


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Comparison of Particle Size/Shape of Various Solder Pastes (Continued)

Solder Paste Screen on Pads o : 200 X Fry Metal (63/37)
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AN-450

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. CFC solvents are being phased out as they are
hazardous to the environment. Other approaches to
cleaning are commercially available and should be investi-
gated on an individual basis considering local and govern-
ment environmental rules.

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

o 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:

® lon 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
MASK

RETRACT POSITION 7

HEAT SHIELD

BOARD ON X-Y TABLE

HOT AIR —

TL/F/8768-22

Hot-Air Rework Machine

TL/F/8766-23

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:

e 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.
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Mixed Surface Mount and Lead Insertion

ADHESIVE

(a) Same Side

PREHEAT

FOAM FLUXER

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.

AQUEOQOUS CLEANING

® For volume production, a conveyorized system is often
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.

(b) Opposite Sides

AIR KNIFE

TURBULENT ] WAVE
SOLDER FLOW

TL/F/8766-24

TL/F/8766-25

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.

o Silicones are recommended where permissible in
application.

5-33
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AN-450

SMD Lab Support

FUNCTIONS

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

Service—Investigate problems experienced by users on
surface mounting.

Reliability Builds—Assemble surface-mounted units for re-
liability data acquisition.

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—Auvailability of in-house expertise on
semiconductor research/development to assist users on
packaging queries.
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NNational Semiconductor

Land Pattern Recommendations

The following land pattern recommendations are provided as guidelines for board layout and assembly purposes.
These recommendations cover the following National Semiconductor packages: PLCC, PQFP, SOP, SSOP and TSOP.

For SOT-23 (5-Lead) and TO-263 (3- or 5-Lead) packages, refer to land patterns shown in the Physical Dimensions for MAO5A
and TS3B or TS5B packages, respectively.
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Plastic Leaded Chip Carriers (PLCC)
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TL/P/11811-1
D D’ Lead L L w P A A B B’ X

Body | Body Count Lead Tip | Lead Tip | Lead | Lead/Pad | Inner Pad InnerPad | OuterPad | Outer Pad | Land

Size | Size to Tip to Tip | Width Pitch | to Pad Edge | to Pad Edge | to Pad Edge | to Pad Edge | Width

No.

(mm) | (mm) (mm) (mm) | (mm) (mm) (mm) (mm) (mm) (mm) (mm)
889 | 889 | 20 10.03 10.03 0.53 1.27 6.73 6.73 10.80 10.80 0.63
'11.43[11.43| 28 12.57 12,57 | 0.53 1.27 9.27 9.27 13.34 13.34 0.63
11.43[14.05| 32 12.57 15.11 0.53 1.27 9.27 12.00 13.34 16.00 0.63
16.51(16.51| 44 17.65 17.65 0.53 1.27 14.35 14.35 18.42 18.42 0.63
19.05| 19.05| 52 20.19 20.19 0.53 1.27 16.89 16.89 20.96 20.96 0.63
24131 24.13| 68 25.27 25.27 0.53 1.27 21.97 21.97 26.04 26.04 0.63
29.21]29.21| 84 30.35 30.35 0.53 1.27 27.05 27.05 31.12 31.12 0.63
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Land Pattern Recommendations

Plastic Quad Flat Packages (PQFP)
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TL/P/11811-2
D | D | el L L w P A A B B X
Body | Body Count Lead Tip | Lead Tip | Lead | Lead/Pad | . Inner Pad Inner Pad | OuterPad | OuterPad | Land
Size | Size toTip | toTip |Width| Pitch |toPadEdge|toPadEdge |to Pad Edge | to Pad Edge | Width
No. . : ’ h g
(mm) | (mm) | (mm) (mm) | (mm)| (mm) (mm) (mm) (mm) (mm) (mm)
7 7 40 9.29 9.29 0.26 | - 0.50 7.50 7.50 978 9.78 0.30
7 7 48 9.40 ' 9.40 0.27 |© 0.50 6.88 "' 6.90 © 10427 10.40 0.32
10 10 44 13.35 13.35 0.45 0.80 10.53 - 10.53 . 14.47 14.47 0.55
10 | 10 52 14.15 14.15 | 0.38 0.65 9.08 B 9.08 1517 | 1517 0.43
12 12 64 14.00 14.00 0.38 0.65 11.48 11.48 15.02 15.02 0.43
14 14 80 18.15 18.15 038 | 0.65 13.08 -. 13.08 . 19.17 19.17 | 043
14 20 80 | 1 7.80 23.80 0.35' 0.80 13.50 - 19.50. 18.50 2450 0.40
14 14 100 17.45 | 17.45 030 | 0.50 13.08 - 13.08 18.47 ‘j 8.47 - | 0.35
14 20 100 17.80 23.80 0.30 0.65 13.50 - 1950 1850 | 2450 0.35
20 | 20| 100 | 2430 | 1830 | 0.40 0.65 2128 .| 1528 ' 25.32 19.32 0.45
24 | 24 | 132 | 2421 | 2421 [ 030 | 064 21.67 2167 - | . 2523 2523 | 0.40
.28 28 | 120 32.15 3215 |:0.45 0.80 27.88 27.88 ‘ 33.17 3317 | 0.55
28 28 | 128 31.45° 31.45 ‘| 0.45. 0.80 28.03 28.03 3247 3247 0.55
28 28 144 | 32.15 32.15 | 0.38 0.65 28.03 ,' 28.03" - 03317 3317 0.43
28 | 28 160 32.40 32.40 0.38 . 0.65 29.48 .~ 29.48 33.42 33.42 - 0.43
28 | 28 208 30.60 30.60 0.30 - 0.50 28.08 28.08 | .31 62 31.62 0.35
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JEDEC Small Outline and Shrink Small Outline Packages (SOP and SSOP)
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TL/P/11811-3
D Lead c L ‘ w P A B X
Body Count Shoulder Lead Tip Lead Lead/Pad Inner Pad Outer Pad Pad
Size No. to Shoulder to Tip ' Width Pitch to Pad Edge to Pad Edge Width
(in) (in) (in) ~ (in) (in) (In) (in) (in)
SoP
0.150 8 0.144 0.244 0.020 0.050 0.094 0.294 0.028
0.150 14" 0.144 0.244 0.020 0.050 0.094 0.294 0.028
0.150 16 0.144 0.244 0.020 0.050 0.094 0.294 0.028
0.300 14 0.3300 0.4100 0.0190 0.0500 0.2800 0.4600 0.0270
0.300 16 0.3300 0.4100 0.0190 0.0500 0.2800 0.4600 0.0270
0.300 20 0.3300 0.4100 0.0190 0.0500 0.2800 0.4600 0.0270
0.300 24 0.3300 0.4100 0.0190 0.0500 0.2800 0.4600 '0.0270
0.300 28 0.3300 0.4100 0.0190 0.0500 0.2800 0.4600 0.0270
SSOP )
0.150 20 0.185 0.241 0.010 - 0.025 0.145 0.281 0.014
0.150 24 0.185 0.241 0.010 0.025 0.145 0.281 0.014
0.300 48 0.340 0.420 0.012 0.025 0.300 0.460 0.016
0.300 56 0.340 0.420 0.012 0.025 0.300 0.460 0.016
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Land Pattern Recommendations

EIAJ Small Outline, Shrink Small Outline, and Thin Small Outline Packages (SOP, SSOP and TSOP)
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TL/P/11811-4
D Lead [ L w P A B X
Body Count Shoulder Lead Tip Lead Lead/Pad Inner Pad Outer Pad Pad
Size to Shoulder to Tip Width Pitch to Pad Edge to Pad Edge Width
No.
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
SOPTYPEII
5.300 14 6.280 8.000 0.400 1.270 5.010 9.270 0.600
5.300 16 6.280 8.000 0.400 1.270 5.010 9.270 0.600
5.300 20 6.280 '8.000 0.400 1.270 5.010 9.270 0.600
SSOPTYPEIIl .
5.300 20 6.600 8.100 . 0.400 0.650 . 5.584 9.116 0.451
5.300 24 6.600 8.100 0.400 0.650 5.584 9.116 0.451
SSOP TYPE Il : ' o
7500 | 40 | 8900 10500 | 0350 | oeso | 7eea | 11516 | 0482
TSOP TYPE |
18500 | 32 |  19.000 20200 | 0250 | o500 | 17984 | 21216 | o301




Section 6
Appendices/
Physical Dimensions




Section 6 Contents

Appendix A General Product Marking and Code Explanation ............................. 6-3
Appendix B Device/Application Literature Cross-Reference...............ccooiiiiiinne, 6-4
Appendix C Summary of Commercial Reliability Programs ........................oilat. 6-10
Appendix D Military Aerospace Programs from National Semiconductor ................... 6-11
Appendix E Understanding Integrated Circuit Package Power Capabilities.................. 6-21
Appendix F How to Get the Right Information froma Datasheet........................... 6-26
Appendix H Safe Operating Areas for Peripheral Drivers ................cooiiiiiiin... 6-30
Physical DIMENSIONS . . ..ottt et ettt aii e ainaeees 6-38
Bookshelf

Distributors

6-2




NNational Semiconductor

Appendix A
General Product Marking & Code Explanation

LF 35 N /A+
Reliability Program (Optional)
(Refer to Appendix C)
Package Type (See Right)
Device Number (Generic Type)
and Suffix Letter (Optional)
A or B: Improved
Electrical
Specification
C, |, E or M: Temperature
Range

Device Family (See Below)

Device Family

Package Type

D Glass/Metal DIP

E Ceramic Leadless Chip Carrier (LCC)
F Glass/Metal Flat Pak (14" x 1/4")

G 12 Lead TO-8 Metal Can (M/C)

H Multi-Lead Metal Can (M/C)

H

-05 |4 Lead M/C (TO-5) } Shipped with
H-46 |4 Lead M/C (TO-46) ) Thermal Shield

J Lo-Temp Geramic DIP

J-8 8 Lead Ceramic DIP (“MiniDIP”) .

J-14 |14 Lead Ceramic DIP (-14 used only when
product is also available in -8 pkg).

K TO-3 M/Cin Steel, except LM309K

which is shipped in Aluminum

KC TO-3 M/C (Aluminum)

K Steel| TO-3 M/C (Steel)

ADC . Data Conversion M Small Outline Package
AF Active Filter M3 3-Lead Small Outline Package
AH Analog Switch (Hybrid) x5 fﬂtﬁg %T;'(' g;g"x B";'Ckage
DAC Data Conversion
DM Digital (Monolithic) N-01  [Molded DIP (Epoxy B) with Staggered Leads
HS Hybrid N-8 8 Lead Molded DIP (Epoxy B) (“Mini-DIP"")
LF Linear (BI-FETT™) N-14 (14 Lead Molded DIP (Epoxy B)

) . (-14 used only when product is also
LH Linear (Hybrid) available in -8 pkg).
L Linear (Monolithic) P |3Lead TO-202 Power Pkg
LMC L!near CMOS Q Cerdip with UV Window
LMD Linear DMOS S 3,5,11, & 15 Lead TO-263 Surf. Mt. Power Pkg
LP Linear (Low Power) T 8.5,11,15 & 23 Lead T0-220 PWR Pkg (Epoxy B)
LPC Linear CMOS (Low Power) v Multi-lead Plastic Chip Carrier (PCC)
MF Linear (Monolithic Filter) w Lo-Temp Ceramic Flat Pak
LMF Linear Monolithic Filter wM Wide Body Small Outline Package

DATE CODE DATE CODE
NON-MILITARY 1ST DIGIT ~ CALENDAR YEAR

2ND DIGIT - CALENDAR YEAR
3RD & 4TH DIGITS - CALENDAR WORK WEEK

MILITARY - 883 & M38510

1ST & 2ND 'DIGITS - CALENDAR YEAR
3RD & 4TH DIGITS = CALENDAR WORK WEEK
(EXAMPLE: 9201 = 1ST WEEK OF 1992)

INDICATES PLANT
OF MANUFACTURE

WAFER LOT
CODE

PIN 1 ORIENTATION

£sD
(ELECTROSTATIC DISCHARGE)
SENSITIVITY INDICATOR A5 Z27AX

2ND DIGIT - 6-WEEK PERIOD
IN CALENDAR YEAR
3RD & 4TH DIGITS - WAFER LOT CODE

INDICATES PLANT
OF MANUFACTURE —

LOGO-——/ LM2941T
PART NUMBER —| 0
PIN 1 ORIENTATION

TL/XX/0027-3
TL/XX/0027-2

uoneue|dx3 apos ¥ Bupjep }onpoud jeJausy) — y xipuaddy




Device/Application Literature Cross-Reference

&National Semiconductor

Appendix B
Device/Application Literature Cross-Reference
Device Number Appllcatlén Literature
109,04 & G AN-156
L0 AN-360
ADCOBOT ..ottt e e AN-233, AN-271, AN-274, AN-280, AN-281, AN-294, LB-53
ADCO0802 AN-233, AN-274, AN-280, AN-281, LB-53

