




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Pin Function Description 

1. Identification bias. The PAL flip·flop is stopped, for 
identification purposes, when the voltage on pin 1 in­
creases above SV. This threshold is internally generated 
and has a porportional behavior with the 12V supply 
voltage. The threshold level of SV is chosen to match the 
output characteristic of the TBAS40 and has a suffi­
,ciently high safety margin above the zero chroma signal 
level of 4V to eliminate spurious identifying. 

2. R-Y subcarrier reference input. A 1Vp-p signal is 
required via a dc blocking capacitor. Under no cir­
cumstances should this signa" be less'than O.S Vp-p. The 
input resistance at this pin is 'typically S kn. 

3_ PAL square wave output_ The amplitude is 3Vp-p 
from an emitter follower. No external load resistor is 
required. 

4. R-Y signal output (G-Y at pin Sand B-Y alpin 7). 
These outputs require no external dc loads except that 
direct connection must be made via the low, pass filters 
to the appropriate pins on the R-G-B matrix TBAS30. 
In a complete circuit using the TBAS30 and video output 
stages the dc levels of these outputs will be adjusted to 
give the correct setting of the picture tube drive black 
levels. The changes in de level with supply voltllge are 
proportional and track together. 

The unwanted products of demodulatio'n occurring' in 
the color difference outputs are chiefly 8.8-S MHz and 
harmonics together with a small amount of 4.43 MHz 
due to possible unbalance in the demodulators. To' 
avoid possible troubles in the receiver because of radia­
tion of these demodulation products from the R-G-B 
drive circuits, low-pass, filters must be employed in each 
of the color difference outputs. The filters shown have 
a -3 dB bandwidth of 1 MHz, adequate attenuation of 
the 8.8 MHz component, and sufficient attenuation of 
the 4.4 MHz component to give less than 4 Vp-p ampli­
tude at the picture tube cathodes. 

S_ G-Y signal output (see pin 4)_ 

6_ Positive" supply_ The maximum allowable voltage on 
this pin is 13.2V. 

7. B-Y signal output isee pin 4).,' 

8. B-Y subcarrier reference input_ The requ irements here 
are identical with those for pin 2. . 

9_, DC level' setting for B-Y output signal. This is a 
"common 'adjustment" which controls all three output 
dc levels together. 

10_ Chro1'linance !JoY input signal. An input sign,al of 
approximately 3So' mVp-p (color bars) is required at 
this pin. The input resistance is greater than 800n and 
the input capacitance is less than 10 pF. The spread in 
gain of' the internal circuitry in the chrominance channel 
is ±10% maximum. 

11_ DC level setting for G-Y output signal. This adjusts 
the G-Y output dc level relative to the B-Y dc level. 

12. DC level setting for R-Y output signal. This adjusts 
the R-Y output dc level relative to the B-Y dc level. 

13. Chrominance R-Y input signal. An input signal of 
approximately SOO mVp-p (color bars) is required at 
this pin. The input impedance and spread in gain is the 
same as for pin 9. 

14. Line pulse input (flip-flop synchronizing). A wave­
form derived from the line timebase can be used for 
synchronizing providing that its amplitude lies between 
2V and SVp-p_ The trigger point occurs where the' 
negative-going edge crosses approximately +O.SV. Prior 
to this sufficient current must be supplied to pin 14 to 
turn the input transistor fully on. 

15. N.C. This pin should not be used for external 
connections. 

16_ Negative supply (earth). 
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~National 
~ Semiconductor 
TDA440 Video I F Amplifier 
General Description 
The integrated circuit has the following functions 
incorporated: 3 symmetrical I F (broad band) amplifier 
with first and second regulated stages, controlled color 
carrier demodulator; video post-amplifier with low pass 
response and output independent of supply fluctuations; 
gated AGC section for the I F amplifier; delayed regulated 
output voltage for the tuner pre-stage_ 

Features 

• High gain - high stability 
• Constant input impedance indepedent of AGC 

• Poor noise increase due to AGC action 

• Negative video signal hardly affected by supply 
voltage variations 

Connection and Block Diagrams 
Dual-In-Line Package 

IF INPUT 1 1 

DCFEEDBACK2 2 

GNDl ] 

REGULATING .. 
VOLTAGE FILTER 

TUNER 5 
AGt DRIVE 

TUNERAGC & 
DELAY CONTROL 

GATING PULSE 

PARALLEL CIRCUIT B 
3B.9MHz 

TOP VIEW 

16 IF INPUT 

15 DC fEEDBACK 

14 :~~~l:::L~~ ~ABIL1ZED 
13 T06V) 

Vee 

12 VIDEO OUT'UTPOSITIVE 

11 VIDEO OUTPUT NEGATIVE 

10 WHITE LEVEL ADJUST 

9 PARALLEL CIRCUIT 
ll.9MHl 

Audio, Radio and TV Circuits 

• Minimum RF breakthrough to video outputs 
• Fast AGC action - gating I,argely independent of 

pulse shape and amplitude 

• Very low intermodulation products 
• Minimul11 differential error 
• Positive as well as negative video signal available from 

low impedance outputs 

• Integrated temperature compensating circuit 

• DC output component adjustable (peak white) 

Applications 
• Video I F amplifier for color and monochrome 

television receivers 

Dual-In-Lin. Package, Order Number TDA440 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA440Q 
See NS Package N16C 

VIDEO OUTPUTS 

NEGATIVE' 

11 

-wT 
GATING PULSE 
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Absolute Maximum Ratings 
Vs. Supply Voltage Range (Pin 13) 10to 15V VEXT. External Voltage (Pin 4) 3.2V 
IS. Supply Current of Low Voltage Stabilizer (Pin 14) 50mA Power Dissipation 
Va. Open Loop Voltage (Pin 5) 15V PrOT. TA ~ 55·C 700mW 
Video DC Output Current TJ. Junction Tem~erature 125·C 

la. Positive (Pin 12) 5mA T A. Ambient ~empera~re Range -2SoC to +70°C 
la. Positive (Pin 12) 30mA tSTG. Storage Temperature Range -25·C to +125·C 
10. Negative (Pin 11) 5mA 
la. Negative (Pin 11) 30mA Thermal Resistance 

VW. White Level Control (RW) (Pin 10) -1 to+3V RthJA. Junction Ambient 100·C/w Max 

Electrical Characteristics Vs = 12V, TA = 25°C,' Reference point pin.3 unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Vs Supply Voltage Pin 13 10 12 15 V 

IS Supply Current Pin 13 , 15 19 25 mA 

Vs Supply Voltage Pin 14. IS = 40 mA 5.5 5.B 6.4 V 

Va Negative Video DC Output Pin 11 5.5 V 

Voltage 

Va With White Level Adjustable Pins 10 and 11, RW == 00 4.B V 

Rw=O 6.5 V 

Va Peak Black Clamping Level for Pin 11 1.75 1.9 2.15 V 

Negative Video DC Output 

Voltage 

la Output DC Current 

Reference Point Pins 11 and 13 3.2 mA 

Va Positive Video DC Output Pin 12 / 5.6 V 

Voltage 

la Available Tuner Control Current Pin 5 3 4.5 mA 

10 dB after Onset of Tuner 

Control Action (Note 1) 

Vi 'Negative Gating Pulse Pin 7 1.5 3 5 VSS 

-Vq Composite Video Output Level Piri 11 

Va = 5.5V 3.3 VSS 
Va = 6.4V 4.2 VSS 

AAUF) AGC Range 50 56 dB 

BVIDEO Video Bandwidth AVVIDEO = -3 dB B 10 MHz 

AVVIDEO Video Frequency Response Change AAUF) =50dB. BVIDEO=0-5MHz 1.0 2.0 dB 

vi Symmetrical Input Voltage Pins 1-16, -Vq = 3.3 VSS (Pin 11) 100 150 220 p.V 

Maximum I F Voltage Level Pins 11 and 12 

Present at Video Outputs Over f= 38.9 MHz 30 mV 

the Full AGe Range f = 17.8 MHz (2. Harm) 50 mV 

Sound IF Voltage Level Present Pin 12. f = 5.S MHz. BTITT = 30 dB 30 mV 

at Video Outputs with Selective 

Circuit 

d Differential Gain of Negative 15 % 
Compo Video Output Signal. for 

Full Black to White Swing 

aiM Suppression of Sound Carrier! 40 dB 

ColorSubcarrier IP (1.07 MHz) 

with Respect to Color Subcarrier 

Level 

Picture Carrier ·0 dB 

I F Color Subcarrier Level -6 dB 

I F Sound Carrier Level -24 dB 

Input Impedance 

Reference Point Pin 16 

Ri AUF) Ma. Pin 1 1.4 kU 

Cj 2 pF 

Ri AUF) Min Pin 1 1.4 kU 

Ci 1.9 pF 

Not. 1: On request ~ 7 mA 
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Test Circuit 

Vi Vs 

~~ 
4.7 nF 25pF 

3.3nF 

VIOEO OUTPUTS 

'POSITIVE NEGATIVE' 

1D"F~ 

lOA44D 

TUNER 

11 

- ---, 
CONTROL 

3hF o <:2Dk 

-vv-t-_..J 
GATING PULSE 

Note. Supply voltage must be disconnected before inserting the integrated circuit in the socket. 

Typical Application 

Improved Tank Circuit to Reduce Audio Interference and Chroma Beat 

T 

47 pF 38.9 MHz 

C = Parasitic capacitance at pins 
8 and 9 should be kept minimum 

Cs = 6-10 pF ~- series capacitance 

fo = 38.9-(1.8-2.75) MHz"':,e,ie, 
resonance frequency 

RS = 1.8-3.3 kn - series resonance 
damping determine the tuning 
characteristics 

22pF 

Le., AS = 2.4 kn tuning range, f = 3 MHz 
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~National . 
~ Semiconductor 

Audio, Radio and TV Circuits 

TDA2522 Color Demodulation Combination 
General Description 
The TDA2522 is an integrated synchronous demodulator 
combination for color television receivers incorporating 
the following features. 

Features 
• 8.8 MHz oscillator followed by a divider giving two 

4.4 M Hz signals used as reference signals 
• Keyed burst phase comparison for optimum noise 

behavior 

Connection Diagram 
. Dual-In-Line Package 

8-Y OUTPUT 

G-V OUTPUT 

R-V OUTPUT 

GND 

8-V CHROMA I/P 

R-V CHROMA I/P 

ose lOOP FILTER 

OSClDOPflLTER 

TOP VIEW 

Block Diagram 

16 KilLER DELAY 
CAPACITOR 

15 SAND CASTlE PULSE 

14 Ace CAPACITOR (2) 

1:1 AceO/P 

12 Ace CAPACITOR {II 

11 SUPPLY 

" OSCfDBK 

9 DSCFDBK 

• ACC detector and amplifier 

• A color killer 
• Two synchronous demodulators for the (B·Y) and 

(R-Y) signals 
• Temperature compensated emitter follower outputs 

• PAL switch and PAL flip·flop with internal identifi­
cation 

• Integrated capacitors in the symmetrical demodu­
lators reduce unwanted carrier-signals at the outputs 

Dual·ln·Line Package, Order Number TDA2522 
See NS Package N16A 

Quad·ln·Line Package, Order Number TDA2522Q 
See NS Package N16C 

CH~~~~~~~~~ ________________________ ~~ ______ ~ 
(B-vl 

" 
BURST GATING AND 
BLANKING PULSE 

14 

13 

IS IZ 
COLOR KILLER 

SWITCH ON 
DELAY 

':t: ACC 

BLANKING 

BLANKING (R-vl 

TDA2622 

" 

':t: ':t: 
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AbsQlute, Maximum Ratings 

V11-4, Supply Voltage 14V 
"TOT, Total Power Dissipation (Note 3) 600mW 
TSTG, Storage Temperature -20°Cto+125°C . , 

T A, Operating Ambient Temperature -20°C to +60°C 

Electrical Characteristics Vll-4 = 12V;TA = 25°<:; 

" PARAMETER MIN TYP MAX UNITS 

Supply Current 40 mA 

Demodulator Section 

Vl-4 
Ratio of Demodulator Signals 

B-Y/R-Y, V3-4 , 1.78 

V2-4 
(Note 1) G-Y/R-Y, V3-4 0,85 

V2-4 
G-Y/R-Y, V3-4 (Note 2) 0,17 

Color Difference Output Signals, Peak-to-Peak 

Values 

R-Y, V3-4 (p-p) 2.40 V 
G-Y, V2-4 (p-p) i 

1,3!i V 
B-Y, Vl-4 (p-p) 3,00 V 

Impedance of Color Difference Signal Outputs 

IZ3-41 250 Q 

IZ2-41 250 Q 

IZl-41 250 Q 

HI2 Ripple at R-Y Output (Peak-to-Peak Value) 10 mV 

V15-4 Burst Keying Pulse (Positive-Going) 1,5 V 
Chrominance Input Signal (Including Burst) 

Peak-to-Peak Value 

R-Y, V6-4 500 mV 
B-Y, V5-4 .350 mV 

Reference Section 

, Phase Difference Between Reference Burst Signals -5 5 Oeg, 

for ±400 Hz Deviation of Crystal Frequency 

Holding Range with Typical Crystal ±500 Hz 
~ 

V13-4 ACC Reference Voltage 7 V 
ACC Voltage with 0:5V Peak-to-Peak Burst 

V14-4 At Correct Phase .5,5 V 
V14-4 With Zero Burst 7,0 V 
V12-4 ACC Amplifier Output with 0,5V Peak-to-Peak 1.5 V 

Burst of Correct Phase 

RG-F Oscillator Input Resistance 270 n 
RH-F Oscillator Output Resistance 200 - Q 

Note 1: The demodulators are driven by a chrominance signal of equal amplitude for the (R-Y) and the (B-Y) components_ The phase of the 
(R-Y) chromlnance signal equals the phase of the (R-Y) reference signal, The same holds for the (B-Y) signals, 
Note 2: As under note 1, but the phase of the (R-Y) reference signal reversed. 

Note 3: For ~operation in ambient temperatures above 25° C, the device must be derated based on a 15cf C maximum junction temperature and a 
thermal resistance of 17SoC/W junction to ambient. 
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~National Audio, Radio and TV Circuits 
~ Semiconductor 

TDA2530, TDA2531 R·G·B Matrix Preamplifiers With 
Clamps 

General Description 

The TDA2530, TDA2531 are integrated R-G-B matrix. 
preamplifiers for ·color television receivers, incorpor­
ating a matrix 'preamplifier for R-G-B cathode drive 
of the picture tube with clamping circuits. The TDA2531 
has an emitter drive circuit while the TDA2530 has a 
base driver amplifier. Also, each channel follows an 
identical layout to ensure equal frequency behavior of 
the 3 channels. 

Connection Diagram 

This integrated circuit has been designed to' be driven 
from the TDA2522 synchronous demodulator and 
oscillator integrated circuit. 

The device is also available in a zig-zag quad-in-line 
package, this version being denoted by the suffix Q, 
i.e., TDA2530Q. I ' 

Dual-In-Line Package 

Reference Data 

LUMA SIGNAL liP..!. . 

-IR-YIINPUT 2-

RED DRIVE ADJUST.2. 

-IG-YIINPUT..! 

GREEN DRIVE ADJUST 2-
6 

-(B·Y) INPUT-

BLUE DRIVE ADJUST.2.. 

CLAMP PULSE liP..!. 

u 

TOP VIEW 
, . 

~GND 

~ RED SIGNAL FEEDBACK 

~REDDIP 

rE- GREEN SIGNAL FEEDBACK 

~GREENOIP 

.!.!. BLUE SIGNAL FEEDBACK 

~BLUED/P 

1-SUPPLY 

Dual-In-Line Package, Order Number TDA2530 or TDA2531 
Sea NS Package N16A 

Quad-In-Line Package, Order Number TDA2530Q or TDA2531Q 
Sae NS Package N16C 

Supp,ly Voltage (Nominal) 
Operating Ambient Temperature Range 
Gain.of Luminance and Color-Difference 
Channels (Typ!cal) 
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Absolute, Maximum Ratings 

Supply Voltage (V8-6 Maximum) 
Storage Temperature, TSTG 
Operating Ambient Temperature, T A 

13.2V 
-25°C to +125°C 

, -25°C to +60°C 

Electrical Characteristics V8-6;' 12V, Vl-16 = 1.5V, TA = 25°C 

PARAMETER CONDITIONS MIN .TVP MAX UNIT,S 

Gain of Color Channels (B·Y; G-Y; R-Y) 

at f = 0.5 MHz (Note 1) 

Ratio of Gain of Luminance Amplifier to 

Color Ampl ifiers 

Input Resistance of Color Difference 

Amplifiers at f = 1 kHz 

I nput Resistance of Luminance Amplifier 

at f = 1 kHz 

G2-16 

G4-16 

G6-16 

R2-6 

R3-6 

R4-6 

R5-6 

100 

100 

100 

0.9 1.1 

100 

100 

100 

100 

Note 1: G is defined as the voltage ratio between the input signals at the pins 2,4 and 6 and the o",tput signals at the collectors of the output trans· 
istars. 

Pin Function Description 

1. Luminance signal input. A 1 V black to white posi­
tive-going luminance input signal is required. Blanking 
level should be at 1.5V and black level at 1. 7V. 

2. -(R-VI input signal- The input signal is required to 
be AC coupled from a low impedance source such as 
the TDA2522. The coupling capacitor also acts as a 
clamp capacitor for the TDA2530 red output. As the 
color difference input impedance is at least 100 kn, 
low value coupling capacitors may be used. 

3_ Red drive adjustment. A gain variation of the red 
channel of at least ±3 dB about the typical, is obtained 
as the DC potential at this pin is varied by ±5V about 
the typical of 5V. If no connection is made to a gain 
controlling pin the channel concerned assumes the 
typical gain. 

4. -(G-V) input signal (see pin 21. 

5. Green drive adjustment (see pin 3). 

6. -(B-V) in'put signal (see pin 21_ 

7. Blue drive adjustnient (see pin 31. 

S. Clamp pulse input. A positive-going line pulse input 
is required and the pulse should exceed a threshold DC 
level set by the TDA2530 of 7V. An input current of 
about 1 mA is required. 

