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electrical characteristics (Note 2) 

PARAMETER CONDITIONS 
LM114 

MAXIMUM LIMITS 
LMI1.A LM115 LM115A 

UNITS 

Offset Voltage 1 �p�.�A�~� �I�c�~� l00p,A 2.0 0.5 2.0 0.5 mV 

Offset Current Ie'" 10p,A 10 2.0 10 2.0 nA 
Ie = 1 p.A 0.5 0.6 nA 

Bias Current 
Ie'" tOpA 40 20 40 40 nA 
Ie'" t IlA 3.0 6.0 nA 

Offset Voltage Change OV �~� �V�C�B�~� Vmax 1.5 0.2 2.0 0.3 mV 
Ie'" tOp.A 

�O�V�~�V�C�B�S� Vms. Offset Current Change 
Ie'" 10p.A 

4.0 1.0 4.0 1.0 nA 

Offset Voltage Drift 
-55"C$TA$125"C 

10 2.0 10 2.0 �~�V�t�"�C� 
le= 10J.(A 

Offset Current -55"C:5. T A �~� 12S"C 
50 12 50 20 nA 

Ie = 1OJ.lA 

Bias Current 
-55°C:5TA:5125"C 

150 60 150 150 nA 
le= lOIlA 

Vee'" Vmax 
Collector-Base Leakage Cunent TA = 25°C 60 10 60 10 pA 

T A =12S"C 60 10 50 10 nA 

VeE'" Vmax• VEe = 0 
Collector-Emitter Leakage Current TA = 25°C 200 50 200 60 pA 

TA :: 12S"C 200 50 200 60 nA 

Vee = Vmlll 

Collector·Collector Leakage Current TA = 2S"C 300 100 300 100 pA 
TA=12S"C 300 100 300 100 nA 

Note 2: These specifications apply for T A = 25° C and OV �~� V CB .::; V max. unless otherwise specified. 
For the LMl14 and LMl14A. Vmax = 3OV. For the LMl15and LMl15A. Vmax = 45V. 

typical performance characteristics 

Noise Voltage Noise CUrrent Saturation Voltage 
, .. - ". 

T ... -25°C T ... -25°& 

a 
�~� 1.0 

�C�\�.�~�T�A� 'c-,apA ....... �~�'�j�A�=� 
l' 
2 

�~� 0.1 

�~�'�f�=�l�o�o�~� 

0" 
-'r"" 

,c· ,OO Il A- S 
10·' 10-13 

la' la2 103 104 la' 19B ,,,, t02 1[13 H,4 fa' 108 10-8 IIr4 ur 3 10-1 

FRIQUENCY (Hz) FHEQUENCYIH" COLLECTOR CURRENT (A, 



Transistor/D iode Arrays 

LM194/LM394 supermatch pair 

general description 
The LM194 and LM394 are junction isolated ultra 
well-matched monolithic NPN transistor pairs with an 
order of magnitude improvement in matching over con­
ventional transistor pairs. This was accomplished by 
advanced linear processing and a unique new device 
structure. 

Electrical characteristics of these devices such as drift 
versus initial offset voltage, noise, and the exponential 
relationship of base-emitter voltage to collector current 
closely approach those of a theoretical transistor. Extrin­
sic emitter and base resistances are much lower than 
presently available pairs, either monolithic or discrete, 
giving extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed 
over a current range of 1j.tA to 1 mA and 0 to 40V 
collector-base voltage, ensuring superior performance 
in nearly all applications. 

To guarantee long term stability of matching parameters, 
internal clamp diodes have been added across the emitter­
base junction of each transistor. These prevent degrada­
tion due to reverse biased emitter current-the most 
common cause of field failures in matched devices. The 
parasitic isolation junction formed by the diodes also 
clamps the substrate region to the most negative emitter 
to ensure complete isolation between devices. 

connection diagram 

The LM194 and LM394 will provide a considerable im­
provement in performance in most applications requiring 
a closely matched transistor pair. In many cases, trim­
ming can be eliminated entirely, improving reliability 
and decreasing costs_ Additionally, the low noise and 
high gain make this device attractive even where match­
ing is not critical. 

The LM 194 and LM394 are available in an isolated 
header 6-lead TO-5. The LM 194 is identical to the 
LM394 , except for tighter electrical specifications and 
wider temperature range. 

features 
• Emitter-base voltage matched to 50j.tV 

• Offset voltage drift less than 0.1j.tV/oC 

• Current gain (hFE ) matched to 2% 

• Common-mode rejection ratio greater than 120 dB 

• Parameters guaranteed over 1j.tA to 1 mA collector 
current 

• Extremely low noise 
• Superior logging characteristics compared to conven­

tional pairs 

• Plug-in replacement for presently available devices 

Metal Can Package 

OJ 

2 6 

3 5 

TDPVIEW 

Order Number LM194H or LM394H 
See Package 11 
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absolute maximum ratings 
Collector Current 
Collector-Emitter Voltage 
Collector-Base Voltage 
Collector-Substrate Voltage 
Collector-Collector Voltage 
Base-Emitter Current 

20 mA 
40V 
40V 
40V 
40V 

±10mA 

electrical characteristics (TJ = 25°C) 

PARAMETER 

Current Gain (h FE ) (Note 1) 

Current Gain Match (hFE Match) 

Emitter-Base Offset Voltage 

Change in Emitter-Base Offset 
Voltage vs Collector-Base 
Voltage (CMRR) 

Change in Emitter-Base Offset 
Voltage vs Collector Current 

Emitter-Base Offset Voltage 
Temperature Drift (Note 2) 

Logging Conformity (Note 3) 

Collector-Base Leakage 

Collector-Collector Leakage 

Input Voltage Noise 

Collector to Emitter Saturation 
Voltage 

CONDITIONS 

VeB = OV to 40V 
Ie = 1 mA 
Ie = 100llA 
Ie = 10llA 
Ie = lilA 

VeB = OV to 40V 
Ie = 10llA to 1 rnA 
Ie = lilA 

VeB =0 
Ie = lilA to 1 rnA 

(Note 1) 
Ie = IllAta 1 mA, 
VeB = OV to 40V 

VeB = OV, 
Ie = lilA to 0_3 rnA 

Ie = 1 OIlA to 1 rnA 
le1 = IC2 
Vos Trimmed to 0 at 25°C 

Ie = 3 nA to 300llA, 
VeB = 0 

VeB = 40V 

Vee = 40V 

Ie = 100llA, VeB = OV, 
f = 100 Hz to 100 kHz 

Ie = 1 rnA, IB = lallA 
Ie = 1 rnA. IB = 100llA 

MIN 

500 
400 
300 
200 

Power Dissipation 
Junction Temperature 

LM194 
LM394 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

LM194 LM394 

TVP MAX MIN TVP 

700 300 700 
550 250 S50 
4S0 200 450 
300 150 300 

0_5 2 O_S 
1.0 1.0 

25 50 25 

10 25 10 

5 25 5 

0.08 0.3 0.08 
0.03 0.1 0.03 

150 150 

50 50 

70 70 

1.8 1.8 

0.2 0.2 
0.1 0.1 

Note 1: Collector base voltage is swept from 0 to 40V at a collector current of lilA, 10llA, 100llA, and 1 mA_ 

SOOmW 

-5S0C to +13SoC 
-2SoC to +8SoC 

-5SoC to +150°C 
300°C 

UNITS 
MAX 

4 % 
% 

150 IlV 

50 IlV 

50 IlV 

0.8 IlVI"C 
0.3 IlVI"C 

IlV 

pA 

pA 

nV/v'Hz 

V 
V 

Note 2: Offset voltage drift with Vas = 0 at T A = 2SoC is valid only when the ratio of le1 to IC2 is adjusted to give the initial zero offset. This 
ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes. 
Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base--emitter voltage 
deviation. 

typical applications 
,---------------1r'W'lr- VAEF 
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typical applications (con't) 

INPUT 

+ 

D1STDRTIDN< D.1Y. 
BANDWIDTH'" 1 MHz 
100 dB GAIN RANGE 

01 
IN451 

+15V 

.2 
2k 

v' 

f·' -f'~. 
•• , 

C2 

.7 
'Ok 

C3 
'oF 

.s 
50' 

C4 
0.1 

.s 
L------.O<2OD •• 215 

.2 
ZOOk 

D.25% 

., 
2k 

Voltage Controlled Variable Gain Amplifier 

., 
200k 
D.25~ 

+15V 

IBIAs<25nA 

los <250pA 

Vas (untrlmmedl < 125/1V 

(.l.Vos' .. lT) .... O.2I1VrC 
CMRR ..... 12DdB 

AVOl ..... 2,500.000 

Precision Low Drift Operational Amplifier 

02 
lN451 RID 

2.5k L-__ ......... ""'_ -15V 

OUTPUT 

·C"ZODpFforunltygl'" 
C-30pFforAv"10 
C"5I1FlorAv '" 100 
C=OlorAv ::::l000 

VOUT 
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typical applications (con't) 

(X) INPUT LI-JtI'vv .... ..:.j 

(VI INPUT 
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High Accuracy One Quadrant Multiplier/Divider 
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Transistor/Diode Arrays 

LM195/LM295/LM395 power transistors 

general description 

The LM195/LM295/LM395 are fast, monolithic 
power transistors with complete overload protec­
tion_ These devices, which act as high gain power 
transistors, have included on the chip, current 
limiting, power limiting, and thermal overload 
protection making them virtually impossible to 
destroy from any type of overload_ In the standard 
TO-3 transistor power package, the LM 195 will 
deliver load currents in excess of 1_0A and can 
switch 40V in 500 ns_ 

The inclusion of thermal limiting, a feature not 
easily available in discrete designs, provides virtually 
absolute protection against overload_ Excessive 
power dissipation or inadequate heat sinking 
causes the thermal limiting circuitry to turn off 
the device preventing excessive heating_ 

features 
• Internal thermal limiting 
• Greater than 1_0A output current 

• 3_01lA typical base current 

• 500 ns switching time 

• 2_0V saturation 
• Base can be driven up to 40V without damage 

• Directly interfaces with CMOS or TTL 

The LM 195 offers a significant increase in reliabil­
ity a; well as simplifying power circuitry_ In some 
applications, where protection is unusually difficult, 
such as switching regulators, lamp or solenoid 
drivers where normal power dissipation is low, the 
LM195 is especially advantageous_ " 

The LM195 is easy to use and only a few pre­
cautions need be observed. Excessive collector to 
emitter voltage can destroy the LM 195 as with 
any power transistor. When the device is used as 
an emitter follower with low source impedance, it 
is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower 
oscillations. Although the device is usually stable 
as an emitter follower, the resistor eliminates the 
possibility of trouble without degrading perform­
ance. Finally, since it has good high frequency 
response, supply by passing is recommended. 

The LM195/LM295/LM395 are available in stand­
ard TO-3 power packages and solid Kovar TO-5. 
The LM195 is rated for operation from -55°C to 
+150°C, the LM295 from -25°C to +150°C and 
the LM395 from OoC to +125°C. 

simplified circuit and connection diagrams 

,..------
I 
I 
I 

---, 

BA"I 

I 
I 
I 
I 
I 
I 

'.1 

L ________ _ 

Simplified Circuit of the LM195 

I 
I 
I 
I 
I 
I 
I 
I 
I EMITTER 

TO-3 Metal Can Package 

BOTTOM VIEW 

Order Number LM195K. 
LM295K or LM395K 

See Package 18 

TO-5 Metal Can Package 

Q' EMITTER 

2~BASf 

J COllECTOR 

CASEISEMITIER 
BOTTOM VIEW 

Order Number LM195H, 
LM295H or LM395H 

See Package 9 
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absolute maximum ratings 

Collector to Emitter Voltage 
LM195, LM295 
LM395 

Collector to Base Voltage 
LM195, LM295 
LM395 

Base to Emitter Voltage (Forward) 
LM195, LM295 
LM395 

Base to Emitter Voltage (Reverse) 
Collector Current 
Power Dissipation 
Operating Temperature Range 

LM195 
LM295 
LM395 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics (Note 1) 

PARAMETER CONDITIONS 

Collector-Emitter Operating Voltage 10 Sic S IMAX 

Base to Emit!er Breakdown Voltage O-:;VCE SVCEMAX 

Collector Current 
TO·3 VeE ~ 15V 
TO·5 VeE ~ 7.0V 

Saturation Voltage Ie ~ 1.0A 

Base Current Os Ie ~IMAX 
as VeE SVCEMAX 

Quiescent Current Vbe = 0 

Os 'lee 5 VeE MAX 

Base to Emitter Voltage Ie = 1.0A, TA :::: +2SoC 

Switching Time VeE = 36V, RL = 36!l, 
TA =+25°C 

Thermal Resi.ltance Junction to TO-3 Package 
Case (Note 2) TO-5 Package 

42V 
36V 

42V 
36V 

42V 
36V 
20V 

Internally Limited 
Internally Limited 

-55°C to +150°C 
-25°C to +150°C 

O°C to +125°C 
-65°C to +150°C 

300°C 

LM195, LM295 

MIN TVP MAX 

42 

42 

1.2 2.0 
1.2 2.0 

1.8 2.0 

3.0 5.0 

2.0 5.0 

0.9 

500 

2.3 3.0 
12 15 

MIN 

36 

1.0 
1.0 

LM395 
UNITS 

TVP MAX 

36 V 

60 V 

2.0 A 
2.0 A 

1.8 2.2 V 

3.0 10 p,A 

2.0 10 rnA 

0.9 V 

500 ns 

2.3 3.0 "CIW 
12 15 "CIW 

Note 1; Unless otherwise specified, these specifications apply for -55"C ~ Tj ~ +150"C for the LM195,-25"C::; Tj ::; +150"C 
for the LM295 and O"C ::; +125"C for the LM395. 
Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +150'C/W, while that of the TO-3 package 
is +35'C/W. 



typical performance characteristics 
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typical performance characteristics (con't) 

10V Transfer Function 

2.0 r--r--r--,-r--r--r-::l= 

:5 1.6 
.... 
iii 
~ 1.2 .. 
~ O.B 

B 0.4 

OA O.B 1.2 1.& 

BASE·EMITTER VOLTAGE IV) 

Transconductance 
10 t= TA • +25°C 

"i 
i='-50kHZ 

1 3.0 
~ 

" ,r 2: 

" I 1.0 

.. 
~ 0.3 
" .. .... 

0.1 
0.01 0.1 1.0 10 

COLLECTOR CURRENT IA) 

schematic diagram 

CllllECTOR 

1.2 

~ 
.... 

i O.B 

~ 

~ 0.4 

8 

;-200 
S 
~ 

~ -100 
it 

36V Transfer Function 

v+" 36V TA :::+25°C 

TALJy 
I 

1/ II 
I fA" -55Q C 

I 
j J J 

0.4 O.B 1.2 

BASE·EMITTER VOLTAGE IV) 

Small Signal Frequency 
Response 

TA=+25°C III I 
I II P~ASE 

-, Ic=O.1A 
.., rill 
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~ 
II! ~C.O.'A 
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Gj 

I 
lOOk 1.0M 

FREQUENCV 1Hz) 
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typical applications 
C. 
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.------------~~--+15V 
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R, 
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INPUT-'V\r.r .... - ... -'"! 

"SOLID TANTALUM 

IDk 

..... 'V\r.r .... --+-... -OUT'UT 

L----------1~---15V 

CS" 
%,.OJ.'F 

1.0 Amp Voltage Follower 

"~--.... -- EMITTER 

BASE ...... """r.r .... -; 
500pF'" 

02 
LM195 

L-_" __ COllECTOR 

"PROTECTS AGAINST EXCESSIVE BASE DRIVE 
·"NEEDED FOR STABILITY 

Power PNP 

3~~~------------------, 
Cl 

-,-O.I~F C2 
~ D.01IJF 

A6 
25 

I-.... -----------..... -OUT'UT 

01 
lN914 

1.0 MHz Oscillator 

01 
LM195 

Time Delay 

,;.-1 ...... --------, 
Al 
510k 

A2 
150k 

A3 
47k 

1.0 Amp Lamp Flasher 

1003 
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typical applications (con't) 

10/-iFt 

)-~ ______ ~ __ ~ ___ O~~~T 

R2 
2.4k 

R3 
I •• 

1.0A 

L-------------+-_____ v-

Rl 
1DDk 

tSOLID TANTALUM 

1.0 Amp Negative Regulator 

v,. 
J6. 

1.0 Amp Positive Voltage Regulator 

r----p--y+ 

OUTPUT 

--..... --..... -.-
Rl 

500 

...----.... --+ 

n1 
LM19S 

Fast Optically Isolated Switch Optically Isolated Power Transistor 

CMOS Dr TTL Lamp Interface Two Terminal Current Limiter 
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Rl 
.0 

"DRIVE VOLTAGE OV TO 2:1.0V:;:42V 

40V Switch 



typical applications (con't) 

V" VOUT 

D1 
S.OV 

0' 
LM19S 

01 

6.0V Shunt Regulator with Crowbar 

R' 
1.5M 

12V 

.---.----\M,--<"'- OUTPUT 

Rl 

TURN ON '" ]50 rnV 
TURN OFF "" 200 mV 

02 
LM195 

Low Level Power Switch 

_-.... -_V' 
Rl 

S.Ok" 
INPUT -'VV",,""+! 

-NEED FORSTAS1L1TY 

01 
LM195 

OUTPUT 

Emitter Follower 

Rl 
S.Ok 

--..... --V' 

INPUT -""''''' ..... -H 
01 
lM195 

OUTPUT 

V­

·PREVENTSSTORAGE WITH FAST FAll 
TIME snUARE WAVE DRIVE 

Fast Follower 

C1 
5DpF 

Two Terminal100 rnA Current Regulator 

01 
LM195 

<1 
O.lIlF 

..... ----<~OUTPUT 

Power One-Shot 

T" RIC 
R2 "JR1 
R2~82k 

--..... --+15V 

01 
LM195 

I-_ .... -OUTPUT 

--.... ---15V 

High Input Impedance AC Emitter Follower 
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typical applications (con't) 

RS RI 
Uk 10k 

R. 
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D1 
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D1 
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J.ev 
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!D' 
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Transistor/D iode Arrays 

LM3018/LM3018A matched monolithic transistor arrays . 

general description 

The LM301 ~ and LM3018A consist of four gen· 
eral purpose silicon NPN transistors on a common 
monol ithic substrate. Two of the four transistors 
are connected in the Darlington configuration. The 
substrate is connected to a separate terminal for 
maximum flexibility. The transistors are well sui· 
ted to a wide variety of applications in low·power 
systems in the DC through VHF range. They may 
be used as discrete transistors in conventional cir· 
cuits but in addition they provide the advantages 
of close electrical and thermal matching inherent 
in integrated circuit construction. 

features 

• Matched monolithic general purpose transistors 

• HFE matched ±10% 

schematic and connection diagram 

• VSE matched 
LM3018 
LM3018A 

• Operation from DC to 120 MHz 

• Wide operating current range 

±5mV 
±2 mV 

• LM3018A performance controlled from 10llA 
to 10 mA 

• Low noise figure 3.2 dB typical at 1 kHz 

• Full military temperature 
range capability -55°C to +125°C 

applications 
• General use in signal processing systems in DC 

through VH F range 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

Metal Can Package 

CASE AND 
10 SUBSTRATE 

TOP VIEW 

Order Number LM3D18H or LM3D18AH 
See Package 7 
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absolute maximum ratings 
The following ratings applv for each transistor in the device: 

LM3018 

Power Dissipation (Note 1) 
Any One Transistor 300 
Total Package 450 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering. 10 sec) 

LM3018A 

300mW 
450mW 

-5SoC to +125°C 
-6SQ C to +150°C 

300'C 

dc electrical characteristics TA ; 25°C 

PARAMETER CONDITIONS 

I MIN 

STATIC CHARACTERISTICS 

Collector Cutoff Current (ICBOI Vel!. = lOV.le "0 

Collector Cutoff Current (ICED' VeE" lOV, '8'" 0 

Collector Cutoff Current Darlington Pan HCEool Vce =10V.l a -Q 

Collector to Emitter Bleakclown Volta!]e IVIBAICl!ol Ie" 1 mA,'e" 0 15 

Collector to Base Breakdown Voltag!! (VIBAlcaol Ie - 10~A. 'E'" 0 20 

Emitter to Base Breakdown Voltage (V(BAIEBol IE - 10,uA, 'c- 0 

Colil'ctar to Substlate Breakdown Voltelge (V(BRICIOI Ie - lOIJA, 'ei'" 0 20 

Collectol to Emitter Satliiallon Volt .. g!! (VcEsl I, 1 mA.le · lOrnA 

fe-,amA 
Static FOlwald Current Tlansf!!) RatiO (hFEI VcE -3V. Ic=-lmA 3~ 

Ie'" 10pA 

Magnitude of Static Beta RatiO (lsoldted T'dnslstO'~ Ve, 3V, let - IC2" I rnA .9 
0, and 02) 

