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ITT709-A°
HIGH PERFORMANCE OPERATIONAL AMPLIFIER

HIGH PERFORMANCE

SIMILAR TO TO-5

OPERATIONAL -
AMPLIFIER

eafo0o___ 1

Tight Transient Response Specs
Low Input Offset Voltage

Large Input Common Mode Range U . L
High Output Voltage Swing e,

LEADS ARE GOLD-PLATED HOVAR
FIOKAGE WEIGHT 15 BE3 GHAMS

CONNECTION DIAGRAM

(Top View)
The MIC 709-A is a high-gain operational amplifier constructed on a
single silicon chip using the ITT 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 INVERTING
device displays exceptional temperature stability and will operate
over a 14-36 voltage range with little degradation of performance.
The amplifier is intended for use in DC servo systems, high impedance NOTE: PIN 4 CONNECTED TO CASF
analog computers, in low-level instrumentation applications and for
the generation of special linear and nonlinear transfer functions. The
709A is a direct plug in replacement for the 709.

INPUT FREQUENCY
COMPENSATION ~Fag

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS UNITS
Supply Voltage. . . ............... 36 Volts
Internal Power Dissipation (Note 1).. 300 mw
Differential Input Voltage. ......... +5.0 Volts
InputVoltage. . .......ovivevauns =10 Volts
Output Short-Circuit Duration

(T =260 seanpmmmrsd i 5 sec
Storage Temperature Range........ —65to +150 e
Operating Temperature Range. .. ... —55to +125 G
Lead Temperature (Soldering, 60 sec) 300 ¥ 51

NOTE 1: Rating applies for case temperatures to +125°C; derate linearly at 5.6
mW/°C for ambient temperatures above +95°C.
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ITT709-A

ELECTRICAL CHARACTERISTICS (T.= +25°C, =9V <V; <15V unless otherwise noted)

PARAMETER (see definitions) MIN. TYP. | MAX. | UNITS CONDITIONS
Input Offset Voltage 0.6 20 | mV R; <10KQ
Input Offset Current 10 50 | nA
Input Bias Current 100 200 | nA
Input Resistance 350 700 KO
Output Resistance 150 0
Power Consumption 75 108 | mW V= =415V
Transient Response .=20mV, R, =2KQ,
Risetime 16| us C,=5000 pF, R,=1.5 K1},
C,=200pF, R, =500
Overshoot 1 80| % C.<100pF
The following specifications apply for —556°C < T, £+125°C:
Input Offset Voltage 3.0 mV R; 10K
Average Temperature Coefficient 1.8 10| pvyec | Rs=500 T,a=+25°C TO
To=+125°C
of Input Offset Voltage 1.8 10 | pv/°C ?s _=_50!5151;&= +25°CTO
2.0 15| pV/°C | Rs<10KQ T,=+25°C TO
Ta=+125°C
4.8 25| wV/°C | Rs=10KQ T,= +25°C TO
T,=—55°C
0.08 0.5| nA/°C A= +25°C TO T,=+125°C
0.45 28| nA/°C | T.=+25°C TO T.= +55°C
Large-Signal Voltage Gain V=15V, R = 2K(,
25,000 70,000 Vo ===10V
Output Voltage Swing +12 +14 v V= =+15V, R. 2 10KQ
Input Voltage Range -+8.0 A V=15V
Common Mode Rejection Ratio 80 110 db R: <10KQ
Supply Voltage Rejection Ratio 40 100 | pV/V R: <10KQ
Supply Current 21 3.0 mA T.=+125°C, Vs=+15V
2.0 45| mA Tr=—55°C, Vg=+15V
Power Consumption 63 90 mA Ta=+125°C, Vs= =15V
81 135 mA T,=—55°C, Vs==15V
Input Offset Current 35 50| nA Ta=+125°C
40 250| nA Ta=—55°C
Input Bias Current 300 600 | nA Ta=—55°C
Input Resistance 85 170 k2
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ITT709-A

GUARANTEED ELECTRICAL CHARACTERISTICS

VOLTAGE GAIN

OUTPUT SWING

INFUT COMMON MODE VOLTAGE RANGE
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ITT709-A

TYPICAL PERFORMANCE CURVES, continued

FREQUENCY RESPONSE FOR P Al
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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 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.

IEPUT 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 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.

QUTPUT 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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ITT709
HIGH PERFORMANCE OPERATIONAL AMPLIFIER

HIGH PERFORMANCE e
OPERATIONAL S
AMPLIFIER o

0
& 00T
Yy

e Tight Transient Response Specs o

® Low Input Offset Voltage : &

¢ Large Input Common Mode Range :»ﬁ:;:zn:ﬁ.fﬁ:,.m

® High Output Voltage Swing e B
CONNECTION DIAGRAM

The MIC709-1 and MIC709-5 are high-gain operational amplifiers con- (Top View)

structed on a single silicon chip using the ITT Planar epitaxial process. INPUT FREQUENCY.

They feature low offset, high input impedance, large input common
mode range, high output swing under load and low power consumption.
The devices display exceptional temperature stability and will operate INVEHTING, (e)output
over a wide voltage range with little degradation of performance.
These amplifiers are intended for use in DC servo systems, high
impedance analog computers, in low-level instrumentation applications
and for the generation of special linear and nonlinear transfer
functions. The devices utilize the same pin configuration.

eSS e,
[l ING CY
INPUT 0 COMPENSATION

NOTE. PIN 4 CONNECTED TO CASE.

DUAL IN-LINE PACKAGE

ABSOLUTE MAXIMUM RATINGS rﬁf'\f'll’!‘l A {-L,@\.,-__
CHARACTERISTICS UNITS |_( E}
L‘ -1
Supply Voltage +18 | Volis , WAL 'JV ﬂ :
Internal Power Dissipation (Note 1) 300 | mw
Differential Input Voltage -+5.0 Volts
Input Voltage =10 | Volts
Output Short-Circuit Duration 5 | sec. Lottt s
(T.=25°C)
Storage Temperature Range —65t0 +150 | °C CONNECTION DIAGRAM
Operating Temperature Range —55t0 +125 °C i e
(Note 2) " E—
Lead Temperature (Soldering, 60 sec) 300 o e ,‘: %L‘&‘L&Z’!ﬁm
NOTE 1: Rating applies to the MIC709-1 at case temperatures to +125°C;: derate IM:::?'? j i% :‘"‘“
linearly at 5.6 mW/°C for ambient temperatures above +95°C. The rating R = ST
for the MIC709-5 is 250mW and applies for case temperatures to +70°C. e I-_-‘gg:.‘;”:‘,‘g‘;‘,?c,.
NOTE 2: Rating for the MIC708-5 is 0° to -+70°C. b i = e
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ITT709

ELECTRICAL CHARACTERISTICS (T.=+25°C, 229V<Vs< 15V unless otherwise noted)

PARAMETER (see definitions) | MIN. | TYP. | MAX. | UNITS CONDITIONS

Input Offset Voltage 1.0 50| mV Rs<10K2

Input Offset Current 50 200 | nA

Input Bias Current 200 500 | nA

Input Resistance 150 400 Ko

Qutput Resistance 150 Q

Power Consumption 80 165 | mW Vs==+15V

Transient Response - Va=20mV, R.=2K2,
Risetime 0.3 1.0]| us Ci1=5000 pF, Ri1=1.5 K2,

C»=200pF, R:=500

Overshoot 10 30| % C.<100pF

The following specifications apply for —55°C <T, < +125°C:
Input Offset Voltage 6.0 mV Rs<10KQ
Average Temperature Coefficient

of Input Offset Voltage 3.0 uV/°C | Rs=50%
6.0 wV/°C | Rs<10KQ
Large-Signal Voltage Gain Vs==15V, Ri>2KQ,
25,000 | 45,000 | 70,000 Vou==x=10V
QOutput Voltage Swing +12 +14 \Y) Vs=+15V, Ri=10K2
+10 +13 vV Vs= =15V, Ri>2KQ
Input Voltage Range +8.0 +10 V V=15V
Common Mode Rejection Ratio 70 90 db Rs<10K2
Supply Voltage Rejection Ratio 25 150 | pV/V Rs<10KQ
Input Offset Current 20 200 | nA T.=+125°C
100 500 | nA Ta=-—-55°C
Input Bias Current 0.5 1.5 vA Ti=—565°C
Input Resistance 40 100 kQ

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 locking 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 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.
SUPPLY VOLTAGE REJECTION RATIO—The ratio of the change in input offset voltage to the change in supply voltage producing it.
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ITT709

ELECTRICAL CHARACTERISTICS (Vs = £15V, T, = 25°C unless otherwise specified)

PARAMETER MIN. | TYP. | MAX. | UNITS CONDITIONS
Input Offset Voltage 2.0 75| mVv Rs<10K, =9V <V, <15V
Input Offset Current 100 500 | nA
Input Bias Current 0.3 15| vA
Input Resistance 50 250 K
Output Resistance 150 Q
Large-Signal Voltage Gain 15,000 |45,000 R.= 2K, Vour=x10V
Qutput Voltage Swing +12 +=14 vV Ri=10K
=10 +13 \ Ri=2K
Input Voltage Range +8.0 =10 \
Common Mode Rejection 65 90 db Rs<10K
Ratio
Supply Voltage Rejection 25 200| wV/V | Rs<10K
Ratio
Power Consumption 80 200 | mw
Transient Response Vi.=20mV, R =2KQ,
Risetime 0.3 1.0 us C,=5000 pF, Ri=1.5 K,
C.=200pF, R:=509Q
Overshoot 10 30| % C,<100pF
The following specifications apply for 0°C <T, < +70°C
Input Offset Voltage 10| mV Rs<10K, £9V<Vs< =15V
Input Offset Current 750 | nA
Input Bias Current 20| rA
Large-Signal Voltage-Gain 12,000 R.= 2K, Vour=+10V
Input Resistance 35 ko
s 1 H ,
'__"lj’? N TRAMSIENT RESPONSE TEST CIRCUIT

044 FREQUENCY COMPENSATION CIRCUIT 10K

INVERTING B uTeer

INPUT
NON-INVERTING,
INPUT

M o use Ry =500 WHEN
THE AMPLIFIER IS
OPERATED WITH
CAPACITIVE LOADING.

COoMP
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ITT709

GUARANTEED ELECTRICAL CHARACTERISTICS

VOLTAGE GAIN VOLTAGE GAIN OUTPUT VIOLTAGE SWING
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ITT709

TYPICAL PERFORMANCE CURVES, continued

POWER CONSUMPTION VS AMBIENT TEMPERATURE

INPUT BIAS CURRENT V5 SUPPL

Y VOLTAGE
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ASA FUNCTION OF LOAD RESISTANCE
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ITT710°

HIGH SPEED DIFFERENTIAL COMPARATOR

HIGH SPEED
DIFFERENTIAL
COMPARATOR

Low Offset Voltage
Low Offset Current
High Voltage Gain

Fast Response Time

The ITT MIC 710 is a differential voltage comparator which
offers high accuracy and fast response times. The entire
circuit is contained on one silicon chip and is manufactured
using the ITT Planar Epitaxial process. The output of the
MIC 710 is compatible with all integrated logic forms. The
MIC 710 can also be used as a variable threshold Schmidt
trigger, a pulse height discriminatot, a memory sense ampli-
fier, a high noise immunity line receiver, or in high speed
A-D conversion and multivibrator functions.

ABSOLUTE MAXIMUM RATINGS

INDEX DOY"\ LTERNATE INDEX DOT

To—us?ﬁg?““:_
==

A190/.210

2407250

hi—. 015 MAX-=]

00870353 Cooance
b 2402260

o
MIN

SIMILAR TO TO-6
o

] seame
3P
[~ 305

o
M

55

=
B 11—

NOTE [DIMENSIONS A5 PER LATCSY
J5-10 COMMITTEE
ALL DIMENSIONS IN INCHES,
LEADS ARE GOLD-PLATED
EOVAR.
PACKAGE WEIGHT 15 122
CRAMS.

S00
MiN

CONNECTION DIAGRAM
(Top View)

INPUT FREQUEN:
COMPENSATION

NOTE: PIN 4 CONNECTED TO CASE.

CHARACTERISTICS UNITS
Positive Supply Voltage +14.0V
Negative Supply Voltage -7.0V
Peak Output Current .. .. . 10 mA
Differential Input Voltage +50V
Input Voltage . ... . ... .. +=7.0V
Internal Power Dissipation 300 mW

(MIC710-1 Note 1, MIC710- 5 Note 2)
Operating Temperature Range MIC710-1
MIC710-5
Storage Temperature Range ..........
Lead Temperature (Soldering, 60 sec. )

—55°to +125°C
0° to +70°C
—65° to +150°C
300°C
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ITT710

ELECTRICAL CHARACTERISTICS for 710-5 (TA=25°C, V =12.0V, V = — 6.0V unless otherwise specified)

PARAMETER (see definitions) MIN. TYP. MAX. | UNITS CONDITIONS (Note 5)
Input Offset Voltage 1.6 5.0 mV |R:=2000
Input Offset Current 1.8 5.0 uA
Input Bias Current 16 25 uA
Voltage Gain 1000 1500
Output Resistance 200 0
Output Sink Current 1.6 2.5 mA |AV,.=5mV, V=0
Response Time (Note 3) 40 ns
The following specifications apply for 0°C =TA =+70°C:
Input Offset Voltage 6.5 mV |Rs=2000Q
Average Temperature Coefficient 5.0 20 |uVv/°C |R:s=500,TA=0°C to TA=+70°C
of Input Offset Voltage
Input Offset Current 7.5 uA
Average Temperature Coefficient 15 50 |nA/°C |TA=25°C to TA=+70°C
of Input Offset Current 24 100 |nA/°C |TA=25°C to TA=0°C
Input Bias Current 25 40 uA |TA=0°C
Input Voltage Range =+5.0 vV [Vi=—=7.0V
Common Mode Rejection Ratio 70 98 dB |Rs=200
Differential Input Voltage Range +5.0 "
Voltage Gain 800
Positive Output Level 25 3.2 4.0 vV |AV,.=5mV, 0=1..=5.0mA
Negative Output Level -1.0 | =05 V | AV, =5mV
Output Sink Current 0.5 mA | AV.=5mV, V.,=0
Positive Supply Current 5.2 9.0 mA | Ves=0
Negative Supply Current 4.6 7.0 mA
Power Consumption 90 150 mw

DEFINITION OF TEAMS:

LOGIC THRESHOLD VOLTAGE — The approximate voliage at
the putput of the comparator al which the loading legic circuilry
ehanges its digital state.

INPUT OFFSET VOLTAGE®™ — The voltage betwoen the inpul
terminals when the outpul is at the logic threshold vollage. The
input alfset vollage may also be defined for the case whare
two equal resistances are inserled in sedies with the input leads
INPUT OFFSET GURRENT® — The dillerence in the currenis
into the two input terminals with the outpul at the logic thresheld
voltage.

INPUT BIAS CURRENT® — The average of the twa input currenis,
INFUT VOLTAGE RANGE® — The range of veltage on the inpul
terminals for which the comparator will operste within specili-
cations

DIFFERENTIAL INPUT VOLTAGE RANGE® — The range of
voltage bolwéen the inpul terminals lor which operalion within
specifications s assured

VOLTAGE GAIN® — Tha ralig of the change in oulput voitage
to the change in voltage between the input terminals producing
it with the DC oulput level in the vicinity of the loglc threshold
wvoltage.

AESPONSE TIME* — The inmerval betwoen the application of
an input step lunction and the time when the outpul crosses the
ingic threshold voltage. The inpul step drives the comparator
from some initial, saturated input voltage 1o an input level jusl
barely in excess of that required to bring the output from
saturation to the logic threshold voltage. This excess is reloried
o as the vollage overdrive,

STROBE RELEASE TIME® — Tha time required for the culput 1o
rize 1o the logic threshold vollmge afler the strobe terminal has
bean driven from the zero 1o the one logic level. Appropriate
inpul conditions are assumed.

POSITIVE OUTPUT LEVEL" — The DC output voliage In the
positive direction with the inpat voltage equal 1o or greater than
a minimum specilied amount,

MEGATIVE OUTPUT LEVEL® — The DC oulpul voltage in the
nopative direction with the input vollage equal lo or grealer
than a minimum specilied amounl.

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

PEAK OUTPUT CURRENT — The maximum current thal may
flaw inta the output load withou! causing damage to the com-
parator

*These definitions apply for either side with the other disabled with the strobe,
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OUTPUT RESISTANCE"® — The resistance seen looking into the
oulpul terminal with the DC outpul level al the logic threshold
voltage

STROBED QUTPUT LEVEL® — The DC oulput vollage, inde-
pendent o input valtage with the voltage on the strobe lerminal
egual 1o or less than o minimum spacified amount

STROBE CURRENT — The maximum current drawn by the sirebe
1orminal when it is 3 the zero logic level

POWER CONSUMPTION — The DC power into the amplifier
with no cutput load. The DC power will vary with signal level

tut s specifiod as a maximum for the entire range of input-signal
conditions



ITT710

ELECTRICAL CHARACTERISTICS for 710-1 (T.= +25°C, V=120V, V= —6.0V unless otherwise specified)

PARAMETER (see definitions) MIN. TYP. MAX. | UNITS CONDITIONS (Note 4)
Input Offset Voltage 0.6 2.0 mV |Rs=2000
Input Offset Current 0.75 3.0 uA
Input Bias Current 13 20 uA
Voltage Gain 1250 1700
Output Resistance 200 0
Output Sink Current 2.0 25 mA |AV,=5mV, V.,=0
Response Time (Note 3) 40 ns
The following specifications apply for —55°C =Tx =+125°C:
Input Offset Voltage 3.0 mV | Rs=200Q
Average Temperature Coefficient 3.5 10 |uV/°C |Rs=500,TA=25°C toTA=+125°C
of Input Offset Voltage 2.7 10 | uv/°C |Rs500, TA=25°C to TA= —55°C
Input Offset Current 0.25 3.0 uA |[TA=+125°C
1.8 7.0 UA |T.=—55°C
Average Temperature Coefficient 5.0 25 |nA/°C |Ta=25°C to T»= +125°C
of Input Offset Current 15 75 | nA/°C |T+=25°C to T»= —55°C
Input Bias Current 27 45 uA |T~=—55°C
Input Voltage Range +5.0 V [V=-=7.0V
Common Mode Rejection Ratio 80 100 dB |Rs=20082
Differential Input Voltage Range =+5.0 Vv
Voltage Gain 1000
Positive Output Level 25 3.2 4.0 V | Vi.=5mV, 0=1.,=5.0mA
Negative Output Level -1.0 —-05 0 vV |AV,.=5mV
Output Sink Current 0.5 1.7 mA | T~=+125°C, AV, =5mV, V,:=0
1.0 2.3 mA |Ta=—55°C, AV;;=5mV, V..=0
Positive Supply Current 5.2 9.0 mA [V..=0
Negative Supply Current 4.6 7.0 mA
Power Consumption 90 150 mw &
B T
NOTES: Ry
(1) Rating applies for case temperatures to 0 AN i
25°C; derate linearly at 5.6mW/°C
fcr gmbienl temperatures  above SCHEMATIC DIAGRAM ] = —Kh
(2) Ratings apply for ambient temperatures bk 8083
to +70°C. —Lq:: 4
(3) The response time specified (see defi- WO
nitions) is for a 100-mV input step with

5-mV overdrive.

(4} 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 1.0V at
+125°C,

(5) The input offset 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 1.2V at +70°C.
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TYPICAL CHARACTERISTICS

VOLTAGE TRANSFER CHARACTERISTIC
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DUAL COMPARATOR

DUAL COMPARATOR

e High Accuracy

e Fast Response Time

® Large Input Voltage Range
® Low Power Consumption

The MIC 711 is a dual differential voltage comparator. It
was primarily designed for core-memory sense amplifiers
which require high accuracy, fast response times, large
input voltage range, and low power consumption. The
output voltage is compatible with most integrated logic
forms. When used as a sense amplifier, the threshold
voltage can be adjusted over a wide range, almost inde-
pendent of the integrated circuit characteristics. Each
comparator channel is provided with independent strobing.
Pulse stretching on the output is easily accomplished.
Double-ended detection for automatic GO/NO-GO test
equipment and pulse height detection (window discrimi-
nator) are additional applications of the dual comparator.
The entire circuit is contained on a silicon chip and is manu-
factured using ITT Planar Epitaxial process.

ABSOLUTE MAXIMUM RATINGS

PHYSICAL DIMENSIONS
FLAT PACKAGE (TOPVIEW)

INDEX DOT r—ALTERNATE INDEX DOT

z ‘*—.Olw.ﬂs

F— 2407290

-030/.075
e e
LT AT | T oos00s
oo LI -240{2'50-1-! or0
MIN M’IN

SIMILAR TO TO-5

n—_
m

|

- rff &
B

s PO <

NOTE:
All dimensions in inches

TO-5 CONNECTION DIAGRAM
(Top View)

Wate Fin 5 connecied 10 cave

CHARACTERISTICS UNITS

Positive Supply Voltage . i 3 +14.0V

Negative Supply Voltage . | - —-7.0V

Peak Output Current .. . . : = j 50 mA

Differential Input Voltage iy +50V

Input Voltage d +7.0V

Strobe Voltage .. o \ Oto +6.0V

Internal Power Dissipation . . .. .. . 300 mW
(MIG711-1 Note 1, MIC711-5 Note 2)

Operating Temperature Range MIC711-1 —55° to +125°C

MICT711-5 0°to +50°C

Storage Temperature Range T —65° to +150°C

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

NOTES: (1) Rating applies for case temperatures to +125°C; derate linearly at 5.6mW/°C for ambient temperatures above +95°C,

{2) Rating applies for ambient temperatures to +70°C,
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ELECTRICAL CHARACTERISTICS FOR 711-1 (14=257C. v=12.0v. V7= = 6.0V unless otherwise specified)

PARAMETER (see definitions) MIN. TYP. MAX. | UNITS CONDITIONS
Input Offset Voltage 1.0 3.5 mV V.. =+1.4V,R.:=2000Q V=0
1.0 5.0 mV V.= +1.4V, R; <2000,
Input Offset Current 0.5 10.0 uA Vo= +1.4V
Input Bias Current 25 4 uA
Voltage Gain 750 1500
Response Time (Note 3) 40 ns
Strobe Release Time 12 ns
Input Voltage Range +5.0 Y V' =-7.0V
Differential Input Voltage Range 5.0 Vv
Output Resistance 200 0
Positive Output Level 4.5 5.0 vV Vi, =10mV
Loaded Positive Output Level 25 3.5 vV V., =10mV, lo=5mA
Negative Output Level —-1.0 -0.5 0 A V. =10mV
Strobed Output Level -1.0 0 vV Viirop. =0.3V
Output Sink Current 0.5 0.8 mA V,,.=10mV, V..=0
Strobe Current 1.2 2.5 mA V.irone = 100mV
Positive Supply Current 8.6 mA Vo =0
Negative Supply Current 3.9 mA
Power Consumption 130 200 mW
The following specifications apply for —55°C<T =<125°C:
Input Offset Voltage (Note 4) 4.5 mV Rs=2000, Vey=0
6.0 mV R;=20002
Input Offset Current (Note 4) 20 uA
Input Bias Current 150 uA
Temperature Coefficient of Input Offset Voltage| 5.0 uV/°C
Voltage Gain 500
NOTES: SCHEMATIC DIAGRAM
(3) The response time speci- ’m?n“ SIfges.2
fied (see definitions) is for —ov*
a 100-mV input step with Ry Rgs O3 LEAY | PalSAV lg. Rua
5-mV overdrive. f 43K0 £3k0 '\‘ £3k0 4350
(4) The input offset voltage %: Rz Q7 L1 R12 -
(see definitions) is speci- —i
fied for a logic threshold R ol :;v ouTPUT e i3
voltage of 1.8V at —55°C, o0 1, Y : Ry LN
1.4V at +25°C and 1,0V at INvERTING | Q3] [Qs | 1900 j. Q9 Sz 000 INVERTING
+125°C. INPUT} o l':& :’h% INPUT 3
(5) The input offset voltage is (R 6.2V _l. 8.2V i
SpECifiEd for a |°gic thTESh' NON INVERTING : Ry NON-INVERTING
old voltage of 1.5V at 0°C, b i o e
1.4V at +25°C and 1.2V at Wk =
+70°C. . Q10 =
s Ry 10
r1200 Rg 1200
2400
oy
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ELECTRICAL CHARACTERISTICS FOR 711-5 (T5=25°C, vt=12.0v, V™= —6.0V unless otherwise specified)

PARAMETER MIN. TYP. MAX.| UNITS | CONDITIONS
Input Offset Voltage 1.0 5.0 mV Vo =+1.4V,R; =200 Veu=0
1.0 B mV V.= +1.4V, R =2000,
Input Offset Current 0.5 15 uA Vo= +1.4V
Input Bias Current 25 100 uA
Voltage Gain 700 1500
Response Time (Note 3) 40 ns
Strobe Release Time 12 ns
Input Voltage Range +5.0 Vv V=—7.0V
Differential Input Voltage Range =+5.0 v
Output Resistance 200 0
Positive Output Level 4.5 5.0 Vv Vi,=10mV
Loaded Positive Output Level 2.5 3.5 - \' V;.=10mV, lo=5mA
Negative Output Level —1.0 —-0.5 0 V V,.=10mV
Strobed Output Level -1.0 0 \Y Vitros =0.3V
Output Sink Current 0.5 0.8 mA V., =10mV, V..=0
Strobe Current 1.2 25 mA Virope =100mV
Positive Supply Current 8.6 mA Vo <<0
Negative Supply Current 3.9 mA
Power Consumption 130 230 mw
The following specifications apply for 0°C<T = +70°C:
Input Offset Voltage (Note 5) 6.0 mV Rs <2000, Veu=0
10 mV Rs=2000
Input Offset Current (Note 5) 25 uA
Input Bias Current 150 uA
Temperature Coefficient of Input Offset Voltage| 5.0 uV/eCc
Voltage Gain l 500

DEFINITION CF 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 vollage between the inpul
terminals when the cutput is al the logic threshold voltage. The
inpul olfsel vollage may alse be defined lor the case whera
two doual sesisiancos arn insarled in saries with tha inpat leads
INPUT OFFSET CURRENT®' — The dillerence in the currents
inte the two inpul tlerminals with the sulput At the fogic threshold
vollage.

INPUT BIAS CURRENT® — The average of the two input currenls.
INPUT VOLTAGE RANGE® — The range of voitage on the input
tarminals for which the comparator will operate within specifl-
cations.

DIFFERENTIAL INPUT VOLTAGE RANGE® — The range of
voltage between the inpul lerminals for which operation within
specifications 1s assured.

VOLTAGE GAIN® — The ratio of the change in oulput volihge
o 1he change in vollage between the input terminals producing
it wilh the OC output leval in the vicinity of the logic threshold
vallage.

RESPONSE TIME® — The interval between the application of
an input step function and the time when tha output crosses the
logic threshold voltage, The input step drives the comparalor
from some initial, saturated inpul voltage to an input level just
barely in excess of thal required fo bring the oulput from
saluration to the logic threshold vollage. This excess is referred
1o as the voltage overdrive

STROBE RELEASE TIME™ — The thme reguired for the oulpul to
ris¢ 1o the logic threshold voitage after the strobe terminal has
been driven from the zero lo the one logic level Appropriate
Input conditions are pssumed.

POSITIVE CUTPUT LEVEL® — The DC oulpul vollage in the
positive direction with 1he input voltage equal to or groater than
a minimum specified amount

NEGATIVE DUTPUT LEVEL' — The DC output voltage in the
negalive direction with the inpul vollage equal lo or grealer
than a minimum specilied amount.

QUTPUT SINK CURRENT — The maximum negstive current that
can be delivered by the comparator

PEAK OUTPUT CURAENT — The maximum current thal may
llow into the cutpul load withoul causing damage lo the com-
parator.

*These definitions apply for either side with the other disabled with the strobe.
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OUTPUT RESISTANCE® — The resistance seon looking into the
output terminal with: the DC output level at the logic threshold
wollnge.

STROBED OUTPUT LEVEL® — The DC ocutput voltage, inde-
pendent ol inpul voltage, with the voltege on the atrobe terminal
equal 1o or less than a minimum specilied amount

STROBE CURRENT — The maximum current drawn by the strobe
terminal when it is at the oo logic lavel.

POWER CONSUMPTION — The DC power into the amplifier
with no output load. The DC power will vary with signal level,
but s sprcified as a maximum for the entire range of inpul-signal
candions
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TYPICAL PERFORMANCE CURVES MIC 711-5

VOLTAGE TRANSFER CHARACTERISTIC
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HIGH-GAIN WIDEBAND AMPLIFIER

HIGH-GAIN
WIDEBAND
DC AMPLIFIER

® Low Offset Voltage
® High Voltage Gain
® Low Offset Voltage Drift

The MIC 712 is a general purpose amplifier for use as an
operational amplifier in high speed analog computers, a
precision instrumentation amplifier or in other applications
requiring a feedback amplifier capable of operating within
the frequency ranges of DC to as high as 30MHz. The
MIC 712 amplifier achieves low DC offset and low thermal
drift, wideband operation and low power consumption as
a result of ITT Planar epitaxial manufacturing process.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS UNITS
Voltage between V* and V-

ReETHNAlS el s bt +21 Volts
Internal Power Dissipation (T0-5) . . 300 mw

(MIC 712-1 note 1,
MIC 712-5 note 2)

Differential Input Voltage .. ..... +5.0 Volts
nputsVoltageles: == 1 . s +1.5t0 —6.0 Volts
Peak Output Voltage . . .. .. Lo 50 mA
Storage Temperature Range . . ... —65to +150 °C
Operatihg Temperature F{ange

[ Tera Felr b 1o el § S RN S e —551t0 +125 G

MIGAT12:8 ol o ey Oto +70 G
Lead Temperature

(Soldering, 60 sec.) .. ... ..... 300 °C

FLAT PACK
INDEX DOT: —ALTERNATE INDEX DOT
T b _L )
|0457.0'§u ':—.J-rolo.f.ols
—_ ——
190/.210 F— .240/230
= H= 1
) f— 015 .u;x-j.-_j
{oorors b
X > |
obs/oasd | L] ¥ 031006
| 15_!:1-— 2404260 -», IEJ’|

SIMILAR TO TO-5

g —]
335 SEATING

335 PLANE
305
I

040

BLE%I:E__DHD [][l it

NOTE | DIMENSIONS AS PER LATEST
J5-10 COMMITTEE.
ALL DIMENSIONS IN INCHES.
LEADS ARE GOLD-PLATED
KOVAR.
PACKAGE WEIGHT IS 112
GRAMS.

ANAANAR_

| =

N N HN s

.__-4

“wgrL, cut 1o 41 it

§P

NOTES: (1) Rating applies for case temperatures to <+ 125°C; derate linearly at 5.6mW/°C for ambient iemperalures above +95°C.

{2) Rating applies for ambient temperatures to +70°C.
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ELECTRICAL CHARACTERISTICS for MIC 712-1

PARAMETER MIN. TYPE MAX. | MIN. TYPE MAX | UNITS |CONDITIONS
(See definitions) V4 =120V, V— =60V | V+ =6.0V, V—=—3.0V|
Input Offset Voltage 0.5 2.0 0.7 3.0 mV R.=2k0
Input Offset Current 180 500 120 500 nA
Input Bias Current 2.0 5.0 1.2 3.5 uA
Input Resistance 16 40 22 67 kQ
Input Voltage Range —4.0 +05]| —1.5 +05|V
gO{pmon Mode Rejection |80 100 80 100 dB R,=2kQ, f=1kHz
atio
Large Signal Voltage Gain| 2500 | 3600 | 6000 RL§100kﬂ. V.= =£5.0V
600 | 900 | 1500 R, 100kQ, V,,=-+2.5V
Qutput Resistance 200 500 300 700 Q
Supply Current 5.0 6.7 2.1 3.8 mA  |V.,=0
Power Consumption 90 120 19 30 mW  |V..=0
Transient Response C,=0.01 uF, R,=200
(Unity-Gain) R.=100kQ, V,=10mW
Rise Time 25 120 ns
Overshoot 10 50 % C.=100pF
Transient Response C,=50pF, R.=100kQ
(x100 gain) V.=1mV
Risetime 10 30 ns
Overshoot 20 40 %
The following specifications apply for —55°C=T,=+125°C:
Input Offset Voltage 3.0 4.0 mV R.=2kQ
Average Temperature R,=50Q
Coefficient of Input 2.5 10 3.5 15 uV/°C|T,=25°C to T,= +125°C
Offset Voltage R.=500
2.0 10 3.0 15 uV/°C|T,=25°C to T,=—55°C
Input Offset Current 80 500 50 500 nA Ta=+125°C
400 1500 280 1500 | nA Ta=—55°C
Average Temperature 1.0 5.0 0.7 4.0 NA/°C|T,=25°C to Tor= +125°C
Coefficient of Input
Offset Current
3.0 16 2.0 13 nA/°C|T,=25°C to T,= —55°C
Input Bias Current 4.3 10 2.6 7.5 uA T,=—55°C
Input Resistance 6.0 8.0 k()
|E{)o;'_nmon Mode Rejection | 70 95 70 95 dB R.=2kQ, f=1kHz
atio
Supply Voltage V4 =12V, V== —6Vto
Rejection Ratio 75 200 75 200 uV/V |V4 =6V, V=—=-3V
R.=2kQ
Large Signal Voltage Gain| 2000 7000 R.=100KQ), V.= +5.0V
500 1750 R.=100kQ), V=425V
Output Voltage Swing 50| +5.3 20| =&i V R =100k
+3.5| +4.0 +=1.5| =20 v R,=10kQ
Supply Current 44 6.7 Vit 3.3 mA +=+125°C, V...=0
5.0 7.5 2.1 3.9 mA Ta= —55°C, V..,=0
~Power Consumption 80 120 15 30 mW  [T,= +125°C, V,,,=0
90 135 19 35 mW |T,=—55°C, V..=0
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ELECTRICAL CHARACTERISTICS for MIC 712-5

PARAMETER V+ =120V, V= =—6.0V| V+=6.0V, V—=—3.0V| UNITS |CONDITIONS
(see definitions) MIN. TYP. MAX. |[MIN. TYP. MAX.
The following specifications apply for T,=25°C
Input Offset Voltage 1.5 5.0 1.7 6.0 mV R:=2 KQ
Input Offset Current 0.5 2.0 0.3 2.0 LA
Input Bias Current 2.5 7.5 1.5 5.0 uA
Input Resistance 10 32 16 55 KO
Input Voltage Range —4.0 +05 | —1.5 +05 |V
Common Mode 70 92 70 92 dB R:=2K0,f=1 KHz
Rejection Ratio
Large Signal 2000 | 3400| 6000 R.=100 KQ
Voltage Gain Vet =50 V
500 | 800 1500 R.=100 K
V=225V
Output Resistance 200 | 600 300 800 | O
Supply Current 5.0 6.7 2o 3.3 mA Vet =0
Power Consumption 90 120 18 30 mW [Vou=0
Transient Response C,=0.01uF,
(unity gain) R, =200
R.=100 KO
Vi,=10 mV
Risetime 25 120 ns
Overshoot 10 50 % C. =100 pF
Transient Response C,;=50 pF
(X100 gain) R, =100 KQ
V.=1mV
Risetime 10 30 ns
Overshoot 20 40 %
The following specifications apply for 0°C T, +70°C
Input Offset Voltage 6.5 7.5 mV R:s=2 K
Average Temperature 5.0 20 75 25 wV/°C|Rs=500
Coefficient of Input Ta=+70°Cto Ty=0°C
Offset Voltage
Input Offset Current 25 2.5 pA
Average Temperature 4.0 10 3.0 8.0 nA/°C|T,=25°C to T,= +70°C
Coefficient of Input 6.0 20 5.5 18 nA/°C
Offset Current T,=25°C to T,=0°C
Input Bias Current 4.0 12 2.7 8 pA T,=0°C
Input Resistance 6.0 18 9.0 27 K
Common Mode 65 86 65 86 dB Rs=2 KO,f=1 KHz
Rejection Ratio
V+=12VV—=—8V to
Supply Voltage 90 300 90 800 | puV/V |V+ =6V, V—=—3V
Rejection Ratio Rs=2 KO
Large Signal Voltage Gain| 1500 7000 R.=100 KQ
Vo = ==5.0V
400 1750 R.=100KQ
Vo= £2.5V
Output Voltage Swing +5.0] =+5.3 +2.5| =27 V R.=100 KQ
+3.5| +4.0 +1.5]| 2.0 V R.=10 KQ
Supply Current 5.0 7.0 2.1 3.9 mA | V=0 7
Power Consumption 90 125 19 35 mwW
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TYPICAL PERFORMANCE CURVES MIC 712-1, 712-5

VOLTAGE GAIN AS A FUNCTION
OF SUPPLY VOLTAGES
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TYPICAL PERFORMANCE CURVES MIC 712-1

VOLTAGE TRANSFER
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TYPICAL PERFORMANCE CURVES MIC 712-5
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INPUT VOLTAGE RANGE
AS A FUNCTION OF SUPPLY VOLTAGES
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FREQUENCY COMPENSATION CIRCUITS

- R B
MICTIZ Rz MICTIZ
o + LAG LAG
C
R

Lean® ey

LAG LEAD-LAG
COMPENSATION = COMPENSATION

TRANSIENT RESPONSE TEST CIRCUITS

X100 AMPLIFIER (LEAD COMPENSATION)

2kn

UNITY=GAIN AMPLIFIER (LAG COMPENSATION)

SPECIAL ORDERING CODE

Temperature Range:
1= —55" +125°C
= 0° to +70C

= 250" X 250" Flat Pack
€ = 8lead TO-5

D 14-Lead Dual-In-Line

Example:
MIC712-1C means operating tem-
perature range of —55° to
+125°C, supplied in a TO-5 pack-
age.

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE — That voltage which must be ap-
plied 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 QFFSET 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 voltage swing with load to the change in input voltage
required to drive the output from zero to this voltage.

QUTPUT 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 re-
sponse 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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DUAL HIGH SPEED DIFFERENTIAL COMPARATOR

DUAL HIGH SPEED
DIFFERENTIAL
COMPARATOR

Better Temperature Tracking
Low Offset Voltage

Low Offset Current

High Voltage Gain

Fast Response Time

The ITT MIC720 differential voltage dual comparator,
offering high accuracy and fast response times, consists of

{.200
MAX,
020 MIN |‘_

DUAL IN-LINE PACKAGE

310 TYP,

A
|

1 T4
Ll P
< -

i <L i
N >
] ]
7 18
388

two separate MIC710 high speed differential comparators. el R R | O
The entire circuit is contained on one silicon chip and is &4, st
manufactured using the ITT Planar Epitaxial process. The Ll & .ZEM-
output of the MIC720 is compatible with all integrated logic ael, oo, com
forms. The MIC720 can also be used as a variable threshold noN my 2], ola
Schmidt trigger, a pulse height discriminator, a memory mv | 2 [uc.
sense amplifier, a high noise immunity line receiver, or in s { A
high speed A-D conversion and multivibrator functions. =1 o

ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS

UNITS

Positive Supply Voltage .. .............
Negative Supply Voltage . . e
Pealc Qutput Gurrent. o - wiayg o
Differential Input Voltage .. ... . . ..

Input Voltage . ............... .. ... ..
Internal Power Dissipation .. .. ... .. . .
(MIC720-1 Note 1, MIC720-5 Note 2)

Operating Temperature Range MIC720-1
MIC720-5

Storage Temperature Range .. . ... ...

Lead Temperature (Soldering, 60 sec.) . . .

+14.0V

70V

10 mA

+50V

+=7.0V

300 mW

200 mW

—55°to +125°C
0° to +70°C
—65° to +150°C
300°C
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ELECTRICAL CHARACTERISTICS for MIC 720-1 (T = +25°C, V=12.0V. V= —6.0V unless otherwise specified)

PARAMETER (see definitions) MIN. TYP. MAX. | UNITS CONDITIONS (Note 4)
“ Input Offset Voltage 0.6 2.0 mV |Rs=2000

. Input Offset Current 0.75 3.0 uA
Input Bias Current 13 20 uA
Voltage Gain 1250 1700
Output Resistance ' 200 Q
Qutput Sink Current 2.0 2.5 mA | AV, =5mV, V..:=0
Response Time (Note 3) 40 ns

The following specifications apply for —55°C =T+ =+125°C:
Input Offset Voltage 3.0 mV | Rs=2000
Average Temperature Coefficient 3.5 10 [uV/°C |Rs=500,TA=25°C toTA=+125°C
of Input Offset Voltage 2.7 10 | uv/°C |Rs500, TA=25°C to TA= —55°C
Input Offset Current 0.25 3.0 uA |TA=+125°C
: 1.8 7.0 uA |T~=—55°C
Average Temperature Coefficient 5.0 25 | nA/°C |T~=25°C to T»= +125°C
of Input Offset Current 15 75 | nA/°C |T»=25°C to Ta= —55°C
Input Bias Current 27 45 uA |T.=—55°C
Input Voltage Range +50 V |V=-7.0V
Common Mode Rejection Ratio 80 100 dB |Rs=200Q
Differential Input Voltage Range +5.0 v
Voltage Gain 1000
Positive Output Level 2.5 3.2 4.0 vV | V.=5mV, 0=L,4=5.0mA
Negative Output Level —-1.0 —0.5 0 V |AV,.=5mV
Qutput Sink Current 0.5 1.7 mA | Tr=+125°C, AV, =5mV, V.. =0
1.0 2.3 mA |T.=—55°C, AV, =5mV, Vo =0

Positive Supply Current 5.2 9.0 mA |V.,=0
Negative Supply Current 4.6 7.0 mA
Power Consumption 90 150 mw

NOTES: Ry
(1) For DIP pack derate at 4.4mW/°C for

e |
case temperatures above +115°C; de- 98 A
rate linearly at 3.3mW/°C for ambient >
temperatures above +100°C. 50062 ot

{2) Ratings apply for ambient temperatures
to +70°C. k0 ——F0
(3) The response time specified (see defi- il
nitions) is for a 100-mV input step with D——ﬂz
1

5-mV overdrive. —f Y
(4) The input offset voltage and input offset T

current (see definitions) are specified
for a logic threshold voltage of 1.8V at GROUND
—55°C, 1.4V at +25°C and 1.0V at

-F?%S“G. 2
(5) The input offset voltage and input offset
current (see definitions) are specified 10
for a logic threshold voltage of 1.5V at Ry Ry ¢
0°C, 1.4V at +25°C and 1.2V at +70°C. 1% CIRCUIT — SCHEMATIC DIAGRAM sl ot
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ELECTRICAL CHARACTERISTICS for MIC 720-5 (tA=25°C.V =120V, V = —6.0V unless otherwise specified)

PARAMETER (see definitions) MIN. TYP. MAX. | UNITS CONDITIONS (Note 5)
Input Offset Voltage 1.6 5.0 mV |Rs=200%
Input Offset Current 1.8 5.0 uA
Input Bias Current 16 25 uA
Voltage Gain 1000 1500
Output Resistance 200 (9}
Output Sink Current 1.6 25 mA | AV,.=5mV, V.;=0
Response Time (Note 3) 40 ns
The following specifications apply for 0°C =TA =+70°C:
Input Offset Voltage 6.5 mV |Rs=2000
Average Temperature Coefficient 5.0 20 |uv/°C |Rs=50Q,TA=0°C to TA=+70°C
of Input Offset Voltage
Input Offset Current 7.5 uA
Average Temperature Coefficient 15 50 |nA/°C |TA=25°C to TA=+70°C
of Input Offset Current 24 100 |nA/°C |TA=25°C to TA=0°C
Input Bias Current 25 40 uA |TA=0°C
Input Voltage Range +5.0 V |Vi=—=7.0V
Common Mode Fle;jection Ratio 70 98 dB |Rs=200

Differential Input Voltage Range

=+5.0

Voltage Gain

800

Positive Output Level

2.5 3.2 v

AV, =5mV, 0=1,,=5.0mA

Negative Output Level -10 | —05 0 vV [AV,=5mV

Output Sink Current 0.5 mA | AV.=5mV, V,;=0
Positive Supply Current 5.2 9.0 mA | V=0

Negative Supply Current 4.6 7.0 mA

Power Consumption 90 150 mW

DEFINITION OF TERMS:

LOGIC THRESHOLD VOLTAGE — The approximate voltage at
the culput of the comparator al which the loading logic circuitry
changes its digilal state

INPUT OFFSET WOLTAGE®™ — The voltage betwean the input
terminals whon 1he oulpul is at the legic threshold voltage. The
input offset vollage may also be defined for the case where
two gqual resisiances are inserted in series with the input leads,
INPUT OFFSET CURRENT® — The dilference in the currenls
into the two input lerminals with the oulput at the logic threshold
voltage.

INPUT BIAS CURRENT® — The average of the two inpul currenis,

INPUT VOLTAGE RANGE® — The range of voltage on the input
terminals for which the comparator will operale within specifi-
cations.

DIFFERENTIAL INPUT VOLTAGE RANGE®™ — The rango of
vollage between the input terminals for which operation within
specifications 15 assured.

VOLTAGE GAIN® — The ratio of the change in oulput voltage
o the change in voltage between the input tarminals producing
it with the DC output fevel in the vicinity of the logic threshold
voltage.

RESPONSE TIME' — The inlerval between the application ol
an inpul step funclion and the time when the oulpul crosses the
logic threshold voltage. The inpul step drives the comparalor
from some initial, saturated inpul vollage to an inpul level just
barely in excess of that recuired to bring the oulput from
saturation to the logic threshold voltage. This excess is relerred
o as the vollage overdrive

STROBE RELEASE TIME® — The time required for the output fo
rise 1o the logic threshold volage alter the sirobe terminal has
been driven from 1he zere 1o the one logic level. Appropriale
inpul- conditions are assumed.

POSITIVE OUTPUT LEVEL® — The DC ocutput voltage in the
positive direction with the inpul voltage equal to or greater than
& minimum specilied amount.

NEGATIVE OUTPUT LEVEL® — The DC outpul voltage in the
negative direction with the input vollage equal lo or greater
than a minimum specilied amount.

OUTPUT SINK CURRENT — Tie maximum negative current that
can be deliverad by the comparator

PEAK OUTPUT CURRENT — The maximum current that may
flow into 1he outpul load withoul causing damage to the com-
parator.

*These definitions apply for either side with the other disabled with the strobe.
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OUTPUT RESISTANCE® — The resistance seen lcoking into the
oulpul terminal with the DC oulpul level al the logic threshold
voltage

STROBED QUTPUT LEVEL® — The DC outpul vollage, inde-
pendant of jnput voltage. with the voltaga on the strobe terminal
oqual to or lass than a minimum specilied amount.

STROBE CURRENT — The maxsmum currenl drawn by the sirobe
terminal when it is at 1he 2ero logic level

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

SPECIAL ORDERING CODE

Temperature Range:
—55° +125°C

5= 0% te +70°C

Case Style:
D = Ceramic Dual In-Line, 16 leads,
add “D" following last digit.

Example:
MIC720-1D is —55°C to +125°C
temperature range in Ceramic Dual
In-Line package.
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TYPICAL CHARACTERISTICS MIC 720-1

VOLTAGE TRANSFER CHARACTERISTIC

| Y |
a1 I
Vs 40V

i ot

Ty =%/ f

AR
B

INPUT BIAS CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

] WA
vi-2v
Vo oy
i
'
N
2
2 LN
g =
= P~
& -""‘-...._____
ol
-5 20 ] 3 w o m
TEMPERATURE - *C

POWER CONSUMPTION AS A
FUNCTION OF AMBIENT TEMPERATURE

[ ] oy
vy
¥ oesov ]

i
8
g A ~
=]
]
4

RESPONSE TIME FOR
VARIOUS INPUT OVERDRIVES

W ]
= 3o + =
v 2ol oA/ Ao 1
WaC sy
s LIV A
e
-0 Vi
? e l-*‘;:c.
E
g -
B 11}
[ n o L] ] m ]

VOLTAGE GAIN AS A FUNCTION
OF AMBIENT TEMPERATURE

\L
3 .
- S
. \
T

INPUT OFFSET CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

] ey ]
\ L 1
? A,
a N
S 10
H <
0 b
I £l [ T
TEMPLRATIR - °C

OUTPUT SINK CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

[E] L[
youy |
V40V
"
¥
ammmas
B
o >
:
13
L0/ s
£ E] [ [T
TEMPERATLRE - °C

RESPONSE TIME FOR
VARIOUS INPUT OVERDRIVES

- |
s <
ﬁm AN ol
2 W=
VN
E ] e .\ KLM
10
 JEI
3 vis sz
g "'.";:fc'
2 ezt
H L 1] ]
W o & ® W i
TIME -

3-29

(T-=+25°C, V=12.0V. V= —6.0V unless otherwise specified)

VOLTAGE GAIN AS A FUNCTION
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TYPICAL CHARACTEHISTICS MIC 720'5 (TA=25°C, V =12.0V. V = — 6.0V unless otherwise specified)
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PRECISION VOLTAGE REGULATOR

PRECISION VOLTAGE REGULATOR

® Positive or Negative Supply Operation

@ Series, Shunt, Switching or Floating Operation
@ .01% Line and Load Regulation

® Output Voltage Adjustable From 2 to 37 Volts

@ Output Current to 150 mA Without External Pass Transistor

The MIC723 is a monolithic voltage regulator constructed on a single
silicon chip using the 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 remote
shutdown. In addition to the above, the device features low standby
current drain, low temperature drift and high ripple rejection. The MIC723
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

DIMENSIONS

| 370
335

NOTES: LEADS ARE GOLD-PLATED KOVAR
PACKAGE WEIGHT IS1.32 GRAMS

CONNECTION DIAGRAMS
TOP VIEWS

CURRENT
LIMIT

FREQUENCY
COMPENSATION

Note: On metal can, pin 5 is connecled to case

CHARACTERISTICS MIC723-1 MIC723-5 UNITS
Pulse Voltage from V* to V~ (50 msec) : R OO vV
Voltage from V*+ to V- . B A S 40 \
Continuous Voltage from VE to V- . ... ... .viiiivnvnnnsaos 80 Vv
Maximum Output Current ... T — e 150 mA
Input-Output Voltage Differential . . . . R, ——— 1 40 Vv
Current from V; . L R 25 25 mA
Current from Vg e R S —— . 15 15 mA
Internal Power Dissipation — Metal Can (Note 1) . . .. 800 800 mw
Internal Power Dissipation — DIP (Note 1) . 900 900 mwW
Operating Temperature Range ..............c..c0oiiieen.. —55to +125 | Oto +70 °C
Storage Temperature Range = . . . —65to +160 | —65to +150 °C
Lead Temperature (Soldering, 60 sec.) ... ........ ....... 300 300 26




ITT723

ELECTRICAL CHARACTERISTICS for MIC723-1 (Note 2)

PARAMETER (see definitions) MIN. TYP. MAX. UNITS CONDITIONS
Line Regulation .01 0.1 % Vour Vu=12Vto V=15V
.02 e % Vour Vw=12VtoViu=40V
0.3 % Vour —55°C = Ta= +125°C,
V5N=12V to V|N=15V
Load Regulation .03 0.15 % Vour l,=1mAto |, =50 mA
0.6 % Vour —55°C = T.= +125°C,
l.=1 mA to I,=50 mA
Ripple Rejection 74 dB f=50 Hz to 10 kHz, Car=0
86 dB f=50 Hz to 10 kHz, .
CREF=5 ].LF
Average Temperature Coefficient .002 015 %/°C —~55°C =T, = +125°C
of Qutput Voltage
Short Circuit Current Limit 65 mA Rie=100, Vour=0
Reference Voltage 6.95 7.15 7.35 v
Output Noise Voltage 20 -, AV, BW =100 Hz to 10 kHz,
| Crer=0
25 Jale Vo BW =100 Hz to 10 kHz,
Cuer=5 ,LLF
Long Term Stability 0.1 % /1000 hrs
Standby Current Drain 2.3 3.5 mA L=0,Vy=30V
Input Voltage Range 9.5 40 v
Output Voltage Range 2.0 37 vV
Input-Output Voltage Differential 3.0 38 "

DEFINITION OF TERMS

LINE REGULATION — The percentage change in oulput voitage
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 OUTPUT 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 output shorted to the negative supply.
REFEREMCE VOLTAGE — The output of the reference amplifier

measured with respect to the negative supply.

EQUIVALENT CIRCUIT
FREQUENCY

v COMPENSATION
TEMPERATURE T
COMPENSATED Ve
ZENER
INYERTING
INPUT
SERIES PASS
Ve | TRAHSISTOR
HON-IVERTING Vour
INPUT
VOLTAGE vz
REFERENCE CURRENT CURRENT
AMPLIFIER E LIMIT SENSE
ERROR  CURRENT
AMPLIFIER  LIMITER

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 no output load and no reference voltage load.

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

OUTPUT VOLTAGE RANGE — The range of output voltage over
which the regulator will operate.

INPUT-OUTPUT VOLTAGE DIFFERENTIAL — The range of voltage
difference belween the supply voltage and the regulated
output voltage over 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 re-
sponse of the regulator under small-signal conditions.

NOTES:

(1) Darale metal can package at 6.8 mW/°C and dual-in-line package at 9 mW/°C for

at amblent temperatures above 25°C.

(2 Umess otherwise specilied, T.=25°C, VumV =Vem12V, V- =0, V., =5V,
L=1mA, Ri-=0, =100 pF, Cur=0 and divider mpodance as seen by error
amplifier = 10 Kit connecled as shown in Fig. 1.

{3) L. is 40 lurns 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 Ri/R; divider is placed on opposite of
error amp.

(5) Replace R,/R; in figures with divider shown in figura 13.

(8) V' must be connected to a +3V or grealer supply.
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ELECTRICAL CHARACTERISTICS for MIC723-5 (Note 2)

PARAMETER (see definitions) MIN. TYP. MAX. UNITS CONDITIONS
Line Regulation .01 0.1 % Vour Vu=12VtoVy=15V
0.1 0.5 % Vour Viu=12Vto Viy=40V
0.3 % Vour 0°C = T, = 70°C,
Vin=12Vto Vy=15V
Load Regulation .03 0.2 % Vour I.=1mA to |, =50 mA
0.6 % Vour 0°C = Ty = 70°C,
I.=1mA to |, =50 mA
Ripple Rejection 74 dB f=50 Hz to 10 kHz,
R&F:U
86 dB f=50 Hz to 10 kHz,
Crer=5 puF °
Average Temperature Coefficient .003 .015 % /°C 0°C=T,=70°C
of Output Voltage
Short Circuit Current Limit 65 mA Rsc =100, Vour=0
Reference Voltage 6.80 7.15 7.50 1
Qutput Noise Voltage 20 uv.., BW =100 Hz to 10 kHz,
Cuer=0
25 V... BW =100 Hz to 10 kHz,
CREF=5 #.F
Long Term Stability 0.1 % /1000 hrs
Standby Current Drain 2.3 4.0 mA L=0,Vy=30V
Input Voltage Range 9.5 40 Vv
Output Voltage Range 2.0 37 \
Input-Output Voltage Differential 3.0 38 A
TYPICAL PERFORMANCE CURVES MIC723-1, 723-5
LINE REGULATION AS A FUNCTION OF LOAD REGULATION AS A FUNCTION OF
LINE TRANSIENT RESPONSE INPUT-OUTPUT VOLTAGE DIFFERENTIAL INPUT-OUTPUT VOLTAGE DIFFERENTIAL
&0 | i 1'.1:: x| | 48 AL | | ;“L‘,”” el | |
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TYPICAL PERFORMANCE CURVES MIC723-1

MAXIMUM LOAD CURRENT AS A FUNCTION
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL
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TYPICAL PERFORMANCE CURVES MIC723-5

LOAD REGULATION CHARACTERISTICS
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LOAD REGULATION CHARACTERISTICS
WITH CURRENT LIMITING
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TABLE | — RESISTOR VALUES (k) FOR STANDARD OUTPUT VOLTAGES

Fg:g‘:f Applicable | Fixed Output | Output Adjustable Negative |Applicable | Fixed Output 5% Output
Voltage Figures +5% +10% (Note 5) Output Voltage | Figures +5% Adjustable +=10%
0,
“iNote &) | R R | R | P | R R R | R P. R
+3.0 11.25(.4?. 9, 4.12 3.01 1.8 0.5 1.2 +100 7 3.57 102 2.2 10 91
+3.6 1,5,6,9, 3.57 3.65 1.5 0.5 1.5 +250 T4 3.57 255 22 10 240
12 (4)
+5.0 }‘ 5(,4?. 9, 215 4.99 75 0.5 2.2 —6 (note 6)| 3,(10) |3.57 243 1.2 0.5 75
2
+6.0 "II‘25‘ 6,9, 1.156 6.04 0.5 0.5 2.7 -9 3,10 3.48 5.36 a - 0.5 2.0
4)
+9.0 2 4.9(5. 6, 1.87 7.15 75 1.0 27 =12 3.10 3.57 B.45 1.2 0.5 a3
12,9)
+12 2,4, (5,6, 4.87 7.15 2.0 1.0 3.0 -15 3,10 3.65 11.5 1.2 0.5 43
9, 12)
+15 2, 4,(56, | 7.87 7.158 3.3 1.0 3.0 —-28 3,10 3.57 24.3 1.2 0.5 10
112) i
+28 2,4, (5,6, 21.0 7.15 5.6 1.0 20 —45 8 3.57 41.2 2.2 Il 33
. 12)
+45 7 3.57 48.7 2.2 10 39 —100 8 3.57 976 2.2 10 91
+75 7 3.57 78.7 22 10 68 —250 8 3.57 249 22 10 240
TABLE |l — FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
= _Q'(_“QEJ- Outputs from 42 to +7 volts Outputs from +4 to +250 volts Current Limiting
| [Figures 1, 5, 6, 9, 12, (4)] , [Flzur; 7 ! gl Vsense . LS
—_— IMIT = R -
Vour = [Veer X ey 3 Vour=[— REF x -—’--R—' 1Ry =R, e
U
V.ee P s s 5w Ree \ = Rel eys = sz
Outputs from +7 to 437 volts Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2, 4, (5, : 9, IRZ}] [Figures SR 8. l:l] a1 E?l"f..'}_. Vegse (R, + R,) :
+ + TE
v' Vour = WVeer X = =ty Your=1[ R.EF b4 _R_z 1: Ry=R, R. R, R R,
s s v R, +R
—z Your - v R It gk [ 2505 o3 =4y
= = g._,.l l/2 Y‘?& > T E—' Rsc R,
Ub oD el [ et I
3 Figure 2
iy BASIC HIGH VOLTAGE REGULATOR
BASIC LOW VOLTAGE REGULATOR At
(V.. = 7 to 37 Volts)
(Vo = 2 to 7 Volts)
Vin
Yin
| v E Vo
i i Veer Yoot
Your
Vaer # m l Rs REGULATED
S H S RuuTio - L
OUTRUT s
L]
L R N v z
| Kl 0] TWJ V- cw’qc—"
Dl[rI i Ry o Tcawe 3-51 100pF mlw 5 L]
= = = TYPICAL PERFORMANCE = = TYPICAL PERFORMANCE
Regulated Output Voltage 5V Regulated Output Voltage 15V
Line Regulation (AVin=3V) 0.5 mV Line Regulation {AWin =3 V) 15 mV
Load Regulation (A11=50 mA) 1.5 mV Load Regulation (41.=50 mA) 4.5 mV
g By Ry it z
Ri R: 2 Note: Ri = ———— for minimum temperature drift.
Note: Ry = ——— for minimum temperature drift. Ri-+-Ra
Rit-Re R: may be eli for mini count.
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Figure 3
NEGATIVE VOLTAGE REGULATOR
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Figure 34"
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Regulated Output Voltage —15Y Regulated Output Voltage —15V

Line Regulation {AVin=3V¥) 1mV Line Regulation (Vi =23V) LlmV

Load Regulation (Al = 100 mA) 2 mV Mote 3 Load Regulation (Aly = 100 mA) 2 mV
Figure 4 Figure 5

POSITIVE VOLTAGE REGULATOR
(External NPN Pass Transistor)

POSITIVE VOLTAGE REGULATOR
(External PNP Pass Transistor)
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TYPICAL PERFORMANCE TYPICAL PERFORMANCE

Regulated Qutput Voltage 415V Regulated Output Voltage 5y

Line Regulation (3Vim =3V) 1.5 mV Line Regulation (3Viy = 3 V) 0.5 mV

Load Regulation (110 = 1 A) 15 my Load Regulation (Al = 1 A) S mv

Figure 5A" Figure 6

POSITIVE VOLTAGE REGULATOR
(External PMP Pass Transistor)
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Regulated Dutput Voltage +5 ¥

Line Regulation (Vi = 3V) 0.5 mV
Load Regulation (Al = 1 A} 5mV

1 d by “A™ i low range

FOLDBACK CURRENT LIMITING
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Figure 7 Figure 74’
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Figure 11

Figure 10A°
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ITT726
TEMPERATURE- CONTROLLED DIFFERENTIAL PAIR

PHYSICAL DIMENSIONS -‘

TEMPERATURE-CONTROLLED e

335
305

DIFFERENTIAL PAIR

- 4*_
e Excellent Transistor Matching oL BT UUUW 500
* Close Thermal Coupling g2on [IN]
® Fast Thermal Response

e Tight Temperature Control

=
L—E
=z

MIC726 is a monolithic transistor pair in a high thermal-resistance
package, held at a constant temperature by active temperature
regulator circuitry. The transistor pair displays the excellent matching,
close thermal coupling and fast thermal response inherent in mono-
lithic construction. The high gain and low standby dissipation of the NOTES: LEADS ARE GOLD-PLATED KOVAR
e S ; PACKAGE WEIGHT IS 132 GRAMS
regulator circuit permits tight temperature control over a wide range
of ambient temperatures. It is intended for use as an input stage in
very-low drift dc amplifiers, replacing complex chopper-stabilized CONNECTION DIAGRAM
amplifiers; it is also useful as the nonlinear element in logarithmic
amplifiers and multipliers where the highly predictable exponential
relation between emitter-base voltage and collector current is em-
ployed. The device is constructed on a single silicon chip using the
ITT Planar process.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS l UNITS
Operating Temperature Range . .| —55°Cto +125°C
Storage Temperature Range . oe.....| —865°Cto +150°C
Lead Temperature (Soldering 60 seconds) 300°C
Supply Voltage .. .. .. piees +=18V

SPECIAL ORDERING CODE

Temperature Range:

MAXIMUM RATINGS FOR EACH TRANSISTOR

CHARACTERISTICS | UNITS 1 = —55°C to 125°C
- 5= 0°to 70°C
Maximum collector-to-substrate voltage .. .. 40V Package:
BVGEE o o B T . p— . 40V C = 10-lead T0-5
T e, o 30V . g . AR
xampie:
BV i niies admare e K e 5V Mﬁ:?zsdc means operating
Collector Current . .. .. e T _— 5 mA temperature range of —55°C

to +125°C, supplied in a
TO-5 package.

Note 1: Measured at 1 mA collector current.
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ELECTRICAL CHARACTERISTICS for MIC 726-1

(—55°C <T. <+125°C, Vs =

+15V, Ry = 62k unless otherwise specified)

PARAMETER MIN. | TYP. | MAX. | UNITS CONDITIONS

Input Offset Voltage 1.0 25 mV 10 A = 1c.< 100xA
Ver = 5V, Rs = 500

Input Offset Current 10 50 nA lc =10 pA, Ve = 65V

Input Offset Current 50 200 nA le = 100 pA, Vet = 5V

Average Input Bias Current 50 150 nA le = 10 A, Vee = 5V

Average Input Bias Current 250 500 nA lc = 100 uA, Ver = 5V

Offset Voltage Change 0.3 6.0 mV le = 10pA, 5V = Ve = 25V,
Rs < 100 ko

Offset Voltage Change 0.3 6.0 mV le = 100 zA, 5V = Ve < 25V,
Rsi= 10 ko

Input Offset Voltage Drift 0.2 1.0 pV/°C 10 pA = lc = 100 A, Ve = 5V,
Rs <500, +25°C<T,= -+125°C

Input Offset Voltage Drift 0.2 1.0 pN/eC 10 pA = le = 100 pA, Ve = 5V,
Rs= 500, —55°C=Tx = +26°C

Input Offset Current Drift 10 pA/°C lc = 10 yA, Vee = 5V

Input Offset Current Drift 30 pA/°C le = 100 A, Ve: = 5V

Supply Voltage Rejection Ratio 25 uV/V 10 wA = lc = 100 #A, R: < 500,

Low-Frequency Noise 4.0 vV pp le = 10 yA, Vez = 5V, Re= 500,
BW = .001 Hz to 0.1 Hz

Broadband Noise 10 wV pp le = 10 wA, Ver = 5V, Ra=< 500,
BW = 0.1 Hz to 10 kHz

Long-Term Drift 5.0 uV/week 10 A = lc < 100 uA, Vez = 5V,
Rs< 500, Ta = 25°C

High-Frequency Current Gain 1.5 3.5 =20 MHz, lc = 100 pA, Ve: =5V

Output Capacitance 1.0 pF le =0,V =5V

Emitter Transition Capacitance 1.0 pF Ie = 100 xA =

Collector Saturation Voltage 0.5 1.0 vV I = 100 gA, lc = 1 mA

TYPICAL CHARACTERISTICS FOR MIC726-1

TEMP ADJ

3
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% P

21kn

€y

By S Q Q7

) 0—3 Rg <R3 02
2%0 b B T 6.2V

€2 0—

B2 0 Q2 Qg
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10

SCHEMATIC DIAGRAM-1-5
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ELECTRICAL CHARACTERISTICS for MIC726-5

(0°C < T. < +85°C, Vs = =15V, Ry = 75 k2 unless otherwise specified)

PARAMETER MIN. | TYP. | MAX. | UNITS CONDITIONS
Input Offset Voltage 1.0 3.0 mV 10 uA = 1c = 100sA
Vee = 5V, Rs = 500
Input Offset Current 10 100 nA lc = 10pA Ve =5V
Input Offset Current 50 400 nA lc = 100 pA, Vee = 5V
Avérage Input Bias Current 50 300 nA c=10pA Ve =5V
Average Input Bias Current 250 1000 nA le = 100 pA, Vee = 5V
Offset Voltage Change 0.3 6.0 mV lc = 10 A, 5V = Ve = 25V,
Rs = 100 ko
Offset Voltage Change 0.3 6.0 mV % = 11000§, 5V <= Vee= 25V,
5l
Input Offset Voltage Drift 0.2 2.0 pwN7°C le = 100 uA, Vee = 5 V, Rs < 500
Input Offset Current Drift 10 pA/*C lc = 10 uA, Vee = 5V
input Offset Current Drift 30 pA/°C lc = 100 pA, Vee = 5V
Supply Voltage Rejection Ratio 25 IAAY lc = 100 A, Rs = 500
Low-Frequency Noise 4.0 wVpp lc = 10 pA, Ve = 5V, Rs < 500,
BW = 0.001 Hzto 0.1 Hz
Broadband Noise 10 uV pp lc = 10 uA, Vee = 5V, Rs = 500,
BW = 0.1 Hz to 10 kHz
Long-Term Drift 5.0 wV/iweek lc = 100 uA, Ve = 5V,
Rs < 500, Ta = 25°C
High-Frequency Current Gain 1.5 3.5 =20 MHz, lc = 100 pA, Vee =5V
Output Capacitance 1.0 pF le=0,Ves =5V
Emitter Transition Capacitance 1.0 pF I = 100 zA
Collector Saturation Voltage 0.5 1.0 v le = 100 4A, lc = 1 mA

0y
5V 7578

<
<
<

+15V

:25\0
>Ry

lg 2N2060

=15V

Egut
——

Rg
<500 oLy
Ry
= *FOR -1, 75 kil FOR -5

TYPICAL X1000 CIRCUIT

3-#1

TYPICAL CHARACTERISTICS FOR MIC726-5
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ITT730
DIFFERENTIAL AMPLIFIER

DIFFERENTIAL
AMPLIFIER

e Low Input Offset Voltage
® High and Low Impedance Differential Outputs
e 1.0 MHz Bandwidth

The MIC730 is a differential amplifier constructed on a single silicon-
chip using the ITT Planar epitaxial process. This device has a wide
range of applications since it has both a differential input and output;
any combination of single-ended or differential configurations can be
employed at its input and output. The emitter follower output stage
gives this device a low output impedance making it useful as a
preamplifier.

ABSOLUTE MAXIMUM RATINGS

PHYSICAL DIMENSIONS

TO-99
370
335 SEATING
le— 335 __ || PLANE
305"
040
MAX.