9. Positive 12V supply. 

10. Blue signal output. As far as video output stage 
drive is concerned, there are 2 possible drive modes 
from the output signal pins of the TDA2530. These are: 

a. Type A, output stage base drive, (TDA2530). 
b. Type B, output stage emitter drive, (TDA2531). 

11. Blue signal feedback. The signal gain of both the 
video output stages and IC amplifier are stabilized by 
the feedback circu'its. DC clamping is achieved by 
sampling of the feedback level during blanking_ The 
black level potentials at the collectors of the video 
output stages may be varied independently by adjustable 
DC current sources applied to the feedback input pins. 
The DC levels at these pins are such that the feedback 
resistor and a .resistor network between the 12V supply 
and ea.rth provide a potential of 6V during blanking. 

'12. Green signal output (see pin 10). 

13. Green signal feedback (see pin 11 I. 

14. Red signal output (see pin 101. 

15. Red signal feedback (see pin 111. 

16. Negative supply (earth). 
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Application Information (Peripheral Circuitry) 

ISOV 

IZV 
.------------.......... O'LU. 

22,F 

'" 
Y,N 

" 
11 

8 ID 
R·VIN 2 

...-_______ ...;G:;.,V:..:'!!jN 4 ,,1_----• 
...-_____ ..:',..:.V"'lIN 6 TDA2530 13 

IZ 

15 

14 L------.... -;---.... ....:...C:::JI--~-;I--.............. I--t_t_OGREEN 
FROM 

TDA25U 

.-+ ..... -1-"'-0 12 V 

lX 10k 

V" 

T T T 
FROM 

TDA2522 

'::' 

47 A 
lB5V~ 

I2V 

14 

I2V 

3X1Dk 

- -L 'ODnF 

T"·V..-__ --. " 
...-=------l BlUE OUTPUT 1+---" Uk 

...----.I{AS:!~C~~~EN'I_---+_C=}_()BLIJE 

1.5k 
GREEN 

":' 

RED OUTPUT ":' 
CIRCUIT 

RE. (AS FOR GREEN) 
1.511 

Note 1: Attention should be given to earth paths, avoiding common impedances betwen the input (decoder) side and the output stages. 
Note 2: Printed track area connected to the feedback pins sho~ld be kept to a minimum. 
Note 3: To ensure a matched performance of the video output stages, a symmetrical layout of the 3 stages should be employed. 
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~National ' 
~ Semiconductor 

Audio, Radio' and TV Circuits 

TDA2560 Luminance and Chrominance Control 
Combination 

General Description 

The TDA2560 is a monolithic integrated circ'uit for use 
in decoding systems of color television receivers. The 
circuit ,consists of a luminance and chrominance 'ampli· 
fier. The luminance amplifier has a low input impedance 
so that matching of the luminance delay line is very 
easy. 

Features 

• DC contrast control 
• Brightness control 

• Black level clamp 

Connection Diagram 

• Blanking 
• Additional video output with positive-going sync 

The chrominance amplifier comprises: 

'. Gain controlled amplifier 
• Chrominance gain control tracked with contrast 

control 

• Separate DC saturation control 
• Combined chroma and burst output, burst signal, 

amplitude not affected by contrast and saturation 
control 

• The delay line can directly be driven by the IC 

Dual-In-Line Package 

CHROMA liP (1) ..!. 

CHROMA liP (2) .1. 

ACC liP 2-

CHROMA SAT CONTROL ...! 

GND ...! 

CHROMAIBURST DIP ..!!. 
SANDCASTLE PULSE.2. 

SUPPLY..!. 

u 

TOP VIEW 

~ DC CONTRAST CONTROL 

r!!- LUMA DIP (+VE SYNC) 

~LUMAIIP 

~ LUMA GAIN SET 

~ BLACK LEVEL CLAMP 

r!l- BRIGHTNESS CONTRelL 

~ LUMA DIP (-VE SYNC) 

rL FL ~BACK BLANK 

Dual·ln-Line Package, Order Number TDA2560 
Sae NS Package N16A 

Quad·ln·Line Package, Order Number TDA2560Q 
See NS Package N16C 
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Absolute Maximum Ratings 
VB-5, Supply Voltage 14V 
TSTG, Storage Temperature -55°C to +125°C 

T A, Operating Ambient Temperature -25°C to +70°C 

Electrical Characteristics 
PARAMETER MIN TYP MAX UNITS 

VS-5 Supply Voltage Range ·9 12 14 V 

IS Supply Current 46 mA 

VS-5 (p.p) Allowable Hum on Supply Line (Peak-to-Peak Value) 100 mA 

The following data are measured at VS = 12V, TA = 25°C 

Luminance Amplifier 

IR(p-p) Input Current; Black-to-White Level (Peak-to-Peak Value) ·0.2 mA 

III Input Impedance 75 n 
Gain (pin 01. (Note 1) 

V6-5 Burst Signal (Peak-to-Peak Value) 6 V 

Contrast Control Range 20 dB 

Vl1 Brightness Control Range (Black Level) 1 3 V 

Black Level StabilitY When Changing Contrast, ±20 mV 

Video Cont.nts and Temperature 

B Bandwidth (-3 dB) 5 MHz 

V15-5 Output Voltage (Additional; Positive-Going Sync) 3.4 V 

Peak-to-Peak Value 

, V7-5 Black Level Clall)p Pulse (Note 2) 6 V 

Blanking Pulse (Note 3) 

\1.9 At OV at the Output 2 V 

V9 At 1.5V at the Output 5 V 

Chrominance Amplifier 

Vl-2 (p-p) Input Signal Range (Peak-to-Peak Value) 4 SO mV 

V6-5 (p-p) Obtainable Chrominance Output Signal (Note 4) 2 

Peak-to-Peak Value 

Ratio of Burst and Chrominance at Nominal 

Contrast and Saturation, (Note 5) 

V3-5 ACC Starting Voltage (Note 6) 1.2 V 

ACC Range 30 dB 

Tracking with Contrast Control (10 dB Control) -1 1 dB 

Saturation Control Range 20 dB 

V7-5 Burst Gate Pulse (Note 2) 1.5 V 

SIN Signal to Noise Ratio at Nominal Input Voltage 50 dB 

Phase of Burst to Chrominance -5 5 Deg. 

Note 1: The gain of the luminance amplifier can be adjusted. by setting the gain of the contrast control circuit by selection of discrete resistor RG 
(see also circuits on pages xx and xx). This circuit configuration has been chosen to reduce the spread of the gain to a minimum (main cause of 
spread is now the spread of the ratio of the delay line matching resistors and the resistor RG). At RG = 2.7 kG the output voltage at nominal 
contrast (maximum - 3 dB) is 3V black to white_· 
Note 2: This pin (7) is used for burst gate and black level clamping. The latter function is actuated at a 6\1 level. The input pulse :nust have such 
an amplitude that the clamping circuit is active only during the back porch of the blanking interval. The burst gate. which switches the gain of the 
chroma amplifier to maximum during the flyback time, is actuated at a 1.5V level. 
Note 3: This pin (9) is used for blanking the luminance amplifier. When the input pulse exceeds the 2V level the output signal is blanked to a 
level of about OV. When the input exceeds a SV level, a fixed level of about 1.SV is available at the output. This level can be used for clamping 
purposes. 

'Note 4: The chrominance and burst signal are both available on this pin (6). The burst signal is not affected by the contrast and saturation control 
and is kept constant by the ACC circuit of the TDA2522. The output signal amplitude is, therefore, determined by the losses in the delay line. 
At nominal contrast and saturation setting. the burst to chrominance ratio at the' output is typically identical to the 'ratio at the input. 
Note 5: NorpinaJ contrast is specified as maximum contrast -3 dB. Nominal saturation is specified as maximum saturation -6 dB. 
Note 6: A negative-going control voltage gives a decrease in gain. 
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'Block Diagram 
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~National 
~ Semiconductor 

Audio, Radio and TV Circuits 

TDA2590 Line Oscillator Combination 

General Description 

The TDA2590 is an integrated line oscillator circuit for 
color tele'vision receivers using thyristor or transistor 
line deflection output stages. 

Features 

• Line oscillator based on the threshold switching 
principle 

• Phase comparison between sync pulse and oscillator 
voltage 

• Phase comparison between line fly back pulse and 
oscillator voltage 

• Switch for changing the filter characteristic and the 
gate circuit (when used for VCR) 

• Coincidence detector 
• Sync separator 
• Noise separator 
• Vertical sync separator 
• Color burst keying an!! line fly back blanking pulse 

generator 

• Phase shifter for the output pulse 
• Output pulse duration switching 
• Output stage for direct drive of thyristor deflection 

circuits 

Reference Data 

Connection Diagram 

Dual·ln·Line Package 

SUPPLV..!. 

.2. 

LINE TRIGGER 2. 

PULSE DU:r~~=.! 
PHASE COMPARISON (I)..! 

LINE FLYBACK..!. 

BURST GATE/BLANKING..! 

VERTICAlp~i~~ ..! 

v 

TOP VIEW 

~GND 

~!) 
~J OSCILLATOR 

~ PHASE COMPARISON (21 

r!!. TIME CONSTANT SWITCH 

r!!-VCRSWITCH 

r!!- NOISE SEPARATOR 

f-VIDEOIIP 

Dual·ln·Line Package, Order Number TDA2590 
Sa. NS Package N16A 

Quad·ln·Line Package, Order Number TDA2590Q 
See NS Package N16C 

PARAMETERS MIN TVP MAX UNITS 

VI-16 Supply Voltage 12 V 

11 Supply Current 30 mA 

I nput Signals 
V9-16 (p.p) Sync Separator Input Voltage (Peak·to·Peak Value) 3 V 
Vl0-16 (p.p) Noise Separator Input Voltage (Peak·to·Peak 'Value) 3 V 

Pulse Duration Switch Input Voltage 

V4-16 t=6J{s 8.2 13.2 V 
V4-16 t = 24 J{S + td \ 0 4.0 V 
V11-16 Voltage for Switching on VCR 9 12 V 

0 1.5 V 

Output Signals 
V8-16 (p.p) Vertical Sync Output 'Pulse (Peak·to·Peak Value) 11 V 
V7-16 (p.p) Burst Gating Output Pulse (Peak·to·Peak Value) II V 
V3-16 (p.p) Line Trigger Pulse (Peak·to·Peak Value) 10.5 V 
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Absolute Maximum Ratings 
Voltages 
Vl-16, Supply Voltage at Pin 1 (When Supplied 13.2V 14- Pin 4 Current lmA 

by the IC) ±16, Pin 6 Current 10mA 
V2-16, Supply Voltage at Pin 2 18V 17. Pin 7 Current 10mA 
V4-16. Pin 4 Voltage o to 13.2V 111. Pin 11 Current 2mA 
V9-16, Pin 9 Voltage -6 to +6V Power Di~sipation 
V 10-16, Pin 10 Voltage -6,to +6V PTOT' Total Power Dissipation (Note 6) 715mW 
Vll-16, Pin 11 Voltage Oto 13,2V Temperatures 
Currents TSTG. Storage Temperature -20°C to +12SoC 

12M, Pin 2 Current (Peak Value) 400mA T A. Operating Ambient Temperature -20°C to +60°C 

13M, Pin 3 Current (Peak Value) 400mA 

Electrical Characteristics Vl-16= 12V;TA=25°C 

PARAMETER I MIN I TYP I MAX I UNITS 

REQUIRED INPUT SIGNALS 

Sy~c Separator 

V9-16 Input Switching Voltage O.B, V 

19 Input Switching Current 5 100 p.A 

'19 Input Blocking Current at V9-16 = -;5V '<1 p.A 

Noise Separator 

Vl'0-16 Input Keying Voltage 1.0 V 

Vl0-16 Input Switching'Voltage 1.4 V 

110 Input Keying Current 5 100 p.A 

110 Input S~itc/1ing Current 150 p.A 

110 Input Blocking Current at Vl0-16 = -5V <1 p.A 

Line Flyback Pulse 

16 I nput Current >10 p.A 

V6-16 Input Switching Voltage O.B V 

V6-16 Input Limiting Voltage --0.7 1.4 V 

R6-16 I nput Resistance 0.4 kO 

Pulse Duration Switch 

For t = 6 p.s 

V4-16 Input Voltage B.2 13.2 V 

14 Input Current >200 p.A 

For t = 24 p.s + td 

V4-16 Input Voltage 0 4.0 V' 

--;14 Input Current >200 p.A 

For t = 0; V4-16 = 0 

V4-16 Input Voltage, (Note 1) 6.0 V 

14 Input Current (Input Open) 0 p.A 

Switching on VCR 

Vll-16 Input Voltage, (Note 2) 0 1.5 V 

Vll-16 9 13.2 V 

-111 I nput Current, (Note 2) >200 p.A 

111 1 2 mA 

DELIVERED OUTPUT SIGNALS 

Vertical Sync Pulse (Positive-Going) 

VB-16 (p.p) Output Voltage (Peak-to-Peak Value) 10 11 V 

RB Output Resistance 5 kO 

Burst Gating Pulse (Positive-Going) 

V7-16 Output Voltage (Peak-to·Peak Value) 10 11 V 

R7 Output Resistance 0.4 kO 
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Electrical Characteristics (Continued) 

PARAMETER I MIN I TVP I MAX I UNITS 

DELIVERED OUTPUT SIGNALS (CONTINUED) 

Blanking Pulse 

V7-16 (p-p) Output Voltage (Peak-to-Peak Value) 3.0 V 

R7 Output Resistance 0.4 kn 

Line Trigger Pulse (Positive-Going) 

V3-16 (p-p) Output Voltage (Peak-to-Peak Value) 10.5 V 

13(AV) Output Current (Average Value), (Note 3) 100 mA 

R3-16 Output Resistance for Leading Edge of Line Pulse 2.5 n 

R3-16 Output Resistance for Trailing Edge of Line Pulse' 20 n 

Oscillator 

V14-16 Threshold Voltage Low Level 4.4 V 

V14-16 Threshold Voltage High Level 7.6 V 

±114 Discharge Current 0.47 mA 

V15-16 Current Source Supply Voltage 6.0 V 

-115 Current Source Supply Current 0.5 mA 

Phase Comparison (t/l1; Sync Pulse-Oscillator) 

V13-16 Control Voltage Range 3.B B.2 V 

±113M Control Current (Peak Value) 1.9 2.1 2.3 mA 

113 Output Blocking Current_ 

AtV13-16=4-BV 1 p.A 

Output Resistance 

At V13-16 = 4-BV,'High Ohmic (Note4) 

At V13-16 < 3_BV or> B.2V, Low Ohmic, 

(Note 5) 

Time Constant Switch 

V12-16 Output Voltage 6 V 

±112 Output Current 1 mA 

Output Resistance 

R12-16 AtV11-16=2.5t07V 0.1 kn 

R12-16 At Vll-16 < lo5V or> 9V 60 kn. 

Coincidence Detector (</>3) 

V11-16 Output Voltage 0.5 6 V 

Output Current (Peak Value) 

111M Without Coincidence 0.1 mA 

-111M With Coincidence 0.5 mA 

Phase Comparison (</>2; Oscillator-Line 

Flyback Pulse) 

V5-16 Control Voltage Range 5.4 7.6 V 

tl5 Control Current (Peak ValulI) l' mA 

Output (Input) Resistance 

At V5-16 = 5.4 to 7.6V,High Ohmic, 

(Note 4) 

R5-16 At V5-16 < 5.4V or> 7.6V B kn 

Input Current at Blocked Phase Detector 

15 V5-16 = 6.5V 5 p.A 

Note 1: Can also be not connected. 
Not. 2: When supplied by the IC. 
Note 3: Higher values are allowed when red4cin9 Ptot . 
Note 4: Current source. 
Note 5: Emitter foilo'!Wr. 
Note 6: For operation in ambient teml?eratures above 25° C, the device must be derated based on a 1500 C maximu", junction temperature and a 
thermal resistance of 17fi'C/W junction to ambient. . 

,. 
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Applications Information .. 

, 

PARAMETER MIN TYP MAX UNITS 

Sync Separator 

V9-16 (p.p) Input Voltage (Without Video; Peak·to·Peak Value) 1 3 7 V 

19 Input Keying Control 100 p.A 

Noise Signal Keying 

Vl0-16 (p.p) Input Voltage (Without Video; Peak·to·Peak Value) 1 3 7 V 

110 I nput Keying Current 100 p.A 

Vn(p·p) Superimposed Noise Voltage (Peak·to·Peak Value) 7 V 

Vertical Sync Pulse Separator 

tON Delay Between Leading Edge of Input and Output· 12 p.s 

Signal 

!OFF Delay Between Trailing Edge"of Input and Output tON p.s 

Signal 

. V8-16 (p.p) Output Voltage (Peak·to·Peak Value) 11 .V 

RB-16 Output Resistance 5 kn 

Oscillator 

fo Frequency; Free Running (C14-6 = 4.7 nF, 15.625 kHz 

R15-16= 12kn) 

Ato/fo Spread of Frequency, (Note 1) <±5 % 

ll.folll.115 Frequency Control Sensitivity 31 Hzlp.A 

Ato/fo Adjustment Range of Network in Figure 1 ±'1O % 

ll.fo/fo Influence of Supply Voltage on Frequency at 
5 % 

ll.VIVTYP Vl-16= 12V, (Note 1) 

Ato Change of Frequency when Vl-16 Drops to 4V 10 % 

Phase Comparison (<1>1; Sync Pulse·Oscillator) 

Control SensitiVity 2 kHzlp.s 

Spread of Control Sensitivity, (Note 1) ±10 % 
At Catching and Holding Range (82 kn) ±7BO Hz 
ll.f/f Spread of Catching and Holding Range, (Note 1) ±10 % 

Phase Comparison (<1>2; Oscillator· Line Flyback Pulse) 

td Permissible Delay Between Leading Edge of Output 15 p.s 

Pulse and Leading Edge of Flyback Pulse 

ll.t/ll.td Static Control Error <0.2 % 

Overall Phase Relation 

t Phase Relation Between Middle of Sync Puls.e and 2.6 p.s 
the Middle of the Flyback Pulse 

Ill.tl Tolerance of Phase Relation 0.7 p.s 

Adjustment Sensitivity, Caused By: (Note 2) 

ll.V5-16/ll.t Adjustment Voltage 0.1 V/p.s 
ll.15/At Adjustment Current 30 p.A/p.s 

Spread of Adjustment Current, (Note 1) <10 % 

Burst Gating Pulse 

t Phase Relation Between Middle of Sync Pulse at 5.B 6.75 7.7 p.s 

the Input and the Trailing Edge of the Burst 

Gating Pulse; V7 -16 = 7V 

t7 Burst Gating Pulse Duration 5 p.s 
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Applicati.ons Information (Continued) 

PARAMETER MIN TYP MAX UNITS 

Line Trigger Pulse 

Output Pulse Duration 

tp At V4-16> B.2V 4.5 6 7.5 !1S 

tp At V4-16<4V 24+td !1S 
Vl-16 Supply Voltage for Switching Off the Output Pulse 4 V 

Internal Gating Pulse 

tp Pulse Duration 7.5 !1S 
Time Between Leading Edge of the Gating Pulse >2.75 !1S 

and the Middle of the Sync Pulse 3.75 !1s 

Time Between Trailing Edge of the Gating Pulse >2.75 !1S 
and the Middle of the Sync Pulse 3.75 !1S 

Note 1: Exclusive external components tolerances. 
Note 2: The adjustment of the overall phase relation and consequently the leading edge of the output pulse occurs automatically by phase control 
cP2. The values beyond this point count if additional adjustment is required. 

