












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i Typical Applications 

Wide Range Trlmmable Regulator Narrow Range Trlmmable Regulator (± 1 "10 min.) 

VOUT 

Rl 
.... ...... 20k 

TLlH/B446-5 

Improved Noise Performance 

r ..... ..... VOUT 

10pf 

± 2.5V. ± 1.25V References 

t> y. LM324A or 
y. LM358A 

R Thin Film Resistor Network. 
±O.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-l0K-A), 
(Caddock T-914-10K-l00-05) 
or similar. 

7-88 

r ......... '.!...--..... -VOUT 

5 2M 
2Uk 

TL/H/8446-7 

U50V 

-USGV 

TLlH/8446-B 

TLlH/B44B-B 



Typical Applications (Continued) 

Multiple Output Voltages 

Y· 

r--~"'l.!!.... 5.000Y 

r ..... --'1!.-~-- 2.S00V 

Y· 

5.000V 

r ....... .,.L'---I-~I-- 2.SDOV 

Reference with Booster 

Y+~S.OV 

100-200 
lW 

TLlH/8446-10 

r....ll.o..'.!...._~ ____ .... _ Your ~ 2.S00V 

Uk 

TLlH/8446-9 

R ~ Thin Film Resistor Network 
0.05% Malching and 5 ppm Tracking 
(Beckman 694-3-R-l0K·A), 
(Caddock T-914·10K-l00-05) 
or similar. 

100 mA Boosted Reference 

Y·;;'5.5V 

3.3 

680 
2N2907 

~ (OPTIONAL 
~ PRE-LOAD) 

+ 
!50/JoF 

r-.... -,~-~-----t- VOUT - 7.S00V 

-----_ .. 
TL/H/8446-11 

TLlH/8448-12 

7-89 



U) ,---------------------------------------------------------------------------------, i Typical Applications (Continued) 

~ 
Buffered High-Current Reference with Filter 

+i.1V 

10k 

10k 

3.3 

L---+--Ir---~ .... --_1~ Vour-2•50OV 

3.3k 

TLlH/8446-13 

Simplified Schematic Diagram 

~------------------------~-_.-V+ 

20 

-t---"""'!r- VDUT 

1811 
1.5k 75k 

SDk 

5 pF 
5Dk 

I--..... wv- TRIM 

55k 

12k 

~----------~--~~--~--~~_~--~-----V- TL/H/6446-14 

'Reg. u.s. Pal. Off. 
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ADVANCED INFORMATION 

LM581 Precision 10-Volt Voltage Reference 

General Description 
The LM581 Series are precision monolithic temperature­
compensated voltage references. They are based on a bur­
ied zener reference as pioneered in the LM199 references, 
but do not require any heater, as they rely on special tem­
perature-compensation techniques (Patent Pending). The 
LM581 makes use of thin-film technology enhanced by the 
discrete laser trimming of resistors to achieve excellent 
Temperature coefficient (Tempco) of Vout (as low as 1 
ppml"C), along with tight initial tolerances (as low as 
0.01 %). The trim scheme is such that individual resistors 
are cut open rather than being trimmed (partially cut), to 
avoid resistor drift caused by electromigration in the 
trimmed area. The LM581 also provides excellent stability 
vs. changes in input voltage and output current (both sourc­
ing and sinking). The devices have a 10.000V output and 
will operate in either series or shunt mode; the output is 
short-circuit-proof to ground. 

Connection Diagram 
Metal Can Package 

~
OUTPUl 

~ GND 

INPUT~~ 0 !1~ICASEI 

~ 
BOTTOM VIEW 

TLIH19217-1 

(Case is connected to ground.) 

Order Number LM581JH, LM581KH, 
LM581LH, LM581SH, LM581TH or LM581UH 

See NS Package Number H03S 

Features 
• Low Tempco of Vout 
• Excellent initial accuracy (0.008%) 
iii Excellent line regulation (2 ppmlV) 
• Excellent output impedance 
• Excellent thermal regulation 
• Low noise 
• Low dissipation - 20 mW 
• Operates in series or shunt mode 
• Direct replacement for AD581 

Typical Applications 
Series Regulator 

+YS 

Shunt Regulators 

+10.000Y -10.000Y 

TLIH19217-4 

7-91 

TLIH19217-2 

TLIH19217-3 
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Surface Mount 

Cost pressures today are forcing many electronics manu­
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be­
cause: 

1. The mounting of devices on the PC board surface elimi­
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re­
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 

SURFACE MOUNT PACKAGING AT NATIONAL 

To help our customers take advantage of this new technolo­
gy, National has developed a line of surface mount pack­
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table I. 

Lead center spacing keeps shrinking with each new genera­
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de­
velopment (e.g., TAPEPAKTM) will have a lead center spac­
ing of only 12-20 mils. 

TABLE I. Surface Mount Packages from National 

Package 
Type 

Package 
Material 

Lead Bend 

Lead Center 
Spacing 

Tape & Reel 
Option 

Lead Counts 

Small Outline 
Transistor 
(SOT) 

Small Outline 
IC(SOIC) 

Plastic Chip Plastic Quad TAPEPAKTM Leadless Chip Leaded Chip 
Carrier (PCC) Flat Pack (TP) Carrier (LCG) Carrier f§J (PQFP) (LDCC) 

o a 

" ~o ,DoD ti, ~ tIiIID&iJIJ{!j V ,'",,,,"",,,",,,', """HR'" 15' ' 
Plastic Plastic Plastic Plastic Plastic Ceramic Ceramic 

Gull Wing Gull Wing J-Bend Gull Wing Gull Wing - Gull Wing 

50 Mils 50 Mils 50 Mils 25 Mils 20,15,12 Mils 50 Mils 50 Mils 

Yes Yes Yes tbd tbd No No 

PQFP-84 TP-40 (» LCC-18 
SOT-23 50-8(» PCC-20(» PQFP-100 TP-68 LCC-20(» LDCC-44 

High Profile 50-14(» PCC-28(» PQFP-132 TP-84 
SOT-23 TP-132 LCC-28 LDCC-68 

Low Profile 50-14 Wide(» PCC-44(» PQFP-196(*) TP-172 
50-16(*) PCC-68 PQFP-244 TP-220 LCC-32 LDCC-84 
SO-16Wide(*) PCC-84 TP-284 LCC-44(*) 
50-20(*) PCC-124 TP-360 LCC-48 LDCC-124 
50-24(*) LCC-52 

LCC-68 
LCC-84 
LCC-124 

·In production (or planned) for linear products. 
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LINEAR PRODUCTS IN SURFACE MOUNT 

Linear functions available in surface mount include: 

• Op amps 

• Comparators 

• Regulators 

• References 

• Data conversion 

• Industrial 

• Consumer 

• Automotive 

A complete list of linear part numbers in surface mount is 
presented in Table III. Refer to the datasheet in the appro­
priate chapter of this databook for a complete description of 
the device. In addition, National is continually expanding the 
list of devices offered in surface mount. If the functions you 
need do not appear in Table III, contact the sales office or 
distributor branch nearest you for additional information. 

Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi­
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information-printed later in this sec­
tion-for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for linear 
products). With this higher device count per reel (when com­
pared with less than a 100 devices per rail), pick-and-place 
machines have to be re-Ioaded less frequently and lower 
labor costs result. 

With Tape-and-Reel, manufacturers save twice-once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship­
ment and machine set-up. 

BOARD CONVERSION 

Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat-be careful about the 
thermal dissipation capability of the surface mount package. 

Because the surface mount package is smaller than the tra­
ditional dual-in-Iine package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist­
ance-see Table II). 

The silicon for most National devices can operate up to a 
150·C junction temperature (check the datasheet for the 
rare exception). Like the DIP, the surface mount package 
can actually withstand an ambient temperature of up to 
125·C (although a commercial temperature range device 
will only be specified for a max ambient temperature of 70·C 
and an industrial temperature range device will only be 
specified for a max ambient temperature of 85·C). See 
AN-336, "Understanding Integrated Circuit Package Power 
Capabilities", (reprinted in the appendix of each linear data­
book volume) for more information. 

8-4 

TABLE II: Surface Mount Package 
Thermal Resistance Range' 

Package 
Thermal Resistance'· 

(BIA. ·C/W) 

SO-8 120-175 
SO-14 100-140 
SO-14 Wide 70-110 
SO-16 90-130 
SO-16 Wide 70-100 
SO-20 60-90 
SO-24 55-85 

PCC-20 70-100 
PCC-28 60-90 
PCC-44 40-60 

"Actual thermal resistance for a particular device depends on die size. 
Refer to the datasheet for the actual 8jA value. 

"Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 x 20 x 10 mils). 

Given a max junction temperature of 150·C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. This 
factor must be taken into account for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa­
ble ambient temperature than the DIP circuit. For DIP cir­
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem­
perature required of the DIP current is close to the maxi­
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 

National has published extensiVe literature on the subject of 
surface mount packaging. Engineers from packaging, quali­
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 "Surface Mounting Methods 
and their Effect on Product Reliability" is referenced on 
each SMD datasheet. In addition, "Wave Soldering of Sur­
face Mount Components" is reprinted in this section for your 
information. 



TABLE III. Linear Surface Mount Current Device Listing 

Amplifiers and Comparators Data Acquisition Circuits 
Part Number Part Number Part Number Part Number 

LF347WM LM392M ADC0802LCV ADC1025BCV 
LF351M LM393M ADC0802LCWM ADC1025CCV 
LF451CM LM741CM ADC0804LCV DAC0800LCM 
LF353M LM1458M ADC0804LCWM DAC0801LCM 

LF355M LM2901M ADC0808CCV DAC0802LCM 

LF356M LM2902M ADC0809CCV DAC0806LCM 

LF357M LM2903M ADC0811BCV DAC0807LCM 

LF444CWM LM2904M ADC0811CCV DAC0808LCM 

LM10CWM LM2924M ADC0819BCV DAC0830LCWM 

LM10CLWM LM3403M ADC0819CCV DAC0830LCV 

LM308M LM4250M ADC0820BCV DAC0832LCWM 

LM308AM LM324M ADC0820CCV DAC0832LCV 

LM310M LM339M ADC0838BCV 

LM311M LM365WM ADC0838CCV 

LM318M LM607CM ADC0841BCV 

LM319M LMC669BCWM ADC0841CCV 

LM324M LMC669CCWM ADC0848BCV 
ADC0848CCV 

LM339M LF441CM ADC1005BCV 
LM346M ADC1005CCV 
LM348M 
LM358M 
LM359M 

Industrial Functions 
Part Number Part Number 

Regulators and References AH5012CM LM13600M 

Part Number Part Number LF13331M LM13700M 
LF13509M LMC555CM 

LM317LM LM2931M·5.0 LF13333M LM567CM 
LF3334M LM3524M LM555CM MF4CWM·50 

LM336M·2.5 LM78L05ACM 

LF336BM·2.5 LM78L12ACM 

LM336M·5.0 LM78L15ACM 

LM556CM MF4CWM·100 
LM567CM MF6CWM-50 
LM1496M MF10CCWM 

LM336BM·5.0 LM79L05ACM LM2917M MF6CWM-100 
LM337LM LM79L12ACM 

LM385M LM79L15ACM 

LM385M·1.2 LP2951ACM 
LP2951CM 

LM3046M MF5CWM 

LM3086M 
LM3146M 

LM385BM·1.2 
LM385M·2.5 Commercial and Automotive 
LM385BM-2.5 
LM723CM Part Number Part Number 

LM2931CM LM386M·1 LM1837M 
LM592M LM1851M 
LM831M LM1863M 
LM832M LM1865M 
LM833M LM1870M 

LM837M LM1894M 
LM838M LM1964V 
LM1131CM LM2893M 

LM3361AM 
LM1881M 
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Part Number Part Number 

LHOO02E LH0032E 
LH4002E LH0033E 

A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP-the laws of physics would have meant that a straight 
"junior copy" of the DIP would have resulted in an "S.O." 
package of lower reliability. You benefit from this equiva­
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual­
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub­
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think "Surface Mount"-think "National"l 

Ordering and Shipping Information 
When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 

Short-Form Procurement Specification 
TAPE FORMAT 

Trailer (Hub End)' 

Empty Cavities, Empty Cavities, 
min (Unsealed min (Sealed 
Cover Tape) Cover Tape) 

Small Outline IC 

80-8 (Narrow) 2 2 

SO-14 (Narrow) 2 2 

SO-14 (Wide) 2 2 

SO-16 (Narrow) 2 2 

SO-16 (Wide) 2 2 

80-20 (Wide) 2 2 

80-24 (Wide) 2 2 

Plastic Chip Carrier IC 

PCC-20 2 2 

PCC-28 2 2 

PCC-44 2 2 

Package 
Package 

Max/Rail Per Reel" 
Designator 

SO-8 M 100 2500 
SO-14 M 50 2500 
SO-14 Wide WM 50 1000 
SO-16 M 50 2500 
SO-16 Wide WM 50 1000 
SO-20 M 40 1000 
SO-24 M 30 1000 

PCL-20 V 50 1000 
PCL-28 V 40 1000 
PCL-44 V 25 500 

PQFP-196 VF TBD -
TP-40 TP 100 TBD 

LCC-20 E 50 -
LCC-44 E 25 -

·Incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape·and·Reel pack to preserve 
lot or date code integrity. See example below.) 

Example: You order 5,000 LM324M ICs shipped in Tape­
and-Reel. 

• Case 1: All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-and-Reel 
packs, each having 2500 LM324M ICs 

• Case 2: 3,000 devices have date code A and 2,000 de­
vices have date code B 

• You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack # 1 has 2,500 LM324M ICs with date code A 

Pack # 2 has 500 LM324M ICs with date code A 

Pack #3 has 2,000 LM324M ICs with date code B 

- I DIrection ~ Feed I 
Carrier' Leader (Start End)' 

Filled Cavities Empty Cavities, Empty Cavities, 
(Sealed min (Sealed min (Unsealed 

Cover Tape) Cover Tape) Cover Tape) 

2500 5 5 

2500 5 5 

1000 5 5 

2500 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

750 5 5 

500 5 5 

'The following diagram Identifies these sections of the tape and Pin # 1 device orientation. 
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Short-Form Procurement Specification (Continued) 

DEVICE ORIENTATION 

DIRECTION 
OFFEED • 

~ TRAILER ----l •• �r-.. ...---------CARRIEH SECTION---------.t ..... ---------1.~1 1- SECTION 
r----..., 

0000000000000000000000000009000,0000000000000000 C 

HUB 
END 

, 
I 

• EMPTY 
CAVITIES 

• UNSEALED 
COVER TAPE 

MATERIALS 

, '----,-----" 
• EMPTY 

CAVITIES 
• SEALED 

COVER TAPE 

I 

! 
-

'~'~'i • :E~~E~ ~~V~R~:~ 
I;> 0 0 : 
I 
I , 
I , , 
I 
I 
~ 

r B C,--p 

SO-IC 
DEVICES 

I 
I , , 
I , 
I 

J 

o Reel: 

i 
I , , 
I 
I 
1 

-,-~ I, 
I 

• EMPTY 
CAVITIES ~.'um. 