NOTE | DIMENSIONS AS PER LATEST
JS-10 COMMITTEE.
ALL DIMENSIONS IN INCHES,
LEADS ARE GOLD-PLATED

KOVAR.
PACKAGE WEIGHT IS L.22
GRAMS.

CONNECTION DIAGRAM

Low 7
QUTPUT 2

GND
Note: Pin 4 connected to case

CHARACTERISTICS UNITS
il WAVl s o e | e S L S e T 11 T | G e e e 15 |V
Differential Input Vo!tage A ot e N e ] - (S S b +=5 |V
Common Mode Input Voltage . .. 25t055 |V
lnternalPowerDzssnpation(Note1and21........... 300 | mW
Operating Temperature Range (Note3). .. .. ...................... X .—551t0 +125 | °C
Storage Temperature Range ... ... R B P B o s e —65to +150 | °C
Lead Temperature (Soldering, 60 seconds) .................................... +300 | °C

NOTES: (1) Rating applies for case temperature to +125°C; derate linearly at 5.6 mW/°C for ambient temperature

above +105°C.
(2} Rating applies for ambient temperatures to +70°C,
(3) Also limited temparature range from 0°C to +70°C.
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SCHEMATIC DIAGRAM

v+
1084 5.600 21000
Hi Z
OUTPUT | OUTPUT
o 2 K 9%

LOW 2 INPUT | INPUT

OUTPUT 1 o—o o ¥ 1] 2 K o, | o Lowz
r T OUTPUT 2
203 9 b1V
EATY] 2L
GND

=
Package:

Example:

C=T0-89

SPECIAL ORDERING CODE

Temperature Range:
1= =55°C to +125°C
0°C to +70°C

MIC730- 1C means operating tem-
perature range of —55°C to +125°C,
supplied in a TO-99 package.

For Package Options:
Contact local ITT Franchised Distrib-
uter or Field Sales Office.

ELECTRICAL CHARACTERISTICS (T.=25°C,V+=12.0V, and Ve, =3.5V unless otherwise specified)

PARAMETER

| —s55°C 10 +125°C

0°C to +70°C

(See Definitions) N TR | coMpmioNs N TYP. max_] UNITS | CONDITIONS
Input Offset Voltage 1.0 25 | Rs =500 2.0 50 | mV Rs = 500
Input Offset Current 0.5 1.5 0.7 3.0 | wA
Input Bias Current 3.5 7.8 4.5 16.0 | pA
Input Resistance 5.0 20 2.5 15 ko
Differential Voltage Gain 100 145 160 | R.== 100 kQ 100 135 160 R=T00Kkh
Differential Distortion 80 300 | R.==100ka 85 300 | mVpp | R.=100k2
Bandwidth 1.0 1.5 1.0 15 MHz
Single-Ended Output 70 500 70 500 |
Resistance
Output Voltage Swing 5.0 8.0 R. == 100 ko 50 8.0 Vpp R. =100 k&
Supply Current 9.5 13 | R.= 100 ko 95 13 | mA R.= 100 k2
Power Consumption 114 156 | AL = 100 k2 114 156 | mW R. =100 k@
The following specificalions apply for —55°C = T. = 125°C: The following specifications apply for 0°C = T. = +70°C:
Input Offset Voltage 3.5 | Rs =500 7.5 | mV As = 500
Input Offset Current 0.2 15 | T.=+125°C 0.5 3.0 | pA 2= +70°C
1.0 3.0 | Ta=—55°C 0.8 5.0 | uA T.=0°C
Input Bias Current 6.5 15 | T.= —55°C 5.0 20 | pA T.=0°C
Input Resistance 0.9 1.8 ka
Input Voltage Range 3.5 52 +3.5 +5.2
Commeon Mode Hejection 70 85 R: = 500 60 80 dB Rs = 500
Ratio f=1.0kHz, +35V f=10kHz, +35V
=WVeu= +52V =Veu= +52V
Differential Voltage Gain 90 175 | R =100k 80 190 R, =100 ko
Common Mode Output Voltage 5.5 7.0 7.75 50 7.0 80 |V
Qutput R ce 600 600 | 2
Output Voltage Swing 4.5 6.8 45 75 Vpp
Supply Current 10 15 | Ta=—55°C 10 15 | mA Ta=0°C
8.0 11 | T.=125°C 8.8 13 [ mA Ta= +70°C
Power Consumption 120 180 | T.= —55°C 120 180 | mW T+=0Q°C
96 121 | T.=125°C 100 158 | mW Ta=+70°C
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TYPICAL PERFORMANCE CURVES FOR —55°C TO +125°C

INPUT OFFSET CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE
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TYPICAL PERFORMANCE CURVES FOR —55°C TO +125°C

OUTPUT VOLTAGE SWING AS A
FUNCTION OF LOAD RESISTANCE
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TYPICAL PERFORMANCE CURVES FOR 0°C TO +70°C

INPUT OFFSET CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

i vz
<15
|
=
glt
e
Zos
s =1
E ]
04
o

] 0 20 X 40 50 60 T
TEMPERATURE —*C

DIFFERENTIAL DISTORTION AS A
FUNCTION OF AMBIENT TEMPERATURE

B v iizy
=
3 1
£
g

=
= Tt
—

2 120
g =
£
s o

90

o 1 20 XN 40 50 &0 T
TEMPERATURE ="C

OUTPUT RESISTANCE AS A
FUNCTION OF AMBIENT TEMPERATURE
Tow

T
¥e ey

30

B0

QUTPUT RESISTANCE -0

o o 20 3 40 5 &0 T
TEMPERATURE="C

OUTPUT VOLTAGE SWING AS A

FUNCTION OF LOAD RESISTANCE

2 ‘ | T 28°C
I T vz

L,
o

OUTPUT VOLTAGE SWING — Vpp
2
T

s
o
|

40 | | |
01 0.2 05 1.0 20 50 10 20

INPUT OFFSET CURRENT AS A
FUNCTION OF SUPPLY VOLTAGE

—
W Ty 25°C

P

2

/]

2
N

INPUT OFFSET CURRENT —uh
g

2
F

5
s

9.0 u n 15
SUPPLY VOLTAGE—V

LOKD - ki

DIFFERENTIAL VOLTAGE GAIN AS A
FUNCTION OF SUPPLY VOLTAGE

INPUT BIAS CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

T
- vieizw
< 80
i
L
&
5 (1]
=]
3 40 [
g ]
w0
]
] W 20 3 40 0 &0 7O
TEMPERATURE ~"C

DIFFERENTIAL VOLTAGE GAIN AS A
FUNCTION OF AMBIENT TEMPERATURE

e Tye2se
= 160 A
2 el
g l
.;120
|
|
NP4
=
E — /— - |
T
al L I
T e
SUPPLY VOLTAGE =V

OUTPUT VOLTAGE SWING AS A
FUNCTION OF AMBIENT TEMPERATURE

5 vtazy
Eas
1
: =
&1s
g
T
2 g
as

w20 30 40 S0 60 7o

o

TEMPERATURE-"C

SUPPLY CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

T
Ladard)

=

]
=

s —
§ a0 ——
-
a0

&0

o 10 0 30 40 50 &0

TEMPERATURE -"C

3-46

. | vtz

o
=1
=

s
3

7

7&

]

=
=
&

DIFFERENTIAL DISTORTION = mijg
£

|

T

==

LT

o

o W W0 N 4 5 & N
TEMPERATURE="C

COMMON MODE REJECTION RATIO AS A
FUNCTION OF AMBIENT TEMPERATURE

-
=

o
=

-
o

=

COMMON MODE REJECTION RADSO-d4B

-
wn

o

W ¢ 3 40 50 0 T
TEMPERATURE -"C

SUPPLY CURRENT AS A
FUNCTION OF SUPPI.Y VOLTAGE

3 I .l_: j}{

10 I—l/

R T

SUPPLY CURRENT-mA
i
o o
!
1

-
o

+
|
.}_ ! i
| |
10 90 n 3 s
SUPPLY VOLTAGE -V

L5
o

=
o




ITT730

TYPICAL PERFORMANCE CURVES FOR 0°C TO +70°C

COMMON MODE OUTPUT VOLTAGE AS COMMON MODE OUTPUT VOLTAGE AS COMMON MODE OUTPUT VOLTAGE AS
A FUNCTION OF AMBIENT TEMPERATURE A FUNCTION OF AMBIENT TEMPERATURE A FUNCTION OF SUPPLY VOLTAGE
T e T T | vl'-1-zv_ ! 1] ! l. | T, - 25% |
i ; 20 I -é 20 !
g 20 ; | | g Il | 1
g = 60 ot o2
E & ; 7.0 ! — ' ] § 40 L~ :
g R s : P T~ : [ |
S0 Seo0 20— =l
3 g L) g7 ] | |] |
| -] | ] ] L |
mo W 20 30 40 %0 60 70 m-so -20 20 €0 00«10 50 .0 %0 n 3 15
TEMPERATURE-"C TEMPERATURE - *C SUBPLY VOLTAGE-V

DEFINITION OF TERMS INPUT OFFSET VOLTAGE — That voltage which must be applied
between the input terminals to obtain zero differential output
voltage.

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

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

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

DIFFERENTIAL VOLTAGE GAIN — The ratio of the change in
the differential output voltage to the change in voltage between
the input terminals producing it.

DIFFERENTIAL DISTORTION — The A.C. unbalance in the
output common mode voltage produced by unsymmetrical output
voltage swings.

BANDWIDTH — The frequency at which the differential voltage
gain is 3 dB below its low frequency value.

QUTPUT RESISTANCE — The resistance seen looking into either
output terminal with the output at differential null.

COMMON MODE OUTPUT VAOLTAGE — The average voltage at
the two output terminals referred to ground.

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

SUPPLY CURRENT — The current required from the power
supply to operate the device with no load.

POWER CONSUMPTION — The DC power required to operate
the amplifier with no load current.
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HIGH PERFORMANCE OPERATIONAL AMPLIFIER

HIGH PERFORMANGE
OPERATIONAL
AMPLIFIER

DIMENSIONS

33—

335
308 —

040
Max,

_;_7]1]1]1]1]'
B 11

® ¢ ©¢ © & ©

The MICA741 is a high performance monolithic operational amplifier
constructed on a single silicon chip, using the ITT Planar epitaxial
process. It is intended for a wide range of analog applications. High

No Frequency Compensation Required
Short-Circuit Protection
Offset Voltage Null Capability

Large Common-Mode and Differential Voltage Ranges

Low Power Consumption
No Latch Up

NOTE . DIMENSIONS AS PER LATEST
J TEE:

S=-10 COMMITTEE

ALL DIMENSEIONS IN INCHES.
LEADS ARE GOLD-PLATED KOVAR.
PACKAGE WEIGHT IS 1.22 GRAMS,

DUAL IN-LINE

] 310 TYR

common mode voltage range and absence of “latch-up” tendencies
make the MICA741 ideal for use as a voltage follower. The high gain 2RO TYR )
and wide range of operating voltages provide superior performance ‘_1;:_“*’_3“4
in integrator, summing amplifier, and general feedbzack applications. Py o
The MICA741 is short-circuit protected, has the same pin configura- a o
tion as the popular MICA709 operational amplifier, but requires no SO0 )
external components for frequency compensation. The internal 6dB/ q T
octave roll-off insures stability in closed loop applications. q T
7 Ta
o ma
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS Mmic741-1 MIC741-5 UNITS
Supply Voltage . ... v vvi e iiv i it iiiv v i 422 +18 v
Intermal-Power DSl PRION . v iirciisiy e ws s SRR oy e oies 89 (o LA 500 (Note 1) 500 mw
Differential Input Voltage . . . .« . oo ettt +30 +30 v
Input Voliage: (Bote 2)° cvaie biniaie e mii v o i +15 +15 v
Storage Temperature RANGS .o oo v se e pinioirim s ome s sreonmeses —651to +150 —65to0 +150 °C
Operating Temperature RanNge .. ... ... vne v vivmmvin o —55t0 +125 0to +70 oG
Lead Temperature (Soldering, B0 88C} ... .. .iv v vrmrimvnnensran 300 300 °C
Qutput Short-Circuit DUFAtION . . ... v vvvrn e e e e ce s enens Indefinite (Note 3) lIndefinite (Note }

NOTES:
(1) Rating applies for case temperatures to 1259C; derate linearly at 6.5 mW/°C for ambient temperatures above +75°C.
(2) For supply voltages less than -=15V, the absolute maximum input voltage is equal ta the supply voltage.

(3) Short circuit may be to ground or either supply. Rating applies fo + 1259C case

e or +75°C

{ ) Short circuit may be to around or either supply.

temperature.
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ELECTRICAL CHARACTERISTICS for MIC 741-1 (V;= 15V, T,=25°C unless otherwise specified)

PARAMETER MIN. TYP. MAX. | UNITS CONDITIONS
Input Offset Voltage 1.0 5.0 mV Rs 10kQ
Input Offset Current 30 200 nA
Input Bias Current 200 500 nA
Input Resistance 0.3 10 MQ
Large-Signal Voltage Gain 50,000 200,000 R.=2kQ, V4= =10V
Output Voltage Swing =12 +=14 Y R, =10k
+10 +13 Vv R.=2k0)
Input Voltage Range +12 +13 Vv
Common Mode Rejection Ratio 70 90 dB Rs=10kQ
Supply Voltage Rejection Ratio 30 150 pVIV Rs=10k)
Power Consumption 50 85 mw
Transient Response (unity gain) Vi,=20mV, R, =2k,
C.=100pF

Risetime 0.3 1.0 us

Overshoot 5.0 10 %
Slew Rate (unity gain) (Pulsed) 0.5 V/ps

The following specifications apply for —55°C=T,=+125°C:

Input Offset Voltage 6.0 mV Rs=10kQ)
Input Offset Current 500 nA
Input Bias Current 1.5 RA
Large Signal Voltage Gain 25,000 R=2kQ, V,,==+10V
Output Voltage Swing =10 Vv R.=2k0Q

CONNECTION DIAGRAMS

T

SCHEMATIC DIAGRAM

oyt
¥
Sy e— S
NON- TING ] Q14
INPUT Loy B o ™
3 Q Q2 2 T v 15 y
1 INVERT- <, 4.5hl) i
ING INPUT o ]
WO P & cammerssd 14 ot Q E I: e 6 i
l 8 b
1TOP ViEW| s Ry Lecll ——o OUTPUT
" 3gRG 6
PR
v 14 ne iy
'—K‘?n Rip
we—j2 13T se
= 0 010 a 02:;“"_ 501
OFFSET (— 3 IT] ==t OFFSET NULL OFFSET
NULL A 1
INVERTING —] 1] ='lS Ry Ryy 20
INPUT Sk} 500
NON-INVERTING —f
T To = euTPuT ‘3\!
V-3 ] = b
Ne B we
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ELECTRICAL CHARACTERISTICS for MIC 741-5 (V;==-15V, T,=25°C unless otherwise specified)

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS
Input Offset Voltage 2.0 6.0 mV R:=10kQ
Input Offset Current 30 200 nA
Input Bias Current 200 500 nA
Input Resistance 0.3 1.0 MQ
Large-Signal Voltage Gain 20,000 100,000 R=2kQ, V=10V
Output Voltage Swing +=12 =14 v R.:==10k¢
+10 +13 v R.=2k0
Input Voltage Range +12 -+13 vV
Common Mode Rejection Ratio 70 90 dB R:=10kQ
Supply Voltage Rejection Ratio 30 150 pN IV R:=10kQ
Power Consumption 50 85 mw
Transient Response (unity gain) Vi,=20mV, R.=2k0,
C,=100pF
Risetime 0.3 s
Overshoot 5.0 %
Slew Rate (unity gain) 0.5 V/us R.=2k
The following specifications apply for 0°C=1,=+70°C:
Input Offset Voltage 75 mV Rs=10kQ
Input Offset Current 300 nA
Input Bias Current 800 nA
Large-Signal Voltage Gain 15,000 Ri=2kQ, V..=+=10V
Output Voltage Swing +10 v R=2k0)

TRANSIENT RESPONSE
TEST CIRCUIT

VOLTAGE OFFSET
MULL CiRCUIT
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TYPICAL PERFORMANCE CURVES
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SAJ110

SEVEN STAGE FREQUENCY DIVIDER

Monolithic integrated circuit in bipolar technique,
designed primarily for use in electronic organs. The
device incorporates seven flip-flops with externally
accessible inputs and outputs.

Each flip-flop changes state on application of a
positive-going input pulse. The individual flip-flops
can be interconnected to form a divider chain. Two
flip-flop pairs are already internally series-connected
as shown in Fig. 2.

An emitter-follower is interposed between each flip-
flop and the associated output terminal to ensure
that the output voltage is largely independent of load.
Because no internal emitter resistors are provided,
the emitter-follower delivers undirectional output
currents.

When used in electronic organs the frequency divider
SAJ110 may be driven by sine-wave as well as
square-wave signals. The shape of the square-wave
output signal can be modified by connection of RC
filters.

If, by means of an appropriate circuit, all inputs
and outputs are brought to a potential below 1.5
volts for a short time, all outputs remain in the low
state,

Block Diagram
—————————— SAJ 10— — — 2

IHIH .I

S R | _.—'| 3
4 & 8
] [lﬂ] ||5I 131 U?J [y (4] (igh 15) IErI &l 07 [

|
i B Ol 9y Gls 0575 Oglly =

The figures in brackets correspond to the pin numbers.

All voltages are referred to terminal 1.

ABSOLUTE MAXIMUM RATINGS

Characteristic Unit
Supply voltage V7 1 v
Input voltage see Fig. 6
Output current per stage Io 5*%) mA
External voltage at

output terminals Vext +5 v
Ambient temperature

range Tamb —10...+60 | °C
Storage temperature

range T —30...+125| °C

4 13 12 11 )

ﬁhﬁﬁﬁ’}r’\[’\_

SAJ 110 A

moo—)—-—-—-— s e 0250

¥
TYYVYWY

| 2 3 4 T

Qars

T e Azl

————— l!ﬁ[J—-H

SAJ110B

000 e —t0250

Normally, the SAJ110 is delivered in the dual in-line

‘plastic package TO-116 (Fig. 1a, add suffix "A" to

type No.). Upon special request it is also available
in the quad in-line package (Fig. 1b, add suffix “B"
to type No.).

Characteristics per Divider Stage

at V7 =9V, RL =2.2kQ, Tamb = 250C

Characteristic Unit
Supply current (low

state at output) | <3 mA
Input voltage high

state (see Fig. 6) Vi 6.9 \%
Input voltage low

state Vi <1 A
Output voltage low

state Vo < 0.1 v
Output voltage high

state VD >7.0 A
Rise time of output

voltage % < 0.2 us
Fall time of output

voltage 1 <0.2 us
Input resistance

(see Fig. 7) r 6...9 kQ




SAJ110

Characteristics per Divider Stage
= = = 250
at V? SN RL 2.2 kQ, Tamb 250C

Characteristic ‘] Unit
Qutput resistance

low state IS =1 MQ
Output resistance

high state o 200 0

*) During resetting in accordance with Figs. 4 and
6 this value may be exceeded for a time less than
0.1 ms.

Recommended Operating Conditions

Supply voltage V}. ] Vv
Max. input frequency fimax 50 kHz
Load resistance RL Xty 20 kQ

If the output voltage shape has to be modified for
applications in electronic organs (see Fig. 3), a pro-
tective resistor Rg = 180 O, connected in series with
the capacitor C|_, should be used. In this case the
condition R >> Rs must be met.

Fig. 6: Max. admissible
Fig. 5:
Output voltage versus

supply voltage. versus supply voltage.

v sal 10 v SAl 10
1 peen
M-z.m L}/
| Les=257C ~
Ll /
L
% Il
L / i, requied
;-—l— - = =
! |
24 } -—-—J— =
0= C s woonv

and min. required value of
input pulses (high state)

T =i ]‘_ t

TR G

Fig. 3: Modification of the square-wave output

voltage using RC networks.

a) Circuit diagram, D = Decoupling diode,
e. g. BA 170

b) Shape of output voltage Vg

On application in counter circuits resetting may be
required. This can be accomplished by bringing all
outputs to a potential less than 3 Volts with the
inputs kept on 0 Volt as shown in Fig. 8, or more
conveniently by bringing all imputs and outputs to a
potential less than 1.5 Volts. The active edge of the
reset pulse has to be fast enough to complete the re-
setting within less than 0.1 ms, otherwise the device
may be overloaded. Fig. 4 shows a recommended
circuit for resetting.

e EN e iee e e L 17 07

* * %e.g. BA 170 % %
to>1ps ol e.g. BSY 82
BSX 22

Fig. 4: Recommended
applications.

reset circuit for counting

Fig. 7: Fig. 8:

Input characteristic Output characteristic
mA SA) 10 mA SAJ 10
W T T o TR,

= ?H?[ 1 [ 1 | ‘_-l PR PRI
‘B.}_ | X | Ll | ) oot oo | S |

4 15!' 'i |' |'— & \\\
S | N

L l /! ‘ . %
e / \

i) 1 \

“ e A
o8 } T B R {I \
s|_ _____: /. . 20 |—— ---—\‘ ——1
o I“‘ / | ] | 1
04 ~ 11— | \
L LA i B
02 et iy i
0 L/ L : o o \
] 2 &_ : S-V L] wv 1] 2 & [ & [ ] oy



SAJ170

SEVEN STAGE FREQUENCY DIVIDER POWER OSCILLATOR

The monolithic integrated circuit SAJ170 is intended
for application in quartz-controlled clocks (wall and
table models). The device consists of seven series-
connected flip-flop stages, triggered by the positive-
going edge of the respective input pulse. The SAJ170
may be driven either by sine-wave or by square-wave
signals according to Fig. 3a and 3b.

For divisions by the usual factor 214 (e. g. from
16,384 Hz to 1 Hz) it is necessary to use two SAJ170
connected directly in series.

—0
+ 1.5V
Rz \._/
< 1 8 ]
OUTPUT
SAJITO
4 5
lNPUTi
e
Ry
00 —00

Fig. 1: Operating circuit of SAJ170.

ELECTRICAL CHARACTERISTICS @ V,! = V5

5 Fig. 2:

SAJ170in Mini DIP
plastic package similar
to TO-118.

acn
!
|
]
L—ES

All voltages are referred to terminal 7.

ABSOLUTE MAXIMUM RATINGS

Characteristics Units
Supply voltage ..o nniamnmsanarnanaaag 2NV
Ambient temperature range .............-10 .. . +60 °C

Storage temperature rangé ............ =30 ...+125°C

=15V,R1=680k0,R2=270kQ, T, = 250C

Characteristics Units
Current consumption 11+2+3+5 17 uh
Divider ratio fi."fo 128

Output voltage high state V oH 0.55 Vv
Output voltage low state VoL 0.05 \%
Rise time of output voltage s 10 us
Fall time of output voltage tfo 5 us
RECOMMENDED OPERATING CONDITIONS @ Tamb = 250C

Characteristics Units
Supply voltage V1‘V5 V1.2 \%
Current consumption adjustable by R1 11+2+3+5 10...25 ul
Resistor for adjusting current consumption R1 according to Fig. 4
Input frequency fi V50 kHz
Capacitive load at output Cq V30 pF
Input voltage high state ViH 04...06 Vv
Input voltage low state ViL V0.1 \%
Rise time of input voltage L V20 us
Fall time of input voltage i V10 us




SAJ170

Vi

a) Input voltage if driven
by square-wave signal

------- 05V b) Input voltage if driven
by sinusoidal signal
(only for f; > 8 kHz)

—_— T

Vo

c) Output voltage

Fig. 3: Input and output voltages of SAJ 170

pA SAJ 170
20 R2=270kQ
Bmp=25°C
52,340
30
RI1=470 / V4
- -/ | ook
P
i
10 T

recommended operating range

0 1 2y
—— e

Fig. 4: Current consumption versus supply voltage



SAK110

INTEGRATED PULSE SHAPER FOR REV-COUNTERS

The monolithic integrated circuit SAK110 is design-
ed for use in rev-counters of cars.

By use of suitable external circuitry the rev-counter
can be adapted to engines with two to eight cylinders.
It is designed for a nominal 12 V DC supply.

The heart of the SAK110 is a monostable flip-flop
which converts the input signal (which can be de-
rived, for example, directly from the contactbreaker)
into square pulses with constant voltage and duration.
Using an 8 mA moving-coil instrument it is possible
to design a simple frequency meter.

The circuit is so designed that with the use of a
suitable instrument the readings will be practically
independent of temperature. The push-pull output
allows for the use of instruments with high induc-
tance moving coil even at high frequencies. A diode
which is parallel to input terminal 2 and 3 prevents
triggering by negative pulses.

The SAK110 can be triggered only by pulses exceed-
ing 8 V supplied from a voltage-divider directly con-
nected to contact-baker. Thus good noise immunity
is obtained.

Ta conloct bracker

1L

Voaru et
23 —
::m | = a R

Fig. 2:
SAK110 in Mini DIP
plastic package

@ similar to TO-116.

e Refp ol B
i boh
i+ yol
|—= *
1 a 4 -
O—ANA—e= —<
# sAKIIQ o i —

T
I

[
‘Qr
b

g

: e B e

Fig. 3:  Test Circuit.

All voltages are referred to terminals 3, 4 and 5.

S N e | ABSOLUTE MAXIMUM RATINGS
i ] T bW Characteristics Units
F 268 Supply voltage.cconsammunnnsianamminaaes g
= ' Currents ............. ..—20 mA
Fig. 1:  Circuit diagram of a rev-counter with full Avirage value v 2TOA
scale deflection at 6000 RPM (two control at pulse duration V0.5 ms .....c.ceeeveevvneens 20 MA
pulses per turn of crank-shaft). Nominal at pulse duration VO.S ms .....cccooovvsienneee. 75 MA
voltage of car battery 12 V. at pulse duration V0.5 ms ........c.ccceeee... =75 MmA
Ambient temperature range ............ -25...4+650C
RECOMMENDED OPERATING CONDITIONS
Characteristics Units
Supply voltage VB 18558 v
Frequency of input pulses fi <10 kHz
Pulse duty factor of output voltage t 0” <0.85
Timing resistor 6/8 i 4 ] ka




SAK110

TEST CONDITIONS FOR CHARACTERISTICS see test circuit Fig. 3

Characteristics Units
Supply voltage (+ 1 %) VS 8 Y
Timing resistor (+ 0.1 %) Re/g 10 kQ
Timing capacitor (+ 0.1 %) CUS 0.47 uF
Load resistance (+ 0.5 %) L 440 0
Load inductance (+ 5 %) L 80 mH
Series resistance at input (+ 1 %) Ro 10 kQ
Voltage amplitude of input pulses (+ 2 %) Vi 10 v
Duration of input pulses [+ 5 %) t 05 ms
Frequency of input pulses (+ 0.1 %] f; 250 Hz
CHARACTERISTICS AT Tamb = 250C. See preceding test conditions

Supply current at Vi =0 Itot 12575022 mA
Input voltage drop V2 /3 65...8 v
Duration of output pulses t 2ol ms
Voltage amplitude of output pulses Vo_s 5...58 Vv
Output voltage average vliaue Vo 33...45 y
Change of output voltage for a supply voltage +4Vo L
change of + IVg =03V ~ Vo <2

Temperature coefficient of output voltage 36 <2109 1/=C
Residual output voltage Ve cah <30 mV

At input frequencies in the range of fi =25...250 hZ:

Dependence of output voltage

Vo lin= Yo max — Vores fi6 Vi e
on the frequency

fi max

Deflection linearity error Vo — Vo lin <0.3%

Vo max
Definitions:

Vo = actual value of output voltage (average value)

Vo lin = nominal value of output voltage

Vo max = final value of output voltage at fi = f | max = 250 Hz
(full scale deflection)

The duration of the input pulses must always be shorter than the duration of the output pulses.



TAA775G
POWER OSCILLATOR

POWER OSCILLATOR

Monolithic integrated circuit in bipolar technique. Particularly suited as electronic pulse generator for
direction blinker and emergency blinker in cars with 12V DC supply. Also suited for other applications,
e.g. for interval wind-screen wipers.

The TAA 775 G is an oscillator, the frequency of which is determined by an external RC network and
which supplies rectangular output pulses. The output terminal 10 is connected to the collector of the
output transistor operating in common emitter configuration. An integrated diode between the collector
of the output transistor and the supply voltage terminal 1 allows for operation with inductive loads.

As can be seen from the terminal diagram Fig. 1, the TAA 775 G has two oscillator input terminals
5 and B, for the connection of the frequency-determining RC network. By applying a suitable control
voltage to the control input (terminal 7) the following cperating modes are possible (see Fig. 5):

a) Operation at nominal frequency f

b) Operation atincreased frequency f'
c) Oscillator not oscillating

When a control voltage for operating mode a) or b) is applied, oscillation starts in the on-state. Since
the control voltage is effective only during the off-state, blocking of the oscillator in the on-state is
possible only at the end of the normal on-state.

The TAA 775 G is supplied in a modified dual
in-line plastic package. Instead of the three cen-

5 4 3 2 1 tral connection pins a connection fin of suitable
l l I | ' width serving as ground terminal is lead out on
I_ ST T T both sides (see Fig. 2).
1
Oscill +Vg ﬂ‘fi\p"
Inputs Output =
Control —]
L I FIGURE 2
|_J [Ji 10
| N " I I el
6 7 ¢ & a0 043 [
TLEC ! \J.Jlo B
FIGURE 1 — TERMINAL DIAGRAM OF TAA 775 G (B |
]|z | 9| P
]
|
3 | 8 75
| |
] ]
t e 7|
06 |
—T—{ s . 8|k




TAA775G

ABSOLUTE MAXIMUM RATINGS
Characteristics Unit

PPN N O a0 o i e R L S B i S e R e e mmsniamam 1B Nolts
Control VOAge ...t i s et st dse bt sssivsdionssssni o Vg

Extarial Voltage on TermTMBLIT L o e imussmmnssmisrossyksmis s 655505 v a8o8 v eanshsavays s on ius dassuae st S¥Eadavbmidi 5 65 <V1
Output Current .. ot ot e L N T . S L O TR o N, O W £ b
Ambient Temperature Range w25, 889G

STATIC CHARACTERISTICS @ V4 = 12 Volts: V3 = Vg = 0 Volt Ty = 25°C (see Fig. 3)
Characteristics Unit

Average Current Consumption ................ T e S e R e T e s BT
Leakage Current of the Osmllator Input at V5 = O Voh ot e e S et <ot R
Required Oscillator Input Current for Turning on the Osculator Output L O e O T
Output Saturation Voltage in the On-State at 15 = 110 mA .. o de st e Vialt
Output Leakage Current in the Off-State atV14 = V1 and V5 = 0 Volt or V7 = V1 e ]

R =100
NS
1 10 I
+12v O
9
=2

TAATISG 8

ll\a

FIGURE 3 — TEST CIRCUIT
FOR THE STATIC CHARACTERISTICS

Dynamic Characteristics

atVy = 12 Volts, V3 = Vg = 0 Volt,

Tamb = 25°C (see Fig. 4)

Frequency-determining resistor — Rg/g 1..120 k(2

Frequency-determining capacitor — Cg optional, but the leakage
current of the capacitor

must be taken into con-
sideration,



TAA775G

Oscillator frequency (see Fig. 5)
atVy = 0..0.35 Volt

atVy = 0.45..5 Volts
atVy = 8 Volts...V4
on/off ratio (see Fig. 5)
atVy = 0..0.35 Volt

atVy = 0.45..5 Volts

+12Vo

i

800
fo=mi-iz Rg/gin k2
; C5 inuF
fo=221,
"o = 0; output transistor blocked
ton/toff = 0.8

ton/torr= 1.1

=100

M
ST
e

TAATTS G 8
7
] V?
6
Rs/6

FIGURE 4 — TEST CIRCUIT FOR
THE DYNAMIC CHARACTERISTICS

Vio

0

Vio

(1]

o

—T=1

T —

fa— o ff —a

to— lon—a

o

—1

T= 1y
e

A "onl l'onF I I |

—t

—_—1

FIGURE 56 — OPERATION OF THE
CONTROL INPUT 7 (STEADY STATE)
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V7 = 0..0.35 Volt

V5 = 0.45..5 Volts

V5 = 8 Volts...Vq



TAA775G

Application as directional and emergency blinker (see Fig. 6)

In conjunction with a frequency-determining RC network (e.g. Rg/g = 5.6 k). C5 = 100 uF/6 Volts)
and a relay (coil resistance min. 100(]) the TAA 775 G replaces a conventional hot wire interval switch
and a current monitoring relay. The previous arrangement of the terminals on the blinker realy package
(plus and minus pole of the battery and connection to steering-wheel changeover switch) can be retained.
In the case of direction blinking, the bulbs are monitored: the breakdown of a bulb causes a greatly
increased blink frequency. The capacitor Cg prevents battery voltage transients affecting the operation
of the TAA 775 G.

- =0 O +12V £ 3V
1004 ‘32"
(9 s

TAATTE G
1 = 10}

=Tl \l \
Y

|— 3 s] Y s2
s1
QTI:
—s 7
5 6 —0——1
| | 12V, 2w ;
i left Monitor Aohi
lc"lso\.rg‘],‘c"r’ S5k CS—TL‘I?_J uF zuzinu% oy %x 125\11.'21
FIGURE 6 — CIRCUITRY OF A DIRECTION AND EMERGENCY
BLINKER USING INTEGRATED CIRCUIT TAA 775 G

IHR—

S 1: Direction blinking
S 2: Emergency blinking

Characteristics of Blinker Circuit
AtVq = 12 Volts, Tamp = 25°C. as in Circuit Fig. 6

Operation starts with a bright interval

Duration of the first bright interval t <1 Sec
Nom. frequency in normal operating

with two 21 Watt bulbs fo 85 Min 1
Nom. frequency in emergency operation

with four 21 Watt bulbs fo 85 Min~ 1
Ratio of on-time to total period

at nom. frequency v 45 %

Dependence of operating frequency

on the supply voltage in the range

of 9 to 15 Volts +Afo/f <2 9%
Control of the lamps:

Defect in one of the two direction indicating

lamps causes an increase of the blink

frequency by the factor ANV 2.2 -
Ratio of on-time to total period
in the case of increased frequency v 52 %

4-10
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Other applications

The frequency and the on/off ratio of the output voltage can be varied within a wide range by variation
of the time-determining RC network. For the charging resistor Ha and the discharging resistor Rg the
following conditions must be met:

1k2 <R, <120kQ

1kQ <Ry < 120kQ

The TAA 775 G can be used for frequencies up to 20 kHz. The approximate equations given below
are, however, only valid for frequencies up to 4 kHz. Fig. 7 gives the output voltage wave form with
load resistor connected.

Yy
ol e [EUR TN

Tty = 1y

— |

FIGURE 7 — BEHAVIOR OF THE OUTPUT
VOLTAGE AS A FUNCTION OF TIME

+12v
B, (e ——
e '
— |
- | TAATTS G
6 | I 10
|
Rs/e>1knt 1 |
[ R T |
3and B8

FIGURE 8 — AS PULSE GENERATOR WITH ADJUSTABLE
FREQUENCY AND CONSTANT ON/OFF RATIO.
CHARGING AND DISCHARGING OF THE TIME-DETERMINING
CAPACITOR THROUGH THE SAME RESISTOR

For the circuitin Fig. 8 these equations are valid:

R*C RinkQ

T=1/1,= sec

0" 8007 cinuF
ton = 0.45T
Ioff =055 T



TAA775G

+12v

For the circuit in Fig. 9 these equations are valid:
ton =07°C*Rgmsec  Rink}
10 toff = C * Ry msec CinuF

TAAT75 G

i

R, and Ry > 1k each —— —_J
3and 8

FIGURE 9 — AS PULSE GENERATOR WITH ADJUSTABLE FREQUENCY
AND ADJUSTABLE ON/OFF RATIO. CHARGING AND DISCHARGING
OF THE TIME-DETERMINING CAPACITOR IS
EFFECTED THROUGH SEPARATE RESISTORS.

+12v

For the circuit in Fig. 10 these equations are valid:
ton = 0.6°C *(Rq + Ra) msec Rin k{2
toff = C * Rq msec Cin uF

TAAT75 G

FIGURE 10 — AS PULSE GENERATOR
WITH ADJUSTABLE ON-TIME

+12V

For the circuit in Fig. 11 these equations are valid:
ton = 0.7 *C * R1 msec R in k2
toff = 0.76 * C * (R + Rg) msec Cin uF

TAAT75 G

Jand8

FIGURE 11 — AS PULSE GENERATOR
WITH ADJUSTABLE OFF-TIME
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WIND-SHIELD WIPER

The interval wind-shield wiper circuit is shown in circuit Fig. 12. The pause duration between two con-

secutive wiping operations can be continously adjusted.

Q +12v *3v

1004

i

TAATTS G 3102 e

1 ~ 10

2 P - line to be
ahminated

pause
sating

31,

o

g

w

—e
O——0
L
4 1
built in
wiper switch

- 53a

wiper
motor

&+

FIGURE 12 — CIRCUIT OF AN INTERVAL WIND-SHIELD
WIPER USING TAA 775 G.

Characteristics of the circuit in Fig. 12
AtVy = 12 Volits, Tymp = 25°C

On-time (constant) ...
Off-time (adjustable) ........

fwsnienn 02 'S80

v 410 20 sEC



TAA 780
VOLTAGE REGULATOR

1:3Y Stabilzing Circuit All characteristics and maximum ratings indicated

Monolithic integrated circuit, e.g. for the stabiliza- below refer to the test circuit (Fig. 2) shown be-
tion of the operating point in transistor circuits low. The figure O in the index of some charac-
and for the voltage-stabilized drive of clocks. The  teristics means that in this case all other terminals
circuit comprises the operating transistor T1 (see  are open.

fig. 2) and a control circuit for the stabilization

of the output voltage V3/4 to 1.1V.

Normally the TAA 780 is delivered with vertical ~ 'he following definitions apply:

leads (Fig. 1a, add suffix “A” to the type No).  SV3/4 =2v2/4 °V3/4 andayz/q =_ AV3/4
Upon special request it is also available with hor- AV3/4 V24 V3/4 *ATamp
izontal leads (Fig. 1b. add suffix “B” to the type
No.).
_!.E_. = -TAATBO- -~ _,IL
Fig. 1a: TAA 780 "A" Fig. 1b: TAA 780 "B
Plastic package Plastic package
“Pancake” “Pancake”

__Jois
5
028 o8| \i 008
[ l<—oc02
Fig. 2: Circuit Diagram and Test Circuit
0.0 _1 020 i.— Tt e tninu s mms@parating fransistor
i i T2 Reguilation transistor
0.20 Dl Blooking diode
1 Rt R cimmsmmmismanmansssa Yol tageidivider
ABSOLUTE MAXIMUM RATINGS
Characteristics Unit
CollECtOrBasaNORAnR ..o e e T AR s i ey e v oz 3iNfolts

Collector-Emitter Voltage

@R /3 = 5 kohms (ext. connected) . ...
Emitter-Base Voltage .............occcceeenvinenennn.
Substrate-Base Voltage.....
Collector Current............
Stabilizing Current ......c.........
Ambient Temperature Range .
Storage Temperature Range ...

... 2 Volts
e VOIS
e 2 Volts
e 15 MA

e 1T MA
—20 to +40°C
=200 12526




TAA 780

ELECTRICAL CHARACTERISTICS @ T...=25°C

UNITS

DC Current Gain of Transistor T1

@Vpy3 = 1.5V, 12 = 0.3MA, 14 T 0 oo s e

Collector-Saturation Voltage of Transistor T1

P N O R Y N L [ R ———

Base-Saturation Voltage of Transistor T1
@ly=35mA, 11 =35uA.1g =0....

Total Resistance of Voltage DivIder. ... s

Stabilized Voltage

@V 4 = 1.5V, 11 = 2500A,13 = 3.5 MA i

Voltage Stabilization Coefficient

BV 4= 180 TV V3= 2B0 A, 1 = B8 Aot siasisssossa s i

Temperature Coefficient of the Stabilized Voltage

@ V2/4 =1.5V,l1q1 = 260uA, I3 = L R e A O A

Small Signal Current Gain of Transistor T1

@V 3 =15V, 12 = 0.3MA, 14 = 0 i

Variation of output voltage Vi Variation of output voltage Vi
versus input voltage Vau, versus current [y
referred to Vg = 1.5V, Vaa=11V referred to /) =250 uA, Vaq=1.1V
TAA 780 myv TAA 780
100 i

j | ..I ' — i
| | | 1; =250 uA -60 f——t- ——t / _:5""_‘;;5: Sl
01T =5 mA T | "'mn
‘ A8 i_ B e -80 D S A
o 50 0 0 O 5 O
112 13 14 15 e A7 1BY 0 20 50 W0 200 S00 1000 pA
S - ]

4-15

it 280> 120)
PRSI o 1 il o= 0T b0 M1

ML 117 7 e
vivin. 16 (> 10) k ohms

reresennn. 1.14£0.06 Volt
w200
. —2.891073/°C

..250

Variation of output voltage Va4
versus ambient temperature
referred to Tamp = 25°C,
Vau= 11V

-0 -0 1} 0 0 30 0°C

—_—



TAA790°

A MULTI-FUNCTION IC

MULTI-FUNCTION IC
FOR TV RECIEVERS

® Sync Separator

* AFC

® Horizontal Oscillator
®s APC

Noise Suppression

MAXIMUM RATINGS @ 25°C Case Temperature

CHARACTERISTICS UNITS
Ambient temperature : .. Tu] 0...680°C
Junction temperature N, Ti| <125°C
Currents: power supply . S I} <10mA
signal inputs 7 S covier ]l <1mA
signal inputs - A m li] < 1mA
signal inputs . < VR oo h] <5mA
signal outputs . ... .. p L] <10mA
signal outpuls e ; Ir] < 10 mA
Voitages: supply voltage ....... .. .. " oo M < 10mA
composite video signal . Ve]Oto<+6V
ELECTRICAL CHARACTERISTICS @ 25°C Case Temp.
CHARACTERISTICS UNITS
Input current of the synch separator stage, connection (9) ;?&‘“ﬁlf b
Input current of the noise suppressor, connection (8) =100 kA < Iy
>—1mA Rz
= 27 k2
Output current of the synch separator, connection (7) I; B8 mA
Load resistance R:: 1 k02
Amplitude of the line synch and frame pulse at output 7 V; +6V
Nominal frequency of the oscillator 15750 Hz
Pulse current i 3 mA
Output of the Load resistor Riu 2ko
oscillator: Amplitude V. +2V
Pulse width ti 14 us
Pull-in range > =+ 1kHz
Hold-in range > = 2 kHz

Slope of the AFC-circuit
Phase shift between oscillator output pulse and synch pulse

> 1kHz/0.5 s

th=1.2 us

(defined as the time between the leading edges of these pulses
with the oscillator aligned to the nominal frequency).

PHYSICAL DIMENSIONS

:“i 0isT

T

AAAAH/AA

|
|
|
|
|
!
I
i

~

3
MAX ¥

fe-ozsos]

DUAL IN-LINE

PHYSICAL DIMENSIONS

L

[ roou
P
020
067
ol || T oo
o0 |
0400 — _‘_| I_p.loo
o >
== oozq"x g T (D14
2(T] | 113
;: | (T2
078 960 o] i Du
043 i [ [T )0
Llan | |3
¢ e 0 | | 18
075 -e-o.zsa-v-l

QUAD IN-LINE




TAA790

BLOCK DIAGRAM OF A TELEVISION RECIEVER

somre oL pre 1S, a1 o 11
T SPEAKER
VHFTUNER [>| st 1-F > 2na 1F > 3rg1-F [ o OEC DR el s MDD,
L7
]
SMNC SYNG PHASE VERT
ACG DRIVER SEPARRTOR - SPUITTER VERT 0SC |- DRIVER == VERT OUTPUT HV RECT
», [}
\\~ “
\\ Y
s.\ 'Il
3 HORIZ Horz | |
AGC KEYER \,‘ %> HORIZ AFC [->1 HORIZ 0SC > pRiver [~ outpur [~ HY TRANS
, 1
+ ‘\‘_ v J_'II '—*'
L + -
w1 Cd -
\‘ I’r“'
VERTICAL SYNC PULSE OUTPUT
— PULSE SHAPE LOCK-IN PHASE HORIZONTAL
& SYCH SEPAR. RANGE SWITCH | | DISCRIMINATOR | | OSCILLATOR
NOISE i
e TAA790
VOLTAGE FUNCTIONAL DIAGRAM
REGULATOR §
NECESSARY EXTERNAL COMPONENTS
4 VERT : 0.5v/div, VERT: 2v/di
8 HORZ : 20 s/div. mnz:aaii%iv,
B i5v
s A5 150/200V
470 Larer x
270 l ! 47K
! | : L
H (HORZ.OUT)
i 47.""“% 150K 2 3 3
t L > ATuF
= 1.5l 0K — S 47K
. COMPOSITE =
~Soes | o e TAAT90 15K
O - 8 14 1 330pF
1 7 5 10 4 11 12]=
o 68K [ -
INVERTED o0t 10k OPTIONAL DRIVER
COMPOSITE _”__L
. VIDEO IN na 2 L 47uF
+ FOR NOISE Ws T T8 [ T4
1 SUPPRESSION i ) —
! L ~ 100 - IsK
b i 4T0pF 0047 =
Il HORZ: VERT. CIJt.._-. I
[} ——e =
v et s
| | 22K
VERT: 5v/div.

————mmwm (OR7: 5ns/div,
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TBA120S

Package: TO-116
INTEGRATED FM/IF AMPLIFIER AND DEMODULATOR

Quad in-line

The monolithic integrated FM/IF amplifier TBA 120 S is designed specifically for use in the sound
IF part of television receivers and the FM/IF part of radio receivers. It‘comprises a broadband symmetrical
amplifier and a coincidence circuit for the demodulation. For the volume control, a potentiometer may
be connected between terminal 5 and ground. Since the potentiometer carries DC only, the leads to
and from the potentiometer will not be affected by hum; remote operation thus presents no difficulty.
Gain is 70 dB and AM rejection ratio 65 dB. The TBA 120 S has excellent limiting properties, and
needs only very few external components. The frequency characteristic of the demodulator curve shows
excellent stability. The permitted supply voltage range is 5...15V.

Terminal 3 is the collector and terminal 4 the base of an additional transistor suitable for use as an
AF preamplifier or as a switching transistor for treble cut by means of an RC combination. An internal
12 V Zener diode connected to terminal 12 may be used for stabilizing of the supply voltage for the
TBA 120 S or for other stages. Max. Zener current 10 mA.

ABSOLUTE MAXIMUM RATINGS

Characteristics Unit
Supply voltage .........cccceven s TDIVolts
Ambient temperature range... ey LW 7 {0 e
SLOrage teMPETATLITE TANGE it iin st nsiian s s T s — 3 Dl T 128°6

The 22 nF filtering capacitor between terminal 8 and 11, together with the integrated output resistor
Rg/11 = 2.6 k2. determines the time-constant of the de-emphasis.

Circuit Diagram 4.5 MHz sound IF amplifier

120 “g
I 14y
12 22, izlle
1y o
II"

J | ‘ i [
D) TBA 1208 R

1
iog 2o




TBA120S

ELECTRICAL CHARACTERISTICS @ V{1 = 12 Volts, f; = 0.6 MHz, P = 5 k&, Ty, = 25°C

Characteristics Unit
Recommended range of SUPPIY VOITAGE ..o s Do 15 VOIS
Current consumption .........ccecns ..16.5 mA
IF voltage gain . e 10 dB
Limiting IF output voltage . 240 mV
AF output voltage

@ Af;= 4+ 50 kHz, V; = 10mV, faF = 1 kHz, Q = 45 ccoccoonviiiivniiccccccccicsicceccrennens 1.7 VOIS
@Af,= £ 25 kHz, Vi = 10 mV, fap = 1 kHz, @ = 45 ... 0.85 Volt
Distortion

@Af; = £ 265 kHz, Vi = 10 mV; fAF = 1 kHz Q= 45 Lot istainssionisisiissssdinissio

Input voltage for start of limitation

@NT= £B0kHZ fyp S TRHZOQ S 45w iumimimmismsissmisyomi s i

Input impedance

% T N T A N 0 OO ) Ho )
B 5 SADTMHE .otk

Output resistance ..
Volume control range ..
DC level of output 5|gnal at V =0.
AM rejection ratio
@Af; = £ 50 kHz, V; =
@Lf; = £ 50 kHz, V;

Il

Coil data for Circuit Diagram

Coil assemblies: 7mm x 7mm Neosid miniature filters

Demodulator coil L2:

4 turns, 0, 1 mm @ En. Cu
Material of the core: F 2
Qp ~ 45

Input coil L1:

12 turns, 0, 1 mm @ En. Cu
Material of the core: F10 B
00 ~ 80

IOV A S T Iz, 0 S0 ccmmusdsosisssiisasaninst sl s
OOV, Fap = T RHZ, 0 =5 B0 ittt s s

.1.8%
30 (<60) uV

20 k@ parallel to 6 pF
10 k @ parallel to 5 pF
26ka
T T 0| L

.. 7.3 Volts

65 dB
55 dB

Al %"

4 8 0.0 0 0 8

tBazos L

T T T T Tw

Printed circuit board for circuit diagram, scale 1:1
a) copper foil side b) component side
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TBA120S

Distortion versus volume control

e

5

1BAI120S

i L0 60 80

V(5 kI iIP)

-60

100 dB

Volume control versus
potentiometer resistance

TBA 120 S

-—
-

AF output voltage, distortion, and AM
rejection ratio versus input voltage

v
1

% 08

06

4-20

TBA120S
125 MHz, 41 150 kHz, £ 1 kHz,
L m:30%, Q=45 L
Vyand k are refered 1o df = 125 kHz
a8
-80
Iy “'
1% plibiee
=
L~
Ao decrease up o =60
-
/ / T v soomv
-50
/ wd
k|
\ T34 -3
K.
2{-20
14-10
0-. 0
02 0! 1 0 0! mv

S Ikt



HIGH VOLTAGE SELENIUM RECTIFIERS FOR CONSUMER APPLICATIONS
(Half-Wave unless specified)

PART NO. PIV—8ased on 16 kHz application OUTPUT — Tests point FUNCTION
365M5822 800V 4mA Color TV Boost Rectifier
K1615AC* 20V 2mA Horizontal Osc.

034 1200V 4mA Color TV Boost Rectifier
073 17,250V 3mA Hi Voltage Rectifier

088 24,000V 3mA Hi Voltage Rectifier
TV6.5 8,500V 3mA Focus Rectifier
TV9-6K60 11,700V 3mA Hi Voltage Rectifier
TV11-6K70 14,650V 3mA Hi Voltage Rectifier
TV13-11K60 17,250V 3mA Hi Voltage Rectifier
TV18-10K70 24,000V 3mA Hi Voltage Rectifier
TV18-10K80 24,000V 3mA Hi Voltage Rectifier
TV20-10K80 26,500V 3mA Hi Voltage Rectifier

c :I‘—"‘ F
D _[E __J_
= ’
p—1 5;32—{_[.300 DIA. MAX.
o 0 LS B S S
032
1172 DIA. TINNED ! D
S e R N Y- - RupMe 820 2 < = £
: o34 | 50 | 168 | .284 | S0
PART NO, 365M5822 034 ‘_-_?333 +004 | M. | £078 | MAX. | MIN.
ors |3245 | 022 | 50 | 26| 22e |
+06 |+004 | MIN. | s02 |:.008
s |omes: | ok | so | e sEe | .
+06 |+004 | MIN, |t012 |+008
198 1.5 23 | 1.50
Tves | 128 | o3 |33 | 26|, 50 | i0a
Tve- | 2.36 150 23 | 150
icrr oyl s exeo | s06 | O3 | .oa | 236 [.Gos |..04
1 TVII- | 276 03 1.50 535 | 23 150
6K70 | +.08 : +04 | - +008 | +04
+'64 TVI3- | 335 150 23 1.50
Mo _ /32 k6o [+.06 | ©3 |+150 | 236 | + 0008 |+ 04
032— TVIB- | 2.758 23
]';,8 m‘ 10K70 | =06 236 | ., 008
MAX. TVIB- | 315 23
: b 10K80 | 06 — | 38| . Gog| —
(oo =3 ) T™ve0- | 315 236 | 23
L 12 max I0K80 | + 06 : +.008




SAH215

TELEPHONE PUSH-BUTTON DIALLING IC

MONOLITHIC INTEGRATED CIRCUIT IN MOS
TECHNOLOGY FOR USE IN TELEPHONE SETS

Pin Configuration

WHEN DIALLING PUSH-BUTTONS. 1 Case, substrate, ground
e The off-normal relay is released during the g g' ; g:;gz:
interdigital pause 4 H.esr-:‘tinput
e Decoding by means of ROM gives flexible code 5 Strobe input
® Pulse storage with individual or block-wise recall- 6 E::::g?:;:g?er
ing of numbers 7  Clock t1 PHYSICAL DIMENSIONS
* Two different dial pulse ratios available 8 Clock t2
e Two different inter digital pauses available 9 InputA
; i 10 Input B
The SAH215 - Design and Operation 11 Input C
This circuit makes it possible to design push-button E ::';plj't D
dialling telephone sets for connection to conventional ( F;L?]'LESS!
telephone networks (quickstep-dialling). ogpen=433}
The SAH215 controls a relay the contact of which 14 Option tp/T
generates the dialling pulses. It also controls a second {ground=0.62/
relay which performs the function of the o. n. open=0.66)
(off-normal) contact, i. e. short-circuits the receiver
during the dialling operation. The supply source is a
nickel/cadmium accumulator which is charged from max.
the telephone network during conversations. Both .26
relays are driven by the SAH215 through external ; I.._
transistors. Wi —J
: max. 37
The MOS circuit requires a two-phase clock generator 492
which delivers two non-overlapping clock pulses hav-
ing an amplitude of approximately - 18 V. Its i
power consumption can be kept to the extremely “-_
low value of less than 4 mW. O-
max 0.2
¥ |
Read Shift Register Writs 3
Key Distributor 4x 18 bit Distributor RN COUNTER
Block 3 f
{
Bounce Register COUNTER
Suppression |e Control CONTROL
Exienal Register C@nirol [ K
Externcl Reset Circuit = RESET D.P. DRIVER |
v
Clock Generater FREQUENCY DIAL PULSE
glgﬂ?’ER‘ GENERATOR 0. N.DRIVER |[—>—

FIG. 1: Block diagram of the SAH215
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SAH215

Fig. 1 shows the block diagram of the SAH215.
Four-bit data arriving from the key block are fed in
parallel to the shift register via the read distributor.
This register consists of four parallel individual
registers of 18 bits each and serves for storing a
maximum of 18 figures. A bounce-suppression circuit
prevents a dialled figure from being written into the
register more than once, due to contact bounce in
the key block. The register control unit ensures
the proper writing and reading sequence.

Through the write distributor the data are taken to
a read only memory (ROM) which operates as a
decoder and sets a counter in accordance with the
entered figure. Through the counter control unit,
the dial pulse generator transmits the number of
pulses for which the counter was set to the d. p.
(dial pulse) driver and drives the d. p. relay, main-
taining the proper pulse duty factor, The counter
control unit maintains the required interval between
the several pulse trains and controls the o. n. relay
via the o. n. driver.

The dial pulse generator frequency is derived from
the clock frequency by means of a 2047 : 1 frequen-
cy divider. For the customary dialling frequency of
10 Hz the required clock frequency is therefore
20.47 kHz.

When applying the supply voltage to the MOS circuit,
all stages of the control units have to be reset. This is
achieved by a built-in reset unit. The reset time is
determined by an external circuit (e. g. an RC-net-
work),

The information in this data sheet relates to
“negative logic”, i. e. the more negative voltage level
(Low) stands for logic 1", and the more positive
voltage level (High) for logic ‘0", The symbol X"
may be an “0" ora "1"

When using a key block in which each key is provided
with two ordinary contacts and one positively con-
trolled n. o. (non-overlapping) contact it is possible
to control the integrated circuit directly. The same
applies to a key block with row and column switches
each of which is provided with a common positively
controlled n. o. cantact. The positively controlled
n. o. contacts which close after the other n. o.
contacts and open before the other n. o. contacts,
control the strobe input 5. Key blocks of different
design may be adapted by using a diode matrix. A
general requirement for key blocks is that the data
signals must be free from bounce prior to the strobe
signal as each key is depressed.

Further possibilities of adaptation are introduced by
mask variations which enable any desired four-bit
code to be set, as long as the tetrades 1111 and 1110

do not occur, because they are needed for register
control.

An additional facility

In normal use the terminal 6 is not loaded. This
corresponds to a logic 1", if a logic ""0" signal is
applied to this terminal the register output is blocked
and the data made to circulate in the register. In
this way, up to 17 figures can be stored. By ap-
plying appropriate pulse patterns to terminal 6
individual figures or figure blocks may be recalled.
The input of data is not affected by a signal being
applied to terminal 6, so that the storage of figures
can continue.

| | -6V
cLOCK | ExTERNAL
GENERATOR RESET CIRCUIT
u‘ Pz g
afy 7 8,
B |, 0.N. DRIVER
key [ SAH 215
BLOCK H
1N 13 5 D.P. DRIVER
£g 1 a
[ STroBE ] | L 1

FIG. 2: Block diagram of the general layout

The SAH215 operates with the following code:

Figure D C B A
1 0 0 0 0
2 0 0 0 1
3 0 0 1 0
4 X 1 0 0
B 0 1 X 1
6 0 1 1 0
i 1 0 0 0
8 1 X X 1
9 1 0 1 0
0 0 0 1 1
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ABSOLUTE MAXIMUM RATINGS

Characteristics Units
Voltages, clock pulse 1, clock pulse 2 V7. Vg -30...+0.3 Vv
Input voltages Vin -30...+0.3 v
Inputs 4,5,9,10, 11 and 12

Output current I2,13 -5 mA
Ambient temperature range Tamb -40...+70 aQC

RECOMMENDED OPERATING CONDITIONS

Characteristics Units

Clock pulse voltages Vm. Vawm -18 v

Clock frequency fs 20 (10...50) kHz

Duration of clock pulses e >5 us

Time interval between clock ta >3 us

pulses 1 and 2

Reset voltage Vg <3 vV

Duration of normalisation pulse t4 >1 ms

Strobe input time (free from bounce) tg >17 ms

Bounce/strobe pulse spacing tg <7 ms

Characteristics Units

atVam =Vgm =-18V, Tamp =25°C

Input voltages

Inputs 4,5,9, 10,11 and 12

Logic 0" Vin Terminal open

Logic “1" Vin 6(5...-12) Vv

Input 6

Logic 0" Vin 0...-3 v

Logic “1" Vin Terminal open

Input cutoff current -Ig <5 uA

atVinp=-12V

Output frequency fout /2047

Power consumption Piot <4 mW

Capacitance of clock inputs C7.Cg <150 pF
Type: 1 2 3 4

Dial break ratio of dial pulses tp/T 0.66 0.62 0.66 0.62

Interdigital pause at fy = 20 kHz ty 833 838 433 438 ms
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ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS
“APPLICATION NOTES

ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS

1. Introduction

Integrated digital frequency dividers have for long been
widely used in professional digital equipment but have so
far found little application in the entertainment sector of
the electronic industry. This, no doubt, is due to the fact
that the devices presently available do not quite meet the
specific requirements of the consumer market, and that
they were, until recently, rather expensive. Advances in
integration techniques have now made it possible to
produce inexpensive linear, as well as digital integrated
circuits which should be of special interest to the electronic
consumer industry. These devices offer many advantages
when compared with circuits employing discrete com-
ponents and are in many instances already cheaper. It is
certain that the availability of these new integrated circuits
will lead to rapid new developments in all branches of the
electronic industry.

The new monolithic integrated frequency divider circuit
SAJ 110, developed by ITT Semiconductors, incorporates
seven divider stages which can be used either individually
or interconnected to form a divider chain. Because the SAJ
110 requires no additional components and can be used in
place of conventional discrete-component flipflop dividers,
its use as a frequency divider in electronic organs is
particularly advantageous.

2. The Integrated Circuit SAJ 110

Integration of a conventional flipflop circuit would offer
virtually no advantage over a discrete component circuit —
only a circuit which does not incorporate capacitors or
other charge-storing elements is suitable for integration.
Because the master slave flipflop (a frequency divider often
used in digital equipment) is far too complex for consumer
applications, development of a new circuit was necessary.
This circuit had to function in a similar manner to a
conventional flipflop but had to be designed so that no
additional charge-storing elements were required. The result
is a device which combines seven single divider stages on a
single chip.

F——_——————— SAJIIO— —— s —— — — —

| )
. o _-_____ _0__'-'_—-_. _

20 e 3 3t @) (0 (8 (9) (8] Ogie N 3
[ O G I3 03 045 O5lg Og Iz L v

SAJ 110 Block diagram —The figures in brackets are the same
as the pin numbers of package

*Application notes will be found in the last pages of this section.

In order to make maximum use of the 14 connections
available on a TO-116 package the pins are connected as
shown in Fig. 1, being arranged so that access to two
divider pairs and three single divider stages is possible. The
circuits can thus be used either singly or interconnected in
various combinations.

Figs. 2a and 2b give dimensioned outline drawings of the
SAJ 110 ,,A" and ,,B" versions respectively.

2.1. Functional Description of an SAJ110 Divider Stage

Each stage used in the SAJ 110 comprises basically a trigger
network, two transistors connected as a flipflop, and an
output stage (Fig. 3). The input is first applied to a trigger
network which always steers the input pulse to that
transistor which is cut off at the time. Fig. 3 shows the
input and output waveforms produced by one such stage.
Each positive edge of the input waveform causes the
flipflop to change state so that frequency division by two
results. The flipflop output is fed to a transistor connected
as an emitter follower output stage, this being provided to
isolate the flipflop from an external load and to supply
output pulses of constant amplitude. The output pin is
connected to the emitter of this transistor.

2.2. Performance Requirement Summary for the Integrated
Frequency Divider SAJ110

The integrated frequency divider had to meet the following
customer requirements:

7-11V

Sinusoid or square wave
Not less than 6 V — high
enough to permit reliable
triggering of another

divider stage under all
operating conditions

Supply voltage
Input (trigger waveforms)
Output voltage

Permissible load range 2 to 100kQ
Ambient operating

temperature range 0 to 60°C
MNumber of stages to be

accommodated in  one

package 7

Packaging 14-pin DIP or QIL

plastic package
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GUAD IN-LINE ‘

Fig.2: SAJ110Di | outline di

a) Version “A", TO-116 dual in-line Slastic package
b} Version “B*, quad in-line plastic package

BREETL
}tc—‘-—l —

Block diagram of one divider stage with input and output
waveforms

TRIGEHEH NETWERK FLPFLDR  DUTPUT STAGE

]

o1
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Fig. 3:

For reason of economy and reliability, it was also con-
sidered desirable that the number of integrated elements
and the total resistance of all the resistors used in the IC
should be kept to a minimum.

2.3. Summary of the Most Important SAJ 110 Data

Maximum ratings

Supply voltage V3 1MV

Input voltage Vin see fig, 4
QOutput current per stage lout 5 mA
External output biasing Vext 5V
Ambient temperature range Tamp —Dito +60°C
Storage temperature range Tstor —30 to +125°C
Single stage characteristics

(@ V3=9V,R =22k, Tp=25C)

Current consumption

(output in "low" state) | <3mA
Input voltage (“high* state) Vin 6...9V
Input voltage ("low" state) Vin <3V
Output voltage ("low" state) Vour <10V
Output voltage (“high* state) Vout. 70V
Rise time of output pulse t, <1.0 us
Input resistance (see fig. 5) R, 6t 9kR
QOutput resistance (“low" state) Tout >1 M0
Output resistance (“high* state)  rg,, <1008
Recommended Operating Conditions

Supply voltage Va 9V +20%
Maximum input frequency fmax 100kHz
Output load resistor R 2 to 20k0}

?Vl yed |l o | L~
a | /
s
AR AR MR AR e 213
min. 7
o e o
O A /‘
// I
/ oL/
T ] El [[] "y 0 4 ] B iov

—y
Fig. 4: Maximum permissible
input pulse amplitude
("high” state) as a function of

Fig.5:  Input characteristic
of a divider stage
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Fig. 7:  Output current vs
output voltage (pulsed)

Fig. 6:  Output voltage as a
function of supply voltage

The curves shown in Figs. 4 to 7 illustrate the performance
of the divider in more detail.

The input parameters of a frequency divider stage at various
supply voltages can be deduced from Figs. 4 and 5. The
input pulse amplitude should be not less than 6 V, but
should, on the other hand, not exceed the supply voltage.
The curves in Fig. 4 give the maximum permissible input
pulse amplitude range as a function of supply voltage. The
input corresponding to “low level should be less than 1 V.
Fig. 5 may be used to determine the static input resistance,
which varies between 6 and 9 k2.

In the curve shown in Fig. 6 the output voltage is plotted as
a function of supply voltage. As can be seen, the output
voltage is 1 to 1.5 V lower than the supply voltage and
varies somewhat with the load. Assuming the same loading
conditions the output voltages of all individual stages are
within 45% — this applies to stages on the same IC as well
as to stages on different IC’s.

Fig. 7 shows the loading characteristic of a divider stage
which gives a "high” output. Note that as the output
current of the stage is increased (by reducing the load
resistor, for example), point "B" on the curve moves
towards "C* (lgyt = 35 mA and Vg, = 1.7 V) at which
point the stage flips into the "low" state and remains there.
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This bistable output effeot is discussed further on in
connection with the resetting of dividers used in counting
circuits.

3. Applications for the SAJ 110

3.1 Use in Electronic Organs

The heart of modern electronic organs is usually a set of LC
master oscillators tuned to the frequencies of the highest
octave. The frequencies of the lower octaves are then
derived from these master oscillators by frequency division.
In most conventional organs this frequency division is
accomplished by the use of bistable multivibrators (flip-
flops). These have the disadvantage of producing a square
wave output, which contains practically no even harmonics
and offers only limited scope for modifying the character
of the notes produced.

However, if the SAJ 110 is used,simple RC networks can be
connected across the outputs to generate sawtooth wave-
forms which contain even harmonics. An additional
advantage of the SAJ 110 is its small size, making it
particularly suitable for use in portable instruments.

Fig. 8 shows the usual frequency generating circuits
employed in electronic organs. Twelve master oscillators
produce the frequencies of the highest octave while all the
frequencies for the lower octaves are generated by fre-
quency division. The arrangement shown in Fig. B reguires
up to twelve SAJ 110 circuits for one organ. If the organ
has less than seven octaves, then there are several spare
divider stages which may be utilized in the divider chains
associated with other frequencies so that in this case less
than 12 integrated circuits are required.

Depression of one of the organ keys, T, causes several
outputs to be switched to a common line, S, via high value
resistors, R, and this signal, which is a combination of
several frequencies, is then further processed. The spectrum
of this signal is considerably richer in harmonics than that
of an ordinary square wave.

It is an advantage to give a signal to the following filters the
mean value of which does little change when the organ keys
are pressed. In order to obtain this, the ground of resistor
R/10 (Fig. 8) should be connected to a positive potential.
Another possibility is to ensure that the divider outputs
supply proper AC signals. Fig. 9 shows such an alternative
circuit. Use of a suitable bias causes the full alternating
divider output component to be developed across the load
Ri.

The circuit shown in Fig. 10 fully exploits the high output
voltage and low output resistance of the frequency divider
SAJ 110. In this circuit RC networks are connected, via
protection diodes, to the outputs of individual divider
stages so that waveforms which are not very different from
that of an ideal sawtooth are presented across the load R .
The protective resistor Rg connected in series with each
capacitor C|_is included to limit the capacitor surge to a
value which the output stage can safely handle.

In Fig. 11 the frequency spectrum of the waveform Vg is
compared with that of two sawtooth waveforms, and it can
be seen that the spectrum attained with the circuit
arrangement of Fig. 10 approaches that of an ideal

Ll
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Fig. €:
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Fig. 9: Conversion of divider unidirectional output into
alternating output
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Fig. 10: Maodification of the divider frequency spectrum using RC
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sawtooth. MNote that the sub-harmonic component is
extremely small — much smaller than is necessary for this
application.

3.2. Use of the SAJ 110 in Counting Circuits

Use of the SAJ 110 in a counting circuit raises the problem
of how to reset the flipflops. With the SAJ 110 it is possible
to reset a single stage as well as several stages connected in a
counting chain. However, when designing a suitable reset
circuit the following features of the device must be taken
into account:

The output of a divider stage can change state only while its
input is positive going.

The frequency divider SAJ 110, unlike a master slave
flipflop, does not possess a buffer stage between input and
output, nor a special reset input.

