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INTRODUCTION

This databook contains data sheets on the SGS-ATES range of silicon integrated
circuits intended for professional applications. To permit ease of consultation, it
nas been divided into seven main sections:

Index, Linear, DTL, LPDTL, TTL, HLL and MOS integrated circuits.

In addition, the Company has a number of RTL integrated circuits in production
as specified on page 509. These devices are not recommended for new designs,
but data sheets can be supplied on request.

At the beginning of each section, an analytical index of applications refers to the
corresponding pages containing fully characterized data on the appropriate types.
The information on each product has been specially presented in order that the
performance of the product can be readily evaluated within any required equipment
design.

Particular attention has been given to the measurement of the characteristics of
all integrated circuits to ensure that they conform to the Company’s Semiconductor
Users’ Reliability Evaluation programme (SURE).

The SURE programme has been carefully devised so as to be compatible with any
national or international quality assurance programme. It is continuous (performed
on all production batches), repetitive (performed under fixed conditions) and
comprehensive (represents as many military and industrial specifications as possible).
It is emphasised that all products are produced from the same high grade silicon
material and by the same manufacturing processes, the only difference in their
classification being in the number and severity of tests applied and the degree of
information supplied on each test.

OTHER SGS-ATES DATABOOKS

Data sheets on the SGS-ATES range of discrete devices for professional applica-
tions, discrete devices and integrated circuits for consumer applications, and high
power devices for consumer and professional applications can be found in the
following databooks:

SGS-ATES Professional Semiconductor Databook 1
35GS-ATES Consumer Semiconductor Databook

5GS-ATES Power Semiconductor Databook
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Linear integrated circuit L 005

Voltage regulator

STANDARD TEMPERATURE RANGE, 0°C+70°C The L. 005 T1 is a monolithic 5V voltage regulator which
can supply more than 600 mA.
The device features high temperature stability, intema!l
overload and short circuit protection, low output imped-
ance and excellent transient response.

o OUTPUT CURRENT > 600 mA The L 005 T1 is intended for use as voltage supply for
digital circuits and for any other industrial application.
TIGHT TOLERANCE FOR OUTPUT
VOLTAGE
e LOAD REGULATION LESS THAN 1%
e RIPPLE REJECTION 62 dB TYPICAL

ABSOLUTE MAXIMUM RATINGS

¢ OVERLOAD AND SHORT CIRCUIT Input Voltage 20V

PROTECTION Power Dissipation (free air, Ty =25°C) 3.25W
Power Dissipation

(with infinite heat sink, T =25°C) 12.75W

Storage Temperature Range ~55°C - 150°C

Operating Temperature Range 0°C to + 70°C

ORDERING NUMBER
L005 T1

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEG TO - 3 outlins

+—o Vout o5

Vino :
i a

4.8 MAX. 4.1-3.9

13.4 MAX.

A

29.9

y
X

1.1
0.8
l 1
T
|
T
22.3 MAX
7.2

| 6.4
11.2
i0.8
Noles:

- All dimensions in mm.

Leads 1 and 2 eleclrically isolated Irom case.
Case is third electrical connection {ground).
Leads are gold-plated nickel-alloy.

JANUARY 1972



voltage regulator L, 005

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted)

PARAMETER CONDITIONS Min. Typ. Max. | Unit
QOutput Voltage Vip =7-5V =20V, Cp, =10 uF, 1 =10mA 4.75 5.0 5.25 \
Load Regulation Vig= 12V, I, = 0+600 mA 0.3 1 % Vout
Regulated Output Current Vip =12V, % <1% 600 850 mA
Maximum Output Current vin =12V 930 1200 m{X
QOutput Resistance vin =12V, IL =0.6A 15 mQ
Line Regulation Vi, =7.5V+12V, Cf =10 uF, [} =10 mA 0.1 0.5 |%Vout
Ripple Rejection Vin= 10V, &V, = 4Vpp, £f=100 Hz 46 62 dB
Output Noise Voltage Vin =12V, 1; =10 mA, C =20 uF 0.07 mv
BW =10 Hz+ 100 KHz
Standby Current V-m =20V, IL =0 9 mA
Temperature Coefficient Vip =12V, I, =10 mA, Cp, =10 uF 003 %/°C
TA =00C+60°C
Short Circuit Current Vin =12V, Vo =0 190 250 mA

TYPICAL ELECTRICAL CHARACTERISTICS

MAX ALLOWABLE POWER DISSIPATION SHORT CIRCUIT CURRENT VERSUS
VERSUS AMBIENT TEMPERATURE OUTPUT VOLTAGE VERSUS OUTPUT GURRENT JUNCTION TEMPERATURE
18 6 240
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w
g ] r“”’N;\' w 4 £ \\
< ] h T 160 N
a ) 3] e
2 8 g 3 = ™~
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o 03_ N @ ]
g = 2 o
5 L 2 -
a WITHOUT HEATSINK ° z
R e 80
— ] 7 B ViN = 12V
N
o . wl L]
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Ta - AMBIENT TEMPERATURE - °C OUTPUT GURRENT - mA Ty - JUNGTION TEMPERATURE - °C

MAX OUTPUT CURRENT VERSUS
JUNCTION TEMPERATURE

e TYPICAL "APPLICATION CIRCUIT
T 800 P~ .y
: ~

™
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2 ~ ‘ T =
: L)
% —
< 300
V)N = 12V
wo LL L1
25 50 75 100 125 150 175
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Linear integrated circuit L 025

Balanced modulator

STANDARD TEMPERATURE RANGE -20°C TO 85°C  The L 025 T9 is a linear integrated circuit intended for
use as channel modulator and demodulator in FDM tele-
phone equipment and as analogue -AC multiplier in indu-
strial and professional applications.

It features low quiescent power consumption, low distor-

o SINGLE OR DUAL SUPPLY OPERATION tion and intermodulation. The circuit requires a minimum
number of external components.

o« LOW POWER CONSUMPTION

o« LOW CARRIER LEAKAGE

o LOW DISTORTION

ABSOLUTE MAXIMUM RATINGS

o LOW NOISE
Supply Voltage 0V
Differential Input Voltage +5V
Power Dissipation (Ta = 70°C) (1) 300 mW
Storage Temperature -55°C to 150°C
Operating Temperature -200C to 85°C

ORDERING NUMBER
L 025 T9

(1) Derate linearly at 3.75 mW/°C for ambienl temperature aboe

70 C
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(top view) in accordance with
JEDEC TO-100 outline
OuTPUT 5.4 TYP.
12.7MIN. IMAX.

CARRIER
INPUTS

B.5-7.7

(Y axls)

; =
MULTIPLIER SIGNAL = g
[
=

9.4-8.5

MULTIPLIER
INPUTS
(X axis) 70 LEADS
0495, 1.IMAX a7
NEGATIVE SUPPLY 0.40 %)
VOLTAGE

Note: all dimenslons in mm,

JANUARY 1971
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balanced modulator L.025

ELECTRICAL CHARACTERISTICS!:

STANDARD TEMPERATURE RANGE

WORKING CONDITIONS FOR THE CIRCUIT SHOWN IN FIG. 2

{unless otherwise specified)

Supply Voltage Vee =-20v
Carrier Frequency f. =130 KHz
Modulating Signal Frequency fm =25KHz
Output Signal Level [f ¢, =(130¢25)KHz] Vo =-15dBv
Input Carrier Signal Levefn Ve =-13dBv
Load Resistance R, =600
Ambient Temperature Ta =25°C
PARAMETER CONDITIONS Min. Typ. Max. UNIT
Operating Supply Voltage Range 12 30 v
Supply Current vee =« 10V 2 25 mA
Input Bias Current: @ Veg = 10V 0.7 2 A
k2 . i Voo =« 10V 0.7 2 A
Iy ; Ig Voo 1.4 4 A
Input Offset Current: Iy - I3 VCC 50 nA
I -y Ve 138 nA
I7-1g 'ce nA
Input Common Mode Voltage: Vee
Pos. 4.5 \i
Neg. 8 v
DC Output Voltage (pin 10) -3.2 -3.8 4.6 v
Differential Output Voltage (pins 9; 10) 25 100 mV
Input Biasing Reference Voltage (pin 6) -1.5 v
Input Resistance: pins 2 and 3 30 K
pins 2 and 4 300 K
pins 7 and 8 150 K0
QOutput Resistance =1KHz 3 10 0
Output Voltage Swing 1 13 Vpp
Common Mode Rejection Ratio:
N L CM signal (2-3) (V=700mV rms; fj = 10KHz)
CM Signal: pins 2 and 3 § Bt el (3.8) (Vo350 e fy = 40KHz) dB
A CM signal (24) (V=T00mV ms; f; = 10 KHz)
CM Signal: pins 2 and 4 Diff. signal (7-8) (V=350mV rms; ly = 40KHz) B
R CM signal (7-8) (V=350mV rms; f; = 10KHz)
CM Signal: pins 7 and 8 Diff. signal (2-3) (V=175mV ms; f = 40KHz) 8 a8
Supply Voltage Rejection Ratio: Voo =« 10V f=1KHz
Pos. 33 dB
Neg. 80 dB
Seale Factor K Voo == 10V 3.2 vl
Conversion Gain G, 4.5 5 5.5 dB
Carrier Leakage v Vmodulating = 0 -85 -50 dBv
Modulsting Signal Leakage ﬁ 35 50 dBmo
c*
2nd Harmonic Modulating Signal Leakage V(ﬂ -5 dBmo
Vige + fm)
2nd Hormonic Distortion +-(1¢ 2 26m). 60 | 5 dBmo
Vife + fin)
2nd H Distortion 224 ¢ fm) 55 | 80 dBao
Vige « fm)
3rd H Distortian —ATe & 3fm) 60 | -1 dBao
Vife = fm)
Low Frequency Thermal Noige Vmogulating =0 [ =1KHz BW =100Hz -115 -125 dBv
High Frequency Thermal Noige Vmodulating =0 = 30KHz BW =100 Hz 127 dBv
Conversion Gain Change TA =10°C to 50°C <0.1 dB




balanced modulator L.025

STANDARD TEMPERATURE RANGE

ELECTRICAL DIAGRAM

| m
-
| S|
.

.
0§ e

>0
~O

TYPICAL APPLICATION OF MODULATOR WITH ONE SUPPLY VOLTAGE

80002

Carrier
Frequency 600!

CAEE)

OUTPUT

Signal
Frequency - 10uF
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balanced modulator L1025

STANDARD TEMPERATURE RANGE

DEFINITION OF UNITS:
dBm: power gain (10 lg %) is expressed in dBm when P is 1ImW, therefore 0 dBm = 1mW.

dBmo: the power is expressed in dBmo when referred to an established power level in the circuit, generally the out-
put signal level.

e.g. if the output level is -15 dBm and this level is chosen as reference, then we say 0 dBmo = -15 dBm; if
another signal, i.e. the distortion measured at the same point of the circuit is -90 dBm, we cen say that
the distortion is -75 dBmo.

dBv: 20 Log%%when V] =775 mVrms

DEFINITION OF TERMS:

\
Common mode rejection ratio: CMRR =20 1g VC—MG-
with G = Ct;)nversion gain with specified circuit conditions

VcM = Common mode signal level

Vout = Output signal level at frequency =fgtfy
Vou

xVy
with Vy = voltage input 2 - 4

Vy = voltage input 7 - 8

Scale factor: K=

Conversion gain: Ge =20 log V%“t_—(f(%—!)ﬁ
in Um
Carrier leakage: is defined as the output voltage at carrier frequency with only the carrier applied
to the input (modulating voltage = 0)
Modulating signal leakage: is defined as the output voltage, at modulating frequency, referred to fundamental

carrier sidebands
(

£)
M.S.L. = 20 log oot T
out ‘'c * 'm

OUTPUT SPECTRUM VS. FREQUENCY

5
2 £ E
]
3] ! *
23 L8 -~ -~ ~
@D = S = B
g g E (% o [
3 &4 +&4 o Y ;
S [ .+ [} [} 5] 5]
=] £ =] o] (=] o
S E & &L L & & = 5] & &
A A A A A A A A A A A
L1 TR ] 1 ] ] 1 »
f
fo = carrier fundamental (leakage)
fin = mod. sig. (leakage)
nf, = harmonic modulating signal (leakage)
fo ¢ f = fundamental carrier sidebands

fo t nfy; = fundamental carrier sideband harmonics

n{f; + f)) = carrier harmonic sidebands

14



Linear integrated circuit L 036

Voltage regulator

STANDARD TEMPERATURE RANGE, 0°C +70°C The L 036 Tl is a monolithic 12V voltage regulator
which can supply more than 500 mA.
The device features high temperature stability, internal
overload and short circuit protection, low output imped-
ance and excellent transient response.

e OQUTPUT CURRENT > 500 mA The L 036 T1 is intended for use as voltage supply for
digital circuit with high noise immunity, linear integrated
° $B%HT’I;£§LERANCE FOR OUTPUT circuits and for any other industrial application.

e LOAD REGULATION LESS THAN 1%
e RIPPLE REJECTION 61 dB TYP.
¢ OVERLOAD AND SHORT CIRCUIT

ABSOLUTE MAXIMUM RATINGS

PROTECTION Input Voltage . 27V
Power Dissipation (free air, T4 =25°C) 3.25W
Power Dissipation
(with infinite heat sink, Tg =25°C) 12.75W
ORDERING NUMBER Storage Temperature Range -55°C - 150°C
L036 T1 Operating Temperature Range 0°C to + 70°C
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS

In accordance with
JEDEC TO - 3 outilne

8 MIN. 1.3
0.9 4.8 MAX. 4.1-3.9

Vin o —o VYout

0.9

22.3 MAX

Yy

v ¢
A AN
LT
I
(man
0

11.5

| 8.4
Noles:

—— All dimenslons in mm,
Leads 1 and 2 alaclrically isolated from case.

Case is third electrical connoection (ground).
Laads are gold-platad nickal-alloy.

JANUARY 1972
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voltage regulator 1036

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

STANDARD TEMPERATURE RANCE

PARAMETER CONDITIONS Min Typ. | Max. | Unit
Output Voltage Vin =14.5+27V, IL =10 mA, CL =10 uF 114 12 12.6 \Y
Load Regulation Vin =21V, 1L =0+500 mA 0.3 1 % Vout

_ A Vout
Regulated Output Current Vin =21V, Vout < 1% 500 720 mA
Maximum Output Current Vin =21V 750 1000 mA
Output Resistance Vin =21V, IL=5OO mA 20 m()
Line Regulation Vin=14.5+21V, CL=10 pF, IL=10 mA 0.1 0.5 %
Ripple Rejection V.ln =19V, & Vin =4 Vpp, f=100 Hz, IL =10 mA 46 60 dB
Output Noise Voltage Vip =21V, I}, =10 mA, CL =20 pf, 0.15 mV
BW =10Hz + 100 KHz

Standby Current Vin =27V, IL =0 10 mA
Temperature Coefficient Vin =21V, IL =10 mA, TA =00C+60°C 003 %/°C
Short Circuit Current Vin =21V, VouL =0 100 200 mA

TYPICAL ELECTRICAL CHARACTERISTICS

MAX ALLOWABLE POWER DISSIPATION

VERSUS AMBIENT TEMPERATURE

QUTPUT VOLTAGE VERSUS OUTPUT CURRENT

SHORT CIRCUIT CURRENT
VERSUS JUNCTION TEMPERATURE

16 14 100
™~
12 . < ™~
Try )
7o ~Wrigt 7 o = IS
z L He, ]
Q 4 ’.’;‘w,r ° [ \>
g z s 4 g 60 P
g, 2 v 5 L
2 3 5
2 5 8 / o 4o
w a S
E = /] 8
3 > 4 =
€ 4 FWITHOUT HEATSINK o g €
20 — I
| . ,/ % VIN = 21V
= LN
0 . RN
0 10 20 3 4 5 80 70 0 100 200 300 400 500 50O 700 B0O 25 50 75 100 125 150 175
Ta - AMBIENT TEMPERATURE - °C OQUTPUT CURRENT - mA Ty - JUNCTION TEMPERATURE - *C
MAX OUTPUT CURRENT VERSUS
JUNCTION TEMPERATURE
1000 TYPICAL APPLICATION CIRCUIT
T 800 -
. L
o ] L
& I
[
£ 500 ] . VIN v
L 035 T1 o Vout
o Ll + 3
'éAOO é T- = o
3 myU
2
° -
<
200
= VN = 21V
)
0
25 50 75 100 125 150 175

T, - JUNCTION TEMPERATURE - °C



Linear integrated circuit L 037

Voltage regulator

STANDARD TEMPERATURE RANGE, 0°C+70°C The L 037 Tl is a monolithic 15V voltage regulator
which can supply more than 450 mA.
The device features high temperature stability, internal
overload and short circuit protection, low output imped-
ance and excellent transient response.

e OUTPUT CURRENT > 450 mA The L 037 T1 is intended for use as voltage supply for
linear integrated circuits, for digital circuits with high
e TIGHT TOLERANCE FOR OUTPUT noise immunity and for any other industrial application.
VOLTAGE
e LOAD REGULATION LESS THAN 17
e RIPPLE REJECTION 56 dB ABSOLUTE MAXIMUM RATINGS
e OVERLOAD AND SHORT CIRCUIT
PROTECTION Input VO!Mge ] ] 27V
Power Dissipation (free air, Tpo=25°C) 3.25W
Power Dissipation
(with infinite heat sink, Ty =25°C) 12.75W
Storage Temperature Range —55°C - 150°C
Operating Temperature Range 0°C to + 70°C

ORDERING NUMBER
L037 T1

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accorgance with
JEDEC TO - .3 outhine

8 MIN. 1
Vin o 3
[T] 0.8 4.8 MAX, 41-39
\
- 13.4 MAX.
_H- —
3 o
~o 3 0o
e . ®
“ls K @
Lﬁ_ = &
»l
s [j f i
A X ouTPUT
1.5

| “6a
1.2
10.8
- Notes

All dimensions 1A mm.

Leass 1 ana 2 elecirically rsolaleo from case.
Case 15 third elecincal connection {grouna).
Leads are goid-piated nickel-altay.

JANUARY 1972
17



voltage regulator L1037

ELECTRICAL CHARACTERISTICS (T;j = 25°C unless otherwisc noted)

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS

POWER DISSIPATION - W

IS

MAX OUTPUT CURRENT - mA

n
=1
S

0

MAX ALLOWABLE POWER DISSIPATION

VERSUS AMBIENT TEMPERATURE OUTPUT VOLTAGE VERSUS QUTPUT CURRENT

PARAMETER CONDITIONS Min. | Typ. | Max. | Unit
Output Voltage Vip=17.5V=27V, I} =10 m4, Cp,=10 uF 14.25| 15 15.75 \Y%
Load Regulation Vin=24V, I} =0+450 mA 0.3 1 |%Vout
Regulated Output Current | V, =24V, —szﬁ‘t‘t <1% 450 | 600 mA
Maximum Output Current Vi =24V 680 900 | mA
Output Resistance Vi, =24V, Iy =450 mA 27 m(2
Line Regulation vin= 17.5V+24V, IL=10 mA, CL=10 uF 0.16 0.5 %o
Ripple Rejection Vin=‘22\7, AVin=4 Vpp, £ =100 Hz, II_. =10 mA 46 56 dB
Output Noise Voltage Vin=24V. IL=10mA, CL=20,LLF, BW =10Hz+100KHz 0.18 mV
Standby Current Vin=27V, IL=0 10 mA
Temperature Coefficient Vin =24V, IL=10 mA, Cp =10uF, TA=0+60°C 003 %/°C
Short Circuit Current Vin=24V 85 160 | mA

SHORT CIRCUIT CURRENT VERSUS
JUNCTION TEMPERATURE

0

Ta - AMBIENT TEMPERATURE - *C OUTPUY CURRENT - mA

MAX OUTPUT CURRENT VERSUS
JUNCTION TEMPERATURE

20 100
< P
ay 18 E 80
™
<N > £
I~ 4,
£, w ]
ATs, w ) u ~]
g 2 2 € o0 S
™ r 1 3 ]
u
c L~ 3
o 8 Q 4
2 7 g
S o
s
[ WITHOUT HEATSINK ° [
— T 4 S 20
—] Vin = 24V
—— / & VIn - 2|
0 / ° |
0 2 3 40 S 6 70 0 10 200 300 400 500 800 700 2 50 75 100 125 150 175

Ty - JUNCTION TEMPERATURE - °C

TYPICAL APPLICATION CIRCUIT
'\\\\
] Vin
B — > LT
~ ?{ T- =
ﬁ-NJ <
VIN |= 24'V
25 50 75 100 125 150 175

T4 - JUNCTION TEMPERATURE -°C
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Linear integrated circuit L 045

Channel amplifier

STANDARD TEMPERATURE RANGE,-20°C to+85°C  The L 045 T9 is a linear integrated circuit intended for
use as channel amplifier in FDM and PCM telephone
equipments.

[t teatures low quiescent power consumption, low distor-
tion, high gain.

o LOW QUIESCENT POWER CONSUMPTION The L 045 T9 is short circuit protected and shows an

o LOW DISTORTION offset voltage null capability.

HIGH GAIN
SHORT CIRCUIT PROTECTION

ABSOLUTE MAXIMUM RATINGS (1)

Supply Voltage 36V
Differential Input Voltage 30V
Input Voltage 12V
Power Dissipation (T g =70°C, see note 2) 500mW
Storage Temperature —65°C + 150°C
Operating Temperature ~20°C - 85°C
Qutput short ¢ircuit duration indefinite

ORDERING NUMBER

L045 T9 . . x
Notes on the following page.
T
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
{top view) in accordanca with

JEDEC T0-99 outline

SEATING PLANE

= e ¢ 7

8BS - 7.7
BS
5.08 TYP.

94 -

BLEADS| 1.3

0.4 MAX.
1
O.AOD A,

Notes: Atl dimenslons in mm,

NOVEMBER 1970
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channel amplifier L 045

ELECTRICAL CHARACTERISTICS (note 3)

STANDARD TEMPERATURE RANGE

NOTES:
(DT,

= 25°C unless otherwise noted.

(2) Derate linearly at 6.25 mW/°C for ambient temperature above 70°C.
(3) Ty = 25°C, Vg = ~20V, VR = —~10V unless otherwise noted, for VR see "Typical channel amplifier circuit™

PARAMETER CONDITIONS Min. Typ. Max. Unit

Input Offset Voltage RS =10 KQ +1.5 +10 mV

Input Bias Current 100 750 nA

Input Resistance open loop 2 MQ

Output Resistance open loop 75 Q

Voltage Gain Ry, =2 KQ 83 100 dB

Total Harmonic Distortion Pout=-5dBm  G=40dB 1.5 3 Tao
Ry eq. =470 f =1KHz

Total Harmonic Distortion Poyt =8dBm G =40dB 1.5 3 Too
Rpeq. =470Q f =1KHz

Quiescent Power Dissipation pout =0 20 30 mW

Max Output Power RLeq. =470 THD<1% G=40dB 14 16 dBn}

Noise Power Referred to Input Rg £ 1.5KQ G =40dB -120.5 dBm
f =1KHz BW=100Hz

Supply Voltage Rejection Ratio f=1KHz G =40dB 30 36 dB

Referred to Output

The Following Specifications

apply for -20°C gTA <+85°C:

Input Offset Voltage Rg= 10 KQ +15 mV

Input Bias Current 1.5 LA

Voltage Gain Ry, =2 KQ 78 dB |
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channel amplifier L 045

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

QUIESCENT POAER OISSIPATION QUIESCENT POWER DISSIPATION
VERSUS AMBIENT TEMPERATURE VERSUS SUPPLY VOLTAGE OPEN LOQGP GAIN VERSUS FREQUENCY
50 — 50 110
Vg=-20V z
£
z z 40 A % N
T © [} L
. = a
3 i N
£ 3 3 z 70
< = =
: p 2 3
@ — w w
S 2 i e S Z 2 2 s
E‘ ~_] t g N
g I~ & P > Vg = -20v
10 g 10 30 AN
= 1
=)
[ g
[ [ 10
-20 [ 20 4 60 80 100 10 20 30 1 10 100 1K 10K 100K 500K
AMBIENT TEMPERATURE - °C SUPPLY VOLTAGE - V t - FREQUENCY - Hz
RETURN LOSS VERSUS FREQUENCY
MAXIMUM OUTPUT POWER TOTAL HARMONIC DISTORTION (RELATIVE TO "TYPICAL CHANNEL
VERSUS LOAD RESISTANCE VERSUS QUTPUT POWER AMPLIFIER CIRCUIT")
52 T 5 — 50
Vg = ~20v r A Vg = —20V 1KHz vg = —20v f = 1KHz
x [ [THD < 1% (= 1KHz 5
Zz 4 a0
. S o
m S
< = - 4%
5 ™ g . 0¢f /7
o w3 2 0
- ™~ a 8 =1 @ \
> 3 o o 2 )
£ / 2 z S /
3 - g 20 AN
x I [ @
3 / kS u K
T I o« 3
£ 28 3 P ] @
3 / < 1 10
< =
= o
7 53
20 [ 0
200 400 500 800 1000 -0 -5 0 +5 10 +15 100 500 1K 5K
LOAD RESISTANCE - 1 OUTPUT POWER - dBm FREQUENCY - Hz
RETURN LOSS VERSUS VOLTAGE GAIN
(RELATIVE TO "TYPICAL CHANNEL
AMPLIFIER CIRCUIT™)
40 T T
Vg =-20V | I=1KHz

35

T

RETURN LOSS - dB

25

30 a5 40 45 50
VOLTAGE GAIN - dB
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channel amplifier L 045

STANDARD TEMPERATURE RANGE.

TYPICAL CHANNEL AMPLIFIER CIRCUIT

-20V - 8000
82K Ly R = 800
— }

L
9.53K0
— 1

L, = 120 mH. Serles resistance of: L, = 20Q
L2 =200

22



SILICON PLANAR LINEAR INTEGRATED CIRCUIT

L 103

EXTENDED TEMPERATURE RANGE, - 55°C + 126°C

CONNECTION DIAGRAM
(Top view)

GROUND

HOTE: Pin 4 comnecied 15 case.

ORDERING NUMBER

RF-IF amplifier

The L 103 is an RF - IF amplifier constructed on a single silicon chip
and is intended for use as a limiting.or non- limiting amplifier, har-
monic mixer, or oscillator to 150 MHz. The low internal feedback
of the device insures a higher stability-limited gain than that available
from conventional circuitry. Including the biasing network in the same
package reduces the number of external components required, thereby

increasing the reliability of the device.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

Supply Voltage

Output Coliector Voltage

Volitage Between input Tarminals
Interna!l Power Dissipation {1}
Operating Temperature Range
Storage Temparature Range

Lead Temperature {Soldering, 60 sec}

NOTE 1 : Rating applies for ambient temperatures to 125°C.

20V

24 v

+5V

200 mW

- B5°C to +125°C
- 65°C 10 +150°C
+300°C

o———KQ3 7

GROUND

L103T2
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline
Ry
V+8°_|:_- J L 127 1Max SEATING PLANE
1500 3 MIN.
3 Rz[‘] KQ OUTPUT

94 - 85

508 TYP.

85 - 77

8 LEADS

049
OAODIA'

Naotes: All dimenslans in mm,

MARCH 1970



L103

Linear Integrated Circuit

EXTENDED TEMPEAATURE RANGE

ELECTRICAL CHARACTERISTICS (Ta=25°c, V*=12V unless otherwise noted)

PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Power Consumption en=0 110 170 mw
Quiescent Output Current 8n=0 2.1 25 28 mA
Peak -t0-Peak Output Current ejn =400 mV rms, f = 1KHz 4 mA
Output Saturation Voltage 1.7 \%
Forward Transadmittance ein=10mV rms, { =1 KHz 29 35 mmho
Input Conductance €jn < 10mV rms, f < 5MHz 0.20 0.28 mmho
Input Capacitance ein <10mV rms, f <5MHz 6 9 pF
Output Capacitance { < 5MHz 2 3 pF
Qutput Conductance f< BMHz 0.02 0.04 mmho
Noise figure f=30MHz, Rg=5000Q 65 d8

f=100MHz, Rg =5000Q 8 dB

The following specifications apply for - 55°C < Ta € +125 °C
Quiescent Output Current en=20 1.7 2B mA
Peak-10-Peak Output Current ejn=400mV rms, f =1 KHz 3.2 mA
Output Saturation Voltage ' 1.8 A
Forward Transadmittance en=10mVrms, f=1KHz 21 mmho
Input Conductance ein< 10mVrms, f < 5MHz 0.4B mmho
Output Conductance f< BEMHz 0.05 mmho

TYPICAL ELECTRICAL CHARACTERISTICS (25°C trae air temperatura unless otherwlse noted)

INPUT RESISTANCE AND
CAPACITANCE VERSUS
iNPUT YOLTAGE

2

INPUT CAPACITANCE - pF

INPUT CONDUCTANCE - mmho

GUTPUT ADMITTANCE

INPUT ADMITTANCE
YERSUS FREQUENCY

YERSUS FREQUENCY

% T
v* = 12V
I
2 =5 MHZz
a
£
s ol
Z Sl
= 2
] ol
Do vﬁ'/r
o«
LA
5 A
=
=
=5
- CAPACITANCE
0
a 10 200 300 00

INPUT VOLTAGE - mV r.m.s.

500

5 1 5
TTT 1 T 5 TTT T
t - 12v W + =12V
= w
‘(I 2 Q o
Ll - 42 €08 Z 4E
& E E = E
& g . D .
3 w Y 3 S
3 @ 30 z04 | l& 3z
/ W z < OL = <«
(3] < =] -3 -
- (2] ~ o
< o 3 Q w
Js &2, J& 28
2 2 .
7| 7S 28 S 2
A ‘5 ~ B 5
S > 7 o
1 15 Eo02 % 15
/4 a L; =]
=
0 [ 0 [ [
1 10 100 1000 1 10 100 1000

- FREQUENCY - MHz (- FREQUENCY - MHz



Linear Integrated Circuit L103

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

FORWARD TRANSADMITTANCE REVERSE TRANSADMITTANCE OUTPUT CURRENT YERSUS
VERSUS FREQUENCY VERSUS FREQUENCY INPUT VOLTAGE
0 0.0 5
E T o 5 T T 1
° 4= 12y e v -2 N viz v
£ 5 N
) w 5004 a AN
8 - E b
< M, g2 [
£ GNITUDE TN 4 g E 003 £,
z N, w3 g
2 \ o =
3 X ey ©
£ < 1203 % 0.02 52
o« // w a
= <uw 5
o L T
S 11l 160 % S 001 ° \
= [t > 74 N
z 2 N
o (3
. il ]
0 200 0 0 [~
1 10 100 1000 1 10 100 1000 200 -100 0 100 700
f- FREQUENCY - MHz f- FREQUENCY - MHz INPUT VOLTAGE - mV
OUTPUT CURRENRT VERSUS POWER CONSUMPTION OUTPUT CURRENT VERSUS
SUPPLY VOLTAGE VERSUS SUPPLY YOLTAGE INPUT VOLTAGE
5 250 5
! U
< vt= 1V
]
4 z 200 a P
< ; £ A
. z : N
=3 2 =
= 150 i
i &
g z g N
3 - 2 3
v 2 = S 100 | Ju -55°C
5 = B N
& ol o ol = N
= [ 3 > A
o o] e 50 el e 1 ;\\.\
L ~N
0 0 0
7 8 9 10 11 12 7 8 9 0 11 12 100 -60 20 0 20 60 100
SUPPLY VOLTAGE - V SUPPLY VOLTAGE - V INPUT VOLTAGE - mV
OUTPUT CURRENT YERSUS POWER CONSUMPTION VERSUS TRANSADMITTANCE VERSUS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE AMBIERT TEMPERATURE
5
- 250 . 50 T
V=12 12v 2 vi= 12v
ein=o in =0 E ein = gOmV r.m.s.
4 = 200 S a0l —1 1= 1KKz
E
: ; g
[ E :
=z 3 £ 150 £ 30
o = = ™~
o =] Q
3 ] ™t z S .
2 & 100 z
= o = <
=] "
> ] o
5 ] 2
° 2 5 ERU
4
o
2
0 0 0
-60 20 0 20 60 100 . 140 .60 20 0 20 80 100 140 -60 20 0 20 60 100 140
T - AMBIENT TEMPERATURE - °C T, - AMBIENT TEMPERATURE - °C Tp - AMBIENT TEMPERATURE - *C



Linear Integrated Circuit L103

EXTENDED TEMPERATURE RANGE

DEFINITION OF TERMS

POWER CONSUMPTION - The DC power required to operate the device with no signal applied.

QUIESCENT OUTPUT CURRENT - The DC current delivered to the load with the input terminals short - circuited.

PEAK-TO-PEAK QUTPUT CURRENT - The short-circuit output current excursion for a large-signal input voitage.

QUTPUT SATURATION VOLTAGE - The minimum voltage 1o which the output collector may be reduced without degrading circuit performance.
TRANSADMITTANCE - The ratio of the output current to the input voltage.

INPUT ADMITTANCE - The admittance between the input terminals with the output short-circuited.

QUTPUT ADMITTANCE - The admittance between the output terminals with the input short-circuited.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT L 103

RF-IF amplifier

STANDARD TEMPERATURE RANGE, 0°C + 70°C The L 103 is an RF - IF amplifier constructed on a single silicon chip
and is intended for use as a limiting or non - limiting amplifier, har-
monic mixer,or oscillator to 150 MHz. The low internal feedback of the
device insures a higher stability limited gain than that available from
conventional circuitry. Including the biasing network in the same pac-
kage reduces the number of external components required, thereby
increasing the reliability of the device.

CONNECTION DIAGRAM
{top view}

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

DECOUPLING (™) () outeur
Supply Voltage 20V

QOutput Collector Voltage 24V

Voltage Batween [nput Terminals +BV

Internat Power Dissipation (1) 200 mwW

e O e Operating Temperature Range °C to +70°C
Storage Temperature Range - 65°C to +150°C

GROUND Lead Temperature (Soldering, 60 sec.) + 300°C

MOTE: PIN « CONNECTED TO CASE

ORDERING NUMBER
Note 1 : Rating applies for ambient temperature to 70°C

L 103T1
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEC T0O-99 outline
g R 1
vio—{_} 0 ' SEATING PLANE
RZ L_ 27 1 MAX
o 2 ouTPUT [ .
== TN N
= E N > {6 &
= sla] 8
W
BLEADS| 13 a7
. N
GROUND
Notes: All dimensions in mm.,

MARCH 1970
27



Linear Integrated Circuit

L103

ELECTRICAL CHARACTERISTICS (Ta=250C, V* =12V unless otherwlse noted)

STANDARD TEMPERATURE RANGE

PARAMETER

CONDITIONS

Power Consumption

Quiescent Output Current

Peak - to - Peak Output Current
QOutput Saturation Voltage
Forward Transadmittance
Input Conductance

Input Capacitance

Qutput Capacitance

Qutput Conductance

Noiss Figure

The following specifications appty for G°C < Ta £ 70°C :

Quiescent Output Current

Peak - to - Paak Quiput Current
QOutput Saturation Voltage
Forward Transadmiitance
Input Conductance

Qutput Conductance

ein=0
ejn=0
ejn =400 mV, t =1 KHz

8in = 10mV rms, f=1KHz
ein < 10mV rms, { 25 MHz
ejn < 10 mV rms, t 25 MHz
£ 5MHz

12 5 MH:z

f= 30 MHz, Rg= 500Q

f =100 MHz, Rg=500Q

en=0
ejn =400 mVv rms, f=1KHz

gjn = 10 mV rms, =1 KHz
ejn £ 10 mV rms, 1 £ 5MHz
f< 5MHz

MIN. TYP. MAX. UNIT
10 170 mw
1.9 25 33 mA
3.6 mA
1.7 A
23 33 mmho
0.35 0.50 mmho
8 1" pF
2 3 pF
0.05 mmho
65 d8
8 dB
1.7 35 mA
32 mA
18 \
22 mmho
on mmho
Q.08 mmho

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free alr temperature uniess otherwise noted)
OUTPUT AOMITTANCE

INPUT RESISTANCE AND CAPACITANCE

VERSUS INPUT VOLTAGE

INPUT ADMITTANCE
VERSUS FREQUENCY

VERSUS FREQUENCY

25 20 5
T 1 [T T T I T T
Y+ =12V L v+=12v & V+=lav
2 f = SMH 2 5/ 2
= w 2
IS 165 Ea N At go.s w 4
: Wy & Lo z
S g ¢ 2 8¢ 5
Z s —Jr =< %3 & 3Z %06 3 3
= «EeA e & =5 = &
I <R S o n S S =
A ) < 2 : w B e s
] « o B 1$ s 2 N
I3 < =z 2 5 &
10 g 52 = 2% Boa & H
S L1 - © N @ 8
a. =1 [ < = =3 S
x a. =] ] =1 o
= <] =z /g g5 /
5 CAPACITANCE 4 z) A4S 1 £ 302 1
L1 Tt~ A
—
T
0 l l 0 0 ol 1 0 0 | 0
0 100 200 300, 400 500 1 10 100 10¢0 1 10 100 1000
INPUT VOLTAGE - mV r.m.s. I'- FREQUENCY - MHz [- FREQUENCY - MHz
FORWARO TRANSADMITTANCE REVERSE TRANSAOMITTANCE OUTPUT CURRENT VERSUS
VERSUS FREQUENCY VERSUS FREQUENCY INPUT VOLTAGE
50 0 0.05 — 5 —
= 12V
£ Vsl 2 V412V Vo= v
E | € N
< 40 0 o004 a N
w o ow <
I} H
Z | —MAGNITUD § o P
Pl e iy gz ‘
=3 . 80 © £ 003 z 3
= J -k z
o w = 4
< -4 O ©
) 23 3
I® 120% Z 0,02 e 2
z w = / 5
g N 2L z
R o 0™ & 0.01 s 1
= A% w o
& w221 N
g | Lew 2 y N
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¢ 200 0 0
1 10 100 1000 ! 100 1000 250 4150 50 % 150 250
i - FREQUENCY - MHZz INPUT VOLTAGE - mV

- FREQUENCY - MHz

28

[k

o
z
».




Linear integrated circuit

L115

STANDARD TEMPERATURE RANGE,
0°Cto 70°C

e HIGH SLEW RATE : 100V/ uS
e FAST SETTLING TIME : 300 ns

e WIDE BANDWIDTH : 65 MHz

o WIDE OPERATING SUPPLY RANGE
e WIDE INPUT VOLTAGE RANGES

High speed

operational amplifier

The L 115 is a high speed, high gain, monolithic operational
amplifier constructed on a single chip using the planar
epitaxial process. It is intended for use in a wide range of
applications where fast signal acquisition or wide bandwidth
is required. The L 115 features fast settling time, high slew
rate, low offsets,and high output swing for large signal appli-
cations. In addition, the device displays excellent tempera-
ture stability and will operate over a wide range of supply
voltages. The L 115 is ideally suited for use in A to D and D
to A converters, active filters, deflection amplifiers, video
amplifiers, phase locked loops, multiplexed analogue gates,
precision comparators, sample and holds, and general feed-
back applications requiring wide (including DC) band-
width operation.

ABSOLUTE MAXIMUM RATINGS

Suppty Voltage £ 18V
Internal Power Dissipation (note 1) 500 mW
Differential Input Voltage 6.5V
Input Voitage (note 2) £ 15V

Storage Temperature Range -55°C to 150°C

ORDERING NUMBER Operating Temperature Range 0°Cto 70°C
L115T1 Lead Temperature (Soldering, 60 secs) 300°C
Notes on the following page.
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(top view) in accordance with
JEDEC TO-100 outline
5.84 TYP.
COMP 1A 12.7MIN. IMAX.
coMpP 18 (D) () CoMP 28 —
==
cascooe (2 OB f— bl
— 5 1’
INVERTING (Q 7 == o o
KpuT () comp 2a Eu
NON-INVERTING ouTPUT |
MPUT °-‘9|S;EA?SIMA)< o
Y o400 ez

Note : all dimensions in mm.

JANUARY 1971



high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Vgc = t 15V, T =25°C unless otherwise noted)

PARAMETER CONDITIONS Min. Typ. Max. UNIT
Input Offset Voltage Rg<10kQ £ 2 + 7.5 mV
Input Offset Current +70 + 250 nA
Input Bias Current 0.4 1.5 pA
Input Resistance 1 MQ
Input Voltage Range 10 12 v
Common Mode Rejection Ratio Rg< 10k Q 74 92 dB
Supply Voltage Rejection Ratio Rg<10k 45 400 w/v
Large Signal Voltage Gain Ry > 2kQ VouTt= = 10V 10,000 30,000
Output Resistance 75 Q
Supply Current 5.5 10 mA
Power Consumption 165 300 mW
Acquisition Time (Unity Gain) VouT = +5V 800 ns
Settling Time (Unity Gain) 300 ns
Transient Response (Unity Gain) VIN = 400 mV
Rise Time 30 75 ns
Overshoot 25- 50 %
Slew Rate Ay = 100 70 V/ps
Ay =10 38 V/ ps
Ay = 1 (non-inverting) 10 18 V/ ps
Ay =} (inverting) 100 V/ ps
The following apply for
0°C < Tps+ 70°C:
Input Offset Voltage Rg< 10k + 10 mV
Input Offset Current Tp =+70°C + 250 nA
Tp =0°C + 750 nA
Input Bias Current Tp =+170°C 1.5 pA
Ta =0°C 15 pA
Large Signal Voitage Gain Rp>2k0 Vout =t 10V 8,000
Qutput Voltage Swing Rp>2k 0 =10 13 v
EQUIVALENT CIRCUIT 1] j v
COMP. 28
i ,
10 COMP 2A
COMP 1A
3 L o 3
INV.INPUT ouT

NON-INV. INPU
m ?1]
NOTES :

1) Rating applies for ambient temperatures to +70°C.
2) For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
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high speed operational amplifier L115

FREQUENCY COMPENSATION
CIRCUIT

OUTPYT VOLTAGE - V

* For Gain 10, compensation may be simplified by
removing C7. C3 and adding a 200 pF capacitor

LARGE SIGNAL PULSE
RESPONSE INVERTING UNITY GAIN

COMPENSATION COMPONENTS VALUES

| CLOSED
LOOP C) Cy C3
GAIN
1000 10 pF
100 | 50pF 250 pF
10* | 100pF | S00pF | 1000 pF
I | S00pF |2000pF | 1000 pF

(C4) between Pin 7 and 10.

L —
Ve = 215V
Tp=25°C
\"4
400 0 400 809 1200 1600
TIME - ns

INVERTING UNITY GAIN
HIGH SLEW RATE CIRCUIT

50

+15V

68pF

- pF

CAPACITANCE

OUTPYT “OLTAGE - mV

STANDARD TEMPERATURE RANGE

SUGGESTED VALUES OF COMPENSATION
CAPACITORS AS A FUNCTION OF THE
CLOSED LOOP VOLTAGE GAIN

T TTT
Veg = £15V
~1]%2
1000 T
3
NS L]
A} NN 4 N
\ k.
100 —+ -
‘\
10 \
1 10 100 1000
CLOSED LDOP VOLTAGE GAIN
SMALL SIGNAL PULSE RESPONSE
INVERTING UNITY GAIN
0 Veg = 215V _
N\ ViIN_= 400mV
\ Tp725°C
-200 \
-400 \/
\'
160 32 480

TYPICAL ELECTRICAL CHARACTERISTICS (T = 25°C, V¢ = %15V unless otherwise noted)

QUTPUT VOLTAGE - V

UNITY GAIN LARGE SIGNAL

PULSE RESPONSE

LARGE SIGNAL PULSE RESPONSE
FOR VOLYAGE GAIN 10

LARGE StGNAL PULSE RESPONSE
FOR VOLYAGE GAIN 100

7 7
6 6
A 5 5
-~ \ > >
S o4 / w /
2 1 s
=
g 3 3 3
/ \ : . -
N
/ \ £ \[ 1§
=
ERR \ 2 1
0 . 0
-1 -1
0 400 800 1200 1600

TIME - ns

0 200 4¢u 600 800

TIME - ns

1000 1200 1400 1600

[+

200 400 600 800 1000 1200 1400 1600

TIME - ns
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (Tp = 25°C. Ve = 215V unless otherwise noted)

SLEW RATE - V/us

VOLTAGE GAIN - dB

PEAK TO PEAK QUTPUT SWING - V

SLEW RATE AS A FUNCTION
OF THE CLOSED LOOP VOLTAGE GAIN

SLEW RATE AS A FUNCTION

SLEW RATE AS A FUNCTION

0 OF SUPPLY VOLTAGE OF TEMPERATURE
T N 0
—t LR = wxn ,/ 35
R = 10x0 T
so| - 2| |SAN / R = 10k
30
"
60 3 " D
A = 7 >
- w /1 w2
=
L7 = < Tt
40 5 12 o —
P v s 15
b A [
= 2 a
10
20 ] - 8 1
-
5
0 4 o
1 10 100 16 110 114 118 o 10 20 30 4 50 &0 70
TEMPERATURE - "C
CLOSED LOOP VOLTAGE GAIN SUPPLY VOLTAGE - V
CLOSs:RLIl())%P I;REOUENCY_ RESPONSE FOR OPEN LOOP VOLTAGE GAIN AS A OPEN Logl;g:sss?glsiggrc}\cgmssnsmlon
S GAIN CONFIGURATIONS FUNCTION OF FREQUENCY FREQUENCY COMPENSATIONS
RElIEN 1°° M ”
T ~] (LS @ TR 11
0 (GAIN 1000 2 4 A NO COMP. © g0 || HINNN L
™~ . ~N =z \S
M z 3 - \<Ps<. 01/|
UL 2 9 g0 N 1D% >,
40 GAIN o 0 w T T TGN N
] I} < - NN DN
™ z 5 N
I N 5 3 Ottt Py
20 GAIN 10 I S a0 : L4 HH A
| | ™. S g
N S = N
L A
0 GAIN 1 LT =z 2 bl CTIT T T N
F S O Rl N
N x {
C T T N
-20 0| -20
1k 10k 100k ™ 10 50M 1k 10% 100k 1M J0M 100 1k 10k 100k W 10 50M
FREQUENCY - Hz FREQUENCY - Hz FREQUENCY - Hz
OUTPUT SWING AS A FUNCTION OF
FREQUENCY FOR VARIOUS OPEN LOOP PHASE AS A OPEN LDOP VOLTAGE GAIN AS A FUNCTION
FREQUENCY COMPENSATIONS FUNCTION OF FREQUENCY OF AMBIENT TEMPERATURE
30 J 50
B g
% -80 -+ ___\ RSN S 4
O 0 COMPENSATION N } ol R, = 20
w h E]
20 o \ <
R a 2]
oElE w -0l LH Ll H—] Nl w ®
ztizj= > [ 8 —
15 EtE u ——*\”- 5
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K TTHEINT § 10
T I 320
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FREQUENCY - MHz

TEMPERATURE - °C
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (T4 = 25°C: Ve = £15V unless otherwise noted)

COMMON MODE REJECTION RATIO

VOLTAGE FOLLOWER VOLTAGE FOLLOWER TRANSIENT RESPONSE AS A FUNCTION OF FREQUENCY
800 100
[ g
700 ! ; i y
VIN = 400mV o 80
> 600 E
: g
W s00 Z 0
: [N L :
o 400}g0x ] ]
<) = e
2wl J | T | £ o
«
5 300 ; x
= ! 2
> 200 ! =
o T =z 20
i [=}
100 ] 3
[ z
P 10% RISE TIME 5]
a P ] 0
0 50 100 150 200 250 3 00l 0.1 1 10 100 500
TIME - ns FREQUENCY - kHz
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE
TYPICAL APPLICATIONS (contd)

WIDE BAND VIDEO AMPLIFIER WITH
750 COAX CABLE DRIVE CAPABILITY

YIDEO QUTPUT
TO 757 COAX
75Q

0 —— 10
< =
T o Yoy =255mV rms 750
z NOISE OUT = 3.5mV rms \ o
[
& .0 \ P
1

= \ | 750
a ]
(=
> 1

3 L

-4 -
000l 001 0.1 1 10 100 ) 0.1uF

FREQUENCY - MHZ

VOLTAGE OFFSET HIGH SPEED INTEGRATOR
NULL CIRCUIT

50pF 20 T l J , T
!
10k I 1060 15 —
. i
390 > /TINPIUT ‘
0.27uF w5 ! \
[}
LISV S00pF E V \X i
g ° N
" Sk 3 5 5 A Z
| M M
2550 ¢ e QUTPUT
15 i I‘
|
20 1¢ ]
0 1 2 3 4 5
TIME - 4
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE
DEFINITION OF TERMS

INPUT OFFSET VOLTAGE: — That voltage which must be applied between the input terminals to obtain zero output volt-
age.The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input
leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE — The resistance looking into either input terminal with the other grounded.
INPUT BIAS CURRENT — The average of the two input currents.

INPUT VOLTAGE RANGE — The range of voltage which, if exceeded on either input terminal, could cause the amplifier to
cease functioning properly.

INPUT COMMON MODE REJECTION RATIO — The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the change in input offset voltage to the change in supply voltage
producing it.

LARGE-SIGNAL VOLTAGE GAIN — The ratio of the maximum output voitage swing with load to the change in input voltage
required to drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING — The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE — The resistance seen looking into the output terminal with the output at null. This parameter is
defined only under small-signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and
thermal feedback.

POWER CONSUMPTION — The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONSE — The closed-loop step-function response of the amplifier under small-signal conditions.
ACQUISITION TIME — The time from change of input until last time output exceeds specified percent of final value.

SLEW RATE — The maximum rate of change of output under large-signal conditions.

SETTLING TIME — The time from output first reaching final value until last time output exceeds specified percent of final
value.

INPUT
PULSE

FINAL. _ L L1
VALUE

OUTPUT
PULSE

AQUISITION TIME
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE
HELPFUL HINTS

LAYOUT — The layout should besuch that stray capacitance is minimal.
SUPPLIES — The supplies should be adequately bypassed. Use of 0.1 pF high quality ceramic capacitors is recommended.

RINGING - Excessive ringing (long acquisition time) may occur with large capacitive loads. This may be reduced by isolating
the capacitive load with a resistance of 100 Q.Large source resistances may also give rise to the same problem and this may
be decreased by the addition of a capacitance across the feedback resistance. A value of around 50 pF for unity gain confi-
guration and around 3 pF for gain 10 should be adequate.

LATCH UP — This may occur when the amplifier is used as a voltage follower. The inclusion of a diode between pins 6 and
2 with the cathode towards pin 2 is the recommended preventive.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

L123

EXTENDED TEMPERATURE RANGE -66°C to + 125°C

¢ Paositive or negative supply operation

o Series, shunt, switching or floating operation

¢ .01%line and load regulation

e Output voltage adjustable from 2 to 37 volts

e Output current to 160 mA without external
pass transistor

CONNECTION DIAGRAM
Top view

precision voltage
regulator

The L123 is a monolithic voltage regulator constructed on a single
silicon chip using the Planar-epitaxial process. The device consists of a
temperature compensated reference amplifier,error amplifier, power series
pass transistor and current limit circuitry. Additional NPN or PNP pass
elements may be used when output currents exceeding 150 mA are
required. Provisions are made for adjustable current limiting and re-
mote shutdown. In addition to the above, the device features low
standby current drain, low temperature drift and high ripple rejection.
The L123 is intended for use with positive or negative supplies as a
series, shunt, switching or floating regulator. Applications include
laboratory power supplies, isolation regulators for low level data

amplifiers, logic card regulators, small instrument power supplies,
airborne systems and other power supplies for digital and linear circuits.
ABSOLUTE MAXIMUM RATINGS
{above which tha useful life may be impaired)
Pulse Voltage from V* to V™ (50 msec} 50V
Continuous Voltags from V+to V- a0V
Input-Output Voitage Differential 40V
Maximum Output Current 150 mA
Current from VREF 15 mA
Internal Power Dissipation {Note 1) 800 mwW
Operating Temperature Range -56°C to + 126°C
Storage Temperature Range —65°C to +150°C
: ol
NOTE - PIN 1S CONNECTEDTO Case Lead Temperature {Soldering, 60 sec.) 300°C
ORDERING NUMBER
L123T2 NOTES : On the following page.
EQUIVALENT CIRCUIT PHYSI(:'AIT DIMENSIONS
similer to
JEDEC (T0-5) outline
Vi FREQUENCY
COMPENSATION Ve
EMPERATURE
EO”PENSAPED
ZENER
INVERTING
INPUT
v SERIES PASS
REF TRANSISTOR
o—
NON-INVERTING v
INPUT ouT
REY.-OE'}TE?,%EE l iUR';ENT CURRENT SENSE 3 B
AMPLIFIER Ll SENSE 2 1 ..‘
ERROR CURRENT z
AMPLIFIER LIMITER = §
~
o =
LB 00
10 Loads
Notes Altdimensionsinmm. 343 pua. |
MARCH 1970
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Linear Integrated Circuit L.123

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Note 2)

PARAMETER (see definitions) CONDITIONS Min, Typ. Max, UNITS
Line Begulation VIN=12V.to VIN= 16V 0.01 0.1 % VOUT
VIN=12Vto VIN=40V 0.02 0.2 %VOUT
-55°C < TA £ +125°C, VIN=12V 1o V|N = 16V 03 % VouT
Load Regulation IL=1mAtol =50mA 0.03 0.15 % VouT
550C £ Ta £ +1250C, 1. = 1 mA to I = 50 mA 0.6 % VouT
Ripple Rejection f=50Hz 0 10kHz, CReg =0 74 dB
f=50Hzto 10 kHz, CReF =5 uF 86 dB
Average Temperature Coefficient -559C £ Ta L +125°C 0.002 0.015 %/oC
of Output Voltage
Short Circuit Current Limit Rsc=10Q, VouT=0 65 mA
Reference Voltage 6.95 7.15 7.35 \Y%
Output Noise Voltage BW=100Hz1t0 10kHz, CREF =0 20 MVrms
BW = 100 Hz to 10 kHz, CREF =5 MF 25 MVrms
Long Term Stability 0.1 % 1000 hrs
Standby Current Drain 1L =0, VIN =30V 2.3 35 mA
Input Voltage Range 8.5 40 \%
Qutput Voltage Range 2 37 \%
Input-Output Voltage Differential 3 38 Vv
DEFINITION OF TERMS

LINE REGULATION — The percentage change in output voltage for a specified change in input voltage.

LOAD REGULATION — The percentage change in output voltage for a specified change in load current.

RIPPLE REJECTION — The ratio of the peak to peak input ripple voitage to the peak to peak output ripple voltage.

AVERAGE TEMPERATURE COEFFICIENT OF QUTPUT VOLTAGE — The percentage change in output voltage for a specified change in am-
bient temperature.

SHORT CIRCUIT CURRENT LIMIT — The output current of the reguiator with the output shorted to the negative supply.

REFERENCE VOLTAGE- The output of the reference amplifier measured with respect to the negative supply.

QUTPUT NOISE VOLTAGE — The rms output noise voltage with constant {oad and no input ripple.

STANDBY CURRENT DRAIN — The supply current drawn by the regulator with no output load and no reference voltage load.

INPUT VOLTAGE RANGE — The range of supply voltage over which the regulator will operate.

QUTPUT VOLTAGE RANGE — The range of output voltage over which the regulator will operate,

INPUT-QUTPUT VOLTAGE DIFFERENTIAL — The range of voltage difference batween the supply voltage and the regulated output voltage over
which the reguiator will operata.

SENSE VOLTAGE — The voltage between current sensa and current limit terminals necessary to causs current limiting,

TRANSIENT RESPONSE — The closed-loop step function response of the regulator under small-signal condjtions.

NOTES :

{1} Derate linearly at 6.4 mW/°C for operatjon at ambient temperatures above 25°C,

{2) Unless otherwise specified, Ta = 25°C, VN = V*=VCc =12V, V-=0,VouT =5V, IL=1mA,Rsc =0, C1 = 100pF CReF =0 and
divider impedance as seen by error amplifier £ 10 KQ connected as shown in Fig. 1.

{3} Ly is 40 turns of # 20 enameled copper wire wound on Ferroxcube P36/22-387 pot core or equivalent with 0.009" air gap.

(4) Figures in parentheses may be used if R1/R2 divider is placed on opposite of error amp.

{5) Replece R1/R2 in figures with divider shown in figure 13.

{6) V* must be connected 1o a +3 V or greater supply.




Linear Integrated Circuit L123

ELECTRICAL CHARACTERISTICS {25° free air temperature uniess otherwise noted)

MAXIMUM LOAQ CURRENT AS A FUNCTION OF
INPUT-OUTPUT YOLTAGE DIFFERENTIAL

LOAD REGULATION CHARACTERISTICS
WITHOUT CURRENT LIMITING

EXTENDED TEMPERATURE RANGE

LOAD REGULATION CHARACTERISTICS
¥WITH CURRENT LIMITING

200 1T 0.05 0.05
[ T, Max = 150°C
160 | Ryy = 150°C/¥ 1 0 0
| PsTanpay = 60m 5 R . Ta = ~s57g
(No heat sink) -1 o S g S
50 -0.05
.0.05 NI c = ] o1
12 | * \,b‘s > S [
. z 452, Lo, e
% E 5 ct+—— z 4 I
=m0 < -0l 25} &
= 3 e <
’_}» 3 W 3 o
N9 « = VoyuT =5V VN =+12¥ 2
20 250 aask - « -
[ Rsc—r -o.z\_VOUT-. Vv, -rlzv
T, = 1255C —{ LR = mnl i T
0 Tt -0.2 -0.25 | l
0 10 20 3 40 50 0 20 40 60 80 100 0 5 10 15 20 25 30
Yin  Vour v QUTPUT CURRENT - mA OUTPUT CURRENT - mA
LCAD REGULATION CHARACTERISTICS CURRENT LIMITING CRARACTERISTICS AS
WITH CURRENT LIMITING CURRENT LIMITING CHARACTERISTICS A FUNCTION OF JUNCTION TEMPERATURE
0.1 1.2 X 200
H _ _ V = 5V
vOUT = 5V \{N- l2v ouT >
Ry = 100 . Vi = 12\:1 z
; . 160
¢ w = 00 Qo7
s ¢ M 5 3
2 Y e :
2 —l o > -
Wil e %06 oz
\ 4
= ‘ 5 o6 | o =
S & [ - 3
5-0.2 ) o, 05 80
2 S 04 [ T I3 z
b ST z FUE [w = =
©.0.3 > 1V AL < S e =T ¥ 0.4 0 2
n o = 0.2 I3
— P \a - 3
37 ] & o
-0 (2} -L 0 0.3 | °
X 4 60 8 100 0 2 40 60 80 100 75 <50 -25 0 25 50 75 100 125
OUTPUT CURRENT - mA OUTPUT CURRENT - mA JUNCTION TEMPERATURE - °C
LINE REGULATION AS A FUNCTION OF LOAD REGULATION AS A FUNCTION OF STANDBY CURRENT DRAIN AS A
INPUT-OUTPUT YOLTAGE DIFFERENTIAL INPUT-OUTPUT YOLTAGE DIFFERENTIAL FUNCTION OF INPUT YOLTAGE
0.3 0.2 5
. = T 1
] Yoyt =3V v . 12‘], | Vout
R, =0 iN —1 ‘ f -0
0.2 Veav— 0.1 Vour =5V_) 4
- =
g I = 1mA 3 R, =0 ! |
> > I = ImAtol = 50mA ' R
® 0.1 & ® 0 - s 7, = e
: ' h g ||
z | z L] £ Uy
= = [ ol
b T -0 ™~ = 2 T =125 0]
> 2 o
2 | 2 z |
1 @ <
-4
-0.1 0.2 5 el
— —
-0.2 -0.3 0
-5 5 15 25 35 45 5 5 15 25 35 45 0 10 20 30 4 50
(V‘N - VOUT) -V WIN - VOUT‘ -V INPUT VOLTAGE - ¥
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Linear Integrated Circuit L123

QUTPUT VOLTAGE DEVIATION - mV

LINE TRANSIENT RESPONSE

LDAD TRANSIENT RESPONSE

EXTENDED TEMPERATURE RANGE

OUTPUT IMPEDANCE AS A
FUNCTION OF FREQUENCY

T 1T ! cout %Y
INPUT VOL TAGE . LoAD burent " Y
i > [ ] Rge =0
i [T 1T sz’ 1 <05 Csom »
2= oty | oAl
) sz :: [T
L S o | A
A bt - I l 0% § il ol
, ~——0UTPUT YOL’{AGE , & Ea D \DUTPUT VOLTAGE g z
! | S o4 7 o 7
} ! l\i' | 22 YR
Vi =12V Lok My v v -3 o
-2ty * By L 42 2-dy —sv
ou7 e & |Your
L = lay 25 | -awma -30
Rse =9 ° Ry =0
-4 - -6 -8 L - 0.01
5 B 15 25 E 7 3 5 T 2 3 5 100 K 10K 100K W
TIME - uS TIME - u$S FREQUENCY - Hz
TABLE |
RESISTOR VALUES (k2} for standard output voltages
Positive Applicable | Fixed output Output adjustable Negative Applicable | Fixed output 5% Output
Output Voitage Figures + 5% +10% (Note 5) Output Voitagel Figures +6% adjustable £ 10%
{Note 4) Ry R2 R Pq Ro R1 Ro R1 Pq Ro
+3 1,5, 6.9 412 | 301 1.8 0.5 1.2 +100 7 357 102 22 10 91
12 (4)
+3.6 1,5, 6,9, 357 | 3.65 15 0.5 1.5 +250 7 357 255 22 10 240
12 (4}
45 1,5,6,9 215 | 499 | 0.75 a5 | 22 -6 (note 6} [ 3, (10 357 243 1.2 05 (075
12 {4)
+6 1,5,6,9, 1.15 | 6.04 05 05 27 -9 3. 10 3.48 5.36 1.2 0.5 2
12 (4}
+9 2,4,(5,6, 1.87 | 7156 | 0.75 1 27 -12 3,10 357 8.45 1.2 0.5 3.3
12, 9)
+12 2,4,(5,6 487 | 7.6 2 1 3 -15 3,10 3.65 1.5 1.2 0.5 43
9,12
+15 2,4, (5,6 787 | 7.16 33 1 3 -28 3,10 357 243 1.2 0.5 10
g, 12)
+28 2,4,{5,6 21 7.15 56 1 2 -45 8 357 41.2 2.2 10 33
9,12}
+45 7 357 | 487 22 10 39 -100 8 357 g97.6 22 10 a1
+75 7 357 ) 78.7 22 10 68 -250 b 357 249 22 10 240
TABLE I
FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to +7 volts Outputs from +4 to 4250 volts Current Limiting
[Figures 1,5, 6, 9, 1:. )] . [Furur; n Lo Yaense
_ ) —-R, uMr = o
Vour—[VnEFXRI+R2] VOUT=[%><%],R‘=R‘ 3
Outputs from +7 to 437 volis Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2, 4, (5, : 5-'.-1:)] v[Fuzures 3|; 8, l:] e = [ Vour Ry + Vsense (Ry + R) ]
+
Vour = Daes X —7— 1 Vour =[5 x —E 15 R, =R, Rec R, Re Ry
? ! | _ ¢ Vsense R, + R,
swort exr = [ —— R 1
C 4
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Linear Integrated Circuit L123

EXTENDED TEMPERATURE RANGE

BASIC LOW VOLTAGE REGULATOR FIG.1 | BASICHIGH VOLTAGE REGULATOR FIG. 2
VouT = 2107 Vans) LQUT =7 1057 sl
Vin
v, ve
V, I Rsc
out REGULATED
VREF — Rsc ouTPUT
Ry |um 5
! cs = REGULATED Ry
LR ouTPUT P
Cref Ry [}
- 160pF
_L oM T e i
Note: R3 = "2 for minimum
R1R2 TYPICAL PERFORMANCE PR3=
Note: R3 = — - for minimum Regulated Outpul Voflage v R1+R2 lemperalure drift TYPICAL PERFORMANCE v
R+ R2 temperature drift. Line Regulation (% V= 3V) 0.5mv R3 g § E\Eng:];;;?ﬂg‘\j\?:lk sltagew‘ {55 mY
ay be ehminate : = -
Load Regulation (" =50mA) 15 mV B ey e Shminated for mimimum Load Regulabon (3L M= 5tmar 4.5 mv
NEGATIVE VOLTAGE REGULATOR FIG.3 | POSITIVE VOLTAGE REGULATOR FIG.4
(External NPN Pass Transistor)
Vin Vin
Vi v,
T1
Ve Ve Rs YouT
VouT ®n REF BFY 56
VReF Ty o oL
. 1] iN753 L2 R
Ra Ry {uis e T €s *
*a E BEX3 Nt iy REGULATEO
cs TR
N v v. comp
R R OMP|
3 Ly ke g
K0, -l- oo G R
REGUL ATED OUTPUT S00pF 2
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulaled Output Voltage 15 v Regulated Outpul Voltage 150V
Line Regulation (. Vi ~ 3V Imv Line Regulation (A, =3V) L5mV
Load Regulation +- 1" = 100mA)  2mV Load Regutalion i | = 14) 15 mv
POSITIVE VOLTAGE REGULATOR FIG.5 FOLDBACKICURRENT LIMITING FIG, 6
(External PNP Pass Transistor)
VIN
Ve Tl REGULATED OUTPUT
" 2N5001
Vegr YOUT]
R1 |Lis cL
cs Rsc
NI v REGULATED
OUTPUT
Ry _Icowe
I”1 "
TYPICAL PERFORMANCE
TYPICAL PERFORMANCE Regulaled Oulpul Vollage 45V
Regulaled Dulput »ltage 3V Line Reguiation { _ vy = 3¢) 0.5mv
Line RRngIIalmn {" IN :JA; O.Ser Load Regutalion {1 ImV
Load Regulation f.1) =1 Sm Current Limit Knee 20maA
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Linear Integrated Circuit L123

EXTENDED TEMPERATURE RANGE

POSITIVE FLOATING REGULATOR

FIG.7

REGULATED OUTPUT

TYPICAL PERFORMANCE

NEGATIVE FLOATING REGULATOR FIG.8
YiN
Re
s Ve ve 10k _
1
10K 2 Vrer U7 2M5287
D2 1n753
R3
Ry & | ko[t cL —
01fzav] cs |-
NI inv
R, R
V-
50 l C‘)C"'i"
T 100eF REGULATED OUTPUT

TYPICAL PERFORMANCE

Regulaled Outpul Voltage ~ +50 V Regulated Outpul Voltage -100v
Line Regulation (2, '=20V) 15 mY¥ Line Regulation (AV =20V)  30mV
Load Regutation "L 50ma) 20 mv Load Regulation (&1L 100ma)  20my
POSITIVE SWITCHING REGULATOR FIG.9 NEGATIVE SWITCHING REGULATOR Yin FIG. 10
A
Rs
5287
+l ve 24116
You ibl
VREF |L1 IN2071
1 ge L.2mH
Lz b REGULATEQ
510 s
cs ouTPUT L
NI Inv 1.2mH
¢, REGULATED
4 [v- [coMP
™0 I 100.F _L C, ouTPUT
I I 1004 F
——
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Output Vollage 45V Regulated Outpul Voltage S5V
Lina Regulation (A vV =30V) 10 mv Line Regulation (4 Vin= V) 8mv
NOTE 3 Load Regulalion (A1) =28 80 mV NOTE 3 Load Regulation (4| '=2A) 6my
REMOTE SHUTDOWN REGULATOR WITH FIG. 11 SHUNT REGULATOR FIG. 12

CURRENT LIMITING

ViN
V] Ve
Rsc
YouT
VREF — REGULATED OUTPUT

cesL
LOGIC INPUT

REGULATED QUTPUT

TYPICAL PERFORMANCE

Nole TYPICAL PERFORMANCE v TYPICAL PERFOMS s v

Cutrant limit . b Regulated Qulput Voltage 45 egulaled Outpul Voltage

for shutdown l:?“:&rsrlgr:lmlmihen:selg Line Reguiation (&Y = 3V) 0.5mv Line Regulalion (4, = 10V) 0.5mv

nol required, Load Repulalion(AlL =50mA) L5mV Load Regulation (A ‘L = 100mA) L5mv
OUTPUT YOLTAGE ADJUST FIG. 13
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT L 123

precision voltage regulator

STANDARD TEMPERATURE RANGE, 0°C +-70°C The L 123 is a monolithic voltage regulator constructed on a single
silicon chip using the Planar epitaxial process. The device consists of

o Positive-or negative supply operation a temperature compensated reference amplifier, error amplifier, power

o Series, shunt, switching or floating operation  series pass transistor and current limit circuitry. Additional NPN or
® .01 % line and load regulation PNP pass elements may be used when output currents exceeding 150
o Output voltage adjustable from 2 to 37 volts mA are required. Provisions are made for adjustable current limiting
e Output current to 1560 mA without external and remote shutdown. In addition to the above, the device features

pass transistor low standby current drain, low temperature drift and high ripple

rejection. The L 123 is intended for use with positive or negative sup-
plies as a series, shunt, switching or floating regulator. Applications
CONNECT!ON DIAGRAM include laboratory power supplies, isolation regulators for low level
TOP VIEW data amplifiers, logic card regulators, small instrument power sup-
plies, airborne systems and in other power supplies for digital and li-
x  Near circuits.

cuRRENT
LT

ne O
oS ion curnenT
COMPENSATION  CLRR ﬂ

CURRENT
SENSE,

CURRENT
SEnsE

¢ an
() v wor

Ve
= {s]
R > o \TA = 25° C unless otherwise noted)

vi

'"‘g{‘?ﬂ,"“ Yve V“E'a s v Voltage from V* to V- LAY
v , ~c  Input-Output Voltage Differential 4V

Maximum Qutput Current 150 mA

Current from YREF 25 mA

et b internal Power Dissipation (1) 800 mwW
Operating Temperature Range 0oCto+ 700 C

Storage Temperature Range (Metal Can) -659Cto+150° C

Storage Temperature Range {DIP) -550C to+1250 C

Lead Temperature {Soldering, 60 sec.} 3000 C

NOTE ON PAGE 2

PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14-pin plastic DIP gimilar to

Jedec TO 100 outline

EQUIVALENT CIRCUIT

S5MAX
=
S |
o
FREQUENCY Q2N -
v+o COMPENSATION Ve _
TEMPERATURE .
COMPENSATED L

ZENER
INVERTING
INPUT O U P
VREF SERIES PASS
TRANSISTOR dlz s|P
NON-INVERTING Vout ap 2P
INPUT Ol w4 E
VOLTAGE CURRENT s wh®
REFERENCE l LIMIT vy 0 ] z sy
AMPLIFIER dls b ; |
Ve CURRENT z —
SENSE [mI | = H‘(H‘tl_ﬂ &
LN
AMPLIFIER CURRENT ;
LIMITER 10 Lasds
Note : al! dimensions In mm. 8:4‘8 Dis.

