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COAXIAL
The excellent eleetrical properties and
case of nterconnection of General Radio
Coaxial Elements have led to their use
in many specialized testing systems at
very-high and ultra-high frequencies.
An interesting example is theiv use by
engineers of the Phileo Corporation in
the evaluation of the high-frequency
capabilities of SBDT-12 graded-base
transistors.*  With coaxial-line
equipment, the transistors have oscil-
lated at frequencies as high as 1100 Me,
as contrasted with an upper-frequency
limit of 700 Me in eireuits using eon-
ventional lumped-constant  elements.
Gxeellent agreement has been obtained
hetween measured results with the coax-
ial eirenits and predietions of transistor
performance based on conventional meas-
urements at frequencies below 3000 Me.
The Typre 874 Coaxial Elements have
heen nsed in the measurement of hoth
gain and impedance, and in the determi-
nation of oseillation capability. Standard
clements were used for the most part,
although a few were modified for specific
purposes. These modifications are de-
tailed later m this article.

this

#hi= work was perfored in the Phileo Keseareh 14i-
vision, in a transistor applientions group under the dire
rion of J 5. Angell, by Donald A- Zettel, s student
progrom it the University of Dotroit,

he gindanee of Marin M. Fortini. The
11" riod in part by the Signnl Corps umder
DA-30-00) SC-43640.
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TRANSISTOR TESTING WITH TYPE 874

ELEMENTS
U-H-F AMPLIFICATION

The technique for measuring the un-
neutralized gain of a graded-base tran-
sistor in a common-base connection is
shown in Figure 1. The coaxial-line
equipment consists of a transistor mount,
input and output matehing sections, and
d-¢ supply paths for powering the tran-
sistor. Fach matching section consists of
an adjustable-length line and an adjust-
able shunt stub. Tyer 874-K Coupling
Capacitors in the stubs prevent the
stubs from short-circuiting the bias cur-
rents to ground. D-C power is applied by
means of a  feed-through capacitor,
which serves as the short-circuiting end
of a quarter-wave stub.

Gain is measured  with a bolometer
and power meter after the input and out-
put eirenits to the transistor are matched
to the characteristic impedance of the
line. Beeanse the transistor has a eertain
amount of internal feedback, ecaused
chiefly by the collector capacitance and
base spreading resistance, precautions
are necessary fo insure the simultancous
matehing of imput and output. First the
input is matehed by means of the in-
put adjustable line and stub with the
output terminated in a Tyre 874-WM
50-Ohm Termination. A signal generator
and slotted line are used to indicate the

Figure 1. Funclional diagram of the u-h-f amplifier.
BLOTTED nc EMITTER TRANSISTOR COLLECTOR Do
LINE FEED J MATCHING T UNDER MATCHING FEED
| SECTION Vo TEST SECTION |
| : 1
{ i b T )
| (| ' ]
| ! | il -,
! o { ! | BLOCKING Wy H
1 YPAS BLOCKING | i BYPASS |
! cnapu.uen f ) CAPACITOR | | CAPACITOR ¥ CAPACITOR |
| 5.1 ' i I i
; + [ 7% '
§ T gl i C\ 1 e gl !
] 03 :
1 ¥ . ]
FHASE I MOVABLE |
SHIFTER SHORT
MATCHED
NERATOR
GENE| CAPACITIVE COAXIAL EOLOMETER
d SUSCEPTANCE CABLE
| \
TYPE CAPACITIVE
REACTANCE

534 Main Street, Westbury, NY 11590

ieD

1ET LABS, INC inthe GenRad tradition

www.ietlabs.com
TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988

LoaD



@ GENERAL RADIO EXPERIMENTER 4

matched condition at the frequency of
interest. A 50-ohm termination is then
connected to the input, and the output
circuit is matehed, again using the signal
generator and slotted line to determine
the mateh. This process is repeated on
both input and output until a mateh is
simultaneously achieved at each end of
the amplifier section when the other end
is terminated in 50 ohms. The gain is
measured by first noting the power into
a H0-ohm bolometer from a matehed
generator, and then noting the power
output with the matched amplifier in-
serted between the generator and bolom-
eter,

U-H-F OSCILLATION

Figure 2 is a photograph of the oscil-
lator arrangement in which the Type
874 Coaxial-Line Elements are used. A
dingram of the equipment in this setup
is shown in Figure 3. The oscillator is in
essenee a luned amplifier, as described
above, in which the output is connected
back to the input through an adjustable
line, A Tyer 874-LK10 Adjustable Line
is used to adjust the phase of the feed-
back. A high-pass filter section in the
feedback path is necessary to prevent

534 Main Street, Westbury, NY 11590
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oscillation aft some lower frequeney.

