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ITT709·A® 
HIGH PERFORMANCE OPERATI ONA L AMPLI FIER 

HIGH PERFORMANCE 
OPERATIONAL 
AMPLIFIER 
• Tight Transient Response Specs 
• Low Input Offset Voltage 
• Large Input Common Mode Range 
• High Output Voltage Swing 

The MIC 709-A is a high-ga in operational amplifier constructed on a 
s ingle 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 
device displays except iona l temperature stabil ity and will operate 

over a 14-36 voltage range with little degradation of performance. 
The amp lifier is intended for use in DC servo systems, high impedance 
analog computers, in low-level instrumentation applications and for 
the generation of i,pecial l inear and nonlinear transfer funct ions. The 
709A is a direct plug in replacement for the 709. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTER ISTICS 

Supply Voltage ..... . . . ......... . 
Internal Power Dissipation (Note 1) . . 
Differential Input Voltage ....... . . . 
Input Voltage . . . . . ...... . . . .... . 
Output Short-Circu it Duration 

(T,. = 25°C) ............ . . 
Storage Temperature Range . . . , ... . 
Operating Temperature Range .... . . 
Lead Temperature (Soldering, 60 sec) 

36 
300 

± 5.0 
± 10 

5 
-65 to + 150 
- 55 to + 125 

300 

UN ITS 

Volts 
mW 
Volts 
Volts 

sec 
•c 
•c 
·c 

NOTE 1: Rating applies for case temperatures to + 125°C; de rate linearly at 5.6 
mW/°C for ambient temperatures above +95°C. 
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DIMENSIONS 

SIMILAR TO T0-5 
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ITT709 ·A 

ELECTRICAL CHARACTERISTICS (T,.= +25 °C, ± 9V5V s5 ± 15V unless otherwise noted) 

PARAMETER (see defi nitions ) MIN. TYP. MAX. UNITS 

Input Offset Voltage 0.6 2.0 mV 

Input Offset Current 10 50 nA 

Input Bias Current 100 200 nA 

Input Resistance 350 700 Kn 

Output Resistance 150 n 

Powe r Consumpt ion 75 108 mW 

Transient Response 
Risetime 1.5 µ,s 

Overshoot 30 % 
.. 

The following spec1hcat1ons app ly for -55°C< T,. <+125 °C· 

Input Offset Voltage 
Average Temperature Coeffi c ient 

of Input Offset Voltage 

Large-Signal Voltage Gain 

Output Voltage Swing 

Input Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 

Supply Curren t 

Power Consumpt ion 

Input Offset Cur rent 

Input Bias Current 
Input Resistance 

3.0 mV 

1.8 10 µ.V/°C 

1.8 10 µ,V/ °C 

2.0 15 µ,V /°C 

4.8 25 µ,V/°C 

0.08 0.5 nA/ ° C 

0.45 2.8 nA/°C 

25,000 70,000 

± 12 ± 14 V 

+ 10 + 13 V 

+ 8.0 V 

80 110 db 

40 100 µ,VIV 

2.1 3.0 mA 

2.7 4.5 mA 

63 90 mA 

81 135 mA 

35 50 nA 

40 250 nA 

300 600 nA 

85 170 k!l 

FRE:OUENC'r' COMP(NSAT l0ff CIRCUIT 

., 
c, 

J-2 

•2. 

• USE Rz •50.n WHEN 
THE AMPLIF IER IS 
OPERATED WITH 
CAPACITIVE LOAOtNG, 

CONDITION S 
Rs 5 10Kn 

Vs= + 15V 
V;. = 20mV, R, = 2Kn, 
C, = 5000 pF, R, = 1.5 Kn, 

c , =200pF, R, =5on 

c,< 100pF 

Rs510Kfi 
Rs=50fi T,.= +25°C TO 
T,.= + 125° C 
Rs= 50!l T,.= +25 °C TO 
T,.= -55°C 
Rs5 10Kfi T,.= +25°C TO 
T,.= +125°C 
Rs=10Kn TA= +25°C TO 
TA= -55°C 
T,.= +25 °C TOT ,.= + 125° 0 
T,.= +25°C TOT ,.= + 55°C 

Vs=± 15V, R, 2'.2Kfl, 
V0 ,, = ±1 0V 

Vs= ±15 V, R, ~10Kfi 
Vs= + 15V, R, ~ 2K!l 
V5 =+ 15V 
Rs< 1 OK fl 
Rs 510Kfl 
TA= +125°C , Vs= ± 15V 
TA= -55°C, Vs=+15 V 
TA= +125 ° C, Vs= ± 15V 
T,.= - 55°C , V5 = + 15V 

T,.= +125 ° C 
TA= - 55°C 
T,.= -55 °C 

TRANSIENT RESPONSE TEST ORCUIT 

101<0 

Rz Vour 



GUARANT EED ELECTRICAL CHARACTER ISTICS 
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INPUT CQMMON MOOE VOLTAGE RANGE -
~ 
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ITT709·A 

TYPI CAL PERFORMANCE CURVES, continued 
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C\.OSE0·L 00P GAIN 

INPUT OFFSET VOLTAGE-That voltag e which must be applied between the input terminals to obtain zero outp ut voltage. The input offset 
voltage may also be defin ed for the case whe re two equal resistances are inserted in series w ith the input leads. 

INPUT OFFSET CURRENT-The dif ference in the currents into the two input terminals w ith the output at zero volts. 

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

INP UT BIAS CURRENT- The average of the two input currents. 

INPUT VOLTAGE RANGE-A range of voltage whi ch, if exceeded on either input terminal, could cause the amplifie r 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 
thi s range. 

LARGE-SIGNAL VOLTAGE GAIN-The ratio of the maximum output voltage sw ing wi1h load to the change in input voltage required to 
drive the output from zero to this voltage . 

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

OUTPUT RESISTANCE-The resistance seen looking into the output terminal wit h 1he output at null . This parameter is defined only under 
small signal cond itions at frequenc ies above a few hundred cycles to eliminate the infl uence of drift and thermal feedback. 

POWER CONSUMPTION - The DC power required to operate the amplifier wit h the outp ut 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 produc ing it. 

TRANSIENT RESPONSE- The closed-loop step func1ion response of the amplifier under small-signa l condit ions. 

3-4 



ITT709® 
HI GH PERFORMANC E OPERATI ONA L AM PLIFI ER 

HIGH PERFORMANCE 
OPERATIONAL 
AMPLIFIER 
• Tight Transient Response Specs 
• Low Input Offset Voltage 
• Large Input Common Mode Range 
• High Output Voltage Sw ing 

The MIC709-1 and MIC709-5 are high-gain operationa l ampl ifiers con
structed on a sing le silicon chip using the ITT Planar epitaxial process. 
They feature low offset , high input impedance , large input common 
mode range, high output swing under load and low power consumptio n. 
The devices display exceptiona l temperatu re stabi lity and wil l operate 
over a wide voltage range wi th little degradation of performance. 
These amplifiers are intended for use in DC servo systems, high 
impedance analog computers , in fow-leve l instrumentat ion applications 
and for the generation of spec ial linear and nonlinear t ransfer 
functions. The devices utilize the same pin configurat ion. 

ABSOLUTE MAXIMUM RATINGS 

CHARACT ERISTICS 

Supply Voltage 
Interna l Power Dissipa tion (Note 1) 
Differential Input Voltage 
Input Voltage 
Output Short-C ircuit Duration 

(T,.=25 °C) 
Storage Temperature Range 
Operati ng Temperature Range 

(Note 2) 
Lead Temperature (Solder ing, 60 sec) 

± 1? 
300 

± 5.0 
± 10 

5 

- 65 to + 150 
-55 to + 125 

300 

UNITS 

Volts 
mW 
Volts 
Volts 
sec. 

oc 
oc 

oc 
NOTE 1: Rating applies to the MIC709-1 at case temperatures to +125 °C; derate 

linearly at 5.6 mW/ °C for ambient temperatures above + 95°C. The rating 
for the MIC709-5 is 250mW and applies for case temperatures to + 70°C. 

NOTE 2: Rating for the MIC709-5 is 0° to + 70°C. 

3-5 

DIMENSIONS 

SIMILAR TO TO-5 

CONNECTION DIAGRAM 
(Top View) 

V· 
NOTE: PIN 4 CONNECTED TO CASE. 

DUAL IN-LI NE PACKAGE 
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ITT709 

ELECTRICAL CHARACTERISTICS (TA= + 25°C, ±9V $ V5$± 15V unless othe rwise noted) 

PARAMETER (see definit ions) MIN. TYP. MA X. UNITS CONDITIONS 

Input Offset Voltage 1.0 5.0 mV Rs< 10Kn 
Input Offset Current 50 200 nA 
Input Bias Current 200 500 nA 
Input Resistance 150 400 Kn 
Output Resistance 150 Q 
Powe r Consumption 80 165 mW Vs=± 15V 
Transient Response . V.,= 20mV, R,= 2Kn, 

Risetime 0.3 1.0 µS C,= 5000 pF, R, = 1.5 Kn, 
C2= 200 pF, R2= 50Q 

Overshoot 10 30 % C,$ 100 pF 

The following specifications apply for -55 °C ::;TA:::;+ 125°C: 

Input Offset Voltage 6.0 mV Rs< 10Kn 

Average Temperature Coeffici ent 
of Input Offset Voltage 3.0 µVJ°C Rs= 50n 

6.0 µV/°C Rs< 10K!"l 
Large-Signal Voltage Gain Vs= ± 15V, R,~ 2Kn, 

25,000 45,000 70,000 V,,.,= ± 10V 

Out put Voltage Swing ± 12 ± 14 V Vs= ± 15V, R,~ 10Kn 
± 10 ± 13 V Vs= ± 15V, R,> 2Kn 

Input Voltag e Range ± 8.0 ± 10 V Vs= ± 15V 

Common Mod e Reject ion Ratio 70 90 db Rs< 10Kn 
Supply Voltag e Reject ion Ratio 25 150 µV/V R5< 10Kfl 
Input Offset Current 20 200 nA TA= + 125°C 

100 500 nA TA= -5 5°C 
Input Bias Current 0.5 1.5 µA TA= - 55°C 
Input Resistance 40 100 kn 

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

INPUT OFFSET CURRENT-The dif ference in the currents into the two input terminals wit h the outpu t at zero volts. 

INPUT RESISTA NCE- The resistance looking into either input terminal wit h the other groun ded. 

INPUT BIAS CURRENT- The average of the two input currents. 
INPUT VOLTAGE RANGE-A range of voltage whic h, if exceeded on either input terminal, could cause the amplifier to cease functioning 
properly. 
INPUT COMMON MO DE REJECTION RATIO-The ratio of the input voltage range to the maximum change in input offset voltage over 
this range. 
LARGE-SIGNAL VOLTA GE· GAI N- The ratio of the maximum output voltage swing w ith load to the change in input voltage required to 
drive the output from zero to this voltage. 
OUTPUT VOLTAGE SWING-The peak out put swing , referred to zero, that can be obtained without clipping . 

OUTPUT RESISTAN CE-The resistance seen looking into the outp ut terminal with the output at null. This parameter is defi ned only under 
small signal condi tions 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 amplif ier wi th the output at zero and with no load current. 

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

3- 6 



ITT709 

ELECTRICAL CHARACTERISTICS (Vs= ±15V, TA= 25°C un less otherwise specified) 

PARAMETER MIN. TYP. MAX. UNITS 

Input Offset Voltage 2.0 7.5 mV 

Input Offset Current 100 500 nA 

Input Bias Current 0.3 1.5 µA 

Input Resistance 50 250 Kn 

Output Resistance 150 n 

Large-Signa l Voltage Gain 15,000 45,000 

Output Voltage Swing ± 12 ± 14 V 
± 10 ± 13 V 

Input Voltage Range ± 8.0 ± 10 V 

Common Mode Reject ion 65 90 db 
Ratio 

Supply Voltage Rejection 25 200 µV/V 
Ratio 

Power Consumption 80 200 mW 

Transient Response 
Risetime 0.3 1.0 µ$ 

Overshoot 10 30 % 

The following specifications apply for 0°C sTA s + 70°C 

Input Offset Voltage 

Input Offset Current 

Input Bias Current 

Large-SignaJ Voltage -Gain 

Input Resistance 

., 
'°' 

CIACUIT DIAGRAM 

lt.lPt,/ t 
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FREQUENCY COMPEN$AT10N CIRCUIT 

c, 
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• USE R2 .. 5on WHEN 
THE AMPLIFIER IS 
OPERATED WITH 
CAPACITIVE LOAOING. 

CONDITIONS 

Rs:$1 OK, ± 9V :$Vs:$ ± 15V 

RL2':2K, Vour=± 10V 

RL2':10K 
Rl2':2K 

Rss 1 OK 

Rss 1 OK 

V;.= 20mV, Rl=2Kn, 
C1 =5000 pF, R, =1 .5 Kn, 
C2= 200pF, R2=50Q 
cls 1 oopF 

Rss 1 OK, ± 9VsVss ± 15V 

RL2:2K, Vour= ± 1 0V 

TR ANSI ENT RESPONSE T£ST CIRCUIT 

IOKO 

I 



ITT709 

GUARANTEED ELECTRICAL CHARACTERIST ICS 
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TYPICAL PERFORMANCE CURVES, continued 

OUTPUT VOLTAGE SWING 
POWER CONSUMPTION VS AMBIENT TEMPERATURE INPUT BIAS CURRENT VS SUPPLY VOLTAGE ASA FUNCTION OF LOAD RESISTANCE 
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ITT710® 
HIGH SPEED DIFFERENTIAL COMPARATO R 

HIGH SPEED 
DIFFERENTIAL 
COMPARATOR 

• Low Offset Voltage 
• Low Offset Current 
• High Voltage Gain 
• Fast Response Time 

The ITT MIC 710 is a diffe rential voltage comparator which 
offers high accuracy and fast response times. The entire 
circu it is contained on one sil icon chip and is mar.iufactured 
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 
trigg er, a pulse height discrimi natot, a memory sense ampli 
fier, a high noise immunity line receiver, or in high speed 
A-D conversion and multivi brato r functions. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Posit ive Supply Voltage 
Negative Supply Voltage . . 
Peak Output Current .... . 
Different ial Input Voltage 
Input Voltage . .. .. . . ... . 
Interna l Power Diss ipation ....... . 

(MIC710-1 Note 1, MIC710-5 Note 2) 
Operating Temperature Range MIC710-1 

MIC710-5 
Storage Temperature Range . . . . .. ... . 
Lead Temperat ure (Solderin g, 60 sec.) . . . 

UNITS 

+ 14.0V 
- 7.0V 
10 mA 
± 5.0V 
± 7.0V 
-300 mW 

- 55° to + 125°C 
0° to + 70°C 
-65 ° to +150 °C 
300°c 

3- 10 

AI.TERNATE INDEX OOt 

SIMILAR TO T0-6 

NOT£. l)IMf "ISIOHS AS PCII t.AtUt 
JS · IO CO.t,l.tr,111ft[.( 
.tU . 04ME.NSIOHS lfrt INCHU , 
LOOS All ( 00..0 ·PI.ATCO 
..:OvAJlt. 
PACIIC •ec •E ~ l is I u 
G.IUYS 

CONNECTION DIAGRAM 
(Top View) 

V· 
NOTE: P1N 4 CONNECTEO TO CASE. 

CONNECTION DIAGRAM 
(Top View) 

, .. ,. 10 

IIION'Uff( .. l l'IC ,..., 
IM'(Al llilO 

'""" 
N.C. 

•. 
FLAT PACK 

Jt,C. 

N.C 

.. 
N.C 

OUJ,uT 
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ELECTRICAL CHARACTERISTICS for 710-5 (TA=25 °C, V = 12.0V, v = - 6.0V unless otherwi se specified) 

PARAMETER (see defin it ions) MIN. TYP. MAX. UNITS 

Input Offset Voltage 1.6 5.0 mV 

Input Offset Current 1.8 5.0 uA 

Input Bias Current 16 25 uA 

Voltage Gain 1000 1500 

Output Resistance 200 n 
Output Sink Current 1.6 2.5 mA 

Response Time (Note 3) 40 ns 

The fol lowing speci fications apply for 0°C < TA < + 70°C: 

Input Offset Vo ltage 

Average Temperature Coefficient 

of Input Offset Voltage 

Input Offset Current 

Average Temperature Coefficient 

of Inpu t Offset Current 

Input Bias Current 

Input Vo ltage Range 

Common Mode Rejecti on Ratio 

Differential Input Voltage Range 

Voltage Gain 

Positive Output Level 

Negative Output Level 

Output Sink Current 

Positive Supply Current 

Negative Supp ly Current 

Power Consumpt ion 

DEFINITIO N OF TERMS: 

1.00 ,c ntRES HOLO VOLTAGE - The app,o:itllfl-310 vo11aoe at 
lhe ou1pu1 ol thtt compa.,111or 31 which the lo i101n9 109tc circul lry 
thanSJl!S its d14,111111t s late. 

INPUT OFPSET VOL TACE • - Thct ,.oll;,ga belween tho inpu1 

1c tmlnals when 1he outpu1 1s at lhe soglc !hte.1t1old voltage , T ho 
u,pu , ollset 11oht1gc ma:, 111so 00 doh ncd lo, ll'le caie wh.Oro 
lwo eQual fOS1S1.1f)Ce5 '1f8 ll'lse rl <td itl series w1lh 1M Input IOllldS 

INPUT OFFSE T COAAENT" - Th-c, d1lle,enee ,n 1h.e cu rrents 
tflto U,e l~ O ,npul termiMl&- With 11\o ou1PUI f:I lhoe log ic tnic shOICI' 

YOllilgO, 

INPUT BIAS CURRENT" - Tho avcr~c Ol lhe lw O Input cuu c n1s, 

INPUT VOL T AGE RANGE· - The r11rw.,o ol vo11a,go, on the lnpul 
1erm1nals !Of' wl'l1c:h 1ho c:ompa,i, 10, wdl ope ra le wllhin speci ri• 

c.aoont 

O!Ff.ERENTIAL IN.PUT VOLTAGE RANGE" - Ttloe ra nge ol 
YOlt.tgO belwttn I~ lnpi.11 letl'nlti:. ll 10, wf\ten ope ro,llo n wi lh in 

VOLTA.GE GAIN' - The ra110 of tM c hange ,n 01,11pu1 vollago 
to 1ne change ,n vo11a9t be1ween tl'le lnP'JI 101m1nals p,oduci ng 
fl w ith the OC 01,11pv1 level in the vlc:inUy ol lhe log ic 1h,csho ld 

¥Oltagl!. 

6.5 mV 

5.0 20 uvt •c 

7.5 uA 

15 50 nA/ °C 

24 100 nA/ °C 

25 40 uA 

± 5.0 V 

70 98 dB 

±5 .0 V 

800 

2.5 3.2 4.0 V 

- 1.0 -0. 5 0 V 

0.5 mA 

5.2 9.0 mA 

4.6 7.0 mA 

90 150 mW 

RESPONSE TIME' - T~ 1n1or 1tA! betwttn lhO o,ppllcatlon Of 
8n ,nou t Slt:'IP lv nceion Md 1he 1,mc when lht ou1pu1 c ross.H the 
loO•C lh res hOld volli,g e. Tho ltt pul SIOP d11wes the eom po1etor 
lrom s.omc tn!ttt1I. 1-1111urated inpu t voUage 10 en Input level Just 
biuely rn e •cest 01 tha1 1e-q1,.d1ed to brlno lhe outpu t lrom 
u1 ur:11ion to the logic 1hrcsho ld .,.oltagt'I. Thi$ exce1s [s ,♦ro,-od 
to :is I~ voll•9C OYCrdhv♦. 

STROBE Ret.E ASe TIME" - Tl"le tlme 1eqv!red !or!~ ou1pul 1o 
tise to the Joglc threshold vol t11gc al!e , the strobe tormlnal ha$ 
betin driven !rom lho lflro 10 1J\o one logic level. A.pp,opdate 
lnout eondl \lons a re .assumed. 

POSITIVE OUTPl/T LEVEL ' - The DC OUljM vol t~e In th e 
posuwe ctilcelion w1lh the Input YOlttg<i OQUal to or gree ter lhtn 
a m1n1mum spoc:ll 1cd • Mount. 

NEGATIVE OVTPU T LEVEL' - Tl'le DC ou lpul volltQt In the 

ncgar.lv6 d11ee1lon w,lh tho lnpvl volUICJD f!tllll l 10 or QIUltH 

th-an I ml,wru.im t poc:rneo amCMUnl. 

OUTPUT SINK CU~AENT - Too ma11mvm ne-g.atlve currenl thet 

ca n be ot l1vcred by the c ompar a10,. 

PEAK OUTPUT CURRENT - The muimum c:urrent tha l may 
now into inc out put IOl!d w11nou1 caus ing dam a ge to the com• 

pa ra.tor. 

·The so definitions apply to, either side with lho other disabled wi th tho strobo. 

3-11 

CONDITIONS (Note 5) 

Rs< 200n 

t,.V;/!f; 5mV, V..,,=0 

Rs< 200n 

R1 =50n,TA=0°C to TA= +70 °C 

TA =25 °C to TA=+70 °c 

TA=25 °C to TA=o •c 

TA=o •c 

V· = -7.0V 

Rs< 200 

6V;.> 5mV, 0< l.,..,,< 5.0mA 

AV;/);5m V 

6V,.5 5mV, v ..,,=0 

V.-,,< 0 

OUTPUT RESISTANCE " - Tne lffiS. IM Ce seen loo king in10 thO 
ou lou t tormlN 1 with 1118 DC OUIPIJI leve l 41 1he loglc lhrashold 
vo11agc 

STROBED OUTPUT LEVEL . - The DC oulpul volla._. , indl!l• 
p,anOC:nl o l Input vOIIIOO w,th lhe YOllag& on lhel SltobO tcrmi~ I 
CQ1,1.,1 10 or less 1han A minimum 5pccl lied .amount.. 

STROBE CURRENT - The maximum eurrenl dr.twn by tfle SltObe 
1e,m,n11t wOOn 11 '" at 1~ zero IQOIC leve l 

POWER CONSUMPTION - The DC power Into lhc amphller 
witn no output kWtd The OC power wUI vary wllh tlg n ll level 
bul ,s spe c,hod Ha f'l.iU1mum for lhe cnhrc rlnij t ol ln pu1-si-gn111 
conchtions 

I 
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ELECTRICAL CHARACTERISTICS for 710-1 (T• = +25°C, V =12 .0V, V= -6 .0V unless otherwise specified) 

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

Input Offset Voltage 0.6 2.0 mV 

Input Offset Current 0.75 3.0 uA 
Input Bias Current 13 20 uA 
Voltag e Garn 1250 1700 
Outpu t Resistance 200 n 
Outpu t Sink Current 2.0 2.5 mA 
Response Time (Note 3) 40 ns 

The following specif ications app ly for -55 °C < T• < + 125°C: 

Input Offset Voltage 

Avera ge Temperature Coeffic ient 

of Input Offset Voltage 

Input Offset Current 

Average Temperature Coefficient 

of Input Offset Current 

Input Bias Current 

Input Vo"itage Range 

Common Mode Rejection Ratio 

Differ entia l Input Voltage Range 

Vo ltage Gain 

Positi ve Output Level 

Negat ive Output Level 

Output Sink Current 

Positi ve Supply Current 

Negative Supply Current 

Power Consumption 

NOTES: 
(1) Rating applies for case temperatures to 

+ 125° C; derate linear ly at 5.6mW/ °C 
for ambient temperature s above 
+ 1os0 c. 

(2) Ratings apply for ambient temperatures 
to + 70°C. 

(3) The response time spec ified (see defi
nition s) is for a 100-mV input step with 
5-mV overdrive. 

(4) The Input offset voltage and input offset 
curre nt (see defin itions) are spec ified 
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 specif ied 
for a logic threshold voltage of 1.SV at 
0°c , 1.4V at + 25°C and 1.2v at + 10°c. 

±5.0 

80 

+ 5.0 

1000 

2.5 

-1.0 

0.5 

1.0 

3.0 mV 

3.5 10 uV/ °C 

2.7 10 uV/ °C 

0.25 3.0 uA 

1.8 7.0 uA 

5.0 25 nA/ °C 

15 75 nA/°C 

27 45 uA 

V 
100 dB 

V 

3.2 4.0 V 

-0.5 0 V 

1.7 mA 

2.3 mA 

5.2 9.0 mA 

4.6 7.0 mA 

90 150 mW 

SCHEMATIC DIAGRAM 
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CONDITIONS (Note 4) 

Rs< 20on 

A V,,:;;:5mV, Vout = 0 

Rs~ 20on 

Rs=500,TA=25 °C to TA= +12 5°C 

Rs50!1, TA=25 °C to TA= -55 °C 

TA= +125 °C 

T, = -55°C 

T, =25 °C to T,= +125 °C 

T, =25°C to T, = -55°C 

T, = - 55°C 

V= - 7.0V 

Rs<2oon 

v ,,> 5mV, 0< I°"'< 5.0mA 

t.V,,> 5mV 

T,= +125°C, t.V,,> 5mV, Vou1=0 

T, = - 55°C, AV,,> 5mV, v ..,,=0 

Voo,S0 

.. 
1 4 111:5 

--
uao 1.111 
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TYPICAL CHARACTERISTICS MIC 710-5 (TA=25 ' C. V =12 .0V. V = -6.0V unless otherwise specified) 

VOLTAGE GAIN AS A FUNCTION VOLTAGE GAIN AS A FUNCTION 
VOLTAGE TRANSFER CHARACTERISTIC OF AMBIENT TEMPERATURE OF SUPPLY VOLTAGES 
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ITT711® 
DUAL COMPARATOR 

DUAL COMPARATOR 

• High Accuracy 
• Fast Response Time 
• Large Input Voltage Range 
• Low Power Consumption 

The MIC 711 is a dual differential voltage comparator. It 
was pr imarily designed for core-memory sernse 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 
voltag e can be adjusted over a wide range, almost inde
pendent of the i,:itegrated circuit characteristics. Each 
comparator channel is provided with independent strobing. 
Pulse stretching on the output is easily accomplished. 
Doubl e-ended detection for automatic GO/ NO-GO test 
equipment and pulse height detection (window discrim i
nator) are additional applications of the dual comparator. 
The ent ire circui t is contained on a silicon chip and is manu
factured using ITT Planar Epitaxial process. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Positive Supply Voltage 
Negative Supply Voltage 
Peak Output Current .. .. 
Differential Input Voltage 
Input Voltage 
Strobe Volt age . . . . . . . . . . . 
Internal Power Dissipation .... 

(MIC711-1 Note 1, MIC711-5 Note 2) 
Operating Temperature Range MIC711-1 

MIC711-5 
Storage Temperatu re Range . . . . 
Lead Temper ature (Solder ing , 60 sec.) ... 

UNITS 

+14 .0 V 
-7.0V 
50mA 
± 5.0V 
± 7.0V 
0 to +6.0 V 
300mW 

-55 ° to +125°C 
0° to +50 °C 
-65 ° to +150 °C 
300°C 

PHYSICAL DIMENSIONS 
FLAT PACKAGE (TOPVIEW ) 

SIMILAR TO T0-5 

NOTE: 

..,.,.., __ .,.. __ 
.... -- •IU•-

All dimensions in inches 

T0-5 CONNEC TION DIAGRAM 
(Top View} 

y· 

NOTES: (1) Rating applies for case 1omporaturcs 10 + 125°C; deroto 1/noarly a1 5.6mW/ °C tor ambient temporatures above +95° C. 
(2) Rallng applies for amblen1 temperatures 10 +7o 0c, 

3-14 
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ELECTRICAL CHARACTER ISTICS FOR 711-1 (TA ~ 25 C. v+~ 12.ov. v-= -6 .0V unless othe rw,se specilied) 

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

Input Offset Voltage 1.0 3.5 mV 
1.0 5.0 mV 

Input Offset Current 0.5 10.0 uA 

Input Bias Current 25 75 uA 

Voltage Gain 750 1500 

Response Time (Note _3) 40 ns 

Strobe Release Time 12 ns 

Input Voltage Range ± 5.0 V 

Differentia l Input Vo ltage Range + 5.0 V 

Output Resistance 200 n 
Positive Output Level 4.5 5.0 V 

Loaded Positive Output Level 2.5 3.5 V 

Negative Output Level -1.0 -0 .5 0 V 

Strobed Output Level -1.0 0 V 

Output Sink Current 0.5 0.8 mA 

Strobe Current 1.2 2.5 mA 

Pos itive Supply Current 8.6 mA 

Negative Supply Current 3.9 mA 

Power Consumption 130 200 mW 

The fo llowing specifications apply for -55°C:s;T :S125°C: 

Input Offset Voltage (Note 4) 

Input Offset Current (Note 4) 

Input Bias Curren t 

Temperature Coefficient of Input Offset Voltage 

Voltage Gain 

NOTES: 

(3) The response time spec i
fied (see def initions) is for 
a 100-mV input step with 
5-mV overdr ive. 

(4) The input offaet voltage 
(see definilions) is speci
fied for a log ic threshold 
voltage of 1.8V at - ss °C, 
1.4V at + 25°C and 1.0V at 
+ 12s0 c. 

(5) The input offset voltage is 
specif ied for a logic thresh· 
old voltage of 1.SV at 0°C, 
1.4V at + 2s0 c and 1.2v at 
+7o0 c. 

500 

SCHEMATIC DIAGRAM 

4.5 mV 

6.0 mV 

20 uA 

150 uA 

5.0 uV/ °C 

STRODE l STROSE 2 

3-15 

CONDITIONS 

V"", =+1.4V,R s< 200!l,V c,..= 0 
V..,, = + 1 .4V, R, <200!1, 
V,,,,= + 1.4V 

V =-7.0V 

v ,.> 1omv 

V1. ~ 10mV, l0 =5mA 

V;, 2:-10mV 

V,,,..., <0.3V 

V,.>10mV, Vou,>O 

v ,,,.s,=100mV 

V,,.,<0 

Rs:5200!1, V CM= 0 

Rs<200!l 

I 
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ELECTRICAL CHARACTERISTICS FOR 711-5 (TA= 25°C. v+= 12.ov. v -= - 6.0V unless othe rwise specif ied) 

PARAMETER MIN. TYP. MAX. UNITS CONDITIONS 

Input Offset Voltage 1.0 5.0 mV Vou, =+1.4V,Rs :5200!1,VcM =0 
1.0 7.5 mV V oul = + 1.4V Rs <200!1 

Input Offset Current 0.5 15 uA Vou,= +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 V V = -7.0 V 
Differ ent ial Input Voltage Range ± 5.0 V 
Output Resistance 200 n 
Positive Output Level 4.5 5.0 V V;0 :2:10mV 
Loaded Positive Output Level 2.5 3.5 . V V;,> 10mV, lo=5mA 
Negat ive Output Level - 1.0 -0.5 0 V V; >10mV 
Strobe d Output Level -1.0 0 V V,,,o,,. <0.3V 
Output Sink Current 0.5 0.8 mA V;.> 10mV, Vov,2".:0 
Strobe Current 1.2 2.5 mA v ,,,obo=100mV 
Positiv e Supply Current 8.6 mA V-.,<0 
Negative Supply Cwrent 3.9 mA 
Power Consumption 130 230 mW 

The following specif ications apply for 0°CST S + 70°C: 

Input Offset Voltage (Note 5) 6.0 mV Rss 200n , VcM=0 

10 mV R5$ 200fl 
Input Offset Current (Note 5) 25 uA 
Input Bias Current 150 uA 
Temperatu re Coefficient of Input Offset VoltaQe 5.0 11V/°C 

Voltage Gain 

DEFINITION Of 1EAMS: 

LOGIC THRESHOLO VOl TAG£ - itle app1011.lmate voltage al 
u,e ou1p,u1 01 11,e c:ompa ra10r at whic h Iha loachn.g IOgie c i,eu11ry 
c f'langes 11s 010, tat ,i,11e 

INPUT OFFSET VOLTAGE" - TM voll~c between lhe lnpu1 
tormlnats wh en the OUlpul '* at 11'10 loglC lh roshOld volto.ge. The 
inpu l oll set vol 1age moy el,o bO dolineel lor thf) ca&o whoro 
IWO ftf'lmll ua.., d artr.Pft :fl /fl ln~PIM In '1'9f~ wllh th.lo Inpu t 11\Adf. 

INPUT OFFSET CURRENT' - The d11fe,~nec In the eum,n ls 
i n1o 1he two input 1e,mlnafs w 11h 1he ou 1po1 .a1 lhe logic 1h reshol d 
vol1age 

INPUT BIAS CURAENf • - Tho a.,.e,ago ol lho two 1np,u1 cu r,en ts 

INPUT VOLTAGE RANGE " - Tho ,ango ol voUago Oft tho lnpu l 
1erminals 10, .,,,,uch 1he comp,111a10, w ill operate wilh in spec l rl• 

OIFFERENTIAL INPUT VOLTAGE RANGE" - Tho ranvo ol 
V01119c bo11111·Hn lho mpu1 1e1m1nals !or wh lc h o~r11 1lon wllhln 
5-poclhcat1ons IS ossu rod. 

\/Ol TAO £ GAIN' - Tl\:O rafjO of 1he ch.angc In 01.lll)\II VOll?lge 
to 1he change in vo 1u1ge oc tw~n tr.o lnpul terminals producing 
11 w ,th 1he OC ou tpu1 lev<tl in tho vici nity o,I tho IOgic 1h reshol d 
VOIT4g8 

500 

RESPONSE TlME" - Th<t 1ntc ry11I bOlweon lhO applw:alk>n o l 
an inDUI aiep lunctJOft ,lft<I tho M'l t when 1ho o,utpul c:roues tho 
IOglc: lhroshold ~oil~e The inpu1 s1ep d,iws the com po.unor 
llom some l nt11.1I. sa tur.a11d i npu t vOl\llgo 10 an Input le1el Just 
b,uely in cxces.s 01 lh.il ,cqu11act to bnng the au191o11 lrorn 
161'.HOl tOn 10 lhO log,e lhlO$fiOld vOIIJgO Tti.s 0-lCC:ffS, 11 1eler,ed 
10 .as the voltage 0W1rd rfve 

3TA OBE ll'lt:LeA,e: TIMle. - TtlG 1111,. rcq1.11rcio lo r tho ouLpul lu 

,iso 10 lho logic lhreahotd YOltage after the $1tobe U!tmlnal has 
bt'en dnv+n lrom IM ze,o 10 !he one 1001c l&Yel. Approp riato 
lnpt.ll concM,ons are ossumcd. 

POSlflVE OUTPUT LEVEL• - The DC OUIPUI Y011..ag:e Jn the 
po1111ve alrection with IMt ,npul vol1age equa1 lo or g, o.11tr 1han 
a m1111mum spe,cl1eed a.mC>Unl 

NEGATIVE OUTPUT LEVEL" - fh e oc 01,1tpu1 YOIIIOO In the 
neg11111vo d1rtc;;oon w•tn the ln~ I voll11ge equ.11 lo °' g1ea111r 
lhlln :I mlnlm1.1m 1p6C1hed il n'JOUftl. 

OUTPUT SiN I< CURRENT - The ffl,llltlmlJm ft(lga 1,vo eu1ten 1 1"41 
C:11'1 be dttlllf1!1~ b)' ltMt comoa ,.11101 

PCAI< OUTPUT CURRENT - The mv.l:mwn cunettt tnat mey 
110-..v ,nto tne ou1pu1 load w11hou1 c:ausiru;,i dAmage 10 tri.e eom• 
pilfl'ltOr 

•Th ese doftnl1ions app ly for cilhor s ide w i lh tho o th er di sabl ed with lho strobo. 
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OVTPUT RESISTANCE· - The fll!5iSlllnc o SO(t.n IOOklng into the 
Ot,lpul ,c,mmal w11h the DC oulpu t loyal a t lhe log le lh t0$hof d 
..-ouoge 

STROBED OUTPUT LEI/EL . - The DC O,,,lput VOltago. indo• 
pendenl ol lnP'I I Yol111go. w U\ the voltage on the &trobo 10,m1n.al 
equal le> or k!ss tnar'I • min,,num spec,licd 11'1'\0\inl 

STROBE CURRENT - Tl'I' IT'llC1mum current drav.n by the 5\robe 

P() WER CONSUMPTION - Tne oc po we, Into lho ;implllier 

w,1n no ou1put loa d "fhe DC po wer will ""'Y wi th sig nal leYel. 
b1o11 •S s~e,t1ed as a ma• lm.Jm ro, lhe entire rit,ngc ol lnput-S,l,gnJI 
eond1bons 



TYPICAL PERFORMANCE CURVES MIC 711-5 

VOLTAGE TRANSFER CHARACTERISTIC 
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TYPICAL PERFORMANCE CURVES MIC 711-1 
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GIJTPUT PULSE STRETCHING WITH 
CAPACITIVE LOADING 
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ITT712® 
HIGH-GAIN WIDEBAND AMPLIF IEh 

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 amp lifier capable of operating within 
the fre quency ranges of DC to as high as 30MHz. The 
MIC 712 amplif ier achieves low DC offset and low thermal 
drift, wideba nd operation and low power consumption as 
a resul t of ITT Planar epitaxial manufacturing process. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Voltage between v+ and v-
term inals . . . . . . . . . . . . . . . 

Interna l Power Dissipatio n (T0 -5) .. 
(MIC 712-1 note 1, 
MIC 712-5 note 2) 

Differe ntial Input Voltage . . . ... . 
Input Voltage . . . .. . ... . ... .. .. . 
Peak Output Vo ltage . . . . . . . . . . 
Storage Temperature Range . .. . . 
Operat i/\g Temperature Range 

MIC 712-1 ................ .. . 
MIC 712-5 . . . .... . . . .... . .. . . 

Lead Temperature 
(Solde ring , 60 sec.) . . . . . . . . 

± 21 
300 

±5.0 
+1.5 to -6.0 

50 
-65 to +150 

-55 to +125 
0 to +70 

300 

UNITS 

Volts 
mW 

Volts 
Volts 
mA oc 
oc 
oc 
oc 

FLAT PACK 

ALTERNATE INOEX 001 

SIMILAR TO T0-5 

.335 SEATING 
i... .335--J PLA NE 
I .3os I 

~

,370~ 

gif~r -185 ..l_ .165 

T .0~40.,..•M_A_x.-t-_ 
.500 

8 LE_i~~ 1]0 DD~ MIN. 
.016 

NOTE : DIMENSIONS AS PER LATEST 
J S·IO COMMITT EE. 
ALL DIMENSIONS IN INCHES, 
LEADS ARE GOLD-PLATED 
KOVAR. 
PACKAGE WEIGHT IS 1.12 
GRAMS. 

NOTES: (1) Rating applies for case temperatures to + 125° C: dorata linoar1y at 5.6mW/ °C for ambien1 1empcra1111es above +95°C. 
(2) Rating applies for ambien1 tempera tures to + 100c . 
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ITT712 

ELECTRICAL CHARACTERISTICS for MIC 712-1 
PARAMETER MIN. TYPE MAX. MIN. TYPE MAX UNITS CONDITIONS 
(See defi niti ons) V+ =12 .0V, V- =6 .0V V+ =6.0V, V- = -3.0\1 
lnout Offset Vo ltaae 0.5 2.0 0.7 3.0 mV R = 2kn 
lnout Offset Current 180 500 120 500 nA 
lnout Bias Current 2.0 5.0 1.2 3.5 uA 
Input Resistance 16 40 22 67 kfl 
Input Voltage Range -4.0 +0.5 - 1.5 +0.5 V 
Common Mode Rejectio n 
Ratio 

80 100 80 100 dB R,:c:2kn, f:c:1 kHz 

Large Signal Voltage Gain 2500 3600 6000 Rt5 100kfl, Vou1=±5.0V 
600 900 1500 Al 1 00kfl, v ... , = ± 2.5V 

Output Resistance 200 500 300 700 fl 
Supp ly Current 5.0 6.7 2.1 3.3 mA V,,,,=0 I 
Power (.;Onsumpllon 90 1.::u rn 30 mW v..,,-o 
Transient Response C,=0.01 uF, R,=20!1 
(Unity-Gain) RL5 100kfi, V,.=10mW 
Rise Time 25 120 ns 
Overshoot 10 50 % C 5 100oF 
Transient Response c, = 50pF' RL5 1 00kfl 
(x100 gain) V;0 =1 mV 
Risetime 10 30 ns 
Overshoot 20 40 % 

The follow ing specifications apply for - 55°C< TA< + 125°C: 
Input Offset Voltage 3.0 4.0 mV R,:c:2kfl 
Average 1 emperature 
Coeffic ient of lnout 2.5 10 3.5 15 uV/°C 

R, =50fl 
T. =25 °C to T.= +125°C 

Offset Voltage R,=50n 
2.0 10 3.0 15 uV/°C TA=25°C to TA= -55 °C 

Input Offset Curr ent 80 500 50 500 nA TA= +125°C 
400 1500 280 1500 nA TA= -55°C 

Average l emperature 
Coefficient of Input 

1.0 5.0 0.7 4.0 nA/°C TA=25°C to TA= +125°C 

Offset Current 
3.0 16 2.0 13 nA/°C TA=25°C to TA= -55°C 

Input Bias Current 4.3 10 2.6 7.5 uA T11= -55°C 
Input Resistance 6.0 8.0 kn 
Common Mode Rejection 
Ratio 

70 95 70 95 dB R,< 2kfl, f< 1 kHz 

Supp ly Voltage v + = 12V, v - = -6Vto 
Rejection Ratio 75 200 75 200 uV/V V+ =6V, V- = -3 V 

R,< 2kfi 
Large s,gnal Voltage Gain 2000 7000 R,5 100Kfl, V..,,= ±5.0V 

500 1750 Rt§; 100kfl, V..,,=±2 .5V 
uu1pu1 vo1tage ::;wing ± 5.0 ±5.3 ±2.5 ± 2.7 V IHL> lUUK!t 

± 3.5 ±4.0 ± 1.5 ± 2.0 V RL5 1okn 
::;upp1y vurrent 4.4 6.7 1.7 3.3 mA IA- +1.::0 ·1.,, v .. ,-u 

5.0 7.5 2.1 3.9 mA T,.= -55°C, V..,,=0 
Power Consumpt ion 80 120 15 30 mW TA= +125 °C, Vou,= O 

90 135 19 35 mW TA= -55°C, Vou1=0 
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ELECTRICAL CHARACTERISTICS for MIC 712-5 
PARAMETER 
see definitions) 

V+=12 .ov, V-=-6.0V V+=6.0V, V-=-3.0V UNITS CONDITIONS 
MIN. TYP. MAX. MIN. TYP. MAX. 

T f II "f f he o owing specI Ica ions app y or ,.= I f T 25°C 
Input Offs et Voltage 1.5 5.0 1.7 6.0 mV Rs:;;:,2 Kn 
lnout Offset Current 0.5 2.0 0.3 2.0 µ,A 
lnout Bias Current 2.5 7.5 1.5 5.0 µ,A 
Input Resistance 10 32 16 55 Kn 
lnout Voltaae Range -4.0 +0 .5 -1 .5 +0.5 V 
Common Mode 70 92 70 92 dB Rs<':2Kn,f<1 KHz 
Rejectio n Ratio 
Large Signal 2000 3400 6000 R,5 100 Kn 
Voltage Gain V00I= ±5.0 V 

500 800 1500 RL5100 Kn 
Vo,,= !±::2.5 V 

Outout Resistance 200 600 300 800 n 
Supp ly Cur rent 5.0 6.7 2.1 3.3 mA Vo,,=0 
Power Consumption 90 120 19 30 mW Vou,=0 
Transient Response 
(unity gain) 

C,=0.0 1µ.F, 
R, =20n 
RL~ 100 Kn 
V,,=10 mV 

Riset ime 25 120 ns 
Overs hoot 10 50 % CL:? 100 pF 

Transie nt Response C,= 50 pF 
(X100 gain) R,>100 Kn 

V;,=1 mV 
Risetime 10 30 ns 
Overshoot 20 40 % 

The foll owina soecificat1ons aool for 0°C TA + 70°C 
Input Offset Voltage 6.5 7.5 mV Rs:? 2 Kn 
Averag e Temperature 5.0 20 7.5 25 µ.V/°C Rs= 50n 
Coeffic ient of Input T,.= +70°CtoT,.=0°C 
Offset Voltaae 
lnout Offset Current 2.5 2.5 µ,A 
Averag e 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 µ,A T,.=0°C 
Input Resistance 6.0 18 9.0 27 Kn 
Common Mode 65 
Rejecti on Ratio 

86 65 86 dB Rs<':2 Kn ,f:?1 KHz 

v+ =12V,V- =-6V to 
Supply Vo ltage 90 300 90 300 µ.VIV V + = 6V, V - = - 3V 
Rejecti on Ratio Rs::?2 Kn 
Large Signal Vo ltage Gain 1500 7000 RL5 100 Kn 

Va,1= ±5 .0V 
400 1750 fl L:>1 00Kn 

Vo,,= +2. 5V 
Output Voltage Swing ±5.0 ± 5., ± 2.5 ± 2.7 V R,5 100 Kn 

+3.5 + 4.0 + 1.5 + 2.0 V AL :::::10 Kn 
Suooly Current 5.0 7.0 2.1 3.9 mA Vou,-0 -

Power Consumption 90 125 19 35 mW 
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TYPICAL PERFORMANCE CURVES MIC 712-1, 712-5 

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

• 
VOLTAGE TRANSFER 

CHARACTERISTIC 
v•u12v i II 

,- v·• •611 , .. ,,·C,...... r1,,, • L 

~ ' 
l 

~ u 
0 ~ 

j 

l II § - 2 
I 

It •IOk.G j -• 
lt l•IOO l G I 

-• ., ., ·1 1 

r,\H!c-
._.,,.us·c 

' ' IHP'UT VOi.TAG[ • fflY 

VOLTAGE GAIN AS A FUNCTION 
OF AMBIENT TEMPERATURE 

1100 y•, • 6V , , v·••lV -
1000 

'-
!900 I'-

" 1- ' 

100 

600 
·60 ·20 ,o ,o 100 140 

TEMPUATUlt[ - 'C 

SUPPLY VOLTAGE REJECTION RATIO 
AS A FUNCTION OF AMBIENT TEMPERATURE 

> 
100 

lh~2 • .a 
t 
S? ,0 

s 
~ 80 ---
E ~ 

i .,....-
~ 10 
~ _,..Y 

~ 
E 60 

~ 
,o 

•60 •20 20 60 100 140 
f!'.MPlRATURE • 'C 

INPUT RESISTANCe AS A 
FUNCTION OF AMBIENT TEMPERATURE 

200 ,.U 1 V y 
ioo~ t--

:~l, V 
V 

,o 
40 / /v• .. 12v 

v-f7 I/ v·,-,v 
,o ,-

20 1/ X 
V 

I/ 
10 
•60 ·20 20 .. 100 140 

Tf:MPCRATURE • "C 

, .o 

2.0 

> 
.!. 1.0 

~ 0 

i 
§•10 

VOLTAGE TRANSFER 
CHARACTERISTIC 

I 
T1i••S5"C. ~'I} 

,( 

I 
I V 

j 

II 

R • IOlG 

r,,.izs-c 
1,. • 25-C 

-to 
- "t. • 1001~1- I 

v·, •6v -
-3,0 

-~r ~-• j JV 

-10 .. -, ' ' 4N:lljJT VOLTA.Gt -r,,V 

INPUT BIAS CURRENT AS A FUNCTION 
OF AMBIENT TEMPERATURE 

' 
~ 

, I\ 
' ' I t-r'\ V"••l2V 

~ 
v·,.,v )t-~r<. a 

~ ' I"-
" ' 'r-. 

I >- ,_ i'-.. 
7 r-. r-- , 

I I- v•, •6V 
v·, ·JV , -+-J_ 

0 

10 

·60 -20 20 .. 100 140 

J'E'MP(RATUR[ - 'C 

COMMON MODE REJECTION RATIO AS A 
FUNCTION OF AMBIENT TEMPERATURE 

,., 
lh~2lll 

m r IOO 

: V ,-

! " I/ ' 

~ 
~ 90 
i 

L; 
8 .. 

•60 ·20 20 60 100 140 

l( MP(RIU VRE • 'C 

OUTPUT RESISTANCE AS A 
FUNCTION OF AMBIENT TEMPERATURE 

""' \ I 

•oo I\ I 
v", •6V 

-i- '~ .-i•,V 
,00 ' "' I 

1--.... I 200 
-+- v•,.·zv 

y·, ·iY 
l00 

I 
0 I 
•60 · 20 20 60 100 1,0 

l(JtPUlATl,IR( - 'C 

3·22 

VOLTAGE GAIN AS A FUNCTION 
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TYPICAL PERFORMANCE CURVES MIC 712-5 
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INPUT VOLTAGE RANCE 
AS A FUNCTION OF SUPPLY VOLTAGES 
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INVERTING 
lNPUT 

v• 

v· 

LAG 
COMPtN SATION 

NOTE; PIN 4 CONNE.CTEO TO CASE 

FL AT PACK (Top View) 

NO CONNECTION 

GROUND 

INVERTING 
INPUT 

tl0N-INV£RTING 4 
INPUT 

V· 

NO CONNECTION 

NO Cl'.INN F CTION 

GROUND 

V· SUPPLY 

NO CONN ECTION 

NO cow~ECTION 

>--- -1=::JOl. T- UT 

DUAL IN-LINE 

7 LAG 
COMPt NSfi.TIO"/ 

6 lEAO 
C-0'/►[NSATION 

NO CONNECTION 

V♦ SUPPLY 

NO CONNECTION. 

.> -- --j. --lOUTPUT 

LAG 
COMPENSATIO N 

g LEAO 
COMPENSAflON 

NO CONNECTION 



FREQUENCY COMPENSATION Cl RCU ITS 

I
CI 

LAG RI 
COMPENSATION ~ 

LEAD·LAG 
COMPENSATION 

TRANSIENT RESPONSE TEST Cl RCUITS 

5ko 

XlOO AMPLIFIER (LEAD COMPENSATION) 

2 kO 

UNITY- GAIN AMPLIFIER (LAG COMPENSATION) 

SPECIAL ORDERING CODE 

Temperature Range: 
I = - 55 ' + 125'C 
5 = 0' to +70C 

Package: 
B = .250" X .250" Fial Pack 
C = 8-lead T0 -5 
D = 14-lead Dual-In-lino 

E>tample: 
MIC712·1C means operating tem• 
perature range of -55° to 
+ 12S°C, supplied in a T~S pock
oge. 

ITT712 

DEFINITION OF TERMS 

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

INPUT OFFSET CURRENT - The difference in lhe 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 termina l, could cause the amplifie r 
to cease functioning proper ly. 

INPUT COMMON MODE REJECTION RATIO - The ratio of the 
input vo ltage range lo the maximum change in input offset 
voltage over th is range. 

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

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

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

OUTPUT RESISTANCE - The re3istonco seen look ing Into the 
output terminal with the output at null. This parameter Is 
defined only under small signa l condit ions 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. 

3-25 
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ITT720® 
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 difte ·rential voltage dual comparator, 
offering high accuracy and fast response times, consists of 
two separate MIC710 high speed differential comparators. 
The entire circuit is contained on one silicon chip and is 
manufactured using the ITT Planar Epitaxial process. The 
output of the MIC720 is compatib le with all integrated logic 
forms. The MIC720 can also be used as a variable threshold 
Schmidt t rigger, a pulse height discriminator, a memory 
sense amplifier, a high noise immunity line receiver, or in 
high speed A-D conversion and multivibrator functions. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Positive Supply Volt age .. .. . ..... ... . . . 
Negat ive Supply Voltage . . . . . ......... . 
Peak Output Current . . . . . . . . . . . . . . . . . . 
Differentia l Input Voltage . ..... . .. . . . 
Input Voltage . . . . . . . . . . . . . . . . . . .. .. . 
Interna l Power Dissipation .... . ....... . . 

(MIC720-1 Note 1, MIC720-5 Note 2) 
Operating Temperature Range MIC720-1 

MIC720-5 
Storage Tempera ture Range . . . ... . . . . 
Lead Temperature (Soldering, 60 sec.) . .. . 

UNITS 

+14.0 V 
-7.0V 
10 mA 
± 5.0V 
± 7.0V 
300 mW 
200 mW 
-55 ° to +125 °C 
0° to+ 70°C 
-65° to +150 °C 
300°C 
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DUAL IN-LINE PACKAGE 

~ .2so_J 
1 · MAX. ~, 

CONNECTION DIAGRAM 
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ELECTRICAL CHARACTERISTICS for MIC 720-1 (T = + 2sec . V = 12.0V. V = - 6.0V unless otherwise specified) 

PARAMETER (see definitions} MIN. TYP. MAX. UNITS CONDITIONS (Note 4) 

I Input Offset Voltage 0.6 2.0 mV Rs< 2oon 

Input Offset Qurrent 0.75 3.0 uA 

Input Bias Current 13 20 uA 

Voltage Gain 1250 1700 

Output Resistance 200 n. 
Output Sink Current 2.0 2.5 mA t.V;,>,-5mV, v .. ,=0 

Response Time (Note 3) 40 ns 

The following spec ificat ions apply for - 55°C < T' < + 125°C: 

' 
Input Offset Voltage 

Average Temperature Coefficient 

of Input Offset Voltage 

Input Offset Current 

Average Temperature Coeff icient 

of Input Offset Current 

Input Bias Current 

Input Vo ltage Range 

Common Mode Rejection Ratio 

Differential Input Voltage Range 

Voltage Gain 

Positive Output Level 

Negative Output Leve.I 

Output Sink Current 

Positive Supply Current 

Negative Supply Current 

Power Consumption 

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

case temperatures above + 115°C; de
rate linear ly at 3.3mW / °C for ambient 
temperatures above + 100°C. 

(2) Ratings apply for ambient temperatures 
to +70°C. 

(3) The response time specified (see def i
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 
-ss 0 c, 1.4V at + 2s0 c and 1.ov at 

(5) rhJ~g~~I offset voltage and Input offset 
current (see definitions) are specified 
for a logic threshold voltage of 1.SV at 
0°C, 1.4V at + 25°C and 1.2V at + 70°C. 

±5.0 

80 

± 5.0 

1000 

2.5 

-1.0 

0.5 

1.0 

3.0 mV 

3.5 10 uV/ °C 

2.7 10 uV/° C 

0.25 3.0 uA 

1.8 7.0 uA 

5.0 25 nA/° C 
15 75 nA/ °C 

27 45 uA 

V 

100 dB 

V 

3.2 4.0 V 

-0.5 0 V 

1.7 mA 

2.3 mA 

5.2 9.0 mA 

4.6 7.0 mA 

90 150 mW 

....... 

Rs< 2oon 

Rs=50fl,TA=25 °C toTA= +125 °C 

Rsson, TA=25 °CtoTA= -55 °C 

TA= +125 °C 

T, = -55°C 

T, =25 °C to T, = + 125°C 

T, =2 5°C to T, = - 55°C 

T,= -55 °C 

V= -7.0V 

Rs< 2oon 

V1,> 5mV, 0<::l .. ,<5.0mA 

t,.V1,>,-5mV 

T, = +125 °C, t,.V1,> 5mV, V,.,,=0 

T, = - ss 0 c, 1:,.v,,> smv, v .. ,=o 

V .. ,,~ 0 

11, ., 

2.U.O 3,t k 

v, 

., ·~· 
OUTl'UT 

--

¼ CIRCUIT- SCHEMATIC DIAGRAM 
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ITT720 
ELECTRICAL CHARACTERISTICS for MIC 720-5 (TA=2'5 'C. v = 12.ov. V = -6 0V ,in less otherw ise specif ied) 

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

Input Offset Voltage 1.6 5.0 mV 

Input Offset Current 1.8 5.0 uA 
Input Bias Current 16 25 uA 

Voltage Gain 1000 1500 

Output Resistance 200 n 
Output Sink Current 1.6 2.5 mA 
Response Time (Note 3) 40 ns 

The following specifications apply for 0°C < TA < + 70°C: 

Input Offset Voltage 

Average Temperature Coefficient 

of Input Offset Voltage 

Input Offset Current 

Average Temperature Coefficient 

of Input Offset Current 

Input Bias Current 

Input Voltage Range 

Common Mode Rejection Ratio 

Differential Input Voltage Range 

Voltage Gain 

Positive Output Level 

Negative Output Level 

Output Sink Current 

Positive Supply Current 

Negative Supply Current 

Power Consumption 

DEFINITION OF TERMS : 

LOGIC THRESHOLO VOL TAGE - Tho api::uoxima1e vollage .tl 
u,e outpul 01 1tio conipar:Hor at wh tch lht 10:,chng logle cl rco ll .ry 

changes 11s <1I5111.t:I sta to 

INPUT OFFSET VOLTAGE" - The voltage bo 1w~n IM lnpvl 
te,m,nals <whon the ou1pu1 is :u the log,c lhruhold vollage , The 
lflpul oHse t ~ol1a9e m11y also be defined !or the cau where 
two equal HtS!s1anccs are 1nser1ed In s.GriC$ wilh tho inp ul !,cads, 

INPUT OFFSET CURRENT" - T~ d1lleronco in thG cuuonl-S 
1n10 1no two lnpu l 10 ,m•na ls Wllh Iha OtJ1pu1 on tho logic thlC$hOld 
vo: ta~e. 

INPUT BIAS CURRENT" - ThO 3ve ,ao• or lhO !WO 1nou1 c1men1s. 

INPU T VOLTAGE RANGE· - The rMgO or vo111go on lt\O inpu1 
te-rr'l'UMI$ !Or which tl'le comp;>ra10, wlH ol)0 1a10 within $pe<:ln-
C3fiOft $ . 

OIFF-ERCNTIAL INPUT VOLTAGE RANGE . - Tl\o ,ango or 
vo11.,ge be twee n lhe inpu1 1e1minals for which ope ,a\lo n wilhln 
spec,t 1e1u-ons ,s assured, 

VOt.TAG E GAfN ' - The ralio OI the c ha nge In oolput voltage 
10 ll'lo cnange 1n vonage be lwee n the Input 10,minals producing 
It wi lt\ lh-0 OC ou tput level In lhe vi cinl1:, ol 1he log ic tl'lres hotd 
vonage. 

6.5 mV 

5.0 20 uV/° C 

7.5 uA 

15 50 nA/° C 

24 100 nA/° C 

25 40 uA 

±5.0 V 

70 98 dB 

±5.0 V 

800 

2.5 3.2 4.0 V 

-1.0 -0.5 0 V 

0.5 mA 

5.2 9.0 mA 

4.6 7.0 mA 

90 150 mW 

RESPONSE T IME' - The 1n1e,val belwe-on the oppllC$tlon ol 
On Input step tunc1lon and the time when lhe oulput crones the 
logic 1hreshOld 'l'Olt o,ge. The inpu t step driw,:s lhe comparator 
from some lni1ial, sa turmed lnpul ...-011000 to an lnpul level Just 
bare ly in excess of thal recufred to bri ng tho ou1pu1 from 
saluralion 10 lhe loglc thteshol :I voltage , This e.11eess ii relened 
to as 1h41: vol tago overd rivo. 

STROBE RELEA SE TIM E" - lne Hme requ i red lor tne ou1pul 10 
ris.c to lho log ic threthOl-d vo 11aoo at10:r tho s1,obo te rminal has 
been dr lv en l tom 1h0 zero to 1he one logic level . Ap propr i11c 
inou1 eondllions aro assumed, 

POSITIVE OUTPUT LEVEL• - Tho DC OUIPul vo1u, ge In the 
posit•~ <hrtc l ion wilh tho inp'-11 vo111ge OQUOI 10 or grea1e, lha n 
a mlnlmum speclhed amount. 

NEGATIVE OUTPUT LEVEL. - Tho DC Oulpul vonoge In lhe 
ne-gath·6c d11ection with lhe input vo 11aga equal to or grealer 
than II mln1mum $pOCiffed amour,I. 

OUTPUT StNK CURRENT - T1e maiimum neg1111lve curre nt thal 
ca n bO delive red by lhe eo,npo,11tor . 

PEAK OUTPUT C URRENT - The madmum curten l lhtl may 
llo w rn10 1he outp ut faad wi1t10u1 cau.sing damage to lM eom
para to, . 

•These detln itio ns appl y for olth er side wit h the other dl sablod with tho suob e. 

J-28 

CONDITIONS (Note 5) 

Rs< 200fl 

AV;.5 5mV, Vou,=0 

Rs< 200fl 

Rs=50fl ,TA=0°C to TA= +70°C 

TA=25°C to TA=+70°C 

TA=25°C to TA=0°C 

TA=0 °C 

V' = -7.0V 

Rs< 200 

AV10 :;: 5mV, 0< lou+<5.0mA 

AV10 55mV 

AV1,> 5mV, V0.,=0 

v ..,,< o 

OUTPUT RESISTANCE· - f he 1asis1ance seen looki ng ln ta lhe 
0111pu1 1orrn1nat Wllh lh-8 DC ou1pu1 level a.I the log ic threshold 
vollago 

$TA08EO OU TPUT LEVEL' - The CC out put voltage, inde• 
pendent ol Inpu t vo t1ago. w11h the vollage on the s.lrobe l (Hmina1 
OQu31 to or loss 1han a m n1mum spe<llied amounl 

STROBE CURRENT - Trte m:,umum CUrlent dro wn by Ui e stro be 
10,m1na1 wl'lcn h Is nt 1ne zero logle level 

0oweA CONSUMPl lON - The oc powe, ln10 lhe ilmplmo, 
wrtti no ou1pu1 to:id . 'rho OC pc>wc, wil l vary wilh t1gna.1 level. 
001 1s spcc j l1cd :as 1'I ...,n .. 1m11m 10, 1l'lc cn 1uo ,angct or rnpu1-sign:i1 
cond•l•On$ 

SPECIAL ORDERING CODE 
Temperature Range: 

l = -55• + 125°C 
5= o• to +1o•c 

Case Style, 
D=C eramic Dual In-line, 16 leads, 
add "D" followlng last digit. 

Example, 
MIC720-1D i, -55•c to + 12s•c 
temperatur e range In Ceramic Dual 
tn-Une paclcage. 
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TYPICAL CHARACTERISTICS MIC 720•1 (T = +25 ' C. V=12 .0V. V"" -6 .0V unless otherwise speci1ied) 
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TYPICAL CHARACTERISTICS MIC 720-5 (TA=25 ' C. V =12. 0V. V = -6. 0V unless otherwise specified) 

VOLTAGE GAIN AS A FUNCTION VOLTAGE GAIN AS A FUNCTION 
VOLTAGE TRANSFER CHARACTERISTIC OF AMBIENT TEMPERATURE OF SUPPLY VOLTAGES 
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ITT723 
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 . Additiona l NPN or PNP pass 
elements may be used when output currents exceeding 150 mA are 
required. Prov isions 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, 
switch ing or floating regulator. Applications include laboratory power 
supplies, isolation regu lators for low level data amplifiers , log ic card 
regu lators, small instrument power supplies, airborne systems and other 
power supplies for dig ital and linear c ircuits . 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS MIC723-1 

Pulse Voltage from v+ to v- (50 msec) ...... .. . . .. . .. . 50 
Voltage from v+ to v- . . . . . . . . . . ....... .. ....... . . 
Continuous Voltage from v+ to v- ....... . . .. .... . .. . 40 
Maximum Output Current . . . . . . . . . . . . . . . .... . .. . ....... . 
Input-Output Voltage Differential .. . ..... .. .... ..... .... . . 40 
Current from Vi . . . . . . . . . . . . . . . 25 
Current from Vm . . . . ........... . 15 
Internal Power Dissipation - Metal Can (Note 1) . . 800 
Internal Power Dissipation - DIP (Note 1) .. . . . ...... . 900 

DIMENSIONS 

.335 
.335 R

:370 

.050·.:;~ --;r 
MAX MAX. lr.5 ~·t -+ 
,_-- ../ .500 
,o LEAOs imnn nnnn M1N. 

:811 O!A. WUUUUllll _ _ t 

NOTES, LEADS ARE GOLO-PI.ATED '«t:NAR 
PACKAGE WEIGHT IS 1;32 GRAMS 

CONNECTION DIAGRAMS 
TOP VIEWS 

1mm,c 
INPUT 

IDl,INY[ITllJC 
~PUT 

CURRIN! 
IIMIT 

Y-

Not1: On metal can, pin 5 is connected lo ease 

MIC723-5 UNITS 

V 
40 V 

V 
150 mA 
40 V 
25 mA 
15 mA 
800 mW 
900 mW 

Operating Temperature Range . . . . . . . . . . .... .. . ..... . -55 to +125 Oto +70 oc 
Storage Temperature Range . . . . . . . ......... . .... . -65 to +150 -65 to +150 oc 
Lead Temperature (Soldering, 60 sec.) . . ..... . . . 300 soo oc 

3 · 31 
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ELECTRICAL CHARACTERISTICS for MIC723-1 {Note 2) 

PARAMETER (see definitions) MIN. TYP . 

Line Regulat ion .01 
.02 

Load Regulat ion .03 

Ripple Rejection 74 

86 

Average Temperature Coefficient .002 
of Output Vo ltage 

Short Circ uit Current Limit 65 
Reference Voltage 6.95 7.15 

Output Noise Voltage 20 

} 
2.5 

Long Term Stabil ity 0.1 

Standby Current Drain 2.3 

Input Voltage Range 9.5 
Out put Voltage Range 2.0 

Input-O utput Voltage Differential 3.0 

DEFINITION OF TERMS 

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

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

RIPPLE REJECTION - The ratio of the peak to peak input ripp le 
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 tempera ture. 

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

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

EQUIVALENT CIRCUIT 

y. FIUOU[NC'f 
COMPENSATION 

Ve 

VRU 

Vou, 

'iOlU&E Vz REFEIIENCE 
AltPllflER 

V-

MAX. UNITS CONDITIONS 

0.1 %Vour V,,.= 12 V to V1N= 15 V 
0.2 %V our v ,N= 12 v to v,N=40 v 

0.3 %Vour -55°C ::!GT,.6 +125°C, 
v ,N = 12 v to v,N = 15 v 

0.15 %V our I, = 1 mA to I, = 50 mA 
0.6 %V ovr -5 5°C ~ TA 6 +125 ° C, 

1, = 1 mA to It = 50 mA 

dB 1=50 Hz to 10 kHz, Cm= O 

dB f = 50 Hz to 10 kHz,. 
C,EF=5 MF 

.015 %/ OC -55°C ~ T,.~ +125°C 

mA Rsc= 10D , Vour =O 

7.35 V 

µ,,V,,,,,,s BW = 100 Hz to 10 kHz, 
C,e,=O 

1t; lioe, MV,m, BW= 100 Hz to 10 kHz, 
Cm = 5 MF 

%/100 0hrs 

3.5 mA 1, =o. v ,N=3o v 
40 V 

37 V 

38 V 

OUTPUT NOISE VOLTAGE - The rms output noise vo ltage with 
constant load and no input ripple. 

STANDBY CURRENT DRAIN - The supp ly cu rrent 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 between the supp ly voltage and the regu lated 
output voltage over which the regulato r will operate. 

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

TRANSIENT RESPONSE - The closed- loop step function re
sponse of the regulator under small-signal cond itions. 

NOTES: 

(11 Oeraut molal can pnckago at 6.8 mW/°C a.nd dual•ln•llne pockago at 9 mW/ °C for 
operation ol ambient temperatures aboYo 25°C. 

(2) Unless olherwl.s.e specllled, T~• 25°C, Vuc• V•• Vc.• 12V, v-• o, V..,• 5V, 
l..= 1 mA, At.e=O, C,=100pF, c.t,=O and divid er impedance as uen by @rror 
amplUler .6 10 Kn connected as shown In Fig, 1. 

{3) L, ls 40 lurM of 120 enameled copper wire wound on Ferroxcube P36/22-3B7 pot 
care at equlvalG,n wHh 0.009N air g11p. 

(4) Figurtis In pnrcnthosos may bo used If Ri/R1 divldor Is placeel an apposite ol 
erro r amp. 

(5) Replace A.JR, in trgures wllh divid er shown in figure 13. 
(6) v• must be connected to a + 3 V or greater supp ly. 
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ELECTRICAL CHARACTERISTICS for MIC723-5 (Note 2) 

PARAMETER (see definit ions) MIN. TYP. MAX. UNITS 

Line Regulat ion .01 0.1 % Vou, 
0.1 0.5 % Vour 

0.3 % Vour 

Load Regulation .03 0.2 % Vour 
0.6 %Vour 

Ripp le Reject ion 74 dB 

86 dB 

Average Temperature Coefficient 
of Output Voltage 

.003 .015 %/O C 

Short Circuit Current Limit 65 mA 
Reference Voltage 6.80 7.15 7.50 V 
Output Noise Vo ltage 20 µ,V,~, 

2.5 µ,V,., 

Long Term Stab ility 0.1 %/1000 hrs 
Standby Current Dra in 2.3 4.0 mA 
Input Voltage Range 9.5 40 V 
Output Voltage Range 2.0 37 V 
Input-Output Voltage Differential 3.0 38 V 

TYPICAL PERFORMANCE CURVES MIC723-1, 723-5 

LINE TRANSIENT RESPONSE 

u ... 1: • 5& 

LOAD TRANSIENT RESPONSE 

" l lo.JCU!fi;IJro;l 

I - .,. 
l &.I) 

~ f_ I 
! • 
~'"° _ !,__ ~~~, ... -r= g 

·ID 
~ 
f 0 

I - · i i,IN• • lh' I \i 
.,. 

~-,.o "OUT• •IV 

!~::~ · - ·)O 

"'·• ~-' • ' II • • ., 
lllt't· !ll 

LINE REGULATION AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 

•II-,) "'Ol.1 • •IV 
lt~•0 
1,,••:l'H 

•Ul---+--t--+--d.\l• •)V 
It••~ 
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~ 
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OUTPUT IMPEDANCE AS A 
FUNCTION OF FREQUENCY 
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CONDITIONS 

v ,N = 12 v to v ,N = 15 v 
Vm=12 V to v ,N=40 V 
0° c ~ TA~ ?0°c, 

v ,N = 12 v to v ,N = 15 v 
It = 1 mA to I, = 50 mA 
0° C ~ T~ ~ 70°C , 

1, =1 mA to It =50 mA 
f= 50 Hz to 10 kHz, 

Cm = O 
t = 50 Hz to 1 O kHz, 

CREF=5µ,F · 
0° C ~ T,.~ 70°C 

Rsc = 10l1, Vour= O 

BW=100 Hz to 10 kHz , 
Cw =O 

BW= 100 Hz to 10 kHz , 
C.,, =5 µ,F 

I, =o , v ,N=30V 

LOAD REGULATION AS A FUNCTION OF 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL 

•U 
t-- - ,- . 

•Cl.I 

~ 
I 

• 
~ ~ -t. , ~ 

r---
• ,----

.O.il' VM• •!\/ ..,., 
1.., -~·c 

j ~-' ll •l lf.l~ll •5011A 

• ' " • • ., 

STANDBY CURRENT DRAIN AS 
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TYPICAL PERFORMANCE CURVES MIC723·1 

MAXIMUM LOAD CURRENT AS A FUNCTION 
OF'INPUT-OUTPIIT VOLTAGE 'DIFFERENTIAL 
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LOAD REGULATION CHARACTERISTICS 
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TAB LE 1- RESISTOR VALUES (k!1) FOR STANDA RD OUTPUT VOLTAG ES 

Positive Applicable Fixed Outpu t Output Adjustable Negative Applicable Fixed Output 5% Output 
Output Adjustable ± 10% 
Voltage Figures ±:5°/o ±10% (Note 5) Output Voltage Figures :!:5% 

r'iNJei~ A, A, A, P , R, A, R, R, P, R, 

+3.0 1, 5, 6, 9, 
12 (4) 

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 7 3.57 255 2.2 10 240 
12 (4) 

+5 .0 1, 5, 6, 9, 2.15 4.99 .75 0.5 2.2 -6 (note 6) 3, (10) 3.57 2.43 1.2 0.5 .75 
12 (4) 

+6.0 1, 5, 6, 9, 
12 (4) 

1.15 6.04 0.5 0.5 2.7 -9 3, 10 3.48 5.36 1.2 0.5 2.0 

+9.0 2, 4, (5, 6, 1.87 7.15 .75 1.0 2.7 -12 3, 10 3.57 8.45 1.2 0.5 3.3 
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 4.3 
9, 12) 

+15 2, 4, (5, 6, 7.87 7.15 3.3 1.0 3.0 -28 3, 10 3.57 24 .3 1.2 0.5 10 
9, 12) I . 0 

+28 2, 4, (5, 6, 21.0 7.15 5.6 1.0 2.0 -45 8 3.57 41.2 2.2 _.:10- 33 
9, 12) 

+45 7 3.57 48.7 2.2 10 39 -100 8 3.57 97.6 2.2 1Jl 91 

+75 7 3.57 78.7 2.2 10 68 -250 8 3.57 249 2.2 1,0 240 

TABLE 11 - FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES 

Outputs from +2 to + 7 volts 
[Figures 1. 5, 6, 9, 12, (4)] 

R, 
Vou, = [Vm X -R-- R- l 

v.,-;-•f?,,5.;. s~ R<-L. 1 - cl c w's.+..:.. •~ x 
Outputs from + 7 to +3 7 volts 

(Figures 2. 4 , (5, 6, 9. 12) ] 

Outputs from +4 to + 250 volts 
[Figure 7] 

v.., R - R 
Vour=[ - 2- X _ , __ , ] : R, =R, 

R, 

Outputs from -6 lo - 250 volts 
[Figures 3. 8. 10] 

Current limiting 

lut.m = VSENSE ':.,. 
R., 

Foldback Current lim iting 

I _ [ Your R, + VSENSE (R, + R,) J 
R, + R1 "I, Vour = 1v.Ef x - R-- l V - [ V,i, x R, + R, I . 

our - - 2- -- R-- , R1 = R, 
KNEE - ~ R\(. R, 

.. ~, -K l' 

~~ R- ~ !~;;f T I -e-;xJ K- 1 

v►Y'T' - K R ;, -,-- - '--::. ·-''-'-~ '(~ k.-1 

Figure 1 

BASIC LOW VOLTAGE REGULATOR 
(V- , = 2 to 7 Volts) 

... 