StatiC FOIwald CUI lent Tlans!.'. RallO Ddtimglon 
VCE - 3V {Ie'" 1 rnA t500 

Pall ~aJand 0 4 1 (hFeol Ic = 100pA 

Bdse to Em.tte. Voltage (VeF) [IE = T rnA 
VCE '" 3V IE = 10 mA 

Input Offset Voltage (! ~~:~21) Vce"'3V.le·"'lmA 

Tempelature CoeffiCient· Base to Emitter 

Voltage 0,. O2 (l~f·l) VcE "'3V, Ie" I rnA 

Base ~QJ) to Emitter ~~} Voltage Da.llngton 
Vce = 3V 

Ie" lOrnA 
Pair (VerD ~V9l)) IE~ 1 mA 

Temperature CoeffiCient Base to Emitter 

(I~-,-"I) Vce =3V,l e "lmA 
Voltage Darlington Pair OJ, ~ 

TemperatureCoelficlent Magnitude of Input 
Vcc = +6, VEE = -6V 

(lVBE1 -VBE21) Ic , = IC2 = 1 mA Offset Voltage --,,--

ac electrical characteristics TA ; 25°C 

DYNAMIC CHARACTERISTICS 

Low FreQuency NOise Figure (NFl 
f= t kHz, VCl: '" 3V, 
Ic'" 100pA, Source 
Reslstance=lkn 

Low Frequency, Small,Slgnal EQUivalent 

CirCUIt Characteristics' 

Forward Current Transfer Ratto (h",) 

Short CircUit Input Impedance (hi.) ),." ... -.~ 
Open Circuit OLftput I mpedance ~hae) Ic= t rnA 

Open Circuit Reverse Voltage Transfer RatiO ~h ... ) 

Admittance Characteristics: 

Forward Transfer Admittance IV f.\ 

Input Admittance (V,.) ),.'" ..... ~ Output Admittance IVae) Ic= 1 rnA 

Reverse Transfer Admittance IV rei 

Gam BandWidth Product 1fT) Vce'" 3V.lc = 3 mA 300 

Emitter to Base Capacitance (CEBI VEs=3V.le=O 

Collector to Base Capacitance (CeBI Vce = 3V.lc" 0 

ColIl!ctor to Substrate Capacitance (Cc ,) VCI = 3V. Ic '" 0 

Note 1: Derateat5mWtCforTA>B5"C 

Collector to Emitter Voltage, VCEO 

Collector to Base Voltage, V CBO 

Collector to Substrate Vortage, VelD 
INote 2) 

Emitter to Base Voltage, VEBO 

Collector Current, Ie 

LIMITS 

LM3018 

I TVP I MAX I MIN 

002 100 

24 15 

60 30 

60 40 

23 

100 50 
100 60 
54 30 

.97 

5400 2000 
1000 

.715 600 

.800 

4B 

-19 

t 46 
132 110 

44 

10 

3.25 

ttO 

3.5 

15.6 

I.ax 10-4 

31-j.l.5 

.3 +jO.04 

.001 +jO.03 

See Curve 

500 300 

.6 

.58 

2.B 

Note 2: The collector of each tranSistor of the LM301B and LM3018A IS Isolated from the substrate by an Integral diode. The 
substrate (terminal 10) must be connected to the most negative point in the external Circuit to marntain Isolation between 
transistors and to provide for normal transistor Bctlon. 
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LM3018 

15 
20 
20 

50 

LM3018A 

TVP MAX 

002 40 

24 

60 

60 

.23 

tOO 
100 
54 

97 

5400 
2BOO 

.715 BOO 
800 .900 

4B 

-19 

146 160 
1.32 150 

44 

to 

3.25 

ttO 

35 

15.6 

l.ax 10'" 

31-)1.5 

.3 +j004 

.001 +1003 

See Curve 

500 

.58 

2.B 

LM3018A 

15V 
30V 
40V 

5V 
50mA 

UNITS 

"A 

"A 

"A 

V 

mV 

mVI C 

mV/~C 

pvtc 

dB 

,,! 
pmho 

mmho 

mmho 

mmho 

mmho 

MH, 

pF 

pF 

pF 



typical performance characteristics 
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Cutoff Current vs Ambient 
Temperature for Each 
Transistor 
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Cutoff Current vs Ambient 
Temperature for Each 
Transistor 
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Typical Static Base-To­
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01 and 02 vs Emitter Current 
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typical performance characteristics (con't) 
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Transistor/Diode Arrays 

LM3019 diode array 

general description 

The LM3019 consists of one silicon diode "quad" 
and two isolated silicon diodes on a common 
monolithic substrate. 

features 

• Excellent diode match 

• Low leakage current 

• Low pedestal voltage when gating 

• Built-in temperature stability for operation 
from -55°C to +125°C 

• lO'pin TO·5 package 

• Hermetically sealed 

applications 

• Modulator 

• Mixer 

• Balanced modulator 

• Analog switch 

• Diode gate for chopper·modulator applications 

schematic and connection diagrams 

SUBSTRATE 
CASE 
(Note 11 

07 

NOTE 1: CONNECT TO MOST NEGATIVE CIRCUIT POTENTIAL. 

absolute maximum voltage limits TA = 25°C 

Metal Can Package 

Order Number LM3019H 
See Package 13 

VOLTAGE LIMITS CONDITIONS 
TERMINAL 

NEGATIVE POSITIVE TERMINAL VOLTAGE 

1 -3 +12 7 -6 

2 -3 +12 7 -6 

3 -3 +12 7 -6 

4 -3 +12 7 -6 

5 -3 +12 7 -6 

6 -3 +12 7 -6 

1,2, 
7 -18 0 3,6, 0 

8 

8 -3 +12 7 -6 

9 -3 +12 7 -6 

10 NO CONNECTION 

CASE 
INTERNALLY CONNECTED TO TERMINAL 7 

- . DO NOT GROUND 
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absolute maximum ratings 

Power Dissipation 
Any One Diode Unit 20mW 
Total For Device 120mW 

Storage Temperature Range --65° C to +200° C 
Operating Temperature Range -55°C to +125°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics for each diode unit, unless otherwise specified, TA = 25°C. 

PARAMETER CONDITIONS MIN TVP MAX 

DC Forward Voltage Drop (VF ) DC Forward Current IF = , rnA .73 .78 

DC Reverse Breakdown Voltage (V(BR)A) DC Reverse Current IR = -10~A 4 6 

DC Reverse Breakdown Voltage Between Any 
DC Reverse Current IR = -lOIlA 25 80 

Diode Unit and Substrate (VCBR)R) 

DC Reverse (Leakage) Current (lR) DC Reverse Voltage V R = -4V .0055 10 

DC Reverse (Leakage) Current Between Any 
DC Reverse Voltage V R = -4V .010 10 Diode Unit and Substrate (I R) 

Magnitude of Diode Offset Voltage (Difference 
in DC Forward Voltage Drops of Any Two DC Forward Current IF = 1 rnA 1 5 
Diode Units) (IVF , - VF21l 

Single Diode Capacitance 
Frequency f = 1 MHz 

1.8 
DC Reverse Voltage VA = -2V 

Frequency f = 1 MHz 

DC Reverse Voltage V R Between 
Diode Quad-ta-Substrate Capacitance (Coo.,) Terminal 2, 5, 6 or 8 of Diode Quad 

and Terminal 7 Substrate = -2V 

Terminal 2 or 6 to Terminal 7 4.4 

Terminal 5 or 8 to Terminal 7 2.7 

Series Gate Switching Pedestal Voltage (Vs) 10 

UNITS 

V 

V 

V 

/lA 

/lA 

mV 

pF 

pF 

pF 

mV 



typical performance characteristics 

DC Forward Voltage Drop Reverse (Leakage) Current Diode Capacitance (Any 
(Any Diode) vs Temperature (Any Diode) vs Temperature Diode) vs Reverse Voltage 

0.9 30 6 ~ 
........ IFI'I ~A VA ACROSS DIODE' -4V / TA '" 25°C 

c " 25 f= 1 MHz 
:5 0.8 oS I .e 

.... w 
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~I'-.. 
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'" I 20 '" 4 " L ;'! 
~ 0.7 
c I'-.... 

u 
> w 15 :1: 
c ........ ffi ~ a: 0.6 j " ......... 
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~ ~ 10 g 2 

u ./ 
;; 

u 0.5 c 
5 

I 
c I & I .!: 
~ 0.4 0 0 

-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 0 1 2 3 4 

TA - AMBIENT TEMPERATURE ,'CI TA - AMBIENT TEMPERATURE ,'C) VA - REVERSE VOLTAGE ACROSS DIODE (V) 

Diode Ouad·To.substrate Diode Quad-To-Substrate 
Capacitance vs Reverse Capacitance vs Reverse 
Voltage Voltage 

6 6 
C TA ::: 25°C C TA - 25°C .... .... 

'=1 MHz 
~'i f"'1MHz 

a;;: 
a: ~ .,- I'--I"-
.,-

N;::: - ~;::: 
~~ ~~ 4 "" 4 

"" "'''' .,,, 
!E:i 

ffi~ a: a: 
Ww 

... t; .... 1= 

~~ 
wLI.I 

2 Z ~!:i: 
:il§ "a: 
ti~ 55 ,,= ,,=> 
~ => 5rn ~~ 

0 0 
0 1 Z 3 4 0 1 Z 3 4 

VA - DC REVERSE VOLTAGE BETWEEN TERMINAL VR - DC REVERSE VOLTAGE BETWEEN TERMINALS 
Z OR 6 AND SUBSTRATE (TERMINAL 7) 5 OR B AND SUBSTRATE (TERMINAL 7) 

series gate switching test setup 

",v 

~ 4.7K J\JJL 

"'"-ill n ~ ~ \JTu.$(0 mV,., 

2 

~LM""I'-.. 

· ·!·'·1 ~( v1- OSCillOSCOPE: 

50' ~ 
TEKTRONIX TVPE 
585wtTHTVPE-8 f~"10MHz '\., 
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6·21 

r-
3!: 
w 
o ... 
CD 



CD 
N 
o 
CW) 

:E 
..J 

6-22 

Transistor/Diode Arrays 

LM3026, LM3054 transistor arrays 

general description 

The LM3026 and LM3054 each consists of two 
independent differential ampl ifiers with associated 
constant-current transistors on a common mono­
lithic substrate_ The six NPN transistors which 
comprise the amplifiers are general purpose devices 
which exhibit low llf noise and a value of fT in 
excess of 300 MHz_ These features make the 
LM3026 and LM3054 useful from DC to 120 MHz_ 
Bias and load resistors have been omitted to pro­
vide maximum application flexibility_ 

The monolithic construction of the LM3026 and 
LM3054 provides close electrical and thermal 
matching of the amplifiers_ This feature makes 
these devices particularly useful in dual channel 
applications where matched performance of the 
two channels is required_ 

The LM3026 is sup-plied in a hermetic 12-lead 
TO-5 style package and is rated for full military 
operating temperature range of -55°C to +125°C_ 

The LM3054 is supplied in a 14-lead molded 
dual-in-line package with a limited temperature 
range_ The availability of extra terminals allows 
the introduction of an independent substrate con­
nection for maximum flexibility_ 

features 
• Two differential amplifiers on a common 

substrate 

• Independently accessible inputs and outputs 

• Maximum input offset voltage ±5 mV 

• Full military temperature 
range capability -55°C to +125°C 

• Li mi ted temperature 
range, LM3054 

applications 

• Dual sense amplifiers 

• Dual Schmitt triggers 

• Multifunction 
combinations 

O°C to +85°C 

RF mixer 
oscillator converter IF 

• I F amplifiers (differential and or cascade) 

• Product detectors 

• Doubly balanced modulators and demodulators 

• Balanced quadrature detectors 

• Cascade limiters 

• Synchronous detectors 

• Pairs of balanced mixers 

• Synthesizer mixers 

• Balanced (push-pull) cascode ampl ifiers 

schematic and connection diagrams 

Metal Can Package 

TOPVIEW 

Order Number LM3026H 
Se. Package 7 

Dual-In-Line Package 

NC 

SUBSTRATE 

TOP\tIEW 

Order Number LM3054N 
See Package 22 



absolute maximum ratings (T A = 25°C) 

LM3026 LM3054 

Power Dissipation The following ratings apply for each transistor in the device: 

Any One Transistor 300mW 300mW Collector to Emitter Voltage (V CEO) 15V 
Total Package 600mW 750mW Collector to Base Voltage (VeBol 20V 
For TA > 5SoC Derate at 5 mwtc 6.67 mWtC Collector to Substrate Voltage (V CIO) (Note) 20V 

Operating Temperature Range -5SoC to +12SoC -40°C to +8SoC Emitter to Base Voltage (VeBol 5V 
Storage Temperature Range --6SoC to +150°C -6S0Cto +150°C Collector Current 50 rnA 
lead Temperature (Soldermg, 10 sec) 300"C 

dc electrical characteristics (TA = 25°C) 

PARAMETER CONDITIONS I MIN I TVP I MAX UNITS 

STATIC CHARACTERISTICS 

For Each Differential Amplifier 

Input Offset Voltage (Viol .45 5 mV 

Input Offset Current (1 ,01 .3 2 p.A 

Input Bias Current (t,l 10 24 p.A 
Vee = 3V 

Quiescent Operating Current Ratio (~ or le/o5)) I E (Q3) = I E (Q41:= 2 mA 
.9a to 

IC(Q21 IC(Q61 1.02 

Temperature Coefficient (Ill~~ol ) 1.1 p.V/"C 
Magnitude of Input Offset Voltage 

For Each Transistor 

['e ° 50p.A 
.630 .700 

DC Forward Base to Emitter Voltage (V BE) 
VcB =3V ~~~ .715 .800 

V 
.750 .850 

lOrnA .800 .900 

Temperature Coefficient of Base to Emitter 

(llVBe) Voltage M V CB = 3V, Ie = 1 mA -1.9 p.V/"C 

Collector Cutoff Current (leBO) VeB ° 10V, Ie ° 0 .002 100 nA 

Collector to Emitter Breakdown Voltage (VtBRJCEOI Ic"" 1 mA,IB""O 15 24 V 

Collector to Base Breakdown Voltage (V(BRICBOI leol0p.A,leoO 20 60 V 

Collector to Substrate Breakdown Voltage (~BR)CIO) Ie = 10,uA, ICI "" a 20 60 V 

Emitter to Base Breakdown Voltage IV (BRJEBO) leol0p.A,leoO 5 7 V 

ac electrical characteristics 

PVNAMIC CHt\RACTJ;RISTI~ 

Common Mode Rejection Ratio For Each Amplifier (CMR) 100 dB 

AGC Range, One Stage (AGC) 
Vec = l2V 

75 dB 

Voltage Gain, Single Stage Double Ended Output (AI VEe = -6V 32 dB 

AGe Range, Two Stage (AGC) 
V,o-3.3V 

105 dB 
f = 1 kHz 

Voltage Gain, Two Stage Double Ended Output (A) 60 dB 

low· Frequency , Small Signal Equivalent Circuit 
Characteristics: (For Single Transistor) 

Forward Current Transfer Ratio (hfel 110 

Short Circuit Input Impedance (hie) folkHz,Vee o3V, 3.5 kl"! 

Open Circuit Output Impedance (hoe) 
Ic"" 1 mA 

15.6 ,umho 

Open Circuit Reverse Voltage Transfer Ratio (hrel 1.8 x 10-4 

llf Noise Figure (For Single Transistor) (NFl f ° 1 kHz, Vee ° 3V 3.25 dB 

Gain Bandwidth Product (For Single Transistor) (fTI VeE ° 3V, Ie = 3 mA 550 MHz 

Admittance Characteristics; Differential Circuit 
Configuration: (For Each Amplifier) 

Note: The collector of each transistor of the LM3026 and LM3054 is isolated from the substrate by an integral diode. The 
substrate must be connected to a voltage which is more negative than any collector voltage in order to maintain isolation 
between transistors and provide for normal transistor action. The substrate should be maintained at signal (AC) ground by 
means of a suitable grounding capacitor, to avoid undesired coupling between transistors. 
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PARAMETER CONDITIONS 

Forward Transfer Admittance (V2') 

Input Admittance (V1,) Vee = 3V 
Each Collector 

Output Admittance (Y22) Ie'" 1.25 mA 

Reverse Transfer Admittance (Y12) t= 1 MHz 

Admittance Characteristics; Cascode Circuit 
Configuration: (For Each Amplifier) 

Forward Transfer Admittance (Y2') 

Input Admittance (V1,) Vee = 3V 
Total Stage 

Output Admittance (Y221 Ie =::: 2.5 rnA 

Reverse Transfer Admittance (Y12) t= 1 MHz 

Noise Figure (NFl t= 100MHz 

typical performance characteristics 

Collector-To-Ba.e Cutoff 
Current vs Ambient 
Temperature for 
Each Transistor 

~ !==VCB ",15V. 

~ 10-' ~~1:~ 

~ 10 2 

8 111-3 

I 

j 10" 

;; 
.§ 
.... 

* I .75 

~ .50 
I 

-It .25 

• 

25 50 15 100 125 

TA - AMBIENT TEMPERATURE ( C) 

Offset Voltage Characteristic 
vs Ambient Temperature for 
Differential Pairs 

Vca=3V 1 ..... -.... IE "'0jA 

I 
1 J. ~ 
.1mA 

I 
-75 -50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE rCI 

~ 
" ~ 
iii 
.; 
:;; 
:l 

I 

J 

100 

1 

.8 

.1 

.6 

.5 

I "put Bias Current 
Characteristic vs Collector 
Current for Each 
Transistor 

r~~B.~3it 

1/ 

V 
.1 

Ic - COLLECTOR {mAl 

Static BaseaTo .. Emitter 
Voltage Characteristic 
and Input Off.et Voltage 
for Differential Pairs vs 
Emitter Current 

VCB -3V 1 
TA = 25°C 

.1 
I- :;r 

J 
1 

iffiM~SETVDLT'GE 

-IVr'j'liu~ 

.. .. , 111111111 111111111 

IE - EMITTER {mAl 

MIN 

10 

~ :;; I 

~i 
.§ 

~~ ~ ,,~ 

,f~ i 9~ 
S~ I 

5 
0 

,. 

TYP MAX UNITS 

-20+ jO mmho 

.22+ jO.l mmho 

.01 + jO mmho 

-0.003+ jO mmho 

68-jO mmho 

.55 + jO mmho 

0+ jO.02 mmho 

.004- j.005 I.lmho 

dB 

Base-To-Emitter Voltage 
Characteristic for Each 
Transistor vs Ambient 
Temperature 

VcB =3V 

.. 
-75 -50 -25 « 25 50 15 100 125 

TA - AMBIENT TEMPERATURE eel 

I nput Offset Current for 
Matched Differential Pairs 
vs Collector Current ,. 

,. 
Ic - COLLECTOR {mAl 



typical performance characteristics (con't) 
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typical performance characteristics (con't) 
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The following chart gives the range of voltages which can be applied to the terminals listed vertically with m 
respect to the terminals listed horizontally. For example, the voltage range between vertical terminal 1 t and 
horizontal terminal 3 t is +15V to -5V. r-

LM3054 - 13 14 1 2 3 4 6 7 8 9 11 12 5 
TERMINAL NO. 

I LM3026 (Note 2) (Nate 21 
TERMINAL 10 11 12 1 2 3 4 5 6 7 8 

9 9 
NO. 

13 10 
0 +5 +15 · -20 -5 -5 

14 11 . +20 · · · +20 
0 0 

1 12 
+20 +20 · · · +20 
.0 0 0 

2 1 
+15 · · · · -5 

3 2 
+1 · · · · -5 

4 3 · · · · · · 
6 4 

0 +5 · +15 
-20 -5 -5 

7 5 · . · +20 
0 

B 6 
-20 · · +20 

0 0 

9 7 
+15 · -5 

11 B +1 
-5 

12 9 · 
5 9 

Ref 
Substrate 

LM3054 
LM3026 ',N lOUT 

TERMINAL NO. 
(Note 21 TERMINAL NO. mA mA 

13 10 5 .1 

14 11 50 .1 

1 12 50 .1 

2 1 5 .1 

3 2 5 .1 

4 3 .1 -50 

6 4 5 .1 

7 5 50 .1 

B 6 50 .1 

9 7 5 .1 

11 B 5 .1 

12 9 .1 50 

Note 1: In the LM3026 terminal NO.9 is connected to the emitter of Q4, the reference substrate, and the case; therefore, the 
case should not be grounded. Two terminal 9 columns LM3026 appear in the voltage rating chart because it is a composite 
chart for both the LM3026 and the LM3054. Wherever an asterisk is shown in one column 9 and a rating is shown in the other 
column 9, the asterisk should be ignored. 

Nota 2: Terminal No.1 0 of LM3054 is not used. 

t LM3026; corresponding terminals for LM3054 are vertical terminal 2 and horizontal terminal 4. 

*Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be safe if the 
specified limits between all ather terminals are not exceeded. 
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Transistor/D iode Arrays 

LM3039 diode array 

general description 

The LM3039 consists of six ultra-fast, low capaci­
tance silicon diodes on a common monolithic sub­
strate_ Five of the diodes are independently acces­
sible, the sixth shares a common terminal with the 
substrate. I ntegrated circuit construction assures 
excellent static and dynamic matching of the 
diodes, making the array extremely useful for a 
wide variety of applications in communication and 
switching systems. 

features 

• Excellent reverse recovery time 

• Matched monolithic 
construction 

1 ns typ 

VF matched 
'Within 5 mV 

• Lowdiode 
capacitance 

applications 

Co = .65 pF typ 
at V R = '-2V 

• Balanced modulators or demodulators 

• Ring modulators 

• High speed diode gates 

• Analog switches 

For applications such as balanced modulators or 
ring modulators where capacitive balance is impor­
tant, the substrate should be returned to a DC 
potential which is significantly more negative 
(with respect to the active diodes) than the peak 
signal applied. 

schematic and connection diagrams 

www 
~~~ 
2 1 11 12 10 -t:t 9 , 

SUBSTRATE 
AND CASE 

Metal Can Package 

TOP VIEW 

Order Number LM3039H 

See Package, 7 



absolute maximum ratings 

Power Dissipation 
Any One Diode 100mW 
Total For Device 600mW 
For TA > 55°C Derate Linearly 5.7 mW/"C 

Operating Temperature Range -55°C to +125°C 
Storage Temperature Range -65°C to +150°C 
Peak Inverse Voltage, PIV for: Dl - D5 5V 

D6 .5V 
Peak Diode to Substrate Voltage, VOl for Dl - D5 +20, -lV 
(Term. 1,4,5,8 or 12 to Term. 10) 
DC Forward Current, IF 25mA 
Peak Recurrent Forward Current, If 100mA 
Peak Forward Surge Current, If (SU RGE) 100mA 

electrical characteristics 
(T A = 25°C) Characteristics apply for each diode unit, unless otherwise specified. 

PARAMETER CONDITIONS MIN 

IF = 50llA 

1 mA 
DC Forward Voltage Drop (V F) 

3mA 

10mA 

DC Reverse Breakdown Voltage (V(BR)R) IR = -101lA 5 

DC Reverse Breakdown Voltage Between Any 
IR = -101lA 20 

Diode Unit and Substrate (V (BR)R) 

DC Reverse (Leakage) Current (I R) VR = -4V 

DC Reverse (Leakage) Current Between Any 
VR = -10V 

Diode Unit and Substrate (lR) 

Magnitude of Diode Offset Voltage (Difference 
in DC Forward Voltage Drops of Any Two IF= 1 mA 
Diode Units) (lVF, - VF21l 

Temperature Coefficient of IV F, - VF21 

(~IVF~; VF21) IF = 1 mA 

Temperature Coefficient of Forward Drop 

(~~F) IF= 1 mA 

DC Forward Voltage Drop for Anode·to· 
IF= 1 mA 

Substrate Diode (Ds) (V F) 

Reverse Recovery Time (t .... ) IF = 10 mA, IR = 10 mA 

Diode Resistance (Ro) f = 1 kHz, IF = 1 mA 25 

Diode Capacitance (CD) VR = -2V, IF = 0 

Diode-to·Substrate Capacitance (COl) VOI =+4V,I F =0 

TYP MAX 

.65 .69 

.73 ,78 

.76 .80 

.81 .90 

7 

.016 100 

.022 100 

.5 5 

1 

-1.9 

.65 

1 

30 45 

.65 

3.2 

UNITS 

V 

V 

V 

V 

V 

V 

nA 

nA 

mV 

Jlvtc 

mVtC 

V 

ns 

n 
pF 

pF 
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typical performance characteristics 
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Transistor/Diode Arrays 

LM3045. LM3046. LM3086 transistor arrays 

general description 

The LM3045, LM3046, and LM3086 each consist 
of five general purpose silicon NPN transistors on 
a common monolithic substrate. Two of the tran· 
sistors are internally connected to form a differ· 
entially·connected pair. The transistors are well 
suited to a wide variety of applications in low 
power system in the DC through VH F range. They 
may be used as discrete transistors in conventional 
circuits however, in addition, they provide the 
very significant inherent integrated circuit advan· 
tages of close electrical and thermal matchin~. The 
LM3045 is supplied in a 14·lead cavity dual·in·line 
package rated for operation over the full military 
temperature range. The LM3046 and LM3086 are 
electrically identical to the LM3045 but are 
supplied in a 14·lead molded dual-in-line package 
for applications requiring only a limited temper­
ature range. 

schematic and connection diagram 

features 

• Two matched pairs of transistors 
VSE matched ±5 mV 
Input offset current 2p.A max at Ie = 1 mA 

• Five general purpose monolithic transistors 
• Operation from DC to 120 MHz 
• Wide operating current range 
• Low noise figure 3.2 dB typ at 1 kHz 
• Full military 

temperature range (LM3045) -55°C to +125°C 

applications 

• General use in all types of signal processing 
systems operating anywhere in the frequency 
range from DC to VH F 

• "custom designed differential amplifiers 
• Temperature compensated amplifiers 

Dual-I n-Lina Package 

14 

SUBSTRATE 

13 12 11 10 

TOP VIEW 

Order Numbar LM3045D 

Sae Package 1 

or 

Q3 

Order Number LM3046N or LM3086N 

Saa Package 22 
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absolute maximum ratings (TA = 25°C) 

LM3045 LM3046/LM3086 

Each Total Each Total 
Units 

Transistor Package Transistor Package 

Power Dissipation: 
TA = 25°C 300 750 300 750 mW 
T A = 25°C to 55°C 300 750 mW 
TA > 55°C Derate at 6.67 mWtC 
T A = 25°C to 75°C 300 750 mW 
TA > 75°C Derate at 8 mWtC 

Collector to Emitter Voltage, V CEO 15 15 V 
Collector to Base Voltage, V CBO 20 20 V 
Collector to Substrate Voltage, V CIO (Note 1) 20 20 V 
Emitter to Base Voltage, VEBO 5 5 V 
Collector Current, Ic 50 50 mA 
Operating Temperature Range -55°C to +125°C O°C to +85°C 
Storage Temperature Range --£5°C to +150°C -25°C to +85°C 
Lead Temperature (Soldering, 10 sec) 300 300 °c 

electrical characteristics (T A = 25°C unless otherwise specified) 

LIMITS LIMITS 

PARAMETER CONDITIONS LM3045. LM3046 LM3086 UNITS 

MIN TVP MAX MIN TVP MAX 

Collector to Base Breakdown Voltage (V1BAICBO) Ie' 10~A. IE = a 20 60 20 60 V 

Collector to Emitter Breakdown Voltage (VIBA1CEOJ Ie = 1 mA, Ie = 0 15 24 15 24 V 

Collector to Substrate Breakdown Voltage 
Ie = 10,uA, lei = 0 20 60 20 60 V 

(V(BR1CIOJ 

Emitter to Base Breakdown Voltage (V IBR1EBOI Ie'" 10j.lA,lc =O 5 7 5 7 V 

Collector Cutoff Current (I CBO) Vea = lOV, Ie = a .002 40 .002 100 nA 

Collector Cutoff Current (leEO) VeE = lOV, la = 0 .5 5 ~A 

Static Forward Current Transfer Ratio (Static \'C' 10mA 100 100 

Beta) (hFEI 
Vce=3V le= t rnA 40 100 40 100 

Ie = 10pA 54 54 

Input Offset Current for Matched Pair 0, and O2 Vce=3V, le= 1 rnA .3 2 ~A 
1101-11021 

Base to Emitter Voltage IV BE) V =3V {IE= 1 rnA .715 .715 
V 

CE IE = 10 rnA .800 .800 

Magnitude of Input Offset Voltage for 
VCE = 3V, Ic '" 1 mA .45 5 mV 

Differential Pair IVeE, - V BE2 1 

Magnitude of Input Offset Voltage for Isolated 

Transistors IVBE3 -VBE4I, IVBE4 -VBESI, VCE = 3V, Ic = 1 mA .45 5 mV 
IVBE5 - V BE3 1 

Temperature Coefficient of Base to Emitter 

Voltage (l>~;e) V cE =3V,lc "'lmA -1.9 -1.9 mV/oC 

Collector to Emitter Saturation Voltage (VCEISATII Is= 1 rnA, le= lOrnA .23 .23 V 

Temperature Coefficient of Input Offset 

Voltage (l>l>~O) VcE "'3V, Ic= 1 rnA 1.1 pvtc 

Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action, 



electrical characteristics (con't) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Low Frequency Noise Figure (NF) 
f = 1 kHz, VeE = 3V, Ie = 100llA 
Rs = 1 kn 

Low Frequency. Small Signal Equivalent Circuit Characteristics: 

Forward Current Transfer Ratio (hfe) 

Short Circuit Input Impedance (hie) 

Open Circuit Output Impedance (hoe) 
f= 1 kHz, VeE =3V, le= 1 rnA 

Open Circuit Reverse Voltage Transfer Ratio (h re) 

Admittance Characteristics: 

Forward Transfer Admittance (Y'e) 

Input Admittance (Y le) 

Output Admittance IV oe) 
f = 1 MHz, VeE = 3V, Ie = 1 rnA 

Reverse Transfer Admittance IV reI 

Gain Bandwidth Product (fT ) VeE =3V, Ie = 3 rnA 

Emitter to Base Capacitance (Ces) V ES = 3V,IE = 0 

Collector to Base Capacitance (Cca) Ves = 3V, Ie = 0 

Collector to Substrate Capacitance (CCI) Ves=3V,Ie=0 

typical performance characteristics 

Typical Collector To Base 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 

Typical Collector To Emitter 
Curoff Current vs Ambient 
Temperature for Each 
Transistor 
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5V 
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" iii 
:: 
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" t; 
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See curve 
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typical performance characteristics (con't) 
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typical performance characteristics (con't) 

'" o 

Typical Reverse Transfer 
Admittance vs Frequency 

is !Jl!!I~T F~EdJElIJ!!ls ,,, :\ LESS THAN 500 MHz 

~ 

TA = Z5°C 
VeE = JV 
Ie = 1 rnA 

10 100 

f - FREQUENCY (MHz) 

'" ~ .... 
u 
~ 
0 
0 

'" 
'" .... 
0 

~ 
;;l 
Z 

~ 
I 

.: 

BOO 

700 

600 

500 

400 

300 

200 

100 

Typical Gain-Bandwidth 
Product vs Collector Current 

1 .• 1 
f- VeE =JV 

TA " 25 u C 

V 1-1-l-
V 

II 

2 J 4 5 6 7 8 9 10 

Ie - COLLECTOR (rnA) 

6-35 

r-
3: 
w 
o 
~ 
en 

r-
3: 
w 
o 
CO 
en 



Transistor/Diode Arrays 

LM3118/LM3118A matched monolithic high voltage transistor arrays 

general description 

The LM3118/LM3118A consist of four general pur­
pose high voltage silicon NPN transistors on a com­
mon monolithic substrate_ Two of the four transistors 
are connected in the Darlington configuration_ The sub­
strate is cor:mected to a separate terminal for maximum 
flexibility_ The transistors are well suited to a wide 
variety of applications in low-power systems in the dc 
through VHF range. They may be used as discrete tran­
sistors in conventional circuits but in addition they 
provide the advantages of close electrical and thermal 
matching inherent in integrated circuit construction. 

features 
• High voltage matched monolithic general purpose 

transistors 

• hFE matched ±10% 

connection diagram 

• VBE matched ±5 mV 

• Operation from dc to 120 MHz 

• Wide operating current range 

• Low noise figure 

• Full military temperature 
range capabil ity 

applications 

3.2 dB typ at 1 kHz 

• General use in signal processing systems in dc through 
VHF range 

• Custom designed differential amplifiers 

• Temperature compensated amplifiers 

Metal Can Package 

6·36 
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absolute maximum ratings 

LM3118A 

Each Transistor 

Power Dissipation (Note 1) 

Any One Transistor 300 

Total Package 450 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Collector to Emitter Voltage, V CEO 40 

Collector to Base Voltage, V CBO 50 

Collector to Substrate Voltage, VCIO (Note 2) 50 

Emitter to Base Voltage, V EBO (Note 3) 5 

Collector Current, Ic 50 

Lead Temperature (Soldering, 10 seconds) 300 

dc electrical characteristics T A = 25°C 

PARAMETER CONDITIONS LM3ll8A 

MIN TYP 

Collector Cutoff Current (lCBO) VCB = 10V, IE =0 0.002 

Collector Cutoff Current IleEO) VeE = 10V, IB = 0 

Collector Cutoff Current Darlington VeE = 10V, IB =0 
Pair (leEOD) 

Collector to Emitter Breakdown Ie = 1 mA, IB = 0 40 56 
Voltage IVCSA)eEO) 

Collector to Base Breakdown Ic = 1OIlA, IE = 0 50 72 
Voltage IVIBA)eBo) 

Emitter to Base Breakdown IE = 10llA, Ie = 0 5 7 
.Voltage IVIBA) EBO) INote 3) 

Collector to Substrate Breakdown lei = 10llA, IB = 0, 50 72 
Voltage IV(BA)cIO) IE = 0 

Collector to Emitter Saturation IB = 1 mA, Ie = 10 rnA 0.33 
Voltage IVeE (SAT)) 

Static Forward Current Transfer VeE = 5V,I c = lOrnA 85 
Ratio IhFE ) VeE = 5V, Ie = 1 rnA 30 100 

VeE = 5V, Ie = 10llA 90 

Magnitude of Static Beta Ratio VeE = 5V, Ie, = le2 = 0.9 1.0 
(Isolated Transistors 01 and 02) 1 mA 

Static Forward Current Transfer VeE = 5V, Ie = 1 rnA 1500 9000 
Ratio Darlington Pair 103 and 04) 
IhFED ) 

Sase to Emitter Voltage IVBE ) VeE = 3V, IE = 1 rnA 0.63 0.73 

Input Offset Voltage II VBE ' - v BE2 1) VeE = 5V, IE)= 1 mA 0.48 

Temperature Coefficient Base to VCE = 5V, IE = 1 mA -1.9 

Emitter Voltage 01, 02 
IlliVBEl!liT) 

Sase 103) to Emitter 1041 Voltage VCE =5V,I E = 10mA 1.46 
Darlington Pair [V BED IVg _, I] VeE = 5V, IE = 1 mA 1.32 

,Temperature Coefficient Base to VeE = 5V, IE = 1 mA -4.4 
Emitter Voltage Darlington Pair 

03, Q411liVBED /fliT) 

Temperature Coefficient Magnitude VeE = 5V, 1.1 
of Input Offset Voltage IC1 = IC2 = 1 mA 
IIVsE , - VBE2 1!liTI 

LM3118 

Each Transistor 

300 

450 

-55°C to +125°C 

-65°C to +150°C 

30 

40 

40 

5 

50 

300 

LIMITS 

LM3ll8 

MAX MIN TYP 

100 0.002 

5 

5 

30 56 

40 72 

5 7 

40 72 

0.33 

85 
30 100 

90 

1.1 0.9 1.0 

1500 9000 

0.83 0.63 0.73 

5 0.48 

-1.9 

1.46 
1.32 

-4.4 

1.1 

Units 

mW 

mW 

V 

V 

V 

V 

mA 

°c 

MAX 

100 

5 

1.1 

0.83 

5 

UNITS 

nA 

IlA 

IlA 

V 

V 

V 

V 

V 

V 

mV 

mVfC 

V 
V 

mVfC 

Ilvfc 
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ac electrical characteristics TA = 2SoC 

LIMITS 

PARAMETER CONDITIONS LM3118A LM3118 UNITS 

MIN TYP MAX MIN TYP MAX 

Low Frequency Noise Figure (NF) f= 1 kHz. VCE = 5V. 3.25 3.25 dB 
Ic = 10Oj.tA. Source 
Resistance = 1 k12 

Gain Bandwidth Product (fT ) VCE = 5V.lc = 3 mA 300 500 300 500 MHz 

Emitter to Base Capacitance (CEB ) VEB=5V.IE=0 0.70 0.70 pF 

Collector to Base Capaciti,"ce (CCB) VCB = 5V. Ic = 0 0.37 0.37 pF 

Collector to Substrate Capacitance Vc , = 5V. Ic,= 0 2.2 2.2 pF 

(Cc,) 

LOW FREQUENCY. SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (h'e) f= 1 kHz.VCE =5V. 100 100 
Ic =1 mA 

Short Circuit Input Impedance (hie) f= 1 kHz. VCE = 5V. 2.7 3.5 k12 
Ic = 1 mA 

Open Circuit Output Impedance (ho.) f= 1 kHz. VCE = 5V. 15.6 15.6 I1mho 
Ic = 1 mA 

Open Circuit Reverse Voltage f= 1 kHz. VCE = 5V. 1.8x 1.8x 
Transfer Ratio (h,.) Ic =1 mA 10-' 10-' 

ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (V,.) f= 1 MHz. VCE = 5V. 31- 31- mmho 
Ic = 1 mA j 1.5 j 1.5 

Input Admittarice (Vie) f= 1 MHz. VCE = 5V. 0.35+ 0.3+ mmho 
Ic = 1 mA j 0.04 j 0.04 

Output Admittance (Vo.) f= 1 MHz. VCE = 5V. 0.001 + 0.001 + mmho 
Ic = 1 mA j 0.03 j 0.03 

Reverse Transfer Admittance (Yre ) f= 1 MHz. VCE = 5V. (Note 4) (Note 4) mmho 
Ic= 1 mA 

Note 1: Derate at 5 mWt C for T A > +85° C. 
Note 2: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be c"nnected to a vortage which is 
more negative than any collector voltage in order to maintain isolation between transistors and provide normal transistor action. To avoid un~ 
desired coupling betmen transistors, the substrate terminal should be maintained at either de or signal (ae) ground. A suitable bypass capacitor can 
be used to establish a signal ground. 
Note 3: If the transistors are forced into zener breakdown (V (BRJEBOJ degradation of forward transfer current ratio (hFE) can occur. 
Note 4: See curve. 

typical performance characteristics 

ICEO vs T A for Any ICBO vs T A for Any hFE vslC for Any 
Tansistor Transistor Transistor 
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typical performance characteristics (con't) 
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typical performance characteristics (con't) 
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Transistor/Diode Arrays 

LM3145/LM3145A, LM3146/LM3146A high voltage transistor arrays 

general description 
The LM3145/LM3145A and LM3146/LM3146A each 
consist of five high voltage general purpose silicon NPN 
transistors on a common monolithic substrate. Two of 
the transistors are internallY connected to form a differ· 
entially-connected pair. The transistors are well suited to 
a wide variety of applications in low power system in 
the dc through VHF range. They may be used as dis­
crete transistors in conventional circuits however, in 
addition, they provide the very significant inherent inte· 
grated circuit advantages of close electrical and thermal 
matching. The LM3145 and LM3145A are each supplied 
in a 14-lead cavity dual-in·line package rated for opera· 
tion over the full military temperature range. The 
LM3146 and LM3146A are electrically identical to the 
LM3145 and LM3145A respectively but are supplied in 
a 14·lead molded dual-in-line package for applications 
requiring only a limited temperature range. 

connection diagram 

features 
• High voltage matched pairs of transistors, V BE 

matched ±5 rnV, input offset current 211A max at 
Ie = 1 rnA 

• Five general purpose monolithic transistors 
• Operation from dc to 120 MHz 
• Wide operating current range 
• Low noise figure 3.2 dB typ at 1 kHz 
• Full military temperature 

range (LM3145) -55°C to +125°C 

applications 
• General use in all types of signal processing systems 

operating anywhere in the frequency range from dc to 
VHF 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Dual-I n-Line Package 

Order Number LM3l45D or 
LM3l45AD 

See Package 1 

TOP VIEW 

Order Number LM3l46N or 
LM3l46AN 

See Package 22 
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absolute maximum ratings 

LM3145A LM3145 LM3146A LM3146 

Power Dissipation: Each Transistor 
TA = 25°C to 55°C 300 300 
TA > 55°C Derate at 6.67 
TA = 25°C to 75°C 300 300 
TA > 75°C Derate at 8.0 

Power Dissipation: Total Package 
TA = 25°C 500 500 
TA > 25°C Derate at 6.67 
TA = 25°C to 75°C 750 750 
TA > 75°C Derate at B.O 

Collector to Emitter Voltage, VCEO 40 30 40 30 
Collector to Base Voltage, V CBO 50 40 50 40 
Collector to Substrate Voltage, VCIO (Note 1) 50 40 50 40 
Emitter to Base Voltage, VEBO (Note 2) 5 5 5 5 
Collector Current, Ic 50 50 50 50 
Operating Temperature Range -55°C to +125°C -40°C to +B5°C 

. Storage Temperature Range -65°C to +150°C -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300 300 

dc electrical characteristics TA = 25°C 

LIMITS 

PARAMETER CONDITIONS LM3145A, LM3146A LM3145. LM3146 

MIN TYP MAX MIN TYP 

Collector to Base Breakdown Ic = 10llA,IE =0 50 72 40 72 
Voltage (VIBRICBO) 

Collector to Emitter Breakdown Ic = 1 rnA. IB = a 40 56 30 56 
Voltage (VIBRICEO) 

Collector to Substrate Breakdown ICI = lallA. IB = O. 50 72 40 72 
Voltage (VIBRICIO) IE = a 

Emitter to Base Breakdown Voltage Ic =O.IE = lallA 5 7 5 7 
(VIBRIEBO) (Note 2) 

Collector CUtoff Current (leBo) VCB = 10V, IE = a 0.002 100 0.002 

Collector Cutoff Current (lCEO) VCE = 10V, IB = a (Note 3) 5 (Note 3) 

Static Forward Current Transfer Ic = 10 rnA, VCE = 5V 85 85 
Ratio (Static Beta) (h FE ) Ic=lmA,VCE=5V 30 100 30 100 

Ic = 101lA, VCE = 5V 90 90 

Input Offset Current for Matched Ic, = IC2 = 1 rnA, 0.3 2 0.3 
Pair 01 and 02 liB, - IB21 VCE = 5V 

Base to Emitter Voltage (VBE ) Ic = 1 rnA, VCE = 3V 0.63 0.73 0.83 0.63 0.73 

Magnitude of Input Offset Voltage VCE = 5V. IE = 1 mA 0.48 5 0.48 
for Differential Pair IVBE, - VBE21 

Temperature Coefficient of Base VCE = 5V, IE = 1 mA -1.9 -1.9 
to Emitter Voltage (aVBE/aT) 

Collector to Emitter Saturation Ic = 10 rnA, IB = 1 mA 0.33 0.33 
Voltage (VCEISATI) 

Temperature Coefficient of Input Ic = 1 rnA, VCE = 5V 1.1 1.1 
Offset Voltage (aV,o/aT) 

MAX 

100 

5 

2 

0.83 

5 

UNITS 

mW 
mWtC 

mW 
mW/oC 

mW 
mWtC 

mW 
mWtC 

V 
V 
V 
V 

mA 

°c 

UNITS 

V 

V 

V 

V 

nA 

IlA 

IlA 

V 

mV 

mVtC 

V 

IlVtC 

Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either de or signal (ae) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 
Not.2: If the transistors are forced into zener breakdown (V (BR)EBO), degradation of forward transfer current ratio (hFE) can occur. 