Notes All dimansions in mm.
Loads are gold-plated Kovar.

ORDERING NUMBER

L123B1 {for TO 116 package)
L123T1 (tor TO 5 package)

APRIL 1869




Linear Integrated Circuit L123

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (note 2)

PARAMETER (see definitions) CONDITIONS MIN.  TYP. MAX. UNIT

Line Regulation V=12VtoV=15V 0.01 0.1 % VouT
VINSIZV o VN =40V 0.1 05 % VouT
0°C < TAL70°C, VIN= 12V to V|N= 15V 0.3 % VouT

Load. Regulation IL=1mAto I =50 mA 0.03 0.2 % VouT
0°CS TA<70°C.IL=1 mA to || .= 50mA 0.6 %VouT

Ripple Rejection f=50Hz1t010kHz, CREF =0 74 dB
f=50Hz 0 10 kHz, CRgfF = 5uF 86 dB

Average Temperature Coefficient 0°C < Ta S 70°C 0.003 0.015 %/°C

of Output Voltage

Short Circuit Current Limit Rsc=10Q, VouT =0 65 mA

Reference Voltage £.80 7.15 7.50 \

OQutput Noise Voltage Bw = 100Hz to 10kHz, CREF = 0 20 UVrms
BW = 100 Hz t0 10 kHz, CREfF = 5 pF 25 uVrms

Long Term Stability 0.1 % /1000 hrs

Standby Current Drain IL=0, VIN=30V 23 4 mA

Input Voltage Range 95 40 v

Qutput Voltage Range 2 37 v

Input-Qutput Voltage Differential 3 38 v

DEFINITION OF TERMS

LINE REGULATION - The percentage change in output voltage for a specified change in input voltage.

LOAD REGULATION- The percentage change in output voltage for a specified change in load current.

RIPPLE REJECTION - The ratio of the peak to peak input ripple voltage to the peak to peak output ripple voltage.

AVERAGE TEMPERATURE COEFFICIENT OF QUTPUT VOLTAGE - The percentage change in output voltage for a specified change in ambient
temperature.

SHORT CIRCUIT CURRENT LIMIT - The output current of the regulator with the cutput shorted to the negative supply.

REFERENCE VOLTAGE -~ The output of the refarence amplifier measured with respect to tha negative supply.

QUTPUT NOISE VOLTAGE - The rms output noise voltage with constant load and no input ripple.

STANDBY CURRENT DRAIN - The supply current drawn by the regulator with o output load and no reference voltage load.

INPUT VOLTAGE BRANGE - The range of supply voltage over which the regulator will operate.

QUTPUT VOLTAGE RANGE - The range of output voltage over which the regulator will operate.

{NPUT-QUTPUT VOLTAGE DIFFERENTIAL - The range of voltage difference between the supply voltage and the regulated output voitage ovar
which the regulator will operate.

SENSE VOLTAGE - The voltage between current sense and current limit terminals necessary to cause current limiting.

TRANSIENT RESPONSE - The closed-loop step function response of the regulator under small-signal conditions.

NOTES:

(1) Derate metal can package at 6.4 mW/OC and dual in-line package at 8 mW/CC for operation at ambient temperaturas above 25°C,

{2) Unless otherwise specified, Ta = 250C, VIN = V4 = Ve =12V, V=-=0, Vou1 =5V, I = 1 mA, Rgc = 0, C; = 100 pF and divider impedance as seen by the
error amplifier < 10K

{3) For metal can applications where V7 is reguired. an axternal 6.2 zener shou!d be connected in series with Vo T.

(4) Figures in parentheses may be used if R /R divider is placed on opposite of error amp.

{5) Replace R1/R7 in figures with divider shown in figure 13.

(68} V+ and V¢ must ba connected to a + 3 V or greater supply.

{7} Ly 1s 40 (urnso'# 20 enarmeled copper wire wound on Ferroxcube P36/22-387 pot core or equivalent with 0,23 mm. air gap.



Linear Integrated Circuit L123

STANDARD TEMPERATURE RANGE
TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

MAXIMUM LOAD CURRENT

MAXIMUM LOAO CURRENT AS A AS A FUNCTION OF LOAD REGULATION
FUNCTION OF INPUT-OUTPUT INPUT - OUTPUT VOLTAGE CHARACTERISTICS WITHOUT
VOLTAGE OIFFERENTIAL DIFFERENTIAL CURRENT LIMITING
200 [ T ] | 1 200 1 T T Io T
T e g L1
RTH = 150°C/W T~ 1TH ] T
160 P STANDBY = 50 mw | 160 Lo oy 2 S| — Ta=opog__|
{NO HEAT SINK) y
] o T (NO HEAT SINKI L
l L - ) = 2500 —
5
120 T Son T4~ -
R AR : ™
. x
5 : 5
Ta = 26°C = C
% wl AN = \ \razee ¢
= t <
X | ! 5.02 |
AN ' b e
40 \\1 40 «
- ™~
TA=70°C
A=10 N i L1a = 70¢ [y
| L -
0 0 03
o 10 20 £ 0 50 0 10 2 EY 40 50 0 20 40 60 80 100
VIN - VouT! -V (VN - VouT) - V OUTPUT CURRENT - mA
CURRENT LIMITING
AD REGULATION CHARACTERISTICS AS A
CHARACTERISTICS WITH CURRENT LIMITING FUNCTION OF JUNCTION
CURRENT LIMITING CRARACTERISTICS TEMPERATURE
0.1 12 08 | 20
T > "D
> 1 Lo7 74 e 160
g 4 | £
$ o é 08 2 TR 2
»® 3 Zo8 Se =5 1203
, — z 2} «
z I~ Sosf. i & 3
= &
5 ™~ 3 |- ~% § £ 11— Sos w02
301 Yoal. l R + i 3 [ T—-Cunreny 4 5
I 5 Vin =12V al = = 5 SC=10 3
< VouT = 5V I} ]
2oz Rsczr08] EO'A L ==
(%]
0.2 4 0.3 °
° 10 20 EY 0 20 20 60 80 100 -60  -20 20 &0 100 140
OUTPUT CURRENT - mA DUTPUT CURRENT - mA JUNCTION TEMPERATURE - °C
LINE REGULATION AS A LOAD REGULATION AS A STANDBY CURRENT DRAIN
FUNCTION OF INPUT - OUTPUT FUNCTION OF INPUT-OUTPUT AS A FUNCTION OF
VOLTAGE OIFFERENTIAL VOLTAGE DIFFERENTIAL INPUT VOLTAGE
03 0.2 5 T
BN VouT = VREF] |
T =0
0.2 | o1 4
. . 5 &
=] A '
3 [ z s
:0" o - 2 Ta=0C
z 3 - ES Ta = 25°C]
o = [~ o I
%o Sos I~ || 3 2 4 FC
E 2 -y 2 ™
2 2 2 g
3 J « &
-0 02 ViN=I2v 1
- J | Rsc = 0 -
L=1mAlol =50
-02 | J .03 | S N o T
-5 5 15 2% » 5 -5 5 15 F3 » 5 o 10 20 EY 0 50
VIN - VouT)-V VIN - VouT! - V INPUT \ DLTAGE - V
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Linear Integrated Circuit

L123

STANDARD TEMPERATURE AANGE

LIRE TRANSIENT LOAD TRAHSIENT DUTPUT IMPEDANCE AS A
RESPONSE FUNCTION OF FREQUENCY
a T T T 4 12 T 10 —rr
Vo= 5V
. INPUT VOLTAGE LOAD CURRENT w0 Vﬂq \2v !
E . 2> %8 o o }
é I 5 3 Ia og¢@ f“
< e i A Al
> 2 o £a -]
3 ] \ g z CL=1uF ]
w TVOLTAGE—] w w QUTPUT VOLTAG! Eg
2 - ] S s §
ko 25 o E ES \
g 3 3 o 5o
2 > 3 2% E 7
g YN =12 ] Vin=12v Y =3
-2 —vaur ey *2 E-fvour=sv
3 L=1ma 3 A e
|LAsc=o0 Loy - |
RN s wl L] oat
5 s 15 k- 35 45 -5 5 15 x » 45 100 1K 10X 100K L
TIME - 13 TIME - w3 1 - FREQUENCY - Hz
TABLE |
RESISTOR VALUES (K0 FOR STANDARD OUTPUT VOLTAGES
PPLICABLE| FIXED OUTPUT | OUTPUT ADJUSTABLE FIXED OUTPUT S% OUTPUT
POSITIVE | FIGURES 15 1+ 10%(Note 5) NEGATIVE 15% ADJUSTABLE 4 10%
OUTPUT SuthUT. |APPLICABLE
VOLTAGE voLTage | FIGURES
{Note 4) A Az Ay [ R2 Ay A2 Ay Py Az
+3 1,5,6.9 4.12 3.01 1.8 0.5 12 |+100 7 357 102 22 10 9N
12 (4)
+ 38 1.5.6,8, 357 3.66 15 05 15 [+280 7 357 265 22 10 240
12(4)
+5 1.5.6.9, | 215 499 075 0.§ 22 (- 6inateB}| 3,{10) 357 243 1.2 05 0.75
1214)
+6 1.6,6,9, 1.15 6.04 (o1 05 27 |- 9 3. 10 3.48 6.36 1.2 06 2
12 {4)
+9 2,4,(6,6,| 187 7.15 0.7 1 27 (- 12 3,10 367 8.45 12 05 33
12,9)
+12 2.4,{58, | 4.87 7.15 2 1 3 - 15 3,10 3.65 1.5 1.2 05 43
9,12)
+15 2,4,{6,6, | 7.87 716 33 1 3 - 28 3,10 3.67 243 1.2 05 10
9,12
+28 2,4,5,6,| 21 7.15 5.6 1 2 - 4 8 357 41.2 22 10 33
9,12
+45 7 357 487 22 10 39 |-100 8 357 a7.6 22 10 91
+75 7 357 78.7 22 10 68 |-250 8 367 | 249 22 10 240
TABLE Il
FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Outputs from +2 to +7 volts Outputs from -4 1o +250 volils Current Limiing
res 1, 5, 6, 8, 12, (4 Figure 7
[Figu : ] v {Figure 7] o = v,;N,
Vour= 2 =[ 2
our = Vegr X R+ R, i Your=I 2 X A
Outputs from +7 to +37 volts Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2, 4, (5, :. 8, 1:)] v[Fiuures 3;‘ 8, 10) o Your By + Yepue (R; + RY ]
vw'-[vlst] Vour = [ £ x LR’];R,=R‘ R R R R,
R z R Vsense R+ R,
lgiorrexr = [ R, X _R4_]
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Linear Integrated Circuit

L123

STANDARD TEMPERATURE RANGE

BASIC LOW VOLTAGE REQULATOR FIG.1
tvour=2107v)

REGULATED OUTPUT

TYPICAL PERFORMANCE

Ragulated output Voltage 5 Vv
Line Regulation (AV)y = 3V)  0.5mV
Losd Regulation (Al = BOmA) 1.5mV

BASIC HIGH VOLTAGE REGULATOR,
VouT = 71037V

Rl R? for minimym
NOTE: B3 = RiCT3 temperature driti.
R3 may be oliminated for mini-
A Somponeal Eounl.

FIG.2

REGULATED OUTPUT

TYPICAL PERFORMANCE
Ragulated Output Voltage
Lino Ragutation (&Y = 3V)
Load Regulation (Al = BOmA}

NEGATIVE VOLTAGE REGULATOR FIG. 3

REGULATED
ouTPUT

TYPICAL PERFORMANCE

POSITIVE VOLTAGE REGULATOR
(Externai NPN Pass Tramsstor]

ViN
v Ve

VREH] vour
Vi

Lz cL

=]

NI i

v

FIG. 4

BFY 56

| Rsc
REGULATED
OUTRUT

_le'r‘rlm

R2

TIPICAL PERFORMANCE

Regutated Qutput Voltege "V Regutated Output Voltage 15 v
Line Regulation (&Vjy = IV} Tmv Uine Reguletion {AV|y = 3V) 1.8V
NOTE 3 Lozd Regulation (Al * 100mA)  2mV Load Regulation (Al = 1A} 15mv
POSITIVE VOLTAGE REGULATOR FIG.& FOLDBACK CURRENT LIMITING FIG.8
IExternal PP Pass Transator) in
ViN
R3
600 v
VREF REGULATED
v ve 25001 vour ouTPUT
VREF Ve
vout R |uz oL
\ v s
Ry [V e [TRNTY
s RsC
N Jov. —l D REGULATED Rz v -Jeom]
oUTRUT
R:
2 L I nF

:l 0050F

TYPICAL PERFORRANCE

Regulated Oulput Voliage BV
Line Regutation (\Vyy = 3V)  0.6mv
Loed Regulstion {AIL = 1Al Bmy

TYPICAL PERFORMANCE

Fegulated Output Voltage 6V
Line Regulation (AVy = 3V)  0,5mV
Load Regulgtion (Al = 10mA) _{mV
Curtent Limit Knoo DA
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Linear Integrated Circuit

STANDARD TEMPERATURE RANGE

POSITIVE FLOATING REGULATOR FIG.7 NEGATIVE FLOATING REGULATOR FIG. B
"IN
Rs
v 556 @ N . ve
VRAEF 5 Vi
13 vout 10k0 REF vour
o 24y
ordari2rh Ry . 2N5285 Dy Ay ve 2N 5287
vl | [%9) L123 - Ro | A |15 | L €t
cs Rs, K (o
0
NI Inv. Inv
[ ]
gl [ TcoveT,
- MP)
13 v l IaF REGULATED R COMP Snf AEGULATED
I ourPuT QUTPUT
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Output Voltage <100 V Regutated Output Voltage =100 Vv
Line Regulation {AV|y = 20V)  15mV Line Regulation (AV)y =20V} ~ 30mv
NOTE 3 Load Regulation (Al = 50mA)  20mV NOTE 3 Load Regulation (Al = 100mA) 20mV
POSITIVE SWITCHING REGULATOR FIG.8 NEGATIVE SWITCHING REGULATOR VIN FIG. 10
Vin
2ZN4116
Oy
IN 2071
"REGULATED
ULA
B CUTPUT b
12mH
- REGULATED
& T 6 c; OUTPUT
Ry Ay | v- [ comp g 100uF
0.1uF ™R 100uF
(==
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Ouiput Voltage 5V Regulated Output Voltage S5V
Line Regulation {3V;y = 30V)  10mV NOTE 3 Line Regulntion (\V)y = 20V} BmV
NDTE 7 Load Regulation {31 = 24) 80mv NOTE 7 Load Regulation (Al = 2 A 8mv
REMOTE SHUTDUWN REGULATOR WITH CURRENT LIMITING FiG. 11 SHUNT REGULATOR FIG. 12
VIN
Ve Ve
1000
v
YREE vour REGULATED v AEGULATEO
QUTPUT REF| R
ve | Rsc
R
‘ Y ez O Ay
cs L123
NI Inv
NI b,
| A2 e 8SX26 s
cy Logic A2 - [cOMPl cy
1nFI x0 INPUT Is,,,:
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
. Regulated Output Voliage 5 Vv Regulated Output Voltage +« 5V
NOTE: Current limit transislor ma
for shutdown if current Ilmryl?:gusie: Line Regulation (AV|N = 3V)  05mV Line Regulation (W) = 10V)  2mV
not required. Load Regufation (Al =50mA)  1.5mV NOTE 3 Load Regulation (3l = 100mA]  BmV
OUTPUT VOLTAGE ADJUST FIG. 13
Ay
P
A2
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT L 1 4 1

high performance
operational amplifier

EXTENDED TEMPERATURE RANGE, -55°C + 125°C ~ The L 141 is a high performance monolithic operational amplifier
constructed on a single silicon chip, using the Planar epitaxial process.
it is intended for a wide range of analog applications. High common
mode voltage range and absence of “latch-up” tendencies make the

No frequency compensation required L 141 ideal for use as a voltage follower. The high gain and wide ran-

Short-circuit protection ge of operating voitages provide superior performance in integrator,

Offset voitage null capability summipg qmplifier, and general feedb?ck applicati_ons. The L141 is

Large common-mode and differential voltage short-circuit grotected, has the same pin configuration as the popular

ranges MAT709 operational ampllfler, but requires no external components for

Low power consumption frequency compensation. The internal 6dB/octave roll-off insures sta-

e No latch up bility in closed loop applications.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

CONNECTION DIAGRAM

{Top view) Supply Voltage 122V
Internal Power Dissipation {1) 500 mwW
Differential Input Voltage 130V
Input Voltage {2) +16V
Storage Temperature Range - 65°Cto +1560°C
Operating Temperature Range - 65°C to +126°C
Lead Temperature {Soldering, 60 sec.} 300°C
Qutput Short-Circuit Duretion (3) Indefinite
Notes :

1) Rating applies for case temperatures to 1250C; darate linearly at 6.5 mw/°C for ambient
temperaturesabove + 750C.

MOTE- PIN £ COMNECTED TO CASE 2} For supply voltages less than + 15 V, the absolute maximum input voltage Is equal to tha
supply voltage.

3) Short circuit may be 1o ground or elther supply. Rating applies to + 125°C casa tempera—
ture or + 76°C ambient temperature.

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline

127 1 max SEATING PLANE
e
NON-IKVERTING MIN.
INPUT
) a9 " /_
U3
o == o = {
N o
[ e oo = ot
o CUTPUT w | = 2
s o 3
=l
oFFseT RULL O
1
Ripr ™
50
K0 X
v

Notes: All dimenslons it mm.

ORDERING NUMBER
L1471 T2

MAY 1869
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Linear

Integrated Circuit

L141

ELECTRICAL CHARACTERISTICS

(Vg=315V, T4 = 25°C unless otherwisa specilied}

EXTENDED TEMPERATURE RANGE

[- FREQUENCY - Hz

50

PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Input Oftset Voliage Rg < 10kQ 1 5 mv
fnput Oftsst Current 0 200 nA
{nput Bias Current 200 500 nA
{nput Resistance 0.3 1 MQ
Large-Signal Voltage Gain AL 2 2kQ, VgyTt =+10V 50.000 200.000
Output Voltage Swing RLZ 0K 412 414 v
R 2 2kQ +10 413 v
Input Voliage Range 12 +13 v
Common Mode Rejection Ratio Rs< 10k 70 90 daB
Supply Voltage Rejection Ratio R < 10kQ 30 150 uviv
Power Consumption 50 85 mW
Transient Response {unity gain) Vin=20mV, RL =2 &Q
CL S 100pF
Risetime 03 us
QOvershoot 5 %
Slew Rate {unity gain) RL=2k0 05 Vips
The following specifications apply for -55°C < Ta < +125°C
Input Offset Voltage Rg =100 6 my
Input Offser Current 500 nA
Input Bias Current 15 A
LargeSignal Voltage Gain RLZ2kQ VoyT=+10V 25.000
Output Voltage Swing RL Z2x8 +10 v
OPEN LOOP ABSOLUTE MAXIMUM
VOLTAGE GAIN POWER OISSIPATION
110 600
VOLTAGE OFFSET
105 A NULL CIRCUIT 500
/ 4
A
@ L~ .
=100 400
= X g B
= =
5 95 ) & 300 N
u / 7 AN
< a
590 @ 200 \\
£ 5
o
8BS 100
Ta = 26°C v
80 l I 0
0 2 4 &6 8 10 12 14 6 18 20 25 a5 65 85 105 125
SUPPLY VOLTAGE - (4V) T, - AMBIENT TEMPERATURE - «C
OPEN LOOP
FREQUENCY RESPONSE TRANSIENT RESPONSE
100 28
1 1
Ta=25°C
TRANSIENT RESPONSE TEST CIRCUIT 24
80
20 qoz-\
@
o 40
. L !
z E
< = .
5 g [TAZZC (=Rt Vo=t I5Y
w > s
@ o R, = 2K,
) \ 3 *® / €= 00F
[=]
> n 4
Q 10%
0 RISE TIME
" ! | L]
1 10 100 1K 10K 100K IM  10M  100M 0 0.5 1 L5 2 25



SILICON PLANAR LINEAR INTEGRATED CIRCUIT L 141

high performance
operational amplifier

STANDARD TEMPERATURE RANGE, 0°C +70°C The L 141 is a high performance monoiithic operational amplifier
constructed on a single silicon chip, using the Planar epitaxial process.
It is intended for a wide range of analog applications. High common
No frequency compensation required mode voltage range and absence of “latch-up” tendencies make the
Shor:::‘ircuityprotexon e L 141 ideal for use as a voltage follower. The high gain and wide ran-
Offset voltage null capability ge of operating voltages provide superior performance in integrator,

: . summing amplifier, and general feedback applications. The L 141 is
Large Common-Mode and differential voltage short-circuit protected,” has the same pin configuration as the popular

ranges . UAT709 operationat amplifier, but requires no external components
e Low power consumption for frequency compensation. The internal 6dB/octave roll-off insures
o No latch up stability in closed loop applications.
CONNECTION DIAGRAM ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)
Supply Voltage +18V
Internal Power Dissipation 500 mwW
ormser o Differential Input Voltage +30V
Input Voltage (1) +16V
Storage Temperature Range - 65°C to + 150°C
e } Operating Temperature Range 0°C 10 +70°C
Lead Temperature {Soldering, 60 sec) 300°C
wvesyine 1) Output Short-Circuit Duration (2) Indefinite
Notes :
HOTE, PIN 4 CONNECTED TO CASE 1)For supply voltages less than + 15V, the ebsolute maximum input voltage is
(top view) equal to the supply voltage.

2) Short circuit may be to ground or either supply.

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14-pin plastic DIP similer to
Jedec TO 99 outline

a5

NON INVERTING
WeuT o U
3 1
1 i
J g u|
Or 3
Ol r|[]
Ol nx 9
B I
OFFSET RULL gs » 0 -
' gl g —1
N A
b o W2, 8
S 11 N
~ 33
o - ©
- © 8
Note : all dimensions in mm. Notes: All dimensions in mm,

ORDERING NUMBER

L141 Bt (for TO116 package}
L141 Tt (for TO 99 package)

MAY 1969
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Linear Integrated Circuit

L141

ELECTRICAL CHARACTERISTICS (vs=115V, Ta = 26°C unless otherwise specifisd)

STANDARD TEMPERATUAE RANGE

PARAMETER

CONDITIONS MIN. TYP. MAX UNIT
Input Offset "."'o!tage Rg <10k§2 2 6 mv
Input Offset Current 30 200 nA
Input Bias Current 200 500 nA
Input Resistance 03 1 MQ
Large-Signal Voltage Gain RL22kQ, VouT=110" 20.000 100.000
Output Voltage Swing RL _ 10kQ2 112 +14 \%
RL2 2k 110 +13 \%
Input Voltage Range 312 +13 v
Common Mode Rejection Ratio Rs <10kQ 70 90 dB
Supply Voltage Rejection Ratio Rs < 10kQ2 30 150 uvy
Power Consumption 50 85 mw
Transient Response (unity gain) Vin=20mV, R =2k
CL <100 pF
Risetime 03 S
Overshoot 5 %
Slew Rate {unity gain} RL 22k 0.5 Vips
The following specifications apply for 0°C £ Ta <+70°C:
Input Offset Voitage Rs <10k 75 mv
Input Offset Current 300 nA
input Bias Current 800 nA
Large-Signa! Voltage Gain RL22kQ VgoyT =210V 15.000
Output Voltage Swing RL22kQ + 10 \%
TYPICAL PERFORMANCE CURVES 125°C tree air temperature unless otherwise noted)
OPEN LOOP OPEN LOOP
VOLTAGE GAIN FREQUENCY RESPONSE TRANSIENT RESPONSE
110 T 140 al
T 120 2
105
@ @ 100 @ 90% L\
100 s y
E z % T B
e < . =+
© a5 ) \ [~ V= £ 15V
w o z R, = 2KQ
2 2w 5 s c, = 100pF —]
F 90 = o L
- 2 /
N > 20 4
10%
B85
0 0 RISE TIME
80 '
0 4 8 12 1 10 100 1K 10K 100K M 100M [} 0.5 15 2 2.5

SUPPLY -JLTAGE- (t.

VOLTAGE OFFSET
NULL CIRCUIT

I'- FREQUENCY - Hz

TIME - uS

TRANSIENT RESPONSE TEST CIRCUIT
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Linear integrated circuit L 147

Dual frequency
compensated
STANOARR TENPERATURE ANGE operational amplifier

The L147B1 is a pair of high performance monolithic oper-

* NOFREQUENCY COMPENSATION ational amplifiers intended for a wide range of analogue

REQUIRED A . .
applications where board space or weight are important.
o SHORT-CIRCUIT PROTECTION High common mode voltage range and absence of "latch-up™
e OFFSET VOLTAGE NULL CAPABILITY make the L 147B1 ideal for use as a voltage follower. The
o LARGE COMMON MODE AND high gain and wide range of operating voltage provide su-

perior performance in integrator, summing amplifier and
DIFFERENTIAL VOLTAGE RANGES general feedback applications. The L 147B1 is short-circuit
LOW POWER CONSUMPTION protected and requires no external components for frequency

. compensation. The internal 6 dBfoctave roll-off ensures
¢ NO LATCH-UP stability in closed loop applications. For single amplifier
performance see L 141 data sheet.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage t18V
Differential Input Voltage +30V
Input Voltage Range (Note |} 15V
Voltage Between Offset Null and Voo 0.5V
Storage Temperature Range -55°C to 125°C
Power Dissipation (T < 70°C) 500 mW
ORDERING NUMBER Operating Temperature Range Q°C to 70°C
L 147 B1 Thermal Resistance J-A 110°C/W
Output Short- Circuit Duration (Note 2) Indefinite
Lead Temperature (Soldering, 10 sec time limit) 260°C
Notes on the following page. Max Junction Temperature 125°C
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(Top view) 14 pin plastic DIP
20 MAX
INV.INPUT A 1 [J 14 OFFSET NULL A& $
NON-INV. INPUT & 2 | 113 V(A |
OFFSET NULL A 1] [112 ouTPUT &
Vee < 111 nc 045 15,24 2.54) 1025
OFFSET NULL B 5] ' B [l 10 ouTPuT B EE N s
NON-INv. INPuT B 6 1L [ o vc8 TR N = § @
1NV, INPUT B 71 ] 8 OFFSETNULLE

Note : all dimensions in mm.

FEBRUARY 1971
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dual frequency compensated operational amplifier L 147

STANDARD TEMPERATURE RANGE
ELECTRICAL CHARACTERISTICS (Tp = 25°C; VCC=t 15V unless otherwise specified), for each amplifier.

PARAMETER CONDITIONS Min. Typ. Max UNITJi
Input Offset Voltage Rg< 10k Q +1 +6 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2 MQ
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range {5 mV
Input Voltage Range 12 £13 \%
Large Signal Voltage Gain Ry >2kQ VouTt =1 10V 50.000 | 200.000
Common Mode Rejection Ratio Rg<10kQ 70 90 dB
Output Resistance 75 Q
Supply Voltage Rejection Ratio Rg< 10k Q 30 150 7Y ‘
Output Short -Circuit Current 25 mA
Supply Current 1.7 2.8 mA
Output Voltage Swing Rp>2k0Q 10 +13 \%
Rp > 10k Q 12 + 14 Vv
Power Consumption 50 85 mW |
Transient Response (unity gain ): VIN =20mV Ry =2kQ Cp<100pF
Risetime 0.3 ps
Overshoot 5 %
Slew Rate RL>2kQ 0.5 V/ ps
Channel Separation 120 dB |
The following specifications
apply for 0°C < Tp < 70°C:
Input Offset Voltage Rg< 10k + 1 + 7.5 mV
Input Offset Current 300 nA
Input Bias Current 30 800 nA
Large Signal Voltage Gain Rp=>2kQ Voyur =t 10V 25.000
Output Voltage Swing Rp = 2k0 +10 +13 v |
EQUIVALENT CIRCUIT (Each side)
T OVee
Non-Inverling Inverting|
nput tiput
L
Qutput
Offset Offset
Nuil Null
o Vee

Notes :

1) For supply voltages less than * 15V, the absolute maximum input voltage is equal to the supply voltage.
2) Short-circuit to ground for both sections or to either supply (for one section only).
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dual frequency compensated operational amplifier L147

TYPICAL ELECTRICAL CHARACTERISTICS

OPEN LOOP VOLTAGE GAIN AS A
FUNCTION OF SUPPLY VOLTAGE

(Each amplifier)

OUTPUT VOLTAGE SWING AS A
FUNCTION OF SUPPLY VOLTAGE

STANDARD TEMPERATURE RANGE

INPUT COMMON MODE VOLTAGE RANGE AS
A FUNCTION OF SUPPLY VOLTAGE

110 40 . . . 16
0°Cs T, & 70°C >
[ 27CsTa
- 7 R, 2 2k W
105 J
o 32 w
@ P z 2 nr
- = <
T 100 1 o g
z v S 24 w
< A t g
- // 2 / o8
“ 95 e o 7 o
2 L/ X 16 pd s
5 W
i : - s
4
2
85 X 8 g 7
& g 2
(&)
80 0 0
0 3 3 9 12 15 18 4 6 8 10 12 14 16 18 4 & 8 10 1 1@ 16 1
SURPLY VOLTAGE - £V SUPPLY VOLTAGE - £V SUPPLY VOLTAGE - +V
POWER CONSUMPTION AS A FUNCTION INPUT BIAS CURRENT AS A FUNCTION OF INPUT RESISTANCE AS A FUNCTION
OF SUPPLY VOLTAGE 200 AMBIENT TEMPERATURE o OF AMBIENT TEMPERATURE
100 | ‘ I I
" ] [ VYecothY
160 V..=1l5V
<
H < ce -
. * = 5
=z = N
=
2 e0 // 4 120 o,
H
] /] g \\ <
5 5 P
3 bt ~ v 3
§ 40 // 2 50 &3 /
el
« Pl - I~ =2 ]
H 2 g
3 P % % g /
& - z
,/ /
oL 0 1
¢ 6 8 v 12 14 16 18 10 20 30 40 50 &0 70 0 10 20 30 4 50 60 70
SUPPLY VOLTAGE - :v TEMPERATURE - °C TEMPERATURE - °C
N
INPUT OFFSET CURRENT AS A FUNCTION INPUT OFFSET CURRENT AS A FUNCTION POWER CONSUMPTION AS A FUNCTIO
0 OF SUPPLY VOLTAGE 5 OF AMBIENT TEMPERATURE " OF AMBIENT TEMPERATURE
I |
chc 115V Ve =t 15V
< T a0 2 56
.30 : t
= = z
&
& g 30 £ 52 [
o 4 I —‘
3 2 3 5 gy
- = g I
H
E // ; 2 N )
5 5 =
5 10 5 %‘
2 2 10 2 a4
= z
0 0 40
a6 8 10 12 1 1l 18 0 10 20 30 40 50 60 70 0 10 20 30 4 50 60 70

SUPPLY VOLTAGE - +V

TEMPERATURE - °C

TEMPERATURE - °C




dual frequency compensated operational amplifier L147

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (Each amplifier)

OUTPUT VOLTAGE SWING AS A FUNCTION QUTPUT SHORT CIRCUIT CURRENT AS A MAX ALLOWABLE POWER DISSIPATION
2 OF LOAD RESISTANCE 5 FUNCTION OF AMBIENT TEMPERATURE s VERSUS AMBIENT TEMPERATURE
8 .
[ TTT -
- —Ycc "1V < a7
L2 1 " 2
E z = 06
H @ =
o rs
'é 20 32 N =
g % 1 < o4
v / ¢ i 2
16 2| | a
i S o 03
5 ' A
ad & T <)
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INPUT RESISTANCE - (!

RELATIVE VALUE

dual frequency compensated operational amplifier L147

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (Each amplifier}
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dual frequency compensated operational amplifier L147

TYPICAL APPLICATIONS

UNITY-GAIN VOLTAGE FOLLOWER

Lo OUTPUT

INPUT

Rpy = 400 M) Rout <<10
CIN'=1pF BW. =1 MHz

INVERTING AMPLIFIER

OuTPUT

STANDARD TEMPERATURE RANGE

NON-INVERTING AMPLIFIER

Rl + R2
GAINJ R Ry BW. | Ry
10| 1x0 9k | 100kHz | 400M

100 | 100 0 9.9k 0 10kHz | 280MQ2
1000 | 10002 99.9k Q0 1kHz 80MQ
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R/,
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Ifk | +ky + k3=Kkg + kg the response equation is given by
Eout = EN1 K1 + EmNaK2 + EiN3- EnNgKa-ENs Ks
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Ry 20k BZX 17 R4 5.8k
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dual frequency compensated operational amplifier L147

STANDARD TEMPERATURE RANGE

TYPICAL APPLICATIONS (contd)

COMPRESSOR/EXPANDER AMPLIFIERS

EXPANDER
—0 OUuTPUT

COMPRESSOR

EXPANDER

Maximum compression expansion ratio = R}/R  (10kQ> R > 0)
Note : diodes Dy through D4 are matched BAW 55 or equivalent

TRACKING POSITIVE AND NEGATIVE
VOLTAGE REFERENCES

R, 1260
—
-
Rs5 10k Ro
Positive 4 10k Negative
|Regulated Regulaled
Oulpul - v Output
%y LU7B] =
‘
IS:MA
ce or H
pee . LS 5mA
7 Source or
Sk sink
. Ry +R
Positive output = V7| x - 1 2
R
2 Rg

Negative output = - positive output X R_
5
NOTCH FILTER USING THE L 147B1 AS A GYRATOR

NOTCH FREQUENCY AS A
FUNCTION OF Cy
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dual frequency compensated operational amplifier L 147

STANDARD TEMPERATURE RANGE
DEFINITION OF TERMS :

INPUT OFFSET VOLTAGE — That voltage which must be applied between the input terminals to obtain zero output voltage.
The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT — The difference in the currents into the two input terminals with the output at zero volts.
INPUT BIAS CURRENT — The average of the two input currents.

INPUT RESISTANCE — The resistance looking into either input terminal with the other grounded.

INPUT CAPACITANCE — The capacitance looking into either input terminal with the other grounded.

LARGE-SIGNAL VOLTAGE GAIN — The ratio of the maximum output voltage swing with load to the change in input voit-
age required to drive the output from zero to this voltage.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at null. This parameter is defi-
ned only under small signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and termi-
nal feedback.

OUTPUT SHORT-CIRCUIT CURRENT - The maximum output current available from the amplifier with the output shorted
to ground or to either supply

SUPPLY CURRENT — The DC current from the supplies required to operate the amplifier with the output at zero and with
no load current.

POWER CONSUMPTION — The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONSE — The closed-loop step-function response of the amplifier under smali-signal conditions.

INPUT VOLTAGE RANGE — The range of voltage which, if exceeded on either input terminal, could cause the amplifier to
cease functioning properly.

INPUT COMMON MODE REJECTION RATIO — The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

SUPPLY VOLTAGE REJECTION RATIO —The ratio of the change in input voltage to the change in supply voltage producing
it.

OUTPUT VOLTAGE SWING — The peak output swing, referred to zero, that can be obtained without clipping.
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Linear integrated circuit L 148

Fs)gl;li:N_.DEgsToEglPERATURE RANGE, High performance
operational amplifier

The L 148 T2 is a high performance monolithic operational

o SHORT-CIRCUIT PROTECTION amplifier imtended for a wide range of analog applications

where tailoring of frequency characteristics is desirable. High
e OFFSET VOLTAGE NULL CAPABILITY common mode voltage range and absence of “latch-up™ make
e LARGE COMMON-MODE AND DIFFER- the L 148 T2 ideal for use as a voltage follower. The high

ENTIAL VOLTAGE RANGES gain and wide range of operating voltages provide superior

performance in integrator, summing amplifier and general

e LOW POWER CONSUMPTION feedback applications. The L 148 T2 is short-circuit protected

1 and has the same pin configuration as the L 141 operational

o NO LATCH-UP amplifier. Unity gain frequency compensation is achieved by
means of a single 30pF capacitor.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +22V
Internal Power Dissipation (1) 500 mW
Differential Input Voltage +30V
Input Voltage (2) +15V
Storage Temperature Range -65°C = 150°C
Operating Temperature Range -55°C =+ 125°C
Lead Temperature ( Soldering, 60 sec.) 300°C
Output Short-Circuit Duration (3) Indefinite

ORDERING NUMBER

L148 T2 Notes on the following page.

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(Top view)} in accordance with

JEDEC T0-99 outline

SEATING PLANE
L 127 1 MAX A

‘ MIN,

fig* !
{6 S

94 - a5

85-17

1
=3
=

=g
i

:‘ [}
BLEADS| 13

0.49 MAX.
0.40 012

5.08 TYp,

Note : All dimensions in mm,

OCTOBER 1970
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high performance operational amplifier L148

ELECTRICAL CHARACTERISTICS (Vs =t 15V, TA = 25°C unless otherwise specified)

EXTENDED TEMPERATURE RANGE

]
PARAMETER CONDITION Min. Typ. Max Unit
Input Offset Voltage Rs= 10K 1 5 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2 MQ
Input Capacitance 1.4 pF
Large-Signal Voltage Gain RL 22K VouT=t 10V 50.000 | 200.000
Qutput Resistance 75 0]
Qutput Short-Circuit Current 25 mA
Power Consumption 50 85 mW
Transient Response (Unity Gain) : Vin=20mV Cc =30pF
RL=2KO Cp=100pF
Risetime 0.3 us
Overshoot 5 %
Slew Rate RL=2KQ Cc=30pF 0.5 V/us
The following specification apply
for -55°C = Tp =+125°C:
Input Offset Voltage Rg=10KQ 1 6 mV
Input Offset Current TA =+125°C 7 200 nA
TaA =-55°C 85 500 nA
Input Bias Current TA = +125°C 0.03 0.5 HA
Tp =-55°C 0.3 1.5 MA
Input Voltage Range +12 +13 v
Common Mode Rejection Ratio Rs=10KQ 70 90 dB
Supply Voltage Rejection Ratio Rs=10KQ 30 150 uvjv
Large-Signal Voltage Gain RL=2KQ VouT = 10V 25.000
QOutput Voltage Swing RL = 10KQ +12 +14 \"
RL=2KQ +10 +13 v
Power Consumption TA =+125°C 45 mW
TA =-55°C 60 mwW
ELECTRICAL DIAGRAM oV

INVERTING
INPUT

OFFSET
NULL

FREQUENCY
—o0
COMPENSATION

QUTPUT

NOTES :

1) Rating applies for case temperatures to 125°C; derate linearly at 10 mW/°C for dambient temperatures above +75°C,

2) For supply voltage less than + 15V, the absolute maximum input voltage is equal to the supply voltage.

3) Short circuit may be to ground or either supply. Rating applies to + 125°C case t

ure or + 75°C

ure
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high performance operational amplifier L148

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

POWER CONSUMPTION - mW VOLTAGE GAIN - dB

INPUT OFFSET CURRENT - nA

OPEN LOOP YOLTAGE GAIN AS A
FUNCTION OF SUPPLY YOLTAGE

QUTPUT YOLTAGE SWING AS A FUNCI'ION
OF SUPPLY YOLTAGE

INPUT COMMON KODE YOLTAGE RANGE
AS A FUNCTION OF SUPPLY YOLTAGE
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high performance operational amplifier L148

TYPICAL

ELECTRICAL CHARACTERISTICS (25° C free air temperature

SHORT «CIRCUIT CURRENT - mA

TDTAL NOISE VOLTAGE REFERRED TO INPUT uVrns

PEAK-TO-PEAK QUTPUT SWING - Vpp

OUTPUT SHORT -CIRCUIT CURRENT AS A
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high performance operational amplifier L148

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25" C free air temperacure unless otherwise noted)
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high performance operational amplifier L14§

EXTENDED TEMPERATURE RANGL
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Linear integrated circuit L 148

STANDARD TEMPERATURE RANGE, 0°C + 70°C High performance
operational amplifier

The L 148 TI is a high performance monolithic operational
amplifier intended for a wide range of analog applications

SHORT-CIRCUIT PROTECTION where tailoring of frequency characteristics is desirable. High

common mode voltage range and absence of ”latch-up™ make
OFFSET VOLTAGE NULL CAPABILITY the L 148 T1 ideal for use as a voltage follower. The high gain
LARGE COMMON-MODE AND DIFFER- and wide range of operating voltages provide superior perfor-
ENTIAL VOLTAGE RANGES mance in integrator, summing amplifier, and general feedback
LOW POWER CONSUMPTION applications. The L 148 T1 is short-circuit protected and has

the same pin configuration as the L 141 operational amplifier.
NO LATCH-UP Unity gain frequency compensation is achieved by means of

a single 30 pF capacitor. For full temperature range operation
(-55°C ++125°C), see L 148 T2 data sheet.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +18V
Internal Power Dissipation (1) 500 mW
Differential Input Voltage + 30V
Input Voltage (2) + 15V
Storage Temperature Range -55°C ++150°C
Operating Temperature Range 0°C ++ 70°C
Lead Temperature (soldering, 60 secs) 300°C
Output Short-Circuit Duration (3) Indefinite

Notes on the following page.

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(Top view) in accordance with
JEDEC TO-99 outline

SEATING PLANE

L 127 1MAx
MIN.
Il= ﬁ Y
E.— ~[w . Ko
R @ o
== | il; &[{fe ¢
a| & 2
K
i
8 LEADS| 13 a7
049 MAX.
4o DA

Note : All dimensions in mm.

ORDERING NUMBER
L148 T1

OCTOBER 1970
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high performance operational amplifier L148

ELECTRICAL CHARACTERISTICS (Vg =+ 15V, T o = 25°C unless otherwise noted)

STANDARD TEMPERATURE RANGE

PARAMETER CONDITIONS Min. Typ. Max Units
Input Offset Voltage RS = 10K 1 6 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2 MO
Input Capacitance 1.4 PF
Large-Signal Voltage Gain RL =2KQ VOUT =+ 10V 50.000 200.000
Output Resistance 75 Q
Output Short-Circuit Current 25 mA
Power Consumption 50 85 mwW
Transient Response (Unity Gain): Vin =20mV Cc = 30pF
RL =2KQ CL=100pF
Risetime 0.3 ps
Overshoot 5.0 %
Slew Rate RL = 2KQ 0.5 Vips
The following specifications
apply for 0°C = Tp =+ 70°C :
Input Offset Voltage Rg= 10K 1 7.5 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large-Signal Voltage Gain RL = 2K0O VouTr =1 10V 25.000
Output Voltage Swing RL = 2K + 10 13 A
Power Consumption 50 mwW
ELECTRICAL DIAGRAM
— vt
INVERT- —L
ING
INVERTING INPUT
INPUT
e E] ouT
AJ '< FREQUENCY
—o
OEESLELT o— l ’— ’—‘K_ COMPENSATION
QFFSET =g
NULL P | S
J ) e

NOTES :

1) Rating applies for case temperatures to + 70°C.

2} For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3) Short circuit may be to ground or either supply. Rating applies to + 70°C ambient temperature.
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high performance operational amplifier L.148

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)
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high performance operational amplifier L14¢

STANDARD TEMPERATURE RANC

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)
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high performance operational amplifier 1148

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

YOLTAGE FOLLOWER

TRANSIENT RESPONSE (UNITY GAIN) 10 LARGE-SIGNAL PULSE RESPONSE
T T 7
« ﬂ e
= 30pf
20 ¢ =
>
; or7 > 7 \
‘E 16 § R / )
S 5% N ! \
1<) 14 =~ o
> > > .
= 2 S) =
- 8 5
=] i 'y !
& (=] +
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4 S 3 — ° [
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| I | .10
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high performance operational amplifier L148

STANDARD TEMPERATURE RANGE
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Linear integrated circuit

TAAG611E

-40°C to 85°C

e HIGH OUTPUT POWER

o LOW DISTORTION

e LOW QUIESCENT CURRENT
e SELF CENTERING BIAS

o HIGH INPUT IMPEDANCE

ORDERING NUMBERS

TAA 611E 55 (for package No. 1)
TAA 611E 12 (for package No. 2)

INTERMEDIATE TEMPERATURE RANGE,

Audio amplifier

The TAA 611E is a monolithic integrated circuit particularly
designed for use as audio amplifier where a temperature range
of -40°C to 85°C is required. The usable range of supply vol-
tage varies from 6V to 10V. Special features of the circuit
include low quiescent current, self-centerifig bias and direct
coupling of the input. The circuit requires a minimum number

of external components.
ABSOLUTE MAXIMUM RATINGS

Max Supply Voltage

Input Voltage (see note)

Peak Output Current

Operating Temperature Range

TAA 611E 55
Storage Temperature
Maximum Junction Temperature
Power Dissipation (T < 25°C)
Power Dissipation (T¢ < 85°C)
Thermal Resistance J-A
Thermal Resistance J-C

TAA 611E12
Storage Temperature
Maximum Junction Temperature
Power Dissipation (T4 < 25°C)
Thermal Resistance J-A

12V

05to+ 12V
1A

-40°C to + 85°C

-55°C to + 150°C
150°C

570 mW

13w

220° C/W

50° C/w

-55°C to +125°C
150°C
135w

93° C/W

Note : for supply voltages less than 12V, the absolute max input

voltage is equal to the supply voltage.

PACKAGE No. 2

PHYSICAL DIMENSIONS
pawer plastic split DIP

PACKAGE No. 1

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-5 outline

5.84 Typ. <

CONNECTION DIAGRAMS
{top view)

B0OTSTRAP

5.5MAX

oo ' ~':.+ i
Package No. 1
STANOOF £ i
woarstane (] 1 whvee L |
oS85 _ Q|5
e q: : N i d § 3[
cour q» H o - h S . 5
cour i uff ne i‘l b d Il Ea : g
X i :
recosack [ 0[] cuo _Wm”‘:f 4; d ]:> 2 :
v s e HE J B 0 |-'3 - N
= 10 Lests N
" { o - _Hm Huﬂmkg:; DIA. L'—-l
Package No, 2 Note : All dimensions In mm, Note : All dimenslons In mm.
OCTOBER 1971
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

OUTPUT POWER AS A FUNCTION OF SUPPLY VOLTAGE AND LOADING CONDITIONS
(Typical values at ambient temperature T4 = 25°C)

Pyt (W) THD = 10% ‘
Vee () Ry () Pout (W) at THD = 2% Typ External Heat Sink
Min. | Typ. _430(':
1
4 0.50 0.65 0.6 Not Required
6
8 0.35 0.45 0.42 Not Required
4 1.4 1.8 1.7 For TAA611E 55 only
9
8 0.9 0.85 1.15 1.1 Not Required

TYPICAL ELECTRICAL CHARACTERISTICS (Tp = 25°C, Ve = 9V unless otherwise noted)

25uF/ev 2

PARAMETER CONDITIONS VALUE UNIT
Total Current (Icc) 3 mA |
Quiescent Current of Qutput Transis-
tors (Ig) 1 mA
Input Bias Current 60 nA
DC Output Voltage Rg = 220KQ 4.8 v
Open Loop Voltage Gain R, =80 68 dB
Supply Current Poyt= 1.15SW Ry =80 170 mA |

The Following Specifications Apply
for-40°C < Tp < 85°C:
Qui¢scent Current of Qutput Transis-

tors (Ig) 1.1 mA
Open Loop Voltage Gain R =80 67 dB
Total Harmonic Distortion Test Circuit 1: R, =8 Q, f=1KHz
Pout = S0mW 04 %
R =80Q, f=1KHz, Py, =0.5W 0.3 %
Test Circuit 2: Rp =8, f=1KHz
Poyt = S0mW 1.7 %
Ry =810, f=1KHz, Pyt = 0.5W 1.2 %
Feedback Resistance Pin2to 7(TAA611E 55) 7.5 KQ
Pin 5 to 12 (TAA611E 12) 7.5 KQ
Input Impedance Open Loop 0.75 MQ
TEST CIRCUIT 1 (Ay = 50) TEST CIRCUIT 2 (Ay = 250)
+Vee tVee

+ s0uFsev = 00

. 100 uF/12v .
I KF I I
82pF 1.20F

The pin numbers in brackets refer to the TAA 61 1E 12, and those without brackets refer to the TAA 611E 55.

SboF 150pF
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

MAX ALLOWABLE POWER DISSIPATION MAX ALLOWABLE POWER DISSIPATION MAX POWER DISSIPATED BY THE CiRCUIT
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 2 VERSUS LOAD RESISTANCE
I 2 ’
(T0 -5) (DIP)
1
= LS 5 L5 N
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] ] N =
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s P 2 06 N, s
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= el
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1 ey
3 1 g N 80
LT
= 0.6 5 60 " Ed ”
z o L~ 8 =08 60 o
2 P 3 s 2
- \ o<
E ol A ™[ 3 S o6 0o
g ” 5] 3 CTT o
a & ] ] u
o n]
E / w ;;,0.4 P
2 o2 0 g
Vee =9V 0.2 0
"::C=m | ey 1]
L Ry =4f1 —]
0 I 0 0 [
0 o0z 04 06 08 112 0 0.4 0.8 1.2 16 2
QUTPUT POWER - W OUTPUT POWER - W
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VERSUS OUTPUT POWER VERSUS OUTPUT POWER
08 80 0.8 80
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g 4 % 2 Pp -1 2
E | 4 -3 t— =
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QUTPUT POWER - W QUTPUT POWER - W
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

QUTPUT POWER VERSUS LOAD RESISTANCE OUTPUT POWER VERSUS LOAD RESISTANCE
L6 2 .
i = | l !r =1KHz
1 iz L6 | THD = 10%
1.2 AT THD = 2% N
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g E
; ‘Z‘ M 1.2 [
S 2 j
2 o8 % g €c v, T
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04l I cc =gy ° e R
—t 0.4 Py EC "6y
- o
. L e S
0 0
4 [ 8 10 12 1 16 4 b 1 1. JURNT
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TOTAL HARMONIC DISTORTION VERSUS TOTAL HARMONIC DISTORTION VERSUS
OUTPUT POWER OUTPUT POWER
10 12
HE | 1]
—t—
s Vee =W ’ 10 Vee SV _
R = R_ =4n
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N

TEST CIRCUIT 2 L~
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I s 1//'/ N[ restcireurt 1
ur ; -
o e : o [
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audio amplifier TAA611 E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° free air temperature unless otherwise noted)

, CUTPUT POWER VERSUS INPUT VOLTAGE OUTPUT POWER VERSUS INPUT VOLTAGE
. 1.2
[ T[] , [ T[]
|| tesTemeur 1 | TEST CIRCUIT 2
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° free air temperature unless otherwise noted)

OC OUTPUT LEVEL - %

RELATIVE CLOSED LOOP GAIN - %

VARIATION OF DC OUTPUT LEVEL VERSUS
AMBIENT TEMPERATURE
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Linear integrated circuit TAA 611F

Audio amplifier

INTERMEDIATE TEMPERATURE RANGE, The TAA 611 F is a monolithic integrated circuit particularly
-40° Cto 85° C designed for use as audio amplifier where a temperature range
of -40°C to 85°C is required. The usable range of supply voita-
ge varies from 6 to 15V. Special features of the circuit include

e OUTPUT POWER 2.1 W low quiescent current, self-centering bias and direct coupling
o LOW DISTORTION of the input. The circuit requirgs a minirpum nur'nber of e?(ter—

nal components. The package is a special plastic DIP with a
e LOW QUIESCENT CURRENT copper bar inserted in the plastic which ensures low thermal
o SELF CENTERING BIAS resistance.

e HIGH INPUT IMPEDANCE

ABSOLUTE MAXIMUM RATINGS

Maximum Operating Supply Voltage 15V
Input Voltage (see note) 0.5Vtio+15V
Peak Output Current 1A
Storage Temperature 550Cto+125°C
Operating Temperature Range -40°C to +85°C
Max Junction Temperature 150°C
Power Dissipation T < 25°C 1.35W
Thermal Resistance J-A 93°C/W

ORDERING NUMBER i
Note : For supply voltages less than 15V, the absolute max input voltage

TAA 611F 12 is equal to the supply voltage.
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
{Top view) Power plastic split DIP
20 MAX
B800TSTRAP 1 [] [114 vee il i
N.C. 2 [ T3 ne. ) !
!
|
FRrEQ.coMP. 3 ] [112 outpur 330 Jﬁ, 52 _i{u_'sizs
. . —— |
050 ] 317
FREQ.COMP. 4[] [Ju ne | ‘\2_ i 1
| | i
FEED- BAC) 10 GND 1
s D Ao VI s W o
=—f i
NC 3 (]9 ne % | = =
: 2 2] B

INPUT 1] h 8 GND : J—J = =

. = U T U o U T

Note : All dimensions in mm.

OCTOBER 1971
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANGE

OUTPUT POWER AS A FUNCTION OF SUPPLY VOLTAGE AND LOADING CONDITIONS

(Typical values at ambient temperature Tp = 25°C)

Poyt (W) at THD = 10%

Vee (V) Ry () Pout (W) at THD = 2%
¢ L ou Min. Typ. _4-5%'8

9 8 0.9 1.15 1.1

12 8 1.7 1.5 2.1 2

TYPICAL ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

VALUES
PARAMETER CONDITIONS UNIT
(Vee =9V) | (Ve = 12V)

Total Current (Icc) 3 35 mA
Quiescent Current of Qutput Transis-
tors (Ip) 1 1.2 mA
Input Bias Current 60 75 nA
DC Output Voltage Rg = 220KQ 4.8 6.3 v
Open Loop Voltage Gain Ry = 80 68 70 dB
Total Harmonic Distortion Test Circuit 1: Rf =80, = 1KHz

Poyt = 1W 0.2 %

Test Circuit 2: Ry =8, {=1KHz

Poyut = IW 1 %
Supply Current Ry =87 Pout = 1.15W 170 mA

Ry =810 Pout = 2.1 235 mA

The Following Specifications Apply
for 40°C < Tp < 85°C:
Quiescent Current of Output Transis-

tors (Ip) 1.1 1.3 mA
Open Loop Voltage Gain R; = 8Q 67 70 dB
Total Harmonic Distortion Test Circuit I: Ry =8 Q, f=1KHz

Pout = 50mW 04 03 %o

Ry = 80, f=1KHz, Py, =0.5W 0.3 %

Test Circuit 2. Ry =8 Q, f=1KHz

Pout = 50mW 1.7 1.5 %

RL = 8Q, f=I1KHz, Py, =05W 1.2 %,
Feedback Resistance Pin5to 12 7.5 75 KQ
Input Impedance Open Loop 0.75 0.75 MQ

TEST CIRCUIT 1 (Ay = 50) TEST CIRCUIT 2 (Ay = 250)
*Vee “Veo

+

100 uF/25v

+ +300
100 F/25¥ —

BuF/6Y =2 5074F /6 .
I B2pF  1L2nF I I -

() |
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

MAX ALLOWABLE POWER DISSIPATION
VERSUS AMBIENT TEMPERATURE

MAX POWER DISSIPATED BY THE CIRCUIT
VERSUS LOAD RESISTANCE
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

VOLTAGE GAIN - dB
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

TOTAL SUPPLY CURRENT AND QUTPUT
VARIATION OF DC OUTPUT LEVEL VERSUS TRANSISTOR QUIESCENT CURRENT

AMBIENT TEMPERATURE VERSUS SUPPLY VOLTAGE

IS
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3 e Q 1

2 Vee =12V \
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=
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T
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audio amplifier TAA 611 F




SILICON PLANAR LINEAR INTEGRATED CIRCUIT

UA702A

EXTENDED TEMPERATURE RANGE, —-55°C + 126°C

CONNECTION DIAGRAM
{Top View)

() output

LAG
COMPENSATION

() Leap

NON INVERTING COMPENSATION
IN

PUT

Note : Pin 4 connecled 10 case

ORDERING NUMBER

high gain,
wideband dc amplifier

The uA702A is a complete DC amplifier constructed on a single sili-
con chip, using the Planar epitaxial process. It is intended for use as
an operational amplifier in high speed analog computers, as a preci-
sion instrumentation amplifier, or in other applications requiring a
feedback amplifier useful from DC to 30 MHz.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

Total Supply Voltage Between V + and V™~ Terminals 21V
Peak Load Current 50 mA
Internal Power Dissipation (Note 1) 300 mW
Storage Temperature Range -859C to + 1500C
Operating Temperature Range -B5°C to + 1250C

Ditferential tnput Voltage t 5V
{nput Voltage, Either Input + 15V to-6V
Lead Temperature {Soldering, 60 sec) 3000C
NOTE :

{1) Rating applies for case temperatures to 125°C; derate linearly at 6.6 mW/°C

INVERTINGO
INPUT

U58771231X for ambient temperatures above 105°C.
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline
—O V4
SEATING PLANE
127 iMAx
Ry —OLEAD MIN
x®Q
EXTERNAL FREQUENCY /
COMPENSATION 1 I 9
GROUND OLAG ~ E

94 - 85

85 -

A
e

5.08 TYP.

8 LEAOS B
0.49 MAX
0.40 DIA,

w
s
NN

Notes: All dimenslons in mm.

