
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































National Audio, Radio and TV Circuits
Semiconductor | ,
TDAA440 Video IF Ampilifier , s

General Description

orvval

The integrated circuit has the following functions ® Minimum RF breakthrough to video outputs
incorporated: 3 symmetrical IF (broad band) amplifier ®» Fast AGC action — gating largely independent of
with first and second regulated stages, controlled color pulse shape and amplitude

carrier demodulator; video post-amplifier with low pass ® Very low intermodulation products

response and output independent of supply fluctuations;
gated AGC section for the |F amplifier; delayed regulated
output voltage for the tuner pre-stage.

® Minimum differential error

® Positive as well as negative video signal available from
low impedance outputs

Features ® |ntegrated temperature compensating circuit

DC output component adjustable {peak white)

® High gain — high stability
8 Constant input impedance indepedent of AGC . L.
® Poor noise increase due to AGC action Appl'catlons
m Negative video signal hardly affected by suppl{/ m Video |F amplifier for color and monochrome
voltage variations television receivers
Connection and Block Diagrams
Dual-In-Line Package
anEnams U AT
DC FEEDBACK Z-a-w Ls-l)!: FEEDBACK '
anp 3 1:3‘(:7?“}:"1‘?‘{1’2"‘“6"-'15“ 7 Dual-In-Line Package, Order Number TDA440
vmr;iggl;mgg_‘_ -'—J-vu; See NS Package N16A
, AncTuunn:sz's' 2 vineo oureuT PusiTive Quad-In-Line Package, Order Number TDA440Q
DELA:",;“,',E,‘"TQSEL I viogo outeur NeGATIVE See NS Package N»16C
GATING PULSEJ— i'WHITE LEVEL ADJUST
PARALLEL;:HIED':'I’I;TB . 9_;:;“'\:"1151. CIRCUIT

TOP VIEW

VIDEO QUTPUTS

D ———t—————)
POSITIVE NEGATIVE
Ry .

IMPEDANCE
JRANSFORMERS,

MULTIPLIER AMP

t
LIMITING 38.9 MHz
AMP 8

—C .

PULSE RATIO
AMP

TEMPERATURE
COMPENSATION

GATING PULSE




TDA440

Absolute Maximum Ratings

Vs, Supply Voltage Range (Pin 13) 10 to 15V VEXT. External Voltage (Pin 4) 3.2v
IS, Supply Current of Low Voltage Stabilizer (Pin 14) 50 mA Power Dissipation N
VQ, Open Loop Voltage (Pin 5) 15V PTOT. TA < 55°C 700 mW
Video DC Output Current - TJ, Junction Temperature 125°C
1Q, Positive (Pin 12) 5mA TA. Ambient Temperature Range ~25°C to +70°C
lq, Positive (Pin 12) 30mA tSTG, Storage Temperature Range ~25°C to +125°C
Q. Negative {Pin 11) 5mA 3 . N
1. Negative (Pin 11) 30 mA Thermal Resistance
Vw. White Level Control (Ry) (Pin 10Q) —11t0+3V RthJA, Junction Ambient 100°C/W Max
Electrical Characteristics Vg = 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 \
Is Supply Current Pin 13 . 15 19 25 mA
Vs Supply Voltage Pin14,1g=40mA 5.5 5.8 6.4 \
Va Negative Video DC Output Pin 11 5.5 \
Voltage .
vVa With White Level Adjustable Pins 10 and 11, Ry =< 4.8 v
RW=0 6.5 v
Va Peak Black Clamping Level for Pin 11 1.75 1.9 2.15 \2
Negative Video DC Output
Voltage
o Output DC Current
Reference Point Pins 11 and 13 ! 3.2 mA
va Positive Video DC Output Pn12 ) ) 5.6 v
Voltage
[[e) Available Tuner Control Current Pin 5 3 4.5 mA
10 dB after Onset of Tuner
Control Action (Note 1)
Vi ‘Negative Gating Pulse Pin7 1.5 3 5 Vss
—vq Composite Video Output, Level Pin 11 )
VQ=5.5V 33 Vss
vqa = 6.4V 4.2 Vss
AA(IF) AGC Range 50 56 dB
BVIDEO Video Bandwidth AvyIDEQ = —3dB 8 10 MHz
Avy|DEQ Video Frequency Response Change AA(jF)=50dB, Bv|DE(j =0-5MHz 1.0 2.0 dB
vj Symmetrical Input Voltage Pins 1-16, —vq= 3.3 Vgg (Pin 11) 100 150 220 nv
Maximum |F Voltage Level Pins 11 and 12
Present at Video Outputs Over f=38.9 MHz 30 mV
the Full AGC Range f=77.8 MHz (2. Harm) 50 mV
Sound IF Voltage Level Present Pin 12, f = 5.5 MHz, BT/TT=30dB "30 mV
at Video Outputs with Selective
Circuit
d Differential Gain of Negative 15 %
Comp. Video Output Signal, for
Full Black to White Swing
am Suppression of Sound Carrier/ 40 dB
Color Subcarrier IP {1.07 MHz)
with Respect to Color Subcarrier
Level
Picture Carrier 0 dB
IF Color Subcarrier Level -6 dB
IF Sound Carrier Level —24 dB
Input Impedance
Reference Point Pin 16
R A(IF) Max Pin 1 1.4 (393
Si 2 pF
Ri A(IF) Min Pin 1 1.4 k2
Ci 1.9 pF

Note 1: On request > 7 mA

»
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Application Note for Reference Circuit to Improve
Audio Interference and Cross Color Characteristics

612-0L
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TDA440

Test Circuit .

VIDEOD OUTPUTS

Vi Vs o — .
T} L X POSITIVE NEGATIVE
’ 4.1nF . LzsyF lUnFL
330F . I | Ry WHITE LEVEL
_,l I 25k
—1-¢ '
16 15 14 13 12 " 10 |9
1 .
— -
] 3.30F TDA440 22pF 38.9 MHz
' .
11
\,
1 J 2 3 4 5 5 7 Ia
p p TUNER -—-
CONTROL
: 474F 62 '=_=’ S14F >25k T 80F D >20k
) . RS |
L 4 VV
TUNER 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

l Rs . C = Parasitic capacitance at pins
T 1 I 8 and 9 should be kept minimum
L] I Cg = 6—10 pF -- series capacitance

fo = 38.9—(1.8-2.75) MHz—series

4 ;
:T :c Izn WM -” pF,I'\JB.!I MHz resonance frequency

Rg = 1.8—3.3 k2 — series resonance
l damping determine the tuning
characteristics

T i.e.,, Rg = 2.4 kQ tuning range, f = 3 MHz
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National Audio, Radio and TV Circuits
Semiconductor

TDA2522 Color Demodulation Combination

General Description

geseval

The TDA2522 s an integrated synchronous demodulator ®  ACC detector and amplifier
combination for color television receivers incorporating m A color killer
the following features. ® Two synchronous demodulators for the (B- Y) and
{R-Y) signals
Features .
® Temperature compensated emitter follower outputs .
® 8.8 MHz oscillator followed by a divider giving two m PAL switch and PAL flip-flop with internal identifi-
4.4 MHz signals used as reference signals cation
® Keyed burst phase comparison for optimum noise ® [ntegrated capacitors in the symmetncal demodu-
behavior . lators reduce unwanted carrier-signals at the outputs
Connectlon Diagram
Dual-In-Line Package
e R
G-Y QUTPUT L E- SANDCASTLE PULSE
. .
A=Y oureut - - ACC CAPACITOR (2 Dual-in-Line Package, Order Number TDA2522
ND = 113 accor See NS Package N16A i
8- CHROMA 1P — 2 ncc capaciTon ) Quad-In-Line Package, Order Number TDA2522Q ' '
R-Y CHROMA 1/P =] 1L suppLy See NS Package N16C
0sc LooP FILTER’L' -I-n-l'lsc an(‘
0SC LOOP FILTER —84 —g—ﬂSC FDBK
TOP VIEW

Block Diagram

1
: — [ —
INPUT (B-Y) - (B-Y) (B-Y)
> DEMODULATOR
[} BLANKING
INPUT (R-Y) ry l
- . .
(6-)
v
= l (R-Y)
1 FUPFLOP $| DEMODULATOR 3
BLANKING > £ >
BURST GATING AND L (R-Y)
BLANKING PULSE \ L4
A 1DENT
CURRENT J * p
" samenc Y Y Y
: DETECTOR/ PAL 4 Vg (B-Y)
< ACC AMPLIFIER SWITCH
* I 2z KILLER & 'y TDA2522
I I VREF(R-Y)
J <
- YV Y i +
. oc — -
N KILLER PHASE DETECTOR/ [~ OSCILLATOR %:“M:;;ZEI
DETECTOR BURST GATE > (8.8 MH2) > o HAS
v ’ ’
16 12 718 |10 3 O "
COLOR KILLER

SWITCH ON
DELAY

= Y-
=
N S
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TDA2522

Absolute Maximum Ratings

V11—4, Supply Voltage .
PTOT, Total Power Dissipation (Note 3) 600 mW
TSTG. Storage Temperature

TA. Operating Ambient Temperature

14V

—~20°C to +126°C
—20°C to +60°C

Electrical Characteristics vi1-4=12v,Ta=25%

UNITS

PARAMETER MIN TYP MAX
Supply Current 40 mA
Demodulator Section
Ratio of Demodulator Signals
B-Y/R-Y, .Yl__“ 1.78
V3-4
V2-4 .
G-Y/R-Y,m . (Note 1) 0.?5
G-Y/R-Y, \\%—E:— (Note 2) 0.17
Color Difference Output Signals, Peak-to-Peak
Values
R-Y,V3—4 (p-p) 2.40 Y
G-Y,V2-4 (p-p) 1.35 \
B-Y, Vi—4 (p-p) 3.00 \
' Impedance of Color Difference Signal Outputs ‘
123—-4| 250 Q
122—-4| 250 Q
1Z21-4] 250 Q
H/2 Ripple at R-Y Output (Peak-to-Peak Value) 10 mV
V15-4 Burst Keying Pulse (Positive-Going) 1.5 \%
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 Deg.
for 400 Hz Deviation of Crystal Frequency
_ Holding Range with Typical Crysial +500 Hz
V13-4 ACC Reference Voltage ' 7 V-
ACC Voltage with 0.5V Peak-to-Peak Burst
Vi4-4 " At Correct Phase 65 v
V14-4 With Zero Burst 7.0 \%
Vi2—4 ACC Amplifier OQutput with 0.5V Peak-to-Peak 156 \Y
Burst of Correct Phase
RG-F Oscillator Input Resistance 270° Q
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) chrominance 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 150°C maximum junction temperature and a
thermal resistance of 175°C/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

IESeval ‘0eseval

The TDA2530, TDA2531 are integrated R-G-B matrix. This integrated circuit has been designed to' be driven
preamplifiers for -color television receivers, incorpor- from the TDA2522 synchronous demodulator and
ating a matrix preamplifier for R-G-B cathode drive oscillator integrated circuit.

of the picture tube with clampingcircuits. The TDA2531
has an emitter drive circuit while the TDA2530 has a

base driver amplifier. Also, each channel follows an The device is also available in a zig-zag quad-in-line
identical layout to ensure equal frequency behavior of package, this version being denoted by the suffix Q,
the 3 channels. i.e., TDA2530Q. )

Connection Diagram

Dual-In-Line Package

LUMA SIGNAL I/P L U le— GND

—{(R-Y) INPUT 4 i RED SIGNAL FEEDBACK

RED DRIVE ADJUST-—:’-\ 13 RED 0/P
—(G-Y) INPUT —4-1 . -l?- GREEN SIGNAL FEEDBACK
GREEN DRIVE ADJUST = 12 GREEN 0/P
—(8-Y) INPUT £ L BLUE SIGNAL FEEDBACK
BLUE DRIVE ADJUST A '-'-n- BLUE O/P
CLAMP PULSE I/P . T SUPPLY
TOP VIEW

Dual-ln-Lins ‘Package, Order Nur;-ber TDA2530 or TDA2531
See NS Package N16A

Quad-In-Line Package, Order Number TDA25300Q or TDA2531Q
See NS Package N16C

Reference Data

Supply Voltage (Nominal) “1av

Operating Ambient Temperature Range -25°C to +60°C
Gain.of Luminance and Color-Difference 100
Channels (Typical)

10-223



TDA2530, TDA2531

Absolute Maximum Ratings

Supply Voltage (V8—6 Maximum) 13.2v
Storage Temperature, TSTG ~25°C to +125°C

Operating Ambient Temperature, TA

© —25°C to +60°C

Electrical Characteristics vs—6-12v,vi-16=15v,Ta=25°C

PARAMETER CONDITIONS MIN .TYP MAX UNITS
Gain of Color Channels (B-Y; G-Y; R-Y) G2-16 100
at f=0.5MHz (Note 1) G4-16 100
G6—-16 100
Ratio of Gain of Luminance Amplifier to 0.9 1.1
Color Amplifiers
Input Resistance of Color Difference R2-6 ‘ 100 k2
Amplifiers at f= 1 kHz R3-6 100 k2
R4-6 100 k2
Input Resistance of Luminance Amplifier R5—-6 100 k2
atf=1kHz :

Note 1: G is defined as the voltage ratio between the input signals at the pins 2, 4 and 6 and the output signals at the collectors of the output trans-

istors. :

Pin Function Description

1. Luminance signal input. A 1V 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-Y) 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 k§2,
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-Y) input signal (see pin 2).

5. Green drive adjustment (see pin 3).

6. —(B-Y) input signal (see pin 2).

7. Blue drive adjustment (see pin 3).

8. 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 sighal 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 circuits. 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 earth provide a potential of 6V during blanking.

12. Green signal output (see pin 10).
13. Green signal feedback (see pin 11).
14. Red siﬁnal output (see pin 10).

15. Red signal feedback (see pin 11).

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

I£Seval ‘oeseval

160V
[o]
'
12v
2 . O BLUE
E_‘——| v o,
<
BLUE CIRCUIT | o
12 »|(as For creem [€
5.6k

vin h "

BFA23

8
R-YIN
G-YIN 18
B-YIN| TDA2530
13

4] nf

- B A o O GREEN

I
P__
N
P_
N
F
L L=EL
3 w S
-]
ow
2 %
=
]
g
-l|—|:n—<~|:—
N
13
-||—|:

BF422

RGB GAIN
PRESETS

l
]

RED CIRCUIT
| (AS FOR GREEN) W -O RED

. —L 82X79

22nF CIVS

250V
T “

BLUE OUTPUT | 1.5k
I CIRCUIT -
{AS FOR GREEN)| E—O BLUE
12k
Vin i 1
A-YIN s
—2
G-YIN|,

l 1
I T LT
o aul | M © 1.5
! 1‘ T : 1o oneen
7 1 .
i~
A2522
12v
3w 20
310 |
noa cain Ll A REDOUTRUT g = =
PRESETS P (AS FOR GREEN) RED
15k

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 shogld 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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TDA2560

National
Semiconductor

Audio, Radio and TV Circuits

TDA2560 Luminance and Chrominahce Control

Combination

General Description

The TDA2560 is a monolithic integrated circuit for use L]
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

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

Connection Diagram

DuaIOIn-Li‘ne Package

CHROMA /P (1) =
CHROMA I/P (2) =2+
ACC /P =
CHROMA SAT CONTROL —
GND —

6
CHROMA/BURST 0/P —
SANDCASTLE PULSE —m

8
SUPPLY =1

|\

15 0 CONTRAST CONTROL
15, Luma /P (+VE SYNC)
L Luma e

'3 | uMA GAIN SET

- H2 siack LevEL cLame
L. BRIGHTNESS CONTROL
1%, | uma o/ (—VE SYNE)

L9 FLYBACK BLANK

TOP VIEW

Dual-In-Line Package, Order Number TDA2560
See NS Package N16A

Quad-In-Line Package, Order Number TDA2560Q
See NS Package N16C
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Absolute Maximum Ratmgs

V8-5, Supply Voltage ‘ 14V

TSTG. Storage Temperature —55°C to +125°C

TA, Operating Ambient Temperature —25°C to +70°C

- Electrical Characteristics
PARAMETER . MIN TYP MAX UNITS

V8-5 Supply Voltage Range ‘9 12 14 \
g Supply Current 46 mA
V8-5 (p-p) Allowable Hum on Supply Line (Peak-to-Peak Value) 100 mA

The following data are measured at V8 = 12V, TA = 25°C

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

1Z] Input Impedance 75 Q
Gain (Pin D), (Note 1)

V6-5 Burst Signal (Peak-to-Peak Value) 6 \Y
Contrast Control Range 20 dB
AVAR| Brightness Control Range (Black Level) 1 3 \
Black Level Stability When Changing Contrast, 20 mV
Video Contants and Temperature
B . Bandwidth (-3 dB) 5 MHz
V15-5 Output Voltage (Additional; Positive-Going Sync) 34 . A
Peak-to-Peak Value
S VI-5 Black Level Clamp Pulse (Note 2) 6 v
Blanking Pulse (Note 3)
V9 At 0V at the Output . 2 \%
A} At 1.5V at the Output 5 \
Chrominance Amplifier .
V1-2 (p-p) Input Signal Range (Peak-to-Peak Value) 4 80 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) 15 v
S/N 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 k2 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 6V level. The input pulse must 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 5V level, a fixed level of about 1.5V 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: Nominal 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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TDA2560

'Block Diagram

BLANKING
TO SYNC SEPARATOR + PULSE
TDAZ590 :
™ R l \
: GAIN BRIGHTNESS
SETTING I
+
. : -T-
8 5 15 13 3 2 _In
LUMINANCE
DELAY LINE Ry LUMINANCE _BLANKING- 0L
- {1} '}:H‘:“L,,'":f > CONTROL ¢ BLACK LEVEL oUTPUT
I ——{  CLAMPING
\ .
1 L .
"] controLten " CONTRAST SATURATION GATED §__ CHROMINANCE OUTPUT
2 AMPLIFIER CONTROL CONTROL AMPLIFIER TO DELAY LINE
CHROMINANCE > )
INPUT + {
7S —e
1L
TDA2560
. GATING PULSE
. ACC AMPLIFIER 4 “sepARATOR
I -, A 4
3 16 4 7
ACC g aM CURRENT ‘
INFORMATION ——p| | conTRAST L—p| | saTuraTiON
FROM EHT
GATING AND
CLAMPING PULSE
. . .
Application Information
LUMINANCE .
INPUT SIGNAL
LUMINANCE
12v ace ouTPUT
Rg
BLACK LEVEL
- CLAMP PULSE AND
BURST GATE PULSE
14 13 3 10 1
1
o - , \ BLANKING PULSE
v
i3 ﬁ TDAZ560 s
i L2 [ CHROMINANCE AND
> BURST SIGNAL
;;. [EI 16 4 12 1 15
v 12v v é I
—9 ‘—JI b /l‘-Vlll/
© TOSYNC
SEPARATOR
} o 1 A I )
- CONTRAST  SATURATION BRIGHTNESS
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National \ Audio, Radio and TV Circuits
Semiconductor