In practice, the oscillator is adjusted
as follows, First the input and output
are tuned to some particular frequency,
as deseribed in the above section for the
amplifier, If a gain greater than unity is
abserved at this frequency, the feedback
path is closed from output to input. The
presence of oscillation is detected by a
change in the transistor collector eur-
rent as the phase in the feedback path
is adjusted. The frequency of oseilla-
tion is measured with a super-hetero-
dyne receiver coupled loosely into a
Tyre 874-LRR Radiating Line in the
feedbaek path.

In order to determme the maximum
frequeney of oseillation, the above pro-
cedure is repeated at progressively higher
frequencies. Normally the process con-
verges very rapidly, sinee the amplifier
eain varies at a rate very close to —tdh
per octave of frequeney in the range of
interest.

Oseillation frequencies in exeess of
1100 Me have been obtained on develop-
mental graded-base transistors of the
SBDT-12 variety., In general, between
200 and 100 Me can be added to the
maximum frequency of oscillation when
the ecoaxial-line techniques are employed
in  preference to  pseudo-lumped-con-
stant cirenits, The maximum frequencies
of oseillation determined with the coax-
ial-line equipment have agreed very
closely with extrapolations of gain-
versus-frequency  plots  of  the tran-
sistors under test, with the gain be-
low 300 Me measured in neutralized,
common-emitter, lnmped-constant eir-
cuits.

Figure 2. View of the u-h-f oscillator setup.
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Figure 3. Functional diagram of the u-h-f oscillator.

SPECIAL COMPONENTS
FOR U-H-F TESTS

Four special components were re-
quired in the above tests. All of these
components were readily fabricated
from various components of the Tyre
874 line of coaxial equipment.

The Transistor Mount is shown in
Figure 4. It was assembled from a modi-
fieel Tyer 874-WN3 Short-Cireuit Ter-
mination and a Tyer 874-B Bazic Con-
nector. A shield at the middle of the
mount isolates the input from the out-
put cirenit. The base lead of the tran-
sistor 18 grounded to this shield. The
transistor can is grounded to the outer

Figure 4.
Transistor Figure 5. Modified adjustable
mount. line (Line Stretcher).

IET

534 Main Street, Westbury, NY 11590

conductor of the mount. The emitter
and collector leads are tied to the center
conduetors of the mput and output con-
nectors respectively.

Line Stretehers were required for hoth
the input and output eircuits, 1t is neces-
sary that these lines be of the shortest
length possible for the desired impedance
transformation, in order to minimize the
possibility of spurious low-frequency
modes of operation. The input line
streteher is fortunately achieved, in the
thousand-megacyele range, by a partial
disengaging of the connectors between
the transistor mount and the input
matehing stub. The output line stretcher

Figure 7. D-C supply termination.

IET LABS, INC inthe GenRad tradition
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Figure &. View and diagram of high-pass filler.

is somewhat longer, beeause of the neces-
gity of matehing a higher VEWR. The
d-centimeter line stretcher, which is a
shortened form of the standard Tyre
874-LA Adjustable Line, is shown in
Figure 5.

High-Pass Filters for the feedback
path were formed out of Tyer 871-T Tee
Connectors. Each of the filters imeludes
a series coupling capaeitor in both the
input and output center conductors, to-
gether with a shunt stub, whoese length
is adjusted to resonate with the series
capacitors at a frequeney somewhat be-
low the ntended frequency of oscilla-
fion, The series capacitors were formed
by use of a thin sleeve of Teflon, as
shown in Iigure 6: the area of this co-
axial eapacitor was adjusted to pro-
duce n eapacitance of 5 puf, which gave
the desived impedance level at the cut-
oll frequency.

The d-e feed element congists of a feed-
throngh 1500-guf, disk-ceramic capacitor
in a Tyre 874-B Basic Connector, as
shown in Figure 7. This mount pro-
vides a short circuit to high-frequency
current at the position of the capacitor,
A quarter-wave stub 18 formed from an
appropriate length of line with the ca-

IET
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pacitor at its end: thus the addition of
the d-¢ power does not affeet the a-e
configuration. In order that the d-¢
power be kept from the signal generator
and the bolometer when amplification
Tyre S874-K Coupling
Capacitors are used in the input
and  output ecirenits. For the oscilla-
tor, only one blocking capacitor is re-
quired in the feedback path in order
to keep the collector supply isolated
from the emitter supply; the capaci-
tors in the filters normally provide this
isolation.

is  measuared,

ADMITTANCE MEASUREMENTS

The Tvyvere 874 Coaxial-Line Equip-
ment has also been used for the determi-
nation of short-cireuit input and out-
put admittances of fransistors in the
u=h=f range. The impedance measure-
ment at the terminal of interest is made
through the use of the slotted line and a
transmission-line chart, by measurement
of the VEWR, referring back to the po-
sition of the transistor terminal. An ac-
curately known short cireuit is estab-
lished at the other transistor terminal
through the use of a half-wavelength
short-cireuited section of coaxial line.