MARCH 1970
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Linear Integrated Circuit uA 702 A

EXTENDED TEMPEAATURE RANGE

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise specified}

PARAMETER CONDITIONS v+ = 12v, vT = 6 V V+ =6V, V= .3V
{see definitions) MIN.  TYP. MAX. MIN. TYP. MAX. UNIT
Input Offset Voltage Rg <1 2 k@ 05 2 0.7 3 mv
input Offset Current 180 500 120 500 nA
Input Bias Current 2 5 1.2 35 LA
Input Resistance 16 40 22 67 kn
Input Voltage Range -4 05 -15 0.5 v
Common Mode Rejection Ratio Rg 2 k@, f-1 kHz 80 100 80 100 dB
Large-Signal Voltage Gain Ry =100 k@, Vg, =£5V 2500 3600 6000

R =~ 100 k@ , Vg, =+25V 600 900 1500
Output Resistance 200 500 300 700 Q
Supply Current Vout = 0 5 6.7 21 33 mA
Power Consumption Vour = 0 90 120 19 30 mwW
Transient Response (unity-gain) Cy =001 uF, Ry = 200,

RL - 100 k2, Vi, = 10 mV
Risetime 25 120 ns
Overshoot CL 100 pF 10 50 %
Transient Response {x100 gain) C3 = B0 pF, R 100 k@

Vin = 1 mV
Risetime 10 30 ns
QOvershoot 20 40 X
The following specifications apply for -55°C :. Tp « 125°C:
Input Offset Voltage Rg :. 2 k@ 3 a4 mvV
Average Temperature Coefficient of Rg < 501,

Input Offset Voltage Ta = 25°C to Tp = 126°C 25 10 35 15 wv/eC

Rg = 500,

Ta = 25°C to Tp = -65°C 2 10 3 15 uv/eC
Input Offset Current Ta = 125°C 80 500 50 500 nA

Ta = -56°C 400 1500 280 1800  nA
Average Temperature Coafficient of Ta = 26°C to Ty = 125°C 1 5 0.7 4 nA/°C

Input Offset Current

Ta = 25°C to Tp = -65°C 3 16 2 13 nA/°C
Input Biss Current Ta = -55°C 4.3 10 26 7.6 LA
Input Resistance 6 8 kQ
Common Mode Rejection Ratio Rg <2 k0, f<1 khz 70 a5 70 95 dB
Supply Voltage Rejection Ratio V+ =12V, V"= 6 V o
V=6V Vv-=.3V 75 200 75 200 /v
Rg - 2 KR
Large-Signal Voltage Gain Ry 100 kp , Vg =5V 2000 7000
R .- 100 k@, Vguy =25V 500 1750
Qutput Voltage Swing R 100 k +5 +53 +25 +27 Y]
RL = 10 k@ +36 *a t15 *2 v
Supply Current Ta = 125°C, Vg, = 0 4.4 6.7 1.7 33 mA
Ta = B5°C, Voue = 0 5 75 21 38 mA
Power Consumption Ta = 125°C, Vg = 0 80 120 15 30 mwW
Ta = B5°C. Vg4 = O 90 135 19 35 mw
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Linear Integrated Circuit LA 702A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature uniess otherwise noted}

VOLTAGE GAIN YERSUS
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Linear Integrated Circuit uA 702 A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)}

INPUT RESISTANCE YERSUS OUTPUT RESISTANCE YERSUS OUTPUT YOLTAGE SWING VERSUS
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Linear Integrated Circuit oA 702 A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS {25°C free air temperature unless otherwise noted)
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Linear Integrated Circuit LA 702A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (250C free air temperature unless otherwise noted)
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DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage. The input otfset volta:
ge may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The ditference in thecurrents into the two input terminals with the output at zero volts.

INPUT RESISTANCE - The resistance tooking into either input terminal with the other grounded.

INPUT BIAS CURRENT - The average of the two input currents,

INPUT VOLTAGE RANGE -The range of voltage which, if exceeded on either input terminal could cause the amplifier to cease functioning properly.
INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change ininput offset voltage over this range.
SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voltage producing it.

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with load to the change in input voltage required to drive the
output from zaro to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at null. This parameter is defined only under small si-
gnal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and thermal feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONCE - The closed - loop step - function response of the amplifier under small - signal conditions.
PEAK OUTPUT CURRENT - The maximum current that may flow in the output load without causing damage to the unit.
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Linear integrated circuit ',I,A 702 C

High gain, wideband

STANDARD TEMPERATURE RANGE, dC amplifier

0°C to 70°C

The nA702C is a complete DC amplifier constructed on a
single silicon chip, using the planar epitaxial process. It is
intended for use as an operational amplifier in high speed

e HIGH GAIN analogue computers, as a precision instrumentation amplifier,
or in other applications requiring a feedback amplifier
e WIDEBAND (DC to 30 MHz) usable from DC to 30 MHz. For full temperature range

operation (-55°C to 125°C) see uA702A data sheet.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Total Supply Voltage Between

Ve and Ve Terminals 21V

Peak Load Current 50 mA

Internal Power Dissipation (see note) 300 mW

Storage Temperature Range -55°Cto « 150°C

Operating Temperature Range 0°Cto +70°C

ORDERING NUMBERS Differential Input Voltage 5V

U5B771239X (for package No. 1) Input Voitage, Either Input +1.5Vto-6V
U6E7712393 (for package No.2) Lead Temperature

(Soldering 60 sec. for package No. 1) 300°C

(Soldering 10 sec. for package No. 2) 260°C

Note : rating applies for ambient temperature to 70°C.

CONNECTION DIAGRAMS PACKAGE No. 1 PACKAGE No. 2
(top view) PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
in accordance with 14. pin plastic DIP

JEDEC TO99 outline

SEATING PLANE

5.08 TYF

P ‘ . s
sy qln u; = .
NC i i
) 9.4:85 ] ‘Z v | ‘
NC 8577 _ s 12!} ‘ i
Gaa 1 ne 3 ‘\. n’! s 3 3
fnv. Inpat ho(,tm.| “l [ o g 4[5 xo{ b, —‘ "
f—— ] Lo "lz TP ol .,[ h {jj
et T3 | s
e ) e Hl—”u}m 4 Ei} = L
. h uc 0490 DIA <
Package No. 2 Note: all dimensions in mm, Note: all dimensions in mm.

FEBRUARY 1971
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high gain, wideband dc amplifier n A702C

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise specified)

STANDARD TEMPERATURE RANGE

1
Vée=12V, VEe=-6V | V¢c=6V, Vc=- 3V )
PARAMETER CONDITIONS R A Unit
Min. Typ. Max.| Min. Typ. Max.
Input Offset Voltage Rg<2k0 .5 25 t1.7 £6| mV
Input Offset Current +0.5 «£2 +03 2 pA
Input Bias Current 25 15 15 5| pA
Input Resistance 10 32 16 55 ko |
Input Voltage Range 4 +0.5 |-1.5 +0.5 M
Common Mode Rejection Ratio |[Rg<2kQ. < 1kHz 70 92 70 92 dB
Large-Signal Voltage Gain Rp = 100k Q, VouT= ¢ 5V 2000 3400 6000
R[> 100 kQ, VouT= * 2.5V 500 800 1500
Output Resistance 200 600 300 800 Q
Supply Current Vout =0 5 6.7 2.1 33 mA
Power Consumption Voyt =0 90 120 19 30 mwW
Transient Response (unity gain); |[RL<100kQ, V[N=20mV, C| <100pF
Rise Time C;=001pF Ry =200 25120 ns
Overshoot 10 50 %
Transient Response (x 100 gain): [C3=50 pF, Rp:+100kQ, ViN=1mV
Rise Time 10 30 ns
Overshoot 20 40 %
The following specifications |
apply for 0°C< TA<70°C : |
Input Offset Voltage Rg= 2k 0 +6.5 £7.5| mVv
Average Temperature Coefficient
of Input Offset Voltage TA=70°C to TpA=0°C, Rg=500 5 20 7.5 25 | pv/°C
Input Offset Current 2.5 2.5 uA
Average Temperature Coefficient
of Input Offset Current TA=25°C to Tp=70°C 4 10 3 8 [ nA/°C
TA=25°C to Tp=0°C 6 20 5.5 18 | nA/°C
Input Bias Current Ta=0°C 4 12 2.7 8 RA
Input Resistance 6 18 9 27 kQ
Common Mode Rejection Ratio | Rg< 2 k0, f< ] kHz 65 86 65 86 dB
Supply Voltage Rejection Ratio | Vi:c=12V, Voc=-6V, to Vée=6V,
Vee=-3V, Rg< 2k 0 90 300 90 300 uV/V
Large-Signal Voltage Gain RL>100kD, Voyr==+5V 1500 7000
R[> 100kQ, Vogr=£2.5V 400 1750
Output Voltage Swing Ry > 100 kO +5 £53 2.5 £2.7 v
Rp=10kQ 35 4 1.5 2 v
Supply Current VouT=0 5 7 2.1 3.9| mA
Power Consumption VouTt =0 90 125 19 35 mwW
EQUIVALENT CIRCUIT
.0 Ve
|__o LEAD
GROUND  O— O LAG
INVERTING
INPUT

NON-INVERTING
INPUT

o OuTPUT
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high gain, wideband dc amplifier p A702C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

VOLTAGE GAIN VERSUS
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high gain, wideband dc amplifier p A702C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)
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high gain, wideband dc amplifier p A702C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)
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high gain, wideband dc amplifier nA702C

STANDARD TEMPERATURE RANGE

TRANSIENT RESPONSE TEST CIRCUITS
TRANSIENT RESPONSE
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N £ 0 y,
2
2 /
w06
>
5 AG YouT =
10 < 04
o
C1 ﬂtl [ % 02
Vi R YA
1 10 RISE TIME
u i
0 40 80 120 160 200
UNITY -GAIN AMPLIFIER X 100 AMPLIFIER
(LAG COMPENSATION) (LEAD COMPENSATION) TIME - ns
DEFINITION OF TERMS

INPUT OFFSET VOLTAGE — That voltage which must be applied between the input terminals to obtain zero output voltage.
The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT — The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE -- The resistance looking into either input terminal with the other grounded.
INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE — The range of voltage which, if exceeded on either input terminal, could causé the amplifier to
cease functioning properly.

INPUT COMMON MODE REJECTION RATIO — The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the change in input offset voltage to the change in supply voltage
producing it.

LARGE-SIGNAL VOLTAGE GAIN — The ratio of the maximum output voltage swing with load to the change in input voltage
required to drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING — The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE — The resistance seen looking into the output terminal with the output at null. This parameter is
defined only under small signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and
thermal feedback.

POWER CONSUMPTION — The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONSE — The closed-loop step-function response of the amplifier under small-signal conditions.
PEAK OUTPUT CURRENT — The maximum current that may flow in the output load without causing damage to the unit.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT uA709

high performance
operational amplifier

EXTENDED TEMPERATURE RANGE, - 66°C + 126°C The uA709 is a High-Gain Operational amplifier constructed on a sin-
gle silicon chip using the Planar epitaxial process. It features low offset,
high input impedance, large input common mode range, high output

CONNECTION DIAGRAM swing under load and low power consumption. The device displays

(Top view) exceptional temperature stability and will operate over a wide range

of supply voltages with little degradation of performance. The ampli-

fier is intended for use in DC servo systems, high impedance analog

computers, in low-level instrumentation applications and for the gen-
eration of special linear and nonlinear transfer functions.

IHPUT FREQUENCY
COMPENSATION

ABSOLUTE MAXIMUM RATINGS
v tabove which the useful life may be impaired}

Supply Voltage +18V
INVERTING -
[ittiand @ } CJ) oureur Internal Power Dissipation {Note 1) 300 mW
ouTPUT Differential Input Voltage 5V
wenmng Q) )/ Fnequencr Input Voltage +10V
meut O Output Short-Circuit Duration (T = 25°C) 5sec
s Storage Temperature Range 65°C 10 + 150°C
Operating Ambient Temperature Range -B5°C to + 1269C
‘ Note : Pin 4 confected 10 case. L ead Temperature {Soldaring, 60 sec) 300°C
| ORDERING NUMBER NOTE 1 : Rating applies for case temperatures to + 125°C; derate linearly at 5.5
U5B770931X mW/°C for ambient temperature above +95°C.
‘ SCHEMATIC DIAGRAM U nsATioN PHX]S:]C&I;dIZIMExs”I.loNS
1 CH nce wi
N ! v JEDEC TQO-99 outline

u

SEATING PLANE
f1fJeoxe
n d

5.08 TYP

K0 oytPuT

Ay R
(RVERTING pexa ] idka o i
INPUT outpuT

(] 1) FRFQUENCY
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- . e
NOK-INVERTING 17| jroxa |J H.H ” o
WPyT S ER— - Z
g ol )
8 LEADS

[ R em. &
0[], wa 5[]50 0040 DI

—
l___‘ it

a2

MAX

Nota: all dimensions in mm.
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Linear Integrated Circuit pA 7 0¢

ELECTRICAL CHARACTERISTICS (TA =+25°C,+ 9V = Vg= 415V unless otherwise noted)

EXTENDED TEMPEAATURE AANC

PEAK-TO-PEAK OUTPUT SWING - v

PARAMETER (see definitions} CONDITIONS Min Typ. Max UNIT
Input Offset Voltage Rg=10Ka 1 5 mv
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 150 400 Ka
Output Resistance 150 ]
Power Consumption Vg = 315V 80 165 mw
Transient Response ViN =20mV, R =2KQ,
Risstime C1=5000pF, R1=15K1, 0.3 1 s
C2=200pF, Ry=500
Overshoot CL =100 pF 10 30 %
The following specifications apply for — 55°C < Ta =+ 125°C
Input Offset Voltage Rg=10Ka 6 mv
Average Temperature Coefficient
of Input Offset Voltage Rg =500 3 uv/eC
Rs =10 K0 6 wuv/eC
- Signal Volt: i = Z2Kn
Large - Signal Voltage Gain Vs gl5V. RL=2Kf, 25,000 45,000 70,000
Vout =¢10V
Output Voltage Swing Vs =415V, R Z10Kn $12 14 \Y
Vg =415V, RL 22K8 + 10 +13 v
{nput Voitage Range Vg=1415V + 8 +10 v
Common Mode Rejection Ratio Rg =10 Kf 70 90 dB
Supply Voltage Rejection Ratio RS =10 KR 25 150 wv/C
input Offset Current Ta =+125°C 20 200 nA
Ta =-55°C 100 500 nA
input Blas Current TA =-55°C 0.5 1.5 DA
Input Resistance 40 100 K0
GUARANTEED ELECTRICAL CHARACTERISTICS YOLTAGE GAIN
{25°C free air tlemperature unless otherwise noted) L T T »
| | R 2z2n
A <
S bR 55 € = TSz
3 H-1
5100 ]
-1 NS
b *\“\\/
o o
Q4104
o
] 7
S30
=
@ P
© 2:10¢ .
“\N\‘NM—’/
[
0 1 11 12 13 14
SUPPLY VOLTAGE — + V
INPUT COMMON MOOE POWER CONSUMPTION
0 OUTPUT YOLTAGE SWING 12 YOLTAGE RANGE 200 YERSUS SUPPLY YOLTAGE
o o > BRC$ Tp< 125°C
a5) |5S°C €Ty £ 125°C T A 250
L] — z
2 [ T w% z 5 = 200
ol T I o P 2
wa AL w UM &
15 N ] 2 L = 150 L
| ) |t 2 L1
4 8 A
10 w4 = 00 WO
5 z 2 Y o TYPICAL et
g -
=
o
0 o0 0 | |
] 10 11 12 13 14 15 9 10 11 12 13 11 15 9 10 11 12 13 14

SUPPLY VOLTAGE - +V

SUPPLY VOLTAGE - +V
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Linear Integrated Circuit uA 709

EXTENDED TEMPERATURE RANGE

YPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otharwise noted)

INPUT BIAS CURRENT VERSUS
AMBIENT TEMPERATURE

INPUT OFFSET CURRENT VERSUS

VOLTAGE TRANSFER CHARACTERISTIC AMBIENT TEMPERATURE

1 20
T 1 T
| lvg=a21sv 7 il Vg'm s 15V [T
" R = I0KQ ’ Vg = s 15V
L Y s qiu.e < 160
5 125°C - =
J 30 12
o &
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yi 20l N W go N
-5 = N w \
5 N ° ~
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- A z 0.2 > ™
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/]
.15 0 )
B 06 020 02 06 1 F— 2 50 00 T2 w0 20 2 50 00 10
INPUT VOLTAGE - mV Ta - AMBIENT TEMPERATURE - °C AMBIENT TEMPERATURE - °C
INPUT RESISTANCE VERsUS POWER CONSUMPTION VERSUS INPUT BIAS CURRENT VERSUS
, AMBIENT TEMPERATURE - AMBIENT TEMPERATURE 250 SUPPLY VOLTAGE
PR \
44
0.8 Vs BV 2 5 100 ‘ 225,
/1 B 2
= L
0.6 2 o} Tty Z 200
S [t z
3
P 3 3 -
0.4 L Z %0 2 ws| | - ]
o & LT
w -
z 2
0.2 e g 40 z 1%
0 ) 125
0 2 20 60 00 1« 0 20 60 0o 140 9 0 11 1z 13 14 15
AMBIENT TEMPERATURE - »C AMBIENT TEMPERATURE - °C SUPPLY VOLTAGE- + V
OUTPUT VOLTAGE SWING VERSUS L Y ESTONSE
FOR VA
" LOAD RESISTANCE » TRANSIENT RESPONSE 0 OF COMPENSATION
Vg s S 1'5\/1 T 1T
12
% 17 GVERSHOOT 2 a0l LN
1 ; =z LPLC
4 - 90% £ g oS,
2 /! 208 o ¥
= Q
5 / g
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Z S
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Linear Integrated Circuit pA 70!

EXTENDED TEMPERATURE RAN

TYPICAL ELECTRICAL CHARACTERISTICS (250C iree air temperature unless otherwise noted)

OUTPUT VOLTAGE SWING VERSUS

FREQUENCY RESPONSE
FOR YARIOUS CLOSEO-LOOP GAINS

FREQUENCY FOR YARIOUS
COMPENSATION NETWORKS

8 32
T T T
R - 15V
= - 2 N ] R Ko
2 o | G 0PF R =0.C, =5nF - T s = R
= IO ¢ b R
Pt UL A B i FesVY-+%H
oo [ €= 100pF R = 1L5KA C, = 30F E B Y |
. 2 o )
< = | 1= B
s LA 217 ﬂ&
= L T LS I I L A
S _[c,=500pF, R, = 15K, C,=200p 3 L~ "
20 Ly ' 2 N =) B o
< " o S LI ToY !
o & 7
g LU T £ AN
& |, =saF R, =15KQ C, = D0pF S 8ate o
g0 [ I e o
o X -l
g N Y
= L I W e
-2 "o T
100 1« 10K 100K M 104 1K 10K 100K ™ oM

FREGUENCY - Hz FREQUENCY -~ Hz

FREQUENCY COMPENSATION
CiRCUIT

TRANSIENT RESPONSE TEST CIRCUIT

* Use R 2= 5002 when the amplifier

is operaled with capacilive Loading

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero cutput voitage. The input offset vc
ge may slso be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.
INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE -
perly,

A range of voltage which, if exceeded on either input terminaf, could cause the amplifier to cease functioning ¢

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage over this ra

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltaga swing with load to the change in input voltage required to drive
output from zero to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred 10 zero, that can be obtained without clipping.

OQUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at null. This parameter is defined only under s
signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and thermal feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current,
SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voltage producing it.

TRANSIENT RESPONSE - The closed - loop step function response of the amplifier under small - signal conditions.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT UA 709A

high performance
operational amplifier

EXTENDED TEMPERATURE RANGE, - 55°C + 126°C The uA709A is a High-Gain Operational amplifier constructed on a
single silicon chip using the Planar epitaxial process. It features low
offset, high input impedance, large input common mode range, high
output swing under load and low power consumption. The device
displays exceptional temperature stabiiity and will operate over a wide
range of supply voltages with little degradation of performance. The

CONNECTION DIAGRAM amplifier is intended for use in DC servo systems, high impedance
[Top view) analog computers, in low-level instrumentation applications and for
the generation of special linear and nonlinear transfer functions.

IRPUT FREQUENCY
COMP ENSATION

ABSOLUTE MAXIMUM RATINGS
fabove which the useful life may be impaired)

et Supply Voitage 18V
outeut Internai Power Dissipation {Note 1} 300 mwW

Differential Input Voltage 5V

HOR-INVERTING ') outPUT input Voltage +10V
INPuT e N Output Short - Circuit Duration {Tp = 25°C) 5 sec
rd Storage Temperature Range - 65°C to 160°C

Qperating Ambient Temperature Range -B5°C to 125°C

Lead Temperature {Soldering, 60 sec) 300°C

Note - Pin ¢ connected to case,
NOTE 1:

ORDERING NUMBER
Rating applies for case temperatures to 125°C; derate linearly at 5.6 mW/oC

U5SB 7709311 for ambient temperatures above 95°C.
INPUT FREQUENCY
COMPENSATION SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
similar to
v Jedec TO 99 outline
R,.I,] 20x01
Qu
VLTMin g
3181 EE
215 8.5| 9.4
T ovreur ':é 7.7/ 8.5
INYERTING —o
WeuT 2 0y, OUTPUT 1.3 Max 4.7.4.2
Q FREQUENCY Q.
HONRYERTING R10 T e 12 COMPENSATION 8 Leags 45
! ] roxa s 0.49. 0.40
QU Q10
Notes - All dimensions in mm.
Rufl24 Rif] 750 Leads are gold-plated Kovar.
Xa
v-

MARCH 1970
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Linear Integrated Circuit pA 709 A

EXTENDED TEMPEAATUAE AANGE

ELECTRICAL CHARACTERISTICS (T =25°C, +9V < Vg =+ 15V unless otherwise specified)

PARAMETER (see definitions) CONDITIONS Min. Typ. Max, UNIT

input Offset Voltage Rs = 10kQ 0.6 2 mv

Input Offset Current 10 50 nA
100 200 nA

Input Bias Current

Input Resistance 350 700 kQ
Qutput Resistance 150 Q
Supply Current Vg=415V 25 3.6 mA
Power Consumption Vg=4+15V 75 108 mw
Trensient Response Vg=+15V, VIN=20mV, R_L=2k0,C1=56nF,
R1=15k0, C2=200pF, R2=5010
Risetime 1.5 psec
Overshoot Ci 2100 pF 30 %
The following specifications apply for - 55°C = Tp < 125°C :
Input Offset Voltage Rg=10ka 3 mv
Average Tempearature Coefficient Rg =501, Ta =25°C to Ta =125°C 1.8 10 av/ec
of Input Offset Voitage R =501, Ta =25°C to Tp =-55°C 18 10 Jv/oC
Rg =10 k1, TA =25°C to Ta = 125°C 2 15 uv/oc
Rg = 10kM, Ta =25°C to Ta = - 55°C 48 25 uv/oC
Input Offset Current Ta=125°C 35 50 nA
Ta=-55°C 40 250 nA
Average Temperature Coefficient Ta =25°C 1o Ta = 125°C 008 05 nA/°C
of Input Offset Current Ta =25°Cto Tpa =-55°C 045 28 nA/oC
Input Bias Current Ta=-55°C 300 600 nA
Input Resistance Ta =-55°C 85 170 kQ
Input Voltage Range Vg=+15V +8 \
Common Mode Rejection Ratio Rg=10k0 80 110 dB
Supply Voltage Rejection Ratio Rs =10k 40 100 UVIV
Large - Signal Voltage Gain Vg = +15V, R 22k, VQUT = + 1OV 25,000 70,000
Output Voltage Swing Vg =1+15V,RL Z 10k £12 414 v
Vg=+15V,R| Z2kA +10 +13 \Y
Supply Current TA=125°C, V§=+15V 21 3 mA
Ta =-55°C,Vg=+15V 27 A5 mA
Power Consumption TA=125°C,Vg=+15V 63 a0 mw
TA=-55°C,Vg=+15V 81 135 mw
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Linear Integrated Circuit uA 709A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

VOLTAGE TRANSFER CHARACTERISTIC

15 T 1
PN A= F=
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Linear Integrated Circuit (LA 70904

DC CHARACTERISTICS AS A FUNCTION OF AMBIENT TEMPERATURE

YOLTAGE GAIN YERSUS
AMBIENT TEMPERATURE

INPUT QFFSET CURRENT
YERSUS AMBIENT TEMPERATURE
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Linear Integrated Circuit LA 709A

AC CHARACTERISTICS

FREQUENCY CHARACTERISTICS
YERSUS SUPPLY YOLTAGE

FREQUENCY CHARACTERISTICS
VERSUS AMBIENT TEMPERATURE

EXTENDED TEMPERATURE RANGE
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CLOSED-LOCP GAIN
USING RECOMMENDED
COMPENSATION NETWORKS
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Linear Integrated Circuit uA 709 A

EXTENDED TEMPERATURE RANG

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage. The input offset vols
age may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.

INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.

INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - A range of voitage which, if exceeded on either input terminal, could cause the amplifier to cease functioning properly
INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage over this ran¢

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with [oad to the change in input voltage required to drive tt
output from zero to this voitage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

QUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at null. This parameter is defined only under sm:
signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and thermal feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current,
SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voitage producing it.

TRANSIENT RESPONSE - The closed - loap step function response of the amplifier under smal! - signal conditions.

106



Linear integrated circuit uA 709 C

High performance

operational amplifier

ThepuA709C is a high-gain operational amplifier constructed
on a single silicon chip using the planar epitaxial process. It
features low offset, high input impedance, large input com-
mon mode range, high output swing under load and low
e LOW OFFSET power consumption. The device displays exceptional tempe~
e HIGH INPUT IMPEDANCE rature stability and will operate over a wide range of supply
e LOW POWER CONSUMPTION voltages with little degradation of performance. The amplifier
is intended for use in DC servo systems, high impedance
analogue computers, in low-level instrumentation applications
and for the generation of special linear and nonlinear transfer
functions. For full temperature range operation (-55°C
to +125°C) see pa709 data sheet.

STANDARD TEMPERATURE RANGE
0°C to 70°C

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage +18V
Internal Power Dissipation (see note) 300 mW
Differential Input Voltage + 5V
Input Voltage + 10V
Output Short-Circuit Duration (TA=25°C) 5 sec
ORDERING NUMBERS Storage Temperature Range -55°C to+150°C
US5B770939X (for package No. 1) Operating Temperature Range 0°C to + 70°C
UGE7709393 (for package No. 2) Lead Temperature

(Soldering 60 sec for package No. 1) 300°C
(Soldering 10 sec for package No. 2) 260°C

Note : rating applies for ambient temperature to + 70°C

CONNECTION DIAGRAMS PACKAGE No. 1 PACKAGE No. 2
(top view) PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
Input Freq. similar to 14- pin plastic DIP
Coma.

Jedec TO 99 outline

NC i g e o] K] | 4
NC q? 13 [] nC G B
1 I
fout Freq, Comp.  []3 12 [ 1onat Frey. comp. o 4 > |
v, Ingat i vy ] B 4 2 i
e cc = ) ! g
Neo-lnv. Inpul ] kd [} Owtput L e . 4 I i : !
: P8 | 9 oF o |
N & g o ; R |
Véc Qe a [] outout Frea. Comp. £ s gl ol '_3‘_ |
" i o puc S l]:Inm\ 33 i ¥ |
Package No. 2 Note : Al dimensions in mm. Note: all dimensions in mm.
JANUARY 1971
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high performance operational amplifier p A709C

ELECTRICAL CHARACTERISTICS (Vo= t 15V, Ta= 25°C unless otherwise specified)

STANDARD TEMPERATURE RANGE

PARAMETER CONDITIONS Min. Typ. Max. Unit
Input Offset Voltage Rg< 10kQ, 29V < Vo< IS5V 2 +7.5 mV
Input Offset Current + 100 +500 nA
Input Bias Current 0.3 1.5 uA
Input Resistance S0 250 kQ
Output Resistance 150 Q0
Large-Signal Voltage Gain Ry >2kQ, Voyr=:*I10V 15,000 45,000
Output Voltage Swing Rp =2 10kQ 12 + 14 v
Rp>2kQ + 10 £ 13 v
Input Voltage Range + 8 + 10 \'%
Common Mode Rejection Ratio |[Rg< 10kQ 65 90 dB
Supply Voltage RejectionRatio |Rg< 10k 25 200 pv/iv
Power Consumption VouT =0 80 200 W
Transient Response (Unity
Gain) VIN=20mV, Ry =2kQ, C| = 5000pF
Rise Time R|=1.5kQ, C=200pF, Rp=500Q 0.3 Hs
Overshoot Cp < 100 pF 10 %
The following specifications
apply for 0°C < T <+ 70°C:
Input Offset Voltage Rg< 10k, 9V < Ve <t ISV + 10 mV
Input Offset Current +750 nA
Input Bias Current 2 pA
Large-Signal Voltage Gain RL> 2kQ, Voyutr=t 10V 12,000
Input Resistance 35 kQ
IJNPUT FREQUENCY COMPENSATION
EQUIVALENT CIRCUIT [}
[l] Ovéc
|
£
d‘ oUTPUT
Aél "‘ ouTPUT
FREQUENCY
INVERTING ]] COMPENSATION

INPUT

NON - INVERTING
INPUT

-

OVE:C



high performance operational amplifier pA709C

GUARANTEED ELECTRICAL CHARACTERISTICS

VOLTAGE GAIN

OUTPUT VOLTAGE SWING

STANDARD TEMPERATURE RANGE

INPUT COMMON MODE
VOLTAGE RANGE

15k 30
T 1 ] 12
Tl R A EEEN
STy 70°C 0°C < T 2°C
L 1o°c<T, s70°C [ A Yo esTasy
ES S A A o | | w
= ' E | w
=
w 10c [ 2o L wel 4 2 s
= 1\\\\ E Wty Tag | ont w \
5 3 15 R = e
> o ] —
o » T o |
o < >
S sk w0 w
N . o
z 2 :
a % 5 3 2
o = =
w =
a 3
[} [} © 0
9 10 11 213 15 9 10 1 12 13 9 10 11 121 14 15
SUPPLY VOLTAGE -tV SUPPLY VOL TAGE- +V SUPPLY VOLTAGE - $V
TYPICAL PERFORMANCE CURVES
FREQUENCY RESPONSE
VOLTAGE TRANSFER CHARACTERISTIC FREQUENCY COMPENSATION CIRCUIT FOR VARIOUS CLOSED— LOOP GAINS
T o SO TTIT T T T T .b.|||
L1 /2 i il S Veg = #15V Ty =25°C
/ T L
d | z Ci=10pF Ry=0 Cp=3pF
1 1 2
{1 +25°¢ & 60 :
> ¥ o LU
u‘.. 5 _’/ +70°C 3 LI S L i B A
M / 2 o|C1= 1000F Ry = L5kA Cp = 3pF
< -
it o
2 o § RN
g o T
= S ,0|C1 =500F Ry = L3R Cp = 200F |\
2
£ s / - LS
3 a LI AL L L UL O B L LA
© 2 o|Cp=5nF Ry = L5kQ Cp = 200pF
f o
.10 J
I’ ¢ Use RZ = 5002 when the aniplifier 15 operaleo © \
-1 /] with capacitive loading .20 \
-1 0.6 0.2 0 02 0.6 100 1k 10k 100k pE} 10M

INPUT VOLTAGE - mV

FREQUENCY - Hz
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high performance operational amplifier p A709C

STANDARD TEMPERATURE RANGE

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage.
The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.
INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - A range of voltage which, if exceeded on either input terminal, could cause the amplifier to cease
functioning properly.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with load to change in input voltage
required to drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE -The resistance seen looking into the output terminal with the output at null. This parameter is defined
only under small signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and thermal
feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current

SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voltage
producing it.

TRANSIENT RESPONSE - The closed-loop step function response of the amplifier under small-signal conditions.
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'SILICON PLANAR LINEAR INTEGRATED CIRCUIT

LA7/10

EXTENDED TEMPERATURE RANGE, —b66°C + 126°C

CONNECTION DIAGRAM
{Top View)

NON-INVERTING
INPUT

INVERTING .
INPUT

Nots : Pin 4 connected to casa.

high speed differential
comparator

The uA 710 is a differential voltage comparator intended for appli-
cations requiring high accuracy and fast response times. It is con-
structed on a single silicon chip using the Planar epitaxial
process. The device is useful as a variable threshold Schmitt trigger,
a pulse height discriminator, a voltage comparator in high -speed
A-D converters, a memory sense amplifier or a high-noise immunity
line receiver. The output of the comparator is compatible with all in-
tegrated logic forms.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired}

Positive Supply Voltage 14V
Negative Supply Voltage 7V
Peak Output Current 10mA
Differential Input Voltage t5V
Input Voltage t7V
internal Power Dissipation {Note 1) 300 mW

-656°C to 125°C
-65°C to 160°C

Operating Temperature Range
Storage Temperature Range

Lead Temperature {Soldering, 60 sec) 300°C
ORDERING NUMBER
US5B771031X NOQOTES : on the following page.
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
t 0O V4 in accordance with
R4 JEDEC TO-99 outline
X
Ry
Q
Qs KA | 2, SEATING PLANE
L 127 1max
MIN
n(l) Ry
500 50081
o | T o e R~ W
NON-INVERTING — E N m E 3
INPUT o———0; al<| = R
INVERTING o W 1B 7 o
eyt © K |
GROUNO
8LEADS| 1.3 47
0.49 MAX 47
Da00IA.
Notes: All dimenslons in mm.

MARCH 1970
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Linear Integrated Circuit tA 71C

EXTENDED TEMPERATURE RANGI

ELECTRICAL CHARACTERISTICS (T =+25°C, V*+ = 12V, V"= -6V unless otherwise specified)

PARAMETER CONDITIONS MIN, TYP. MAX, UNIT.
(see definitions)
{nput Offset Voltage (Note 3} Rg <2000 06 2 mV
Input Offset Current (Note 3} 0.75 3 LA
input Bies Current 13 20 LA
Voltage Galn 1250 1700
Qutput Resistance 200 1]
Output Sink Current aVin =6mV, Vg1 =0 2 25 mA
Response Time {(Note 2) 40 ns
The following specifications apply for -65°C < T 4 <+125°C:
input Offset Voltage {Note 3} Rg <2009 3 mV
Average Temperature Coefficient of Rg=50%
Input Offsst Voltage Ta=25°Cto Ty =125°C 35 10 uv/eC
Ta =25°C to Tp = -65°C 27 10 wv/eC
Input Offset Current (Note 3) Ta =+126°C 0.25 3 UA
Tp = -55°C 1.8 7 LA
Average Temperature Coefficient of Ta= 25°C to Tp =+ 126°C 5 25 nA/°C
Input Offsat Current Tp=25°Cto Ty =-55°C 15 75 nA/eC
Input Blas Current Tp =-55°C 27 45 UA
Input Voltage Range v =7V +5 v
Common Mode Rejection Ratio Rg £2009 80 100 dB
Differential Input Voltage Range 15 \
Voltage Gein 1000
Positive Qutput Level aVip Z26mV,0 < I5,t < 5mA 25 32 4 \
Negative Output Level AVip 2 5mV -1 05 0 \%
Output Sink Current AVijp Z25mV, Vg, =0
Tp = +125°C 05 1.7 mA
Tp = -86°C 1 23 mA
Positive Supply Current Vout £0 5.2 9 mA
Negative Supply Current 46 7 mA
Power Consumption 90 150 mw
NOTES:

{1) Rating applies for case temperatures to +125°C; derate linearly at 6.6 mW/°C for ambient temperatures above +105°C.

(2) The response time specified {see definitions) is for a 100 mV input sfep with 5mV overdrive.

(3) The input offset voltage and input offset current {see definitions) are specified for a logic threshold voltage of 1.8V at -55°C, 1.4V at + 25°C
and 1V at +125°C,




Linear Integrated Circuit uA 710

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

YOLTAGE TRANSFER CHARACTERISTIC

YOLTAGE GAIN YERSUS
AMBIENT TEMPERATURE

EXTENDED TEMPERATURE RANGE

YOLTAGE GAIN YERSUS
SUPPLY YOLTAGES

T 1800 T T 3000
. _Vl‘:lZV ] vt=12:_|
. V- =-6V - =.6v
w 3 1700 2500
g TA 5eC \\
2 = =
2, g 1600 \ 2000
= ; w
£ /77 g 2
31 /Y 1500 S1s00|
o 17 ° N o
! 3 > P
. g
0 ! 1400 \ 1000 /
] I M
S PR T N ]
B [ 1300 500
5 -3 B 1 3 s 60 -20 20 60 100 140 10 11 12 13 14
INPUT VOLTAGE - mYy Ta - AMBIENT TEMPERATURE - °C POSITIVE SUPPLY VOLTAGE - V
INPUT BIAS CURRENT VERSUS INPUT OFFSET CURRENT VERSUS COMMON MODE REJECTION RATIO
w0 AMBIENT TEMPERATURE 2 AMBIENT TEMPERATURE 104 VERSUS AMBIENT TEMPERATURE
T
v+l= 1zlv_ £ l |v+ 1;\/_
V- =-6V \ V- =6y ; v-=.1V
a0 < 2oz S5 VS Ve, € 45 v
< ES < o’}
* N N 2
= z z ™~
3 3 N 2100
o %)
] N 31 E
S " :
<2 @ w 98
@
5 N s £
e
) 2 ERC
I~ = — =
Q
0 0 94
-60 -20 20 60 100 140 - 60 -20 20 60 100 140 -60 -20 20 60 100 140
T« AMBIENT TEMPERATURE - «C T, - AMBIENT TEMPERATURE - <C Ta - AMBIENT TEMPERATURE --C
POWER CONSUMPTION YERSUS QUTPUT SINK CURRENT YERSUS OUTPUT VOLTAGE LEVELS YERSUS
100 AMBIENT TEMPERATURE 35 AMBIENT TEMPERATURE . AMBIENT TEMPERA\TURE11 ;
1] ' ]
yr=12v__} vt=12v_] POSITIY | v =12v_]
- -6V v- =6V gt QUTPUT (Eye) v= =-6YV
95 < 3 3 — L
% E
N Ll >
z & S o2
2 9 %25 o2
= " o w LOGic
: | ™~ 3 I B i L LT
S ~J ~ a =Y 0L TaGe
2 - 2
= H \ 1
S 85 h z 2 >
x [ [
n] 2 3
W g
o 80 ’é L5 0 =
|| wecative outpuT LEVEL—
] NN
75 ] 1 1
60 -2 20 60 100 140 60 -20 20 60 100 140 ~60 20 20 60 100 140

TA - AMBIENT TEMPERATURE - oC

Ta - AMBIENT TEMPERATURE - °C

Ty - AMBIENT TEMPERATURE - °C

13




Linear Integrated Circuit uA 710

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

RESPONSE TIME FOR RESPONSE TIME FOR
> YARIOUS INPUT OVERDRIVES > VARIOUS INPUT OY ERDRIVES - COMMON MODE PULSE RESPONSE
o LT | 2 [ 2 T
Q 3 e o - 2 3 } z> 3 vt=12v _|
A E A=y 5, NEPED W, Y
<) 1 4 =]

§ o= H L4 o Loy A N TN L
-
> dAry = : N JFamv N oo
£ o v k- 1omv E NELE \{ " >0 500
E 2 o
o 1 o

-1 > 1 /A_VD

E M s0n VT

. ; - ¢ G
€ 100 MR 4 100 k2
¥ Vo= 6V l‘—( o
& 50 2w Y ==
£ 0 > vi=12v 2>
3 5 Vo= -6V (=Y
g g L] z [
"::» 0 20 40 60 RO 100 120 z 0 20 4 60 80 100 120 0 P % T 160
z TIME - ns TIME - ns TIME - ns

DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at which the loading logic circuitry changes jts digita
state, For the pA 710 this voltage has been fixed at + 1.4V {see note 3).

INPUT OFFSET VOLTAGE - The voltage between the input terminals when the output is at the logic threshold voltage. The input offset voltag
may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at the logic threshold voltage.

INPUT BIAS CURRENT - The everage of the two input currents.

INPUT VOLTAGE RANGE - The range of voltage on the input terminals for which the comperator will operate within specifications.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage over this range
DIFFERENTIAL INPUT VOLTAGE RANGE - The range of voltage batween the input terminals for which operation within specifications is assured
VOLTAGE GAIN - The ratjo of the change in output voltage to the change in voltage between the input terminals producing it with the DC outpu
level in the vicinity of the logic threshold voltege.

RESPONSE TIME - The interval between the application of an input step function and the time when the output crosses the logic threshold voltage
The input step drives the comparator from some initial, saturated input voltege ta an input level just barely in excess of that required to bring the
output from saturation to the logic threshold voltage. This excess is referred to as the voltage overdrive.

POSITIVE QUTPUT LEVEL - The DC output voltage in the positive direction with the input voltage equal to or greater than a minimum specifiec
amount.

NEGATIVE QUTPUT LEVEL - The DC cutput voltage in the negative direction with the input voltage egual to or greater than a minimum specifiec
amount.

OUTPUT SINK CURRENT - The maximum negative current than can be delivered by the comparator.

PEAK QUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the comparator.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with the DC output level at the logic threshold voltage.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level, but is specified as :
maximurm for the entire range of input - signal conditions.
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Lincar integrated circuit I'I' A 710 C
High-speed differen-

tial comparator

STANDARD TEMPERATURE RANGE,

o (e]

0°Cto70°C The pA 710C is a differential voltage comparator intended

for applications requiring high accuracy and fast response
e IMPROVED SPECIFICATIONS times.It is constructed on a single silicon chip using the planar

epitaxial process. The device is useful as a variable threshold
® 5mV MAXIMUM OFFSET VOLTAGE Schmidt trigger, a pulse height discriminator, a voltage
e 5 pA MAXIMUM OFFSET CURRENT comparator in high-speed A-D converters, a memory sense
e 1000 MINIMUM VOLTAGE GAIN amplifier or a high-noise immunity line receiver. The output

i i ith all i i

e 20 5V/°C MAXIMUM OFFSET VOLTAGE of the comparator is compatible with all integrated logic

DRIET forms. For full temperature range operation (-55°C to
+125°C) see pA 710 data sheet.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Positive Supply Voltage 14V
Negative Supply Voltage -1V -
Peak Output Current 10 mA
Differential Input Voltage 15V
Input Voltage +7V
Internal Power Dissipation (Note 1) 300 mW
ORDERING NUMBERS Operating Temperature Range 0°C to +70°C
U5B771039X (for package No. 1) Storage Temperature Range -55°Cto+150°C
U6E7710393 (for package No. 2) Lead Temperature
(Soldering 60 sec for package No. 1) 300°C
(Soldering 10 sec for package No. 2) 260°C
Notes on the following page.
CONNECTION DIAGRAMS PACKAGE No. 1 PACKAGE No. 2
{top view} PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS

in accordance with 14- pin plastic DIP
JEDEC T0O-99 outline

6.5 MAX.
SEATING PLANE

533

e
Z|
g
Vee L
Package No. 1 -
] i
Ne i 1 [Inc
9.4-8.5 o]
Gna 2 v e 8.5-7.7 4
Non-hev. Ingut ] [ NC x
3 4 i
1 - sl
.o [} [l v A SF J
w g puc SN 1| e 259 4
0 g 15
Vee g Ot BLEADS 91 F
NC d7 8 [1uc 0.49-030DIA
Package No. 2 Note: all dimensions in mm. Note: all dimensions in mm.

JANUARY 1971
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high-speed differential comparator pA710C

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (T = 25°C, V(JEC: 12V, Vo= -6V unless otherwise specified)

I PARAMETER CONDITIONS (Note 3) | Min. Typ. Max. Unit
Input Offset Voltage (Note 3) Rg 200 Q 1.6 5 mV
Input Offset Current (Note 3) +1.8 t5 pA
Input Bias Current 16 25 PA
Voltage Gain 1000 1500
Output Resistance 200 Q
Output Sink Current AVIN T 5mV, VoyuTr=0 1.6 2.5 mA
Response Time (Note 2) 40 nsec
The following specifications apply for
0°C < Tp <+ 70°C:

Input Offset Voltage (Note 3) Rg = 200 Q £6.5 mV
Average Temperature Coefficient of
Input Offset Voltage Rg=500, To=0°CtoTp=+70°C 5 20 nv/eq
Input Offset Current (Note 3) + 7.5 WA
Average Temperature Coefficient of
Input Offset Current Ta=25°Cto Tp =+70°C 15 50 | nA/°(
Ta= 25°Cto Tp =0°C 24 100 [nA/°C
Input Bias Current Tpa=0°C 25 40 PA
Input Voltage Range Vee =-7V x5 v
Common Mode Rejection Ratio Rg<200Q Vem=t5V 70 98 dB
Differential Input Voltage Range 5 v
Voltage Gain 800
Positive Output Level AVIN = 5mV, 0<IgyTs 5 mA 2.5 3.2 4 \
Negative Output Level AVIN = S mV -1 -0.5 0 \
Output Sink Current AVIN: 5 mV, VoyT=0 0.5 mA
Positive Supply Current VoyTt<0 5.2 9 mA
Negative Supply Current VouTr <0 4.6 -7 mA
Power Consumption VouT<0 90 150 mW
EQUIVALENT CIRCUIT oVh
NON-INVERTING
INPUT
e o | oourur
GROUND

NOTES :

1) Ratings apply for ambient temperature to +70°C.

2) The response time specified (sce definitions) is for a 100 mV input step with S mV overdrive.

3) ’I'hcvinpul ofgsel voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.5V at 0°C, 1.4V at+25°C and
1.2Vat +70°C.
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high-speed differential comparator pA710C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (T4 = 25°C, Vee t=12v, Vee™ = -6 V unless otherwise specified)

INPUT BIAS CURRENT - z A OUTPUT VOLTAGE - v

POWER CONSUMPTIDN - mV

VOLTAGE TRANSFER CHARACTERISTIC

VOLTAGE GAIN AS A FUNCTION
OF AMBIENT TEMPERATURE

VOLTAGE GAIN AS A FUNCTION
OF SUPPLY VOLTAGES
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high-speed differential comparator p A710C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (T = 25°C, Vigc = 12V, Ve = - 6V unless otherwise specified)

RESPONSE TIME FOR RESPONSE TIME FOR
> VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES . COMMON MODE PULSE RESPONSE
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DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE — The approximate voltage at the output of the comparator at which the loading logic
circuitry changes its digital state.

INPUT OFFSET VOLTAGE — The voltage between the input terminals when the output is at the logic threshold voltage. The
input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT — The difference in the currents into the two input terminals with the output at the logic thre-
shold voltage.

INPUT BIAS CURRENT — The average of the two inputs currents.

INPUT VOLTAGE RANGE — The range of voltage on the input terminals for which the comparator will operate within
specifications.

INPUT COMMON MODE REJECTION RATIO — The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

DIFFERENTIAL INPUT VOLTAGE RANGE — The range of voltage between the input terminals for which operation within
specifications is assured.

VOLTAGE GAIN — The ratio of the change in output voltage to the change in voitage between the input terminals producing
it with the DC output level in the vicinity of the logic threshold voltage.

RESPONSE TIME — The interval between the application of an input step function and the time when the output crosses the
logic threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just
barely in excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as
the voltage overdrive.

POSITIVE OUTPUT LEVEL — The DC output voltage in the positive direction with the input voltage equal to or greater than
a minimum specified amount.

NEGATIVE OUTPUT LEVEL - The DC output voltage in the negative direction with the input voltage equal to or greater
than a minimum specified amount.

OUTPUT SINK CURRENT — The maximum negative current that can be delivered by the comparator.

PEAK OUTPUT CURRENT — The maximum current that may flow into the output load without causing damage to the com—
parator.

‘OUTPUT RESISTANCE — The resistance seen looking into the output terminal with the DC output level at the logic threshold
voltage.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level but
is specified as a maximum for the entire range of input-signal conditions.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

uA711

EXTENDED TEMPERATURE RANGE, - 650C + + 1250C

CONNECTION DIAGRAM
{Top view}

NVERTING

IKPUT 1 INVERTING

INPUT 7

NON-JMVERTING
v INPUT 7

Noie Pu: 5 connected 10 case.

ORDERING NUMBER
UBF771131X

dual comparator

The uA711 is a dual,differential voltage comparator intended primar-
ily for core-memory sense amplifier applications. The device fea-
tures high accuracy, fast response times, large input voltage rangs,
low power consumption and compatibility with practically all inte-
grated logic forms. When used as a sense amplifier, the threshold
voltage can be adjusted over a wide range, aimost independent of
the integrated circuit characteristics. Independent strobing of each
comparator channel is provided, and pulse stretching on the output
is easily accomplished. Other applications of the dual comparator
include a window discriminator in pulse height detectors and a dou-
ble-ended limit detector for automatic go/no-go test equipment. The
uA711, which is similar to the uA710 differential comparator, is
constructed on a 40-mil square silicon chip using the Planar epitaxial
process.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

Paositive Supply Voitage 14yv
Negative Supply Voltege A"
Peak Output Current 50mA
Differential Input Voltege +5V
Input Voltage + 7V
Strobe Voltage Oto+6V
Internal Power Dissipation (Note 1) 300 mw
Operating Temperature Range -550C to +1256°C
Storage Temperature Range -65°C to +150°C
Lead Temperature {Soldering, 60 sec) +300°C

NOTES : On the following page.

SCHEMATIC DIAGRAM

STROBE 1 STROBE 2

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-100 outline

INVERTING
HPUT

HON-INY ERTING
INPUT 1

Y  12.7MIN, 1MAX.
| Se——1 ~ )
INYERTING == i
WPUT 2 [— d
| st § & o
HON-INYERTING 10LEADS |
MPUY 2 0.49 1. 1MAX
040 D1A- :;

Nots : all dimensions in mm.

MARCH 1970
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Linear Integrated Circuit uA 711

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (To=25°C,V*+=12V, V' =-6V unless otherwise noted)

PARAMETER {see definitions) CONDITIONS Min, Typ. Max., UNIT
Input Offset Voltage VouT = + 1.4V, Rg <2000, Vcm =0 1 35 mv
VouT =+ 1.4V, Rg=2000 1 5 mv
input Offset Current VouT =+ 14V 0.5 10 uA
Input Bias Current 25 75 LA
Voltage Gain 750 1500
Response Time {Note 2) 40 nsec
Strobe Release Time 12 nsec
Input Voltage Range VT=_7v +5 v
Differential Input Voltage Range +5 \2
Output Resistance 200 a
Positive Output Level VINZ 10 mV 45 5 v
Loaded Positive Output Level VINZ10mV,Ig=5mA 25 35 Y
Negative Output Level VIN 2 10 mV -1 05 0 v
Strobed Output Level Vstrobe = 0.3V -1 0 v
Output Sink Current VINZ 10 mV, VouT 20 0.5 0.8 mA
Strobe Current Vstrobe = 0 12 25 mA
Positive Supply Current VouT 50 86 mA
Negative Supply Current 39 mA
Power Consumption 130 200 mw
The foilowing specifications apply for -55°C = T = +125°C :
Input Offset Voltaga (Note 3) Rs 200 Q, Ve =0 45 mv
Rg=200Q 6 mv
Input Offset Current (Note 3) 20 UA
Input Bias Current 150 LA
Temperature Coefficient of Input 5 uv/ec
Offset Voltage
Voltage Gain 500
NOTES :

(1) Rating applies for case temperatures to + 125°C; derats linearly at 6.6 mW/°C for smbient temperature above 105°C.
{2) The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.

{3) The input offset voltage (see definitions) is specified for a logic threshold voltage of 1.8 V at -55°C, 1.4V at +25°C and 1 V at + 125°C,
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Linear Integrated Circuit A 711

VOLTAGE TRANSFER CHARACTERISTIC

YOLTAGE GAIN YERSUS
AMBIENT TEMPERATURE

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air tamperature unless otherwise noted}

VOLTAGE GAIN VERSUS
SUPPLY YOLTAGES
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—— = h, AR WY
V* o= 12V - 00 \ R— 2400
Vo o= bV SA ™
S A/ N
. 200
7 =
w 7 £ 1500 N 2
< I © X]
5 s ] w1690
s / = 1a0 b
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Linear Integrated Circuit pA 711

EXTENDED TEMPERATURE RANGE

DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE - The approximate voltags at the output of the comparator at which the loading logic circuitry changes its digital
state. For the uA711 this voltage has been fixed at + 1.4 V {see note 3}.

INPUT OFFSET VOLTAGE* - The volitage between the input terminals when the output is at the [ogic threshold voltage. The input offset voltage
may also be defined for the casa where two equal resistances are inserted in series with the input leads.

{INPUT OFFSET CURRENT?" - The difference in the currents into the two input terminals with the output at the logic threshold voltags.

INPUT BIAS CURRENT?® - The average of the two input currents,

INPUT VOLTAGE RANGE* - The range of voltage on the input terminals for which the comparator will operate within specifications,
DIFFERENTIAL INPUT VOLTAGE RANGE™ - The range of voltags between the input terminals for which operation within specifications is assurec

VOLTAGE GAIN* - The ratio of the change in output voltage to the change in voltage between the input terminals producing it with the DC output
level in the vicinity of the logic threshold voltage.

RESPONSE TIME* - The interval between the application of an input step function and the time when the output crosses the logic threshold voltage
The input step drives the comparator from some initial, saturated input voltage to an input level just barely in excess of that required to bring the out-
put from saturation to the logic threshold voltage. This excess is referred 1o as the vdltage overdrive.

STROBE RELEASE TIME* - The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven from
the zero to the one logic level. Appropriate input conditions are assumed.

POSITIVE OUTPUT LEVEL* - The DC output voltage in the positive direction with 1he input voltage equal to or greater than a minimum specified
amount,

NEGATIVE OUTPUT LEVEL* - The DC output voltage in the negative direction with the input voitage equal to or greater than a minimum specified
amount.

OUTPUT SINK CURRENT - The maximum negative current that can be delivered by the comparator,
PEAK OUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the comparator.
OUTPUT RESISTANCE® - The resistance seen looking into the output terminal with the DC output level at the logic threshold voltage.

STROBED OUTPUT LEVEL® - The DC output voltage, independent of input voltage, with the voltage on the strobe terminal equal to or less than a
minimum specified amount.

STROBE CURRENT - The maximum current drawn by the strobe terminal when it is at zero logic level.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level, but is specified as a maxi-
mum for the entire range of input-signal conditions,

*These definitions apply for either sida with the other disabled with the strobe.
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Linear integrated circuit

nA711C

STANDARD TEMPERATURE RANGE,
0°C to 70°C

Dual comparator

The pA71IC -is a dual, differential voltage comparator
intended primarily for core-memory sense amplifier appli-

cations. The device features high accuracy, fast response
times, wide input voltage range, low power consumption
and compatibility with pratically all integrated logic forms.
When used as a sense amplifier, the threshold voltage can be
adjusted over a wide range, almost independent of the in-
tegrated circuit characteristics. Independent strobing of each
comparator channel is provided, and pulse stretching on the
output is easily accomplished. Other applications of the dual
comparator include as window discriminator in pulse height
dctectors and as double-ended limit detector for automatic
go/no-go test equipment. The pA711C, which is similar
to the pA710C differential comparator, is constructed on
a silicon chip by means of the planar epitaxial process. For
full temperature range operation (-55°C to + 125°9C) see
HATI1 data sheet.

ABSOLUTE MAXIMUM RATINGS

o FAST RESPONSE TIMES
e LOW POWER CONSUMPTION
o COMPATIBLE WITH LOGIC FAMILIES

Positive Supply Voltage 14V
Negative Supply Voltage -7V
Peak Output Current 50 mA
Differential Input Voltage +5V
Input Voltage £7V
Strobe Voltage OVto 6V
Internal Power Dissipation (Note 1, over) 300 mW

0°C to+ 70°C
-55°Cto + 150°C

300°C
260°C

Operating Temperature Range

Storage Temperature Range

Lead Temperature
(Soldering 60 sec. for package No. 1)
(Soldering 10 sec. for package No. 2)

ORDERING NUMBERS

U5F771139X (for package No. 1)
U6E7711393 (for package No. 2)

PACKAGE No. 2
PHYSICAL DIMENSIONS
14- pin plastic DIP

CONNECTION DIAGRAMS PACKAGE No. 1
{top view) PHYSICAL DIMENSIONS
cec in accordance with
JEDEC TO-100 outline

591 1ve

L I 7
Jv. tnput 1 i 718y 2 BifR |
Non-tnv. input 1 LA 402 | [k i
w WIS S
Nort-inw. loput 2 (] : - — % 3 . sIh .
v, gl 2 2 e

N LD, P B

Package No. 2 Note all dimensions in mm, Note: all dimensions in mm,

JANUARY 1971
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dual comparator pA711C

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (T 5= 25°C, VEC: 12V, Voe=-6V unless otherwise noted)

PARAMETER CONDITIONS Min. Typ. Max. Unit \
Input Offset Voltage Vour=-+1.4V, Rg7 2000 t 1 5 mV |
VoyT=+ 1.4V, Rg=200 0, Vep=+%5V I
Vee=-7v e +75 mv
Input Offset Current Vout=+ 1.4V + 0.5 t 15 pA
Input Bias Current Vem= + 5V 25 100 uA
Voltage Gain : 700 1500 I
Response Time (Note 2) 40 nsec
Strobe Release Time 12 nsec
Input Voltage Range Vee=-7v 5 v I
Differential Input Voltage
Range t5 A"
Output Resistance 200 Q
Positive Qutput Level ViNZ 10 mV 4.5 5 A\ \
Loaded Positive Output Level (VN2 I10mV, [g=5mA 255 35 \Y
Negative Output Level Vin s 10 mV -1 -0.5 0 v
Strobed Output Level Vstrobe < 0.3V -1 0 v
Output Sink Current ViN2 10mV, Vgoyt ' 0 0.5 0.8 mA
Strobe Current =100mV -1.2 -2.5 mA
Positive! Supply Current 8.6 mA
Negative Supply Current -3.9 mA
Power Consumption 130 230 mW
The following specifications
apply for 0°C<Ta<+ 70°C:
Input Offset Voltage (Note 3) |Rg < 200 0 +6 mV
Rg<12000Q, Vem= 5V, Voe=-7V +10 mV
Input Offset Current (Note 3) +25 pA
Input Bias Current Vem=+ 5V 150 nA-
Average Temperature Coeffi-
cient of Input Offset Voltage (Rg=< 200 5 nV/eC
Voltage Gain 500
EQUIVALENT CIRCUIT
STROBE | STROBE 2
’ Ovéc
INVERTING
INPUT | INVERTING
INPUT 2
NON-INVERTING
INPUT 2

NON-INVERTING
INPUT Y

—Q,
NOTES : «

1) Rating applies for ambient temperature to + 70°C.
2) The response time specified is for 2 100mV input step with SmV overdrive.
3) The input offset voltage is specified for a logic threshold voltage of 1.5V at 0°C, 1.4V at + 25°C and 1.2V at + 70°C.
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dual comparator pA711C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

RESPONSE TIME FOR OUTPUT PULSE STRETCHING
VOLTAGE TRANSFER CHARACTERISTIC VARIOUS INPUT OVERDRIVES WITH CAPACITIVE LOADING
5 o7 T > 5 | T \,’ T
Ve s 12V i T—
cc uoy 6 ouT
o d .
. Vg 8V VA E 3| 20mV e 5mv || 1—1 T
/ g o LLY [ <5
. s Y/ N ELE VAP > 4 3 5,10 ST
. F250c |
> s s £ o] 7 l
22 ) ° 4 52 /// LA
- 7 >
3 c Vs 12V z \/ RN
s w VSC’ w] || B 2 X D¢ Je
: z
: ! 7 : ‘ £ PN
o 5 100 e .l
3 5
© o b= v 50 Vde: 12v
=4 =F=4 g o 2 Ve:-6v
. =z CCL 1 —I
I o 0 1 3 5 0 20 a0 60 80 100 120 [) 100 200 300 400 500
INPUT VOLTAGE - mV TIME ~ns TIME - us

DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at which the loading logic circui-
try changes its digital state. For the pA711C this voltage has been fixed at + 1.4V (see note 3).

INPUT OFFSET VOLTAGE* - The voltage between the input terminals when the output is at the logic threshold voltage. The
input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.
INPUT OFFSET CURRENT* - The difference in the currents into the two input terminals with the output at the logic thre-
shold voltage.

INPUT BIAS CURRENT™* - The average of the two input currents.

INPUT VOLTAGE RANGE* - The range of voltage on the input terminals for which the comparator will operate within
specifications.

DIFFERENTIAL INPUT VOLTAGE RANGE®* - The range of voitage between the input terminals for which operation within
specifications is assured.

VOLTAGE GAIN* - The ratio of the change in output voltage to the change in voltage between the input terminals producing
it with the DC output level in the vicinity of the logic threshold voltage.

RESPONSE TIME* - The interval between the application of an input step function and the time when the output crosses the
logic threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just
barely in excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as
the voltage overdrive.

STROBE RELEASE TIME* - The time required for the output to rise to the logic threshold voltage after the strobe terminal
has been driven from the zero to the one logic level. Appropriate input conditions are assumed.

POSITIVE OUTPUT LEVEL* - The DC output voltage in the positive direction with the input voltage equal to or greater than

a minimum specified amount.

NEGATIVE OUTPUT LEVEL* - The DC output voltage in the negative direction with the input voltage equal to or greater

than a minimum specified amount.

OUTPUT SINK CURRENT - The maximum negative current that can be delivered by the comparator.

PEAK OUTPUT CURRENT -The maximum current that may flow into the output load without causing damage to the compa-

rator.

OUTPUT RESISTANCE* - The resistance seen looking into the output terminal with the DC output level at the Jogic threshold
voltage.

STROBE OUTPUT LEVEL* - The DC output voltage, independent of input voltage, with the voltage on the strobe terminal
equal to or less than a minimum specified amount.

STROBE CURRENT - The maximum current drawn by the strobe terminal when it is at zero logic level.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level,
but is specified as a maximum for the entire range of input-signal conditions.

* These definitions apply for either side with the other disabled with the strobe.
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dual comparator pA711C

STANDARD TEMPERATURE RANGE
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DTL INTEGRATED CIRCUITS
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DTL INTEGRATED CIRCUITS

DTL 930 SERIES

Extended temperature range Page 129
Standard temperature range 161
Page

GATES E. S.
9930 139 169
9932 144 175
9933 147 178
9934 — 170
9935 140 171
9936 141 172
9944 145 176
9946 142 173
9962 143 174
FLIP-FLOPS Page

E. S.
9093 152 182
9094 152 182
9097 153 183
9099 153 183
9945 149 179
9948 149 179
OTHER FUNCTIONS E Page s
9951 Monostable 156 186
E. = Extended temperature range

S. = Standard temperature range
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sILICON PLANAR DIGITAL INTEGRATED CIRCUITS

DTL

EXTENDED TEMPERATURE RANGE - 55°C+ 125°C

@ Compatible with TTL and LPDTL products

@ Noise Immunity 1V

@ Output drive capability of 10

@ Power dissipation 8.5 mW per gate

e Fan-in expansion capability

@ Wired-OR capability

@ Same pin configuration as the corresponding
TTL and LPDTL products

ORDERING NUMBER

UBA XXXX51X

{for Dual in-Line Package, XXXX is type number}
U3t XXXXE1X

(tor Flat Packaga, XXXX is type number)

diode-transistor
logic family

The SGS Diode-Transistor Logic (DTL) Family consists of a set of
compatible integrated circuits designed for medium power, medium
speed applications.

The circuits are fabricated within a silicon monolithic substrate
using the standard Planar epitaxial process.

DTL elements are available in two hermetically sealed ceramic
packages : the Dual in-Line Package (6A) designed for low cost
insertion, and the 14 leads flat package (31} for maximum com-
ponent density.

ABSOLUTE MAXIMUM RATINGS
(above which the Useful life may be impaired)

Supply voltaga (V). continuous 8v
Supply voltage (V). pulsed < 1 sec 12v
Output current, into outputs

DTL 9932 - 9944 100 mA

Other elements 30 mA
Input forward current -10 mA
Input reverse current 1 mA
Temperature (ambient) under bias -65°C to 125°C
Storage temperature - 65°C to 150°C

OPERATING CONDITIONS

Temperature range
Supply voitage

- 55°C to 125°C
5V +10%

PHYSICAL DIMENSIONS

Dual-in-Line ceramic package

PHYSICAL DIMENSIONS

Fiat ceramlic packego

66 a1

win

34-28
1412 o8

( &

:
___1 o
MINO.5| 3.5 ©
1312 11 10 9|
20 MAX ILsa sfl ]
e ]
OOon MMM A “—‘
= 2 8 2 g ° ° <
x| =
< )
3z = ! ]
~ 3 g <
o
S L AR S -
| E U N I I N 39 05 Lo
36 T 04 0.10
Note : all dimensions in mm. NOTE : All dimensions in mm,
MARCH 1970
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Diode-Transistor Logic Family DTI

EXTENDE D TEMPERATURE RAN
INPUT-OUTPUT LOAD/DRIVE FACTORS

J S \ \JS
. H = B v e OH =] ) vee 33 O O v.. * O v
0.66 O] 3 2 0.66 ] [ 1es 0.66 [ M3 3 0.66 T M 3
0.65 [ [ 066 066 O] [ 066 0.66 CJ‘ ) 066 066 C@ =
s O [ 0es 15 O [ 066 15 [ -J::] 0.66 5 [:J_ I 3 o
w0 O 15 5 O 05 o+ O bl—r_-—:] L5 10 l:-J_ £
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ano O b 10 ano O E q Gno O E 9 eno O M 1
9093 9094 9097 9099
\J [ ] — \J
1o O vee 1 w o 3 Vee ‘E@ @b c
= =l = =B 1 g = g =)
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= =] 1g - (o = 1°C® @31
1 - 1 O mpi 1 d m m o
0 = 25 I 1 [ - m 1o 7 (11
avold w0 GNDC [ 25 GNDC = ano ] [T
9930 9932/9944 9933 9935/6
NS A4 A4 /S
0. ' g Vee jm vee 10 O =
: O m 1 g [ ! 1e6 - [ -]
0.66 ] EE:I 0.66 10 C% [ 0.66 ] 5]\::] 066 55 g -
0.66 ] [ 0ee 1 [0 0.66 O [ 066 5, '.H |/
: O m ] [ - - 2 O = %:‘
10 d [0 ju :@ [ 1 v O ;l 9 10
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\
1O [ cc
ﬂlﬁm
(W= [0
1 [
1 =
10 O wh
GND O :io
* See Miscellanecus Rules for 9944 9962

MISCELLANEOUS RULES

The number of elements driven by an output terminal may consist of any combination of elements whose sum of input load factors does no
exceed the output drive factor.
An external resistor shouid be used with 9944, With an external resistor R the following output drive factors will be obtained :

Drive Factor = 26
Drive Factor = 25
Drive Factor = 23
10Q  Drive Factor = 20

T TITD
[N T
0 =N D
AR R
DO
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Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

For increased output drive, the inputs and outputs of 1/2 DTL 9944 may be paralleled, up to 4 common outputs. For 4 paralleled elements;

each combined input, load factor = 4
each combined output, drive factor = 100 (R = 2 K{))

"WIRED OR” CONNECTION
1. Qutputs of DTL gates may be tied together for the "-.ired OR” function
{ABCD ' GHIJ = ABCD + GHLJ). Subtract, {or each added gate, 0.83 unit load tfrom output drive factor.