It is, however, possible to use the inputs and outputs for
reset purpose. Because the reset capability of an SAJ 110
stage depends on its input state, it is necessary to use both
the input and the output terminals for reset purpose.

3.2.1. Output Characteristic

Referring to the output characteristic of a single stage
(Fig. 7) it can be seen that a “high” output can only be
flipped to “low" if the output is pulled down to 1.5V or
less by some external means, and this can only be accomo
plished while the input voltage V;, is “low". The output
characteristic in Fig. 7 is divided into the sections A-B and
B-C, section A-B being the normal operating range. As men-
tioned previously, in order to initiate a reset it is necessary
to force the output through the range B-C to point "C",
and this should be effected in the shortest time possible
{t, < 0.1 msec) to avoid overheating the device (the output
transistor dissipates considerable power during this period).

If the divider input potential is higher than 0 V, then the
trigger point C is shifted to the left on the curve, which
means that the output potential would then have to be
pulled down to a level below 1.5 V. If the input and output
of a divider stage or if several inputs and outputs of a
divider chain are to be pulled down to a low potential
together, then this potential should be less than 1.5 V to
ensure that the circuits reset reliably under any condition
(refer to Fig. 12).

3.2.2. Reset Circuit

Fig. 12 outlines a reset circuit suitable for a seven stage
counting chain. All the output points as well as the input
point | are connected, via isolating diodes, to the collector
of a switching transistor type 2N2218, or alternatively to a
RESET switch. It is important that the transistor collector
voltage drops to a saturation level of less than 0.6 V for the
duration of the reset pulse, and that the transistcr is
capable of passing up to 400 mA of collector current under
the most unfavorable conditions (i.e. when all outputs are
in "high” condition prior to the application of a reset
pulse). The pulse source must therefore be capable of
supplying at lease approximately 15 mA to the base of the
2N2218 so that the requirement V| =Vg=...Vg7 <15V
is fulfilled. The reset pulse duration is, however, not very
critical provided it is not less than approximately 1u sec.

As mentioned previously, the output state of all the stages
depends on the input state of the first stage immediately

after the occurrence of the reset pulse. There are two
possible conditions:

V), ="low" (Fig. 13)
V), = “high” (Fig. 14)

In Fig. 13 lywas “low" at the instant when the reset was
applied; under this condition all the outputs which were in
the "high" state immediately before application of the reset
pulse change to “low" and maintain this state after the
reset pulse has been removed. The next input pulse to |,
then causes all the outputs to be triggered to "high”, this
corresponding to a "PRESET" condition of the counter.
Only the second input pulse is counted. These conditions
are summarized in the truth table in Fig. 13 and it can be
seen that the counter counts (n-1).

Fig. 14, on the other hand, illustrates a condition in which
all the outputs are in the "PRESET" state immediately
after the occurrence of the reset pulse so that the next
pulse is correctly counted as No. 1. The explanation for this
is as follows: Although in this case the reset pulse initially
pulls all the outputs, as well as the input I, to “low”, the
input |, is immediately returned to “high” at the end of the
pulse (t = t1), because the positive edge at the end of the
pulse is equivalent to the application of a logic ""H" to the
input. This positive edge triggers first output Oyand then, in
turn, all the other outputs to "high” — this corresponding
to the "PRESET" state of the counter.

4. Conclusion

The SAJ 110 is an inexpensive seven-stage frequency
divider which, in comparison with equivalent discrete-
component circuits, offers many advantages, the most
important ones being: small size and low wiring and
assembly cost. The device, because of its electrical char-
acteristics, is particularly suitable for use in electronic
organs where its performance is superior to that of discrete
component flipflops. Being insensitive to the waveform of
the input signal, the SAJ 110 will accept a square wave as
well as other types of waveforms (e.g. sinusoids); moreover,
the low output impedance ensures that the output remains
virtually constant irrespective of load, the lowest permis-
sible load being approximately 2 k2. At maximum loading
the output amplitude is only 1.5 V less than supply voltage.

The generation of output waveforms which are very similar
to, and possess virtually the same frequency spectrum as,
that of an ideal sawtooth, is possible simply by connection
of RC networks across the outputs.
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Fig. 12: Reset circuit for a seven stage counter
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ITT DTL 930 SERIES

The ITT DTL 930 Series is a family of compatible in-
tegrated circuits using diode- transistor logie. The advan-

o Low power dissipation

e High worst-case noise immunity

tages of this family are:

s Choice of dual in-line, 14" X 14” flat pack, or TO-5 » High fan-out capability
packages.

» Choice of full (—55° to +125°C) or limited (0 to
+75°C) temperature ranges.

» ['an-out/noise immunity trade-off ability
 Specified operation over full temperature range

s Wide and proven application
o Operation from a single power supply, and over a : P pp

wide voltage range. » Gate outputs can be “wired OR"

DUAL IN=-LINE

FLAT PACK SIMILAR TO TO-5

Contents
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GLOSSARY

GLOSSARY OF TERMS USED WITH DTL 930 SERIES

In General, Subseripts are used as follows: Va
O = output Teex
I = input
R = reverse, applying to high inputs. Voo
I' = forward, applying to low inputs. Ton
L = low, applying to a low signal level or when Vi
with Ve to low Vee value. Vou
H = high, applying to a high-signal level or when
used with Vee to high Vee value. Ve
Non-operational Terms:
Vraxy = Maximum rated Vee pin voltage. I
Iiaraxy = Maximum rated current into Vee pin, with
Varax) applied. Lo
Vpn = Vee pin voltage applied during power dissi- Ton
pation test.
Ipp = Current into Vee pin with Vpp applied. Ipps Ise
means gate or buffer inputs are low or clock
pin input is low. Irpy means the inputs are
high.
Ve = Input reverse (high) voltage for input diode
leakage test. Vee
1z = Reverse input diode current with V applied Veer
to input.
Iger = Reverse clock pin input leakage eurrent with Veen
Ve applied to input.
Verpx = Output transistor collector to emitter volt- CP x
age. With output pull-up resistor connected,
Veex = Vee to avoid drop across output
\,('PTH

pull-up resistor.

Operational Terms:
Vi = Input low (threshold) voltage.

Vor = Output low voltage, with rated fanout cur-

rent 1oz into output.

LVeg = Collector emitter latching voltage.

I

Breakdown voltage of eapacitor input.
Output transistor collector to emitter leak-
age current with Vegy applied to output.
Forward diode drop in 933 Element.
Forward diode current in 933 Element.
Input high (threshold) voltage.

Output high voltage, with high current (Iox)
flowing out of output.

Forward (low) input voltage, for forward in-
put current (Ir) test. Vp is usually ground.
Forward input diode current, for unit input
load. Also shown will be 2/3 Lp, Ircp, and Ips.
Output low current.

Output high current, flowing out of output
in Vo test.

Short circuit output eurrent to ground, with
one or more inputs low. Ise minimum con-
firms output ability to pull up capacitive
loads; Is¢ maximum confirms subtraction of
fanout rules when “OR"ing outputs.

Supply voltage.

Low Ve pin voltage. Used for Vo, (Ioz) and
Von (Io};) tests.

High Ve pin voltage. Used for Vg — Ip in-
put forward diode current tests.

Clock Pin, pulsed. The subseript if any refers
to pulse waveshape. Used in testing binary
clements.

= Input Clock Pin threshold voltage (low).

With Clock Pin at or below Vepry, the
“master” Ilip-Flop holds the proper “slave”
(output) Flip-Flop output high.

Vx = Input low (threshold) voltage extendable in-

puts.

I#x = Monitoring current through resistance.

5 MAX,
SQUARE

o028 D28

NOTES: LEADS ARE GOLO-PLATED KOVAR
PACKAGE WEIGHT 15132 GRAMS

PACKAGES
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LOADING FACTORS

INPUT-OUTPUT LOADING FACTORS

The number of elements that may be driven by an output terminal may com;is_n_of any combination of elements who:y:
summation of input loading does not exceed the output terminal driving capability. Fanout for 0°C to +475°C range is

given in parenthesis.

-

-

g. ST

Y2 MIC 930. Y2 MIIC 932 %2 MIC 933

¥4 946. Y2 MIC 944
% 962
% 93!5 "

L3 i ' 3 e ] w

” bE ." n L o8

: ' b : .

- ] s Y os .

y L o .

MIC 945 ' MIC 848 | Mic 850 & MiC 851
LOADING RULES

. Ilxtension of inputs with the MIC 933 does not affect
quiescent loading of the supplemented element (MIC
930 or 932). However, capacitance due to wiring to the
MIC 933 will affect noise tolerance and propagation
delay, and thus establish a fan-in limit for the particular
application. Please refer to the typical curves on the
MIC 933 Dual Extender Element specifications.

rules apply over the entire military temperature range
with a supply voltage of 4.5 to 5.5 volts. These rules
also permit a 50°C temperature differential between in-
dividual elements. These rules guarantee a worst case
signal-line or ground noise threshold of at least 350 mV.
Practical noise thresholds exceed 500 mV.

4. All rules for MIC 930 apply to MIC 946, 962, and 936.

2. I'or operation with a nominal supply voltage of 4.0 All rules for MIC 961 apply to MIC 949, 963, and 937.
volts from —55°C to +125°C, reduce element fanout All rules for MIC 945 apply to MIC 9093 and 9099.
as follows: MIC 030=5, MIC 945=7, MIC 032=18. All rules for MTC 948 apply to MIC 9094 and 9097.
Il'dlenlpergture ""'_m“'f“'a'm'd above —20°C, no fan-out 5. For inereased current, inputs and outputs of 14 MIC
TELUCOn IS eccoRary. 932 or 14 MIC 944 may be simultaneously paralleled
3. For operation with a nominal supply voltage of 6.0 up to 4 common outputs. Fach combined input=4

volts from —3a5°C to +125°C, reduce element fan-out
as follows: MIC 930=6, MIC 945=8, MIC 932=20.
If ambient temperature remains below +4-100°C or if
worst ease noise threshold is considered to be 250 mV,
no fan-out reduetion is necessary. Exeept as noted, these

loads. Combined output =100 loads.

. An external resistor should be used with MIC 944. With

external R to 5 volt Ve £0.5 V; subtract output loads
as follows: R=2KQ, subtract 2 loads,
R=1K2, subtract 4 loads, R =25109, subtract 8 loads,

INPUT EXTENSION AND “wired OR” LOADING
EXTENSION OF INPUTS

]

GATES WHEN "wired OR"

=S
—D_
2 930 and 4 x % MIC 346

2 x % 946
RULES FOR "wired OR”

1. Outputs of DTL gates with 6Kn
pull-up resistors, 930,946,962 and
936 may be tied together for the
“wired OR” function. Subtract 1
unit of fan-out for each added
gate. Subtract 5 fan-outs for 6
added gates.

gate

55

2. Outputs of DTL gates with 2KQ
pull-up resistors, 949,961,963 and
937 may be tied together for the
“wired OR” function. Subtract 2
units of fan-out for each added

MIC 861 “wired OR"
ALSO 949, 963

MIC 930 “wired OR"
ALSO 948, 962

3. Outputs of MIC 932 may not be
tied together for the “wired OR"
funetion, however MIC 944 out-
puts may be used in the “wired
OR" configuration.



NOISE IMMUNITY

NOISE IMMUNITY

There are two important types of noise immunity that must be considered when designing with
ITT DTL 930 Series circuits. Both types are discussed below.

SIGNAL NOISE IMMUNITY

Signal Noise Immunity, Vys, is defined by the equations

Vus = | Vic(max) — Vor(max)|
or Vs = |Vou(min) — Viy (min) |
Where

Vor(min) = Minimum high output voltage

Vin(min) = Minimum high input voltage that will
guarantee Vg (max) at the output
Vic(max) = Maximum low input voltage that will
guarantee Voy(min) at the output
Vor(max) = Maximum low output voltage
The meaning of these equations is indicated in I'ig. 1 and 2.
The pulse shown at A in Fig. 2 is a noise signal induced
on the signal line conneeting two gates. The pulse at A is

FIG. 1

Y,

ey ___,.{ E
I I

GND GND

GROUND NOISE

Ground Noise immunity, Vyg, is usually the worst ease
noise immunity for DTL 930 Series cireuits.

Notiee that some curves show two values of Vee at a
given temperature for the same noise immunity. The
upper Vee ensures that the driving deviee is hard in sat-
uration. Ground noise signals will therefore only add to
output level Vg, (max). The noise immunity for this case
will be defined by

Ve = Vys == |Vig(max) — Vg (max) |

When the drive gate is hard in saturation due to high
Vee, ground noise signals will probably exceed the im-
munity defined by this equation before they reach a level
tending to turn off the drive gate. As the Ve is reduced,
the load current in the output transistor will decline

not sufficient to make the input voltage rise from Ver
(max) to Vrr(max) and, therefore the output of gate 2
will remain unchanged. However, the pulse at B will
cause the input level to rise above Viz(max) and, con-
sequently, gate 2 may turn on, and its output voltage
falls undesirably.

When gate 1 output is high, the output voltage is guar-
anteed to be greater or equal to Vou(min) under the
specified worst ease conditions. The noise signal at C
will not make the signal level fall below Vip(min). Gate
2 will therefore maintain a low output level. However,
the pulse at D may cause gate 2 to turn off, and its out-
put voltage rises undesirably.

FIG. 2
“HIGH" v, c o
SIGNAL ] [ VoML
LEVEL Vip (M)
ViL(Max)
“Low” | I [ Vi
SIGNAL ‘'t A s VoL tMax)
LEVEL
IMMUNITY
with a corresponding decrease in Vor. The gate is still

hard in saturation and we obtain a gain in noise immu-
nity. However, as Vee is lowered further, the gate reaches
a region of soft saturation and the ground noise signal
may turn off the drive gate. The gate amplifies the ground
noise signal and the noise immunity is significantly less
than | Vy.(max) — Ver(max) |. Each of the curves shows
Vu, the worst case of Vyg and Vs,

As an example, the curves for a fan-out of 7 show a worst
case Vy = Vg of 200 mV at Vee = 4V and —55°1". This,
however, corresponds to a worst ease signal noise immu-
nity of | Viz(max) — Var(max)| = 500 mV for the same
fan-out temperature and Vee. This happens beeause Vys
only adds to Ver(max) but Vye deprives the output tran-
sistor of the drive gate of base current, thus turning it off.



NOISE IMMUNITY

FIG. 3 FIG. 4
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PROPAGATION DELAY

AVERAGE tpdVS. TEMPERATURE
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PROPAGATION DELAY

TIME DELAY VERSUS CAPACITIVE LOADS

(THRESHOLD = +1.5 V. T = 259C, Vece = +5.0 V)

FIG. 19
2K PULL-UP RESISTOR

FIG. 20
6K PULL-UP RESISTOR
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FIG. 21
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=

ADDITIONAL DELAY TIME CHARACTERIZATION INTO CAPACITIVE LOADS

The eurves on page 10 give extensive delay characteri-
zations as functions of Vee, temperature, fan-out and
ratio of active to inactive fan-out. For each fan-out, active
or inactive, 5pf wiring capacity was added. This page
will show the effects of greater wiring capacities.

Most delay attributable to capacitive loads is associated
with the positive going output. Two R-C time constants
are seen in the positive going output, as shown in the
pictures below. In the 1st time period, from the satu-
rated low level to threshold, the R of the R-C time con-
3.75K0

stant can be given by 61XQ in parallel with e

Above the threshold which oecurs at about 1.4 to 1.5

FIG. 22

9 STAGES SCOPE

N\
£ i
L} C [+
4 f‘ 4 4

as

B

volts at 25°C, the R of the 2nd R-C time constant is
612 and the rate of the voltage rise above threshold is
slow. The logic signal propagates through at the thres-
hold level; so voltage rise above threshold does not affeet
speed. By noting that both rise domains drive toward
Vee, the voltage rise waveform may be caleulated. MIC
930, 932, 933, 936, 937, 946, 949, 961, 962, 963 are ~ 2pf
per input for active or inactive fan-out; the remaining
capacitance is from board, wiring, and connectors. Gates
with 2IX2 pull resistors should be treated similarly.

The tu average curves, with one active fan-out, Fig. 23
below, gives the prediction of capacitive effects on
switching speeds. In Fig. 22 below each output has 1
active fan-out, which is worst ecase.

FIG. 23

tpd AVERAGE VS. CAPACITY
MIC 930, 946, 962. (+25°C)
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TRANSFER CHARACTERISTICS

TRANSFER CHARACTERISTICS
TYPICAL CHARACTERISTICS, FAN-OUT =7, Vicc =4V

FIG. 24 FIG. 25
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TRANSFER CHARACTERISTICS

TRANSFER CHARACTERISTICS

TYPICAL CHARACTERISTICS, FAN-OUT=0, Vcc=4V

FIG. 28 FIG. 29
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OPERATING VOLTAGE PARAMETERS

VoH, Vi, VL, VoL VS TEMPERATURE, Vec=5V
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DC CURVES

AVERAGE POWER DISSIPATION VS. TEMPERATURE FOR GATES

FIG. 34

TEST CIRCUIT
Ia

AV. POWER DIS5.=

Vee la
2

FIG. 35

2K PULL-UP RESISTOR
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NOTES: 1. Fig. 33, 6K pull-up curve for MIC 930, 936, 946, 962; 2K pull-up for MIC 937, 949, 961, 963.
2. Fig. 35 applies to MIC 037, 949, 961, 963 only.

TYPICAL-MAXIVIUM I CURVES FOR GATES

FIG. 33
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OUTPUT CURRENT VS.OUTPUT VOLTAGE FOR 930, 936, 946,962.
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DC CURVES

OUTPUT LOW CURRENT VS.V:cOR V.. FOR MIC 930,936, 946,962.

FIG.41
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EXAMPLES OF USES FOR THE MINIMUM-MAXIMUM DC CURVES

EXAMPLE 1.

A low MIC 930 output at —55°C fans out to 8 inputs of MIC 930 or 932.
Vee=5V, Positive DC ground noise (Vyg) of 350 mV is applicd to the 1st
930. Its output may thus rise to .75 Volt (Vye+Var). 4.65 Volts (Vee—Vyg)
remain from Vee pin to ground pin; this is above Veer=4.50 V, and test Ioy
is conservative. Maximum current flowing out of each input of the 8 930/932's
is given by Fig. 38 on Page 14 with Ve =0.75V and Vee=5V; the current (Ir)
is less than 1.25 mA and total current (<83 1.25= 10 mA) is less than the
1o test current used at —55°C to saturate the low output. Above the 350 mV
of Vg already applied, the difference between the common node voltage
(=.75V) and the low input threshold (Vi=1.10V) of the 8 930,/932's is still
=350 mV, allowing for signal noise to be superposed above ground noise.

FIG. 45

Vee 7
!

BMIC 530

> or
932 GATES

g

Vg

o
Ly

EXAMPLE 2.
The Ir and I oz curves on Pages 12& 13 may be expressed in analytical form, as
follows: Ip (930 and 932) < l‘-‘ﬁ—-;—(’é—vi? Ta <25°C.
For T, greater than 25°C, the 3K rises by 0.129;/°C to approximately
33610 at +125°C. Vpp is the temperature dependent silicon forward diode
drop and is about 0.70V at 25°C and 1 mA. AVep/°C is roughly 1.8 mV/°C.
The ratio of Iz, on 930 (Figs. 41, 42, and 43) at Vee below test Ve, to Loy
at test Ve ean be given by
low @ —55°C = Yee—3.0V
Test Lot @ Vecr=4.5V = 4.5V—-3.0V

and by

Ior @ 25°C s Veo—2.3V
Test Ior @ Veer=4.5V = 4.5V—2.3V

Since, at 25°C, [5.>12 mA at Veer=4.5V is guaranteed by the device spec-

ifications, Loz, at Vee pin to GND pin voltage of 3.6V 3(3'6_2'3')12 mA =

4.5—2.3.
7.1 mA.

The similar expression for the 932 gives a very conservative value due to the
phase splitter gain. Above Veer, Too is limited by Voo with an essentially

resistive Gﬁ’—' saturation mistnnee) slope. Fig. 44 at +125°C shows this,
oL
with Vee having relatively small effect.

EXAMPLE 3.

The test sequences and tables of conditions and limits, use two values of Ve,
Veer and Veen. With & nominal 5 volts Ve, for example, and assuming
AVep= £ 2V, testing at Ve, 5V and Veey =55V allows simulation of a
0.3V ground noise Vg or Vee line noise Vyg. Sinee there is gain associated
with Vo (refer to Page 7), particularly at lower temperatures and Vec values;
the test guarantees of output low current and voltage are the worst case test
conditions to simulate worst case ground noise. Much better numbers could
be shown, for example, in the ratio of output current to input current (Los/Ie)
if both Lo and Ir were measured at identieal Vo values and if input current
was sunk into Ve =V, the worst case low output level, or even into Ve=Vy,,
the input threshold value. However, the test values would then guarantee
only signal line noise immunity, where there is no gain associated with Vys.
By use of the Minimum/Maximum DC curves on Pages 12 & 13 or by the
Example 2 equations, limits for the single Vee u.'sr.mg nppmnch u:-u]d be
recovered, More important, each design or
the fan-out, power, and noise margin tradeoffs for lhls unigue spphcm.mn

FIG. 46
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GATES

DUAL FOUR—INPUT GATE MIC 930
FAST DUAL FOUR-—INPUT GATE MIC 961

DESCRIPTION

The MIC 930 and MIC 961 elements are dual four-input NAND/NOR gates.

In addition to performing the positive NAND and negative NOR logie functions, the gates can be
cross-coupled to form a flip-flop or the outputs can be tied together to perform the ‘“‘wired OR”
function. Both gate inputs may be extended using MIC 933 elements to allow increased fan-in.

The MIC 930 incorporates a 61X output pull-up resistor which allows for a fan-out of up to 8 DTL loads.

The MIC 961 incorporates a 2K output pull-up resistor which typically results in a 309, faster rise
time with capacitive loads at a fan-out of up to 7 DTL loads.

CIRCUIT SCHEMATIC

R;=2.0 Ko
A, TYPICAL  R.=1.75 Ka
ao oo RESISTOR  R,=5.0 Ko
: : e :l VALUES  R:=06.0 Ko (930)
o ‘: 5 R.=2.0 K2 (961)
X o — Y
TRUTH TABLE
POSITIVE (NAND) LOGIC NEGATIVE (NOR) LOGIC A clol x|le
Aey— Bﬂ:g: G | J Y F
e ctn EF) HEE e Rl
Dld) —— B:td)
X0 X 0 1 1 1 1 1
TN W ] 5 o O Y
E=A-B+C-D-* (X E=A+B+C+D+ (X E ) O L |
F=G-H+l-J+(V) F=GFtHFIFI+M O S A 5 e N (S
NOTE: Positive logic is used in specifications 1]j1r )1 ]1]0]1
o|lo|o|of|lof1

115 HIGH VOLTAGE
0 1S LOW VOLTAGE

FLAT PACK SIMILAR TO TO-5 DUAL IN-LINE
Vee
a i N
U — Ir [ T e e
o2 5’ . 18!
i 3 7 B :‘f :‘.?I
€=l =R
° - o i
De==3 ==l E é ;nﬁ
5 ] [ o T ]
i 7 i W
N I
T ] »
oD
TOP VIEW TOP VIEW TOP VIEW
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GATES

ABSOLUTE MAXIMUM RATINGS"

UNITS
Supply Voltage (Vee), —55°C to +125°C, Continuous.........ooooeiieeevennoeoovnneonio—.5t0 +8 | Volts
Supply Voltage (Vee), Pulsed, <1 8CC. .. ouiriamsisvnrses e s ssoter et s +12 | Volts
OutDUL Crrent, IrtoT Oubputs oo i b o b o ¥ o S B e s s b S R e mA
Input Forward Current..................... —10 | mA
Input Reverse CUFFCNt. . ..ot ivune s i s s s s e s s e s s e s 3 s e e s e s e 1 | mA
Operating Temperature....... ...—55to +125 | °C
Storage Temperature.............. ..—65 to +150 | °C
Operating Junction Temperature®. . . s AT | 0
Input Voltage Applied:bo: TPt e imm s s s b s s e S 3 s —15to +55 | V
Yead Temn: . Coldermie: BOBEEY ommdin bemmmpmeimommimt bt ettt obom by brd oo mce o 300 | °F

NOTES: 1. Above which useful life may be impaired.
2, Allow 200°C/Watt 6y for TO-5;300°C/Watt 6y for 14" x 14" fatpack and dual in-line. Allow 50°C/Watt 87 _¢ for TO-5; 180°C/

Watt 0s_¢ for 14" x 14" flatpac

or air flow and on lead attachment and thermal paths thru leads, as well as number of soldered leads.

d dual in-line. Heat removal in 14" x 14" fAatpack is highly dependent upon contact surfaces

SUMMARY OF MIC 930 AND 961 CHARACTERISTICS (25°C)

FULL LIMITED
P Note | TEMPERATURE RANGE | TEMPERATURE RANGE |  ypit
Alin. Typ. Max. Min., Typ. Max,
Operating Supply Voltage 1 4.5 5.0 5.0 5.0 Volts
Network Dissipation 930 2 17 32.5 17 40 mW
961 25 54.5 25 59
Loading D.C. fan-out 930 8 8 DTL Unit
961 T 7 Load
Output Logic  ‘I" (High) 930 2.6 2.6 Volts
961 2.6 4.3
‘0" (Low) 930 0.4 0.45
961 0.4 0.5
Input Threshold ‘I’ (High) 3 1.9 1.9 Volts
‘O (Low) 1.1 1.1
Propagation tpat 930 4 25 80 25 80 Nano-
Delay Time 961 15 50 15 50 Second
tpa— 930 10 30 10 30
961 10 30 10 30
Noise Immunity 5 0.35 > .50 0.35 >.50 Volts

NOTES: 1. Exact specification limits for operating temperature range may be obtained by reference to the appropriate test.
tate, fan-out = 0.

oo R

. Power supplied from Ve supply (Voo = 5V) during “ON"
. Input threshold voltage is defined as the minimum (or maximum) voltage at the cireuit input to guarantee a low (or high) output.
. Propogation delay time terms (tza+ and tye—) are described in the tpg test eircuit, Page 8.
. Bee Noise test eircuit, Page 7,and Loading Factors, Page 5,

MIC 930 TIME DELAYS VS. CAPACITIVE LOADS

FIG. 47 FIG. 48 FIG. 48
VTHRE SHOLD Tas-s8°¢ VIHRESHOLD VTHRESHOLD
2 8v Vee=s0v " 12v _A i 15V
o T +
o Ths 125°C T Ta=25°c - cl
;1,y Vec-sov  [1ed " Vecssov | /
g 60 - & g 60 & 60 P
- =
: 14 - I gt B S £
2 40 A n B a0 B sl £ a0 L -
3 7 permemet—— £ = 1pd® READOLL
=] aKn =
20| tpd = 4000 <R 20 tpd~ 400 £ <ReAK L— 20 154~ 400N <REARD
! ; | (I ;
0 20 40 6 80 6 20 40 60 8O c 20 40 60 60
CAPACITANCE - pt CAPACITANCE-pt CAPACITANCE- pf
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GATES

TEST SEQUENCE

Abbreviated Test Sequences for the 930 and 961 elements are shown below. The
ground pin is grounded on all tests.

fiw FORCING CONDITIONS LIMITS
Test Pin Pin Pin Pin Pin Pin
No. Notes | A(G) [ BH)[ C(I) [ D) | X(Y)] E(I) Vee Sense Min, Max.
1, (2) Viu Viu Viu Viu Low Veer Ve (Vi) Vo.
3,4,5,6
(7,8,9,10)| 2,3 | Vi Vi Vis Vi —lLon Veer Ve (Ve)| Vou
11, (12) Ve GND | GND | GND Veen Li (Ig) [z
13, (14) GND | Vz GND | GND Veen Is (In) Iz
15, (16) 3 GND | GND | Vg GND Veen Iz (Ip) [ 5
17, (18) 3 GND | GND | GND | Vg Veen Ip (L) %
19, (20) Ve Ve Ve Vi Veen Ls (Ie) —Ip
21, (22) Ve Ve Vz Vi Veen Is (In) —1Is
23, (24) 3 Ve Ve Ve Vi Veew Ie (I) — 1w
25, (26) 3 Ve Ve Vi Ve Veen 1 (1) —Iz
27, (28) GND Verx Veex Ie (Ix) logx
29, (30) GND GND | Veen Ig (Ip) | —Ige —Isc
31 Ve Lvee I
39 4 | oND Vina®) | Tne I(max)
33, (34) 3 Vx | —Ion Veer Ve (Ve)]l Vou
35, 36 tpt, ta— —See table of test eireuit conditions and limits, Page 17
37, (38) Ve Ve Vi Vi Veer 1. (1s) —Ip
39; (40] VN Vr Vl'r VR v-'r'!. In{IH) —"Ii'z
41, (42) 3 VN V].‘ VF VJ.' V\"r'L Il(]}} _'Il\‘u
43: (44) 3 VR VR VR V:‘ V!'r'h In(L) _]!':
45, (46) Viu Vin Viu Vi Logs Veen Vi (Vi) Vot
47 6 GND | GND | GND | GND Vin L Lons
NOTES:

1. Both elements are dual “NAND” gates; therefore, the test sequences for each are identical. Tests on each side of the dual are identi-
cal; therefore, matching test and pin numbers are shown in parentheses.

2. V  applied individually to 1 input each test, Other inputs open.
3. Delete these tests for 10-pin TO-5 package: 6, 9, 10, 16, 17, 18, 24, 25, 26, 33, 41, 42, 43, 44,
4. Ground one input on each gate.
5. Tests 37/47 apply to full temperature range only.
6. Ground all inputs simultaneously.
FORCING CONDITIONS — 930,961
FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter Units —55°C | +25°C | +125° C | Parameter Units 02C +25°C | +75°C
V(max) Volts 8.0 V (max) Volts 8.0
Veo Volts 5.0 Ven Volts 5.0
Veen Volts 5.5 5.5 5.5 Veen Volts 5.0 5.0 5.0
V(,'cf, Volts 4.5 4.5 4.5 VCCL Volts 5.0 5.0 5.0
Vr Volis 4.0 4.0 4.0 Vr Volts 4.0 4.0 4.0
Vi Volts 0.4 04 0.4 Ve Volts 0.45 0.45 0.5
Veex Volts 45 Veex Volts 5.0
—Lou(930) mA .18 18 A8 |—Ion mA 12 22 12
Tor, 930 mA 12.0 12.0 12.0 Tor 930 mA 12.0 12.0 11.4
1on, 961 mA 10.8 10.8 10.8 Ion 961 mA 10.5 10.5 10.2
Vi Volts 1.4 1.1 0.8 Vi Volts 1.2 1:1 0.95
Viu Volts 2.1 19 1.7 Vin Volts 2.0 1.9 18
Vi Volts 1.8 Vax Volts 1.8
_‘Im: (961) mA 0.54 0.54 0.54
Tor- (930) mA 15.0 15.0 15.0
Lor: (961) mA 13.5 13.5 13.5
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TEST LIMITS

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter | Units —55°C +25°C +125°C 0°C +25°C +175°C
MIC 930 Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Vo Volts 40 40 .40 45 45 .50
Vou Volts 2.5 2.6 2.5 2.6 2.6 2.5
1z uA 2.0 2.0 5.0 5.0 5.0 10.0
=T g mA 1.5 1.5 1.4 1.40 1.40 1.33
Teex wA 50.0 100
—Ise mA 610 | 134 | 610 | 134 | 535 | 1.30 | .610| 1.30 | .610| 1.30 535 | 1.25
I({max) mA 5.50 8.0
IPDH mA 6.50 8.0
— I mA 1.16 1.16 1.08
vm,g Volts - | 4 4
Tint mA 2.0 2.94
MIC 961
Vou Volts 40 40 45 0.50 0.50 0.55
Vou Volts 2.5 2.6 2.5 4.3 43 42
Ig kA 2.0 2.0 5.0 5.0 5.0 10.0
. mA 1.5 1.5 1.4 1.40 1.40 1.33
Teex pA 50.0 100
—Ise mA 2.1 3.7 2.1 3.7 1.86 3.28 1.85 3.68
I(max) mA 5.2 5.72
IPDH I'I'J.A. 109 118
— L mA 1.16 1.16 1.08
Vore Volts 4 4 A
Iroe mA 2.94
PROPAGATION -

DELAY Tpd TESTS :

FIG. 50

RELIABILITY TESTS

PERFORMED DURING ITT

RELIABILITY PROGRAM
MEASUREMENTS OF THE FOLLOWING
PARAMETERS ARE RECORDED:

Parameter | Test Sequence Number on Page 16

tpd TEST CIRCUIT

" ih

S

_‘r I_rQW

T
L CF &

e

tpa— of 930, 961 elements will be read
from input at 1.5 V.

All diodes IN916 or equivalent.

Ci and C: includes probe and jig capaci-
tance.

VThreshold= 1.5V at 25°C; at other tem-
peratures VThreshold will be stated,

TABLE OF CONDITIONS & LIMITS tpd TESTS

(See Test Circuit.)
o = Bo ‘

(Voo =30l = 80 5 e Wk
R (pf)  (nsec) (nsec)

tp+ 930 39K 30 25 80

tpa— 930  400Q 50 10 30

tpa+ 930 400 @ 50 15 40!

tpa— 930 39K 20 5 2p!

tpat 961 39K 30 15 50

tpa— 961 400 2 a0 10 30

NOTE: 1. Correlating limit provided as design
information only.

FiG. 51 LIFE TEST CIRCUIT
Y rrh = :

Vo
Vou
Ie

I
I({max)

GHD

#1

#4
£15 & $16
#20 & $25

432

NOTE:

Veo= +5.5 Volts
Circuit may have any number of units connected like “A”,

Ambient Temperature= +125° C

with one connected like “B", The eircuit must contain an
odd number of gates in series in the ring.
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DUAL FOUR-INPUT BUFFER MIC 932
DUAL FOUR-INPUT POWER GATE MIC 944

DESCRIPTION

The MIC 932 and MIC 944 elements are dual four-input NAND/NOR buffer and power gates
respectively.

Both elements have typical output currents of up to 100 ma. This enables them to provide much
higher fan-out than a typical NAND/NOR gate. Both elements are extendable. The MIC 932 in-
corporates an emitter follower pull-up which ecombines high fan-out with superior capacitance
driving capability.

The MIC 932 cannot be externally connected to perform the “wired OR" logic function. The MIC
944, which does not incorporate the emmitter pull-up, can be used either as a high fan-out interface
driver or low power lamp driver. The output can be tied to an external pull-up resistor and returned
to a supply voltage of up to 12 volts. The supply may be located near the output or at the far end
of an open transmission line or twisted pair interconnection. This allows the MIC 944 to be used as
a line driver.

The MIC 944 can be externally connected to perform the “wired OR" logic function.

CIRCUIT SCHEMATIC
(ONE GATE ONLY)

185x

TRUTH TABLE

& o—t+—{ AlB|c|Dp|xfE
o [ em—— 063K G H ] J Y F
mMic 832 MIC 844 s NS EREER
POSITIVE (NAND) LOGIC NEGATIVE (NOR) LOGIC ol Jufefefs
: Gl T 1 O !
a16) — AlG)
== g5 o o S
Did) — Did) o] | ] a A
X1 x(v) ] oA ] e o
E=A+B-C:D-(X) E=A+B+C+D+ X pjo-jolojegl
- C L F e e e e LT M ¥ e == 115 HIGH VOTAGE
F=G=+H=+Il+d:+1LY) F=G+H+1l+ 3+ (N Lo NOLTAGE
NOTE: Positive logic is used in specifications
FLAT PACK SIMILAR TO TO-5 DUAL IN=LINE
&5 1 I il e \
85 = = a1 a4 ARl acc
] [
hi__ IZEI B2 81 Kf 72!
C'4= 2 f cs ="Y
L I— s °F [7o"
b= o " €3 7y £ =6
B - ot % - oD = = F
GHD = it sin
TOP VIEW TOP VIEW TOP VIEW
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ABSOLUTE MAXIMUM RATINGS"

UNITS
Supply Voltage (Vee), —55°C to 4125°C, Continuous. .......oovveoviioivnnnineeseeeian =0 10 +8.0 | Volts
Supply Voltage (Vee), pulsed, <10 SEC.. ..o e ci it +12 | Volts
Output Current, into Outputs, Continuous. ..o i s e eee Lo | T
Qutput Current, into Outputs, pulsed, <30 milliseconds. .. ... ... .. I 300 | mA
Input Forward Currenb i eose i s i i s s i 0 B OO s e i —— 1 B
TR TRAVETER CRIEFBIY 0o vimrsiesp st s s st s e s s e b s s sy oanas (11 | 4mik
Opr'mtmg\mb](ntTnmpulml R R R L 1~ 14l 2 £ | R &
S ora e BoRIPRIIIIC s covons mommvsnss mov wmmsr g e s sty T 0 T e A A e TS —65 to 4150 | °C
Operating Junetion: TermperatireRo . s o iimism e Vs i s A e b e s s e T R G
Input Voltage Applied £0 INPUE « . ov vttt et —1.5to0 +5.5 | Volts
Lead Temp. (soldering; 60:Se.) < v viin ey v e dari sliaslis o s n 3 e i b s i S s i s 300 | °C

NOTES: 1. Above which useful life may be impaire

2. Allow 200°C -"“ atty_4 | for T0-5; 300 Watt 0.4 for 14" x 4" fl: llp wk andd dual in-line, Allow 50°C/Watt 8. for TO-5; 180°C/
Watt d7-¢ for 147 x 14" flat sack and dual in-line. Heat removal in 14" x 14" flatpack is highly dependent upon contaet Lurfaces
or air flow and on lead attachment and thermal paths thru leads, as \\{!l as number of soldered leads.

SUMMARY OF MIC 932 AND 944 CHARACTERISTICS (25°C)

FULL LINMITED
Parameter Note |TEMPERATURE RANGE | TEMPERATURE RANGE Unit
Min. Typ. Max. Alin. Typ. Max.
Operating Supply Voltage 1 4.5 50 5.5 5.0 Volts
Network Dissipation 932 2 56.0 133.0 6.0 150.0 mW
944 4.0 1000 44.0 100.0
Loading D.C. Fanout 25.0 25.0 | DTL Unit
Load
Output Logie ‘1" (High) 932 2.6 2.6 Volts
044
O (Low) 932 0.4 0.45
944 0.4 0.45
Input Threshold ‘1" (High) 3 1.9 1.9 Volts
‘0’ (Low) 11 11
Propagation tpdt+ 032 4 25.0 80.0 25.0 80.0 Nano-
Delay Time 944 15.0 50.0 15.0 50.0 Second
Lt — 032 15.0 40.0 15.0 40.0
0444 10.0 34.0 10.0 35.0
Noise Immunity B 0.35 >0.5 035 | >0.5 Volts

NODTES: 1. Exaet specification limits for operating temperature range may be oblained by reference to the appropriate test.
2. Power supplied from Vee (5V) during “ON" state fun-out = 0.
3. Input threshold voltage is defined as the minimum (or maximum) voltage at the eireuit input to guarantee o low (or high) output.
4. Propogation deluy time terms (tpa+ snd tpi—) are deseribed in the tp test cireuit, Page 8.

See Loading Factors, Page 5.

=
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TE ST SEQU ENCE Both elements are dual “NAND" gates; therefore, the test sequences for each are identical. Tests on

each side of the dual are identical; therefore, matching test and pin numbers are shown in parentheses.

Test PinA | PinB| PinC | PinD | Pin X | Pin B LINITS
No. Notes | (G) (H) (I) () (Y) (") Ve Sense Min, Max.
1, (2) Viu Vi Viu Vin Lot Veer Ve(Ve) Vo
3,4, b, 6,
(7,8,9,100 | 1,3 | Vi Vie Vio Vie Lon Vers, Ve(Ve) | Vou
11, (12) Vi GND | GND | GND Veen Li(Ig) |
13, (14) GND | Vg GND | GND Veen (1) Iy
15, (16) GND | GND | Vi GND Veon To(ly) s
17, (13} GND GND GND \'ﬁ' \'{'r'u IU(IJ) I.r.'
19, (2{]) \"'.u \'b.q Vi \bu Vf't'n 1.1{1(:) Ie
21, (22) Vi Vi Ve Vi Veen Lu(Lu) I
23, (24) Vi Vi Ve Vi Veen Ie(Iy) Ip
25, (26) Vi Vi Vi Ve Veen In(Ls) I
27, (28) 3 GND Verx Ve [e(1g) Loy
29, (30) 200 GND GND Yeon Le(Ip) Ise
31 Ve Tvee Lepg
32 2, GND Vimax) Liee Iimax)
33; (34) 3 Vi Lo Veer Ve(Ve) Vou
35, 36 tpit, bpe—  See Table of test eiveuit conditions and limits, Page 21
35, :Sﬁ, 37, 38, I_. 4 \";,r_ \'.”, Yz \.H, V(_':-,',\' Veen l}(l}) Legx
(39, 40, 41, 42)
13, (44) 4 Vy Very Veou Te(le) Legx
5!5, (‘”J) 4 GND lr'z{ Veen \-’;_-(\";‘) LVer
47, (48) Ve Ve Vi Vi Ve, L. (1s) —Ips
49, (50) " Ve Vi Vi Veer 1 (L) gt
51, (52) Vi Ve Ve Ve Veer, I.(1)) ~Ip,
53, (54) Vi Ve Vi Ve Ve In (1) —L
54: (55) vuf Vm Vm Vm Ir.;,: Vrr.-u V;:(VF) Vu;.:
56 6 GND | GND | GND GND Vin Lice Tene

NOTES: 1, vV applied individually to 1 input each test. Other inputs open. 2. Apply GND to both pins A and G. 3. MIC 932 only.
4. MIC 944 only. 5. On 10 Pin TO-5 units, pins D, X, 1 and J are omitted, Thus tests 6, 9, 10, 16, 17, 18, 24, 25, 26, 33, 38, 41,
42 and 43 do not apply. 6. Ground all inputs simultaneously. 7. Tests 45/56 apply to full temperature range only.

FORCING CONDITIONS

IFULL LIMITED
Parameter Units | TEMPERATURE RANGE [ Parameter | Units TEMPERATURE RANGE
—55°C +25°C +125°C 0°C +25°C +75°C|

Veen Volts B 5.5 5.5 Veen Volts 5.0 5.0 3.0
Veer Volts 4.5 45 4.5 Veer Volts 5.0 5.0 5.0
Verr (932) Volts 4.5 Vorx(932) Volts 5.0
Varax Volts 8.0 Vit Volts 8.0
Ven Volts 5.0 Vien Volts 5.0
Vi Volts 2.1 1.9 17 Vin Volts 2.0 1.9 1.8
Vi Vaolts 1.4 1.1 0.8 Vie Volts 1.2 ol ¢ 0.95
Ve Vaolts 0.4 0.4 0.4 Ve Volts 0.45 0.45 0.5
Ve Volts 4.0 4.0 4.0 Ve Volts 4.0 4.0 4.0
Vx Volts 1.8 Vx Volts 1.8

—Ion (932) mA 2.0 25 4.0 —Ton (932) mA 2.0 25 3.0
Iy, mA 36.0 36.0 36.0 Loz mA 36.0 36.0 34.0
Lots mA 37.5 375 37.5 Lo
Iew (944) mA 5.0 5.0 5.0 Ier (944) mA 5.0 5.0 5.0
Vesx (944) | Volts 4.5 4.5 4.5 Verx(944) | Volts 5.0
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TEST LIMITS

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter Units —55°C +25°C +125°C 0°C 1-25°C 1-75°C
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Vor Volts 0.4 0.4 0.45 0.45 0.45 0.5
Voun (932) | Volts 2.5 2.6 2.50 2.6 2.6 2.5
Ix A 2.0 2.0 5.0 5.0 5.0 10.0
—Ip mA 1.6 1.6 1.5 1.4 1.4 1.33
—Isc (932) mA 16.0 18.0 16.0 15.0 16.0 14.0
Ippi (932) | mA 26.6 30.0
IPDH (94‘1) mA 200 200
—T3rax (932) | mA 6.0 8.0
—Tax (944) | mA 6.0 6.0
Tepx (932) | wA 50.0 100.0
Tepx (944) | pA 50.0 100.0 200.0 100.0
LVeg(944) | Volts 6.0 6.0
—1I mA 1.16 1.16 1.08
Vot Volts 4 A4 A
Imu, mA 2.94

CIRCUIT FOR MIC 832

FIG. 52 PROPAGATION DELAY
tpd TESTS

TABLE OF CONDITIONS & LIMITS tpd TESTS
(See Test Cireuit.)

(Vee =5V, T =25°C) R C Min. Max,
1 () (pl) (nsec) {nsec)
All diodes 14916 or equivalent. = tpd+ 44 al0 20 13 50
C; and C includes probe and jig eapaci- tya— 044 150 100 10 35
hanoe. tpat 932 510 500 25 80
CIRGUIT FOR-MIC 344 bpi— 032 150 500 15 40
F":':- 53 tpat 044 150 20 10 35 (1)
tpd— 0944 s10 20 5.0 20(1)
tpat 932 150 500 20 65 (1)
tpa— 932 510 200 5.0 30 (1)

NOTE: 1. Correlating limit provided as design information only,

€y and C includes probe and jig ::.apaci-

tance. TYPICAL tpd VS, CAPACITY
FIG.54 MIC 932, 344 FIG. 55 MIC 944 FIG. 56 MIC 832
1 T
Tt 25°C [5] |o it Vee 250y
2 Veg 50V L% [aeont R=510 0
160
/ Ty =25°C 1‘9/ a0 y /
Vo T6.0V P 535
=0 Resion L7 [~ d Veg=6.0V 7
o 120 70 R=5100
© L~
§ / a £ § y,ﬁ/{
.;; | — % @0 e e /"’cc“‘ Lo
bl — e B = T — " R=is0q
3 - o
Vog: 4.0V R=400£L P s
cC a0 = 30~ Vg 60V
—R=150 0 A=I00L e R=IS0.0 -
3 | hiEd [ ] . [ 1]
100 200 500 1000 o 26 40 80 B0 00 200 500 1000
CAPACITANCE - pf CAPACITANCE =pf CAPACITANCE -pf
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ADDITIONAL CHARACTERISTICS

FIG.57 TYPICAL POWER DISSIPATION FIG. 58 DTL INPUT THRESHOLDS FIG.58 TYPICAL OUTPUT CURRENT
PER SIDE VS. SUPPLY VOLTAGE VS. TEMPERATURE (932, 944) WITH INPUTS LOW [(932)
(OUTPUT NOT LOADED) (932, 844)
25° C ALL INPUTS HIGH _J—] l
-1 /"-
x % = V,yy TEST POINTS s |
: B % A ) __....-—‘"’M 7\ ‘é 20 \,\ \t"‘;‘ ;
Bl 20 i \ N &
E ..-,// 944 ' “a g 15 N S
& @ 3 :
a 10 1 & ___4—-"" 'g : Iggmin. ;
B8 ol S L. Vi TYPICAL =1 TEST PONT N, &
5 so0 ‘:"e.// s \m TYPICAL £ g o (V-85 vl,
z = \4 — 3 Vo -45V)
[ o —————— S S50} TEST POINT &
. ONE OR MORE INPUTS LOW E N
2 20 Vi TEST POINTS = ViLs WY o \‘
o ‘ | | 0 ] X lgn! e
10 40 50 60 -55 25 725 C © 20 30 40
V- SUPPLY VOLTAGE-VOLTS TEMPERATURE-°C VOUT-OUTPUT VOLTAGE-VOLTS
FIG. 60
W
WL"L lour
:I.%UT
FIG. 61 FIG.62 1IgMIC 932,944 FIG.63 1IgMIC 932,944
MAXIMUM VS. TYPICAL MAXIMUM VS. TYPICAL
T, = —5°C & +25°C) (V, =OVaV, = 750V T, =+125°C)
TEST PONT~ |~ TEST POINT
v g ) 5
cc 5 ! 1
o /%w‘t-’
Wl A
- F i Lo Lt % i S
o e P : B
= = ;’ B - /
- -
GI‘% & L e fﬂ
. T 035 T
v = — Ve=o0V — vproov
I == Vp= .T5OV ——Vp® TSV
= 0 1 | 0 I I
= 35 40 45 50 55 0 35 40 45 50 55
Vec-voLts Vee - voLTs
FIG.64 TYPICAL OUTPUT LOW FIG.65 TYPICAL OUTPUT LOW FIG.66 TYPICAL OUTPUT LOW
CURRENT VS. SUPPLY VOLTAGE CURRENT VS. OUTPUT VOLTAGE CURRENT VS, OUTPUT VOLTAGE
{(~55°C and +25°C) (832) (+125°C) (@32) (+125°C) (944)
I M ] < <
T 2sec | 7] ¥ £ ;
B TEST POINT =R e Ta»125°C
'E — I&J 2 E 120
E e 5 g Xy
5 Q (%) ‘\-l
(5] a0
z 30 z e0 z 59“ T cat
= - - 0 il
e 2 = 5 A Sal
z z z & TEST POINT
£ £ 40 i £ 40
3 1o 5 V= g =
2 3 Veo” “I = Vg |
20 % oz 04 06 % oz 04 08
VCC— SUPFLY VOLTAGE-VOLTS \"0;_ =QUTPUT VOLTAGE-VOLTS VUL“ OUTPUT VOLTAGE-VOLTS
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FIG. 67
Vee -
o] oL
Vin
932
VoL

MISCELLANEOUS APPLICATIONS

NOTE: In some of these applieations, use of the elements is made within the design of the element but beyond the guaranteed test limits on
page 23, Consult your sales representative for additional information snd/or selection requirements.

FIG. 68
5V Voo 63 LAMP DRIVING

Suggested Ratings T, <75°C: Power Dissipation TO-5 400 mW
Maximum—Power Dissipation Flatpak 240 mW Maximum.

L]

5V. T0OmA LAMP .

OR EQUIVALENT Maximum “hot”” lamp eurrent Maximum “hot” lamp current
UZG:?C _— 120 mA TO-5  one side only ON 90 mA TO-5  both sides ON
OR 944 100 mA Flatpak one side only ON 75 mA Flatpak both sides ON

“Cold" lamp current is limited by saturat ion resistance, emitter resistance, and base current to about 200 to 250 mA.

The most significant thermal time constants for 932 and 944: TO-5 Package 50 msec Cerpak 100 msee.

Thermal time constant is measured by forward diode drop in one gate with power pulsed into opposite gate. A high current 8 selection is
desirable in this application.

INTERFACING POWER GATING
FIG. 69 FIG. 70
B+ ARy [ L.
R Vee
S
- LINE —T .
! | e RECEIVER T
=] HARNESS
] {T%Igrg-PHE:R: RECEIVERS ™ | omen
2 944 | “noisy | | o Sas
[ENVIRGMENT
_____ -
4 - . - » CARD N =
B+ up to 12 volts. Line Receiver may have nominal low level <1 volt; nomi-
nal threshold = 4V and nominal high level =8V, for example. Resistor _
selected should be as low as possible consistent with required low input level
of receiver, number of receivers, and power dissipation of system. lor a Each output driver is 14 MIC 944. Note that

ruaranteed Von level above 6 volts, an LVeg selection may be desirable; for the MIC 944 is a direct high fan-out replace-
!-'“ rm] - e ? ', 7 _' e ¥ . \l,l able; for ment for MIC 930, exeept that an external
use of resistor that requires the 944 to sink more than 40 mA (at Vor above  resistor must be used.

.40 volt), a high current 1y, — Vg selection may be desirable.

RELIABILITY TESTS LIFE TEST CIRCUIT

PERFORMED DURING ITT
RELIABILITY PROGRAM

FIG. 71
MEASUREMENTS OF THE FOLLOWING
PARAMETERS ARE RECORDED: - vee
Paramcter Test Sequence Number on Page 20 | “u i
932 Vo # 13
Vo # § L
In £15 & £16 . .
Ir £20 & 525 . .
Luax #32 7 8
4 Vo i 9
Ir £15
In 216 A GHD.
1 ":m l\:[UTE. ]
Ir 225 Vee= +5.5 Volis Ambient Temperature= +125°C
Liax 22 Circuit may have any number of units connected like “A”, with one connected like “B”.
Trex #i6 The ecircuit must contain an odd number of gates in series in the ring.
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EXTENDABLE HEX INVERTER
HEX SINGLE-INPUT GATE
FAST HEX SINGLE-INPUT GATE MIC 937

DESCRIPTION

MIC 935
MIC 3936

The MIC 935, MIC 936, and MIC 937 elements are hex single-input inverters.

The MIC 935 is intended for use with discrete diode expansion of the input. When extending inputs
with diodes, care should be taken to minimize capacitance on the input node.

These inverter gates can be cross-coupled to form a flip-flop or the outputs ecan be tied together to

perform the “wired OR” function.

The MIC 936 incorporates a 61< output pull-up resistor which allows for a fan-out of up to 8 DTL loads.

The MIC 937 incorporates a 2K output pull-up resistor which typically results in a 309, faster rise
time with capacitive loads at a fan-out of up to 7 DTL loads.

CIRCUIT SCHEMATICS
(ONE GATE ONLY)

Yoo

936,937 ,
L} [ Ry
L o I g
—koe
Ry

POSITIVE (NAND) LOGIC

e

Yee
935 ",
Ry Ry
g o |—n
._Kcz
2Ry
Ak

NEGATIVE (NOR) LOGIC

NOTE:POSITIVE LOGIC IS USED IN SPECIFICATION

FLAT PACK
A 1 [ ia Vee
a?zw =L
[ =—== —_IZJK
ho o
T o o=
F“f‘ :g‘H
] I[
GNO‘? | 1 3 G
TOP VIEW
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TYPICAL RESISTOR VALUES

R, =
R; =
R; =,
R =

935, 936 837
2.00K 2 2.00KQ
175K 0 1.75K 8
5.00K @ 500K 2
6.00K 2 2.00K 2

TRUTH TABLE
AllB
10
o)1

“I'" 1S HIGH
Q" IS Low

DUAL IN-LINE

it
oo

TOP VIEW
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ABSOLUTE MAXIMUM RATINGS1

UNITS
Supply Voltage (Vee), —55°C to +125°C, ContinuouS. .. . ..o ovvvvnnnnennnrsnnennnsneenes —15to 48 | Volts
Supply Voltage (Vee), Pulsed, <1 sec. . i AR R L R B R +12 | Volts
OutpuLCuan,IntuOutputh..................____....._,...... R e R A e o 30 | mA
Tnput Carrent (80 ) o mm s e T A R e R e s s e e | TR
S I O T Tl RO e oesomacnpers o s i A B it A T R SR e ooy —10 | mA
Input-Reverse Current . o e s s S e R 1| mA
BT AT T BTy oy ud Uy SRR O] USRS SN PSOY SRRSO, Y | g —55 to +125 | °C
Sborage: Temperabume: < e s s s s s D S RS A AR VR e PR —65to 4150 | °C
Operating Jonction TenPETatire?. . .. ... «.. v cnn s v ok ot s oa s s ssmi o e s ssaeses S0 | G
Input:Vollage Applied £0 INDUE v sominmv s i s A e A S s e e —15to 455 | V
Praad Dahmp. (S0laEnRE BOISERY v e mmmimmsms s s st e e A A T AT 300 | °C

NOTES: . Above which useful life may be impuaired.
2. Allow 200°C/Watt 84 for TO-5; 300°C/Watt 8, _, for 14 " x 14" Aatpack und dual in- line, Allow 50°C,/Watt 67 _¢ for TO-5; 180°C/
Watt 6r.c for 1" x 14" flat sack and dual in-line. Heat removal in 147 x 4" flatpack is highly dependent upon contact aurfnoeﬁ
or air flow and on lead attachment and thermal paths thru leads, as well as number of soldered leads,

SUMMARY OF MIC 936 AND 937 CHARACTERISTICS (25°C)

FULL LIMITED
Parameter Note | TEMPERATURE RANGE | TEMPERATURE RANGE Unit
Min. Typ. Max. Min. Typ. Max.
Operating Supply Voltage 1 4.5 5.0 5.5 5.0 Volts
Network Dissipation 935 2 93.0 110.0 mW
936 2 97.56 115.0 mW
937 163.5 177.5 mW
Loading D.C. fan-out 935, 936 8.0 8.0 | DTL Unit
937 7.0 7.0 Load
Output Logic ‘1 935, 936 2.6 2.6 Volts
Levels (High) 937 26 38 Volis
Output Logic ‘O 935, 936 0.4 0.45 Volts
Levels (Low) 937 0.4 0.50 Volts
Input Threshold ‘1’ 936 3 1.9 1.9 Volts
985 3 2.6 Volts
i 1.8 1.8 Volts
Propagation tpat 935,936 1 25.0 80.0 25.0 80.0 Nanosec.
Delay Time 937 15.0 50.0 15.0 50.0 Nanosee.
tpa— 936,937 10.0 30.0 10.0 30.0 Nanosec.
935 10.0 40.0
Noise Immunity Gl 350.0 [ >500.0 350.0 | >500.0 mV

NOTES: 1. Exact specification limits for operating temperature range may be obtained by reference to the appropriate test,
2. Power supplied from Vee (3V) during “ON" state fan-out = 0.
3. Input threshold voltuge is defined as the minimum (or maximum) voltage at the eireuit input to guarantee a low (or high) output.
4. Propogation delay time terms (tpe+ and tpe—) are deseribed in the tpq test eircuit, Page 8.
5. See Loading Factors, Page 5.

FIG. 72 FIG. 73 FIG. 74
VTHRE SHOLD Tas-s5°C Ve RESHALE VIHRESHOLD
Lav Yecesov 2V A . 15V P
80 80— TS ks -
L7 Az 125°C o ) A=25°C o
& Vars () Vegs e
% Cersov |1 cecesov
- " LR
v 60 & g 60 ! s 0 w“/
- =
; ‘V ? ~1 \94‘ ne 400 2"'#.— % /
2 40 /) a00 0 2 a0 "f < a0 4000
tpd* BE | | flee T
— — 13
20! tpd = 4000 <Re RO 20 tpd” 400 Q. <RAK 11— 20 1:.1'400[1‘R‘4"In
0 20 40 & 80 9 26 40 60 80 % 20 46 80 80
CAPACITANCE - pt CAPACITANCE - pf CAPACITANCE- pf
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TEST SEQUENCE™

3. Tests 48/60 :lx;p!y to full temperature units only.

5-26

FORCING CONDITIONS AT PINS TEST LIMITS
Test A B C D E r
No. L I J I H G Vee Sense Alin, Max.
1, (2) Vi Tow GND GND Veer, 'r (V) Von
3, (4) GND Vin Ton GND Veer Vo(Vr) Vou
5, (6) GND GND Vru Lom Veer Ve(Vg) Vou
7, (8) Ve Veeu Ta(Ie) Ir
9, (10) Ve Veen Ie(1s) Ir
11, (12) Vi Veen Le(Lu) Ip
13, (14) Ve Veen Ta(Iz) Ik
15, (16) Ve Veen Te(Ls) Is
17, (18) Ve Veen Te(Tn) Ix
19, (20) Voo |—lon Veer Vi (Vi) Vou
21, (22) Vie  |—lon Veer Vo (Vi) Vou
23, (24) Vi —lon Veer Vr(Ve) Vou
25, (26) Vita Veex Vesx In(Ix) Icex
27, (28) Viea Veex Verx Ip(Ir) Tepx
29, (30) Vrie Veex Verx Ip(la) Tesx
31, (32) GND GND Veen Ia(lx) —TIge
33, (34) GND GND Veon Ia(lx) | —Tsc
35, (36) GND GND Veen In(I;) —Ise
37, (38) GND GND Vecn 1n(Is) —Isc
39, (40) GND GND Veen I:(Ig) —1Is¢
41, (42) GND GND Veen Ir(Ig) —Ise
43, (44) Vep Ivee Tpan
45 GND GND GND Varax Ivece Tarax
46, 47 For tu+ and tp— Conditions and Limits See Page 27.
48, (49) | Ve Veer Ly (L) —Ip,
50; {51) VJ“ V(.‘t'!'. IL‘(IJ} —Ir_»
52, (53) Ve Veew Ie (L) —1I;.
54, (55) Vin Tope Veen Vi (Vk) Vore
56, (57) Viu Tora Veen Vo (Vi) Vous
58, (59) Viu lots Voon Vi(Ve) Vore
60 GND GND GND Vo Tyee Iron
FORCING CONDITIONS
FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter Units —55°C +25°C | +125°C | Parameter Units 0°C +25°C +75°C
Virax Volts 8.0 Vaiax Volts 8.0
Ven Valts 5.0 Ven Volts 5.0
Veen Vaolts 5.4 5.5 5.5 Vioen Volts 5.0 5.0 5.0
Veer Volis 4.5 4.5 4.0 Veer Volts 5.0 5.0 3.0
Ve Volts 4.0 4.0 4.0 Yr Volts 4.0 4.0 4.0
Ve Volis 0.4 0.4 0.4 Ve Volte 0.45 0.45 0.5
V., 936,037 Valts 1.4 1.1 0.8 Vi 935 Volts 1.9 1.8 1.65
Vi 035 Volts 2.1 1.8 1.5 V936,037 Volts 1.4 1.1 s
Viee Volts 0.0 Vit Volts 0.0
Vjyp 036, 937 Yolts 2.1 1.9 1.7 V936, 937 Volts 2.1 1.9 1.7
Yin "5 Vaolts 2.8 2.6 2.4 Vi 935 Volts 2.7 26 25
Verx Volts 4.5 Veex Volts 5.0
Loz 935, 036 mA 12.0 12.0 12.0 Tow 936 mA 12.0 12.0 114
Tow w7 maA 10.8 10.8 10.8 Tou 937 mA 10.5 10.5 10.2
T 01,2935, 936 ma 15.0 15.0 15.0 Top, 935,936 A 12.0 12.0 11.4
Tops 037 mA 15.5 13.5 13.5 o pA 120.0 120.0 120.0
—lLox 935.936 uA 180.0 180.0 180.0 *1. Ground pin is grounded for all tests.
Loy o uA 0.54 0.54 0.54 2. Tests 45 and 60, all inputs are grounded simultaneously.
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TEST LIMITS

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter | Units —55°C +25°C +125°C 0°C +25°C +175°C
Min. | Max. | Min. | Max. | Min. | Max. [ Min. | Max. | Min. | Max. | Min. | Max.
Vor(935.936)[ Volts 0.4 0.4 0.45 0.45 0.45 0.5
Vor (937) | Volts 0.4 0.4 0.45 0.5 0.5 0.55
Vo (935 936) Volts | 2.5 2.6 25 2.6 2.6 2.5
Vou (937) | Volts 2.5 2.6 e 4.3 4.3 4.2
Ig pA 2.0 2.0 5.0 5.0 5.0 10.0
—Ir mA 1.5 1.5 14 1.4 1.4 1.33
Teex uA 50.0 100.0
—Ige(935,936) | mA 0.61 1.34 0.61 1.34 | 0.535 1.3 0.61 1.3 0.61 13 | 0.535 1.25
—Ise (937) | mA 2.1 3.7 2.1 3.7 1.86 3.28 1.85 3.68
Tppu(9ss, 936) mA 19.2 23.0
Lppm (937) mA 32.7 35.5
Tarax(935.036)) mA 16.5 24.0
Tarax (937) | mA 16.5 24.0
—T. (936,93 | mA 116 1.16 1.08
—Ipe (935) | mA 12 1.2 1.2
Vore Volts 0.4 0.4 0.4
Tppr(936,937) mA 8.82
Tppe (935) | mA 10.2
PROPAGATION DELAY
tpd TESTS
tpd TEST CIRCUIT MIC 936/937 TABLE OF CONDITIONS & LIMITS tpd TESTS
FIG. 75 (Bee Test Cireuit.)
(Voo = 5V, T = 25°C)
R C Min. Max.

tpa+ 936 39K 30 pf 25 nsec 80 nsec
tpa— 936 4000 50 pf 10 nsec 30 nsec
tpa+ 936 4000 50 pf 15 nsec 40 nsec'
tpa— 936 30K 20 pf 5nsec 20 nsec'
tpat+ 937 39K  30pf  15mnsee 50 nsec
tpa— 937 4000 50 pf 10 nsec 30 nsec

NOTE: 1. Correlating limit provided as design information only.

RELIABILITY TESTS LIFE TEST CIRCUITS

FIG. 76
PERFORMED DURING ITT mic 838/937

RELIABILITY PROGRAM i v Ll s
hO UL Teh O QLErFh0 .

MEASUREMENTS OF THE FOLLOWING
PARAMETERS ARE RECORDED:

é 2
3 " " E! g
I oFldo TH|ED Ex
Parameter | Test Sequence Number on Page 26 i] i =_]
T Vo e 10 R D TEUAD T e
Ie #13, §14 f‘F |[‘: 7 f’_' .
Ir #7, #8 1 [ 1 B
Vou #19, 420
Lagax #45 NOTES: 1. Vee=3.5V 2. To= +125°C
3. Ring must be made up of an odd number of inverters,
tpd TEST CIRCUIT MIC 835 MIC 935 diee

ILNUSED INPUTS s BV

e,

ARE OPEN) | | e
1__' I “ouT w20 ] S0

i i 2 3 ;

LT e
= [ .1: |—=—f 4 no |

- —Os L]

i e 1 ¥, Al 2 1
INFUT PULSE O—M-‘-D‘* s e :—[]6 9| B
"I" I = 0 AND Gz SCLUDE 6 _:_r-if 80—
i B PAOEE CARSCITANCE

= = iSOV Ty ersoC
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QUAD TWO-INPUT GATE MIC 946
FAST QUAD TWO-INPUT GATE MIC 949

DESCRIPTION
The MIC 946 and MIC 949 elements are quad two-input NAND/NOR gates.

In addition to performing the positive NAND and negative NOR logic functions, the gates can be
cross-coupled to form a flip-flop or the outputs can be tied together to perform the “wired OR”
function.

These quad two-input gates can also be wired to perform the “exclusive OR’ function, while two
elements can be wired together to form a full adder.

The MIC 946 incorporates a 61 output pull-up resistor which allows for a fan-out of up to 8 DTL loads.
The MIC 949 incorporates a 2K output pull-up resistor which allows for typically 309, faster rise
times with capacitive loads at a fan-out of up to 7 DTL loads.

CIRCUIT SCHEMATIC
(ONE GATE ONLY)

TYPICAL RESISTOR VALUES

N 946 aas
Ri= 2.00K 0 2.00K 02
Q: R= LT5K Q 175K 8
R, = 5.00K 2 5.00K 2
Ri= 600K 2 2.00K Q2

TRUTH TABLE
POSITIVE (MAND) LOGIC NEGATIVE (NOR) LOGIC A|BJE
AlG) AiG) G H F
D‘Ersu ®—Elﬂ | I || O
B (H) —— BiH) 0 1 1
1 [0
F=G-H F=G+H

“1' 1S HIGH
NOTE: POSITIVE LOGIC IS USED IN SPECIFICATION ‘o 1S LOW

FLAT PACK SIMILAR TO TO-5 DUAL IN-LINE
v
15 1. I e Ve = N
V= 6 a9 The
® = &5 A
E'3= Pz Ei g Tl
e M A2 T
1 G- s =k
G 7 e s.‘w:r 2
— [—
GNDT 8
GNE
TOP VIEW TOP VIEW TOP VIEW
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ABSOLUTE MAXIMUM RATINGS'

UNITS
Supply Voltage (Vee), —55°C to +125°C, onbinuous. . .. ... ..ovin o e e —.5to +8 | Volts
Supply Valtaee (Vo) DUISed; <1880 ww conowmmmsmiims d i s b e e m i e  ars d v e +12 | Volts
Output Current, into outputs. ................... el e Rl e e I ey o e Al 30 | mA
THPUSTOTWALE: CHIPPEIE oo rwiaomi o imsor i mm s s 3 M S S R S e e S e e A —10 | mA
3oy b L o 1) 1| mA
DA T BTV AT s s oo ) A A g A —55 to 125 | °C
Storage TemMPEIATULE. . ... ottt ittt ittt e e e e e e bt e e e e e e rne et e e e e —65 to 4150 | °C
Opérating Junction: Temperatire?;: o v smmm i s w s e A A e At R SF175 | °C
Tt Voltage  ADDIBAEO TRIIUE o eireromoss povmm o oss s b s Fedi Sy s ¥ e s 55501 b 8 —1.5to +5.5 | Volts
Lead Temp: (soldering; ©0:me0:) s s a i b e R e S B e o 300 | °C

NOTES: 1. Above which useful life may be impaired.
2. Allow 200°C/Watt 654 for TO-5;300°C/Watt 854 for 14" x 14" flatpack and dual in-line. Allow 50°C/Watt 85 _¢ for TO-5; 180°C/
Watt 8y ¢ for 14" x 1" flatpack and dual in-line. Heat removal in 14" x 14* flatpack is highly dependent upon contact surfaces
or air flow and on lead attachment and thermal paths thru leads, as well as number of soldered leads.