,, 

I [ VSENSE R, + R, ] 
SHORTCkl = ~ X R, 

Figure 2 

BASIC H IGH VOLTAGE REGULATOR 
(V~, = 7 to 37· Volts) 

... 

CSI- -- ---+ 

TYPICAL PERFORMANCE 

Re,:vtated Outp11I Volta&e 5 V 
line Regulation (.lVm - 3 V) 0.5 mV 
load Reeulation (.\h .- SO mA) 1.5 mV 

Nole: RJ _, ::+~t for minimum tempe1atu1e drill. 

TYPICAL PERFORMANCE 

Ree;ulated Output Voll1ae 15 V 
Line Reculation (.lVn,1 - 3 V) 1.5 mV 
load Regulation (.lh - 50 mA) 4.5 mV 

Note: RJ - :
1
~ ~

1

1 
for minimum tempe11tu1e drilt . 

Rl may be elimmilited !or minimum component count. 
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R, 
ll<U 

., 
Jll.~1 

Figure 3 

NEGATIVE VOLTAGE REGULATOR 

... 

TYPICAL PERFORMANCE 

Re1ul11ed Outpul Voltau - 15 V 

Line. Reeulation (l V1ir - J V) I mV 
load Regulation (JI ~.,. 100 mA) 2 mV 

Fi gure 4 

POSITIVE VOLTAGE REGULATOR 
(External NPN Pass Transistor) . ,. 

,. 

NI 

,_ 

m 

TYPICAL PERFORMANCE 

Regul1ted Output Vollaee + 15 Y 
Line Re ,:ulalion (..lVtN - 3 V) I.S mV 
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Figure 5 A· 
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Figure 3A • 
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Figure 5 
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POSITIVE FLOATING REGULATOR 
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Figure 7 A" 

POSITIVE FLOATING REGULATOR 
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ITT726® 
TEMPERATURE- CONTROLLED DIFFERENT IAL PAIR 

TEMPERATURE-CONTROLLED 
DIFFERENTIAL PAIR 
• Excellent Trans istor Matching 

• Close Thermal coupling 

• Fast Thermal Response 

• Tight Temperature Control 

MIC726 is a monolith ic transistor pair in a high thermal-res istance 
package, held at a constant temperature by active temperature 
regulator circu itry. The transistor pair displays the excellent matching , 
close therma l coupling and fast thermal response inheren t in mono
lith ic const ,uction. The high gain and low standby dissipat ion of the 
regulator c ircu it permits t ight temperature control over a wide range 
of ambie nt temp eratures . It is intended for use as an input stage in 
very- low dr ift de amplif iers , replacing complex chopper-stab il ized 
amp lif iers; it is also useful as the nonl inear elemen t in loga rithmic 
amplif iers and multip liers where the highly predictable exponential 
relation between emitter-base vo ltage and collector current is em
ployed. The device is const ructed on a single silicon chip using the 
ITT Planar process. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Operating Temper ature Range 
Storage Temperatur e Range . .... 
Lead Tempe rature (So ldering 60 seconds) 
Supply Voltage . . . . . . . . . 

UNITS 

- 55°C to + 125°C 
-6 5°C to + 150°C 

300°c 
± 18V 

MAXIMUM RATINGS FOR EACH TRANSISTOR 
CHARACTERIS TICS UNITS 

Max imum collector-to-substrate volt age .. 
BVc,o . . . . . . . . . ...... . 
LVcto [Note 1] .... ... .......... . . . 
BVe,o ... ... . . .... ......... . . . ... .. . . . . 
Collector Current . . . . . ... ...... . . . .. .. . . 

Note 1: Meuvred ~1 1 mA collacto r current. 

3-39 

40V 
40V 
30V 

5V 
5 mA 

PHYSICAL DIMENSIONS 

NOTES: LEADS ARE GOLD-PLATED K<NAR 
PACKAGE WEJGKT IS 1.32 GRAMS 

CONNECTION DIAGRAM 

E2 

SPECIAL ORDERING CODE 

Temperatu re Range : 
1 = -55°C lo 125°C 
s = o0 c to 10°c 

Package: 
C = 10-lead T0-5 
D = 14-lead DIP 

Example: 
M IC726-1 C means operating 
temperature range of - 55°C 
to + 12s0 c, suppl ied in a 
TO-5 package. 

I 



ITT726 

ELECTRICAL CHARACTERISTIC S for MIC 726-1 
( - 55°C s; TA ~ + 125°C, v, = ::t15 V, R.,I = 62kn unless otherwise specified ) 

PARAMETER MIN. TYP. MAX. UNITS 

Input Offset Voltage 1.0 2.5 mV 

Input Offset Current 10 50 nA 
Input unset 1.,urrem OU LUU nA 
Average Input l::!Ias c.;urrent oU lou nA 
Average Input Bias Current 250 500 nA 
unset Voltage 1.,nange U.;:l ti.U mv 

Offset Vo ltage Change 0.3 6.0 mV 

Input Of fset Voltage Dr ift 0.2 1.0 µ,V/°C 

input u nset voItage urrrt u.z LU µ,v1 -1v 

Input Offset Current Drift 10 pA/°C 
Input Offset Current Drift 30 pA/ °C 
Supply Voltage Rejection Ratio 25 µ,v/V 
Low-Fr equ ency Noise 4.0 µ,V pp 

Broadband Nois e 10 µ,V pp 

Long-T erm Drift 5.0 µ,V/week 

HIgn-rr eque ncy 1.,urrem 1.:iain l .b .;).0 

Output Ca pacitance 1.0 pF 
Em itter Transition Capacitance 1.0 pF 
Collecto r Saturation Voltage 0.5 1.0 V 

TYPICAL CHARACTERISTICS FOR MIC726·1 

v. 
TEMP AOJ 

., •1 
o. 

2J kQ "" 

··3 8 1 
2 

01 o, 

,, J •• AJ D2 
2' 0 4 .8kO 6 . 2V ··3 ., 

B2 I Q2 Qa Q5 
10 0 

,, .. 
10 • 

SCHEMATIC DIAGRAM·1•5 

3- 40 

CONDITIONS 

10 µA::;. 1e.:'S 100µA 
V« = s v, R, s son 
le = 10 µA, Ve, = 5 V 
le= 100 µA , Ve,= 5 V 
le= 10 µA, V« = 5 V 
le= 100µA, Ve,= SV 
le = 10 µA, 5 V S Ve, 5- 25 V, 
R,~ 100krl 
le= 100 µA, 5 V:f Va S 25 V, 
Rs,< 10 kn 
10 µAS lc.S 100 µA, Ve, = 5 V, 
RsS 50!l, +25°C..::,T, :::'::: + 125°C 
10 µA:'.:,' le s: 100 µA, Ve,= 5 V, 
Rs< son, -55°C;s; TA < +25°C 
le= 10µA, Ve,= SV 
le = 100µA, Ve, = SV 
10 µA < le < 100 µA, Rs< 500, 
le= 10 µA, Ve, = 5 V, Rs$ 500, 
BW = .001 Hz to 0.1 Hz 

le = 10 µA, Ve, = 5 V, Rs•:5 S0!l, 
BW = 0.1 Hz to 10 kHz 

10µA S lcS 100µA, Ve,= 5V, 
Rs < son, T. = 2s0 c 
1=20 MHz, le= 100 µA, Vc,=5 V 
1, = 0, Ve, = 5 V 
I,=100µA 
1, = 100 µA, le = 1 mA 

•CURRENT GAIN ASA FUNCTIOO 
OF" cou.tCTOA CURRENT 
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ELECTRICAL CHARACTERISTICS for MIC726-5 
(0°C:;; TA :S +es•c, v, = :t 15V, R,.1 = 75knunl essotherwisespecified) 

PARAMETER 

Input Offset Voltage 

Input Offset Current 
Input Offset Cur rent 
Average · Input t1Ias current 
Average Input Bias Current 
unset vonage Change 

Offset Voltage Change 

Input Offset Voltage Drift 
Input Offset Current Drift 
Input Offset Current Dr i ft 
Supply Vo ltage Re1ect1on Ratio 
Low-Frequency Noise 

Broadband No ise 

Long-Term Drift 

High-Frequency Current Ga in 
Output Capacitance 
Em itter Transition Capacitance 
Collector Saturation Voltage 

£,. 

50 0 

•• 

•• 
50 110 

• FOR · I, 75 kO FOR-, 

MIN. 

1.5 

♦ ISV 

l. !:1110 

•• 

TYPICAL X1000 CIRCUIT 

TYP. MAX. 

1.0 3.0 

10 100 
50 400 
::>V 0UU 

250 lUUU 
U.0 6.U 

U.::l 6.U 

0.2 2.U 
lU 
30 
.::o 

4.0 

10 

5.0 

3.5 
l .U 
1.0 
0.5 1.0 

SOD £0 1,11 

•• 
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UNITS CONDIT IONS 

mV 10 µ.A S 1e S 100µA 
Ve, = s v, R, :s; son 

nA le= 10µA, Ve, = 5V 
nA le = 100 µA, Ve, = 5 V 
nA le = 10 µA, Ve, = 5 V 
nA le= 100 µA, Ve, = 5 V --
mv le -1 0 µA,5V :5 Ve,s 25V, 

R, ::;.100kn 
mV le = 100 µ.A, 5 V $ Ve,-o:. 25 V, 

R, < 10 k!J 
p,Y/ vc le = 100 µA, Ve, = S V, R, < son 
pA / ' t, le = 10 µA, Ve, = SV 
pA /° C le= 100µA, Ve, = SV 
p,V/V le = 100 µ.A, Rs = son 
p,V pp le = 10 µA, Ve, = S V, R1 < 50n, 

aw = 0.001 Hz to 0.1 Hz -
p,V pp le= 10 µA, Ve, = 5 V, Rs :S son, 

aw = 0 .1 Hz to 10 kHz 
p,V/week le = 100 µ.A, Ve, = 5 V, 

Rs,.,; son, TA = 2S°C 
f = 20 MHz, le = 100 µA, Ve,= S V 

pr 1, = 0, Ve, = 5 V 
pF I,= 100µA 
V I,= 100µA, le= 1 mA 

TYPICAL CHARACTERISTICS FOR MIC726•5 
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ITT730® 
DIFFERENTIAL AMPLIFIER 

DIFFERENTIAL 
AMPLIFIER 

• Low Input Offset Voltage 

• High and Low Impedance Differential Outputs 

• 1.0 MHz Bandwidth 

The MIC730 is a differential ampli fier 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 sing le-ended or differentia l configurations can be 
employed at its input and output. The emitter follower output stage 
gives this dev ice a low output impedance making it useful as a 
preamplifie r. 

ABSOLUTE MAXIMUM RATINGS 

NOTE : DIMENSIONS AS PER LATEST 
JS • IO COMMITTEE. 
ALL DIMENSIONS IN INCHES. 
LEAOS ARE GOLO·PLATEO 
KOVAR. 
PACKAGE WEIGHT IS 1.22 
GRAMS. 

CONNECTION DIAGRAM 

INPUT 2 

LOW Z 
OUTPUT 2 

CNO 

Note: Pin 4 connected to case 

CHARACTERISTICS UNITS 

Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 V 
Differentia l Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . ±5 V 
Common Mode Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 to 5.5 V 
Interna l Power Dissipation (Note 1 and 2) . . • . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . 300 mW 
Operat ing Temperature Range (Note 3) . . . . .. . . . .. . .......... . .. .. . .. .. -55 to +125 °C 
Storag e Temperature Range ... .. . ..... . .... . ........ . .. . .. . .. . . . . .. .. . . ... . -65 to + 150 °C 
Lead Temperature (Soldering, 60 seconds) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +300 °C 

NOTES: (1) Rating applies tor case temperatur e to + 125°C: dora to II nearly at 5.6 mW/ °C for ambien t temperature 
abovo + 105°C. 

(2) Rating appli es for ambient temperatu res to + 10°c. 

(3) A lso l imlled temper ature range from o0 c to + 70°C. 
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SCHEMATIC DIAGRAM 
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ITT730 

SPECIAL ORDERING CODE 

Tempera ture Range: 
,~-ss 0 cto +12soc 
5 1:11 o0 c to + 1ooc 

Package : 
C=T0-99 

Exampl6: 
MJC7J0. 1c means operating tem
peralur e range of - ss0c 10 + 125°c , 
supplied In a T0-99 package. 

For Package Options : 
Contact local ITT Franchised Distrib
utor or Field Sale s Office . 

ELECTRICAL CHARACTE RISTICS (T, =25 °C. V+ =12.0V , and Vc.,,=3.5V unless otherwise specif ied) 

PARAMETER - ss•c to + 12s•c o•c to +10°c 
CONDITIONS CONDITIONS UNITS 

(See Definitions) MIN. TYP. MAX. MIN. TYP. MAX. 

Input Offset Voltage 1.0 2.5 R,,,,, 50!1 2.0 5.0 mV Rs""' 50!l 
Input Offset Current 0.5 1.5 0.7 3.0 µA 

Input Bias Current 3.5 7.5 4.5 16.0 µA 
Input Resistance 5.0 20 2.5 15 k!l 
Differential Voltage Gain 100 145 160 R,;;,, 100k!l 100 135 160 R, ;;,, 10DkP. _ _ _ 

Differential Distortion 80 300 R, ,.. 100k!l 85 300 mVop R, :,,. 100 kP. 

Bandwidth 1.0 1.5 1.0 1.5 MHz 
Single-Ended Output 

Resistance 
70 500 70 500 fl 

Output Voltage Swing 5.0 8.0 R,=" 100k!l 5.0 8.0 Vpp R, =" 100 k!l 
Supply Current 9.5 13 R, ;;,, 100k!l 9.5 13 mA R,"" 100 k!l -
Power Consumption 114 156 R,;;,, 100kP. 114 156 mW R, "" 100 k!l 

-- -
.. - co --" --" . . . 0 -"' --" 0 - -The following spec1hca\1ons apply for 55 C T. 125 C The following spec1hcat1ons apply for O C T • +70 C 

Input Offset vo ltage 3.5 R,,... 5on 7.5 mV Rs"" 50!1 
Input Offset Current 0.2 1.5 T. = + 125°C 0.5 3.0 µA T. = +70 °C 

1.0 3.0 T. = -55 °C 0.8 5.0 µA T. =0°C 
Input Bias Current 6.5 15 T. = -55°C 5.0 20 µ.A T, =0°C 
input Hes1stance u.~ 1.8 k!l 
Input Voltage Range 3.5 5.2 + 3.5 +5.2 
co mmon Mode Re1ec1ton 70 85 Rs,.,; 5011 60 80 dB Rs"" 50!1 

Ratio f ..; 1.0 kHz, + 3.5 V f "" 1.0 kHz, +3 .5 V 
-"' Vea-"' +5.2V --" Ve.a--" +5 .2 V 

Different ial Voltage Gain 90 175 R,;;,, 100 k!l 80 190 R, ;;..100kl1 
Common Mode Output Voltage 5.5 7.0 7.75 5.0 7.0 8.0 V 
Output Resistance 600 600 !l 
Output Voltage Swing 4.5 6.8 4.5 7.5 Vpp 
Supply Current 10 15 T, = - 55°C 10 15 mA T. =0 °C 

8.0 11 T. =125 °C 8.8 13 mA T. = +70 °C 
Power Consumption 120 180 T, = - 55°C 120 180 mW T, =o • c 

96 121 T.= 125•c 100 158 mW T. = +70°C --

3-4:3 
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TYPICAL PERFORMANCE CURVES FOR - 55°C TO +12s 0 c 

INPUT OFFSET CURRENT AS A 
FUNCTION OF AMBIENT TEMPERATURE 
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TYPICAL PERFORMANCE CURVES FOR -55°C TO +12s 0 c 
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TYPICAL PERFORMANCE CURVES FOR 0°C TO +70°C 
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TYPICAL PERFORMANCE CURVES FOR 0°c TO +10°c 
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INPUT BIAS CURRENT AS A 
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TYPICAL PERFORMANCE CURVES FOR o·c TO + 70 °C 

COMMON MOOE OUTPUT VOLTAGE AS 
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DEFINITION OF TERMS INPUT OFFSET VOLTAGE - That voltage which must be applied 
between the Input terminals to obta in zero differen tial output 
vo ltage. 
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 , cou ld cause the amplifier to 
cease funct ioning properly. 
COMMON MODE REJECTION RATIO - The ratio of the input 
voltage range to the maximum change In input offset voltage 
over th is range. 
DIFFERENTIAL VOLTAGE GAIN - The ratio of the change in 
the differe ntial output voltage to the change in voltage between 
the input termina ls producing it. 
DIFFERENTIAL DISTORTION - The A.C. unbalance in the 
output common mode voltage produced by unsymmetrica l output 
voltage swings. 
BANDWIDTH - The frequency al which the differentia l vo ltage 
gain is 3 dB below its low frequency value. 

OUTPUT RESISTANCE - The resistance seen looking into either 
output termina l with the output at d ifferent ial null. 
COMMON MODE OUTPUT VI )L TAGE - The. average voltage at 
the two output termina ls referred to ground . 
OUTPUT VOLTAGE SWING - The peak-to-peak output swing 
that can be obtained without clipping. 
SUPPLY CURRENT - The current requi red from the power 
supply to operate the device with no load. 
POWER CONSUMPTION - The OC power required to operate 
the amplifier with no load current. 
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ITT74 1f) 
HIGH PERFORMANCE OPERATIONAL AMPLIFIER 

HIGH PERFORMANCE 
OPERATIONAL 
AMPLIFIER 
• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Large Common-Mode and Differential Voltage Ranges 

DIMENSIONS 

• Low Power Consumption 
NOTE : DIMENSIONS AS PER LATEST 

JS -10 COMMITTEE. 

• No Latch Up 

The MICA741 is a high performance mono lithic operational amplif ier 
construct ed on a sing le silicon ch ip, using the ITT Planar epi taxial 
process . It is intended for a wide range of analog application s. High 
common mode vo ltage range and absence of " latch-up " tendenc ies 
make the MICA741 ideal for use as a voltage follower. The high gain 
and wide range of operating voltag es provide superior perform ance 
in integ rator, summing amplifier, and general feedback appl ications . 
The MICA741 is short-circuit protect ed, has the same pin config ura
tion as the popu lar MICA709 opera t ional amplifier, but requires no 
external components for frequency compensation . The internal 6dB/ 
octave ro ll-off insures stability in closed loop appl ications. 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Supply Voltage ... . .... . ...... . . • ... .. - - • .. , • • • • • • • .. - . 

Internal Power Dissipation ....... •. . • . . ... . . . . • ...... . . . . . . • 
Differential Input Volt age . . . ... • .. . .... . .. . ..... . . . . • .. . •. . • 

Input Voltage (Note 2) .. . ... . • . . . . • ....... •. ..... . . . .. • . • 
Storage Temperature Range .. , .. . . . . . .. . . ...... , . • . • • ... • 

Operating Temperature Range ..... . .. • ...... ... • ..... • .. . . 

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

MIC741-1 

± 22 
500 (Note 1) 

± 30 
:t: 15 
-6 5 to + 150 

-55 to + 125 

300 

ALL DIMENSIONS IN INCHES. 
LEADS ARE GOLD- PLAT ED KOVAR. 
PACKAGE WEIGHT IS 1.2 2 GRAMS. 

DUAL IN-LINE 

MIC741-5 

± 18 
500 

± 30 
± 15 
-65 to + 150 

Oto + 70 

300 

UNITS 

V 

mW 
V 
V 
oc 
oc 
oc 

14 

Output Short-C ircu it Duration . , .. . . .. . . , . , . .. , .... , . , . . . . . . . Indefi nite (Note 3) Indefinite (Note 
NOTES, 
(1} Rating opp lios for ease 1cmpcra 1urcs lo 125°C; dera te Uncarl y at 6,5 mW/° C for ambient tempera tures above +75"C . 
(2) For supp ly vollages less 1hon + tSV, rhe absolute m11ximum input ..,oltago is ccwal to 1he supply vo llage. 
(3) Short circuit may be 10 ground o, e ither supply. Raling appl ies to + l 2S°C case tcmpera1ure or + 7S°C ambi ent te mpera ture. 

( ) Short circuit may be to grou nd or either sup ply. 
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ITT741 

ELECTRICAL CHARACTERISTICS for MIC 741-1 (Vs= ± 15V, TA=25°C unless otnerwise specified) 

PARAMETER MIN. TYP. MAX. UNITS COND ITIONS 

Input Offset Voltage 1.0 5.0 mV As 10kfi 
Input Offset Current 30 200 nA 
Input Bias Current 200 500 nA 
Input Resistance 0.3 1.0 M!l 
Large-Signal Voltage Gain 50,000 200,000 RL>2kn, v..,,=±10V 
Output Voltage Swing ±12 ±14 V RL~10kfi 

±10 ±13 V Rl~2k!l 
Input Voltage Range ±12 ±13 V 
Common Mode Rejection Ratio 70 90 dB As"<10kfi 
Supply Voltage Rejection Ratio 30 150 J.N/V As:510kfi 
Power Consumption 50 85 mW 
Transient Response (unity gain) v,. = 20mV, AL= 2kfi, 

c l ::::;;1oopF 
Risetime 0.3 1.0 µs 
Overshoot 5.0 10 % 

Slew Rate (unity gain) (Pulsed) 0.5 V/µs 

The following specifications apply for -55°C<TA:$+125°C: 

Input Offset Voltage 
Input Offset Current 

Input Bias Current 
Large Signal Voltage Gain 25,000 
Output Vo ltage Swing ± 10 

CONNECT ION DIAGRAM!$ 

1TOP~~W J 

6.0 mV 

500 nA 
1.5 µA 

V 

SCHEMATIC DIAGRAM 

•• s,o 

As<10kfi 

RL:::=:2k!l, v..,,-±10V 

Rl2:2k!l 

•• 2SO 

•10 
sou 

OUTPUT 
6 

-+-- -+---o-- --+- ------- -- --- ----<>V' • 
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ITT741 

ELECTRICAL CHARACTERISTICS for MIC 741-5 (Vs= ± 15V, T,.=25 °C unless otherwise specified) 

PARAMETER MIN. TYP. MAX. UNITS 

Input Offset Voltage 2.0 6.0 mV 

Input Offset Current 30 200 nA 
Input Bias Current 200 500 nA 
Input Resistance 0.3 1.0 Mn 
Large -Signal Voltage Gain 20,000 100,000 
Outpu t Voltage Swing ± 12 ± 14 V 

±10 ± 13 V 

Input Voltage Range ±1 2 ±13 V 

Common Mode Rejection Ratio 70 90 dB 
Suppl y Voltage Rejection Ratio 30 150 µ,VIV 

Power Consumption 50 85 mW 
Trans ient Response (unity gain) 

Risetime 0.3 µ,s 
Overshoot 5.0 % 

Slew Rate (unity gain) 0.5 V/µ,s 

The following specifications apply for 0°C$1 ,.$ + 70°C: 

Input Offset Voltage 
Input Offset Current 

Input Bias Current 
Large-Signal Voltage Gain 
Outp ut Voltage Swing 

Vin 

7 

15,000 

± 10 

TRANSIENT RESPONSE 
TEST CIRCUIT 

6 

CL 

-::' 

RL 

3-50 

7.5 mV 

300 nA 

800 nA 

V 

VOLTAGE OFFSET 
NULL CIRCUIT 

6 

t 
v· 

CONDITIONS 

R5$ 10k!l, 

Rl> 2kn, v °"'= ± 1ov 
R,~ 10kfi 
Rl~ 2kn 

R,$ 10k!l, 

Rs< 1 0k!l, 

v ,.=2omv , Rt =2kn, 
C,$ 100pF 

R,> 2k!l, 

Rs$ 10kfi 

R,> 2kn, v .. ,= ±10V 
Rt~ 2kfi 



TYPICAL PERFORMANCE CURVES 
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Monolithic integrated circu it in bipolar technique, 
designed pr imarily for use in electronic organs. The 
device incorporates seven flip-flops with externally 
accessible inputs and outputs. 

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

An emitter-fo llower is interposed between each f lip
flop and the associated output termina l to ensure 
that the output voltage is largely independent of load. 
Because no internal emitter resisto rs are provided, 
the emitter-fol lower delivers undirectional output 
currents. 

When used in electron ic 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 mod if ied 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 rema in in the low 
state. 

Block Diagram 

: M -r@rBAJ B-~E] ~ rB· -· 1 
4--f--±-1-=--i-: --1-1--l-1--.-1 - •b :' 
(21 (14} (llt (.~} (12) (11} {4J (LOI f';il (9) !f)J 07 8)[1117} 

o1 o
2 

1
3 

o
3 

04 15 o5 16 06 17 ,, v• 
TM figures In btac kets co ues9ond 10 lht, pin numbers. 

All vo ltages are referred to terminal 1. 

ABSOLUTE MAX IMUM RATINGS 
Characteristic 

Supply voltage 

Input voltage see Fig. 6 

Output current per stage 

Externa l voltage at 

output terminals 

Ambient temperature 

range 

Storage temperature 

range 

V7 11 

lo 5*) 

vext ±.5 

Tamb - 10 ... +60 

Ts -30 ... +125 

Unit 

V 

mA 

V 

oc 

oc 

SAJ110 

SEVEN STAGE FREQUENCY DIVIDER 

~ ~ L.--os o-H 
IO 

SAJ 110 B 

Normally, the SAJ110 is del ivered in the dua l in -line 
'plastic package TO- 116 (F ig. la, add suffix "A" to 
type No.). Upon special request it is a lso avai lable 
in the quad in- line package (Fig. 1b, add suffix "B" 
to type No.). 

Characteristics per Divider Stage 
at v7 = 9 V, RL = 2.2 kO, Tamb = 25° C 

Characteristic I Unit 

Supply current (low 

state at output) <3 mA 

Input vo ltage high 

state (see Fig. 6) v. 
I 

6 . . . 9 V 

Input voltage low 

state 
Output voltage low 

v. 
I 

<1 V 

state 

Output voltage high 
Vo < 0.1 V 

state V 
0 

> 7.0 V 
Rise time of output 

voltage 1r < 0.2 us 
Fall time of output 

voltage tf <0.2 us 

Input resistance 

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

4-1 
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SAJ110 

Characteris t ics per Divider Stag e 
at v 7 = 9 V, R L = 2 .2 kO, Tamb = 250c 

Characteristic Un it 

Output resistance 

low state ro > 1 MO 

Output resistance 

h igh state r 
0 

200 0 

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

Recommended Operat ing Condition s 

Supply volt age V 7 9 V 

kHz 

kQ 

Max. input frequency fimax 50 

Load resistance R L 2 .. . 20 

If the output voltage shape has t o be modified for 
app lications in electronic organs (see Fig. 3). a pro
tective resistor Rs= 180 0, conn ected in series with 
the capacitor CL, should be used. In th is case the 
condition R L >> Rs must be met. 

Fig. 5: 
Output volt age versus 
supply voltage. 

' SAJ 110 

" 
,. 

... 

I 

, I 
• JO II V 

-v, 

Fig. 6: Max. admissible 
and min. required value of 
input pulse s (high state) 
versu s supply voltage. 

V SAJ no 

" 
10 

.. 
min.~qui'~ ! 

' -,-
L 

' IO '" - -v, 

4-2 

v,. 

b)til\l\ 
-i-----r--i~r---- , 

Fig. 3: Modi fica tion of the square-wave output 
voltage using RC networks. 
a) Circuit diagram, D = Decoupling diode, 

e. g. BA 170 
b) Shape of output voltage VRL 

On app lication in counter circuits resetting mny be 
required. This can be accomplished by bri nging all 
outputs to a potential less than 3 Vo lts 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 t han 1.5 Volts. The active edg e of the 
reset pulse has to be fast enough to complet e the re
setting within less than 0.1 ms, otherwise th e device 
may be overloaded. Fig. 4 shows a recom mended 
circuit for resett ing. 

11 01 02 -- ------- 17 07 

e.g. BA 170 

Ip> 1 µs e.g. BSY 82 
BSX 22 

Fig. 4: Recommended reset circuit for counting 
appli cat ions. 

Fig. 7: 
Input character istic 
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Fig. 8: 
Ou tput characteristic 
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SAJ170 

SEVEN STAGE FREQUENCY DIVIDER POWER OSCI LLATOR 

The monol ithic integrated circu it SAJ170 is intended 
for application in quartz-controlled clocks (wall and 

table models). The dev ice consists of seven series
connected fl ip-flop stages, tr iggered by the positive
going edge of the respective input pulse. The SAJ170 
may be driven either by sine-wave or by square-wave 
signals accord ing 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 

connect ed directly in series. 

Rz 

SAJl70 

4 

INPL/T 

-+ 1.5V 

s 1==-+-- - -0 
OUTPUT 

1=- +- ---, 

5 

on--..._ __________ .....,.1---00 

Fig. 1: Operating circuit of SAJH0 . 

f--.43 MAx.4rl 

~iE ~ o~~,,\~J t❖ t 
.067 MAX. 

8 7 6 5 

~7 
~_j 

.010 

,~ .. ,so : 
;.-.32-., 

Fig. 2: 

SAJ170inMini DIP 

plastic package similar 

to TO -116. 

All voltages are referred to term inal 7. 

ABSOLUTE MAXIMUM RATINGS 

Characteristics Units 

Supp ly voltage .... ..... ........ .. ... ............................ 2 V 

Ambient temperature range ............. -10 ... +60 °c 
Storage temperature range ............. -30 ... +125 °c 

ELECTRICA L CHARAC T ERISTICS@ V 1 = V 5 = 1.5 V, R1 = 680 kO, R2 = 270 kO, T amb = 25°c 

Characteristics Units 

Current consumption 

Divider ratio 

Output voltage h igh state 

Output voltage low state 

Rise t ime of output voltage 

Fall time of output voltage 

RECOMMENDED OPERATING CONDITIONS@Tamb = 250C 

Characteristics 
Supp ly voltage 

Current consumpt ion adJustable by R 1 

Resistor for adJusting current consumption 

Input frequency 

Capacitive load at output 

Input voltage high state 

Input vo l tage low state 

Rise time of input vo ltage 

Fall time of input vo ltage 

4 - 3 

11+2+3+5 
R1 

t . 

17 

128 

0.55 
0.05 
10 

5 

V1.2 

1o ... 25 

uA 

V 
us 
us 

Units 
V 

uA 

according to Fig. 4 
V50 kHz 

V3o pF 

0.4 ... 0.6 V 

Vo.1 V 

V20 us 
V10 us 

I 



SAJ170 

V; 

r 
,-----,- - - - - - \l;H 

- --11[ 

l 
I 

; ri ;- ~ fi i --- t D -;sv 
-t 

l 
,---~ - - - - - VoH 

- - - - -1 201 t,o tro 

Fig. 3: Input and output voltag es of SAJ 170 

µA 
so 

20 

10 

0 
0 

SAJ 170 

R2= 270krl 
1>,,ib=25°C 

Rl:470v V 
, :on, 

V V V 
V V ~ 

re<:ommendt!'d operoling range 
I I I I I I 

2V 
- 11,s 

a) Input voltage if driven 
by square-wave signal 

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

c) Output voltage 

Fig. 4: Current consumpt ion 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 monostab le 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 eveo 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. 

+11 . .. fflV 
120 

zw1.., 

Fig. 1: Circuit diagram of a rev-counter with full 
scale deflection at 6000 RPM (two control 
pulses per turn of crank-shaft). Nominal 
voltage of car battery 12 V. 

RECOMMENDED OPERATING CONDITIONS 

Characteristics 

Supply voltage 

Frequency of input pulses 

Pulse duty factor of output voltage 

Timing resistor 

Fig. 2: 
SAK110 in Mini DIP 
plastic package 

similar to TO-116. 

fig. 3: Test Circuit. 

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

ABSOLUTE MAXIMUM RATINGS 

Characteristics Units 
Supply voltage................... ................................ 9 V 

Currents ..................................................... -20 mA 

average value .................. .. ........................ 2 mA 

at pulse duration V0.5 ms ...................... 20 mA 

at pulse duration V0.5 ms ..... .... ........ ..... 75 mA 

at pulse duration V0.5 ms .. .................. -75 mA 

Ambient temperature range ......... ... -25 ... +65 oc 

Units 

7.5 ... 8 V 

<10 kHz 
<0.85 

3 ... 20 ko 

4-5 
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SAK110 

TEST CONDITIONS FOR CHA RACTERISTICS see test circuit Fig . 3 

Characteristic s 

Supply voltag e (:!:_ 1 %) Va 
Timing resistor (:!:. 0.1 %! R6/8 
Timing capacitor I!. 0.1 %) c1 l 6 
Load resistance (:!:. 0.5 %) RL 
Load inducta nce !+ 5 %! L 
Series resistance at input (:!:_ 1 %) R2 
Voltag e ampli tude of input pulses I!. 2 %! v. 

IS 
Duration of input pulses !:!:. 5 <J?;) t i 
Frequency of input pulses(.:!:_ 0.1 %) f. 

I 

CHARACTERISTICS AT T am b = 25°C. See preceding test conditions 

Supply curren t at Vi= 0 I tot 
Input voltage drop v

2I3 
Duration of output pulses t 

Voltage amplitude of output pu lses Vos 

Output voltage average vlaue V 
0 

Change of outp ut vo ltage for a supply vo ltage +LI Vo 
changeof+IV

8
= 0.3V - Vo 

Temperature coefficient of output voltage 

Residual output voltage Vo res 

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

Dependence of output voltage 

on the frequency 
v0 lin~ Vo max - Vo res. f i + Vo res 

fi max 

Deflection linearity error 

Definitions: 
I 
Vo - Vo li n I 

Vo max 
<0.3% 

Vo = actual value of output voltage (average value) 

Volin= nominal va lue of output volt age 

Vo max = final va lue of output voltag e at fi = f i max = 250 Hz 

(full scale deflection) 

8 

10 

0."7 

440 

so 
10 

10 

0.5 
250 

12 . .. 22 

6.5 . . . 8 

2.7 .. . 3.1 
5 . .. 5.8 

3.3 .. . 4.5 

<2 

< 2 · 10·3 

<30 

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

4 -6 

Units 

V 

kO 
uF 

i".i 
mR 

kO 

V 

ms 

Hz 

mA 

V 

ms 

V 

V 
'}~ 

17cc 

mV 



POWE R OSCILLATOR 

TAA775G 
POWER OSCILLATOR 

Mono lithic integrated ci rcuit in bipola r technique. Particularly suited as electron ic pulse generator for 

direction b linker and emergency bl inker in cars w ith 12V DC supply . Also suited for other app lications. 

e.g . for interv.al wind-screen wipers . 

The TAA 775 G is an oscillator. the frequency of which is determined by an external RC network and 

which supplies rectangu lar output pulses. The outpu t terminal 10 is connected to the co llector of the 
oulpul 1ransis1or operating in common em itter conf iguration . 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 termina l diagram Fig. 1. the TAA 775 G has two oscillator input terminals 

5 and 6. for the connection of the frequency -determ ining RC network. By applying a suitable control 

voltage to the control input (terminal 7) the following operating modes are possib le (see Fig. 5) : 

a) Operation at nomina l frequency f0 

b) Operat ion at increased frequency f' 0 

c) Osc illator not osc illating 

When a cont rol vo ltage for operat ing mode a) or b) is applied. osci llation stans in the on-state . Since 

the control voltage is effect ive only during the off -state. blocking of the oscillator in the on-state is 

possible on ly at the end of the norma l on-state. 

5 

6 

4 

Osc,n 

Inputs 

3 

8 

2 

Output 

Ground 

9 10 

FIGURE 1 - TERM INAL DIAGRA M OF TAA 775 G 

4-7 

The TAA 775 G is supp lied in a mod ified dual 

in-line plastic package. Instead of the three cen

tral connection pins a connection fin of suitable 

width serving as ground termina l is lead out on 

both sides (see Fig. 2). 

FI GURE 2 

I 



TAA775G 

ABSOLUTE MAXIMUM RATINGS 
Characteristics Unit 

S.upply Voltag e.................. . ................................. . ............................................................................. 15 Volts 
Control Voltag e ................................................................ ..................................................................................... <V 1 

External Volta ge on Termi nal 10 ......................................................................................................................... <V 1 

Output Current ................................................................................................................................................. 150 mA 

Ambient Temp erature Range ............................................................................................................. -25 ... +85 ° C 

STATIC CHARACTERISTICS @ V l = 12 Volts : V3 = Vg = 0 VoltT am b = 25 ° C (see Fig. 3) 

Characteristics Unit 

Average Current Consumption ........................... ............................................................................................... 8 mA 

Leakage Current of the Oscillator Input at v5 = O Volt .............................................................................. < 1 µA 
Required Osci llator Input Current for Turning on the Osci llator Output ................................................ > 10 µA 

Output Saturat ion Vo ltage in the On-State at I 1 o = 11 O mA ................................................................ < 1 Volt 

Output Leakage Current in the Off-S tate at V 1 o = V 1 and V5 = 0 Volt or V7 = V 1 ........................... < 1 µA 

RL ~ 1001! 

10 
+1 2v 

2 9 

3 TAA775G 8 

4 
V 7 

5 6 

FIGURE 3 - TEST CIRCUIT 
FOR THE STATIC CHARACTERISTICS 

Dynam ic Characteristics 

atV1 = 12Vo lts . V3 = Vs =OVolt. 

T amb = 25 ° C (see Fig. 4) 

Freq uency -dete rminin g resistor - R5I 6 

Frequency -dete rmin ing capaci tor - c5 

1 ... 120 

optiona l. but the leakage 
current of the capacitor 

must be taken into con

sideration. 
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Oscillator frequency (see Fig. 5) 

at V7 = 0 ... 0.35 Volt 

at V7 = 0.45 ... 5 Volts 

800 
f = Hz o R5;5 • C5 

f 0 = 2.2 f0 

TAA775G 

R5;5 in k1°2 

C5 in uF 

at V7 = 8 Volts ... V1 f" 0 = 0; output transistor blocked 

on/off ratio (see Fig. 5) 

at V7 = 0 ... 0 .35 Vo lt 

at V7 = 0.45 ... 5 Volts 

ton/toff = 0.8 

t' onlt' off = 1. 1 

RL , 100'.! 

10 
+ 12V 

2 9 

3 TAA775G 8 

4 7 
V7 

5 6 

FIGURE 4 - TEST CIRCUIT FOR 

THE DYNAMIC CHARACTERISTICS 

TV\ 
O'------ --- ---· 

FIGURE 5 - OPERATION OF THE 
CONTRO L INPUT 7 (STEADY STATE) 
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V7 = 0 ... 0 .35 Volt 

V7 = 0.45 ... 5 Vo lts 

V7 = 8 Volts ... v 1 

I 



TAA775G 

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

In conjunction with a frequency-determining RC network (e.g. R 5/ 6 = 5.6 kf2. C5 = 100 µ F/ 6 Volts) 
and a relay (coil resistance min. 1 00f2) the TAA 775 G replaces a conventional hot wire interval switch 

and a current monitoring relay. The previo us arrangement of the term inals on the blinker realy pac kage 

(plus and minus pole of the battery and connect ion to steering-wheel changeover switch) can be reta ined. 

In the case of direction blinking, the bulbs are monitored: the breakdown of a bulb causes a greatly 

increased blink frequency. The capacitor c6 preve nts battery voltage transients affecting the operat ion 

of the TAA 775 G. 

,---------------0----0 + 12V ! 3V 

49 8211 
2W 

FIGURE 6 - CIRCUITRY OF A DIRECTION AND EMERGENCY 

BLINKER USING INTEGRATED CIRCUIT TAA 775 G 

S 1: Direction blinking 

S 2: Emergency bl inking 

Characteristics of Blinker Circuit 

At V 1 = 12 Volts. T amb = 25 ° C, as in Circuit Fig. 6 

Opera t ion starts with a bright interval 

Durat ion of the first bright interval 

Norn. frequency in normal operating 

with two 21 Watt bulbs 

Norn. frequency in emergency operation 

with four 21 Watt bulbs 
Ratio of on-time to tota l period 

at nom. freq uenc y 

Dependenc e of operating frequency 

on the supply voltage in the range 

of 9 to 15 Volts 

Contro l of the lamps: 

Defect in one of the two direction indicating 
lamps causes an increase of the blink 

frequency by the factor 

Ratio of on-time to total period 
in the case of increased frequency 

4-10 
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TAA775G 

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 Ra and the discharging resistor Re the 

following conditions must be met : 

1 kQ< Ra< 120kQ 

1 kQ <Re< 120 kf.l 

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. 

l) - · 
FIGURE 7 - BEHAVIOR OF THE OUTPUT 

VOLTAGE AS A FUNCTION OF TIME 

6-------D +12V 

- I 

---, 
I 
I 
I qJ

S ~--

- I TAA775G 

s I I 
I 

Rs,s>1k!I r7 I 
L---r.,--.J X andB 

10 

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 circuit in Fig. 8 these equations are valid: 

R • C R in kQ 
T = 1/f 0 = 800 sec . 

Cm µF 

10 n = 0.45 T 
t0 ff = 0.55 T 

4-11 
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TAA775G 

o------+-o +12v -- - , 

TAA775 G 

I RI, 

I 

6 I 10 
I 

7 I I 
Ra and ._Re•>-1-4k•n •ea .. ch t-L - - -r:; - _J l .l.3a nd 8 

For the circuit in Fig. 9 these equations are valid: 

t0 n = 0 . 7 • C • Re msec R in kQ 

t0 ff = C • Ra msec C in µF 

FIGURE 9 - AS PULSE GENERATOR WITH ADJUSTABLE FREQUENCY 
ANO ADJUSTABLE ON/OFF RATIO. CHARGING ANO DISCHARGING 

OF THE TIME-DETERMINING CAPACITOR IS 
EFFECTED THROUGH SEPARATE RESISTORS. 

0------+-0 + 12V 

__ _.-cs>---,r-- -- , 

TAA77 5 ('; 

I 
I 

BAI 70 
...,,._ ... s...... I ,o 

1 I I r-__ I ___ J 
3 and B 

= 
FIGURE 10 - AS PULSE GENERATOR 

WITH ADJUSTABLE ON-TIME 

o-------0+12v 
5 ,--

:cc 
---, 

I 
I 
I 

FIGURE 11 - AS PULSE GENERATOR 
WITH ADJUSTABLE OFF-TIME 

10 

For the circuit in Fig. 10 these equations are val id: 

t 0 n=0 .6 • C • (R1 +R2)msec RinkQ 

10ff = C • R 1 msec C in µF 

For the circuit in Fig. 11 these equat ions are val id: 

t0 n = 0. 7 • C • R 1 msec R in kQ 

•otf = 0 .75 • C • (R1 + Rz) msec C in µF 

4- 12 



TAA775G 

WIND-SHIELD WIPER 

The interval wind -shield wipe r circuit is shown in circuit Fig. 12. The pause durat ion between two con

secutive wiping operations can be continously adjusted. 

inte rval 
sw11ch 

pause 
sen ing 

250uF + 
6V 

llne to be 
ehm1na1ed 

bu1U tn 

w,nar sw,tch 

53• 

FIGURE 12 - CIRCUIT OF AN INTERVAL WIND-SHIELD 

WIPER USING TAA 775 G. 

Characteristics of the circuit in Fig. 12 

At V1 = 12 Volts. Tamb = 25 ° C 

On-time (constant) ......................................... 0.2 sec 

Off-t ime (adjustable) .............................. 4 to 20 sec 

I 



TAA 780 

VO LTAGE REGULATOR 

1.1 V Stabilizing Circui t 

Mono l ithic integrated circuit. e.g. for the stabi liza

tion of the operating point in transistor circuits 

and for the voltage-stabilized drive of clocks. The 

circ uit comprises th e operating transistor Tl (see 
fig. 2) and a control circuit for the stabilization 

of the output voltage V314 to 1.1V . 

Normally the TAA 780 is delive red with vertical 

leads (Fig. 1 a. add suffix "A" to the type No .). 

Upon special requ est it is also available with hor 

izontal leads (Fig. 1 b. add suffix "B" to the type 

No.). 

Fig . 1a : TAA 780 "A" 

Plastic package 

"Pancake" 

f - --t- I 
0.05~7 0.201 

0 .20T -: · L_1 __ 

Fig. 1b: TAA 780 "B" 

Plastic package 

.. Pancake " 

~~ 
1.02 11 

06 

.06 

ABSOLUTE MAXIM UM RATING S 

Charact eristics 

All characte rist ics and max imu m ratings indicated 
below refer to the test circu it (Fig. 2) shown be

low. The figure 0 in the index of some charac

teristics means that in this case all other term inals 

are open . 

The fol low ing definit ions apply : 
Sv 3I4 = l::,.V214 • V314 andav 3I 4 = l::,.V3; 4 

f':,.V3;4 • V214 V3; 4 •LH amb 

~ ,--TAA780· - , ~ 

11 ,2 
,-+ 

Fig. 2: Circuit Diag ram and Test Circuit 

Tl ................................................ Operating trans istor 

T2 .............................................. Regulat ion transistor 

D ........................................................... Blocking diode 
R 1. R2 ................................................. Voltage divider 

Unit 

Collector -Base Vo ltage .... ................................................... . ..................................... ........................ 3 Vo lts 

Collector -Emitter Voltage 

@R 1 /3 = 5 k ohms (ext. connected) .... ..................................................................................................... 2 Vo lts 
Emitte r-Base Vo ltage ........................................................................................................................................ 2 Vo lts 
Substr ate-Base Voltage ................................. ........................................ ......................................................... 2 Vo lt s 

Collector Curren t ......................................................................... ...................................................................... 15 mA 
Stabilizing Current ................................................................................................................................................ 1 mA 

Ambient Temperature Range ................................................................................................. ......... -2 0 to +40° C 

Storage Tempe rature Range ............................................................................................................. - 20 to 125°C 

4- 14 



TAA 780 

ELECTRICAL CHARACTERISTICS @ T.,b = 25°C UNITS 

DC Current Gain of Transis tor T1 

@ V2 ; 3 = 1.5V, I2 = 0.3 mA . 14 = 0 . 
Collector-Saturation Volt age of Transistor T1 

. . .. .... .................... .......... ........... , ......................... 250(> 120 ) 

@ 12 = 3 .5 mA. I 1 = 35µA. 14 = 0 ....................................................................... ................ 0 .1 (> 0.12) Volt 

Base-Saturation Voltage of Trans istor T1 
@ 12 = 3.5 mA. 11 = 35µA . 14 = 0 .......... ................... ............................ . , ........... ............... ............... 0.7 Volt 

Total Resistance of Vo ltage Div ider ....................................................... .................................... 15 (> 10) k ohms 

Stab ilized Vo ltage 
@ V2 ; 4 = 1.5V. 11 = 250µA. 13 = 3.5 mA ........ ....................... ..... ........................................ 1. 1 ± 0 .06 Volt 

Vo ltage Stabi lization Coefficient 
@ V2.4 = 1.3 to 1.7V, 11 = 250µA. I3 = 3 5 mA ................. .................................... ... ........................ - 200 

Temperature Coeff icient of the Stab i lized Voltage 
@ V2 ; 4 = 1.5V. 11 = 250µA . 13 = 3 .5 mA .......................................................................... - 2.8 • ,o-3 ;o c 

Small Signa l Current Gain of Trans istor T1 
@ V2 ; 3 = 1.5V. 12 = 0.3 mA. 14 = 0 .................................................... ... . ................................................. 250 

mV 
10 

iv,., 

t- 10 

·20 

·JO 

-LO 

-so 

Variat ion ol output voltage V314 
versus input voltage v,,,, 
re ferred to V2,,-1 .GV 1 V314- 1.1V 

TAA 780 

--J - - - '-· 

>--

- -
I 

i 
l I 

, I -1·--·, 
r- l -r·i . I jl H -\ :1so"~- · 

_ W:r.2SoC 
I - ,, ,ism ~ 7 

___ Ll.J_1 .. l 
1J 1'1 1.3 l,t. tS 1.6 I] 1,8V 

· -- li,i 

Variation of output vo ltage V3,. 

versus current 1, 
referr ed to / 1 """250 ,uA, V314 - 1.1 V 

TAA 780 mV 
ioo~~-~~-~-~~ 

80 l-- +-+- -l- -+--1-- -l 

d'VJ;',60 l ,o -t-_ 
20 

0 =r -- 20 . i-·-VJ.It ::I_SV 
• 60 - IJ • 3,SmA 

·BO -
~s 25°C 

-100 
Ill 20 so JOO 200 soo IOOO~A 

- -,, 

4-15 

mV 

Variation of output voltage Vm 
versus ambient temperature 
referred to Tomb = 25° C, 
V 314 = -1.1 V 

TAA7SO 
"o ..---.---r-~-~~~~ 

>-" ,-1----1-- -1-- '2,, ' I.S V 
l1 = 250i,iA 
l1= 3.SmA 

.4v.lOO 

{' I I::,-·-~ 
L'. LO L--

I 
20 · 

0 

I 
· 10 ~ 

I 

-,o -

-60 i. 
-20 -10 10 20 io ,o •c 

----r,,,,. 



TAA790~ 
A MUL Tl-FUNCTION IC 

MULTI-FUNCTION IC 
FOR TV RECIEVERS 
• Sync Separator 

•AFC 

• Horizontal Oscillator 

•APC 

• Noise Suppression 

MAXIMUM RATINGS @ 25° C Case Tempera ture 

CHARACTER ISTICS UNITS 

Ambient temperature .. 

Junclion temperature 

Currents: power supply 

T, 0 •.. 60°C 

. . Ti < 12s0 c 

signal inputs 
signal inputs 
signal inpuls 
signal outputs 
signal outputs 

Vollages: supply voltage 
composlle video signa l 

I,, < 10 mA 
•....•• .. 1, < 1 mA 

I, < 1 mA 
.. 1, <S mA 

I, < 10mA 
I, < 10 mA 

. .. V, < 10 mA 
.. V, 0 to < +6V 

ELECTRICAL CHARACTERISTICS @ 25° C Case Temp. 

CHARACTER ISTICS 

Input current of the synch separator stage, connection (9) 

Input curren t of the noise suppressor, connection (8) 

Output current of the synch separator, connection (7) 
Load resistance 
Amplitude of the line synch and frame pulse at output 7 
Nominal frequency of the oscillato r 

Pulse cur rent 
Output of the Load resistor 

oscill ator: Amplitude 
Pulse width 

Pull-in range 
Hold-in range 
Slope of the AFC-cir cu it 
Phase shift between osc illator output pulse and synch pulse 
(def ined as the time between the leading edges of these pulses 
with lhe oscillator aligned to the nomina l freque ncy). 

4- 16 

UNITS 

+20µA < I, 
>+ 1 mA 
- 100 µA < 1, 
> - 1 mARH 
= 27 kll 
I, 6mA 
R,., 1 kll 
V, +6 V 
15750 Hz 
1, 3mA 
R,.1, 2 kn 
V, +2V 
t, 14 µS 

> ± 1 kHz 
> ± 2kHz 
> 1 kHz/0.5 µS 

PHYSICAL DIMENSIONS 

DUAL IN•LfNE 

PHYSICAL DIMENSIONS 

QUAD IN-LINE 



BLOCK DIAGRAM OF A TELEVIS!ON RECIEVER 

UHF TUNER SOUNDI-F RATIO 
DETECTOR 

AUDIO 
DRIVER 

AUDIO 
OUTPUT 

PULSE SHAPE 
aS'lt:HSEPAR . 

NOISE 
BLANKING 

3rd 1-F 

LOCK•IN 
RANGE swm:H 

VOL:TAGE 
REGULATOR 

VIDEO 
DETECTOR 

PHASE 
OISCRIMl!IATOR 

VIDEO 
DRIVER 

HORIZCWTAL 
OSCILLATOR 

TAA79O 
FUNCTIONAL DIAGRAM 

NECESSARY EXTERNAL COMPONENTS 

i I i 1-1 
f ' ' ' . '. lt,," . 

' ' f 

VERT: 0.5v/div. 
H0RZ : 20 µs/div. 

+15V 

470 

270 

! I ! I I f ' ' .... ,,,,J,,i 
I_ I I _ . , 

I I ; 

SPEAKER 

VERT: 2v/div. 
HORZ: 20µs/div. 

II-
\ 

150/200V 

' J 47K U 
I 

150K 

I.SK 

n2r---~ 13:------st--,l-----::::d-~(HORZ .OU~ 

INVERTED 
COMPOSITE 

, VIDEO IN 

,';u~~~~i~ 
I 
I 
I 
t VERT: 5v/div. 
\ HORZ: 20 /div . .. 

22K 

VERT: Sv/d iv. 
HORZ: 5)'5/div, 
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47K 

330pFJ. 

IOK OPTION.oL CAIVER 
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TBA120S 

INTEGRATED FM/ IF AMPLIFIER AN D DEMODULATOR 
Package: T0-116 

Quad in- l ine 

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 symmetri cal 
amp lifier and a coincidence circuit for t he demodulation. For the volum e control. a potentiometer may 
be connected betwee n 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 difficul ty. 

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 demodu lator curve shows 
excellent stab ility . The permitted supp ly voltage range is 5 ... 15V. 

Termina l 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 intern al 

12 V Zener diode connected to terminal 12 may be used for stabilizin g of the supply vo ltage for the 
TBA 120 Sor for other stages . Max . Zener current 10 mA . 

ABSOLUTE MAXIMUM RATINGS 
Characte ristics Unit 

Supply voltage .................................. .............................................................................................................. 15 Vol ts 
Ambient temperature range ................................................................................................................ -15 ... +70°C 

Storage tempe rature range ............................................................................................................... - 35 ... + 125 °C 

The 22 nF filter ing capac itor between terminal 8 and 11, together with the integrated output res istor 

Rs111 = 2.6 k n , determines the time -constant of t he de-emphas is. 

Circuit Diagram 4.5 MHz sound IF amplifier 

120 ... 

2.!r • Cs 
... 

------➔• .......!!. ...---

no 
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TBA 120S 

ELECT RICAL CHA RA CTERIS TI CS @ V 11 = 12 Volts, I i = 0.5 MHz. P = 5 kH . T amb = 25 ° C 

Characte ristics Un it 

Recommended range of supply voltage ........................................................................................... 5 ... 15 Volts 

Current consumption ................................................................................................................................ 16 .5 mA 

IF vol tage gain ................................................................ ................. ............................................................. 70 dB 

Limiting IF output vo ltage ........................................................................................................................ 240 mV 

AF output voltage 

@ 6 Ii = ± 50 kHz. Vi = 10 mV. IA F = 1 kHz. Q = 45 .............................................................. 1. 7 Vo lts 

@ 6 Ii= ± 25 kHz. Vi= 10 mV. fA F = 1 kHz, Q = 45 ................ .......................................... 0 .85 Volt 

Distortion 

@b.fi = ± 25 kHz, Vi= 10 mV. !AF= 1 kHz, Q = 45 ....................................................................... 1.8% 
Input voltage for start of limitation 

@b. fi = ± 50k Hz.fAF = 1 kHz,Q = 45 .................. ............. ..................................... 30(<60)µ.V 

Input impedance 

@ f i = 4 .5 MHz.. ......................................................................... .. ..................... .... 20 k !! parallel to 6 pF 

@ fi = 10.7 MHz ......................................................................................................... 10 k H parallel to 5 pF 
Output resistance ................... ........................................................................... ..................... .................. 2.6 kn 
Vol ume cont rol range ..................... ............................................................................................................. 7 5 dB 

DC level of output signal at Vi = O . .................................................................................................... 7 .3 Volts 

AM rejection ratio 

@M i = ± 50 kHz. Vi = 10 mV. fAF = 1 kHz, m = 30% ..... .............. ....... .................................. 65 dB 

@b.f i = ± 50 kHz, Vi = 200µV, fAF = 1 kHz. m = 30 % ..................................................... 55 dB 

Co il data fo r Cir cuit Diagram 

Coil assemb lies: 7mm x 7mm Neosid miniature filters 

Input coi l L 1: 

12 turns, 0, 1 mm r/> En. Cu 

Mat eria l of the core: F 10 B 

Oo ~80 

Demodulator coil L2: 

4 turn s. 0 . 1 mm ¢ En. Cu 

Mater ial of the core: F 2 

Oo ~45 

p 

22~1-°1~n 
,-A •• t.~n I : ~ ~: ~ ~ :q 220p ,--~ - , ({ :~i + T~A ,ws + !~: :i(I 
i.;_T _, 1.:-y.5'-' 

o-11- :-:ii- CJ, 
22n 120 

AF b) 

Printed circu it board for circu it diagram, scale 1: 1 

a) copper foil side b) component side 
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TBA120S 

Distortion versus volume control 

Volume control versus 
potentiometer resistance 

'I. 18.6 120 S 
s ,-,-..,......,......,.~~..-~~-~ 

dB 
-100 

-20 

- 'al516lJ/!t lPJ 

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

V 

.. 8 0,8 

L.6 

~.2 

18A 120S 

I. ..... s MHz, di, : t so kHz, ~ F-!lk Ht, 
m: 30'1,_ o!,s 

'""' v8 and k cn•••od to JJf, ,25 kHz 
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HIGH VOLTAGE SELENIUM RECTIFIERS FOR CONSUMER APPLICATIONS 
(Half-Wave unless specified) 

PART NO. PIV-Based on 16 kHz appli cation 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 Volta£1e Rectifier 

088 24,000V 3mA Hi Voltage Rectifier 

TV6.5 8,500V 3mA Focus Rect ifier 

TV9-6K60 11,700V 3mA Hi Voltage Rectifier 

TV11-6K70 14,650V 3mA Hi Voltage Rectif ier 

TV13-11 K60 17,250V 3mA Hi Voltage Rectifier 

TV18-10K70 24,000V 3mA Hi Voltage Rect ifier 

TV18-1 0K80 24,000V 3mA Hi Voltage Rectifier 

TV20-10K80 26,500V 3mA Hi Voltage Rectifier 

f-- 1 5/32 ---j _[ .300 CIA.MAX. 

=----1~ 1 ~ 
r---1 1,2--1 r---114 ---l T 01A. fi~N£o _J 
t MIN , I MIN COPP£R WIRE 

PART NO. 365 M5822 

Port No. A e C 0 E F 
.820 .034 .50 .168 .284 .50 

03~ •.086 
-.180 !.004 MIN. !.078 MAX. MIN. 

073 3.345 .032 .50 .236 .228 --! .06 !.004 MIN . : .012 :.008 

088 
2.785 .032 . 50 .158 .228 --
! .06 ! .00 4 MIN. t .012 !.008 

TV.6.5 1.98 .03 1.50 .236 .23 I.SO 
: .06 ! .04 ! ,008 • .04 

TV9- 2 .36 .03 I.SO .236 .23 I.SO 
6K60 t .06 : .04 ,.008 .,:.04 

TVJI- 2.76 .03 1.50 .236 .23 1.50 
6K70 , .06 :!:.04 •.008 :!,.04 

TV13- 3.35 .03 1.50 .236 .23 1.50 
IIK60 ! .06 ! 1.50 :!:.00 8 • .04 

TVJ8- 2.758 - - -- .236 
.23 --I0K70 ,.06 , .008 

TVl8- 3.15 -- -- .236 .23 --I0K80 .t.06 %-008 
TV20- 3.15 -- -- .236 .23 --I0K80 ,: .06 ~ .008 
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SAH215 

TELEPHONE PUSH-BUTTON DIAL LING IC 

Pin Confi gurat ion MONOLITH IC INTEGRATED CIRCUIT IN MOS 
TECHNOLOGY FOR USE IN TELEPHONE SETS 
WHEN D IALLING PUSH -BUTTONS. 1 

2 
3 
4 
5 
6 

Case, substrate, ground 

• The off -normal relay is released during the 
interdigital pause 

• Decoding by means of ROM gives flexib le code 

• Pulse stora ge with individual or block-wise recall-
ing of numbers 

• Two dif fer ent dial pulse ratios available 

• Two different inte r digital pauses available 

The SAH215 • Design and Operation 

Th is c ircuit makes it possible to design push-button 
dial l ing telephone sets for connection to conventiona l 
telephone networks (quickstep -d iall ing). 

The SAH215 controls a relay the contact of which 
generates the d ialling pulses. It also contro ls a second 
relay which performs the fu nction of the o. n . 
(off-normal) contact, i. e. short -circuit s the receiver 
during the dia ll ing opera tio n. Th e supply source is a 
nickel/cadmium accumulator which is charged from 
the telephone network during conversations . Bot h 
relays are driven by the SAH215 thro ugh external 
transistors. 

T he MOS circu it requi res a two-phase clock generato r 
which delivers two non-over lapping clock pulses hav
ing an amplitude of approximate ly · 18 V. Its 
power consum pt ion can be kept to the extremely 
low value of less than 4 mW. 

Key 
Block 

External Reset Circuit 

Clock Generate, 

FIG . 1: Block d iagram of the SAH215 

7 
8 

o. n . outpu t 
d. p . outpu t 
Reset inp ut 
Stro be inp ut 
External register 
cont ro l input 
Clock tl 
Cloc k t2 

9 Input A 
10 lnputB 
11 Input C 
12 Input D 
13 Option t 2 

(groun d-833 / 
open=433) 

14 Option tp/T 
(ground=0 .62/ 
open=0.66) 

Write 
Distributor . 

DIAL PULSE 

GENERATOR 

ROM 

COUNTER 
CONTROL 
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Fig. 1 shows the b lock diagram of the SAH215. 
Four-bit data arriv ing from the key block are fed in 
parallel to the shift register via the read distributor . 
This register consists of four paral lel individual 
registers of 18 b its each and serves for stor ing a 
max imum of 18figures. 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 contro l unit ensures 
the proper writing and reading sequence. 

Through the write distr ibutor 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 fo r which the counter was set to the d. p. 
(dial pulse) driver and drives the d. p. relay, main
taining the proper pu lse duty factor. The counter 
contro l unit maintai ns the required interval between 
the several pu lse trains and controls the o. n. relay 
v ia the o. n. driver. 

The d ial pulse generator frequency is der ived from 
the clock frequency by means of a 2047 : 1 frequen
cy divider . Fo r the customary dial l ing frequency of 
10 Hz the required clock frequency is therefore 
20.47 kHz. 

When applyi ng the supply voltage to the MOS circuit, 
all stages of the cont ro l units have to be reset. This is 
achieved by a bui lt- in reset unit. The reset t ime is 
deter mined 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 vo l tage level 
(Low) stands for logic "1 ", and the more positive 
voltage level (High) for logic "O". The symbol "X" 
may be an "O" or a "1" 

When using a key block in which each key is provided 
with two ordinary contacts and one positively con
tro lled n. o. (no n-overlapping) contact it is possible 
to control the integrat ed circuit directly. The same 
applies to a key block with row and column switches 
each of which is provided w ith a common positive ly 
controllP.rt n . o . contar. t . The positively controlled 
n. o. contacts which close after the other n. o. 
contacts and open before the other n. o. contacts , 
contro l the strobe input 5. Key blocks of different 
design may be adapted by using a diode matrix. A 
general requirement for key b locks is that the data 
signals must be f ree from bounce prior to the strobe 
signal as each key is depressed. 

Fu rther possib ilities of adaptation are introduced by 
mask variatio ns which enable any desired four-bit 
code to be set, as long as the tetrades 11 11 and 1110 

SAH215 

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

An additional facility 
In normal use the termina l 6 is not loaded. This 
corresponds to a logic "1 ", if a logic "O" signal is 
applied to this terminal the register output is blocked 
and the data made to ci rculate 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 term inal 6, so that the storage of figures 
can continue. 

-6V 

CLOCK EXTERNAL 
GENERATOR RESET CIRCUIT 

11 12 

A 
9 

7 8 2 

8 0 . N. DRIVER 
10 

KEY C SAH 215 
BLOCK 11 

D 
12 3 D.P. DRIVER 

6 
TROBE 

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 0 0 
5 0 X 1 

6 0 1 1 0 
7 0 0 0 

8 X X 1 
9 1 0 0 
0 0 0 
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SAH215 

ABSOL UTE MAX IMUM RATINGS 
Characteristi cs 

Voltages, clock pulse 1, clock pulse 2 
Inpu t voltages 
Inputs 4, 5, 9, 10, 11 and 12 
Output current 
Ambient temperature range 

RECOMMENDED OPERATING CONDITIONS 
Characteristic s 

Clock pulse vo ltages 
Clock frequency 
Duration of clock pulses 
Time interval between clock 
pulses 1 and 2 
Reset voltage 
Duration of normalisa t ion pulse 
Strobe input time (free from bounce) 
Bounce/strobe pulse spacing 

Characteristics 

at V7M = V8M = -18 V, Tamb = 25 °c 
Input voltages 
Inputs 4, 5, 9, 10, 11 and 12 
Logic "0" 
Logic "1" 
Input 6 
Logic "0" 
Logic "1" 
Input cutoff current 
atVin=-12V 
Output frequency 
Power consumption 
Capacitance of clock inputs 

Dial break ratio of dial pulses 
lnterdigital pause at ft= 20 kHz 

12, 13 
Tamb 

V7M,V8M 
ft 
t t 
ta 

-V4 
t4 
te 
ts 

Vin 
Vin 

Vin 
Vin 
·IR 

fout 
Ptot 
C7,C9 

Type: 

tp/T 0.66 

tz 833 
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-30 ... +0.3 
-30 ... +0.3 

-5 
-40 ... +70 

-18 
20 (10 ... 50) 
>5 
>3 

<3 
> 1 
> 17 
<7 

Termina l open 
-6 (-5 ... -12) 

0 ... -3 
Te rminal open 
<5 

ft/2047 
<4 
< 150 

2 3 4 

0.62 0.66 0.62 
838 433 438 

Units 

V 
V 

mA 
oc 

Units 

V 
kHz 

us 
us 

V 
ms 
ms 
ms 

Units 

V 

V 

uA 

mW 
pF 

ms 



ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS 

*APPLICATION NOTES 

ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS 

1. Introduction 

Integrated digital frequency div iders 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 availabil ity of these new integrated circuits 
will lead to rapid new developments in all branches of the 
electronic industry. 

The new monolith ic integrated frequency divider circu it 
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 addit iona l components and can be used in 
place of conventional discrete -compo ne nt flipflop dividers, 
its use as a frequency d ivider in electronic organs is 
particularly advantageous. 

2. The Integrated Circuit SAJ 110 

Integration of a conventiona l flipflop circuit would offer 
virtua lly no advantage over a discrete component circuit -
only a c ircu it which does not incorporate capacitors or 
other charge-stor ing elements is suitab le 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 c ircuit was necessary . 
This circuit had to funct ion in a similar manner to a 
conventional flipflop but had to be designed so that no 
additional charge-stor ing elements were required . The result 
is a device wh ich comb ines seven single d ivider stages on a 
single chip. 

: a-rGrBAJ Bi-a--a- 1 
4-+----1-1-=-1-=1-1--=1-1-~1-1----=-H -11 
121 (14) Ill) (3) (t21 (II) (4 ) 110) ($) (9) (6 ) 0 7 (81(1)(7) 

11 0 1 02 I; 0 3 04 15 0 5 16 06 17 f v+ 

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

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 comb inations. 

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

2.1. Functional Description ot an SAJl 1O 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 tr igger 
network which always steers the input pulse to that 
transistor which is cut off at the time . Fig. 3 shows the 
input and output wavefo rms 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 flipf lop 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 divide r had to meet the fol lowing 
customer requirements: 

Supply voltage 

Input (trigger waveforms) 

Output voltage 

Permissible load range 

Ambient operating 
temperature range 

Number of stages to be 
accommodated in one 
package 

Packaging 

7 · 11 V 

Sinusoid or square wave 

Not less than 6 V - high 
enough to perm it reliable 
triggering of another 
div ider stage under all 
operating conditions 

2 to 100 kQ 

0 to 60°C 

7 

14-p in DIP or OIL 
plastic package 

*Application notes wil l be found in the last pages of this section. 
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ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS 

OUAt.. 1#-L!Nl QUAD l lf.UHJ! 

Fig. 2 : SAJ 110 Dimensional outl ine drawings 
a) Version "A", TO-116 dual in-line plastic packa98 
b) Version "B", quad in-line plastic package 

Fig. 3: Block di&gfam of one divider st&ge with input and output 
waveforms 

For reason of economy and reliability, it was also con• 
sidered desirable that the number of integrated elements 
and the tota l 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 V7 
Input voltage Vin 
Output curren t per stage 1out 
External output biasing Vext 
Ambient temperature range Tamb 
Storage temperature range Tstor 

Single stage characteristics 
(@ V7 ~ 9V. RL ~ 2.2 kQ, TA~ 25°C) 

Current consumption 
(output in "low" state) 

Input voltage ("h igh" state) Vin 
Input voltage ("low" state) Vin 
Output voltage ("low" state) Vout 
Output voltage ("high" state) Vout 
Rise time of output pulse 1, 

Input resistance (see fig. 5) Rin 
Output resistance ("low" state) 'out 
Output resistance ("high" state) rout 

Recommended Operating Conditions 

Supply VO It age V 7 

Maximum input frequency fmax 

Output load resistor R L 

11 V 

see fig. 4 

5mA 

±. 5 V 

- o 10 +so·c 

- 30 to +125°C 

<3 mA 

6 .. . 9 V 

<3 V 

< 1.0V 

>7 .0V 

<1. 0 µs 

6 to 9 kQ 

;>1 Mfl 
<100fl 

9 V ±20% 

100 kHz 

2 to 20 kfl 
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Fig . 7 : Output current vs 
OUIPUt voltage (pulsed) 

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

The input paramete rs of a frequency divider stage at various 
supply voltages can be deduc ed from Figs. 4 and 5. The 
input pulse amplitude should be not less than 6 V, but 
should, on the othe r 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 shou Id be less than 1 V. 
Fig. 5 may be used to determine the static inpu t resistarce, 
which v'aries betwee n 6 and 9 ,kfl. 
In the curve shown in.F ig. 6 the output voltage is p lotte d as 
a funct ion of supp ly voltage. As can be seen, the out put 
voltage is 1 to 1.5 V lower than the supply voltage and 
varies somewhat with the load. Assum ing the same loading 
conditions the output voltages of all individual stages are 
within ±5% - this applies to stages on the same IC as well 
as to stages on ditterent IC's. 

Fig. 7 shows the loading characteristic of a divider stage 
which gives a "high" output . Note that as the out put 
current of the stage is increased (by reducing t he load 
resistor, for example) , point "B" on the cu rve moves 
towards "C" llout ~ 35 mA and Vout = 1.7 V) at wh ich 
point the stage flips into the " low" state and remains the re. 



This bistable output effeot is discussed further on in 
connect ion with the resetting of dividers used in counting 
circu its. 

J. 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 
der ived from these master oscillato rs by frequency division. 
In most conventiona l organs t his frequ ency division is 
accomplished by the use of bistab le multivibrators (flip
flops). These have the disadvantage of produc ing a square 
wave output, which contains practica lly no even harmonics 
and offers on ly limited scope for modifying the characte r 
of the notes produced. 

However, if the SAJ 110 is used,s imp le RC networks can be 
connected across the outputs to generate sawtooth wave· 
forms wh ich conta in even harmonics. An add ition al 
advantage of the SAJ 110 is its small size, making it 
particular ly suitab le for use in port able instruments. 

Fig. 8 shows the usual frequency generating circuits 
employed in electroni c organs. Twelve master oscillators 
produc e the frequencies of the highest octav e whi le all the 
frequencies for the lower octaves are generated by Ire· 
quency division. The arrangement shown in F ig. 8 requires 
up to twelve SAJ 110 circuits for one organ. If the organ 
has less than seven octaves, then there are several spare 
divider stages wh ich may be utili zed in the divider chains 
associated with othe r frequencies so t hat in this case less 
than 12 integrated circuit s are required. 

Depression of one of the organ keys, T, causes several 
out puts to be switched to a common line,S,via high value 
resistors, R, and th is signal, which is a comb ination of 
several frequenc ies, is then further processed . The spectrum 
of this signal is considerab ly richer in harmonics than that 
o! an ord inary 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 th is, the ground of resistor 
R/10 (Fig. 8) should be connected to a posit ive potential. 
Another possibility is to ensure that the d ivider outputs 
supp ly proper AC signals. Fig. 9 shows such an alternative 
circuit. Use of a suitable bias causes the full alternating 
d ivider output component to be deve loped across the load 
RL, 

The circuit shown in Fig. 10 fully exploits the high output 
voltage and low out put resistance of the frequency divider 
SAJ ·110. In this circu it RC networks are connected, via 
protection diodes, to the outputs of individual divider 
stages so that waveforms which are not very d ifferent from 
that of an ideal sawto oth are presented across the load R L· 
The protective resistor Rg connected in series with each 
capacitor CL is included to limit the capacitor surge to a 
value which the out put stage can safely handle. 

In F ig. 11 the frequency spect rum of the waveform V R L 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 

ITT SAJ110 IN FREQUENCY DIV IDER CIRCUIT S 

Fig. 8: Block d iagram of th11 ton e generat ing circuits in electronic 
organs 

Fig. 9: Conversion of divider unidirectional output into 
alternating output 

q[COl,.\~•£NOE'.D V4WiS 

T•°ij' ,RL:)2 Z1;Jl,R5: 1soo 

Fig. 10: Mod ification of the d ivider frequency spectrum using RC 
netwo rks 
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ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS 

sawtooth. Note 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 SA.J 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 suitab le 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 d ivider 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 term inals 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 on ly be 
flipped to "low" if the output is pulled down to 1.5 V or 
less by some externa l means, and this can on ly be accomo 
plished while the input voltage Vin is "low". The output 
characteristic in Fig. 7 is divided into the sections A·B and 
B-C, sect ion 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 
(tr < 0.1 msec) to avoid overheating the device (the output 
transist or d issipates considerable power during this period). 