Not. 3: See curve. 
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ac electrical characteristics 

LIMITS 

PARAMETER CONDITIONS LM3145A, LM3146A LM3145, LM3146 UNITS 

MIN TYP MAX MIN TYP MAX 

Low Frequency Noise Figure (NF) 1= 1 kHz, VeE = 5V, 3.25 3.25 dB 
Ie = 100llA, Rs = 1 k!1 

Gain Bandwidth Product (IT) VeE =5V,l e =3mA 300 500 300 500 MHz 

Emitter to Base Capacitance (CEB ) VEB =5V,I E =0 0.70 0.70 pF 

Collector to Base Capacltance (Cee ) VCB = 5V, Ic = a 0.37 0.37 pF 

Collector to Substrate Capacitance VCI = 5V,I c = a 2.2 2.2 pF 

(CCI) 

LOW FREQUENCY, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (hfe ) 1= 1 kHz, VCE = 3V, 100 100 
Ic = 1 mA 

Short Circuit Input Impedance (hie) 1= 1 kHz, VCE =3V, 2.7 3.5 k!1 
Ic = 1 mA 

Open Circuit Output Impedance (hoe) 1= 1 kHz, VCE = 3V, 15.6 15.6 Ilmho 
Ic = 1 mA 

Open Circuit Reverse Voltage 1= 1 kHz, VCE = 3V, 1.8 x 1.8 x 
Transfer Ratio (h re ) Ic = 1 mA 10-" 10-" 

ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (Yfe ) 1= 1 MHz, VCE = 3V, 31- 31- mmho 
Ic.= 1 mA j 1.5 j 1.5 

Input Admittance (Y,e) f= 1 MHz, VCE = 3V, 0.35+ 0.3+ 
mmho 

Ic = 1 mA j 0.04 j 0.04 

Output Admittance (Yee ) 1= 1 MHz, VCE = 3V, 0.001 + 0.001 + 
mmho 

Ic = 1 mA j 0.03 j 0.03 

Reverse Transfer Admittance (Yre ) 1= 1 MHz, VCE = 3V, (Note 3) (Note 3) mmho 

Ic = 1 mA 

Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac~ ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(BR~E80~, degradation of forward transfer current ratio (hFE) can occur. 
Note 3: See curve. 
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typical performance characteristics 

.. 10' .s 
l-

i 10' 

~ 10 .. 
~ 
g; 

; 10. 1 

10.2 
I 
0 

.El0,3 

0.9 

~ 0.8 
0: 

~ 
~ 0.1 

~ 
~ 0.6 

I 

..: 0.5 

0.4 

ICEO vs TA for 
Any Transistor 

~ 1. - 0 

E= VeE -lOV 

5V 

25 50 75 100 

TA - AMBIENT TEMPERATURE (OC) 

VBE vs TA for 
Any Transistor 

125 

~ VeE = 5V 

~ 

~ ~.3mA 

IE=l~ ~ 

-15 -50 -25 0 25 50 15 100 125 

;; 
.s 

~ .. 
I 0.75 

.J 0.50 
I 

J 0.25 

o 

TA - AMBIENTTEMPERATURE I"CI 

VIO vs TA for 01 and 02 

VeE = 5V J --V 
i"" IE=lDjA 

1 
I~A i--'" 

0.1 mA 

1 
-75 -50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE I"CI 

6-44 

~ 
0: 

l-
t: 
iii 
6 
!;; 
~ 
I 

J 

ICBO vs TA for 
Any Transistor 

~ 10' 
Ie =0 I-

i 10' 

13 
~ 
~ .. 
I-

13 10" 
0: 

! 10.2 

10'~ 
I 

j 10.4 

O.B 

0.7 

0.6 

0.5 

25 50 75 100 

TA - AMBIENT TEMPERATURE I"CI 

VCE(SAT) vs IC for 
Any Transistor 

TA = 25°C 

V 
LhFE =10 

V 
V 

10 20 30 40 

Ie - COLLECTOR CURRENT ImAI 

VBE and VIO vs 
IE for 01 and 02 

0 
0.1 10 

IE - EMITTER (rnA) 

125 

:!' 
0 
I 

",;; 
;~ 
2 .. 
o~ 

e;;: 
a~ 
« -:= 

-4 

~ 

.. 
~ 160 

~ 140 

~ 
~ 120 
I-

ffi 100 

~ 
I .. 

0: 

~ 
~ 

Bo 

60 

40 

hFE vs IC for 
Any Transistor 

VeE'" 5V lilll 

TAllr~ 

Jll 
f-'" 25"C 

JII 
-55"C 

" .. 
I 

20 
0.01 

IIII 
0.1 

Ie - COLLECTOR CURRENT ImAI 

110 vs IC (01 and 02) 

10 

0.1 

0.01 '-",-,..LUUJII.-1--'-' 

10 

0.01 0.1 10 

= :s 
w 
0: 
=> 

'" 
w 
~ 

;; 
2 

Ie - COLLECTOR CURRENT ImAI 

NF vs IC @ RS = 500il 
3D 

VeE = 5V 

25 Rs = SOOn 
fA "25°C 

20 

15 

f·o.lkH, V 
10 

~ 1 kHz 

10 kHz 
o 

0.01 0.1 

Ie - COLLECTOR ImAI 



typical performance characteristics (con'tJ 

NF vs IC @ RS = 1 kn 

VeE;; 5V 

25 Rs '10DDn t+tttt-+++++Htl 
TA ' 25"C 

~ 2of--+-+-H-++I+l--+-H+I+I04 

15 t--+-+-t+Ht1It--t-t:.ft-ttt1J 
1'0.1 kHz,/ 

10 t--t-++~~~~~I~k~Hz~Htl 

~~31~~fj~jjI0flkHmz 
o L 
0.01 0.1 

Ie - COLLECTOR CURRENT (rnA) 

g; 
w 

" Z 

'" 
40 

~1 30 
C E 
~..s 
u 1&1 20 
a: " wz 

~ ~ to 
a: " .... '" 
~~ 
~.1 -10 
~ 

Yfe vs f 

~,~ 

C-j'j 

II 

TA " 25°C 
VeE = 5V 

r- Ic;;1 rnA 

\ 
i""-

I -20 a 0.1 100 10 

a: 
C 
w 

" Z 

1.0 

~ S 0.5 

~E 8: 
a: " 
~ ~ -0.5 
z~ 

~ ~ -1.0 
w'" 
'"' ~ .J -1.5 
a: 
I -2.0 

I - FREQUENCY (MHz) 

Yre vs f 

... is U1J11~T JElJE~JJ1IL 
LESS THAN 500 MHz \ 

~ 

TA :::25°C 
VeE;; 5V 
Ie '" 1 rnA 

1 10 100 

I - FREQUENCY (MHz) 

3D 

25 

;; 
:s 20 
w 
a: 
'" 15 '" .. 
w 

is 10 
z 

o 

o 

800 
% 

~ 100 .... 
" '" 600 C 

~ 500 
% .... 

400 C 

~ 300 z 
:;; 

200 " g , 100 

.t: 

NF vs IC = RS = 10 kn 

VeE = 5V 
Rs '" 1D,oDon 

TA • 25"C I I 

~! 0.1 kHz/ 
V 

1 kHz 

~ ,/ 1[J1 

-- -- "/I 
0.01 0.1 

Ie - COLLECTOR CURRENT (mAl 

Via vs f 

TA = 25°C 
VeE" 5V 
Ie::: 1 rnA 

~a 
I' 
~~ 

.& 
1111 

0.1 10 100 

I - FREQUENCY (MHz) 

VeE ~ 5J 
-TA = 25°C 

" --
f 

1 2 J 4 5 6 1 8 9 10 

Ie - COLLECTOR (rnA) 

o 

o 

hte. hie. hoe. hre vs I C 

0.1 

Ie - COLLECTOR CURRENT (mAl 

Voe vs f 

0.1 

TA =2S"C 
VeE "'3V 
Ie = 1 rnA 

ko' 
10 

I-FREQUENCY (MHz) 

CEB. CCB. CCI vs Bias 
Voltage 

b.oj 

Ii 
110. 

100 

TA =25C C 

..... 
r--. ~' 

CEO 

i'- J-I- eCB r-

10 

o 1 2 J 4 5 6 1 8 9 10 

BIAS VOLTAGE (V) 

6-45 





Analog Switches 

AH0014/ AH0014C· OPOT, AH0015/ AH0015C quad SPST, 
AH0019/AH0019C· dual OPST-TTL/OTL compatible 

MOS analog switches 

general description 
This series ot TTUDTL compatible MaS analog 
switches feature high speed with internal level 
shifting and driving. The package contains two 
monolithic integrated circu it chips: the MaS ana­
log chip is similar to the MM450 type which 
consists of four MaS analog switch transistors; 
the second chip is a bipolar I.C. gate and level 
shifter. The series is available in both hermetic 
dual-in-line package and flatpack. 

features 
• Large analog voltage switch ing 
• Fast switching speed 

±10V 
500 ns 

• Operation over wide range of power supplies 

• Low ON resistance 

• High OFF resistance 

block and connection diagrams 
r---------, 

AII.LOG III I 

Aft:::;~~:~OG 
INII~I I 

AmoG~l l_ 
A~~::~~~~;~UD 

""! ~' ~i~. 
L_-"1 l ___ .1 . 

LOGIC Nate: All logic mplJu 
\O~IC shown at logic "1." 

Order Number AH0014F or AH0014CF 
See Package 4 

QuadSPST 
r--------, 

1M! ": ~~~u 
MA~~~~:;~DG 
"'ALOO~lII.LOC 
.Ml:::~!! ::5::::0 

'~4 I: I I I • au" 

i i' ~' f' ~' ~f;. L... _ _ _ .J 

lO:II;HO~'CS L~:'ClL:GIC' 
Note: All logic inputs shown at logic "1," 

Order Number AH0015D or AH0015CD 
See Package 2 

typical applications 
Integrator 

'Previo~sly .called NHOOI4/NHOOI4C and NH0019/NH0019C 

• Fully compatible with DTL or TTL logic 

• Includes gating and level shifting 

These switches are particularly suited for use 
in both military and industrial applications such 
as commutators in data acquisition systems, multi­
plexers, AID and D/A converters, long time 
constant integrators, sample and hold circuits, 
modulators/demodulators, and other analog signal 
switching applications. For information on other 
National analog switches and analog interface ele­
ments, see listing on last page. 

The AH0014, AH0015 and AH0019 are specified 
for operation over the _55°C to +125°C military 
temperature range. The AH0014C, AH0015C and 
AH0019C are specified for operation over the 
_25°C to +85°C temperature range. 

r--------.., 
AllL •• ,I I .. :::;~:::\" 
Ift.'~1 I 

.M.LOG~'I' 
IM,u I I I, _.ALae 

.~:~~~' !;;-:~' 
IE:;. 
L __ 'jj Il ___ .J . 

LO;,. Note: All loglcmpuls 
"LO:'I sbown at logic "1," 

Order Number AH0014D or AH0014CD 
See Package 1 

Dual DPST 

:::::;n~-Gl. '_00 
lUI I I I QUT, 

~"~~~~I 1 : : 
IUIALDG I ,. A~.LD' 

I~U I I Q~TI 

: ~' ~' It::: : tev<o 
L.., I-ij 11 __ ...J G"D 

tD'(~ LQGIC Note: Pm connections are Identical 
A\OCIC AltOGIL for DIP and flatpllck, All logic inpuu 

II II shown at logiC "1," 

Order Number AH0019F or AH0019CF 
See Package 4 

Order Number AH0019D or AH0019CD 
See Package 1 

Reset Stabilized Amplifier 
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absolute maximum ratings 

Vee Supply Voltage 7.0V 
V- Supply Voltage -30V 
V+ Supply Voltage +30V 
V+/V- Voltage Differential 40V 
Logic Input Voltage 5.5V 
Storage Temperature Range _65°C to +150°C 
Operating Temperature Range 

AH0014, AHoo15, AHOO19 _55°C to +125°C" 
AH0014C, AH0015C, AHOO19C _25°C to +85°C 

Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics (Notes 1 and 2) 

PARAMETER CONDITIONS MIN TYP 

Logical "1" Input Voltage Vee = 4.5V 2.0 

Logical "0" Input Voltage Vee = 4.5V 

Logical "1" Input Current Vee = 5.5V V'N = 2.4V 

Logical "1" Input Current Vee = 5.5V V'N = 5.5V 

Logical "0" I nput Current Vee = 5.5V V'N = O.4V 0.2 

Power Supply Current Logical "1" Vee = 5.5V V'N = 4.5V 0.85 
Input - each gate (Note 3) 

Power Supply Current Logical "0" Vee = 5.5V VON =OV 
Input - each gate (Note 3) 

AH0014, AHOO14C 1.5 
AH0015, AH0015C 0.22 
AH0019, AHOO19C 0.22 

Analog Switch ON Resistance - each gate V'N (Analog) = +10V 75 

V'N (Analog) = -10V 150 

Analog Switch OFF Resistance 10" 

Analog Switch I nput Leakage Current - V'N = -10V 
each input (Note 4) 

AH0014, AH0015, AHOO19 TA = 25°C 25 
TA =125°C 25 

AH0014C, AH0015C, AHOO19C TA = 25°C 0.1 
TA = 70°C 30 

Analog Switch Output Leakage VOUT = -10V 
Current - each output (Note 4) 

AH0014, AH0015, AHOO19 TA = 25°C 40 
TA = 125°C 40 

AHoo14C, AH0015C, AHOO19C TA = 25°C 0.05 
TA = 70°C 4 

Analog Input (Drain) Capacitance 1 MHz @ Zero Bias 8 

Output Source Capacitance 1 MHz @ Zero Bias 11 

Analog Turn·OFF Time - tOFF See test circuit; T A = 25°C 400 

Analog Turn·ON Time - tON See test circuit; T A = 2SOC 

AH0014, AHOO14C 350 
AHOO15, AHOO15C 100 
AH0019, AHOO19C 100 

Note 1: MinImax limits apply across the guaranteed temperature range of -5SoC to +12SoC for 
AH0014, AHOO15. AHOO19 and _25°C to +85°C for AHOO14C, AHOO15C, AHOO19C. V- = -20V. 
V+ '" +10V and an analog test current of 1 mA unless otherwise specified. 

Note 2: All typical values are measured at TA = 25°C with Vee == S.OV. V+ = +10V. V- = -22V. 
Note 3: Current measured is drawn from Vee supply. 
Note 4: All analog sWitch pins except measurement pin are tied to V+. 

MAX UNITS 

V 

0.8 V 

5 IlA 

1 mA 

0.4 mA 

1.6 mA 

3.0 mA 
0.41 mA 
0.41 mA 

200 n 
600 n 

n 

200 pA 
200 nA 

10 nA 
100 nA 

400 pA 
400 nA 

10 nA 
50 nA 

10 pF 

13 pF 

500 ns 

425 ns 
150 ns 
150 ns 



analog switch characteristics (Note 2) 

RON vs Temperature RON vs Temperature RON vs Temperature 

125 125 225 

VIN = VOUT " +1OV V:N ° ~ou~ ° oJ / V,~ ° Jourl. _110V 
,/ 

i 100 
k'" ] 100 

" I 200 

:e .e , 
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AMB1ENTTEMPERATURE rC) AMBIENTTEMPERATURE rc) 
AMBIENT TEMPERATURE I'C) 

CINVSVIN Leakage vs VIN (Channel "OFF") Driver Gate Y,N vs VOUT 

75 +10 
v+= tOY , Y+ '" +10V ~ Vee = 5.0V 

50 50 V- = NO EFFECT w +5 V-o-22V co 
CHANNEL "ON" CHANNEL "ON"- i r-... ~ 125'C Y+=8.0V 

20 V· ° -20V - V···OV -: w 25 .. 0 
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", '" w 
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U 10 ~ 0 ii; 
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.. 

'" ~ ~ -10 
~ w .. 
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'" ~ z 
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Schematic (Single Driver Gate 
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~. 
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selecting power supply voltage 

The graph shows the boundary conditions which 

~ .. 
25 

must be used for proper operation of the unit. 20 
The range of operation for power supply V- is 15 
shown on the X axis, It must be between -25V 10 

and -avo The allowable range for power supply OPERATING 5 
v+ is governed by supply V-. With a value chosen v- 0 

for V-, V+ may be selected as any value along a -25 -15 -5 -5 

vertical line passing through the V- value and 

l7 
-10 

terminated by the boundaries of the operating -15 

region, A voltage difference between power sup- -20 

plies of at least 5V should be maintained for -25 

adequate signal swing. 
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Analog Switches 

AH0120/ AH0130/ AH0140/ AH0150/ AH0160 
series analog switches 

general description 
The AH0100 series represents a complete family 
of junction FET analog switches. The inherent 
flexibility of the family allows the designer to 
tailor the device selection to the particular appli­
cation. Switch configurations available include dual 
DPST, dual SPST, DPDT, and SPDT. rdslON) ranges 
from 10 ohms through 100 ohms. The series is 
available in both 14 lead flat pack and 14 lead 
cavity DIP. Important design features include: 

• TTLJDTL and RTL compatible logic inputs 

• Up to 20V p-p analog input signal 

• rdslON) less than 10n (AH0140, AH0141, 
AH0145, AH0146) 

• Analog signals in excess of 1 MHz 

• "OFF" power less than 1 mW 

schematic diagrams 
DUAL DPST and DUAL SPST 

Note: Dotted hne portions are not apphcable to the dual SPST. 

logic and connection diagrams 

• Gate to drain bleed resistors eliminated 

• Fast switching, tON is typically .4lls, tOFF is 
1.0 Ils 

• Operation from standard op amp supply volt­
ages, ±15V, available (AH0150/AH0160 series) 

• Pin compatible with the popular DG 100 series. 

The AH01 00 series is designed to fulfill a wide 
variety of analog switching applications including 
commutators, multiplexers, DJ A converters, sample 
and hold circuits, and modulators/demodulators. 
The AH0100 series is guaranteed over the tempera­
ture range _55°C to +125°C; whereas, the 
AH01 OOC series is guaranteed over the temperature 
range _25° C to +85° C. . 

DPDT Idiff.) and SPDT (diff.) 

Note: Dotted line portions are not applicable to the SPOT (ditfereRtil\l. 

Order any of the devices below using the part number with a 0 or F suffix. See Packages 1 and 4. 

DUAL DPST 

HIGH LEVEL 111DV) 

AHD140110n) 
AHOl29 130m 
AH0126 180.01 

MEDIUM LEVEL !±7.6VI 

AH0153115f/:1 
AHOl54 (50.01 

DUAL SPST 

HIGH LEVEL 1:!:10V) 

AH0141110nl 
AHOl33 130.0) 
AHOl34 IBOn) 

MEDIUM LEVEL U:7.SVI 

AH0151 115n) 
AH0152ISOn) 

DPOT 10iff) 

HIGH LEVEL l:tl0VI 

AH0145 (1on) 
AHOl39 (30.01 
AH0142 (80n) 

MEDIUM LEVEL U:1.61 

AHD163I1Sn) 
AH0164 (SOm 

SPDT IDif1) 

HIGH LEVEL (± 10V! 

AH0146 (1on! 
AH0144 (30m 
AH0143 (80m 

MEDIUM LEVEL (t7.6VJ 

AHO~61 (1sn) 
AHQ162 (son) 



absolute maximum ratings 

High Medium 
Level Level 

Total Supply Voltage (V+ - V-I 36V 34V 
Analog Signal Voltage (V+ - V A or V A - V-I 30V 25V 
Positive Supply Voltage to Reference (V+ - V A) 25V 25V 
Negative Supply Voltage to Reference (VA - V-I 22V 22V 
Positive Supply Voltage to Input (V+ - V IN ) 25V 25V 
Input Voltage to Reference (VIN - VA) ±6V ±6V 
Differential Input Voltage (VIN - V IN2) ±6V ±6V 
Input Current, Any Terminal 30mA 30mA 
Power Dissipation See Curve 
Operating Temperature Range AH0100 Series _55°C to +125°C 

AH0100C Series _25° C to +85° C 
Storage Temperature Range _65°C to +150°C 
Lead Temperature (Soldering, 10 sec) 300°C 

electrical characteristics for "HIGH LEVEL" Switches (Note 1) 

DEVICE TYPE CONDITIONS 

PARAMETER SYMBOL 
DUAL DUAL DPDr SPOT 
OPST SPST 101FF) 101FF) 

y+ '" 12.0V. V- '" -10,av, VR " O.OV 

LogiC "," 
liNtON) All CircUits Note 2 

TA '" 25"c 
Input Current Over Temp. Rangp 

Logic "a" 
11NtOFFJ All CIrcuits Note 2 

TA '" 25°C 
Input Current Over Temp. Range 

Positive Supply Current 
I+(ONI All CircUits One Dnver ON Note 2 

TA "'2SoC 
SWitch ON Over Temp. Range 

Negative Supply 
I-tONI All Circuits One Driver ON Note 2 

TA :: ZSoC 
Current Switch ON Over Temp. Range 

Reference Input 
I AION) All CircUits One Drrver ON Note 2 

TA=2SoC 
(Enable) ON Current Over Temp. Range 

Positive Supply 
I+'OFFI All CircUits V,N1 = V ,N2 '" O.BV 

TA =25°C 
Current SWItch OFF Over Temp. Range 

Negative Supply 
I-(OFFI All CirCUIts V ,N1 = V,N2 = O.BV 

TA = 25°C 
Current Switch OFF Over Temp. Range 

Reference Input 
IRIOFFI All Circuits V ,N1 = V ,N2 = O.BV 

TA = 25°C 
(Enable) OFF Current Over Temp. Range 

Switch ON Resistance AH0126 AHQ134 AH0142 AH0143 
Vo = lOV TA = 25°C 

rmlON} 
10 = 1 mA Over Temp. Range 

SWitch ON Resistance AH0129 AH0133 AH0139 AH0144 
Va'" 10V TA = 25°C 

rdJlONJ 
10 = 1 mA Over Temp. Range 

SWitch ON Resistance AH0140 AHOl41 AH0145 AH0146 
Vo = 10V TA = 25°C 

rdslON) IF = 1 mA Over Temp. Range 

Driver Leakage Current 110 + IsloN All CirCUits Vo=Vs=-1OV 
T A :: 25°C 

Over Temp. Range 

Switch Leakage 'SCOFFIOR AH0126 AH0134 AH0142 AH0143 
Vas'" ±20V 

T. = 25°C 
Current 'OIOFFI AH0129 AH0133 AH0139 AH0144 Over Temp. Range 

Switch leakage IS(OFFIOR 
AH0140 AH0141 AH0145 AHOl46 Vas =: ±20V 

T A "'25°C 
Current 'OIOFFI Over Temp. Range 

Switch Turn-ON Time tON 
AH0126 AH0134 AH0142 AH0143 See Test Circuit 
AH0129 AH0133 AH0139 AH0144 V A =±10V TA = 25°C 

Switch Turn-ON Time 'ON AH0140 AH0141 AH014S AH0146 See Test Circuit 
VA =±10V TA= 2SoC 

Switch Turn-OFF Time 
AH0126 AH0134 AH0142 AH0143 See Test Circuit 

tOFF AHOI29 AHa133 AH0139 AH0144 VA =: ±10V TA :: 2Soc 

SWitch Turn-OFF Time tOFF AH014Q AH0141 AH0145 AH0146 See Test Circuit 
VA "'±1OV TA "'25°C 

Note 1: Unless otherwise specified these limits apply for -55°C to +125°C for the AH0100 series 
and -25°C to +B5°C for the AHOl OOC series. All typical values are for T A = 25°C. 

Note 2: For the DPST and Dual DPST, the ON condition is for VIN = 2.5V; the OFF condition 
is for VIN = O.BV. For the differenti.al switches and SWl and 2 ON, VIN2 = 2.5V, VINl = 3.0V. 
For SW3 and 4 ON, VIN2 = 2.5V, VIN1 = 2.0V. 

LIMITS 

TYP MAX 

2.0 60 
120 

01 .1 
2.0 

22 3.0 
3.3 

-1.0 -1.8 
-2.0 

-1.0 -1.4 
-1.6 

1.0 10 
25 

-1.0 -10 
25 

-1.0 -10 
-25 

45 80 
150 

25 30 
60 

8 10 
20 

.01 1 
100 

08 1 
100 

4 10 
1.0 

0.5 0.8 

0.8 1.0 

0.9 1.6 

1.1 2.5 

UNITS 

.A 

.A 

• A 
.A 
mA 
mA 

mA 
mA 

mA 
mA 

.A 

.A 

.A 

.A 

.A 

.A 
n 
n 
n 
n 
n 
n 
nA 
nA 

nA 
nA 

nA 
.A 

.' .' .' .' 
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electrical characteristics CI) for "MEDIUM LEVEL" Switches (Note 1) 
Ul 

0 DEVICE TYPE CONDITIONS LIMITS 
CD ... PARAMETER SYMBOL 

DUAL DUAL DUAL SPOT 
UNITS 

0 DPST SPST OPDl IDIFF' 
v+. +15.0V. v- .. -15V. VR '" OV TVP MAX 

:::E: 
<C Logic "," 

I'NIONI All CircUits Note 2 
TA '" 2SoC 20 60 .A 

....... Input Current Over Temp. Range 120 .A 

0 Logic "0" 
IINIOFFI AU CirCUits Note 2 

TAo = 2SoC .01 0.1 .A 
It) Input Current Over Temp. Range .A ... 

TA = 25°C 0 Positive Supply 
l+ fONI All Circuits One Driver ON Note 2 

2.2 3.0 mA 

:::E: Current Switch ON Over Temp. Range 3.3 mA 

<C Negative Supply 
'-roNI All Circuits One Driver ON Note 2 

TA =2SoC -1.0 -1.8 mA 

....... Current Switch ON Over Temp. Range 2.0 mA 

0 Reference Input 
IRION' All Circuits One Driver ON Note 2 

TA '" 2SoC -1.0 -1.4 mA 

~ (Enable) ON Current Over Temp. Range -1.6 mA ... 
Positive Supply TAo = 2SOC 1.0 10 .A 0 '+(OFFI All Circuits VIN! = V 1N2 = a BV 

:::E: 
Current SWitch OFF Over Temp. Range 25 "A 

<C Negative Supply 
I-(OFFI All Circuits VIN1 '" VIN2 '" O.BV 

TA = 2SoC -1.0 -10 .A 

....... Current Switch OFF Over Temp Range -25 .A 

0 Reference Input 
IR(OFFI All Circuits VIN1 = VIN2 = O.BV 

TA =2SoC -1.0 -10 .A 

M (Enable) OFF Current Over Temp. Range -25 "A ... Vo '" 7 SV TA= 2SoC 10 15 n 0 Switch ON ReSistance rdsiONI AH0153 AH01S1 AH0163 AH0l61 
10'" 1 mA Over Temp. Range 30 n 

:::E: 
Vo"'7.SV TA ", 2SoC 45 50 n <C SWitch ON Resistance rd5l0NI AH01S4 AH01S2 AH0164 AH0162 
10= 1 mA Over Temp. Range 100 n ....... 

TA = 2SoC 0 Driver Leakage Current 0 0 + Is)oN All CirCUits Vo '" Vs = -7.SV 
.01 nA 

('II Over Temp. Range 500 nA ... Switch Leakage 10lOFFIOR 
AH01S3 AH01S1 AH0163 

TA =2SoC 10 nA 
0 Current 'S(OFFI 

AH0161 Vos = ±lSV 
Over Temp. Range 1.0 ~ 

:::E: SWitch Leakage 'O(OFFIOR TA=2SoC 1.0 2.0 nA 

<C Current IS(OFFI 