SUMMARY OF MIC 946 AND 949 CHARACTERISTICS (25°C)

FULL LINMITED
Parameter Note | TEMPERATURE RANGE | TEMPERATURE RANGE Unit
Ain. Typ Max, AMin. Typ. Max.
Operating Supply Voltage 1 4.5 5.0 5.5 5.0 Volts
Network Dissipation 946 2 35.0 65.0 35.0 80.0 mW
949 50.0 109.0 50.0 117.0
Loading D.C. fan-out 946 8.0 8.0 | DTL Unit
949 7.0 7.0 Load
Output Logie ‘1’ (High) 946 2.6 2.6 Volts
Levels 949 2.6 4.3 Volts
‘0" (Low) 946 0.4 0.45 Volts
949 0.4 0.50 Volts
Input Threshold ‘1" (High) 3 1.9 1.9 Volts
‘0 (Low) 1.1 1.1
Propagation 946 4 25.0 80.0 25.0 80.0 Nano-
Delay Time  tp+ 949 15.0 50.0 15.0 50.0 Second
tpa— 10.0 30.0 10.0 30.0
Noise Immunity 5 350.0 | >300.0 350.0 | >500.0 mV

NOTES: 1. Exact specifieation limits for operating temperature range may be obtained by reference to the appropriate test,
2. Power supplied from Vee supply (Vee = 5V) during “ON" state, fan-out = 0.
3. Input threshold voltage is defined as the minimum (or maximum) voltage ut the eireuit input to guarantee a low (or high) output.
4. Propogation delay time terms (t pd+ and tpe—) are deseribed in the tpd test cireuit, Puge 8.
5. See Noise test cireuit, Page 7,and Loading Factors, Page 5.

TIME DELAY VS. CAPACITIVE LOADS

FIG. 77 FIG. 78 FIG. 79
VTHRESHOLD / Ta=—55° ¢ VIHRESHOLD YTHRESHOLD
8V Vec=sov 15V 12V
B0 80 — // 80 — B ,/
g,/ Taszs°C © Ta= 128°¢ el
;\‘,*/ ., Vecss0v ‘@-‘1/ Yecrsov |18l
8 60 @ g s0 \yf u 60 1
2 .
: “;/ : g 1 ‘w‘ﬂ="°°n-""'""
2 a0 4 P —— 2 4 / s 2 a0 2]
& 7T armaee A T Rams 3 i
= caKO =7
20 1pd- 4000<R 20 tpd- 4000 <ASAR D 20—t 1pd~ 400 QL <ReAK L—i|
) | e R ] T
26 a0 e 80 R R T T 626 46 80 86
CAPACITANCE - pf CAPACITANCE - pf CAPACITANCE-pt
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TEST SEQU ENCE Both elements are “NAND" gates; therefore, the test sequences for each are identical. Tests on each
sidde of the dual are identieal; therefore, matching test and pin numbers are shown in parentheses.

FORCING CONDITIONS AT PINS TEST
Test Ay B |0 As B: E» LIMITS
No. Notes | (Gy) (H,) (1) (Ga) (H,) () Vee Sense Min. Max.
1, (2 1 Viu Viu Lon Veer Vi (Vi) Vou
3, 4) 1 Viu Viu Lon Veer Vi (Vo) Vor
5, (6) 1 ViL —lLon Veer Ve (Ve)| Vonu
7, (8) 1 Vi |—lou Veew Ver (V)| Vou
9, (10) 1 Vi —lLon Veer Ve (Ved)| Von
11, (12) 1 Vie |—lou Veer Vea (V)| Von
13, (14) 1 Vm Gl\']) V(,'(_‘H I,u (]m) IM
15, (16) 1 GND | Vg Veen Tm (Im) I
17, (18) 1 Ve GND Veer | La (La2) Ie
19, (20) 1 GND | Vi Veew | Loe (Lua) In
21, (22) 1 Ve " Veer | Lu (I;) —Ir
23, (24) 1 Ve Ve Veen L (L) —Iz
25, (26) 1 : Ve Vi Veen Laz (I62) —Ir
27. (28) 1 Ve Vi Veen Ipe (Im) —Ie
29, (30) 1 Vi Vegx Vegx Ley (Ipy) Legx
31, (32) 1 Viia Veex Veex | Lex (Ira) Leex
33, (34) 1 GND GND Veen Ier (Ie) |—Ise
35, (36) 1 GND GND Veen Tes (Ige) |—lse
37, (38) 1 GND GND Veen I (Iry) —Isc
39, (40) 1 GND GND Veen | Les (Iew) =g
41 1 Ven Ivee Lppur
42 12 GND GND Varax Lyver Lirax
43, 44 For tye+ and t.— Conditions and Limits see Page 31.
45, (46) 1,3 Vi Vi Veer | L (Tar) —Ts
47, (48) 1,3 Va Ve Veer | Im (Iin) —Xps
4_9, (50) 1,3 Vr \-';, V(,'t.'!', I,u (IG‘:) —I,
51, (52) 1,3 Vi Ve Veer | Twe (L) S
53, (54) 1,3 Viu Vin Lora Veen | Ve (Vi) Vo
55, (56) 1,3 Vi | Viu Loe Veen | Ve (Vi) Vois
57 1,4 | GND | GND GND | GND Veo Ivee Lo,

NOTES: |. Ground pin is grounded for all tests, 2. One input of each gate is grounded.
3. Tests 45/57 apply to full temperature range only. 4, Ground all inputs.

PROPAGATION DELAY

tpd TESTS
tpd TEST CIRCUIT

FIG. 80 TABLE OF CONDITIONS & LIMITS tpd TESTS
(Bee Test Circuit.)
(Vee = 5V, T = 25°C)

puLse PULSEIN

:;Ié)g:s R c Min. Max.
tpd+ 46 30K 30pi 25 nsee 80 nsec
1 0.l tpg— 946 4009  50pf  10msec 30 nsec
3-!!‘_L MFD tpa+ KETH 400 2 a0 pf 15 nsee 40 nsect
tpa— 046 39K 20 pf 5 nsec 20 nsec!
_____ tpa+ 949 39K 30 pi 15 nsec 50 nsec
bpd— 949 400 @ 50 pi 10 nsee 30 nsec
PEF% MOTE: 1. Correlating limit provided as design information only.

—— —_—— = ALL DIODES
I SIMILAR TO
= 1Ng16
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TEST LIMITS

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter Units —55°C +25°C +125°C 0°C +25°C +75°C
AMin. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

Vor (946) | Volts 0.40 0.40 0.45 0.45 0.45 0.5

Vor (949) | Volts 0.40 0.40 0.45 0.50 0.50 0.55

Voun (946) | Volis 2.50 2.60 2.50 2.60 2.60 2.50

Vou (949) | Volts 3.80 3.80 3.70 4.30 4.30 4.20

I;c Jl:\ 20 2.0 5.0 2.0 50 ].D.D
—Ip mA 1.5 1.5 1.4 1.4 1.4 1.33

Legx A 50.0 100.0
—Ise (946) | mA 0.61 1.34 | 0.61 1.34 | 0.535| 1.30 | 0.61 1.30 | 0.61 1.30 | 0.535 1.25
—Isc (949) | mA 2:1 3.7 210 | 3.7 1.86 3.28 1.85 3.68

Lppn (946) mA 12.5 16.0

lpp” (g'}g) l'ﬂ.‘\ 218 23 3

Tarax (946) | mA 11.0 16.0

Tarax (949) | mA 10.4 11.44

Vo (946) | Volts 0.40 0.40 0.40

Vo (949) | Volts 0.40 0.40 0.40
=1 mA 1.16 1.16 1.08

Tpps (949) | mA 5.88

FORCING CONDITIONS

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE

Parameter Units —55°C +25°C | 4125°C | Parameter Units 0°C +25°C +75°C

v MAX Volts 8.0 V_Inl,\' Volts R.0

Vep Volts 5.0 Vep Volts 5.0

Ve Volts 5.5 5.5 5.5 Veen Volts 5.0 5.0 5.0

Veer Volts 4.5 4.5 4.5 Veer Volts 5.0 5.0 5.0

Va Volts 4.0 4.0 4.0 Vi Volts 4.0 4.0 4.0

Ve Volts 0.4 0.4 0.4 Ve Volts 0.45 0.45 0.50

Vie Volts 14 1.1 0.8 Vi Volts 1.2 1.1 0.95

\v'r”‘-g \rl}ltﬁ 00 \("J'f_y ‘,Olts DU

Vin Volts 2.1 1.9 1.7 Viu Volts 2.0 1.9 1.8

\"‘(_-;;,\' Volts 4.5 V(-p,-,\' Volts 5.0

Lo 946 mA 12.0 12.0 12.0 Tom 946 mA 12.0 12.0 11.4

To 949 mA 10.8 10.8 10.8 Lo 949 mA 10.5 10.5 10.2
—1lon 946 uA 180.0 180.0 180.0 —TLon pA 120.0 120.0 120.0
—Ion 949 mA .54 .54 b4

Iu]’,'g 946 mA 150 150 15.0

Lo 949 mA 13.56 13.5 13.5

5-31



GATES

APPLICATIONS

Most of the advantages in reducing element count and assembly cost by having four 2-Input gates in one package are
obvious. Considering the large percentage of oceurrences of fan-in 1 and 2 in the typical system, savings of 509, of elements
needed to accomplish the fan-in 1 and 2 gating is substantial. However, some logic manipulation using the output “ ORing
capability may lead to yet greater savings. Thus, it is a further advantage of I'TT Diode-Transistor Logic that the gates
(MIC 930 Dual 4-Input Gate Element and MIC 946 Quad 2-Input Gate Element) may be output “ OR"ed with fractional
fan-out subtraction and without a separate gate with open collector required.

The example 1, a 2-element full adder, shows the typical use of the Quad 2-Input Gate in an optimized logic configuration.

DESIGN OF A BINARY FULL ADDER

e

1 ELEMENT 1 i ELEMENT 2 5

The classical Binary Full Adder is often split into two half-adder ecireuits for economy. Such a mechanization, while
slower, significantly reduces the logic cireuitry involved. The arrangement given in 1 accomplishes all of the functions
required of a full-adder with only two MIC 846 elements and introduces a logie delay of only four gate propagation times.
All of the signals required for a “earry lookahead" organization are also present.

The rationale for this mechanization derives from the following factorization of the expressions for the full-adder sum
(8) and carry (C). Output carry signals are distinguished from the earry input by a prime mark:

ABC + ABC + ABC + ABC C = ABC + ABC 4 ABC + ABC

= (AB 4 AB)C + (AB 4 AB)C (AB + AB)C + AB(C + C)

(AB + AB)C + AB

S

1]

Note also that

(AB + AB) = AB + AB
It is apparent that the sum is the exelusive “OR" of the carry input with the result of the exclusive “OR” of the argu-
ments A and B.
Two different exclusive “OR" circuits are used. In the first, composed of NAND Gates 1 and 2, it is assumed that both
true and complement values of the arguments are available, The direct connection of the outputs at point X has logical
effect; namely, that of ANDing the NAND outputs together.
Therefore, AB - AB = AB + AB = AB + AB
The second exclusive “OR", composed of NAND Gates 5, 6, 7, and 8, requires only true inputs, avoiding the need for
two inverters at its input.
Both the true and complement sum outputs are obtained by the “wired OR” connection and NAND Gate 8, which is
used as an inverter.
The output of NAND Gate 5 is the term (AB 4+ AB)C with the proper polarity for NOR Gate 4.
The remaining term of the carry originates in NAND Gate 3 with the proper polarity for NOR Gate 4. The output polarity
of NOR Gate 4 is correct for a eascaded full-adder.
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RELIABILITY TESTS

PERFORMED DURING ITT RELIABILITY PROGRAM
MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED:

Parameter | Test Sequence Number on Page 30
Vor #1
Vou £5
Ik #13 & #15
Ir 597 & £28
ij}lx #42

LIFE TEST CIRCUIT

FIG. 82
Yee
| “a" 14 L “at 14 ! s 14
| 1 | [ | [
2 3 H 13 2 13
4 " 4 1 4 "
uy ]
6 9 & ] [ _ls
7 ] ]s 7 ] 8 ‘ 7 I 8
| ]|
GHD
NOTE: Veo = +5.5 Volts Ambient Temperature = -+125°C.

Cireuit may have any number of units connected like “A”, and one connected like “B”. Cirenit must econtain an odd number of gates
connected in series in the ring.
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TRIPLE THREE-INPUT GATE MIC 962
FAST TRIPLE THREE-INPUT GATE MIC 963

DESCRIPTION

The MIC 962 and MIC 963 elements are triple three-input NAND/NOR gates.

In addition to performing the positive NAND and negative NOR logic functions, the gates can be
cross-coupled to form a flip-flop or the outputs can be tied together to perform the “wired OR"
function.

These triple three-input gates can also be wired together to perform the “exclusive OR” funetion,
The MIC 962 incorporates a 6K output pull-up resistor which allows for a fan-out of up to 8 DTL loads.

The MIC 963 incorporates a 2K output pull-up resistor which typically results in a 309, faster rise
time with capacitive loads at a fan-out of up to 7 DTL loads.

CIRCUIT SCHEMATIC
(ONE GATE ONLY)

Vee

Az TYPICAL RESISTOR VALUES
Ra R, = 2.00 ko
. R: = 1.75 Ko
) R: = 5.00 Ka
E R: = 6.00 K (962)
il j 5 Ry = 2.00 Ko (963)
Bo—K}—A- Oz
R
geic—— g - TRUTH TABLE
A|B|CHE
POSITIVE (NAND) LOGIC NEGATIVE (NOR) LOGIC 1 1 110
T i 0|1 1 1
¢ — E c £ 1 0 1 1
88— 8 1 1 0 1
e il e—— 00|01
E=AeBosC EzA+B+C “1'" is High Voltage.

“0" is Low Voltage.

NOTE: Positive Logic is used in this specification.

FLAT PACK SIMILAR TO TO-5 DUAL IN-LINE
= I Yec & \
2 . L s 1 Az o Ve 14
3 3 28
b WAL Tl
A Ey 3 A~ FEz 12
¥ ? ﬁ“l 4 B cz Il
5 = ..—a.z.-po 5 ¢ o =8 10
¢ E'= ? " 6 E; = = Az 9
.-I— T E:s 0 7 GND = Ez 8
GND £2 NE
TOP VIEW TOP VIEW TOP VIEW
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GATES

ABSOLUTE MAXIMUM RATINGS"

UNITS
Supply Voltage (Vee), —35°C to 4+125°C, continupus. .. .. ............coecevniinennoon... —.Dto 4+8.0 | Volts
Supply Voltage (Vec), pulsed, <1 see. . . oo, S80I o vrviivaiim s iy T S T ...+12 | Volts
O EROTErant. Into ONEPULS. e e i TR A b e e T A AR SR R Fopeped0e | omA
DM GOE R AUCURTONE L o s aninms 5 o 5 s s s VS A 8 s R A 5 T g =10 | mA
TR B e 0 NS RS 11| e S Sy e P e enterore e o ) [l e
O peratmg FeMpeTaEITe. .o o v i a5 s e b e R e e oo s B B v i —55t0 +125 | °C
Blorage Temperatore syl 20 G s ns e s sl s s 88 1o - 125 o™,
btV oiaes dpplted toiinmte sl b s dln s umm ok et bt o v —1.5ta +5.5 | Volts
Tead Temp. {soldering: /60: 600 s s n i bnt tn F e v s w0 b 4 S e S s R s 300 | °C

NOTES: 1. Above which useful life may be impaired,
2. Allow 200°C/Watt 8;_4 for TO-5; 300°C /Watt 65 _4 for 14" x 14" Ratpack and dual in-line. Allow 50°C'/Watt 8 _¢ for TO-5; 180°C/
Watt 6-c for 14" x 14" fatpack and dual in-line. Heat removal in 3 x 14" flatpack is highly dependent upon contact surfaces
or air flow and on lead attachment and thermal paths thru leads, as well as number of soldered leads.

SUMMARY OF MIC 962 AND 963 CHARACTERISTICS (25°C)

FULL LIMITED
Parameter Note |TEMPERATURE RANGE| TEAMPERATURE RANGE Unit
Min. Typ. Max. Min. Typ. Max.
Operating Supply Voltage 1 4.5 5.0 5.5 5.0 Volts
Network Dissipation 962 2 25.5 48.8 25.5 60.0 mW
963 37.5 51.5 37.5 88.5
Loading D.C. fan-out 962 8.0 8.0 DTL Unit
963 7.0 7.0 Load
Output Logic ‘1’ (High) 962 2.6 2.6 Volts
963 2.6 4.3
‘0’ (Low) 962 0.4 0.45
963 0.4 0.5
Input Threshold ‘1’ (High 3 1.9 1.9 Volts
‘0’ (Low) 1.1 1.1
Propogation 962 4 25.0 80.0 25.0 80.0 Nano-
Delay Time  tpu+ 963 15.0 50.0 15.0 50.0 Second
962 10.0 30.0 10.0 30.0
fp— 963 10.0 30.0 10.0 30.0
Noise Immunity 5 035 | >05 035 | >05 Volts

NOTES: 1. Exact specification limits for operating temperature range may be obtained by reference to the appropriate test,

2. Power supplied from Vee (5V) during on state fan-out =0,

3. Input threshold voltage is defined as the minimum (or maximum) voltage at the cireuit input to guarantee a low (or high) output,
4. Propogation delay time terms (1pg+ nnd tpe—) are deseribed in the tLpa test cireuit, Page 8.

5, See noise test cireuit, Page 7, and Loading Factors, Page 5.



GATES

TEST SEQUENCE

Both elements are triplet “NAND" gates; therefore, the test sequences for each are identical. Tests on each side of the triplet ure iden-
tieal; therefore, matehing test and pin numbers are shown in parentheses.

FORCING CONDITIONS AT PINS TEST
Test Ay B, Cy E, LIMITS
No. Notes (AzAs) (Bs,B3) (Ca2Cs) (s, E3) Vee Sense Min, Max.
1,(2,3) 1 Viu Vi Viu Low Veer Ver(Ve:, Ves) Von
4,(5,6) 1 Ve GND GND Veen Lar(Taa, Iaa) Ig
7,(8,9) 1 GND Ve GND Veen Im(Lpo, Laa) L
10,(11,12) 1 GND GND Vi Veen Lei(Iez, Les) Iz
13,(14,15) 1 Ve Ve Vi Veen Lai(Las, Lag) —Im
16,(17,18) 1 Vi Ve Vi Veen Lp(Lps, 1ps) —Ie
19,(20,21) 1 Ve Ve Ve Veen Ter(Tee, Tea) —In
22,(23,24) 1 Vin —Lan Veer Ver(Ves, Vis) Vou
25,(26,27) 1 Vi —ILon Veor Vei(Ves, Vi) Vou
28,(29,30) 1 Viw —Ton Veer Vei(Vi, Ver) Vou
31,(32,33) 1 GND GND Veon Igi(Igs, Igs) —Ise
34,(35,36) 1 GND GND Veon Ler(Igs, Tgs) —Ige
37,(38,39) 1 Vire Veey Veex Lei(Igs, Lew) Tepy
40 1 Ven Tvee Lppn
41 1 GND Varax Iyee Tarax
42 tpu+ tp+ and tu— See page 37 for test conditions and limits
43 tp—
44,(45,46) 1 Ve Ve Vi Veex Veer Lar(Laa, Tas) —Ip
47, (48,49) 1 Va Ve A" Veer Lan(Lps, L) — L
50,(51,52) 1 Vi Vi Vg Veer Tei(Tea, Les) —Ips
53, (54,565) 1 Viu Viu Viu Tore Veen Ve(Ves V) Vor.
56, 1,3,4 GND GND GND Veo Ivee Ipoe

NOTES: 1. Ground pin is grounded for all tests,
2. One input of all four gates is grounded.
3. Tests 44/56 apply to full temperature range only.
4. Ground all inputs.

FORCING CONDITIONS

536

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE

Parameter Units —55°C +25°C 4+125°C | Parameter Units 0°C +25°C +-75°C

Veen Volis 5.5 5.5 5.5 Veen Volts 5.0 5.0 5.0

Veer Volts 4.5 4.5 4.5 Veer Volts 5.0 5.0 5.0

Varax Volts 8.0 Varax Volts 8.0

Vep Volts 5.0 Veo Volts 5.0

Va Volts 4.0 4.0 4.0 Ve Volts 4.0 4.0 4.0

Ve Volts 0.4 0.4 0.4 Ve Volts 0.45 0.45 0.5

Veex Volts 4.5 Verx Volts 5.0

Vi Volts 1.4 1:1 0.8 Vi Volts 1.20 1.10 0.95

V; 12 Volts 0.0 V; L2 V(ll ts 0.0

Viu Volts 2.1 1.9 15 Viu Volts 2.0 1.9 1.8

Lo 962 mA 12.0 12.0 12.0 Io 962 mA 12.0 12.0 11.4

Low 963 mA 10.8 10.8 10.8 Lo 963 mA 10.5 10.5 10.2
—Ioy 962 pA 180.0 180.0 180.0 —Ton rA 120.0 120.0 120.0
—Ion 963 mA .54 54 54

Loze 962 mA 15.0 15.0 15.0

Low: 963 mA 13.5 13.5 13.5



~ GATES

TEST LIMITS

FULL TEMPERATURE RANGIE LIMITED TEMPERATURE RANGE
—55°C +25°0C -++125°C 0°C +25°C +75°C

Parameter Units | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.

Vou (962) | Volts 0.4 0.4 0.40 0.45 0.45 0.5

Vo (963) | Volts 0.4 0.4 0.40 0.5 0.5 0.55

Voun (962) | Volts 2.5 2.6 25 2.6 2.6 25

Vou (963) | Volts 2.5 2.6 2.5 43 4.3 4.2

Ie A 2.0 2.0 5.0 5.0 5.0 10.0
—Ig mA 1.5 1.5 1.4 1.4 1.4 1.33
—Ise (962) | mA 0.61 1.34 | 0.61 1.34 | 0.5335 130 | 0.61 130 | 0.61 1.30 | 0.535 1.25
—Ise (963) | mA 2,10 3.70 | 210 | 3.70 | 1.86 3.28 1.85 3.68

Teex pA H0.0 100.0

Ipny (962) mA 9.75 12.0

Ippu (963) mA lli:i 17.7

Lyax (962) | mA 8.25 12.0

Taax (963) | mA 7.8 8.6
—1p mA 1.16 1.16 10.8

Vuu VOItS 0.4 0.4 0.4

IppL mA ‘141

PROPAGATION DELAY
tpd TEST CIRCUIT tpd TESTS
FIG. 83 tpa— of 962 and 963 elements will be read

from input at 1.5V.
Vee

P (S fo-urn . T All diodes _l.\‘916 or equim]cljrll. _
| | = C, and C: includes probe and jig eapaci-
_I_Eg i_‘_D_‘__‘ Tpdr 1pe- tance.

Pyl s I ViPhreshold= 1.5V at 25°C; at other tem-
il R Vb “:H }J{'I!"]utulreliil\f"l'h:uhn:d w‘;ll benst:n{-t}mfF e
I E w'———ﬂlﬂ
RUSUR
L _’ TABLE OF CONDITIONS & LIMITS tpd TESTS
1 (See Test Cireuit,)
' (Vee = 50V, Ty = 25°C)
R b C:  Min. Max.
ohms pf pf nsee_ nsec
tat+ 962 39K 20 30 25 80
t— 062 400 20 50 10 30
tet 963 39K 20 30 15 50
tpa— 963 400 20 50 10 30
RELIABILITY TESTS LIFE TEST CIRCUIT
PERFORMED DURING ITT FIG. B4

RELIABILITY PROGRAM

m 1 I Tl

MEASUREMENTS OF THE FOLLOWING == Ar J__,_E: o |

PARAMETERS ARE RECORDED: b ﬁ | j
Parameter I Test Sequenee Number on Page 36 3 3 ! o |

Vou 21 n . s . 0

Vou 27,48, & 39

Ir £16, 217, & 218 T — = __J — T -

Ir £22 1 T T ——@ roint

Teex #41

NOTES: Voo = +35.5 Volts Ambient Temperature = +125°C
The circuit must contain an odd number of gates connected serially in a ring.
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EXTENDERS

DUAL FOUR-INPUT EXTENDER WMIC 933

DESCRIPTION

The MIC 933 element is a dual four-input extender. The MIC 933 consists of two independent diode
arrays identical in every respect to the input diodes of the DTL gates and buffer elements. It can be
used to extend the fan-in capability to more than 20 without adversely affecting the noise immunity
or load driving capability of the elements to which they are connected. Good practice dictates that
extension interconnection paths be as short as possible to minimize the effects of distributed capaci-
tance on circuit performance. The MIC 933 has a typical input capacitance of 2pf and an output

capacitance of 5 pf.

The MIC 933 can extend the fan-in of the MIC 930, 932, 944, and 961 elements.

POSITIVE (NAND) LOGIC

CIRCUIT SCHEMATIC

NEGATIVE (NOR) LOGIC

TRUTH TABLE

X 1gTle o X
172 MIC 930 or MICS32 G H I J Y
8 ‘ ] T R L
E
5 < i O I
X{or ¥) I 0 1 | 0
G —
l: nggsl Yier X1 Tiomx) | | 0 | 0
J I | | 0 0
POSITIVE LOGIC E»ABCDGHIY NEGATIVE LOGIC EvA+B+C+D+GoH+I+) 0 0 0 0 0
NOTE: Positive logic is used in this specification. | is High
0O is Low
FLAT PACK SIMILAR TO TO-5 DUAL IN-LINE
a4
T 1l I 73
. L Ye
AL i : ‘Ia'— :..
8 = ?E | % ¥ 8 2!
* =] — I 5] i
4 0l 3= "
¢ 7 5 o
ce= Fa ¥ S @
GND i ;
D G
6 E]
1| IL °
GND 3 anD
TOP VIEW TOP VIEW TOP VIEW
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EXTENDERS

ABSOLUTE MAXIMUM RATINGS’

UNITS
Supply Voltage (Vee), —55°C to + 125°C, continuous. .... ..ot —.5to +8 | Volts
Supply Voltage (Vee), pulsed <100 SEC. .. o000 ir i e e +12 | Volts
Trepit:Forward: Currerh, T s s o s i o e R S —10 | mA
Input Reverse CUITBI, LR . . oo mimisimnnn s s s wmiin s i ibs s s = s s s a ¥ e Sin 6 bog s s 58 a6 e 1 mA
Operating Temperatinre Bange i i e s s A s R P e s —55to —125 | °C
Storage Temperature RATEE. . .. ..o v o v s s et e a s e e e e e e —65 to —150 | °C
Operating Junction Temperature?. . .. ... ... 0 i iiiiiiiiiiiiiiinnins A A R T +175 | °C
Inpiit Voltape Applied Lo TOBUL . . oourasresms i s e s Sk s s —1.5to +5.5 | Volts
Lead Temp. (soldering, 60 SeC.) .. .. ... ... ..ttt 300 | °C

NOTES: 1. Above which useful life may be impaired.

2. Allow 200°C/Watt 6y_4 for TO-5; 300°C,/Watt 854 for 14" x 1" flatpack and dual in-line. Allow 50°C/Watt 87 _¢ for TO-5; 180°C/
Watt 8¢ for 24" x 14" flatpack and dual in-line. Heat removal in 1" x 14" flatpack is highly dependent upon contact surfaces
or air flow and on lead attachment and thermal paths thru leads, as well as number of soldered leads.

TEST SEQUENCE

Test Pin A Pin B Pin C Pin D Pin X

No. Note (G) (H) (I) (J) (Y) Sense Symbol
1234,
6678 | 234 GND GND GND GND Tis Vx(Vy) Vep
11,(12) 3 Vi GND GND GND = Li(Ie) Tas
13,(14) 3 GND Va GND GND = Ls(Iy) R
15,(16) 3 GND GND Ve GND — 1:(Ir) Ipa
17,(18) 3 GND GND GND Ve 2= In(I))
19,(20) 3 — — — — i Ix(Iy) 5lp

NOTES:

Ve = 4.0 volts, Ipp = 2.0 mA (0 to +75°C)

Vi = 4.0 volts, [pp = 2.0 mA (—55 to +125°C)

2. The MIC 933 is a dual element. Tests for each side are identical. Matching tests and pin numbers are shown in parenthesis.
3. The ground pin is grounded on all tests,

4. Ground applied individually to one input, each test. Other inputs open,

1. Forcing Conditions

TEST LIMITS

I'ULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
—55°C +25°C +125°C 0°C +25°C +75°C
Parameter Units Min. | Max. | Min. | Max. | Min. | Max. | Min.| Max. | Min. | Max. | Min. | Max.
Ven Volts .840 980 | .700 820 | 480 620 .700 .900 | .660 840 | .560 760
I A 2.0 2.0 5.0 5.0 5.0 10.0
8l y uh 10.0 10.0 25.0 25.0 25.0 50.0

FORWARD VOLTAGE VERSUS
FORWARD CURRENT + 25°C

FIG. B5
< B9
; Te2sec /
60
#
5
a1 TEST |
g / POINT
2 5 v
o |
() 02 04 08 08
INPUT VOLTAGE -VOLTS
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EXTENDERS

TYPICAL CURVES

TO SHOW THE EFFECTS OF EXTENDER PIN CAPACITANCE (RESULTING FROM USE
OF MIC 933) ON TIME DELAY OF MIC 930 DUAL GATE AND MIC 932 DUAL BUFFER

FIG. 86

PULSE IN

FIG. 88

MIC 930 tpd- VS,
EXTENDER PIN CAPACITANCE

FIG. 87
WAVESHAPES
Vin
15V
MO e+ —o r— gl - tpd-
|
1.5V
"out——/ A
GNi
FIG, 89 FIG. 80

MIC 932 TIME DELAY V5.
EXTENDER PIN CAPACITANCE

MIC 930 tpd + V5.
EXTENDER PIN CAPACITANCE

I
Ca=30p1
Tp=25°C
o 120
3 R5K Vecs 4.0V
% @ T
Z eof |
Z |Resk Vees60v
& 40
! quoun-—voc.g_;rw
[R=3000 | Veceaoy
Yo 20 40 &0
€} - CAPACITANCE - pf

DELAY TIME -nsec

T
C5*3009!
Ta=25°C
L=
o Y
100 A
o
L R=500n1pdt Veg=aov
50 - == i
/ R=5100l1pd* Vecegoy
%5 25 50 75
Gy - CAPACITANCE - pf

fpd-at R=5KD is s1i'qnn, lower,
Cz=30p!
R=4000

. Ta=25°C hpﬂ/ / /

{/ /
0 20 40 60
€y - CAPACITANCE -pf

DEL AY TIME -nsac

NOTE:
C, represents the summation of the MIC
933 Dual Extender Element output capac-
itances (=5 pf per output) and associated
board, connector and wiring capacitances,

TO SHOW THE EFFECTS OF EXTENDER PIN CAPACITANCE ON NOISE THRESHOLD

FIG. 91
TEST CONDITIONS

Vecasy
5

All diodes 1N916 =

OF MIC 930 DUAL GATE

PULSED GROUND NOISE
THRESHOLD AS A FUNCTION
OF EXTENDER PINICAPACITANCE

FIG. 83

PULSED SIGNAL LINE NOISE

vlnl.n!
NS =0
§§ ! T4*25°C
a !
! \""&-...__ Cz
et NT
- 1.0]
T
:ﬂ% \‘E“‘,‘f——-—_
% os N
i L 800p
>= A
b 2640 %0

PULSE WIDTH- nsec

THRESHOLD A4S A FUNCTION
OF EXTENDER PIN CAPACITANCE
tr=lns
2] VnG=0
ag Ta=25°C
S -3¢ =
2.
wom
wa
% 20 \-...___ C*30p1—}
wa
42 \
Z2 0
wr
'
= e = C= 200p
% 76 a0 0
PULSE WIDTH-nsec
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EXTENDERS

RELIABILITY TESTS

PERFORMED DURING ITT RELIABILITY PROGRAM
MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED:

Parameter | Test Sequence Number on Page 39
Ve #
Ve #5
5lp £19
5lg £20
FIG. 84
vCcc
[
R2 3 RIS R2 5|E Mg R2 3
2] 14 ; llﬁ . 2] e [eC -] 2] . PO L
Lo} I ~ Lall ™~ Ll
3 e P L 3 e a2 3| 1o w12
™~ ~ Ll ™
4 ] 4 1] 4 (1}
wlah P
5] g |.a P L] sl g TPVERLL o hio 5| .a e ) W 1)
L N Lt} Ll ~ Ll ™ Ll
8l o o ] 6] o a2 6] .o 2
Ll Ee B Lal ™~
7 7 7
GND
NOTE: Voo = +5.5 Volts Ambient Temperature = +125°C

Ry = 2200, 10%, Y6 watt.  R. = 3909, 10%, 14 watt.
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FLIP FLOPS

CLOCKED FLIP-FLOP MIC 945

CLOCKED FLIP-FLOP MIC 948
DESCRIPTION

The MIC 945 and MIC 948 elements are clocked flip-flops.
Both the MIC 945 and MIC 948 flip-flops operate on the “master-slave’ principle. Information
enters the “master’” flip-flop when trigger clock input voltage is high and transfers to the “slave”
flip-flop when trigger clock input voltage goes low. Since operation depends only on voltage levels
any sort of waveshape having the proper voltage levels may be used as a trigger signal.(Therise and
fall times are irrelevant.)
Both the MIC 945 and MIC 948 have an improved direct set and direct clear design which allows
unhampered asynchronous entry irrespective of signals applied to any other inputs. The direct inputs
always take precedence, thus simplifying the design of arbitrarily preset counters or control flip-flops.
Both flip--flops incorporate output buffers which provide isolation between the “slave’ flip-flop and
the output load, thereby enhancing immunity to signal line noise,
The MIC 945 incorporates a 61X ohm output pull up resistor which allows for a fan-out of up to 12
DTL loads.
The MIC 948 incorporates a 2K ohm output pull up resistor which allows for typiecally 309 faster
rise times for capacitive loads at a fan-out of up to 11 DTL loads.

CIRCUIT SCHEMATIC

P Vee

R 22K 22x Ri
£d OZPTI il ’Jﬂq 01'“‘ “[%409 L i
o o < 0p §°
4 2 05510 I Yee

GND
.4
!
NOTES: Pins 1, 8, 13 not used S
348 B! = 5K 3 :uk
PIN NUMBERS REFER TO “:IH’— 3 R ¥ on —H—oz.lj
FLAT PACKAGE AND DIP 30y P ¥ ’j TR - isdhdei il
cpzd donp
POSITIVE LOGIC SYMBOLS SYNCHRONOUS ENTRY ASYNCHRONOUS ENTRY
L2l
9 ’"ﬁ Inputs Output Inputs Outputs
+ 5 t, tasa 5 10| 6| 9o
T [l 1| 1 Nc|Nc
2 er— (Y 3 4 11 12 6 1 0 1 0
gy 0 il 0 D NC 0 1 0 1
i o|a || 0] NC
'hice 0 0 1 1
S) & (o} o ¢ | NC
8 o D 0 P 0 NC Asynchronous entry is independent
0 @ 1 1 0 of all other inputs and overrides
NOTES: synchronous entry.
1. Pin numbers refer to flat package. ® 0 1 1 o
2. Abbreviations used in the body of tables: 1 1 0 b 1
NC = no change, the trigger-pulse has equal effect. 3 | 1 & 0 1
0 = low, the more negative voltage level. 1 1 1 1 |undeter-
| = high, the more positive voltage level FriHAR
(In all eases, unused pins have the same
effect as high.) For J-K Mode Operation:
& = immaterial, either | or 0 has no effect on outputs, Connect 4 to 9 and 11 to 6
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FLIP FLOPS

FLAT PACK SIMILAR TO TO-5 DUAL IN=-LINE
S A
VeclO g W
1 ¢ 3 i 1 Voo ld 2.cp = S
2cp — 13 38 = = ¢, 12
3 51 — €112 4 5 = SEA
4 51 = cz11 5 tp = = 5510
5Co — — sp 10 6 o= .
6 ¢ ? 9 TOND == — 8
7 GND [E— | B
TOP VIEW TOP VIEW TOP VIEW
ABSOLUTE MAXIMUM RATINGS"
UNITS
Supply Voltage (Vee), —55°C to +125°C, oNNUOUS. it viiwiwevniiinnsanssnensorearsenis —0.5 to +8 | Volts
Supply Voltage (Vee), Pulsed, <1 S0C. ..o iunuu it nrenean e srateeae s ears e +12 | Volts
Qutput Current; Inbo onEPULE. oo e o g s s oo s or sy oy o0 | TR
Input Forward Current. . ..., P T oo s vy oo o R 7
Tiiput: Reverse: CUrmemt s sy imma i s s s s a8 A & e e s =S s o PR i iy 1 mA
Operating TemPeratirC. .. .., . . voueeeee sttt e eier e et oeeeeeaesraoesesen e —bB to 4125 °C
Storage Temperature. . ............... coo..—63to +150 | °C
Operating Junetion Temperature?, .. ... ... ey A ARG T R SR R s RO || RE
Tt VOlEASE ATPIEA D THDIL v mumee i s i s oo Ssenriynin e s S a2 —=15to +55 | V
Tidad Temp; (Soldering; B0/SEC.)  wvom o waimemn s yumhin s s di b b s a3 0 SR 0 TR 0 300 | °C

NOTES: 1. Above which useful life may be impuaired.
2. Allow 200°C,/Watt 54 for TO-5;300°C/ Watt 654 for 14" x 3" fatpaek and dual in-line. Allow 50°C/Watt 8y ¢ for TO-5; 180°C/
Watt 65 ¢ for 14" x 14" flatpack and dual in-line. Heat removalin 14" x 14" flatpack is highly dependent upon contact surfaces
or air flow and on lead attachment and thermal paths thru leads, as well as number of =oldered leads.

SUMMARY OF MIC 945 AND 948 CHARACTERISTICS (25°C)

FULL LIMITED
TEMPERATURE RANGE | TEMPERATURE RANGE
Network Parameter Note Min. Typ. AMax. Min. Typ. Max. Unit
Operating Supply Voltage 1 4.5 5.0 5.5 5.0 Volts
Network Dissipation 945 2 70.0 75.0 mW
948 81.0 87.5
Loading D.C. Fanout 945 10.0 12.0 DTL Unit
948 9.0 11.0 Load
Output Logic ‘1" (High) | 945 2.5 3.1 Volts
948 2.5 4
‘0" (Low) | 945 0.4 0.45
048 0.4 0.45
Input Threshold ‘17 (High) 3 1.9 1.9 Volis
‘0’ (Low) 1.1 1.1
Propagation tpat 945 4 35.0 75.0 35.0 75.0 Nano-
Delay Time 9458 S0.0 635.0 30.0 65.0 Seecond
tpa— 945 30.0 75.0 30.0 75.0
948 40,0 75.0 30.0 75.0
Noise Immunity 0.35 | >0.5 035 | >0.5 Volts

NOTES: |. Ixact specification limits for operating temperature range may be obtained by reference to the appropriate test.
2. Power supplied from Vec(5Y) during “OX" state, Fanout = 0.
3. Input threshold voltage is defined as the minimum (or maximum) voltage at the cireuit input to guarantee a low (or high) output,
+. Propagation delay time terms (tpi-k and tpe—) are deseribed in the tug test eireuit, Page 46 '
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FLIP FLOPS

TEST SEQUENCE

NOTE: Pin numbers refer to flat paekage and dual in line package.

FORCING CONDITIONS AT PINS TEST
Test Cp S S, Cp Q Q Sp Cy C, Vee LIMITS
No. [Notes| Pin 2 3 4 5 6 4 10 11 12 14 | Sense| Min. Max.

1 1 Vaz GND | GND | GND Vi L Irce

2 1 Vi GND | GND | GND | Vi L Lrer

3 1 GND | Vg GND Veen Iy Ir

4 1 [ GND [GND |V, Veen Iy I

5 1 GND GND | Vg Veen I Ir

ﬁ l GND V R GND "'r"(,'.f.' Iu In

7 1 CP GND | GND | Vg Veen Veen I; Is

8 1 cr \"r'r'u \r;; GND | GND ch; I I;{

9 1 GND| Veey GND Veexr I Tepx
10 1 GND Vegy | GND Verx Iy Teex
11 1 GND | GND | GND | GND GND | GND [GND | Vaax T4 Iarax
12 1 CP GND | GND | Veer |—Ton Vies Veer Vs Von
13 1 CP Vivs —Ion Vr{-;, GND |GND \"(yr; L \"9 Vv o8
14- 1:1,.2 | ‘CP Vi Veer Low Vin Viu Viu Veer Vs Vo
15 | 112 | CR Vi Veen | lors Viu Vin Vi Veen A\ Voia
16 | 1,2 | CP Vi Vin Viu Lo |Veer | Vie Veer vy Vou
17 1,2 | CP Vi Vi Vi Lows | Veen Vi Veeu Vy Vore
18 1 Vaz Ve Ve Veen | —1y -2/31n
19 ] VR \"}r \',r.- V{_‘('H —1.1 —2/3 Iy.
20 1 Ve Vi Ve Veen | —Iis —2/3 1
21 1 Ve Ve Ve Veen | —In —2/31,
22 1 GND Ve GND Veen | —I1; =Trsii
23 1 GND GND Vi Veen | —In =) P
24 1 Ve GND |[GND | Veen | —1s —Irs
25 1 GND |GND Ve Veen | —Ie —Ips
26 1 \r"p Vies Veen ——]g '—I}';:m
27 1 Vi Virs Veen | —Ip — e
28 1 cr Veen GNIX \::‘(.‘H GND |GND Vccu -—15 —-ls(_'

29 1 CP Veen GNIN Veew | GND |GND | Veon | —16 —Ise

30 1 cp GND | GND | Veon GND| Veen Veor | =L |—Isc

31 it cr GND |GND | Veen GND| Veer Veen | —1s —Ise

32 1 | Ven Iy Lepn
33 tpat , 945 See Page 45 for Test Limits and Conditions.

34 tp— , 945  See Page 45 for Test Limits and Conditions.

35 tpat , 948  See Page 45 for Test Limits and Conditions.

36 tpa— , 948  See Page 45 for Test Limits and Conditions.

37T 11,3 | Ve Ve A Veer | —Is —2/3 I
38 1,3 VR V;e \"J-‘ Vcc'.[, —I.t —2/3 Iy-_v
39 | 1,3 | Vg Vi Vr Veer | —Iiz —2/3 Ips
40 | 1,3 | Ve Ve Ve Veer | —In —2/8 Ip:
41 | 1,3 | GND Ve GND Veer | —1; B e
42 1,3 | GND GND Ve Veer | —In —Tpsre
43 | 1,3 | V¢ Vies Veer | —1 —Tpeps
44 1,3 Ve Vies Veee —I: —Tpeps

NOTES: 1. Ground pin is grounded.
2. Delay application of Ipz current source until after eompletion of elock pulse. Alternatively elamp current source compliance
voltage below Vegx.
3. Tests 37/44 apply to full temperature range only.
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FORCING CONDITIONS

FULL LIMITED
-TEMPERATURE RANGE TEMPERATURE RANGE
Parameter Units —55°C +25°C | +125°C | Parameter Units 0°C +25°C +75°C
VC(‘H VOIL‘-} 5.5 55 %-:I Vccu VO"$ 5.0 5<D 5.0
Veer Volts 4.5 4.5 4.5 Veer Volts 5.0 5.0 5.0
Varax Volts 8.0 Varax Volts 8.0
Ven Volts 5.0 Ven Volts 5.0
Vi Volts 1.0 4.0 4.0 Ve Volts 4.0 4.0 4.0
Ve Volts 0.4 0.4 0.4 Ve Volts 0.45 0.45 0.5
Very Volts i3 Very Volts 4.5
Vit Volts 1.4 1.1 0.8 Vi Volts 1.2 1.1 0.95
Vies Volts 1.4 1.1 0.8 Virs Volts 1.2 1.1 0.95
VH! Volts 21 1.9 1.7 V”} Volts 2.0 1.9 1.8
Lo 945 mA 12.0 12.0 12.0 Lors 945 mA 16.8 16.8 16.0
Tom 948 mA 13.0 13.0 13.0 Tor 948 mA 15.4 154 14.6
Lo 945 mA 15._0 15.0 15.0 Toee 945 mA 16.8 16.8 16.0
Tors 948 mA 13.6 13.6 13.6 Lors 948 mA 15.4 15.4 14.6
—Ton 945 pA 180.0 180.0 180.0 | —Ton wA 120.0 120.0 120.0
—I oy 948 pA 540.0 540.0 540.0
TEST LIMITS
FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
—55°C +25°C +125°C 0°C +25°C +75°C
Parameter Units | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Vou Volts 0.4 0.4 0.4 0.45 0.45 0.5
Vo 945 Volts 0.4 0.4 0.4 0.45 0.45 0.45
Vo 948 Volts 0.4 0.4 0.4 0.45 0.45 0.5
Vou 945 Volts| 2.5 2.5 2.5 2.6 2.6 2.5
Vor 948 Volts| 2.5 2.5 25 4.3 4.3 4.2
Iker 7.3 10.0 10.0 20.0 20.0 20.0 30.0
Ix uA 2.0 2.0 5.0 5.0 5.0 10.0
Ieex pA 50.0 100.0
Larax 945 Flat Pack | mA 16.0 17.0
Tarax 948 Flat Pack [ mA 16.0 17.5
Tyax 945 TO-5 |mA 20.0 21.0
Ipax 948 TO-5 mA 23.0 25.0
—2/31p mA .98 .98 92 0.95 0.95 0.9
—Lrsn mA 2.93 2.93 2.67 2.8 2.8 2.66
—Irs mA 24 2.4 2.1 21 2.1 2.0
—Lpern 945 mA 2.93 2.93 2.57 28 2.8 2.66
—Tpcp, 948 mA 2.35 2.35 2.03 2.24 2.24 213
—Isc 945 mA 0.7 1.33 | 0.7 1.33 | 0.625 1.3 0.59 1.41 0.59 141 0.55 1.38
—Isc 948 mA 2.1 3.96 ] 2.1 3.96 | 1.56 3.54 1.77 4.2 1.77 4.2 1.6 4.0
Ippn 945 14.0 15.0
Ippn 948 16.2 17.5
—2/3 Ip, mA .76 76 72
T mA 2.26 2.26 2.20
—Tpepa 945 mA 2.26 2.26 2.02
Llpep, 948 mA 1.83 1.83 1.59
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FIG. 85

>+3V
0.4\'—]‘——]—

PULSE
WIDTH

>00ns

All diodes IN916

All capacitances include wiring and probe capacitances,

PROPAGATION DELAY CONDITIONS AND LIMITS

>+3v ﬂ TEST CONDITIONS LIMITS
cp
[ ovous  Test Deviee Test R C T Vee Min, Max.
| No. Ohms Picofarad °C  Volts | Nanosecond Nanosecond
el T | ) 33 945  tut+ 20K 30 +25 5.0 35 75
g‘é“ﬁ;‘é““’ n 34 945 tw— 330 50 +25 5.0 30 75
" 35 948  tw+ 2.0K 30 +25 5.0 30 65
‘oL 36 048 t— 330 a0 +25 5.0 30 75
ELECTRICAL CHARACTERISTICS
FIG. 88 FIG. 89 FIG. 100
TYPICAL POWER DISSIPATION TYPICAL Tpd VS. TYPICAL Tpd VS.
VS. Vee CAPACITANCE* CAPACITANCE*
| |
— CP PIN HIGH —t Vee =5.0V — Ve =50V
Z 100 200 aol—R=2100
E
; /
5 // 150
£ 75 ] MICS45 R=4K ¢ 60
g S .E L Mic94s Re2K P et B MIC945 = MIC948
3 Ky q;: 2 100 \ i B = =
& 5o A = e =
& == /ﬁ l ‘(, LT "'-:"""
= " — T
g 25 50 MICB48 R=4K 20
—t—MICS948 R:2K I
e Q=0
30 40 50 60 70 20 40 60 8O 20 40 &0 80
Veg~COLLECTOR SUPPLY VOLTAGE -VOLTS C- CAPACITANCE - pt €= CAPACITANCE —pt

FIG. 101

TYPICAL MAXIMUM BINARY
COUNTING RATE VUS. CAPACITY

FIG. 102

94g DIVIDE BY TWO WAVEFORM

e S e S i 1 I
E =0 : =
s S e
2 NEog LTI T
b N, 4 T
§ 20 ‘Q“s‘,l % I
’y N I
E M +
w 1O s ne
9 ; P e A
2 3 HH-H
2 os b
5 3 =
g I ]
& o2 I
\ 7
10 20 50 100 200 500 *
C- CAPACITANCE - pf /,\.;_

T
Y
o

MIC 948 as a binary counter,
Upper Traee: Input, 2 volts per division.
Lower Traces: Outputs, 1 volt per division.

Falling output loaded by 50 pf and 3300
to Vee.

Rising output loaded by 50 pf.
25 nsec per division,

Vee = 5V,

*SEE TEST CIRCUIT.
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RELIABILITY TESTS

PERFORMED DURING ITT RELIABILITY PROGRAM
MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED:

Parameter | Test Sequence Number on Page 44
Leer #1
Ie 2 & %
Vonu #13
Vv oL #14
—2/31¢ #18 & £20
Lepn £32

LIFE TEST CIRCUIT

FIG. 103

Vee
p g [ gt
1 14 14 14
P | | r—‘l I
|15

13

A ke - O

1 S i e S S
[ 1

GND

NOTE:

Vee= +5.5 Volts, Ambient Temperature= +125° C

Circuit may have an odd number of units connected like “A™,
with one connected like “B”,
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PULSE-TRIGGERED BINARY FLIP-FLOP MIC 950
DESCRIPTION

The MIC 950 element is a pulse-triggered, high-speed gated flip-flop and can be used either as an
R-S or J-K flip-flop. It will operate in a binary counter application in excess of 20 MHz over the full
temperature range and it dissipates typically less than 30 milliwatts. The pulse-triggered set and clear
inputs are capacitively coupled while the corresponding steering inputs are directly coupled. The
direct set and clear inputs which respond to voltage levels take precedence over the pulse triggered
inputs, thus simplifying the design of arbitrarily preset counters or control flip-Hops.

CIRCUIT SCHEMATIC

Eel e 'B
£ Y e
- : «1 . -J..
: i ]& l ¥ = l { o 2
™ -mn 1 [ ] 1 mon *r o e
L s 1 —ﬂ—«'--[ » o - I—m—n— meoQ i ;"
e S hr—os*
TRUTH TABLE
POSITIVE LOGIC SYMBOLS RESPONSE TO
. PULSE INPUTS DIRECT INPUTS
B ‘l’ Inputs Qutputs || Inputs |Outputs
. 45610] 3 11 {1 13|[3 11
—d
= e 1| S281C1C2| Q @ || Co So|Q Q |
B ——————0) T#1&| NCNC [T 1
: 414 1| NCNCJlOo 1[0 1
. 00 &1 1.0 |3 o1 0
—
! i 4 5 040 14 | 3 S0 |0 0|1 A
e py 1¢00| o0 1
¢#100| 0 1
9 00 0 0 |Ambig

Cp
NOTES: 1. Pin numbers refer to flat package.
2. Abbrevistions used in the body of tables:
0 = low, the more negative voltage level,
I = high, the more positive voltage level (In all eases, unused pins have the same effect as high.)
& = immaterial, either | or 0 has equal effect.
NC = no change, the trigger-pulse has no effect on outputs,
3. 1 or 0 for pins 5 and 6 represent voltage transitions to the level indicated rather than the levels themselves.
4. The tables assume independent use of pulsed inputs and direct inputs. Otherwise, direct inputs will predominate.

FLAT PACK SIMILAR TO TO-5 DUAL IN-LINE
v
1o
€ il F Ve "
- cp! Vee
2 =t i3 5p =l ks
=12 o3 2
=1IN"] Sz 4 L -‘—Z! uwa
515 =10 £y
=10 ¢; R T= =K1
=] GND = =N}
a
*s
TOP VIEW TOP VIEW TOP VIEW
*These inputs are capacitively coupled. *These inputs are capacitively coupled. *These inputs are capacitively coupled.
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ABSOLUTE MAXIMUM RATINGS'

Supply Voltage (Vee), —55°C to +125°C, Continuous. . .....oovvvniniiiiina i nnns —.5to +8 | Volts
Supply Voltage (Vee), pulsed, <10 8eC.. ... couiiiivivive i iiiiiv e oo +12 | Vlts
Output Current, into Outpuls, CONLUGUS ... «.ovsopmvsonmmsssnbamemsms s s mmr s sy sapssmrer a0l | A
Output Current, into Outputs, pulsed, <30 milliseconds. ... ... 100 | mA
Input Forward Current, Pins 1, 4, 10, 13 (flat LV P SNSRI S| DRt ) SO P —10 | mA
Input Reverse Current...............c.00nen R PR R S AR IR R s R 0 ] i
Input Voltage, Pins 5, 6 (flat package) . .. ....ovvirivivmivmssirmmsnrommissmrnnr s —1.0 to +8.0 | Volts
Operating Ambient Temperature. ...........oovivisaoeiiieaiiiiiaiie e . —55 to +125 | °C
Storage Temperature. ... ..covevr e iimmarinnsmesn oo —B5 to +150 5]
Operating Junction Temperature?. ... couuu.iiiiooe it i - 178 G
Tnput Voltage ADRLEd 0 INDUL: sussssmimasstenmmem st s S T e e ) —15t0 +55 | V
Lead Temp. (soldering, 60 SEC.) ... ovvvrrve v inetnie et biia il e 300 | °C

NOTES: 1. Above which useful life may be impaired.
2. Allow 200°C/Watt 874 for TO-5;300°C/Watt ;4 for 14" x 44" flatpack and dual in-line. Allow 50°C/Watt 6s.¢ for TO-5; 180°C/
Watt 8r_¢ for 34" x 14" flatpack and dual in-line. Heat removal in }4" x 14" flatpack is highly dependent upon contact surfaces
or air low and on lead attachment and thermal paths thru leads, as well as number of soldered leads,

SUMMARY OF MIC 950 CHARACTERISTICS (25°C)

MILITARY INDUSTRIAL
Network Parameter Note Min. Typ. Max. Min. Typ. Max, Unit
Operating Supply Voltage 1 4.5 5.0 5.5 5.0 Volts
Networl Dissipation 2 43.5 46.5 mW
Loading D.C. Fanout 8.0 10.0 DTL Unit
Load
Output Logie ‘1' (High) 2.6 2.8 Volts
‘0’ (Low) 0.4 0.45
Input D.C. Threshold ‘1" (High) 3 1.9 1.9 Volts
‘0" (Low) 0.8 0.78
Propagation
Delay Time tpat 4 30.0 35.0 Nano-
tpd— 30.0 35.0 Second

NOTES: 1. Lxact specification limits for operating temperature range may be obtained by reference to the approprinte test,
2. Power supplied from Vee (3V) fanout = 0.
3. Input threshold voltage is defined as the minimum (or maximum) voltage at the eirait input to guarantee a low (or high) output.
4. Propagation delay time terms (t po=f and tpe— ) are deseribed in the tpp test cireuit, Page 10,

FREQUENCY CHARACTERISTICS

FIG. 104 FIG. 105
TYPICAL FREQUENCY OF OPERATION
VS. LOADING CAPACITANCE MIC 850—DIVIDING BY 2
40 Y
Ig 30 T Y, J'{ .'
- o ""‘"\‘ T
g \\ i a3
a — s 1) ) oy o D«
w 20 —] -+ i 1
E """—...._____ 3 b
I Vee =5.0V — /"-./:.
o Ta=25°C #1% 4
a /' E
100 200 300 400 v e \4“""
CAPACITANCE —pf i ]

10 nsec/division

25°C Vec=50V

UPPER TRACE —Input to CP (2 volts/division]

POSITIVE GOING TRACE — Output Going High (1 volt/division)
MEGATIVE GOING TRACE — Output Going Low [1 volt/division]
20 pf each output
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TEST SEQUENCE

2 Vg FOR TESTS 18 3.

3. CLOCK PLLSE FOR TESTS 5,6,17 & 18

4. 33/37 APPLY TO FULL TEMPERATURE
RANGE.

FORCING CONDITIONS AT PINS TEST
Test 1 2 3 4 5 6 10 11 12 13 14 DIP LIMITS
No. | Notes| 1 2 3 4 5 7 S 9 10 | TOS5 | Sense
C;} Q S\; S1 01 Ca Q Sn Vc'r_,' Sense Min. Max.
1 1,2 GND |V Veen | Vs Vs 2y
2 1 GND (Vyax Veen | 1, I Ir
3 1, 2 Vo GND Veen Vs Ve 2V
4 1 V AMAX (: N—D "r('['H I,-. In I il
) 1,3 | Vg Veen CP |GND Veen | I, I In
6 1,3 GND |CP Veen Ve |Veen | I, Lis In
7 1 Veex GND| Vegx | 1. I Legx
8 1 | GND Verx Veex | T, L Teex
9 1 Veen | Vi | Vi Vi
10 1 Veen | V. Vi Vi
11 1 GND GND Viaax| I, | L Larax
12 1 GND Vep Ly L Ipp
13 1 |GND Iors |GND Vins | Veer | Vo | Vs Vou
14 1 | GND Lot Veen | V. /3 Vo
15 1 Vius GND| Loz GND| Veer Va Vu Vou
16 1 Tora GND|Veen | Vo | Vn Vore
17 1,3 —Ion CP |CP |GND Vies | Veer | Vo | Vs Voo
18 1,3 | Vies GND |CP |CP —Ion Veor | Vo | Vu| Vo
19 1 Ve Veen | 1, I, —1.51F,
20 1 Ve Veen | 1, Ty —1.515
21 1 | Ve GND|Veen | 1, I, —Ies
22 1 |GND v | Veen | 1, s —Ips
23 1 GND GND| Veen 13 I | —Ise
24 1 GND GND[Veen | I, | s —Ise
25 1 |GND GND Veew | I Iy | —Ise
26 1 GND GND Veen T, In —Ise
27 1 GND Veen L Tix
28 1 GND Veen I, Lix
29 1 GND "’CCH Im Iuc
30 1 GND Veen I Lix
3 tpit  See Page 52 for Test Limits and Conditions.
32 tw—  See Page 52 for Test Limits and Conditions.
33 20MHZ See Page 52 for Test Circuit.
34 1;4 Vr Veer | I I -1.51p,
35 1,4 Ve Veer | 1; Lo -1.51p:
36 1,4 [Ve GND|Veer | 1, I —Ips.
37 1,4 |GND Ve |Veer | I; Lis —Ipse
FiG. 1086 FIG. 107
aan ¥ She— s 50 NANOSECONDS
P.S.U. TEST o i sHR
DURATION: e e
NOTES: 1 GROUND PIN IS GROUNDED FOR e i
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FORCING CONDITIONS

FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
Parameter Units —55°C +25°C | +125°C | Parameter Units 0°C +-25°C +75°C
Vcc” Volts 5.9 5.5 5.5 ‘vm'l'l Volts 5.0 5.0 5.0
Veer Volts 4.5 4.5 4.5 Veor Volts 5.0 5.0 5.0
Varax Volts+ 8.0 8.0 8.0 Virax Volts 8.0 8.0 8.0
Ve Volts 4.0 4.0 4.0 Ve Volts 4.0 4.0 4.0
Veex Volts 5.0 5.0 5.0 Veex Volts 5.0 5.0 5.0
Ven Volts 5.0 5.0 5.0 Veo Volts 5.0 5.0 5.0
Vius Volts 2.1 1.9 1.7 Vius Volts 2.0 1.9 1.8
Viis Volts 0.95 0.8 0.605 Vivs Volts 0.883 0.78 0.73
Ve Volts 0.4 0.4 0.4 Ve Volts 45 45 5
Tow mA 12.0 12.0 12.0 lon maA 14.0 14.0 13.3
Lota mA 15.0 15.0 15.0 Lops mA 14.0 14.0 14.0
—lon mA 1.5 1.5 1.5 —Lon mA 1.5 1.5 1.5
TEST LIMITS
FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
—355°C +25°C +125°C 0°C +25°C +75°C
Parameter Units Min. | Max. | Min. | Max, | Min. | Max. | Min. | Max. | Min.| Max. | Min. | Max.
Von Volts 0.4 0.4 0.4 0.45 0.45 0.5
Vora Volts 0.4 0.4 0.4 0.45 0.45 0.5
Vi Volts 5.0 5.0 5.0 4.0 4.0 4.0
Von Volts 2.5 2.6 2.5 2.7 2.8 2.7
Ir pA 2.0 2.0 5.0 5.0 5.0 10.0
Ieex rA 50.0 50.0 100.0 100.0 100.0 100.0
Tarax mA 184 18.4 18.4 19.6 19.6 19.6
—1.5 Ipy mA 2.22 2.22 2,09 2.1 21 2.0
—Ips mA 1.64 1.64 1.46 1.6 1.6 1.52
—Ise mA 126 | 27.0 | 157 | 27.0 | 140 | 26.0 | 13.7 | 203 | 13.7 | 293 |126 | 20.3
—Iik mA 4.05 735 422| 735| 3.65| 79 3.7 7.9 3.4 7.9
Iep mA 8.7 8.7 8.7 9.3 %.3 9.3
—1.51 mA 1.83 1.83 1.71
—Ips: mA 1.2 1.24 1.14
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MIC 950 PROPAGATION DELAY TEST CIRCUIT AND LIMITS

FIG. 109

PULSE GENERATOR
FREQ SMHZ
DUTY CYCLE S50%
FALL TIME IONS
AMPLITUDE 3V

FIG. 108

PIN 71 PmuT owrnur

-

Diodes are IN916 or equivalent.

Capacitances inelude wiring and probe capa(:ltances

FULL LIMITED
TEST CONDITIONS TEMPERATURE | TEMPERATURE
RANGE RANGE
Test | Device Test R C P Vee Min. Max. Min. Max.
No. Ohms | Picofarad 6@ Volts Nanoseconds Nanoseconds
31 950 tpat 3.9K 100 +25°C 5.0 30 35
32 950 tpr— 390 100 +25°C 5.0 30 35

Ve For Test Circuit
Ve For MIC 950 Under Test
Test Device For Both Positions of the 8,-C,,

Switch.,

Suitable Precautions Must Be Used When

Wiring Test Jig.

TEST CIRCUIT

20 MHZ (3 PULSE) TOGGLE TEST

FIG. 110

FREQUINSY 20 WMD e
: i
oy
MEL TIME thay v
ey
2T

:lu.uﬂ.’ :[blu L
H \I :cro::l
1 ]
: FREGUERCY 2 1K } I‘
§ PVLIE wite Oame H
I; IALTERNATE UL Tm00 OF TESTING | :
_____________ .l
- PULSE WPUT
W @
TEST OuTRUT
oo o @
........................ +5.0V
......... + 4.0V
RELIABILITY TESTS

PERFORMED DURING ITT RELIABILITY PROGRAM
MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED:

Parameter | Test Sequence Number on Page 50
Ip 2836
Tarax #11
Vor #15
Vou 217
—1Ips #21 & #22
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LIFE TEST CIRCUIT

FIG. 111
Yoo
A J A 8
I [14 i 14 I 14
2 I 13 _2| 13 18| 13
3 12 2. 12 3 12
_4] 1 4 l i 4 l i
=l 10 S 10 5] 10
8] LN =B L 8] {9
| EEEETy = PR PRSI | R
GND_ 8 GHD | 9 oD © e
GND
NOTE:
Vee= +5.5 Volts Ambient Temperature= +125°C

Circuit may have an odd number of units eonnected like “A",
with one eonnected like “B"

APPLICATIONS

SHIFT REGISTER
FIG. 112

CLEAR PULSE “LIT O
—O DATA OUTPUT

DATA OUTPUT

DATA INPUT O [

1o

LT

P S

SHIFT PULSE L. O—*
DATA INPUT O

RIPPLE-CARRY BINARY COUNTER
FIG.113

alole|u|®

ool ale

RIPPLE-CARRY DECADE COUNTER
FIG. 114

o=




DUAL FLIP-FLOPS

MIC 9083 MIC 9094 MIC 3097 MIC 9089
DUAL DTL MASTER-SLAVE J-K FLIP-FLOPS

DESCRIPTION

The MIC 9093 and MIC 9094 are single chip dual flip-flops with circuitry similar to the MIC 945
and MIC 948 respectively. They feature internal J-K connections, separate clock pins, and sepa-
rate SD pins. They are useful in ripple-carry counters and many other J-K flip-flop applications.

The MIC 9097 and MIC 9099 are single chip dual flip-flops with circuitry similar to the MIC 948
and MIC 945 respectively. They feature internal J-K connections, a common clock pin, a common
CD pin, and separate SD pins. They are useful in shift registers, shift counters, and synchro-
nous counters.

The MIC 9093 and MIC 9099 are usable with clock frequencies up to 5 MHZ and feature a DC
level sensitive clock input for stable operation regardless of clock waveshape.

The MIC 9094 and MIC 9097 are usable with clock frequencies up to 8 MHZ.

These circuits are fully compatible with the ITT MIC 930 series DTL family and the ITT MIC
9000 series T'TL family.

(14)
9093/9094 (9093) SHOWN |
oo

I“"CC '."'CE
%J_[ L 1t L ) g ”L<l ) E i ’JJ % MIC S093/3034
18) F{"—} ‘_'] s | |8 ! ]

] Jf::‘—?-{'ﬁ = _D =
GND it GND ohD o ;5 GND e
—r' i h
vee 1 vee | |vee T e ?
h -3 -4 |4_ 't 4 j - T > L
2 T SURE, S — K T PR S
gy HT T‘_]_ ) oL TR e t.l_ T Kp
3 ¥ T @ g ¥ (-
[ Teno ] Teng
f,ltﬂ cﬂzir!P

14}
9097/9098 (9097) SHOWN [
Voo

1 Ve
i 0 | | | L ] Y= MIC 3097/9099
19 L ? | g @ L J gy
[T | [‘ [ W T ® lé:_'_i _‘} i"_ i ®) ¢
= == 2
[_’ S ¥ X @ _J_'_“':;, .E:"—_r;oz [—
64D . GND GND "‘H__}*“ GND
Yee Ve | | v i e T
i : ] — 1
= Loy o R L_ i . 1. ] ,_;r___,.r '+
Iyt il i i I CES R ;_I— =Ko
B T ¥ a2l ) = = (12)
T

Icgil3] GND |
epli} "7



DUAL FLIP-FLOPS

PIN CONFIGURATION (3083/8094 AND 8097/9088)

9093/9094 9097,/9099
(DUAL ‘945/948 SEPARATE S,; SEPARATE Cp) (DUAL 948/945 COMMON Cp; COMMON Cp)

Cpy W C |] [|_ 3 (1) Ve Cp M :] ['_:l 4 ¥ee

0@ = i LR — [_’ — i cp

hom =] =R =l — 12wy

S, W — =L} LR — — a4y

G om o gy [ — =N E"

RUR— m T LR — = B

Gho T C ” “ﬁ LI GND (7} ][ ]I " gy

ABSOLUTE MAXIMUM RATINGS
(Above which useful life may be impaired)

Supply Voltage (Voc) CORtINMOUS. « o . v vv v cvvhan s viaminwsisniss i sinnr s s —0.5 to +8.0 | Volts
Supply Voltage (Vee) Pulsed <1.08econd. . ... .......oooviiiiiiiarariiiiiiiiianns +12.0 Volts
Power Dissipation 25°C Ambient (Note 1). . ....ooviviiiiririie it rissaarocaas 500 mw
Operating Temperature Range . .. . ........coivimniiiii i —55 to +125 0
Storage Temperature Range . .. ... ivvuiinmrcanavmmrvssasmeisnimmsrsmnessor —65 to 4+150 °C
Lead Temperature (soldering 60 second). ............coviiiiiiiiiiiiiiiiiiiiiaes +300 °C
Input Voltage Applied. £0 T0DWEs: s s nsissnssssanivds: s s KRS pe s —1.5to +56.5 Volts

noTE 1: Degradation by 3.3 mw per degree C for ambient temperatures above 25°C.

