3V4 for ratings,
typical operation, and curves. Type 3Q4 is used
principally for renewal purposes.

BEAM POWER TUBE

Glass octal type used in output stage of
ac/de battery portable receivers. QOutline 22,
OUTLINES SECTION. This type may be sup-

2.8 in series filament arrangement and 1.4 in
parallel arrangement; amperes, 0.05 (series),
0.1 (parallel). Typical operation as Class A
amplifier: plate and grid-No.2 volts, 110 maz;
grid-No.l volts, -6.6; peak af grid-No.1 volts,

5.1 (series), 5.4 (parallel); plate ma., 8.5 (series), 10 (parallel); grid-No.2 ma., 1.1 (series), 1.4 (parallel);
total eathode ma., 6 max for each 1.4-volt filament section; plate resistance (approx.), 0.11 megohm
(series), 0.1 megohm (parallel); transconductance, 2000 pmhos (series), 2200 gmhos (parallel); load
resistance, 8000 ohms; total harmonic distortion, 8.5 per cent (series), 6 per cent (parallel) ; max.-signal
power output. 330 mw (series), 400 mw (parallel). This type is used principally for renewal purposes.

POWER PENTODE

Miniature type used in output

3 S4 «tageof lightweight, compact, portable,
battery-operated equipment. Outline

11, OUTLINES SECTION. Tube re-

quires miniature seven-contact socket

and may be mounted in any position. Types 3S4 and 1S4 are identical except for
filament arrangement. Type 384 features a filament mid-tap so that tube may be
used either with a 1.4-volt battery supply or in series with other miniature tubes

having 0.050-ampere filaments.

FILAMENT ARRANGEMENT Series Purallel
FILAMENT VOLTAGE (DC).ovisvvunnreansnnnnnnnne 2.8 1.4
FILAMENT CURRENT. .. ... iiiiitiiennennanennns 0.05 0.1
CLASS A, AMPLIFIER
Maximum Ratings: Series Parullel
PLATE VOLTAGE . .. ..o vttt ciieiiinnne 90 max 90 max
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . .. 67.5 mar 67.5 max
Toral CATHODE CURRENT. . ... ... ....0eun. . 8*max 12 max
* For each 1.4-volt filament section.
Typical Operation: Series Paorallel
Plate Voltage. . .. ... ottt ianan . 6%.5 90 67.5 90
Grid-No. 2 Voltage . .............. . 67.5 67.5 67.5 67.5
Grid-No. 1 (Control-Grid) Voltage. T 7 -7 -7
Peak AF Grid-No. 1 Voltage...... 7 1 7
Zero-Signal Plate Current. ... .. .1 7.2 7.4
Zero-Signal Grid-No. 2 Current. 1 1.5 1.4
Plate Resistance. . . 0.1 0.1
Transconductance. 1550 1575
Load Resistance............. 5000 8000
Total Harmonic Distortion...... 10 12
180 270

Maximum-Signal Power Output

volts
ampere

volts
volts
ma

volts
volts
volts
volts

ma

ma
megohm
umhos
ohms
per cent
mw
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Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ...
For cathode-bias operation

ax megohms

2.2m
2.2 max megohms

POWER PENTODE

Miniature type used in output
stageof lightweight, compact, portable, 3V4
battery-operated equipment. Qutline
11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position. Except for terminal connections, types 3V4
and 3Q4 are identical. Both feature filament mid-tap so that tubes may be used
either with a 1.4-volt battery supply or in series with other miniature tubes having
0.050-ampere filaments. For series filament arrangement, filament voltage is applied
between pins 1 and 7 and grid-No.1 voltage is referred to F-. For parallel filament
arrangement, filament voltage is applied between pin 5 and pins 1 and 7 connected
together and grid-No.1 voltage is referred to Fun, the filament mid-tap.

FILAMENT ARRANGEMENT Series Parallel
FILAMENT VOLTAGE (DC) .ot tsveenurocnunanonssnennenss . 2.8 1.4 volts
FILAMENT CURRENT . ..o ieotitntetiintanrennsonaannnns . 0.05 0.1 ampere

DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.1toPlate..............ciiiiiieiriiaarnnnnn 0.2 upf
Grid No.1 to Filament, Grid No.2, and Grid N 5.5 upf
Plate to Filament, Grid No.2, and Grid No3.......... 3.8 puf
. 5 CLASS A, AMPLIFIER
Maximum Ratings: Series Parallel
PLATE VOLTAGE. .. ...ttt iivvernnnnnsonnsnnsss eeenean . 90 max 90 max volts
GRID-NO. 2 (SCREEN-GRID)VOLTAGE. . v vvcuvrrrnnaennnsnas 90 max 90 max volts
ToTAL CATHOPE CURRENT ... .... PPN 6# mazx 12 max ma
# For each 1.4-volt filament section.
Typical Operation: Series Parullel
Plate Voltage............. et eeser ettt e 30 85 90 volts
Grid-No. 2 Voltage. . ... .. .iiiiiininninerernnnnnenns 90 85 90 volts
Grid-No. 1 (Control-Grid) Voltage. . .......cevvvvunnines ~4.5 -5 -4.5 volts
Peak AF Grid-No. 1 Voltage. ... ..oivvvriinironnecnrenns 4.5 5 4.5 volts
Zero-Signal Plate Current............ [ vereneees 1.7 6.9 9.5 ma
Zero-Signal Grid-No. 2 Current, . ...... seeaneemoaranenene 1.7 1.5 2.1 ma
Plate Resistance fAPProx.). .......eouvuues cee s 0.12 0.12 0.1 megohm
TranscondUctance. . ... ..ovvueennertnnnrensssoneeanens 2000 1975 2150 pmhos
Load Resistance. . .........cciuennieiienrnronrnnnonnons 10000 10000 10000 ohms
Total Harmonie Distortion., . ......oivniivnrennnnrnnnns 7 10 7 per cent
Maximum-Signal Power Qutput.......... ..o uvenvuennnns 240 250 270 mw
Maximum Circuit Values:
Grid-No.1-Cireuit Resistance:
For fixed-bias operation. .. ... ...ttt i, 2.2 max megohms
For cathode-bias operation. . ........ ... .. .. ... iiiiiiin R 2.2 max megohms
AVERAGE CHARACTERISTICS
Taveeava T T T T T
Ef=1.4 VOLTS DC GRID-N22 VOLTS =90
- PARALLEL FILAMENT ARRANGEMENT
"
w
a E¢1=0
] 20 —
2 >
3 -1.5
- o1
=15 ‘. ]
IR /
-3.0
% \ -3¢
A p——
5 =-4.5
2 10 / __CLRJ—D:NQ' voLTS Eci
S [
o~
° AL -6.0
3 N I
2 3T
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F = =445 -90
=
] 105
1 )
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H 4

SHARP-CUTOFF PENTODE

H G2
4 AU6 Miniature type used as rf ampli- 9‘ (®
fier in television receivers employing ‘
series-connected heater strings.Outline c3 K
11, OUTLINES SECTION. Heater " (1)
volts (ac/de), 4.2; amperes, 0.45; Sl
warm-up time (average), 11 seconds. Peak heater-cathode volts: heater negative
with respect to cathode, 200 max; heater positive with respect to cathode, 200 max
(the de component must not exceed 100 voits). Except for heater and heater-cath-
ode ratings, this type is identical with miniature type 6AUS.

SHARP-CUTOFF PENTODE

Miniature type used in compact

4BC5 radio equipment as an rf or if amplifier

at frequencies up to 400 megacycles

per second. Outline 11, OUTLINES

SECTION. Heater volts (ac/dc), 4.2;

amperes, 0.45; warm-up time (average), 11 seconds. Peak heater-cathode volts:

heater negative with respect to cathode, 200 max; heater positive with respect to

cathode, 200 max (the dc component must not exceed 100 volts). Except for heater
and heater-cathode rating, this type is identical with miniature type 6BC5.

MEDIUM-MU TWIN TRIODE "

Miniature type used in direct- *72(3
4BC8 coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners employ- ord
ing series-connected heater strings.
Qutline 12, OUTLINES SECTION. P12
Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with minjature type 6BCS8.

BEAM TUBE

Miniature type used as combined

4BN6 limiter, discriminator, and audio-volt-

age amplifier in intercarrier television

and FM receivers employing series-

connected heater strings. Outline 13,

QUTLINES SECTION. Heater volts (ac/de), 4.2; amperes, 0.45; warm-up time

{average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is

positive with respect to the cathode, the dc component of the heater-cathode voltage

must not exceed 100 volts. Except for heater and heater-cathode ratings, this type
is identical with miniature type 6BN6.

MEDIUM-MU TWIN TRIODE 2
Miniature type used in direct- "72(5) °TI

4BQ 7_ A coupled cathode-drive rf amplifier cir-

cuits of vhf television tuners employ- . {

ing series-connected heater strings.

Qutline 12, OUTLINES SECTION.

Heater volts (ac/de), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BQ7-A.
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 4B58
cuits of vhf television tuners employ-
ing series-connected heater strings.
Outline 12, OUTLINES SECTION.
Heater volts (ac,/dc), 4.5; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BSS.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
sync separator, sync clipper, and age
amplifier tube in television receivers 4BU 8
employing series-connected heater
strings. Outline 14, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.2; amperes, 0.45; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BUS.

H ~P
OO SEMIREMOTE-CUTOFF PENTODE

W) O Miniature type used in gain-con-
\ ‘ trolled video if stages of television re- 4826
LRI c3 ceivers employing series-connected
0, 15 heater strings. Outline 11, OUTLINES
) SECTION. Heater volts (ac/de), 4.2;
amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating, this
type is identical with miniature type 6BZ6.
H

MEDIUM-MU TWIN TRIODE

Miniature type used in direct- 4BZ7

coupled cathode-drive rf amplifier cir-

cuits of vhf television tuners employ-

ing series-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BZ7.

SHARP-CUTOFF PENTODE

Miniature type used as if and as
rf amplifier in television rececivers em- 4CB6
ploying series-connected heater strings.
Outline 11, OUTLINES SECTION.

o _ Heater volts (ac/de), 4.2; amperes,

0.45; warm-up time (average), 11 seconds. Peak heater-cathode volts: heater nega-
tive with respect to cathode, 300 max (the dec component must not exceed 200
volts); heater positive with respect to cathode, 200 max ( the de component must
not exceed 100 volts). Except for heater and heater-cathode ratings, this type is
identical with miniature type 6CB6-A.

PENTAGRID AMPLIFIER

Miniature type used as a gated
amplifier in television receivers. In 4C56
such service, it may be used as a com-
bined sync separator and sync clipper.
Outline 11, OUTLINES SECTION.
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Heater volts (ac/de), 4.2; amperes, 0.45; warm-up time (average), 11 seconds. Ex-
cept for heater rating, this type is identical with miniature type 6CS6.

SHARP-CUTOFF PENTODE '@ P
Miniature type used in the gain- +G) (0)c2
4DE6 controlled pictureif stages of television \ ‘
receivers utilizing an intermediate fre- RN | D,
quency in the order of 40 megacycles 0 15
per second. Also used as an rf amplifier o

in vhf television tuners. Outline 11, OUTLINES SECTION. Heater volts (ac/dc),
4.2; amperes, 0.45; warm-up time (average), 11 seconds. Except for heater rating,
this tube is identical with miniature type 6DES.

SHARP-CUTOFF PENTODE

Miniature type used as FM de-

4DT 6 tectorin television receivers employing

series-connected heater strings. Outline

11, OUTLINES SECTION. Heater

volts (ac/de), 4.2; amperes, 0.45;

warm-up time (average),11 seconds. Except for heater rating, this tvpe is identical
with miniature type 6DT8.

Nad
SHARP-CUTOFF PENTODE (OO
Miniature type used in the gain- HG) (Dea
4EW6 controlled picture-if stages of vhif tele- k ‘
vision receivers operating at an inter- LXIIN 53
mediate frequency in the order of 40 (3 s
megacycles per second. Outline 11, Gi

OUTLINES SECTION. Heater volts (ac/dc), 4.2; amperes, 0.6; warm-up time
(average), 11 seconds. Except for heater rating, this type is identical with minia-
ture type 6EWS6,
DIODE—SHARP-CUTOFF
PENTODE

5 A M 8 Miniature type used in diversified

applications in television receivers em-

ploying series-connected heaterstrings.

The pentode unit is used as an ampli-

fier and the high-perveance diode as a
detector or de restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/de),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating,
this type is identical with miniature type 6AMS8-A.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide

5AN 8 variety of applications in television re-

ceivers employing series-connected

heater strings, The pentode unit is used

as an amplifier and the triode unit is

used in oscillator or syne circuits. Qutline 12, OUTLINES SECTION. Heater volts

(ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
rating, this type is identical with miniature type 6ANS.
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BEAM POWER TUBE

Miniature type used as audio am-
plifier in television receivers employing SAQ 5
series-connected heater strings. Out-
line 13, OUTLINES SECTION.
' Heater volts (ac/dce), 4.7; amperes, 0.6;
warm-up time (average), 11 seconds. Except for heater rating, this type is
identical with miniature type 6AQ5-A.

FULL-WAVE VACUUM RECTIFIER

Glass octal types used in power
supply of television receivers having 5A54
high de requirements. Outlines 48 and
38, respectively, OUTLINES SEC- 5AS4'A
TION. Type 5A84-A may be supplied
with pins 3, 5, and 7 omitted. Tubes
require octal socket. Vertical mounting is preferred, but horizontal mounting is
permissible if pins 1 and 4 are in vertical plane. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. Heater volts (ac),
5.0; amperes, 3.0. For maximum ratings, typical operation, and curves, refer to type
5U4-GB. Type 5A84 is a DISCONTINUED type listed for reference only.

DIODE—SHARP-CUTOFF
PENTODE

Miniature type used in diversified
applications in television receivers em- 5A58
ploying series-connected heater strings.

The pentode unit is used as an ampli-

fier and the high-perveance diode as a

detector or de restorer. Outline 12, OUTLINES SECTION. Heater volts (ac/dc),
4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating,
this type is identical with miniature type 6ASS.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
oscillator and mixer tube in television 5AT8
receivers employing series-connected

heater strings. Outline 12, OUTLINES

SECTION. Heater volts (ac/de), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this
tvpe is identical with miniature type 6AT8-A.

MEDIUM-MU TRIODE-—
SHARP-CUTOFF PENTODE
S Miniature type used in a wide
variety of applications in television re- 5 AV8
ceivers employing series-connected
heater strings. Outline 12, OUTLINES

SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.
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HEATER VOLTAGE (AC/DC) ...\ ttittinetineneernnneennnnrenneranneens 4.7 volts
HEATER CURRENT 0.6 ampere
HEeATER WARM-UP TIME (Average) .. 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:

GridtoPlate .............. . 1.5 I

Grid to Cathode and Heater. . . . 2.0 puf

Plate to Cathodeand Heater .............. ... ..cc.ovivivnnnnn . 0.34 unf
Pentode Unit:

Grid No.ltoPlate ........ .. ... ... .. . iiiiiiiiiiiiinnna .. 0.04 max puf

Grid No.1toCathode, Heater, Grid No.2, Grid No.3,and Internal Shield. . 7 upf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 3.0 puf
Triode Grid to Pentode Plate. ...... ... ... ... . ... ..0.iiieriiiinnnn 0.005 puf
Pentode Grid No.1 to Triode Plate. . ..........coiiiirninnniennnnonn 0.006 upf
Pentode Plate to Triode Plate ... ... ... ... .. ... ...ccv iiiviinnnn. .. 0.045 puf

CLASS A, AMPLIFIER

Maximum Ratings: Triode Unit  Pentode Unit
PLATEVOLTAGE . ... ... i 300 max 300 max volts
GRrip No0.2 SUPPLY VOLTAGE - 300 max volts
GRID -NO. 2 (SCREEN-GRID) VOLTAGE ., ........... ... ..... - See curve page 66
GRID-NC©.1 (CONTROL-GRID) VOUTAGE, Positive bias value . ... 0 mazx 0 max volts
PLATE DISSIPATION ... ... i 2.5 max 2 max watts
GRID-NoO.2 INPUT:

For grid-No.2 voltages up to 150 volts . ............... - 0.5 maxr watt

For grid-No.2 voltages between 150 and 300 volts ...... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode . .............. 200 maxr 200 max volts

Heater positive with respect to cathode ............... 200°max 200°mazx volts
Characteristics:
Plate Supply Voltage ........ ... ... ccoiiiiiiinniinninens 200 200 volts
Grid-No.2 Supply Voltage .. - 150 volts
Grid-No.1 Voltage . ... ... .. .. . i, ~6 - volts
Cathode-Bias Resistor - 180 ohms
Amplification Factor . ......... ........ 19 - ohms
Plate Resistance (Approx.) . 5750 300000 ohms
Transconductance. . ........... .. . 3300 6200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa ...... -19 -8 volts
Plate Current . 13 9.5 ma
Grid-No.2 Current - 2.8 ma
Grid-No.1-Circuit Resistance:*

For fixed-bias operation.............................. 0.5 max 0.25 mar megohm

For cathode-bias operation .......................... 1.0 max 1.0 max megohm

® The de component must not exceed 100 volts.
* If either unit is operating at maximum rated conditions, grid-No.1-circuit resistance for both units
should not exceed the stated values.

FULL-WAVE VACUUM RECTIFIER

Lock-in type used in power supply of radio
5AZ4 equipment having moderate dc requirements.
Outline 20, OUTLINES SECTION. Tube re-
quires lock-in socket. Filament volts (ac), 5.0;
amperes, 2.0. Maximum ratings as full-wave
rectifier: peak inverse plate volts, 1400 maxr;
peak plate ma. (per plate), 375 max; de output
ma., 125 mazx. This type is used principally for
renewal purposes.

Typical Operation:
Filter Input Capacitor Chole

AC Plate-to-Plate Supply Voltage (rms) 700 1000 volts
Fiiter-Input Capacitor. ........... ... ... .. .. iun.. e 4 - uf
Total Effective Plate-Supply Impedance Per Platet ......... 50 - ohms
Fiiter-Input Choke. . ... ... ... ... .t iiiiiineen., - 5 henries
DC Output Current . ... . ... ... ittt et 125 125 ma
DC Output Voltage at Input to Filter (Approx.):

At half-load current (62.5 ma.) ..evvniviiiiiiiinan.. 392.5 405 volts

At full-load current (125 ma.) ..... 340 382 volts

Voltage Regulation (Approx.):
Half-load to full-load current ............ . ..cvovvn.. 52.5 23 volts

T When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value.
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
vhf oscillator and mixer in television SB 8
receivers employing series-connected
heater strings. Outline 12, OUTLINES
SECTION. Tube requires miniature
nine-contact socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC) - o ittt ettt it e e et e a it et e 4.7 volts

HEATER CURRENT . . ... ittt ia ettt ettt 0.6 ampere

HEATER WARM-UP TIME (AVErage) . ... ..t in et iiiiannnn 11 seconds
X . Triode Penlode

Maximum Ratings: Unit Unit

PLATE VOLTAGE. . ... ... . .. it 300 mazx 300 max volts

GRrID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. .. - 300 mazx volts

GRID-NO.2 VOLTAGE - See curve page 66

GrID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. .. .. 0 max 0 max volts
PLATE DISSIPATION . . . ... .. ... .. it 2.5 max 2 max watts
GrID No.2 INPUT:
For grid-No.2 voltagesup to 150 volts. . . ................ - 0.5 mazx watt
For grid-No.2 voltages between 150 and 300 volts. .. ... ... - See curve page 66

Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode, . . 200 max 200 mazx volts
Heater positive with respect to cathode. . ............... 200"max 200%mazx volts

CLASS A; AMPLIFIER

. Triode Pentode

Characteristics: Unit Unit
Plate Supply Voltage. . ... ... ... . i 200 200 volts
Grid-No.2 Supply Voltage. . . ... i, - 150 volts
Grid Voltage. . ... ... .. .... e e e e -6 - volts
Cathode-Bias Resistor. . .......... ... ... ... .. 0 it - 180 ohms
Amplification Factor. ., ... ... . S 19 -
Plate Resistance (Approx.)............... 5750 300000 ohms
Transconductance. . .................... 3300 6200 umhos
Plate Current.. . .. .. 13 9.5 ma
Grid-No.2 Current N - 2.8 ma
Grid-No.1 Volitage (Approx.) for plate current of 10 ua -19 -8 volts
Maximum Circvit Values:
Grid-No.1-Circuit Resistance*:

For fixed-bias operation. . ...... ... ... ... oo i 0.5 mazx 0.25 max megohm

For cathode-biasoperation. . ............................ 1.0 mazx 1.0 mar megohm

® The dc component must not exceed 100 volts.
* If either unit is operated at maximum rated conditions, grid-No.1-circuit resistance for both units
should not exceed the stated values. -

al MEDIUM-MU TRIODE—
2 SHARP-CUTOFF PENTODE
°3P"s \0 ? Miniature type used as a com- SBE8
0 bined vhf oscillator and mixer tube
“» in television receivers employing a
) series-connected heater string. Qutline
A 12, OUTLINES SECTION. Tube re-
quires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) 4.7 volts

HEATER CURRENT. . . ......000urnnnnns 0.6 ampere

HEATER WARM-UP TIME (Average) 11 seconds
. . Pentode

Maximum Ratings: Unit Unit

PLATE VOLTAGE . ...ttt int it irneineneonnarannnne 300 max 300 max volts

GRID-N 0.2 (SCREEN-GRID} SUPPLY VOLTAGE . . - 300 mazx volts

GRID-NO.2 VOLTAGE. . . ... ittt et aiatnnaannanenss See curve page 66

GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value . ... 0 mazx 0 max voits
PLATE DISSIPATION ... . ... .. ttirtan it neeninnann 2.5 mazx 2.8 maz watts
Grip-No.2 INPUT:

For grid-No.2 voltages up to 150 volts........... N - 0.5 mazx watt

For grid-No.2 voltages between 150 and 300 volts - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode .. ............. 200 max 200 max volts

Heater positive with respect to cathode. . .............. 200% max 200® max volts
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Characteristics:

Plate Supply Voltage. . ... ... .. it 150 250 volts
Grid-No.2 Supply Voltage - 110 volts
Cathode-Bias Resistor. . ................. 56 68 ohms
Amplification Factor . ... ...... ... ... . ittt 40 -
Plate Resistance (APProxX.) ..........iiiiininranienernnnn 0.005 0.4 megohm
Transconductance. ... ... ... ... iiitinnn i 8500 5200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua . -12 -10 volts
Plate Current ....... ... ... .. .. .. i . 18 10 ma
Lo - 3.5 ma
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. .. .......... ... ... .. ... ..., 0.5 mazx 0.25 maxr megohm
For cathode-bias operation. . . ... ... ... ... ... 0oL, 1 max 1 max megohm

® The dc component must not exceed 100 volts.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct- "2 GY/

5 BK7 -A coupled cathode-drive rf amplifier cir- {M

cuits of vhf television tuners utilizing ., \‘

series-connected heater strings. Out-

line 12, OUTLINES SECTION. Prz

Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater rating, this type is identical with miniature type 6 BK7-B.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-

SBQ7_ A coupled cathode-drive rf amplifier eir-

cuits of vhf television tuners employ-

ing series-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 5.6; amperes, 0.45; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BQ7-A.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

SBR8 Miniature type used in a wide K

variety of applications in color and

black-and-white television receivers

employing series-connected heater

strings. OQutline 12, OUTLINES SEC-

TION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6BR8-A.

TWIN DIODE—
SHARP-CUTOFF PENTODE

58"'8 Miniature type used in a variety

of applications in television receivers

employing series-connected heater

strings. The pentode unit is used as an

if amplifier, video amplifier, age ampli-

fier, or reactance tube. The diode unit is used in automatic-frequency-control and

detector circuits. Outline 12, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .. vt tstt e viiinnanieenanseroisnnnannansnes 4.7 volts
HEATER CURRENT. . oo ottt i tttiieateuanseannnsnssassesesonnnannns 0.6 ampere
WARM-UP TIME (AVErage) .. . ... ... ittt tininnesnnienneannanns 11 seconds
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Maximum Ratings: PENTODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE. . .. .\ . ittt ettt i st et aanssaaneanns 300 mazx volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . ..\ ottt eerseennnnnnnnns 300 mazx volts
GRID-NO.2 VOLTAGE . . . . . . ittt ittt iiir e s stnennaannns ... .See curve page 66
GRID-NO.1 (CONTROL~GRID) VOLTAGE, Positive bias value. ................. 0 max volts
GRiD-No0.2 INPUT:

For grid-No.2 voltages up to 150 VOlts. .............c¢c.uuesrnennnnn.. 0.5 mazx watt

For grid-No.2 voltages between 150 and 300 VOItS. ... .....cvovrreerarencann. See curve page 66
PLATE DISSIPATION . . ... .. ittt eaneeratesiiarsannnennnnn 2 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. ........ ..., covevnnrnn. 200 mazx volts

Heater positive with respect tocathode. . ............ . .ivviernnnnnnn 200®mazx volts
Characteristics:
Plate Supply Voltage. ... ... .. ciiiiiiiiiiiinnnene, 200 volts
Grid-No.2 Supply Voltage. . ... ... .. oiuteeririiiiinnnnnninn N 150 volts
Cathode-Bias Resistor. .. . ..., .. it iiiiinennnnnnnn. . 180 ohms
Plate Resistance (ADPDProX.) . ... ... .ueiirrerinteririvnnrrennssonnennnns 0.3 megohm
Transconductance. ... ... ... ...ttt it e e 6200 wumhos
Plate Current. . .. ... .. . . e 9.5 ma
Grid-No.2 Current. . ... ... e 2.8 ma
Grid-No.1 Voltage (Approx.) for plate current of 16 pa. ... ...vvveeennn... -8 volts
Maximum Circuvit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . . .. 0.25 max megohm
For cathode-bias operation 1.0 max megohm

Maximum Ratings:
PLateE CURRENT (Bach Unit). ... ... ... oo v, 1 maz ma
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ... ....................... . 200 max volts

Heater positive with respect to cathode. ......................... .... 200%nax volts
® The de¢ component must not exceed 100 volts.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
Miniature type used as combined 5 C Ga

cap Oscillator and mixer tube in television
K receivers employing series-connected
heater strings. Outline 12, OUTLINES
SECTION. Heater volts (ac/dc), 4.7;

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater rating, this

type is identical with miniature type 6CGS8-A.

H MEDIUM-MU TRIODE—

K (FF2TR - .
T(3) Miniature types used as combined

pr(2) (*' o receivers employing series-connected
% heater strings. Outline 12, OUTLINES
o1 ™  SECTION. Heater volts (ac/dc), 4.7;

SHARP-CUTOFF TETRODE 5CL8

vhf oscillator and mixer in television 5CL8_ A

amperes, 0.6; warm-up time (average), 11 seconds. Except for heater ratings, types
5CL8 and 5CL8-A are identical with miniature types 6CL8 and 6CLS8-A, respec-

tively. Type 5CL8 is a DISCONTINUED type listed for reference only.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

receivers employing series-connected
heater strings. The pentode unit is used
asanintermediate-frequency amplifier,
a video amplifier, an age amplifier, or as
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a reactance tube. The triode unit is used in sweep-oscillator, sync-separator, synec-
clipper, and phase-splitter circuits. Outline 12, OUTLINES SECTION. Heater
volts (ac/dc), 4.7; amperes, 0.6. Except for heater rating, this type is identical
with miniature type 6CMS8. :

MEDIUM-MU TRIODE—
SHARP-CUTOFF TETRODE

5CQ8 Miniature type used in a wide

variety of applications in color and

black-and-white television receivers

employing series-connected heater

strings. The tetrode unit is used as a

mixer or amplifier and the triode unit is used in oscillator and rf amplifier circuits.

Outline 12, OUTLINES SECTION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-

up time (average), 11 seconds. Except for heater rating, this type is identical with
miniature type 6CQ8.

BEAM POWER TUBE

Miniature type used as vertical
SCZS deflection amplifier and as audio out-

put tube in television and radio receiv-

ers employing series-connected heater

strings. Outline 18, OUTLINES SEC-
TION. Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds.
Except for heater rating, this type is identical with miniature type 6CZ5.

MEDIUM-MU TWIN TRIODE

Miniature type used as combined

5 J 6 rf power amplifier and oscillatorin tele-

vision receivers employing series-con-

nected heaterstrings. OQutline 11, OUT-

LINES SECTION. Heater volts

(ac,/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except for heater
rating, this type is identical with miniature type 6J6.

FULL-WAVE VACUUM RECTIFIER

®
Metal type used in power supply of radio
equipment having large de requirements. Out- [
line 7, OUTLINES SECTION. Tube requires )
octal socket. Vertical tube mounting is pre-
5 T4 ferred but horizontal mounting is permissible if
pins 2 and 4 are in vertical pla_ne. Fllaxr?ent e‘
volts {ac), 5.0; amperes, 2.0. Maximum ratings
as full-wave rectifier: peak inverse plate volts, o e
1550 max; peak plate ma. (per plate), 675 mazx; S F
de output ma., 225 max. This type is used prin-
cipally for renewal purposes.
Typical Operation:
Filter Input Capacitor Choke
AC Plate-to-Plate Supply Voltage (rms) .................va. 900 1100 volts
Filter-Input Capacitor. . ... .....iiiiuiiiiiieiiiiiennesras 4 - uf
Total Effective Plate-Supply Impedance Per Platet ...... Ceveaa 150 - ohms
Filter-Input Choke. . ... .ovtiieiieinererniosneeitnansronns - 10 henries
DCOutput Current. .. ...ttt it ittt 225 225 ma
DC Output Voltage at Input to Filter (Approx.):
At half-load current (112.5 ma.) . ... .ottt iennnnanns 539 465 volts
At full-load current (22bma.) ....... .. .ot 480 450 volts
Voltage Regulation (Approx.):
Half-load to fulldoad current. . ... ... ... ... iiiiiennnn 59 15 volts

+ When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown in order to limit the peak plate current to the rated value
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TRIPLE DIODE—-HIGH-MU TRIODE

Miniature type used as combined
AM detector, FM detector, and af 5"‘8
voltage amplifier in radio and tele-
vision receivers employing series-con-
Pp3 nected heater strings. Outline 12,
OUTLINES SECTION. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time
(average), 11 seconds. Peak heater-cathode volts, 200 max. When the heater is
positive with respect to the cathode, the de component of the heater-cathode voltage
must not exceed 100 volts. Except for heater and heater-cathode ratings, this type
is identical with miniature type 6T8-A.

Ppa NC
FULL-WAVE VACUUM RECTIFIER

NC Py
2 (& Glass octal types used in power 5 U4'G
suppliers of radio and television receiv-

N0, ‘ NC¢  ershaving highdecrequirements. 5U4-G
ORIO; Outline 50, 5U4-GB Outline 44, OUT- 5U4 GB
N F LINES SECTION. Tubes require
octal socket. Either type may be supplied with pins 3, 5, and 7 omitted. Vertical
mounting is preferred but horizontal mounting is permissible if pins 1 and 4 are in
vertical plane. The coated filament is designed to operate from the ac line through
a step-down transformer. The voltage at the filament terminals should be 5.0 volts
at an average line voltage of 117 volts. It is especially important that these tubes,
like other power-handling tubes, be adequately ventilated. For discussion of Rat-
ing Chart and Operation Characteristics, refer to INTERPRETATION OF TUBE
DATA. Maximum ratings for type 5U4-G as full-wave rectifier: peak inverse plate
volts, 1550 mazx; peak plate amperes per plate, 0.8 mazx (transient, 4.0 maz). Type
5U4-G is used principally for renewal purposes.

FILAMENT VOLTAGE (AC). ..ot iviininnvrnernesnrnnsnsnnersnsees oo B0 volts
FILAMENT CURRENT. . .. oottt cntanrannernnesnnssenncssnsasnssnsnss 3.0 amperes
Maximum Ratings: FULL-WAVE RECTIFIER 5U4-GB
PEAK INVERSE PLATE VOLTAGE. ...... ittt eea veerarees 1550 maz volts
PEAK PLATE CURRENT (Per Plate). ...... oo i ittt 1.0 max ampere
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) .................. #
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) . .. ..........coivininnnnn See Rating Chart
DC OutpPUT CURRENT (Per Plate) .......... ... .ottt See Rating Chart
Typical Operation of 5U4-GB with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)............ 600 900 1100 volts
Filter-Input Capacitor®*. . . ..... ... ... .0 iiuienen. 40 490 40 uf
Total Effective Plate-Supply Impedance per Plate. ... 21 67 97 ohms
DC Output Voltage at Input to Filter (Approx.):
1I50ma........o00une 335 - - volts
At half-load current of 137.5ma.....ooinennnn - 520 - volts
8lma.............. - - 680 volts
300ma............ .. 290 - - volts
At full-load current of 275 ma.............. - 460 - volts
162ma.............. - - 630 volts
Voltage Regulation (Approx.):
Half-load to full-load current................... 45 60 50 volts
Typical Operation of 5U4-GB with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms).............0.ovvnn 900 1100 volts
Filter-Input Choke. ... ... .. .. .. ittt iiiiiiiiiinaans 10 10 henries
DC Output Voltage at Input to Filter (Approx.): 355 It
174ma............ 5 - volts
At half-load current of { jgn'g mar " Tl - 455 vons
348 ma......... ... . 4 - volts
At fullload eurrent of { G7E[R--cc L= 440 volts

Voltage Regulation (Approx.):
Half-load to full-foad current. .. .....coivieiienicnanonens 15 15 volts
#If hot switching is regularly required in operation, the use of choke-input circuits is recommended.
Such circuits limit the hot-switching current to a value no higher than that of the peak plate current.
When capacitor-input circuits are used, a maximum peak current value per plate of 4.6 amperes during
the initial cycles of the hot-switching transient should not be exceeded.
*Higher values of capacitance than indicated may be used, but the effective plate-supply impedance
may have to be increased to prevent exceeding the maximum rating for peak plate current.
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DC OUTPUT VOLTS AT INFUT TO FILTER

RCA Receiving Tube Manunal =————=

RATING CHART
T |
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TI7] CAPACITOR OR CHOKE INPUT
Y77} CHOKE INPUT ONLY

201

MAX. OPERATING VALUE
A Wir, MAX /
el GRaY ik

35
o

=

< Ton'NG % %
i’ISO : 28 /NPI“}LUES ‘fa\
« 137.5 T 1
c fo e = s
a S A<
0l25 i\r‘/ 3
W

4 > 3
F M
Jwo E
I pel

3 8l “
275

o

2

a

5 50 -

o

o)

o

o s,

48

o 100 400

AT PLATE SUPFLY vOLTS (RMS) PER PLATE
92CM -84 50T

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
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Technical Data

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

15 Miniature type used as combined

oscillator and mixer tube in AM/FM
KT receivers and television receivers em-
ploying series-connected heater strings.
Outline 12, OUTLINES SECTION.

PT GT

5U8

Heater volts (ac/de), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Except
for heater rating, this type is identical with miniature type 6U8-A.

) FULL-WAVE VACUUM RECTIFIER

G Glass octal type used as power

supply in color television receivers and
@ other equipment having high dc re-
quirements. Outline 44, OUTLINES
SECTION. Tuberequires octal socket.

5V3

Vertical mounting is preferred, but horizontal mounting is permissible if pins 2
and 4 are in vertical plane. It is especially important that this tube, like other
power-handling tubes, be adequately ventilated. For discussion of Rating Chart,

refer to INTERPRETATION OF TUBE DATA,

FILAMENT VOLTAGE (AC) ... i tttiitiinoniieneet e ineneietaaassnans
FILAMENT CURRENT ... .0.tiiiiniianniiienaneanenacnenononanes P

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE ... . o.itiihniiiiiiii i iiiiiiienennns
PEAK PLATE CURRENT (PerPlate) . ......... ... i
HoT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) ................
AC PLATE-SUPPLY VOLTAGE (Per Plate,rms) .......... ... ... .. it
DC QurrPUT CURRENT (Per Plate) .. ...oo ittt i i

Typical Operation:

Filter Input Capactitor Choke
AC Plate-to-Plate Supply Voltage (rms)........... 600 850
Filter-Input Capacitor ....... ... iiiiienan 40 40
Effective Plate Supply Impedance per Plate ....... 24 56
Minimum Filter-Input Choke ................... - -
DCOutput Current ... ........c.oviiiiiiiinnnns 380 350
DC Output Voltage at Input to Filter (Approx.) ... 285 430
RATING CHART
TYPE 5V3 | E¢=5.0 VOLTS AC
& S I
2 250 T T Ll T
1 MAXIMUM OPERATING VALUES
P} &
w 200 %
& 3
ul 0
a | x
X 15 B
< ] z
d lnel Ne
: 100 i [ ,:'-. 3
2 ! (-
5 sol— —35
3 m
I rd
g 5]5 4%5
o 100 200 300 400 500 600 700 800

AC PLATE SUPPLY VOLTS (RMS)PER PLATE (WITHOUT LOAD)}
92CS -10231T!
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0 volts
.8 amperes

1400 mox
1.2 maxr amperes
5.5 mar amperes

See Rating Chart
See Rating Chart

volts

1000 volts
-~ uf
- ohms
10 henries

350 ma
385 volts
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FULL-WAVE VACUUM RECTIFIER

5 V4-G Glass octal types used in full-wave

power supplies having high dc require-
5V4-GA ments. Outlines 42 and 31, respec-
tively, OUTLINES SECTION. Tubes
require octal socket and may be

mounted in any position. The heater is designed to operate from the ac line through
a step-down transformer. The voltage at the heater terminals should be 5.0 volts
under operating conditions at an average line voltage of 117 volts. It is especially
important that these tubes, like other power-handling tubes, be adequately ven-

tilated. Type 5V4-G is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) . ittt i ittt ite it it e it ci et sianennes
HEATER CURRENT. . ottt tveitt v iinee i inseninerannasnnnoeansoans

Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. . . .. ... ittt itiiiinianenneanaaenannans
AC PLATE-SUPPLY VOLTAGE (Per Plate, rms):
With eapacitor-input filter. . ... ... .. . i i i i i e e
With choke-input filter. . ... ... .. ittt i i
PeAK PLATE CURRENT (Per Plate) .. ... oo
DC OUTPUT CURRENT. & . ot cv it tannennsssnnenssaenanonuensonenanuns
Typical Operation:

Filter Input Capacitor
AC Plate-to-Plate Supply Voltage(rms}. . ... ... ..ovvvnt 750
Filter-Input Capacitor®. . ... .. ... . .. i 10
Total Effective Plate-Supply Impedance per Plate . . ......... 100
Filter-Input Choke. . ... ... ... . ... ... . . e -

DC Output Voltage at Input to Filter (Approx.) for de output

current of 1T5ma. ... .. . e 4110

1400 mazx

375 max
500 max
525 mazx
175 max

Choke
1000

4
410

volts
ampere

volts

volts
volts

ma

volts
uf
ohms
henries

volts

#Higher values of capacitance than indicated may be used, but the elfective plate-supply impedance

may have to be increased to prevent exceeding the maximum rating for peak plate current.

OPERATION CHARACTERISTICS
FULL-WAVE RECTIFIER CIRCUIT

TYPE 5V4-GA \
E£=50 VOLTS
SUPPLY FREQUENCY= 60 CPS
~ == CHOKE(L)INPUT 7O FILTER? B
L=4 HENRIES (MIN.)
CAPACITOR (C)INPUT TO FILTER: |
"""" TOT.EFFECT. PLATE- SUPPLY
« ! IMREDANCE PER PLATE=
w | 100 OHMS
75
J Yo, |
= 500 LT i
o 5 s PE, !
2 oo TR puare
= 30 N 0 s
S 400 =50 Tl
‘E‘ 490 T gl
= = -a--}_:.....:___s
<300 > ]
" 300_|_- 9
2 -
5 =t
o
> 200
-
2
a
5
3 100
o
f=}
[
° 50 100 150 200

OC LOAD MILLIAMPERES
92CM-6090T2

BEAM POWER TUBE
Glass octal type used as output
amplifier in television receivers em-
5 V6-GT ploying series-connected heaterstrings.
Outline 22, OUTLINES SECTION.
This type may be supplied with pin

No.1 omitted. Heater volts (ac/de), 4.7; amperes, 0.6; warm-up tlme (average), 11
seconds. Except for heater rating, this type is identical w1th glass octal type 6V6-GT.
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Poz FULL-WAVE VACUUM RECTIFIER
° £ Metal type 5W4 and glass-octal type 5W4-
! GT are used in power supply of radio equipment
having low de requirements. Outlines 6 and 25, 5W4
respectively, OUTLINES SECTION. Both
types require octal socket. Filament volts (ac),
r 5.0; amperes, 1.5. Maximum ratings: peak in- 5W4-GT
e verse plate volts, 1400 max; peak plate ma., 300
S:5W4 F maz; de output ma., 100 max. These are DIS-
NC:5W4-CT CONTINUED types listed for reference only.
NC PD
' FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power supply of
radio equipment having large de requirements.

Outline 50, OUTLINES SECTION. Filament 5X4_G

volts, 5.0; amperes, 3.0. Tube requires octal
socket. Maximum ratings as full-wave rectifier:
peak inverse plate volts, 1550 max; peak plate
amperes per plate, 675 max. Type 5X4-G is used
principally for renewal purposes.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used as combined
oscillator and mixer in AM/FM re- 5X8
ceivers and television receivers em-

ploying series-connected heater strings.

Outline 12, OUTLINES SECTION.

Heater volts (ac/dc), 4.7; amperes, 0.6; warm-up time (average), 11 seconds. Ex~
cept for heater rating, this type is identical with miniature type 6X8.

FDp

FULL-WAVE VACUUM RECTIFIER

Dlild Glass octal types used in power 5Y3-G
- supply of radio equipment having mod-
Fi2 erate dc¢ requirements. Type 5Y3-G, -

% < Qutline 42; type 5Y3-GT, Outline 25, 5Y3 GT

NG F OUTLINESSECTION.Tubesrequire
octal socket. Vertical tube mounting is preferred, but horizontal mounting is per-
missible if pins 2 and 8 are in horizontal plane. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. For discussion
of Rating Chart and Operation Characteristics, refer to INTERPRETATION OF
TUBE DATA. Maximum ratings for type 5Y3-G as full-wave rectifier: peak in-
verse plate volts, 1400 max; peak plate ma. per plate, 375 max. Type 5Y3-G is a
DISCONTINUED type listed for reference only.

FILAMENT VOLTAGIS {AC) . v vttt een et vanteneionsieroionacaananensosnnss 5.0 volts
FILAMENT CURRENT. oo oot vnrrneraanoeeronncees tooansronas [ 2.0 amperes

Maximum Ratings:

5Y3-GT

PEAK INVERSE PLATE VOLTAGE. « o vt vtet i rarnaeraranonanenan 1400 max volts

PeAK PLATE CURRENT (PerPlate) . . ... ... o i i 440 max ma

HoOT-SWITCHING TRANSIENT PLATE CURRENT (Per Plate) ....... 2.5 mazx amperes

AC PLATE SUPPLY VOIL.TAGE (Per Plate, rms) . See Rating Chart

DC OuTPUT CURRENT (PerPlate) . .. ..o it See Rating Chart
Typica!l Operation of 5Y3-GT with Capacitor Input to Filter:

AC Plate-to-Plate Supply Voltage (rms) ......... 700 1000 volts

Filter Input Capacitor®*. .. ............ .. 20 10 uf

Effective Plate-Supply Impedance per Plat: 50 140 ohms

DC Output Voltage at Input to Filter (Approx.):

At half-load current of { 62.5 390 7, volts

- 610 volts

At fuil-load t of 360 - volts

oad current o o 560 volts

Voltage Regulation (Approx.):
Half-load to full-load current.............. . 40 50 volts
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RATING CHART

LN T T
TYPE 5Y3-GT r:, =5.0 VLTS AG
2724 CAPACITOR OR CHOKE INPUT
%88 CHOKE INPUT ONLY |
MAXIMUM OPERATING VALUES WITH CHOKE 41,

@
Q

3

A
°

DC OUTPUT MILLIAMPERES PER PLATE
n
(=]

o 100 200 300 400 500

AC PLATE SUPPLY YOLTS {RMS) PER PLATE 92CM-7396T1
OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS
FULL ~ WAVE CIRCUIT, CAPACITOR INPUT TO FILTER FULL-WAVE CIRCUIT, CHOKE INPUT TO FILTER
TYPE SY3-GT E¢=50 VOLTS AC TYPE 5Y3-GT E,=50 VOLTS AC
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Typical Operation of 5Y3-GT with Choke Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)......... 700 1000 volts
Filter Input Choke# ... ... ... ... ... .c.uan.. 10 10 henries
DC Output Voltage at Input to I;:lter (Approx.). 270 it
TR o evteeiienenneieeaiaeea - volts
At half-load current of { 62.5 ma . A 405 volts
t futl-l 150 ma .. 245 - volts
A oad current of 125 = 380 volte
. Voltage Regulation (Approx.): Half load ‘to full-load current...... 25 15 volts
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Technical Data

* Higher values of capacitance than indicated may be used but the effective plate supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switehing transient plate
current.

= This value is adequate to maintain optimum regulation in the region to the right of line L=10H on
curve OPERATION CHARACTERISTICS with Choke Input to Filter, provided the load currents
are not less than 35 ma., and 50 ma.,respectively, for Plate-to-Plate supply voltages of 700 and 1000
volts (rms).

NC Poy

FULL-WAVE VACUUM RECTIFIER

Glass octal types used in power
supplies of radio equipment having 5Y4-G
moderate DC requirements. Outlines

42 and 45 respectively, OUTLINES -
SECTION. Tubes require octal socket. 5Y4 GT
Type 5Y4-GT is supplied with pins 4

and 6 missing. Vertical tube mounting is preferred, but horizontal mounting is
permissible: if pins 2 and 7 are in horizontal plane (5Y4-G); if pins 2 and 3 are in
vertical plane (5Y4-GT). It is especially important that these tubes, like other
power handling tubes, be adequately ventilated. For discussion of Rating Chart,
refer to INTERPRETATION OF TUBE DATA. Maximum ratings for type
3Y4-G as full-wave rectifier: peak inverse plate volts, 1400 max; peak plate ma.
per plate, 375 max (transient amperes, 2.2 max). Type 5Y4-G is a DISCONTIN-
UED type listed for reference only.

FILAMENT VOLTAGE (AC) ............ R .. . e 5.0 volts
FILAMENT CURRENT . .ttt ittt e it e te i e e nans 2.0 amperes
Maximum Ratings: 5Y4-GT
PEAK INVERSE PLATE VOLTAGE . ...ttt ittt ieieiaaannanans 1400 mazx volts
Peax PLATE CURRENT (PerPlate) ....... ... ... .. oiiiiiiiviinn., 400 mazx ma
HoOT-SWITCHING TRANSIENT PLATE CURRENT . ... ...coiuvnencnnennnnnn 2.2 mar ampercs
AC PLATE SuprPLY VOLTAGE (Per Plate, rms) . .......... i ivrinnnnn., See Rating Chart
DC Outpur CURRENT (Per Plate) . ... .. i i i i i i See Rating Chart
Typical Operation of 5Y4-GT:
Filter Input Capacitor Chok
A(C Plate-to-Plate Supply Voltage (rms) ................... 700 1000 voltz
Filter-Input Capacitor. . ... ........ ... i iiiiannennn. 10 - uf
Total Effective Plate-Supply Impedance per Plate . 50 - ohms
Filter-Input Choke. . ......................... — 10 henries
DC OQutput Current . . 125 125 ma
DC Output Voltage at Input to Filter (Approx.)
At full-load current (125 ma.) ............ . ... ... 0.e 350 390 volts
RATING CHART
TYPE 5Y4-GT  E£=5.0VOLTS AC
¥ 80
’; MAXIMUM OPERATING VALUES WITH CHokE
& [75] — M‘XIMU,J [ ey,
& 1 \%An ! 7o,
& | e2s NG |, /¢
w —1 i D '—‘\'\4( - ,.“'
g 6o ] 1N »
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FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio
equipment having large de requirements. Out-
line 51, OUTLINES SECTION. Tube requires

523 four-contact socket. Vertical mounting is pre-
ferred but horizontal mounting is permissible if
pinsland4areinhorizontal plane. Filament volts
(ac), 5.0; amperes, 3.0. Maximum ratings as full-
wave rectifier: peak inverse plate volts, 1550
max; peak plate ma. per plate, 675 mar. Type
5273 is used principally for renewal! purposes. Pop

FULL-WAVE VACUUM RECTIFIER > POy
Metal type used in power supply (&
524 of radio equipment having moderate
de requirements. QOutline 6, OUT- 9‘
LINES SECTION. Tube requires ORION
octal socket and may be mounted in s "

any position. Heater volts (ac), 5.0; amperes, 2.0. Maximum ratings: peak inverse
plate volts, 1400 max; peak plate ma. per plate, 375 max. Typical operation as full-
wave rectifier with capacitor-input filter: ac plate-to-plate supply volts (rms), 700;
total effective plate-supply impedance per plate, 50 ohms; de output ma., 125.
Typical operation with choke-input filter: ac plate-to-plate supply volts, 1000;
minimum filter-input choke, 5 henries; dec output ma., 125.
POWER TRIODE (© o)
Gilass type used in output stage of radio re-
6A3 ceivers. Outiine 51, OUTLINES SECTION.
Tube requires four-contact socket. Filament
volts (ac/dc), 6.3; amperes, 1.0. This type is
identical electrically with type 6B4-G. Type 6A3 o‘
is a DISCONTINUED type listed for reference F

only.
POWER PENTODE

Glass type used in output stage of auto-
mobile receivers. Outline 43, OUTLINES SEC-
TION. Tube requires five-contact socket. Fila-
ment volts (ac/dc), 6.3; amperes, 0.3. Typical

6A4 /I.A operation: plate and grid-No. 2 volts, 180 maxr;
grid-No. 1 volts, -12; plate ma., 22; grid-No. 2
ma., 3.9; plate resistance, 45500 ohms approx.;
transconductance, 2200 pmhos; load resistance,
8000 ohms; cathode-bias resistor, 465 ohms;
output watts, 1.4, This is a DISCONTINUED
type listed for reference only.

HIGH-MU TWIN POWER TRIODE

Glass type used in output stage of ac-oper-
ated receivers as a class B power amplifier or
with units in parallel as a class A, amplifier to

6A6 drive a 6A6 as class B amplifier. Qutline 43,
OUTLINES SECTION. Tube requires medium
seven-contact (0.855-inch, pin-cirele diameter)
socket. Filament volts (ac/dc), 6.3; amperes,
0.8. This type is electrically identical with type
6N7. Type 6A6 is a DISCONTINUED type
listed for reference only.

PENTAGRID CONVERTER
Giass types used in superheterodyne cir-
6A7 cuits. Outline 40, OUTLINES SECTION.
These types require the small seven-contact
(0.75-inch, pin-circle diameter) socket. Except
6A7S for intereiectrode capacitances, the 6A7 is iden-
tical electrically with type 6A8. Type 6ATS, now
DISCONTINUED, has the external shield con-
nected to cathode. In general, its electrical char-
acteristics are similar to those of the 6A7, but
the two types are usually not directly interchangeable. Type 6 A 7is used principally for renewal purposes.
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PENTAGRID CONVERTER

Metal type 6A8 and glass octal types 6A8-G 6A8
and 6A8-GT used in superheterodyne circuits.
6A8 Outline 4, 6A8-G Outline 39, 6A8-GT

Outline 23, OUTLINES SECTION. Tubes re- (A 8=

quire octal socket. Heater volts (ac/de), 6.3;

amperes, 0.3. Maximum ratings: plate, grids-

No.3-and-No.5-supply, and grid-No.2-supply 6A8-GT
volts, 300 max; grids-No.3-and-No.5 (screen-

grid) volts, 100 mazx; grid-No.2 (anode-grid)

volts, 200 max; grid-No.4 (control-grid) volts, 0 maz; plate dissipation, 1 max watt; grids-No.3-and-
No.5 input, 0.3 maz watt; grid-No.2 input, 0.75 maxr watt; total cathode ma., 14 max; peak heater-
cathode volts, 90 max. These types are used principally for renewal purposes.

8C: 6AB-GT

Characteristics: CONVERTER

Plate Voltage. . . ... ... .. . i iiiienanenannanas - 100 250 volts
Grids-No. 3-and-No. 5 Voltage . ...........coiiiiinn. 50 100 volts
Grid-No. 2 Voltage. .. ... ...ttt iitennanann 100 — volts
Grid-No. 2 Supply Voltage. . . .....vviiinninrnniennenenns. - 250% volts
Grid-No. 4 Voltage. . ... ... i it iiier it iennaeanenas -1.5 -3 " volts
Grid-No. 1 (Oscillator-Grid) Resistor. ................00uus 50000 50000 ohms
Plate Resistance (ApPProX.) .. ..ccuverrerneoennsoennraonnnns 0.6 0.36 megohm
Conversion Transconductance. . . ..ovvvverenrvrrneeruansss 360 550 pmhos
Plate Current. ... ... .. . i ittt i i 1.1 3.5 ma
Grids-No. 3-and-No. 5 Current . ...........coiiiaa... 1.3 2.7 ma
Grid-No. 2 Current. ... viiiiiii it i 2 4 ma
Grid-No. 1 Current. ... ...vvviiiiiiiirerneiiirannnrnaan 0.25 0.4 ma
Total Cathode Current. .. ... .....oviiiiii oo, 4.6 10.6 ma

* Grid-No. 2 supply voltages in excess of 200 volts require use of 20000-ohm voltage-dropping resistor
bypassed by 0. l-ui capacitor.

HIGH-MU TRIODE
° Miniature type used as cathode-
drive amplifier, frequency converter, 6 AB 4
or oscillator at frequencies up to about
300 megacycles per second particularly

in television and FM receivers. Qutline
11, OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.15. For maximum
ratings, characteristics, and curves, refer to type 12AT7.

ELECTRON-RAY TUBE

Gr, TA Glass type with triode unit used to indicate
9 0 visually by means of a filuorescent target the
/‘ effects of a change in a controlling voltage. It is 6ABS
P used as a convenient means of indicating accu-
RZ ON rate radio-receiver tuning. Outline 34, OUT-

‘ LINES SECTION. Tube requires six-conta(zt 6N5

socket. Heater volts (ac/de), 6.3; amperes, 0.15
a e Maximum ratings in indicator service: triode-
H H plate supply volts, 180 max; fluorescent-target
volts, 180 max, 125 min. This type is used
principally for renewal purposes.

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages of pic-
ture amplifier of television receivers particularly
those employing automatic-gain control. Out- 6 AB7
line 3, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.45. Maximum ratings as class A: amplifier:
plate and grid-No.2 supply voits, 300 mazx;
grid No.3, connect to cathode at socket; grid-
No.2 volts, 200 maz; plate dissipation, 3.75 max watts; grid No.2 input, 0.65 max watt. Typical oper-
ation: plate and grid-No.2 supply volts, 300; grid-No.3 volts, 0; grid-No.2 series resistor, 30000 ohns;
grid-No.1 volts, -3; plate resistance (approx.), 0.7 megohm; transconductance, 5000 pmhos; grid-No.1
volts for transeonductance of 50 ymhos, -22.5; plate ma., 12.5; grid-No.2 ma., 3.2. This type is used
principally for renewal purposes.
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&

HIGH-MU POWER TRIODE (%)

Glass octal type used in single-ended or P
6 AC S—GT push-pull audio-frequency power amplifiers of
the direct-coupled type in which a driver tube
develops positive grid bias for the 6AC5-GT 9"0
output stage. Outline 22, OUTLINES SEC- H "
TION. This type may be supplied with pin No. N K
1 omitted. Tube requires octal socket. Heater
volts (ac/de), 6.3; amperes, 0.4. Maximum ratings as push-pull class B power amplifier: plate volts,
250 max; peak plate ma., 110 maz; average plate dissipation, 10 max watts. This type is used prinei-
pally for renewal purposes.

SHARP-CUTOFF PENTODE

Metal type used in rf and if stages

6 AC 7 of picture amplifier and the first stages

of the video amplifier of television re-

ceivers. It is also used as a mixer or

oscillator tube in low-frequency appli-

cations. Outline 3, OUTLINES SECTION. Tube requires octal socket. When tube

is used as a high-gain audio amplifier, heater should be operated from a battery
source.

HEATER VOLTAGE (AC/DC) .\ .. .uuunss e PR 6.3 volts
HEATER CURRENT. « ..t tittetieerasineusnnnsononenansnnns Ceereeraens 0.45 ampere
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. .. ...ttt ttteateineaeene i enneaneenesneenennsss 300 max volts
GRID NO.3 (SUPPRESSOR GRID) . ... .\'irtetine e nnarinnens Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .t .ot viiinnervinntnnenennnnanenss See curve page 66
GRID-NO.2 SUPPLY VOLTAGE. ... 0irvurerirerennnnnnenennn TR 300 mazx volts
PLATE DISSIPATION . ..ttt ittt iat ettt e ieeeneiieanenanennn 3 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up t0 150 volts. . .. ......ccvirunsrenrnnnnnnn. 0.4 max watt
For grid-No.2 voltages between 150 and 800 volts. . .................. See curve page 66
PeAK HEATER-CATHRODE VOLTAGE:
Heater negative with respect tocathode ...............iiiiierinn.. 90 mazx volts
Heater positive with respect tocathode . ............. 0ouuu.. Ceeeee 90 max volts

Characteristics:

Plate Supply Voltage ....... e ety Cees 300 300 volts
Grid NoB . .. it e, Connected to cathode at socket
Grid-No. 2 Supply Voltage. .......c.coviiiiriiinnranennnn 150 300 volts
Grid-No. 2 Series Resistor........... e e 60000 ohms
Min. Cathode-Bias ResiStor. .. .......cvvivreiiiiiiinnenss 160 160 ohms
Plate Resistance (ApProX.). .. vv veveeerrreeeennennneennns 1 1 megohm
TransconAUCEANCE. « . ..\ttt iiereinrineeranernnersnnas 9000 9000 umhos
Plate Current. ... ... it ittt e, 10 10 ma
Grid-No. 2 Current. . ... ... it iiiiiiieiiiiieanaanans 2.5 2.5 ma

Maximum Circuit Valves:

Grid-No.1-Cireuit Resistance:
For cathode-bias operation with fixed grid-No.2 voltage .............. 0.25 max megohm
For cathode-bias operation with series grid-No.2 resistor ............. 0.50 max megohm

ELECTRON-RAY TUBE

Glass octal type used to indicate visually,
by means of two shadows on the fluorescent tar-
get, the effects of changes in the controlling
voltages. It is a twin-indicator type and is used

6AD6-G as a convenient means of indicating accurate
radio-receiver tuning. Maximum over-all length,
2-7/8 inches; maximum diameter, 1-5/16 inches.
Heater volts (ac/dc), 6.3; amperes, 0.15. Maxi-
mum target volts, 150. This is a DISCON-
TINUED type listed for reference only.
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LOW-MU TRIODE — POWER PENTODE

Glass octal type used in a2 push-pull ampli-
fier circuit in conjunction with type 6F6-G. Tri-
ode unit serves as phase inverter. Outline 42,
OUTLINES SECTION. Tube requires octal 6AD7-G
socket. Heater volts (ae/dc), 6.3; amperes, 0.85.
For typical operation of pentode unit, refer to
type 6F6-G. Maximum ratings of pentode unit
as class Aj or push-pull class AB; amplifier: plate
volts, 375 max; grid-No. 2 volts, 285 max; plate
dissipation, 8.5 max watts; grid-No.2 input, 2.7 max watts. Maximum ratings of triode unit as class A
amplifier: plate volts, 285 max; plate dissipation, 1.0 max watt.This type is used principally for renewa:

purposes. G
LOW-MU TRIODE

Glass octal type used as class A amplifier
in ac/de radio receivers. Outline 22, OUT-
LINES SECTION. Heater volts (ac/de), 6.3; 6AE5-GT
amperes, 0.3. Maximum ratings as class A am-
plifier: piate volts, 300 mazx; plate dissipation,

2.5 max watts. This is a DISCONTINUED
type listed for reference only.

TWIN-PLATE CONTROL TUBE

Glass octal type used as a control tube for
twin-indicator type electron-ray tubes. Qutline
36, OUTLINES SECTION. Contains two tri-
odes with different cutoff characteristics. If ave 6A E6_G
voltage is applied to the common control grid in
suitable cireuit, one triode section operates on
weak signals while the other operates on strong
signals. Heater voltage (ac/dc), 6.3; amperes,
0.15. This is a DISCONTINUED type listed
for reference only.

TWIN-INPUT TRIODE
Glass octal type used as a voltage amplifier

or as a driver for two type 6AC5-GT tubes in
dynamic-coupled, push-pull amplifiers. In the 6AE7-GT

latter service, type 6AE7-GT replaces two tubes
ordinarily required as drivers. Outline 22, OUT-
LINES SECTION. Heater volts (ac/de), 6.3;
NC IK amperes, 0.5. Thisis a DISCONTINUED type
listed for reference only.

HALF-WAVE VACUUM RECTIFIER

Miniature type used as a damper
tube in horizontal deflection circuits 6AF3

of televisionreceivers.Outlinel7,0UT-

LINES SECTION, except all vertical

) dimensions of this type are !4 inch

greater. Tube requires miniature nine-contact socket and may be mounted in any
position. Socket terminals 1, 2, 3, 6, 7, and 8 should not be used as tie points. It iz
especially important that this tube, like other power-handling tubes, be adequately
ventilated.

HEATER VOLTAGE (AC/DC) ...t ittt ia it e i e 6.3 volts
HEATER CURRENT. . .. .ttt ittt it e e et et e e et aa s 1.2 amperes
DAMPER SERVICE
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGE# 4500 max volts
PEAK PLATE CURRENT. .......... .. 750 max ma

AVERAGE PLATE CURRENT 185 max ma
PeaK HEATER CATHODE VOLTAGE:
Heater negative with respect tocathode. . .......... .. ... . ... ... 4500* mazx voits
Heater positive with respect to cathode A 300" max volts
BULB TEMPERATURE (At hottest point) ............. ... ... .c.cuiiunn 210 mazx °C

# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning eycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

* The de¢ component must not exceed 1000 volts.

® The de component must not exceed 100 volts.

121



RCA Receiving Tube Manual

MEDIUM-MU TRIODE

6AF4 Miniature types used as local

oscillators in uhf television receivers

6 AF 4 A covering the frequency range of 470 to
- 890 megacycles per second. 6AF4 Out-

line 11, 6AF4-A Outline 9, OUTLINES

SECTION. Tubes require miniature seven-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) . ..ot iiiis ittt iiiiiiaarreesaraanaannanes 6.3 volts
HEATER CURRENT . .. oottt it iitiatt et ittatiasanansanncsasaassnossass 0.225 ampere
DIRECT INTERELECTRODE CAPACITANCES:*
Grid to Plate. .. ... ... i i i i et e e 1.9 uuf
Grid to Cathodeand Heater. ..........coitiiiiirrneniiranenonnaes 2.2 upf
Plate to Cathode and Heater. ... .......ooviitiiiniiinniaroaeennnas 1.4 upg
Heater to Cathode** ., ... . ... ... i iiiiiiiiiiiiieiininen e 2.2 uuf
* With external shield connected to cathode, except as noted.
** With external shield connected to plate.
Characteristics: CLASS A; AMPLIFIER
Plate Supply Voltage . ..... ... i ittt it it it tnsranssons 80 volts
Cathode-Bias ResiStor. . ... .o iiiini ittt i i iicieaanaes 150 ohms
Amplification Factor. .. ... ...t i i i i i i 13.5
Plate Resistance (ApPpProx.) .........eevvicnnnennnn e i e, 2100 ohms
TranscondUCLANCE. .« v ittt ien it iiiietianis s atanan s eatssenannns 6500 umbhos
ST T 5 =3 1 17.5 ma
UHF OSCILLATOR
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . .. svivvveennsan .. PO 150 max volts
GRID VOLTAGE, Negatwe—blas valu . -50 mazx volts
GRIDCURRENT. . ......oovv.annn . . 2 max ma
PLATE DISSIPATION. . ........ooivnnnn e 2.5 max watts
DC CATHODE CURRENT. . . ..ot iitinnentonaonannnrnusecanansnnrcsnsson 24 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......... ..., 50 mazx volts
Heater positive with respect tocathode. .. .................cohit, R 50°nax volts
Typica! Operation as Oscillator at 1000 Mc:
Plate Supply Voltage. .. ... i s 100 volts
Plate Resistor........ 220 ohms
Grid Resistor. 10000 ohms
Plate Current....... 17 ma
Grid Current (Approx. 750 ua
Maximum Circuit Valves:
Grid-Circuit Resistance:
For fixed-bias operation. .. ... ... o i i i i i e e Not recommended
For cathode-bias operation. ... ...... ... oo iiiiiiiiri i iiaaa, 0.5 max megohm

°The dc component must not exceed 25 volts.
AVERAGE PLATE CHARACTERISTICS

TYPE 6AF4-A
Ef=6.3VOLTS
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ELECTRON-RAY TUBE

Glass octal type used to indicate
visually, by means of two shadows on 6AF6-G
the fluorescent target, the effects of
changes in the controlling voltages. It
is a twin-indicator type and is used as
a convenient means of indicating accurate radio-receiver tuning. Maximum over-
all length, 2-5/16 inches; maximum diameter, 1-5/16 inches. This type may be
supplied with pin No.l omitted. Tube requires octal socket. Heater volts (ac/dc),
6.3; amperes, 0.15. Maximum ratings in indicator service; fluorescent-target volts,
250 mazx, 125 min; ray-control-electrode supply volts, 250 mazx; peak heater-cath-
ode volts, 90 max. Typical operation: fluorescent-target volts, 250; fluorescent-
target ma., 3.75; ray-control-electrode volts (approx. for 0° shadow angle), 155;
ray-control-electrode volts (approx. for 100° shadow angle), 0.

SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier 6AGS
up to 400 megacycles per second.
Outline 11, OUTLINES SECTION.
Tube requires miniature seven-con-
tact socket and may be mounted in any position. Except for slightly different
characteristics, this type is similar electrically to miniature type 6BC5. Heater
volts (ac/de), 6.3; amperes, 0.3. For typical operation as a resistance-coupled amp-
lifier, refer to Chart 13, RESISTANCE-COUPLED AMPLIFIER SECTION.

CLASS A, AMPLIFIER

- Triode* Pentode

Characteristics: Connection  Connection

Plate Supply Voltage. . .. 180 250 100 125 250 volts
Grid-No.2 Supply Voltag .. - - 100 125 150 volts
Cathode-Bias Resistor. 330 820 180 100 180 ohms
Amplification Factor . ... . 45 42 - - -

Plate Resistance (Approx ..0.008 0.01 0.6 0.5 0.8 megohm
Transconductance. ... .. 5700 3800 4500 5100 5000 pmhos
Grid-No.1 Voltage (Appr - - -5 -6 -8 volts
Plate Current . ... .. 7 55 4.5 7.2 6.5 ma
Grid-No.2 Current - - 1.4 2.1 2 ma

* Grid No.2 connected to plate.