AHOl54 AH0152 AH0164 AH0162 Vos = ±lS.0V 

Over Temp. Range 200 nA 

See Test Circuit 
Switch Turn·ON Time tON AHOl53 AH01Sl AH0163 AH0161 V A = ±7.SV 0.8 1.0 .' TA=2SoC 

See Test CirCUit 
Switch Turn·ON Time tON AHOl54 AH01S2 AHOl64 AH0162 VA == ±7.SV 0.5 0.8 P' 

TA=2SoC 

See Test Circuit 
Switch Turn·OFF Time tOFF AHOtS3 AHOtS1 AHot63 AHOl61 VA = ±7.SV 1.1 2.5 .' TA = 2SoC 

See Test CirCUit 
Switch Turn·OFF Time tOFF AH0154 AH01S2 AH0164 AHOt62 VA=±7.SV 0.9 1.5 .' TA = 2SoC 

Note 1: Unless otherwise specified, these limits apply for -5SoC to +12SoC for the AH0100 series 
and -25°C to +85°C for the AH0100C series. All typica, va'ues are for T A ~ 25°C. 

Note 2: For the DPST and Dua, DPST, the ON condition is for V'N ~ 2.5V; the OFF condition 
is for V,N ~ O.8V. For the differentia, switches and SWI and 2 ON, V'N2 ~ 2.5V, VINI ~ 3.0V. 
For SW3 and 4 ON, V,N2 ~ 2.5V, V,Nl ~ 2.0V. 
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typical performance characteristics 
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1. INPUT LOGIC COMPATIBILITY 

A. Voltage Considerations 

In general, the AH0100 series is compatible with 
most DTL, TTL, and RTL logic families. The ON­
input threshold is determined by the V BE of the 
input transistor plus the Vf of the diode in the 
emitter leg, plus I x R1, plus VR. At room 
temperature and VR = OV, the nominal ON thres­
hold is:0.7V+0.7V+0.2V,= 1.6V.Over temperature 
and manufacturing tolerances, the threshold may 
be as high as 2.SV and as low as 0.8V. The rules 
for proper operation are: 

VIN - VR ~ 2.SV All switches ON 

V IN - V R :.,:; 0.8V All switches OF F 

~~ Rl 

" '. 
-! 

B. Input Current Considerations 

IIN(oN), the current drawn by the driver with 
VIN = 2.SV is typically 20 p.A at 2SoC and is guar­
anteed less than 120 p.A over temperature. DTL, 
such as the DM930 series can supply 180.p.A at 
logic "1" voltages in excess of 2.SV. TTL output 
levels are comparable at 400 p.A. The DTL and 
TTL can drive the AHOlOO series directly. How­
ever, at low temperature, DC noise margin in the 
logic "I" state is eroded with DTL. A pull-up re­
sistor of 10 kn is recommended when using DTL 
over military temperature range. 

If more than one driver is to be driven by a DM930 
series (6K) gate, an external pull-up resistor should 
be added. The value is given by: 

11 
Rp = N _ 1 for N > 2 

where: 

Rp = value of the pull-up resistor in kn 

N = number of drivers. 

C. Input Slew Rate 

The slew rate of the logic input must be in excess 
of 0.3V /p.s in order to assure proper operation of 
the analog switch. DTL, TTL, and RTL output 
rise times are far in excess of the minimum slew 
rate requirements. Discrete logic designs, however, 
should include consideration of input rise time. 

2. ENABLE CONTROL 

The application of a positive signal at the V R 

terminal will open all switches. The VR (ENABLE) 
signal must be capable of rising to within 0.8V of 
VIN(ON) in the OFF state and of sinking IR(oN) 
milliamps in the ON state (at VIN(ON) - VR > 
2.SV). The VR terminal can be driven from most 
TTL and DTL gates. 

3. DIFFERENTIAL INPUT CONSIDERATIONS 

The differential switch driver is essentially a differ­
ential amplifier. The input requirements for proper 
operation are: 

)V IN1 - VIN2 1:::: 0.3V 

2.S ~ (V IN1 or VIN2) - VR ~ SV 

The differential driver may be furnished by a DC 
level as shown below. The level may be derived 
from a voltage divider to V+ or the 5V V cc of 
the DTL logic. I n order to assure proper operation, 
the divider should be "stiff" with respect to IIN2' 
Bypassing R 1 with a 0.1 p.F disc capacitor will 
prevent degradation of tON and to FF. 

Alternatively, the differential driver may be driven 
from a TTL flip-flop or inverter. 

~'"' '---
v,,,, 

1181lM54114 - ---

" 
'=' v-

Connection of almA current source between V R 
and V- will allow operation over a ±10V common 
mode range. Differential input voltage must be less 
than the 6V breakdown, and input threshold of 
2.5V and 300mV differential overdrive still prevail. 



4. ANALOG VOLTAGE CONSIDERATIONS 

The rules for operating the AH0100 series at 
supply voltages other than those specified essen· 
tially breakdown into OFF and ON considerations. 
The OFF considerations are dictated by the maxi· 
mum negative swing of the analog signal and the 
pinch off of the JFET switch. In the OFF state, 
the gate of the FET is at V- + VBe + VSAT or 
about 1.0V above the V- potential. The maximum 
Vp of the FET switches is 7V. The most negative 
analog voltage, V A, swing which can be accomo· 
dated for any given supply voltage is: 

IVAI':::; IV-I- Vp - VBe - VSAT or 

Iv AI~lv-I-B.o or IV-I~IV AI+B.OV 

For the standard high level switches, VA <1- 1 B I 
+B = -10V. The value for V+ is dictated-by the 
maximum positive swing of the analog input volt­
age. Essentially the collector to base junction of 
the turn-on PNP must remain reversed biased for 
all positive value of analog input voltage. The base 
of the PNP is at V+ - VSAT - VBe or V+ - 1.0V. 
The PNP's collector base junction should have at 
least 1.0V reverse bias. Hence, the most positive 
analog voltage swing which may be accommodated 
for a given value of V+ is: 

typical applications 

VA':::; V+ - VSAT - VBe -1.0V or 

V A':::; v+ - 2.0V or V+ ?:. V A + 2.0V 

For the standard high level switches, VA = 12 -
2.0V = +10V. 

5. SWITCHING TRANSIENTS 

Due to charge stored in the gate·to·source and 
gate-to-drain capacitances of the FET switch, tran­
sients may appear in the output during switching. 
This is particularly true during the OFF to ON 
transition. The magnitude and duration of the 
transient may be minimized by making source 
'and load impedance levels as small as practical. 

"""--" ~ '''"'~ =l>-J 1'" 
Furthermore, transients may be minimized by 
operating the switches in the differential mode; 
i.e., the charge delivered to the load during the 
ON to OFF transition is, to a large extent, can­
celled by the OF F to ON transition. 

Programmable One Amp Power Supply 

" '" 

I ' 
I ! 
I : 
I ! 
I : 

.LiVo-!l 

.15\1~ 

I 
L, 

nllo 
ADJUST 

VOUT = I± Polarity) x (BCD Code) x VREF 
lOUT -2A peak, IA c;ontinuous 
VOUT Range - ±12V 
Full Scale AcqulsitianTLme-Olls 

Four to ren Bit 0 to A Converter (4 Bits Shown) 

MALIa 
OUTPUT 

.SettlngTime: 1,.,.$ 
Accuracy: 0.2% 

-Note; All resLstorsare 0.1% 
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typical applications (con't) 
Four Channel Differential Transducer Commutator 

.~ 

Gain: 22 
Commutation Rate: 500 kHz 

,I 
o 1 

1 
.1 

4 x 4 Cross Point Analog Switch 

1 

-1----.-----------1 
Switching Time - BOD os 
"ON" Resistance-45!1 
"OFF" Resistance-10 'On 

Delta Measurement System for Automatic Linear Circuit Tester 

r----------, 
I ~~~:~=~E I 
1 1 
1 1 

I '----~-' 
I 
I 
1 

"jAM;;; - - .. _-_1+,'--____ :::::-_---. 
I I 
: 1 
I I. 
I I 

: 1 
1 --' 1 

, ____ J 1 
L _ ~ 

~1v ':[ 
'-------~~---e_._a' ~ 

Note: 81 must be open lot 50J,l5 min to take first reading with IL " 50 rnA. Second readmg is taken with "=' 
52 closed. With 81 Ind other set-up forcing functions under computer control, system will measure line 
Bnd load regulation on voltage regulators. voltage gam, offset cummt. eMRR and PSRR on op amps as 
welln utller circuiU requiring meaSurement of the change of a parameter with the change of a forCing function. 

Analog Input Range-±7.5V 
EouT = 10x (Analog Input 2-Analog Input 11 
Error Rite - 0.01% f .sJsec 

Precision Long Time Constant I ntagrator with Reset Four Channal Commutator 

Integratlonlnternal=1Dsec 
·Integration Error = 1DO,uV 

Reset Time: 3O,us 

Analog Signal Range: 15Vp.p 
Sample Rate: 1 MHz 
AcquisitionTime:21J.us 
Drift Rate: 0.5 mY/sec 



Analog Switches 

AH2114/AH2114C DPST analog switch 
general description 
The AH2114 is a DPST analog switch circuit com· 
prised of two junction FET switches and their 
associated driver. The AH2114 is designed to fulfill 
a wide variety of high level analog switching appli· 
cations including multiplexers, A to D Converters, 
integrators, and choppers. Design features include: 

• Low ON resistance, typically 75n 

• High OFF resistance, typically 1011n 

• Large output voltage swing, typically ±1 OV 

schematic and connection diagrams 

"' IOIK 

" IDBK 

"' 108K 

ac test circuit and waveforms 
V"1l -1511 

IIOUT> 

llOUT1 

FIGURE 1. 

• Powered from standard op·amp supply voltages 
of ±15V 

• Input signals in excess of 1 MHz 

• Turn·ON and turn·OFF times typically 1 /.lS 

The AH2114 is guaranteed over the temperature 
range _55°C to +125°C whereas the AH2114C is 
guaranteed over the temperature range O°C to 
+85°C. 

t","""Sho,," 
w,'~ v, .. lo,c I 

Metal Can Package 

Order Number AH2114G or AH2114CG 
See Package 6A 

' .. 

FIGURE 2. 
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absolute maximum ratings 
Vplus Supply Voltage +25V 
Vminus Supply Voltage -25V 
Vplus-Vminus Differential Voltage 40V 
Logic Input Voltage 25V 
Power Dissipation (Note 3) 1.3SW 
Operating Temperature Range 

AH2114 _55°C to +125°C 
AH2114C aOc to +8SoC 

Storage Temperature Range -S5'C to +125'C 
Lead Temperature (Soldering, 10 sec) 300'C 

electrical characteristics (Notes 1 and 2) 

AH2114 AH2114C 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX 

Static Drain-Source 10= 1.0mA, VGs=OV, TA =25'C 75 100 75 125 n 
"On" Resistance 10 = 1.0 mA, VGS = OV 150 ISO n 
Drain-Gate Vos = 20V, VGS = -7V, TA = 25°C 0.2 1.0 0.2 5.0 nA 
Leakage Current SO SO nA 

FET Gate-Source IG = 1.01lA 35 35 V 
Breakdown Voltage Vos = OV 

Drain-Gate VOG = 20V, Is = 0 4.0 5.0 4.0 5.0 pF 
Capacitance f= 1.0 MHz, TA = 25'C 

Source-Gate VoG =20V,1 0 =0 4.0 5.0 4.0 5.0 pF 
Capacitance f= 1.0MHz, TA = 25'C 

Input 1 Turn-ON Time VIN1 .:: lOV, T A"" 2SoC 35 SO 35 SO ns 
(See Figure 1) 

Input 2 Turn-ON Time V,N2 = 10V, TA = 25'C 1.2 1.5 1.2 1.2 Ils 
(See Figure 1) 

Input 1 Turn·OFF Time V'N! = 10V, TA = 25'C O.S 0.75 0.6 0.75 IlS 
(See Figure 1) 

Input 2 Turn-OFF Time VIN2 :::: lOV, TA =- 25°C 50 80 50 80 ns 
ISee Figure 1) 

DC Voltage Range TA = 25'C ±9.0 ±1O.0 ±9.0 ±10.0 V 
(See Figure 2) 

AC Voltage Range TA =25°C ±9.0 ±10.0 ±9.0 ±10.0 V 
(See Figure 2) 

Note 1: Unless otherwise specified these specifications apply for pin 12 connected to +15V. pin 2 
connected to -15V, _55°C to 125°C for the AH2114, and OoC to 85°C for the AH2114C. 

Note 2: All typical val ues are for T A = 2SoC. 

Not. 3: Derate linearly at 1000 CIW above 25°C. 

., 
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Analog Switches 

AH5009 series low cost analog current switches 

general description 

The AH5009 series is a versatile family of analog 
switches designed to economically fulfill a wide 
variety of multiplexing and analog switching appli­
cations_ 

Even numbered switches (AH5010, AH5012, 
AH5014, etc.,) may be driven directly from 
standard (5V) TTL; whereas the odd numbered 
switches (AH5009, AH5011, AH5013, etc.') are 
intended for applications utilizing open-collector 
(15V) structures. 

functional and schematic diagrams 
MUX Switches 

(4 channel version shown) 

'o----c1f" 1 o---~ 

B~ 4 

7o--_J 

.~. 
I 

• o--_.J 

Il~ 
14 o------J 

SPST Switches 
(quad version shown) 

, o----a"t' "--0 1 
I 20- __ ..1 

• o----a"t' "--0 I 
I 

J 0--_..1 

110----0"i"'".L........ot 
I 

lOo- __ .J 

14 o---o'f"~16 
15 o--_.J 

features 

• Large analog signal range 

• Excellent isolation 
between channels 

• Very low leakage 

• High switching speed 

• Low on resistance 

±10V peak 

SOdS 
at 1 kHz 

50 pA 

150 ns 

loon 
• Interfaces with standard TTL 

(See additional types on page 7·1S.) 

MUX Switches 
(4 channel version shown) 

SPST Switches 
(quad version shown) 

'~' 

r~~, 
L--t ! I • , 

I"TT' i-12 lD 
!"TT" 
r---'l II 

connection diagrams 

Dual-In-Line Package 

O· , , 

, . 
. . 
Order Number: 

AH5017CN 
AH5018CN 
AH5019CN 
AH5020CN 
AH5020CN 
AH5021CN 
AH5022CN 
AH5023CN 
AH5024CN 

See Package 20 

Dual~ln·Line Package 

Order Number: 

AH5009CN 
AH5010CN 
AH5013CN 
AH5014CN 

See Package 22 

Dual-I n-Line Package 

Order Number 

AH5011CN 
AH5012CN 
AH5015CN 
AH5016CN 

See Package 23 

":'" ulllto .... 'nEDDRAINS 
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absolute maximum ratings 

Input Voltage (V1N ) ±30V 

Positive Analog Signal Voltage (VA) 30V 

Negative Analog Signal Voltage (V A) -15V 

Diode Current 10 mA 

Drain Current (10) 30mA 

Power Dissipation (see graph) 500mW 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 sec.) 300°C 

electrical characteristics (each channel) 

PARAMETER (Note 2) CIRCUIT TYPE CONDITIONS (Note 11 TYP MAX 

Input Current "ON" 
All 

V'N = OV, 10 = 2 rnA, T A = 25°C .01 .1 

(I'NION)) V'N = OV, 10 = 2 rnA 100 

Input Current "OFF" 
5VTTL 

V'N = 4.5V, V A = ±10V, TA = 25°C .04 .2 

(I'NIOFF)I V'N = 4.5V, V A = ±10V 10 

Input Current "OFF" 
15VTTL V'N = l1V, VA =±10V, TA = 25°C 

.04 .2 

(I'NIOFF)) 10 

Channel Control Voltage 5VTTL VA = ±10V, 10 = 1 rnA .5 

"ON" (V'NION)) 15VTTL VA =±10V.10 = 1 rnA 1.5 

Channel Control Voltage 5VTTL VA =±10V 4.5 
"OFF" (V'NIOFF)) 15VTTL VA =±10V 11 

Leakage Current "OF F" 
5VTTL 

V'N = 4.5V, V A = ±10V, T A = 25°C .02 .2 
(IoI0FF)) V'N = 4.5V, VA = ±10V 10 

Leakage Current "OFF" 
15VTTL 

V'N = +11V, V A = ±10V, TA = 25°C .02 .2 
(IOIOFF)) V'N =+11V, VA =±10V 10 

Leakage Current "ON" 
5VTTL 

V'N = OV, Is = 1 rnA, TA = 25°C .3 1 
(IoI0N)) V'N = OV, Is = 1 rnA .2 

Leakage Current "ON" 
15VTTL 

V'N = OV, Is = 1 rnA, T A = 25°C .1 .5 
(I OION)! V'N=OV,l s = 1 rnA .1 

Leakage Current "ON" 
5VTTL 

V'N =OV,ls=2rnA, TA =25°C 1 
(Io10N) V'N = OV, Is = 2 rnA 10 

Leakage Current "ON" 
15VTTL 

V'N = OV, Is = 2 rnA, T A = 25°C 2 
(IoloNd V'N =OV,ls=2 rnA 1 

Drain-Source Resistance 
5VTTL 

V'N = 0.5V, 10 = 2 rnA, TA = 25°C 90 150 
"ON" (rOSION)) V'N = 0.5V, 10 = 2 rnA 240 

Drain-Source Resistance 
15VTTL 

V'N = 1.5V, 10 = 2 rnA, T A = 25°C 60 100 
"ON" (rOSION)) V'N = 1.5V, 10 = 2 rnA 160 

rOSION) Match (Effective 15VTTL MUX V'N = 1.5V, 10 = 2 rnA 
50 

rOSION))(rOSION) EFF.) 5VTTL MUX V'N = 0.5V. 10 = 2 rnA 

Turn·On Time (tION)) All See AC Test Circuits, T A = 25°C 150 500 

Turn·Off Time (tIOFF)) All See AC Test Circuits, T A = 25°C 300 500 

Cross Talk (CT) All See AC Test Circuits, T A = 25°C 120 

Note 1: Unless otherwise noted, these specifications apply for -2SoC to +85°C for AH5009C through AH5012C. 

Note 2: "OFF" and "ON" notation refers to the conduction state of the FET switch. 

UNITS 
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applications information 

Theory of Operation 

The AH5009 series of analog switches are pri· 
marily intended for operation in current mode 
switch applications; i.e., the drains of the FET 
switch are held at or near ground by operating into 
the summing junction of an operational amplifier. 
Limiting the drain voltage to under a few hundred 
mV eliminates the need for a special gate driver. 
Thus, the switch may be controlled with conven· 
tional TTL elements (5V) or with the open collec· 
tor (15V) structures. 

Two basic switch configurations are available: 
multiple independent switches (N by SPST) and 
multiple pole switches used for multiplexing 
(NPST·MUX). The MUX versions such as the 
AH5009 offer common drains and include a series 
FET operated at VGS = OV. The additional FET is 
placed in feedback path in order to compensate for 
the "ON" resistance of the switch F ET as shown 
in Figure 1. 

The closed·loop gain of Figure is: 

R2 + rOS(ON)Q2 
AvcL =-=-----­

R, + rOS(ON)Q' 

" AIII~~ v .. o-,,"i/I ......... P--, 

FIGURE 1. Use of Compensation FET 

" , .. 

For R, = R2, gain accuracy is determined by the 
rOS(ON) match between a, and O2, Standard 
match between a, and O2 is 50n resulting in a 
gain accuracy of 0.5% (for R, = R2 = 10k). 
Tighter rOSION) match versions are available. 

Noise Immunity 

The switches with the source diodes grounded 
exhibit improved noise immunity for positive 
analog signals in the "OFF" state. With VIN = 15V 
and the V A = +10V, the source of a, is clamped 
to about 0.6V by the diode (VGS = 14.4V). The 
"ON" impedance of the diode is about 26n 
ensuring that AC signals imposed on the +10V 
will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since the AH5009 series of analog switches are 
operated current mode, it is generally advisable to 
make the signal current as large as possible. tiow· 
ever, current through the FET switch tends to for· 
ward bias the gate to channel (source) diode 
resulting in leakage across the diode. This leakage, 
10ION), increases exponentially with increasing Is. 
As shown in Figure 2, 10(ON) represents a finite 
error in the current reaching the summing junction 
of the op amp. 

FIGURE 2. On Leakage Current, IOIONI 

Secondly, the rOSION) of the FET begins to 
"round" as Is approaches loss. A practical rule of 
thumb is t~ maintain Is at less than 1/10 of loss. 

Combining the criteria from the above discussion 
yields: 

R1(MIN) > 
VAIMAX) AD 

(2a) 
101ON) 

or: 

> VA(MAX) (2b) 
loss/10 

which ever is worse. 

Where: V A(MAX) 

AD 

1010N) 

loss 

Peak amplitude of the ana· 
log input signal 

Desired accuracy 

Leakage at a given Is 

Saturation current of the 
FET switch 

~ 20 mA 

In a typical application, V A might = ±10V, Ao 
0.1%, O°C < TA < 85°C. The criterion of equation 
(2b) predicts: -

10V 
R1(MIN) >---= 5kn 

- 20MA 

10 

For R, = 5k, Is ~ 10V/5k or 2 mAo The electrical 
characteristics guarantee an 10(ON) :::; l/LA at 85°C 
for the AH5010C. Per the criterion of equation 
(2a): 

(1 OV)( 1 0-3 ) 
R1(MIN) > > 10kn 

1 x 10-6 

Since equation (2a) predicts a higher value, the 
10k resistor should be used. 

y.,o-Wo.-(] ..... -, 

FIGURE 3. 

The "OFF" condition of the FET also effects gain 
accuracy. As shown in Figure 3, the leakage across 
O2, 10IOFF) represents a finite error in the current 
arriving at the summing junction of the op amp. 



applications information (con't) 

r------~+5V 
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I 
I 
I 
I 
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I 
I 
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ANALOG 
IN'UTIV ... I 

FIGURE 4. Interfacing with +5V Logic 

I 
I 
I I __ I 

I..!!:!.~~ __ ~.£..J 

ANALOG 
IN.UTIV .. 1 

ANALOG 
uutrur 

FIGURE 5. Interfacing with +15V Open Collector Logic 

Accordingly: 

VA(MIN) Ao 
RlIMAX ) <---'--'--­

(N) IO(OFF) 

Where: V A(MIN) 

Ao 

N 

lo(oFF) 

Minimum value for the ana· 
log input signal 

Desired accuracy 

Number of channels 

OFF leakage of a given FET 
switch 

As an example, if N ~ 10, Ao ~ 0.1%, and lo(oFF) 
::; 10 nA at 8SoC for the AH5009C, RlIMAX) is: 

(lV)(10-J ) 
R'(MAX) ::;-----~~ 10k 

(10)(10 x 10-9 ) 

Selection of R2 , of course, depends on the gain 
desired and for unity gain R, ~ R2 • 

Lastly, the foregoing discussion has ignored resis­
tor tolerances, input bias current and offset 
voltage of the op amp - all of which should be 
considered in setting the overall gain accuracy of 
the circuit. 

TTL Compatibility 

Two input logic drive versions of AHS009 series 
are available: the even numbered part types are 
specified to be driven from standard 5V-TTL logic 

and the odd numbered types from lSV open 
collector TTL. 

Standard TTL gates pull·up to about 3.5V (no 
load). I n order to ensure turn·off of the even 
numbered switches such as AHS010, a pull-up 
resistor, REXT , of at least 10 kn should be placed 