NOTES:

1. Positive logic: O=L, 1=H is shown.
2. With synchronous entry, output changes occur as

TRUTH TABLES
SYNCHRONOUS ENTRY ASYNCHRONOUS ENTRY
Inputs | Output Inputs | Outputs
J [ K| Ont1 So|CojQ |Q
0|0 Qn ol01'71 |1
0 |1 0 oj|1(110
1160 1 15 107103
1 1 Qn 1 1 |No Change

4, From circuit symmetry, the Sp and Cp pin desig-
nations may be interchanged by interchanging

clock level changes from High to Low. For opera-
tion in accordance with the table, J and K inputs
should normally be changed while the clock is
low, and maintained while the clock is high.

Asynchronous entry overrides synchronous entry,
regardless of clock level. If Sp and Cy, are both
low, then both go high simultaneously, final con-
dition cannot be predicted. For proper operation,
the Sp or Cp terminals must be held in the low
state for at least 50 nanoseconds.
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the J and K, and also the Q and Q pin designa-
tions. Thus, the 9093-9094 may be used as a dual
flip-flop having Cp terminals available, and the
9097-9099 may be used as a dual flip-flop having
separate Cp, terminals and a common Sy, terminal.
All rules for MIC 945 apply to MIC 9093 and 9099

All rules for MIC 948 apply to MIC 9094 and 9097

Refer to the MIC 945/ 948 section of IT'T"s New
Unabridged DTL Design Data Book for typical
operating characteristics.



DUAL FLIP-FLOPS

SUMMARY OF MIC 5053/5054 AND 909]/9099 CHARACTERISTICS (25°C)

[_ FULL LIMITED
TEMPERATURE RANGE| TEMPERATURE RANGE
Network Parameter Note | Min. Typ. Max. Min, Typ. Max. Unit
Operating Supply Voltage 1 4.5 5.0 5.5 5.0 Volts
Network Dissipation 9093,/9099 2 70.0 75.0 mwW
9094 /9097 81.0 87.5
Loading D.C. Fanout 9093,/9099 10.0 12.0 DTL Unit
9094,9097 9.0 11.0 Load
Output Logic ‘1" (High) 9093,/9099 2.5 2.5 Volts
9094/9097 2.5 4.2
‘0" (Low)|9093/9099 0.4 0.45
9094/9097 0.4 0.45
Input Threshold ‘17 (High 3 1.9 1.9 Volts
‘0" (Low) 1.1 1.1
Propagation it 9093/9099 4| 35.0 75.0 35.0 75.0 Nano-
Delay Time 9094,/9097 30.0 65.0 30.0 65.0 Second
tpa— 9093 /9099 30.0 75.0 30.0 75.0
9094/9097 30.0 75.0 30.0 75.0
Noise Immunity 0.35 >0.5 0.35 >0.5 Volts

NOTES: 1. Exuct specification limits for operating temperature range may be obtained by reference to the approprinte test.
2. Power supplied from Vee(5V) during “OX" state, Fanout = 0.
4. Input threshold voltage is defined as the minimum (or maximum) voltage at the cireuit input to guarantee a low {or high) output.
4. Propagation deluy time terms (tu+ and tpe—) are deseribed in the toq test eireuit, Page 8.

9093/9094 TEST SEQUENCE

FORCING CONDITIONS AT PINS

Test Ce K J So Q Q Vee TEST LIMITS

No. | Notes | 1(13) 2(12) 3(11) 4(10) 5(9) 6(8) 14 Sense Min. | Max.

1 1:2 GND | GND| GND | GND Vaax I Tuax

2 152 GND Ven I, Toon

o (4} 1 Vll GND Vl\ I|(I]3) Iru:p

56 | 1 Vi GND GND Vi 1i(Is) Tnce

7@ 1 GND Vi GND Veen | Ia(In) In

9(10) | 1 GND | Vi GND | Veen | L) In
11(12) 1 Cpa GND Vz Veen Li(Li) 21n
13(14) 1 GND Veex Veex Ii(Is) Tcex
15(16) | 1 Crs Vi GND | Vg Veex Veex | Is(ls) loex
17(18) [ 1 Cps Va GND | Vi, —Tou | Veen | Vi(Vi) Vou

19(20) 1 Cpa Vr GND | Vg —Ion Veew Vi(Vs) Von
21(22) 1,3 Cl"[ VR GND Vi Tows VCGL Vn(vs) VflLl
23(24) 1,8 Cr Vi GND | Vg Lore Veen Va(Vs) Vo2
25(26) 1,3 GND Ium Vr‘.c L V;(Vg) VO l,]-
27(28) 1.3 GND Lore Veen Vi(Vs) Vo2
29(30) 1.3 Cry Vi GND Ci Veen Vs(Vs) Vo2
31(32) 1 Vi Vi Veen —Vi(Via) =T e
33(34) [ 1 Crs Vi Vi Cpi Veen — (L) —2/315,
35(36) 1 Ve GND Veen —Is(ILis) —2/31,
37(38) | 1 GND | V¢ Veen Ta(Two) —Lps
39(40) 1 Copa Vi —Vs | Vr GND Veen L) [ =Isc | =Ise

(Min.) | (Max.)
41(42) 1 —Vs GIND GND Veen —Ts(Is) —Tsc | =1se
(Min.) | (Max.)

43(44) TPD+ See Test Figure and Table

45(46) TPD — See Test Figure and Table
47 (48) 1,4 Ve Vi Veer | —Vi(Vis) S
49 (50) 1.4 Cry Vi Ve Crs Veen —I:(In) —2/8 I
51(52) 14 Vi GND Vee —I,(1) —2/3 1.
53(54) 1,4 GND | V¢ Vel T, (L) —Tese

NOTES: 1. Pin 7 is grounded for all tests. 2. Tests 1 and 2 only; forcing conditions applied to both flip-flops simultaneously.
3. Tests 21 through 30 only; ground Q, Sn, and Cp of opposite flip-flop. 4. Tests 47/54 apply to full temperature range only.
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DUAL FLIP-FLOPS

9037/5099 TEST SEQUENCE
FORCING CONDITIONS AT PINS

Test Cr K J So Q Q Co | Vee TEST LIMITS
No. Notes 1 2(12) |3(11) [4(10) | 5(9) 6(8) 13 14 Sense Min. Max.
1 1.2 GND | GND | GND | GND GND | Vuax | Ls Taax
2 1,2 GND. VPD Iu IPI.‘.'!-I
| 3(4) 1 Vr GND GND | Vg I, 2lrce
5(6) 1 Vr GND GND Vo I, 2lger
7(8) 1 GND Vi GND Veen | Is(Iu) In
9(10) 1 GND | Vg GND Veen | Ia(Iiz) In
11(12) 1 Cpa GND Vi Veen | Lill) In
13 1,2 Cpg GND Vn Vcr:ll Ils 21!1
14(15) 1 GND Veex | GND | Vegx | Le(ls) Teex
__16(17) 1 GND | Vepx GND | Vegx | L(Ls) Leex
18(19) 1 Cpo Vi GND | Vi, —Iou| Ve Veer | Va(Vs) Vou
20(21) 1 Cp: GND | Vy Vi —Iun Vi Veer | Vs(Vs) Vou
22(23) 1 GND Vi Io GND | Veer | Va(Vs) Vorl
24(25) 1 GND Vi Tow GND | Veen | Vie(Vs) Vo2
26(27) 1 GND GND | Lo Vi Veer | Va(Vy) Vol
28(29) 1 GND GND | Io. Vi Veen | Vs(V) Vo2
30(31) 1 Cpy Vin GND | Cypy Vi Veen | Va(Vs) Vor2
32(33) 1 Cry GND |Viu Vr Cn Veen | Vis(Va) Vor2
34(35) 1 Ve GRD |Veen | —ILi(ln) —2/31g
36(37) 1 Ve GND Veen | —Ia(Li) —2/31p
38(39) af GND Vi GND | Veen | —ILi(Iw) —Irsn
40 1.2 GND GN Ve Veen | =1 — 21 pan
41(42) 1 GND | Vg Veen | —Li(lw) —Igsi
43 1,2 GND Ve Veen | =1 —2Ipa
44 1,2 Ve Vi Veen | =1 —2Ircp
45 1 Ve Viw Veen | =1 —2lrcpr
46(47) 1 —Vs GND GND | GND | Veen | =Is(ls) | —Ige | =Ise
(min.) | (max.)
48(49) 1 —-Vs | GND | GND GND | Veen | =Li(ly) | —Isc | —=Isc
(min.) | (max.)
50(51) | TPD+ See Test Figure and Table
52(53) | TPD— See Test Figure and Table
54(55) 1.3 Ve GRD | Ve —I;(1y) —2/3Ly.
56(57) 1.3 Vy GND Veer, | —Ia(Li) —2/31e.
58(59) 1,3 GND Ve GND | Veew —L(Lp) — I s
60 1,2,3| GND GND Ve Veer -1 — 21 510
61(62) 1,3 GND | Ve Veer | =Li(lw) —Tise
63 12,3 GND Vi Veer —1is — 21 s,
64 1,23 Vg Vi Veer —1I, — 2L ver
65 1,2,3| Vg Vi Veer -1, —2Iscp

NOTES: 1. Pin 7 is grounded for all tests. 2, Tests 1, 2, 13, 40, 43, 44, 60, 63, 64 and 65 only; forcing conditions
applied to both flip-flops simultaneously. 3. Tests 54/€5 apply to full temperature range only.

PROPAGATION DELAY CONDITIONS AND LIMITS

o F L KB
o TEST CONDITIONS LIMITS
B m.-_/_\__._ R C | Min. Max.
o ohms PF| nsec. nsec.
b & / TPD+ 90939099 2K 30| 85 75
5, B \ TPD— 9093,9099 330 50| 8 75
ox TPD+ 9094,9097 2K 30| 380 65
o [ TPD— 90949097 330 501 30 75




DUAL FLIP-FLOPS

TEST LIMITS
FULL LIMITED
TEMPERATURE RANGE TEMPERATURE RANGE
—55°C +25°C +125°C 0°C +25°C +75°C
Parameter Units | Min. Max. | Min, Max. | Min. Max. | Min. Max. | Min. Max. [Min. Max.
Vou 9093/9099 | Volts | 2.5 2.5 2.5 2.6 2.6 3.1
Vou 9094/9097 | Volts | 2.5 2.5 2.6 4.3 4.3 4.3
Vou Volis 0.4 0.4 0.4 0.45 0.45 0.45
Vo2 9093/9099 | Volts 0.4 0.4 0.4 0.45 0.45 0.45
Vo12 9094/9097 | Volts 0.4 0.4 0.4 0.45 0.45] 0.45
I}l AX 9093 mA 40 492
Tuax 9094 mA 43 48
I“ AX 9097 mA 32 35
Iepu 9093/9099 | mA 28 30
Ippu 9094/9097 [ mA 324 35
—Ise 9093/9099 | mA 0.7 1.33| 0.7 1.33 625 1.30 b9 1.41 .59 1.41] .55 1.38
—Isc 9094/9097 | mA 2.1 396 21 396( 1.86 | 3.54| 1.77| 4.2 = BT f 42156 4.0
—2/3 Ie mA 98 98 .92 .95 .95 .90
Ipsr mA 2.93 2.93 2.57 2.8 2.8 2.66
Meui mA 5.86 5.86 5.86 5.6 5.6 5.32
Ips mA 22 22 1.93 2.1 2:1 2.0
2l ps mA 4.4 44 3.86 4.2 4.2 4.0
Trce 9093 mA 2.93 2.93 2.57 2.8 2.8 2.66
Ivcr 9094 mA 2.35 2.35 2.03 2.24 2.24] 2.13
2 pep 9097 mA 4.68 4.68 4.04 4.48 4.48 4.26
2Ipcr 9099 mA 5.86 5.86 5.14 5.6 5.6 5.32
Toex uA 52 105
Ince uA 10 10 20 20 20 30
2lrce uA 20 20 40 40 40 60
In ul 2 2 5 5 5 10
2Ir ul 4 4 10 10 10 20
—-2/3 I mA .76 6 72
Teais mA 2.26 2.26 2.20
2 Ipsie mA 4.52 4.52 4.40
Lise mA 1.7 17 1.5
2 Irge mA 3.4 3.4 3.0
Tecp: (9093) mA 2.26 2.26 2.02
Tecr: (9094) mA 1.83 1.83 1.59
2 Tpcrs (9097) mA 3.66 3.66 3.18
2 Tpep; (9099) mA 4.62 4.62 4.04

RELIABILITY TESTS

PERFORMED DURING ITT RELIABILITY PROGRAM
MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED:

Parameter Test Sequence Number on Pages 56, 57
| 9093/9094 | 9097/9099
2lner #3 #3(4)
Lucp #3(4)

L #7(8) #7(8)
Vou #17 #18
Voo #21 #22
—2/31p #33 #34
Tepu #2 #2




DUAL FLIP-FLOPS

FORCING CONDITIONS
Parameter Units —55°C | +25°C | +125°C Parameter Units 0°C +25°C | +75°C
Veen Volts 5.5 5.5 5.5 Veen Volts 5.0 5.0 5.0
Veew Volts 4.5 4.5 4.5 Veew Volts 5.0 5.0 5.0
Veex Volts 4.5 Veex Volts 5.0
Vu AX Volts 8.0 Viax Volts 8.0
VPD Volts 5.0 v PD Volts 5‘0
V[H Volts 2.1 1.9 1.7 V1|| Volts 2.0 1.9 1.8
Vi Volts 1.4 1.1 0.8 Vis Volts 1.2 1.1 0.95
Vr Volts 0.4 0.4 04. | Ve Volts 0.45 0.45 0.45
Vr Volts 4.0 4.0 4.0 Vr Volts 4.0 4.0 4.0
—Ton uA 115 115 115 —Tou uA 110 110 110
Tou 9093/9099 | wA 180 180 180 | Ior 9093/9099 | mA 15.8 15.8 15.1
Toiw. 9094/9097 | pA 540 540 540 Io1 9094/9097 | mA 14.4 14.4 13.7
151:9093/9099 | mA 12.0 12.0 12.0 —Vs Volts -1.0 -1.0 —1.0
Tor: 9093/9099 | mA 15.0 15.0 15.0
Io: 9094/9097 | mA 13.0 13.0 13.0
10129094/9099 | mA 13.6 13.6 13.6
+50Vo
OIMF=R ]
I F=] MHz
= 22500ns TR=TF=20“5
P [} __: Vout

INSIE R

PULSE LIFE TEST CIRCUIT
GENERATOR
\ ] \
45.5 T V14 - M 4 =5 ™
% [ F———] — . & ==
g = {] i { i
O Iy O M C i
0 1 1
7 8l 7 sll dz gl
=
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MULTIVIBRATORS

MONOSTABLE MULTIVIBRATOR MIC 941/957
DESCRIPTION

The MIC 941/951 is a monostable multivibrator.

The 941 /951 provides a pair of complementary output pulses which are typically 100 nsec wide
when it is triggered with an external pulse. The width of the output pulse is adjustable to greater
than 100ns by the addition of an external resistor and/or capacitor.

The output pulse width is very stable as either power supply voltage or temperature are varied when
an external timing resistor is used instead of the internal diffused resistor.
This cireuit is very useful in providing DTL compatible pulses from other sources.

CIRCUIT SCHEMATIC

I CRE ) G
POSTIVE LOGIC SYMBOLS R 150 598 % S : .

e
—Q PING é’ & P!
G £ s

PIN 3 35| el [ L - o “
PING S2 n soic] e j
PINZ 53 of—a P i3] =

ity

]

B3

= : MIC 941 ONLY

All data in this specification refers to 14-pin package numbers except TO-5 outline
and the 10-pin reference numbers in the test sequence on Page 61,

FLAT PACK SIMILAR TO TO-5 DUAL IN=-LINE
%
i | I ];_='.: - 2 Sy

] B

OrLF

e R

ED ﬁhDF :;
TOP VIEW TOP VIEW TOP VIEW
ABSOLUTE MAXIMUM RATINGS"
UNITS

Supply Voltage (Vec); —55°C to +125%C, continuous. .. ivviieeiiiiiiiiiininn cn i —0.5 to +8 | Volts
Supply Voltage (Vee), PUISEA, <1 B0, o vttt v e e e et e e et ee s e er e et e sraa s e e e e e eeaieie s as s +12 Volts
Crutput Current, 00 OUEPULE <o s tismmm o b s e e s s e L S S b s o e B s 50 mA
(B by g b1 [P | e = SIS o o | 2 el SUICL o Lol BORRE - P e A B B0
InDUL- POrWATd: ORI, v b et e A R e A o R B T T e R T —10 mA
InputReverse Gurrent - o it e i e e e ey 1 mA
Operating: ToInpBIAtIre. .. ol smosd s s b bk s o bR a0s #0855 58050 e e e —55 to +125 | °C
Storage L emperlOTe: = e s e S R i S R e S S e —65 to 4150 | °C
Operating Junction TamPEIRTUEDE. «o..v o o oo bisisimim i s S 4 s b v o oo o w41 e Rt o +175 | °C
Lead Ramn soldering Bhsee ) o s st b el & ooy o Dl +300 | °C
putEyoltar e Nphled o P e e B e MU sl e e —1.5to +5.5 | Volts

NOTES: 1. Above which useful life may be impaired.
2, Allow 200°C /Watt 8, . 4 for TO-5; 300°C/Watt 85, for 1" x Y " flutpack and dual in-line, Allow 50°C/Watt 87 _¢ for T0-5; 180°C/
Watt f7-¢ for 14" x 14" flatpack and dual in-line. Heat removal in 24" x }4" flatpack is highly dependent upon contact surfaces
or air flow and on lead attachment and thermal paths thra leads, as well as numberof soldered leads.
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MULTIVIBRATORS

TEST SEQUENCE
: 7 | 9

| Test] Pin no.:| 5 1 2 3 4 6 10 11 14 LIMITS
No.|TO-5 Pin no.: 7 8 9 - 10 1 2 3 4 6 | Sense | Min. Max.
1 Ve GND Veen I, —.5l¢
2 Ve Vi GND Veen I, —.5lp| —2Ip
3 |Note 1 Vi Ve GND Vees I, —.5lp] —2Ip
4 |Note 2 GND Ve | Veon I —.5lp
5 GND| Vg GND Veen I, Ly
6 | Note 1 GND Ve GND Veon I |
7 Tous sND GND Veer Vy Vora
8 GNI§  ILos, GND Vieer vy Vora
4] TLoti| GND| Veer Veer Ve Vora
10 —Ion| GND GND| Veey Veer Vy Vou
11 Low | GND GND Veer | Ve Vaou
12 G N D V{’('H’ GN D Vr_‘.r',u' Ig Iyx Iw\'
13 GND| GND GND | Vep Vep |Is+ I lros
14 GND| GND GND \"\H.\‘ Iu ]\M\‘
15 GND [ Vieen Veen | Ve Var, Veu
16 |tp— Pin 1 See Test Cireuit Page 59
17 |tma+ Pin 6 See Test Cireuit Page 59
18 |Pulse width Pin 1 See Test Cireuit Page 59
19 |Pulse width Pin 6 See Test Cireuit Page 59
20 | Note 3 Im,z GND GND \"r(_'cu Vl Vm,;:
21 [Note 3 GND| I GND Veen vV, Vors
22 |[Note 3 Lo | GND | Veen Veen Vg Vors
23 |Note 3 Ve Ve GND Veer I —2 1.,
24 [Note 3 Ve | Ve GND Vecr | L -2 I

NOTE: 1. These tests do not apply to 10-pin TO-5 packages, 2, Applies to limited temperature range only.
3. Tests 20/24 apply to full temperature range only.

FORCING CONDITIONS

FULL LIMITED
TEMPERATURE RANGE TEMPERATURE RANGIE
Parameter Units —55°C +25°C +125°C | Parameter Units 0°C +25°C +75°C
Veen Volts 8.3 a5 3.5 Veen Volts 5.0 a.0 2.0
Veer Volts 4.5 4.5 4.5 Veer Volts 5.0 5.0 5.0
Ven Volts 5.0 Ven Volts 5.0
Viarax Volts 8.0 Viarax Volts 8.0
Vi Volis 4.0 4.0 4.0 Vo Volts 4.0 4.0 1.0
Ve Volts 0.4 0.4 0.4 Ve Volts A5 45 2]
Yori mA 15.0 15.0 15.0 Lo, mA 14.8 14.8 14.0
—ILon mA .18 AR A8 —Lon mA 1y 15 15
TEST LIMITS
FULL TEMPERATURE RANGE LIMITED TEMPERATURE RANGE
—55°C +25°C +125°C 0°C +25°C +75°C
Parameter Units Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. Max.
— .51 mA 0.8 0.8 0.75 .65 .6 .65
—2I, mA 2.93 2.93 2.75 2.6 2.8 2.66
Ix uA 5.0 5.0 10.0 5.0 5.0 10.0
Vora Volts 4 4 4 5 .45 5
Vou Volts 2.5 2.5 2.5 3.2 3.2 3.2
Lex mA S5 75 4 95
Ippe mA 9.0 11.8
Tarax mA 214 23.1
Vo 941 Volts 1.8 2.5 1.7 2.6
Vou 951 | Volts 5.0 4.5
Vorz Volts 4 4 4
-2 Ip. mA 2.26 2.26 2.22




MULTIVIBRATORS

MIC 951 SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

FIG. 115

TEST LIMITS

FIG. 116

Cy - EXTERNAL TIMING
CAPACITANCE - pf

TEMPERATURE-°C

Limited Full
Temp. Temp.
Range Range sov il ! LAY
1] e
Min. Max. Min. Max. - i wiTH
Nano- Nano- | Nano- Nano- i """'Em! — o
1 d: 1 i ouTRUT P H ; |{:m
T = Ty % TOB0%
| P H MASE
tpi— 40 40 sl = =
oUTPUT P 1 B8 —
i Ji
Lot 40 40 b4 . o SRR S
Pin 1 a0 330 an 220 v IWH L
Pin 6 70 270 | 70 160 i SR Sy
Suitable precautions must be used when wiring test jig.
FIG. 117 FIG. 118 FIG. 112
il Voc =55V
"
= Veg=5.0V] g £ =
% Zostor / 2 £ a0 Ve =S50V ——~
L 40 & | 125 &l —
= —
ul = / Vgg=4.5V
& 506 y & 30 TG
= 2 TEST POINT 725 = - T ——
a3 Pl o @«
Bap | #125°C > Ll &
(=]
g § 04 1) 4] © 20 -l
g TEST POINTS I
z 5 |esc,-ss%C 3 Vo
0 9" Via* Ve
?BM / ‘éo.e il s R
o {31 f T ¥4" Vs
Rl s P =y []
'S¢ 30 a0 o0 e 9 "0 g sa: 4D -60-40-20 O 20 40 €0 80 100 |20
Vg ~SUPPLY VOLTAGE - VOLTS | oL -OUTPUT LOW CURRENT-mA TEMPERATURE -°C
FIG. 120 FIG. 121 FIG. 122
E [ Voc 5.0V E veersov T T T 1T 1
ol i | 1T e S [ Bx?IOK=1% CONNECTED BETWEEN
2 20y pd 160/ i R =3000  PINID AND Vgg
H | g I R e
; wi) Y i | g 9 LEcles0pt
I R I g 2 PIN 9 IS OPEN
215 g tpd~PIN 2 —| T 120 cy=20pf =
= o B _h""":_—"‘_" E 5 ! L
£ tyqu PIN & H - 3
I 10—t +—+—1 w B0 ~ o L
e tyon PIN 2 3 w
< [t ——— ] l'nH___ = Fl C=50pt g e i 1 [
& 5| VorVigsv — 0 e 3o
R = 3000 2
[ cL=s0pf 2
[} ) 08
-60-40-20 O 20 40 60 80 100 120 05 L AIKE J kT T K aK -60-40-20 O 20 40 60 80 100 120
TEMPERATURE -°C | -LOAD RESISTOR TEMPERATURE-°C
- FIG. 123 FIG. 124 FIG. 125
[ vec-50v= vg=Vig_ = | Vorvigssov ] z Voo Vs *Vig
“RL=3008 P 5 Ry #3000 T g zL:zoln
- L CLa50pf __|_ v % 6 Cp=50pf Y wol P
o) Tavesec /] a 4 2
8 | 2 g —
= | L = ES e = |1
I i g 10 g lo —
& I A 5 //
3 [ 3 3
o | a a
PULSE w w
5 wroml 1 No09 N9
& PIN 214 111 i =) —g' |
¥ L L} =
3 E==="PULSE WIDTH PIN & x x
ol O el A S Z 0.8 Soa
o 102 103 -60-40-20 O 20 40 60 80 100 120 40 50

Ve - SUPPLY VOLTAGE -VOLTS




MULTIVIBRATORS

INPUT-OUTPUT LOAD FACTORS

1. Bach MIC 951 input should be rated at 2 loads.

2.Each MIC 951 output may drive 10 DTL loads.

3.For input-output load factors of other DTL elements,
please refer to the individual DTL element specifications.

APPLICATIONS

RULES FOR USE OF MIC 951

1. With Pin 9 connected to Vee and no external eapacitor
(Cx), the output pulse width is approximately 100
nsec.

2. With Pin 9 connected to Vee and an external capacitor
(Cx) connected between Pins 10 and 11, the output
pulse width (T) is: T=4.5 (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 KQ minimum
to 15 K2 maximum is connected from Pin 10 to Vee.
The output pulse width is given by the expression:
T=0.5 Rx (Cx+20) with Ry in K@, Cy in pf and T
in nsee. ( See Iig. 126)

FIG. 126
Vet oI Veg 1R 1% G
| 2ran  Cx i
L Lilwd Lk

e [
NIE% _Oﬁ "

FosELLAToR " Te 50 MICROSECONDS

4. The output duty eyele (pulse width/period) should not

exceed 409%. It may be increased to 509, by adding a
2-K@ resistor between Pin 11 and Ve Higher duty
cyeles are obtainable but the output pulse width and
performance are less predictable.

5. The maximum input fall time to trigger: 25 nsee for

a 1.0-volt swing; 50 nsec for a 2.0-volt swing; 100 nsec
for a 4.0-volt swing.

6. The AC sensitivity of the inputs may be decreased by

connecting a ecapacitor between Pin 5 and ground.

7. The minimum pulse width at output Pin 1 is approxi-

mately 100 nsec. This pulse width may be decreased
to 50 nsec by connecting a 10-IKQ resistor between
Pin 5 and Ve,

FIG. 127

b S y Mo
T i &
e e e s ey
5 ] ==
..°.." oo m_l_;—
&
r l_°

3

Ll et
Explanation

The input 951 determines T, the time before the initiation of the
output pulse, The second or output 951 determines T, the output
pulse width.

et . e —= With R: = 10KQ and R; a 5-K2 potentiometer, T, is variable over
a range of 2 to 3 and is given by T = 0.5 (Ri+Rs) (Cy--20 pi).
Similarly, with Ry = 10KQ and R; a 5K@ potentiometer, T; is
2 0.5(Ra+Ry) (Ca+20 pf) and Ty can be controlled by the poten-
tiometer over a range of 2 to 3 since 10K2 = (R:+Ry) = 15K,

A much greater range in T, and Ts is available by varying C, and Cs.

uIT
RELIABILITY TESTS e TEF!SG'.I;EIRC

PERFORMED DURING ITT

RELIABILITY PROGRAM “

MEASUREMENTS OF THE FOLLOWING PARAMETERS
ARE RECORDED:
Parameter | Test Sequence Number on Page 57 3.' L

T ) 1l

Le £6. | =

VoL £8

Vou #11 :

IMA.\ #14 MOk :i::f‘:'unn:m--nu-:



HIGH LEVEL LOGIC

HIGH LEVEL HEX INVERTER 9109, 3110, 9112

The ITT High Levet Logic DTL family consists of three high voltage, high threshold hex inverters
which offer extremely good D.C. and A.C. noise immunity. These circuits are useful in applica-
tions involving a high noise environment or high voltage supply which prohibits the use of current
sinking logic.

Interfacing from current sinking logic to HLL is accomplished with the 9112, shifting from HLL to
current sinking logic is accomplished with the 9109, and inverting HLL is done with the 9110.

¢ DTL compatibility DUAL IN-LINE
e High Voltage Operation 12 to 20V. N
o Fan Out—=7 CSL. :Zj@ @z%
e D.C. noise immunity 6.5V c,?? 3,
» External input diodes to facilitate high 0 F@ EI\:?IJ
density building block approach. 5?: |n|H
oo & [F:’-c
a8
TOP VIEW
ABSOLUTE MAXIMUM RATINGS"
S e R A el L e LI TS e DO TS, S e L o8 —65°C to +150°C
ODeratNg D eI EIa U o st o elh s e s o e A TR S S T e R T S 0°C to +75°C
ATE a0 S S e R R E B R b B b e 2 L SO OO ) s OO —5V to 425V
Output: Current Wher Oubput s Tuomw i s b s S Mt 0 S i e e T 40mA
0wy b BT gyt bl AN SRS W CDVEC J o SN R S Bu s Dt L bt WA e A e 10mA
DAL VOIS0 s ors s i oot s s o o 58 AR 1 T S T S S SR e .26V
G A (o B e i = S B PRy o Y] b5 m S 5.5V
WORST CASE INPUT FORWARD WORST CASE POWER DISSIPATION WORST CASE HIGH LEVEL
CURRENT AND INPUT LOADS VERSUS SUPPLY VOLTAGE D.C. NOISE IMMUNITY
\fERSiss suvm VOLTAGE (PER GATE) . VERSUS TEMPERATURE
1Le T T T
___! S0 1 LR l_ | Sk 2 T JI 1 = :uu '?‘
i | LIS y f T 1 e |m t
é,.i | § t gl.ﬁ L] ! I— —
§ —— e 2 z E I | \"l_c'llf\r [
;I o —— o E H E“-“ t — 1
g . | | e 2 5 T T Ir EEE
H | | "8 H | g 5] J=- 0
£ T ] 7 i Bas vl L
| R s e | = =
[ ’ | e T | | [ AT
lM"'Iq’ il 1] 18 n H it 1% 1® n [] 5 50 ]
"r_c + SUPPLY VOLIAGE - vOLIS Yer - SUPPLY VORTALE - VOLTS |‘ - AMBEENT TEMPERATURE - °C
WORST CASE HIGH INPUT WORST CASE LOW THRESHOLD WORST CASE LOW LEVEL
THRESHOLD VOLTAGE VERSUS VOLTAGE VERSUS D.C. NOISE IMMUNITY
FORWARD DIODE VOLTAGE ,_ FORWARD DIODE VOLTAGE . VERSUS AMBIENT TEMPERATURE
T 1. X
g [ - A o] wlnd
IE 8 \ L . . g8 \\ : é‘-ﬂ [ <Fo<ae
2 et 2 L 1 =10 2t Y Y ) L B 3 |
Eu.; “ N j | E,_, B YN w : et l_'_ e
2 INNN LT L] 5  N_Na. Ll B —
£ LTINS [ 3 NN =] NEN
§ 8e $ < b5 nEr LEd 2 S -l- \ | T g i ‘I W _4__-1___':_:-‘__—-
§ T i i i L [ R NN i | -y — .
- TS | 2] I8 B ' |
Fsr — | i E L I 1=
L0 S 83—t | NN | ! L - -
o 0.r [ X} 06 08 Lo ] w2 [ X3 X (%) Lo o 5 L »
¥~ FORWARD 01008 VOLTACE # LOuA - VOUTS Wy + FORWARD D100 VOLTAGL @ 0,74 - VLTS 15 = AMBLINE TEMPERATURE - b ]



HIGH LEVEL LOGIC

TYPICAL A.C. NOISE IMMUNITY

TURN OFF DELAY TURN ON DELAY INPUT VOLTAGE VERSUS
- VERSUS AMBIENT TEMPERATURE - VERSUS AMBIENT TEMPERATURE i PULSE WIDTH
[T & H-H —-—-!~--:f.c;,':,'+j 90 Y0 N O
| | | =) : A |
o ' N SEEN R T g - l j_' 1]
- x o I B =1 | P - FR) e 5 g n - I
Em - gm " t . §' | !
H i ==l sz, || z, | |
= LS _Bm W, 110 1V7, | T, =t e ol e
Ll -t |. - T = |
: diat S A 9 P [ onzive DU O
. } . | | | L ! | - ! T l
] ] W ™ ] ] » ] 10 20 30 0 “0
1y, + AMBIENT TEMPERATURE - °C Ty~ AMBIENT TEMPERATURE - °C PULSE WIDTH - m

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Ci = 5.0 pF Includes all probe
C:=10pF  and jig capacitance
C. =15 pF

TEST CONDITIONS

out Joev 1 [ v [ v [ vw | Roo | R,
9109 | 9110 | 75 15 50 | 5100 | 36k
9110 | 9110 | 75 75 170 | 24k | 24k
sllz | 932 15 75 170 | 24k | 24k

A. C. NOISE IMMUNITY TEST CIRCUIT

Ci = 5.0 pF  Includes jig and Vit
Ci=10pF  all probe i GENERATOR
C. =15 pF 1.1y 1003
FREQ 1 OMH:
TEST CONDITIONS AND LIMITS
TEST LIMIT Vee R Tx Vi, v T =
MIN. MAX. | (Volts) | (ki) (°C) | (Volts) !
Vi B5V 17 24 25 10 it
1
Vin 7.0V 17 2.4 25 10 i

CIRCUIT SCHEMATICS

o
e 3% Sk
{ SE—
3K
Q9
1/6 HLLOTL 9109 I/6 HLLDTL 9110 1/6 HLLOTL 9112



HIGH LEVEL LOGIC

APPLICATIONS SEQUENTIAL COUNTER

DIODES ARE 1NS16 OR EQUIVALENT Iy
B ¢ | #; | #; [Clock K
1 Jofofo =%
N TS i s G I,
sy | o o [0 [1]o0 —sh
—oC oC 0 1 1 1
L] 0|1 ]0]o0 3
cLoCK : 10 1 g B T
DIVIDE BY THREE OR THREE PHASE GENERATOR
-JK FLIP FLOP ol Ty ORIVE pr] L= oy A e
iy — o}—o
cLock o—{ P I ce al—s L H L
AT oRwE o—R i— o—R ] (Ll B Qn
H H[| Qn
TOGGLE MODE H L H
L]
R e g i LAMP DRIVER
1] ——o—ro_ ap—o 20v
. —o—{cP . P il
20 VOLT
CLOCK LAMP
SHIFT MODE
DIODES ARE TN916 OR EQUIVALENT
plito i & o HLL 9109.9110
DRIVING MOS3700 MULTIPLEXER OR EQUIVALENT
oI DILTTL—» HLL HLL HL—=y DTUTTL DTLTL T.7<Vpp< 8.8 VOLTS
9z : a0 9108 i umsmpur
DTL/TTL } f L i :
INTERFACING L ST tegh el toad Focie Lo e = —i ———————————— I =t
1 HLL/DTL Low Leve! Load Fattar min 1 el = Yoo =15V
O——— 7.5 DILTTL Low Lewel Lood Factars s e 02 Y R S i
FORCING CONDITIONS
FULL LIMITED
Parameter Units TEMPERATURE RANGE TEMPERATURE RANGE
—55°C +25°C +125°C 0°C +4-25°C +75°C
V_\m_\‘ VOItS 20.0 250
Veen Volts 16.5 16.5 16.5 20.0 20.0 20.0
Veer Volts 13.5 13.5 13.5 12.0 12.0 12.0
Veex Volts 16.5 16.5 16.5 20.0 20.0 20.0
Vr Volts 0.0 0.0 0.0 0.0 0.0 0.0
Vi (9109, Volts 7.9 7.6 Tab 7.65 7.6 74
9110)
Vi (9109, Volts 9.3 9.1 8.8 9.2 9.1 9.0
9110)
lowr mA 10.0 10.0 10.0 10.0 10.0 10.0
Lonz mA 12.0 12.0 12.0 20.0 20.0 20.0
Lon pA —100 —100 —100 —100 =100 — 160
Vi Volts 4.0 4.0 4.0 4.0, 4.0 4.0
Vo (9112) Volts 1.3 1.0 0.5 1.05 1.0 0.8
Vi (9112) Volts 241 2.0 14 2.1 2.0 1.9
Vou (9109) Volts 16.5 16.5 16.5 18.0 18.0 18.0




HIGH LEVEL LOGIC

TEST SEQUENCE-: 9109

FORCING CONDITIONS AT PINS
Test PinA |PinB | PinC | PinD |PinE | PinF TEST LIMITS
No. Notes (L) (K) J) (I (H) (G) Vee Sense | Min. Max.
1 Veen | Tvee Iron
2 1 GND | Vyax | GND | Vaux | GND | Vayax | Varax| Irvee Lyrax
3, (4) Vi Vou GND GND Veern | Is(lg) Ton
5, (6) GND Vi Vonu GND Veen | In(ln) Tow
7, (8) GND GND Vi Vou Veen | Ir(le) Lon
9, (10) Vi GND GND Veen | Ta(In) —1Ir
11, (12) GND Vi GND Veen | le(ls) —1Ir
13, (14) GND GND Vi Veen | (Ie)(1n) —1p
15, (16) Viu lows GND GND Veer | Va(Vi) Vor
17, (18) GND Vi Tow: GND Veer | Vo(VD) Vor:
19, (20) GND GND Vin Low: V(_'nL VF(VG) Vor:
21, (22) Vin Tore GND GND Veenw | Va(Vi) Vore
28, (24) GND Viu Iovs GND Veen | Vo(Vi) Vore
25, (26) GND GND Viu Tore Veen | Ve(Va) Vore

*Ground Pin is grounded for all tests. Inputs of all unused gates are grounded.
Note 1. Test all gates simultaneously.

TEST SEQUENCE: 9110

FORCING CONDITIONS AT PINS
Test PinA | PinB | PinC | PinD| PmnE | PinF TEST LIMITS]
No. Notes (L) (K) () (I) (H) (@) Vee Sense | Min. Max.
1 Veen Tvee Lrpn
2 i GND | Vyax | GND | Viaax | GND | Varax | Varax | Ievn Tarax

3, (4) Vi Ton GND GND Veer | ValVi) | Vonu

5, (6) GND Vi Lo GND Veer | Vo(Ve) | Von

7, (8) GND GND Vi, Lon Veer | Ve(Ve) | Vou

9, (10) Vi GND GND Veen | Ta(Ir) =1p
11, (12) GND Vi GND Veen | Te(ls) —1g
13, (14) GND GND Ve Veen IE(IH} —Ir
15, (16) GND | Veex GND GND Veex | In(lk) lerx
17, (18) GND GND | Veex | GND Veex | In(ly) Ieex
19, (20) GND GND GND | Vegx | Veex | Ir(le) Ieex
21, (22) Vi Tow GND GND Veer | Ve(Vk) Vo
23, (24) GND Vin Tows GND Veer | Vo(Vi) Vor:
25, (26) GND GND Vi Tows Veer | Ve(Ve) Vorr
217, (28) Viu Tore GND GND Veen | Va(Vi) Vorz
29, (30) GND Vin Tore GND Veen | Vo(Vi) Vors
31, (32) GND GND Viu lonz Veen | Ve(Ve) Vorz
83, (34) GND | GND | GND GND Veen | Le(lx) Lse Ise
35, (36) GND GND | GND | GND Veen | In(In) Isc Lse
37, (38) GND GND GND | GND | Veen | Le(lg) Isc Ise




HIGH LEVEL LOGIC

TEST SEQUENCE-: 9112

FORCING CONDITIONS AT PINS
Test PinA |[PinB | PinC |PinD | PinE | PinF TEST LIMITS
No. Notes (L) (K) ) (I (H) (G) Vee Sense | Min. Max.
1 Veer | Tvee Lepn
2 1 GND | Vayux | GND | Vaux | GND | Viax | Varax| lewo Lirax

3, (4) Vi GND GND Veer | Ta(ln) Ir

5, (6) GND Vi GND Veen | Le(Ls) Ip
7, (8) GND GND Vi Veen | Te(In) Ir
9, (10) GND | Veex | GND GND Veen | Ta(Ix) Ieex
11, (12) GND GND | Vegx GND Veen | To(li) Ieex
13, (14) GND GND GND | Vegx Veen | 1r(lg) Lepx
15, (16) Ve GND GND Veen | La(Ip) —1x
17, (18) GND Ve GND Veen | Te(Is) —1Ir
19, (20) GND GND [p Veen | Ie(In) —1Ir
21, (22) Viu Tows GND GND Veer | Va(Vi) Vort
23, (24) GND Viu los GND Veer | Va(Vi) VoL
25, (26) GND GND Viu Tonr Veer | Ve(Ve) Vor:
27, (28) Vin Torz GND GND Veen | Ve(Vi) Vorz
29, (30) GND Vin lorz GND Veen | Vo(Vr) Vorz
31, (32) GND GND Viu los Veen | Ve(Ve) Vorz
33, (34) Vi Lou GND GND Veen | Va(Vi)| Vou
35, (36) GND Vi Tow GND Veen | Vo(Vi) | Vou
37, (38) GND GND Vi Low Veen | Ve(Ve) | Vou
39, (40) GND | GND | GND GND Veen | Ie(Ix) |=Ise  —Ise
41, (42) GND GND | GND | GND Veen | lo(ln) |—Ise —Ise
43, (44) GND GND GND | GND | Veen | Irile) |—Isc —Ige

TEST LIMITS

FULL TEMPERATURE RANGE |LIMITED TEMPERATURE RANGE
Parameter Units —55°C +25°C +125°C 0°C +25°C +75°C
Min. Max. [Min. Max. |Min. Max. | Min. Max. | Min. Max. | Min. Max.
Lpon (9109, mA 28.0
9110)
Ipon (9112) mA 34.0
I_‘lr‘.; X mA 10 15.0
Toxy (9109) nA 75.0 75.0 75.0 75.0 75.0 75.0
=Ir (9109, mA 0.860 0.860 0.810 1.31 1.31 1.25
9110)

—1p (9112) mA 0.825 0.825 0.800) 1.15 1.15 1.10
Vorr Volts 0.5 0.5 0.5 0.5 0.5 0.5
Vore Volts 1.0 1.0 1.0 1.0 1.0 1.0
Von (9110, Volts 14.5 14.5 14.5 18.0 18.0 18.0

9112)
Ir uA 2.0 2.0 5.0 5.0 5.0 10.0
Legx 1.8 50.0 50.0 50.0 75.0 75.0 75.0
Ise  (9110) mA —=12.0] 5.2 11.0 —11.0 —17.0] 5.0 16.3 15.6
Ise (9112) mA -1.90| 1.1 1.83 —1.83 —24 |-1.26 —-23 —-2.3

5-68




ITT1056
MOS COUNTER DECODER DRIVER

MOS COUNTER
DECODER DRIVER

Direct drive for low voltage seven segment
display tubes*

Counts up or down

Sample and hold capability
Operation to 1 MHz

Dot storage and drive

Packaged in a 24 pin metalized ceramic DIP

General — The ITT 1056 MOS circuit performs the functions
of up/down decade counting, binary storage, binary to decimal
decoding, decimal to seven segment decoding and direct drive
for low voltage seven segment display tubes.” The 1056 and
the display tube share the same —27v supply.

Up/Down Count Control — The ITT 1056 counts up when a
logic “0" (negative logic convention is employed here making
logic zero the high voltage level) is applied to the count up/
down command input (pin 24). Conversely, a logic “1" on pin
24 causes the ITTIOS6 to count down.

Preset Count Control — The counter is preset to any pre-
determined number by applying the BCD equivalent of the
number on the preset inputs (pins 5, 6, 7 and 8) and a logic
“1" on the preset command input (pin 4).

Count Disable Control — Accumulation of input clock pulses
by the decade counter is interrupted by a logic 1" on the count
disable pin 2.

Clock Input — The decade counter advances by one count for
each low to high voltage transition (logic “1" to logic “0") of
the clock input (pin 3) when the count disable control is in the
logic “0" state.

Storage Entry Command — A logic “1" on the storage entry
command pin 13 causes the BCD numbers in the decade counter
to enter an intermediate storage. A logic “0"” on pin 13 prevents
déta entering this buffer. Only BCD data currently in the buffer
is converted to the seven segment display drive. Data displayed
by the 1056 then corresponds to the count present in the
decade counter when the storage entry pin logic level was last
changed from a “1" to "0". The blanking and dot inputs are
also stored in this buffer.

Blanking Input — All output drivers are turned off by a logic "1"
*Tung-Sol DT1705D and G.E. Y1938

DIMENSIONS

ITT1056 PIN BREAKOUT ﬁ 1
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13 — Storage Entry Command
14 — Dot Output

15 — Bar E Output

16 — Bar F Qutput

17 — Bar C Output

18 — Bar D Output

18 — Bar G Output

20 — Bar B Output

21 — Bar A Output

22—V

23—V,

24 — Count Up/Down Command

1 — Ground
2 — Count Disable Command
3 — Clock Input
4 — Preset Command
5 — P1 Input (29
6 — P2 Input (21)
7 —P3 input (29
&8 — P4 Input (29)
9 — Count Zero Qutput
10 — Blanking Input
11 — Carry Propagate Output
12 — Dot Input

on the blanking input pin 10 and when a logic “1" is placed on
the storage entry input. This control is provided for blanking out
any digit not required for display. Blanking of leading zeros is
one application utilizing this input.

Dot Input Control — The dot output driver at pin 14 is controlled
by the input on the dot input pin 12. A logic “1" on pin 12 and
a logic 1" on the storage input pin 13 switches on the dot driver
and stores it until pin 13 is again brought to a 1" level.

Forbidden Count Display — The 1056 BCD to seven segment
decode circuitry detects forbidden BCD counts (10 to 15) which
could inadvertently appear in the decade counter and excites

the corresponding outputs to display the character “F" on the
display tube.

Carry Propagate Output — The carry propagate output on pin 11
provides the necessary signal to cascade the 1056 for high
frequency synchronous counting. A logic “0" appears at the
carry propagate output on the nine count when counting up and
on the zero count when counting down. For synchronous count-
ing, the carry propagate signal from the nth digit must be fed
to the count disable control pin 2 of the (n+1)st digit as illus-
trated in Figure 1. With this arrangement, the logic “0" carry
propagate signal from the nth digit permits the (n+1)st digit
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to advance or decrease only once for every ten clock pulses
input to the nth digit. Connected as shown in Figure 2, the
1107C will count asynchronously up or down.

Count Zero Output — The count zero output on pin 9 also

ABSOLUTE MAXIMUM RATINGS

provides a signal to cascade 1107C units. A logic 0" appears
at the count zero output when there is a decimal zero in the
counter counting up or down. This output connected as shown
in Figure 3 will give asynchronous up counting only.

CHARACTERISTICS | UNITS
| E T T b e LR L T RN o el i s o U 0 O O +0.3 |Volts
Maxiimum;Negative:Yoltage ARy R et s e s e s S s e e s e =30.0 |Volts
SOrane TOMPOTAIUIE .o iy s v 5ty iapesm b o B T e v 8 oy R e R o e e A e o ek et —=5510 150 |[°C
Ambient Operating TOMPBIAIUIE . . . . ittt nen vt eeeeesme o n s e sineieesiesnonnssssn s sssnesss —55t085 |°C

ELECTRICAL CHARACTERISTICS — Standard Conditions (unless otherwise specified)
Load=1.0 M@ and 25 pF, Ves=—27TV £ 1V, Voo = =13V == 1V, Ta= —55°C to +85°C, Vis=Ground

PARAMETER MINIMUM| TYPICAL MAXIMUM UNITS CONDITIONS
Logic 0" — —_— =20 Volts
INPUTS Logic 1" -10 — —_ Volts
(Any) Capacitance - 2.0 5.0 pF
Leakage — — 5.0 uA Vi.=—25 Volts
Pulse Duration at Logic “0" or
Logic “1" Clock (ipwm) 0.5 — Continuous us See Figure 5
Other inputs 1.0 —_ Continuous us See Figure 5
Clock Rise (t:) and Fall Times (t;) — — 20 usS See Figure §
Clock Frequency dc 1.0 MHz
LOGIC Impedance - .0 3.5 Ko l..; less than 0.3 mA
oUTPUTs  Logic (07 = —05 1.0 Volt I..: less than 0.3 mA
Logic “1" =14 —-12 Veo Volts lost less than 0.3 mA
Propagation Delay
Plus Rise (tx) or Fall Time (ta) — 0.7 1.0 us
Display Drive Outputs
Output On — -1.3 —-20 Volts 1.0 mA to a negative supply
Output Off _— 0.01 5.0 uA — 26 Volts on Output Terminal
Propagation Delay
Plus Rise or Fall
Time to (TD) — 25 4.0 us
Supply Current Drain
upr.;sye — 4.0 7.5 mA TA=25°C
loo — 4.0 -1 mA TA=25°C, Excluding
external load current
NOUS TUBE TUBE TUBE
FIGURE 1——STACHRONOUS T ?
SEVEN SEVEN SEVEN
SEGMENT OUT SEGMENT QUT SEGMENT oUT
CARRY  COUNT CARRY  COUNT
10° PIN PROP DISABLE | pin 1o PIN PROP DISABLE fpIN 5N
[{}) (2) n (2)
PIN(3) PIN(3) PIN(3)
CLOCK CLOCK CLOCK
ik INPUT INPUT INPUT
INPUT

6-2
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FIGURE 2 ASYCHRONOUS  TUBE TUBE TUBE!
COUNTING SEVEN SEVEN SEVEN
SEGMENT OUT SEGMENT OUT SEGMENT OUT
cLock 5 |PIN ;00 PIN PIN (o PIN ™ PIN |oN
INPUT (3) () 13 un | 3)
EXTERNAL EXTERNAL
PIN(2) PIN(2) PIN(2)
COUNT COUNT COUNT
DISABLE DISABLE DISABLE
e ASYCHRONOUS TUBE TUBE TUBE
F fgggﬂ_’ﬁ SEVEN SEVEN SEVEN
SEGMENT OUT SEGMENT OUT SEGMENT OUT
CLOCK PIN PIN PIN o PIN PIN 0N
INPUT > '(3) 9% Tg) @) 'O o) @ '°
PIN  PIN PIN  PIN PIN  PIN
(24) (2) {24) (2) (24) (2)
T=r S g
PRESET cw“nn_l FIGURE 4 BLOCK DIAGRAM OF ITTi056
e 20 20 20 o] f— A
== | | | =
PRESET | P, 2! UP/DOWi 2 STORAGE 2 Bco 2 ch_tmL OUTPUT |—s—8
INpuTS § By _ 22 COUNTER 22 MEMORY 22 T0 : > o TRANSISTORS | ¢
3 3 3
pg 2 2 2 DECIMAL SEVEN | b
UECUDER 3 SEGMENT [
COUNT 4 »| DECODER = E
DISABLE 8 i
9 —> G
COUNT UP/DOWN
COMMAND -
COUNT INPUT ——>— F DECODER > —= oor
—, DISPLAYOF Ejo‘r . STORED BLANKING f
SEVEN SEGMENT TORED DOT
4 ‘G TUBE AND poT __ CARRY BLANKING INPUT S
PROPAGATE
c F s ¥ oo
£ . oot COUNT ZERD
b towl—>
ov i i
CLOCK INPUT 1: ] L
-'IOV—D-!I'I — A.n-: + i—(-—-
OFF : !
BAR QUT ! ! :
ON :
—b-i TO re—
OFF 1
FIGURE § BAR AND DATA WAVEFORMS  sar out i !
ON 1

DATA QUTPUT

DATA QUTPUT -
: I
- |

i — 1
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CLOCK INPUT
PIN 3

PRESET COMMAND
PIN 40—

D
PINSO ]

D2

Dg
PINT

(0

ey
et

SR

PINB
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FIGURE 6 —LOGIC DIAGRAM FOR ITTIO56

COUNT ZERO Vog
PINS

COUNT DISABLE |
PIN 2

(=]
COUNT UP/DOWN
PIN 24

|
| ]

Voo

5

PIN2Z

CARRY PROP
PINII

PIN 23

DOT INPUT
PINIZ gowrour
GND STORAGE ENTRY Bliking — PN 14
PINI PINI3T g anNkING INPUT cand =
— TPIN 10 Memory I ::De
= Blonking| —=
i BARD
o AD—' D PINI3
| 8CO " BaRA
o q, MEMORY | T D ! [1—0
3 j - { PIN 21
A (A _D i BARB
S| Qz 4 -1
"D : ] PIN20
g G a N
{0 52 & e | —_—
4 1 I:L PINI9
]
E : f= BARC
I § 4 == PINIT
Qg Qa4 | L P
i = =
R d ;i 3 .—;\:>c | ——D_,. AT
c f 8 PIN 16
) = b;
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| | L= D>
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144/138/125 BIT STATIC SHIFT REGISTER

SILICON GATE M03
STATIC SHIFT REGISTER

e Direct Bipolar Compatibility

e 3MHz Operation Guaranteed (Typically 5MHz,-55 ¢ to +125 c)

e 22pF Clockline Capacitance (Max.)

e« 1.0mW/Bit Power Dissipation (Max.) including Internal clock Generator
e Input Overvoltage Protection

e 10 Lead TO-100 Package

e Length Selectable to 144,138 or 125 Bits

The ITT1144 is a single selectable 125,138 or 144 bit single-phase static shift
register. It is a monolithic integrated circuit utilizing P-channel enhancement mode
SILICON GATE MOS technology. The output buffer is capable of driving both low
level MOS and bipolar loads directly.

FUNCTIONAL DESCRIPTION — The 1144 is a straight “pipe line"” single phase
static shift register. Data is accepted at the input when the clock is negative and data
is available at the output after the positive going clock transition. The output stage is
push-pull, and can sink one TTL load to VDD (1.6mA at 0.4V). Bipolar compatible
operation is achieved by connecting VSS to +5.0V, VDD to OV, and VGG to -12V.
Register length of 144, 138, or 125 BITS is determined by the state of control inputs
S1 and S2, as defined by the following truth table.

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

CHARACTERISTICS UNITS
All inputs including @,51 and S2 (Note 2) . . .—24V to +0.3 \%
VGEINOE2) . o v vonomowomopomowoms —20V to +0.3 v
Vpp and OQutput (Note2) . . . . . .. . —7.0V t0 +0.3 vV
Output Current when Output

iSToWiNOETE o & o v 5 a5 e o wowow e 8 o B 10 mA
Storage Temperature . . . . . . . . . . —55 C to +150 oC
Operating Temperature . . . . . . ., . . . —-55 to+125 oC

Mote 1: Low logic level Is most negative level and high logic level is most positive level,
Note 2: All voltages with respect to Vgs.

REGISTER LENGTH | Sq S2
TRUTH TABLE | 144 Vss VGG

138 VGG VGG

125 Vggor Vgg| Vss

PHYSICAL DIMENSIONS

370
335

VRN ¥
03N, A oas
028 023

NOTES: LEADS ARE GOLD-PLATED KOVAR
PACKAGE WEIGHT IS 1.32 GRAMS

CONNECTION DIAGRAM
(TOP VIEW)

Voo

LOGIC SYMBOL

[ Pl
) LT
g VT —2

144,138 OR 125

BN grs SiFT RERSTE

ORDERING CODE:

ITT1144-5C 0 to 70°C
ITT1144—-1C —55 to 1259C



ITT1144

D.C. CHARACTERISTICS (Tp =—559C to 125°C, Vgg= 5.0V+10%, Vpp=0V, VGG=—12V+10%)

SYMBOL CHARACTERISTICS MIN, TYP. MAX, UNITS | TEST CONDITIONS
VoH Output High Voltage Vgs—5 Vss Volts loH = —200uA
VoL Output Low Voltage 0.4 Volts loL = 1.6mA note 1
ViH Input High Voltage Vgs—1.0 Vsst0.3 | Volts
ViL Input Low Voltage \'/eTe] 0.80 Volts
liLg,liL7 | Control Input Low Current 10 uA VeL, V7L=VGG.TA=25°C
liHg,liH7 | Control Input High Current 50 100 uh VgH,V7H=Vss, Ta=25°C
(ETH Input Low Load Current 10 uA V1=—15.0V,T4=25°C
VOH Clock Input High Voltage Vgs—1.0 Vgs40.3 Volts
VoL Clock Input Low Voltage —-15.0 —-10.0 Volts
16 Clock Input Leakage 10 uA V@= -15V, Ta=25°C
RoH Impedance of Output High 1.0 25 kohms | lgyt =200uA
RoL Impedance of Output Low 180 250 ohms lout=—1.6mA
lgg Vg Current -3.0 —4.5 mA Vgs=5.5V Vgg=—13.2V
10D Vpp Current -9 -11.5 mA V@) =—13.2
Iss Vgg Current 12 15 mA Ta=25°C
Po Power Dissipation 110 150 mw Clock Duty Cycle=30%

A.C. CHARACTERISTICS (T =—550C to 1259C,Vgg=5.0V + 10%,Vpp=

OV, Vgg=—12V + 10%) (See Fig. 1)

SYMBOL CHARACTERISTICS MIN. TYP. MAX, UNITS TEST CONDITIONS
tow Clock Pulse Width 0.1 20 us Ta =70°C
2 uS 709C =Tp =125°9C

@rDs Clock Rise & Fall Times

(10% — 90%) 1.0 us
ce Clock Capacitance 16 22 pF VIN,Vﬁ’VSS f=1.0 MHz
CIN Input Capacitance 4 5
f Operating Frequency D.C. 3.0 MHz
ts Input Set Up Time 50 ns
tr Input Release Time 4] ns
tpd+ Delay from @ High to High Level at Qutput

(Vou = 2.4V) 150 Wi CL =10pF, Load = 1 DTL Input
tpd— Delay from @ High to Low Level at Output

(VgL =.8V) 150 ns Cy = 10pF, Load = 1 DTL Input
Fig. 1

TIMING DIAGRAM
See Test Circut.

MNote 3: A and B define a window during which the input to the shift
register is setting up. If the input data changes during this window, the

change may or may not be detected. To avoid

operation, the input data must remain good between A and B.

Note 4: The outputs remain good until a new output appears.
MNote 5: Data is stored indefinitely only when @ is high.

6-6
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2 & 138/144
® Je1 ¥
INPUT | r--“: :- -
o3 L] Lo
@ | " I 1 1
I e bnd ! :
r A EL]
| :BITS: | BITS
H 1
i ok
: Ll
| Vo6 Voo V66 e
d O ®
1 1—-—[
|
i Iz
; ONE BIT
¢
& ha
SCHEMATIC DIAGRAM
VoG
o} St S2
PROP DELAY CIRCUIT Vss _
ROPAGATION TEST T T Vgg= +4.5V
INPUT Vo= — 0.8V
N ITT1144 ouT GG
STATIC SHIFT Vpge OV
REGISTER f - V2 MIC930 o
p

Propagation delay is measured with register output loaded with one  adjusted to 1.6mA by means of a resistor tied between Vgg and the
DTL gate and a discrete 10pf capacitor. The DTL gate input current is  gate expander terminal.



ITT3329
512 BIT DYNAMIC SHIFT REGISTER

SILICON GATE
MOS SHIFT REGISTER

® Direct Bipolar Compatibility

® 2 MHz Operation Guaranteed (Typically from 1 kHz to 4 MHz)
@ 45 pF Clockline Capacitance (Max.)

e 0.5 mW/Bit Power Dissipation (Max) at 2 MHz

@ Input Overvoltage Protection

e 10 Lead to-100 Package

The ITT 3329 is a single 512 bit, two-phase dynamic shift register. It is a
monolithic integrated circuit utilizing P-channel enhancement mode SILICON
GATE MOS technology. An on-chip input resistor allows direct bipolar com -
patibility by tying the Vp pin to Vpp. The output buffer is capable of driving both
low level MOS and bipolar loads directly without addition of an external resistor.

FUNCTIONAL DESCRIPTION — The 3329 is a straight “pipe line” two phase
dynamic shift register. The functions ¢i1 and ¢2 are non-overlapping and negative as
illustrated in Figure 1. Data is accepted at the input when ¢1 is negative and data is
available at the output after negative going transition of ¢9. The input is connected
by a MOS transistor to Vgg; this transistor acts as an externally controlled pull-up
resistor allowing complete TTL compatibility. The output stage is push-pull, and
can sinkone TTL load to Vpp (1.6 mA at 0.4 V). Bipolar compatible operation is
achieved by connecting Vgg to +5.0 V, Vpp to 0V, and Vgg to —12 V, with
Vp, the control pin to the input pull-up resistor tied to Vpp.

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

CHARACTERISTICS UNITS
All Inputs including ¢4, 95 and Vp

(Mo BBe3) Slraiaan D% i i —24 V to +0.3 v
Vea N3 oo convmmmimsn s e a wes —24 V to +0.3 Vv
VDD and Output (Note 3) .......... -7.0V to +0.3 \"
QOutput Current when Qutput

islow(Note2) .....................10 mA
Storage Temperature . . ............ —55°C to +150 °c
Operating Temperature . . - . . . . . ..« o« .. 0°C to +70 fc

MNote 1: Vp must be tied to Vgg if data input is between —7 V and —24 V.
MNote 2: Low logic level is most negative level and high logic level is most positive level,
Mote 3:  All voltages with respect to Vgs.

PHYSICAL DIMENSIONS

370
| 335
335 |) |

305 ] | =
040

040 | 183

MAX. MAIK- 165
=

Ll

300

vl T

7\ ¥
034, A 045
028 029

NOTES: LEADS ARE GOLD-PLATED KOVAR
PACKAGE WEIGHT IS 1.32 GRAMS

CONNECTION DIAGRAM
(TOP VIEW)

LOGIC SYMBOL
1 9
r—tdvp W L
% L] &
441 512 BITSSHIFT REGISTER
¥ = PINS
Vo = PIN 10
Voo = FINE

ORDERING CODE: ITT3329-5C
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D.C. CHARACTERISTICS (T, = 0°C to +70°C, Vgs = 5.0V £10%, Vop = 0V, Vgq = —12V £109)

SYMBOL CHARACTERISTICS MIN, TYP. | MAX, | UNITS TEST CONDITIONS

vDH Qutput High Voltage VSS —0.6 VSS Volts I0|_| = —0.5 mA

VOL QOutput Low Voltage 0 0.24 | 0.4 Volts IOL =1.6mA

VlH Input High Voltage \."SS -1.0 Volts

V“_ Input Low Voltage UGG 0.85 Volts VP = VSS if V.I is negative

IIH Input High Load Current 0.17 mA, V.I = VSS -1, Vp=Vpp

lJ L Input Low Load Current 1.0 1.60 mA \n"1 =04V, VP = VDD

IFL Input Low Load Current 1.0 HA \f.‘ = —-5;0 Vv, \I"P = VSS’
Ta=257C

V¢H Clock Input High Voltage Vgg —1.0 Vgg Volts

Vq}L Clock Input Low Voltage —6.5 —-4.5 | Volts

16, Clock Input Leakage 1.0 KA V$=-10V,T, =25°C

RCIH Impedance of Output High 0.7 1.0 kohms VOUT = VSS 05V

ROL Impedance of Output Low 150 250 ohms VOUT - VOL

IGG VGG Current —2.4 | =3.0 mA VSS =55V, VGG =-132V

oo Vpp Current —-28 | =35 mA V¢L =_65V

lgg Vgg Current 304 | 38 mA T, =25°C, f=2.0 MHz

Py Power Dissipation 200 | 250 mw @w =200 ns

A.C. CHARAGTERISTICS (T, = 0°C lu +70°C, Vg = 5.0V 10%, Vo = 0V, Vg = —12 V =10%) (See Fig. 1)

SYMBOL CHARACTERISTIC MIN. TYP. | MAX. | UNITS TEST CONDITIONS
9, Clock Pulse Width 0.2 100 s Note 4
tq)d Time Between Clocks (1] 100 Ms Note 4
eﬁr_ ¢i Clock Rise & Fall Times (10% - 90%) 1.0 Hs
co Clock Capacitance (Each clockline) 45 pF V= USS’-f = 1.0 MHz
f Operating Frequency 0.01 2.0 MHz
tg Input Set Up Time 100 ns
t Input Release Time 0 ns
tpd*- Delay from ¢2 to High Level 150 ns C_=10pF,
at Output Load =1 TTL Input
tod— Delay from ¢2 to Low Level 150 ns C, =10pF,
at Output Load =1 TTL Input
MNote 4:  Maximum ecycle time "%I + ‘¢d1.2 + t¢w2 + '%2,1] =100 Ms,
Cc ® ® ®
#1 Yeg Yoo 2 Voo ¢ Yoo ez Yoo #1 Yo 42 Veg Voo
SCHEMATIC DIAGRAM L 4
| I [ I
I i QuTPUT
®
| SN W W R
I }—'fp I | I
O = Pin Number | @ I | I
| ¥ss ¥sg ® Vs | Vgs Vss | vss Vss ¥ss |
| bit &1 i buts 2 thun-1 | it #n |
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Fig. 1-
TIMING DIAGRAM

Note 5: A and B define a window during which the input to the shift
register is setting up. If the input data changes during this window, the

0

0%

Mate 6

change may or may not be detected. To avoid this ambiguous
operation, the input data must remain good between A and B.

Note 6: The outputs remain good until a new output appears.

TYPICAL ELECTRICAL CHARACTERISTICS

'ﬂ - POWER DISSIPATION - mW

POWER DISSIPATION VERSUS MINIMUM FREQUENCY VERSUS INPUT RESISTANCE VERSUS
FREQUENCY AMBIENT TEMPERATURE SUBSTRATE VOLTAGE
BT vl IR L
i H nwy \
:v:o:?;,sv ER »—::.“;-;;; 4 S \ \
s | 3 s & N
= 2 Z 3 \Q\‘
I‘-ﬂ =4 o)
\ E 1 g R 1y e
» R = £ a0 2 xe 11
. E NS e
e ] L 5 = s 4ot ]
i [ S = =
| ] 2
=, - moe] # Vp " Vpp 0
bt A i T ‘l" b 'nun.l\f
Y 5 O i I allea
1028 5.0 00 20 30 1000 S0 1000 00 [] ] @ (] 1] 0 0 a“w 5.0 .0 Ly 80
1 = FREQUENCY = k. [l = AMBIENT TEMPERATURE - °C. US-WTIM[ VOUTAGE - vOLTS
CLOCK INPUT LOW VOLTAGE
VERSUS FREQUENCY
tx | R
; - EL&“‘.EI.:,:
2% T+ 0e
§ 14 lI 1
§ rd Ty ' 250
B / =
E 12 f f, /ﬂ-m"
% .
i HIN
g
p i I HEI=EESE =]
Lo 50 W 50 Mo S0 Ik 5k i SOn MOOL o 1M

I = FREQUENCY - Hz
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APPLICATIONS
+5.08 O—y
4700 3
TTL CLOCK 9020 DUAL FLIP FLOP 1/4 9002
o 5600
fMHz) 2N4121
0, Q
— o2 ' o 47pF 8,
=3 Cp
% q
——of « 9 —d ] =5.0v
o B
1/4 9002 [ |
4700 ) |
56060 I
2N4121 | |
4
o
47pF O 8
Fig. 2 2000
TWO-PHASE NON-OVERLAPPING CLOCK GENERATOR
The counter states 11 and 00 are decoded to produce —5 V clock pulses. 5.0V
g o +5.0v g 8
INPUT Ve By gy P2 L ve 0y e oz 1/4 9002
i s12@ITs  © |osizBs @
SHIFT REGISTER SHIFT REGISTER ouTPUT
STROBE 1/4 9002
STROBE

Fig. 3— SHIFT REGISTER INTERFACE

The shift register inputs may be connected directly toa TTL or DTL

output if Vp is tied to ground, If the input is to be driven by a MOS N

8, :’az (1MHz)
|

Ve 0y [}
n

output, Vp is tied to Vgg. The output can drive TTL or DTL directly.

o external components are required.

i 3 [}
512 BITS
SHIFT REGISTER

Il

T
re]

9

DATA OUTPUT

' o

2 BITS
SHIFT REGISTER

[ve 0 0;
'um

930

P swrT REGISTER

FE Pgfy 2Py

4
=

9300

P SHIFT REGISTIR
4w 00010202

PE PgPy FaFy

' osizans
SHIFT REGISTER

v e

" R 0004020

DATA INPUT

|’-1i
Fi
E
FL;

—==— TO MOS

LI

318
512 BITS

CLOCK GEN. SHIFT REGISTER

N

FROM MOS
CLOCK GEN.
Fig.2

>

1/6 9016

AMHz
Fig. 4- HIGH SPEED S

Four shift registers may be connected as shown in the figure above to
simulate one long high speed shift register. The 9300 MSH shift register
on the left is used as a serial to parallel converter. Data is clocked into
the 9300 at four times the clock rate of the silicon-gate shift registers.
When four bits have been clocked in, they are loaded into the four long
shift registers. At the output of the silicon-gate registers, another 9300

6-11

HIFT REGISTER

is used to re-serialize the data at the higher clock rate. Because the
9300's add several bits of delay, the system illustrated looks like a high

speed 4x51245 bit register.
Mote that the clock period of the 9300°s must be greater than the input

set up time on the silicon-gate registers.