06s2val

TDA2590 Line Oscillator Combination

General Description Connection Diagram

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

Dual-In-Line Package

Features
. . . suppLy L (Y [ cno
® Line oscillator based on the threshold switching ) .
rinciple 4 =
P P i . N 14 | OSCILLATOR
® Phase comparison between sync pulse and oscillator LINE TRIGGER — LN
voltage 4 : 13
g ) ) PULSE Dug‘l:l',f;g:_ r—— PHASE COMPARISON (2}
® Phase comparison between line flyback pulse and PHASE COMPARISON (1) =4 112 11ue consTant switen
oscillator voltage ) 5 n
i 5 . N LINE FLYBACK— |— ver swite
= Switch for changing the filter characteristic and the , 0
gate circuit (When Used fOI’ VCR) BURST GAYE/BLA"KI"GT :‘NOISESEFARA\'DR
o . VERTICAL SYNC £
® Coincidence detector PULSE ] ViDEQ P
® Sync separator
m Noise separator TOP VIEW
[] i . :
Vertical sync sep.arator ) N Dual-In-Line Package, Order Number TDA2590
® Color burst keying and line flyback blanking pulse See NS Package N16A
generator )
= Phase shifter for the output pulse Quad-In-Line ;:ik:gi,zf:; e”;.rgé" TDA25900

Output pulse duration switching
® Qutput stage for direct drive of thyristor defiection
circuits

Reference Data

PARAMETERS ) : MIN TYP MAX UNITS
V1-16 Supply Voltage 12 \Y
4 . Supply Current 30 mA
Input Signals
V9-16 (p-p) Sync Separator Input Voltage (Peak-to-Peak Value) - 3 v
V10-16 (p-p) Noise Separator Input Voltage (Peak-to-Peak'VaIue) . 3 \"
Pulse Duration Switch Input Voltage ,
V4-16 t=6us . 8.2 13.2 \Y%
V4-16 t=24pus+td 0 ’ 4.0 \
V11-16 Voltage for Switching on VCR 9 12 \Y
' 0 15 v
Output Signals .
V8-16 (p-p) Vertical Sync Output Pulse (Peak-to-Peak Value)’ 1 Vv
V7-16 (p-p) Burst Gating Output Pulse (Peak-to-Peak Value) ' -1 \%
V3-16 (p-p) Line Trigger Pulse (Peak-to-Peak Value) - 10.5 \Y
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Absolute Maximum Ratings

Voltages
V1-16, Supply Voltage at Pin 1 (When Supplled 13.2vV |4, Pin 4 Current 1mA
by the IC) +lg, Pin 6 Current 10 mA
V2-16, Supply Voltage at Pin 2 18v 17, Pin 7 Current 10 mA
V4-16, Pin 4 Voltage 0to 13.2V t11, Pin 11 Current 2mA
V9-16, Pin 9 Voltage - —6 to +6V Power Dissipation
V10—16, Pin 10 Voltage . —6.to+6V ProT, Total Power Dissipation (Note 6) 715 mW
V11-16, Pin 11 Voltage 010 13.2V Temperatures .
Currents TSTG. Storage Temperature ~20°C to +125°C
12M. Pin 2 Current (Peak Value) 400 mA TA. Operating Ambient Temperature -20°C to +60°C
13M. Pin 3 Current (Peak Value) 400 mA
Electrical Characteristics vi-16=12v;Ta=25°C
PARAMETER MIN - TYP ] MAX UNITS
REQUIRED INPUT SIGNALS
Synp Separator
V9-16 Input Switching Voltage - 08 \
Ig Input Switching Current 5 100 UA
g Input Blocking Current at V9—-16 = -5V <1 uA
Noise Separator '
V10-16 Input Keying Voltage 1.0 \Y)
V1016 Input Switching Voltage 14 . \Y%
110 Input Keying Current 5 . -~ 100 HA
I10 Input Syvitching Current . 150 uA
110 Input Blocking Current at V10—16 = -5V <1 uA
Line Flyback Pulse
I Input Current >10 uA
V6-—16 Input Switching Voltage 0.8 \%
V6-16 " Input Limiting Voltage -0.7 1.4 \%
R6—16 Input Resistance 04 k2
Pulse Duration Switch
Fort=6us )
V4-16 Input Voltage 8.2 13.2 v
14 Input Current >200 MA
Fort =24 us +1tg
V4-16 Input Voltage 0 4.0 v’
—14 tnput Current >200 HA
For t= 0 V4-16=0
V4-16 |nput Voltage, (Note 1) 6.0 \%
lq Input Current (Input Open) 0 pA
Switching on VCR ’
V1i1-16 Input Voltage, (Note 2) o] ! . 1.5 \Y
V1i- 16. : 9 . . 13.2 \Y
—l11 Input Current, (Note 2) >200 HA
111 1 2 mA
DELIVERED OUTPUT SIGNALS
‘Vertical Sync Pulse (Posmve Gomg)
V8-16 (p-p)  Output Voltage (Peak-to-Peak Value) 10 11 \
R8 QOutput Resistance ‘ ’ 5 kQ
Burst Gating Pulse (Positive-Going) ‘
V7-16 Output Voltage (Peak-to-Peak Value) 0 | N v
R7 dutput Resistance 0.4 kS
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Electrical Characteristics (continued)

PARAMETER [ | Tve MAX UNITS

DELIVERED OUTPUT SIGNALS (CONTINUED)

-
O
X
@
o

Blanking Pulse

V7-16 (p-p) ’ Qutput Voltage (Peak-to-Peak Value) 3.0 Vv
R7 Output Resistance . 0.4 k2
Line Trigger Pulse (Positive-Going) ) .
V3-16 (p-p)  Output Voltage (Peak-to-Peak Value) ) 10.5 Y
13(AV) Output Current (Average Value), (Note 3) 100 mA
R3-16 Output Resistance for Leading Edge of Line Pulse 25 19
R3-16 Output Resistance for Trailing Edge of Line Pulse: 20 Q
Oscillator
V14-16 Threshold Voltage Low Level . 4.4 \%
V14—-16 Threshold Voltage High Level 7.6 \
*114 Discharge Current . 0.47 mA
V15—-16 Current Source Supply Voltage 6.0 . \%
—l15 Current Source Supply Current 0.5 mA
Phase Comparison (¢1; Sync Pulse-Oscillator)
V13-16 Control Voltage Range 3.8 8.2 \Y
*l13m Control Current (Peak Value) 1.9 2.1 23 mA
113 Output Blocking Current.
AtV13-16 = 4-8V 1 HA

Output Resistance
At V13—16 = 4—8V, High Ohmic (Note 4)
At V13-16 < 3.8V or > 8.2V, Low Ohmic,

(Note 5)
Time Constant Switch
V12-16 Output Voltage 6 ' \
12 Output Current 1 mA
C Output Resistance
R12-16 AtV11-16=251to 7V 0.1 kS
R12-16 AtV11-16 < 1.5V or > 9V - 60 k2.
Coincidence Detector (¢3) . '
V11-16 Output Voltage 0.5 6 \"
Output Current (Peak Value)
EETY Without Coincidence 0.1 mA
-111Mm ~ With Coincidence : 0.5 mA

Phase Comparison (¢2; Oscillator-Line
Flyback Pulse)
V5-16 Control Voltage Range 5.4 7.6 \
tlg Control Current (Peak Value) ' 1 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 8 . k2
Input Current at Blocked Phase Detector
I5 V6-16=6.5V . 5 MA

Note 1: Can also be not connected.

Note 2: When supplied by the IC.

Note 3: Higher values are allowed when reducing Piot-
Note 4: Current source.

Note 5: Emitter follower.

Note 6: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a
thermal resistance of 176°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 \"
g Input Keying Control ‘ ) 100 uA
. Noise Signal Keying } )
V10-16 (p-p) Input Voltage (Without Video; Peak-to-Peak Value) 1 3 7 A"
110 Input Keying Current 100 MA
Vn(p-p) Superimposed Noise Voltage (Peak-to-Peak Value) 7 \
Vertical Sync Pulse Sgparator )
tON Delay Between Leading Edge of Input and Output - 12 us
Signal
tOFF Delay Between Trailing Edge‘of Input and Output tON us
Signal
. V8-16 (p-p) Output Voltage (Peak-to-Peak Value) 11 v
R8-16 Output Resistance 5 k2
Oscillator
fo Frequency; Free Running (C14—6 = 4.7 nF, 15.625 kHz
R15-16=12kQ)
Afo/fo Spread of Frequency, (Note 1) ' <t5 %
Afo/Alys Frequency Control Sensitivity 31 Hz/uA
Afol/to Adjustment Range of Network in Figure 1 £10 %
Afp/fo Influence of Supply Voltage on Frequency at 5 %
AV/VTYP V1-16 = 12V, (Note 1)
Afg Change of Frequency when V1-—16 Drops to 4V 10 %
Phase Comparison (¢1; Sync Pulse-Oscillator)
Control Sensitivity 2 KkHz/us
Spread of Control Sensitivity, (Note 1) +10 %
Af Catching and Holding Range (82 kS2) +780 Hz
Af/f Spread of Catching and Holding Range, (Note 1) +10 %
Phase Comparison (¢2; Oscillator-Line Flyback Pulse)
td Permissible Delay Between Leading Edge of Outpuf 15 us
Pulse and Leading Edge of Flyback Pulse
At/Aty Static Control Error <0.2 %
. Overall Phase Relation
t Phase Relation Between Middle of Sync Pulse and 2.6 us
the Middle of the Flyback Pulse
At Tolerance of Phase Relation v 0.7 us
Adjustment Sensitivity, Caused By: (Note 2) .
© AVB-16/At Adjustment Voltage 0.1 Vius
Alg/At Adjustment Current 30 uA/us
Spread of Adjustment Current, (Note 1) <10 %
Burst Gating Pulse ] . .
t Phase Relation Between Middle of Sync Pulse at 5.8 6.75 ) 1.7 us
the Input and the Trailing Edge of the Burst »
Gating Pulse; V7—-16 = 7V
t7 Burst Gating Pulse Duration 5 us
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Applications Information (continued)

PARAMETER ) MIN TYP MAX UNITS

" Line Trigger Pulse

-
O
>
N
(o))
(Lo}
o

Output Pulse Duration

tp At V4-—-16 > 8.2V 45 6 7.5 us
tp At V4-16 <4V 24+ty . us
V1-16 , Supply Voltage for Switching Off the Output Pulse 4 . \%
Internal Gating Pulse
tp Pulse Duration 7.5 s
t . Time Between Leading Edge of the Gating Pulse >2.75 us
and the Middle of the Sync Pulse - . 3.75 ' us
t . Time Between Trailing Edge of the Gating Pulse . >2.75 us
and the Middle of the Sync Pulse 3.75 us

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
$2. The values beyond this point count if additional adjustment is required.

. o
’ PULSE DURATION (PIN 1)
G‘;& o
[
TO LINE
I DEFLECTION
VERTICAL SYNC BURST GATING AND LINE FLYBACK
PULSE BLANKING PULSE PULSE Apus+yy
"y ——— 1 1MV - e
1 wsOR |
I‘__ 3v—~:'JlL . 1| - l“x=zam+m
OV — . oV —
' I : - @—+ 12V
_[_- ;7 12(15) 10 (100)
47k
0.22 uF
8 7 [} 5 [ 3 2 1

TDA2590

12 |3 Im 15 |16
VIDEO INPUT ——
: 47 oF
(2%) §
1.5k +
] | SRew
. 82k 120k
4 12k FREQUENCY
100pF ' (2%)
. — 10 0F .
: 047 uF )
\ ;; 177
. : 1.2k
[——p
Ve 1 3.3k
(ORTO 12V) D1uE
0.68 uF
FIGURE 1
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vez-0L

@
+ [}
(2]
PULSE DURATION =
VERTICAL s
SYNC BURST GATING AND LINE FLYBACK w TO LINE o
PULSE BLANKING PULSE PULSE W DEFLECTION R 5
N\ [ ] 1 Q
j— o
8 7 5 5 : a2y ) 3 2 |1o 1
-~ N l .
VERTICAL BURST GATING/ - . LINE TRIGGER Low SupPLY
SYNC LINE BLANKING PHASE DETECTOR PHASE SHIFTER PULSE DURATION PULSE - VOLTAGE
ouTPUT @ switcH OUTPUT STAGE . PROTECTION
i T i i
VERTICAL TRIGGER PULSE
SYNG TDA2580 SENERATOR.
SEPARATOR [ . . -
s-v
v
GATE GATE MODE GATE SYNC GATING
-v) SWITCH (5-v-6) PULSE GENERATOR -
3 h
ks . 1 I G
i ‘ 4 ‘ -
. COINCIDENCE
SYNCSEPARATOR/ o NOISE TIME CONSTANT PHASE DETECTOR VOLTAGE
NoiSE GATE [ ¢ SEPARATOR "“g“‘" > SWITCH P UMITER p—{  osciLLATOR
[ r ‘
I3
0 0 1" 12 1 ; e 15
VIDEO INPUT g 11 ) ,__.{:__{ | — s
. ) 1R} -
A4 ==
—r- VCR FRE- L
QUENCY
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National
Semiconductor

Transistor/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. Extrin-
sic emitter and base resistances are much lower than
presently available pairs, either monolithic or discrete,
giving extremely low noise and theoretical operation over
a wide current range. Most parameters are guaranteed

- over a current range of TuA to t mA and OV up to 40V
collector-base voltage, ensuring superior performance
in nearly all applications.

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

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

The LM194 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 50uV

Offset voltage drift less than 0.1uV/°C

Current gain (hrg) matched to 2%

Common-mode rejection ratio greater than 120 dB

Parameters guaranteed over TuA to 1 mA collector

current

Extremely low noise

® Superior logging characteristics compared to conven-
tional pairs :

® Plug-in replacement for presently available devices

Typical Applications

Low Cost Accurate Square Root Circuit
lout =107 V0 Vi

1%

NpyT 150K
0L Vi 2+10V

e
/
\

\N=
. \ A
1/2 LM393 100k~ — = = — — C—— 1/2LM3%4
1% 12k
5%
~15V Js_

REGULATED =

Low Cost Accurate Squaring Circuit
louT = 10-6 vin)2

INPUT
0V <HI0V

 100k* !
S1% 1004 1s.

LM392

150k
1%

-15V
REGULATED

*Trim for full scale accuracy

-
=
P
©
&
=
=
)
©
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LM194/LM394

Absolute Maximum Ratings

Collector Current

Collector-Emitter Voltage

Collector-Emitter Voltage
LmM384C

Collector-Base Voltage
LMm394C

Collector-Substrate Voltage
LM394C

20mA
VMAX

40V
20V
40V
20v
40V
20V

Collector-Collector Voltage
LM394C

Base-Emitter Current

Power Dissipation

Junction Temperature
Lm194 .
LM394/:M394B/L.M394C

Storage Temperature Range

40v
20V
+10 mA

. 500 mW

-65°C to +125°C
~25°C to +85°C
-65°C to +150°C

- Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (1, - 25°c)
. LM194 LM394 - LM394B/L.M394C
PARAMETER CONDITIONS 1 UNITS
. MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX
Current Gain (heg) Veg =0V to Viax (Note 1) ‘
o fc=1mA : 500 700 300 700 225 .500 '
ic = 100uA 400 550 250 550 200 400
lc = 10uA 300 450 200 450 150 300
Ic = TuA 200 300 150 300 100 200
Current Gain Match (hyg Match) Vs =0V to VMAX :
_ 100 [Alg] [heeming] Ic = 10uA to 1 mA 05 | 2 05 | 4 10 | 5 %
) I ' Ic = TwA 1.0 1.0 2.0 %
Emitter-Base Offset Voltage Veg =0 25 50 25 " 150 50 200 uv
B Ic = 1uAto 1 mA :
Change in Emitter-Base Offset {Note 1) .« 10 25 10 50 10 100‘ uv
Voltage vs Collector-Base Ic =1uA to 1 mA, .
Voltage (CMRR) Vee = 0V to VMAX .
Change in Emitter-Base Offset Ve =0V, 5 25 5 50 5 50 uv
Voltage vs Collector Current _lc = 1uAto 0.3 mA
Ernitter-Base Offset Voltage Ic = 10uA to.1 mA (Note 2) .
Temperature Drift ler =le2 0.08 0.3 0.08 1.0 0.2 1.5 uv/ee
Vos Trimmed to 0 at 25°C 003 | 0.1 003 | 03 003 | 05 uv/°C
Logging Conformity Ic =3 nA to 300uA, Vg =0, 150 150 150 uv
(Note 3)
Collector-Base Leakage Vee = VMAX 0.05 |-0.25 0.05 05 0.05 05 nA
Collector-Collector Leakage Vee =VMAX 0.1 2.0 0.1 5.0 0.1 5.0 nA
Input Voltage Noise Ic = 100uA, Vg =0V, 1.8 1.8 1.8 . nVA/Hz
=100 Hz to 100 kHz
Collector to Emitter Saturation Ic =1mA, Ig = 10uA 0.2 0.2 0.2 v
Voltage Ic = 1mA, Ig = 100pA 0.1 0.1 0.1 \%

Note 1: Collector-base voltage is swept from 0 to Vpax at a collector current of 1uA, 10uA, 100uA, and 1 mA.

ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes.

. Note 2: Offset voltage drift with Vog = 0 at Ta = 25°C 1s vahid only waen the ratio of Igq to g2 is adjusted to give the initial zero offset. This

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 (continueq)

—C2

= =~
N
LM194 c3
83 300 pF
RS
3K 5
AAN- La107
r— 50 pF

. Vour

*Tel Labs type Q81 +0.3%/°C
Vin
VREF

VourT = —log10

%

Fast, Accurate Logging Amplifier, Vi = 10V t0 0.1 mV or )y = 1 mA to 10 nA
. AAA— Vac
m-—L : L "
1000 pF 0k
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Typical Applications (continued)

Voltage Controlled Variable Gain Amplifier

5V v
RS
10k 3
2€R0 3k
R3 >
[T .
- RG
50k -
Ra YW

oy,

"—.':ch
T

10,F
>
| 3 Vi J:‘
1 ik
—»< 200 <SR
Sus
02
INg57 R10
25k
b—AAA— 15V
*R8 — R10 and D2 povide a temperature Distortion < 0.1%
independent gain control. . Bandwidth = 1 MHz

G =-336 V1 (dB) 100 dB gain range

Precision Low Drift Operational Amplifier

415V

D ouTPUT

Common-mode range = +10V
I81AS < 26 nA

10s <05 nA

Vs (untrimmed) < 125uV
(AVQs/AT) < 0.2uVv/°C
CMRR > 120dB

AvoL > 2,500,000

*C = 200 pF for unity gain
C = 30 pF for Ay =10

C =5 pF for Ay = 100
C=0for Ay > 1000
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LM194/LM394

Typical Applications (continued)

High Accuracy One Quadrant Multiplier/Divider

(X) (Y)

vour= =

*Typical linearity 0.1%

§, GAINTRIM
<

%S
1]
Vour

Lm308

High Perf

R1

—O 15V

; positive inputs only.