between the SV Vee and the gate output as shown 
in Figure 4. 

Likewise, the open-collector, high voltage TTL 
outputs should use a pull-up resistor as shown in 
Figure S. In both cases, t(OFF) is improved for 
lower values of R EXT and the expense of power 
dissipation in the low state. 

SHUNT""""'" 
HEMEIiIT 

Ros1gN1COMPlNSATINO 
ELEMENT 

, I 

FIGURE 6. Definition of Terms 

Definition of Terms 

The terms referred to in the electrical character­
istics tables are as defined in Figure 6. 
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G) 

o 
o device schematics and pin connections 
It) 

J: 
« FOUR CHANNEL 

7-18 

AH5009CN (ROS(ON) !> lOOn 15V - TTL) 
AH5010CN (ROS(ON) !> 150n 5V - TTL) 

14PIN DIP 

AH5013CN (ROS(ON) :; loon 15V - TTL) 
AH5014CN (ROS(ON) !> 150n 5V - TTL) 

14PIN DIP 

AH5017CN (ROS(ON) :; loon 15V - TTL) 
AH5018CN (ROS(ON) :; 150n 5V· TTL) 

8 PIN DIP 

AH5021CN (ROS(ON) !> loon 15V - TTL) 
AH5022CN (ROS(ON) !> 150n 5V . TTL) 

8PIN DIP 

'TIT-Cr' , , , 

AH5011CN (ROS(ON) !> loon 15V • TTL) 
AH5012CN (ROS(ON) !> 150n 5V . TTL) 

16PIN DIP 

THREE CHANNEL 

'~' 
t L 
.~. 

t !, 
"~. 

t12 b,o 
"~" 

t13 .ts 

AH5015CN (ROS(ON) !> loon 15V - TTL) 
AH5016CN (ROS(ON) :; 150n 5V - TTL) 

16 PIN DIP 

'~" 
t L 
.~" 

t 1, 
"~.' 

t12 1,0 

TWO CHANNEL 

AH5019CN (ROS(ON) :; loon 15V • TTL) 
AH5020CN (ROS(ON) !> 150n 5V - TTL) 

8PIN DIP 

'~'A 

t 1, 

'Tr" 11 \4 

, , 
It 13 

SINGLE CHANNEL 

AH5023CN (ROS(ON) !> loon 15V· TTL) 
AH5024CN (ROS(ON) !> 150n 5V • TTL) 

8 PIN DIP 

'~' 
1. !, 

Package Types - 8, 14, 16 pin epoxy "8" 



typical applications 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L_ 

Gain Programmable Amplifier 

fOUT 

CharacteristiCS: Gam = -EOUT "R FB 
I," 

Low Cost Demultiplexer 

16-Channel Multiplexer 

I 
--'Mr'!!.' ';.-.---, ' . .,- I , 

E'NO~w."4·'i-.-..., , 
I~" " I '--_____ ....J 

Note: The analog sWitch between lire 
op amp and the 16 input switches 
reduces the errors due to leakage. 

Chara£temtlcs: Error" D.4,uV typ@Z5°C 
10IlVtyp@10°C 

All resistors are 10k. 

Low Cost Multiplexer/Mixer 

" 100/(3 

-RJ 
AVCl " Hz =-1 

(V+j (R3) 
VODe >= -R'- "+10V 

(OUT 
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Analog Switches 

AM1000.AM1001.AM1002 silicon N-channel 
high speed analog switch 

general description 

The AMl 000 series are junction FET integrated cir· 
cuit analog switches. These devices commutate 
faster and with less voltage spiking than any other 
analog switch presently available. By comparison, 
discrete JFET switches require elaborate drive cir· 
cuits to obtain reasonable performance for high 
toggle rates. Encapsulated in a four pin TO·72 
package, these units require a minimum of circuit 
board area. Switching transients are greatly reduced 
by a monolithic integrated circuit process. The 
resulting analog switch device provides the follow· 
ing features: 

• Low ON Resistance 

• High Analog Signal Frequency 

Jon 
100 MHz 

schematic and connection diagram 

TO·72 Package .. ",,@:~". OUTPUT 1 , 

ANALOG v" •• 
INPUT Z ] 

Order Number AM1000H 
or AM1001H or AM1002H 

See Package 9A 

typical applications 

'10 Volt Swing Analog Switch 0.5% Accuracy 

r--AM1iiO) 

• High Toggle Rate 

• Low Leakage Cu rrent 

• Large Analog Signal Swing 

• Break Before Make Action 

4MHz 

250pA 

±15V 

The AM 1 000 series of analog switches are particu· 
larly suitable for the following applications: 

• High Speed Commutators 

• Multiplexers 

• Sample and Hold Circuits 

• Reset Switching 

• Video Switching 

equivalent circuit 

~::: ~o---o---rg---o :::~:; 
EXTERNAL 
DIDOEREOUIRED 

External diode required liAS 
fordrivl!rswithpull·upcireuit. 

±15 Volt Swing Analog Switch 

CIIANNEl 
SELlCT 

IIIPUT 

r---;:"~ 

AJI~~~J~=f~; 
I ' I 



absolute maximum ratings 
AM1000 Power DisSipation @ T A " 25°C 300mW 

AM1DOl AM1002 Lmear Derating Factor 1.7mWtC 

VIN (Note 1! +~OV +40V Power Dissipation @Tc ::; 12S"C 15QmW 

VOUT (Note 1) +50V +40V Lmear Derating Factor 6mWtC 

VORIVE (Note 11 -50V -40V Maximum Junction Operating Temperature -5SoC to +150°C 

V B1AS (Note 1) +50V +4DV Storage Temperature +200°C 
Lead Temperature (Soldermg, 10 sec) +300oC 

electrical characteristics 
ON CHARACTERISTICS (Note 2J 

PARAMETER CONOITION MIN TYP MAX UNITS 

RON VORIVE = +15V, V S1AS '" -1SV AM100l 20 40 50 n 
liN'" 1 rnA, V OUT '" OV 

RON VORIVE = +10V, V S1AS = -lOV AM1000 20 25 30 n 
liN:: 1 rnA, V.o UT = OV AM1002 20 50 100 n 

OFF CHARACTERISTICS 

AM1000 
AM100Z 

PARAMETER CONDITION AM100l UNITS 
MIN TYP MAX MIN TYP MAX 

IOUTIOFF) VOAlve = -20V, V B1AS :: -lOV 
VIN = -lOV, VOUT = +10V 

TA = +2SoC .05 .25 0.5 1 nA 
TA = +12SoC .025 .25 0.2 1 ~A 

IOUT(OFF) VORIVE "" -20V, VB lAS '" -lOV 
VIN = +lOV, VOUT = -lOV 

T A = +2SoC .05 .25 0.5 1 nA 
T A = +12SOC 05 .25 0.2 1 ~A 

DRIVE CHARACTERISTICS (Note 3) 

PARAMETER CONDITION MIN TVP MAX UNITS 

'DAIVE VOAlve =- -20V, VBIAS = -10V AM1000, 1001, 1002 5 10 mA 
(Switch OFF) VIN = ±lOV, VOUT = ±10V 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITION 
AM1000 AM10Dl AM1002 

UNITS 
MAX MAX MAX 

tON 
See Switching Time 

100 150 200 ns 

tOFF 
Test Circuit 

100 100 100 ns 

Note 1: The maximum voltage ratings may be applied between any pin or pins simultaneously. Power dissipation may be 
exceeded in some modes if the voltage pulse exceeds 10 ms. Normal operation will not cause excessive power dissipation 
even in a "D.C." switching application. 
Note 2: All parameters are measured with external silicon diodes. See electrical connection diagram for proper diode 
placement. 
Note 3: I(BIAS) (Switch OFF) is equal to I(DRIVE) (Switch OFFI.I(BIAS) (Switch ON), is equal to external diode leakage. 

Note 4: Rise and fall times of VDRIVE shall be 15 ns maximum for switching time testing. 

switching time test circuit and waveforms 

r----D.iJ.T.'I 
I I 

~>-~lJ--t· .. vo~ 
OOO:--.1V I I I ':"". 

T.: :. L ____ .J 
IN91. 

~. 100y--av 
VOU'9G"~: 

I : -YOUl 

i i , ' , +IDV 

: , 
VIIR1YE 

, , 
I , , 

- , 
~av 

IIIN_! ~ 
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Analog Switches 

AM2009/AM2009C/MM4504/MM5504 
six channel MOS multiplex switches 

general description 

The AM2009/ AM2009C/MM4504/MM5504 are six 
channel multiplex switches constructed on a single 
silicon chip using low threshold P·channel MOS 
process. The gate of each MOS aevice is protected 
by a diode circuit. 

features 
• Typical low "on" resistance 
• Typical low "off" leakage 
• Typical large analog voltage range 
• Zero inherent offset voltage 
• Normally off with zero gate voltage 

schematic diagram 

.. 
If 

" J." 

150n 
100 pA 

±10V 

"f-

" 
~ 

.L 

" 

" 

. 
, , 

Order Number 
AM2009F or AM2009CF 
MM4504F or MM5504F 

See Package 4 

>---

, 

typical applications 

TTL 
INPUTS 

ANALOG INPUTS 

1
:..-----. 

TTL Compatible 6 Channel MUX 

ANALOG 
OUTPUT 

f-

.L 

The AM2009/ AM2009C/MM4504/M M 5504 are de· 
signed for applications such as time division multi· 
plexing of analog or digital signals. Switching 
speeds are primarly determined by conditions 
external to the device such as signal source imped· 
ance, capacitive loading and the total number of 
channels used in parallel. 

The AM2009/MM4504 are specified for operation 
over the -55°C to +125°C military temperature 
range. The AM2009C/MM5504 are specified for 
operation over the -25°C to +85°C temperature 
range. 

~ .. ~ .. ~~ 

>---

~ 

. 

>-- .!.o 

Pin numlJanin 
parenthesis.ppfy 
for the MM4504/ 
MM5504 only. 

>---

, 
l: . 
Order Number 

AM2009D or AM2009CD 
MM4504D or MM5504D 

See Pack_ 1 

ADDRESS SELECT ... ADDRESS SELECT 
1-12 

32 Channel MUX 

ANALOG 
OUTPUT 



absolute maximum ratings (VBULK = OV) 

Voltage on Any Source or Drain 
Voltage on Any Gate 
Positive Voltage on Any Pin 
Source or Drain Current 

-30V 
-35V 

Total Power Dissipation (at T A = 2SoC) 
Power Dissipation - each gate circuit 
Operating Temperature Range AM2009 

Gate Current (forward direction of zener clamp) 

+0.3V 
50mA 

0.1 mA 
AM2009C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics (Note 1) 

PARAMETER 

Threshold Voltage 

DC ON Resistance 

DC ON Resistance 

DC ON Resistance 

DC ON Resistance 

Gate Leakage 

Input Leakage 

Output Leakage 

Gate-Bulk Breakdown 
Voltage 

Source-Drain Breakdown 
Voltage 

Drain-Source Breakdown 
Voltage 

Transconductance 

Gate Capacitance 

Input Capacitance 

Output Capacitance 

LIMITS 
CONOITIONS 

MIN TVP 

VGS '" YOSt los = -1 pA 

V GS = -20V, los = -100~A, 

TA = 25Q C 

VGS = -10V, VSB '" -20V. 
los = -100~A, TA = 25°C 

VGS = -20V, los = -100 ~A 

VGs:= -lOV, VSB = -20V, 

los = -100 ~A 

VGS = -20V, Note 2 
VGS = -20V, Note 2. TA = 25°C 

Vos = -20V. Note 2 
Vos = -20V, Note 2, TA '" 25°C 

Vso "" -20V. Note 2 

-1.0 

150 

500 

100 

100 

Vso '" -20V. Note 2, TA = 25('C 500 

1GB = -10 ~A, Note 2 -35 

Iso = -10 pAt VGO = D. 
Note 2 -30 

IDS = -10 ~A, VGS = 0, 
Note 2 -30 

Note 3, f '" 1 MHz 

Note 3, f = 1 MHz 

Note 3, f = 1 MHz 

4000 

4.7 

4.6 

16 

8 

8 

20 

Note 1: Ratings apply over the specified temperature range and VeULK = 0, unless otherwise specified. 
Note 2: All other pins grounded. 

900mW 
150mW 

-5SoC to +12SoC 
- 2SoC to +8SoC 

-6SoC to +150°C 

300°C 

v 

V 

mhos 

pF 

pF 

pF 

Note 3: Capacitance measured on dual-in-line package between pin under measurement to all other pins. Capacitances are 
guaranteed bV design. 

typical performance characteristics 

"ON" Resistance us Gate-to­
Source Voltage 

-30 -Z5 -zo -15 -10 -5 

VGsIV) 

-
J 

soo 

4DO 

JOO 

ZDO 

IDO 

0 

UON'" Resistance vs T 
Temperature 

vV 
........ y 

........ ~(ls:-IOV;VBS=+ZOV 

..-~ frY°r 
-50 -Z5 0 25 50 J5 IDO 125 

TEMPERATURE I C) 

Input Leakage Current vs 
Temperature 

TEMPERATURE ('CI 
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Analog Switches 

AM370S/AM370SC a-channel MOS analog multiplexer 
general description 
The AM370S/AM370SC is an eight-channel MOS 
analog mUltiplex switch. TTL compatible logic 
inputs that require no level shifting or input 
pull-up resistors and operation over a wide range 
of supply voltages is obtained by constructing the 
device with low threshold P-channel enhancement 
MOS technology. To simplify external logic re­
quirements, a one-of· eight decoder and an output 
enable are included in the device. 

Important design features include: 

• TTLlDTL compatible input logic levels 
• Operation from standard +SV and -lSV supplies 

• Wide analog voltage range - ±SV 
• One-of-eight decoder on chip 

• Output enable control 

schematic and connection diagrams 

block diagram (MIL-STD-8068) 

CHANNEl NO'S 

Lhhhhhhh o DATA OUTPUT 

22 OUTPUT 
ENABlE 

-------- *BothVsslines.reinternallv 
LOGIC INPUT connected; either one or 

both may bB used. 

• Low ON resistance - lS0n 

• I nput gate protection 
• Low leakage currents - O.S nA 

The AM370S/AM370SC is designed as a low cost 
analog multiplex switch to fulfill a wide variety of 
data acquisition and data distribution applications 
including cross-point switching, MUX front ends 
for A/D converters, process controllers, automatic 
test gear, programmable power supplies and other 
military or industrial instrumentation applications. 

The AM370S is specified for operation over the 
-SSoC to +12SoC military temperature range. The 
AM370SC is specified for operation over the - 2SoC 
to +8SoC temperature range. 

---11"'''''''---.' " .. 

'" " .. 

truth table 
LOGIC INPUTS 

" " " DE 

L L L H 
H L L H 
L H L H 
H H L H 
L L H H 
H L H H 
L H H H 
H H H H 

x x X L 

v" • 15 .' 14 .. 

v" • 1:1 VelD 

~ 5 11 $, 

s, • " ~ s, , " s, 

". , s, 

TO.VI£W 

Order Number 
AM3705D or AM3705CD 

See Package 2 
AM3705F or AM3705CF 

See Package 5 

CHANNEL 

ON 

S, 
S, 
S, 
S. 
S, 
So 
S, 
50 

OFF 

typical application 
Buffered a-Channel Multiplex, Sample and Hold 

'19\1l1 ...... \ 
An.log Sign.1 Ringe - O.SV 
AcquisitionTiml-2Sns 
Drift Rite - 0.5 mVls!C 
AperatureTime-25Dns 



absolute maximum ratings 

Positive Voltage on Any Pin (Note 1) 
Negative Voltage on Any Pin (Note 1) 
Source to Drain Current 
Logic Input Current 
Power Dissipation (Note 2) 
Operating Temperature Range AM3705 

AM370SC 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

electrical characteristics 

PARAMETER SYMBOL 

ON Resistance RON 

ON Resistance RON 

ON Resistance RON 
AM370S 
AM370SC 

ON Resistance RON 

ON Resistance RON 

ON Resistance RON 

OFF Resistance ROFF 

Output Leakage Current ,LO 
AM370S ,LO 
AM370SC ,LO 

Data I nput Leakage Current ILDI 

AM370S ILOI 

AM370SC 'LDI 

Logic Input Leakage Current ILl 
AM370S 'Ll 
AM370SC 'Ll 

Logic Input LOW Level VIL 

Logic Input LOW Level V IL 
Logic Input HIGH Level VIH 
Logic Input HIGH Level V'H 

Channel Switching Time-Positive t+ 

Channel Switching Time-Negative t -

Channel Separation 

Output Capacitance Cdb 

Data Input Capacitance C'" 
Logic I "put Capacitance Cog 

Power Dissipation Po 

Note 1: All voltages referenced to VSS. 

+0.3V 
-35V 

t30mA 
to.l mA 
500mW 

_55°C to +12SoC 
- 2SoC to +85°C 

_65°C to +150°C 
300°C 

(Note 3) 

CONDITIONS 

VIN = VSS; lOUT = 100/JA 

VIN = -5V; lOUT = -100/JA 

VIN = -SV; lOUT = -100/JA 
TA = +12SoC 
TA=+70°C 

VIN = +SV; VOD = -lSV; 
lOUT = 100/JA 

VIN = OV, Voo = -lSV, 
lOUT = -100/JA 

VIN = -5V; Voo = -15V; 
lOUT = -100 /JA 

VSS - VOUT = lSV 
VSS-VOUT= lSV;TA = 12SoC 
Vss - VOUT = lSV; TA = 70°C 

Vss - VIN = 15V 
Vss - VIN = 15V;TA = 125°C 
Vss - VIN = 15V; TA = 70°C 

Vss - VLOQlCln = 15V 
VSS - VLOQICln = 15V;TA = 12SoC 
Vss - V LogIC In = 15V; TA = 700 e 
Vss = +5.0V 

Vss = +5.0V 

l Switching Time I Test Circuit 

f = 1 kHz 

Vss - VOUT = 0; f = 1 MHz 

Vss - Vo ,. = 0; f = 1 MHz 

VSS-VLogicln=O;f= 1 MHz 

Voo = -31V, Vss = OV 

LIMITS 
UNITS 

MIN TYP MAX 

80 250 fl 

160 400 fl 

400 fl 
400 n 

100 fl 

ISO fl 

2S0 n 
10'0 n 

O,S 10 nA 
150 SOD nA 
3S SOO nA 

0,1 3.0 nA 
2S SOD nA 

O.S SOO nA 

.001 1 /JA 

.OS 10 /JA 

.05 10 /JA 

O.S 1.0 V 

Voo Vss - 4.0 V 
3.0 3.S V 

Vss - 2.0 Vss + 0.3 V 

300 ns 

600 ns 

62 dB 

35 pF 

6.0 pF 

6.0 pF 

125 175 mW 

Not. 2: Ratings applies for ambient temperatures to +2SoC, derate linearly at 3 mWfC for ambient temperatures above +2SoC. 

Not. 3: Specifications apply for TA = 25°C, -24V ~ VDD ~ -20V, and +5.0V ~ VSS ~ +7.0V; unless otherwise specified 
(all voltages are referenced to groundJ. 
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typical performance characteristics 
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typical applications (con't.) 
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Analog Switches 
MM450/MM550. MM451/MM551. 
MM452/MM552. MM455/MM555 MOS analog switches 

general description 
The MM450, and MM550 series each contain 
four p channel MOS enhancement mode transis­
tors built on a single monolithic chip_ The four 
transistors are arranged as follows: 

MM450, MM550 Dual Differential 

MM451, MM551 

MM452, MM552 

MM455, MM555 

Switch 
Four Channel 
Switch 
Four MOS Transis­
tor Package 
Three MOS Tran­
sistor Package 

These devices are useful in many airborne and 
ground support systems requiring multiplexing, 
analog transmission, and numerous signal routing 
appl ications_ The use of low threshold transistors 
(VTH ; 2 volts) permits operations with large ana­
log input swings (± 10 volts) at low gate voltages 
(-20 volts) _ Significant features, then, include: 

schematic and connection diagrams 

Note: Pin 5 connected to use and device bulk. 
MM45D. MM550 

Order Number MM45DH or MM55DH 
See Package 12 

IUUt 

Note: PinScDnn8ctedtD~aStlnddevicEl 
bulk,Drain and Source may beinmchanged. 

MM455. MM555 

Order Number MM455H or MM555H 
See Package 12 

typical applications 
EQUIVALENT 

• Large Analog I nput Swing ± 1 0 Volts 

• Low Supply Voltage VSU LK ; +10 Volts 
VGG ; -20 Volts 

• Low ON Resistance VIN 
V 1N 

-10V 150n 
+10V 75n 

• Low Leakage Current 200 pA@25°C 

• I nput Gate Protection 

• Zero Offset Voltage 

Each gate input is protected from static charge 
build-up by the incorporation of zener diode pro­
tective devices connected between the gate input 
and device bulk_ 

Th!l MM450, MM451, MM452 and MM455 are 
specified for operation over the -55°C to +125°C 
military temperature range_ The MM550, MM551, 
MM552 and MM555 are specified for operation 
over the -25°C to +70°C temperature range_ 

-:;:::::L. ___ E=:::;-::--SOURCEt 

Note1:Pins1 and 8connectad to cau and 
devictbulk.DrILnandSourcemaybeintercllanged. 
MM452f. MMSS2F. 
Note 2: MM452D and MM552D fdual·m·line packages) 
hive ume pin cOllnectionl as MM45ZF and MM552F 
snoWllabove. 

Order Number MM452F or MM552F 
See Package 4 

Order Number MM452D or MM552D 
See Package 1 

DUIPUT 
(SOURCEI 

Note: Pin 5 connected to case and device bulk. 
MM451.MM551 

Order Number MM451H or MM551H 
See Package 12 

TOGGlEo--i-+--+ .... I---1~+--+-l 
INPUT o-+-"-+---1~ 

l 
I 
I 
I 
I 
I I fP L ______ _ _J 

SWITCH #1 
OUTPUT 

DPDT Analog Switch 

SWITCH #2 
OUTPUT 
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absolute maximum ratings MM450, MM451, MM452, MM455 MM550, MM551, MM552, MM555 

Gate Voltage (VGG) +lOV 10 -30V +lOV 10 -30V 

Bulk Voltage (V BULK) +10V +lOV 

Analog Input (V IN ) +10V to -20V +lOV 10-20V 
Power Dissipation 200 mW 200 mW 
Operating Temperature -SS·C to +12S·C -2S· C to 70· C 
Storage Temperature -6S·C to +l50·C -6S·C to +lS0·C 

electrical characteristics 
STATIC CHARACTERISTICS (Note 1) 

PARAMETER CONDITION MIN TYP MAX UNITS 

Analog Input Voltage ±10 V 
Threshold Voltage (V GS(T)) VOG=O,lo=l!LA 1.0 2.2 3.0 V 

ON Resistance V IN = -10V 150 600 n 

ON Resistance V IN = Vss 75 200 n 

OFF Resistance 1010 n 
Gate Leakage C~rrent (lGse) VGS = -25V, Ves = 0, T A = 25°C 20 pA 

Input (Drain) Leakage Current 
MM450, MM451, MM452, MM455 TA = 25°C .025 100 nA 

TA =85°C .002 1.0 !LA 

TA = 125°C .025 1.0 !LA 

Input (Drain) Leakage Current 
MM550, MM551, MM552, MM555 T A = 25°C 0.1 100 nA 

TA = 70°C .030 1.0 !LA 

Output (Source) Leakage Current 
MM450, MM451, MM452, MM455 TA =25°C .040 100 nA 

Output (Source) Leakage Current 
MM450 TA = 85°C 1.0 !LA 
MM451 TA = 85°C 1.0 !LA 
MM452, MM455 TA =85°C 1.0 !LA 
MM450, MM451, MM452, MM455 TA = 125°C 1.0 !LA 

Output (Source) Leakage Current 
MM550 TA=70°C 1.0 !LA 
MM551 TA = 70°C 1.0 !LA 
MM552, MM555 TA = 70°C 1.0 !LA 

DYNAMIC CHARACTERISTICS 

Large Signal Transconductance 
Vos = -10V, 10 = 10 mA 

4000 !Lmhos 
f = 1 kHz 

CAPACITANCE CHARACTERISTICS (Note 2) 

PARAMETER DEVICE TYPE MIN TYP MAX UNITS 

Analog Input (Drain) Capacitance (COB) ALL 8 10 pF 

MM450, MM550 11 14 pF 

Output (Source) Capacitance (CSB) 
MM451, MM551 20 24 pF 
MM452, MM552 7.5 11 pF 
MM455, MM555 7.5 11 pF 

MM450, MM550 10 13 pF 

Gate Input Capacitance (CG e) MM451, MM551 5.5 8 pF 
MM452, MM552 5.5 9 pF 
MM455, MM555 5.5 9 pF 

Gate to Ou~put Capacitance (CGs) ALL 3.0 5 pF 

Note 1: The resistance specifications apply for -5SoC S TA S + 85°C, VGG = -20V, VeULK = 
+10V, and a test 'current of 1 rnA. Leakage current is measured with all pins held at ground except 
the pin being measured which is biased at -2SV. 

Note 2: All capacitance measurements are made at 0 volts bias at 1 MHz. 
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typical dynamic input characteristics (TA = 25Q C Unless Otherwi.e Noted) 

CONDITION 1: 
ANALOG INPUT VOLTAGE 
AT+l0VOLTS 

Vas" +10Y 

V,N r V 