If the divider input potent ial is higher than O 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 tha t 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 I are connec ted, 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 transisto r is 
capable of passing up to 400 mA of collecto r current under 
the most unfavorable cond itions (i.e. when all outputs are 
in "high" condition prior to the applicat ion 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 v1, =Vo,= ... Vo7 < 1.5 V 
is fulfilled. The reset pulse duration is, however, not very 
critical provided it is not less than approximate ly 1 µ sec. 

As ment ioned 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. Ther e are two 
possible conditions: 

v,
1 

= "low" (Fig. 13) 

V1
1 

= "high" (Fig. 14) 

In Fig. 13 11 was "low" at the instant when the reset was 
applied; under this condition all the outputs which were in 
the "high" state immediate ly 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 I, 
then causes all the outputs to be tr iggered to "high", this 
correspon ding to a "PRESET" condition of the counter. 
Only the second input pulse is counted. These conditions 
are summarized in the truth tab le in Fig. 13 and it can be 
seen that the counter counts (n-1). 

Fig. 14, on the other hand, illustrates a condit ion in wh ich 
all the outputs are in the "PRESET" state immediate ly 
after the occurrence of the reset pulse so that the next 
pulse is correct ly counted as No. 1. The explanatio n for this 
is as follows: Although in th is case the reset pulse init ially 
pulls all the outputs . as well as the input 11, to " low", the 
input 11 is immediate ly returned to '"high" at the end of the 
pulse (t = t1J. because the positive edge at the end of the 
pulse is equivalent to the application of a logic "H " to the 
input. Th is positive edge triggers first output O1and then, in 
turn, all the other outputs to "high" - this corre sponding 
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 particu larly suitab le for use in electronic 
organs where its performance is super ior 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 outpu t impedance ensures that the output remains 
virtua lly constant irrespective of load, the lowest perm is· 
sible load being approxim ate ly 2 krl. 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 spect rum as, 
that of an ideal sawtooth, is possible simply by co nnection 
of RC networks across the outputs. 

... < 
'• 

1...,, •0 + J. 

Fig. 12: Reset circuit for a seven stage coun ter 

4- 28 



ITT SAJ110 IN FREQUENCY DIVIDER CIRCUITS 

I~~- - - - - -~-~ 
:1 

o~~---- --~ -~ 
o I 
~~-- --- J 

03 -- ---~ ii 
L- ' 

11 
04----------, II L- , _ _ __ _ 

05-----------: 
L-

06--------
L-

07----------, 
L- II 

_____ R_e_se_1_pu_1se_ -----,1:==1p>lµs 

Fig. 13: Reset action at V 11 = "low" 

H 
'------L 

H 
-L 

H 
-L 

H 
-L 

H 
-L 

11 H 
LlJ7..Jl...J7..J ___ -~ -L 

I\ 
01-, r7 r7 r,r----~ H 
L- L-_J L---1 L-....JH -L 

Oz~ r---7\~- -- -- - 7 r--, H 
~ - ] ~ ~~ 

03-------, : , - - -- ----~ ,_______ H 
L- I I -L 

0 1! 
4 ,,- -- -
L- LI 

:I 05 - --------....; 
L-

I I 

H 
-L 

H 
- L 

OG---------- 11 H 
L- - L 

\1 
07- ------ -- ~~- --- ---------- H 

L- -L 
Reset pulsen:- lp>iµs 

Fig. 14: Reset act ion at V1, • "high" 

4- 29 

TRUTH TABLE 

11 01 Oz 03 0405 ()s 07 

0 L L L L L L L 

1 H H H H H H H 

2 L H H H H H H 

3 H L H H H H H 

4 L L H H H H H 
5 H H L H H H H 

6 L H L H H H H 
7 H L L H H H H 

TRUTH TABLE 

I 1 o, Oz 03 04 05 06 07 

0 H H H H H H H 
1 L H H H H H H 
2 H L H H H H H 
3 L L H H H H H 
4 H H L H H H H 

5 L H L H H H H 
6 H L L H H H H 
7 L L L H H H H 
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ITT DTL 930 SERIES 

The ITT DTL 930 Series is a family of compatib le in
tegrated circuit s using diode- transisto r logic. Th e ad van
tages of this family arc : 

• Choice of duril in-line, ¼" X ¼" Aat pack, or T0- 5 
packages. 

• Lo"· power dissipation 

• High worst-case noise immunity 

• High fa n-out capabil ity 

• F::m-out/ noisc immunity trade-off ability 

• Choice of full (-55° to +125°C) or limited (0 to 
+75°C ) tempe rature ranges. 

• Specified operat ion over full temperature range 

• Operation from a single power sup ply, and over a 
wide voltage range. 

• Wide and proven app lication 

• Gate output s can be" wired OR" 

FLAT PACK SIMILAR TO T0 -5 

■ 
Contents 

General description-DTL 930 Series 
Loading factors .. 
Noise immunity . ....... . 
Propagation delay ..... . 
Transfer characteristics. 
DC curves .... . ...... . 
Element characteristics 

Gates 
Dual 4 input CMICS30, MICS61J . .... . 
Dual 4 input buffer CMIC932 1 MIC944J 
Hex inverters CMIC935/7J ..... 
C3uad 2 input CMlC946 1 MIC949J 
Triple 3 input CMIC962/3J . . .. 

Dual 4 input extender CMIC933 .J 
Flip Flops 

Clocked CMIC945, MIC94BJ ... 
Pulse triggered binary CMIC950J 
Dual CMIC9093/4, MIC9097 1 MIC9099J 

Multivibrator CMIC941/51J . . . ..... . .. . 
High Level Logic CMIC9109/10 1 MIC9112J .. 

DUAL IN• LINE 

3 
s 
6 
B 

10 
12 

.14 

.1B 

.24 

.2B 

. 34 

. 3B 

. 42 

.48 

.54 

.so 

.64 

Manufactur ed under license and patents of and DTL copyright owned by Fairchild Camera and Instrument Corporatio n. 
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GLOSSARY 

GLOSSARY OF TERMS USED WITH DTL 930 SERIES 

In General, Subscripts are used as follows: 
0 = output 
I = inpu t 

R = reverse, applying to high inputs. 
F = forward, app lying to low inputs. 
L = low, app lying to a low signal level or when 

with V cc to low V cc value. 
H = high, applying to a high-signal level or when 

used with V cc to high V cc value. 

Non-operational Terms: 
VcMAX) = l\laximum rated Vee pin voltage. 
IcMAX> = I\laximum rated current into Vee pin, with 

V<.•t•x> applied . 
V l'D = V cc pin voltage applied during power dissi

pation test . 
I,,0 = Current into V cc pin with V PD applied. IPDi 

means gate or buffer inputs arc low or clock 
pin input is low. I,,nu means the inputs arc 
high. 

V n = Inpu t reverse (high) voltage for input diode 
leakage test. 

IN = Reverse input diode current with Va applied 
to input. 

In cl' = Reverse clock pin input leakage current with 
Va applied to input . 

V cf;x = Output transistor collector to emitter volt
age. With output pull-up resistor connected, 
V cex = V cc to avoid drop across outpm 
pull-up resistor. 

Operational Terms: 
V n = Inpul low (threshold) voltage. 
V oL = Output low voltage, with rated fanout cur

rent 10 ,, into output. 
LV CE = Coll<'ctor emitte r latching volte,ge. 

PACKAGES 

FLAT PACK 
T0-86 

... C-004 TYe 

T 
..f:.065 MAX. 

240M IN. jT 
265,MAX. 
SOUME 

5-4 

Vo = Breakdown voltage of capacitor input. 
Ic,;x = Output transistor collector to emitter leak-

age current with V csx applied to output. 
V,,D = f<'orward diode drop in 933 E lement. 
I,,n = forward diode current in 933 Element. 
V m = Input high (threshold) voltage. 
V 0 11 = Output high voltage, with high current (1011) 

flowing out of output. 
V,, = Forward (low) input voltage, for forward in

put current (IP) test. V,, is usually ground. 
I,· = Forward inpu t diode current, for unit input 

load. Also shown will be 2/3 Ip, Jpcp, and lps. 
I oL = Output low current. 
l011 = Output high current, flowing out of output 

in V 011 test. 
l sc = Short circuit output current to ground, with 

one or more inputs low. l sc minimum con
firms outpu t ability to pull up capacitive 
loads; Isc maximum confirms subtraction of 
fanout rules when "OR"ing output-s. 

V cc = Supply voltage. 
V ccL = Low V cc pin voltage. Used for V oL (I oL) and 

V 011 (I 011) tests. 
V cc u = High V cc p in voltage. Used for V,• - I, , in

put forward diode current tests . 
Cl'.x = Clock P in, pulsed . The subscript if any refers 

to pulse waveshape. Used in testing binary 
elements. 

V cPTu = Input Clock Pin threshold voltage (low). 
With Clock Pin at or below V cPru, t he 
"master" Flip-Flop holds the proper"slavc" 
(output) Flip-F lop output high. 

Vx = Input low (threshold) voltage extendab lc in
puts . 

ln K = Monitoring current through resista nce. 

DUAL IN -LINE 
T0-1 16 

NOTES: 

I. leads 1re a modified hexagon in crou sec
tion. Board-drilHn& di111ensions should equal 
YoUt practice for a conve11tlon1l .020 Inch 
diamett!r lead. 

2. Mu, envelope for all planned packeges of 
this. desl,:n family. 



LOADING FACTORS 

INPUT-OUTPUT LOADING FACTORS 
The number of element.5 that may be driven by an output terminal may consist of any combination of elements whose 
summation of inpu t loading does not exceed the output te rminal driving capabi lity. l?anout for 0°C to +75°C range is 
given in parenthesis. 

:D-• :D-• ·v- !D-· ' " 
'·~-- I•••• 

: • • {~l!J!CC~, • · _l~lj.':J'li•.i 11-R'_..ffl~r 

½M IC930. ½ MIC 961 . 1/, MIC 932 1/, MIC 933 
¼ 946. ¼ 94 9. 1/, MIC 944 
½ 962 ½ 96 3 
¼ 936 ¼ 937 

'~ 
,~, -~ :~-(11) 

', ... ., 
' - .. .. 

~ . ~ . 
«ti,, 0 Utll. 

Ml~ 945 , • 

lUI . . 
Ml~948 , MIC 950 ,, MIC 951 

LOADING RULES 

1. Extens ion of inputs with the ::\!IC !)33 does not affect 
quiescent load ing of the supplemented clement (i\IIC 
930 or 932). However, capacitance due to wiring to the 
:'I fIC 933 wi!J affect noise tolerance and propagation 
delay, and thus establish a fan-in limit for the particular 
application. Please refer to the typ ical curves on the 
:'IIIC 933 Dual Extender E lement specifications. 

2. l"or operation with a nominal supp ly voltage of 4.0 
volts from -55°C to + 125°C, reduce clement fanout 
as follows: ::\UC 930=5, ::\UC 945=7, i\lCC 932= 18. 
If temperature L, maintained above -20°C, no fan-out 
reduction is necessary. 

rules app ly over the ent ire milita ry temperature range 
with a supply voltage of 4.5 to 5.5 volts. These rnles 
also permit a 50°C temperat ure differentia l between in
dividual clements. These rul es guarantee a worst case 
signal-line or ground noise thresho ld of at least 350 m V. 
Pract ical noise thresho lds exceed 500 m V. 

4 . All rnlcs for :\UC 930 apply to MIC 946, 962, and 936. 
All rules for :.\IIC 961 apply to :\UC 949, 963, and 937. 
All rules for MIC 945 apply to MIC 9093 and 9099. 
All rn leis for MI C 948 app ly to MIC 9094 ""d 9097. 

5. For incrnased current, inputs and outputs of ½ MIC 
932 or ½ MIC 944 may be simultan eously parall eled 

3. For operation with a nominal supp ly volt.age of 6.0 up to 4 common outputs . Each combined input = 4 
voltti from -55°C to +125°C, reduce clement (an-out loads. Combined output= 100 loads. 
as follows: :\IIC 930=6, :\IIC 945=8, i\'CIC 932=20 . 6. An external resistor should be used with MIC 944. With 
If ambient temperature remains below + 100°C or if external R to 5 volt V cc ±0.5 Vj subtr act output loads 
worst case noise threshold is considered lo be 250 mV, as follows: R=2Kll, subtr act 2 loads, 
no fan-out reduction is necessary. Except a.s noted, thc>RC R= lKP., sub tract 4 loads, R= 51011, subtrac t 8 loads. 

INPUT EXTENSION AND "wired OR" LOADING 

½ 930 and 
2 X ¼ 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 t he 
"wired OR" function . Subtract 1 
unit of fan-out for each added 
gate . Subtract 5 fan -outs for 6 
added gates . 

EXTENS ION OF INPUTS :I .. » 

" .._ • ., OlHllll 'I-
' c,o.-, tlltUI 

lll"Ht-l 

: .,. . ., 
; \m 

GATES WHEN "wired OR" 

4x ¼ M IC 946 MIC 930 "wired OR" 
ALSO 946, 962 

MIC 961 "wired OR" 
ALSO 949, 963 

2. Outputs of DTL gates with 2Kn 
pull-up resist.ors, 949,961,963 a nd 
937 may be tied together for the 
"wired OR" function. Subtract 2 
unit s of fan-out for each ad ded 
gate . 

5- 5 

3. Output~ of :.\1IC 932 may not be 
tied toget her for the "wired OR" 
functi on, however :\UC 944 out
puts may be used in the "wired 
OR" configuration. 
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NOISE IMMUN ITY 

NOISE IMMUNITY 

The re 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 No ise Immuni ty, V NS, is defined by the equat ion~ 
VNs = IVIL(max) - V01-(max) J 

or V Ns = IV 011(min ) - V m (min) I 
Where 

V 011(min) = ::Vlinimum high ou tput voltage 
Vw(min) = Minimum high input voltage that will 

guarantee V 01,(max) at the output 
VIL(mnx) = :\-Iaximum low input voltage that will 

guar antee V 011(min) at the output 
V oL(max) = ~l ax imum low outp u t voltage 

Th e meaning of these equat ions is indicated in Fig. 1 and 2. 
The pulse shown at A in Fig. 2 is a nois<' signal induce d 
on the signal line connect ing two gates . The pulse at A is 

FIG. 1 

Voe Vee 

l l 
Vo v1--

GNO GND 

not sufficient to make t he input voltage rise rrnm V oL 

(max ) to V,,,(max) nnd, the refore the outp ut of gate 2 
will rema in unchange d. However, t he pul se at B will 
cause the input level to rise above VIL(ma x) and, con
sequently, gate 2 may turn on, and. its ou tput voltage 
falls undesirably. 

When gate 1 ou tpu t is high, the outpu t volta ge is gua r
anteed to be greate r or equal to V o11(rnin) under t he 
spec ified worst case conditions. Th e noise signa l at C 
will not make the signa l level fall below V111(min) . Gate 
2 will therefore maintain a low ou tpu t leve l. H owever , 
the pulse at D may cause gate 2 to turn off, and its ou t
pu t voltage rises undesirab ly. 

FIG. 2 

"HIGH" V C 0 

SIGNAL H VoH(M I N) } 
VNS LEVEL V1H(M lN) 

V1L{MAX) } 
11 LOW" VNS 

SIGNAL VL VoL(M AX} 

LEVEL 

GROUND NOISE IMMUNITY 

Ground Noise immunity, VNo, is usually th e worst c,t~<' 
noise immunity for DT L 930 Ser ies circui ts . 

Not ice that, some curves show two valu es of V re at a 
given t,cmperature for tbe same noii;c immunity. The 
upp er V cc ensures t,hat the driv ing clevic<' is hard in sat
uration . Grotmd noise s igna ls \\'ill lhcrcfor e only acid to 
out pu t leve l V ,n(max) . The noise immunity for this cmsc 
will be defined by 

V.va = VNs ~ I Vn(max ) - V oL(max ) I 
When t,be dr ive ga te is ha rd in saturation due to high 
V cc, ground noise 8ignals will probably exceed lhc im
muni ty defined by th is equat,ion before they reach a level 
tcndiog to tum off lbc d rive gllle. As t,hc V cc is rcduc<'d, 
the load curr ent in the output transistor will decline 

with a correspond ing decrease in V 0 ,, . Th e gat e is sti ll 
hard in sat ura tion and we obtai n a ga in io no ise imm u
nity . Ho\\'evcr, as V cc is lowered furthe r , the gate rcacbc~ 
a. region of soft ,mtu ratio n and t he ground noise signa l 
may tur n off th<' drive gate . The gate amplifies the ground 
noise signal and the noise immu nity is signi ficantly les.9 
tlu,n I V,i(ma.x ) - V oL(max) j . Each of t h() curve ~ shows 
v.,,, the worst ca.~c of VNa and VN.~-

As an cxnmple, the curv es for a fan -out of 7 show 11 wor:;t 
case V N = V NG of 200 rnV at V cc = 4 V and - 55°1-'. Thi s, 
howeve r , corresponds to a worst case signal no ise im mu
nity or JV,i(n,ax ) - V 01.(max) I ~ 500 mV for the same 
fan-out tcm pernt u rc and V ,•c, Th is happ<:ns becau se V N s 
only adds to V 01,(max) but V No depr ives the ou tpu t t rnn
~i~to1· or the dl'ive gate of base current, thu~ tu rning it off. 
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PROPAGATION DELAY 

TIME DELAY VERSUS CAPACIT IVE LOADS 
(THRESHOLD "" + 1.5 V. T = 25°c , Vee - + 5.0 Vl 

FIG.19 FIG. 20 
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ADDITIONAL DELAY TIME CHARACTERIZATION INTO CAPACITIVE LOADS 

Th e curv es on page 10 give cxtr ns ivc clch1y charact eri
iation s as fun ct.ions of V cc, tr mpcm turc, fan-out a.ntl 
ra t io of act ive to ina ctive fan-o ut . For each fan-ou t, acUve 
or inacl.ive, 5pf wiring capacity was ad ded . Thi s page 
will show the e ffect s of great er wir ing capacit ies. 

l\Iost delay att r ibu tab le t.o capac itive loads is assoc iate d 
with the posit ive going out pu t. Tw o R.-C t,imc const.ants 
a re seen in the positive going ou tpu t, as shown in the 
pict ures below. In the 1st t ime period, from the sat u
rat ed low level to t.hreshold, t he R of the R-C t ime con-

b . b 6 I ·n. II 1 · I 3 75En sta n t can e g1vpn y J \ 111 pa ra e w1t. 1 act ive fan-out. 

Above t he thrrs hold which occm, at abou t 1.4 to l.5 

FIG. 22 
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C 

SCOPE 
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volts at 25°C, the R of lbe 2nd R- C time consta n t is 
CiT<n and the rate of the volta.g<' r ise above threshold is 
slow. Th e logic signal propagates thr ough at Lhc th res
hold level ; so voltage rise above thr eshold docs not affect 
speed. By not ing that bot h rise domains d rive to ward 
Vee, Lhc vo ll,af(c ris<' wavefo rm may be calculate d. :vnc 
930,932, 933, 936, 937, 946, 949, 961, 962, 963 a re~ 2pf 
per inpu t for acti ve or inactivr fan-out ; the remainin g 
capacitance is from board, wir ing, and connecl,ors. Gates 
with 2K 11 pull resisto r~ sho uld be t reated simila rly . 

T he 1.,., ave rage curves, with one act ive fan-out, F ig. 23 
below, gives the pred ictio n of capacit ive effects on 
switching speeds. 1n l<'ig. 22 be low Pach outp u t has l 
act iv<' fan-ou t, which i~ wor~t ens<'. 
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TRANSFER CHARACTERISTICS 
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TRANSFER CHARACTERISTICS 
TYPICAL CHARACT ERISTICS, FA N- OUT = 7, Vcc = 4V 
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FIG. 25 
VouT VS V1N 

' 1 1 

'- \ " TA• 125 • C~ I 

_I 

--" \ 

0 4 0.8 1.2 1.6 

r4 " -ss•c- -,,.~ 

TA*25• c_ 

I 

2.0 24 2.8 
VIN -INPUT VOLTAGE • VOLTS 

•A • 2s •c ....-

-02 0 

FIG. 27 
V1NV S II N 

TA •- ss•c -

I 

rA 2 i2s•c 

0.2 0.4 

~ 

I"' I 

0.6 0 8 
l1N - INPUT CURRENT - mA 

1.0 



TRANSFER CHARACTERISTICS 

TRANSFER CHARACTERISTICS 
TYPICAL CHARACTERISTICS, FAN-OUT = O, Vcc = 4V 
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DC CURVES 

AVERAGE POWER DISSIPATION VS. TEMPERATURE FOR GATES 
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Vcc = SV 
FIG. 34 
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NOTES : I. Fig. 33, 6K pull-up curve for MIC 930,936,946,962; 2K pull-up for MIC 937,949,961 ,963. 
2. Fig. 35 3pplies to MIC 037, 9-19, 96!, 963 only. 

TYPICAL-MAXIMUM IF CURVES FOR GATES 
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DC CURVES 

OUTPUT LOW CURRENT VS. Vee OR VoL FOR MIC 930, 936,946,962. 
FIG.41 
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EXAMPLES OF USES FOR THE MINIMUM-MAXIMUM DC CURVES 
EXAMP LE 1. 
A low )110 930 outp ut at -55°C £ans out to 8 inputs or MIC 930 or 932. 
V« • SV. P~ itivc DC ground noise (V.vo) of 350 mV i:s applied lo the Jsl 
930. It s output m•y thus rise to .7S Volt (V,vo+ V ••>-4.65 Volts (V«-V,,, 0 ) 

remain from Vu pin lO ground pin; this US above Vcc, - •t.50 V, and test lot 
is conscr\'at ive. )I aximum cummt. flowing out of cneh input of the 8 930/ 932's 
i.i; given by F'ig. 38 on Page 14 with V , - 0.75\1 and Vcc- 5V; the current (1,) 
is less than 1.25 mA and totJli current (SSXl.25• 10 mA) is less than the 
J 0,. ~t current. used at - 55°C to saturate the low output, Above the 350 m V 
of V t,'<J n.lr~dy applied , the difference between the common node voltage 
(S .7SV) •nd the low input t hreshold (Yn • I.IOV) of the 8 930/ 932's isstill 
- 350 mV, a.Hawing for signal noise to be superposed above ground noise. 

EXAMPLE 2. 

FIG. 45 

' I 
I 
I 

D 
The J, and I oL c.urveson Page .s 12& 13 may be expressed in analytical form, as 

II I 9 d ) Vcc-V, - V,,o 0 fo ows: , ( 30 an 932 S Jl<!l T, <2S C. 

For T .c greater than 2S°C, the 31\!l rises by 0.12% /° C to approximately 
3.361':n st + 125°C. V ,n i.s the tcmpemture dependent silicon forwar d diode 
drop and is about 0.70V at 25°C and I mA. tJ.V,0 /°C i.s roughly LS mV /°C. 
The ratio of 104 , on 930 (Fige. 41, 42, and 43) nt Vee below test. Vee, t-0 lo«. 
a.t test V cc ~n be given by 

loL @-ss·c > Vc,,- 3.0V 
Test I"'@ Y«L - 4,SV - 4.SV-3,0V 

•nd by 

I OL @ 25°C > V cc-2.3V 
Test lo•@ VccL• 4.SV - 4.SV-2.3Y 

5- 13 

Since, at 25°C, l ot.~ 12 mA at VccL =4.SV is gusraotced by the device gpco

ificat.ions, loL nt Vee pin to GNO pin voltage of 3.6V is( !:~=;:~:) 12 mA • 

7.1 mA. 
The similar expression for the 932 gives a very conservative value due to the 
phase sp litt.er gain. Above V ccL, l ot. is limit.td by Y 01. wit,h an essentially 

resist ive (~:t satu ration resista nce) slope. 1-'ig. 44 aL + 125°C $hows this, 

with V cc hav ing relati vely sma ll effect. 

EXAMPLE 3. 
The tl'St sequences and tables of cond itions and limit s, use two values of Vee, 
V c:cL and V ccn- With B nominal 5 volts V cc, for example, and assuming 
L\Vcc-± .2V, testing at VccL=4 .5V nnd Vccu=5,5V al lows simulation of a 
0.3V ground noise Vr,,o or Vee line noi.w V,vo. Since there i.s gain associat.ed 
with V N'1 (refer to Page 7), pnr tleult1rly a.t lower temperatures nnd V cc valu es; 
the test gu9.rantces of output low current and voltag e nre th e worst case test. 
conditions to simulate worst. case ground noise. )lueh bette r numbers cou.ld 
be shown, for examp le, in the ra tio of output current lO input current. (I 01./l,) 
iJ both I ot. and J,. were meas\lred at ident.icAl V cc values and if input. current 
wns sunk into V,= V oL, t.he worst. case low output level, or even into v,. ... V,L, 
the input threshold value. H owever, the test values would then guA.mnt~ 
only signal line noise immunity, where there is no go.in I.\SSOeiatcd wit,h V11s. 
Dy use of the ~finimum/ )1A.ximum DC curves on Pages 12 & 13 or by the 
Examp le 2 equations, limits for t.he single V cc testing approach could be 
rc01:)\'ered. )lore important, uch design or compon c1ns eng ineer can deve lop 
the fan-out, power, and noise m:,.rgin Lr:,i.deofTs for this uniqu e application . 

FIG. 46 
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GATES 

DUAL FOUR-INPUT GATE 
FAST DUAL FOUR-INPUT GATE 

DESCRIPTION 

MIC 930 
MIC 961 

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

In addition to performing the positive NAXD 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. Both gate inputs may be extended using MIC 933 elements to allow increased fan-in . 

The MIC 930 incorporates a 6K outpu t 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 30% faster rise 
time with capacitive loads at a fan-out of up to 7 DTL loads. 

• 
B 

C 

D 

POSITIV E CNAN OJ LOGIC 

A (Gly-BlHI E(Fl 
Cll l 
OlJl 

XtYI 

E = A • B • C • D • (X) 

F = G • H • I • J • (Y) 

CIRCUIT SCHEMATIC 

R,=2.0 Kn 
T YPICAL It.,= 1.75 Kn 

RESISTOR R,=5 .0 Kil 
VALUES R.=G .O l\ !l (930) 

R.=2.0 Kn (961) 

NEGATIVE INO RJ LOGIC 

AlGI ~ B IHI ElFI 
C( I) 
0 lJl 

X IY) 

E = A + B + C + D + (X) 

F = G + H + I + J + (Y) 

A 

G 

1 

0 

1 

1 

l 

TRUTH TABLE 

B C D X 

H I J y 

1 1 1 1 

1 1 1 1 

0 1 1 1 

1 0 l l 

l 1 0 l 

NOTE: Posit ive logic is used in specifications 1 1 l l 0 

FLAT PACK SIM ILAR TO TO- 5 

.. 

<•D 
TOP VIEW TQP VIEW 
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I IS H IGH VOLTAGE 
0 IS LOW VOLTAGE 
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GATES 

ABSOLUTE MAXIMUM RATINGS 1 
UNTTS 

, 'upp ly Voltage (V cc), - 55°C to + 125°C, Continuous ..... .. ..... .. .. . . .. . . . . . .. ...... . .. . .. -.5 to + 8 Volts 
Supply Volingr (Ve,·), Pul~(•d, <1 Rrc............ . . .. .. ... .. .. . . ... . . ............ .. ... +12 Volt~ 
Outpui Ctm'<'ni, lnto Outpui~. . .... ...... . ... . ............ ... .... . .. .. ... . .. . . . ... . ... .... .... . :30 mA 
)npu t Forward Current . ... . .. . . . .... . ...... . ........ . . . ................ . ..... . . .. . -10 n,A 
fnpui Revers<' Currrnt. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... l mA 
Operating Temperatur<'... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to + 125 °C 
Storage Temperatu re............. . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . ...... .. . - 65 to +150 °C 
Operating Junction Temperature' . . .. . . ....... . ....... . . .............. ... ... . ... .... . . .... .. .. . + 175 °C 
I nput Voltage Applied to Input . . ..................... . . ..... .... . .. • ....... - 1.5 to + 5.5 V 
Lead Temp . (soldering, 60 sec.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 °F 

NOTES: I. Above which u,;cful life m,,y be impaired. 
2. Allow 200°C/ W"tt o,_. for TO-5;:300 °C/ Wntt0, - ,, for¼ ' x ¼• flat pack :11111 duHI in-line. Allow 50°C/ Wnt t o,.c forTO-5; l80'C / 

Wntt 8J- C for¼• x ¼• Antpnck ,i11I dual in-line. Heat rcmovnl in ¼• x ¼• flatpack is highly dependent upon cont-set surfaces 
c:,r air flow and on lend att:1chrncnt :ind Lhcrmtll paths. thru lc!ld~. n~ well :1!-l number o{ soldered leads. 

SUMMARY OF MIC 930 AND 961 CHARACT~RISTICS (25° CJ 

FULL LI:\IITED 
l'aram ctrr Note TEi\ lPERATUHE RANGE TE:'llPERATUHE . RANGE Unit 

?din. Typ. :\lax. :\[in. Typ. :\lax. 
Operat.ing Supply Voltage 1 4.5 5.0 5.5 5.0 Volt~ 
Network Dissipation 930 2 17 32.5 17 40 mW 

961 25 54.5 25 59 
Loading D.C. fan-out 930 s 8 DTL Unit 

961 7 i 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 Thresho ld 'I' (High) :3 1.9 1.9 Volts 

'0' (Low) 1.1 1.1 

Propagation tpd+ 930 4 25 80 25 80 Nano-
Delay Time 961 15 50 15 50 Second 

t,,.,- 930 10 30 10 30 
961 10 30 10 30 

Noise Immunity 5 0.35 > .50 0.35 >.50 Volts 

NOTES: I. Exact spec ification limits for operating tcmpcrnture rnnge may be obt:oined by reference to the a1>propriate test. 
2. Power supplied from Vee supply (Vee = 5\') during: HQ~" s t~'ltc, fan-out = 0. 
3. Input threshold vnlt:ige is defined as the minimum (or mflxinnun) volt:1gc al the circ uit input to gunrantcc a low (or high) output. 
4. Pr o1,ogntion delay time terms (t.,J+ allfl lvJ - ) are described in the lpd test circu it , Pnge8. 
5. Sec l\o isc test circ ui t, Pnge 7,and Loading Factors, Page 5. 

MIC 930 TIME DELAYS VS. CAPACITIVE LOADS 
FIG. 47 FIG. 48 FIG. 49 

1A•· 55 • C VTHRESHOLO VTHRESHOLD 
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' 
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00 20 00 20 00 20 40 60 80 

CAPACITANCE · c,f CAPACITANCE •pf 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 . 

FORC ING CONDITIONS LIMITS 
Test l'in Pin Pin Pin Pin P in 
No. Note s A (G) B (H) C (I ) D (J) X (Y) E (F) Vee Sense :\Iin . :.Vfax. 

l, (2) vii/ V11, V111 V111 I 01. VeeL Vg (VP) Vol 
3, 4, 5, 6 

(7, 8, 9, 10) 2,3 V1L Vn Vn Vn -!011 VeeL Vs (Vr ) V o11 
11, (12) V11 GND GND G TD Vec11 IA (Io) 111 
13, (14) GND V11 GND GN D Vee11 I 8 (I11) 111 
15, (16) 3 GND GND Vi, GND Vec11 le( !, ) 111 
17, (18) 3 GND GND GND Vu Vee11 I,, (I, ) In 
19, (20) VP "" V11 "" Vec11 I• (Io) -I,. 
21, (22) Vn v,. Vn "" Vee11 I u (I11) - I,· 
23, (24) 3 Vn v,, v,. v,, Veeu Ie (11) - !,, 
25, (26) 3 V11 Vn V11 v,. Veen lo ( I, ) - I ,. 
27, (28) GND Vcex Ve•·x 1 e (I, -) Ie.-.,· 
29, (30) GND GND Vcc11 Is (I,· ) -lsc - Isc 

31 v,.,, lve e I PD/1 
32 4 GND V(max) I vee ! (max) 

33, (34) 3 Vx - Ion V ceL V,: (V,.) V on 
35,36 t,.,+ , t,.,- - Src tablr of test circuit conditions and limit s, PagP 17 

37, (38) v,. Vn "" "" V en I_, (le) - I I', 
39, (40) v. v,. v,, "" v .. ,.,. Iu (111) - 1,., 
41, (42) 3 V11 "" v,. V11 v,.,.,. Id!,) -I, .. , 
43, (44) 3 V« v. Vn v,. v,.,.,. I,,(L) -J,. , 
45, ( 46) v,,, V,11 V,11 ""' Io,., V cc u V , (V, ,) Vo,,, 

47 6 GND GND GND GND v,,o l,, ('G I,,n,. 
NOTES: 

I. Both elements are duo.I "N AN D" gates ; therefo re, the. test sequences for each are identical. Tests on each side of the dual are identi-
ca l ; therefore. matc hing test and pin number ~ a1·e shown in parentheses. 

2, V applied individ ually to 1 input each test. Other inputs open. 
3. Delete these tests for 10-pin 'rO -5 package : 6, 9, JO, 16, 17, 18, 24, 25, 26, 33, 41, 42, 43, 44. 
4. Groun d one input on each gate . 
5. 'rests 37/47 a1>Pll' to fu ll temperature ,·ange only. 
6. Ground a.II inpu ts simu lta neously. 

FORCING CONDITIO"'S - :930,96 1 

FU LL TEMP ERATURE RANGE LIIVUTED TEMPERATURE RANGE 

Param ete r Uni t.~ -55° C + 25° C +125° C Param ete r Unit.~ 0° C +25° C +75° C 
V(max) Voll s 8.0 V (max) Volts 8.0 
Vn, Volts 5.0 Vpo Volt.~ 5.0 
Vec11 Volts 5.5 5.5 5.5 Ve en Vol ts 5.0 5.0 5.0 
VccL Volts 4.5 4.5 4.5 VeeL Volts 5.0 5.0 5.0 
VR Volts 4.0 4.0 4.0 VR Volts 4.0 4.0 4.0 
v,. Volts 0.4 0.4 0.4 v,. Volts 0.45 0.45 0.5 
Vcs x Volts 4.5 Vcsx Volts 5.0 

- 1011(930) mA .18 .18 .18 - l011 mA .12 .12 .12 
I o,., 930 mA 12 .0 12.0 12 .0 Io i 930 mA 12.0 12.0 11.4 
Iou 961 mA 10 .8 10. 8 10 .8 I 0L 96 1 mA 10.5 10.5 10.2 
V11. Volts 1.4 1.1 0.8 Vn Volt s 1.2 1.1 0.95 
V111 Volt s 2.1 1.9 J .7 V111 Volt s 2.0 1.9 1.8 
Vx Volts 1.8 Vx Volts 1.8 

- 1011 (961) mA 0.54 0.54 0.54 
I o,., (930) mA 15.0 15 .0 15 .0 
Io,,, (961) mA 13.5 13 ,5 13.5 
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TEST LIMITS 

FULL TEMP ERATURE RANGE 

Pa ramet er Units - 55°C +25 °c +125 °c 
MIC 930 Min. ;\fax. :\'{in. Max. Min. i\Iax. 

V ou Volts .40 .40 .40 
Vo11 Volts 2.5 2.6 2.5 

I11 µA 2.0 2.0 5.0 

- In mA 1.5 1.5 1.4 

IcBx µA 50.0 

-I sc mA .610 1.34 .610 1.34 .535 1.30 
I(max) mA 5.50 
IPDJ/ mA 6.50 

- I ,, mA 1.16 1.16 1.08 

Vo,., Volts .4 .4 .4 

I PnL mA 2.0 2.94 

:VIIC 961 
V o,., Volts .40 .40 .45 

Vo11 Volts 2 .5 2.6 2.5 
IR µA 2.0 2.0 5.0 

- I ,., mA 1.5 1.5 1.4 

I cBx µA 50.0 

-I sc mA 2.1 3.7 2.1 3.7 1.86 3.28 
I (max) mA 5.2 

IPDII mA 10.9 
- 1,., mA 1.16 1.16 1.08 

V oL, Volts .4 .4 .4 

IPoL m A 2 .94 

PROPAGATION " 

DELAY Tpd TESTS 
• J~ .. 

0~ .. 
' 

FIG. 50 t pd TEST CIRCU IT 

t,,.,-of 930, 96 1 clement s will be rend 
from inpu t at 1.5 V. 

All diodes IN9 16 or equiva lent. 

C, and C. includes probe and jig capac i
tance. 

VTJir(!shold= 1.5V at, 25°-C; aL other tem
pera tur es VT11re,hold will be staled . 

GATES 

LIMITED TK\ 1lPERA T URE RANGE 

o·c +25°C + 15°c 
Min. Ma x. Min. Max. Min. Max. 

.45 .45 .50 
2.6 2.6 2.5 

5.0 5.0 10.0 
1.40 1.40 1.33 

100 
.610 1.30 .610 1.30 .535 1.25 

8 .0 
8.0 

0.50 0 .50 0.55 
4.3 4.3 4.2 

5.0 5.0 10.0 
1.40 1.40 1.33 

100 
).85 3.68 

5.72 
11.8 

TABLE OF CONDITIONS & LIMITS tpd TESTS 
(Sec Test Circuit.) 
(Vee = 5V, T - 25' C) _c, Min. Max . 

R (pf) (nsec) (nsec) 

t...,+ 930 3.!) I( 30 25 80 
t,,.,- 930 '100 !l 50 10 30 
t,,.,+ 930 400 !l 50 15 40 I 

t,,.,- 930 3.9 K 20 5 20 1 

t,,.,+ 961 3.9 K 30 15 50 
t..,- 961 400 fl 50 10 30 

NOTE: I. Correlating limi t provided as design 

inform a tion only. 

FIG. 51 LIFE TEST CIRCUIT 

RELIABILITY TESTS 
PERFORMED DURING ITT 
RELIAB ILITY PROGRAM 

MEAS UREMENTS OF THE FOLLOWING 
PARAMETERS ARE RECORDED : 

Parameter Tes t Sequence Number on Pag e 16 

V oi. 
¥ 011 ,. 
I, 
! (max) 

#1 
#4 

#15 & #16 
#20 & #25 

#32 

NOTE: Vee= +5.5 Volts Ambient T emp erM-ur e= + 125° C 
Circllit. may hn.ve any number of u11its connected like 11 A", 
with one connected like "U11

• The circuit. must cont.:1in nn 
o<ld numher of g<ites in series in the r ing. 



GATES 

DUAL FOUR-INPUT BUFFER 
DUAL FOUR-INP UT POWER GATE 

DESCR IPTION 

MIC 932 
MIC 944 

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

Both elements have typ ical output currents of up to 100 ma. Thi s 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 combines high fan-out with superior capacita nce 
driving capability. 

The MIC 932 cannot be external ly connected to perform the "wired OR" logic function. The l\IIC 
944, which does not incorporate the emmitter pull-up, can be used eit her as a high fan-out int erface 
driver or low power lamp driver . The outp ut 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 twi5ted pair inter<:onneetion. Thi s allows the MIC 944 to be used as 
a line driver. 

The :\IIC 944 can be externally connected to perform the "wired OR" logic function . 

CIRCUI T SCHEMATIC 

MIC 932 

POS ITIVE INANDJ LOGIC 

'"' 

A(G)p 
800 £(F') 
Ctl) 
O(J) 

X[YI 

E = A • B • C • D • (X) 

F = G • H • I • J • (Y) 

(ONE GATE □NL Yl 
'" 

MIC 944 

NEGATIVE INORJ LOGIC A(Gl~ 
8 tHI Et Fl 
Ct I) 
D ( JI 

X ('fl 

E = A + B + C + D + (X) 

F = G + H + I + J + (Y) 

NOTE: Positive log,c ,s used in specifications 

FLAT PAC K 

=== ,""'• "« 

13 

TOP VIEW 

• 2 

Cl 

SIMILAR TO TO•S 

'" 10 

., 
7Y 

' ovo 

TOP VIEW 

5-18 

''° 

TRUTH TABLE 

A B C 

G H I 

l I I 

0 l I 

I 0 I 

I I 0 

I I I 

I I I 

0 0 0 

I IS HIOtf VOtA.GC 
0 IS LOW YOll ACE 

DUAL IN-LINE 

TOP VIEW 

0 X 

J y 

I I 

I I 

I I 

I I 

0 I 

I 0 

0 0 

E 

f 

0 

I 

I 

I 

I 

I 

I 



GATES 

ABSOL UTE MAX IMUM RATINGS 1 

Supp ly Voltagr (\ " ,·cl, -55°C lo + 125°C, Con t.inuou., .... . . . . . . . . . . . . . . . . • . . . . . . . . . . . . - .5 to +8 .0 
Supp ly Volta ge (\' cc), pulsl'd, < l.O sec.. . . . . . . . .. .. . . . . .. .. . .. . . . . . .. .. . . . . . . . . . .. . . . . .. , + 12 
Outp ut Cmr ent, into Out put;;, Cont inuous ... .. . .. .. ..................... , . . . . • . . . ......... . . 150 
Outp ut Curr ent, into Output~, pu lsed, < :30 111illi~rcondx.... . ... . .... .. . . . .... .. •....... . . ... :300 
In pu t Forward Curren I . .. . .. .. . ........ .. ............... . . ... ......... . .. ... . . .. ... ... .... -10 
In pu t Re vC'rti•' Cur relll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Oprrat ing Amb ient Temperatu re .................... ...... . .... , .... . .. .. • ... •... . .... .. -55 to + 125 
Sto rngr T em perat ure ...... . ... .. .......... .. . ........ , , .......... . .................... -65 to +150 
Opera ti ng Ju nction Tl•rn1X'ratu rf'2.. ... .... .. . ... .. . . . . .. .. . • . ................ · .. + 175 
Input Vol tage Applied to Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 to + 5.5 
Le ad Te mp. (so lde rin g, 60 sec.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 300 

UNITS 
Volt;,; 
Volts 
Ill:\ 
m:\ 
111:\ 
mA 
·c 
·c 
·c 
Volts 
·c 

NOT ES : I. Above which useful life may be impnire<l. 
2. Allow 200"C/ Wott OJ- -< for T0-.5; :!00°C/ W:tU OJ ., for ¼'x ¼' flatpnck :rnd dua l in- line. Allow 50"C/ Watt OJ-c !or T 0-5 ; IS0°C / 

W:t~t OJ -C for ¼r x ¼" Hnt\,uck :rnd du :ll in-line. II c:tl rcmov:, I in ¼ " x ¼" fl:ttpnc k is highly depen dent upon confac t su rfaces 
ur tl l r now a nd 011 lead itttac uncnt :rnd thcrmn l p:, th!$ 1hru lends, :1:-1 well as 11umhci- o f soldered learl.s. 

SUMM ARY OF MIC 932 AND 944 CHARACTERISTICS (25° CJ 
FULL LJ:\I IT lm 

Para mete r '.'lntr TE .\11'8RATUHE HANCE TJ~.\IP EHATURE RANGE Uni t 
.\li n . Typ. .\ lax . .\ lit 1. T yp. .\ lax . 

Operati ng Su pply Voll nge J .J,5 50 .5.,5 5.0 Volt~ 

Net work D is~ipati on 932 2 56.0 ta 3.0 56 .0 150.0 mW 

94-1 -1-1.0 100.() -14.0 100.0 

Load ing D.C. Fano ut 25.0 2:"i.U DT L Unit 
Loncl 

Outp u t Logic ' l ' (I·ligh) 9:32 2.6 2.6 Volts 

9-1-1 
'O' (Low) 932 () .4 0.45 

9H 0.-1 0.'15 

In put Th re~hold ' l ' (High) :{ J.9 J.9 Volt~ 

'0' ( Low) I.I l.l 

P ropagat ion t,..,+ 9:32 .j 25.0 80.0 25 .0 80 .0 Nano-

Dr lay T ime ()44 15.0 50 .0 15.0 50.0 Srcnnd 

t,.,- 9:{2 1.5.0 -10 .0 1.~.o 40 .0 

94-1 10.0 35.0 10.0 ;35,0 

Noise ln ,mun ily 5 0.35 >0 .5 0 .35 >0.5 \"olt , 

NOTES: I. E xact specification limits for opcr.t tin g trmpcrnture i-angc m:,y he ohb ined by reference to lhc ::tppropr iatc tcfi:t. 
2. Power supp lied irom Vee (5V) dur in~ 110;\" ~t:,tc fo.11-out, ;:::; 0. 
3. 'Input t hr eshold vollal,!;e is defined :ls the minimum (or maximum) vol1:1gc nt the cir cuit input to gua r:rntce a low (o r high) output . 
4. Propog:1lion deloy t ime terms (t,.i+ and tp<1- ) a rc descr ibed in the tpd test circuit, Page 8. 
5. Sec Lon.Jing Factors, Pngc 5. 
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GATES 
TEST SEQUENCE 

Tr~t !'in A 
No. Notr.s (G) 

1, (2) V,11 
3, 4, 5, 6, 

(7, 8, 9, 10) I , ;3 \111, 
11, (12) "" 13, ( 14) CND 
l o, ( 16) GND 
17, ( IS) CND 
19, (20) v, 
21, (22 ) \'11 
n, (24) Vu 
25, (26) Vu 
27, (28) :i GKD 
29, no) 2, :3 GND 

31 
32 2, GND 

33, (34) cl 
35, 36 

35, 36, 37, 38, 1, 4 \In 
/:~9, 40, 41, 42) 

4-3, (44) 4 
45, (46) 4 GND 

47, (48 ) v,. 
49, (50) Vu 
51, (52) v. 
53, (54) V11 
54, (55) V11, 
56 6 GND 

Both elements arc dual ":\A:\D" gate;; therefore, the test sequences for each nre identical. Test.~ on 
each side of the du:'1 nrc identica l; therefore, matching test and pin numbers nre shown in parentheses. 

J>in B l'in CI !'in D l'in X Pin B LL\l!TS 
(H) (I ) (J) (Y) (F) V<T Srn~c• ~ ~! in. :\lax. 

V,11 V,11 \"11, J 0/. V,-n V r:(V,-) Y,11. 

\/11, \' 11. \111. Io11 \",.,.,. V e(V,-) \/011 
GND GXD C:KD v,'("11 r A ( le) 111 
Vu G:\'D CND V,-c11 1,.(1,,) I II 
GNO Vu G~D , ·,.,.11 J ,·( I,) l u 
C:ND G:\'D \"11 V1-c11 I 1.>(l,) I 11 
Vu "" Vu Vcc11 l ., (Tc) J,. 
v,. Vn \'11 \' ("l" /1 I 11(I11) I,. 
\111 Vr \111 \l<'CII le( !, ) ,,. 
\111 \111 v,. Vcc11 11>(!.,) J ,. 

\' l"K.\" V c6s f ,;( I,-) I,·,;x 
GKD \l r,•11 I ,:(I,•) ls c 

Vn, h cc I r-1>11 
\ '(max) l rcc J(max) 

\Ix [011 Veer. V e(Vr) \1011 
t,.,+, t,,.,- Src Table· of le•:;( circuit condition, and lirui ts, 1'1\gc 21 
Vn \In \ 'n Ve,:.,· Vcc11 Is(I,-) 1(•£x 

v., Vc,:.r Vcc11 I,-;(I,·) I cEx 
I ,-s Vcc-11 Ve(Vr) LVc,, 

v" v,, v,, v,.,.,, I., (Io) - I,., 
v,. "" v" Vn·,, I,, (I11) - I,., 
v,. v,. v. Ven Ir,(11) -I ,., 
v,. v,, v,. v,..4•, ... I ,,(L) - I,., 

""' v,,, V,11 lo,., V,•c11 V,,(V ,.) v,,,., 
GND GND GND v,.,, Ii-cc I,,,n 

NOTES: I. V appl ied individually to I input each test. Othel' in puts ope11. 2. Apply GND to both pins A and C. 3. l\HC 932 only. 
4. MIC 944 only. 5. On 10 Pin T0-5 units, pins D, X, I and J arc omitted . Thus tests 6, 9, 10, 16, 17, 18, 24, 25, 2G, 33. 38. 41. 
42 and 43 do not appl)• . 6. Cl'ound all inputs simultaneously. 7. Tests 45/56 appl) • to full t.empe,-ature r ange only. 

FORCING CONDITIONS 
FULL LD!ITED 

Paramete r Units TE~IPERAT URE RANGE Pa rameter Units TE:'IIPERATURE RA~GE 
-55°C +2s 0 c +12s 0c 0°c +2s 0 c +1s0 c 

V ee" Volts 5.5 5.5 5.5 Vee" Volts 5.0 5.0 5.0 
VcCL Volts 4.5 4.5 4.5 VccL Volts 5.0 5.0 5.0 
Vc,:x (932) Volts 4.5 V c,:x(932) Volts 5.0 
VJ/AX Volts 8.0 VMAX Volt-s 8 .0 
\T Pl) Volts 5.0 v,./) Volts 5.0 
Vlll Volts 2.1 J.9 1.7 V111 Volts 2.0 1.9 1.8 
Vn Volts 1.4 1.1 0.8 Vn Volt-s 1.2 1.1 0.95 v,. Volts 0.4 0.4 0.4 v,. Vol ts 0.45 0.45 0.5 
Vn Volts 4.0 4.0 4 .0 v,, Volts 4.0 4.0 4 .0 
Vx Vol!-5 1.8 Vx Vol ts 1.8 

- Io" (932) mA 2.0 2.5 4..0 -Io" (932) rnA 2.0 2.5 3.0 
Io,,, mA 36.0 36.0 36.0 Io,,, mA 36.0 36 .0 34.0 
I o,,, mA 37 .5 37.5 37 .5 Io,,, 
l e,: (944) mA 5.0 5.0 5.0 le,: (94.4) mA 5.0 5.0 5.0 
Vesx (944) Volts 4,5 4.5 4.5 VcRx(94.4) Volts 5.0 
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GATES 

TEST LIMITS 
FULL TE.\lPERATURE RANCE LL\ IIT ED TE.\ IPERATURE RANGE 

Parameter Un its -55°C 
.\ l in. 

V oL Volt~ 
V ou (932) Volts 2.5 
IR µA 

- IF mA 
- Isc (932) mA 16.0 

[po11 (932) mA 
IPD/1 (944) mA 

-J.lfAX (932) mA 
- I.,,AX (944) mA 

I cex (932) µA 
IcEx (944) µA 
LV c;:(944) Volts 

-I, -, mA 
V,11,, Volts 
I,,w. mA 

CIRCUIT FOR MIC 932 
FIG. 52 

All diodes 1 N9:: or equiva lent. i 

.\fax. 
0.4 

2.0 
1.6 

50.0 

1.16 
.4 

C, nnd C includes probe a nd jig c.,paci 
t-ance. 

CIRCUIT FOR MIC 944 
FIG. 53 

C, and C includes probe nnd jig capaci
tance . 

FIG. 54 MIC 932, 944 

vcc"'4.ov 
R • 1so n +-+----+-----t 

200 500 l000 

CAPACITANCE - pf 

+25°C +125°C 0°c +25°C +75 °C 
.\fin. .\f ax . .\Lin. .\ [ax. .\ [ in. .\Iax . .\!in . .\[ax . .\!in . 

0.4 0.45 0 .45 0.45 
2.G 2.50 2.6 2.6 2.5 

2.0 5.0 5.0 5.0 
J.6 1.5 1.4 J.4 

18.0 16.0 15.0 16.0 14.0 
26.6 30 .0 
20.0 20.0 

6.0 8 .0 
6.0 6.0 

50.0 100.0 
100.0 200.0 100.0 

6.0 6.0 
1.16 1.08 

.4 .4 
2.94 

PROPAGATION DELAY 

u . 
~ 
Q 

tpd TESTS 

TABLE OF CONDITIONS & LIMITS tpd TESTS 

(See Test Circui t.) 
(Vee a 5V, T = 25'C) R C /'lin. 

(!!) (pf) (11sec) 

t,a+ !J.1-4 510 20 I,'> 

tpd - !)-14 150 100 10 

Lpa+ 032 5 10 500 25 

l,p;1- 032 150 500 15 

1.,a+ 044 150 20 10 

lr,d - OH ,, 10 20 5.0 

t,a+ 932 150 500 20 

lpd - 032 5 10 200 8.0 

NOTE: I. Corre lating limit provided as design informati on only. 

TYPICAL tpd VS. CAPACITY 

FIG. 55 MIC 944 

160 
Vcc•S .OV 
TA • 25•C ' ,i.O-/ 

-~~ 
120 

I';,-
1./ .... 

80 

R•400.l'l. 
40 

R!100.n. 

00 20 40 60 

CAPACITANCE - pf 
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80 

/ 

~ 
Q 

FIG. 56 MIC 932 

•~oo 200 500 

CAPACITANCE - pf 

.\ Iax . 
0.5 

10.0 
1.33 

M:Lx. 
(nsec) 

50 
:15 
so 
-10 

:J5 (1) 

20(1) 

05 (I) 

:!O (I) 

IOOO 

I 



GATES 

AD DITIONAL CHARACTERISTICS 
FIG.57 TYPICAL POWER DISSIPATION 

PER SIDE VS. SUPPLY VOLTAGE 
(OUTPUT NOT LOADED) (932. 944) 

OL--'- - '-...L..-'-...L..-'--'---l 
3.0 4.0 5.0 s.o 

Vee- SUPPLY VOLTAGE · VOLTS 

FIG. 61 

'•F() 
(£ ~ 

v, -=-

J 

FIG. 64 TYPI CAL OUTPUT LOW 
CURRENT VS. SUPPLY VOLTAGE 

(-SS ' C end + 25'CJ (932) 

<( 

E 
I .. 
~ 
a: 
"' a ,. 
g .. 
i 
~ 
0 

' 2 
3.0 4.0 

Vcc ~SUPPLY VOLTAGE•VOLTS 

FIG. SB DTL INPUT THRESHOLDS 
VS. TEMPERATURE 1932, 9441 

.. 

V
1
H TEST POINTS 

v1H TEST POINTS 

25 

TEMPERATURE·'C 

FIG . 60 

FIG. 62 1 IF MIC 932 , 944 
MAXIMUM VS. TYPICAL 

er A = -ss•c & +2S' CJ 

125 

E t0l--1,-"'~--::::; ,-.f "- , 
~ 

- VF•OOV 

-- VF~ .750V 

00~_,31,_s,....""•"'.o,......,4..,_s- -=s°".o- -=s.'=s- -1 
VeC ·VOLTS 

FIG. 65 TYPICAL OUTPUT LOW 
CURRENT VS. OUTPUT VOLTAGE 

(+i:2S'CJ (932) 

<( 

~ 
1- TA• 125•c 
~ 1201--+----,>--+---< - -+- -+--+- -< 

"' "' :, 
u 

~ 80f--+---I--I+--, ., .. 
::, 
Q. 

~ 
0 ·., 
_o 

Vol ·OUTPUT VOLTAGE-VOLTS 
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FIG. 59 TYPICAL OUTPUT CURRENT 
WITH INPUTS LOW 193 21 

1 
,!. 
z 
"' a: 
a: 
:, 
u .. 
i .. 
::, 
0 

1scfl'M". 
T£!)T POINT 

10 (V~c·~ .5V., 

lvce • • sv> 
J 5.0 T£ST POINT 

1 Vil - II V ....:i::,a,,,---1->,; 
(· loH) 

OO LO 2.0 

VOOT·OUTPUT VOLTAGE·VO LT S 

FIG. 63 1 IF MIC 932 ,94 4 
MAXIMUM VS. TYPIC AL 

(V,. = OV & VP = ,7f,JV TA= + l25"C) 

TEST POINT 

1.5 
I 

.. 
E 10 ' ..!> 

0.5 

00 3.5 55 

FIG. 66 TYPICAL OUTPUT LOW 
CURRENT VS. OUTPUT VOLTAGE 

( + l2S"C) (944) 

.. 
E 
,!. 
z 
"' 0: 

"' :, 
u ,. 
3 .. 
~ 
:, 

?., 
..9 



v,. 

FIG . 67 

Vee 
0 

GATES 

10L 

MISCELLANEOUS APPLICATIONS 
NOTE: ln some of these apµ licnt ions, use of the clc1nc11tt-iil 1m,dc withia the dc.-.ign or the element but. hcyond the p:,unrnntecd le.st. limits on 

p:1-gc23. Consult yo ur s.ales rcpl'c:scntntivc for addition:.! inform:~lioo and / or :-t<'leclio11 requireme nt:;. 

sv vce 6.3 

GND 
I/ 2 MIC 932 
OR 944 

FIG. 68 
LAMP DRIVING 

Su~gesled lht.ings T ,1 _.:::; 75°C : P ower Di~sipat ion T0-5 400 m 'vV 
:\laximum-l'm1·er Di~sipation Flatpak 240 mW :\laximum . 

:\laximum "hot" lamp current :\[aximum "hot" l1unp current 
120 mA T O-5 on<' side only ON 90 mA TO-5 both sides ON 
LOO 111A F latpak one side on ly ON 75 111A F latpak both sides ON 

rrCold" lamp current is lim ited by snlurnt.io n r esi:--t:rnce. emitter re~istance, and ha~c current lo about , 200 to 250 mA. 
The most s ignificant thcrm;1 l t ime consl:rnt~ for UJ2 u11cl !>4-1: T O-5 Pnckns:e 50 mscc Cerp"k 100 msec. 
Thermal t ime cot18:lant. is mcai-:ured by forw.a.rd <liodc drop in one p;alc wilh power 1mlscd inl o oppo:;it,e gale. A high current. {J .-;election is 
desirable in this nppl ic:1t.ion. 

INTERFACING 
FIG. 69 

St 

LINE 
RECEIVER 

OR 
RECEIVERS 

B+ up to 12 volts . Linc Rc-ccivcr may h,wc nominal low level _.:::; I volt; nollli
nal thresho ld "" 4V and nominal high level 2':SV, for c-xampl <'. n r~i~lor 
selected ~hould be as low as possible cons i$tent with req uir<'d low input level 
of receive r, number of receivers, and power di~sipation of system. For a 
guaranteed V 011 leve l abov<' 6 volt;;, an LV c~ srk-ction may be dc,irable; for 
use of resistor that requir e~ the !)44 to ~ink more than 40 mA (a l \I ot. ahovr 
.40 volt), a high cur rent I 01., - \I oi selection may hr desirable. 

POWER GATING 
FIG . 70 

C.t.At) I 

C,,ON 

Each output driver is½ M IC !1-1-1. C\Otc lhat 
the MIC U-14 is ,i d irect hi~h fa n-ou~ rcpl:lcc
rncnt for Ml (.; 9:30; except thut. an external 
resistor mu st. be used . 

RELIABILITY TESTS LIFE TEST CIRCUIT 
PERFORMED DURING ITT 
RELIABILITY PROGRAM 

MEASUREMENTS OF THE FOLLOWING 
PARAMETERS ARE RECORDED : 

PummNrr Ten $c(Jul'n~ Number on Page2 0 

032 v., ., 
v"" :;-I 
1. l;J5\'-c.~J6 
1, ;:<20& ;r.?5 
l,11.1.x #-'l'2 

944 \ ' Ot. !:ii 

1, ;;u, 
1, ;;IO 
1, ;;20 
1, 

FIG. 71 

Vee~ +5.5 Volts Ambient Temperature - +I25°C 
l.v.t.X 
lt"a.\' 

fi'2$ 
;:32 
#-16 

Circuit may huvc nny numbcl' of units connected like uA 11
1 wit.hone connected like uB". 

The circuit must contain an odd number of gates in ser ies in the ring. 

I 



GATES 

EXTENDABLE HEX INVERTER MIC 935 
HEX SINGLE- IN PUT GATE MIC 936 
FAST HEX SINGLE-INPUT GATE MIC 937 

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

The MIC 935 is intended for use with discrete diode expans ion of t be input . When extend ing inputs 
with diodes, care should be taken to minimize capacitance on the input node. 

These inverter gates can be cross-coupled to form a fiip-flop or the outputs can be tied together to 
perform the "wired OR" function. 

Th e MIC 936 incorporate s a 6K 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 30% faster rise 
time with capacitive loads at a fan-out of up to 7 DTL loads. 

CIRCUIT SCHEMATICS 
(ONE GATE ONL Yl 

936,937 11:z 
•cc 

., .. ., 
., 

.. 

POSITIVE (NANDJ LOGIC NEGATIVE (NOR) LOGIC 

A-D- 8 •-D-e 
NOTE: POSITIVE LOGIC IS USED IN SPECIFICA TION 

FLAT PACK 

TOP VIEW 

5- 24 

TYP ICAL RESISTOR VALUES 

R, = 
R, -
R, -
R, -

935, 936 

2.00Kn 
1.75K n 
5.00K n 
6.00Kn 

TRUTH TABLE 

" I" IS HIGH 
"O" IS LOW 

937 

2.00Kn 
l.75K!! 
5.00Kn 
2.00KU 

DUAL IN-LINE 

TOP VIEW 



GATES 
ABSOLUTE MAX IMUM RATINGS1 

Supply Volt.age (Vc-c), - 55°C to +125°C, Continuou~.. . . . . ... ... . . . . . .. ... --1.5 to +8 
Supply Voltage (Ver), l'ul ~ed, < 1 sec ... , .... .. ...... ... . .... .... ........... . ..... .. . . . ...... ... . +12 
Output Curr en1, Tnto Output ~ ... .... ............. .. ..... ....... ..... .. ... ........ ..... .. .. ...... 30 
Input Current (935) . .... .. .. ....... .... ........ ... ... . ..... . . .. .... ... ...... . ... ....... . .. .. ... . 5 
Input Forward Cu rrent.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1 0 
Jnpu t Revn ,-e Curr ent . ......... .. ................................ .. . . .... .. .... . .. .. . ........... 1 
Operating T emperat ure... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . -55 to + 125 
Storage T cm pernt ure . . ........ ... .. ... ..... . . .. . . ... ... ........... .. ....... .. . .... .. . . - 65 to +150 
Opcmting Juncti on Trmpemtur f'' ....... . .... . . .... .... ... .. . .. .. . . . .......... .. ... ... ... .... .. +175 
Input Voltage Applied lo Input . .. . ....... ... .. ..... , .. .. ... ..... . .. . .. .... ...... - 1.5 to +5 .5 
Lead Temp. (solderin_g, 60 sec.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. ... , .. 300 
NOTES: I. Al,ove winch useful life may l,e impaired. 

UNITS 
Volt.s 
Volts 
mA 
rnA 
mA 
rnA 
oc 
·c 
·c 
V 
·c 

2. Allow 200°C/ Watt o,_, iorT O-5; 300°C/ WuLL8J-A for¼ • x ¼ ' HaLpack :rnd dual in-line. Allow 50°C/ WaLL o, _cfor TO-5; ISO'C / 
Wn.t.t 8J - C for ¼• x ¼" H::ltp:1ek and dun! in-line. Heat. removal in ¼' x ¼"' flntpttck is highly dependent upon cont.net, surfaces 
ur air flow ond on lead allachment and thermal paths thru leads . as well as numl>er of soldered lends. 

SUMMARY OF MIC 936 AND 937 CHARACTERISTICS [25° CJ 
FULL LL\IITED 

Param ete r Note TE:\1PERA1' URE RANGE TE:\lPERAT URE RANGE 
:Vlin. Typ . i\ lax. :\1in. Typ. Max. 

Opera ting Supply Voltag e I 4.5 5.0 5.5 5.0 
Network Dis.~ipation 935 2 93.0 110.0 

936 2 97 .5 115.0 
937 163.5 177.5 

Loading D.C. fan-ou t 935,936 8.0 8.0 
937 7.0 7.0 

Output Logic ' J' 935,936 2.6 2.6 
Le\·els (High ) 937 2.6 3.8 

Output Logic '0' 935,936 0.4 0.45 
Levl'ls (Low) 937 0.4 0.50 

Inpu t Thr eshold' J ' 936 '.l 1.9 1.9 

935 3 2.6 
'0' 1.8 l.8 

Propagat ion Lp,1+ 935,9:36 ,1 25.0 80.0 25.0 80 .0 
Del~y Time 937 15.0 50.0 15.0 50.0 

tp,1- 936 , 9:H 10.0 30.0 10.0 30 .0 

935 10.0 ~o.o 
Noise lm111unil.y 5 :'!50.0 >.500.0 350.0 >500.0 

NOTES: I. Exact spec ificatio n limit s for operat ing lcmper,il urc range may be obtai ned by reference to the appro 11riatc test. 
2. Power supr>lied from Vee (5V) d uring "O:-;" ijlate fun-out = 0. 

Unit 

Volts 
mW 
mW 
mW 

DTL Uni t 
Load 
Volt s 
Volt s 
Volts 
Volts 
Volts 
Volt-~ 
Volts 

Nnnosec . 
Nanoscc. 
Nan OSE'C. 

mV 

;I. Inpu t ll,reshol<l vullugc is defined ns Lhe minimum (or mn-ximum ) volt:ige at I.he circuiL in1>ul to guarantee a low (or high) ou tput. 
~- Propog11tion delay lime te rms (t.,,.,+ :ind i.,.,-) ""' de,cr ibcd in the lpJ lest circuit , Page S. 
5. Sec Loading Factors, Page 5. 

FIG. 72 FIG. 73 FIG. 74 

TA1-55•c VTHRESHOLO 
11THRESHOLO 

Vcc•5.ov i.2 V 1.5V 
80 80 80 

TA• 2s• c 
11cc• 5ov 

u 60 . . . 60 

' 
< ' 

J 40 ~ 
4 0 " 4 0 

20 20 20 

00 20 40 00 20 60 80 00 20 40 60 80 
CAPACITANCE· pt CAPACITANCE-pt CAPACITANCE-pr 
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GATES 
TEST SEQUENCE* 

FORCING CONDITIONS AT PINS TEST LI:.\!I TS 
Test A B C D E F 
No. L K J I H G Vee Sense :.\!in. :.\Iax. 

1, (2) Vw I ou GND GND VccL Vn (VK) V oL1 
3, (4) GND Vw l oll GND Vee,. Vn (V, ) V oL1 
5, (6) GND GND Vrn loll Vec1. V p(Vc ) V OLI 

7, (8) VP Vccu I,, (h ) Jp 
9, (10) VF Vccu l c( IJ ) Jp 

11, (12) v,.. Veen I e (Iu ) I,, 
13, (14) Vn Vccu I .• (h ) I n 
15, (16) Vn Vcou I c( L ) I n 
17, (18) \I I I V ccu l,.;(111) I n 
19, (20) Vn - l ou V ccL Va( VK) V OIi 

21, (22) VIL - Io u V ecL Vo(VK) V o11 
23, (24) Vri -1 011 VccL V p(Va) You 
25, (26) V, u V csx V csx I n(IK) I cr.x 
27, (28) V,u Ves x Vcsx I n( I, ) I esx 
29, (30) Vn, Veex V esx I ,,(I a) I c1:x 
31, (32) GND GND Vec11 I s( I,, ) -I sc 
33, (34) GND GND Veen I n(IK) - Toe 
35, (36) GND GND V een I n( I, ) - I sc 
3.7, (38) GND GND Vec11 ln (I, ) -I sc 
39, (40) GND GND V een Jp(Jo) - l se 
41, (42) GND GND Vcc11 h (l c) - 1.se 
43, (44) Vp o I vee l pdA 

45 GND GND GND VM AX l vec I .11.-1x 
46, 47 For t..,+ and t,.,- Condit.ions and Limits See Page 27. 
48, (49) VF V u<'t, r. (I,,) - 1,,, 
50, (51) v,. V u,·• l e (I , ) - 1, , 
52, (53) \Tp " """ J,:(111) - J,., 
54, (55) v,,, Ioi, V cc 11 V n (VK) V ,n, 
56, (57) v,,, Io,., V c,·11 V ,, (V , ) V oi , 
58, (59) V111 I ou V ,:011 V,, (Va) V o,., 
60 GND GND GND v,." Iv cc I roo 

FORCING CONDITIONS 

FULL TEMPERATURE RANGE LIMITED TEMP ERATURE RANGE 

Paramete r Units - 55°C +2s0 c +125•c Parameter Units o•c +2s0 c +15•c 
V.v,x \' oil, 8 .U VJO,),, ' Vol ts 8.0 
\' l"I ) \' oh:-- .;.o Vpo Volt., 5.0 
Vccu \' olt, 5.5 5 . .', 5 .• 5 Vccu Volt.s 5.0 5.0 5.0 
Vc-c·L \' ult, 4. 5 -1.5 4.~ Vee, Volt -'! 5.0 5.0 5 .0 
v. ,·nits 4.0 H! 4.0 v. Volt.~ 4 .0 4.0 4.0 
v, \' oh ::: 0.4 0.4 0.4 v, Volts 0.45 0.45 0 .5 
\I I L 936 .937 \' nits 1.4 11 0.8 \In 935 Vol ts 1.9 l.8 1.65 
Yn 030 Volt~ 2 . 1 1.8 1.5 \I 11. 936,937 \"olt :-. 1.4 I.I O.~ 
\i I L~ \ ' (1h :-: OJI 

V1 L2 Volt.s 0.0 
\"111 936 , 937 \' ohs 2 . 1 1.9 1.7 \' Ill 936 , 937 \"olt:-- 2 I 1.9 1.7 ,·,11 :.t3G \' ult., 2 .8 2.6 2 .-1 V,11 936 Volts 2.7 2.6 2 .5 
Vr11.,· \ ·oh , 4.5 Vc,x Volts 5 .0 
l ,, 1.1 93.s. !136 111A 12.1) 12.U 12.0 I ou 936 mA 12.0 12.0 11.4 
lou 937 mA I0.8 10.8 10.8 loi, 937 mA 10.5 10.5 10 .2 
I Ot !-936. fl!lG 111:\ 15.0 15.0 15.0 J OL 03S. 036 mA 12.0 12 .0 11.4 
I ,,,.-: !>37 mA 1:1.5 13.5 1:1.5 - 1011 µA 120.0 120.0 120.0 

- 1 OIi 93~. !)36 µA 180.0 180.0 180.0 • 1. Ground pin is gr ounded !or all tests. 
l 0 11 037 µA 0.5 ,1 0.54 0.54 2 . Tests 45 and ~O, all inputs are grounded ~imul taneousl y . 

3. Tests 48/60 apply to full temperature umts only. 

5-26 



GATES 

TEST LIM ITS 
FULL TE:\1PERATURE RANGE LL\IITED TE:\lPERATURE RANGE 

Parameter Units -55°C + 25•c +125•c o•c +25•c +15°c 
:1lin. 

V oi<93&. 93Gl Volt.s 
\Toi (937) VoJ1s 
V 011(935 936) Volts 2.5 
V OJI (937) Volts 2.5 

I" µA 
- I,· mA 

Icex µA 
- Isc(935. 936) mA 0.61 

-Isc (937) mA 2.1 
lpou(93S. 936 mA 
Irnu (937) mA 
I.11.4X(936.~36) mA 
I.11,,x (937) mA 

- I,., <nG. 937> mA 
-I,·, (935) mA 

V oL, Volts 
I,,m .<936. 937) mA 
I,,,,L (935) mA 

:11::tx. ;1lin. :'\fax. :1Iin. :\fax. :1Iin. 
0.4 0.4 0.45 
0.4 0.4 0.45 

2.6 2.5 2.6 
2.6 2.~ 4.:3 

2.0 2.0 5.0 
1.5 1.5 1.4 

50.0 
1.3-J- 0.61 1.34 0.535 1.3 0.61 
3.7 2.1 3.7 1.86 3.28 

19.2 
32.7 
16.5 
16.5 

1.16 1.16 1.08 
1.2 1.2 1.2 
0.-1 0.-1 0.-1 

8.82 
10.2 

I 

PROPAG ATION DELAY 
tpd TESTS 

:1Iax. :\[in. :\fax. :\!in. :\[ax. 
0.45 0.45 0.5 
0.5 0.5 0.55 

2.6 2.5 
4.3 4.2 

5.0 5.0 10.0 
1.4 1.4 1.33 

100.0 
1.3 0.61 1.3 0.535 1.25 

l.85 3 .68 
23.0 
35.5 
24.0 
24 .0 

tpd TEST CIRCUI T MIC 936/937 

FIG. 75 

TABLE OF CONDITIONS & LIMITS tpd TESTS 
(See Test Circu it.) 
(Vee = 5V, T = 25°C) 

R C Min. Max. 

1~~7 _,-l~V 

, .. ~~D 
,,v-~-

Vour _____ ~0 

Lpd+ 93ti 3.9 K 30 pf 25 nscc 80 nscc 
t.,,11- 936 400 !l 50 pf 10 nsec 30 nsec 
Lpd+ 936 400 !l 50 pf 15 nsec 40 nscct 

tpd- 936 3.0 I( 20 pf 5 nsec 20 nsec' 
t,d+ 937 3.9 K 30 pf 15 nscc 50 nsec 
tpd- 937 400 !l 50 pf 10 nsec 30 nsec 

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

RELIABILITY TESTS 
PERFORMED DURING ITT 

RELIABILITY PROGRAM 
MEASUREMENTS OF TH E FOLLOWING 
PARAMETERS ARE RECORDED: 

Parameter 

935/937 VOL 

I, 
1, 
Vou 
I.11..tx 

T~L Sequ('ncc Nu 111bc-r on 1':1itc 26 

#1, #2 
#13, #14 
#7, #8 

#19, #20 
#45 

tp d TEST CIRCUIT M IC 935 

LIFE TEST CIRCUITS 
FIG. 76 

MIC 936 / 937 

NOTES: I. V cc~5 .5V 2. T,= + 12s•c 
:1. Ring must be 1nndc up or uu rn!d uumbcr of invertc~. 

C1 A"() C2 .";CUO( AG 
& ~ CAC\3C11t,NC£ 
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GATES 

QUAD TWO -INPUT GATE 
FAST QUAD TWO-INPUT GATE 

DESCRIPTION 

MIC 946 
MIC 949 

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-Hop 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" funct ion, while two 
elements can be wired together to form a full adder. 

The MIC 946 incorporates a 6K 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 typ ically 30% faster rise 
times with capacitive loads at a fan-out of up to 7 DTL loads. 