ADC0803
LB 10 AN-460
ADC0804 AN-233, AN-274, AN-276, AN-280, AN-281, AN-301, AN-460, LB-53

ADCO0805 AN-233, AN-274, AN-280, AN-281, LB-53
ADCOBOB. . ...t e et ettt et et et e [T AN-247, AN-280, AN-281
ADCOBO9 ......covvveieeennnnnns. PP U AN-247, AN-280
ADCOBTB . ...ttt e et e e AN-193, AN-247, AN-258, AN-280
ADCOBAT . ..ottt et et e AN-247, AN-258, AN-280
ADCOB20 . ...ttt et et e e e e AN-237
ADCOB31 ..., P P ..AN-280, AN-281

ADC0832
ADC0833
ADCO0834
ADCO0838
ADC1001
ADCA005 ...ttt e e e e e e e e
ADC10461
ADC10462
ADC10464
ADC10662
ADC10664
ADC12030
ADC12032
ADC12034
ADC12038
ADC12H030............ e e ettt e ettt e e iaie e AN-929
ADCTZHOBZ . . .ottt e e e e AN-929
Y10 - o [0 7 S AP PRP AN-929
ADCTZHOBB . .. . eetee ettt e et et e e e e e AN-929
ADC12L030
ADC12L032
ADC12L034
ADC12L038
ADC1210 ... e e
Y0 - PR
ADCT245T .« ettt e e e

AN-280, AN-281
AN-280, AN-281
AN-280, AN-281
AN-280, AN-281

DACOBO0 ...\ttt ittt et e e e a e P
[0 1 L PPN




Device/Application Literature Cross-Reference (continued)

Device Number Application Literature

[0 1 1 AN-271, AN-284
[0 - 2 - AN-271, AN-284
DAC1006. .. AN-271, AN-275, AN-277, AN-284
DAC1007
DAC1008
DAC1020
DAC1021
DAC1022
DAC1208
DAC1209
DAC1210
DAC1218
DAC1219
DAC1220
DAC1221
DA CT 222 .. e e e e e AN-269
DA 230 Lttt e ey AN-284
[ - o AN-271, AN-284
[ O < 2 AN-271, AN-284

LI < = Appendix D
LF353 ....ccvviviniinnnnn. AN-256, AN-258, AN-262, AN-263, AN-266, AN-271, AN-285, AN-293, AN-447, LB-44, Appendix D
I T 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, AN-693
L PPN AN-263, AN-447, LB-42
[ T = AN-247, AN-258, AN-266, AN-294, AN-298, LB-45
IR AN-294, AN-301, AN-344, AN-447
[ AN-272, AN-299, AN-301, AN-344, AN-447
LF441 ....... e et e e et e e e et e et e et AN-301, AN-447
I 00 AN-344
T <00 2 AN-344
LF13331 AN-294, AN-447
[ 0~ P AN-13, AN-227, AN-263, AN-272, AN-301
LHOO24 . . .ttt ittt et e et e et e e e e e, AN-253
[ (00 AN-242, AN-253
LHO0033 AN-48, AN-227, AN-253
00 AN-227
{0 0 AN-301
| 0 Y AN-245
[ [0 AN-301
L0 AN-261

90UdJ9}aY-SS041) alnjelal] uonealddy/aainag




Device/Application Literature Cross-Reference

Device/Application Literature Cross-Reference (continued)

Device Number. . Application Literature
[ T PN AN-343
LH2424 . . o e e e i e AN-867
LMT0 o e AN-211, AN-247, AN-258, AN-271, AN-288, AN-299, AN-300, AN-460, AN-693
LMI1. . S AN-241, AN-242, AN-260, AN-266, AN-271
LM12 .............. e euretnarettetaattetetnsttbareans AN-446, AN-693, AN-706
LM101 ......... . et e e et AN-4, AN-13 AN-20, AN-24, LB-42, Appendix A
LM101A .................. AN-29, AN-30 AN-31 AN-79, AN 241 AN-711, LB-1, LB-2, LB-4, LB-8, LB-14, LB-16, LB-19, LB-28
LMT02 L e e AN-4, AN-13, AN-30, LB-1, LB-5, LB-6, LB-11
LM103 ........ e et e AN-110, LB-41
LM105...... e e e i AN-23, AN-110, LB-3
L AN-41,1B-6, LB-12
LM107 ..o e e e . .AN-20, AN-31 LB-1, LB-12, LB-19, Appendix A
LM108 ..o PN AN-29, AN-30, AN-31, AN-79, AN-211, AN-241, LB-14, LB-15, LB-21
LM10BA. ... .ot eennne e s e e AN-260, LB-15, LB-19
L T AN-42, LB-15
L 0L 7 LB-15
LT T L ettt ittt et e ettt LB-11,LB-42
[ I T AN-41, AN-103, LB-12, LB-16, LB-32, LB-39
P LB-19
0 I AN-56, AN-110, LB-21, LB-24, LB-28, LB-37
0 AN-178, AN-181, AN-182, LB-46, LB-47
[T I 14 LB-46, LB-47
L LB-17,LB-19, LB-21, LB-23, Appendix A
L e AP LB-23
L. 0T e AN-182
0 -2 AN-79, AN-104, AN-184, AN-260, LB-22
| -2 NP LB-32
0 - AN-97 LB-38
I - AN-82
I - AN-82
[ AN-173, AN-178, AN-262, AN-266
. . .AN-210, AN-460, Appendix D
LMIBTA o e e L e s e toenenatiatoaneratoanetietentenotnesettotontetarenton AN-210
0 LB-41, AN-460
[ AN-225, AN-262, AN-292, AN-298, AN-460
0 LB-46
[ < 74 LB-46
I LB-46
Y 1 AN-74
[0 P AN-127, AN-271
I P AN-260
I 0 P LB-46
[ PP AN-116
< AN-87
0 PPN AN-87, AN-266
[ Y AN-295
I AN-222, | B-21
L0 TP AN-161, AN-260
[ T N AN-161
L -3 P PP LB-39




Device/Application Literature Cross-Reference (continued)

Device Number Application Literature

L AN-178, AN-181, AN-222
LMB0B ..ot e AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D
LM B0BA .o e e e e AN-225, L B-24

L AN-299, LB-21
L O AN-828, AN-271, AN-293
L O AN-288
L LB-24
LM324 .. AN-88, AN-258, AN-274, AN-284, AN-301, LB-44, AB-25, Appendix C

AN-256, AN-263, AN-284, AN-295, AN-301

AN-210, AN-240, AN-265, AN-278, AN-285, AN-311, LB-45, Appendix C, Appendix D

....................................................................................... AN-210, Appendix C
.................................................................................... AN-242, AN-256, AN-284
.................................................................................... AN-225, AN-263, AN-295
.................................................................................... AN-202, AN-247, AN-258

............................................................................................... LB-49, LB-51
..................................................................................... AN-74, AN-245, AN-274
AN-103, AN-182

................................................. AN-116, AN-247, AN-271, AN-274, AN-284, AN-298, Appendix C
.............................................................................................. Appendix D
AN-278, AB-24

AN-69, AN-146
..................................................... AN-242, AN-256, AN-301, AN-344, AN-460, AN-693, AN-777
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Device/Application Literature Cross-Reference

Device/Application Literature Cro é—ﬁReférence (Continued)

Device Number ’ Application Literature
LM B8 Lt e e e e e, AN-271, AN-274, AN-293, AN-694
LMB94 .. e AN-262, AN-263, AN-271, AN-293, AN-299, AN-311, LB-52
LMB95 e AN-178, AN-181, AN-262, AN-263, AN-266, AN-301, AN-460, LB-28
LM399 Lo AN-184

AN-693, AN-706
AN-693, AN-694, AN-706

LM1203...
LM1204

LM1458

LM1524

LM1558

LM1578A

LM1823

LM1830

LM1865

LM1886. ..

LM1889

LM1894

LM2419

LM2577 ' AN-776, AN-777
LM2876 AN-898
LM2889 B AN-391, AN-402
LM2907 AN-162
LM2917

LM2931

LM2931CT

LM3045

LM3046

LM3089

LM3524

LM3525A

LM3578A

LM3875

LM3876

LM3886

LM3900

LM3909

LM3914




Device/Application Literature Cross-Reference (continued)

Device Number Application Literature

LM4250
LM6181
LM7800
LM12454 ..AN-906, AN-947, AN-949
LM12458 AN-906, AN-947, AN-949
LM 2HAA . i e e AN-906, AN-947, AN-949
LMAI2HAEB L e e e AN-906, AN-947, AN-949
L L AN-906, AN-947, AN-949
LM18293
LM78L12
LM78S40
LMC555

LMCe60

LMCB835

LMCB044 ... i e e AN-856

L0 L O PP AN-779
L L P AN-779

MM74C00....
MM74C02. ...

MM74C04 . . e e
MM74C 048 . . . e e i e,
MMTZAHGCBE ... e e e

LT < T
MMB 200 . .ttt e e
2 1 P
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Appendix C — Summary of Commercial Reliability Programs

&National Semiconductor

Appendix C
Summary of Commercial Reliability Programs

P+ Product Enhancement .
The P+ product enhancement program involves dynamic’ bility of the device under high stress conditions. This pro-

tests that screen out assembly related and silicon defects gram includes but is not limited to the following power
that can lead to infant mortality and/or reduce the surviva- devices:
Package Types
Device TO-3 TO-39 | TO-220 | DIP | SO | TO-263
K STEEL (H) (L] N) | (M) (S)
LM12 X
LM109/309 X X
LM117/317 X X X X
LM117HV/317HV X X
LM120/320 X X X
LM123/323 X
LM133/333 X X
LM137/337 X X X
LM137HV/337HV X X
 LM138/338 X X
LM140/340 X X
LM145/345 X
LM150/350 X X
LM195/395 X X X
LM2930/2935/2984 X X
LM2937 X X
LM2940/2941 X X
'LM2990/2991 X X
LM2575/2575HV X X X X
LM2576 X X
LM2577 X X X X
LMD18200/18201 X
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NNational Semiconductor

Appendix D
Military Aerospace Programs
from National Semiconductor

This appendix is intended to provide a brief overview of
military products available from National Semiconduc-
tor. The process flows and catagories shown below are
for general reference only. For further information and
avallability, please contact the Customer Response
Center at 1-800-272-9959, Military/Aerospace Marketing
group or your local sales office.

National Semiconductor’s Military/Aerospace Program is
founded on dedication to excellence. National offers com-
plete support across the broadest range of products with
the widest selection of qualification levels and screening
flows. These flows include:

Process Flows
(Integrated Circuits)

Description

JAN S

QML products processed to
MIL-1-38535 Level S or V for Space
level applications.

JANB

QML products processed to
MIL-1-38535 Level B or Q for
Military applications.

SMD

QML products processed to a
Standard Microcircuit Drawing with
Table | Electricals controlled by
DESC. -

883

QML products processed to
MIL-STD-883 Level B for Military
applications.

MLP

Products processed on the
Monitored Line (Program)
developed by the Air Force for
Space level applications.

-MIL

Similar to MIL-STD-883 with
exceptions noted on the Certificate
of Conformance.

MSP

Military Screening Products for
initial release of advanced
products.

MCP

Commercial products processed in
a military assembly. Electrical
testing performed at 25°C, plus
minimum and maximum operating
temperature to commercial limits.

MCR

Commercial products processed in
a military assembly. Electrical
testing performed at 25°C to
commercial limits

MRP

Military Ruggedized Plastic
products processed to avionics
requirements.

MRR

Commercial Ruggedized plastic
product processed in a commercial
assembly with electrical testing at
25°C.

MPC

Commercial plastic products
processed in a commercial
assembly with electrical testing at
25°C.

6-11
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Appendix D—Military Aerospace Programs from National Semiconductor

B QML: The purpose of the QML program, which is ad-

ministered by the Defense Electronics Supply Center
(DESC), is to provide the military community with stan-
dardized products that have been manufactured and
screened to the highest quality and reliability standards
in facilities that have been certified by the government.
To achieve QML status, manufacturers must submit
their facilities, quality procedures and design philoso-
phies to a thorough audit aimed at confirming their abili-
ty to produce product to the highest design and quality
standards. They must be listed on DESC’s Qualified
Manufacturer List (QML) before devices can be marked
and shipped as QML product.

Two processing levels are specified within MIL-I-38535,
the QML standard: Class S (typically specified for
space and strategic applications) and Class B (used for
tactical missile, airborne, naval and ground systems).
The requirements for both classes are defined within
MIL-STD-883. National is one of the industry’s leading
suppliers of both classes.