~~~ O~ 

T 
Voo 

CONDITION Z: 
ANALOG INPUT VOLTAGE 
ATOVOLTS 

VB8+10V 

V,N r 
ov~vaUT 

T 
VGO 

CONDITION 3: 
ANALOG INPUT VOLTAGE 
AT -10 VOLTS 

Vas +10V 

V,N r V 
-10vLU auT 

T 
VGG 
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lOGO 
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typical input capacitance characteristics 
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typical applications (con't) 

VIDEO 
INPUT =1 

VIDEO 
INPUT =2 

DPST High-Frequency Switch 

VIDEO 
DUTPUT:If1 

VIDEO 
OUTPUT #2 

TOGGLE 
INPUT 

MM452. MM552. MM455. MM555 
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Analog Switches 

MM454/MM554 four-channel commutator 

general description 
The MM454/MM554 is a four-channel analog com­
mutator capable of switching four analog input 
channels sequentially onto an output line. The 
device is constructed on a single silicon chip using 
MaS P Channel enhancement transistors; it con­
tains all the digital circuitry necessary to sequen­
tially turn ON the four analog switch transistors 
permitting multiplexing of the analog input data. 
The device features: 

• High Analog Voltage Handling 
• High Commutating Rate 
• Low Leakage Current (T A = 25° C) 

(T A = 85°C) 

±10V 
500 kHz 

200 pA 
50 nA 

schematic and connection diagrams 

ANALOG 
INPUTS 

4 

CLOCK 
INPUT 

• All Channel Blanking input provided 
• Reset capabil ity provided 
• Low ON Resistance 200n 

In addition, the MM454/MM554 can easily be 
applied where submultiplexing is required since a 
4:1 clock countdown signal is provided which can 
drive the clock input of subsequent MM454/MM554 
units. 

The MM454 is specified for operation over the 
_55°C to +125°C military temperature range. The 
MM554 is specified for operation over the _25°C 
to + 70°C temperature range. 