POWER PENTODE

Metal type used in output stage
of video amplifier of television receiv- 6AG7
ers. Outline 6, OUTLINESSECTION.
Tube requires octal socket. Heater
volts (ac/de), 6.3; amperes, 0.65. Max-
imum ratings as class A, amplifier: plate volts, 300 maz; grid No.3 and shell, con-
nect to cathode at socket; grid-No.2 volts, 300 max; grid-No.1 volts, positive-bias
value, 0 maz; plate dissipation, 9.0 max watts; grid-No.2 input, 1.5 max watts.
Typical operation as a class A; amplifier: plate volts, 300; grid-No.2 volts, 150;
grid-No.1 volts, -3; peak af grid-No.1 volts, 3; zero-signal plate ma., 30; maximum-
signal plate ma., 30.5; zero-signal grid-No.2 ma., 7; maximum-signal grid-No.2
ma., 9; plate resistance (approx.), 0.13 megohm; transconductance, 11000 ymhos;
load resistance, 10000 ohms; total harmonie distortion, 7 per cent; maximum-signal
power output watts, 3.
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LOW-MU TRIODE

Glass octal type having high perveance
used as vertical deflection amplifier in television
receivers. Qutline 22, OUTLINES SECTION.

6AH4_GT Tube requires octal socket and may be mounted
in any position. Heater volts (ac/dc), 6.3; am-
peres, 0.75. Characteristics as class A1 amplifier:
plate volts, 250; grid volts, -23; amplification
factor, 8; plate resistance (approx.), 1780 ohms;
transconductance, 4500 umhos; plate ma.,30.This
type is used principally for renewal purposes.

VERTICAL DEFLECTION AMPLIFIER
. . For operation in a 525-line, 80-frame system
Maximum Ratings:
DO PLATE VOLTAGE . .. ottt it iiititt et itattt sttt s e eneennsnnsss 500 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE # (Absolute maximum). .. vee 2000°max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE -200 max volts
PEAK CATHODE CURRENT. .................. e .. 180 max ma

AVERAGE CATHODE CURRENT. . .. 60 max ma
PLATE DISSIPATION. ......... 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 200 max volts
Heater positive with respect to ecathode. ... ......................... 200w max volts

Maximum Circuit Value:

Grid-Cireuit Resistance. .........ovvruitiiiiiiiiiereennininnnen., 2.2 max megohms
#The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eyele. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.
® Under no circumstances should this absolute value be exceeded.

8 The de component must not exceed 100 voits.

SHARP-CUTOFF PENTODE

Miniature type used as if amplifier in video

stages of television receivers. Outline 11, QOUT-

LINES SECTION. Tube requires miniature

6AH6 seven-contact socket and may be mounted in

any position. Heater volts (ac/dc), 6.3; am-

peres, 0.45. Maximum ratings as class A: ampli-

fier: plate and grid-No.2 (screen-grid) supply

volts, 300 maz; grid-No.2 volts, see curve page

69; plate dissipation, 3.2 max watts; grid-No.2

input, 0.4 max watt for grid-No.2 voltages up to 150 volts, see curve page 69 for grid-No.2 voltages

between 150 and 300 volts; total cathode current, 13 maxz ma; peak heater-cathode volts, 90 mazx. This
type is used principally for renewal purposes.

CLASS A; AMPLIFIER

i Triode* Penlode

Characteristics: Connection Connection

Plate Supply Voltage. . ... ......... .. ... .. ..iiviu... 150 300 volts
Grid No.3 (Suppressor Grid)...... .. - Connected to cathode at socket
Grid-N0.2 Supply Voltage . . . ............. - 150 volts
Cathode-Bias Resistor........... 160 160 ohms
Amplification Factor......... . 40 -

Piate Resistance (Approx.)..... .. 3600 500000 ohms
Transconductance. . . .. ... ... inennanirnennnnn.. 11000 9000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. .. -7 ~7 volts
Plate Current. .. ... .. .. . it e i 12,5 10 ma
Grid-No.2 Current. .. .. ... oottt - 2.6 ma

* Grid No.2 and Grid No.3 tied to plate.

SHARP-CUTOFF PENTODE

Miniature type used as an rf or if

6AK5 amplifier especially in high-frequency

wide-band applications. It is useful as

an amplifier at frequencies up to 400

megacycles per second. Outline 9,

OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position.
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Maximum Ratings:
PLATE VOLTAGE. . .« ittt ittt ittt it it et asaee s
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . ...... ..
GRID-NO.2 SUPPLY VOLTAGE. . .............
GRID-NO.1 VOLTAGE, Positive-bias value . ..
PLATE DISSIPATION. ..ottt i it tit e e sinan e can e
GRID-N0.2 INPUT:

CATHODE CURRENT. « . saectvvanrneranaionrnannasnnas
PEAK HEATER-CATHODE VOLTAGE:

HEATER VOLTAGE (AC/DC) . ...ttt it i et
HEATER CURRENT
DIRECT INTERELECTRODE CAPACITANCES (Approx

Grid No.ltoPlate. ... ..................... I
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield...
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.......

CLASS A, AMPLIFIER

For grid-N .2 voltagesup to 90 volts, ... ... .. ... ...y
For grid-No.2 voltages between 90 and 180 volts. . . .

Heater negative with respect to cathode............ e

Heater positive with respect to cathode . .......... ... ... ciiins
Characteristics:
Plate Supply Voltage. .. ......... ... .oiiviiieia., 120
Grid-No.2 Supply Voltage. . ......................... 120
Cathode-Bias Resistor. .. ........ . i it 180
Plate Resistance (APProX.) . .o iitiniineininnnennnnenns 0.3
Transconductance. .. ... ... .ot iinirenrnanns 5000
Grid-No.l Voltage for plate current of 10 ga ... ........ -8.5
Plate Current. ... ....coeeuminenaenannnarenaaneannn cen 7.5
Grid-No.Z2 Current. . .. ..ottt iaiaaaraanns 2.5

® With external shield connected to pins 2 or 7.

TWIN DIODE

Miniature, high-perveance type
used as detector in FM and television
circuits. It is especially useful as a
ratio detector in ac-operated FM re-
ceivers. Each diode section can be used

6.3 volts
ampere

0.02 mazx puf
4.0 ppt
2.8 frnd
180 max volts
See curve page 66
180 max volts
QO max volts
1.7 max watts
0.5 max watt
See curve page 66
18 max ma
90 max volts
90 mazx volts
180 volts
120 volts
180 ohms
0.5 megochm
5100 umhos
-8.5 volts
i ma
2.4 ma

independently of the other, or the two sections can be combined in parallel or full-
wave arrangement. Resonant frequency of each unit is approximately 700 mega-
cycles per second. Qutline 9, OUTLINES SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . ¢ o ot ottt et it et en it e inaaanan
HEATER CURRENT. . .ottt ittt et i iaan et ia i inaans

DIRECT INTERELECTRODE CAPACITANCES:

Plate No. 1 to Cathode No. 1, Heater, and Internal Shield ... ........

Plate No. 2 to Cathode No. 2, Heater, and Internal Shield .
Cathode No. 1 to Plate No. 1, Heater, and Internal Shield . .
Cathode No. 2 to Plate No. 2, Heater, and Internal Shield ... ...

Plate No. 1 0 Plate Nou 2 .. oo o oeornee e seiaeninaannnniinnnnn .

AVERAGE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE
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Maximum Ratings: HALF-WAVE RECTIFIER

PEak INVERSE PLATE VOLTAGE. , .. .... 330 maz volts
PEAK PLATE CURRENT (Per Plate) e . . 54 max ma
DC OQuTpuT CURRENT (Per Plate) . ... .. . vttt iiinennnns 9 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...... e tecte i e 330 max volts
Heater positive with respect tocathode. .. ..... ... .o, 330 maz volts
Typical Operation:
AC Plate Voltage per Plate (rms) .............. St 117 volts
Min. Total Effective Plate-Supply Impedance per Plate ... . 300 ohms
DO Output Currentper Plate. .. .. ... . .. . . ittt ieirnanennns 9 ma

ELECTRON-RAY TUBE

Glass octal type used to indicate visually
on a pair of rectangular fluorescent patterns the
effects of changes in voltages applied to its grid

6AL7 GT and three deflecting electrodes. It is especially

- useful in meeting the requirements for accurate

tuning in FM receivers. Outline 22, OUTLINES

SECTION, except over-ail length is 3-1/16

mazx inches and seated height is 2-1/2 max

inches. Tube requires octal socket and may be

mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.15. Maximum ratings in indicator serv-

ice: fluorescent-target volts, 365 maz, 220 min; peak heater-cathode volts, 90 max. T'ypical operation

in indicator service: fluorescent-target volts, 315; defiecting electrodes Nos. 1, 2, and 3, volts, 0; cathode

resistor (approx.), 3300 ohms; deflection sensitivity (approx.), 1 mm/volt; grid voits for Huorescence
cutoff, -7. This type is used principally for renewal purposes,

HIGH-MU TRIODE
Miniature type used as mixer and
6 A M 4 rf amplifier in cathode-drive circuits
of uhf television receivers. Qutline 10,
OUTLINES SECTION. Tube requires

miniature nine-contact socket and
may be mounted in any position.

HEATER VOLTAGE (AC/DC). . 6.3 volts
HEATER CURRENT. . . ...\ viniirnaennnnnnns ... 0.225 ampere
Maximum Ratings:
PLATE VOLTAGE . .. ... i i i e 200 max volts
GRID VOLTAGE, Positive bias value 0 max volts
PLATE DISSIPATION . ... ... ittt iaaannans 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toecathode. . .. ...............cc.ccvvunnn 80%*mazx volts
Heater positive with respect to cathode. . ...............ovivenevnnens 80 wnax volts
Characteristics:
Plate-Supply Voltage. . ... .. . .. it ittt iinrreenarnnenns 200 volts
Catihode-Bias Resistor®. . .. .... 100 ohms
Amplification Factor. . .. . .... 85
Plate Resistance (Approx.). ... 8700 ohms
Transconductance............ 9800 pmhos
PlateCurrent. . ...... .. ... .......iiinuan. 10 ma
Grid Voltage (Approx.) for plate current of 10 ua -6.5 volts

* Under cutofl conditions in direct-coupled cathode-drive circuits, it is permissible for this voltage to
be as high as 250 volts.
® Fixed-bias operation is not recommended.

DIODE—SHARP-CUTOFF
PENTODE

6AMS Miniature types used in diversified
applications in television receivers.
6 A M 8_ A Type 6AMS8-A has a controlled heater
warm-up time for use in receivers em-
ploying series-connected heaterstrings.
The pentode unit is used as an if amplifier, video amplifier, or age amplifier. The
high-perveance diode is used as an audio detector, video detector, or de restorer.
Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact socket

and may be mounted in any position. Type 6AMS8 is a DISCONTINUED type
| sted for reference only.
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HEATER VOLTAGE (AC/DC). ........ccc0vvnnn.. .. e 6.3 volts
HEATER CURRENT. . ................0..... .. 0.45 ampere
HEATER WARM-UP TIME (Average) for BAMB-A. ... .. ..vurieeennnnnnn. 11 seconds

DIRECT INTERELECTRODE CAPACITANCES:
Diode Unit:
Plate to Cathode and Heater ............. ... .................... 1.8 uuf

Cathode to Plate and Heater . ..... ... .. ... ................... 3 upf
Pentode Unit:

Grid No.1 to Plate ... ... . . . . e 0.015 max upuf

Grid No.l to Cathode, Heater, Grid No.2, .3 and Internal Shield. .. 6.5 puf

Plate to Cathode, Heater, Grid No.2, Gnd No.3, and Internal Shleld . 2.6 wuf
Pentode Grid No.l to Diode Plate . 0.006 max uuf
Pentode Plate to Diode Cathode 0.15 mux wuf

Pentode Plate to Diode Plate . .. ... ... ... ... .. ..l 0.1 mur s

PENTODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Macimum Values):

PLATE VoL 'm( R N 330 mazx volts
.. Connect to cathode at sccket

GRID-NO.2 (5( REEN~GRID) SUPPLY VOLTAGE . ... ... .o viinannnnn., 330 max volts
GRID-NO.2 VOLTAGE. . ... . it ettt See curve page 66
GRID-NO.1 {(CONTROL-GRID) VOLTAGE, Positive bias value, . .. . 0 mux volts
PLATE DISSIPATION . ... ... ... . ... 0. i, 3.2 mux watts
GRrRiD-N0.2 INPUT:

For grid-No.2 voltages up to 165 volts. . .. ... ... 0t ennenrnnn . 0.55 max watt

For grid-No.2 voltages between 165 and 330 volts. .. .........o0.ou... See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. . ..., ......... ... ... .. ..... 200 max volts

Heater positive with respect to cathode. . ........oovvuiuiinon.. 200° max volts
Characteristics:
Plate Supply Voltage. . . .. ... it i e et e i 125 volts
Grid No.3, and Iaternal Shield.. ... . Connected to cathode at socket
Grid-No.2 Suppiy Voltage....... 125 volts
Cathode-Bias Resistor 56 ohms
Plate Resistance (Approx.)..................... 0.3 megohm
Transconductance. . . ...... ... ................... . 7800 umhos
Grid-No.1 Voltage (Approx.) for plate current of 20 ga. . ................. -6 volts
Grid-No.1 Voltage (Approx.} for plate current of 2 ma. and cathode
resistor of 0 ohms -3 volts
Plate Current. ...............ciiuiiiniiianen.... N 12.5 ma
Grid-No.2 Current 3.2 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

Tor fixed-bias operation. .. ... ... .. . . . e 6.25 maxr megohm

For cathode-bias operation. . . ... ... ... ... ... .. . . . 1.0 max megohm

DIODE UNIT

Maximum Ratings, (Design-Maximum Values):
DC PLATE CURRENT. . . . .ttt ittt en ettt 5 max ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 max volts

Heater positive with respect to cathode. ....... e 200° wmax volts
°The de component must not exceed 100 volts,

AVERAGE CHARACTERISTICS
PENTODE UNIT
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HIGH-MU TRIODE
Miniature type used as mixer or =
6AN4 rf amplifier in cathode-drive circuits —_]
of uhf television tuners covering the 2 7
frequency range of 470 to 890 mega-
cycles per second. Outline 9, OUT- P
LINES SECTION. Tube requires miniature seven-contact socket and may be
mounted in any position.

)G

HEATER VOLTAGE (AC/DC) . . .. ..ottt 6.3 volts
HEATER CURRENT . . .. ...ttt it ie i 0.225 ampere
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE . . . . . oot tit ittt it ettt iraaneennns 300 max volts
PLATE DISSIPATION .. 4 max watts
CATHODE CURRENT 30 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ........... ..o iiiivivnennn 200 max volts
Heater positive with respect to cathode. ................ ... ... .. ... 200%max volts
Characteristics:
Plate-Supply Voltage. .. .. ... ittt i nen s 200 volts
Cathode-Bias Resistor. . ...... N 100 ohms
Amplification Factor......... . 70
Transconductance. ... .. . 10000 umhos
Plate Current. . .. ... .. ... i e . 13 ma
-7 volts

Grid Voltage (Approx.) for plate current of 20 ua
Maximum Cirevit Values:

Grid-Circuit Resistance:
For fixed-bias operation. . ........... .. ... . i il N 0.1 mar megohm
For cathode-bias operation 0.5 maxr megohm

® The de component must not exceed 100 volts.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE KT

Miniature type used in a wide
6AN8 variety of applications in color televi- ' O R
sion receivers. The pentode unit is used
as an intermediate-frequency ampli- pr G3p kp

fier, a video amplifier, an agc amplifier, s
or as a reactance tube. The triode unit is used in low-frequency oscillator, sync-
separator, sync-clipper, and phase-splitter circuits. Outline 12, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any

position.
HEATER VOLTAGE (AC/DC) .+ ettt teetvnssonnrttsanesenensnnorennneeeinss 6.3 volts
HEATER CURRENT. . ...ttt eteeennennneariassaaneseetosaasaannnsiosns 0.45 ampere

DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:

Grid to Plate. . .. .. ittt it ittt i . pupf

Grid to Cathode and Heater. . .... .. . upf

Plate to Cathode and Heater. . . ... ... .. . . iiiuni o, . pnuf
Pentode Unit:

Grid No.1 t0 Plate. . .. ..ottt eti i it iaetoenae s .04 mazx upf

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. .. 7 anf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internai Shieid....... 2.4 nuuf
Triode Grid to Pentode Plate. . . .. ..... it ineeernieirannennnns ...0.02 wuuf
Pentode Grid No.l1 to Triode Plate .L.0, puf
Pentode Plate to Triode Plate. . .. ... ... . i i . puf

X ) CLASS A; AMPLIFIER

Maximum Ratings, (Design-Maximum Values): Triode Unit  Pentode Unit
PLATE VOLTAGE. . . ..\ tieeviii e rrnnsesiasennenonns 330 mazx 330 max volts
GRID-N0.2 SUPPLY VOLTAGE . ....... . - 330 mazx volts
GRID-N 0.2 (SCREEN-CRID) VOLTAGE - See curve page 66
GRID-NO.1 {CONTROL-GRID) VOLTAGE, Positive bias value. .. 0 max 0 max volts
PLATE DISSIPATION . .. 0. ittt iieiiiai i iiinaanians 2.8 maz 2.3 mazx watts
GrID-NO.2 INPUT:

For grid-No.2 voltagesup to 1656 volts. . .. ............ - 0.55 max watt

For grid-No.2 voltages between 165 and 330 volts. ..... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........ Cveraes 200 max 200 max volts

Heater positive with respect to cathode. .............. 200°max 200°max volts
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Characteristics: Triode Unit  Pentode Unit
Plate Supply Voltage. .......... i 150 125 volts
Grid-No.2 Supply Voltage. . e - 125 volts
Grid-No.1 Voltage.......... .. -3 - volts
Cathode-Bias Resistor. . .. . e - 56 ohms
Amplification Factor....... 21 -
Plate Resistance (Approx.). .. 4700 176000 ohms
Transconductance. ., ......... e 4500 7800 wmhos
Grid-No.1 Voltage (Approx.) for plate current of 20ua ..... -17 -6 volts
Grid-No.1 Voltage (Approx.) for plate current of 1.6 ma. and
cathode resistorof O ohms. . ........ ... ... ............ - -3 volts
Plate Current............. Ceeee .. 15 12 ma
Grid-No.2 Current - 3.8 ma
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:*
For fixed-bias operation. . . ....... .. 0ot iiriineennans 0.5 maz 0.25 max megohm
For cathode-bias operation. .. ....................... 1.0 max 1.0 maz megohm

°The de component must not exceed 100 volts.

*If either unit is operating at maximum rated conditions, grid-No.l-circuit resistance for both units
should not exceed the stated values.

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

TYPE 6ANS i
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BEAM POWER TUBE

6 AQ5 Miniature types used as output
amplifiers primarily in automobile re-
ceivers and in ac-operated receivers

6AQ5-A and, triode-connected, as vertical de-

flection amplifiers in television receiv-

ers. Type 6AQ5-A has a controlled heater warm-up time for use in television
receivers employing series-connected heater strings. Qutline 13, OUTLINES SEC-
TION. Tubes require miniature seven-contact socket and may be mounted in any
position. Within their maximum ratings, the performance of these types is equiva-
lent to that of larger types 6V6 and 6V6-GT. Type 6AQ5 is a DISCONTINUED

type listed for reference only.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ... ..ot s e 0.45 ampere
HeaTER WARM-UP TIME (Average) for 6AQ5-A 11 seconds
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.ltoPlate .. ... ... .. it 0.4 upf

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3..... . 8 uuf

Plate to Cathode, Heater, Grid No.2, and Grid No.3.......... . 8.5 s
AMPLIFICATION FACTOR® . ... ... .. ... .............. e 9.5
PLATE RESISTANCE (Approx.)* .. 1970 ohms
TRANSCONDUCTANCE®, . . .. ... . ettt 4800 pmhos
GRID-NO.1 VOLTAGE (Approx.) for plate current of 0.5 ma -37 volts
* Grid No.2 connected to plate; plate and grid-No.2 volts, 250; grid-No.1 volts, -12.5; plate ma., 49.5.

CLASS A; AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. . ................ouu.., 275 max volts
GRID-N 0.2 (SCREEN-GRID) VOLTAGE. ........ 275 max volts
PLATE DISSIPATION. ................ e 12 max watts
GRID-NO.2 INPUT. . .o ittt ittt it ersenanaennns 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toeathode . ...................c..v..n 200 max volts
Heater positive with respect to cathode 200%max voits

BuLB TEMPERATURE (At hottest point) ............... ................ 250 max °C
® The de component must not exceed 100 volts.
Typical Operation:

Same as for type 6V6-GT within the limitations of the maximum ratings.
Maximum Circuit YValues:
Grid-No.1-Circuit Resistance:

For fixed~bias operation. .......... et st 0.1 mazr megohm

For cathode-bias operation .. .......v ittt rniiiiinereannnenns 0.5

AVERAGE CHARACTERISTICS
PENTODE CONNECTION
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VERTICAL DEFLECTION AMPLIFIER {Triode Connection)®
For operation in a 525-line, 30-frame system
Maximum Ratings, (Dcsign-Maximum Values):

PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. .. ..........
PEAK CATHODE CURRENT. . . ... ittt

PrAx HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... .
Heater positive with respect to cathode. .

BULB TEMPERATURE (At hottest point)

Maximum Circvit Value:
Grid-No.1-Circuit Resistance:
For cathode-bias operation. .. .. ... . ... .. . . ittt

¢ Grid No.2 connected to plate.

275 mazx
1100 mazx
-275 max

115 max

40 mazx
10 mazx

200 max
200®%max
250 max

volts
voits
voits
ma
ma
watts

voits
volts
°C

2.2 mar megohms

1 The duration of the voltage puise must not exceed 15 per cent of one vertical scanning cycle. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

® The d¢ component must not exceed 100 volits.

AVERAGE CHARACTERISTICS
TRIODE CONNECTION
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* E¢=6.3 VOLTS
|

~
%

N22 CONNECTED TO PLATE |

|
r

®
o

N
%

»
=3

PLATE {Ip) OR GRID= Nzl lIc)) MILLIAMPERES
@
o

300 400
PLATE VOLTS

500

TWIN DIODE—HIGH-MU TRIODE

Miniaturetype used as a combined
detector, ampilifier, and ave tube in
compact radio receivers. This type is
similar to metal type 6Q7 in many of
its electrical characteristics. Qutline 11,

6§00
92CM-6333 T

6AQ6

OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For typical operation as resistance-coupled amplifier,
refer to Chart 3, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC) .. vttt it eitaene e i e eannenennnes

HEATER CURRENT. . ..ttt ettt

DIRECT INTERELECTRODE CAPACITANCES (Triode Unit):°®
GridtoPlate. . ..............
Grid to Cathode and Heater. . .
Plate to Cathode and Heater. .. .. ......ooiiiiinrerrvinnninnnneans .

°With external shield connected to cathode.

Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER

PLATE VOLTAGE. ...\t ittt ettt ettt inenaninnennenanss .
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... et e, ..
Heater positive with respect to cathode. .. .. .vvvvevvnereeennnennn.

6.3

-
GO

800 max

volts
ampere

wuf

unf
uuf

volts

volts
volts
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Characteristics:

Plate Voltage .. 100 250 volts
Grid Voltage....... e .. -1 -3 volts
Amplification Factor. ........ccvtniinenemttiinenenreninan 70 70

Plate Resistance (Approx.) ........ociiiiiiniinniinnaen.. 61000 68000 ohms
Transconduetance. .. ... .c.vveirinriirnraneren e rinans 1150 1200 umhos
Plate Current. .. ... ...ttt i 0.8 1.0 ma

DIODE UNITS
Two diode plates are placed around a cathode, the sleeve of which is common to the triode unit.
Diode biasing of the triode unit of the 6AQ86 is not suitable. For diode operation curves, refer to type
6AVE.

TWIN DIODE—HIGH-MU TRIODE

Glass octal type used as FM detector and
audio amplifier ir circuits which require diode
and triode units with separate cathodes. Out-

6AQ7 GT line 22, OUTLINES SECTION. Tube requires
- octal socket. Heater volts (ac/de), 6.3; amperes,

0.3. Ratings and characteristies of triode unit as

class A: amplifier: plate volts, 250 marx; grid

volts, -2; amplification factor, 70; plate resist-

ance (approx.), 44000 ohms; transconductance,

1600 umhos; plate ma., 2.3. For typical operation as a resistance-coupled amplifier, refer to Chart 5, RE-
SISTANCE-COUPLED AMPLIFIER SECTION. This type is used principally for renewal purposes.

POWER PENTODE

Miniature type used as output tube prima-
rily in automobile receivers and ac-operated re-
ceivers. Outline 13, QOUTLINES SECTION.

6AR5 Tube requires miniature seven-contact socket

and may be mounted in any position. Heater

volts (ac/de), 6.3; amperes, 0.4. Maximum

ratings as class A; amplifier: plate and grid-No.2

(screen-grid) volts, 250 max; plate dissipation,

8.5 maxr watts; grid-No.2 input, 2.5 max watts;

peak heater-cathode volts, 90 max. Within its maximum ratings, tvpe 6 AR5 is equivalent in performance
to glass-octal type 6K6-GT. Type 6ARS5 is used principaily for renewal purposes.

BEAM POWER TUBE

Miniature type used as output
amplifier primarily in automobile and
6A55 in ac-operated receivers. Outline 13,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position.
For curves of average plate charac-
teristics, refer to type 35C5.

HEATER VOLTAGE (AG/DC) . o ... o. .. 6.3 volts
HEATER CURR 0.8 ampere
DIRECT INTERELECTRODE CAPACIT ES (Approx.):
Grid No.lto Plate ..o o oo o i e i, [P 0.6 puf
Grid No.1 to Cathode, Heater, Grid No.2. and Grid No.3. .. ............ 12 uuf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. ................ 9.0 s
Maximum Ratings: CLASS A; AMPLIFIER
Prare VoLTAGE. . 150 max volts
GRID-NO.2 (SCRERE 117 max volts
PLATE iMSSIPATION .. v, bbb max watts
GRID-NO.Z INPUT . ..o ittt it ee it i et eeaeennnens 1.0 mazx watt
Puak HeATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ..........oveeririneneenes .. 100 mazx volts
Heater positive with respect to cathode. . . 100 mazx volts
BULs TEMPERATURE (At hottest POInt) . . .o vv vttt ttrrsennnrnnnanns 250 max °C
Typical Operation:
Plate Voltage. . ... ittt it it itneennnannns ves 150 volts
Grid-No.2 Voltage. ., ............. . 110 volts
Grid-No.1 (Control-Grid) Voltage eresenaas -8.6 volts
Peak AT Grid-No.1 Voltage. . ... . .. . . . . ... ittt e 8.5 volts
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Zero-Signal PlateCurrent. . .. ... i i i i e i s 35 ma
Maximum-Signal Plate Current. .. ... i it ittt 36 ma
Zero-Signal Grid-No.2 Current (APProX.). ......oovveiiiiuinnenanns .. 2 ma
Maximum-Signal Grid-No.2 Current (AppProx.). .. .....ccoeevvreennnn, .. 6.5 ma
Transconductance. ... .....veevsnensveans .. 5600 umhos
Load Resistance. 4500 ohms
Total Harmonic Distortion. 10 per cent
Maximum-Signal Power Output . 2.2 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .. ........cco0vvues .. . 0.1 max megohm

For cathode-bias operation . . ... 0.5 mar megohm

DIODE—

SHARP-CUTOFF PENTODE

Miniature type used in diversified
applications in television and radio re- 6A58
ceivers. The pentode unit is used as an

if amplifier, video amplifier, or agc

amplifier. The high-perveance diode is

used as an audio detector, video detector, or dec restorer. Outline 12, OUTLINES
SECTION. Tube requires miniature nine-contact socket and may be mounted in
any position. For curve of average plate characteristics of pentode unit, see type
6ANS.

HEATER VOLTAGE (AC'DC) . ..ottt ittt et st iea et 6.3 volts
HEATER CURRENT. . 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Diode Unit:
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield 3.0 uul
Pentode Unit:
Grid No.lL to Plate. ... .o 0.02 max uul
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7 upf
Plate to Cathode, Hester, Grid No.2, Grid No.3, and Internal Shield. ... 2.4 uul
Pentode Grid No.l to Diode Plate. ... ... oo, . 0.005 mazx uuf
Pentode Plate to Diode Cathode. ... . R . 0.15 max uuf
Pentode Plate to Diode Plate. ... ... . . i 0.10 mazx puf
. . PENTODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE . .. oot ittt it et ettt e o 300 max volts

GRrIiD N 0.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD. Connect to cathode at socket

GRID-NO.2 SUPPLY VOLTAGE. ... ... ... i, .. 0 mazx volts
JRID-NO.2 (SCREEN-GRID) VOLTAGE . . . ... ... covvvvinnonnn . See curve page 66
GRID-N0.1 (CONTROL-GRID) VOLTAGE, Positive bias value.. ... e 0 max voits
PLATE DISSIPATION . L. ... . it 2.5 mazx watts
Grip-No0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . .. ... ... ... . ... oot 0.5 max watt

For grid-No.2 voltages between 150 and 300 volts. . .. ............. ... See curve page 66
Prak HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............. ... ... .. ... ... 200 max volts

Hearer positive with respect to cathode. .............c.o oot 200%mazx volts
Characteristics:
Plate Supply Voltage. . . ... i iiiiiiiie it taan i inaen e, 200 volts
Grid No.3 and Internal Shield. Connected to cathode at socket
Grid-No.2 Supply Voltage. . ... ... i i e 150 volts
Cathode-Bias Resistor. .. ........... e . . 180 ohms
Plate Resistance (Approx.)......... 300000 ohms
Transconductance. . ... ......... 6200 pmhos
Grid-No.l Voltage (Approx.) for plate current of 10 ua. -8 volts
Plate Current. . ... ... vruiiii i i .. 9.5 ma
Grid-No.2 CUITeNt. .. ..ottt e ittt e ian e rnens 3 ma

Maximum Circuit Valves:

Grid-No.1-Circuit Resistance
For fixed-bias operation. ...
For eathode-bias operation

°The de component must not exceed 100 volts.

0.25 maxr megohm
1.0 mar megohm

Maximum Ratings: DIODE UNIT
PEAK INVERSE PLATE VOLTAGE. ... .. AU .. 330 max volts
PEAK PLATE CURRENT. .. .... .. 50 max ma
DC PLATE CURRENT. . . . .ottt ittt cisananneananaaaaneannns 5 marx ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ......... ... .. .. oLl 200 mazx volts
Heater positive with respect to cathode. .. ..........c.cviiinnn., 200%mnax volts

© The de component must not exceed 100 volts.



RCA Receiving Tube Mannal

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as a com-

6 AT6 bined detector, amplifier, and ave tube

in automobile and ac-operated radio

receivers. Outline 11, OUTLINES

SECTION. Tube requires miniature

seven-contact socket and may be mounted in any position. For typical operation as

resistance-coupled amplifier, refer to Chart 3, RESISTANCE-COUPLED AM-
PLIFIER SECTION.

HEATER VOLTAGE (AC/DC) . .. vttt i eireiis s 6.3 volts
HEATER CURRENT. . ... .ttt it ittt e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES
Triode Grid to Triode Plate. . .. ......... ittt nnnn 2.0 wpf
Triode Grid to Cathode and Heater.................c.veviinnn.nn.. 2.2 upf
Triode Plate to Cathode and Heater. . . .............00ieviinnnnn.. 0.8 upf
Plate of Diode Unit No.2 to Triode Grid. ............. ... cvvunn.. 0.04 max upf
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... .. .. it . 300 mazx volts
PLATE DISSIPATION. .. ......... . 0.5 max watt
GRID VOLTAGE, Positive Bias Value. .., ...........oiiiiiiiiiiinneeen.. 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode............................. 90 mazx volts
Heater positive with respect tocathode. .. ...............00uvivnnn.. 90 max volts
Characteristics:
Plate Voltage. .. ... ... i i irneennn 100 250 volts
Grid Voltage. . . ....... ... ... ittt PN -1 -3 volts
Amplification Factor................ [ 70 70
Plate Resistance. . ... ... . .. i i 54000 58000 ohms
Transconductance. .. ...........uuriuiiiinininneneennnnnns 1300 1200 umhos
Plate Current. ... ..ot i i i i e 0.8 1.0 ma
Maximum Rating: DIODE UNITS
PLATE CURRENT (EACH UNIT) . .o\ ittuttitertntnaaanantanennaneninnss 1.0 max ma

The two diode plates are placed around a cathode, the sleeve of which is common to the triode unit,
Each diode plate has its own base pin. For diode operation curves, refer to type 6AVS6.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6ATS Miniature types used as combined

6 ATS_ A oscil_lator an'd_ mixer tt}bes in television

receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. Type 6AT8-A has a con-~

trolled heater warm-up time for use in receivers employing series-connected heater

strings. Outline 12, OUTLINES SECTION. Except for interelectrode capacitances

and basing arrangement, these types are identical with miniature type 6X8. The

basing arrangement of the 6AT8 and 6ATS-A is particularly suitable for connection

to the coils of certain designs of turret tuners. Type 6ATS8 is a DISCONTINUED
type listed for reference only.

HEATER VOLTAGE (AC/DC). .\ vttt ittt iiniiet e vanenieen e inneen, 6.3 volts
HEATER CURRENT . . ..ttt ittt s ettt tanntannaneaneneeneeens 0.45 ampere
HEATER WARM-Up TIME (Average) for 6AT8-A .. ... ....oovviriieenin.. 11 seconds
}iVithout EWith .
cxternal xlerna
'II?:::EC(!TI}:&LRELECTRODE CAPACITANCES: ke Shiold®
Gridto Plate. . ... ... ... 1.5 1.5 uul
Grid to Cathode and Heater. .. ..........cccvtiviiennnnns 2.0 2.4 uuf
Plate to Cathode and Heater. .. ..........ccoivivinnnsnn 0.5 1.0 puf
Pentode Unit:
Grid No.ltoPlate. . ... ... .. ... ... ... iiininn.. 0.06 max 0.03 maz ppl
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 . 4.6 4.8 wupf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. 0.9 1.6 ppf
Pentode Grid No.l to Triode Plate 0,05 max 0.04 max unf
Pentode Plate to Tricde Plate.. .. . e 0.05 max  0.008 max upf
Heater to Cathode. .. ....... ... . i 6.0 6.0t unf

B With external shield connected to cathode except as noted.
1 With external shield connected to plate.
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P
O HALF-WAVE VACUUM RECTIFIER

K
©
Glass octal types used as damper
o @ tl;bET in‘C };orizontal-deﬂectiondci;cu{ts 6AU4-GT
1© LT of color television receivers and of tele-
ORIO. vision receivers utilizing picture tubes 6AU4'GTA
' " having wide-angle deflection. Outline
29, OUTLINES SECTION. Tubes require octal socket and may be mounted in any
position. These types may be supplied with pin No.1 omitted. Socket terminals 1,
2, 4, and 6 should not be used as tie points. It is especially important that these
tubes, like other power-handling tubes, be adequately ventilated. Type 6AU4-GT
is a DISCONTINUED type listed for reference only. For curve of average plate
characteristics for 6AU4-GTA, see page 67.

HEATER VOLTAGE (AC/DC) . o ot o it iiittneniira e snuanorinonncannsons 6.3 volts
HEATER CURRENT . . ...\ttt ittt ittt in e itsearoannasnananss 1.8 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Heater and Cathode. .. ... ... ... ... ... . iiiiiiinninnen 8.5 uuf
Cathode to Heaterand Plate. . .. ........ ... .. .. i iiiiiiviennn. 11.5 upf
Heater to Cathode. . .. ... it i e ettt em i 4.0 uuf

DAMPER SERVICE
For operation in a 525-line, 30-frame system
6AUL-GT 6AU4-GTA
R . Design-Center Design-Maxzinum
Maximum Ratings: Values® Values
PEAK INVERSE PLATE VOLTAGE} 4500°max 4500 mazx volis

PBAK PLATE CURRENT. . . ...... .. .iiiuiinnnnn, . 1050 max 1300 max ma
DC PLATE CURRENT. . ........... 175 max 210 max ma
PLATE DISSIPATION . .. ... o ittt 6 max 6.5 mar watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ .. .. 4500°%max  4500% max volts
Heater positive with respect to cathode . ................... 300# max 3004 max volts

® Except as noted.

t The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

° Absolute Maximum. Under no circumstances should this absolute value be exceeded.

* The dc component must not exceed 900 volts.

# The de component must not exceed 100 volts.

P
©, BEAM POWER TUBE

G

K el Glass octal type used as horizon-

taldeflectionamplifierinlow-cost, high~
NO) \" O efficiency deflection circuits of televi- 6AU 5'GT
Jopid!

sion receivers employing either trans-
former coupling or direct coupling to

the deflecting yoke. Outline 22, OUTLINES SECTION. Tube requires octal socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . oottt et ttinnaianiineiae et enennrinesnnras 6.3 volts
HEATER CURRENT . . o0ttt ettt et tteanaana et 1.25 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.1 to Plate. . .. ..ottt c i ii et e i aanannanns 0.5 upi
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. .. ........... 11.38 ppf

1
Plate to Cathode, Heater, Grid No.2, and Grid No.3.................. 7.0 upf
TRANSCONDUCTANCEH . . ...ttt inaanaenanensannnons 5600 umhos
MUuU-FACTOR, Grid No.2 to Grid No.1t. .. ... .. oo 5.9

= For plate voits, 115; grid-No.2 volts, 175; grid-No.1 volts, —20.

T For plate volts, 100; grid-No.2 volts, 100; grid-No.1 volts, —4.5.

HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 30-frame system
DC PLATE VOLTAGE . .. ottt ita ettt iaeiee e tisneataennanreanenss 550 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE* (Absolute Maximum) ............. 5500°mar volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. . ... ...ttt iineennns -1250 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE®. . ... ... ... ... . ... . oeevnninns 200 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. .. .......... =300 max volts
PEAK CATHODE CURRENT . . . ..ttt it aieinne it ianeaneneinnrnrannns 400 mar ma
AVERAGE CATHODE CURRENT. . ... .ottt itiiteieiiieeiatinnanannn 110 max ma
GRID-NO. 2 INPUT. . ..ttt ittt tstan s neneneraanssannens 2.5 max watts
PLATE DISSIPATIONTT ... .. i i e it icen e cannens 10 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode.................... ... ... 200 max volts

Heater positive with respect to cathode. . ..... ... ... ... iint, 200mmar volts
BuLs TEMPERATURE (At hottest point)........... ... ..., 210 max °C
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Maximum Circuit Value:
Grid-No.1-Circuit Resistance. . ...........vevvuveninaanns, Ceerre e, 0.47 maxr megohm

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

°Under no circumstances should this absolute value be exceeded.

*Obtained through a series dropping resistor of sufficient magnitude to limit the grid-No.2 input to the
rated maximum value.

ttAn adequate bias resistor or other means is required to protect the tube in the absence of excitation.
® The de component must not exceed 100 volts.

SHARP-CUTOFF PENTODE " G2

Miniature type used in compact 9‘ ()

6 AU 6 radio equipment as an rf amplifier es- e‘ Q)
pecially in high-frequency, wide-band ¢ J K

applications. It is also used as a limiter '° ()
tube in FM equipment. Outline 11,
OUTLINES SECTION. Tube requires miniature seven-contact socket and may
be mounted in any position. For a discussion of limiters, refer to ELECTRON
TUBE APPLICATIONS SECTION. For typical operation as resistance-coupled
amplifier, refer to Chart 4, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC)........cvvivinnnnnnnn TSN 6.3 volts
HEATER CURRENT. .............. P 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: Without Witk
External Egternal
Pentode Connection: Shield Shield®
Grid No.Lto Plate ...........coiuiiiieenieniinnnnnn. 0.0035 max 0.0035 maz uut
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield. . .............................. 5.5 5.5 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield . ................ ... ... ... ..., 5.0 5.0 nuf

Triode Connection:t
Grid No.1 to Plate, Grid No.2, Grid No.3, and
Internal Shield ............. ... .. .. ciiiiiiiinn, puf

upf

W

[
w
[N

Plate, Grid No.2, Grid No.3, and Internal Shieid to
Cathodeand Heater. ....................c....u.... 1.2 8.5 uuf
® With external shield connected to cathode.
t Grid No.2, grid No.3, and internal shield connected to plate.

. . CLASS Ai AMPLIFIER Trivdet Penlode

Maximum Ratings, (Design-Maxzimum Values): Connection  Connection
PLATEVOLTAGE. ... ... . ittt iiiiiiiein e 275 max 330 max volts
GRID N0.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD. . ... .. Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE. ... ... .\.ovversorannnn. - See curve page 66
GRID-NO.2 SUPPLY VOLTAGE. ... .. vttitiiiinarrenannnnenns - 330 max volts
PLATB DISSIPATION. .. ... ittt 3.5 max 3.5 mazx watts
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 165 volts, . . ..........c.... - 0.75 mazx watt

For grid-No.2 voltages between 165 and 330 volts. ....... - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positivebias value. .. ....... . ... ... ... i, 0 mazx 0 max volts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respeet to cathode................. 200 mazx 200 mazx volts

Heater positive with respect to cathode. ................ 2004max 2004max volts

tept Triodet Pentode

Characteristics: Connection Connection
Plate Supply Voltage. . ...............c..0.... 250 100 250 250 volts
Grid No.3 and Internal Shield ................. - Connected to cathode at socket
Grid-No.2 Supply Voltage. . ................... - 100 125 150 volts
Cathode-Bias Resistor . ............ e 330 150 100 68 ohms
Amplification Factor. . ...............ccouvun.. 36 - - -
Plate Resistance (APProX.).........ceeeeuvan.. - 0.5 1.5 1.0 megohms
Transconductance. . ... .. ......iinivurinennnn. 4800 3900 4500 5200 umhos
Grid-No.l Voltage for plate current of 10 ga...... - -4.2 -5.5 -6.5 volts
PlateCurrent. .. ... ... ... coiiiiinnneireannnn. 12.2 5.0 7.6 10.6 ma
Grid-No.2 Current . ........ccoiiiiinennnnennn - 2.1 3.0 4.3 - ma

t Grid No.2, grid No.3, and internal shield connected to plate.
* The de component must not exceed 100 volts.
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AVERAGE CHARACTERISTICS
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MEDIUM-MU TWIN TRIODE

Miniature type used as phase inverter or-
amplifier in television receivers employing series-
connected heater strings. Outline 12, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3 6AU7
(series), 3.15 (parallel); amperes, 0.3 (series),
0.6 (parallel); warm-up time (average) in paral-
lel arrangement, 11 seconds. Except for heater
and heater-cathode ratings, this tvpeisidentical
with miniature type 12AU7. The 6AU7 is a
DISCONTINUED typelisted for referenceonly.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in television
receiver applications. Has controlled 6AU 8

heater warm-up t.me for use in series-

heater strings. Pentode unit is used as

video amplifier, if amplifier, age ampli-

fier. Triode unit is used in sync-amplifier, sync-separator, synec-clipper, and phase-
inverter circuits. Qutline 14, OUTLINES SECTION. Tube requires nine-contact
socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . .. .......o.oovninnn 0.6 ampere
HEATER WaRM-uP TIME (Average) 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
GridtoPlate. . ............ 2.2 wupf
Grid to Cathode and Heater. . . . e 2.6 i
Plate to Cathode and Heater. . ... ... ... ... it inennan.. 0.34 e
Pentode Unit:
Grid No.1 t0 Plate. .. ..ottt i i i 0.044 ppf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 7.5 upf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. ... 2.4 wupf
Triode Grid to Pentode Plate 0.022 mox ppf
Pentode Grid No.1 to Triode Piate .. 0,006 mas wuf
Pentode Plate to Triode Plate 0.12 max nuf
CLASS A, AMPLIFIER
Moximum Ratings: Triode Unit Pentode Uwnit
PLATE VOLTAGE. ... ... ittt eiiaiaen e 300 mazx 300 max volts
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE .. - 300 wmac volts
GRID-NO.2 VOLTAGE. . . ...\ iititeciiinaaianennn .. - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value 0 max 0 max volts
PLATE DISSIPATION. . . .. 1ttt eienanaans 2.5 max 3 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts. . . .............. - 1 max watt
For grid-No.2 voltages between 150 and 300 volts....... - See curve page 66
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode....... ... ...... 200 max 200 max volts
Heater positive with respect to ecathode. . ... ........... 200" imax 200®max volts
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Characteristics:
Plate Supply Voltage. . ... ..ottt iinriariianannnnes 150 200 volts
Grid-No.2 Supply Voltage. . TR . - 125 volts
Cathode-Bias Resistor. . . . 150 82 ohms
Amplification Factor...... . P, 40 -
Plate Resistance (Approx.)............. .. 8200 150000 ohms
TranscondUCLANCE . . . o\ttt iee it ee e neeereeeernnes .. 4900 7000 urmhos
Grid-No.1 Voltage (Approx.) for plate current of 100 ua. . -6.5 -8 volts
Plate Current. ........ ...ttt it cnriananss 9 15 ma
Grid-No.2 Current. ... ... it iiiiini i iicnaeannss - 3.4 ma
Maximum Circuit Vaives:
Grid-No.1-Circuit Resistance:

For fixed-bias operation............ e PP 0.5 max 0.25 max megohm

For cathode-bias operation. .. ...... ... viviaiunnn 1.0 max 1.0 juee megohm
® The de component must not exceed 100 volts.

G\P

BEAM POWER TUBE

6 AV S_G A Glass octal types used as hori- Q)

zontal deflection amplifiers in tele-

vision receivers employing either NGO, n

6AV5-GT transformer coupling or direct cou- “’

pling to the deflecting yoke. 6AV5-GA Gy C'z
Outline 33, 6AV5-GT' Outline 22, OUTLINES SECTION. Tubes require octal
socket and may be mounted in any position. Type 6AV5-GT isa DISCONTINUED
type listed for reference only.

HEATER VOLTAGE (AC/DC) 6.3 volts
HgAaTER CURRENT. ....... .. 1.2 amperes
TRANSCONDUCTANCE®, .. ... .. ... .., . 5900 umhos
Mu FACTOR, Grid No.2 to Grid No.1#*, E
* Plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, —22.5,
*¥ Triode connected: plate and gnd No.2 volts, 150; grid-No.1 volts, —22.5.
HORIZONTAL DEFLECTION AMPLIFIER

Maximum Retings: For operation in a 525-line, 30-framne system
DOC PLATE VOLTAGE. . . ottt ettt ittt eetesns e iesine s iinesinanaian 550 mazx volts
PEAK PosSITIVE-PULSE PLATE VOLTAGET (Absolute Maximum) ... .......... 5300%mnax volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. .. . ... i . iiiiniiaensnnas -1250 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . . .. ... ivnnrnnnnas e 175 mux volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE -300 mazx volts
PEAK CATHODE CURRENT. . . ... ... . i, 400 max ma
AVERAGE CATHODE CURRENT .. .. ............iuiuuaann 110 max ma
GRID-NO.2 INPUT. . .. ....... 2.5 max watts
PLATE DissiPATIONtY . ... ... ... 11 mux watts
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respeet tocathode. ... ............. ... ..ot 200 max volts

Heater positive with respect to cathode e 200mmux volts
BULR TEMPERATURE (At hottest point). . ..., .o vt iiiiiiniininennnns 210 max °C
Maximum Circuit Value:
Grid-No.1 Circuit Resistance. . .......... ... ... i iiiiiiiiieien, 0.47 max megohm

+ The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanaing cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning eycle iz 10 microseconds.

© Under no circumstances should this absolute value be exceeded.

+1 An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
#® The de component must not exceed 100 voits.

TWIN DIODE—HIGH-MU TRIODE

Miniature type used as combined
6AV6 detector, amplifier, and ave tube in
automobile and ac-operated radio re-
ceivers. The 6AV6 may be substituted
directly for the 6AT6 in applications
where the higher amplification of the 6AV6 is advantageous.

HEATER VOLTAGE (AC/DC) 6.8 volts
HEATER CURRENT. .. ... ..... 0.3 ampere
With

. External

DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Triode Grid to Triode Plate . ... .. 2.0 2.0 unf
Triode Grid to Cathode and Heater - 2.2 2.2 upf
Triode Plate to Cathode and Heater ... ...... ... 0.8 1.2 puuf
Piate of Diode Unit No.2 to Triode Grid 0.04 mazx 0.04 max puf

® With external shield connected to cathode.
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TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Rating, (Design-Mazimum Value):

PLATE VOLTAGE. v . ivn s vtaanrananacornoas 330 max volts
GRID VOLTAGE, Positive Bias Value.............coiiiiiiiiiiian, 0 maz volts
PLATE DISSIPATION. ..ottt tintiietaeausneenrnnacssasssnasessonnannnnas 0.55 max watt
Prak HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode. .............. ... oL, 200 max volts

Heater positive with respect tocathode. . ........... ... ... ... 0 ... 2004max volts
Characteristics:
Plate Voltage. . v v v v vttt ieiievosnasanoonssnnonsnscansarsnna 100 250 volts
Grid Vollage. . ..o vt i it iinnvvranassosensersanssonarnasas -1 -2 voits
Amplification Factor. . ... ... ittt iiiieiieianaaaes 100 }()0
Plate Resistance. . . ... .. ... ittt eeroracnrarensns 80000 62500 ohms
TransconducCtance. .. ... v viiniveenversosanseroenacrnssanns 1250 1600 umhos
Plate Current. . . . ..ottt inceciiaeiiineiaraans 0.50 1.2 ma

DIODE UNITS
Maximum Rating, (Design-Maximum Value):
1.0 max ma

PLATE CURRENT (Bach Unit), .................... ... ... Cerreeeaaaianes

* The de component must not exceed 100 volts.
The two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate has its own base pin. Diode biasing of the triode unit is not recommended.

AVERAGE DIODE CHARACTERISTICS
HALF-WAVE RECTIFICATION-SINGLE DIODE UNIT

INSTALLATION AND APPLICATION TYPE6AVE Eezedvouts | |

2o Ly

oA 140

Type 6AV6 requires miniature seven-
contact socket and may be mounted in any
position. Outline11, OUTLINESSECTION.

The triode unit of the 6AV6 is recom-
mended for use only in resistanee-coupled
circuits. Refer to the RESISTANCE-COU-
PLED AMPLIFIER SECTION, Chart 7
for typical operating conditions.

Grid bias for the triode unit of the o
6AV6 may be obtained from a fixed source,
such as a fixed-voltage tap on the de power
supply, or from a cathode-bias resistor. It
should not be obtained by the diode-biasing ‘o |
method because of the probability of plate-
current cutoff, even with relatively small sig- ~—

nal voltages applied to the diode circuit. /
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HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

6AWS Miniature types used in a wide

6 AW8 A variety of applications in television

- receivers. These types have a con-

trolled heater warm-up time for use in

receivers employing series~connected

heater strings. The pentode unit is used as an if amplifier, video amplifier, age

amplifier, or reactance tube. The triode unit is used in low-frequency oscillator,

sync-separator, sync-clipper, and phase-splitter circuits. Qutline 14, OUTLINES

SECTION. Tubes require miniature nine-contact socket and may be mounted in
any position. Type 6AWS is a discontinued type listed for reference only.

HEATER VOLTAGE (AC/DC) . ¢ttt ie ittt ettt eaie i eeieneans 6.3 volts
HEATER CURRENT. . ...ttt ittt ite e e et iaanes 0.6 ampere
HEATER WARM-UP TIME (AVERAGE) .. . ¢\t tunttenneeranaannnnaneennnen 11 seconds
DIRECT INTERELECTRODE CAPACITANCES: Without With
External Ezxternal
Triode Unit: Shield Shield®
GridtoPlate. .. ... ... o i i 2.2 2.2 unf
Grid to Cathode, Pentode Cathode, Pentode Grid No.3,
Internal Shield, and HEater. . . ... .....comonneers 3.2 3.4 nuf
Plate to Cathode, Pentode Cathode, Pentode Grid No.3,
Internal Shield, and Heater . . . » . ................ 1.8 3.0 unf
Pentode Unit:
Grid NoltoPlate. . ... ... ... . iiieiiiiiaan.. Q.05 max 0.04 max puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. ............ .. .. ... .. ... veeu.n 10 10 apf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. .. ... ... .. ... .. ... L i, 3.6 4.5 wpf
Pentode Grid No.l to Triode Plate. . . 0.008 max 0.005 max upf
Pentode Plate to Triode Plate. .. ... 0.15 mazx 0.025 max unf

" With external shield connected to pins 4 and 5.
CLASS A, AMPLIFIER

Maoximum Ratings, (Design-Mazimum Values): Triode Unit Pentode Unit

PLATE VOLTAGE. . . ...ttt i 330 max 330 max volts
GRID-NO0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . ... ........ - 330 max volts
GRID-NO.2 VOLTAGE. . ... ...t tiie i iieiinnn, - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value .. 0 max 0 max volts
PLATE DISSIPATION ............ .. 1.1 maz 3.75 max watts
GRriD-No0.2 INPUT:

For grid-No.2 voltages up to 165 volts. .. .......... .. - 1.1 max watts

For grid-No.2 vo.tages between 163 and 330 volts. .... - See curve page 66
PEAK BEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 max 200 mazx volts

Heater positive with respect to eathode, .. ........... 200°max 200°maz volts

AVERAGE CHARACTERISTICS
TRIODE UNIT

/ TYPE 6AWB-A
Ep=63VOLTS
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Characteristics: Triode Unit Pentode Unit
Plate Supply Voltage. . ..........vvets N 200 150 volts
Grid-No.2 Supply Voltage. . - 150 volts
Grid-No.l1 Voltage......... -2 - volts
Cathode-Bias Resistor. . ... - 150 ohms
Amplifieation Factor......... 70 -
Plate Resistance (Approx.).... - 0.2 megohm
Transconductance. . . ....ouvivievuriernnnreroaeanans 4000 9500 wmhos
Grid-No.1 Voltage (Approx.) for plate current of 20 ua.... -5 -8 volts
Plate Current. . . .....ciienien e erasenroonnnns . 4 15 ma
Grid-No.2 Current. . . oo oviuvniiiiirriinnenanerssoanas - 3.5 ma
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ............... ereaanesas 0.5 max 0.25 mazx megohm
For cathode-bias operation. ............... Ceeeenans 1.0 mazx 1.0 max megohm
°The de component must not exceed 100 volts,
AVERAGE CHARACTERISTICS
PENTODE UNIT
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O, HALF-WAVE VACUUM RECTIFIER

‘G Glass octal type used as a damper
tube in horizontal deflection circuits of

BO, VQ television receivers. Outline 22, OUT-
ORIO) LINES SECTION. This type may be

i€ H supplied with pin No.1 omitted. Tube

6AX4-GT

requires octal socket and may be mounted in any position. Socket terminals 1, 2,
4, and 6 should not be used as tie points. It is especially important that this tube,
like other power-handling tubes, be adequately ventilated. For curve of average

plate characteristics, see page 67.

HEATER VOLTAGE (AC/DC) Caees
HEATER CURRENT. . .. .. ittt e iiiiieareranannnnes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Cathode to Plateand Heater. .. ............ ... 0iivvuurins
Plate to Cathode and Heater. ..
Heaterto Cathode........... . ... ... i i iiiiiiiiiiiins,

. . DAMPER SERVICE

Maximum Ratings: For operation in a 5§25-line, $0-frame system
PEAK INVERSE PLATE VOLTAGE# (Absolute Maximum)
PEAK PLATE CURRENT
DC PLATE CURRENT....... .. ..
PLATE DISSIPATION . . . ... ittt
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode (Absolnte Maximum)

Heater positive with respect tocathode. . .........c.c.ovviiiiia...

#The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning
a 525-line, 30-frame system, 15 per cent of one horizontal secanning cycle is 10 mieroseconds.

* Under no circumstances should this absolute value be exceeded.
u The de component must not exceed 900 volts.
o The de component must not exceed 100 volts.
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FULL-WAVE VACUUM RECTIFIER &

pDZ
Glass octal type used in power

6AX5-GT supply of radio equipment having mod- e

erate dc requirements. Outline 22, e" o]

OUTLINES SECTION. This type ORIO)

may be supplied with pin No.1 omitted. ne "
Tube requires octal socket and may be mounted in any position. It is especially
important that this tube, like other power-handling tubes, be adequately ventilated.

HEATER VOLTAGE (AC). . .... F N 6.3 volts
HEATER CURRENT. L .1\ttt itttet e ete ettt enre et eanenannenns 1.2 amperes
) ’ FULL-WAVE RECTIFIER
Maximum Ratings:
PEAK INVERSE PLATE VOLTAGE. ..\ .t0vititet ittt iieaneraannnnan., 1250 mazx volts
PEAK PLATE CURRENT (Per Plate). ... ...ooviiiieirs i) 375 maz ma
HoT-SWITCHING TRANSIENT PLATE CURRENT
For duration of 0.2 second maximum. . .........voviivrninnnnnnn. ... 2.6 mar amperes
AC PLATE SUPPLY VOLTAGE (Per Plate, ITS). ... .cuvrrrnrenrnnnnnnnn. See Rating Chart
DC OuTPUT CURRENT (Per Plate, rms) . ... ......uomeeinmvnnnnnni ] . See Rating Chart
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..............coviuinnnn. .. .. 450 mar volts
Heater positive with respect to cathode. .. v.ouvereernnononenennoo.. . 450 max volts
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms) e 900 volts
Filter Input Capacitor*. ................... .. e 10 uf
Effective Plate-Supply Impedance Per Plate 105 ohms
DC Output Voltage at Input to Filter (Approx.): It
62.5 - volts
At half-load current of { 540 :'olts
- volts
At full-load current of { 490 volts
Voltage Regulation (Approx.):
Half-load to full-load current........... Ceerrnr et 45 50 volts
Typical Operation with Choke input to Filter:
AC Plate-to-Plate Supply Voltage (rras)......... e eaieaa 700 900 volts
Filter Input Choke. .. . ... ... it iiiiiannneinnrnnnnn.s 10= 10= 2 henries
DC Output Voltage at Input to Filter (Approx.): 270 1t
TEMA ..o e volts
At half-load eurrent of §go 5y wr i - 365 volts
150 ma .......v0..s i 250 volts
At full-oad current of § JBIME rereree e - 350 volts
Voltage Regulation (Approx.):
Half-load to full-load current. ......oovvevireaineainn. . 20 15 volts

RATING CHART
T

T T ¥ T
TYPE 6AX5-GT En=6.3 VOLTS
| CAPACITOR OR CHOKE INPUT
S\ CHOKE INPUT ONLY

| [
MAX. OPERATING VALVEG

80
WITH _CHOKE INPUT| TO Fi/¥
&,
WiTy oAX. OB XN
Pl CApan ERAT)
o AQITOR ,,;VPG D
B i it e S TR e ‘»¢
60 -

EN
=]

i
|

0OC OUTPUT MILLIAMPERES PER PLATE

< 100 200 ““300 400 500

AC PLATE SUPPLY VOLTS (RMS)PER PLATE
92CM-7383T
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* Higher values of capacitance than indicated may be used but the effective plate-supply impedance
may have to be increased to prevent exceeding the maximum rating for hot-switching transient plate

current.

# This value is adequate to maintain optimum regulation provided the load current is not less than"30
ma. For load currents less than 30 ma, a larger value of inductance is required for optimum regulation.

# # This value is adequate to maintain optimum regulation provided theload current is not less than 35
ma. For load currents less than 35 ma, a larger value of inductance is required for optimum regulation.

MEDIUM-MU TRIODE—
SEMIREMOTE-CUTOFF PENTODE

Figoe Miniature type used in television-
receiver applications; the pentode unit
is used as a video amplifier; the triode
unit is used as a sync separator. Qut-
line 12, OUTLINES SECTION. Tube

6AX8

requires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ... ... ittt ittt iieniaeennna, o
HEATER CURRENT. . ... ottt it e et ta it tsaisa i onenaronnnennns
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
Gridto Plate. . ... .. . oo i e i e
Grid to Cathode and Heater. . ... ... ...
Plate to Cathode and Heater
Pentode Unit:
Grid No.ltoPlate. . .. ... i i i it et
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield.. .. ... ... . e
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield .

Heater to Cathode (Each unit) ....... ... ... i i i,

Maximum Ratings: Triode Unit

PLATE VOLTAGE . . ..ottt ittt it it e ieea s 300 max
GRID-N0.2 SUPPLY VOLTAGE -
GRID-NO0.2 (SCREEN-GRID) VOLTAGE -
GRID-NO.1 (CONTROL-GRID) VOLTAGE 0 mazx

PLATE DISSIPATION . ...\ttt ittt ainnnan 2.7 maz
GRID-No0.2 INPUT

For grid-No.2 voltages up to 150 volts. .. .......... o -

For grid-No.2 voltages between 150 and 300 volts
PeEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode ............... 90 max

Heater positive with respect to cathode. ............... 90 max
Characteristics:
Plate Supply Voltage. .. ......... ... ... .. .. i, 150
Grid-No.2 Supply Voltage -
Cathode-Bias Resistor. . . ........... ... .. ... ... .en. 56
Amplification Factor . ....... ... ... ... .. ... i iiii, 40
Plate Resistance (Approx.). ... 0.005
Transconductancee. .. ...ttt i 8500
Grid-No.1 Voltage (Approx.) for plate current of 10ua....... -12
Plate Current N 18
Grid-No.2 Current. ... ... .. ... i i -
Maximum Circuit Values:
Grid-No.1 Circuit Resistance:

For fixed-bias operation. ... ....... ... ..ot 0.1 mazx

For cathode-bias operation .......................... 0.5 max

° With external shield connected to cathode of unit under test except as noted.
® With external shield connected to ground. .
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6.3 volts
0.45 ampere
1.8 unf
2.5 uuf

1 uuf
0.006 max uuf
5 puf

3.5 put
3.5 uuf

Pentode Unit

300 max volts
300 mazx volts
See curve page 66
0 max volts
2.8 max watts
0.5 max watt

See curve page 66

90 mazx volts
90 max volts
250 volts
110 volts
120 ohms
0.4 megohm
4800 umhos
~12 volts
10 ma
3.5 ma
0.1 max megohm
0.5 maz megohm
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6 AZS Miniature type used in a wide

variety of applications in television

receivers. The pentode unit is used as

an if amplifier, video amplifier, agc

amplifier, or reactance tube. The tri-

ode unit is used in low-frequency oscillator, sync-separator, sync-clipper, and phase-

splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ............. 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:

Triode Unit:

Grid £0 Plate. . . .ottt et et e e 1.7 upl
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield .. ... 2 pui
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield .. .. 1.7 uuf

Pentode Unit:
Grid No.Lto Plate. . . ... . i 0.02 max puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 paf
Plate to Cathode, Heater Grid No.2, Grid No. 3, and Internal Shleld 2.2 uuf
Triode Grid to Pentode Plate. . . ... .. 0.027 max pupf
Pentode Grid No.1 to Triode Plate coe. 0,020 max uuf
Pentode Plate to Triode Plate . . .. ... ... . o i 0.045 max wuf
CLASS A; AMPLIFIER

Maximum Ratings: Triode Unit Pentode Unit
PLATE VOLTAGE. ... ..\ttt iiii i inneannnns 300 max 300 max volts
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE . . - 300 max volts
GRID-NO.2 VOLTAGE. ... ..t einnninsannn See curve page 66
(7 rID-N0.1 (CONTROL-GRID) VOLTAGE, Positive bias value. . . 0 max 0 mar volts
PLATE DISSIPATION. ... ... . .. it 2.6 max 2 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 150 volts. ... ........... - 0.5 mac watt

For grid-No.2 voltages between 150 and 300 volts. . ... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 mazx 4 volts

Heater positive with respect to eathode. . .. ... ....... 200mmax . volts
Characteristics:
Plate Supply Voltage . . ... ... ... ... i i 200 200 volts
Grid-No.2 Voltage - 150 volts
Grid-No.1 Voltage -6 - volts
Cathode-Bias Resistor - 180 ohms
Amplification Factor.......... 19 -
Plate Resistance (Approx.). ............ 5750 300000 ohms
Transconductance. . . ...... ... ittt 3300 6000 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 na. -19 - volts
Grid-No.1 Voltage (Approx.) for transconductance of 100

wumhos. . ... - -12.5 volts
Plate Current. .. ........ 13 9.5 ma
Grid-No.2 Current - 3 ma

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:*
For fixed-bias operation. .. ......... ..o, 0.5 max 0.25 max megohm
For cathode-bias operation. .. ............ ... ... .... 1.0 max 1.0 max megohm
a The dc component must not exceed 100 volts.
4 The heater-cathode voltage should not exceed the value of the operating cathode bias. If the heater-
eathode voltage exceeds the operating eathode bias value, grid No.3 will be made negative with respect
tn cathode, and thus possibly cause a change in tube characteristics.
= If either unit is operating at maximum rated conditions, grid-No.1-circuit resistance for both units
should not exceed the stated values.

POWER TRIODE

NC G
Glass octal type used in output stage of e e
radio receivers and amplifiers. Outline 50, OUT-
LINES SECTION. Tube requires octal socket. P Nc
6B4_G For typical operation as a single-tube class A

amplifier, refer to type 2A3. Filament volts

(ac/de), 6.3; amperes, 1.0. Maximum ratings as Gvﬂ

push-pull class AB) amplifier: plate volts, 325;
plate dissipation, 15 watts. Type 6B4-G is a 0 §
DISCONTINUED typelisted for reference only. NC NC
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DIRECT-COUPLED POWER TRIODE

Glass type used as class A1 power amplifier.
One triode, the driver, is directly connected
within the tube to the second, or output, triode.
Qutline 43, OUTLINES SECTION. Tube re- 685
quires six-contact socket. Heater volts (ac/de),
6.3: amperes, 0.8. Characteristics of input and
output triodes as class A1 amplifier follow. Input
triode: plate volts, 300 max; grid volts, 0; plate
ma., 8. Output triode: plate volts, 300 mazx; plate ma., 45; plate resistance, 24000 ohms; load resistance,
7600 ohms; output watts, 4. This is a DISCONTINUED type listed for reference only.

TWIN-DIODE—HIGH-MU TRIODE

(ilass octal type used as combined detector,
amplifier, and avc tube. Outline 39, OUT-
LINES SECTION. Tube requires octal socket.
Heater volts (ac/de), 6.3; amperes, 0.3. Within
its triode maximum plate-voltage rating of 250 686-6
volts, this type is similar electrically to type
6SQ7 and curves under that type apply to the
6B6-G. This is a DISCONTINUED type
listed for reference only.

TWIN-DIODE—
REMOTE-CUTOFF PENTODE

Glass types used as combined detector, am-
plifier, and ave tubes. Outline 40, OUTLINES 6B7
SECTION. These types fit the small seven-con-

tact (0.75-inch, pin-circle diameter) socket. Ex- 6B7S

cept for interelectrode capacitances, the elec-

trical characteristics of the 6B7 are identical

with those of type 6B8-G. Type 6B7S has the

external shield connected to the cathode. In

general, its electirical characteristics are similar to those of the 6B7, but the two types are usually not
directly interchangeable. These are DISCONTINUED types listed for reference only.