2. Qutputs of DTL 9932 may not be tied together for the “wired OR" function.

“WIRED OR* Examples :

=D
=D

1 ‘4 9930 and
1 2 x %9946

4 x ¥% DTL 9946

Card | L

|

™\ Driven

& Elements

g ),__EB_ 9.17 Card N l—
= S

TL 9930 WIRED OR

1
1
1
1
1
]
1
D

Each output driver is 1/2 DTL 9944, Note that the DTL 9944 is a
direct high fan-out replacement for DTL 9930, except that an external
resistor must be used. The F.O. will be the same as one 1/2 DTL 9944
buffer used with that resistor.
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Diode -Transistor Logic Family DTI

EXTENDED TEMPERATURE RAN
DELAY TIME PERFORMANCE INTO CAPACITIVE LOADS

Most delay attributable to capacitive loads is associated with the positive going output. Two R-C time constants are seen in the positive going out-

put.In the Ist time period, from the saturated low level to threshold, the R of the RC time constant can be given by 6K{2in parallel with acfi.vf%
u

Above the threshold which occurs at about 1.4 10 1.5 volts at 25°C, the R of the 2nd R C time constant is 6 k{2 and the rate of the voitage rise
above threshold is slow. The logic signal propagates through at the threshold level, so voltage rise above threshold does not effect speed. By noting
that both rise domains drive toard V., the voltage rise waveform may be calculated. DTL gate inputs are ~ 2 pf per input for active or inactive
fanout; the remaining capacitance is from board, wiring, and connectors.

AVERAGE PROPAGATION DELAY Vs. AVERAGE PROPAGATION DELAY V5.
TEMPERATURE {TEST CONDITION A) TEMPERATURE (TEST CONDITION B)
H 60 T T I o
e Veg - 5V % Ve = 5]
> I~ : I
p*e >
50 L <
2 B z
E g 30
c =
] L —1 g 1Fo, 7
<
3 _— g Fo.=1 7
r o & L~
3 | o ]
< E — L
5w =
H FO. =1 Y ’r- F.O. =3
. i ] < |
2 | 2 [F5-° :
- 25 0 7 7 125 T ETRICED 75 125
TA - AMBIENT TEMPERATURE - °C TA - AMBIENT TEMPERATURE - «C
FiG. 1 FIG. 2

TEST CONDITIONS FOR FIG. 1 AND 2

= IMHz

= 500 rsec.
; bt D
TesllPoml TeslzPolnl F.0.
1
1
volts i
Test Point 2 Test Pont i I
Tesi Condilron |
AV = Loge * lpa- " OPEN
MERAE . 2 L @ rest condiin
2 T CLOSED
TN
—_— S Time
at ‘po-
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Diode -Transistor Logic Family DTL

LXTENDED TEMPERATURE RANGE

tpd CURVES VERSUS OUTPUT CAPACITANCE (Ta = 25°C unless otherwise noted)
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Diode -Transistor Logic Family DTL

TEST CIRCUITS

GATES

Pulse In

All diodes BAY 74 or equivalenl

POWER DISSIPATION CURVES (TA = 25° unless otherwise noted)

AVERAGE POWER ORAIN V5.
TEMPERATURE (TYPICAL EACH GATE)

POWER OISSIPATION
¥S. SUPPLY VOLTAGE

(9945 - 9948)

EXTENDED TEMPERATURE RANG

cc
FLIP - FLOPS Yoo
% Vout
g | R
—l
L)
Putse In l
¢
T4 I
—
iy ¢

I

All diodes BAY 74 or equivalent

POWER DISSIPATION
PER SIDE VS. SUPPLY YOLTAGE
(CUTPUT NOT LOADED) (9932 - 9944)

1 125 [T 100 p— //
CP Pin Hiah 11 Inputs High
/
: : z ¥ =
T % 100 £ =
S 12 ; ;
=z 4 =z
< <] =1
2

3 v = oV T s =
i s E 2 & |-
g 8 4 o e g
E aQ Q’\ q“k

@ 50 @ 5
w w 2 Y
2 g o
=y s <
s 5 2 .
< o2 = L One Ot More Inpuls Low

0
0 2 60 100 140 3 7 B 3 4 b

TA - AMBIENT TEMPERATURE - °C

VCC' SUPPLY “OLTAGE - V

VCC - SUPPLY VOLTAGE - V

TRANSFER CHARACTERISTICS (Ta = 25°C unless otherwise noted}

VourT - Vin TRANSFER
CHARACTERISTICS

VouT - Viy TRANSFER

TEST CIRCUIT

CHARACTERISTICS

5 S

T T T T
VCC =5V VCC -5V
Fo=1 T —F,-8

> > \ o

'3.75 * 375

g w

< 2

[nd (=

o o
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= ]
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VIN - INPUT VOLTAGE - V
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Diode -Transistor Logic Family DTL

- @ o

EXTENDED TEMPERATURE RANGE

NOISE IMMUNITY

TEST CIRCUIT

There are two types of noise immunity which can be guaranteed : Signal
Noise Immunity or Ground Noise Immunity.

(A) Signal noise immunity [viL - VoL| = Vns
or [VOH - VI | = VNG
where

VL = Maximum Low Input Voltage that guarantees VR
VoL = Maximum Low Output Voltage
VIR = Minimum High Input Voltage that guarantees V
VOR = Minimum High Output Voltage

{B) Ground noise immunity, VNG. The worst case noise immunity for
diode-transistor logic circuits is usually ground noiss VNG.

L

Note that some curves show two values of Ve 8t given temperature for
the same noise immunity. The upper VcC corresponds to noise immu-
nity such that VN &~ VNS & VNG & VIL - VOL. The driving device
is hard in saturation and VNG simply adds to V. The lower Vcc
carresponds 1o soft saturation where VNG tends to turn off the drive
gate. There is voltage gain therefore between VNG and the output node

SUPPLY VOLTAGE VS.
TEMPERATURE FOR CONSTANT VALUES
OF WORST CASE NOISE IMMUNITY

cc - SUPPLY VOLTAGE - v

o

w

IS

w

and VNG is significantly less than V|- VL. 9 Y AN ‘
8 | FAN-OUT =3  \ |
Each of the curves on this page shows V|, the worst case of VNG and > 7 |\ 700 mV\
VNS. N
NS X \
<
o
As an example the curves for fan-out of 7 show a worst case VN = VNG 2
of 200 mV at Vcc = 4 V and -55°C. This, however, corresponds 10 a %
worst case signal noise immunity of Vi - Vor 300 mV for the e
same fan-out, temperature, and V. 2
-3
o
2 500 mv \\:
300mv 7
100 mv
H 0
55 % 125
TEMPERATURE - °C
SUPPLY YOLTAGE VS. SUPPLY VOLTAGE VS.
TEMPER AT DR Foa o ohes ART VALUES TEMPERATURE FOR CONSTANT VALUES TEMPERATURE FOR CONSTANT VALUES
- OF RORST CASE NOISE IMMUNITY OF WORST CASE NOISE IMMUNITY OF WORST CASE NOISE IMMUNITY
10 1
B 9 N\ 9| FaN- =
FAN-OUT =5 NS00V 8 [FARDUT=7 X AN . | £AN-OUT = 10
700 mv\ N\ . 7 NEEZERN > 7] vy = 90my N \00my
Vo= . - f
N = 900 mV \ \ 5 Vg =900my o § sh\ sa0mv
- -
\ s ANERN I NNHANTEN
\ N\ g SEAN : N
> >
- 4
— =) g 2 Pw
500my j\: e 3 s00mv_/ | T — S 500 my >
300 mv _\/\ 300mV. \ > 300 mV
100 mv / 100 '“S/— 100 mv
0 2 2 0 ——
-55 ] 125 -55 2 125 -55 2 125

TEMPERATURE -°C

TEMPERATURE - (0
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Diode -Transistor

Logic Family DTL

MINIMUM - MAXIMUM DC CURVES, Ig VS. Ve & VE

GATES AND BUFFERS
IF YS. YCC AND YF

GATES AND BUFFERS
IE V5. Ve AND VE

VIL TVPICAL]

2 S — T
TEST POINT Ty = 125°C TEST POINT
T, =-55°C & 25°C \ -
Ls 2 L5 P
-~
D r
“‘/Pj‘\“/ / <
<
E 1 - < S E
u ? ) u
0.5 0.5
| v =olay
- Vg =04V (i
: | . L
3 35 a5 5 5.5 6 3 3.5 4 a5 5 55 b
Vee -V Veer V
FIG. 1 FIG. 2
OUTPUT LOW CURRENT VS. Vg & Vo FOR GATES
" IOL ¥s. Vcc lgL V8. Ve
30
T 1
LTa =2%¢C | _Ta =-55C
Vop = 0.4V VoL = D.4v
22.5 22.5
| ot //
E TYPICA < TYPICAL_A
L1 15
=] |t 3 . —
- V. Y - /\
s / /l/ TEST POINT 15 TEST POINT
//
MINIMUM
/ | | Y vinimum
0 0 |
3 5 3 2 3 [ 5 b
Vee -V Vee -V
FIG. 4 FIG. 5
BUFFERS GATES INPUT THRESHOLD VS. TEMPERATURE
GATES BUFFERS
3 3
Vi TEST POINTS v,y TEST POINTS
/7\ 2 7\
: - 7 DN
n -
5 \ Vi TYPICAL 5 \ e
o o
> >
1\/”_ TYPICAT)

«
|
\

V|, TEST POINTS

//-4

125

Vi, TEST POINTS
0 0
-55 25 125 -35 25
Tp - AMBIENT TEMPERATURE - oC T, - AMBIENT TEMPERATURE - oC
FIG.7 FIG. 8

7.5

EXTENDED TEMPEAATURE RANGE

TEST CIRCUIT
Vee

o
{0
o

e 2
GND

FIG. 3

loL V5. Vo & Ve

Ta

=125°C

FIG. ¢
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Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

OUTPUT CURRENT VS, OUTPUT VOLTAGE FOR GATES

OUTPUT CURRENT V5. QUTPUT
YOLTAGE FOR GATES

: ] TEST CIRCUIT
I v
Igc TEST ROU ce
1| |'sc TEST POINT
lout
T
< I
H |
= ! ~ T }
K3 MAXIMUM alL VCC = 5.5V,
N
MINIMUM at V=4,
0.5 4

N

Vgu TEST POINT
0 [N
4 3

Yout - Vv

EXAMPLES OF USES FOR THE MINIMUM-MAXIMUM DC CURVES (Page 136)

EXAMPLE 1.

A low DTL 9930 output at -55°C fans out to 8 inputs of DTL 9930 or Vee
9932 Vg = 5 V. Positive DC ground noise {VNG) of 350 mV is applied
to the 1st 9930. Its output may thus rise to 0.75 Volt (VNG + VOL). L
4,65 Volts (Voe - VNG) remain from Vg pin to ground pin; this is
above VccoL = 4.5 V, and test IQL is conservative. Maximum current

flowing in each input of the 8 9930/9932's is given by Fig. 1 onPage 136 @__D 8 DTL 9930 or
with VE = 0.75 V end Vg = 5 V : the current (IF) is lass then 1.25 mA | DTL 9932 GATES

and total current {< 8 x 1.25 = 10 mA) is less than the tg| test current

1
used at -55°C to saturate the low output. _L——O l__D;
Above the 350 mV of VNG already applied, the difference between the

common node voltage {< 0.75 V) and the low input threshold iVNG

(VIL = 1.40 V) of the 8 9930/9932's is still Z 350 mV, allowing for
signal noise to be superposed above ground noise.

EXAMPLE 2.

The {F and Igy curves on Page 136 may be expressed in analytical form, as
follows

I € YCC-VE - VED 1, < agoc
3kQ
For Tp greater than 25°C, the 3 k(1 rises by 0,12%/°C to approximately 3.36 k{1 at 125°C. Vp is the temperature dependent silicon forward
diode drop and is about 0.7 V at 25°C and 1 mA. LVEpR/°C s roughly 1.8 mV/eC.
The ratio of 1|, on gates {figs. 4,5, and 6 a1 page 136 ) at V¢ below test Ve, to 101 at test V(G can be given by

loL @ 55°C Vee-3V and by oL @ 25°C N Vee-23V
TestlgL @ Voo =45V~ 45V-3V Test 19, @ VgoL =45V 45V-23V

Since, 8t 28°C, 1oL > 12 mA at VoeL = 45 is guaranteed by the test point fig. 4 page 136101 at V¢ pin 1o GND pin voltage of 3.6V

is 3.6-23 -

A5-23 12 mA = 7.1 mA.
The similer expression for the 9932 power gate gives a very conservative value due to the phase splitter gain. Above VCCL, loL is limited by VoL
with an essentially resistive {V(Q saturation resistance slope). Fig. & at 125°C shows this, with Vg having relatively small effect.

oL
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Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

EXAMPLE 3.

The test sequences and tables of conditionsand limits use two values of Vo, VeCL and VoCH. With a nominal 5 volts V(. for example, and
assuming SV = + 0.2V, testing at VeeL = 4.5V and VECH = 5.5 V allows simulation of + 0.3V ground noise VNG or V¢ line noise VG. Since
there is gain associated with VNG, particularly at lower tempesatures and V¢ values : the test guarantees of output low current and voltage are the
worst case test conditions to simuiate worst case ground noise. Much better numbers could be shown, for example, in the ratio of output current
to input current (IgL/IF) if both gL and |F were measured at identical V(G values and if input current was sunk into VE = VL, the worst case
low output level, or even into VE = V||, the input threshold value. However, the test values would then guarantee only signal line noise immunity,
where there is no gain associated with VNS. By use of the Minimum/Maximum DC curves on Paga 95 or by the Example 2 equations, limits for the
single Vcc testing approach could be recovered. More important, each design or components engineer can develop the fanout, power, and noise
margin tradeoffs for this unique application.

lVNG
VCC PIN TO

ELEMENT GND PIN
VOLTAGE

TVNG
GND
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Dual 4-Input Extendable Gate 9930

EXTENOED TEMPERATURE AANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view} {one gate only}

A
. =D
1 Y10 D
20 [
exT.3 12 A
(= [O1exT. g% E
53 = I
Y= = -
g s l(”\O':INTs;/E E=A-B.-C-D
GN LOGIC

NEGATIVE E=A+B+C+D

(NOR}
LOGIC
ELECTRICAL CHARACTERISTICS (Vcc=5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -58°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. [Min. Typ. Max. |Min. Max.
VoH Output High Voltage 25 2.6 25 \4 Ve =45V, IgH=-018mA

one input at V|| {see below}

VoL Output Low Voltage 0.4 0.4 0.4 A Ve =45V gL =12mA
inputs at VY (see below)

Vee =558V, 1g =15mA

all inputs at VR = 6.5V

ViH {nput High Voltage 21 1.9 1.7 \4 Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.4 1.1 08 \ Guaranteed input low threshold
for all inputs

IF input Load Current -1.5 -1.5 14 mA Vee =55V VE=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 uA Vec=55V VR=4V
ground on other inputs

Isc Output Short Circuit Current 0.68 -1.33|-0.68 -1.33] -0.59 -1.33] mA Vce = 5.5V one input grounded
output grounded

IPD Power Dissipation Current 3.25 mA Vee =5V inputs open

(each gate)
g * Turn-off delay 25 80 nsec Vee=56V

see test circuit
tpg = Turn-on delay 10 30 nsec
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Extendable Hex Inverter 9935

EXTENDEO TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
{1op view) {one gate only)

a— p—-

-\ cc
10 =
2 E = _
1] ==V A A=E
5O =l
L= [
7 : : B
GND
ELECTRICAL CHARACTERISTICS (Vcec=5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 1250 UNIT CONDITIONS AND COMMENTS
Min.  Max. |Min. Typ. Max. | Min. Max.
VoH Qutput High Voltage 25 2.6 25 \Y Vecc=45V, IgH=-0.18mA

one input at Vy (see below)

VoL Qutput Low Voliage 04 0.4 04 v Vee=45V gL =12mA
inputs at V| (see below)
Vee=55V, IgL=15mA
allinputsat Vg =55V

VIH Input High Voltage 21 1.9 1.7 \" Guaranteed input high threshold
for all inputs

Vit Input Low Voltage 1.4 1.1 08 Vv Guaranteed input low threshold
for all inputs

IF Input Load Current -15 -15 -1.4 mA Vee=55V  VE=04V
on other inputs VR =4 V
Isc Output Short Circuit Current 0.68 -1.33 | 0.68 -1.33[-0.60 -1.33| mA Vec =55V oneinput grounded
output grounded
Ipp Power Dissipation Current 3.25 mA Vce =5V inputs open
{each gate)
tod + Turn - off dslay 25 80 nsec Vee=5V

see test circuit
tod = Turn - on delay 10 40 nsec

NQOTE : BAY-74 Diode must be connected to each gate when testing this element.

140



Hex Inverter 9936

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAM ‘SCHEMATIC DIAGRAM
(top view) {one gate only)

LOGIC FUNCTION

—

1q v@: :’JCC W(n l A —D— E
= =N

g mJF: A E A=E

10 @:]11

5O [

= [ 5

7: @:ﬂ

GND

ELECTRICAL CHARACTERISTICS (Vcc=5V 110%)

LIMITS

SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS

Min,  Max.|Min. Typ. Max. |[Min. Max.

VOH Output High Voltage 25 26 25 Vv Vec=45V., |lgH=-018mA
one input at V|| {see below)

VoL Output Low Voltage 0.4 0.4 0.4 A" Vee =45V lgL=12mA
inputs at V|1 (see below)

Vee =55V, IgL =15 mA

all inputsat VR =55V

ViH Input High Voltage 2.1 1.9 1.7 Vv Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 14 1.1 08 v Guarsnteed input low threshold
for all inputs

g Input Load Current -1.5 -15 14| mA Vee=5656V VF=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 HA Ve =556V VR=4V
ground on other inputs

Isc Output Short Circuit Current 0.68 1.33|-0.68 -1.33| -0.59 -1.33| mA Vce = 5.5V one input grounded
output grounded

IPD Power Dissipation Current 3.25 mA Vee =5V inputsopen

{each gate}

o + Turn-otf delay 25 80 nsec Vee=5V
see test circuit

tod - Turn-on delay 10 30 nsec

L
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Quadruple 2-Input Gate 9946

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view) {one gate only)

LOGIC FUNCTION

1 14
2 (13
A E
' s 8 g —
(= w3} (PDS'!‘TDI)VE E=A.B
= -I_:Ilﬂ LOGIC
NEGATIVE E=A+B
g= =N (NOR)
GND 7 ] [ s LOGIC
ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT | CONDITIONS AND COMMENTS
Min.  Max. |Min. Typ. Max. |Min. Max.
VoH Output High Voltage 25 2.6 25 v vee=45V, IlgH=-018mA

one input at V|| (see below)

VoL Output Low Voltage 04 0.4 0.4 \ Ve =45V iopL=12mA
inputs at V|H (see below}

Vee =55V, IgL=15mA

all inputsat VR =55V

VIH Input High Voltage 21 1.9 1.7 v Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 14 1.1 08 \ Guaranteed input low threshold
for all inputs

IF Input Load Current -15 -1.5 14| mA vVgg=55V VF=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 pA Ve =556V VR=4V
ground on other jnputs

Isc Qutput Short Circuit Current 0.68 -1.33/-0.68 -1.33| 059 -1.33| mA Vge = 5.5V one input grounded
output grounded

IpD Power Dissipation Current 3.25 mA Vee =5V inputs open

{each gate)
pd+ Tumn-off delay 25 80 nsac Ve =5V

see test circuit
g~ Turn on delay 10 30 nsec
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Triple 3-lnput Gate 9962

EXTENOEO TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
{top view) (one gate only)

LOGIC FUNCTION

\a cc
10 (14
20 113 A
C E
10 =iy A g ﬁ—
4 =N
Hm [0 POSITIVE
8 (NANO) E=A-B-C
¢ my LOGIC
= =] NEGATIVE
Cc (NGR) E=A1B:+C
GND LOGIC
ELECTRICAL CHARACTERISTICS {Vgcc=5V 110%)
LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min,  Max. |[Min. Typ. Max. [Min. Max.
VOH Output High Voltage 25 26 25 v Vee=45V, Ilgy=-0.18mA

one input at V|| {see below)

VoL Ouwtput Low Voltage 0.4 0.4 04 A\ Vcc =45V IoL=12mA
inputs at V|H {see below}
Vee =55V, IgpL =15mA

all inputsat VR =55V

VIH Input High Voltage 21 1.9 1.7 A\ Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.4 11 0.8 \% Guaranteed input low threshold
for all inputs

Ig Input Load Current -1.5 -16 ‘14 | mA Vee =565V VE=04V
on other inputs VR =4 V

I Input Leakage Current 2 2 5 HA Vee=55V VR=4V
ground on other inputs

Isc Qutput Short Circuit Clrrent -0.68 -1.33]-0.68 -1.33] -0.59 -1.33] mA Vce =56.5V one input grounded
output grounded

Ipp Power Dissipation Current 3.25 mA Veg =5V inputs open

{each gate}
tpd * Turn-off delay 25 80 nsec Vee=5V

see test circuit
‘pd - Turn-on delay 10 30 nsec
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Dual 4-Input Extendable Buffer 9932

CONNECTION DIAGRAM

(top view)
N\ v
cc
g 14
2 113
EXT. 3 i

A= [ ExT.
= [0
6 m )
7 8
GND

SCHEMATIC DIAGRAM
{one gate only)

Vee

ELECTRICAL CHARACTERISTICS (Vcc=5V+ 10%)

EXTENDED TEMPERATURE RANGt

LOGIC FUNCTION

= >
=3 >

POSITIVE E=A-B-C-D
{(NAND)
LOGIC

NEGATIVE E = A+B+C~+0
{NOR)
LoGIC

oomy

oom»

LIMITS J
SYMBOL CHARACTERISTICS B5°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min,  Max. [Min. Typ. Max. |Min. Max

VOH Output High Voltage 25 26 25 v Veg=45V IoH = -2 @-55°C
inputs =_25@25°C
al Vi =-4@125°C
{see below)

VoL Output Low Voltage 04 0.4 0.4 \ Vee=45V  lgL=36mA
inputs at Vi {see below)
Vee=556V loL=375mA
all inputs at 5.5V

VIH input High Voltage 24 19 1.7 A\ Guaranteed input high threshotd
for all inputs

VL Input Low Voitage 1.4 11 0.8 v Guaranteed input low threshold for
all-inputs

Ig Input Load Current -15 15 1.4 mA Vec =55V VE=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 PA Vee=556V VR=4V
ground on other inputs

IsC Output Short Circuit Current 16 18 16 mA Vce =55V one input grounded,
output grounded

lep Power Dissipation Current 133 mA Ve =5V inputs open

{each gate)
tpd + Turn-off delay 25 80 nsec | Vec =5V see test circuit
tod - Tura - on delay 15 40 nsec | VoL =5V see test circuit
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Dual 4-Input Extendable Buffer 9944

CONNECTION DIAGRAM

{top view}
~ Vee
Y 314
2 113
EXT,3 12
4§ Pu EXT.
s )10
5 q = K}
= =
GND

SCHEMATIC DIAGRAM
{one gate only)

Vee

85092

6300

ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)

EXTENDED TEMPERATURE AANGE

LOGIC FUNCTION
= »—-
= =

POSITIVE E=A-B-C-D
(NAND)
LOGIC

NEGATIVE E = A+B+C+D
(NOR)
LOGIC

oom»

o0o»

LIMITS
SYMBOL CHARACTERISTICS -58°C 28°C 125°C UNIT | CONDITIONS AND COMMENTS
Min. Msx, |Min, Typ. Max. [Min. Max.

VoL Qutput Low Voltage 0.4 0.4 0.4 v Vec=45V loL =36 mA
inputs 8l V)1 {see below)
Vcc=565Vv lgL = 40.5 mA
all inputs at VR =5.26 V

VIH Input High Voltage 2.1 1.9 1.7 A\ Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.4 1.1 0.8 \ Guaranteed input low threshold
for all inputs

e Input Load Current -15 -1.5 1.4 mA | Vcc=55V  VE=04V
on other inputs VR =4 V

IR Input Leakage Current 2 2 5 pA Vec=565V  VR=4V
Ground on other inputs

ICEX Output Leakage Current 50 100 200 pA Ve = 4.5V one input grounded,
output at V¢

IPD Power Dissipation Current

{each gate) 10 mA Vce =5V inputs open

tpd + Turn - off delay 15 50 nsac Vee=5V
see test circuits

tpd - Turn - on delay 10 35 nsec
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Dual 4-Input Extendable Buffers 9932-9944

MINIMUM - MAXIMUM AND TYPICA

OUTPUT CURRENT
WITH INPUTS LOW (9932)

L DC CURVES

PER SIDE VS. SUPPLY YOLTAGE
(OUTPUT NOT LOAOED) (9932, 9944)

POWER DISSIPATION

EXTENDED TEMPERATURE RANGE

OUTPUT LOW
CURRENT ¥S. OUTPUT YOLTAGE
(9932)

25 100 160
~q - - —
ALL INPUTS H)GH S
Ta q2eC 1 «
< \ 50 E
E 2 = | .
' L =120
= LN N z oy &
=z I
& N 2 20 _2r i 4 . =
g 15 3 by ° >
o <t
3 |5 min. o ‘ :
- TEST POINT a3 10 a0t — Z 80
=3 o 2 -
& w|Vcc =¥V P ao =
L w 5 o
3 | z \ £
" Voo = A5V £ 7~ ONE OR MORE INPUTSLOW 3w
3 5| TEST POINT . e N
- v =1 < g : a
Clow Vou' i
ol 1 ¢ 1 i 0
0 T 3 3 5 3 7 0 0.2 0.4 0.6 T
Vgyr - OUTPUT VOLTAGE - v Vee - SUPPLY VOLTAGE - V VgL - OUTRUT VOLTAGE - v
OUTPUT LOW OUTPUT LOW
CURRENT VS. SUPPLY VOLTAGE CURRENT VS. OUTPUT VOLTAGE
(9932) (9944)
0 . 160
T, M EEEE
T % - T = 125°C |
L
ll 'Z_ 120 T T ‘ W
& @ u i ey
& s <<
3 (3 N !
s Z 80 ’”‘Q/i/
Bl 3 N i oA CP
= = RS A
2 » 2 w =
2 % ol S T
<} 3 L
Y V T 7 TEST POINT
3 o [+ / FOR OTL 9944 ADD o ]A/“\“\N
= % 4mA TO CURVES o v —
FOR SAME V ] E | |
0 Lo g ge ol Nel |
2 3 Fl 5 0 0.2 0.4 0.6 0.8
Ve - SUPPLY VOLTAGE - V VoL - OUTPUT VOLTAGE - V
MISCELLANEOUS APPLICATIONS
LAMP DRIVING
5V<V, < 6.3V
SUGGESTED RATINGS DIP FLAT e
B8+
Power Dissipation 400 mw 240 mW GND
Max Hot Lamp Current one side only ON | 120 mA 100 mA DTL 9932 5V. 100 mA L amp.
. % 3 or equivalent
Max Hot Lamp Current both sides ON 90 mA 75 mA or 9944

“Cold" lamp current is limited by saturation resistance, emitter resistance, and base current to about 200 to 250 mA. Most significant thermal time

constants for 9932 end 9944 : DIP 50 msec Fla

t 100 mssc.

Thermal time constant is measured by forward diode drop in one gate with power pulsed into opposite gate.

INTERFACING

B + up to 12 volts. Line Receiver may have nominal low level of 1 volt;
nominal threshold & 4 V and nominal high level 8 V, for example. Resistor
selected should be as low as possible consistent with required low input
leval of receiver, number of receivers, and power dissipation of system
For guaranteed operation in both applications the use of selected units
is desirable. Operation as a lamp driver requires high gain units, and for

interfacing high voltage units may be reguired.
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Dual 4-Input Extender 9933

EXTENDEO TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view}
LOGIC FUNCTION
S % 9930 or 9932
3 [ 14 A O—K——< ___’l o

[=Ie) b3

Im

13
2] ] B ¢ D o
12 NODE
3] -]
e 1 X O ‘.-}"'r_':\’ll 0y Kory
He r:l 1o c —P—o H % 9933
|

6] 3 9

|_- e

= =i ° —o ¢ POS.LOGIC E=A-B-C-D-G-H-1-J
GND -
NEG.LOGIC E=A+B+C+D+G+H+1+J
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL CHARACTERISTICS -65°C 259C 1250 UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min,  Typ. Meax.|Min. Mex.
| X i
Vep Forward Drop Voltage 0.84 098 | 0.70 082} 0.48 Q.62 v IFp =2 mA applied to
output, input grounded
|
J IR Reverse Current 2 2 5 pA | VR =4V, ground on
other inputs
‘ IR Output Reverse Current 10 10 25 pA | VR =4V onoutput
|

FORWARG YOLTAGE
YS. FORNARD CURRENT

FAN-IN EXTENSION

DTL 9933 elements may be used to extend fan-in capability to more
than 20 without adversely affecting the noise immunity or load driving TEST|
capability of the element 1o which they are connected. ) /POINT
Good practice dictates that extension interconnection paths be as short

INPUT CURRENT - mA

as possible to minimize the effects of distributed capacitance on circuit
performance. The effects of capacitence are summarized on the back 0 I
page. Typical input capacitance of DTL 9933 is 2 pF and output capaci- 0 0.2 0.4 0.6 0.8 !
tance is 5 pF. INPUT VOLTAGE - V
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Dual 4-Input Extender 9933

TYPICAL CURVES TO SHOW THE EFFECTS OF EXTENDER PIN
CAPACITANCE ON NOISE THRESHOLD OF DTL 9930 DUAL GATE

PULSED GROUND MOISE
THRESROLD AS A FUNCTION
OF EXTENDER PIN

PULSED SIGNAL LINE NOISE
THRESHOLD AS A FUNCTION
OF EXTENDER PIN

, CAPACITANCE . CAPACITANCE
L = lnsec L = lnsec
i > r
Yys =0 M Ve =P
> 15 23
\ 2
8 \Q aw
a2 T 23 c=%
Io 1 A\, nge i
uz Cs =
£3 N2 =5
=] oo w??
we =50pp 20 €=50pF
2205 = g=!
z> =8 N
bE
€ =200pF
0 0
0 2 % 0 80 0 » «Q 60 80

PULSE WIDTH - nsec

PULSE WIDTH - nsec

EXTENDED TEMPERATURE RANGE

TEST CIRCUIT

TYPICAL CURVES TO SHOW THE EFFECTS OF EXTENDER PIN CAPACITANCE (Using DTL 9933)
ON TIME DELAY OF DTL 9930 DUAL GATE AND DTL 9932 DUAL BUFFER

9932 TIME DELAY VS.
EXTENDER PIN CAPACITANCE

200 — T T
Cz= 300 pF
Y/
150 ¥
b -
< &
¥ /|
= 100 ns
5 @ V
% /
i
g, R =500 Lyt Ve | SV
0
0 25 50 75 ]
Cl - CAPACITANCE - pF
Yee

o

9930 tpg VS. 9930 t,q_ VS.
EXTENDER PIN CAPACITANCE EXTENDER PIR CAPACITANCE
160 r : 160 T
€y =30 pF Cy = W pF
i R = 4000
120 120
g
I @
z ¢
< [
W B0 R=5KD Vg =5V z % /’
= >
% p P
2 o Nel
2 40
R = 4000 Ve =5V
+ T
T
| | tpd.al R = 5KMl is stightly lower
0 0 I I - 1
0 2 4 G 80 0 20 40 60 80
C - CAPACITANCE - pF C)- CAPACITANCE - pF
TEST CIRCUIT
WAVEFORMS
Vin 9930 pr 9932
PULSE mlr """"
>
' ]
GND :
pd+T T 1
t —\ | 1
[
c
Vout GND !

i"ow

C4 represents 1he sum ot the DTL 9933 Dual Extender Elament output capaciiances { ~. 5 pF per output) and assaciated board, connector and wiring capacitances.
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Clocked Flip-Flops 9945 -9948

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view)

A4
13 14 vee
¢, 2 M 13
= [ 12,
5, 4 O Duc,
& 5O = BUR
Q 6] [ 93
GND 7 [ =
el —— —& | Qi
| 9945 [ 1o ]|
"""y }lonly i
o L
Vee “_"_I — r L__J Yec
NOTE: The DTL 9945 incorporates the standard 6k {2 output ﬁ 12 [Y] 12
pull-up resistor, while the DTL 9948 features a 2k ) output 2540 | ot 0 2540
pull-up resistor for improved switching times, thus reducing
however the drive capability, 35k 15Kk 0
S —P——0¢,
Y h 4 ¢
Note : 2044 ¢ "
DTL 9945 - R1 = 6kQ 4 oK 9k ) 4
DTL 9948 - Ry = 2k{)
Cll
LOGIC FUNCTION
Synchronous Entry Asynchronous Entry J - K Mode Truth Table
inputs Outputs Inputs Outputs Inputs Outputs
th th+1 th th+ 1
S S2 C2 [ Q Cp Sp Q Q S o] Q a
L X L X NC H H NC NC L H L H
L X X L NC H L H L H L H L
X L L X | NC L H L H H H Qn Qn
X L X L NC L L H H L L Qn Qn
L X H H L .
oL o
ct t 0 6.
H H L X H onnet 0 Y ant
H H X L H
H H H H | Undeter-
mined
NOTES :

1) Abbreviation used in the body of tables :
L = low, the more negative voltage level
H = high, the more positive voltage level {In ail cases, unused pins have the same effect as high).
X = immaterial, eithes H or L has equal effect
NC = no change , the clock pulse has no effect on outputs
Qp = outputs state at time tp
2) The Lsymbol intheS andC input column is defined as meaning that the input does not go high st any time while the clock is high . The H
symbol in the S and C input column is defined as meaning that the input is high at same time while the clock is high.
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Clocked Flip-Flops 9945-9948

EXTENOED TEMPERATURE AANGE

9945 ELECTRICAL CHARACTERISTICS (Vge =5V + 10%

LIMITS
SYMBOL CHARACTERISTICS - 85°C 28°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. |Min. Typ. Max.|Min. Max.

VOH Output High Voltage 25 2.6 25 \Y vee=45V. loH=.0.18 mA
V|L (see below} on proper
asynchronous input

VoL Qutput Low Voltage 0.4 0.4 0.4 v Ve =45V gL =12mA
Ve =55V gL =15mA
V|H (see below) on proper
asynchronous input

VIH- Input High Voltage 2.1 1.9 1.7 \% Guaranteed input high threshold
for all inputs

ViL input Low Voltage 1.4 1.1 0.8 A Guaranteed input low threshold
tor all inputs

IF S & C Inputs Load Current -0.98 -0.98 0.92 mA Vee=55V VF=04V
VR =4V on other inputs

IFS Sp. Cp Inputs Load Current -293 -2.93 -2.57 mA Vcc=55V VE=04V

VR =4V on other inputs

IFCP Clock Input Load Current -2.93 -2.93 -2.57 mA Vee =565V VE=04V
ViLonSp

IR S, C, Sp. Cp Inputs Leakaga Current 2 2 5 MA VeC=55V VR=4V
ground on other inputs

IRcp Clock nput Leakage Currant 0 10 20 pA Vecc=4V  VR=4V
S and Cp inputs grounded

IPD Power Dissipation Current 14 mA vee=5Vv

Isc Output Short Circuit Current -0.70 -1.33|-0.70 -1.33 | -0.63-1.30 mA Vee = 5.5V high output
grounded

tpd + Turn-off delay 3» 75 nsec vVee=5V
see test circuit

tpd - Turn-on delay 30 75 nsec

CLOCK PULSE DESCRIPTION

I |
| |

3V 5V | |
| |
1 |
| |
| !
! Vv

ILCP
SENSE

ViLee =

1 Ve2sC
0V @-55°C and 125° C
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Clocked Flip-Flops 9945-9948

9948 ELECTRICAL CHARACTERISTICS (Vcc=5V i 10%)

EXTENDED YEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS - 55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. [Min. Typ. Max. |Min. Max

VOoH Qutput High Voltage 25 26 25 \" Vee=45V  IgH=-054 mA
V| L (see below) on proper
asynchronous input

VoL Output Low Voltage 0.4 0.4 0.4 v Ve =45V lgL=13mA
Vee=55V  IgL=136mA
V|H (see below) on proper
asynchronous input

ViH Input High Voltage 2 1.9 1.7 Vv Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 14 1.3 0.8 v Guaranteed input low threshold
for all inputs

iF S & C Inputs Load Current -0.98 -0.88 -0.92 mA Vee=55V VE=04V
on other inputs Vg =4 V

Ifg Cp. Sp Input Load Current -2.83 -283 -2.57 mA | Vcc=565V VE=04V

IFcp Clock Input Load Current -2.35 -2.35 -2.03 mA | Vcc=565V VE=04V
VL on Sp

IR S, C,Sp. Cp Inputs Leakage Current 2 2 5 HA Vee=55V VR=4V
ground on other inputs

IRCP Clock Input Leakage Current 10 10 20 A vee=4V VR=4V
S and Cp inputs grounded

iPD Power Dissipation Current 16.2 mA Vee =5V

Isc Output Short Circuit Current -210 -396| -2.10 -3.96 | -1.86 -3.54 mA | Vec=565V
high output groundad

tog + Turn off delay 30 65 nsec | Voc =5V
see test circuit

Tog - Turn on delay 30 75 nsec

CLOCK PULSE DESCRIPTION : SEE 9945
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Dual Clocked J-K Flip-Flops 9093-9094

NOTE : The DTL 2093 and 9094 are respectively dual DT L 9945 and 9948 flip-fiops.

CONNECTION DIAGRAM

{top view)
\J

cPy1 =l b“vcc
x; 2 O Dace,
N = [ 12¢,
sD; 4 = S =
Q 5 d E:]lOSD2
q ¢ O ) 9q,

1 O 8Q;

GND

cc

LOGIC FUNCTION

EXTENDED TEMPERATURE RANG(

Asynchronous Entry

J-K Mode Truth Teble

Input Outputs Inputs Qutputs
tn th+l
4 (10 6 (8) 51(9) 3{(11) 2(12| 6(8) 51(9)
H NC NC L H L H
L H L H L H L
H H Qp 9n
L L Qn Qn
NOTES :

1} Abbreviations used in the body of tabies :
L = low, the more negative voltage lovel
H = high, the more positive voitage level
{ln all cases, unused pins have the same effect as high).
NC = no change, the clock pulse has no effect on outputs.
Qp = outputs state at time tn
2) The L symbol in the J and K input column is defined as meaning that
the input does not go high at any time while the clock is high.
The H symbol in the J and K input column is defined as meaning that
the input is high at same time while the clock is high.

SCHEMATIC DIAGRAM 9093/9084 (8083 SHOWN)

T

e

)

»l

1+
g 2
!! 2 (1D !!

JL( b
c
P

! 12

a»
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Dual Clocked J-K Flip-Flops 9097-9099

EXTENDED TEMPERATURE RANGE

NQTE : The DTL 9097 and 9099 are respectively dual DT L 9948 and 9945 flip-flops.

CONNECTION DIAGRAM

(top view) LOGIC FUNCTION
| - ~ Asynchronous Entry J-K Mode Truth Table
¢ 18 [ iavee
x: 20 3 13co inputs Outputs Inputs Outputs
th th+1
e EH_ H 2% 13 4010 68 50 | 301 202|866 59
spye B ~r 114
= == 5 H H NC  NC L H L H
Qs D2
B H L H L H L H L
g O 5 =IREP L H L H H H Ty @
enot O [ saq, L L H H L L 0, Qp
NOTES :

1) Abbreviation used in the body of tables :
L = low, the more negative voltage level
H = high, the more positive voitage level
{in all cases, unused pins have the same effact as high}.
NC = no change, the clock pulse has no effect on outputs.
Qpn = outputsstate at time tp
| 2) The L symbol in the J and K input column is detined as meaning that
the input does not go high at any time while the clock is high.
The H symbolin the J and K input column is dafined as that meaning
the input is high at same time whila the clock is high.

SCHEMATIC DIAGRAM 8097/9099 (9087 SHOWN)

bee bec

ﬂ]

g I o N
1

h 4 h 4 3 h 4
—o%0,; =050,
| @ (10
r [ & X X
‘8
(13
e 0 I 30
] ]
. Bl
hd Lt} % b wi
14 > 14 bt
J1 Ky ok K2
I 4 y %" ¥y y @
lm
Ce
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Dual Clocked J-K Flip-Flops 9093-9099

ELECTRICAL CHARACTERISTICS (Ve =5V +10%)

EXTENDED TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS - 55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. [Min. Typ. Max.[Min. Max.

VOH Qutput High Voltage 25 2.6 25 \ Vee=45V lon = -0.18 mA
V]| L {ses below) and VR =4 V on
asynchronous inputs

VoL Output Low Voltage 04 0.4 04 V |[Vcc=45V loL =138 mA
Vee=55Vv 1oL =15 mA
Ground and VR =4 V on
asynchronous inputs

ViL Input Low Voltage 14 1.1 0.8 \ Guaranteed input low threshold
for all inputs

VIH Input High Voltage 2.1 19 1.7 V | Guaranteed input high threshold
for all inputs

e Input Load Current J and K Inputs 088 -0.98 -0.92 mA | Vee =55V VE=04V

IFcP Clock Input Load Current Vec =55V VE=04V

-2.93 -2.93] -2.57 mA | V|| (see above}on
9099 -5.86 5,86 5.14 asynchronous input

IFS Set Input Load Current 2.2 2.2 -1.83 mA | Vcc =565V VE=04V
ground on J inputs

IFC Clear Input Load Current -4.40 -4.40 -3.86 mA |Vcc=-55V VE=04V
Ground on K inputs

IR {nput Leakage Current 2 2 5 vA [Vcc=55V VR=4V

J and K Inputs Ground on clock

RS Set Input Leakage Current 2 2 5 pA | Vee=55V VR =4V
Ground on K inputs

IRC Clear Input Leakage Current 4 4 10 BA |Vcc=55V VR=4V
Ground on J inputs

IrcP Clock Input Leakage Current

9093 10 10 20 pA | Veec=4V VR=4V
9099 20 20 40 Ground on J inputs

Isc Output Short Circuit Currant -0.70 -1.33| 0.70 -1.33| -0.63-1.30 mA | Vcc=55V
High output grounded

PO Power Dissipation Current 28 mA |Vcc=5V

tpd + Turn-off delay 35 75 nsec {Vcc=5V

tod - Turn-on delay 30 75 nsec see test circuit

CLOCK PULSE DESCRIPTION :

3V w5y |
| |
' I
! i
IPOWER v [
IPULSE iLee
! ISENSE

ViLep =1 VezsC

= 0V 2-55°C and 125°C
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Dual Clocked J-K Flip-Flops 9094-9097

ELECTRICAL CHARACTERISTICS (Vec =5V +10%)

EXTENDED TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS -565°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min. Max. [Min. Typ. Max.|Min. Max.

VOH Output High Voltage 25 2.6 25 VvV |vec=45vV  1gg=-054mA
VL (see below) and VR =4 V
on asynchronous inputs

VoL Output Low Voltage 0.4 0.4 0.4 V |Vcc=45V  1gL=123mA
Vee=55V  IgL=13.6mA
Ground snd VR =4 Von
esynchronous inputs

VIH Input High Voltage 21 1.9 1.7 A\ Guaranteed input high threshold
for all inputs

ViL input Low Voltage 14 1.1 0.8 v Guaranteed input low threshold
for ail inputs

Ir Input Load Current J and K Inputs 0.98 0.98 0.92 mA |Vcec=55V VE=04 V

Ircp Clock Input Load Current Vee=55V VE=04V

9094 2.35 -2.3% -2.03 mA | V| {see above) on
9097 -4.68 -4.68 -4.04 asynchronous input
IFs Set Input Load Current 2.2 -1.93 mA [Veec=556V VE=04 V
Ground on J input
IFC Clear Input Load Current 4.4 4.4 3.86 mA |Vcc=55V  VE=04V
Ground on K inputs
IR Input Leakage Current 2 2 5 HA Vee=55V  VR=4V
Jand K Inputs Ground on clack

IRCP Clock Tnput Leakage Current
9094 10 10 20 pA  |vec=4av VR=4V
9097 20 20 40 Ground on J inputs

IRS Set Input Leakage Current 2 2 5 PA | Vcc=5B5V VR=4V
Ground on K inputs

IRC Clear Input Leakage Current 4 4 10 pA | Vec=55V  VR=4V
Ground on J inputs

Isc Output Short Circuit Current 21 -396 | -21 -3.96|-1.86 -3.54 mA |Vcc=556V
High output grounded

IpD Powar Dissipation Current 324 mA | Vgec=5V

tpd + Turn-off delay 30 65 nsec |Vee=56V
see test circuit

tpd - Turn-on delay 30 75 nsec

CLOCK PULSE DESCRIPTION : SEE 9093 - 9089
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Monostable Multivibrator 9951

LOGIC DIAGRAM
{top view)

GENERAL DESCRIPTION :

SCHEMATIC DIAGRAM

EXTENDED TEMPERATURE RANG

14 n Cy 10 Ry
vee i - --——0 V¢
z.\mf] k1ﬂh 24 ]i k‘ﬂﬁ []zm 2pF 13k axn
— 9
X © 9xn
[ 18«0
i
1 ot
250F 3 15pF
S I K
3 o—ig— 1.2%0 240
P L

5 o———

The DTL 9851 Monostable Multivibrator provides complementery output pulses which are typical 100 nsec wide. This puise width is adjustable by
the addition of external discrete passive components.
The output pulse width is very stable as either V¢ or temperature (or both) is varied when an external timing resistor is used instead of the internal

diffused resistor.

ABSOLUTE MAXIMUM RATINGS {above which useful life may be impaired) (1)

Qutput Current, into outputs
Current into Pin 10

50 mA
5 mA

NOTE: 1} In addition to abs. max. rating, pag. 87

ELECTRICAL CHARACTERISTICS (Vec =5V +10%)

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 126°C UNIT CONDITIONS AND COMMENTS
Min. Max, |Min. Typ. Max. | Min. Mex.
VOH Output High Voltage 25 2.5 25 v Vcc=45V g =-0.18mA
Pin 2 grounded, Pin9at Vg
Vop Output Low Voitage 0.4 04 0.45 \ vee=45V {o[ =16 mA
’ Ve =55V loL=15mA
when testing Pin 1, ground Pin 10
when testing Pin 6, Vcc on Pin 9
IF Input Load Current -3.2 -3.2 -3 mA Vee=55V VE=0V
vR=4V
IR Input Leakage Current 5 5 10 A Vee=55V VR=4V
Ground on Pin 2
IpD Power Dissipation Current 9 mA | Vcc =5V inputs grounded.
VcconPin9
tpd + Turn-off delay (Pin 6) 40 nsec | VcCc =5V see test circuit
tpd - Turn-on delay (Pin 1} 40 nsec
Pw Puise width {Pin 1) g0 220 nsec
Pw J Pulse width {Pin 6} 70 160 nsec
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Monostable Multivibrator 9951

RULES FOR USE OF DTL 9951

1) With Pin 9 connected to VC and no external capacitor (Cx), the output pulse width is approximately 150 nsec.

EXTENDED TEMPERATURE RANGE

2) With Pin 9 connected to VCC and an external capacitor {Cx} connected between Pins 10 and 11, the output pulse width {T) is: Ta4.5 (Cx +20}

with Cx in pF and T in nsec.

3) For Improved pulse width control, Pin 9 is left open and a stable external resistor {Ry) of 9 k{ minimum to 15 k{2 maximum is connected
from Pin 10 to Vcc. The output pulsa width is given by the expression : T & 0.5 Ry (Cx+20} with Ry in k{, Cx in pF and T in nsec.

4) The output duty cycle {pulse width/period) should not exceed 40%. It may be increased to 50 % by adding a 2 k(2 resistor between Pin11 and
Vcc. Higher duty cycles are obtainable but the autput puise width and performance are less predictable.

5) The meximum input fall time to trigger : 15 nsec for a 1.4 volt swing 40 nsec for a 2.4 valt swing; 80 nsec for a 4.4 volt swing.

6) The AC sensitivity of the inputs mav be decreased by connecting a capacitor between Pin 5 and ground.
7) The minimum pulse width et output Pin 1 is approximately 100 nsec. This puise width may be decreased to 50 nsec by connecting a 10 k{2 re-

sistor between PinS5and Ve,

TIMING CHARACTERISTICS

OUTPUT PULSE WIDTH YERSUS EXTERHAL
TIMING CAPACITANCE Cx

NORMALIZED QUTPUT PULSE WIDTH
VERSUS SUPPLY VOLTAGE

NORMALIZED OUTPUT PULSE
WIDTH VERSUS TEMPERATURE

100 L2 12
T 11T 1 T .11 U Vo=V =5V
| Veg =5V =Vg =V, = _VCC=V9'V14 | 97 T1a -
L Ero=won 5 [r =00 z L = 3008
.',.; | C, =500F ,/ fl.l |.c =59 pF EI-I_CL = 50pF A
10 ] w e
] d ]
E
= va 5h 11 51 ]
E /] = [ & (I
S y H ol 3
2 a 8
Pulse N
2 LwanlH So.0 Jo9
> Pin 271 < 3
° T z z
Pulse Width: (=} z
| Ifln ] =
0.1 Lol 0.8 08
10 1 10 lo* 4 BB [} -0 -2 2 & 100 140
Cyx - EXTERNAL TIMING CAPACITANCE - pF Ve - SUPPLY VOLTAGE - V TEMPERATURE - °C
MORMALIZED OUTPUT PULSE
WIDTH VERSUS TEMPERATURE
“S'NGR%TSETRO";: TIMING POWER DISSIPATION SWITCHING TIMES VERSUS
L2 X 5 VERSUS TEMPERATURE 2 TEMPERATURE
* T T I T —
£ 2 e ! EEN P o Toe T2 \ | I
FRo = 100Ks £D BETWEEN PIN10—]
5 Ry = 00K:1% CONNECT . T 1 \ ———r
- = 3000 cc 4 V.. =5y 2 s o i PR
LR = cc )
5 e t e AN |
2 €, =500 pF| . —— H -
2 z V.. = 4.5V T H N
& [PIN9 IS OPEN e cc =4 o 15 G PINL
=Y < et — w
a 1 a ™t E
5 g o Ya PING]
E) 5 = !
a = 2 Z10
m) w S ~
S e g = = Ygag PIN 1 —
. Z < e
2 o Vo= Vi = Ve | & [ve=vy =5y
& V97 Yam Y50 R, = 3000
2 IR
C, =50pF
0.8 0 | | i | | ol L
-60 00 D & 100 140 %W 0 02 & 100 140 -60 20 00D &0 loo 140

TEMPERATURE - °C

TEMPERATURE - °C

TEMPERATURE - °C
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Diode-Transistor Logic Family DTL

EXTENDED TEMPERATURE RANG

SWITCHING TIME TEST CIRCUITS

9930 - 9936 - 9946 - 9862 GATES tpd TEST CIRCUIT

Pulse In

v I
PW > 100 nse

All diodes BAY 74 or equivalent
Vee

al PIN 14, GND al PIN 7

WAEFORN .
VIN
TEST CONDITIONS
1.5v
GND " c
tpat ‘pe- Gat 39K0 MoF
15V
YouT Gno g - 400 L SOpF
9935 GATE tpg TEST CIRCUIT
WAVEFORMS
ULSE IN
Yin v 3y
v m2
ml - 1MH
GND MKz
C;
bl * ZOD{ I
Vml Vml -|——
Vour
Diodes are BAY 74
TEST CONDITIONS
Vil Vm2_ R1__© €2 ¢C3
L5V 13v tpat 39KC 30pF  200F  SpF
tog 000 SOpF  20pF  SpF
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Diode -Transistor Logic Family DTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

9932 - 9844 GATES tpg TEST CIRCUIT

WAVEFQRANS
Yin
1.5v
Test Element
GND

IV lpm -

1,5V
pr > 100 nsec VE)UT; GND

TEST CONDITIONS

All diodes BAY 74
or equivalent

Ve alPIN 14 R ¢

GND alPIN 7 9944 lpd1 5100 - 20pF
9944 1 4 1500 100pF
9932 150, 5100 500pF
993215 1500 5000F
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Diode-Transistor Logic Family DTL

EXTENDEO TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

9945 - 9948 - 9093 - 9094 - 8097 - 9099 FLIP-FLOPS tpg TEST CIRCUIT

the exlernal J-K connection 1s
valid for 9945-9948 only.

Pulse In ViN
v I |

i
PW > 100 nsec ot
All dlodes BAY 74 or equivatent
Ve al PIN 14, GND al PIN 7
WAVEFORMS
TEST CONDITIONS Vin

R c

L K0 30pF
B3 o0 sooF

9951 MONQSTABLE tpg TEST CIRCUIT

v WAVEFDRAMS
cc
j Vin ’ k Lsv
. 1
1
PIN ¢ ' Pulse Width
S0pF 3000 3000
Yout 1 X
0 ¢ v, 6
v ouT

Pulse In JuPulse Width

1 ¢ v L ‘g s '

3v |' l IVOUTZ ouT Pinl | |

—!—- 3
i‘w = Zloaﬂsec. All diodes BAY 74 or 50pF !! !
= z equivalent
t = 2nsec. Vegal PIN 14 A 4 !!
Uy =20 nsec. GND PIN 7

Yy A 4
y A 4
-
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DTL integrated circuits 930 Series

Diode-transistor logic

STANDARD TEMPERATURE RANGE 0°C + 75°C

The SGS Diode-Transistor Logic (DTL) family consists
of a set of compatible integrated circuits designed for
medium power, medium speed applications.

The circuits are fabricated within a silicon monolithie

¢ COMPATIBLE WITH TTL, LPDTL PRODUCTS substrate using the standard planar epitaxial process.
e NOISE IMMUNITY 1V These devices are available in the following packages:
dual in-line ceramic package, dual in-line plastic package,
e OUTPUT DRIVE CAPABILITY OF 10 flat ceramic package.
e POWER DISSIPATION 8.5mW PER GATE
ABSOLUTE MAXIMUM RATINGS
e FAN-IN EXPANSION CAPABILITY (above which the useful life may be impaired)
o WIRED-OR CAPABILITY Supply Voltage (Vci), Continuous 8V
o SAME PIN CONFIGURATION AS THE Outpu Curtent, o Cutpute - <+ * 2y
| CORRESPONDING TTL AND LPDTL OTL 9932 ~ooas T 100 mA
i PRODUCTS Other Elements 30 mA
Input Forward Current =10 mA
Input Reverse Current 1 mA
| Storage Temperature, Plastic -55°C to 125°C
| Storage Temperature, Ceramic -65°C to 150°C
! ORDERING NUMBERS Temperature {Amb.}Under Bias,Ceramic 55°C to 125°C
U6A XXXX 59X  (for ceramic DIP; XXXX is type number}
U7A XXXX 59X (for plastic DIP; XXXX 1.s type number) OPERATING CONDITIONS
U3I XXXX 59X (for flat package; XXXX is type number) Temperature Range 0° to 75°C
Supply Voltage 5V £ 5%
[
PHYSICAL DIMENSIONS
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS Flat package
I 14-pin plastic DIP 14-pin ceramic DIP
r—AL 66 6.1 15
§ |n 24-28 13
3 9 =
0.2 MiN Et; 14-12 %_i
L I |
.
—_ 5
onp Uu P Hl 1 p ©
OF o|g Oz n {!:ﬂzuwsi
s L=
ap =4 [mgl an} =i, N
O nj§ 0s nBz: 23 456 —]
O »|3 Os » $
0lfe 9] g" <0 o
ol ? 1 [ 1
a8 _ ‘0_5 0.15
36 .4 o1
Nots : gli dimensions in mm. Note : all dimensions in mm,
NOTE : All dimensions in mm.

)CTOBER 1970
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diode-transistor logic family DTT

INPUT - OUTPUT LOAD/DRIVE FACTORS

uguduobobudd

gouuuutg

=

\J
2 O [ vee Lot O
0.66 T J t ) 2 06s O
0.66 [ [ 0.66 0.66 [
1y O [ 066 15 [
1 O r 0 15 ¢« O
0 M 10 LI
GND E‘ a I—'_') 1 GND I
9093
\J
1 [ Ve 1
15 31 1 g
[ = [
1 -} 1
18 ] 1 15
0 m Y 25 [
[elio] mm 10 GNDET
8930
\J/
1 [ Vee
10 @: 1 ., O
1 [0 0.66
10 C@ @3 1 .66
10 [0 2 O
10 O 1 10 g
anol] @310 GND

9936/8

QF [@% qf L(ﬂlcg Wc

nonoonn

[~

10
eND

gopuuy

* See Miscellaneous Rules for 9944,
** Plastic DIP only.

MISCELLANEOUS RULES

The number of elements driven by an output terminal may consist of any combination of elements whose sum of inp
load factors does not exceed the output drive factor.
An external resistor should be used with 9944, With an external resistor R the following output drive factors will

obtained:
R=6KQ
R =2KQ
R=1KQ
R =510Q

Drive Factor = 26
Drive Factor = 25
Drive Factor = 23
Drive Factor = 20

cc
Lot

0.66
0.66

25°

[[Vee
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STANDARD TEMPERATURE RAN!

—\./ S W |
33 O O v, ¢ Eir O v
0.66 J —b 3 0.66 O m
0.66 T ,b 0.66  0.66 O 3 o
L5 Ef "_:J:D 0.66 15 ST f_:'_ =
9 O A3 5 3 mEny
¢ O— e o O [ 10
ano O [ 9 ano O [ w0
9097 9098
=\ \J
m] 1O [ v
1 31 1O P 1
1 0 = [ 1 q =i
g =l = L:l
1 O @3 1 1 O =
JO = 31 10 O =
GND GND [ -
$933 99344 %
[\ \JS
L= }:l"cc O v
1 C@ @:’1 Lee O m]
v m Bl 0.66 3 o
1 =il 0.66 3 [ o
1 'I_;|1 2 O mE]
JUI = = s O =
N0 0 enD O ]
9948 9948
—\J
= vee
lciﬁm
1O )]
10 31
10 M1
10 ] 1
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

“or increased output drive, the inputs and outputs of 1/2 DTL 9944 may be paralleled, up to 4 common outpuis. For 4

aralleled elements:
tach combined input, load factor = 4

fach combined output, drive factor = 100 (R = 2 KO

WIRED OR” CONNECTION

. Outputs of DTL gates may be tied together for the "wired OR” function:
(ABCD + GHIJ = ABCD + GHIJ). Subtract, for each added gate, 0.8 unit load from output drive factor.

. Outputs of DTL 9932 may not be tied together for the "wired OR” function.

MRED OR" Examples:

1
1

4x Y% DTL 9946

=

TL 9930 WIRED OR

O s i

% 9930 and
2 x %9946

Card | L

Driven
D —e Elements

Card N L

D

Each outputdriver is 1/2DTL 9944, Note that the DTL 9944
is a direct high fan-out replacement for DTL 9930, except
that an external resistor must be used. The F.O. will be the
same as one 1/2 DTL 9944 buffer used with that resistor.
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diode-transistor logic family DT

STANDARD TEMPERATURE RA!

DELAY TIME PERFORMANCE INTO CAPACITIVE LOADS

Most delay attributable to capacitive loads is associated with the positive going output. Two RC time constants a

seen in the positive going output. In the 1st time period, from the saturated low level to threshold, the R of the RCtin
. . R 3.75 KQ

constant can be given by 6 K2 in parallel with a5ti76 fancuL.

Above the threshold which occurs at about 1.4 to 1.5 volts at 25°C, the R of the 2nd RC time constant is 6 Kk and t)

rate of the voltage rise above threshold is slow. The logic signal propagates through at the threshold level, so volta;

rise above threshold does not affect speed. By noting that both rise domains drive toward Vg, the voltage rir

waveform may be calculated. DTL gate inputs are ~. 2 pf per input for active or inactive fanout; the remaining capa
tance is from board, wiring, and comnectors.

AVERAGE PROPAGATION DELAY OF GATES AVERAGE PROPAGATION DELAY OF GATES
VS TEMPERATURE (TEST CONDITION A) 1 'S TEMPERATURE (TEST CONDITION B)
50
4
30
F.0. =7
g ]
AEREN ]
~ 0. — i
- [ L < Lo =stro. =7 £0.2 1
=3 — — 20 Y2 [+ e
SR, o ey =
20 =51 7
1T F.0.=3
0| 10
] 25 50 75 0 25 50 75
TEMPERATURE *C TEMPERATURE *C
FIG. 1 FIG. 2

TEST CONDITIONS FOR FIG. 1 AND 2

f = IMHz
PW = 500 nsec.

Q o
Tc-sll Point Tes(zPainl

Volls
Test Point 2 Test Paint 1

Test Condil
AV Lgy= ‘pas* o Ve OPEN

MERA z —) Test Conditic
‘ 1

CLOSE

h— Time
Tat T
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diode-transistor logic family DTL

tpd CURVES VERSUS OUTPUT CAPACITANCE (T = 25°C unless otherwise noted)

STANDARD TEMPERATURE RANGE

t_j OF GATES
od tpd- YERSUS CAPACITANCE tpd+ YERSUS CAPACITANCE
VERSUS CAPACITANCE P o2 - 9944) pd+ (9942)
100 T T 40 200 T
Vihreshold = 1.5V Vee ™ 3V
Voe =5V | Vec
sopL—— 1 + v 160
Vee =5V
30 s
» ’_L*g\ 1500 <R<510Q - ”3_‘\*
; s § g >
@ x e 3
2 wd H 2
s b L] 4
80 8 2%
20
2 1ot 4000 < R <AKS © R = 4000
I
= 1000
0 10 0 |
2 ) 60 80 100 100 200 500 1000 2000 ] 20 40 60 80 100
C- CAPACITANCE - pF C - CAPACITANCE - pF C - CAPACITANCE - pF
tpd+ YERSUS CAPACITANCE td+ YERSUS CAPACITANCE tpg. YERSUS CAPACITANCE
| (9932) {9945 - 9948) (9945 - 9948)
100 —— 250 e 100 —
Ve =5V | cc =5 | Vec=sv
R = 5100 R = 2700
80 — 200 80 1
l ) |
- 1 .
H g
Pl // : S z DTy 9945 ond 998
%0 b 5 | % 0 ‘
R B 100 o‘LN T s Q R4
}» oL 348K,
| 4 T 3948 “
50 R = X0 n
| 20 = oL qtluﬂ I —‘
|
L ] 0
100 200 500 1000 2000 0 20 40 60 80 100 0 20 40 60 80 100
C - CAPACITANCE - pF C - CAPACITANCE - pF C - CAPACITANCE - pF
| MAXIMUM BINARY COUNTING
RATE VERSUS CAPACITANCE
(994 - 9948)
10
= =
; 5 VCC =3V 1
* AN
N %
5 A
=
g ol N
g N TN
o J N
w 1
w N
a
z 0.5
-
=z
E
8 a2
0.1
) 50 100 200 500 1000

C - CAPACITANCE - pF

165




diode-transistor logic family DTL

TEST CIRCUITS

GATES

Pulse In

IN

All diodes BAY 74 or equivalent

Vin

M_ "
Lpds—el ] Lod-

Yoyt

STANDARD TEMPERATURE RANGE

FLIP -FLOPS
“ce

Yee
| %0
Wt >
] LID
Pulse In

Tl

All diodes BAY 74 or equivalenl

<
=)
=
3

X

H———

GND
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

POWER DISSIPATION CURVES (Ta = 25°C unless otherwise noted)

POWER OISSIPATION POWER DISSIPATION POWER DISSIPATION
VS SUPPLY VOLTAGE, EACH GATE VS. SUPPLY VOLTAGE PER SIDE VS, SUPPLY VOLTAGE
(9930, 9936, 9944, 9962) (9945 - 9948} (OUTPUT NOT LOADED) (9932 - 9944)
14 125 100
All Inputs High
CP Pin High.
= 12 = B z % —]
€ £ 100 4 Q4%
. . . o aad ]
g Vi g 7 § »l o M
= = A =
g e g
38 A g S g 1 e —
o a o A
N 99
« 7 « 5 « o0
gy o L g 5 Lo:ﬂ"‘/ ]
g 3 7 3 - Tj
& g
. ’ . ‘I
2 oa o B L, /—\ One Or More Inputs Low \
\ z 0 " _l 1
3 4 O 3 ] 5 6 3 4 5 b 7
- . v, - SUPPLY VOLTAGE - V
V(e - SUPPLY VOLTAGE - V Ve T SUPPLY VOLTAGE - v (T
TRANSFER CHARACTERISTICS
|
Vot - Vi TRANSFER YouT- Vin TRANSFER
out - VIn our- VIN TEST CIRCUIT
CHARACTERISTICS CHARACTERISTICS
5 5 Yee
3 ITI | F.0. =1-R=375KR ?
Vee =5V Vee = SV F.0.=8-R=4700
> F.O =1 > c0 -8 All diodes BAY 74
m‘; 175 | ':‘;7'75 [ or equivalent R
¢ 2 ]
b} Ty = 25¢C_| " T =25=c-——‘
d sANE : N
~ 2.5 ~ 2.5
2 i g l
5 rTA=Q°CF 3 Taz0C_| |
f T‘ = 750C -] . Ta=75C
k.25 £1.25 h
3 R = \[}
ol 0
0 04 08 12 Lé 2 22 0 04 08 12 1l 2 22
VIN - INPUT VOLTAGE - ¥V VlN-INPUT VOLTAGE - V
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

NOISE IMMUNITY

VNS is the maximum voltage which may be applied in the signal line without affecting the driven gate.