ANALOG 
OUTPUT 

OUTPUT 
4:1 

COUNTDOWN 

RESET·---.... -----------l 

NDCONNECTION....!;:==:::JL_..J===~~v •• 
1-------i-"--OUTPUT4·1CQUNTDDWN 

CLOCK INPUT .-_____ +""'- NO 1 ANALOG INPUT 

RESET Ir-----f.!!- NO Z ANALOG INPUT 

ALLCHANNELIlANKING NO 3 ANALOG INPUT 

N04ANALDGINPUT 

L-__ ~_ANALOGDUTPUT 

Note: Pin 1 connected to case and to devicB bulk. Nominal Dperating Volbges: VOG • -24V; 
VDD ;; OV; Vss "+12V. Resat Bias'" +12V «(IV for Resell, all channel blanking bias" 
+12V IOV for blanking) 

Order Number MM454F or MM554F 
See Package 4 
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absolute maximum ratings (Note 1) 

Gate Voltage (V GG) +10V to -30V 
Bulk Voltage (V ss) +10V 
Analog Input (V IN) +10V to -20V 
Power Dissipation 200mW 
Operating Temperature MM454 -55°C to +125°C 

MM554 -25°C to +70°C 
Storage Temperature -65°C to +150°C 

static characteristics (Note 2) 

PARAMETER CONDITION MIN TVP MAX UNITS 

Analog Input Voltage ±10 V 
ON Resistance V'N = -10V 170 600 n 
ON Resistance V'N = Vss 90 200 n 
OFF Resistance 10'· n 
Analog Input Leakage Current MM454 TA = 25°C .050 100 nA 

MM454 TA =S5°C .006 1.0 /1A 
MM554 TA = 25°C .0001 100 nA 
MM554 TA = 70°C .030 1.0 /1A 

Analog Output Leakage Current MM454 TA = 25°C 0.100 100 nA 
MM454 TA =S5°C 30 1.0 /1A 
MM554 TA = 25°C .0001 100 nA 
MM554 TA = 70°C .030 1.0 /1A 

Vss Supply Current Drain Vss = +12V 3.S 5.5 rnA 
V GG Supply Current Drain VGG = -24V 2.4 3.5 rnA 

capacitance characteristics 

PARAMETER CONDITION MIN TVP MAX UNIT 

Analog Input Capacitance Channel OFF liN = 0 4 6 pF 

Analog Input Capacitance Channel ON I'N = 0 20 24 pF 

Analog Output Capacitance liN = 0 20 24 pF 

Clock Input Vel = +12V 2.0 pF 

Reset Input VAESET = +12V 2.0 pF 

Sianking Input VBlANK = +12V 2.0 pF 

clock characteristics (Note 3) 

PARAMETER CONDITION MIN TVP MAX UNIT 

Clock Input (H IGH)(4) Vss - 2 Vss V 

Clock Input (LOW) -5 0 +5 V 

Clock Input Rise Time (pOS GOING) No requirement 

Clock Input Fall Time (NEG GOING) 20 /1sec 

Countdown Output (POS) V OH Vss -2 Vss V 

Countdown Output (NEG) VOL 0 V 

Maximum Commutation Rate 0.5 2.0 MHz 

Vss +10.0 +12 +14 V 

Note 1: Maximum ratings are limiting values above which the device may be damaged. All voltages 
referenced to VOO = O. 
Note 2: These specifications apply over the indicated operating temperature range for VGG = -24V, 
VOO = OV, VSS = +12V, VRESET = +12V, VBLANK = +12V. ON resistance measured at 1 rnA, 
OFF resistance and leakage measured with all analog inputs and output common. Capacitance measured 
at 1 MHz. 
Note 3: Operating conditions in Note 2 apply. VSS to VOD (OV) voltage is applied to counting and 
gating circuits. VGG is required only for analog switch biasing. All logic inputs are high resistance and 
are essentially capacitive. 
Note 4: Logic input voltage must not be more positive than VSS. 
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typical performance characteristics 
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New Products 

LF156 monolithic JFET input operational amplifier 

general description 
The LF156 is the first monolithicJFET input operational 
amplifier to incorporate well-matched, high voltage 
JFETs on the same chip .with standard bipolar transis­
tors. The amplifier features low input bias and offset 
currents, low offset voltage and offset voltage drift, 
coupled with offset adjust which does not degrade drift 
or common-mode rejection. The device was also designed 
for high slew rate, wide bandwidth, extremely fast 
settling time, low voltage and current noise and a low 
1ff noise corner. 

features 

• Low 1 If noise corner 
• Wide bandwidth 
• Fast slew rate 
• Fast settling to 0.01 % 
• Internally compensated 
• Stable with large capacitive loads 
• Operates from standard op amp supplies 

applications 
• Precision high speed integrators 
• Sample and hold circuits 
• Fast 01 A and AID converters 

< 100 Hz 
5mHz 

15V Ills 
1.41ls 

• Low input current 30pA 
3mV 

51lVtC 
12nV/YHz 

• Low noise amplifiers for high impedance transducers 
• Low offset voltage 
• Guaranteed offset voltage drift 
• Low input noise voltage 

connection diagram 

typical application 

• Wide band low noise, low drift amplifiers 
• High impedance buffers 
• High frequency, high impedance active filters 

Metal Can Package 

CURRENT SOURCE REFERENCE 

v-

TOPVIEW 

v' 

Note: Pin 8 must bl connected to Pin 7whlJl offset 
adjustilnotllsed. 
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LM388 1.5 watt audio power amplifier 

general description 

The LM3BB is an audio amplifier designed for use in 
medium power consumer applications. The gain is 
internally set to 20 to keep external part count low, 
but the addition of an external resistor and capacitor 
between pins 2 and 6 will increase the gain to any value 
up to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. 

features 

• Minimum external parts 
• Wide supply voltage range 
• Excellent supply rejection 
• Ground referenced input 

4V to 12V 
50 dB 

New Products 

• Self-centering output Quiescent voltage 

• Variable voltage gain 
• Low distortion 
• Fourteen pin dual-in-Iine package 

applications 

• AM-FM radio amplifiers 
• Portable tape player amplifiers 

• Intercoms 
• TV sound systems 
• Lamp drivers 

• Line drivers 
• Ultrasonic drivers 
• Small servo drivers 
• Power converters 

equivalent schematic and connection diagrams 

" r-----------------------~~--_1-o~ 
Dual-In-Lina Package 

'5k 

BYPASS 14 Vs 

GAIN 

13 

.N. { VOUT 

-INPUT 
GAIN 

-INPUT 

3,4,5, 
TO' VIEW 

10,11,12 .N. 

typical applications 

Amplifier with Gain = 20 Amplifier with Gain = 200 
v, 

Vs 510 

'0.' 

21M 

13 +) ~ ..... , 
~,.7 

..J.. 

v .. v~ 

":" ":" 

FIGURE 1. Load Returned to Ground FIGURE 2_ Load Returned to Vs 
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LM556 dual timer 

general description 

The LM556 dual monolithic timing circuit is a highly 
stable controller capable of producing accurate time 
delays or oscillation. The LM556 is a dual LM555. 
Timing is provided by an external resistor and capacitor 
for each timing function. The two timers operate 
independently of each other sharing only Vee and 
ground. The circuits may be triggered and reset on 
falling waveforms. The output structures may sink or 
source 150 mAo 

connection diagram 

New. Products 

features 

• Timing from microseconds to hours 
• Replaces two LM555 timers 
• Operates in both astable, monostable and time delay 

modes 
• High output current 
• Adjustable output current 
• TTL compatible 
• Temperature stability of 3% over entire temperature 

range 

Dual·ln~Line Package 

THRESH CONTROL 
Vee DISCHARGE OLD VOLTAGE RESET OUTPUT TRIGGER 

DISCHARGE THRESH· CONTROL RESET OUTPUT TRIGGER GND 
OLD VOLTAGE 

TDP VIEW 

8·:'> 

"C ... o 
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C 
n 
r+ 
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LM3089 FM receiver IF system 

general description 

The LM3089 has been designed to provide all the major 
functions required for modern FM I F designs of auto· 
motive, high·fidelity and communicati~ns receivers. 

features 

• Three stage IF amplifier/limiter provides 1211V (typ) 
-3 dB limiting sensitivity 

block diagram 

to.1MHz 
INPUT 

0.01 
1-

AUre$lstancevalues,remohms 
*Ltuneswitltl00 pF (C) at 10.7 MHz 

00 0l!/G.T.EX22741 orequinlent} 

New Products 

• Balanced product detector and audio amplifier pro· 
vide 400 mV (typ) of recovered audio and distortion 
as low as 0.1 % with proper external coil designs. 

• Four internal carrier level detectors provide delayed 
AGC signal to tuner, tuning meter drive current and 
interchannel mute control. 

• AFC amplifier provides AFC current for tuner and/or 
center tuning meters . 

• A direct replacement for CA3089E 

4.1k 

12 

'" 
TOSTEREO 

.-""''11--0---+----0 THRESHOLD 120. 

13 TUNING METER OUTPUT LOGIC CIRCUITS 
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voltage regulators 

Current-Limit Sense Voltage: The voltage across 
the current limit terminals required to cause the 
regulator to current-limit with a short circuited 
output. This voltage is used to determine the value 
of the external current·limit resistor when external 
booster transistors are used. 

Dropout Voltage: The input·output voltage dif­
ferential at which the circuit ceases to regulate 
against further reductions in input voltage. 

Feedback Sense Voltage: The voltage. referred to 
ground. on the feedback terminal of the regulator 
while it is operating in regulation. 

Input Voltage Range: The range of DC input volt· 
ages over which the regulator will operate within 
specifications. 

Line Regulation: The change in output voltage for 
a change in the input voltage. The measurement is 
made under conditions of low dissipation or by 
using pulse techniques such that the average chip 
temperature is not significantly affected. 

Load ~egulation: The change in ~utPut voltage 
for a change in load current at constant chip 
temperature. 

Long Term Stability: Output voltage stability 
under accelerated life-test conditions at 125°C 
with maximum rated voltages and power dissipa­
tion for 1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the regulator will 
operate within specifications. 

operational amplifiers 

Bandwidth: That frequency at which the voltage 
gain is reduced to l/-v'i times the low frequency 
value. 

Common Mode Rejection Ratio: The ratio of the 
input voltage range to the peak·to·peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of har· 
monic distortion being defined as one·hundred 
times the ratio of the root-mean·square (rms) sum 
of the harmonics to the fundamental. % harmonic 
distortion = 

(V2 2 + vl + V4 2 + .. . )'/2 (100%) 

V, 

where V, is the rms amplitude of the fundamental 
and V2 • V3 • V4 •... are the rms amplitudes of the 
individual harmonics. 

Definition of Terms 

Output-Input Voltage Differential: The voltage 
difference between the unregulated input voltage 
and the regulated output voltage for which the' 
regulator will operate within specifications. 

Output Noise Voltage: The RMS AC voltage at the 
output with constant load and no input ripple. 
measured over a specified frequency range. 

Output Voltage Range: The range of regulated 
output voltages over which the specifications 
apply. 

Output Voltage Scale Factor: The output voltage 
obtained for a unit value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to 
the regu lator that is not del ivered to the load. 

Ripple Rejection: The line regulation for AC input 
signals at or above a given frequency with a speci­
fied value of bypass capacitor on the reference 
bypass terminal. 

Standby Current Drain: That part of the operating 
current of the regulator which does not contribute 
to the load current. 

Temperature Stability: The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 

Input Bias Current: The average of the two input 
currents. 

Input Impedance: The ratio of input voltage to 
input current under the stated conditions for 
source resistance (Rs) and load resistance (Rd. 

Input Offset Current: The difference in the cur· 
rents into the two input terminals when the out· 
put is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two 
equal resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either 
input with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates 
within specifications. 
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Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage 
required to drive the output from zero to this 
voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for 
source resistance (Rs) and load resistance (Rd. 

Output Resistance: The small signal resistance 
seen at the output with the output voltage near 
zero. 

Output Voltage Swing: The peak output voltage 
swing, referred to zero, that can be obtained 
without clipping. 

Offset Voltage Temperature Drift: The average 
drift rate of offset voltage for a thermal variation 
from room temperature to the indicated tempera­
ture extreme. 

Power Supply Rejection: The ratio of the change 
in input offset voltage to the change in power 
supply voltages producing it. 

voltage comparators/buffe rs 

Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The absolute value of the 
difference between the two input currents for 
which the output will be driven higher than or 
lower than specified voltages. 

Input Offset Voltage: The absolute value of the 
voltage between the input terminals required to 
make the output voltage greater than or less than 
specified voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common mode) over which the 
offset specifications apply. 

Logic Threshold Voltage: The voltage at the out­
put of the comparator at which the loading logic 
circuitry changes its digital state. 

Negative Output Level: The negative DC output 
voltage with the comparator saturated by a dif­
ferential input equal to or greater than a specified 
voltage. 

Output Leakage Current: The current into the 
output terminal with the output voltage within a 
given range and the input drive equal to or greater 
than a given value. 

Output Resistance: The resistance seen looking 
into the output terminal with the DC output level 
at the logic threshold voltage. 

Output Sink Current: The maximum negative cur­
rent that can be delivered by the comparator. 

Settling Time: The time between the initiation of 
the input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage . 

Slew Rate: The internally-limited rate of change 
in output voltage with a large-amplitude step func­
tion applied to the input. 

Supply Current: The current required from the 
power supply to operate the amplifier with no 
load and the output at zero. 

Transient Response: Theciosed-Ioop step-function 
response of the amplifier under small-signal 
conditions. 

Unity Gain Bandwidth: The frequency range from 
DC to the frequency where the amplifier open 
loop gain rolls off to one. 

Voltage Gain: The ratio of output voltage to in­
put voltage under the stated conditions for source 
resistance (Rs) and load resistance (Rd. 

Positive Output Level: The high output voltage 
level with a given load and the input drive equal to 
or greater than a specified value. 

Power Consumption: The power requ ired to oper­
ate the comparator with no output load. The power 
will vary with signal level, but is specified as a 
maximum for the entire range of input signal 
conditions. 

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

Saturation Voltage: The low-output voltage level 
with the input drive equal to or greater than a 
specified value. 

Strobe Current: The current out of the strobe 
terminal when it is at the zero logic level. 

Strobed Output Level: The DC output voltage, 
independent of input conditions, with the voltage 
on the strobe terminal equal to or less than the 
specified low state. 

Strobe ON Voltage: The maximum voltage on 
either strobe terminal required to force the output 
to the specified high state independent of the 
input voltage. 



voltage comparators/buffers (con't) 

Strobe OFF Voltage: The minimum voltage on the 
strobe terminal that will guarantee that it does not 
interfere with the operation of the comparator. 

Strobe Release Time: The time required for the 
output to rise to the logic threshold voltage after 
the strobe terminal has been driven from zero to 
the one logic level. 

functional blocks 
(LM122/LM222/LM322. LM2905/LM3905 only) 

Maximum Power Dissipation: The maximum total 
device dissipation for which the timer will operate 
within specifications. 

Timing Ratio: The ratio of the firing voltage at the 
RIC pin to the reference voltage. 

Comparator Input Current: The average current 
flowing from the RIC pin during the timing cycle. 

Trigger Voltage: The voltage required at the trigger 
terminal to initiate a timing cycle, referenced to 
the ground pin. 

Output Leakage Current: The maximum current 
flowing into the collector of the output transistor 
when the transistor is in the "off" state. 

Reset Resistor: The equivalent resistor which may 
be used to calculate the discharge time of the tim· 
ing capacitor. tDISCHARGE = (51 (Ctl (RREsETI. 

consumer circuits 

AGC DC Output Shift: The shift of the quiescent 
IC output voltage of the AGC section for a given 
change in AGC central voltage. 

AGC Figure of Merit (AGC Range): The widest 
possible range of input Signal level required to 
make the output drop by a specified amount from 
the specified maximum output level. 

AGC Input Current: The current required to bias 
the central voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered 
audio output produced by a desired FM signal of 
specified level and duration to the recovered audio 
output produced by an unwanted AM signal of 
specified amplitude and modulating index. 

Channel Separation: The level of output signal of 
an undriven amplifier with respect to the output 
level of an adjacent driven amplifier. 

Supply Current: The current required from the 
positive or negative supply to operate the com· 
parator with no output load. The power will vary 
with input voltage, but is specified as a maximum 
for the entire range of input voltage conditions. 

Voltage Gain: The ratio of the change in output 
voltage to the change in voltage between the input 
terminals producing it. 

Collector Saturation Voltage: The collector to 
emitter voltage on the output transistor when it is 
in the "on" state with specified sink current flow· 
ing into the collector terminal. 

Emitter Saturation Voltage: The voltage across the 
output transistor when the collector is tied to V+, 
the transistor is in the "on" state, and the speci· 
fied output current is flowing from the emitter 
terminal. 
Capacitor Saturation Voltage: The offset voltage 
remaining on the timing capacitor after capacitor 
discharge current has dropped to zero. 

Trigger Current: The current flowing into or out 
of the trigger terminal at the specified trigger vol· 
tage. 

Rt: Timing resistor connected between VREF and 
the RIC terminal. 

Ct : Timing capacitor connected between the RIC 
terminal and the ground terminal. 

Detection Bandwidth: That frequency range about 
the free running frequency of the tone decoderl 
phase locked loop where a signal above a specified 
level will cause a detected signal condition at the 
output. 

Detection Bandwidth Skew: The measure of how 
well the detection bandwidth is centered about 
the free running frequency. It is equal to the maxi· 
mum detection bandwidth frequency plus the 
minimum detection bandwidth frequency minus 
twice the free running frequency. 

Hold In Range: That range of frequencies about 
the free running frequency for which the phase 
locked loop will stay in lock if initially starting 
out in lock. 

Input Bias Current: The average of the two input 
currents. 

9·3 

~ 
0' 
::s 
o .... 
-I 
CD ... 
3 
!II 



UI 

E .. 
CD 
t-
.... 
o 
c 
o .;; 

.5 .... 
CD 
C 

9-4 

consumer circuits (con't) 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either 
input with the other grounded. 

Input Sensitivity: The minimum level of input 
signal at a specified frequency required to produce 
a specified signal·to-noise ratio at the recovered 
aud io output . 

Input Voltage Range: The range of voltages on 
the input terminals for which the amplifier operates 
within specifications. 

Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage re­
quired to drive the output from zero to this 
voltage. 

Limiting Threshold: In FM the input signal level 
which causes the recovered audio output level to 
drop 3 dB from the output level with a specified 
large signal input. 

Lock In Range: That range of frequencies about 
the free running frequency for which the phase 
locked loop will come into lock if initially starting 
out of lock. 

Maximum Sweep Rate: The maximum rate that 
the VCO may be made to vary its oscillating fre­
quency over its Sweep Range. 

Output Resistance: The ratio of the change in 
output voltage to the change in output current 
with the output around zero. 

Output Voltage Swing: The peak output voltage 
swing, referred to zero, that can be obtained 
without clipping. 

analog switches 

Driver Leakage Current: The sum of the currents 
into the source and drain switch terminals, with 
both held at the same specified voltage. 

Logic "'" Input Voltage: The voltage level which 
is guaranteed to be interpreted by the device as a 
logical "true" signal. 

Logic "0" Input Voltage: The voltage level which 
is guaranteed to be interpreted by the device as a 
logical "false" signal. 

Logic Input Slew Rate: The voltage difference 
between the logic "'" and logic "0" states divided 
by the transistion time. 

Phase Detector Sensitivity: The change in the out­
put voltage of the phase detector for a given change 
in phase between the two input signals to the 
phase detector. 

Power Bandwidth: That fre.suency at which the 
voltage gain reduces to '/";2 with respect to the 
flat band voltage gain specified for a given load 
and output power. 

Power Supply Rejection: The ratio of the change 
in input offset voltage to the change in power 
supply voltages producing it. 

Slew Rate: The internally limited rate of change 
in output voltage with a large amplitude step 
function applied to the input. 

Supply Current: The current requ ired from the 
power supply to operate the amplifier with no load 
and the output at zero. 

Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency pro· 
duced by varying the central voltage of the VCO 
from its maximum value to its minimum value 
with fixed values of timing resistance and 
capacitance. 

VCO Sensitivity: The change in operating fre­
quency for a given change in VCO central voltage. 

Switch Leakage Current: The current seen when a 
specified voltage is applied between drain and 
source of a channel that is logically turned off. 

Switch On Resistance: The equ ivalent resistance 
from source to drain, tested by forcing a specified 
current and measuring the resultant voltage drop. 

Switch Turn-Off Time: The interval between the 
time that the logic input passes through the thresh­
old voltage and the time that the output goes to 
a specified voltage level in the test circuit. 

Switch Turn-On Time: The interval between the 
time that the logic input passes through the thresh­
old voltage and the time that the output goes to 
90% of its final value in the specified test circuit. 
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MIL-STO-883/MIL-M-38510 
MI L-STD-883 
Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL.S-19500, MIL·STD-750, and 
M I L·STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control operations 
are written around MI L-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
883) have been part of National's quality control 
procedures almost from the start. Our Quality 
Assurance Procedures Manual is available upon 
request. 

We offer a complete line of linear/883 (Class B) 
products as standard, off-the·shelf items. Special 
Linear /883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the·shelf, "to the 
letter" 883 program. I n addition, we will test any 
of our integrated circuits to any class of MIL­
STD-883. 

The detailed information concerning M I L·STD·883 
screening is contained in National's specification 
NSC 1 0002. 

MIL-M-38510 
MIi..·M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with M I L-STD·883. 
Screening 
All microcircuits delivered in accordance with Mi L­
M-38510 must have been subjecte'd to, and passed 
all the screening tests detailed in Method 5004 of 
MIL·STD·883 for the type of microcircuit and 
product assurance level. 

The device electrical and package requirements of 
MIL·M·38510are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech· 
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B o~ C as defined by MI L·STD·883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 

The MIL·M·38510 specs for standard linear devices 
require 100% DC testing at 25°C, -55°C and 
+125°C. AC testing is performed at +25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 

MIL·M·38510 requires device traceability, exten· 
sive documentation and closely matched mainten· 
ance. 

Quality Conformance 
Quality conformance inspection is conducted in 
accordance with the applicable requirements of 
Group A, (electrical test), Group Band C, (environ· 
mental test) of Method 5005, M I L·STD·883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
months). 

To supply devices to MIL·M-38510, the IC manu· 
facturer must quality the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qual ify to MIL -M-3S51 O. After passi ng compre­
hensive audits of facilities and documentation 
systems, the IC manufacturer will subject tl)e 
device to and demonstrate that they satisfy all of 

. the Group A, B, and C requirements of Method 
5005 of MI L·STD-883 for the specified classes and 
types of IC. The qualification tests shall be moni­
tored by the qualifying agency. Finally the IC 
manufacturer shall prepare and submit qualifica· 
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable,. it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci­
fied in M I L·STD·883 in terms of L TPD's (Lot 
Tolerance Percent Defective) for the various quali· 
fication test sub-groups. Qualification testing is 
performed-on a sample of devices which are chosen 
at random from a lot of devices that has satisfac­
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
5005) which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and MIL-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi­
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify an LM741 in a DIP 
processed to the requirements of MI L-M-38510, 
Class B, with gold plated leads, specify M-38510/ 
10101BCC. 

MM385101 xxx xx X x x 
---r- I, I I I I 
Specifies the Slash Device Device Case lead 

General Require- Sheet Type Class Outline Finish 
mentsof No. 

MIL-M·38510 
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