ITT3708
8 CHANNEL MULTIPLEX SWITCH

MOS 8 CHANNEL
MULTIPLEX SWITCH

® Input Logic Levels Compatible with TTL and DTL
o One-Out-Of-Eight Decoder on the Chip

e High On/Off Ratio

e Output Enable Control

o Input Gate Protection

e Low Leakage Current

e Zero Offset Voltage

e Fast Switching Time 0.8 us (TYP) AT T, =+85°C

The ITT 3708 is an eight-channel multiplex switch with output enable control and
one-out-of-eight decoder included on the chip. It is a monolithic integrated circuit
utilizing P-channel enhancement mode silicon gate technology. The logic
input lines of the 3708 are NPN bipolar compatible and can be used directly with
TTL and DTL 5.0 volt logic levels with no level-shifting interface required. This
device is intended for use in A/D converters, multiplexing in analog or digital data
transmission systems, and other airborne or ground instrumentation signal routing
applications.

ABSOLUTE MAXIMUM RATINGS (notes 12and 2)

CHARACTERISTICS UNITS
Storage Temperature . ... ......... —65°C to +150 %6
Operating Temperature . . .. ........ —55°C to +85 2C
Positive Voltageonanypin . . . .. ... ... .... +0.3 Vv
Negative Voltage on digital

and analog inputpins . ................=30 A"

and analog outputpins . ...............=30 Vv
NegativeVoItageonVDDpin..‘..“H......—30 \'
Total power dissipation in package

(T BC) < oiaian o) il s »is 24 o 200 mW

NOTES:

(1) These ratings are limiting values above which the serviceability of the device may be Impaired.
(2) Voltage ratings are all referenced to pins 2 and 4 ‘:VSS"

DIMENSIONS

Eell)
009

NOTES: All dimensions in Inches.
Leods are intended for insartion in hole rows on
300" centers. They are purposely shipped with
"positive” misolignment 1o focifitate msertion,

L__B
j‘_

S0

PIN CONFIGURATION
(16 Lead DIP)

oef1 M 16 =y2
Vggg 2 15 =351
ouT—] 3 14 5,0
Ves] 4 13 BaVpp
SgH 5 12 5
$59 6 11 =5,
Sg 7 10 253
S5 8 9 fa5,

TRUTH TABLE

LOGIC INPUTS CHANNEL
2 2 2 OE ‘ON*
1L S T I 8
Hi= L L N 5,
BETH Lw H s,
H H L H 5,
2 £ N s,
H L H M 5,
L H H H 5,
H H H H 5;
X X X L OFF
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ELECTRICAL CHARACTERISTICS
For ITT3708-2D2 —5.0V<VgT7<+5.0V , Tp = 256°C, —18 V<Vpp<-20 V,

5.0 V=Vgg<6.0 V unless otherwise specified

For ITT3708-2D3 0 V<Vg7<+56.0V, T4 = 25°C, —18 V<Vpp<-20 V,

5.0 V<Vgg<6.0 V unless otherwise specified

SYMBOL CHARACTERISTICS MIN, TYP. | MAX. |UNITS TEST CONDITIONS
RON Data Channel "“ON" Resistance
= e I oy
ouT CouT
Ron Data Channel “ON"* Resistance 125 Q Vpp = =20V, Vgg =450V
IOUT = —100 LA
ROFF Data Ch | "OFF" R 15 5.0 G& Veg—Voyur=18V
ILO Qutput Leakage Current 2.0 10 nA VSS_VOUT =15V
Lo (85°) Output Leakage Current 100 500 A Ves—Vour = 15V
ILDI Data Input Leakage Current
202 3.0 nA Veg—Vin =15V
203 2.0 nA Ves—Vin = {AY
lLl Logic Input Leakage Current 1.0 MA VSS_“VLOGiC-IN =15V
'VIL Logic Gate Input “Low" Level VDD +0.2
'VIH Logic Gate Input “High"' Level VSS -1.5 “'ss
t Channel Switching Time (See Fig. 1) 0.45 Hs
t, (85°C) Channel Switching Time (See Fig. 1) 0.8 1.5 Hs
ty Channel Switching Time (See Fig. 1) 1.0 25 s
cdb Qutput Capacitance 25 pF VSS_VOUT =0V, f=1.0MHz
s Data Input Capacitance 45 pF VSS"VIN =0V, f=1.0MHz
ia Logic Input Capacitance 3.0 175 pF VSS_VLOGIC-IN =0V, f=1.0MHz
PD Power Dissipation 130 mw VDD =—268V, USS =0V

*When driven by DTL and TTL elements, avoid excessive D.C. loading of DTL and TTL elements to insure 3708 logic levels under maximum fan-out
conditions. Analog input signal swing should not exceed USS |= VCCI'

Fig. 1— SWITCHING TIME TEST CIRCUIT

SYMBOLIC DIAGRAM
(MIL STD B06B)

BATA Ay

I SR

CRANNIL W05
LT . B B,

DATA DUTPUT

DTl = L 3.0

Om{-DUT-OF -ESCHT DECODER

]"‘ss

Yoo

|

I
2t gt

*Both Vss lines are intarnally
connected; either one or
both may be used.

DUTPUT ENABLE

gL mryl

Tes —12!
Vg —122
Yoo — ot

Sg

o—il___,_"'""

57

AT
b———°

b—i|——°

|_‘ss
&M

LOGIC INPUT
(41]

Yin

f‘uur 4

LONG - 20pF

1
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SCHEMATIC DIAGRAM

LRI A ———— —
2 il o

—o®

ARNEREN AN

—

[

——

;I—

|:||—-

[ ] = O = O =T
b T e e Tl Y T
el plyg ply plyg
= S S e B T DL

L

{1 ]
BATA InpaT

ON RESISTANCE VERSUS
DATA INPUT VOLTAGE
(3708-2D2 ONLY)

o A L PR A T
et - 190
-
Thst POINT
= TTTT:
<
i
g™ Se
: 1]
S
)
S0 0 L0 10 30 80 RO

DATA 1RPUT WOLTAGE - VOLTS

ON RESISTANCE VERSUS
AMBIENT TEMPERATURE

(3708-2D3 ONLY)

B % B 0 OB & & B
Ty = AMEIENT TEMPERATURE - *C

TYPICAL DEVICE CHARACTERISTICS

ON RESISTANCE VERSUS
DATA INPUT VOLTAGE

(3708-2D3 ONLY)
P
@
E = SSTEST POl
:
im
i Sy
[
0 18 20 30 40 S0 &0 1.0
DATA 1IPUT VDLTAGE - VOLTS
DUTPUT LEAKAGE CURRENT
VERSUS
AMBIENT TEMPERATURE
l:: Vour * -1V 111
- st PO =T
fu =
& L]
¥ %
3
5 {-TEST POINT
s M =
50—

5 B % & B ®
Ty~ AMBIENT TEMAERATURE - °C
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ON RESISTANCE VERSUS
AMBIENT TEMPERATURE
(3708-2D2 ONLY)

I .

E R L R ]
Ty, - AMSIENT TEMPERATLRE - C

k-] & L] B

SWITCHING TIME VERSUS
AMBIENT TEMPERATURE
(Vo o
Vg * DV
iy fIGuRE )

-

15 ESTPOINT

== 1, TSt BT

i

k- SWITCHING TIMES =38

2

»'c Ly
Ty = AMEIENT TEMPERATURE - °C

%
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il 4 The following sets of power supplies are equivalent:
I sS
VL0GIC-IH 2 CONDITION 1 CONDITION 2
v
§§ o DATA IN DATA IN +5.0V ov
£ 2 Vg +6.0V +10V
N 2708 Voo —18v —23V
LOGIC IN

DATA OUT “Low" Level +0.2V —48Y
“High" Level +55V +05V

Vop

™
Voltage levels between semiconductor electrodes are normally refer- referenced to another electrode. In order to measure the ‘ON’ resistance
enced to one of the electrodes. In MOS, this electrode is the substrate of the data channel accurately, the data output is at ground potential

(body or Vgg). The voltages can be translated to an equivalent level and and all other terminals are changed correspondingly to test worst case
conditions.

+5.0V
o
|“|:l:
= S I U
l oe 22—
—1= ) Ay —q Vsg 2l —
l—%—* = out 20 5—
C ] VsS VDD =
=] :l } [ =55 5
=Sy Ery =]
— Sg s34
=S5 St
ANY TTL/DTL INTEGRATED CIRCUIT

SPECIAL ORDERING CODE

3708-2D2
Temp. Range: -55°C to +85°C
Input Signal: .50to +5.0 Volts

3708-2D3
Temp. Range: -55°C 1o +85°C
Input Signal: 0 to +5 Volts

3708-5D2
Temp. Range: 0°C to +70°C
Input Signal: -50to +5.0 Volts
3708-5D3
Temp. Range: 0°C to +70°C
Input Signal: 0 to +5.0 Volts

6-15



ENTERTAINMENT TYPE SELENIUM RECTIFIERS

ENTERTAINMENT TYPE
SELENIUM RECTIFIERS

@ Low Cost

e Small Size

e Easy Mounting
e Long Life

e High Voltage

The ITT selenium rectifiers in this catalog cover a wide range of applica-
tions. High voltage types lend themselves to compact power supply
designs for mobile equipment. The “off-the-line”" types are ideal for low-
cost half wave and voltage doubler applications in a variety of equipment.
Low power applications are especially appropriate for the clip-in types and
miniature diodes.

ITT selenium rectifiers are available in several mounting and terminal
styles. Miniature diodes and tubular type rectifiers are provided with
tinned wire leads and are self-supporting. Open type rectifiers are avail-
able in stud and eyelet mounting styles, many can be supplied with clip-in
mountings. These rectifiers can be supplied with conventional solder
terminals, printed wiring board terminals or plug-in terminals.

ITT's vacuum disposition technique produces selenium rectifiers with
extremely long life and minimum change in initial characteristics.

APPLICATIONS

@ Horizontal phase discriminator
e Diode matrix assemblies

@ Oscilloscopes

® Gate circuits

e Wave shaping networks

® Modulators and demodulators
® Power supplies

e Hi-fi equipment

@ DC motor control

@ Electric appliances

7-1

CLIP TYPE 6H65F
(actual size)

. WY -
/" —— -
CARTRIDGE TYPE 676H100BCIT
(half size)
"F*“ [

OPEN PLATE TYPE 1263B
(actual size)

>

MINIATURE TYPE 1215
(actual size)

‘i

MINIATURE TYPE K1615C
{actual size)




ENTERTAINMENT TYPE SELENIUM RECTIFIERS

HIGH VOLTAGE CARTRIDGE TYPE SELENIUM RECTIFIERS
CHARACTERISTICS

DIMENSIONS (inches)

Rectifier Dim. Cell Lead Dim."
PIV | Rating (mA) Dia. Length Dia. Dia. Length ITT Part No.
4650 2 1132 3-9/32 1/8 .031@ 1% 665H100ABI
4650 2 7/32 2-1/8 1/8 .031@ 1% 665H100ABIT
4650 4 9/32 3-9/32 3/16 .031@ 1% 676H100ABI
4650 4 9/32 2-1/8 3/16 .031@ 1% 676H100ABIT
4650 6.5 13/32 3-9/32 9/32 .040@ 1% 647H100ABI
4650 6.5 13/32 2-1/8 9/32 | .040@ 1% 647H100ABIT
4650 2 15/64 3-1/2 1/8 .031 1% 665H100BCI
4650 2 15/64 2-11/32 1/8 .031 1% 665H100BCIT
4650 4 19/64 3-1/2 3/16 .031 1% 676H100BCI
4650 4 19/64 2-11/32 3/16 .031 1% 676H100BCIT
4650 6.5 3/8 3-1/2 9/32 .031 1% 647H100BCI
4650 6.5 3/8 2-11/32 9/32 031 1% 647H100BCIT
4650 15 39/64 3-23/32 1/2 .031 1% 629H100BCI
4650 15 39/64 2-9/16 1/2 031 1% 629H100BCI
4650 25 15/16 3-23/32 3/4 .031 1% 630H100BCI
4650 25 15/16 2-9/16 3/4 .031 1% 630H100BCIT
NOTES: 1. Solder type terminals or radial leads also available,
2. Silver plated metal end ferrules.
HOW TO ORDER HIGHER VOLTAGE TYPES
Voltage ratings are available in 46.5 volt increments up to many thousands
of volts. Contact ITT Semiconductors for applications assistance.
HOW TO CALCULATE CURRENT RATINGS S
Current rating depends upon cell area and the number of cells in series. X
The curves at the right give the necessary information. The AB series of X
rectifiers in the _characteristics table above have a maximum ct_.lrrent T
rating of 10 mA in a half wave circuit. The BC series has a maximum y
current rating of 45 mA in a half wave circuit. d N o 3
e —.. :
e
Emaa W
‘\“ [




ENTERTAINMENT TYPE SELENIUM RECTIFIERS

OFF-THE-LINE HALF WAVE SELENIUM RECTIFIERS
SPECIFICATIONS

Rated Input Voltage ...........coviviiiiiiinninn, 117 Volts RMS
Maximum Input Voltage ............ccoovvinninn.. 130 Volts RMS
Maximum Inverse Voltage ................... ... 380 Volts Peak
Maximum Output Current ........... LI (e 28 As Listed

Maximum RMS Current ........ R N 2.7 Times DC Rating
Maximum Peak Current . ......oooviiiiiiniininn... 10 Times DC Rating
Minimum Series Resistance ...............cc0ouue. As Listed

Maximum Cell Operating Temperature ............. 85°C

CHARACTERISTICS

DIMENSIONS

A39MIN DIA

et i3z

17T/64X1/32

FIGURE 1

B/32 THD

2ireat

A /64132
'—-} setisse

FIGURE 2

Dimensions (inches)
Max. Series ITT
Qutput Fig. Cell Mtg Dim. |Term. Hgt Resist. Part
(mA) DC | No.| Size (A) (B) Max. | (C) Max. (Min.) No.
10 3/8 Dia. x 11/16 long, with axial 47 1158
wire leads 1-5/16 long
15 3/8 Dia. x 11/18 long, with axial 47 5162
wire leads 1-5/16 lang
20 1/2 Dia, x 11/16 long, with axial 47 1159
wire leads 1-5/16 long
30 1/2 Dia. x 11/16 long, with axial 47 51563
wire leads 1-5/16 long
65 1 1 9/16 21/64 22 1002A
1 1 9/16 13/32 22 1444(1)
1 11/16 23/32 31/64 22 12634
1 11/16 21/32 9/16 22 1626(1)
- 11/16 | BKT MTD 31/64 22 12638
75 1 1 3/4 21/64 22 10034
1 1 3/4 13/32 22 1445(1)
1 1116 21/32 31/64 22 B6H75AE
100 1 1-1/4 3/4 25/64 22 10044
1 1 1-1/8 21/64 22 11014
1 1 1-1/8 13/32 22 1504(1)
1 1 3/4 21/64 7.5 6H100AE
150 1 1-1/4 1 25/64 15 1005A
1 1 1-1/8 21/64 7.5 6H150AE
200 1 1-1/2 1 31/64 4.7 10064
2 1 2 21/64 4.7 6H200A
250 1 1-1/2 1-1/8 31/64 47 10284
1 1-1/4 1-1/4 25/64 4.7 6H250AE
300 2 1-1/2 2-7/32 19/32 4.7 10904
1 1-1/4 1-13/32 25/64 4.7 6H300AE
350 2 1-3/4 2-7/32 19/32 4.7 1023A
2 1-5/8 2-7/32 17/32 4.7 1356A
2 1-1/4 2 25/64 4.7 6H350A
400 2 1-3/4 2-1/4 19/32 4.7 1277A
1 1-1/2 1-1/2 31/64 4.7 6H400AE
450 2 2 2-7/32 16/32 4.7 1021A
2 1-1/2 2-7/32 31/64 33 BH450A
500 2 2 2-7/32 16/32 4.7 11794
2 1-3/4 1-13/16 19/32 33 6H5004
600 2 2 2-1/2 15/32 4.7 1289A
2 | 1-3/4 2 19/32 33 6HB00A
750 2 l 2 2 16/32 33 6HT750A

NOTE: Rectifier terminals designed for mounting in a printed circuit board. The “B"
dimension listed here is the overall length; see page 4 for mounting information.
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ENTERTAINMENT TYPE SELENIUM RECTIFIERS

OFF-THE-LINE HALF WAVE SELENIUM RECTIFIERS, continued

MOUNTING DETAILS
Taper Tip Design .

rectifier for additional printing.

. for maximum ease of insertion in heavy-gauge
printed circuit boards up to 3" thick. The tapered terminal may be
inserted into round, diamond-shaped, or rectangular holes. Taper design
keeps the rectifier plates off the board. As a result, the flow of cooling air
through the cells is improved, and extra board area is freed beneath the

MOUNTING HOLES

169DIA—-
i -15/64

LOCKING
23/64

TAB HOLE Lt T

11/64 4= b=
T Mounting hole layout for stud and eyelet
Mounting Detail Terminal Daetail g:ﬁﬂf&";‘ Di’:',";ﬂ"o“ rectifiers.
—_— 11766 -
-~ 169 DIA
__l.;q..._ NO. 45(082) 1444 5/16 __t @
DIA DRILL
_:i_{ < 1445 15/32 9,32
4ok 1o 33!5.1
! 1504 7/8 9332
3718 1526 13/32 ' __|
3/3z—f [ﬂf’“ |r-— 062

L2z |

Mounting hole layout for clip mounted
rectifiers; will also permit mounting of
stud type rectifiers.

CIRCUIT DIAGRAMS and TYPICAL VOLTAGE REGULATION CURVES

R R C
—AMAA—D
1) m (@ c il
N7 VAC ([ 117 VAC T2
170 340 |
]56\- 320 MA DC
VLTS 0 ! B OUTPUT 300
140 R MOLES ULSaan e
T e e ] 260} FULL WAVE nouale;‘“‘"
oL I T T £ 0T < v T T
25 50 75 00% 2n OIS b | 00%
DC OUTPUT CURRENT AS DC OUTPUT CURRENT AS
PERCENT OF MAXIMUM RATING PERCENT OF MAXIMUM RATING
R NOTES:
1. Minimum series resistance specified in characteristics table.
17 VAC VOLTS 2. Minimum filter capacitance in MFD to be % rectifier
oc rating in milliamperes.
340
320 MA DC
OUTPUT 300
VOLTS DC s
280 — =]
260 HALE WT.'E DDUng:ER e
0:[' I I :1: :I:
25 50 T5 100%
DC OUTPUT CURRENT AS
PERCENT OF MAXIMUM RATING




ENTERTAINMENT TYPE SELENIUM RECTIFIERS

CLIP TYPE SELENIUM RECTIFIERS
CHARACTERISTICS FOR CAPACITIVE LOAD

Nominal'RMS: InDULVORBEE .. . ivvvmaminmt s e e s i e 117
Maximum RMS Input Voltage .......cvvviiriiiiiiiiiineeinnnes 130
Maximum Peak Reverse Voltage ..........ccoiiiiiiiiiiiiniianinn. 380
Maximum Peak Current {mA). . . ..oc o amamsnm noe s s sieisiss e 650
Maximum:RMS Current:(mA)- . vy svinnan s iy fsais s iy 175
Maximum DC Output Current (MA) .....coiiriiiiiiiiiiiaaeennns 65
Minimum Recommended Series Resistance (Ohms) ................ 22
Maximum Cell Operating Temperature (°C) ..........ccoooviveinnnn. 85
Maximum Forward Voltage Drop (dC) .......cvvvviiiiiiiiininnnns 10
Dielectric Strength (Volts for 1 Min.) .....ooviviiiiiiiiiiinnininn.. 900
Output Voltage with 117 Volts Input and 100 uf

Capacitor and 65 mA dc (Volts) ........cooiuiniiiiiiiiinninns 130

ENVIRONMENTAL CHARACTERISTICS
Humidity—Withstands 120 hours in 95% +RH at 65°C.
Vibration—Withstands 10 to 55 cps., .060” displacement for 2 hours in each

DIMENSIONS
. | e
1‘-} (¥
311: _‘m:wo y il ]m:on
atowect 1o imte] ol . l-‘;‘-l
6HB5HW
L L Y
w B gIm=- s
rr Ll el i e
6HB5F
FI e
':Twu
b’y i o
6HB5FW
6HE5H

plane.
| | I
220) ;
180| —A—Pl—
¢
r?c\ q
\\
= 160 =
s C= 100
2 o
2 80 —~—]
§ : =130 VAC IN
5 ,m\\ el
= [
2 \-.._ 117 VAC IN
oD ——
20 T —T1ovac iy
110
100
) 0 20 30 40 50 60 70 80 90
DC OUTPUT CURRENT (mA)




ENTERTAINMENT TYPE SELENIUM RECTIFIERS

MINIATURE SELENIUM DIODES S
CHARACTERISTICS
ITT Part No. {.‘i} Lo
TINNED COPPER
TR M e
AC APPLICATIONS 1215 | K1617AC 3 i
ITT Part Nos.
Max. DC forward current (mA). . . ........ 25 - K1615AC, K1616AC, K1617AC
Max. peak forward current (mA). . ........ 25 —
Max. RMS input volts, resistive load. . ... .. 40 — i 312
isti a7 ™
Max. peak reverse volts, resistive load. . . . .. 56 = i
H ar
Max. peak reverse volts, capacitive load . . . . 68 — Tt ”NNEID_—H.I]
*Max. shunt capacitance in guf at 1 ke 81" g [ [ coPRER wee
and —10 volts bias . . .............. = 50 200t 00— 1304 00
Max. shunt capacitance unbalance (uuf). .. . - 5 s Wrwrwn B
e-0-0
Max. shunt capacitance in puf at 200 kc. . . . 22 —_ 0'52'4 ]
. 0 o
Max. ambient temperature. . . ............ 55°C 85°C {TT Part No. 1216
DC APPLICATIONS
Max pure DC forward current (mA)........ a7 A5 ELECTRICAL CONNECTIONS
Max. continuous reverse volts. . . . ........ 30 20 K1615
Max. reverse current at 40 volts (gA). ... ... 6 = gg.'r"‘“nggg
Max. reverse current at 20 volts (uA)....... — 4
K1616
DOUBLER
K1617
COMMON
ANODE




SELENIUM CONTACT PROTECTORS

SELENIUM CONTACT
PROTECTOR RECTIFIERS

e AC or DC Applications e Small Size
e Low Cost @ Rugged Construction
e Easy to Install

These ITT selenium cells have been specifically processed for contact
protector applications. Their long life, low leakage current and reliable
operation provide a low-cost solution to arcing problems in switched
inductive devices.

These circuit protectors prevent arcing by effectively suppressing the
voltage surges which normally occur during switching. This eliminates
the undesirable by-products of arcing, such as contact pitting and erosion,
undesirable electrical noise, false triggering of adjacent control circuits
or possible insulation breakdown.

ITT selenium cells may be used in a back-to-back arrangement on
devices breaking either AC or DC circuits. In AC applications, each arm
normally contains the same number of cells; for DC use, a different num-
ber of cells is generally specified for each arm.

TYPICAL APPLICATIONS

® Relays @® Electric Clutches @ Magnetic Chucks
@ Stepping Switches @ Telephone Switching @ Thermostats

@ Electromagnets Equipment ® Electric Brakes

@ Solenoids ® Automobile'Clocks & Horns @ Solenoid Valves

@ Small Motors @ Telemetering Equipment @ Computers

ORDERING INFORMATION
Explanation of part number codes

BA4APS1 102S2EX1
L No. of cells in position "A" tﬂn. of cells in position 8"
“8" indicates DC suppressor i Finish
“A" indicates AC suppressor Mo. of cells in position “A"”

“P" indicates paper tube “5" indicates DC suppressor
“H" indicates hermetic seal “A" indicates AC suppressor

— ¢ )
| | | {
fo o At Bom o A=BLOCKING SECTION

B=SUPPRESSOR SECTION
FIG. A FIG. B FIG. C

Special finishes

Package style 1 is supplied in a paper tube or in a hermetically sealed can which meets MIL
specifications for environmental exposure, Package styles 2, 3 and 4 are supplied with a com-
mercial protective finish, To order special finishes replace the X' in the part number with
letters as follows:

“*¥** for humidity and sall spray protection

“W** for heavy duty industrial protection

NP!M&NSlU NS
TIANED CORPLR WiRE

| ati/6a Dia=

I:I_i_

| |
A e Lo
PACKAGE STYLE 1

[ ELEAMANCE OLE FOR 8O 6 SCREW

“YE" for humidity, salt spray and fungus protection

L
r--:..-;:-—i |-—puu—-_
PACKAGE STYLE 2

u\-'-u.t

il

PACKAGE STYLE 3

]

RTE 7 SODE s SSTG Gtk 803 L Ai0E
SOE wuell 3 STAN A Oa AL 0-8F

PACKAGE STYLE 4




SELENIUM CONTACT PROTECTORS

CHARACTERISTICS

DC APPLICATIONS — 10 BREAKS/SECOND MAX

Coil Current

pc Max. DC Coil | For 300V
Voltage Current Max. Rise ITT Package Dimensions ITT Package Dimensions
Range mA mA Part No. Style B Part No. Style
0-30 500 BALPSO 1 25/64 5/8 BA1HSO* 1 112 29/32
1000 15A1PS0 5/8 15A1HS0" 1 9/16 29/32
0-22 1750 10151EX0 11/16 3/8 101S1AX0 4 11/16 9/16
4700 10251EX0 1 3/8 10251AX0 4 1 9/16
G000 103S1EX0 1-1/4 11/32 103S1AX0 4 1-1/4 5/8
14000 104S1EX0 1-13/32 11/32 104S1AX0 4 1-17/32 11/16
31-60 500 BA2PSO 25/64 5/8 BAZHS0" 1 172 29/32
1000 15A2PS0 1/2 5/8 15AZHSO* 1 8/16 29/32
23-44 1750 101S2EX0 11/16 1/2 10152AX0 4 11/16 11/16
4700 102S2EX0 1 1/2 10252AX0 4 1 11/16
9000 103S2EX0 1-1/4 12 10352AX0 4 1-1/4 11/16
14000 10452EX0 2 1-13/32 12 10452AX0 4 1-17/32 13/16
61-90 500 BA3IPS0 25/64 5/8 BAIHS0" 4> 12 29/32
1000 15A3PS0 1/2 5/8 15A3HS0" 1 9716 23/32
45-66 750 101S3EX0 11/16 9/16 10153AX0 4 11/16 11/16
4700 10253EX0 /8 10253AX0 4 1 27/32
9000 103S3EX0 2 1-1/4 5/8 10353AX0 4 1-1/4 13716
14000 104S3EX0 2 1-13/32 5/8 10453AX0 4 1-17/32 31/32
91-120 500 BA4PSO 1 25764 34 BAAHSO0® 1 12 1-1/32
000 15A4PS0 1 1/2 3ra 15A4HSD* 1 9/16 1-1/32
67-88 1750 101S4EXD 2 11j16 5/8 10154AX0 4 11/16 13/16
4700 10254EX0 2 1 11/16 10254AX0 4 1 7/8
103S4EX0 2 1-1/4 3/4 103S4AX0 4 1-1/4 15/16
14000 = 104S4EX0 2 1-17/32 23/32 10454AX0 4 1-17/32 1
121-150 500 < BASPSO 1 25/64 374 BASHSO* 1 1/2 1-1/32
1000 - 15A5PS0 1 1/2 5/8 15A5HS0" 1 9/16 1-1/32
89-110 1750 = 101S5EX0 2 11/16 3/4 10155AX0 4 11/16 1
4700 o 102S5EX0 2 1 718 10255AX0 4 1 1-1/16
9000 = 103S5EX0 2 1-1/4 1 10355AX0 4 1-1/4 13/32
14000 > 104S5EX0 2 1-17/32 1 10455AKX0 4 1-17/32 1-3/16
ksl
151-180 500 = BAGPS0 1 25/54 3/4 BAGHSD* 1 1/2 1-1/32
1000 = 15A6PS0 1 172 15/16 15A6HS0* 1 9/16 1-1/32
111-132 1750 a 101S6EXD 2 11/16 1 101S6AX0 4 11/16 1-1/16
4700 th 10256EX0 2 1 1 10256A X0 4 1 1-1/8
9000 =2 10356EX0D 2 1-14 1 10356AX0 4 1-174 1-1/4
14000 - 104S6EXD 2 1-17/32 1-1/8 10356AX0 4 1-17/32 1-5/16
w
181-210 500 = BATPSO 1 25/54 15/16 BATHSO* 1 172 1-.7/32
1000 - 15A7PS0O 1 1/2 13/16 15ATHS0* 1 9/16 1-7/32
133-154 1750 =1 101S7EX0 2 11/16 1 101S7AX0 4 11/16 1-1/8
4700 = 10257EX0D 2 1 1 10257AX0 4 1 1-1/4
000 2 103S7EXD 2 1-1/4 1-1/2 10357AX0 4 1-1/4 1-3/8
14000 = 10457EX0 2 1-17/32 1-1/8 10457AX0 4 1-17/32 1-7/16
S
211-240 500 : BABPSD 1 25/64 13/16 BABHSO* b % 1/2 1-7/32
1000 E 15A8BPS0 1 13/16 15ABHS0" 1 9/16 1-7/32
155-176 1750 101SBEX0 2 11/16 1-1/8 10158A X0 4 11/16 1-3/16
4700 10258EX0 2 1 1-5/32 10258AX0 4 1 1-5/16
9000 103S8EX0 2 1-1/4 1-1/4 10358AX0 4 1-1/4 1-7/16
14000 104SBEXD 2 1-17/32 1-1/4 10458AX0 4 1-17/32 1-1/2
241-270 500 BA9PSO % 25/64 15/16 BAGHSO* 1 1/2 1-7/32
1000 15A9PS0 1 2 15/16 15A9HS0* 1k 9/16 1-7/32
177-198 1750 10159EX0 2 11/16 1.1/8 10159AX0 4 11/16 1-1/4
4700 10259EX0 2 1 1-1/4 10259AX0 4 1 1-15/32
9000 10353EX0 2 1-114 1-3/8 10359AX0 4 1-1/4 1-9/16
14000 10459EX0 2 1.17/32 1-3/8 10359AX0 4 1.17/32 1-3/8
271-300 500 375 BAL1OPSO 1 25/64 15/16 BAIOHSO" 1 1/2 -7132
1000 750 15A10PS0 1 1/2 15/16 15A10HS0* 1 9/16 =732
199-220 1750 300 101S10EX0 2 11/16 1-1/4 101510AX0 4 11/16 -5/16
4700 00 102510EX0 2 1 1-3/8 102510AX0 4 1 -1/2
9000 6750 103510EX0 2 1-1'4 1-1/2 103510AX0 4 1-1/4 1-5/8
14000 11000 104510EX0 2 1-17/32 1-1/2 104510AX0 4 1-17/32 1-11/16
301-330 500 275 BA11PSO 1 25/64 1-1/8 BAlIHSO* 1 1/2 1-13/32
000 550 15A11PS0 1 1/2 1-1/8 15A11HS0* * L 9/1 1-13/32
221-242 1750 950 101511AX0 3 11/16 -5/8
4700 2600 102511AX0 3 1 -13/16
9000 5000 103511A%0 3 1-1/4 2
14000 7750 104511AX0 3 1-17/32 2-1/16
331-360 500 125 BA12PS0 1 25/64 1-1/8 BA12HSO* 1 112 13/32
1000 250 15A12PS0 : 172 1-1/8 16A12HS0* 1 9/16 -13/32
243-264 1750 450 101512AX0 3 11/16 116
4700 1200 102512AX0 3 -13/16
a000 2250 103S12AX0 4 1-1/4
14000 3500 104512AX0 3 1-17/32 -1/16

NOTE: Hermetically sealed tubular construction to meet MIL specifications for environmental exposure.
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SELENIUM CONTACT PROTECTORS

DC APPLICATIONS — 40 BREAKS /SECOND MAX

Cail Coul
DC | Max. | Current pc | Max. | Current
Volt-  |DC Coil [For 300V ITT | Pack- ITT | Pack- Voli-  |DC Coil [For 300V ITT | Pack- ITT | Pack
age |Current|Max. Rise Part age | Dimensions Pan age | Dimensions age  |Currend|{Max. Rise Part age | Dimensions Part age | Dimensions
Range | mA mA No. | Style| A B No. | Style | A B Range [ mA mA No Siyle | A B No. | Style | A B
@
0-30 250 BALPS] 112564 58 BALHSI* 1 B 29 32 181-210] 250 = [BATPS] 112564 1516 |BATHSI® ]2 1:7 32
600 15A1PS1 112 58 ISATHSI* | 1]|9/16 29.32 E00 % |15A7PS1 i B 1516 |15ATHSI= |1 {916 1.7 32
0-22 850 101S1EX] | 2] 11716 15°32 | 10IS1AX] [4)11 16 578 133-154| 850 |[Sw==[10ISTEX] | 2|11.16 1-18 [10157AX1 |4 |11 16 1-3716
0-22 | 2250 10251EX1 | 2] 1 1532 | 10251A%1 (41 25 32 2250 :Eg; 10257€EX1 |2 {1 31 32 |10257AX1 [4 {1 1-5 16
4300 10351EX1 | 2| I-1 4 17:32 | 10351AX] |4|1-14 34 4300 O 1103S7EX] |2 |11 4 114 [10357AXL |4 {1-14 1.716
6600 104S1EX] | 2] 1-17 3217:32 | 10451AX1 | 4| 1-17 3213 16 BEOG Ea‘g; 104S7EXT |2 [1-17 321-1 4 |10457AX1 |4 |1-17 3219 16
o
31-60 250 BAZPSI 1]2564 518 BAZHSI* 1|12 932 211-240) 250 250 | BABPSI P]25/64 1516 |BABHSI 11172 1.7-32
&00 15A2PS1 1|12 58 1542H51* | 11916 29 32 600 600 |15ABPS] L 1ed 1516 | 15ABHSI* [1|916 1.7 32
23-44 850 Iz 101S2EX1 | 2] 1116 5:16 10152AX1 [ 41116 1.3 16 155-176| 850 B50 |1OISBEX) |2 (1116 1-18 |10IS8AX1 |[4]11°16 1-14
2250 = 10252EX1 | 21 516 10252A%1 |41 2932 2250 2250 | 102SBEX1 |21 1-1'4 | 10258AX]1 [4 11 1716
4300 = 103S2EX1 | 2 1-1/4 17:32 | 10352AX] | 4114 34 4300 4300 |103S3EX1 |2[1-1°4 1-38 |103S3AX1 |4 [1-14 1916
600 : 104526X1 | 2] 1-17-3219 32 | 10452AX1 | 4| §-17/327-8 6600 6600 [10458EX1 | 2]1-17-321-14 |10453AX1 | 4]1-17/321-5°8
=
61-80 50 = BA3PS1 112564 34 BA3HSI* 112 1-1:32 241-270) 250 120 | BASPS1 12564 1516 |8A3HS] 112 1-7.32
600 = 15A3PS1 1jt2 34 ISAIHSI* | 11906  1-132 600 300 | 15A9P5] 1|12 1516 | 15A9H51* |1 ]9°16 17732
45-66 850 2 I01S3EX] | 2] 1116 17 32 | ID1S3AXE | 4[ 11716 1 177-198| 850 500 |100S9EXT | 2| E116 1-14 |101S9AXD [4 1116 1-15'16
2250 % 10253EX] | 21 9.16 10253AK1 | 4] 1 1-1.32 2250 1350 | 10259Ex1 | 2! 1-38 | 10258AX] |4 |1 1512
4300 = 103S3EX1 | 2| 1-1.4 2332 | 10353AX1 | 4)1-1 4 2532 4300 2600 [103S9EX1 |2]1-1 4 112 |103S9AXI |4 )1-14 158
6600 2 |10453€x1 | 2] 1.17/322332 | 10453AX1 | 4] 117 3211 6600 | 4000 |[10459EX1 |2|1-17 321-1 2 |10455AXL [4]1-17-321-3'4
-
e}
91-120| 250 S |8a4pst 1125/64 34 BA4HSI* |1l12 1132 271-300| 250 100 |BatoPs] | 12564 118 |BAIOHSI* |1|12  1-1332
600 ! 15A4P51 112 34 15A4HS51* | 1| 916 1-1 .32 600 250 |[1SA1OPSY [ 1(10:2 1-1 8 | 15AL0H51*) 1 |916 1-13'32
67-B8 850 ] 101S4EX] | 2] 11,16 21/32 | 10154AKI | 4| 1116 1 199.220| 850 450 [0ist0AXt| 3|11 16 158
2250 = 10254EX1 | 2| 1 1 10254AX1 | 411 1 2250 1125 1025104%1) 3 |1 1-13°16
4300 5 10354EX] | 2] 1-174 1 10354AX] | 4] 1-1 4 1-116 4300 4150 103510AX1| 3 [ 1-14 1778
6600 § 104354EX1 | 2| 1-17/323.:4 10454AX1 | 4] 1-17:321-1 8 G600 3300 104510AX1| 3 |1-17 32 2-1°16
121-150] 250 = BASPSI 1] 2564 34 BASHSI* 112 1132 301-330) 250 50 | BAL1PS] 1]2564 118 | BALIMSI* | 1{12 1:13°32
€00 2 15A5P51 1] 12 34 15A5HS1* | 1] 9:16 1-1.32 600 125 | 15A1IP31 | 1|12 I-18 | I5A11HSI=) 11916 1-13 32
89-110| 850 < 101SSEX] | 2| 11/16 13/16 | 10IS5AX1 | 4| 1116 1-116 221.242| 850 20 | I01STIAXI| 31116 158
2250 L 10255EX1 | 2| 1 18 10255A%1 | 41 118 2250 560 I02S1TAXI[ 3 1 1-7 8
4300 103S5EX1 | 2] 1-1/4 1-148 | 103S5AX1 | 4f 1-104 1-14 4300 1100 103511AX1) 3| 1-14 2
GE00 104S56X1 | 2| 1-17/321-1/8 | 10455AX1 | 4] 1-17/321-3 8 6600 1650 104511A%E] 3| 117 32241116
151-180) 250 BAGPS1 1| 2564 15/16 | BAGHSI® | 1112 |73 331-360( 250 10 | 8A12PS1 | 1] 25/64 1-18 | BAIZHSA® | 1}12 11332
600 15A6PS1 | 1] 12 1516 | 15AEHSI* | 11916 1.7.32 600 25 |1saizest | 1] 12 1108 | 1SAlZHSIe| 1 |91 113 32
111-132) 850 10156EX1 | 2| 11,16 1 I01S6AXL | 4 1116 1-1 8 243.264) 850 45 wisizaxt] 31116 158
2250 10256EX1 | 2| 1 1 10256AXE | 4] 1 114 2250 110 102512410 3|1 1-18
4300 103S6EX1 | 2| 1-14 1-1/8 | 10356AXI | 4f 1-1.4 1-38 4300 215 103512AX1) 3| 1-1 4 2116
8600 104S6EX1 | 2| 1-17/321-1/8 | 10436AX1 | 4f 1-i7.321-7 18 EGO0O 330 I04S12ZAXI) 3| 1-17.322-3'16
AC APPLICATIONS
Coil Coil
DC | Max. | Current DC | Max. [Currant
Valt- | DC Cail {For 300V iTT | Pack- ITT | Pack- Vot |OC Coil [Far 300V ITT | Pack- ITT | Pack-
age [Current{Max. Rise, Part age | Dimessions Part age | Dimensions age  [Current Max. Rise Part age | Dimensiors Part age | Dimensions
Range | mA mA Mo, | Style | A B No. | Style [ A B Range | mA mA No. | Style | A B Mo Style | A B
0-26 200 g BAIPAL 1]25/64 58 BALHAL* 1|12 29 32 79-104| 200 15  [BA4PA4 12564 1516 [BA4HA4* 1|12 1-7.32
400 é'; I5A1PAL 1| 12 58 15AIHAL* | 11916 2932 400 35 |15A4PA4 112 15716 [15A4HA4® | 1 |91 1-7 32
600 33}42“ 101ALEXE | 2| 10/06 15/32 | IODALAXD | 4 [11/16 1116 &00 60 |101AJEX4 2111716 2932 |I0IA4AX4 | 3 [I1/16* 1-316
1600 :a;g';_ 102A1EX1 | 21 15/32 | 102A1AX1 | 41 25 32 1600 160 |10ZA4EX4 | 2 (1 3137 [102A4AK4 [ 4 )1 2932
3000 | 2 w103A1EXL | 2)1-1/4 12 103A1AX1 | 41174 374 3000 300 |103A4EX4 | 2 |1-1/4 1-532 |103A4AKA | 4 [1-14 114
4700 Ea‘gg 104ANEXY | 2| 1-17/3217/32 | 104AL1AXE | 4 [1-17/3213/16 4700 470 |104A4EX4 | 2 |1-17/321-5 32 |1D4A4AX4 | 4 [1-17/321-1°2
et
2152| 200 | 200 |sAePAz | 12564 58 | 8AZMAZe | 1|12 11732 105-130| 200 10 [8asPa5 | 1[2564 1516 |BASHAS® |1 (12 1732
400 400 |[15AZPAZ 1|12 34 ISAZHAZ* | 1| 9/16  1-1/32 400 20 |15A5PAS 1|2 15,16 |15A5HAS* | 1 |9, 16 1.7/32
600 600 |[I01AZEXZ | 2| 11/16 1.2 101AZAXZ | 4| 1116 23.32 600 30 |101ASEXS [2|1016 1-1.8 |I01ASAXS | 4 [11/16 1-18
1600 1600 |102A2EX2 | 2|1 11/16 | 102A2AXZ | 4] 1 1-1/32 1600 80 |102ASEXS [ 2)1 111 32| I0ZA5AXS | 3 {1 1-5/8
3000 3000 |103A2EX2 | 2| 1-1:4 11706 | 103AZAX2 | 4] 1-14 7.8 3000 150 |I03ASEX5 [ 2(1-1/4 1-14 103A5AXS | 4 |1-14 17716
4700 4700 |104A2EXZ | 2| 1-17.3223/32 | 104AZAX2 | 4] 1-17/321 4700 250 |104ASEXS | 2[1-17/321-13 32| 104A5AXS | 3 |1-17 32178
5378 200 60 |8A3PA3 1]25/64 34 BAIHAZ ij12 1-1/32
400 140 | 15A3PA3 112 34 15A3HA3* | 1| 9/16 1-1/32
600 250 |101A3EX3 | 2| 11/16 13/16 | 101A3AX3 | 4| 11/16 27/32
1600 650 |102A3EX3 | 2|1 18 102A3AX3 | 3| 1 1-7°16
3000 1200 |103A3EX3 | 2] 1-1/4 1-3/16| 103A3AX3 | 4] k104 I-14
4700 2000 |I104A3EX3| 2] 1-17/321 104A3AX3 | 4 117,32 1-5/16

NOTE: Hermetically sealed tubular construction to meet MIL specifications for environmental exposure.
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SELENIUM CONTACT PROTECTORS

CAUSE OF CONTACT ARCING

Consider the circuit shown in Fig-
ure 1. Close the circuit contacts S,
and the current flow as indicated
by the ammeter M, builds up to
400 mA. The flow of current has
set up a magnetic field through
the core. Electrical energy has
been stored in the magnetic field
by the current, analogous to the
mechanical energy stored in a
spring by compression.

Now open the contacts S, thus
breaking the steady flow of cur-
rent. Just as the compressed
spring will start to release its
stored mechanical energy, the
magnetic field starts to collapse,
releasing its stored energy. While
the magnetic field is collapsing it
induces a voltage in the coil that
acts to maintain the current
through the coil in the same
direction as the original current
which built up the field. The mag-

HOW ITT SELENIUM CONTACT PROTECTORS WORK

Half-wave configuration for
DC applications

Consider the circuit of Figure 3,
showing contact protector cell A
connected across the coil termi-
nals. While contacts S, are held
closed a current of 400 milliam-
peres flows throfgh the coil, but
no part of the coil current flows
through the contact protector.
When S, is opened coil current
flows in the low-resistance direc-
tion of the contact protector, thus
dissipating the energy stored in
the coil through the resistance of
the coil and contact protector. As
the resistance of the contact pro-
tector is very low, usually a frac-
tion of the coil resistance, the
voltage across the contacts rises
only slightly, to a few volts above
battery voltage.

nitude of this induced voltage is
equal to the product of the coil
current, and the coil and circuit
resistance; and it can attain very
high values since the circuit re-
sistance approaches infinity with
the switch contacts open.

Theoretically, when the flow of
current is suddenly stopped by the
opening of S,, the voltage that
appears across the coil could go
up to infinity. Approximately 300
volts is required to produce arcing
across contacts in free air. Since
air is not a perfect insulator, the
instant that S, is opened and the
high induced voltage appears
across the contacts, an arc occurs.
In typical applications, air break-
down across the contacts will limit
the voltage rise to the reglon of
300 to 1,000 volts in an average
24-volt coil circuit. See Figure 2.

I =400MA
_—

Vi
; {'
T— |
l2 )
N
—_ﬁ\—/

FIG. 3

Half-wave configuration, continued

In the circuit shown in Figure 4,
cell B has been added in such a
direction as to oppose the dis-
charge current |.. A semiconductor
cell has the unique characteristic
of exhibiting decreasing resist-

400MA IRON |
e CORE | £
=
(%]
WIRE | 3
coi’ 2
=24V DC
CONTACTS R=50 OHMS
FIG. 1
—_—_—

s MAGNETIC
FIELD

v

coiL

N N

et

FIG. 2

ance with increasing voltage in
the blocking direction.

At the instant switch S, is opened,
the induced voltage rises to ap-
proximately 150 volts, due to the
blocking action of cell B. This in-
duced voltage is indicated in Fig-
ure 4 and appears as a reverse
voltage across cell B, i.e., the high-
resistance direction.

————1; = 400M4




SELENIUM CONTACT PROTECTORS

Figure 5 shows the change in re-
verse resistance with application
of reverse voltage to a typical
semiconductor contact - protector
cell. At the working voltage of 24
volts, the reverse resistance is ap-
proximately 1 megohm. When S,
is opened, the voltage across the
coil builds up to approximately
—200 volts. At this voltage the re-
verse resistance of cell B will be
less than 500 ohms. Much of the
stored energy is dissipated in this
low-resistance region of the cell
characteristic.

As the energy is dissipated and
the current decreases, the induced
voltage also decreases. The re-
mainder of the stored energy is
dissipated in a higher-resistance
region than initially. For example,
as the induced voltage decays to
—25volts, the cell resistance rises
to approximately one megohm.

Thus the effect of the nonlinear
resistance of cell B is to provide,
at the instant of switching, a path
of relatively low resistance to pre-
vent the induced voltage from ris-
ing to a value which will cause
arcing. As the stored energy is
dissipated the low resistance in-

Back-to-back configuration for
AC applications

The back-to-back configuration is
readily adapted to use in AC cir-
cuits by providing the same num-
ber of cells in each arm of the
device. The number of cells in
series per arm will depend on the
applied AC voltage. The require-
ment for the same number of cells
in each arm arises from the fact
that both arms alternately are re-
quired to block the input voltage.
This arrangement differs from the
DC back-to-back configuration in
which one arm has sufficient cells
to block the battery voltage and
the other has only one or two cells
to provide the surge suppression.

creases, due to the nature of the
cell characteristics, and provides
a damping effect on the discharge
current. The result is to reduce
the coil release time as compared
to the action of the half-wave-type
contact protector.

Figure 6. Oscillograph trace volt-
age across a set of contacts break-
ing the circuit of a 48-volt tele-
phone relay, without contact pro-
tection. Sparking begins at 300
volts (see oscillations), continues
as contacts are separated and
rises to a voltage peak at 500 volts,
Voltage decay is exponential.

Figure 7. Oscillograph trace of
voltage across same set of con-
tacts, protected by ITT half-wave
semiconductor contact protector.

Figure 8. Oscillograph trace of
voltage across same set of con-
tacts, protected by ITT back-to-
back semiconductor contact pro-
tector.

Factors relating to the opening
of inductive circuits

It can be shown mathematically
that the time required for the coil
current to drop to zero, after the
switch contacts have opened, is
inversely proportional to the sum
of the coil resistance and protec-
tor resistance. Also, the magni-
tude of the voltage induced in the
coil at the instant of switching is
directly proportional to the sum
of these resistances.

When the circuit energizing an in-
ductance is opened the polarity
of the voltage across the coil is
reversed and is indicated by the

B o
equation E = Ldt
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After the circuit opens, and as-
suming no arcing occurs, the time
for the current to fall to a percent-
age of its initial value is given by
the following equation:

— L logi

R.+r EI

When R = Coil resistance

r = Forward resistance of
rectifier

L = Inductance of coil

t = Time for current to
decrease to i

i = Current at time t

| = Steady-state current
through the coil

E = Supply voltage

t=




SELENIUM CONTACT PROTECTORS

The voltage induced across the
coil is expressed by the equation
V= —L—— R L"rf
The maximum value of voltage V
occurs when t = 0 V max. =
(R+r) = E+Ir

In an inductive circuit with un-
protected switch contacts, the coil
current decays through a path that
includes the widening air gap be-
tween the moving contacts. The
high resistance of this gap results
in a very short current decay time.
However, the voltage induced in
the coil at the instant of switch-
ing must reach a value high
enough to force the current across
the air gap. This leads to the elec-
trical breakdown of the air gap
with attendant arcing, contact
damage and electrical noise.

In the half-wave configuration the
resistance of the protector is low
when it is acting as a suppressor,
since the coil current flows in the
low-resistance forward direction
of the device. The forward resist-
ance of the half-wave suppressor
will usually be only a small frac-
tion of the coil resistance and, for
practical purposes, may be re-
garded as a short circuit around
the coil. The low value of protector
resistance prevents the induced
voltage from rising more than a
volt or two over the battery volt-
age, and increases the current de-
cay time compared to the decay
time of a coil with unprotected
contacts.

In the back-to-back configuration
the reverse resistance of the pro-
tector is inversely proportional to
the induced voltage. This resist-
ance will be the smallest at the
instant of switching and will in-
crease in value as the current de-
creases. This nonlinear resistance
characteristic causes the induced
voltage to rise to a value higher
than it would reach in a circuit
using the half-wave configuration,
but it prevents the induced volt-
age from attaining the contact-
damaging values existing in a cir-
cuit with unprotected contacts.
Although the current decay time is
increased somewhat compared to
the decay time of a coil with un-
protected contacts, it is very ap-
preciably shorter than the decay

time of a circuit using the half-
wave configuration.

APPLICATION NOTES

Voltage Range

The words “voltage range" are
used because the maximum volt-
age rating increases in discrete
steps, according to the number of
blocking cells in series. Each pro-
tector has a maximum permissible
voltage rating which is the low-
voltage end of the range for the
next higher voltage group,

Max. Coil Current — mA

The maximum permissible coil
current is based on the thermal
dissipation characteristics of the
contact protector when operated
at maximum coil voltage and repe-
tition rate.

Coil Current for 300-V Max.

Rise — mA

At the instant of switching, the
current through the protector is
the same as the coil current, and
the induced voltage at the coil
terminals will rise to the value
required to drive this current
through the protector. This volit-
age will add to the supply voltage
and appear across the contacts.
Sparking at the contacts will be
minimized if the sum of these two
voltages does not exceed 300 volts,
and this requirement is met if the
induced voltage is no greater than
the difference between 300 and
the supply voltage. This condition
is achieved by reducing, for a
given cell size, the permissible
coil current as the supply voltage
increases. Thus, it will be ob-
served that the coil current for
300-volt rise will be less than the
maximum coil current for many of
the higher-voitage units, Con-
versely, the coil current for 300-
volt rise is so great that it exceeds
the maximum coil current for the
low-voltage units, These protec-
tors carry the note in the rating
table “MA for 300-Volt Rise Ex-
ceeds Max. Current Rating”; this
means that operation at the listed
maximum coil current will give a
voltage rise of less than 300 volts
at the contacts.

The current values listed in the
column “Coil Current for 300-v
Max. Rise” are representative
values, based on the observation
of typical relays and solenoids.
The specific value of current that
will limit the voltage at the con-
tacts to 300 volts is a function of
the coil design, the size of the coil,
the number of turns of wire, etc.,
and it is possible for a contact pro-
tector to furnish adequate spark
suppression when used with coils
carrying currents greater than
those listed; but the maximum
current rating should not be ex-
ceeded. For this reason, it is wise
to observe the action and effi-
ciency of the protector before
freezing a design. Samples and
engineering assistance are avail-
able upon written request to the
Engineering Department.

In selecting a suitable Contact
Protector from the list in this data
sheet, it should be noted:

Ratings are based upon operation
in typical inductive circuits at
temperatures of 50°C or lower.
Current ratings given in the col-
umn headed “Coil Steady State
Current for 300 volt max. rise”
represent the rating of the pro-
tector to limit the voltage rise
across the contacts to approxi-
mately 300 volts. This rating may
be exceeded if a rise in excess of
300 volts is permissible, but the
maximum peak current rating
should not be exceeded. The volt-
age rating should not be exceeded
under any circumstances.

Fast Contact Action

Rate of operation of contacts in
the range 10 to 40 breaks per sec-
ond. The back - to - back arrange-
ment of the ITT Contact Protector
provides adequate arc suppression
with a negligible effect upon the
release time of the relay. The pro-
tectors are fated for applications
where the rate of operation of the
contacts is in the range of 10 to 40
breaks per second. ITT should be
consulted for recommendations if
the rate of operation exceeds 40
breaks per second.



SELENIUM TRANSIENT VOLTAGE SUPPRESSORS

TRANSIENT VOLTAGE
SUPPRESSOR RECTIFIERS

@ AC Input or DC Applications
e Improve Equipment Reliability
® Reduce Equipment Cost

ITT transient voltage suppressors eliminate one of the major causes of
failure of semiconductor rectifiers by instantaneously short-circuiting
transient voltages in excess of the ratings of the rectifiers. They permit
the circuit designer to use rectifiers with lower PIV ratings, thereby re-
ducing equipment cost. These specially processed selenium cells have
very sharp “zener” breakdown characteristics when operated in the
reverse direction. Since the reverse characteristic is used instead of the
forward characteristic, aging has very little effect on the resistance and
suppressing voltage level of the protector. The small effects of aging and
temperature variations have been taken into consideration in the volt-
ampere curves and tabulated characteristics.

In inductive circuits using mechanical switches, these suppressors can
be used to eliminate pitting of the switch contacts by absorbing the high
peak voltages generated when the switch is opened. ITT contact protector
selenium rectifiers can also be used in this application.

Transient voltage suppressors can be mounted by eyelets or studs in
stack types and by clips or pigtail leads in tubular types. Stack types are
supplied with a standard industrial finish or with a moisture resistant
finish for protection against salt spray and humidity.

RATINGS

CHARACTERISTICS 8A SERIES | 25A SERIES | 102 SERIES | UNITS

Steady State RMS Volts/Cell 30 30 25 Volts

Peak Volts/Cell 424 42.4 35 Volts

DC Volts/Cell 20 20 20 Volts

Stack RMS Volts 30-600 36-600 25-500 Volts

Stack DC Volts 20-400 20-400 20-320 Volts

Steady State Leakage Current 0.8 1.2 12 mA
(max.)

Single Pulse Current 0.75 2 8 Amps
(4 milliseconds) (max.)

Recurrent Pulse Current 0.25 0.75 3 Amps
(1 millisecond @ 60 cps) (max.)

Ambient Temperature —20 to +100 | —20 to +100 [ —20 to +100 |.°C

Cell Operating Temperature (max.) | 130 130 130 %

Construction Tubular Tubular Stud or Eyelet
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SELENIUM TRANSIENT VOLTAGE SUPPRESSORS

ELECTRICAL AND MECHANICAL CHARACTERISTICS — AC INPUT TYPES
PAPER TUBE TYPES

MAX. MAX. MAX. MAX.

RMS PEAK MAX. DIMENSIONS RMS PEAK MAX, PAMENSIONS —’
INPUT INPUT ZENER DIA, LENGTH ITT INPUT INPUT ZENER DIA. LENGTH ITT
VOLTS VOLTS VOLTS: (A) (B) PART NO. VOLTS VOLTS VOLTS® (A) (B) PART NO.

30 42 104 3/8 2732 BAIPGY 30 42 87 37164 1 1/64 25A1PGY
60 a5 208 3/8 27132 BAZPG2 B0 a5 177 37 /64 11/64 25A2PG2
90 127 312 3/8 27032 | BA3PG3 90 127 266 3764 11/64 25A3PG3

120 170 416 3B 27132 BA4PGA 120 170 354 37 /64 11/64 25A4PG4

150 212 519 3/8 27/32 | BASPGS 150 212 443 37164 11/64 25A5PGS

180 254 623 3/8 1 3/32 | BABPGE 180 254 532 37 /64 11/4 25A6PGE

210 297 127 38 1 3032 BATPGT 210 297 620 37/54 114 25ATPG7T

240 339 831 38 1 3/32 | BABPGB 240 339 709 37 /64 114 25ABPGSE

270 382 934 38 1 3732 | BASPGI 270 382 798 37 /64 114 25A9PGY

300 424 1039 3/8 1 3/32 BA10PG10 300 424 BB6 37 /64 1114 25A10PG10

330 467 1143 3/8 121/64 | 8A11PG11 330 467 975 37/64 112 25A11PG11

360 509 1247 3/8 1.21/64 | 8A12PG12 360 509 1063 37/64 1142 25A12PG12

390 551 1350 3/8 121/64 | 8A13PG13 390 551 1152 37/64 1112 25A13PG13.

420 594 1454 38 1 21/64 BA14PG14 420 594 1241 3764 112 25A14PG14

450 636 1558 38 121/64 | 8A16PG1S 450 636 1329 3764 112 25A15PG15

480 679 1663 3/8 1 37/64 BA1G6PG16 480 679 1417 37/64 134 25A16PG16

510 721 1766 3/8 137/64 BA17PG17 510 721 1507 37/64 13/4 25A1TPG17

540 764 1870 3/8 1 37/64 BATBPG18 540 764 1585 37164 1 3/4 25A18PG18

570 806 1974 38 1 37/64 BA19PG139 570 806 1684 37 /64 13/4 25A19PG18

600 848 2078 /8 1 37/64 BAZ0PG20 600 848 1772 37/64 13/4 25A20PG20

PHENOLIC TUBE TYPES
1
max. | max. DIMENSIONS max. | max. DIMENSIONS
RMS | PEAK [ MAX. FERRULE ITT PART NO. RMS | PEAK | MAX. FERRULE ITT PART NO.
INPUT | INPUT | ZENER DIA. LENGTH | LENGTH INPUT | INPUT | ZENER DIA. LENGTH | LENGTH
VOLTS | VOLTS | VOLTS: (A] 8} (c) FERRULE | WIRE LEAD VOLTS | VOLTS | VOLTS® (A) {B) ([~] FERRULE | WIRE LEAD

30 41 104 15/32 31432 38 BA10BG1 BATABGY 30 L 104 3132 1 1/32 13/32 | 25A10BG1 25ATABGT

&0 85 208 15/32 njae 38 8A208G2 BAZABG2 &0 85 208 31432 1 132 13/32 | 25A208G2 25ATABG2

90 127 a2 15/32 e 38 BAIOBGI BAJABGI a0 127 nz N2 1 u 13737 | 25A30BG3 | 25A3ABG3
120 170 416 15132 kiTkrs 38 BA408G4 BA4ABGY 120 170 416 nm 1 132 13732 | 25A40BG4 5A4ABGY
150 n? 518 15/32 /32 318 BASOBGS BASABGS 150 12 519 33z 1132 13f317 | 25A50BGS I5A5ABGS
180 254 623 15/32 332 38 BABOBGE BABABGE 180 254 623 njz 11132 13/32 | 25A60BGE 25ABABGE
210 287 17 15/32 nm 38 BATOBGT BATABGT 210 287 727 e 1 1132 13/32 | 25ATOBGT 25ATABGT
240 339 831 15/32 3 38 BABOBGS 8A3ABGE 240 339 431 R 1 1132 13/32 |25AB0BE3 | 25ABABGS
70 a2 934 15/32 /a2 38 BAI0BGY BASABGY 70 382 934 3 1 1132 13/32 | 25A90BG3 | 25A9ABGY
300 424 1039 15/32 njaz 38 BA100BGI0 | BAIDABGIO 00 424 1038 Ao 13f32 | 25A1008610 | 25A10ABG10
130 467 1143 15132 | 117764 s BAT10BG11 | BAITABGIN 130 467 1143 nEe 1 29764 13/32 | 25A1108611 | 25A11ABGH
360 509 1247 15732 117764 38 BA120BG12 | BAT2ABG12 360 509 1247 /a2 1 259/64 13/32  |25A1208612 | 25A12ABG12
%0 551 1350 15/32 117064 38 BA130BGI3 | BAIJABG1I 0 551 1350 3732 | 129/84 13/32 | 25A1308613 | 25A13ABG13
420 594 1454 15/32 117764 38 BAT40BGI4 | BAI4ABGT4 420 594 1454 31/32 129764 13/32 | 15A1408G14 | 25A14ABG14
450 636 1558 15/32 117784 38 BAT50BG1S | BA15ABGIS 450 636 1558 nm3 128764 13/32 | 25A1508G15 | 25A15ABG15
480 679 1662 15/32 1112 38 BATGOBGIG | BATGABGIS 480 679 1862 Nk 11ns 13/32 | 25A1608G16 | 25A16ABG16
510 m 1766 15/32 112 38 BAITOBGIT | BA1TABGIT 510 m 1766 3| 118 13/32 | 25A1708G17 | 25A1TABG17
540 764 1870 1532 112 i BATBOBGIE | BATBABGIE 540 764 1870 3132 11116 13/32 | 25A1808G18 | 25A18ABG18
570 BOE 1974 15/32 1 142 38 BAT90BGTS | BAT9ABGIS 670 808 1974 /32 111418 1332 | 25A1908G619 | 25A19ABG18
600 B4E 078 15/32 112 38 BAZ00BGI0 | BAZOABGZO 500 848 078 ni3e 1118 1332 |25A2008620 | 25A20ABG20

EYELET TYPES STUD TYPES
DIMENSIONS
MAX. RMS | MAX. PEAK MAX. DIMENSIONS MAX. RMS | MAX. PEAK| MAX. STUD STACK
INPUT INPUT ZENER ITT INPUT INPUT ZENER | LENGTH | LENGTH ITT
VoLTS VOLTS VOLTS: LENGTH (B) PART NO. VOLTS VOLTS |VOLTS? (A) (B) PART NO.
25 35 80 47 /64 102G1EX) 25 35 80 1 7116 15/16 | 102G1BX1
50 70 159 1316 102G2EX2 50 70 159 | 1 142 1 102G2BX2
75 105 239 5764 102G3EX3 75 105 239 1 5/8 1 1/8 102G3BX3
100 140 319 31/32 102G4EX4 100 140 319 [ 111716 | 1 3116 | 102G4BX4
125 175 398 1 3/64 102G5EXS 125 175 398 [ 1 34 1 1/4 |102G5BXS
150 210 478 1 1/8 102GGEXG 150 210 478 1 7/8 1 38 102G6BXE
175 245 558 11364 102GTEXT 175 245 558 11516 | 1 7/16 [102G78BX7
200 280 637 118/64 102GBEX8 200 280 637 | 2 1142 102G8BXE
226 315 77 2 1116 1 816 102G9BX9
250 350 797 2 316 111/16 | 102G10BX10
275 385 B76 2 1/4 1 314 102G11BX11
300 420 956 2 5Né6 113/16 |102G12BX12
NOTES: 1. At 4 millisacond pulse current=0.75 Amperes 325 455 1035 2 318 1 78 102G13BX13
2. At 4 millisecond pulse current=2 Amperos 350 490 1115 2 112 2 102G14BX14
3. At 4 millisecond pulse current=8 Amperes 375 525 1195 2 9/16 2 1116 | 102G158X15
400 560 1274 2 58 2 118 102G16BX16
425 595 1354 2 3/4 2 1/4 102G17BX17
450 630 1434 21316 2 5116 |102G18BX18
475 665 1513 2 78 2 318 102G198BX19
500 700 1593 215016 2 7/16 |102G20BX20
600 840 1913 3 516 213/16 | 102G24BX24
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TRANSIENT VOLTAGE SELENIUM SUPPRESSORS

ELECTRICAL AND MECHANICAL CHARACTERISTICS — DC INPUT TYPES
PAPER TUBE TYPES

MAX. MAX, MAX. MAX. DIM
RMS PEAK MAX. JIMERSIORS. RMS PEAK MAX. ENSIONS
INPUT INPUT ZENER DIA. LENGTH ITT INPUT INPUT ZENER DIA. LENGTH ITT
VOLTS VOLTS VOLTS (A) (B) PART NO. VoLTS VOLTS VOLTS? (A} (B) PART NO.
20 31 104 3/8 27/32 | BAIPGO 20 kil 87 37/64 11/64 25A1PGO
40 63 208 38 27732 BAZPGO 40 63 177 37164 11/64 25A2PGO
60 93 312 3/8 27132 BA3PGO 60 93 266 37164 11/64 25A3PG0
80 126 416 3/8 27/32 | BA4PGO 80 126 354 37/64 11/64 25A4PGO
100 157 513 3/8 27/32 | BASPGO 100 157 443 37/64 11/64 25A5PGO
120 188 623 38 27/32 BABPGO 120 188 532 37/64 11/64 25A6PGO
140 220 727 3/8 27132 BATPGO 140 220 620 37164 11/64 25ATPGO
160 251 831 3m 27/32 | BABPGO 160 251 709 37/64 11/64 25ABPGO
180 282 934 38 27/32 | BAIPGO 180 282 798 37/64 11/64 25A9PGO
200 314 1038 a8 27/32 BA1OPGO 200 314 886 37/64 11764 25A10PGO
220 345 1143 38 1 3/32 | 8A11PGO 220 345 975 37164 11/4 25A11PGO
240 377 1247 318 1 3/32 | 8A12PGO 240 3717 1063 3764 1104 25A12PGO
260 409 1350 3/8 1 3/32 | BA13PGO 260 408 1152 37/64 1104 25A13PGO
280 440 1454 318 1 3/32 | BAN4PGO 280 440 1241 37164 11/4 25A14PGO
300 472 1558 38 1 3/32 | BAISPGO 300 472 1329 37164 1174 25A15PGO
320 502 1662 38 1 3/32 | BAI6PGO 320 502 1417 37164 11/4 25A16PGO
340 534 1766 318 1 3/32 | BA17PGO 340 534 1507 37 (64 114 25A17PGO
360 566 1870 318 1 3/32 | BA18BPGO 360 566 1595 3764 1174 25A18PGO
380 597 1874 a8 1 332 BA19PGO 380 597 1684 37/64 114 25A19PGO
400 628 2078 318 1 332 BA20PGO 400 628 1772 37164 1144 25A20PGO
PHENOLIC TUBE TYPES
MAX. | MAX. DIMENSIONS max. | max. DIMENSIONS
RMS | PEAK MAX. FERRULE ITT PART NO. RMS PEAK MAX. FERRULE ITT PART NO.
INPUT | INPUT | ZENER DIA, | LENGTH | LENGTH INPUT | INPUT | ZENER DIA, LENGTH | LENGTH
VOLTS | VOLTS | VOLTS® (A} 8) (€] FERRULE | WIRE LEAD VOLTS | VOLTS | VOLTS: {A) (B) {c) FERRULE | WIRE LEAD
20 3 104 15/32 nn 38 BA1DBGO BATABGD 0 n 104 e 11/32 13/32 | 25A10BGD | 25A1ABGO
40 ] 08 15/32 n32 38 BA208G0 BAZABGO 40 63 208 33z 11732 13/32 | 25A20BG0 | 25AZABGO
50 93 ne | s 3132 kI BAJOBGO | BAJABGO 60 93 nz | 3 1132 13/37 | 25A30BG0 | 25A3ABGO
80 126 416 | 15032 31/32 kJl ] BAADRGD | AA4ARGO B0 126 Me | 3132 11132 13/32 | 25A40BG0 | 25A4ABGO
100 157 519 | 1532 31432 38 BASOBGD | 8ASABGD 100 157 519 | 332 1132 13/32 | 25A50B60 | 25A5ABGO
120 168 623 15/32 N 38 BAGOBGO BAGABGO 120 168 623 /3 11732 13/37 | 25AB0BGO | 25AGABGO
140 120 71 15/32 RN 38 BATOBGD BATABGD 140 0 71 n;Ee 1132 13/32 | 25A70BG0 | 25A7ABGO
160 251 83 15/32 31132 38 BABOBGD | BABABGD 180 151 831 332 11732 13/32 | 25ABOBGO | 25A8ABGO
180 282 s34 | 1532 3132 378 BASOBGD | 8ASABGO 180 282 834 | 3ym 11/32 13/32 | 25A90BG0 | 25A9ABGO
00 14 1033 | 1532 3132 38 BAT00BGD | BAIDABGD 00 4 1038 | a3 1132 13/32 | 25A100BGD | 25A10ABGO
20 345 143 | 1532 31132 38 BAT10BGD | BA1VABGO 0 45 nay | yn 11132 13/32 | 25A110BG0 | 25A11ABGD
40 m 1247 15/32 31432 38 BAI20BG0 | BA12ABGD 40 m 1241 | ase 1132 13/32 | 25A1208G0 | 25A12ABG0
260 408 1350 15/32 b P 38 BA1I0BGD | BAIJABGOD 260 403 1350 31432 11432 13/32 | 25A130BG0 | 25A13ABGD
280 440 1454 | 1532 31132 8 BA140BGO | BAISABGD 280 a4 1454 | 3R 1132 13/32 | 25AT40BGD | 25A14ABGO
300 472 1558 15/32 ni2 38 BA150BG0 | BAISABGO 300 a7 1558 313z 11732 13/32 | 25A1508G0 | 25A15ABGO
0 502 1662 15/32 332 kIl 8A160BG0 | BAIBABGD krli} 502 1662 /32 11732 13/32 | 25A1608G0 | 25A1GABGO
340 534 1766 15/32 31132 ] BA170BGD | BAITABGD 340 534 1786 | 1132 13/32 | 25A170BGD | 25A17ABGO
360 566 1w | 15 31132 38 BA180BGO | BAIBABGO 380 566 180 | a3 11/32 13/32 | 25180860 | 25A18ABGO
380 597 1974 | 1532 31/32 38 BAISORGO | BATSABGO 180 547 194 | aym 1132 13/32 | 25190860 | 25A134BG0
400 §28 w18 | 1532 | 332 38 |8A2008G0 | BAZ0ABGD a0 | 628 w |z | 1y 13/32 | 254200860 | 25A204BG0
EYELET TYPES STUD TYPES
DIMENSIONS
MAX. RMS | MAX. PEAK MAX. DIMENSIONS MAX. RMS | MAX. PEAK| MAX. STUD STACK
INPUT INPUT ZENER ITT INPUT INPUT ZENER | LENGTH | LENGTH ITT
VOLTS VOLTS VOLTS' LENGTH (B) PART NO. VOLTS VOLTS VOLTS? (A) (B) PART NO.
20 k] 80 27132 102G1EX0 20 3 80 |1 516 1316 | 102G1BX0
40 63 159 718 102G2EX0 40 63 159 | 1 358 27/32 | 102G2BX0
60 93 239 2932 102G3EX0 60 93 233 | 1 38 7/8 | 102G3BX0
80 126 319 1516 102G4EX0 80 126 319 | v e 29/32 | 102G4BX0
100 157 398 1 102G5EX0 100 157 398 |1 12 15/16 | 102G5BX0
120 188 478 1 132 102GBEX0 120 188 478 | 1 518 1 3/32 [102G6BX0
140 220 558 1 1118 102GTEX0 140 220 558 | 1+ 508 1 1/8 102G78X0
160 251 637 1 1/8 102GBEX0 160 251 637 | 11106 | 1 316 | 102GBBX0O
180 282 n? 1 5/32 102GIEX0 180 282 717 | v 3 1 7/32 [102G9BX0
200 314 795 1 3116 102G10EX0D 200 34 797 | v am 1 1/4 102G10BX0
220 345 876 1 174 102G11EX0 220 345 876 | 11316 | 1 9732 | 102G11BX0
240 37 956 1 932 10261 2EX0 240 377 956 | 1 78 111/32 | 102G12BX0
260 409 1035 1 5016 102G13EX0 260 408 1035 | 11516 | 1 3/8 | 102G13BX0
280 440 115 11132 102G14EX0 280 440 1115 | 11516 | 113/32 | 102G14BX0
300 472 1195 1 38 102G15EX0 300 472 1195 115016 115/32 | 102G158X0
320 502 1274 1 7116 102G16EX0 320 502 1274 | 2 11 Y12 102G16BX0

NOTES: 1. At 4 millisecond pulse current=0.75 Amperas
2, At 4 millisecond pulse current=2 Amperes
3. At 4 millisecond pulse current=8 Amperes
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SELENIUM TRANSIENT VOLTAGE SUPPRESSORS

HOW TO SELECT THE PROPER RECTIFIER

Determination of Current Rating

Although the peak value and dura-
tion of a transient current cannot
always be determined, certain
valid assumptions can be made to
determine the ITT suppressor rec-
tifier current rating for the appli-
cation.