VERTICAL SYNC 
PULSE 

llV-II, 

Ov-.J ,L 

VIDEO INPUT 

~ l.Sk 

BURST GATING AND 
BLANKING PULSE 

llVA 3V-' 

OV-

VC~ I (ORT01ZVJ 

PULSE DURATION 
6", 

LINE FLYBACK 
PULSE 

TOAlS90 

FIGURE 1 
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~National 
~ Semiconduclpr 

Transistorl Diode 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. Extr.in­
sic emitter and base resistances are much lower than 
presently available pairs, either lTlonolithic or discrete, 
giving extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed 

. over a current range of lilA to 1 mA and OV up to 40V 
'collector-base yoltage, 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 e~itter 
to ensure complete isolation between devices. 

Typical Applications 

Low Cost Accurate Square Root Circuit 
lOUT = 10-5 - ,jiOVjjij" 

-15V 
REGULATED 

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 cim 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 LMl94 and LM394/LM394B/LM394C are available 
in an isolated header 6-lead TO-5 metal can package. 
The LM194 is identical to the LM394 except for tighter 
electrical specifications and wider temperature range. 

Features 
• Emitter-base voltage matched to 50llV 

• Offset voltage drift less than O.lIlV I"c 
• Current gain (h FE ) matched to 2% 

• Common-mode rejection ratio greater than 120 dB 

• Parameters guaranteed over lilA to 1 mA collector 
current 

• Extremely low noise 
• Superior logging characteristics compared to conven-

tional pairs . 

• Plug-in replacement for presently available devices 

Low Cost Accurate Squaring Circuit 
lOUT = 10-6 (VINI2 . 

INPUT 
D~VIN::::""DV 

30pF 

-Trim for full scale accuracy 
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Absolute Maximum Ratings 
Collector Current 20mA 
Collector-Emitter Voltage VMAX 
Collector-Emitter Voltage 40V 

LM394C 20V 
Collector-Base Voltage 40V 

LM394C 20V 
Collector-Substrate Voltage 40V 

LM394C 20V 

Electrical Characteristics (TJ = 25°C) 

-

Collector-Collector Voltage 
LM394C 

Base-Emitter Current 
Power Dissipation 
Junction Temperature 

LM194 • 

LM394/t.:M394B/LM394C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

40V 
20V 

±10mA 
500mW 

-55°C to +125°C 
-25° C to +85° C 

-65'C to +150°C 
300°C 

PARAMETER 
LMl94 LM394 ' LM394B/LM394C 

Current Gain (h FE ) 

Curren,t Gain Match (hFE Matcli) 

"" 100 [.6.IB J [hFEIMINd 

Ic 

Emitter·Base Offset'Voltage 

Change in Emitter-Base Offset 

Voltage vs Collector-Base 

Voltage ICMRR) 

Change in Emitter-Base Offset 

Voltage vs Collector Current 

Emitter-Base Offset Voltage 

Temperature Drift 

Logging Conformity 

Collector-Base Leakage 

Collector-Collector leakage 

Input Voltage Noise 

Collector to Emitter Saturation 

Voltage 

CONOITIONS 

Ves "" OV tOYMAX (Note 1) 

Ie:::: 1 rnA 

Ic = 100#A 
Ic = 10#A 
Ie = l#A 

Ves :::: OV to VMAX 

Ie:::: 10.uA to 1 rnA 

Ic=WA 

Ves "" 0 
Ie:::: lp.Ato 1 rnA 

(Note 1) 

Ie "" 1J,lA to 1 rnA, 

Vcs '" OV to VMAX 

Vce = OV. 

Ic = lJ.1.A to 0.3 rnA 

Ie '" 10p.A to ,1 rnA (Note 2) 

le1 = IC2 

Vas Trimmed to 0 at 25Q C 

Ic '" 3 nA to 300.uA. V CB =0. 

(Note 31 

Vce =VMAX 

Vee =VMAX 

Ie = l00p.A, Ves '" av, 
f = 100 Hz to 100 kHz 

Ic:: 1 rnA, Is = 10,uA 

Ie = 1 rnA, 18 "" 100J.l.A 

MIN TYP 

500 700 
400 550 
300 450 
200 300 

0.5 
1.0 

25 

10 

5 

0.08 
0.03 

150 

0.05 

0.1 

1.8 

0,2 

0.1 

MAX MIN TYP MAX MIN 

300 700 225 
250 550 200 
200 450 150 
IsO 300 100 

2 0.5 4 

1.0 

50 25 150 

25 10 50 

25 5 50 

0.3 0.08 1.0 
0.1 0.03 0,3 

150 

'0.25 0.05 0.5 

2.0 0.1 5.0 

1.8 

0.2 

0.1 

Note 1: Coliector.IJase voltage is swept from 0 to VMAX at a collector current of 11lA, 10llA, l00IlA, and 1 mAo 

UNITS 
TYP 'MAX 

,500 

400 
300 
200 

1.0 5 
2.0 

50 200 

10 100 #V 

50 #V 

0.2 1.5 #vl"c 
0.,03 0.5 #vl"c 

150 #V 

0.05 0.5 nA 

0.1 5.0 nA 

1.8 nV/$. 
,. 

0.2 V 

0.1 V 

Note 2: Offset voltage dnft with Vas:::: 0 at T A = 2SoC 15 valid only V'''''len the ratio of lel to IC2 is adjusted to .give the initial zero offset. This 
ratio must be h~ld to within 0.003% over the entire temperature range. Measurements taken at +2Sc 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 (Continued) 

I" 

V'N 

Fast, Accurate Logging Amplifier, VIN = 10V to 0.1 mV or liN = 1 mA to 10 nA 

., ,,. 
" 

"..L 
1000pF-r-

,-------------------------1-"M..-vntF 

R1 R4* 

1k ,.. 1-- ..... 6 
L ____ lY" U.U94 ~~ CJ 

l'J... V'.' \ T J"" I '''L-.2 ,-==-~/ '!./ ± r-i.--
'00"" ~ ____ ~ __ ~~~~ __ ~1~~6<~~rL 

11·2 

" 151h 
1% 

~3 

'Tel Labs type QSl +0.3%I"C 

, (VIN) VOUT = -109l0 
VREF 

'6 
10k 
1% 



Typical Applications (Continued) 

t . 

INPUT 

+ 

Voltage Controlled Variable Gain Amplifier 

'lftV 

"' " 

*RS - R10 and 02 povide a temperature 
independent gain control. 
G = ~336 Vl IdB) 

v' 

f" f~· ., . 
HJk v· 

R4 , 

" Jllf 

II, 
so. 

co 
01 

IIlD ,,, 
L..:. __ ......... """.--_"v 

Distortion < 0.1% 
Bandwidth ~ 1 MHz 
100 dB gain range 

Precision Low I:?rift Operational Amplifier 

"' 200k 
01'10 

II, 
1k III 

200k 
01!{. 

11-3 

>' ... ----------3 ..... u OUTPUT 

Common-mode range = t 1 OV 

IBIAS < 25 nA 
lOS < 0.5 nA 
VOS (untrimmed) < 1251'V 
(l,NOS',H) < 0.2I'V('C 
CMRR> 120dB 
AVOL > 2,500,000 

*C = 200 pF for unity gain 
C , 30 pF for AV' = 10 
C = 5 pF for Av = 100 
C = 0 for AV ~ 1000 



Typical Applications (Continued) 

High Accuracy One Quadrant Multiplier/Divider 

(XI INPUT 

R' ... ,% 

R' 2.4M 

GAIN TRIM 

IV) INPUT LJI-""",.... .... '"I 1-'-'~""",....-i..J IZIINPUT 

(X) (y) 
VOUT = ~ ; positive inputs only. 

*Typicallinearity 0.1% 

High Perfonnance Instrumentation Amplifier 

1'""---t---.--o15V 
R1 R2 
BGk aOk 
D.'% 0,'" 

OUTPUT 

Performance Characteristics 

R" 
'" 0.'% 

R" 
2k .,. 

106 
*Gain=-

. RS 

LInearity of Gain (t10V Outputl 
Common-Mode Rejection Ratio 160 Hz) 
Common-Mode Rejection Ratio 11 kHz) 
Power Supply Rejection Ratio 

... Supply 
-Supply 

Bandwidth (-3 pBI 
Slew Rate 

,Offset Voltage Drift·· 
,Common-Mode Input Resistance 
Differential Input Resistance 
Input Referred Nolsa (100 Hz $. f $. 10 kH~) 

Input Bias Current 
Input Offset Current 
Common-Mode Range 
Output Swing (RL'" 10 k!l) 

4+Assumes $. 5 ppmfC tracking of resistors 

11·4 

G -10.000 G" 1.000 

SO.01 SO.Ol 
~ 120 ;:: 120 
:?: 110 ;:: 110 

> 110 >110 
> 110 >110 

50 50 
0.3 0.3 

$. 0.25 
> 109 

:5.0.4 
>109 

>3x108 > 3 x 109 
5 

15 7. 
1.5 1.5 

," ," 
"3 ,,3 

G=1oo 

$.0.02 
;:: 110 
~90 

> 110 
> 90 

50 
0.3 

!>2 
> 109 
> 3 x 108 

12 

,. 
1.5 

," 
'13 

0-10 

SO.05 % 
;::90 dB 
;:: 70 dB 

- > 110 dB 
> 70 dB 

50 kHz 
0.3 V/,.,s 

; ~~g p.vfC 

" > 3x 108 " 70 .!!lL 
,jH, 

7. nA 
1.5 nA 

,'0 V 
"3 V 



Typical Performance Characteristics 

Small Signal Current Gain vs 
Collector Current 

1000 r-T-'-m--r-TTlT"""T""'l-rnrT-'-!"T1 

" ~ ::~;05:l+t-tt-+-t-ttH-+tH 
T. '" 25c C -H*-+-H-IH-+tI.I ~ BOO 

~ ~-H~~~~-H~~~ 
B 600 1-++Hf-+-HJ>..-A-HiH+1-H .. 
~ 400 H'9-Ht-+++It-H-l+H+1-H 

; 200 H+Ht-+++It-H-l+H+1-H 

0.001 0.01 0.1 10 

I 

0.8 

0.6 

U 0.4 

;; 0.2 
.3 

S 
8 -0.2 

:> ' 
.., -0.4 

-0.6 

-0.8 

-I 

Ie - COLLECTOR CURRENT (mAl 

Offset Voltage Drift vs Initial 
Offset Voltage 

./ 
./ 

V 

" 
T. "'25"C 
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Typical Performance Characteristics (Continued) 
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~National 
~ Semiconductor 

Transistorl Diode !\rrays 

LM195/LM295/LM395 Ultra Reliable Power Transistors 

General Description 
The LMI95/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 ch ip, 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 LM195 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 

• 3.0J.lA 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 

• 100% electri"al burn-in 

The LM195 offers a significant increase in reliabil­
ity as 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 
LM 195 is especially advantageous. 

The LM 195 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 re'sistor 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 arid 
the LM395 from O°C to +125°C. 

Simplified Circuit and Connection Diagrams 
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Absolute Maximum Ratings 

Collector to Emitter Voltage 
LM195, LM295 \ 42V 
LM395 36V 

Collector to Base'Voltage ' 
LM195, LM295 42\1 
LM395 36V 

Base to Emitter Voltage (Forward) , . 
LM195, LM295 42V 
LM395 36V 

Base to Emitter Voltage (Reverse) 20V 
Collector Current Internally Limited 
Power Dissipation I nternally Limited 
Operating Temperature Range 

-55°C to,;'150°C LM195 
LM295 -25°C to +150°C 

,LM395 O°C to +125°C 
Storage Temperature Range -65°C to +l50oC 
Lead Temperature (Soldering, 10 seconds) 300°C 

'preconditioning 

100% Burn-In In Thermal Limit 

Electrical Characteristics (Note 1) 

LM195, LM295 LM395 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX MIN 'TYp· MAX 

Collector-Emitter Operating Voltage 10 S; Ie ~ 'MAX 42 36 V 
INo •• 3) 

Base to Emitter Breakdown Voltage O~VCE $',VCEMAX 42 36 60 Il 

Collector Current 
TO·3, TO·220 Vee $ 15V 1,2 2.2 1.0 2,2 A 
TO'5, TO·202 VeE '57.0V 1,2 1.8 1,0 1.8 A 

Saturation Voltage Ie $ 1,OA, TA = 25·C 1.8 2,0 1.8 2,2 V 

Base Current O~lc S; 'MAX 3,0 5.0 3.0 10 pA 
o~ VeE S:VCEMAX 

Quiescent Current (10) V be "" 0 2.0 5,0 2.0 10 mA 
'O'SVce S:VCEMAX 

Base to Emitter Voltage Ie:; 1.0A, TA =+2SoC 0.9 
, 

0.9 V 

Switching Time Vee = 36V, RL = 36!!, 500 '500 ns 
,TA =+25°C 

Thermal Resistance Junction to TO-3 Package 2.3 3.0 2.3 3,0 ·CIW 
Case INo •• 2), TO·S Package 12 15 12 15 ·CIW 

Not. 1: Unless 'otherwise specified, these specifications apply for ·-5S·C $ Tj $ +,50·C for the LM19S, -25"C :$ Tj :$ +15o"C 
"' for the LM295 and O·C:$ +,2So C for the LM39S. 

Not. 2: Without a heat sink, the thermal resistance of the TO·S package is about +1500 C/W. while that of the TO·3 package 
is+35"C/W. 

Nota 3: Selected devices with higher breakdown available. 

I 
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Typical Performance Characteristics 
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Typical Perfo!mance Characteristics (Continued) 
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Typical Applications 
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Typical Applications (Continued) 

.2 
2.4k 

tSOLID TANTALUM 

>-..... ___ ... _.-_ O~J~~T 
LOA 

L-----------__ ~----_V-

1.0 Amp Negative Regulator 

tSOLID TANTALUM 

V" 
J6V 

1.0 Amp Positive Voltage Regulator 

.-----...... -v+ 

., 
JJk 

OUTPUT 

_ ... __ ..... __ V-

Fast Optically Isolated Switch 

--..... --+12V 

d~ q---
.--'--...... -+ 

., 
J" 

01 
LM195 

Optically Isolated Power Transistor 

DRIVE· 

.--,...-40V 

., 
40 

*DRIVE VOLTAGE OV TO :::: toV S;42V 

CMOS or TTL Lam·p Interface Two Terminal Current Limiter 40V Switch 

11·12 



Typical Applications (Continued) 
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Typical Applications (Continued) 
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~National 
~ Semiconductor 

Transistor/Diode Arrays 

LM3045, LM3046, LM3086 Tra~sistor 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-Iine 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 2J1A 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 sigrlal processing 

systems· operating anywhere in the frequency 
range from DC to VH F 

• Custom designed differential amplifiers 
• Temperature compensated amplifiers 

Dual-I n-Line Package 

SUBSTRATE 

14 13 12 II 10 

TOP VIEW 

Order Number LM3045J 
See NS Package J14A 

Order Number LM3046N 
or LM3086N 

See NS Package N 14A 
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Absolute Maximum Ratings 

Power Dissipation: 
TA = 25°C 
T A = 25°C to 55°C 
TA > 55°C 
T A = 25°C to 75°C 
TA > 75°C 

Collector to Emitter Voltage, VCEO 

Collector to Base Voltage, VCBO 

Collector to Substrate Voltage, V CIO (Not~ 1) 
Emitter to.Base Voltage, VEBO 

Collector Current, Ic 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

(TA = 25°C) 

LM3045 

Each 
Transistor 

300 

300 

Total 
Package 

750 

750 
Derate at 8 

15 
20 
20 
5 

50 
-55°C to +125°C 
-6SoC to +160°'C 
300 

lM3046/lM3086 

Each 
Transistor 

300 
300 

Total 
Package 

750 
750 

Derate at 6.67 

15 
20 
20 

5 
50 

-40°C to +85°C 
-65°C to +85°C 
300 

Electrical Characteristics (T A = 25°C unless otherwise specified) 
, 

PARAMETER CONDITIONS 

MIN 

Collector to Base Breakdown Voltage IV(BRICBO) Ie::::; 10pA. IE = 0 20 

Collector to Emitter Breakdown Voltage IV (BAICEO) le= 1 rnA, la=O 15 

Collector to Substrate Breakdown Voltage 
Ie'" 10IJA, leI::::; 0 20 

(V(BR1CIOI 

Emitter to Base Breakdown Voltage (V(BR1EBol IE= IOp.A .. lc=O 5 

Collector Cutof.f Current (leBO) Vcs'= lOV,l E '" 0 

Collector Cutoff Current (lceo) VCE :: lOV, Is '" 0 

Static Forward Current Transfer RatiO (Static I'c=10mA 

Beta) (hFE ) VeE = 3V Ie"" 1 mA. 40 
Ic=10~A 

Input Offset Current for Matched Pair 0 1 and O2 V CE '" 3V,Ie = 1 rnA 
1101 -1'02 1 

Base to Emitter Voltage (V SEI .' 
_ {le ::::'lmA 

VCE - 3V Ie:::: 10 mA 

Magnitude of Input Offset Voltage for 
VeE = 3V,le= 1 mA 

Differential Pair IVSE1 - VSE21 

Magnitude of Input Offset Voltage for Isolated 
Transistors IVSE3 - V SE4 1, IVsE4 - VsEsI, V cE =3V,lc = 1 mA 
IVSES -VBE3 1 

Temperature Coefficient of Base to Emitter 

Voltage (fi:;e) VCE = 3V.lc '" 1 rnA 

Collector, to Emitter Saturation Voltage (V CE (SAT) I I B '" 1 rnA, Ic = 10 rnA 

Temperature Coefficient of Input Offset 

Voltage (~'io) Vce=3V,lc= 1 mA 

LIMITS 

LM3045, LM3046 

TVP MAX 

60 

24 

60 

7 

.002 40 

.5 

100 
100 
54 

.3 2 

.715 

.800 

.45 5 

.45 5 

-1.9 

.23 

1.1 

MIN 

·20 

15 

20 

5 

40 

LIMITS 

LM3086 

TVP 

60 

24 

60 

7 

100 
100 
54 

.002 

.715 

.BOO 

-1.9 

.23 

Units 

mW 
mW 

mWfC 
mW 

mW/oC 
V 
V 
V 
V 

rnA 

°c. 