1.- __ ~O~~~~;, , 0 
I 
I 

PIN 1 
, 

ORIENTATION I 

I~ I 
I 

I~ I , 
, 
l..':_ 

0 0 
.................. 

• 

............... 
PCC-IC 

DEVICES 

0 I , , 
~ 

I , 
~ 

I , 
IJ I 

I , 
~ 

, 
I 

• EMPTY 
CAVITIES 

• UNSEALED 
COVER TAPE 

TUXX/0026-B 

• Cavity Tape: Conductive PVC (less than 105 Ohms/Sq) (1) Solid 80 pt fibreboard (standard) 

(2) Conductive fibreboard available 

(3) Conductive plastic (PVC) available 

• Cover Tape: Polyester 

(1) Conductive cover available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 

SO·IC 

DEVICE ORIENTATION 

PIN 
1 

8-7 

_ Po 10 PITCH CUMULATIVE 
TAPE TOLERANCE ±O.2mm 

\ 

PCC·IC 

TL/XX/0026-9 

en c ;. 
g 
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Short-Form Procurement Specification (Continued) 

I w I P I F I E I P2 I Po I D I T I AO I 80 I Ko I D1 IR 

Small Outline IC 

80-8 
(Narrow) 

12±.30 8.0±.10 5.5±.05 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.4±.10 5.2±.10 2.1±.10 1.55±.05 30 

80-14 
16±.30 8.0±.10 

(Narrow) 
7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 9.0±.10 2.1±.10 1.55±.05 40 

80-14 
16±.30 

(Wide) 
12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 9.5±.10 3.0±.10 1.55±.05 40 

80-16 
16±.30 8.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 10.3±.10 2.1 ±.10 1.55±.05 40 

(Narrow) 

80-16 
16±.30 12.0±.10 7.5±.10 

(Wide) 
1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 10.76±.10 3.0±.10 1.55±.05 40 

80-20 
(Wide) 

24±.30 12.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 13.3±.10 3.0±.10 2.05±.05 50 

80-24 
24±.30 12.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 15.85±.10 3.0±.10 2.05±.05 50 

(Wide) 

Plastic Chip Carrier IC 

PCC-20 16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 9.3±.10 9.3±.10 4.9±.10 1.55±.05 40 

PCC-28 24±.30 16.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 13.0±.10 13.0±.10 4.9±.10 2.05±.05 50 

Note 1: ~, Bo and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 
Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC ccnductive (less than 105 Ohms/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel·back force). 
Note 5: D1 Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 

REEL DIMENSIONS 

TMAX 

- I---B H IABEl(!) 

/ " od A ((0) ) C::r= 
'-_/ 'j 

~ )(-R"~~ 
M 

TL/XX/OO26-10 

STARTM· Surface Mount Tape and Reel 
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Short-Form Procurement Specifications (Continued) 

A (Max) B(Min) C D(Min) N(Min) G T(Max) 

12mmTape SO-8 (Narrow) (13.00) .059 .512±.002 .795 1.969 0.4B8~:g6g .724 -- -- --- --
(330) 1.5 13±0.05 20.2 50 12.4~~ 18.4 

16mmTape SO-14 (Narrow) 
SO-14 (Wide) 

(13.00) .059 .512±.002 .795 1.969 0.646~:g6g .882 
SO-16 (Narrow) -- -- ---

16.4 ~~ 
--

SO-16 (Wide) 
(330) 1.5 13±0.05 20.2 50 22.4 

PCC-20 

24 mm Tape SO-20 (Wide) 
(13.00) .059 .512±.002 .795 1.969 0.960~:g6g 1.197 

SO-24 (Wide) -- -- ---
24.4~~ 

---
PCC-28 

(330) 1.5 13±0.05 20.2 50 30.4 

(13.00) .059 .512±.002 .795 1.969 1.276~:g6g 1.512 
32mmTape PCC-44 ----- - ---

32.4~~ 
38.4 

(330) 1.5 13±0.05 20.2 50 

Inches 
Units: Millimeters 

Material: Paperboard (Non-Flaking) 

LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.I.) 

FIELD 

Lot Number 

Date Code 

Revision Level 

National Part No. I.D. 

Qty. 

EXAMPLE 

LOT 
(NUMBER 

LOT: EP639363K027 

DATE 
(CODE 

ole: M8644 

1IIIRlililll~II~I~~III~~III~lill!liI1Iilllill!ilillllm IIIIIII~IIIII~II!IIIIII~ 
R: 

(
REVISION 
NUMBER 

163 QTY: 2500 

II~I UI~ Ullillillllllllll!i ~1~1111~liilllllllll~i Illil!IIIW !i~llll~ II!IIIIII~II~II! 111~~~llil!i~~ I! 
NATIONAL SEMICONDUCTOR PART NUMBER 

TL/XX/0026-11 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 

National Semiconductor will also offer additional labels con­
taining information per your specific specification. 
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Wave Soldering of Surface 
Mount Components 
ABSTRACT 

In facing the upcoming surge of "surface mount technolo­
gy", many manufacturers of printed circuit boards have tak­
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad­
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject­
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex­
ists for retaining the use of the old wave-soldering machine. 
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Wave Soldering of Surface Mount Components (Continued) 

The reasons being: C) VaporliR rellowonly. 

1) Most PC Board Assembly houses already possess wave 1. Components on the same side of PW Board. 
soldering equipment. SWitching to another technology Trim and form standard DIPs in "gull wing" config-
such as vapor phase soldering requires substantial in- uration 
vestment in equipment and people. Solder paste screened on PW Board 

2) Due to the limited number of devices that are surface Pick and place SMDs and DIPs 
mount components, it is necessary to mix both lead in-
serted components and surface mount components on Bake 
the same board. Vapor/lR reflow 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PW BOARD ASSEMBLY PROCEDURES 
There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering Singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/IR reflow solder. 

1. Components on the same side of PW Board. 

Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 

Dispense solder paste on SMD pads 

Pick and place SMDs onto PW Board 
Bake 

Vapor phase/IR rellow 

Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 

Wave Solder (conventional) 

Clean and lead trim 

Invert PW Board 

Dispense solder paste on SMD pads 

Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 

Bake/Cure 

Invert board to rest on raised fixture 

Vapor/lR reflow soldering 

Clean 

B) Vapor/lR reflow solder then Wave Solder. 

1. Components on the same side of PW Board. 

Solder paste screened on SMD side of Printed 
Wire Board 

Pick and place SMDs 

Bake 
Vapor/lR reflow 

Lead insert on same side as SMDs 

Wave solder 

Clean and trim underside of PCB 
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Clean 

2. Components on opposite sides of PW Board. 
Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive dispensed at central location of each 
component 

Pick and place SMDs 

Bake 
Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DI Ps 

Vapor/IR reflow 

Clean and lead trim 

D) Wave Soldering Only 

1. Components on opposite sides of PW Board. 

Adhesive dispense on SMD side of PW Board 

Pick and place SMDs 

Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re­
garding heat treatment to a semiconductor device. Howev­
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo­
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper­
ation) or be partially immersed while in a 'pallet' where auto­
matic wave or DIP soldering processes are used. It is, there­
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 



Wave Soldering of Surface Mount Components (Continued) 

THERMAL CHARACTERISTICS OF 
MOLDED INTEGRATED CIRCUITS 

Since Plastic DIPs and SMDs are encapsulated with a ther­
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy­
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper­
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem­
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char­
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan­
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi­
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran­
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE-80LDERING 

Most wave-soldering operations occur at temperatures be­
tween 240-2S0·C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170·C. An 
I.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 

Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera­
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem­
perature between 120-1S0·C in a S-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 
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EFFECT ON PACKAGE PERFORMANCE BY 
EPOXY-METAL SEPARATION 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil­
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera­
ture. If separation occurs, the flux residues and acid resi­
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASEIIR REFLOW SOLDERING 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat­
ing temperatures are 21S·C (vapor phase) or 240·C (IR) and 
duration may also be longer (30 sec-SO sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur­
thermore, in the vapor phase system, the soldering environ­
ment is "oxygen-free" and considered "contaminant free". 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta­
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with­
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 8S·C and 
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FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 

85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85'C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 

Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac­
tured and the workmanship or reliability standards. General­
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per­
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 215'C) 
= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260'C) 
= 16 failures/1201 samples 
= 1.3% (average over 27 sample lots) 

Package: SO-14lead 
Test: Bias moisture test 85% R.H., 

85'C for 2000 hours 
Device: LM324M 

In Table V we examine the tolerance of the Small-Outlined 
(SOl C) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder­
ing conditions and repeated four (4) times. End pOint was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack­
ages which were surface-mounted onto a FR-4 printed wire 
board. 

TABLE V. Summary of Wave Solder Results 
(85% R.H./85'C Bias Moisture Test, 2000 hours) 

(# Failures/Total Tested) 

Unmounted Mounted 

ControllVapor Phase 0/114 ·0/84 
15 sec @ 215'C 

Solder Dip 
2/144 (1.4%) 0/85 

2 sec @260'C 

Solder Dip - 0/83 
4 sec @260'C 

Solder Dip 13/248 (5.2%) 1/76(1.3%) 
6 sec @260'C 

Solder Dip 14/127 (11.0%) 3/79(3.8%) 
10 sec @ 260'C 

Package: SO-14 lead 
Device: LM324M 
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Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack­
ages were mounted, the effect of severe temperature excur­
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex­
cess of 6 seconds immersion in hot solder. The safety mar­
gin is therefore recommended as maximum 4 seconds im­
mersion. If packages were immersed longer than 4 sec­
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var­
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 

TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability In Various Solder Environments 

(# Failure/Total Tested) 

Package 
Vapor Wave Wave Wave Wave 
Phase Solder Solder Solder Solder 

SO-8 
30 sec 2 sec 4 sec 6 sec 10 sec 

ManufA 8/30' 1/30' 0.30 12/30' 16/30' 
ManufB 2/30' 8/30' 2/30' 22/30' 20/30' 
ManufC 0/30 0/29 0/29 0/30 0/30 

ManufD 1/30' 0/30 12/30' 14/30' 2130' 
ManufE 1/30" 0/30 0/30 0/30 0/30 
ManufF 0/30 0/30 0/30 0/30 0/30 
ManufG 0/30 0/30 0/30 0/30 0/30 

·Corrosion-failures 

··No Visual Defecis-Non-corrosion failures 

Test Accelerated Bias Moisture Test; 85% R.H.l8S'C. 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface­
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be­
ing totally immersed in a hot solder wave during printed cir­
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer­
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem­
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi­
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec­
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers' performance. Results indicate there is room 
for improvement since not all survived the hot solder immer­
sion without compromise to lower reliability. 



Small Outline (SO) Package Surface Mounting Methods­
Parameters and Their Effect on Product Reliability 

The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

_I 1-TYPICALLY 0.050" LEADSPACING 

TL/XX/0026-13 

Standard DIP Package 

1_ TYPICALLY 0.100" LEADS PACING 
TL/XX/0026-14 

Because of its small size, reliability of the product assem­
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro­
duction under the condition that they be of comparable reli­
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo­
lar and 15V CMOS product assembled in SO and DIP (con­
trol) packages. 

V+=15VCMOS 
30V BIPOLAR 
85%RH/850C 
TEST CONDITION 

DIP 

o 2000 4000 6000 

TEST TIME (HRS) 

FIGURE A 
TL/XX/0026-15 

8-13 

In order to achieve reliability performance comparable to 
DIPs-SO packages are deSigned and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85'C were assembled 
on PC conversion boards using vapor-phase reflow solder­
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85'C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera­
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface­
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface-
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad­
hesive applications, along with the commonly-used vapor­
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 

Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro­
cess. (Only leads of the package are immersed into the mol­
ten solder). 
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SOLOER TEMPERATURE 260"C 

o 1 2 3 4 5 6 7 8 9 10 SEC. 

DWELL TIME 
TL/XX/0026-18 

FIGUREB 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur­
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack­
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160'C, Figure C. At low­
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (Tg) of epoxy (typically 160-165'C), the ther­
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastiC state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 

I 
100 110 120 130 140 150 160,170 180 

T9 
T(OC) 

TLlXX/0026-19 

FIGUREC 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata­
strophic failure. Unfortunately, electrical tests performed im­
mediately following soldering may not detect potential flaws. 

Most soldering processes involve temperatures ranging up 
to 260'C, which far exceeds the glass-transition tempera­
ture of epoxy. Clearly, circuit boards containing SMD pack­
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 - Standard DIP package 

Group 2 - SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 

Group 3 - dwell time 2 seconds 

4 - dwell time 4 seconds 

5 - dwell time 6 seconds 

6 - dwell time 10 seconds 

#6(10 SEC) 

!;1 #5 (6 SEC) '" ... 
'" 3 #4(4 SEC) 
~ 

o 2000 4000 6000 

TEST TIME (HRS) 
TL/XX/0026-20 

FIGURED 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro­
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre­
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend­
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick­
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 

(a) In-line placement 

- Fixed placement stations 

- Boards indexed under head and respective compo-
nents placed 

(b) Sequential placement 

- Either a X-V moving table system or a 8, X-V moving 
pickup system used 

-Individual components picked and placed onto boards 

(c) Simultaneous placement 

- Multiple pickup heads 

- Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

- X-V moving table, multiple pickup heads system 

- Components placed on PCB by successive or simul-
taneous actuation of pickup heads 

The SO package is treated almost the same as surface­
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 
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BAKE 

This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur­
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur­
face-mounted board is held upside down going into a va­
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65'C-95'C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea­
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili­
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 
For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va­
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. la­
ser soldering is more for specialized applications and re­
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori­
fice mask) can be used. 

The boards are preheated to about 100'C and then subject­
ed to an air jet at about 260'C. This is a slow process and 
results may be inconsistent due to various heat-sink proper­
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor­
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol­
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215'C vapor (most applications) or FX-38 

• FC-71 , 253'C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con­
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 
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In-Line Conveyorlzed Vapor-Phase Soldering 
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The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215'C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack­
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 

Vapor-Phase Furnace 

TLlXX/0026-23 

Batch-Fed Production Vapor-Phase Soldering Unit 
SECONDARY 

COILS 

PRIMARY COILS 

IMMERSION HEATER 
TLlXX/0026-24 
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Solder Joints on a SO-14 Package on PCB 

TL/XX/0026-25 

PRINTED CIRCUIT BOARD 
The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg­
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

- Good pattern resolution. 

- Complete coverage of circuit lines and resistance to 
flaking during soldering. 

- Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

- Compatible with soldering and cleaning requirements. 