Amplifier

G=10,000 G=1,000

< 80k <
:: 0.1% $
p—=O OUTPUT
Performance Characteristics
U S —
+ 7 N Linearity of Gain (+10V Output) <001
LM194 ) Common-Mode Rejection Ratio (60 Hz) >120
\ / S Common-Mode Rejection Ratio (1 kHz) >110
INPUTS _ ~Fk---4- < 01% Power Supply Rejection Ratio
O . + Supply > 110
Rs* — Supply > 110
'A_'AV Bandwidth (-3 dB) 50
R3 - Slew Rate . 03
18k - - e . Offset Voltage Drift** . <0.25
0.1% / A .Common-Mode Input Resistance > 109
——-l—( L] Di ial Input Resi: >3x108
= \\ TN piY Input Referred Noise (100 Hz < f < 10 ksz) 5
SR 82M 5% SR .
S % S« Input Bias Current 75
w 0.1% ~n A2 w L Input Offset Current 15
v Common-Mode Range R
100k 0.1% Output Swing (Ry_= 10 k) 113

**Assumes < 5 ppm/° C tracking of resistors

<001
> 120
> 110

>110
>110
50
03
<04
> 10°

>3x108

6

75

15
11
£13

G=100
<0.02
>110
>90

> 110
>90
50
03
<2
> 109

>3x108

12

75

15
=1
+13

G=10
<005
>90
>70

->110
>70
50

03
<10
> 100

>3x108

70

7%

15
£10
+13

%

<=x
ey
oF &

5
<oo
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Typical Performance Characteristics

Small Signal Current Gain vs
Collector Current

1000 LIRALEN
= | | Vee =5V
= =100 Hz
3
s 800 =5 >
& =
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1 -

»
S a0 bA
@
z
S
S 200
H
w
<
0001 0.0 0.1 1 10

Ic — COLLECTOR CURRENT (mA)

Offset Voltage Drift vs Initial
Offset Voltage

i
g
N

os/AT (uV/ €
=

[
o o
o &

-0.8 T,=25C—
-1 L1
-200

-100 0 100 200
INITIAL OFFSET VOLTAGE (uV)

Small Signal Output Conductance
vs Collector Current

100 =
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E /|
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50
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£ 001
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Ic — COLLECTOR CURRENT (mA)}

Base Current Noise vs Frequency

100
Vee = 5V
= N < T,=25°C |
: w
& - jc = 10 mA
7] N
g Ic=1mA
E LIREL
P, ——114
& N L Ic = 100.A
E q f
s Ic = 10,AH
= > H——
'C = I"A 11
0.01 Coin ]
0.01 0.1 1 10 100

- FREQUENCY (kHz2)

Vcesar) — COLLECTOR EMITTER
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hee DC CURRENT GAIN
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DC Current Gain vs Temperature
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T, — JUNCTION TEMPERATURE ('C)

Base-Emitter On Voltage vs
Collector Current

T 11T
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Y
V|
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A
1
< .
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<
¥
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Ic - COLLECTOR CURRENT (mA)
Coll -Emitter S ion Voltage

vs Coliector Current

1

Ic — COLLECTOR CURRENT {mA)

Noise Figure vs Collector Current
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\\ {H =14z
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il
] Rs =100k
/
N
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Ic -~ COLLECTOR CURRENT (mA)

Unity Gain Frequency (f) vs
Collector Current
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Ic — COLLECTOR CURRENT (mA)
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Input Resistance (hjg)
vs Collector Current
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Collector to Collector
Capacitance vs Reverse

Bias Voltage
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LVi124/LM394

Typical Performance Characteristics (continued)

. Collector to Collector Capacitance
vs Collector-Substrate Voltage

30 T T
— Vee = 0——
g o
= 0 T4
S
g \
<
S 10 \\
g N
S P
—
0 10 20 30 40 50
COLLECTOR TO SUBSTRATE VOLTAGE (V)
Collector-Base Leakage vs
Temperature :
100 T T
[ Veg = 20V
< 10
=
2
prd
H
S
3. -
|
=
g
= 0
2
B
0.01
25 50 75 100 125
T, - JUNCTION Temperature( C)
Emitter-Base Log Conformity
05
T TT
04 |—Vcg =0V [
~ 03
z 02
0 1/
S 0 A
S 0
g -0
& 02
o
- -03
-04
-05

VR TV R | S T R [ R 1
Ic ~ COLLECTOR CURRENT (A)

Connection Diagram

Iec — CURRENT (nA)

CAPACITANCE (pF)

Emitter-Base Capacitance vs
Reverse Bias-Voltage

Collector-Base Capacitance vs
Reverse Bias Voltage

60 : 30
N _
AN ERY) \\
N g AN
=3
50 g
\‘ 2
T~ = 10
- 3
a0
0 61 02 03 04 05 06 0 W 20 30 4 50

REVERSE BIAS VOLTAGE (V)

Collector to Collector Leakage

REVERSE BIAS VOLTAGE (Vcg)

Offset Voltage Long Term

vs Temperature Stability at High Temperature
’““ NEST:
~ -1
B T
v z Ic - 60;A
10 S 5 |- Vce =40V
A =
@ ——
a
1 = 0
v +20V 2
// i g
01 LA 4 z s
1 &
= J E
001 L1 ‘ 0 )
25 50 75 100 125 0 200 400 600 800 1000

T, - JUNCTION TEMPERATURE ( C) TIME (HRS)

Low Frequency Noise of Differential Pair*

OFFSET VOLTAGE (0.1;:V/DiV)

. TIME (SEE GRAPH) !
*Unit must be in still air environment so that
differential lead temperature is held to less
than 0.0003°C.

Metal Can Package

TOP VIEW

Order Number LM194H, LM394H
LM394BH or LM394CH
See NS Package HO6C ’ =
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National Transistor/Diode Arrays

Semiconductor

LM195/LM295!LM395 Ultra Reliable Power Transistors

General Description

The LM195/LM295/L.LM395 are fast, monolithic
power transistors with complete overload protec-
tion. These devices, which act as high gain power
transistors, have included on the chip, current
limiting, power limiting, and thermal overload
protection making them virtually impossible to
destroy from any type of overload. In the standard
TO-3 transistor power package, the 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

3.0uA 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% electrical burn-in

The LM195 offers a significant increase in reliahil-
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
LM195 is especially advantageous.

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

The LM195/LM295/LM395 are available in stand-
ard TO-3 power packages and .solid Kovar TO-5.
The LM195 is rated for operation from —55°C to
+150°C, the LM295 from —25°C to +150°C and
the LM395 from 0°C to +125°C.

Simplified Circuit and Connection Diagrams

TO-3 Metal Can Package

TO-220 Power Package

COLLECTOR

r
=
b
©
A
r
=
N
©
a
r
=
w .
©
&

BASE COLLECTOR
——— 1
EMITTER
E——
COLLECTOR ) EMITTER,
—————— —_— CASE IS
i- o _|| EMITTER \ anst
} é " ]: | BOTTONM VIEW Topview
| e - Order Number LM195K, Order Number LM395T
| LM295K or LM395K See NS Package TO3B
i | Se_e NS Package KO2A
' |
| .
| Ivgg;m;n 3 | TO-5 Metal Can Package TO-202 Power Package
I :E 0 I EMITTER
| | srren 10 EMITTER
b e ! ) COLLECTOR
20 BAsE O :‘,|='_= EMITTER
Simplified Circuit of the LM195 3 COLLECTOR o sast
s s nTen
Order Number LM195H, Order Number LM395P

LM295H or LM395H
See NIS Package HO3B

See NS Package PO3A
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LM195/LM295/LM395

Absolute Maximum Ratings

" Collector to Emitter Voltage

LM195, LM295 \
LM395
Collector to Base Voltage '
LM195, LM295
LM395
Base to Emitter Voltage (Forward)
LM195, LM295
LM395
Base to Emitter Voltage (Reverse)
Collector Current
Power Dissipation
Operating Temperature Range -
LM195
LM295
.LM395
Storage Temperature Range

42v
36V

42V
36V

42v
36V
20V

Internally Limited

Internally Limited

-55°C to' +150°C
-25°C to +150°C

0°C to +125°C
-65°C to +150°C

Lead Temperature (Soldering, 10 seconds)

’

Preconditicning

100% Burn-In In Thermal Limit

Electrical Characteristics (Note 1)

300°C

v LM195, LM295 LM395
PARAMETER | CONDITIONS UNITS
MIN TYP MAX MIN TYP: MAX
Collector-Emitter Operating Voltage la S Ic <lmax 42 . 36 \
(Note 3) .
Base to Emitter Breakdown Volta‘xge 0< Vee <Veemax 42 36 60 A\
Collector Current
TO-3, T0-220 Vee <15V 12 22 1.0 2.2 A
TO-5, TO-202 Vee < 7.0V 1.2 .18 1.0 1.8 A
Saturation Voltage Ic <1.0A, Ta =25C 1.8 2.0 18 22 v
Base Current 0<1c < lmax 30 5.0 3.0 10 HA
0< Vee SVeemax
Quiescent Current {Iq) Vbe =0 2.0 5.0 2.0 10 mA
0< Vee < Veemax s
Base to Emitter Voltage Ic=1.0A,Ta = +25°C ' 0.9 0.9 \
Switching Time Vce =36V, R_ = 361, 500 500 ns
\Ta =+25°C
Thermal Resistance Junction to TO-3 Package 23 3.0 23 30 °c/w
Case {Note 2). TO-5 Package "2 15 12 15 °cw

Note 1: Unless-otherwise specified, these specifications apply for -565°C < Ti< +150°C for the LM195, —25°C <T< +150°C
for the LM295 and 0°C < +125°C for the LM395.

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +150°C/W, whi

is +35°C/W.

Note 3: Selected devices with higher breakdown available.

le that of the TO-3 package




Typical Performance Characteristics

24
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0.8

COLLECTOR CURRENT (A)
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24
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20

SATURATION VOLTAGE (V)
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Collector Characteristics

Short Circuit Current

Bias Current
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LM195/LM295/LM395

Typical Performance Characteristics (continued)

10V Transfer Function

36V Transfer Function

20 17 L L B R L
vt=10v v*=36v Ta = +25°C
| |
z 1 /’ 2 [
= Tp =H25°C s
8 [ E 08 |Ta-nzwef
3 «
£ 12 -t £ l I
3 Tas +zs°c// Tp = -55°C e
,g_ 08 ] / ' Ta = -55°C
2 / / S 04
- - '
2 04 a2
LAY R,
0 04 08 12 15 0 04 0.8 12 16
BASE-EMITTER VOLTAGE (V) BASE-EMITTER VOLTAGE (V)
Small Signal Frequency
Transconductance Response
10 = T T 11
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_ [ £ =50 kHz <
g 2 -200
2 s
S E pe =
w 2 -100
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g™ 28
3 =Y
, 8 EZ -1
g 1y 25
E 55 o
2
Y il #3
0.01 01 10 10 100k 1.0M 10M
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. .
Schematic Diagram
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R3 R4 RS RE
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Typical Applications 2
| i =
N
-ﬂSV B
=
w
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tres o
R1
A v
R2 N
470
VA'AS OUTPUT
c3
ilim wl Ty 'O
Sm M
S an
*SOLID TANTALUM 15V .
1.
1.0uF

-||-.I

1.0 Amp Voltage Follower

[— BEY
5%:‘- EMITTER <
y ] b
BASE 22905 RESET Wy b3
500 pF** ) 1 §— output
I Y]
LM135 | ™
. l+ I\ LM185
R2 ‘: ct A1 4:
S . 10uF T 0K S
COLLECTOR *
*PROTECTS AGAINST EXCESSIVE BASE DRIVE -+
**NEEDED FOR STABILITY
Power PNP ' . Time Qelay
v
vt 12v 1
30v R4
-J—m SR 10 a2
OF €2 ) b3 St had LM1g5
| 001F S 3
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My RS
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A A | [
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) 4 el © . cs—I— 4 3w 10F <° toie
o 100 F Tvao,rT 100 pFT < g:k < 4% l )
= =
1.0 MHz Oscillator 1.0 Amp Lamp Flasher
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LM195/LM295/LM395

Typical Applications (continued)

1

R1 R6 <
5.0 P4
NC 2.0k 1,
10 +
) 1 - 10,7
. —outeut
z 8 10V
R2 S tMi0a 108
28k S 3 1 RS
< 5.1k a
AAA
9 U ¥e —VV] LM195
o :; ol
- 00pF ——
- -
>
- < R3
>
S
v
)7

1SOLID TANTALUM

I

1.0 Amp Negative Regulator

Vin
36V

H g

1SOLID TANTALUM

1.0 Amp Positive Voltage Regulator

. vt
—_—— o

- 2} ouTPUT
- T 7 a1

LM195

33

Fast Optically Isolated Switch

——— 12V

(%

e 10 F
4]
LM195
ouTPUT
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]
LM135
. RS
]S
Optically Isolated Power Tr
) <SR
. N >
Su
[
- LM

LM195

CMOS or TTL Lamp Interface

Two Terminal Current Limiter

DRIVE*

aov

OuTPUT

1195

*DRIVE VOLTAGE OV T0 > 1.0V g 42V

40V Switch
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Typical Applications (continued)

Rg

Vour

S6EINTT/S6CINT/SE6HNT

0z
LM1gs
[ -
50 pF =

6.0V Shunt Regulator with Crowbar Two Terminal 100 mA Current Regulator

LV

12v

12v
< R _120
R2 D
1.5M I o
— ouTPUT 022uF
) [
01 2N2905
(i) 1N914 |/
1]
LM195 } s
1.8V < OUTPUT
MIN
INPUT > > -
TURN ON - 350 mV b3 gazk S s T=RI1C

TURN OFF - 200mV > R2=3R1
R2< 82k

Low Level Power Switch

Power One-Shot

—T—— v ‘ ) _T— +15V
R1

. cl R3
o 01 5.0k /
INPUT —AAN—] LM195 InPUT VWA~ a
" "l\‘ LM195
c2
* Rl > 50.F
ouTPUT 200k Q> 5.0V
p—— OUTPUT
Ry -1
b3 o
L 200k S0W
- -1 -15V
*NEED FOR STABILITY R =
Emitter Follower High Input Impedance AC Emitter Follower
vt
A1
5.0k
[
INPUT LM195
D1
1N914*
oUTPUT
Ry
V- .
*PREVENTS STORAGE WITH FAST FALL
TIME SQUARE WAVE DRIVE
| : Fast Follower
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LM195/LM295/LM395

! ’ .

Typical Applications continued)
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10k > 05 10
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6.0 Amp Variable Output Switching Regulator
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National
Semiconductor

Transistor/Diode Arrays

LM3045, LM3046, LM3086 Transistor Arrays

General Description

The LM3045, LM3046, and LM3086 each consist
of five general purpose silicon NPN transistors on
a common monolithic substrate. Two of the tran-
sistors are internally connected to form a differ-
entially-connected pair. The transistors are well
suited to a wide variety of applications in low
power system in the DC through VHF 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 matching. The
LM3045 is supplied in a 14-lead cavity dual-in-line
package rated for operation over the full military
temperature range. The LM3046 and LM3086 are
electrically identical to the LM3045 but are
supplied in a 14-lead molded dual-in-line package
for applications requiring only a limited temper-
ature range.

Features

® Two matched pairs of transistors

Vge matched 5 mV

Input offset current 2uA max at Ic =1 mA
Five general purpose monolithic transistors .
Operation from DC to 120 MHz
Wide operating current range :
Low noise figure 3.2dB typ at 1 kHz
Full military ’
temperature range (LM3045) —55°C to +125°C

Applications

m 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

Schematic and Connection Diagram

Dual-In-Line Package

SUBSTRATE

14 IIZ

Ito Is Is

’_Diz

1 2 3

|
jﬂS
[1}]

TOP VIEW

Order Number LM3045J
See NS Package J14A
Order Number LM3046N
or LM3086N
See NS Package N14A
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LM3045, LM3046, LM3086

Absolute Maximum Ratings (v, =25°c)
LM3045 'LM3046/L.M3086
Each Total Each Total .
. 5 Units
Transistor Package Transistor Package
Power Dissipation:
Ta= 25°C 300 750 - 300 750 mW
Ta=25°Cto55°C ° 300 750 mW
T >55°C Derate at 6.67 mw/°c
Ta=25°Cto 75°C 300 750 mW
Ta>75°C Derate at 8 mw/°C
Collector to Emitter Voltage, Vceo 15 15 \Y
Collector to Base Voltage, Vego 20 20 \%
Collector to Substrate Voltage, V¢ o (Note 1) 20 20 \")
Emitter to Base Voltage, Vego 5 5 \Y
Collector Current, I¢ 50 50 mA
Operating Temperature Range -55°C to +125°C —40°C to +85°C
Storage Temperature Range —65°C to +160°C —65°C to +85°C
Lead Temperature (Soldering, 10 sec) 300 300 °cC.
Electrical Characteristics (t, = 25°C unless otherwise specified)
LIMITS LIMITS
PARAMETER CONDITIONS LM3045, LM3046 LM3086 UNITS
MIN TYP MAX MIN TYP MAX
Collector to Base Breakdown Voltage (V(gr)cgo! Ic=10uA 1g=0 20 60 - 20 60 v
Collector to Emitter Breakdown Voltage (V (gRr)ceo) lc=1mA,lg=0 15 24 15 24
Collector to Substrate Breakdown Voltage Ic = 104A, Ig; = 0 20 60 20 60 v
(Vigricio}
Emitter to Base Breakdown Voltage (V(gr)es0) “lg=10uA,lc=0 5 7 5 7 v
Collector Cutotf Current (icgo) Veeg=10V,1g=0 .002 40 .002 100 nA
Collector Cutoff Current {Icgo) Vee=10V,1g=0 s 5 5 MA
gtea[tai)c:‘orv;rard Current Transfer Ratio (Static Vee = 3V :z : :OerA 20 :gg 20 :gg
FE Ic= 10pA 54 54
Input Offset Current for Matched Pair Q; and Q, Vee =3V, Ig= 1mA 3 2 A
llor = loa!
Base to Emitter Voltage (Vgg) Ve =3V {:: : :Om:/\ ;(1)3 ;(1)3 v
vt s e ol w s o
Magnitude of Input Offset Voltage for Isolated
Transistors IVgg3 =~ Vgeal, Vpea — Vaes !, Veg =3V, Ic=1mA .45 5 mvV
IVges = Vaea!
Temperature Coefficient of Base to Emitter . . )
Voltage (AXTBE) Vee=3V, Ic=1mA -1.9 -1.9 mv/°C
Collector, to Emitter Saturation Voltage (Vcesam) . | 1s=1mA, Ic=10mA .23 .23 v
Temperature Coefficient of Input Offset ‘
Voltage (AAYIJO) Vee=3V, lg= 1mA 11 | wvee