IET LABS, INC inthe GenRad tradition
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MORE NEW CAPACITORS

In a recent' issue of the Exrgri-
MENTER, new designs for laboratory
standard mica capacitors were an-
nouneed. These design improvements
are now extended to the less-precise,
lower-priced Typre 505 Capacitors and
to the decade capacitors in which Tyre
505 Units are used. In the decade ca-
pacitors a switch, and in the
decade assemblies a redesigned eabinet,
offer additional advantages.

Tew

TYPE 505 CAPACITORS

The silvered-mica electrodes and other
improvements embodied in the new
Tyee 1409 Standard Capacitors' are
now available in the Tyer 505 Capaci-
tors, and these units are now manu-
factured to new and considerably im-
proved specifications of toleranee and
dissipation factor. The capacitors arve

Now, Bilvered Miea, Standard
" Geneeal Radio Erperimenter, 32,

ston and MeFlrng
dtors, Tyee 1404
2, July, 1057,

Figure 2. Panel view of the Type 1419-K Decade
Capacitor.

IET
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Figure 1. View of Type 505 Capacitors showing the

two case sizes and the arr t of terminal

housed in low-loss molded-phenolic cases
and are equipped with both serew- and
plug-type terminals and with flanges
for mounting. They are used both as
laboratory “secondary standards’ and
as circuit clements in measuring equip-
ment as, for example, in a number of
General Radio bridges in the 1-percent-
aceurney class.

Dissipation factor of these units, in
the 1000-uuf and higher sizes, does not
excecd (0003, The losses in the phenolic
the dissipation factor
slightly for units of 300 wuf and smaller.
Leakage resistanee iz 5000 megohm-
microfarads or 100,000 megohms, which-
ever is the lower. The first figure repre-

ense  inerease

sents the performance of the miea, while
the second represents the phenolie case
and is controlling below 0.05 4.

The same high-quality silvered-mica
sheets are used in the construction of
the Tyer 505 Capacitors as are used in
the Tyrr 1409 Standard Capacitors.
Accuraey of adjustment is - 0.5, in
contrast to the 0,17 adjustment of the
Tyree 1400, The lower aecuraey and the
less-expensive packaging result in a unit
that sells at a price substantially lower
than that of the 1409', but whose char-
acteristics and stability arve entirely ade-
quate for many laboratory, production-
line, and instrument applieations.

www.ietlabs.com
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GENERAL RADIO EXPERIMENTER 12

resonance is present. If the vibrations
are out-of-phase at different locations
separated by distances much less than
a half wavelength in air for the fre-
quency in question, the transformer
will radiate a minimum of noise. The

Sound-Level Meter used in the “normal’’
fashion may then be used to determine
the effectiveness of design changes by
a measurement of the sound level at a
standard distance from the operating
transformer.

HIGH-SPEED SOUND-LEVEL RECORDER

Sound Apparatus Company, manu-
facturers of Graphic Recorders, has re-
cently improved its Dynamic High-
Speed Sound-Level Recorder, Model
SI-2, with special emphasis on sound,
noise, and vibration measurements,
Design features inelude adjustable writ-
ing speed by a patented electronic feed-
back system; push-button selection of
chart speed; scale functions in linear,
decibel, or loudness (phon) are available.

The photograph shows Model S1-2b
connected to the General Radio Typr
1551-A Sound-Level Meter. With this

the most
measurements

simple setup
acoustical
corded rapidly and aceurately.
Deseriptive literature is available from
Sound Apparatus Company,Stirling, NJ.

complicated
can be re-

VARYING THE RISE TIME OF THE UNIT PULSER

The occasion sometimes arises when
it is desirable to be able to vary the rise
time of a test pulse. This i1s particularly
important when testing circuitry that
is designed to handle pulses which may
have a wide variety of rise times. A
simple external modification can be

made to the Typr 1217-A Unit Pulser
to permit the selection of a number of
predetermined rise times. To do this,
simply connect a trimmer capacitor be-
tween the eabinet ground and the over-
siooT screw adjustment. With this set-
up the following can be developed:

Pulse Width ‘

Rise Time

Decay Time

1 usec

up to .25 usec

up to 0.3 usee

2 psec

5 usec

up to 0.5
up to 1.0 usec

up to 0.5 usee

USeE

up to 2.0 usec

With increased pulse width the limits for rise and decay times are eorrespondingly greater.

General Radio Company

IET
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