SOLDER PASTE SCREEN PRINTING 
With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 

8-17 

Solder Joints on a SO-14 Package on PCB 

fJC U LJ 1---1 
h 'In ,D ~a aas D,O 

TL/XX/0026-26 

The typical lithographic "footprints" for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com­
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver­
age particle size of paste material. 

• Use squeegee of Durometer 70 . 

• Experimentation with squeegee travel speed is recom­
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed 'Is" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 
Selection of solder paste tends to be confusing, due to nu­
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap­
proximately 45 microns) should be used for general pur­
poses, while larger (solder globules) particles are pre­
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica­
tion). Uneven distribution causes uneven melting and sub­
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 

so-a, SO-14, SO-16 

0.045" :to.005" 

r····~ 0.245" 0.160" 

L •••• J:~ 
0.030" :to.005" -I 1- -I !-0.050"YYP 

TL/XX/0026-27 

TLlXX/0026-29 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 
• Use paste with aproximately 88-90% solids. 

SO-16L, SO-20 

····1 
.... ,," "J"'. 
L •••• !~ 

0.030" :to.005"~ 1- -.1 I-:ryyp 
TL/XX/0026-28 

Comparison of Particle Size/Shape of Various Solder Pastes 

200 x Alpha (62/36/2) 200 x Kester (63/37) 

TLlXX/0026-30 TL/XX/0026-31 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 

Solder Paste Screen on Pads 

TL/XX/0026-32 

200 ESL (63/37) 

TUXX/0026-34 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel­
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub­
jected to a solvent vapor, followed by a rinse in pure sol­
vent and a high-pressure spray lance are the basic requir­
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol­
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet­
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres­
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap­
propriate orifice masking to protect surrounding compo­
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 

Hot-Air Solder Rework Station 

RETRACT POSITION 

---~------, / 

HEAT SHIELD 

HOT AIR-

MASeK 

// 0 
/ 

.-'-

BOARD ON X-Y TABLE 

TLlXX/OO26-35 
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Hot-Air Rework Machine 

TL/XX/OO26-36 

lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there Is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo­
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack­
age. The adhesive is cured and then proceeded to auto­
insertion on the reverse side of the board (surface-mount­
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface­
mounted components are immersed into the molten sol­
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260·C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com­
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un­
like solder paste, which is more or less localized). Non­
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100"C just before entering the solder wave. 

• Due to the closer lead spacings (0.050' vs 0.100' for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol­
der coverage. This is minimized by dual-wave solder sys­
tems. 



Mixed Surface Mount and Lead Insertion 

(a) Same Side 

t t t t 
• PREHEAT 

A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu­
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave (usually a broad wave) then proceeds to per­
form the standard soldering. The departing edge from the 
solder is such to reduce "icicles," and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is oiten 
used with a heated recirculating spray wash (water tem­
perature 130'C), a final spray rinse (water temperature 
45-55'C), and a hot (120'C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast­
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma­
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 
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(b) Opposite Sides 

SOLDER FLOW 

TL/XX/0026-37 

Dual Wave 

....... ~ 
TL/XX/0026-38 

CONFORMAL COATING 
Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack­
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 
FUNCTIONS 

Demonstration-Introduce first-time users to surface­
mounting processes. 

Service-Investigate problems experienced by users on 
surface mounting. 

Reliability Build&-Assemble surface-mounted units for re­
liability data acquisition. 

8-22 

Technlques-Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment-In conjunction with equipment manufacturers. 
develop customized equipments to handle high density. 
new technology packages developed by National. 

In-House Expertise-Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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LF 356 N /A+ II L RELIABILITY PROGRAM (OPTIONAL) 
(REFER TO PROGRAM) 

PACKAGE TYPE (SEE BELOW) 

DEVICE NUMBER (GENERIC TYPE) AND 
SUFFIX LETTER (OPTIONAL) 

A: INPROVED ELECTRICAL SPECIFICATION 
C: COMMERCIAL TEMPERATURE RANGE 

(2ND SOURCE PRODUCTS) 

DEVICE FAMILY (SEE BELOW) 
TL/XX/0027-1 

Device Family 
Integrated Circuits (IC's) 

ADC 

AF 

AH 

AM 

DAC 

DM 

HS 

LF 

LH 

LM 

LMC 

LP 

MF 

SL 

LMF 

Data Conversion 

Active Filter 

Analog Switch (Hybrid) 

Analog Switch (Monolithic) 

Data Conversion 

Digital (Monolithic) 

Hybrid 

Linear (Bifet) 

Linear (Hybrid) 

Linear (Monolithic) 

Linear CMOS 

Linear (Low Power) 

Linear (Monolithic Filter) 

Special Linear 

Linear Monolithic Filter 

DATE CODE 
NON-MILITARY 

2ND DIGIT - CALENDAR YEAR 

Package Type* 
IC's Only 

D 
E 
F 
G 

H 
H-05 

H-46 

J 

J-B 

J-14 

K 

KC 

KSteel 

M 

N 

N-01 

N-B 

N-14 

P 

Q 
T 

V 
W 

WM 

Glass/Metal DIP 

Ceramic Leadless Chip Carrier (LCC) 

Glass/Metal Flat Pak (%" x %") 
12 Lead TO-B M/C 

Multi-Lead M/C 

4 Lead M/C (TO-5) } Shipped with 

4 Lead M/C (TO-46) Thermal Shield 

Lo-Temp Ceramic DIP (Sometimes referred to as 

the "Fit-Seal" Package). 

B Lead Ceramic DIP ("Mini DIP") 

14 Lead Ceramic DIP (-14 used only when 

product is also available in -B pkg). 

TO-3 M/C in Steel, except LM309K 

which is shipped in Aluminum 

TO-3 M/C (Aluminum) 

TO-3 M/C (Steel) 

Small Outline Package 

Molded DIP (EPOXY B) 

Molded DIP (Epoxy B) with Staggered Leads 

B Lead Molded DIP (Epoxy B) ("Mini-DIP") 

14 Lead Molded DIP (Epoxy B) 

(-14 used only when product is also 

available in -B pkg). 

3 Lead TO-202 PWR Pkg 

Cerdip with UV Window 

3,5,11,15 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

Multi-lead Plastic Chip Carrier (PCC) 

Lo-Temp Ceramic Flat Pak 

Wide Body Small Outline Package 

3RD & 4TH DIGITS - CALENDAR WORK WEEK 

MILITARY ONLY 
INDICATE PLANT 
OR MANUFACTURE 

MILITARY - 883B & 1.43851 0 
lST&2ND DIGITS-CALENDAR YEAR 
3RD & 4TH DIGITS - CALENDAR WORK WEEK 
(EXAMPLE:8301 =lST WEEK OF 1983) 

MILITARY ONLY 
ESD 
(ELECTROSTATIC DISCHARGE) 
SENSmVITY INDICATOR 

PART NUMBER 
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APPLICATION NOTE REFERENCED BY PART NUMBER 

National Semiconductor Linear Application notes are normally written to explain 
the operation and use of a particular device or family of IC's, or to present alterna· 
tive technical solutions. The following PART NUMBER index references the pub· 
lished application notes that would offer application assistance for those specific 
IC's. 

The 1986 Linear Applications Handbook is a complete text for all current Applica· 
tion Notes for both Monolithic and Hybrid products. Specific Application Notes are 
available upon request through National Semiconductor Sales Offices. 

DEVICE NUMBER APPLICATION NOTE 
ADCXXXX ............................................................................. AN·156 
ADC80 ............................................................................... AN·360 
ADC0801 ................................ AN·233, AN·271, AN·274, AN·280, AN·281, AN·294, LB·53 
ADC0802 ............................................... AN·233, AN·274, AN·280, AN·281, LB·53 
ADC0803 ............................................... AN·233, AN-274, AN·280, AN·281, LB·53 
ADC0804 ........................................ AN·233, AN·274, AN·276, AN·280, AN·281, LB·53 
ADC0805 ............................................... AN·233, AN·274, AN·280, AN·281, LB·53 
ADC0808 .............................................................. AN·247, AN·280, AN·281 
ADC0809 ..................................................................... AN·247, AN·280 
ADC0816 ...................................................... AN·193, AN·247, AN·258, AN·280 
ADC0817 .............................................................. AN·247, AN·258, AN·280 
ADC0820 ............................................................................. AN·237 
ADC0831 ..................................................................... AN·280, AN·281 
ADC0832 ..................................................................... AN·280, AN·281 
ADC0833 ..................................................................... AN·280, AN·281 
ADC0834 ..................................................................... AN·280, AN·281 
ADC0838 ..................................................................... AN·280, AN·281 
ADC1001 .............................................................. AN·276, AN·280, AN·281 
ADC1005 ............................................................................. AN·280 
ADC1210 ............................................................................. AN·245 
ADC3501 ..................................................................... AN·200, AN·202 
ADC3511 ............................................................................. AN·200 
ADC3701 ............................................................................. AN·200 
ADC3711 ............................................................................. AN·200 
AH0014 ................................................................................ AN·38 
AH0019 ................................................................................ AN·38 
CD4016 ................................................................................ AB·10 
DACXXXX ............................................................................. AN·156 
DAC0830 ............................................................................. AN·284 
DAC0831 ..................................................................... AN·271, AN·284 
DAC0832 ..................................................................... AN·271 , AN·284 
DAC1000 ...................................................... AN·271, AN·275, AN·277, AN·284 
DAC1001 ...................................................... AN·271, AN·275, AN·277, AN·284 
DAC1002 ...................................................... AN·271, AN·275, AN·277, AN·284 
DAC1006 ...................................................... AN·271, AN·275, AN·277, AN·284 
DAC1007 ...................................................... AN·271, AN·275, AN·277, AN·284 
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DEVICE NUMBER APPLICATION NOTE 
DAC1008 ...................................................... AN-271, AN-275, AN-277, AN-284 
DAC1020 .............................................. AN-263, AN-269, AN-293, AN-294, AN-299 
DAC1021 ............................................................................. AN-269 
DAC1022 ............................................................................. AN-269 
DAC1208 ..................................................................... AN-271, AN-284 
DAC1209 ..................................................................... AN-271, AN-284 
DAC1210 ..................................................................... AN-271, AN-284 
DAC1218 ............................................................................. AN-293 
DAC1220 ..................................................................... AN-253, AN-269 
DAC1221 ............................................................................. AN-269 
DAC1222 ............................................................................. AN-269 
DAC1230 ............................................................................. AN-284 
DAC1231 ..................................................................... AN-271, AN-284 
DAC1232 ..................................................................... AN-271 , AN-284 
DAC1280 ..................................................................... AN-261, AN-263 
DH0034 ............................................................................... AN-253 
DH0035 ................................................................................ AN-49 
DS8606 ....................................................................... AN-381, AN-382 
DS8608 ............................................................................... AN-382 
DT1058 ............................................................................... AN-287 
DT1060 ............................................................................... AN-287 
DTSW250E2 .......................................................................... AN-287 
DTSW250GI ........................................................................... AN-287 
INS8070 .............................................................................. AN-260 
LF111 .................................................................................. LB-39 
LF155 ........................................................................ AN-263, AN-447 
LF198 ........................................................................ AN-245, AN-294 
LF311 ................................................................................ AN-301 
LF347 ......................... AN-256, AN-262, AN-263, AN-265, AN-266, AN-301, AN-344, AN-447 
LF351 ...................... AN-242, AN-263, AN-266, AN-271, AN-275, AN-293, AN-447, Appendix C 
LF351A ............................................................................... AN-240 
LF351 B ........................................................................... Appendix D 
LF353 ........ AN-256, AN-258, AN-263, AN-264, AN-271, AN-285, AN-293, AN-447, LB-44, Appendix D 
LF356 ................................. AN-253, AN-258, AN-260, AN-263, AN-266, AN-271, AN-272, 

AN-275, AN-293, AN-294, AN-295, AN-301, AN-447 
LF357 .................................................................. AN-263, AN-447, LB-42 
LF398 ........................................... AN-247, AN-258, AN-266, AN-294, AN-298, LB-45 
LF400 ........................................................................ AN-428, AN-447 
LF411 ......................................................... AN-294, AN-301, AN-344, AN-447 
LF412 ................................................. AN-272, AN-299, AN-301, AN-344, AN-447 
LF441 ........................................................................ AN-301, AN-447 
LF13006 .............................................................................. AN-344 
LF13007 .............................................................................. AN-344 
LF13331 ...................................................................... AN-294, AN-447 
LF13508 .............................................................. AN-289, AN-360, AN-447 
LF13509 .............................................................. AN-289, AN-295, AN-447 
LH0002 .................................. AN-13, AN-63, AN-227, AN-244, AN-263, AN-272, AN-301 
LH0022 ......................................................................... AN-63, AN-75 
LH0023 ....................................................................... AN-245, AN-360 
LH0024 ............................................................................... AN-253 
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LH0032 ............................................................... AN-242, AN-244, AN-253 
LH0033 ........................................................ AN-48, AN-115, AN-227, AN-253 ,.. 
LH0042 ................................................................................ AN-63 IiiI 
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DEVICE NUMBER APPLICATION NOTE 
LH0043 ............................................................................... AN-245 
LH0052 ..............................................................................•. AN-63 
LH0053 ............................................................................... AN-245 
LH0062 ............................................................•..................• AN-75 
LH0063 ............. , ................................................................. AN-227 
LH0070 .................................. " ..... , ...... , . " ... , ....................... AN-301 
LH0071 ............................................................................... AN-245 
LH0082 ....................................................................... AN-244, AN-266 
LH0086 ....................................................................... AN-245, AN-360 
LH0091 ............................................................................ , .. AN-180 
LH0094 ............................................................................... AN-301 
LH0101 ............................................................................... AN-261 
LH1605 .............................................................. , ...... , ...... , .. AN-343 
LM10 .................................. AN-211, AN-247, AN-258, AN-271, AN-288, AN-299, AN-300 
LM11 .................................................. AN-241, AN-242, AN-260, AN-266, AN-271 
LM12 ......................................................... , ....................... AN-446 
LM101 ...................................... AN-4, AN-13, AN-20, AN-24, AN-75, LB-42, Appendix A 
LM101A .............................. AN-29, AN-30, AN-31 , AN-79, AN-241, LB-1, LB-2, LB-4, LB-8, 