., 
A(G) 

81H) 

POSITIVE (NANDI LOGIC A(G)=o--
E(Fl 

8 (H) -

E=A · 8 

F=G· H 

., •cc 

CIRCU IT SCHEMAT IC 
[ONE GATE ONL Yl 

•• 

Q, 

NEG ATIVE (NORI LOGIC AIGl=D-
Ef11 

B[H) 

E=A+B 

F =G+H 

NOTE: POSITIVE LOGIC IS USED IN SPECIFICAT ION 

FLAT PACK SIMILAR TO TO- 5 

TOP VIEW TOP VIEW 
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TYPICAL RESISTOR VALUES 

946 

R,- 2.00K!! 
R, - 1.75K n 
R, = 5.00K !! 
R, - 6.00Kn 

949 

2.00K !! 
l. 75K!! 
5.00K!! 
2.00Kn 

TRUTH TABLE 

A B E 
G H F 
I I 0 
0 I I 
I 0 I 

0 0 I 

"I " IS HIGH 
"O" IS LOW 

DUAL IN-LINE 

TOP VIEW 



GATES 
ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage (V cc), - 55°C to + 125°C, continuous ..... . .. . . ...... ..... .. .... .... .... . ... - .5 to +8 
Supply Voltage (Vee), pulsed, <1 sec.. . . . ...... ....... .... . ........... .. . .. .. .. ..... .. ..... . +12 
Output 'Current, into outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 30 
Input Forward Current ......... . ............. ... ... . ..... .... . .. . .. .............. . ... . ........ -10 
Input Reverse Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... . .......... 1 
Operating Tern perature ..... .. .. ...... . .. . . .. ........................... .......... ..... - 55 to + I 25 
Storage Temperatme .. ... . . .. .. ....... ... . ......... ... .... . ..... . . ..... . ........ .... . . -65 to +150 
Operating Junction Temperatu re' . . . . • . . . . . ... . ....... . .. . ... ..... .... .. . ... .... .. .. .. .. ... + 175 
Input Voltage Applied to Input . . .......... . ......... . ... ..... .. ...... .. .. ...... . . . - 1.5 to + 5.5 
Lead Temp. (soldering, 60 sec.) ... - . . . . . . . . . . . . . . . . . . - - - . . . . . . . . . . . . . . . . . . .300 

NOTES: I. Ahove which useful life mny be impaired. 

mA 
mA 
mA 
oc 
oc 
oc 
Volts 
oc 

2. Allow 200"C/ Watt OJ-A for TO-5;:300 'C / \\ 'ittt o,-., for ¼• x ¼' fl,1lpnck :H1<I du:11 in-line. Allow 50°C/ Wntto, _c for TO -5; ISO'C/ 
Watt o,_c for¼ ' x ¼' flut\"'ck and dua.l in-line. Heat remov,1 in¼ ' x ¼' flat pock is highly dependent upon contact. su rfaces 
ur air flow and on lead aUac unenL :rnd thermal paths thru lead:;:, as well ~ number of soldered leads. 

SUMMARY OF MIC 946 AND 949 CHARACTERISTICS (25 ° CJ 
FULL LL\LITED 

Parameter Note TK\lPERATURE RANGE TE:\JPEH.ATURE RANGE 
:\!in. Typ :\lax. :\l in. Typ. :\lax. 

Operating Supply Voltage l 4.5 .5.0 5.5 5.0 
Network Dissipation 946 2 35.0 65.0 a5.o 80.0 

949 50.0 l09.0 50.0 117.0 
Loading D.C. fan-out 946 80 8.0 

949 7.0 7.0 
Output Logic ' l ' (High) 946 2.6 2.6 

Levels 949 2.6 4.3 
'O' ( Low) 046 0.4 0.45 

949 0.4 0.50 
Input Threshold' l ' (High) a 1.9 1.9 

'O' (Low) 1.1 1.l 
Propagation 946 4 25.0 80.0 25.0 80.0 

Delay Time t,,.+ 949 15 0 50.0 15.0 50.0 
t,,.,- l0.0 ao.o 10.0 30.0 

Noi~c Jmmuni ty 5 350.0 >500.0 :i50.0 >500.0 

N OTES: I. Ex:tCL specification limits for opcr!lting tcmpcr:1turc range may be ol>taiuecl by reference to the :\ppropri:ttc 1es,t. 
2. Power supplied from Vee supply (Vee - 5\') during "0 ~ 11 .sbtc, fon-otu • 0. 

Unit 

Volt.~ 
mW 

DTL Unit 
Load 
Volts 
Volts 
Volts 
Volts 
Volts 

Nano-
Second 

mV 

a . .Input Uu·eshol<l vollag;e is defined n:i the minimum (or maximum) voltage at the circuit input to guarantee :1 low (or high) output. 
~- Pr opogat ion t.lel:ly time terms (t,,,+ a nd lp,1-) :ire described in the lpd t~t circuit , P~ge 8. 
5. Sec :'\oise test circuit, Page 7,a nd Loading Factors, Page 5. 

TIM E DELAY VS . CAPACITIVE LOADS 
FIG. 77 FIG. 78 FIG. 7 9 

VTHRESI-IOLO TAs -55° C VTHR£SHOLO 
l8V VCC=5.0V 15V 

80 80 
TAs25 ° C 

VTHRES HOLO 
1.2 V 

80 

Vcc,sov 
60 60 

t C 

' 

u 60 

C 

~ ~ ~ 40 40 ' - 40 

20 20 20 

00 20 80 00 20 40 60 80 00 20 
CAPACITANCE · pf CAPACITANCE· pf CAPAClTANCE· pl 
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GATES 
TEST SEQUENCE 

Test A, 
No . Notes (G, ) 

1, (2) 1 V11, 
3, (4) I 
5, (6) 1 Vil 
7, (8) 1 
9, (10) 1 
11, (12) l 
13, (14) 1 "" 15, (16) I GND 
17, (18) 1 
19, (20) I 
21, (22) J v,. 
23, (24) l Vn 
25, (26) 1 
27, (28) 1 
29, (30) 1 Vil, 
31, (32) l 
33, (34) l OND 
35, (36) I 
37, (38) 1 OND 
39, (40) I 

41 1 
42 1, 2 GND 

43,44 

45, (46 ) 1,3 VF 
47, ( 48) 1,3 Vn 

49, (50 ) 1,3 
51, (52) 1,3 
53, (54) 1,3 Vrn 

55, (56) 1, 3 
57 1, 4 GND 

Both clem~nts arc "N Ar'\ D" gates; the refore , th e test. sequences for each are identica l. Tests on each 
side of t,he du:i l ar c ident ical; therefore, matchi ng test and pin numbers are sho wu in par en Lheses. 

FORCING CONDITIONS AT PINS TEST 
B, E1 A, B, E2 LI:\IITS 

(Hi ) (F,) (G,) (H,) (F,) Vee Sense :\'£in. ;\lax. 

V11, l ull V cc1, V" ' (Vn ) Vo1, 

V11, V111 Io,., VccL V ,,., (V ..,) V 01, 
- 1011 VceL Ve, ( Vp1) \1011 

Vn - 1011 V eeL Ve, (V ,·,) V o11 
Vn -1011 Vc cl V,:, (V,•,) \1011 

\111, -1 011 VceL Ve, (VP,) \1011 
GND V ec11 I,, (Ic1) In 
VR V ec:11 Im (I111) 1 I/ 

Vn GND Vcc11 I, , (1.,) In 
GND Vn Vcc11 Im (1112) I" 

Vu Vcc11 I,11 (101) -I,· 
\Ip Vec11 111, (I111) -Ip 

v,. Vu Vcc11 I,, (le,) - Ip 
Vn v,. Vee11 rm (1112) - Ir 

Vct·x Vcex Ie, (l,.,) l c,;x 
Vn, V c,:x Vc,:x 18 , (le,) Ieex 

OND Vcc11 le, (IF!) - ls ,· 
ONO OND Vee11 I,. , (I,·,) - I sc 

ONO V ce11 le, (1,.,) - Is e 
GND OND Vee11 le, (l, '2) -Is e 

V ,," lv cc lpo11 
CND VM.4X IV<:<: l;1t.,,x 

Fort,.,+ and I .,,- Conditions and Limits sec P age 31. 
v,, Vee,. IA1 (Ia,) -J,., 
VP Vcc1, Im (Illl) -I,., 

VP Vu V ee,. I ., (Io,) -I,., 

"" v,. VecL I,,, (Im) -I,., 
V,11 I Ul, \/('Cl/ V B l (V ,.,) Vo,., 

""' V,11 L11.~ V ce11 V m (V, •,) Vou 
GND GND GND V,,o Ive e I,, 1J1, 

NOTES: I. Ground pin is grounded for :ill test• . 2. One input of each g,ite is grounded . 
3. Tests 45/57 app ly to full temperature range only. 4. Ground all inputs. 

tpd TEST CIRCUIT 

FIG. 80 

PULSE PULSE IN 
WIDTH lot-------- 
>100 ns 

20 
PFD 

PROPAGATION DELAY 
tpd TESTS 

Vee 
TABLE OF CONDITIONS & LIMITS tpd TESTS 
(Sec Test Circuit.) 
(Vee = 5V, T = 25"C) 

R C Min. Mnx. 
t.,,.+ 0-16 3.!l K :30 pf 25 11sec 80 n~ c 

t,,. - 9·16 {00 n 50 pf JO nscc 30 nscc 
t •• + 0-16 400 U 50 pf 15 nscc ,10 nscc1 

t pJ- !).16 3.9 K 20 1,r 5 nscc 20 nsce1 

t,,.+ !).19 3.9 K 30 pf 15 nsec 50 nsec 
lpd- !).19 400 n 50 pf 10 nscc 30 nscc 

NOTE: I. Correlat ing limit prov ided as design informa tion only. 

All OIOOES 
SI M ILA R TO 
IN9 16 
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TEST LIMITS 

FULL TEi\JPERATURE RANGE LDIITED TE:\JPERATURE RANGE 

Paramet er Units - 55°C +25°C +J25°C 0°C +25°C +75°C 
:\lin. :\lax. i.\lin. :.\Ia,x. :.\!in. i\lax . i\[in. :\fax. Min. :.\[ax. 1\Iin. :\lax. 

V OL (946) Volt s 0.40 0.40 0.45 0.45 0.45 0.5 

VOL (949) Volt s 0.40 0.40 0.45 0.50 0.50 0.55 

V 011 (946) Volt s 2.50 2.60 2.50 2.60 2 .60 2.50 

V 011 (949) Vol ts :3.80 3.80 3.70 4.30 4 .30 4.20 

I,1 µA 2.0 2.0 5.0 5.0 5.0 10.0 

-Ip mA 1.5 1.5 1.4 1.4 1.4 1.33 

I ci-., µA 50.0 100.0 

-I sc (946) mA 0.61 1.34 0.61 1.34 0.535 1.30 0.61 1.30 0 .61 l.30 0.535 1.25 

-I sc (949) mA 2.1 :i. 7 2.10 3.7 1.86 3.28 J.85 3 .68 

I,,Du (946) mA 12.5 16.0 

IP/)// (949) mA 21.8 23.3 
IMAX (946) mA 11.0 16.0 

I ,\/AX (949) mA 10.4 11.44 

VOL> (946) Volts 0.40 0.40 0.40 
I 

Vo,., (949) Volt s 0.40 0 .40 0.40 
- I F2 mA 1.16 1.16 1.08 

l/'Dl (949) mA 5.88 

FORCING CONDITIONS 

FULL TEMPERATURE RANGE LIMITED TE:\IPER.ATURE RANGE 

Param eter Un its - 55°C +25°C +125°C Parameter Unit s 0°c +25°C +75°C 
V.,1..ix Volts 8.0 VJ/AX Volts 8 .0 
V PD Volts 5.0 VPD Volt s 5.0 
V cc11 Volts 5.5 5 . .5 5.5 Vccu Volts 5.0 5.0 5 .0 
VccL Volts 4.5 4.5 4.5 Vc CL Volt s 5.0 5.0 5 .0 
VR Volts 4.0 4.0 4.0 VR Volts 4.0 4.0 4.0 
VF Volts 0.4 0.4 0.4 Vp Volts 0.45 0.45 0.50 
Vn Volt s 1.4 1.1 0.8 Vn Volts 1.2 1.1 0.95 
v,,,. Volt.~ 0.0 v,,,. Volts 0.0 
Vm Volts 2.1 1.9 1.7 v,,, Volt s 2.0 1.9 1.8 
Vcex Volt s 4.5 Ve,:.,· Volt s 5.0 
I Oll 946 mA 12.0 12.0 12.0 I o,", 946 mA 12.0 12.0 11.4 
I Ull 949 mA 10.8 10.8 10.8 I oi 1 949 rnA 10.5 10.5 J0.2 

- 1 011 946 µ.A 1.80.0 180.0 180.0 - l ou µA 120.0 120.0 120.0 
-l 0 11 949 mA .54 .54 .54 

I oi, 946 mA 15.0 15.0 15.0 
I Ole 949 mA 13.5 13.5 13.5 
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APPLICATIONS 

Most of the advantages in reducing element count and assembly cost by having four 2-lnput gates in one package a.re 
obvious. Consider ing the large percentag e of occurrences of fan-in 1 and 2 in the typ ical system, savings of 50% of elements 
needed to accomplish the fan-in 1 and 2 gating is substa ntial. However, some logic manipulation using the outp ut" OR"ing 
capability may lt'ad to yet, greater savings. Thus, it is a further adva ntage of ITT Diode-Trans istor Logic that the gates 
(~UC 930 Dual 4.-Jnput. Gate Element and ~UC 946 Quad 2-Input Gat e Element) may be output" OR"ed with fractional 
fan-out subtraction and without a $eparate gate with open collector required . 
The example 1 , a 2-element full adder, ~hows the typical use of the Quad 2-Input Gate in an opt imized logic configurat ion . 

DESIGN OF A BINARY FULL ADDER 

FIG. 81 

r--- -------r--------------------, 
I I ____ ___. I 

I I 
I I 

x I I 

t--+-..---~ '-() ~ 

7 
I 

,__ 1 _____ .....__,., c' 

I I 
L _______ _ _ ELEMENT I _________ _j _ ELEMENT 2 _ J 

The classical Binary Full Adder is often Rplit into two half-adder circuits for economy. Such a mechanization, while 
slower, significantly reduces the logic circuitry involved. The arrangement. given in 1 accomplishes all of the functions 
required of a full-adder with only two MlC 946 clements and introduces a logic delay of only four gate propagation times. 
All of the signals requ ired for a" carry lookahead" organization are also presrnt . 
The rationale for this mechanization derives from the following factorizat ion of the expressions for the full-adder sum 
(S) and cal'l'y (C). Output carry signals arc distinguished from the carry inpm by a prime mark: 

S = ABC + ABC + ABC + ABC C = ABC + ABC + ABC + ABC 
= (AB + AB)C + (AB + AB)C = (AB + AB)C + AB(C + C) 

Note also that = (AB + AB)C + AB 
(AB + AB) = AB + AB 

It is appa rent that the sum is the exclusive" OR" of the cal'l'y input with the result of t he exclusive "OR" of t he argu 
ments A and B. 
Two different exclusive "OR" circuits are used. In the first, composed of NAND Gates land 2, it. is assumed that both 
true and complement values of the arguments are a.vailable. The diTect connection of the outputs at poiut X has logical 
effect; namely, that of ANDing the NAND outputs together. 
Th erefore, AB • AB = AB + AB = AB + AB 
The second exclusive "OR", composed of NA.ND Gates 5, 6, 7, and 8, requires only t.rne inputs, avoiding the need for 
two inverters at its input. 
Both the true and complement sum outputs arc obtai ned by the" wired OR" connect ion and N AND Gate 8, which is 
used as an inverl:C'r. 
The output of NAND Gate 5 is the term (AB + AB)C with the proper polarity for NOR Gate 4. 
Th e remaining term of the carry or iginates in NAND Gate 3 with the proper polarity for NOR Gate 4. T he output polarity 
of NOR Gate 4 is conect for a cascaded full-adder. 
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RELIABILITY TESTS 
PERFORMED DURING ITT -RELIABILITY PROGRAM 

MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED: 

Parameter 
VoL 
You 
In 
IF 
I.l!AX 

Test Sequence Number on Pa e 30 
jil 
#5 

#13 &#15 
#27 & #28 

#42 

LIFE TEST CIRCUIT 
FIG. 82 

GATES 

~- ------- ----------------0---------- -----'-v,cc 

GSO 

NOTE: Vee • +5 .5 Volts Ambient 'l'cm 1,cniture • + 125°C. 
Circuit mny hnvc any number of units connccLcd like l/ A"1 and one connected like 11B" . Circuit. must. contain mi odd number of gates 
connected in series in the ring. 
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TRIPLE THREE-INPUT GATE 
FAST TRIPLE THREE-INPUT GATE 

DESCRIPTION 

MIC 962 
MIC 963 

The MIC 962 and MIC 963 elements are triple three-input NANO /N OR 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" function. 

T heM IC962incorporates a 6K output pull-up resistor which allows for a fan-out of up to 8 DTL loads. 

The MIC 963 incorporat es a 2K output pull-up resistor which typ ically results in a 30% faster rise 
time with capacitive loads at a fan-out of up to 7 DTL loads. 

CIRCUIT SCHEMATIC 
CONE GATE □NL YJ 

,--- --- -o-oV« 

TYP ICAL RESISTOR VALUES 

R, = 2.00 Kl! 
R, ~ J.75 Kil 
R, = 5.00 Kil 
R, = G.00 Kn (HU2) 
R, • 2.00 Kn (l)f,:l) 

TRUTH TABLE 

A B C E 
POS ITIVE (NANDJ LOGIC NEGATIVE (NORI LOGIC 1 1 1 0 

E=A+B+C 

NOTE: Posihve Logic is used in this specif ication. 

FLAT PACK SIMI LAR TO T0 - 5 

·~= , 
I A3 

2 83 

3 A I 

4 81 

" CI 

6 E I 

• 
7 GNO 

• ~-.c 
TOP VIEW TOP VIEW 
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0 1 1 
1 0 1 
1 1 0 
0 0 0 

"l" is High Vo ltage. 

"O" is Low Voltage. 

DUAL IN-LINE 

1 
1 
1 
1 

Vee; 14 

C3 13 

E3 12 

Cz II 

82 10 

Az 9 

E2 8 

TOP VIEW 



GATES 

ABSOLUTE MAXIMUM RATINGS 1 

UNITS 
Hupp\y Voltag e ( \"cc), - 55°C 10 + 12ii°C, con tinu ou~ ........ . . .. .... . ..... . .............. - .5 to + 8 .0 VoJtg 

Volt~ 
mA 
mA 
mA 
·o 
·c 
Volts 
·c 

Supply Voltage- (Ve<"), pulsed, < 1 s('C... . .... . ........• •. .............. . .. .. ........... ... +12 
Output Curr ent, into output s ..... . .. . . . . . ............................ .. .. . ..................... :30 
Inpu t Forw ard CurrC'nt. ........ .. ... ... ................. . ....................... . ......... . .. - 10 
Input RcvN~C Current .. ................................ ...... ................. .. ................ 1 
Oprn1ting Trmprrnture ...... . ........... . ..................... . . .. .................. -55 to + 125 
Storag,• Tcmp!'rat urt'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .. . -65 to + 125 
Input Voltage App lied to Input ...........•......... . .... . . ... . . ..... . . . .... , .... . . - 1.5 to +5.5 
Lead Temp . (solde ring, 60 sec.) ... .. . ............. .. . . .... . . . . . . . . ... .. . ...... . ..... . .. .... 300 

NO TES: I. Above which useful life mny be impnircd. 
2. Allow 200°C/ Watte, _A for T0-5; :100°C/ Wntt o,_A for¼ · x ¼• flotp:ick nud dual in-line. Allow 50'C/ W:itto. , .c for T0-5; ISO'C/ 

Wnt t 81.c for¼ ' x ¼' ftatpack nnd du:11 in-line. Hent removal in ¼' x ¼' ft11t1,11ck is hi~hly dependent , upon contllct surfac es 
or :iir flow and on lead allachment nnd thermo ) path s thru leads, as well ns number of soldcrccl lends . 

SUMMARY OF MIC 962 AND 963 CHARACT~RISTICS (25 ° CJ 
FULL Lii\llTED 

Parnm ete r Nole T Ei\ lP E RATURE RANCE T E ~JPERAT URE RANGE Unit 
:\Jin. Typ. Max. ~Jin. Typ. ~-lnx. 

Operating Supp ly Voltage l 4.5 5.0 5.5 5.0 Volt s 
Network Dissipation 962 2 25.5 48.8 25.5 600 mW 

963 :37.5 8 1.5 37.5 88.5 
Loading D.C. fan-out 962 8.0 8 .0 DTL Unit 

963 7.0 7.0 Load 
Output Logic ' l' (High ) 962 2.6 2.6 Volt s 

963 2.6 4.:3 
'0' (Low) 962 0.4 0.45 

963 0.4 0.5 
Input Thr eshold 'l' (High :3 1.9 1.9 Volt s 

'0' (Low) 1.1 1.1 
Prop ogat ion 962 4 25.0 80.0 25.0 80.0 Nano-

Delay Time t,,.+ 96:3 15.0 50.0 15.b 50.0 Second 
962 10.0 30.0 10.0 30.0 

t ,.i- 963 10.0 30.0 10.0 30.0 
Noise Im munity 5 0.35 >0.5 0.35 >0.5 Volts 

NOTES: I. Exact spec ificat ion limits for operat ing tcm1x,rature range may be obt.nincd by reference to 1.he :ippropri:itc test. 
2. Power supplied from Vee (5V) during on s tale bu -out =0 . 
3. Input threshold ,rolt.agc is defined :ls the minimum (o r maximum) volt.nKc at the circuit input to guarante e a low (or hi~h) output. 
4. Propogation delay time terms (Lpd+ :ind lp.t -) nre described in t he lpd test circuit, Pages . 
~- See noise t.c.st. circuit, Pugc 7, and Lo:iding Fa.ctors1 Page 5. 
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TEST SEQUENCE 
llot h elements arc triplet">: Ai\D" g,1tcs; therefore, the test ~equences for each arc identical. T ests on each ~ide of the triplr·t ure iden
tical; therefore, matching test. imd pin numbers are :;how11 in parentheses. 

FORCING CON DITIONS AT PINS TEST 
Tc.-;t A, B, C, E , LI:MITS 

No. Notes (A,,A,) (B,,B,) (C,._C,) (E. ,E,) Vee Sense :Vlin. Ma x. 

1,(2,3) l V111 \1111 V111 Toi, VccL V s,01 s,. V ,,,) VoL, 

4,(5,6) l \fR GND GND Vcc11 r.,(r.,. r.,) IR 
7, (8,9) l GND v,, GND Vcc11 I n,(Im . {03) In 

10,(11,12) I GND GND Vu Vcc11 Ic,(Ic,i, l ea) In 
1:1,(14,15) l v,, v,, Vu Vcc11 r.,(r.,. I.,) - Ir, 

16,(17,18) 1 Vu v,, V H Vcc11 Im (ln,. Is,) -In 
19,(20,21) l V11 V H v,. Vcc11 Ic,(Ic,i, Ici) -I,- , 
22,(23,24) l V11. - I ou Vcci V 11101 £2. V B3) \/ 011 

25,(26,27) l \In -I o11 Vcci V s, (V E2. V Ba) You 

28,(29,30) I V11. - 1 011 V cci Ve,(V 82. VE,) Y ou 

31,(32,33) l GN D GN D Vccu l111(Iez. Is,) -I .sc 

:34,(35,:36) I GND GND Vcc11 l111(Iez, le,) -Is c 

37,(38,39) l Vu., Vcex Vc,:x ls, (Ie,. I e,) I cex 

40 I V PD lv cc lpou 

41 I , 2 ONO \IM A X Iv cc 1.,. x 
42 t,.,+ t ,,,,+ and t,.,- Sec page 37 ror test condi t ions and limits 
43 t,,,-
44, (45,46 ) 1 v,. V11 V11 Vcex Vcc1. 1.,(I., . 1.,) - Ir, 
47, (48,49) I "" v,. V« Vee,. Im (I,,. , Ia ,) - I,,, 

50, (51,52 ) 1 Vu Vn V,, V cc1. Ic,(lc,i. l e,)" -r,., 
53, (54,55) 1 V,11 V111 V,u ToL2 V ccu Ve, (V,,.. \/1<3) \I OL2 

56, 1,3,4 GN D GND GND V,,o Iv cc IPDL 

N OTES: I. Ground pin is groumlcd for all l<!Sl• . 
2. One input of :ill four g:itcs is groumlru. 
3. Tests 44/56 apply to lull temperature range only. 
4. Ground all inputs. 

FORCING CONDITIONS 
FULL TE:\IPER ATURE RANGE LIMITED T EMPE RATURE RANGE 

Parnmct.c r Units -55°C + 25°C +1zs 0 c Paramete r Un its 0°C +25°C +75°C 

Vccu Volts 5.5 5.5 5 .5 VcCII Volts 5.0 5.0 5.0 

Vcci Voll.s 4.5 4.5 4.5 VccL Vol ts 5 .0 5.0 5.0 

V,1/AX Volts 8.0 VMAX Volts 8.0 

v, ,o Volts 5.0 \/po Vol ts 5.0 

VR Volt~ 4.0 4.0 4.0 V« Volts 4 .0 4.0 4.0 

VP Volts 0.4 0.4 0 .4 \Ip Volts 0.45 0.45 0.5 

V cex Volts 4.5 Vcsx Volts 5.0 

Vn Volts 1.4 1.1 0.8 Vn Vol ts 1.20 1.10 0.95 

V1L2 Volts 0.0 Vn, Vol t.s 0 .0 

Vrn Volts 2.1 1.9 1.7 V111 Volts 2.0 1.9 1.8 

l ou 962 mA 12.0 12.0 12.0 l oL1 962 mA 12.0 12.0 11.4 

I ou 963 mA 10.8 10.8 10.8 I oi, 963 mA 10.5 10.5 10.2 
-I o11 962 µA 180.0 180.0 180.0 - Io11 µA 120.0 120.0 120.0 
- Iou 963 m.A .54 .54 .54 

Iou 962 mA 15.0 15.0 15.0 
loLt 963 mA 13.5 13.5 13 .5 
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TEST LIMITS 
FULL TE:\ll'ERATURE llANGI ~ LL\IITED TK\IPEHATURE RANGE 

- 55°C +2s 0 c + 125•0 o·c +25•0 +15•c 
l'aramrt r r Units :\lin. :\ lax. :\ l in. ;\[ax . :\lin. :\lnx . :\lin. . \ lnx. :\!in . :\lax . :\!in. ;\fax. 
V OLI (962) Volt,; 0.4 0.4 0.40 0.45 0.-15 0.5 
V OLJ (96.3) Yoltti 0.4 0.4 0.40 0.5 0.5 0.55 
Vo11 (962) Volts 2.5 2.6 2.5 2.6 2.6 2 .5 
Vo11 (96:l) Volf.s 2 .. 5 2.6 2.5 4.3 4.3 4.2 
I s µA 2.0 2.0 5.0 5.0 5.0 10.0 

-1,, mA 1.5 1.5 IA 1.-1 1.4 1.33 
-ls e (962) mA 0.61 1.34 0.61 1.:H 0.535 1.:30 0.61 1.:10 0.6 1 1.30 0.535 1.25 
- Ise (963) mA 2.10 :no 2.10 3.70 1.86 :J.28 1.85 3.68 

l csx µA 50.0 100.0 
IP DII (962) mA 9.75 12.0 
}po11 (96.3) mA 16.:3 17.7 
lltAX (962) mA 8.25 12.0 
I ,\IAX (96:3) mA 7.8 8.6 

- I,... mA 1.16 1.16 10.8 

Vou Volt s 0.4 0.4 0.4 
li>oL mA 4.41 

tpd TEST CIRCUIT 

FIG. 83 

PROPAGATION DELAY 
tpd TESTS 

~3~ z 
PUl.SE 
WIDTH >tOOM 

RELIABILITY TESTS 
PERFORMED DURING ITT 
RELIABILITY PROGRAM 

MEASUREMENTS OF THE FOLLOWING 

PARAM ETERS ARE RECORDED: 

Par amete r Test Seq uence Number on Pagr 36 

Vo, 
VoH 
I, 
1. 
l c,x 

#1 
#7, ~. & ;;9 

#16, #17, & #18 
#22 
#4 1 

t,,- of 962 and 063 elements will be read 
from input at I.SY. 
All diodes 1.-.:916 or equivalent. 
C, and C, includes 1irobe and jig ,apaci
tnncc. 

VThrcshold= 1.5V nl, 25°C ; tlt ot her tcm. 
perntures V1·h,c,hold will be stated. 

TABLE OF CONDITIONS & LIMITS tpd TESTS 

(Sec Test Circ uil.) 

(Vee ~ 5.0 V, T, - 25°C) 

R C, C. :\ l in. Max. 
ohms er Ef nscc nsec 

t,.,+ 962 3.9K 20 30 25 80 
t,.,- 962 400 20 50 10 30 
t,.,+ 963 3.91( 20 30 15 50 
L,.,- 963 400 20 50 10 30 

LIFE TEST CIRCUIT 
FIG. 84 

NOTES: Vee - +5.5 Volts Ambient Tcm1>eraturc - + 125°C 
The circuit. must. cont:Un a.n odd number or ga.te.s connected serially in n ring. 
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EXTENDERS 

DUAL FOUR-INPUT EXTENDER 
DESCRIPTION 

MIC 933 

The ;\IIC 933 element is a dual four-input extender . The :\IIC 933 consists of two independen t diode 
a rrays ident ical in every respect to the input diodes of the DTL gates and buffer elements. It can be 
used to exte nd the fan-in capabili ty to more than 20 without adver sely affecting the noise immunity 
or load driving capab ility of the clements to which they a re conneC'tcd. Good practice dictatrs that 
extension interconnection paths be as short as possible to minimize the effects of distribut ed <·apaci
tance on circuit performan ce. The ;\fl(' 933 has a typica l input capacitance of 2pf and an output 
capacitan ce of 5 pf. 

The l\IJ(' 933 can extend the fan-in of the :-IIC' 930, 932, 944, and 961 elements. 

POSITIVE CNANDJ LOGIC 

1n MIC 930 ot MIC 9:sl 

A-_J--. 
B 
&---,_ _ _,, 

Y(ot XI 

CIRCUIT SCHEMATIC 

NEGATIVE (NOA> LOGIC 

YIOlll•I 

NEGATIVE LOGIC E•A•8•C•D+G+H+l•J 

NOTE: Positive loalc 11 used in this si,.clfication. 

FLAT PACK SIMILAR TO T0-5 . ., 

• . .., 
TOP VIEW 
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A 
G 
I 
0 
I 
I 
I 
0 

TRUTH TABL E 

B 
H 
I 
I 
0 
I 
I 
0 

C 
I 
I 
I 
I 
0 
I 
0 

I is High 
0 is Low 

OUAL IN-LINE 

TOP VIEW 

D 
J 
I 
I 
I 
I 
0 
0 

X 
y 
I 
0 
0 
0 
0 
0 



EXTENDERS 
ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltag e (V cc), -55 °C to + 125°C, continuous ............... . . ..... . . ....... .. . . ... . - .5 to +8 
Supply Voltage (V cc), pul sed < 1.0 sec ... ... . ... . .. . . . ....... , . . . .... . ... .. ....... .. .. . ... ... + 12 
Input Forward Curr ent, Ir . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • . . • . . . . . . .. ....... .. ... - 10 
Inpu t R everse Current, h .. . .. .. . .. . . . . ..... . ..... .. .. .. . ..... . .. . . . . . .... ..... . .. . . , ... . ....... 1 
Opera t ing T emperat ur e Range .. , ...... . . .. .... . . . . . ....... . ... ..... . .... . . . . ... . . . ..... - 55 to -125 
Storage T emperatur e Rang e . .. .. . .. . . ... . . .. ...... .... . . .... . ........ . . . . ...... .. .. . . . . -65 to -1 50 
Operating Junc tion Temperature' . . . . . . . ...... . ...... . .. . . .... . ... . .......... . .. .. ..... + 175 
Input Voltage Appl ied to Inpu t _ .. . ....... _ .. . . .. . . . . .. .. .... . . ... : . . . .. . . . .... . ... -1.5 to +5 .5 
Lead Temp . (solde ring , 60 sec .) . . . . . . . . . . . . . . . . . . . . . . . . . ...... _. _. _ .. . .. 300 
NOTES: J. Above which useful life may be impaired. 

UNITS 
Volts 
Volts 
mA 
mA 
oc 
oc 
oc 
Volts 
oc 

2. Allow 200'C/ Wntt8J - A for TO-5; 300'C/ WattoJ - A for¼ • x ¼' ftatpac k and dual in-line. Allow 50'C / Watt 8J .c for T 0-5 ; lSO'C/ 
Watt 8J.c for¼' x ¼• flatpack and dual in-line. Heat removul in ¼• x ¼' ftatpack is highly depe ndent upon contact surfa ces 
or nir flow and on lend t,ttac hmcnt and ther mal paths thr u leads, as well as number of soldered leads. 

TEST SEQUENCE 
Test !'i n A Pin B Pin C Pin D Pin X 
No. Not<' (G) (H ) (I) (J) (Y) Sens<' Symbol 

1,2,3,4, 
(5,6,7,8) 2,3,4 GND GND GND GND IPD Vx(Vy) Vpo 
11,(12) 3 v" GND GND GND - I, (Ia) IR, 
13,(14) 3 GND VR GND GND - In(ln ) IR, 
15,(16) 3 GND GND VR GND - I c(I, ) J R3 
17,(18) 3 GND GND GND VR - Iv (IJ) h ., 
19,(20) 3 - - - - VR Ix (h) 5IR 

NOTES: . . . lVR = 4.0 volts , lpo = 2.0 mA (Oto +75'C) 
J. Forcing Cond1t1ons y 11 = 4.0 volts , ipo = 2.0 mA (-55 to + 125"C) 
2. Th e MI C 933 is a dual element. Tests for each side a re identical. Match ing tes ts nnd pin numbers are shown in parenthes is. 
3. The ground pin is grounded on all tests . 
4. Ground applied individually to one input , each test. Other inputs open. 

TEST LIMITS 

FUL L TEMPERATURE RANGE LIMITED TE iWPERATURE RANGE 

- 55°C 

l'aramet,er Units :\l in. :\l ax. 

V,•o Volt~ .840 . 980 

IN ,,.A 2.0 

5111 µA 10.0 

+ 25°C + 125°C 0°C 

i\'lin . i\fax. ;\1Jin. Ma x. M in. Max. 

.700 .820 .480 .620 .700 

2.0 5.0 

10.0 25.0 

FORWARD VOLTAGE VERSUS 
FORWARD CURRENT + 2soc 

FIG. 85 

8 .0 I .. 
r/J/25•c e 

,!. 
z 6.0 
~ 
0: 

B 4.0 ' 
i I 

,., , 
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INPUT VOLTAGE-VOI...TS 
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.900 

5.0 

25.0 

+25°C +75°C 

M in. Ma x. :\'lin. Ma x. 

.660 .840 .560 .760 

5.0 10.0 

25.0 50.0 
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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 

Vee 

FIG. 87 

WAVE SHAPES 

v"'\ cl 5V 
GNDi\_......./1 ' 

lpd•~ Hlpd · 

=-.__J\_l. 5V 
VouT __ ~ ----- --' GND 

FIG. BB FIG. 89 FIG. 90 

MIC 930 tp d- VS~ MIC 932 TIME DELAY VS. 
EXTE N0£R PIN CAPACITANCE EXTENDER PIN CAPACITANCE 

l 
C2•30r,f 

u 120 
TA• 2S•c 

i! 
Vee • 4 .0V '" R•5 K 

! B I 
li R•5K VCC• 6.0V 
;;! 

40 R• 4000 ..,,___vcx;.slnu 0 

I 
R•4 00 fi VCC•4.0V 

00 20 40 60 

C1 - C~C ITANCE • pf 

NOTE: 
C, represunts the summat ion of the MIC 
933 Dual Extender E lement outp ut capac
itances ("" 5 pf per output) and associated 
bo:1rd, co,mecto r and wiring capacitances. 

u 1:10,1----+----..\ ' 

' ! 100.----+-

li 
g 

Vcc•6.0V 

75 

CI -C'APACITAHCE - pf 

MIC 930 t pd + VS. 
EXTE NDER PIN CAPAaTANCE 

11)d-at R•SKO is slighltt lower 
C2•30pf 

120 
R •400n 

TA• 2s•c 

60 
C1 - CAPACITANCE •p f 

TO SHOW THE EFFECTS OF EXTENDER PIN CAPACITANCE ON NOISE THRESHOLD 
OF MIC 930 DUAL GATE 

RESET 

FIG. 9 1 
TEST CONOITIOHS 

~•on 

v,.. ----o--0-i 
All di odes IN916 -:: 

FIG. 92 

PULSED GROUND NC>SE 
THR(SHOlO AS A FUNCTION 

OF EXTENDER PINI CAPACITANCE 

lr • Jns 
v~ .. o 
TA•2:5•C 

PULSE WIDTH- Mtc 

5- 40 

"' i ., 
.., 
"' ~ ·2.0 
_, .. 
z * · LO 

"' >z 
00 

FIG . 93 

PULSED SIGNAL LINE NOISE 
THRESHOLD AS A FtJNCTlON 

OF EXTEN DER PlN CAPACITANCE 

1 
If• Int 

VNG• O 
TA• 2S•C 

I\. C•30pf -

\\ 
\ C•SO f 

C• 200 pf 

20 40 60 

PULSE WIDTH•nsec 



RI 

EXTENDERS 

R2~ 

2 -
3 -
• 
5 

6 ·~~ 
71 

RELIABILITY TESTS 
PERFORMED DURING ITT RELIABILITY PROGRAM 

MEASUREMENTS OF THE FOLLOW IN G PARAMETERS ARE RECORDED: 

Parameter 

RI 

. 13 
r 

. ,2 

-
II 

10 

. 9 
r 

Test Se ucnce Number on Page 39 
#1 
;;5 
;;19 
#20 

LIFE TEST CIRCUIT 
FIG. 94 

R2 

2 - . 13 
~ ro 

3 12 

• II 

5 ** 10 - -
6 - . 9 

~ 

I 
71 

RI R2 

2 -~ 
3 

• 
5 ~~ ,_ 
6 -

r-
71 

NOTE: V e,;,.: _.. +s.S Volta Ambi en t. Temperature - + 125°0 
R1 = 220!1, 10%, ½. wntt . R, = 390!1, 10%, ½ watt. 

5-4 1 

vcc 

. 13 
r 

. 12 -
II 

10 
r 

9 
~ 

GND 
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FLIP FLOPS 

CLOCKED FLIP-FLOP 
CLOCKED FLIP-FLOP 

DESCRIPTION 
The MIC 945 and M IC 948 elements are clocked flip-flops. 

MIC 945 
MIC 948 

Both the MI C 945 and MIC 948 flip-flops operate on the "maste r-slave" principle . In formation 
enters the "master" flip-flop when trigger clock inpu t voltage is high and t ransfers to the "s lave" 
flip-flop when tr igger clock input voltage goes low. Since operation depends only on voltage levels 
any sort of waveshape havin g the proper voltage levels may be used as a t rigger signal. (T herise and 
fall times are irrelevant.) 

Both the MIC 945 and MI C 948 have an improved direct set and direct clear design which a llows 
unhampered asynchronous entr y irrespective of signals app lied to any other inpu ts. The direct inpu ts 
always take precedence, thus simplifying the design of arbitrarily preset counters or cont rol flip-flops. 

Both flip--flops incorpora te output buffers which provide isolatio n between the "s lave" flip-flop and 
the out put load, thereby enhancing immuni ty to signal line noise. 

Th e MIC 945 incorpo rat es a 6K ohm outp ut pull up resistor which allows for a fan-out of up to 12 
DTL loads. 

The MIC 948 incorpora tes a 2K ohm output pull up resisto r wh ich a llows for typically 30% faster 
rise times for capacitive loads at a fan-out of up to 11 DTL loads. 

NOTES: Pins 1. 8. 13 not used 
945. R, = 6K 
948 , R, = 2K 

PIN NUMBERS REFER TO 
FLAT PACKAGE ANO OJP 

CIRCUIT SCHEMATIC 

POSITIVE LOGIC SYMBOL S SYNCHRONOUS ENTRY 

NOTES : 
I. Pin num bers refer to fiat package. 
2. Abbrevi ations used in the !Jody of tables: 
NC = no change, the trigger-pul se has equul effect. 
0 - low, the more negat..ive volt.age level. 
I • high , the more pos it..ive volLn,ge leve l 

(ln nll cases, unused pins hJtve the same 

3 
0 
0 
<l> 

<I> 

0 
,p 

I 
1 
1 

Inputs 

t n 

4 11 12 
<I> 0 <I> 
<I> <I> 0 
0 0 <I> 
0 <I> 0 
<I> 1 1 
0 1 1 
1 0 •Ii 
1 <I> 0 
1 1 l 

effect us IHgh.) For J ·K Mode Operation : 

Output 

t n + 1 

6 
NC 
NC 
NC 
NC 
0 
0 
1 
1 

Unde ter -
mined 

<I> - immate ria l, eit her I or O hos no effect on outputs . Connect 4 to 9 and 11 to 6 
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ASYNCHRON OUS ENTRY 

Input s Outputs 

5 10 6 9 
1 1 NC NC 
1 0 1 0 
0 l 0 1 
0 0 1 1 

Asynchrono us entry is independent 
of all other in puts and overrides 
sync h rono us ent ry. 



FLIP FLOPS 

2 CP 

3 s, 

4 s, 

5 co 

6 Q 

7 GNO 

FLAT PACK 

TOP VIEW 

Vcc14 

13 

c, 12 

c, 11 

So 10 

Q 9 

8 

SIMILAR TO T0 - 5 

VcclO 

GNO 
5 

TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 1 

DUAL IN -LI NE 

TOP VIEW 

Supply Voltage (V cc), -55°C to + 125°C, continuous .. ... . . ... . ... . . . . . . . .... . . .......... . - 0.5 to +8 
Supply Voltage (V cc), pulsed, < 1 ~l'C . . .... , . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . ..... . + 12 
Output Current, into outputs.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Input Forward Current ... , . . . , . . ...... .. .. .. ... ..... .. . . . . . .................... .. .. .. . .. ... . .. -10 
Input Reve rse Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
Operating Temperature .... . , .......... . , . ........ .. . ......... ...... .. ................ . -55 to +125 
Storage Temperature ............. ... . ............ , ... ............ ... . . .... ........ . . . -65 to +150 
Operating Junction Temperature •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - ... ..... - ..... - . - - - - -+ 175 

Input Voltage Applied to Input . . . . . . . . . . . . . . . . . . . . . ... ... . . . .. ... .... . . . . ... . . - 1.5 to +5 .5 
Lead Temp . (soldering, 60 sec.) .. . . . . . .... . ... . ....... . . . .. .. . .. ...... 300 

UNITS 
Volts 
Volts 
mA 
m,\ 
mA 
oc 
oc 
oc 
V 
oc 

NOTES: 1. /\bovc "·hich u~eful life may be impaired. 
2. Allow 200°C/ Watt OJ- .< for TO-5;300 °C/ W:1tt o,_,, for¼ ' x ¼" flutpack " '"' dual i11-linc. Allow 50°C/ W:1U o,_c for TO-5; 180°C/ 

Watt o,-c for ¾' x ¾' Oatpack !Ind dua l in- line. Hc:tt rC1l\O\'OI in ¼' x ¼' ftat1>0ck is high ly dependent upon conu,ct surface., 
or air flow and on lend attachment irnd thc-rmnl pnths:. thru lend:.::, ns well iL" numhcr of soldered lc:1d:-l. 

SUMMARY OF MIC 945 AND 948 CHARACTERISTICS (25 ° CJ 
FULL LIMITED 

TE:'l l l'ERATURJ.-: RANGE TE:'IIPERATURE RANGE 
~ctwork Parameter :--Jotc :'IIin. Tvn. :\lax. :\fin. Tvn . :\fax . Unit 

Operating Supp ly Voltage l 4,5 5.0 5.5 5.0 Volts 
Net.work Dissipation 945 2 70.0 75.0 mW 

948 81.0 87.5 
Load ing D.C. Fanout 945 10.0 12.0 DTL Unit 

948 9.0 11.0 Load 
Output Logic ' I ' (High) 945 2.5 :3.1 Volts 

948 2.5 4.3 
'0' (Low) 945 0.4 0.45 

948 0.4 0.45 
J nput Th reshold ' 1' (High) :3 l.9 I.!) Volts 

'0' (Low) 1.1 l.l 

Propagation tp,1+ 945 4 35.0 75.0 35.0 75.0 Nano-
Delay Time 948 30.0 65.0 30.0 65.0 Second 

t,,.- 945 30.0 75.0 :30.0 75.0 
948 :30.0 75.0 :30.0 75.0 

NoL~c l mmunily 0.35 >0.5 0.35 >0.5 Volts 

NOTES: I. Exnct specification limits for opcrairing tempernlure rnnge ma_y be obta ined by reforence to the appro 1lr i :" .. c test. 
2. Power supplied from Vcc(5 V) duri.nj!; uo~l stntcj Fa.nout .,,. o. 
:J. Jnput t.hreishold voltage i_s defined as the minimum (or maximum) voltage at the circuit input to guarM1tcc u low (or high) output- . 
•I. Propogntion dclny tiinc terms (t,,t1+ aud tpr1-) ;tre described :n Lhe t-pi1 lest. cil'cuit,1 P:1p;c -llt 
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FLIP FLOPS 

TEST SEQUENCE 
'.l;QTF.· Pin numbers rdcr to fiat package and dual in line pncbgc ,. 

FORCING CONDITIONS AT PINS TEST 
Test C,, s, &. Cn Q q Sn C, c, V ee LIM ITS 
No. Notes Pin 2 3 4 5 6 9 LO Jl 12 14 Sense ?viin. :.fa x. 

I J \fR GND GND GN'D v,, I, I 11cP 
2 l Vn G 1D GND GND VH I, I R C/' 

3 1 GND Vu GND V cc11 I, I" 
4 l GND GND V11 Vc c11 I, I n 
5 J GND GKD Vn V cc11 I i, In 
6 j GND V11 GND V cc11 111 111 
7 1 CP GND GND V11 Vcc11 Vcc11 L l11 
8 1 CP Vcru "" GND GND Vcc11 I10 I 11 
9 l GND V,-r..,· GND V cEx 1. l cEx 

10 l GND Vrex GND V cex r. Ice.,· 
11 I Gl\'D GND GND GND GND Gl\'D GND V.,rA.\' r,. I.11.'-" 
12 l CP GND GND Vcci - Tn11 V11.s V cci v. \/1111 
1:3 1 CP V,u -Lou Vcci GND GND Vee,. v, Vou 
14 1, 2 CP Vu. Vee,. J ni., V,11 V111 V111 V cci v. \Toi, 
15 I, 2 CP \111. Vcr11 l rnt \/111 V111 V,11 Vccu v. VOL • 
16 L •J CP V,11 V,11 V,11 l oi, Vcc,, V11. V cci v. V Oll ' -
17 l, 2 CP V,11 V111 \1111 I m., Vr,·11 Vn V cc11 v, V oi, 
18 1 v,, v,. V11 Vcc11 - I, - 2/ 3 I,., 
19 I Vn v,, v,. Vccu - I, - 2/ 3 I,,, 
20 J Vu Vu VP Vcc11 - I,, -2 / 3 I ,., 
21 1 Vn \Ip "" Vcc11 -!11 -2 / 3 IF, 
22 I GND \ ' ,. OND V cc11 -I; -!,..-.,, 
23 J GND GND v,. Vccu - 110 -!,.,,. 
24 J v,. GND GND V cc11 - L -IP.< 
25 l GND GNO v,. Vcc11 - I,o - Irs 
26 l v,, \·11.s Vcc11 - I, -Irct•, 
27 l v,. v,, .. s Vc c11 -Ii -In -,•, 
28 I Cl' Vcc11 GKI Vcc11 GND GND Vcc11 -I, -I.,c 
29 J CP Vcc11 CNC Vcc11 CND GND \I CC II - I, - ls c 
30 j CP GND G::-1D Vcc11 GND Vcc11 Vcc11 -I, -Isr 
31 1 CP GND C.ND Vee,, CND Vern Vcc11 - I , -I.sc 
32 1 \/po I,. Ir1 n11 

33 t,,.,+, 945 Srr Pag e 45 for Te~t· Limits and Condit.ion~. 

34 t pd- I 945 Ser Pag e 45 for Trst J,imits and Conditions. 
35 t,,.,+ , 948 Sec Page 45 for T<>st Limits and Conditions. 
36 t,,.,-, 948 Sec Page 45 for Test Limits and Conditions. 
37 1,3 Vn v,, Vn Vcci -I, - 2/ 3 I,., 
38 1,3 \/R v,, v,. Vcci - I, -2/3 IP, 
39 1,3 V H v,, VF Vcci - I,, -2 / 3 I,., 
40 1,3 V11 v,, Vn V cci -I11 - 2/ 3 Ir, 
41 1,3 GND v,. GND Yccl -I, - !,.,.,, 
42 1,3 GND GND v,, Vee,. -110 -lp s10 
43 1,3 v,. V,i s Vcci - I, -I n·,·, 
44 1,3 V,, \Ills Vc ci -1 2 -Ire,•, 

NOTES: I. Ground pin is ~round ed. 
2. Dclny application of loL current source until after complet ion of clock pulse. Altcroativc ly clamp current. source compliance 

voltage below Vee) ,;. 
3. 1'ests 37 /44 apply to full temperature range only . 

5- 44 



FLIP FLOPS 

FORCING CONDITIONS 
FULL LIMITED 

•TE:\ll'ERATUHE RANGE TEi\lPERATURE RANGE 

Parameter Units - 55°C + 25°C +125°C Parameter Un its 0°C +25°C +75°C 

Vccu Volts 5.5 5.5 5.5 V ccu Volt.s 5.0 5.0 5.0 

VccL Volts -1.5 4.5 4.5 V cci Volts 5.0 5.0 5.0 

V,'1/. •IX Vol ts 8.0 V.1I.H Volts 8 .0 

Vr1> Volts 5.0 v,.o Volts 5.0 
Vrr Volt s ,1.0 4. 0 4.0 Vrr Volt~ 4 .0 4.0 4.0 
V,, Volts 0.4 0.4 0.4 v,. Volts 0.45 0.45 0.5 

Vci;x Volt.s 5.5 V c,:x Volts 4 .5 

V11. Volt~ 1.4 1.1 0.8 Vn Volt s 1.2 1.1 0.95 

Vn.s Volts 1.4 1.1 0.8 Vn s Volt s 1.2 1.1 0 95 

Vrn Volts 2.1 1.9 1.7 V,11 Volt s 2.0 1.9 1.8 

I oi , 945 mA 12.0 12 .0 12.0 f OLI 945 mA 16.8 16.8 16.0 

I oL1 948 mA 13.0 13 .0 13.0 I OLI 948 mA 15.4 15.4 14.6 

101., 945 mA 15.0 15.0 15.0 I ou 945 mA 16.8 16.8 16.0 

I 01., 948 mA 13.6 13.6 13.6 I o,., 948 mA 15.4 15.4 14.6 

-1 011 945 µJ\ 180.0 180.0 l?O.O - 1 011 µA 120.0 120.0 120.0 I 
-1 011 948 µJ\ 540 .0 540.0 540.0 

TEST LIMITS 
FULL TK\ fPERATURE RANGE LIM IT ED TE:\IP E RATURE RANGE 

- 55°C +2s 0 c +I:?5°C 0°c +25°C + 75°C 

Param ete r Un its M in. i\lax. :\!in. :\fax. :\: in. :\fax . :\[in. :\fax . i\Iin. :\la x . 1\IIin . Ma x. 

V OLI Volra 0.4 0.4 0.4 0.45 0.45 0.5 

Vou 945 Volts 0.4 0.4. 0.4 0.45 0.45 0.45 

V OL2 948 Volts 0.4 0.4 0.4 0.45 0.45· 0.5 

Vo11 945 Volts 2.5 2 .5 2.5 2.6 2.6 2.5 

You 948 Volts 2.5 2 .5 ~-5 4.3 4.3 4.2 

In er µA 10.0 10.0 20.0 20.0 20.0 30.0 

I,, µA 2.0 2.0 5.0 5.0 5 .0 10.0 

IcBx µJ\ 50.0 100.0 

IMAX 945 F lat Pack mA 16.0 17.0 

IM.u 948 F lat Pac k mA 16.0 17.5 

I.uAX 945 T0 -5 mA 20.0 21.0 

IMAX 948 T0 -5 mA 23.0 25.0 

-2 / 3 I p, mA .98 .98 .92 0.95 0 .95 0.9 

-In11 mA 2.93 2.93 2.57 2.8 2.8 2.66 

- Ips mA 2.4 2.4 2.1 2.1 2.1 2.0 

- IF CP I 945 mA 2.93 2 .93 2.57 2.8 2.8 2.66 

- I,.c,;1 948 mA 2.35 2.35 2 .08 2.24 2.24 2.13 

- I sc 945 mA 0.7 1.33 0.7 1.33 0.625 1.3 0.59 1.41 0.59 1.41 0.55 1.38 

-l sc 948 mA 2.1 3.96 2.1 3.96 1.86 3.54 1.77 4.2 1.77 4.2 1.6 4 .0 

IPD/1 945 14.0 15.0 

Ir o11 948 16.2 17.5 

- 2/ 3 I r, mA .76 .76 .72 
.__J,,.,;12 mA 2.26 2 .26 2 .20 
L ! rc 1•, 945 mA 2.26 2.26 2.02 
- 1,•cr, 948 mA 1.83 1.83 1.59 
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FLIP FLOPS 
FIG. 95 

------ ----v,, 

> +3V r-, V1N 
0_4v...J L ,..__,__t"JI 

PULSE 
WIDTH 
>IOOns 

All diodes 1N916 

2K r 0 IM FO 

R 

vooT 

All capacitances include wiring and probe capncitancC!<. 

FIG. 96 
♦ 3V 

V1N 

+0 .4V 

Vour 

GNO 

Vour Jct=--•»• GNO 

lpo+ 

PROPAGATION DELAY CONDITIONS AND LIMITS 
>+3V ~ TEST CONOITIDNS LIMITS 

CP I 0 VOi.TS Test Device Test R C T 'ice .Hin. }la x. I 
I No. Ohms Picofarad oc Volts Nanosecond Nanosecond 

65~1TION ____]"--------- 33 945 t..i+ 2.0K 30 +25 5.0 35 75 

;:;~ME~ 34 945 t..i- 330 50 +25 5.0 30 75 
35 948 t..i+ 2.0K 30 +25 5.0 30 65 

1oc ~ 36 948 t,.i- 330 50 +25 5.0 30 75 

ELECTRICAL CHARACTERISTICS 
FIG. 98 

TYPICAL POWER OISSIPATION 
VS. Vee 

I I I I 
1--Cp PtN HIGH 

;, 100 
f /. 
z I/ 2 

f 75 ,/•/ 
el ~~p.4> 
0 5"0 ~ -i' 0: 

"' ,,.,.. 
~ .. 25[.;;,i 

3.0 40 50 60 70 

Vee-COLLECTOR SUPPLY VOLTAGE-VOLTS 

FIG . 101 
TYPICAL MAXIMUM BINARY 

COUNTING RATE VS. CAPACIT Y 

IQ0 =:vcc" ~.ov 
~ 50 ' ~/C';t i'; 
~- 7"'8 

2.0 
.,,,. 

2 ,".ovJ ' 
ll: 1.0 ~ 
"' "' ., 
:, 0.5 .. ... 
z 
~ 
V 0.2 

0.1 
I() 20 50 100 200 500 

C-C APACITANCE - pf 

200 

u 150 
~ 

' 
_¥. 100 

50 

FIG. 99 
TYP ICAL Tpd VS . 

CAPACITANCE • 

I I ._ Vee 15.0V 

~IC94~ R•4K 

~MIC945 R•2t< ' _ .... 
_,,. _ 1..--L.--

:;.......- t- -::....~ 

- I;::,, , _ 

1..--

-- \ ,MIC194~ R•
1
4K 

£--MlC948 R•2K 
I I I I 

20 40 60 80 

C - CAPACITANCE •pl 

FIG.102 

948 DIVIDE BY TWO WAVEFORM -
-

--/ 
/ 

\_... V 
,, '\ 
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FIG.100 
TYPICAL Tp d VS. 

CAPACITANCE • 

I I 
-V c,;*50V 

SO - R:2101 

60 

' ' 1 MIC 945 1: MIC 948 

-40 

20 

20 40 60 80 
C- CAPACITANCE - pf 

MIC 948 ns ii binar y counter . 

Upper Trace: Input, 2 volts per division. 
Lower Traces: Outputs, I volt per divis ion. 
rnlling outpu~ loaded by 50 pf and 330f! 
to Vee. 
Rising out1>ut loaded by 50 pf. 
25 nsec per d ivision. 

Yee - 5Y. 

•SEE TEST CIRCUIT. 



FLIP FLOPS 

NOTE: 

RELIABILITY TESTS 
PERFORMED DURING ITT RELIABILITY PROGRAM 

MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED: 

Parnmet!'r 
lR Cf' 

h 
\/011 

Vol 
-2 / 31F 

Jpo11 

T!'~t Sr urncr Number on Pa <' 44 
;il 

#4 & #5 
#13 
#14 

;il8 &#20 
#32 

LIFE TEST CIRCUIT 

FIG.103 

Vee= + s .5 Volts, Ambient TempcrnLure= + 125• C 
Circ uit may have nn odd number of units connected like 11A11

, 

wit h one connected like HB". 
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FLIP FLOPS 

PULSE-TRIGGERED BINARY FLIP-FLOP MIC 950 
DESCRIPTION 

The MIC 950 element is a pulse-tr iggered, high-speed gated flip-flop and can be used either as an 
R-S or J-K Aip-flop. It will operate in a binary counter applicat ion in excess of 20 MHz over the full 
temperature range and it dissipat es typica lly less than 30 milliwatts . The pulse-triggered set and clear 
inputs are capacitively coupled while the corresponding steering inputs are directly coupled. Th e 
direct set and clear inputs which respond to voltage levels take precedence over the pulse triggered 
inputs, thus simplifying the design of arb itrarily preset count ers or control flip-flops. 

O,.>---+--<: 

POSITIVE LOGIC SYMBOLS 

CIRCUIT SCHEMATIC 

'• ··. 

. . 
.. . 

,:i----..... --+--+----1--00'• 

TRUTH TABLE 

RESPONSE TO 

So---------~ PULSE INPUTS DIRECT INPUTS 
Inputs Outputs Inputs 

4 5 6 10 3 11 1 
,__ ___ o S2 S1 C1 C2 Q 0 Co 

l ,i, l <~ rn; "''- l 
,i, 1 '1> 1 NC NC 0 
0 0 4> 1 1 0 1 

C 01---- 0 0 1 ·~ 1 0 0 
1 ,i, 0 0 0 1 
¢, 1 0 0 0 1 
0 0 0 0 Ambiguous 

Co- --- - ------' 

NOTES: I. Pin numbers refer to flat package. 
2. Abbrcvintioi,s used in the body or tables : 

0 - low the more negative voltage levet. 
I = higl, , the more positive voltage level (In nil cnses, unused pins have t he same effect ns high .) 
<I> = immaterial, either I or O has equal effect. 
NC = no change, the trigger-pulse has no effect on outp uts. 

13 
So 
l 
1 
0 
0 

Outp uts 

3 11 
Q Q 

"''- NC 
0 1 
1 0 
1 1 

3. I or O !or pins 5 and 6 represent voltage transitions to the level indicated rather than the levels themselves. 
4. The tab les assume independcn• use of pulsed inputs and direct inpu ts . Otherw ise, direct inputs will predominate. 

FLAT PACK SIMILAR TO TO-S 
Vee 
10 

DUAL IN -LINE 

,- - --+- -,,=,13 So 

3 

• 5 
TOP VIEW TOP VIEW 

•These in puts are capacitively coupled. •These inputs at·e capacitively coupled. 
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TOP VIEW 

,, 
" ~ 
10 <, 

•These inputs are capac it ively coupled . 



FLIP FLOPS 

ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage (Vee), -55°C to +t25°C, Cont inuous... . .... . . ... .. .... . .. . . ... . . .. .. . . - .5 to +8 
Supply Voltage (V cc), pu lsed, < 1.0 sec.. . . . . . . . . . . .. . . . . . . . . . . . . .. . . ..... .. . .. . . + 12 
Output Current, into Out puts , Continuous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... ... 50 
Output Curr ent, into Outpu ts, pulsed, <30 milliseconds. . . . . . . . . . . . . . . . . . . • . . . . . . ... . . .. ..... .. .. . JOO 
Input Forwa rd Current., Pins l, 4, 10, 13 (flat package) . ...... .... ..... .. . ... . .. ... .. . ............ . -1 0 
Input Revers e Cur rent. . . . . . . . . . . . . . . . . . . . . . . . .. ...... .. . .... ..... . .. . ... . . 5.0 
Input Voltage, P ins 5, 6 (flat package) ....... . . . .....•... .. .... ... ... . .. .. . . . . . .•.... ... - 1.0 to +8 .0 
Operat.ing Ambient Tempe ratu re . .. . . . . .. . ... .. . .. .... . .... . . .. . ... .. ..... . . . . .. ..... . . . -5 5 to + 125 
Storage Temperatur e . .. . . . . . .... . .... .. . ..... . ... ... . ... . . . . . . . .... . ....... . . .. . -65 to + 150 
Operating Junction Tempera ture2 .. . . •••• •• . • ... • . •• • • • . ... . • . . • ...•• ...•. • •.•. . . . . .. +1 75 
Inp ut Voltage Appl ied to Input . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..... .... -1.5 to +5 .5 
Lead Temp. (soldering, 60 sec .) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .300 

Volts 
Volts 
mA 
mA 
mA 
mA 
Volt~ 
oc 
oc 
oc 
V 
oc 

NOTES: I. Above which useful life may be imp11ired. 
2. Allow 200'C / Watt BJ- A for T0-5; 300"C/Wntto;.A for ¼' x ¼' flatp,.ck and dunl in-line. Allow 50'C / Watt 8; - c for T0 -5; J80'C / 

Wntt 8; -c for¼ ' x ¼• flatpack and dual in-line. Heat remov•I in ¼' x ¼• flatpack is highly dependen t upon contact surfaces 
or air flow nnd on lead attachment and the rmal p,\th s thru leads, as well as numbe r of soldered lends. 

SUMMARY OF MIC 950 CHARA CTERIST ICS (25° CJ 
~Ill,ITARY INDUSTLUAL 

Network Param ete r Notr ~Jin. Typ . :\lax. .\lin . Typ. :\ lax. Unit 
Operating Supp ly Voltag(• J 4.5 5.0 5.5 5.0 Volts 
Network Di!;Sipat ion 2 43.5 46.5 mW 

Loading D.C . Fanout 8.0 10.0 DTL Unit 
Load 

Output Logic 'l' (High) 2.6 2.8 Volts 
'0' (Low) 0.4 0.45 

Inpu t D .C. Thr eshold ' I ' (Hig h) 3 1.9 1..9 Volt~ 

'0' (Low) 0.8 0.78 
Propagation 

Delay Tim e t..,+ ~ :{0.0 :35.0 Nano-
tp,1- :30.0 :l5.0 Second 

NOTES: l. Exact spec1ficat1on hmll~ for operating temperature r:111J{e m::1..r he ol, tnmcd hy refc,rencc to the appropr 1a t<" l<'~I. 
2. Power supplied from Vee (5V) fonout - 0. 
3 . Input thresholil volt-age is defined :,s the minimum (or maximum) voltage :LL the ciruit input to gu :H:rn t <'c :1 low (or hi~h) output. 
-J. Propa gation delay time terms (t.,,,+ and t,,. - ) :ire describetl in the t i>/J test circu il, Pai:c 10. 

FREQUENCY CHARACTERISTICS 

40 

3 0 

20 

FIG. 104 
TYPICAL FREQUENCY OF OPERATION 

VS. LOADING CAPACITANCE 

' ---........_ -- -r--. --Vee • 5.0 V ,o~ 
TA• 25• C 

I 
100 200 300 400 

CAPACITANCE - pf 
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FIG.105 

MIC 950 - DIVIDING BY 2 

•,./ 

10 nsec/ divis ion 
25'C Vee= 5 .0 V 

:J 

~ -
' I/' 

I:/ 
/ 

/ \ 

UPPER TRACE -I nput to CP 12 volts / division! 
POSITI VE GOING TRACE -Output Going High !1 volt / divisiool 
NEGATJVE GOING TRACE -Output Going Low 11 volt / d ivision! 
20 pf each output 

I 



FLIP FLOPS 

Test 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

JO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

+20V 
P. S.U. 

TEST SEQUENCE 
FORC ING CONDlTIONS AT PINS 

1 2 3 4 5 6 10 11 12 13 
Notes 1 2 3 4 5 7 8 9 

c,, Q s, s, c, c, Q So 
1, 2 GND V11 

1 GN D V,11.,x 
1, 2 v{J GND 

1 V,rAX GND 
1, 3 VR Vec11 er GND 
1, 3 GN D er Vcc11 Vn 
1 \Ices CND 
1 GND Vc,:x 
1 
1 
l GND GND 
l CN D 
l CND I ou GND V111s 
I GND I oi, 
1 V,11s GND I oL, GND 
l I OL2 GND 

1, 3 -! 011 CP CP GND V ns 
1, 3 Vns GND CP CP -I o11 

l VP 
1 v,. 
l \Tp GND 
l GND v,, 
1 GND GND 
1 GND GND 
L GND CND 
l GND GND 
1 GND 
J GND 
1 GND 
l GND 

1,,,+ See Page 52 for Test Limits and Conditions. 
t p.1- Sec Page 52 for Test Limit s and Concli;ion~. 

20:\IHZ Sec Page 52 for Test Circuit .. 
1, 4 v,, 
1, 4 v,. 
l, 4 VP CND 
1, 4 GND v,, 

FIG.106 

NOTES: l. GROUND FIN IS GROUNDED FOR 
ALL TESTS 

2. V9 FOR TESTS l S 3. 
3. CLOCK PULSE FOR TESTS 5,6,17, S 18 
4. 34/37 AF?LYTO FULL TEMPERATURE 

RANGE. 

5- 50 

TEST 
14 DIP LDHTS 
10 TO5 Sense 

Vee Sense :\fin . l\Ia.x. 
V ec11 V, v. 2V 
Vec11 I, I; IR 
Vec11 v, v, 2V 
Vcc11 I.-, I, In 
Vec11 r, I, T11 
Vee11 I , [i, I,1 
Veex I, I , Icex 
Vcex I, lu Icex 
VcCII v, v, \f l 

Vcc11 V, v,. VL 
V.\fAX 110 I,., I_.,,,L\' 
v,,o I10 I,. lp,, 
VecL V, v, V 01,, 
Vcc11 V, v. Voi, 
VccL v. Vu V Oll 

Y cc11 v. Vu Vo,., 
Y ccL v, v, Vo11 
V ecL v. Vu Vo, 
Vee11 I , I, -1.51,-, 
Vec11 I, !10 -1.51, , 
Vee11 I, L -IP.SI 
Vcc11 r. r,. -IPS, 
Vcc11 I, I, - I sc 
Vcc11 I, I, -Is c 
Vcc11 I. In -I sc 
Vcc11 I, Iu - Isc 
Vcc11 I, IIK 
Vc c11 I, I,e 
Vcc11 r., I,e 
Voc11 I., I,e 

VccL I , I, - 1.5J p, 
V ccL I, I,o - 1.51,.., 
VccL I, I, -I ps, 
Vcci I, Iu - I ,,s, 

FIG, 107 

4 ~Iv~ 50 NANOSECONDS 90o/.·~ 
TEST K>o/. - --GNO 

DURA~ 

MEASURMENT SENSING fl...__ 



FLIP FLOPS 

FORCING CONDITIONS 

FULL TE'.\ ll' EHATURE HAKGE LL\llTED TE1"1PERATURE RANGE 

Pa ramete r Un it.~ -55°C +25°C +125°C Parameter Units 0°C +25°C +75°C 

Vccu Volts 5.5 5.5 5.5 VccH Volts 5.0 5.0 5.0 

V cci Volts 4.5 -1.5 4.5 Vcci Volts 5.0 50 5.0 
V .v.,x Volts • 8 .0 8 .0 8.0 V.,,,,.r Volts 8.0 8.0 8 .0 
VH Volts 4 .0 4.0 4 .0 Vu Volts 4 .0 4 .0 4.0 
Vc11x Volts 5.0 5.0 5.0 Vc11x Volts 5.0 5.0 · 5.0 
Vn, Vo lts 5.0 5.0 5.0 Vpo Volts 5.0 5.0 5.0 
V,11-1 Volt s 2.J 1.9 1.7 V111s Volts 2.0 l.9 1.8 
Vn-1 Volts 0.95 0.8 0.605 Vns Volts 0.883 0.78 0.73 
v,. Vo lt~ 0.4 0.4 0.4 Vp Voll~ .45 .45 .5 
l ou mA 12.0 12.0 12.0 J Ol l mA 14.0 14.0 13.3 
loL, n1A 15.0 15.0 15.0 l ou mA 14.0 14.0 14.0 

-1011 mA 1.5 1.5 1.5 -! 011 mA 1.5 1.5 1.5 

TEST LIMITS 

FULL TE:\lPERATU L1E RANGE Ll :\ [ITED TE:\[PEH.ATURE RANGE 
-55°C + 25°C + 12s 0 c 0°C +25°C +75°C 

Pa rameter Un its :'d in. ~l ax. ~ (in. ~lax . ~(in . ~lnx. ~I.in. ~lax. ~Lin. ~lax. ~ [in. ~fax . 
Vo,., Volts 0.4 0.4 0.4 0.45 0.-15 0.5 
VOLO Volts 0.-l 0.4 0.-1 0.45 0.45 0.5 
Vt Volts 5.0 5.0 5.0 -1.0 4.0 ·tO 
You Volts 2.5 2.6 2.5 2.7 2.8 2.7 
I ,1 µA 2.0 2.0 5.0 5.0 5.0 10.0 
l c11x µA 50.0 50.0 100.0 100.0 100.0 100.0 

LtAX mA 18.4 18.4 18.4 19.6 19.6 19.6 
-1.5 I,-, mA 2.22 2.22 2.09 2.1 2.1 2.0 
- l ps, mA 1.64 1.64 1.46 1.6 1.6 1.52 
- Isc mA 12.6 27.0 15.7 27.0 14.0 26.0 Ja.7 29 .3 13.7 29 .3 12.6 29.3 
- l,11 mA 4.05 7.35 4.22 7.35 3.65 7.9 3 .7 7.9 3 .4 7.9 

I,,v mA 8.7 8.7 8 .7 9.3 9 .3 9.3 
- 1.5 IF, mA 1.83 1.83 1 .71 
- I ps, mA 1.2 1.24 1.14 
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FLIP FLOPS 

MIC 950 PROPAGATION DELAY TEST CIRCUIT AND LIMITS 
FIG.108 

GNO Vee 

PIN 1 PIN 14 u ·IMFO 

,- -- L -7 
I I 
I I 

I 

I 

-----'----1 
::~i:~E 

5
G!~~RATOR I c2 

DUTY CYCLE 50'>', I '-------' JI 
FALL TIME IONS L _ _____ _ 
AMPLITUD E 3V 

Diodes are TN916 or equivalent. -: 
Capacitances include wiring and probe capacitances . 

TEST CONDITIONS 

Test Device Test R C T 
No . Ohms P icofarad ·c 
31 950 t..,+ 3.9K 100 +2s•c 
32 950 t,,,,- 390 100 +2s •c 

VouT 

Vee 
Volts 
5.0 
5.0 

TEST CIRCUIT 
20 MHZ 13 PU LSEI TOGGLE TEST 

FIG. 110 

FIG. 109 

FULL 
TEi\lPERATURE 

RANGE 
Mi n. i\fa.x. 

Nanoseconds 
30 
30 

: ·:.,,,_-_} ~:; : 
; :=:~:;,;~~:. 0-r,7r--''----tt ==l========r-7 
I 
I l&al.T( .... H( "'( l..;ICI 0, IUTI ... I ... ____________ _ 

V cc For Test Circuit ........................ + 5.0V 
V cc For MIC 950 Under Test ......... + 4.0V 
Test Device For Both Positions or the S11-C11 

Switch . 
Suitable Precautio ns Must Be Used When 
Wirin g Test Jig . RELIABILITY TESTS 

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

P aram ete r 

In 
IMAX 

Vo,, 
V o11 

-IFS 

Test Se uence Number on Pa e 50 
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#2 & ;i6 
l;ll 
#15 
#17 

;i21 & #22 

3V 

LIMI TE D 
TE?IIPERATURE 

RANGE 
:Vlin. i\Iax. 

Nano seconds 
35 
35 



LIFE TEST CIRCUIT 
FIG. 111 

NOTE: 
Vee= +5 .5 Volt.s Ambient Temperature= + l25'C 
Circuit may have an odd numbe r of un its connected like " A'\ 
wit h one connected like " i-\Jt 

APPLICATIONS 
SHIFT REGISTER 

FIG. 112 

SHIFT PULS£ .JL O-.._--- - --+-+-+--------l--+ -+--------lH -' 
DATA INPUT<>- -- - --~ 

RIPPLE -CARRY BINARY COUNTER 
FIG.113 

CP 

FLIP FLOPS 

DATA OUTPU T 

·-------- -~ 
RIPPLE-CARRY DECADE COUNT ER 

FIG.114 
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DUAL FLIP- FLOPS 
MIC 9093 MIC 9094 MIC 9097 MIC 9099 

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 respective ly. 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 synclu·o
nous counters. 

The MIC 9093 and MIC 9099 are usable with clock frequencies up to 5 MHZ and featUl'e 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 TTL family . 