UNITS 

MAX 

V 

V 

V 

V 

100 nA 

5 p.A 

p.A 

v 

mV 

mV 

mvtc 

v 

\ p.vtc 

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. 
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Electrical Characteristics (Continued) 
" 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Low Frequency NOise Figure (NFl 
f = 1 kHz; VeE = 3V. Ie = 100llA 

3.25 dB 
Rs = 1 kl1 

Low Frequency. Small Signal Equivalent Circuit Characteristics: 

Forward Current Ttansfer Ratio (hfel 

Short Circuit Input Impedance (hlel 

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

Open Circuit Reverse Voltage Transfer Rat:o Ih re! 

Admittance Characteristics: 

Forward Transfer Admittance (Yfel 

fnput Admittance IV ie) 

Output Admittance (Y oa) 
f = 1 MHz. VeE = 3V, Ie = 1 rnA 

Reverse Transfer Admittance IYrel 

Gain Bandwidth Product (tTl VeE =3V, Ie = 3 rnA 

Emitter to Base Capacitance (CES ) VEe = 3V.IE = 0 

Collector to Base Capacitance (Ces) Vee=3V.le=0 

Collector to Substrate Capacitance (Ccil Ves=3V,le=0 

Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics (Continued) 

.. 

Typical Reverse Transfer 
Admittance vs Frequency 
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~National . 
~ Semiconductor 

Transi~tor/Diode Arrays 

LM3146 High Voltage Transistor Array 

. General Description 
The LM3146 consists of five high voltage general' pur­
pose silicon NPN transistors on a common monolithic 
substrate. Two of the transistors are internally con-­
nected to form a differllntially-connected pair. The 
transistors are well suited to a wide variety of appli­
cations in low power system in the dc through VHF 
range. They may be used as discrete transistors in 
conventional circuits however, in addition, they pro­
vide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 
The LM3146 is 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 mV, input offset current 21lA 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 

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 

SUBI,RATE 

14 13 1Z 11 I.. 

1 

~ ~ 
~ yz 
T 

Z 
13 

4 S 

TOP VIEW 

Order Number LM3146N 
Sea NS Package N14A 
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Absolute Maximum Ratings 

LM3146 UNITS 

Power Dissipation: Each Transistor 
TA = 25°C to 55°C 300 mW 
TA > 55°C Derate at 6.67 mW/oC 

Power Dissipation: Total Package 
TA = 25°C 500 mW 
TA > 25°C Derate at 6.67 mWfC 

Collet:tor to Emitter Voltage, VCEO 30 V 
Collector to Base Voltage, V CBO 40 - V 
Cqllector to Substrate Voltage, VCIO (Note 1) 40 V 
Emitter to Base Voltage, VEBO (Note 2) 5 V 
Collector Current, Ic 50 mA 
Operating Temperature Range -40 to +85 °c 
Storage Temperature Range -65 to +150 °c 
Lead Temperature (Soldering, 10 seconds) 300 °c .-

DC Electrical Characteristics TA = 25°C 

LIMITS 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Collector to Base Breakdown Ic = 101lA. IE = 0 40 72 V 

Voltage (V(aRlcao) 

Collector to Emitter Breakdown Ic = 1 rnA, la = 0 30 56 V 

Voltage (V(SRICEO) 

Collector to Substrate Breakdown ICI = 101lA, la = 0, 40 72 V 

Voltage (VISRICIO) IE =0 

Emitter to Base Breakdown Voltage Ic =0, IE = 10J.tA 5 7 V 
(VIBRIEao) (Note 2) 

Collector Cutoff Current (lcso) Vca = 10V, IE = 0 0.002 100 nA 

Collector Cutoff Current (ICED) VCE = 10V, Is = 0 (Note 3) 5 IlA 

Static Forward Current Transfer Ic = lOrnA, VCE = 5V 85 
Ratio (Static Beta) (hFE ) Ic = 1 rnA, VCE = 5V 30 100 

Ic = 10J.tA, VCE = 5V 90 

Input Offset Current for Matched Ic, = IC2 = 1 rnA, 0.3 2 IJA 
Pair 01 and 02 Ila, - la21 VCE = 5V 

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

Magnitude of Input Offset Voltage VCE = 5V, IE = 1 ~A 0.48 5 mV 
for Differential Pair IVBE , - VaE21 

Temperature Coefficient of Base VCE = 5V, IE = 1 rnA -1.9 mVfC 
to Emitter Voltage (~VaE/~T) 

Collector to Emitter Saturation Ic = 10 rnA, la = 1 rnA 0.33 V 

Voltage IV CEISA TI) 

Temperature Coefficient of Input Ic = 1 rnA. VCE =5V 1.1 Ilvfc 
Offset Voltage (~V,o/~T) 

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. 
Note 2: If the transistors are forced into zener breakdown (V(BR)EBO), degradation 01 forward transfer current ratio {hFEJ can occur. 

Note 3: See curve. 
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AC Electrical Characteristics 

PARAMETER CONDITIONS 
LIMITS 

UNITS 
MIN TVP MAX 

Low Frequency Noise Figure (NF) f= 1 kHz, V CE = SV, 3.2S dB 
Ic = 100llA, Rs = 1 kn 

Gain Bandwidth Product (fT ) VCE = SV, Ic = 3 mA 300 SOO MHz 

Emitter to Base Capacitance (CEe ) VEe = SV, IE = 0 0.70 pF 

Collector to Base Capacitance (Cce ) VcB=SV,lc=O 0.37 pF 

Collector to Substrate Capacitance VCI = SV, Ic = 0 2.2 pF 
(Ccd' 

, , 

LOW FREQUENCV, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 

Forward Current Transfer Ratio (hf.) f= 1 kHz, VeE = 3V, 100 
Ic = 1 mA . 

\ 

Short Circuit Input Impedance (hie) f= 1 kHz, VCE = 3V, 3.S kn 
Ie = 1 mA 

Open Circuit Output Impedance (hoe) f= 1 kHz, VCE = 3V, lS.6 IImho 

, Ie = 1 mA 

Open Circuit Reverse Voltage f= 1 kHz, VeE = 3V, 1.8x 
Transfer Ratio (hr.) 

, 
10-4 Ic=l mA 

ADMITTANCE CHARACTERISTICS 

Forward Transfer Admittance (V te) f= 1 MHz, VeE = 3V, 31- mmho 
Ic=l mA j 1.S 

mmho 
Input Admittance (Vie) f= 1 MHz, VeE = 3V, 0.3+ 

Ie = 1 mAo jO.04 

mmho 
Output Admittance (Voe) f= 1 MHz, VeE = 3V, 0.001 + 

Ic =1 mA jO.03 

Reverse Transfer Admittance (V reI f= 1 MHz, VCE =-3V, (Note 3) mmho 
Ic=l 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 act jon. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either de 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(BRIEBOI, degradation of forward transfer current ratio (hFEI can occur. '. 
Note 3: See curve. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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I. RELIABILITY vs. QUALITY 

The words "reliability" and "quality" are often used 
interchangeably, as though they connoted identical 
facets of a product's merit. But reliability and quality are 
different, and IC users must understand the essential 
difference between the two concepts in order to properly 
evaluate which of National's extended screening 
programs, A+ or B+ will offer the most cost effective 
product improvement for his application. 

QUALITY 

The concept of QUALITY gives'us information about the 
population of faulty IC devices among good devices, 
and generally relates to the numberof faulty devices 
that arrive at a user's plant. Looked at in another way, 
quality then relates to the number of faulty IC's that 
escape detection at the IC vendor's plant. 

At National, it is the charter of the Quality Control (QC) 
Operation to continually monitor and reduce the number 
of faulty IC's that escape detection. QC does this by 
testing the outgoing parts on an Acceptance Quality 
Level (AQL) basis.1 The tighter the AQL testing, the 
more difficult it becomes for a defective part to escape 
detection, thus the quality of the shipped product 
increases. 

RELIABILITY 

The concept of RELIABILITY, on the other hand, refers 
to how well a part that is initially good will withstand its 
environment. Reliability cannot be tested into a device. 
Reliability is principally a function of device design, die 
size, power dissipation, assembly methods and material, 
etc. Still there are tests and procedures that an IC 
vendor can implement which will subject the IC to stress 
in excess of what it will endure in actual use, which will 
eliminate marginal, short-life parts. 

On this basis, it is easily seen that it is possible that' 
high qu'ality IC's may, in fa'ct, have low reliability, while 
low quality IC's may have high reliability. The object of 
extended screening programs is: (1) to enhance the 
quality by reducing the population of faulty devices 
among good devices and by so doing, eliminate the 
costly requirement of incoming tests by the user, and 
(2) provide maximum long term reliability minimizing 
equipment down-time, costly repairs and maintenance. 

II. QUALITY SAVES YOU MONEY 

When an IC vendor specifies 100% final testing of his 
parts then, in theory, every shipped part should be a 
good part. However, in any population of mass­
produced items there does exist a small percentage of 
defective parts. 

One of the best ways to reduce the number of such 
faulty parts is, simply, to retest the parts prior to 
shipment. Thus, if there is a one percent chance that a 
bad part will escape detection initially, retesting the 
parts reduces that probability to only 0.01 percent. This 
is exactly what tightening of the outgoing AQL level 
achieves. 
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WHAT IS AQL? 

A good example of savings which can be achieved by 
taking advantage of tighter AQL(l) inspection levels is 
illustrated as follows: 

Assume a system uses 100 devices of a certain type 
which are procurred to a 1% AQL level, and no 
incoming inspection/testing is done by the user. 
Statistically it can be shown that the number of 
systems that will require rework will be 80% of all 
systems manufactured! If enough devices are 
purchased to manufacture 100 systems (10,000 
devices) and the cost to trouble shoot and repair each 
system is $30.00, the total cost of repair will be 

. $2,400 (80% of 100 systems at $30.00 each). 

Thus, the .need for some preliminary component 
screening prior to system assembly becomes obvious. 

However, if the same devices are procurred to a 0.14% 
AQL level, which is seven times tighter than originally 
assumed, it can be shown that the number of systems 
requiring rework is reduced by a factor of four, without 
the need for incoming inspection. 

Thus, on a 100 system basis, 20 systems will require 
repair at $30.00 per system, or a total of $600.00. A 
savings of $1,800 is realized, and the user need not 
invest in expensive capital equipment, procedures, and 
paper work. 

On a "savings per device" basis, this is a savings of 18" 
per device. Indeed, Quality· saves you money! 

This is th~ value added by the A+ and B+ Linear 
programs. 

III. RELIABILITY SAVES YOU MONEY 

With the increased population of integrated circuits in 
modern electronics systems has come an increased 
concern with IC failures. And rightly so, for at least two 
major reasons. Firsi, the effect of component reliability 
on system reliability can be quite dramatic. For 
example, suppose that you, as a system manufacturer, 
were to choose an IC that is 99% reliable. You would 
find that if your system used only 70 such IC's the 
overall reliablility of the system's IC portion would be 
only 50%. . 

In other words, one out of every two systems in the field 
would fail. The result? A system that is very costly to 
produce, costly to maintain, and probably very difficult to 
sell. 

Second, whether the system is large or small you 
cannot afford unnecessary maintenance costs. Not only 
have labor, repair and rework costs risen - and 
promise to continue to rise - but also, field replacement 
may be prohibitively expensive or impOSSible. Jf you ship 
a system that contains a marginally performing IC, and 
that IC later fails in the field, the cost of repair and 
replacement may be literally hundreds of times more 
than the cost of the failed IC itself. 

(1) AQL testing is not to be confused with "in process" or electrical 
parameter testing in the normal product flow. AU National prod­
ucts are 100% tested for electrical data sheet parameters. 

z 
D) -S" 
:J 
D) -» 
+ 
D) 
:::s 
a. 
OJ 
+ 
m 
>< -CD 
:J a. 
CD a. 

" c 
!!. 
;:;: 
'< 
D) 
:::s a. 
::D 
~ 
iii" 
g: -;:;: 
'< 
"tJ a cc 
; 
3 
en -o ... 
c: 
:::s 
CD 
D) ... 
Q 
n c 
;:;: 
en 



til .:= 
:::::I e 
o ... 
CG 
CD c 

:::i ... o -

~ 
a; 

:::::I a 
i 
"C 
C 
CD 

Jj 
+ 
CD 
"C 
C 
CG 

+ 
c( 

a; 
6 
;: 
CG 
Z 

IV. IMPROVING THE RELIABILITY OF SHIPPED 
PARTS 

As was previously mentioned, reliability, in the true 
sense cannot be tested into a product. The most 
important factors that affect reliability are design, 
construction, materials and the assembly method. 
However, many of these can be examined and 
monitored by testing. As a matter of routine, National 
frequently performs 1000 hour burn-in life test and 
accelerated life tests to continually guarantee the quality 
and reliability of the linear product which is being 
shipped to customers. For example, the quality of the 
die attach for voltage regulators can be monitored by 
observing the thermal characteristics associated with 
"pulse loading" the regulator. This is a technique which 
National Linear pioneered over 10 years ago and still 
performs on a 100% basis on three terminal regulators 
at no additional cost to the user. Many such tests, 
including destructive and non-destructive wire bond pull 
tests are a matter of routine with National. 

Further, in any test of reliability, the weaker parts' will fail 
first. Stress tests will accelerate, or shorten the time of 
failure of the weak parts. Because the stress test 
causes weak parts to fail prior to shipment, the 
population of shipped parts will,in fact demonstrate a 
higher reliability. 

One of, if not the most effective screening procedures in 
the'Semiconductor industry, is the use of a burn-in to 
stress and accelerate the failure of weak. parts. 

Thus, burn-in screen plus the tightened AOL outgoing 
testing, is the key to the A+ Linear Program. 

QUALITY AND RELIABILITY PROGRAMS FOR 
MOLDED LINEAR PRODUCTS' 

One concern, with regard to, quality and reliability in 
molded plastic products, is the problem of thermal 
intermittents. This problem first came to light in 1970 
and plagued all semiconductor manufacturers. Since 
that time considerable efforts have been focused on 
improving lead bonding and lead frames to make them 
stronger and more reliable as well as improvements in 
the package molding material itself. 

To better understand the problems a brief discussion of 
thermal intermittents is in order. 

Because wires and bonds are completely imbedded in 
plastic, molded integrated circuits\are extremely 
rugged devices. They can survive mechanical shock 
and vibration conditions which would literally tear the 
bonds and wires to pieces in a cavity type package. 
However, the non-cavity construction does present a 
unique problem. Sould a bond fracture or a wire 
break for some reason, the broken bond will remain in 
contact as long as the surrounding encapsulant 
continues to exert a compressive force on the. bond. 
However, as the temperature increases, the 
compressive forces tend to relax due to the thermal 
mismatches between the lead frame, die, wires and 
the plastic. 

Ultimately, if a high enough temperature is reached, 
the broken bond will separate, causing an electrical 
discontinuity. The phenomenon is frequently 
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reversible, that is, as temperature decreases, 
electrical continuity is restored. This type of 
discont,inuity is commonly referred to as a THERMAL 
INTERMITIENT OPEN. If electrical continuity does 
not return when the package temperature returns to 
ambient, then a permanent open has o.ccurred. 

If such defects occur during the manufacturing cycle 
of the device, and are not screened out by the 
manufacturer's testing sequence or by some 
screening test imposed by the user, they will show up 
as infant mortality failures in the user's equipment. If 
they occur during the user's equipment manufacturing 
cycle (due to solder heat exposure, for example) t!'ley 
will also show up as infant mortality failure. 

The best way to screen for this phenomenon is to 
perform temperature cycling and "Hot Rail" testing after 
the device has been manufactured. The temperature 
cycling will stress the package mechanically to force the 
intermittent to occur if such a failure exists. The "Hot 
Rail" testing is performed to determine the functionality 
of the device at 10boc to ensure there are no open 
bonds at the worst case condition. 

NATIONAL'S B+ LINEAR PROGRAM GETS 
IT ALL TOGETHER 
We have stated that the B+ program improves both the 
quality and reliability of National's molded integrated 
circuits, and pointed out the difference between those 
two concepts. Now, how do we bring them together? 
The answer 'is in the B+ program processing, which is a 
continuum of stress and double testing. With the 
exception of the final OC inspection, which is a 
tightened sample program, all steps of the B+ process 
are performed on 100% of the parts. The following flow 
chart shows how we do it, step by step. 