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 (continueq) Ce BN
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Low Frequency Noise Fi‘gure (NF) f=1kHz Veg = 3V, Ie = 100uA 3.25 dB

Rg=1kQ

Low Frequency, Small Signal Equivalent Circuit Characteristics:

Forward Current Transfer Ratio (h¢) 110 (LM3045, LM3046)
{LM3086) B
Short Circuit Input Impedance (h,q) : 35 kQ -
f=1kHz, Veg =3V, Ic=1mA
Open Circuit Output Impedance (hye) 15.6 umho

Open Circuit Reverse Voltage Transfer Ratio (h,) 1.8x10~%

Admittance Characteristics:

980ENT ‘9V0EINT ‘SOEINT

Forward Transfer Admittance (Y,) 31-j15
fnput Admittance (Y;e) 0.3+j 0.04 '
| f=1MHz, Veg =3V, Ic=1mA
Output Admittance (Yoo - 0.001+j 0.03 . :
Reverse Transfer Admittance (Y o) . . See curve
Gain Bandwidth Product (f) Vee=3V, Ic =3 mA | 300 550
Emutter to Base Capacitance (Cgg) Veg=3V,lg=0 6 pF
Collector to Base Capacitance (Ccg) ! Veg=3V,Ic=0 .58 pF

Collector to Substrate Capacitance (Cg)) Ves =3V, Ic =0 2.8 pF

Iceo — COLLECTOR CUTOFF CURRENT (nA)

Typical Performance Characteristics

Typical Collector To Base Typical Collector To Emitter Typical Static Forward

Cutoff Current vs Ambient Curoff Current vs Ambient Current-Transfer Ratio and
Temperature for Each Temperature for Each Beta Ratio for Transistors Qq
Transistor Transistor - and Q2 vs Emitter Current
102 < 120 i 11
: i
110 +Ta=25C
0 g 2 2 A 9
3 S E o f|rer] op [teed 1
1 w % hre2 hegs
S SE g 4 ©
e 4 m
107 3 22 3
s SE @ A 09 2
S = V. >
© = by =
102 5 =] Fe =
wee
o o /]
103 8 3 & m 08
1
o
104 8 50 R
o Rl 1 10
T — AMBIENT TEMPERATURE (°C) Ta — AMBIENT TEMPERATURE ( C) lg — EMITTER (mA)

Typical Static Base To Emitter
Voltage Characteristic and Input
Typical Input Offset Current o Offset Voltage for Differential
for Matched Transistor Pair_ Pair and Paired Isolated
Q1 Q3 vs Collector Current Transistors vs Emitter Current
10 f 8 4 N
f Ve =3V Veg =3V |” | :
FTa=25C I
Ve

Ty =25°C

S

13
1

\l

N

—X
w

»
Lt

o

INPUT OFFSET VOLTAGE | 1/

~
(Aw) 135330 LAANI ~ O'A

o
N

1o — INPUT OFFSET (mA)
Vee ~ BASE-TO-EMITTER (V)

) I,
.01 A 1 10 .01 A 1 10
Ic — COLLECTOR (mA) Ig — EMITTER (mA)
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LM3045, LM3046, LM3086

8. — FORWARD TRANSFER CONDUCTANCE OR

Typical Performance Characteristics (continued)

Vgg - BASE-TO-EMITTER (V)

NOISE FIGURE (dB)

— SUSCEPTANCE (mmhos) -

F

Typical Base To Emitter
Voltage Characteristic for
Each Transistor vs Ambient

Temperature
1 L
Vee =3V
9 =
N\
8 ~\‘§\
, NN
te=3mA SI \\
K3 1mA =3 N
0.5mA \
5
4 -
-5 -60 =25 0 25 50 75 100 125
Ta — AMBIENT TEMPERATURE ( C)
Typical Noise Figure vs
Collector Current
0 T 1T
Veg =3V
25 |Rs=10000
Ta=25°C
20
Al
15
=01 kHz /] K
10 e
|1
5 af 10 kliz
=
il
0
01 A E 1
Ic = COLLECTOR (mA)
Typical Forward Transfer
Admittance vs Frequency
a0 r
T Ta-25C
e |4 | Ve =3V
i le=1mA
N
20
10
0 b L
NN
-10
\~~P
~20
A 1 10 100

f — FREQUENCY (MHz2)

. — INPUT CONDUCTANCE OR

Vio — INPUT OFFSET (mV)

NOISE FIGURE (dB)

b,e — SUSCEPTANCE (mmhos)

Typical Input Offset Voitage
Characteristics for Differential
Pair and Paired Isolated
Transistors vs Ambient

Temperature
4 T
Vg =3V
3
1 le =10mA
2
4 Jr
75
1mA 1
50
. 1
1mA
25
0
~75 -50 -26 0 25 50 75 100 125

Ta — AMBIENT TEMPERATURE (°C)

Typical Noise Figure vs
Collector Current

30 T
Veg =3V /
25 | Rs = 1000002 /
Ta =25°C /]
2 H
Y
= 0.1 kHz /1
15 ,/
1kHz /]
10 LA
- LA / 10 kH: /’
LT y
B
fort™" J
o |t
[]
01 A 1
Ic — COLLECTOR (mA)
Typical Input Admittance
vs Frequency
6§ T
Ta=25"C
5 [ Vee=3V L1
Ic2=1mA
a
b,o
3 Il
2 L
\ A6
o O
a 1 10 100

-~ FREQUENCY (MHz)

Goe — OUTPUT CONDUCTANCE OR

NORMALIZED h PARAMETERS NOISE FIGURE (dB)

b — SUSCEPTANCE (mmhos)

30

25

20

Typical Noise Figure vs
Collector Current

Vee =3V
| Rs = 5000
Th = 25°C
| L1
£=0.1kHz //
/ A
,_-‘J 1kHz_LA]
=
I F kHz |
o o 1

100

-0 A 1

6

@«

lc — COLLECTOR {(mA)

Typical Normalized Forward
Current Transfer Ratio, Short
“Circuit Input Impedance,

Open Circuit Output Impedance,
and Open Circuit Reverse
Voltage Transfer Ratio vs
Collector Current

fye = 110
h,, = 3.5k

he=188x10
o = 15.6umho

ath mAfee
he

Ehre

Vee =3V
§=1kHz

Ta=25C

N

B A

o
=

Vb

Ic — COLLECTOR (mA)

Typical Output Admittance
vs Frequency

LLLEARILY
Ta=25°C
| Vee =3V
Ic=1mA

A 1 10
1-FREQUENCY (MHz)
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Typical Performance Characteristics (continued)

g, - REVERSE TRANSFER CONDUCTANCE OR

b,e — SUSCEPTANCE (mmhos)

n

[}
n

Typical Reverse Transfer
Admittance vs Frequency

gre IS SMALL AT FHEDUENCIES

il

LESS THAN 500 MHz
—— T .
N
TA =25¢C
=3V W
lc = 1 mA

10

f - FREQUENCY (MHz)

fr ~ GAIN-BANDWIDTH PRODUCT (MHz2)

800

700 |—

600
500
400
300
200
100

Typical Gain-Bandwidth
Product vs Collector Current

T T 71
Vee =3V
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‘/ P—t—

7

123 456 78910
Ic - COLLECTOR (mA)
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LM3146

National
Semiconductor

Trénsistorl 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 differentially-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.

Features

® High voltage matched pairs of transistors, Vgg
matched *5 mV, input offset current 2uA max at
Ic =1 mA

Five general purpose’ monolithic transistors
Operation from dc to 120 MHz

Wide operating current range

Low noise figure 3.2dB typ at 1 kHz

Applications

= General use in all types of signal processing systems
operating anywhere in the frequency range from dc to
VHF

m Custom designed differential amplifiers

® Temperature compensated amplifiers

Connection Diagram

Dual-in-Line Package

SUBSTRATE

12 Iu ||z 11 10 ls 3
jns [T
mC joz a3
1 Iz 3 4 5 Is 7
TOP VIEW

Order Number LM3146N
See NS Package N14A
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-
Absolute Maximum Ratings =
w
LM3146 UNITS i~
=
Power Dissipation: Each Transistor
Ta =25°C to 55°C 300 mW
Ts >55°C Derate at 6.67 mw/°C
Power Dissipation: Total Package
Ta =25°C 500 mW
T >25°C , Derate at 6.67 mw/°C
Collector to Emitter Voltage, Veeo 30 \%
Collector to Base Voltage, Vcgo 40 - \
Collector to Substrate Voltage, V¢ o (Note 1) 40 \
Emitter to Base Voltage, Vggo (Note2) 5 \%
Collector Current, I¢ 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 7, =25c
LIMITS
PARAMETER CONDITIONS UNITS
MIN TYP MAX
Collector to Base Breakdown Ic=10pA, Ig =0 . 40 72 \2
Voltage (V(gr)cgo)
Collector to Emitter Breakdown lc=1mA,lg=0 30 56 \
Voltage (V(ggr)ceo) .
Collector to Substrate Breakdown ley =10uA, 1g =0, 40 72 \%
Voitage (V(ggrjcio!) le=0 }
Emitter to Base Breakdown Voltage Ic =0, Ig = 10uA 5 7 \
(V(grieso) (Note 2)
Collector Cutoff Current (iggo) Veg =10V, I =0 0.002 100 nA
Collector Cutoff Current (Icgg) Vee =10V, ig =0 (Note 3) 5 MA
Static Forward Current Transfer lc =10 mA, V¢e =5V 85
Ratio (Static Beta) (hgg) e =1mA, Vcg =5V 30 100
lc = 10MA, Ve = BV 90 |
Input Offset Current for Matched lc1 =lc2=1mA, 0.3 2 MA
Pair Q1 and Q2 ligy — Iyl Veg =5V
Base to Emitter Voltage (Vgg) le =1mA, Vgg =3V 0.63 0.73 0.83 \
Magnitude of Input Offset Voltage Vee =56V, lg=1 \r‘nA 0.48 5 mV
for Differential Pair |Vggy — Vgeal :
Temperature Coefficient of Base Vcg =5V, lg =1 mA -1.9 mv/°C
to Emitter Voltage (AVgg /AT)
Collector to Emitter Saturation Ic=10mA, lg = 1TmA 0.33 : \Z
Voltage (Vcesat)) :
Temperature Coefficient of Input le =1mA, Vg =5V 1.1 uv/c
Offset Voltage (AV,o/AT)
Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be
used to establish a signal ground. .
Note 2: If the transistors are forced into zener breakdown (V(BR)EBOQ), degradation of forward transfer current ratio (hgg) can occur.
Note 3: See curve.
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LM3146

AC Electrical Characteristics

LIMITS

PARAMETER CONDITIONS - UNITS
MIN TYP MAX
Low Frequency Noise Figure (NF) f=1kHz, Vcg =5V, 3.25 . dB
lc = 100uA, Rg = 1k§2
Gain Bandwidth Product-(fT) Vee =5V, lIc =3mA 300 500 ’ MHz
Emitter to Base Capacitance (Ceg) Veg =5V, 1g =0 0.70 pF
Collector to Base Capacitance (Ccp) Veg=5V,Ic=0 0.37 pF
Collector to Substrate Capacitance \ Ve =5V,lc=0 2.2 ) pF

(Cc;) ' \

Low FREQUENCY, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS

Forward Current Transfer Ratio (hs,) f=1kHz, Veg =3V, 100
lc=1mA , :

Short Circuit Input Impedance (hie) f=1kHz, Vgg =3V, 3.5 k\Q\
Ic =1mA

Open Circuit Output Impedance (hoe) | f=1kHz, Vg = 3V, 15.6 + umho

. le=1mA : :
Open Circuit Reverse Voltage . f=1kHz, Vcé =3V, 1.8x
Transfer Ratio (h,e) lc=1mA 1074

ADMITTANCE CHARACTERISTICS

Forward Transfer Admittance (Ysg,) f=1MHz, Ve =3V, k 31— mmho
lc=1mA j15
Input Admittance (Y;,) f=1MHz, Ve =3V, 03+
lc=1mA. j0.04 mmho
Output Admittance (Y,,) " | f=1MHz Vee =3V, 0.001 +
h
lc =1mA j0.03 mmho
Reverse Transfer Admittance (Y,) f=1MHz, Vge =3V, (Note 3) mmho
lc=1mA

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 actjon. To avoid undesired
coupling between transistors, the substrate terminal should be maintained at either dc or signal {ac) ground. A suitable bypass capacitor can be
used to establish a signal ground.

Note 2: If the transistors are forced into zener breakdown (V(BR)EBO). degradation of forward transfer current ratio (hgg) can occur. -

Note 3: See curve.
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Typical Performance Characteristics
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LM3146

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 number of 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.” 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 quality IC’s may, in fact, 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.

Il. 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.

WHAT IS AQL?

A good example of savings which can be achieved by
taking advantage of tighter AQL'" 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 thé value added by the A+ and B+ Linear
programs. '

lil. 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. First, 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. If 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. All National prod-
ucts are 100% tested for electrical data sheet parameters.
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National A+ and B+ Extended Quality and Reliability Programs for Linear Circuits

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 prbcedures 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 AQL 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 |mprovements 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.

Ultiniately, if a high enough temperature is reached,
the broken bond will separate, causing an electrical
discontinuity. The phenomenon is frequently

reversible, that is, as temperature decreases,
electrical continuity is restored. This type of
discontinuity is commonly referred to as a THERMAL
INTERMITTENT OPEN. If electrical continuity does
not return when the package temperature returns to
ambient, then a permanent open has occurred.

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) they
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 100°C 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 QC 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 QC monitoring are designed to
provide highly reliable products. (Reliability
reports are available that give, in detail, 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

(0°C to 100°C)

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-temperature functional and

parametric tests are the normal final tests
- through which all National products pass.
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HIGH TEMPERATURE (100°C) FUNCTIONAL
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 the 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.

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 B+ program, however, not only
do we sample your parts to a 0.28% AQL for
all data sheet dc parameters, but they receive
a 0.14% AQL for functionality as well.
(Functional failures — not parameter shifts —
cause most system failures.) Thus, the five to
seven-times tightening of the AQL procedure
gives a substantially higher quality to your B+
parts. And you can rely on the integrity of your
received IC’s without i lncommg tests at your
facility. ,

SHIP PARTS

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

i

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%

NATIONAL’S A+ LINEAR PROGRAM —
THE ULTIMATE IN QUALITY AND
RELIABILITY

National has combined the successful B+ program 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 QC monitoring are designed to
provide highly reliable products.

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

(0°C to 100°C) — '

Exercising the circuits over 100°C temperature
range further stresses the bonds and .
eliminates any marginal bonds mlssed during
the bake.

ELECTRICAL TESTING -

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

BURN-IN TEST -

Devices are stressed at maximum 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 amblent

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

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 AQL"
procedure gives a substantially higher 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
Here is the QC procedure used in our A+ test program:
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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National A+ and B+ Extended Quality and Reliability Programs for Linear Circuits

There is one major difference between the moided 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 benefit 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 100%
electrical screening.

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

NATIONAL’'S A+ PROGRAM FLOW CHART
FOR HERMETIC PACKAGES

National 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 -

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.

ELECTRICAL TESTING —
Every device will be 100% tested at 25°C for
functional and dc parameters.

BURN-IN —

Devices are stressed at maximum operating
conditions to eliminate marginal devices. Test
is performed per MIL-STD-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
is the second time 100% electncal testlng is
performed.

TIGHT-ER-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 wuthout incoming tests at your
facility.

SHIP PARTS

" Here are the QC Sampling plans used in

our A+ test program: o
TEST TEMPERATURE AQL

SIX HOUR, 150°C BAKE —
This stress places the die bond and all wire Electrical Functionality 25°C 0.14%
bonds into a combined tensile and shear stress Parametric, dc 25°C 0.28%
mode, and helps eliminate marginal bonds and + Major Mechanical 25°C 0.25%
electrical connections. Minor Mechanical 25°C ) 1%
FIVE TEMPERATURE CYCLES
(0°C to 100°C) —
Exercising the circuits over 100°C temperature
range further stresses the bonds and
.eliminates any marginal bonds missed during
the bake.
HERMETIC
PROCESS FLOW N POLRED H AND J
PACKAGE
DESCRIPTION A+ B+ - A+
100% High Temperature Storage — 6 Hours @ 150°C X X X
100% Temperature Cycling, 5 Cycles — 0° to 100°C X X X
100% Burn-in per MIL-STD-883A, Method 1015.1 X X
100% High Temperature Test for Functionality at 100% X X
100% DC Functional parametric Tests at Room Temperature X X X
Tightened QC Inspection Plan X X X

Q.C. SAMPLE PLAN

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%
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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 LM1458 LM307 LM324 LM3900 LM723C
LF13741 LM1496 LM308 LM3301 LM393 LM725C
LF347  LM2900 LM3080 LM3302 LM4250C LM733
LF351  LM2901 LM310 LM339 LM555C LM741C
LF353 LM2902 LM311 LM3401 LM556  LM747C
LF355 LM2903 LM318 LM346 LM566 LM748C
LF356 LM2904 LM319 LM348 LM567
LF357 LM301A LM358 LM709C

LM360

LM361

SUMMARY

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.

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 AQL QC 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 (/)
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
Semicondyctor Sales office for information on
availability and ordering information.

ﬁ synoun Jeasur Joj swelbold Ayjiqenay pue Ayjenp papusixg + g pue + Y jeuoneN

125




MIL-STD-883/MIL-M-38510

National
Semiconductor

MIL-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
883) have been part of National’s quality control
procedures almost from the start. Our.Quality
Assurance Procedures Manual is available upon
request.

We offer a complete line of linear/883 (Class B)
products as standard, off-the-shelf items. Special
Linear/883 data sheets have been prepared to
reflect this capability. They show process flow,
electrical parameters, end of test criteria, and test

circuits. We save you the problem of specifying test -

and inspection procedures, and offer significant
cost savings by having an off-the-shelf, ““to the
letter’” 883 program. In 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
MIL-STD-883 for the type of microcircuit and
product assurance level.

The device electrical and package requirements of
MIL-M-38510 are 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 or C as defined by MIL-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 M1L-M-38510 specs for standard linear devices
require 100% DC testing at 25°C, -55°C and
+125°C. AC testing-is performed at +25°C. The
electrical parameters specified are tighter than the
normal data sheet guaranteed limits. Additionally,
MIL-M-38510 requires device traceability, exten-
sive documentation and closely matched mainten-
ance.

Quality Conformance

Quality conformance inspection is conducted in
accordance with the applicable requirements of
Group A, (electrical test), Group B and C, (environ-
mental test) of Method 5005, MIL-STD-883. These
tests are conducted on a sample basis with GroupA
performed on each sublot, Group B on each lot,
and Group C as specified (usually every three
months).