For circuils in which a transformer
is the power source, usually the
greatest transient currents have
been observed when the circuit is
interrupted with no load on the
transformer. The transient current
is the magnetizing current of the
transformer. If the actual transient
current is not known, a valid as-
sumption can be made by the use
of the magnetizing current versus
voltage on page 4. If the transient
results from opening a circuit con-
taining an inductance, the tran-
sient current will be the current
through the inductance at the in-
stant of interruption. To select the
proper ITT suppressor series, as-
sume a single pulse width of 4
milliseconds and refer to the pulse
current versus time curve on page
4, The same curve can be used to
select the appropriate ITT series
when a single pulse width other
than 4 milliseconds is known or
assumed.

Voltage Rating

After the required current rating
has been established, determine
the maximum steady-state voltage
which will appear across the sup-
pressor rectifier and select the ap-
propriate type number from the
tables on pages 2 and 3. Note that
both RMS and peak voltage ratings
are tabulated for AC types and DC
ratings for DC types. Use the RMS
value for sinusoidal voltages;
otherwise, use the peak value of
the input voltage to select the
proper rectifier.

Zener Voltage

The Zener voltages shown in the
characteristics tables are the max-
imum instantaneous voltages that
will appear across the rectifier if
the 4 millisecond current rating
is not exceeded. Any ITT suppres-
sor rectifier can safely discharge
higher currents than this rating,

where the pulse width is less than
4 milliseconds.

For other values of peak current,
however, the indicated Zener volt-
age will be as shown in the curves
on page 4. To obtain the expected
protection, rectifiers should be
used within their rated currents.
For optimum protection, the max-
imum Zener voltage should be be-
low the PIV rating of the semicon-
ductor devices being protected.

The maximum Zener voltages
shown in the characteristics
tables have been derived from the
curves on page 4 which represent
the conservative ratings placed on
suppressor rectifiers. These volt-
ampzare curves apply to a single
cell, To determine the Zener volt-
age for a particular rectifier,
multiply the peak voltage values
that are shown by the number of
cells per arm for AC rectifiers, or
by the total number of cells for
DC rectifiers. The final step is to
be sure that the silicon or
germanium rectifier or silicon
controlled rectifier to be protected
has a PIV rating higher than the
Zener voltage of the ITT protector
rectifier. The volt-ampere curves
are also valid for DC applications
in determining the proper recti-
fier for a given peak transient
voltage.

Similar protection is also provided
to transformers, capacitors, re-
sistors, switches, relays, or any
electrical component subject to
damage from transient over-volt-
age.

Example

Assume a single phase full-wave
bridge rectifier application with
a transformer rated at 8.5KVA,
115V. The rectifier to be protected
is across the transformer sec-
ondary.

1. Assume a 4 millisecond pulse
width.

2. From the curve on page 4, de-
termine the per cent of mag-
net:zmg current. Using the

“maximum” plot line, 8.5KVA

~5.2% of full load current.
VA__ 8500
Full load current _\}“‘-’ 115,..,74#\
74A X 5.2% % 3.85A peak.
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3. From the RATINGS table on
page 1, select a rectifier series
which will withstand 3.85A peak
@ 4 millisecond pulse width.
The 102 series, either stud
mounting or eyelet mounting
may be used. Assume a stud
type is preferred for this ap-
plication.

4. Select the appropriate ITT part
number from the stud mount-
ing table on page 2 by finding a
type with a RMS input voltage
rating equal to or above 115V.
102G5BX5 meets this require-
ment.

5. Determine the PIV rating re-
quired for the rectifier to be
protected. Use the 102 series
curve on page 4 to determine
the voltage corresponding to
3.85A. The maximum voltage is
73 volts per cell. The number
of cells in each rectifier is in-
dicated by the first number
after the first letter in the part
number. In this case the
102G5BX5 has five cells. The
maximum voltage is 73 X 5 =
365V. The PIV rating required
for the protected rectifier is
365V.

CODING SYSTEM FOR EYELET AND

STUD TYPE ITT SELENIUM VOLTAGE

SUPPRESSOR RECTIFIERS

102 GS5EXS

Number Indicates Number of Cells
0= Always Indicates DC Device

Letter Indicates Finish
X=Industrial
Y= Humidity Resistant
YF=Humidity and Fungus Resistant

Letter Indicates Construction
A= Stud

Be=Screw

E=Eyelet
Number Indicates Number of Cells
G Indicates ITT Suppressor Reclifier

Numbers lnd::ale Cell Size
and Valta
102=1" Sq 25 VAC 20 VpC

CODING SYSTEM FOR TUBULAR TYPE
ITT SELENIUM VOLTAGE SUPPRESSOR
RECTIFIERS

8A5PG 1

I—Numher Indicates Number of Cells
Ow= Always Indicates DC Device
G Indicates ITT Suppressor Rectifier
Letter Indicates Construction
P=Paper Tuba

H= Helmetlmly Sealed Can
QB = Phenolic Tube Ferrule Terminals
AB=Phenolic Tube Axial Lead
Terminals

Number Indi Number of Cells
Letter Indi Cell Voltage
A=130 Volts
A=20 Volts DG
Number Indicates Cell Size
8=9/32" Dia

25 15/32" Dia.



SELENIUM TRANSIENT VOLTAGE SUPPRESSORS

CHARACTERISTIC CURVES

8A1 SERIES PEAK VOLTAGE VS CURRENT

25A1 SERIES PEAK VOLTAGE VS CURRENT
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SELENIUM TRANSIENT VOLTAGE SUPPRESSORS

TYPI

AC SUPPLY

AC SUPPLY

CAL APPLICATIONS

Single-Phase Half-Wave Silicon Rectifier

SWITCH

i N— s .
z + g +
o RESISTIVE OR o
? CAPACTIVE LOAD 2 INDUCTIVE
o - & LOAD
=4 < =
DC CONTACT
PROTECTOR
Single-Phase Full-Wave Center Tap Silicon Rectifier
7
a
o
=)
w
o
b= SWITCHl(
17}'——4!
DC CONTACT _J
::]; PROTECTOR L INDUCTIVE { |
RESISTIVE OR CAPACITIVE LOAD — LOAD |4
Single-Phase Full-Wave Bridge Silicon Rectifier
L SWITCH
%
RESISTIVE 3 & INDUCTtE
L OR 7
CAPACITIVE j & LOAD
LOAD ‘b < —
e 2
DC CONTACT PROTECTOR
Three-Phase Full-Wave Bridge Silicon Rectifier
%
s ¢
AC SUPPLY AC SUPPLY
i e
L P g
z
DC CONTACT
= +
RESISTIVE OR ERUTECTOR
CAPACITIVE LOAD INDUCTIVE LOAD— +
Single-Phase Half-Wave Silicon-Controlled Rectifier Single-Phase Full-Wave Silicon Rectifier
SWITCH
+

AC SUPPLY

ETH
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Package: DO-7

TNG645 THRU 1N649
400 mA + 225 V to 600 V

DIFFUSED SILICON GENERAL-PURPOSE DIODES

ABSOLUTE MAXIMUM RATINGS at 25°C free-air temperature (unless otherwise noted)

Symbol Characteristics 1N645 1N646 1NG647 1NG648 1NG49 | Unit
VRM(wka) Working Peak Reverse Voltage over 225 300 400 500 600 \'
Wikg Operating Free-Air Temperature Range
lo Average Rectified Forward Current at 400 mA
(or below) 25°C Free-Air Temperature
(See Note 1)
o Average Rectified Forward Current at 150°C 150 mA
Free-Air Temperature (See Note 1)
IEM(surge) | Peak Surge Current, One Second, at 25°C to 3 A
150°C Free-Air Temperature (See Note 2)
P Continuous Power Dissipation at (or below) 600 mw
25°C Free-Air Temperature (See Note 3)
TA(opr) Operating Free-Air Temperature Range —65 to 150 °c
ELECTRICAL CHARACTERISTICS at 25°C free-air temperature (unless otherwise noted)
Symbol | Parameter 1N645" 1N646 1N647* 1NG648 1N649* | Unit Conditions
Min Max Min Max Min Max Min Max Min Max
V(BR) | Reverse 275 360 480 720 V| Ig=100UA,
Breakdown Ta = 100°C
Voltage
IR Static 0.2 0.2 0.2 0.2 0.2 | HA| VR = Rated VRN (wkg)
Reverse Vr = Rated V
2 R RM(wkg)1
Current 15 15 20 20 5 | MA Ta = 100°C
VE Static 1 1 1 1 | V| Ig=400mA
Forward
Voltage
c Total Vg=12V,
* Capacitance 6typ Btyp  Btyp 6typ | PF f 51 MHz
NOTES:

{. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive
load. Above 25°C see Thermal Characteristics Chart.
2. These values apply for a one-second square-wave pulse with the device at nonoperating thermal
equilibrium immediately prior to the surge.
3. Derate linearly to 200 mW at 150°C free-air temperature at the rate of 3.2 mW/deg.

*ING45, ING47 and ING49 are available in JAN and JAN TX versions.
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JAN 1N645°
SILICON DIODE

DIFFUSED SILICON
HIGH POWER
GLASS RECTIFIER

The ITT JAN 1N645 meets MIL-S-19500/2408B.

DIMENSIONS
ABSOLUTE MAXIMUM RATINGS o2z o
Lo} MAX
CHARACTERISTICS (@ 25°C unless otherwise noted. | UNITS
Peak Inverse Voltage. . ........... 270 Volts [ 10 P L :ﬁgj,
Power Dissipation. . . ............ 500 mw v =
Storage Temperature. . ........... —65 to +200 e
Surge Current, 1/120 second, 150°C 5 Amps
DO-7
ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.
SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
PIV 270 Vdc lr=100pA
15 pA V=225V, T=150°C
Cc 20 pF V=4V
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1N4000 SERIES EMS500 SERIES
PLASTIC SILICON RECTIFIER

+AMP PLASTIC
SILICON RECTIFIERS

The ITT Plastic Silicon Rectifier is molded using & new plastic
formulation with the following advantages over silicone and epoxy
compounds:

e Lower thermosetting temperature (170°F) resulting in less strain
to junctions and surfaces during the molding process.

DIMENSIONS

0315 r 120 MAX, DIA

r j I
K L
r—:.zsc-—ﬂ' 245

2785 1

Lcad-Material Silver Plated Copper

e No pre-cure or post-cure needed.

e Moisture resistance and humidity resistance far superior to others.

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

*1N4000 EMS500 s
Series Series Units
Peak Reverse Voltage (PRV) 50 | 1N4001 50 (EM500) Volts
100 | 1N4002 100 (EM501)
200 | 1N4003 200 (EM502)
400 | 1N4004 400 (EM504)
600 | 1N4005 600 (EM506)
800 | 1N4006 800 (EM508)
1000 | 1N4007 1000 (EM510)
Average Rectified Current @ 25°C Ambient ; 1.0 1.0 Amps
75°C Ambient 1.0 0.5 Amps
Forward Voltage Drop @ 1 Amp . — 1.1 1.4 Volts
Reverse Current @ Rated DC Voltage .. .. 10 1.0 Volts
Full Cycle Average Reverse Current @ Rated PRV @
85°C Ambient @ Rated Average Rectified Current . 200 200 Volts
100°C Ambient @ Rated Average Rectified Current . .. 50 50 Volts
Half Cycle Surge Current, 60 Hz : £yl P 30 50 Amps
Temperature Range (operating) —651t0 +175 —65to +175 G
Temperature Range — Storage —65 to +200 — 65 to + 200 oy

*Electrical Equivalent



1N4000 SERIES EM500 SERIES

ITT SILICON RECTIFIER CROSS-REFERENCE

Now you can replace older types of rectifiers with dependable, inexpensive ITT Plastic
types. In most cases, the ITT types will have higher output current and PRV ratings than
the types to be replaced. Case dimensions are not always physically identical, in many
cases the ITT types are smaller.

TYPE nr TYPE 1T TWPE  IT TWPE 1T TYPE T TYPE I TYPE ITT
T0 BE REPLACE- | TO BE REPLACE- T0 BE REPLAGE- | TO BE REPLACE- | TO BE REPLACE- TO BE REPLACE- | TO BE REPLACE-
REPLACED MENT | REPLACED MENT REPLACED MENT | REPLACED MENT | REPLACED MENT REPLACED MENT | REPLACED  MENT
IN253  IN40O02 IN551  1N4003 INBS7  1N400] 1N1488  1N4003 1N2489  1N4005 5A4 1N4004 AHB15  1N4006
1N254  1N4003 IN552  1N40O4 IN858  IN4002 1N1489  1N4004 1N2609  1N4D01 5A5 1N4005 AH1005 1N4007
IN255  1N4004 IN553  IN4004 IN859  1N4003 1N1490  IN4004 1N2610  1N4002 5A6 1N4005 AH1010 1N4007
IN256  1N4005 1N554  1N4005 INBGO  IN4004 IN1491 1N40O05 IN2611 1N4003 5A8 IN4006 AH1015 1IN4007
IN316  IN4OO NGS5 1NAOD5 INSEL  1N4004 1N1492  1N4005 IN2612  1N4004 5A10  1N4007 AM3  1N4001
IN316A  1N40O1 IN560  IN40O08 1NB62  1N4005 IN1538 IN4002 1N2613  1N4004 5E4 1N4004 AM1Z  1N4OD2
IN317  1N4002 INS61  1N4007 IN863  1N4DOS IN1539  1N4003 IN2614  1N4005 5E5 1N4005 AM23  1N4003
IN3174  1N4OO2 INSE2  1N40DB 1N864  1N4006 1IN1540 IN4003 IN2615  1N4005 5E6 1N4006 AM33  IN40D4
IN3I8  1N4003 1N563  1N4007 IN865  1N4006 IN1541  1N4DD4 1N2616 1N4006 SMAZ  1N4003 AM43  1N4DO04
IN318A4  1N4003 IN596  IN4005 INB66  IN4007 1N1542  1N4004 IN2617  1N4007 5MA4  1N4004 AM53  1N4005
IN319  IN40O3 IN597  1N4006 IN867  1N4007 1N1543  1N4005 1N2856  1N4001 5MAS  1N4005 AMB3  1IN4005
IN318A IN4004 | 1N598 1NAOO7 IN863  1N4001 IN1544  1N4005 1N2859  1N4002 5MA6  1N4005 GIO0K  1N400G
IN320  1N4O0S 1N599  1N4OO) IN869  1N4002 INIG17 1N4002 1N2860 1N4003 5MAS  1N4006 GLOOM  IN4007
IN3208  IN4005 INS39A 1N4001 IN870  1N4003 IN1618 1N4003 IN2861 1N4004 SMALO  1N4007 PA3  1N4004
1N321A  1N4007 INGOD  1N4D02 INB71  1N40D4 INI619 1N40D4 1N2862 1N4004 SMs5  1N4001 PAOB9  IN4003
1N3224  1N40O7 INGOOA 1N4002 IN872  1N4004 IN1620 1N4DO4 1N2863 1N4005 5MS10  IN4002 PAO70  1N4004
IN323A  1N4001 INGO1  1N4003 IN873  1N4005 IN1692 IN4002 1N2864  1N4005 5MS20  1N4003 PAO71  1N4005
IN324A  1N40Y2 ING0IA 1N4003 1N874  1N4005 IN1693 I1N4003 1N2878  1N4006 5MS30  1N4004 PA305 1N4001
INS25A IN4OD3 | ING02 1N40D3 | INB75 INAOOG | IN1G94 1IN4004 | IN2879 1NAOOS | 5MSAD 1N40D4 | PA3I0 INAQOZ
1N326A  1N4004 INBO2A 1N4003 1N876  1N4006 IN1695 1N4004 1N2880  1N4007 5MS50  1N4005 PA315  1N4003
IN3274  1N4005 ING03  1N4004 1N877  1N4007 IN1696 1N4005 1N2881 1N4007 10B1  1N4002 PA320  IN40M3
IN328A  1N4007 1N603A  1N4004 IN878  IN40O7 IN1697 1N4005 IN2882  1N40O07 1082 1N4003 PA325  1N4004
IN329A 1IN4007 | 1INGO4 1N4OD4 IN879  1N40OL INI701  1N4OOL 1N2883  1N4007 1083 1N40D4 | PA330 IN4004
IN332  1N4004 ING04A  1N4004 N8B0 1N4002 1IN1702  N40O2 1N3189 1N4003 1084  IN4004 PA340  1N4004
IN333  1N4004 IN605  1N4005 N8B  1N4003 1N1703 1N4003 1N3190 1N4004 1085  IN40O5 PA350  1N4005
IN334  1N4004 1N6OSA  1N4005 INB82  1N4004 IN1704  1N4004 IN3191 1N4005 1086 1N4005 PA360  1N400S
IN335  IN40O4 NGOG 1N4005 IN883  1N4004 INI705 IN4004 1N3193 1N4003 1088 1IN400§ PA38D  IN1006
1N336  1N4003 INBOBA 1N4005 IN8B4  1IN40OS IN1706 1N40D5 1N3194 1N4004 10B10  1N4007 PT3  1N4004
1N337  1N4003 1NGO7  1N4001 1N885  1N400S 1N1707 1N4001 1N3195  1N4005 1002 1NADO3 PT5  IN40O4
IN338  IN4002 IN6O7A  1N4001 1N886  1N4006 IN1708 1N4002 IN3196 1N4006 1003 1N4004 PTSB  IN40US
IN333  IN4002 NG08  1N4D02 IN887  1NAOO6 IN1709 1N4003 1N3253 1N4003 1004  1N4004 PTS05  1N4001
IN340  1N4002 INGOBA IN4002 1N888  1N4007 INI7I0 1N4004 IN3254  1N4004 1005  1N4005 PT510  1N4002
IN341  1N4004 N609  1N4003 1NB89  1Nd007 INI7I1 1N40D4 IN3255 1N4005 1006 1N4005 PT515  IN4003
IN342  1N4004 INGO9A IN4003 1N1081 1N4002 INI712  IN4OOS 1N3256 1N4006 1007 1N4006 PT520  1N4003
IN343  1N4004 IN610  IN4003 IN1082 1N4003 INI730 1N4007 IN3544  1N4002 1008 IN4006 PT525  IN4004
IN344  1N4004 INGI0A 1N4003 IN10B3 1N4004 IN1763 1N4004 IN3545 1N4003 10010 1N4007 PT530  1N40D4
IN345  IN4D03 INBI1  1N4004 IN1084  1N4004 IN1764 1N400S 1N3546  1N4004 3200 1N4001 PT540  1N4004
IN346  1N4003 INBIIA 1N4004 IN1035 1N4005 1N1907 1N4001 1N3547 1N4004 3208 IN4O02 PT550  1N4005
IN347  1N4002 IN612  IN4004 IN1096  1NA00S 1N1908 1N4002 1N3548  1N4005 320 1N4003 PT560  1N400S
IN348  1N4002 INGI2A 1N4004 INI100 1N4O02 IN1909 1N4003 IN3549  IN4005 3200 1N4003 $91  1N4002
IN349  1N4002 IN613  IN400S INI1101 1N4003 INISIL 1N4004 1IN3611 1N4003 320F  1N4004 S91H  1N4002
IN359A  1N4002 1IN613A  1N4005 IN110Z 1N4004 IN1912 TN4005 1N3612  1N4004 320H  1N40O4 S92 1N4003
IN360A  1N4002 ING14  1N4005 IN1103 1N40D4 IN1913 1N4005 IN3613  1N4005 320M  1N4005 S92H  1N4003
IN3IGIA  1N4003 INGL4A 1N4005 IN1104 1N4005 IN1914 1N4006 1N3614 IN4006 3206 1N4005 593 IN4004
IN362A  1N4004 NG4S IN4004 INLLOS  1N4005 1N1915  1N4006 1N3639 IN4003 320 1N4006 S93H  IN40O04
IN363A  1NAD0S INGASA 1NADOD4 IN11224 1N4004 IN1916 1NADO7 IN3640 1NA0D4 3208 1N4006 594 1N4004
IN364A  1N4007 1N646  1N4004 1N1169  1N4004 IN2069  1N4003 1N3641  1N4005 320 1N4OO7
IN365A  1N4007 1N647  1N4004 1N1217  1N4001 1N2069A 1N4003 1N3642 1N4006 3598 IN40O2
1N440  1N4002 1NB48  1N4005 IN12178 1N4001 1N2070  1N4004 1N4245 1N4003 350D 1N4003
IN440B  1N4002 ING49  1N4005 IN1218  IN4002 1N2070A 1N4004 INd246  IN40D4 359F  IN40DY
INd41  1N4003 ING76  IN4002 1N1218A 1N4002 1N2071  1N4005 1N4247  1N4005 350H  IN4OO4
IN441B  1N4003 ING77  1N4002 INIZ19  1N4003 IN2071A 1N4005 1N4248  IN400B 359K IN40OS
1Nd42  1N4004 IN678  1N4003 INIZ19A 1N4003 1N2072  1N400] 1N4243  1N40D7 350M  1N4005
IN442B  1N40D4 IN679  1N4003 1N1720 1N4003 1N2073  1N4002 1N4250 1N400G 350P  1N400G
1N443  1N40D4 ING81  1N4004 1N12204 1N4003 1N2074 1N4003 INA251  1N4007 3598 1N400G
IN43B  1N4004 1NGB2  1N4004 IN1Z22]1  1N4004 1N2075 1N4003 IN436L  IN40O7 3597 1N4007
INd44  IN40DS INGB3  IN4004 1NIZ21A 1N4004 1N2076 1N4004 1INA364  1N4002 AIDA  1N4002
INA4B  1N4005 ING84  1N40D4 INI222  IN4004 IN2077  1N40D4 1N4365 1N4003 AIDB  1N4003
IN445  IN4005 ING85  1N4005 INI223  INAOOS 1N2078  1N4004 1N4366  1N4004 A10C  1N40D4
IN4458  IN4005 INES6  IN4005 IN1224 1N400S 1N2079 1N4005 1N4367 1N4004 AIOD  1N40O4
INS30  1N4002 ING87  1N4005 1N1224A 1N4005 IN2103  1N4001 1N4368  1N400S AIOE  1N4005
INS31  IN4003 | 1N6B9  1N400S IN1225 1INAOOG | IN2104 1NA0OZ IN4369 1NA005 | AlOM  1N4OOS
INS32  1N4004 IN846  1N4001 IN1225A 1NA006 IN2105 1N4003 1N4383  1N4003 AION  1N4006
IN533  IN40D4 INg47  1N4DOZ 1N1226  1N4006 1N2106  1N4004 1N4384  1N4004 AIOP  1N40O7
IN534  IN400S IN848  1N4003 1N1226A 1N4006 1N2107  1N4004 1N3385  IN4005 Al3A2  1N4002
IN535  INAOOS | 1Ng49  IN40O4 1N1251 * IN4002 INZI0B IN4005 | 264 INAOOA | A13B2  1N40O3
IN536  1N40O1 INBS0  1N4004 1N1252 1N4002 1N2482 1N4003 3MS5  1N4001 A13C2  1N4004
IN537  1N4002 IN851  1N4005 1N1253 1N4003 IN2483  1N4004 3MS10  IN4002 AL3D2  1NADO4
IN538  1N4003 IN852  1N4005 INI1254 1N4004 IN2484  1N4005 3Ms20  1N4003 A13E2  1N4005
1N539  INAOD4 | 1NBS3  1N40OG INI1255  1NAQD4 1N2485 1N4003 3M530 IN4004 | A13F2  1N4OOL
ING40  IN4004 | INgSd  1N4OOG INI443 INOOT | 1N2486 1N40Dd MSI0  INAOD4 | AI3MZ  INAOOS
}#225 %,%3332 INB55  1N4007 IN1486  1N4005 1N2487 1N4DO4 3MsS50  IN4005 AH805  1N4006

INB536  1N4007 IN1487  1N4002 1N2488 1N400S 542 1N4003 AHB10  1N4006




1N4000 SERIES EMS500 SERIES

TYPICAL CHARACTERISTICS @ 25°C unless otherwise noted
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1N4383-5 1N4585-6 RG1122-3

1-AMP GLASS RECTIFIERS

1-AMP SILIGON
GLASS RECTIFIERS

e V_ Ratings 50 to 1000 Volts

@ Surge Current Rating 50 Amperes

e 100% Scope Tested

The ITT 1N4383-5, 1N4585-6, offer up to one-amp rectified current at
100°C in a small, hermetically sealed DO-29 glass package. All units are
passivated, 100 percent tested, and have a 50-amp surge current rating
to insure a stable, highly reliable rectifier. Rectifiers are supplied with
solderable leads and may be delivered reel-packed for automatic

insertion equipment.

ABSOLUTE MAXIMUM RATINGS'

DIMENSIONS

1.. .-.«N.T_J,f:g.'

DO-29

MECHANICAL DATA
Case: Hermetically sealed glass
Leads: Solderable, tin plated
Weight: 0.02 oz.

Mounting position: Any
Marking: ITT, cathode band,
part number.

CHARACTERISTICS RG1122 |[RG1123 [1N4383 |1N4384 | 1N4385 |1N4585 [1N4586 | UNITS
Maximum recurrent peak reverse voltage.. . . . 50 100 200 400 600 800 1000 Volts
Maximum RMS voltage. . ..............., 35 70 140 280 420 560 700 Volts
Maximum DC blocking voltage. . . ........ 50 100 200 400 600 800 1000 Volts
Maximum average forward rectified
current 3/8" lead length. . 50°C Ambient 1.0 1.0 1.0 1.0 1.0 1.0 1.0 Amps
I 100°C Ambient 1.0 1.0 1.0 1.0 1.0 06 0.6 Amps
150"C Ambient 0.3 0.3 0.3 0.3 0.3 0.2 0.2 Amps
Maximum peak surge 1 Cycle 50 50 50 50 50 50 50 Amps
overload current 10 Cycles 16 16 16 16 16 16 16 Amps
100 Cycles 6 6 6 6 6 6 6 Amps
Maximum forward voltage drop
o e 0 fegld 1 e SRR T 1.0 1.0 1.0 1.0 1.0 1.0 1.0 Volts
Maximum full cycle average reverse current,
@rated average forward current
and 100°C ambient. ... ..vvvv o oseimen 275 250 275 250 225 200 200 pamps
Maximum DC leakage at rated DC blocking
voltage and 25°C ambient. . ........... 10 10 10 10 10 10 10 uamps
Typical recovery time at 25°C ambient. . . . . 10 10 10 10 10 10 10 usecs
Temperature Range, op & stg............. —651t0 +175 i 53

NOTE: 60 cps, inductive or resistive load, single phase half wave.

7-24




1N4383-5 1N4585-6 RG1122-3

TYPICAL CHARACTERISTICS @ 25°C unless otherwise noted

MAXIMUM AVERAGE FWD CURRENT RATING-3/8" LEAD LENGTH
(CAPACITIVE LOAD, SINGLE PHASE, 60cps)
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MAXIMUM AVERAGE FORWARD CURRENT RATING
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1N4383-5 1N4585-6 RG1122-3

TYPICAL CHARACTERISTICS, continued

FORWARD VOLTAGE DROP
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DC REVERSE LEAKAGE TEST

The circuit at right provides a simple and inexpensive
means for checking the instantaneous leakage char-
acteristics of the 1N4383 series and other low current
rectifiers. The pushbutton switch should not be omitted
as it minimizes junction heating when testing is being
done at high voltage, and prevents the possibility of
thermal runaway. Tests may be conducted at high
temperature by placing the test rectifier(s) in an oven.
Junction temperature rise above ambient due to in-
ternal heating is generally low enough to be neglected.
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1N3831 rvrouecn 1IN3846

4-LAYER DIODE THYRISTORS

e Firing Voltages 20 to 100 volts
e Switching current <125 A @ 25°C
e ON resistance <22 @ 70mA

The ITT diode thyristor is a reliable negative resistance device
designed for use in switching circuits. Typical applications include
ring counters, matrixes, pulse generators, relay drivers, multi-
vibrators, pulse modulators, and timing circuits.

ELECTRICAL SPECIFICATIONS

Type Switching Voltage (Vs) Reverse Breakdown
Number 25°C __40° to 85°C Voltage (Min.)
1N3831 204 14-25 12
1N3832 254 19-30 15
1N3833 304 23-36 18
TN3834 354 28-41 21
TN3835 4044 32-46 24
1N3836 454 37-51 27
1N3837 504 41-57 30
TN3838 10010 80-1156 60
1N3839 204 14-25 12
1N3840 26+4 19-30 15
TN3841 304 23-36 18
TN3842 354 28-41 21
1N3843 404 32-46 24
1N3844 45+4 37-51 27
TN3845 504 41-57 30
1N3846 10010 80-116 60

DIMENSIONS

ferd £1I0 MAX
6T

e
)

m

| 150 250 ' zo |

woo T 0 wo

DO-7

MECHANICAL DATA

Case:
Hermetically sealed glass
Finish:
All external surfaces corrosion
resistant and leads readily
solderable
Leads:
Dumet, tin plated
Weight:
0.135 grams (approx.)
Mounting Position:
Any
Marking:
The symbol for the 4-layer
diode is a modified “4”. The
slant line of the 4" indicates
the forward direction of current
passing through the device
when in the ON state.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS | UNITS
Average Forward Current, 50°C . . ...ttt i e 150 mA
Power: Dissipation; BOTG: e e sanis R o i s S G A e R 150 mw
Power-Temperature Derating. . ..« vv v vt ven et et ie e 1.8 mw/°C
Reverse Breakdown Voltage

0] R ST6 1 ot e 52152 o RO R DN nominal Vs/2 min.

Operating and Storage TEMPerature. . . .o .o e i i i n e,

..... —60to +125 T




1N3831 r1roucn1N3846

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Is
(forward switching current) 125 A
250 BA —60to +125°C
I
(holding current) 0.5 15 mA IN3831-38
14 50 mA IN3839-46
40 mA IN3831-38 @ —40°C
5] mA IN3839-46 @ +85°C
I (OFF state)
(forward leakage current) 5 MA 60% of nom. Vs
Von
(forward voltage drop) 1.2 A lr = 70 mA
2.7 v It = BA (pulsed)
Ten
(dynamic forward impedance) 2.0 Q Iy = 70 mA
Teiges WHER SARTOATH
tm 01 usec — ATOK . oo::g TRAIN mt::solu'v:":; 6 o
tors b HSEC Aoty TEST CIRCNT loeFTEST CRCUIT ¥
HOW THE 4-LAYER DIODE OPERATES DERATING CURVES
The voltage-current characteristic for the +1 PULSE DERATING CURVE
4-layer diode shows three essential oper- I NEGATIVE
ating regions: RESISTANCE
|—""off" or high resistance state g REGION — & 50 ™
Il—transition or negative resistance T EXPANDED = \ 50°C MAX
state SCALE W 20 z
SR ; =h ) +V X (o \/
IlI—""on" or low resistance state = \
This curve is shown on a very expanded £ 0=
scale (non-linear) for illustration pur- & 0.2 \
poses only. Note that as the voltage L b
r(iss?‘ and reaches the switching voltage o o
Vs), the device begins to switch “on.” < 005
The current at this point (ls) is typically V-1 CHARACTERISTICS b
several microamperes. The device switches %002
because of an internal feedback mecha- TERMS AND SYMBOLS x o'%cm e =

nism allowing the diode to pass a steadily
increasing current as the voltage decreases
(negative resistance state, Region I1).
When “on"” (Region IllI), the 4-layer
diode passes a current which is limited
principally by the external circuit.

In the "on' state, the device has a
dynamic resistance of less than a few
ohms and a voltage drop of about one
volt. As long as sufficient current is passed
by the circuit, the device will remain in the
“on” condition. At the point on the curve
marked Iy, the circuit is passing just
enough current to keep the device in the
“on’" condition. If the current drops below
In the diode switches back to the high
resistance or “off" condition.

Rate Effect

In its “off” condition the device will pass
a capacitive current in response to a
sharply rising voltage wave. If the rise
rate of this voltage wave is large enough
(usually 10 to 100 volts / uS), switching
occurs below the DC switching voltage.

V, Switching Voltage—Closest point to peak
voltage in Region Il where slope of V-l
curve is -;33 2. This definition is adopted

o T

DUTY FACTOR
(=PULSE WIDTH X REPETITION FREQUENCY)

POWER DERATING CURVE

I, Switching Current—Current which  flows
through the diode at Vs

Iy Helding Current—The closest point to the
minimum voltage in Region Il where the
slope of the V-l curve is —1002

Vi, Holding Voltage—Voltage across the diode at I,

I Peak Current—Current which the diode can
pass when in Region Ill; duration limited
to 50 us

Ren ON Resistance—Slope of V-1 curve measured
at currents > |y

I Leakage Current—Measured in Region | at
60% Vs

Viu Reverse Breaker Voltage

125 \ =
100 -
75

. X

50 100
AMBIENT TEMPERATURE (°C)

POWER DISSIPATION (mW)




TYPE E 4E20-4E200
commerciaL series  DIODE THYRISTORS

4-LAYER DIODE THYRISTORS
-
22
m _EI!OMMC.
= [} E J
e Firing Voltages 20 to 200 volts i s QOJ
e Switching current <125 A @ 25°C LRSS
3 DO-7
® ON resistance <22 @ 70mA
The ITT diode thyristor is a reliable negative resistance device MECHANICAL DATA
designed for use in switching circuits. Typical applications include Casa
ring counters, matrixes, pulse generators, relay drivers, multi- Hermetically sealed glass
vibrators, pulse modulators, and timing circuits. Finish: .
All external surfaces corrosion
resistant and leads readily
solderable
ELECTRICAL SPECIFICATIONS Leads: .
Dumet, tin plated
‘u'\.l'eight:35 )
Switching Holding Huversa Breakd 0.135 grams (approx.
TYPE Voltage (Vs) Current (1) RN A i X
Vorts) 5, (mA) Vaoltage (Min.) MOUIR:_I:YQ Position:
4£20-8 2054 1-15 12 Marking:
4E20-28 20+4 14-45 12 Cathode band
4E30-8 3044 1-16 18 Type number
4E30-28 30=x4 14-45 18 Manufacturer's Symbol
4E40-8 40+4 1-15 24
4E40-28 40+4 14-45 24
4E50-8 504 1-15 30
4E50-28 50+4 14-45 30
4E80-8 808V 1-15 48
4E80-28 80+8V 14-45 48
4E100-8 100410 1-15 60
4E100-28 10010 14-45 60
4E200 8 20020V 1-15 120
4E200-28 20020V 14-45 120
Series A (Broad Spec)
4E20A 2046 0.5-60 12
4E30A 30+6 0.5-60 18
4E40A 40+6 0.5-60 24
4E50A 50+6 0.5-60 30
4EB0A 808 0.5-60 a8
4E100A 10010 0,560 60
4E200A 20020 0.5-60 120
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS UNITS
Average Forward Current, BOC. .. ... vviiiie it 150 mA
Power: Bissipation, DOMC ..o aus et san s wninaie i R, s a 150 mW
Power-Temperature Derating ... . . viwvii e vnvemn iio s oviaie s wuvaii ssas 15 mWw/°C
Reverse Breakdown Voltage
fromy Ti= =400z FOTC 5 iy v s o b s e S B Ay i nominal Vs/2 min.
Operating and Storage Temperature. . . ... ..c.oovvuee e enrnrnanr oo —40to +70 )




TYPE E 4E20-4E200

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Is
(forward switching current) 125 pA
250 HA =B60to:-125°C
li (OFF state)
(forward leakage current) 15 A 75% of nom. Vs
Von 14 v i = 70 mA@Vs 80,100, 200
(forward voltage drop) 1.2 v Iy = 70 mA@Vs 20.30, 40,50
Feon
(dynamic forward impedance) 2.0 Q Iy = 70 mA
+200v l——:\:‘:-'— 00sut
ton 0.1 psec - ??}:f
g TEST CIRCUIT
torf 5 usec L YIRS
fax :::::Liﬂ:“oril." 10FF TEST CiRCuiT
DERATING CURVES
+1 PULSE DERATING CURVE

HOW THE 4-LAYER DIODE OPERATES

The voltage-current characteristic for the
4-layer diode shows three essential oper-
ating regions:

I—"off" or high resistance state

lI—transition or negative resistance
state

IIl—="on" or low resistance state

This curve is shown on a very expanded
scale (non-linear) for illustration pur-
poses only. Note that as the voltage
rises and reaches the switching voltage
(Vs), the device begins to switch “on.”
The current at this point (Is) is typically
several microamperes. The device switches
because of an internal feedback mecha-
nism allowing the diode to pass a steadily
increasing current as the voltage decreases
(negative resistance state, Region 1),
When “on” (Region Ill), the 4-layer
diode passes a current which is limited
principally by the external circuit.

In the "on” state, the device has a
dynamic resistance of less than a few
ohms and a voltage drop of about one
volt. As long as sufficient current is passed
by the circuit, the device will remain in the
“on” condition. At the point on the curve
marked Iy, the circuit is passing just
enough current to keep the device in the
“on" condition. If the current drops below
In the diode switches back to the high
resistance or “off” condition.

Rate Effect

In its “off”" condition the device will pass
a capacitive current in response to a
sharply rising voltage wave. If the rise
rate of this voltage wave is large enough
{usually 10 to 100 volts / uS), switching
occurs below the DC switching voltage.

I NEGATIVE
RESISTANCE
REGION=-
EXPANDED
SCALE

+V

V-1 CHARACTERISTICS

TERMS AND SYMBOLS

V,  Switching Voltage—Closest point to peak
voltage in Region Il where slope of V-1
curve is —3302. This definition is adopted

of instr

. Switching Current—Current which flows

through the diede at Vs

Iy, Holding Current—The closest point to the
minimum voltage in Region Il where the
slope of the V-l curve is —1002

Vi, Holding Voltage—Voltage across the diode at I,

»  Peak Current—Current which the diode can

pass when in Region Ill; duration limited

to 50 us

Ron ON Resistance—Slope of V-l curve measured
at currents > Iy
lix  Leakage Current—Measured in Region | at

15% Vs

Ven  Reverse Breaker Voltage

50 \
50°C Max
20 - -
10 ! N7
05 -
i X
ol
0085

ooz
0.01
000! 0ol 0l
DUTY FACTOR
= PULSE WIDTH X REPETITION FREQUENCY)

MAX PEAK CURRENT (AMPERES)

POWER DERATING CURVE
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TYPE E 4E20M -4E200M
miuTary series DIODE THYRISTORS

4-LAYER DIODE THYRISTORS
o2z CHOMaX
o8 —L
= S
e Firing Voltages 20 to 200 volts L . o/ EDJ
e Switching current <125 .A @ 25°C “1o 250" ol
- DO-7
e ON resistance <2Q @ 70mA
The ITT diode thyristor is a reliable negative resistance device
designed for use in switching circuits. Typical applications include _MECHANICAL REVER
ring counters, matrices, pulse generators, relay drivers, multi- A8 ermetically seaied glass
vibrators, pulse modulators, and timing circuits. Finish:
All external surfaces corrosion
resistant and leads readily
solderable
ELECTRICAL SPECIFICATIONS Leads: )
Mil-Line Series for extended temperature ranges WeigD::met' Ll
s Holding | Reverse Breakdown 9:135 graems, (appIox.)
Switch Volt \Y% :
TYPE witohing Voltage \Ve) | et ()| Vel (V9 Moturiing Coskion;
25°C | —60to125°C| (mA) 25°C| —60t0125°C Marking:
4E20M-8 204 14-25 1-15 10 i
4E20M-28 20+4 14-25 14-45 10 Manufacturer's Symbol
4E30M-8 304 23-36 1-15 15
AE30M-28 30+4 23-36 14-45 15
4E40M-8 404 32-46 1-15 20
4E40M-28 4044 32-46 14-45 20
4E50M1-8 50+4 41-57 1-15 25
4E50M-28 504 41-57 14-45 25
4E30M-8 80=8 68-92 1-16 40
4E30M-28 80+8 68-92 14-45 40
4E100M-8 10010 80-115 1-15 50
AE100M-28 | 10010 80-115 14-45 50
AE200M-8 200420 160-230 1-16 100
4E200M-28 | 200-£20 160-230 14-45 100

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS | UNITS
Average -Forward CUNENT, BO T o v v simeesiom v seinvie 60w winie s 0w o srensins 150 mA
Power Dissipation; BOMC.. ;. esiiii v ainm i nsiie Se i e Sy asmin 150 mwW
Power-Temperature Derating. . . ... ..ot iianananesnns 1.5 mW/°C
Reverse Breakdown Voltage

from Ta=r — B0 10 T-T257C s v v s aos e b S RS e s e nominal Vs/2 min.
Operating and Storage TeMPerature. . . ... oo v v vt inn caui e —60to +125 b
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TYPE E 4E20M - 4E200M

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Is
(forward switching current) 125 pA
250 A —60to +125°C
I (OFF state)
(forward leakage current) 15 HA 75% of nom. Vs
Von 14 v Ir = 70 mA@Vs 80,100, 200
(forward voltage drop) 1.2 V I = 70 mA@Vs 20.30,40,50
Ten
(dynamic forward impedance) 2.0 Y] Iy = 70 mA
a0
+200¢ oo3ut
4] cho
ton 0.1 USEC . v
fon TEST CIRCET
&
R =y e P
tobs 5 psec RppEIRT A T fwa 10
PN ot FFTESTCRCUT. %
DERATING CURVES
HOW THE 4-LAYER DIODE OPERATES +1 PULSE DERATING CURVE
The voltage-current characteristic for the
4-layer diode shows three essential oper- m NEGATIVE ™~
ating regions: RESISTANCE 50 P
e i REGION~- i o]
I—"off" or high resistance state EXPANDED Wi ey \ o
ll—transition or negative resistance CALE gy s e
state =N +V 30 PN
ll—"on" or low resi £aied A
—"on” or low resistance state z 105°C MAX \ \
This curve is shown on a very expanded £ 02 S
scale (non-linear) for illustration pur- 3 ol N
poses only. Note that as the voltage % 005 X
rises and reaches the switching voltage u ™
(Vs), the device begins to switch “on.” V-| CHARACTERISTICS 002
The current at this point (Is) is typically % ool
several microamperes. The device switches ’ 0001 00l ol
because of an internal feedback mecha- TERMS AND SYMBOLS DUTY FACTOR

nism allowing the diode to pass a steadily
increasing current as the voltage decreases
{negative resistance state, Region II).
When “on” (Region Ill), the 4-layer
diode passes a current which is limited
principally by the external circuit.

In the “on" state, the device has a
dynamic resistance of less than a few
ohms and a voltage drop of about one
volt. As long as sufficient current is passed
by the circuit, the device will remain in the
“on" condition. At the point on the curve
marked Iy, the circuit is passing just
enough current to keep the device in the
“on" condition. If the current drops below
In the diode switches back to the high
resistance or "off” condition.

Rate Effect

In its "off” condition the device will pass
a capacitive current in response to a
sharply rising voltage wave. If the rise
rate of this voltage wave is large enough
{usually 10 to 100 volts / uS), switching
occurs below the DC switching voltage.

V  Switching Voltage—Closest point to pu
voltage in Region |l where slope of
curve is -;330!?. This definition is adopte
b D i i ey i

I Switching Current—Current which  flows
through the diode at Vs

Iy, Holding Current—The closest point to the
minimum vollage in Region |l where the
slope of the V-l curve is —100%

Vi Holding Voltage—Voltage across the diode at |,

Iz Peak Current—Current which the diode can
pass when in Region Ill; duration limited
to 50 us

Ron ON Resistance—Slope of V- curve measured
at currents > Iy

lik  Leakage Current—Measured in Region | at
75% Vs

Ve Reverse Breaker Voltage

(=PULSE WIDTH X REPETITION FREQUENCY)

POWER DERATING CURVE

125

A\
75
- o
25 \

50 100
AMBIENT TEMPERATURE (°C)

POWER DISSIPATION (m'W)




“"APPLICATION NOTES

TWENTY-FOUR CIRCUIT APPLICATIONS FOR ITT 4-LAYER DIODES

THEORY OF OPERATION

The ITT Semiconductor Four-Layer Diode is a
two-terminal semiconductor switch, sometimes
referred to as a negative-resistance diode.
These PNPN silicon devices are useful in many
applications including pulse generators, oscil-
lators, telephone switching, sweep generators,
and multivibrators.

The diode has two stable states; the ON or
low impedance state, and the OFF or high im-
pedance state. To turn the device ON, voltage
across the terminals must exceed the switching
voltage (V;). The device can be turned OFF by
reducing the current through the device below
the holding current (ln).

Figure 1
T
In ———
e N =
Ig [‘ I
|
Vi Vs

Figure 1 is the V-l characteristic of a typical
device. V; is the point at which the device
breaks down and switches to the ON state
where current is limited only by the external
circuit impedance.

Iy is the minimum current that must be passed
through the diode to keep it in the ON state.
If the current drops below this value the diode
will switch to the OFF state.

Figure 24

**application notes will be found in the last pages of this section.

837

Figure 2B

The PNPN diode can be thought of as a
complimentary pair of transistors, one a PNP
and the other an NPN as shown in Figure 2A.
Figure 2B shows the two transistors as they
would appear schematically. The collector of
T2 drives the base of Ty giving rise to a positive
feedback loop with a gain of B1B2. Aslongas
BiBs is less than 1 the equivalent circuit is
stable with the upper and lower PN junctions
biased forward and the middle junction re-
versed biased. In this condition only a small
leakage current flows.

The diode will remain in this condition until
either the temperature or the anode voltage is
increased to a point where BBz = 1. At this
point, the middle junction brecks down and
the circuit becomes regenerative. This occurs
because the collector of each transistor sup-
plies current to the base of the complimentary
transistor in the equivalent circuit and their
Betas are current dependent. As soon as they
reach unity the device effectively “runs away”
or “fires" and the current through the circuit is
limited only by external impedance.

Vpc

i Figure 3
< R

FOUR-LAYER DIODE



APPLICATION NOTES FOUR-LAYER DIODE

CIRCUITS
Relaxation Oscillator

Figure 3 illustrates a circuit used for oscilla-
tor, sweep generator, and timing opplications,
The output is a saw-tooth voltage the amplitude
of which is dependent on the diode V.. Fre-
quency is dependent upon the RC time con-
stant and the supply voltage. The supply voltage
should be chesen so that the charging of C is
done in the linear portion of the curve. When C
reaches Vs the diode breaks down and con-
ducts. C rapidly discharges through the diode.
RL should be large enough so that it will not
pass |y or the diode will remain in the ON con-
dition after C has discharged. With C dis-
charged the diode turns OFF and C commences
to charge again. Ry must be able to pass the
switching current (I;) when C reaches Vs and
the diode fires again.

Vpe
RI

A o

Vbc

1
I
|

r 0_| R2

8-8

Triggered Pulse Generators

These circuits are used mainly for generating
or amplifying pulses and for triggering pur-
poses. They are similar to Figure 3 except that
the switching voltage of the diode is greater
than the supply voltage. Four variations, with
their input and output pulses, are shown in
Figure 4. A pulse, large enough to break down
the diode, is capacitively coupled either posi-
tive to the anode or negative to the cathode,
The conventional dicde is used to present a
high impedance to the input pulse.

Voc

Figure 5

L-C Pulse Generators

As with the circuits in foregoing section,
those .in this section also require a pulse to fire
the diode. V; of the diode is greater than the
supply voltage. In Figure 5, a negative pulse
is applied to the cathode which breaks down
the diode. C, which was charged to Vpc
through R, discharges through the diode, L,
and Ry. This is @ resonant circuit and the wave
shape across Ry is a half sinusoid, When the
current goes through zero, the voltage across
the diode becomes negative, turning it OFF.
A small positive output will occur due to the
pulse recovery current through the diode.

Figure 6

Voc
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Figure 7
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This type of generator does not depend on
R being large enough not to pass Iy but rather
on the fact that ringing of the L-C loop turns
OFF the diode. During the OFF half cycle C
charges to Vpc but in the opposite polarity,
With the completion of the output pulse and
the cessation of ringing, C begins to recharge
toward the power supply voltage and polarity,
Figures & and 7 illustrate the same principle
but with a resonant charging circuit. C may
charge to approximately twice the supply
voltage if the circuit Q is high. The resistance
of L must be large enough to keep the current
through the four-layer diode below its rated
maximum. The anode of the diode must be kept
negative long enough to turn completely OFF,
otherwise the diode will turn back ON when
the anode goes positive. This requirement
limits the maximum operating repetition rate.

Voc

—

=R

_[D:

MEMORY
CORES

Ri

Figure 8

Magnetic Memory Driver Circuits

The purpose of a magnetic memory driving
circuit is to provide a current wave form which
reads the memory and then restores (writes)
the initial flux condition. In Figure B, the V; of
the four-layer dicde is greater than Vpc. C
charges to Vpc through Ry When a negative
pulse of the proper magnitude is coupled to

8-9

the cathode, the four-layer diode (D7) conducts.
RL is made large enough so that it will not

deliver the minimum Iy, C discharges through

the four-layer diode (Dj) the conventional
diode (D2), and the inductive load. C must be
large enough to supply the “read"” peak cur-
rent, The shape of the curve is dependent on
the inductances and Ry1. The R.C product must
be selected so that C charges in less time than
the time from the end of the “read” pulse to
the beginning of the next complete cycle.

Voc
R
Wil
OFF
K D2
i!m
UON o—F——

Figure 9

'llH‘

Relay Drivers
In Figure 9, Vs is greater than Vpc. A nega-
tive pulse on the cathode turns D1 ONM. It re-
mains in this state until it is pulsed OFF by a
negative pulse on the anode. This is a typical
relay driver application. D2 prevents excessive
spiking caused by the relay inductance.

220V
60cps

Figure 10

Stroboscope

In Figure 10, the four-layer diedes replaoce
thyratrons as triggers to activate a stroboscope
flash tube. The diodes form a relaxation oscil-

lator delivering pulses up to 150V at a few
hundred per second depending on the circuit
constants. Because of the pulse magnitude two
diodes are used in series with equalizing re-
sistors across them.

FOUR-LAYER DIODE
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Figure 11

A-Stable Circuit

Vpc is greater than Vs of both diodes in
Figure 11. When power is applied, one of the
diodes will conduct. Let it be assumed that Dy
fires first. Point A will go approximately to
ground potential and the current through Ry
will be greater than lh. The capacitor C will
begin to charge through R2 and D1 to ground.
When the voltage at B exceeds the breakdown
potential of D2, it will conduct and point B will
go to ground. Since the capacitor can not
charge instantly, point A will drop approxi-
mately Vs volts. This puts a negative voltage
at A, which if kept there until the turn OFF
potential of D1 is reached, will prevent it from
switching back until the voltage at A reaches
Vs. C therefore charges through Ri. The circuit
oscillates back and forth from Dy to D2 with the
frequency dependent on R1C and R2C and on
Vpc and the switching voltage of the diodes.

Voc

RI

Figure 12

Monostable Multivibrator

If diode Dy in Figure 12 is selected so that
its switching voltage is less than Vpc, and dicde
D2's is greater than Vpc, diode D1 will normally
be in the ON condition and D2 will be OFF.
Capacitor Cwill charge through Rz. When D2 is
pulsed ON, Dy will turn OFF due to the com-
mutating action of C. The voltage at point A
will then start rising as C charges through Ry
and D2. When the voltage at point A reaches
the switchover voltage of Dy it will turn ON and
D2 will turn OFF until another pulse is received.
Frequency is determined by R1C,Vpc, and Vs of
diode Dj.

8-10

Figure 13

A modification of the gate circuit where both
diodes are in the OFF state until a pulse is
applied is shown in Figure 13. The ¥V of Diis

slightly higher than Vpc. A pulse of current is
applied through RL which turns D1 ON. Cz
charges through D1 and R2 to Vpc. Cicharges
through Riand D) toward Vpc also. When the
voltage at point A reaches Vs of Dz, it will com-
mence to conduct. The voltage rise at B is
commutated back to Dy, turning it OFF, which in
turn, turns OFF Da.

QVoc
E; Rl R2Z
1. C ;
hy
o Foz
[ —
e
ai
Figure 14

Bi-Stable Multivibrator Flip-Flop

The V¢ of both diodes are chosen so that
they are greater than Vpc in Figure 14, Which-
ever diode is ON, it remains in that condition
until a trigger pulse arrives turning OFF the
diode which was ON and turning ON the previ-
ously OFF diode by the commutating action
of C.

By interchanging one 4-layer diode with
its series cathode diode, the circuit will become
sensitive to the polarity of the pulses. The
circuit will then switchover only when the
polarity of the trigger pulse reverses. This is
shown in Figure 15. Diode 1 triggers on nega-
tive pulses only and diode 2 on positive pulses.
Therefore, a positive pulse keeps branch B ON
and a negative pulse keeps branch A ON.
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Figure 15
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A different steering circuit is shown in Figure
16. Assume that Dy is OM. Point A will be ap-
proximately at ground potential and point B
at V1. When a nesgative pulse is opplied it is
blocked by CRj but passes through CR2, causing
switchover to take place. Current from V3
passes through R and D2 to ground. The principal
source of current for the conducting branch
is V2. The Rl's are needed to maintain a voltage
of less than V, across the OFF diode.

Figure 17

RARAS =
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Ring Counters

The basic requirement of a ring counter is
to turn one stage at a time ON in a simple
progression. Each time a trigger pulse is ap-
plied, the ON stage will advance one stage.
The circuit forms a closed loop, or ring, so that
when the final stage has been activated the
next pulse will move the ON condition back to
the first stoge where the cycle begins over
again. In Figure 17, one stage will turn ON as
soon as power is applied. The commutating
capacitor C between the ON stage and the
next successive stage charges through RL and
the ON 4-layer diode to Va, which is less than
the V; of the diodes and keeps them from turn-
ing ON, A trigger pulse, either positive or
negative, causes Vp to drop almost to ground
potential, which in turn, causes ¥ to drop ot
the same time due to the coupling action of Cj.
Since Ry is large enough so thet a current of
less than Iy flows through the trigger diodes, the
pulse is only momentary. The drop in voltage
at A turns OFF the ON diode. At the same
time C1begins to charge and the voltage at A
rises again.

The voltage at the high end of the charged
commutating capacitor C adds to VA causing
the next stage to fire. The repetition rate of the
output pulses equals the rate of the trigger
pulses divided by the number of stages.

O A
naLl *X
s ¥ / P

AR Al
4 5 6

Figure 18

Telephone Switching

When trigger signals of the polarity shown
in Figure 18 are simultaneously applied to the
lines, one of positive polarity to lines 1, 2, or 3,
and the other of negative polarity to lines
4, 5, or 6, two of the lines will be connected,
If triggers are applied to lines 2 and 5 as
shown, the 4-loyer diode A will conduct con-
necting them together. The series resistors
allow a current greater than Iy to flow, thus
keeping the diode in the ON state. To open the
circuit, a contact is opened to interrupt the
flow of current through the dicde which will
then revert to its OFF condition.

FOUR-LAYER DIODE
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Figure 19

Emergency Power Transfer

In the normal state, the 4-layer diode in
Figure 19 is OFF and the regular power supply
is the source of power for the load Ry If the
supply voltage should fall off for any reason,
the voltage at point A will drop. If this change
in voltage is sufficient to couse the potential
from B to A to exceed the diode Vs, it will turn
ON and the emergency power supply will
provide power to the load until the condition
is corrected.
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Figure 20

Rectifler Control Circuits

Figure 20 illustrates a method for controlling
the power output of a rectifier by varying the
point at which a 4-layer diode is triggered.
Pulses may be opplied at any phase angle
from the start of the input waveform [100%
power) to 180° (zero power),

8-12

Figure 21

Ry
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In Figure 21, succeeding half cycles can
have different firing angles since there are two
control diodes, one for each leg of the rectifier
circuit,

VAL

!
!

RL
Cr VW
Figure 22
c
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AC Control Circuits

The circuit in Figure 22 is useful for the con-
trol of AC power in such applications as light
dimmers and motor controls. The trigger por-
tion is composed of two back-to-back relaxa-
tion oscillators with an adjustable resistor con-
trolling the time at which they fire the control
diedes and thus the amount of current through
the load.

The load resistor of the oscillator and C set
up the time constant to fire the trigger diodes
at approximately 90° in each half cycle. When
a positive input cycle occurs the diode A will
break down at approximately 90° The charged
capacitor € will discharge through diode A
with the result that a negative pulse will appear
at point C1.

This pulse will turn ON control diode Ajwhich
will allow current to flow until the half cycle is
completed. Both diodes will then turn OFF
since the current through them will drop below
their holding current. This cycle is repeated
during the negative portion of the input wave-
form.
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Figure 23

SCR Phasing Circuit

Diode 1 and 2 are both designed into relaxa-
tion oscillator circuits in Figure 23. The diode |
circuit has a frequency of just under 60 cycles
per second. The half-wave supply circuit at its
anode causes the frequency of the oscillator
to be synchronized with the line frequency. The
output at VA is a sawtooth which is coupled to
the cathode of D2. It is superimposed on a DC
value set by the potentiometer in the cathode
of D3. As the voltage across D2 is increased by
decreasing the cathode potential, the negative
peak of the waveform from Di-will exceed Vg
of D2 putting it into oscillation at a frequency
much greater than that of D1. This signal is fed
to the gate of the SCR which is fired by the
steep wave front at the start of oscillations.
The timing of the conduction of the SCR is
controlled by the setting of the potentiometer.

8-13

RL

Figure 24

Inverter Circuits

The circuit in Figure 24 is a typical power
inverter used to convert DC power to AC power
over a range of frequency from 60 to a few
thousand cycles. When power is applied, one
of the 4-layer diodes begins to conduct. As-
sume this to be Di. The battery supplies current
through the coil L, primary 1 and Di. The re-
flected load limits the current through D1.

When a negative trigger pulse is applied D2
will conduct. The commutating capaciter C
which is reflected into the primary from across
RL will cause point A to go negative thus turn-
ing OFF Dj. L smooths the current during
switching. The following negative trigger pulse
turns D1 ON again and C turns D2 OFF. This
completes one cycle.

The switchover voltage of the diodes must
be greater than 2XVpc and capacitor C must
be big enough so that when reflected back into
the primary it can turn OFF the diode which
was ON just prior to the triggering pulse. The
capacitor can be across the primary or the
secondary.
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THYRISTOR DIODES

oxd 062 'B::L.. T___.l}. ots o

30 MAX 128 POSITIVE

HE NOTE TERMINAL
el | .
265 £ 038
096 1011 8 J_
32 25:0IA,
020 £ 002
1O —-I l—— /38 DIA.
H 1 125
NOTE, AIF 023 DIA.
'ITNIN THIS ZONE, DIAK ER
VAR OR L

¥ TO ALLOW F EAD
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g TOP HAT
DO-7 PACKAGE
Reverse | Capaci- Mil-Line Series for extended temperature ranges
- Swilnh]n%\:hag& (V) Hnl?iﬂn%;‘::umn; (1) Bdu:'l:‘- l‘l‘“'i:ll - TS
Hiam, 1 .
e Nomase | ac e | e | bri TYPE s iWiching Voltwoe Vo)l ], | 8 it
- 25°C —60 ta 125°C (mA)
1N3831 20+4 14.25 0.5-15 40 max | 12vmin | 80 pf
3832 [ 2544 1930 | 0515 40 max | 15vmin | 70 pf 4E20M-B 044 14-25 1-15
IN3833 | 30+4 2336 | 0.515 40max | 18vmin | 60 pf 4E20M-28 0+4 14-2 14-45
IN3834 | 35+4 2841 | 0515 40 max | 20vmin [ 50 pf 4E30M-8 x4 23-36 1.15
IN3B35 | 4044 3246 | 0.515 40 max | 24vmin | 45 pf AE3OM-28 0+4 23-36 14-45
IN3836 | 45+4 3751 | 0515 40 max | 27vmin | 45 pf 4E40M-8 404 32-46 1-15
IN3837 | 50+4 4157 | 0515 40max | 30vmin | 40pf 4E40M-28 40+4 32-46 14-45
1N3838 | 100+ 10 80-115 | 0.5-15 40 max | 60v min | 30 pf 4ES0M-8 S0+4 41-57 1-15
4E50M-28 50 + 4 41-57 14-45
4E100M-8 100 + 10 80-115 1-15
Reverss | Capaci- 4E100M-28 100 + 10 80-115 14-45
—" Swiichiﬂ[% '“'Il:liﬂil Vs) Hﬂl?:;lgirFUff!l;t {In) ILI:‘::- "“".:8" 4E200M-8 200 + 20 160-230 1-15
oits, Hiramps, ica
25°C —40 to 56°C P 26° | o s AE200M-28 200 + 20 160-230 1443
1N3839 20+4 14-25 1450  Smin | 12vmin | 80 pf 5
IN3840 | 2544 1830 | 1450 Smin | 15vmin | 70 pf Series A (Broad Spec)
N34T | 30:£4 2336 | 1450 Smin | 18vmin | 60 pf PR Hotding
1N3842 H+4 MM 14-50  Smin | 21vmin | 50 pf TYPE Voltage (Va) Current (In)
1N3843 40 + 4 32-46 14-50 S min | 24v min | 45 pf (Valts) (mA}
1N3844 45+ 4 37-51 14-50 5 min | 27vmin | 45 pf 4E20A 0W+6 0.5-60
1N3845 50 + 4 41-57 14-50  Smin | 30v min | 40 pf 4E30A 0+6 0.5-60
1N3846 100 + 10  80-115 14-50 5 min | 60vmin | 30 pf AE40A 40+ 6 0.5-60
4E50A 50 + 6 0.5-60
Commercial Series
Switching Holding TOP-HAT PACKAGE—TYPE J
TYPE Vaoltage (Vs) Current (I1)
{Valts) {mA) =
Switching Holding
4E20-8 0+4 1-15 TYPE Voltage (Va) Current (1)
4£20-28 20+ 4 14-45 Volts) (mA)
4E30-8 30+ 4 1-15 4J50-5 50+ 5 1-10
4E30-28 0+ 4 14-45 4J50-25 50+5 9-45
4E40-8 40 + 4 1-15 4J100-5 100 + 10 1-10
4E40-28 40 + 4 14-45 4J100-25 100 + 10 9-45
4E50-8 50 + 4 1-15 4J200-5 200 + 20 1-10
4E50-28 50 + 4 14-45 4J200-25 200 + 20 9-45
4E100-8 100 + 10 1-15
4E100-28 100 + 10 14-45 Current Carrying Capacity: 300 mA steady dc.
4E200-8 200 + 20 1-15 Maximum peak current rating 20 amperes — dependent on duty factor,
4E200-28 200 £ 20 14-15 repetition rate, pulse duration, ambient temperature.
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ITT-109°

SILICON PLANAR -
EPITAXIAL
TUNER DIODE

5 . R
Lo [Twv |

DOUBLE PLUG DIODE

The ITT silicon planar epitaxial tuner diode is intended for television
receiver tuner applications where three or four units will provide
complete coverage of the VHF broadcast bands respectively. The
high guaranteed capacitance ratio of these diodes allows design of
electronically tuned FM tuners for 12V operation.

ABSOLUTE MAXIMUM RATINGS

| UNITS
Power dissipation @ 50°C 150 mW
Operating temperature range 0to 90 °C
Storage temperature range 0to 100 °C
Peak reverse voltage 30 Volts

921



ITT-109

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

ITT 109
SYMBOL UNITS CONDITIONS
MIN. TYP. MAX.
C, 30.0 pF Vg=3V
4.2 6.5 pF Ve=25V
C(V=3V) 5
C(V=25V)
Rs 0.5 Ohms V=3V, =100 MHz
Q 200 280 Vy=3V, f=47MHz
90 Ve=3V, f=100MHz
55 V=3V, f=170MHz
Ls 2.5 nH
la 05 pA Vp=28V
NOTES:

The error of matching in capacitance within a matched set in the voltage range V =3, ., 256 Volts is + 1.5%.

These diodes are available on reguest in matched sets of any desired capacitance tolerance between 0 and
25 Volts for special applications.