EPOXY B PROCESSiNG FOR ALL MOLDED 
PARTS -
At National, all molded semiconductors, 
including IC's have been built by this process 
for some time. All processing steps, 
inspections and OC 'monitoring are designed to 
provide highly reliable products. (Reliability 
reports are available that give, in deta'iI, the 
background of Epoxy B, the reason for its, 
selection at National and reliability data that 
proves its success.) 

SIX HOUR, 150°C BAKE -
This stress places the die bond and all wire, 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(OOC to 1000C) 
Exercising the circuits over a 100°C 
temperature range further stresses the bonds 
and eliminates marginal bonds missed during 
the bake. ' 

ELECTRICAL TESTING 
These room-teniperature functional and 
parametric tests are the normal final tests 

. through which all National products pass. 



HIGH TE;MPERATURE (100~C) FUN'CTIONAL 
ELECTRICAL TEST - . 
A high temperature test such as this with 
voltages applied places the die under the most 
severe stress possible. The test is actually 
performed at 100'C - 30'C higher than the 
commercial ambient limit. All devices are 
thoroughly exercised at the 100'C ambient. 
(Even though Epoxy B processing has virtually 
eliminated thermal intermittents, we perform 
this test to ensure against even thEl remote 
possibility of such a problem.) . 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS -
This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIG~TER-THAN-NORMAL QC INSPECTION 
PLANS -
Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AOL. When 
you specify the B+ program, however, not only 
do we sample your parts to a 0.28o/c AOL for 
all data sheet dc parameters, but they receive 
a 0.14% AOL for functionality as well. 
(Functional failures - not parameter shifts -
cause most system failures.) Thus, the five to 
seven-times tightening of the AOL procedure 
gives a substantially higher quality to your B+ 
parts. And you can rely on the integrity of your 
received IC's without incoming tests 'at your . 
facility. 

SHIP PARTS 

Here are the OC Procedures used in our B+ test 
program: 

TEST 
Electrical Functionality 
Parametric, dc 

TEMPERATURE 
25'C 
25'C 

.AQL 
0.14,* 
0.28o/c 
0.25% Major Mechanical 

Minor Mechanical 
25'C 
25'C 

NATIONAL'S A+ LINEAR PROGRAM 
THE ULTIMATE IN QUALITY AND 
RELlABI",ITY 

1% 

National has combined the s~ccessful B+ prograiTI with 
the Military/Aerospace processing specifications and 
provides the A+ program as the best cost-effective 
approach to maximum quality and reliability on molded 
devices, The following flow chart shows how we do it 
step by step. The major difference between B + and the 
A + is the burn-in associated with the A + program. 

SEM -
Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

EPOXY B SEAL -
At National, all molded semiconductors, 
including IC's have been built by this process 
for some time. All processing steps, 
inspections and OC monitoring are designed to 
provide highly reliable products. 
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SIX HOUR, 150'C BAKE -
This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(O'C to 100'C) -
Exercising the circuits over 100'C temperature 
range further stresses the bonds and . 
eliminates any marginal bonqs missed during 
the bake. 

ELECTRICAL TESTING -
These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 

BURN-IN TEST - . 
Devices are stressed at m'aximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A, Method 
1015.1. 

HIGH TEMPERATURE .(100'C) FUNCTIONAL 
ELECTRICAL TEST -
A high temperature test with voltages applied 
places the die under the most severe stress 
possible. The test is actually performed at 
100'C·- 30'C higher than the commercial.· 
ambient limit. All devices are thoroughly 
exercised at the 100'C ambient. 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS -
This is the second time that room-temperature 
-functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC 
INSPE'CTION PLANS -
Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AqL. Whim 
you specify the A+ program, howeVer, not only 
do we sample your parts to a '0.28% AOL for 
all data sheet dc parameters, but they receive 
0.14% AOL for functionality as well. (Functional 
failures - not parameter shifts beyond spec -
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling AQL' 
procedure gives a substantially higher quality 
to your A+ paris. And you can rely on' the 
integrity of your received IC's without incoming 
tests a! your facility. 

SHIP PARTS 

Here is the ac procedure used in our A+ tesl"progra~: 

TEST' TEMPERATURE AQL 
Electrical Functionality .. 25'C 0.14% 
Parametric, dc 25'C 0.28% 
Major Mechanical 25'C 0.25% 
Minor Mechanical 25'C . 1% 

QUALITY AND RELIABILITY PROGRAM FOR 
HERMETIC PACKAGED LINEAR PRODUCT . 

An improved quality and reliability program, similar to 
that which is available for molded products;is also 
available for commercial temperature range hermetic' 
packages. 
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There is one major difference between the molded A+ 
program and the hermetic package A+ program. Since 
there is no material in contact with the wire bOnds in a 
hermetic package, the need for "Hot Rail" functional 
testing at 100·C is of no benefil and therefore not 
included. The devices are electrically tested (100%), 
then burned-in and then 100% electrically tested again. 
If a bond failure were to occur during burn-in, there is 
no material In contact with the bond (such as plastic in 
the case of molded products) that would tend to restore 
the bond when the device cooled. The result is that a 
weak bonding wire, once broken causing an "open" will 
remain open and be caught at the second 10Q% 
electrical screening. 

The A+ hermetic package program flow chart is shown 
below. 

NATIONAL'S A+ PROGRAM FLOW CHART 
FOR HERMETIC PACKAGES 
Nationai' has extended the successful B+ and A+ 
molded product programs to hermetic packages. We 
believe this to be the best practical approach to 
maximum quality and reliability for commercial devices. 
The following flow chart explains this program step by 
step. 

SEM.-
Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

ASSEMBLY AND SEAL -

ELECTRICAL TESTING -
Every device.will be 100% tested at 2S·C for 
functional and dc parameters. 

BURN-IN -
Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STO-883A method 
1015.1. 

, DC FUNCTIONAL AND 
,PARAMETRIC TESTS-
These room temperature functional and 
parametric tests are the normal, final tests 
through which all National products pass. This 
fs the second time 100% electrical tesling is 
performed. " , 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS -
Most vendors sample inspect outgoing parts to 
a 0,65% (or in some cases a 1%) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28%AQL for 
all data sheet dc parameters, but they receive 
0.14% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec -
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling 
procedure gives the highest quality to your A + 
parts. And you can rely on the integrity of your 
received IC's without incoming tests at your 
facility. 

SHIP PARTS All proceSSing steps, inspections, and QC 
monitoring are designed to provide highly, 
reliable products. MIL-STD-883 is the guideline 
by which all linear products are manufactured. 

, Here are, the QC Sampling plans used in 
our A+ test program, 

SIX HOUR,ISO"C BAKE- TEST TEMPERATURE AQL 
Electrical Functionality 
Parametric,' dc 

This stress places the die bond and all wire 
bonds into a combined 'tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

. Major Mechanical 

FIVE TEMPERATURE CYCLES 
(O"C to 1 OO·C) - , 
Exercising the circuits over loo·C temperature 
range further stresses the bonds and 
,eliminates any marginal bonds missed during 
the bake. 

PROCESS FLOW 

DESCRIPTION 

100% High Temperature Storage - 6 Hours @ 150·C 
100% Temperature Cycling, 5 Cycles - O· to 100·C 
100% Burn-in per MIL-STD-883A, Method 1015.1 
100% High Temperature Test for Functionality at 100% 
100% DC Functional parametric Tests at Room Temperature 
Tightened QC Inspection Plan 

Minor'Mechanical 

MOLDED 
N PACKAGE 

A+ B+ 

X X 
X X 
X 
X X 
X X 
X X 

Q.C. SAMPLE PLAN 

TEST 

Electrical Functionality 
ParametriC, dc 
Major Mechanical 
Minor Mechanical 

TEMPERATURE 

25·C 
25·C 
25·C 
25·C 
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AQL 

0.14% 
0.28% 
0.25% 

1% 

2S·C 
2S·C 
25·C 
25·C 

0.14% 
0.28% 
0.25% 

1'7f 

HERMETIC 
HANDJ 

PACKAGE 

A+ 

X 
X 
X 

X 
X 



A synopsis of the A+ and B+ programs is shown on 
the preceding page. Also shown below is a listing of 
some of the most popular devices which are processed 
to this program and are readily available. 

For more information about this, or other National Linear 
programs, please contact your local representative. 

LF13331 
LF13741 
LF347 
LF351 
LF353 
LF355 
LF356 
LF357 

lM1458 LM307 LM324 
LM1496 lM308 lM3301 
lM2900 LM3080 lM3302 
lM2901 lM310 lM339 
LM2902 lM311 LM3401 
LM2903 LM318 lM346 
lM2904 LM319 lM348 
lM301A LM358 

lM3900 LM723C 
LM393 lM725C 
LM4250C LM733 
LM555C lM741C 
LM556 LM747C 
LM566 lM748C 

SUMMARY 

LM360 
LM361 

LM567 
LM709C 

The B+ program, although offering improved Reliability 
attendent with additional stress testing, is primarily 
aimed at enhancing the quality of incoming devices and 
thus eliminating the need for incoming testing by the 
user. This program offers significant cost savings to the 
user and eliminates the need for the investment in 
expensive capital equipment to perform this testing. For 
all general, but relatively non-critical circuits, the B+ 
program is the most cost-effective. 
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The A+ program incorporates not only the quality 
inherent with B+ program, but also adds burn-in for the 
ultimate in Reliability testing. The A+ program is 
recommended as the most cost-effective program for 
components which the user deems to be the most 
critical in his system. 

Both programs, A+ and B+, incorporate high 
temperature stress, double testing, and very tight 
out-gOing AOL OC proceedures. 

ORDER INFORMATION 

Any of the devices listed molded or hermetic package, 
may be ordered to the A+ program simply by adding 
the term A+ behind the device number, with a slash (I) 
in between. 

Examples: 

LM348N/A+ 

LF356H/A+ 

lM1458J/A+ 

likewise, any molded (N package) product may be 
ordered to the B+ program by adding the term B+ 
behind the device number. 

Examples: 

lF351N/B+ 

LM741CN/B+ 

For devices not listed, contact your local National 
Semicond~ctor Sales office for information" on 
availability and ordering information. 
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~National 
~ Semiconductor 
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 
MIL-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 MIL-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 
8831 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 Iinear/883 (Class BI 
products as standard, off-the-shelf items. Special 
Linear 1883 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 significaAt 
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. 

MIL-M-38510 

MIL-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 MIL-STD-883. 

Screening 

All microcircuits delivered in accordance with MIL­
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
MI L-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 MI.L-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, 
MI L-M-38510 requires device traceability, exten­
sive documentation and closely matched mainten­
ance. 
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Quality Conformance 
Quality conformance inspection is conducted in 
accordance with the applicable requ irements of 
Group A, (electrical test), Group Band C, (environ­
mental test) of Method 5005, MI L-STD-883. These 
tests are co'nducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
monthsl. 

To supply devices to MIL-M-38510, the IC manu­
facturer must qualify the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qualify to MIL-M-38510. After passing compre­
hensive audits of facilities and documentation 
systems, the IC manufacturer will subject the 
device to and demonstrate that they satisfy all of 
the Group A, B, and C requirements of Method 
5005 of IIi1IL-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
tiOD 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 MIL-STD-883 in terms of L TP[j's (Lot 
Tolerance Percent Defective) for the various qual i- , 
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 
50051 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 MIL-M-38510, 
Class B, with gold plated leads, specify M-385101 
10101BCC. 

MM3851DI xxx xx X x x -. -,- -,- -,- -,- -,-
Specifies the Slash Device Device Case Lead 

General Require- Sheet Type Class Outline Finish 
mentsaf No. 

MIL·M·38510 



National 
Device No. Function Direct 

Replacement 

FAIRCHILD 

"Al01AFM General Purpose Op Amp LM101AF 
"A101AHM General Purpose Op Amp LM101AH 
"Al02HM Voltage Follower LM102H 
"Al04HM Negative Voltage Regulator LM104H 
"A 105HM Voltage Regulator LM105H 
"Al07HM General Purpose Op Amp LM107H 
"Al0BAHM Super Beta Op Amp LM10BAH 
"Al0BHM Super Beta Op Amp LM108H 
"All0HM Voltage Comparator LMll0H 
"AlllHM Voltage Comparator LM111H 
"All1RM Voltage Campara tor LM111J·8 
J!A201AHM General Purpose Op Amp LM201AH 
,A201AT General Purpose Op Amp LM201AN 
,A207HM General Purpose Op Amp LM20lH 
"A20BAHM Super Beta Op Amp LM20BAH 
,A20BHM Super Beta Op Amp LM20BH 
,A301AHC General Purpose Op Amp LM301AH 
,A301ATC General Purpose Op Amp LM301AN 
"A302HC Voltage Follower LM302H 
,A304HC Negative Voltage Regulator LM304H 
j,A305AHC Voltage Regulator LM305AH 
rA305HC Voltage Regulator LM305H 
rA307HC General Purpose Cp Amp LM307H 
"A30lTC General Purpose Op Amp LM307N 
"A308AHC Super Beta ap Amp LM30BAH 
r A30BHC Super Beta Op Amp LM30BH 
"A309KC 5 Volt Regulator LM309KC 
"A310HC Voltage Follower LM310H 
.A311HC' Voltage Comparator LM311H 
"A31 tR Voltage Comparator LM311J·B 
}lA311TC Voltage Comparator LM311N 
rA324PC Quad Op Amp LM324N 
.A339APC Quad Comparator LM339AN 
I,A339PC Quad Comparator LM339N 
rA376TC Voltage Regulator LM376N 
"A555HC Single Timing Circuit LM555CH 
1.A555HM Single Timing CirCUIt LM555H 
r A555TC Single Timing Circuit LM555CN 
"A556PC Dual Timing Circuit LM556CN 
I,A709AHM High Performance Cp Amp LM709AH 
"A709HC High Performance Cp Amp LM709CH 
"A709HM High Performance Op Amp LM709H 
I,A709PC High Performance Op Amp LM709CN 
j,A709Te High Performance Op Amp LM709CN·B 
,LA710FM High Speed Differential Comparator LM710F 
r A710HC High Speed Differential Comparator LM710CH 
"A710HM High Speed Differential Comparator LM710H 
r A710PC High Speed Differential Comparator LM710CN 
I,A711HC Dual Comparator LM711CH 
"A711HM Dual Comparator LM711H 
,A711PC Dual Comparator LM711CN 
,A 723DC Precision Vollage Regulator LM723CJ 
"A723DM PreCision Voltage Regulator LM723J 
"A723HC Precision Voltage Regulator LM723CH 
,A723HM Precision Voltage Regulator LM723H 
"A723PC Precision Voltage Regulator LM723CN 
,A725AHM Instrumentation Op Amp LM725AH 
"A72~HC Instrumentation Op Amp LM725CH 
,A725HM Instrumentation Op Amp LM725H 
"A733HC Differential Video LM733CH 
"A733HM Differential Video LM733H 
~741AFM Frequency Compensated Op ~mp LM741AF 
j,A741AHM Frequency Compensated Op Amp LM741AH 
,A741DC Frequency Compensated Op Amp LM741CJ·14 
,A741EHC Frequency Compensated Op Amp LM741EH 
,A741HC Frequency Compensated Op Amp LM741CH 
,A741HM Frequency Compensated Op Amp LM741H 
~741PC Frequency Compensated Op Amp LM741CN·14 
~741RC Frequency Compensated Op Amp LM741CJ 
~741TC Frequency Compensated Op Amp LM741CN 
"A746PC Chroma Demodulator LM746N 
~747AHM Dual Frequency Compensated Op Amp LM747AH 
~747EHC Dual Frequency Compensated Op Amp LM747EH 
"A747HC Dual Frequency Compensated Op Amp LM747CH 
,A747HM Dual Frequency Compensated Op Amp LM74lH 
pA747PC Dual Frequency Compensated Op Amp LM747CN 
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Device No. Function 

FAIRCHILD (Continued) 

"A74BHC Op Amp 
!,A74BHM Op Amp 
"A74BTC Op Amp 
j,A760HC HIgh Speed DifferentIal Comparator 
"A796HC 3·Terminal PosItive Voltage Regulator 
jtA79SPC 3·Termmal Positive Voltage Regulator 
,.A79BHM Dual Op Amp 
I,A1558HM Dual Internally Compensated Op Amp 
"A2901PC Dual Internally Compensated Op Amp 
j,A3046DC Transistor Array 
"A3064PC TV Automatic Fme·Tunlng CirCUit 
"A3075PC FM IF Limiter/Detector/AudIO Proampllfler 
"A30B6PC Transistor Array 
,A3301P Quad Smgle Supply Amplifier 
"A3302P Quad Comparator 
"A3401P Quad Single Supply Amplifier 
,AFlllHM Voltage Comparator 
"AF155AHM Monolithic JFET Input Op Amp 
"AF155HM Monolithic JFET Input Op Amp 
,AF156AHM Wideband Mono. JFET Input Op Amp 
"AF156HM Wideband Mono. JFET Input Op Amp 
r AF1 57AHM Wideband Mono. JFET Input Op Amp 
,AF15lHM Wldeband Mono. JFET Input Op Amp 
,AF211HM Voltage Comparator 
"AF311HC Voltage Comparator 
"AF355AHC Monolithic JFET Input Op Amp 
,AF355HC Monolithic JFET Input Cp Amp 
,AF356AHC Wideband Mono JFET Input Op Amp 
,AF356HC Wideband Mono JFET Input Op Amp 
,AF357AHC Wideband Mono ~FET Input Op Amp 
,AF357HC Wideband Mono JFET Input Cp Amp 