To supply devices to MIL-M-38510, the IC manu-
facturer must 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 MIL-STD-883 for the specified classes and
types of IC. The qualification tests shall be moni-
tored by the qualifying agency. Finally the IC
manufacturer shall prepare and submit qualifica-
tion test data to the qualifying agency. Groups A,
B, and C inspections then shall be performed at
intervals no greatér 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 LTPD's (Lot
Tolerance Percent Defective) for the various quali-
fication test sub-groups. Qualification testing is
performed on a sample of devices which are chosen
at random from a lot of devices that has satisfac-
torily completed the screening of Method 5004
must be performed on each device, i.e. on a 100%
basis as opposed to qualification testing (Method
5005) which occurs on a random sample basis.

In summary, the entire purpose of MIL-M-38510
and MIL-STD-883 is to provide the military,
through its contractors with standard devices.

We at National Semiconductor have supplied and
are supplying devices to the MIL-M-38510 specifi-
cations. To order a MIL-M-38510 microcircuit,
specify the following:

For example; to specify an LM741 in a DIP
processed to the requirements of MIL-M-38510,
Class B, with gold plated leads, specify M-38510/
10101BCC.

MM38510/ XXX
_r__

CXX X X X
T T T T

Specifies the Slash Device Device Case Lead
General Require- Sheet Type Class Qutline Finish
ments of No.
MIL-M-38510

s
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National National
Device No. Function Direct Device No. Function Direct
Replacement . Replacement

FAIRCHILD FAIRCHILD (Continued)
nA101AFM General Purpose Op Amp LM101AF nA748HC Op Amp LM748CH
pA101AHM General Purpose Op Amp LM101AH HAT48HM Op Amp LM748H
1A102HM Voltage Follower LM102H pA748TC Op Amp LM748CN
rA104HM Negative Voltage Regulator LM104H HAT60HC High Speed Differential Comparator LM760CH
rA105HM Voltage Regulator LM105H uA796HC 3-Terminal Positive Voltage Regulator LM1496H
#A107HM General Purpose Op Amp LM107H nA796PC 3-Terminal Positive Voltage Regulator LM1496M
rA108AHM Super Beta Op Amp LM108AH <ATI8HM Dual Op Amp LM358H
©A108HM Super Beta Op Amp LM108H #A1558HM Dual Internally Compensated Op Amp LM1558H
#A110HM Voltage Comparator LM110H nA2901PC Dual Internally Compensated Op Amp LM2901N
#A111HM Voltage Comparator LM111H n#A3046DC Transistor Array LM3046N
#A111RM Voltage Comparator tM111J-8 nA3064PC TV Automatic Fine-Tuning Circuit LM3064N
#A201AHM General Purpose Op Amp LM201AH nA3075PC FM IF LimiteriDetector/Audio Preamplhifier LM3075N
#A201AT General Purpose Op Amp LM201AN rA3086PC Transistor Array LM3086N
#A207HM General Purpose Op Amp LM207H #A3301P Quad Single Supply Amplifier LM3301N’
#A208AHM Super Beta Op Amp LM208AH #A3302P Quad Comparator LM3302N
#A208HM Super Beta Op Amp LM208H #A3401P Quad Single Supply Amphfier LM3401N
#A301AHC General Purpose Op Amp LM301AH pAF111HM Voltage Comparator LF111H
#A301ATC General Purpose Op Amp LM301AN #AF155AHM  Monolithic JFET Input Op Amp LF155AH
nA302HC Voltage Follower LM302H rAF155HM Monolithic JFET Input Op Amp LF155H
nA304HC Negative Voltage Regulator LM304H uAF156AHM  Wideband Mono. JFET Input Op Amp LF156AH
#A305AHC Voltage Regulator LM305AH rAF156HM Wideband Mono. JFET Input Op Amp LF156H
#A305HC Voltage Regulator LM305H pAF157AHM Wideband Mono. JFET Input Op Amp LF157AH
nA307HC General Purpose Op Amp LM307H rAF157HM Wideband Mono. JFET Input Op Amp LF157H
rA307TC General Purpose Op Amp LM307N pAF211HM Voltage Comparator LF211H
#A308AHC Super Beta Op Amp LM308AH wAF311HC Voltage Comparator LF311H
#A308HC Super Beta Op Amp LM308H nAF355AHC Monolithic JFET Input Op Amp LF355AH
pnA309KC 5 Volt Regulator LM309KC . wAF355HC Monolithic JFET Input Op Amp LF355H
#A310HC Voltage Follower LM310H nAF356AHC Wideband Mono JFET Input Op Amp LF356AH
pA311HC Voltage Comparator LM311H nAF356HC Wideband Mono JFET Input Op Amp LF356H
pA311R . Voltage Comparator LM311J-8 nAF357AHC Wideband Mono JFET Input Op Amp LF357AH
HA311TC Voltage Comparator LM311N rAF357HC Wideband Mono JFET Input Op Amp LF357H
1nA324PC Quad Op Amp LM324N
nA339APC Quad Comparator LM339AN MOTOROLA L
#A339PC Quad Comparator LM339N LF155AH Monol!tmc JFET Op Amp LF155AH
HAITETC Voltage Regulator LM376N LF155H Monolithic JFET Op Amp LF155H
HASSSHC single Timing Gircuit LMS55CH LF156AH Monolithic JFET Op Amp LF156AH
WASS5HM Single Timing Circuit LM555H LF156H Monolithic JFET Op Amp LF156H
WAS55TC Single Timing Circuit LM555CN LF157AH Monolithic JFET Op Amp LF157AH
LABSEPC Dual Timing Circuit LMS56CN LF157H Monolithic JFET Op Amp LF157H
JA709AHM High Performance Op Amp LM709AH LF355AH Monolithic JFET Op Amp LF355AH
WATO9HC High Performance Op Amp LM709CH LF355H Monolithic JFET Op Amp LF355H
4ATOIHM High Performance Op Amp LM709H LF355N Monolithic JFET Op Amp LF355N
«A709PC High Performance Op Amp LM709CN LF356AH Monolithic JFET Op Amp LF356AH
WATO9TC High Performance Op Amp LM709CN-8 LF356H Monolithic JFET Op Amp LF355H
KAT10FM High Speed Differential Comparator LM710F LF356N Monolithic JFET Op Amp LF353N
HAT10HC High Speed Differential Comparator LM710CH LM117H 3-Terminal Adj. Positive Regulator LM117H
WA710HM High Speed Differential Comparator LM710H LM117K 3-Terminal Adj. Positive Regulator LM117K
rAT10PC High Speed Differential Comparator LM710CN LM123K Positive Voltage Regulator LM123K
KAT11HC Dual Comparator LM711CH LM317H 3-Terminal Adj. Positive Regulator LM317H
HAT1THM Dual Comparator LM711H LM317K 3-Terminal Adj. Positive Regulator LM317K
4A711PC Dual Comparator LM711CN LM317T 3-Terminal Adj. Positive Regulator LM317T
4A723DC Precision Voltage Regulator LM723CJ MC1303P Dual Stereo Preamplifier LM1303N
#A723DM Precision Voltage Regulator LM723J MC1310P FM Stereo Demodulator LM1310N
uA723HC Precision Voltage Regulator LM723CH MC1408L6 8-Bit Multiplying D/A Converter LM1408J-6
HA723HM Precision Voltage Regulator LM723H MC14C8L7 8-Bit Multiplying D/A Converter LM1408J-7
#AT23PC Precision Voltage Regulator LM723CN MC1408L8 8-Bit Multiplying D/A Converter LM14084-8
wA7T25AHM Instrumentation Op Amp : LM725AH MC1408P6 8-Bit Multiplying D/A Converter LM1408N-6
rAT25HC Instrumentation Op Amp LM725CH MC1408P7 8-Bit Multiplying D/A Converter LM1408N-7
uAT25HM Instrumentation Op Amp LM725H MC1408P8 8-Bit Multiplying D/A Converter LM1408N-8
wA733HC Differential Video LM733CH MC1414L Dual Differential Comparator LM1414J
HA733HM Difterential Video LM733H MC1414P Dual Differential Comparator LM1414N
pAT41AFM Frequency Compensated Op Amp LM741AF MC1496G Balanced Modulator-Demodulator LM1496H
HAT41AHM Frequency Compensated Op Amp * LM741AH MC1496P Balanced Modulator-Demodulator " LM1496N
nA741DC Frequency Compensated Op Amp LM741CJ-14 MC1508L8 8-Bit Multiplying D/A Converter LM1508D-8
#AT41EHC Frequency Compensated Op Amp LM741EH MC1514L Dual Differential Comparator LM1514J
uAT41HC Frequency Compensated Op Amp LM741CH MC1596G Blanced Modulator-Demoduiator LM1596H
rAT41HM Frequency Compensated Op Amp LM741H MC1710AG . Differential Comparator = LM710AH
HAT41PC Frequency Compensated Op Amp LM741CN-14 MC1710CG Differential Comparator LM710CH
rA741RC Frequency Compensated Op Amp LM741CJ MC1710CP Differential Comparator LM710CN
pA741TC Frequency Compensated Op Amp LM741CN MC1710G Differential Comparator LM710H
uA746PC Chroma Demodulator LM746N MC1711CG Dual Differential Comparator LM711CH
pAT47AHM Dual Frequency Compensated Op Amp LM747AH MC1711CP Dual Differential Comparator LM711CN
HATATEHC Dual Frequency Compensated Op Amp LM747EH MC1711G Dual Differential Comparator LM711H
rAT47THC Dual Frequency Compensated Op Amp LM747CH MC1723CL Adj. Positive or Negative Volt. Regulator  LM723CJ
HATATHM Dual Frequency Compensated Op Amp LM747H MC1723CP Adj. Positive or Negative Volt. Regulator LM723CN
pA747PC LM747CN MC1723L Adj. Positive or Negative Volt. Regulator  LM723J

Dual Frequency Compensated Op Amp
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Linear Cross Reference Guide

National National
Device No. Function Direct Device No. Function Direct
Replacement Replacement
MOTOROLA (Continued) MOTOROLA (Continued)
MC1733CG Differential Video Amp LM733CH MLM304G Adjustable Negative Voltage Regulator ~ LM304H
MC1733CP Differential Video Amp LM733CN MLM305G Adjustable Positive Voltage Regulator LM305H
MC1733G Differential Video Amp LM733H MLM307G General Purpose Op Amp LM307H
MC1741CG General Purpose Op Amp LM741CH MLM307P General Purpose Op Amp LM307N
MC1741CL General Purpose Op Amp LM741CJ-14 MLM307U General Purpose Op Amp LM307J
MC1741CP1 General Purpose Op Amp LM741CN MLM308AG Precision Op Amp LM308AH
MC1741CP2 Generla Purpose Op Amp LM741CN-14 MLM308AL Precision Op Amp LM308AJ
MC1741G General Purpose Op Amp LM741H MLMB308API Precision Op Amp LM308AN
MC1741L General Purpose Op Amp LM741J-14 MLM308AU Precision Op Amp LM308AJ-8
MC1741U0 General Purpose Op Amp LM741J MLM308G Precision Op Amp LM308H
MC1747CG Dual MC1741 Op Amp LM747CH © MLM308L Precision Op Amp LM308J
MC1747CL Dual MC1741 Op Amp LM747CJ MLM308PI Precision Op Amp LM308N
MC1747CP2 Dual MC1741 Op Amp LM747CN MLM308U Precision Op Amp LM308J-8
MC1747G Dual MC1741 Op Amp LM747H MLM309G Positive Voltage Regulator LM309H
MC1747L Dual MC1741 Op Amp ' LM747J MLM309K Positive Voltage Regulator LM309K -
MC1748CG General Purpose Op Amp LM748CH MLM310G Unity Gain Op Amp LM310H
MC1748CP1 General Purpose Op Amp LM748CN MLM310PI Unity Gain Op Amp LM310N
MC1748CU General Purpose Op Amp . LM748CJ MLM310U Unity Gain Op Amp LM3104-8
MC1748G General Purpose Op Amp LM748H MLM311G Voltage Comparator LM311H
MC1748U General Purpose Op Amp LM748J MLM311L Voltage Comparator LM311J
MC2901P Quad Comparator LM2901N MLM311PI Voltage Comparator LM311N
MC2902P Quad Op Amp LM2902N MLM311U Voltage Comparator LM311J-8
MC3301P Quad Op Amp LM3301N MLM324L Quad Op Amp LM324J
MC3302P Quad Comparator LM3302N MLM324P Quad Op Amp LM324N
MC3401P Quad Op Amp LM3401N MLM339AL Quad Comparator LM339AJ
MC78XXCK Positive Voltage Regulator LM78XXCK MLM339AP Quad Comparator LM339AN
MC78XXCT Positive Voltage Regulator LM78XXCT MLM339L Quad Comparator LM339J
MC78LXXACG Positive Voltage Regulator LM78LXXACH MLM339P Quad Comparator LM339N
MC78LXXACP Positive Voltage Regulator LM78LXXACZ MLM358G Dual Op Amp LM358H
MC78LXXCG  Positive Voltage Regulator LM78LXXCH MLM358PI Dual Op Amp LM358N
MC78LXXCP  Positive Voltage Regulator LM78LXXCZ MLMS565CP Phase Locked Loop LMSB5CN
MC79XXCK Negative Voltage Regulator LM79XXCK
MC79XXCT  Negative Voltage Regulator LM79XXCT PMI
MCT79LXXACP  Negative Voltage Regulator LM79LXXACZ PM108AJ Operational Amplifier LM108AH
MC79LXXCP  Negative Voltage Regulator LM79LXXCZ PM1084 Operational Amplifier LM108H
MLM101AG Gen. Purpose Adj. Op Amp ‘LM101AH PM155AJ JFET Input Op Amp LF155AH
MLM101AU Gen. Purpose Adj. Op Amp LM101AJ PM155J JFET Input Op Amp LF155H
MLM104G Adjustable Negative Volt. Regulator LM104H PM156AJ JFET Input Op Amp LF156AH
MLM105G Adjustable Positive Volt. Regulator LM105H PM 1564 JFET Input Op Amp LF156H
MLM107G General Purpose Op Amp LM107H PM157AJ JFET Input Op Amp LF157AH
MLM107U General Purpose Op Amp LM107J PM157J JFET Input Op Amp LF157H
MLM108AG Precision Op Amp LM108AH PM208AJ Operational Amplifier - LM208AH
MLM108AU Precision Op Amp LM108AJ PM2084 Operational Amplifier LM208H
MLM109G Positive Voltage Regulator LM109H PM255J JFET Input Op Amp LF255H
MLM110G _Unity Gain Op Amp LM110H PM256J JFET Input Op Amp LF256H
MLM110U Unity Gain Op Amp LM110J-8 _PM2579 JFET Input Op Amp LF257H
MLM111G Voltage Comparator LM111H PM308AJ Operational Amplifier LM308AH
MLM111L Voltage Comparator LM111J PM308J Operational Amplifier LM308H
MLM111U Voltage Comparator LM111J-8 PM355AJ JFET Input Op Amp LF355AH
MLM124L Quad Op Amp ' LM124) PM355J JFET Input Op Amp LF355H
MLM124P Quad Op Amp LM124N PM356AJ JFET Input Op Amp LF356AH
MLM139AL Quad Comparator LM139AJ PM356J JFET Input Op Amp _ LF356H
MLM139L Quad Comparator LM139J PM357AJ JFET Input Op Amp LF357AH
MLM158G Dual Op Amp LM158H PM3574 JFET input Op Amp LF357H
MLM201AG General Purpose Op Amp LM201AH PM725CJ Operational Amplifier LM725CH
MLM201API General Purpose Op Amp ‘LM201AN PM725J Operational Amplifier LM725H
MLM204G Adjustable Negative Voltage Regulator ~ LM204H PM741CJ Compensated Op Amp LM741CH
MLM205G Adjustable Positive Voltage Regulator LM205H PM741J Compensated Op Amp LM741H
MLM207G General Purpose Op Amp LM207H PM747CJ Dual Compensated Op Amp LM747CH
MLM207U General Purpose Op Amp LM207J PM747J Dual Compensated Op Amp LM747H
MLM208AG Precision Op Amp LM208AH PM1558J Dual Compensated Op Amp LM1558H
MLM208AL Precision Op Amp LM208AJ
MLM208AU Precision Op Amp LM208AJ-8 SIGNETICS
MLM208G Precision Op Amp LM208H wA709AT Operational Amplifier LM709AH
MLM208L Precision Op Amp LM2084 pA709CN Operational Amplifier LM709CN-8
MLM208U Preciston Op Amp LM2084-8 uA709CN-14 Opevalibnal Amplitier LM709CN
MLM209G Positive Voltage Regulator LM209H pA708CT Operational Amplifier- LM709CH
MLM211G Voltage Comparator LM211H nA709T Operational Amplifier LM709H
MLM211L Voltage Comparator m211J p#A710CN-14 Differential Voltage Comparator LM710CN
MLM211U Voltage Comparator LM211J-8 pAT10CT Differential Voltage Comparator LM710CH
MLM224L Quad Op Amp LM224J wA710T Differential Voltage Comparator LM710H
MLM239AL Quad Comparator LM239AJ #A711CN Dual Voltage Comparator LM711CN
MLM239L Quad Comparator LM239J pA711CT Dual Voltage Comparator LM711CH’
MLM258G Dual Op Amp Lm258H #AT1IK Dual Voltage Comparator LM711H
MLM301AG General Purpose Op Amp LM301AH #A723CF Precision Voltage Regulator LM723CJ
MLM301API General Purpose Op Amp LM301AN pA723CL Precision Voitage Regulator LM723CH