LB-14, LB-16, LB-19, LB-28 
LM102 .............................................. AN-4, AN-13, AN-30, LB-1, LB-5, LB-6, LB-11 
LM103 ......................................................................... AN-11 0, LB-41 
LM104 .......................................................... AN-21 , LB-3, LB-7, LB-10, LB-40 
LM105 ................................................. AN-21,AN-23, AN-110, LB-3, LB-7, LB-10 
LM106 ..................................................................... AN-41, LB-6, LB-12 
LM107 ............................................. AN-20, AN-31 , LB-1, LB-12, LB-19, Appendix A 
LM108 ................... AN-29, AN-30, AN-31, AN-63, AN-79, AN-211, AN-241, LB-14, LB-15, LB-21 
LM108A .................................................................. AN-260, LB-15, LB-19 
LM109 .......................................................................... AN-42, LB-15 
LM109A ................................................................................ LB-15 
LM110 ........................................................................... LB-11, LB-42 
LM 111 ................................................ AN-41 , AN-1 03, LB-12, LB-16, LB-32, LB-39 
LM112 .......................................................................... AN-63,LB-19 
LM113 ................................................ AN-56, AN-11 0, LB-21, LB-24, LB-28, LB-37 
LM117 ................................................... AN-178, AN-181, AN-182, LB-46, LB-47 
LM117HV ........................................................................ LB-46, LB-47 
LM118 ................................................... LB-17, LB-19, LB-21, LB-23, Appendix A 
LM119 ......................................................................... AN-115,LB-23 
LM120 ................................................................................ AN-182 
LM121 ................................................... AN-79, AN-104, AN-184, AN-260, LB-22 
LM121A ................................................................................ LB-32 
LM122 .......................................................................... AN-97, LB-38 
LM125 ................................................................................. AN-82 
LM 126 ................................................................................. AN-82 
LM129 ......................................................... AN-173,AN-178, AN-262, AN-266 
LM131 .................................................................... AN-210, Appendix D 
LM131A .............................................................................. AN-210 
LM134 ................................................................................. LB-41 
LM135 ........................................................ AN-225, AN-262, AN-292, AN-298 
LM137 ....................•............................................................ LB-46 
LM137HV .............................................................................. LB-46 
LM138 ............. ' .................................................................... LB-46 
LM139 ................................................. , ............•.................. AN-74 
LM143 .......................................... , ............................. AN-127, AN-271 
LM148. .. . .... .. .. .... ..... .. ... .. . .. .. ... .. ........ .. . . . .......................... AN-260 
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DEVICE NUMBER APPLICATION NOTE 
LM150 ................................................................................. LB-46 
LM 158 ................................................................................ AN-116 
LM160 ................................................................................. AN-87 
LM161 ......................................................................... AN-87, AN-266 
LM163 ................................................................................ AN-295 
LM194 ......................................................................... AN-222, LB-21 
LM195 ................................................................................ AN-11 0 
LM199 ................................................................ AN-161, AN-260, AN-360 
LM199A .............................................................................. AN-161 
LM211 ................................................................................. LB-39 
LM216A ................................................................................ LB-37 
LM231 ................................................................................ AN-210 
LM231A .............................................................................. AN-225 
LM235 ................................................................................ AN-225 
LM239 .......................•......................................................... AN-74 
LM258 ................................................................................ AN-116 
LM260 ................................................................................. AN-87 
LM261 ...................... " ......................................................... AN-87 
LM301 A ............................................................... AN-178, AN-181 , AN-222 
LM304 ................................................................................. LB-40 
LM308 ......................................... AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 
LM308A ........................................................................ AN-225, LB-24 
LM309 ........................................................................ AN-178, AN-182 
LM311 ......................................... AN-41 , AN-1 03, AN-260, AN-263, AN-288, AN-294, 

AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 
LM313 ................................................................................ AN-263 
LM316 ................................................................................ AN-258 
LM317 ................................................... " .............. AN-178, LB-35, LB-46 
LM317H ................................................................................ LB-47 
LM318 .................................................................. AN-115, AN-299, LB-21 
LM319 ................................................................ AN-115, AN-271, AN-293 
LM320 ................................................................................ AN-288 
LM321 ................................................................................. LB-24 
LM324 ......................... AN-88, AN-258, AN-274, AN-284, AN-301, LB-44, AB-25, Appendix C 
LM329 ................................................ AN-256, AN-263, AN-284, AN-295, AN-301 
LM329B .............................................................................. AN-225 
LM330 ................................................................................ AN-301 
LM331 ............ AN-21 0, AN-240, AN-265, AN-278, AN-285, AN-311, LB-45, Appendix, C Appendix D 
LM331A ................................................................... AN-210, Appendix C 
LM334 .....................................•.......................... AN-242, AN-256, AN-284 
LM335 ................................................................ AN-225, AN-263, AN-295 
LM336 ................................................................ AN-202, AN-247, AN-258 
LM337 ................................................................................. LB-46 
LM338 ........................................................................... LB-49, LB-51 
LM339 ................................................................. AN-74, AN-245, AN-274 
LM340 ........................................................................ AN-103,AN-182 
LM340L ............................................................................... AN-256 
LM342 ................................................................................ AN-288 
LM346 ......................................................................... AN-202, LB-54 
LM347 ................................................................................. LB-44 
LM348 ......................................................................... AN-202, LB-42 
LM349 ................................................................................. LB-42 
LM358 ............................. AN-116, AN-247, AN-271, AN-274, AN-284, AN-298, Appendix C 
LM358A ........................................................................... Appendix D 
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DEVICE NUMBER APPLICATION NOTE 
LM359 ......................................................................... AN-278, AB-24 
LM360 ................................................................................. AN-87 
LM361 ......................................................................... AN-87, AN-294 
LM363 ................................................................................ AN-271 
LM380 ......................................................................... AN-69, AN-146 
LM381 ......................................................................... AN-64, AN-1 04 
LM382 ................................................................................ AN-147 
LM385 ........................................................ AN-242, AN-256, AN-301, AN-344 
LM386 •...................................................................•............ LB-54 
LM389 ........................................................ AN-256, AN-263, AN-264, AN-274 
LM391 ................................................................................ AN-272 
LM392 ........................................................................ AN-274, AN-286 
LM393 ................................................................ AN-271 , AN-274, AN-293 
LM394 .......................... AN-262, AN-263, AN-264, AN-271, AN-293, AN-299, AN-311, LB-52 
LM395 .................................. AN-178, AN-181, AN-262, AN-263, AN-266, AN-301 , LB-28 
LM399 ................................................................................ AN-184 
LM555 .................................................................................. AB-7 
LM556 .................................................................................. AB-7 
LM565 ......................................................................... AN-46,AN-146 
LM566 ................................................................................ AN-146 
LM567 ................................................................................. AN-46 
LM709 .......................................................................... AN-24, AN-30 
LM710 .......................................................................... AN-41, LB-12 
LM725 ................................................................................. LB-22 
LM741 ............................................................. AN-75, AN-79, LB-19, LB-22 
LM832 ..........................................•............................. AN-386, AN-390 
LM833 ................................................................................ AN-346 
LM1036 ............................................................................... AN-390 
LM1310 ................................................................................ AN-81 
LM 1524 ....................................................... AN-272, AN-288, AN-292, AN-293 
LM1800 .................................................•...................... AN-81,AN-147 
LM1812 ................................................................................ AB-20 
LM1818 ............................................................................... AN-407 
LM1820 ................................................................................ LB-29 
LM 1823 ............................................................................... AN-391 
LM 1828 ........................................................................... Appendix B 
LM1830 ................................................................................ AB-10 
LM1837 ............................................................................... AN-407 
LM 1845 ........................................................................... Appendix B 
LM 1863 ....................................................................... AN-381 , AN-382 
LM 1865 ....................................................................... AN-382, AN-390 
LM 1870 ............................................................................... AN-382 
LM 1886 ............................................................................... AN-402 
LM 1889 ...........•................................................................... AN-402 
LM1894 ............................................................... AN-384, AN-386, AN-390 
LM1897 ............................................................................... AN-407 
LM2878 ............................................................................... AN-14 7 
LM2889 ...................................................................•... AN-391, AN-402 
LM2907 .........................................•..................................... AN-162 
LM2917 ............................................................................... AN-162 
LM2931 ...................................................................•............ AB-12 
LM2931CT ............................................................................. AB-11 
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DEVICE NUMBER APPLICATION NOTE 
LM3045 ............................................................................... AN-286 
LM3046 ....................................................................... AN-146, AN-299 
LM3089 ............................................................................... AN-147 
LM3524 ....................................................... AN-272, AN-288, AN-292, AN-293 
LM3820 ........................................................................ AN-147, LB-29 
LM3900 ........................................... AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 
LM3909 ............................................................................... AN-154 
LM3911 ................................................................................ LB-27 
LM3914 ......................................................................... LB-48, AB-25 
LM3915 ............................................................................... AN-386 
LM3999 ................................................................................ AN161 
LM4250 ......................................................................... AN-88, LB-34 
LM7800 ............................................................................... AN-178 
LM78L12 ............................................................................. AN-146 
LMC835 .............................................................................. AN-435 
LP324 ................................................................................ AN-284 
MF10 ................................................................................. AN-307 
MM1458 .............................................................................. AN-116 
MM1558 .............................................................................. AN-116 
MM1558C ............................................................................. AN-116 
MM2716 ............................................................................... LB-54 
MM54104 ............................................................... AN-252, AN-287, LB-54 
MM57110 ............................................................................. AN-382 
MM74COO .............................................................................. AN-88 
MM74C02 .............................................................................. AN-88 
MM74C04 .............................................................................. AN-88 
MM74C948 ............................................................................ AN-193 
MM74LS138 ............................................................................ LB-54 
2N4339 ................................................................................ AN-32 
LH4101 ............................................................................... AN-480 
LM34/35 .............................................................................. AN-460 
LM32900 ............................................................................. AN-478 
LM3578 ................................................................................ AB-30 
LPXXXX .............................................................................. AN-462 
LM34 ................................................................................. AN-462 
LM35 ................................................................................. AN-462 
LM385 ................................................................................ AN-462 
LMC13334 ............................................................................ AN-462 
LP2950 ............................................................................... AN-462 
LP2951 ............................................................................... AN-462 
LP311 ................................................................................ AN-462 
LP324 ................................................................................ AN-462 
LP339 ................................................................................ AN-462 
LP365 ................................................................................ AN-462 
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Appendix C 
Summary of Commercial Reliability Programs 

General 
National Semiconductor Commercial Reliability Programs 
provide a broad range of off-the-shelf enhanced semicon­
ductor products that supply an extra measure of quality and 
reliability needed in high-stress or difficult to service applica­
tions. 

National's A + and B + programs allow each individual cus· 
tomerto: 

• Minimize the need for incoming electrical inspection 

• Eliminate the need and associated costs of using inde-
pendent testing laboratories 

• Reduction in infant mortality rate 

• Reduction in reworked board costs 

• Reduction in warranty and service costs 

A + Product Enhancement 
The A + Product Enhancement incorporates the benefits of 
the Multiple-Pass and Elevated Temperature along with 
"BURN-IN." 

The A + Program provides: 

• 100% Temperature Cycling 

• 100% Electrical Testing at Room and High Temperature 

• 100% Burn-In Testing Combining Increased Tempera­
ture with Applied Voltage 

• Acceptable Quality Levels Greater than Industry Norm 

Device TO-3 
KSTEEL 

LM109/309 X 

LM117/317 X 

LM117HV/317HV X 

LM120/320 X 

LM123/323 X 

LM137/337 X 

LM137HV /337HV X 

LM138/338 X 

LM140/340 X 

LM145/345 X 

LM150/250/350 X 

LM196/396 X 

LM2930/2935/2940/2984 

LM2931 

LM78XX 

Typical A + Flow is: 

• SEM 
• Assembly and Seal 

• Four Hour 150·C Bake 

• Five Temperature Cycles (O·C to + 100·C) 

• High Temperature Electrical Test 

• Electrical Test 

• Burn-In (160 hours at a minimum junction temperature of 
125·C) 

• DC Parametric and Function Tests 

• Tightened Quality Control Inspection Plans 

Note: Certain products may follow slightly different process flows dictated 
by specific capabilities and device characteristics, consult NSC. 

P + Product Enhancement 
The P+ product enhancement program applies to regulator 
devices and offers an added advantage. P + involves a dy­
namic self-heating burn-in that tests the thermal shutdown 
of the regulator. P + is proven more effective than the stan­
dard 125·C burn-in as an early screen for infant mortality 
defects. It sharply reduces the cost of testing incoming com­
ponents. Reliability Report L-140 further explains the P + 
process. The following chart lists regulators which receive 
P + prior to shipment and at no additional cost. 

Package Types 

TO-39H TO-220T TO-202 P TO-92Z 

X 

X X X 

X 

X X X 

X X X 

X 

X X X 

X 

X X 

X 
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Appendix 0 
Military Aerospace Programs 
from National Semiconductor 

This appendix is intended to provide a brief overview of mili­
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 

MIL-M-38510 
The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government­
controlled specifications in government-certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC's Qualified Products List (QPL) be­
fore devices can be marked and shipped as JAN product. 

There are two processing levels specified within MIL-M-
38510: Classes Sand B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table III. 

Tables I and II explain the JAN device marking system. 

Copies of MIL-M-38510, the QPL, and other related docu­
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

DESC Specifications 
DESC specifications are issued to provide standardized ver­
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con­
trolled electrical speCifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National's DESC specification offerings can 
be obtained from our franchised distributors, sales offices, 
or DESC. DESC is located in Dayton, Ohio. 

9-11 

MIL-STD-883 
Although originally intended to establish uniform test meth­
ods and procedures, MIL-STD-883 has also become the 
general speCification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In­
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par­
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class Band 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa­
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor­
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con­
trolled by our QA department. Individual copies are available 
upon request. 

Some of National's older products are not completely com­
pliant with MIL-STD-883 but are still required for use in mili­
tary systems. These devices are screened to the same 
stringent requirements as 883 product but are marked 
"-MIL". 