MOTOROLA 

LF155AH Monolithic JFET Op Amp 
LF155H Monolithic JFET Cp Amp 
LF156AH Monolithic JFET Cp Amp 
LF156H Monolithic JFET Op Amp 
LF157AH Monolithic JFET Cp Amp 
LF157H Monolithic JFET Op Amp 
LF355AH Monolithic JFET ap Amp 
LF355H Monolithic JFET ap Amp 
LF355N Monolithic JFET Op Amp 
LF356AH MonolithiC JFET Op Amp 
LF356H Monolithic JFET Op Amp 
LF356N Monolithic JFET Op Amp 
LM117H 3·Terminal Adj. Positive Regulator 
LM117K 3·Terminal Adj. Positive Regulator 
LM123K Positive Voltage Regulator 
LM317H 3·Terminal Adj. Positive Regulator 
LM317K 3·Terminal Adj. Positive Regulator 
LM317T 3·Terminal Adj. POSitive Regulator 
MC1303P Dual Stereo Preamplifier 
MC1310P FM Stereo Demodulator 
MC1408L6 8·Blt Multiplying DIA Converter 
MC140BL7 8·Bit Multiplying D/A Converter 
MC140BLB 8·Bit Multiplying D/A Converter 
MC1408P6 B·Bit Multiplying D/A Converter 
MC140BP7 8·Bit Multiplying D/A Converter 
MC140BPB 8·Bit Multiplying O/A Converter 
MC1414L Dual Differential Comparator 
MC1414P Dual Differential Comparator 
MC1496G Balanced Modulator·Demodulator 
MC1496P Balanced Modulator·Demodulator 
MC150BLB 8·Bit Multiplying DIA Converter 
MC1514L Dual Differential Comparator 
MC1596G Slanced Modulator·Demodulator 
MC1710AG Differential Comparator -
MC1710CG Differential Comparator 
MC1710CP Differential Comparator 
MC1710G Differential Comparator 
MC1711CG Dual Differential Comparator 
MC1711CP Dual Differential Comparator 
MC1711G Dual Differential Comparator 
MCl723CL Adj. Positive or Negative Volt. Regulator 
MCl723CP Adj. Positive or Negative Volt. Regulator 
MCl723L Adj. POSItive or Negative Volt. Regulator 

National 
Direct 

Replacement 

LM74BCH 
LM74BH 
LM74BCN 
LM760CH 
LM1496H 
LM1496M 
LM35BH 
LM155BH 
LM2901N 
LM3046N 
LM3064N 
LM3075N 
LM30B6N 
LM3301N' 
LM3302N 
LM3401N 
LFlllH 
LF155AH 
LF155H 
LF156AH 
LF156H 
LF157AH 
LF157H 
LF211H 
LF311H 
LF355AH 
LF355H 
LF356AH 
LF356H 
LF357AH 
LF357H 

LF155AH 
LF155H 
LF156AH 
LF156H 
LF157AH 
LF157H 
LF355AH 
LF355H 
LF355N 
LF356AH 
LF353H 
LF355N 
LMl17H 
LMl17K 
LM123K 
LM31lH 
LM317K 
LM317T 
LM1303N 
LM1310N 
LM140BJ·6 
LM 140BJ.7 
LM140BJ·B 
LM140BN·6 
LM140BN·7 
LM140BN·B 
LM1414J 
LM1414N 
LM1496H 
LM1496N 
LM1508D·B 
LM1514J 
LM1596H 
LM710AH 
LM710CH 
LM710CN 
LM710H 
LM711CH 
LM711CN 
LM711H 
LM723CJ 
LM723CN 
LM723J 
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Device No. Function 

MOTOROLA (Continued) 

MC1733CG Differential Video Amp 
MC1733CP Differential Video Amp 
MC1733G Differential Video Amp 
MC1741CG General Purpose Op Amp 
MC1741CL General Purpose Cp Amp 
MC1741CPl General Purpose Cp Amp 
MC1741CP2 Generla Purpose Op Amp 
MC1741G General Purpose Cp Amp 
MC1741L General Purpose Cp Amp 
MC1741U General Purpose ap Amp 
MC1747CG Dual MC1741 Op Amp 
MC1747CL Dual MC1741 Op Amp 
MC1747CP2 Dual MC1741 Op Amp 
MC1747G Dual MC1741 Op Amp 
MC1747L Dual MC1741 Op Amp 
MC174BCG G,eneral Purpose Op Amp 
MC174BCPl General Purpose Op Amp 
MC174BCU General Purpose Op Amp 
MC174BG General Purpose Op Amp 
MC174BU General Purpose Op Amp 
MC2901P Quad Comparator 
MC2902P Quad Op Amp 
MC3301P Quad Op Amp 
MC3302P Quad Comparator 
MC3401P Quad Op Amp 
MC7BXXCK Positive Voltage Regulator 
MC7BXXCT Positive Voltage Regulator 
MC78LXXACG Positive Voltage Regulator 
MC7BLXXACP Positive Voltage Regulator 
MC78LXXCG Positive Voltage Regulator 
MC7BLXXCP Positive Voltage Regulator 
MC79XXCK Negative Voltage Regulator 
MC79XXCT Negative Voltage Regulator 
MC79LXXACP Negative Voltage Regulator 
MC79LXXCP Negative Voltage Regulator 
MLM101AG Gen. Purpose Adj. Op Amp 
MLM101AU Gen. Purpose Adj. Op Amp 
MLM104G Adjustable Negative Volt. Regulator 
MLM105G Adjustable Positiv'e Volt. Regulator 
MLM107G General Purpose Op Amp 
MLM107U General Purpose Op Amp 
MLM10BAG Precision Op Amp 
MLM10BAU Precision Op Amp 
MLM109G PO~itive Voltage Regulator 
MlMll0G Unity Gain Op Amp 
MLMll0U Unity Gam Op Amp 
ML~lll.G Voltage Comparator 
MLMlllL Voltage Comparator 
MLMlllU Voltage Comparator 
MLM124L Quad Op Amp 
MLM124P Quad Op Amp 
MLM139AL Quad Comparator 
MLM139L Quad Comparator 
MLM15BG Dual Op Amp 
MLM201AG General Purpose Op Amp 
MLM201API General Purpose Op Amp 
MLM204G Adjustable Negative Voltage Regulator 
MLM205G Adjustable Positive Voltage Regulator 
MLM207G General Purpose Op Amp 
MLM207U Genera! Purpose Op Amp 
MLM20BAG Precision Op Amp 
MLM20BAL Precision Op Amp 
MLM20BAU Precision Op Amp 
MLM20BG PrecisIon Op Amp 
MLM208L PreCIsion Op Amp 
MLM20BU Precision Op Amp 
MLM209G Positive Voltage Regulator 
MLM211G Voltage Comparator 
MLM211L Voltage Comparator 
MLM211U Voltage Comparator 
MLM224L Quad Op Amp 
MLM239AL Quad Comparator 
MLM239L Quad Comparator 
MLM25BG Dual Op Amp 
MLM301AG General Purpose Op Amp 
MLM301API General Purpose Op Amp 

National 
Direct 

Replacement 

LM733CH 
LM733CN 
LM733H 
LM741CH 
LM741CJ·14· 
LM741CN 
LM741CN·14 
LM741H 
LM741J·14 
LM741J 
LM747CH 
LM747CJ 
LM747CN 
LM747H 
LM747J 
LM74BCH 
LM74BCN 
LM74BCJ 
LM74BH 
LM74BJ 
LM2901N 
LM2902N 
LM3301N 
LM3302N 
LM3401N 
LM78XXCK 
LM7BXXCT 
LM7BLXXACH 
LM7BLXXACZ 
LM7BLXXCH 
LM7BLXXCZ 
LM79XXCK 
LM79XXCT 
LM79LXXACZ 
LM79LXXCZ 

·LM101AH 
LM101AJ 
LM104H 
LM105H 
LM107H 
LM107J 
LM10BAH 
LM108AJ 
LM109H 
LM110H 
LMll0J·B 
LMlllH 
LMlllJ 
LMlllJ·B 
LM124J 
LM124N 
LM139AJ 
LM139J 
LM15BH 
LM201AH 

·LM201AN 
LM204H 
LM205H 
LM207H 
LM207J 
LM20BAH 
LM20BAJ 
LM20BAJ·B 
LM20BH 
LM20BJ 
LM20BJ·B 
LM209H 
LM211H 
LM211J 
LM211J·B 
LM224J 
LM239AJ 
LM239J 
LM25BH 
LM301AH 
LM301AN 

National 
Device No. Function Direct 

Replacement 

MOTOROLA (Continued) 

MLM304G Adjustable Negative Voltage Regulator LM304H 
MLM305G Adjustable Positive Voltage Regulator LM305H 
MLM307G General Purpose Cp Amp LM307H 
MLM307PI General Purpose Op Amp LM307N 
MLM307U General Purpose Cp Amp LM307J 
MLM30BAG Precision Op Amp LM30BAH 
MLM30BAL Precision Cp Amp LM30BAJ 
MLM30BAPI Precision Op Amp LM30BAN 
MLM30BAU Precision Cp Amp LM30BAJ·8 
MLM308G Precision Op Amp LM308H 
MLM30BL Precision Cp Amp LM30BJ 
MLM30BPI Precision Op Amp LM30BN 
MLM30BU Precision Op Amp LM30BJ·B 
MLM309G Positive Voltage Regulator LM309H 
MLM309K Positive Voltage Regulator LM309K 
MLM310G Unity Gain Op Amp LM310H 
MLM310PI Unity Gain Op Amp LM310N 
MLM310U Unity Gain Op Amp LM310J·B 
MLM311G Voltage Comparator LM311H 
MLM311L Voltage Comparator LM311J 
MLM311PI Voltage Comparator LM311N 
MLM311U Voltage Comparator LM311J·B 
MLM324L Quad Op Amp LM324J 
MLM324P Quad Op Amp LM324N 
MLM339AL Quad Comparator LM339AJ 
MLM339AP Quad Comparator LM339AN 
MLM339L Quad Comparator LM339J 
MLM339P Quad Comparator LM339N 
MLM358G Dual Op Amp LM35BH 
MLM35BPI Dual Op Amp LM35BN 
MLM565CP Phase Locked Loop LM565CN 

PMI 

PM10BAJ Operational Amplifier LM10BAH 
PM10BJ Operational Amplifier LM10BH 
PM155AJ JFET Input Op Amp LF155AH 
PM155J JFET Input Op Amp LF155H 
PM 156AJ JFET Input Op Amp LF156AH 
PM156J JFET Input Op Amp LF156H 
PM157AJ JFET Input Op Amp LF157AH 
PM157J JFET Input Op Amp LF157H 
PM20BAJ Operational ~mplifjer LM20BAH 
PM208J Operational Amplifier LM20BH 
PM255J JFET Input Op Amp LF255H 
PM256J JFET Input Op Amp LF256H 
PM257J JFET Input Op Amp LF257H 
PM30BAJ Operational Amplifier LM30BAH 
PM308J Operational Amplifier LM308H 
PM355AJ JFET Inpul Op Amp LF355AH 
PM355J JFET Input Op Amp LF355H 
PM356AJ JFET Input Op Amp LF356AH 
PM356J JFET Input Op Amp LF356H 
PM357AJ JFET Input Op Amp LF357AH 
PM357J JFET Input Op Amp LF357H 
PM725CJ Operational Amplifier LM725CH 
PM725J Operational Amplifier LM725H 
PM741CJ ' Compensated Op Amp LM741CH 
PM741J Compensated Op Amp LM741H 
PM747CJ Dual Compensated Op Amp LM747CH 
PM747J Dual Compensated Op Amp LM747H 
PM 1558J Dual Compensated Op Amp LM155BH 

SIGNETICS 

.A709AT Operalional Amplifier LM709AH 

.A709CN Operational Amplifier LM709CN·B 

.A709CN·14 Operational Amplifier LM709CN 

.A709CT Operational Amplifier LM709CH 

.A709T Operational Amplifier LM709H 

.A710CN·14 Differential Voltage Comparator LM710CN 

.A71 OCT Differential Voltage Comparator LM710CH 

.A710T Differential Voltage Comparator LM710H 

.A711CN Dual Voltage Comparator LM711CN 

.A711CT Dual Voltage Comparator LM711CH· 

.A711K Dual Voltage Comparator LM711H 

.A723CF Precision Voltage Regulator LM723CJ 

.A723CL Precision Voltage Regulator LM723CH 
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National' 
Device No. Function Direct 

Replacement 

SIGNETICS (Continued) 

"A723CN Precision Voltage Regulator LN723CN 
"A723F Precision Voltage Regulator LM723J 
"A723L Precision Voltage Regulator LM723H 
"A733CN Differential Video Amp LM733CN 
"A733CT Differential Video Amp LM733CH 
~733F Differential Video Amp LM733H 
"A741CF General Purpose Op Amp LM741CJ·14 
"A741CN General Purpose Op Amp LM741CN 
"A741CN·14 General Purpose Op Amp LM741CN·14 
~741CT General Purpose Op Amp LM741CH 
.A741F General Purpose Op Amp LM741J·14 
"A741T General Purpose Op Amp LM741H 
"A747CN Dual Op Amp LM747CN 

. "A748CF General Purpose Op Amp LM74BCJ 
~74BCN General Purpose Op Amp LM74BCN 
.A74BCT General Purpose Op Amp LM748CH 
.A74BF General Purpose Op Amp LM74BJ·14 
"A748T ,General Purpose Op Amp LM74BH 
78XXCU 3·Terminal Positive Voltage Regulator LM7BXXCT 
7BXXDA 3·Terminal Positive Voltage Regulator LM7BXXCK 
7BLXXACS 3·Terminal Positive Voltage Regulator LM78XXACZ 
7BLXXADB 3·Terminai Positive Votlage Regulator LM78LXXACH 
7BLXXCDB 3·Terminal Positive Voltage Regulator LM7BLXXCH 
7BLXXCS 3·Terminal Positive Votlage Regulator LM7BLXXCZ 
79XXCU 3·Terminal Negative Voltage Regulator LM79XXCT 
79XXDA 3·Terrninal Negative Voltage Regulator LM79XXCK 
LF155AT Hi Performance JFET Input Op Amp LF155AH 
LF155T Hi Performance JFET Input Op Amp LF155H 
LF156AT Hi Performance JFET Input Op Amp LF156AH 
LF156T Hi Performance J FET Input Op Amp LF156H 
LF157AT Hi Performance JFET Input Op Amp LF157AH 
LF157T Hi Performance JFET Input Op Amp LF157H 
LF255T Hi Performance JFET Input Op Amp LF255H 
LF256T Hi Performance JFET Input Op Amp LF256H 
LF257T 'Hi Performance JFET Input Op Amp LF257H 
LF355AT Hi Performance JFET Input Op Amp LF355AH 
LF355T Hi Performance JFET Input Op Amp LF355H 
LF356AT Hi Performance jFET Input Op Amp LF356AH 
LF356T Hi Performance J FET Input Op Amp LF356H 
LF357AT Hi Performance JFET Input Op Amp LF357AH 
LF357T Hi Performance JFET Input Op Amp LF357H 
LM101AF High Performance Amplifier LM101AJ·14 
LM101AT High Performance Amplifier LM101AH 
LM107F General Purpose Op Amp LM107J·14 
LMt07T General Purpose Op Amp LM107H 
LMlOBAF PreCision Op Amp LM108AJ 
LM10BAT Precision Op Amp' LM10BAH 
LM10BF Precision Op Amp LM10BJ 
LM10BT Precision Op Amp LM108H 
LM109DB 5 Volt Regulator LM109H 
LMll1F Voltage Comparator LMlllJ 
LMll1T Voltage Comparator LM111H 
LMl19F Dual Voltage Comparator LMl19J 
LMl19K Dual Voltage Comparator LMl19H 
LM124AF Gen Purpose Single Supply Op Amp LM124AJ 
LM124F Gen Purpose Single Supply Op Amp LM124J 

, LM124N Gen Purpose Single Supply Op Amp LM124N 
LM139AF Quad Voltage Comparator LM139AJ 
LM139F Quad Voltage Comparator LM139J 
LM193AT Low Power Dual Voltage Comparator LM193AH 
LM193T Low Power Dual Voltage Comparator LM193H 
LM201AF High Performance Amplifier LM201AJ·14 
LM201AN High Performance Amplifier LM201AN 
LM201AT High Performance Amplifier LM201H 
LM207F General Purpose Op Amp LM207J·14 
LM207T General Purpose Op Amp LM207H 
LM20BAF General Purpose Op Amp LM20BAJ 
LM20BAT Precision Operational Amp LM20BAH 
LM20BF Precision Operational Amp LM20BJ 
LM20BT PreCision Operational Amp LM20BH 
LM209DB 5 Volt Regulator LM209H 
LM211F Voltage Comparator LM211J 
LM211T Voltage Comparator LM211H 
LM219F Dual Voltage Comparator LM219J 
LM219K Dual Voltage Comparator LM219H 
LM224AF Gen Purpose Single Supply Op Amp LM224AJ 
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Device No. Function 

SIGNETICS (Continued) 