Standard Microcircuit Drawings (SMD). SMDs are is-
sued to provide standardized versions of devices of-
fered under QML. MIL-STD-883 screening is coupled
with tightly controlled electrical test specifications that
allow a manufacturer to use his standard electrical
tests. Table | explains the marking of JAN devices, and
Table Il outlines current marking requirements for QML/
SMD devices. Copies of MIL-I-38535 and the QML can
be obtained from the Naval Publications and Forms

Center (5801 Tabor Avenue, Philadelphia, PA 19120,

212/697-2179. A current listing of National's SMD of-
ferings can be obtained from our authorized distribu-
tors, our sales offices, our Customer Response Center
(Arlington, Texas, 817/468-6300), or from DESC.

MIL-STD-883. Originally intended to establish uniform
test methods and procedures, MIL-STD-883 has also
become the general specification for non-SMD military
product. MIL-STD-883 defines the minimum require-

“ments for a device to be marked and advertised as

883-compliant. Design and construction criteria, docu-
mentation controls, electrical and mechanical screening
requirements, and quality control procedures are out-
lined in paragraph 1.1.2 of MIL-STD-883.

National offers both 883 Class B and 883 Class S prod-
uct. The screening requirements for both classes of prod-
uct are outlined in Table llI. '

As with SMDs a manufacturer is allowed to use his stan-
dard electrical tests provided that all critical parameters
are tested. Also, the electrical test parameters, test con-
ditions, test limits and test temperatures must be clearly
documented. At National Semiconductor, this information
is available via our Table | (formerly RETS, Reliability
Electrical Test Specification Program). The Table | docu-
ment is a complete description of the electrical tests per-
formed and is controlled by our QA department. individual
copies are available upon request.

Some of National’s products are produced on a flow simi-
lat to MIL-STD-883. These devices are screened to the
same stringent requirements as 883 product, but are
marked as -MIL; specific reasons for prevention of com-
pliancy are clearly defined in the Certificate of Conform-
ance (C of C) shipped with the product. ) c
Monitored Line Program (MLP): is a non JAN Level S
program developed by the Air Force. Monitored Line
product usually provides the shortest cycle time, and is
acceptable for application in several space level pro-

- grams. Lockheed Missiles and Space Company in Sun-
: nyvale, California, under an Air Force contract, provides

“on-site” monitoring of product processing, and as ap-
propriate, program management. Monitored Line orders
generally do not allow ‘“customizing”, and most flows
do not include quality conformance inspection. Drawing
control is maintained by the Lockheed Gompany.
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. Through this
program, screened product is made available for proto-
types and breadboards prior to or during the QML activ-
ities. MSP products receive the 100% screening of Ta-
ble lil, but are not subjected to Group C and D quality
conformance 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. JAN S or B Part Marking TABLE I-A. JAN Package Codes
JM38510/XXXXXYYY
. JAN
',;":‘3'5:[::: ',‘)ipped Package Microcircuit Industry Description
B=Tin Plate ) Designation
C =Gold Plate

X = Any lead finish above

14-pin 14" x 4" (Metal) Flatpak
is acceptable

14-pin %" x V4" (Metal) Flatpak

14-pin ¥,” x 34" Dual-In-Line

14-pin 1," x 34" (Ceramic) Flatpak
16-pin 4" x 74" Dual-In-Line

16-pin V4" x 34" (Metal or Ceramic) Flatpak
8-pin TO-99 Can or Header

10-pin 14" x V4" (Metal) Flatpak

10-pin TO-100 Can or Header

24-pin 14" x 114" Dual-In-Line

24-pin %" x 54" Flatpak

24-pin V4" x 1Y4" Dual-In-Line

12-pin TO-101 Can or Header

(Note 1)

8-pin 4" x 34" Dual-In-Line

40-pin 346" x 216" Dual-In-Line

20-pin 14" x 114" Dual-In-Line

20-pin V4" x 1," Flatpak

(Note 1)

(Note 1)

18-pin 35" x 18/4¢" Dual-In-Line

22-pin 34" x 14" Dual-In-Line

(Note 1)

(Note 1)

(Note 1)

20-terminal 0.350" x 0.350” Chip Carrier
28-terminal 0.450” x 0.450” Chip Carrier
Note 1: These letters are assigned to packages by individual detail specifi-

cations and may be assigned to different packages in different specifica-
tions.

Device Package
(see Table II)

Screening Level
SorB

Device Number on
Slash Sheet

Slash Sheet Number

For radiation hard devices
this slash is replaced by the
Radiation Hardness Assurance
Designator (M, D, R, or H of
MiL-1-38535)

MIL-M-38510

‘——————————— JAN Prefix

TL/XX/0030~-1

WM N<XXS<CAWIODUZZIrXc—IOTMOO®>

1019NpuodIWaS jeuociieN woJj sweiboid asedsosay Aseyjiy—a xipuaddy
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Appendix D—Military Aerospace Programs from National Semiconductor

TABLE Il. Standard Military Drawing
(SMD) Marking

,_J_| .
5962-9319502MXA
L I [ It

Lead Finish
(Solder)

Package Codes
. (see Table 11A)

Class Designator

Bor Q = Class B
SorV =Class C

L——— Device Number

Year of Issue

designations
D = 10 krad
R = 100 krad

= MIL-STD-883

D;'awing ‘Number —

The "/" and "-" can,
be replaced by RHA

Federal Stock, Class

TABLE II-A. SMD Package Codes

SMD
Package Microcircuit Industry Description
Designation :

14-pin Flatpak

14-pin C DIP

16-pin C DIP

16-pin Flatpak

8-pin TO-99 Can
10-pin (Metal) Flatpak
10-pin TO-100 Can
(Note 2) )
(Note 2)

8-pin CDIP
20-pin'LCC

20-Pin DIP.

Note 2: These letters are assigned to packages by individual detail specifi-

cations and may be assigned to different packages in different specifica-
tions.

IO ITL<X—-—IOTMmMOO

TL/XX/0030-2

TABLEIl. 100% Screening Requirements

Class S Class B
Screen -
Method Reqmt Method Reqmt
1. | Wafer Lot Acceptance 5007 All Lots
2. Nondestructive Bond Pull (Note 14) . . 2023 100%
3. Internal Visual (Note 1) 2020, Condition A 100% 2010, Condition B 100%
4, Stabilization Bake (Note 16) 1008, Condition C, Min 100% 1008, Condition C, Min 100%
' 24 Hrs. Min 24 Hrs. Min
5. | Temperature Cycling (Note 2) 1010, Condition C 100% 1010, Condition C 100%
Constant Acceleration 2001, Condition E Min 100% 2001, Condition E Min 100%
Y4 Orientation Only Y1 Orientation Only
Visual Inspection (Note 3) 100% 100%
8. | Particle Impact Noise Detection (PIND) 2010, Condition A (Note 4) 100%
Serialization (Note 5) 100%
10. | Interim (Pre-Burn-In) Electrical Parameters | Per Applicable Device 100% Per Applicable Device
Specification (Note 13) Specification (Note 6)
11. Burn-In Test 1015 100% 1015 100%
240 Hrs. @ 125°C Min 160 Hrs. @ 125°C Min
(Cond. F Not Allowed)
12. | Interim (Post Burn-In) Per Applicable Device 100%
Electrical Parameters Specification (Note 3)
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TABLE lil. 100% Screening Requirements (Continued)

Class S Class B
Screen
Method Reqmt Method Reqmt
13. | Reverse Bias Burn-In (Note 7) 1015; Test Condition A, C, 100%
72 Hrs. @ 150°C Min
(Cond. F Not Allowed)
14. | Interim (Post-Burn-In) Electrical Per Applicable Device 100% | Per Applicable Device 100%
Parameters Specification (Note 13) Specification
15. | PDA Calculation 5% Parametric (Note 14), | AllLots | 5% Parametric (Note 14) | All Lots
3% Functional
16. | Final Electrical Test (Note 15) Per Applicable Device Per Applicable Device
a) Static Tests Specification Specification .
1) 25°C (Subgroup 1, Table |, 5005) 100% 100%
2) Max & Min Rated Operating Temp. 100% 100%
(Subgroups 2, 3, Table |, 5005)
b) Dynamic Tests or Functional Tests
1) 25°C (Subgroup 4 or 7) 100% 100%
2) Max and Min Rated Operating Temp. 100% 100%
(Subgroups 5 and 6 or 8, Table |,
5005)
c) Switching Tests 25°C 100% 100%
(Subgroup 9, Table |, 5005)
17. | Seal Fine, Gross 1014 100% | 1014 100%
(Note 8) (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 cétastrophic 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 PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-I-38585 paragraph 40.6.3.

Note 5: Class S devices shall be serialized prior to interim ical p:

Note 6: When specified, all devices shall be tested for those p g delta calculations,

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order 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 separately 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., flatpaks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 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 9. ‘
Note 11: ples shall be d for testing in e 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 is required at steps 10 and 12 only for those parameters for which post-burn-in delta measurements are specmed All parameters shall
be read and recorded at step 14.

Note 14: The PDA shall apply to all subgroup 1 parameters at 25°C and all delta parameters.
Note 15: Only one view is required for flat p and leadless chip iers with leads on all four sides.
Note 16: May be performed at any time prior to step 10.
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Appendix D—Military Aerospace Programs from National Semiconductor

Military Analog Products Available from National Semiconductor

Package Process
Device Styles Description Flows s(:gt/::;l
(Note 1) (Note 2) )
HIGH PERFORMANCE AMPLIFIERS AND BUFFERS

LF147 D,J Wide BW Quad JFET Op Amp SMD/JAN /11906
LF155A H JFET Input Op Amp 883 —
LF156 H JFET Input Op Amp 883 —
LF156A H JFET Input Op Amp 883 —
LF157 H JFET Input Op Amp 883 —
LF157A -H JFET Input Op Amp 883 —_
LF411M H Low Offset, Low Drift JFET Input 883/JAN /11904
LF412M H,J Low Offset, Low Drift JFET Input-Dual 883/JAN /11905
LF441M H Low Power JFET Input 883 —
LF442M H Low Power JFET Input-Dual 883 —
LF444M D Low Power JFET Input-Quad 883 —
LH0002 H Buffer Amp “MIL” —
LHO0021 K 1.0 Amp Power Op Amp “-MIL" —
LH0024 H High Slew Rate Op Amp “-MIL” —
LHO0032 G Ultra Fast FET-Input Op Amp “-MIL” —
LH0041 G 0.2 Amp Power Op Amp “-MIL” —
LHO0101 K Power Op Amp “-MIL” —_
LM10 H Super-Block™ Micropower Op Amp/Ref 883/SMD '5962-87604
LM101A J,HW General Purpose Op Amp 883/JAN /10103
LM108A J,H,W Precision Op Amp 883/JAN /10104
LM118 J,H Fast Op Amp 883/JAN /10107
LM124 J,E,W Low Power Quad Op Amp 883/JAN /11005
LM124A J,E,W Low Power Quad © 883/JAN /11006
LM146 J Quad Programmable Op Amp 883 —
LM148 J,E Quad 741 Op amp 883/JAN - -+ /11001
LM158A J,H Low Power Dual Op Amp 883/SMD 5962-8771002
LM158 J,H Low Power Dual Op Amp 883/SMD 5962-8771001
LM611AM J Super-Block Op Amp/Reference 883/SMD —
LM613AM J,E " Super-Block Dual Op Amp/Dual Comp/Ref 883/SMD —
LM614AM J Super-Block Quad Op Amp/Ref 883/SMD —
LM709A H,J,W General Purpose Op Amp 883/SMD 7800701
LM741 J,H,W General Purpose Op Amp 883/JAN /10101
LM747 J,H General Purpose Dual Op Amp 883/JAN /10102
LM6118 J,E VIP Dual Op Amp 883/SMD 5962-91565
LM6121 H,J VIP Buffer 883/SMD 5962-90812
LM6125 H VIP Buffer with Error Flag 883/SMD 5962-90815
LM6161 JELW VIP Op Amp (Unity Gain) 883/SMD 5962-89621
LM6162 J,E,W VIP Op Amp (Ay > 2, — 1) 883/SMD 5962-92165
LM6164 J,E,W VIP Op Amp (Ay > 5) 883/SMD 5962-89624
LM6165 J,E,W VIP Op Amp (Ay > 25) 883/SMD 5962-89625
LM6181AM J VIP Current Feedback Op Amp 883/SMD 5962-9081802
LM6182AM J VIP Current Feedback Dual Op Amp 883/SMD 5962-9460301
LMC660AM J Low Power CMOS Quad Op Amp 883/SMD 5962-9209301
LMC662AM J Low Power CMOS Dual Op Amp 883/SMD 5962-9209401
LPC660AM J Micropower CMOS Quad Op Amp 883/SMD 5962-9209302
LPC662AM J Micropower CMOS Dual Op Amp 883/SMD 5962-9209402
LMC6482AM J Rail to Rail CMOS Dual Op Amp 883/SMD 5962-9453401
LMC6484AM J Rail to Rail CMOS Quad Op Amp 883/SMD 5962-9453402
OP07 H Precision Op Amp 883 -
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Military Analog Products Available from National Semiconductor (Continued)

Package Process
Device Styles Description Flows szt/:g;'
(Note 1) (Note 2)

COMPARATORS
LF111 H Voltage Comparator “-MIL” —_
LH2111 J W Dual Voltage Comparator 883/JAN /10305
LM106 H W Voltage Comparator 883/SMD 8003701
LM111 J,H,E,W Voltage Comparator 883/JAN /10304
LM119 JH,EW High Speed Dual Comparator 883/JAN /10306
LM139 JEW Quad Comparator 883/JAN /11201
LM139A JEW Precision Quad Comparator 883/SMD 5962-87739
LM160 J,H High Speed Differential Comparator 883/SMD 8767401
LM161 J,H,W High Speed Differential Comparator 883/SMD 5962-87572
LM193 J,H Dual Comparator 883 —
LM193A J,H Dual Comparator 883/JAN /11202
LM612AM J Dual-Channel Comparator/Reference 883/SMD 5962-93002
LM613AM J,E Super-Block Dual Comparator/ 883/SMD 5962-93003

Dual Op Amp/Adj Reference

LM615AM J Quad Comparator/Adjustable Reference 883 —
LM710A* J,H,W Voltage Comparator 883/JAN /10301
LM711A* J,HW Dual LM710 883/JAN /10302
LM760 J, H High Speed Differential Comparator 883/SMD 5962-87545
*Formerly manufactured by Fairchild Semiconductor as part numbers nA710 and pA711.