National ’ National
Device No. Function Direct Device No. Function Direct
Replacement Replacement
SIGNETICS (Continued) SIGNETICS (Continued)
#A723CN Precision Voltage Regulator LN723CN LM224AN Gen Purpose Single Supply Op Amp LM224AN
uA723F Precision Voltage Regulator LM723J LM224F Gen Purpose Single Supply Op Amp LM224J
#A7T23L Precision Voltage Regulator LM723H LM239AF Quad Voltage Comparator LM239AJ
rA733CN Differential Video Amp LM733CN LM239F Quad Voltage Comparator LM239J
puA733CT Differential Video Amp LM733CH LM258T Gen Purpose Single Supply Op Amp LM258H
rA733F Differential Video Amp LM733H LM293T Low Power Dual Voitage Complrator LM293H
rA741CF General Purpose Op Amp LM741CJ-14 LM301AF High Performance Amplifier LM301AJ-14
pA741CN General Purpose Op Amp LM741CN LM301AN High Performance Amplifier LM301AN
#A741CN-14 General Purpose Op Amp LM741CN-14 LM301AT High Performance Amplifier LM301H
rA741CT General Purpose Op Amp LM741CH LM307F General Purpose Op Amp LM307J-14
wA741F General Purpose Op Amp LM741J-14 LM307N General Purpose Op Amp LM307N
pATA1T General Purpose Op Amp LM741H LM307T General Purpose Op Amp LM307H
pA747CN Dual Op Amp LM747CN LM308AF Precision Op Amp LM308AJ
. nAT48CF General Purpose Op Amp LM748CJ LM308AN Precision Op Amp LM308AN
#A748CN General Purpose Op Amp LM748CN LM308AT Precision Op Amp LM308AH
nA748CT General Purpose Op Amp LM748CH LM308F Precision Op Amp LM308J
wAT48F General Purpose Op Amp LM748J-14 LM308N Precision Op Amp LM308N
pA748T ( General Purpose Op Amp LM748H LM308T Precision Op Amp LM308H
78XXCU 3-Terminal Positive Voltage Regulator LM78XXCT LM309DA 5 Volt Regulator LM309K
78XXDA 3-Terminal Positive Voltage Regulator LM78XXCK LM309DB 5 Volt Regulator LM309H
78LXXACS 3-Terminal Positive Voitage Regulator LM78XXACZ LM311F Voltage Comparator LM311J
78LXXADB 3-Terminal Positive Votlage Regulator LM78LXXACH LM311N Voitage Comparator LM311N
78LXXCDB 3-Terminal Positive Voltage Regulator LM78LXXCH LM311N-14 Voltage Comparator LM311N-14
78LXXCS 3-Terminal Positive Votiage Regulator LM78LXXCZ LM31IT Voltage Comparator LM311H
79XXCU 3-Terminal Negative Voltage Regulator LM79XXCT LM319F Dual Voltage Comparator LM319J
79XXDA 3-Terminal Negative Voltage Regulator LM79XXCK LM319K Dual Voltage Comparator LM319H
LF155AT Hi Performance JFET Input Op Amp LF155AH LM319N Dual Voltage Comparator LM319N
LF155T Hi Performance JFET Input Op Amp LF155H LM324AF Gen Purpose Single Supply Op Amp LM324AJ
LF156AT Hi Performance JFET Input Op Amp LF156AH LM324AN Gen Purpose Single Supply Op Amp LM324AN
LF156T Hi Performance JFET Input Op Amp LF156H LM324F Gen Purpose Single Supply Op Amp LM324J
LF157AT Hi Performance JFET Input Op Amp LF157AH LM324N Gen Purpose Single Supply Op Amp LM324N
LF157T Hi Performance JFET Input Op Amp LF157H LM339AF Quad Voltage Comparator LM339AJ
LF255T Hi Performance JFET Input Op Amp LF255H LM339AN Quad Voltage Comparator LM339AN
LF256T Hi Performance JFET Input Op Amp LF256H LM339F Quad Voltage Comparator LM339J
LF257T ‘Hi Performance JFET Input Op Amp LF257H LM339N Quad Voltage Comparator LM339N
LF355AT Hi Performance JFET Input Op Amp LF355AH LM340XXDA 3-Terminal Positive Voltage Regulator LM340KXX
LF355T Hi Performance JFET Input Op Amp LF355H LM340XXLL 3-Terminal Positive Voltage Regulator LM340TXX
LF356AT Hi Performance JFET Input Op Amp LF356AH LM381AN Dual Low Noise Preamplifier LM381AN
LF356T Hi Performance JFET Input Op Amp LF356H LM381N Dual Low Noise Preamplifier LM381N
LF357AT Hi Performance JFET Input Op Amp LF357AH LM382N Dual Low Noise Preamplifier LM382N
LF357T Hi Performance JFET Input Op Amp LF357H LM387N Dual Low Noise Preamplifier LM387N
LM101AF High Performance Amplifier LM101AJ-14 LM393AN Low Power Dual Voltage Comparator LM393AN
LM101AT High Performance Amplifier LM101AH LM393AT ~ Low Power Dual Voitage Comparator LM393AH
LM107F General Purpose Op Amp LM107J-14 LM393N Low Power Dual Voltage Comparator LM393N
LM107T General Purpose Op Amp LM107H LM393T Low Power Dual Voltage Comparator LM393H
LM10BAF Precision Op Amp LM108AJ LM2901F Quad Voltage Comparator LM2901J
LM108AT Precision Op Amp LM108AH LM2901N Quad Voltage Comparator LM2901N’
LM108F Precision Op Amp LM108J LM2903N Low Power Dual Voltage Comparator LM2903N
LM108T Precision Op Amp LM108H MC1408-7F 8-Bit Multiplying DIA Converter LM1407J-7
LM109DB 5 Volt Regulator LM109H MC1408-8F 8-Bit Multiplying D/A Converter LM1408J-8
LM111F Voltage Comparator ' M1y MC1408-7N 8-Bit Multiplying D/A Converter LM1408N-7
LMI1T Voltage Comparator LM111H MC1408-8N 8-Bit Multiplying D/A Converter LM1408N-8
LM119F Dual Voltage Comparator LM119J MC1496K Balanced Modulator Demodulator LM1496H
LM119K Dual Voltage Comparator LM119H MC1496N Balanced Modulator Demodulator LM1496N
LM124AF Gen Purpose Single Supply Op Amp LM124AJ MC1596K Balanced Modulator Demodulator LM1596H
LM124F Gen Purpose Single Supply Op Amp LM124J MC3302N Quad Voitage Comparator LM3302N
" LM124N Gen Purpose Single Supply Op Amp LM124N NE555T Timer LM555CH
LM139AF Quad Voltage Comparator LM13%AJ NE555N Timer LM555CN
LM139F Quad Voltage Comparator LM139J NESS6N Dual Timer LM556CN
LM193AT Low Power Dual Voitage Comparator LM193AH NE556F Dual Timer LM556J°
LM193T Low Power Dual Voltage Comparator LM193H NE565K Phase Locked Loop LM565CH
LM201AF High Performance Amplifier LM201AJ-14 NES565N " Phase Locked Loop LM565CN
LM201AN High Performance Amplifier LM201AN NE566N Function Generator LM566CN
LM201AT ' High Performance Amplifier LM201H NES567T Tone Decoder/Phase Locked Loop LM567CH
LM207F General Purpose Op Amp LM207J-14 NES67N Tone Decoder/Phase Locked Loop LM567CN
LM207T General Purpose Op Amp LM207H SE555T Timer LM555H
LM208AF General Purpose Op Amp LM208AJ SE565K Phase Locked Loop LM565H
LM208AT Precision Operational Amp LM208AH SE567T Tone Decoder/Phase Locked Loop LM567H
LM208F Precision Operational Amp LM208J TBA120N FM IF Amp & Demodulator’ TBA120T
LM208T Precision Operational Amp LM208H TBA120S-2 8-Stage Amp w/Balanced Demodulator ~ TBA120S Ii
LM2090D8B 5 Volt Regulator LM209H TBA120S-3 8-Stage Amp w/Balanced Demodulator  TBA120S Il
LM211F Voltage Comparator LM211J TBA120S-4 8-Stage Amp wiBalanced Demodulator ~ TBA120S IV
LM211T Voltage Comparator LM211H TBA120S-5 8-Stage Amp w/Balanced Demodulator ~ TBA120S V
LM219F Dual Voltage Comparator LM219J TBA120SN 8-Stage w/Balanced Demodulator TBA120SQ
LM219K Dual Voltage Comparator LM21SH TBA120S2N  8-Stage w/Balanced Demodulator TBA120SQ Il
LM224AF Gen Purpose Single Supply Op Amp LM224AJ TBA120S-3N  8-Stage w/Balanced Demodulator

TBA120SQ 11
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Device No.

Function

National
Direct
Replacement

Device No.

Function

National
Direct
Replacement

Linear Cross Reference Guide

SIGNETICS (Continued)

TBA120S-4N
TBA120S5N
TBA120U
TBA120UN

8-Stage w/Balanced Demodulator
8-Stage w/Balanced Demodulator

FM IF Amp & Demodulator
FM IF Amp & Demodulator

TEXAS INSTRUMENTS

WATOAML
#A709CL
WA709CN
wA709CP
WATOIML
#AT10ML
WAT11CL
WAT1ICN'
WAT11ML
wA723CJ
#AT23CL
#A723CN
HA723MJ
WAT23ML
#A733CL
#A733CN
wA733ML
wA741CY
#A741CJ
HA741CIG
HAT41CL
pATAICP
HATAIMY
WA741MIG
JATAIML
WA748CIG
KAT48CL
#A748CN
WAT48MJ
WAT48MIG
WATABML
WA7BXXCKA
WATBXXCKC
WAT8LXXACL
WATBLXXCLP
WAT8MXXCKD
HATIXXCKA
WATOXXCKC
HATIMXXCKD
WATIMXXCLA
HATIMXXLA
LF155AL
LF155L
LF156AL
LF156L
LF157AL
LF157L
LF255L
LF256L
LF257L
LF355AL
LF355L
LF355P
LF356AL |
LF356L
LF356P
LM101AJ
LM101AJG
LM101AL
LM101AU
LM104L
LM105L
LM106L
LM107J
LM107JG
LM107L
LM109LA
LM111J
LM111JG
LM111L
LM117KA

Op Amp

Op Amp

Op Amp

Op Amp

Op Amp

Comparator

Dual Comparator

Dual Comparator

Dual Comparator

Voltage Regulator
Voltage Regulator
Voitage Reguiator
Voltage Regulator
Voltage Regulator

Video Amp

Video Amp

Video Amp

Compensated Op Amp
Compensated Op Amp
Compensated Op Amp,
Compensated Op Amp
Compensated Op Amp
Compensated Op Amp
Compensated Op Amp
Compensated Op Amp
Op Amp ’

Op Amp

Op Amp

Op Amp

Op Amp

Op Amp

Positive Voltage Regulator
Positive Voltage Regulator
Positive Voltage Regulator
Positive Voltage Regulator
Positive Voltage Regulator
Negative Voltage Regulator
Negative Voltage Regulator
Negative Voltage Regulator
Negative Voltage Regulator
Negative Voitage Regulator
JFET Input Op Amp ’
JFET Input Op Amp

JFET Input Op Amp .

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp’

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp

JFET Input Op Amp

‘JFET Input Op Amp

Improved Op Amp
Improved Op Amp
Improved Op Amp
Improved Op Amp’
Negative Voltage Regulator
Positive Voltage Regulator
Voltage Comparator
Compensated Op Amp
Compensated Op Amp
Compensated Op Amp

5V Regulator

Voltage Comparator
Voitage Comparator
Voltage Comparator
3-Terminal Adjustable Regulator

TBA120SQ IV
TBA120SQ V
TBA120U
TBA120UQ

LM709AH
LM709CH
LM703CN
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
LM748CN
LM748J-14
LM7480
LM748H
LM78XXCK
LM78XXCT
LM78BLXXACZ
LM78LXXCZ
LM78MXXCP
LM79XXCK

", LM79XXCT

LM79MXXCP
LM79MXXCH
LM79MXXH
LF156AH
LF156H
LF156AH
LF156H .
LF157AH
LF157H
LF255H
LF256H
LF257H
LF355AH
LF355H
LF355N
LF356AH
LF356H
LF356N
LM101AJ-14
LM101AJ
LM101AH
LM101AF
LM104H
LM105H"
LM106H
LM107J-14
LM107J
LM107H
LM109H
LM111J
LM111J-8
LM111H
LM117K

TEXAS INSTRUMENTS (Continued)

LM117LA
LM118JG
LM118L
LM124J
LM124N
LM139J
LM158L
LM193L
LM201AJ
LM201AJG
LM201AL
LM201AN
LM204L
LM205L
LM206L
LM207J
LM207JG
LM207L
LM209LA
LM217H
LM217KA
LM218JG
LM218L
LM224J
LM239J
LM258L
LM293L
LM301AJ
LM301AJG
LM301AL
LM301AN
LM304L
LM305AL .
LM305L
LM306L
LM307J
LM307JG
LM307L
LM307N
LM309LA
LM311J
LM311JG
LM311L

"+ LM311N -

LM311P
LM317KA

LM317KC |

LM317LA
LM318JG
LM318L
LM318P
LM324J
LM324N
LM339J
LM339N
LM358L
LM358P
LM376P
LM393L
LM3g3P
LM2901N
LM2902J
LM2902N
LM2903P
LM2904P
MC1558JG
MC1558L
NES55CJG
NESS5CL
SE555JG
SES55L
TLOB1ACL
TLOB1ACN
TLOBICL
TLOBICN
TL710CL
TL710CN

3-Terminal Adjustable Regulator
High Slew Rate Op Amp
High Slew Rate Op Amp
Quad Op Amp

Quad Op Amp

Quad Comparator

Dual Op Amp

Dual Comparator

Improved Op Amp
Improved Op Amp
Improved Op Amp
Improved Op Amp

Negative Voltage Regulator
Positive Voltage Regulator
Voltage Comparator
Compensated Op Amp
Compensated Op Amp
Compensated.Op Amp

5V Regulator

3-Terminal Adjustable Regulator
3-Terminal Adjustable Regulator
High Slew Rate Op Amp
High Slew Rate Op Amp
Quad Op Amp

Quad Comparator

Dual Op Amp

Dual Comparator

Improved Op Amp
Improved Op Amp
Improved Op Amp
Improved Op Amp

Negative Voitage Regulator
Positive Voltage Regulator
Positive Voltage Regulator
Voltage Comparator
Compensated Op Amp
Compensated Op Amp
Compensated Op Amp
Compensated Op Amp

5V Regulator

Voltage Comparator
Voltage Comparator,
Voltage Comparator
Voltage Comparator
Voltage Comparator

3-Terminal Adjustable Regulator *

3-Terminal Adjustable Regulator

3-Terminal Adjustable Regulator .

High Slew Rate Op Amp
High Slew Rate Op Amp
High Slew Rate Op Amp
Quad Op Amp

Quad Op Amp

Quad Comparator

Quad Comparator

Dual Op Amp

Dual Op Amp N
Positive Voltage Regulator
Dual Comparator

Dual Comparator

Quad Comparator

Quad Op Amp

Quad Op Amp

Dual Comparator

Dual Op Amp

Dual Compensated Op Amp
Dual Compensated Op Amp
Timer

Timer

Timer

Timer

Single Low Cost Bi-Fet Op Amp

Single Low Cost Bi-Fet Op Amp -

Single Low Cost Bi-Fet Op Amp
Single Low Cost Bi-Fet Op Amp
Comparator. . .
Comparator

LM117H.

LM118y
LM118H
LM124y
LM1$24N
LM139J
¢LM158H »
LM193H
LM201AJ-14
LM201AJ
LM201AH
LM201AN
LM204H
LM205H
LM206H
LM207J-14
LM207J
LM207H
LM209H
LM217LA
LM217K
LM218J-8
LM218H
LM224
LM239J
LM258H
LM293H
LM301AJ-14
LM301AJ
LM301AH
LM301AN .
LM304H
LM305AH
LM305H
LM306H , ’
LM307J-14
LM307J
LM307H
LM307N
LM309H
LM311J
LM311J-8
LM311H
LM311N-14
LM311IN
LM317K
LM317T
LM317H
LM3184-8
LM318H -
LM318N
LM324)
LM324N
LM339J
LM339N
LM358H
LM358N
LM376N
LM393H
LM393N
LM2901N
LM29024
LM2902N
LM2903N
LM2904N
LM15584
LM15518H
LM555CJ
LMS55CH
LM555J
LM555H
LF351AH
LF351AN
LF351H
LF351N
LM710CH
LM710CN
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. =
National 3
-
(7]
—h
Semiconductor 3
. " A Siticon
M T
NSC  |Signetics|Fairchild |Motorola RCA General AMD R?ytheon -U
Y
(2]
o3
Q)
14/16 Lead D %
Glass/Metal DIP D ! D L D D D
ﬁﬁﬁﬁﬁ o
()]
»
2
J, [¢»]
Glass/Metal F, -
F Q F F K F F , o)
Flat-Pack s =
* 1 Q
(1]
. c
' % ) o
: (1]
' ) s*, T,
TO-99, TO-100, TO-5 H H .G L T H
L, Vi**
DB
8, 14 and 16-Lead R, ‘ oc,
Low-Temperature J F U J i
W Ceramic DIP . D DD
(Steel)
K Ks K K
T0-3
° KC DA i K K K LK,
(e] O,
° (Aluminum) . TK
N,
] v,
8,14 and 16-Lead N A T p P, e M, pc DN,
Plastic DIP . P N N DP,
‘ B
mP
*With dual-in-line formed leads.
**With radially formed leads.
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Industry Package Cross Reference Guide

Sili
NSC |Signetics | Fairchild |Motorola| TI RCA G:a:::l AMD Raytheon!
O
TO-202
{D-40, Durawatt) P KD
“SGS” Type s BP.
Power DIP
/
Yok
TO-220 T U u KC
‘
Low Temperature
Glass Hermetic w F F w FM
Flat Pack
TO-92
P P
[I"I] (Plastic) z s w u
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National ° See Physical Dimensions Addendum on page 12-24 for late additions.