9093/9 0 94 190 931 SHOWN 
! (14) 

'tc ------- --~ 

1/a M IC 9093 / 9094 

GN';;"l ,u 1,,, 

9097/9 0 99 190 971 SHOWN !' 14} 
"oc -------- -~ 

½ M IC 90 97/ 9 09 9 

Gfo7 
'\ILi !en 
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DUAL FLIP- FLOPS 

PIN CONFIGURATION (9093/9094 AND 9097/90991 

9093/9094 9097 /9099 
(DUAL -945/9 48 SEPARATE S0 ; SEPARATE Cp) (DUA L 948/945 COMMON Cp: COMMON C0l 

(lt l "cc c, OJ 

IU I c-,2 •1 UJ 

{111 • 2 J1 1) 1 

tll l ,, lo1 i4l 

flQ, '01 01 11'! 

., ~ . 01 1•1 

m ,, 
""' "' 

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

Supply Voltage (Vee) Continuous . ............. . . . ...... . . . . . ... . .. .. ...... . - 0.5 to +8. 0 
Supply Voltage (V cc ) Pulsed < 1.0 second. . . . . . ..... .. .. . . . . . . . .. ... .. . ... +12 .0 

Volts 
Volts 
mw 
oc 
oc 
oc 

Power Dissipation 25°C Ambient (Note 1) . ... ..... .. ... .... .... . . . . . .. .. . . ... .... .. .... . 500 
Operating Temperature Range . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55 to +125 
Storage Tempera ture Range ... ...... . . ... . .... .. ... .. . .. .. . . .. . .. . .. ... . . . ... -65 to + 150 
Lead Temper ature (soldering 60 second) .... •. .. .. ..... . .. .. . . ..... . ...... . .. .. .. . . . . .. + 300 
Input Voltage Applied to Inpu t .... . ...... ...... . . . . . . . . . .. .. .. . . .. . . . . . . . . . . . . . -1.5 to + 5.5 Volts 

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

TRUTH TABLES 
SYNCHRONOUS ENTRY 

Inputs Output 

J K On + 1 
0 0 On 
0 1 0 
1 0 1 
1 1 On 

NOTES: 

1. Positive logic: O=L, l =H is shown. 

2. With synclu-onous entry, output changes occur as 
clock level changes from High to Low. For opera 
tion in accordance with t he tab le, J and K inpu ts 
should normally be changed while the clock is 
low, and maintained while the clock is high. 

3. Asynchronous ent ry overrides synchronous entry , 
regard less of clock level. If So and Co are both 
low, then both go high simultaneously, final con
dition cannot be predicted. For proper operation, 
the So or Co terminals must be held in the low 
state for at least 50 nanoseconds. 
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ASYNCHRONOUS ENTRY 

Inputs Outputs 

So Co a a 
0 0 1 1 
0 1 1 0 
1 0 0 1 
1 1 No Change 

4. From circuit symmetry, the S o and Co pin desig
nations may be interchanged by interchanging 
the J and K , and also the Q and Q pin designa
tio11s. Thus, the 9093-9094 may be used as a du al 
flip-flop having Co terminals ava ilable, and the 
9097- 9099 may be used as a dual flip-flop hav ing 
separate Cn terminals and a common Sn termina l. 
All rules for MIC 945 apply to MIC 9093 and 9099 
All rules for MIC 948 apply to MIC 9094 and 9097 

5. Refer to the MIC 945/ 948 section of ITT's New 
Unabridged DTL Design Data Book for typical 
operating characteristics . 

I 



DUAL FLIP- FLOPS 

SUMMARY OF M IC 9093/9094 AND 9D9]/9099 CHARACTERISTICS (25 °CJ 
FULL LL\IIT ED 

TE~IPERATURE RANG!~ TEMPERATURE RANGE 
Network Parameter Note ,fin. Tvn. ,!ax. \ '!in. Tyo. ~fax. Unit 

Operating Supply Volt.age 1 4.5 5.0 5.5 5.0 Volts 
Network Dissipation 9093/ 9099 2 70.0 75.0 mW 

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 ' I' (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 
fnput Threshold 'I' (High 3 J .9 1.9 Volts 

'0 ' (Low) I. I l.l 
Propagation t,.,+ 9093/ 9099 4 35.0 75.0 35.0 75.0 Nano-

Delay Time 9094/ 9097 30.0 65.0 ~0.0 65.0 Second 
t,..- 9093/ 9099 30.0 75.0 30.0 75.0 

9094/ 9097 30.0 75.0 :io.o 75.0 
:sloisc Immunity 0.35 >0.5 0.35 >0.5 Volts 

NOTES: t. Exact. ~pecifi(m1iun li1oit:s for 01,er:.llin~ tcmpcrnturc rnngc may IJe obtnii,cd by reference to the :\1>proprinte test. 
2. Po~\'Cr su1lplir.d from \lf•c(5V) durin~ "();\' st:\tc, F:rnout. • 0. 
a. Input threshold voltn~c is defined :ts the minimum (or rn:u~imum) voltaRc :\t. the circui t in11ut to R:U:i.r:rntec a low (or high) ou tp ut. 
~- Pm1n1~:1Lion clclay t ime term.i1 (tp,.1+ and t.p,1- ) :\re described in the t11d lest. circuit , Page 8. 

9093/9094 TEST SEQUENCE 
FORC ING CONDITIONS AT PINS 

Test c. K J So Q Q Vee TEST LIMI TS 
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 v)IA X I,. Ill AX 

2 1,2 GND V,o I,. I ,n 11 
3 (4) 1 Vn GND Vn I, (I ,. ) lacv 
5 (6) 1 Vn GND GND Vn I ,(I ,,) I ucP 
7 (8) 1 GND Vn GND Vcc11 I ,( I11) In 
9(10) 1 GND v. GND Vcc11 I ,( I ,.) Ia 

11(12) l c,., GND Vn Vec11 l.(l ,o) 2In 
13(14) l GND Vcex Vcex I ,( I,) I eex 
15(16) 1 Cr, Va GND Vn Veex Vcax I,( I,) Ic ~x 
17(18) 1 c,,, Vn GND V1L - Io,, Vee,. V,(V,) Vou 
19(20) 1 -c,,, Vn GND Vn - Ion VceL V,(V,) Vo11 
21(22) 1,3 c., Va GND -v n Io,., Vee ,, V,(V,) Vo1,l 
23(24) 1,3 C,,, Vn GND Va Io,., Vcc11 V,( V8) Vo1,2 
25(26) 1,3 GND l o,,1 VeeL V,( V,) V0 ,,1 
27(28) 1,3 GND I o,.'i Vee11 V,( V,) Va, .2 
29(30) 1,3 c .. Vm GND c,., Vee11 V,(V,) Vo,.2 
31(32) 1 v,. V11. v,.f'u -V,(V.,) - I,,.,,.,.1 
33(34) 1 Cr, Vn v, c., Vce11 - I ,( Iu) -2 / 31,, 
35(36 ) 1 v, GND Vee11 - I ,( I,, ) - 2/31,, 
37(38 ) 1 GND v, .. Vcc11 I ,(I,,) - I , .,, 
39(40 ) 1 c.,, Vn -Vs Vn GND Vcc11 - I ,(1,) - I se 

(M in.) 
-ls c 
(Max. ) 

41(42) 1 -V s GND GND Vee11 - I,(I,l -lse 
(Min. ) 

-I sc 
(Max. ) 

43(44 ) TPD+ See Test Figure and Ta ble 
45(46 ) TPD- See Test Figure and Tab le 
47 (481 1,4 v, v,,. Vee,, -V,( V,.) _:__! ,'Cr•, 
49 (50) 1,4 Ce, Vn v , .. Cr, Vee,. - 1,(L ,l -2 / 3 I,., 
51(52) 1,4 v,. GND VccL - 1,( lu ) - 2 /3 I,. 
53(54) 1,4 GND v, VeeL ·1,(I ,,l -J, . ., 

NOTES: 1. Pin 7 is groun ded for all t.ests. 2. Tests 1 and 2 only; forcing conditions applied to both flip-flops s imultan eous ly . 
3. Teats 21 t hroug h 30 only; groun d Q. Sn, and Cv of opposite flip-flop. 4. Tests 47 /54 apply to lull · temper ature range only . 
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DUAL FLIP- FLOPS 

9097/9099 TEST SEQUENCE 
FORCING CONDITIONS AT PINS 

Test c,, 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 v,,.x I ,. l ,..x 
2 1,2 GND. V,,o Ia I Pott 
3(4) 1 Vn GND GND Vn I, 2ln ev 
5(6) 1 Vn GND GND Vn I, 2ln eP 
7(8) 1 GND Vn GND V ee 11 1,(111) In 
9 (10) 1 GND Vn GND V cc H I, (L, ) h 
11(12) 1 Cv, GND Vn V cc 11 1,( 1,o) In 
13 1,2 Cr, GND Vn Vccu L, 21n 
14(15) 1 GND V cEx GND V cEx 1,(Is) l cEx 
16(17 ) 1 GND V cEx GND Vc Ex I,(I ,) I cEx 
18(19 ) 1 C", Vil GND V1L - l rm Vn V eeL v.cv.) V ou 
20 (21 ) 1 c"' GND Vn Vil - Ion V1L VeeL V,( V,) Von 
22(23 ) 1 GND Vn I o ,, GND V ccL V,( Vs) V oLl 
24(25 ) 1 GND Vu I oL GND Vcc H V,( Vs) Voi2 
26 (27) 1 GND GND l o t Vu V cc L V, (V,) VoLl 
28 (29 ) 1 GND GND I oL Vn V ec H V, (V, ) VoL2 
30(31 ) 1 CP, V111 GND Cr, Vn V ee 11 V,( Vs) VoL2 
32 (33 ) 1 c,,. GND V,11 Vn c,,, V ec 11 V, (V, ) VoL2 
34 (35 ) 1 v. GRD V ec H - 1,( In ) -2/3lp, 
36(37 ) 1 Vr GND Vccu -1, (112) -2/3h 1 
38(39 ) 1 GND VF GND Vec u -1, (1,o) - I rs11 
40 1,2 GND GND v ... VvcH - I,. - 2IFG[l 
41(42 ) 1 GND V F Vce H - 1,(1,o) -Irs, 
43 1,2 GND V1, V cc u -I,, -2 hs, 
44 1,2 Vr V1L Vcc H - I, - 2her, 
45 1 V r V1L V cc H -1, -21,cpi 
46 (47) 1 -Vs GND GND GND V ce 11 - I ,( I s) -lsc 

(min .) 
-lsc 
(max. ) 

48 (49 ) 1 -Vs GND G:--iD GND V cc H -1 ,( 1,) - lsc -I sc 
(min. ) (ma x. ) 

50 (51 ) TP D + See Test Figure and Table 
52 (53) TPD- See Test Firnrre and Table 
54 (55 ) 1,3 Vr GRD V CCL - I ,( ln ) -2/3h, 
56(57 ) 1,3 VF GND V ee,. - 1,(112) -2/31, , 
58(59) 1,3 GND VF GND VccL - 1,(1,o) -I "'1' 
60 1,2 ,3 GND GND VF VccL -I,. -2 1,,si, 
61(62 ) 1 3 GND v •. V ccL -I,(I,o) -I.-se 
63 1,2,3 GND VP V cc1. -!13 -2IF S2 
64 1,2,3 VF V,i Vcc1, -1 , -2l vc,.-, 
65 1,2 ,3 V F V,t VC(;L - I, -2l t•ep 

. . 
NOTES: 1. Pm 7 1& grounded for all tests. 2. Tests 1, 2, 13, 40, 43, 44, 60, 63, 64 and 65 only; forcmg conditions 

applied to both flip-flops simultaneou 'sly. 3. Tests 54/65 apply to full temperat ur e range only. 

PROPAGATION DELAY CONDITIONS AND LIMITS 
sv~ c ,, 
ov 

c.,. 3\1 r-7 
ov-1 '----

"'-U-C,, 
ov 

C ~• :JV ,7 
ov----1 \___ 
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TPD+ 
TPD
TPD + 
TPD-

TEST CONDITIONS 

R 
ohms 

9093,9099 2K 
9093,90 99 330 
9094,9097 2K 
9094,9097 330 

C 
PF 
30 
50 
30 
50 

LI M IT S 

Min . Max. 
nse c. nsec. 

35 . 75 
30 75 
30 65 
30 75 



DUAL FLIP-FLOPS 

Parameter 

Vo" 9093/ 9099 
Vo11 9094/ 9097 
VoL 
Vo~ 9093/ 9099 
Vo L2 9094/ 9097 
IllAX 9093 
lotAX 9094 
l otAX 9097 
l'1AX 9099 
lr oa 9093/ 9099 
I POU 9094/ 9097 

- ls c 9093/ 9099 
-ls e 9094/ 9097 
-2 / 3 h 

I Fs1 
21Fs1 
h s 
2l ps 
h er 9093 
h e" 9094 
21;,c,, 9097 
2h cr 9099 
l cEx 
I ne r 
2la cr 
Ia 
2In 

- 2/ 3 Ir, 
l ,sn 
2 Ivs., 
I,-s, 
21, .• , 
IF CP, ( 9093) 
1,-c,,, (909 4) 
2 I,c., (90 97) 
2 I FCP2 (9099) 

TEST LIMITS 
FULL LIMITED 

TEMPERATURE RANGE TEMPERATURE RANGE 

-55°C +25°C + 125°C 0°c + 25°C 
Units Min. Max . Min. Max. Min. Max. Min. Max. Min. 

Volts 2.5 2.5 2.5 2.6 2.6 
Volt.s 2.5 2.5 2.5 4.3 4.3 
Volts 0.4 0.4 0.4 0.45 
Volts 0.4 0.4 0.4 0.45 
Volts 0.4 0.4 0.4 0.45 
mA 40 
mA 43 
mA 32 
mA 36 
mA 28 
mA 32.4 
mA 0.7 1.33 0.7 1.33 .621 1.30 .59 1.41 .59 
mA 2.1 3.96 2.1 3.96 1.86 3.54 1.77 4 .2 1.77 
mA .98 .98 .92 .95 
mA 2.93 2.93 2.57 2.8 
mA 5.86 5.86 5.86 5.6 
mA 2.2 2.2 1.93 2.1 
mA 4.4 4.4 3.86 4.2 
mA 2.93 2.93 2.57 2.8 
mA 2.35 2.35 2.03 2.24 
mA 4.68 4.68 4.04 4.48 
mA 5.86 5.86 5.14 5.6 
uA 52 
uA 10 10 20 20 
uA 20 20 40 40 
uA 2 2 5 5 
uA 4 4 10 10 

mA .76 .76 .72 
mA 2.26 2.26 2.20 
mA 4.52 4.52 4.40 
mA 1.7 1.7 1.5 
mA 3.4 3.4 3.0 
mA 2.26 2.26 2.02 
mA 1.83 1.83 1.59 
mA 3.66 3.66 3.18 
mA 4.52 4.52 4.04 

RELIABILITY TESTS 
PERFORMED DURING ITT RELIABILITY PROGRAM 

MEASUREMENTS OF THE FOLLOWING PARAMETERS ARE RECORDED: 

Param eter 

21neP 
I HI'/' 

l1t 
Vo11 
Vo, 

-2 /31, 
r,,011 

Tesl Sequence Number on Pages 56, 57 

9093/ 9094 9097/ 9099 
#3 # 3(4) 
/13(4) 
# 7(8) # 7(8) 

# 17 # 18 
#21 # 22 
#33 # 34 
#2 # 2 

5- 58 

Max. 

0.45 
0.45 
0.45 

4·2 
48 
35 
38 
30 
35 

1.41 
4.2 
.95 
2.8 
5.6 
2.1 
4.2 
2.8 
2.2, 
4.4f 
5.6 

105 
20 
40 

5 
10 

+75°C 
Min . Max. 
3.1 
4.3 

0.45 
0.45 
0.45 

.55 1.38 
1.6 4.0 

.90 
2.66 
5.32 
2.0 
4.0 
2.66 
2.13 
4.26 
5.32 

30 
60 
10 
20 



Parameter 

Vcc11 
VccL 
VcEx 
VMAX 
v.o 
Vrn 
VrL 
VF 
Vn 
-I on 
Ion 9093/ 9099 
Ion. 9094/ 9097 
I0 ,. , 9093/ 9099 
IoL, 9093/ 9099 
I0 , .1 9094/ 9097 
I0 ,.,",9094/ 9099 

V.n 

PULSE 
GENERATOR 

Vee 
+5.5 

GD 

Units - 55°C 

Volts 5.5 
Volts 4.5 
Volts 
Volts 
Volts 
Volts 2.1 
Volts 1.4 
Volts 0.4 
Volts 4.0 
uA 115 
µA 180 
µA 540 
mA 12.0 
mA 15.0 
mA 13.0 
mA 13.6 

0.lMFJ 

DUAL FLIP· FLOPS 

FORCING CONDITIONS 
+ 25°C +125 °C Parameter Units 0°c + 25°c 

5.5 5.5 Vcc11 Volts 5.0 5.0 
4.5 4.5 Vcc L Volts 5.0 5.0 
4.5 Vc,:x Volts 5.0 
8.0 VllAX Volts 8.0 
5.0 V•o Volts 5.0 
1.9 1.7 V111 Volts 2.0 1.9 
1.1 0.8 VIL Volts 1.2 1.1 
0.4 0.4. v.- Volts 0.45 0.45 
4.0 4.0 Vn Volts 4.0 4.0 
115 115 -I ou uA 110 110 
180 180 Io L 9093/ 9099 mA 15.8 15.8 
540 540 Io L 9094/9097 mA 14.4 14.4 

12.0 12.0 -V s Volts - 1.0 - 1.0 
15.0 15.0 
13.0 13.0 
13.6 13.6 

+5.0 V 

F:=::t MHz 
~ 500 ns, . T R=TF' 20 ns 

I i....L...J 

~!~d H +1.5V 
Vin O V .:..::.:T --R --f-=. 

11 I 

IN916 2K 1 
__ ..;_~. -+l.5V 

Vou1 ~ - - - ,-C 
I I l I 

TPD~ TPD-

LIFE TEST CIRCUIT 
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+ 75°C 

5.0 
5.0 

1.8 
0.95 
0.45 
4.0 
110 
15.1 
13.7 

- 1.0 



MULTIVIBRATORS 

MONOSTABLE MULTIVIBRATOR 
DESCRIPTION 

MIC 941/951 

T he i\1JIC 941/951 is a monostable multivibrato r. 

The 941, /951 prov ides a pai r of complementa ry output pulses which are typ ically 100 nsec wide 
when it is tr iggered with an external pulse. The width of the output pulse is adjustable to greater 
than lOOns by the add ition of an external resisto r and/ or capac itor. 

The output pulse width is very stable as eit,he1· power supply voltage or tempe ratu re arc varied when 
an external timing resisto r is used instead of the interna l diffused resisto r . 

Th is circuit is very useful in providing DTL compatible pulses from other sources . 

POSTIVE LOGIC SYMBOL S 

[! Q PIN6 

PIN 3 S13) 
PIN4 S2 

PIN 2 S3 Q PIN I 

CIRCUIT SCHEMATIC 

All data in thi s specif icat ion refers to 14 -pin package numbers except T0·5 outl ine 
and the 10-pi n reference numbers in t he tes t sequence on Page 6 1. 

FLAT PACK SIMILAR TO TO•S DUAL IN - LINE 

TOP VIEW TOP VIEW TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage (Vee), -55°C to +125°C , continuous . ... ............ . .... . . .. .. .. . . .. . -0 .5 to +8 
Supply Voltage (Vee), pulsed, <l sec... ....... .... . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . .+12 
Output Current, into outputs.......... . . . .. . ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . ... .. 50 
Current into P in 10. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ............. •. . . . .. 5 
Input Forward Current ........ .. . . ... ....... . .. . ................ . ..... .... . .... .. .... .. ....... -10 
Input Reverse Current .... . .... . ..... .. ...... . . . ..... . . . . . .. ......... ... ......................... 1 
Operati ng Temperature ............... .. .. .. .... ..... . . . ... ... . ..... . . . .. .... ...... . . .. -55 to + 12.5 
Storage Tempera ture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .. .... .•.. .. - 65 to + 150 
Op<'rat.ing Junction Temperatu r<'' . . . .... ... ... .... ... . . ....... ... ..... ...... . . .. ..... ... .. ..... + 175 
Lead 'I'emp. (soldering, 60 sec.) ...... .... ........ . . .. . . ..... . .. .. ....... .... . . . . .. .. . .... . +3 00 
Input Voltage Applied to Input .. ...... . .. ....... . ..... ....... . . . . ... .... .. . . ...... -1 .5 to +5 .5 
NOTES: I. Above which useful li fe mny be impaired. 

UNITS 
Volts 
Volts 
mA 
mA 
mA 
mA 
oc 
oc 
•c 
·c 
Volts 

2. Allow 200°C/ Watt0J -,1 ror'l: 0-5; :3oo•C/Watt 0J-A for¼ ' x ¼' tl,ctpack ,rn<l dual in-line. Allow 50°C/ W,.tt0J- C for TO-5; l80 °G/ 
\ V:.iu. 8.t - C fol'¼" x ¼" ftnt\,ack and dual in-line. HeAt. remova l in ¼• x ¼ ~ flat.pack is highly depe ndent upon cont.act surface.-; 
or air flow and on lead at.ta.c 1mcnt and thcrm11I paths thru lends, us well as 11umhcrJ1f soldered leads. 
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MULTIVIBRATORS 
TEST SEQUENCE 

Tesl Pin no. : 5 1 2 3 4 6 7 9 10 11 14 LL\IITS 
No . T0-5 Pin no.: 7 8 9 - JO 1 2 3 4 ,6 Sense :\lin. :\lax. 

I Vp CND Vcc11 I, - .5Ir 
2 Vr Vn CND Vcc11 I, - .5IF -2 1,·, 
3 Note 1 V n Vr GND Vcc11 I, - .51,, -2 Jp, 
4 Note 2 GND Vr Vcc11 111 - .5Ir 
5 GN D Vn GND Vc c11 1, I« 
6 Note I CND v. CND Vrr11 I, I « 
7 lo,., GND GND VccL v, Vo1,.1 

8 GNI Im. GND y., V Vo,,1 
9 I 01,, GND V ccc Vere v, Vo,., 

10 -I o11 GND GND Veer. Vccc v, Vo11 
11 1011 GND GND VcCL v, Vo11 
12 GND Vcc11 GN D Vcc11 I, l t K [ ,K 

13 GN D GND GND Vpo V,.o I, + I,. lpo1 , 

14 GND GND GND V .lfA.V I. JI ,v 

15 (;:'{I) \ 'c,·11 \ "cnt v, v,,_ \ '~ II 

16 t,,.,-Pin l Sec Test Circuit Page 59 
17 t,,.,+ Pin 6 Sec Tc.st Circuit Page 59 
18 Pulse width Pin 1 Sec Test Circuit Page 59 
19 Pul se wid th Pin 6 Sec Test Circuit Page 5 9 
20 Note 3 Io,., GN D GND Vccu v, VM.-: 
21 Note3 GNI Ini ... GND Vec11 v, VM.i 

I 
22 Note 3 101,, GND VcCII Vcc11 v, Voe, 
23 Note :1 VP Vn GND V eer. I , - 2 I .• 
24 Notr :1 VN Yr GND Ycct. I , - 2 IFi 

-NOTE: I. Th ose tests do not apply 1.0 10-pm TO-~ packages. 2. Applies to limi ted temp eratu re rang e only. 
3. Tests 20/24 apply to full temperature range only. 

FORCING CONDITIONS 
FU LL Lli\ lITED 

T E:'IIP EHAT UHI•: H,\ NGb: TE.\I l'l ~RATUR I~ RANGE 
Parameter Unit s - ss 0 c +2s 0 c + 125°C Param eter Units 0°C + 25°C + 75°C 

V c,.11 Volt~ 5.5 ?i.5 5.5 Vrc11 \' olls 5.0 5.0 5.0 
\'c<'L Volts 4.5 -1.5 4.5 V,•c,. Volts 5.0 5.0 .5.0 
V,,,> Volt~ 5.0 Y,,11 Volts 5.0 
\/MA.\' Volts 8.0 V .11AX Volts 8.0 
VN Voll$ 4.0 4.0 -1.0 \" II Volts 4.0 4.0 4.0 
\I y Volt s 0.4 0.4 0.4 v,. \' olts .45 .45 .5 
Io,,,,, mA 15.0 15.0 15.0 J QI, mA 14 .8 14.8 14.0 

-! 011 mA .18 .18 . 18 - I o11 rnA .15 .15 .15 

TEST LIMITS 
FULL TEi\IPERATURE RANGE LDIIT ED T EiVlPERATU R E RANGE 

-55°C + 25°C + 125°C 0°c +25 °C +75°C 
Paramete r Unit s i\lin. :'il ax. i\l in . i\lax. :\[in . :'ilax. :\lin. Max. :\!in. Max . :\'lin. :\lax. 
- .5IF mA 0.8 0.8 0.75 .65 .6 .65 
- 2I,,, rnA 2.93 2 .93 2.75 2.6 2.8 2.66 

In µA 5.0 5.0 10.0 5.0 5.0 10.0 
VoLt Volt ,5 .4 .4 .4 .5 .45 .5 
\1011 Volt-s 2.5 2.5 2.5 3.2 3. 2 3 .2 
I," mA 5 .75 .4 .95 
lPDL mA 9.0 11.8 
IMAX mA 21.4 23.l 
V,L 941 Volts LS 2 .5 1.7 2.6 
V,11 951 Volts 5.0 4.5 
VoL> Volts .4 .4 .4 

-2 IP, mA 2.26 2 .26 2 .22 
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MULTIVIBRATORS 

M IC 951 SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
TEST LIMITS FIG. 115 FIG. 116 

Lirnit-ed run 
Temp. Temp. 
Range Range 

Min. 1\l~x. )lin. Max. 
N's.no- Nnno- Na.n4r Na.no-

seconds seconds seconds ,ecood.s 

t.,- 40 40 

t,..+ 40 40 

Pi11 I 90 330 00 220 

Pin 6 70 270 70 160 

Suitab le precautions must be used when wiring test j ig. 

TYPICAL DC CHARACTERISTICS 
FIG. 117 

.. 
E 
~ 4,0 

~ .. I/ .. 
:, 
0 3.0 

V 0 .. .. 
V 3' .. e 2.0 

// · .. -
1,0 

2!l 3.0 4.0 5!) 6D 
Vee-SUPPLY VOLTAGE-VOLTS 

FIG.1 20 

I I I 

" \ -- 'frt-~ 20 

" .,, 
' I I I .., 

~ 

:EIS fpd •PIN2 -
;:: 

"' tfo l l PIN 6 z 
i 10 

lto: I PIN 2 _ 
<.) ,_ .... 
i 5 

V9
11v14• 5V 

RL • 300fi I I I 
CL• 50p l I I I 0 

·60·40 -20 0 20 40 60 SO 100 IW 
TEMPERATURE ·•C 

FIG.123 

Vcc• 5.0 V • V9• V14 

Rv300n . CL • 50p f 

t 10 TA•2 S•c I/ 
0 I V 
i 
w .,, ..., 

I I I/ :, 
c.. 1,0 

V .... PULSE 
:, W!OTH 
c.. PIN 2 .... 
5 ~PULS~ WIDTH PIN 6 i-

~ 

0
· 110 102 103 

ex. EXTERNAL T IM1NG 
CAPACITANCE- pf 

FIG.118 

.,, I I I 

~ 0.8 
Vcc•~.ov /-55 

I I / 125 

"' I I .A'/ ~ 0 .6 
\; TEST POINT ,I. 25 -

- +12s •c 
~ 0.4 

I f ~"" 
i I~.~g!1s /4 

a 0.2 
I 1 -V 

'., l~ I 
? ~ I I 0 

0 10 20 30 40 
I OL ·OUTPUT LOW CURRENT- mA 

TIMING CHARACTERISTICS 
FIG. 121 

Vcc•s.ov 

" . 160 

C 

~ 120 - - CL•20pf 
I; 

------
i 
~ 80 -:, CL •50pf c.. 

40 

0 
0 IK 2K 3K 4K 

RL-LOAO RESISTOR 

FIG.124 

~ 
V9 • V14 • 5.0V 
RL •300 fi 

3' CL•50pf 
~ I. I ~v ..., 
~ 1...--c,, .... 
~ 1.0 

§ 
0 

~ 0.9 .. 
:,; .. 
0 
z 0.8 

·60·40·20 0 20 40 60 80 100 120 
TEMPERATURE - •c 
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FIG. 11!' 

Vee • S..SV 
3' - Ir--
~ 40 Vcc•5.ov - :::::~ 
z 
0 
.:: Vcc; • 4.5V -~ 30 

iii - I I --i5 T I :5 20 

~ I I 

10 
V9" V14 • Vee 

~ 

Vr V4 •V5"'0 

I I 
0 
·60·40·20 0 20 40 60 80 100 120 

TEMPERATURE - •c 

FIG.1 2 2 

g Vee• 5.0V I I I I I I 
j Rx • IOK: 1•1• CONNECTED BETWEEN 
w 

I. I 
RL• 3oon PIN 10 ANO Vee 

~ CL•5Qpf 
PIN 9 IS OPEN 

5 
c.. .... a 1.0 

~ 
::; .. 
:,; .. 
i 

0.9 

0.8 
·60 ·40 ·20 O 20 40 60 80 100 120 

TEMPERATURE- •C 

FIG. 125 

:I: Vcc•Vg • V14 
I; RL • 30011 
j 

CL'-50Pf 
~ I . I .., 
:, 
c.. 1..-c.-.... 1..-
~ 1.0 t..--a 1...--

0 
w 30.9 .. 
:,; .. 
0 zo.e 

4.0 5D 
Vee - SUPPLY VOLTAGE - VOLTS 



MULTIVIBRATORS 

INPUT-OUT PUT LOAD FACTORS 

1. Each MIC 951 input should be rated at 2 loads. 

2.Each 1IIC 951 output may drive 10 DTL loads . 

3.For input-output load factors of other DTL element;,, 
please refer to the individual DTL element specifications . 

APPLICATIONS 
RULES FOR USE OF MIC 951 

1. With P in 9 connected to V cc and no external c.sipacitor 
(Cx), the output pulse width is approximately 100 
nsec. 

2. With Pin 9 connected to V cc and an externa l capacitor 
(Cx) connected between P ins 10 and 11, the outp ut 
pulse width (T) is: T.,.4.5 (Cx+20) with Cx in pf 
and T in nscc. 

3. For improved pulse width control, Pin 9 is left open 
and a stab le external resistor (Rx) of 9 Kn minimum 
to 15 Im maximum is connected from Pin 10 to V cc, 
Tl.r output pulse width is given by the expression: 
T"'0 .5 Rx (Cx+20) with Rx in J~Q, Cx in pf and T 
in nsec.(8re Fig.,126 ) 

FIG.126 

foi6~.UOI' • T • ~I MIGl'IOStt.cNls 
C,r: 1H PCOUk&OS 

o.Y>iif ~ 
1------,---.; 

"""'" ~ 

RELIABILITY TESTS 
PERFORMED DURING ITT 
RELIABILITY PROGRAM 

MEAS UREMENTS OF THE FOLLOWING PARAMETERS 
ARE RECORDED: 

Parameter Test Sc ucnce Number on Pa e 57 
1,, #2 
IR ;;6, 
VoL #8 
V 0 11 #1 1 
I,11,tX #14 

5- 63 

4. The output duty cycle (pulse width / period) should not 
exceed 40%. It may be increased to 50% by adding a 
2-l(Q resistor between Pin 11 and V cc- Higher duty 
cycles are obta inable but the output pulse width and 
performance are less predictable . 

5. The maximum input fall time to t rigger : 25 nsec for 
a 1.0-volt swing; 50 nsec for a 2.0-volt swing; 100 nscc 
for a 4.0-volt swing. 

6. The AC sensitivity of the inputs may be decreased by 
connecting a capacitor between Pin 5 and ground. 

·7. The minimum pulse width at output P in 1 is app roxi
mately 100 nscc. This pulse width may be decreased 
to 50 nsec by connecting a 10-Kn rcsi.stor between 
P in 5 and V cc. 

FIG. 127 . 

Explanation 

The input 95 1 determines T,, the time before the initiation of the 
output pulse. The second or output 95 1 determines T,, the output 
pulse width. 
With R. = IOK!l nnd R 1 a 5-K!l polcntiomeler, T , is vnriable over 
a range of 2 to 3 and is given by T, .,,Q.5 (R,+R,) (C,+20 pf) . 

Similarly, wilh R. • IOK!l nod R, a 5-K!l potentiometer, T, is 
=s0.5(R,+R.) (C,+20 pf) and T, can be contro lled by the pot.en
t.iomet.er over n range of 2 to 3 since 101(0::: (R,+li.J::: 15K!'l. 

A much greate r range in T1 nnd T, is available by varying C, and C,. 

LIFE TEST CIRCUIT 
FIG.128 

NOTE: Vc ,, Bv 

•«r.t ft llll"C.adf.lll( •• ll~ • C 



HIGH LEVEL LOGIC 
HIGH LEVEL HEX INVERTER 9109,9110, 9112 

The ITT High Levei Logic DTL family consists of three high voltage, high th reshold hex inverters 
which offer extremely good D.C . and A.C. noise immunity . Thes e circuits are useful in applica
tions invo lving a high noise environment or high voltage supply which proh ibits the use of curr ent 
sinking logic. 

I nte rfacing from current sink ing logic to HLL is accomplished with the 9112, shifting from HLL to 
current sinking logic is accomp lished with the 9109, and inverting HLL is done with the 9110. 

• DTL compat ibility 
• High Voltage Opel'at ion 12 to 20V. 
• Fan Out= 7 CSL. 
• D.C. noise immunity 6.5V 
• External input diodes to facilitate high 

density building block approa ch. 

ABSOLUTE MAXIMUM RATINGS1 

DUAL IN-LINE 

TOP VIEW 

Storage Temperature ........ . . . . .. . . . . . ...... . . .............. •. . .... . . . ... . .. . . . .... -65 °C to +15 0°C 
Operat ing Tempera ture . . . . . . . . . . .. . . . .. .... . . . . . .... .. . . . ... . . ....... ... ..... ... . o•c to + 75°C 
Vee Pin Potentia l to GND Pin ....... . ...... .. . .... ... . .. .. . .. .. ... . . . . ... ....... . . . .. ... - 5V to + 25V 
Output Current When Output is Low.... . . . . . . .... . .... .. .. . ... . . . ... . .. . . . .. .. .. ... . . . . .40mA 
Input Current (9109, 9110).. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... . . . .. .. .... . . . . . lO mA 
Output Voltage. . ..... . . . .. . . . . . .. . . . . .. . . . . . .. .. . . .. .. . . . . . . . . . . . .. . . . . . . .. . . .. . . .. . . . . .. . . . . . . 25V 
Input Voltage (9112) .. . . . . . . . .. ........... . .. . . . ... . . . .. .. . . ... . .. . . . . . .. . . . . .. ..... . . .. .. . .... 5.5V 

,., 

'·' 

WORST CASE INPUT FORWARD 
CURRENT AND INPUT LOAOS 

VERSUS SUPPLY VOLTAGE 

I• tt 11 
"cc . 'Stl''" m1..a . vou\ 

WORST CASE HIGH INPUT 
THRESHOLD VOLTAGE VERSUS 

FORWARD DIODE VOLTAGE 
+109. •110 

1"-

1"- '" I 

1"-l"I" I 

i's I'°'" , I'°''" ~e 
~0-N''\ 

1T\ """ 
I " " " ~K >-

D O,l U O.t 0,1 1.0 
v1 • fOIIW4IIO 0100( YOl,1.Act t !OIIA • \l'OLTS 

'·' 
, .. 

'·' 
,., 

... 

WORST CASE POWER DISSIPATION 
VERSUS SUPPLY VOLTAGE 

(PER GATE) 

" 1• 
Vu ·wP PUVOI TAa·VOU\ 

WORST CASE LOW THRESHOLD 
VOLTAGE VERSUS 

FORWARD DIODE VOLTAGE 

I •ii:- . 011 

I 

,)-, 

1---.;, 

" 1---.;,.,_:. 
~ ~;\..'k<' - ~ 

, ~" -7·-1{'" I'\ 

l"- " r,.. 
I'\- " 

" 

0 0.2 (I ,( U U 1.0 
v1 • IOIIWA~OIOOl~IACl 10,f llA• YOUS 
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WORST CASE HIGH LEVEL 
D.C. NOISE IMMUNITY 
VERSUS TEMPERATURE 

I i I I 1<r.0 .< 11-.4 

',UO~'I.➔ I I , ;, • ~ I 

I I I I -t-~~ 
I I I I I 

"cc· .11" 
_...J _~ 

I I 
I I 
I V~ •/lY 

I I I 
,. " 

1.c, · AMCIIO,I riw,ululli · ~, 

WORST CASE LOW LEVEL 
D.C. NOISE IMMUNITY 

VERSUS AMBIENT TEMPERATURE 
i:: 9,0 

' lu 
"' ~ 
u r.o 
"' 
~ . 
gu 

~ 

i,., 
0 

!10'1.
1
•11~ 

!r-<:vc,<x.-..-
l<"fO< ll.t 

l'fP, 

I •. , 

I 
I 

" ,. " IA• AMll!'II !lMl'fl!:AlUllf • •c 



HIGH LEVEL LOGIC 
TURN ON DELAY 

VERSUS AMBIENT TEMPERATURE 

~ 
!Mt----+----+--~ -
! 

SW ITCHING TIME TEST CIRCUIT AND WAVEFORMS 

TEST CONDITIONS 

D.U.T. DEV. 1 V~1(V) Vnz(V) 

9109 9110 7.5 1.5 
9110 9110 7.5 7.5 

9112 932 1.5 7.5 

Ct = 5.0 pf 
c, = 10 pf 

Cl = 15 pf 

V,(V) 

5.0 
17.0 

I7.0 

Includes all probe 

and j ig capaci tan c.a 

R,pd- R,pd I 
510!! 3.6 k 
2.4 k 24 k 

2.4 k 24 k 

A. C, NOISE IMMU NITY TEST CIRCUIT 

C1 = 5.0 pf 
Ci= 10 pf 

C~ = 15 pF 

TEST CONDITIONS AND LIMITS 

TEST LIMIT Vee R 
MIN. MAX. (Volts) (kP.) 

v,. 8.5 V 17 24 

VIN 7.0V 17 2.4 

CIRCUIT SCHEMATICS 

lnducln jig and 

a ll probe upat itance 

TA VIN 

c·c> (Volts) 

25 10 

25 10 
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TYPICAl A.C. NOISE IMMUNITY 
INPUT VOlTAGE VERSUS 

PULSE WIDTH 

i\ -
·I - ,1 I 
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tllCHtl-1:l' 

H- l\1-
' 

I 
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HIGH LEVEL LOGIC 
APPLICATIONS SEQUENTIAL COUNTER 

OIOOES ARE 1N916 OR EQUIVALENT 

i1 /13 P2 </>, "'' </>2 Clock 

I 0 0 0 

I 0 I I 

0 0 I 0 

0 I 1 I 

0 I 0 0 

CLOCK 
I I 0 I 

DIVIOE BY !HRH Oi I HiEE PUSE GENERATOR 

- JK FLIP FLOP 

OIIJTTI 

DTL/ TTL 
INTERFACING 

Paramete r 

V.11.4X 
Vcc11 
Vr cL 
Vcex 
Vr 
Vn (9109, 

9110) 
V,11 (9109, 

9110) 
lou 
lo,,z 
Iou 
V11 
Vn (9112) 
V,11 (9112) 
You (9109) 

I 
I 
I 

Un its 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

Volts 

mA 
mA 
µA 
Volts 
Volts 
Volts 
Volts 

CLOCK CP 

IOGGlE MOOE 

AO 

J K Qn•l 

L H L 

L L Qn 
H H Qn 
H L H 

LAMP DRIVER 
V 

20 VOLT 
l.tMP 

SHIFT MOOE 

DIOOES AA£ IN916 OR EQUIVALENT 

1-U-tOl\/Tll 

HLL 9109.9110 

DRIVING MOS3700 MULTIPLEXER OR EQUIVALENl 

U <Ycc<l .8 VOLTS 

~----------------7 : h : DAbA SINPUT 
l061C1 I l 

I Hll/Oll Klah h·•tl loecl ,oc,.o, 
• I OTVffL K\oh lu t l Lood ,HIOt 
1 ~,von 1- 1 .... , ' "" f,;,,;io. 

0----- • 7 S OnJTTl l- h •ff loo.1 ,ouon 

lHPUTt : JJ00 ; : 

':, :t" .. "l:T cc; -1 .!o \' L-1------------r-J 

a u ·-o-·i ,M :ao.n CHAHNEl BLANl(IHC OUTPUT 

FORCING CONDITIONS 
FULL LIMITED 

TEMPERATURE RANGE TEMPERATURE RAN GE 
-55 °C +2s 0 c +12s 0 c 0°C +25°C +75°C 

-20.0 25.0 
16.5 16.5 16.5 20.0 20.0 20.0 
13.5 13.5 13.5 12.0 12.0 12.0 
16.5 16.5 16.5 20.0 20.0 20.0 
0.0 0.0 0.0 0.0 0.0 0.0 
7.9 7.6 7.15 7.65 7.6 7.4 

9.3 9.1 8.8 9.2 9.1 9.0 

10.0 10.0 10.0 10.0 10.0 10.0 
12.0 12.0 12.0 20.0 20.0 20.0 

- 100 - 100 -10 0 - 100 - 100 -100 
4.0 4.0 4.0 4.0. 4.0 4.0 
1.3 1.0 0.5 1.05 1.0 0.8 
2.1 2.0 1.4 2.1 2.0 1.9 

16.5 16.5 16.5 18.0 18.0 18.0 
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HIGH LEVEL LOGIC 

TEST SEQUENCE•:~ 9109 

FORCING CONDITIONS AT PINS 

Test P in A Pi n B Pin C P in D Pin E P in F 

No . Not es (L) (K ) (J) (I) (HJ (G) 

1 
2 1 GND V,,IAX GND VMAX GND V,11.<x 

3, (4) Vn You GND GND 
5, (6) GND Vn Vou GND 
7, (8) GND GND Vn Vou 
9, (10) VF GND GN D 

11, (12) GND Vf• GND 
13, (14) GND GND v,. 
15, (16) \1111 Iou GND GND 
17, (18) GND V111 IoL, GN D 
19, (20) GND GN D v,,, Iou 
21, (22) \/111 Io1,2 GN D GND 
23, (24) GND \/111 loL2 GND 
25, (26) GND GND \/111 Io1,2 

*Ground Pin is grounded for a ll tes ts . Inputs of a ll unused gates are gro un ded . 
Note 1. Test all gates simultaneously . 

TEST SEQUENCE•::-9110 

FORCING CONDITIONS AT PINS 

Test P in A Pin B Pin C P in D Pin E P in F 
No . Notes (L) (K ) (J) (I) (H ) (G) 

1 
2 1 GND V _l/,tX GND v.,,,,x GND V.'1.4X 

3, (4) Vn 1011 GND GND 
5, (6) GND Vu, Io11 GND 
7, (8) GN D GND Vu, 1011 
9, (10) v,. GND GND 
11, (12) GN D v, .. GND 
13, (14) GND GND v,. 
15, (16) GND Vcex GND GND 
17, (18) GND GND Vesx GND 
19, (20) GND GND GND Vesx 
21, (22) Vrn Iou GND GND 
23, (24) GND Vrn Iou GN D 
25, (26) GND GND V111 IoL1 
27, (28) Vrn IoL2 GN D GND 
29, (30) GND Vrn Ioi2 GND 
31, (32) GND GND V,11 Io,.2 
33, (34) GND GND GND GND 
35, (36) GND GND GND GND 
37, (38) GN D GND GN D GND 

5-67 

TE ST LIMITS 
Vee Sense Min . Max . 

Veen Ii-cc L,v11 
V ,\IAX frcr I.11AX 
Veeu In (IK) Iou 
Vccu lv(L ) Iou 
Vccu IF(Io) Io,! 
Vccu I_.(Ii.) -If· 
Veen Ic(I,) -fr 
Vceu (If;)(Iu) - IF 
VeeL Vn(VK) VoL1 
Vee1, V v(V 1) Vou 
VeeL V F(V o) Vor,, 
Vcc11 V11(V K) \101,2 
Vcr11 Vv(V, ) VoL2 
Veen V,•(Va) Vo1,2 

TEST LIMITS 
Vee Sense Mi n. Max . 

Vcc11 he r lpvu 
V_l/,IX Io.v D I .,r,,x 
Vcc1, Vu(V 1.) Vo11 
Vce1, Vv (V,·) Vou 
Vcci Vr(Va) Vo11 
V CCI I I ,, (Ii, ) - fr 
V C( "// Ie( I.,) -Ir 
Veen h ·U11) -I ,· 
VcEx Ill (h ) Icsx 
VcHx Iv (L) IcEx 
VeEx I,.,(Ic) l cEx 
VeeL v,J (VK) Vo1,1 
Ven Vo(V,) Vou 
Vee,., V,-(Vo) \/01.,1 
Veen Vi,(VK) Vo1.,2 
Vce11 Vv (V,) Vo1.2 
Veen V ,-(Vo) Vo1,2 
Veen I11(h·) Isa Isc 
Veen Iv (I1) Ise ls e 
Veeu l p(lo) lse ls c 

I 



HIGH LEVEL LOGIC 
TEST SEQUENCE-::- 9112 

FORCING CONDITIONS AT PINS 

Test Pin A Pin B Pin C Pin D Pin E Pin F TEST LIM ITS 
No . Notes (L) (K) (J) {I) (H ) (G,) Vee Sense Min . Max. 

1 VceL ll' ce lPDII 

2 1 GND VMAX GND VMJlX GND V.11AX V.\/A.Y Ic.rn I .lfA.Y 
3, (4) v,, GND GND Vcc11 t,(li,) Ia 
5, (6) GND Va GND Vee11 l c( I, ) IR 
7, (8) GND GND v,, Veen le(lu ) IR 
9, (10) GND Vcex GND GND Vcc11 I,,(IK) lcex 

11, (12) GND GND Vc1::x GND Vccu Io(I,) Icex 
13, (14) GND GND GND Vcex Veen l;-(Ic ) Icex 
15, (16) V,· GND GND Veen I.,(IL) -I;-
17, (18) GND V,· GND v("('u le(!,) - I, · 
19, (20) GND GN D V,• Vrc:11 h ·(I11) -I,· 
21, (22) \/111 IoL1 GND GND \/ccL V"(Vx.) Vou 
23, (24) GND \/111 lou GND YccL Vx(V, ) \/01,1 

25, (26) GND GND \/111 101., VcCL V,•(VG) VoL1 
27, (28) V,11 101,2 GND GND Veen Vn(\/1<) \/01.2 

29, (30) GND V,11 IoL2 GND Vcc11 Vo(V1) VoL2 
31, (32) GND GND Vu, IoL2 Veen \/;-(Vo) \/01.2 
33, (34) Vn Iou GND GND Vcr·u V JJ(V K) Vou 
35, (36) GND Vn Io11 GND Vcc-11 Vo(V,) Von 
37, (38) GND GND Vn 10 11 \/ cc11 V,-(VG) \1011 
39, (40) GND GND GND GND Vecu IJJ(IK) - l sc - I sc 
41, (42) GND GND GND GND Vcc11 IoO, ) - l sc -lsc 
43, (44) GND GND GND GND Vcc11 Ip(lo ) -I se -Isc 

TEST LIMITS 
FULL TEMPERATURE RANGE LIM ITED TEMPERATURE RANGE 

Parame ter Units -55°C +25°C +125°C 0°c +25•c + 15•c 
Min. Ma.x. Min. Max. Min . Max. Min. Max. Min. Max . Min. Max. 

L•o11 (9109, 
9110) 

mA 28.0 

I rou (9112) mA 34.0 
I,11,,x mA 10 15.0 
loN (9109) µA 75.0 75.0 75.0 75.0 75.0 75.0 

-I,· (9109, 
9110) 

mA 0.860 0.860 0.810 1.31 1.31 1.25 

- I, · (9112) mA 0.825 0.825 0.800 1.15 1.15 1.10 
VoL 1 Volts 0.5 0.5 0.5 0.5 0.5 0.5 
VoL2 Volts 1.0 1.0 1.0 1.0 1.0 1.0 
Vo11 (9110, 

9112) 
Volts 14.5 14.5 14.5 18.0 18.0 18.0 

In µA 2.0 2.0 5.0 5.0 5.0 10.0 
Icex µA 50.0 50.0 50.0 75.0 75.0 75.0 
Isc (9110) mA - 12.0 5.2 11.0 -11.0 -17.0 5 .0 16.3 15.6 
l sc (9112) mA - 1.90 1.1 1.83 - 1.83 - 2.4 - 1.25 - 2.3 -2.3 



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 c ircu it performs the functions 
of up/down decade counting, binary storage, binary '.o deci':1al 
decoding. decimal to seven segment decoding and direct dnve 
for low voltage seven segment d isplay tubes.· The 1056 and 
the disp lay tube share the same - 27v supply. 

Up/Down Count Control - The ITT 1056 counts up whe~ a 
logic "0" (negative logic convention is employed here making 
logic zero the high voltage leve l) is app lied to the .. c~.unt up/ 
down command input (pin 24). Converse ly, a log,c 1 on pin 
24 causes the ITTl056 to count down. 

Preset Count Control - The counter is preset to any pre
determined number by applying the BCD equiva lent of the 
number on the preset inputs (pins 5, 6 , 7 and 8) and a logic 
" 1" on the preset co mmand inpu t (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 h igh volt age transition (logic "1 " to logi c "0 " ) of 
the clock input (pin 3) when the count d isable con trol is in the 
logic "0" state . 

Storage Entry Command - A logic "1" on the stor age entry 
command pin 13 causes the BCD numbers in the decade counter 
to enter an intermed iate storage. A logic " 0" on p in 13 prevents 
data entering this buffer. On ly BCD dat a currently in the buffer 
is converted to the seven segment display drive . Data d isplayed 
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 "O". The blank ing and dot inputs are 
also stored in this buffer. 

Blanking Input - All output dr ivers are turned off by a logic "1" 

"Tung-Sol DT17050 and G.E. Y1938 
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ITT1056 
MOS COUNTER DECODER DRIVER 

DIMENSIONS 

ITT1056 PIN BREAKOU T 

1-Ground 
2 - Count Dlsable Command 
3 - Clock lnpul 
4 - Presel Command 
5- Pl Input (2') 
6 - P2 Input (2 ') 
7-P3 Input (2') 
8 - P4 Input (21) 
9 - Count Zoro Output 

10 - 8Iank lng Input 

11 - Carry Propagate Output 

12 - Dot lnpul 

13 - Stora go Entry Command 
14 - Dot Output 
15 - Bar E Output 
16 - Bar F Output 
17 - Bar C Outpul 
18 - Bar O Output 
19 - Bar G Output 
20 - Bar B Output 
21 - Bar A Output 
22-V GG 

23-V 00 
24 - Counl Up/Down Command 

on the blanking Input pin 10 and when a logic "1" is p laced on 
the storage entry input. This contro l is provided for blanking out 
any digit not required for display. Blanking of leading zeros is 
one application ut ilizing this input. 

Dot Input Control - The dot output driver at pin 14 is contro lled 
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 p in 13 is again brought to a "1 " level. 

Forb idden Count Display - The 1056 BCD to seven segment 
decode circuitry detects forbidden BCD counts (10 to 15) which 
could inadvertently appear in the decade counte r and excites 
the corresponding outputs to display the character "F" on the 
display tube . 

Carry Propagate Output - The ca rry propagate output on pi n 11 
provides the necessary signal to cascade the 1056 for high 
frequency sync hronous counting. A logic "O" 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 signa l from the nth digit must be fed 
to the count disable control pin 2 of the (n + 1 )st digit as illus
trated in Figur e 1. With this arrangement , the logic " O" carry 
propagate signal from the nt~ dig it permits the (n + 1 )st d igit 



ITT1056 

to advance or dec rease 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 MAXIM UM RATINGS 

CHARACTERISTICS 

Maximum Positive Voltage Any Pin 

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 count ing up or down. This output connected as shown 
in Figure 3 will give asynchronous up counting only. 

UNITS 

+0.3 Volts 
Maximum Negative Voltage Any Pin . . . . . . . . . . . • . . . . . • . . . . . . . . • . . • . . . . . . . . . . . . . . . . • . . . . . . . . . - 30.0 Volts 

Storage Temperature . ..... . . .. ..... . . • . .....•...•..• . .. ..... • .. • .. . . .. . . .. . .. .. . .. ......... . . . - 55 to 150 °c 

Ambient Operating Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . • . . . • . . . • . . • . . -55 to 85 °c 

ELECTRICAL CHARACTERISTICS - Standard Conditions (unless otherwise specified) 
Load= 1.0 Mn and 25 pF, Voo= - 27 V ± 1 V, Yoo= -13 V ± 1 V, T, = -55 °C to +85°C, Vss=Ground 

PARAMETER 

Logic "0" 
INPUTS Logic " 1" 

(Any) Capac itance 
Leakage 

Pulse Duration at Logic "0" or 
Logic "1" Clock (.,,.,) 

Other Inputs 

Clock Rise (t) and Fall Times (t,) 

Clock Freciuency 

LOGIC Impedance 

OUTPUTS Logic "0" 
Logic "1" 

Propagation Delay 
Plus Rise (t.,) or Fall Time (t u) 

Display Drive Outputs 
Output On 

Output Off 

Propagation Delay 
Plus Rise or Fall 
Time to (TO) 

Supply Current Drain 
r" 
loo 

FIGURE 1-- s~it~~? NNGOUS TU8E 

MINIMUM 

-
-10 
--
0.5 

1.0 

-
de 

--
-11 

-
-
-

-

--

SEVEN 
SEGMENT OUT 

TYPICAL MAXIMUM 

-
-
2.0 
-

-
-
-
-
2.0 
-0.5 
..: 12 

0.7 

-1 .3 

0.01 

2.5 

4.0 
4.0 

- 2.0 -
5.0 
5.0 

Continuous 

Continuous 

20 

1.0 

3.5 
- 1.0 
Voo 

1.0 

-2.0 

5.0 

4.0 

7.5 
7.5 

TU8E 

SEVEN 
,---L.:S;.;;E G.CCMC.,ENT OUT 

UNITS COND ITI ONS 

Volts 
Volts 
pF 
uA V,. = -25Volts 

us See Figu re 5 

us See Figure 5 

us See Figure 5 

MHz 

Kn 1~, less than 0.3 mA 
Volt 1 •. ,. less than 0.3 mA 
Volts 1.,, less than 0.3 mA 

us 

Volts 1.0 mA to a negative supp ly 

uA - 26 Volts on Output Terminal 

us 

mA TA=25°C 
mA T,= 25°C, Excluding 

externa l load curre nt 

TUBE 

SEVEN 
_ __,i..:S:=.EG::.:M::.;ENT OUT 

CARRY COUNT CARRY COUNT 

100 ri'~ 1-•c.:R::::O::..P _ __cD::.:l:::SA8=LE~ ~~ IO' ri\~1-Pc.:R::::O::..P_...=Dle,SA::,8::::LE::.i 711 ION 

PIN(3) PIN{3) PIN{3) 

CLOCK 
INPUT 

~~it~ >---.L-- - -- -- ----+------- -- - -' 

CLOCK 
INPUT 

6-2 

CLOCK 
INPUT 
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FIGURE 2-- -~g~~~~us 

CLOCK 
INPUT 

ASYCHRONOUS 
FIGURE 3-- - COUNTING 

(UP ONLY) 

CLOCK 
INPUT 

TUBE 

SEVEN 
SEGMENT OUT 

j~~ 10° j/,~ 
EXTERNAL 

PIN(2) 

TUBE 

COUNT 
DISABLE 

SEVEN 
SEGMENT OUT 

TUBE 

SEVEN 
SEGMENT OUT 

r- - -'------. 

PIN 
10' j:~ (3) 

EXTERNAL 
PIN(2) 

COUNT 
DISABLE 

TUBE 

SEVEN 
,----'-S-"E'-'G'-M,ENT OUT 

TUBE 

SEVEN 
SEGMENT OUT .--~--, 

PIN 10N 
(3) 

PIN(2) 

COUNT 
OISABLE 

TUBE 
SEVEN 
SEGMENT OUT .---~-~ 

~~ 10• j~71---------1~~ 10· j~71----------1 
PIN 

(24) 

PRESET COMMAND FIGURE 4 -- BLOCK DIAGRAM OF ITT1O56 

INPUTS P4 

2• 

zl 
z2 

PRESET{:~ 

P9 23 

COUNT 
DISABLE 

COUNT UP/DOWN 
COMMAND 

COUNT INPUT 

A 

UP/Dow;, 

COUNTER 

-- DISPLAY OF 

B I I G SEVEN SEGMENT 
o TUBE ANO DOT CARRY 

PROPAGATE 

zZ 
z3 

STORAGE 

MEMORY 

BLANKING INPUT 

E COUNT ZERO 

2• 

2' 
zZ 

0 
I 

BCD 2 DECIMAL OUTPUT 

TO 3 t6 TRANSISTORS 

DECIMAL 
4 

SEVEN 
~ 

Ot.t."OOEA 6 SEGMt:NT 

7 DECODER 
B 
9 

f OECOOER 

STORED BLANKING 

STORED DOT 

' ' t-- t,>w1-+-t 
I ' 

ov~• _ I I 1 

CLOCK INPUT : I 1 : 

- IOV-+-1 tf ,--- --9>-1 tf ;...c........ 
I I I I 

OFF~ : 
BAR OUT I I I 

I ' o 
ON ' 

: ~ TO r<-
FIGURE 5 -- BAR AND DATA WAVEFORMS I I OFF~ 

BAR OUT I I 
ON I : , 

l ~TO~ 
I I 

~

: I 

' DATA OUTPUT 
: -,...i tdo i-+-

OATA ourPu r ~ ' ' 
I I 
I I 
I I 

: ~ tdl ~ 

6-3 

A 

B 

C 

D 

E 

F 

G 

DOT 

I 



0-
1 

,lo 

D2 
PING 

GND 

PIN1 

-= 

FIGURE 6 -LOGIC DIAGRAM FOR ITTIO56 

DOT INPUT 

STORAGE ENTRY PI N 12° .------, 

PI N l3 81.ANKINJ INPUT 

PIN 10 

COUNT DISABLE 
PIN 2 

COUNT UP/DOWN 
PIN24 

Blanking 
• ond 
Dot 

Memory 

01 

BCD k 
MEMORY 01 

02 -
02 -
04 

04 

05 

Oe 

~~J 1iuT 

VDD 

~

COUNT ZERO VGG 

PIN9 1 '::x, I I 

-=- ~•oo ~,m_,,,~ 
PIN 11 

)::,--1~,-- -----11 1 

BARO 'i Pl~ 13 

BAR A 'i Pl~ 21 

BARB 

~ Pl~20 

BARG 'i Pl~ l9 

BARC 

~ Pl~ l7 

BARF 'i Pl~ 16 

BARE 'i Pl~ 15 

VDD 

1 
PIN 23 

--I 
-I ... 
0 
UI 
C) 



ITT1144 
144/138/125 BIT STATIC SHIFT REGISTER 

SILICON GATE MOS 
STATIC SHIFT REGISTER 
• Direct Bipolar Compatibility 

• 3MHz Operation Guaranteed (Typically 5MHz,55 c to +125 c) 

• 22pF Clockline Capacitance (Max .) 

• 1.OmW/Bit Power Dissipation (Max.) including Internal clock Generator 

• Input Overvoltage Protection 

• 10 Lead TO-100 Package 

• 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 uti lizing P-channel enhancement mode 
SI LICON 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 c lock trans it ion. The output stage is 
push-pull, and can sink one TTL load to VDD ( 1.6mA at 0.4V). Bipo lar compatible 
operat ion is achieved by connecting VSS to +5.OV, VDD to OV, and VGG to -12V. 
Register length of 144, 138, or 125 SITS is determ ined by t he state of control inputs 
Sl and S2, as defined by the follow ing t ruth table. 

ABSOLUTE MAXIMUM RATINGS (above which the usefu l life may be impa ired) 

CHARACTERISTICS UNITS 

All inputs including 121,Sl and S2 (Note 2) 
VGG (Note 2) . . . . . . 
Voo and Output (Note 2) 
Outp ut Current when Output 
is low (Note 1) 
Storage Temperature 
Operating Temperature 

.-24V to +0.3 

. - 20V to+0.3 
-7 .OV to+0.3 

10 
- 55 C to +150 
. - 55 to +125 

Note 1: Low logle level Is most negative level and high logic level Is most po sitive level. 
Noto 2: All voltages with rospoct to Vg5 . 

REGISTER LENGTH S1 S2 

TRllTH TABLE 144 Vss VGG 
138 VGG VGG 
125 Vssor VGG Vss 
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V 
V 
V 

mA 
oc 
oc 

PHYSICAL DIMENSIONS 

A
.370 
.335 

335 

040 ':: ~ ~ 0

MAX. M1 .165 

-;-t- -t-
10 LEADs.J' ll1nnn nnrm -~~:l. 
:8:~ DIA llllJUU u UWJ _J_ 

NOT£$, LEADS ARE GOLD-PLATED KOVAR 
PACKAGE WElGHT IS 1.32 GRAMS 

OUT 

CONNECTION DIAGRAM 
(TOP VIEW) 

Voo 

Vss 

LOGIC SYMBOL 

I 2 

Bll~4st!iF8T~~R OVT 2 

ORDERING CODE: 

ITT1144-5C Oto 700c 
1Tn144-1c -ss 10 12s 0 c 

INPUT 

I 



ITT1144 

SYt-lSOL CHARACTERISTICS MIN. TYP . MAX. UNITS T EST COND ITIO NS 

VoH Output High Voltage V55- .5 Vss Volts IOH= - 200uA 

Vol Out put Low Voltage 0.4 Volt s loL = 1.6mA note 1 

V1H Input High Voltage Vss-1.0 Vsg+0 .3 Vo lts 

V1L Input Low Voltage VGG 0.80 Vo lts 

l1L6,l tL7 Control Input Low Current 10 uA VsL,V7L =VGG,T A =25°C 

l1H5,I IH7 Control Input High Current 50 100 uA V 6H,V7 H• Vss,T A =25°C 

I 1 L Input Low Load Current 10 uA V1 =- 15.0V ,T A • 25° C 

V0H Clock Inpu t High Voltag e Vss-1.0 Vss+0,3 Volts 

V0L Clock Input Low Vo ltage - 15.0 -10.0 Vo lts 

IGL Clock Input Leakage 10 uA V0 = - 15V, TA =25° c 

RoH Impedance of Output High 1.0 2.5 kohms lout • 200uA 

RoL Impedance of Output Low 180 250 ohms lout= -1 .6 mA 

IGG VGG Current -3.0 -4.5 mA Vss =5.5V,VGG ~ 13.2V 

loo Vo o Current - 9 - ·11.s mA V0L ~ 13.2 

lss Vss Current 12 15 mA TA • 2soc 

Po Power Dissipation 110 150 mW Clock Duty Cycle=30% 

A.C. CHARACTERISTICS (TA =-55°C to 125 ° C,Vss =5.0V ± 10%,Voo • OV,VaG =- 12V .± 10%) (See Fig. 1) 

SYMBOL CHARACT ERISTICS MIN. TY P. MAX. UNITS TEST CONDITION S 

'll'w Clock Pulse Width 0.1 20 us TA = 70°C 

2 us 700C .:: TA .::;125oc 

0,'0t Clock Rise & Fall T imes 

(10% - 90%) 1.0 us 

C(ll Clock Capacitance 16 22 pF V1N,V0 • Vss f=1.0 MHz 

CIN Input Capacitance 4 5 

f Operating Frequency o.c. 3.0 MHz 

ts Input Set Up Time 50 ns 

tr Input Release Time 0 ns 

!pd+ Delay from !21 High to High Level at Output 

(VoH = 2.4V) 150 ns CL = 10pF, Load • 1 DT L Input 

tpc1- Delay from !21 High to Low Level at Output 

(VOL • .8V) 150 ns CL = 10pF, Load= 1 DT L Input 

v"" 
Fig. 1 0 
TIMING OtAGRAM voe 
See T est Circut. 

VIH _____ _ 

"'PUT 

"IL.,,----- -
"""'do1o ,ao, 11tapjlllolol 

--- --- = -'----_:..;,l pd===-1,~-----•----
:FVT vr::-4 
vex; /)/-"-'"---- -- ---

Note 3: A and B define a w indow during which the input to the shift 
register is sett ing up . If the input data changes during thi s w indow, the 

change may or may not be detected. To avoid t his ambiguous 
operation, the input da ta must remain good between A and B. 

Note 4: The out puts remain good unti l a new ou tput appears. 
Note 5 : Data is stored indef inite ly on ly when 0 is high. 
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-- ----- ONE BIT---- >< 

SCHEMATIC DIAGRAM 

I 7 I 
1 BITS• 
I ' 
I ' 
I ' 
I ' 
I I 
L ___ J 

PROPAGATION DELAY TEST CIRCUIT 

IN 

r ---, 
' : 
' ' ' I I I 

: 7 I 
• BITSI 
I I 

' ' ' I 
I 

L_ __ J 

13e/144 
SELECT 

r·--; s, 
: : 1 I I 

6 

Vss 

OUT 

,---, 
' I 
1 

' 

ITT1144 
STATIC SHIFT 

REGISTER 
110pf 

125 
SELECT 

Sz 10 

V2 MIC930 

ITT1144 

v55, +4 . sv 
VGG' - 10 .av 
v00, ov 

Voo 

Propagation delay is measured with register output loaded wi th one 
DTL gate and a discrete 10pf capacitor. The DTL gate input curr ent is 

adjusted to 1.6mA by means of a resistor tied between Vss and the 
gate expander terminal. 
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ITT3329 
512 BIT DYNAMIC SHIFT REGISTER 

SILICON GATE 
MOS SHIFT REGISTER 
• Direct Bipolar Compatibility 
• 2 MHz Operat ion Guaranteed (Typically from 1 kHz to 4 MHz) 
• 45 pF Clockline Capacitance (Max.) 
• 0.5 mW/Bit Power D issipation (Max) at 2 MHz 
• Input Overvoltage Protection 
• 10 Lead to-100 Package 

The ITT 3329 is a single 512 bit, two-phase dynamic shift registe r. It is a 
mono lithic integ rated circuit ut ilizing P-channel enhancement mode SI LI CON 
GATE MOS techno logy. An on-chip input resistor allows direct bipolar com• 
patibi lity by tying the Vp p in to Voo. The output buffer is capable of driv ing both 
low level MOS and b ipolar loads direct ly without addit ion of an external resistor. 

FUNCTIONAL DESCRIPTION - The 3329 is a straight "p ipe line" two phase 
dynamic shift register . The functions <fit and <fi2 are non-overlapp ing and negative as 
illustrated in Figure 1. Data is accepted at the input when 4-1 is negative and data is 
available at the ou tput after negat ive going transition of ,t,2. The input is con nected 
by a MOS transistor to Vss; this transistor acts as an externally controlled pul l-up 
resistor allowing complete TTL compatibility. The output stage is push-pul l, and 
can sink one TTL load to Voo (1.6 mA at 0.4 V). Bipolar compatible operation is 
achieved by connecting Vss to +5.0 V, Voo to O V, and VGG to - 12 V, with 
Vp, the control p in to the input pull-up resistor tied to Voo. 

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

CHARACTER ISTI CS 

All Inputs including ,t,1, ,t,2 and Vp 
(Noces 1 & 3) ..... . 

VGG (Note 3) . ... .. .. . . 
v00 and Output (Note 3) . 
Output Current when Output 

is low (Note 2) 
Storage Temperature .... . 
Operat ing Temperature ..... . 

-2 4 V to +0.3 
- 24 V to +0.3 

- 7.0 V to +0.3 

. ... ........ . 10 

. ..... - ss•c to + 150 
. ....... 0°Cto+70 

Note 1: Vp must bo t ied to Vss if data Input Is between -7 V and -2 4 V. 

UNITS 

V 

V 
V 

mA 
•c 
•c 

Note 2 : Low toglc leve l is most negative lev el and high logic level ls most positive level. 
Note 3: All vo l tage s with respect to V55. 
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PHYSICA L DIMENSIONS 

.335 
335 R

:370 

.305 ---f' 

040 .040~ 185 0

MAX. M_l".- .165 

4--+- --t-
10 LEADS.)' ~~~~~~ -~?i 
.019 OIA. I 
.016 ___:I, _ 

NOTES, LEADS ARE GOLD-PLATED KOVAR 
PACKAGE WEIGHT IS 1.32 GRAMS 

CONNECTION DIAGRAM 
(TOP VIEW ) 

Voo 

ID 

vss 

LOG IC SYMBOL 

Vp 
o, 

33?9 
1 ~17 8 11S Sto fl R[C l~l [R 

Vu :: Plff 5 
V00 = PIN 10 
VGG :;;;: PIN 8 

OROERING CODE , IT T3 329-SC 



ITT3329 

o.c. CHARACTERISTICS (TA = o·c to + 70°C, Vss = 5.0V ± 10%, Voo = 0V, VGG = - 12V ± 10%) 

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS TEST CONDITIONS 

VOH Output H igh Voltage vss -0.6 vss Volts I0 H = -0. 5 mA 

VOL Output Low Voltage 0 0.24 0.4 Volts 10 L = 1.6mA 

V IH Input High Voltage v 55 - 1.0 Volts 

VIL Input Low Voltage VGG 0.85 Volts VP= v 55 if V 1 is negative 

IIH Input High Load Current 0.17 mA v 1 - v 55 -1,vp = vDD 

I
IL 

Input Low Load Current 1.0 1.60 mA v1 =0.4 V. Vp = VDD 

I
IL Input Low Load Current 1.0 µA v1 = - 5.0 V, Vp • Vss· 

TA = 25°C 

V</>H Clock Input High Voltage vss - 1.0 vss Volts 

V<l'L Clock Input Low Voltage -6.5 - 4.5 Volts 

l</>L Clock Input Leakage 1.0 µA v,t>R -10 v, TA= 25°c 

ROH Impedance of Output High 0.7 1.0 kohms VOUT . vss - 0.5 V 

RO L Impedance of Output Low 150 250 ohms VouT = VoL 

IGG VGG Current -2.4 -3.0 mA Vss = 5.5 V, VGG = - 13.2 V 

IDD VDD Current - 28 -35 mA r·• • -"-SV Iss VSS Current 30.4 38 mA TA = 25° C, f = 2.0 MHz 

PD Power Dissipation 200 250 mW t</>w = 200 ns 

I 
A.C. CHARACTERISTICS (TA = o·c lo +1o·c. Vss = 5.0 V :t: 10%, Voo = 0 V, VGG = -12 V :,: 10%) (See Fig. 1) 

SYMBOL CHARACTERIST IC MIN. TYP. MAX. UNITS TEST CONDITIONS 

t</>w Clock Pulse Width 0.2 100 µ, Note4 

t</>d Time Between Cloc ks 0 100 µs Note 4 

<l>r. <t>, Clock Rise & Fall Times ( 10% • 90 %) 1.0 µs 

c4> Clock Capacitance (Each clockline) 45 pF Vq, = V SS'· f • 1 .0 MHz 

f Operating Frequency 0.01 2.0 MHz 

t 
s 

Input Set Up Time 100 ns 

t, Input Release Tim e 0 ns 

tpd+ Delay from 4>2 to High Level 150 ns CL = 10 pF, 

at Output Lo ad = 1 TTL Input 

tpd- Delay from 4>2 to Low Level 150 ns CL = 10 pF, 

at Output Load = 1 TTL Inpu t 

Note 4: Maximum cycle time o</>w, + 1¢d1,2 + 1<f>w2 + t'Pd2 ,I ) = 100 µs, 
(D @ @ © 

""'""" ....... ! r c· 1 
•oo •oo 'oo •cc •cc Yoo 

INPUT 

© 

f-• • 
0 = Pin Nu mbe, 

(i) 

,,, '"@ 'ss •ss •ss vss •ss •ss 
bill #1 btts 1 thfUB-1 bU •n 
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Fig. 1-

TIMING DIAGRAM 

. , 

., 

, .. 
... 
, .. --------- f---+-----i , .. 
... 
'• 

I Iff t S • 1 
•• ---- .. -.. -... - .. ---- ! '-==-! :: ·.~,:'.... l 

Note 5 : A and B define a window during which the input to the shift 
register is setting up, If the input data changes du ring t his window , the 

change may or may not be detected. To avoid this ambiguous 
ope rat ion, the input data must remain good between A and B. 

Note 6 : The outputs remain good unti l a new output appears . 

TYPICAL ELECTRICAL CHARACTERISTICS 

llO 

1(1) 

0 

• ,. 

POWER DISSIPATION VERSUS 
FREQUENCY 

V~ -5.U 
l:::::YG(;•l2\' 

E"'MI-CW 
.._v . .. , .sv 
1-"'Pw·~ 

II IA · O"C .......... 
11 \ 
11 

l.-~ 
T •zs•c 
I~ I I 

TA• 1r!C '-'-

l,tl 1.0 S.O II) .-0 10 la:I 2m SCXI lcttl lOXI 

I• fllfOtEHCY • kJfl 

.,. 
~ 

•'-
~ 

• 
' 
0 

0 

• 1.0 

MINIMUM FREQUENCY VERSUS 
AMBIENT TEMPERATURE ,,. __________ _ 

'-''o L -'- -' ,.-''- .,'-.I- .J.00.....J.....J .. l_L-lllll 

IA• AMlllHI 'llMP(IIATURl • •c 

CLOCK INPUT LOW VOLTAGE 
VERSUS FREQUENCY 

V~••UV 
vt>O •G'/ 111 
vr.G • -11v ~ 11 
.... ,..,, ITI 

IA • ff( 

-- I • lS'C 

/ 

' /j'.., · 1" 

i I 
'--' 

I I 
U1 HI """ ,., " Sk IOt .. "" 

f • fA(OU(N(l • Ht 
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• 
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INPUT RESISTANCE VERSUS 
SUBSTRATE VOLTAGE 

\. 