LINEAR REGULATORS

Positive Voltage Regulators
LM105 H Adjustable Voltage Regulator 883/SMD 5962-89588
LM109 H 5V Regulator, I, = 20 mA 883/JAN /10701BXA
LM109 K 5V Regulator, I, = 1A 883/JAN /10701BYA
LM117 H,E K Adjustable Regulator 883/JAN /11703, /11704
LM117HV H Adjustable Regulator, I, = 0.5A 883/SMD 7703402XA
LM117HV K Adjustable Regulator, I, = 1.5A 883/SMD 7703402YA
LM123 K 3A Voltage Regulator 883 —
LM138 K 5A Adjustable Regulator “-MIL” —
LM140-5.0 H 0.5A Fixed 5V Regulator 883/JAN /10702
LM140-6.0 H 0.5A Fixed 6V Regulator 883 — :
LM140-8.0 H 0.5A Fixed 8V Regulator 883 —
LM140-12 H 0.5A Fixed 12V Regulator 883/JAN /10703
LM140-15 H 0.5A Fixed 15V Regulator 883/JAN /10704
LM140-24 H 0.5A Fixed 24V Regulator 883 —
LM140A-5.0 K 1.0A Fixed 5V Regulator 883 —
LM140A-12 K 1.0A Fixed 12V Regulator 883 —
LM140A-15 K 1.0A Fixed 15V Regulator 883 —
LM140K-5.0 K 1.0A Fixed 5V Regulator 883/JAN /10706
LM140K-12 K 1.0A Fixed 12V Regulator 883/JAN /10707
LM140K-15 K 1.0A Fixed 15V Regulator 883/JAN /10708
LM140LAH-5.0 H 100 mA Fixed 5V Regulator 883 —
LM140LAH-12 H 100 mA Fixed 12V Regulator 883 —
LM140LAH-15 H 100 mA Fixed 15V Regulator 883 —
LM150 K 3A Adjustable Power Regulator 883 —
LM2940-5.0 K 5V Low Dropout Regulator 883/SMD 5962-89587
LM2940-8.0 K 8V Low Dropout Regulator 883/SMD 5962-90883
LM2940-12 K 12V Low Dropout Regulator 883/SMD 5962-90884
LM2940-15 K 15V Low Dropout Regulator 883/SMD 5962-90885
LM2941 K Adjustable Low Dropout Regulator 883/SMD TBD
LM431 H, K Adjustable Shunt Regulator 883 —
LM723 H,J,E Precision Adjustable Regulator 883/JAN /10201
LP2951 H,E,J Adjustable Micropower LDO 883/SMD 5962-38705
LP2953AM J 250 mA Adj. Micropower LDO 883/SMD 5962-9233601
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Appendix D—Military Aerospace Programs from National Semiconductor

Military Analog Products Available from National Semiconductor (Continued)

. Package Process
Device Styles Description Flows s:;g{::)u
. (Note 1) (Note 2)

LINEAR REGULATORS (Continued)

Negative Voltage Regulators
LM120-5.0 H Fixed 0.5A Regulator, Voyt = —5V 883/JAN /11501
LM120-8.0 H.- Fixed 0.5A Regulator, Voyt = —8V 883 —
LM120-12 H Fixed 0.5A Regulator, Voyt = —12V 883/JA /11502
LM120-15 H Fixed 0.5A Regulator, Voyt = — 15V 883/JAN /11503
LM120-5.0 K Fixed 1.0A Regulator, Voyt = —5V 883/JAN /11505
LM120-12 K Fixed 1.0A Regulator, Voyt = —12V 883/JAN /11506
LM120-15 K Fixed 1.0A Regulator, Voyt = —15V 883/JAN /11507
LM137A H Precision Adjustable Regulator 883/SMD 7703406XA
LM137A K Precision Adjustable Regulator 883/SMD 7703406YA
LM137 H,K Adjustable Regulator 883/JAN: /11803, /11804
LM137HV H Adjustable (High Voltage) Regulator 883/SMD 7703404XA
LM137HV | K Adjustable (High Voltége) Regulator 883/SMD 7703404YA
LM145-5.0 K Negative 3 Amp Regulator 883/SMD. 5962-90645
LM145-5.2 K Negative 3 Amp Regulator 883 —

SWITCHING REGULATORS
LM1575-5 J, K Simple Switcher™ Step-Down, Voyt = 5V 883/SMD 5962-9167201
LM1575-12 JK Simple Switcher Step-Down, Voyt = 12V 883/SMD 5962-9167301
LM1575-15 J, K Simple Switcher Step-Down, Voyt = 15V 883/SMD 5962-9167401
LM1575-ADJ J.K ~ Simple Switcher Step-Down, Adj VouyTt 883/SMD 5962-9167101
LM1575HV-5 K Simple Switcher Step-Down, Voyt = 5V 883 —
LM1575HV-12 K Simple Switcher Step-Down, Voyt = 12V 883 —
LM1575HV-15. K Simple Switcher Step-Down, Voyt = 15V 883 —
LM1575HV-ADJ K Simple Switcher Step-Down, Adj Voyt 883 —
LM1577-12 K Simple Switcher Step-Up, Vouyt = 12V 883/SMD 5962-9216701
LM1577-15 K Simple Switcher Step-Up, Voyt = 15V 883/SMD 5962-9216801
LM1577-ADJ K Simple Switcher Step-Up, Adj Vout 883/SMD 5962-9216601
LM1578 H 750 mA Switching Regulator 883/SMD 5962-89586
LM78S40* J Universal Switching Regulator Subsystem 883/SMD 5962-88761
*Formerly manufactured by Fairchild S or as the pA78S40DMQB.

VOLTAGE REFERENCES
LM103-3.0 H Reference Diode, BV = 3.0V 883/SMD 7702806 '
LM103-3.3 H Reference Diode, BV = 3.3V 883/SMD 7702807
LM103-3.6 H Reference Diode, BV = 3.6V 883/SMD 7702808
LM103-3.9 H Reference Diode, BV = 3.9V 883/SMD 7702809
LM113 H Reference Diode with 5% Tolerance 883/SMD 5962-8671101
LM113-1 H Reference Diode with 1% Tolerance 883/SMD 5962-8671102
LM113-2 H Reference Diode with 2% Tolerance 883/SMD 6962-8671103
LM129A H Precision Reference, 10 ppm/°C Drift 883/SMD 5962-8992101XA
LM129B . H Precision Reference, 20 ppm/°C Drift 883/SMD 5962-8992102XA
LM136A-2.5 H 2.5V Reference Diode, 1% Voyt Tolerance 883 —
LM136A-5.0 H 5V Reference Diode, 1% Voyt Tolerance 883/SMD 8418001
LM136-2.5 . H 2.5V Reference Diode, 2% VoyT Tolerance 883 —

H 5V Reference Diode, 2% Voyt Tolerance 883 —

LM136-5.0
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Military Analog Products Available from National Semiconductor (Continued)

) Package ) Process SMD/JAN
Device Styles Description Flows (Note 3)
(Note 1) (Note 2)

VOLTAGE REFERENCES (Continued)
LM169 H 10V Precision Reference, Low Tempco 0.05% Tolerance 883 —
LM185B H,E Adjustable Micropower Voltage Reference 883/SMD 5962-9041401
LM185BX2.5 H 2.5V Micropower Reference Diode, Ultralow Drift 883/SMD 5962-8759404
LM185BY H Adjustable Micropower Voltage Reference 883 —
LM185BY1.2 . H 1.2V Micropower Reference Diode, Low Drift 883/SMD 5962-8759405
LM185BY2.5 H 2.5V Micropower Reference Diode, Low Drift 883/SMD 5962-8759406
LM185-1.2 H,E 1.2V Micropower Reference Diode, Low Drift 883/SMD 5962-8759401
LM185-2.5 H, E 2.5V Micropower Reference Diode, Low Drift 883/SMD 5962-8759402
LM199 H Precision Reference, Low Tempco 883/SMD 5962-8856102
LM199A H Precision Reference, Ultralow Tempco 883/SMD 5962-8856101
LM199A-20 H " Precision Reference, Ultralow Tempco 883 —
LM611AM J Super-Block Op Amp/Reference 883 —
LM612AM J Super-Block Dual-Channel Comparator/Reference 883/SMD 5962-9300201
LM613AM J,E Super-Block Dual Op Amp/DualComp/Dual Ref 883/SMD 5962-9300301
LM614AM J Super-Block Quad Op Amp/Reference 883/SMD 5962-9300401
LM615AM J Super-Block Quad Comparator/Reference 883/SMD T8BD
LH0070-0 H Precision BCD Buffered Reference “-MIL” —
LH0070-1 H Precision BCD Buffered Reference “-MIL” —
LHO0070-2 H Precision BCD Buffered Reference “-MIL” —
DATA ACQUISITION
ADC08020L J 8-Bit uP-Compatible 883/SMD 5962-90966
ADC0851 J 8-Bit Analog Data Acquisition 883/SMD TBD
& Monitoring System
ADC0858 J 8-Bit Analog Data Acquisition 883/SMD TBD
& Monitoring System
ADC08061CM J 8-Bit Multistep ADC 883/SMD TBD
ADC10061CM J 10-Bit Multistep ADC 883/SMD TBD
ADC10062CM J 10-Bit Multistep ADC w/Dual 883/SMD TBD
Input Mutiplexer
ADG10064CM J 10-Bit Multistep ADC w/Quad 883/SMD TBD
Input Multiplexer
ADC1241CM J 12-Bit Plus Sign Self-Calibrating 883/SMD 5962-9157801
with Sample/Hold Function
ADC12441CM J Dynamically-Tested ADG1241 883/SMD 5962-9157802
ADC1251CM J 12-Bit Plus Sign Self-Calibrating 883/SMD 5962-9157801
with Sample/Hold Function
ADC12451CM J Dynamically-Tested ADC1251 883/SMD TBD
DAC0854CM J Quad 8-Bit D/A Converter 883/SMD TBD
with Read Back
DAC1054CM J Quad 10-Bit D/A Converter 883/SMD TBD
with Read Back
LM12458M EL,W 12-Bit Data Acquisition System 883/SMD 5962-9319501
LM12H458M EL,W 12-Bit Data Acquisition System 883/SMD 5962-9319502
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Appendix D—Military Aerospace Programs from National Semiconductor

Military Analog Products Available from National Semiconductor (Continued)

Package Process
Device Styles Description Flows s(n:::t/:;u
(Note 1) (Note 2)
DATA ACQUISITION SUPPORT
Switched Capacitor Filters
LMF60CMJS50 J 6th Order Butterworth Lowpass 883/SMD 5962-90967
LMF60CMJ100 - 6th Order Butterworth Lowpass 883/SMD 5962-90967
LMF90CM J 4th Order Elliptic Notch 883/SMD 5962-90968
LMF100A J,E Dual 2nd Order General Purpose 883/SMD 5962-9153301
Sample and Hold '
LF198 H Monolithic Sample and Hold SMD/JA 5962-87608
/12501
Motion Control -
LMD18200-2 D Dual 3A, 55V H-Bridge 883/JAN 5962-9232501

Note 1: D: Side-Brazed DIP
E: Leadless Ceramic Chip Carrier
G: Metal Can (TO-8)

H: Metal Can (TO-39, TO-5, TO-99, TO-100)

J: Ceramic DIP
K: Metal Can (TO-3)
W: Flatpak

Note 2: Process Flows
JAN = JM38510, Level B
SMD = Standard Military Drawing
883 = MIL-STD-883 Rev C
-MIL = Exceptions to 883C noted on
Certificate of Conformance

Note 3: Please call your local sales office to determine price and availability of space-level products. All “LM” prefix products in this guide are availble with space-

level processing.
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&National Semiconductor

Appendix E
Understanding integrated Circuit
| Package Power Capabilities

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
MORTALITY
(SHADED AREA)

FAILURE RATE

2
WEAROUT TIME
TL/H/9312-1

EARLY LIFE USEFUL LIFE

FIGURE 1. Failure Rate vs Time

Infant mortality, the high failure rate from time t0 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.