LM224AN Gen Purpose Single Supply Op Amp 
LM224F Gen Purpose Single Supply Op Amp 
LM239AF Quad Voltage Comparator 
LM239F Quad Voltage Comparator 
LM25BT Gen Purpose Single Supply Op Amp 
LM293T Low Power Dual Voltage Comp~rator 
LM301AF High Performance Amplifier 
LM301AN High Performance Amplifier 
LM301AT High Performance Amplifier 
LM307F General Purpose Op Amp 
LM307N General Purpose Op Amp 
LM307T General Purpose Op Amp 
LM30BAF Precision Op Amp 
LM30BAN Precision Op Amp 
LM30BAT Precision Op Amp 
LM30BF Precision Op Amp 
LM30BN Precision Op Amp 
LM30BT Precision Op Amp 
LM309DA 5 Volt Regulator 
LM309DB 5 Volt Regulator 
LM311F Voltage Comparator 
LM311N Voltage Comparator 
LM311N·14 Voltage Comparata:r 
LM311T Voltage Comparator 
LM319F Dual Voltage Comparator 
LM319K Dual Voltage Comparat~H 
LM319N Dual Voltage Comparator 
LM324AF Gen Purpose Single Supply Op Amp 
LM324AN GenPorpose Single Supply Op Amp 
LM324F Gen Purpose Single Supply Op Amp 
LM324N Gen Purpose Single Supply Op Amp 
LM339AF Quad Voltage Comparator 
LM339AN Quad Voltage Comparator 
LM339F Quad Voltage Comparator 
LM339N Quad Voltage Comparator 
LM340XXDA 3·Terminal Positive Voltage Regulator 
LM340XXLL 3·Terminai Positive Voltage Regulator 
LM381AN Dual Low NOise Preamplifier 
LM3B1N Dual Low Noise Preamplifier 
LM3B2N Dual Low Noise Preamplifier 
LM387N Dual Low Noise Preamplifier 
LM393AN Low Power Dual Voltage Comparator 
LM393AT Low Power Dual Voltage Comparator 
LM393N Low Power Dual Voltage Comparator 
LM393T Low Power Dual Voltage Comparator 
LM2901F Quad Voltage Comparator 
LM290lN Quad Voltage Comparator 
LM2903N Low Power Dual Voltage Comparator 
MC1408·7F a·Sit Multiplying D/A Converter 
MC1408:8F 8·8it Multiplying D/A Converter 
MC140B·7N 8·Bit Multiplying DIA Converter 
MC140B·BN 8-Bit Multiplying OiA Converter 
MC1496K Balanced Modulator Demodulator 
MC1496N Balanced Modulator Demodulator 
MC1596K Balanced Modulator Demodulator 
MC3302N Quad Voltage Comparator 
NE555T Timer 
NE555N Timer 
NE556N Dual Timer 
NE556F Dual Timer 
NE565K Phase locked Loop 
NE565N Phase Locked Loop 
NE566N Function Generator 
NE567T Tone Decoder/Phase Locked Loop 
NE567N Tone Decoder/Phase Locked Loop 
SE555T Timer 
SE565K Phase Locked Loop 
SE567T Tone Decoder/Pha"se Locked Loop 
TBA120N FM IF Amp & Demodulator 
TBA120S·2 8·Stage Amp w/Balanced Demodulator 
TBA120S·3 a·Stage Amp ~/Balanced Demodulator 
TBA120S·4 a·Stage Amp w/Balanced Demodulator 
TBA120S·5 8·Stage Amp w/Balanced Demodulator 
TBA120SN 8-Stage w/Balanced Demodulator 
TBA120S·2N a·Stage w/Balanced Demodulator 
TBA120S·3N 8·Stage w/Balanced Demodulator 

National 
Direct 

Replacement 

LM224AN 
LM224J 
LM239AJ 
LM239J 
LM25BH 
LM293H 
LM301AJ·14 
LM301AN 
LM301H 
LM307J·14 
LM307N 
LM307H 
LM30BAJ 
LM30BAN 
LM30BAH 
LM30BJ 
LM30BN 
LM30BH 
LM309K 
LM309H 
LM311J 
LM311N 
LM311N·14 
LM311H 
LM319J 
LM319H 
LM319N 
LM324AJ 
LM324AN 
LM324J 
LM324N 
LM339AJ 
LM339AN 
LM339J 
LM339N 
LM340KXX 
LM340TXX 
LM3B1AN 
LM3B1N 
LM3B2N 
LM3B7N 
LM393AN 
LM393AH 
LM393N 
LM393H 
LM2901J 
LM2901N 
LM2903N 
LM1407J·7 
LM140BJ·B 
LM140BN·7 
LM140BN·B 
LM1496H 
LM1496N 
LM1596H 
LM3302N 
LM555CH 
LM555CN 
LM556CN 
LM556J 
LM565CH 
LM565CN 
LM566CN 
LM567CH 
LM567CN 
LM555H 
LM565H 
LM567H 
TBA120T 
TBA120S II 
TBA120S III 
TBA120S IV 
TBA120S V 
TBA120SQ 
TBA120SQ II 
TBA120SQ III 
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Device No. Function 

SIGNETICS (Continued) 
TBAI20S·4N a-Stage w/Balanced Demodulator 
TBAI205-5N a·Stage w/Balanced Demodulator 
TBA120U FM IF Amp & Demodulator 
TBA120UN FM IF Amp & Demodulator 

TEXAS INSTRUMENTS 

"A70AML OpAmp 
.A709CL OpAmp 
.A709CN OpAmp 
"A709CP Op Amp 
"A709ML OpAmp 
.A710ML Comparator 

, 
.A711CL Dual Comparator 
.A711CN Dual Comparator 
.A711ML Dual Comparator 
.A723CJ Voltage Regulator 
"A723CL Voltage Regulator 
.A723CN Voltage Regulator 
"A723MJ Voltage Regulator 
.A723ML Voltage Regulator 
.A733CL Video Amp 
.A733CN Video Amp 
.A733ML Video Amp 
.A741CJ Compensated Op Amp 
.A741CJ Compensated Op ~mp 
.A741CJG Compensated Op ,Amp, 
.A741CL Compensated Op Amp 
~741CP Compensated Op Amp 
"A741MJ Compensated Op Amp 
.A741MJG Compensated ap Amp 
I,A741ML Compensated Op Amp 
.A74BCJG Op Am·p 

"A748CL Op Amp 
.A748CN OpAmp 
.A748MJ Op Amp 
.A748MJG Op Amp 
"A74BML OpAmp 
.A7BXXCKA Positive Voltage Regulator 
.A78XXCKC Positive Voltage Regulator 
"A78LXXACL Positive Voltage Regulator 
"A7BLXXCLP Positive Voltage Regulator 
"A78MXXCKD POSitive Voltag~ Regulator 
.A79XXCKA Negati\le Voltage Regulator 
.A79XXCKC Negative Voltage Regulator 
"A79MXXCKD· Negative Voltage Regulator 
.A79MXXCLA Negative Voltage Regulator 
~79MXXLA Negative Voltage Regula!or 
LF155AL JFET Input Op Amp 
LF155L JFET Input Op Amp 
LF156AL JFET Input ,Op Amp 
LFI56L JFET Input Op Amp 
LF157AL JFET Inpul Op Amp 
LF157L JFET Input Op Amp 
LF255L JFET Input Op Amp 
LF25SL JFET Input Op Amp 
LF257L JFET Input Op Amp 
LF355AL JFET Input Op Amp 
LF355L JFET Input Op Amp 
LF355P JFET Input Op Amp 
LF35SAL JFET Input Op Amp 
LF356L JFET Input Op Amp 
LF356P 'JFET Input Op Amp 
LM101AJ !mproved Op Amp 
LM101AJG Improved Op Amp 
LM101AL Improved Op Amp 
LM101AU Improved Op Amp 
LM104L Negative Voltage Regu,lator 
LM105L Positive Voltage Regulator 
LM10SL Voltage Comparator 
LM107J Compensated Op Amp 
LM107JG Compensa'ted Op Amp 
LM107L Compensated ap Amp 
LM109LA 5V Regulator 
LMlllJ Voltage Comparator 
LMlllJG Voltage Comparator 
LMlllL Voltage Comparator 
LMI17KA 3·Terminal Adjustable Regulator 

National 
Direct 

Replacement 

TBA120SQ IV 
TBA120SQ V 
TBA120U 
TBA120UQ 

LM709AH 
LM709CH 
LM709CN 
LM709CN·8 
LM709H 
LM710H 
LM711CH 
LM711CN 
LM711H 
LM723CJ 
LM723CH 
LM723CN 
LM723J 
LM723H 
LM733CH 
LM733CN 
LM733H 
LM741CJ·14 
LM741CN·14 
LM741CJ 
LM741CH 
LM741CN 
LM741J·14 
LM741J 
LM741H 
LM748CJ 
IM748CH 
LM74BCN 
LM748J·14 
LM748J 
LM748H 
LM78XXCK 
LM78XXCT 
LM78LXXACZ 
LM78LXXCZ 
LM78MXXCP 
LM79XXCK 

. LM79XXCT 
LM79MXXCP 
LM79MXXCH 
LM79MXXH 
LF155AH 
LF155H 
LF15SAH 
LF15SH , 
LF157AH 
LF157H 
LF255H 
LF25SH 
LF257H 
LF355AH 
LF355H 
LF355N 
LF356AH 
LF356H 
LF35SN 
LM101AJ·14 
LM101AJ 
LM101AH 
LM101AF 
LM104H 
LM105H' 
LM106H 
LM107J·14 
LM107J 
LM107H 
LM109H 
LMlllJ 
LMlllJ·8 
LMlllH 
LMI17K 

National 
Device No. Func,ion Direct 

Replacement 

TEXAS INSTRUMENTS (Continued) 
LMI17LA 3·Terminal Adjustable Regulator LMII7H 
LM118JG High Slew Rate Op Amp LM118J 
LM118L High Slew Rate Cp Amp LM118H 
LM124J Quad Op Amp LM124J 
LM124N Quad Op Amp LM1$24N 
LM139J Quad Comparator LM139J 
LM158L Dual Op Amp ¢LMI58H • 
LM193L Dual Comparator LM193H 
LM201AJ improved Op Amp LM201AJ·14 
LM201AJG Improved Op Amp LM201AJ 
LM201AL Improved Op Amp LM201AH 
LM201AN Improved Op Amp LM201AN 
LM204L Negative Voltage Regulator LM204H 
LM205L Positive Voltage Regulator LM205H 
LM20SL Voltage Comparator LM20SH 
LM207J Compensated Op Amp LM207J·14 
LM207JG Cor:npensated Op Amp LM207J 
LM207L Compensated,Op Amp LM207H 
LM209LA 5V Regulator LM209H 
LM217H 3-Terminal Adjustable Regulator LM217LA 
LM217KA 3·Terminal Adjustable Regulator, LM217K 
LM218JG High Slew Rate Op Amp LM218J·8 
LM218L High SleW Rate Op Amp LM21BH 
LM224J Quad Op Amp LM224J 
LM239J Quad Comparator LM239J 
LM258L Dual Op Amp LM258H 
LM293L Dual Comparator LM293H 
LM301AJ Impro\led Op Amp LM301AJ·14 
LM301AJG Impro\led Op Amp LM301.AJ 
Livl301AL Impro\led ap Amp LM301AH 
LM301AN Impro\led ap Amp LM301AN. 
LM304L Negative Voltage Regulator LM304H 
LM305AL Positive Voltage Regulator LM305AH 
LM305L Positive Voltage Regulator LM305H 
LM306L Voltage Comparator LM30SH 
LM307J Compensated Op Amp LM307J·14 
LM307JG Compensated ap Amp LM307J 
LM307L Compensated Op Amp LM307H 
LM307N Compensated Op Amp LM307N 
LM309LA 5V Regulator LM309H 
LM311J Voltage Comparator LM311J 
LM311JG Voltage Comparator, LM311J·8 
LM311L Voltage Comparator LM311H 

, LM311N, Voltage Comparator LM311N·14 
LM311P Voltage Comparator LM311N 
LM317KA 3·Terminal Adjustable Regulator LM317K 
LM317KC 3-Terminal Adjustable Regulator LM317T 
LM317LA 3·Terminal Adjustable Regulator LM317H 
LM318JG High Slew Rate Op Amp LM31BJ·8 
LM318L High Slew Rate Op Amp LM318H 
LM318P High Slew Rate Op Amp LM318N 
LM324J Quad Op Amp LM324J 
LM324N Quad Op Amp LM324N 
LM339J Quad Comparator LM339J 
LM339N Quad Comparator LM339N 
LM358L Dual Op Amp LM35BH 
LM358P Dual Op Amp LM358N 
LM376P POSiti\le Voltage Regulator LM37SN 
LM393L Dual Comparator LM393H 
LM393P Dual Comparator LM393N 
LM2901N Quad Comparator LM2901N 
LM2902J Quad Op Amp LM2902J 
LM2902N Quad Op Amp LM2902N 
LM2903P Dual Comparator LM2903N 
LM2904P DualOp.Amp LM2904N 
MC1558JG Dual Compensated Op Amp LM1558J 
MCI556L Dual Compensated Op Amp LM15518H 
NE555CJG Timer LM555CJ 
NE555CL Timer LM555CH 
SE555JG Timer LM555J 
SE555L Timer LM555H 
TL081ACL Single Low Cost Bi·Fet Op Amp LF351AH 
TLOB1ACN Single Low Cost Bi·Fet Op Amp LF351AN 
TL081CL Single Low Cost BI·Fet Op Amp LF351H 
TL081CN Single Low Cost Bi·Fet Op Amp LF351N 
TL710CL Comparator LM710CH 
TL710CN Comparator LM710CN 
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_NatiOnal 
Semiconductor 

NSC Signetics Fairchild Motorola 

CJ 14116 Lead 
Glass/Metal DIP 0 I 0 L 

wmw 

~= Glass/Metal F a F F Flat.pack 

'~ 
T, 

IDUID K, 

@ 
TO·99, TO·100, TO·5 H H ,G 

L, 

DB 

CJ 8, 14 and 16·Lead R, 
Low-Temperature J F U 

~ 
Ceramic DIP 0 

~ 
(Steel) 

K KS 

0 
TO·3 

KC DA K K 

(Alumi"um) 

D V, 
8, 14 and 16·Lead T, 
Plastic DIP N A. P 

m P 
B 

·With dual-in-line formed leads. 

··With radiallv formed leads. 

12·11 

TI RCA Silicon 
General 

0 0 

F, 
K F 

S 

'-

s· 
L T 

V1·· 

J 

K 

K K 

P, M, 
E 

N N 

AMD R~vth.on 

0, 
0 

M 

J, 

F F, 

a 

H 
T, 

H 

DC, 

DO 

K 

LK, 

TK 

N, 

ON, 
PC 

DP, 

MP 

s-a. 
c 
en -~ 
"tJ 
m 
n 
~ m 

CC 
CD 

o 
a 
en 
en 
::D 
CD -CD 
ca 
:::s 
n 
CD 

Q 
c c: 
CD 



CD 
"C 
"5 
CJ 

~ c 
! 
CD -CD 
a:: 
en en e 
o 
CD 

~ 
~ 
() 
as 
Q. 

~ 
U; 
:s 

"C c -

\ NSC 

f~ TO·202 P 
(D-40, Durawott) 

,'. 

S" "ifMMMP" ''8 
"SGS" Type S 
Power DIP 

- ...-

~; TO·220 T 

t 
. , 

Low Temperature 
Glass Hermetic W 
Flat Pack 

~ 
TO·92 

~~~ Z 
(Plastic) 

0 

Signetics Fairchild Motorola TI RCA 
Silicon 
General AMD Raytheon 

KD 

/ . 

BP. 

I 

U U KC 

F F W FM 

S W P LP 

-
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~NaHonal- See Physical Dimensions Addendum on page 12-24 for late additions. 

~ Semiconductor 

PINNO.I 
IDENT 

17.5&9) 
MAX 

..,.,.,.+:rr.Mr-:T"T"...,.,,f-r. .... ---L 
0.054 

0.820-0.060 

t===l '.DOS-'.'15 J ~ TID.2DJ-O.38'1 

~r-=::t:=~{D.5D8-1.5241 

D.JOD Q.OSO.tD.01D 1--17• 201-1 11.210'02541 ~ L'~15-'U23 II-­
(0.381-0.584,-1 

0.125 
(i;1s) 

MIN REF 

PIN NO.' 
IDENT 

a.IOO±O.lua 
12.54010.254) 

NS Package D14E 
14-Lead Cavity DIP (D) 

(Side Brazed) 

17.5&91 
MAX 

~r.h~rrT.rrnrirr..r---L 
o.osc 

I r- 0.485 (13721 0.165 

MAX I MAX ~.-11"tT I R m"JFr;;:=r::rTi=rf '.'IO-G.DS' 

~_-.I~I 
0.008-0.015 J 
~ 

'--~..j ~ j L ... 15-G.023.JI-~ 
(1.620) (I.27D±0.2SC) (1.381-0.614) {l.1751 

REf O.IDII±D.U1D MIN 

{2.540t0.2541 

NS Pa!lkage D16C 
16·Lead Cavity DIP (D) 

(Side Brazed) 

1.010 

~--------IZ5'54I----------~1 
MAX 
11 II ,. 13 12 11 , o.ozs 

10.&35) 
RAD 

PlNNO.1 
IDENT 

~~~~~~~~--. "I 
0291 • .211. 

C1.iii1 
MAX 

.~r.n~~~~rnn~---L 

F:l-I:~:~:!I j 
1-·-- I Q.l)50±D.Dl0 I J 
111R~OI--j (1.27D±D.Z54lo.1DOl:D 

(2.548±0,254) 

NS Package D18A 
18-Lead Cavity DIP (D) 

(Side Brazed) 

D.DS4 

(1175) 
MIN 

12·13 

i1.iii1 

Lr.-r-m-mr-17n;n;r-r;-rl;;n;;n; .... .iX 

0.054 .~l ~ i1'ffil11 rltz.3181---j 14.181) 

PI:! '=E~ I ., .. +I:~::=~::I.- ( V Vj 
I-~-:-:-l ~ 1 1 . -11-~ ~125 

REF (2.54D±8.2:SC) --I I-- (0.584-0.3111 13.1151 
TV' MIN 

NS Package D20A 
2O·Lead Cavity DIP (D) 

"'0 

~ 
c=r 
S» -



U) 
c o 
~Ci) 

i 
E 
Q 

0.080 
iU3ii MAX 

0.026:1:0.010 
(1.835;1:0,254) 

IUI64-0,006 

~ 

PIN NO.1 
IDENT 

J I ........... . 
l-iD.iii=i]iij 

flNND.1 
IDENT 

n 
0.53D USO 

ii3.iii) iffi7j 

~rr,~~r.T~rr.~~r.r~~rT.~~MAX Mix 

O.ZOO 
0.&10 i5.iiir 

f(1.270:l:D.2541 

0.081-8.012 
(U03-o.3G5, 

~I' ' ...... 1 •• I T,~ 

J . -+ '-l -..:.I"r ---l~ ~ 
D.070:!:ILOIO Q.'ahO.IIO Ulho.oD2 (3.1151 

l1.nl±D,25C) ~ ~ MIN 

. NS Package D24A 
24-Lead Cavity DIP (D) 

0.010 

MAX 
0.004-0.00& 1,12 .• ", 

(0.102-0.1521 rr-

PINNO.1 
IDENT 

u .. 
( ..... , 

MAX GLASS 

1 
O.DSO:!:D.80S 

(1.271:1:11.1211 

l~iHi~,H,~,it,fifIl!l1IJ,5 
(1.051 II MAX GLASS 

11l.W.~InW~UI-.--1. 