Semiconductor

0.760
(18.308)
MAX
fial [3] [z ] [o) [61 [@
0.298
(1.569)
PINNO. 1
lnzm\ls. MAX
T EEET
0.054

(| 372)  0.165

0.8 vk
I‘—— —*1 @i
{12.319) MAX
0.020-0.050
A {_ (0508-1.529)
0.008-0.015
T ze3-038n ]
0.300 0.050 :0.010 0.015-0.023 0.125
T {1210:0258) ]‘ {0381-0589) F_ @175
REF 0.100:0.010 L
(2540 +0.254)
NS Package D14E
14-Lead Cavity DIP (D)
(Side Brazed)
. " 0B
I (20573)
MAX
i) 5] [] [i3] [z [ [} [51
;_l_._._._l_l_l —
0208
[
PINND.1
IDENT e Max
T T
0.054
! 0485 {3 Lo oaes
(12319 - - (mn
MAX
0.020-0.060
§ [os08-1520)
0.008-0.015
by TR I
0300 uoso:00m0 | | oms-0023 || o1 .
~ e T (1210:025) o3s1-0s8) T @iE
REF 0.100 :0.010 MN
12540 :0258)
NS Package D16C
16-Lead Cavity DIP (D)
(Side Brazed)
'
0910
(Zl“l] 1.010
max 48 = 25.654) {
AX ]
0298 0298
{7.559) 7:569)
MAX pNNo.1 L o MAX
1DENT L°.
T T2J T Te] ToJ TeT T2 Tef T[] Tiof
s (:::?) bl uz m) (:::15)
030 1 = "uax 0.060-0.020'"" m)"} r MAX mAX
F y (15u-osna)
| . . 1 [N
' 0.015-0.008
0.008-0.015 ol T'—‘
0300 {0203-0.381) 0.020-0.060 2300 0381-028)
oy 0.050 :0.010 0.015-0.023 0.125 (©508-1528) 0300 0100 20010 0.023-0.015 s
[0 (2020250 “' [ R e & R e 0 " I—— *H*m =0T [exeo)
0.100 :0.010 MIN
25470250
NS Package D18A NS Package D20A
18-Lead Cavity DIP (D) ’ 20-Lead Cavity DIP (D)

(Side Brazed)
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ensions

Physical Dim

. 1290
2766 MAX
[24] 23] J22} [214] f20{ [19] [18] [17] [16] [15] {14} [13]
0530 0550
s {1391
PINNO. 1
IDENTL
DEORERURORORERORONCRTRE
0200
0610 MAX 0810 (5 080)
" (15.498) (15 m) M 0.050 :0.010
f (1270 <0.254)
0.008-0.012 f
0203-0305)
”‘Z5-nms ) ;s
0635
(sars2338) oom‘nm omn 0010 umon )
{1778 0.258) {2580 0254 (e
. NS Package D24A
24-Lead Cavity DIP (D)
0.080 E_Ql
- = i ™o |
MAX
o] B0 ax Frv 0.002-0.006 0.050 40,005
2w T o 2
oazsa0mo |, SASY | 00500008 (0.102-0.152) (1zi0<0zn
{0535 70.250) = [Tz
0.004-0.006
102-0.152) 0.750-0.770
{19.05-19.558)
‘ 10 PINNO. 1 !
PIN NO. IDENT =424 b
IDENT
L S §
/
0.800-0.900
{22.352-22.860)
| 0.020-0.040 0015-08 2.020-0.000 : 0015-0018
o] e DB 008
0503-1.076) {0381-0.483) 0.020-0.040 | 0.015-0.013
! ) ™ fos0-1.016) " awi-oamm)
NS Package F10A NS Package F24A
10-Lead Flat Package (F) 24-Lead Flat Package (F)
0.209-0.219 '
0350-0.370 0.355 - 0.370
{5.308-5.563) 0350-0370 | 38520370
—| wawswm Mt T WS-8
0.178-0.195 _ljoars-0a3s 0305 0,335
w2148 0.165-0.195 '|(0,Mv-|m) “'Al'*' 0,050 0165 - 0.185 "'1 s T
@181-4.953) ww {8181 - 46%9) A
; | 0.075-0083 . MAX
(1905-2.362)
SEATING e 1 pe
PLANE - T
0.030 J L oo 0500 0500 0.040 U
(0762) o500 [T fiz7e) {101
MAX . {12.700) MII:” 0.015-0.020 DIA MIN MAX \ 0.016 - 0.019 ™
2L6ADS WIN 0.381-0.508) {0,406 - 0.483)
omzame : 3LEADS
(0.305-0.883)
0200 w2 -
TR woan "*°
o 0100
L) %)
@580
}x_i o
0.028-0.040 0.029 - .45 ! I
(0.737-1.016) 0.100 (0.737 - 1.143) £.100-
il N D100
0.028-0.038 ) {2540 0.028 - 0.034 O z5an
{0.711-0865) << {0711 - 0.864) <<
4 . e |
{0814-1.188) 01218 -
NS Package HO2A NS Package HO3A NS Package H03B

2-Lead TO-46 Metal Can Package (H)

3-Lead TO-39 Metal Can Package (H)

3-Lead TO-5 Metal Can Package (H)
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‘f 0.209-0.219 0.209-0230 ) UL 1 B,
(5.308-5.563) | (5.309-5842) ' (10.135-10.389)
| 0.478-0.195 0.178-6.195 ' ¢ 1
SEATING l ! u.ysu«x.ssa) (4,521-4.953),| { : E }
PLANE 0075-0.035 ! 0.079-0.03 »
l b ] " (1905-2413) SEATING ____¢ :t (2.006-2.438) !
IR 0500 PLANE 0500 0220-0238
0o iz gq_ { e {5.690-5.943)
out6-g01s. 4__ T SEATING PLANE -]
(0406-0483) e "
0.100 0.100 0400 0mE-0ms o
(2540 0.050 (2.540) (10.160) (0.406-0.483)
210
R 0.100
(2:540)
a5 ag
.036-0.046 b 0.028-0.048 0.036-0.046 // +0.028-0.088 . 050
%ymn-nm) 912~ nan)\/' \>\ omoizm 210
NS Package HO3H NS Package HO4A : NS Package HO4D

3-Lead TO-46 Metal Can Package (H)

4-Lead TO-46 Metal Can Package (H) '

Thermal Shield for HO4A

0.350-0.370
0335-0370 ™ 8.890-5.398) ﬂsa 939») -
03350370 o {8.509-9.398) : | 0305-0335
(8.509-9.398) \ 0315-0335 o Grar-agey O°
0315-0.335 i {8.001-8.509) i T
TETT e ! o
. : 0.165-0.185 |
0.165-0.185 SEATING @191-4699) | y |
0.165-0.185 | | worasn | { oAt @iasm |y ;
{@191-4.699) e 2040 T 7T INSULATOR
_J_ ' p0s0 0500 }—— T oo
— 0.500 - -—— === (L016) 0016)
0500 L0040 2 0180 (1270)  max (01,016
22 o1 0080 0 ax M MAX
(12.700) MAX ——— MAX MIN
MIN m] |] . [m\"-‘"ﬁ’ A — S 8 LEADS T 0016-0018
r 6LEADS 00160019 | {0906-0.483)
0200 0.016-0.018 {0406-0.483) 0200

——— ]
(0.406-0.483) oA

0.029-0.085 &
(0.737-1.143)

0.028-0.034
(0.711-0.868) y /

45° EQUALLY
SPACED

NS Package HO6C
6-Lead TO-5 Metal Can Package (H)

0.029-0045 7
0737-1.123)
0028-0.034

o -msu‘y//(
45° EQUALLY
SPACED -,

NS Package HOBA

8-Lead TO-5 Metal Can Package (H)

{5.080)

0.029-0.045
{33721 143)
0.028-0.034
' {0.711-0.864)

AR

A

“~
45° EQUALLY
SPACED

E NS Package H08C
8-Lead TO-5 Metal Can Package (H)

awiq [eaisAyd

suoisu

0350-0370
[~ wee0-0.398)
DIA

- (8.001-8.509)
DIA

0.165-0.185
{191-26%9) |

0490 } 0035 “ u " " I,
(12451 {0889
MAX

I

0.025-0.034

. {0.660-0864)
1 0.026-0.034
w5 cauRLLy | @Ge0-03501

SPACED
NS Package H10C
10-Lead TO-5 Metal Can Package (H)
(Low Profile)

03500370
{8.890-9.398) -
_ 0.319-0.329 .
(8.103-8.357)

|t

0.165-0.185
1@.191-4.699)
oozz-0m29 K T
{0559-0737) 0.500-0.560
m ﬂ ﬂ m (12100-1228)
0016-0.019 _{ a
{a06-0483)
0.225-0.235 !
5.715-5.969) E
L oo
2810-2.997)
ooz7-003 }
{0.685-0.864) %°
0.030-0.040 h
{0.762-1.016)

NS Package H10D
10-Lead TO-5 Metal Can Package (H)
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imensions

Physical D

R L N
=T U8 S 1 _}] NI
0.0%0 0.020
! . (2286 (5.080) —
0.060 e
061020010 | 0430:0.010 (1528)
(15494 :0.250) | (12.446 20.254)
T T U O T o O N TN 4
7 3 & 5 5 7T & % W o1
(1.050 20,010 |
w10 s0org P70 :0254)
(28.194 :0.258) 4 559 49010
g (31,750 20.258)
+0.005
0.010 £0.002 T B 0.025 +0.005 — e 0.070 uors -0.010 e
(0254 +0.051) P 11 (1.778) (‘ 05 »n.m)
I l n 635" m) 254
T nm ‘ 0.100 £0.010
| S ———— —_—
‘ L (2.540 £0.254)
0030 0.003 ] 1
{0762 £0.676) 0085 . 0.175
0030 40003 {2.159) (aaas)
0.762 20.076
( ! J L ' 0.017 o0
0.600 0.100 £0.002 ] —ﬂ 002 0.050
(15200 (2.540 0.051) 20 nn) (1210
-0.051 TYP
NS Package HY24A
24-Lead Cavity DIP (J)
(Hybrid Side Brazed)
0.400 ) : 0785 310
10.1 (19.939) P
ki MAX GLASS MAX g:;n
oms e 0.025 [e] [} i) [ [l [l [o ‘Fnuss
o5 " 020 o) 021
RET) RaD 3
MAX Ml'\X
. DI T G Tay 7 LT [
0.160 0.290-0.320 0.160 0.200
(8064)  0.060 :0.005 0.200 {136-8.128)  (4.064) GLASS 0.060 :0.005 {5.080)
0290-0.320 WX e ] [~ & MAX SEALANT {Ts2=0d21) | MAX 0.020-0.070
aea [ 01524 :0121) MAX 1028011
i GLASS 0.020-0.070 T = 0508-1.778)
seatant JI - ©508-1778) T i
i 0.008-0.012
0.008-0.012 ] {0.203-0.305) )
{0.203-0.308) 0.385 +0.025 (:;:) l" 0,018 :0002 0125
. 9.779 0,635 ha T e
o gwsams | 2T L nnu‘mz ws SIS0 axsoTH ENDS (0457 :0051) (o)
@778 -0635) MAX 045720051 [3a75) 0.100 :0.010 MIN
BOTH s00:0010  MIN 12540:0.259)
ENDS {2540 202581
NS Package JOBA NS Package J14A
8-Lead Cavity DIP (J) 14-Lead Cavity DIP (J)
0.160 0.200
0.290-0.320 (4405:) sg&;ﬁ? 0.060 +0.005 - (f&“)?, ‘ 10.7:159}
™1 G366-8.128) f52820.420) 19,
(7.366-8.128) . {1528 -0.127) . 0.020-0.070 WAX 0310
T - {0508-1.778) Tana
q I 0.025 MAK GLASS
0.008-0.012 {0535
{0203-0.305] ] RAD
0.050
b R . {1270) =) |- 08002 | 0.125
{8779 :0.635) MAX GEETE] a5
0.100 :0.010 MIN
(2540 :0.258) NS Package J16A
16-Lead Cavity DIP (J)
0z80-0320 | GLASS .
o STALANT 00560003 L g 1 0915 | 0310
i/ {1.422 '0.076) N m
0.160 0200 MAX
aosa) MAX 1 T MAX GLASS
14.068) ] 1 {5.080) 0025
% 5 0.008-0.012 /[ i I =] %
. {0203-0.305) | | MAX
L 0.385 +0.025 ’I MAX 0060 L —l —I 86 94 0425
(@77920535) BOTHENDS {152¢) " VP {35 T T E
0100:0010 - 0.018:0.003 MIN
{2530 :0.259) 0457 :0076)
NS Package J18A

18-Lead Cavity DIP (J)
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0.025

10.635)
unn\

1.230
— 0.600
o )
[ [ F [ [ (6 ) ) ) 6 fE Gtass
0.515-0.525
(13.081-13.335)

DgEREEnEnEnEngOEOnEnEE

suojsuauwiq |esisAyd

0200
0.590-0.620 GLASS 0.055 +0.005 ] e (5.080)
(14.986-15.748) SEALANT {1,397 0.127) MAX 0 620-0.070
| 0.508-1.178]
0.008-0.012 —
o {0203-0.305) |
L -0.060 0060-0.100 _ | '_ __‘ I‘ 0.018 20.002 0125
l (" 239 10 er) 1 (1528-2.540) 0100 +0.010 (0.457 £0.051) [
-1.528, 25400250 MIN
NS Package J24A
24-Lead Cavity DIP (J)
0.760-0.775
1930410685 O
0.325-0.352 ) 0287-0303 4 0815
8255-8981) one \ {7.289-7.696) (@0.70)
{2.946) BIAMAX
MAX
SEATING * SEATING PLANE
0420-0.480 l_[l_J i " ot
R (10.668-12.192) } || Jamtony 0.038-0.043 B {2997)
0855-1.092) 0430 MAX
(1092)
1177-1197 MIN 1.170-1.180
{79.895-30408) 0500570 29.72-2997)
0.210-0.220 {16.764-17.018) 0.205-0.225 0.654-0.664
Li'\ {5:207-5.115) {16.61-1687)
1 ores-0am N ('::—::’ RAD MAX
3 (@267-4521) 0420-0830
I < (10.67-11.18) 0.456-0.159 2 MOUNTING
0.425-0435 2 MOUNTING HOLES (3.962-4.039) HOLES
(10.785-11.049) 0.151-0.161 0485
{3.835-4.089) 0.038-0.043 f12.57) "AD MAX
DiA 0.965-1.092)
0.490-0.510 DIA 2 PINS

(12.446-12.954)

NS Package K02A
2-Lead TO-3 Metal Can Package (K)
. (Steel)

NS Package KCO2A
2-Lead TO-3 Metal Can Package (KC)
(Aluminum)

0.400 .
0.090 {10.160)
[T R M
oy (2286 X
Gs1 i [71 [fe] fsf
0.250 :0.005 0.250 £0.005
(6.350:0.127) (6.350 <0.127)
. 0030
0.300-0.320 00 e o0a0
{7.620-8.128) (Loﬂ -:'05’ L, ham-aan yax 0065  {1.016) 0.130£0.005
.302 +0.127] . E
| {7520-8.128) g _ TYP BT
f f 0125
0.009-0.015 0.003-0.015 3178
0.009-0015 0.020
(0.229-0.381) 0025 {0.229-0.381) I).Illl Y™ (ﬂ S0
+ .
+0.025 0.045 :0.015 0325 7000 o0t 0015 | 508
325 g1 (11430380 ! -——I ('_Waﬁ) {118320381) “' 457 +0.076)
Pletindlaetatuty 8.255 "
(p2ss7355%) AL TEET] 0381 (z m)
- {2.540) e
TYP
NS Package NOSA NS Package NO8B

8-Lead Molded Mini-DIP (N)

8-Lead Molded Mini-DIP (N)
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imensions

| Di

Physica

0510
{Taars)
MAX
i _[o] (] (3] [6]
B - i
0.980 __) 0250 :0.005
{2032) ol (636020127
OgEgagoRo]
oo
ooz G o g o0
"1 {7520-8.128) e g TP B30z 0327
0020
. wom "™
0.009-0.015 }
{0.228-0.387) { f
: 00750015 _ | I ooisximey LM%
0259028 {1905 20381 e
5,255 Y0.635 0.100 +0.010
( -nu) (2540 :0250)
NS Package N10B
10-Lead Molded DIP (N)
.
00950
2286~
agm 2280
239
DIA NOM
; 0.250°:0.005
PIN NO. 1 IDENT Pbinidttih
BN (6.350 :0.127)
0300-0.320
0300-0320 g5
TS81) | e om0
MAX 0.065 (uns)‘l |‘— 0.430:0.005
TRETT TYP P
| (1.651) (3.302 ;mzn
E re= 1 !
T —
L oous-ams b0
f0229-0380) —1
0075 10015 __| _IL 018 <0003 2125 Ty
{905 :0.381) 0.100 0257 :0.078) ‘3"5'

w5 TEw)
0325 s e
30635
(255 20383
NS Package N14A
14-Lead Molded DIP (N) -
um
[T
0.090 NOM
zame
0.5 1A NOM
i 3:1) {zza VA NO!
PINNO. 1 IUENT\ (:;:: ::ﬁ’
N X
R
0030
0.400 o762 0.065
0752 it 013010005
Tve 0.040
10.160 -
e " o e ] [T B ﬁﬁ
j j__ =T T 3 MIN
|- 1
0.200 (0.229-0.381)
TYP —
o vor oarscoats | L _—]o mol'_ "”‘ 0018 £0.003 0.100
it {1:905:0381) dil 0457 20,0076) (2.540)
e {1.905 70.381) am I pasan 25

TYP

NS Package N14C
14-Lead Molded DIP (N-01)
(Staggered Leads)
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0870
0.090 {22098}
2286) -~ - MAX
oo G0
{z.331)
DIA NOM ’
~ 0.250 :0.005
+PIN NO. 1 1DENT 0250 :0.008
\\@ {6350 :0.127)
. [DREREROREoRCRIND]
0
ooz 48 0040
{7620-8.128) 0.065 {i5%) 0.130 0.005
[ TP ‘>1 r {3302 0121
jf_ . 1
0.009-0.015 I
{0:225-0.381) 0.020
|—~————I 0.075:0.015 _ | I_ ’”_ 0.018 £0.003 n. zs (UMSII:‘B)
.02 : : (:msl
0325 Z0015 {1,905 :0.381) 2.100 {0457 :0.076)
0635 (zsam
(s 3530)
NS Package N16A
16-Lead Molded DIP (N)
o
os0 oo (22.098)
(2.286)
L I, i m @l @l m
(233 [}
PIN NO. 1 IDENT e 0.25G +0.005
/ 6350 £0.127)
'\\. i
DEBREERCEBEERE
- LY
.400 (0.762)
foew, P max 0065 0.040 0.130 +0.005

B Tesn o ] [T anzzen

N T i1 = T
0.200 r

r 0.003-0.015 _’—

i 0.229-0.38) 0.020
T O e ats ‘J_ L 0.018 +0.003 0.100 (0.058)
TYP 0.300 11.905 20.361) w 451 +0.076) (2.540) MIN
(1.620) . MIN
TvP

NS Package N16C
16-Lead Molded DIP (N-01)
(Staggered Leads)

0.780

. 0.030 (19.81}
(2.286)—» MAX
0.9 NoM | [ [A [ [ [ W [
- (2 337) ——— DIANOM _____r
0.250 :0.005
PIN NQ. 1 IDENT: e
o \\. @ {6.35 -0.127)
TUNEEHE OO
0.030
{0.762) '

0.300 - 0.320

MA: 0.040 R
N
[F T R T J
—Li,
_J 0.009 - 0.015 T_ 86°94° (

Py g
{0.229 - 0381), iy
I’“-“” 2030:0015 | _»l L ooie:0003 0125
s 9o {0762 :0.381)

il
0451 o B0m M
0.100 +0. Illﬂ MIN
('155 -lun) 2sa0ze)

NS Package N16E
16-Lead Molded DIP (N)

suoisuswiq |edisAyd
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| Dimensions

Physica

ooz (2286)

fzam) ~ M
DIA NOM \

PIN NO. 1 IDENT

0.250 +0.005

(6.350 0.127)

" 0030
03000320 {0.762) 0040
(7.620-8.128) , MAX 0.065 - 0.130 +0.005
{1651) TYP (3302 :0.127)

_ oo-oms f
@229-0.381) ‘ 0020
[BEE— 0.025 :0015 l__ __”__ 0.018 :0.003 oizs @S0
+0.025 TGRTET] 0457 20,07 @a75)
0.325 0015 (0.635 :0.381) 0.100 (0.457 +0.076) WIN
@540
('155‘-0.:1:1) TYP
NS Packge N18A
18-Lead Molded DIP (N)
1.070
0.0%2 (D)
(2.33) MAX
s \ EEEAERmE@L
025010005
PIN NO. 1 IDENT
™ @ @ {6.350 :0.127)
0.300-0.320 | .
0030 o 0.040
(- o 0.130 :0.008
' [ e @302 0.177)
T ___.r =y ] I
Li-kLo
- oovs-oonol T
B3B3 0.020

(0.229-0.258)
TYP

0.100 :0.010
o345 0.075 :0.005 G0 15.,"| ‘-— 0.018 :0.003 == MIN
{8.763 - ] R fradtstcnset @)
s {105 z0127) . [as7=0m76)

NS Package N20A
20-Lead Molded DIP (N)

(0.508)

o
I
&

1270

(32.258)
MAX

23] [23] [22] [21] fzo] [is] [re] [17] [ie] [1s] [ra] i3]

0.062 .