,\' 
I\\ I\ 

" I\. '"-" "r--.. r,-... ,,.;~c-
""'1,, -~·c ..._ 

'f"t -
v, •voO. c;lill 
"ir ·•~,.V I 

·-· ,., ,., '·' ,., 
Y\\ •S,ut\).AAl{YC\IAO( • VOLT'S 



APPLICATIONS 

TTL CLOCK 9020 OUAL FLIP FLOP 

f(IIHzl 

,, '• 

47pF 

Fill. 2 

TWO-PHASE NON-OVERLAPPING CLOCK GENERATOR 

1/4 9002 

2000 

• 5 .0V 0--..--~ 
470() 

5600 

ITT3329 

47pF t---------<C1fl1 

2000 

-5 .0V 

The counter states 11 and oo are decod ed to produc e - 5 v clocl< pulses. -s.ov 

+5.0V 

INPUT v, 0 1 o, 
"'' 

" ' fl.t l329 1111 

S12 BITS 
SMl'1 R[CUSftll: 

t--- - --< • ~llBIIS O P-- -- OUTPUT S Hlfl R[GISl(R 

STROBE 1/ 4 9002 

STROBE 

Fig. 3- SHIFT REGISTER INT ERFACE 

The shift register input s may be connected directly to a TTL or OTL 
output i f Vp is tied to ground. If th e input is to be driven by a MOS 

4Mtiz 

- TOMOS 
CLOCK GEN. 

,.., a, ~ 

'-----t I ~j:1::,s 
Stf lff R(GIS1(11: 

output. Vp is t ied to Vss-The output can dr ive T TL or DTL d irectly. 
No ex ternal components are required . 

Oo Q, 

FROM MOS 
CLOCK GEN. 
F'ie.2 

1/6 9016 Fig . 4 - HIGH SPEED SHIFT REGISTER 

Four shift registers may be connected as shown in the figure above to 
simulate one long high speed shift register. The 9300 MS I shift register 
on the left is used as a serial to parallel con·,erte r. Data is clocked into 
the 9300 at four times the clock rate of th e silicon-gate shift registers. 
When four bits have been clocked in, they are loaded into the four long 
shift registers . At the outpu t of the silicon -gate registers, another 9300 

6- 11 

is used to re-serialize the data at the higher clo ck rate. Because the 
9300's add severa l b its of delay, the system illustrated looks like a high 
speed 4x512+5 bit registe r. 
Note that the cloc k period o f the 9300's must be greate r than the input 
set up t ime on the silicon-gate rngisters. 

I 



ITT3708 
8 CHANNEL MULTIPLEX SWITCH 

MOS 8 CHANNEL 
MULTIPLEX SWITCH 
• Input Logic Levels Compatible with TTL and DTL 

• One-Out-Of-Eight Decoder on the Chip 

• High On/Off Ratio 

• Output Enable Contro l 

• Input Gate Protection 

• Low Leakage Current 

• Zero Offset Vo ltage 

• Fast Switching Time 0.8 µs (TYP) AT TA = +85°C 

The ITT 3708 is an eight-chan nel mult iplex switch with output enable control and 
one -out -of -eight decoder included on the chip. It is a monolith ic integrated circuit 
utilizing P-channel en hancement 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 interliace required. This 
device is intended for use in A/D converters, multiplexing in analog or digital data 
transmission systems, and other airborne or ground instrumentat ion signal routing 
applications. 

ABSOLUTE MAXIMUM RATINGS (Notes 1 and 21 

CHARACTERISTICS 

Storage Temperature . . . . . . . . . . . 
Operating Temperature .. .. . .. . . . 
Positive Voltage on any pin ..... . 
Negative Voltage on digital 

and analog input pins .. ... . . 
and analog output pins ..... . 

Negative Vo ltage on V
00 

pin .. .... . 
Total power dissipation in package 

(TA = 25°C) .. ... ....... . . 
NOTES: 

. -65°C to +150 
-55 °C to +85 

+0.3 

. -3 0 

. - 30 

. -3 0 

. 200 

UNITS 
oc 
oc 
V 

V 
V 
V 

mW 

(1) Theso ratings are ll mltlng values above which the serviceab ility of the dev ice may bo Impaired. 
(2) Voltage ratings aro all referenced to pins 2 and 4 (v

55
). 
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DIMENSIONS 

NOTES: All Olmr,i.SIClflS fl lnchft . 
I.AOds ore lntenoeci fo, Insertion if'I t101e IOltS on 
.300• ~ Thiry «n putpc,$«1 ~ v,i l'h 

•pos;;noe•!'Tl'1~1 1ofooli~ ~ll'lkrtion. 

PIN CONFIGURAT ION 
(16 Lead DIP) 

0£ 22 

Yss 21 

OUT 14 ,o 

Y55 4 13 Yoo 
S9 5 12 S1 

S7 6 II S2 

s6 7 JO S3 

S5 S4 

TRUTHTA8L E 

LOGIC INPI/TS CHANNEL 

z- 2' 2• OE 'ON' 
L H s, 

H L H s, 
L L . H s, 
H H s, 

s, 
H s, 

H H H s, 
H H H H s, 

OFf 



ELECTRICAL CHARACTERISTICS 

For ITT3708-2D2 - 5 .0V<VouT<+S.OV, TA • 25°C, -18 V< Voo<-20 V, 

5.0 V< V55 < 6.0 V unless otherwise specified 

For ITT3708-2D3 0 V<VouT<+5.0 V, TA= 25°C, - 18 V<Voo<-20 V, 

5.0 V<V55<6.0 V unless ot herwise specified 

SYMBOL CHARACTERISTICS MIN. TYP, 

RON Data Channel "ON" Resistance 

202 250 

203 190 

RON Data Channel "ON" Resistance 125 

ROFF Data Channel "OFF" Resistance 1,5 5.0 

1
LO 

Output Leakage Current 2,0 

ILO (85•) Output Leakage Current 100 

1
LDI 

Data Input Leakage Current 

202 

2D3 

1LI 
Log ic Input Leakage Current 

•VIL Logic Gate Input "Low" Level voo 

•vlH Logic Gate Input "High" Level V SS -1.5 

's Channel Switching Time (See Fig. 1) 0.45 

t, (85°C) Channel Switching Time (See Fig. 1) 0.8 

Id Channel Switching Ti me (See Fig. 1) 1.0 

Cdb Output Capacitance 25 

cis Data Input Capacitance 4,5 

c . Logic Input Capacitance 3.0 
19 

PD Power Dissipation 130 

ITT3708 

MAX. UNITS TEST CONDITIONS 

400 n VOUT = - 5.0 V, 'ouT = -100µA 

350 n VOUT = 0 V, IOUT• • - 100 µA 

n VDD = - 20 V, VSS = +5.0 V 

louT . -100 µA 

GS1 vss-VouT= 15V 

10 nA vss-VouT = 15V 

500 nA vss-VouT = 1sv 

3.0 nA Vss-V IN = 15 V 

2.0 nA VSS- V IN • 10 V 

1.0 µA Vss-VLOG IC-IN= lSV 

+0,2 V 

vss V 

µ, 

1.5 µs 

2.5 µs 

pF Vss - VouT · 0 V, f = 1.0 MHz 

pF VSS- VIN = 0 V, I • 1.0 MHz 

175 pF vss - VLOGIC-IN = 0 V, f = 1 .0 MHz 

mW V DD • - 26 V, V SS • 0 V 

•When dr iven by OTL and TTL elements, avoid excessive D.C. loading of DTL and TT L elements to insure 3708 logic levels under maximum fan •out 

conditions. Analog input signal swing should not exceed V SS (• V cc). 

Fig, 1- SWITCHING TIME TEST CIRCUIT 

SYMBOLIC DIAGRAM 
(Ml L STD 806B) 

Clll.lllU 11:rs 

LLLLLLLL 
Olll.«1 1 Of.lUT OICOCU 

Q OJ.l.lOUlPII! 

,t , 1 ,, OtllM CUil.( •1101h Vu llne.s ... lnltfrtlllJ 
connected; either one or 
both m■J be used. 

'ss 

•ss 

'ss 

,, 

01 

o-13 

•a 
h.._,i- ---o 'un 

o "ou1 

r'ss 
m_J 

'ss 

LOCIC '"'"' I 
no ----' ; 

I 

lOIIO 

I : 
I :99.9% 

V~1---- - -- 4-----~ ~ =~-
1 90 ~ 
: : : OUT~Ul 

'111:1------' ,---' : : 

70pJ 

I I I ~,,....: 
I 1 I 1-1.-----.. 
I I 



ITT3708 
SCHEMAT IC DIAGRAM 

j ,J ,J j J ,j J D J J J ~j j !J !J 
~.J ~.J h=!.J r;:1.J rriJ ~-;i ~.J rriJ ~~I-

r;:1.:J r;:1.J ~,J ~ 

•11 
HU 

HUIT 

•11 

' 

-;:1.J 

-;:1.J 

~I=, 

LL 

-;:1.J 

r;:1.J -;:1,J 

~,J 

7,J ~I, rr,J 

I 

r;::1J f-;:jJ ~.J ~J 

F,:i;J ~,J 

-;:1.J r-;:1.J 

~,J -;:1,J 

f------.~ ~,J -----➔i:;-Ir 
l I 

' 6 ' r.l&IIQ I 11 SJ SI S5 S4 s, SJ s1 ,_ __ _ ;__ ____ _ Ufa IIPIT -- ----'----=------'-' 

ON RESISTANCE VERSUS 
DATA INPUT VOLTAGE 
( 3708-2D2 ONLY) 

• L..L..I_J__J_...L-'--'--L..JL..l-1,._J 
~.o •).O -1.0 1.0 u u 1.0 

"" .. 

,., 

OATA IHM lil)(IAQ. • Y'OUS 

ON RESISTANCE VERSUS 
AMBIENT TEMPERATURE 

( 3708-203 ONLY) 

'--~~ - - ,. 1• - .... 

- =·•·· ... 
I-

'- i---

• ·» ·lS · U 5,0 ;e CS 16 O 

TA· AMll[HT TU!PliAIUti • •c 

TYPICAL DEVICE CHARACTERISTICS 

ON RESISTANCE VERSUS 
DATA INPUT VOLTAGE 
( 3708-203 ONLY) 

OI I .I 1.0 ).0 U U 6.0 1,0 

,.., 
"" 

j 10 

~2s.o 

I.O 

OAlA umn 1/0UACl • Y'Olf\ 

OUTPUT LEAKAGE CURRENT 
VERSUS 

AMBIENT TEMPERATURE 
V,.,., • ·UV I I 

ftSlfOodz~ 

I/ 
_,, 

" Jl(IINI(_..... 

I , I/ 

~ » e » ~ n ~ 

TA · AMll(Hl fU41'f:ltATURf.••c 
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ON RESISTANCE VERSUS 
AMBIENT TEMPERATURE 

(3708-2D2 ONLY) 

,., l--1--1--1- -1--1--1- ~ . '--'--'--'--'--'- -'--' 
-5S ·» •H U 25 6 lo ~ 

'·' 

,., 

1,_ • A.MIJOO lUUUAllAtC • •c 

SWITCHING TIME VERSUS 
AMBIENT TEMPERATURE 

VII0 ° ·l(/11 

VS$· OY 

,~lJlfllft II 

\illSIPOort 
L-- -

.--L--- ~ i,.1m,oo;i" 

- ,, 

' '· 11·c n·c 
1,. ·A.M.1100 TtMIU.l!JRf.••C 
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¥LOGIC-IN 

3708 

OATA OUT 

Voltage levels between semiconductor electrodes are normally refer• 
enced to one of the electrodes. In MOS, this electrode is the substrate 
lbody or Vss>- The voltages can be translated to an equ ivalent level and 

ITT3708 

The follow ing sets of power supplies are equivalent: 

CONDITION CONDITION 2 

DATA IN +5 .0V o v 
Yss +6 .0V +1.0V 

Yoo -ISV - 23V 

LOGIC IN 
"Low" Level +0.2 V - 4.SV 
"High" Level + s.sv +o .sv 

referenced to enother electrode. In order to measure the 'ON' resistance 
of the data channel accurately, the data output is at ground potential 
and all other terminals are changed correspondingly to test worst cast 

conditions. 

+5.0Y 

A.NY TTL/OTL INTEGRATED CIRCUIT 
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SPECIAL ORDERING CODE 

3708-2D2 
Tern p. Range : -55°C to +85°C 
Input Signal: -5.0to +5.0 Volts 

3708-2D3 
Temp. Range: -55°C to +85°C 
Input Signa l : 0 to +5 Volts 

3708•5D2 
Temp. Range: 0°C to +_70°C 
Input Signa l : -5.0to +5.0 Vo l ts 

3708-5D3 
Temp. Range: o0 c to +7o 0 c 
Input Signal: 0 to +5.0 Volts 



ENTERTAINMENT TYPE SELENIUM RECTIFIERS 

ENTERTAINMENT TYPE 
SELENIUM RECTIFIERS 
• Low Cost 

• Small Size 

• Easy Mounting 

• Long Life 

• 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 applicati ons are especially appropriate for the cli p-in types and 
miniature diodes. 
ITT selenium rectifiers are available in several mounting and terminal 
styles. Miniature diodes and tubular type rect ifiers 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 wir ing board terminals or plug-in termi nals. 
ITT's vacuum disposition technique produces selenium rectifiers with 
extremely long life and minimum change in initial characteristics. 

APPLICATIONS 
• Horizontal phase discriminator 
• Diode matrix assemblies 
• Oscilloscopes 
• Gate circuits 
• Wave shaping networks 
• Modulators and demodulators 
• Power supplies 
• Hi-fi equipment 
• DC motor control 
• Electric appliances 
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CLIP TYPE 6H65F 
(actual size) 

n1 

CARTRIDGE TYPE 676H1008CIT 
(half size) 

OPEN PLATE TYPE 12638 
( actual size) 

MINIATURE TYPE 1215 
(actual size) 

MINIATURE TYPE K1615C 
(actual size) 

I 



ENTERTAINMENT TYPE SELENIUM RECTIFIERS 

HIGH VOLTAGE CARTRIDGE TYPE SELENIUM RECTIFIERS 

CHARACTERISTICS 

DIMENSIONS (inches) 

Rectifier Dim. 

PIV Rating (mA) Dia. L,ength 

4650 2 7/3 2 3-9/32 

4650 2 7/32 2-1 /8 

4650 4 9/32 3-9/32 

4650 4 9/32 2-1 /8 

4650 6.5 13/32 3-9/32 

4650 6.5 13/32 2-1 /8 

4650 2 15/64 3-1 /2 
4650 2 15/64 2-1 1 /32 

4650 4 19/64 3-1 /2 
4650 4 19/64 2-11 /32 

4650 6.5 3/8 3-1 /2 
4650 6.5 3/8 2-11 /32 
4650 15 39/6 4 3-23/ 32 
4650 15 39/64 2-9/16 
4650 25 15/16 3-23/32 
4650 25 15/16 2-9/16 

NOTES: 1. Solder type terminals or radial leads also available. 
2. Silver plated metal end ferrules. 

Cell 
Dia. 

1 / 8 
1/8 
3/16 

3/16 
9/32 
9/32 
1/8 
1/8 
3/16 
3/16 

9/32 
9/32 
1 / 2 
1/2 
3/4 
3/4 

HOW TO ORDER HIGHER VOLTAGE TYPES 

L'ead 

Dia. 

.031 <2> 

.031 <2> 

.031 <2) 

.031<2> 

.040<2> 

.040<2> 

.031 

.031 

.031 

.031 

.031 

.031 

.031 

.031 

.031 

.031 

Voltage ratings are avai lable in 46.5 volt increments up to many thousands 
of volts. Contact ITT Semiconductors for applicatio ns assistance. 

HOW TO CALCULATE CURRENT RATINGS 
Current rating depends upon cell area and the number of cells in series. 
The curves at the right give the necessary information. The AB series ?f 
rectifiers in the characteristics table above have a maximum current 
rating of 10 mA in a half wave circuit. The BC series has a maximum 
current rating of 45 mA in a half wave circuit. 
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Dim.<1> 

Length ITT Part No . 

1½ 665H100ABI 
1½ 665H 1 OOAB IT 

1½ 676H100ABI 

1½ 676H100ABIT 

1½ 647H1 OOABI 

1½ 647H1 OOABIT 
1½ 665H1 OOBCI 
1½ 665H1 OOBCIT 
1½ 676H1 OOBCI 

1½ 676H 1 OOBCIT 

1½ 647H 100BCI 
1½ 647H 100BCIT 
1½ 629H 100BCI 

1½ 629H 100BCI 
1½ 630H 100BCI 

1½ 630H 1 OOBCIT 

\ 
'\ 

. "-
8 '-,-.. 
i . 

\. I 
~ i . "~ --- .. • i '-----' ...... ~ 

I 
' - ii 

8 
........__ 

.. ij 
·-......... 
'r---..._ ~" ... . "' .. - .. ... ... ... 

CQJ.al'Vtf:N'T ... 



ENTERTAINMENT TYPE SELEN IUM RECTIFI ERS 

OFF-THE- LINE HALF WAVE SELEN IUM RECTIFIERS 

SP.ECIFICATIONS 

Rated Input Voltage .............. . .. . . . . . ...... . . 117 Volts RMS 

Maximum Input Voltage .... . • ..... . . .. • . ....... . . 130 Volts RMS 

Maximum Inverse Voltage . . . • ... . . .. . .. . . . . ..... . 380 Volts Peak 

Maximum Output Current .. . . • ...... . .. • . . . . . .. ... As Listed 

Maximum RMS Current . ... . • . . . ... . • .. . . ....... . 2.7 Times DC Rating 

Maximum Peak Current . . .......... . ....... . .... . . 10 Times DC Rating 
Minimum Series Resistance ..... . .. . . . . .. . .. . . ... As Listed 

Maximum Cell Operat ing Temperature .. . . . . . . . .... 85°C 

CHARACTERISTICS 

Max. 
Dimensions (inches) 

Series ITT 
Output Fig. Cell Mtg Dim. .Term. Hgt Resist. Pan 

(mA) DC No. Size (A) (B) Max. (C) Max. (M in.) No. 

10 3/ 8 Dia. x 11 / 16 long, w ith axial 
wire leads 1 -5 / 16 long 

47 1158 

15 3/ 8 Dia. x 11 / 16 long, with axial 
w ire leads 1-5/ 16 long 

47 5152 

20 1 / 2 Dia. x 11 / 16 long, w ith axial 
wire leads 1 -5 / 16 long 

47 1159 

30 1 /2 Dia. x 11 / 16 long, with axial 
wire leads 1 -5 / 16 long 

47 5153 

65 1 1 9/ 16 21/ 64 22 1002A 
1 1 9/ 16 13/ 32 22 1444(1j 
1 11 /16 23/ 32 31/ 64 22 1263A 
1 11 / 16 21/ 32 9/ 16 22 1526 (1) 
- 11 / 16 BKT MTO 31/ 64 22 1263B 

75 1 1 3/ 4 21 /64 22 1003A 
1 1 3/4 13/ 32 22 1445(1) 
1 11 /16 21/ 32 31/ 64 22 6H75AE 

100 1 1-1 / 4 3/ 4 25/ 64 22 1004A 
1 1 1-1 /8 21/ 64 22 1101A 
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 1006A 
2 1 2 21/64 4.7 6H200A 

250 1 1-1 /2 1-1 /8 31/64 4.7 1028A 
1 1-1/4 1- 1 /4 25/64 4.7 6H250AE 

300 2 1-1 /2 2-7 /32 19/32 4.7 1090A 
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 15/32 4.7 1021A 
2 1-1 /2 2-7 /32 31/64 3.3 6H450A 

500 2 2 ' 2-7/32 15/32 4.7 1179A 
2 1-3/4 1-13/16 19/32 3.3 6H500A 

600 2 2 2-1/2 15/32 4.7 1289A 
2 1-3/4 2 19/32 3.3 6H600A 

750 2 2 2 15/32 3.3 6H750A .... 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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DIMENSIONS 

FIGURE 1 

FIGURE 2 



ENTERTAINMENT TYPE SELENIUM RECTIFIERS 

OFF-THE-LINE HALF WAVE SELENIUM RECTIFIERS, continued 

MOUNTING DETAILS 
Taper Tip Design .. . for maximum ease of insertion in heavy-gauge 
printed circuit boards up to 1/a" thick. The tapered termina l 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 
rectifier for additio nal printing. 

Mounting Detail Terminal Detail Rectifier Dimension 
Code No. "D" 

11/411 ' t=:~f O <S '""' 

1444 5/16 

DIA DRILL 

w±~ 

1445 15/32 

.031 1504 7/8 
0 

3116 1526 13/32 

MOUNTING HOLES 

169D!A - • 
-"' i · J5 /64 

LOCKING 0,-- , 

HB HDLE"n---~---j_23164 

I': 
11/64 -i I--

Mounting hole layout for stud and eyelet 
rectifim. 

11/64 -j f---
3f32 L_ I : I_ , -- 169 DIA 

Ei-u~-1 9/32 i . ,-, 
, · - - I 'i. 3- 3/64 

9132 1 I : _ _ l 

J -r2~,Y-1J1~ 062 
3/32 ~ . 

µ '~:-~ 
Mounting hole layout for clip mounted 
rectifiers; will also permit mounting of 
stud type rectifiers. 

CIRCUIT DIAGRAMS and TYPICAL VOLTAGE REGULATION CURVES 

R 

16011--""..,...-+---~--~--
0UTPUT 

VOLTS DC i5o,1---=:i,....,.....-+---+- ---I 
14011---+----F=-"""":1----l 
13011--.:.::..:::......,::.::::c:.-=..._~--~---J 

O·'--___;L.... __ L.... _ ___;L.. _ __:t 

25 50 75 100°4 
DC OUTPUT CURRENT AS 

PERCENT OF MAXIMUM RATING 

R 

117V•A~(I) VOLTS 
(2) DC 

340•--- CI 

320 
MA DC 

0'-----''-----'----"'--.....:1 
25 . 50 75 100•4 

DC OUTPUT CURRENT AS 
PERCENT OF MAXIMUM RATING 
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NOTES: 

~)! IJll f c&fiVOLTS 
ll7VAC (2) - DC 

340 •.---~ I 

320 
MA DC 

25 50 75 100% 
DC OUTPUT CURRENT AS 

PERCENT OF MAXIMUM RATING 

1. M inimum series resistance specified in characteristi cs table . 
2. M inimum filt er capacitance in MFD to be ½ ,ecti fier 

ra1ing in mill iamperes. 



ENTERTAINMENT TYPE SELENIUM RECTIFIERS 

CLIP TYPE SELENIUM RECTIFIERS 
CHARACTERISTICS FOR CAPACITIVE LOAD 
Nominal RMS Input Voltage .......... .. .. . .. .. . ... . . .... . ....... . 117 
Maximum RMS Input Voltage ........................... .. . ........ 130 
Maximum Peak Reverse Voltage ................. . ...... . ....... .. 380 
Maximum Peak Current {mA) . . ................... . .... . . . ........ 650 
Maximum RMS Current (mA) . ... . ... . . .... . . .... . ..... . . ......... 175 
Maximum DC Output Current {mA) ..................... . . . ........ 65 
Minimum Recommended Series Resistance (Ohms) ........ . ... . ... 22 
Maximum Cell Operating Temperature (°C) . . ........... . . . ........ 85 
Maximum Forward Voltage Drop (de) .... . .. . . ... . . . .. . ... . . . ...... 10 
Dielectric Strength (Volts for l Min.) . ..... ... . . .. .... . . •.. ...... . . 900 
Output Voltage with 117 Volts Input and 100 µf 

Capacitor ar.id 65 mA de (Volts) ........ . .... . . . . .............. 130 

ENVIRONMENTAL CHARACTERISTICS 
Humidity-With stands 120 hours in 95% +RH at 65°C. 
Vibration-Withstands 10 to 55 cps., .060" displacement for 2 hours in each 

plane. 

I 
22n 

I I I 
180 --~f Er 170 ' ........ 

"' (> 160 

"'-
C• 100 llfd -

~ ........... --- I w --::E 
150 3 "-...__ - 130 IAC IN 0 

> 

' 
.......___ 

5 140 
a.. ........ ----- I ... '-..,___ :, - ll7VAC IN 0 

130 u --r---_ I Q 

120 110 VAC IN 

110 

100 
0 10 20 30 40 50 60 70 80 90 

DC OUTPUT CURRENT (mA) 
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DIMENSIONS 

6H65HW 

6H66F 

~
-,_, ,,,., 
-' 

6H65FW 

6H65H 

I 



ENTERTAINMENT TYPE SELENIUM RECTIFIERS 

MINIATURE SELENIUM DIODES 
CHARACTERISTICS 

ITT Part No. 

K1615AC 
K1616AC 

AC APPLICATIONS 1215 K1617AC 

Max. DC forward current (mA) ..... ... . .. . 25 -
Max. peak forward current (mA) ........ .• 2.5 -
Max. RMS input volts, resistive load ... . .. . 40 -
Max. peak reverse volts, resistive load ... . . • 56 -
Max. peak reverse volts, capacitive load . ... 68 -

'Max. shunt capacitance in µµfat 1 kc 
and - 10 vol ts bias . ...... .... . . . .. - 50 

Max. shunt capacitance unbalance (µµf) .... - 5 

Max. shunt capacitance in µµfat 200 kc ... . 22 -
Max. ambient temperature . . ... . ........ . 55°c 85°C 

DC APPLICATIONS 

Max pure DC forward current (mA) ... . .... .37 .15 

Max. continuous reverse volts .. . ... . . . ... 30 20 

Max. reverse current at 40 volts (µA) .. ..... 6 -
Max. reverse current at 20 volts (µA) . ...... - 4 
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DIMENSION S 

_L!:L ______n'.___£ 20 

TI i=~I IT,NN[O~l 
APP ROX 

APPROX 

ITT Part Nos . 
K1615AC, K1616AC, K1617AC 

Q 
.. , A 

} ., 
+1ta[ o» rt••EOl 

• 0/0 - 0 Q O O COPPtA WIRE 0 
.200±.0 10-4-ri;

00
! 0 10 

1••a • r o•• • -o-o _i. 

o•."...J µ 
ITT Part No. 1215 

ELECTRICAL CONN ECTIONS 

K1615 I COMMON 
CATHODE 

K1616 
DOUBLER 

K1617 
COMMON 
ANODE 

◄ 

◄ 



SELENIUM CONTACT PROTECTORS 

SELENIUM CONTACT 
PROTECTOR RECTIFIERS 
• AC or DC Applications • Small Size 
• Low Cost • Rugged Construction 
• Easy to Install 

These ITT selenium cells have been specifica lly processed fo r 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 effect ively suppress ing the 
voltage surges which normall y occu r during switching. This eliminates 
the undesirable by-products of arcing, such as contact pittin g and erosion, 
undesirable electrical noise, fa lse t riggering of adjacent control circuits 
or possible insulation breakdown. 

ITT selenium cells may be used in a back-to-back arrangement on 
devicl?S 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 Switch ing • Thermostats 
• Electroma gnets Equipment • Electric Brakes 
• Solenoids • Automobile·Clocks & Horns • Solenoid Valves 
• Small Motors • Telemet ering Equipment • Computers 

ORDERING INFORMATION 
Explanation of part number codes 

8A4 PS 1 102 S 2 EX 1 
I L No. of ceffs in position "A" 
l< "S" indicates DC suppressor 

"A" indicates AC suppressor 
"P" indicates paper lube 
"H" indicates hermetic seal 

I I L N?·. of cells in posilion "8" 
L r,n,sh 

No. of cells in posilion "A" 
"S" indicates DC suppressor 
"A" indicates AC suppressor 

ee e A •B LOCKING SECTION 
8• SUPPRESSOR SECTION 

FIG. A FIG. B FIG . C 

Special finishes 
Package slyle I is supplied in a paper tube or in a hermetically sealed can which meels MIL 
specifications for environmental exposure. Package styles 2. 3 and 4 are supplied wrlh a com
mercial protective finish. To order special finishes replace the "X" in the part number with 
fellers as follows: 
"Y" for humidify and sail spray proteclion 
"W" for heavy duty industrial protection 
"VF" for humidity, salt spray and fungus protection 
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DIMENSIONS 
'-OlOi 0 )21 

,. .. ,.to CO"P( III w tR{ 

A=& I ~ +:,:, I 
~e : 111,~ 
PACKAGE STYLE 1 

~llJrn 
~"""~ 1---.... - 1 

PACKAGE STYLE 2 

. ,.. • ..-.i, ; 

i1'~ill 
I ,...L-.---' 
- -~ - -,,,-, - ,! :.;;,•- - ,-,, 

-o •t -~ -~ i•u•""•-~,• ~1- • H 
t«c ...- .. I! .. l'°"-"" '°' I) 

PACKAGE STYLE 3 

r--1: ,'::- ~ 

PACKAGE STYLE 4 
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SEL ENIUM CONTA CT PROTECTORS 

CHARACTERI STIC S 

DC APPLICATI O NS -10 BREAKS/ SECOND MAX 

Coil Current 
DC Ma:t. DC Coil F"o, 3-00V 

Voltage Current Max. Rise ITT Package Dimensions ITT Package Dime nsions 
Range mA mA Part No. Style A B Par t No. Style A B 

0-30 500 8AlPSO I 25/64 5/ 8 8AIHSO• l 1/ 2 29/ 32 
1000 15AIPSO 1 1/ 2 518 15AlHSO • l 9 / 16 29/ 32 

0-22 1750 IOlSlEXO 2 11/16 3/ 8 lOISlAXO 4 11/ 16 9/ 16 
4700 102S1EXO 2 1 318 102S1AXO 4 I 9/ 16 
9000 l03S1 EXO 2 1-1/4 11/ 32 103S lAXO 4 1-1/ 4 5/ 8 

14000 104S1EXO 2 l •ll / 32 11/ 32 104S lAXO 4 1-17132 11/ 16 

31-60 500 8A2PSO 1 25/64 5/ 8 8A2HSO• I 1/ 2 29/ 32 
1000 15A2PSO 1 1/ 2 5/ 8 l5A2HSO • 1 9116 29/ 32 

23-44 1750 l01S2EXO 2 11/ 16 1/ 2 10152AXO 4 11/16 11/ 16 
4700 102S2EXO 2 1 1/2 10252AXO 4 1 11/ 16 
9000 103S2EXO 2 l •l / 4 1/2 103S2AXO 4 1-1/ 4 11116 

14000 104S2 EXO 2 l -JJ/ 32 1/ 2 104S2AXO 4 1-17/ 32 13/ 16 

61-90 500 8A3PSO l 25/64 5/ 8 8A3HSO• l 112 29/ 32 
1000 15A3PSO 1 1/ 2 5/ 8 15A3HSO• 1 9 / 16 29/ 32 

45-% 1750 101S3EXO 2 11/16 9/16 10!53AXO 4 11/1 6 11/16 
4700 102S3 EXO 2 l 5/ 8 102S3AXO 4 1 27132 
9000 103S3E XO 2 1·1/ 4 5/ 8 103S3AXO 4 1-1/ 4 13/16 

14000 
~ 

104S3EXO 2 l•l i/ 32 5/ 8 I04S3AXO 4 1-17/32 31/ 32 

91-120 500 8A4PSO 1 25/64 3 / 4 8A4HSO' l 1/ 2 1-1/32 
1000 15A4PSO I 112 3/ 4 15A4HSO• 1 9 / 16 1-1132 

67•88 1750 101S4EXO 2 11/ 16 518 101S4AXO 4 11/ 16 13/16 
4700 102S4EXO 2 l 11/16 102S4AXO 4 l 7/ 8 
9000 103S4EX O 2 1-1/4 3/ 4 103S4AXO 4 l •l / 4 15/ 16 

14000 "' 104S4EX O 2 l-n/32 23/ 32 104S4AXO 4 1-17/32 1 z 

121-150 500 ;.; 8ASPSO l 25/64 3 / 4 8ASHSO• l 1/2 l •l/32 
1000 15ASPSO l 112 5/ 8 15A5HSO• 1 9/16 l·l / 32 

89-110 1750 z 101S5EXO 2 11/ 16 3/ 4 101S5AXO 4 11/ 16 l 
4700 

"' 
102S5EXO 2 l 7/ 8 102S5AXO 4 l 1-1/ 16 

9000 "' 103S5EXO 2 l•l /4 I 103S5AXO 4 l •l / 4 13/ 32 
14000 ~ 10455~X0 z 1-1:132 1 104SSAX0 • 1-17 / 32 1-3/16 

<..> 
X 

8A6HSO• 1 1/ 2 1-1/32 151-180 500 .. 8A6PSO I 25/ 64 3/ 4 
1000 

,. 
15A6PSO l 1/ 2 15/ 16 15A6HSO• 1 9 /16 l •l/32 

~ 111-132 1750 " 101S6EXO 2 11/ 16 l 101S6AXO 4 11/16 l•l/16 
4700 102S6 EXO 2 l l 102S6AXO 4 l 1-118 
9000 ~ 103S6EXO 2 1-1J4 I 103S6AXO 4 l-1/4 l•l / 4 

14000 104S6EXO 2 1•17/ 32 1-1/ 8 103S6AXO 4 1-17/ 32 1-5/ 16 

181-210 500 
~ 

8A7PSO l 25 /64 15/16 8A7HSO• I 1/ 2 1-7132 

"' 1000 15A7PSO l 1/ 2 13/16 15A7HSO• I 9/16 1-7/ 32 
133-154 1750 " 101S7EXO 2 ll/16 I 101S7AXO 4 11/16 1-1/ 8 

4700 > 102S7EXO 2 l I 102S7AXO 4 l l •l /4 
9000 ~ 103S7EXO 2 l•li '4 1-1/2 103S7AXO 4 1-1/4 1-3/ 8 

14000 
"' 

l04S7EXO 2 1-11/ 32 1-1/ 8 l04S7AXO 4 1·17/ 32 1-7/16 

211-240 
~ 

8A8PSO 25/ 64 13/ 16 8A8HS0 " I 112 1-7/32 500 < I 
1000 E 15A8PSO 1 1/ 2 13/ 16 15A8HSO• 1 9116 1-7/32 

155-176 1750 101S8EXO 2 11/16 1-118 101S8AXO 4 11/ 16 1-3/ 16 
4700 102S8EXO 2 l 1-5 / 32 102S8AXO 4 1 1-5116 
9000 103S8EXO 2 l•l ,'4 1-1/ 4 103S8AXO 4 J.1 / 4 1-7/ 16 

14000 104S8EXO 2 1-11/ 32 1-114 104S8AXO 4 1-17132 l •l / 2 

241-270 500 8A9PSO 1 25/64 15/16 8A9HSO• I 1/ 2 1-7/3 2 
1000 15A9PSO 1 1/ 2 15/1 6 15A9HSO' 1 9/16 1-7/ 32 

177-198 1750 101S9EXO 2 11/ 16 l•l / 8 101S9AXO 4 11/16 1-1/4 
4700 102S9EXO 2 I 1-1/ 4 102S9AXO 4 1 1-15/ 32 
9000 103S9EXO 2 l•H4 1-3/ 8 103S9AXO 4 1-1/ 4 J.9/16 

14000 l04S9EXO 2 1-17/ 32 1-3/ 8 103S9AXO 4 J.17 / 32 1-318 

271-300 500 375 BAIOPSO l 25/64 15/1 6 8Al OHSO• 1 1/2 J.7 / 32 
1000 750 15Al OPSO 1 112 15/ 16 15AlOHSo • 1 9/16 1•7/32 

199-220 1750 1300 101S10EXO 2 11/ 16 1-1/ 4 101S10AXO 4 11/16 1-5/16 
4700 3500 102S10EXO 2 l 1•3/ 8 102S lOAXO 4 1 J.1 12 
9000 6750 103S IOEXO 2 1.1r4 1-1/ 2 103S10AXO 4 1-1/4 1-5/ 8 

14000 11000 104S10EXO 2 1-17/ 32 1·1/2 104S lOAXO 4 1-17/ 32 1·11/ 16 

301-330 500 275 8Al 1PSO 1 25/64 1-1/8 8Al!HSO ' 1 1/ 2 1-13/ 32 

1000 550 15AllPSO 1 1/ 2 1-1/ 8 15Al!HSO" • 1 9 / 16 1-13132 

221-242 1750 950 101S11AXO 3 11/ 16 1-518 
4700 2600 102S llAXO 3 I 1-13/ 16 
9000 5000 lOlSl!AXO 3 1-1/4 2 

14000 7750 104S11AXO 3 1-17/ 32 2·1/16 

33 1-360 500 125 8Al2PSO I 25/6 4 1-1/8 8A12HS O" 1 1/2 1-13132 
1000 250 15A12PSO 1 1/ 2 J.1 / 8 16Al 2HS0• I 9 / 16 1-13/ 32 

243-264 1750 450 101S12AXO 3 11/16 1-9116 

4700 1200 102S12AXO 3 1 1-13/ 16 

9000 2250 103S12AXO 4 1-1/ 4 2 
14000 3500 104S12AXO l 1-17/ 32 2·1/16 

NOT E : Herme tically sealed tubu lar consuuct 1on to meet M IL spec1f1cat1ons for environmenta l exposure . 
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SELENIUM CONTACT PROTECTORS 

DC APPLICATIONS - 40 BREAKS / SECOND MA X 

Coil Call 
DC Mu , Currtnt DC Mu Current 

Voll• OCC011 For 300V ITT Pack• ITT Pack• Voll- DC Coil for JOOV Ill Pack• ITT P.tck• 
,ge Current Max, Rise P~1t •i• Dmie"s1ons Pall age O1mens10ns 

Range mA mA No Style A 8 No. Style A B 
,g, Cuuenl "1ax. Rase Part •&• 01mens1oos Pa11 •1• 01mens1ons 

Range mA mA No Style A 8 No. Sl~le A 8 

0-30 250 8AIPSI I 25 64 5 8 8AIHSI• I I 2 29 32 
600 ISAIPSI I I 2 5 8 15Al HSI• I 9 16 29 32 

0-22 a50 101S!(XI 2 JI 16 IS 32 IOISIAXI 4 II 16 S 8 
0-22 22SO 102S!(XI 2 I IS 3Z 101SIAXI ' I 21 32 

4300 103S!EXI 2 T•l o! 17 31 103S!AXI 4 1·1 4 3 ' 
6600 104S1 EX I 2 1-17 3217 32 104S!AXI ' 1·17 32 13 16 

"' 181-210 110 z 8A7PSI I 25 ·6• 15 16 8A7HSI• I I 2 1,7 32 
600 xi= IIA7PSI I I 2 11 16 ISA7HSI• I 9 16 1-7 32 

133·)1 4 850 s~~: 101S7EXI 2 II 16 l •I 8 IOISIAXI 4 11 16 1-r 16 
2210 ~v>v,t,- 102S7EXI 2 I 31 32 102S7AXl • I 1·5 16 a::ci:oZ 
4300 0 ww 103S/EXI 2 1·1 4 1-1 4 103S7AX I 4 l •I 4 I 7 16 \.o.l- .... ~ 

6600 1g5a l04S7EXI 2 1•17 32 1·1 4 !04S7AXI ' 1-17 311 ·9 16 

31-60 210 8A2PSI 1 21 6' I 8 8A2HSt• I I 2 29 32 211-240 250 210 8A8PSI I 21 64 IS 16 8A8HSI• I I 1 1•7 32 
600 15A2PSI I I 1 I 8 IIA2HSI• 1 9 16 19 31 600 600 15A8PSI I 1 2 II 16 15A3HSI "- I 9 16 1•7 32 

1).44 850 "' l01S1EXI 1 II 16 9 16 t01S2AXI ' II 16 1-3 16 
2210 " 102S2EXI 1 I 9 16 102S1AXI 4 I 29 32 
4300 ~ l03S2EXI z. 1-1 4 17 3Z 103S2AXI ' 

,., . 
3 ' 

6600 104S2EXI 2 l•l 7 3219 3Z 101S2AXI ' 1-17 32 1·8 

ISS•l16 810 BSD IOISSEXI 2 II 16 1·1 8 101S8AXI • II 16 l•I 4 
2210 2210 102S8[XI 1 I 1·14 102S8AXI 4 I , . , 16 

4300 4300 l03S8EXI 2 l•l < 1-38 l03S8AXI 4 1-t 4 1·9 16 
6600 6600 104S8EXI 2 1-17 32 l•I 4 104S8AXI 4 1-17 321 •5 8 

" 61-90 250 ~ 8A3PSI I 21 6' 3 4 8A3HS!• I I 2 l •I 32 
600 = ISA3PS! I I 2 3 4 15A3HS1• I 9 16 1· 1 32 

"' 45-66 810 u l01S3EXI 2 II 16 17 32 101S3AXI 4 II 16 I 

241•270 250 120 8A9PSI I 11 64 111 6 8A9HSI• I I 1 l•I 32 
600 300 15A9PSI I I 2 1116 ISA9HSI• I 9 16 1•7 32 

177-198 810 100 101S9EXI 2 11 16 1- 1 4 IOIS9AXI 4 11 16 1-15 16 
2250 " 102S3EXI 2 1 9 16 102S3AXI ' 1 l •I 32 < 
4300 " 103S3EXI 2 I · I 4 23 32 103S3AX1 • 1-1 4 ZS 32 

mo 1350 l02S9(XI 2 I 1·3 8 101S9AXI 4 I 1-11 
4300 1600 l03S9[XI 2 1-1.S l•l 2 !03S9AXI 4 1-1 4 1·5 8 

6600 
.,, 

104S3EXI 2 1•17 32 23 32 104S3AXI ' 1-17 32 I 

91-120 250 g 8A4PSI I 25 64 3 4 8A4HSI • I I 2 1· 1 31 
600 IIA4PSI I I 2 3 4 IIA4HSI • I 9 16 I· I 32 

6600 4000 l04S9EXI 2 1-17 32 1·1 2 104S9AXI 4 1-11 311 -3 4 

271.300 210 100 !AIOPSI 1 25 64 1-1 8 8AIOHSI• I I 2 1-13 32 
600 250 15AIOPSI I I 2 1· 1 8 ISAIOHS!• I 9 16 1-13'32 

67-88 810 .,, 101s,cxt 2 11 16 21 •32 IOISUXI 4 II 16 1 
2210 .; l02S4(XI 2 I 1 102S4AXI 4 I I 

199-110 810 450 101S!OAXI 3 II 16 l •S 8 
2250 1121 ID2S10AXI 3 I 1·13 16 

4300 
0 

103S4EXI 2 l•I 4 I l03S4AXI ' 1·1 4 l •I 16 
6600 > 104S<EXI 2 1·17 323 4 l00:S4AXI ' 1-17 32 l•I 8 

4300 4150 ID3SIOAXI 3 I ·14 1•7 8 
6600 3300 104S10AXI 3 1•17 32 2·1 16 

121-110 210 
~ 

8AIPSI I 21 64 3 ' 
8AIHSt• I I 2 1-1 32 ~ 

600 ~ l5ASPSI I I 2 3 ' ISAIHSt• I 9 16 1-1 32 
89-110 810 <( IO!S5EXI 2 11 16 13 16 IOISSAXI ' 1],16 l•I 16 

2210 E 102SIEXI 2 I 7 8 .!02SIAXI 4 I l•l 8 
4300 l03SIEXI 2 l•I '4 1·1 8 103S1AXI ' l•I 4 l•I 4 

301-330 210 so 8A11PSI I 25 64 l •l 8 8AllHSI' I I 2 1-13 32 
600 121 IIA11PSI I I 2 1·1 8 l5A11HSI• I 9 16 1· 13 32 

221-142 850 210 IO!SIIAXI 3 II 16 1-1 8 
22SO 560 102S1 IAXI 3 I 1-7 8 
4300 1100 l03SIIAXI 3 1· 1 4 2 

I 
6600 l04SSEXI 2 1•17 321·1 8 104S5AXI 4 1-17 32 1-3 8 6600 1650 l04S11AXI 3 1-17 32 2-1 16 

ISl-180 250 8A6PSI I 21 64 IS 16 8A6HSl"" I I 2 1·1 32 331-360 150 10 8A12PSI I 21 64 1-1 8 SA12HSA• I I 2 1·13 32 
600 1SA6PSI I I 2 IS 16 lSA6HSl• I 9 16 1•7 32 600 21 l5Al2PSI I I '2 1-1 16 IIAl2HSI• I 9 16 1· 13 32 

111·132 810 l01S6[XI 2 11 16 I l01S6AXI • 11 16 I• I 8 
2210 102S6£Xl 2 I 1 102S6AXI ' 1 l•I 4 
4300 103S6EXI 2 l •l 4 1-1 8 103S6AXI 4 l-1 4 1·3 8 

243-264 850 ,1 101S12AXI 3 11 16 1-5 8 
2250 110 102S12AXI 3 ., 1-7 8 
4300 21S I03S12AX1 3 l •l 4 2· 1 16 

6600 l04S6CXI 2 1-17 321-1 8 104S6AXI 4 l•II 32 1-7 16 6600 330 l04Sl2AXI 3 1-17 32 2-3 16 

AC APPLICATIONS 

Co,t Coil 
DC Mu . Cuue nt DC Mn . Cuutnl 

Volt- OCCo,t for JOOV ITT Pack- ITT Patk• 

•1• Current Ma.x. Rise Part age 01me1s1ons Part •1• D1mensrons 
Range mA mA No. Style A 8 No. Style A 8 

Voll, occo,1 fol JOOV Ill Pack• ITT Pack• 

•&• Cuuent Mu . Rise Parl •ge 01mens10,s Part age Dimensions 
Ranie mA mA No. Style A B No. Style A B 

"' 25 64 S 8 8AIHAI• I 112 29 31 0-26 200 .:: 8AIPAI I 
400 x,-. IIAIPAI I I 2 I 'S lSAIHAt• I 9 16 19 32 
600 8""'~~ IOIAIEXI 2 111l6 11/ 31 IOIAIAXI 4 II 16 ll 16 

1600 M~v,t-- 102AIEXI 2 I 15/32 102AIAXI 4 I 25 32 fr a::OZ 
3000 0 ~~ 103Al[XI 1 1·1.4 I 2 103AIAXI 4 1·1, 4 3 4 .... t-- .... a:: 
4700 1g~B !04Al[XI 2 1•17 3117 '32 IO<AIAXI 4 1-17,3213 16 

79-104 200 IS 8A4PA4 I ZS 6< 15 16 3A4HA4• I I 2 ,., J2 
400 35 ISMPA.4 I I 1 15 16 15A4HA4• I 9 16 1-7 32 
600 60 IOIA4EX4 2 II 16 29 32 IOIA4AX4 l II 16' 1-3 16 

1600 160 ID2A4EX4 2 I JI 32 102A4AX4 4 I 29 32 
3000 300 IOJA4[X4 2 l•I 4 1·1 32 103A4AX4 4 1·1 4 J.J 4 
4700 470 104A4EX4 2 1-17 32 ,.s 31 104MAX4 4 1•17 32 1-1 2 

27-12 100 200 8A1PA1 I 21 64 I 8 SA2tiA2• I I 2 l•I 32 
400 400 15A2PA1 I I •2 3 4 15A2HA2' I 9116 1-1 32 
600 600 !OIA2EX2 2 11116 I 2 101A1AX2 4 11 16 23 31 

1600 1600 102A2EX2 2 I 11116 102A2AX2 ' I 1·1: 32 
3000 3000 103A2[X2 2 1·1 4 11 16 103A2AX2 4 l -l 14 7 8 
4700 ◄700 ID<A1EX2 1 1•17 3213 r31 104A2AX2 4 l•II 32 I 

105-130 200 10 8ASPAS I 21 64 IS 16 8AIHAS• I I 2 1-7 32 
400 20 IIA5PAI I I 1 I I 16 IIAIHAS• I 9 16 1•7 32 
600 30 IOIA5EXS z II 16 l •I 8 IO!A5AX5 4 11 16 l • I 8 

1600 80 102A5[X5 2 I 1-11 32 102A.5AX5 3 I 1-5 8 
3000 150 IOJASEXI 2 1-114 1•1<4 103A.IAXS • 1-1 4 1-7 16 
'700 110 l04ASEXS 2 J.17321 -13 31 104ASAXI l 1-17311· 1 • 

13-78 200 60 8A3PA3 I 21/ 64 3 4 8A3HAJ• I 1'2 H 32 
400 140 ISA3PA3 I 1/2 3/ 4 ISA3HA3' I 9, 16 1· 1/ 32 
600 250 IOIA3( X3 2 11/ 16 13/16 IOIA3AX3 • 11, 16 27 32 

1600 650 l02A3EX3 2 I 1/8 102A3AX3 3 I 1-7 16 
3000 1100 103A3EX3 2 l•l / 4 1·3/16 l03A3AX3 4 l•l /4 l•I 4 
4700 2000 l04A3EX3 2 1-17 321 104A3AX3 • 1•17 32 I ·I 16 

NOTE : Hermet ically sealed tubu lar cons truct ion 10 meet M IL 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 S1 
and the current flow as indicated 
by the ammeter M1 builds up to 
400 mA. The flow of current has 
set up a magnetic fie ld 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, th e 
magnetic field starts to collapse, 
releasing its stored energy. While 
the magneti c field is collapsing it 
induces a voltage in the coil that 
acts to mainta in the current 
through the coil in the same 
direction as the or igina l current 
which built up the field. The mag-

nitude of this induced voltage is 
equal to the product of the coi I 
current, and the coil and circuit 
resistance; and it can attain very 
high values since the circu it re
sistance approaches infinity with 
the switch contacts open. 

Theoretically, when the flow of 
current is suddenly stopped by the 
opening of S1, 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 vo lt age appears 
across the contacts, an arc occurs. 
In typica l applications, air break
down across the contacts will lim it 
the voltage rise to the regron of 
300 to 1.000 volts in an average 
24-volt coil circuit. See Figure 2. 

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 S1 are held 
closed a current of 4100 milliam
peres flows throtgh the coil, but 
no part of the coil current flows 
through the contact protector. 
When S1 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 coi I resistance, the 
voltage across the contacts rises 
only slightly, to a few volts above 
battery voltage. 

+ 

~ ,,1· 
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 I,. A semicond,uctor 
cell has the unique characterist ic 
of exhibiting decreasing resist-
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FIG. 2 
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ance with increasing voltage in 
the blocking direction. 

At the instant switc h S, is opened, 
the induced voltage rises to ap
proximate ly 150 volts, due to the 
blocking action of cel l 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 direct ion. 

r•v 
LJd , 

11 • 400 MA 

FIG. 4 



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 
coi l 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 eel I 
characteristic. 

As the energy is dissipated and 
the current decreases, the induced 
voltage alsQ 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 
-25 volts. the cell resistance rises 
to approxima tely one megohm. 
Thus the effect of the nonl inear 
resistance of cell B is to provide, 
at the instant of switching , a path 
of relatively low resistanc e 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 conf iguration is 
readi ly 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 requi re
ment for the same number of cells 
in each arm arises from the fact 
that both arms alternate ly are re
quired to block the input voltage. 
This arrangement diffe rs from the 
DC back-to-back configuration in 
which one arm has sufficien t cells 
to block the batte ry voltage and 
the other has only one or two cells 
to provide the surge suppression. 

SELENIUM CONT ACT PROTECTORS 

creases. due to the nature of the 
ce ll characteristics, and provides 
a damping effect on the discharge 
current. The result is to reduce 
the coi l 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 circu it 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 requ ired 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. switch ing 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 coi I is 
reversed and is indicated by the 

. E L di equation = - cit 
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After the circu it opens, and as
suming no arc ing occurs , the t ime 
for the current to fall to a percent
age of its initia l value is given by 
the fo llowing equation: 

t = =----!:.._ log J_ 
Rt +r El 

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 
I = Steady-state current 

through the coil 
E = Supply voltage 

I 



SELENIUM CONTACT PROTECTORS 

The voltage induced across the 
coil is expressed by the equation 
V = -L~ = (R, -'-r) IE_R , + rt 

dt · L 

The maximum value of voltage V 
occurs when t = 0 V max. = 
l(R+ r) = E+ lr 

In an induc t ive circu it with un
protected switch contacts, the coil 
current decays through a path that 
inc ludes the wid ening 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 reac h a value high 
enough to force the current across 
the air gap. This leads to the elec
trical breakdown of the air gap 
with attendan t 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 
wil l 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 
resista nee prevents the induced 
voltage from rising more than a 
volt or two over the battery volt
age, and increases the cur rent 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 switch ing and will in
crease in value as the current de
creases. This n'onlinear resistance 
characteristic causes the induced 
voltag_e to rise to a value higher 
than rt would reach in a circuit 
usin!fo the half-wave configurati on, 
but rt prevents the induced volt
age from attain ing the contact
damaging values existing in a cir
cuit with unprotected contacts . 
Although the current decay time is 
increased somewhat compared to 
the decay ti me of a coil with un
protected contacts, it is very ap
preciably shorter than the decay 

time of a circuit using the half 
wave configura tion. 

APPLIC ATION NOTES 
Voltage Range 
The words "volta ge 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 permissib le 
voltage rating which is the low
voltage end of the range for the 
next higher vo ltage group. 
Max. Coil Current - mA 
The maximum permissible co il 
current is based on the thermal 
dissipation characteristics of the 
contact protector when operated 
at maximum co il 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 volt
age will add to the supp ly voltage 
and appear across the contacts. 
Sparking at the contacts wi ll be 
minim ized if the sum of these two 
voltages does not exceed 300 volts 
and this requirement is met if th~ 
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 permiss ible 
coi l 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-voltage units. Con
versely, the co il current for 300-
volt rise is so great that it exceeds 
the maximum coil current for the 
low-voltage unit s. These protec
tors carry the note in the rating 
table "MA for 300-Volt Rise Ex
ceeds Max. Current Rating"; t his 
means that operation at the listed 
maximum coil current will give a 
voltage rise of less than 300 volts 
at the contacts. 
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The current values li sted in the 
column "Coi l Current for 300-V 
Max. Rise" are representative 
values, based on the observation 
of typica I relays and soleno ids. 
The specific value of curre nt that 
will limit the voltage at the con
tacts to 300 volts is a function of 
the coi l design, the size of the coi l, 
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 acti on and effi
ciency of the protector before 
freez ing a design. Samples and 
engineering assistance are avail
able upon writ ten 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 circu its at 
temperatures of socc or lower. 
Cur'rent ratings given in the col
umn headed "Coil Steady State 
Current for 300 volt max. ri se" 
represent the rating of the pro
tector to limit the voltage rise 
across the contacts to approxi 
mately 300 volts. Thi s 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 ci rcumstances. 

Fast Contact Action 

Rate of operation of contacts in 
the range 10 to 40 breaks per sec
ond. The back - to - back amrnge
ment of the ITT Contact Protecto r 
provides adequate arc suppression 
with a negligible effect upon the 
release time of the relay. The pro
tectors are fateq for applications 
where the rate of operat ion of the 
contacts is in the ranJ;!e of 10 to 40 
breaks per second. ITT shou ld be 
consulted for recom mendations if 
the rate of operat ion exceeds 40 
breaks per second. 



SELENIUM TRANSIENT VOLTAGE SUPPRESSORS 

TRANSIENT VOLTAGE 
SUPPRESSOR RECTIFIERS 
• AC Input or DC Applications 
• 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 character istics. 
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 rect if iers 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 i111dustrial finish or with a moisture resistant 
finish for protection against salt spray and humidity. 

RATINGS 

CHARACTERISTICS BA SERIES 25A SERIES 102 SERIES UNITS 

Steady State RMS Volts/Cell 30 30 25 Volts 

Peak Volts/Cell 42.4 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 •c 
Construction Tubular Tubular Stud or Eyelet 
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DIMENSIONS 

PAPER TUBE TYPE 

-, ,,.w--P=:~:Pr,~~ ,- 0 
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PHENOLIC TUBE TYPE 

EYELET TYPE 

STUD TYPE 
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SELENIUM TRA NSIENT VOLTAGE SUPPRESSORS 

ELECTRICAL ANO MECH ANICA L CHARACTER ISTICS - AC INPUT TYPES 
PAPER TUBE TYP ES 

MAX. M AX. DIMENSIONS 
RMS PEAK MAX. 

MAX. MAX. D IMENSIONS 
RMS PEAK MAX. 

INPUT INP U T ZENER CIA. LENGTH ITT 
VOLTS VOLTS VO ILTS • (A) (8) PART N O. 

INPUT IN PUT ZENER D IA . LENGT H ITT 
VO LTS VOLTS VOL ts ' (A) (BJ PART NO. 

30 42 104 3 /8 27/32 8A1PG1 
60 85 208 3 /8 27/32 8A2PG2 
90 127 312 3/8 27 /32 8A3PG3 

120 170 416 3 /8 27 /32 8A4PG4 
150 212 519 3 /8 27 /32 8ASPG5 
180 254 623 3/8 1 3 /32 8A6PG6 
210 297 727 3/8 1 3 /32 8A7PG7 
240 339 831 3/8 1 3 /32 8A8PG8 
270 382 934 3/8 1 3 /32 8A9PG9 

30 42 87 37 /64 1 1 /64 25A1 PGl 
60 85 177 37 /64 1 1 /64 25A2PG2 
90 127 266 37 /64 1 1 /64 25A3PG3 

120 170 354 37 /64 1 1 /6 4 25A4PG4 
150 212 443 37 /64 1 1 /64 25A5PG5 
180 254 532 37/64 1 1 /4 25A6PG6 
210 297 620 37 /54 1 1 /4 25A7PG7 
240 339 709 37 /64 1 1/4 25A8PG8 
270 382 798 37 /64 1 1 /4 25A9PG9 

300 424 1039 3/8 1 3 /32 8A10PG10 
330 467 1143 3 /8 1 21 /64 8A 11PG11 
360 509 1247 3 /8 1 21 /6 4 8A12PG12 
390 551 1350 3 /8 1 21 /64 8A13PG13 
420 594 1454 3/8 1 21 /6 4 8A14PG14 
450 636 1558 3/8 1 21/64 8A15PG15 
480 679 1663 3/8 1 37 /64 8A16PG16 
510 721 1766 3 /8 1 37 /64 8A17PG17 
540 764 1870 3 /8 1 37 /64 8A18PG18 
570 806 1974 3 /8 1 37/64 8A19PG19 
600 848 2078 3 /8 1 37 /64 8A20PG20 

300 424 886 37 /6 4 1 1 /4 25A10PG10 
330 467 975 37 /64 1 112 25A11PG11 
360 509 1063 37 /64 1 1 /2 25A12PG12 
390 551 1152 37 /64 1 1 /2 25A13PG13 
420 594 1241 37 /64 1 1 /2 25A14PG14 
450 636 1329 37 /64 1 1/2 25A15PG15 
480 679 1417 37 /64 1 3 /4 25A16PG16 
510 721 1507 37 /64 1 3 /4 25A17PG17 
540 764 1695 37 /64 1 3/4 25A18PG18 
570 806 1684 37 /64 1 3 /4 25A19PG19 
600 848 1772 3 7 /64 1 3 /4 25A20PG20 

PHENOLIC TU BE TYPES 

MAX. MAX. 
DIMENSIONS 

MAX. MAX. 
DIM! NSI0NS 

RMS PEAK MAX. FERRULE ITT PART ND. 
INPUT INPUT ZENER DIA. LENGTH LENGTH 
VOLTS VOLTS VOLTS I IA) (Bl (C) FERRULE WIRE LE.AD 

RMS PEAK MAX. FERRULE ITT PART NO. 
INPUT INPUT ZEH ER DIA. LEN GTH LENGTH 
VOLTS VOLTS VOLTS1 (A) ( B) IC) FERRULE WIRE LEAD 

30 42 104 15/32 31/32 3/8 8A10BGI IAIABG1 
60 85 208 15/32 31/32 3/8 IA!OBG2 8A!ABG! 
90 m J1l 15/32 31/JZ 3/8 8A308GJ 8AJA8GJ 

1!0 170 416 15/3! 31/32 3/8 8A408G4 IA4A8G4 
150 m 519 15/32 31/32 3/8 8A508G5 IA5A8G5 
180 254 m 15/32 31/32 3/1 8A608G6 8A6A8G8 
210 291 727 15/3! 31/32 3/8 8A708G7 8A7A8G7 
240 339 831 15/32 31/3! 3/8 8A808G8 8A8A8G8 
270 382 934 15/3! 31/3! 3/8 8A908G9 8A9A8G9 
300 424 1039 15/3! 31/32 3/8 8A1008G10 8A10A8G10 
330 46) 1143 IS/32 I 17/64 3/8 8A1108G11 8AIIABGII 
360 509 1247 15/3! 1 17/64 3/8 8A1208G1l 8A12ABGI ! 
390 551 1350 15/3! 111/64 3/8 8A1308G13 8A13A8Gl 3 
420 594 1454 15/31 1 17/64 3/8 8A140BGl4 8Al4A8G14 
450 631 1558 15/3! 1 17/64 3/1 8A15QBG15 8A15ABG15 
480 679 1662 15/32 I 1/2 318 I A1608G16 IA 16ABGl6 
110 121 1766 15/3! 1 I l l 3/8 8AllQBG17 8A17ABGl7 
540 764 1870 15/32 1 1/2 3/8 8AIIOBGl8 IA18ABG18 
570 806 1974 11/3! 1 1/ ! 3/1 8A1908G19 IAl9A8G19 
600 848 !078 15/3! 1 I/! 3/8 8Al008Gl0 8AlOA8G!O 

JO 4! 104 31/32 1 1/32 13/3! 2SA108G1 2SA1A8GI 
60 85 !08 31/3! 1 1/J! 13132 25A!08 G! 2SA!A8G! 
90 127 312 31/3! 1 1/32 13132 !IA308 GJ l5A3ABG3 

110 170 416 31/32 1 1/J! 13/32 l5A408 G4 lSA4ABG4 
150 lll S19 31/3! I 1/32 13/31 !SA508Gl lSA5ABG5 
110 m 6!3 31/32 I 1/31 13/32 !SA60BG6 l5A6ABG6 
!ID m 727 31/3! I 1/32 13/J! !SA708G7 lSA7A8G7 
140 339 831 31/32 I 1/31 13/3! !SA808G8 !SA8ABG8 
270 38! 934 31/3! I 1/3! 13/3! !SA908G9 !IA9A8G9 
JOO 4!4 1039 31/32 I 1/3! 13/32 2SAIOOBG10 llA10A8G 10 
330 m 1143 31/3! I 29/64 13/32 !SAi 108611 21A11A8GII 
360 509 1247 31/3! I !9 /64 13/31 !5A1l0 6G1l lSA1!ABG1! 
390 ISi 1350 31/31 I !9 /64 13/32 !5Al30 BG13 !SA13A8G13 
410 194 1454 31/3! I !9/64 13/32 2SA1408Gl4 !5A14A8G14 ,so 636 ma 31/3! I 29/64 13/3! !5AISQ8G15 !IAIIA8G1S 
480 679 1662 31/3! I 11/16 13/31 !5Al60 BGI! !5A16A8G16 
510 721 1766 31/3! 1 11/16 13/3! 25Al70 8Gll 2SA17ABG17 
540 764 mo 31/3! 1 11/ 16 13/32 !SAl80 8Gl8 !SA18A8G1i 
670 806 1974 31/32 I 11/ 16 13/32 25A1908Gl9 25Al9ABG19 
600 848 2078 31/3! 1 11/16 13/3! l5A!00 8G!O 25A20ABG20 

EYELET TYPE S STUD TYPES 
D IME N SIONS 

MAX. RMS M AX . PEAK MAX. DIMENSIONS 
INP U T INPU T ZENER ITT 
VOLTS VOLTS VOLTS » LENGTH (8) PART NO. 

MAX. RMS MAX . PEAK MAX. STUD ST ACK 
INP U T INPUT ZENER LEN GTH LE N GTH ITT 
VOLTS VOL T S VOLTS ) (A) (B) PART NO . 

25 35 80 47 /64 102G1EX 1 
50 70 159 13/1 6 102G2EX2 
75 105 239 57 16• 102G3E X3 

100 140 319 31 /32 102G4E X4 
125 175 398 1 3/64 102G5EX5 
150 210 478 1 1 18 102G6EX6 
175 245 558 1 13 /64 102G7EX7 
200 280 637 1 19/64 102G8EX8 

NOYES : 1. At4 mllliucond pufsecurrent • 0.75 Amperes 
2. At 4 millisecond pulse current • 2 Amp aros 
3. At 4 millisecond pulse current • 8 Amperes 

25 35 80 1 7 /16 15/16 102G1 ex, 
50 70 159 1 1/2 1 102G2B X2 
75 105 239 1 5 /8 1 1/8 102G3BX3 

100 140 319 1 11 / 16 1 3/16 102G48X4 
125 175 398 1 3/4 1 1 /4 102G5BX5 
150 210 478 1 7 /8 1 3 /8 102G6BX6 
175 245 558 1 15 /16 1 7 /1 6 102G78X7 
200 280 637 2 1 1/2 102G88X8 
225 315 717 2 1 / 16 1 9 /16 102G9BX9 
250 350 797 2 3 /1 6 1 11/16 102G108X10 
275 385 876 2 1 /4 1 3 /4 102G 11 BX11 
300 420 956 2 5 / 16 1 13/16 102G12BX12 
325 455 1035 2 3 /8 1 7 /8 102G13BX13 
350 490 1115 2 1/2 2 102G14BX14 
375 525 1195 2 9 /16 2 1 / 16 102G15BX 15 
400 560 1274 2 5 /8 2 1 /8 102G16BX16 
425 595 1354 2 3 /4 2 1 /4 102G 17BX17 
450 630 1434 2 13 /16 2 5/16 102G18BX18 
475 665 1513 2 7 /8 2 3 /8 102G19BX19 
500 700 1593 2 15 / 16 2 7 /16 102G20BX20 
600 840 1913 3 5/16 2 13/16 102G24BX24 
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TRANSIENT VOLTAG E SELENIUM SUPPRESSORS 

ELECTRICAL AND MECHANICAL CHARACTERISTICS - DC INPUT TYPES 
PAPER TUBE TYPES 

MAX . MAX . DIMENSIONS 
RMS PEAK MAX. 

M AX. MAX. DIMENS IONS 
RMS PEAK MAX. 

INPUT INPUT ZENER DIA. LENGTH ITT IN PUT INPUT ZENER DIA. LENGTH ITT 
VOLT S VOLTS VOLTS (A) (B ) PART NO. VOLTS VOLTS VOLTS • (A) (8) PART NO . 

20 31 104 3 18 27 /32 8A 1PGO 20 31 87 37 /64 1 1/64 25A 1 PGO 
40 63 208 3 18 27/32 8A2PGO 
60 93 312 3 /8 27132 8A3PGO 

40 63 177 37 /64 1 1/64 25A2PGO 
60 93 266 37 /64 1 1 /64 25A3PGO 

80 126 416 3 /8 27132 8A4PGO 80 126 354 37 /64 1 1/64 25A4PGO 
100 157 519 3 18 27/32 8A5PGO 100 157 443 37 /64 1 1/64 25A5PGO 
120 188 623 3 18 27132 8A6PGO 
140 220 727 3 /8 27132 8A7PGO 
160 251 831 3 /8 27 /32 8A8PGO 
180 282 934 3 /8 27/32 8A9PGO 
200 314 1039 318 27 132 8A10PGO 

120 188 532 37 /64 1 1 /64 25A6PGO 
140 220 620 37 /64 1 1/64 25A 7PGO 
160 251 709 37 /64 1 1 /64 25A8PGO 
180 282 798 37 /64 1 1/64 25A9PGO 
200 314 886 37/64 1 1 164 25A10PGO 

220 345 I 143 3 18 1 3 132 8A1 1 PGO 220 345 975 37 /6.4 1 1 /4 25A11PGO 
240 377 1247 3 /8 1 3 132 8A12PGO 
260 409 1350 3 18 1 3 /32 8A13PGO 
280 440 1454 3 /8 1 3 /32 8A14PGO 
300 472 1558 3 /8 1 3 /32 8A15PGO 
320 502 1662 3 /8 1 3/32 8A16PGO 

240 377 1063 37 /64 1 1 /4 25A12PGO 
260 409 1152 37 /64 1 1 /4 25A13PGO 
280 440 1241 37 /64 1 1 /4 25A \ 4PGO 
300 472 1329 37 /64 1 1 /4 25A15PGO 
320 502 1417 37 /64 1 1 /4 25A16PGO 

340 534 1766 3 /8 1 3/32 8A17PGO 
360 566 1870 3/8 I 3132 8A18PGO 
380 597 1974 3 /8 1 3 /32 8A19PGO 
400 628 2078 3 /8 1 3 /32 8A20PGO 

340 534 1507 37 /64 1 1 /4 25A17PGO 
360 566 1595 37 /64 1 1 /4 25A 18 PGO 
380 597 1684 37 /64 1 1 /4 25A19 PGO 
400 628 1772 37 /64 1 1 /4 25A20PGO 

PHENOLIC TUBE TYPES 

MAX. MAX. DIMENSIONS MAX. MAX. DIMENSIONS 
RMS PEAK MAX. FERRULE ITT PART ND. RMS PEAK MAX. FERRULE ITT PART NO. 

INPUT INPUT ZENER DIA. LENGTH LENGTH INPUT INPUT ZENER OIA. LENGTH LENGTH 
VOLTS VOLTS vops• (Al {BJ IC! FERRULE WIRE LEAD VOLTS VOLTS VOLTS1 IAI 18) IC) FERRULE WIRE LEAO 

10 31 104 IS/3! 31/32 3/8 8A108GO 8AIABGO 
40 63 208 IS/)! 31/32 3/8 8A20BGO 8AlABGO 
50 93 m IS/31 31/32 318 8A308GO IA3A8GO 
10 126 416 1S/31 31/32 3/8 8A408GO 8A4ABG0 

20 31 104 31/3! 1 1/ 31 13/31 2SAl08GO 2SAIABGO 
40 63 108 31/31 1 1/32 13/32 2SA208GO 2SA1ABGO 
60 93 312 31/3! 1 1/32 13/ 3! 2SA308GO 2SA3ABGO 
80 116 416 31/32 I 1/32 13/ 32 llA408GO 15A4ABGO 

100 m SU IS/32 31/32 3/8 8A50BGO 8ASABGO 100 157 S19 31/32 1 1/31 13/32 2SA508G0 2SASA8G0 
110 188 m 1S/3! 31132 3/8 8A608G0 8A6A8GO 
140 110 m 15/32 31/32 3/8 eAIOBGO 8A7A8GO 

120 188 m 31/31 1 1/31 13/32 2SA608GO 25A6ABGO 
140 ! 20 m 31/32 1 1/ 31 13/32 2SA708GO 1SA7ABGO 

150 211 831 1S/32 31/32 3/8 8A!OBGO 8A8A8GO 
180 182 934 1!/32 31/32 318 8A908G0 8A9ABG0 

160 251 831 31/32 1 1131 13/31 25A808GO 25A8ABGO 
180 282 934 31/32 1 1/32 13J32 2SA908GO 2SA9A8GO 

200 314 1039 15/32 31/32 3/8 8AIOOBGO IAIOABGO 
110 34S 1143 15/3! 31/32 3/8 BAIIOBGO IAIIABGO 

200 314 1039 31/32 1 1/32 13/32 25A1008GO l5A10ABGO 
!10 345 1143 31/31 1 1/32 13/32 25A1108GO 25A11ABGO 

140 m 114) 1!/31 31/32 3/8 8All08GO 8AllA 8GO 140 m 1217 31/32 1 1/31 13/31 l 5A1l08GO l5AllABGO 
160 409 13S0 15/32 31/32 3/8 8Al308GO 8A13ABGO 
280 440 14S4 15/3! 31/ll 318 8A1408GO iA14ABGO 
300 472 1!S8 15/31 31/32 318 IA ISOBGO IAlSABGO 
310 502 1162 15/31 31/32 318 8A160BGO !Al!ABGO 

260 409 1350 31/32 1 1131 13J3l 25A130BGO 25A13ABGO 
180 440 14S• 31/32 I 1/32 13132 2SA140BGO 25A14A8GO 
300 4)2 ISS8 31/32 I 1/3! 13/32 2SAl50BGO 2SA1SA8GO 
320 502 1662 31/ll 1 1/32 13/32 1SA160BGO 15A16A8GO 

340 534 1766 15/31 31/32 3/8 8A1708GO 8Al7ABGO 340 134 1766 31/32 1 1/32 13!31 15Al70BGO 15A17ABGO 
360 566 1170 15/31 31/32 318 8A180BGO 8A18ABGO 
380 59) 1914 15/32 31/32 318 8A1908GO 8A19ABGO 
400 618 2018 1S/32 31/32 318 8A200BGO 8A!OABGO 

360 S66 1870 31/31 1 1/31 13/31 l\A1808GO lSA18A8GO 
380 591 1m 31/32 11J3l 13/32 2SA1908GO 15A19A8GO 
400 618 2078 31/32 1 1/32 13/31 2SA2008GO 15A20A8GO 

EYELET TYPES STUD TYPES 

DIM ENSIONS 
MAX . RMS MAX . PEA K MAX . DIMENSIONS 

INPUT INPUT ZENER ITT 
MA X. RMS MAX. PEAK MAX. STUD STACK 

INPU T INPUT ZEN ER LENGTH LENGTH ITT 
VOLTS VOLTS VOLTS • LENGTH (B) PART NO. VOLTS VOLTS VOLTS • (A) (B ) PART NO . 