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 = !

. 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-unit-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:

X [E(_‘__l)]
x2~ TP lk\T2 "™

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
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Understanding Integrated Circuit Package Power Capabilities

Appendix E

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.

& 1000k T
S’ 100k .sse\/
g 10 i I A P
3 .TeV)
= e e e
= 1k '
=
w100 }
< l U
£ rd R
§ 10 — T
g Ll
30 60 90 120150 180 210

JUNCTION TEMPERATURE (°C)
TL/H/9312-2
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
3and 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

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:
Ty =Ta + Pp(8,a)

Where: T; = Die junction temperature

Ta = Ambient temperature in the vicinity device

Pp = Total power dissipation (in watts)

6,a = Thermal resistance junction-to-ambient
8,4, 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 6 .
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.

BOND WIRE

DIE
ATTACH %

DEVICE

PACKAGE

maTERIAL

DEVICE LEAD

PRINTED CIRCUIT BOARD 2

TL/H/9312-3

FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View)

DIE

, DIE PRINTED |
JUNCTION | . . | packace L1 teno . R
(ENersy P DE Pl ARt ) marena [ Frame prreill I AMBIENT
SOURCE)

AIRFILM
o] anouno J—] amBiEnt
, PACKAGE

TL/H/9312-4

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,
04a, worst-case ambient operating temperature, Ta(max),
the only unknown parameter is device power dissipation,
Pp. 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 63°C/W is 108°C.

Ty = 70°C + (63°C/W) X (0.6W) = .108°C
The next obvious question is, “how safe is 108°C?”

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 150°C; at this point no power
dissipation is allowable. The power capability at 25°C is
1.98W as given by the following calculation:

Tymax)—Ta _ 150°C—25°C

0n srow oW

Pp @ 25°C =

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 = — —
AT

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 (70°C in our previous example) and maximum
device package power (600 mW) remains below the maxi-
mum package thermal capability line the junction tempera-
ture will remain below 150°C—the limit for a molded pack-
age. If the intersection of ambient temperature and package
power fails on this line, the maximum junction temperature
will be 150°C. Any intersection that occurs above this line
will result in a junction temperature in excess of 150°C and
is not an appropriate operating condition.

|
2.4 16-PIN—
- MOLDED PACKAGE]
Z 20 {
3 AXIMUM PACKAGE
= 16 THERMAL CAPABILITY
g TormmeN |
7]
o 1.2
2 AREA SLOPE= 01
0.8 .
E " [Po=600 nW,
e 0.4 | OPERATING
, POINT | =70°C
0 1 '
25 50 75 100 125 150 175

TEMPERATURE (°C)

. TL/H/9312-5
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 25°C, reduce the
package power capability stated by the derating factor
which is expressed in mW/°C. For our example—a 0ja of
63°C/W relates to a derating factor of 15.9 mW/°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.
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Appendix E

Understanding Integrated Circuit Package Power Capabil

Die 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.

100
8_
H
5’% \\
g3c w N
1= \
£235 N
Egn 70 N
£S5 ™N
13 N
== . 60
<

1 2 3 4 5678910

DIE SIZE (kMIL2)
TL/H/9312-6
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.

170

16-PIN MOLDED DIP |
% 15 BOARD MOUNT—STILL AIR
= 3 —
25 130
ﬁ H E ALLOY 42 -
225 m I
EZzS KOVAR =
5E° w
T 'g o —
=3
§* n COPPER=T=TN
50 - L 11
1 2 3 4 5678910
" DIE SIZE (kMIL2)
TL/H/9312-7
FIGURE 7. Thermal Resistance vs
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%.

10
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ZE w
| 4
g%l: (] \‘
222 | NN
EZS NN
EES 80 [—BOARD NG ONGSOCKET +H
zE NOIN
15 NUN
=3 (]
< N
so .
1 2 3 4 5678910

DIE SIZE (mu})
TL/H/9312-8
FIGURE 8. Thermal Resistance vs
Board or Socket Mount

Alr Flow

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 Figure 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.

g 11
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g " MOLDED PACKAGE
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T

< 05

= 0 500 1000

AIR FLOW (LINEAR FEET/MINUTE)

. ' TL/H/9312-9
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 (6 ,a) and thermal resistance
junction-to-case (0,¢). 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.

NATIONAL SEMICONDUCTOR

PACKAGE CAPABILITIES

Figures 10 and 771 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
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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 INTEGRATED 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 £10% 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
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.

Molded (N Package) DIP*
Copper Leadframe—HTP
Die Attach Board Mount—
Still Air
130
&= 10 B ~]
=5 1
I —
2 2 £ 90
=< —
282 1 E— =
Eis S
gl E %
5'3 16 18 20 2224 98 4h A |11}
S it
" 1

1 2 3 45678910
DIE SIZE (kMIL?)
*Packages from 8- to 20-pin 0.3 mil width
22-pin 0.4 mil width
24- to 40-pin 0.6 mil width
FIGURE 10. Thermal Resistance vs Die Size
vs Package Type (Molded Package)
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Surface Mount (M, MW Packages),

Board Mount, Still Air
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Z — I
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60 ! L
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TL/H/9312-12
FIGURE 12. Thermal Resistance for “SO” Packages
(Board Mount)

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 mwW
Molded Package 1476 mW
* Derate cavity package at 10 mW/°C above 25°C; derate molded package
at 11.8 mW/°C above 25°C.

If the molded package is used at a maximum ambient tem-
perature of 70°C, the package power capability is 945 mW.
Pp @ 70°C= 1476 mW—(11.8 mW/°C) X (70°C—25°C)

= 945 mW

Cavity (J Package) DIP*
Poly Die Attach Board
Mount—Still Air
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*Packages from 8- to 20-pin 0.3 mil width
22-pin 0.4 mil width
24- to 48-pin 0.6 mil width
FIGURE 11. Thermal Resistance vs Die Size
vs Package Type (Cavity Package)
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TO-263 (S Package)
Board Mount, Still Air
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*For products with high current ratings (>3A), thermal resistance may be
lower. Consult product datasheet for more information.
FIGURE 13. Thermal Resistance (typ.*) for 3-, 5-,
and 7-L TO-263 packages mounted on 1 0z.
(0.036mm) PC board foil
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Appendix F

NNational Semiconductor

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. o

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 MQ—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 I, and Z;, per-
mitted the substitution of this simple dc test for a rather
messy, noisy, hard-to-interpret test. .

f

ion from El

ing Times.

Every year, for the last 20 years, manufacturers have been
trying to explain, with varying success, why they do not mea-
sure the Z;, per ss, 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 may 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
(Ip) 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 Iy, is 40 nA on one batch (where
the beta is high), and a month later, many parts where the I,
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)

please contact the National Semiconductor Sales TO-46 Package +300°C
Office/Distributors for avallability and specifications. TO-92 Package +260°C
Supply Voltage +35Vio —0.2v Specified Operating Temp. Range (Note 2)
Output Voltage +6Vto —1.0V
Output Current 10mA ' Thin tO Tuax
utput Curren m LM34, LM34A —50°F to +300°F
Storage Temperature, . i LM34C, LM34CA —40°F to +230°F
TO-46 Package —76°F to +356°F LM34D +32°F to +212°F
TO-92 Package —76°F to +300°F
DC Electrical Characteristics (Note 1, Note 6)
LM34A LM34CA
Tested | Design Tested | Design
Parameter Conditions Typical | Limit | Limit | Typical | Limit | Limit (‘:;‘;:3
(Note 4) | (Note 5) (Note 4) | (Note 5)
Accuracy (Note 7) Ta = +77°F +0.4 +1.0 +04 £1.0 °F
Ta = O°F +0.6 +0.6 +2.0 °F
Ta = TMAX +0.8 £20 +0.8 +20 °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 < Tpmax +10.0 | +9.9, +10.0 +9.9, | mV/°F, min
(Average Slope) +10.1 +10.1 | mV/°F, max
Load Regulation Ta = +77°F +0.4 +1.0 +0.4 +1.0 mV/mA
(Note 3) TMIN < Ta < TMax +0.5 +3.0 | +0.5 +3.0 mV/mA
0l <1mA
Line Regulation (Note 3) | Tao = +77°F +0.01 +0.05 +0.01 +0.05 mV/V
8V < Vg < 30V +0.02 +0.1 +0.02 +0.1 mV/V
Quiescent Current Vg = +5V, +77°F 75 90 75 90 MA
(Note 9) Vg = +5V 131 160 116 139 pA
Vg = +30V, +77°F 76 92 76 92 RA
Vg = +30V 132 163 117 142 nA
Change of Quiescent 4V < Vg < 30V, +77°F +0.5 2.0 0.5 2.0 pA
Current (Note 3) 5V < Vg < 30V +1.0 3.0 1.0 3.0 RA
Temperature Coefficient o
of Quiescent Current +0.30 +0.5 | +0.30 +0.5 MA/°F
Minimum Temperature | In circuit of Figure 1, . o
for Rated Accuracy IL=0 +3.0 +5.0 +3.0 +5.0 F
Long-Term Stability Tj = Tmax for 1000 hours | +0.16 +0.16 °F

Note 1: Unless otherwise noted, these specifications apply: —50°F < Tj < + 300°F for the LM34 and LM34A; —40°F < Tj < +230°F for the LM34C and
LM34CA; and +32°F < Tj < + 212°F for the LM34D. Vs = +5 Vdc and ILoap = 50 A in the circuit of Figure 2; +6 Vdc for LM34 and LM34A for 230°F < T; <
300°F. These specifications also apply from +5°F to Tyax in the circuit of Figure 1.

Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is
324°F/W junction to ambient.

Note 3: Regulation is d at junction using pulse testing with a low duty cycle. Changes in output due to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance. .

Note 4: Tested limits are guaranteed and 100% tested in production.

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality levels.

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range.

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/°F times the device's case temperature at specified conditions of voltage, current,
and temperature (expressed in °F).

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device's rated temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Contact factory for availability of LM34CAZ.

&k Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when
operating the device beyond its rated operating conditions (see Note 1).
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‘Appendix F

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 “Condmons” 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 itonall-

future datasheets.

APPLICATIONS

Another important part of the data shest is the apphcatlons
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 fmd it necessary to add
disclaimers of this kind toavoid 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.

Another example is the apphcatlon hint for the LF156 famlly

“Exceedlng the negatuve common-mode limit on éither mput
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 pnnt may say some-
thing such as:

“This data sheet contains preliminary I|m1ts and desngn
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 apphcatlons 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 coples, 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.

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 H
Safe Operating Areas for
Peripheral Drivers

Peripheral Drivers is a broad definition given to Interface
Power devices. The devices generally have open-collector
output transistors that can switch hundreds of milliamps at
high voltage, and are driven by standard Digital Logic gates.
They serve many applications such as: Relay Drivers, Print-
er Hammer Drivers, Lamp Drivers, Bus Drivers, Core Memo-
ry Drivers, Voltage Level Transistors, and etc. Most IC de-
vices have a specified maximum load such as one TTL gate
can drive ten other TTL gates. Peripheral drivers have many
varied load situations depending on the application, and re-
quires the design engineer to interpret the limitations of the
device vs its application. The major considerations are Peak
Current, Breakdown Voltage, and Power Dissjpation.

OUTPUT CURRENT AND VOLTAGE CHARACTERISTICS

Figure 1 shows the circuit of a typical peripheral driver, the
DS75451. The circuit is equivalent to a TTL gate driving a
300 mA output transistor. Figure 2 shows the characteristics
of the output transistor when it is ON and when it is OFF.
The output transistor is capable of sinking more than one
amp of current when it is ON, and is specified at a Vo =
0.7V at 300 mA. The output transistor is also specified to
operate with voltages up to 30V without breaking down, but
there is more to that as shown by the breakdown voltages
labeled BVCES, BVCER, and LVCEO.

Vee Vee Vee

OUTPUT Y

INPUT A O

INPUT B O

TL/F/5860~1
FIGURE 1. Typical Peripheral Driver DS75451

BVCES corresponds to the breakdown voltage when the
output transistor is held off by the lower output transistor of
the TTL gate, as would happen if the power supply (Vco)
was 5V. BVCER corresponds to the breakdown voltage
when the output transistor is held off by the 500 resistor, as
would happen if the power supply (Vcc) was off (OV).
LVCEO corresponds to the breakdown voltage of the output
transistor if it could be measured with the base open.
LVCEO can be measured by exceeding the breakdown volt-
age BVCES and measuring the voltage at output currents of
1 to 10 mA on a transistor curve tracer (LVCEO is some-

National Semiconductor
Application Note 213
Bill Fowler

times measured in an Inductive Latch-Up Test). Observe
that all breakdown voltages converge on LVCEO at high
currents, and that destructive secondary breakdown voltage
occurred (shown as dotted line) at high currents and high
voltage corresponding to exceeding the power dissipation
of the device. The characteristics of secondary breakdown
voltage vary with the length of time the condition exists,
device temperature, voltage, and current.