Military Screening Program (MSP) 
National's Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta­
ble III but are not subjected to Group C and D quality con­
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 
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TABLE I. The MIL-M-38510 Part Marking 

JM38510/XXXXXYYY 

,-- -- [Lead Finish 
A = Solder Oipped 
B =Tin Plate 
C = Gold Plate 
X = Any lead finish above 

is acceptable 

Device Package 
(see Table II) 

'-- Screening Level 
S, B, or C 

- Device Number on 
Slash Sheet 

'---Slash Sheet Number 

'----- For radiation hard devices 
this slash is replaced by the 
Radiation Hardness Assurance 
Designator (M, 0, R, or H per 
paragraph 3.4.1.3 of MIL-M-
38510) 

'------MIL-M-38510 

'-------JAN Prefix 
(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
MIL-M-38510) 

TABLE II. JAN Package Codes 

38510 
Package 

Designation 

A 
B 
C 
D 

Microcircuit Industry 
Description 

14·Pin 1/4" X 1/4" (metal) flat pack 
14-Pin 3/16" X 1/4" flat pack 
14-Pin 1 /4" X 3/4" dual·in·line 
14-Pin 1/4" X 3/8" (ceramic) flat pack 

E 16·Pin 1/4" X 3/8" dual·in·line 
F 16·Pin 1/4" X 3/8" (metal or ceramic) 

flat pack 
G 8·pin TO·99 can or header 
H 10-pin 1/4" x 1/4" (metal) flat pack 
I 1 O-pin TO·1 00 can or header 
J 24·pin 1/2" x 1·1/4" dual-in·line 
K 24-pin 3/8" x 5/8" flat pack 
L 24-pin 1/4" x 1·1/4" dual·in·line 
M 12·pin TO·101 can or header 
N (Note 1) 
P 8-pin 1/4" x 3/8" dual·in·line 
Q 40-pin 3/16" x 2·1/16" dual·in·line 
R 20·pin 1/4" x 1·1/16" dual·in·line 
S 20'pin 1/4" x 1/2" flat pack 
T (Note 1) 
U (Note 1) 
V 18·pin 3/8" x 15/16" dual·in·line 
W 22'pin 3/8" x 1·1/8" dual-in·line 
X (Note 1) 
Y (Note 1) 
Z (Note 1) 
2 20·terminaI0.350" x 0.350" chip carrier 
3 28-terminaI0.450" x 0.450" chip carrier 

C124-1 

Note 1: These letters are aSSigned to packages by individual detail specifi~ 
cations and may be assigned to different packages in different specifica­
tions. 
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TABLE 111.100% Screening Requirements 

ClassS 
Screen 

Method Reqmt 

1. Wafer Lot Acceptance 5007 All Lots 

2. Nondestructive Bond Pull 2023 100% 

3. Internal Visual (Note 1) 2010, Condition A 100% 

4. Stabilization Bake 100B, Condition C, 100% 
24 hrs. Min. 

5. Temp. Cycling (Note 2) 1010, Condition C 100% 

6. Constant Acceleration 2001, Condition E (Min.) 100% 
y 1 Orientation Only 

7. Visual Inspection (Note 3) 100% 

B. Particle Impact Noise Detection (PIND) 2020, Condition A (Note 4) 100% 

9. Serialization (NoteS) 100% 

10. Interim (Pre·Burn·ln) Electrical Per Applicable Device 100% 
Parameters Specification (Note 13) 

11. Burn·ln Test 1015 100% 
240 Hrs. @ 12S'C Min. 
(Cond. F Not Allowed) 

12. Interim (Post-Burn·ln) Electrical Per Applicable Device 100% 
Parameters Specification (Note 13) 

13. Reverse Bias Burn·ln (Note 7) 1015; Test Condition A, C, 100% 
72 Hrs. @ lS0'C Min. 
(Cond. F Not Allowed) 

15. PDA Calculation 5% Parametric (Note 14), All Lots 
3% Functional -2S'C 

16. Final Electrical Test Per Applicable Device 
a) Static Tests Specification 

1) 2S'C (Subgroup 1, Table I, 5005) 100% 
2) Max & Min Rated Operating Temp. 

100% 
(Subgroups 2, 3, Table I, 5005) 

b) Dynamic Tests & Switching Tests, 2S'C 
100% 

(Subgroups 4, 9, Table I, 5005) 
c) Functional Test, 2S'C 

100% 
(Subgroup 7, Table I, 5005) 

9·13 

ClassB 

Method 

2010, Condition B 

100B, Condition C, 
24 hrs. Min. 

1010, Condition C 

2001, Condition E, (Min.), 
y 1 Orientation Only 

Per Applicable Device 
Specification (Note 6) 

1015 
160 Hrs. @ 12S'C Min. 

5% Parametric (Note 14) 

Per Applicable Device 
Specification 

Reqmt 

-
-

100% 

100% 

100% 

100% 

100% 

-

-
-

100% 

-

All Lots 

100% 

100% 

100% 

100% 
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TABLE III. 100% Screening Requirements (Continued) 

ClassS ClassB 
Screen 

Method Reqmt Method Reqmt 

17. Seal Fine, Gross 1014 100%, (Note 8) 1014 100%, (Note 9) 

18. Radiographic (Note 10) 2012 Two Views 100% 

19. Qualification or Quality Conformance (Note 11) Samp. (Note 11) Samp. 
Inspection Test Sample Selection 

20. External Visual (Note 12) 2009 100% 100% 

Note 1: Unless otherwise specified, at the manufacturer's option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004). prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer's option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PI NO test may be performed in any sequence after step 6 and prior to step 16. See MIL·M·3B510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The oreler of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample lest (LTPO ~ 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed In any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past burn·in delta measurements are specified. 

Note 14: POA shall apply to all static, dynamic, functional, and switching measurements at either 25°C or maximum rated operating temperature. 
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Military Analog Products Available From National Semiconductor 
Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

DevieeType 
Mil' 883 

Dese JAN 
ClassB ClassB 

DevieeType 
Mil' 883 

Dese JAN 
ClassB ClassB 

AHOO14D X LHOO32G X X 

AHOO15D X LHOO33AG X 

AHOO19D X LHOO33G X X 

LF111H X LHOO36G X 

LF11201D X LHOO38D X 

LF11202D X LHOO41G X 

LF11331D X LHOO42D X 

LF11332D X LHOO42H X 

LF11333D X LHOO43G X 

LF11508D X LHOO44AH X 

LF11509D X LHOO44H X 

LF147D X LHOO52H X 

LF155AH X LHOO53G X 

LF155H X X LHOO61K X 

LF155J-8 X LHOO62D X 

LF155W X LHOO62H X 

LF156AH X LHOO63K X 

LF156H X X LHOO70-0H X 

LF156J-8 X LHOO70-1H X 

LF156W X LHOO70-2H X 

LF157AH X LHOO71-0H X 

LF157H X LHOO71-1H X 

LF198H X LHOO71-2H X 

LF411MH X X LHOO75G X 

LF411W X LHOO76G X 

LF412MH X X LHOO82D X 

LF441MH X LHOO84D X 

LF442MH X LHOO86D X 

LF444MD X LHOO91D X 

LHOOO2H X X LHOO94D X 

LHOOO3H X LHOO101AK X 

LHOOO4H X LH0101K X 

LHOO20G X LH2101AD X 

LHOO21K X LH2108AD X 

LHOO22D X LH2108D X 

LHOO22H X LH2110D X 

LHOO23G X LH2111D X 
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'Some older products are not completely compliant with MIL·STD·B83 but are stili required for use in military systems. These devices are screened to the same f:t 
stringent requirements as 883 product but are marked ""·MIL". iii 

LHOO24H X LH2111F X 
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~ r-------------------------------------------------------------------------------------~ 

~ Military Analog Products Available From National Semiconductor 
-g listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
8 Class S product. Additional information including new product plans can be obtained from our sales offices. 
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Device Type 
Mil" 883 

Desc JAN 
ClassB ClassB 

Device Type 
Mil" 883 

Desc JAN 
ClassB ClassB 

LH24250F X LM117HVH X X 

LM10H X LM117HVKSTL X X 

LM101AH X X LMl17KSTEEL X X X 

LM101AJ-14 X X LM118H X X 

LM101AJ X LM118J-8 X X 

LM101AW X LM118J X 

LM102H X LM118W X 

Uvi103H-3.0 X X LM119H X X 

LM103H-3.3 X X LM119J X X 

LM103H-3.6 X X LM120H-12 X 

LM103H-3.9 X X LM120H-15 X 

LM104H X LMI20H-5.0 X 

LM105H X LM120K-12 X 

LM106H X LM120K-15 X 

LM107H X LMI20K-5.0 X 

LM107J-14 X LM121AH X 

LM107J X LM121H X 

LM108AH X X LM122H X 

LM108AJ-8 X X LM123KSTEEL X 

LM108AJ X LM124AJ X 

LM108AW X LM124J X X 

LM108H X LM125H X 

LM108J-8 X LM126H X 

LM108J X LM129AH X 

LM109H X LM129BH X 

LM109KSTEEL X LM131AH X 

LM11H X LM131H X 

LM110H X LM135H X 

LM110J-8 X LMI36AH-2.5 X X 

LM110J X LMI36H-2.5 X 

LM111H X X LMI36H-5.0 X 

LM111J X X LM137H X X 

LM111W X LM137HVH X X 

LM112H X LM137HVKSTEEL X X 

LM113-1H X X LM137KSTEEL X X 

LM113-2H X X LM138KSTEEL X 

LM113H X X LM139AJ X 

LM117H X X X LM139J X X 

'Some older products are not completely compliant with MIL-STO-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as B83 product but are marked" -MIL". 
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Military Analog Products Available From National Semiconductor 
Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 

OeviceType 
Mil" 883 

Oesc JAN 
ClassB ClassB 

OevleeType 
Mil' 883 

Oese JAN 
ClassB ClassB 

LM139W x LMI85H-l.2 x 

LM140AK-12 x LM193AH x 

LM140AK-15 x LM193H x x 

LMI40AK-5.0 x LM193J-8 x 

LM140K-12 x LM193W x 

LM140K-15 x LM194H x 

LMI40K-5.0 x LM195H x 

LM140LAH-12 x LM195K x 

LMI40LAH-15 x LM199AH-20 x 

LMI40LAH-5.0 x LM199AH x 

LM143H x x LM199H x 

LMI44H x x LM4250H x 

LMI45K-5.0 x LM4250J x 

LMI45K-5.2 x LM555H x 

LM146J x LM555J x 

LM148J x x LM556J x 

LM149J x LM567H x 

LM150KSTEEL x LM709AH x 

LM1536H x x LM709H x 

LM1558H x LM710H x 

LM1558J x LM723H x 

LM158AH x LM723J x 

LM158AJ x LM725H x 

LM158H x LM733H x 

LM158J x LM741AJ-14 x 

LM1596H x LM741AJ x 

LM160H x LM741H x x 

LM160J-14 x LM7415-14 x 

LM160J x LM741J x x 

LM161F x LM741W x 

LM161H x LM747H x x 

LM161J x LM747J x 

LMI85BXH-l.2 x LM748H x 

LMI85BYH-1.2 x LM748J x 
'Some older products are not completely compliant with MIL-STD-B83 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked "-MIL". 
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INTRODUCTION 

The short and long term reliability of National Semiconduc­
tor's interface circuits, like any integrated circuit, is very de­
pendent on its environmental condition. Beyond the me­
chanical/environmental factors, nothing has a greater influ­
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im­
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter­
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known "bathtub" curve plotting fail­
ure rate versus time. Similar to all system hardware (me­
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 

INFANT 
MDRTALITY 
(SHADED AREA) 

to II 12 
EARLY LIFE USEFUL LIFE WEARDUT TIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vii Time 

Infant mortality, the high failure rate from time to to t1 (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem­
bly and handling, and initial system test and operation. Al­
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 
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Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
"units of measure" for device reliability are inversely relat­
ed: 

MTBF = 1 
Failure Rate 

Although the "bathtub" curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-un it-time during the flat 
portion of the curve. This area, called the useful life, extends 
between t1 and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me­
chanical stress, thermal cycling, and electrical stress. How­
ever, die temperature during the device's useful life plays an 
equally important role in triggering the onset of wearout. 

FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur­
rence of these failures is a function which can be represent­
ed by the Arrhenius Model. Well validated and predominant­
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex­
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow­
ing equation: 

F = X1 = exp [~ (...!. _ ...!.)] 
X2 K T2 T1 

Where: X1 = Failure rate at junction temperature T1 

X2 = Failure rate at junction temperature T2 

T = Junction temperature in degrees Kelvin 

E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman's constant 



r-----------------~~------------------------------------------------_.~ 
However, the dramatic acceleration effect of junction tem­
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en­
ergies in Figure 2. This graph clearly demonstrates the im­
portance of the relationship of junction temperature to de­
vice failure rate. For example, using the 0.99 ev line, a 30' 
rise in junction temperature, say from 130'C to 160'C, re­
sults in a 10 to 1 increase in failure rate. 
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FIGURE 2, Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte­
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 

DEVICE LEAD 

flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack­
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac­
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela­
tionship is: 

TJ = TA + PD (OJN 

Where: TJ = Die junction temperature 

T A = Ambient temperature in the vicinity device 

PD = Total power dissipation (in watts) 

0JA = Thermal resistance junction-to-ambient 

OJA, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur­
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char­
acteristics and capabilities of the packages available for a 
given device under specific conditions-these package 
power ratings directly relate to thermal resistance junction­
to-ambient or 0JA. 

Although National provides these thermal ratings, it is crit­
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using IC components. 

TLlH/9312-3 

FIGURE 3, Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 
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FIGURE 4, Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
6JA, worst-case ambient operating temperature, T A(max), 
the only unknown parameter is device power dissipation, 
PD' In calculating this parameter, the dissipation of the inte­
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70"C in a package with a thermal re­
sistance of 6SDC/W is 10SDC. 

TJ = 70"C + (63"C/W) x (0.6W) = 10SDC 

The next obvious question is, "how safe is 10SDC?" 

MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 

What is an acceptable maximum operating junction temper­
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in­
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life­
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150"C. For 
these devices assembled in ceramic or cavity DIP pack­
ages, the maximum allowable junction temperature is 
175"C. The numbers are different because of the differenc­
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 

Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex­
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi­
mum allowable temperature is 150DC; at this point no power 
dissipation is allowable. The power capability at 25DC is 
1.9SW as given by the following calculation: 

P @25DC= TJ(max)-TA = 150DC-25DC = 19SW 
D 6JA 6SDC/W . 
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The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re­
ferred to as the derating factor. 

1 
Derating Factor = - n-

UJA 
As mentioned, Figure 5 is a plot of the safe thermal operat­
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70DC in our previous example) and maximum 
device package power (600 mW) remains below the maxi­
mum package thermal capability line the junction tempera­
lure will remain below 150"C-the limit for a molded pack­
age. If the intersection of ambient temperature and package 
power falls on this line, the maximum junction temperature 
will be 150DC. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150DC and 
is not an appropriate operating condition. 
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FIGURE 5_ Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex­
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25DC, reduce the 
package power capability stated by the derating factor 
which is expressed in mWI"C. For our example-a 6JA of 
6soC/W relates to a derating factor of 15.9 mWI"C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri­
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist­
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 



Ole Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases-this 
relates directly to having a larger area with which to dissi­
pate a given power. 
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FIGURE 6. Thermal Resistance vs Die Size 

Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame-these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon­
ductor use the copper lead frame exclusively. 
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FIGURE 7. Thermal Resistancevs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol­
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa­
bilities of National Semiconductor's interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 
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When a high power situation exists and the ambient temper­
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of A'gure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor­
malized to the still air condition for our 16·pin molded DIP. 
The thermal ratings on National Semiconductor's interface 
circuits data sheets relate to the still air environment. 
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FIGURE 9. Thermal Resistance vs Air Flow 

Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech­
niques are required only in the very highest of power appli­
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (6JA) and thermal resistance 
junction-to-case (6Jcl. The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
Situation where thermal resistance junction-to-case is impor­
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem­
perature. This is only used in extreme cases and is the ex­
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig­
ure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther­
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist­
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa­
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza­
tion of the indicated package. Actual thermal resistance can 
vary from ± 1 0% to ± 15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 
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sheets reflect a 15% safety margin from the average num­
bers found in this application note. Insuring that total pack­
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25'C ambient with an associated derating factor 
for ambient temperatures above 25'C. It is easy to deter­
mine the power capability at an elevated temperature. The 
power specified at 25'C should be reduced by the derating 
factor for every degree of ambient temperature above 25'C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation" at 25'C 
Cavity Package 1509 mW 
Molded Package 1476 mW 

• Derate cavity package at 10 mW rc above 2S'C; derate molded package 
at II.B mW/'C above 2S'C. 