TWIN-DIODE—
SEMIREMOTE-CUTOFF PENTODE

Metal type 6B8 and glass octal type 6B8-G
are used as combincd detector, amplifier, and 6B8
ave tubes. Qutlines 4 and 39, respectively,
OUTLINES SECTION. Type 6BB is used
principally for renewal purposes; 6B8-G is a 6Bs-G
DISCONTINUED type listed for reference
only. Tubes require octal socket. Heater volts

S:6B8 G N .
NC:6B8-G ip (ac/dc), 6.3; amperes, 0.3. Maximum ratings of

pentode unit as class A amplifier: plate volts,
300 mazx; grid-No.2 volts, 125 mar; grid-No.2 supply volts, 300 mar; grid-No.1 volts, positive-bias
value, 0 mazx; plate dissipation, 3.0 mex watts (6B8), 2.25 max watts (6B8-G); grid-No.2 input, 0.3 max
watt, H P

(3 REMOTE-CUTOFF PENTODE

Miniature type used as rf ampli-

fier in standard broadcast and FM re-

G O ceivers, as well as in wide-band, high- 6BA6

'0) fyeq.uengy applications. This type is

G similar in performance to metal type

6SG7. The low value of grid-No.l-to-plate capacitance minimizes regenerative
effects, while the high transconductance makes possible high signal-to-noise ratio.

HEATER VOLTAGE (AC/DC) .+ ittt e it it ia e it et 6.3 volts
HEATER CURRENT | . oottt ittt nne e r et tto ettt aaen 0.3 ampere
Without With
Ezxternal External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Grid No.1 to Plate ... 0.0035 mazx 0.0035 maxr  upf
Grid No.1 to Cathode, Heater, Grid No.2 Grid No.3,
and Internal Shield. . ... ... ............. 5.5 5.5 puf

Plate to Cathode, Heater, Grid No.2, Grid
Internal Shield ......... ... ... iiviiiiiiiiies 5.0 5.5 uuf
® With external shield connected to cathode.
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CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. ..« i tttitn st e ittt et et e e 330 max volts
GRID N0.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD . .Connect to cathode at socket

GRID-NO.2 (SCREEN-GRID) VOLTAGE. .............. See curve page 66
GRID-N 0.2 SUPPLY VOLTAGE. . .. 330 max volts

PLATE DISSIPATION. L.ttt e ia it e cnenaas 3.4 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltagesup to 165 volts. . . . ........ .. iiiiiinirnnnrn.. 0.7 max watt
For grid-No.2 voltages between 165 and 830 volts, ., .......... P See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:
Negative bias value. . ... ... i i i i ittt ennnn -55 max volts
Positive bias value. .. ... ... e i 0 max volts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . .............. ... ... oon.. 200 max volts
Heater positive with respect tocathode. . .. .......cviivrneinnnnnnn ., 2004mazx volts

4 The de component must not exceed 100 volts.

Characteristics:

Plate Supply Voltage. ............... . . . 100 250 volts
Grid No.3 and Internal Shield . . Connected to cathode at socket
Grid-No.2 Supply Voltage. .. . . 100 100 voits
Cathode-Bias Resistor. .. ... . . .. i i, 68 68 ohms
Plate Resistance (APProX.). ..o vivretiiiennninoneinn. s 0.25 1.0 megohm
Transconduct8nce. . .. ... e 4300 4400 umhos
Grid-No.1 Voltage (Approx.) for transconductance of 40 umhos -20 ~20 ’ volts
Plate Current. .. .. ... it i e e e 10.8 11 ma
Grid-No.2 Current. ... ..o i it i e e 4.4 4.2 ma

INSTALLATION AND APPLICATION

Type 6BA6 requires miniature seven-contact socket and may be mounted in
any position. Outline 11, OUTLINES SECTION.

Control-grid bias variation will be found effective in changing the volume of
the receiver. In order to obtain adequate volume control, an available grid-No.1-
bias voltage of approximately 50 volts will be required. The exact value will depend
upon the circuit design and operating conditions. This voltage may be obtained,
depending on the receiver requirements, from a potentiometer across a fixed supply
voltage, from a variable cathode-bias resistor, from the avc system, or from a
combination of these methods.

The grid-No. 2 (screen-grid) voltage may be obtained from a potentiometer or
bleeder circuit across the B-supply source, or through a dropping resistor from the
plate supply. The use of series resistors for obtaining satisfactory control of grid-
No.2 voltage in the case of four-electrode tubes is usually impossible because of
secondary-emission phenomena. In the 6BA6, however, because grid No.3 prac-
tically removes these effects, it is practical to obtain grid-No.2 voltage through a
series-dropping resistor from the plate supply or from some high intermediate

AVERAGE PLATE CHARACTERISTICS

S —
z TYPE 6BA6
& €4 = 6.3 VOLTS

GRID-N2 2 VOLYS = 100
GRID-N2 3 VOLTS = ¢

8,

PLATE (1)) OR GRID-N%2 (1¢5) MILLIAMPERES
L)
—
.\S = N

7
/

I5
il

-1

€ci=0

GRID-N¢! VOLYS EC1=-4

1 -7

—
'
o

r
1
»

300 40 600
PLATE VOLTS 92CM=-8609T
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voltage, provided the source does not exceed the plate-supply voltage. With this
method, the grid-No.2-to-cathode voltage will fall off very little from minimum to
maximum value of the resistor controlling cathode bias. In some cases, it may
actually rise. This rise of grid-No.2-to-cathode voltage above the normal maximum
value is allowable because both the grid-No.2 current and the plate current are
reduced simultaneously by a sufficient amount to prevent damage to the tube. It
should be recognized that, in general, the series-resistor method of obtaining grid-
No.2 voltage from a higher voltage supply necessitates the use of the variable
cathode-resistor method of controlling volume in order to prevent too high a volt-
age on grid No.2. When grid-No.2 and control-grid voltage are obtained in this
manner, the remote ‘‘cutoff’’ advantage of the 6BA6 can be fully realized. How-
ever, it should be noted that the use of a resistor in the grid-No.2 circuit will have
an effect on the change in plate resistance with variation in grid-No.3 (suppressor-
grid) voltage in case grid No.3 is utilized for control purposes.

Grid No. 3 (suppressor grid) may be connected directly to the cathode or it
may be made negative with respect to the cathode. For the latter condition, the
grid-No.3 voltage may be obtained from a potentiometer or bleeder circuit, or from
the ave system.

PENTAGRID CONVERTER
Miniature type used as converter
in superheterodyne circuits especially
those for the FM broadcast band. Out- 6BA7
line 14, OUTLINES SECTION. Tube
requires miniature nine-contact socket
and may be mounted in any position.

Maximum Ratings: CONVERTER SERVICE
PLATE VOLTAGE. ...\ttt ia e aan e 300 mazx volts
GRID-NO.5-AND-INTERNAL-SHIELD VOLTAGE®. .., ... 00uttunnneennnnnnna., Q0 mazx volts
GRIDS-N0.2-AND-N 0.4 (SCREEN-GRID) VOLTAGE. . ...\ .tvveruennrnarnannn .. 100 max volts
GRIDS-NO.2-AND-N©.4 SUPPLY VOLTAGE. . .. ..i\itetreturunnoanrenennnnns 300 max volts
PLATE DISSBIPATION . ..\ tit ittt ittt iienreeraseenaesanareeeeannns 2.0 max watts
GRIDS-NO.2-AND-NO.4 INPUT. . ..o\ttt iiiiieiasenearieannenns 1.5 maz watts
TOTAL CATHODE CURRENT .. ... .tuutininssteorunnnanconsacorasansnasons 22 max ma
GRID-N0.3 VOLTAGE:

Negative bias value -100 max volts

Positive bias value 0 maz volts
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... P Chireeseenens 90 max volts

Heater positive with respect to cathode . ......... . et rereraeeaens 90 maz volts
Characteristics (Separate Excilation):*
Plate Voltage . . ... ...ttt i reantcananarnes 100 250 volts
Grid No.5 and Internal Shieid*. .. .. .................... PN Connected directly to ground
Grids-No.2-and-No.4 (Screen-Grid) Voltage 100 100 volts
Grid-No.3 (Control-Grid) Voltage . ...............cc0v.. vee. —1.0 -1.0 volt
Grid-No.1 (Oscillator-Grid) Resistor . ........... 0c0viniunn.. 20000 20000 ohms
Plate Resistance (APProX.) . ... ...ttt iininitiironnnannans 0.5 1.0 megohm
Conversion Transconductance. . ...........coiiuiveninrnnnean. 900 950 umhos
Conversion Transconductance (Approx.)*¥ . . ................. 3.6 3.5 wmhos
Plate CUITENE . L. .ot i i ittt it ie i iaenaneans 3.6 3.8 ma
Grids-No 2-and-No.d Current . . .......covviiiiiiinininanns 10.2 10 ma
Grid-No.1 Current. .. ..ottt 0.35 0.35 ma
Total Cathode Current.......... ..., 14.2 14.2 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not oseil-
lating) is approximately 8000 umhos under the following conditions: signal applied to grid No.1l at zero
bias; grids No.2 and No.4 and plate at 100 volts; grid No.3 grounded. Under the same conditions, the
plate current is 32 milliamperes, and the amplification factor is 16.5.

* The characteristics shown with separate excitation correspond very closely with those obtained in a
self-excited oscillator circuit operating with zero bias.

#* With grid-No.3 bias of -20 volts.

4 Internal Shield (pins No.6 and No.8) connected directly to ground.
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MEDIUM-MU TRIODE —
SHARP-CUTOFF PENTODE

6BAS8-A

RCA Receving Tube Manual

Miniature type used in a wide
variety of applications in eolor and
black-and-white television receivers.
This type has a controlled heater
warm-up time for use in receivers em-

ploying series-connected heater strings. The pentode unit is used as a video ampli-
fier, an age amplifier, or a reactance tube. The triode unit is used in low-frequency
oscillator and phase-splitter circuits. Outline 14, OUTLINES SECTION. Tube
requires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC)

HEATER CURRENT . . ...ttt ittt ie i e e caannnenaannns

HEATER WARM-UP TIME (Average)
DIRECT INTERELECTRODE CAPACITANCES (APprox.):

Without
External
Triode Unit: Shield
Gridto Plate. . ... .. ittt it it 2.2
Grid to Cathode and Heater...... FS N 2.5
Plate to Cathode and Heater. ..... FS N 0.4
Pentode Unit:
Grid No.ltoPlate........ ..o 0.04
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield............. ... ... ... .00 10
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. . . ........... .. .iiiiiiiiiii, 3.6
Triode Grid to Pentode Plate. . ..................... ... 0.016
Pentode Grid No.l1 to Triode Plate. .. .................. 0.006
Pentode Plate to Triode Plate. ......................... 0.15

® With external shield connected to cathode of unit under test.

CLASS A; AMPLIFIER

Maximum Ratings: T{;’,‘fﬁ'
PLATE VOLTAGE. . . ... .ttt i iiiiiiiaaeaens 300 mazx
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . N -
GRID-NO.2 VOLTAGE . . . . .t oiiiieniiiraoirnrinnsnens o -
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative blasvalue. . ... ........coiiviinnnnn. RN -

Positive bias value. . ... ...ooiiiiiiiennrrannrennss . -
PLATE DISSIPATION. , .. ......... e eeineaes ceeaes 2 maz

AVERAGE CHARACTERISTICS
PENTODE UNIT

6.3 volts
0.6 ampere
11 seconds
With
External
Shield®
2.2 Bl
2.7 upf
1.9 upi
0.03 puf
10 ppf
4.5 puf
0.006 upf
G.003 npf
0.023 wpf
Penlode
Unit
300 maz volts
300 max volts
See curve page 66
-b60 marx volts
0 mazx volts
3.25 maz watts
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Triode

GRrip-No.2 INPUT: Unit

For grid-No.2 voltages up to 150 volts. P -

For grid-No.2 voltages between 150 and 300 volts ...... -
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect 10 cathode. ............. 200 mazx

Heater positive with respect to cathode............... 200"maz
Characteristics:
Plate-Supply Voltage. . .. ... . it iiiiiiienenns 200
Grid-No.2 Supply Voltage .. -
Grid-No.1 Voltage. . . .............. .. -8
Cathode-Bias Resistor . .. -
Amplifieation Factor. . .. 18
Plate Resistance (Approx.). 6700
Transconductance. . .. .. ... .. ... iieriiieainnnraan 2700
Grid-No.1 Voltage (Approx.) for plate current of 10 ya. . ... -16
Plate Current. ... ... . iii ittt it AN 3
Grid-No.2 Current -
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . . ............. ... ... ..., 0.5 max

For cathode-bias operation. .. 1.0 max

® The dc component must not exceed 100 volts.

MEDIUM-MU TRIODE

Miniature type used as an rf am-
plifier in the cathode-drive circuits of
uhf television tuners covering the fre-
quency range of 470 to 890 megacycles
per second. Outline 10, OUTLINES

Penlode
Unit
1 max watt
See curve page 66

200 mazx volts
200%max volts
200 volts
150 volits
- volts
180 ohms
400000 ohms
5000 pmhos
-10 volts
13 ma
3.5 ma
0.25 maxr megohm
1.0 max megohm

6BC4

SECTION. Tube requires miniature nine-contact socket and may be mounted in

any position.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT. . ...ttt it iaeen s et et ee ettt iteae e nanns
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid to Plate. .. ... . . e e e
Grid to Heater and Cathode. .. ... .
Plate to Heater and Cathode ..
Heater to Cathode.. ... ... ... . i i i it

Maximum Ratings:
PLATE VOLTAGE. . ... ittt ittt ettt et ieiie i eeaas
PLATE DiISSIPATION
CATHODE CURRENT
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...................c0vunn...
Heater positive with respect to cathode

Characteristics:

Plate Supply Voltage. . ... ...ttt it ettt eneeeinte e
Cathode-Bias Resistor. . ....................

Amplification Factor. .. .....................

Plate Resistance (Approx.) ....
Transconductance. ...........................
Grid Voltage (Approx.) for plate current of 10 ua.
Plate Current. . ... ... i e e i e,

Maximum Circuit Values:
Grid-Circuit Resistance:

volts
ampere
1.6 upf
2.9 puf
0.26 uuf
2.7 wuf
250 max volts
2.5 max watts
25 max ma
75 max volts
75 max volts
150 volts
100 ohms
48
4800 ohms
10000 umhos
-10 volts
14.5 ma

Not recommended
0.5 max megohm
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SHARP-CUTOFF PENTODE

Miniature type used in compact
radio equipment as an rf or if amplifier
at frequencies up to 400 megacycles
per second. Outline 11, OUTLINES
SECTION. Tube requires miniature

6BC5

seven-contact socket and may be mounted in any position. For typical operation
as resistance-coupled amplifier, refer to Chart 13, RESISTANCE-COUPLED

AMPLIFIER SECTION.

HEATER VOLTS (AC/DC) ... .ttt iiinia i iininaiaessoosanancnnenss 6.3 volts
HEATER CURRENT. . . .. ...ttt it itiannninesronatnnnnianeonnnses 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Pentode Connection:
Grid No.Lto Plate. .. ... . ... ittt inanaeniiain e s 0.030 max s
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 upl
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield... . 1.8 wpf
Triode Connection:*
Grid No.1 to Plateand Grid No.2. . .. ........ .. .. .. ... .. . iiviunnn 2.5 wuf
Grid No.1 to Cathode, Heater, Grid No.3, and Internal Shield.......... 3.9 uuf
Plate and Grid No.2 to Cathode, Heater, Grid No.3, and Internal Shield. . 3.0 unf
* Grid No.2 connected to plate.
N . CLASS A; AMPLIFIER Triode Pentode
Maximum Ratings: Connection™ Connection
PLATE VOLTAGE . . ... ottt ittt iineiniaarnonanns 300 mazx 300 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. ............ - 300 max volts
GRID-NO.2 VOLTAGE . . . .ottt itteeviaiereninaanas - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. . 0 max 0 max volts
PLATE DISSIPATION. . ... ... . i iiiiiiniaicannnens 2.5 max 2 max watts
GRID-No0.2 INPUT:
For grid-No.2 voltagesup to 150 volts. .. ........... - 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts..... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . . 90 mazx 90 max volts
Heater positive with respect to cathode............. 90 nmax 90 max volts
Characteristics:
Plate Supply Volitage. .. ..... 180 250 100 125 250 volts
Grid-No.2 Supply Voltage. . e - - 100 125 150 volts
Cathode-Bias Resistor.................... 330 820 180 100 180 ohms
Amplification Factor............. RN 42 40 - -~ -
Plate Resistance (ApPprox.)..........c.v cevvniiniinnnn 0.006 0.009 0.6 0.5 0.8 megohm
TransconducCtance. .. .. . .......iuurrnnenrenns .. 6000 4400 4900 6100 5700 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua. ... - - -5 -6 -8 volts
Plate Current . . N 8 6 4.7 8 1.5 ma
Grid-No.2 Current. . ... it - - 14 24 21 ma

* Grid No.2 connected to plate.

TRIPLE DIODE

Miniature type containing three
high-perveance diode units in one en-
velope; used in dc restorer circuits of
color television receivers, Also used in
AM /FM radio receivers as a combina-~

6BC7

HEATER VOLTAGE (AC/DC) . it vttt et e v taeiannaaenanaannanenonsneann
HEATER CURRENT. . ... ittt ittt it ie ittt et iain i tan e
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Diode-No.1 Plate to Diode-No.1 Cathode, Heater, and Internal Shield.
Diode-No.2 Plate to Diode-No.2 Cathode, Heater, and Internal Shield.
Diode-No.3 Plate to Diode-No.3 Cathode, Heater, and Internal Shield.

Maximum Ratings (Each Diode Unit):

PEAK INVERSE PLATE VOLTAGE. . ... vvivveiuaran PSP
PEAK PLATE CURRENT*
DC Ourput CURRENT......
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respect to cathode. ................

K3
tion FM discriminator and AM detector tube. Outline 12, QUTLINES SECTION.
Tube requires nine-contact miniature socket and may be mounted in any position.

6.3 volts
0.450 ampere
3.5 auf
5.5 puf
3.5 ppf
330 max volts
54 mazx ma

12 mazx ma
200 max volts
200 max volts

* In rectifier service, the minimum total effective plate-supply impedance per plate is 560 ohms.
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 6BC8
cuits of vhf television tuners. In such
circuits, one triode wnit is used as the
direct-coupled grounded-cathode driv-
er for the other unit. This type is also used in push-pull cathode-drive rf amplifiers.
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position.

HEATER VOLEAGE (AC/DC). vttt ittt niiiiet e s e 6.3 volts
HEATER CURRENT. . .\ttt ettt e e e eeee it e e 0.4 ampere
DIRECT INTERELECTRODE CAPACITANCES*: Unit No.1 Unit No.2
GridtoPlate .......... ... ........... SEPREN e 1.2 1.2 puf
Grid to Cathode, Heater, and Internal Shield. .. 2.6 - ppf
Cathode to Grid, Heater, and Internal Shield......... .. - 5.5 unf
Plate to Cathode, Heater, and Internal Shield ......... 1.3 - apf
Plate to Grid, Heater, and Internal Shield .......... . .. - 2.4 puf
Plateto Cathode. . .................................. - 0.12 ppf
Heater to Cathode ................................. 2.8 2.8 puf
Plate of Unit No.l1 to Plateof Unit No.2. . ... ... ................ 0.02 nux nuf
Plate of Unit No.2 to Plate and Grid of Unit No.1 .............. 0.04 max wupf
* With external shield connected to internal shield.
CLASS A, AMPLIFIER (Each Unit)
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . ...ttt ittt e et 250%max volts
PLATE DISSIPATION. ...\ttt et eeaiene e, 2 mox watts
CATHODE CURRENT. . ... ...ttt aen i, 20 mazx ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............................. 200*max volts
Heater positive with respect to cathode. . .......oooveerernonnnnniin, 200®max volts
Characteristics:
Plate Supply Voltage. ... ... it it e e e 150 volts
Cathode-Bias ReSiStor. . .. ..........c.viviuvereinnnennn.n. e 220 ohms
Plate Resistance (APProX.) . ......iuivurinreanneronnnrenunnnnnnnnon. 5300 ohms
Amplification Factor. ...t 35
TranscondUCtANCE. . . . ...ttt et v 6200 pmhos
Grid Voltage (Approx.) for transconductance of 50 ymhos. .. ............. -13 volts
Plate Current. ... ... o i e 10 ma

Maximum Circuit Value:

Grid-Circuit Resistance ..............uviiuinrein e 0.5 mar megohm
4 This rating may be as high as 300 volts under cutoff conditions, when the tube is used as a cascode
amplifier and the two units are connected in series.

® The de component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
FOR EACH UNIT

TYPE 6BCB
Ef=6.3 VOLTS
40
‘&‘ O
& 30 &
3 «
3 < ~
; <
>, %
20 o*A /A
< / K
@ / AV
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o
Vi aare
14 A4 7 % 8
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P e
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151



RCA Receiving Tube Manual

SHARP-CUTOFF BEAM TRIODE

Glass octal types used for the voltage regu-

6BD 4 lation of high-voltage, low-current de¢ power
supplies in color television receivers. Outline 47,

OUTLINES SECTION. Tubes require octal

6BD4_A socket. Heater volts (ac/dc), 6.8; amperes, 0.6.
Maximum ratings for voltage-control service: de

plate volts, 6BD4 20000 maz, 6BD4-A 27000

max; unregulated de supply volts, 6BD4 40000

mazx, 6BD4-A 55000 mazx; dc grid volts, —-125

snaz; peak grid volts, ~550 max; de plate ma., 1.5 maz; plate dissipation, 6BD4 20 ;max watts, 6BD4-A
25 max watts; peak heater-cathode volts, 180 maz. These are DISCONTINUED types listed for

reference only.

REMOTE-CUTOFF PENTODE

Miniature type used as rf or if amplifier in
radio receivers. This type is similar in perform-
ance to metal type 6SK7. Outline 11, OUT-

6BD6 LINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in
any position. Heater volts (ac/dc), 6.3; am-
peres, 0.3. Characteristics as class A; amplifier:
plate volts, 250 (800 maz); grid No.3 connected
to cathode at socket; grid-No.2 volts, 100 (125

P

H
O

e‘ ®
?gK

Gy

G2

max); grid-No.1 volts, -8; plate resistance (approx.), 0.8 megohm; transconductance, 2000 gmhos; plate
dissipation, 8 max watts; grid-No.2 input, 0.65 maxz watt; plate ma., 9; grid-No.2 ma., 3; total cathode
ma,, 14 max; peak heater-cathode volts, 90 max. This type is used principally for renewal purposes,

PENTAGRID CONVERTER

Miniature type used as converter

6B E6 in superheterodyne circuits in both the
standard broadcast and FM bands.The

6BE6 is similar in performance to

metal type 6SA7. For general discus-

sion of pentagrid types, see Frequency Conversion in ELECTRON TUBE AP-

PLICATION SECTION.

HEATER VOLTAGE (AC/DC)..

HEATER CURRENT. .. .0iiiiniiunennnniosnennsinnes . .
DIRECT INTERELECTRODE CAPACITANCES: Without
External
Shield
Grid No3toPlate, . ... ..oivviiiiiineinnnencnnnn 0.30 max
GridNo83toGridNod............coivivinnnnan, 0.15 max
Grid NodtoPlate............viiiiiiinnennnnn, 0.10 mazx

Grid No.3 to All Other Electrodes. .................
Grid No.l to All Other Electrodes. . .. cees
Plate to All Other Electrodes . . ... .
Grid No.l1 to Cathode and Grid No.5. .. ............
Cathode and Grid No.5 to All Other Electrodes except

Grid NoL. . ivriiiiiiieinn ittt iiieaaaas 15.

® With external shield connected to cathode and grid No.5.

CONVERTER

Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. .. it tutttnneete s tassennsesossonasnnnesnnennaeensenns
GRIDS-N0.2-AND-N0.4 (SCREEN-GRID) VOLTAGE ....... F N ..
GRIDS-NO0.2-AND-NO.4 SUPPLY VOLTAGE. . .......cnnuuunn. Ceraa e ..
PLATE DISSIPATION. ... .. . iiiiiiiiniinannnans Ceeeeenar e .
GRIDS-NO 2-AND-NO0.4 INPUT...... ettt e e e .
CATHODE CURRENT . & o 0 ittt teueanoanoenseeeennesnisnennnssenasas
GRI1D-N0.3 VOLTAGE:

Negativebias value. . .. ... v it i i ittt it it crnans

Positive bias value. . . ... .. i it e
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. ..........................

Heater positive with respect to cathode. . ... ... .........0iivvun....

6.3 volts
0.3 ampere
With
External
Shield®
0.25 max apf
0.15 mazx wuf
0.05 max uuf
7.0 uuf
5.5 upf
13.0 upf
3.0 auf
20.0 puf
330 max volts
110 max volts
330 max volts
1.1 max watts
1.1 max watts
15.5 mazx ma
-55 mazx volts
0 max volts
200 max volts
200*max volte
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Typical Operation (Separate Excitation) *

Plate Voltage. . . ... ..o i it nn 100 250 volts
Grids-No.2-and-No.4 (Sereen-Grid) Voltage. . e 100 100 volts
Grid-No.1 (Oscillator-Grid) Voltage (rms)...... .. 10 10 volts
Grid-No.3 (Control-Grid) Voltage. ........ .. -1.5 -1.5 volts

Grid-No.1 (Oscillator-Grid) Resistor. 20000 20000 ohms
Plate Resistance (Approx.).......... PN 0.4 1.0 megohm
Conversion Transeonductance. . .. ..........c.ccuueeuivinaas 455 475 umhos
Grid-No. 8 Voltage for conversion transconductance of 10 umhos -30 -30 volts
Plate Current .. ... ... .ttt i i i e 2.6 2.9 ma
Grids-No.2-and-No.4 Current .. 7.0 6.8 ma
Grid-No.1 Current. . . .............. .. 0.5 0.5 ma
Cathode Current .. ... ... .. i i 10.1 10.2 ma

Note: The transconductance between grid No.l and grids No.2 and No.4 connected to plate (not oseil-
lating) is approximately 7250 umhos under the following conditions: grids No.l1 and No.3 at 0 volts;
grids No.2 and No.4 and plate at 100 volts. Under the same conditions, the cathode current is 25 ma.,
and the amplification factor is 20. Grid-No.1 voltage (Approx.) for plate current of 10 ua is —-11 volts.
4 The de component must not exceed 100 volts.

* The characteristies shown with separate excitation correspond very closely with those obtained in a
self-excited osecillator circuit operating with zero bias.

OPERAT!ON CHARACTERISTICS OPERATION CHARACTERISTICS
WITH SELF-EXCITATION WITH_ SEPARATE OSCILLATOR EXCITATION
TYPE. SBEG
Py.s.a VOLTS  PLATE VOLTS=250 __| HPEE 36\,805%
GRIDS-N22 & N24 VOLTS =100 - PLATE VOLTS = 250 1
GRID-N2 3 (CONTROL- GRID)VOLTS=-} _| GRIDS-N22 & N2 4 VOLTS =100
| GRID-N2 | RESISTOR-OHMS = 20000 " L. CRID- N® 3 (CONTROL-GRID)VOLTS S~1.5
« p(?o). x 100 (SEE TEXT) - Q GRID-N2 | RESISTOR- oms zooo
o GRID-N? | CURRENT VARIE
§ | JE,\.O SVOLTS b3 I “ADJUSTMENT OF OS\.ILLATOR VOLYNSE‘
T 7 x
2 % S A T I
& 600 P=5 1
Q z RECOMMENDED  MINIMUM
3 A L VALLE oF 1c
D] {,\ —1.4 3]
i /Za 2 L]
o 50 \ w800 16
3 \10 %, o8 P T
z /\\,-\\ | z & CATHODE CURRENT
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> i 2.0 2600 22 .
Cz‘ z 3 ..//
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o 300 t o = 7
a- — \ @ = Sc
z 2400w 8 Val
< w
£ 200 = £ 8 y
" N30 . E 4
z \ z &
% 100 \20% 2200Y 4
x AN T ©
B 5.0 > !
3 3
S 8
[ 0.5 1.0 1.5 0 0.4 0.8 1.2
GRID-N2) MILLIAMPERES (1c1) GRID-N2| MILLIAMPERES (IC1)
92CM-6625T 92CM-6624T

INSTALLATION AND APPLICATION

Type 6BE6 requires miniature seven-contact socket and may be mounted in
any position. Qutline 11, OUTLINES SECTION.

Because of the special structural arrangement of the 6BES, a change in signal-
grid voltage produces little change in cathode current. Consequently, an rf voltage
on the signal grid produces little modulation of the electron current flowing in the
cathode circuit. This feature is important because it is desirable that the impedance
in the cathode circuit should produce little degeneration or regeneration of the
signal-frequency input and intermediate-frequency output. Another important
feature is that, because signal-grid voltage has very little effect on the space charge
near the cathode, changes in ave bias produce little change in oscillator transcon-
ductance and in the input capacitance of grid No.l. There is, therefore, little
detuning of the oscillator by ave bias.

A typical self-excited oscillator circuit employing the 6BES is given in the
CIRCUIT SECTION.

In the 6BE6 operation characteristics curves with self-excitation, E, is the
voltage across the oscillator-coil section between cathode and ground; Eg is the
oscillator voltage between cathode and grid.
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BEAM POWER TUBE

Miniature type used in audio output stage

of television and radio receivers. Triode-con-

6BF5 nected, it is used as a vertical deflection ampli-

fier in television receivers. Outline 13, OUT-

LINES SECTION. Tube requires miniature

seven-contact socket and may be mounted in

any position. Heater volts (ac/dc), 6.3; am-

peres, 1.2. Typiecal operation as class A: ampli-

fier: plate volts, 110 (250 max); grid-No.2 volts,

110 (117 mar); grid-No.1 volts, -7.5; peak af grid-No.1 volts, 7.5; plate dissipation, 5.5 mar watts;

grid-No.2 input, 1.25 max watts; plate ma., 36 (zero-signal), 39 (maximum-signal); grid-No.2 ma., 4

\zero-signal), 10.5 (maximum-signal); plate resistance (approx.), 12000 ohms; transconductance, 7500

umhos; plate load resistance, 2500 ohms; total harmonic distortion, 10 per cent; maximum-signal power

output, 1.9 watts; peak heater-cathode volts, 200 max (de component 100 max when heater is positive
with respect to cathode). This type is used principally for renewal purposes.

TWIN DIODE—
MEDIUM-MU TRIODE

6BF 6 Miniature type used in compact
radio equipment as combined detector,

amplifier, and ave tube. The triode

unit is particularly useful as a driver

for impedance- or transformer-coupled
output stages in automobile receivers. It is equivalent in performance to metal
type 6SR7. Outline 11, OUTLINES SECTION. Tube requires miniature seven-
contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .\ttt ittr et eanconnstnasossenaransensans 6.3 volts
HEATER CURRENT. . ...ttt ittinittetieiannirasessseassronnsseoanonnns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES: Without With
Ezxternal External
Shield Shield®

Triode Grid to Triode Plate. ... ....... .. oiiiivennnns 1.9 1.9 upf

Triode Grid to Cathode and Heater...... .. 1.8 1.9 uuf

Triode Plate to Cathode and Heater . . ... .. 0.7 1.2 upf

Plate of Diode Unit No.1 to Triode Grid. .. 0.07 maz 0.06 max upf

Plate of Diode Unit No.2 to Triode Grid 0.06 max 0.05 mazx upf
® With external shield connected to cathode.
Maximum Ratings: TRIODE UNIT AS CLASS A, AMPLIFIER

300 max volts
2.5 mazx watts

Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .............cviiiiiiiinenes 90 max volts

Heater positive with respect to cathode. .. ........ ... ..o iiiiins. 90 max - volts
Typical Operation:
Plate Voltage. . . ......cvirvirnnanansas 250 volts
Grid Voitage. . ...... e -9 volts
Amplification Factor . 16
Plate Resistance (Approx.)...... 8500 ohms
Transconductance. ......... 1900 pmhos
Plate Current.............. 9.6 ma
Load Resistance. . . 10000 ohms
Total Harmonic Distortion. . . .. 6.5 per cent
Power QUutPut. .. ..o tvvi it ii et .. 300 mw

Maximum Rating:
PLATE CURRENT (Each Unit)....... ... iiiiiiiiiieienans 1.0 max ma

The two dicde plates and the triode unit have a common cathode. Diode biasing of the triode unit
of the 6BF6 is not suitable. For diode operation curves, refer to type 6AV6.
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BEAM POWER TUBE

Glass octal types used as output 6866-6

amplifier in horizontal-deflection ecir-

cuits of television equipment and other 6BGb_GA
applications where high pulse voltages

occur during short duty cycles. Out-

lines 52 and 46, respectively, OUTLINES SECTION. Tubes require octal socket.
Type 6BG6-G is supplied with pins 4 and 6 or with pins 1, 4, and 6 omitted. Type
6BG6-GA may be supplied with pins 4 and 6 or with pins 1, 4, and 6 omitted.
Vertical tube mounting is preferred but horizontal operation is permissible if pins
No.2 and 7 are in vertical plane. Type 6BG6-G is used principally for renewal pur-
poses.

HEATER VOLTAGE (AC/DC) .1\ttt ettt ettt i eaneee s 6.3 volts
HEATER CURRENT. ..\ttt e e e ettt et e e et et 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES: 6BG6-G 6BG6-GA
Grid NoYtoPlate. .. ...... ... .. .. ... ... . ......... 0.34 0.8 upl
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . 12 11 uuf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. ... 6.5 6 uuf
TRANSCONDUCTANCE® . . .. .t ettt it et 6000 smhos
MU-FACTOR, Grid N0.2Z t0 Grid No.1%, ... oo vi ettt i iie e cneenns 8.0

°For plate and grid-No.2 volts, 250; grid-No.1 volts, ~15.
HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 30-frame system
DC PLATE VOLTAGE. . .ottt t ittt ia ittt ettt ettt nnen s 700 maz volts
PEAK POSITIVE-PULSE PLATE VOLTAGE* (Absolute Maximum) .. 6600* max volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. .+ .0ttt iie i nennnneunnns . ~1500 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOUTAGE. . ..o vvevrtnnineennnns. e 350 mazx volts
PEAK NEGATIVE-PULSE GRID-N 0.1 (CONTROL-GRID) VOLTAGE. .. -300 maz volts
PEAK CATHODE CURRENT . . ..\ttt i netren v iannennennsns .. 400 mazx ma
AVERAGE CATHODE CURRENT 110 maz ma
PLATE DissIPATION}t 20 max watts
GRID-NO2 INPUT. ... .......... 3.2 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode................... . ... u... 200 max volts

Heater positive with respect to cathode .. 2008maz volts
BULB TEMPERATURE (At hottest point), . ..o vt iniieiie e, 210 mazx °C

Maximum Circuit Value:
Grid-No.1-Circuit Resistance. . ... ..ottt it 0.47 mar megohm

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning eyele is 10 microseconds.

* Under no circumstances should this absolute value be exceeded.

tt An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
# The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
WITH ECi AS VARIABLE

400
TYPE 6BG6-G
Ec)1=+10 E¢=6.3VOLTS
GRID-N22 VOLTS =250
100 yaul
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E e
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AVERAGE PLATE CHARACTERISTICS
WITH Ec; AS VARIABLE

400
TYPE 6BG6-G
Ef=6.3 VOLTS
GRID-N21 VOLTS=0
50
/——— 2
300 : u
3 €C2=300
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100
/ 100
- 50
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PLATE VOLTS 92CM-6775TL
Y P
SHARP-CUTOFF PENTODE OO
Miniature type used as rf ampli- +(G) (6)cz
6BH6 fier particularly in ac/dc receivers and \ '
in mobile equipment where low heater- FONIZA 03
current drain is important. It is par- 0, s
ticularly wuseful in high-frequency, Gi

wide-band applications. Outline 11, QOUTLINES SECTION. Tube requires
miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .« vt ot ittt ittt et et e e it 6.3 volts
HEATER CURRENT . . .ottt ittt it ee e e iaa e ea s 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Grid No.L to Plate. . ... ..o e e 0.0035 nax wuuf
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 5.4 wnf
Plate 1o Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield . 4.4 upf

® Without external shield, or with external shield connected to cathode.

Maximum Ratings: CLASS A; AMPLIFIER

PLATE VOLTAGE. . . .. ittt ittt it ennanenas Cee 300 max voits
GRID N0.3 {SUPPRESSOR GRID) AND INTERNAL SHIELD. ... onnect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE See curve page 66

GRID-N0.2 SUPPLY VOLTAGE 300 marx volts
PLATE DISSIPATION . . ...t i it it i it aa e aaa e 3 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 1530 volts. . . . ... . .ot inen e nnnnn 0.5 max watt

For grid-No.2 voltages between 150 and 300 volts. . ...........cooiun.. See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negativebias value. ... ... ... iieiernneeerscainnnnns e -50 max volts

Positive bias valte. ... ... . . e i e 0 max volts
Peax HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 90 max volts

Heater positive with respect to cathode. . .. ........... 90 max volts
Characteristics:
Plate Voltage. . . . . vttt iin et tnn e tnaansenanennn 100 250 volits
Grid No.3 and Internal Shield . e e e Connected to cathode at socket
Grid-No.2 Voltage. . P .. 100 150 volts
Grid-No.1 Voltage., ... .... PN . . ~1 -1 volt
Plate Resistance (APProx......c..oeeevennn. ceees 0.7 1.4 megohms
Transconductance. . .. ...ttt it i i 3400 4600 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa............. -5 -7.7 - volts
Plate Current. . ... .. i it i i i e e e e 3.6 7.4 ma
Grid-No.2 Current. . .. .. i i i e e 1.4 2.9 ma
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television 6BH8
receivers. This type has a controlled
heater warm-up time for use in re--
ceivers employing series-connected
heater strings. The pentode unit is used as an if amplifier, a video amplifier, or an
agc amplifier. The triode unit is used in low-frequency osecillator cireuits. Outline
14, OUTLINES SECTION. Tube requires miniature nine-contact socket and may
be mounted in any position.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . .. ............ 0.6 ampere
HEATER WARM-UpP T1ME (Average) . . 11 seeonds
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Triode Unit:
Grid to Plate. .. .. . 2.4 wpf
Grid to Cathode and Heater.. .. .. .. 2.6 puf
Plate to Cathode and Heater. . ... ... ... oot 0.38 wpf
Pentode Unit:
Grid No.l to Plate. . .. ... . . 0.046 uuf
Grid No.l to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield T upl
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2.4 upf
Triode Grid to Pentode Plate 0.016 wpf
Pentode Grid No.l to Triode Plate. . . 0.004 upf
Pentode Plate to Triode Plate. . .. .. 0.095 uuf
X X CLASS A; AMPLIFIER
Maximum Ratings: Triode Unit Pentode Unit
PLATE VOLTAGE. . .. ... . i ei i 300 max 300 max volts
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE RPN - 300 max volts
GRID-NO.2 VOUTAGE . . ... ..ot it aes - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. .. 0 max 0 max volts
PrLaTi DISSIPATION. . ... ... ... i i 2.5 max 3 max watts
GRID-N0.2 INPUT:
For grid-No.2 voltages up to 150 volts, . .. ....... . - 1 max watt

- See curve page 66

For grid-No.2 voltages between 150 and 300 volts
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 max 200 max volts
Heater positive with respect to cathode. ... ... ....... 200%nax 200%nax volts
Characteristics:
Plate Supply Voltage. . .. ... ... .. ... ... . ... o, 150 200 volts
Grid-No.2 Supply Voltage. . ... - 125 volts
Grid-No.l Voltage. ........... -5 - volts
(Cathode-Bias Resistor. ... .. .. ~- 82 ohms
Amplification Factor........... 17 -
Plate Resistance (Approx.)...... 5150 150000 obms
TransconduCtanee. . . . ..ot i 3300 7000 pumhos
Grid-No.1l Voltage (Approx.) for plate current of 100 pa. .. -14 -8 volts
Plate Current. . ... . .. ... i i 9.5 15 ma
Grid-No.2 Current. .. .o e - 3.4 ma
Maximum Circuvit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . ... .. .. .. i e 0.5 mazx 0.25 max megohm
For cathode-bias operation, . . ...................... 1.0 max 1.0 maz megohm
® The de component must not exceed 100 volts.
o P
REMOTE-CUTOFF PENTODE
nQ3 O Miniature type used as rf ampli-
‘ ‘ fier in high-frequency and wide-band 6BJ 6
) 53 applications. Features high transcon-
0, 5 duectance and low grid-to-plate capaci-
o tance. Outline 11, OUTLINES SEC-
TION. Tube requires miniature seven-contact socket and may be mounted in any
position.
HEATER VOLTAGE (AC/DC) . « ..ottt e e et 6.3 volts
HEATER CURRENT. . .. ... ... it iiian 0.15 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.lto Plate. . ... ... ... . . i, 0.0035 mazx uuf
Grid No.l to Cathode, Heater, Grid No. 2, Grid No. 3, and Internal Shield 4.5 puf
Plate to Cathode, Heater, Grid No. 2, Grid No. 8, and Interna! Shield. ... 6.5 wuf

" Without external shield, or with external shield connected to cathode.
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Maximum Ratings: CLASS A; AMPLIFIER

PLATE VOLTAGE .+t oot teateneetneaoonsssnnssanerosnssoinesnnnrsons 300 max volts
GRID NO. 3 (SUPPRESSOR GRID) AND INTERNAL SHIELD. .. ... ...0vuuiy. . Connect to cathode at socket
GRID-N0.2 (SCREEN-GRID) VOLTAGE. . o4ttt vintnaneirennnsoeannransonas See curve page 66
GRID-NO.2 SUPPLY VOLTAGE. ...ttt iiienrinnriansnraariairannennans 300 max volts
PLATE DISSIPATION. « .1ttt ittt ittt aanrentenenatnnsnarnssoans 3 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . . ... ... i veiniiin i, 0.6 max watt

For grid-No.2 voltages between 150 and 800 volts. . .................. See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative bias value. . ....... ... . o it e -50 max volts

Positive blas value. . ... ... ... . 0 max volts
PeEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode, ................ N 90 max volts

Heater positive with respect to cathode. ., ....... ... .o iviiiien . 90 max volts
Characteristics:
Plate Voltage ... ... oottt iiiiaeaciinnanse PP 100 250 volts
Grid No.3 and Internal Shield..............oooiviiiii, Connected to cathode ai socket
Grid-No.2 Voltage. ... ... ittt it tieaetnarenannins 100 100 volts
Grid-No.1 Voltage. .........oiiviiinnnnnn F N -1.0 -1.0 volt
Plate Resistance (ADPProX.) . v o v v iueneiinareonooneaensonnns 0.25 1.3 megohms
TranseondUCtANCe. . . ..o ittt ittt aninersnncannsnens 3650 3600 umhos
Grid-No.1 Voltage (Approxz.) for transconductance of 10 umhos -20 -20 volts
Plate Current. .............. b et e 9.0 9.2 ma
Grid-No.2 Current. . ..o i iiiiiiiiii it 3.5 3.3 ma

TRIPLE DIODE

Miniature type used as a dc-re-

6BJ7 storer tube in each of the three signal
channels of color-television receivers.

Each diode has a separate cathode.

Outline 12, OUTLINES SECTION.

Tube requires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . vttt t ittt et e it e 6.3 volts
HEATER CURRENT. .+ttt ittt it ie it ettt e e 0.45 ampere

DC RESTORER SERVICE
Maximum Ratings (Each Diode Unit):

PEAK INVERSE PLATE VOLTAGE . ... ... oottt ittt eieianas 330 max volts
PEAK PLATE CURRENT . .. ..\ttt ettt ittt et e eia i i aaans 10 max ma
DC OUTPUT CURRENT . ..\ ittt e et i iie s 1 max ma
PEsK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode ........................... 330 max volts
Heater positive with respect toeathode ........................... 100 mazx volts

TWIN DIODE—
MEDIUM-MU TRIODE

6BJ8 Miniature type used in a wide
variety of applications in black-and-

white and color television receivers,

The diode units are used in phase-

detector, phase-comparator, ratio-de-
tector or discriminator, and horizontal afe discriminator eircuits. The triode unit
is used in phase-splitter, audio-frequency amplifier, and low-frequency oscillator
applications; it may also be used as a vertical-deflection amplifierin compact portable
television receivers. This type has a controlled heater warm-up time for use in
receivers employing series-connected heater strings. Each of the three units has its
own cathode with individual base-pin terminal to provide for flexibility of circuit
connections. Outline 14, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.
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HEATER VOLTS (AC/DC) . . ottt ettt ee et iir e naeeneennnnenns 6.3
HEATER CURRENT. .. . ............ 0.6
HeaTER WARM-UP TIME (Average) 11
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
GridtoPlate. . ............... 2.6
Grid to Cathode and Heater. . .. .. 2.8
Plate to Cathode and Heater. ... ...... ... oovevevrrennnnnnnnnns 0.31
Diode Units:
Plate to Cathode and Heater (Each Unit) 1.9
Cathode to Plate and Heater (Each Unit) 4.6
Plate of Unit No.1 to Plate of Unit No.2. . ........... 0.06 max
Plate of Diode Unit No.1 to Triode Grid. .. ... 0.07 mazx
Plate of Diode Unit No.2 to Triode Grid. . . ............ 0.11 max
Plate of Either Diode Unit to All Other Electrodes 3.0
Cathode of Either Diode Unit to All Other Electrodes 4.8
TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. .. ...ttt e 330 max
GRID VOLTAGE, Positive bias value. . .. 0 max
AVERAGE CATHODE CURRENT . .. ... R 22 max
PLATE DISSIPATION . . . .. ...ttt iie e et iiieaeiaanannrnnns 4 max
PgaK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ............................ 200 mazx
Heater positive with respect tocathode. . . ... ....................... 200%mazx
Characteristics:
Plate Voltage - .. 90 250
Grid Voltage. .............. - 0 -9
Amplification Factor........ .. e 22 20
Plate Resistance (APProx.) . .. ... ... iiiitrnaneninnnnnn. 4700 7150
Transconduetance. . . .. . ... ... ... i, 4700 2800
Grid Voltage (Approx.) for plate current of 10 pa.......... .. -7 -18
Plate Current . 13.5 8
Plate Current for grid voltage of ~12.5 volts. . .. ............ - 1.7
Maximum Circuit Value:
Grid-Circuit Resistance. . ... ... ... ... . ivviennirnnnes i o 1 max
" The de component must not exceed 100 volts.
TRIODE UNIT AS VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Maximum Values):
DC PLATE VOLTAGE . . . .. ... ittt iianneetneateonnananasaeanias 330 mazx
PEAK POSITIVE-PULSE PLATE VOLTAGE ... VN . 1200 maz
PEAK NEGATIVE-PULSE GRID VOLTAGE. . ......... -275 mazx
PEAK CATHODE CURRENT .. 17 max
AVERAGE CATHODE CURRENT. . .. e 22 max
PrATE DISSIPATION. .. .. ... ... i iiiiiinnenn, 4 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. . ........................... 200 max
Heater positive with respect to cathode. . ........................... 200%max
AVERAGE CHARACTERISTICS
TRIOOE UNIT
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Maximum Circuit Valuve:

ma
ma

volts

Grid-Circuit Resistance:

For cathode-bias operation. ... ... ... it iiieenenennnnns 2.2 max megchms

DIODE UNITS

Maximum Ratings, (Design-Maximum Values):
PLATE CURRENT (Each Unit):

Peak . .. e e e 54 mar

Average e . . - 9 marx
PEAK HEATER-CATHODE VOLTAGE:

.................. 200 max

Heater negative with respect to cathode. .........
200%ma.:

Heater positive with respect to cathode..........

volts

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cyele. In a 525-

line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.
® The de compenent must not exceed 100 volts.
SHARP-CUTOFF BEAM TRIODE
Glass octal type used for the volt-
age regulation of high-voltage, low-
current de power supplies in color tele-

6BK4 vision receivers. Qutline 46, OUT-
LINES SECTION. Tube requires oc-
tal socket and may be mounted in

any position.

HEATER VOLTAGE (AC/DC). 6.3
HEATER CURRENT. . . ...t iiinninnianrianaans 0.2
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid £0 Plate. . . .. oottt e e it i e 0.03
Grid to Cathode and Heater. . . PN 2.6
Plate to Cathode and Heater. . . 1
AMPLIFICATION FACTOR (APDIOX.). v viiti i itinin i einaancanrasanes . 2000
VOLTAGE-CONTROL SERVICE
Maximum Ratings, (Design-Maximum Values):
DC PLATE VOLTAGE. + + o vt v tretnrancnscnraossssossesaasassonsosnosan 27000 max
UNREGULATED DC SUPPLY VOLTAGE. o4 ettt tiiiiin i inaetanronnsnas 60000 max
AVERAGE TRANSFER
CHARACTERISTICS
— T
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GRID VOLTS
92CS5-8432T4
DC GRID VOLTAGE. .. . ... R -135 max
PEAX GRID VOLTAGE™ e cov.. —440 max
DC PLATE CURRENT . 1.6 mazx
PLATE DISSIPATION. ... ..o vviii i 25 max
PEAK HEATER-CATHODE VOLTAGE:
200 max

Heater negative with respect to cathode
Heater positive with respect to cathode. ... .o iiviiiiiiiiiinn,

volts
ampere
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Maximum Circuit Valve:

Grid-Circuit Resistance:
For use with “Flyback Transformer” high-voltage supply............. 3 mar megohms

® For interval of 20 seconds maximum duration during equipment warm-up period.

BEAM POWER TUBE

Miniature type used in audio output stages
of television and radio receivers. Qutline 14,
OUTLINES SECTION. Tube requires minia-
ture nine-contact socket and may be mounted 6BK 5
in any position. Heater volts (ac/dc), 6.3; am-
peres, 1.2. Typical operation as class Ay ampli-
fier: plate and grid-No.2 volts, 250 mazx; grid-
No.1 volts, -5; peak af grid-No.1 volts, 5; plate
dissipation, 9 max watts; grid-No.2 input, 2.5 _
maxr watts; plate ma., 35 (zero-signal), 37 (maximum-signal); grid-No.2 ma., 3.5 (zero-signal), 10
(maximum-signal); plate resistance (approx.), 0.1 megohm; transconductance, 8500 umhos; load
resistance, 6500 ohms; total harmonic distortion, 7 per cent; power output, 3.5 watts; peak heater-
cathode volts, 100 maz. This type is used principally for renewal purposes.

MEDIUM-MU TWIN TRIODE

Miniature types used in direct- 6BK7-A
coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners. In such -
circuits, one triode unit is used as the 6BK7 B
direct-coupled grounded-cathode driv-
erfor the other unit. These types are also used in push-pull eathode-driverf amplifiers.
Type 6BK7-B has a controlled heater warm-up time for use in receivers employing
series-connected heater strings. Outline 12, QUTLINES SECTION. Tubes require
miniature nine-contact socket and may be mounted in any position. For typical
operation as a resistance-coupled amplifier, refer to Chart 12, RESISTANCE-
COUPLED AMPLIFIER SECTION. Type 6BK7-A is a DISCONTINUED type
listed for reference only.

HEATER VOLTAGE (AC/DC) ..o\ iiivii it cnnnanronracnannsonnannnssnnes 6.3 volts
HEATER CURRENT. ... .0\t iiiiteneiei e onsrasesnsvonssnens e 0.45 ampere
HpaTeEr WARM-UP TIME (Average) for 6BK7-B 11 seconds
DiRECT INTERELECTRODE CAPACITANCES: Unit No.1  Unit No. 2
GridtoPlate. . ...t i i 1.8 1.8 puf
Grid to Cathode, Heater, and Internal Shield.......... . 3 3 puf
Plate to Cathode, Heater, and Internal Shield.......... 1 0.9 puf
Cathode to Grid, Heater, and Internal Shield........... 6 [ upuf
Plate to Grid, Heater, and Internal Shield ............. 2.4 2.4 puf
Plate to Cathode......... et te e i e, .. 0.22 0.22 upf
HeatertoCathode. . ......cooiviiiiiiiiiririnanenn. 2.8 3 puf
Grid of Unit No.l to Grid of Unit No.2. ... ... ...oviiiiiin s 0.004 mazx puf
Plate of Unit No.1 to Plate of Unit No.2. . . ... ..o 0.075 max puf
CLASS A, AMPLIFIER (Each Unit)
Maximum Rotings:
PLATE VOLTAGE . .ttt it it tiitniini e iiai s svanonansasnsenorana 300 max volts
GRID VOLTAGE, Negative-bias value. . ................... Ceveaeereas v -50 max volts
PLATE DISSIPATION. . ..ottt iiea e s s inaannesannns Cereenrresae 2.7 max watts
PEaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode ..... ebaeee vesracenan vens 200%max volts
Heater positive with respect to cathode........... Ceiiaierereaeans 200%max volts
Characteristicss
Plate Supply Voltage. . ..... ... viiieiiiiiirninnans Cerarrenene cenee 150 volts
Cathode-Bias Resistor. . ....... ... iiiiiiiienenenanen . . 56 ohms
Amplification Factor......... ... . oiiiiiieenone . 43
Plate Resistance (APProx.)........ocvvevsnvaese e e 4600 ohms
TransconduUeCLaNCe. . ... ..ttt eseneoneraesrseaaassarnsnsnssannsonnns 9300 pmhos
Plate Current. .. ....v.oiniviini e eranenonans 18 ma
Grid Voltage (Approx.) for platecurrent of 10 pa. . .. .eouveneeninnnnnns -11 volts

* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
300 volts under cutoff conditions.
®Thedccomponent must notexceed 100 volts.
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HALF-WAVE VACUUM RECTIFIER ic P
Glass octal type used as a damper tube in O 9
horizontal deflection circuits of color television K |c
receivers. Outline 41, OUTLINES SECTION. ©
6BL 4 Tube requires octal socket and may be mounted

in any position. Heater volts (ac/de), 6.3; am-
peres, 8. Maximum ratings for damper service: 20, v O H
peak inverse plate volts (absolute maximum) OO
4500 max; peak plate ma., 1200 max; dc plate i< H
ma., 200 max; plate dissipation, 8 max watts;
peak heater-cathode volts, 4500 absolute max when heater is negative with respect to cathode (de com-
ponent must not exceed 900 volts); 300 max when heater is positive with respect to cathode (de compo-
nent must not exceed 100 volts), This is a DISCONTINUED type listed for reference only.

MEDIUM-MU TWIN TRIODE

6BL7-GT Glassoctal typesused as combined

vertical deflection amphﬁer and ver-

6BL7_GT A tical deflection oscillator in television

receivers. When so operated, it is

recommended that unit No.l1 (pins 4,

5, and 6) be used as the oscillator. Outline 22, OUTLINES SECTION Tubes

require octal socket and may be mounted in any position. Type 6BL7-GT is a
DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) . ot ottt it et et ee et e 6.3 volts
HEATER CURRENT . . . . .o\ttt ittt ettt e et ettt et e ee e 1.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Unit No. 1 Unit No. 2
GridtoPlate. . ......... ... .o e 6 6 puf
Grid to Cathode and Heater. . 4.2 4.6 puf
Plate to Cathode and Heate 0.9 0.9 puf
AMPLIFICATION FACTOR*........ N e e e 15
PLATE RESISTANCE (ApDroX.)®. .. ..ottt aiiiinnn 2150 ohms
TRANSCONDUCTANCE® . . . . . ..ttt itte ittt e ee e nane e, 7000 umhos
* Each unit; for plate volts, 250; grid volts, -9; plate ma., 40.
VERTICAL DEFLECTION OSCILLATOR OR AMPLIFIER®
For operation in a 525-line, 30-frame system
Maximum Ratings: QOscillator Amplifier
DC PLATE VOLTAGE . . ...\ ittt 500 max 500 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGET (Absolute Maximum). . — 20004mar volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . . .. .....c......u... ~400 max ~250 max volts
PEAK CATHODE CURRENT . . ..ottt tien it eeeeen e, 210 mazx 210 max ma
AVERAGE CATHODE CURRENT . .. ... outtiinnviannnnnnnan., 60 max 60 mar ma
PLATE DISSIPATION:
Foreitherplate. .. .. ... .. .. . ... .. . i, 10 max 10 max watts
For both plates with both units operating. ............... 12 max 12 mas watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... ....... ... .., 200 max 200 mar volts
Heater positive with respect to cathode. . .. .. ..., ........ 200%mar 200%ma.r volts

Maximum Circuit Values:

Grid-Circuit Resistance. . .. ..............uiiunnninnn.. .. 4.7 max 4.7#maxr megohms

® Unless otherwise specified, values are for each unit.

+ The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle.Ina
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

4 Under no circumstances should this absolute value be exceeded.

® The de component must not exceed 100 volts.

# For cathode-bias operation.

MEDIUM-MU TRIODE

6BN4 Miniature types used as rf ampli-
fier tubes in grid-drive circuits of vhf

television tuners. The double base-pin

6BN4-A connections for both cathode and grid
reduce effective lead inductance and

lead resistance with consequent reduction in input conductance. In addmon the
basing arrangement facilitates isolation of input and output circuits and permits

short, direct connections to base-pin terminals. Outline 11, OUTLINES SECTION.
Tubes require miniature seven-contact socket and may be mounted in any position.
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HEATER VOLTAGE (AC/DC). ...ttt iiiiie et inannnineesennnnnasennn 6.3 volts
HEATER CURRENT. . .. ...ttt iat ittt e ittt ceaneanroennsnen 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):*

Grid to Plate. . ... .. i i it e e e 1.2 upf

Grid to Cathode and Heater. ... ... ... ittt iiiirrnennenenens 3.2 uul

Plate to Cathode and Heater. . ........... .00t iitinriiennnrrneens 1.4 unf

Heater to Cathode (Type6BN4 only). .........oviiernununnnnnnnans 2.8* paf
* With external shield connected to cathode except as noted.
® With external shield connected to ground.

CLASS A1 AMPLIFIER
6BN 6BN4-A

. . . Design-Maximum Design-Center
Maximum Ratings: Values Valuos
PLATE CURRENT .. .. ....tiittinnninieatnnnneninanasians 275 mazx 275 max volts
GRID VOLTAGE, Positive bias value. ....................... 0 max 0 max volts
PLATE DISSIPATION . ... ... it iiiiiiiieanrrneranrennns 2.2 max 2.2 mar watts
CATHODE CURRENT. . .. ..ottt tinitrnenncnanaronennns e 22 max 22 mazx ma
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode ............... 100 max 100 max volts

Heater positive with respect to cathode................ 100 max 100 max volts
Characteristics: 6BN 6BN-A
Plate-Supply Voltage. .. ...... ..ottt iiiiinainnnn. 150 150 volts
Cathode-Bias Resistor. . ....... ... ... .. iiiiiennen.. 220 220 ohms
Amplification Factor.... .. ... ... .. i it 43 43
Plate Resistance (APProX.). ... ... ..oiiiiiiivinnrnnennnnn 6300 5400 ohms
TransconductanCe. . .. ... . ...outuin et onianeneaneannns 6800 8000 pmhos
Grid Voltage {(Approx.) for plate current of 100 ga........... -6 -6 volts
Plate Current. .. ... .ottt it ittt ta sttt 9 9 ma
Maximum Circuit Valuve:
Grid-Circuit Resistance...... e e i, 0.5 max megohm

BEAM TUBE
Miniature type used as combined
limiter, discriminator, and audio-volt- 6B N 6
age amplifier in intercarrier television

and FM receivers, Outline 13, OUT-

LINES SECTION. Tube requires

miniature seven-contact socket and may be mounted in any position. Heater volts
(ac/dc), 6.3; amperes, 0.3

LIMITER AND DISCRIMINATOR SERVICE

Maximum Ratings, (Design-Maximum Values):

PLATE-SUPPLY VOLTAGE. . .. 0ttt ivetitan e iiianiinn e reiiernnerannronnan 330 mazx volts
GRID-NO.Z VOLTAGE. . . .\ ottt ittt iitneriosenourasarasssosssonenas ‘e 110 max volts
GRID-NO.1 VOLTAGE, Positive peak value............... ... .. .. ..... 60 max volts
CATHODE CURRENT. . . ..ttt ittttit e tnvennraasaaereonsanenasnsnnnns 13 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...........oivieininnan, R 100 max volts
Heater positive with respect to cathode.................... et 100 mazx volts

TWIN DIODE—HIGH-MU TRIODE

Miniature type used in a wide
variety of applications in color and 6BN8
black-and-white television receivers.
This type has a controlled heater
warm-up time for use in receivers em-
ploying series-connected heater strings. The triode unit is used in burst-amplifier,
af amplifier, and low-frequency oscillator applications. The diode units are used
in phase-detector, ratio-detector or diseriminator, and horizontal AFC discrimin-
ator circuits. Outline 14, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.
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HEATER VOLTAGE (AC/DC) . ..ottt t ittt ettt et reanaaiceeeennns 6.3 volts
HEATER CURRENT. . . ..t ittt itittens e tnanereetneanseasnrennens 0.6 ampere
HEATER WARM-UP TIME (AVETAZE) . . . . ...ttt ttevnnrnnnnranneaannonnnnns 11 seconds
DIRECT INTERELECTRODE CAPACITANCES:
Triode Grid to Triode Plate. . ... ... .. .. .. it iiiiiinininenn, 2.5 puf
Triode Grid to Cathode and Heater. .. .......... ... 0 iviiniinina.. 3.6 puf
Triode Plate to Cathode and Heater. . . .. ........ciiiieinrrninannns 0.25 uuf
Plate of Diode Unit No.1 to Triode Grid............ ... .ociiiiiinnn, 0.06 max puf
Plate of Diode Unit No.2 to Triode Grid. . ...............cvviininns 0.1 max puf
Plate of Diode Unit No.1 to Plate of Diode Unit No.2...... 0.07 max nuf
Diode Cathode to All Other Electrodes (Each Diode Unit) . 5 uuf
Diode Plate to Diode Cathode and Heater (Each Diode Unit 1.9 puf
Diode Cathode to Diode Plate and Heater (Each Diode Umt) . 4.8 uuf
Diode Plate to All Other Electrodes (Each Diode Unit)................ 3 puuf
TRIODE UNIT AS CLASS A; AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE . . . .ottt it ittt i taeeraan i nnnsennsas 330 max volts
GRID VOLTAGE, Positive bias value. . ............... .. oo, 0 max volts
PLATE DISSIPATION . . .\ . vttt ittt te e ia i te s ear s inenannss 1.7 mazx watts
PRAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ........................... 200 max volts
Heater positive with respect tocathode. . .............. . ...t 200%max volts
Characteristics:
Plate Voltage. . ... ...ttt ittt 100 250 volts
Grid Voltage. . .. ... ... . ittt ivioeanrenasnnnsan -1 -3 volts
Amplification Factor. ... ........ ... iiiiiiiiiiiirenniaes 75 70
Plate Resistance (APDProX.) . . ... ....vvitenvinrnonnnnnsennns 21000 28000 ohms
Transconductance. . ........ ... oo iiiiireieniinrnannsnns 3500 2500 pmhos
Grid Voltage (Approx.) for plate current of 10 pa. .. ......... -2.5 -5.5 volts
Plate CUITeNt. . . .ottt it iie i iiie i enanenns 1.5 1.6 ma
Maximum Circuit Valve:
Grid-Circuit ResiStance . .. .o. it irnnn i ie e treennaae s 1.0 max  megohm
DIODE UNITS
Maximum Ratings, (Design-Mazimum Values):
PLATE CURRENT {(Each Unit):
PeaK. .. e e e 51 mazx ma
DC ........................................................ 9 max ma
PEAKR HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode ... ... ................... ... 200 max volts
Heater positive with respect to cathode. . .................. ... ... ... 200%max volts
® The de component must not exeeed 100 volts.
AVERAGE CHARACTERISTICS
. TRIODE UNIT
.9'( Tvpe 6BNS
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POWER PENTODE

Miniature type used in the output
stage of audio-frequency amplifiers.
QOutline 18, OUTLINES SECTION.
Tube requires miniature nine-contact
socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC) . . . oottt i it iiinnanns e
HEATER CURRENT
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.1 o Plate. . ... ...ttt i e,
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3..... ..
Plate to Cathode, Heater, Grid No.2, and Grid No.3.......... ..
Grid No.l1 to Heater. . ... oo ovr ittt ittt

Maximum Ratings:

PLATE VOLTAGE . . . . ...ttt ittt iane e aiaaannne
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . ... ..uviiviinannenennn
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value
GRID-NOZ INPUT. ..., o i it ciein i
PLATE DISSIPATION. .
CATHODE CURRENT
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . . ... ... iiiiiiiiiiiiiiieas
Heater positive with respect tocathode. .. ... ... ioiviiiiiinans

4 The dc component must not exceed 100 voits.

Typical Operation:

Plate Vollage . . ... ...ttt renrssuneneenroserssnasneasnoscannnens
Grid-No.2 Voltage. . .............. .. Cee
Grid-No.1 (Control-Grid) Voltage. ... ..........

Peak AF Grid-No.l Voltage. ......
Zero-Signal Plate Current. ... .....
Maximum-Signal Plate Current. ............
Zero-Signal Grid-No.2 Current. ... ...........
Maximum-Signal Grid-No.2 Current
Plate Resistance {Approx.)........
Transconductance. . ............
Load Resistance. . ..............
Total Harmonie Distortion. . ......

Maximum-Signal Power Qutput. .. ... o ittt i i i

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ..
For cathode-bias operation

PUSH-PULL CLASS AB; AMPLIFIER

Maximum Ratings:
{Same as for single-tube class A, amplifier)

Typical Operation, (Values are for two tubes):

Plate Supply Voltage. . .. ... .. i i i 251
Grid-No.2 Supply Voltage.

Cathode-Bias Resistor. . ...... .. 130
Peak AF Grid-No.1-to-Grid-No. 11.8
Zero-Signal Plate Current. e 62
Maximum-Signal Plate € urrent. . ... ..... 75
Zero-Signal Grid-No.2 Current. .. ........... T
Maximum-Signal Grid-No.2 Current . R 15
Effective Load Resistance (Plate-to- plate). .. 8000
Total Harmonic Distortion. ... .. .. .. 3
Maximum-Signal Power OQutput. .. ... iiiiiiiiii i 11

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation . . ... .t it ittt ittt it
For cathode-bias operation. ... ... .ttt inriresrnenenssoenansaraaes

6BQ5
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BEAM POWER TUBE ¢z 5 G
(>
Glass octal types used as hori-
6BQ6-GT zontal deflection amplifiers in tele- "G

isi i . Outline 30, OUT-
6BQ6-GT ilfﬁgsrggg’lgﬁ)N. l’lI‘ulkI)l:;s require oc-

@ O,
/6CU6 tal socket and may be mounted in any " 0‘: !

position. These types may be supplied NE A
with pin No.l omitted. Type 6BQ6- G3
GT is a DISCONTINUED type listed for reference only.
HEATER VOLTAGE (AC/DC). . ...ttt it et ciieee e ias 6.3 volts
HEATER CURRENT. . ... ittt ettt ittt et ataiennaaanaanans 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx., 6BQ6-GTB/6CUS6):
Grid No.L £0 Plate. . .. ... ittt ie e annneeaeenaneeenann 0.6 upf
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3............. 15 upf
Plate to Cathode, Heater, Grid No.2, and Grid No.83. ... ... ........ 7 upf
TRANSCONDUCTANCE* (6BQ6-GTB/6CUS6) 5900 umhos
MU-FACTOR, Grid No.2 to Grid No. 13, .. .. ... . ... . i 4.3

* For plate volts, 250; grid-No.2 volts, 150; grid-No.1 volts, —22.5; ptate ma., 57; grid-No.2 ma., 2.1.
=k For plate and grid-No.2 volts, 150; grid-No.1 volts, -22.5.

HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system

Maximum Ratings: 6BQ6-GT  6BQ6-GTB.6CU6
DC PLATE VOLTAGE. . . ...t vttt iiiiiteeanannnnnns 550 max 600 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE e ( Absolute M aximum) 5500fmazx 6000t max volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. .. ............. -1250 max ~1250 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE . ... ............ 175 mazx 200 mazx volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE =300 max =300 max volts
PEAK CATHODE CURRENT . ...........ttrinennnnnnn. 400 max 400 max ma
AVERAGE CATHODE CURRENT. . .. .o ciiiatiaannnnnnen 110 max 110 max ma
GRID-NO.2 INPUT. . ... it i e et 2.5 mux 2.5 mazx watts
PLATE DISSIPATION# . ..\ 0 it it iane e 11 maz 11 maz watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.............. 200 max 200 mazx volts

Heater positive with respect to cathode. ............. 200"z 200" mazx volts
BuLe TEMPERATURE (At hottest point). . ............... 220 max 220 max °C

Maximum Circvit Value:
Grid-No.1-Circuit Resistance. .. .. ... ... .0 i i ittt 0.47 max megohm

o The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

t Under no circumstances should this absolute value be exceeded.

# An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
8 The de component must not exceed 100 volts.

MEDIUM-MU TWIN TRIODE

Miniature types used in direct-

6BQ7 coupled cathode-drive rf amplifier cir-

6BQ7_ A cuits of vhif television tuners. In such

circuits, one triode unit is used as the

direct-coupled grounded-cathode driv-

er for the other unit. These types are also used in push-pull cathode-drive rf amplifiers.

Outline 12, QOUTLINES SECTION. Tubes require miniature nine-contact socket

and may be mounted in any position. For typical operation as a resistance-coupled

amplifier, refer to Chart 12, RESISTANCE-COUPLED AMPLIFIER SECTION.
Type 6BQ7 is a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) . . oot ittt ttiineiiananten st nareeainenanes 6.3 volts

HEATER CURRENT. . o\ttt vttt i ettt et itatiiiieni e e eaneesannas 0.4 ampere

DIRECT INTERELECTRODE CAPACITANCES (6BQ7-4):° Unit No.1 Unit No.2
GridtoPlate. ... ... ... .. e 1.2 1.2 upf
Grid to Cathode, Heater, and Internal Shield.............. 2.6 - upf
Cathode to Grid, Heater, and Internal Shield.............. - 5.0 uuf
Plate to Cathode, Heater, and Internal Shieid. ............ 1.2 - wuuf
Plate to Grid, Heater, and Internal Shield............... - 2.2 upf
Plateto Cathode. . ... ... .. ... .. ... ... ... .. ... ... 0.12 0.12 unf
Heater to Cathode (6BQ7-A). . .. 2.6 2.6 upf
Plate of Unit No.1 to Plate of Unit No.2. . ................... 0.010 max uuf
Plate of Unit No.2 to Plate and Grid of Unit No.1............. 6.024 max 7771 4
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Maximum Ratings: CLASS A; AMPLIFIER (Eack Unit)

PLATE SUPPLY VOLTAGE. ... .0 vvvuvviinnnan,s [N [ 250%maz volts
PLATE DISSIPATION . .01ttt iiitt et e i eniieineeiineaenrennnnnn - 2 max watts
CATHODE CURRENT .................................................. . 20 mazx ma

Heater negatlve with respect to cathode 200*mazx volts
Heater positive with respect to cathode. 2008mazx volts
Characteristics: 6RQ7 6BQ7-A
Plate Supply Voltage. . ... .. .o ittt ieiin i 150 150 volts
Cathode-Bias Resistor. . . . 220 220 ohms
Amplification Factor. 35 38
Plate Resistance (Approx 5800 5900 ohms
Transconductance N 6000 6400 pmhos
Plate Current. .. ... .. 9 9 ma
Grid Voltage (Approx.
For plate current of 100 pa. ..o e - -6.5 volts
Forplatecurrentof 10 ga. . ... .o i ., -10 - volts

Maximum Circuit Valve:

Grid-Circuit Resistance. . . ... . e 0.5 mox megohm

° With external shield connected to internal shield.

;In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
00 volts.

® The de component must not exceed 100 voits.

AVERAGE PLATE CHARACTERISTICS

FOR EACH UNIT
TYPE 6BQ7-A
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H MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature types used in a wide 6BR8
e, GKp variety of applications in color and
2P black-and-white television receivers. 6BR8_ A

e Especially useful as combined triode

oscillator and pentode mixer in vhf
television tuners. Type 6BR8-A has a controlled heater warm-up time for use in
receivers employing series-connected heater strings. Outline 12, OUTLINES
SECTION. Except for basing arrangement and grid-No.1-to-plate capacitance of
pentode unit, these types are identical with miniature types 6U8 and 6US8-A,
respectively.

Gep

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir- 6858
cuits of vhf television tuners. In such
circuits, one triode unit is used as the
direct-coupled grounded-cathode driv-
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er for the other unit. This type is also used in push-pull cathode-drive rf amplifiers.
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .« ..ttt vttt iiinee e canraannanans
HEATER CURRENT. . . ., .ttt ttttttttnneieeretnininianeaareeennennnen ..

Maximum Ratings:
PLATE VOLTAGE. . . .ottt ittt ittt et er i an et ae s rannecenas
PLATE DISSIPATION. . ..
CATHODE CUKRENT
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respect to cathode........

Characteristics:

Plate-Supply Voltage. . ........c.oiiviiiiiiiniiiianns
Cathode-Bias Resistor. . .........ouvuvnununen...
Amplification Factor. .. ...
I'late Rusistance (Approx.).
Tranzconductance, ....,....

Plate Current. . ... ... i i i i i i

Maximum Circvit Value:
Grid-Cireuit Resistance. .. ... .. it i ieieeanienannns

* This value applies to unit No.2 only.

SHARP-CUTOFF TWIN PENTODE

Miniature type used as combined
sync separator, sync clipper, and age
amplifier tube in television receivers.
Outline 14, OUTLINES SECTION.
Tube requires miniature nine-contact
socket and may be mounted in any
position.
HEATER VOLTAGE (AC/DC)........
HEATER CURENT
DIRECT INTERELECTRODE CAPACITANCES:

Grid No.3 to Plate (Each Unit) . ... ... . . e
Grid No.1 to All Other Electrodes s

Grid No.3 to All Other Electrodes (Each Umt)
Plate to All Other Electrodes (Earh Unit) .

6BUS8

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Mazximum Values):
PLATE VoLTaGE (Each Unit) . ... ... .. . i iiiiiineann,
GR1D-N0.3 (SUPPRESSOR-GRID) VOLTAGE (Each Unit):

Peak positive value. .. ............... ... .

DC negativevalue. . . ....................

DC positive value. . .....................
GRID-NO.2 (SCREEN-GRID) VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Negative bias value
CATHODE CURRENT . .. .. ..ttt aanans
GRID-NO.2 INPUT. .. ... e,
PLATE DisstrartioN (Each Unit)
Praxk HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. .. ....... ..................

Heater positive with respect to cathode. ........ ... ... iiiirinis
Characteristics: With Both Units Operating
Plate Voltage (Each Unit) . .. ... ... .. 000, 100
Grid-No.3 Voltage (Each Unit) -10
Grid-No.2 Voltage............. . 67.5
Grid-No.1 Voltage. ... ...... .. fea *
Plate Current (Each Unit) -
Grid-No.2 Current , . 6.5
Cathode Current.........co.oiuiiesiininnnnneannnnnnn, .. 6.6

6.3
0.4

150 mazx
2 max
20 max

200 max
200 niaz

150
220
36
5000
7200
10
-7

0.5 mux

300 max

50 max
-50 max
3 imax
150 max
-50 mazx
12 max
0.75 max
1 max

200 max
200%naz

volts
ampere

volts
watts
ma

volts
volts

volts
ohms

ohms
umhos
ma
volts

megohm

volts

volts
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volts
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With One Unit Operalmgf
Plate Voltage,......... AN 100 100

Grid-No.3 Voltage 1] 0
Grid-No.2 Voltage 67.5 67.5
Grid-No.1 Voltage. .. ... oottt it eirannnnrnernnennns 0 *
Grid-No.3 Transconductance ~ 180
Grid-No.1 Transconductance. . . 1500 -
Plate Current. .. .. ..ottt - 2.2
Grid-No.3 Voltage (Approx.) for plate current of 100 ga...... ~ -4.5
Grid-No.1 Voltage (Approx.) for plate current of 100 pa..... . ~ -2.8
Maximum Circuit Values:
Grid-No.3-Circuit Resistance (Each Unit).............. ettt 0.5 max
Grid-No.1-Circuit Resistance. . ... ..o iiteiiiiiiinnnneinirniann en 0.5 max
® The de component must not exceed 100 volts.
* Adjusted to give a dec grid-No.1 current of 100 microamperes.
1 With plate and grid No.3 of the other unit connected to ground.
AVERAGE CHARACTERISTICS
WITH EC; AS VARIABLE
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FULL-WAVE VACUUM RECTIFIER

Miniature type used in full-wave

6BW4 power supplies having high dc out-

put current requirements. Qutline 14,

OUTLINES SECTION. Type 6BW4

reguires miniature nine-contact socket

and may be mounted in any position. It is especially important that this tube, like
other power-handling tubes, be adequately ventilated.

HEATER VOLTAGE (AC/DC) .\ ottt ittt i et e et e et 6.3 volts
HEATER CURRENT. . ... 0ttt it it e 0.9 ampere
Maximum Ratings: FULL-WAVE RECTIFIER

PEAK INVERSE PLATE VOLTAGE. .. ... . ... .. it iiiiiin s 1275 mar volts
AC PLATE SUPPLY VOLTAGE (Per Plate, rms).... ... 430 mar volts
STEADY-STATE PEAK PLATE CURRENT (Per Plate) . . 350 max ma
DC Outpur CURRENT 62.5 mar ma

TRANSIENT PEAK PLATE CURREN 2 mar amperes
DC HEATER-CATHODE VOLTAGE!:

Heater negative with respect tocathode. ... ............. .. .. ... ..., 450 max volts

Typical Operation:

Filter Input Capacritor Choke
AC Plate-To-Plate Supply Voltage (rms)*. . ................ 650 900 volts
Filter Input Capacitor. . . ... .. . . . it eneens .. 40 - ni
Total Effective Plate Supply Resistance per Plate .. 82 - ohms
Filter Input Choke. . . ........ ... iiiiiiiennaan. .. - 10 henries
DC Output Current. ............ ... ... ... 0.t .. 100 100 ma
DC Output Voltage at Input to Filter (Approx.)............ 330 360 volts

4 AC plate supply voltage is measured without load.

MEDIUM-MU TWIN TRIODE
Glass octal type used as combined

6BX7- GT vertical deflection amplifier and ver-
tical deflection oscillator in television
receivers. When so operated, it is
recommended that unit No.l (pins 4,
5, and 6) be used as the oscillator. Outline 22, OUTLINES SECTION. Tube
requires octal socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .ottt it e ittt e e ie e e e e e 6.3 volts
HEATER CURRENT. ., ....... 1.5 amperes
AMPLIFICATION FACTOR®. . .. 10

PLATE RESISTANCE (Approx.) 1306 ohms

TRANSCONDUCTANCE? . . . . . ... 7600 umhos
* For plate volts, 250; cathode-bias resistor, 390 ohms: plate ma., 42.

VERTICAL DEFLECTION OSCILLATOR OR AMPLIFIER (Eack U'nit)

For operation in a 525-line, 30-frame system

Maximum Ratings: Osetllator Amplifier
DC PLATE VOLTAGE ., .. ...ttt ivv i ciian i 500 max 500 mar volts
PeAK POSITIVE-PULSE PLATE VOLTAGE

(Absolute Maximun)4 .. ... ... . i - 20004 mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . .. -400 max 250 ma. volts
PEAK CATHODE CURRENT. . ............. 180 max 180 mar ma
AVERAGE CATHODE CURRENT. . . .. . .........oiuiunenn. 60 ma.c 60 max ma
PLATE DISSIPATION: .

Foreither plate. .. ..... . ... ... i iviennennn. 10 max 10 max watts

For both plates with both units operating. ........... 12 mac 12 mar watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. 200 max 200 max volts

Heater positive with respect to cathode.............. 200°max 200%mnar volts

Maximum Circvit Values:

Grid-Circuit Resistance. . .......... ... ... ... .00 00ae. 2.2 max 2.2%nax megohms
# The duration of the voltage puise must not exceed 15 per cent of one vertxul scanning cycie. In a
520 line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

4 Under no eireumstances should this absolute value be exceeded.

© The de component must not exceed 100 voits.

¥ Jor cathode-bias operation.
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FULL-WAVE VACUUM RECTIFIER

Octal type having high perveance used as a
damper tube in horizontal deflection circuits of
television receivers or as a rectifier in conven-
tional power-supply applications. Outline 31, 6BY5 GA
OUTLINES SECTION. Tube requires octal -
socket and may be mounted in any position, It
is especiaily important that this tube, like other
power-handling tubes, be adequately ventilated.
Heater volts (ac/de), 6.3; amperes, 1.6. Maxi-
mum ratings for damper service (each unit): peak inverse plate volts (absolute maximum), 3000 max:
peak plate ma., 525 max; de plate ma., 175 maz. Peak heater-cathode volts: heater negative with respect
to cathode, 450 max; heater positive with respect to cathode, 100 max. This type is used prinecipally for
renewal purposes.

PENTAGRID AMPLIFIER

Miniature type used as a gated
amplifier in color television receivers. 6BY6

In such service, it may be used as a

combined sync separator and sync

clipper. Outline 11, OUTLINES SEC-

TION. Tube requires miniature seven-contact socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC). ...t vv i riannoannnnn PP Ceeebraes 6.3 volts
HEATER CURRENT. .. .ot v vt ivnrnnnrcronons Cer e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoPlate. .. .....iieiiiiiinannonnnas . . upf
Grid No.3 to Plate...... . . .. . upf
Grid No.t to Grid No.B. . ... v iiiiiiii e enienanas e . upf
Grid No.1 to All Other Electrodes PR . . unf
Grid No.3 to All Other Electrodes. . upf
Plate to All Other Electrodes. . ....ooviviieni i . upf
Characteristics:
Plate Voltage. . volts
Grids-No.2-and- . P volts
Grid-No.3 Voltage. . ...vovvvnverunses vee . volts
Grid-No.l Voltage. ..........c..o0venn . . . volts
Grid-No.3-to-Plate Transconductance. pmhos
Grid-No.l-to-Plate Transconductance. . .. . umhos
Plate Current. ................. ... .. . ma
Grids-No.2-and-No.4 Current. . ..... ... i iiiiiiiniininns . ma
Grid-No.3 Volts (Approx.) for plate current of 35 ua and grid-No.1 volts =—4 -15 volts
Grid-No.1 Volts (Approx.) for plate current of 35 ya and grid-No.3 volts =0, . ~12 volts
GATED AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. . .............. e A A 330 mazx volts
GRIDS-N0.2-AND-NO.4 VOLTAGE. ....... e s . See curve page 66
GRIDS-N0.2-AND-N0.4 SUPPLY VOLTAGE 330 max volts
GRID-N0.3 VOLTAGE:
Negative bias value . N -55 mazx volts
Positive bias value....... Crereens 0 max volts
Positive peak value 27 mazx volts
GrID-NO.1 VOLTAGE, Negative bias value -110 max volts
PLATE DISSIPATION ., . ... i iiiie e rennaes cee cieens 2.3 max watts
GRID-NOB INPUT. .. ...t iiiiiiians s ninanaans e PPN 0.1 max watt
GRIDS-N0.2-AND-NO.4 INPUT: .
For grids-No.2-and-No.4 voltages up to 165 volts. .. .. e PPN 1.1 max watts
For grids-No.2-and-No.4 voltages between 165 and 330 volts.......... See curve page 66
GRID-NO.L INPUT. ... ittt iin i aiarrsneerennansasses 0.1 max watt

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. . . 200 mazx voits
Heater positive with respeet to cathode. .. .. ...... ... ... ool 200°mazx volts
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Characteristics as Sync Separator and Sync Clipper:

Plate Voltage. . . ... .t iiiiiiinrnaes e eninnas ces 1
Grid-No.3 Volta . een volts
Grids-No.2-and-N volts

0 volts
4]

Grid-No.1 Voltage. . ... oiiiiiniriiiiiennn e 0 volts
4
5

Plate CUITENE. .. ..ttt ittt e i e e ma
Grids-No.2-and-No.4 Current ma
Grid-No.3 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4

voltage of 25 volts, grid-No.1l voitage of 0 volts, and plate current of 50 ua -2.5 volts
Grid-No.1 Volts (Approx.) for plate voltage of 25 volts, grids-No.2-and-No.4
voltage of 25 volts, grid-No.3 voltage of 0 voits, and plate current of 50 pa -2.3 volts

Maximum Circuit Yalues:

Grid-No.1 or Grid-No.3-Circuit Resistance:
For fixed-bias operation. . .........oiiiiiraiiiaaans . 0.5 mar megohm
For cathode-bias operation 1.0 max megohm

°The dec component must not exceed 100 volts,

AVERAGE OPERATION CHARACTERISTICS

10 T —T_ 1 S TTv
ns B PE 6BY6
L _| cmio-ne3 vouts ecse-io 2 |Tar-e
] ut VOLTS=-25
J=Zces T ITTreT—%- °_° $ |GRIDS-Ne2 &
< ————e | - < N24 VOLTS=100
RN Nl B 3
Nt = e ey ) ;’
s B i e T S e eyt i o I N Bt
« = ¢
w N
| el 3
37 GRID-NZ3 YOLTS fc3=-4—S <
21/ - 3
S /) — z
— N
o - o
&, /// 1,
w V B g
= =
Sl A4 P
o To
2 ]
-10
-
4] oo 200 300 400
PLATE VOLTS 92CM~8139T1
DIODE—
SHARP-CUTOFF PENTODE
6BY8 Miniature type used in diversified

applicationsin television receivers. The

pentode unit is used as an rf amplifier

and the high-perveance diode as a

limiter or detector. This type has a
controlled heater warm-up time for use in receivers employing series-connected
heater strings. Outline 14, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .. .o\ttt it it inine s 6.3 volts
HeaTER CURRENT. .. ... ............ 0.6 ampere
HeatEr WarMm-UpP TIME (Average) 11 sceonds
. . PENTODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings:
PLATE VOLTAGE . . . .. . ittt it ittt aa it et i an s 300 max volts
GRriD NO.3 (SUPPRESSOR GRID) , ... ........ e Connect to cathode at socket
GRID-NO.2 (SCREEN GRID) SUPPLY VOLTAGE. . ...ttt iiininin e 300 max volts
GRID-NO.Z VOLTAGE . . ... . ittt e iineenicannnnds . e See curve page 66
GRID-NO.1 (CONTRO1~-GRID) VOLTAGE:
Negative biag value. . ... . . i i e e —-50 max volts
Positive bias value .. . 0 max volts
PrATE DISSIPATION . L .. i i ettty 3 mar watts
Grip-No-2 INPUT:
For grid-No.2 voltagesup to 150 volts. . ... ... ... ... ... o it 0.65 mar watt
For grid-No.2 voltages between 150 and 800 volts. .. ................. See eurve page 68
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect toecathode. .............. ... ... .. ... 200 yoa- volis
Heater positive with respect tocathode. . .......... ... .ooiiviiit, 200 volte
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Characteristics:
Plate Supply VOItage. . . .. ... .. iiiiiieinniiinennenanas 100 250 volts
Grid No.3 and Internal Shield Connected to cathode at socket
Grid-No.2 Supply Voltage.................... AN 100 150 volts
Cathode-Bias Resistor. .. ... ... ... ... .o i, 150 68 ohms
Plate Resistance (Approx.) 0.5 1 megohm
Transconductance. . . ... ... .. ... i e 3900 35200 srnhos
Grid-No.1 Voltage (Approx.) for plate current of 10 ua -4.2 -6.5 volts
Plate Current. . ... ... . e 5 10.6 ma
Grid-No.2 Current. .. ... .. .. e 2.1 4.3 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . ... ... . . . i i i i i e 0.25 maxr megohm

For cathode-bias operation. . ... ... ... ... i i iiiiinnrrenreeennnnn 1.0 mar megohm
" The de component must not exceed 100 volts.
Maximum Ratings: DICDE UNIT
PEAK INVERSE PLATE VOLTAGE. . ... ...ttt iienenreranaanes 430 max volts
PeaK PLATE CURRENT . NN 180 max ma
DC PLATE CURRENT......... R 45 max ma
PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................ e 200 max volts

Heater positive with respect tocathode. . .... . ... ... ... . ... .. .... 200%mazx volts
® The dc component must not exceed 100 volts.

" . SEMIREMOTE-CUTOFF PENTODE

(*) B
Miniature type used in gain-con-

(3} O trolled video if stages of television 6826

\ receivers. Outline 11, OUTLINES
RN | D,  SECTION. Tube requires miniature
0, 15 seven-contact soecket and may be
o) mounted in any position.
HEATER VOLTAGE (AC/DC) . oo i vttt i iiinnennnnneranns RN . 6.3 volts
HEATER CURRENT. . ..o ettt i e iiiiiaaaen s 0.3 ampere
Withont With
Ext o
DRECT INTERELECTRODE CAPACITANCES: é‘hez:%’l qu,',c,';?(;"l
Grid NoltoPlate. . .. ... . . i, ©0.025 max 0.015 max upf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield. ........ ... ... .. ... .. ........ 7 7 uuf
Plate to Cathode, ITeater, Grid No.2, Grid No.3, and In-
ternal Shield. . . ... i i e e 2 3 upf
4 With external shield connected to cathode.
CLASS A; AMPLIFIER
Maximum Ratings (Design-Mazximum Values):
PLATE VOLTAGE. . .. it ittt ittt it ca ittt eenn 330 max volts
GRID NO.3 (SUPPRESSOR GRID) . .............oouivn. Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE .. 330 mazx voits
GRID-NOZ VOLTAGE. L .o ettt an e .. See curve page 66
FRID-NO.1 (CONTROI-GRID) VOLTAGE, Dositive bias value .. 0 mazx volts
PLATE DISSIPATION . Lttt e e it . 2.3 max watts
GRID-NO.2 INPUT:
For grid-No.2 voltages up to 165 volts, . ....... 0.55 mazx watt

For grid-No.2 voltages between 163 and 338 volts See curve page 66

PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode................ccoiieiin.. 200 mazx volts

Heater positive with respect to cathode............. Ceeeseoanansnnns 200mmazx volts
Characteristics:
Plate Supply Voltage .. ... .. i i i ittt ittt ie iy 125 volts
Grid No.3 and Internal Shield............ RN Connected to eathode at socket
Grid-No.2 Supply Voltage N BN 125 volts
Cathode-Bias Resistor. .. ..o i i i it it iie e 56 ohms
Plate Resistance (Approx.). et 0.26 megohm
TranscondUeLaNCe. . . .. ittt it ittt e e e e e 8000 pmhos
Grid-No.1 Voltage (Approx.) for transconductance of 50 umhos........... -19 volts

Grid No.1 Voltage (Approx.) for transconductance of 760 yumhos and

eathode resistor of 0 ohms volts
Plate Current. .. .. ma
Grid-No.2 Current..... ma
Maximum Circvit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . megohm
For cathode-bias operation megohm

® The de component must not exceed 100 volts,
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AVERAGE CHARACTERISTICS
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MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled cathode-drive rf amplifier cir-
cuits of vhf television tuners. In such
circuits, one triode unit is used as the
direct-~ coupled grounded-cathode driv-

PLATE VOLTS

er for the other unit. This type is also used in push pull cathode-drive rf amphﬁers.
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position. For typical operation as a resistance-coupled
amplifier, refer to Chart 12, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC)
HEATER CURBENT. . . ot ittt ettt et ettt et et

Maximum Ratings:

PLATE VOLTAGE. . .o ittt ettt e e e e e e

Pr.arte DISSIPATION
CATHODE CURRENT

PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode
Heater positive with respect to cathode
AVERAGE CHARACTERISTICS

EACH UNIT
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* In cathode-drive circuits with direct-coupled drive, it is permissible for this voltage to be as high as
300 volts under cutoff conditions.
# The de component must not exceed 100 volts.

Characteristics:

Plate Supply Voltage . .. ... i i e 150 volts
Cathode-Bias Resistor. . 220 ohms
Amplification Faector. .. .. 36

Plate Resistance (Approx.) .. 5300 ohms
Transconductance. . ............ .. 6800 umhos
Plate Current. ... .. .. ... .. e .. 10 ma
Grid Voltage (Approx.) for plate current of 100 pa -7 volts
Maximum Circuit Value:

Grid-Circuit ResiStANCE. . . ..o L i iie e i 0.5 mar megohm

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-
coupled, cathode-drive, rf amplifier cir- 6 BZ 8

cuits in vhf television tuners. In such

circuits, one triode unit is used as the

direct-coupled, grounded-cathode

driver for the other unit. Outline 12, OUTLINES SECTION. Tube requires min-
iature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ... ..ottt 6.3 volts
HEATER CURRENT. . ... .ottt e e e 0.4 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):°
Grid to Plate (Unit No.1) . .. ... . ... . o 1.15 puf
Plate to Cathode, Heater, and Internal Shield (Unit No.2). ... 0.15 puf
Plate of Unit No.1to Plateof Unit No.2. . ......... ... ... ... ... ... 0.01 puf
Maximum Ratings: CLASS A; AMPLIFER (Each Unit)
250 max volts
. 20 max ma
PLATE DISSIPATION ... ... e 2.2 mazx watts
PEAk HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode. ... ... ... ... ... ... ... ... 200 mazx volts
Heater positive with respeet toeathode. .. .......... .. ...t 200 max volts
Characteristics:
Plate Supply Voltage. ... .. i i ittt e i et 125 volts
Cathode-Bias Resistor. . . 100 ohms
Amplification Factor................ . 45
Plate Resistance (Approx.)......... 5600 ohms
Transconductance. ... ............. . 8000 pmhos
Plate Current. .. ... .. . . e . 10 ma
Grid Voltage (Approx.) for transconductance of 50 umhos. .............. . -13 volts
Typical Operation and Characteristics (In Cascode-Type Circuit):
Plate Supply Voltage. . .. ... i i i e et 250 volts
Grid Voltage............. .. -0.5 volt
TranscondUCLANCE. ... .\ttt it ettt ettt te e s et et e 10000 uwmhos
Plate Current. . . ... i et it e e 15 ma
Maximum Circuit Value:
Grid-Circuit Resistance. . . ... ... ... i i Creeerens 0.1 ;nax megohm
° With external shield connected to cathode of unit under test.
Q) GF POWER TRIODE
"3 (6)° Miniature type used in compact
‘ radio equipment as a local oscillator 6c 4
@ in FM and other high-frequency cir-
e J % cuits. It may also be used as a class C
O rf amplifier. In such service, it delivers

a power output of 5.5 watts at moderate frequencies, and 2.5 watts at 150 mega-
cycles per second. Outline 11, QUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position. For typical operation

175
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as a resistance-coupled amplifier, refer to Chart 5, RESISTANCE-COUPLED
AMPLIFIER SECTION. For additional curve of plate characteristics, refer to
type 12AUT-A.

HEATER VOLTAGE (AC/DC) et ietiiiiiieiiinaninrnans e e 6.3 volts
HEATER CURREBNT. . .ot ivtittnrnnonersannrssonorarvoarnnneneesnanans 0.15 ampere
Without With
External External
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Shield Shield*
GridtoPlate. .. ... ... ... i 1.6 1.4 upf
Grid to Cathode and Heater. . .. 1.8 1.8 upf
Plate to Cathode and Heater 1.3 2.5 ppf
4 With external shield connected to cathode
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. ..ottt it tiiitiiearartanssssstossstrosoctnssnnnns 300 maz volts
PLATE DISSIPATION . ... . it ivrieennrotenrosntosnasnans e 3.5 mazx watts
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect toeathode. ... ... .. ... .coiiiiieinean., 200 mazx volts
Heater positive with respect tocathode. .. ...... ... .. ... ..o oot 200emax volts
Characteristics:
Plate Voltage. .. ..voiiiiiii i et 100 250 volts
Grid Voltage* . ... ... ottt ittt nenranenns 0 -8.5 volts
Amplification Factor. ... ... . i i i i 19.5 17
Plate Resistance (APProX.) .ot inretiienentnanncnenenens 6250 7700 ohms
TransconduUctanee. . . oottt ittt niniee sareereeennnaonanons 3100 2200 pmhos
Plate Current. .. ..ottt e 11.8 10.5 ma
Grid Voltage (Approx.) for plate current of 10 ua . -10 -25 volts

* Transformer- or impedance-type input coupling flevxceq are recomms—nded to minimize resistance in
the grid circuit.

Maximum Circuit Valve:

Grid-Cireuit Resistance:
Tror fixed-bias operation. ...
TFor eathode-bias operation
" The dc companent must not exceed 100 volts.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy

Maximum Ratings:

5 maxr megohm
1.0 max megohm

PLATE VOLTAGE 300 mazx volts
Grip VOLTAGE. . -50 max volts
PLATE CURRENT. e e e .. 25 mazx ma
GRID CURRENT. ..., cee N . . 8 mazx ma
PLATE DISSIPATION . L it i it it tteataerartnraes srnananan 5 max watts
Typical Operation at frequencies up to 50 Me:

Plate Voltage. . ..o ittt i it i taantitseienn e ina e esraraanns 300 volts
Grid Voltage. . ..... P .. -27 volts
Plate Current .. 25 ma
Grid Current (Approx.)........... 7 ma
Driving Power (Approx.).......... 0.35 watt
Power Qutput (AppProx)® . . . i i i e 5.5 watts

® Approximately 2.5 watts power output can be obtained when the 6C4 is used at 150 megacycles as
an oscillator with grid resistor of 10,000 ohms and with maximum rated input.

AVERAGE PLATE CHARACTERISTICS
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MEDIUM-MU TRIODE

Metal type 6C5 and glass octal
type 6C5-GT used as audio amplifier
and oscillator. They are also used as
detectors of grid-resistor-and-capaci-
tor type or grid-bias type. Qutlines 3

6C5

6C5-GT

and 24, respectively, OUTLINES SECTION Tubes require octal socket and may
be mounted in any position. Heater volts (ac/de), 6.3; amperes, 0.3. Maximum
ratings as class A, amplifier: plate volts, 300 max; plate dissipation, 2.5 max watts;
grid volts, positive-bias value, 0 max. Typical operation: plate volts, 250; grid
volts, —8 (grid-circuit resistance should not exceed 1.0 megohm); amplification
factor, 20; plate resistance, 10000 ohms; transconductance, 2000 xmhos; plate ma.,
8. Type 6C5-GT is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass type used as biased detector and as a
high-gain amplifier in radio equipment. Qutline
45, OUTLINES SECTION. Tube requires six-
contact socket. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For ratings and typical operation
data, refer to type 6J7. Type 6C8 is used prin-
cipally for renewal purposes.

TWIN DIODE—
MEDIUM-MU TRIODE

Glass type used as combined detector, am-
plifier, and ave tube. Outline 40, OUTLINES
SECTION. Heater volts (ac/dc), 6.3; amperes,
0.3. This type is similar to, but not interchange-
able with, type 85. The 6C7 is a DISCON-
TINUED type listed for reference only.

MEDIUM-MU TWIN TRIODE

Glass octal type used as a voltage amplifier
and phase inverter in radio equipment. Outline
39, OUTLINES SECTION. Tube requires
octal socket. Heater volts (ac/dc), 6.3; amperes,
0.3. Maximum ratings for each triode unit as
class A1 amplifier: plate volts, 250 mar; grid
volts, positive-bias value, 0 mazx; plate dissi-
pation, 1.0 max watt. Typical operation: plate
volts, 250; grid volts, —4.5; plate ma., 3.2; plate

6C6

6C7

6C8-G

resistance, 22500 chms; amplification {actor, 36; transconduectance, 1600 umhos, This type is used prin-
cipally for renewal purposes.

®ne

Py NC
and may be mounted in any position. It is especially important that this tube, like
other power-handling tubes, be adequately ventilated.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT. . ... ..

FULL-WAVE VACUUM
RECTIFIER

Miniature type used in power-
supply of compact, audio equipment
having moderatedcrequirements. Out-
line 18, OUTLINES SECTION. Tube
requires miniature nine-contact socket

6CA4

volts
ampere
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FULL-WAVE RECTIFIER

Maximum Ratings:

PEAK INVERSE PLATE VOLTAGE. . .0\ttt ittt et inennnnnnes 1000 maz volts
PEAK PLATE CURRENT (Per Plate). ... ... ... ... .. it . 450 max ma
AC PLATE SUPPLY VOLTAGE (Per Plate, rms) with Capacitor Input to Filter 350 max volts
DCOUTPUT CURRENT .. ...ttt eeinennnens 150 max ma
HoT SWITCHING TRANSIENT PLATE CURRENT (Per Plate)#
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................ 500 max volts
Typical Operation with Capacitor Input to Filter:
AC Plate-to-Plate Supply Voltage (rms)........... 500 600 700 volts
Filter-Input Capacitor . ......................... 50 50 50 uf
Total Effective Plate Supply Impedance per Plate, . 150 200 240 ohms
DC Output Voltage at Input to Filter (Approx.)

For dc output current of 150 ma.............. 245 293 347 volts

# When capacitor-input circuits are used, a maximum peak current value per plate of 1 ampere during
the initial eycles of the hot-switching transient should not be exceeded.

OPERATION CHARACTERISTICS
FULL~WAVE CIRCUIT CAPACITOR INPUT TO FILTER

R T ] I f
TYPE 6CA4 E=6.3 VOLTS
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6CB5 Glass octal types used as hori- i
zontal deflection amplifiers in color

6CB 5.A televisionreceivers. Outlines49 and46, |

respectively, OUTLINES SECTION.

Tubes require octal socket and may be

mounted in any position. Type 6CB5 is a DISCONTINUED type listed for refer-

ence only.

HEATER VOLTAGE (AC/DC) . oottt it itrie it aeeineanneenianeannnns 6.3 volts
HEATER CURRENT. . .. .ot tit et ittt et eniaetaeeeranennennios 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (ApDprox.):

Grid No.l to Plate . ... ... . i e 0.4 uuf

Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3...... . 22 wupf

Plate to Cathode, Heater, Grid No.2, and Grld No.3 e 10 upf
TRANSCONDUCTANCE¥ 8800 umhos
Mu-FaACTOR, Grid No.2 to Grid No.1* 3.8

“For plate and grid-No.2 volts, 175; grid-No.l volts, —30; plate ma., 90; grid-No.2 ma., 6,
HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system .
6CBs5 6CB5-A
Design-Center  Design-Maximum

Maximum Ratings: Values* Values
DC PLATE VOLTAGE. . ...\ttt innnennnenins L. 700 max 880 max volts
PEAK POSITIVE-PULSEPLATEVOLTAGES ... ............... 6800°max 6800 max volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE. . ............... -1500 mazx -1650 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . 200 mazx 220 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. .......,... N —50 max -55 mazx volts
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE ............ ~200 mazx —220 max volts
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PEAK CATHODE CURRENT .. .. iitttttineennronnnnennns - max 850 max ma
AVERAGE CATHODE CURRENT ... .. .vuveitinenn.. .. 200 max 240 max ma
GRID-N0.2 INPUT .. .. . 3.6 max 4 max watts
PLATE DissipaTiONt 23 max 26 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 200 max 200 mazx volts
Heater positive with respect to cathode . 200®mazx 200%max volts
BuLs TEMPERATURE (At hottest point) . .. ... .. 210 max 220 max °C
Maximum Circuit Value:
Grid-No.1-Circuit Resistance., ., .. ..o ittt ittt i 0.47 max megohm

4 Except asnoted.

# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
Absolute-Maximum Vealue. Under no circumstances should this absolute value be exceeded.

t An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
# The de component must not exceed 100 volts.

SHARP-CUTOFE PENTODE
6CB6

Miniature types used in television
receivers as intermediate-frequency
amplifier at frequencies up to about 45 6CB6-A
megacycles per second and as rf am-
plifier in vhf television tuners. Tubes
feature very high transconductance combined with low interelectrode capacitance
values, and are provided with separate base pins for grid No.3 and the cathode to
permit the use of an unbypassed cathode resistor to minimize the effects of regenera-
tion, Type 6CB6-A has a controlled heater warm-up time for use in television re-
ceivers employing series-connected heater strings. Outline 11, OUTLINES SEC-
TION. Tubes require miniature seven-contact socket and may be mounted in any
position. For typical operation as a resistance-coupled amplifier, refer to Chart 13,
RESISTANCE-COUPLED AMPLIFIER SECTION.

Hearer VoLTS (Ac/DC). . . . 6.3 volts
HEATER CURRENT. . ... o.vtit e . . . 0.3 ampere
HEATER WARM-uP TIME (Average) for 6CB A 11 seconds
Without Wiih
External Externol
DireECT INTERELECTRODE CAPACITA\'CES Shield Shield*
Grid No.ltoPlate, ... ........0 ... ivin... 0.025 max  0.015 maz puf
Grid No.1 to Cathode, Heater, Gr1d No.2, Grid No.3,
and Internal Shield......... ....................... 6.5 6.5 s
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield......... ... ... . ... .. ... ... . .... 2 pnf

4 With external shield connected to cathode.

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Maximum Values): .

PLATE VOLTAGE. ...ttt it i ttitiiiiiniiiae st iieaiiasesnsaaesnes 330 max volts
GRID N0.3 (SUPPRESSOR GRID) AND INTERNAL SHIELD Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE., See curve page 66

GRID-NO.2 SUPPLY VOLTAGE. . ... ... o i, . .. 330 max volts
GRID-NO. 1(CONTROL-GRID) VOLTAGE, Positive bias value...... e 0 max volts
PLATE DISSIPATION. « o1ttt ittt ie i ciie e ittt anaeeanaesnnans 2.3 mazx watts
Gribp-No.2 Inrur:

For grid~-No.2 voltages up to 165 volts. .. . ... ... it iiiennnnnnnns 0.55 max watt

For grid-No.2 voltages between 165 and 330 volts. . ................. e See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. . ..... ... ..o, 200 max volts

Heater positive with respect to cathode. ........... ..., ... oot 200°mazx volts
Characteristics:
Plate Supply Voltage ... o oottt ittt iiniistnseerneeonnarnean 125 volts
Grid No.3 and Internal Shield. .................. «v+vv....Connected to cathode at socket
Grid-No.2 Supply Voltage. . .. ... ..ii it et it iiiieitanananes 125 volts
Cathode-Bias Resistor. .. ... . e . . 56 ohms
Plate Resistance (Approx.). e . . PR 0.28 megohm
TranscondUCtanCe. . . .. ittt i ittt st i e e 8000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 20 7 -6.5 volts
Grid-No.1 Voltage (Approx.) for plate current of 2.8 ma. and cathode

registorof Qohms. , .. .. ... .. i i e -3 volts
Plate Current.......... 13 ma
Grid-No.2 Current. . ... 8.7 ma

° The de component must not exceed 100 volts.
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AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

6CD6-G Glass octal types used as horizon- &

tal deflection amplifiers in high-effici-
6CD6_G A ency deflection circuits of television
receivers employing either transformer
coupling or direct coupling to the de- NC™ (N
flection yoke. Outlines 52 and 46, respectively, OUTLINES SECTION. Tubes
require octal socket. Type 6CD6-GA may be supplied with pins 1, 4, and 6 omitted.
Vertical tube mounting is preferred but horizontal operation is permissible if pins
No. 2 and 7 are in vertical plane. Type 6CD6-G has a maximum peak positive-pulse
plate-voltage rating (Absolute Maximum) of 6600 volts, a maximum plate-dissi-
pation rating of 15 watts, and a maximum bulb-temperature rating (at hottest
point) of 210°C. Type 6CD6-G isa DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AG/DC)....ovvrvnvnnnnn.. e 6.3 volts
HEATER CURRENT. . ... 00vtnneeeninnnnnnnn. 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.ltoPlate...........ccoc . uunun... 1.1 upf

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No, 22 upf

Plate to Cathode, Heater, Grid No.2, and Grid No.3 8.5 upf
TRANSCONDUCTANCE® . .. ......... 7700 umhos
PLATE RESISTANCE (Approx.)°....... 7200 ohms
Mu-FACTOR, Grid No.2 to Grid No.1° 3.9

°For plate and grid-No.2 volts, 175; grid-No.1 volts, -30; plate ma., 75; grid-No.2 ma., 5.5.
HORIZONTAL DEFLECTION AMPLIFIER

Maximum Ratings: For operation in a 525-line, 30-frame system

DO PLATE VOLTAGE . . .ttt ettt e ettt s eaniie s eaninneeerans 700 mazx volts
PEAK POSITIVE-PULSE PLATE VOLTAGE* (Absolule Maximum)............... 7000%max valts
PEAK NEGATIVE-PULSE PLATE VOLTAGE ., .. .....oiitiineneennnrnannnn. -1500 mazx volts
DC GRID-N0.2 (SCREEN-GRID) VOLTAGE . . .. vt vvuniinrnneennnnnnneennnn, 175 maz volts
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE . ......ovvvnerrinnnnnnnennnn. -200 max volts
PEAK CATHODE CURRENT. . ...\ttt ittt ettt ittt e e 700 max ma
AVERAGE CATHODE CURRBNT . . . ..ottt itt ittt neennn 200 mazx ma
PLATE DISSIPATIONt....... TN 20 mazx watts
GRID-NO.Z INPUT. . ittt it ittt ettt et 3 mazx watts

Heater negative with respect to cathode 200 max voits

Heater positive with respect to cathode .. . 200°mazx volts
BuLs TEMPERATURE (At hottest point)..................... 225 mazx °C
Maximum Circvit Value:
Grid-No.1-Cirecuit Resistance:.

For grid-resistor-bias operation..........................000eu. ..., 0.47 max megohm

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal seanning cycle. In
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
® Under no circumstances should this absolute value be exceeded.
t An adequate bias resistor or other means is required to protect the tube in the ahsence of excitation.
® The de component must not exceed 100 volts.
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AVERAGE CHARACTERISTICS
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SHARP-CUTOFF PENTODE

Miniature type used in television
receivers as an intermediate-frequency \
amplifier at frequencies up to about 45 6CF6
megacycles per second and as an rf
amplifier in vhf television tuners. Be-
cause of its plate-current cutoff characteristic, this type is used in gain-controlled
stages of video if amplifiers. This type is electrically similar to miniature type
6CB6. Outline 11, OUTLINES SECTION. Heater volts (ac/dc), 6.3; amperes, 0.3.

Characteristics:
Plate Supply Voltage. . ... . i ittt i ittt cin s 125 volts
Grid No.3 and Internal Shield. . . Connected to cathode at socket
Grid-No.2 Supply Voltage. . .o, v iv i it nit it e it it ennans 125 volts
Cathode-Bias Resistor. .. .. e e e e e 56 ohms
Plate Resistance (Approx.)............. ettt e bt e 0.3 megohm
TransconAUCEANCE. . .. ...ttt ettt e e e e 7800 pmhos
Grid-No 1 Voltage (Approx.) for platecurrent of 20 pa................... -6 volts
Grid-No.1 Voltage (Approx.) for plate current of 2.2 ma. and cathode

resistorof Oohms. . .. ... . e e e -3 volts
Plate Current. . . ... i it ittt it e ite ettt et et e 12.5 ma
Grid No.2 Current . ...t i it i it s 3.7 ma
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MEDIUM-MU TWIN TRIODE

Miniature type used as combined

6CG7 vertical deflection and horizontal de-
flection oscillator in television re-

ceivers. Also used as phase inverter,

syne separator and amplifier, and re-

sistance-coupled amplifier in radio receivers. This type has a controlled heater
warm-up time for use in receivers employing series-connected heater strings. Except
for the common heater, each triode unit is independent of the other. Outline 14,
OUTLINES SECTION. Tube requires miniature nine-contact socket and may be
mounted in any pesition. For typical operation as a resistance-coupled amplifier,
refer to Chart 6, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC) 6.3
HEATER CURRENT ... ....oovvnn.. 0.6
Hpeater WarM-Up TIME (Average). 11
DIRECT INTERELECTRODOE CAPACITAN :
Grid to Plate. . . ... i i i i e 4.0
Grid to Cathode, Heater, and Internal Shield........ 2.3
Plate to Cathode, Heater, and Internal Shield 2.2
CLASS A; AMPUIFIER (Each Unit)
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. ... .ot iiiiie i iiinreiananaeenaen 330 mux
GRID VOLTAGE, Positive bias value 0 mais
PLATE DISSIPATION:
Foreitherplate. . . ... ... . i ittt etnanananaann 4 max
For both plates with both units operating...... 5.7 max
CATHODE CURRENT. . ...ttt it iiieaisreiiansaaearaeensanes 20 max
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ooovvi i, 200 mazx
Heater positive with respect to cathode. ... ... ..o, 200%m.azx
Characteristics:
Plate Voltage. .. . ..t ine it inntessorsacecosransnan 90 250
Grid Voltage. ... .. .. 0 -8
Amplification Factor 20 20
Plate Resistance (Approx.). 6700 17700
Transeonductance. . .. ... ...t iiie e 3000 2600
Grid Voltage (Approx.) for plate current of 10 ua .. -7 -18
Plate Current for grid voltage of —12.5 volts. ... ...... .. - 1.3
Plate Current. .. ... ...t e e 10 9
Maximum Circuit Value:
Grid-Circuit Resistance:
For fixed-bias operation. . .......... ..t i 1.0 max
® The dc component must not exceed 100 volts.
AVERAGE PLATE CHARACTERISTICS
FOR EACH UNIT
TYPE 6CGT
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OSCILLATOR
For operation in a 525-line, 30-frame system
DV;Irtical Ib{on'zontal
eflection eflection
Maximum Ratings, (Design-Mazimum Values, Each Unit): Oscillator oséﬂ;'uaw, .
DCPLATEVOLTAGE . . . ... i\ttt iiiiieraanearanns 330 mazx 330 mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. ... ... 0 aunan. . —440 maz -660 mazx volts
PEAK CATHODE CURRENT ... ... itvviiinarrannonenens . 77 max 330 mazx ma
AVERAGE CATHODE CURRENT. ... .v e it rrnsnnanoenn 22 mazx 22 max ma
PLATE DISSIPATION:
Foreitherplate. . ...... ... ... ... . civins ceeneen 4 max 4 max watts
For both plates with both units operating..........., 5.7 mazx 5.7 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.............. 200 mazx 200 max volts
.. 200%max 200"max volts

Heater positive with respect to cathode. .

Maximum Circuit Valve:
Grid-Circuit Resistance. . ... ...coov it iiin e 2.2 max 2.2 maxr megohms

® The de component must not exceed 100 volts.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

(7)°2P Miniature types used as combined 6CGS8
5 oscillator and mixer tubes in television

Gap receivers utilizing an intermediate fre-
©) : quency in the order of 40 megacycles 6C68"A
GT Gip per second. When used in an AM/FM
receiver, the triode unit is used as an oscillator for both sections. In the AM section,
the pentode unit is used as a high-gain pentode mixer; in the FM section, the
pentode unit is used either as a pentode mixer or as a triode-connected mixer de-
pending on signal-to-noise considerations. Type 6CGS8-A has a controlled heater
warm-up time for use in television receivers employing series-connected heater
strings. Outline 12, OUTLINES SECTION. Tubes require miniature nine-contact
socket and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes,
0.45; warm-up time (average) for 6CG8-A, 11 seconds. Maximum ratings, char-
acteristics, and typical operating values are the same as those of miniature type
6X8. For curves of average characteristics, see type 6X8.

EWithoult With .
NCES: zlerna Externa
r?:ﬁ,%%TI}SiERELECTRODE CAPACITANCES Shield Shield®
Grid to Plate. ... ........... P S 1.5 1.5 upf
Grid to Cathode, Heater, and Pentode Grid No.3...... 2 2.4 puf
Plate to Cathode, Heater, and Pentode Grid No.3..... 0.5 1 puf
Pentode Unit:
Grid No.ltoPlate. .. ..... ... .. .. ovon.. RERERS 0.04 max 0.02 mazx upf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 4.6 4.8 suf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. .. 0.9 1.6 unf
Pentode Grid No.l to Triode Plate. .. ,................. 0.05 mazx 0.04 max wpf
Pentode Plate to Triode Plate................ ... .. 0. 0.05 max 0.008 max apf
6.5 6.5% puf

Heater to Cathode.. .. ... ... coiviiiiiiiiiiinen
° With External shield connected to cathode, except as noted.
® With external shield connected to plate.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide
variety of applications in television 6CH8

receivers. The pentode unit is used as

an if amplifier, video amplifier, age

amplifier, or reactance tube.The triode

unit is used in low-frequency oscillator, sync-separator, synec-clipper, and phase-
splitter circuits. Outline 12, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position. For curves of average
plate characteristics, refer to type 6AN8. The pentode-unit curve for the 6ANS
applies for this type except that grid No.3, heater, and internal shield (pin 5) are
connected-to ground.
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HEeATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Gridto Plate. . .. ... .o i i 1.6 ek
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield. . ... 1.9 upf
Plate to Cathode, Heater, Pentode Grid No.3, and Internal Shield..... 1.6 puf
Pentode Unit:

Grid Nodl to Plate. . ... . 0.025 upf

Grid No.1to Cathode, Heater, Grid No.2, Grid No.3,and Internal Shield 7 upf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield. . 2.25 upf
Triode Grid to Pentode Plate. ... ... ..........0iii.iiinienaananns 0.005 unf
Pentode Grid No.1 to Triode Plate. . . 0.02 uuf
Pentode Plate to Triode Plate. . . ...........oouiiiiienine .. 0.04 nuf
Maximum Ratings: Triode Unit Penlode Unit
PLATE VOLTAGE. ... 0.ttt ittt et iiaaa s 300 max 300 max volts
GRID No0.3 (SUPPRESSOR GRID), HEATER,

AND INTERNAL SHIELD (Pin 8) . .................cooviunn ~ Connect to ground at socket
GRID-NO.2 SUPPLY VOLTAGE.................. e - 300 mazx volts
GRID-N 0.2 (SCREEN-GRID) VOLTAGE - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value..... 0 mazx 0 max volts
PLATE DISSIPATION. . . ... .o ittt i i ieenes 2.6 max 2 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 150 volts. . ............... - 0.5 mazx watt

For grid-No 2 voltages between 150 and 300 volts. ...... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to ecathode. ............... 200 mazx 4 max volts

Heater positive with respect to cathode. ............... 200°max 0 max volts

Characteristics:

Plate Supply Voltage. .. ...ttt it iiinn e 200 200 volts
Grid No.3, Heater, and Internal Shield. . ... e ~Connected toground atsocket
Grid-No.2 Supply Voltage. . .................. . - 150 volts
Grid Voltage. . .................. e -6 - volts
Cathode-Bias Resistor. ........... R - 180 ohms
Amplification Factor........ 19 -
Plate Resistance (Approx.). . 5750 300000 ohms
Transconductance. ......... ...... 3300 6200 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 10ua. . - -19 -8 volts
Plate Current... ... ... ... i 13 9.5 ma
Grid-No.2 Current. . ............. i - 2.8 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:*
For fixed-bias operation. ... ... ... .................... 0.5 max 0.25 mar megohm
For cathode bias operation. . ......................... 1.0 max 1.0 max megohm

° The de component must not exceed 100 volts. .

4 The heater-cathode voltage should not exceed the value of the operating cathode bias because the
voltage between the heater and cathode is aiso applied between the cathode and grid No.3. The net
result is to make grid No.3 negative with respect to cathode with possible change in tube characteristics.
* If either unit is operating at maximum rated conditions, grid No.1l-circuit resistance for both units
should not exceed the stated values.

LOW-MU TRIODE ®°

Glass octal type used as a vertical-
6CK4 deflection-amplifier tube in television
receivers. Outline 26, OUTLINES
SECTION. Tuberequires octal socket ¢
and may be mounted in any position.

o
()

]
&
le

G K
HeaTER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. ....... 1.25 ampere
AMPLIFICATION FACTOR®................. 6.6
PLATE RESISTANCE (Approx.)° 1200 ohms
TRANSCONDUCTANCE . « .. o\ttt ettt ottt e e e et e 5500 umhos

° For plate volts, 250; grid volts, ~28; plate ma., 40,
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VERTICAL-DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):

DC PLATE VOLTAGE . . .o\ttt vttt eina i iieinr s 550 max volts
PEAK PoOSITIVE-PULSE PLATE VOLTAGE®. . ... .. 2000 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE........... 250 mazx volts
PEAK CATHODE CURRENT. . ... .0inniniiiinnenn. .. 350 max ma
AVERAGE CATHODE CURRENT. ..............uu... 100 mazx ma
PLATE DISSIPATION .. ... i i e ittt enarersraananaans 12 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode et 200 mazx volts

Heater positive with respect toeathode. . ........ ... .. ... .o ui 200*max volts

Maximum Circvit Valve:

Grid-Circuit Resistance:

For cathode-bias operation. . ... ... ... . . . i 2.2 mar megohms
® The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.
% The de component must not exceed 100 volts.

POWER PENTODE

Miniature type used in output
stage of video amplifier of television
receivers and as wide-band amplifier 6CL6
tubeinindustrial and laboratory equip-
ment. Outline 14, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any

positicn.
HEATER VOLTAGE (AC/DC) . .ot vie ittt ecnienenenaaaananenanasnnsas 6.3 volts
HEATER CURRENT. . . oottt tittne e tte it etiaaeaeiaraneaneanunns 0.65 ampere
Dir&CT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.L to Plate. . ... i e e e i 0.12 unf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield it upf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 5.5 upf
Maximum Ratings: CLASS A; AMPLIFIER ’
PLATE VOLTAGE. .« ottt ettt ittt ittt ian et ciaeannnesnn 300 max volts

GRID N0.3 (SUPPRESSOR GRID). . .. ........

GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . 300 mazx volts
GRID-NO.2 VOLTAGE. . .+t iaeii et iie ittt iiariasasaaanaans 150 max volts
GRID-N0.1 (CONTROL-GRID) VOLTAG

Negative bias value. .. .. ..... -30 max volts

Positive bias value. . 0 max volts
PLATE DISSIPATION. . .. N e 7.5 maz watts
GRID-NO.Z INPUT. . . ... i i i ittt e aintesnatann 1.7 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 100 mazx volts

Heater positive with respect to cathode. .. 100 max volts
BuLB TEMPERATURE (At hottest point). ... ... ... it 200 max °C

AVERAGZ CHARACTERISTICS
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Typical Operation:

Plate Voltage. . oot ittt e e e e e 250 volts
Grid No.3 and Internal Shield. . .................... ............ Connected to cathode at socket
Grid-No.2 Voltage. . .. .ttt it e e et ean e 150 volts
Grid-No.1 Voltage. . ... .. it e i et et -3 volts
Peak AF Grid-No.l Voltage............ e e e 3 volts
Zero-Signal Plate Current . ... . ... ...t e 30 ma
Maximum-Signal Plate Current . ... ... ... .0ttt 31 ma
Zero-Signal Grid-No.2 Current . ... ... ouiiei i eetniineinarenn. v ma
Maximum-8ignal Grid-No.2 Current . ........ ... .. it iirinnnnn.n. 7.2 ma
Plate Resistance (ADDIoX.) . . vttt ittt it et ittt ieeenans 0,00 megohm
TranscondUetanCe. . . .. ...t e e 11000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 10pa. . ................. -14 volts
Load ResIStance. . ... ..ttt iie ettt e 7500 ohms
Total Harmonic Distortion. ... ..o v i 8 per cent
Maximum-Signal Power Output. . ...ttt 2.8 watts
Typical Operation in 4-Mc-Bandwidth Video Amplifier:

Plate Supply Voltage. . .oy vu i ittt it 300 volts
Grid No.3 and Internal Shield. ......... ..., Connected to cathode at socket
Grid-No.2 Supply Voltage. . ...ttt iiiiiiiiie e 300 volts
Grid-No.1 Bias Voltage -2 volts

vo.1 Signal Voltage (Peak to Peak) 3 volts
Grid-No.2 Resistor 24000 ohms

0.1 megohm
3900 ohms
30 ma
7.0 ma
132 volts
Maximum Cirevit Values:
Grid-No.1 Circuit Resistance:
For fixed-bias operation. . ......... ... . i i i e e 0.1 maz megohm
For cathode-bias operation. .. ... ... ... i it e 0.5 maxr megohm
MEDIUM-MU TRIODE—
6CL8 SHARP-CUTOFF TETRODE

Miniature types used as combined

6CL8-A vhf 'oscillator anq mixer.in television
receivers employing series-connected

heaterstrings. OQutline 12, OUTLINES

SECTION. Tubes require miniature

nine-contact socket and may be mounted in any position. For maximum ratings

as class A, amplifier, see type 6U8-A. Type 6CL8 is a DISCONTINUED type
listed for reference only.

HEATER VOLTAGE (AC/DC). . ... i e L. 6.3 volts
HEATER CURRENT. . .... ., ..., 0.45 ampere
HeaTer WARM-Up TIME (Average 11 seconds
CLASS A; AMPLIFIER
- Triode Unit Tetrode Unit

Characteristics: 6CLS 6CLs-A 6CL8 6CL8-A
Plate Supply Voltage. .. ......... . . 125 125 125 125 volts
Grid-No.2 (Screen-Grid) Voltage . - 125 125 volts
Grid-No.l Voltage. . ...........coiiiivenenn.. —1 -1 -1 -1 volt
Amplification Factor. . ... ... ... ... .......... ... 40 40 - -
Plate Resistance (Approx.). .. .....oovvneennennnn 0.005 0.005 012 02 megohm
Transconductance. . . ..........cuuueinennn... .. 80600 8000 6000 6500 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 20 pa -9 -9 -10 -9 voits
Plate Current. . ... ... . ... e 14 14 12 12 ma
Grid-No.2 Current. . . ....oovuveiiiiiinieernranns - 4 4 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance: Trivde Unit Telrode Unit

For fixed-bias operation. ......... ..o i iiiiin.. 0.5 max 0.25 max megohm

For cathode-bias operation. ... ............. ...c.c.uv.. 1 mazx 1 maxr megohm

H
BEAM POWER TUBE " S

Miniature type used as vertical ¢
6CM6 deflection amplifier in television re-
ceivers and as audio power amplifier
in radio and television receivers. Qut- N

line 14, OUTLINES SECTION. Tube 65 P
requires miniature nine-contact socket and may be mounted in any position. For
typical operation and maximum circuit values as class A; amplifier, refer to type

6V6-GT. For curves of average plate characteristics, refer to type 6AQ5-A.
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HEATER VOLTAGE (AC/DC) .t vttt ittt e it e aeins 6.3
HEATER CURRENT 0.45
AMPLIFICATION FACTOR¥, . . 9.8
PLATE RESISTANCE (Approx.)* .. 1960
TRANSCONDUCTANCE . . ...\ttt ettt ettt et 5000

volts
ampere

ohms
umhos

* Grid No.2 connected to plate; plate and grid-No.2 volts, 250; grid-No.1 volts, -12.5; plate and grid-

No.2 ma., 49.5.

CLASS A, AMPLIFIER
Maximum Ratings:

PLATE VOLTAGE 315 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . . 285 max volts
GRID-NO.2INPUT. . ..., .. ... ... 2 max watts
PLATE DISSIPATION. .. ... .ottt e e e i et 12 max watts
PraK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode . 200 maxr volts
Heater positive with respect to cathode. ., ... ... ... ... .......... . 200%niax volts
VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system
. . Triode Pentode
Maximum Ratings: Connection® Connection
DCPLATE VOLTAGE . . ..ottt 315 max 315 mar volts
PEAK POSITIVE-PULSE PLATE VOLTAGET (Absolute Maximum).. 2000%mazx 20004mar volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .. ................ - 285 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE . -250 mar ~250 max volts
PEAK CATHODE CURRENT. . ... ... ...t 120 max 120 max ma
AVERAGE CATHODE CURRENT. . ... ........vennn.. .. 40 max 40 mar ma
PrATE Dissipartion. ... ... B 9 max 8 mar watts
GRrID-No0.2 INPUT - 1.75 man watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ... ... ... ...... 200 ma.r 200 mar volts
Heater positive with respect to eathode. . ... ... ... ... ... 200"mar 200%mar volis
Maximum Circuvit Values:
Grid-No.1-Circuit Resistance:
For eathode-bias operation. ... ............... ... ... ... 2.2 max 2.2 mar megohms
° Grid No.2 connected to plate.
1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cyele. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.
4 Under no circumstances should this absolute value be exceeded.
® The de component must not exceed 100 volts.
MEDIUM-MU DUAL TRIODE
Ol Miniature type used as combined
vertical deflection oscillatorand vertical 6 C M7

cTz deflection amplifier in television receiv-
ers. This type has a controlled heater
PT2 KT2 warm-up time for use in receivers em-

ploying series-connected heater strings. Unit No.l is used as a conventional
blocking oscillator in vertical deflection circuits, and unit No.2 as a vertical deflec-
tion amplifier. Outline 14, OUTLINES SECTION. Tube requires miniature nine-

contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . .+ o ittt i ettt ittt itent et antnans 6.3
HEATER CURRENT. . ......c.oniviunen.. .. 0.6
HEATER WARM-UP TIME (Average) 11
DirReCT INTERELECTRODE CAPACITANCES (Approx.): Unit No.1 Unit No.2
GridtoPlate. . ....... ... ... .. i i 3.8 3
Grid to Cathode and Heater. .. ........ 2 3.5

Plate to Cathode and Heater 0.5 0.4

VERTICAL DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 80-frame system

. . Unit No.1 Unit No.2
Maximum Ratings: Oscillator Amplifier
DC PLATE VOLTAGE. .0ttt i it iie e iaiiienicnannnn 500 max 500 mazx
PEAK POSITIVE-PULSEPLATE VOLTAGE # (Absolute Maximum) - 2200°mazx
PEAK NEGATIVE-PULSE GRID VOLTAGE. .. -200 mazx ~200 max
PEAK CATHODE CURRENT ................. 70 max 70 max
AVERAGE CATHODE CURRENT . . 15 max 20 max
PLATE DISSIPATION . . o ...t tiitiiiiiiiianeinasansaans 1.25 max 5.5 max
PEAK HEATER-CATHODE VOLTAGE: .

Heater negative with respect to cathode............ 200 mazx 200 mazx

Heater positive with respect to cathode............. 200%max 2004max

volts
ampere
seconds

Iny
upf
unl

volts
volts
volis
ma
ma
watts

volts
volts
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Maximum Circuit Valves:
Grid-Circuit Resistance:
For fixed-bias operation..... 2.2 max
For cathode-bias operation 2
For grid-resistor-bias operation

1.0 max megohms
2.5 maxr megohms
- megohms

# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

9 Under no circumstances should this absolute value be exceeded.
4 The dc component must not exceed 100 volts.

CLASS A; AMPLIFIER

e Unit No.1
Characteristics: Oscillator
Plate Voltage........ e . 200
Grid Voltage. . . e . -7
Amplification Factor.. . ... et . 21
Plate Resistance (ApProx.)............ciuvnnn R 10500
Transconductanee. . . ....................c...... L 2000
Grid Voltage (Approx.) for plate current of 10 ua. -14
Plate Current. . ..... ... .. .. .. ... . il e 5
Plate Current for grid voltage of —-10 volts. ......... ..... 1

AVERAGE CHARACTERISTICS

Unit No.2

Amplifier
250 volts
-8 volts

18

4100 ohms
4400 pmhos
- volts
20 ma
- ma
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Technical Data

HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in variety of
applicationsintelevisionreceivers. The 6CM 8
pentode unit is used as an intermedi-
ate-frequency-amplifier, a video-am-

plifier, an age-amplifier, or as a react-

ance tube. The triode unit is used in sweep-oscillator, sync-separator, sync-clipper,
and phase-splitter circuits. Outline 12, OUTLINES SECTION. Tube requires
miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ... . oottt e it e e e e s 6.3 volts
HEATER CURRENT. . ...ttt ittt e et ettt i et e e 0.45 ampere
HEATER WARM-UP TIME (AVerage). .. ... ... uiiieniniinnaennanenns 11 seconds
CLASS A; AMPLIFIER
Maximum Ratings: Triode Unit Pentode Unit
PLATE VOLTAGE. . . ..ottt it ittt et iicin e 300 mazx 300 max volts
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE - 300 max volts
GRID-NO.2 VOLTAGE. . . .. ...t e e ie i ciiiaianen See curve page 67
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value..... 0 max 0 mazx volts
PLATE DISSIPATION. . ... ot ti ettt iae i iaaenn 1 maz 2 max watts
GRrip-No.2 INpPUT:
For grid-No.2 voltagesup to 150 volts. . ............... - 0.5 mazx watt
For grid-No.2 voltages between 150 and 300 volts....... - See curve page 67
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ 200 mazx 200 max volts
Heater positive with respect to cathode. ............... 200%mazx 200%max volts
Characteristics: Triode Unit Penlfode Unit
Plate Supply Voltage. .. ... ... ... . . . i 250 250 volts
Grid-No.2 Supply Voltage. . ............ ... ..o - 150 volts
Grid Voltage. . . .. ... i et ittt e, -2 - volts
Cathode-Bias Resistor. . . ...... ... .. ... . iiiiiiiiianns - 180 ohms
Amplification Factor........... .. ... ... ... . i 100 -
Plate Resistance (ApPProX.). .. ... ..vviireniuneneeneesnnnas 0.05 0.6 megohm
Transconductance. ....... ... .. .. ittt 2000 6200 umhos
Grid-No.1 Voltage (Approx. for plate current of 10 pa)....... - -8 volts
Plate Current.. ... ... ittt 1.8 9.5 ma
Grid-No.2 Current. . . ... ... ittt i - 2.8 ma
Maximum Circuit Yalues:
Grid-No.1-Circuit Resistance: Triode Unit Pentode Unit
For fixed-bias operation. . ...........citivrnennneennns 0.25 max 0.25 max megohm
For cathode-bias operation. . .........ccoiiivieniinens 1 max 1 maz megohm

® The dc component must not exceed 100 volts.