WG is the maximum voltage which may be applied in the ground connection without affecting the driven gate.
The variation of these two noise voltages with temperature and VCC is shown in figures 1 through 5.

The guaranteed worst case noise curve shown on figure 5 is obtained by:

VN = [VIL - VoL | or | Vou- Yy whichever is smaller.
where: V[[, = Maximum Low Input Voltage that guarantees VoH

VoL, = Maximum Low Output Voltage

Vi = Minimum High Input Voltage that guarantees Vi,

Vo = Minimum High Output Voltage

(See the table of forcing functions and test limita for the values of these parameters).

NOISE IMMUNITY VS, SUPPLY VOLTAGE NOISE IMMUNITY VS. SUPPLY VOLTAGE NOISE IMMUNITY VS.SUPPLY VOLTAGE
14 ] 13 2
(3 Tp =75°C
13 Vng > 12 £~ 8
> i > v > 1.1
= LIPS = e = =
= =0e = 17 ]
g s 21 L I g V~
3 £ = = TV §S
w Ll w w1 N
2 | 2 < N
—~ - L
i 4 2
g ! 14 FO.= 8 4
I I Ta=25C g 0.9
a S 09 S
0.9
0.8 0.8 08
4 5 6 7 ] 4 5 3 7 8 4 5 6 7 ]
Ve - SUPPLY VOLTAGE - v Ve - SUPPLY VOLTAGE -V Ve - SUPPLY VOLTAGE - V
FIG. 1 FIG. 2 FIG. 3
GROUND NOISE IMMUNITY Vs,
TEMPERATURE Vs VS. TEMPERATURE
L4 1.4 — Test Circuit
> I F(l\ ez Y F—o[=|w—
> L,\\VchV 0. =8 > o
o N .
£ N 2 I~
Z 12 =
e . ]
< F
w Ll = GUARANTEED WORST CAS
2 [~ ]
z = 2 08
o 1 )
S 2 ]
' . " v
S S 06 [ Cc = —
a 0.9 P CI5Vs 5%
0.8 0.4
0 F3 50 75 0 25 50 75
Ty - AMBIENT TEMPERATURE - +C Ty - AMBIENT TEMPERATURE - +C
FIG. 4 FIG. 5
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dual 4-input extendable gate 9930

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view) (one gate only)
Vee
L75K0 A
~ = >
19 [314 v ‘KN 6K (2
2 13 e
EXT. 3] 12 » o—id E@_ .
T J1EXT. 5 o—pg——
5 Do
¢ o—i¢—
[]= = [
POSITIVE E=A.B.C.D
o1 = 0 o—id— (NAND)
X LOGIC
NEGATIVE E=A +B+C+D
(NOR)
LOGIC

ELECTRICAL CHARACTERISTICS (VoC =5V £ 5%)

LIMITS
SYMBOL CHARACTERISTICS ®e % %°C | UMIT | CONDITIONS AND COMMENTS
Min, Max.|Min. Typ. Max.|Min. Max.

VOH Output High Voltage 2.5 26 3.5 2.5 A% vee =4.75V, Iog =-0.18 mA
one input at Vpp, (see below)

VoL Output Low Voltage 0.45 0.25 0.45 045 V VCC =4.75V, IQL =13.3 mA
inputs at VIH (see below)
Voo =5.25V,  IgL =152 mA
all inputs at VR =65.25 V

ViH Input High Voltage 2 1.9 1.8 \ Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 1.1 095 V Guaranteed input low threshold
for &ll inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52| mA | Voo = 5.25V, Vp =045V
on other inputs Vg = 4V

Ig Input Leakage Current 5 5 10) wpA Ve = 5.2V, Vg =4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 (-0.65 -1.33|-0.56 -1.33| mA | Voc = 5.25V one input grounded,
output grounded

IpD Power Dissipation Current 3 4 mA | Voe = 5V inputa open

(each gate)
tpat Tum-Off Delay 25 45 100 nsec | VoC = 5V ses test circuit
tpd- Turn-On Delay 10 20 40 nsec | Voo =5V see test circuit

169



dual 5-input gate 9934

CONNECTION DIAGRAM

(top view)

NS
15 114 ve
2O 13
10 (12
1 =i
s (310
s ] =L

GND 7 18

Plastic DIP only

SCHEMATIC DIAGRAM
(one gate only)

ELECTRICAL CHARACTERISTICS (Voo =56V ¢ 5%)

STANDARD TEMPERATURE RANGE

LOGIC FUNCTION

55

MOOWP

POSITIVE F=A.B.C-D-E
(NAND)
LOGC

NEGATIVE F =A+B+C+D+E
(NOR)
LOGIC

LIMITS
SYMBOL CHARACTERISTICS oc e 7°C | UMIT | CONDITIONS AND COMMENTS
Min. Max.[Min. Typ. Max.|Min. Max.

VOH Output High Voltage 2.5 26 3.5 2.5 A vee =4.75Y,  log =-0.18 mA
one input at V71, (see below)

VoL Output Low Voltage 0.45 0.25 0.45 0.45 \4 VCCc =4.75Y, 1oL = 13.3mA
inputs at VIH (see below)
VCcC =5.25V, IgL, =16.2mA
all inputs at VR = 5.25 V

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high thresholu
for all inputs

VIL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52( .mA Ve =5.25V, Vp =045V
on other inputs Vg =4V

Ig Input Leakage Current 5 5 10/ wA |Voc =525V, Vg=4V
ground on other inputs

Isc Qutput Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33|-0.56 -1.33| mA Vee = 5.25V one input grounded,
output grounded

Ipp Power Dissipation Current 3 4 mA Vce = 5V inputs open

(each gate)
tpd T Turn-Off Delay 25 45 100 nsec | Voc =5V see test circuit
tod- Turmn-On Delay 10 20 40 ngec | Vo =5V see test circuit
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extendable hex inverter 9935

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view) (one gate only)

A4
10 bld Vee
2 ), -
30 12 A A=E
) :@ @:11
= o
L= [ -
GND 7 q : 8
ELECTRICAL CHARACTERISTICS (VCC = 5V * 5%)
LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min. Max. [Min. Typ. Max [Min. Max.
Vou Output High Voltage 2.5 26 35 2.5 vV |vcc =475V, IoH =-0.18mA

one input at VJI, (see below)

VoL Output Low Voltage 0.45 0.25 0.45 0.45 v Vee =475V, gL =13.3 mA
inputs at VIH (see below)
vec =525V, IpL =15.2mA
all inputs at VR = 5.25V

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ig Input Load Current -1.52 -1.52 -1.52 mA | VcC = 5.25V, Vg =045V
on other inputs VR = 4V

Isc Output Short Circuit Current  |-0.65 -1.33|-0.65 -1.33 [-0.56 -1.33 mA VCC = 5.25V one input grounded,
output grounded

Ipp Power Dissipation Current 4 mA | VCC = 5V inputs open

(each gate)
tpd+ Turn-Off Delay 25 45 100 nsec | VCC = 5V see test circuit
tpd- Turn-On Delay . 10 30 40 nsec | Voc = 5V see test circuit

NOTE : BAY-74 diode must be connected to each gate when testing this element.
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hex inverter 9936

CONNECTION DIAGRAM

(top view)
T
1 bld Vee
z )5
10 (312 A
0 gF
5 O =l
6] =
GND7E @‘;: 8

SCHEMATIC DIAGRAM
(one gate only)

ELECTRICAL CHARACTERISTICS (Voo =5 V + 5%)

STANDARD TEMPERATURE RANGE

LOGIC FUNCTION

LIMITS
SYMBOL CHARACTERISTICS e % 75°C | UNIT | CONDITIONS AND COMMENTS
IMin Max.|Min, Typ. Max.|Min. Max.

VOH Output High Voltage 25 2.6 3.5 2.5 V | Voe =475V, IoH =-0.18 mA
one input at Vyp, (see below)

yoL Output Low Voltage 0.45 0.25 0.45 0.45 v vee =4.75V,  IoL = 13.3 mA
inputs at VIH (see below)
vcC =5.25Y,  IOL = 16.2 mA
all inpute at VR =5.25 V

ViH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Iy Tnput Load Current -1.52 L1 -52 52| wA | Voo =525V, Vp=045V
on other inputs Vg =4V

1p Input Leakage Current 5 5 10| pA Vge = 5.2V, VR =4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33(-0.56 -1.33| mA Ve = 5.25V one input grounded,
output grounded

Ipp Power Dissipation Current 3 4 mA Vg = 5V inputs open

{each gate)
tpdt Turn-Off Delay 25 45 100 nsec | VoC = 5V see test circuit
tpd- Turn-On Delay 10 20 40 nsec | Vog = 5V see test circuit
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quadruple 2-input gate 9946

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view) (one gate only)
TVcc
1.75K 01
4 A
> = =
g [ 14 vee KN 6K
2 ] [
3 ] 2 AO—i¢t— o E é :D_E
4 =Bl
5 ] 10
. , Bo—j¢— 5K POSITIVE E=A-B
[mn o] (NAND)
GKD 7 al LOGIC
NEGATIVE E=A+B
(NOR)
LOGIC
ELECTRICAL CHARACTERISTICS (Vo¢ =5 V £ 5%)
LIMITS
SYMBOL CHARACTERISTICS e %°C 75°C | yNIT | CONDITIONS AND COMMENTS
Min. Max.|Min. Typ. Max.|Min. Max.
VoR Output High Voltage 2.5 26 3.5 2.5 V | Vcc =475V, IoH =-0.18 mA

one input at Vj[, (see below)

voL Output Low Voltage 0.45 0.25 0.45 045 V vee =475V, 1oL = 13.3 mA
inputs at VI (aee below)
Ve =5.25V, 1oL = 15.2 mA
all inputs at VR = 5.25 V

ViH Input High Voltage 2 1.9 1.8 A Guaranteed input high threshold
for all inputs

VIL Input Low Voltage 1.2 11 0.95 v Guaranteed input low threshold
for all inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52| mA Vo =525V, V=045V
on other inputs Vg =4V

Ig Input Leakage Current 5 5 10 upA Vee =525V, Vg=4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33|-0.56 -1.33| mA Ve = 5.25V one input grounded
output grounded

IpD Power Dissipation Current 4 mA Vce = 5V inputs open

{each gate)
tpd + Turn-Off Delay 25 45 100 nsec | Voo = 5V see test circuit
tpd- Turn-On Delay 10 20 40 nsec | Voo =6V see test circuit
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triple 3-input gate 9962

STANDARD TEMPERATURE RANG!

CONNECTION DIAGRAM SCHEMATIC DIAGRAM LOGIC FUNCTION
(top view) {one gate only)
175K0
A
v =
1] (14 v B
c E
303 12 A B %
1 1
10 _—
‘g H 8 POSITIVE E<A-B-C
6 ] [ 9 (NAND)
GND 73 ) s LOGIC
[ [
NEGATIVE E=A+B+C
(NOR)
LOGIC

ELECTRICAL CHARACTERISTICS (Vo =5V £ 5%)

LIMITS
SYMBOL CHARACTERISTICS e wC 75°C | UNIT | CONDITIONS AND COMMENTS
Min.  Max. Min. Typ. Max.|Min. Max.

VOH Output High Voltage 2.5 26 3.5 2.5 \Y Ve =4.75V,  IpH =-0.18 mA
one input at Vyj, (see below)

VOL Output Low Voltage 0.45 0.25 0.45 0.45 Vv Voo =475V,  IgL, = 13.3 mA
inputs at VIH {see below}
Vce = 5.25V, IoL = 15.2 mA
all inputs at VR =5.25'V

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

VL fnput Low Voltage 1.2 1.1 .95 \Y Guaranteed input low threshold
for all inputs

Ig Input Load Current -1.52 -L1 -1.52 -152| mA |Voo =525V, Vp=045V
on other inputs Vg = 4 v

g Input Leakage Current 5 5 10| pA Vee =525V, Vg =4V
ground on other inputs

Isc Output Short Circuit Current  |-0.65 -1.33 |-0.65 -1.33{-0.56 -1.33| mA | Vcg =5.25V one input grounded,
output grounded

tpp Power Dissipation Current 4 mA ) Vo = 5V inputs open

(each gate)
tpd* Tum-Off Delay 25 45 100 nsec | Voo = 5V see test circuit
tpd —J Turmn-On Delay 10 20 40 nsec | Vo = 5V see test circuit

174



dual 4-input extendable buffer 9932

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view) (one gate only)

v1c>c
- =
'g (314 vee KQ [ 85002 1.85KQ °

2 13

LOGIC FUNCTION

A
EXT. 3 . =y} g % E
9 11 EXT. 2.75KQ
(R = 10 [ —
POSITIVE E=A-B-C-D
. (= =] A (NAND)
GND 7 ] - B E LOGIC
NEGATIVE E =A+B+C+D
X O 0 (NOR)
LOGIC
Cc
D
ELECTRICAL CHARACTERISTICS (Ve =5 V + 5%)
LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 75°C UNIT CONDITIONS AND COMMENTS
Min, Max. [Min, Typ. Max.|Min. Max.
\Y Output High Voltage 2.5 26 2.8 2.5 v Vee =475V, 10§ =2 mA e 0°C
ot Lp o & on%ci.nput =-2.5mA @ 25°C
at v, =3 mAe75°C
(see below)
VoL Output Low Voltage 0.45 0.45 0.45 v Voo =4.75V, IoL, = 33.3 mA

inputs at VI (see below) .
VCC = 5.25V, IOL = 38 mA
all inputs at VR =5.25 V

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

VL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold for
all inputs

Ip Input Load Current -1.52 -1.1 -1.52 -1.52( mA Vee =525V, VF =045V
onogiher inputs Vg =4V

IR Input Leakage Current 5 5 10| pA Ve =628V, VR=4V
ground on other inputs

Isc Output Short Circuit Current 15 16 14 mA Vee =5V one input grounded,
output grounded

Ipp Power Dissipation Current 15 mA VCC =5V inputs open

(each gate)
tod+ Turn-Off Delay 25 50 100 nsec | VGG =5V see test circuit
tpd— Turn-On Delay 15 25 50 nsec | VCC =5V see test circuit
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dual 4-input extendable buffer 994+

CONNECTION DIAGRAM

SCHIEEMATIC DIAGRAM

STANDARD TEMPERATURE RAN(

(top view) (one gate only)
Vee LOGIC FUNCTION
—\J A
‘0 1 Vee 1xa 8500 °
[ = 13
EXT.3 O =T 8 @- E
C
= 11 ex 2.75K0) e
Y 2“’ POSITIVE E=A-B-C-D
6 9 O_H_ (NAND)
GND 7 - * E LOGIC
5 o—jd— —
NEGATIVE E = A+B+C+D
L K0 (NOR)
¥ o—f LOGIC
¢ o—id—
6300
0 o—i¢—
ELECTRICAL CHARACTERISTICS (VCC =5V +5%)
LMITS
SYMBOL CHARACTERISTICS ®C 250C 750c | UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max. |Min. Max.
V Output Low Voltage 0.45 0.27 0.45 0.45 v Vv 4.75V, L
OL m([:)uts at V[H (seeq:elow)
vec=5.25V, g, =41 mA
all inputs at VR =525V
VIH Input High Voltage 2 1.9 1.8 \" Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs
IF‘ Input Load Current -1.52 -1.1 -1.52 -1.52| mA VCcC =5.25V, VF =0.45V
on other inputs Vg =4 V
Ig Input Leakage Current 5 5 10 pA Vee =5.25V, VR =4V
ground on other inputs
Icex Output Leakage Current 50 100 200 pA Vee = 4.5V one input grounded,
onﬁput at Voo
Ipp Power Dissipation Current 10 mA Ve =5V inputs open
(each gate)
tod + Turn-Off Delay 15 35 70 nsec Vee =5V see test circuit
tpg~ Turn-On Delay 10 20 45 nsec Vee =5V see test circuit
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dual 4-input extendable buffers 9932~9944

STANDARD TEMPERATURE RANGE

OUTPUT CHARACTERISTICS (TA= 25°C unless otherwise noted)

OUTPUT CURRENT OUTPUT LOW CURRENT
WITH INPUTS LOW (9932) VS SUPPLY VOLTAGE (9932)

17
cc VgL £ 0.4V

>

w
<
o
o
n
w
<

IgyT- OUTPUT CURRENT - mA
4

lg, - OUTPUT LOW CURRENT - mA
8

Nole :
v =0 For DTL 99447
Jt N | Add = AmA

NEN N o L O]

0 1 2 3 4 5 2 3 4 5
Yoy QUTPUT VOLTAGE - V V g- SUPPLY VOLTAGE - V

MISCELLANEOUS APPLICATIONS

Lamp Driving

SUGGESTED RATINGS DIP FLAT DIP pl. 5V<Vpe <6.3V

B+
Power Digsipation 400 mW | 240 mW 300 mW GND A

Max Hot Lamp Current one side only ON | 120 mA 100 mwA 110 mA % DYL 9932 ::I;;fﬁ,;enll-amp'
Max Hot Lamp Current both sides ON 90 mA 75 mA 80 mA or 9944

"Cold” lamp current is limited by saturation resistance, emitter resistance, and base current to about 200 to 250 mA.
Thermal time constant is measured by forward diode drop in one gate with power pulsed into opposite gate.

Interfacing

B + up to 12 volts. Line Receiver may have nominal low
Jevel of 1 volt; nominal threshold & 4 V and nominal high
level 8 V, for example. Resistor selected should be as low R

8+

as possible consistent with required low input level of re- Vee 25V e REEL R
ceiver, number of receivers, and power dissipation of + ‘: OR
system. For guaranteed operation in both applications the % DTL 9944 : t ECEIVER
use of selected units is desirable. Operation as a lamp ooy Twisted Pai
driver requires high gain units, and for interfacing high vol- of;?ﬁﬁ'NV;}sv air
tage units may be required. Environment
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dual 4-input extender 9933

CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

STANDARD TEMPERATURE RANGE

(top view) LOGIC FUNCTION
. S % 9930 or 9932
= =]t A o—ig— —P—o0 | A
1 e E
‘S u 8 o—i¢— ; .
30 [ NODE
1] mpt X & -?.'E-—r—{}'r O v :Ja XorY
5] r: 10 C o—ig— ) —P—o = % 9933
s D) i
o =, oco—e— | t—d—os S
3 ' POS.LOGIC E =A-B-C-D-G-H-I-J
. -
NEG.LOGIC E = A+B+C+D+G+H+I+J
ELECTRICAL CHARACTERISTICS
LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 750 C UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Max. | Min Max.
VED Forward Drop Voltage 0.70 0.90 | 0.66 0.84 | 0.56 0.76 \Z Igp = 2 mA applied to
ougwut, input grounded
IR Reverse Current 5 5 10| pA VR =4V, ground on
other inputs
IR QOutput Reverse Current 25 25 50 HA VR =4V on output
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clocked flip-flops 9945-9948

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM SCHEMATIC DIAGRAM
(top view)

A oy
1 1avee

cp 2 3 13

5) 3] M)

s; 4 i

Cp 5 |:1 1 205p

Q 6] [T39 &

GND 7 ] [ 8
32 12
NOTE: The DTL 995 incorporates the standard K< 2 s | O \ e
output pull-up resistor, while the DTL 9948 features a
2K output pull-up resistor for improved switching 3-5’<ﬂ| T 3Kl
times, thus reducing however the dri ility.
g ver the drive capability 5t - p—oc,
A 4

ot Ho—sc,
4 e - L 4

Note:
DTL 9945 - Ry = 6kQ2
DTL 9948 - R} = 2kQ

LOGIC FUNCTION

Synchronous Entry Asynchronous Entry J - K Mode Truth Table
Inputs Output Inputs Outputs Inputs Outputs
tn th +1 tn th 1
S1 S22 C C Q Cp SD Q Q s1 C1 Q Q
L X L X NC H H NC NC L H L H
L X X L NC H L H L H L H L
X L L X NC L H L H H H [ Qn
X L X L NC L L H H L L Qq Q
L X H H L For J - K Mode Operation:
X L H H L Connected 4 to 9 and 11 to 6.
H H L X H
H H X L H
H H H H Undeter-
mined

NOTES:

1) Abbreviation used in the body of tables:
L = low, the more negative voltage level.
= high, the more positive voltage level (in all cases, unused pins have the same effect as high).
X = immaterial, either H or L has equal effect.
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs state at time ty

2) The L symbol in the S and C input column is defined as meaning that the input does not go high at any time while the clock is high.
The H symbol in the S and C input column is defined as meaning that the input is high at the same time as the clock is high.
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clocked flip-flops 9945-9948

STANDARD TEMPERATURE RANGE

9945 ELECTRICAL CHARACTERISTICS (Vo =5V £ 5%)

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS

Min. Max. |Min. Typ. Max.| Min. Max.

VoH Output High Voltage 2.5 26 3.3 2.5 \ vee =4.75V, IoH = -0.18 mA
VIL (see below) on proper
asynchronous input

VoL Output Low Voltage 0.45 0.25 0.45 0.45 v Vee =475V, oL =16 mA
VCC = 5.25V, I0L, =16 mA

VIH (see below) on proper

asynchronous input

VIH Input High Voltage 2 1.9 1.8 Vv Guaranteed input high threshold
for all inputs

ViL [nput Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ip S & C Inputs Load Current -1 -1 0.95| mA vee =5.25V,  VF =045V
VR =4 V on other inputs

Ipg Sp, Cp Inputs Load Current -2.96 -2.96 -2.85| mA Vee =5.25Y, Vg =045V
VR =4 V on other inputs

IFrcp Clock Input Load Current -2.96 2.96 -2.85| mA Vee =5.25V, VR =0.45V
VIL, on Sp

Ig S, C, Sp. Cp Inputs Leakage 5 5 10| A Vee =525V, VR =4V

Current ground on other inputs

IrcP Clock Input Leakage Current 20 20 30) wA Vee =4V, VR =4V
S and Cpy inputs grounded

Ipp Power Dissipation Current 15 mA vce =5V

Isc Output Short Circuit Current -0.65 -1.33| -0.65 -1.33| 0.56 -1.33| mA Vee = 5.25V high output
grounded

tpd+ Tum-Off Delay 30 90 nsec | Vo =5V see test circuit

tpd— Turn-On Delay 30 90 nsec | Yoc =5V see test circuit

CLOCK PULSE DESCRIPTION

3V_to 5V

ViLcp = IV e 25°C
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clocked flip-flops 9945-9948

9948 ELECTRICAL CHARACTERISTICS (VCC =5V +5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max.|Min. Max.

Vol Output High Voltage 2.5 2.6 3.3 2.5 v vee =4.75V,  Igy =-0.54 mA
VI, (see below) on proper
asynchronous input

VoL Output Low Voltage 0.45 0.25 0.45 045 V Vee =4.75V, IoL =14.6 mA
vee =5.25V, IQoL = 14.6 mA
VIH (see below) on proper
asynchronous input

VIH Input High Voltage 2 1.9 1.8 \Y Guaranteed input high threshold
for all inputs

VI, Input Low Voltage 1.2 1.1 0.95 \Y Guaranteed input low threshold
for all inputs

Ip S & C Inputs Load Current -1 -1 0.95| mA |Vec =5.2V, Vp =045V
on other inputs Vg =4 V

Ipg Cp. Sp Inputs Load Current -2.96 -2.96 -2.85| mA | Vcc =5.25V, VF =0.45V

Ircp Clock Input Load Current -2.38 -2.38 -2.26| mA Vce =5.25V,  VF =0.45V
Vi1, on Sp

Ig S, C, Sp, CD Inputs Leakage 5 5 10| wA | Vec =525V, VR=4V

Current ground on other inputs

Ircp Clock Input Leakage Current 20 20 30| zA Vece =4V, VR=4V
S and Cp inputs grounded

Ipp Power Dissipation Current 175 mA | Vcc =5V

Isc Qutput Short Circuit Current -1.86 -4.41 |-1.86 -4.41 | -1.68 4.20) mA | VCcC =5.25V
high output grounded

tpdt Turn-Off Delay 30 80 nsec | VCC = 5V see test circuit

tpd— Turn-On Delay 30 80 nsec | Vo = 5 V see test circuit

CLOCK PULSE DESCRIPTION : SEE 9945
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dual clocked J-K flip-flops 9093-9094

STANDARD TEMPERATURE RANCGI

NOTE: The DTL 9093 and 9094 are respectively dual DTL 9945 and 9948 flip-flops.

CONNECTION DIAGRAM

(top view)
[ ]
el OHr— ] 53 14 vee
K, 2 13 cp,y
3y 3 a th K,
sp, 4 O [,
q s O [ 10 5D,
q, « O [ 97,
anvo 7 O [ 5 Q,

LOGIC FUNCTION

Asynchronous Entry J-K Mode Truth Table
Input QOutputs Inputs QOutputs

ta +1
410 6(8) 5(9 311y 2012)| 6(8) 5(9

L
H

Qn
Qn

H NC NC L
L H L

CcIT=

[plt==N eali=>]

?‘DL“:‘.
=)

NOTES:

1) Abbreviations used in the bedy of tables:
= low, the more negative vollage level
H = high, the more positive voltage level
(in all cases, unused pins have the same effect as high).
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs state at time tn

2) The L symbol in the J and K input column is defined as meaning
that the input does not go high at any time while the clock is
high.

The H symbol in the J and K input column is defined as meaning
that the input is high at the same time as the clock is high.

SCHEMATIC DIAGRAM 9093/9094 (9093 SHOWN)

v
otC

Vee

ol

v

m

e

Lt
J.
K12

(12
y

Do B

@ a1y !

{13)
Cp
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dual clocked J-K flip-flops 9097-9099

HOTE: The DTL 9097 and 9099 are respectively dual DTL 9948 and 9945 flip-flops.

CONNECTION DIAGRAM

STANDARD TEMPERATURE RANGE

(top view) LOGIC FUNCTION
~ Asynchronous Ent; J-K Mode Truth Table
o 1 El 14 Ve YR vy
k]2 Cu 3 13 Co Inputs Outputs Inputs Outputs
« t t . +1
s e 13 400 |6® 5@ |3aD"2a2|66 5®
Spid E_" () 1
3,5 O =T 10 5 H =H NC NC L H L H
J - H L H L H L H L
q, 6 O —E 9 qQ; L H L H H H Qn Qn
‘ avor O 8 Q, L L H H L L n n
NOTES:

1) Abbreviations used in the body of tables:
L = low, the more negative voltage level
H = high, the more positive voltage level
(in all cases, unused pins have the same effect as high).
NC = no change, the clock pulse has no effect on outputs.
Qn = outputs atate at time tp.

2) The L symbol in the J and K input column is defined as meaning
that the input does not go high at any time while the clock is
high.

The H symbol in the J and K input column is defined as meaning
that the input is high at the same time as the clock is high.

|
SCHEMATIC DIAGRAM 9097/9099 (9097 SHOWN)

Q ﬁl f] _1 ﬂl
® IE (5) ®
h 4 4 h 4
—o5p,;
)
X A x |

A
5o
[ an 2

Cp

[,

an

v Vee Vee Vee

6& ¢ o o @

-
14 —— !

i« Pt i< L g
2 K1 & ¢ K2
[£) @ (Db (12

y y A 4 h 4
l W
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dual clocked J-K flip-flops 9093-909

ELECTRICAL CRARACTERISTICS (VCC =5V +5%)

STANDARD TEMPERATURE RANi

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 750C UNIT CONDITIONS AND COMMENTS
Min. Max. [Min. Max. [ Min. Max.

Vou QOutput High Voltage 2.5 2.6 2.5 v vce =4.75V, IoH =-0.18 mA
VIL (see below) and Vg =4 V on
asynchronous inputs

A Qutput Low Voltage 0.45 0.45 0.451 V Vee =475V, IpL =16 mA

oL VoG =525V, g = 16 mh
ground and VR = on
asynchronous 1nputs

Vi, Input Low Voltage 1.2 1.1 0.95 \% Guaranteed input low threshold
for all inputs

Vi Input High Voltage 2 1.9 1.8 \% Guaranteed input high threshold
for all inputs

Ip Input Load Current J andK Inputs -1 -1 -0.95| mA Vee =5.25V, VR = 0.45V

Ipcp Clock Input Load Current vee =5.25V, VP =0.45V

9093 -2.98 -2.98 2.86| mA VIL (see above) on
9099 -5.96 -5.96 5.72 asynchronous input

Ipg Set Input Load Current -2.23 -2.23 -2.15| mA Vee =5.25V, VR =0.45V
ground on J inputs

Ipg Clear Input Load Current -4.40 -4.40 -4.28! mA Vce =5.25V, Voe =045V
ground on K inputs

Ig Input Leakage Current 5 5 10( wA Ve =525V, VR=4V

J and K Inputs ground on clock

Irg Set Input Leakage Current 5 5 10 wpA Vce =525V, VR=4V
ground on K inputs

Irc Clear Input Leakage Current 10 10 200 pA Vee =525V, VR =4V
ground on J inputs

I Clock Input Leakage Current

RCP | gog3 20 20 30| pA |vVoo=4V, V=4V

9099 40 40 60 ground on J inputs

Isc Output Short Circuit Current -0.65 -1.33| -0.65 -1.33|-0.56 -1.33| mA VCC =5.25V
high output grounded

IPD Power Dissipation Current

9093 30 mA vee =5V
9099 28
tpd+ Tumn-Off Delay 30 90 ngec | Vo =5V see test circuit
tpd— Turn-On Delay 30 90 nsec | Voc =5 V see test circuit
CLOCK PULSE DESCRIPTION:
Vs |
1
| |
| i
IPOWER v !
IPULSE ILCP
| |SENSE

ViLcp =1V e 25°C
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dual clocked J-K flip-flops 9094~9097

ELECTRICAL CHARACTERISTICS (V cc= 5V 1 5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Max. | Min. Max.

VOH Output High Voltage 2.5 2.6 2.5 v VCce =4.75V,  1I0H = 0.54 mA
V1L, (see below) and Vg =4 V
on asynchronous inputs

VoL Output Low Voltage 0.45 0.45 0.45 v Vee =5.25V,  Iop, = 14.6 mA
VGG = 4.75V, 10R7 =146 mA
ground and VR = on
asynchronous inputs

VIH Input High Voltage 2 1.9 1.8 v Guaranteed input high threshold
for all inputs

ViL Input Low Voltage 1.2 1.1 0.95 v Guaranteed input low threshold
for all inputs

Ip Input Load Current J and K Inputs -1 -1 095 mA Vee =5.25VY, VR =045V

IFcp Clock Input Load Current vee =5.25V, VR =0.45V

9094 -2.38 -2.38 -2.20 | mA V]I, (see above) on
9097 -4.76 -4.76 -4.76 asynchronous input
Irg Set Input Load Current -2.23 -2.23 2.15| mA vee =5.25V, VR =0.45V
ground on J inputs
IFc Clear Input Load Current -4.40 -4.40 -4.28) mA Vce =5.25V,  VE =0.45V
ground on K inputs
I Input Leakage Current 5 5 10 pA Ve =5.25V, VR =4V
J and K inputs ground on clock

IrRCP Clock Input Leakage Current
9094 20 20 0] pA vee =4V, VR =4V
9097 40 40 60 ground on J inputs

IRs Set Input Leakage Current 5 5 10 2A Ve =5.25V, Vg =4V
ground on K inputs

Igc Clear Input Leakage Current 10 10 20 rA Vee =5.25V, Vg =4V
ground on J inputs

Isc Output Short Circuit Current -1.86 4.41|-1.86 -4.41 |-1.68 4.20| mA Vee =5.25V
high output grounded

Ipp Power Dissipation Current

9094 35 mA vee =5V
9097 32.4

tdt Turn-Off Delay 30 80 nsec | Voo =5V see test circuit

tod— Turn-On Delay 30 80 nsec | VCC =95 V see test circuit

CLOCK PULSE DESCRIPTION : SEE 9093 - 9099
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monostable multivibrator 9951

CONNECTION DIAGRAM

STANDARD TEMPERATURE RANG!

SCHEMATIC DIAGRAM

(top view)
c 1 R
q Yeo 1‘3'""‘“‘“")( ""“0“"‘_‘5'"—‘—0%(
— \J
. 1 vee z.un[li kTQlI] fn‘f] & [ 2kn XpF 1840 460
9
EIB Kt B! 9k
=l [184n
e, 1
[0 4 — ot
[ 9 2%F Erf; 15pF
‘B 1 o———J il K
3 °—~T 12k0 I 26k0
‘o—je L
L ——
ELECTRICAL CHARACTERISTICS (VCC =5V)
LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT CONDITIONS AND COMMENTS
Min. Max.|Min. Max. |Min. Max.
Y Output High Voltage 3.2 3.2 3.2 V' Voo =59, IgH=0.15 mA
OH Pin 2 grounded, Ezn 9 at VoC
\” Output Low Voltage 0.45 0.45 0.5 \'% Vee =5V.]g1,=14.8mA e 0°C and 25°C
oL C I0L=14 mA e 75°C
when testing Pin 1, ground Pin 10
when testing Pin 6, Vcc on Pin 9
Ig Input Load Current 2.8 2.8 -2.66 | mA Vece =5V, Vg =VoL
VR =4V (see above)
Ig Input Leakage Current 5 5 10 LA Vee =5V, VR =4V
ground on Pin 2
Ipp Power Dissipation Current 10.8 mA Vo =5V inputs grounded,
V¢ on Pin 9
td T Turn-Off Delay (Pin 6) 40 neec: | VCC =5V see test circuit
tod Turn-On Delay (Pin 1) 40 nsec | V=35 V gee test circuit
Py Pulse Width (Pin 1) 90 330 nsec | Voo =5 V see test circuit
Py Pulse Width (Pin 6) 70 270 nsec | Voo =5V see test circuit

186



monostable multivibrator 9951

STANDARD TEMPERATURE RANGE

ULES FOR USE OF DTL 9951

} With Pin 9 connected to V¢ and no external capacitor (C,), the output pulse width is approximately 100 nsec.

)} With Pin 9 connected to V(ég and an external capambor (Cy) connected between Pins 10 and 11, the output pulse
width (T} is: T~6.4 (Cx + 20) with Cy in pF and T in nsec.

») For improved pulse width control, Pin 9 is left open and a stable external resistor (Ry) of 9 k{2 minimum to 15 k{2
meximum is connected from Pin 10 to Voc. The output pulse width is given by the expression: T~ 0.64 Rx (Cx+20)
with R, in kQ, C, in pF and T in nsec.

) The output duty cycle (pulse width/period) should not exceed 40%. It may be increased to 50% by adding a 2k resi-
stor between Pin 11 and V. Higher duty cycles are obtainable but the output pulse width and performance are less
predictable.

) The maximum input fall time to trigger: 15 nsec for a 1V swing; 40 nsec for a 2V swing; 80 nsec for a 4V swing.

') The AC sensitivity of the inputs may be decreased by connecting a capacitor between Pin 5 and ground.

‘) The minimum pulse width at output Pin 1 is approx1mate1y 100 nsec. This pulse width may be decreased to 50 nsec
by connecting a 10 k{2 resistor between Pin 5 and Veo-

TIMING CHARACTERISTICS

OUTPUT PULSEWIDTH YERSUS EXTERNAL NORMALIZED QUTPUT PULSE WIDTH NORMALIZED QUTPUT PULSE WIDTH
TIMING CAPACITANCE Cy VERSUS SUPPLY VOLTAGE VERSUS TEMPERATURE
100 12 1.2
T T 171 T T T T
S5V = Vg =V RV Veg =5V =Yg =V
Vee W - vq 14 L - Vee =Yg = V1 . Rcc= AN 9= V14
A 5 R = 3001 - 3
; CCL =50pF £ | =s0sr E CL= %0pF
i Ta=25C q u 4
.o 3 2
: 2 &
b [
E - [t - 1
: 7 2 — 2 e
1 L1 =
3 % 3 ] E
-1 } 2 2
> Pulse Width / N N
i Pin 2 P 209 2
1 Pulse Width E £
Pin b E 1 E
0.1 0.8 0.8
10 102 103 w0 4 5 3 i 25 50 75
| Cy- EXTERNAL TIMING CAPACITANCE - pF Veg - SUPPLY VOLTAGE - v Ta - AMBIENT TEMPERATURE - oC
NORMALIZED OUTPUT PULSE WIDTH Vs, PIN 6 OUTPUT PULSE WIDTH
TEMPERATURE USING EXTERNAL VERSUS LOAD RESISTANCE (FAN-OUT
TIMING RESISTOR Ry SIMULATION) SWITCHING TIMES vS. TEMPERATURE
1.2 200 - 25
[P AL LA B S B | T T
cc Vep =5V
Z Ry = 10K + 1% Connecled between | | —TCC_ I -
] L pin 10 and Voo 160 aA=25 tog+ Pine| | L LT
w L1 4 g
] R_ =300 g | H
z C, = S0 pF 2 ;
S s 120 C = 200F - 3
= Pin % is open
2 z N ;—f—— Zs .
r a = © pd- Pin 1
3 = 50 i S z —
g a‘ = = T P
w 9 o
N 0.9 =] st "
= 0. o Y
2 © z
=
3 —
ig — Lgay) Pin 1
0.8 [ 5 I
0 25 50 75 0 1 2 3 1 0 25 50 75
A - AMBIENT TEMPERATURE - <C R - LOAD RESISTOR - Xf1 Ta- AMBIENT TEMPERATURE - °C
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diode-transistor logic family DT]

STANDARD TEMPERATURE RAN

SWITCHING TIME TEST CIRCUITS

9930 - 9934 - 9936 - 9946 - 9962 GATES Lpg TEST CIRCUIT

Pulse In

wn
P¥ > 100 nsec

Diodes are BAY 74

WAVEFORMS

TEST CONDITIONS

1.5V
GND
R c
1 Y- e —

i L5V tpt + 39K 30 pF
OWT—"xo = -GN tpd - 40000 50 pF
9935 GATE tpq TEST CIRCUIT
WAVEFORMS
ULSE IN
769935
Vin v v Vg
Vi1 G:; 1= IMHz
C3 ) Cs
pa Tpd- 20pF
Vm1 Vml
Yout
Diodes are BAY 74
TEST CONDITIONS
VmL Vme R Cz (=
15V L3V

tpg * 3.9k 30pF 20pF 5pF
tpg - 400 Q 50 pFF 20 pF  5pF
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diode-transistor logic family D'TL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

9932 - 9944 GATES tpg TEST CIRCUIT

| WAVEFORMS
Yin
1,5V
Test Element GND
l ,____\_ _____
lod+ e
3v ’
1,5v
wa > 100 nsec VOUTi GND
TEST CONDITIONS
| Diodes are BAY 74 R C

9044 g + 5100 20 pF

15001 100 pF
9932 Lo + 5102 500 pF
992 tpg - 15001 500 pF
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diode-transistor logic family DTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS
9945 - 9948 - 9093 - 9094 - 9097 - 9099 FLIP-FLOPS tpg TEST CIRCUIT

Vee

K0 the external J-K conneclion is
valid only for 9945-9948

v

Pulse In VIN % 20pF

Ldb B i Bl
1PW >100 nsec. 1€ PP
VOUT‘L
All diodes BAY 74 or equivalent C
Voo at PIN 14, GND at PIN 7
ce
WAVEFORMS
Vin
TEST CONDITIONS
R C

tat 2KQ 30pF
tpd- 3300 50pF

9951 MONOSTABLE tpd TEST CIRCUIT

WAVEFORMS

Jec

I ViN , k_ L5V

‘ |
lFlN ]

]
i Pulse Widih
Iy + ~——————
Pin 6
Your ! LV )
0 &

y

v Vout ¢ \
Pulse In

Pulse Widih

1 - 1 L 1

3v I | IVDUT z Your!  iein1 | Il
Tl{’w =_ 2100 nsec. Al _diodes BAY 74 or SO0pF !! !!
lr —= ZOM:sZac equivalent I ]! !!

ty = 20 nsec

) 4 y
) 4 {[
-

190



LPDTL INTEGRATED CIRCUITS

191



LPDTL INTEGRATED CIRCUITS

LPDTL E 300 SERIES

Extended temperature range Page 193
Standard temperature range 205
Page
GATES E s.
E 301 196 208
E 302 197 209
E 303 198 210
E 304 199 211
E 305 200 212
E 306 201 213
FLIP-FLOPS g Loge
E 300 202 214
E. = Extended temperature range

Il

Standard temperature range
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LICON PLANAR DIGITAL INTEGRATED CIRCUITS LPD I L

low - power
diode - transistor
logic family

The SGS LPDTL Integrated Circuit Family consists of a set of
compatible, integrated logic circuits specifically designed for low
power, medium speed applications.

EXTENDED TEMPERATURE RANGE, - 56°C + 126°C

o Compatible with DTL and TTL products The circuits are fabricated within a silicon monolithic substrate
o Power dissipation 1 mW per gate using the standard Planar epitaxial process.

o Noise immunity 1V LPDTL elements are available in two hermetically sealed ceramic
® Worst case noise immunity 450 mV packages : the Dual In-Line Package (D) designed for low cost inser-

o Output drive capability of 10 tion, and the 14 lead flat package (F} for maximum density.

o Fan-in expansion capability
o Wired-OR capability
e Same pin configuration as the corresponding

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

DTL and TTL products Supply Voltage {Vcc). continuous 8V
Supply Voltage {Vcc). pulsed, 1 sec. 12v
Storage Temperature Range - 65°C to 150°C
Temperature {Ambient} under bias - 55°C 10 125°C

ORDERING NUMBERS
OPERATING CONDITIONS

E 3XXD2 (for Dual in-Line package, 3XX is type number) Temperature range B85°C to 126°C
E3XXF2 {for flat package, 3XX is type number) Supply voltage {(Vce) 5V + 10 %
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14-pin ceramic DIP Flat ceramic package
66 6.t 5
|T | saze 1.3
1.4.12 08
05
[
5 X X :
o
MINO. 35 1
1312 1) 10 9
20 MAX s 8= @ [~
['e H1 -~ L j
23 456
nonNnnonn —
= m N = o o = £
N — - —_ = = z
©
3 = R _°i
" 3
o L R 19 05 0.15
Note : all dimensions in mm. NOTE - All dimensions in mm,
AARCH 1970
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Low-Power Diode-Transistor Logic LPDT!I

INPUT- OUTPUT LOAD/DRIVE FACTORS

L \J
25 O [ Vee D ¢
0.75 O m EREE N = 11
0,75 [ 075 d 11
25 O —3 2.5 O 1
O =] 4 |
0 O 10 1 O [Jio
eno O a GND O -l
E 300 E 301
NS \
| g [ vee 1 O [ vee
1 O [ 1 E‘ 3 1
O =} (= m
1 g =) = mE
[ = = B 1 O =
o g =y 1 4 ]
GNDI [ o GND d 3 10
E 304 E 305
WIRED "OR"” APPLICATIONS
AT Vo TN,
c—|_/v\l I
ZRESI OR
EEDB PULL-UP
5
1 1
i
= Do
N
ABC+DEF+. L LMN=Z

QOutput drive factor = {10 - 3 n) unit load
{n = No. of resistor pull-ups}

One pull-up resistor is required for every 13 gates
connected to the common “OR” node.

NOTE (Buffer Element}
For applications requiring a fan-out exceeding 10, the SGS DTL 9930 Dual 4 - Input Gate may be used. The DTL 9930 will drive 18 LPDTL un

ioads, while maintaining the same output logic levels as the LPDTL circuits.

GND

EXTENDED TEMPERATURE RAN

o/ ./
] = = =}
[ - = m]
(= =B = apl
g [ 1 g U
[ ! O LJ
= = 0 O3 n}
= =i GNDd 1)
E 302 E 303
\.J
= B vee
= 11
O mip
O -]
O i
[m [ * NOTE
O 8 Wired-OR operation is allowt
only with E301 and E306.
* E 306
—I’%
41D
é 2(9)
(12)
E 301
ABC =D

Qutput drive factor = 10 unit load
7 U.L. with resistor pull
up connected

Either the emitter follower or resistor pull-up mu
ba connected to the output to establish the high
val.

The input of a DTL 9930 requires tha equivalent of 10 LPDTL unit loads. Therefore, a low power circuit can drive only one DT L 9830 input.

1
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Low- Power Diode-Transistor Logic LPDTL

EXTENDEO TEMPERATURE RANGE

ILECTRICAL CHARACTERISTICS

OPERATING YOLTAGE CHARACTERISTICS

WORST CASE QUTPUT LOGIC LEVELS - Vo AND VoL POWER CHARACTERISTICS VCC 5Y
INPUT THRESHOLD LEVELS - .,y AND V) EMITTER FOLLOWER PULL.OP
28 b
Top =0uR CLOCKED FLIP-FLOP (MAXIMUM)
i
2.4 2% Vou MIN.VCC =45V 5 ] _
V,_ APPLIED AT INPUT
2| o v
2 4] 1 — -
D le H CLOCKEE LOP (TYPICAL)
w I ] .
@ RCLED POINTS AT - 55°C, 25¢C v e 3 —
R V) 1554 C ARE GOARANTEED LT VALUES W
2 0 Q
2 M o, |POWER PER GATE GATE “ON” (MAXIMUM
W ——T
0807 =09 ‘_'\‘ [POWER PER GATE GATE "ON” (TYPICAL
V,, MAX @ FAN-OUT = 10 U.L. 0.7 L A A A |
sy SO 595\/ VOUAPPLIEO ';0 INPUTS | [POWER PER GATE GATE “OFF~ (MAXIMUM
08145V £ Ve 235V, Viy POWER PER GATEGATE “OFF~ (TYPICALI
o o 0.25 .
15 5 0 25 75 125 7 B [ 125
- AMBIENT TEMP ERATURE - oC A AMBIENT TEMPERATURE - °C
|
OISE IMMUNITY
HIGH LEVEL NOISE IMMUNITY LOW LEVEL NOISE IMMUNITY
2.4 - v T —— — 0.9
[MINIMUM DC VOLTAGE WARGIN BETWEEN A MINIMUM_DC VOL TAGE MARGIN BETWEEN A
WORST CASE HIGH LOGIC LEVEL ANO AWORST WORST CASE LOW LOGIC LEVEL AND A W
CASE HIGH INPUT 1_1 CASE LOWINPUT THRE-
THRESHOLD —— =& 0.8 [ SHOL .
> — = Vee™ 55V > 08ty - Vo +— <
Von - V g . (S
. oH " ViH | - . Tt~
z o A A)
z v ,J g 7
a ~N
2 1 A __L — R - ng/ ] N
3 7 o T Ve sV = ‘;‘/1,1 NS
u 1 = e R e S
2 e g 7 57 \ N
=12 Dol g
o407 o 1
° - 4.5V E N
> cc j 45V Ve £5.5V
I8 | <
S 08 1< FAN-QUT < 10 o 05
/ EMITTER FOLLOWER
pUL
04 iy 0.4
-75 25 0 25 75 125 -15 225 0 2 75 125
T p- AMBIENT TEMPERATURE - ¢C T, - AMBIENT TEMPERATURE - *C
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Dua! 3-Input Nand Gate E30]

This element consists of two, 3 - input positive logic NAND gates suitable
for general logic gate and inverter applications. The peculiar feature of
this gate is that the output transistor collector and the amitter follower
pull-up ara not internally connected. This allows the user to tie collectors
to a common node for the wired “OR™ logic function.

CONNECTION DIAGRAM

{top view)
\/

EF.1 O [0 v,

2 O =Bt
15x03 O 3 12

4 O [3 1

s O E 10 15K5

[ = 9
GND 7 [ 8 EF.

ELECTRICAL CHARACTERISTICS (Vgc =5V £ 10 %)

EXTENDED TEMPERATURE RANC

SCHEMATIC DIAGRAM
{one gate only)

1@

EE.

LIMITS
SYMBOL CHARACTERISTICS -659C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min. Max.| Min. Typ. Max.|Min. Max.

VOH | Output High Voltage 2.45 2.70 2.50 Y Vee=45V  IgH =-60pA  @-55°C
=60pA @ 25°C
=-100pA @ 125°C

One input at V|| (see below)

VoL | Output Low Voltage 0.2 0.2 0.25 v Vee =565V gL =158mA @ -55°C
=1.60mA ¢ 25°C
=146mA @ 125°C

Inputs at V| {see below)

ViL Input Low Voitage 0.7 0.9 0.7 A\ Guaranteed input low threshold for all

inputs

ViH {nput High Voltaga 2 1.7 1.4 \% Guaranteed input high threshold for ail

inputs
IF Input Load Current -158 -160 -146 pA Vee =55V VE= Vg (seeabove)
on other inputs VR =55V

IR Input Leakage Current 1 1 10 pA Vge =45V VR=45V
Ground on other inputs

Isc Output Short Circuit Current -6.5 -6.5 65 mA Vcec=55V  Inputs and output

-1 28 2 Ve =45V grounded
'pD Power Dissipation Current 390 390 410 pA vee=5V Inputs open
{each gata) 165 165 175 Vee=5V Inputs grounded

tpg + | Turn-off delay 150 nsec | Vec=56V
See test circuit

tpd -~ | Turn-on delay 150 nsec

Note : Pin 1 and Pirs 2 (8 and 9) must be tied together when 1esting this element
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Quadruple 2-Input Nand Gate E 302

EXTENDED TEMPERATURE RANGE

This element consists of four, 2 - input NAND gates with active pull-up.
Its logic function and pin configuration are identical to the DTL 9946,

and TTL T102 gate elements. This element is suitable for general logic, SCHEMATIC DIAGRAM
latches and inverter applications where minimum power consumption is {one gate only)
‘important.
Yee
CONNECTION DIAGRAM
(top view) 40KIL 21KA
7
| 1 g 14Vee
2 3 o= L]
3 d E 12
4 11
0 1 o]
5 g [ 10
o g =y
6no 7 O 8
ELECTRICAL CHARACTERISTICS (Ve =5V + 10%)
| LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max.| Min. Typ. Max.|Min. Max.
VoH | Output High Voltege 2.45 2.70 2.50 v Vee =45V 1oH=-60 pA @ - 55°C
=-60pA @ 25°C

=-100pA @ 125°C
One input at V|| (see below)

VoL | Output Low Voltage 0.2 0.2 0.25 9 Vee=55V  lgL= 1‘,58 mA @-55°C

=1.60mA @ 25°C

l =146mA @ 125°C
inputs at V| (see below)

ViL Input Low Voltage 0.7 09 0,7 \ Guaranteed input low threshold for all
inputs

VIH Input High Voltage 2 1.7 1.4 9 Guaranteed input high threshold for all
inputs

Ig Input Load Current -158 -160 -146 pA Vee=55V Vg = VgL (seeabove)
on other inputs VR =55V

IR Input Leakage Current 1 1 10 pA vVee=45V VR=45V
Ground on other inputs

IsC Output Short Circuit Current 85 85 85] mA |Vcc=55YV  Inputsand output

-1 2.8 2 Vec =45V grounded
IPD Power Dissipation Current 330 390 410 pA Vee=5V Inputs at V|H {see above)
{each gate) 165 165 175 Vce=5V Inputs grounded
tpd + Turn-off delay 0 nsec | VCc=5V

See test circuit
tpd - | Turn-on delay 60 nsec
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Triple

3-Input Nand Gate E 303

This element consists of three, 3 - input NAND gate with active pull-up.
Its logic function and pin configuration are identical to the DTL 8962

and TTL T103 gate elements.

CONNECTION DIAGRAM

(top view)

N4

oponoonn

GND 7

agogugout

ELECTRICAL CHARACTERISTICS (Voe =5V + 10%)

EXTENDED TEMPERATURE RANG

SCHEMATIC DIAGRAM
{one gate only)

[l]aom 21xr*

0 Yec

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max.|Min, Typ. Max.|Min. Max.

VoH | Output High Voltage 245 270 250 v Vec =45V gy =-60pA @-55°C
=-60pA @ 25°C
=.100pA @ 125°C

One input at V|| (see below}

VoL | Output Low Voltage 0.2 0.2 0.25 v Vee =55V Ig =158 pA €-55°C
=1.60mA @ 25°C
=146mA @ 125°C

Inputs at Vi (see below)

ViL Input Low Voltage 07 08 0.7 v Guaranteed input low threshoid for ali

inputs

VIH Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold for all

inputs
IF Input Load Current -158 -160 -146 | pA Ve =55V  VE=VQL lsee above)
on other inputs VR =65V

IR Input Leakage Current 1 1 10 LA Vec=45V  VR=45V
Ground on other inputs

Isc Output Short Circuit Current -85 -85 -8.,5| mA Ve =55V Inputs and output

-1 2.8 -2 Vee =45V grounded
1pp Power Dissipation Current 390 390 410 pA vee=5Vv Inputs open
{each gate) 165 165 175 Vee=5V {inputs grounded

tpg+ | Turn-off delay 100 nsec | Vcc=5V
See test circuit

tpg - | Turn-on delay 60 nsec
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Dual 4-Input Nand Gate With Extender E 304

i

This elerment consists of two 4-input NAND gates with extender input and active pull-up. Its logic EXTENDED TEMPERATURE RANGE
{function and pin configuration are identical to the DTL 9930 gate and the TTL T104 gate. It combi-

nes the advantages of the active pull-ups with the advantages offered by the extender inputs (see

note).
CONNECTION DIAGRAM SCHEMATIC DIAGRAM
{top view) {one gate only}
—0 Ve
——
j]aw 21K
1 1 14
2 O mBH
ExT.3 ] ] 12
1 () 11 ExT
5 q [ 0 ° ¢
[ = 1 s
eNvo7 == ] l
O_K._J.
JELECTRICAL CHARACTERISTICS (Vec=5V+10%) :j]

LIMITS
SYMBOL CHARACTERISTICS - BBoC 25°C 126°C UNIT CONDITIONS AND COMMENTS
Min.  Max.| Min. Typ. Max.|Min, Max.
VoH | Output High Voltage 2.45 2.70 2.50 v Vee =45V IgH = -60pA @- 55°C
=-60uA @ 25°C

| =-100pA 7 126°C

QOne input at V| {see below)

VoL | Output Low Voliage 0.2 0.2 0.25 \ Vee =55V gL =168 mA @ -55°C

=1.60mA € 25°C

‘ =146mA @ 125°C
Inputs at Vi {see below)

ViL Input Low Voltage Q.7 0.9 0,7 \ Guaranteed input low threshold for all
inputs

VIH Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold for all
inputs

Ie Input Load Current -158 160 -146 pA Vee=55V  VE= V(gL (see above)
on other inputs Vg =55V

IR Input Leakage Current 1 1 10 LA Vee=45V vp=45Vv
Ground on other inputs

Isc Output Short Circuit Current -85 -85 -85 mA | Vgc=65V  Inputsand output

-1 2.8 -2 Vee =45V grounded
IPD Powaer Dissipation Current 390 390 4101 pA Vee=56V Inputs open
{each gdte) 165 165 175 Vee=5V Inputs grounded
tpd + Turn-off delay 100 nsec | Vee=58V
tpd - Turn-on delay ao nsec See test circuit

NOTE (INPUT EXTENSION)

The DTL 9933 4 - input extender alement or eguivalent - may be used
to provide additional diode inputs. Any capacitance added to the exten-
der input will increase the turn-on delay of the LPDTL E305 gate.
Typically, the increase is 10 ns/picofarad. Turn - off delay is not af-
fected.

Y Typical input capacitance of the 9933 is
z ED__‘ 2 pF and output capacitance is 5 pF.
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Dual 3-Input Nand Gate With Extender E305

This element consists of two 3 - input positive logic NAND gates with
extender inputs. This element in the family allows the user to implement
logic applications requiring a gate fan - in exceeding three. {See E 304
note).

CONNECTION DIAGRAM

EXTENDED TEMPERATURE RANGE

SCHEMATIC DIAGRAM
{one gate only}

Yee

1K

{top view)
40k 02 zu<x1 15K0
\/
1 [ 14vee 219
15k 2 [ 13
EXT.3 O [ 12
L= =i 1®)
s O] [ 10eExT. o—id—
s O [ 9 15kn o—iq—
GNvo 7 O 8 20KT!
“ Hsm
o——1
ELECTRICAL CHARACTERISTICS (Vcc =5V £+ 10%}
LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max.|Min. Typ. Max.|Min. Max.

VQH | Output High Voltage 2.45 2.70 2.50 v Vee=45V  IgH =60 pA @-55°C
=60 pA @ 25°C
=100 pA@ 125°C

One input at V|| {see below)

VoL | OQutput Low Voltage 0.2 0.2 0.25 A Ve =55V gL =158mA @-55°C
=1.60mA @ 25°C
=146mA @ 125°C

fnputs at V| (see below]

ViL Input Low Voltage 0.7 09 0.7 v Guaranteed input low threshold for ali

inputs

VIH Input High Voltage 2 1.7 1.4 \Y Guarantesd input high threshoid for all

inputs

Ig Input Load Current - 158 -160 -146 PA Vee=55V  VF = V(gL (see above)

on other inputs VR = 5.5V

IR Input Leakage Current 1 1 10 HA Vee=45V  VR=45V

Ground on other inputs
Isc QOutput Short Circuit Current -6.5 -6.5 65| mA Vce=5.5V  Inputs and output
-1 28 -2 Vec =45V grounded
IpD Power Dissipation Current 390 390 410 pA Vee=5V tnputs open
(each gate) 165 165 175 Vee=56V Inputs grounded
tod + | Turn-off delay 150 nsec | Vgec =5V
See test circuit
tpd = | Turn-on delay 150 nsec

200



3 and 4-Input Nand Gate With Extender E 306

EXTENDED TEMPERATURE RANGE

This element consists of one 3 - input, one 4 - input NAND gate with
extander input and bare collector output.

i it also has one puil-up resistor aveilable which may be used for “wired OR"
applications or implementing logic applications requiring interfacing into
different logic levels {for fan-in axtension see E 304 note}.

SCHEMATIC DIAGRAM

CONNECTION DIAGRAM

{top view)
\J 40KQ 15K€) 7500 210 40KQ
1 g [ 14V,
2 ﬂ Rt
EXT.3 ] 12
s O [ 11 exT.
sk s O [ 10 ¢
s B 9 o—ig— +—pt—o
GND 7 =] o—i¢—t +—Pp—o
o0— —Ppt—o
L——o
ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)
| LIMITS
S —
SYMBOL| CHARACTERISTICS -65°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
| Min.  Max.|Min. Typ. Max. |Min. Max.
VoH | Output High Voltage 2.70 270 250 A Vee=45V  IopH=-8B0pA @ -55°C
=_BOpA @ 25°C

=-80pA @ 125°C
Pin 6 {8) and Pin 5 tied together one
input at Vy|_ (see below}

VoL | Output Low Voltage 0.2 0.2 0.25 \ Vec =55V 1oL =158mA @ -55°C
=1.60mA @ 25°C
=1.46 mA € 125°C

inputs at V| {see below}

ViL Input Low Voltage 0.7 09 0.7 v Guaranteed input fow threshold for all
inputs

ViH Input High Voltage 2 1.7 14 A Gueranteed input high threshold for all
inputs

g Input Load Current -158 -160 146  pA Vec=5.5V VE=V(| (see above)
on other inputs VR = 5.5V

IR Input Leakage Current 1 1 101 pA Vec=45V  VR=45V
ground on other inputs

'PD | Power Dissipation Current 300 390 410 pA Vce =5V inputs open

{each gate) 165 165 175 Vce =5V inputs grounded
tpd + | Turn-off delay 400 nsec | vec=5V
tpd - | Turn-on delay 90 See test circuit
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Clocked Fiip-Flop E 300

EXTENOED TEMPERATURE RANG

This element is a directly coupled, master-slave flip-flop suitable for use in counters, shift registers and other storage applications. Either / - S¢
J - K mods operation is possible. Direct sat and clear inputs are provided which override all other data inputs.