Ic
SECOND T ~—
CONDARY BHETKEVH \
)
)
QUTPUT ON
OUTPUT
SATURATED OUTPUT OFF
300 mA
: Vee
VoL WVceo | Bvges
BVcER

TL/F/5860-2
FIGURE 2. Output Characteristics ON and OFF

OUTPUT TRANSFER CHARACTERISTICS VS
INDUCTIVE AND CAPACITIVE LOADS

Figure 3 shows the switching transfer characteristics super-
imposed on the DC characteristics of the output transistor
for an inductive load. Figure 4 shows the switching transfer
characteristics for a capacitor load. In both cases in these
examples, the load voltage (Vg) exceeds LVCEQO. When the
output transistor turns on with an inductive load the initial
current through the load is 0 mA, and the transfer curve
switches across to the left (Vo) and slowly charges the
inductor. When the output transistor turns off with an induc-
tive load, the initial current is I, which is sustained by the
inductor and the transistor curve switches across to the
right (V) through a high current and high voltage area
which exceeds LVCEO and instead of turning off (shown as
dotted line) the device goes into secondary breakdown. It is
generally not a good practice to let the output transistor’s
voltage exceed LVCEO with an inductive load.

In a similar case with a capacitive load shown in Figure 4,
the switching transfer characteristics rotate counter-clock-
wise through the DC characteristics, unlike the inductive
load which rotated clockwise. Even though the switching
transfer curve exceeds LVCEQ, it didn’t go into secondary
breakdown. Therefore, it is an acceptable practice to let the
output transistor voltage exceed LVCEO, but not exceed
BVCER with a capacitive load.
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FIGURE 3. Inductive Load Transfer Characteristics
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TL/F/5860-4
FIGURE 4. Capacitive Load Transfer Characteristics
Figure 5 shows an acceptable application with an inductive
load. The load voltage (Vp) is less than LVCEO, and the
inductive voltage spike caused by the initial inductive cur-
rent is quenched by a diode connected to Vp.

Ic

Vg
TL/F/5860-5
FIGURE 5. Inductive Load Transfer Characteristics
Clamped by Diode

Figure 6 shows the switching transfer characteristics of a
capacitive load which leads to secondary breakdown. This
condition occurs due to high sustained currents, not break-
down voltage. In this example, the large capacitor prevent-
ed the output transistor from switching fast enough through
the high current and high voltage region; in turn the power
dissipation of the device was exceeded and the output tran-
sistor went into secondary breakdown.

lc

T0 SECONDARY L]
BREAKDOWN

Ve
A/}
TL/F/5860-6
FIGURE 6. Capacitive Load Transfer Characteristics

Figure 7 shows another method of quenching the inductive
voltage spike caused by the initial inductive current. This
method dampens the switching response by the addition of
Rp and Cp. The values of Rp and Cp are chosen to critically
dampen the values of R and Ly; this will limit the output
voltage to 2 X Vp.

Ly 1
——— X, /— <05
(RL + Rp) L.Cp

\L]

]

TL/F/5860-7
FIGURE 7. Inductive Load Dampened by Capacitor

Figure 8 shows a method of reducing high sustaining cur-
rents in a capacitive load. Rp in series with the capacitor
(Cp) will limit the switching transistor without affecting final
amplitude of the output voltage, since the IR drop across Rp
will be zero after the capacitor is charged.

As an additional warning, beware of parasitic reactance. If
the driver’s load is located some distance from the driver
(as an example: on the inclosure panel or through a con-
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necting cable) there will be additional inductance and ca-
pacitance which may cause ringing on the driver output
which will exceed LVCEO or transient current that exceeds
the sustaining current of the driver. A 300 mA current
through a small inductor can cause a good size transient
voltage, as compared with 20 mA transient current ob-
served with TTL gates. For no other reason than to reduce
the noise associated with these transients, it is good prac-
tice to dampen the driver’s output.

In conclusion, transient voltage associated with inductive
loads can damage the peripheral driver, and transient cur-
rents associated with capacitive loads can also damage the
driver. In some instances the device may not exhibit failure
with the first switching cycle, but its conditions from ON to
OFF will worsen after many cycles. In some cases the de-
vice will recover after the power has been turned off, but its
long term reliability may have been degraded.

POWER DISSIPATION

Power Dissipation is limited by the IC Package Thermal
Reactance and the external thermal reactance of the envi-
ronment (PC board, heat sink, circulating air, etc.). Also, the
power dissipation is limited by the maximum allowable junc-
tion temperature of the device. There are two contributions
to the power: the internal bias currents and voltage of the

\{]

device, and the power on the output of the device due to the
Driver Load.

POWER LIMITATIONS OF PACKAGE

Figure 9 shows the equivalent circuit of a typical power de-
vice in its application. Power is shown equivalent to electri-
cal current, thermal resistance is shown equivalent to elec-
trical resistance, the electrical reactance C and L are equiv-
alent to the capacity to store heat, and the propagation de-
lay through the medium. There are two mediums of heat
transfer: conduction through mass and radiant convection.
Convection is insignificant compared with conduction and
isn’t shown in the thermal resistance circuits. From the point
power is generated (device junction) there are three possi-
ble paths to the ultimate heat sink: 1) through the device
leads; 2) through the device surface by mechanical connec-
tion; and 3) through the device surface to ambient air. In all
cases, the thermal paths are like delay lines and have a
corresponding propagation delay. The thermal resistance is
proportional to the length divided by the cross sectional
area of the material. The Thermal Inductance is proportional
to the length of the material (copper, molding compound,
etc.) and inversely proportional to the cross sectional area.
The thermal capacity is proportional to the volume of the
material.

TL/F/5860-8

FIGURE 8. Capacitive Load with Current Limiting Resistor
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TL/F/5860-9

FIGURE 9. Thermal Reactance from Junction to Ambient
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TL/F/5860-10
FIGURE 10. Components of Thermal Reactance
for a Typical IC Package

National Semiconductor specifies the thermal resistance
from device junction through the device leads soldered in a
small PC board, measured in one cubic foot of still air. Fig-
ure 11 shows the maximum package power rating for an 8
pin Molded, an 8 pin Ceramic, 14 pin Molded and a 14 pin
Ceramic package. The slope of the line corresponds to ther-
mal resistance (pyp = AP/AT).
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TL/F/5860-11
FIGURE 11. Maximum Package Power Rating

The maximum allowable junction temperature for ceramic
packages is 175°C; operation above this temperature will
reduce the reliability and life of the device below an accept-
able level. At a temperature of 500°C the aluminum metalli-
zation paths on the die start to melt. The maximum allowa-
ble junction temperature for a molded device is 150°C, oper-
ations above this may cause the difference in thermal ex-
pansion between the molding compound and package lead
frame to sheer off the wire bonds from the die to the pack-
age lead. The industry standard for a molded device is
150°C, but National further recommends operation below
135°C if the device in its application will encounter a lot of
thermal cycling (such as powered on and off over its life).

The way to determine the maximum allowable power dissi-
pation from Figure 11, is to project a line from the maximum
ambient temperature (Tp) of the application vertically
(shown dotted in Figure 12), until the line intercepts the di-
agonal line of the package type, and then project a line
(shown dotted) horizontally until the line intercepts the Pow-
er Dissipation Axis (Pmax).
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TL/F/5860-12
FIGURE 12. Maximum Package Rating Copper vs
Kovar Lead Frame Packages

Figure 11 shows that 14 pin packages have less thermal
resistance than 8 pin packages; which should be expected
since it has more pins to conduct heat and has more sur-
face area. Something that may not be expected is that the
Thermal Resistance of the molded devices is comparable to
the ceramic devices. The reason for the lower thermal re-
sistance of the molded devices is the Copper lead frame,
which is a better thermal conductor than the Kovar lead
frame of the ceramic package. Almost all the peripheral
drivers made by National Semiconductor are constructed
with Copper lead frames (refer to ¢ 4 on the specific devic-
es data sheet). The difference between the thermal resist-
ance of Copper and Kovar in a molded package is shown in
Figure 12.

Another variance in thermal resistance is the size of the IC
die. If the contact area to the lead frame is greater, then the
thermal resistance from the Die to the Lead Frame is re-
duced. This is shown in Figure 13. The thermal resistance
shown in Figure 11 corresponds to die that are 6000 mil2 in
area.
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TL/F/5860-13
FIGURE 13. Thermal Resistance vs Die Size

In most applications the prime medium for heat conduction
is through the device leads to the PC board, but the thermal
resistance can be significantly improved by cooling air driv-
en across the surface of the package. The conduction to air
is limited by a stagnant film of air at the surface of the pack-
age. The film acts as an additional thermal resistance. The
thickness of the film is proportional to its resistance. The
thickness of the film is reduced by the velocity of the air
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across the package as shown in Figure 74. In most cases,
the thermal resistance is reduced 25% to 250 linear feet/
min, and 30% at 500 linear feet/min, above 500 linear feet/
min the improvement flattens out.
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FIGURE 14. Thermal Resistance vs Air Velocity

The thermal resistance can also be improved by connecting
the package to the PC board copper or by attaching metal
wings to the package. The improvement by these means is
outside the control of the IC manufacturer, but is available
from the manufacturer of the heat sink device. If the IC is
mounted in a socket rather than soldered to a PC board, the
thermal resistance through the device leads will worsen. In
most cases, the thermal resistance is increased by 20%;
again this is a variable subject to the specific socket type.

The maximum package rating shown in this note corre-
sponds to a 90% confidence level that the package will
have thermal resistance equal to or less than the value
shown. The thermal resistance varies +5% about the mean
due to variables in assembly and package material.

CALCULATIONS OF POWER DISSIPATION

Most IC devices (such as T2L) operate at power levels well
below the device package rating, but peripheral drivers can
easily be used at power levels that exceed the package
rating unknowingly, if the power dissipation isn’t calculated.
As an example, the DS3654 Ten Bit Printer Driver could
dissipate 3 watts (DC and, even more AC), and itis onlyin a
0.8 watt package. In this example, the device would be de-
stroyed in moments, and may even burn a hole in the PC
board it is mounted on. The DS3654 data sheet indicated
that the 10 outputs could sink 300 mA with a Vo, of 1 volt,
but it wasn’t intended that all the outputs would be sinking
this current at the same time, and if so, not for a long period.
The use of the DS3654 requires that the power be calculat-
ed vs the duty cycle of the outputs.

The DC power dissipation is pretty obvious, but in another
example, a customer used the DS3686 relay driver to drive
6.5h'inductive load. The DS3687 has an internal clamp net-
work to quench the inductive back swing at 60V. At 5 Hz the
device dissipates 2 watts, with transient peaks up to 11
watts. After 15 minutes of operation, the driver succumbs to
thermal overload and becomes non-functional. The DS3687
was intended for telephone relay, which in most applications
switches 20 times a day. '

Peripheral driver will dissipate peak power levels that greatly
exceed the average DC power. This is due to the capacity of
the die and package to consume the transient energy while
still maintaining the junction temperature at a safe level.