D.J8O-II.9GO 
122.352~22.I'O) 

~ j 
0.020-l'.G40 L(,~""""., -!L~ (Q.3II-IIA831 

NS Package F10A 
10-Lead Flat Package (F) 

NS Package F24A 
24-Lead Flat Package (F) 

~
a""-II~lI 
~ 

8.171-&.195 

r~l 

Pl'.' -. 

G.G15-D.1I93 
(1.105-2.3&2) 

SEATIN. .l...ljf 
ii.iii ..!:!!!... Ya.ll3l1 

MAX (l2.7GO) 

"'AOS ~ ~ MIN 
~OIA " 
(UGS-D.CI3) ---L 

NS Package H02A 
2-Lead T0-46 Metal Can Package (H) 

1 0.350-0.378 r­
(UID-U .. , 01. I '\" to: ~ff-I u" (4.19'-4.9531 INIII (~-:' 

-.-l 
1.5.. t 
112.70) 

MIN 11.115-D.020 0 

t ~0i.~lO:.5GI) IA 

NS Package H03A 
3-Lead T0-39 Metal Can Package (H) 

12-14 

~
'.355_Q.31a 

11.509-9,398) 
. UIA 

:=r::, I ;:':i.~ t 
LW· 0.5G0 D.D4G 

fiVij iU1ii 
MIN MAX 0.016 - a.019 t ii.ii8-D.ii3i DI. 

NS Package H03B 
3-Lead TO-5 Metal Can Package (HI 



0.209-0.219 

r---t~ I f------H- 0.178-0.195 

SEATING ,r--til ~ 
PLANEl I~' H-.c.· 0075-0.095 L -.i (1.905-2.4131 

0.500 o 0 0_. __ 112.70' MI. 

0.012-0.019 --11-- 0040 

~) '11:015) 
MAX 

0.100 
1---f---(Z.5401 

NS Package H03H 

8
~ 

I 15.309-584" 
0.118-0.195 

".521-4.95" H--I 
~T}"'19-"096 SEATlNG__ 12.006-2.438) 

PLANE T USDD 
---MIN o 0 0 i 11'·70" 

01JT6-0D19 It-- -0110-
(0406-0483) ---t, (l.DTG) MAX 

NS Package H04A 

1__ 0,399-0.(1)9 DIA I 110.135-10.389) 

. .-4~ 
0.224~D.234 

(5.690-5.943) 

SEATING PlANE-l--
...!!!!!!... 0016-0.019 "'L __ IT -~OIATVP 

jI L','" 
(2.5401 

I-~ 
(1.210) 

3-Lead T0-46 Metal Can Package (HI 4-Lead T0-46 Metal Can Package (HI 
NS Package H04D 

Thermal Shield for H04A 

(:~::=:~~:, DIA-t------j I------t 0.315-0.335 DlA 

0.165-0.185 
.---4+-------~II~ 

(4.191-4.6991 _-.1 
~. 

n I nn *.::, MAX 

~DIAR (8.509-9.3981 j ~O'A 

OJ"-.J" J.~--J~I I "'D1-~:;:N. 
(4.'!11-4.6991+,,~1 i1 PLANE 

0.500 '-.!!!:!!!.. 
n~::OI (~~!l nn n nn 

g;j
(::!::=:~~:j--i . f--"4' '.305-11.335 I - ~DIA 

0.165-0.185 --- , 
(4.191-4.&99) ~ I ~r.~I--* INSULATOR ~fl..~~··D4' 

(12.70) MAX ~~ ~ ~~ 0.016) 

u U~6LEADS 

NS Package H06C 

~OIA 
(O.406-oA83) 

L. ___ un u UlJ'·,. __ 8 lEADS 

NS Package H08A 

~DIA 
(O,4ll6-0.483) 

MIN MAX 

L-_ .. _ 
--! 1-,::;::=:::::, 

NS Package H08C 
6-Lead TO-5 Metal Can Package (HI 8-Lead TO-5 Metal Can Package (HI 8-Lead TO-5 Metal Can Package (HI 

0.165-0.185 

~ 

OA90 

ffiAsi 
MIN 

. 0.315-0.335 
r------~+(B.OOI-8.500) 

OIA 

d1m11tf· 
I::::'J l 
. MAX ~ ~ nun '.12'-'.16' 

~ ~ «3.041-4.0841 
~ DIA 
10.381-0,483) 
DIA 10 LEADS 

NS Package H10C 
10-Lead TO-5 Metal Can Package (HI 

(Low Profile I 

12-15 

0.350-0.310 

r~-'-J 0.319-D.l29 

I'r-~·lt g --1 
0.165-0.185 

L __ . !~ 
~r-·-f 
(0559-0.131) ~ 

IJIl n n no (12.100-14.Z24J 
____ 1 

0.01&-0.019 J! 
~ r--

.oz;_ •.• J4]-J 
~ 

0.030-0.040 
(0.162-1.016, 

NS Package H10D 
10-Lead TO-5 Metal Can Package (HI 



In 
C 
o 

"iii 
c 
CD 
E 
C 

24 !3 U 21 ZI " " " 11 " .. " 

_L. J _t~, I -I L:O.090 
1 (U8U) 

'02~_11 __ 
i5.DiOi '-1- '-I"" ""-0-

OiD.DI0 DAIOtO.OID (1.524) 

"('2541 (lU4'[01'" 
_U_' __ 
(15.4 

" 
I , , . 

T" 

, • , . , " 11 " 
I 

{usa tD.010 ----1 
(2&.&7D.iO.2541 

1.11010.0111 
(28.194!0.254) 1.t50tO.ol0 

~ 
10.254tO.D51) 

. -+-G.OD5 t 0.025-0.015 

I'~) 
lC~§§§§~~ --1 \'.6"-0.311 

-::1 .... , 0 

0.025 
ro:i3i) RAB 

•. ,.. I 
iW4o)REf-l 

(0.762:!:0.076) ..!!!!!. 
0.030±D.003 (2..159) 

~j 
0.100:1:0.002 
~, 

17.391) 
MAX 

NS Package HY24A 
24-Lead Cavity DIP (J) 

(Hybrid Side Brazed) 

""""";T""T;"rr:-rl--.i.. 

0.025 

iD.ffii 
RAD 

0.180 0.290-0.320 0.160 

TV. 

I 1U10 

r:r:~4) 
:-=~~l...!lilWlll!LJ.!J.J..!..L..l--r GLASS 

'291 

IU", 

~~~~~~~~~~ 

fUM} OUO +0 005 II.ZDU 

'29'-'.32' I-- MAX ·M· """ 
-I I • ..;--'"' i 1" 

W '--l-'--.JL~\\. SEALA.T iOiOi=iJiii 

-l :~::::::, ~ I::.;J j t(:~:::':1 I::~~) 
~:H'''J r~~-f:~ 
I-~--I ~ 

(9.119±0.636) (2..540) 
MAX BOTH ENDS (3.1151 

MI' 

BOTH D.1OD ;to.OIU MIN 
ENDS (2.5401D.2541 

NS Package J08A 
8-Lead Cavity DIP (J) 

0.1&0 GLASS 0.200 1 '.Z&O-U20 tl' SEALA.T IS."" 

I~~~~~ Je;~S~=~~;3;t~ 1 ~~ 
13.115) 

D.100±O.010 MIN 

0.025 

CD.ii5i 
RAD 

--I j"f.;l9"E' I- I1MA.2IOX' j L,:A··:::::,-ll- 0.125 

~ NS Package J16A 
16-Lead Cavity DIP (J) 

GLASS 
SEALANT 

95 '5 0.oa8-O.o12 J 
- IU03-O.305' 

0.315 tlUI25 MAX 0.0&0 ~ (WI ,0.835) ~ BOTH END. i1.ii4j ~ 8.125 
13.115) 
MI' 

0.025 

iD.i3si 
'AD 

NS Package J18A 
18-Lead Cavity DIP (J) 

12-16 

NS Package J14A 
14-Lead Cavity DIP (J) 

17.3911 
MAX 

L".,..,.,...,.."rr.T,..,.,...,..,.,..,..,..,.,.;J--.i.. 

t:::.!!!!..~' 0.310 
(Z~rxll r~:41 

11 11 15 14 13 12 11 ,GLASS 

U91 

i73iii 

~~~~~~~~~~ 



1.zao I .... 
r-~~~~~~~~~~~~~~~ .L~ 

. i~:~4D· 
0.02:5 
ji.ilsj RA. 0.515-0.525 

~r.T~r;,TT~r.r;,n"rc~orToM,"rrr~(13·"'r13~51 

f-- 0.SlID-O.U2D ---1 

H=1i, . 
0.001-0.012 J I ~~25 ~ 

0.615 "".060 0.060-0.100 

f--(17309~.'3,)--l ~ 
. -1.5Z4 

f- ..... '.< .. I 
IZ.540±0.254)-i 

02 .. 

NS Package J24A 
24-Lead Cavity DIP (J} 

1---+11:~:~:'::5) OIA 
0.325-0.352 

11.255-1,941) 1~.!!:1 @ MAX 

;:==:r::::::SEATlNG . 

U::~:~:21 0.031-8.143 PLANE 

--f I- 10 .... - •• 01121 

0.660-0.610 
(18.764-11.811) 

2 MOUNTING HOLES 
O.151-D.161 

(3.835-4.019) 
O.A 

~R 
(12.441-12.1541 

NS Package K02A 
2-Lead TO-3 Metal Can Package (K} 

(Steel} 

0.092 
12.3371 

.. A 
NOM 

NS Package N08A 
8-Lead Molded Mini-DIP (N} 

12-17 

OIAMAX -

0.115 i (20.701 

~+~=:C~~;;~=:I=={:SEATINGPLANE 
~ 0.11' 

(2.9911 
1IA3D MAX 
110.92) 
M •• 

DIA 2 PINS 

I-----+-~~~;:~::) 

0.174 
(U191 RAB MAX 

0.151-8.159 2MOUNTING 
(3.9&%-4.D39' HOLES 

NS Package KC02A 
2-Lead TO-3 Metal Can Package (KC} 

(Aluminum} 

.0.030 
(0.1621 
MAX 

..... 
~I1D.161 MAX:l n"'" D.DIIO G.25D±D.OD5 

12.0321 ::10.1211 

1 2 J 4 

0.040 

/1.&511 _TV' ~30UO.'2". 7~ ... -
~ 13.1151 'J ~U25 (8.ZZI-D'.3811 ~ MIN 

0.325+0·025 I D.D4UD.OI5 J ~1-1L~ (D;,~I 
~ I-- (1.143±11.381)...J L.. (DASh".07'. 

(1255 ::f.:) /::~:I· 
TV. 

NS Package NOSB 
8-Lead Molded Mini-DIP;(N} 



o c o 
"en c 
CD 
E 
is 
"iii 
(J 

"en 
~ 
Q. 

'0.030 

B.OBD 

ml 

NS Package NlOB 
10-Lead Molded DIP (N) 

D.091 

iffili 
DlA NOM 

..... 
("86, 

NOM 

ptN NO.1 IDENT 

NS Package N14A 
14-Lead Molded DIP (N) -

0.065 D.13G:tD.D06 

rE~ __________ -tt-'-=-jf"V' 

NS Package N14C 
14-Lead Molded DIP (N-01) 

(StBggered Leads) 

12-18 

..... 
(0.6011 
MI. 

I 

D.IIIG 
12.548) 
MI. 



0.030 
(0.762) 

0.300-O.3Z0 MAX 0.065 

I~:::H "~ K o.OOD-O.", J 
10.229-0.3811 I 0.015fO.OI5 I- +0.025 11.905,0.3811 0.3ZS_0.o15 

(USS ~~:;:~) 

NS Package N16:(N) 
16-Lead Molded 01 

O.200-,-,--~_ 

~ 

'~'~ 11.6511 _ ~ 

~o 'J O100iD.o.ii ~ "18 !0003 i254ai MIN (0Z29-:.::~1.t0.01S J I- t--l1-~ MIN 15.0101 
TV' 

0.300 

(7.6201 

TV' 

1':90' ".3", :J. I::::, TV' 

, NS Package ~1~fN-01) 
16-Lead Molded ) 

(Staggered Leads 

0.180 

D.DDD-fJ -(!9~~~ 
'(2., .. , "'i1Iii1r.i1Ii1I._, 

NOM 'Ii.. 0250,0.005 
0.092 DIANOM~ '-t'" (6.35'0.121) (2.331) + V -.J. 

PIN NO. I IOENT~~~~':F'F.T=r.nmilr1lr 
, 

0.130 
(0.1621 

uno - o.3Zo MAX ~ 

r:'·' I I ~ 5",,' ~ Jr-J (Ool29-o.3111 

D.03~ 

+0.025 frnZ 1:0~~'OG :10.010 TVP O.32S~.:: ~ 
~.2S5:-D~81) 

N16E ' NS Packagll (N) 
16-Lead Molded DIP 
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en c o 
"0 
c 
CD 
E 
C 
"i 
(.) 

£ 
D.. 

0.300-0.3%0 

11.62.-'.128) 

.... , 
U7) 

DIA NOM 
PIN NO. , IDENT 

0.110 

iii.iiiJ----j 
MAX iii fiiI ffi1 nil I 

~~~II~I~'~"~I~'~"~I~I~' ---r 
0.250tO.005 

ii3i'ii'±i.WI 
1ffi=r.;Fffi''ffi9rr=rn=m=F.f. ~, --.i 

NS Packge N18A 
18-Lead Molded DIP IN) 

..... 
12.3371 

DIA NOM 

PIN NO. 1 !DENT 

1------t2~~7~J'------l 
MAX 

O.13D±D.Oas 

•• 030 
10.762) , 
MAX 

~~--------rr--------'~ 

(1.8115tO.121) 

I •. 1 •• ,0.01. I 
1-(2.54(1t0.2541--1 

•• 002 
i1.iffi 

RA. 

NS Package N20A 
20-Lead Molded DIP IN) 

Z2 " 

1 
D.54DtO.DDS 

~rr9f.r~=F,~~~~9mFF.~~~~~::Jl'.'1271 

NS Package N24A 
24-Lead Molded DIP IN) 
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0.24;1-U.260 
161l96-M!l4J 

11 
B.435 
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The Data 
Bookshelf: Tools 
For The Design 
Engineer 

National Semiconductor's Data 
Bookshelf is a compendium of 
information about a product line 
unmatched in its breadth in the 
industry. The many Data Books 
referenced here represent 
National's entire line of devices, 
devices that span the entire 
spectrum of semiconductor 
processes, and that range· from 
the simplest of discrete 
transistors to microprocessors -
those most-sophisticated 
marvels of modern integrated­
c.ircuit technology. 

Active and passive devices and 
circuits; hybrid and monolithic 
structures; discrete and 
integrated components ... 
Complete electrical and 
mechanical specifications; 
charts, graphs, and tables; test 
circuits and waveforms; design 
and application information ... 
Whatever you need you'll find in 
the designer's ultimate reference 
source - National 
Semiconductor's Data Bookshelf. 

Ordering 
Information 

All orders must be prepaid. 
Domestic orders must be 
accompanied by a check or a 
money order made payable to 
National Semiconductor Corp.; 
orders destined for shipment 
outside of the U.S. must be 
accompanied by U.S. funds. 
Orders will be shipped by 
postage·paid Third Class mail. 
Please allow approximately 6-8 
weeks for domestic delivery, 
longer for delivery outside of the 
U.S. 

~National 

',; 

a Semiconductor 

. ,~ 



"NationaYi Data Bookshelf 
Order Form 

Please send me the volumes of the National Semiconductor DATA BOOKSHELF that I have 
selected below. I have enclosed a check or money order for the total amount of the order, 
made payable to National Semiconductor Corp. 

Name _......,-_____________ Purchase Order # ----' ______ _ 

Street Address _----''--____ ~------------------
City _________ . State/Country _________ Zip ____ _ 

___ copies @ $6.0.0., CMOS Databook .... ' ................. Total $ __ _ 

___ copies @ $7.0.0., Data Acquisition Handbook ........... Total $ __ _ 

___ copies @ $6.0.0., Interface Databook .. : ................ Total $ __ _ 

___ copies @ $16.0.0., Linear Applications Handbook ......... Total $ __ _ 

___ copies @ $9.0.0., Linear Databook ..................... Total $ __ _ 

___ copies @ $7.0.0., Voltage Regulator Handbook .......... Total $ __ _ 

~ __ copies @ $6.0.0., Memory Databook ................... Total $ __ _ 

_ ,.....-_ copies @ $11.0.0., Memory Applications ................. Total $ __ _ 

___ copies @ $3.0.0., Microprocessor Applications in 
Business, Science and Industry ........ Total $ __ _ 

___ copies @ $4.0.0., SC/MP Microprocessor 
":"" .• ' ,. Applications ........................ Total $ __ --'-
" .. $.... dO'::'; 

---'l+/---',':C:~'~Je~1:~ .. ~~.QO, MOS/LSI, Databook " .................. Total $ --..,,-
'!I')\¢QPJe~J:@ .$$:QQ,Discrete:Databook ................... Total $ __ _ 

~_" .. _"., ~~~i~~ ~ :$5.60, Microco;"puter Systems 
Series/8Q Databook .................. Total $ __ ~ 

___ copies @ $6.0.0., Series 80.0.0. Microprocessor 
Family Handbook .................... Total $ __ _ 

___ copies @ $20..0.0., Reliability Handbook ................. Total $ __ _ 

___ copies @ $6.0.0., Special Func'tions Databook ........... Total $ __ _ 

___ copies @ $3.0.0., Pressure Transducer Handbook ........ Total $ __ _ 

Subtotal $ === 

(California residents add 6% Sales Tax~) $ __ _ 

Mall to: National Semiconductor Corp. 
P.O. Box 60876 
Sunnyvale, CA 94088 

Grand Total $ __ _ 

Prices of booklets include postage. Please allow 4-6 weeks for delivery. All orders subject to availability. All prices 
subject to change without notice. 
·San Francisco Bay Area residents add 6'12 % Sales Tax. 