TWIN-DIODE—HIGH-MU TRIODE

Miniature type used as combined
horizontal phase detector and react- 6CN7

ance tube in television receivers. This

type has a controlled heater warm-up

time for use in receivers employing

series-connected heater strings. The triode unit is used in sync-separator, sync-
amplifier, or audio amplifier circuits. Outline 12, OUTLINES SECTION. Tube
requires miniature nine-contact socket and may be mounted in any position. For
typical operation of triode unit as resistance-coupled amplifier, refer to Chart 3,
RESISTANCE-COUPLED AMPLIFIER SECTION. For curve of average plate
characteristics for triode unit, refer to type 6T8-A.

HEATER ARRANGEMENT Series Parallel

HEATER VOLTAGE (AC/DC) . .. . i iiiiiiiinnaneenrnonoans 6.3 3.15 volts
HEATER CURRENT . . . .\ .ttt itnintaenancnsnnanennnnenns 0.3 0.6 ampere
WaRrRM-Ur TIME (Average) . .. ............... J - 11 seconds



RCA Receiving Tube Mannal

Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER
PLATE VOLTAGE . . . ...ttt iat et iiiiaesteonnnnnnanonas e 300 max volts
GRID VOLTAGE, Positivebiasvalue................. .. ... .cciiiieviunn, 0 mazx volts
PLATE DISSIPATION. .. ... it it ictae e 1 max watt
PEAK HEATER-CATHODE VOLTAGE!:
Heater negative with respect to cathode 200 max volts
Heater positive with respect to cathode. .......... 200®max volts
Characteristics:
Plate Voltage. ... ... i i i 100 250 volts
Grid Voltage. .. ...... -1 -3 volts
Amplification Factor. . . 70 70
Plate Resistance (Approx. 54000 58000 ohms
Transconductance. . . . .. 1300 1200 umhos
Plate Current. .. ... ..o e 0.8 1 ma
Maximum Ratings: DIODE UNITS
PLaTe CURRENT (Bach Unit) . ... ... . i i i 5 mazx ma
PEAK HEATER~CATHODE VOLTAGE:
Heater negative with respect to cathode. ... ...... ... o iviiininnnnns 200 mazx volts
Heater positive with respect to cathode. ......................... N 200%max volts
* The dc component must not exceed 100 volts.
MEDIUM-MU TRIODE— H
SHARP-CUTOFF TETRODE ()
. . . . 62 KTR
6 C Q 8 Miniature type used in a wide ®2"rRGY, 15
variety of applications in color and
- black-and-white television receivers. ¢irg 7 Oxr

This type has a controlled heater

warm-up time for use in receivers em- PT et
ploying series-connected heater strings. Especially useful as combined vhf oscillator
and mixer in tuners of television receivers utilizing an intermediate frequency in
the order of 40 megacycles per second. The tetrode unit is used as a mixer, video if
amplifier, or sound if amplifier tube. The triode unit is used in vhf oscillator, phase-
splitter, syne-clipper, synec-separator, and rt amplifier eircuits. Qutline 12, QUT-
LINES SECTION. Tube requires miniature nine-contact socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC)...........couuus ettt 6.3 volts
HEATER CURRENT . . ... .. it tttneenssmarrnnsaenreensnnnnecesenns 0.45 ampere
HEATER WARM-UP TIME (AVETAZE) . . o v vvcnererreaannnnnnneennsnnsns 11 seconds
Without With
. External External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Triode Unit:
GridtoPlate. .. ... . ... . .. e 1.8 1.8 upf
Grid to Cathode and Heater.........c.ovevevvnnnn.. 2.7 2.7 upf
Plate to Cathode and Heater.........c...cvuvenna... 0.4 1.2 upf
Tetrode Unit:
Grid No.ltoPlate. . ... . . ... .. i, 0.019 mazx 0.015 max puf
Grid No.1 to Cathode, Heater, Grid No.2 and Internal
Shiedd . . ... e 5.0 5.0 uuf
Plate to Cathode, Heater, Grid No.2, and Internal Shield 2.5 3.3 uuf
Tetrode Plate to Triode Plate. .. ...............cc...... 0.07 mazx 0.01 max uuf
Heater to Cathode (Each Unit)......................... 3.0 3.0f upf

" With external shield connected to cathode of unit under test.
T With external shield connected to ground.

Triode Tetrode

Characteristics: Unil Unit

Plate-Supply Voltage. .......coviiieniiitnneanninneannns 125 125 : volts
Grid-No.2 Supply Voltage. . ... ... ... ciiiiiniiints - - 1256 - volts
Grid-No.1 Voltage. . . ... ot eiin i iianeannn sanrnns - -1 volts
Cathode-Bias Resistor. .. ..... ... ioiiiniiiiiinnnnans 56 - ohms
Amplification Faetor. . . ...... ... ... i it 40 -

Plate Resistance (ADPPIOX.). .o viun ettt eninnnn.. 5000 140000 ohms
TranscondUCtANCE. . . .. . vt i ittt et 8000 5800 umhos
Grid-No.1 Voltage (Approx.) for plate current of 100ua. ... -7 -7 volts
Plate Current, . .. ...... ...t e 15 12 ma
Grid-No.2 Current. . ...t i - 4.2 ma
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CLASS A, AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE .t i ittt it e it
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . ..
GRID-NO.2 VOLTAGE . ... ...t -
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. .
PLATE DISSIPATION ... ...ttt i i
GrID-No.2 INPUT:

For grid-No.2 voltages up to 150 volts. . ... ... e -

For grid-No.2 voltages between 150 and 300 volts . ... -
GRID INPUT. .. ..o i i e s 0.5 max
PEAK HEATER-CATHODE VOLTAGE!:

Heater negative with respect ro cathode. .. ........... 200 max

Trinde Unit
300 max

0 max
2.7 max

Heater positive with respect to cathode. ... ... . ..., 200* mazx
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . . . ... ... ... .o i o, 0.5 maxr
For cathode-bias operation. . . ... ... ... ... .. ... ..... 1.0 maxr
4 The de eomponent must not exceed 100 volts.
DIODE—REMOTE-CUTOFF

PENTODE

Miniature type used as combined
detector and audio amplifier in auto-
mobile and ac-operated radio receivers.
The diode unit is used as an AM de-
tector, and the pentode unit as an

Tetrode Unit

300 mazx volts
300 ma.c volts
See curve page 66
Omar volts
2.8 mar watts
0.6 max watt
See curve page 66
- watt
200 wmax volts
200* max volts
0.25 max megohm
1.0 mar megohm

6CR6

automatic-volume-controlled audio amplifier. Outline 11, QUTLINES SECTION.
Heater volts (ac/de), 6.3; amperes, 0.3. Except for heater rating, this type is iden-

tical with miniature type 12CR6.
PENTAGRID AMPLIFIER

Miniature type used as a gated
amplifier in television receivers. In
such service, it may be used as a com-
bined sync separator and sync clipper.
Qutline 11, OUTLINES SECTION.

6CS6

Tube requires miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC).
HEATER CURRENT. . .......

Characteristics:

Plate Voltage. .. ... .. ... it 100
Grids-No.2-and-No.d Voltage. .. ......... ... ... .. . 30
Grid-No.83 Voltage. ... ... .. ... ... . i iiiiains -1
Grid-No.1 Voltage. . ........ ... ... et 0
Plate Resistance (Approx.)...............c.ou.n 0.7
Grid-No.3-to-Plate Transeonductance. ........... 1500
Grid-No.1-to-Plate Transconductance. -
Plate Current. . ................. Caa 0.8
Grids-No.2-and-No.4 Current. ................ R 5.5
Grid-No.3 Voltage (Approx.) for plate current of 50 pa. ... -2.2

Grid-No.l Voltage (Approx.) for plate current of 50 pa. ... -

GATED AMPLIFIER SERVICE
Maximum Ratings:

PLATE VOLTAGE . .. vttt ev s et ttetinn e et v ansnanaaanaennns
GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE. .

GRIDS-N0.2-AND-NO.4 VOLTAGE. ...... .
PLATE DISSIPATION . . .ttt ittt ite ittt ean e airaonartaases
GR1DS-N0.2-AND-N 0.4 INPUT:

For grids-No.2-and-No.4 voltagesup to 150 volts. . .............

For grids-No.2-and-No.4 voltages between 150 and 300 volts.
CATHODE CURRENT. . . .t i vttt erunnennnsesinarnnasonaeenaans
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode. ...... ... ... ... cieiiies

Heater positive with respect to cathode. . .......... ..o il

.3 volts
0.3 amperes
100 volts

30 volts

0 volt

-1 volt

1 megohm

- umhos
1100 umhos
1.0 ma
1.3 ma
- volts
-2.5 volts
300 max volts
300 max volts
See curve page 66
1 max watt

1 max watt

See curve page 66

14 max ma
200 maz volts
200%max volts
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Maximum Circuit Values:

Grid-No.1-Circuit Resistance. . ... ... ... .oviuiiiin .., 0.47 mar megohm
Grid-No.3-Circuit Resistance. .. ... ... .. it iiianas 2.2 maxr megohms

"The de component must not exceed 100 volts.

MEDIUM-MU DUAL TRIODE

Miniature type used as combined

6CS7 vertical deflection oscillator and verti-

cal deflection amplifier in television re-

ceivers. Unit No.l is used as a con-

ventional bloeking oscillator in vertical

deflection ecircuits, and unit No.2 as a vertical deflection amplifier. This type has a

controlled heater warm-up time for use in receivers employing series-connected

heater strings. Outline 14, OUTLINES SECTION. Tube requires miniature nine-
contact socket and may be mounted in any position.

HEATER VOLTAGE. . .o\ttt ittt i et ettt it e 6.3 volts
HEATER CURRENT. . .\ ittt ettt ettt e ettt et et e e 0.6 ampere
HEATER WARM-UP TIME (Average) ... ... ....oiuuiuiiiineeinnnnnannon.. 11 seconds
CLASS A; AMPLIFIER

Characteristics: Unit No. 1 Unit No. 2

Plate Valtage. . . ... .o i e 250 250 volts
Grid Voltage. .. ... .o i i i e e -8.5 -10.5 volts
Amplification Factor. . . ........ ... .. ... i, 17 15.5

Plate Resistance (ApProx.)............cc.uvuiuvenninnnn. 7700 3450 ohms
Transconductance. . ... ... ..t 2200 4500 umhos
Grid Voltage (Approx.) for plate current of 10 ua -24 - volts
Grid Voltage (Approx.) for plate current of 50 ua - -22 volts

PlateCurrent. . ...... ... .oviiuneiiaeinnn., .. 105 19 ma

Plate Current. for grid voltage of —16 voits - 3 ma
VERTICAL DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 30-frame system
. . Unit No. 1 Unit No. 2
Maximum Ratings: Oscillator Amplifier
DC PLATE VOLTAGE.......... Ly L LT, 500 max 500 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGET (Absolile Maximum) - 2200*mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. .. .................. -400 mazr -250 max volts
PEAK CATHODE CURRENT. . . ..ottt ittt tiiiannnnnnnans 70 max 105 max ma
AVERAGE CATHODE CURRENT. . ........0.iiiitinnnnnerann, 20 max 30 mazx ma
PLATE DISSIPATION. . .. .. ... ittt i, 1.25 max 6.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ... ............ 200 max 200 mazx volts
Heater positive with respect to cathode. .. .............. 200%max 200%max volts

Maximum Circvit Values:

Grid-Circuit Resistance. .. ... ... ... .. ... e inenun.. 2.2 mazx 2.2 mar megohms
T The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

4 Under no circumstances should this absolute value be exceeded.

® The de component must not exceed 100 volts.

BEAM POWER TUBE

Miniature type used in the audio

output stage of television receivers.

6CU5 Outline 13, OUTLINES SECTION.
Tube requires miniature seven-contact

socket and may be mounted in any

position.
HEATER VOLTAGE (AC/DC) ..o ovtvit s iins e, R cen 6.3 volts
HEATER CURRENT. . ..ottt e et e 1.2 amperes
DiIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.lto Plate. ... . ... . oo i 0.6 uuf
Grid No.l1 to Cathode, Heater, Grid No.2, and Grid No.3. . ... ........ 13 uuf
Plate to Cathode, Heater, Grid No.2, and Grid No.3.. . ............... 8.5 upf
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CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):

PLATE VOLTAGE. . .. ...ttt ieeriiiiinteeerennnns eeereaieaas 150 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . .. .\ \tteeeanenanunnrnneresnnn. ves 117 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value......... S .. 0 mazx volts
PLATE DISSIPATION. . ..ottt viiiiieetniniiinnneenns e Cevereees T max watts
GRID-NOZ INPUT.. ... .\ it iiiiiiirreernannnas Cerreanies 1.4 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode................. Crreseeranas 200 mazx volts

Heater positive with respect to cathode............... e v 200%nax volts
BuLs TEMPERATURE (At hottest point)..... Ceerrereeretresosnnaran 220 max °C
® The de component must not exceed 100 volts.
Typical Operation:
Plate Voltage. ...............cc0uvuunn eeeneas teseesnann Cevreaeeaies 120 volts
Grid-No.2 Voltage. . ... ...ttt iiiet et iirenainneenerenainnaneenn 110 volts
Grid-No.1 Voltage.............. rreveeees et -8 volts
Peak AF Grid-No.l Voltage. . ........ocvitiiiriinienneerrnnannnnnnnn. 8 volts
Zero-Signal Plate Current. ... ... ... ...vtutveiinirnrneeernnnnrnennenn, 49 ma
Maximum-Signal Plate Current. ............. 50 ma
Zero-Signal Grid-No.2 Current. .. ............ 4 ma
Maximum-Signal Grid-No.2 Current 8.5 ma
Plate Resistance (APproxX.).................. 10000 ohms
TransconduCtance. . . ........ou.uutrenreennrnreererraanaurceannennnn 7500 upmhos
Load Resistance. . .. ... ... iiiiiiiiiitinriinnereeerannnnannennsns 2500 ohms
Total Harmonie Distortion. .. .............. et e 10 per cent
Maximum-Signal Power Output........... e e e 2.3 watts
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation................ et tee et e, 0.1 max megohm

For cathode-bias operation. .. ..........ciiitiininvnnennrninnnnnnn 0.5 max megohm

Refer 1o type 6BQ6-GTB /6CU6 6CU6
MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
Miniature type used in a wide
variety of applications in color and 6CU 8

black-and-white television receivers.
This type has a controlled heater
warm-up time for use in receivers em-

ploying series-connected heater strings. The pentode unit is used as an if amplifier,
a video amplifier, an agc amplifier, and a reactance tube. The triode unit is used in
low-frequency oscillator, sync-separator, sync-clipper, and phase-splitter circuits.
Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact socket
and may be mounted in any position. For curves of plate characteristics for pen-

tode unit, refer to type 6ANS.

HEATER VOLTAGE (AC/DC) . it vttt ittt ittt ittt et ieenteiineeansnns .
HEATER CURRENT. . .ot ieiet ittt iatees s anannesaeonsuneonoeasnenones 0,45
HEATER WARM-UP TIME (Average) ..............oouviuvun.n Ceeansarans 11
DIRECT INTERELECTRODE CAPACITANCES:
Triode Unit:
Grid to Plate. . ... vt ivtint ittt et i e 1
Grid to Cathode, Heater, Pentode Grid No.3, and Internal Shield....... 1.
Plate to Cathode, Heater, Pentode Grid No. 3 and Internal Shield...... 1.
Pentode Unit:
Grid No.l to Plate. . ... .oounnii it ieiiiiinnaneennn, 0.02
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, Triode Cathode, and
Internal Shield. .. ... .. ... ... ... . i it anrnaanniinias
Plate to Cathode, Heater, Grid No.2, Grid No.3, Triode Cathode, and In-
ternal Shleld .................................................. 2.

volts
ampere
seconds

upf
upf
puf

unf
sl
puf

wul
npf



CLASS A, AMPLIFIER

Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. . . ..ot ittt iinieniiennneaas
GRID-NO0.2 SUPPLY VOLTAGE..............
GRID-N 0.2 (SCREEN-GRID) VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value.....

PLATE DISSIPATION. ., ... .o e iidiuiininenninnnnn, Chees

GRID-NO0.2 INPUT:
For grid-No.2 voltages up to 165 volts. . ............. ..
For grid-No.2 voltages between 165 and 33¢ wvolts, ......
PrRAK HEATER-CATHODE VOLTAGE:

RCA Receiving Tube Manual

Triode Unit Pentode Unit

330 max 330 max volts
- 330 max volts
- See curve page 66
0 max 0 max volts
2.8 max 2.3 max watts
- 0.55 max watt

- See curve page 66

Heater negative with respect to cathode............... . 200 mazx 200 max volts
Heater positive with respect to cathode............... . 200°maz 200°mazx volts
Characteristics:
Plate Supply Voltage. ..... ..ottt . 125 125 volts
Grid-No.2 Supply Voltage. . ......cvvviinvnvononrnas rerns - 125 volts
Grid-No.1 Voltage...........oiviiiiininnennns Ceeeenan .. -1 - volts
Cathode-Bias Resistor. . ...... ... oiiiiiiiiiiiiiiinas . - 56 ohms
Amplification Factor...........ooviiiiiiiiiiiiniineerasa 24 -
Plate Resistance (APProX.). .. ..couninieienrnrnnenerennens 4100 170000 ohms
TranscondUCtANCe. . .. .ot ettt et 5800 7800 pmhos
Grid-No.1 Voltage (Approx.) for plate current of 20 pa....... -19 -8 volts
Plate Current. .. ... ...ttt . 17 12 ma
Plate Current for grid-No.1 voltage of —3 volts and cathode
resistorof O ohmsS. . ... ... . i e i - -1.6 ma
Grid-No.2 Current. .. .....coiiiiiiiiiiiii i .. - 3.8 ma
© The de¢ component must not exceed 100 volts.
MEDIUM-MU TRIODE— H
H 5 G3p.K
SHARP-CUTOFF PENTODE % o) hah
- . . [3 -
6 cx 8 Miniature type used in television G =) Qi
receiver applications. Pentode unit is NSy
used as video amplifier; triode unit is  ¢r G2p
used in sound intermediate-frequency xT' 9PP

amplifier, sweep-oscillator, sync-sep-~

arator, sync-amplifier, and sync-clipper circuits. Qutline 14, OUTLINES SEC-
TION, Tube requires miniature nine-contaect socket and may be mounted in any

position.

HEATER VOLTAGE (AC/DC) .t tirevivin st oiinanneennnnns
HEATER CURRENT........... b e e s et e,

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE... ... . i i i
GRID-N0O.2 (SCREEN-GRID) SUPPLY VOLTAGE
GRID-NO.Z VOLTAGE. . .ttt
GRID-NoO.1 (CONTROL-GRID) VOLTAGE, positive-bias value.....
PLATE DISSIPATION. .. .0t inneenaiieeees
Grip-No0.2 INPUT:
For grid-No.2 voltagesup to 165 volts. . ...............
For grid-No.2 voltages between 165 and 330 volts.......
PeAX BEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ..............
Heater positive with respect to cathode................

Characteristics:

Plate Supply Voltage.......... Cheeaaeaen e ene ey
Grid-No.2 Supply Voltage. . ................ e eae e
Cathode-Bias Resistor. . ........coooiviiiiiiiiin e, .
Amplification Factor.......... ... .. . . it
Plate Resistance (APProx.). . ..o.vviii it i versnronneas
Transconductance. ... ...... ... ... . . it ..
Grid-No.1 Voltage (Approx.) for plate current of 100 ua......
Plate Current,......... .. . ovvuin.s TSN
Grid-No.2 Current. . ... ... . i i it iiaieeaes ..

....... e 0. "75 ampere

6.3 volts

Triode Unit Pentode Unit

330 max 330 max volts
- 330 max volts
- See curve page 66
0 mazx 0 max volts
2 max 5 max watts
- 1.1 max watts

See curve page 66

200 max 200 max volts
200%max 200%mnax volts
150 200 volts
- 125 volts
150 68 ohms

40 -
8700 70000 ohms
4600 10000 pmhos
-5 -8.5 volts
9.2 24 ma
- 5.2 ma



Technical Data

Maximum Circuit Values:

Grid-No.1-Circuit Resistance: -
For fixed-bias operation.............. Ciesheeasaaseans
For cathode-bias operation. . .

® The de component must not exceed 100 volts.

SHARP-CUTOFF TETRODE

0.5.max
1 max

Miniature type used as rf ampli-
fier in vhf tuners of television receivers.
Outline 11, OUTLINES SECTION.
Tube requires miniature seven-contact
socket and may be mounted in any
position.

0.25 maz megohm
1 mar megohm

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT 0.2 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.)°:
Grid-No.lto Plate . ... ... .. i iitr e aanaanannanns 0.03 pul
Grid-No.1 to Cathode, Heater, Grid No.2, and Internal Shield......... 4.5 puf
Plate to Cathode, Heater, Grid No.2, and Internal Shield.............. 3 npf
° With external shield connected to cathode. ’
. CLASS A; AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . . .. .\ttt ittt ittt it a e aneaaneas 180 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE 180 max volits
GRID-NO.2 VOLTAGE . . ..\ ... oottt ittt iiin s e See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value................. 0 max volts
CATHODE CURRENT. . . ...\ttt ittt et eitaieeaneraenneneenneanns 20 max ma
GRID-No0.2 INPUT:
For grid-No.2 voltagesup to 90 volts. . ... ...t ceurennnens- 0.5 max watt
For grid-No.2 voltages between 90 and 180 volts See curve page 66
PLATE DISSIPATION. . ... ................ 2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . Ces . 100 max volts
Heater positive withrespect tocathode. .. ...............ciiiiiinnn. 100 maxr volts
Characteristics:.
Plate Voltage. . ..........civiiiniinnnr s, 125 volts
Grid-No.2 Voltage. . .. 80 volts
Grid-No.1 Voltage -1 volt
Plate Resistance (Approx.). 0.1 megohm
Transconductance, . . 8000 pmhos
10 ma
1.5 ma
-6 volts
Maximum Circvit Valve:
Grid-No.1-Circuit Resistance. ... .........iouvrvinernannennenraranensns 0.5 maxr megohm
AVERAGE CHARACTERISTICS
16 T T
/ I TvPe 6CY5
-0.5 €z 6.3 VOLTS
GRID~N®2 2 VOLTS =80 — |
e
12 7
/ o ne voLTS Ec,z-10
A

PLATE (Ip) OR GRID-N2 2 (Ic,) MILLIAMPERES

8
-1.5
S S,
€c,=-2.0
‘ 1
-2.5
==
=30
I
- 40 80 120 160 200 240 Z80
PLATE VOLTS
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DUAL TRIODE

6 CY7 Miniature type used as combined

vertical oscillator and vertical de-

flection amplifier in television receiv-

ers. Unit No.1 is a medium-mu triode

unit used as a blocking oscillator in

vertical deflection circuits, and unit No.2 is a low-mu triode unit used as a vertical

deflection amplifier. Outline 14, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .. ...covvurnnns [P PN [ . 6.3 volts
HEATER CURRENT. . ... 0ovrinennnansas PN Ceeerr s . 0.75 ampere

VERTICAL DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

Maximum Ratings, (Design-Maximum Values): Oscitiator Amplifier
DCPLATEVOLTAGE. . .. ...ttt it iieennanannenes 350 max 350 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE. . . . .....ovevnnnrnn. - 1800 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . . ... .vuuvennesrns, 400 max 250 max volts
PEAK CATHODE CURRENT . . . .. \oivitreriiinennesaonanns - 120 max ma
AVERAGE CATHODE CURRENT. . ... v it iinenneranenns . - 35 max ma

PLATE DISSIPATION. . o oot it i vee v vicvacararonans . . 1 max 5.5 max watts
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode...... enens e 200 max 200 max volts
Heater positive with respect to cathode............ e 200%max 200%mnax volts

Maximum Circuit Values:

Grid-Circuit Resistance. .. .......cooviiii it eeinncnnanns 2.2 max 2.2tmax megohms
# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 80-frame system, 15 per cent of one vertical scanning cyecle is 2.5 milliseconds.

B The de component must not exceed 100 volts.

t For cathode-bias operation.

CLASS A, AMPLIFIER

Characteristics: Unit No.1 Unit No.2

Plate Supply Voltage., . ... .. i it 250 150 volts
Grid Voltage. . ..o iit it it i et e e it e e e e, -3 - volts
Cathode-Bias Resistor. .. .......... ... i, - 620 ohms
Amplification Factor........... ... i i, 68 5

Plate Resistance (ADDroX.). .. ..oooreniriinianrnnann. 52000 920 ohms
Transconductance. . ...t 1300 5400 umhbos
Grid Voltage (Approx.) for plate current of 10 pa. .. ........ -5.5 - volts
Grid Voltage (Approx.) for plate current of 200 pa, .. ....... - ~40 volts
Plate Current, ... ...ttt i i i i e, 1.2 30 ma
Plate Current for grid voitage of ~30 volts.................. - 3.5 ma

BEAM POWER TUBE

Miniature type used as a vertical

6CZS deflection amplifier in high-efficiency

deflection circuits of television receiv-

ers utilizing picture tubes having diag-

onal deflection angles of 110 degrees

and operating at ultor voltages up to 18 kilovolts. Also used in the audio output

stage of television and radio receivers. This type has a controlled heater warm-up

time for use in receivers employing series-connected heater strings. Outline 18,

OUTLINES SECTION. Tube requires miniature nine-contact socket and may be
mounted in any position.
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Technical Data

HEATER VOLTAGE (AC/DC) v vttt tttiintet v e ettt iiaee e e, 6.3
HEATER CURRENT. . .. .vvienannnaa.. . e e 0.45
HEATER WARM-UPTIME (AVerage) ... ........ovuuer e, 11
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoPlate. ... ... i i i 0.4 max
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . 9

Plate to Cathode, Heater, Grid No.2, and Grid No. 3. 6
PLATE RESISTANCE (Approx.)*, .. 0.073
TRANSCONDUCTANCE* 4800

* Plate and grid-No.2 volts, 250; gnd No.1 volts, —14; plate ma., 46; grid-No.2 ma., 4.6.
VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system
Maximum Ratings, (Design-Mazimum Values):

DC PLATE VOLTAGE. . . .ottt ittt ean e een i anna s 350 max
PEAK POSITIVE-PULSE PLATE VOLTAGE] . 2200 max
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ... ... titetiniinannnannnnnnnss 315 max
- PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ........... -275 max

PEAK CATHODE CURRENT. . .. vii it tie i i nans AN 1556 max
AVERAGE CATHODE CURRENT. . . . . 45 max
PLATE DISSIPATION. .. ....... . 10 max
GRID-NO.2 INPUT. .. ................. e e 2.2 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. . ...... ... ... ... ... ..... 200 max

Heater positive with respect to cathode. ..... ... ... ... ........... 200*max
BuLB TEMPERATURE (At hottest point) . .......... ... ... ... ... ... ... 250 max
Maximum Circvit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . . ... ... .. . i i i i e 0.5 max

For cathode-bias operation. . ......... ..ottt iiiiiiinnannn 1.0 max

volts
ampere
seconds

spf

ppf

wai
megohm
umhos

volts
volts
volts
volts
ma
ma
wattls
watts

volts
volts
°C

megohm
megohm

# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a

525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.
* The dc component must not exceed 100 volts.

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receiversemployingave. Outline 45,OUTLINES

G2 Ga

Except for interelectrode capacitances, this type
is identical electrically with type 6U7-G. Refer
to type 6SK7 for application information.
Heater volts (ac/dc), 6.3; amperes, 0.3. This
type is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass type used as detector or amplifier in

TION. Heater volts (ac/dc), 6.3; amperes, 0.3.
For electrical characteristics, refer to type 637.
Type 6D7 is a DISCONTINUED type listed
for reference only.

PENTAGRID CONVERTER

Glass octal type used in superheterodyne
circuits. Outline 39, OUTLINES SECTION.

6.3; amperes, 0.15. Except for interelectrode
capacitances and heater rating, the 6D8-G is
similar electrically to type 6A8-G. Type 6D8-G
is a DISCONTINUED type listed for reference
only.

HALF-WAVE VACUUM RECTIFIER

SECTION. Tube requires six-contact socket. 6D 6

radio receivers. Outline 45, OUTLINES SEC- 6D7

Tube requires octal socket. Heater volts (ac/dc), 6D 8 G

Glass octal type used as damper
6DA4

tube in horizontal-deflection circuits
lC V “ of televisionreceivers.Outline22,0UT-
O, LINESSECTION. Tuberequiresoctal

H .
socket and may be mounted in any

position. May be supplied with pin No.1 omitted. Socket terminals 1, 2, 4, and 6
should not be used as tie points. It is important that this tube, like other power-

handling tubes, be adequately ventilated.
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HEATER VOLTAGE {AC/DC) e ottt it s e m i iii e e ey 6.3 volts
HEATER CURRENT . v s s e oh e taeeme et i iias e tiseania et aaaeans 1.2 amperes
DAMPER SERVICE
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Maximum Values):
PEAK INVERSE PLATE CURRENT®. . ... ...... .. e e e 4400 max volts
PEAK PLATE CURRENT . .. it ittt vt coiaeana v cnaaaas ey 900 max ma
DC PLATE CUBRENT. «0 v vttt et in et aaanae e a e siaenans 155 max ma
PLATE DISSIPATION. . o ot seas i er s marea s s s taatannas e anens 5.5 max watts
PeEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... ... .o, 4400™nax volts

Heater positive with respect to cathode. ... ... .. ... i, 3004mazx volts

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

® The de component must not exceed 900 volts.
* The de component must not exceed 100 volts.

SHARP-CUTOFF PENTODE

6D C 6 Miniature type used in the gain-

controlled pictureif stages of color tele-

vision receivers. It is also used as a

radio-frequency amplifier in the tuners

: of such receivers. Outline 11, OUT-

LINES SECTION. Tube requires seven-contact miniature socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DO) .+« vuervrunansisentnnrcinnsasveoeasniannneos 6.3 voits
HEATER CURRENT, . ..0vesurrne.s e e 0.3 ampere
DiIrRECT INTERELECTRODE CAPACITANCES: »

Grid No.ltoPlate................ 0.02 mazx upf

Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 6.5 unf

Plate to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield.... 2 wauf
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. , .o vvueony e h g e aaea sty 300 maz volts
GriD N0.3 (SUPPRESSOR-GRID) AND INTERNAL SHIBLD. .....covoenune Connect to cathode at socket
Grio-NO2 SUPPLY VOLTAGE. , ... - vi v vennvnns e P 300 mazx volts
GRI-NO.2 (SCREEN-GRID) VOLTAGE . . . ..o vs v s cainronasnaaersnsenns See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value.. .............. O max volts
PLATE DISSIPATION ., ... i iivinninanvasosnsas D PN - 2 mag . watts
GRID-N0.2 INPUT: '

For grid-No.2 voltages up to 150 volts. ............ 0.5 max watt

For grid-No.2 voltages between 150 and 300 volts, See curve page 66

PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... 200 max volts
Heater positive with respect to cathode. ... ooovvvnevieianes 200°maz voltg
e AVERAGE PLATE CHARACTERISTICS
T T T
2 TP 6DCE
) €5 =6.3 VOLTS
GRID-N%3 VOLTS =0
/ GRID-N22 VOLTS =150
" GRID-N®?I VOLTS Ecy=-!
£ P
L)
z 4
<
2 }
2
L/
ul gy -
% k
a4
a
/ s
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Technical Data

Characteristics:

Plate Supply Voltage. . .. ... .. i i it ittt ettarcanacnean 200 volts
Grid No.3 and Internal Shield. ...............ooviiiiiiiiiiit, Connected to cathode at socket
Grid-No.2 Supply Voltage .........cciiiiiiiiiiiiiiiiireiiroennannns . 150 volts
Cathode-Bias ResiStor. ... ... . it iiea i 180 ohms
Plate Resistance (AP ProX.) . v v iiitiiiiinin i inieenonnencaransnses 0.5 megohm
Transconductance. . . .. ..o vt in ittt riain e e 5500 umhos
Grid-No.1 Voltage (Approx.) for transconductance of 50 gumhos. ........... -12.5 volts
Plate Current. ... ...ttt i i e 9 ma
Grid-No.2 CUITent. ... oot i e iin e it aiainaennenns 3 ma

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. ........... .. .o iiiviiiiiiinn e i 0.25 max megohm
For cathode-bias operation. . ... P 1.0 maxr megohm

°The de component must not exceed 100 volts.

P
©, HALF-WAVE VACUUM RECTIFIER

r
© Glass octal type used as damper
tube in horizontal-deflection circuits 6DE4
| Q7 (@),  oftelevisionreceivers.Outline29,0UT-
LINESSECTION. Tuberequiresoctal
H socket and may be operated in any
position. Socket terminal§ 1, 2, 4, and 6 should not be used as tie points. It is im-
portant that this tube, like other power-handling tubes, be adequately ventilated.
For curve of average plate characteristics, see page 67.

HEATER VOLTAGE (AC/DC) .. o ittt ettt ittt et e e it 6.3 volts
HEATER CURRENT . . ...ttt veetinitnnaererananeeiaans e 1.6 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Cathode and Heater. . ........ ... ... ..iiiiiiinnenne.. 8.5 puf
Cathode to Plate and Heater. . . ........ ... . i, 11.5 puf
Heaterto Cathode. .. ... ... i ittt 4 upf
DAMPER SERVICE
For operation in a 525-line, 30-frame system
Maximum Ratings, (Design-Mazimum Values):
PEAK INVERSE PLATE VOLTAGES . . vttt iii it eerecniinrainananns 5000 max volts
PEAK PLATE CURRENT . . .\ .ot itvtttetateaeroinoneneneoneesnenann eeeen 1100 mazx ma
DOC PLATE CURRENT . . .\ttt eir i tnaeatine o atare et aonnnanioens 175 max ma
PLATE DISSIPATION. .. ...ttt it ie ittt et ciaaa e aaasieraans 6.5 max watts

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 5000%max volts
Heater positive with respect tocathode. . ......... ... ... ... .. ... 300®max volts
# The duration of the voltage pulse must not exceed 15 per cent of one horizontal seanning cycle, In
a 525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.
® The de component must not exceed 900 volts.
® The dc component must not exceed 100 volts.

H P
: SHARP-CUTOFF PENTODE
H ‘ O Miniature type used in the gain-
\ ‘ controlled picture if stages of television 6DE6
K u Gg
]
&

receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. Also used as an rf amplifier
in vhf television tuners. This tube features very high transconductance combined
with low interelectrode capacitance values, and is provided with separate base pins
for grid No.3 and cathode to permit the use of an unbypassed cathode resistor to
minimize the effects of regeneration. Outline 11, OUTLINES SECTION. Tube
requires miniature seven-contact socket and may be mounted in any position.

volts

HEATER VOLTAGE (AC/DC). ... ... iiiiiinan R
' ampere

HEATER CURRENT. . ... .0iiininenad e e e,
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Without With
Egternal External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield*
Grid NoltoPlate. . ... ... i i, . 0.025 maxz 0.015 max upf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield. . ... ... .. .......... ... ........ 6.5 6.5 nuf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. .. ... ... . . e, 2 uuf
4 With external shield connected to cathode.
CLASS A, AMPLIFIER
Maoximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. ..\ttt tts ettt eett et i et e et 330 max volts
GRID NO.3 (SUPPRESSOR-GRID) AND INTERNAL SHIELD. .............. Connect to cathode at socket
GRID-N 0.2 (SCREEN~GRID) SUPPLY VOLTAGE. . . . e\ tvvvennninnnnnnenernnns 330 mazx volts
GRID-NO.2 VOLTAGE. . ..\ttt it ittt it ittt et e iteseanesnonennesens See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive biasvalue ............... . 0 max volts
PLATE DISSIPATION . 1.0ttt ittt vesesanseanansansanesnsonsseesensaes 2.3 max watts
GRrID-No0.2 INPUT:
For grid-No.2 voltages up to 165 volts. ... .............. eeieanas oo 0.55 maz watt
For grid-No.2 voltages between 165 and 330 volts. .. .....c..cvuenun.. . See curve page 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode,, . ........cooviiereeeennnn..s 200 mazx volts
Heater positive with respect to cathode. ............c.coiiivennnn., . 2008mmarx volts
Characteristics:
Plate Supply Voltage. . . . u ettt et reneniirinnereeriannsracneenen, 125 volts
Grid No.3 and Internal Shield......................... ...t Connected to cathode at socket
Grid-No.2 Supply Voltage. .. .c.iiet it itiiieiie e ininneenenn 125 volts
Cathode-Bias Resistor. ..... e et e e ea . 56 ohms
Plate ResiStance (ADPDIOX.) . « v vvntnnnenn et e eesnrinr e eans 0.25 megobm
TransConAUCLANCE . « . vt e ittt et e i te s ot e e e e e e 8000 umhos
Transconductance for grid-No.1 volts of —5.5 and eathode resistor of 0 ohms 700 umhos
Grid-No.l Voltage (Approx.) for plate current of 20 ua -9 volts
Plate Current. ... ....oiuituniin ittt i et RN . 15.5 ma

Grid-No.2 Current. ..o iiiiiieierninrnnnenenan e e 4.2 ma
® The dc component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS

TYPE 6DEB

E£=6.3 VOLTS

GRID N2 3 AND INTERNAL SHIELD

CONNECTED YO CATHODE AT SOCKET.
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"
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w
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GRID-N2I VOLTS ECi=-3
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Ci==5
=6
T8
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PLATE VOLTS 92CM-8578T1
H
DUAL TRIODE Y@) PT
Miniature type used as combined S72(3) T

6D E7 vertical oscillator and vertical-de- |

((
flection amplifier in television receiv- or Q\ "\
ers. Unit No.1 is a medium-mu triode o‘—r
unit used as a blocking oscillator in )
vertical-deflection circuits, and unit No.2 is a low-mu triode unit used as a vertical-
deflection amplifier. Outline 14, OUTLINES SECTION. Tube requires miniature
nine-contact socket and may be mounted in any position.
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HEATER VOLTAGE (AC/DC)

....... .. 6.3 volts

HEATER CURRENT....... ....... e 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES Unit No.1 Unit No.2

GridtoPlate. . ... ..., ... iiiirirenennnns 4 8.5 uuf

Grid to Cathode and Heater. . .............cc.0on.. ves 2.2 5.5 nof

Plate to Cathode and Heater. . ...........c.......cou, 0.52 1 ppuf

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 80-frame system

. . . . Inil Tnii
Maximum Ratings, (Design-Maximum Values): ésﬁi-luzg"_l 3:,%1%1',2
DCPLATE VOLTAGE. . .. ... ittt ines 330 mox 2756 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE# — 1500 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. ... ...........cuvun —-400 max -250 maz volts
PEAK CATHODE CURRENT. . .. ......... 77 max 175 maz ma
AVERAGE CATHODE CURRENT . . .. ...\ ietiiiinenanannss 22 max 50 max ma
PLATE DISSIPATION. . .0 ittt i et ie e inanann 7 maz T max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................ 200 mazx 200 mazx volts

Heater positive with respect to eathode................ 200%nax 200%max volts

Maximum Circuit Values:
Grid-Circuit Resistance:
For grid-resistor bias or cathode-bias operation.............. 2.2 max 2.2 maxr megohms

% The duration of the voltage puise must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 80-frame system, 15 per cent of one vertical secanning cycle is 2.5 milliseconds.
® The dc component must not exceed 100 volts.

CLASS A, AMPLIFIER

Characteristics: Unit No.1 Unit No.2
Plate Voltage. ... ... ... it 250 150 volts
Grid Voltage. . . ... v e i i -11 -17.5 volts
Amplification Factor. .. .. ....... ... .. . .. i i 17.5 6
Plate Resistance (APProX.) . .. ...cvuiit it ineennn 8750 925 ohms
Transconductance. ... ...ttt iiinaaraniaraien 2000 6500 umhos
Plate Current.. . ... .c.oviiiiiit it it 5.5 35 ma
Plate Current for grid voltage of 24 volts. .. .............. - 10 ma
Grid Voltage (Approx.) for plate current of 10 ua. . . -20 - volts
Grid Voltage (Approx.) for plate current of 50 pa. .. ... .. - —44 volts
AVERAGE PLATE CHARACTERISTICS
28 UNIT Ne|
TYPE 6DE7 I,}"f
Ef=6.3 VOLTS &
o M-
5 !
20 £ / Y.
2 o /
5/
1 L3
P / o
§ . VA
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3 / / / :
2 )
o AV / 7
u / _/ »
< 4 4 7 '/7—
¢ /| / /| | 9
; .
i 7 T A / T
/ / / / P / A /] /
] 100 200 300 400
PLATE VOLTS
§2CM~9988T
G2 ot
OO BEAM POWER TUBE
e/ Glass octal type used as output

tube in audio-amplifier applications.
G) ’0 Outline 22, QUTLINES SECTION. 6DGb'GT
“ ‘ Tube requires octal socket and may

NC K be mounted in any position. This type
may be supplied with pin 1 omitted.
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HEATER VOLTAGE (AC/DC) v v vesnvvasinsnrseensnennnn Ceeereaas 6.3 volts
HEATER CURRENT. ...........0.0nn [ e veee 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.l1 toPlate............. O, 0.6 ©opuf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 15 © ppf
Piate to Cathode, Heater, Grid No.2, and Grid No.3.................. 10 puuf

CLASS A; AUDIO-FREQUENCY POWER AMPLIFIER
Maximum Ratings:

PLATE VOLTAGE. . .o v ittt ittt eiie st iassrennnnecanaens .. e 200 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . 125 max volts

PLATE DISSIPATION. . . . . . 10 max watts
GRID-NO.2 INPUT. . ..ttt ittt inaiaee s it iaiinananraaneans 1.25 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................. oo L. 200 max volts

Heater positive with respect tocathode. ........... ... ..o, 2004max volts
Typical Operation:
Plate Supply Voltage . . . ....... ... ... . i, 110 200 volts
Grid-No.2 Supply Voltage e 110 125 volts
Grid-No.1 (Control-Grid) Supply Voltage -71.5 - volts
Peak AF Grid-No.1 Voltage 7.5 8.5 volts
Cathode-Bias Resistor. ... . . - 180 chms
Zero-Signal Plate Current. .. .... . 49 46 ma
Maximum-Signal Plate Current. .... et i, 50 47 ma
Zero-Signal Grid-No.2 Current. .......ccvvvnvnnennannan 4 2.2 ma
Maximum-Signal Grid-No.2 Current............... e 10 8.5 ma
Plate Resistance (APProX.) .. cecvvornosrsernsnsoonsenes 13000 28000 ohms
Transconductance. ............ eeressennsanias P 8000 8000 pmhos
Load Resistance.............. [ [ [ 2000 4000 ohms
Total Harmonic Distortion, . ......covviviuivecnnacnnnsa. 10 10 per cent
Maximum-Signal Power Qutput. ..... Cretereaeereanaans 2.1 3.8 watts

Maximum Circuit Values:

Grid-No.1-Circuit Resistance:
For fixed-bias operation. ... ..ovuiviiiriiriorocinsroseersnecscncens 0.
For cathode-bias operation......c....civeiiieiiiiiensoracennennans 0

4 The de component must not exceed 100 volts.

maexr megohm
max megohm

SHARP-CUTOFF PENTODE

Miniature type used as interme-

6DK6 diate-frequency amplifier tube in tele-
vision receivers. This tube features

high transconductance at low plate and

grid-No.2 voltages, combined with low o

interelectrode capacitances. Outline 11, QUTLINES SECTION. Tube requires
miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DG)...vuvnuvvrnnnn P N Cesereens 6.3 volts
HEATER CURRENT. ...ttt eettsetearennronnsonsoasssnseerasaaeensosns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES:
Grid No.ltoPlate, .........oiiiiiiiiiiiiiiiiiiireeanas heenaan 0.025 mazx uuf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield......... ... o it it iiianranrans 6.3 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield. ... et 1.9 upf

CLASS A; AMPLIFIER

Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. ... coiit v iiiniinnerennnssnanns P e 330 max volts
GRID N0.3 (SUPPRESSOR GRID) .. .. .tvvvniienrunnntorennninosonenns Connect to cathode at socket
GRID-No0.2 (SCREEN-GRID) SUPPLY VOLTAGE. ., ......... Mesreaseenaaaaes 330 mazx volts
GRID-NO.Z VOLTAGE. . . ... vivvviivnvnenns P See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value,.......... PN 0 max volts
PLATE DISSIPATION. .« covitnnnennnencnnnaees 2.8 max watts
GRID-NoO.2 INPUT:

For grid-No.2 voltages up to 165 voits, ....... Citeeincseserisananes 0.55 mazx watt

For grid-No.2 voltages between 165 and 330 volts .. ..vvvveinronvaan See curve page 66
PEAK HEATER-CATHODE VOLTAGE: :

Heater negative with respect to cathode.........cievvenirneeencnie 200 mazx volts

Heater positive with respect to cathode....... e e 200" max volts
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Choracteristics:

Plate Supply Voltage. . ... ... ittt ieiiiniiiniiiiane e 125 volts
Grid No.3 and Internal Shield. . ...............coiiiiienena... Connected to cathode at socket
Grid-No.2 Supply Voltage. .. ... ittt e et et 125 volts
Cathode-Bias Resistor. .. ..... i .. 56 ohms
Plate Resistance (APProX.}. . ......covitv i innnnnnns e 0.35 megohm
Transconductance. .................c.oounenenn.. 9800 umhos
Grid-No.1 Voltage (Approx.) for plate current of 20 ua. —6.5 volts
Plate Current.. . ... ...o.iiuiet i AN 12 ma
Grid-No 2 Current. . .. ... ittt i it it et 3.8 ma
® The de component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
T T
TYPE 6DK6 I I
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BEAM POWER TUBE

Glass octal type used as horizon-
tal-deflection amplifier tube in tele- 6DN6
vision receivers having low B-supply
voltages.Outline46, OUTLINESSEC-
TION. Tuberequires octal socket. Ver-
tical mounting is preferred, but horizontal mounting is permissible if pins 1 and 3
are in vertical plane.

HEATER VOLTAGE (AC/DC) ...t o ittt it ittt e e e 6.3 volts
HEATER CURRENT. . . ottt tt ittt i e ten e aannanonnanaeneeennnaas 2.5 amperes
TRANSCONDUCTANCE*. . . ... ........ 9000 pmhos

PLATE RESISTANCE (Approx.)* 4000 ohms
* For plate and grid-No.2 volts, 125; grid-No.1 volts, -18; plate ma., 70; grid-No.2 ma., 6.3.

HORIZONTAL-DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system
Maximum Ratings:
DC PLATE VOLTAGE . . ..o\ i it ittt it sia s iia i ins et eennns 700 maz volts

PeAK POSITIVE-PULSE PLATE VOLTAGE# (Absolute Maximum) 6600%max volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE ~1500 mazx volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE 175 mazx volts
PEAK NEGATIVE-PULSE GRID-N0.1 VOLTAGE . —200 max volts
PEAK CATHODE CURRENT. . . . .ovvivivevnnnnnn, . 700 max ma
AVERAGE CATHODE CURRENT. .. ...ttt iiniininivonnsnnrsnoaennsnons . 200 mazx ma
GRID-NOZ INPUT. . .o ov ittt iaeciieniertiaasnnsenenssnnncnsas 3 mazx watts
PLATE DISSIPATIONT. ... (it ittt it ittt ittt e tnsietranniaosnons 15 mazx watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode . 200 mazx volts

Heater positive with respect to cathode........... . 2004max voits
BuLB TEMPERATURE (At hottest point). . . ... ... ... .. i iiiiniians 225 max °C



RCA Receiving Tube Manual

Maximum Circuit Value:

Grid-No.1-Circuit Resistance, . .....cooovviviieiinians et 0.47 max megohm
# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In 2
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

® Under no circumstances should this absolute value be exceeded.

t An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
4 The dc component must not exceed 100 volts.

MEDIUM-MU DUAL TRIODE

Glass octal type used as combined

6DN7 vertical-deflection-oscillator and ver-
tical-deflection-amplifier tube in tele-

vision receivers. Outline 19, OUT-
LINESSECTION. Tuberequiresoctal

socket and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes,0.9.

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

Maximum Ratings, (Design-Maximum Values): Oscillator Amplifier
DC PLATEVOLTAGE. . ...ttt it ciiannienennan e 350 max 550 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGEf. .. .......000vineans - 2500 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. ... .....00snevrnnnn, 400 mazx 250 max - ma
PEAK CATHODE CURRENT. . ... N en - 150 maz ma
AVERAGE CATHODE CURRENT, e - 50 maz ma
PLATE DISSIPATION.......... 1 max 10 max watts
PEAK HEATER-CATHODE VOLTAG!
Heater negative with respect to cathode. . 200 max 200 max volts
Heater positive ‘with respect to cathode................ 200%max 200®max volts
Maximum Circuit Values:
Grid-Circuit Resistance: .
For fixed-bias operation. . ......cooiiviviieine i, 2.2 mazx 2.2 mar megohms
For cathode-bias operation. 2.2 mazx - megohms

# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle. In a
525-line, 30-frame system,; 15 per cent of one vertical cycle is 2.5 milliseconds.

® The de¢ component must not exceed 100 volts.
CLASS A, AMPLIFIER

Characteristics: . Unit No.1  Unit No.2

Plate Voltage. ...ttt i it iaes 250 - 250 volts
Grid Voltage. . . ..ottt it it i —8 -9.5 volts
Amplification Factor. .. .. ... . .. i ittt 22.5 15.4

Plate Resistance (APProX.). . .....ooeiiiivnenrnnannnn .. 9000 2000 ohms
Transconductance . 2500 7700 pmhos
Plate Current. . 8 41 ma
Grid Voltage (Approx for plate current of 10 ua e -18 - volts
Grid Voltage (Approx.) for plate current of 50 ua. . - -23 volts

BEAM POWER TUBE

Glass octal type used as horizon-

6D Q 5 tal deflection amplifier in color televi-
sion receivers. Outline 46, OUT-

LINES SECTION. Tube requires oc-

tal socket and may be mounted in any

position.

HEATER VOLTAGE (AC/DC) .. v v vivieinnrinnnennnnn. et - 6.3 volts
HEATER CURRENT. . ...t ittt et iinn it iiiiasanrasasanasnns . 2.5 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx):

Grid Nolto Plate. . ... ... . .. i iiiiiinaannnnas e N 0.5 upf

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3........ [ 23 uuf

Plate to Cathode, Heater, Grid No.2, and Grid No 2 11 puf
PLATE RESISTANCE (APProX.)*. . .v.veveeevrnannn 5500 ohms
TRANSCONDUCTANCE® . . ... ...t iriinnnnsannaanas 10500 pmhos
Mu-FACTOR, Grid No.2 to Grid No.1*, ., ... ... ..., 3.3

* For plate volts, 175; grid-No.2 volts, 125; grid-No.1 volts, —25' plate ma., 110; grid-No.2 ma., 5.
** For plate and grid-No.2 volts, 125; grid-No.1 volts, —25.
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HORIZONTAL DEFLECTION AMPLIFIER
For operation in a 525-line, 20-frame system

Maximum Ratings, (Design-Mazimum Values):
DC PLATE VOLTAGE. . ... it iiineiiieinie s 990 max volts
Prax PosITIVE-PULSE PLATE VOLTAGET ... P .. 6600 max volts
PEAK NEGATIVE-PULSE PLATE VOLTAGE . ., . ....oviiinenrrnnnnnn .o ~1100 max volts
DC GRID-NO.2 (SCREEN-GRID) VOLTAGE. . . . .. ....c0iivrvnenannan 190 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ..... .. ~250 mazr volts
PEAK CATHODE CURRENT . . ..\ viiiirannntinnnonnonrnncnnovanns cae 1100 max ma
AVERAGE CATHODE CURRENT, .. 315 max ma
GRID-NO.2 INPUT. . . ....oovvvninn, .. 3.2 max watts
PLATE DISSIPATIONF . . .. ..ottt iiiie ittt inieeetnnensaeeiseennansonn 24 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 max volts

Heater positive with respect to cathode. ...... 200°max volts
BuLB TEMPERATURE (At hottest point).............. 220 mazx °C
Maximum Circuit Value:
Grid-No.1-Circuit Resistance:
For grid-resistor-bias operation. ... .......... ottt el it 0.47 maxz megohm

1 The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal secanning cycle is 10 microseconds.
# An adequate bias resistor or other means is required to protect the tube in the absence of excitation.

® The dc component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Glass octal types used as horizon-

6DQ6_ A tal-deflection-amplifier tubes in high-
efficiency deflection circuits of tele-
6DQ 6_B vision receivers. Outline 87, OUT-
LINESSECTION. Tubesrequireoctal
socket and may be mounted in any po-

sition. These types may be supplied
with pin 1 omitted.

HEATER VOLTAGE (AC/DC) .1\ttt e ettt iet e ettt e ae e i 6.3 volts
HEATER CURRENT. . . .ottt ittt ite et it et e e e s 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.) 6DQ6-A 6DQ6-B
Grid No.dtoPlate. . ... ... voveeiiiar e rann, 0.55 0.5 upf
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3 15 17 upf
Plate to Cathode, Heater, Grid No.2, and Grid No.3..... 7 7 uuf
CLASS A. AMPLIFIER
Characteristics: 6DQ6-A 6DQ6-B 6DQ6-A & 6DQ6-B
Plate Voltage. . .........ciiviieiiii i 60 60 150 250 volts
Grid-No.2 Voltage............... . oiiiinienaen.s 150 150 150 150 volts

Grid-No.1 Voltage. .. ....................... e 0 0 -22.5-22.5 volts
Mu Factor, Grid No.2 to Grid No.1. . . - - 4.1 -
Plate Resistance (Approx.)..... - - - 20000 ohms
Transconductance .. . . - ~ - 6600 umhos
Plate Current. . ... . e . 300* 345% - 75 ma
Grid-No.2Current. . . ...............uuiiiiio... 27* 33* - 2.4 ma
Grid-No.1 Voitage (Approx.) for plate current of 1 ma. - - - —46 volts
HORIZONTAL-DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system
6DQ6-A 6DQ6-B
R . Design-Center Design-Maximum
Maximum Ratings: Values® Values
DC PLATE VOLTAGE . . ...ttt eiie e iiiaaaeannen 700 max 770 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE#. .. ... ... ovvvnvnn. 6000°max 6500 max volts
PEAX NEGATIVE-PULSE PLATE VOLTAGE. . . . ............... -1375 max -1500 max volts
DC GRID-NO0.2 (SCREEN-GRID) VOLTAGE. .. .. ... ..c..0uuuun.. 200 mazx 220 max volts
DC GRID-NO.1 (CONTROL-GRID) VOLTAGE. ... ... ..c0vvuun.n. ~50 mazx ~55 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE. ... ............ ~300 max -330 max volts
PEAK CATHODE CURRENT . . .« 0 oot ittt eiinennennnn 440 mazx 550 max ma
AVERAGE CATHODE CURRENT . . . ... . iutniittnnnennnaennn. 140 max 175 mazx ma
GRID-NO2ZINPUT. . ...t i e 3 mazx 3.5 max watts
PLATE DISSIPATIONT. . ..ot e e ciiee s 15 max 17.5 max watts
PeAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ 200 max 200 max volts
Heater positive with respect to cathode................ 200*maz 200%mazx volts
BuLB TEMPERATURE (At hottest point) . . ........coovvvvua, 220 mazx 220 max °C
AVERAGE CHARACTERISTICS
500,
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Maximum Circuit Valuves: : - - 6DQ@s-A 6DQ6-B
Grid-No.1-Circuit Resistance. . .. .........coviiiiiiennan. . 1®%max 1 maxr megohm
* This value can be measured by a method involving a recurrent wave form such that the maximum
ratings of the tube will not be exceeded.

® Except as noted.

# The duration of the voltage pulse must not exceed 15 per cent of orne horizontal scanning cycle. In 2
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

© Absolute Maximum. Under no circumstances should this absolute maximum value be exceeded.

t An adequate bias resistor or other means is required to protect the tube in the absence of excitation.
4 The de component must not exceed 100 volts.

® For grid-No.1-resistor-bias operation.

DUAL TRIODE

o1y Miniature type used as combined

H,
c . vertical-deflection-oscillator and ver-
T2 (7)°T tical-deflection-amplifier tube in tele-
vision receivers. Outline 14, OUT- 6DR7

®xs, LINESSECTION. Tuberequires min-
iature nine-contact socket and may be

PT K . ers
2 T2 operated in any position.

HEATER VOLTAGE (AC/DC) .ttt it ittt it ittt e te i e 6.3 volts
HEATER CURRENT. ¢+ o ottt ettt ie st taein e et ieaaaeeunes 0.9 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Unit No.1 Unit No.2

GridtoPlate. ... ... ... it e 4.5 8.5 uuf

Grid to Cathode and Heater. .. ....................... 2.2 5.5 uuf

Plate to Cathode and Heater................. ........ 0.34 1 . uuf

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

Maximum Ratings, (Design-Mazimum Values): Oscillator Amplifier
DO PLATE VOLTAGE . . . oo it iviis e issnenenenssnsanss 330 max 275 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE# . .... e eeas - 1500 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. . ....... N -400 maz -250 max volts
PEAK CATHODE CURRENT. .. ........00ne 70 max 175 max ma
AVERAGE CATHODE CURRENT 20 max 50 maxr ma
PLATE DISSIPATION. . ... iivriin i iannsrrseannrenn 1 max 7 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........ e 200 mazx 200 mazx volts

Heater positive with respect to cathode, . .............. 200%max 2004max volts

Maximum Circvit Valve:

Grid-Cireuit Resistance:

For grid-resistor-bias or cathode-bias operation.......... 2.2 max 2.2 maxr megohms
# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cyecle is 2.5 milliseconds.
4 The dc component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
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AVERAGE PLATE CHARACTERISTICS
UNIT Ne2

TYPE 6DR7
E£Z6.3 VOLTS
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CLASS A, AMPLIFIER

Characteristics: Unit No.1  Unit No.2
Plate Voltage. .. ... ... ... it iiiiinaaen 250 150
Grid Voltage. . . .. .. o i i e e e e -3 ~17.5
Amplification Factor...... .. . ... ... . . i 68 6
Plate Resistance (APProX.). . . ... it eitneiieiieeeenas 40000 925
Transconductance. ... .. ... ... . i i e 1600 6500
Grid Voltage (Approx.) ior plate currentof 10 pa . ........... ~5.5 -
Grid Voltage (Approx.) for plate currentof 50 pa.......... . - -44
Plate Current.. ... .ottt ittt iian i Cheas 1.4 35
Plate Current for grid voltage of <24 volts.................. - 10

BEAM POWER TUBE

Miniature type used in the audio
6DS 5 output stages of television and radio
receivers. Outline 13, OUTLINES
SECTION. Tube requires miniature
seven-contact socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC) 6.3
HEATER CURRENT. . .. 0o\ttt ettt ittt et iiiiaiaanas . 0.8
DIrECT INTERELECTRODE CAPACITANCES (Approx.): -
Grid No.lto Plate. . ... .. .. . i i iieanaaas 0.19
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . ............ 9.5
Plate to Cathode, Heater, Grid No.2, and Grid No.3.................. 6.3

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . . . . ittt ittt it ittt e et et raaas 275 max
GRID-N0.2 (SCREEN-GRID) VOLTAGE 275 max
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value.............. e 0 mazx
PLATE DISSIPATION . . . 0ttt it ittt vt e e ina i iias s 9 max
GRID-NOZ INPUT. . .. i ettt cansiiiasnss 2.2 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .. ... .................c.0v.n 200 max

Heater positive with respect toecathode. ............................. 200%max
BULB TEMPERATURE (At hottest point) .. ....... ............. .. .o .u.. 250 max

volts
volts

ohms
pmhos
volts
volts

volts
ampere

upf
wuf
uuf

volts
volts
volts
watts
watts

volts
volts
°C
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Cathode-Bias Fixed-Bias

Typical Operation and Characteristics: Operation Operaiion
Plate Supply Voltage. ........... e 200 250 200 250 volts
Grid-No.2 Supply Voltage. 200 200 200 200 volts
Grid-No.1 Voltage. . ..... - - -7.5 -8.5 volts
Cathode-Bias Resistor. . ... 180 270 - - ohms
Peak AF Grid-No.1 Voltage ................ 7.5 9.2 7.5 8.5 volts
Zero-Signal Plate Current. ................ 34.5 27 35 29 ma
Maximum-Signal Plate Current............. 32.5 25 36 32 ma
Zero-Signal Grid-No.2 Current . e 3.5 3 3 3 ma
Maximum-Signa! Grid-No.2 Current. ... . .. - 9 9 9 10 ma
Plate Resistance (Approx.)................. 28000 28000 28000 28000 ohms
Transeonductance. .. .......c..ovrveeeennnann 6000 5800 6000 5800 umhos
Load Resistance. . ...............00iuunnnn 6000 8000 6000 8000 ohms
Total-Harmonie Distortion................. 10 10 9 10 per cent
Maximum-Signal Power Output............ 2.8 3.6 3 3.8 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ... ... ... . ... i ittt iiiiiiaann, Ceseaene . 0.1 mar megohm

For cathode-bias operation. . ...........coiiiiiinnnnnens tisiesetanaes 1.0 max megohm

4 The dc component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
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BEAM POWER TUBE

Miniature type used as a vertical-
deflection-amplifier tube in television 6DT5
receivers employing 110-degree pic-

ture-tube systems. Outline 14, OUT-
LINESSECTION. Tuberequires min-

iature nine-contact socket and may be operated in any position.

HEATER VOLTAGE (AC/DC). . ot ititcttt et e inieeeneaeennannranannnns 6.3 volts
HEATER CURRENT. . .0 tttttt it tttieaee et ttneaaaaeeariananeenn 1.2 amperes
TRANSCONDUGTANCE®, . 1. . ittt ittt i it n e 6200 umhos

* For plate and grid-No.2 volts, 250; grid-No.1 volts, ~16.5; plate ma., 44; grid-No.2 ma., 1.5,

VERTICAL-DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame sysiem
Maximum Ratings, (Design-Maximum Values):

DO PLATE VOLTAGE. . . ...\ttt ittt inannninnesearonnranenracesnnnns 315 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGES + e ¢« « vt vvviireneneenenennnnnnen 2200 max volts
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . . .. ...ttt ittneaeniannannaenns 285 max volts
PEAK NEGATIVE-PULSE GRID-N0.1 (CONTROL-GRID) VOLTAGE. . ........... 250 mazx volts
PEAK CATHODE CURRENT. . . o ¢ eveneenranneneeeeeserreneannnnenoenacs 190 max ma
AVERAGE CATHODE CURRENT. « 0y tttveeeannnmcnenneeeeeennanaaannnaan 55 max ma
PLATE DISSIPATION................. ettt i i 9 max watts
GRID-NO.2 INPUT. . ... ittt iiiiiiiiei et 2 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode......................c.uu.. 200 max volts

Heater positive with respect to cathode . ....... ebeeser e, 200*mazx volts
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Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ...... .. ... i i it 0.5 mar megohm
For cathode-bias operation. . . ......... .. ... ... . iveiannininan.. 1 mar megohm
# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycie. In a 525-
line, 30-frame system, 15 per cent of one vertical scanning cyecle is 2 5 milliseconds.
“ The de component must not exceed 100 volts.

SHARP-CUTOFF PENTODE

6DT6 Miniature type used as FM de-
tector in television receivers. Outline

6D‘|'6_ A 11, OUTLINES SECTION. Tube re-
quires miniature seven-contact socket

and may be mounted in any position.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . ... ....00n. 0.3 ampere
DIRECT INTERELECTRODE CAPACIT
Grid No.l toPlate. . .. ... .. i it iitnnarannenes s 0.02 upf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield 5.8 uuf
Grid NoB3 to Plate. ., ...t it ietnarie e 1,4} upf
Grid No.l to Grid No.B. . . ..ot es 0.1 uuf
Grid No.8 to Cathode, Heater, Grid No.1, Grid No.2, and Internal Shield 6.1 uuf
*External shield connected to cathode. {For type 6DT6-A, value is 1.7 ppf.
Characteristics: CLASS A; AMPLIFIER 6DT6-A 6DTé6
Plate Supply Voltage. . ... ... i i i i i e 150 150 volts
Grid No.3 (Suppressor Grid). .. .. ... ... i Connected to cathode at socket
Grid-No.2 (Sereen-Grid) Supply Voltage. . ...... ... .o inivs ~100 100 volts
Cathode-Bias Resistor. . . . .. ... .. .. ittt 560 560 ohms
Plate Resistance (APDProOX.) . . . oottt iiieeraneninenennen 0.15 0.15 megohm
Transconductance, Grid No.1 to Plate..... .. e, 1350 800 umhos
Transconductance, Grid No.3 to Plate. . . ..515 515 umhos
Plate Current.......... . 1.1 ma
Grid-No.2 Current .8 2.1 ma
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. .2 -4.5 volts
Grid-No.3 Voltage (Approx.) for plate current of 10 ga............... -4.2 ~3.5 volts
FM DETECTOR
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . .ottt it ititiietatastaaairsoratsaensenennanennnas 330 max volts
GRID-NO.3 VOLTAGE. ...... 28 max volts
GRID-N 0.2 SUPPLY VOLTAGE. . . 330 max volts
GRID-NO.2Z VOLTAGE. .. .. .0 itiiitimeiaisaneenonnaans . .. See curve page 66
GRID-NO.1 (CONTROL-GRID} VOLTAGE, Positive biasvalue .. .............. 0 max volts
PLATE DISSIPATION ... ittt iie it iiaii et iia e aaass 1.7 mar watts
Grip-No.2 INrPUT: - -
For grid-No.2 voltagesup to 165 volts. . ............ ... .o iioa., 1.1 max watts
For grid-No.2 voltages between 165 and 330 volts. . .................. See curve page 66
Peak HEATER-CATHODE VOLTAGE: . :
Heater negative with respect to cathode.................coiiiiiiiny 200 mazx volts
Heater positive with respect to cathode, . ......... ...t 200®nax volts
" AVERAGE CHARACTERISTICS
TvpE 6DT6
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Maximum Circuit Values:
Grid-No.1-Cireuit Resistance:
For fixed-bias operation......... 0.25 max megohm
For cathode-bias operation 0.5 max megohm
® The dc component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
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HIGH-MU TWIN TRIODE - 6DT8

Miniaturé type used in a wide
variety of applications in radio and
television receivers. Especially useful
in push-pull rf amplifiers or as fre-
quency converter in FM tuners. Outline 12, QUTLINES SECTION. Tube re-
quires miniature nine-contact socket and may be mounted in any position. Heater
volts (acrde), 6.3; amperes, 0.3. Peak heater-cathode volts: heater negative with
respect to cathode, 200 mazx; heater positive with respect to eathode, 200 maz; (the
dc component must not exceed 100 volts). Except for heater and heater-cathode
ratings, interelectrode capacitances, and basing arrangement, this type is identical
with miniature type 12AT7. ]
DiRECT INTERELECTRODE CAPACITANCES (Approx., Each Unit Except as Noted):

Grid to Plate. ... . ... e e 1.6% npf
Grid to Cathode, Heater, and Internal Shield......................... 2.7% puuf
Plate to Cathode, Heater, and Internal Shield........................ 1.6% wpf
Heater to Cathode, . . ... ... ... . . it iieeiinennannennnns 3® upf
Cathode to Grid, Heater, and Internal Shield (Unit No.2)............. 5.8t uuf
Plate to Grid, Heater, and Internal Shield (Unit No.2). .. ... .......... 2.8% upf
* With external shield connected to cathode of unit under test.
® With external shield connected to ground.
1 With external shield connected to grid of unit under test.
6T TA
& ELECTRON-RAY TUBE
Pr e/ ol Glass type used to indicate visu-
RC ally by means of a fluorescent target 6E 5
‘ the effects of a change in a controlling
0, voltage. It is used as a convenient
H

means of indicating accurate radio-
receiver tuning. Outline 34, OUTLINES SECTION. Tube requires six-contact
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. For additional considerations, refer
to Tuning Indication with Electron-Ray Tubes in ELECTRON TUBE APPLI-
CATIONS:SECTION.
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- TUNING INDICATOR
Maximum and Minimum Ratings:

PLATE-SUPPLY VOLTAGE 250 max
TARGET VOLTAGE. . .. ..ooovvinnnnn, 250 max
125 min
Typical Operation:
Plate and Target Supply Voltage...........c.voiiiveninnn. 200 250
Series Triode-Plate Resistor. .. .. P 1 1
Target CUrrent™ . . . ... .ottt i i it 3 4
Triode-Plate Current®. ... ... ... ... i iiiiiiinennen.n. 0.19 0.24
Triode-Grid Voltage (Approx.):
Forshadowangleof 0°. ..........coiiiiiiininnnnnnnen 6.5 -8.0
Forshadowangle of 90°, ... ... ... i iiiiiriniinrnnnn. 0 0

¥ For zero triode-grid voltage. t Subject to wide variations.