CONNECTION DIAGRAM

SCHEMATIC DIAGRAM

{top view)
B sk [ J22k0 | fixe | J1ska
CP 1 [ 1 Yee RES. RE
¢, 2 O wIRELN
¢, 3 O =) 125, Q a
Vi
[/ I B ’—: 115p
15k [ ) 10 15K 24x40 zsxu!! Yy ,zn' 24ki1
N ] 93 »—H—J
eND7 [ 3 y !k
[ ‘o
Vee 2K5 )_.‘u_“j_. Ve
ank 2K () A0K0)
For flat package pin 8 (unconnected) I
is missing from package. | 1ok 180
’ "1 T 57
c ¢ » \— > s
1 ™ B gl L] Lt} 1

TRUTH TABLE

Synchronous Entry Truth Tables

Asynchronous Entry

R - S Mode Operation J - K Mode Operation Truth Table
INPUTS @ 1 OUTPUTS @ ty + 1 INPUTS @ tp OUTPUTS 2 th+1 INPUTS OUTPUTS
S1 Sy Cq Cy Q a S1 Cq Q a Sp Cp Q o}
13 12 2 3 6 9 13 2 6 9 11 4 6 9
L X L X NC NC L L NC NC H H NC NC
L X X L NC NC L H L H H L L
X L L X NC NC H L H L L H H
X L X L NC NC H H TOGGLES L L H
L X H H L H Symbols
X L H H L H H - Most positive logic Jevel
H H L X H L L - Most negstive logic level
H H X L H L X - Either H or L can be present
H H H H AMBIGUOUS NC- No change in state
NOTES :

1) For J - K mode operation connect Pin 6 to Pin 3and Pin9 to 12.
2) Asynchronous entries override alt synchronous entries.
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Clocked Flip-Flop E 300

ELECTRICAL CHARACTERISTICS (Vcc=5V+10%)

EXTENDED TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max. |Min. Typ. Max.|Min. Max
VoH | Output High Voltage 245 270 2.50 v Vee =45V lpH=-60pA @-55°C
=-B0pA @ 25°C
=-100pA @ 125°C
VLS (see below} and V= 4.5V on proper
asynchronous inputs
VoL | Output Low Voltage 0.2 0.2 0.26 \2 Vee=565V  lgL=158mA ¢ -55°C
1.60 mA @ 25°C
=1.46mA @ 128°C
V=55Vand V=-0.5Von proper
asynchronous inputs
ViL Input Low Voltage 0.7 09 0.7 v Guaranteed input low threshold for
synchronous inputs
VILS | Input Low Voliage 0.7 0.6 0.4 v Guaranteed input low threshold for
asynchronous inputs
VIH Input High Voltage 2 1.7 1.4 \ Guaranteed input high threshold for
synchronous inputs
IF input Load Current Cand S 19 -120 -0 [ pA VeCc=55V Vg = VoL (see above
Inputs 5.5V on clock and other input
IF Input Load Current -395 -400 -365 A Vee=55V Vg = VoL (see above)
Cpand Sp inputs ground on clock and other asynchronous
D input
IF Input Load Current Clock Input -395 -400 -365 pA Vee =55V VE=VoL (se8 above)
VLS on one asynchronous input
5.5 V on all other inputs
IR Input Leakage Current 1 1 10| pA Vecc=45V VR=45V
Cand S Inputs ground on other input and clock
I Input Leakage Current 1 1 10} pA Vec=45V - vR= 45V on )
Cp and Sp !nputs asynchronous inputs, ground on other inputs
IR Input Leakage Current Clock 15 15 25 PA Vcec=55V  VR=45Vone .
{nput asynchronous input open all other inputs
grounded
I1sC Qutput Short Circuit Current -9 -9 -9 mA Ve =55V oneasynchronous input
0.9 2.8 -2 Vecc =45V grounded
IpD Power Dissipation Current 1.10 1.10 1.35 mA vee=5Vv one asynchronous input
grounded
tpd + | Turn-off delay 100 nsec | Vec=56v
tpd ~ | Turn-on delay 250 nsec | See test circuit
CP-D I
ESCRIPTION P
—_ . GND
~ 100us

203




Low-Power Diode -Transistor Logic LPDTL

EXTENDED TEMPERATURE RANGE

GATES : SWITCHING TIME CHARACTERISTICS

tpd TE IRCUIT .
pd TEST CIR Vin Vout cc
RL
PULSE h e
[GENERATOR "
LPOTL ¢ ¢, ¥
we It I
All diodes are BAY-71
Freq. > 1 MHz
Pulse width = 500 nsec.
Rise time < 50 nsec.
Fall ume < 50 nsec.
Ampl. = 4V  25%
TEST CONDITIONS WAVEFORM
AL . v ’
Tast vee RL E3060nly CpL measure ‘
.
thd + 5V o) ® 50 pF 13V | VMEAS
GND REF
ipd - 5V 39K 28 K1 50 pF 1.3v

* Includes all probe and test jig capacitance
** Pin 5 connected To 6 (8}

FLIP-FLOP : SWITCHING TIME CHARACTERISTICS

tpd TEST CIRCUIT 1
CL
s
PULSE
GENERATOR
ycc
Vout
R
lpd ~ L
Freq. = 500 KHz
Pulse Width = 1 ,.sec. ¢ £ lod-
Rise Time < 50 nsec..
Fall Time < 50 nsec. All diodes are BAY-71
Ampl. = AV :25%
TEST CONDITIONS WAVEFORM
Vin
A\ N\
Test vee RL CL" measure VHMEAY _ .
GND REF. /
tpd+
tpd + 5V © 50 pF 1.3V Vous
!
tpd - 5V 39K 0| 50pF 1.3V VMEASy ~—— - - —

* includes all probe and test jig capacitance
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BILICON PLANAR DIGITAL INTEGRATED CIRCUITS L P D I L

low - power
diode - transistor
STANDARD TEMPERATURE RANGE - 20°C + 100°C Iogic family

The SGS LPDTL Integrated Circuit Family consists of a set of
compatible, integrated logic circuits specifically designed for low
power, medium speed applications.

The circuits are fabricated within a silicon monolithic substrate
using the standard Plapar epitaxial process.

@ Compatible with DTL and TTL products
@ Power dissipation 1 mW per gate

o Noise immunity 1V LPDTL elements are available in two hermetically sealed ceramic

o Worst case noise immunity 460 mV packages : the Dual In-Line Package (D) designed for low cost inser-

@ Qutput drive capability of 10 tion, and the 14 leads flat package (F) for maximum density.

e Fan-in expansion capability

o Wired-OR capability ABSOLUTE MAXIMUM RATINGS

@ Same pin configuration as the corresponding {above which the useful Jife may be impaired)

DTL and TTL products Supply Voltage {VcC). continuous 8V

Supply Voltage (VCC), pulsed, 1 sec. 12v
Storage Temperature Range - 65°C 10 150°C
Temperature (Ambient) under bias -550C 10 125°C

DERING NUMBERS
oR OPERATING CONDITIONS

E3XXD7 (for Dual in-Line package, 3XX is Type number} Temperature range - 20°C to 100°C
E3XXF7 (for Flat package. 3XX is Type number) Supply voltage (Vcc) 5V + 10 7

PHYSICAL DIMENSIONS
14-pin ceramic DIP
5 PHYSICAL DIMENSIONS
j | ] FT PACIAGE
| T0P WiW 05
u
" [ =
12 == "u=:‘
——E npF— 5¢
4;]% s 1 =
> 04 15 MIN “ } : .:=.4—]”
MINO.S 35 ﬁ_: o
20 MAX T £ 1
L. L.t}
1%
alinlinlnluls! 8 !
5 N 22 ¢ T
> o0
s = 5 1]
~| =
o~
s -~ & e w w e~
OO goOooOoo Note: AL dmensons w mm.
Note : all dimensions in mm,
MARCH 1970
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Low-Power Diode-Transistor Logic LPDTI

STANDARD TEMPERATURE RAN(

INPUT- OUTPUT LOAD/DRIVE FACTORS

A4 A4 4 /S
25 O M Vee l’_‘l [ vee = [ Voo = v
015 O = R mf ! d"J_ ! ' EE: l
075 O 05 O mp U = - o [ 1
25 ] [ 25 (. [ lq 310 1 g =
O = 1 g m] O l wil ! d P 1
10[:‘ [ w0 1 O [0 xoq wi = wil
oo O GND O F GND d 10 GNDd [ 0
E 300 " E 301 E 302 E 303
= A A
g B vee o [3 vec v O - Vee
.1 0 =iy [ 1 1 O [
O =Ryl [ ! O |
i = -] g ! 1 O ]
1 3 [ 1 i ] lé [0
0 O E 1 1 »] 8 win * NOTE ;
GNDd " oo O 0 onp O H s Wired-QR operation is allowed
only with E301 and E306.
E 304 E 305 * E 306
WIRED "OR"” APPLICATIONS
f—— ) - z
¢ ———|_1“\L p
ZRESI OR
EEDQMP_
£
1
p— . Yo--——— —J
N
ABC =D
ABC+DEF 4.l LMN=2Z
Qutput drive factor = 10 unit load
QOutput drive factor = (10 - 3 n} unit load = 7 U.L. with resistor pull-
(n = No. of resistor puti-ups) up connected
One pull-up resistor is required for every 13 gates Either the emitter follower or resistor puil-up must
connected to the common “OR” node. be connected to the output to establish the high le-

vel,
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Low-Power Diode -Transistor Logic Family LPDTL

ST." NDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS

OPERATING YOLTAGE CHARACTERISTICS
QUTPUT LOGIC LEVELS- Vg, AND VOL

WORST CASE POWER CHARACTERISTICS Ve 5V
INPUT THRESHDLD LEVELS- V), AND V| EMITTER FOLLOWER PULL-UP
3.2 T T ° T T T T—T
[T v CLOCKED FLIP-ELOP (MAXIMUM) | |
Ly = 604 [ Y i
27 “~+~ ;
2.4 /H/ =Y
| Von N = Veg iV 751
N V| APPLIED AT INPUT . [l
S S} z CLOCKED FLIP-FLOP (TYPICAL) |
g 1o 1] = T g’
&
= CIRCLED POINTS AT -20-C T % S
3 25°C AND 100°C ARE G o
2 TEED LIMIT VhuEs 2|__|POWER PER GATE “ON~ (MAX(MUM)
I
o8| |V 0.7 POWER PER GATE "ON" (TYPICAL)
— 0.9 - T
0.7(Vg MAX FAN-OUT - 10U.L. L —pQWER PER GATE “OFF* (MAXIMUM)_
4.5V i ;. ©5.5V v, APPLIED TO INPUTS 1 —T 1
: ot POWER PER GATE “OFF7 (TYPICAL
ofodl T Jool T 1T 1 1 T 8o ol_I CEEORTE TS
20 0 20 a0 e0 80 10 200 0 20 40 60 80 100
Ty - AMBIENT TEMPERATURE - <C T, AMBIENT TEMPERATURE - =C

NOISE IMMUNITY

HIGH LEYEL ROISE IMMUNITY LOW LEVEL NOISE IMMUNITY
0.9

> [~
. N
= z
g 2 -
3 3 ~ ~
W w N <
(&) (&)
2 2 N
= -}
g L— Qe ~
. F LA MINIMUM DC VOL TAGE
< o8 MARGIN BETWEEN A g
e 7| | WORST CASE HIGH LOGIC| . ;\NI..UM DC VOLTAGE MARGIN BETWEEN |
LEVEL AND A WORST A WORST CASE LOW LEVEL AND A wons
T CASE HIGH INFUT THRE- CASE LOW INPUT THRESHOLD vlL
o SHOLD Vo, - Vi oal L LI L[ | |1
20 0 3] 0 60 80 100 200 0 20 0 b0 ao 100
T, - AMBIENT TEMPERATURE - :C T - AMBIENT TEMPERATURE - °C
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Dual 3-Input Nand Gate E 30!

This element consists of two, 3 - input pasitive logic NAND gates suitable
for general logic gate and inverter applications. The peculiar feature of
this gate is that the output transistor collector and the emitter follower
pull-up are not internally connected. This allows the user to tie collectors
to a common node for the wired "OR"” logic function.

CONNECTION DIAGRAM

STANDARD TEMPERATURE RANG

SCHEMATIC DIAGRAM
{one gate only)

T’cc

{top view)
—
EF.1 [ [ 1evee
2 O [1 13
1)
ks O 3 12
4 O [ n
5 E' [ 10 15¢0
s O ]
Gvo 7 O ) BEF.
ELECTRICAL CHARACTERISTICS (Vcc =5V + 10%)
LIMITS
SYMBOL CHARACTERISTICS -20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min.  Max.|Min. Typ. Max.|Min. Max.

VoH | Output High Voltage 2.45 27 25 v Vec=45V  IoH =-60pA € -20°C
=-60pA @ 28°C
=-100pA @ 100°C

One input at V)| (see below)

VoL | Output Low Voitage 0.2 0.2 0.25 \2 Vee=5BV lgL= t.6mA ¢ -20°C
= 1.6mA @ 25°C
= 15mA @ 100°C

Inputs at Vi (see below)

ViL Input Low Voltage 0.7 0.9 0.7 A\ Guaranteed input low threshold for all

inputs

VIH {nput High Voltage 2 1.7 1.4 v Guaranteed input high threshold for all

inputs

IF {nput Load Current -160 -160 180  pA Vee=55V  VE= VgL (see above)

on other inputs VR =55 V
r laput Leakage Current 1 1 10 HA vee =45V VR=45V
Ground on other inputs
Isc Output Short Circuit Current -6.5 -6.5 65| mA Vee =55V Inputs and output
-1 -2.2 -1.95 Ve =45V  grounded
IpD Power Dissipation Current 390 390 4101 pA vee=5V Inputs at V| {ses above)
{each gate) 165 165 175 vee=5V Inputs grounded
tpd + | Turn-off delay 150 nsec | Vee=5V
See test circuit
tpd - | Turn-on delay 150 nsec

Note : Pin 1 and Pin 2 {8 and 9) must be tied together when testing this element
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Quadruple 2-Input Nand Gate E 302

STANDARD TEMPERATURE RANGE

This element consists of four, 2 - input NAND gates with active pull-up.
Its logic function and pin configuration are identical 1o the DTL 9946,
and TTL T102 gate elements. This element is suitable for general logic,
latches and inverter applications where minimum power consumption is

SCHEMATIC DIAGRAM
{one gate only}

important.
—0 Ve
CONNECTION DIAGRAM
(top view) KD 21K 7500
A

1 a [ 1ave

2 3 [ 13

3 O 3 1

LI I n 1

L = [ 1

[y = =

K0
GND 7 [ 8 -\{Bm
ELECTRICAL CHARACTERISTICS (Vcc =5V +10%)
LIMITS
SYMBOL CHARACTERISTICS -20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min Max.[Min, Typ. Max.|Min. Max.

VoH | Output High Voltage 245 270 250 Y Vec =45V loH=-60pA @-20°C
=-60pA @ 25°C
=-100 pA @100°C

One input at V|| (see below)

VoL | Output Low Voltage 02 0.2 0.25 Vv Vee=55V gL = 1.6mA @ -20°C
= 1.6mA @ 25°C
= 15mA @100°C

Inputs at V|H (see below)

ViL Input Low Voltage Q.7 0.9 0.7 \2 Guaranteed input low threshold for all

inputs

VIiH Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold for ali

inputs

IE Input Load Current -160 -160 -150 pA Vec =55V VE =V lsee above)

on other inputs Vg =55V

IR Input Leakage Current 1 1 10 pA Vcc =45V VR=45V

Ground on other inputs
Isc Output Short Circuit Current -85 8.5 85| mA | Vcc=5.5V Inputsand output
-t 22 -1.95 Ve =45V  grounded
1pD Power Dissipation Current 330 390 410| pA Vee=5V Inputs at V|H (see above)
{each gate} 165 165 175 vee=5V Inputs grounded
tpd + | Turn-off delay 90 nsec | V=5V
Seetest circuit
tpd - | Turnson defay 60 nsec
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Triple 3-Input Nand Gate E303

This element consists of three, 3 - input NAND gate with active pull-up.
Its togic function and pin configuration are identical to the DTL 9962
and TTL T103 gate slements.

CONNECTION DIAGRAM

(top view)

A4

nnnralnnn

GND 7

ugobuoutdu

‘cc

ELECTRICAL CHARACTERISTICS (Ve =5V + 10%)

STANDARD TEMPERATURE RANGE

SCHEMATIC DIAGRAM
{one gate only)

K3 zn<;1

0 Ve

LIMITS
SYMBOL CHARACTERISTICS -20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min Max.| Min. Typ. Max.|Min. Max

VOH | Output High Voltage 2.45 2.7 25 \% Vee=45V  IgH=-60pA @ -20°C
=60pA @ 25°C
=-100pA €100°C

One input at V|| (see below)

VoL | Output Low Voltage 0.2 0.2 0.25 \4 Ve =55V IgL= 1.6 mA @ -20°C
= 16mA @ 25°C
= 1.5mA @ 100°C

inputs at Vi (see below)

ViL Input Low Voltage 07 0.9 0.7 \4 Guaranteed input low threshold for all

inputs

ViH Input High Voltage 2 1.7 1.4 A Guaranteed input high threshold for all

inputs

Ie Input Load Current -160 -160 -160 pPA Vee =565V VE= V(gL (see above}

on other inputs Vg = 565V

IR Input Leakage Current 1 1 10 MA Vee=45V  VR=45V

Ground on other inputs
isc Output Short Circuit Current 3.5 -8.5 -85| mA Vec =55V Inputsand output
-1 2.2 -1.95 Vec =45V grounded
IpD Power Dissipation Current 390 330 410| pA vee=5V Inputs at V| {see above)
{each gate) 165 165 175 vee=56V Inputs grounded
tpg + | Turn-off delay 100 nsec Ve =5V
See test circuit
tpg - | Turn-on delay 60 nsec
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Dual 4-Input Nand Gate With Extender E 304

This element consists of two 4-input NAND gates with extender input and active pull-up. Its logic
function and pin configuration are identical to the DTL 9930 gate and the TTL T104 gate. I't combi-
nes the advantages of the active puli-ups, with the advantages offered by the extender inputs (see

STANOARD TEMPERATURE RANGE

note).
CONNECTION DIAGRAM SCHEMATIC DIAGRAM
{top view) {one gate oniy)
0 Vee
A4
PR ] 1 Vee
2 O [ 13
ExT.3 [ 12
. 3 nexT.
5 (3 10 o—tg—
[ = ]
o—id—
ooy [ s
o—id—
o4
ELECTRICAL CHARACTERISTICS {(Vcc =5V +10%) o— |
LIMITS
SYMBOL CHARACTERISTICS -20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min. Max.|Min. Typ. Max.|Min. Max.

VoH | Output High Voltage 2.45 2.7 25 Y] Ve =45V lgH=-60pA @ .200C
=.680pA @ 25°C
=-100uA @ 100°C

| One input at V||_ (see below}

VoL | Output Low Voltage 0.2 0.2 0.26 v Vee =55V IgL=1.6mA @ -20°C
=1.6mA 25°C
=15mA @ 100°C

Inputs at Vi (see below}

ViL Input Low Voltage 0.7 0.9 0,7 \% Guaranteed input low threshold for all

inputs

VIH Input High Voltage 2 1.7 14 A Guaranteed input high threshold for all

inputs
[ Ig Input Load Current -160 -160 -150 PA VCC=55V  VE = VgL (see above)
on other inputs Vg =55V

IR Input Leakage Current 1 1 10 PA Ve =45V VR=45V

Ground on other inputs
Isc Output Short Circuit Current -85 -85 -85 mA Vee =55V  Inputsand output
-1 2.2 -1.95 Vec =45V grounded
IPD Power Dissipation Current 390 390 410| pA Vee=5V Inputs at ViH (see above}
(each gate} 165 165 175 vVee =5V Inputs grounded
tpd + | Turn-off delay 100 nsec | Vcc=5V
tpd - | Turn-on delay 90 nsec See test circuit

NOTE {INPUT EXTENSION)

The DTL 9933 4 - input extender element or equivalent - may be used
to provide additional diode inputs. Any capacitance added to the exten-
der input will increase the turn-on delay of the LPDTL E305 gate.
Typically, the increase is 10 ns/picofarad. Turn - off delay is not af-
fected.

21

Typical input capacitance of the 9933 is
2 pF and output capacitance is 5 pF.




Dual 3-Input Nand Gate With Extender E305

This element consists of two 3 - input positive logic NAND gates with
extender inputs. This element in the family allows the user to implement

logic applications requiring a gate fan -

note).

CONNECTION DIAGRAM

{top view)

o
1O =]
1sxn 2 O [
exT.3 O [
4 O ]
5 O -]
s O -

GND 7 O

in exceeding three. (See E 304

10 EXT.

9 15K

ELECTRICAL CHARACTERISTICS (Vcc =5V + 10%)

STANDARD TEMPERATURE RANGE

SCHEMATIC DIAGRAM
{one gete only}

13

LIMITS
SYMBOL CHARACTERISTICS 20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min.  Max.|Min. Typ. Max.|Min. Mex.

VOH | Output High Volitage 2.45 27 25 \ Vee=45V  lgH=- 60pA @ -20°C
=- B0pA @ 25°C
=-1Q0pA @ 100°C

One input at V|| (see below)

Vou | Output Low Voltage 0.2 0.2 0.25 A Vee =55V  lgL= 1.6 mA @ -20°C
= 1.6mA @ 25°C
= 1.5mA @ 100°C

Inputs at Vi (see below)

ViL Input Low Voitage 0.7 09 0.7 v Guaranteed input low threshold for all

inputs

ViH input High Voltage 2 17 1.4 A\ Guaranteed input high threshold for all

inputs

IF Input Load Current -160 -160 -150 pA V=55V  VE = VQL (see above)

on other inputs VR =55V

iR Input Leakage Current 1 1 10 PA vee=45V  VR=45V

Ground on other inputs
1sC Output Short Circuit Current -65 6.5 65| mA Vge =55V Inputs and putput
1 2.2 1.95 vVee =45V grounded
IPD Power Dissipation Current 390 390 410]  pA vce=5Vv Inputs at V| (see above)
{each gate) 165 165 175 vee=5hV Inputs grounded
tpd + | Turn-otf delay 150 nsec | Vcc=5V
Saa test circuit
tpd - | Turn-on delay 150 nsec
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3 and 4-Input Nand Gate With Extender E 306

STANDARD TEMPERATURE RANGE

This element consists of one 3 - input, one 4 - input NAND gate with
extender input and bare coilector output.

It also has one pull-up resistor available which may be used for "wired OR"
applications or implementing logic applications requiring interfacing into
differant logic levels (for fan-in extension see E 304 note}.

SCHEMATIC DIAGRAM

cc
CONNECTION DIAGRAM
(top view)
A4 15K0 7500 2K0 ﬂ] 40K0
1 O 14vee
2 13 5
EXT.3 [ ) 12
3 O [ 11 EXT 0 é:,
6 p—o
1skn 5 O [ 10
= wikl —P—o
6N 7 O B 40K ]
15K »
|
L—o
ELECTRICAL CHARACTERISTICS (Voc =5V +10%)
LIMITS
| SYMBOL CHARACTERISTICS -20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min.  Max.| Min, Typ. Max. [Min. Max.
VOH | Output High Voltage 27 27 25 \ Veec=45V  lpy=-80pA @-20°C
=-80pA @ 26°C
=_80pA @100°C

Pin 6 (8) and Pin 5 tied together one
input at V|| (see balow)

VoL | Output Low Voltage 02 0.2 0.25 \ Veec=55V loL= 1.6mA @ -20°C
= 16mA @ 25°C
= 1.5mA @ 100°C

inputs at Vi (see below)

ViL Input Low Voltage 0.7 0.9 0.7 A\ Guaranteed input low threshold for all

inputs

VIH Input High Voltage 2 1.7 14 A\ Guaranteed input high threshold for all

inputs

Ig Input Load Current -160 -160 -150|  pA Vee =55V VE =V (see above)

on other inputs Vg =5.5V
R Input Leakage Current 1 1 0] A [Veec=45V  VR=45V
ground on other inputs
IPD | Power Dissipation Current 390 390 410| pA  |VeC=5V inputsat V|H (see above)
{each gata) 165 165 175 Ve =5V inputs grounded
tpd + | Turn-off delay 400 nsec | vec=5V
tpd = | Turn-on delay 90 See test circuit
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Clocked Flip-Flop E 300

STANDARD TEMPERATURE RANGE

This element is a directly coupled, master-siave flip-flop suitable for use in countars, shift registers and other storage applications. Either R - S or
J - K mode operation is possible. Direct set and ciear inputs are provided which override all other data inputs.

CONNECTION DIAGRAM

(top view)

nnangnan.ao

oo atu

TR
135
125,
11sp
10 15k

9Q
8

For flat package,pin 8 {unconnected)

is missing from package.

TRUTH TABLE

SCHEMATIC DIAGRAM

vic

lsKnl KA | zzm| 56K41 56k | | 220 | ke | [15k01

[‘l.,m 2411

H ;-—K—{
) 4 ) 4

0 S0

Vee szu K ) & Veo

a0k @ﬂ az_xg 2K 0 | KN

o

P

16K 16K.2

C; o M r ¢ —pt—es,;
oL 1l
al Ldl al

¢ ¢ P ¢ >t 5

Synchronous Entry Truth Tables Asynchronous Entry
R - S Mode Operation J - K Mode QOperation Truth Table

INPUTS @ 1 QUTPUTS 2 tn + 1 INPUTS @ tpy QUTPUTS @ tp+ 1 INPUTS QUTPUTS
S1 S2 C1 Ca Q a $1 Cy Q a Sp [ofs) Q o]
13 12 2 3 6 9 13 2 6 9 1 4 6 9
L X L X NC NC L L NC NC H H NC NC
L X X L NC NC L H L H H L L
X L L X NC NC H L H L L H H L
X L X L NC NC H H TOGGLES L L H
L X H H L H Symbols
X L H H L H H - Most positive logic tevel
H H L X H L L - Most negative logic level
H H X L H L X - Either H or L can be prasent
H H H H| AMBIGUOUS NC- No change in state

NOTES :

1} For J - K mode operation connect Pin 6 1o Pin 3and Pin 910 12.
2} Asynchronous entries override all synchronous entries.
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Clocked Flip-Flop E300

ELECTRICAL CHARACTERISTICS (Vcc =5V + 10 %)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL| CHARACTERISTICS -20°C 25°C 100°C UNIT CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max.|Min. Max.

VOH | Output High Voltage 2.45 270 250 v Vec=45V  IgH=-60pA @-55°C
=-60pA @ 25°C
=-100pA @ 125°C

ViLs (see below) and V = 4.5V on proper
asynchronous inputs

VoL | Output Low Voltage 0.2 0.2 0.25 Vv Vee=55V lgL=16 mA € 55°C
= 1.6 mA @ 25°C
=15 mA @ 125°C

V=55VandV =-0.5V on proper
asynchronous inputs

ViL Input Low Voltage 0.7 09 0.7 A\ Guaranteed input low threshold for

asynchronous inputs

ViLS | Input Low Voltage Q.7 0.6 0.4 v Guaranteed input low threshold for

asynchronous inputs

VIH Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold for

asynchronous inputs

I Input Load Current Cand S 119 120 10 [ pA VeCc =55V VF = VgL (see above)

Inputs 5.5 V on clock and other input
IF Input Load Currant -395 -400 -365 pA Vee =55V VF = VoL (see above)
Cpand Sp Inputs ground on clock and other asynchronous
input
IF Input L.oad Current Clock input -395 4400 -365 | pA Vec =58V VF = VoL (see above)
VLS on one asynchronous input
5.5 V on all other inputs
Ir Input Leakage Current 1 1 10 pA Vec=45V VR=45V
Cand S Inputs ground qQn other input and clock

n Input Leakage Current 1 1 10| pA Vee=45V  VR=45Von )

Cp and Sp 'nputs asynchronous inputs, ground on other inputs

IR Input Leakage Current Clock 15 15 25| pA Vec=55V  VR=45Vone

Input asynchronous input open,all other inputs
grounded

Isc Output Short Circuit Current -9 -9 -8 mA Vee =55V onaasynchronous input

0.9 -2 -1.75 Vcc=4.5V  and output grounded

IPD Power Dissipation Current 1.10 1.10 1.3 mA Vee =5V one asynchronous input

grounded

tpd + | Turn-off delay 100 nsec | Veg =56V

tpd - Turn-on delay 250 nsec See test circuit

CP - DESCRIPTION
> 2V
GND
~ 100pus
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Low-Power Diode-Transistor Logic LPDTL

GATES : SWITCHING TIME CHARACTERISTICS

STANDARD TEMPERATURE RANGE

tpd TEST CIRCUIT Vin Vour vee
RL
PULSE - tods
ENERATOR -
ke oEe o g
All diodes are BAY-71
Freq. > 1 MHz
Pulse width 500 nscr.
Rise lme < 50 nsec.
Fall ime < 50 nsec
Ampl. = 4V + 255
TEST CONDITIONS WAVEFORM
5 v \ v Vout
L .
Test vee RL | g3060nly CL measure
tpd + 5V w o) 50 pF | 1.3v | VMEAS
GND REF
tpd - 5V 39K 28 KQ 50 pF 1.3V
+ 1pd-
* ineludes all probe and test jig capacitance
** Pin 5 connected To 6/(8)
FLIP-FLOP : SWITCHING TIME CHARACTERISTICS
tod TEST CIRCUIT J-
T«
PULSE T
GENERATOR
| Jee
Vout
R
-E? ipd « L
P
Freq, = 500 KHz
Putse Width = 1 usec. ¢ L e
Rise Time < 50 nsec.. =

Fall Time < 50 nsec.
Ampl. = 4V : 25%

TEST CONDITIONS
Test vee RL CL* mea\s/ure
tpd + 5V [eo] 50 pF 1.3v
tpd - 5V 39K Q 50 pF 1.3v

* includes all probe and test jig capacitance

V MEA!
GND REF,

i

|
v MEASY

—

All diodes are BAY-7]

WAVEFORM
Y

N7

Tod+ -
Yoyt

-
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| TTL INTEGRATED CIRCUITS
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TTL INTEGRATED CIRCUITS

TTL T 100 SERIES Page
Extended temperature range 219
Standard temperature range 247
Page

GATES E s.
T102 222 250
T 103 222 250
T104 222 250
T105 228 255
T106 228 255
T107 222 250
T 108 228 255
T109 226 254
T112 224 251
T115 228 255
T116 222 250
T122 231 253
FLIP-FLOPS Page

i E S.
T 100 232 257
T101 232 257
T110 — 263
T120 237 260
T121 237 260
OTHER FUNCTIONS . F29°
T118 241 265
Monostable
T 150 271 271
4-bit shift register
T 151 277 277
1-0f-10 decoder
T 152 281 281
Dual full adder
T 154 — 285
256-bit ROM
T 163 289 289
8-input multiplexer
T164 293 293
Dual 4-in. multiplexer
T 165 — 297
64-bit RAM
T 167 — 301
9-bit parity generator
T172 — 309

Quad line receijver

E. = Extended temperature range
S. = Standard temperature range

218

TTL T 74 SERIES

Standard temperature range

GATES

T 7400
T 7401
T 7402
T 7403
T 7404
T 7405
T 7406
T 7408
T 7409
T 7410
T 7416
T 7420
T 7426
T 7430
T 7440
T 7450
T 7451
T 7453
T 7454
T 7460
T 7486

FLIP-FLOPS

T 7472
T 7473
T 7474
T 7476
T 74107

OTHER FUNCTIONS
T 7441A

Decoder Nixie® driver

T 7442/3/4
4-line-to-10-line
decoders {1-0f-10)
T 7475

8-bit bistable latch
T 7490

Decade counter

T 7493

Binary counter

T 74180

8-bit odd/even parity
generator/checker
T 75451A

Dual peripheral
positive AND driver

Page

313

Page

317

Page

327
329
331
329
329

Page

333

363

335
339
341
343

369



SILICON PLANAR DIGITAL INTEGRATED CIRCUITS I I L

transistor-transistor
logic family

EXTENDED TEMPERATURE RANGE - 550C + 1250C T_he Tmns_istor-Transist_or logic ir_\tegratgd circuit family. ('_I'TI__) com-
bines a high fanout, high noise immunity, low power dissipation and
good capacitive load driving capability with low propagation delay

e Compatible with DTL and LPDTL products times. The cirC\._nts are fabricated within a silicon monolithic substrate
. . using Planar Epitaxial processes.

@ Input diode clamping X R . .
A N TTL elements are available in two hermetically sealed ceramic

o Noise immunity 1V K :the Dual in Line Pack D), designed for | R

® Worst case noise immunity 0.4V packages:t eh ual dl?le acl ige { F. feSIgne for low cost inser-

o Output drive capability of 10 tion, and the ead flat package (F) for maximum component

@ Power dissipation 11 mW per gate density.

e Gate propagation delay of 6 nsec
e Output pull-up circuit
@ Same pin configuration as the corresponding

ABSOLUTE MAXIMUM RATINGS

{above which the useful life may be impaired)

DTL and LPDTL products V¢ pin potential to Ground -05Vio8V
Input Voltage (see Nota) -05VtobhbvV
Gate Output Voltage. Inputs Low -05VtoVce
Gate Current Into Qutput Terminal, Inputs High (except T109) 50 mA
Gate Current Into Qutput Terminal, Inputs High T109 100 mA
Flip-Flop Output Voltage when output is normally high -05Vito Ve
Flip-Flop Current Into Output Terminal when output is normally low 50 mA
Storage Temperature Range - 65°C to 150°C
Temperature (Ambient} Under Bias -55°C to 125°C

OPERATING CONDITIONS

Temperature Range - 55°C to 125°C
Supply Voltage (Vcc!) 5V 110%
ORDERING NUMBER
NOTE - Because of the input clamp diodes, excess current can ba drawn out of the inputs if
TXXXD2 (for Dual in-Line Package, XXX is type number) the D.C. input voltage is more negative than -0.5 V. The diode is designed to clamp off large
TXXXF2 (for Flat Package, XXX is type number) negative A.C. swings associated with fast fall limes and long lines. This maximum rating is
intended only to limit the sieady siate input voltage and current.

PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
16-pin ceramic DIP 14-pin ceramic DIP Flat ceramic package
7 MAX 2 max
i1 —
LU
! 0.2um —_— =
{— "* 2 4 TBRF ==‘
=
= = = [
=5, =
E—‘—_U v d E = I=_l &:-J
1 w[] (1]
2 57 o i %)
0: nQg - - s
(RE U] a 13
d - (mp] 2] a
H o np3|3 - —1
s 2[R | = =
. H Os 0]
b 1
- 0[] g P X
e . - 8] o
Note : all dimensions in mm. Note : all dimensions in mm, Notx: M inanciona n .

MARCH 1970
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Transistor-Transistor Logic Family TTL

INPUT-OUTPUT LOAD DRIVE FACTORS

\J
= [ vee
2.7} L —] 2.7
- I m
1 O 1
1 8 =i
10 O u
envo o
T 100
\J
1 :Vcc
= 0,
o= 1
= =l
= 3,
nd =B
GND ] m Bi
T 103
\
1.5 ] Ve
1.5 ] 1.5

* Four expanders (T 106) may be lLied lo these lerminals.

T 106

\J
2 4 [ Vee
2100— [ 27
\EJ ‘ =
1 O =
1 g !
10 O i
e O [0
T101
\J
lq ) vee
10 =
O (31
=i =
1 g (11
3 = 11
GND [ 11
T104
S
1 [ vee
1|£ 1
1O =B
14 i
O mpl
jm -]
[elo] mm w B¥Y
T 107
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EXTENDED TEMPERATURE RANGI

A4
g ) v
l: @:l
1 g =i
= [
= _I—:Jl
ll: :1
[1:} = o

T 105
\.J
1.5 O vee
1.5 15
15 P = A
1.5 d \ =i
1.5 O 115
1.5 O [ 15
GND =)
T 108



Transistor-Transistor Logic Family TTL

INPUT-OUTPUT LOAD DRIVE FACTORS

-
=
15

(=
1
1
GNo [

-
aE

[JVee

I
3
-
=h
=g

T 112

EXTENDED TEMPERATURE RANGE

1O
1
1O
18]
1.3
ugl
(1]

-

[ Vee
1

m Bl
[ 1
=

The number of elements driven by an output terminal depends on the
resistance value externaily connected between V¢ and output pin.
When such a resistance is connected, drive factor is given by :

\J
2 [ Vee
= =
O [ ?
2 m)
= 1 2
0 5 3
[],] == 130
T 109
drive factor = 11 -
A
1 ) vee
n [
| 1 [
| nQ mp

1 O
1 O

el
NRLINCEINZ!

[n
[ 1
m)

| ano]

T116

T121

T115

T

0

chc
(327
4
1
31
71
[ 10
1 10

3.18
R(kQ)
g4
1 [vee g
Rx
= -l * 5
c |
10 ] Ij
10 | : z
1
O M 0
8 3 m
0 ]
Gno[] mE o
T118
\
n Pvee
' e
1 =]
- wp
\ O 1
1O i
ano [ 31

221
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Nand Gates T 102-T103-T104 -T107 - Hex Inverter T116

CONNECTION DIAGRAMS (top view}

EXTENDED TEMPERATURE RANGE

A4 A A4
1 FJvee ! H Ve 13 lavee
5 .L.hz (= 13 2] 13
33 D12 30 (12 30 =
[l = Cn ‘ mpy A -
5'-'-1' =P s 3 =] 5 q =] BASIC GATE CIRCUIT
= 35 Qu [ 9 6
ano 7 s GND 7 [ [ s GND 73
T 102 T 103
A4 A
1 = LR 1~ M 1avee N
2 ] 13 2 @ 13
3] 12 3 : : 12
+HUE 40 U
5] 510 50 [Tl
(= [ 9 . miy
GND 7 (] s oo m ]
* Number of inputs depends cn the gate
T107 T116
ELECTRICAL CHARACTERISTICS (Vcc =5 V 1 10%)
LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min.  Max.| Min. Typ. Max.| Min. Max
VOH Output High Voltage 24 24 27 24 \ Vee=45v,  IpH=-1.32 mA
V|L = value indicated below
VoL Output Low Voltage 04 021 0.4 0.4 v Vge=55V, IgL=176mA
Vec=45V, loL=136mA
VIH = valus indicated below
ViH Input High Voltage 2 1.7 1.4 \ Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 08 0.9 08 \ Guaranteed input low threshold
for all inputs
I Input Load Current 1.6 1.1 1.6 1.6 mA Vge=55V, VE=04V
VR =55V onotherinputs
IR Input Leakage Current 10 60 60 PA Vgg=55V, VR=45V,
Gnd on other inputs
Isc Output Short Circuit Current -30 -100 | -30 -100(-30  -100 mA Vec=55V
Inputs and output grounded
IPD Power Dissipation Current 55 35 b5 55 nA Vcc =5V inputsopen
{each gate!
tpd + Turn Off Delay 3 10 nsec Veg=5V. CL=15pF
tpd - Turn On Delay 3 12 nsec See test circuit
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Nand Gates T102-T103-T104 -T107 - Hex Inverter T 116

VOLTAGE -V

35

POWER DISSIPATION - mW

WORST CASE LOGIC LEVELS
YERSUS TEMPERATURE

HIGH LEVEL NOISE IMMUNITY
VERSUS TEMPERATURE

E e S I [P o e B 1: F.0.. 10
——Von Vee = SV4—T]lon = ImAL—| .
25
1)
Tow = ImA[___| - R —
. Vel
) z 2 = 5N —
L Y z S
E f
[t Bl e )
= = E
Y /[AJ‘J\‘/4
Vi — g ! 1 ]
- T ——— | o ‘/
[=]
VoL 0.5
—Jr0. = o —asv < Voo 2 s5v—]
I I | 0
-75 .25 25 75 125 -75 -25 25 75 125
T, - AMBIENT TEMPERATURE -+C T, - AMBIENT TEMPERATURE - °C
“°’§,‘ETR§6§‘§§.9.!'._E$ VOLTAGHON WORST CASE POWER DISSIPATION
(per gate) YERSUS FREQUENCY (per gate)
80 -
-55«'(:\<TAI 175 C I P Vee = 7Y
[ W = 50% DUTY CYCLE
1 _“;\y\\l«‘“ Cy=150F
GRTE;Q’“"/ T X g [ Seelest arcunil
k- T 3
r i =]
w R a =
_.0 | o
GATE 5 40 .
a el
o «
g
o 20
GATE “OFF~ TYPICAL o
HEE :
4.5 4.75 5 5.25 5.5 0 1 15 7
SUPPLY VOLTAGE -V {- FREQUENCY - MHz
AC POWER TEST CIRCUIT
. O
Via \_IJ Vee

15pF

Cy 0.33uF
I I POWER = | » V¢e

Vin

S0% DUTY CYCLE
Am? >4V

L. 1(s 10 ns.

Nole: Capacitance includes probe and jig capacily

Alf inputs lo be tied logether

DC NOISE IMMUNITY - v

-ns

Upg- - TURN OFF DELAY

- TURN ON DELAY - ns

g -

0.2

30

25

EXTENDED TEMPERATURE RANGE

LOW LEVEL NOISE IMMUNITY
VERSUS TEMPERATURE

a5Vs Voo 5.5V
F.0, =1
/_——‘1—\\
7 FO. =5
1 [
F.0. = 10
L — ]
75 .25 2 75 125
T A+ AMBIENT TEMPERATURE - +C
WORST CASE TURK OFF DELAY
VERSUS TEMPERATURE
—
Vees sy
[ See tesl circuit /'
rd
e
-
e
i
o Sge”
Wb L-~
- RY
+ &3
Wik~
IN. @ 15 pF T
L
75 25 P 75 125

TA_ AMBIENT TEMPERATURE - °C

WORST CASE TURN ON DELAY
YERSUS TEMPERATURE

| Vee = 5V
See test circuit
\
N
\
~
H4
<t
¥l
~L 7250 50
~ | Il 25
~ M4
RO
S MIN. 8 15
e
=75 -25 25 75 125
Ta - AMBIENT TEMPERATURE - <C
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NAND Gate Open Collector T112

CONNECTION DIAGRAM

(top view)

\J
1 [lavee
] 315
g 312
1 Hn
s 10
6 3 9

GND 73 =

ELECTRICAL CHARACTERISTICS (Ta -55°C to 125°C, VCC =5V +10%)

EXTENDED TEMPERATURE RANGI

SCHEMATIC DIAGRAM
(one gate only)

LIMITS
SYMBOL AND UNIT | CONDITIONS AND COMMENTS
CHARACTERISTICS -55°C 25°C 125°C
Min Max.[Min, Typ. Max, |Min. Max.

VoL Output Low Voltage 0.4 021 04 0.4 V | Vcc =558V loL=17.6 mA
VIH = value indicated below

Vi Input High Threshold 1.7 14 A Guaranteed input high threshold
for all inputs

ViL Input Low Thrashoid 08 09 08 V | Guaranteed input low threshold
for ell inputs

IF input Load Current 1.6 a6 1.6 mA | Vcc=55V VE =04V
VR =5.5V on other input

IR Input Leakage Current 10 60 60 pA Vee =558V VR =4.5V
ground on other input

ICEX Output Leakage Current 150 150 pA | Ve = 4.5V inputs grounded
45V applied to output

IPD Power Dissipation Current 5.5 35 55 55 mA | Vcc =5V inputs open

{each gate)
tpd + Turn-Off Delay 32 nsec | Vee =5V
tpd - Turn-On Delay 12 ‘ CL =15pF see test circuit
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Quad 2-input Open Collector NAND Gate T2

EXTENDED TEMPERATURE RANGE

RED-OR APPLICATIONS

T102 allows wired-OR operation when a proper load resistor (R} is connected between V¢ and output pins. General rules to caiculate the
wed number of wired-OR gates with a requested drive factor are explained here below.

a given number {K) of wired-OR gates and a given number (n} of driven CCSL gates, two equations can be written in order to determine the value
e external resistor {R| ) that guarentees a correct operation with respect to the same Noise immunity levels as the CCSL family.

1 Leval : if all the wired-OR gates outputs are at the high level, a total current flows from supply through the extarnal resistor R|_, that is the sum
of the output ieakage current ICEX of the output wired-OR transistor and the input leakage current
IR of the driven gates. This current takes the output voltage to a value that should not be less than the
VH voltage, that guarantees the high level Noise Immunity. Therefore, to limit this voltage drop, fol-
lowing R|_ limitation should be respected :

driven
inpuls RLWX=M note that the resulting R value is a worst case as ICEX given in
R KICEX+n IR  present data sheet is measured at 4.5V instead of 2.4V. Besides even Iy
N is measured at 4.5V,
. D|
|
|

T
1
1
A
1
T112 wired-OR

' level : when almost one of the wired-OR gates is at the low level (ON),a current flow from supply, throughR|, to the output of the ON transistor

current is the ratioof R_ and the ailowed voltage drop, {the output leakage current of the OF F wired-OR gates is negligible). In addition, the out-
N transistor sinks the output load current |g of the driven inputs - Tha V L voltage guarantees the low level Noise Immunity, that is total sunk
ent should not overcome 1Q| value; therefore, to limit the current through R, following limitation should be respected :

| Vee o
Vee - Vi
| RL min = CC-VoL
loL-niF
If more than one gate is ON, allowed R|_ value is higher.
um,?n The two comblned equations give maximum and minimum values among which should range R
nputs value :
/ vee - Vou Vee — VoH = number of driven inputs
D: < RL =
T loL —nlf KICEX +n iR K = number of wired-OR T112 gates
~ |

T112 wiredOR
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Power Gate T 10

CONNECTION DIAGRAM
{top view}

\J

noonnn
guodubouu

GND7

For noise immunity and operating level curves, refer to the gate section.

ELECTRICAL CHARACTERISTICS (Vge =5V +£10%)

OOOT
B

EXTENDED TEMPERATURE RA

SCHEMATIC DIAGRAM
{one gate only)

LIMITS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C UNIT CONDITIONS AND COMMENT
Min.  Max.|Min. Typ. Max. | Min. Max.
VOH Output High Voltage 24 24 27 24 v Vee=45V, IloH=-36ma
V|L = value indicated below
VoL Output Low Voitage 0.4 021 04 0.4 \4 Vce=55V,  lgL=48mA
Vee=45V, gL =408mA
VIH = value indicated below
ViH tnput High Voltage 2 1.7 1.4 A Guaranteed input high threshold
for all inputs
ViL Input Low Voitage 0.8 0.9 0.8 A\ Guaranteed input low threshold
for all inputs
IE Input Load Current 32 22 32 32| mA vVee=55V VE=04V,
VR=55V
on other inputs
IR {nput Leakage Current 20 120 120 PA Vgec=556V, VR=45V,
Gnd on other inputs
IpPD Power Dissipation Current {each gate), 12.9 86129 129 mA Ve =5 Vinputs open
Isc Output Short Circuit Current 40 -150 |40 -160 |40 -150 mA Vcc=5.5V inputsand
output grounded
tog + Turn Off Delay 4 15 nsec vee=56V, CL=15pF
lpd - Turn On Delay 3 10 nsec See test circuit
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Power Gate T 109

POWER DISSIPATION - mW

- TURN OFF OELAY - ns

that

120

100

80

w
>

a
S

w
S

~
3

s

WORST CASE POWER DISSIPATION
YERSUS SUPPLY YOLTAGE

EXTENDED TEMPERATURE RANGE

POWER DISSIPATION YERSUS

{per gate) FREQUENCY (per gate)
200
-559C € Tp s 1259C Veg =
| sox DUTY CYCLE
160| €, = 15pF
f [ see est circuit
: o=
- =] L]
o AR ~F = 120
oate "y -1 S
P i 2 ST
- S 80
N GATE 'o'..'Y'P—‘_‘ @
w 1
x
[=]
& a0
GATE "OFF” TYP.
0
4.5 475 5 5.25 5.5 0 5 10 15 2
Veg - SUPPLY VOLTAGE - V (- FREQUENCY - MHz
WORST CASE TURN OFF DELAY WORST CASE TURN ON DELAY
VERSUS TEMPERATURE YERSUS TEMPERATURE
T T 60 T T
Vee = 5V Vee= 5V
See lesl circuil See test circuit
»w 50
x
3 a0
3 s |
*e\’ﬂ’, 3 5 \
W z N
=2 ~
L -4~ by ot = o» e L
“Eﬁ - | <.
=T ] 2 3=
gt | 10 ~d M
MIN @ 15 pF e
_1-—-F- - ey r— —MIN. @ 150F T |
4- o + 1=
-75 25 25 75 125 -75 -25 25 75 125
T a- AMBIENT TEMPERATURE - °C T, - AMBIENT TEMPERATURE - oC
AC POWER TEST CIRCUIT
. o W
| | | l I~ Vee
15pF
5 POWER « | x Voo
50% DUTY CYCLE CL

Amp >4V
i 4y € 10ns.

0.33uF

NOTE : Capacitance includes probe and jig capscity - All inputs are o be lied topether

227




AND-NOR Gates T105 -T108 -T115 - Expander T10

EXTENDED TEIPERATURE RA"

The TTL T105 and T108 are AND - NOR gates which may be NOR expanded with the use of the T106 element.

CONNECTION DIAGRAMS SCHEMATIC DIAGRAMS
{1op view!}

) 1V
)13
D12 coll.

[ Emut o—

EXPANDER

T 105 ©

EXPANDER O

6656
\ 4 Nominal componenl values J Ry
for the seclions withoul .
1 [ 14 Vee expanders; 2[ b ]i ]E
> O 5 13 Ry Rz=R, = 4KR [ N

Ry = LSKR R, - 1500
JE [ 12 RS:BDﬂR7:l.25Kﬂ

= = T105-T 115

s [ 10
« [ 9

L % T 105 WITH EXPANDER INPUTS

T115 26 %0

S
L.

[ 1400
313
112 coun.
111 Emin

[T10 Emite.
[ 9 coll. T 106 (one gate)

0O 0 0O 0

AXA

s

Vee

P 1ave, 2.6K0 2.6KQ 3000 260 ?z.em 1500

13

o— -
P ecen.
¢ 4 Qs —0  Q
1) emu, o Q a2 Qa3 S Q6 ° Q8
10
E axq
9 v
. . y v LAY

[ 8
AXA LU W ¥
T 108 N N .

T 108
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AND-NOR Gates T105 -T108 - T115 - Expander T106

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Vcec =5V + 10%)

LIMITS

SYMBOL CHARACTERISTICS -55°C 25°C 125°C | UNIT CONDITIONS AND COMMENTS

Min. Max.| Min. Typ. Max. [Min. Max.

VoH Output High Voltage 24 24 27 24 v Vee =45V loH=-1.32mA
V| See below
VoL Output Low Voltage 0.4 02 04 04 v Vcc=556V loL=17.6 mA
VIH=55V

Veg=45V log =136 mA
VIH See below

ViR Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold
for all inputs
viL Input Low Voltage 08 0.9 0.8 \Y Guaranteed input low threshold
for all inputs
I\F Input Load Current
T105 {non exp. sectionjand T115 -1.6 1.1 16 -1.6 mA Vec=55V VE =04V
T105 (exp. section) T106 and T108 24 -15 -24 2.4 5.5 V on other inputs
IR Input Leakage Current
T105 (non exp. section) and T115 5 &0 60 pA VR =45V Vge=55V
T105 {exp. section} T106 and T108 75 90 90 Gnd on all other inputs
1PD Power Dissipation Current
T105 17.8 12.1 17.8 178 mA Vec=5V
T115 13 95 13 13 All inputs open
T108 125 9.3 125 125
Dlpp Extra Current Drain when one 1.61 1.08 1.61 1.61 mA Vee =5V
T106 expander is attached to all inputs high
a T105 "ON"
Isc Output Short Circuit Current -30 -100(-30 -100|-30 100 mA Ve =55V Inputs and

output grounded

tod + Turn off delay 4 12 nsec T105 Vee=bVv
(non expanda-  C{ =15pF

tod - Turn on delay 3 14 nsec ble section) See test circuit
and T115

tog + Turn off delay 3 15 nsec T105 texp. Ve =5V

section) and CL=15pF
See test circuit

lpd - Turn on delay 3 12 nsec T108
Atpd + Turn off delay -1 4 nsac T106 only - the T106 is tested by
measuring its tod through the
Aty - Turn on dalay -1 4 nsac T105 - see test circuit
|

Note : 1) Output characteristics above apply to T105- T115 and T108
2} Input characteristics above apply to T105, T115 and T108 using either the intarnal gates or an external T106 extender
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AND-NOR Gates T105 -T108 - T115 - Expander T106

lpd+-TURN OFF DELAY - ns POWER DISSIPATION - mW

lpd* - TURN DFF DELAY - ns

WORST CASE POWER DISSIPATIDN
T 105 VERSUS SUPPLY
VOLTAGE (per gate)

60
“ON” CONDITION ALL INPUTS GPEN
~0F F* CONDITION ALL INPUTS GROUNDEO
50 [EXCEPT EXTENDERS
1 " whk: —"‘F
RS T
AN
0 4= ]
. ot
0 GATE O
-
20
E "OFF~ TYP.
10 GATE D
1T
55 C < Ty £ 1259C
0 AT
a5 475 5 5.25 5.5

SUPPLY VOLTAGE - v

WORST CASE TURN OFF DELAY OF
EXPANDABLE GATE YERSUS
TEMPERATURE

0

Ve = sY
c = 15F
25| 1-105 section)

and 1-108 s
See lest circuil P

Wb

—

-5 -25 25 7 125
Ta - AMBIENT TEMPERATURE -°C

WORST CASE TURN OFF DELAY OF
NONEXPANDABLE GATE VERSUS
TEMPERATURE
30 .
VCC =5V
T - 105 (Nen section)
and T - 115 7]
See lest circuil | -
3
-
) l BT
P
ISl o]

5 il [ oo
== R

N
X

5 MIN. ¢ 15 pF_

0 |
-75 -25 25 75 125
TA - AMBIENT TEMPERATURE -

- mi

POWER OISSIPATION

TURN ON DELAY - us

Lpg- -

TURN ON DELAY - ns

[

L

100

60

20

30

25

EXTENDED TEMPERATURE RANGE

\'ORST CA%E POWER DISSIPATION

VERSUS SUP
“ON- CONDITION ALL
INPUTS OPEN “DFF”
CONDITION ALL
INPUTS GROU -
[ EXCEPT EXTEVDERS 3
A=
At
<N |
e [ o TP
- g mons S
= GALE,
fT
o]
ATE "OFF’ TYP.
— |
-550C ST 8 125°C
L L L
4.5 4.75 5 5.25 5.5
SUPPLY .OLTAGE - V
WORST CASE TURN ON DELAY OF
EXPANDABLE GATE YERSUS
TEMPERATURE
Vee = 5Y
C = 15pF
- 105 (expandable section)
and
3ee test circuil
\\
~L
B ~-_ MAx
——d MIN
e —
-75 -25 25 75 125

A- AMBIENT TEMPERATURE - »C

WORST CASE TURN ON DELAY OF
RONEXPANDABLE GATE VERSUS
TEMPERATURE

105 (Non expandable section) Vee=5Y
115

s T See lest circurt

\ |

MIN. # 15 pF

-75 -25 25 75 125
TA - AMBIENT TEMPERATURE - < C
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Quad 2-

input NOR Gate T122

CONNECTION DIAGRAM

{Top view)

./
g
=
38 (= 12

14 Vee
13

Vee

EXTENDED TEMPERATURE AANGE

SCHEMATIC DIAGRAM
(one gate only)

O D
l s =E)
6 ] 19
GND 7 ] s
cc
|
ELECTRICAL CHARACTERISTICS (Ta=-55°C 10 125°C, Ve =5V 4 10%)
| LIMITS
SYMBOL|  CHARACTERISTICS - 55° 25°C 126°C | UNIT | CONDITIONS AND COMMENTS
Min.  Max.| Min.  Typ. Max. | Mijn.  Max.
Vor | Output High Voltage 24 24 2.7 24 v Vee=45V lon=-1.32mA
V(| = valueindicated below
VoL | Output Low Voltage 04 o221 G4 0.4 \Y Vee=5%5V loL=172.6 mA
Vec =45V lgL = 13.6 mA
VIH = value indicated below
VIH Input High Voltage 2 1.7 1.4 \% Guaranteed input high
threshold for all inputs
VIL Input Low Voltage 08 0.9 038 \ Guaranteed input low
threshold for all inputs
IF Input Load Current 1.6 16 1.6 mA Vee=55V VE=04V
5.5 V on other input
IR Input Leakage Current 10 60 60 MA Vee=55V VR =45V
Isc Output Short Circuit Current | -30 -100 | -30 -100 |30 100 mA Vee=5%5V inputs and
output grounded
pp Pawer Dissipation Current 55 35 55 55 mA Vee =5V inputs open
{each gate)
tpd + | TurnOf Delay 10 nsec Vee=5V CL=15pF
tpd = | Turn-On Delay 12 see test circuit
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JK Flip-Flops T100-T 101

EXTENDED TEMPERATURE RANGE

GENERAL DESCRIPTION

The TTL family includes the T 100 and T101 flip-flops to satisty the storage -element needs of a logic system. Each is a master-slave JK flip-flop
with the same multi-emitter inputs and low impedance active pull-up outputs common to the gate elements.

The internal JK connections assure the user of non-ambiguous operation for all input states. The master-slave design with buffered clock input
affers high noise immunity, low clock loading and eliminates the need for careful control of clock pulse rise or fall times. Data is accepted by the
master when the clock is in the low logic state. Transfer from master to slave occurs when the clock goes from the low to the high logic level.
When the clock is in the high logic level both J and K inputs are inhibited. For this reason it is desirable to maintain the clock pulsa in the high
level most of the duty cycle. Direct set and reset inputs provide true asynchronous control of both master and slave flip-flops independent of logic
and clock input levels.

A common J-K input is provided which is useful in the physical layout of most logic configurations,

The two circuits are aimost identical. The T 100 has capacitors at the outputs of the J and Kdata input gates in the master flip-flop. The capacitors
serve 1o lengthen the time requirements between J or K data and the low to-high clock transition. This feature makes the T100 particularly attracti-
va for epplications where clock shew is an important consideration.

The T101 provides one J and one K input for additional logic flexibility. It has no master flip-flop capacitors to extend the set-up time and there-
fore has a higher toggling rate.

The important characteristics of the two flip-flops are illustrated in the following curves and specifications. Noise immunity and operating level cur-
ves shown in the gate section of the data sheet are applicable to the flip-flops as well.

CONNECTION DIAGRAMS

{top view)

S \J
K1 [ 14vee w1 [ 1vee
3p20 — —i3 13%o 52— mRELY
x ;30 [J 1245 k30 b 1203
W= ) 1k = (3 11k;
1, SO 3 10K, 350 10K,
q O [ oce = 9cp
ono 70 8Q GND 7 [ 8q

T 100 T 101
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J-K Flip-Flops T100-T101

TRL TABLES

EXTENDED TEMPERATURE RANGE

SYNCHRONOUS ENTRY
J ~ K MODE OPERATION

ASYNCHRONOUS ENTRY
Independent of Clock and Synchronous input

INPUTS @ tp OUTPUTS @ tn +1 INPUTS OUTPUTS
(5) (5)

JK U J2 J3 Ky Ko K3 Q Q Sb Cp Q a
1 4 5 12 3 10 N [ 8 2 13 [ 8
L X X No Change {4)

H L L No Change {4} L L H H
H L H L H L H H L
H H L H L H L L H
H H H Toggles H H No Change

NOTES :

1) H = Most positive logic level.
2) L = Most negative voltage level.
3) X = Could be high or low.

4) For no change of outputs, the J and K inputs of the common JK input must remain low from the time the clock goes low to the time the clock

goes high again.

5) The T101 has inverted J2 (Pin 5) and K2 {Pin 10} inputs. When not in use, they must be grounded.
6) Tha L symbol in the J and K input column is defined as meaning that the input does not go high at any time while the clock is low. The H sym-
bol in the J and K input column is defined as meaning that the input has been high at same nime while the clock was fow.

T100 AND T101 FUNCTIONAL LOGIC DIAGRAM

TSD

J
! T100
| il 1
) o_-LDsi 2 o
TI01 B qQ
LI w0}
cp o—{ _— MASTER SLAVE
K o—
K
1 T100 L
_____ . _
t } Q
K2 ==
u RS
Ky o——T10L | TI00 ]

o—H

Co
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J-K Flip-Flops T100-T101

POWER DISSIPATION - mW

200

160

EXTENOEQ TEMPERATURE RANGE

T 100 SCHEMATIC DIAGRAM

3 o4
10 o5
11 o 12
!l o
IYY Y Y Y Y
Vee = PIN 14
GND= PIN 7
WORST CASE MAX. & MIN.
WORST CASE MAX. & MIN. tpd * & tpq- PROPAGATION
POWER DISSIPATION VERSUS tog ! & tpq- PROPAGATION QELAYS - ASYNCHRONOUS
CLOCK INPUT FREQUENCY DELAYS - CP TO OUTPUTS INPUTS TO OUTPUTS
oo 57 T T 2 Ve =5V 2 5V | [
T cc = scc = S
Cy = 15pF Fc. - 15pF C, =15pF I Y\\c‘\/‘
50% DUTY CYCLE CLOCK w M | T y L?;"-L—
< rd c ,\/
: ; 3
4 7 0 ~, ‘;F-\g
ERED % 3 ~ w4
~ P / 3 e
“ ~ MAX. tpd. Lo @ 0\\\‘;
. =~ —_ - / Y
P ] LA &t
P =3 2 | -’ 2 Y -
o0 = ; = (N0
== g 2 S~ MAX lpg 2 e 2 S~ A"
<
% \ N \
vd 9 -
= Lo MIN. tpg- __ L B[ N lpg-(CP LOW " o
MIN. tod 4| WIN, Lpg + (CP MIGH) | 1~
y [ 1 LT T
10 20 30 40 -75 -25 25 75 125 -75 -25 25 LE !
1- FREQUENCY - MH2 T - AMBIENT TEMPERATURE - *C T - AMBIENT TEMPERATURE - =C
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JK Flip-Flops T100-T101

INCREASE IN PROPAGATION DELAY - ns.

20

T 101 SCHEMATIC DIAGRAM

EXTENDED TEMPERATURE RANGE

0 12
-0 4

INCREASE IN ASYNCHRONOUS

OR CLOCK INPUT

DUE TO OUTPUT C%PACITANEE

T ﬁ ﬁ?q:

N {’\\“
,’ / e’ ‘
| N ==
7 1= o W r:"‘—
L w
A4 -1
>
2o A ‘ (
20
0 0 30 120 T60 2

CL - LOAD CAPACITANCE

pF (Bnih oulpuls)

WORST CASE SET UP/RELEASE TIME
&

NEG. CLOCK PULSE WIDTH

= 5 ‘\’/

MIN ALLO ABL

WIN. SET-UP TIME 4

| MAX. RELEASE TIME

O I st At -—--4

-75

NEGAT| .E CLOCK PULSE WIDTH,SET-UP RELE/3E TIME-ns.