If the molded package is used at a maximum ambient tem­
perature of 70'C, the package power capability is 945 mW. 

Po@70'C=1476mW-(11.8mW/'C)X(70'C-25'C) 

= 945mW 
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FIGURE 11. Thermal Resistance vs Ole Size 
vs Package Type (Cavity Package) 
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APPENDIX F 
How to Get the Right Information From a Data Sheet 

Not All Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 

By Robert A. Pease 

When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char­
acteristics that are guaranteed-and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, if there are significant changes and improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 

For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers includ­
ed the slewing time in their definition. Because both groups 
made their definitions clear, the user was unlikely to be con­
fused or misled. 

However, the reader ought to be on the alert. In a few cas­
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran­
teed at 1 MO-but the manufacturer obviously did not mea­
sure the impedance. When a customer insisted, "I have to 
know how you measure this impedance," it had to be ex­
plained that the impedance was not measured, but that the 
base current was. The correlation between Ib and Zin per­
mitted the substitution of this Simple dc test for a rather 
messy, noisy, hard-to-interpret test. 

RepMnted by permission from Electronic Engineering Times. 
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Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea­
sure the Zin per se, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish­
ing two classes of guaranteed specifications: 

• The tested limit represents a test that cannot be doubt­
ed, one that is actually performed directly on 100 percent 
of the devices, 100 percent of the time. 

• The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
as long-term drift (20 ppm or 50 ppm over 1,000 hours). 

The data sheet may not tell the reader if {it is measured, 
tested or estimated. One manufacturer ma'l perform a 100-
percent test, while another states, "Guaranteed by sample 
testing." This is not a very comforting assurance that a part 
is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer's 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an­
other in a column labeled "typical". 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better and half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 

If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where Ib is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the Ib 
is 140 nA when the beta is low. 
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Absolute Maximum Ratings (Note 11) 

* If Military/Aerospace specified devices are required, Lead Temp. (Soldering, 4 seconds) 
contact the National Semiconductor Sales Office/ TO-46 Package +300'C 
Distributors for availability and specifications_ 

TO-92 Package + 260'C 
Supply Voltage +35Vto -0.2V Specified Operating Temp. Range (Note 2) 
Output Voltage +6Vto -1.0V 

TMINto TMAX 
Output Current 10mA 

LM34, LM34A -50'Fto +300'F 
Storage Temperature, 

LM34C, LM34CA -40'Fto +230'F 
TO-46 Package -76'F to + 356'F 

LM34D + 32'Fto +212'F 
TO-92 Package - 76'F to + 300'F 

DC Electrical Characteristics (Note 1, Note 6) 

LM34A LM34CA 

Parameter Conditions 
Tested Design Tested Design 

Units 
Typical Limit Limit Typical Limit Limit 

(Max) 
(Note 4) (Note 5) (Note 4) (Note 5) 

Accuracy (Note 7) TA = +77'F ±0.4 ±1.0 ±0.4 ±1.0 'F 
TA = O'F ±0.6 ±0.6 ±2.0 'F 
TA = TMAX ±0.8 ±2.0 ±0.8 ±2.0 'F 
TA = TMIN ±0.8 ±2.0 ±0.8 ±3.0 'F 

Nonlinearity (Note 8) TMIN ,;; TA';; TMAX ±0.35 ±0.7 ±0.30 ±0.6 'F 

Sensor Gain TMIN ,;; TA';; TMAX +10.0 +9.9, +10.0 +9.9, mVI'F, min 
(Average Slope) +10.1 +10.1 mVI'F, max 

Load Regulation TA = +77'F ±0.4 ±1.0 ±0.4 ±1.0 mVlmA 
(Note 3) TMIN ,;; TA';; TMAX ±O.5 ±3.0 ±O.5 ±3.0 mV/mA 

0,;; IL';; 1 mA 

Line Regulation (Note 3) TA = +77'F ±0.01 ±0.05 ±0.01 ±0.05 mVIV 
5V,;; Vs';; 30V ±0.02 ±O.1 ±0.02 ±O.1 mVIV 

Quiescent Current Vs = +5V, +77'F 75 90 75 90 ",A 
(Note 9) Vs = +5V 131 160 116 139 ",A 

Vs = +30V. +77'F 76 92 76 92 ",A 
Vs = +30V 132 163 117 142 ",A 

Change of Quiescent 4V ,;; Vs ,;; 30V, + 77'F +0.5 2.0 0.5 2.0 ",A 
Current (Note 3) 5V,;; Vs';; 30V +1.0 3.0 1.0 3.0 ",A 

Temperature Coefficient 
+0.30 +0.5 +0.30 +0.5 ",AI'F 

of Quiescent Current 

Minimum Temperature In circuit of Figure 1, 
+3.0 +5.0 +3.0 +5.0 'F 

for Rated Accuracy IL = 0 

Long-Term Stability Tj = T MAX for 1000 hours ±0.16 ±0.16 'F 

Nole 1: Unless olhelWise noted, these specifications apply: -SO"F " TJ " + 300"F for Ihe LM34 and LM34A; -40"F " Tj " + 230"F for Ihe LM34C and 
LM34CA; and +32"F "Tj " + 212"Fforlhe LM34D. Vs = +S Vdc and ILOAD = SO I'A in the circuijof Figure2; +6 Vdc for LM34 and LM34A for 230"F" Tj " 
300"F. These specfficalions also apply from + S"F to T MAX in Ihe circuij of Figure I. 
Nole 2: Thermal resistance of Ihe TO·46 package is 292"F IW junction to ambient and 43"F IW Junction to case. Thermal resislance of Ihe TO-92 package is 
324"F/W junclion to ambient. 
Nole 3: Regulation is measured al con slant junction lemperature using pulse lesting wilh a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 
Nole 4: Tested limits are guaranteed and 100% tested in production. 
Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated lemperature and supply voltage ranges. These limits are not used 10 
calculate outgoing quality levels. 
Nole 6: Specification in BOLDFACE TYPE apply over the full rated temperalure range. 
Note 7: Accuracy is defined as the Brror between the output voltage and 10 mVJOF times the device's case temperature at specified conditions of voltage, current. 
and temperature (expressed in oF). 

Nole 8: Nonlinearity is defined as Ihe deviation of the output·voltage-versus·temperature curve Jrom the best-fit straight line over the device's rated lemperature 
range. 

Nole 9: Quiescent current is defined in the circuit of Figure I. 
Nole 10: Contact factory for availability of LM34CAZ. 

* * Nole 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating Ihe device beyond ils rated operating conditions (see Nole 1). 
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A Point-By-Point Look 
Let's look a little more closely at the data sheet of the Na­
tional Semiconductor LM34, which happens to be a temper­
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column "Conditions", but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the "Accuracy" spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 11 is 
the definition of Absolute Max Ratings. 

•. Note-the "4 seconds" soldering time is a new standard 
for plastic packages. 

•• Note-the wording of Note 11 has been revised-this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader's mind. After looking at a couple of appli­
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system's performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de­
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

"Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi­
fication." 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi­
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks-potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han­
dle fast signals cleanly (at no load), the maker isn't doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 
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Another example is the application hint for the LF156 family: 

"Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex­
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode." 

That's the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it's wiser to draw attention to it with a line of text. This is 
because it's better to make the user sad before one gets 
started, rather than when one goes into production. Con­
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some­
times the front page may be marked "advance" or "prelimi­
nary." Then on the back page, the fine print may say some­
thing such as: 

"This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un­
der any patent or other right and make no representation 
that the circuits are free from patent infringement." 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im­
provements and upgrades in specifications and characteris­
tics, and hate to degrade a specification from its first pub­
lished value-but occasionally that is necessary. 

Another item in the fine print is the manufacturer's tele­
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be­
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory's applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some­
times the answer can't be generated quickly-data have to 
be gathered, opinions solidified or policies formulated be­
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod­
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That's the way it happened with the UA709 (the first mono­
lithic op amp) and all its copies, as well as many other simi­
lar families of circuits. 
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Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it's important to have real improvements, 
not just change for the sake of change. 

So, while it's not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con­
tinually surfacing with new features, applications ideas, 
specifications and aids for the user. And, if the users com­
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That's how many of today's improvements came about­
through customer demand. 

Who writes data sheets? In some cases, a marketing per­
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check. Sometimes, a commit­
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can't find the proper ingredients for a data sheet-good 
applications, convenient features for the user and nicely 
tested specifications as the part is being designed-then 
maybe it's not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the deSign of a prod­
uct. The actual assembly of these materials is an art which 
can take place later. 

9-26 

WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi­
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet-which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re­
porting, "These spec limits and conditions have to be re­
vised," and, "Those application circuits don't work like we 
thought they would; we'll have one running in a couple of 
days." The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
"as completely as possible" and "as accurately as possi­
ble" is compromised if one wants to get the data sheet "as 
quickly as possible." 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis­
understanding could arise; getting angry with the manufac­
turer is not to anyone's advantage. 

Robert Pease has been staff scientist at National Semicon­
ductor Corp., santa Clara, Calif., for eleven years. He has 
designed numerous op amps, data converters, voltage reg­
ulators and analog-circuit functions. 
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Appendix G 
Obsolete Product Replacement Guide 

Some device types, individual temperature grades and package options have been discontinued. This guide is provided to help 
design engineers select and specify an appropriate alternative. 

NSC Part Number Replacement Note NSC Part Number Replacement Note 

ADB1200 ADC3711 2 lM1821S lM1823 2 
DAC1200/1201 DAC1265 2 lM1822 lM1823 3 
lF352 lM3631 2 lM1828 no replacement 
lF13300 ADC3711 2 lM1848 no replacement 
lHOO01 lM4250 2 lM1877N·11N·2/N·3 lM1877N·9 2 
lHOO05/lHOO05A lHOO03 2 lM2003 no replacement 
lH0037 lH0036 3 lM2808 no replacement 
lH0132 lH0032 2 lM2831 lM1851 2 
lH2011 lM11 2 lM3011 no replacement 
lH21 08 lM108 2 lM3064 no replacement 
lH2201A lM201A 2 lM3075 no replacement 
lH2208 lM208 2 TBA120V no replacement 
lH2208A lM208A 2 TBA440C lM1823 2 
lH2308 lM308 2 TBA51 0 no replacement 
lH24250 lM11 2 TBA530 no replacement 
lM170/270/370 lM13600N 2 TBA540 no replacement 
lM171/271 1371 no replacement TBA560C no replacement 
lM172/272/372 no replacement TBA920 no replacement 
lM173/273/373 no replacement TBA950·2 no replacement 
lM174/274/374 no replacement TBA970 no replacement 
lM175/275/375 no replacement TBA990 no replacement 
lM216/316 lM11 2 TDA440 no replacement 
lM388N·2/N·3 lM388N·1 2 TDA2522/23 no replacement 
lM377N lM2877P 3 TDA2530 no replacement 
lM378N lM2878P 3 TDA2530/31 no replacement 
lM379 lM2879T 3 TDA2540/41 no replacement 
lM1014 no replacement TDA2560 no replacement 
lM1017 no replacement TDA2590 no replacement 
lM1019 no replacement TDA3500 no replacement 

Nole 1: IMPROVED REPLACEMENT: Pin for Pin replacement wHh superior electrical specilicalions. 

Nole 2: FUNCTIONAL REPLACEMENT: Consult datesheet to detelmine suitability of the replacement for specific application. 

Nole 3: SIMILAR DEVICE with superior performance: Consult datesheet to demlmine suitability of the replacement for specific application. 
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Appendix H 
Products Not Recommended for New Designs 

The popular National Semiconductor Corporation monolithic IC's may have been designed into your systems. We believe that 
there are more cost-effective circuits manufactured by National Semiconductor Corporation that should be considered in your 
new designs. These recommendations are listed in this section. To eliminate the necessity to redesign proven equipment, we 
are continuing to make these products for use in existing designs for which they were uniquely suitable. 

NSC Part Number 
Recommended 

Note 
Replacement 

LH221 0 LM210 2 

LH2301A LM301A 2 
LH2308A LM308A 2 
LH231 0 LM310 2 
LM103 LM185 3 
LM113 LM1851-2 1 
LM313 LM3851-2 1 
LM377N LM1877N-9 2 
LM377N LM2877P 3 
LM378N LM2878P 3 

LM391N-60 LM391N-100 1 
LM391N-80 LM391N-100 1 
LM709 LF441 3 
LM710 LM106 2 

LM725 LM607 3 
LM748 LF441 3 

Notes: 

Note 1: IMPROVED REPLACEMENT: Pin for Pin replacement with superior electrical specifications. 

Note 2: FUNCTIONAL REPLACEMENT: Consult datasheet to determine suitability of the replacement for specific application. 