TWIN POWER TRIODE

Glass type used as class A amplifier in

either push-pull or parallel circuits. Qutline 43,

6E6 OUTLINES SECTION. Heater volts (ac/dcj,
6.3; amperes, 0.6. With plate volts of 250 and

grid volts of —27.5, characteristics for each unit

are: plate ma., 18; plate resistance, 3500 ochms;

transconductance, 1700 gmhos; amplification

factor, 6. With plate-to-plate load resistance

volts
volts
volts

volts
megohm
ma

ma

volts
volts

of 14000 ohms, output {or two tubes is 1.6 watts. This is a DISCONTINUED type listed for rei-

erence only.

REMOTE-CUTOFF PENTODE

Glass type used in rf and if stages of radio
receiversemployingave.OQutline45, OUTLINES
6E7 SECTION. Except for interelectrode capaci-
tances, this type is identical electrically with
type 6U7-G. Heater volts (ac/dc), 6.3; amperes,
0.3. This is a DISCONTINUED type listed

for reference only.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE
6E A 8 Miniature type used as combined

oscillator and mixer in television re-
ceivers utilizing an intermediate fre-
quency in the order of 40 megacycles
per second. Outline 12, OUTLINES

SECTION. Tube requires miniature nine-contact socket and may be mounted in

any position.

HEATER VOLTAGE. . .. .. 0\ttt i e e e 6.3
HEATER CURRENT. . o0ttt ittt ittt et e e e e e e 0.45
HEATER WARM-UP TIME (AVerage) .. . ......ov i, 11
DiRECT INTERELECTRODE CAPACITANCES: Without With
External External
Triode Unit: Shield Shield*
GridtoPlate. .. ......... . ... i 1.7 1.7
Grid to Cathode and Heater, ......................... 3 3.2
Plate to Cathode and Heater. ........................ 0.3 1.1
Pentode Unit:
Grid No.ltoPlate. ...............c.iivveuiveiennn.. 0.02 max 0,01 max
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield.............................oviun. 5 5
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield.................................... 2.6 3.4
Heaterto Cathode. . ... .. ..o iiiinieineieanneanona, . 3 3e

4 With external shield connected to cathode of unit under test except as noted.
® With external shield connected to ground.
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CLASS A; AMPLIFIER

volts
volts

volts

watts

watt

volts
volts

. . . . . Triode Pentode
Maximum Ratings, (Design-Mazimum Values): Unit Unit
PLATE VOLTAGE. . 330 maxz 330 mazx
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . - 330 max
GRID-NO.2 VOLTAGE. ... ... tivi it iiintannnranena - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. . ....... ... ... . oo, Ceeeees 0 mazx 0 max
PLATE DISSIPATION. .. vt ivt it i iiiaran s iannannass ves 3 max 3.1 mazx
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 165 volts. ................ - 0.55 max

For grid-No.2 voltages between 165 and 330 volts....... - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode........... eens 200 mazx 200 mazx

Heater positive with respect to cathode. . .............. 2008 nax 200®maz
® The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
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s ogt Triode
Characteristics: Unit
Plate Supply Voltage. . ... 150
Grid-No.2 Voltage. ... ......oviiii i iniiinn e, -
Grid-No.l Voltage. .. ....oovviv i iiiinrnneennnes -
Cathode-Bias Resistor. .. ..... ... .ciiiiiiiiiiiniannn.. 56
Amplification Factor............. oottt 40
Plate Resistance (Approx.) 5000
Transconductance. . . . . 8500
Plate Current. . . .. 18
Grid-No.2 Current. . .. ......ovviunvunnn -
Grid-No.1 Voltage for plate currentof 10 ga................ -12

HIGH-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in color and
black-and-white television receivers.
Pentode unit is used as video output
amplifier; triode unit is used in synec-
separator, sync-clipper, and phase-in-

6EBS

—

Pentode
Unit

125 volts

125 volts

-1 volt

- ohms

80000 ohms

6400 pmhos

12 ma

4 ma

-9 volts

verter circuits. Outline 14, OUTLINES SECTION. Tube requires miniature nine-

contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .ttt o vttt et et e e i,
HEATER CURRENT. . .. .ottt it e e e

Pentode Unit:
Grid No.lto Plate, . .. ..ot i e
Grid No.1to Cathode, Heater, Grid No.2, Grid No.3, and Internal Shield .
Plateto Cathode, Heater, Grid No.2, Grid No.3,and Internal Shield. . . . .
Triode Grid to Pentode Plate. . ... . ......citirnernneneiinainnnn.,

CLASS A, AMPLIFIER

Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. .. vttt ittt e e iie e enaneinnnanes 330
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE . . . . ............ -

GRID-NOG.2 VOLTAGE. . .. e it ittt oinnannanes -

GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Positive bias value. . ........ 0 max
PLATE DiIssIPATION... ...
GRID-No0.2 INPUT:

For grid-No.2 voltagesup to 165 volts. .. .............. -

For grid-No.2 voltages between 165 and 330 volts. ...... -
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................ 200

Heater positive with respect to cathode. ... ... PN 200°
° The dc component must not exceed 100 volts.

Triode

Characteristics: Unit
Plate Supply Voltage. .. ... .. ...ttt iieiiriinennrennns 250
Grid-No.2 Supply Voltage. . ........ ... iiiiiiiaenns -
Grid Voltage. .. .. ... i i i i i e -2
Cathode-Bias Resistor. . ............. ..o iiiiiine, -
Amplification Factor............. ... 0 uiiiiiinnrnnnnns 100
Plate Resistance (APProX.) . .o vvvin e enneenans 37000
Transconduetance. .. ... ... ... i i 2700
Grid Voltage (Approx.) for plate current of 20 wa. ... ....... -5
Grid-No.1 Voltage (Approx.) for plate current of 100 pa...... -
Plate Current. . ... . it ittt 2
Grid-No.2 Current. . .. ..o vviiinne i -
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .. ... ... ..... ... c.c.......... 0.5 mazx

* For cathode-bias operation. . ......................... 1.0 maz

6.3 volts
0.75 ampere
4.4 puf
2.4 nuf
0.36 puf
0.1 max puf
11 upuf
4.2 puf
0.018 max i
0.005 mazx uuf
0,17 max puf
Pentode
Unit
330 max volts
330 max volts
See curve page 66
0 mar volts
5 max watts
1.1 max watts
See curve page 66
200 max volts
200°marx volts
Pentode
Unit
200 volts
125 volts
- volts
68 ohms
75000 ohms
12500 umhos
- volts
-9 volts
25 ma
7 ma
0.25 max megohm
1.0 mar megohm
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AVERAGE CHARACTERISTICS
PENTODE UNIT
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POWER PENTODE

Miniature type used in the audio
output stage of radio and television 6EH 5
receivers and in phonographs, This
type has unusually high power sensi-
tivity and is capable of providing rel-
atively high power output at low plate and screen-grid voltages with a low af grid-
No.1 driving voltage. Outline 13, OUTLINES SECTION. Tube requires miniature
seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . ...ttt ittiii ittt iiiinneaessananns veseee 6.3 volts
HEATER CURRENT . . . ..ttt ittt caaet e taianaannnann cesseans 1.2 amperes
DiRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.ltoPlate. . ... ... .. .. . .. . . . iiieieinannans RPN 0.65 puf
Grid No.l1 to Cathode, Heater, Grid No.2, and Grid No.3....... P, 17 ppf
Plate to Cathode, Heater, Grid No.2, and Grid No.3. . ......ccivenanes 9 puf
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CLESS A, AMPLIFIER
Maximum Ratings, (Design-Mazimum Values):

PLATE VOLTAGE. . ...............
GRID-NO.2 (SCREEN-GRID) VOLTAGE
PLATE DISSIPATION. .

GRID-NO.Z INPUT. . . ... ttiteiiiniiteeieirennannnns
PBAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ..... e reessastecraesenrenans
Heater positive with respect to cathode......... b ereeeans srerasana
BuLs TEMPERATURE (At hottest point)...........
Typical Operation:
Plate Supply Voltage. .. .................covuns fetieseeesreeasenteans
Grid-No.2 Supply Voltage. . ................
Cathode-Bias Resistor. ............... Crerereeas
Peak AF Grid-No.1 Voltage............. ven
Zero-Signal Plate Current............. ..
Maximum-Signal Plate Current. . ..

Zero-Signal Grid-No.2 Current. . ..

Maximum-Signal Grid-No.2 Current.................. P eee
Plate Resistance (Approx.) ettt ettt
Transconductance. . . ... ... i et erenenrnernnrnneneensaseenennnn aeeen
Load Resistance. . ................ PTIN Ceeiaeaes Ceieeiieenan .
Total Harmonic Distortion.................. e eieereeia Ceraaaaaes .
Maximum-Signal Power OQutput....... ettt et eeea e

Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation...,.....
For cathode-bias operation
® The de component must not exceed 100 volts.

150 mazx
130 max
5.5 max

2 mazx

200 max
200"max
220 max

0.1 max
0.5 max

PUSH-PULL CLASS AB, AUDIO-FREQUENCY POWER AMPLIFIER

Maximum Ratings: (Same as for class Ax audio-frequency power amplifier)
Typical Operation, (Values are for 2 tubes):

Plate Supply Voltage. . ... R 140
Grid-No.2 Supply Voltage. . .c.vvi ettt iven ittt e, 120
Cathode-Bias Resistor. . ...... ... ittt eiennannnn, 68
Peak AF Grid-No.l Voltage. . ... ... .o, ittt niainnnnns 9.4
Zero-Signal Plate Current. . .................... . . 47
Maximum-Signal Plate Current. ... ... . 51
Zero-Signal Grid-No.2 Current. . . ... 11
Maximum-Signal Grid-No.2 Current... .. 17.7
Effective Load Resistance {Plate-to-plate). . 6000
Total Harmonie Distortion. ......... .. ... ... ... iivinin..
Maximum-Signal Power Qutput......0o...iiei et iiiin e enereennnnn 3.8
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation................... e 0.1 mazx

For cathode-bias operation. . .............. et Cereresaseee 0.5 max

AVERAGE CHARACTERISTICS
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% KkpS3p MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

P G . .
91 \0 " Miniature type used as combined 6 H

©, O) oscillator and mixer tube in vhf tuners E 8
o1 2P of television receivers having series-

) P connected heater strings. Outline 12,
KpiGap.tS P OUTLINES SECTION. Tube re-
quires nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ... .o ottt 6.3 volts
HEATER CURRENT. . ...ttt ittt ie e e et e et e ie e 0.45 ampere
HEATER WARM-UP TIME (Average) ............ ...t iriiannernnnann.. 11 seconds

CLASS A: AMPLIFIER

Maximum Ratings, (Design-Maximum Values): T{]‘;’tft‘ P['}ezf.?de
PLATE VOLTAGE. . . .. ..ttt ittt e et 300 max 300 max volts
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE. .. . ............ - 300 max volts
GRID-NO.2Z VOLTAGE. . .. ... ... it it - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value.. ... 0 max 0 max volts
PLATE DISSIPATION. . . ... .. it vt eie e 2.5 max 2.8 max watts
GRID-NO0.2 INPUT:
For grid-No.2 voltagesup to 150 volts. ... ............. - 0.5 max watt
For grid-No.2 voltages between 150 and 300 volts. . ... .. - See curve page 66
PEAX HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ 200 max 200 mazx volts
Heater positive with respect to cathode. . ........ ..., 200°max 200°mazx volts
Characteristics:
Plate Voltage. . .. ... . ... . i i 125 125 volts
Grid-No.2 Voltage......... ... .. i - 125 volts
Grid-No.l Voltage. ........... ... i -1 -1 volt
Amplification Factor. ............. ... ... ... ... .. ... 40 -
Plate Resistance (APpProx.). ... ... vi it iiinerniennnns - 0.17 megohm
Transconductance. . ... ......... .ot errenninineoonoarnonn 7500 6000 umhos
Grid-No.l Voltage (Approx.) for plate current of 20 pa ....... -9 -10 volts
Plate Current........... ... ... . . . e 13.6 12 ma
Grid-No.2 Current. .. ....... ... ... i iiiiiiininnans - 4 ma
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. ... . ......................... 0.5 mazx 0.25 maxr megohm
For cathode-bias operation. .. ........................ 1 max 1 maxr megohm

® The dc component must not exceed 100 volts.

BEAM POWER TUBE

Miniature type used as vertical
deflection amplifier in television re- 6EM5
ceivers utilizing picture tubes having
diagonal deflection angles of 110 de-
grees. Outline 18, OUTLINES SEC-
TION. Tube requires miniature nine-contact socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. . .. ........ocouu.. 0.8 ampere
DIRECT INTERELECTRODE CAPACITANCES:
GridNo. L to Plate ... ...ttt ciiisasseraann 0.7 max puf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3............. 10 puf
Plate to Cathode, Heater, Grid No.2, and Grid No.3.. ................ 5.1 upf
PLATE RESISTANCE (Approx.)* .. 0.05 megohm
TRANSCONDUCTANCE® ., .. it iiin ittt eiiannennraan 5100 umhos

* For plate and grid-No.2 volts, 250; grid-No.1 volts, -18; plate ma., 40; grid-No.2 ma., 3.
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Maximum Ratings:

RCA Receiving Tube Mannal

VERTICAL DEFLECTION AMPLIFIER

For operation in a 525-line, 30-frame system

DOC PLATE VOLTAGE. . . v o it ettt et ettt tae s i ee e e 315 max
PEAK POSITIVE-PULSE PLATE VOLTAGET (Absolute Maximum) . 22004max
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ... ... vuun.n, 285 max
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. . . -250 max
PEAK CATHODE CURRENT. . ... .. ittt iannaneanann.. 210 mazx
AVERAGE CATHODE CURRENT 60 max
PLATE DISSIPATION. . ......... 10 max
GRID-NO.2 INPUT. . .ottt ittt e et ee e 1.5 mazx
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode 200 max

Heater positive with respect to cathode R . 200%mnax
BuULB TEMPERATURE (At hottest point). .. ... ...... .. ................... 250 max
Maximum Circuit Values:
Grid-No.1-Circuit Resistance. .. ......... . it 2.2 max

volts
volts
volts
volts
ma
ma
watts
watts

volts

volts
°C

megohm

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 30~-frame system, 15 per cent of one vertical scanning cycle is 2.5 miiliseconds.

4 Under no circumstances should this absolute value be exceeded.
® The dc component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
WITH ECp AS VARIABLE
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DUAL TRIODE

Glass octal type containing high-
mu triode and high-perveance, low-mu 6E M7
triode in same envelope. Used as com-

bined vertical-deflection amplifier and

vertical-deflection oscillator in tele-

vision receivers employing picture tubes having 110-degree deflection angles and
high ultor voltages. Qutline 19, OUTLINES SECTION. Tube requires octal sock-
et and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ...t vttt e ian i einiuanarsaeiassensnen 6.3 volts
HEATER CURRENT. .+t ottt ittt tieeiat e anarnaarannn e e 0.9 ampere
DIrECT INTERELECTRODE CAPACITANCES (Approx.): Unit No.1 Unit No.2

Grid to Plate. ... ..o i i i i e, 4.8 10 upl

Grid to Cathode and Heater. . .............co0vviivnn 2.2 7 freny

Plate to Cathode and Heater. .. ...................... 0.6 1.8 'l

VERTICAL-DEFLECTION OSCILLATOR AND AMPLIFIER
For operation in a 525-line, 30-frame system
Unit No.1 Unit No.2

Maximum Ratings, (Design-Maximum Values): Oscillator Amplifier
DC PLATE VOLTAGE. (. ...ttt ittt i iirinaanonnens 330 mazx 330 mazx volts
PEAK POSITIVE-PULSE PLATE VOLTAGE?. .. ... v0vuuvanns . -~ 1500 max volts
PEAK NEGATIVE-PULSE GRID VOLTAGE... ... v0vviunaon v 400 max 250 max volts
PEAK CATHODE CURRENT. ... ...t ii i inevatcnannoras e 77 max 175 mazx ma
AVERAGE CATHODE CURRENT. ... ... ...c0ouuvunnnan Ceereren 22 max 50 mazx ma
PLATE DISSIPATION. . ... .0\ttt it inanssenassanns 1.5 mazx 10 maex watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......... ieees 200 max 200 max volts

Heater positive with respect to cathode. ............. .. 200 max® 200 mac® volts
Maximum Circuit Values:
Grid-Circuit Resistance: Unit No.1 Unit No.2

For grid-resistor-bias operation.........ccovuiveieannn.. 2.2 mazx 2.2 mar megohms

. For cathode-bias operation. . ..........covviiin v, 2.2 max 2.4 maxr megohms
CLASS A; AMPLIFIER

Characteristics: Unit No.1 Unit No.2
Plate Voltage. . .. ... i ii it i it e e 250 150 volts
Grid Voltage. . . .. .. ... .o i i i e -3 -20 volts
Amplification Factor............ ... .. .. ... i i, 68 5.4
Plate Resistance (APProX.) . .. ...t iiiirinennaneneena 40000 750 ohms
Transconductance. ... ... ve ittt 1600 7200 umhos

AVERAGE PLATE CHARACTERISTICS
UNIT N2 2

TYPE 6EMT (

Ef=63VOLTS
14 +
& J
ul = i
v |
120] 4 /
& 9
[ 7
s )
100——— & / n

/ o
17717177 |
/

[/ .,
LI 2

@
<

PLATE MILLIAMPERES

[
]

40l

Y/

0. E]

W /4

100 150 200 250 300 350 400
PLATE VOLTS

92CM-10466T

219



RCA Receiving Tube Manunal —

Grid Voltage (Approx.):

For plate current of 10pa......... et -5.5 - volts
For plate current of 100 ua......... e e - -45 volts
Platecurrent. . ...t iiin ittt 1.4 50 ma

< The duration of the voltage pulse must not exceed 15 per cent of one vertical-scanning cycle, In a 525«
line, 30-frame system, 15 per cent of one vertical-scanning cycle is 2.5 milliseconds.
® The dc component must not exceed 100 volts.

SHARP-CUTOFF TETRODE

Miniature type used in vhf tuners
6ER5 of television receivers. Outline 11,
OUTLINES SECTION. Tube re-
quires miniature seven-contact socket
and may be mounted in any position.
Heater volts (ac/de), 6.3, amperes, 0.18.

Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . .ttt ittt ittt ntre ittt etatane it 250 max volts
GRID-NO.2 VOLTAGE. . ...ttt et et einetia et iene e 100 max volts
GRID-NO.1 VOLTAGE, Negative-bias value. . .. .......coivinrtrinnnnrnnns 50 mazx volts
CATHODE CURRENT. . ...\t ittiin e it ittiate et sunanenesenarnanss e 20 max ma
GRID-NO.2 INPUT . . .ottt ittt it eter e eraaneees e 0.5 max watt
PLATE DISSIPATION. . . ...ttt ittt iientiisnanrttansonasennns . 2.2 max watls
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................... ceenns e 100 max voltg
Heater positive with respect to cathode. . .......vvvviviiiviiiin s 100 max volts

Characteristics:

Plate Voltage. .................. herereasaas heseaaraaas e bareas 200 volts
Grid-No.2 Voltage.......... et r e tarenaeean ittt . 0 volts
Grid-No0.1 VOItaZe . o oot ote it iiiiinatias et earoasrerosennnannsanas ve -1.2 volts
Amplification Factor.......... ... .o e, AN 80

Plate Resistance (APProX.) . ..o uuvie i ioneeontrannsnenrinnnenneanas . 8000 ohms
TranscONdUCTAIICE. v v o it iie it sanntnereeatassetonennennnens . 10500 umbhos
Plate Current....... e e et e e i e et 10 ma
Grid-No.2 Current. . . .. .ottt i e i it e e . 0 ma
Grid-No.1 Voltage (Approx.) for transconductance of 500 umhos. ........ . -3.8 volts
Grid-No.1 Voltage (Approx.) for transconductance of 100 umhos. . ...... .. ~5.6 vaolts

Maximum Circuvit Value:
Grid-No.1 Circuit Resistance.......... [ ves

Miniature type used in high-gain, ")

6EU7 resistance-coupled, low-level audio-

amplifier applications where low-hum

and non-microphonic characteristics

are important considerations, such as

in microphone amplifiers and in preamplifiers for mono- and stereophonic phono-

graphs. Outline 12, OUTLINES SECTION. Tube requires miniature nine-contact

socket and may be mounted in any position. For typical operation as a resistance-

coupled amplifier, refer to Chart 7, RESISTANCE-COUPLED AMPLIFIER
SECTION.

HEATER VOLTAGE (AC/DC)..., .. v e ra et N e 6.3 volts
HEATER CURRENT. . ...ttt tiiternreennnnneinrnnnannns e P 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Each Unit, Approx.):
Gridto Plate. ............... . 1.5 frm
Grid to Cathode and Heater. ... .. 1.6 puf
Plate to Cathodeand Heater. ..........c.ooviiiteiin e 0.2 puuf
EQUIvALENT NOI1SE AND HUM VOLTAGE (Referenced to Grid, Each Unit):
Average Value®. ... i i it i i i e 1.8 microvolts rms

* Measured in ‘“‘true rms’" units under the following conditions: Heater volts (ac¢), 6.3; center-tap of
heater transformer grounded; plate supply volts, 250; plate load resistor, 100000 ohms; cathode resistor,
2700 ohms; cathode bypass capacitor, 100 uf; grid resistor, 0 ohms; amplifier frequency range, 25 to
10000 cps.
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CLASS A, AMPLIFIER (Each Unit)
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . . oo ittt it ittt e i i it iiia e 330 max volts
GRID VOLTAGE:
Negative-bias value. . ... ... . .. ... .. . .. . . e -55 mazx volts
Positive-bias value. . . ... ... .. . e i 0 max volts
PLATE DISSIPATION . . . oo\ttt ettt e ittt i ia e ans 1.2 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. . ......................... 200 mazx volts
Heater positive with respect to cathode. .. ......................... 200" mazx volts

® The de component must not exceed 100 volts.

Characteristics:

Plate Voltage. .. ... ... i i 100 250 volts
Grid Voltage. . .. ... ... e -1 -2 volts
Amplification Factor. ... ...... ... ... ... ... . i 100 100

Plate Resistance (APProX.). .. ... ..ottt nananenns 80000 62500 ohms
Transconductance. ... .. ............ i 1250 1600 umhos
Plate Current.. ... ... ... . it 0.5 1.2 ma

»

TYPE 6EVU7
£¢=6.3 VOLTS

W

PLATE MILLIAMPERES
n
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HIGH-MU TWIN TRIODE

<
GT: Miniature type used as a relay-
control tube in remote-control tuning 6Ev7

units of television receivers. It is proc-
! essed specifically for operation under
PT3 NG standby conditions. Qutline 14, OUT-
LINES SECTION. Tube requires miniature nine-contact socket and may be
mounted in any position.
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2z

4
PLATE VOLTS

00

92CM-10470T

HEATER VOLTAGE (AC/DC) .. .ottt ittt et et iinrenene s 6.3 volts
HEATER CURRENT. . . .. .ottt it ittt ettt e e eann e s aaenas 0.6 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): Unit No.I Unil No.2
GridtoPlate. . ....... ... ... ... e 3.4 3.4 nuf
Grid to Cathode and Heater. . .. 3 3 puf
Plate to Cathode and Heater. ... ..................... 0.33 0.23 puf
RELAY-CONTROL SERVICE (Eack Unit)
Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . 0.t ittt tie ittt it i tia e . 300 max volts
GRID VOLTAGE, Positive-bias value. ............. ... ... .o o0 s 0 max volts
CATHODE CURRENT.. . ....vvvruan ettt i et e e, 20 max ma
PLATE DISSIPATION:
When “on’ time exceeds 30 seconds in any 2-minute interval......... 2.5 max watts
When ““on”’ time does not exceed 30 seconds in any 2-minute interval. . 4.5 max watts
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PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode........ [
Heater positive with respect to cathode....... et
® The de component must not exceed 100 volts.

Typical Operation with 2500-Ohm-Relay Load:
With “‘on’’ time in any 2-minule interval:

Plate Supply Voltage. . ....... .. ..ottt 250
Zero-bias Plate Current. ...... . ... .. ... it 18.5
Grid Voitage (Approx.) for plate current of 100 wa.......... -9

Maximum Circvit Value:
Grid-Circuit Resistance

Characteristics:

200 max volts

200"max volts
Over 30 sec

150 volts

10 ma

-5 volts

3.9 max megohms

Plate Voltage. .. ... i e e e e e e 250 volts
Grid Voltage. . . ... . . i i e i e e e -2 volts
Amplification Factor. ... ... ... i e e 6
Plate Resistance (ADPProX.) . .« u ottt et e i et e 11500 ohms
TrangcondUcetance. .. ... ..ottt e e e 5200 umhos
Plate Current. . ... ... ... .. s 9.2 ma
Grid Voltage (Approx.) for plate current of 100 ua -9 volts
AVERAGE PLATE CHARACTERISTICS
EACH UNIT
T T
TYPE 6EV7T
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SHARP-CUTOFF PENTODE

Miniature type used in the gain-
controlled picture-if stages of vhf tel-
evision receivers operating at an inter-
mediate frequency in the order of 40
megacycles per second. This tube fea-

6EW6

H P
H ‘ (6)cz
KG3
G [}

tures controlled plate-current cutoff and high transconductance (14000 pmhos)
combined with low interelectrode capacitance values. The 6EWS is provided with
separate base pins for grid No.3 and cathode to permit the use of an unbypassed
cathode resistor to minimize changes in input conductance and input capacitance
with bias, without causing oscillation. Outline 11, OUTLINES SECTION. Tube
requires miniature seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ..\ vttt en et tne s ittt eannnoanerannanesns
HEATER CURRENT. . 11\ttt tvttnnentronnnnenetesnesriueenneennneeinns
Without
External
DIRECT INTERELECTRODE CAPACITANCES: Shield
Grid No.ltoPlate. . ...... oot iieenan, 0.04 maz

Grid No.l to Cathode, Heater, Grid No.2, Grid No.3 and
Internal Shield.. . ........ . ... i iiiineriennn 10
Plate to Cathode, Heater, Grid No.2, Grid No.3, and

Internal Shield........ ... ... ... ... ... . iunn.. 2.4

6.3 volts
0.4 ampere
With
External
Shield*
0.03 max puf
10 nuf
3.4 puf
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CLASS A, AMPLIFIER
Maximum Ratings, (Design-Marimum Values):

PLATE VOLTAGE. .. .o\ttt t ittt et e et anas 330 max volts
GRID NO.3 (SUPPRESSOR GRIDY. . . ...ttt ittt e e et arnnansnnns Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. .. . ... ....c0oovurnnnnnn.s P 330 mazx volts
GRID-NO.2 VOLTAGE. . .. ...ttt e et iieaanes See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value................. 0 max volts
PLATE DISSIPATION. . . ...ttt it e e te e enenneans . 3.1 max watts
GRID-No0.2 INPUT:

For grid-No.2 voltagesup to 165 volts. . . ................0cuvuunnns 0.65 max watt

For grid-No.2 voltages between 165 and 330 volts. ................. . See curve page 66
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.....................c.uuues 200 max volts

Heater positive with respeet tocathode. .. .............viurrnnn.. 200%nax volts

Characteristics:

Plate Supply Voltage. . ... .. ... . i i 125 volts
Grid No.3 and Internal Shield. .. .............................. Connected to cathode at socket
Grid-No.2 Supply Voltage. . ... ... iit i e e e 125 volts
Cathode-Bias Resistor. .. ....... ... ... .. ... ..o, 56 ohms
Plate Resistance (APProx.) . .. ... vtuiet it it i 0.2 megohm
Transconductance. ... .. ... ..ttt 14000 upmhos
Grid-No.1 Voitage (Approx.) for plate current of 20 ua. .. ............... -3.5 volts
Plate Current. .. .. ... e e 11 ma
Grid-No.2 Current. . . ...ttt it 3.2 ma

* With external shield connected to cathode.
® The de component must not exceed 100 volts.

AVERAGE CHARACTERISTICS
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P NC
v Qs HIGH-MU TRIODE
© Metal type 6F5 and glass octal
type 6F5-GT wused in resistance- 6F5
O, © b, used 1 ¢
WX n coupled amplifier circuits. Qutlines 4
JRoai0 and 21, respectively, OUTLINES 6F5-GT
nigFs-or. B SECTION. Tubes require octal socket

and may be mounted in any position. Type 6F5-GT may be supplied with pin
No.1 omitted. Heater volts (ac/dc), 6.8; amperes, 0.3. Typical operation as class
A, amplifier: plate volts, 250 (300 mazx); grid volts, -2; amplification factor, 100;
plate resistance (approx.), 66000 ohms; transconductance, 1500 zhmos; plate ma.,
0.9. Peak heater-cathode volts, 90 maz. Type 6F5-GT is a DISCONTINUED type
listed for reference only.
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6F6 POWER PENTODE
Metal type 6F6 and glass octal
O6F6-G types 6F6-G and 6F6-GT used in the

audio output stage of ac receivers.

6F6—GT Tubes are capable of large power out-

put with relatively small input voltage.

Outlines 6, 42 and 26, respectively, OUTLINES SECTION. Type 6F6-GT may

be supplied with pin No.1 omitted. Tubes require octal socket and may be mounted

in any position. It is especially important that these tubes, like other power-~

handling tubes, be adequately ventilated. Types 6F6-G and 6F6-GT are used
principally for renewal purposes.

16F6-G (0
NC{sra- GT Ga

HEATER VOLTAGE (AC/DC)... ..ot i viiiiinnaaranas Ceveieaaas N 6.3 volts
HEATER CURRENT. . ....... ittt iinnnnenrenenanas 0.7 ampere
CLASS A, AMPLIFIER

. . Pentode Triode
Maximum Ratings: Connection Connection®
PLATE VOLTAGE. . ... ... . . it iiiiietnnennenanen 375 max 350 max volts
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . e v vvreeennnnnnren.. 285 max - volts
PLATE DISSIPATION. .. ... ... i iiiiiiiicneneanennns 11 max 10 mazx watts
GRID-NO.2 INPUT. ... ... e i et 3.75 max - watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............... 90 mazx 90 max volts

Heater positive with respect to cathode. . .............. 90 max 90 max volts

. 5 Pentode Triode
Typical Operation: Connection Connection*
Plate Voltage. ... ... 250 285 250 volts
Grid-No.2 Voltage 250 285 - volts
Grid-No.1 (Control-Grid) Voltage................. -16.5 —20 -20 volts
Peak AF Grid-No.1 Voltage...................... 16.5 20 20 volts
Zero-Signal Plate Current. ... .................... 34 38 31 ma
Maximum-Signal Plate Current,.................. 36 40 34 ma
Zero-Signal Grid-No.2 Current. . . ................ 6.5 7 - ma
Maximum-Signal Grid-No.2 Current.............. 10.5 13 - ma
Amplification Factor. ........................... - - 6.8
Plate Resistance (ApproxX.)...........ccoiunennnn. 80000 78000 2600 ohms
Transconductance. . ............ . .cooiuiinnanannn 2500 2550 2600 pmhosg
Load Resistance. . ........... .. ... iviiivennnnns 7000 7000 4000 ohms
Total Harmonic Distortion. . ... ................. 8 9 6.5 per cent
Maximum-Signal Power Output. ................. 3.2 4.8 0.85 watts

. . PUSH-PULL CLASS A, AMPLIFIER
Maximum Ratings:
(Same as for class A, amplifier}
Typical Operation (Values are for two tubes):
Plate Voltage. . . ... oo i i e i i et 315 volts
Grid-No.2 Voltage 285 volts
Grid-No.1 (Control-Grid) Voltage. . ... ... ... ... it ieiiiiiiierenrnnn -24 voltg
Peak AF Grid-No.1-to-Grid-No.1 Voltage. .. .............c.covenvnnne. 48 volts
Zero-Signal Plate Current. . ... ... ... .. . i i it e 62 ma
Maximum-Signal Plate Current. . ... ... ... ... ... iiiiunneenen. 80 ma
Zero-Signal Grid-No.2 Current. . ..........coiitiiinrirnrnnnanns .. 12 ma
Maximum-Signal Grid-No.2 Current. .. ... ... ... it ininnnrnane.s 19.5 ma
Effective Load Resistance (Plate-to-plate).......................ccvuuns 10000 ohms
Total Harmonic Distortion. ... ... .. . ... i i, 4 per cent
Maximum-Signal Power Qutput......... ... ... ittt 11 watts
Maximum Circuit Valuves:
Grid-No.1 Circuit Resistance:

For fixed-biasoperation. .. ... ... .. .. ... .. ... . 0.1 max megohm

For cathode-biasoperation. ............ ... .. ... ... ... .. .. ... 0.5 max megohm

4 Grid No.2 connected to plate.
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LOW-MU TRIODE—
REMOTE-CUTOFF PENTODE

Glass type adaptable to circuit design in
several ways. Outline 40, OUTLINES SEC- 6 F7
TION. Heater volts (ac/dc), 6.3; amperes, 0.3.
Typical operation as class Ay amplifier: pentode
unit—plate volts, 250 max; grid-No.2 volts, 100;
grid-No.1 volts, —3; plate resistance, 0.85 meg-
ohm; transconductance, 1100 pmhos; plate ma.,
6.5; grid-No.2 ma., 1.5; triode unit—plate volts,
100 max; grid volts, -3; amplification factor, 8; plate resistance, 0.016 megohm; transconductance, 500
umbhos; plate ma., 8.5. This type is used principally for renewal purposes.

MEDIUM-MU TWIN TRIODE

Glass octal type used as voltage amplifier
or phase inverter in radio equipment. OQutline 39,
OUTLINES SECTION. Tube requires octal
socket, Except for the heater rating of 6.3 volts 6F8 -G
{ac/dc) and 0.6 ampere -and interelectrode ca-
pacitances, each triode unit is identical elec-
trically with type 6J5. Type 6F8-G is used prin-
cipally for renewal purposes.

BEAM POWER TUBE

Glass octal type used in the audio
Q) output stages of compact stereophonic 6FE 5
" phonographs and in radio and televi-
sion receivers. Tube has high sensi-
®.C3 tivity at very low plate and screen-
grid voltages; it can deliver relatively high power output at low values of plate
load resistance. Qutline 29, OUTLINES SECTION. Tube requires octal socket
and may be mounted in any position.

HEATER VOLTAGE (AG/DC) .t vttt ettt et e et ittt ieieenananns 6.3 volts
HEATER CURRENT. ¢ 0 oottt ettt it it et ittt it eie et inananees . 1.2 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

Grid No.ltoPlate. . ... ... i i i i 0.44 uuf

Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3..... . 15 upf

Plate to Cathode, Heater, Grid No.2, and Grid No.3. . .............. 9 unf

CLASS A, AMPLIFIER

Maximum Ratings, (Design-Mazimum Values):
PLATE VOLTAGE. . .ottt ittt it it et et i iae e et it a e naaas 175 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . . . ...ttt erroninnnennaaunanns 175 max volts
GRID-NO.2 INPUT . . i i ittt i ettt e ine s 2.4 max watts
PLATE DISSIPATION. .. .ottt it ce i iaainn e aceananes 14.5 max watts
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect toeathode............................ 300 mazr volts

Heater positive with respect tocathode. ...............c.ovuin, 200%nax volts
Typical Operation: Fized Bias  Cathode Bias
Plate Supply Voltage. . . .......... ... ... ciiuut. 130 145 130 145 volts
Grid-No.2 Supply Voltage. . ...................o... 130 145 130 145 volts
Grid-No.1 (Controi-Grid) Voltage. ................. -12.5 -16 - - volts
Cathode-Biag Resistor. . . ......................... - - 120 150 ohms
Peak AF Grid-No.l Voltage. . ..................... 12.5 15 11.9 15.4 volts
Zero-Signal Plate Current. . .. ..............ccuu... 82 80 88 86 ma
Maximum-Signal Plate Current. .. ................. 94 100 90 86 ma
Zero-Signal Grid-No.2 Current. .................... 4 4 5 4.2 ma
Maximum-Signal Grid-No.2 Current................ 15 18 9 17 ma
Plate Resistance (ApproX.}. .........vuounernennenn. - - 8000 - ohms
Transconduct8nee. ... covviiirnnneninennennnnn - - 9500 - pmhos
Load Resistance........... et e 1060 1000 1000 1000 ohms
Total Harmonie Distortion. . ...vviven e, 12 15 10 13 per cent
Maximum-Signal Power OQutput.................... 4.2 5.6 3.5 4.3 watts
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PUSH-PULL CLASS A; AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
(Same as for class A, amplifier)
Typical Operation (Values are for two tubes):

Plate Supply Voltage. . ..., ...... .o iiiiiriniirennnn. 130 145 volts
Grid-No.2 Supply Voltage 130 145 volts
Cathode-Bias Resistor. . ................. e 75 75 ohms
Peak AF Grid-No.1-to-Grid-No.1 Voltage........... .. 25.8 28.8 volts
Zero-Signal Plate Current .. 150 160 ma
Maximum-Signal Plate Current..................... ce 154 172 ma
Zero-Signal Grid-No.2 Current....... e . 7.2 8 ma
Maximum-Signal Grid-No.2 Current, , 17 20 ma
Effective Load Resistance (Plate-to-plate) . 1600 1600 ohms
Total Harmonie Distortion, . ................... .. 6 6 per cent
Maximum-Signal Power Output........................... ki 8.5 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. .. .......coiii it iiiiiiiinnnen. .. 0.1 max megohm

For cathode-bias operation. . .. ........coiitiiiiin i innnnnnnrnnn 0.5 maxr megohm

® The dc component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
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Refer to type EM84 /6FG6 6FG6

SHARP-CUTOFF TETRODE

Miniature type used as an rf am-
plifier in vhf tuners of television re-
ceivers. Outline 11, OUTLINES SEC- 6FH 5
TION. Tube requires seven-contact
socket and may be mounted in any

position.
HEATER VOLTAGE (AC/DC) . ...ttt i iie i iieaenacnnnans P 6.3 volts
HEATER CURRENT. . ...ttt ittt i iie it anossansnanencenras 0.2 ampere
Without With
External Ezxternal
DIRECT INTERELECTRODE CAPACITANCES: Shield Shielde
Grid No.ltoPlate.............. ... ... .oiiiiniininn, 0.6 max 0.6 max puf
Grid No.1 to Cathode, Heater, and Grid No.2.......... 3.2 3.2 ppf
Plate to Cathode, Heater, and Grid No.2. . ............ 3.2 4 upt

o With external shield connected to cathode.

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):
Triode Connection—Grid No.2 Connecled to Cathode at Socket

PLATE VOLTAGE. . o oottt it ittt iie et ese i esiaanaesaans 150 mazx volts
GRID-NO.1 VOLTAGE, Positive-bias value..................... e 0 max volts
CATHODE CURRENT. oot i ittt iii et iireransasssononnsernnnasnns 22 max ma
PLATE DISSIPATION ... ..o vt iie i e ieiaaen [ e eae s 2.2 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect toecathode..................... PPN 100 mazx volta

Heater positive with respect to cathode. . ........ ... ... oo il 100 max volts
Characteristics:
Plate Voltage. .o v ittt ittt ittt it et et 135 volts
Grid No.2 . L i i e i e e e e Connected to cathode at socket
Grid-No.1 (Control-Grid) Voltage. . ...t -1 volt
Plate Resistanee (APProX.). . ... oo iininiin i iin i iiirnaansn 5600 ohms
Transconductance. .. ... ou ittt e e s 9000 umhos
Plate Current. .. ...ttt e 11 ma
Grid-No.1 Voltage (Approx.) for plate current of 100 ga........... .. ... ... -5.5 volts

Maximum Circuit Values:
Grid-No.1-Cireuit Resistance:
For cathode-bias operation. . .. .. ... ... ... . ... ... ... ... .. 1 maxr megohm

AVERAGE PLATE CHARACTERISTICS
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MEDIUM-MU TRIODE—
THREE-PLATE TETRODE

6FH 8 Miniature type used in harmonic
generator applications. Sharp-cutoff
tetrode unit has pair of additional
plates. Outline 12, OUTLINES SEC-
TION. Tube requires nine-contact
socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) 6 volts
HEATER CURRENT 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES:®
Triode Unit:
Grid to Plate . 1.4 upf
Grid to Cathode and Heater . 2.6 my
Plate to Cathode and Heater . 1 ik
Tetrode Unit:
Grid No.lto Plate No.2., . . ... ... .. i e 0.06 max upf
Grid No.l1 to Cathode, Heater, Grid No.2, Plate No.1A, and Plate No.1B 4.5 upf
Plate No.2 to Cathode, Heater, Grid No.2, Plate No.1A,and Plate No.1B 1.4 puf
Tetrode Grid No.1 to Triode Plate. . ........ ... cvir s 0.35 max ppf
Tetrode Plate No.2 to Triode Plate 0.008 mazx uuf
°With external shield connected to cathode.
Characteristics, Class A; Amplifier:
Triode Unit
Plate Voltage. ... . ... ... it i i i as b 100 volts
Grid Voltage .. -1 volt
Amplification Factor 40
Plate Resistance (APDroX.) . . i ii ittt ietrnrnnercransseenaneonss 7400 ohms
Transconductance 5400 umhos
Plate Current. .. ... ......iuiinierneneennonnnn. e 7.9 ma
Grid Voltage (Approx.) for plate current of 100 ua -7 volts

Tetrode Unit with Plates No. 1A and No. 1B Connected to Cathode at Socket
Plate-No.2 Voltage. .. .. .. it ittt e i et it 250 volts

Grid-No.2 Voltage. ... e e e, 250 volts
Grid-No.d Voltage. .. .. oo it ittt et et e et e e -2 volts
Plate-No.2 Resistanee (APDrox.) .. .. ...cieerearennnnnann... . 0.75 megohm
Transconduectance, Grid No.1toPlate No.2. . ................ . 4400 umhos
Plate-No.2 Current. . ... ... i i .. 7.3 ma
Grid-No.2 Current. . ... ... ... i i .. 1.4 ma
Grid-No.1 Voltage (Approx.) for plate No.2 current of 100 ga.. . ... ... .. -7 volts
HARMONIC GENERATOR

Maximum Ratings, (Design-Maximum Values): Triode Unit Tetrode Unil
PLATE VOLTAGE. .. ...... 275 max - volts
PLATE-NO.1A VOLTAGE. . .. - 200 max volts
PLATE-NO.1B VOLTAGE. . .. - 200 max volts
PLATE-NO.2 VOLTAGE. .. ...\ vuvnriannenns .. - 275 mazx volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . .. - 275 max volts
GRID-NO.2Z VOLTAGE. . .o\ o s ittt et nannanennenennns - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE:

Negative-bias value.......... ... ... ... ..t 40 max 40 max volts

Positive-bias value. . .. ....... . ... ... oo ., 0 max 0 mazx volts
PLATE DISSIPATION... ... .., 1.7 max - watts
PLATE-NO.1A DISSIPATION. . .. - 0.3 max watt
PLATE-N 0.1B DISSIPATION. . . . Ceenes - 0.3 max watt
PLATE-NO.2 DISSIPATION. . .. ...ttt it it anesanacaans - 2.3 max watts
GRID-N0.2 INPUT:

For grid-No.2 voltages up to 137.5 volts. . - 0.45 max watt

For grid-No.2 voltages between 137.5 and 210 volts - See curve page 66
Typical Operation With Separate Plate Operation (Tetrode Unit):
Plates-No.1A, No.1B,and No.2 Voltage. . .. .......cvvvruerenssens Ceise 100 volts
Grid-No.2 Voltage. ... .vuiviit i iiiiinene e eeiaannnes heereans e 50 volts
Grid-No.1 Voltage. ... . oovut ittt iiiin e riiennansrannnans vees ~1 volt
Plate-No.1A Current. , . 0.04 ma
Plate-No.1B Current. . . 0.04 ma

Plate-No.2 Current. . . e ©1.6 ma
Grid-No.2 CUITent. . . .. it iee et irernnronenennuenn e roaennsianes 0.3 ma
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Transconductance (Approx.):
Grid No.l to Plate No.1A..... .
Grid No.l to Plate No.1B. ... . .
Grid No.l to Plate No.2.......... e
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:
For fixed-bias operation.........

SHARP-CUTOFF TETRODE

Miniature type used as rf ampli-
fier in vhf tuners of television receivers.
Qutline 11, OUTLINES SECTION.
Tube requires seven-contact socket
o and may be mounted in any position.

HEATER VOLTAGE (AC/DC) . ...ttt it i i e e ieeitaaas
HEATER CURRENT. . . ...t it i ettt e cranavnenns

Plate to Cathode, Heater, Grid No.2, and Internal Shield. . ...
Cathode to Heater. ... ... ... .. ... ... ... cieunn ees
¢ With external shield connected to cathode except as noted.
® With external shield connected to ground.

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. .. ... ... . i it it teinaenanys eeen
GRID-N 0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . .
GRID-NO.2 VOLTAGE. . ... ..ttt it it et tnianenseennrarens .
GRID-N 0.1 (CONTROL-GRID) VOLTAGE, Positive bias value............. e
CATHODE CURRENT. . . ...ttty reecnrnaaannnan Ceseaees
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 90 volts. ...................

For grid-No.2 voltages between 90 and 180 volts
PLATE DISSIPATION . . ... . ittt i ie i inttatennsnstannns .e

PeEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. .
Heater positive with respect to cathode. .. .........................

AVERAGE CHARACTERISTICS

Triode Unit
0.5 max

70 umhos
70 umhos
2500 pmhos

Tetrode Unit
0.5 max megohm

6FVé6

6.3 volts
0.2 arpere
0.03 mazx unf
4.5 puf
3 puf
2.7° puf
275 max volts
180 max volts
See curve page 66
0 max volts
20 mazx ma
0.5 max watt
See curve page 66
2 max watts
200 max volts
200%mazx volts
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Characteristics:

Plate Voltage. ... ..ot itiiietietentre e ronarnenensraneseessnasones 125 volts
Grid-N0.2 VOltage. oo et ein et ienanienran et atassas 80 volts
Grid-NO.1 VOILAEE, oot oot eteraeanneiienneanaaaeenasnsosneness -1 volt
Plate Resistance (ADPDPIOK.) . . . ... cvuensenrnuanmannueonananeneaarasnes 0.1 megohm
TrANSCONAUCEATICE . « + v 2 v o s s v ev e e s s eanae s tenannanenseasensisanans 8000 pmhos
Plate CUPIeNt. .. .yt e ettt iee e aia s a e inene . 10 ma
Grid-No.2 CUITENE. . . o\ttt et enanis i e aaai et s eeens 1.5 ma
Grid-No.1 Voltage (Approx.) for plate current of 20 wa. ... . ..........oven -6 volts

Maximum Circuit Value:
Grid-No.1-Circuit Resistance. . . ..........c.. i 0.5 mar wmegohm

* The de component must not exceed 100 volts.

MEDIUM-MU TWIN TRIODE

Miniature type used in direct-

6FW8 coupled cathode-drive rf-amplifier cir-

cuits of vhi television tuners. In such

circuits, one triode unit is used as the

direct- coupled grounded-cathode

driver for the other unit. Outline 12, OUTLINES SECTION. Tube requires nine-
contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) .\« et cov e ottt n e snas 6.3 volts
HEATER CURRENT. . ....... I T 0.4 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):° Unit No.1 Unit No.2
GIId t0 PLALE. « oo oot oo 1.9 1.9 puf
Grid to Cathode, Heater, and Internal Shield........... 3.4 - upk
Plate to Cathode, Heater, and Internal Shield.......... 2.4 - uuf
Cathode to Heater. . ... ........oovu.voiveene . 2 2 ppf
Cathode to Grid, Heater, and Internal Shield. . - 5.2 puf
Plate to Grid, Heater, and Internal Shield.............. - 4 D
° With external shield connected to pin 9.
CLASS A, AMPLIFIER (Eack Unit)
Maximum Ratings, (Design-Maximum Values):
PLATE VOLTAGE. . o v vt evevsvninanes ot oo onasane . . 2504max volts
PLATE DISSIPATION. . . ... ...... .. . 2.2 max watts
CATHODE CURRENT. . ot oot tvvvinnsnnnne o oon o nncessen . . 22 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................ Ceeevesbannns 200%mazx volts
Heater positive with respect to cathode. ............ eereessarennan 200%max volts
Characteristics:
Plate VOLLAZE. . .. oo v vviieuinereonnaaraeerocenansnenss 100 volts
Grid VOIage. . . .o iiiiiiiireiaaeeeareaiaanaranceas e -1.2 volts
Amplification Factor............ e v 33
Plate Resistance (ADProX.) . .coveerrveaarserareonsnoes e bereere s 2500 ohms
TranscoNdUCLANCE. .. . covv e rerrrroaranecerossasanas N et 13000 upmhos
Plate CUTTENE. . . o ve s e e v nnnneranecrccaissosons 15 ma
Grid Volts (Approx.) for plate current of 100 pa..... eeeanebsaaaseaaie -6 volts

Maximum Circuit Yalve:

Grid-Circuit Resistanee. ... ... oviiiiienriuananreornans R 0.5 max megohm
4 Under cutoff conditions in cascode-type circuits with direct-coupled drive, this voltage may be as
high as 300 volts.

5 The dc component must not exceed 100 volts.

POWER PENTODE

Glass octal type used in output stage of
radio receivers where moderate power output is
required. Outline 36, OUTLINES SECTION.

666-6 Tube requires octal socket. Except for inter-
electrode capacitances and a plate resistance of
175000 ohms, this type is electrically identical
with type 6AKS6. Heater volts (ac/de), 6.3;
amperes, 0.15. Type 6G6-G is used principally
for renewal purposes.
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in multivi-
brator-type horizontal-deflection cir- 6GH8
cuits in television receivers employing

aseriesheater-string arrangement. Also

used for age-amplifier or sync-separa-

tor applications in such receivers. Outline 12, OUTLINES SECTION. Tube re-
quires miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) st e v vv e ennioeinernnnaenerrrneenonson . 6.3 volts
HEATER CURRENT, . ... vivtiieinennrnenanonsnnes P, . 0.45 ampere
HEATER WARM-UP TIME (AVerage.)......covvservecrnsens Che e 11 seconds
Without With
DIRECT INTERELECTRODE CAPACITANCES: External External
Triode Unit: Shield Shield*
GridtoPlate. . ......oiiiiii it e .. 1.6 1.6 puf
Grid to Cathode, Heater, Pentode Grid No.3, Pentode
Cathode, and Internal Shield. . ..................... 3.4 3.6 ppf
Plate to Cathode, Heater, Pentode Grid No.3, Pentode
Cathode, and Internal Shield. .. .......... ... .. 0.0 1.7 2.2 upf
Heater to Cathode. .. ..oo v tiiiiiiin o s 3 3* puf
Pentode Unit:
Grid No.ttoPlate. . ......ciiviin i ininanans 0,02 max 0.015 max uuf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield. .......... ...t 5.5 5,5 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield............ .ot irinrnenrnn. 2.6 3.4 uuf
Heater to Cathode, Grid No.3, and Internal Shield. ..... 3 3 pupf

o With external shield connected to cathode of unit under test except as noted.
® With external shield connected to ground.

HORIZONTAL-DEFLECTION OSCILLATOR

For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Maximum Values): Triode Unit Pentode Unit
PLATE VOLTAGE. .« <ttt iev it v vana e tanraroarnnereninne 330 max 350 max volte
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . ............ - 330 max volts
GRID-NO.2 VOLTAGE, . ... ..o covven e - See curve page 66
GRID-N 0.1 (CONTROL-GRID) VOLTAGE:
Positive-bias value......... ... ... iiiiiiiiiienns 0 mazx 0 max volts
Peak negative value. ....... ... .. .o i iiiiiiis - =175 max volts
PEAK CATHODE CURRENT. 4 . 0ot vvivrninnanarveanncnnsns - 300 max ma
AVERAGE CATHODE CURRENT. . s 0. it viiiiini i nacnnen - ' 20 mazx ma

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
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GRID-N0.2 INPUT:

For grid-No.2 voltages up to 165 volts,..... erireraaes - 0.55 mazx watt
For grid-No.2 voltages between 165 and 330 volts....... - See curve page 66
PLATE DISSIPATION., . ... ... .. e [N eenen 2.5 mazx 2.5 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode......... IR 200 max 200 max volts
Heater positive with respect to cathode............ cees 200®max 200" maz volts
® The de component must not exceed 100 volts.
Maximum Circvit Values:
Grid-No.1-Circuit Resistance:
For fixed-biasoperation. . ......ooiviviiiiiiiiineans 2.2 max 2.2 max megohms
For cathode-bias operation. ... .......co vt riniaens 2.2 max 2.2 mazx megohms
CLASS A, AMPLIFIER
Characteristics: Triode Unit Pentode Unit
Plate Voltage.........vovvenns et a s 125 125 volts
Grid-No.2 Voltage. ... .o oo vt it iei i iiie et - 125 volts
Grid-No.l Voltage. ... ... v iiiiirii e eaenscnainnan -1 -1 volts
Amptification Factor......... oo i 46 -
Plate Resistance (APProX.) .. . s cuve it inrnrerriorsneranen 5400 200000 ohms
TranscondUcCtanCe. .. ..ot vit et ie e e 8500 7500 umhos
Plate CUITONT, . . oottt ot i e eae e e ea s aens 13.5 12 ma
Grid-No0.2 CUITENt. . .o .ot it it i ie it i iaan s - 4 ma
Grid-No.1 Voltage (Approx.) for plate current of 10 wa....... -8 -8 volts

AVERAGE CHARACTERISTICS
PENTODE UNIT
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SEMIREMOTE-CUTOFF PENTODE

oMo}

Miniature type used in gain-con- " ‘ (&c2

6GM6 trolled picture-if stages of television ‘ ‘
receivers operating at intermediate fre- K N G3

quencies in the order of 40 megacycles. (") 15

) Tube features high transconductance GI

and relatively low capacitances. Outline 11, OUTLINES SECTION. Tube re-

quires seven-contact socket and may be mounted in any position.

HEATER VOLTAGE (AC/DC) ...ttt sinenenasnssacanerosononarasenaneses 6.3 volts
HEATER CURRENT. ¢ o o o vt tvurnonssonerannasansosoessonsenasnssossouoss 0.4 ampere
Without With
External External
DIRECT INTERELECTRODE CAPACITANCES: Shield Shield®
Grid Nod toPlate. . .. ...ioieiorianeresaancnnes 0.036 max 0.026 max puf
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3,
and Internal Shield........ ... .o i 10 10 puf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield.. ... ..ottt e eaaas 2.4 3.4 uuf



= = Technical Data

CLASS A, AMPLIFIER

Maximum Ratings, (Design-Mazimum Values):

PLATE VOLTAGE. ... ..ottt ittt itiia i anacnorsnsannans e 330 max volts
GRID N0.3 (SUPPRESSOR GRID) Connect to cathode at socket
GRID-N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . ...t ettvvneveenrnnarassans 330 max volts
GRID-NO.2 VOLTAGE. . ..\ ot teeetitceiieniinseinsnsans . \ See curve page 66
GRID-No0.1 (CONTROL-GRID) VOLTAGE, Positive-bias value . 0 max volts
PLATE DISSIPATION. o oot it iiie it ien e atnsatessnsaaonsnansensens 3.1 max watts
Grip-No.2 INPUT:
For grid-No.2 voltagesup to 165 volts. . ... ... i iiiiinian, 0.65 max watt
For grid-No.2 voltages between 165 and 830 volts....... N See curve page 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode..... fetaeetareraaberaeraann 200 max volts
Heater positive with respect to cathode....... et aesaasareretanrens 200®%max volts
Characteristics:
Plate Supply Voltage. . ... couiiin i iiseiraiinsoaasrasons et 125 volts
Grid No.3 and Internal Shield............... v ..... Connected to cathode at socket
Grid-No.2 Supply Voltage. ............ e e reeiasesae e 125 volts
Cathode-Bias Resistor. . .. .o vttt it it iiarrinsasanrasnans 56 ohms
Plate Resistance (Approx.).......... e, e 0.2 megohm
TranscOnAUCLANCE . . .. v vve v enraensoaenoncnnsiosoeneasasns RPN .. 13000 pmhos
Grid-No.1 Voltage (Approx.) for transconductance of 60 umhos. . ..... P -15 volts
Plate CUrTent. . o oo oot ittt ii ittt iene i eanionnaanraersons e 14 ma
Grid-No.2 Current. . .. ....ovitiiiviiiiianavrannaens P PN 3.4 ma
° With external shield connected to cathode.
® The de component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
TYPE 6GME
E¢=63VOLTS
GRIO N23 AND INTERNAL
w SHIELD CONNECTED
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w GRID-N%2 VOLTS = 125
2 Iy -
3 B—
)
3, . /
i) \ -0.5
z \l —T 1 ]
%‘
£ GRID-N2 1 VOLTS ECIZ-
: \\ E—
S
3ol 11 -8
w
< I_'j
i s EC) =-2.5
— -3
T
I !
o 300 200
PLATE VOLTS
92CM-10390T 1
. TWIN DIODE
Dz e
Metal type 6H6 and glass octal 6H6

HEE) (7)H type 6H6-GT used as detectors, low-

N4 voltage rectifiers, and ave tubes. Ex- 6H6-GT
5:6H6 cept for the common heater, the two

15:6H6-GT diode units are independent of each
other. For diode detector considerations, refer to ELECTRON TUBE APPLICA-
TIONSl SECTION. Type 6H6-GT is a DISCONTINUED type listed for refer-
ence only.

HEATER VOLTAGE (AC/DC). . .suvvsvesrsnnnnncnnnens ieeraerateie e vee.. 6.3 volts
HEATER CURRENT. ..0.vvvvons e eesee ettt e e eaanens 0.3 ampere



RCA Receiving Tube Mannal

Maximum Ratings: RECTIFIER OR DOUBLER
PEAK INVERSE PLATE VOLTAGE. « . cevvuutenntnnerrrearsnsasssssssnsocconss 420 max volts
PEAK PLATE CURRENT (Per Plate) ....... ... iciiiiiiiinerienincinonnes 48 mazx ma
DC OUuTPUT CURRENT (Per Plate) . .......civiiiiiiieiiinnniseesoeresnones 8 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ PPN 330 max volts
Heater positive with respect to cathode...........coiviviiioen veevssess 330 max volts
Typical Operation As Half-Wave Rectifier®
AC Plate Voltage (Per Plate, rms) ... ......cviiiviarsoranns 117 150 volts
Min. Total Effective Plate-Supply Impedance (Per Plate)”. ... 15 40 ohms
DC Qutput Current (Per Plate) ...........cccviiinnieeiann 8 8 ma
Typical Operation As Voltage Doubler Half-Wave Full-Wave
AC Plate Voltage (Per Plate, rms) . . ... viveecnnvrenonnann 117 117 volts
Min. Total Effective Plate-Supply Impedance (Per Plate)°.... 30 15 ohms
DC Output Current................... e 8 8 ma

* In half-wave service, the two units may be used separately or in parallel.
° When a filter-input capacitor larger than 40 uf is used, it may be necessary to use more plate-supply
impedance than the value shown to limit the peak plate current to the rated value.

INSTALLATION AND APPLICATION

Types 6H6 and 6H6-GT require an octal socket and may be mounted in any
position. Type 6H6-GT may be supplied with pin No.1 omitted. Outlines 1 and 22
respectively, OUTLINES SECTION.

For detection, the diodes may be utilized in a full-wave circuit or in a half-
wave circuit. In the latter case, one plate only, or the two plates in parallel, may be
employed. For the same signal voltage, the use of the half-wave arrangement will
provide approximately twice the rectified voltage as compared with the full-wave
arrangement.

For automatic volume control, the 6H6 and 6H6-GT may be used in circuits
similar to those employed for any of the twin-diode types of tubes. The only differ-
ence is that the 6H6 and 6H6-GT are more adaptable because each diode has its
own separate cathode.

L

G)
MEDIUM-MU TRIODE

6J5 Metal type 6J5 and glass octal

t -G d t i-
ype 6J5-GT used as detectors, ampli | G’o

6 J 5 -GT fiers, or oscillators in radio equipment.
These types feature hightransconduct-  seJs K

ance together with comparatively °°*°7¢7
high amplication factor. Outlines 3 and 24, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For typical
operation as resistance-coupled amplifiers, refer to Chart 6, RESISTANCE-
COUPLED AMPLIFIER SECTION.

e

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. .. .itiviirainannorranssns 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6J5* 6J5-GT**
Gridto Plate. . ... oo it ittt isee s 3.4 3.8 uuf
Grid to Cathode and Heater. . ... ....cooivvivinoneennn 3.4 4.2 puf
Plate to Cathode and Heater. . ... ...ccvvuvirntonroans 3.6 5.0 upf
* Shell connected to eathode. =+ Bage sleeve and external shield connected to cathode.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . s o0ttt eneesesotonsennssasssosetstoatostossrneanssststss 300 max volts
GRID VOLTAGE, Positive Bias Value .. ..o ooviveriineiiiriiiieriiecaennns 0 max volts
PLATE DISSIPATION. . o0yt nserennesrosrrnsnasssostosstestsannratassssssss 2.5 max watts
CATHODE CURRENT. . .0 vevvuenserassenasensetosssreasssssssssaostasssnnans 20 max ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............. ..ot 90 max volts
Heater positive with respect to cathode. ... ... ..., 90 max volts



— Technical Data —

Characteristics:

Plate Voltage.......... . S 90 250 volts
Grid Voltage. ........coviiiiiiiinnrenenenens Ceeeaeas eaaean . 0 -8 volts
Amplification Factor. ... ... ... i ittt e iiteania, 20 20

Plate Resistance (ADPProX.) ... .v.ureeeneeeierneennsesnseenseas . 8700 7700 ohms
Transconductance. .........vviiiiirnrerreansarcensans veeea... 3000 2600 umhos
Grid Voltage (Approx.) for plate current of 10 wa................. -7 -18 volts
Plate Current.. . ..ot it et iaetsitnennonenennrnnanan 10 9 ma

Maximum Circuit Value:
Grid-Circuit Resistance. ... ... ittt e iieietstnnentaaearanss . 1,0 max megohm

T
TYPE 6J5
E ¢=6.3 VOLTS )
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PLATE VOLTS 92CM-477IT
MEDIUM-MU TWIN TRIODE h
Miniature type used as combined
rf power amplifier and oscillator or as 6 J 6

twin af amplifier. With push-pull ar-

rangement of the grids and the plates

in parallel, it is also used as a mixer at

frequencies as high as 600 megacycles per second. Outline 11, OUTLINES SEC-
TION. Tube requires miniature seven-contact socket and may be mounted in any
position.

HEATER VOLTAGE (AC/DC).. [N . volts
HEATER CURRENT. . .0t tveteeee i eennerusnnacnesesasossnsesscnss . ampere
Without
Egzternal External

DIRECT INTERELECTRODE CAPACITANCES (Each Unit, Approx.): Shield Shield

GridtoPlate. . ... ... .. it i e 1.6 1.6 puf

Grid to Cathodeand Heater..............c.cocvununns. 2.2 2.6 uuf

Plate to Cathode and Heater (Unit No.1). ............. 0.4 1.6 uuf

Plate to Cathode and Heater (Unit No.2).............. 0.4 1 puf
Maximum Ratings: CLASS A; AMPLIFIER (Each Unit):
PLATE VOLTAGE. . ..ot tiit e etinaesetecnannoonssunnsasnnanessanns 300 mazx volts
GRID VOLTAGE, Positive-Bias value. . .............oiiiiiiiiiiiiinnnns 0 max volts
PLATE DISSIPATION. . . .. ittt ittt ivtonsnraansnerassansasnsanns 1.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. .............ciiiiiinnans, 100 max volts
Heater positive with respect to cathode........... .. .. 100 max volts

Characteristics:
Plate Voltage......... e eeeveaianiaaa eerraaerrereaans 100 volts
Cathode-Bias Resistor......... P [ 50t ohms
Amplification Faetor................ e e P Cieeaeens 38
Plate Resistance (APDProX.). .o vt iriurneverernnniseeenransoeness ves 7100 ohms
TranscoNdUCLANCR. « oo v e venreesnoreersneossrstnssssceseoncasaonsnos 5300 umhos
Plate Current. .. .our i onivet i eiirrnersrroassansesenneronserenasos 8.5 ma



RCA Receiving Tube Manunal

Maximum Circuit Values:

Grid-Circuit Resistance:
For fixed~bias operation. .. ........ouiiiiiii it Not recommended
For cathode-bias operation. . ........... ... ... ..o i i e, 0.5 max megohm
t Value is for both units operating at the specified conditions.

RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy
Key-down conditions per tube without modulation
Maximum Ratings (Fach Unit):

PLATE VOLTAGE. . .. ... ittt ie et 300 mazx volts
GRID VOLTAGE:

Negative-bias value................ R . —40 mazx volts

Positive-bias value. . . . 0 max volts
PLATE CURRENT. . ... . . c 15 max ma
GRID CURRE? 8 max ma
PLATE INPUT. .. 4.5 max watts
PLATE DISSIPATIO? 1.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode............................ 100 max volts

Heater positive with respect tocathode. . ...............00veun.. 100 max volts
Typical Push-Pull Operation (Both Units):
Plate Voltage. .. ... ... . . ittt i 150 volts
Grid Voltage®. .. .. o e -10 volts
Plate Current........... 30 ma
Grid Current (Approx.). . 16 ma
Driving Power (Approx.) 0.35 watt

Power Output (APProX.) . . .ottt it e 3.5 watts
° Obtained by grid resistor (625 ohms), cathode-bias resistor (220 ohms), or fixed supply.