-25 25 75 125

TA - AMBIENT TEMPERATURE - °C
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J-K Flip-Flops T100-T101

ELECTRICAL CHARACTERISTICS (Veg =5V +10%)

EXTENDED TEMPERATURE RANGI

LIMITS
SYMBOL CHARACTERISTICS -55°C 250C 125°C UNIT CONDITIONS AND COMMENTS
Min,  Max. |Min. Typ. Max.|Min. Max.
VOH Qutput High Voltage 24 2.4 27 24 Vv Vee= 45V, lgH =-1.2mA
VL on asynchronous input
VoL Output Low Voltage 0.4 021 04 0.4 Vv Vgc= 45V oL =124 mA
V|H on asynchronous input
Vee= 55V oL =16mA
VIH = 5.5 V onasynchronous
input
VIH Input High Voltage 2 1.7 1.4 A Guaranteed input high threshold
for all inputs
VIL Input Low Voltage 0.8 0.9 0.8 v Guaranteed input low threshold
for all inputs
IR Input Leakage Current
J, K, J, K & Clock Inputs 5 60 60 pA  |Vec=55V VR=45V
J- K Input 10 120 120 Gnd on other inputs
Asynchronous input 14 162 162
[F Input Load Current
J, K, J, K& Clock inputs 1.6 -1 -1.8 1.6 mA |Vce =55V VE = 0.4V
J - K Inputs -3.2 -2 32 -3.2 55 V on other
Asynchronous input 4.32 2.7 -4.32 -4.32 inputs
IPD Power Dissipation Current
{each flip-flop)
T100 23 13 23 23 mA [Vcc=5V Spatground
T101 28 14 28 28
Isc Qutput Short Circuit Current -30 -100 | -30 -100| -30  -100 mA | Vcc =5.5 Vground on output
and asynchronous input
tpd + Turn-off delay 8 12 20 nsec
tpd - Turn-on delay 12 20 30 nsec
trelease T100 10 18 nsec
T101 ! Vee =5V
1 set-up T100 22 30 nsec CL=15 pF
101 8 10 see test circuits
and curves
Negative clock pulse width
T100 25 nsec
T101 10
Toggle frequency
T100 20 MHz
T101 50

236



Dual J-K Flip-Flops T120-T121

EXTENDED TEMPERATURE RANGE

CONNECTION DIAGRAMS FUNCTIONAL LOGIC DIAGRAMS
(top view)
! s o= jx M
— JK
ce _1 cP
A g |
¢ 1 O m TRV o1 O A (S D [ |
- - K ‘o X Cp
> H —f3 15¢p G2 O
Jo3 O 5 =L J 3 d T ]
K a CH 1 [ K 4 q 7 ] 1
s Ql— 3 P ob—
Q & O [« q o O X
CcP cP
q 1 O [3 100 [ -
- 3 _ X _
ND 8 I e Q GND 8 [ i Kcoq_ K “o T
T120 T121 T 120 T 121

Avvilable in Dip only

TRUTH TABLE

ASYNCHRONOUS ENTRY INDEPENDENT

SYNCHRONOUS ENTRY J-K MODE OPERATION OF CLOCK & SYNCHRONOUS INPUTS
T120 INPUTS € 1 T121 INPUTS = tp OUTPUTS 't + 1 T120 INPUTS T121 INPUTS QUTPUTS
Ko K-K | Jk J I3 Q a Co Sp co Q Q
14 3(13) 5(11)-4(12)| 14 3(13) 4(12) 6(10) 71(2) 1015) 5(11) 1(15) 6(10) 71(9)
L X X L X X No Change (1} L H L L H
H- L L H L H No Change (1) H H H No Change
H L H H L L L H L L H H
H H L H H H H L L H H L
H H H H H L Togales

H = Most positive logic level
L = Most negative logic level
i X = Could be high or low

NOTES :

1) K inputs should be grounded when not in us.
12} The L symbol in the J and K input column is defined as meaning that the input does not go high at any time vhile the ciock is low. The H
symbol in the J and K input column is defined as meaning that the input has been high at same time while the clock was low.
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Dual J-K Flip-Flops T120-T12

EXTENDED TEMPEAATURE RAN(

T 120 SCHEMATIC DIAGRAM

lecc

qu R [JRiz Rz LJR20 [JR19 [[RiglR1e

Qa2 Qe (Q
Q4 4 » a s
4 R 21
vee - Qa Q9 Vee
Rig 15 Ra2 Ryz
Qa Q
15
Vee e i
vee Rq Rg vee
Q Qg
Ry 2 R5
5 s B
1
v
PR = Ty
Q23 ]
3
14
2
Ve Pin lb
Gnd - Pin 8

NOMINAL COMPONENT VALUES
Ry. Rq R Rg, Ryp. Ryig Ryz. Rpy. Ryp Ryz Rpg Rop Rg= 4 KD
Ry. Ry Rg, Ry = 2KN
Rg. Ry, Rog. Ry = 6K
Ryj. Rig= L5KA
Ryz, Rpgs 1500
Ry3 Rgg= 800
Rys Rag Ros Ry Ryg: 125K
R3c LKD
Cp. Co- 10pF




Dual J-K Flip-Flops T120-T121

EXTENDED TEMPERATURE RANGE

T 121 SCHEMATIC DIAGRAM

16 Ve
|R9 | R [|R1z R [[Ra |Rie [JRus{[R1e Re R [JR12 [ [R13 |[[Rao [[R1e ||R1s|[R s
Q Q
Q) 7 6 0 42 w] w9 |aya
Q4 7 17 Q3 Q44 ® 3 Q35
I3 % R R
JVC Veg vee 1Y Q 08 VCC
Ry R1s R Ry 0 . R1p R1s R22 rull,
4

1 15
Voo Yec Yee  Yec

Vee Ra [[Rs Vcc$su Yee R A
Q Q i de] ga o

R Rs Ry

Q ﬁ E Qp Q

Qy; Q2

Veg = Pin 1o
Gnd =Pin B

NOMINAL COMPONENT VALUES
Ri. Rg Rs Rg., Ryg, Rys Rz Ropu Rop Rz Ros Rop, Rg= 4 KD
Ry, Ry, Ry, Ry=2K0
Ry, Ryp, Rog R3p=6KQ

Ry, Rjg= L5KQ

Ris. Rag. Rps Ryz, R3g= L25KA
R3z= 1KQ
€L Cq=10pF
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Dual J-K Flip-Flops T120-T 12

ELECTRICAL CHARACTERISTICS (Vgc =5V +10%)

EXTENOEO TEMPERATURE RANC

LIMITS
SYMBOL CHARACTERISTICS -565°C 25°C 125°C UNIT CONDITIONS AND COMMENTS
Min. Max.| Min. Typ. Max.[ Min.  Max.
VOH Output High Voltage 24 24 27 24 Y Vee=45v IoH=-12mA
V| on asynchronous input
VoL Output Low Voltage 0.4 02104 0.4 \% Vec=45V gL =124mA
V|H on asynchronous input
vee =55V lgL=16mA
ViH = 5.5 V on asynchronous inpul
VIH Input High Voltage 2 1.7 1.4 A Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.8 08 0.8 Vv Guaranteed input low threshold
for ali inputs
iR Input Leakage Current
J, Kand K inputs 5 60 60 PA V=55V
Clock input 10 120 120 vRp=45V
JK input 20 240 240 Ground on other inputs
Asynchronous inputs 14 160 160
Ig Input Load Current
J. K and K inputs 1.8 1.1 16 1.6 mA |[Vee=65V
Clock input -3.2 22 32 3.2 VE=04 V
JK input -6.4 44 -64 -6.4 5.5V on other inputs
Asynchronous inputs 4.32 -3 4.3 -4.32
iPD Power Dissipation Current 27 14 27 27 mA | Vcc=5V Cpatground
{each flip-flop}
Isc Output Short Circuit Current -30 100| -30 100 | -30 -100 mA | VcCc= 55V ground on output
and asynchronous input
tpd + Turn-off defay 8 13 22 nsec
tpd - Turn-on delay 12 2y 32 nsec
vee =5V
1 release 1 7 nsec
CL=15pF
t set- up 8 16 nsec
sea test circuits
Negative Clock Pulse Width 10 nsec
Toggle frequency 50 MHz
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One-Shot Multivibrator T 118

GENERAL DESCRIPTION

This retriggerable monostable multivibrator {or one-shot) provides an output pulse with high accuracy and a very wide duration range (50 nsec to ) .
The T118 will respond to trigger inputs even when already in its active timing state, and will time itself out frém the last input pulse received.

CONNECTION DIAGRAM

(top view)
o/
1 O & O lavee
- - [ 13
3 O [ 12nc
+ [ n
nes O [ ioac
I - [ one
aro7 [ [ 80

ELECTRICAL CHARACTERISTICS (Voo =5V+ 10%)

SCHEMATIC DIAGRAM

EXTENDED TEMPERATURE RANGE

LIMITS
UNIT
SYMBOL CHARACTERISTICS _55°C 250C 1280C CONDITIONS AND COMMENTS
Min.  Max.|[Min. Typ. Max.|Min. Max.

VOH Output High Voltage 2.4 24 33 2.4 v vee= 45V IgH=-1mA
for pin 6 open pin 11
for pin 8 ground pin 11

VoL Qutput Low Voltage 0.4 0.2 0.4 0.4 \ vVee= 45V IgL=10mA
for pin 6 open pin 11
for pin 8 ground pin 11

ViH Input High Voltage 2 2 1.7 v Vee = 45V minimum pulse
width 40 nsec

ViL Input Low Voltage 1.4 0.85 0.85 A Vee = 5.5V minimum pulse
width 40 nsec

IF Input Load Current 1.6 11186 1.6 mA Vee =55V VE=04V
4.5V on other input

IR Input Leakage Current 15 60 60 pA vee= 55V vR=45v
ground on other input

IPD Power Dissipation Current 25 25 25 mA vee = 55V ground on true
inputs and 4.5V on complemented
inputs

tpa + Negative trigger input to O output 25 50 nsec ?VCC =5V Ry = 5KQ

tod ~ Negative trigger input 10 Q output 25 50 nsec gf = ?5 oF
see test circuit

lpw Min Q output pulse width {1} 45 65 nsec s

Cstray Max. allowable Wiring Cap 50 50 50 pF Gnd on pin 13

{pin 13) This capacitance,if present, will

add to Cx in determining output
pulse width

Rx Timing Resistor (2) 5 20| 5 20| 5 20 K

Notes : 1) Pulse width calcutation : Tpw = 0.36 Ry Cx.

2} Unless otherwise noted, 10 KQ resistor (Ry) is placed between Pin 13 and V¢ for all tests.
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Transistor-Transistor Logic Family TTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

T102-T103-T104 - T107 - T109- T116 t,q TEST CIRCUIT

WAVEFORMS

Vout

fa My INPUT
= IMHz PULSE

Amp v 4y 15oF
Width & 200 ns.

L. LS 0 s

NOTE Capacilance includes probe and jig capacity

tpd TEST CIRCUIT T105-T116 NONEXPANDABLE SECTION ONLY

Vee

WAYEFORMS
ViN

INPUT

PULLSE
I = IMHz Vout Vou
Ap 4V
:.df\:l%o?;s. NOTE - Capaciiance includes probe and i capaaly

. 8

tpd TEST CIRCUIT T105-T108 EXPANDABLE GATE AND T108 EXPANDER

T108 ONLY

Yout

PULSE INPUT TTL

I U< 10ns. T106

NOTE
With switch in position 1 'measure tpg of T105 - With switch in posilion 2 measure 1pg {T105 - T108) + _pq (T706). Capacitance includes probe and
lig capacitances,
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Transistor-Transistor Logic Family TTL

SWITCHING TIME TEST CIRCUITS

EXTENDED TEMPERATURE RANGE

T100tg4 TEST CIRCUIT

Yee

Frequency & 2 MH2 2K0: 5% % W
Pulse wirdth x 250 ns.
Rise Lime < 15 ns.

Fall time < 15 ns. YIN
Amplitude % 4 V
4
51
s
PULSE
TSE TTL GATE
9
| cP |
15F:5% : |
I ! ol
ALL INPUTS' K cp © +-L
TIED TOGETHER T
L By [ I 15F5%

‘ T101 tyg TEST CIRCUIT

Vee

Frequency &~ 2MHz .
Pulse width 2 250 ns.

2KQ: 5T % W

Rise Ume < 15 ns. Vout
Amplitude X 4V
Fall time < 15 ns,

T 159F 1 5%

TTL gate

PULSE
{ GEN.

15aF 5%
L
2

ALL INPUTS [
TIED TOGETHE

> | K Cp D8
)
—_ lﬁlj__} I 15F: 5X

SWITCHING NOTES

L5V / \

VIN \H A
ﬂ (pd* '-pd‘
Lsv

v o
out WAVEFORMS

L5V / \

W e

tpa+ tpa-
L5V
Vout — WAVEFQRMS |

{} The load capacitance indicated in test circuits includes the capacitance of probe and jig.

2) Sensitivity of all switching parameters to supply voltage change (within range of 6 V + 10%) and D.C. ioading is very small.

3) Atlowable clock skew < tpd +{max) +trajease {min.).
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Transistor-Transistor Logic Family TTL

SWITCHING TIME TEST CIRCUITS

EXTENOED TEMPERATURE RANGE

T100 tsgt - up and trelease TEST CIRCUIT

Y DTL
9930

Yrelease

R
LDTL
9930

Frequency & ZMHz

Rise time < 10 ns.
Fall lime < 10 ns.
Amplitude x 4V

I——ﬁ)

T101 t5¢ . up and trglease TEST CIRCUIT

% DTL
9930

Frequency & 2MHz

Rise time < 15 ns.
Fall lime < 15 as,
Amplitude <4 V

KITL

T1026 v,

INITIAL ADJUSTMENT

. With switch in t release position adjust pulse generators,
C1 & CR for proper Vcp, VJ & Vp waveforms and tre-
lease limit value.

2. With switch in 1 set-up position adjust Cg for t set-up

limit value.

t set-up is defined as the minimum time required for a
High to be present at @ synchronous logic input at any time
during the low state of the clock in order for the flip-flop to
respond to the data.

t release is defined as the maximum time allowed tor a High

10 be present at a synchronous logic input at any time
during the low state of the clock and not be recognized.

WAVEFORMS

100ns,

VO_UT lor good device with switch in 1,e/ea5e POSilion

Vour for good device with swilch in 1 set-up posilion
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Transistor-Transistor Logic Family TTL

EXTENDED TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

T120 1pq TEST CIRCUIT

W

Freq. = MHz N CP VouT: VouT 2
Pulse width 3 250 ns. R
Rise Lime < 15 ns,
Fall time < 15ns.
Amp)ilude X 4V 13
6 :ED J Q
TTL gate
PULSE
T
cen. = P I ]’
L

~

14 q

&

ALL INPUTS
TIED TOGETHER

H- HE

Hi
fal

=

z

= Vee
PIN 8 = GND

T121 tpq TEST CIRCUIT

Vee
FREQ. % 2 MHz VincP Yout! Yout 2

PULSE WIDTH & 250 ns @1 o |
RISE TIME < 15 ns.

FALL TIME < 15 ns. 1 1
AMPLITUDE = 4V 3 5 L1 U
FERLCE | SU s WMol 4w
TTL gate

G 7 | I 1< | I

14 . 8 7 u c q
LL INPUTS x Cp 1 K ‘o
'L L

TIED TOGETHER I G 15
2
G
I PIN 16 = Vee
PIN 8 = GND
WAVEFORMS

R = 2K, +5%, 1/2w
Cl = 15 pF +5%
CL= 15pF +5%

C) & CL include all probe and jig capacity. Very short
stranded or printed wire should be used for all intercon-
nections. L5V 13V

Probes should be connected directly to the input & out- GND Vout |
put pins. AND Yoyt 2
NOTE :

For tset-up @nd trelease see T 100 and T 101 test circuits.
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Transistor-Transistor Logic Family TTL

EXTENDED TEMPERATURE RANG!

SWITCHING TIME TEST CIRCUITS

T118 tpg TEST CIRCUIT

tasv K@
T uTn vout tng*,
$3 MMz OWNPUT ou
Amp. >3V PULSE sV
Width > 40 ns. 15p Vout TPW
tal e 10ns, I -
Ve
VIN _ ouTt
VouT 15V

15t
gan

Note: Capacitanca includes jig and probe capacity.

T2 tq TEST CIRCUIT

A = 3000 for 1pg +
A= 1330 1} lortpg -

laput
pulse

L e
"1

= IMHz
Amp ~ 4V
Width ~ 200 nsec
- Ir< 10 nsec

Note : capacilance ncludes probe and j1g capacity.

T122 thd TEST CIRCUIT

1= IMHz INPUT - TTL

pmpi=av  PULSE GATE 15
Width = 200nsec pFI

- l' £ 10nsec

NOTE: Capacilance includes probe and jig capacily.
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TTL integrated circuits T100 series

; STANDARD TEMPERATURE RANGE, 0°C to 75°C The Transistor - Transistor Logic integrated circuit family
(TTL) combines a high fan-out, high noise immunity, low
power dissipation and good capacitive load driving
capability with low propagation delay times.

The circuits are fabricated within a silicon monolithic

e COMPATIBLE WITH DTL AND LPDTL substrate using planar epitaxial processes.

PRODUCTS These devices are available in the following packages:
ceramic DIP (14 or 16 leads), plastic DIP (14 or 16 leads),
® INPUT DIODE CLAMPING flat ceramic package.

* NOISE IMMUNITY, 1V ABSOLUTE MAXIMUM RATINGS

o WORST CASE NOISE IMMUNITY, 0.4V (above which the useful life may be impaired)

e OUTPUT DRIVE CAPABILITY OF 10 Vce Pin Potential to Ground 0.5V to 8V
| Input Voltage (see note 1) 0.5V to 5.5V
, e POWER DISSIPATION, 11 mW PER GATE Gate Output Voltage, Inputs Low 05V to VO

o GATE PROPAGATION DELAY OF 6 nsec Gate Current into Output Terminal,

Inputs High (except T109) 50 mA

e ACTIVE PULL UP OUTPUT CIRCUIT Gate Current into Output Terminal,

e SAME PIN CONFIGURATION AS THE Inputs High T109 100 mA
| CORRESPONDING DTL AND LPDTL PRODUCTS  Flip-Flop Output Voltage when Output
| is normally High -0.5V to Voo

Flip-Flop Current into Output Terminal

when Output is normally Low 50 mA
Storage Temperature, Plastic 55°C to 125°C
Storage Temperature, Ceramic -85°C to 150°C

ORDERING NUMBERS Temperature (Amb.) Under Bias, Ceramic -55°C to 125°C

TXXXD1 for ceramic DIP PE

TXXXBI for plastic DIP OPERATING CONDITIONS

TXXXF1 for flat package Temperature Range 0°C to 75°C

(xxx is type number) Supply Voltage 5V + 5%

Notes: see over
PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14 pin ceramic DIP 14 pln piastic DIP Ceramio flat package
68 &1

W in

For 16 pin packages a2 ]
.4-26

7 MAX 3ee next page.
z
3 1.4-1.2 o8
- 0.5
I i
0.2 MIN =]
| .
£
P
3 L‘ll 3 \_I:ﬂ "t
= g —up Hia agl
e 1P = ST
23 4586
; z ap =P ; -
1 dls b a .
g2 FRd £
- dls 13 2
x3
Ok 5P <
gr o0 =
39 ___0_5 0.16
36 04" 0.10
NOTE: all dimensions In mm, NOTE: all dimensions In mm. NOTE: all dimensions in mm.

MARCH 1971
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transistor - transistor logic family TTI

STANDARD TEMPERATURE RANG

PHYSICAL DIMENSIONS
16 pin ceramic DIP

7 MAX

NOTE: ali dimenslons in mm.

PHYSICAL DIMENSIONS
18 pin plastic DIP

8.5 MAX

=
o
S
F
)
3.5]] 0.5 MIN
2.3

oOoooo

NOTE: all dimensions in mm.

INPUT -OUTPUT LOAD/DRIVE FACTORS

\.J A\
: O  vee 2 O Vee
2710 —i 27 21— I 27
1 8 = m 1 EJ = m
1 O (] 1 1 g mg
1 O =B - mi
1w O 1 w O 1
anvo O 10 N 10
T 100 T 101
——
1O 1 vee 154
1 0 [ 1 g
o = 1 O
1 |-;1 1 O
= = 1 g
15 ] = 10 O
GND =] GND
T 104 T 105

A4 \J
! (1 vee = ve,
g = ‘ulﬁg,
g b ! = 10
! q (10 1O =
1 = A= 1,
mﬂ = ) 1 G 1
a.uoq 310 = Elo
T 102 T 103
\J
1O [ vee
10 11
1 D!
g =l
d 1
= -
GND[] [0
T 106 T107
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGE

INPUT -OUTPUT LOAD/DRIVE FACTORS (contd.)

~ R ./
~20 [ Vee = 2 vee nu}le [ [ vee
2 2 13 =P . e
= 2 -l 15 mpl
= = = SR~ =}
] = 1 O m = =
30 12 1 o 1] =g
GND 30 GND 10 GND Pl
T 108 T 109 T110 T112

\ % \J [\
1 [ Ve 1 [ vee 10 . [vee 271G B vee
doo ke qoge q e e b
= = 1 g =1 g = "9 15
NI S: RO S = B SO =
l 1O =B 1 [0 (@ ] e [l - !
10 (3 = O 1 = - * 5 -
10 O P10
= -y anold 10 oo s o O o
T 115 T 116 T118 T 120
27 vee - ~ =
1 v,
2 2.7 ce
1 IJ: B 1] [ 10
1 1 ' = !
21 1 0 =
“ 1] ] 10
10 27
10 10 15 =
GND 10 oo B3 =
T121 T 122
NOTES:

1) Because of the input clamp diodes, excess curent can be drawn out of the inputs, if the DC input voltage is more negative
than-0.5V. The diode is designed to clamp off large negative AC swings associated with fast fall times and long lines. This
maximum rating is intended only to limit the steady state input voltage and current,

2) Four expanders (T106) may be tied to these terminals.

3) The number of elements driven by an output terminal depends on the resistance value externally connected between VCC and
output pin (see "WIRED-OR APPLICATIONS").
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NAND gates T102 ~T103 - T104 ~ T107, hex inverter T11¢

CONNECTION DIAGRAMS (top view)

(113

15

[J13

=

A =
1 [ 3 vee 13
0 = ¢} ZCH
3g 12 3 m)¥)
= Dn i !
5 = 1) 5 [
= =g = wl)
ano 710 = GNo 7
T 102 T 103
\_J \.J/
1 Davee 10
2 13 Zq@ @
C—— 12 g 312
1] bn 4:@ mn b
s =]t Ju [0
3 .0 OF
GND 7 ] 8 GND 7
T 107 T 116

ELECTRICAL CHARACTERISTICS (Voo =5V + 5%)

(14 vee

GND

(114 Ve

g
2]
3
1
50
(g =
=

STANDARD TEMPERATURE RANG!
14 VCC
[}13
312
11 EQUIVALENT CIRCUIT
10 (one gate only)

* Number of inputs depends on the gate

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max. |Min. Max.
Vou Output High Voltage 2.4 24 3.1 2.4 v Voo =475V oy =-1.2 mA
Vyp, = value indicated below
VoL Qutput Low Voltage 0.45 0.21 0.45 045| V Voo =525V =16 mA
Vo =475V Ig, =141 mA
Vg = value indicated below
Vi Input High Voltage 1.9 18 1.6 A Guaranteed input high threshold
for all inputs
Vi Input Low Voltage 0.85 0.85 085| V Guaranteed input low threshold
for all inputa
Ip Input Load Current -1.8 A1 -1.6 16 | mA | Voo =525V Vp=045V
ce V!}: =525V
on other inputa
Ig Input Leakage Current 10 60 60 pA Voo =525V Vg =45V
Gnd on other inputs.
Ipp Power Dissipation Current 6.1 36 6.1 6.1 mA Voo = 5 V inputs open
(each gate)
Isc Output Short-Circuit Current [ -30  -120 | -30 <120 |-80 -120 | mA | Voo =5.25 V inputs and output
grounded
tod+ Turn-off Delay 3 13 nsec Veg =6V Cp =15 pF
tpd— Turn-on Delay 3 15 asec | | See test circuit
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NAND gate - open collector T112

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM EQUIVALENT CIRCUIT
(top view) (one gate oaly)
1 d [ 12 vee
2 [ 13
3 ) 12
+ == BV
5 C@ 1 10
s 3 ] 9
Ghp 7 £ 8

ELECTRICAL CHARACTERISTICS (Vo =5V & 5%)

LIMITS

SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS

Min. Max. | Min. Typ. Max. | Min. Max.

VoL Output Low Voltage 0.45 0.21 0.45 045 | V Voo =525V lgp, =16 mA
Vi = value indicated below

Vi Input High Voltage 1.9 1.8 1.6 v Guaranteed input high threshold
for all inputs

Vi, Input Low Voltage 0.85 0.85 0.85 \% Guaranteed input low threshold
for all inputs

Ip Input Load Current -1.6 -1 -1.8 <16 [ mA |Voe =525V Vp =045V
VR~ =5.25V on other input

g Input Leakage Current 10 60 60 pA | Vce =525V VR =4.5V
ground on other input

lepy Output Leakage Current 200 200 uA | Voo =4.75V inputs guaranteed
4.5V applied to output

Ipp Power Digsipation Current 6.1 3.6 6.1 6.1 mA | Voo =5V inputs open

(each gate)
tpd+ Turn-off Delay 35 nsec VCC =5V
"pd— Turn-on Delay 15 nsec CL =15pF see test circuit
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NAND gate - open collector T11

WIRED-OR APPLICATIONS

STANDARD TEMPERATURE RAN(

The T112 allows wired-OR operatjon when a proper load resistor (R[,) is commected between V CC and output pins. Gen
eral rules to calculate the allowed number of wired-OR gates with a requested drive factor are explained below.
For a given number (K) of wired-OR gates a given number (n) of driven gates, two equations can be written in order t:
determine the value of the external resistor (Rj,) that guarantees a correct operation with respect to the same nois:

immunity levels as the TTL family.

High Level: if all the wired-OR gates outputs are at the high level, a total cur-
rent flows from supply through the external resistor Ry, that is the sum of the
output leakage current Iogx of the output wired-OR transistor and the input leak-
age curent IR of the driven gates. This current takes the output voltage to a
value that should not be less than the Vgy voltage that guarantees the high
level noise immunity. Therefore, to limit this voltage drop, the following R[,
limitation should be respected:

Vee - Vod

Koy tn IR

note that the resulting RJ, value is a worst case as [CEX given in present data
sheet is measured at 4.5V instead of 2.4V. Besides even IR is measured at 4.5V.

Rimax =

Low Level: when almost one of the wired-OR gates is at the low level (ON), a
current flow from supply, through RI,, to the output of the ON transistor. This
current is the ratio of Ry, and the allowed voltage drop, (the output leakage cur-
rent of the OFF wired-OR gates is negligible). In addition, the output ON transis-
tor sinks the output load current IF of the driven inputs. The VQI, voltage guar-
antees the low level noise immunity, that is total sunk current should not over-
come IQf, value; therefore, to limit the current through R[,, following limitation
should be respected:
Rppi = Vee - VoL
min
oL —nlp
If more than one gate is ON, allowed RL value ig higher.

The two combined equations give maximum and minimum values among which
should range Ry, value:

n = number of driven inputs

vee-VoL L< Vee—Vor
Iop—nIlp 7~ T KICEXTIR| K = number of wired-OR T112 gates

DRIVING TTL LOADS

T112 wired-OR

T2 wlred—OFK..l_

Vee

I F

=

STANDARD TEMPERATURE RANGE (0°C to 75°C)

driven
inputs

driven
inpuls

=

The adjoining table gives minimum and a |Ry Rmax
maximum resistance values to be used in | = — _ = _ = — —
when one or more wired-OR T112s are K31 X=2 K3 | R4 | K=5 | K=6 |[K=7 | K=8 | K=9 K=10
driving TTL loads. When K (1to 10)
T112s are wired-OR and at the same 1 | 330(9040(5100 3560 | 2740 | 2220 | 1870 [ 1610| 1420 | 1260 | 1140
time n TTL gates are driven, the resis- 2 | 375|7340|4500 |3260 | 2560 | 2100( 1780| 1500 1370 | 1220 | 1110
tance value to be externally connected 3 0l 4050 2
fo the output should be comprised be- 428 [ 618014 3010 {2400 | 1990{ 1710} 1490 1320 | 1190 ) 1080
tween minimum and maximum given val- 4 | 500 | 53403700 |2800 | 2260 | 1900 | 1630 | 1430 | 1280 | 1150 | 1050
ues. The table is calculated for the 5 | 600 (4700|3380 |2610 | 2140 | 1810|1570 | 1380 | 1240 |1120 | 1020
worst case of all the electrical param-
eters shown in the equations and the 6 | 750 | 4200|3100 |2450 | 2030 | 1730 | 1510 | 1340|1200 | 1090 | 995
nq(iis? immunizd of the TTL family is 7 |1000 | 3790|2880 |2300 | 1930 | 1650 | 1450 | 1290|1170 | 1060 | X
widely respected. 8 1500 | 3460|2680 |2180 [1840(1500| x | x | x [ x | x
9 130003180 X X X X [ X X X X X
10 @ X X X X X | X X X X X
X means not allowed driven gate: I = 1.6 mA
n = number of driven TTL gates I =60 uA
K = number of T112s wired-OR VOH = 2.4V
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NOR gate T122

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM EQUIVALENT CIRCUIT
(top view) (one gate only)
S Vee
15 [ 1avee
2 :ﬁ &: 13 b
3 ) 12
« = BY
s O 1 10
[ = w
6np 7 £ = iy

ELECTRICAL CHARACTERISTICS (Vo =8V  5%)

LIMITS
SYMBOL | CHARACTERISTICS 0°C 35°C 75°C__ | UNIT | CONDITIONS AND COMMENTS

Min. Max. | Min. Typ. Max. [Min. Max.

Vol Output High Voltage 2.4 2.4 2.7 24 v Voo =475V Igg =-1.2 mA
Vi1, =value indicated below
VoL Output Low Voltage 0.45 0.21 0.45 045 V Voo =525V Igp, =16 mA

VCC =475V IoL = 14.1 mA
Vi = value indicated below

VIH Input High Voltage 1.9 1.8 1.6 v Guaranteed input high
threshold for all inputs
VIL Input Low Voltage 0.85 0.85 085| V |Guaranteed input low

threshold for all inputs

Ip Input Load Current -1.6 -1 -1.6 -1.6 | mA V(% =56.25V Vg =0.45V
5. gV on other inputs
Ig Input Leakage Current 10 60 60 pA (Voo =525V Vg =4.5V
Isc Output Short-Circuit Current | -30 -120 |-30 -120 | -30 <120 | mA | Voo =525V inputs and
output grounded
Ipp Power Dissipation Current 6.1 3.6 6.1 6.1 | mA |Vgg =5V inputs open
(each gate)
tod+ Turn-off Time 13 nsec Vee =5V Cp, =15pF
tod— Turn-on Time 15 nsec | { see test circuit
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power gate T109

ELECTRICAL CHARACTERISTICS (VCC = 5V + 5%)

CONNECTION DIAGRAM

(top view)
\J—
G
2
34
=
=
[
GNDT

= BE
=R

11
=
=i
[ s

14 VCC

STANDARD TEMPERATURE RANGE

EQUIVALENT CIRCUIT
(one gate only)

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 750C UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max. | Min. Max.

Vou Output High Voltage 2.4 2.4 27 2.4 V. |Vpoe =475V  Igy =-3.6mA
Vq, = value indicated below

VoL Output Low Voltage 0.45 0.21 0.45 0.45] V Vog =525V Igp, =48 mA
VCC =4.75V IOL =42.3 mA
Viy = value indicated below

Viy Input High Voltage 1.9 1.8 1.6 v Guarsnteed input high threshold
for all inputs

Vo, Input Low Voltage 0.85 0.85 085 V Guaranteed input low threshold
for all inputs

Ip Input Load Current -3.2 2 32 32 | mA (Voo =525V Vp =045V

VR =5.25V
on other inputs

Ig Input Leakage Current 25 120 120 | uA |Voo =526V VR =4.5V
Gnd on other inputs

Ipp Power Dissipation Current 14 86 14 14 mA Voo =5V open

(each gate)

Isc Output Short-Circuit Current | 40  -150 |-40 -150 |40  -150 | mA | Ve =5.25V inputs and output
grounded

tpd+ Tura-off Delay 3 17 nsec Ve =W CL =15pF

tod— Turr-on Delay 2 13 nsec See test circuit
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AND-NOR gates T105 - T108 - T115, expander T106

STANDARD TEMPERATURE RANGE

The TTL T105 and T108 ure AND — NOR gates which may be NOR expanded with the use of the T106 element.

CONNECTION DIAGRAMS

(top view)

14V
=il
[T312 Cont.
311 Emitt,
10

T 105
\/
1 [ v
2 g [ 13
1 Ch /3 12
Iy = wBi
5 O whi
s O ]
GND 7 wiik]
T115

[314vee
1
112 coir.
[112 Emite.
7310 Emile,
) 9 Coll.
[ s

[D1avee
113

--112 Colt.
%
311 Emi

EQUIVALENT CIRCUITS

Yeo
2600 000 o0
Ry Ry R3
o—1 1
o— Qz_Q3 Q
EXPANDER ©
o—
o—~
EXPANDER O—

[
Nominal component values k ['] ;:ﬂ
for the sectiona without -
for the 1{ Yy ¥
ke e ke

Ry =Rg=FRg=4 KR =
Ry = 1.5KQ Ry = 1500
R = 800 Ry = 1.25KA

_L % T 105 WITH EXPANDER INPUTS

T105-T 115
Yee
26 Ka
o—f A Q2
o
e
o
A ]iq[
e

T 106 (one gate)

Vee

g

2.6k 0 |;| 2650 8000 Il‘]zbm 2.6K0 1500

A Q9
Q1o
o— Q@ Q2 03 Q5 %% Q 8
o
[og
axn

& . < Qll
AAS % >0 %
e e e
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AND-NOR gates T105 - T108 - T115, expander T106

ELECTRICAL CHARACTERISTICS (Vo =5V + 5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 750C UNIT | CONDITIONS AND COMMENTS
Min, Max.|Min. Typ. Max.|Min. Max.
Vou Output High Voltage 2.4 2.4 29 2.4 V |Vec =475V gy =-l2mA
Vy1, see below
VoL Output Low Voltage 0.45 0.2 045 045 V Voo =525V Igp, =16 mA
\8}_] =5.25V
Voo =475V Igp, =141 mA
Viy see below
ViH Input High Voltage 1.9 1.8 1.6 v Guaranteed input high threshold
for all inputs
VIL Input Low Voltage 0.85 0.85 ‘085 V Guaranteed input low threshold
for all inputs
Ip Input Load Current
T105 (non exp.section) and T115 -1.6 -1.04 -1.6 -1.6 | mA Ve =5.25V Vg =045V
T105 (exp.section) T106 and T108 2.4 -1.65 2.4 2.4 | mA | 5.25V on other inputs
Ig Input Leakage Current
T105 (non exp.section) and T115 5 60 60 pA | VR =45V Voo =5.25V
T105 (exp.section) T106 and T108 15 90 90 #A | Gnd on all other inputs
Ipp Power Dissipation Current
T105 21.3 12.1 21.3 21.3| mA |Vge =5V
T115 15.4 9 15.4 154 | mA All inputs open
T108 17.7 9.3 17.7 17.7 | mA
AXPD Extra Current Drain when one T106
expander is attached to a T105 "on” 2.05 1.08 2.05 205 mA |V =5V
Aﬁ inputs high
ISC Output Short-Circuit Current =30 -120 |-30 -120 [-30 -120 | mA VCC = 5.25V inputs and output
grounded
tod+ Turn-off Delay 3 15 nsec ::;)?Fir;%n expandable section)
"pd—— Turn-on Delay 3 15 nsec Voo = 5V. (_}L = 15pF
see test circuit
tod+ Turn-off Delay 3 18 nsec aTr}gS'I‘(legspandable section)
Turn-on Dela; 3 13 Voo =5V Cp, =15pF
Lpd_ Y neee se((:actest circuilL
A tpd+ Turn-off Delay -2 5 nsec | T106 only - The T106 is tested
by measuring its tpd through the
Btpg— Turn-on Delay 2 5 186C | 7105 - see test circuit.
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JK flip-flops T100 - T101

STANDARD TEMPERATURE RANGE

IENERAL DESCRIPTION

fhe TTL family includes the T100 and T101 flip-flops to satisfy the storage element needs of a logic system. Each is
it master-slave J-K flip-flop with the same multi-emitter inputs and low impedance active pull-up outputs common to the
rate elements.

The internal J-K connections assure the user of non-ambiguous operation for all input states. The master-slave design
with buffered clock input offers high noise immunity, low clock loading and eliminates the need for careful control of
tlock pulse rise or fall times. Data is accepted by the master when the clock is in the low logic state. Transfer from
jnaster to slave occurs when the clock goes from the low to the high logic level. When the clock is in the high logic
level bothd and K inputs are inhibited. For this reason it is desirable to maintain the clock pulse in the high level most
of the duty cycle. Direct set and reset inputs provide true asynchronous control of both master and slave flip-flops in-
lependent of logic and clock input levels.

A common J-K input is provided which is useful in the physical layout of most logic configurations.

[he two circuits are almost identical. The T100 has capacitors at the outputs of the J and K data input gates in the
inaster flip-flop. The capacitors serve to lengthen the time requirements between J or K data and the low to high clock
jrangition. This feature makes the T100 particularly attractive for applications where clock skew is an important consid-
pration.

[he T101 provides one J and one K input for additional logic flexibility. It has no master flip-flop capacitors to extend
'he set-up time and therefore has a higher toggling rate.

The important characteristics of the two flipflops are illustrated in the following curves and specifications. Noise im~
nunity and operating level curves shown in the gate section of the data sheet are applicable to the flip-flops as well.

CONNECTION DIAGRAMS FUNCTIONAL LOGIC DIAGRAM
(top view)
N\ \J o
w1 0 H uvee ka1 O 14Vee "
5 O ' m LYY ) ,:J_| . 5 bE, z —{ > s I .
s o AT 124 k3 O 1245
ne O b 11Ky 5 s O E 11Ky cp o— AsTER SLave
s O [ 10k, 35 O ) 0%, x®
s O w} 9fp Qe |:1 - . : R QJ .
o 7 O 87 ahp 7 O3 [ 80 %, oI [0 T
| T 100 T 101 .
TRUTH TABLES
SYNCHRONOUS ENTRY ASYNCHRONOUS ENTRY
J-K MODE OPERATION Independent of Clock and Synchronous Input
INPUTS @ t, OUTPUTS @ tn4] INPUTS OUTPUTS
JK J do J3 K, Ky K3 | Q q Sp % [ Q Q
1 4 52 12 3 10 11 6 8 2 13 6 8
L X X No Change (note 4) L L H H
H L L No Change (note 4) L H H L
H L H L H H L L H
H H L H L H H No Change
H H H Toggles
NOTES:

1) H = Most positive logic level.

12} L. = Most negative voltage level.

3) X = Could be high or low.

4) For no change of outputs, the J and K inputs of the common J-K input must remain low from the time the clock goes low to the
time the clock goes high again.

:5) The T101 has inverted J2 (Pin 5) and K2 (Pin 10} inputs. When not in use, they must be grounded.

6) The L aymbol in the J and K input column is defined as meaning that the input does pot go high at any time while the clock is
low. The H symbol in the J and K input column is defined as meaning that the input has been high at same time as the clock
was low.
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J-K flip~-flops T100 - T1(¢

STANDARD TEMPERATURE RAl

T100 EQUIVALENT CIRCUIT

—C8w

1

Yec = PIN 14
GNO=PIN 7

T101 EQUIVALENT CIRCUIT

Vee
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J-X flip-flops T100 - T101

ZLECTRICAL CHARACTERISTICS (VGC =5V = 5%)

STANDARD TEMPERATURE RANGE

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 750C UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min. Typ. Max. | Min. Max.
VYo" Output High Voltage 2.4 2.4 3 2.4 V (Voo =47V gy =-1.2mA
| Vy1, on asynchronous input
VoL Output Low Voitage 0.45 0.21 0.45 045] V |Voc =47V g, =141 mA
Vpq on asynchronous input
Voo =56.26V  Igp, =16 mA
Vig = 5.26V on asynchronous
input
Y Input High Voltage 1.9 1.8 1.6 v Guaranteed input high threshold
for all inputs
l"IL Input Low Voltage 0.85 0.85 085 V Guaranteed input low threshold
for all inputs
R Input Leakage Current
| J, K, J, K & Clock Inputs 5 60 60 A (Voo =625V Vp =4.5V
| & - K input 10 120 120 Gng on other inputs
Asynchronous Input 14 182 162
' Input Load Current
| J, K, J, K & Clock Inputs -1.6 -1 -1.6 -1.6 | mA Voo =5.25V Vg =0.45V
J - K input -3.2 -2 3.2 -3.2 5.25V on other inputs
Asynchronous Input -4.32 -2.7 -4.32 -4.32
'PD Power Dissipation Current
(each flip-flop)
T100 28 14 28 28 mA |V =5V Sp at ground
T101 33 16 33 33
sC Output Short-Circuit Current | -30  -120 |-30 -120 | -30 -120 | mA deC = 5.25V ground on output
and asynchronous input
!pd+ Turn-off Delay 8 12 20 nsec
pd— Turn-on Delay 12 20 30 nsec
T100 10 18 nsec
R T 107 B
CcC =
anta T100 22 35 nsec -
set-up 01 8 15 CL, . 15-DF.
Negative Clock Pulse Width 8ee test circuits
T100 25 nsec
T101 10
Toggle Frequency
T100 20 MHz
T101 50
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dual [-K {flip-flops T120-T12:

CONNECTION DIAGRAMS

(top view)
Y= N oo Gl
Cp 2 Of=d —3 15 Cp Cp 2
43 Ol H3 1 U J o3
K 2 mREE K 4
K 5 N 112 K Sp 5
Qe s maJ 1 K Q6
10 -|~-:]10 qQ Q7
6N O ] 9 Q GND 8

T 120

TRUTH TABLES

noon o onn

T 121

Available in DIP only

SYNCHRONOUS ENTRY J-K MODE OPERATION

STANDARD TEMPERATURE RANG

FUNCTIONAL LOGIC DIAGRAMS

J J Sp
J — 0 g
— " Q — X
16 Voo cp cP
15¢, Yk ol * Nk -
X R D
14 K £ T T
134
12¥ J
s J B
o L - oo
10Q X
- P cp
9Q
¥ K q K K . Q—
: [4 Cp K 9
T120 T121

ASYNCHRONOUS ENTRY
Independent of Clock and Synchronous Input

L

T120 INPUTS @t | T121 INPUTS @ t, | OUTPUTS @ t; 4 T120 INPUTS | T121 INPUTS OUTPUTS

JK J KR |JK J K Q Q Cp Sp Cp Q Q

14 3(13) 51D-4(12) 14  3(13) 4(12) | 6(10) 7(9) 1(15) 5(11) 1415) | 6(10)  7(9)
L X X L X X | No Change (note 5) H L L H

H L L H L H No Change (note 5) H H H No Change

H L H H L L L H L L H H

H H L H H H H L L H H L

H H H H H L Toggles

NOTES:

1) H = Most positive logic level
2) L. = Most negative logic level
31 X = Could be high or low
4) K inputs should be grounded when not in use
5) The L symbol in the J and K input column is defined as meaning that the input does not go high at any time while the clock i

low. The H symbol in the J and K input column is defined as meaning that the input has been high at same time

was low.
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dual J-K flip-flops T120-T121

STANDARD TEMPERATURE RANGE

T120 EQUIVALENT CIRCUIT Ve
Re LIR11 [JR12 {{R13 [jR20 [|R1e |JR1slIR1e Ro [R11 URr2 R [JR2o [IR19 [|RLIR1s
74 Q Q Q)9 (Q
q g @ Q1 oy % 4 38 Q 35
Q R R: v, 4, R 21
ved A ce vee! A o
Rio 15 R22 Ry Ry 15 Ryz
Q4 Q
1
f Vee  VYeo Yee Yo
Voo a R4 R Q vee Vee Ry Ry
12 Qe s
| Rt Rs Ry
5 * Vi v
Q — 0 Q qQ 0
iqzz RE]
3

V= Pinls
Grd” = Pin 8
T121 EQUIVALENT CIRCUIT 16 vee
1
| Ry [Jr1n [JR2 [[*s {JRa [JRw [JRas{J® s Re [ [Ru [JR1z [{R13 [Rao [jR19 [[R18[JR 16
76 Q Qa2 Qo) 109 |QypQ
Qs 7§ 7 Q3 Qu » 73 Q35
%
Veey® Veg vee 1Y Q 0, V|
i R R R
Rig 15 R R1p 15 2 R
7 Pay Q 174q
1 15
| Veo Yec Yeo  Jec i

R3)
2 Yee
R2g
Voo = Pin ls "
Gd =Pin 8 Qj]

NOMINAL COMPONENTS VALUES (Both diagrams)
RjR4,R5,Rg.R10,R14.R17.Ro1,R22,R23:Ro4. Ros.Rog = 4k{k:  Rg.R3.Rg,R7 =2kl  Rg,Rj6.Rgs.Ra31 =6 Kl
Ry Rjg = 1.5 K% Rig,Rig =1500; Ry3,Rgg =8000; Rys.Bg0.Ro5Ro7Ryg =1.25 K1  Rgg=1K);  €1,Cp =10 pF
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dual J-K flip-flops T120-T121

ELECTRICAL CHARACTERISTICS (Voo =5V £ 5%)

STANDARD TEMPERATURE RANG!

LIMITS
SYMBOL CHARACTERISTICS 0°C 25°C 750C UNIT | CONDITIONS AND COMMENTS
Min. Max. |Min. Typ. Max. | Min Max
Vou Output High Voltage 2.4 24 3 2.4 \ Voo =475V Igg=-1.2mA
VL, on asynchronous input
VoL Output Low Voltage 0.45 0.21 0.45 045 V Veoe =475V g, =14.1mA
Ve =5.25V Igp, =16 mA
Vg on asynchronous input
VIH Input High Voltage 1.9 1.8 1.6 \Y Guaranteed input high threshold
for all inputs
viL, Input Low Voltage 0.85 0.85 085 V Guaranteed input low threshold
for all inputs
g Input Leakage Current
J, K and K Inputs 5 60 60 A | Voo =525V
Clock Input 10 120 120 Vg =45V
J-K Input 20 240 240 Ground on other inputs
Asynchronous [nput 14 160 160
I Input Load Current
J, K and K Inputs -1.8 -1.1 -1.8 -16 | mA |Voc =5.25V
Clock Input -3.2 -2.2 -3.2 -3.2 Vg =045V
J-K Input 6.4 44 6.4 -6.4 5.25V on other inputs
Asynchronous Input -4.32 -3 4.32 -4.32
Ipp Power Dissipation Current 30 30 30 mA [Vge =5V Cp at ground
(each flip-flop)
Isc Output Short-Circuit Current |-30 -120 |-30 -120 | -30 -120| mwA | Vg = 5.25V ground on output
and asynchronous input
tod+ Turn-off Delay 8 13 22 nsec
tpd— Turn-on Delay 12 21 32 nsec Voo =5V
trolease 1 7 nsec C;, =15pF
teet-up 8 16 nsec see test circuit
Negative Clock Pulse Width 10 nsec
Toggle Frequency 50 MHz

262



dual D flip-flop T110

STANDARD TEMPERATURE RANGE

CONNECTION DIAGRAM FUNCTIONAL LOGIC DIAGRAM
(top view)
= et b.)d vee PRESET
b 2 d i3 cy
Cp3 20
Py 4 ] [nc,
Q5 d oe,
L m =R
GND 7 ] = F Y]

1a3x

TRUTH TABLES
ASYNCHRONOUS ENTRY INDEPENDENT OF

SYNCHRONOUS ENTRY D MODE OPERATION CLOCK & SYNCHRONOUS INPUTS
INPUTS € t, OUTPUTS @ tn+1 W T INPUTS OUTPUTS
D Q Q " Clear Preset Q Q
2(12) 59) 6(8) 1(13) 4(10) 5(9) 8(8)
L L H L L H H
H H L L H L H
H L H L
H H No Change
] | |

H = Most positive logic level
L. = Most negative logic level
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dual D flip-flop T110

PRESET
(410

EQUIVALENT CIRCUIT
(one side only)

tVee

+Vectvee

+VCC

STANDARD TEMPERATURE RANGI

CLOCK
[S130) 1
A #Vee ®
Ka
h 4
(2120
(D13 CLEAR
Y y
—— ——
ELECTRICAL CHARACTERISTICS (Vi =5V : 5%)
LIMITS
SYMBOL CHARACTERISTICS 0°C 250C 750C UNIT | CONDITIONS AND COMMENTS
Min Max. | Min. Typ. Max.| Min. Max.
Voy Output High Voltage 2.4 24 3 2.4 V[V =47V Igy =-0.6 mA
Vi1, on asynchronous input
VoL Output Low Voltage 0.45 0.2 0.45 045 V |Voc =525V gL =16mA
VIH on asynchronous input
VIH Input High Voltage 1.9 1.8 1.6 \Y Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.85 0.85 085 V Guaranteed input low threshold
for all inputs
Igp Input Load Current
D and Pp Inputs -1.6 -1 -1.6 -1.6 | mA Voo =5.25V Vp =0.45V
Cp and Cp Inputs -3.2 -3.2 -3.2 other inputs high
Ig Input Leakage Current
. D Input 60 60 60 pA Voo =56.25V
Cp and Pp Inputs 120 120 120 VR =4.5V
Cp Input 180 180 180
Ipp Power Dissipation Current
(each flip-flop) 12 12 12 mA | Groundon Cp Vgg =5V
Isc Qutput Short-Circuit Current |-30 -120 | -30 -120 [-30 -120 mA (Voo = 5.25V ground on output
and synchronous input
tpd1+ Turn-off Delay 10 20 35 nsec |D input
tod1- Tum-on Delay 10 20 S0 nsec |D input v —5v
tpd2+ Turn-off Delay 25 nsec |Cp, Sp inputs cC — 15F
tpd2— Turn-on Delay 40 nsec |Cp, Sp inputs S(E,Ja te;t L
tget-up Set-up Time 20 nsec circuits
telease |Release Time 5 nsec
Clock Frequency 15 MHz
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one-shot multivibrator T118

GENERAL DESCRIPTION

STANDARD TEMPERATURE RANGE

This retriggerable monostable multivibrator (or one-shot) provides an output pulse with high accuracy and a very wide
duration range (50 nsec to ), The T118 will respond to trigger inputs even when already in its active timing state, and
will time itself out from the last input. oulse received.

CONNECTION DIAGRAM

(top view)
ot

1O Ax [ 1avee

2 d = B¢

3 ’H:: 12

< [ n

5 0 1 10
qe O (3
Gno 7 [ [ sa

| ELECTRICAL CHARACTERISTICS (Vo =5V + 5%)

EQUIVALENT CIRCUIT

4axn

lml
K6

" LIMITS

SYMBOL CHARACTERISTICS 0°C 25°C 75°C UNIT | CONDITIONS AND COMMENTS
Min. Max. | Min, Typ. Max. | Min. Max.

Vou Output High Voltage 2.4 2.4 3.4 2.4 vV Voo =475V =-0.72 mA
for pin 6 open pin ?i‘l
for pin 8 ground pin 11

VoL Output Low Voltage 0.45 0.2 0.45 0.45( V Vee =4 75V 13 mA
for pin 6 ground me11
for pin 8 open pin 11

Viy Input High Voltage 2 2 1.7 V  |Vgg = 4.75V minimum pulse
width 40 nsec

Vi, Input Low Voltage 1.4 0.8 0.8 A% Vee = 5.25V minimum pulse
width 40 nsec

Ip Input Load Current -1.6 -1 -1.8 -16 | mA |Vgc =525V Vg =0.45V
4.5V on other input

IR Input Leakage Current 15 60 60 HA |VCoC =525V VR =4.5V
ground on other input

Ipp Power dissipation Current 25 25 25 mA | Ve = 5.25V ground on true
inputs and 4.5V on complemented
inputs

tch_ Negative Trigger Input to Q Output 25 50 nsec VCC =5V R’X =5K0

"pd— Negative Trigger Input to Q Output 25 50 nsec CX 0

Cy, =16pF

t‘pw Min Q Output Pulse Width (1) 45 65 nsec see test circuit

Csh'w Max. Allowable Wiring Cap (pin 13) 50 50 50 pF | Gnd on pin 13
This capacitance, if present, will
add to Cy in determining output
pulse width

Ry Timing Resistor (2) 5 40 |5 40 5 40 KQ

NOTES:

1) Pulse width calculation: Tpw ~ 0.36 Rx Cx.
otherwise noted, 10piv(vQ resistor (Ry) is placed between Pin 13 and VCC for all tests,

2) Unless
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS
-Sensitivity of all switching parameters to supply voltage change (within range of 5 V £ 10%) and DC loading is very
small.

T102-T103-T104-T107-T109-T116 "pd TEST CIRCUIT AND WAVEFORMS

PULSE

INPUT
Frequency = IMHz
Amplitude = 4V 15pF
Pulse width = 200 ngec I
Risc time < 10 nsec
Fall time < 10 nsec-

1
VouT [ — ! sy
vour—_ A |
ouT

3.0000 for t
pd + Vv
3300 for t oy N L5v

PULSE ! |
INPUT =

Fraquency = 1MHz TTLGAELx
Amplitudo - 4V ot
Pulee width % 200 neec I
Rise time < 10 nsec

Fall time < 10 nsec

v
N N m oo Y15V
PULSE | 1
_J'—l_ INPUT Vout tpg b ——= e —- Lpd

Froquency x 1MHz
Amplitede = 4V pF
Pulse width ~ 200 nsec I
Rise time < 10 nsec
Falltime £ 10 nasc

TTL GATE | %
15

T105 and T115 tod TEST CIRCUIT {NON-EXPANDABLE SECTION ONLY) AND WAVEFORMS

Vee

Frequoney = 1MHz
Amplitude & 4V 150F
Pulso width % 200 nsec

Rise time < 10 nsoc I
Falltime £ 10 nsne

* Capacitance includes probe and Jig capacity.
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST CIRCUITS

.- Sensitivity of all switching parameters to supply voltage change (within range of 5V £10%) and DC loading is very

small.
- For Flip-Flops allowable clock skew < tpd (max) + trelease (min).

T105 - T108 EXPANDABLE GATE AND T106 EXPANDER tod TEST CIRCUIT

T108 ONLY

Frequency = 1MHz
Amplitude =4V
Pulge width x 200 nsec
Risc time < 10 nsec
Fall time < 10 naec

With switch in position 1 measure tpq of T105 - With switch in position 2 measure tpg (T105 - T108) + Alpd (T106).

T100 tp 4 TEST CIRCUIT AND WAVEFORMS

Froquency ~ 2MHz KO ST H W
Pulno width - 250 naec

Rios time < 15 neec Vi
Falltime < 15 nsec

Amplitude = 4V

Vi N
15F45% N — e
PULSE gt Lo
GEN. TTL GATE p
150F 5% I'L
ALL INPUTS'

TIED TOGETHER 1

S
*
o
)
(=)

I lt
3 15pF £ 5%

T101 ty TEST CIRCUIT AND WAVEFORMS

Vee

KD SEH W

Frequency & 2MHz
Pulse width x 250 nsec
Rise time < 15 nsec
Fall time < 15 nsec
Amplitude x4V

PULSE ?

GEN. TTL GATE I
1 KARTS
|
]

R
15pF 5%
I U
1w K Cp 0
ALLINPUTS [ 4= S L

TIED TOGETHE _;ﬁlj._ I

* Capacitance includes probe and Jig capacity.

Vin VouT

Ly f N\ / \
* Vin \__ﬂ
15pF 15%
I ’ _‘fl tpd* Lpg-

L5V H

Vout
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transistor - transistor logic family TTL

SWITCHING TIME TEST CIRCUITS

STANDARD TEMPERATURE RANG!

- Sensitivity of all switching parameters to supply voltage change (within range of 5V +10%)and D C loading is very

small,

- Allowable clock skew < "pd (max) + tolease (min).

T100 tyep i @0d to)opee TEST CIRCUIT
% DTL UTTL
. 9930 T102

Frequency & 2MHz
Rise time < 10 nsec
Fell time < 10 nsec
Amplitude x 4V

T10L tggy yp nd tgjeqge TEST CIRCUIT

% DTL
. 9930

% OTL

15 to 60pF
Cr
Frequency x 2MHz
Rise time < 15 nsec
Fall time < 15 nsee
Amplitude ~ 4V

INITIAL ADJUSTMENT

1. With switch in treleage Dosition adjust Cr &
CR for proper Vcp, Vy & Vp waveforms and
treleage limit value.

2. With switch in tget-up position adjust Cg for
tset-up limit value.

tget-up 18 defined as the minimum time required
for a High to be present at a synchronous logic
input at any time during the low state of the clock
in order for the flip-flop to respond to the data.
treleage i8 defined as the maximum time allow-
ed for a High to be present ata synchronous logic
input at any time during the low state of the clock
and not be recognized.

993!
]

% TTL

T1026 vy

2K0: 5% %W

Yout
®
100 nse WAVEFORMS
>3v
v —\ Y pumny T L
N/ <oav

._\>_/ 23V, . . 15v
100 nsec <0.4v
>3V
. \.— /£ Lsv
<04V

Vgy for good device with swilch in tre|eage position 0.4y

-/ N / \ Lsv
/ \ /T <o

VoyTfor good device wilh switch in 1geryp posilion




transistor - transistor logic family TTL

|SWITCHING TIME TEST CIRCUITS

STANDARD TEMPERATURE RANGE

- Sensitivity of all switching parameters to supply voltage change (within range of 5V 1 10%) and D C loading is very

smail.
- Allowable clock skew < tpd (max) + trelease (min).

T120 td TEST CIRCUIT

Vee
Frequoncy = 2MHz Vi Cp VouTl
Pulse width & 250 nsec
Riso time < 15 nsec RI
Fall time < 16 asec
Amplitude = 4V
| 3
J qQ 6
TTL GATE
PULSE T CL
GEn. ; T
14
kil
ALL INPUTS T c
TIED TOGETHER I L
2
-

PIN 16 = Vg
PIN 8 = GND

T121 tog TEST CIRCUIT

Vee
Frequency = 2MHz Vin Ce Youtl VouT 2
Pulso width ~ 250 nsec  (Q
Riso time < 15 nsec R
Fall timo < 15 nsec
Amplitudo = 4V 3 s JL”
s Sogl {4 F ) %ql 4w
TTL GATE .
PULSE
c [
GEN. 71°°P I 1N I
1 al_7 14 ol
ALL INPUTS K Cp _l 1 X Cp 1
TIED TOGETHER 1 ICL 15 IC
2

I

R =2KQ + 5% 1/2W
Cl =15pF + 5%
Ci, =15 pF + 5%

C1 & Cy, include all probe and jig capacity.
Very short stranded or printed wire should
be used for all interconnections.

Probes should be connected directly to the
input & output pins.

NOTE:

For '-set,-“P and trelease 8ee T100 and T101
test circuits.

PIN 16 = Vo
PIN 8 =GND
WAVEFORMS
L5V L5V.
Vin Cp
GND s "
L5V L5V VouT1
AND
GND VouTtz
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transistor - transistor logic family TTL

STANDARD TEMPERATURE RANGH

SWITCHING TIME TEST CIRCUITS
- Sensitivity of all switching parameters to supply voltage change (within range of 5V + 10%) and D C loading is very

small.
- Allowable clock skew < tod (max) +to)page (MIN).

T110 tpd TEST CIRCUIT AND WAVEFORMS

A2 = +5V
R—Y ce
qQ q qQ

* ha * *
PRESET CLEARp—J 15

Ilip‘-_” ) I”F HFI IDF

ol

Clear: tp =3 to 6 neec  P.W.=30 nsec =1 MHz Clock: t,=15 nsec t7=15 nsec  P.W.=30 nsec =1 Mtz
Amplitude =0.4 to 2.4 V. Amplitude =0.4 to 2.4 V.
Preset: ty=3 to 6 nsec  P.W.=30 nsec  [=1 MHz D: t,=15 nsec t;= 15 nsec  P.W.=25 nsec "ael.-up=zo nsec
Amplitude = 0.4 to 2,4 V. "rel.=5 nsec f = 500 kHz Amplitude = 0.4 to 2.4 V.
NOTE:

This Jig is used to test the minimum clock frequency.

T118 tpd TEST CIRCUIT AND WAVEFORMS

vee
L5V
{)4‘5v T 5K0) ' N
1] 13 Lo+
PULSE Yout [T R
INPUT ry Lsv

Frequency = IMHz :D Ilsp Yout TPW

Amplitude % 3V
Pulao width % 40 nsee v Vout

Rise time £ 10 nsec - _—
Fall time < 10 neec . Yout ] 1,5V
15¢
*T e

* Capacitance includes probe and Jig capacity.
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TTL integrated circuit T 150

4-bit shift register

EXTENDED TEMPERATURE RANGE -55°Cto125°C

STANDARD TEMPERATURE RANGE 0°Cto75°C The T 1'50 4-bit shif[-regi.ster-is constructed on a single silict?n
chip using the planar epitaxial process. The T 150 has serial

and parallel entry, serial and parallel output and Master Reset
(MR). Serial input is provided as aJ and Kinput,which‘may be
tied together externally to form a "D” input. The MR input
clears all stages independent of clock pin level. A logic HIGH
on the PE input ensures serial shift operation and a logic
o INPUT DIODE CLAMPING LOW enables parallel entry concurrent with low to high
e 20 MHz SHIFT FREQUENCY transition on the clock input. The J and K inputs make the
o SYNCHRONOUS PARALLEL ENTRY circuit useful as a 4-bit modulo N counter (N < 15) needing
o 1 K INPUTS TO FIRST STAGE only one additional gate element. The circuit utilizes TTL

logic for high speed and high fan-out capability.
¢ ASYNCHRONOUS COMMON RESET

o POWER DISSIPATION OF 300 mW ABSOLUTE MAXIMUM RATINGS =
(above which the useful life may be impaired)
o CERAMIC HERMETIC AND PLASTIC 16 PIN Supoly VoIt Conti 0V ia7y
N- P E upply Voitage, Continuous 0.5V to
DUAL IN-LINE PACKAG Input Voltage -0.5V to 5.5V
Output Voltage -0.5V to V¢
Storage Temperature Range -65°C to 150°C
OPERATING CONDITIONS
Extended
Temperature Range -55°C to 125°C
Supply Voltage 5V:I10%
Standard 3
Temperature Range 0°C to 75°C
Supply Voltage 5Vt 5%
LOGIC DIAGRAM PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
AND PIN CONNECTION 16 pin ceramic DIP 16 pin plastic DIP
To: 22 5.5 MAX
[T
o) 4] 5| 8] 7]
2_—{yPeE Po Py P P3 IV ok
S b B p— g4 o NS
3 3
—q"ur 0 0, & O Ej Tf; § g =p
1[15] 4| 8] 2] g b : ar “F
s e g ! ]3 =
el 5 dls 7 [d= =
Vee = PIN 16 LS gl P
GND = PIN B TR [
NOTES: U 10
1) Board-drilling dimensions should egual
your practice for a conventional 0.51
2) T{F&ﬁr'\%r:;gr:sl?ﬁdﬁm NOTE: All dimensions in mm.
ORDERING NUMBERS
T 150 D1 (For Ceramic DIP and Standard Temperature Range)
T 150 D2 (For Ceramic DIP and Extended Temperature Range)
T 150 B1 (For Plastic DIP and Standard Temperature Range)
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4-bit shift register T150

ELECTRICAL CHARACTERISTICS (TA = 0°C to 75°C, Voo = 5V £ 5%)

LIMITS
SYMBOL | CHARACTERISTICS 0°C 250C 750C Unit A(;%NCD(;;I&?STS
Min. Max. |Min. Typ. Max. | Min. Max.
Voy Output High Voltage 2.4 2.4 3 2.4 V | Vcc=4.75V Igy=-0.36 mA
VoL Output Low Voltage 0.45 0.2 045 045 V [ V=525V lgL= 9.6 mA
Vee=4.75V lgL= 8.5 mA
ViH Input High Voltage 1.9 1.8 1.6 V | Guaranteed input high threshold
for all inputs
VIL Input Low Voltage 0.85 0.85 0.85| V | Guaranteed input low threshold
for all inputs
I input Load Current -1.6 -1 -1.6 -1.6 | mA!Vcc=5.25V VE=0.45V
other inputs high
I Input Load Current (CP) -6.4 -4 -6.4 -6.4 | mA|Vec=5.25V Vg =045V
other inputs high
Ir Input Load Current (PE) -3.7 23 3.7 -3.7 | mA| Vec=5.25V Vg =045V
other inputs high
IR Input Leakage Current 60 15 60 60 | nA | Voe=5.25V VR =45V
IR Input Leakage Current
(CP) 240 45 240 240 | pA | V=525V VR =45V
Ir Input Leakage Current
(PE) 140 35 140 140 | pA | Vee=5.25V Vg =45V
Isc Qutput Short Circuit
Current -10 -70 |-10 -70 -10 =70 | mA | V=7V 1.5V on output
and 5.25V on P input
IpD Power Dissipation Cunerj 85 85 ﬂ mA | Voc= 5V
ELECTRICAL CHARACTERISTICS (Tp =-55°C to 125°C, Voo = 5V  10%)
LIMITS
SYMBOL | CHARACTERISTICS | ssoc Py 125°C_| Unit POty
Min. Max.| Min. Typ. Max. |Min. Max.
VOH Output High Voitage 2.4 2.4 2.7 2.4 V | Vee=4.5V  Igy=-0.36 mA
VoL | Output Low Voltage 0.4 02 04 04 | V| Vee=5.5V IgL= 9.6 mA
Vee=4.5V  lgpL= 7.5 mA
VIH Input High Voltage 2 1.7 1.4 V | Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.8 0.9 0.8 | V | Guaranteed input low threshold
for all inputs
Ig Input Load Current -1.6 -l <16 -1.6 | mA | Voe=5.5V Vg =04V
other inputs high
Ip Input Load Current (CP) -6.4 42 6.4 -6.4 | mA | Vee=5.5V Vg = 0.4V
: other inputs high
I Input Load Current (PE) -3.7 25 3.7 -3.7 | mA | Vce=5.5V Vg =04V
other inputs high
IR Input Leakage Current 60 15 60 60 | unA VCC=5.5V VR = 4.5V
IR Input Leakage Current
(CP) 240 45 240 240 |pA | Voo=55V VR =45V
IR Input Leakage Current
(PE) 140 35 140 140 | pA | Voe=5.5V VR =4.5V
Isc Output Short Circuit
Current -10 -70 |-10 -70 -10 <70 |mA | V=7V 1.5V on output
and 5.5V on P input
Ipp Power Dissipation Current 85 85 85 mA | Vec=5V
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4-bit shift register T150

FUNCTIONAL DESCRIPTION

C_P (common clock input) - shift or parallel entry operation occurs during low to high transition.
PE (parallel entry enable) - for paralle! entry operation PE must be low; for shilt operation it must be high.
MR (Master Reset)- when MR is low, all Q outputs are low independently of the condition of any other inputs.

J,X = serial inputs

Pg, Py, P2, P3 = parallel inputs
Q3, Q3 = serial outputs

Qo, Q1. Q2, Q3 = paraltel outputs

LOADING RULES (1 U.L. =1 TTL Gate Input Unit Load)

INPUTS : J, K, MR, Py, P, Py, P3 LOADING FACTOR : | U.L.
PE 2.3 UL
cP 4 UL.

QUTPUTS: Qp, Qj, Q2, Q3, Q3 DRIVEFACTOR : 6 UL.