ITT-141 ITT-142°

TUNER DIODES

SILICON PLANAR

EPITAXIAL
TUNER DIODES (Low INDUCTANCE)

ITT silicon planar epitaxial tuner dicdes are intended for television

receiver tuner applications where three or four units will provide com- DIMENSIONS

plete coverage of the VHF and UHF broadcast bands respectively. 020 062

The high guaranteed capacitance ratio of these diodes allows design of s

electronically tuned FM tuners for 12V operation. L—'°° 17 |
MIN B MAR, T '
DOUBLE PLUG DIODE

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS UNITS
Power dissipation @ 50°C 180 mW
Operating temperature range 0to 90 °C
Storage temperature range 0to 100 °C
Peak reverse voltage 30 Volts
Soldering temperature 260 °C
(5 secs. at body of diode package)



ITT-141 177142

ELECTRICAL CHARACTERISTICS (T;=25°C unless otherwise specified)

ITT 141 ITT 142
SYMBOL UNITS CONDITIONS
MIN. TYP. MAX. MIN. TYP. MAX.
C Ll 12 pF V=23V
2.2 2.5 2.0 2.5 3.0 pF Vp=25V
C3.0v 45 48 5.5 4.0 48 6.0
Rs 0.5 1.0 Ohms V=3V, f= 330 MHz
Q 300 160 V=3V, f=47MHz
80 Ve=3V, f=100MHz
80 50 Ve=23V, f=170MHz
30 Ve=23V, f=470MHz
f. 20 10 GHz Ve=3V,Q =1.0
£ 2.5 2.2 GHz Vg =25V
Ls 25 25 nH At body of diode package
Ver 30 30 Volis
In 5.0 5.0 A V=28V
NOTES:

The error of matching in capacitance within a matched set in the voltage range V =3 . . . 256 Voltsis £ 1.5%.

These diodes are available on request in matched sets of any desired capacitance tolerance between 0 and
25 Volts for special applications.
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ITT-141 ITT-142

TYPICAL CHARACTERISTICS

SERIES RESONANCE FREQUENCY AS A FUNCTION
OF VOLTAGE, RELATIVE VALUES

RATE OF CHANGE OF CAFACITANCE VS.VOLTAGE.
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ITT-141 ITT-142

TYPICAL CHARACTERISTICS, continued

JUNCTION CAPACITANCE (C] AS A FUNCTION

QF

VOLTAGE, RELATIVE VALUES

REVERSE CURRENT AS FUNCTION OF
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ITT 210
AFC TUNER DIODES

SILICON

PLANAR

EPITAXIAL
CAPACITANCE DIODE T 5

—— e
T A

MIN

DOUBLE PLUG DIODE

The ITT-210 is an improved variable capacitance diode intended
for television receiver Automatic Frequency Control and other tuning
applications between 1 and 1,000 MHz.

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS | UNITS
Reverse Voltage Breakdown @ 5ra 20 | Volts
Power Dissipation @ 50°C 150 | MW
Operating Temperature Range 0to 100 | °C
Storage Temperature Range  —50to + 1501 °C

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
20 pF V.=1.0V
C 8 10 12 pF V.=4V
8.3 pF V.=6V
5 pF V,=10V
Rs 1.0 ohms F=30 MHz V.=2V
Q 540 F=30 MHz V,=5V
V: .85 1.6 V. I =60mA




ITT 210

TYPICAL CHARACTERISTICS

JUNCTION CAPACITANCE (C) AS A FUNCTION

OF VOLTAGE, RELATIVE VALUES
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RATE OF CHANGE OF CAPACITANCE VS.VOLTAGE.
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ITT 243 ITT 244
WAVE BAND SWITCH

JHF/ VHF
WAVE
3AND
WITCH

he ITT 243/244 is intended to replace mechanical devices, for
witching channels or bands, in the frequency range of 10 to 1000
AHz. The differential forward resistance is constant and extremely
mall over a wide frequency and current range. The junction capaci-
ance is small and relatively independent of voltage.

DIMENSIONS
[orde] 1
i

L_IEJEJ%l_T |

MIN

DOUBLE PLUG DIODE

LECTRICAL CHARACTERISTICS @ 25°C UNITS

leverse Voltage (Vr) 20 Volts

orward Current (If) S e ; 100 mA

orward Voltage (Vf) @ If == 100 mA <1 Volt

teverse Current (Ir) @ Vr =15V <100 n Amps
unction Temperature (Tj) 100°C

torage Temperature (Ts) — 55 to + 100°C
YNAMIC CHARACTERISTICS @ 25°C ITT 244 ITT 243

ifferential Forward Resistance @ f = 50 to 1000 MHz
@ If =10 mA

050 (TYP 0.40)| 10 (TYP 0.7Q)

elative Change of Forward Resistance with change in

3%/mA %
orward Current e S
unction Capacitance @ Vr = 15V < 2.2 Pf < 2.2 Pi
elative Change of Junction Capacitance with change of
sverse voltage 1%/V 1%/V
eries Inductance (case) < 2.5 nH <25 nH
arallel Resistance (Rp) @ Vr = 15V 1MQ 1MQ



ITT 243

ITT 244

MILLIAMPERES

FOWARD CURRENT VS VOLTAGE

Q) FOWARD RESISTANCE VS FOWARD CURRENT
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ZTK 33 ZTK 33A%®
MONOLITHIC SILICON REFERENCE DIODE

M 0 N 0 l I T H I c (N WoHES) ’ 1132
{IN INCHES)
_’_

.230

TEMPERATURE COMPENSATED ]“,—
LENER DIODE o L}

® SINGLE MONOLITHIC ELEMENT

= 015 DA,
[~—= .003
e HERMETICALLY SEALED TO-18 Y
005
e MAXIMUM T.C. .005%/°C N
The ZTK33 Series is a new type of reference voltage temperature b
compensation device which uses proven integrated circuit tech- >//<_ nw
nology. Devices are hermetically sealed monolithic elements
possessing an unusually high degree of stability with maximum ZTK 33 OUTLINE
temperature coefficients of .005% /°C over the temperature range
of —55°C to +100°C. The ZTK33 Series voltage ranges from 30
volts to 36 volts with a +=5% V; tolerance around each individual
unit's nominal voltage. Special selection can be performed to "j-:f—'
provide devices with tighter temperature coefficients or voltage S ]
tolerances for custom circuit applications. A metal heat sink _J_ 15
is available where thermal environment warrants. DIA 125 6:)’ = 005
= 005 | [
GENERAL DATA: i | = s
Gase i T o N TO-18 Metal : | 625
Mounting Posmcm A S ... Any | I
Polarity . . . L . . Cathode To Case, : :
Tab indicates Anode i I
Operating Temperature .. ........ —55°C to +125°C J I\
Storage Temperature SR —55°C to +125°C HEAT SINK
ELECTRICAL CHARACTERISTICS (T.=25°C):
Zener Zener Voltage Maximum Maximum Maximum A V; Over
ITT Test Vi@ Iy Dynamic Zener Temperature Range (3)
Device Current Imped (2) Current
Type (1) Izt Min. Max. Zn @I lau Vz=30V. =36V,
mA Volts Volis Ohms mA Volts Volis
ZTK33 5 30 36 25 10 105 .126
ZTK33A 5 30 36 25 10 .232 279

(1} Device Type: No Suffix; 0°C te +25°C to +70°C
“A" Suffix; —55°C to +25°C to +100°C
(2) Dynamic Impedance: Measured by superimposing a .50mA AC Signal.
(3) Maximum AV:: All Devices possess a maximum =+.005%/°C Temperature Coefficient over the specified temperature range.
Maximum AV: limits applicable to total V; distribution.



ZTK 33 ZTK 33A

FIG. 1

Typical Transient time lapse from AV: after
operation a. without heat sink b. with heat sink.
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FIG. 2

Typical Change of Dynamic Impedance with
Zener Current.
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1N702 thru IN726 1N746 thru IN759 1N957 thru IN973°®

400 »W SILIGON
ZENER DIODES

e HERMETICALLY SEALED
e INDUSTRY PREFERRED
® DO-7 GLASS PACKAGE

DIMENSIONS

The 400 mW Zener Diodes speciiied herein are all industry pre-
ferred JEDEC types being supplied in the following packages:

1N702 through 1N706 and 1N746 through 1N753 in DO-7 pack- DO-7

age, 1N707 through 1N726 and 1N754 through 1N759 in DO-35

package, 1N957 through 1N973 in DO-35 package. i 062 uax
Nominal voltages range from 2.7 volts thru 33 volts. Special %f_ms’ =
selection can be performed to provide devices for custom circuit [T T
applications. All units are 100% tested and capable of meeting DO-35

stringent environmental test requirements of MIL-S-19500.

MAXIMUM RATINGS MECHANICAL CHARACTERISTICS
Junction and Storage Temperatures —B5 to +175°C CASE: Hermetically sealed glass case.
D.C. Power Dissipation 400mW DIMENSIONS: Per outline drawing.
Derating Per derating curve (3.2mW/°C) FINISH: All external surfaces are corro-
sion resistant and leads solderable.
Y THERMAL RESISTANCE: 250° C/W
Zener Zener Dynamic | Reverse Reverse | Forward Fcurward (Typical) junction to ambient.
ot S e oy | Sty oy | Vooney Ay POLARITY: Band indicates cathode.
20132 s ) 7 o - 0 WEIGHT: 2 grams,
30/39 5 55 - - 10 1.0 MOUNTING POSITION: Any.
37/4.5 5 45 = — 5 10
43/54 5 a5 - — 5 1.5
52/6.4 5 0 — - 5 15
52/80 5 10 s - 5 35
56 25 25 2 - 5 a5
62 25 4.1 = —- 5 35 o
68 25 47 55 — 5 35 =
7% 25 53 . - 5 35 .
B2 5 60 L - 5 35 ]
| w 12 10 _ - 5 35 L
[T 12 80 L — 5 0 Z
P 12 90 _ - 5 3.0 @
51 120 12 100 == - 5 9.0 2
130 12 1.0 - — = 200
150 12 13.0 = — — — g
%o 12 150 e —_ _ = E
180 12 170 — — g p— q
we 4 200 — —_ - — = 100
1N722 220 & 230 —_— —_ — o
1N723 LN & 280 — — —_ o
INT2E 270 4 50 - - —_— EE
INT25 300 4 420 — — —_ _— o
INT2e 320 4 500 — i = LA ] a5 S0 75 100 125 150 175

STILL AIA AMBIENT TEMPERATURE “C

9-13




1N702 thru 1IN726 1NT746 thru IN759 1N957 thru 1N973

1N746 SERIES
ELECTRICAL CHARACTERISTICS (71.=25°):
Nominal Test Max t
Zener Voltage Current | Zener Impedance Max** | DC Zener Current R-;-! vs_r:;al;:e akagTe (iu n‘e:c
De\ric.a V:@ Iy b Zy @ Inr Iz T Iy e 152
Type Volts mA Ohms mA pENET @ Va =1y
nh uhA
1N746 3.3 20 28 110 10
1N747 3.6 20 24 100 10 gg
1N748 3.9 20 23 95 10 30
1N749 43 20 22 85 2 30
TN750 4.7 20 19 75 2 30
1N751 5.1 20 17 70 1 20
1N752 5.6 20 11 65 q 20
1N753 6.2 20 7 60 0.1 20
1N754 6.8 20 5 55 0.1 20
1N755 7.5 20 6 50 0.1 20
1N756 8.2 20 a8 45 0.1 20
1N757 9.1 20 10 40 041 20
1N758 10.0 20 17 35 0.1 20
1N759 12,0 20 30 30 0.1 20

*Tolerance Designation:
No Suffix Denotes V:==10% ;
“A" Suffix, =5%.

* *Zener Impedance: Measured by superimposing an AC Signal
equal to 10% of the DC Test Current.

1N957 SERIES ELECTRICAL CHARACTERISTICS (T.=25°C):

Nominal Test i S !
Device | Zener Voltage Current EEor Imp DC Ze r':l?'x(:urrenl Ffaverse e At
Type* Vs 13 Zy @ Iz Zo @ Iz Iz %) l. Maximum Test Voltage***
Volts mA Ohms Ohms mA mA A Vi w1
1NS57 6.8 18.5 4.5 700 1.0 47 150 5.2 4.9
1N958 7.5 16.5 55 700 0.5 42 75 5.7 5.4
1N959 8.2 15 6.5 700 0.5 38 50 6.2 5.9
1N960 9.1 14 7.5 700 0.5 35 25 6.9 6.6
1N961 10 12.5 8.5 700 0.25 32 10 7.6 7.2
1N962 1 11.5 9.5 700 0.25 28 5 8.4 8.0
1N963 12 10.5 11.56 700 0.25 26 b 9.1 8.6
1Ng64' 13 9.5 13 700 0.25 24 5 8.9 9.4
1N965! 15 8.5 16 700 0.25 21 5 11:4 10.8
1N9B6! 16 7.8 17 700 0.25 19 5 122 11.5
1N967" 18 720 21 750 0.25 ki 5 13.7 13.0
1Ng68’ 20 6.2 25 750 0.25 15 5 15.2 14.4
1N969’ 22 56 29 750 0.25 14 5 16.7 15.8
1N970’ 24 52 33 750 0.25 13 5 18.2 17.3
1N971! 27 46 41 750 0.25 11 5 20.6 19.4
1Ng72! 30 4.2 49 1000 0.25 10 5 22.8 21.6
1N973! 33 3.8 58 1000 0.25 9.2 & 25.1 23.8

*Toleraince Designation

No Suffix Denotes Vz=20%; A Suflix, =10%; B

* Zener Imp
**Reverse Leakage:

y super

Suffix, = 5%

an AC'Signal equal to 10% of the DC Test Gurrent.

Wk - Test Voltage lor 5% Tolerance Davice
V&r - Test Voltage for 10% Tolerance Device
Mo Leakage Specified for 20% Tolerance Device

1. Inquire for availability.



Package DO-41

TN4733 thru 1N4752

ONE-WATT (5.1V - 33V) SILICON ZENER DIODES

ABSOLUTE MAXIMUM RATINGS

Characteristics. =« & olmim o 40 aus S @ai ans o 4 Unit
DC Power Dissipation . . . . . . . . ... . 1.0 Watt
Derating Factor . . . . . . . ... .... 6.67 mW/oC

Junction and Storage Temperature . . . -65 to +200 °C

One-watt silicon zener diodes designed for con-
stant voltage reference from 5.1 thru 33 volts, with
10% and 5.0% tolerances. These diodes are hermeti-

MECHANICAL CHARACTERISTICS

CASE: Hermetically sealed glass case.
DIMENSIONS: Per outline drawing.

FINISH: All external surfaces are corrosion resistant
and leads solderable.

POLARITY: Color Band indicates cathode. When
in zener mode cathode is positive.

MOUNTING POSITION: Any.

POWER RATING VS AMBIENT TEMPERATURE

cally sealed for greater reliability. 12
o 10
NOTE 1: The JEDEC type numbers shown have a E
5% tolerance on nominal zener voltage. % 08
MNo suffix signifies a 10% tolerance. § \
NOTE 2: The Zener impedance is derived fror the & 0.8 N
60 Hz AC voltage, which results when an § \
AC current having an rms value equal to = o4 \
10% of the DC Zener current (IzT or lz! § N
is superimposed on lzT or lz. Zener & 5a \‘
impedance is measured at two points to
insure a sharp knee on the breakdown 0
curve and eliminate unstable units. O 25 50 75 100 125 150 175 200
Ty AMBIENT TEMPERATURE ( °C)
JEDEC MAXIMUM  MAXIMUM MAXIMUM  MAXIMUM MAXIMUM
TYPE ZENER TEST DYNAMIC REVERSE TEST REGULATOR  KNEE TEST (SURGE)
NUMBER VOLTAGE CURRENT IMPEDANCE CURRENT VOLTAGE CURRENT IMPEDANCE CURRENT CURRENT
(Vz) (1z1) (22 @ Iz7) lg@vgl (Vg! (1zp) (Zzk @1 z¢) U2k (g
NOTE 1 NOTE 2
VOLTS mA OHMS mA VOLTS mA OHMS mA mA
1N4733A 5.1 49 7 10 1 178 550 1.0 890
1N4734A 5.6 45 5 10 2 162 600 1.0 810
1N4735A 6.2 a1 2 10 3 146 700 1.0 730
1N4736A 6.8 37 3.5 10 4 133 700 1.0 660
1N4737A b 34 4.0 10 5 121 700 05 605
1N4738A 8.2 31 4.5 10 6 110 700 0.5 550
1N4739A 9.1 28 5.0 10 7 100 700 0.5 500
1N4740A 10 25 7 10 76 91 700 0.25 454
IN4A741A 11 23 8 5 8.4 83 700 0.25 414
1N4742A 12 21 9 5 9.1 76 700 0.25 380
1N4743A 13 19 10 5 99 69 700 0.25 344
1N4744A 15 17 14 5 1.4 61 700 0.25 304
1N4745A 16 15.5 16 5 12.2 57 700 0.25 285
1N4746A 18 14 20 5 13.7 50 750 0.25 250
1N4747A 20 12,5 22 5 15.2 45 750 0.25 225
1N4748A 22 115 23 5 16.7 41 750 0.25 205
1N4749A 24 10.5 25 5 18.2 38 750 0.25 190
1N4750A 27 9.5 35 5 20.6 34 750 0.25 170
1N4751A 30 85 40 5 228 30 1000 0.25 150
1N4752A 33 75 45 5 25.1 27 1000 0.25 135

215



IN5231 thru IN5250

500 mW ZENER DIODES
Package: DO-35

500 millwatt zener diode hermetically sealed in

POWER-TEMPERATURE DERATING CURVE

1.0,

the DO-35 package for greater reliability. Designed \\ L_=:_EN.':LENC|;TH
for constant reference voltage between 3.3 and 33 - \ TO HEAT SINK
volts with 10% and 5% tolerance. 2os

5 L=1/8"

= [,

= \Q:a/a"
MAXIMUM RATINGS g2 =R N

. g \‘a . \
Junction and Storage Temperature: —65 to +200°C @ \ \
Lead Temperature not less than 1/16" from the case 804 < AN
for 10 seconds: 230°C & S
DC Power Dissipation: 500 mW @ T = 75°C, Lead § Q\\\
Length = 3/8" (Derate 4.0 mW/°C above 75°C) « 02 NN \
Surge Power: 10 Watts (Non-recurrent square wave ! \\\.
@PW=8.3ms, Tj=55°C) o
" 20 40 60 80 100 120 140 160 I80 200
TI.. LEAD TEMPERATURE (°¢)
Type Regulator| Test | Maximum |Maximum| IR Test | IR Test [Maximum | Maximum | Maximum
Number | Voltage | Current| Dynamic Reverse | Voltage | Voltage | Regulator | Dynamic | Temperature
(Vz) {Iz) | Impedance | Current [ (VR) | (VR) | Current Knee Coefficient
(Zz) (Ig) (For A | (ForB | (Izpm) |Impedance
25°C | Suffix) | Suffix) (Zzk)

v ma de ohms Ha v v ma ohms %/°C
1N5231 5.1 20 17 5 1.9 2.0 89 1600 +.030
1N5232 5.6 20 11 5 29 3.0 81 1600 +.038
1NE233 6.0 20 7 5 3.3 35 76 1600 +.038
1N5234 6.2 20 7 5 3.8 4.0 73 1000 +.045
1N5235 6.8 20 5 3 4.8 5.0 67 750 +.050
1N5236 7.5 20 6 3 6.7 6.0 61 500 +.058
1N5237 8.2 20 8 3 6.2 6.5 55 500 +.062
1N5238 8.7 20 8 3 6.2 6.5 52 600 +.065
1N5239 9.1 20 10 3 6.7 7.0 50 600 +.068
1N5240 10 20 17 3 7.6 8.0 45 600 +.075
1N5241 1 20 22 2 8.0 8.4 41 600 +.076
1N5242 | 12 20 30 1 8.7 9.1 38 600 +.077
1N5243 | 13 9.5 13 0.5 9.4 9.9 35 600 +.079
1N5244 | 14 9.0 15 0.1 9.5 10 32 600 +.082
1N5245 15 8.5 16 0.1 10.5 11 30 600 +.082
1N5246 | 16 7.8 17 0.1 11.4 12 28 600 +.083
1NG247 17 7.4 19 0.1 12.4 13 27 600 +.084
1N5248 18 7.0 21 0.1 13.3 14 25 600 +.085
1N5249 19 6.6 23 0.1 13.3 14 24 600 +.086
1N5250 | 20 6.2 25 0.1 14.3 15 23 600 +.086
1N5251 22 5.6 29 [ 58] 16.2 17 21 600 +.087
TN5252 24 5.2 33 0.1 17.1 18 19.1 600 +.088
1N5253 25 5.0 36 0.1 18.1 19 18.2 600 +.089
1N5254 | 27 4.6 41 0.1 20 21 16.8 600 +.090
TN5255 28 4.5 44 0.1 20 21 16.2 600 +.091
1N5256 | 30 4.2 49 0.1 22 23 15.1 600 +.091
1N5257 | 33 3.8 58 0.1 24 25 13.8 700 +.092




DPD'S (Whiskerless) TECHNICAL DATA DOUBLE PLUG DIODES

SILICON PLANAR DCUBLE PLUG DIODES (DPD’s)

ITT Semiconductors’ Silicon DPD's (Double Plug Diodes) are
Planar Epitaxial Passivated to assure utmost reliability and
uniform electrical parameters. They feature carefully controlled
forward characteristics over wide current ranges. The pellet
is fused to the end plugs, not soldered. Thus, the stability of
the anode and cathode contacts is much greater than that
of soldered contacts. Sealing is performed in an inert atmo-

sphere eliminating any possibility of sealed-in contamination.

DPD's are smaller than similar DO-7 type diodes. Yet, they
have greater inherent reliability due to their fused construction
and higher dissipation capabilities. Baked at a minimum of
300°C, DPD's are completely stabilized. Their ruggedness

is unsurpassed.

There is a DPD equivalent for all ITT Semiconductors’ DO-7
Silicon Planar diodes making it easy to take advantage of

these improved characteristics:

e Low leakage current @ Fast switching

e High conductance e Uniform characteristics RUAEHEIENG
e low capacitance @ Improved stability STANUARD
r— |.|25-‘Eb1-— 160 Mﬁ—l _L
S S
MECHANICAL DATA 535 k4 062 MAX.

CASE: Hermetically sealed glass

MIN. MAX.
FINISH: All external surfaces corrosion \‘_ 122 "'i"' e ol

resistant and leads readily sol-

derable - - e
LEADS: Dumet, tin plated —{
POLARITY: Banded end cathode 020 062 MAX.
WEIGHT: .135 grams (approx.)
MTG. POSITION: Any AVAILABLE

10-1
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DPD | DO-7 B@y i e p 2 & Trr Eggé“égg C%P. TrR| Stored é::t‘. Plns:r PS‘ilg.r
TYPE [EQUIV.g P\ V@IF | V@IF | VeIF | V@IF | VeIF | VelIF | ¥ wa] ooy | TFR | (5)|Charge || Fwd. | yEL" @ 250C

Lt PV v [mA| v [mA| V |mA| v [mA| v [mA| v [ma| |Aledve| PF ns| PC 1@ 250G gopg | (12)
1N4148| 1N914 [75m] 1.0 |10 42 |025[.05| 20 I~ 75 500
1N4149|1N916 [75(n| 1.0 |10 42(025/.05(20| 2 75 500
1N4150 [1N3600 54/.62 |1.0|.66/.74| 10 | .76/.86 | 50 |.82/.92(100.87/1.0 {200 @ |0.1]0.1)50| 25 |10nswa 150 500
1N4151[1N3604| 75 | 1.0 |50 220|.05{.05(50| 2 4 150 | 50 | 500
1N4152[1N3605 | 40 | 49/55 |0.1].53/.59 |.25| 59/.67 1.0 |.62/.70|2.0 | .70/.81 |10 | .74/.88 | 20 | 21 |.05|.05| 30| 2 4 150 | 30 | 500
1N4153[IN3606 | 75 | 49/.55 |0.1(.53/.59 |.25 | .59/.67 [1.0|.62/.70(2.0|.70/.81 | 10 |.74/.88 | 20 | 212) | .05 | 05| 50| 2 4 150 | 50 | 500
1N4154[IN4009| 35 | 1.0 |30 22(0.1]0.1]25 4 4 25 | 25 | 500
1N4305(IN4063 | 75 |505/.575|.25 |.55/.65 | 1.0/ .61/.71|2.0|.70/.85 | 10 2@(0.1/0.1{50| 2 4 150 500
1N4444 70 | .44/.55 | 0.1|.56/.68(1.0| .69/.82 | 10 |.85/1.0 {100 .05].05[50] 2 7 200 | 50 | 500
IN4446INg14AI75(| 1.0 |20 42| 025.05( 20| 4 150 | 75 | s00
1N4447 [IN916A|75(1)| 1.0 |20 42)[025.05( 20| 2 150 | 75 | 500
1N4448[1N9148|75(1| 62/72 |5 | 10 |100 42(025{.05/ 20| 4 |25V 150 | 75 | 500
1N4449 [IN916B|75(1| 63/73 | 5 | 1.0 |30 42)025/.05[ 20| 2 |25V 150 | 75 | 500
1N4450 40| 42/.54 |0.1|.52/.64(1.0|.64/.76 | 10 |.80/.92 (100 | 1.0 |200 42)|05|.05{30| 4 200 | 30 | 500
1N4451 a0 | 40/50 |0.1].51/.61]1.0| 62/.72 10 |75/.875100] 1.0 |300 05|.05/30| 6 10 200 | 30 | s00
1N4452 a0 | 42/54 |0.1] .51/62|1.0|.60/.71[10 | 71/83[100| 1.0 |s00|.90/1.2|1A [50|.05|.05]30| 30 200 | 30 | s00
1N4453 30 | 43/55 | .01|.51/.63 |0.1].60/.71{1.0{.69/.80| 10 |80/928|100 .05/.05/ 20| 30 50/500(9) 20 | 400
1N4454(IN3064| 75 | 1.0 |10 2 |0.1[0] 50] 2 [3.0vaa)| 4 75 | 500
IN5194 [1N483B| e0orn| 1.0 [100 0250085 70 80 | 250
1N5195 [IN485B|2000s| 1.0 [100 025005(180 200 | 250
1N5196 [IN48BB|2s000| 1.013) |100 025005225 250 | 250
IN5G05 [IN457 [n0en| 1.0 |20 025{005{60 70 | 250
1N5606 [1N458 [150cn| 1.0 [7.0 025/008125 150 | 200
1N5607 |1N459 |worn| 1.0 |3.0 025008175 200 | 200
N5608|1N658 |2000] 1.0 |100 3000,050,025 50 120 | 250
1N5609 [1N66O |1200n| 1.0 |6.0 20007| 5.0/ 250 l1gg 2704 120 | 250

NOTES
?2‘); ﬁ:v==1:)°.2)l\@ée|:ujgo sz;Al mA L 30::‘ 1"08'.?'&?23",2('!’" g:hg;;l‘; 5 ge 3?::“ ] “;)) galxggmx,mnuim Temp. = 2000C
O e it foF 1A= 500 A Flocoyee 150 A U Ve T e S 2%

(3)

(4)
(5)

TRR =4ns @ IF = IR = 10 t0 200 mA irr = 0.1 IF
TRR = 6ns @ IF = IR = 200 to 400 mA irr = 0.1 IF
TRR =6ns @ IF = 10mA, IR = 1 mA irr = 0.1 mA
IF =200mA tr < 0.4 ns, tp = 100 ns

VFR = 1.0V, DU = 1%

IF = 10 mA

Ir = 10mA

Recover to 1 mA

(8)

Pulse width = 30us, duty cycle = 3%,

VF measured at 25 + 3us

()]
(10

0.1 us pulse width
RL =50 Ohms tr < 30 ns, 5 to 100 KC

Q@ IF = 1 mA MIL-STD-750 method 4061
IF = 100 mA peak square wave

VR =10V, f = 1 MHz
Ta = 1000C

IF =5mA, VR =40V
Rt = 2K, Q = 10 pF
Recover to 80 kQ

IF =30mA, VR = 35V
Recover to 400 kQ
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SILICON GENERAL PURPOSEDIODES

SILICON PLANAR DIODES

HOW TO USE THIS BUYING GUIDE

Standard general purpose diodes are listed in numerical order below.
Each diode has a line number referenced to the specification tables on
pages 2, 3 and 4. Use this buying guide two ways: select the diode by
type number, or locate the type number from the specification data.
ITT is the world's leading producer of diodes. Call your ITT sales engineer
or distributor for quotation on all your diode needs.

Part No. Line No. Part No. Line No. Part No. Line No. Part No. Line No.

IN194 45 1NB59 (1] IN305A 12 1N3§54 144

INT94A 4 1N662 126 1N906 10 1N3E6Y 98

1N195 46 1NBE2A 145 1N3DGA 12 IN3T3] 147

1N196 4 1NBE3 129 18307 27 1N3872 140

1N251 0 1NGEIA 146 INSOTA 30 1N4D09 16

1379 1 NG90 60 1N308 53 INd148° 108

1380 1 INBIY 130 INS08A 56 IN4149! 1o

1N381 3 1NE32 164 1914 107 1N4150° n

1N382 ] 1NG36 54 INS14JAN 142 IN4151° 120

1383 n INgsT 153 INS14A 4 INa152° 4 HIMENSIONS

N384 14 IN778 158 19148 124 1N4153 100

1N385 2 1N78Y 15 1NS16 109 1N4154" k1] uwas

1N386 40 1790 u INST6A 115 1N4305° n ot

1387 66 1N781 k4 1N3158 18 1N4380 76 L1 . =-= =

18388 n IN792 34 1N920 61 IN#4441 95 .3

1N389 a0 IN793 79 1821 132 INA445" 11 et i et

18390 103 INT94 78 1N322 165 14447 116

1N39) 137 1N735 82 1N325 48 TN4848 122

1N392 152 1N796 85 1N926 4 1N4449° 123

14393 168 797 157 18927 91 1N4450° 57 D07 PACKAGE

1N456 3 IN798 156 928 158 Tha451 59

IN45EA 36 1N799 159 1N529 15 1N4453° 1 p

1N457 80 1NBOS 153 1330 " 1N4454° 104 san

1N4574 84 1808 154 1N931 167 5298 8 B o =

1N460 138 INEIO 69 1934 8 §398 65 TL_

1N460A 128 1NBY 7 18993 ] 5400 13 T —a

TN451 28 1NB12 17 1N3062 1 5401 75

1N4GTA 35 INET] ] IN3063 102 5402 141

1N462 a3 INBI4 47 1N3064 105 5403 125 KAGE

1N4624 % 815 5 143055 % 5500 133 DOUELE:PLUG DIODE PAC

1N454 189 1NBIS 128 1N3066 106 5501 81

1N482 38 1NB37 149 1N3067 21 5502 62

1N4B2A 39 1NBITA 150 1N3068 1 5504 134

1N4828 58 1NB38 170 1N3069 2 5505 BE

1N483 9 1NB40 7 1N3123 50 5505 63 MECHANICAL DATA

1N4B3A 97 N4 m IN3124 51 5507 135 Case:

NBIY 18 1NBa4 151 1N3208 127 5508 83 Hermetically sealed glass

1NB25 13 1NE91 83 183298 1$g 5509 64 Finiehs

ING26 67 1N892 160 1N3500 wG140' 166 5 : .

NEDD 141 N9 5 1N3BO0USN 1 WGI41 148 All external sulrfal:es corrosion resistant

18§43 172 1N303A 55 IN3B04 139 wEG142" 74 and leads readily solderable

INGA3A 173 1N904 % 13605 4 Leads:

1NGSE 181 1N904A 29 1N3606 10 Dumet, tin plated

1NGSSA 162 1N995 ] 1N3507 m Weight:
0.135 grams (approx.)

Note: 1. Double plug diode package Mounting Position:
Any
Marking :
Diodes carry ITT identification, and are
ElA Color Coded. Bands 1. 2. 3 and 4 on
the illustration above indicate the first,
second, third and fourth digit respectively
of the type designation, starting from the
cathode end of the diode.
Black....... Green.......5
Brown Blue. . ...... 6
Red. Violet. ......7
Orange. . Gray........ 8
Yellow....... White. . ..... 9
»
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SILICON GENERAL PURPOSE DIODES

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

Ig In High Temp Ip Reverse Recovery Time trr Cap. C
v Part Line
Al Test No. No.
mA @ Vg uA @ Vg pA Vg “C lgmA Ve Rec. to | nsec | Condition | pf Vg
9 35 1 0.5 8.2 5 8.2, | 100 35 [ 1N379 1
n 30 1 0.5 10 5 10 100 30 ] 1N380 2
135 13 1 0.5 12 5 12 100 28 64 1N381 3
15 -] 1 05 5 10 5 125 5 —-10 0.5mA 250 JAN 256 1N813 4
15 100 15 05 5 10 5 125 § -10 0.5mA 250 JAN 256 IN81S 5
17 17 1 0.5 15 5 15 100 25 6 1N382 6
10 1 1 1 10 10 10 125 ] =10 0.5mA 250 JAN 256 z 0 1NB1Y 7
0 10 1.2 1 6 10 —6 ImA 4 Ry=750 1N993 8
20 10 1 0.1 20 10 20 100 10 -5 4 Ry=1000 1 [ 1N905 9
20 10 1 0.1 20 10 20 100 10 -5 4 Ry=1000 5 6 1N906 10
10 12 1 01 18 10 18 100 20 6 1N383 n
20 20 1 0.1 20 10 pii] 100 10 -5 1mA 4 Ry=10002 1 6 1NS05A 12
20 0 1 0.1 0 10 10 100 10 -5 TmA 4 Ry=1001 2.5 B INI06A 13
25 9 1 01 2 10 2 100 15 6 1N384 14
15 20 1 0.1 0 1N929 15
15 30 1 0.1 15 100 25 150 10 -6 1 R=1000 4 0 1N4D09 16
30 1 1 1 10 10 10 125 5 —10 2.5mA 250 JAN 256 2 0 1NB12 17
30 3 1 08 10 16 10 100 INB19 18
3 4 1.5 1 0 30 20 100 30 —35 400k | 1000 IBM Y Mod 1N625 19
k1] 5 1 0.1 10 10 10 100 5 =10 0.5mA 150 1 0 1N251 20
30 § 1 0. 20 100 20 150 10 -6 1mA 2 Ry=1000 4 0 1N3067 n
30 5 1 0.1 20 100 20 150 30 | 3omAz 1mA 50 Ry=10002 ] 0 1N3068 n
30 7 1 0.1 27 10 ] 100 12 [} 1N385 23
30 10 1 5 0 30 20 100 5 -0 200k02 250 1N790 %
30 10 1 1 20 30 20 100 5 -0 200k 500 1N789 25
30 10 1 0.1 30 10 30 100 10 -5 4 Ry=100¢2 1 [ 1N904 16
30 10 1 0.1 30 10 10 100 10 -5 4 Ry=1000 15 6 1NS07 7
30 15 1 05 25 30 25 150 10 0 1N4B1 18
30 0 1 0.1 30 10 30 100 10 -5 TmA 4 Ry=100 1 1] 1NSD4A 29
k1] 0 1 0.1 30 10 30 100 10 -5 1mA 4 Ry=10002 25 ] 1NS07A 30
30 40 1 0.025 25 1] 25 150 1N466 N
kli] 50 1 5 0 30 0 100 5 —20 200K 500 1N791 iy
k1] 0.01 | .43/.55 | 0.05 20 50 0 150 30 0 1N44531 33
0.1 | .51/.63
1 60/.1
10 .69/.80
100 .80/.92
30 100 1 L] 20 a0 20 100 5 —20 100ke 500 1N792 34
30 100 1 0.5 25 k1] 25 150 TN4B1A 35
a0 100 1 0.025 25 5 15 150 5 0 1N4SEA 36
35 0 1 0.1 25 100 25 150 10 ] 1mA 2 Ry=10002 1N4154 37
36 100 1.1 0.25 30 30 30 150 1N482 38
36 100 1 0.025 30 15 30 150 TN482A 39
n 5.5 1 0.1 kx] 10 3 100 10 1 1N386 40
40 0.1 | .49/.55 0.05 30 50 30 150 10 —B TmA 2 Ry=100%2 2 0 1N41521 41
0.25 | .53/.59
1 .59/.67
2 62/.70
10 .70/.81
20 74/.88
40 0.1 0.55 | 005 k1] 50 30 150 10 —6 TmA 2 Ry=1000 v 0 1N3605 42
40 1 2 10 40 300 50 150 30 —35 100 1N196 43
40 1 1 10 40 300 40 150 30 =35 200 TN184A 44
40 15 1 10 40 300 40 150 30 —35 200 1N194 45
40 2 2 10 40 300 40 150 0 35 300 1N195 46
40 2 1 0.1 20 10 20 125 5 —-10 0.5mA 250 JAN 256 1NB14 47
40 § 1 1 10 20 10 100 5 —=10 20k 150 JAN 256 1N925 48
40 § 1 01 10 10 10 100 5 -10 20k 150 JAN 256 1N926 49
40 10 1.5 01 40 10 40 100 10 -5 1mA 4 Ri=1000 0.8 6 1N3123 50
40 10 15 0.1 40 10 40 100 10 -5 1mA 4 R=10002 2 6 1N3124 51
40 10 1 0.1 40 10 40 100 10 -5 4 Ri=10002 1 6 1NS03 52
40 10 1 0.1 40 10 40 100 10 -5 4 Ry=10092 2.5 6 1N908 53
40 10 1 0.015 20 20 20 150 10 10mA 5 4 0 1N6I6 54
40 20 1 0.1 40 10 40 100 10 -5 1mA 4 Ry=10012 1 6 1NS03A 55
40 20 1 0.1 40 10 40 100 10 -5 1mA 4 R=1000 25 [ 1NS08A 56
40 0.1 .;2!.:: 0.05 30 50 30 150 10 —6 TmA 4 Ry=1000 4 0 1N44500 57
1 52/,
10 .64/.76
100 .80/.92
200 1
Notes: 1. Double plug diode package 2. lgmA



SILICON GENERAL PURPOSE DIODES

ELECTRICAL CHARACTERISTICS, continued

Ig Ip High Temp Iy Reverse Recovery Time trr Cap. C
Part Line
Vem Test No. No.
mA @ Vg pA @ Vg LA Ve °c lemA | Vg Rec. to | nsec | Condition | pf @ Vg
40 100 1 0.025 a0 5 30 150 1N4828 58
40 0.1 | .40/50 0.05 30 50 30 150 6 0 TN44511 59
1 .51/.61
10 .62/.712
100 .75/.88
300 1
40 400 1 0.25 30 50 30 150 500 =30 10k 800 Ri=1ka 1NG30 60
40 500 1 0.25 30 50 30 150 500 -3 10k 300 Ri=1k0 9 15 1N920 61
40 500 1 0.05 5 500 -0 10k 15 R=1000 7 g 5502 62
40 500 1 0.05 25 500 —30 10ka Kli} R =10002 7 9 S506 63
40 500 1 0.05 15 500 30 10k 50 Ry=1009 7 9 5509 64
40 500 0.9 0.2 15 500 —30 10ka 200 Ri=1kn 7 9 5398 65
43 4.5 1 0.1 39 10 39 100 8 B 1N387 66
50 4 1.5 1 35 30 35 100 30 —35 400k | 1000 IBM Y Mod 1NG26 67
50 6 1 5 50 25 50 100 30 —35 400k 300 JAN 256 2.7 10 1NG59 68
50 10 1 1 40 10 50 1NB10 69
50 150 1 0.1 40 15 40 100 30 —-35 400k 300 JAN 256 1NB40 70
50 1 54/62 | 0.1 50 100 50 150 0t 20t 4 irr=0.1 g 2.5 0 TN41501 n
10 66/.74 200 2002
50 76/.86 200 to] 200 to B ir=0.1Ig
100 .86/.92 400 4002
200 87/1.0 10 12 6 irr=0.1 mA
50 200 1 0.1 50 100 50 150 10 0.1mA 6 25 0 1N3600 1
50 200 1 0.1 50 100 50 150 10 1.1mA 4 Ry=1000 25 0 1N3600 13
USN
50 250 1 0.1 30 10 —6 1mA 6 Ri=1000 4 0 WG1421 74
50 400 1 0.1 30 400 =10 10kn 15 Ri=1000 7 9 5401 75
50 570 14 |50 50 570 —15 1mA 3 Ri=1000 3 15 1N4380 76
52 3.5 1 0.1 47 10 47 100 ] 6 1N388 77
60 10 1 5 50 30 50 100 5 —40 200k 250 1N794 78
60 10 1 1 50 30 50 100 § =20 200ka 500 1NT793 79
60 20 1 0.025 60 § 60 150 8 0 1N457 80
60 30 1 0.025 60 6 60 150 30 -35 400kq | 1000 1N934 81
60 50 1 5 50 3 50 100 5 —40 200k 2 500 1N795 82
60 50 1 0.1 50 25 50 100 80kn 300 JAN 256 1N891 83
60 100 1 0.025 60 § 60 150 TN45TA 84
60 100 1 5 50 30 50 100 5 ~40 100k 500 1N796 85
60 500 1 0.2 30 500 —50 10k 200 Ri=1kQ 7 9 5298 86
60 500 1 0.1 30 500 —30 10ka 15 Ri=1000 7 9 S501 87
60 500 1 0.1 30 500 =30 10k 30 Ry=1000 7 9 5505 88
60 500 1 0.1 30 500 -10 10kn 50 Ry=1000 7 9 S508 89
62 21 1 1 56 50 50 100 5.6 B 1N389 90
65 10 1 0.1 10 10 10 100 5 —10 20kn 150 JAN 256 1N927 91
65 50 1 0.1 50 100 50 100 30 |30mA2 | TmA 50 Ri=10002 6 0 1N3069 92
70 5 1 0.5 60 30 60 150 8 0 1N462 93
70 100 11 0.25 60 30 60 150 1N483 94
70 0.1 | 44/55 | 0.05 50 50 50 150 10 —§ TmA 2 Ri=1000 1 0 TN44441 95
1 .56/.68
10 69/.82
100 85/1.0
70 100 1 0.5 60 a0 60 150 1N4B2A 96
70 100 1 0.025 &0 15 60 150 1N483A 9
70 400 1.1 0.25 70 300 -10 TmA 200 Ry=1000 10 10 1N3669 98
75 0.1 053 | 0.1 50 100 50 150 10 —6 1mA 2 Ri=1000 1.5 0 1N3065 99
75 0.1 49/.55 0.05 30 50 a0 150 10 —B TmA 2 R=10002 i} TN41631 100
0.25| .53/.59
1 .59/.67
1 .62/.70
10 70/.81
0 .74/.88
75 0.1 0.55 0.05 50 50 50 150 10 —B 1mA 1 Ryi=1000 3 0 1N3606 101
75 0.25( 0.58 0.1 50 100 50 150 10 -1 TmA 4 Ri=1000 1 1N3063 102
75 2 1 1 68 50 68 100 5.2 6 1N390 103
75 10 1 10 —B TmA 2 Ry=1000 2 0 IN4454L | 104
75 10 1 0.1 50 100 50 150 10 -1 TmA 4 Ry=10002 2 0 TN3064 105
75 10 1 0.1 50 100 50 150 10 -5 TmA i) R=1000 1 0 1N3066 106
75 10 1 0.025 20 50 20 150 10 ] TmA 4 Ri=1001 4 0 1N314 107
75 10 1 0.025 20 50 20 150 4 0 1N41487 | 108
75 10 1 0.025 20 50 20 150 10 ~6 TmA ] Ri=1000 2 0 1N916 108
75 10 1 0.025 20 50 20 150 2 0 IN4T491 | 110
Notes: 1. Double plug diode package 2. lgmA
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SILICON GENERAL PURPOSE DIODES

ELECTRICAL CHARACTERISTICS, continued

I¢ Ig High Temp Ig Reverse Recovery Time trr Cap. C
v Part Line
RM Test Na. No.
mA @ Vg A @ Vg A Ve °c IemA | Vg Rec. to | nsec | Condition | pf @ Vg
L

75 20 1 0.1 50 TN930 m
75 20 1 0.1 50 100 50 150 0 —6 TmA 2 Ry=10012 1 0 1N3062 12
75 0 1 0.025 0 50 0 150 10 —6b TmA 4 Ri=1000 4 0 1N44461 | 113
75 20 1 0.025 0 50 20 150 0 —8 TmA 4 Ri=10052 4 0 INS14A 114
75 0 1 0.025 20 50 20 150 0 —6 TmA 4 Ri=1000 1 0 1NS16A 115
15 20 1 0.025 0 50 pii] 150 0 —b 1mA 4 R=10012 1 0 1N444TY | 116
15 0.25 ] .50/.58 1] —6 TmA 2 R=1000 4 0 1N4305Y | 117

1 55/.65

1 61/.1

10 .70/.81
75 30 1 0.025 20 50 0 150 0 —6 TmA 4 A=1000 2 0 1N916B 118
75 50 1 0.05 50 50 50 150 0 —6 1mA 2 Ri=10012 1 0 1N3604 19
75 50 1 0.05 50 50 50 150 0 —6 TmA 2 Ri=1000 2 0 1N41511 | 120
75 50 1 0.05 50 50 50 150 0 —6 TmA 2 Ri=10002 2 0 1N3607 121
75 5 .62/.72 | 0.025 20 50 20 150 10 —6 TmA 4 Ry=1001 4 0 1N4aagY | 122

100 1.0
75 33 .63/.73 | 0.025 0 50 0 150 10 —6 1mA 4 Ri=10002 1 0 1N44431 | 123

1.0
75 100 1 0.025 0 50 0 150 10 —B 1mA 4 Ri=10072 4 0 1N9148 124
15 200 1 0.1 50 100 50 150 200 |200mA2 ] 0.1mA 6 Ri=10012 25 0 5403 125
80 10 1 1 10 100 50 100 5 —40 100ks2 500 3 10 1NEB62 126
80 10 1 0.025 i} 50 0 150 10 —B TmA 4 Ri=1001; 4 1N3206 127
80 30 15 0.25 60 0 60 100 i —40 500 JAN 256 1NB18 128
80 100 1 5 75 50 15 100 5 —40 200ks2 500 TNGE3 129
80 400 1 0.25 60 50 60 150 500 —50 10k 800 Ri=Tkn 1NE9 130
80 400 1 0.1 50 400 —30 10ka 15 Ri=100¢2 7 9 5400 13
80 500 1 0.25 60 50 60 150 500 50 10k 300 Ri=1k2 NS 132
80 500 1 0.1 50 500 -0 10kn 15 Ru=10012 7 9 5500 133
80 500 1 0.1 50 500 -0 10ka 30 Ri=100¢ 7 9 5504 134
80 500 1 0.1 50 500 -0 10k 2 50 Re=1002 7 9 S607 135
80 500 0.9 0.2 60 45 60 150 500 —30 50mA 50 Ri=602 1N3298 136
90 1.5 1 1 81 50 82 100 4.8 6 N3N 137
a0 5 1 0.01 10 021 10 100 3 10 1N460 138
90 -15 1 0.01 10 0.2f 10 100 4 10 TN460A 139
a0 150 1 0.1 75 w00 -0 SmA 50 Ri=1000 § 0 TN3B72 140
100 1.5 1 15 30 15 100 0 —35 400ksy | 1000 IBM Y Mod ING27 141
100 10 1 5 15 50 0 150 10 ] Ry=10011 .8 1.5]  TN914JAN] 142
100 15 1 10 80 05 20 n 0 =35 400k 2 100 Ri=2kn §402 143
100 50 1 0.025 75 15 15 150 5 —65] 1mA 4 1N3654 144
100 100 1 1 10 100 50 100 5 —40 100k 300 JAN 256 1NB6ZA 145
100 100 1 0.1 75 15 75 100 5 —40 200k 300 JAN 256 1NG6IA 146
100 100 1 0.050 50 50 50 150 10 —6 TmA 3 Ri=1000 2 0 1N3731 147
100 100 1 0.050 50 10 —6 TmA K] Ri=1000 2 0 WGT411 148
100 150 1 0.1 15 15 15 100 a0 —35 400k 500 JAN 256 1NB37 149
100 150 1 0.1 80 15 80 100 n —35 400k 300 JAN 256 1NB37A 150
100 200 1 0.1 80 15 80 100 1] —35 400k 500 JAN 256 1NE44 151
10 12 1 1 100 50 100 100 4.5 6 1N382 152
10 4 1 0.5 100 50 100 125 5 —40 300 JAN 256 1NBO6 153
110 100 1 1 100 50 100 125 ki1 —35 300 JAN 256 1NB08 154

Ri=50002
11 10 1 0.5 100 30 100 125 ] —40 400k 300 JAN 256 1N778 155
120 10 1 5 100 30 100 100 5 —40 200k 250 1N788 156
120 10 1 1 100 30 100 100 5 —40 200k 500 1N797 157
120 10 1 0.1 10 10 10 100 5 —10 20k 150 1N928 158
120 50 1 5 100 30 100 100 5 —40 200k 500 1N799 159
120 50 1 0.1 100 25 100 100 80ka 300 JAN 256 1N892 160
120 100 1 0.05 50 25 50 150 5 —40 B0k 300 1N658 161
120 100 1 0.025 50 10 50 150 5 —40 80ka 300 JAN 256 1NG58A 162
120 250 1 1 50 100 =10 10mA 5 25 o 1NG97 163
120 400 1 0.25 90 50 90 150 500 —50 10k 800 Ri=Tke 1N692 164
120 500 1 0.25 a0 100 50 150 500 —50 10k 300 Ri=1ke2 1N922 165
125 150 1 10 —6 TmA 4 Ri=1001 WG1401 166
125 20 1 0.1 100 193 167
135 0.9 1 1 120 50 120 100 4.2 6 1N393 168
150 3 1 0.5 125 30 120 150 1N464 169
150 150 1 0.1 125 15 125 100 0 —35 400k 500 JAN 256 1N838 170
150 150 1 0.1 120 15 120 100 i —35 400k 300 JAN 256 1NB41 m
175 10 1 0.025 10 15 100 100 5 —40 200kg: 300 1NG43 172
175 40 1 1.0 100 15 100 100 3 =10 TNG43A 173
Notes: 2. IzmA 1. Double plug diode package
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1N914

SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR
SWITCHING DIODE

ABSOLUTE MAXIMUM RATINGS

022
(o]}

DIMENSIONS

fs]

. TS

CHARACTERISTICS @ 25°C | UNITS 146 | 355 o ¥ :.3:"[
Peak Inverse Voltage. . ........... 100 Volts
Power Dissipation. . ............. 250 mwW
Storage Temperature. . .. ......... —65 to +200 °C DO-7
Avg. Rect. Fwd. Current. . . .. ..... 75 mA
Surge Current; 1 SeCia i dapssia i 500 mA
ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.
SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
PIV 100 Vdc le=100pA
Ie 5.0 pA Vy=75V
.025 rA Ve=20V
50 pA V=20V, T=150°C
Ve 1.0 Vdc l;=10 mA
Te 4.0 nsec le=10 mA, Ve=6V
Cc 4.0 pF V=0V
Te 25 Vdc 50 mA Peak Square Wave,
0.1usec Pulse Width, 5 KC
Rep. Rate, Max. Volt. Drop
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JAN1N914°
SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR
SWITCHING DIODE

DIMENSIONS
The ITT JAN 1N914 diode meets MIL-S-19500/116B.
022 M0
o8 . T
ABSOLUTE MAXIMUM RATINGS (— l—l
2 | wo_ | 300 T ohh rooJ
CHARACTERISTICS (@ 25°C I UNITS T T MAx T i
Peak Inverse Voltage. . ........... 100 Volts
Power Dissipation. . ............. 250 mW
Storage Temperature., . . .......... —65 to +200 il DO-7
Avg. Rectified Fwd. Current........ 75 mA
Surge Current, 1 second. . ........ 500 mA
ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.
SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
PIV 100 Vdc le=100pA
Ig 25 nA V=20V
5.0 wA Vy=75V
50 rA Ve=20V, T=150°C
100 wA Ve=75V, T=150°C
Ve 1.0 Vde =10mA
C 4.0 pF Ve=0V
28 pF Ve=1.6V
1 5.0 nsec li=1k=10mA, C=3pF,
R.=1002, Rec. to 1.0mA
T 5.0 Vdc 50mA/20 nsec, Rep. Rate
Less than 100 KC
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1N916°
SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR
SWITCHING DIODE

DIMENSIONS
o022 dio_
os MAX
A Y (N )

ABSOLUTE MAXIMUM RATINGS

T pe Wl
! ’z.oo | 00 _|_§ loo

CHARACTERISTICS @ 25°C | UNITS N, R MIN,
Peak Inverse Voltage. . ........... 100 Volts

Power Dissipation. . ............. 250 mwW

Storage Temperature. . . .......... —65 to +200 °c Dot

Avg. Rect. Fwd. Current........... 75 mA

Surge Current, 1sec.............. 500 mA

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

SYMBOL MIN. TR, MAX. UNIT CONDITIONS
PIV 100 Vdc le=100 pA
la 5.0 kA V=75V
025 uA V=20V
50 pA V=20V, T=150°C
Ve 1.0 Vdc ;=10 mA
T 4.0 nsec le=10 mA, Vy=6V
C 2.0 pF V=0V
T 2.5 Vdc 50 mA Peak Square Wave,
0.1usec Pulse Width, 5KC
Rep. Rate, Max. Volt. Drop.
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1N4148°

SILICON PLANAR DIODE

SILICON
EPITAXIAL
PLANAR
DIODE

ONE PIECE GLASS—HERMETICALLY SEALED

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS
020
_fwa
wo | e | ¥ I
MIN T max, .

CHARACTERISTICS (@ 25°C: UNITS
Storage Temperature Range. . ....... —65 to 200 °C
Lead Temperature 1/16 = 1/32" from

CASE T ONSO0 s saipvimin: b e 300 e
Continuous Reverse Operating Voltage. 75 Volts
Power Dissipation................. 500 mWw
Derating Factor. .. awe weas o 2.85 Mw/°C

DOUBLE PLUG DIODE

ELECTRICAL CHARACTERISTICS @25°C unless otherwise noted

CHARACTERISTIC MIN. TYP. MAX. UNIT CONDITION

Peak Inverse Voltage 75 V bua

Peak Inverse Voltage 100 Vv 100a

Forward Voltage 1.0 \'% 10mA

Reverse Current 25 na 20V

Reverse Current 150 50 < ua 20V
Capacitance 4 pf oV

Reverse Recovery Time Note 1 4 nsec TmA

Note1. If=10mA  Vr=6V  R;=100 ohms  recoverto1. mA
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ITT600 ITT600DPD ITT600 MP®

SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR
SWITCHING DIODE

ABSOLUTE MAXIMUM RATINGS

CHARACTERISTICS @ 25°C UNITS
Peak Inverse Voltage. . ........... 75 Volts
Avg. Rect. Current. .. ............ 200 mA
Recurrent Peak Fwd. Current....... 900 mA
Surge Current, 1seC.. ......couvn 1 Amp
Power Dissipation. . ............. 500 mw-
Operating Temperature. . . ........ —65to +150 €
Storage Temperature. . .. ......... —65t0 +175 o

DIMENSIONS

DIMENSIONS

' i : _ax
Wi [T v ]

MIN, MAX,

DOUBLE PLUG DIODE

DIMENSIONS

062
Dzo £ MAX.

LIS e SN

100 MIL PACKAGE

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Ve .87 1.0 Vdc =200 mA
.82 .92 Vdc le=100 mA
76 .86 Vdc ;=50 mA
.66 74 Vdc lr=10 mA
54 .62 Vdc le=1 mA
In 100 nA Vi=50V
100 uA V=50V, T=150°C
PIV 75 Vdc le=5uA
C 25 pF Vy=0V
T 4.0 nsec le=1=10 to 200 mA
Rec. to 0.1 of I¢
6.0 nsec l;=1=200 to 400 mA
Rec. t0 0.1 of I;

10-11



ITT601 ITT601 DPD ITT601 MP
SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR

DIMENSIONS

o2z o
as ¥ wax

wo__| 2 [T |.ooJ

MIN. MAX, MIN

DO-7

SWITCHING DIODE

DIMENSIONS
e

L_@ Jsien = F |

MIN, i

DOUBLE PLUG DIODE

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS

020 062

; _§ max
L L

100 MIL PACKAGE

CHARACTERISTICS @ 25°C UNITS
Peak Inverse Voltage. .. .......... 50 Volts
Avg. Rect. Current. . ............. 200 mA
Recurrent Peak Fwd. Current....... 900 mA
Surge Current, 1.seC.....vvvvwinn 1 Amp
Power Dissipation. . ............. 500 mwW
Operating Temperature. ... ........ —65 to +150 i o5
Storage Temperature. . .. ......... —65to +175 @

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Ve 1.2 Vdc l=500mA
1.0 Vde l;=400mA
.80 .90 Vdc l;=200mA
.75 .85 Vdc li=100mA
.62 .70 Vdc li=10 mA
I 100 nA V=30V
100 A Ve=30V, T=150°C
PIV 50 Vdc lg=5pA
C 3.0 pF V=0V
Ter 6.0 nsec lr=1g=10 mA, R.=1000
Rec.t0 1.0 mA
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ITT700 1N5220°

SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR
SWITCHING DIODE

ABSOLUTE MAXIMUM RATINGS

DIMENSIONS

CHARACTERISTICS @ 25°C UNITS - e
Peak Inverse Voltage. . ........... 30 Volts
Avg. Rect. Current. . ............. 50 mA L 100 | 50T mo__‘I
Recurrent Peak Fwd. Current. . ... .. 150 mA M i A
Surge Current, 1sec.............. 150 mA
Power Dissipation. . ............. 250 mwW
Power Derating Factor. . .......... 2 mw/°C DO-7
Operating Temperature. . . .. ...... —65to +150 G
Storage Temperature. . . .......... —65to +175 °c
ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted.
SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
PIV 30 Vdc lg=buA
Ve .89 11 Vdc le=50 mA
.81 .95 Vdc ;=20 mA
.76 .88 Vdce le=10 mA
.64 74 Vdc le=1 mA
b2 .61 Vdc =100uA
42 .60 Vde =10pA
Ig 50 nA Vn= 1 5V
50 uA Vy=15V, T=150°C
B .7B pF V=0V
T 700 psec li=1z=10 mA, 1002
Pulse Gen., .25 nsec
Detector .1 nsec; Rec.
to 1.0 mA
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ITT2001 ITT2002

ITT2003
SILICON SWITCHING DIODE

SILICON
EPITAXIAL
PLANAR

SWITCHING DIODE

For General Purpose High-Voltage Applications

MAXIMUM RATINGS @ 25°C (NOTE 1)

DIMENSIONS
> i
"?ﬁ=

_0_0 L
MIN MAX.

DOUBLE PLUG DIODE

ITT 2001 ITT 2002 ITT 2003
Peak Inverse Voltage ... .. ... .. ... 100 Volts 200 Volts 250 Volts
Average Rectified Current .. 150 ma 150 ma 150 ma
Forward Current Steady State D.C. . ... 250 ma 250 ma 250 ma
Recurrent Peak Forward Current .. 400 ma 400 ma 400 ma
Peak Forward Surge Current Pulse
Width of 1.0 Second w2 CLOA 1.0A 1.0A
Power Dissipation . 300 mw 300 mw 300 mw
Power Derating . Ay MR SAE 3.3 mw/°C 3.3 mw/°C 3.3 mw/°C
Operating Temperature —B5°Cto +175°C| —65°Cto +175°C| —65°Cto +175°C
Storage Temperature, Ambient —65°C to +200°C| —65°Cto +200°C| —65°C to +200°C

ITT2001 — ELECTRICAL CHARACTERISTICS

(25°C unless otherwise noted)

SYMBOL|PARAMETER MIN MAX UNITS TEST CONDITIONS

VF Forward Voltage 1.0 Volts IF=100 ma

IR, Reverse Current 0.1 ua VR=50V

IR, Reverse Current (150°C) 100 ua VR=50V

BV Breakdown Voltage 100 Volts IR=100 ua

Qs Store Charge (Note 2) 500 pc IF=10 ma

Co Capacitance 5.0 pf VR=0V, f=1 MHz
NOTES: 1. The maximum ratings mre limiting values above which lite or mey be | ired.

2. This test is eguivalent to Trr @ IF = IR = 30 ma, AL — 100 ohms, ucuv-rou 1o 3 ma to be less than 50 nsec.
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ITT2001 I1TT2002 ITT2003

ITT2002 — ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

SYMBOL|PARAMETER MIN MAX UNITS TEST CONDITIONS
VF Forward Voltage 1.0 Volts IF=100 ma

IR, Reverse Current 0.1 ua VR=150V

IR; Reverse Current (150°C) 100 ua VR=150V

BV Breakdown Voltage 200 Volts IR=100 ua

Qs Storage Charge (Note 2) 500 pc IF=10 ma

Co Capacitance 5.0 pf VR=0V, f=1MHz

ITT2003 — ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

SYMBOL [PARAMETER MIN MAX UNITS TEST CONDITIONS
VF Forward Voltage 1.0 Volts IF=100 ma

IR, Reverse Current 0.1 ua VR=150V

IR, Reverse Current (150°C) 100 ua VR=150V

BV Breakdown Voltage 250 Volts IR=100 ua

Qs Store Charge (Note 2) 500 pc IF=10 ma

Co Capacitance 5.0 pf VR=0V, f=1MHz
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ITT3001 ITT3002 ITT3003°
SILICON PLANAR DIODE

HIGH VOLTAGE
HIGH TEMPERATURE

DOUBLE PLUG DIODE

g _ ek
For General Purpose, High-Temperature, High-Voltage Applications ; L)
p p 9 ge App ,';j‘f—-l-—ﬁ-—l-——.i
DIMENSIONS
MAXIMUM RATINGS (25°C) NOTE 1
3001 3002 3003
Peak Inverse Voltage .= . .. 70 Volts 150 Volts 200 Volts
Average Rectified Current ...100 ma 100 ma 100 ma
Forward Current Steady State D.C. ... 200 ma 200 ma 200 ma
Recurrent Peak Forward Current .. .300 ma 300 ma 300 ma
Peak Forward Surge Current Pulse
Width of 1.0 Second ... 1.0A 1.0A 1.0 A
Power Dissipation R R 250 mw 250 mw 250 mw
Power Derating ... 20mw/°C 2.0 mw/°C 2.0mw/°C
Operating Temperature —65°Cto +175°C | —65°Cto +175°C | —65°C to +175°C
Storage Temperature, Ambient ... —B65°Ctq +200°C | —65°Cto +200°C | —65°C to +200°C
ITT 3001 — ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)
SYMBOL|PARAMETER MIN MAX UNITS TEST CONDITIONS
VF Forward Voltage 1.0 Volts IF=100 ma
IR, Reverse Current 0.025 ua VR=60V
___ IR |Reverse Current (150°C) o e SB Al s ) - AHSEOY
sl BV ‘__Breakc_!_qwn Eitage _70 i |1 e Volts IR=100 ua
_ Co  |Capacitance i : 8 pf VR=0V, f=1MHz _

NOTES:

1. The maximum ratings are limited values above which life or satisfactory performance may be impaired.
2. All Diodes must have black body coat.

10-16



ITT3001 ITT3002 ITT3003

ITT3002 — ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

SYMBOL| PARAMETER MIN MAX UNITS TEST CONDITIONS
VF Forward Voltage - 1.0 Volts IF=200 ma
IR, Reverse Current 1.0 na VR=125V
IR, Reverse Current (150°C) | 30 ua VR=125V
BV Breakdown Voltage 150 Volts IR=100 ua
Co Capacitance 6.0 pf VR=0V, f=1MHz

ITT3003 — ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted)

SYMBOL|PARAMETER MIN MAX UNITS TEST CONDITIONS
VF Forward Voltage 1.0 Volts IF=100 ma
IR, Reverse Current .025 ua VR=175V
IR, Reverse Current (150°C) 5 ua VR=175V
BV [Breakdown Voltage | 200 | Volts IR=100 ua
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1N5194 1N5195 1N5196°

GENERAL-PURPOSE HIGH-TEMPERATURE DIODES

GENERAL PURPOSE
SILICON DIODE

This device is a Silicon Double Plug Diode for general-purpose, high-,
temperature application in computer, industrial and military applications.

ABSOLUTE MAXIMUM RATINGS

Storage temperature range, T,y .. ..

Lead or terminal temperature at a distance not less than
1/16" from the seated surface (or case) for 2 seconds . ...

Reverse voltage, 25°C free air g
Maximum steady state power dissipation at 25°C, free air
Derating factor

DIMENSIONS

DOUBLE PLUG DIODE

e 3 —55°C to +200°C

+275°C
1N5194 I 1N5195 | 1N5196
80V 200V 250 V
250mw 250mw 250mw

1.43mw/°C | 1.43mw/°C| 1.43mw/°C

ELECTRICAL CHARACTERISTICS 1N5194 1N5195 1N5196
MIN MAX MIN MAX MIN MAX
Forward Voltage, Vf @ If = 100 ma 1.0V 1.0V 1.0Vt
Breakdown Voltage, Bvr Ir = 100 ua 80V 200V 250V
Reverse Current, Ir @ Vr = 70 V 25 na 25 na* 25 na*
Reverse Current, Ir @ Vr = 70 V @ 150°C 5ua 5ua” 5ua”
t Pulsed—width 8.5 msec max duty cycle 29 or less * Vr=180V * Vr=225V
DO-7 TYPES DPD TYPES
IN483B IN5194
CROSS-REFERENCE TO ELECTRICAL EQUIVALENTS IN4B5B IN5195
IN4BEB IN5196
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1N5605 1N5606 1N5607 1N5608 1N5609®

GENERAL PURPOSE DIODES

GENERAL PURPOSE
SILICON DIODES

This device is a Silicon Double Plug Diode for general purpose use g Mok
in computer, industrial and military applications. %==Eﬁ=
L_I.OO J 160 |_f |
MIN, ToMAx. X
DIMENSIONS

ABSOLUTE MAXIMUM RATINGS
Storage temperature range, T.,

................... —65°C to +200°C

Lead or terminal temperature at a distance not less than
1/16" from the seated surface (or case) for 15 seconds .

.......... +275°C
1N5605 1N5606 1N5607 1N5608/9
Reverse voltage, 25°C free air ... ............ 70V 150V 200V 120V
Maximum steady state power
dissipation at 25°C, free air .. ... .. ... ... ... 250mw 200mw 200mw 250mw
Derating factor . .ouvss vosniemmsas o st 2mw/°C
ELECTRICAL CHARACTERISTICS
1N5605 1N5606* 1N5607*
MIN MAX MIN MAX MIN MAX
Forward Voltage, Vi@ If = 20ma .. .. .. 1.0V 1.0V 1.0V
Breakdown Voltage, Bvr Ir = 100 ua . 70V 150 V 200V
Reverse Current, Ir@ Vr = 60V ... ... . .. 25 na 25 na 25 na
Reverse Current, Ir @ Vr = 60V @ 150°C . . 5ua 5ua 5ua

10-19

"I =7ma, Vr =125V

i =3ma. Vr=175V



1N5605 1N5606 1N5607 1N5608 1N5609

ELECTRICAL CHARACTERISTICS — 1N5608 MIN MAX
Forward Voltage, Vi@ If = 100ma . ........... ... . AR e 1.0V
Breakdown Voltage, Bvr

| == 1 0L - s O 0 SO S .- 120V
ReVerse CHien i @IS0 i el e e st s e s S m ok o I 50 na
Reverse Current, It @ 50OV @ T80%C .o vnvi: s sanansssami s 25 ua
*Reverse Recovery Time, Trr

If =5ma,Vr =40V

R1 = 2K, C1 = 10 pf

Recover to 80K ohms Y T R TR T S e e B e A i 300 nsec

ELECTRICAL CHARACTERISTICS — 1N5609 MIN MAX
Forward Voltage, Vf @ If = 6 ma e n ey, B S 1.0V
Breakdown Voltage, Bvr

Ir = 100 ua A, P S S 120V
Reverse Current, Ir @ 100V ... ... .. .. . .. . I, s 5ua
Reverse Current, Ir @ 100V @ 100°C . e ; e B 50 ua
Capacitance, C

Vr=10V,f =1 mc e ol e e T Y 2.7 pf
Reverse Recovery time, Trr

If = 30 ma, Vr = 35V,

Recover to 400K ohms ’ i . e DS 300 nsec

DO-7 TYPES DPD TYPES
1N457 1N5805
CROSS-REFERENCE TO ELECTRICAL EQUIVALENTS 1N458 1N5606
1N458 1N5607
1NES8 1N5608
1NB60 1N5609
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