SHARP-CUTOFF PENTODE

6J7 {

Metal type 6J7 and glass octal

6J7-G types 6J7-G and 6J7-GT are used as
biased detectors or high gain audio H

6J 7_GT amplifiers in radio receivers. Qutlines
4,39,and 23, respectively, OUTLINES 8c 637 Gr
SECTION. Type 6J7-GT is used principally for renewal purposes. Type 6J7-G is a
DISCONTINUED type listed for reference only. All types require octal socket and

may be mounted in any position.

HEATER VOLTAGE (AC/DC) . ottt tant e ittt iiianineanescnnnnas e 6.3 volts
HEATER CURRENT. ... 0.t ttttttite e iet e eaae et it nnnennneens 0.3 ampere

Maximum Ratings:

PLATE VOLTAGE. . ..ottt it it e et e s 300 mazx volts
GRID N0.3 (SUPPRESSORGRID) . . ............... Connect to cathode at socket
GRID-N0.2 (SCREEN-GRID) VOLTAGE . . . See curve page 66
GRID-NO.2 SUPPLY VOLTAGE, .. ... 300 max volts

GRID-NO.1 (CONTROL-GRID) VOLTAG .. . .. 0 max volts
PLATE DIESSIPATION. . .. o i it aes 0.75 max watt
GRID-NoO.2 INPUT:

For grid-No.2 voitagesup to 150 volta: . .. ... ... ... i ennnn.n. 0.10 max watt

For grid-No.2 voltages between 150 and 300 volts. ... ................ See curve page 66
PeAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ..............ccouiuunnrn.n 90 max volts

Heater positive with respect tocathode. .. .................coov i 90 mazx volts
Characteristics:
Plate Voltage. . ..o ii it it ittt e 100 250 volts
Grid No.3 . ... i e i i Connected to cathode at socket
Grid-No.2 Voltage. . ..ot iiiii ittt iie e iineennns 100 100 volts
Grid-No.1 Voltage PR -3 -3 volts
Plate Resistance (APProx.).........cuuiiiernreennnennnnn. 1 * megohm
TransconduCtance. .. ...t 1185 1225 usmhos
Grid-No.1 Voltage (Approx.) for plate current of 10 pa. ... .. -7 -7 volts
Plate Current. .. ... .oiiiinten it 2 2 ma
Grid-No.2 Current. . ....c.oii it i 0.5 0.5 ma

Maximum Circuit Valve:
Grid-No.1-Circuit Resistance. ., ... ... ... ... c.ciuirir .. 1.0 max megohm



Technical Data

Maximum Ratings: CLASS A; AMPLIFIER {Triode Connection}®

PLATE VOLTAGE. . .04ttt tttseenn e eariiossoncessansnnasnsnse e
GRID-No0.1 VOLTAGE, Positive-bias value....... e raesieieretiiienesann
PLATE DISSIPATION (TOTAL). ............. it recereeseensr s eneann veee

PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......oeveieessnsrericranss
Heater positive with respect to cathode. .. ..ciceevaierenssncncanase

Characteristics:

Plate Voltage. . ........covvevnnas B R T 180
Grid-No.1 Voltage............o0vuus [ N -5.3
Amplification Factor............ teetereseatcesanesesancane 20
Plate Resistance (Approx.) ......... Ceerseesatersaasatanan 11000
Transconductance, ............. Gisesseesesessesnssennane 1800
Plate Current....... e [ T T 5.3

Maximum Circvit Value:
Grid-No.1-Circuit Resistance. .. ... viveivnsereciasesssncesssscesenses

* Greater than 1.0 megohm.
® Grids No.2 and No.3 connected to plate,

TRIODE—HEPTODE CONVERTER

Glass octal type used as a combined triode
oscillator and heptode mixer in radio receivers.
Outline 39, OUTLINES SECTION. Tube re-
quires octal socket. Heater volts (ac/dc), 6.3;
amperes, 0.3. Typical operation—Heptode unit:
plate volts, 250 (300 max); grids-No.2-and-No.4
volts, 100 maz; grid-No.l volts, —3; plate re-
sistance, 1.5 megohms; conversion transconduc-

250 mazx
0 mazx
1.75 max

90 mazx
90 mazx

1.0 max

volts
volts
watts

volts
volts
volts
volts
ohms

wmhos
ma

megohm

6J8-G

tance, 290 umhos; plate ma., 1.4; grids-No.2-and-No.4 ma., 2.8. Triode unit: plate volts, 250 mazx
(applied through 20000-ohm dropping resistor); grid resistor, 50000 ohms; plate ma., 5.0. This is a

DISCONTINUED type listed for reference only.
HIGH-MU TRIODE

Glass octal type used as voltage amplifier
in radio equipment. Outline 23, OUTLINES
SECTION. Tube requires octal socket. Heater
volts (ac/de), 6.3; amperes, 0.3. Characteristics
as class A; amplifier: plate volts, 250 max; grid
volts, —3; amplification factor, 70; plate resis-
tance, 50000 ohms; transconductance, 1400
pmhos; plate ma., 1.1. This is a DISCONTIN-
TED type listed for reference only.

POWER PENTODE

Glass octal type used in output
stage of radio receivers and, triode-
connected, as a vertical deflection am-
plifier in television receivers. It is capa-
ble of delivering moderate power out-

6K5-GT

6K6-GT

G3
put with relatively small input voltage Tube may be used smgly or in push-pull.
This type may be supplied with pin No.1 omitted. Tube requires octal socket and
may be mounted in any position. Outline 22, OUTLINES SECTION. It is espe-
cially important that this tube, like other power-handling tubes, be adequately

ventilated.
HEATER VOLTAGE (AC/DC).. ... eerereeaas ereeiaae tetvesennaae
HEATER CURRENT. .. 0t ivnenariannssnannanoananans PPN .
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Grid No.ltoPlate. ... .. .. i i i i e
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3........... .o
Plate to Cathode, Heater, Grid No.2, and Grid No.3....... Cireaenaes
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE . co e vt vvvsanvnervnn ..
GRID-N0.2 (SCREEN-GRID) VOLTAGE. . . ..
PLATE DISSIPATION. . o0 ittt eniiiriatntaanrvracssoasasosasennena enes
GRID-NO.2Z INPUT . .o vt aeneriertaasasnsssonecrnssensassnens certreaes
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode....... et ereeaeneeaeen P
Heater positive with respect tocathode.................... ... ... ..

* The dc component must not exceed 100 volf.s.

oMe O
QUIT W

315 max
285 max
8.5 mazx
2.8 max

200 max
200% mazx

volts
ampere

[ans
puf
unf

volts
volts
watts
watts

volts
volts



RCA Receiving Tube Manunal

Typical Operation:

Piate Voltage. ......... crevaens 100 250 315
Grid-No.2 Voltage. ............... . 100 250 250
Grid-No.1 (Control-Grid) Voltage -7 -18 -2i
Peak AF Grid-No.1 Voltage............ 7 18 21
Zero-Signal Plate Current..... . eeenen 9 32 25.5
Maximum-Signal Plate Current. ... PPN 9.5 33 28
Zero-Signal Grid-No.2 Current. ............... 1.6 5.5 4.0
Maximum-Signal Grid-No.2 Current . 3 10 9
Plate Resistance (Approx.).... 104000 90000 110000
Transconductance. . ............coooveniannns 1500 2300 2100
Load Resistance. .. .. .......oceiiiveivnnnnan. 12000 7600 9000
Total Harmonie Distortion. .................. 11 11 15
Maximum-Signal Power Qutput............... 0.35 3.4 4.6
Fized Cathode

Typical Push-Pull Operation (Values are for two tubes): Bias Bias
Plate Supply Voltage . ... ..coiiiiiiiiiiniieerianeniarons 285 285
Grid-No.2 Supply Voltage........ oot iiiinniiannnnn, 285 285
Grid-No.1 Voltage ... ... T PPN -25.5 -
Cathode-Bias Resistor ... ... ... . iiiiiiiiierinnrrnnns - 400
Peak AF Grid-No.1-to-Grid-No.1 Voltage., .. ............... 51 51
Zero-Signal Plate Current. . . ... . viviiiriiiirnrernnorenn, 55 55
Maximum-Signal Plate Current. .. ..... ... covivinieiinan. T2 61
Zero-Signal Grid-No.2 Current. ............ . .. 9 9
Maximum-Signal Grid-No.2 Current. .. .....ccoieveeaceanss 17 13
Effective Load Resistance (Plate-to-plate) 12000 12000
Total Harmonic Distortion 4
Maximum-Signal Power Qutput, .. ..c.vviiieeenrraenarnsons 10.5 9.8
Maximum Circuit Valves:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. ............. Ceirserre s e 0.1 max

For cathode-bias operation. . S ebesrteaeai e een 0.5 max
Characteristics (Triode Connection)™:
Plate Voltage. ... ... ittt ittt itineinaensanins N 250
Grid-No.1 Voltage. ...... .. e -18
Plate Current. .......... e 37.5
TransconduUetance. . ... iive it it i i i iy 2700
Amplification Factor. ... ... ...ttt ittt it 6.8
Plate Resistance (APProX.). . ... vttt ittt iarianevennns 2500
Grid-No.1 Voltage (Approx.) for plate current of 0.5 ma.................. —48
* Grid-No.2 connected to plate.

. . VERTICAL DEFLECTION AMPLIFIER (Triode Connection)*

Maximum Ratings: For operation in a 525-line, 30-frame system
DO PLATE VOLTAGE . | . vttt ittt e ir i ie et anaeeennens 815 war
PEAK POSITIVE-PULSE PLATE VOLTAGEt (Absolute maximum) 1200°mas
PeEAK NEGATIVE-PULSE GRiD-NO.1 VOLTAGE -250 max
PEAK CATHODE CURRENT. . ..............u.... 75 max
AVERAGE CATHODE CURRENT. ... ....oivviinnnnn AN 25 max
PLATE DISSIPATION . .. ittt it ineaiarsainrannneosanns 7 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode. ........covivviii i, 200 mox

Heater positive with respect to cathode..... 200mmax
Moaximum Circvit Valve:
Grid-No.1-Cireuit Resistance:

For cathode-bias operation. . . ... oiiiinivenn it 2.2 mar

* Grid No.2 connected to plate.

volts
volts
voita
volts
ma

ma

ma

ma
ohms
umhos
ohms
per cent
watts

volts
volts
volts
ohms
volts
ma
ma
ma
ma
ohms
per cent
watts

megohm
megohm

volts
volts
ma
usmhos

ohms
volts

volts
volts
volts
ma
ma
watts

volts
volts

megohms

i The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning eycle. Ina 525-
line, 80-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

°Under no circumstances should this absolute value be exceeded.
a The dc component must not exceed 100 volts.

REMOTE-CUTOFF PENTODE
6K7 Metal type 6K7 and glass octal types 6K7-
G and 6K7-GT used in rf and if stages of radio
receivers, particularly in those employing ave.
6K7-G Outlines 4, 39, and 23, respectively, OUT-
LINES SECTION. These tubes require octal
6K7 GT socket and may be mounted in any position.
- For electrode voltage supplies and application,
refer to type 6SK7. Heater volts (ac/de), 6.3;

BC 6K7-GT

amperes, 0.3, Typical operation as class A1 amplifier: plate volts 250 (300 mazx); grid No.3 connected to
cathode at socket; grid-No.2 supply volts, 300 max; grid-No.2 volts, 125; grid-No.1 volts, -3; plate
resistance, 0.6 megohm; transconductance, 1650 umhos; plate ma., 10.5; grid-No.2 ma., 2.6; plate dis-
sipation, 2.75 max watts; grid-No.2 input, 0.85 maz watts. Types 6K7 and 6K7-GT are used principally
for renewal purposes. Tvpes 6K7-G is a DISCONTINUED type listed for reference oniy.
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$S:6K8
NC.6K8-G
BC6KB-GT

position.

HEATER VOLTAGE (AC/DC)
HEATER CURRENT

Maximum Ratings:

HEXODE PLATE VOLTAGE. ..
HEexopE GRIDS-N0.2-AND-N0.4 (SCREEN-GRID) VOLTAGE
HexopE GRIDS-N0.2-AND-N 0.4 SUPPLY VOLTAGE
HEXODE GRID-N 0.3 (CONTROL-GRID) VOLTAGE, Positive-bias value
TRIODE PLATE VOLTAGE . « v vt ittt iiine it it iicrtitnnn s steneiinannnns

Technical Data

TRIODE-HEXODE CONVERTER

Metal type 6K8 and glass octal
types 6K8-G and 6K8-GT used as
combined triode oscillator and hexode
mixer in radio receivers. Type 6KS,
Outline 5, type 6K8-G, Outline 39,

HEXODE PLATE DISSIPATION. . .. ...ttt iiien e e
HEXODE GRIDS-NO.2-AND-NO.A INPUT .......ovvvvnniin. .,

TRIODE PLATE DISSIPATION. . . ..ot vveinninennan.
ToTaL CATHODE CURRENT
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ...
Heater positive with respect to cathode

Typical Operation:

Hexode Plate Voltage. . ... ..viintii i iniinnnennnns 100
Hexode Grids-No.2-and-No.4 Voltage...................... 100
Hexode Grid-No.3 Voltage. ................ . -3
Triode Plate Voltage...... 100
Triode Grid Resistor. . e 50000
Hexode Plate Resistance (Approx. . 0.4
Conversion Transconductance. . ... covvviiinviennnenns. 325
Hexode Grid-No.3 Voltage (Approx.) for conversion transcon-
ductanceof 2pmhos. . ........ ... il -30
Hexode Plate Current. .. ... . ..ii et 2.3
Hexode Grids-No.2-and-No.4 Current 6.2
Triode Plate Current. . . . . . ... .. it iiiiiaiinnananns 3.8
Triode Grid and Hexode Grid-No.1 Current 0.15
Total Cathode Current. ........ ... ..o iiiiiiiia., 12.5

6K8

6K8-G
6K8-GT

OUTLINES SECTION. Types 6K8-G and 6K8-GT are DISCONTINUED types
listed for reference only. Tubes require octal socket and may be mounted in any

6.3 volts
0.3 ampere
300 max volts
150 max volts
300 mazx volts
0 mazx volts
125 mazx volts
0.75 max watt
0.7 max watt
0.75 max watt
16 max ma
90 max volts
90 max volts
250 volts
100 volts
-3 volts
100 volts
50000 ohms
0.6 megohm
350 urabos
~30 volts
2.5 ma
6.0 ma
3.8 ma
0.15 ma
12.5 ma

The transconductance of the triode section, not oscillating, of the 6K8 is approximately 3000
gmhos when the triode plate voltage is 100 volts, and the triode grid voltage is 0 volts.

NCOL-G
‘6L6-GB,
6L6-GC

Gy

K
G3

MEDIUM-MU TRIODE

Glass octal type used as detector, amplifier,
or oscillator in radio receivers. Outline 36, OUT-
LINES SECTION. Heater volts (ac/dc), 6.3;
amperes, 0.15. Typical operation and character-
istics: plate volts, 250 max; grid voits, —-9; plate
ma., 8; plate resistance, 9000 ohms; amplifica-
tion facter, 17; transconductance, 1900 umhos;
grid voltage for cathode-current cutoff, -20.
This is a DISCONTINUED type listed for
reference only.

BEAM POWER TUBE

Metal type 6L6 and glass octal
types6L6-G, 61L.6-GB, 6L6-GCareused
in the output stage of audio amplify-
ing equipment, especially units de-
signed to have ample reserve of power-
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6L5-G

6L6
6L6-G

6L6-GB
6L6-GC

delivering ability. These types provide high power output, sensitivity, and high
efficiency. Power output at all levels has low third- and higher-order harmonics.
Outlines 7, 50, 38, and 38, respectively, OUTLINES SECTION. Tubes require an
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octal socket and may be mounted in.any. position. It is especially important that
these tubes, like other power-handling tubes, be adequately ventilated. Type 6L6-G
is a DISCONTINUED type listed for reference only. Type 6L.6-GB is used prin-
cipally for renewal purposes. Type 6L6-GC can be used in place of types 6L6,
6L6-G, 6L6-GA, and 6L6-GB. Type 6L6-GC may be supplied with pin 1 omitted.

HEATER VOLTAGE (AC,/DC) 6.3 volts
HEATER CURRENT. . ..ottt e et vee e e . 0.9 ampere

DIrRECT INTERELECTRODE CAPACITANCES (Approx.): 6L6-GC
Grid NoltoPlate. ..............ooiuiivi i . 0.6 puf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 . . 10 puf
Plate to Cathode, Heater, Grid No.2, and Grid No.3..... 6.5 puf

* With pin 1 connected to pin 8.

CLASS A, AMPLIFIER

6L6, 6L6-G, 6L6-GB  6L6-GC
Design-Center Design-Mazimum

Maximum Ratings: Values Values
PLATE VOLTAGE. . .. ... ... iiiiieeean e, 360 max 500 mar volts
GRID-N0.2 (SCREEN-GRID) VOLTAGE. ... ...0vveerrnennnnn.. 270 mazx 4504mazx volts
PLATE DISSIPATION 19 max 30 maz watts
GRID-NOZINPUT. . . ..ttt et tiiiie e eenas 2.5 maxr 5 max watts
Praxk HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode................ 180 mazx 200 max volte

Heater positive with respect to cathode. . .............. 180 max 200 max volts
Typical Operation:
Plate Voltage. . ...........oviiiit i, 250 300 350 volts
Grid-No.2 Voltage. .. .. ...t .. 250 200 250 volts
Grid-No.1 (Control-Grid) Voltage. . ................ -14 -12.5 -18 volts
Peak AF Grid-No.l1 Voltage. . ..................... 14 12,5 18 volts
Zero-Signal Plate Current. . ....................... 72 48 54 ma
Maximum-Signal Plate Current. . .................. 79 55 66 ma
Zero-Signal Grid-No.2 Current..................... 5 2.5 2.5 ma
Maximum-Signal Grid-No.2 Current. ............... 7.3 4.7 7 ma
Plate Resistance (APProX.). .. ......voheeernnnnnn. 22500 35000 33000 ohms
Transconduetanee. .............viuiiiiiinnneen .. 6000 5300 5200 umhos
Load Resistance. . ............co.vieiinnennnniin. 2500 4500 4200 ohms
Total Harmonie Distortion. . ...................... 10 11 15 per cent
Maximum-Signal Power Output.................... 6.5 6.5 10.8 watts

CLASS A, AMPLIFIER {Triode Connection}t
6L6, 6L6-G, 6L6-GB  6L6-GC

. . Design- Design-
Moximum Rafings: Center Vglues Illaximurrg Values
PLATE VOLTAGE. . ................... e 275 max 450 max volts
PLATE DISSIPATION (TOTAL) . . . oot tityiiiet e, 19 max 30 max watts
Peak HEATER-CATHODE VOLTAGE:

Heater negative with respect to eathode. .............. 180 max 200 max volts

Heater positive with respect to cathode. ............... 180 max 200 max volts
Typical Operation:

Plate Voltage. . .. .. ittt e e e e 250 volts
Grid-No.1 Voltage. .. .. oottt i i ettt tiiiinearaanns ~20 volts
Peak AF Grid-No.l Voltage. ... ov.iiiiie ittt iiiniine e eraeannnnn 20 volts
Zero-Signal Plate Current. ... ... vietiiiiiieaeerrretrrennreeriannns 40 ma
Maximum-Signal Plate Current. ....... ...ttt iiiieninen, 44 ma
Plate Resistance (Approx.)........... N 1700 ohms
Amplification Factor. ... i i e e 8

TranscondUetance. . .. ... .. ittt e e e e 4700 umhos
Load Resistanee.... . ... ... ... ittt 5000 ohms
Total Harmonie Distortion. . ... ..ot iie i 5 per cent
Maximum-Signal Power QUtput..........ovviiiein i v 1.4 watts

1 Grid No.2 connected to plate.

PUSH-PULL CLASS A, AMPLIFIER
Maximum Ratings: (Same as for class A, amplifier)
Typical Operation (Values are for two tubes):

Plate Voltage. . ... i 250 270 volts
Grid-No.2 Voltage. . 250 270 volts
Grid-No.1 Voltage ~16 -17.5 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage. . ................ 32 35 volts
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Zero-Signal Plate Current. . ......o.vviiiriiereernnnasans 120 134 ma
Maximum-Signal Plate Current. ........... ovvuiieennnnn . 140 155 ma
Zero-Signal Grid-No.2 Current. .............civieunnn. P 10 11 ma
Maximum-Signal Grid-No.2 Current............ccovvvanens . 16 17 ma
Effective Load Resistance (Plate-to-plate).................. 5000 5000 ohms
Total Harmonie Distortion. .............ciuivvnenennenen . 2 2 per cent
Maximum-Signal Power Qutput............cvvetiinenenn. 14.5 17.5 watts

PUSH-PULL CLASS AB, AMPLIFIER
Maximum Ratings: {Same as for class A, amplifier)

Typical Operation (Values are for two tubes): 6L6, 6L6-GB, 6L6-GC 6L6-GC

Plate Voltage. ... ... it ii it i iaennnnes 360 360 450 volts
Grid-No.2 Voltage. . .. ..ottt i iieienannnans 270 270 400 volts
Grid-No.1 Voltage............oiiiitiiinnnnnn. ... 225 -22.5 -37 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage.........., 45 45 70 volts
Zero-Signal Plate Current. .. ...... ..o inenennns 88 88 116 ma
Maximum-Signal Plate Current. . .................. 132 140 210 ma
Zero-Signal Grid-No.2 Current.............c0vvv0s . 5 5 5.6 ma
Maximum-Signal Grid-No.2 Current.............. .. 15 11 22 ma
Effective Load Resistance (Plate-to-plate)........... 6600 3800 5600 ohms
Total Harmoniec Distortion. ............,. PN 2 2 1.8 per cent
Maximum-Signal Power Qutput. ................... 26.5 18 55 watts

PUSH-PULL CLASS AB; AMPLIFIER
Maximum Ratings: {Same as for class A, amplifier)
Typical Operation (Values are for two tubes):

Plate Voltage. ... ... ...iiiiiiiiiiiiiininnnns PN 360 360 volts
Grid-No.2 Voltage. ... iiiiiiiiiiiiiiiiiiienenens . 225 270 volts
Grid-No.l Voltage. .. .........oiiiiiiiiiiiieiinnnnnnns e ~18 -22.5 volts
Peak AF Grid-No.1-to-Grid-No.1 Voltage......... erereean 52 72 volts
Zero-Signal Plate Current. . ....... ... iiiiiiirinrinanas . 78 88 ma
Maximum-Signal Plate Current. ................... P 142 2058 ma
Zero-Signal Grid-No.2 Current. ........oovviviarneneninns . 3.5 5 ma
Maximum-Signal Grid-No.2 Current.............. Ceveaeeas 11 16 ma
Effective Load Resistance (Plate-to-plate)............... ven 6000 3800 ohms
Total Harmonic Distortion. ...... ... .0iiiiiiieiienean. 2 2 per cent
Maximum-Signal Power Qutput...........coviiviniinnnaa. 31 47 watts

Maximum Circuit Values:
Grid-No.1-Circuit Resistance:
For fixed-bias operation. . ...ttt ittt B 0.1 max megohm
For cathode-bias operation. . . ... ..ottt i, B 0.5 maxr meghom
4 In push-pull circuits where grid No.2 of each tube is connected to a tap on the plate winding of the
output transformer, this maximum rating is 500 volts,

AVERAGE PLATE CHARACTERISTICS.
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PENTAGRID MIXER

6'_7 Metal type 6L7 and glass octal
type 6L7-G are used as mixers in
6L7-G superheterodyne circuits having a sep-~

arate oscillator stage as well as in

other applications where dual control
is desirable in a single stage. The two separate control grids are shielded from each
other and the coupling effects between oscillator and signal circuits are very small.
For additional information, refer to Frequency Conversion, ELECTRON TUBE
APPLICATIONS SECTION. Outlines 4 and 39, respectively, OUTLINES SEC-
TION. Heater volts (ac/de), 6.3; amperes, 0.3. Typical operation as mixer (values
recommended for all-wave receivers): plate volts, 250 (300 max); grids-No.2-and-
No.4 volts, 150 max; grid-No.1 volts, —6 min; grid-No.3 volts, —15; peak oscillator
volts applied to grid No.3, 18 min; plate dissipation, 1 max watt; grids-No.2-and-
No.4 input, 1.5 max watts; plate ma, 3.3; grids-No.2-and-No.4 ma, 9.2; plate
resistance, greater than 1 megohm; conversion transconductance, 350 pmbhos.
Type 6L7-G is a DISCONTINUED type listed for reference only.

6N 5 Refer to type 6AB5 /6N5

DIRECT-COUPLED POWER TRIODE

Glass octal type used as class A; power am-
6N6 G plifier. Outline 42, QUTLINES SECTION.
- Heater volts (ac/dc), 6.3; amperes, 0.8. For
electrical characteristics, refer to type 6BS5.
Type 6N6-G is a DISCONTINUED  type

listed for reference only.

MEDIUM-MU TWIN G1z M)
POWER TRIODE Q-
PTz P-r.
6N7 Metal type 6N7 and glass octal

type 6N7-GT used in output stage of
6N7_GT radio receivers as class B power ampli- 9" On
fier or with units in parallel as a class ROMIO
A, amplifier to drive a 6N7 or 6N7-GT & eno-or "
as a class B amplifier. Outlines 6 and 22, respectively, OUTLINES SECTION.
Tubes require octal socket and may be mounted in any position. For class B amp-
lifier considerations, refer to ELECTRON TUBE APPLICATIONS SECTION.
Type 6N7 is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) 1ttt veneeeaseonseeantssaneeonsesnssesssseasnseons 6.3 volts
HEATER CURRENT. ...t tuensennuunercssnracesnnsnsotressasasanssasesasenns 0.8 ampere

CLASS B POWER AMPLIFIER
Maximum Ratings (Each Unit):

PrAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode volts
Heater positive with respect tocathode........ocvrciiiiriniennnnnennsns volts
Typical Push-Pull Operation (Unless Otherwise Specified, Values are for Both Units):
Plate-Supply Impedance. . ..........coiiiriiiiiieniiarsienannas [\ 1000 ohms
Effective Grid-Circuit Impedance. . .......coviiiievrennnnnnraan g 516%* ohms
Plate Voltage. . ... ..ottt i iieitai s tannannen 300 300 volts
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Grid Voltage. . ... . ittt iiiieriin it i eiiranneranenns 0 volts
Peak AF Grid-to-Grid Voltage...... . 82 volts
Zero-Signal Plate Current e 35 ma
Maximum-Signal Plate Current.............. PN 70 ma
Peak Grid Current (Each Unit)............ 22 ma
Effective Load Resistance (Plate to plate).. 8000 ohms
Total Harmonie Distortion...... . . 4 8 per cent
Maximum-Signal Power Output 10 watts

** At 400 cycles per second for ciass B stage in which the effective resistance per grid circuit is 500
ohms, and the leakage inductance of the coupling transformer is 50 millihenries. The driver stage should
be capable of supplying the grids of the class B stage with the specified values at low distortion.

CLASS A; AMPLIFIER
Both grids connected together at socket; likewise, both plates
Maximum Ratings: .
............ 300 max volts ~

PLATE VOLTAGE..............
PLATE DisstpaTiON (Perplate) ... .. ... oo 1.0 mazx watt
PeaK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode............ ... .. ............... 90 max volts
Heater positive with respect to cathode. ... . ... ... ... ... ... .. ... . ... 90 max volts
Typical Operation:
Plate Voltage. . ..o vt iiii e i e 300 volts
Grid Voltage, . ........... o -6 volts
Amplification Factor....... 35
Plate Resistance (Approx.). 11000 ohms
Transconductance......... 3200 umhos

Plate CULPent, ..ottt it it aie e 6 7

Plate Load— Depends largely on the design factors of the class B amplifier. In general, the load will be
between 20000 and 40000 ohms.

Power Output—Under maximum voltage conditions, upwards of 400 milliwatts can be obtained.

MEDIUM-MU TRIODE

(Glass octal type used as detector, ampli-
fier, or oscillator in radio receivers. Outline 22,
QUTLINES SECTION. Tube requires octal
socket. Heater volts (ac/de), 6.3; amperes, 0.3. 6P5 'GT
Except for interelectrode capacitances, this
type is identical electrically with type 76. Type
$P5-GT is a DISCONTINUED type listed for
reference only.

LOW-MU TRIODE—
REMOTE-CUTOFF PENTODE

Glass octal type used as an amplifier. OQut-
line 39, OUTLINES SECTION. Heater volts
(ac/dc), 6.3; amperes, 0.3. Except for inter- 6P7-G
electrode capacitances, this type is identical
electrically with type 6F7. Type 6P7-G is a
DISCONTINUED type listed for reference
only.

TWIN DIODE—HIGH-MU TRIODE

Metal type 6Q7 and glass octal types 6Q7- 6Q7
G and 6Q7-GT used as combined detector, am-
plifier, and avc tubes in radio receivers. OQut-
lines 4, 39, and 23, respectively, OUTLINES 6Q7-G

SECTION. Types Q7 and 6Q7-GT are used

principally for renewal purposes. Type 6Q7-G is 6Q7_GT

a DISCONTINUED type listed for reference

c only. Tubes require octal socket. Heater volts

BL6QT-GT (ac/dc), 6.3; amperes, 0.3. These types are simi-

lar electrically in most respects to types 6SQ7 and 6AT6. Maximum ratings and typical operation of the
triode unit as a class A, amplifier are the same as those for type 6 AT6 except that with a plate voltage
of 100 volts, the transconductance is 1200 pmhos and the plate resistance 58000 ohms. For triode-
unit, grid-bias considerations and diode curves, refer to type 6AV6.
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TWIN DIODE— -
MEDIUM-MU TRIODE

Metal type 6RT7 and glass octal types

6R7 6R7-G and 6R7-GT used as combined detector, Pt

amplifier, and ave tubes. Qutlines 4, 89, and 21,
6R7_G respectively, OUTLINES SECTION. Tubes

require octal sockets. Within their maximum H

6R7_GT ratings, these types are identical electrically
with type 6BF6 except for capacitances. Maxi- s:
mum ratings of triode unit as class A, amplifier: NC{
plate volts, 250 max; plate dissipation, 2.5 max

6R7- GT

watts. For typical operation as a resistance-coupled amplifier, refer to Chart 7, RESISTANCE-
COUPLED AMPLIFIER SECTION. Types 6R7-G and 6R7-GT are DISCONTINUED types listed

for reference only. Type 6R7 is used principally for renewal purposes.

MEDIUM-MU TRIODE

Miniature types having high per-

6S4 veance used as vertical deflection am-
plifiers in television receivers. Type

6S4-A 6S4-A has a controlled heater warm-up
time for use in television receivers em-

ploymg series-connected heater strings. Outline 14, OUTLINES SECTION Tubes
require miniature nine-contact socket and may be mounted in any position. Type

684 is a DISCONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC).cvvvvvinrnnnannn it e e P P
HEATER CURRENT. . .ot ttiiiinianeerttsiaaainannnasssons
HEATER WARM-UP TIME (Average) for 6S4-A. .................. N
DIRECT INTERELECTRODE CAPACITANCES (Approx.):

GridtoPlate. . ................ edenar i PR vetseersassannas

Characteristics: CLASS A, AMPLIFIER

Plate Voltage., .. oo it ittt it iiie ittt it iiirnasraraons
Grid Voltage....... o h e e e Ceeneaes
Amplification Factor......cooviiriniiiiniiiniiiniiiniennans esareaaenn

Plate Resistance (Approx) g
Transconductance. ....... eveeeeneen
Plate Current, ......ocoiiiivniiineviniaas
Plate Current for grid voltage of -15 volts..... Ceaens ceseseresesaenaaen

Grid Voltage (Approx)forp]atecurrentof50y.a.........................

VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 80-frame system
Maximum Ratings, (Design-Maximum Values):

DC PLATE VOLTAGE. + oot i ittt titiatiaan s ietaenanaronaresasneens
PEAK POSITIVE-PULSE PLATE VOLTAGE} .. .. ... ... . . iiiiiiinniiians
PEAK NEGATIVE-PULSE GRID VOLTAGE. . v vttt iviiiivnsrvansronnsnss
PEAK CATHODE CURRENT . . ...ttt ettt taeiiaannrenasoanensnan
AVERAGE CATHODE CURRENT. . . .\« ot titttintanrnnraannansannnsnins
PLATE DISSIPATION. . ... vttt ettt iiine e onaseensaeanuiessannanonsn
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode.......................... .. .

Heater positive with respect to cathode, , . ...... ... .. o i i

Maximum Circuit Value:

Grid-Circuit Resistance;
For cathode-bias operation. .. ... ... ittt iiiiiiaiaainns

550 maz
2200 max
~250 max

105 max

30 max

8.5 mazx

200 mazx
200%"max

2.2 max

volts
ampere
seconds

upf
uuf
wuf

volts
volts

ohms
umhos
ma
ma
volts

volts
volts
volts
ma
ma
watts

volts
volts

megohms

t The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a

525-line, 30-frame system, 15 per cent of one vertical seanning cycle is 2,6 mill
@ The dc component must not exceed 100 volts.
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REMOTE-CUTOFF PENTODE

Metal type 6S7 and glass octal type 6S7-G
used in rf and if stages of automobile receivers

employing ave. Outlines 5 and 39, respectively, 657
OQUTLINES SECTION. Type 6S7 is used

principally for renewal purposes. Type 6S7-G is 6S7 G
a DISCONTINUED type listed for reference -

only. Tubes require octal socket. Heater volts,

6.3; amperes, 0.15. Typical operation as Class

A amplifier: plate volts, 250 (300 max); grid-

No.2 volts, see curve page 66; grid-No.2 supply volts, 300 mazx; grid-No.1 volts, -8 (0 max); grid No.3
connected to cathode at socket; plate ma., 8.5; grid-No.2 ma., 2; plate resistance (Approx.), 1.0 meg-
ohm; transconductance, 1750 umhos; plate dissipation, 2.25 max watts; grid-No.2 input: for grid-No.2
voltages up to 150 volts, 0.25 max watt; for grid-No.2 voltages between 150 and 300 volts, see curve
page 66. Peak heater-cathode volts, 90 max.

TRIPLE DIODE—HIGH-MU TRIODE

Glass octal type used as audio amplifier,
AM detector, and FM detector in AM/FM re-
ceivers. Diode unit No.2 is used for AM detec-
tion, and diode units No.1 and No.3 are used 658-GT
for FM detection. Outline 21, OUTLINES
SECTION, except over-all length is 3-5/8 max
inches and seated height is 3-1/16 mazx inches.
Tube requires octal socket. Heater volts (ac/dc),
6.3; amperes, 0.3, Typical operation of triode
unit as class A; amplifier: plate volts, 250 (300 mazx); grid volts, —2; amplification factor, 100; plate re-
sistance (Approx.), 91000 ohms; transconductance, 1100 pmhos; plate dissipation, 0.5 max watt; plate
ma., 0.9; peak heater-cathode volts, 90 mar. Maximum plate ma. for diode units, 1.0 maz (each unit).
Peak heater-cathode volts (diode unit No.1), 90 max. For diode operation curves, refer to type 6AV6.
Type 658-GT is used principally for renewal purposes.

PENTAGRID CONVERTER

Metal type 6SA7 and glass octal
type 6SAT-GT used as converters in 6S A7
superheterodyne circuits. They are
similar in performance to type 6BE6.
For general discussion of pentagrid
types, see Frequency Conversion in
ELECTRON TUBE APPLICA-
TIONS SECTION. Both tubes have
excellent frequency stability. Tubesre-
quire octal socket and may be mounted -
in any position. Outlines 3 and 22, re- 6SA7 GT
spectively, OUTLINES SECTION.
Type 6SA7-GT is used principally for
renewal purposes.

HEATER VOLTAGE (AC/DC) ..ttt vttt iee et etiaiiat et e e 6.3 volts
HEATER CURRENT. . .00ttt ettt et itaati e iteaneiinss 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES for 6SAT:

Grid No.3 to All Other Electrodes (RF Input). ..............c. 0., 9. 5% upf
Plate to All Other Electrodes (Mixer Qutput)............. .0 9.5% upf
Grid No.1 to All Other Electrodes (Ose. Input). ............... ... ... ... T auf
Grid No.83 to Plate. . ... ..o i i et e et 0.25 max* uuf
Grid No8to Grid No.l. . ... i i 0.15 max* - upf
Grid No.lto Plate. ... ... o e 0.06 max* upf
Grid No.1 to Shell, Grid No.5, and All Other Electrodes except Cathode. .. 4.4 upf
Grid No.l toCathode. ... .. ... it ei i 2.6 wupuf
Cathode to Shell, Grid No.5, and All Other Electrodes except Grid No.1. .. 5 unf

* With shell connected to cathode.
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CONVERTER

Maximum Ratings:
PLATE VOLTAGE. .. .ttt tittetitnerotnaaseasecnantnsaatssoarassneeos 300 max volts
GRID NO.5 (SUPPRESSOR GRID) AND SHELL (6SAT7 only)...... Connect to cathode at socket
GRIDS-N0.2-AND-N 0.4 (SCREEN-GRID) VOLTAGE. . ...t vv s ianncanaons 100 max volts
GRIDS-NO.2-AND-N0.4 SUPPLY VOLTAGE. . s ... tiiviiinnnneannennrenas 300 max volts
GRID-N 0.3 (CONTROL-GRID) VOLTAGE:

Negative bias value. ....... ..o it it cii ettt -50 max volts

Positive bias value. . . ...ttt i 0 mazx volts
PLATE DISSIPATION. . .. ..........vvnen e e e s 1.0 max watt
GRIDS-NO.2-AND-NO.4 INPUT. . ..ottt it ie it i e iaanaas 1.0 max watt
CATHODE CURRENT. .ttt ittt ittt aie s annaenernnaeenssrononsnanns 14 max ma
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode......................... ... 90 max volts

Heater positive with respect tocathode........... ... ... .. .. .00, 90 max volts
Typical Operation: Separate Excitationt
Plate Voltage. . .........o i i i e e 100 250 volts
Grid No.5 and shell (6SATonly)............coiiiiiieians Connected to cathode at socket
Grids-No.2-and-No.4 Voltage. . ........ ..o 100 100 volts
Grid-No.3 Voltage. ... ..ot i i iens -2 -2 volts
Grid-No.1 (Oscillator-Grid) Resistor....................... 20000 20000 ohms
Plate Resistance (ADPProX.). . ..ot itnn it ina e 0.5 1.0 megohm
Conversion Transconductance..........................0. 425 450 upmhos
Grid-No.3 Voltage (Approx.) for transconductance of 10 umhos -25 =25 volts
Grid-No.3 Voltage (Approx.) for conversion transconductance

of 100 ymhos. .. ... it et i -9 -9 volts

Plate CUurrent. . .. ..cuvueen i nnner it ranerenennanisnss 3.3 3.5 ma
Grids-No.2-and-No.4 Current 8.5 8.5 ma
Grid-No.l Current. ... ...iiit it i e 0.5 0.5 ma
Cathode Current.... ..ottt nas 12.3 12.5 ma

NOTE: The transconductance between grid No.1 and grids No.2 and No.4 connected to plate (not
oscillating) is 4500 umhos under the following conditions: grids No.1, No.3 at 0 volts; grids No.2 and
No.4 and plate at 100 volts; for 6SA7 only, grid No.5 and shell are connected to cathode at socket.

t The characteristics shown with separate excitation correspond very closely to those obtained in a
self-excited oscillator circuit operating with zero bias.

PENTAGRID CONVERTER

Metal type used as converter in super-

heterodyne circuits. Because of its high conver-

6SB7 Y sion and oscillator transconductance, it is espe-

- cially useful in FM converter service in the 100-

megacycle region. The 6SB7-Y has a micanol

base which minimizes drift in oscillator fre-

quency during warm-up period. For general dis-

cussion of pentagrid types, see Frequency Con-

version in ELECTRON TUBE APPLICATIONS SECTION. Outline 3, OUTLINES SECTION. Tube

requires octal socket and may be mounted in any position. Heater volts (ac/dc), 6.3; amperes, 0.3.

For maximum ratings and characteristics in converter service, refer to type 6BA7. Type 6SB7-Y is
used principally for renewal purposes.

HIGH-MU TWIN TRIODE

Metal type used as phase inverter

6SC7 in radio equipment. Each unit may

also be used in voltage amplifier cir-

cuits. Exceptfor common cathode, each

triodeisindependent of the other. Out-

line 3, OUTLINES SECTION. Tube requires octal socket and may be mounted in
any position.

HEATER VOLTAGE (AC/DC) v.vevunnn.. S N . 6.3 volts
HEATER CURRENT. « 0t ovnnnnntiitsen e inaniniianeessienns RN .. 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Each Unit, Approx.):*
Grid t0 Plabe. . oottt et it aaas 2 puf
Grid to Cathode and Heater. .. ..........iuutinerreniinneiienrsans 2 upf
Plate to Cathode and Heater. .. ........cooviiiiiiiiniinneiniaiinees 3 upf

4 With shell connected to cathode.
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Maximum Ratings: CLASS A, AMPLIFIER (Back Unit):
PLATEVOLTAGE. .. ... oviiiinnann. e iat it
PeEAK HEATER-CATHODE VOLTAGE
Heater negative with respect toeathode. ... ............ivivnnn...
Heater positive with respect to cathode. . ............ccoovvevinnn.ns

Characteristics:

Plate Voltage. . o ... i e s
Grid VOltagE. . ..ottt ittt e e e e

Amplification Faetor...........................
Plate Resistance (Approx.). .. .........covvuen.n.

TransCONAUCLRICE . o ...ttt i ae et et e ta it niiteneerae ey
Plate Current. . ........... ... .oouov..... e e

G HIGH-MU TRIODE
Metal type 6SF5 and glass octal

type 6SF5-GT are used in resistance-

K H
@ V° coupled amplifier circuits. Outlines 3
R OMION and 22, respectively, QUTLINES

NC6SF5-GT SECTION. Type 65F5-GT may be

GT is used principally for renewal purposes.

DIODE—
REMOTE-CUTOFF PENTODE

Metal type used as combined rf or if ampli-
fier and detector or ave tube in radio receivers.
Also used as resistance-coupled af amplifier.
Outline 3, OUTLINES SECTION. Tube re-
quires octal socket and may be mounted in any
position. Heater volts (ac/dc), 6.3; amperes,
0,3. Maximum ratings of pentode unit as class
A amplifier: piate and grid-No.2 supply volts,

250 mazx volts
90 max volts
90 max volts
250 volts
-2 volts

70
53000 ohms
1325 1mhos
2 ma

6SF5

6SF5-GT

supplied with pin No.1 omitted. Tubes require octal socket and may be mounted
in any position, Characteristics, application, and references under type 6F5 apply
to types 6SF5 and 6SF5-GT. Heater volts (ac/de), 6.3; amperes, 0.3. Type 6SF5-

6SF7

300 max; grid-No.2 volts, 100 maz; grid-No.1 volts, 0 maz; plate dissipation, 8.5 max watts; grid-No.2
input, 0.5 max watt; peak heater-cathode volts, 90 max. For diode operation curves, refer to type 6A V6.

Type 6SF7 is used principally for renewal purposes.

PENTODE UNIT AS CLASS A; AMPLIFIER

Characteristics:

Plate Voltage. . .. .. it it it it et iienaann 100
Grid-No.2 Voltage. ................. N 100
Grid-No.1 Voltage. . .......oiiiiinniiiiii i, -1
Plate Resigtance (APpProX.). .. .o .viieiiieniiiriinienenannn 0.2
Transconductance. . . ........i i iiiitiive i 1975
Grid-No.1 Voltage (Approx.) for transconductance of 10 umhos. . -35
Plate Current. . ..... ... ceei i i i e 12
Grid-No.2Current .. . ...t iiiiiieeiieiiriiiicrnaans, 3.4

SEMIREMOTE-CUTOFF PENTODE

Metal type used as rf amplifier in
high-frequency and wide-band appli-
cations. Features high transcon-
ductance with low grid-No.1-to-plate
capacitance. Suitable for frequencies

250 volts
100 volts
-1 volt
0.7 megohm
2050 pmhos
-35 volts
12.4 ma
3.3 ma

65G7

up to 18 megacycles per second (approx.). Two separate cathode terminals enable
the input and output circuits to be eﬁectlvely isolated from each other. Outline 3,
OUTLINES SECTION. Tube requires octal socket and may be mounted in any

position.
247



RCA Receiving Tube Mannal

HEATER VOLTAGE (AG/DC)......... L . .
HEATER CURRENT. ..\ vteinnnineneannnas N e .
DiIrRECT INTERELECTRODE CAPACITANCES:*
GridNo.ltoPlate, .................... P e
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3.............
Plate to Cathode, Heater, Grid No.2,and Grid No.3. .. ..............

4 With shell connected to cathode.

Maximum Ratings:
PLATE VOLTAGE. .
GRID-NO0.2 (SCREEN-GRID) VOLTAGE. . . e .
GRID-NO.2 SUPPLY VOLTAGE, . .ot eiettte ettt inntnnnnanssanenns
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. ................
PLATE DISSIPATION . oottt ittt tinetitnae e tenarniansannananneranenas
GRID-N0.2 INPUT:

For grid-No.2 voltagesup to 150 volts. . . . ........coiirunnrninsnss ..

For grid-No.2 voltages between 150 and 306 volts. .. .................
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............................

CLASS A; AMPLIFIER

Heater positive with respect tocathode. ............................
Characteristics:
Plate Voltage. .........c..oiiiiiiiinnnnnnn. 100 250
Grid-No.2 Voltage. . ........cociv i, 100 125
Grid-No.l1 Voltage...........coiiviennennnnn. -1 -1
Plate Resistance (Approx.).................... 0.25 0.9
Transconductance. . . ..........coonuunuannaan. 4100 4700
Grid-No.1 Voitage (Approx.) for transconductance

of 40 umhos. .. ... .. ... -11.5 -14
Plate Current. ........ooiiiiiienneennannnn, 8.2 11.8
Grid-No.2 Current. .............covvvvnn. . 3.2 4.4

* Greater than 1 megohm.

SHARP-CUTOFF PENTODE

Metal type used as rf amplifier
in high-frequeney, wide-band applica-
tions and as a limiter tube in FM
equipment. Outline 3, OUTLINES
SECTION. Tube requires octal socket

6SH7

6.3
0.3

0.003 mazx uuf
i

volts
ampere

uuf
uuf

300 max volts
See curve page 66

300 mazx volts
0 max volts

3 max’ watts
0.6 max watt
See curve page 66
90 max volts
90 mazx volts
250 volts
150 volts
~2.5 volts
* megohm
4000 umhos
-17.5 volts
9.2 ma
3.4 ma

and may be mounted in any position. Two separate cathode terminals enable the
input and output circuits to be isolated effectively from each other. This type is
not recommended for high-gain audio-amplifier applications because undesirable
hum may be encountered. For typical operation as a resistance-coupled amplifier,
refer to Chart 4, RESISTANCE-COUPLED AMPLIFIER SECTION.

HEATER VOLTAGE (AC/DC) . .ttt vt it iiaenree it et aieannennns
HEATER CURRENT. & .\ttt ittt vt e ettt et e atseianaineaaneenens
DIRECT INTERELECTRODE CAPACITANCES:*
Grid No. T to Plate. . . .. ... . ity
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.8.............
Plate to Cathode, Heater, Grid No.2,and Grid No.3.................

* With shell connected to cathode.

Maximum Ratings: CLASS A, AMPLIFIER

PLATE VOLTAGE. ...ttt ittt eaiiinneeeeaeinneeeernnnnoeecennans
GRID NO.2 (SCREEN-GRID) VOLTAGE
GRID-N0.2 SUPPLY VOLTAGE
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value. ................
PLATE DISSIPATION . o .0t ittt ittt ettt e ieesinee e i in ety
GRID-No0.2 INPUT:

For grid-No.2 voltages up to 150 volts, . .. .....viivrierninnennnnnnns

For grid-No.2 voltages between 150 and 300 volts. ...................
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect tocathode. ............coviiiiiian.,

Heater positive with respect to cathode............. e
Characteristics:
Plate Voltage. .. ......oviiiiiiiiiiinnernnes [ 100
Grid-No.2 Voltage. ... ..ottt iin i iineaananns 100
Grid-No.l Voltage. . ... ooiittiiiieer i eenrinnnrenenns -1
Plate Resistance (APProX.). . ... ..covervinenrenenaraasnans 0.35
TranscondUCtance. . ... .. ittt tannecrevaanarians 4000
Grid-No.1 Voltage (Approx.) for plate current of 10 pa . ..... -4.0
Plate Current, ... .uuiiunierinr e riaaeineriannsennnns 5.8
Grid-No.2Current. .. ... ..ot it 2.1

6.3 volts
0.3 ampere
0.003 max puf
8.5 apf
7.0 upf
300 max volts

See curve page 66

300 max volts
0 mar volts

3 max watts
0.7 max watt
See curve page 66
90 max volts
90 max volts
250 volts
150 volts
~1 volt
0.9 megohm
4900 umhos
~5.5 volts
10.8 ma
4.1 ma
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SHARP-CUTOFF PENTODE

Metal type 6SJ7 and glass octal 6SJ7
type 6SJ7-GT used as rf amplifiers
and biased detectors. As a detector, 6SJ7 = GT
) either type is capable of delivering
BC.65J7-GT large audio-frequency output voltage
with relatively small input voltage. Outlines 8 and 24, respectively, OUTLINES

SECTION. Tubes require octal socket and may be mounted in any position. Type
63J7-GT is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) .\t c et i eeeeseneansenninssnenenennanneneen.. 6.3 volts
HRATER CURRENT. . .o\ttt titn st te et e ettt e e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES for 6SJ7:°
Pentode Connection:
Grid No.L to Plate. . ...ttt it i it e e 0,005 max puf
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. . .......... 6.0 nuf
Plate to Cathode, Heater, Grid No.2,and Grid No.3. .. ............. 7.0 uuf
Triode Connection:.
Grid No.l to Plate. .. ... ittt e it it ein e 2.8 puf
Grid No.1 to Cathodeand Heater...............ciiiiinninnnnun.. 3.4 puf
Plate to Cathode and Heater, . ....ouvveevvniin e, 11 puf
° With shell connected to cathode.
® With grids No.2 and No.3 connected to plate.
CLASS A; AMPLIFIER
. Triode Pentode
Maximum Ratings: C tion* Ci tion
PLATE VOLTAGE. . .ottt is ittt etiiininnininannnnanas 250 max 300 max volts
GRID NO.3 (SUPPRESSOR GRID) . . ...t vcvirnnnnenennnnnnsnss Connect to cathode at socket
GRID-NO.2 (SCREEN-GRID) VOLTAGE. . ... .. ovvvavnn.s . - See curve page 66
GRID-NO.2 SUPPLY VOLTAGE. .. ... ..ot tiiiiiinnane... - 300 mazx volts
GRID-N0.1 (CONTROL-GRID) VOLTAGE, Positive bias value..... 0 maz 0 maz volts
PLATE DISBIPATION. . ittt ittt iiannnnans., 2.5 max 2.5 mazx watts
GRID-N0.2 INPUT:
For grid-No.2 voltagesup to 150 volts. .. ............... - 0.7 max watt
For grid-No.2 voltages between 150 and 300 volts........ - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode................. 90 max 90 max volts
Heater positive with respect to cathode................. 90 max 90 max volts
. . Triode Pentode
Typical Operation: Connection* Connection
Plate Voltage. .. ................. 180 250 100 250 volts
GridNo.3....... ..oy, . - - Connected to cathode at socket
Grid-No.2 Voltage................ - - 100 100 volts
Grid-Ne.l Voltage................ -6 -8.5 -3 -3 volts
Amplification Factor.............. 19 19 - -
Plate Resistance (Approx.} ........ 8250 7600 700000 t ohms
Transconductance. . .............. 2300 2500 1575 1650 wmhos
Grid-No.1 Voltage (Approx.) for plate
currentof 10 pa............... - - -8 -8 volts
Plate Current. . ....covvevnnnvenn. 6.0 9.2 2.9 3.0 ma
Grid-No.2 Current. .............. - - 0.9 0.8 ma
* Grids No.2 and No.3 connected to plate. t Greater than 1 megohm.

52 REMOTE-CUTOFF PENTODE

Metal type 6SK7 and glass octal
type 6SK7-GT are used as rf or if am- 6SK7
H plifiers in radio receivers. They feature -
S165K7 b single-ended construction and inter- 6SK7 GT
BC.63K7-GT lead shields. Because of remote-cutoff
characteristic, these types are able to handle large signal voltages without cross«
modulation or modulation-distortion and are often used in receivers with ave. Out-
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lines 3 and 24, respectively, OUTLINES SECTION. Tubes require octal socket
and may be mounted in any position. Type 6SK7-GT is used principally for re-
newal purposes.

HEATER VOLTAGE (AC/DC) .ttt vttt ittt ettt ait i aie e et aaineaieererannnsnn 6.3 volts
HEATER CURRENT. . o0ttt et ottt e tae e ettt eiaasnaeennaaaneens 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES for 6SKT:*
Grid No.L-to Plate. . ... ... i i iineen i aaeiiannaan 0,003 max pp{
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. ... .. . 6.0 pnuf
Plate to Cathode, Heater, Grid No.2,and Grid No.3. . .............. 7.0 puf
* With shell connected to cathode.
Maximum Ratings: CLASS A, AMPLIFIER
PLATE VOLTAGE. . ... ittt ae e 300mar volts
GRID N0.3 (SUPPRESSOR GRID) . . .. ., .. ....Connect to cathode at socket
GRID-N 0.2 (SCREEN-GRID) VOLTAGE. . . . e e e e See curve page 66
GRID-NO.2 SUPPLY VOLTAGE. . .. ... .\viiiiieianennannnn, .. 300 max volts
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value .. 0 maz volts
PLATE DISSIPATION. . .. .. L i 4.0 marx watts
GRID-NO0.2 INPUT:
For grid-No.2 voltagesupte 1560 volt8. . . . .............................. 0.4 max watt
For grid-No.2 voltages between 150 and 800 volts. . ...................... See curve page 66
PEak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. 90 max volts
Heater positive with respect to cathode. . 90 mox volts
Characteristics:
Plate Voltage . .. ... o it i e it 100 250 volts
Grid No.3 .. ....... ..Connected to cathode at socket
Grid-No.2 Voltage.. ... 10 100 volts
Grid-No.l Voltage.... ........ .. .. . . -1 -3 volts
Plate Resistance (Approx.). .. .. ceel 012 0.8 megohm
Transconductance........... e e e e 2350 2000 umhos
Grid-No.1 Voltage (Approx.) for transconductance of 10 umhos -35 -35 volts
Plate Current. . ... ... . i e e e 13 9.2 ma
Grid-No.Z Current. . ... .. e 4.0 2.6 ma

HIGH-MU TWIN TRIODE

Glass octal type used as phase in-

6SL7_GT verter in radio equipment. Each unit

may also be used in resistance-coupled

amplifier circuits. Outline 22, OUT-

LINES SECTION. Tube requires

octal socket and may be mounted in any position. Except for the common heater,

each triode unit is independent of the other. For typical operation as phase inverter

or resistance-coupled amplifier, refer to Chart 3, RESISTANCE-COUPLED AM-
PLIFIER SECTION.

HEATER VOLTAGE (AC/DC). 6.3 volts
HEATER CURBRENT. . ...ttt ettt ettt e e e sneneens 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.):® Unit No. Unit No. 2
Grid to Plate 2.8 2.8 wuf
Grid to Cathode and Heater 3.0 3.4 uuf
Plate to Cathode and Heater 3.8 3.2 puf
© With external shield connected to cathode.
Maximum Ratings: CLASS A, AMPUFIER (Each 1'nit)
PLATE VOLTAGE. . ... .. .t e e it 300 max volts
GRID VOLTAGE, Positive bias value. . .. 0 mazx volts
PLATE DISSIPATION. .. ... .o it iiie i ienannns 1 mazx watt
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode . 90 mazx volts
Heater positive with respect to cathode. . ................ 90 max volts
Charaocteristics:
Plate Voltage. .................oiiunn., 250 volts
Grid Voltage. ... e . . e . =2 volts
Amplification Faetor........................ 70
late Resistance (Approx.)............... ...44000 ohms
ransconductance. . ..................... 1600 umhos
Plate Current. ... ... e 2.8 ma
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MEDIUM-MU TWIN TRIODE

Glass octal types used as combined 65N7-GT
vertical oscillators and vertical deflec- 6SN7-GTA
tion amplifiers, and as horizontal de-
flection oscillators, in television re- 6SN7 —GTB
ceivers. Each unit may also be used in
multivibrator or resistance-coupled amplifier circuits in radio equipment. Type
6SN7-GTB has a controlled heater warm-up time to permit use in series-connected
heater strings. Outline 22, OUTLINES SECTION. Tubes require octal socket and
may be mounted in any position. Except for the common heater, each triode unit is
independent of the other. For typical operation as resistance-coupled amplifier,
refer to Chart 6, RESISTANCE-COUPLED AMPLIFIER SECTION. Types
6SN7-GT and 6SN7-GTA are DISCONTINUED types listed for reference only.

HEATER VOLTAGE (AC/DC) ....... e 6.3 volts

HEATER CURRENT . .0ttt vt aune s saenseusscnnasnnennnerann 0.6 ampere

HEATER WARM-UP TIME (Average) for 6SN7-GTB .............c...cuun... 11 seconds

DIRECT INTERELECTRODE CAPACITANCES (Approx.) for 6SN7-GTB:

Unit No.1 Unét No.2
4.0 .8

GridtoPlate. . . ... .. .. ... e upf
Grid to Cathodeand Heater. ............................. 2.2 2.6 puf
Plate to Cathodeand Heater. .. ....... ... .. ... ccvvv.it. 0.7 0.7 puf
Maximum Ratings: CLASS A; AMPLIFIER (Each Unit) 6SN7-GTB
PLATE VOLTAGE . . .ottt ittt ittt ettt cinaaen s 450 max volts
CATHODE CURRENT, o .10ttt e ottt e aie i anancnnnnn 20 max ma
PLATE DISSIPATION:
Foreither plate. . . .. .o it e e et 5 max watts
For both plates with both units operating. .. ......... ... .. ... ..t 7.5 mazx watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode............. ... ... ... ....... 200 max volts
Heater positive with respect tocathode. . .., ........................... 200°%nax volts
Characteristics:
Plate Voltage. o« v ovein it e it e e 30 250 volts
Grid Voltage. . . vvvve it e e 0 -8 volts
Amplifieation Factor. ... ... .. ... ... . i, 20 20 .
Plate Resistance (APProX.) ....oooviivirinerinneennnanns 6700 7700 ohms
TranscoNdUCEANCE. . oottt v e incn st ineaneineennnnnseneas 3000 2600 umhos
Plate Current. ..... ..ot i i i e e 10 9 ma
Plate Current for grid voltage of -12.5 volts. ... ............ ~ 1.3 ma
Grid Voltage (Approx.) for plate current of 10 pa. . .......... ~7 -18 volts

Maximum Circvit Value:
Grid-Circuit Resistance:
For fixed-bias operation. . . ...ttt ittt e 1.0 max megohm

° The de component must not exceed 100 volts.

OSCULATOR (Eack Unit)
For operation in a 525-line, 30-frame system

6SN7-GTB
Vertical Horizontal
Deflection Deflection

Maximum Ratings: Oscillator Qscillator
DCPLATE VOLTAGE. . . .ottt ittt it eiaieeans 450 maz 450 mazx volts
PEAK NEGATIVE-PULSE GRID VOLTAGE. .................. —400 max -600 max volts
PEAK CATHODE CURRENT . . ... .ivve it i iineinnnaann 70 max 300 mazx ma
AVERAGE CATHODE CURRENT . ... . ... ..cviirininnnsnnn 20 max 20 mazx ma
PLATE DISSIPATION:

Foreitherplate. ... ........ ittt iiiinninnn., 5 max 5 max watts

For both plates with both units operating............. 7.5 max 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............... 200 mazx 200 maz volts

Heater positive with respect to cathode............... 200°max 200°max volts

Maximum Circvit Valve:
Grid-Circuit Resistance. . 2.2 max 2.2 max wmegohms
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VERTICAL DEFLECTION AMPLIFIER (Each Unit)
For operation in a 525-line, 30-frame system

Maximum Ratings: 6SN7-GTB

DC PLATE VOLTAGE . . . oottt it iae e .. 450 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE < (Absolute maximum) 1500®mar volts
PEAK NEGATIVE-PULSE GRID VOLTAGE ~250 max volts

PEAK CATHODE CURRENT. .. .. R 70 maxr ma

AVERAGE CATHODE CURRENT 20 max ma
PLATE DISSIPATION:
For either plate. . .......... e 5 max watts
For both plates with both units operating. . ............................ 7.5 max watts
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. ... ................. ... ... ..... 200 max volts
Heater positive with respect to cathode. ... ............................ 200°max volts
AVERAGE PLATE CHARACTERISTICS
EACH TRIODE UNIT
Y T ——
TYPE BSN7-GTB
E¢=6.3 VOLTS
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Maximum Circuit Value:

Grid-Cipcuit Resistance:
For cathode-bias operation. ..., ................... et 2.2 mar megohms

# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a
525-line, 30-frame system, 15 per cent of one vertical scanning cycle is 2.5 milliseconds.

® Under no circumstances should this abselute value be exceeded.
° The de component must not exceed 100 volts,

TWIN DIODE—HIGH-MU TRIODE

6SQ7 Metal type 6SQ7 and glass octal

type 6SQ7-GT used as combined de-

6SQ7_ GT tector, amplifier, and ave tube in radio o7

receivers. Qutlines 3 and 24, respec- _

tively, OUTLINES SECTION. Tubes ¢ tar-ct

require octal socket and may be mounted in any position. These types are similar

electrieally to type 6Q7 in many respects, but they have a higher-mu triode. Diode-

biasing of the triode unit is not suitable because of the probability of triode plate-

current cutoff even with relatively small signal voltages applied to the diode cir-
cuit. Type 68Q7-GT is used principally for renewal purposes.

HEATER VOLTAGE (AC/DC) 6.3 volts
HEATER CURRENT. .. .. ottttneeneaniinnnne e 0.3 ampere
DIRECT INTERELECTRODE CAPACITANCES for 6SQ7:°
Triode Unit:
GridtoPlate. . ...................... 1.6 wupf
Grid to Cathode and Heater 3.2 upf
Plate to Cathode and Heater......... 3 upf
Either Diode Plate to Cathode and Heater 3.3 max uuf
Triode Grid to Plate of Diode No.l..o.vi oottt e, 0.08 max puuf
Triode Grid to Plate of Diode No.2....................0ivviinuoo ... 0.04 max uuf

© With shell connected to cathode.
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Maximum Ratings: TRIODE UNIT AS CLASS A; AMPLIFIER

PLATE VOLTAGE. . .ttt vt ittt it i et ittt i e e volts
GRID VOLTAGE, Positive bias value. . volts
PLATE DISSIPATION . .ttt ittt it ittt s isas et raseasanrannnaos . watt
PrAK HEATER-CATHODE VOLTAGE:
Heater negative with respect tocathode.............. . ..o i, 90 max volts
Heater positive with respect tocathode............... ... ..o i 90 max volts
Characteristics:
Plate Voltage.......... . 100 250 volts
Grid Voltage. . ........ . -1 -2 volts
Amplification Factor . 100 100
Plate Resistance (Approx.)......... 110000 85000 ohms
Transconductance................. 925 1175 umhos
Plate CUITENE ..t ii it iir ittt i e eennaaneanonns 0.5 1.1 ma
Maximum Rating:
PLATE CURRENT (Each Unit) ... ... i it 1.0 maz ma

Two diode plates are placed around a cathode, the sleeve of which is common to the triode
unit. Each diode plate has its own base pin. For diode operation curves, refer to type 6AV6,

TWIN DIODE—
MEDIUM-MU TRIODE

°02 PDI
° e e Metal type used as combined detector, am-
K ‘ G T plifier, and ave tube. It is equivalent in per-
‘ formance to miniature type 6BF6. Outline 3, 6SR7
OGN

OUTLINES SECTION. Tube requires octal

H socket and may be mounted in any position.
Heater volts (ac/de), 6.3; amperes, 0.3. Maxi-
s H mum ratings and typical operation of triode

unit as class A: amplifier: plate volts, 2560 max;

grid volts, -9; amplification factor, 16; plate re-

sistance (approx.), 8500 ohms; transconductance, 1900 pmhos; plate ma., 9.5; plate dissipation, 2.5 max
watts; peak heater-cathode volts, 90 max. For diode-operation curves, refer to type 6AV6. Type 6SR7
is used principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Metal type used in rf or if stages of radio
receivers particularly those employing ave. OQut-
line 3, OUTLINES SECTION. Tube requires
octal socket and may be mounted in any posi- 6SS7
tion, Heater volts (ac/dc), 6.3; amperes, 0.15.
Typical operation as class A: amplifier: plate
volts, 250 (300 mazx); grid-No.2 supply volts,
300 max; grid-No.2 volts, 100; grid-No.1 volts,
-8; grid No.3 connected to cathode at socket;
plate resistance (approx.), 1 megohm; transconductance, 1850 gmhos; plate ma., 9; grid-No.2 ma., 2;
plate dissipation, 2.25 max watts; grid-No.2 input, 0.35 max watts. Type 6SS7 is used prineipally for
renewal purposes.

POz PDI TWIN DIODE—MEDIUM-MU TRIODE
\,

Metal type used as combined detector,
amplifier, and ave tube. Within maximum rat-
ings this type is electrically identical to type 6ST7
6BF6 except for interelectrode capacitances and
heater current. Outline 3, OUTLINES SEC-
TION. Tube requires octal socket and may be
mounted in any position. Heater volts (ac/de),

s H 6.3; amperes, 0.15. Maximum ratings of triode

unit as class A; amplifier: plate volts, 2560 max; plate dissipation, 2.5 max watts. For diode operation
curves, refer to type 6AV6, Type 6ST7 is a DISCONTINUED type listed for reference only.

P2 oon - TWIN DIODE—HIGH-MU TRIODE

e Metal type used as combined detector, am-
K PT plifier, and ave tube in radio receivers. Except
e( e for heater-current rating and interelectrode ca-
pacitances, this type is essentially the same elec- 6SZ7

e ° trically as type 6AT6. Qutline 3, OUTLINES
T v H SECTION. Tube requires octal socket. Heater
0 A volts (ae/dc), 6.3; amperes, 0.15. For diode
s H operation curves, refer to type 6AV6. Type
6827 is a DISCONTINUED type listed for

reference only.
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MEDIUM-MU TRIODE

Miniature type used as oscillator

in tuners of uhf television receivers.