20 31 80 27 /32 102G1EXO 
40 63 159 1 /8 102G2EXO 
60 93 239 29 /32 102G3EXO 
80 126 319 15 / 16 102G4EXO 

100 157 398 1 102G5EXO 
120 188 478 1 1 /32 102G6EXO 
140 220 558 1 1 / 16 102G7EXO 
160 251 637 1 1 /8 102G8EXO 
180 282 717 I 5 /32 102G9EXO 
200 314 795 I 3 /16 102GIOEXO 
220 345 876 1 1 /4 102G11EXO 
240 377 956 1 9 /32 102G12EXO 
260 409 1035 I 5 / 16 102G13EXO 
280 440 1115 1 11 /32 102G14EXO 
300 472 1195 1 3/8 102G15EXO 
320 502 1274 1 7 / 16 102G16EXO 

20 31 80 1 5/16 13 / 16 102G18XO 
40 63 159 1 3 /8 27 /32 102G28XO 
60 93 239 1 3 18 1 /8 10 2G38XO 
80 126 319 1 7 / 16 29/32 102G48XO 

100 157 398 1 1 /2 15 / 16 102G58XO 
120 188 478 1 5 18 1 3 /32 102G68XO 
140 220 558 1 5 18 I 1 /8 102G78XO 
160 251 637 1 11 / 16 I 3 / 16 102G88XO 
180 282 717 1 3 /4 1 7 /32 102G9B XO 
200 314 797 1 3/4 1 1 /4 102G10BXO 
220 345 876 1 13 / 16 I 9 /32 102GI 18XO 
240 377 956 1 7 /8 1 11 /32 102G128XO 
260 409 1035 1 15 / 16 1 3 /8 102G13BXO 
280 440 1115 1 \5/16 1 13 /32 102G14BXO 
300 472 1195 1 15 / 16 1 15/32 102G15BXO 
320 502 1274 2 I 1/2 102Gl68XO 

NOTES: 1. At 4 millisecond puls e cu rrent • 0.75 Amporos 
2. At 4 millisecond pulse current • 2 Ampere s 
3. At 4 millisecond pulso cuu ·ont - 8 Ampero.5 
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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, certa in 
valid assumpt ions can be made to 
determine the ITT suppressor rec
tifie r current rating for the appli
cation . 

For circuits in which a l rc:1nsformer 
is the power source, usually the 
greatest transient currents have 
been observed when the ci rcuit is 
interrupted with no load on the 
transformer. The transient current 
is the magnetizing current of the 
transformer. If the actual trans ient 
current is not known, a valid as
sumpt ion can be made by the use 
of the magnetizing current versus 
voltage on page 4. If the transient 
results from opening a c ircuit con
taining an inductance, the t ran
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 
milli seconds and refer to the pulse 
current versus ti me curve on page 
4. The same curve can be used to 
select the appropriate ITT series 
when a single pulse width other 
than 4 mill iseconds is known or 
assumed. 

Voltage Rating 
After the required current rat ing 
has been established, determine 
the maximum steady-state voltage 
which will appear across the sup
pressor rect ifier 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 
character istics tables are the max
in:ium instantaneous voltages that 
will appear across the rectifier if 
the 4 millisecond current rating 
is not e~c.eeded. Any ITT suppres
S?r rect1f1er can safely discharge 
higher currents than this rating, 

where the pulse width is less than 
4 milliseco nds. 
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 character isti cs 
tables have been derived from the 
curves on page 4 which represent 
the conservative ratings placed on 
suppressor rect ifiers. These volt
alfipJre curves apply to a single 
cell. To determine the Zener volt
age for a part icular rectifier, 
mult iply the peak voltage values 
that are shown by the number of 
cells per arm for AC rectifiers, or 
by the tota l number of cells for 
DC rectifiers. The final step is to 
be sure that the silicon or 
germanium rect if ier or si I icon 
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 trans ient 
voltage. 
Simila r protection is also provided 
t? transfor_mers, capacitors, re
sistor~, switches, relays, or any 
electrical component subject to 
damage from transient over-volt
age. 

Example 
Assume a single phase full -wave 
bridge rect if ier application with 
a transformer rated at 8.5KVA 
~15V. The rectifie r to be protected 
Is across the transformer sec
ondary. 

1. Assume a 4 millisecond pulse 
width. 

2. Fron: the curve on page 4, de
ter'!11.ne the per cent of mag
netizing current. Using the 
"maximum" plot line, 8.5KVA 
Z5 .2% of fu ll load current. 

Full load current VA_s 5oo~7 4A 
V ~ 115~ 

74A x 5.2%Z3 .85A peak. 
7-16 

3. From the RATINGS tab le on 
page 1, select a rectifier series 
which wil l withstan d 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 find ing a 
type with a RMS input voltage 
rating equal to or above 115V. 
102G5BX5 meets this require
ment. 

5. De~ermine the PIV rating re
qui red for the rect ifier 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 rect if ier is in
dicated by the fi rst number 
after the first letter in the part 
number. In this case the 
102G5BX5 has five cel ls. The 
maximum voltage is 73 x 5 = 
365V. The PIV rati ng required 
for the protected rect ifier is 
365V. 

CODING SYSTEM FOR EYELET AND 
STUD TYPE ITT SELENIUM VOLTAGE 
SUPPRESSOR RECTIFIERS 
102 G 5 E X 5 

LNumber Indicates Number of Cells 
0- Always Indicates DC Devite 

lette r Indicates finish 
x- Industrial 
Y• Humidity Resislant 

VF- Humidity and fungus Resistinl 
Leiter Indicates Cons1111clion 

A• Stud 
B• Screw 
E-Eyelet 

Number Indicates Numbe, of Cells 
'---- G lndic:ates ITT Suppress.or Rec:tlfie, 

L---- - Numbers rndic11te Cell Size 
and Voltage 
102- I" Sq. 25 VAC 20 voe 

CODING SYSTEM FOR TUBULAR TYPE 
ITT SELENIUM VOLTAGE SUPPRESSOR 
RECTIFIERS 
8A5PG1 

E
Numbor Indicates Number of Cells L O• Always Indicates DC Device 
G l ndicates ITT Suppressor Rectifier 
Leiter lndicates Conslruc:tion 

p.,. Paper Tube 
H- Hermetically Sealed Can 

QB• Phenolic Tube Feuule Terminals 
AB- Phenolic Tube Alial Lud 

Terminals 
Number Indicates Number of Cells 

'-----Lell !r3te~~~!e1lell Voltage 
A- 20 Volts DC 

'------Number Indicates Cell Size 
8- 9/ 32" Oil. 

25• 15/ 32" 01,. 



SELENIUM TRANS IENT VOLTAGE SUPPRESSORS 

CHARACTERIST IC CURVES 
8A1 SERIES PEAK VOLTAGE VS CURRENT 25A1 SERIES PEAK VOLTAGE VS CURRENT 
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SELENIUM TRANSIENT VOLTAGE SUPPRESSORS 

TYPICAL APPLICATIONS 
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Single-Phase Half-Wave Silicon Rectifier 
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CAPACTIVE LOAD.__ ........ __. 
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DC CONTACT 
PROTECTOR 

Single-Phase Full-Wave Center Tap Silicon Rectifier 

+ 
RESISTIVE OR CAPACITIVE LOAD 

Single-Phase Full-Wave Bridge Silicon Rectifier 
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OR 

CAPACITIVE 
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DC CONTACT PROTECTOR 
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Package: D0-7 

1N645 THRU 1N649 
400 mA • 225 V to 600 V 

DIFFUSED SI LICON GENERAL-PURPOSE DIODES 

ABSOLUTE MAXIMUM RATINGS at 25°C fr ee-air tempera ture (un less otherwise noted) 

Symbol Characteristics 1N645 1N646 1N647 1N648 1N649 Unit 

VRM(wkg) Working Peak Reverse Voltage over 225 300 400 500 600 V 
Operating Free-Air Temperature Range 

lo Average Rect if ied Forward Current at 
(or below) 25°C Free-Air Temperature 

400 mA 

(See Note 1) 

lo Average Rectified Forward Current at 150°C 
Free-Air Temperature (See No te 1) 

150 mA 

IFM(surge) Peak Surge Current, One Second, at 25°C to 
150°C Free-Air Temperature (See Note 2) 

3 A 

p Continuous Power Dissipation at (or be low) 
25°C Free-Air Temperature (See Not e 3) 

600 mW 

TA(opr) Operating Free-Air Temperature Range -65 to 150 oc 

ELECTR ICAL CHARACTERIST ICS at 25°C free-air temperature (unless otherwise noted) 

Symbol Parameter 1N645• 1N646 1N647• 1N648 1N649• Unit Conditions 
Min Max Min Max Min Max Min Max Min Max 

V(BR) Reverse 275 360 480 600 720 V IR = 100µA, 
Breakdown TA = 100°C 
Voltaae 

IR Static 
Reverse 

0.2 0.2 0.2 0.2 0.2 µA VR = RiJted VRM(wkg) 

Current 15 15 20 20 25 µA VR = Rated VRM(wkg)1 
TA = 100°C 

VF Static 
Forward 

1 1 1 1 1 V IF = 400 mA 

Voltage 

CT Total 
6ty p 6 typ 6 ty p 6typ 6 typ pF VR = 12 V, 

Capacitance f = 1 MHz 

NOTES: 
1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operat ion with resistive 

load. Above 25°C see Thermal Character istics 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. 

* IN645, IN647 and IN649 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 1 N645 meets MIL -S- 19500/24 0B. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS @ 25°C un less otherwi se noted. 

Peak Inverse Volt age . . . . . . ... . .. . 
Power Dissipati on .... . . . . . . . 
Storage Temperatu re . . .. . .. . . .. . . 
Surge Current, 1 /1 20 second, 150°C 

270 
500 

-6 5 to + 200 
5 

UNITS 

Volt s 
mW 
•c 
Amps 

ELECTRICAL CHARACTERISTICS @ 25°c unless otherw ise noted . 

SYMBOL MIN. TYP. MAX. UNIT 

PIV 270 Vdc 

1. 25 nA 
15 µA 

v, 1.0 Vdc 

C 20 pF 

1-20 

DIMENSIONS 

.02 2 110 

018 --- - __rw:;-

itoo~ ~ ~ 
MIN MAX. MIN 

D0-7 

CONDITION S 

Ia=100µA 

V. = 225V 
v . = 22sv, T = 1 so0 c 
1,= 400 mA 

V,= 4V 



1N4000 SERIES EM 500 SERIES 
PLASTIC SILICON RECTIFIER 

1-AMP PLASTIC 
SILICON RECTIFIERS 
The ITT Plastic Si licon Rect ifier is molded using a new plastic 
formulation with the following advantages over si licone and epoxy 
compounds: 

• Lower thermosetting temperature (170°F) resulting in less strain 
to junctions and surfaces during the molding process. 

• No pre-cure or post-cure needed. 

• Moisture resistance and humidity resistance far superior to others. 

EL.ECTRICAL CHA'RA_CTERISTICS @ 25°C unless otherwise noted 

*1N4000 
Series 

Peak Reverse Voltage (PRV) ... 

Average Rectified Current @ 25°C Ambient . . .. . 
75°C Ambient . 

50 
100 
200 
400 
600 
800 

1000 

Forward Voltage Drop @ 1 Amp ........ .. ....... . . 
Reverse Current @ Rated DC Voltage . . . . . . . . . ..... . 
Full Cycle Average Reverse Current @ Rated PRV @ 

85°C Ambient @ Rated Average Rectified Current . 
100°C Ambient @ Rated Average Rect ified Current .. 

1N4001 50 
1N4002 100 
1N4003 200 
1N4004 400 
1 N4005 600 
1N4006 800 
1 N4007 1000 

1.0 
1.0 
1.1 
10 

200 
50 
30 Half Cyc le Surge Current, 60 Hz 

Temperature Range (operating} 
Temperature Range - Storage 

. . - 65 to +175 
. . . . . . . . . . -65 to +200 

DIMENSIONS 

Lcad -Moteri al Silver Plated Copper 

EMSOO 
Series 

(EM500) 
(EM501) 
(EM502) 
(EM504) 
(EM506) 
(EM508) 
(EM510) 

1.0 
0.5 
1.1 
1.0 

200 
50 
50 

-65 to + 175 
-65 to + 200 

Units 

Volts 

Amps 
Amps 
Volts 
Volts 

Vo lts 
Volts 
Amps 
oc 
oc 

• Elec1dcal Equ lvolcnt 
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1N4000 SERIES EM500 SERIES 

ITT SILIC ON RECTIFIER CROS S-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 PAV ratings than 
the types to be replaced. Case dimensions are not always physically identical, in many 
cases the ITT types are smaller. 

TYPE ITT TYPE ITT TYPE ITT TYPE ITT TYPE ITT TYPE ITT TYPE 
TO BE REPLACE· TO BE REPLACE· TO BE REPLACE· TO BE REPLACE· TO BE REPLACE· TO BE REPLACE· TO BE REPLACED MENT REPLACED MENT REPLACED MENT REPLACED MENT REPLACED MENT REPLACED MENT REPLACED 

1N253 1N4002 1N551 1N4003 1NB57 IN4001 1Nl488 IN4003 IN2489 IN4005 5A4 IN4004 AH815 
1N254 1N4003 JN552 IN4004 1NB58 IN4002 1Nl489 IN4004 IN2609 IN4001 5A5 IN4005 AH1005 
IN255 IN4004 1N553 !N4004 JN859 IN4003 1Nl490 1N4004 IN2610 IN4002 SAS !N4005 AHIOIO 
IN256 IN4005 IN554 IN4005 JN860 IN4004 1Nl491 iN4005 IN2611 IN4003 5A8 1N4006 AH1015 
IN316 1N4001 1N555 IN4005 1N861 IN4004 1Nl492 IN4005 IN2612 IN4004 5AIO 1N4007 AMJ 
IN316A IN4001 1N560 IN4006 1N862 1N4005 IN1538 1N4002 1N2613 1N4004 5E4 1N4004 AMIJ 
1N317 IN40.J2 1N561 1N4007 1N863 IN4005 1Nl539 IN4003 JN2614 1N4005 5£5 1N4005 AM23 
IN3J7A IN4002 1N562 JN4006 IN864 1N4006 !Nl540 !N4003 IN2615 IN4005 5E6 1N4006 AM33 
1N318 1N4003 1N563 JN4007 IN865 1N4006 JNl541 1N4004 1N2616 1N4006 5MA2 IN4003 AM43 
1N318A IN4003 IN596 1N4005 1N866 IN4007 IN1542 IN4004 !N2617 IN4007 5MA4 IN4004 AM53 JN319 IN4004 IN597 1N4006 IN867 IN4007 IN1543 IN4005 IN2858 IN4001 5MA5 1N4005 AM63 
1N319A 1Ni004 IN598 1N4007 IN868 IN4001 1Nl544 1N4oo5 1N2859 1N4002 5MA6 1N4005 G!OOK IN320 IN4005 IN599 )N4001 1N869 IN4002 1Nl617 IN4002 1N2860 IN4003 5MA8 1N4006 G!OOM IN320A IN40il5 INS99A IN4001 IN870 IN4003 INl618 IN4003 IN2861 IN4004 5MAIO 1N4007 PAJ IN321A 1N4007 IN600 IN4002 IN871 1N4004 IN1619 1N4004 1N2862 1N4004 5MS5 1N4001 PA069 IN322A 1N4007 IN600A 1N4002 IN872 1N4004 1Nl620 1N4004 IN2863 JN4005 SMSIO IN4002 PA070 
IN-l23A IN4001 IN601 JN4003 IN873 IN4005 IN1692 1N4002 IN2864 IN4005 5MS20 IN4003 PA071 IN324A JN40J2 IN601A 1N4003 IN874 IN4005 IN1693 1N4003 IN2878 Hl4006 5MS30 IN4004 PA305 IN325A IN4003 IN602 1N4003 1N875 IN4006 INl694 IN4004 IN2879 IN4006 5MS40 IN4004 PA310 IN~26A IN4004 IN602A 1N4003 1N876 IN4006 IN!695 1N4004 IN2880 IN4007 5MS50 IN4005 PA315 IN327A IN4005 IN603 1N4004 IN877 IN4007 IN1696 IN4005 IN288! IN4007 !OBI IN4002 PA320 IN328A IN4007 1N603A IN4004 1N878 IN4007 IN1697 IN4005 IN2882 1N4007 10B2 IN4003 PA325 IN329A IN4007 IN604 JN4004 IN879 1N4001 IN1701 IN400l IN2883 1N4007 1083 IN4004 PA330 IN332 IN1004 IN604A IN4004 IN880 IN4002 1Nl702 N4002 IN3189 IN4003 10B4 1N4004 PA340 1N333 IN4004 INSOS 1N4005 JN88l IN4003 !Nl703 1N4003 IN3!90 1N4004 1085 IN4005 PA350 IN334 IN4004 IN605A IN4005 IN882 IN4004 IN1704 1N4004 IN3191 IN4005 10B6 JN4005 PA360 IN335 IN4004 1N606 IN4005 1N883 JN4004 1Nl705 IN4004 IN3193 1N4003 10B8 !N4006 PA380 IN336 IN4003 IN606A IN4005 JN884 IN4005 JNI 706 IN4005 IN3194 1N4004 10B10 1N4007 PT3 IN337 1N4003 IN607 IN4001 IN885 IN4005 IN1707 1N4001 IN3195 IN4005 1002 1N4U03 PT5 IN338 IN4002 IN607A IN4001 IN886 IN4006 INl708 IN4002 IN3196 JN4006 1003 IN4004 PT58 IN339 1N4002 IN608 IN4002 IN887 IN4006 IN1709 IN4003 IN3253 IN4003 1004 IN4004 PTSOS IN340 IN4002 IN608A IN4002 IN888 IN4007 IN!710 IN4004 IN3254 IN4004 1005 IN4005 PTS!O IN341 1N4004 IN609 IN4003 IN889 IN4007 JNJ711 IN4004 IN3255 IN4005 10D6 JN4005 PTS15 JN342 IN4004 IN609A 1N4003 INJ081 1N4002 JN1712 IN4005 IN3256 JN4006 1007 IN4006 PT520 IN343 1N4004 JN610 IN4003 IN1082 1N4003 1Nl730 JN4007 IN3544 IN4002 1008 1N4006 PT525 IN344 1N4004 IN610A IN4003 IN1083 JN4004 IN1763 IN4004 IN3545 1N4003 10010 1N4007 PT530 JN345 IN4003 IN611 IN4004 JN1084 IN4004 INl764 1N4005 IN3546 JN4004 320A 1N4001 PT540 IN346 IN4003 IN611A 1N4004 IN1095 1N4005 IN1907 JN400J IN3547 1N4004 3208 1N4002 PT550 IN347 1N4002 IN612 IN4004 JN1096 JN4005 INl908 JN4002 IN3548 JN4005 320C IN4003 PT560 IN348 IN4002 IN612A IN4004 lNllOO IN4002 IN1909 IN4003 IN3549 1N4005 3200 IN4003 S91 IN349 IN4002 IN613 1N4005 IN1101 IN4003 !Nl911 IN4004 IN3611 IN4003 320F IN4004 S9JH IN359A IN4002 IN613A 1N4005 INl102 IN4004 IN1912 1N4005 IN3612 IN4004 320H IN4004 S92 IN360A IN4002 IN614 1N4005 INl103 IN4004 INl913 JN4005 IN3613 IN4005 320M IN4005 S92H IN361A IN4003 JN614A IN4005 IN1104 IN4005 IN19J4 IN4006 1N3614 IN4006 320K IN4005 S93 IN362A IN4004 IN645 1N4004 IN1105 IN4005 INl915 1N4006 1N3639 IN4003 320P IN4006 S93H IN363A IN4005 IN645A JN4004 INl122A IN4004 IN1916 IN4007 JN3640 1N4004 320S IN4006 S94 IN364A IN4007 IN646 JN4004 INJl69 1N4004 IN2069 IN4003 1N3641 IN4005 3202 JN4007 IN365A IN4007 IN647 1N4004 IN1217 1N4001 1N2069A IN4003 IN3642 1N4006 3598 1N4002 1N440 IN4002 IN648 1N4005 IN121U 1N4001 IN2070 IN4004 IN4245 IN4003 3590 IN4003 IN4408 1N4002 IN649 IN4005 JN1218 1N4002 IN2070A IN4004 IN4246 1N4004 359f JN4004 1N441 JN4003 IN676 JN4002 1Nl218A 1N4002 1N2071 IN4005 IN4247 IN4005 359H JN4004 JN4418 1N4003 JN677 1N4002 IN1219 IN4003 JN2071A IN4005 IN4248 IN4006 359K 1N4005 JN442 1N4004 1N678 !N4003 !Nl219A 1N4003 IN2072 1N4001 1N4249 1N4007 359M 1N4005 JN442B JN4004 IN679 1N4003 IN1220 1N4003 1N2073 1N4002 IN4250 IN4006 359P 1N4006 IN443 1N4004 IN681 1N4004 IN1220A JN4003 IN2074 1N4003 JN4251 1N4007 359S IN4006 IN43B IN4004 1N682 !N4004 1Nl221 1N4004 1N2075 1N4003 JN4361 IN4007 359Z 1N4007 IN444 1N4005 IN683 1N4004 1Nl221A !N4004 IN2076 1N4004 IN4364 1N4002 AIOA IN4002 IN44B IN4005 !N684 IN4004 INl222 IN4004 IN2077 IN4004 IN4365 1N4003 Al08 IN4003 JN445 IN4005 IN685 IN4005 1Nl223 IN4005 IN2078 IN4004 1N4366 1N4004 AlOC !N4004 !N445B IN4005 1N686 1N4005 !Nl224 IN4005 IN2079 1N4005 !N4367 !N4004 AIOO IN4004 INSJO IN4002 IN687 IN4005 1Nl224A IN4005 IN2103 IN4001 1N4368 IN4005 Al OE IN4005 IN53l IN4003 IN689 1N4005 1Nl225 1N4006 IN2104 IN4002 IN4369 IN4005 AIOM 1N4005 IN532 IN4004 IN846 IN4001 IN1225A 1N4006 IN2!05 IN4003 1N4383 JN4003 AION JN4006 IN533 IN4004 IN847 IN4002 IN1226 IN4006 IN2106 IN4004 IN4384 IN4004 AIOP IN4007 IN534 IN4005 IN848 IN4003 IN1226A IN4006 1N2107 1N4004 1N4385 1N4005 Al3A2 JN4002 IN535 IN4005 IN849 IN4004 !Nl251 IN4002 1N2108 1N4005 2E4 IN4004 AJ3B2 1N4003 IN536 IN4001 1N850 1N4004 IN1252 IN4002 1N2482 IN4003 3MS5 IN4001 Al3C2 IN4004 IN537 IN4002 IN851 lN4005 IN1253 IN4003 1N2483 IN4004 3MSIO 1N4002 Al302 !N4004 IN538 IN4003 IN852 IN4005 lN1254 IN4004 IN2484 IN4005 3MS20 1N4003 Al3E2 1N4005 IN539 !N4004 IN853 IN4006 JN1255 IN4004 IN2485 1N4003 3MS30 1N4004 AJ3f2 IN4001 JNS40 IN4004 IN854 1N4006 IN1443 IN4007 IN2486 IN4004 3MS40 1N4004 Al3M2 1N4005 IN547 IN4005 IN855 IN4007 1Nl486 1N4005 lN2487 IN4004 3MSSO l N4005 AH805 IN4006 INS50 IN4002 IN856 IN4007 JN1487 1N4002 IN2488 1N4005 5A2 IN4003 AH810 IN4006 
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IN4006 
1N4007 
1N4007 
1N4007 
1N4001 
IN4002 
1N4003 
IN4004 
IN4004 
IN4005 
1N4005 
1N4006 
IN4007 
1N4004 
!N4003 
IN4004 
IN4005 
IN4001 
1N4002 
1N4003 
IN4003 
IN4004 
IN4004 
IN4004 
IN4005 
JN4005 
IN1006 
IN4004 
1N4004 
IN4005 
1N400! 
IN4002 
IN4003 
1N4003 
JN4004 
IN4004 
IN4004 
IN4005 
IN4005 
1N4002 
IN4002 
JN4003 
IN4003 
IN4004 
1N4004 
JN4004 



1N4000 SERIES EM500 SERIES 

TYPICAL CHARACTERISTICS @ 25°C unless otherw ise noted 
MAXIMUM AVERAGE FWD CURRENT RATING·3/e" LEAD LENGTH 
(CAA>.CITIVE LOAD, SINGLE PHASE , 60,P'I 

; .., 
1.0 9: 'y IOpfd TO 10< µfd 

s ·,. ~- -;,)µId TO 10( p/d 
!i; 0.8 

►..._ 

' ~~ IOOptd 1'050 :luf<I~ ·, :'\. a::::, 0.6 ', 
~ 

w'-' 
~ ~i 0 .4 

"- - TYPES IN4oa, IN438 ,IN438 

~ ~ o - - TYPES IN45~ IN4!l8 
!I/ 0.2 .... 

~ ;: 

'" " .., 
00 a: 

IA 

... 
-
.,._ OOMA 
z .., 
a: 
a: 
:, 
u 
0 

~ IOMA 

"' :, 
0 .., 
z 

~ IMA .. ... 
"' '!: 

IOOµA 

IOpAO 

20 40 60 ·eo 100 120 140 160 
AMBIENT TEMPERATURE (•C) 

FORWARD VOLTAGE DROP 

-/ / 

V V 

10TH PERCENTILE • 14 90 TH PERCENTILE 

I 

I 

I 

P\JLSE • 300,,.., 
DUTY CYCLE< 2 o/. 

I I AMBIENT TEMP• 25 •C 

I 
025 0 .50 0 .75 1.00 1.25 

INSTANTANEOUS FWD VOLTAGE DROP, VF(VOLTS) 

RECTIFIED CURRENT RATING 

VS TEMPERATURE 

fii 
a: .., 
Q. 
::E ., -I ,_ 
z .., 
a: 
a: 
::, 

" 0 ... 
ii: 
;: 

" "' a: 

, 

0.8 

0.6 

0.4 

02 

NON-RECURRENT SURGE RATING 

<ii 
"' 60 a: 
"' .. 
! so 

\_ E 40 
a: ""'· a: 
::, 30 
0 

-............. 
"' ... 
"' 20 a: r-r---~ :::, ., 
" 

10 ., -... .. 
I 2 4 6 8 10 20 40 60 

SURGE DURATION CYCLES AT 60CPS 

REVERSE CURRENT 

EIA SPEC LIMIT 
TA• 175°C 

IOO~A -a90TH PE~,..._ 

:::::. TA •17' •c MEAtl 

10,µA - MIN 

]r -... 90TII PERCENTLE z 
i..---w 

lµA a: 
a: MEAi! :, 
u =3::::TA•IOO•C 

II~ 
~ -o; -- ,___. --~IOOnA .., 
o; 90TH PERCENTILE 

IOnA I 
HEAN 

---,r■2s•c 
MIN 

t nA
0 20 40 60 80 

RATED VOLTAGE (%) 

r---... 

"' RESIST IVE LOAD 
f>RV $0 - t--

i'--... 
40 0 

'-... • 10 0 600 - t--..... ___ 

"' V 200 

,....._ '-.... 
I r----- ......... 

P°.RV 800 1000 '-.._ ......... 

"' :"-. :--,._ 

~ 

30 50 70 90 110 130 

AMBIENT TEMPERATURE ( °C) 
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1N4383-5 1N4585-6 RG1122·3 
1-AMP GLASS RECTIFIERS 

1-AMP SILICON 
GLASS RECTIFIERS 
• v. Ratings 50 to 1000 Volts 
• Surge Current Rating 50 Amperes 
• 100% Scope Tested 

The ITT 1 N4383-5, 1 N4585-6, offer up to one-amp rectified current at 

100°C in a small, hermetically sealed D0-29 glass package. All units are 

passivated, 100 percent tested, and have a 50-amp surge current rating 

to insure a stable, highly re liable rectif ier. Rectifi ers are supplied wi th 

solderab le leads and may be del ivered reel-packed for automatic 

insertion equipment. 

ABSOLUTE MAXIMUM RATINGS 1 

CHARACTERIST ICS RG1122 RG1123 1 N4383 1 N4384 
Maximum recurrent peak reverse voltage . . . . 50 100 200 400 
Maximum RMS vo ltage ... . . . . . ... . .... , 35 70 140 280 
Maximum DC blocki ng vo ltage .. ... . ... . . 50 100 200 400 
Maximum average forward rectified 

current 3 /8" lead length . . 50°C Ambient 1.0 1.0 1.0 1.0 
100°C Ambient 1.0 1.0 1.0 1.0 
150UC Ambient 0.3 0.3 0.3 0.3 

Maximum peak surge 1 Cycle 50 50 50 50 
overload current 10 Cycles 16 16 16 16 

100 Cycles 6 6 6 6 
Maximum forwa rd voltage drop 

at 1 amp DC. 25°c . . .. .. . ...... . .... 1.0 1.0 1.0 1.0 
Maximum full cycle average reverse current, 

@rated average forward current 
and 100°C ambient . . . • . . .. ...... .... 275 250 275 250 

Maximum DC leakage at rated DC blocking 
voltage and 25°C ambient . .. ... .. .... . 10 10 10 10 

Typical recovery ti me at 25°C ambient .. .. • 10 10 10 10 

DIMENSIONS ri·-···,~ ;__, .. ,., 
h~ ,-, 
I~ '-' 
OlO 

.!,001' 

D0-29 

MECHANICAL DA TA 
Case: Hermetically sealed glass 
Leads : Solderab le. tin plated 
Weigh t : 0.02 oz. 
Mo unti ng position : Any 
Mar king: ITT. cathode band, 

part number. 

1 N4385 1 N4585 1 N45 86 

600 800 1000 
420 560 700 
600 800 1000 

1.0 1.0 1.0 
1.0 0.6 0.6 
0.3 0.2 0.2 
50 50 50 
16 16 16 

6 6 6 

1.0 1.0 1.0 

225 200 200 

10 10 10 
10 10 10 

UNITS 

Volts 
Volts 
Volts 

Amps 
Am ps 
Amps 
Amps 
Amps 
Amps 

Volts 

µamps 

µamps 
µsecs 

Temperature Range, op & stg .. .. ... .. .. . , - 65 to + 175 •c 

NOTE : 60 cps, inducti ve or resistive load. sing le phase half wave. 
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1N4383-5 1N4585-6 RG1122-3 

TYPICAL CHARACTERISTICS @ 25°C unless otherwise noted 

MAXIMUM AVERAGE FWD CURRENT RATING·3/8" LEAD LENGTH 
(CAPACITIVE LOAD, S~ GLE PHASE , 60ejtt) 

~ 
UJ 

~ 1.0 

'< TO 10< t- 10;.ifd µfd 
s '~ ~ HOµtd TO IOC •Id 
~ 0 .8 >, ,. ~ ~~ IOOµfd TO 50 P,,fd_j 

~'s 0 ,6 
·, 

..,u ', ~ ~ ~~ 0 .4 ... -- TYPES IN438< IN438 ,IN438 -~ ~ 0 -- TYPES IN45~ IN4!l8 ' ~ 0.2 
;::: ~ 

~ () 
UJ 
a: 00 20 40 60 80 !00 120 140 160 

AMBIENT TEMPERATURE (°C) 

NON- RECURRENT SURGE RATING 
< -6s•c To 11s•c l 

iii 
"" a: 
w ... 

60 

:I: 50 ! "'-... 
z 40 w "-....,_ a: 
a: 
::> 30 .., 

"' w -"' 20 0: 
r-- ___ 

::> 
V> 

"' 
10 .. 

UJ ... 
I 2 4 6 8 10 20 40 60 

SURGE DURATION CYCLES AT 60CPS 

MAXIMUM AVERAGE FWD CU/lRENT RATlNG·l/2 ' LEAD LENGTH 
(CAPACITIVE LOAD,SINGLE PHASE, 60eps) 

~ 1.0 w 
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::I: 

~ 0 .8 rx: 0 100; d ;z 

~-
IOpfd 

UJ~ ' ~10,,., TOIOO ~d 
l,i'3 06 

d TO 5 )Oµfd -~ ~ \.. a:.., 100µ 
"'o ~-~ ~h: 0 .4 -- !TYPES ,.4383, IN4384 IN4385 .. 

~ ... 
~ 0 !TYPES f14585, N4586 

!!/ 0.2 
,~ ... 

' 
;::: 
() 

00 w 20 40 60 80 100 120 140 :30 a: 
AMBIENT TEMPERATURE ( °C) 
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MAXIMUM AVERAGE FORWARD CURRENT RATING 
(RESISTIVE OR INDUCTIVE LOAD, SINGLE PHASE, 60cps) 

en LEAi LENG ~-"" I M INCH ~3/8 a: 
w 1.0 ll. ,., 

~ :I: 
s .... 1/2 

1- 0 .8 ' .. 
z .... , .. 

' '\ "'"" '\. c,a: 3/4 ·~' :~o .6 , .. '· ~ -~ 
UJ() 

~~0 .4 '~ ... ............ 
r~ ~ C 

~0 .2 -- TYPES IN4383 ,IN43E 4, IN4~ 5 '~ ;::: 
() -- TYPES IN458! IN4516 

"" UJ 00 20 40 60 80 100 120 a: 140 160 

en 
UJ 
a: 1.0 UJ ... 
:I: 
5 0.8 ... z 
UJ 
a: 

""a: 0.6 
c,::> 
.,:U 
0: 0 
UJ :r: 0,4 
~ ... 

0 
UJ 
ii: 

0.2 

;:: 

AMBIENT TEMPERATURE (-Cl 

MAXIMUM AVERAGE FWD CURRENT RATING-3/4 " LEAO LENGTH 
(CAPACITIVE LOAO, SINGLE PHASE, 60eps) 

- !TYPES IN438 ::~:i 4, IN-43 5 -- TYPES IN458 6 

NORM.< L MOU ~ING 

HOµfd TO IOC •fd --........ -.... ~ v- 10µ1 j TO IO µId 

.,;3 _.......::: 
~ IOOpfd TO 500 - ~ 

"" ' ..... () 

"" 00 20 40 60 80 100 120 140 160 a: 
AM81ENT TEMPERATURE (°C) 

JUNCTION CAPACITANCE vs, REVERSE JUNCTION POTENTIAL 
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8 
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~ I 
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1N4383-5 1N4585-6 RG1122·3 

TYPICAL CHARACTERISTICS , continued 
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DC REVERSE LEAKAGE TEST 

The circu it at right provides a simple and inexpensive 
means for checki ng the instantan eous leakage char
acteristic s of the 1N4383 series and other low current 
rectifiers. The pushbutton switch should not be omitted 
as it minimizes junct ion heating when testi ng is being 
done at high voltage, and prevents the possibil ity of 
thermal runaway. Tests may be conducted at high 
temperature by placing the test recti fier(s) in an oven. 
Junction temperat ure rise above ambient due to in
terna l heating is generally low enough to be neglected. 
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1N3831 THRO U G H 1N3846 

4-LAYER DIODE THYRISTORS 
• Firing Voltages 20 to 100 volts 
• Switching current < 125 µA @ 25°C 

• ON resistance < 2r2 @ 70mA 

The ITT diode thyristor is a reliable negative resistance device 
designed fo r use iri switch ing circuits. Typica l applicat ions include 
ring counters, matrixes, pulse generators, relay drivers, mult i
vibrators, pulse modul ators, and ti ming circu its. 

ELECTRICAL SPECIFICATION S 

Type Sw itching Voltage (Vs) 

Number 
25°C -40 ° to 85°C 

1 N3831 20 ± 4 14-25 
1 N3832 25 ± 4 19-30 
1 N3833 30 ± 4 23-36 
1 N3834 35 ± 4 28-41 
1 N3835 40 ± 4 32-46 
1 N3836 45±4 37-51 
1 N3837 50±4 41-57 
1 N3838 100 ± 10 80- 115 
1 N3839 20±4 14-25 
1 N3840 25 ± 4 19-30 
1 N3841 30 ± 4 23-36 
1 N3842 35 ± 4 28-41 
1 N3843 40±4 32-46 
1 N3844 45 ± 4 37-51 
1 N3845 50 ± 4 41-57 
1 N3846 100 ± 10 80-1 15 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Reverse Breakdown 
Voltage (M in.) 

12 
15 
18 
21 
24 
27 
30 
60 
12 
15 
18 
21 
24 
27 
30 
60 

DIMENSIONS 

D0- 7 

MECHANICAL DATA 

Case: 
Hermetically sealed glass 

Finish: 
A ll externa l surfaces cor rosion 
res istant and leads readily 
solderable 

Leads: 
Dumet, tin p lated 

Weight: 
0.135 grams (approx.) 

Mounting Position: 
Any 

Marking : 
The symbol for the 4-layer 
diode is a mod ified "4"' . The 
slant line of the "4" ind icates 
the forward direction of current 
passing through the device 
when in the ON state. 

UNITS 

Average Forward Current, 50°C .. . .... . .......... . . . . • ............ . .. 150 
150 
1.5 

mA 
mW 
mW/°C 

Power Dissipation, 50°C . . . . , ... . .. . . _ .. . . . . . . . ...... . .... ....... . . . 
Power-Temperature Derating ...... . .. . . . ... • .. • . . . . . . ............... 

Reverse Breakdown Voltage 
from TA= -60 to + 125°C ... .. ......... . ....... . ... • .. • ........ . .. 
Operating and Storage Temperature . . ... . . • . . • . . . . ..... • .... . .. . .. ... . 

8-1 

nominal Vs/2 
-60 to + 125 

min. 
oc 

I 



1N3831 T H R -0 u G H 1N3846 

ELECTRICAL CHARACTE RISTIC S @ 25' C unless otherwise noted 

SY M BOL 

Is 
(forward switching current) 

IH 
(holding current) 

I,. (OFF state) 
(forward leakage current) 

VoN 
(forward voltage drop) 

r.., 
(dynamic forward impedance) 

t,. 

!off 

HOW THE 4-LAYER DIODE OPERATES 

The voltage-current characterist ic fo r the 
4-la yer diode shows th ree essent ial oper
ating regions: 

1- "o ff'' or high resistance state 

II-transit ion or negative resistance 
state 

111- " on·· o r low resistance state 

This curve is shown on a very expanded 
scale (non-l inear) for illustra t ion pur
poses only . Note tha t as the voltage 
rises and reaches the swi tching voltage 
(Vs). the device begins to switch ··on." 
The cu rrent at this point (Is) is typically 
several mic roamperes. The dev ice sw itches 
because o f an in ternal feedback mecha • 
nism allowing the diode to pass a steadily 
increas ing current as the voltage decreases 
(nega t ive resistance state, Region I I). 
When "on " (Region Il l). the 4- layer 
dio de passes a curren t which is l imited 
principally by the external circu it. 

In the "on" state, the device has a 
dynamic resistance of less than a few 
ohm s and a voltage drop of about one 
volt. As long as sufficient curr ent is passed 
by the c ircuit, the device w ill rema in in the 
"on" condi t ion . At the point on the cu rve 
marked lh, the circuit is passing just 
enough current to keep the device in the 
"on" cond ition. If the current drop s below 
lh the diode switches back to the high 
resistance or "off" condition. 

Rate Ef fect 
In its "off" condition th e devi ce will pass 
a capacitive current in response to a 
sharply rising voltag e wave. If the rise 
rate of th is vo ltage wave is large enough 
(usually 10 to 100 volts / µSJ. sw itching 
occu rs below the DC swi tching volt age. 

M IN . TYP . MAX. UNIT 

125 µA 
250 µA 

0.5 15 mA 
14 50 mA 

40 mA 
5 mA 

5 µA 

1.2 V 
2.7 V 

2.0 n 

0.1 µ,sec 

5 µ,sec 

+I 

V-1 CHARACTERISTICS 

TERM S AND SYMBOLS 
V, Switching Voltage- Closest point to peak 

voltage in Region II where slope ol V-1 
curve is - JJ0P.. This definition is adopted 
because of instrnmenlation requirements 

I, Switching Current-Cu rrent which flows 
through the diode at Vs 

I,. Holding Current- The closest point to the 
minimum voltage in Region II where the 
slope of the V-1 curve is - 100!! 

Vh Holding Voltage-Voltage across the diode at lh 
1. Peak Current- Current which lhe diode can 

pass when in Region Ill: duration limited 
to 50 • s 

R0n ON Resistance-Slope ol V-1 curve measured 
at currents > lh 

11• leakage Current- Measured in Region I at 
60¾Vs 

V,b Reverse Breaker Voltage 

8 - 2 

COND ITIONS 

-60to + 125'C 

IN3831 -38 
IN3839-46 
IN3831 -38@ -4 0 "C 
IN3839-46@ +85'C 

60% of nom. Vs 

Ir = 70 mA 
Ii = 5A (pulsed) 

Ir= 70 mA 
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TYPE E 4E20 - 4E200 
COMMERCIAL SERIES DIODE THYRISTORS 

4-LAYER DIODE THYRISTORS 
• Firing Voltages 20 to 200 volts 
• Switching current < 125 µA@ 25°C 
• ON resistance < 2Q @ 70mA 

The ITT diode thyristor is a reliable negative resistance device 
designed for use in switching circu its. Typical app lications include 
ring counters, matrixes, pulse generators, relay drivers, multi
vibrators, pulse modulators, and timing circuits. 

ELECTRICAL SPECIFICATIONS 

Switching Holdi ng 
Reverse Breakdown 

TYPE Voltage (V,) Current (1, ) 
(Volts) (mA) 

4E20-8 20 ± 4 1-15 
4E20-28 20± 4 14 -45 
4 E30-8 30 ± 4 1-15 
4E30-28 30 ± 4 14-45 
4E40-8 40 ±4 1-15 
4E40- 28 40± 4 14-45 

4E50-8 50 ± 4 1-15 

4E50-28 50 ± 4 14,45 

4E80-8 80± 8V 1-15 
4 E80-28 80 ± 8V 14-4 5 
4E100·8 100 ± 10 1-15 
4E100-28 100± 10 14-4 5 
4 E200·8 200 ± 20V 1-15 
4E200 -28 200 ± 20V 14-45 

Series A ( Broad Spec) 

4E20A 20 ± 6 0.5-60 
4E30A 30 ± 6 0.5-60 
4E40A 40 ± 6 0.5-60 
4E50A 50 ± 6 0.5-60 
4E80A 80 ;, 8 0 .5· 60 
4E100A 100± 10 0 .5·60 
4E200 A 200 ± 20 0.5- 60 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS 

Voltage (Min.) 

12 
12 
18 
18 
24 
24 
30 
30 
48 
48 
60 
60 

120 
120 

12 
18 
24 
30 
48 
60 

120 

DIMENS IONS 

~~: -- -- ~ _£:IIOMA X. 

➔- =={ - )=a -➔ 
LL6o -L.2 90 JT t20 J 

t~O .250 100 

00-7 

MECHANICAL DATA 

Case: 
Hermetically sealed glass 

Finish: 
All external surfaces corrosi on 
resi stant and leads readi ly 
solderable 

Leads: 
Dumet, tin plated 

Weighl: 
0.135 grams (approx.) 

Mount ing Position: 
Any 

Marking : 

Cathode band 
Type number 
Manufacturer's Symbo l 

UNITS 

Average Forward Current, 50 "C .. .. .. . • . . . . ... . . .. .. . ... • . ... . .. . .. 
Power Dissipation, 50 "C . .. ..... . . ... .... . .... . ... . . ... • .. ...... .. 
Power-Temperature Derating .. . ... • . . .. . . . .. . . .. . . . ... ... . . .. . .. . . 

150 
150 
1.5 

mA 
mvy 
mW/° C 

Reverse Breakdown Voltag e 
from TA= -40 to + 70 "C .. . . ........ . . • ... . . . . .... . . . . . ...... . • . nominal Vs/2 min. 
Operating and Storage Temperature ... . ............ . ......... .. . . .. . - 40 to + 70 ·c 

8-3 

I 



TYPE E 4E20 - 4E20 0 

ELECTRICAL CHARACTERISTICS @ 25•c unless otherwise noted 

SYMBOL 

Is 
(forward switching current) 

1 .. (OF F state) 
(forward leakage current) 

VoN 
(forwar d vo ltage drop) 

r .. 
(dynam ic forward impedance) 

t.,., 

tou 

HOW THE 4-LAYER DIODE OPERATES 

The voltage -cu rrent characte rist ic for the 
4-layer diode shows t hree essential oper 
ating regions: 

1- "off' or high resistance state 

II -tr ansition o r negative resistance 
state 

I1I-'"on·· or low resistance state 

This curve is shown on a very expanded 
sca le (non- linear) for illustrat ion pur 
poses only. Note that as the voltage 
rises and reaches th e switching voltage 
(Vs), the device begi ns to switch "on." 
The current at this point (Is) is typically 
several microamperes . The device switches 
because of an int ernal feedback mecha
nism allowing the d iode to pass a steadi ly 
increasing current as the voltage decreases 
(nega tive resistance state, Region II) . 
When "on" (Region Il l), the 4-laye r 
diode passes a current which is lim ited 
princ ipally by the externa l c ircuit. 

In th e " on" state, the device has a 
dynam ic resistance of less th an a few 
ohms and a voltage drop of abou t one 
volt. As long as suffi cien t current is passed 
by the circuit, the device will remain in the 
"on" cond ition. At the po int on the curve 
mark ed lh, the circuit is passing just 
enough current to keep the dev ice in the 
"on " condition. If the current drops below 
1, th e diode sw itches back to the high 
resistance or "off" condition. 
Rate Effect 
In its "off" cond ition t he devi ce w ill pass 
a capacitive current in response to a 
sharply rising voltage wave. If the rise 
rate of th is voltage wave is large enough 
(usually 10 to 100 volts / µS), sw itching 
occurs below the DC sw itch ing vo ltage . 

MIN. TYP. MAX. U N IT 

125 µA 
250 µA 

15 µA 

1.4 V 
1.2 V 

2.0 Q 

0.1 µsec 

5 µsec 

ti 

V-1 CHARACTERISTICS 

TERMS AND SYMBOLS 

V, Switching Voltage-Closest point to peak 
voltage in Region II where slope ol V-1 
curve is -3 30!!. This definition is adopted 
because of instrumentation requirements 

I, Switching Current-Current which flows 
through the diode al Vs 

lh Holding Current- The closest point to the 
minimum voltage in Region II where the 
slope of the V-1 curve is - 100!! 

Vh Holding Voltage-Voltage across the diode at 1, 
IP Peak Current- Current which lhe diode can 

pass when in Region Ill; duration limited 
lo 50 • s 

A.., ON Resistance-Slope ol V-1 curve measured 
at currents > 1, 

I;, leakage Current- Measured in Region I at 
75% Vs 

V,b Reverse Breaker Voltage 

8- 4 

COND ITI ONS 

-60 to + 125 •c 

75% of nom. Vs 

1, = 70 mA® Vs 80.100, 200 
1, = 70 mA @Vs 20 , 30, 40,50 

1, = 70 mA 
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TYPE E 
M ILITA RY SERIES 

4-LAYER DIODE THYRISTORS 
• Firing Vo ltages 20 to 200 vo lts 
• Sw itching current < 125 µA @ 25°C 
• ON resistance < 2Q @ 70mA 

The ITT diode thyristor is a reliable negative resistance device 
designed for use in swi tching circuits. Typ ical appl ications include 
rin_g counters, matrices, pulse generators, relay drivers, multi
vibrators, pulse modulators, and t iming circuits. 

ELECTRI CAL SPECI FICAT IO NS 
Mi l- Line Series for extended temperature ranges 

Switching Voltage (Vs) Holding 
TYPE Current {lh) 

25 ' C - 60 to 125 °C (mA) 25•c 

4E20M-8 20±4 14-25 1-15 
4E20M -28 20 ± 4 14-25 14-45 
4E30M-8 30 ± 4 23-36 1-15 
4E30M -28 30 ± 4 23 -36 14-45 
4E40M -8 40 ± 4 32-46 1-15 
4E40M -28 40 ± 4 32-46 14-45 
4E50~-8 50± 4 41-57 1- 15 
4E50M -28 50± 4 41-57 14-45 
4E30M -8 80 ± 8 68 -92 1-15 
4E30M -28 80 ± 8 6>8· 92 14-45 
4E100M-8 100 ± 10 80-115 1 -1 5 
4E100M-28 100 ± 10 80 -115 14-45 
4E200M-8 200 ± 20 160· 230 1 -15 
4E200M -28 200 ± 20 160-230 14-45 

ABSO LUTE MA XI MUM RATING S 
CHARACTERIST ICS 

Reverse Breakdown 
Voltage (M in.) 
- 60to 125 °C 

10 
10 
15 
15 
20 
20 
25 
25 
40 
40 
50 
50 

100 
100 

4E20 M - 4E200M 
DIODE THYRISTORS 

DIM ENSIO NS 

.022 ~ - - ---.. _I:1 10 MAX. 

.o,s F 
4 - 4 - -s 

[~-L-~ .--12~0J 
l40 .250 LOO 

D0-7 

M EC HA NICAL DAT A 

Case: 
Hermetically sealed glass 

Finish: 
All external surfaces corrosion 
resis tant and l eads readi ly 
solder able 

Leads: 
Dumet, tin plated 

Weight : 
0.135 grams (app rox.) 

Mounting Position : 
Any 

Marking: 

Cathode band 
Type number 
Manufacturer' s Symbol 

UNIT S 

Average Forward Current, 50 ' C .. . .. . .. . . . . . . ... .. . . • .. . .. .. .. 
Power Dissipation, 50 ' C . . . . ....... . .... • .... . . . . . . • .... . . . .. 
Power-Temperature Derating .. .. • . . . . .. . . ... . • ... • . • . . .. . ... . .... . 

150 
150 
1.5 

mA 
mW 
mW/ ' C 

Reverse Breakdown Voltage 
from TA= - 60 to + 125 · c .. . ... . . .. . . • ... . . ....... . . . .. . . . ..... . 
Operating and Storage Temperature. . . . . . . . . . . . . . . . . . . . . • .. .. . . . . • . 

8 - 5 

nomina l Vs/2 
- 60to + 125 

min. 
·c 

I 



TYPE E 4E20M - 4E200M 

ELECT RICAL CHARACTERISTICS @ 25•c unless otherwise noted 

SYMBOL 

Is 
(forward switching current) 

1,k (OFF state) 
(forward leakage current) 

VoN 
(forward voltage drop) 

r.,., 
(dynamic forward impedance) 

Ion 

loff 

HOW THE 4-LAYER DIODE OPERATES 

The voltage-curren t characterist ic for the 
4 -layer diode shows three essential oper
atin g regions: 

I-'"off' ' or high resistance state 
II-transit ion or negative resistance 

state 
I11- "o n" or low resistance state 

This curve is shown on a very expanded 
scale (n on-l inear) for illustration pur
poses only. Note that as the voltage 
rises and reaches the sw itchin g voltage 
(Vs), the device begins to switch ··on:· 
The current at this point (I s) is typi cally 
several micro amperes. The device sw itches 
because of an internal feedback mecha
nism allow ing the d iode to pass a steadily 
increasing current as the vo ltage decreases 
(negative resistance state, Region II). 
When " on" (Region Ill), the 4-layer 
d iode passes a current which is limited 
principa lly 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 suff icient current is passed 
by the circuit, the device will remain in the 
··on" condition. At the point on the curve 
marked lh, the circu it is passing j ust 
enough current to keep the device in the 
··on·· condition. If the current drops below 
I• the diode switches back to the high 
resistance or "off" cond it ion. 

Rate Effect 
In its "off" con dit ion the device wi ll pass 
a capacitive current in response to a 
sharply rising vol tage wave . If the rise 
rate of this vo ltage wave is large enough 
(usually 10 to 100 volts / µS), sw itching 
occurs below the DC sw itching voltag e. 

M IN. TYP . MAX . UN IT 

125 µA 
250 µA 

15 µA 

1.4 'V 
1.2 V 

2.0 n 

0.1 µsec 

5 µsec 

+I 

V-I CHARACTERISTICS 

TERMS AND SYMBOLS 
V, Switching Voltage-Closest point to p, 

voltage in Region II where slope of 1 
curve is -33 0D. This delinit ion is adopt• 
because of instrumentation requirements 

I, Switching Cvrrent- Current which fl ows 
through the diode at Vs 

lh Holding Current- The closest point to the 
minimum voltage in Region II where the 
slope of the V-I curve is - 100!! 

Vh Holding Voltage- Voltage across the diode at lh 
Ip Peak Current-Current which the diode can 

pass when in Region Ill; duralion limited 
10 50 µs 

R •• ON Resistance- Slope of V-I curve measured 
at currents > lh 

I" Leakage Current- Measured in Region I at 
75% Vs 

v,. Reverse Breater Voltage 

8-6 

COND ITIONS 

-6 0to +1 25 ·c 

75% of nom. Vs 
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"*APPLICATION NOTES FOUR-LAYER DIODE 

TWENTY-FOUR CIRCUIT APPLICATIONS FOR ITT 4-LAYER DIODES 

THEORY OF OPERATION 
The ITT Semiconductor Four-Layer Diode is a 
, wo-t erminal semiconductor sw itch , sometimes 
referred to as a negative-resistance diode. 
These PNPN si licon devices are useful in many 
app lica tions including pulse generators, oscil
lators, telephone switching, sweep generators, 
and multivibrators. 

The diode hos two stob le stoles; the ON or 
low impedance slate, a nd the OFF or high im
pedance state. To turn the device ON, voltage 
ocross the terminals must exceed the switching 
voltage (V,). The device con be turned OFF by 
reducing the current through the device be low 
the holding current Ohl-

Figur e 1 

m 

Ih ----, I n 
Is I I 

I I 

Vh Vs 

Figure 1 is the V-1 characteristic of a typicol 
device . V, is the poin t ot which the device 
breaks down and switches to the ON stole 
where curr en t is limited only by the external 
circuit impedance. 

lh is the minimum current that must be possed 
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. 

ANODE 

p 

N 

p 

N 

CATHODE 

Figure !2A 

p 

N 

F'igure2 R 

T l. 

The PNPN diode con be thought of as a 
complime ntory pa ir of transistors, one a PNP 
and the other on NPN as shown in Figure 2A. 
Figure 28 shows the two trans istors as they 
would oppeor schemoticolly . The collector of 
T2 drives the base of T1 giving rise to a positive 
feedback loop with a gain of B1 B2. As long as 
81 B2 is less than 1 the equivalent circuit is 
stable with the upper and lower PN junct ions 
biased forward and the midd le iunc;:tion re
versed biased. In this condition only a small 
leakage current flows. 

The diode will remain in this condi tion unti l 
e ither the temperature or the anode voltage is 
increased to a point where 81 B2 = 1. At this 
po int, the middle junction breaks down and 
the circuit becomes regenerative. This occurs 
because the collector of each transistor sup· 
pl ies current to the base of the complimentary 
transistor in the equiva lent circuit and the ir 
Betas are curre nt dependent . As soon as they 
reach unity the device effectively "runs away" 
or "flres " and the current through the circuit is 
limited only by external impedance. 

voe 
Figure S 

+c 

I 
**Appli ,cation notes will be found in the last pages of this section. 
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APPLICATION NOTES FOUR-LAYER DIODE 

CIRCUITS 
Relaxation O scilla tor 

Figure 3 illustrates a circuit used for oscillo• 
tor, sweep generator, and timing ap plications. 
The outp ut is a sow-tooth vo ltag e th e amplitude 
of which is dependent on th e di od e V,. Fre
quenc y is dependent upon the RLC time con
stant and the supply voltag e. The supply voltage 
should be chosen so that the chargin g of C is 
done in the linear portion of the curve. When C 
reach e s V, the diode br e aks dow n and con
ducts . C rapidly discharg es throu gh the diode. 
RL should be large enough so tha t it will not 
poss lh or the diode will r emain in the ON con
dition ofter C hos discharg ed. With C dis
charg ed the diode turns OFF and C commences 
to cha rg e again. RL must be ab le to poss the 
switching cur rent (I,) whe n C rea che s V, and 
the diode f\res again. 

J\ 
C 

7 

C 

V 
R2 

V 
7 

8 - 8 

Triggered Pulse Gene rators 

These circuits ore used mainly for generati ng 
or amplifying pulses and for triggering pu r
poses. They ore similar to Figure 3 except thot 
the switchin g voltage of the diode is great e r 
than the supply voltage, Four varia tions, with 
their input and output pulses, ore shown in 
Figure 4. A p ulse, larg e enough to break do wn 
the diode, is capacitively co upled either po si
tive to the anode or negative to the cot hod e. 
The conventional diode is used to present a 
high impedance to the input pulse. 

7 

Figtrre 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 d iode is greater than the 
supply vo ltage . In Figure 5, a negative pul se 
is applied to the cathode which breaks do wn 
the diode. C, which was charged to Voe 
through R, d ischarg es through the diode, L, 
and RL. This is a resonant circuit and the wa ve 
shape acros s RL is a half sinusoid. When the 
current go es through zero, the voltage acro ss 
the diode b ecomes negative , turning it OF F. 
A small pos itive outpu t will occur due to th e 
pulse recovery current through the diode . 

Figure 6 

L2 

1f o-j 

7 



APPLICATION NOTES FOUR-LAYER DIODE 

Figure 7 

This type of genera to r does not depend on 
R bein g large enough not to pass ih but rather 
on the fact that ringing of the L-C loop turns 
OFF the d iode. During the OFF half cycle C 
charges to Voe bu t in the opposite pola rity. 
With the completion of the output pulse and 
the cessation of ringing, C beg ins to recharge 
toword the powe r supp ly vo ltage and po larity . 
Figures 6 ond 7 illustrote the some principle 
but with a resonant charging circuit, C may 
charge to approJ<imately twice the supply 
voltage if the circuit Q is high. The resi stanc e 
of L must be . large enough to keep the current 
through the four-layer diode below its rated 
maJ<imum. The anode of the diode must be kept 
negative long enough to turn complete ly OFF, 
othe rwise the diode will turn bock ON when 
the anode goes posit ive, This requ irement 
limits the max imum operating repetition rate. 

voe 

lf 

C 

7 

Figure 8 

Magnetic Memory Driver Circuits 

The purpose of o magnetic memory driving 
circuit is to prov ide a curre nt wove form which 
reads the memory and then restores (writes) 
the initial flux condition . In Figure 8, the V, of 
the fou r-lay er diode is greater than Voe, C 
charges to Voe through RL When a negative 
pulse of the prope r magni tude is coupl ed to 

8-9 

the cathode, the four-layer diode (D1) conducts. 
RL is made large enough so that it will not 
deliver the minimum ih, C discharges through 
the four-layer diode (D11 the convent iona l 
diode (D2), and !he induct ive load. C must be 
large enough lo supply the "read" peak cur• 
rent . The shape of the cu rve is dependent on 
the inductances and R1. The RLC product must 
be selected so that C charges in less time than 
the time from the e nd of the "read" pulse lo 
the beginn ing of the next complete cycle. 

Li OFF o-j 
02 

1 r o-J( 
LJ ON 

Figure 9 
7 

Relay Driver s 

In Figure 9, V, is greater than Voe, A nega
tive pulse on the cathode turns 0\ ON. It re
mains in this stole until it is pulsed OFF by a 
negative pu lse on the anode. Thisis a typical 
relay driver app lica tion . D2 prevents excessive 
spiking caused by the relay inductance. 

Figure 10 

Stroboscope 
In Figure 10, the four-layer diodes replace 

thyrot rons as triggers to activate a stroboscope 
flash tube. The diodes form a relaxation oscil-

lator del ivering pulses up to 150V at o few 
hundred per second depending on the circuit 
constants . Because of the pulse magn itude two 
d iodes ore used in series with equalizing re• 
sistors across them. 

I 



APPLICATION NOTES FOUR-LA YER DIODE 

RI e R2 

t------11-- -- --.. B 

0 1 02 

Figure 11 

A-Stab le Circuit 

Voe Is greater than V, of both diodes in 
Figure 11. When power is applied, one of the 
diodes will conduct. Let it be assumed that D1 
fires first. Point A will go approx imat ely lo 
ground potential and the current through R1 
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 V, volts. This puts a negative voltage 
al 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 
V,. C therefore charges through R1. The circuit 
osc illates bock and forth from D1 to D2 with the 
frequency dependent on R1 C and R2C and on 
Voe and the switching voltage of the diodes. 

01 

Figure 1:2 

Voe 

e 
+ 

(-o 
7J 

Monostable Multivibrator 

If d iode D1 in Figure 12 is selected so that 
its switching voltage is less than Voe, and diode 
Di's is grea ter than Voe, diode D1 will normally 
be in the ON condition and D2 will be OFF. 
Capacitor Cwill charge through R2. When D2 is 
pulsed ON, D1 will turn OFF due to the com• 
mutat ing action of C. The voltage at po int A 
will th en start rising as C charges through R1 
and D2. When the voltage at point A reaches 
the switchover voltage of D1 ii will turn ON and 
D2 will turn OFF until a nother p,ulse is received. 
Frequency is determined by R1C, Voe, and V, of 
diod e D1. 
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Figure 13 

e2 
+ 

A modiflcalion of the gate circuit where bo t h 
diodes are in the OFF stole until a pulse is 
applied is shown in Figure l 3. The V, of D1 is 

slightly high er than Voe. A pulse of current is 
applied through RL which t ur ns D1 ON. C2 
charges through D1 and R2 to Voe. C1 charge s 
through R1 and D1 toward Voe also. When the 
voltage at point A reac hes V, of D2, it will com• 
mence to conduct . The voltage rise at B is 
commuta ted back to D1, turning ii OFF, which in 
turn, turns O FF D2. 

01 

voe 

1f 

Figu.re 14 

Bi-Stable Multivibrator Flip-Flop 

The V, of both diodes ore chosen so tha t 
they ore greater than Voe in Figure 14. Whic h• 
ever diode is ON, it remains in that conditio n 
until a trig ger pulse arrives tur ning OFF the 
diode which was ON and turning ON the prev i
ously OFF diode by the commutat ing action 
of C. 

By interchanging one 4-loyer diode with 
its series cathode diode, the circuit will becom e 
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 neg<>· 
live pulses only a nd diode 2 on positive puls es. 
Therefor e, a positive pulse keeps branch B ON 
and a negative pulse keeps branch A ON . 
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Figur e 15 

Figur e 16 VI 

V2 

A 

01 
CR I CR2 

TL...--_;_-_. J 
6v 

A different steering circuit ls shown in Figure 
16. Assume thot D1 is ON. Point A will be op
proximately at ground potent ial and point B 
at V1. When a negative pulse is opplied it is 
b locked by CR1 but passes through CR2, causing 
switchover to take place . Current from V2 
passes through Rand D2 la ground. The principal 
source of current for the conducting branch 
is V2. The RL's are needed to maintain o voltage 
of less than V, across the Off diode. 

Jl 
o-j 

l.f 

voe 
Figure 17 
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Ring Counters 

The bas ic requirement of a ring counter is 
to turn one stage ot a time ON in a simple 
progre ssion. Each time a trigger pulse is op • 
plied, the ON stage will adva nce one stage. 
The circu it forms a closed loop, or ring, so that 
when the final stage has been activated the 
next puls e will move the ON condition bac k la 
the first stage wh e re th e cycle begins over 
again . In figure 17, one stage will turn ON as 
soon as power is applied. The commuloling 
capacitor C betw e en 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 Ye l a drop almost to g round 
potential, which in turn, causes VA la drop a l 
the same time due to the coupling ac tion of C1. 
Since R1 is large enough so that a current of 
less than lh flows through the trig ger diodes, the 
pulse is only momentary. The drop in voltage 
al A turns Off the ON diode . At the same 
time C1 begins ta charge and th e voltage at A 
rises again. 

The voltage at the high end of the charged 
commutating capacitor C adds lo VA causing 
the next stage ta fire. The repeti lion rate of the 
output pulses equa ls the rate of the trigger 
pulses div ided by the number of stages. 

3 

Figur e 18 

Telephone Switching 

When trigger signa ls of the polarity shown 
in figure 18 ore simultaneous ly applied to the 
lines, one of posit ive polarity to lines 1, 2, or 3, 
and the athe.r 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-layer diode A will conduct con
necting them together. The series resistors 
allow a current greater than lh to flow, thus 
keeping the diode in the ON stale . To open the 
circ\lit, a contact is opened to interrupt the 
flow of current through the diode which will 
then revert la its OFF condition. 

I 
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REGULAR 
POWER 

SUPPLY 

Figure 19 

EMERGENCY 
POWER 

SUPPLY 

Emergency Power Transfer 

In th e normal state, the 4- loyer diode in 
f igure 19 is OFF and the regu lar po wer supply 
is the so urce of power for the loa d Rt, If the 
supply voltage should foll off for a ny reason, 
the voltage at point A will drop. If this change 
in volta g e is sufficien t to ca use t he P,Olential 
from B to A to exceed the dio d" V,, it will turn 
ON and the emergency po wer supply will 
provid e power to the load until the condition 
is corrected. 

lJ 

Figure 20 

Rectifier Control Circuits 

Figure 20 illustrates a method fo r controlling 
the po wer output of a rectifi e r b y varying the 
point at which a 4-layer dio de is triggered. 
Pulses may be applied at a ny ph ase angle 
from the start of the input wavefo rm (100% 
power ) to 180 ° (zero power). 
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Figur e 21 

In figure 2 1, succeeding half cycles can 
have different firing ang les since there ore two 
control diodes, one for each leg of the rectifier 
circuit. 

Figure S!Q 

A.C. 

A 

c· 

AC Control Circuits 
The circuit in figure 22 is useful for the con 

trol of AC power in such applications as ligh t 
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 contro l 
diodes and thus the amount of current throug h 
the load. 

The load re sistor of the oscillator and C se t 
up the time con>lant to fire the trigger diode s 
at approxima tely 90 ° in each half cycle. Whe n 
a positive input cycle occurs the diode A will 
break down at approx imotely 90°. The charge d 
copocitor 't will discharg e through diode A 
with the resul t that a negative pu lse will appea r 
at point C1. 

This pulse will turn ON control diode Al which 
will allow current to flow until the half cycle is 
completed. Both diode s will then turn OF F 
since the current through them will drop belo w 
th eir holding current. This cycle is repeate d 
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 1 
circuit has a frequency of just under 60 cycles 
per second. The half-wave supply circuit at its 
anode causes the frequency of the oscillotor 
to be synchronixed 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 D2. As the voltage across D2 is increased by 
decreasing the cathode potential, the negative 
peak of the waveform from D1· will exceed V, 
of D2 putting it into oscillation at a frequency 
much greater than that of D1. This signal is fed 
to th e gate of the SCR which is flred by the 
steep wave front at the ,tart of oscillations , 
The timing of the conduction of the SCR is 
controlled by the setting of the potentiometer. 
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FOU-R-LAVER DIODE 

lJ 

7 

Figure 24 

Inverter Circuits 
The circuit in figure 24 is o typ ical power 

inverter used to convert DC power to AC power 
over o 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 D1. The battery supplies current 
through the coil L, primary 1 and D1. The re
flected load limits the current through 01. 

When a negative trigger pulse is applied D2 
will conduct. The commutating capacitor C 
which is refl ected into the primary from across 
RL will cause point A to go negative thus turn
ing Off D1. 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 voltoge of the diodes must 
be greater than 2XVoc 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. 

I 
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THYR ISTOR DIODES 
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DO-7 PACKAG E 

Rtvt rn 

TYPE 
Switi:hinv Voltage (Yi ) Holding Current (lb) Bru k• 

C1p1ci-
t l nCI 

(Vohs) 
25'°C - 40 to 85°C 

(Milli1mps) 
25.,C - 40°C 

1N3831 20 ± 4 14-25 0.5-15 40 max 
lN3832 25 ± 4 19-30 0.5-15 40 max 
l N3833 30 ± 4 23-36 0.5-15 40 max 
l N3834 35± 4 28-41 0.5-15 40 max 
1 N3835 40 ± 4 31-46 0.5·15 40 max 
1 N3836 45 ± 4 37-51 0.5-15 40 max 
1 N3837 50 ± 4 41-57 0.5-15 40 max 
1 N3838 100 ± 10 80-115 0.5-15 40 max 

TYPE 
Switching Vol11g1 (Val 

(Volts ) 
Holding Cuuent (lb) 

2S° C - 40 to 58°C 
(Milliampsl 

25' C as•c 
1 N3839 10 ± 4 
1 N3840 25 ± 4 
lN3841 30 ± 4 
l N3841 35 ± 4 
1N3843 40 ± 4 
1 N3844 45 ± 4 
1 N3845 50 ± 4 
l N3846 100 ± 10 

Commercial Seri es 

TYPE 

4E20·8 
4E20-28 
4E30·8 
4E30-28 
4E40-8 
4E40-28 
4E50-8 
4E50-28 
4E100·8 
4E100,28 
4E200-8 
4E200-28 

14·25 14-50 
19-30 14-50 
23-36 14-50 
24-81 14-50 
32-46 14-50 
37-51 14-50 
41-57 14-50 
80-115 14-50 

Switi:hing 
Voltag e jV1) 

(Volts) 

20 ± 4 
20 ± 4 
30 ± 4 
30 ± 4 
40 ± 4 
40 ± 4 
50 ± 4 
50 ± 4 

100 ± 10 
100 ± 10 
200 ± 20 
200 ± 20 

5 min 
5 min 
5 min 
5 min 
5 min 
5 min 
S min 
5 min 

down ITypic■I ) 
25°'C OV BiH 

12v min 80 pf 
15v min 70 pf 
18v min 60 pf 
21v min 50 pf 
14v min 45 pf 
27v min 45 pf 
30v min 40 pf 
60v min 30 pf 

Rt Vlfst Capaci-
Bnak- tanu 
dow n ITypic, I) 
25' C OY Bies 

12v min 80 pf 
15v min 70 pf 
18v min 60 pf 
21v min 50 pf 
24v min 45 pf 
27v min 45 pf 
30v min 40 pf 
60, min 30 pf 

Holdin9 
Curren t (lb ) 

lmA) 

1-15 
14-45 
1-15 

14-45 
1-15 

14-45 
1-15 

14-45 
1-15 

14-45 
1-15 

14-15 

r --=!=t :::.::. r-;- T(fll:IAHAL 

·•• L 
~ ..... . 
I ·-1 1-..... . 

1.25 JL l_--u-02,01A. 

TOP HAT 

Mil-Line Series for extended temperature range s 

Switching Voltage (Y,I 
TYPE 

25' C -60 to 12s0 c 

4E20M-8 20 ± 4 14-25 
4E20M-28 20 ± 4 14-25 
4E30M-8 30 ± 4 23-36 
4E30M-28 30 ± 4 23-36 
4E40M-8 40 ± 4 32-46 
4E40M-28 40 ± 4 32-46 
4E50M-8 50 ± 4 41-57 
4E50M-28 50 ± 4 41-57 
4E100M-8 100 ± 10 80-115 
4E100M-28 100 ± 10 80-115 
4E200M-8 200 ± 20 160-230 
4E200M-28 200± 20 160-230 

Series A (Broad Spec) 

TYPE 

4E20A 
4E30A 
4E40A 
4E50A 

Switching 
Voh• R• (Va) 

IYolts) 

20 ± 6 
30 ± 6 
40 ± 6 
50 ± 6 

Holding 
Cun u t j fb) 

lmA) 

1-15 
14-45 
1-15 

14-45 
1-15 

14-45 
1-15 

14-45 
1-15 

14-45 
1-15 

14·45 

Holdi11g 
Cuutnt (lb) 

lmA) 

0.5-60 
0.5-60 
0.5-60 
0.5-60 

TOP-HAT PACKAGE-TYPE J 

Switching Holding 
TYPE Voltage IV,l Current (lh} 

(Volts) (mA) 

4J50-5 50 ± 5 1-10 
4J50-25 50 ± 5 9.45 
4Jl00-5 100 ± 10 1-10 
4J100-25 100 ± 10 9.45 
4J200-5 200 ± 20 1-10 
4J200-25 200 ± 20 9.45 

Current Carrying Capacity: 300 mA steady de. 
Maximum peak current rating 20 amperes - dependent on duly factor. 
repetilion rate. pulse duration, ambient temperature. 
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SILICON PLANAR 
EPITAXIAL 
TUNER 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 respective ly. The 
high guaranteed capacitance rat io of these diodes al lows design of 

electronically tuned FM tuners for 12V operat ion. 

ABSOLUTE MAXI M UM RATIN GS 
UNITS 

Power dissipat ion @ 50°G 150 mW 
Operating temperature range 0 to 90 oc 
Storage temperature range o to 100 oc 
Peak reverse voltage 30 Volts 

9 -1 

ITT-109~ 
TUNER DIODE • 

DIM ENS IONS 

DOUBLE PLUG DIODE 

I 



ITT-109 

ELECTRICAL CHARACTERISTICS (T1=25°C unless otherwise specified) 

ITT 109 
SYMBOL UNITS CONDITIONS 

MIN. TYP. MAX. 

c, 30.0 pF v.=3V 

4.2 6.5 pF V•= 25V 

C(V 3V) 
5 

C(V-25V) 

Rs 0.5 Ohms v. =3V, f=100MH z 

Q 200 280 VR=3V, f=47MHz 
90 VR=3 V, f= 100MHz 

55 VR=3V, f=170MH z 

Ls 2.5 nH 

,. 0.5 µA v.=28V 

NOTES: 
The error of matching in capacitance within a matched set in the voltage range V • 3 ... 25 Volts is± 1.5%. 

These diodes ere available on request in matched sets of any desired capacitance tolerance be tween O and 

25 Volts for special applications. 
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SILICON PLANAR 
EPITAXIAL 
TUNER DIODES (LOW INDUCTANCE) 

ITT silicon planar epitaxial iuner diodes are intended for televis ion 
receiver tuner applications where three or four units wil l provide com
plete coverage of the VHF and UHF broadcast bands respec tively. 
The high guaranteed capacitance ratio of these diodes al lows design of 
electronically tuned FM tuners for 12V operation. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS 

Power dissipation rf!' 50°C 

Operating temperature range 

Storage temperature range 

Peak reverse voltage 

Soldering temperature 

(5 secs. at body of diode package) 

150 

Oto 90 

o to 100 

30 
260 
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UNITS 

mW 

oc 
oc 
Volts 

•c 

ITT-141 ITT-142~ 
TUNER DIODES 

DIMENSIONS 

020 _[062 

~ CJ MAX 

l.:_U!2-t=~-1•- - -
MIN MAX. 