SWITCHING CHARACTERISTICS (Tp = 25°C)

) CONDITIONS

SYMBOL CHARACTERISTICS Min Typ. Max.| UNIT AND COMMENTS
tpd* Turn-Off Delay 10 20 35 ns,
tpd- Turn-On Delay 10 25 45 ns
CPpw Clock Pulse Width 35 ns
tg Set-up Time 17 ns

. Vee =5V
ty Release Time 17 ns

_ ) — Cp = 15pF

Is(PE) Set-up Time for PE 26 ns

. == (see figures)
ty(PE) Release Time for PE 26 10 ns
tpd - (MR)| Reset Time for MR 35 ns
trec(MR) Recovery Time for MR 20 ns
MRy Min. Reset Pulse Width 15 ns
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4-bit shift register T150

T150 SWITCHING TEST JIG

?Vcc

INTERNAL
PULSE
GENERATOR

SYNC. 1
“r Vel —— o 1oy
k1l L Sq
9 PE
5Py 2 9
NOTES ocp qy
Gy = 9930 2311
G:], = Ti02 1 iR
Gy = TH02 13Q GND8
V(3.x: =5V z 1
Sy is used for GND DUt
reference check. vee
9
14 Sg 1 & 9 v
3 Mg 15MHz op Yee GND_ OPEN
. e - Gap S "]x °, 1‘\ oJ e,
P 500 M2 s2 S3 S
b I ? I o GEN.QUTPUT CCOFDEVICH N 50F DT
TABLE TO BE USED TO CHECK JIG FOR CALIBRATION
. Vee = SV
Test Switch Numbers Probe | Probe | TESTPOINT LIMITATIONS ~Seore intas:
Type 151 s2|s3s4[s5 |s6|s7[s8|s9 [sw| ~A B Level chock "S5
1
((IZEI)EZ?(T or| P22 1|11 |1l |2f1 VvCP PE —_— B
2 45 nsec
(PE) Vep
RELEASE | 2| 1|22 1|2]2|1|2]| 11| VCP PE |15v. R
ov
CHECK e
Vep
(P2)SET | 1 Py
CHECK |or| 1]2] 22| 1|t|[1|1]2]| vCP P2 |LEVAT T
2 ov
(P2) Ver
RELEASE [ 1| 1 |2|2|2(2]|2|1|1]|2]| VvCP P2 |15V = =
CHECK ov
P2 0 nsec
: RESET
1
RESET
CHECK |°f pf2ft]1,1]1|1]1 |or| VCP | RESET
2 Vep
FREQ. | !| ! 1
CHECK |[or|ad| 2| 22| 2| 2|2 |2 jorj VCP VCP
2|2 2
1000 nsec or 67.7 nsec

274




4-bit shift register T150

SWITCHING TIME AND SHIFT FREQUENCY WAVEFORMS

's ls ‘ t

DATA
0aTA SERIAL —\ co- s m s e LS
izmto: J— DATA
e PARALLELf — e e Ls.
Cd j\: VIS(FE-) I (P |, (PE) 1, (FE)
oUTPUT — —
w_
f330s%g 23
- L5v S/
L5v % 6 nsex
Vaur  —
{PIN 12 or 11) Vqyy Frequen . =15 X Vjy Frequency
APPLICATIONS
A. 4-BIT LEFT/RIGHT SHIFT REGISTER
it Lefl Quipu
St el Quput :1 {r ShiftRight Output
Shift Righl Input y '“‘ Do;”‘qu/Q:
Clock cp %
Kpe Pwl ’PZIP;
* Shilt Lefl” ngthunlmI___._[ I— Smift Lell Input
* To Shil L Right- Inpul HIGH
To Shult Lelt-npul LOW
B. 7-BIT PARALLEL - TO - SERIAL CONVERTER C. DIVIDE BY "N” COUNTER (°N” =2 to 15)
CLOCK

v,
cc Vee

Vee
ISR At
| JMRQp Q1 @2 @3 JMR QoG Q3| senal cCF———\
P TISO _ L_ﬁEP Tiso U3 o oupw QuTPUT

R pgapg Py Py P38 [

K ' B by b
PE‘ P Py PP

I—L— I Il

Parallel

Inpurt NPT A, PE Qo Q2 1%

—— 5. T150 _
COUNT “KRPU Py Py Py Q:

g ||
B 3 o i MASTER
?:l;:\‘/ersrun Qo 7% 7107 11 lJ

“ This circuil use - a marker bil lo count the dala bils shifted oul 50 lhat a
parallel lead enable 1s generaled lo load lhe next parallel’ xd lor cor . ~r-
sion al the cosrecl time.

(Seleclor switch shown
n N =15 pasition
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4-bit shift register T150
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| TTL integrated circuit T151

One-of-ten decoder

-55°Cto 125°C

STANDARD TEMPERATURE RANGE

0°C to 75°C The T 151 one-of-ten decoder is a circuit' constructed
on a single silicon chip by means of the planar epitaxial
process. The T 151 is a multifunction decoder. Designed to
accept four weighted inputs and provide ten mutually exclu-
sive outputs, the circuit utilizes TTL logic for high speed
and high fan-out capability. The unique logic of this device
makes it very versatile in decoding and logic conversion ap-

e INPUT DIODE CLAMPING plications.
¢ TYPICAL INPUT/OUTPUT PROPAGATION
DELAY 20 ns ABSOLUTE MAXIMUM RATINGS
o MULTI-FUNCTION CAPABILITY (above which the useful life may be impaired)
e MUTUALLY EXCLUSIVE OUTPUTS Supply Voltage, Continuous -05Vito 7V
o DEMULTIPLEXING CAPABILITY Input Voltage 05Vies5sV
Qutput Voltage -0.5 Vto Ve
TYPICAL POWER DISSIPATION OF W
¢ JON OF 145 m Storage Temperature Range -65°C to 150°C
o CERAMIC HERMETIC AND PLASTIC 16 PIN
DUAL IN-LINE PACKAGE
OPERATING CONDITIONS
Extended
Temperature Range -55°C to 125°C
Supply Voltage S5Vt10%
Standard
Temperature Range 0°C to 75°C
Supply Voltage 5V 5%
LOGIC DIAGRAM
AND PIN CONNECTION PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
16-pin ceramic DIP 16 pin plastic DIP
7 MAX
= 6.5 MAX
15 14 1 2 S 5.0
e = E
(%] f
A Al Ay A 8.18
0 1 A2 A3 —
o Lln] I
T 151 N gN_
0123456789 O wHo
O 1@ :]
T TT T T TT T E : : j
O« n[]%
S Ole %
Os z[J® 3 2 -
1B1211093 4567 0l 7 IR ~l1g
O n[J dl Fis] e
0 B dl w [J 5
\Y% =PIN 16
CcC s 9 r Ol o0
GND = PIN 8 -
Note : all dirmensions in mm. NOTE: All dimenslons in mm,
ORDERING NUMBERS
T 151 D1 (For Ceramic DIP and Standard Temperature Range)
T 151 D2 (For Ceramic DIP and Extended Temperature Range)
T 151 B1 (For Plastic DIP and Standard Temperature Range)
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one-of-ten decoder T151

ELECTRICAL CHARACTERISTICS (0°Cto 75°C, Ve = 5V ¢ 5%)

LIMITS
SYMBOL CHARACTERISTIC Unit CONDITIONS
0°C 25°C 75°C AND COMMENTS
Min. Max.| Min. Typ. Max. | Min. Max
VoH Output High Voltage 2.4 24 3 2.4 V=475V, lgg=-0.6 mA
VoL Output Low Voitage 0.45 0.2 0.45 0.45 Vee=4.75V, Igp=14.1mA
Vee=5.25V, Igp= 16 mA
VIH Input High Voltage 1.9 1.8 1.6 v Guaranteed input high thresholc
for all inputs
ViL Input Low Voltage 0.85 0.85 0.85 v Guaranteed input low threshold
for all inputs
I Input Load Current -1.6 -1 -1.6 -1.6 mA | Vcc=5.25V, VE=045V
IR Input Leakage Current 60 15 60 60 | pA | Vec=5.25V, VR= 45V
Isc Qutput Short Circuit
Current -10 -70 | -10 -70 | -10 -70 mA | V=525V, output grounded
Ipp Power Dissipation Current 45 45 45 mA | Vee= 5V, A, ApL A As
inputs grounded
ELECTRICAL CHARACTERISTICS (-55°C to 125°C, Voo =5V & 10%)
LIMITS
CONDITIONS
SYMBOL CHARACTERISTICS -55°C 25°C 125°C | Unit AND COMMENTS
Min. Max.| Min. Typ. Max. |Min. Max.
VoH Qutput High Voltage 24 24 2.7 2.4 VCC =45V, Ipg=-0.6 mA
VoL Output Low Volitage 0.4 0.2 0.4 0.4 Vee=4.5V, Igp =124 mA
Vcc=5.5v, IpL=16 mA
VIH Input High Voltage 2 1.7 1.4 v Guaranteed input high threshold
for all inputs
ViL Input Low Voltage 0.8 0.9 0.8 v Guaranteed input low threshold
for all inputs
Ir Input Load Current -1.6 -1.1 -1.6 -1.6 mA | Vcc=5.5V, VE=04V
Ir Input Leakage Current 60 15 60 60 | pA | Vee=5.5V, VR=45V
Isc Qutput Short Circuit
Current -10 -70 | -10 -70 (-10 -70 mA | Voe=5.5V, output grounded
Ipp Power Dissipation Current 45 45 45 mA | V=15V, Ag, A1, A, A3

inputs grounded
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one-of-ten decoder T151

LOADING RULES (1 U.L. = 1 TTL Gate Input Unit Load)

INPUTS  : Ag, Aj. Ag. A3 LOADING FACTOR : 1 U.L.
OUTPUTS : 0,1,2,3,4,5,6,7,8,9 DRIVE FACTOR  : [0U.L.

SWITCHING CHARACTERISTICS (TA = 25°C)

SYMBOL | CHARACTERISTICS Min. Typ. Max. | Unit AﬁODNC%R\?;\S‘TS
tpd * Turn-Off Delay 10 20 35 nsec 2

Vee =5V Cp=15pF
tpd- Turn-On Delay 7 20 30 nsec S

TEST CIRCUIT WAVEFORMS
Vee
PULSE
, GEN. ‘v-i )7 _L
1
15 F T b Vin Vin 1sv A X 15V
T151 ‘ . GND
2 —=ltpg. = — i ¢ -
A 3 : ;
ouT L L Voutr 1. 5v55g 1.5V
150F
P 1 GND
B ae—
—
* The capacitance shall be within + 5% including jig, probe and wiring capacitance.
APPLICATIONS
| A. DECODER FOR ANY BCD CODE
« BCD CODE %
X0 X1 X2 X3 3 DECIMAL OUTPUT BCD CODE
| DIGIT | g421 | 5421 | Excess3| 4221
| I 0 018 | 0.18 3 0.18
Ag AL Ay A3 Ag AL Ay Ag 1 1.19 119 4 1.19
1710 DECODER 1/10 DECODER 2 2 2 5 2
T 151 151 3 3 3 6 3
0123456789 0123456 4 4 2 7 6
5 5 8.10 8.10 9.11
6 6 9.11 9.11 14
5
0123456789 10111213141516 1718 19 ; ;10 }g ;2 16
OUTPUTS 9 9.11 14 14 17

Decode any BCD code using two T 151 elements. Any 4 bit BCD code may be decoded by selecting outputs as shown in the table.

279



one-of-ten decoder T151

APPLICATIONS (contd)

B. ONE OF THIRTY-TWO DECODING

‘ 2°| 2‘| 22| 23| 2"
Ah AhAz{AgI

1710 DECODER
T 151

01234567

il

GND

e 1 1

Ay Al A2 A3 Ap AL AY A3 Ag AL A A3 Al Ap A A3
1710 DECODER 1710 DECODER 1710 DECODER 1710 DECODER
T 151 T 151 T 151 T 151
01234567 01234567 01234567 01234567
01234567 8 9101112131415 b B8 D 2 X 2% B D

C. DIGITAL DEMULTIPLEXER
ADDRESS
OUTPUT
ADDRESS  DATA A B c LINE
——A—

1J l J 0 0 0 0
Ay AL A A5 1 0 0 1
1710 DECODER 0 1 0 2
T 151 | 1 Q 3
01234567 0 0 1 4
[TTTTTT 2 IO I
0 1 1 6
1 1 1 7

The single-line input data may be routed to any one of 8 outputs by addressing that output as shown. All non-addressed outputs
remain high.
NOTE : Complements of output lines O and 1 are available on output lines 8 and 9 respectively.

280



TTL integrated circuit T152

] EXTENDED TEMPERATURE RANGE, D 1 f 11 dd
, et 12500 ual 1ull addcer
i STANDARD TEMPERATURE RANGE, The T 152 dual full adder is a medium scale integrated
i 0°C to 75°C circuit constructed on a single silicon chip using the planar
! epitaxial process. The T 152 consists of two independent,
high-speed, binary full adders with complementary sum
(S and S) outputs. One adder features inverted carry (CoyT)
output, while the second adder has complementary (A2 and
B2) inputs and an inverted carry (CyN) input. By connecting
| the inverted carry output of the first adder to the inverted
: carry input of the second adder, the device performs the
| ¢ INPUT DIODE CLAMPING addition of two 2-bit binary numbers. Designed especially
o MULTI-FUNCTION CAPABILITY for multiple-bit, parallel-add/serial-carry applications, the
e 8ns CARRY PROPAGATION DELAY circuit utilizes TTL logic for high-speed, high fafl:l—out
operation. The single inversion unique circuitry of the
o COMPLEMENTARY INPUTS AND OUTPUTS serial-carry outputs minimizes the necessity for complicated
e TYPICAL POWER DISSIPATION OF 150 mW "look-ahead” and carry-cascading circuits.
o CERAMIC HERMETIC AND PLASTIC 16 PIN ABSOLUTE MAXIMUM RATINGS
DUAL IN-LINE PACKAGE (above which the useful life may be impaired)
Supply Voltage, Continuous 0.5Vte7V
Input Voltage 0D5Vtos55V
Output Voltage 0.5 Vito Ve
Storage Temperature Range -65°C to 150°C
OPERATING CONDITIONS
Extended
Temperature Range -55°C to 125°C
Supply Voltage 5V 10%
| Standard
Temperature Range 0°Cto 75°C
Supply Voltage 5Vt 5%
| LOGIC DIAGRAM PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
AND PIN CONNECTION 16 pin ceramic DIP 16 pin plastic DIP
T MAX 6.5 RAX
— o . ER1)
| a2 b2 €0, H i -
8y 21 Fa1 |1 5 ‘_{_“_’"“ - a
oIN, 4 Lb_ 5 &8 | - -l o076
| 0: Lan} | Alu] ==
A 14 0:? L] O 4«0 =]
;; L1t co, s u[] ab W 0 Ee—"]
B2 1 FA 2 9 3. - B[J% (=]f] i [J% —="]
B p— 22 E ] b 2
_Z?D . ds ep® dls  dpg|  Elsfe==<3
Cltz —— %2 ds n[d dle w ==
[mid w ] Op w9wQ =
Vee = PIN 16 s [ Ols Lin| S
GND = PIN &
Note : all dimenslons in mm. NOTE: Al dlmensions in mm.
ORDERING NUMBER :
T 152 D1 (For Ceramic DIP and Standard Temperature Range)
T 152 D2 (For Ceramic DIP and Extended Temperature Range)
T 152 B1 (For Plastic DIP and Standard Temperature Range)
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dual full adder T152

ELECTRICAL CHARACTERISTICS ((0°Cto 75°C, Voo =5V £ 5%)

LIMITS
SYMBOL| CHARACTERISTICS 0°C 25°C 75°c  |Unit| CONDITIONS AND COMMENTS
Min. Max.|Min. Typ. Max.|Min. Max.
VOH Output High Voltage 2.4 24 3 24 V. [Vcc=4.75V lop=0.6 mA §|, S,
Iog=-0.54mA Sy, Sy
IOH=-0.42mAC_0 1, COy
VoL Output Low Voltage 0.45 0.21 045 0.45| V |Voe=5.25V IgL=l6mA §|,5,
IpL=14.4mA 5, S,
IoL=11.2mA (Y)l, COy
Vig Input High Voltage 1.9 1.8 1.6 V  |Guaranteed input high threshold for
all inputs
ViL Input Low Voltage 0.85 0.85 0.85| V |Guaranteed input low threshold for
all inputs
IF Input Load Current
A7 and B Inputs -1.6 -1l -6 -1.6 | mA ;
Vee=5.25V VE=045V
Other Inputs 6.4 44 64 6.4 | mA cc F
153 Input Leakage Current
As and Bj Inputs 60 15 60 60 | uA Vee=5.25V VR=4.5V
Other Inputs 240 60 240 240 | pA
Isc Output Short Circuit
Current -30 -100 | -30 -100 |-30 -100 | mA |V c=5.75V output grounded
IpD Power Dissipation Cur-
rent 55 55 55 |mA |Voe=5V A2 and B grounded
ELECTRICAL CHARACTERISTICS (-55°C to 125°C, Ve =5V £ .10%)
LIMITS
SYMBOL| CHARACTERISTICS 55°C 25°C 125°C | Unit| CONDITIONS AND COMMENTS
Min. Max.[Min. Typ. Max. | Min. Max.
VoH Output High Voltage 2.4 24 2.7 2.4 V |Vee=4.5V  Ipg=-0.6mA Sl,§2
Ipg=-0.54mA §1 , 89
Iog=-0.42mA COo 1,CO2
VoL |Output Low Voltage 0.4 021 04 04| V [Vge=5.5V IpL=16mA §|,5,
IpL=14.4mA 5|, 8,
IpL=11.2mA (T)l, COy
VIH Input High Voltage 2 1.7 1.4 V  |Guaranteed input high threshold for
all inputs
ViL Input Low Voltage 0.8 0.9 0.8 | V |Guaranteed input low threshold for
all inputs
Ip Input Load Current
A and B Inputs -1.6 -1.1 -1.6 -1.6 | mA Voe=5.5V  VE=04V
Other Inputs -6.4 -4.4 -6.4 -6.4 | mA
Ir Input Leakage Current
Aj and By Inputs 60 15 60 60 | pA Vee=5.5V VR =45V
Other Inputs 240 60 240 240 | pA
Isc Output Short Circuit
Current -30 -100 | -30 -100 (-30 -100 |mA |Vce= 6V output grounded
Ipp Power Dissipation Cur-
rent 55 55 55 |mA |Vcc=5Y  Ajand By grounded
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dual full adder T152

LOADING RULES (1 U.L. = 1 TTL gate input unit load)

INPUTS Ay, By, CiNj LOADING FACTOR : 4 UL
7\2, §2, (_:INI 4 U.L.
Ay, By, 1 UL
OUTPUTS 601, Co2 DRIVE FACTOR 7 UL
S1, Sz 9 U.L.
S1, S 10 U.L.
SWITCHING CHARACTERISTICS (Tp = 25°C)
. CONDITIONS
SYMBOL CHARACTERISTICS Min. Typ. Max.Ext. Max.Std.| Unit AND COMMENTS
thd* CiNto EOUT and E[N to Cout 2 8 13 15 nsec
- — Vee =5V
tod- CiNto CouT and CyN to Cout 2 8 13 IS nsec c 15 oF
tpd* Ayto Sy 8 25 40 45 nsec L==e
s (see test circuit)
thd- Ay to 5y 8 20 35 40 nsec
| tpd TEST CIRCUIT WAVEFORMS
Vee
(o]
|
16
Vi Vout

PULSE_' 1 4
T102 c
o i .

. 3 5
15[ |
A - Vour 15V L5V
. I
| L L
\
Frequency = 2 MHz [o] cc
Pulse Width =~ 250 ns.
Rise Time < 15 ns. 2 16
Fall Time < 15 ns. 6l VouT
Amplitude = 4 V. E D.U.T.
9
13
XCL
8 I
——

* The capacitance shall be within + 5% including jig, probe and wiring capacitance.
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dual full adder T152

TRUTH TABLE

e e e e et v e e e e e e e = = OO0 0O 00000000000 0oO0

—_— et - m = = O O OO0 OO OO e — =~ — 000000 CO
—_— e . 0 00O ==~ 0000~ =~~~ 0000 —~— —— 0000
—_ 00 = = OO =, OO0 =00 = = 00— =00 =00 —— 00

—_O = O = O = O O —~O =0 =0 =0 =0 =0 =00 =0 =0 —=0

I

e e - O =, O = O O = OO O o e e o o e e e e e e e (O e e

S
1
0
0
1
1
1
0
0
1
0
1
0
1
1
I
I
0
1
1
0
0
0
1
1
0
1
0
|
0
0
0
0

ADDER 1
INPUTS OUTPUTS
CIN B A [CouTr S S
0 0 0 1 10
0 0 1 1 0o 1
0 1 0 1 0o 1
0 1 1 0 1 0
1 0 0 1 0 1
1 0 1 0 1 0
! 1 0 0 1 0
1 1 1 0 0o 1
ADDER 2
INPUTS OUTPUTS
Cin By A2 B2 A2 |CouT

—_— — - 0= 0~ O0 0~~~ 00 —~-00000 -0 —-—0———00C0——0 u

APPLICATIONS

A. PARALLEL ADDITION - RIPPLE CARRY

CIN Xy Vl Xz Vz X3 Y3
1 1
L .
| i I i E | i_""‘__l_";-"—
! ! _I—_| 1 1
! ! o
| 1 ] I 1 !
| 1 i | 1 |
_r_y _3y_
| T 3 2 12 ) : |r T3 2
: ADDER 1 ADDER 2 ', | 1 ADDER 1
i 76 5 0 9 1l | \ IL_7 _b__5
i 1 | TTYY
I L oo
| ] : o
| T 152 ! TI52 ¢ !
- P D | O T,
b 1 LI
s S S %2 5505

PROPAGATION DELAY AND | C
PACKAGES REQUIRED VS WORD-
LENGTH FOR PARALLEL ADDITION

20 4
15 300
]
rd
" A
4 PACKAGE L
2w COUNT 1 200 §
[®)
< |
rd
« PROP. R
bt L~ DELAY
5 100
rd
4
0 0
] 10 20 30 40

NUMBER OF BITS

The curve shows propagation delay of the ripple - carry adder shown in the above figure and
also the low package count resulting from this-ripplecarry configuration.

B. PARITY - GENERATION OR CHECKING

A A A Ay A A Ay A A
1 3 2 4 3 2 12
Al Al T 152 Ay
b b 9
T 152

12
Az

? 10

EVEN PARITY ‘ 00D PARITY

The above configuration uses the T152 elements to generate parity for an 8 - bit byte or
check parity over 9 - bits. Additional adder blocks can be used to generate or check parity
over larger word lengths.
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TTL integrated circuit

T154

STANDARD TEMPERATURE RANGE 0°C to 75°C

COMPATIBLE WITH OTHER DTL OR TTL
FAMILY PRODUCTS

INPUT DIODE CLAMPING

o OPEN-COLLECTOR OUTPUTS PERMIT
WIRED-OR CAPABILITY

e SINGLE TTL LOAD INPUTS"

o ALL CERAMIC HERMETIC 16 PIN DUAL IN-
LINE PACKAGE

ORDERING NUMBER

T154 D1XXXX, where XXXX are letters identifying
the particular content.

256-bit

read only memory

The T 154 is a 256-bit bipolar transistor-transistor logic read
only memory. The memory is organized as 32 words of 8
bits each. The words are selected through -5 address lines.
The 8 outputs of the words are uncommitted collectors
which may be wired-OR connected with the outputs of
other ROM’s. An Enable input is provided for additional
decoding flexibility. A high Enable forces all outputs to be
high. The contents of the memory are permanently program-
med on customer request.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Ve Pin Potential to Ground -0.5V to 8V
Input Voltage -0.5Vto 5.5V
Current Into Output Terminal 100 mA
OCutput Voltages -0.5 to V¢ value
Storage Temperature Range -65°Cto 150°C

Temperature (Ambient) Under Bias -55°Cto 125°C

OPERATING CONDITIONS
Temperature Range 0°C to 75°C
Supply Voltage 5V +5%

LOGIC DIAGRAM
AND PIN CONNECTION

151413121110

E AjAzA; A Ag

0001020304050607

T

123456

GND =8
Vee =16

PHYSICAL DIMENSIONS
16-pin ceramic DIP

MINOS| 34
AnNnonOonNnAnn
: 5 27
= 5 |

Note: all dimensions in mm.

MARCH 1971




256-bit read only memory T154

STANDARD TEMPERATURE RANG!

ELECTRICAL CHARACTERISTICS (VcCc =5V +5%)

LIMITS

SYMBOL CHARACTERISTICS - Unit CONDITIONS AND COMMENTS
Min. Typ. | Max.

VoL Qutput Low Voltage 0.45 v Ve =4.75V IoL = 10mA
Monitor appropriate output to per-

form this test.

ViL Input Low Voltage 0.85 v Vee =5.25V
Monitor appropriate output to per-
form this tesi.
Vig Input High Voliage 2 \'4 Vee = 4.75V
Monitor appropriate output to per-
form this test.

Ig Input Load Current -1.6 mA | Ve =5.25V VE = 0.45V
IR Input Leakage Current 100 pA | Ve =5.25V VR = 4.5V
ICEX Output Leakage Current 100 BA Voo =475V

5.25V on output.
)] Power Dissipation Current 55 80 mA | Vcc = 5.25V Enable and Address

inputs grounded.

SWITCHING CHARACTERISTICS (Tp = 25°C)

LIMITS

SYMBOL CHARACTERISTICS - Unit CONDITIONS AND COMMENTS
Min. Typ. Max.

tod + Enable and Address to Output .

Delay 30 50 ns 10 mA load Monitor appropriate
5 outputs to perform

these tests.

(See fig. 1)

tpd - Enable and Address to Qutput
Delay 30 50 ns 10 mA load
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256-bit read only memory T154

STANDARD TEMPERATURE RANGE

SWITCHING TIME TEST:OUTPUT LOAD AND WAVEFORMS (Fig.

—

5 nsec 5nsec
]ZSVV €¥V 1

A INPUT v . v Vi

DDRESS 200 nsec ouT

OUTPUT

| 15" L5V
(10 mA LOAD)
— —
tpd- pd €y includes probe and jig capacitance.
5 nsec Susec
EZV ? L
ENABLE AND
- 1V 1.5V LS. v
ADDRESS INPUT 200 e
oUTPUT f]f' 15
pd tpd-

TRUTH TABLE
WORD 00|01(02|0304(05|06(07|08(09(10(11 (121314 (15]16 (17 |18]19|20|21|22723|24|25|26(27|28|29|30(31
ENABLE cieLjLyyjLfLjL i fojefjojjyoj|LjL|L{LjL) LJL{LJL|L|L
ADDRESS | |L/H|L|{H|L|H|LH|L|H|L|H|L|H|L|H/L|H|L/H|L|H|L|H|L|H|L|H|L|H|L|H

EADDRESSZ LIL|H|{H|L|L|H|H|L|L|{H|H|L|L|H|{H|L|L|H/H|L|L|H|H|L|L H|H|L|L|H|H

&

Z | ADDRESS 3 LIL/L|L|H/HIHH|L|L|L|L|H|{HH|H|L|L|L|L|{H/H/H|H|L|L|L|L/H|H[HH
ADDRESS 4 LIL|L|L|L|L|L|L|H|H|H|/HI/H/H/H|H/L|L|L/L|L|L|L|L|H|HH|H/H|H|H|H
ADDRESS 5 LjcfrjrjLjLjLjoyLjo|L)L|L|L|L|L|H|H|H/H/HH/H|H[H|H|H|H|H|H|H|H
OUTPUT 0g
OUTPUT 0y
OUTPUT 0y

n

5 OUTPUT 03

g OUTPUT 04
OUTPUT 0g
OUTPUT 04
OUTPUT 0q

NOTES :

1) A high Enable forces all outputs to be high, irrespective of the selected word.

2) The output levels are not shown on the truth table since the customer specifies the output condition he desires at each of the cight outputs for
each of the 32 words.

3) The output truth table has to be filled up with an X where a low level is required.

4) H - highlevel: L = low level.
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256-bit read only memory T154

STANDARD TEMPERATURE RANGF
HOW TO HAVE A CUSTOMIZED ROM

The SGS CAD facilities are used to customize the ROM. A large computer drives a photocomposition machine to maKe, from

your content-punched cards, the test sequence, the truth table and the masks.
This unique system eliminates pattern conversion errors: upon request & computer generated truth table could be supplied for
customer re-check purposes.

Punched card format
The punched cards suitable for SGS CAD are the 80 column type and one card per word is needed.

Ist to 12th column - part number, alphanumeric, Each custom ROM is assigned its unique part number. First column
shows the first character.

13th to 16th column - word number, numeric. First word is always called N° zero. Last column is the unit digit.

17th and 18th columns- blanks b,

19th to 26th column - word content expressed in one’s and zero’s. Column 19 corresponds to the output Og, the 20th to
0. ete.

EXAMPLE :

T154D1ABCD 17 10011001
10n

B000000000000000000Q@Q00QW0000000000000000000000000000000000000000000000000000000
T2 3 e B 081Dl IAANRDAD 2P DY TUNE PR U QU@ 0N N MNIE I M0 A6 B ESAEEIBIS M T A RN N0
I RRRI | RRREREAI RREI BNl | BRI RRRRRRR AR R RN R R R R RN AR AR R RN AR R R R R R RN R R R
222222202222222222222222222222222222222222222222222222222222222222222222222221222
0333233330333333333333333333333333333333333333333333333323333333333333333333333333
AAAQMA44a04444484444444444494434044444444404444444444444448344444444444444444444
590555555565555555655555595595555555559855955555555555950555559555555955555555555Y
66C666666666666656656666660666666666666566E6656666666665656a66565666666665666665
S TTTINITIII I IR T I I I T I I I 1111113111111
R B30 0H8886688680588808888866856068388CE0665038830809086053538088556060886838880888
9959995999999999999959999999999999599999399993999899999596999399998993999999999999

12345618 SN RIS N IE S0 7026 AAIGN T NN M0 C LU S LT W SM S5 S L5 5RO 6 6/ BIGeESSREICIBN IO NI T IO T IG T I II R0

£
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TTL integrated circuit

T163

EXTENDED TEMPERATURE RANGE
55°C+ 125°C

STANDARD TEMPERATURE RANGE
0°C+75°C

e COMPATIBLE WITH ALL OTHER DTL
AND TTL FAMILY PRODUCTS

¢ INPUT DIODE CLAMPING

e TYPICAL DELAY-TIME 25 n SEC.

e TYPICAL POWER-DISSIPATION 135 mW
e MULTIFUNCTION CAPABILITY

e DATA INPUT ENABLE

e CERAMIC HERMETIC AND PLASTIC
16 PIN DUAL IN-LINE PACKAGE

ORDERING NUMBERS

T 163 D1 (For Ceramic DIP and Standard Temperature Range)
T 163 D2 (For Ceramic DIP and Extended Temperature Range)
T 163 B1 (For Plastic DIP and Standard Temperature Range)

8-input multiplexer

TTL family product

The T 163 is a high speed eight input digital muitiplexer
circuit constructed on a single silicon chip using the planar
epitaxial process. It provides, in one package, the ability
to select one bit of data from up to eight sources. The
T 163 can be used as a universal function generator to ge-
nerate any logic function of four variables. Both assertion
and negation outputs are provided. The active pull-ups on
the outputs provide high speed, high fan-out and the TTL
circuitry makes the T 163 compatible with all other devi-
ces of the CCSL family.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage, Continuous 0.5V to 7V
Input Voltage 0.5V to 5.5V
Qutput Voltage -0.5V to Vcr

-65°C to 150°C
-55°Cto 125°C

Storage Temperature Range
Temperature (Ambient) Under Bias

OPERATING CONDITIONS

Extended

Temperature Range -55°C to 125°C
Supply Voltage 5V + 10%
Standard

Temperature Range 0°C to 75°C
Supply Voltage S5V+35%

LOGIC DIAGRAM AND
PIN CONNECTION

LLPEPTL

E lgly 213 1als 1g 17 i; 5o
T 163 &lupul Muluplexer [ 21
2z 2
MT 15|
Vee = PIN 16
GND =PIN 8

PHYSICAL DIMENSIONS
16 pin ceramic DiP
T MAX

PHYSICAL DIMENSIONS
16 pin plastic DIP

65 uax

MINO.5|

"

20 MAX

1138

158, 0.25

NOTE: All dimensions in mim,

Note : alt diransions in mm.

JCTOBER 1970
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8-input multiplexer T16:

ELECTRICAL CHARACTERISTICS (0°C to 75°C, VcC = 5V + 5%)

LIMITS
Symbol |CHARACTERISTICS 0°C 755C 7550 UNIT| CONDITIONS AND COMMENTS
Min. Max.| Min. Typ. Max. |Min. Max.
VOH Output High Voltage (2.4 24 3 2.4 V |Vcc=475V IpH =-0.6mA
VoL Output Low Voltage 0.45 0.21 045 0.45 V | Vcec =475V IoL=14.1mA(Pin15
IoL=12.95mA(Pin!
Vee =5.25V IgL=16 mA (Pinl15
IoL=14.4mA(Pin 14
VIH Input High Voltage 1.9 1.8 1.6 V | Guaranteed Input High Threshold fo
All Inputs
VviL Input Low Voltage 0.85 0.85 0.85 V | Guaranteed Input Low Threshold for
All Inputs
I Input Load Current -1.6 -1 -1.6 -1.6 mA |Vco=5.25V VE =045V
IR Input Leakage Current 60 15 60 60 pA | VCC =525V VR =45V
Isc Output Short Circuit | -30 -100| -30 -100 |-30  -100 mA | Voc = 5.25V  Output Grounded
Current
IpD Power Dissipation 43 43 43 mA | Voo =5V
Current
ELECTRICAL CHARACTERISTICS (-55°C to 125°C, VcC =5V + 10%)
LIMITS
Symbol | CHARACTERISTICS 555C 355C 135°C UNIT CONDITIONS AND COMMENTS
Min. Max.| Min. Typ. Max. [Min.  Max.
VOH |Output High Voltage | 2.4 2.4 2.7 2.4 V. |Vcec=4.5V IoH=-0.6 mA
VOL |Output Low Voltage 0.4 02 04 04| V |Vcc=45V IoL=12.4mA (Pin I:
IoL=11.2mA (Pin I
Vee=5.5V IoL=16 mA (Pin 1!
Io1=14.4mA (Pin 1-
VId |Input High Voltage 2 1.7 1.4 V | Guaranteed Input High Threshold fo
All Inputs
VIL |Input Low Voltage 08 0.9 08| V Guaranteed Input Low Threshold fo
Al] Inputs
If Input Load Current -1.6 -1.1 -l16 -1.6| mA [Vcc=5.5V Vp=04V
IR |Input Leakage Current 60 15 60 60| pA |VCC=55V VR=45V
Isc |Output Short Circuit [-30  -100 [-30 -100 {«30  -100| mA |Vge =5.5V Output Grounded
Current
Ipp | Power Dissipation 40 40 40| mA |Vcec=5V
Current L
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8-input multiplexer T163

[FUNCTIONAL DESCRIPTION

'/The T 163 is a logic implementation of a single pole - 8 position switch with the switch position controlled by the state of three
iselect inputs, SO, S1, $2. Both assertion and negation outputs are provided. The enable input (E) is active low. When it is not
factivated the negation output is high and the assertion output is low regardless of all other inputs.

The logic function provided at the output is :

[2=E-(10-80-51-52 + 11-50-51-52 +12:50-51-52 +13-50-S1-52 +14-50-51-2 +15-S0-S1-52 +16-50-S1-52 +17-50-S1-S2 ).

The T 163 provides the ability, in one package, to select from eight sources of data or control information.

By proper manipulation of the inputs, the T 163 can provide any logic function of four variables and its negation.
[Chus any number of random topic elements used to generate unusual truth tables can be replaced by one T 163.

r;r S Sy So o I 12 I3 14 15 1g 17| Z Z
—
H X X XX X X X X X X X\ HUL
L L L L|L X X X X X X X|HL
L L L LJH X X X X X X X| L H
L L L H|X L X X X X X X|HUL
L L L H X H X X X X X X L H
L L H LiX X L X X X X X} HL
L L H LI X X H X X X X X L H
L L H H]X X X L X X X X H L
L L H H X X X H X X X X L H
L H L L X X X X L X X X H L
L H L L X X X X H X X X L H
L H L H X X X X X L X X HL
L H L H X X X X X HX X L H
L H H L X X X X X X L X H L
[ L H H L X X X X X X H X L H
L H H H X X X X X X X L HL
LJ H H u X X X X X X X H L H
H = High voltage level L = Low voltage level

X = Level does not affect output

JOADING RULES

1 U.L. = 1 TTL Gate Input Unit Load)

NPUTS:1,2,3,4,5,6,7,9,10,11, 12,13 LOADING FACTOR : 1 U.L.
YWTPUT:15 DRIVING FACTOR : 10 U.L.
JUTPUT: 14 DRIVING FACTOR : 9 U.L.

'WITCHING CHARACTERISTICS (TA = 25°C)

SYMBOL CHARACTERISTICS Min. Typ. Max. \ UNIT T CONDITIONS AND COMMENTS
tpd+ | Tum - Off Delay 23 34 | nsec (Voc=S5V Cp=15pF"
tpd- Turn - On Delay J 25 36 nsec | Voo =5V CL, =15 pF
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8-input multiplexer T162

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

tVCC

0uF T

0.1
kP Vin 15V
1 16 GND
D.U.T.
INP. b 1105 135 105 ouT Vout 15V
50 GND
ol [rR1 *CL
l 15pF
e bod + tpa-

* The capacitance shall be within + 5% including jig, probe and wiring capacitance.
APPLICATIONS :

3 BIT COMPARATOR

Three bits of data to be compared are supplied to the address and select inputs of the T 151 and T 163 respectively.

If Ag, A1, A2 and B, B1, B2 compare, the mutually exclusive active low output of the T 151 1/10 decoder and the selected i
put of the T 163 multiplexer will be coincidental and COMPARE OUT will behigh. The COMPARE ENABLE must be low
permit compare vperation.

A.ZAIAO B,B, By
(=) o
v 1
o
& o | = .
Dg ~ D—l— -0 %
sop— I 1.3
Corp == 4 COMPARE ENABLE
S —— —
COMPARE ENABLE PReop—— e« TO NEXT STAGE
FROM PRECEEDING < ™ O——1 |~ 2 jp—— COMPARE OUT
STAGE o % L -3
[ Y
w

INTERCONNECTION DIAGRAM FOR 9 BITS

A B A B A B

[T T T

3 Bit Comparator 3 Bit Comparator

3 Bit Comparator

e
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TTL integrated circuit

T 164

EXTENDED TEMPERATURE RANGE
-55°Cto 125°C

STANDARD TEMPERATURE RANGE
0°Cto 75°C

TYPICAL PROPAGATION DELAY 25 ns
ON-CHIP SELECT LOGIC DECODING

FULLY BUFFERED COMPLEMENTARY
OUTPUTS

iNPUT CLAMPING DIODES

CERAMIC OR PLASTIC 16 PIN DUAL-IN-LINE
PACKAGE

COMPATIBLE WITH ALL DTL AND TTL
FAMILY PRODUCTS

L
L 3
L

ORDERING NUMBERS

T 164 D1 (Ceramic DIP Standard Temperature Range)

T 164 D2 (Ceramic DIP Extended Temperature Range)

T 164 B1 (Plastic DIP Standard Temperature Range)

Dual four-mput
multiplexer

The T 164 is a monolithic, high speed dual four input digital
muiltiplexer circuit. It consists of two multiplexing circuits
with common input select logic, and each circuit contains
four inputs and fully buffered complementary outputs.
Active pullups in the outputs ensure high drive and high speed
performance. Because of its high speed performance and
on-chip select decoding the T164 may be cascaded to mul-
tiple levels so that any number of lines can be multiplexed
onto a single output bus. The circuit utilizes TTL logic for
high speed and high fanout capability, and is compatible
with all DTL and TTL family products.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Supply Voltage, Continuous -0.5Vto 7V
Input Voltage -0.5V to 5.5V
Output Voltage -0.5V to V¢

-659C to 150°C
-55°Cto 125°C

Storage Temperature Range (Ceramic DIP)
Storage Temperature Range (Plastic DIP)

OPERATING CONDITIONS

Extended

Temperature Range -55°C to 125°C
Supply Voltage 5V £ 10%
Standard

Temperature Range 0°Cto 75°C
Supply Voltage S5Vt 5%

PHYSICAL DIMENSIONS
16 - pin plastic DIP

PHYSICAL DIMENSIONS
16 - pin ceramic DIP

7 MAC
—_—

C.2MIN

CONNECTION DIAGRAM
(Top view)
6.5 MAX
m 7
il —— 16 Vce
E 27 ZA_D lsgg
e 3|:le ZA}—] 14 E
4 B sol—113 °© ,
o 533 || alf
v 5 1 0’—] 12 « Ol
Eﬁ[—ﬂzh—jll » gl
= 5 .
70— B3A3Az—‘ 0} & E
= 5
Gnd 8 [] —TN, dl.
w0

[ 2 Y

XYW 07

Bi'tl
BLLL

Xy O

ogUugoguoono

Note : alf dimensions in mm.

Note : all dimenslons in mm.

APRIL 1971
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Dual four-input multiplexer T164

ELECTRICAL CHARACTERISTICS (Tp = 0°C to 75°C. Vcc = 5V 2 §5%)

SYMBOL CHARACTERISTICS Min. Typ. Max. Unit CONDITIONS
{
VOH Output High Voltage 24 3.0 \4 Vee =475V Igy= -1.2mA (Pins 1-15)
Vee =475V Iog=-1.08mA (Pins 2-14)
|
VoL Output Low Voitage 0.21 0.45 v Vee =525V lgL= 16mA (Pins 1-15)
Iop= 14.4mA (Pins 2-14)
Vee =475V IoL= 14.1mA (Pins 1-15}|
IoL= 12.7mA (Pins 2-14)‘
Vig Input High Voltage 1.9 \% Guaranteed input high threshold for all
inputs.
ViL Input Low Voltage 0.85 \% Guaranteed input low threshold for all
inputs.
IF Input Load Current -1.] -1.6 mA Vece =525V VE= 045V
1§23 Input Reverse Current 15 60 pA Vee=5.25V V=45
IppH Power Dissipation Current 30 43 mA Vee =5V All inputs high.
|
|
|
ELECTRICAL CHARACTERISTICS (Tp =-55°C to 125°C; Ve =5V £ 10%)
T
SYMBOL CHARACTERISTICS Min. Typ. Max. Unit CONDITIONS
VOH Output High Voltage 2.4 2.7 \% Vee = 4.5V IoH= -1.2mA (Pins 1-15)
Vee = 4.5V IoH= -1.08mA (Pins 2-14)
VoL Output Low Voltage 0.21 0.4 Vv Vee = 5.5V Ipp= 16mA (Pins 1-15)
IoL= 14.4mA (Pins 2-14)
Vee = 4.5V IoL= 12.4mA (Pins 1-15)
IoL= 11.2mA (Pins 2-14)
VIH Input High Voltage 2.0 Vv Guaranteed input high threshold for all
inputs.
ViL Input Low Voltage 0.8 v Guaranteed input low threshold for all
inputs.
Ip Input Load Current -1.0 -1.6 mA Vee =55V VE= 0.4V
Ig Input Reverse Current 10 60 pRA Vee = 5.5V VR= 4.5V
IpDH Power Dissipation Current 30 40 mA Vee =5V All inputs high.

204



Dual four-input multiplexer T164

TRUTH TABLE LOGIC DIAGRAM
INPUTS OUTPUTS
S0 S; |Ap Ay Ay A3 | Zp Z, 83 087 0B obBo A3 TAz TM A
L L |L X X X L H
L L |H X X X H L
H L |X L X X L H il :
H L |X H X X H L L
L H [X X T ¢ L H
L H |X X H X H L
H H |X X X L L H
H H |X X X H H L
INPUTS OUTPUTS 7, i
So Sy |[Bo B By B3 |Zp Zp J)
L L |L X X X L H 2g 51 S Za
L L |H X X X H L
H L [X L X X L H
H L |[X H X X H L L = LOW VOLTAGE LEVEL
L H X X L X L H H = HIGH VOLTAGE LEVEL
L H |X X H X H L X = DON'T CARE
H H X X X L L H
H H |[X X X H H L
|

LOADING RULES (1 UL.=1 TTL GATE INPUT UNIT LOAD)

INPUTS : ALL LOADING FACTOR : | UL
OUTPUTS: 1.15 DRIVING FACTOR :10 U.L.
OUTPUTS: 2.14 DRIVING FACTOR : 9 UL.

SWITCHING CHARACTERISTICS (T4 = 25°C)

SYMBOL CHARACTERISTICS FMin. Typ. Max. | Unit | CONDITIONS AND COMMENTS
tpd Turn-Off and On Delay S to Z 24 32 ns [

tpd Turmn-Off and On Delays S to Z 18 ns See Test Circuit

tpd Tum-Off and On Delays A or B to Z 14 ns ||

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

1311 1 14 @ Your
Tiee DU.T. 2a
23 8 15 ~© Yout
LL™ 7,

=

] 15

pF
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Dual four-input multiplexer T164

APPLICATIONS
BIT a FROM 16 WORDS BIT b FROM 16 WORDS
4 A~ 4 A N
0123 4567 89101 12131415 0123 4567 29101 12131415
o ALl 1 SO[IHIII NN 50l||||
T 164 T 164 T le4 T 164
] Zo Za  Zy Zp ] Z, Z, Z, Iy Hozz 27z ? mal
. [T T T
5
S

[
T 164
Zy Zp

So

Zga 2

a

BIT(a) BIT(b)
OUTPUTS

A. Five T164’s provide switching of data from sixteen two-bit words onto a two-bit output data bus. The selection of which
bit to be transferred is made by the address inputs Sg, Sy, S and S3.

Vee
Ik
4-BIT BINARY COUNTER
nn 111 Illllllll"'
o= HHE HHT
17493 So [ T 164 :“ T 164
A BCD 51 z, z, 7, 7, Wiz, 2z 2z z
[ T | | |
| I
Clock ____| i
[ 1
S
S° T 164 SWITCH SERIALIZER/PATTERN - GENERATOR
z, Z, Z, 7, l
.—T]_DJ Ql—
T10T | RESYNCHRONIZER

[« op—

B. Sixteen-bit pattern generator
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TTL integrated circuit

T165

STANDARD TEMPERATURE RANGE

DECODE AND BUFFER
CERAMIC 16-PIN DUAL IN-LINE PACKAGE

e OUTPUT OPEN COLLECTORS ALLOW WIRED-
OR CAPABILITY FOR WORD EXPANSION

64-bit random

access memory

0°C to 85°C The T 165 is a 64-bit random access memory. Its high speed
makes it ideal in scratch pad applications. The use of

Schottky barrier diode clamped transistors to obtain fast

. switching speeds results in higher performance than with a

e FAST ACCESS TIME: 60nsec gold diffusion process. The T 165 is packaged in a hermeti-
e LOW POWER DISSIPATION: 6mW/BIT cally sealed 16-pin dual in-line package, and its performance
e DTL AND TTL COMPATIBLE is specified over a temperature range from 0° to 85°C. The
e FULLY DECODED: ON CHIP ADDRESS. memory is organized as a | 6-word by 4-bit array. The storage

flip-flops are addressed through an on chip | out of 16 binary
decoder using four input address leads. A separate Chip
Select lead aHows easy selection of an individual package
when outputs are OR-tied. In addition to the address leads
and the Chip Select lead, there is a write input which allows

e SIMPLE MEMORY EXPANSION: CHIP SELECT data presented at the data leads to be entered at the addressed
INPUT LEAD . storage cells.
e MINIMUM LINE REFLECTION: LOW VOLTAGE
INPUT CLAMP DIODES ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)
Supply Voltage (V) Continuous -0.5Vto 7V
Input Voltage 5.25V
Storage Temperature Range -65°C to 150°C
Temperature (Case) Under Bias -55°Cto 125°C
OPERATING CONDITIONS
ORDERING NUMBER Temperature Range 0°C to 85°C
T165 D1 Supply Voltage 5V +5%
PHYSICAL DIMENSIONS
CONNE((:‘TION DI)AGHAM 16 - lead ceramic DIP
op view,
7.31max
ADDRESS 0 Ag [f 1 16 [1 Vee — | '
CHIP SELECT  Cg ] 2 15 [J A1 ADDRESS 1 W 0
WRIE ENABLE W A, ADDRESS 2 I
g 14 P 2 0| b s
DaTA IN 1 Dy ] 13 [] A3 ADDRESS 3 1778 762
Data UT 1 Oy [ 5 12 0Ds Datam 4 19.3max
— 12
DaTA IN 2 Dy g 11 [ O4 Dataoura 1 —
DaTA OUT 2 Oy [| 7 10 [1D3 Datain 3 ® ’
GND 1] 8 gl 63 Data QUT 3
1 8
E-0007
Note : all dimensions in mm.

MAY 1972
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64-bit random access memory T165

ELECTRICAL CHARACTERISTICS (0°C to 85°C, Vo = 5V £ 5%)

STANDARD TEMPERATURE RANGE

SYMBOL CHARACTERISTICS Min. Typ. | Max Unit CONDITIONS
VoL Output Low Voltage 0.45 v Vee =475V Vw=VIL
Vg =Vp =25V Ipgp=I5mA
Vee =475V Vg =Vw=GND
Vp = Vig [pL = 15mA
ICEX Output Leakage Current 100 pA Vee = 5.25V VCEX =5.25V
Vg =25V Vw = VIH
Vp = GND
Veg = 5.25V VCEX = 5.25V
Vg =Vw=GND Vp=Vj, |
VIH Input High Voltage 2 \Y Guaranteed high threshold [
voltage
ViL Input Low Voltage 0.85 v Guaranteed low threshold
voltage
Irp Input Load Current Data -1.6 mA | Voo =5.25V VIN = 0.45V
Vyw = GND |
I Input Load Current A-W-Cg -1.6 mA | Ve =35.25V VIN = 045V }
IrRD Input Reverse Current Data 40 HA Vee =5.25V VIN = 5.25V
Vw = 2.5V
Ir Input Reverse Current A-W-Cg 40 BA | Voo =5.25V VIN = 5.25V
VEC Input Clamp Voltage -1 v Vee =475V IiN =-SmA
CIN Input Capacitance (All Pins) 6 pF | VIN=2V
CouT Output Capacitance 8 pF | VouT =2V
Ipp Power Dissipation Current 110 mA | Vo =5.25V  VA=Vg=Vp=GND
SWITCHING CHARACTERISTICS (T4 = 0°C to 85°C, V¢ = 5V)
SYMBOL CHARACTERISTICS Min. Typ. Max Unit CONDITIONS
Ta(cs) |Read Access Time From Chip Select 60 ns Figure 3
TRr(cs) |Recovery Time From Chip Select 60 ns Figure 3
Ta(a) |Read Access Time From Address 60 ns Figure 4 |
TR(A) Recovery Time From Address 60 ns Figure 4 I
Twp Write Pulse Width 40 ns Figure 2
TwR Write Recovery Time 50 ns Figure 2
Tpo Data To Output Delay 25 ns Vy = GND Figure 5
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64-bit random access memory T165

STANDARD TEMPERATURE RANGE

SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS

FIG. 2

Condition of test : NY

Input pulse amplitude 2.5V

Input pulse rise and fall time must be Snsec between 1V and 2V

Speed measurements are made at 1.5V levels

FIG. | 5v
3000
o
aopFTE 8000
EX:9

OPERATION

READ: The memory is addressed through Ag-A3 which select
one of the 16 words. The chip is enabled by placing chip select
(Cg) to logic “0”. If the write enable (W) is at a logic “1” the
four stored bits are read out of 01-04 in parallel.

WRITE: The memory is addressed through Ag-A3 which J

select one of the 16 words. The chip is enabled by placing D"OL___Y = —J-TKE)
Cg to logic “0”. If the W is at a logic “0”, the data on terminals
D|-D4 is written into the addressed word in parallel and in

wy

complementary form. When W returns to logic , the infor- €000
mation that was written in is now read out. However, each
bit readout is the complement of what was written.

1

ADDRESS DECODER |
BUFFERS 16 _ FIG. 4

cso Lo Fyriez fyples bylee e |

0 f— YOLT ‘

: : : ‘

o ‘

Ao 2 | .

At O—

&

i

)
!
i
' FIG. §
4 W
! |
D1 o——‘—ﬁ_‘ [ *l—o 01
; i
D2 °—+_—_—DF L 002
o
D3 0— l 03
04 0— _‘!I\ —T—o 04
WRITE AND SENSE AMPLFIERS o
(e i}
FIG. 6 £ooz
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64-bit random access memory T165

STANDARD TEMPERATURE RANGE

32 WORD x 8 BIT MEMORY

Two T 165 devices are used to increase the number of bits per word to 8. This is accomplished by connecting the Chip Select anc
Address inputs in parallel.To increase the number of words to 32, two of such paralle] combinations are used.

ADDRESS INPLTS

Ao L’>~”f
Ag'o
A
! I
A2
Ag®
cs cs cs cs
[AO L ag [Ao Ag

Ay 0y p— Ay 0 b AL 0 Lia, 0,

A, A, Ay Ay
L—{a3 8 0y p— |4y 80, L—{a; 8 0y b 43 8 07 b
—qw —aw - —qdw = w -

—1 04 03 — Dy 05 b |1 [ — D4 03 b |||~ 01 05 by
0, D, — D3 —{p;
FD; 0, <03 04 T H D3 OLT ’—D] [ j
WRITE Dy 0, D, D,
v [
o 01"
0, ‘ol \ |
. © 07"
Dy 0n"
0
D3'o 3
. —0 0y
D,'o o
0
D5 o S
. 0 Og
Dg'o—
. 0 07
D7'0—
. o 0
Dg DalA QUTPUTS
Data mpytS
E0014

64 WORD x 4 BIT MEMORY

The 64 word memory is made up of 4 T 165 memory devices. Word expansion is made possible by utilizing the Chip Select input
as ap additional address line. A I out of 4 decoder is used to drive the Chip Select input, and the outputs of each T 165 are OR-
tied.

a0
. 174 DECODER
As'o
ADZRESS
NPLTS
Ago—
Ay o~
Ay
A]'&
cs cs cs Cs
L ag [ ag [ Ag Ag
A 0, ay 0, Ay 0 b— A 0y
L— 4, Ay — A2 e KV
Ay B 07 p— Ay B 0y p—[— A3 8 0 p— |23 8 0, b
’—° W W —dw - e
— 0y 93 by 0, 05 b (|| — 04 o3 b ||| — Dy 03 b
F 0, — D, M 0, 02
~ Dy 04 Dy 0 D3 0g Dy Dy
WRITE ( D, 'R TDL D,
w ' 0
D| . T +—0 0y
. © 0y
02 0s"
o 3
3
D" 0 0,
“ b s Dara qureuts
EQ015
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T167
TTL INTEGRATED CIRCUIT

PRELIMINARY DATA

9 - BIT PARITY GENERATOR AND CHECKER

BOTH EVEN AND ODD OUTPUT AVAILABLE

HIGH VERSATILITY PROVIDED

INPUT CLAMPING DIODES

14-PIN CERAMIC OR PLASTIC DUAL IN-LINE PACKAGE
COMPATIBLE WITH ALL DTL AND TTL FAMILY PRODUCTS

The T 167, 9-input parity generator/parity checker, is a versatile MS| device commonly
used to detect errors in data transmission or data retrieval. Two outputs (EVEN and ODD)
are provided for versatility. An INHIBIT input is provided to disable both outputs of the
T 167 (a logic 1 on the INHIBIT input forces both outputs to a logic 0).

When used as a parity generator, the T 167 supplies a parity bit which is transmitted
together with the data word.

At the receiving end, the T 167 acts as a parity checker and indicates that data has been
received correctly or that an error has been detected. Available in standard temperature
range (0 to 75°C), it comes in plastic and ceramic dual in-line package similar to Jedec
TO-1186.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage, continuous -05t07 \%
V; Input voltage -0.51t0 5.6 \%
Vo Output voltage -0.5to 5.5 \
Top Operating temperature Oto 76 ©°C
Tetg Storage temperature
for ceramic package -65t0 160 °C
for plastic package -55t0125 ©°C

ORDERING NUMBERS

T 167 D1 (for ceramic dual in-line package and standard temperature range)
T 167 B1 (for plastic dual in-line package and standard temperature range)
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T167

MECHANICAL DATA (Dimensions in mm) 74
Ceramic dual in-line package T —ETHT
{similar to TO-116) o ©
j g, W
e

| 3 )
vl 254
15.24 838
Zom, POST- A

inEsEaslcEslnN
% 8

1 7
|59 J 56 6 [ I 0 6 O |

7'1"\3!
Plastic dual in-line package
(similar to TO-116)
025
838 |

CONNECTION DIAGRAM Ve 3 110 39 8
{top view} = '_|‘ l—]-|Z-1 r]—1 r-|-1 T
Dg D7 Dg Ds EVEN
D Dy INHIBIT
|‘ Dp Dy D, Dg ODD
e
1 2 3 4 5 6 7GND
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1167

FUNCTIONAL LOGIC DIAGRAM

EVEN OuTPUT

00D OUPUT

TRUTH TABLE

Eé’l?a?d?

INPUTS OUTPUTS

Do INHIBIT | Zof 1'satD, EVEN oDD
thru Dg

X 1 X 0 0
1 0 EVEN 0 1
1 0 obD 1 0
0 0 EVEN 1 0
0 0 OoDbD 0 1

X : any level present at those inputs does not affect the output.

RECOMMENDED OPERATING CONDITIONS

Vee Supply voltage 4.75 t0 5.25
Top Operating temperature 0to 75

A
°oC
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T167

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test Conditions Min. Typ. Max.|Unit |Fig.
Vin Input high voltage 2 vV |1
VL Input low voltage 08| VvV |1
Vou  Output high voltage EVEN
Vec =4.75V V; = 0.8V
lon = -800 uA
VINHIBIT =0.8v 26 \Y)
0DD !
Vee =478V Vi=2V
loy = -800uA
Vintigrr = 0.8V 26 v
Ton_ QOutput low voltage EVEN
Vee =4.75V V=2V
lor. =16 mA
VinHisiT = 0.8V 04| V
0DD 1
Vee =4.75V V;=0.8V
loL =16 mA
VinHisiT =0.8V 04| V
I Input low current at
data inputs Vee =5.25V V=04V -1.6 | mA| 2
I Input high current at
data inputs Ve = b.25V V; =55V 1 | mA 9
Vee = b.25V V=24V 40 | uA
he Input low current at
inhibit input Vee =5.25V V; =04V 32 | mA| 2
m Input high current at
inhibit input Ve =5.25V V; =5.5V 1| mA 2
Vee = 5b.25V V; =24V 80 | uA
lsc®  Short-circuit
output current Vee =5.25V
| VinHieT = 0.8V -20 -70 | mA| 3
t lce Power supply currentj Vee = 5.26V 70 | mA| 3

* Not more than one output should be shorted at a time.
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T167

SWITCHING CHARACTERISTICS (Ve =5V, Tomp = 25°C, N = 10)

Test Conditions ** . X
Parameter " Min. Typ. Max. | Unit
from input to output

tpa1 Propagation delay time

to logical 1 level Data 1-8 Even 38 55 ns
Data 1-8 Odd 32 45 ns
Data 9 Even 23 40 ns
Data 9 . Odd 20 35 ns
Inhibit Even or Odd 10 18 ns
thdo Propagation delay time
to logical O level Data 1-8 Even 35 50 ns
Data 1-8 Odd 30 45 ns
Data 9 Even 20 35 ns
Data 9 QOdd 15 30 ns
Inhibit Even or Odd 8 156 ns

*¥* See switching times test circuit, waveforms and truth table.

DC TEST CIRCUITS (arrows indicate actual direction of current flow. Current into a
terminal is a positive value).

Flg 1 _VIHIV”_I VOHIVOL Flg2- ||l_, I|H
VinraT Yoo
-7 1 ]
Y
YH TEES; :3; EVEN TPBE; ot s
oL ) =
O— g 00D low
10
0% o Vout

|
I
K
l_
—
l
L

Each input is tested separately.
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T167

DC TEST CIRCUITS (continued) Fig. 3~ Isc, lec
Vinewmir_ YCC
Jjec
o
e EVEN
—1%
SEE
% NOTES
CPENJ 1% _\l
—og  O® kC
When testing lgc each output is tested :an
separately in accordance with the truth
table. When testing lcc both outputs are l
open. -
SWITCHING TIMES
Test circuit
— — NOTES :
1. The pulse generator has the
following characteristics :
U 3V, ty =ty =10ns,
puLsE T%% tow = 500 ns, PRR = 1 MHz
GENERATR TA:LE_JE and Zg ¢ ~50()
(See Note) r:)TES 2. Cr includes probe and jig ca-
pacitance.
3. All diodes are TN3064.
Waveforms tr Y
_‘1 930% EX w
b 15 1% ﬁ
NPUT 104 tpw X 10% o
tpd1
—_— e e Vou
15v 15V
0DD tpd0 Vou
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1167

TYPICAL APPLICATION

3RIT

DATA

SOURCE

—

T187

a

CONTROL

SRR

PORITY GENERATCR

8-8T
DATA
RECEIVER
LDV
— D
—Ds
L.
g' T167 CJTPUT
De ERROR SIGNAL
0,
‘ Da
QUTPUT PARITY BnT'D’
PARITY CHECKER

* Output can be conditioned for odd or even parity. An "even parity bit" checking code has a parity bit
such that the sum of the 1's in the data word plus the parity bit is always an even number.
An "odd parity bit” checking code has a parity bit such that the sum of the 1's in the data word plus the

parity bit is always an odd number.
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T172
TTL INTEGRATED CIRCUIT

PRELIMINARY DATA

QUAD LINE RECEIVER

® |[NPUT CLAMP DIODES

® ACTIVE OUTPUT PULL-UP

® TYP.POWER DISSIPATION 150 mW

® 14-PIN DUAL IN-LINE PLASTIC PACKAGE

The T 172 is a quad two-input line receiver, constructed on a single silicon chip using the
planar epitaxial process. Compatible with other TTL and DTL family products, it combines
high noise immunity with high logic speed. The T 172, available in standard temperature
range (0 to 75°C), comes in a dual in-line plastic package similar to Jedec TO-116.

ABSOLUTE MAXIMUM RATINGS

Vee Supply voltage, continuous -05t07 \)
Vi Input voltage -0.51t0 5.5 \Y
Vg Output voltage -0.51t0 5.5 \Y
Top Operating temperature Oto 756 °C
Tstg Storage temperature -55t0125 ©°C
ORDERING NUMBER : T 172 B1

MECHANICAL DATA Dimensions in mm

;—— B e B ‘_i :'_ 2 P =2
J}:L':L{U ) ,_.J_—;..l :-'?: J{ o
T 2 =
b ' g0 & b il f il
Cagd P ! i
RN 3 L.ga_J
i
- : -
lonnaonn
5 |
= |
e R similar to TO-116
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T172

CONNECTION DIAGRAM (top view)

GND
RECOMMENDED OPERATING CONDITIONS
Vee Supply voltage 4,75 t0 5.25 \
Top Operating temperature Oto75 ©°C

ELECTRICAL CHARACTERISTICS

(over recommended operating conditions unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. |Unit

Vig Input high voltage Guaranteed input high

threshold for all inputs 2.6 \%
T Input low voltage Guaranteed input low

threshold for all inputs 15| V
Von  Output high voltage Vee = 4.75V oy = -500uA

VL =15V

Other input to Ve 2.6 \Y

Vee = 4.75V lgy=-500uA

ViL=1.1V

Other input to Ve 2.8 \Y |
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T172

ELECTRICAL CHARACTERISTICS ({continued)

Parameter Test Conditions Min. Typ. Max. |Unit
VoL Output low voltage Vee = 4.75V gL =20 mA
Vig = 2.6V 04 | V
(I Input high current Vee = 5.25V Vi = 2.6V 50 | wA
Vee =5.25V V) =55V 1 | mA
Lo Input low current Vee =5.25V V| =04V -2.0 |mA
lsc®  Short-circuit
output current Vee = 5.25V Output and
inputs grounded -40 -100 | mA
leen High level power
supply current Vee = 5.25V Inputs high 50 | mA
leeL Low level power
supply current Vee = 5.25V Inputs low 20 | mA
Ve Input clamp diode
voltage Vee =4.75V |} =-12mA -1.5] V
* Only one gate shorted at a time
SWITCHING CHARACTERISTICS (Vee =5V, Taymp = 25°C)
Parameter ‘Test Conditions Min. Typ. Max. |Unit
toq1  Propagation delay time to
togical "1” . 12 | ns
See switching time test
. X circuit and waveforms
thqo Propagation delay time to
logical "0" 12 | ns
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T172

SWITCHING TIMES

Test circuit

:CTC
20
DEVICE
& O—| UNDER
TEST
{See Notes) N3063 !!
CL=25pF
(See Notes ) !!
y
Notes :

Waveforms

10%

ouTPUT
tpdy

- The input pulse has the following characteristics : P.R.R. 1MHz, duty cycle 50%, tf =t, = 7 ns

- C_ includes probe and jig capacitance.
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