6T4 Outline 9, OUTLINES SECTION.
Tube requires miniature seven-contact

socket and may be mounted in any

position.
HBATER VOLTAGE (AC/DC). ittt ettt ettt e it e i 6.3 volts
HEATER CURRENT. L ..ttt ittt ettt ee e 0.225 ampere
AMPLIFICATION FACTOR¥. . ... . it i e en e 13
TRANSCONDUCTANCE® . | ... ittt ettt r et aeee, 7000 umhos

"% For plate-supply volts, 80; cathode-bias resistor, 150 ohms; plate ma., 18.

OSCILLATOR IN UHF TELEVISION RECEIVERS
Maximum Ratings:

PLATE VOLTAGE . . .0ttt it ittt it ettt ataaaneeseeenterneaiinansesanenn 200 max volts
GRID CURRENT . . ..ttt ittt ittt ente e et a et e e 8 max ma
CATHODE CURRENT . . .ttt ittt et et eeane et ennaan i innneaene s 30 max ma
PLATE DISSIPATION. . ..\ ittt ettt e it ee e ettt ittt e eanas 3.5 max watts
Peak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .................... ... ........ 50 max volts
Heater positive with respect tocathode. . ............. ... ..o 50%max volts

4 The de component must not exceed 25 volts.

TWIN DIODE—HIGH-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube in radio receivers. Out-
line 39, OUTLINES SECTION. Heater volts
(ac/dc), 6.3; amperes, 0.15. Typical operation

6T7-G as class A amplifier: plate volts, 250 max; grid
volts, -3; plate ma., 1.2; plate resistance (ap-
prox.), 62000 ohms; amplification factor, 65;
transconductance, 1050 umhos. For dicde oper-
ation curves, refer to type 6AV6. Type 6T7-G
is a DISCONTINUED type listed for reference
only.

TRIPLE DIODE—HIGH-MU TRIODE

6718 Miniature types used as combined

6T 8 A audio amplifier, AM detector, and FM

- detector in AM/FM radio receivers.

Diode unit No.l is used for AM de-

tection, and diode units No.2 and No.3

are used for FM detection. Type 6T8-A has a controlled heater warm-up time for

use in receivers employing series-connected heater strings. Outline 12, OUTLINES

SECTION. Tubes require miniature nine-contact socket and may be mounted in

any position. For typical operation as resistance-coupled amplifier, refer to Chart 3,

RESISTANCE-COUPLED AMPLIFIER SECTION. Type 6T8 is a DISCON-
TINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) ...t ovivititieaiat e iieian et eneiina s 6.3 volts
HEATER CURRENT. . . . ot ittt et e ettt ettt e e en i, 0.45 ampere
HEATER WARM-UP TIME (Average) for 6T8-A. .. ....................... 11 seconds
Without With
DIRECT INTERELECTRODE CAPACITANCES for 6T8-A: External External
Triode Unit: Shield Shield*
Gridto Plate. . .. ... . . i i 1.7 1.7 ppf
Grid to Cathode, Internal Shield (pin 7), and Heater. . .. 1.6 1.7 puf
Plate to Cathode, Internal Shield (pin 7), and Heater. . .. 1.2 2.4 uuf

Diode Units: .
Diode-No.1 Plate to Cathode, Internal Shield (pin 7),

and Heater. .. ...... ... . .0uuiruiin i, 3.8 3.8 upf
Diode-No.2 Plate to Cathode, Internal Shield (pin 3),

and Heater. .. ... .. .. iiiiiinnerinennenannns e 3.8 3.8e paf
Diode-No.3 Plate to Cathode, internal Shield (pin ‘7),

and Heater. . .. ... ... .. .. .. . . .. . i 3.4 3.6 upl
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Diode-No.2 Cathode, Internal Shield (pin 3) to All Other :
Electrodes, and Heater. . .. ........................ 7.5 8.5"
Triode Grid to any Diode Plate. . ......................... 0.034 max 0.034 mox
* With external shield connected to pin 7 except as noted.
® With external shield connected to pin 3.
¥ With external shield connected to pins 4 and 5.

TRIODE UNIT AS CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATEVOLTAGE. . ... ittt iiiiieie ettt ectnsonnannnerrsnnann 330 mazx
GRID VOLTAGE, Positive bias value 0 mazx
PLATE DISSIPATION . .. ..ottt ittt eeiieeee e ene s 1.1 mazx
Prak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode 100 mazx
Heater positive with respect to cathode. .. 100 max
Characteristics:
Plate Voltage. . . ... .ot it e iiiirinaaes 100 250
Grid Voltage. . .............. cee -1 -3
Amplification Factor 70 70
Plate Resistance (Approx.) . 54000 58000
Transconducta8Nee. . . .....vvivireiieneiannannn el 1300 1200
Plate CUTTENt. ... oo oottt ittt eae i ne i een e eennnrnans 0.8 1.0
DIODE UNITS R
Maximum Ratings, (Design-Maximum Values):
PrLaTte CURRENT (Each Unit). .. ... .. ... .. ... . .. ... ... . . ... 5.5 max
PEAK HEATER-CATHODE VOLTAGE (Unit No.| 2;
Heater negative with respeet to cathode... .. ... ... ... ..... . ... .. 100 mazx
Heater positive with respect to cathode. . ........ .. .. ... ... ..., 100 mauzx

AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT

4.0 T
% TYPE 6TB-A |
£42 63 VOLTS !
l

b
©

| 1 |

PLATE MILI!\.,XAMPERES
£ -
\*

Q

300
PLATE VOLTS

accurate radio-receiver tuning. Outline 34,
OUTLINES SECTION. Tube requires six-
contact socket and may be mounted in any
position. For a discussion of electron-ray tube

considerations, refer to ELECTRON TUBE APPLICATIONS SECTION. Heater volts (ac/dc), 6.3;

92CM- 7063T
ELECTRON-RAY TUBE
Glass type used to indicate visually, by
means of a fluorescent target, the effects of a
change in a eontrolling voltage. It is used as a
convenient, hon-mechanical means of indicating 6 U 5

unf
auf

volts
volts
watts

volts
volts

volts
volts

ohms

umhos
ma

ma

volts
volts

amperes 0.3. Typical operation in indicator service: plate- and target-supply volts, 250 (285 max),
target-supply volts, 125 min; series triode-plate resistor, 1 megohm; target ma., 4; triode-plate ma.;
0.24; triode-plate dissipation, 1 mar watt; triode-grid volts (approx.), -22 for 0° shadow angle, 0 for
90° shadow angle; peak heater-cathode volts, 90 max. This type is used principally for renewal purposes.
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REMOTE-CUTOFF PENTODE

Glass octal type used in rf and if stages of

radio receivers employing ave. It is also used as

a mixer in superheterodyne circuits. Maximum

over-all length, 4-7/8 inches; maximum di-

6U 7"G ameter, 1-9/16 inches. Tube requires octal

socket. Heater volts (ac/de), 6.3; amperes, 0.3.

Typical operation as class A: amplifier: plate

volts, 250 (300 max); grid-No.2 supply volts,

300 max; grid-No.2 volts, 100; grid No.3 con-

nected to cathode at socket; grid-No.1 volts, —3; plate resistance (approx.), 0.8 megohm; transconduc-

tance, 1600 umhos; plate ma., 8.2; grid-No.2 ma., 2; plate dissipation, 2.25 max watts; grid-No.2 input,
0.25 max watt. This is a DISCONTINUED type listed for reference only.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6U8 Miniature types used as combined %P
oscillator and mixer tubes in television

6U 8- A receivers utilizing an intermediate fre- ¢,

quency in the order of 40 megacycles

per second. Type 6U8-A has a con-

trolled heater warm-up time for use in television receivers employing series-con-

nected heater strings. Outline 12, QUTLINES SECTION. Tubes require minia-

ture nine-contact socket and may be mounted in any position. Type 6U8is a DIS-

CONTINUED type listed for reference only.

HEATER VOLTAGE (AC/DC) .t vt veetne cue s aaae e etee e iaan e 6.3 volts
HEATER CURRENT. . . . 0ottt ee it et ean s 0.45 ampere
HeATER WARM-Up TIME (Average) for6U8-A. .. ....................... 11 seconds
Without With
DIRECT INTERELECTRODE CAPACITANCES: Ezxternal External
Triode Unit: Shield Shield*
GridtoPlate. . .....coioiiiiiiiii 1.8 1.8 uuf
Grid to Cathode, Heater, Pentode Cathode, Pentode Grid
No.3, and Internal Shield. . ........................ 2.8 2.8 upf
Plate to Cathode, Heater, Pentode Cathode, Pentode Grid
No.3, and Internal Shield.......................... 1.5 2 puf
Pentode Unit:
Grid NoltoPlate. . ..... ... .., 0.010 max 0.006 max i
Grid No.1 to Cathode, Heater, Grid No.2, Grid No.3, and
Internal Shield........... ... .o 0 i, 5.0 5.0 uuf
Plate to Cathode, Heater, Grid No.2, Grid No.3, and In-
ternal Shield...........ccvvvvvuns DN 2.6 3.5
Triode Cathodeto Heater............coocivenvreunrannnen. 3 3e puf
Pentode Cathode, Pentode Grid No.3, and Internal Shield to
Heater. ... ...ooitiiieiinnroanns et e 3 3e puf
Pentode Grid No.1 to Triode Plate . ...................... 0.2 max 0.2 max nuuf
Pentode Plate to Triode Plate. . .. ......... .. ... ... ... 0.1 max 0.02 max pupf

4 With external shield connected to pin 4 except as noted.
® With external shield connected to pin 6.

CLASS A, AMPLIFIER

Maximum Ratings, (Design-Maximum Values): Triode Unit Pentode Unit
PLATE VOLTAGE. . . .. ittt iiin e iaiesnernan 330 max 330 max volts
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . .. ............ - 330 max volts
GRID-NO.2 VOLTAGE. ...\ tettttiat i et annetraneanns - See curve page 66
GRID-NO.1 (CONTROL-GRID) VOLTAGE, Positive bias value.. ... 0 max 0 max volts
PLATE DISSIPATION. . .t ottt iiviie i iiieeniniiinennnens 2.5 max 3 max watts
GRID-No0.2 INPUT:
For grid-No.2 voltagesup to 165 volts. ................ - 0.55 max watt
For grid-No.2 voltages between 165 and 330 volts. ...... - See curve page 66
Peax HEATER-CATHODE VOLTAGE:
Heater negative with respect to eathode................ 200 max 200 max volts
Heater positive with respect to cathode. . .............. 200%max 200"max volts
Characteristics: Triode Unit Pentode Unit
Plate Voltage. . ... e 125 125 volts
Grid-No.2 Voltage. ... ........ .. ey - 110 volts



Technical Data

Grid-No.1 VOltage. .. . ... vovii i ciiiannn ey L7 -1 -1 volt
Amplification Factor . 40 -
Plate Resistance (APProX.). . . ......ouiniiiiniiiinvenenans - 0.2 megohm
TranscondUCEANICE. . . oottt t e ettt 7500 5000 umhos
Grid-No.1 Voltage (Approx.) for plate current of 20 pa....... -9 -8 volts
Plate CUITONt. . . oo v e ettt 13.5 9.5 ma
Grid-No.2 Current. . . ...t - 3.5 ma
® The dc component must not exceed 100 volts.
AVERAGE CHARACTERISTICS
TRIODE UNIT
TYPE 6U8-A
£¢=6.3 VOLTS
o8
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imum overall length 3-1/16 inches

HALF-WAVE VACUUM RECTIFIER

Miniature type used as a damper
tube in horizontal deflection circuits
of television receivers. Outline 17,
OUTLINES SECTION, except max-

’

92CM-7869TI

6V3-A

maximum seated length 2-25,/32 inches. Tube requires miniature nine-contact
socket and may be mounted in any position. It is especially important that this

tube, like other power-handling tubes, be adequately ventilated.
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HEATER VOLTAGE (AC/DC) . . o0t vttt e ee e itetet e raneennneanneennnenes 6.3 volts
HEATER CURRENT. . ... ittt ettt ittt s e it eii e i 1.75 amperes

DAMPER SERVICE

Maximum Ratings: For operation in a 525-line, 30-frame system
PEAK INVERSE PLATE VOLTAGE# (Absolute Mazimum). . ....c..ovveeennn.. 6000fmaz volts
PEAK PLATE CURRENT. . ..\ttt it iiiinne et iaitnneeeeeaninineeens 800 max ma
DC PLATE CURRENT. « . oottt ttttntetseaneennesainasnsasnneennneenss 135 mazx ma
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode# (Absolute Maximum)........ 6750mmazx volts
Heater positive with respect tocathode............................. 300° max volts

# The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a
525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds.

t Under no circumstances should this absolute value be exceeded.

@ The dc component must not exceed 750 volts.

° The de component must not exceed 100 volts.

G2 G
BEAM POWER TUBE . 3
6V 6 Metal type 6V6 and glass octal Q)
type 6V6-GT are used as output am- G) ()
plifiersinautomobile,battery-operated, H "
6V6-GT and other receivers in which reduced ORION
plate-current drain is desirable. Qut- NEve ot 2

lines 6 and 22, respectively, OUTLINES SECTION. Type 6V6-GT may be sup-
plied with pin No.1 omitted. Tubes require octal socket and may be mounted in
any position. The 6V6 and 6V6-GT are equivalent in performance to type 6AQ5-A.
Refer to type 6AQ5-A for average plate characteristic curves.

HEATER VOLTAGE (AC/DC) . . oo itttt it tuienvineennretnnenraneennnn.. 6.3 volts
HEATER CURRENT. - . tttttttte et v ennannneeneeononnannnanneennnnn. 0.45 ampere
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6Ve6° 6V6-GT
Grid NodltoPlate..... ... .. ... ... ... ... oceuniin... 0.3 0.7 auf
Grid No.l to Cathode, Heater, Grid No.2, and Grid No.3. .. 10 9.0 wpf
Plate to Cathode, Heater, Grid No.2, and Grid No.3...... 11 7.5 uuf

° With shell connected to cathode.

CLASS A, AMPLIFIER
Maximum Ratings, (Design-Maximum Values):

PLATE VOLTAGE. . ... 0ot ottt it e e iaieiannee s 350 max volts
GRID-NO.2 (SCREEN-GRID) VOLTAGE . . ... 0uttttenvnnennnnnnnnnnnnnn.. 315 max volts
PLATE DISSIPATION. ... oottt e 14 max watts
GRID-NO.2 INPUT. . ot vttt ittt e it ce e ettt 2.2 maz watts
PeAK HEATER-CATHODE VOLTAGE:. . . ... 6V6 6V6-GT

Heater negative with respect to cathode. . . 100 max 200 max volts

Heater positive with respect to cathode. . .............. 100 max 200" naz volts
Typical Operation:
Plate Voltage. .. ........... ... ... iiiieuinne, 180 250 315 volts
Grid-No.2 Voltage. .. .............coiinvvnn... 180 250 225 volts
Grid-No.1 (Control-Grid) Voltage.............. -8.5 -12.5 -13 volts
Peak AF Grid-No.1 Voltage. .. ................ 8.5 12.5 13 volts
Zero-Signal PlateCurrent. . ................... 29 45 34 ma
Maximum-Signal Plate Current. ............... 30 47 35 ma
Zero-Signal Grid-No.2 Current........... . 3 4.5 2.2 ma
Maximum-Signal Grid-No.2 Current. . 4 7 6 ma
Plate Resistance (Approx.) ......... . 50000 50000 80000 ochms
Transconduetance . 3700 4100 3750 umhos
Load Resistance. ........ 5500 5000 8500 ohms
Total Harmounie Distortion. . . 8 8 12 per cent
Maximum-Signal Power Outpu 2 4.5 5.5 watts
® The de component must not exceed 100 volts.
Characteristics (Triode Connection) :4
Plate Voltage. . .. ... i i e 250 volts
Grid-No.1 (Control-Grid) Voltage. ...........ccooiiiiiennnmannnnn. -12.5 volts
Amplification Factor... ... ... it e 9.8
Plate Resistance (ApPProX.) . . ...ttt e 1960 ohms
Transeonductance. . . ... ..o iiv ittt 5000 umhos
Plate Current. . .. ...ttt L. 49.5 ma
Grid-No.1 Voltage (Approx.) for plate current of 0.5 ma. .. ... . .. .. .. .. -36 volts

4 Grid No.2 connected to plate.
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Maximum Ratings: PUSH-PULL CLASS A; AMPLIFIER
(Same as for class A; amplifier)
Typical Operation (Values are for two tubes):

Plate Voltage. . 250 285 volts
Grid-No.2 Voltage. 250 285 volts
Grid-No.1 (Control- v . -15 -19 volts
Peak AF Grid-No.1-to-Grid-No.l Voltage.................. 30 38 volts
Zero-Signal Plate Current. . ... .. ... iiiiieiniiennnnas 70 70 ma
Maximum-Signal Plate Current. . ............covvveniina, 9 92 ma
Zero-Signal Grid-No.2 Current.............civvinrenennan 5 4 ma
Maximum-Signal Grid-No.2 Current. ... ............0uvunn 13 13.5 ma
Effective Load Resistance (Plate-to-Plate).............. vee. 10000 8000 ohms
Total Harmonic Distortion . ........... ... 0 iiiiiinannnn 5 3.5 per cent
Maximum-Signal Power Output. ..............0.oivniinan, 10 14 watts
Maximum Circuit Values:
Grid-No.1-Circuit Resistance:

For fixed-bias operation. . .. ....ciiitiiviiir i ii i 0.1 mazx megohm

For cathode-bias operation 0.5 max megohm

VERTICAL DEFLECTION AMPLIFIER (Triode Connection)*
For operation in a 525-line, 30-frame system

Maximum Ratings, (Design-Maximum Values):
DCPLATE VOLTAGE . ... \iititt ittt cnaneronsanns 350 max volts
PEAK POSITIVE-PULSE PLATE VOLTAGE£. . .. .. ... .. ... iiiiiennnnnnnn 1200 max volts
PEAK NEGATIVE-PULSE GRID-NO.1 (CONTROL-GRID) VOLTAGE. . ........... 275 max volts
PEAK CATHODE CURRENT. . . ottt ittt tiiittettiaannnnrroneennnas 115 max ma
AVERAGE CATHODE CURRENT . .ottt vttt itraenriniasnninnaennnrannn 40 mazx ma
PLATE DISSIPATION. . . oottt ittt i ti i e i ti e st a e 10 max watts
PEAK HEATER-CATHODE VOLTAGE: 6V6 6V6-GT

Heater negative with respect to cathode................ 100 maz 200 max volts

Heater positive with respeet to cathode................ 100 max 200%nax volts
Maximum Circuit Value:
Grid-No.1-Circuit Resistance:

For cathode-biasoperation. .. ........ ...t irniiiininennnann 2.2 maxr megohms

4 Grid No.2 connected to plate.

# The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle. In a 525-

line, 30-frame system, 15 per cent of one vertical seanning cycle is 2.5 milliseconds.
® The de component must not exceed 100 volts.

TWIN DIODE—LOW-MU TRIODE

Glass octal type used as combined detector,
amplifier, and ave tube. Outline 39, OUT-

capacitances, this type is identical electrically
with type 85. Heater volts (ac/dc), 6.3; am-
peres, 0.3. For diode operation curves, refer to
type 6AV6. Type 6V7-G isa DISCONTINUED
type listed for reference only,

() HALF-WAVE VACUUM RECTIFIER

Glass octal type used as damper

LINES SECTION. Except for interelectrode 6v7 G

tube in television receivers. Outline
& 7 @, 22, OUTLINES SECTION. This type 6wW4 GT

ORIO may besupplied with pin No.1 omitted.
i H Tube requires octal socket and may

be mounted in any position. Socket terminals 1, 2, 4, and 6 should not be used as
tie points. It is especially important that this tube, like other power-handling tubes,
be adequately ventilated. Power-rectifier operation of this type is not recommended.

For curve of average plate characteristics, see page 67.

HEATER VOLTAGE (AC). o vt tvve et rnrnnrnenornnsensvenieenenonarsonss 6.3
HEATER CURRENT. . .. ..\ttt iiinoenerineecnasononennsnnas 1.2
DIRECT INTERELECTRODE CAPACITANCES (Approx.):
Plate to Cathodeand Heater. . ............co it iiieenannnnn 6
Cathodeto Plateand Heater. .. ......cooiiii i .. 13
Heater to Cathode. ... ... ... . .. . i 7

volts
amperes

unf
puf
uuf
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DAMPER

Maximum Rotings: For operation in ¢ 525-line, 30-frame system
PEAK INVERSE PLATE VOLTAGE (Absolute Maximum)* . ................. . 3850 max
PeAK PLATE CURRENT. .. 750 mazx
DC PLATE CURRENT. ...... .. 125 max
PLATE DISSIPATION . ottt ie ettt iiaaaen s eraeenntonanennronnss 3.5 max
PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode (Absolute Maximum)* ... .... 2300%max

Heater positive with respect to cathode. . .......................... 3004mazx

volts
ma
ma
watts

volts
volts

* The duration of the voltage pulse must not exceed 15 per cent of one horizontal scanning cycle. In a

525-line, 30-frame system, 15 per cent of one horizontal scanning cycle is 10 microseconds,
® The de component must not exceed 500 volts.
4 The dc component must not exceed 100 volts.

BEAM POWER TUBE

6W 6 GT Glass octal type used in the audio
- output stage of radio and television
receivers. Triode-connected, it is used

as g vertical deflection amplifier in tele-
vision receivers. Outline 22, OUT-

LINES SECTION. This type may be supplied with pin No.1 omitted.

requires octal socket and may be mounted in any position.

HEATER VOLTAGE (AC/DO) . vt v vt tettienneraotsuuneonaneennseesnaenss 6.3
HEATER CURRENT . & oottt s iieiin et eineeenerioruinaneiensasesanannnn . 1.2
DIRECT INTERELECTRODE CAPACITANCES: (Approx.):
Grid NoltoPlate. ... oo vn i i, 0.8
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3. .. 15
Plate to Cathode, Heater, Grid No.2, and Grid No3.................. 9
Maximum Ratings: CLASS A; AMPLIFIER
PLATE VOLTAGE. ¢ .ttt sttt itinsetsnessnasennneseansrennas 300 max
GRID-N 0.2 (SCREEN-GRID) VOLTAGE . 150 max
PLATE IISSIPATION. . ... viiviiinnnnenns .. 10 maz
GRID-NO.Z2 INPUT. . .ttt ittt iiantonesnainsrnersasnearearanss 1.25 mazx
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode.......................... ves 200 max
Heater positive with respect tocathode............covneinntn. . 200mmax

w The de component must not exceed 100 volts.

AVERAGE PLATE CHARACTERISTICS
PENTODE CONNECTION
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Technical Data

Typical Operation:

Plate Supply Voltage. . .............ivviinnn, R .. 110 200
Grid-No.2 Supply Voltage, . .................. . 110 125
Grid-No.1 (Control-Grid) Voltage. . ........... .. -7.5 —
Cathode-Bias Resistor. .. .................... i — 180
Peak AF Grid-No.l Voltage. ................. e 7.5 8.5
Zero-Signal Plate Current. .. ...........c.o0.... . 49 46
Maximum-Signal Plate Current..,............ . 50 47
Zero-Signal Grid-No.2 Current. . 4 2.2
Maximum-Signal Grid-No.2 Current 10 3.5
Plate Resistance (APProX.). . ..vuerieeuneeenrsernnnennnnss 13000 28000
Transconductance. .. ... ...ooiviieeririniinneonennnnnnnns 8000 8000
Load ResiStance. . ... ..cuuuttitirorinirieeeeeneennnnnnna 2000 4000
Total Harmonic Distortion (APProX.). .........veveveununns 10 10
Maximum-Signal Power Qutput. .................c.cuuun. 2.1 3.8
Characteristics (Triode Connection)*:
Plate Voltage. .. ....vi it e e e it e 225
Grid-No.1 Voltage. . e . -30
Amplification Factor. . . 6.2
Plate Resistance (Approx 1600
Transconductance. ......... . 3800
Plate Current. . ... ... ... ittt 22
Grid No.1 Voltage (Approx.) for plate current of 0.5 ma ~42
*Grid No. 2 connected to plate.
Maximum Circuit Values:
Grid-No.1 Circuit Resistance:
For fixed-bias operation. .. ............... v e e, 0.1 mazx
For cathode-bias operation. .. ... ... .. . ... .. .. iiinarininnnnn 0.5 mazx
VERTICAL DEFLECTION AMPLIFIER
For operation in a 525-line, 30-frame system
. Triode

Maximum Ratings: Connection*
DC PLATE VOLTAGE . . . .ottt ettt i ereiaiannn, 300 mazx 300 max
PEAK PoOSITIVE-PULSE PLATE VOLTAGE} (Absolute Maximum) 1200%nax 1500° mazx
DC GRID NO.2 (SCREEN-GRID) VOLTAGE. .. . .....vvuvrvon.a.. - 150 max
PEAK NEGATIVE-PULSE GRID-NO.1 VOLTAGE. .. —250 max 250 max
PEAK CATHODE CURRENT. . . ... civvvnrrunass 180 max 180 max
AVERAGE CATHODE CURRENT. .. 60 max 60 max
PLATE DISSIPATION. . ............. . 7.5 max 7 mazx
PEAX HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode... e 200 mazx 200 mazx

Heater positive with respect to cathode. ............... 200%nax 200®nax
Maximum Circuit Valve:
Grid-No.1-Circuit Resistance:

2.2 max 2.2 max

For cathode-biasoperation.......................... .
* Grid No.2 connected to plate.

volts
volts
volts
ohms
volts
ma
ma
ma
ma
ohms
umhos
ohms
per cent
watts

volts
volts

ohms
wmhos
ma
volts

megohm
megohm

volts
volts
volts
volts

ma

ma
watts

volts
volts

megohms

1 The duration of the voltage pulse must not exceed 15 per cent of one vertical scanning cycle, In a
525-line, 30-frame system, 15 per cent of one vertical scanning cyele is 2.5 milliseconds.

° Under no circumstances should this absolute value be exceeded.
aThe de component must not exceed 100 volts,
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SHARP-CUTOFF PENTODE

Glass octal type used as biased detector

or high-gain amplifier in radio receivers. Out-

6W7-G line 39, OUTLINES SECTION. Tube requires

octal socket. Heater volts (ac/dc), 6.3; am-

peres, 0.15. Maximum ratings: plate voits, 300

max; grid-No.2 (screen-grid) volts, 100 maxr; grid-

No.2 supply volts, 300 mazx; grid-No.1 (control-

grid) volts, 0 max; plate dissipation, 0.5 max

watt; grid-No.2 input, 0.1 mar watt. Within its maximum ratings, this type is identical electrically
with type 6J7. Type 6 W7-G is a DISCONTINUED type listed for reference only.

H Ne
FULL-WAVE VACUUM RECTIFIER OO
Miniature type used in power sup- G ™
6X 4 ply of automobile and ac-operated radio 3
receivers. Equivalent in performance (2 \_‘ ON

to larger types 6X5and 6X5-GT. Type

6X4 requlres miniature seven-contact
socket and may be mounted in any position. Outline 13, OUTLINES SECTION
It is especially important that this tube, like other power-handling tubes, be ade-
quately ventilated. For discussion of Rating Chart and Operation Characteristics,
refer to INTERPRETATION OF TUBE DATA.

HEATER VOLTAGE (AC/DC) . oottty et ittt ittt nnes 6. .34 volts
HEATER CURRENT . « ..ottt ittt iin ettt e ttan ittt tnascae e enennneans 0.6 ampere

FULL-WAVE RECTIFIER
Maximum Ratings, (Design-Mazimum Values):

PEAK INVERSE PLATE VOLTAGE. . . ..ttt ittt iiiniineineennnennnnenna 1250 mazx volts
STEADY-STATE PEAK PLATE CURRENT (Per Plate) . 245 mazx
AC PLATE SUPPLY VOLTAGE (Per Plate. rms). .. .. ... iiiieiinnanannnnn, See Rating Chart
DC OuTpUT VOLTAGE (At filterinput)t.......................... . 350 max volts
DC Output CURRENT (Each plate)t. . ................... R .. 45 max ma
HoT-SWITCHING TRANSIENT PLATE CURRENT, . ... ....... . .#
P1ak HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode. .. ... 450 max volts
Heater positive with respect tocathode. . ........................ ... ... 200%mazx volts

RATING CHART
T T T

TYPE 6X4
| E¢z6.3VOLTS
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= Technical Data

Typical Operation: Sine-Ware Operation Vibrator Operation
Filter Input Capacitor Choke Capacitor

AC Plate Supply Voltage (Each plate, rms)®......... 325 400 - volts
Filter Input Capacitor.. .......................... 10 - 10 uf
Effective Plate Supply Impedance (Each plate). .. ... 525 - - ohms
Filter Input Choke. . ........... vt - 10 - henries
DC OQutput Current. .. ...........cciuieeiun... 70 70 70 ma
DC Output Voltage at Input to Filter (Approx.). . ... 310 340 240 volts

* When the heater is operated from a 3-cell (nominal-6-volt) storage-battery source, the permissible
heater-voltage range is from 5 to 8 volts.

{ This rating applies when the 6X4 is used in vibrator operation with a minimum duty cycle of 75
per cent.

# If hot-switching is regularly required in operation, the use of choke-input circuits is recommended.
Such circuits limit the hot-switching current to a value no higher than that of the peak plate current.
‘When capacitor-input cireuits are used, 2 maximum peak current value per plate of 1.1 amperes during
the initial cycles of the hot-switching transient should not be exceeded.

® The de component must not exceed 100 volts,
® AC plate supply voltage is measured withoutload,

OPERATION CHARACTERISTICS OPERATION CHARACTERISTICS

FULL~WAVE CIRQUIT, CHOKE INPUT TO FILTER FULL-WAVE CIRCUIT, CAPACITOR INPUT TO FILTER
T T T T j ] 1} T T L — T T T T T
TYPE 6X4 : TYPE 6X4
I E¢=6.3 VOLTS SUPPLY FREQUENCY=60CPS | |- € £ 6.3 VOLTS CITOR= 100§ 1
S:S.‘:Eé 3: '3‘:&'555 '5':%\’,?,] ANCE 4 'Fr%IES -El?rp é’gT?éLpﬁTg-osuFP& IMPEDANCE
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POy
pD,_ FULL-WAVE VACUUM RECTIFIER X
Metal type 6X5 and glass octal 6X5
RO ’o type 6X5-GT are used in power sup- 6x 5 GT
‘ ply of automobile and ac-operated re- -
516X 5 K ceivers. Outlines 6 and 22, respectively,
NC16X5-GT OUTLINES SECTION. Type 6X5-

GT may be supplied with pin No.1 omitted. Both types require octal socket. Type
6X5 should be mounted in vertical position, but horizontal operation is permissible
if pins 3 and 5 are in horizontal plane. Type 6X5-GT may be operated in any posi-
tion. For maximum ratings, and typical operation, refer to type 6X4. Type 6X5
is a DISCONTINUED type listed for reference only.
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MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

6x 8 Miniature type used as combined

oscillator and mixer tube in television

receivers utilizing an intermediate fre-

quency in the order of 40 megacycles

per second. In such service, the 6X8

gives performance comparable to that obtainable with a 6AG5 mixer and an

oscillator cons1stmg of one unit of a type 6J6. When used in an AM/FM receiver,

the triode unit is used as an oscillator for both sections. In the AM section, the

pentode unit is used as a hlgh-gam pentode mixer; in the FM section, the pentode

unit is used either as a pentode mixer or as a triode-connected mixer dependmg on

signal-to-noise considerations. Outline 12, OUTLINES SECTION. Tube requires
miniature nine-contact socket and may be mounted in any position.

HEATER VOLTAGE..... s eee s Cereen eterearaaan 6.3 volty
HEATER CURRENT. . v vvvnennnnsera. cerees eteaseertaeiireaneans 0.45 ampere
Wzthout With
DIRECT INTERELECTRODE CAPACITANCES: External External
TRIODE UNIT: Shield Shields
GridtoPlate............cc.000uu.. e e 1.5 1.5 wuf
Grid to Cathode and Heater. . ... .. overerrss .. 2 2.4 upf
Plate to Cathode and Heater.,.............. . 0.5 1 puf
PENTODE UNIT:
Grid No.1to Plate........ 0.09 max 0.06 max uuf
Grid No.1 to Cathode, Heater, Grid No. 2,and Grid N. 4.6 4.8 unf
Plate to Cathode, Heater, Grid No.2, and Grid No.3 0.9 1.6 upf
Pentode Grid No.1 to Triode Plate. . 0.05 max 0.04 max apf
Pentode Plate to Triode Plate........ PN 0.05 max 0.008 max upf
Heater to Cathode. ... ... .. i ittt 6.5 6.5® puf
* With external shield connected to cathode except as noted.
® With external shield connected to pentode plate.
CLASS A, AMPLIFIER
Maximum Ratings, (Design-Mazimum Values): Triode Unit Pentode Unit
PLATE VOLTAGE .. ...\ttt ittt cieieteiiine s enannnnnas 275 max 275 max voltg
GRID NO.3 (SUPPRESSOR GRID) . . ... vt iieeunnaninninn. - Connect to cathode at socket
GRID N0.2 (SCREEN-GRID) SUPPLY VOLTAGE. . ........... .. - 275 max volts

GRID-NOG.2 VOLTAGE. . ... v ittt iniannnn. .. - See curve page 66
GRiD-NoO.1 (CONTROL-GRID) VOLTAGE, Positive-bias value..... 0 max 0 max volts
AVERAGE PLATE CHARACTERISTICS
TRIODE UNIT
50,
l Iu » / TYPE 6X8
of \ » =/ Ef = 6.3 VOLTS
> %
a | o ’\\’Ii Y
Q, hd o/ Z— AL
ST 4 L/
£ /
- N o
E ~ Ec=+10 / %
2 =51 7
~301A-a = <&
g \o\/ )/ Ky 4
S B ; < 4 H
[«
z / "4 SR B
:._. v / w2 // ,}
o N
2 \ A~ /t // ,/ .-
B <
~ \ / <
Yo y: S 4 // ®
< T — -
SRR N 10
a P ) /:2 A / /0‘
=== .../’, [ o | A
F ////// -\2)
) 50 100 30 200 250 300 350

PLATE VOLTS

264

P2CM-TSIT



s Technical Data

PLATE DISSIPATION......... e AP 1.7 max 2.3 mazx watts
GRID-N0.2 INPUT:
For grid-No.2 voltages upto 137.5 volts . ......... oo - 0.45 mazx watt
For grid-No.2voltages between 137.5 and 275 volts . - See curve page 66
PEAK HEATER-CATHODE VOLTAGE:
Heater negative with respect to cathode..... et e 200 mazx 200 mazx volts
Heater positive with respect to cathode ........... N 200"max 200"maz volts
Characteristics: Triode Unit Penlode Unit
Plate Voltage. . ..o i i ittt ittt et iie s 125 125 volts
Grid N0 it it i i it i e i s — Connected to cathode at sockets
Grid-No.2Voltage..........oviiiineniinnnenans [ - 125 volt
Grid-No.1 Voltage. .. .o oot iiiin ittt ieineanaens -1 -1 volt
Amplification FAactor. . ... oottt 40 -
Plate Resistance (Approx. ) ............................... 6000 300000 ohms
Transconductance. . . ... ..ottt et 6500 5500 amhos
Plate Current. . .. ..o.v it i e e 12 9 ma
Grid-No.2 Current. . .. ... .. e e - 2.2 ma
Grid-No.1 Voltage (Approx.) for plate current of 20 pa....... -7 -6.5 volts

AVERAGE PLATE CHARACTERISTICS
PENTODE UNIT

25 T T T T
+0.5 TYPE €6X8
@ E£26.3VOLTS
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PLATE VOLTS 92CM-T532T
"°2 " FULL-WAVE VACUUM RECTIFIER
Glass type used in power supply of radio re-
e \ e ceivers.Outline340r35, OUTLINESSECTION.
Heater volts (ac/dc), 6.3; amperes, 0.8. The
€s Py maximum ac plate voltage per plate is 350 6Y5
‘ volts (rms), and the de¢ output current is 50
(s) ma. This is a DISCONTINUED type listed
H H for reference only.

BEAM POWER TUBE

Glass octal types used as output 6Y6"G
amplifier in radio receivers. Also used
inrf-operated, high-voltage power sup- 6Y6-G A
plies in television equipment. Except
for envelope size and direct interelec-
trode capacitances, type 6Y6-G and type 6Y6-GA are identical. Qutlines 42 and
33, respectively, OUTLINES SECTION. Tubes require octal socket and may be
mounted in any position.

HEATER VOLTAGE (AC/DC) . . ot oottt esr i et et e ittt ittt enenann 6.3 volts
HEATER CURRENT. .+ttt vn it rint ettt sraeeansonoecinenan 1.25 amperes
DIRECT INTERELECTRODE CAPACITANCES (Approx.): 6Y6-G 6Y6-GA
Grid No.ltoPlate, ......covviiiiiiiiiiiiinnnn, 0.7 0.66 upt
Grid No.1 to Cathode, Heater, Grid No.2, and Grid No.3 15 12 upf
Plate to Cathode, Heater, Grid No.2, and Grid No.3..... 11 7.5 upl

265



CLASS A, AMPLIFIER

Maximum Ratings:

PLATE VOLTAGE............... e e e e e e
GRID-NO.2 (SCREEN-GRID) SUPPLY VOLTAGE. . . . .. et itieerracnnnronnenss
GRID-NO.2 VOLTAGE. . ..\ttt ittt iiin e iiin et ransanansansss

GRID-No0.2 INPUT:

For grid-No.2 voltagesup to 100 volts. .. ....... ..o niinennennnn.
For grid-No.2 voltages between 100 and 200 volts. ..................
PLATE DISSIPATION. . ... i it i ia it e iiansaasnrans

PEAK HEATER-CATHODE VOLTAGE:

Heater negative with respect to cathode............... . ovvevunn...

Heater positive with respect to cathode............. N

Typical Operation:

RCA Receiving Tube Manual

Plate Voltage. .. ..ot iie ittt iienans 135
Grid-No.2 Voltage 135
Grid-No.1 (Control-Grid) Voltage. ...........oovivevinnna. -13.5
Peak AF Grid-No.1 Voltage. . ........... ..o 13.5
Zero-Signal Plate Current. . ........ .. ... ... ... ... 0. 58
Maximum-Signal Plate Current. . ... ... ................ 60
Zero-Signal Grid-No.2 Current. . . ................oooun, 3.5
Maximum-Signal Grid-No.2 Current....................... 11.5
Plate Resistance (APProxX.) .. ......oouiiiiinit i iieunennens 9300
Transconductance 7000
Load Resistance...........cooiitiiiniiiininannnaean, 2000
Total Harmonic Distortion. .........oov it 10
Maximum-Signal Power Qutput.............coviiinnneen.. 3.6

Maximum Circvit Values:

Grid-No.1-Circuit Resistance:

For fixed-bias operation........... U
For cathode-bias operation

6Y7-G

6Z4

6Z5

6Z7-G

HIGH-MU TWIN POWER TRIODE

Glass octal type used as class B amplifier
in output stage of radio receivers. Outline 36,
OUTLINES SECTION. For electrical charac-
teristics, refer to type 79. Heater volts (ac/de),
6.3; amperes, 0.6. This is a DISCONTINUED
type listed for reference only.

Refer to type 84 /6ZA

FULL-WAVE VACUUM RECTIFIER

Glass type used in power supply of radio
receivers. Outline 35, OUTLINES SECTION.
Heater volts (ac/dc), 12.6 in series heater ar-
rangement and 6.3 in parallel arrangement;
amperes, 0.4 (series), 0.8 (paraliel). Maximum
ac plate voltage per plate is 230 volts, and
maximum dc output current is 60 ma. Thisis a
DISCONTINUED type listed for reference
only,

HIGH-MU TWIN POWER TRIODE

Glass octal type used as class B amplifier
in output stage of radio receivers. Qutline 36,
OUTLINES SECTION. Tube requires octal
socket. Heater volts (ac/dc), 6.3; amperes. 0.3.
Typical operation and maximum ratings as
class B power amplifier: plate volts, 180 max;
grid volts, 0; peak plate ma. per plate, 60 mazx;
average plate dissipation, 8 mar watts; zero-

200 max volts
200 max volts
See curve page 66
1.75 max watts
See curve page 66
12.5 max watts
180 max volts
180 max volts
200 volts
135 volts
-14 volts
14 volts
61 ma
66 ma
2.2 ma
9 ma
18300 ohms
7100 pmhos
2600 ohms
10 per cent

6 watfs
0.1 max megohm
0.5 max megohm

signal plate ma. per plate, 4.2; plate-to-plate load resistance, 12000 ohms; output watts, 4.2 with average
input of 320 milliwatts applied between grids. This is a DISCONTINUED type listed for reference only.
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FULL-WAVE VACUUM RECTIFIER

Glass octal type used in power supply of
radio equipment where economy of power is
important. Outline 36, OUTLINES SECTION.
Tube requires octal socket and may be mounted
in any position. Heater volts (ac/dc), 6.3;
amperes, 0.3, Maximum ratings: peak inverse
plate volts, 1250; peak plate ma. per plate,
120; dec output ma., 40; peak heater-cathode
volts, 450. This is a DISCONTINUED type
listed for reference only.

MEDIUM-MU TRIODE

Glass lock-in type used as detector, ampli-
fier, or oscillator in radio equipment. Outline 15,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/de), 6.3; amperes, 0.3,
Maximum ratings, typical operating conditions,
and curves for type 7A4 are the same as for
metal type 6J5. Type TA4 is used principally
for renewal purposes.

BEAM POWER TUBE

Glass lock-in type used as output amplifier
in radio receivers in which the plate voltage
available for the output stage is relatively low.
Outline 20, OUTLINES SECTION. Tube re-
quires lock-in socket. Heater volts (ac/dc), 6.3;
amperes, 0.75. Typical operation and maximum
ratings as class A amplifier: plate volts, 110
(125 max); grid-No.2 volts, 110 (125 mazx);

62Y5-G

7A4

7A5

grid-No.1 volts, -7.5; peak af grid-No.1 volts, 7.5; plate resistance (approx.), 16,000 ohms; transcon-
ductance 5800 umhos; plate ma., zero-signal, 40 (maximum-signal, 41); grid-No.2 ma., zero-signal, 3
(maximum-signal, 7); load resistance, 2500 ohms; total harmonic distortion, 10 per cent; maximum-
signal power output, 1.5 watts; peak heater-cathode volts, 90 maz. This type is used principally for

renewal purposes.

TWIN DIODE

Glass lock-in type used as detector, low-
voltage rectifier, or ave tube. Outline 15, OUT-
LINES SECTION. Tube requires lock-in sock-
et. Heater volts (ac/de), 6.3; amperes, 0.15.
Maximum ratings as rectifier: ac plate volts
per plate (rms), 150; dc output ma. per plate,
8; peak ma. per plate, 45; peak heater-cathode
volts, 380. The application of this type is similar
to that of metal type 6H6. Type TA6 is used
principally for renewal purposes.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers. Outline 15, OUTLINES
SECTION. Tube requires lock-in socket. Heater
volts (ac/de), 6.3; amperes, 0.3. For maximum
ratings, typical operation, and curves, refer to
metal type 6SK7. Type TA7 is used principally
for renewal purposes.

OCTODE CONVERTER

Glass lock-in type used as converter in
superheterodyne circuits. Outline 15, OUT-
LINES SECTION. Tube requires lock-in sock-
et. Heater volts (ac/de), 6.3: amperes, 0.15.
Typical operation and maximum ratings as fre-
quency converter: plate volts, 250 (300 max);
grids-No.3-and-No.5 volts, 100 mazx; grid-No.2
supp!ly volts, 250 applied through a 20000-ohm

7A6

7A7

7A8

dropping resistor (300 max); grid-No.2 volts, 200 max; plate dissipation, 1 max watt; grids-No.3-and-
No.5input, 0.3 max watt; grid-No.2 input, 0.75 maz watt; grid-No.4 volts, -3 (0 max) ; grid-No.1 resistor,
50000 ohms; plate ma., 3; grids-No.3-and-No.5 ma., 3.2; grid-No.2 ma., 4.2; grid-No.1 ma., 0.4; plate
resistance (approx.), 0.7 megohm; conversion transconductance, 550 umhos; peak heater-cathode volts,
90 mazx. This type is used principally for renewal purposes.
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POWER PENTODE

Lock-in type used in output stage of video
amplifier of television receivers. QOutline 20,
7AD7 OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.6.
Characteristics and maximum ratings as Class
A amplifier: plate supply volts, 300 mazx; grid-
No.2 supply volts, 150 (300 max); grid-No.2

volts, see curve page 69; grid-No.1 volts, posi- es
tive-bias value, 0 max; grid-No.2 input, for grid-No.2 voltages up to 150 volts, 1.2 max watts (for grid-
No.2 voltages between 150 and 300 volts, see curve page 66); plate dissipation, 10 mazx watts; cathode-
bias resistor, 68 ohms; plate ma., 28; grid-No.2 ma., 7; plate resistance (approx.), 0.3 megohm; trans-
conductance, 9500 umhos; peak heater-cathode volts, 90 max. This type is used principally for re-

newal purposes.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage amplifier

or phase inverter in radio equipment. Outline

15, OUTLINES SECTION. Tube requires lock-

7AF7 in socket. Heater voits (ac/dc), 6.3; amperes,

. 0.3. Characteristics and maximum ratings as

: Class A: amplifier (each unit): plate supply

volts, 260 (300 maz); grid volts, positive-bias

Coar s value, 0 max; cathode-bias resistor, 1100 ochms;

plate ma., 9; transconductance, 2100 umhos;

amplification factor, 16; plate resistance (ap-

prox.), 7600 ohms, peak heater-cathode volts, 90 maz. This type is used principally for renewal
purposes,

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf amplifier in
ac/de receivers or in mobile equipment where
low heater current drain is important. Outline

7AG7 15, OUTLINES SECTION. Tube requires

lock-in socket. Heater volts (ac/de), 6.3; am-

peres, 0.15. Characteristics and maximum rat-

ings as class A: amplifier: plate and grid-No.2

supply volts, 250 (300 max); grid-No.1l volts,

positive-bias value, 0 max; plate dissipation, 2

mar watts; grid-No.2 input, 0.75 max watt; grid No.3 and internal shield connected to cathode at

socket; plate resistance (approx.), greater than 1 megohm; transconductance, 4200 zmhos; cathode-

bias resistor, 250 ohms; plate ma., 6; grid-No.2 ma., 2; peak heater-cathode volts, 90 max. This type is
used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf amplifier in

high-frequency and wide-band applications.

Outline 15, OUTLINES SECTION. Tube re-

7AH7 quires lock-in socket. Heater volts (ac/de), 6.3;
amperes, 0.15. Characteristics and maximum

ratings as class A amplifier: plate and grid-No.

2 supply volts, 250 (300 mazx); grid-No.2 volts,

250 (see curve page 66); grid-No.1 volts, posi-

tive-bias value, 0 max; plate dissipation, 2 max

watts; grid-No.2 input, for grid-No.2 voltages up to 150 volts, 0.7 maz watt (for grid-No.2 voltages from
150 to 300 volts, see curve page 66); cathode-bias resistor, 250 ohms; grid No.3 and internal shield con-
nected to cathode at socket; plate resistance (approx.), 1 megohm; transconductance, 3300 gmhos;
plate ma., 6.8; grid-No.2 ma., 1.9; peak heater-cathode volts, 90 max. Type TAH?7 is used principally
for renewal purposes. -

MEDIUM-MU TWIN TRIODE e
Miniature type used as combined %72
7 AU7 vertical deflection amplifier and ver-

tical deflection oscillator in television
receivers. This type has a controlled
heater warm-up time for use in re-
ceivers employing series-connected heater strings. Each unit may also be used as a
horizontal deflection oscillator, or in audio mixer, phase inverter, multivibrator,
sync separator and amplifier, and resistance-coupled amplifier circuits in radio
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equipment, QOutline 12, QUTLINES SECTION. Heater volts (ac/de), 7 in series
arrangement, 3.5 in parallel arrangement; amperes, 0.3 (series), 0.6 (parallel);
warm-up time (average) in parallel arrangement, 11 seconds. Except for heater
rating, this type is identical with miniature type 12AU7-A,

NC NC
@) HIGH-MU TRIODE
Glass lock-in type used in resistance-~
coupled amplifier circuits. Outline 15, OUT- 7B 4
LINES SECTION. Tube requires lock-in sock~

et. Heater volts (ac/dc), 6.8; amperes, 0.3.
Except for interelectrode capacitances, this
type has the same maximum ratings and char-
acteristics as metal types 6F5 and 6SF5. Type
7B4 is used principally for.renewal purposes.

POWER PENTODE

Glass lock-in type used in output stage of
radio receivers. Qutline 20, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater 7B 5
volts (ac/dc), 6.3; amperes, 0.4, Except for
interelectrode capacitances, this type is the
same electrically as glass-octal type 6 K6-GT.
Type TB5 is used principally for renewal
purposes.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. Outline 15,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.3. 7B6
Except for interelectrode capacitances, this
type is the same electrically as metal type
6SQ7. Type TB6 is used principally for renewal
purposes.

REMOTE-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers employing ave. Outline 15,
OUTLINES SECTION. Tube requires lock-in 7B7
socket. Heater volts (ac/dc), 6.3; amperes, 0.15.
Characteristics and maximum ratings as class
A: amplifier: plate volts, 250 (800 max); grid-
No.2 volts, 100 max; grid-No.1 volts, -3 (pos-
itive-bias value, 0 max); grid No.3 and internal ~
shield connected to cathode at socket; plate ma., 8.5; grid-No.2 ma., 1.7; grid-No.2 input, 0.25 maz
watt; plate dissipation, 2.25 max watts; plate resistance (approx.) 0.75 megohm; transconductance,
1750 pmhos; peak heater-cathode volts, 90 max. Type TB7 is used principally for renewal purposes.

PENTAGRID CONVERTER

Glass lock-in type used as frequency con-
verter in superheterodyne circuits. Qutline 15,
OUTLINES SECTION. Tube requires lock-in 788
socket. Heater volts (ac/dc), 6.83; amperes, 0.3.
Except for interelectrode capacitances, this type
is the same electrically as metal type 6A8. Type ,
7B8 is used principally for renewal purposes.

BEAM POWER TUBE

Glass lock-in type used as output amplifier
in radio receivers. Outline 20, OUTLINES
SECTION. Tube requires lock-in socket. Heat- 7C 5
er volts (ac/de); 6.3; amperes, 0.45. Refer to
metal type 6V6 for maximum ratings and typi-
cal operation as class A; amplifier and as push-
pull class A1 amplifier. Type 7C5 is used princi-
pally for renewal purposes.
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TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. Outline 15,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.15.
Characteristics and maximum ratings of triode
unit as class A1 amplifier: plate volts, 250 (300
mazx) ; grid volts, -1 (positive-bias value, 0 mazr);
plate ma., 1.3; amplification factor, 100; plate

resistance (approx.), 0.1 megohm; transconduct?nce, 1000 pmhos; peak heater-cathode volts, 90 maz.
For diode operation curves and triode application, refer to miniature type 6AV6. Type 7C6 is used
principally for renewal purposes.

7C7

SHARP-CUTOFF PENTODE

Glass lock-in type used as biased detector
or rf amplifier. Outline 15, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater
volts (ac/de), 6.3; amperes, 0.15. Characteristics
and maximum ratings as class A; amplifier:
plate volts, 250 (300 max); grid-No.2 supply
volts, 300 max; grid-No.2 volts, 100 max; grid-
No.1 volts, -3 (positive-bias value, 0 max); grid

G2

8s

No.3 and internal shield connected to cathode at socket; grid-No.2 input, 0.1 max watt; plate dis-
sipation, 1 max watt; plate resistance (approx.), 2 megohms; plate ma., 2; grid-No.2 ma., 0.5; trans-
conductance, 1300 umhos; peak heater-cathode volts, 90 maz. This type is used principally for re-

newal purposes.

7E6

7E7

TWIN DIODE—MEDIUM-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. Outline 15,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
For maximum ratings, typical operation, and
curves, refer to miniature type 6BF6. Type TE6
is a DISCONTINUED type listed for reference
only.

TWIN DIODE—REMOTE-CUTOFF
PENTODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube. Outline 15,
OUTLINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
Characteristics and maximum ratings of pen-
tode unit as class A; amplifier: plate volts, 250
(300 max); grid-No.2 supply volts, 300 mazx;
grid-No.2 volts, 100 max; grid-No.1 volts, -3

(positive-bias value, 0 max); plate dissipation, 2 maxr watts; grid-No.2 input, 0.3 max watt; cathode-
bias resistor, 330 ohms; plate resistance (approx.), 0.7 megohm; transconductance, 1300 umhos; plate
ma., 7.5; grid-No.2 ma., 1.6; peak heater-cathode volts, 90 max. For diode curves, refer to type 6AV6.
Type TET is used principally for renewal purposes.

- 7F7

HIGH-MU TWIN TRIODE

Glass lock-in type used as phase inverter or
resistance-coupled amplifier. Outline 15, OUT-
LINES SECTION. Tube requires lock-in
socket. Heater volts (ac/dc), 6.3; amperes, 0.3.
For maximum ratings, typical operation as class
A; amplifier, and curves, refer to glass-octal
type 6SL7-GT Type 7F7 is used principally
for renewal purposes.
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MEDIUM-MU TWIN TRIODE

Glass lock-in type used as amplifier or oscil-
lator in radio equipment. Outline 15, OUT-
LINES SECTION, except over-all length is
2-9/32 mazx inches and seated length is 1-3/4 7F8
inches. Tube requires lock-in socket. Heater
volts (ac/dc), 6.3; amperes, 0.3. Characteristics
and maximum ratings as class A: amplifier (each
unit): plate supply volts, 250 (300 max); grid
volts, positive-bias value, 0 max; plate dissipation, 3.5 max watts (both units, 3.5 max watts); cathode-
bias resistor, 500 ohms; plate ma., 6.0; transconductance, 3300 umhos; amplification factor, 48; peak
heater-cathode volts, 90 maz. This type is used principally for renewal purposes.

SHARP-CUTOFF PENTODE

Glass lock-in type used in video amplifiers
of television receivers and in other applications
requiring high transconductance. Outline 15,
OUTLINES SECTION. Tube requires lock-in 7G7
socket. Heater volts (ac/de), 6.3; amperes,
0.45. Characteristics and maximum ratings as
class A; amplifier: plate volts, 250 (300 max);
grid-No.2supply volts, 300 max; grid-No.2 volts,
100 max; plate dissipation, 1.5 max watts; grid-No.2 input, 0.3 max watt; grid-No.1 volts, -2; grid
No.3 and internal shield connected to cathode at socket; plate resistance (approx.), 0.8 megohm; trans-
conductance, 4500 urhos; plate ma., 6; grid-No.2 ma., 2.0; peak heater-cathode volts, 90 maz. Thistype
is used principally for renewal purposes.

63 1S SEMIREMOTE-CUTOFF PENTODE

G2 Gi Glass lock-in type used as rf or if amplifier
in radio receivers. Outline 15, OUTLINES
SECTION. Tube requires lock-in socket. 7H7
Heater volts (ac/dce), 6.3; amperes, 0.3. Char-
P K acteristics and maximum ratings as class A: am-

plifier: plate volts, 250 (300 mazx); grid-No.2

8“4 supply volts, 300 max; grid-No.2 volts, 150 (see

8s curve page 66); grid-No.1 volts, positive-bias

value, 0 mazx; plate dissipation, 2.5 max watts; grid-No.2 input for grid-No.2 voltages up to 150 volts,
0.5 max watt (for grid-No.2 voltages between 150 and 300 volts, see curve page 66); grid No.3 and in-
ternal shield connected to cathode at socket; cathode-bias resistor, 180 ohms; plate resistance (approx.),
0.8 megohm; transconductance, 4000 umhos; plate ma., 10; grid-No.2 ma., 3.2; peak heater-cathode
volts, 90 maxz. This type is used principally for renewal purposes.

GT G2Hp

(3)Sane TRIODE—HEPTODE CONVERTER

Glass lock-in type used as combined oscil-
Giwp  lator and heptode mixer in radio receivers. Out-
line 15, OUTLINES SECTION. Tube requires 7J 7
lock-in socket. Heater volts (ac/de), 6.3; am-
peres, 0.3. For maximum ratings and typical
RRSANTS operation, refer to glass-octal type 6J8-G. Type
7J7 is used principally for renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as FM detector and
audio amplifier in circuits which require diode
and triode units with separate cathodes. Qutline 7K7
15, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/de), 6.3; amperes,
0.3. For ratings and typical operation, refer to
glass-octal type 6AQ7-GT. Type TK7 is used
principally for renewal purposes.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf and if ampli-

fier in radio equipment. Outline 15, OUTLINES

7'_7 SECTION. Tube requires lock-in socket.

Heater volts (ac/de), 6.3; amperes, 0.3. Typical

operation as class A; amplifier: plate volts, 250

(300 mazx); grid-No.2 volts, 100; grid-No.1

volts, -1.5; grid No.3 tied to cathode at socket;

cathode-bias resistor, 250 ohms; plate ma., 4.5;

grid-No.2 ma,, 1.5; plate resistance (approx.), 1 megohm; transconductance, 3100 umhos. This is a
DISCONTINUED type listed for reference only.

MEDIUM-MU TWIN TRIODE

Glass lock-in type used as voltage amplifier
or phase inverter in radio equipment. Outline
20, OUTLINES SECTION. Tube requires lock-
7N7 in socket. Heater volts (ac/dc), 6.3; amperes,
0.6. For maximum ratings and typical operation
of each triode unit, refer to metal type 6J5. The
application of this type is similar to that of
glass-octal type 6SN7-GT. Type TN7 is used
principally for renewal purposes.

PENTAGRID CONVERTER

Glass lock-in type used as converter in
superheterodyne circuits. Qutline 15, OQUT-
7Q7 LINES SECTION. Tube requires lock-in socket.
Heater volts (ac/dc), 6.3; amperes, 0.3. For
maximum ratings, typical operation in conver-
ter service, and curves, refer to metal type 6SA7.
Type 7Q7 is used principally for renewal
purposes.

TWIN DIODE—
REMOTE-CUTOFF PENTODE

Glass lock-in type used as combined de-

tector, amplifier, and ave tube. Qutline 15, OUT-

7R7 LINESSECTION. Tuberequireslock-in socket.

Heater volts (ac/dc), 6.3; amperes, 0.3. Char-

acteristics and maximum ratings of pentode

unit as class A amplifier: plate volts, 250 max;

grid-No.2 supply volts, 250 max; grid-No.2 volts,

100 (see curve page 69); grid-No.1 volts, -1 (pos-

itive-bias value, 0 max); plate dissipation, 2 max watts; grid-No.2 input for grid-No.2 voltages up to

125, 0.25 max watt (for grid-No.2 veltages between 125 and 250 volts, see curve page 66); plate re-~

sistance (approx.), 1.0 megohm; transconduectance, 3200 umhos; plate ma., 5.7; grid-No.2 ma., 2.1;

peak heater-cathode volts, 90 max. Refer to type 6AV6 for diode curves. Type TR7 is used principally
for renewal purposes.

TRIODE—HEPTODE CONVERTER

Glass loek-in type used as combined triode

oscillator and heptode mixer in radio receivera.

7S7 Outline 15, OUTLINES SECTION. Tube re-

quires lock-in socket. Heater volts (ac/dc), 6.3;

amperes, 0.3. Typical operation of heptode unit:

plate volts, 250 (300 max); grids-No.2-and-No.4

volts, 100; grid-No.1 volts, —2; plate resistance,

1.25 megohms; conversion transconductance,

525 umnos; plate ma., 1.8; grids-No.2-and-No.4 ma., 3.0. Typical operation of triode unit: plate supply

volts, 250 (300 max) applied through a 20000-ohm dropping resistor bypassed by a 0.1-uf capacitor; grid

resistor, 50000 ohms: plate ma., 5.0; total cathode ma. (both units), 10.2. This is a DISCONTINUED
type listed for reference only.
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SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
inradio receivers. Outline 15, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater 7V7
volts (ac/de), 6.3; amperes, 0.45. Characteris-
tics and maximum ratings as class A1 amplifier:
plate and grid-No.2 supply volts, 300 mazx; grid-
No.2 series registor, 40000 ohms; plate dissi-
pation, 4 max watts; grid-No.2 input, 0.8 mazx
watt; grid No.3 connected to cathode at socket; cathode-bias resistor, 160 ohms; plate resistance (ap-
prox.), 0.3 megohm; transconductance, 5800 umhos; plate ma., 10; grid-No.2 ma., 3.9; peak heater-
cathode volts, 90 mazx. This type is used principally for renewal purposes.

8s

SHARP-CUTOFF PENTODE

Glass lock-in type used as rf or if amplifier
in radio receivers. Outline 15, OUTLINES SEC-
TION. Tube requires lock-in socket. Heater
volts (ac/dc), 6.3; amperes, 0.45. This type is 7w7
the same as type TV7 except for socket con-
nections. Type TW7 is used principally for
renewal purposes.

TWIN DIODE—HIGH-MU TRIODE

Glass lock-in type used as combined de-
tector, amplifier, and ave tube in circuits which
require diodes with separate cathodes. Outline
20, OUTLINES SECTION. Tube requires lock-
in socket. Heater volts (ac/dc), 6.3; amperes, 7x7
0.3. Characteristics and maximum ratings of
triode unit as class A: amplifier: plate volts,
250 (800 max); grid volts, -1; amplification fac-
tor, 100; plate resistance (approx.), 67000 ohms;
transconductance, 1500 umhos; piate ma., 1.9; peak heater-cathode volts, 90 max. This type is used
principally for renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply of
automobile radio receivers and compact ac-
operated receivers. Outline 15, OUTLINES
SECTION. Tube requires lock-in socket. Heater
volts (ac/dec), 6.3; amperes, 0.5. Maximum 7Y4
ratings: peak inverse plate volts, 1250; peak
plate ma. per plate, 180; dc output ma., 70;
peak heater-cathode volts, 450. For typical op-
eration, refer to miniature type 6X4. Type 7Y4
is used principally for renewal purposes.

FULL-WAVE VACUUM RECTIFIER

Glass lock-in type used in power supply of
automobile and ac-operated radio receivers.
Outline 20, OUTLINES SECTION. Tube re-
quires lock-in socket. Heater voits (ac/dc), 6.3; 7Z4
amperes, 0.9. Maximum ratings: peak inverse
plate volts, 1250; peak plate ma. per plate, 300;
dc output ma., 100; peak heater-cathode volts,
450. Typical operation with capacitor-input fil-
ter: ac plate-to-plate supply volts (rms), 650;
total effective plate-supply impedance per plate, 75 min ohms; dc output ma., 100. Typical operation with
choke-input filter: ac plate-to-plate supply volts (rms), 900; filter-input choke, 6 min henries; dec output
ma., 100. This type is used principally for renewal purposes.
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MEDIUM-MU TRIODE— . : oo
3p.KP
SHARP-CUTOFF PENTODE 0 f
- Miniature type used in a wide va- *'G =R
8AU8 riety of applications in television re- (= =i 5
ceivers employing series-connected o'\ G2p
heater strings. The pentode unit is used N 9 -

as a video amplifier, an if amplifier, or

an age amplifier. The triode unit is used in sync-amplifier, sync-separator, sync-

clipper, and phase-inverter circuits. Outline 14, OUTLINES SECTION. Heater

volts (ac/dc), 8.4; amperes, 0.45. Except for heater rating, this type is identical
with type 6AUS.

HIGH-MU TRIODE—

SHARP-CUTOFF PENTODE

8 AW8 A Miniature type used in a wide va-

- riety of applications in television re-

ceivers employing series-connected

heater strings. The pentode unit is

used as an amplifier and the triode

unit is used in low-frequency oscillator or syne circuits. Outline 14, OUTLINES

SECTION. Heater volts (ac/dc), 8.4; amperes, 0.45; warm-up time (average) 11

seconds. Except for heater rating, this type is identical with miniature type
6AWS-A.

MEDIUM-MU TRIODE—
SHARP-CUTOFF PENTODE

Miniature type used in a wide va-

8BH8 riety of applications in television re-

ceivers employing series-connected

heater strings. The pentode unit is used

as an if ampliﬁer, a video amplifier, or

an age amplifier. The triode unit is used in low-frequency oscillator circuits. Out-

line 14, OUTLINES SECTION. Heater volts (ac/dc), 8.4; amperes, 0.45. Except
for heater rating, this type is identical with type 6BHS.

TWIN DIODE—
HIGH-MU TRIODE

Miniature type used in a wide va-

8 B N 8 riety of applications in color and black-

and-white television receivers employ-

ingseries-connected heaterstrings. The

triode unit is used in burst amplifier,

af amplifier, and low-frequency oscillator applications. The diode units are used in

phase-detector, ratio-detector or discriminator, and horizontal AFC discriminator

cireuits. OQutline 14, OUTLINES SECTION. Heater volts (ac/dc), 8.4; amperes,
0.45. Except for heater rating, this type is identical with type 6BN8.

POWER PENTODE

Miniature type used in the output

stage of audio-frequency amplifiers

8BQ5 employing series-connected heater
strings. Outline 18, OUTLINES SEC-

TION. Heater volts (ac/de), 8; am-

peres, 0.6; warm-up time (average),

11 seconds. Except for heater rating, this type is identical with type 6BQ5.
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MEDIUM-MU TWIN TRIODE

Miniature type used as combined
vertical deflection and horizontal de-
flection oscillator in television receiv- 8CG7
ers employing series-connected heater
strings. Outline 14, OUTLINES SEC-
TION Heater volts (ac/dc), 8.4; amperes, 0.45; warm-up time (average), 11
seconds. Except for heater rating, thlS type is identical with miniature type 6CG?7.

MEDIUM-MU DUAL TRIODE

Miniature type used as combined
vertical oscillator and vertical de-
G'r;_ flection amplifier in television receiv- 8CM7
ers employing series-connected heater

PT2 KT2 strings. Outline 14, OUTLINES SEC-
TION. Heater volts (ac/dc), 8.4; amperes, 0.45; warm-up time (average), 11 sec-
onds. Except for heater rating, this type is identical with miniature type 6CM7.

TWIN DIODE—
HIGH-MU TRIODE

Miniature type used as combined
horizontal phase detector and react- 8CN 7

ance tube in television receivers

employing series-connected heater

strings. The triode unit is used in sync-

separator, sync-amplifier, or audio-amplifier circuits. Outline 12, OUTLINES SEC-
TION. Heater volts (ac/dc), 8.4 (series), 4.2 (parallel); amperes, 0.225 (series),
0.45 (parallel); warm-up time (average), 11 seconds (parallel). Except for heater
rating, this type is identical with type 6CN7.

MEDIUM-MU TRIODE—
s’ SHARP-CUTOFF PENTODE

(7)5P Miniature type used in television
i" receivers employing series-connected 8CX8
2 heater strings. Pentode unit is used as

video amplifier; triode unit is used in

sound if amplifier, sweep-oscillator,
sync-separator, sync-amplifier, and sync-clipper 