This capacity is shown as a capacitor in Figure 9. In the lab
(under a microscope) a device may be observed to glow
orange around the parameter of the junction under exces-
sive peak power without damage to the device. Figure 15
shows a plot of maximum peak power vs applied time for
the DS3654, and the same information plotted as energy vs
applied time. To obtain these curves, the device leakage
current when it switches off was used to monitor device
limitation. Note in Figure 15 there is a transition in the curve
about 10 us. At this point, the thermal capacity of the die
has been exceeded. The thermal delay to the next thermal
capacity (the package) was too long, and limited the peak
power. These levels are not suggested operating levels, but
an example of a Peripheral Driver to handle peak transient
power.
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TL/F/5860-15
FIGURE 15. Peak Power and Energy vs the
Period of Time the Power was Applied

To calculate power dissipation, the only information avail-
able to the design engineer is the parametric limits in the
device data sheet, and the same information about the load
reactance. If the calculations indicate the device is within its
limits of power dissipation, then using those parametric lim-
its is satisfactory. If the calculation of power dissipation is
marginal, the parametric limits used in the calculations
might be worst case at low temperature instead of high tem-
perature due to a positive temperature coefficient (Tg) of
resistance. IC resistors and resistors associated with the
load generally have a positive Tc. On the other hand, diodes
and transistor emitter base voltages have a negative Tg;
which'may in some circuits negate the effect of the resistors
Tc. Peripheral output transistors have a positive T¢ associ-
ated with Vpy; while output Darlington transistors have a
negative Tg at low currents and may be flat at high currents.
Figure 16 shows an example of power dissipation vs tem-
perature; note that the power dissipation at the application’s
maximum temperature (Tp) was less than the power dissi-
pation at lower temperatures. Since maximum junction tem-
perature is the concern of the calculation, then maximum
ambient temperature power should be used. The junction
temperature may be determined by projecting a line (shown
dotted in Figure 16), with a slope proportional to ¢ a back to
the horizontal axis (shown as Ty). If the point is below the
curve then Ty will be less than 150°C. T; must not exceed
the maximum junction temperature for that package type. in
this example, T is less than 150°C as required by a molded
package. To calculate the power vs temperature, it is neces-
sary to characterize the device parameters vs temperature.
Unfortunately, this information is not always provided by IC
manufacturers in the device data sheets. A method to calcu-
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late Icc vs temperature is to measure a device, then normal-
ize the measurements vs the typical value for Igg in the data
sheet, then worst case the measurements by adding 30%.
Thirty percent is normally the worst-case resistor tolerance
that IC devices are manufactured to.
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FIGURE 16. IC Power Dissipation vs Temperature

CALCULATION OF OUTPUT POWER WITH
AN INDUCTIVE LOAD

For this example, the device output circuit is similar to the
DS3654 (10-Bit Printer Solenoid Driver) and the DS3686
and DS3687 (Telephone Relay Driver) as shown in Figure
17. Special features of the circuit type are the Darlington
output transistors Q1 and Q2 and the zener diode from the
collector of Q1 to the base of Q2. The Darlington output
requires very little drive from the logic gate driving it and in
turn dissipates less power when the output is turned ON and
OFF, than a single saturating transistor output would. The
zener diode (Dz) quenches the inductive backswing when
the output is turned OFF.
Device and Load Characteristics Used for
Power Calculation

VoL Output Voltage ON 1.5V
Ve Output Clamp Voltage 65V
Vg Load Voltage 30V
Ry Load Resistance 1200
L Load Inductance 5h
Ton Period ON 100 ms
Torr Period OFF 100 ms
T Total Period 200 ms
Vs
Ry
L

LOGIC GATE

TL/F/5860-17
FIGURE 17. Peripheral Driver with Inductive Load

Refer to Figure 18 voltage and current waveforms corre-
sponding to the power dissipation calculated for this exam-
ple of an inductive load.
Pon = Average power dissipation in device output
when device is ON during total period (T)

Ly 5h
=—=——=417
TT R 1200 ms
Vg—VoL 30-15
= = ———="—71"=2375mA
L RL 120 m
p=1L(—e oz
Ip = 237.5mA (1 — e—100 ms/41.7 ms)
Ip = 2159 mA
T T —t/7 dt
Pon = V0L><|L><ﬁ[1 —f ONe—————]
T ° Ton
T _
Pon = VoL X ILX_QN[1 __T (—e TON/r)]
T ToN
100, 417
Pon = 1.5X237.5 MAX— [1—— (1 —e—100/41.7 ]
ON mA%200 ' 700 1 7@ )

Pon = 110.6 mW

Porr = Average power dissipation in device output when
device is OFF during total period (T)

R=-S—B=2"""—591.7mA
R RL 1200
Ip+1
tx=r/n(P—a)
IR
215.9 + 291.7
=47ms ¢n |20 ) = 23
tx = 41.7ms n( 2917 ) 23.1ms
t, % e~ VT dt
POFF=VCX_X[('P+|R)f ——IR]
T o 1y

t _
PorF = Vo X T [(lP + IR)'X 85(1 —e M- |H]
X

23.1 417
= X — 3 . —
Porr = 65 300 [(2159mA + 291.7 mA) 281
(1 — e—23.1/41.7) — 2017 mA]
Porr = 736 mW
Po = Average power dissipation in device output
Po = PoN + Popr = 110.6 + 736 = 846.6 mW

In the above example, driving a 1200 inductive load at 5 Hz,
the power dissipation exceeded a more simple calculation
of power dissipation, which would have been:

V, -V,
Po = oL (Ve ~ Vou) ., Ton

Ry T
_ 1530 —-15 100ms _
Po 120 200 ms 182.5 mW

An error 460% would have occurred by not including the
reactive load. The total power dissipation must also include
other outputs (if the device has more than one output), and
the power dissipation due to the device power supply cur-
rents. This is an example where the load will most likely
exceed the device package rating. If the load is fixed, the
power can be reduced by changing the period (T) and duty
rate (ToN/ToFE)-
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CALCULATION OF OUTPUT POWER
WITH AN INCANDESCENT LAMP

An incandescent lamp is equivalent to a reactive load. The
reactance is related to the period of time required to heat
the lamp and the filaments positive temperature coefficient
of resistance. Figure 19 shows the transient response for a
typical lamp used on instrument panels, and the equivalent
electrical model for the lamp. Much like IC packages the
lamp has a thermal circuit and its associated propagation
delay. This lamp filament has an 8 ms time constant, and a
longer 250 ms time constant from the lamp body to ambient.
The DC characteristics are shown in Figure 20. Note the
knee in the characteristics at 2 volts; this is where power
starts to be dissipated in the form of light. This subject is
important, since more peripheral drivers are damaged by
lamps than any other load.
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FIGURE 19. Transient Response of
an Incandescent Lamp
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TL/F/5860-20
FIGURE 20. DC Characteristics of an Incandescent
Lamp

Figure 21 shows the transient response of a driver similar to
a DS75451 driving the lamp characterized in Figures 19 and
20. The equivalent load doesn’t include the reactance of the
lamp base to ambient, which has a 250 ms time constant,
since 10 ms to an IC is equivalent to DC. The peak transient
current was 1 amp, settling to 200 ms, with an 8 ms time
constant. Observe the peak current is clamped at 1 amp, by
the sinking ability of the driver; otherwise the peak current
may have been 1.2 amps. The DS75451 is only rated at 300
mA, but it is reasonable to assume it could sink 1 amp be-
cause of the designed force B required for switching re-
sponse and worst case operating temperature.
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FIGURE 21. Transient Incandescent Lamp Current

Calculation of the energy dissipated by a peripheral driver
for the transient lamp current shown in Figure 21 is shown
above, and the plot of energy vs time is shown in Figure 22.
Figure 22 also includes as a reference the maximum peak
energy from Figure 15. It can be seen from Figure 22 that in
this example there is a good safety margin between the
lamp load and the reference max peak energy. If there were
more drivers than one per package under the same load,
the margin would have been reduced. Also, if the peripheral
driver couldn’t saturate because it couldn’t sink the peak
transient lamp current, then the energy would also reduce
the margin of safe operation.
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CALCULATION OF ENERGY IN AN

INCANDESCENT LAMP
t
Energy = f,VOL (Rt + Ig2) dt
i, = VB~ VoL _
R1 i R1
. VB—VOL) —yr
R2 ( Rz /°

lrpe~t/7 7= R2C2

Energy = J: VoL (lr1 + 2 e~ Y7) dt
= VoL [Ig1t + Iga7 (i — e~ t/7)]
VoL = 0.6V
IRy = 0.2 Amps
Ir1 + lg2 = 1 Amp
A common technique used to reduce the 10 to 1 peak to DC

transient lamp current is to bias the lamp partially ON, so
the lamp filament is warm. This can be accomplished as

Given:

shown in Figure 23. From Figure 20 it can be seen that the’

lamp resistance at OV is 5.7(2, but at 1V the resistance is
180. At 1V the lamp dosen'’t start to-emit light. Using a lamp
resistance of 100Q and lamp voltage of 1V, Rg was calcu-
lated to be approximately 1009. This circuit will reduce the
peak lamp current from 1 amp to 316 mA. )

Vg — V| '
RB:(_B_VL_'—)RL

Rg Ag = (6‘31" 1) 1802 = 95.4 = 1000

TL/F/5860-23
FIGURE 23. Circuit Used to Reduce Peak
Transient Lamp Current

PERIPHERAL DRIVER SECTION

National Semiconductor has a wide selection of peripheral
drivers as shown in this section’s guide. The DS75451,
DS75461, DS3631 and the DS3611 series have the same
selection of logic function in an 8-pin package. The
DS75461 is a high voltage selection of the DS75451 and
may switch slower. The DS3611 and DS3631 are very high
voltage circuits and were intended for slow relay applica-
tions. The DS3680, DS3686, and DS3687 were intended for
56V telephone relay applications. The DS3654 contains a
10-bit shift register followed by ten 250 mA clamped drivers.
The DS3654 was intended for printer solenoid applications.

High current and high voltage peripheral drivers find many
applications associated with digital systems, and it is the

-intention of the application note to insure that reliability and

service life of peripheral drivers equal or exceed the per-
formance of the other logic gates made by National.

For additional information, please contact the Interface Mar-
keting Department at National or one of the many field ap-
plication engineers world-wide.
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Physical Dimensions

ﬂNational Semiconductor

20 Lead Ceramic Leadless Chip Carrier, Type C
NS Package Number E20A
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8 Lead (0.200" Diameter P.C.) TO-5 Metal Can Package
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Physical Dimensions

8 Lead Ceramic Dual-in-Line Package
NS Package Number JOSA

950 £5° TYP x‘/
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14 Lead Ceramic Dual-ln-Llne Package
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16 Lead Ceramic Dual-in-Line Package
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Physical Dimensions

2 Lead TO-3 Metal Can Package, Low Profile
NS Package Number K02C
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8 Lead TO-3 Metal Can Package

NS Package Number K0O8A ‘
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(22.35-2350)
0760-0775 | °
(19.304-19.685) * 0025
0.3 0.345-0.395
0220-0280 0.085-0.100 UNCONTROLLED (8.763-10.033)
5.588-7.11z) (2168-2584) LEAD ‘
SEATING PLANE ‘ {mem T wa 1 ?
[ PR | D 0.036-0.044 " 0122
(0.812-1.118) {3.098)
TYP MAX
0490-0510_ Ces
(12.488-12.954) ‘
LEAD CIRCLE
(a.az_sr;;nas) 438288
80° )
wmorow N5 VLR N | wieaim
\'"4 H .|
2amnz25500 \y 9N P | -
40° ()
0.585-0.600
(14.858-15.21)
1.177-1.197
(20.896-30.409)
40° (7x) :
KOBA (REV C)

2 Lead TO-3 Metal Can Package, Aluminum

NS Package Number KC02A
All dimensions are in inches (millimeters)
0.940 -0.980
—»-(23.88—24.89)
0.800—0.815 DIA 0.250—0.350
. (2n.azTAzo.7o; - 16.350—6.690)
0.107-0.123 |
@718-3124) i
0.025 % T T ? 0.445—0.522
(0.635) 0.135 SEATING PLANE (11.30-13.26)
UNCONTROLLED LEADDIA  —>- 0.038—0.043
‘3,‘,'.";?) —»I |<—(u 965—1.092) ?
DIA TYP
0.420 -0.440
01510161 (10.67-11.18)

DIATYP 0.970~1.050

0.185-0.179 A
(4.191-4,547) (24.64-26.67)
ATYP . 0.210-0.220
(5.334—5.588) <
|__0.655-0.675
(16.64—17.15)
1.177-1.187 ' A
(29.90-30.40)

KCO2A (REV C)

suojsuawiq [eaisAyd
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Physical Dimensions

8 Lead (0.150"” Wide) Molded Small Outline Package, JEDEC

NS Package Number MOSA

0.150-0.157

13.810-3.988)
0.010-0.020  g5e
{0.254-0.508) l 8° MAX TYP
ALL LEADS
v
oou A f
{0.102)
(g-m :._:__"2”5"') ALL LEAD TIPS 0.016-0.050
TYP ALL LEADS P ALL Lonod

All dimensions are in inches (mllllmeters)

0.189-0.187
14.800—5.004)

A A A

0.228-0.244 §
{5.781=5.138)

TUF?;_4

LEAD NO. 1
IDENT

0.053-0.069
{1,346 -1.753)

0.010 yax
(0:258)

3II
TP

0.004 -0.010
(0. 102-0 254)

SEATING

b by

0.356)

1

e

25

(0 203)

0.014-0.020 ryp
(0.356-0.508)

MOBA (REV H)

14 Lead (0.300” Wide) Molded Small Outline Package, JEDEC

NS Package Number M14B
0.291-0.209.
(7 {T391-7.5%)
00w .
0.009-0.013 o
(0.229-0.330) 8° MAX TYP
TYPALL LEADS o Luns
0.004 J L— 0.0380.050
010y {©.762-1.210)
ALLLEAD TYP ALL LEADS
TIPS

All dimensions are in inches (millimeters)

0.346—-0.362

14 13 12 11 10

] AAAANA

(8.788-9.195) -

s 8

HA

7 0.394-0.419
{10.01-10.64)
LEAD NO. 1
1DENT Y ’O
‘ ililRiliki
‘ 1 23 456 1
0.027 .
~ {0:686) I‘—'
0.093-0.104
{2.362-2,642)
* 0.004—0.012
{0-102-0.305)