(1.575)
RAD

0.030 N
(0.762) 0.075
0.600-0.620 MAX 805

0.540 +0.005
(13.716 £0.127)

0.160 +0.005

l‘*m—j i '
— =

0.009-0.015
oz g O e aans 0.100
. 0.1 ).
) R - {1905 0381 | - ) -~ I"('zv_s'«ﬁ -~

NS Package N24A
24-Lead Molded DIP (N)

000

116) @A

MW e
Il

1t

. 0.015
00180003 1 {0381}
OAST0076) o MIN
(0.457 £0.076) @

MIN
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0.062

(1.575)
RAD

PINNO. 1 et~ |

0.550 +0.005
(13

i

[N NERONCNCRuN0]

T EEH

0.030
{0762 0080 . 0.050
0.600-0.620 MAX  (1.520) TZi0) ] | 013020005
{15.240-15.748) TYP {3302 :0127)
| se— T - l |
) 0.009-0.015
R __f m
L l' _[ 0.100 _" 0.018 +0.003 0.125 “:f#:”
(1575 *253%) @z {0457 :0.076) [eiE)
- VP et

NS Package N28A
28-Lead Molded DIP (N)

e i | onam |
0260-0.260 i ~0.105 ¢ ) (8.144-9652) 0.170-0.1%0 _|
(6096-6.504) -2667) 013040002 || 0240-0260 | (4318-4.226) 0.095-0.105
0.110-0.120 3302 0 051] (603-8504) | 2a13-286m
O I 3= 1) nuj o —_
S 04300520 (+)
o FEXTmEeT ]
{iz182-13.208 ! 1 odss
o315, [Tz
(9.525) 0065 | —|
Amiox (1551) 158
(3.41)
u’v 1':1; . l ] ! Ly
EF [ 0285-0315 I ¥
\__/ 7239-2 001 1 -
~ {1235, 8 000) ( N 0285-0.315 H
] ) a3-s00n) I
T B
T - i
1 2 3
0060 0.405-0425 ||
{s28] 1028710385 0024-0028 ) A2
REF @st0-0711)— 0068, any
Tve (1'524) REF
1 0405-0425
(16287-10 795)
(?'.‘:Z'Q'ﬂ!,J e | BT !
e Tve 0085-0.105 (bas-e560) 0085-0.105 _|
01950208 PAT-ZEEN atszen (:?;:.l‘:;:::) —’I I’—(..
. FrrTom 1188 «
ooz | 95200 e N _ ooss0ms
~passm 8.195-0205 “ ss1-1305)

457

<

0065-0.075
[~ ss1-1308)

Wess2on |

03n-0317
(9474-3576)

suoisuawi( jedisAud

1 2 3
_— | NS Package PO3E
NS Package PO3A Tab Formed 3-Lead
3-Lead TO-202 Power Package (P) ., TO-202 Power Package (P)
0.880 : 0.005 .
(22.352) « 0.127)
0440+ 0.005 LETEECITI
r(“.ﬁs) +(0.127) 0.132 (3.353)
0.090 X 45° 0.220 + 0.005 0.050 X 45"
(2.285) X 45° (5.588) + (0.127) /_(IJTD) X 45°
X
0.453 + 0.005 0_055_ (e
{7601+ 0321) nesn
0.370 + 0.005 _ 0.820
2310 0.0 0.030 P
+ —— (20.828)
9.398) = (0.127) w5 1|« 2042
5 1| o3s0:0008
e (:'%7:) ) |Es0: o)
1. ' R
s ir{rﬁj}irj}ﬁi.j}ﬁf' 1
‘____‘ 0.018 : 0.003 0040 | . | 01300005
i 00| | (10w (3302) = 0127)
00+ 0.010 Tve
(2.540) + (0.258) 1.120 0.009 (0.229)
{28.028) T gois 03en)
MAX
NS Package P11A

11-Lead Single-In-Line Package (P)

12-21




mensions

Physical D

1.336 :0.030
0042 (3383 :0.762)
o L imeomo
VP = o000 (2540 0250) 1 gm0
NADNC2E 0175 4005 ™ T eme
THREAD . (2.045 *0.0C0 HEAT i Nom
) N (00050 30) SINK PINNO. 1 INDENT
\\( re=i i
' T20-0005 |1 NS ‘) o
— ) [ ) [T}
L) ‘G,LD R4 Q'
(o LT 0.092
0.250 -0.005 ooso o0s T 7 i ) DA NOM
350 0.127) 2oz | Del0:000 0078 10005 01z .
{15,288 0.250) {1881 0.127) 0B e
- . [EXE5]
01300005 Typ S0 i ] 03100010 oo
G302 (1.016) (7878 0258 s
; _ : . {i3m)
[} T4 [ T 0o i
m—— R it
- : 1 1
. 0.030
0.170 -0.010 | ! 1 I L'(M_GZ) max
@318 0258 t ! 0015 - T
T L _,I 0100 0.010 0125 Ldig3m
| JLLCEUTT NN I S ' {2500 -0250) @ L
0,075 +0.005 (.98 0127} l_ 0018 40.003 MIN
0075 10.005 - 0018 10003
{1805 0 127) 0009 0.015 @as7 0076 1
N 0229~ 0381) 0.770
+0.025 p e
0azs"g e 0075 0015 {9558
™ ('255,0_535) =~ (1.905 +0.381) 1.180 +0.020
255 g.381 {23972 0.508)
NS Package S14A
14-Lead "“SGS’’ Type Power DIP (S)
0151 0002 .
BEETOwET 0395-0410 0.180 +0.005
{3835 :0.051) \ _0395-0410 . e 01800005
DiA foTaw ) NGIER ieas-0a0
. —Z ;:: :'25: 0.050 +0.003 (10.033-10.414) 0.151 :0.002 0.180 +0.005
| (6. .258) - " fzram @835 0051 (8.572 *0.127)
0110 0510 |) < 0.025 . 0.043 .
— - —— Tha 0 .
2798 025) {0635 u ~ {1092) i 0.050 0.002
O J/m . n Tvp 27 _‘[ = fz70 0051
(LT ! —L B
- SEATING © 02500010
A PLANE | 1 &m0z J.
0.340 0,010
{8636 -0.250) T
s 0340 0,010
10300010 : Va {863 10.250) . (.,"7-:%)
(26.162 0 254) 0.225 0. \ 1.00 0.863 ]
{5715 06351 7Ean 21920 —
l | 0500 :0.015 i
t I {13,716 -0381) HH
' : +0.010
| ! | 8015 g.002 - AL
_ede2 | 0105
I ] 00320005 | | (0-331 +nzsa) fa56n
0050 0003 ||l [CERCAERZI 1T} L o8 0.173-0.181
eI 59001 +0010 | | D035 0005 (4.334-4.597)
{1270 0.07) i e 0.105 °3 o1 {0889 10.127)
Pl oo s || ooz
0.100 0010 (oo 1 2E) 0z o {8.306-8.509)

T (2540 0250

NS Package TO3B

3-Lead TO-220 Power Package (T)

NS

Package TO5B

5-Lead TO-220 Power Package (T)
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0.395-0.410 0.180 +0.005
T -— 0.050-0.080 0.375-0.400
:&,’?3—1&414) 0151 20002 {572 :0127) fwiEr) - ™~ 9525-1016) |
] Gosl (3835 20051) 0.004-0.006 omo-oms | | oos0-0005
0083 0.050 0.050:0.002 @a0z-052 T[] {0258-05635) - {1z70:0123)
o T w2 {1270 :0.051)
] 0.250 +0.010
1 sasoz02 r N
| I R L
_0‘7_3. 0.340 20010 TAPERED SIDES 1"-f— 7 ils fie
0326 (18558) {8.636 20254) 4 PINNO. 1
(18.440) ogrs 0010 0382 | i H msnr\‘
s " {‘(mn ; M 234
+0.254) o
(0.381) w7
l' [loesn 0.940-0.950
: 4.384)
0.067 £0.005 __[ r
s .‘ L l _____L
003520005 0253 0105 L L
o 0.020-0.040 0015-0019
£0.127] 0.040 | 0.015-0.018
e (6426) ANE @sen {0508-1.016) (0381-0482) |
NS Package TO5C NS Package W16A
5-Lead TO-220 Power Package (T) 16-Lead Flat Package (W)
0.175 - 0.185 0.175 - 0.185
{4.225 ~4.699) {4845 — 4.699)
T
| L ,__O 5° HOM
SEATING o { _\ 0.160
PLANE ” ” l—*— (4.068)
5 NOM 80
0.500 0.090 0.025 0.4
0 2 ) ‘_-I ts7a)
MIiN
uncaumnu:n 0180 Ll
LEAD DIA a512) (m)
ll I"l 0.0145 - 0.0155 v
0.045 — 0.055 (9.‘57) (0.3683 ~ 0. 3937)
045 - 2088 BEFORE LEAD FINISH 0025 —
01143 - 1.307) 0.095 - 0.105 05351
(2413 - 2.667) MIN
0.014-0016 0.150-0.180 ’_“‘_
. 0.045 - 0.055 0.356-0408 _-‘ L BH0-452) w3 i:
~1.397) 9 —-
0.030 10° NOM. (2,540}
(ms) R Now = - *I /—_ Bia I cincLe
L1000 3\5/[
123
\,/ J Voo lons
| {FA25-3683)
10°NOM  10° NOM
NS Package Z03A NS Package Z03D

3-Lead TO-92 Plastic Package (2)

3-Lead T0O-92 Plastic Package (Z)
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Physical Dimensions Addendum

+0.010

0.960-1.000
{2438-25.00)
LT 0.890-0810 2
{5.080] {2z81-23.11) 5 5 0 o6 o o oY |
1 2 3 5 6 7 8 1 .
0.300 :0.010 . ' 0420 0500
L ] B {1620 :0258) , | w2z
lB 15 1 11 12 n IW 9
\._-____--_ 2 24
. L .
ot o —efley — _—l - AN\ D80 rve
(a.826) 0.015-0.020 (SN, 0150 (2.032)
{0381-0.508) zan [
NS Package D16D
16-Lead Cavity DIP (D)
| 1220
{30.988)
MAX
2 3] [21] |2 18] 8] [17] |6} {1s] [ra] [13]
0.59¢
(mm
MAX
NO. 1 IDENT 0T 2] BT TeT T TeJ [ T2 o] Dol [ D2
0.050 0520 0.185_
, {127 {13.208) {a.19)
TYP SQUARE MAX
! 0.020-0.050
[T | [ ose-isa
| ooos-0015 ' f
|~ 0203-0.381) 0125

3
MIN

0.600 0.100 :0.010 J l__ __”_0315—0023
(1529) {25540 -0.254) (0.381--0.584)
REF

NS Package D24C
24-Lead Cavity DIP (D)

0.545-0.555
(13.843-14.097)
DIA

T : ‘
0.148-0.181
(37594597 1
0500-0.560 " u 0022-0.030
D559-0.362)

__I L__ 0.016-0.019 . !

10405-0.483)
0200
{50801 0100
Tve .y 2sa) 0200
Tve {5.080)
7ol sl TYP
7 0
0400
{10160
YR

0.595-0.605
(15.113-15.367)

0.026-0.036
{0660-0.918) _

0.060
1.524)
DIATYP

0.026-0.036
(0.660-0.914)

NS Package H12B
12-Lead TO-8 Metal Can Package (H)
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0.890 +0.010
{22606 +0.254)

0.700 £0.010

(17.780 +0.254) I

i -

EPOXY SEAL

0.050-0.060
{1270-1.520)
i

0.490 £0.005
(12,446 £0.127)

0100 [7 -h 0470 :0.005
{2540) (11.938 20.127) 0.900 0.125
Tve L4 5 (22.860) (3.175)
| MIN
NS Package HY08A
8-Lead Cavity DIP (J) (Hybrid) .
1490 |
MAX 0600
(a1.8%) [(15240)
%] [1] [ [ [F# [ 7 G G 6 6] 6 fE MAX GLASS
0025 -
o 0.515-0.525

RAD

-

(13.081-13.335)

Do 2] 2] La] [s] Le] LJ [ed Lo Do [us] [az2] fasf [sa
0.200 0.048-0.055
) 0.590-0.620 (5.080) GLASS 0.0550.005  (1.219-1.397)
{14.98615.748) MAX SEALANT | [T a3
0160 — - 1 0.020-0.070
faoes) WA T T i(u.sun-ma)
o o Soms-00i2 | - —
S T e/
0.685 :0.025 TP i
17,399 0535) - B
0.060-0.100 0,100 :0.010 0.018:0.002 i
(15232500 2580 :0.254) {0457 :0508)
NS Package J28A
28-Lead Cavity Dip (J)
2.060
(52.320)
A

MAX
[=] (] [] [7] ] [es] (3] (58] e} (7] (oo} [2s] [s] [77] (] [os] feu] [35) [oa] s

0.530-0.550

LW
(0.635) —_—
o e
T T T T TeT T T ToJ Toof o] TraT Toof [oa] Tos] oo Ter] Toe] o] Toof
o475 o200
(a.445) GLASS (5.080)
AX SEALANT MAX

0.005-0.025

0.590-0.622
(14.986-15.800) .

(0.127-0.635)

0.008-0.012
(0.203-0.308) .

0.685 * 0.025
(17.400 + 0.635)

95°+ 5°

(%'::_:) 0.060 = 0.005
" (1.524 £0.127)
N m,

0.018 + 0.002

NS Package J40A
40-Lead Cavity DIP (J)

{0457 = 0.051) _’I |"—
v

0.100 + 0.010

TYP

ma -

/

86°94° TYP
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Addendum

imensions

Physical D

0.760-0.775
(1.304-19.685)

I_JAX DIA
0.345-0.395 | I
(8.763-10.033)

SEATING PLANE
0.220-0.280 |} )
(5.588-7.112) | u u ” u 0116
0,040 (2.946)
""(ms) ™ max

1.177-1.197
(29.896-30.404)

-_0.500 +0.010
(12.700 £0.258)

01660476
w2t6aa10) "™

0.153-0.159
(3.886-4.039) DIA /( 0.495-0.505
{2) HOLES (12.573-12.8217)
40° TYP R LEAD CIRCLE
m ncs‘/ . .
NS Package KOSA

8-Lead TO-3 Metal Can Package (K) !

PIN NDJIDENT\

0.500-0.620
—_— ]
(15.240-15.748)

0.062

(1.575)
RA?

0030
0.060 75757)

(1.524)  MAX

20710
(52.578) I

MAX

0.550 +0.005
(13.970 :0.127)

[Ne

RO RORCRORERORORCRERERERCRCRCRURCRCRE

‘_..

T

T !

) 0.130 :0.005
- Tve ‘_I " {3.302 :0.127)
'

0.009-0.015 j
™ 225 0380 : 0.020
+0.025 ____y Lo
| 825 o015 007520015 0.100 0.018.:0.003 0425 (0.508)
! +0535 {1905 0.381) {2:540) {0.457 20.076) a5
(1595 20550) Ve 1)

NS Package N4OA
40-Lead Molded DIP (N)
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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-
circuit 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
Semiconductor




‘National’s Data Bookshelf S
Order Form

Please send me the volumes of the National Semiconductor DATA BOOKSHELF that | have
' selected below. | 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 i
City - StatelCduntry Zip
copies @ $6.00, CMOS Dataﬁook e Total $ ‘
__ copies @ $7.00, Data Acquisition Handbook ........... Total $ '
_______copies @ $6.00, Interface DatabooK................... Total $ :
____ copies @ $16.00, Linear Applications Handbook ......... Total $
— copies @ $9.00, Linear Databook .......... . ....Total $
—_ copies @ $7.00, Voltage Regulator Handbook .......... Total $
" _.____ copies @ $6.00, Memory Databook ................... Total $ ‘
______ copies @ $11.00, Memory Applications ................. Total $ :
______copies @ $3.00, Microprocessor Applications in ) ‘
Business, Science and Industry ........ Total $
__copies @ $4.00, SC/MP Microprocessor ’
Applications ............. ... ... Total $
) ..$5.00, MOS/LSI Databook . . . .. .........un... Total $ ‘
. .$§.'Q_(_)', ‘Discretef'Databook ................... Total $ ‘
'$5.00, Microcomputer Systems v :
Series/80 Databook .................. Total $ ‘
— copies @ $6.00, Series 8000 Microprocessor ’
Family Handbook .................... Total $
— copies @ $20.00, Reliability Handbook ................. Total $
___ copies @ $6.00, Special Functions Databook . .. . . . . Total $
copies @ $3.00, Pressure Transducer Handbook ........ Total $
‘ Subtotal $

(California residents add 6% Sales Tax*) $
Grand Total $

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

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%: % Sales Tax.



National Semiconductor Corporation
2900 Semiconductor Drive

Santa Clara, California 95051

Tel: (408) 7375({’00

TWX: (910) 339-9240

National Semicond

District Sales Office

345 Wilson Avenue, Suite 404 /
Downsview, Ontario M3H 5W1

Canada { !
Tel: (416) 635- 7260 /
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Industrial S.A. {
Tlacoquemecatl No. 139-401
Esquina Adolfo Prieto
Mexico 12, D.F.

Tel: 575-78-68, 575-79-24

NS Eloctvomck Do Brasil £
Avda Brlgadeuo Faria Lima 844 '
11 Andar Copjunto 1104 4
Jardim Paulistano L0
Sao Paulo, Brasil \
Telex: 1121008 CABINE SAO PAU}_O
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Belgium
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National Semicpnductor Ltd.
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1900 Copenhagpn V
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NS International Inc., Japan
Miyake Building

1-9 Yotsuya, Shinjuku-ku 160
Tokyo, Japan

Tel: (04) 355-5711

TWX: 232-2015 JSCJ-J

Nati 1S " "

8th Floor,

Cheung Kong Electronic Bldg.
4 Hing Yip Street

Kwun Tong

Kowloon, Hong Kong

Tel: 3-899235
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NS Electronics Pty. Ltd.

Cnr. Stud Rd. & Mtn. Highway
Bayswater, Victoria 3153
Australia

Tel: 03-729-6333
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(Hong Kong) Ltd.

(Pty.) Ltd.
No. 1100 Lower Delta Road
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Tel. 2700011
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National Semiconductor (Taiwan) Ltd.
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