Note 3: SIMILAR DEVICE with superior performance: Consult datasheet to determine suitability of the replacement for specific application. 
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PIN NO. 1 
IDENT 

~ r 0.050 "0.005 0 ISO 
0.005 r- 0.4S5 1 (1 210 '0121) TVP -'-
(0.121) (12.319) ~ f-:- (4.512) 
MIN~ MAX I I MAX 

0.020-0.060 I) 
R=:,4:~ I 
1 ...1 o.oso:J J L 0.015-0.023 .JL---l----+ 

0.290-0.320 (2.032) (0.381-0.5S4) 0.125-0.200 0.150 

(1.366-8.12S) MAX TVP 0.100 '0.010 (3.115-5.0S0) (3.810) 

- (~:.~~ :~~:)~ 
OA20 '0.010 

\-(10.SBB '0.254) 

LClt .. _ 
~0.3B1-0.50S) TVP 

---l 0.300 '0.01 0 l---
(1.620,0.254) 

(2.540 ,0.254) MIN 
(0.100/(2.540) sse 
TVP REL TO LEADS 
1 AND 16) DI6C (REV H) 

NS Package 016C 

0.200 
(5.080) MAX 

0.190 
(4.826) MIN h --j 

0.100 
(2.540) TVP 

L 
0.150 

(3.S10) MAX 

-~i--r f 
0.420 

(10.61) 

0.500 • 0.010 

9 I I 
2 L __ t_ T 

O.OSO 
(2.032) R TVP 

DI60(REYB) 

NS Package 0160 
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PIN NO.1 
IOENT 

~ 0.008-0.015 
0.020-0.060 ~ ____ + (0.203-0.381) 

0.300 I 
I (7.620)--r- REF 

0.100.0.010 J 
(2.540 ±0.254) 

I-- 0125 (0.508-1.524) 0015-0.023 I ~ ~ .. _) 
(0:381-0.584) ~ (~:~5 

D18A(REVDl 

NS Package D18A 

0.050±0.005 

(1.270±o.WJ 

0.020-0.060 . ·~JL1-t:::::::;:~~~~RJ==cn]=+~ . (0.50~ F+ 0.008-0.015 • 
(0.203-0.381) 

--I (7.366-8.128) 

0.005 
p.290-0.320 I-- (0. ~~~ I L II 0 015-0.023 

..:.,.... --11- (0:381-0.584) 
TYP 0.100 ±0.010 

(2.540±0.254) 

1'l20AtHtv DI 

NS Package D20A 
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" (32.89) • 1295 

MAX 

I" 
1.2&.3 • (32.08) 0.009 

(0.121) 
MIN -

.j-./ 0.060 
i1.52 
R~ 

OPTIONA L 

0.005 
0.005 (0.127) 

(0.127) MIN 

~ 23 22 

if'. 
l 

MAX 
21 2tI ,. 18 11 1& " 14 13 

• 9 10 11 12 

1~ 
_~ ~I=o====o=lr ::::J:j:t:;::::::::::::::::::::::::::::::::::::::::::::::::~ 

----.--.... 11:- 0600+0.015 I I 
(0.254+~·:) ~~ 0.100±0,010 

- . (.5.24 ~~::!) PIN NO.1 (2.5.(~:.25C)" 

0.010-0.040 
(0.254-1.016) 

0.030 
(0.782) 

MIN 

0.18D{:= 
(4.572) 

MIN 

,-
0.D30 

(0.782) 
MIN 

IDENTIRCATIOH 
ON BRAZE PAD 

(0PI10NAL) 

NS Package 0240 

0.090 
(2.286) 

MAX 

I-.... 0.045 
1- (1.143) 

MAX 

PIN NO.1 
IDENT 

0.620 
(15.75) 

MAX 

I 
0.250-0.350 
(6.350-8.890) 

.a ....... " •••• --i 
~ 0.360-0.420 U (9.144-10.67) , , .. " " """" -i 

0.250-0.350 
(6.350-8.890) 

~ 
0.003-0.008 -11..­
(0.076-0.152) 

0.005 L -11..- 0.015-0.019 
(0.381-0.483) 

(0.127) 
MIN 

All ENDS 

NS Package F240 
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-I t 0.178-0.195 ~ 0.II1II-0.1 • 

E 
is 

J 
a. 

..!!.:!!. (U21oiA4.153) 1:[[2.032_2.f1871 

(a .. :) Tr 0.1125 --L iD.ii5i 
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0.1ilIII 
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DIATYP 
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T.P. 

0.028-0.046 
(0.711-1.2111 

NS Package H02A 

. 0.350-0.370 

~ 
.. (8.890-9.398) 

OIA 

0.240-0.260 f- 0.315-0.335 1 (6.096-6.604) I (8.001Dlt509) 

H02AIREV~ 

(~:~!:)Q 
MAX L SEATING 

1 PLANE 

0.500 

(T ~ ~ ~ 
-11- 0.016 -0.019 0 

(0.406 -0.483) IA 

0.100 
(2.540) T.P. O--+-I--=t-

HOJB\REV 01 

NS Package H03B 
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• 0.178-0.195 8 0.209-0.219 
(5.308-5.563) olA 

SEATING I "II (4.521-4.953) DIA 

PLAN~ 
0.025 mil 0.080 -0 105 
--MAX • (0.635)::::r- (2.032 - 2.667) 

UNCONTROLLED 0.500 
LEAD DIA 0 0 0 (12.70) MIN 

0.016-0.019 II-- 0.030 
(0.406-0.483) --t -

DIA TYP (0.762) 
MAX 

t--04---- 0.100 
(2.540) TYP 

45' 
0.036-0.046 / 

(0.914-1.168) V < "):: 
H03H (REV C) 

NS Package H03H 

8 0.209 -0.219 

DIA 0.178-0.195 (5.309 - 5.563) 

(4.521-4.953) 

SE:LT~:~ _____ .....J'L_ mt f:::-0~.08:='0 __ ':':0.'!!0:!.5 
MAX 0025 --r-- - - (2.032 - 2.6671 

UNCONTROLLED _._-----1 0500 
LEAD DIA (0.635) 0 0 0 (1~.70o) MIN 

0.016-0.019 --11-- 0.030 
(0.406-0.483) (-0.-76-2) MAX 

H04A(REVB) 
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." 

I 
2 
3 
CD 
:::J 
til 
O· 
:::J 
til 



o r-------------------------------------------------------------------------~ a 
"iii 
i 
E 
i:S 
1i 
i a. 

= 

SEATINO PLANE 

D.41111 _--I~I----..... 7.0::;.22=4;::-~0~.2~34 
(10.16) (5.69\1-5.944) 

MIN 

0.016-0.019 
(0.406-0.483) 

DlATYP 

NS Package H040 

0.350-0.370 
11.810-1.3981 

DIA 0.31&-0.335 
(8.001-8.5D!I1 DIA 

0.825 MAX 
0.165-0.115 ffD.l351 UNCONTROLLED 

14.191-4.&9!l1 LEAD OIA 

REFERENCE PLANE·=t-T:;!~mF~~ir=~='~'----0.035 f l SEATING PLANE 
(0.89!11 0.015-0.040 

.L.--MAX ~~ ~ ~~ (0.391-1.1161 

0.100 TVP 
(2.6401 

--II-~ OIATYP 
10A0&-0.4831 

NS Package H08C 
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H04D(REVD) 



0.025 
(0.635) RAO 

~ 0.290-0.320 I 
O.lBO L~(7'366_8'1Z8) 

(4.572) MAX 

0.008-0.012tJ __ 95"±5" 
(0.203-0.305) 

I 0.310 -0.410 I 
--I (7.874-10.41) !--

0.290-0.320 

0.220-0.291 
(5.558-7.391) 

0.010 
(0.254) 
RAOTYP 

0.200 
(5.0BO) 

MAX 

0.015 1 
(0.381) MIN 

G~SS~~~~~~t;~I---------t SEA~NT • 

86"-;\i1.1 
TYPJ'N 

(1.~~ I--(0.457± 0.076) (3.175 - 5.080) 
0.055 ~ t 0.018±0.003 0.125-0.200 

BOTH ENOS 0.100±0.010 

0.025 

(0.635) 
RAD 

(2.540±O.254) 

NS Package J08A 

0.785 

1------(19.939)------.\ 
MAX 

t 
0.220-0.310 

(5.58B-7.814) 

L.....r:-1rr::T"1r.TT:'r-T7T""r:T'"T':'r ~ 

JOSAtREV HI 

(0.457 to.076) (3.175-5.080) L O.OlB to.003 -11- 0.125-0.200 

0.100 ±0.010 0.150 

(2.540 ±0.254) (3.81) 

MIN J"AIREY") 

NS Package J14A 
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0.025 
(0.6351 

RAO 

0.005-0.020 
(0.127-0.5081 
RAO TYP 

0.OO5--1~ li--b~~~~*f1tJ fJi:i~ .= ~ I' ~86""j.c9::4.r::-+--r -k 
0012 TYP 20-0.060 

0.008- '3051 'I ~'125-0'200 0.0508_15241 0.180 9S·±S· (0.203-0. lo.OI8±O.OO3 --1__ (3.175-5.0801 (0. . (~~~I ~ Y (0.457±0.0761 I 0.037:i-0.00S (7.874 -10.411 
0.310-0.410 (2:540 ± 0.2541 J"A{REV", 0IDO±0.010 - (0.940:!-0.1271 

~RAOMAX 
(0.5081 

NS Package J16A 

0.290-0.320 I- .[[=::;::':;~:I=~=t=rR=tfE 1(7.366-8.128), GlASS SEALANT .... 

r:~0008_0'012. I 
0.180 til (0:203-0.305) 

MAX TVP 
(4.572) 95·±5· L 88· 94· 

j 0310-0.410 
(7:874 -10.41) 

L 0.IDO±0.010 JP Lj 
(2.54D±0.254) 

0.018±0.D03 TYP 
(0.457 ± 0.0761 

NS Package J18A 

9·36 

..!!:!!!!!..MAX 

(5.0801 0.020-0.060 

(0.508-1.524) 
0.125 - 0.200 

(3.175 - 5.0801 

J18A (REV Ll 



0.180 
(4.572) 

MAX 

0.290-0.320 
(7.366-8.128)·1 

0.985 
1+-----(25.019) ------+1 

MAX 

I.- 0.310-0.410 
(7.874-10.41) 

0.008-0.012 
86'J9' 

0.018±0.003_1I_ 
(0.457 ± 0.076) II 

0.200 
(5.0BO) 

MAX 

0.125 -0.200 
(3.175-5.080) 

• 

NS Package J20A 

~-------(32.766)--------~·- (15.240) 
1.290 I 0.&00 

MAX fMAX 

0.025 
(0.635) 

RAD 

0.030-0.055 

(0.762-1.397) 
RADTYP 

~ 0.590-0.620 1 0.005 
114.986-15.748) - (0.127) 

~ II ~ MIN I 

95· t5· 0.008-0.012 J 
.0.025 (0.203-0.305) 

I _ 0.685 -0.060 _ I 0.098 

~( +0.635) ~ (2.489) 
17.40 -1.524 MAX 

,GLASS 
0.514-0.526 

NS Package J24A 
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J20A (REV M) 



:! 
.~ 
cu 
E 
is 
1i 
.2 
~ .c 

Do 

0.021i 
(D.83&) RAD 

1.280 
1-------(32.77) MAX------___..j 

0.030-0.0&& 
(0.782-1.387) 

~ __ (:_:~_2:_:_:_::_:_) T_Y_P_!-f-__ .... __ +--,,-,R~"1 =, I 
tFi .. ·~~, 

Q.1DO :111.010 I 
(2.&4 :111.2&4)-1 

TYP 

0.025 
(0.635) 

RAO 

NS Package J24F 

I 0.310-0AIO I ~:pD3-0.305) 
I--(7.874-10A1)-I 

J24F(REVG) 

IAn I 
(37.84&) MAX ----------l-'~~ 

0.030-0.0&5 
(0.7&2-1.397) 

0.514-0.52& 

"-r.~~~~~~~~~~~~~~~~~~J~'"' 

950 '5" 0.008-0.012_ 
. (0.203-0.305) 

L 0 &85 +0.025 I 
. -0.8&0 ---I 

('UD +0.83&) 
-1.524 

RAD TYP 
0.180 
(4.572) 
MAX 

~.~~~~~~~~ 

I, 
0.060-0.100 

11.&24-2.540) 

-j h 
0.100,0.010 

(2.&40 '0.2&4) 

NS Package J28A 
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~h 
0.018 • 0.002 

(0.457 ,D.508) 

0.22& 



0.025 
10.8351 "AD 

I------------I!~~:)------------I 
MAX 

~ 
0.530-0.550 

(lUII-Il.DIOI 

0.030-0.055 
10.J62-1.3911 

RAOTYP 

~~TT~~~~TT~~~nr.TT.~~~~rr.~~~~rr.~~~J~§ 

UI"MAX 

NS Package J40A 

-I (~:!:~=::~~) r 
0.017 

-1-(0.432) 0'-1' 
x45. TVP 

AlL LEADS 

l-- ~ 
~.1ID4-0.102 Lt 

(0.102- 1.511) 
~ AlLLEAQTlPS O.OZO-O.05D 
(0.llS-0.2114) ~ 

TVP AlL LEADS TYP All LEADS 

ri 0.111-0.196 J ii.ffi'=i.i7ai 
I I I 5 

O.221EOo.z.l4 (5.191-6.1961 

LEAD NO. 1 1 2 3 4 
10ENT 

0.053-0.069 0.010 l ~ 
~ (0.501) t t 0.004-0.010 

(~:~:~~=~:=~B7=\==;='O=50=_=hl1:iI= 
(1.2TD) (D.351-0.4I3) 

TYP 
N08A(AEVFI 

NS Package M08A 

9·39 

UZi 
1'.115) 

MAX 

0.0.8 
(ZAIDI 
MAX IDOTH ENOSI 

"til 

f 
~ 
c 
3' 
CD ::s 
VI 
0' 
::s 
VI 



o r--------------------------------------------------------------------------, c o 
1i 

~ 
is 
11 
l 

=1 
0.150-0.158 
(3.Bl0-4.013) -

0.017 r (0.432) O·-B· 

L x45· TYPALLLEADS 

~r )(1, + 

t TJ [-==== 0.1117 -0.010 t 
(0.178-0.254) 0.020-0.050 

TYP 0.004 (0.508 -1.270) 
(0.102) TYP ALL LEAOS 

ALL LEAD TIPS 

r 0.336-0.344 

I~ B ... -.,.,-_j 14 13 12 11 10 9 8 

0.228 -0.244 

"T~ ~I ':;::;:2i=in=:;:;:=nr=T:;::;;J 

0.020 i_ 
(0.508) 

0.024-0.031 0.053-0.069 
(0.610-0.787) (1.346-1.753) 0.004-0.010 t t (0.102-0.254) - - b 8bb8b@ AFTER LEAD FINISH 

t ~~ 
!:] 1_ J L 0.0IL.019 
(1.270) (0.356 0.483) 

TYP TYP 

M14AjREVFI 

NS Package M14A 

r(~::::~::)} 
0.017 

iG.43ii1 0.009-0.013 x45° 

(0.229LJ( )~ 10
0
_8

0 

t J 1 imm~ 
0.004 _ 0.030-0.050 

iD.i02i (0.782 1.270) 
ALL LEAD TYP ALL LEADS 

TIPS 

ri- 0.346-0.362 -, 
(8.788-9.195) 

14 13 12 11 10 9 8 

1 
0.394 - 0.419 
(10.01-10.64) 

..!!:!!ll._ 
(0.686) 

0.093-0.104 
(2.362 2.642) 

t t 0.004-0.012 

t h8W666iI (D.102t305) 

0.037-0.044 J L JI~ (0.940-1.118) T I 
..!!:!!!.. _ 0.014-0.019 
(1.270) (0.356-0.483) 

TYP TYP 

M14BIREVCI 

NS Package M14B 
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1---I:'~~:I~:I-1 nil 15 14 13 12 11 10 9 

=1 (~:!~~:::~~I 1-
0017 

1
- w.mi O'-B' 