DOUBLE PLUG DIODE 

I 



ITT-141 ITT-142 

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise specified) 

ITT 141 ITT 142 
SYMBOL UNITS CONDITION S 

MIN. TYP . MAX. MIN. TYP . MAX. 

c, 11 12 pF V, = 3V 

2.2 2.5 2.0 2.5 3.0 pF V, = 25V 

Cs.ov 4.5 4.8 5.5 4.0 4.8 6.0 
C25v 5.2 

Rs 0.5 1.0 Ohms V, = 3V. f "' 330 MHz 

Q 300 160 V, = 3V, f=47MHz 
80 V, = 3V. f=100MHz 

80 50 V,= 3V. f = 170MHz 
30 V, = 3V. f = 470MHz 

f' 20 10 GHz V, = 3V, Q = 1.0 

f. 2.5 2.2 GHz V, = 25V 

Ls 2.5 2.5 nH At body of diode package 

v .. 30 30 Volts 

,. 5.0 5.0 µ A V, = 28V 

NOTES: 
The error of matching in capacitance within a matched set in the voltage range V ~ 3 . . . 25 Volts is !. 1.5%. 

These diodes are availab le on request in matched sets of any desired capacitance to lerance between O and 

25 Volts for special applications. 
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TY PICAL CHA RACTERISTICS 
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ITT-141 ITT-142 
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ITT-141 ITT-142 

TYP ICAL CHARACTERISTICS , continued 
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REVERSE CURRENT AS FUNCTION OF 
AEVCASE VOLTAGE tRr!IVR) 
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SILICON 
PLANAR 
EPITAXIAL 
CAPACITANCE DIODE 

The ITT - 210 is an improved variable capac itance diode intended 

for television receiver Automatic Frequency Control and other tuning 

applications between 1 and 1,000 MHz. 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS UNITS 

20 Volts 
150 MW 

0 to 100 cc 

Reverse Voltage Breakdown @ 51-'a 
Power Dissipation @ 50° C 
Operating Temperature Range 
Storage Temperature Range -50 to+ 150 cc 

ELECTRICAL CHARACTERISTICS @ 2s0 c unless otherwise noted. 

SYMBOL MIN. TYP. MAX. UNIT 

20 pF 
C 8 10 12 pF 

8.3 pF 
5 pF 

Rs 1.0 ohms 
Q 540 

I VF .85 1.5 I V. 

9- 7 

ITT 210 
AFC TUNER DIODES 

DIMENSIONS 

0 20 _[ ·062 

~ CJ MAX. 

~ ~ -..i=IB>. .1:-r . I 
MIN. MAX. 

DOUBLE PLUG DIODE 

CONDITIONS 

V,= 1.0V 
V, =4V 
V,=6V 
V,=10V 
F=30 MHz V, =2V 
F= 30 MHz V, = 5V 
IF =60mA 

I 



ITT 210 

TY PICAL 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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~HF/VHF 
WAVE 
IAND 
;WITCH 
"he ITT 243/244 is intended to replace mechanical devices , for 

witching channels or bands, in the frequency range of 10 to 1000 

/IHz. The different ial forward resistance is constant and extremely 

:mall over a w ide frequency and current range. The junc tion capaci

ance is smal l and re latively independent of voltage . 

:LECTRICAL CHARACTERISTICS @ 25°C 

teverse Voltage (Vr) 
:orward Current (If) . 
:orward Voltage (Vf) @ If = 100 mA 
leverse Current (Ir)@ Vr = 15 V 
unction Temperature (Tj) 
aorage Temperature (Ts) 

1YNAMIC CHARACTERISTICS @ 25°C 

1ifferential Forward Resistance @ f = 50 to 1000 MHz 
@lf = 10mA 

telative Change of Forward Resistance with change in 
orward Current 

unction Capacitance @ Vr = 15V . . . ... . . . . . . . 

elative Change of Junction Capacitance with change of 
~verse voltage 

eries Inductance (case) 

aralle l Resistance (Rp) @ Vr = 15V 

9- 9 
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ITT 243 ITT 244 
WAVE BAND SWITCH 

DIMENSIONS 

.I 
DOUBLE PLUG DIODE 

ITT 244 

UNITS 

20 Volts 
100 mA 

< 1 Volt I 
< 100 n Amps 
100°c 
- 55 to + 100°c 

ITT 243 

o.5n (TYP 0.4!1) 1n (TYP 0.7 fl) 

3%/mA 5%/mA 

< 2.2 Pf < 2.2 Pf 

1%/V 1%/V 

< 2.5 nH < 2.5 nH 

1 M l1 1 M 0 



ITT 243 ITT 244 

FOWARD CURRENT VS VOLT AGE Q FOWARD RESISTANCE VS FOWARD CURRENT 
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ZTK 33 ZTK 33A ~ 
MONOLITHIC SILICON REFERENCE DIODE 

MONOLITHIC 
TEMPERATURE COMPENSATED 
ZENER DIODE 
• SINGLE MONOLITHIC ELEMENT 

• HERMETICALLY SEALED TO-18 

• MAXIMUM T.C .. 005%/°C 

The ZTK33 Series is a new typ e of reference voltage temper atur e 
compensation device which uses p roven integra ted circuit tech
nology. Devices are hermetically sea led monolithic elements 
possessing an unusu ally high degree of stabi lity with maximum 
temperature coefficients of .005% / ° Cover the temperature range 
of - 55° C to + 100° C. The ZTK33 Series voltage ranges fro m 30 
volts to 36 volts with a ± 5% Vz tole ranc e a round each individual 
unit's nom inal vo ltage. Special se lection can be performed to 
provide devices with tighter tem peratur e coefficients or volt age 
tolerances for custom circ uit applications. A me tal heat sink 
is available where thermal e nv iro nment warrants. 

GENERAL DATA: 
Case . . .. .. . . .. ...... . 
Mounting Position .. . 
Polarity .. 

Operating Temperature 
Storage Temperature .. 

TO-18 Met al 
. Any 

. . Cathode To Case, 
Tab indicates Anode 

-55°C to +125 ° C 
- 55°C to + 125°c 

ELECTRICAL CHARACTERISTICS (T" =25 °C): 
-

Zener Zener Voltage Maximum 
ITT Test V,@l u Dynamic 

Device Curren! Impedance (2) 
Type (1) h , Min. Max. z,,@1,, 

mA Volts Volts Ohms 

ZTK33 5 30 36 25 

ZTK33A 5 30 36 25 

(1) Device Type: No Suffix; o0 c to + 25°C to + 70°C 
"A" Suffix; -55 °C to + 25°C to +1oo•c 

(2) Dynamic Impedance: Measure,d by superimposing a .50mA AC Signal. 

DIMENSIONS 
(IN INCHES) 

.195 ...I 

.1,s I 
-i-

Maximum 
Zener 

Current 
hM 
mA 

10 

10 

.230 

.210 

.500 
MIN .LENGTH 

.220 
±. 010 

I 

ZTK 33 OUTLINE 

.015 DIA . 
= .003 

b::::7t1 _J_-$-,120 
DIA .. 125 :!: .005 

= .oos + 1 1 ,----, .MS : :_J.625 
I I 
I I 
I I 
I I 
iJ I 

HEAT SINK 

Maximum 6 V, Over 
Temperature Range (3) 

V,= 30V. V,=36V. 
Volts Volts 

.105 .126 

I 
.232 .279 

(3) Maximum fj, Vz: All Devices possess a maximum ::!:.005%/° C Temperature Coefficient over the specified temperature range. 
Maximum 6 v, limits applicable to total V, distribution. 

9- 11 
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ZTK 33 ZTK 33A 

FIG. 1 FIG. 2 

Typical Transient time lapse from t:, Vz after 
operation a. without heat sink b. with heat sink. 

Typical Change of Dynamic Impedance wi th 
Zener Current. 

1.2 
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I I 
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40 
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\ 
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7 min 

FIG. 3 
Typical Change of Temperature Coeffic ient with 
Zener Current. 
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1N702 thru 1N726 1N746 thru 1N759 1N957 thru 1N973 ® 

SILICON 400 mW ZEN ER DIODES 

400 mW SILICON 
ZENER DIODES 
• HERMETICALLY SEALED 

• INDUSTRY PREFERRED 

• D0 -7 GLASS PACKAGE 

The 400 mW Zener Diodes specified herein are al l industry pre
fer red JEDEC types being supplied in the following packages : 
1N702 through 1N706 and 1N746 through 1N753 in D'O-7 pack
age, 1 N707 through 1 N726 and 1 N754 through 1 N759 in DO-35 
package, 1 N957 through 1 N973 in D0-35 package. 

Nomina l voltages range from 2.7 vo lts thr u 33 volts. Special 
selection can be performed to prov ide devices for custom ci rcuit 
applicat ions. All units are 100°-:. tested and capable of meeting 
stringent environmental test requ iremen ts of MIL-S-19500. 

MAXIMUM RATINGS 

Junct ion and Stor age Temperatures 
D.C. Power Dissipation 
Derating Per derat ing 

Zene r Zener Oynitm ic Rovotso Reverse 
Vol1age Current lmpeda,ncti Current VOlt$ge 

l YPE v, (voUs) 1, ( MA) Z, {ohms ) (uA) (vo1ts) 

1N702 20 /3 2 5 so - -
1N703 3 .0 / 3 .9 5 55 - -
1N704 3 7 / 4.5 5 45 - -
1N705 4 .3 ( 5 4 , 35 - -
1N706 5 216 4 5 20 - -
1N707 U 2 / 8 0 5 10 - -
1N708 56 25 2 5 - -
1N709 ~ 2 25 • 1 - -
1N7Hi 6 B 25 47 - -
1N71t ,, 25 ~ 3 - -
1N71 2 • 2 25 6 0 - -
1N71J I ~ 1 12 7.0 - -
1N 71-! ! IC~ 12 so - -
1N715 . 11 0 12 90 

:N "• ! - -
12 0 12 10 0 - -

1Ni11 • 13 0 12 11 0 - -
rn 718 I 15 0 12 13 0 - -
1N71 9 16 0 12 15 0 - -
1N720 \ ij 0 12 17 0 - -
1N721 20 ~ • 20 0 - -
1N722 22 0 , . 0 - -
IN723 24 U 28 O - -
1N7i! 4 27 C 35 0 - -
\ N725 30 0 .n o - -
l f\' 720 33 0 50 0 - - · 

- 6510 +175 °C 
400mW 

curve (3.2mW/ °C) 

Max. 
Fotward Fotwari:i 
Voltag e Current 
(volts) (MA) 

73 1.0 
10 1.0 
5 \ 0 
5 1.5 
5 1 5 

5 3 5 
5 3. 5 
5 3.5 
5 3.5 
5 3 5 

5 35 
5 35 
5 3 0 
5 3 0 
5 90 

- -- -- -
- --- -
- -
- -- -- -- -

300 

,,. 

DIME NSIONS 

00 -7 

. .... . ., 
_r o;g 
~ ~ 

i 1,n ,11.,.1 1, o,uJ1 ' 

00 -35 

M ECHA NICAL C HARAC T ERIS TI CS 

CASE: Hermet ically sealed glass case. 
DIMENS IONS: Per out line draw ing. 
FINI SH: All externa l surfaces are corro -

sion resis tant and leads solderab le. 
THERMAL RESISTANCE: 250° C/W 

(Typical) junc tion to ambient. 
POLARITY: Band ind icates cathode . 
WEIGHT: 2 grams. 
MOUNTING POSITION: Any . 

I\ 
~ 

f'\ 
~ 

f\. 
•• .. " 

S TILL ~Ff:! AMB IENT TEMPEAAT UR( C 

I 



1N702 thru 1N726 1N746 thru 1N759 1N957 thru 1N973 

1N746 SERIES 
ELECTRICAL CHARACTERISTIC S (T. = 25°c): 

Nominal Test Max Reverse Leakage Current 

Device 
Zener Voltage Current Zener Impedance Max .. DC Zener Current T. =25°C T.= 1so•c V,@ lt, 1,, Zn@ln lzM Type • Volts mA Ohms mA 

T,@ V,= 1V I,@ V, =1V 
,,A µA 

1N746 3.3 20 28 110 10 30 1N747 3.6 20 24 100 10 30 
1N748 3.9 20 23 95 10 30 

1N749 4.3 20 22 85 2 30 
1N750 4.7 20 19 75 2 30 
1N751 5.1 20 17 70 1 20 
1N752 5.6 20 11 65 1 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 8 45 0. 1 20 
1N757 9.1 20 10 40 0.1 20 
1N75 8 10.0 20 17 35 0 .1 20 
1N759 12.0 20 30 30 0.1 20 

'Tolerance Design alio n: 
No Suffix Denote s V ,::!:10%; 
"A" Sulfix, ±5% . 

• ·z ener Impedance: Measured by super impos ing an AC Signal 
equal to 10% of the DC Tesl Current. 

1N957 SERIES ELECTRICAL CHARACTERISTICS (T, =25° C): 

' Nomin al Test Maximum Zener Impedance .. Max. Reverse Leaka ge Current 
Device Zener Voltage Current DC Zener Current 
Type• v, 1,. Zu@ln Z"'@ 1« In: 

Volts mA Ohms Ohms mA 

1N957 6.8 18.5 4.5 700 1.0 
1N958 7.5 16.5 5.5 700 0.5 
1N959 8.2 15 6.5 700 0.5 
1N960 9.1 14 7.5 700 0.5 
1N961 10 12.5 8.5 700 0.25 
1N962 11 11.5 9.5 700 0.25 

1N963 12 10.5 11.5 700 0.25 
1N964 1 13 9.5 13 700 0.25 
1N965 1 15 8.5 16 700 0.25 
1N966' 16 7.8 17 700 0.25 
1N967' 18 7.0 21 750 0.25 
1N968 1 20 6.2 25 750 0.25 

1N969 ' 22 5.6 29 750 0.25 
1N970' 24 5.2 33 750 0.25 
1N971 1 27 4.6 41 750 0.25 
1N972' 30 4.2 49 1000 0.25 
1N973 1 33 3.8 58 1000 0.25 

·Tolo,a 11ce D&Signation 
No Sullix. Denotes V1±20•1o: A Suflfx, : 10%: B Suftix, :. 5% . 

·· Zoner /mpodanco: Measured by supor impo$illg an AC Signal eq,.ial lo 10% of tho DC Test Cuuenc . 
• • • Rcvo,so Lea1<ago : 

Viti • Test Voltago lor 5~~ Tolerance Oovico 
Vn • Test Voltage tor 10% Toloranco Oe-vico 
No Lcakago Specified for 20% Tolerance Davico 

1. l nQWro ro, avnlle bility. 

9-14 

lzM I, Maximum Test Voltage••• 
mA µA v .. v .. 

47 150 5.2 4.9 
42 75 5.7 5.4 
38 50 6.2 5.9 
35 25 6.9 6.6 
32 10 -7.6 7.2 
28 5 8.4 8.0 

26 5 9.1 8.6 
24 5 9.9 9.4 
21 5 11 :4 10.8 
19 5 12.2 11.5 
17 5 13.7 13.0 

15 5 15.2 14.4 

14 5 16.7 15.8 
13 5 18.2 17.3 
11 5 20.6 19.4 
10 5 22.8 21.6 
9.2 5 25 .1 23.8 



Package DO-41 

1N4733 thru 1 N4752 

ONE-WATT (5.1 V - 33V) SI LICON ZENER DIODES 

ABSOLUTE MAXIMUM RAT INGS 
Characterist ics . . . . . . . . . . . . . . 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, w ith 
10% and 5.0% tolerances . These diodes are hermeti• 
cally sealed for greater reliability. 

NOTE 1: The JE DEC type numbers shown have a 
5% tolerance on nominal zener voltage. 
No suffix signifies a 100/4 tolerance. 

NOTE 2: The Zener impedance is derived fro!"'" the 
60 Hz AC voltage, which resu Its when an 
AC current having an rms value equal to 
10%of the DC Zener current (lzT or lzK) 
is superimposed on lzT or lzK• Zener 
impedance is measured at two points to 
insure a sharp knee on the breakdo wn 
curve and el iminate unstable uni ts. 

JEDEC MAXIMUM MAXIMUM 
TYPE ZENER TEST DYNAMIC REVERSE 

MECHANICAL CHARACTERISTICS 
CASE: Hermetically sealed glass case. 
DIMENSIONS: Per outline dr awing. 
FINISH: All external surfaces are corrosion resistant 

and leads solderable . 
POLARITY: Color Band ind iicates cathode. When 
in zener mode cathode is positive. 
MOUNTING POSITI ON : Any . 

TEST 

1,2 

0 

POWER RATING VS AMBIENT TEMPERATURE 

~ 

'" ' ~ ...,_ 

~ ~"' 
0 25 50 75 100 125 150 175 200 

TA AMBIENT TEMPERATURE ( "C) 

MAXIMUM MAXIMUM MAX IMUM 
REGULATOR KNEE TEST (SURGE) 

NUMBER VOLTAGE CURRENT IMPEDANCE CURRENT VOLTAGE CURRENT IMPEDANCE CURRENT CURRENT 
(Vz) 

NOTE l 
lizT) (Zz@ 1zT) 

NOTE 2 
IIR@VRI IVR) lizMI (ZzK@I zK I (lzKI (Isl 

VOLTS mA OHMS mA VOLTS mA OHMS mA mA 

1N4733A 5.1 49 7 10 1 178 550 1.0 890 

1N4734A 5.6 4 5 5 10 2 162 600 1.0 810 

1N4735A 6.2 41 2 10 3 146 700 1.0 730 
1N4736A 6.8 37 3.5 10 4 133 700 1.0 660 
1N4737A 7.5 34 4.0 10 5 121 700 0.5 605 
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 7.6 91 700 0.25 454 

1N4741A 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 9.9 69 700 0.25 344 
1N4744A 15 17 14 5 11 .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 11.5 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 8 .5 40 5 22.8 30 1000 0.25 150 
1N4752A 33 7.5 45 5 25 .1 27 1000 0.25 135 
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IN5231 thru IN5250 
500 mW ZEN ER DIODES 
Package: D0-35 

500 millwatt zener diode hermetically sealed in 
the 00-35 package for greater reliability. Designed 
for constant reference voltage between 3.3 and 33 
volts with 10% and 5% to lerance. . 

MA'XIMUM RATINGS 

Junction and Storage Temperature: -65 to +200°C 
Lead Temperature not less than 1/16" from the case 
for 1 O seconds: 230°c 
DC Power Dissipation: 500 mW @TL = 75°C, Lead 
Length= 3/8 " (Derate 4.0 mW/°C above 75°C) 
Surge Power: 1 O Watts (Non -recu rrent square wave 
@PW= 8 .3 ms, T J = 55°C) 

Type Regulato r Test Maximum Maximum 
Number Voltage Current Dynamic Reverse 

(Vzl Uzi Imped ance 
(Zz) 

Current 
(IR) 
25°c 

V ma de ohms µa 

1N5231 5.1 20 17 5 
1N5232 5.6 20 11 5 
1N5233 6.0 20 7 5 
1N5234 6.2 20 7 5 
1N5235 6.8 20 5 3 

1N5236 7.5 20 6 3 
1N5237 8.2 20 8 3 
1N5238 8.7 20 8 3 
1N5239 9 .1 20 10 3 
1N5240 10 20 17 3 

1N524 1 11 20 22 2 
1N5242 12 20 30 1 
1N5243 13 9.5 13 0.5 
1N5244 14 9.0 15 0.1 
1N5245 15 8.5 16 0.1 

1N5246 16 7.8 17 0.1 
1N5247 17 7.4 19 0.1 
1 N5248 18 7.0 21 0.1 
1N5249 19 6.6 23 0.1 
1N5250 20 6.2 25 0.1 

1 N525 1 22 5.6 29 0.1 
1 N5252 24 5.2 33 0.1 
1N5253 25 5.0 35 0.1 
1N5254 27 4.6 41 0.1 
1N5255 28 4.5 44 0.1 

1N5256 30 4.2 49 0.1 
1N5257 33 3.8 58 0.1 

1.0 
POWER-TEMPERATURE DERATING CURVE 

" ' I I 
L , LEAD LENGTH 

" 
TO HEAT SINK - '--

~ 0.8 
!i r-,.._ '\L , 1/8" 
;i: 

z 
Q 0.6 
~ 
IL 
in 
(/) 

c0.4 
a:: .... 
~ 
": 0.2 
X 
<( 

~ 

0 
IL 0 

IR Test 
Voltage 

(VR) 
(For A 
Suffix) 

V 

1.9 
2.9 
3.3 
3.8 
4.8 

5.7 
6.2 
6.2 
6.7 
7.6 

8.0 
8.7 
9.4 
9.5 

10.5 

11.4 
12.4 
13.3 
13.3 
14.3 

16.2 
17.1 
18.1 
20 
20 

22 
24 

' r-...L,3/8" I°'\ 
......... r--.._L= I" .._, "'- t"\. 

f'.-_ f'-,,_ ~ 
......... ~ ' r--.... r--.. 

.......... ..__""-,""' 
~ "" ....-;: 

' 20 40 60 80 l00 120 140 160 180 200 
TL LEAD TEMPERATURE ("C) 

IR Test Maximum Maximum Maximum 
Voltage Regulator Dynamic Temperature 

(VR) Current Knee Coeffi cient 
(For B (l zM) Imp edance 
Suffix) (ZzK) 

V ma ohms %/OC 

2.0 89 1600 ,±.030 
3.0 81 1600 + .038 
3.5 76 1600 + .038 
4.0 73 1000 +.045 
5.0 67 750 + .050 

6.0 61 500 + .058 
6.5 55 500 + .062 
6.5 52 600 + .065 
7.0 50 600 +.068 
8.0 45 600 + .075 

8.4 41 600 +.076 
9.1 38 600 + .077 
9.9 35 600 +.079 

10 32 600 +.0 82 
11 30 600 + .082 

12 28 600 + .083 
13 27 600 + .084 
14 25 600 +.085 
14 24 600 + .086 
15 23 600 +.086 

17 21 600 + .08 7 
18 19.1 600 +.088 
19 18.2 600 + .089 
21 16.8 600 +.090 
21 16.2 600 + .09 1 

23 15.1 600 + .091 
25 13.8 700 + .092 
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DPD'S (Whlsker less) TECHNICAL DATA DOUBLE PLUG DIODES 

SILICON PLANAR DOUBLE PLUG DIODES (DPD's) 

ITT Semiconductors' Silicon DPD's (Double Plug Diodes) a re 

Planar Epitaxial Passivated to assure utmost reliabili t y and 

uniform electrical parameters. They feature carefully controlled 

forward characteristics over wide curren t 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 contact s. Sealing is performed in an inert atmo

sphere eliminating any possibility of sealed-in contamination. 

DPD's a re smaller than similar D0- 7 type diodes. Yet, they 

have greater inherent reliability due to their fused construction 

and higher dissipation capabilities . Baked at a minimum of 

300 °(, DPD's are completely stabilized. Their ruggedness 

is unsurpassed. 

There is a DPD equivalent for a ll ITT Semiconductors ' D0-7 

Silicon Planar diodes making it easy to take advantag e of 

these improved characteristics: 

• Low leakage current • Fast switching 

• High conductance • Uniform characteristics 

• Low capacitance • Improved stab ili ty 

MECHANICAL DATA 

CASE: Hermet ica lly seal ed glass 
Fl NISH : All ext ern al surfaces co rr os ion 

res istant and lead s readily sol
derab le 

LEADS: Dumet, tin plate d 
POLARITY: Ban ded end cat hode 
WEIGHT : .135 g ram s (approx .) 
MTG. POSITION: An y 

10 - 1 

DIMENSIONS 

STANDARD 

AVAILABLE 

I 
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BV MAXIMUM VF @ 250C 
DPD DD-7 @ TRR 

TYPE EOUIV. V@ IF V@ IF V@ IF V@ IF V@ IF V@ IF 
# # 5 uA ns 

V mA V mA V mA V mA V mA V mA V 

1N4148 1N914 75111 1.0 10 4121 

1N4149 1N916 75111 1.0 10 4121 

1N4150 1N3600 .54/.62 1.0 .66/.74 10 .76/.86 50 .82/.92 100 .87/1.0 200 131 

1N4151 1N3604 75 .1.0 50 2121 

1N4152 1N3605 40 .49/.55 0.1 .53/.59 .25 .59/.67 1.0 .62/.70 2.0 .70/.81 10 .74/.88 20 2121 

1N4153 1N3606 75 .49/.55 0.1 .53/.59 -25 .59/.67 1.0 .62/.70 2.0 .70/.81 10 .74/.88 20 2121 

1N4154 1N4009 35 1.0 30 2121 

1N4305 1N4063 75 .505/.575 .25 .55/.65 1.0 .61/.71 2.0 .70/.85 10 2121 

1N4444 70 .44/.55 0.1 .56/.68 1.0 .69/.82 10 .85/ 1.0 100 

1N4446 1N914A 75111 1.0 20 4121 

1N4447 1N916A 75111 1.0 20 4121 

1N4448 1N914B 75111 .62/.72 5 1.0 100 4121 

1N4449 1N916B 75111 .63/.73 5 1.0 30 4121 

1N4450 40111 .42/.54 0.1 .52/ .64 1.0 .64/.76 10 .80/.92 100 1.0 200 4121 

1N4451 40 .40/.50 0.1 .51/.61 1.0 .62/.72 10 75/.875 100 1.0 300 

1N4452 40 .42/.54 0.1 .51/.62 1.0 .60/.71 10 .71/.83 100 1.0 600 .90/1.2 1A 50171 

1N4453 30 .43/.55 .01 .51/.63 0.1 .60/.71 1.0 .69/.80 10 .80/92181 100 

1N4454 1N3064 75 1.0 10 2121 

1N5194 1N4838 801111 1.0 100 

1N5195 1N485B 2001111 1.0 100 

1N5196 1N486B 250111) 1.01131 100 

1N5605 1N457 701111 1.0 20 

1N5606 1N458 1501111 1.0 7.0 

1N5607 1N459 200011 1.0 3.0 

1N5608 1N658 1201111 1.0 100 30006) 

1N5609 1N660 1201111 1.0 6.0 3001171 

NOTE S 
(11 BV • lOOV @IA 100uA (6) 50 mA peak square wave. 0.1 us pulse width, 
(2) IF • 10 mA Recover to 1 mA 5 to 100 KC rep. rate, generator tr~ 30 ns 

VA • 6V (7) IF 500mA 
AL • 1000hms VA • adjust for IA • 500 mA RecOYer to 50 mA 

(3) TAR • 4ns@IF '"' IA • 10to 200mA irr "' 0. 1 IF (81 Pulse width • JO us, duty cycle • 3%, 
TAR • 6ns@IF "' IA • 200to400mA irr :a 0.1 IF VF measi.ired at 25 ± 3us 
TAR • 6ns@IF • lOmA, IA • 1 mA ir r • 0.1 mA (9) O @ IF "' lmAMIL -ST0-750method4061 

{4) IF • 200 mA tr~ 0.4 ns, tp • 100 ns ( 10) IF • 100 mA peak square w;ne 
VFA • 1.0V, OU~ 1% 0.1 us pulse wid th 

(5) IF • 10mA AL • 50 Ohms Ir ~ 30 ns, 5 to 100 KC 
IR • 10mA 
RecOYer to 1 mA 

MAXIMUM 
CAP. REVERSE 

CURRENT @ 
uA@ mA o.ov 

@ VR PF 25DC nsoo1 

025 .05 20 "' 

.025 .05 20 2 

0.1 0.1 50 2.5 

.05 .05 50 2 

.05 .05 30 2 

.05 .05 50 2 

0.1 0.1 25 4 

0.1 0.1 50 2 

.05 .05 50 2 

.021 .05 20 4 

025 .05 20 2 

.025 .05 20 4 

025 .05 20 2 

.05 .05 30 4 

.05 .05 30 6 

.05 .05 30 30 

.05 .05 20 30 

0.1 0.1 50 2 

.025 00! 70 

025 005 180 

025 00! 225 

.025 005 60 

025 005 125 

.025 .005 175 

050 02~ 50 

5.0 .050 100 2.71141 (15) 

IVIA/\ IIVIUIVI HA I IN!;:S 

Ave. Max. Power 
TRR Stored Rect. Diss. Dper. TFR (5) Charge Fwd. @ 25oC 

PC I @ 250C Volt. (12) ns Cont. mA MW 
75 500 

75 500 

10nSl41 150 500 

4 150 50 500 

4 150 30 500 

4 150 50 500 

4 25 25 500 

4 150 500 

7 200 50 500 

150 75 500 

150 75 500 

2.5V1s1 150 75 500 

2.5V1s1 150 75 500 

200 30 500 

10 200 30 500 

200 30 500 

50/500191 20 400 

3.0V1101 4 75 500 

80 250 

200 250 

250 250 

70 250 

150 200 

200 200 

120 250 

120 250 

(1 1) @ 100uA 
(12) Rated Max, Junction Temp. • 2QOOC 
(13) Pulse width • 8.5 msec, duty cycle~ 2%. 
(14) VA • 10V, f • 1 MHz 
(15) TA • 1000C 
(16) IF • 5 mA. VA • 40V 

Al • 2K, 0 • 10 pF 
RecOYer 10 80 kO 

(17) IF • 30 mA, VA • 35V 
AccOYer 10 400 kQ 

"' I 

~ 



SILICON GENERAL PURPOSE DIODES 

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 th is buying gu ide 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 distribu tor for quotation on all your diode needs. 

P1r1 No. line No. Pu 1 No. Line No, Part No. Line No. Part No. line No. 

1N194 45 IN659 68 I N905A 12 IN3654 144 
INl94A 44 IN662 126 IN906 10 1113669 98 
INl95 46 IN661A 141 IN901;A 13 IN3131 141 
INl96 43 IN663 m 111907 11 1113872 140 
IN251 2D IN663A 146 IN9D7A 30 11140D9 16 
IN379 I IN690 60 IN908 53 lN41481 1D8 
IN380 l IN691 130 IN908A 56 IN41491 110 
IN381 3 IN691 164 IN914 107 IN4J501 71 
1N38l 5 IN696 54 IN914JAII 142 1N41511 120 
IN383 II IN697 163 IN914A 114 IN41521 41 
IN384 14 IN778 155 IN9148 124 1N4!531 10D 
IN385 13 IN789 11 IN916 109 1N4U41 37 
IN386 4D 111790 2' IN916A m 1N4305' 117 
IN387 16 IN791 32 IN916B 118 IN4380 76 
IN388 77 IN79l 34 IN920 61 tN4444, 91 
IN389 9D 1N793 79 1'4921 132 IN44461 113 
IN390 103 1N794 78 IN9ll 161 1N44471 116 
INJ!I 137 1N791 81 111911 48 rn4448• 112 
IN392 152 1N796 85 Ul9 26 49 1N4449' 123 
1N393 161 11179) 157 1119!7 91 IN4450' 17 
IN416 31 1N798 156 111918 111 \N4 4§11 19 
1N416A 36 IN799 119 IN9!9 11 IN44SJ1 33 
1N457 ID 1NBD6 1S3 1N930 111 IN4454' 104 
1N4S7A 84 1N808 154 111931 167 ms 86 
1N460 138 INIIO 69 IN934 81 sm 65 
111410A 139 IN811 1 111993 8 s,oo 131 
111461 28 IN811 17 1113062 112 S401 21 
1N4SIA 31 INBIJ 4 1 N3063 102 S40! 143 
111461 93 INB14 47 1N3064 105 S<D3 121 
1N46lA 96 INlll 5 IN306S 99 SIOO 133 
111464 169 1Nll8 118 1 N3066 106 SIDI 87 
1N48! 38 INB31 149 1N3061 !I SSDl 62 
1N481A 39 INB37A 110 IN3068 !l S504 134 
IN48!8 18 INB38 17D IN3069 92 SS0I 88 
1N413 94 INB40 70 IN3113 ID S506 63 
IN483A 97 IN841 171 IN3124 SI S107 13S 
1N6l9 18 1N84-¢ 111 IN3206 127 S508 89 
IN615 19 INl91 83 IN3298 136 SI09 61 
IN626 67 IU892 160 IN3600 72 WG1401 166 
111617 141 111903 ll IN36DDUSN 73 WGl411 148 
IN643 172 IN903A IS IN360< 119 \'IGl421 l4 
IN643A 173 IN904 16 IN3605 !l 
IN618 161 1 N904A !9 IN3606 101 
111618A 161 1 N905 9 1Nl607 111 

Not• = 1. Double pluo diode pad:aoe 

10 - 3 

DIMENS IONS 

00 -7 PACKAGE 

on "" on r o1, 
~ --
T~ lll) t,IIH. jM) t,f U ~ 

DOUBLE PLUG DIODE PACKAGE 

MECHANICAL DATA 

Case: 
Hermelically sealed glass 

Finish: 
All external surfaces corrosion resistant 
and leads readily solderable 

Leads: 
Dume!, 1in plated 

Weight : 
0.135 grams {approx.) 

Mounting Position: 
Any 

Marking: 
Diodes carry ITT identificalion. and are 
EIA Color Coded. Bands 1. 2. 3 and 4 on 
the illustra1ion above indicate the first, 
second. third and founh digit respectively 
of the type designation, starting from the 
calhode end of the diode. 
Black ....... 0 Green. , .. ... 5 
Brown ... ... l Blue .. . ..... 6 
Red .. .. . , •. . 2 Viole!. , . . . , . 7 
Orange ...... 3 Gray . . . •. . . . 8 
Yellow, ...... 4 While ....... 9 

I 



SILICON GENERAL PURPOSE DIODES 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted 

11 '• High Temp I• Reverse Recovery Time t rr Cap. C 
Part Line 

VRM Tut No. No. 
mA t, v, µ.A ~ v. µ.A v. oc l1mA v. Rec. to nsec Condition pl ~ v. 

9 35 1 0.5 8.2 5 8.2., 100 35 6 1N379 1 

11 30 1 0.5 10 5 10 100 30 6 1N380 2 

13.5 23 1 0.5 12 5 12 100 28 64 1N381 3 

15 5 1 0.5 5 10 5 125 5 -10 0.5mA 250 JAN 256 1N813 4 
15 100 1.5 0.5 5 10 5 125 5 -10 0.5mA 250 JAN 256 1N815 5 

17 17 1 0.5 15 5 15 100· 25 6 1N382 6 

20 1 1 1 10 10 10 125 5 - 10 0.5mA 250 JAN 256 2 0 IN811 7 

20 10 1.2 1 6 10 -6 3mA 4 RL =75fl 1 N993 8 
20 10 1 0.1 20 10 20 100 10 - 5 4 AL=lOOn 1 6 l N905 9 

20 10 1 0.1 20 10 20 100 10 - S 4 AL=IOO!l 2.5 6 IN906 10 

20 12 1 0.1 18 10 18 100 20 6 I N383 11 

20 20 I 0.1 20 10 20 100 10 - S lmA 4 RL• IOO!l I 6 l N905A 12 

20 20 I 0.1 20 10 20 100 10 - 5 lmA 4 Rl=I OO!l 2.5 6 l N906A 13 

25 9 1 0.1 22 10 22 100 15 6 IN384 14 

25 20 1 0.1 20 IN929 15 

25 30 I 0.1 25 100 25 150 10 - 6 2 RL=IOOS'l 4 0 IN4009 16 
30 2 1 I 10 10 10 125 5 -10 a.5mA 250 JAN 256 2 0 IN812 17 

30 3 1 .08 10 16 10 100 IN619 18 

30 4 1.5 I 20 30 20 100 30 - 3S 400kfl 1000 IBM Y Mod IN62S 19 
30 5 l 0.1 10 10 10 100 5 - 10 0.5mA 150 1 0 l N251 20 
30 5 l 0.1 20 100 20 150 10 - 6 lmA 2 Rl=IOOS'l 4 0 1 N3067 21 
30 5 1 0.1 20 100 20 150 30 30mA? lmA 50 R,• IOOS'l 6 0 1N3068 22 
30 7 1 0.1 27 10 17 100 12 6 IN385 23 
30 10 1 5 20 30 20 100 5 - 20 200kfl 2SO 1N790 24 
30 10 1 1 20 30 20 100 5 -20 200kfl 500 IN789 2S 
30 10 1 0.1 30 10 30 100 10 - S 4 R,• 100!! I 6 IN904 26 
30 10 1 0.1 30 10 30 100 10 - 5 4 R,• 100fl 2.S 6 1N907 27 
30 IS 1 0.5 2S 30 25 150 10 0 IN461 28 
30 20 1 0.1 30 10 30 100 10 -5 lmA 4 Rl• IOO!l I 6 1N904A 29 
30 20 1 0.1 30 10 30 100 10 -5 lmA 4 R1~100!l 2.S 6 1N907A 30 
30 40 1 0.025 2S 5 25 150 1N466 31 
30 so 1 5 20 30 20 100 5 - 20 200Kfl 500 1N791 32 
30 0.01 .43/.55 0.05 20 50 20 ISO 30 0 IN4453• 33 

0.1 .51/.63 
I .60/.71 

10 .69/.80 
100 .80/.92 

30 100 I s 20 30 20 100 5 - 20 IOOk!l 500 IN792 34 
30 100 1 0.5 25 30 25 150 1N461A 35 
30 100 l 0.02S 2S 5 25 150 s 0 IN4S6A 36 
35 30 1 0.1 25 100 2S ISO 10 - 6 lmA 2 R1•1 00fl IN41S4• 37 
36 100 1.1 0.25 30 30 30 ISO IN482 38 
36 100 1 0.025 30 15 30 150 1 N482A 39 
37 S.5 1 0.1 33 10 33 100 10 6 IN386 40 
40 0.1 .49/.55 0.05 30 50 30 150 10 - 6 lmA 2 RL=lOOn 2 0 IN41521 41 

0.25 .53/.59 
1 .59/.67 
2 .62/.70 

10 .70/.81 
20 .74/.88 

40 0.1 O.S5 0.0S 30 50 30 ISO 10 - 6 lmA 2 RL=100fl 2 0 1N3605 42 
40 I 2 10 40 300 50 150 30 -35 100 1Nl96 43 
40 l l 10 40 300 40 150 30 - 35 200 1Nl94A 44 
40 1.5 2 10 40 300 40 150 30 -35 200 1Nl94 45 
40 2 2 10 40 300 40 150 30 -35 300 1Nl95 46 
40 2 1 0.1 20 10 20 125 5 - 10 0.5mA 250 JAN 256 IN814 47 
40 5 1 l 10 20 10 100 5 - 10 20kr. 150 JAN 256 1 N925 48 
40 5 1 0.1 10 10 10 100 5 - 10 20k!l 150 JAN 256 IN926 49 
40 10 1.5 0.1 40 10 40 100 10 -5 lmA 4 R1• IOO!l 0.8 6 IN3123 50 
40 10 1.5 0.1 40 10 40 100 10 - 5 lmA 4 RL=lOO!l 2 6' IN3124 51 
40 10 1 0.1 40 10 40 100 10 -5 4 RL • IOOS'l I 6 IN903 52 
40 10 I 0.1 40 10 40 100 10 - S 4 RL• 100!l 2.5 6 IN908 53 
40 10 I 0.015 20 20 20 150 10 10mA 5 4 0 IN696 54 
40 20 I 0.1 40 10 40 100 10 - 5 l mA 4 R,• IOOS'l 1 6 I N903A 55 
40 20 I 0.1 40 10 40 100 10 - 5 lmA 4 R,• IOOS'l 2.5 6 1N908A 56 
40 0.1 .42/.54 0.05 30 50 30 150 10 - 6 lmA 4 R,=IOO!l 4 0 I N44501 57 

I .52/.64 
10 .64/.76 

100 .80/.92 
200 l 

Notes: 1. Double plug diode package 2. 11mA 
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SILICON GENERAL PURPOSE DIODES 

ELECTRICAL CHARACTERISTICS, continued 

1, 1. High Temp 1, Reverse Recovery Time t rr Cap. C 

VRM 
Part Line 

Test No. No. 
mA @ v, µA (il: v, µA v, ' C l,mA v. Rec. to nsec Condition pf w v, 

40 100 1 0.025 30 5 30 150 1 N4818 58 
40 0.1 .40150 0.05 30 50 30 150 6 0 1 N44511 59 

1 .51/.61 
10 .61/.71 

100 .751.88 
300 1 

40 400 1 0.25 30 50 30 150 500 -30 10k!'! aoo Rt- lk!l 1 N590 60 
40 500 1 0.25 30 50 30 150 500 - 30 10k{l 300 Rt=l k!l 9 7.5 1N920 61 
40 500 1 0.05 25 500 - 30 10k!1• 15 Rt=lOOn 7 9 S501 62 
40 500 1 0.05 25 500 - 30 10k!l 30 Rt =100!1 7 9 S506 63 
40 500 1 0.05 15 500 -30 10k"! 50 Rt=lOOn 7 9 S509 64 
40 500 0.9 0.2 25 500 -JO lOkn 200 At=lk !l 7 9 S398 65 
43 4.5 1 0.1 39 10 39 100 8 6 1NJ87 66 
50 4 1.5 1 35 30 35 100 JO -3 5 400k!l 1000 IBM Y Mod 1N616 67 
50 6 1 5 50 15 50 100 JO - 35 400k!1 300 JAN 256 2.7 10 1 N659 68 
50 10 1 1 40 10 50 1N810 69 
50 150 1 0.1 40 15 40 100 30 - 35 400k!1 300 JAN 256 1 N840 70 
50 1 .54/.61 0.1 50 100 50 150 10 ID 10 lo 4 irr=0.1 1, 2.5 0 1N41501 71 

10 .66/.74 100 1002 
50 .76/.86 100 ID 200 10 6 irr=0.1 1, 

100 .86/.92 400 4002 
200 .87/1.0 10 1 l 6 irr=0.1 mA 

50 100 1 0.1 50 100 50 150 10 0.1mA 6 1.5 0 1 N3600 71 
50 200 1 0.1 50 100 50 150 10 1.lmA 4 At=lOO!l 2.5 0 1 NJ600 73 

USN 
50 150 1 0.1 30 10 - 6 lmA 6 At=lOOn 4 0 WG1421 74 
50 400 1 0.1 30 400 - JO lOkn 15 Bt=lOOn 7 9 S401 75 
50 570 1.4 50 50 570 - 15 lmA 1.8 Rt=100!'! J 15 1 N4380 76 
52 3.5 1 0.1 47 10 47 100 6 6 1N388 77 
60 10 1 5 50 JO 50 100 5 -40 200k!l 150 1N794 78 
60 10 1 1 50 JO 50 100 5 - 10 100kn 500 1N793 79 
60 20 1 0.025 60 5 60 150 8 0 1N457 80 
60 30 1 0.025 60 6 60 150 JO - 35 400k!l 1000 1N934 81 
60 50 1 5 50 3 50 100 5 -40 200k!1 500 1N795 82 
60 50 1 0.1 50 25 50 100 80k!l 300 JAN 156 1N891 83 
60 100 1 0.025 60 5 60 150 1N457A 84 
60 100 1 5 50 JO 50 100 5 -40 100k!l 500 1 N796 85 
60 500 1 0.2 JO 500 - 50 10k'? 200 Rt=lk!l 7 9 S298 86 
60 500 1 0.1 30 500 -30 10k!1 15 At=lOOn 7 9 S501 87 
60 500 1 0.1 30 500 -30 lOkn 30 Rt=lOO!l 7 9 S505 88 
60 500 1 0.1 30 500 -30 lOkn 50 Rt=lOO!l 7 9 S508 89 
62 2.7 1 1 56 50 50 100 5.6 6 1NJ89 90 
65 10 1 0.1 10 10 10 100 5 -1 0 20k!l 150 JAN 256 1N927 91 I 
65 50 1 0.1 50 100 50 100 30 JOmAl lmA 50 At=lDOn 6 0 1 NJ069 92 
70 5 1 0.5 60 30 60 150 8 0 1N461 93 
70 100 1.1 0.25 60 JO 60 150 1N483 94 
70 0.1 .44/.55 0.05 50 50 50 150 10 -6 1mA 2 At=100!l 2 0 1N44441 95 

1 .56/.68 
10 .69/.81 

100 .85/1.0 
70 100 1 0.5 60 JO 60 150 1 N462A 96 
70 100 1 0.025 60 15 60 150 1 N483A 97 
70 400 1.1 0.25 70 300 - 10 1mA 100 Rt=100!1 10 10 1 N3669 98 
75 0.1 0.53 0.1 50 100 50 150 10 - 6 lmA 2 Rt=lOO!l 1.5 0 1 NJ065 99 
75 0.1 .49/.55 0.05 30 50 30 150 10 - 6 lmA 2 R,=100!! 2 0 1 N41531 100 

0.25 .53/.59 
1 .59/.67 
1 .62/.70 

10 .70/.81 
10 .74/.88 

75 0.1 0.55 0.05 50 50 50 150 10 - 6 lmA 2 At=lOOn 2 0 1 N3606 101 
75 0.25 0.58 0.1 50 100 50 150 10 - 1 lmA 4 Rt= 100P. 2 0 1 N3063 102 
75 2 1 1 68 50 68 100 5.2 6 IN390 103 
75 10 1 10 - 6 lmA 2 Rt=100!l 2 0 I N4454l 104 
75 10 1 0.1 50 100 50 150 10 - 1 lmA 4 R,=100P. 1 0 1 N3064 105 
75 10 1 0.1 50 100 50 150 10 - 6 lmA 1 A,=100!1 1 0 1 N3066 106 
75 10 1 0.025 10 50 20 150 10 - 6 lmA 4 A,=100!'! 4 0 1N914 107 
75 10 1 0.025 10 50 20 150 4 0 1 N4148' 108 
75 10 1 0.015 20 50 10 150 10 - 6 l mA 4 At=lOOo 1 0 1N916 109 
75 10 1 0.025 10 50 20 150 2 0 1N4149• 110 

Noles: 1. Oouble plug diode package 2. 1,mA 
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SILICON GENERAL PURPOSE DIODES 

ELECTRICAL CHARACTERISTICS, continued 
,, IR High Temp IR Reverse Recovery Time t" Cap. C 

VRM 
Part Line 

Test No. No. 
mA @' v, µA €1< VR µA VR •c 1, 11A VR Rec. to nsec Condition pf ~- v. 

75 20 1 0.1 50 1N930 111 
75 20 1 0.1 50 100 50 150 10 - 6 l mA 1 R,=100!! 1 0 I N3062 111 
75 20 1 0.015 10 50 10 150 10 - 6 lmA 4 R,=100!! 4 0 1 N44461 113 
75 20 1 0.015 20 50 20 150 10 - 8 lmA 4 R,~100!1 4 0 1N914A 114 
75 20 1 0.015 20 50 20 150 10 -6 lmA 4 R,=100!1 2 0 l N916A 115 
75 20 l O.o15 20 50 20 150 10 - 6 lmA 4 R,= 100!1 2 0 1N4447• 116 
75 0.25 .50/.58 10 - 6 lmA 2 R,=100f! 2 0 1N43051 117 

l .55/.65 
2 .61/.71 

10 .70/.81 
75 30 1 0.025 20 50 20 150 \0 - 6 lmA 4 R,=100f! 2 0 \ N9168 118 
75 50 1 0.05 50 50 50 150 10 - 6 lmA 2 R,= 100f! 2 0 l N3604 119 
75 50 1 0.05 50 50 50 150 ·o -6 lmA 2 R,= 100f! 2 0 lN415ll 120 
75 50 1 0.05 50 50 50 150 10 - 6 lmA 2 R, =100f! 2 0 l N3607 121 
75 5 .62/.72 0.015 20 50 20 150 10 - 6 lmA 4 R,=lOOn 4 0 1 N4448' 122 

100 1.0 
75 5 .63/.73 0.025 20 50 20 150 10 - 6 l mA 4 R,=100!l 1 0 1N44491 123 

30 1.0 
75 100 1 0.025 20 50 20 150 iO - 6 lmA 4 R,=100!1 4 0 1N9148 124 
75 200 1 0.1 50 100 50 150 100 200mA2 0.lmA 6 R,=100!1 2.5 0 S403 125 
80 10 1 1 10 100 50 100 5 -4 0 100kl! 500 3 10 1N662 116 
80 10 1 0.025 20 50 20 150 10 _;5 lmA 4 R,=100!1 4 0 1 N3206 127 
80 30 1.5 0.25 60 20 60 100 10 -4 0 500 JAN 256 1N818 128 
80 100 1 5 75 50 75 100 5 -4 0 200kn 500 1N663 129 
80 400 1 0.25 60 50 60 150 500 - 50 10kf! 800 R,=l kf! 1N691 130 
80 400 1 0.1 50 400 - 30 10kf! 15 R,= lOOn 1 9 S400 131 
80 500 1 0.25 60 50 60 150 500 - 50 10kf! 300 R,= lkf! 1N921 132 
80 500 1 0.1 50 500 - 30 lOkn 15 R,=100!1 1 9 S500 133 
80 500 1 0.1 50 500 - 30 lOkn 30 R,=100!! 7 9 S504 134 
80 500 1 0.1 50 500 - 30 10k!l 50 R,=10011 7 9 $507 135 
80 500 0.9 0.2 60 45 60 150 500 - 30 SOmA so R,=5on 1 N3298 136 
90 1.5 1 1 81 50 81 100 4.8 6 1N391 137 
90 5 1 0.01 10 0.2 10 100 3 10 1N460 138 
90 .15 1 0.01 10 0.2 10 100 4 10 1N460A 139 
90 150 1 0.1 75 200 - 20 5mA 50 R,= 100!1 5 0 1 N3872 140 

100 4 1.5 1 75 30 75 100 30 - 35 400k!l 1000 IBM Y Mod 1N627 141 
100 10 1 5 75 50 20 150 10 5 R, =100!1 2.8 1.5 1N914JAN 142 
100 25 1 10 80 0.5 20 71 30 - 35 400k!l 100 R,=2kf! S402 143 
100 50 1 0.025 75 25 75 150 5 - 6.5 l mA 4 1 N3654 144 
100 100 1 1 10 100 50 100 5 - 40 100k!l 300 JAN 256 1 N662A 145 
100 100 1 0.1 75 15 75 100 5 - 40 200k!1 300 JAN 256 1N663A 146 
100 100 1 0.050 50 50 50 150 10 - 6 l mA 3 R,=100!1 2 0 1 N3731 147 
100 100 1 0.050 50 10 - 6 l mA 3 R,=100!1 2 0 WG141l 148 
100 150 1 0.1 75 15 75 100 '° - 35 400kf! 500 JAN 256 1N837 149 
100 150 1 0.1 80 15 80 100 '° - 35 400k!l 300 JAN 256 1N837A 150 
100 200 1 0.1 80 15 80 100 ,o - 35 400k!l 500 JAN 256 1N844 151 
110 1.2 1 1 100 50 100 100 4.5 6 1N392 152 
110 4 1 0.5 100 50 100 125 5 - 40 300 JAN 256 1N806 153 
110 100 1 1 100 50 100 m 30 - 35 300 JAN 256 1N808 154 

112 10 1 0.5 100 30 100 125 5 -4 0 400kf! 300 
R,=500!] 
JAN 256 1N778 155 

120 10 1 5 100 30 100 100 5 -4 0 200k!l 250 1N798 156 
120 10 1 1 100 30 100 100 5 -4 0 200k!l 500 1 N797 157 
120 10 1 0.1 10 10 10 100 5 -1 0 20k!! 150 1N928 158 
120 50 1 5 100 30 100 100 5 - 40 200kf! 500 1N799 159 
120 50 1 0.1 100 25 100 100 80k{l 300 JAN 256 1 N892 160 
120 100 1 0.05 50 25 50 150 5 - 40 80kQ 300 1 N658 161 
120 100 1 0.025 50 10 50 150 5 - 40 80kf! 300 JAN 256 1N658A 162 
120 250 1 1 50 100 - 10 lOmA 5 25 0 1N697 163 
120 400 1 0.25 90 50 90 150 500 - 50 10kf! 800 R,=lkf! I N692 164 
120 500 1 0.25 90 100 90 150 500 - 50 IOkf! 300 Rt=l kf! 1 N922 165 
125 150 1 10 - 6 lmA 4 R,=100!1 WGl40• 166 
125 20 I 0.1 100 1N931 167 
135 0.9 I 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 30 - 35 400kf! 500 JAN 256 1N838 170 
150 150 1 0.1 120 15 120 100 30 - 35 400kf! 300 JAN 256 1 N841 171 
175 10 1 0.025 10 15 100 100 5 - 40 200kf! 300 1 N643 172 
175 40 1 1.0 100 15 100 100 3 - 10 1N643A 173 

Notes: 2. IRmA 1. Double plug diode package 



SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS @ 25°C 

Peak Inverse Voltage ...... . .. . . • . 
Power Dissipat ion ....... • ... . . . . 
Storage Temperature ..... . ... . .. . 
Avg. Rect. Fwd. Current ...... ... . 
Surge Current, 1 sec .. . ... . .. .. . . . 

100 
250 

- 65 to + 200 
75 

500 

UNITS 

Volts 
mW 
oc 
mA 
mA 

1N914c 
SILICON SWITCH ING DIODE 

DIMENSIONS 

022 110 

018 ~--~ _£MAX 

ctoo_b ~o J-. 100 j 
MIN. MAX MIN. 

00-7 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

PIV 100 Vdc IR= 1 00µA 

IR 5.0 µA VR= 75V 
.025 µA VR=20V 

50 µA VR=20V, T = 150°C 

v. 1.0 Vdc l.= 10mA 

T,, 4.0 nsec l. = 10 mA, VR= 6V 

C 4.0 pF VR=OV 

T1r 2.5 Vdc 50 mA Peak Square Wave, 
0 .1 µsec Pulse Width, 5 KC 
Rep. Rate, Max. Volt. Drop 

10 -7 



JAN 1N914® 
SILICON SWITCH ING DIODE 

SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 
The ITT JAN 1 N914 diode meets MI L-S- 19500/116B . 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS @ 25°C 

Peak Inverse Voltage . . .... ... .. . . 
Pow'er Dissipation ... . . . . . . . . . . . . 
Storage Temperature . . .. .... . . . . . 
Avg. Rectif ied Fw d. Current .. . . ... . 
Surge Current, 1 second ... .. . . . . . 

100 
250 

- 65 to +200 
75 

500 

UN ITS 

Volts 
mW 
oc 
mA 
mA 

ELECTRICAL CHARACTERIST ICS @ 25°c unless otherwise noted. 

SYMBOL MIN . TY P. MAX. UN IT 

PIV 100 Vdc 

JR 25 nA 
5.0 µA 
50 µA 
100 µA 

VF 1.0 Vdc 

C 4.0 pF 
2 .8 pF 

T,, 5.0 nsec 

Ti, 5.0 Vdc 

10- 8 

DIMENSIONS 

0 22 110 
Ol8 ~--~ _f: MAX. 

ct: 00~~ )1::r ~ 
MIN. MAX. MIN.-1 

D0-7 

CONDIT IONS 

IR=100µA 

VR= 20V 
V, = 75V 
V, = 20V, T= 150°C 
V, = 75V, T= 150°C 

1, = 10mA 

V, = 0V 
V0 = 1.5V 

IF= l, = 10mA, C= 3pF, 
RL = 1 oon, Rec. to 1.0mA 

50mA / 20 nsec, Rep. Rate 
Less than 100 KC 



SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 

ABSOLUTE MAXIMUM RATINGS 
CHARACTERISTICS @ 25°C 

Peak Inverse Voltage ... . .... , .. . . 
Power Dissipation .... .. . .• .. . .. . 
Storage Temperature ...... . . . • .. . 
Avg . Rect. Fwd . Current ... . . . .... • 
Surge Current , 1 sec .. . . , .. . . . . .. • 

100 
250 

- 65 to + 200 
75 

500 

UNITS 

Volts 
mW 
oc 
mA 
mA 

1N916© 
SILICON SWITCHING DIODE 

DIMENSIONS 

.02 2 .110 
oii ~ --~ __[' MAi'_ 

&.oo_b~ J. 1.00 ~ 
MIN MAX. MIN. 

D0-7 

ELECTRICAL CHARACTERISTICS @ 25°C unless otherwise noted. 

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

PIV 100 Vdc l. = 100 µA 

IR 5.0 µA VR= 75V 
.025 µA V, = 20V 

50 µA VR=20V, T=150 °C 

v, 1.0 Vdc lf = 10mA 

T,. 4.0 nsec lf = 10 mA, V, = 6V 

C 2.0 pF V. = 0V 

T,, 2.5 Vdc 50 mA Peak Square Wave, 
0.1 µsec Pulse Width, 5KC 
Rep. Rate, Max. Volt. Drop. 

10- 9 
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1N4148® 
SILICON PLANAR DIODE 

SILICON 
EPITAXIAL 
PLANAR 
DIODE 
ONE PIECE GLASS-HERMETICALLY SEALED 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERIST ICS @ 25°C: UNIT S 

Storage Temperature Range .... .... . - 65 to 200 oc 
Lead Temperature 1 /16 ± 1 /32" from 

case for 10 sec ...... .. .... ..... . 300 oc 
Continuous R~verse Operating Voltage. 75 Volts 
Power Dissipation ...... .......... . 500 mW 
Derating Factor ......... • . .... .. • . 2.85 MW/°C 

DIMENSIONS 

r ,------__[ i::. 
+;;J ( ----f)a:.:---
1,.!_ 1.oo _i= ,so • 1-:+ , I 

MIN MAX. 

DOUBLE PLUG DIODE 

ELECTRICAL CHARACTERISTICS @25°c unless otherw ise noted 

CHARACTERISTIC MIN. T'fP. MAX. UNIT CONDITION 

Peak Inverse Voltage 75 V 5µa 

Peak Inverse Voltage 100 V 100 µa 

Forward Voltage 1.0 V 10mA 

Reverse Current 25 na 20V 

Reverse Current 150 50 µ,a 20V 

Capacitance 4 pf 0V 

Reverse Recovery Time Note 1 4 nsec 1mA 

Note1. lf= 10mA Vr= 6V R1= 100ohms recover to1.mA 
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SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 

ITT600 ITT600 DPD ITT600 MP<D 
SILICON SWITCH ING DIODE 

DIMENSIONS 

00 -7 

DI MENS IONS 

,020 ,062 

t r==r.J.M~ 
L!-Ll!!L--1-~I. T • I 

MIN. MAX. 

DO UBLE PLUG DIODE ABSOLUTE MAXIMUM RATINGS 
CHARACT ERISTICS @ 25~C UNITS 

Peak Inverse Voltage ............ . 
Avg. Rect. Current ..... . .... . ... . 
Recurrent Peak Fwd. Current . ..... . 
Surge Current, 1 sec . . ........... . 
Power Dissipation ........ . • ..... 
Operat ing Temperature .......... . 
Storage Temperature ............ . 

75 
200 
900 , 
500 

-65 to +150 
- 65 to +175 

Volts 
mA 
mA 
Amp 
mW· 
oc 
oc 

ELECTRICAL CHARACTERISTICS @. 25°c un less otherwise noted. 

SYMBOL MIN. TYP. MAX. UN IT 

v, .87 1.0 Vdc 
.82 .92 Vdc 
.76 .86 Vdc 
.66 .74 Vdc 
.54 .62 Vdc 

1. 100 nA 
100 µA 

PIV 75 Vdc 

C 2.5 pF 

T,, 4.0 nsec 

6.0 nsec 

10-11 

DIME NSIONS 

.020 .- ,062 t _i.. MAll €5, D · ee+ 

l!-,oo----1.:.,oo I' I 
MIN. MAX. 

100 M IL PACKAGE 

CONDITIONS 

l, = 200 mA 
h =100 mA 
1,=5 0 mA 
1,= 10 mA 
1,= 1 mA 

V.= 50V 
V.= 50V, T= 150°C 

l. = 5µA 

V. = 0V 

I,= I.= 10 to 200 mA 
Rec. to 0.1 of h 
I,= I•= 200 to 400 mA 
Rec. to 0.1 of I, 

I 



ITT601 ITT601 DPD ITT601 MP 
SILICON SWITCHING DIODE 

SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERIST ICS @ 25°C 

Peak Inverse Voltage ......... ... . 
Avg. Rect. Current , .. , ........ , .. 
Recurrent Peak Fwd. Current ... . . . • 
Surge Current, 1 sec. . . . ... .. . . . 
Power Dissipation . . . , .. . ....... . 
Operating Temperature ..... ..... . . 
Storage Temperature ..... • . , . • , , , 

50 
200 
900 

1 
500 

-65to +150 
-65 to +175 

UNITS 

Volts 
mA 
mA 
Amp 
mW 
oc 
oc 

ELECTRICAL CHARACTERISTICS @. 25°c unless otherwis e noted 

SYMBOL MIN. TYP. MAX. UNIT 

VF 1.2 Vdc 
1.0 Vdc 

.80 .90 Vdc 

.75 .85 Vdc 

.62 .70 Vdc 

,. 100 nA 
100 µA 

PIV 50 Vdc 

C 3.0 pF 

T,, 6.0 nsec 

10 - 12 

DIMENSIONS 

~ ,110 

~ [- ~,M,.AXoo. I 
~ 1.00 .1 .300 ~ ---1 

MIN, MAX. MIN. 

D0-7 

DIMENSIONS 

.020 ,r .0 62 

t e3 -'-MAX, 
l!-1.00 --i:= .,60 1---.- • I 

MIN, MAX. 

DOUBLE PLUG DIODE 

DI MENSIONS 

.020 r~t{ 
*f G----1a~= l.!- ,.oo -..l.:.,oooo1, l...c-:0'-- ---==r.....i, I 

MIN. MAX, 

100 M il PACKAGE 

CONDITIONS 

IF=500mA 
IF=400mA 
1, = 200mA 
IF=100mA 
IF=10 mA 

Vo- 30V 
V.= 30V, T=150 °C 

lo= 5µA 

Vo= OV 

IF= l.=10 mA, R,= 100n 
Rec. to 1.0 mA 



SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 
ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTICS @ 25°C 

Peak Inverse Volt age .. ..... .. . . 
Avg. Rect. Current . . ....... . .. . . . 
Recurrent Peak Fwd. Current .. . . . • . 
Surge Current, 1 sec . ..... . 
Power Dissipation .... . . .. . . . • .. , 
Power Derating Factor . . . .. • .. • ... 
Operating Temperature . . . • . .. • .. . 
Storage Temperature .. . .. . . . . • . . • 

30 
50 

150 
150 
250 

2 
- 65 to + 150 
- 65 to + 175 

UNITS 

Volts 
mA 
mA 
mA 
mW 
mW/ 0 c 
•c 
•c 

ITT700 1N5220 ® 
SILICON SWITCHING DIODE 

DIMENSIONS 

022 110 it -[ ,---_ -~) _['MAX' .. 

L,!_!.2.2--i:== ~o , I~ ,oo~ 
MIN MAX MIN. 

D0-7 

ELECTRICAL CHARACTERISTICS @ 25°c unl ess otherw ise noted. 

SYMBOL MIN. TYP. MAX. UNIT CONDITIONS 

PIV 30 Vdc IR=5µA 

v , .89 1.1 Vdc 1,= 50 mA 
.81 .95 Vdc h= 20 mA 
.76 .88 Vdc 1,=10 mA 
.64 .74 Vdc 1, =1 mA 
.52 .61 Vdc I,= 100µA 
.42 .50 Vdc 1,= 1 OµA 

IR 50 nA VR=15V 
50 µA v R=15V, T= 150°c 

C .75 pF V. = 0V 

T., 700 psec I,= lo= 10 mA, 1 00n 
Pulse Gen., .25 nsec 
Detector .1 nsec; Rec. 
to 1.0 mA 

10- 13 



ITT2001 ITT2002 ITT2003 
SILICON SWITCHING DIODE 

SILICON 
EPITAXIAL 
PLANAR 
SWITCHING DIODE 
For General Purpose High-Voltage Applications 

MAXIMUM RATINGS @ 2s0 c (NOTE 1) 

ITT 2001 

Peak Inverse Voltage . . . .. . 100 Volts 
Average Rectified Current . . .. . 150 ma 
Forward Current Steady State D.C. . . 250 ma 
Recurrent Peak Forward Current .... 400 ma 
Peak Forward Surge Current Pulse 

Width of 1.0 Second . . . . . 1.0 A 
Power Dissipation 
Power Derating . 
Operat ing Temperature 
Storage Temperature, Ambient 

.. . 300mw 
..... 3.3 mw/ °C 

. -65°Cto +175°C 
-65 °C to +200°C 

DIMEN SION S 

DOUBLE PLUG DIODE 

ITT2002 

200 Volts 
150 ma 
250 ma 
400 ma 

1.0A 
300mw 
3.3 mw/ °C 
- 65°C to + 175°C 
- 65°C to +200 °c 

ITT 2003 

250 Volts 
150 ma 
250ma 
400 ma 

1.0A 
300mw 
3.3 mw/ °C 
-65°C to +175°C 
-65°C to +200 °C 

ITT2001 - ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDI TIONS 

VF Forward Voltage 1.0 Volts IF=100 ma 
IR , Reverse Cu rrent 0.1 ua VR=o'O V 
IR2 Reverse Current (150°C) 100 ua VR=50 V 
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. Tho maxi mum rating■ e,e llm lting \lalu 11 above which Ill e or sotlsf ectory portorm ance may be lmparred. 
2, Thlt t H I Is eoulv•1tnt to Trr @ IF • IR • 30 ma, AL - 100 ohms, recovtrtd 10 3 ma 10 b• les t than 50 nHC . 

10- 1.-t 



ITT2001 ITT2002 ITT2003 

ITT2002 - ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VF Forward Voltage 1.0 Volts IF=100ma 
JR, Reverse Current 0.1 ua VR=150 V 

JR, Reverse Current (150°C) 100 ua VR=150 V 

BV Breakdown Voltage 200 Volts IR=100 ua 

Os Storage Charge (Note 2) 500 pc IF= 10 ma 

Co Capacitance 5.0 pf VR=0 V, f=1 MHz 

ITT 2003 - ELECTRICAL CHARACTERISTICS (25°C unless otherw ise noted) 

SYMBO L PARAMETER MIN MAX UNITS TEST COND ITIONS 

VF Forward Voltage 1.0 Volts IF=100 ma 

IR, Reverse Current 0.1 ua VR=150V 

JR, Reverse Current (150°C) 100 ua VR=150V 

BV Breakdown Voltage 250 Volts IR=100ua 

Os Store Charge (Note 2) 500 pc IF=10 ma 

Co Capacitance 5.0 pf VA= 0 V, f = 1 MHz 

I 
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ITT3001 ITT3002 ITT3003® 
SILICON PLANAR DIODE 

HIGH VOLTAGE 
HIGH TEMPERATURE 
DOUBLE PLUG DIODE 

020 __[ ·062 

For Genera l Purpose, High-Temper ature, High -Voltage Applications 
t- CJ MAX. 

~!&_Q-t.=.160 1• . I 
MIN. MAX, 

DIMENSIONS 

MAXIMUM RATINGS (25°C) NOTE 1 

3001 3002 3003 

Peak Inverse Voltage .. 70 Volts 150 Volts 200 Volt s 
Average Rectif ied Current . .. 100 ma 100 ma 100 ma 
Forward Current Steady State O.C. .... 200 ma 200 ma 200 ma 
Recurren t Peak Forward Curren t .300 ma 300 ma 300 ma 
Peak Forw ard Surge Current Pulse 

Width of 1 .0 Second . .. . . . . . 1.0 A 1.0 A 1.0 A 
Power Dissipat ion .... . 250 mw 250mw 250 mw 
Power Deratihg '. . . 2.0 mw/ °C 2.0 mw/ °C 2.0 mw/ °C 
Operatin g Temperature -65 °C to + 175°C - 65°C to + 175°C -65°C to +175°C 
Storage Tempera ture, Ambi ent - 65°c to + 200°c - 65°C to + 200°c -65 °C to +200 °c 

ITT 3001 - ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

SYMBO L PARAMETER MIN MAX UNITS TEST CON DITI ONS 

VF Forward Voltaae 1.0 Volts IF=100 ma 
IR, Reverse Current 0.025 ua VR=60 V 
IR, Reverse Current (150°C) 5 ua VR=60 V 
BV Breakdown Vo ltage 70 Volts IR=100 ua 
Co Capacitance 8 pf VR=OV , f=1 MHz 

NOTES, 
1. The maximum ratings are limlled values above which life or satisfactory perfo rmance may be impaired . 
2. All Diode s must have black body coat. 
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ITT3001 ITT3002 ITT3003 

ITT3002 - ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

VF Forward Vo ltage 1.0 Volts IF=200 ma 

IR, Reverse Current 1.0 na VR=125V 

IR, Reverse Current (150°C) 3.0 ua VR=125 V 

BV Breakdown Voltage 150 Volts IR=100 ua 

Co Capacitance 6.0 pf VR=0V , f=1 MHz 

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= 175 V 

IR, Reverse Current (150°C) 5 ua VR=175 V 

BV Breakdown Voltage 200 Vo lts IR=100 ua 

I 

10 - 11 



1N5194 1N 5195 1N5196~ 
GENERAL-PU RPOSE HIGH- TEMPERATURE DIODES 

GENERAL PURPOSE 
SILICON DIODE 

DI MENS ION S 

This device is a Silicon Double Plug Diode for general-purpose, hig h-, 
temperat ure app lica tion in comp uter , indust rial and milita ry applications . 

.020 _r .062 t C3 MAX. 

ABSOLUTE MAXIMUM RATINGS 

Storage temperature range, T,,9 . • • • . • 

Lead or terminal temperature at a distance not less than 
1 /16" from the seated su rface (or case) for 2 seco nds . 

Reverse volta ge , 25°C free air .... 

Maximum steady state powe r dissi patio n at 25°C, fr ee air . 
Derat ing fact or , . . . . . . . 

ELE CTRICAL CHARACTERISTICS 1N5194 

MIN MAX 

Forward Voltage , Vf @ If = 100 ma . 1.0V 
Breakdown Voltage , Bvr Ir = 100 ua . ' . .. 80 V 
Reverse Current, Ir@ Vr = 70 V 25 na 
Reverse Curre nt, Ir @' Vr = 70 V @ 150°C 5 ua 

t Pulsed - width 8.5 msec max du ly cyc le 2% o r less 

CROSS-REFERENCE TO ELECTRICAL EQUIVALENTS 

10- 18 

~ !a2Q---i= .,so •1, .I 
MI.N.. MAX. 

DO UBLE PLUG DIOD E 

... .... ' . . . -5 5°C to +200 °c 

+2 75°C 

1N5194 1N5195 1N5196 

80V 200 V 250V 
250mw 250mw 250mw 

1.43mwf° C 1.43mw/° C 1.43mw/° C 

1N5195 1N5196 
MIN MAX MIN MAX 

1.0 V 1.0 Vt 
200 V 250 V 

25 ma• 25 na• 
5 ua• 5 ua• 

' V, = ISOV ' Vr=22 5V 

D0 •7 TYPES DPD TYPES 

IN48 3B IN5194 
IN485B IN5195 

IN486B IN5196 



1N5605 1N5606 1N5607 1N5608 1N5609<il 
GENERAL PURPOSE DIODES 

GENERAL PURPOSE 
SILICON DIODES 

This dev ice is a Silicon Double Plug Diode for genera l purpose use 
in computer , industrial and military applications. 

ABSOLUTE MAXIMUM RATINGS 
Storage temperature range, T,,9 . • . . • . • . . • . . . • • . • • • • . •.• • . . • • .••. •.• . 

Lead or termina l temperature at a distance not less than 
1 /16" from the seated surface (or case) for 15 seconds . . . . . .. . . ... . . . . . . . 

1N5605 1N5606 

Reverse voltage , 25°C free air . . . . . . . . . . . . . . . .. . 70V 150 V 

Maximum steady state power 
dissipation at 25°C, free air . ' .... ' ... ' .. ' ... . . ' 250mw 200mw 

Derating factor . . ..... . ..... .. ... . . .. . . . . . . . .. . 

ELECTRICAL CHARACTERISTICS 

DIMENSIONS 

-65°C to +200 °C 

+215 °c 

1N5607 1N5608/9 

200V 120V 

200mw 250mw 

2mw/ °C 

1N5605 1N5606* 1N5607* 

MIN MAX MIN MAX MIN MAX 

Forward Voltage, Vt @ If = 20 ma .. . ... . 1.0 V 1.0 V 1.0 V 

Breakdown Voltage, Bvr Ir = 100 ua . .... 70V 150 V 200V 

Reverse Current , Ir @ Vr = 60 V . . .. - . . .. 25 na 25 na 25 na 

Reverse Current , Ir @ Vr = 60 V @ 150°G . 5 ua 5 ua 5 ua 

• II :;:; 7 ma . Vr ,_ l25 V , " ff • 3 ma. Vr ~ 175 V 

10-1 9 
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1 N5605 1 N5606 1 N5607 1 N5608 1 N5609 

ELECTRICAL CHARACTERISTICS - 1 N5608 

Forward Voltage, Vf@ If = 100 ma .. . . . . . 
Breakdown Voltage, Bvr 

Ir - 100 ua 
Reverse Current, Ir @ 50 V . . . • ..... . . . . .. 
Reverse Current, Ir @ 50 V @ 150°C .... . .. . . .. .. ............ .... .. . 
*Reverse Recovery Time, Trr 

If = 5 ma, Vr = 40 V 
R1 = 2 K, C1 = 10 pf 
Recover to SOK ohms . . ............ . . . . . . . .. . . .. ....... . 

ELECTRICAL CHARACTERISTICS 

Forward Voltage, Vt @ If = 6 ma 
Breakdown Voltage, Bvr 

Ir = 100 ua .. 
Reverse Current, Ir @ 100 V 
Reverse Current, Ir@ 100 V@ 100°C . 
Capacitance , C 

Vr = 1 o V, f = 1 me 
Reverse Recovery time , Trr 

If = 30 ma, Vr = 35 V, 
Recover to 400K ohms . 

1N5609 

00-7 TYPES 

1N457 

CROSS-REFERENCE TO ELECTRICAL EQUIVALENTS 1N458 
1N459 
1N658 
1N660 
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DPD TYPES 

1N5605 
1N5606 
1N5607 
1N5608 
1N5609 

MIN 

120 V 

MIN 

120 V 

MAX 

1.0 V 

50 na 
25 ua 

300 nsec 

MAX 

1.0 V 

5 ua 
50 ua 

2.7 pf 

300 nsec 