)(45D TVP 

0.228-0.2'" 
15.791-&.19BI 

LEAD NO.1 
IDENT 

0.053 -0,0&9 
~ 

t 

--
0.004-0.010 

10.102-0.2541 
AFTER LEAD FINISH 

1 E3 ALL LEADS 

--dJ-1b + 
0.007e + j L o.oI.oso 
\~~~LL~~O~ 0.d04 \~::LIEWl 

L 
t 

0,02.-0,031 
(0.610-0.7B71 

~HHHHHHr=FJ ~ 
r:1 I_~ Jl=-:J-0019 

11.2701 10.35&-0.4B31 

10.1021 
ALL LEAD TIPS 

NS Package M16A 

0°-80 

TYP ALL LEAIlS 

0.013-0.T04 
(2.362 -2.8421 

t 

TIP TYP 

.. 0.498-0.512 
(12.59B-13·0051 

rt -:~===~~t---.l 0.03710.044 
.# I (0.940-1.1181 

0.004/ 

(::::=::~;~I 10.1021 - __ ~ 
TYPALL LEADS ALL LEAD TIPS ~~~~L~~~ 

~ 0.004-0.012 
~0.3051 

~I L~ _1I~-0.019 
11.2701 (D.356-0.4931 
n? TYP 

NS Package M20B 
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f 
~ 
c 
3' 
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::s 
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!:!!!!.OIA 
(2.3371 

0.032 ± 0.005 
(0.813±0.1271 

RAO ~
7 

PlNNO.lI0ENT~ 

0.065 
11.6511 

0.045±0.015 
(1.143±0.3811 

. .)Bf ~ 'J ~ 
0.075.0.015 

0.130 to.005 
(3.302 '0.127) 

0.020 
(0.5081 

MIN 

0.145 - 0.200 
13.683 - 5.080) 

r . ~-10.229-0.3811 ~ L 
I. .1 11.905 to.3811 0.100 '0.010 

0.018 to.003 
(OA57 .0.076) 

0.325 ~:~: 12.540 to.254) 

(8.255 ~:~m NS Package N14A 

0.125 - 0.140 
(3.175 - 3.556) 

9-42 

1 

NOBE(REVFJ 

f l 
0.032 ± 0.005 

(0.813 ±O.1271 
RAO 

__ PIN NO.lIDENT 

2 

OPTIONS 2.3 



0.092 
(2.331) 

OIA NOM 
(2X) 

PIN NO. 110ENT 

(1~1~) 0.030 
0.280 ~ 

0.300-0.320 (~~6:) 
(1.&20-8.128) l 

'OdoA_. 'J I I (0.229-0.3811 
• • 0.015 ±0.015 

0.325 ~:~~ (1.905 ±0.3811 I- J 
0.145-0.200 
(3.683-5.080) 

id+ y 0.020 I_" _ 0.018±0.003 0.125-0.140 (~~8) 
~ l-" (DAS1 ±0.018) (3.115-3.556) 

0.325~~:: 
(8.255 ~~::~) 

( +1.016) 0.100 ±0.010 
8.255 -0.381 (2.540 ±0.254) 

NS Package N16A 

1-___ 0.743-0.180 __ --0--1 
(18.67-19.81) 

0.008-0.015 rJ 
8.O30±0.015 

(0.182±0.381) 

(0.229-0.381) ~ J 
0.100±0.010 
(2.540±0.254) 

7YP 

NS Package N16E 

9-43 

0.125-0.1411 
(3.175-3.558) 

MIN 

NI6A(REV EI 

~~514 (0.813 ±0.127) 
R 

PIN NO.lI0ENT~ 

1 2 

OPIION2 

NI8EIREVE} 

"a 
::r 
';i 
[ 
C 
3" 
CD 
:::s 
til 
0" 
:::s 
til 



!~-------

I 
i a. 

.-!:!!! X 0.030 
(2.3361 (0.7621 

NOM MAX 
DEEP (2 PLesl 

~ 0.280~ (7.1121 
MIN 

0.300-0.320 

Ir:O
-:

'
:: I 

PIN NO.lIDENT 

0.843-0.170 -:-::1 
(21.41-22.101 

15 14 13 12 11 

f r:;:'\ 0.25OtO.005 
\:..J (6.350.0.127) 

8 8.-l 

I£?\ 
I.. ·1 0325 +11.040 

• -0.01& :: ::::::11-

0.145-0.200 
(3.683-6.060) 

90o ±4"! • t 
TVP f ~ 
0.125-0.140 1(~081 

(3.176-3.656) N 

18.265 +1.016 
~ -0.381 

0.325 ~:: 
18.255 +1,016) 
~ -D.381 

0.092 X 0.030 
(2.337 X 0.762) 

MAX DP 

PIN NO. llDENT 

0.009-o.o1J J 
(0.229-0.381 ) 
TVP 

0.060 >0.005 
(1.524.0.127) 

0.100.0All0 
(2.640 '0.264) 

TVP 

NS Package N18A 

I- 0.01B±0.003 II 
(0.457>0.076)-1-

NS Package N20A 

9·44 

N18A(REV EJ 

0.032±o.o05 

(0.8'3±0"27)~O 19 
RAO 

PIN NO.lI0ENT~ 

I 

OPTION 2 

\ 
0.020 

(0.508) 
MIN 

N20AtREVGI 



0.009-0.015 
(0.229-0.381) 

0.325~:::S 

0.300-0.320 

I':~'J 
95"±5" 

0.280 
(7.112) 

MIN 

D.oaz 
11.515) 

RAO 

t-------(:~:~=~Z~:I-----~·~I 
13 

11 C±) C±) I D.54D'D.DDS 

~~~~r.T9r.rr.~~~rr.~~~~~~1 ::]l'D.IZlI 

I I 

PIN NO.IIDENT 

DOTTED OUTLINES 
REflECT ALTERNATE 

MOLDED BODY CONFIGURATION 

D.D3D 

NS Package N24A 
m4AtflEYEj 

0.092 
(2.337) 
(2 PLS) 

1.243-1.270 I 1-------(31.~~2.26)-------t___r 

PIN NO. I_......JI' L_ 0.260±0.OOS 
10ENT (6.6D4±0.127) 

OPTION 2 

-r-J 0.065 
(1.651) 

0.075±0.Dl5 I 
(1.905±0.381) I--

NS Package N24C 
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I 

0.130±0.005 
(3.302±0.127) 

r(~::)~ MIN (3.683-5.080) 

N24C(REVFj 



i 
". Iii 
E 
is 

i 
IlL 

0.OB2 
(1.5751 

RAO 

PIN NO.IIOENl 

0.0761D.o1& 
1I.lG5.UBI) 

~N NO. IIOENT 

NS Package N28B 

0.125-0.145 
(3.1T5-3.B83) 

N288(REVE) 

1 C±) e 0.550'0.005 

~rr9~Trr=r.rr.rr9r.rTrr=r.rr.rr9mrr.w=mrT.i9~T.i9f.r-rr.79f.fT.a9~~0'1271 

~IREVEI 

NS Package N40A 
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4 SPACES AT 
0.050 

(1.270) 

0.310-0.330 
(7.874-8.382) 

A 

0.080 
(2.032) 

~~-r""----t-...L. P~:E~~:L 

0.226 
(5.740) 

NOM 
S~UARE 

(CONTACT DIMENSION) 

il 
0.013-0.018 

(0.330 0.457) 
0.026-0.032 

TYP 0.020 (0.660 0.813) 

• • TYP r (0.508) 
MIN 

0.005 -0.015 T , IH' 

it 1 0.032-0.040 
(0.127-0.381) 

0.104 10.118 (0.813 1.016) 

(2.642 2.997) v.-- 0.350~. __ 0.165-0.180 

~/ (8.890) (4.191 4.572) 
PIN NO.1 REF SO 

IDENT I-- 0.385-0.395~ .... 
9.779-10.03 

S~UARE 

NS Package V20A 

6 SPACES AT r 
l FIf(~!1 I" ~ "L 1 PEDESTAL r-fl-fllfriHl'fI" 

-+-
I SPACES AT 

0.1IS-0.110 
(4.191-4.5721 

0.021-0.032 
10.BBO-0.1131 

TYP 

t t 

t f~ 
(2.642-2.9971 

NS Package V28A 

9-47 

0.
045i1 (1.143) 

x45' 

~ 
15' VIEW A·A 

V20A (REV Jj 

VIEW A-A 

_-J~ 
(1.1431 
x45D 

V28A(REVGI 



o r-------------------------------------------------------------------------------~ 
C o 

"iii 
c 
CP 
E 
is 
~ 
"i-
.e 
D. 

0.050-0.080 
(1.270-2.0321--1 f--

0.371-0.390 
(BAl3 -9.1061 -ilt ~III 

0.007 - 0.018 1 t 0.050.0.005 
(0.178 - OA57~-- I-- 1 (1.270.0.1271 I I ~O.oOO MIN ALL ENDS 

W0.370 

(7.&20 f.3UBI 

11'&14131211,a,-, 0.308 

I-~Ol 
GLASS 

PIN NO.1........ ~ 
10ENT ...... (6.223 - 6.98&1 

I-., ••• ,.~ 

0.020-0.040 j I 
(0.501-1.0161 I--

0.015-0.019 II 
(0.381-0AB21--11-­

TVP 

NS Package W16A 

J!:!l!::!!:l!!. 0.175-0.165 

(4.~-4.599) '" " ~ g r---, 
I 1 0.065 
) I (1.651) 

SUllNO PLANE L ___ ~ OIA 

.!!!!!!. 0.090 0.025 

(l~i~O) (~~:) n n n (~~:) 
, u u U UNC=~,~LEO 

J JJ I-- 0.014-0.016 
~ ~ (0.35;y:.406) 

(1.143-1.397) 

0.090 
(2.286) 0.045-0.055 

W1SA(R£VE) 

--.ll--0.0145-0:0155 
(0.3683-0.3937) 
lVP 
BEFORE LEAD 
FINISH 

9!J. J~t (::~:=:::) 
10' NOM 10' NOM 

Z03A(REVD) 

NS Package Z03A 
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ALS/AS LOGIC DATABOOK-1987 
Introduction to Bipolar logic • Advanced low Power Schottky. Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSI/MSI Functions. Peripheral Functions. lSllVlSI Functions. Design Guidelines. Packaging 

DATA CONVERSION/ACQUISITION DATABOOK-1984 
Selection Guides. Active Filters. Amplifiers. Analog Switches. Analog-to-Digital Converters 
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HYBRID PRODUCTS DATABOOK-1982 
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INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK-1983 
Transmission Line Drivers/Receivers. Bus Transceivers. Peripheral/Power Drivers 
level Translators/Buffers. Display Controllers/Drivers. Memory Support. Dynamic Memory Support 
Microprocessor Support. Data Communications Support. Disk Support. Frequency Synthesis 
Interface Appendices. Bipolar PROMs. Bipolar and ECl RAMs. 2900 Family/Bipolar Microprocessor 
Programmable logic 

INTUITIVE IC CMOS EVOLUTION-1984 
Thomas M. Frederiksen's new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive IC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author's latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 



INTUITIVE IC OP AMPS-1984 
Thomas M. Frederiksen's new book, Intuitive Ie Op Amps, explores the many uses and applications of different IC op amps. 
Frederiksen's detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen's latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK-1986 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK-1988 
Voltage Regulators. Operational Amplifiers. Buffers. Voltage Comparators. Instrumentation Amplifiers. Surface Mount 

LINEAR 3 DATABOOK-1988 
AudiO Circuits. Radio Circuits. Video Circuits. Motion Control. Special Functions. Surface Mount 

LINEAR SUPPLEMENT DATABOOK-1984 
Amplifiers. Comparators • Voltage Regulators • Voltage References • Converters. Analog Switches 
Sample and Hold. Sensors • Filters. Building Blocks. Motor Controllers. Consumer Circuits 
Telecommunications Circuits. Speech. Special Analog Functions 

LOGIC DATABOOK VOLUME 1-1984 
CMOS AC Switching Test Circuits and Timing Waveforms. CMOS Application Notes. MM54HC/MM74HC 
MM54HCT/MM74HCT. CD4XXX. MM54CXXX/MM74CXXX. lSllVlSI 

LS/S/TTL DATABOOK-1987 
Introduction to Bipolar logic. low Power Schottky. Schottky. TTL. low Power 

MASS STORAGE HANDBOOK-1986 
Disk Interface Design Guide and User Manual • Winchester Disk Support. Winchester Disk Data Controller 
Floppy Disk Support. Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK-1986 
Dynamic Memory Control· Error Checking and Correction· Microprocessor Interface and Applications 
Memory Drivers and Support 

MICROCOMMUNICATION ELEMENTS DATABOOK-1987 
CPU • Peripherals. Evaluation Board • logic Devices 

NON-VOLATILE MEMORY DATABOOK-1987 
CMOS EPROMs • EEPROMs • Bipolar PROMs 

SERIES 32000 DATABOOK-1986 
Introduction. CPU-Central Processing Unit. Slave Processors. Peripherals. Data Communications and LAN's 
Disk Control and Interface. DRAM Interface. Development Tools. Software Support. Application Notes 

RANDOM ACCESS MEMORY DATABOOK-1987 
Static RAMs. TTL RAMs • TTL FIFOs • ECl RAMs 



RELIABILITY HANDBOOK-1986 
Reliability and the Die • Internal Construction. Finished Package. MIL-STD-883. MIL-M-38510 
The Specification Development Process. Reliability and the Hybrid Device. VLSIIVHSIC Devices 
Radiation Environment. Electrostatic Discharge • Discrete Device. Standardization 
Quality Assurance and Reliability Engineering. Reliability and Documentation. Commercial Grade Device 
European Reliability Programs. Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor. The Total Militaryl Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL-M-3851 0 Class B Products 
Radiation Hardened Technology. Wafer Fabrication. Semiconductor Assembly and Packaging 
Semiconductor Packages. Glossary of Terms. Key Government Agencies. ANI Numbers and Acronyms 
Bibliography. MIL-M-3851 0 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS-1987 
Line Card Components • Integrated Services Digital Network Components. Modems 
Analog Telephone Components. Application Notes 

THE SWITCHED-CAPACITOR FILTER HANDBOOK-1985 
Introduction to Filters. National's Switched-Capacitor Filters. Designing with Switched-Capacitor Filters 
Application Circuits. Filter Design Program. Nomographs and Tables 

TRANSISTOR DATABOOK-1982 
NPN Transistors. PNP Transistors. Junction Field Effect Transistors. Selection Guides. Pro Electron Series 
Consumer Series. NAINB/NR Series. Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors. Process Characteristics JFETs. JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK-1982 
Product Selection Procedures. Heat Flow & Thermal Resistance. Selection of Commercial Heat Sink 
Custom Heat Sink Design. Applications Circuits and Descriptive Information. Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK-1980 
The 48-Series Microcomputers. The 48-Series Single-Chip System. The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers. Applications for the 48-Series • Development Support 
Analog 1/0 Components. Communications Components. Digital 1/0 Components. Memory Components 
Peripheral Control Components 
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