* SEATING
0.037-0.044 - ? PLANE
{0.940-1.118) J L

0.050 0.014-0.018
.z z1n) - e
M14B (REV D)
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16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC

NS Package Number M16A

All dimensions are in inches (millimeters)

0.386-0.394

(9.804-10.00)

AoAnnnnA
0.228-0.284 a0°
{5.791-6.198) TP
jo)
A
LEAD NO.L 12 3 4 5 6 1 8
IDENT 0.010 yay
10.258)
0.1500.157
RO R
_ 0.053-0.069
f::ﬁ;:_%:—&% X45°—3 r— (1.346-1.753) 0.004 -0.010
8° MAX TYP {0.102—0.254)
ALL LGns — ,
o = smma
e &l JL
0.008-0.010 o014 | 0050 0.014-0.020 1y,
T28-0254) o 03 = 0% 0508 "
TIPALLLEASS 0.004 TYP ALL LEADS e oo
10.102) oy MIGA REV 1
ALLLEAD TIPS
24 Lead (0.300” Wide) Molded Small Outline Package, JEDEC
NS Package Number M24B
All dimensions are in ﬁiz—r—s
R 05483
15.60
15.20
24 23 22 21 20 1 18 17 16 15 14 13

RAOAAA

L

0.4190
0.3940
10.65
LEAD NO 1 0.2992 10.00
IDENTIFICATION R 03814
7.4
i
1 3 4 78 91011 iz
0 050)]
0.0138
R
) 0.0125
o093 0.029 0.0091
0.0926 450 0010 001 1YP ALL LEADS
~2.65 0.75 0.2%
235 0.23
SEATING 1] — J — !L,_
PLANE - |2004] 8° MAX TYP-
4 ALL LD TIPS 0.0300 ALL LEADS
0.35 o 20180 1vp AL LEADS
0.40 248 (REV F)

suoisuawiq edi1sAyd




Physical Dimensions

5 Lead Molded SOT-23-5
NS Package Number MAO5A

.016-0.0
?011 04;?”" - '|
H ., H
1 .
| 1

0.102-0.118

[2.59-3.00] TP
T~ """ "] 0.058-0.070
| I [1.50-1.78]

' |
1 1
{ ¢
0.035-0.040
[0.89-1.02] |
TYP i
0.070-0.080
"_ [1.78-2.03] TP
\
10 ALL AROUND ‘

All dimensions are in inches [millimeters]

0.027 A‘ l‘
[0.69] _-I
l |

0.075
[1.90]

e
¢

o 0375 I__ 0.0375
[0.953] [0.953]

LAND PATTERN RECOMMENDATION

0.002-0.005

[0.05-0.13) P

\/ 10° ALL AROUND
0.0035-0.0056 TYP

0.110-0.120 [0.089-0.142]

[2.79-3.05) ~

0.028-0.035
[0.71-0.30] T'F
T\ 0.039-0.051
B / l [o 8- 130]
' 0.021-0.026
[0.53-0.66] """

" MAOSA' (REV D)

8 Lead (0.300” Wide) Molded Dual-in-Line Package

NS Package Number NOSE

0.373-0.400
* (9.472-10.16)

0.090
(2.286)

* All dimensions are in inches (millimeters)

0.032+0.005
(0.81310.127)
RAI

0.25040.005 b
(6:3520.127) PINNO. 10BN —— 7
0.280 0040
™ wm™ [T eew o Fore o] |<-— . OPTION 2
0.300-0.320 (0.762) — 0.0 0.145-0.200 '
™ ree-vtm | { wEr— /<— (ss1) @.6835.080) "
7 ‘ o A 0.130+0.005 i
. 111 Y (3.302x0.127) i
950 +5° 4/ E 0.125-0.140 ?
0.065 {3.175—3.556)
0.009-0.015 - 90135 {365 prisn (_g%%
= x T T ’I vP MiN
: C NOM 0.0180.003 :
0azs 150 4 {0.45720.076)
1016 ' 0.100:+0.010
(sass Ty 550) ‘ {2.540£0.258)
0.045:+0.015
{1-14320.381) ol [l nom
0.050 Ty 7]
" m)—. = NOBE (REV F)
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14 Lead (0.300” Wide) Molded Dual-in-Line Package

NS Package Number N14A
. All dimensions are in inches (millimeters)
0.740-0.770
118.80—19.56)
0.09
— <—————-lz.m)
fal [ (7] (] [} [3] [§]
) /\ 0.25010.010
) 7l [@3%0£0.259)
PIN NO. 1 'O /)‘
IDENT Ll el sl Ll Ts]A8] L1]
0.092 0.030 MAX
(2.337) {0.762) DEPTH
OPTION 1 OPTION 02
0.135:£0.005 -
L W o e B
0.145-0.2 X . ) 0065
{3.683 —5.080) ™ e /'\ T SPIONAL {1.651)
[ 1 [ \
r {__‘__q I
A o J50 0.008-0.016
0y 80° 40 TYP o — wm—oan "
(0.508) | T
MIN  0.126-0.150 _" <_u,on;q:.),ms
@AT5-3.810) T1.905 20.381] *_(g.m)_.
0.014-0.023 | .
00U 0023 yyp —pm
0.356—0.584 - 0.100:£0.010 MIN
‘ ! 0.050:+0.010 @.540£0.25¢) " DTy
— 2L, P +0.040
11.270-0.254) 0335 pors
+1.016
(’ 25 -0.: 3!1) NV4A (REV F)

16 Lead (0.300” Wide) Molded Dual-in-Line Package

All dimensions are in inches (millimeters)

0.843-0.870

NS Package Number N16A
0.080
9082 {2.288)
23 NOM
DIA NOM
(2X)

PINND. 1 10ENT —_ | @

Mo

_{18] i8] 4] [i3) [iz] [n] Jio] [s]

(21.41-22.10)

0.250 +0.005

©

0280
1.112) =
| T
0300-0320 | ‘o
| 28128 0.085
l {1861

Ll [ Y T 1s] [s] 0 1]

(‘::g:)"’| l‘_

(?:::) 0.130 :0.005
TVP_-I l‘- (3.302 :0.127)

|{6:35020.127)

i

95°46°

}
0.009-0.015 T—

©228-0.381) |
0075 :0.015 I___ ’“_ 001820003 0.125-0.140
0325 10040 {1905 20.381) | “{045720.076) (3.175-3.556)
-0.015
— 0. Wl) +0.010
(ll 256 +1. Mﬂ)
0381 {2.640 0.269)

0.145-0.200
(3.683-5.080)

0.020
(0.508)

N16A (REV E)

suoisuawi( jesisAud
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Physical Dimensions

16 Lead (0.300" Wide) Molded Dual-in-Line Package
NS Package Number N16E

0.740=

0.780

(18.80-

19.81)

All dimensions are in inches (millimeters)

OPTION 02

o ) 0.065
) 0.300-0320 \  (1.651)
"I {7.620-8.128)
oy \
i —— t
95°25° 0.008-0016 1
‘__ 0.280 _4 (0.203-0.406)
(7112)
+o 040
.(0.325_9 015 :
—m : - N16E (REV F)
(8255%555]

OPTION 0f .
0.130£0.005 :
0.130£0.005 0,060 ©TYP
j BIE0aZ) =gy TP ~\[™ opmona
0.145 = 0.200 i ;
{3.683-5.080) ]
0.020 MIN R i | 90°%4° TYP
©3508) " 0 125 0150  0.030£0.015
{3.175=3.610) ! {0762%£0.381)_
10.014=0,023 0.100£0.010
{0.356=0.584) 0 050£0.010 {2.54020.254)
e .270::0 254 e

28 Lead (0.600” Wlde) Molded Dual-m-Lme Package

All dimensions are in inches (millimeters)

mnmwmnmmmmmmmm

/ (1575) 157 RAD

0.062

uuuuuuuuumumwﬂ

'1.393-1.420
{35.38—36.07)

0.125-0.165
(3.175-4.191) g g9

b

0.100:£0.010

NS Package Number N28B
0. Sﬂlio 005
(12.95+0.127)
PiN NO, 1 IDENT:

0.030 MAX 0.600-0.620 0.145-0.210
(0.762) (15.24—-15.75) (3.683-6.334)
T'___ | SS——— k -

Y

950 1+ 5° 0.009-0.015
(0.229-0.381) -
(2452) IN 0.050+0.015
+0.025 (1.270+0.381)
06257 e ' ; :

+0.635!
(1587 0550)

0.01810.003

(2 5401 0. 254)_>| "— —>”<_(Il 45740, 078)

f

ill_SOB)'“

}—{

0.125-0.145
{3.175-3.683)

N28B (REV E)
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3 Lead Molded TO-202
NS Package Number PO3A
. : . All dimensions are in inches (millimeters)
0.360—0.380 0.170-0.190
(9.144 -9.652) (4.318 —4.826)
0.240—0.260 - - 0.095-0.105 -
6.085—6.604) (2ara—2.661) * | 0.0195-0.0205
T To4ss—0s2)
X 0.13-0.117 4 q (BEFORE LEAD FINISH)
(2.870-2.972)
043 ¢ 0480 0.520 || MouNTING
(1.049) 0.128-0.132 * 12.192—13.208) TAB
(3.251-3.353) |
DA
10 7°TYP
-
1.208 ) - /4
(30.683) - g 0.285-0.315 .
/ \ ) (7.239—8.009)
~
MOLDED BODY | * —
OFPACKAGE | - r H‘ 2] |3
_0.060 0.400-0.415
(1.524) {10.160—10.541)
4
0.045—0.050 | I _ 0.024—0.028_TYP (BEFORE
{1.168-1.270) 00950105 (0.610—0.711) LEAD FINISH)
TP (BEFORE  |—d= [ > 5T
LEAD FINISH) (2.413—-2.667)
0.195-0.205
+0015 |7 < @ss3—s5.207
0ars TH08 RE )
0.381
(9'525 -o.1z1) 45>
0.065-0.075
_’I (1.651-1.905)
T2 3
‘ 0" TOT°TYP .
. N : PO3A (REV F)

6-49
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Physical Dimensions

3 Lead Molded TO-220
NS Package Number T03B :
: . All dimensions are in inches [millimeters]
0.240-0.260 | __ 0.330-0.350
[6.10-6.60} [8.38-8.89]
0.100-0.120 0.149-0.153
[2.54-3.05] a P 13.78-3.89)
i —H - = - — ‘
o018 e 0.090-0.110 '
0.400 15002 _ PP—_—  [2.20-279] 0.190-0.210
[10.16 23:38 — I l | [A.asis.n]
Jp-w - = =
0.048-0.055 __j
J 0.130-0.160 ;o [1.22-1.40]
PIN #1 1D [3.30-4.06] v
1.005-1.035 0.027-0.037
[25.53-26.29] — ™ [o.si\-(:.u]

0.175-0.185
(4.45-4.70]

70’_| /\ °/'\ 0.525-0.555 0.015 *0:007
l ! ([13.34-1'4.101)—" | -0.001

+0.18
[0.38 2503

1 ==
o 048-0.052 ‘
[1.22-1.32] SEATING PLANE

+0.010
— 0.105 _gioy5

+0.25
[2.67 2538

TAPERED
SIDES 1° 1038 (REV L)
5 Lead Molded TO-220
NS Package Number TO5A
All dimensions are in inches [millimeters]
0.100-0.120 _4 0.149-0.153 -
[2.54-3.05] ] /~ ? [3.78-3.89] 5% [0.76-1.02]
) y
0.400 1950 )t
+0.38 + - = _— 3
[10.16 *2:38] — - — .
S - =" 0.057-0.077
"\- PIN #1 1 4% 13.45-1.96]

*l 0.240-0.260 L_ 0.330-0.350 _.I
[6.10-6.60] [8.38-8.89]

| ’°’!/\ » A\
.—A.—.—f/

0.175-0.185
[4.45-4.70])

SEATING PLANE

0.015 128811

[o. 33::;';] e |

T

o
0.048-0. 052_1

[1.22-1.32]

TAPER SIDES 1°

00-6° ~. B

1.005-1.035
[25.53-26.29]

0.525-0.555
(

+0.010
LO.IOS ots

+0.25
13.34-14.10) ) — [2.67 23
- .l
T05A (REV J)
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5 Lead Molded TO-220
NS Package Number T0O5D

0.110£0.010
2,79£0.25

0.15140.002

I" / 3.84£0.05

inches

All dimensions are in —————
millimeters

0.035 % 0.005

0.89£0.13 e

QJ

0.250£0.010
6.35%0.25

TAPERED SIDES I°

0.34040.010
8.64£0.25

PIN ONE ID
0.134£0.015
T3.40£0.38 _"I l“

g

——r -+
RS ke

0.067 £ 0.005

1.70%0.15 e

0.015 .,g

‘ 8.70
0.180£0.005 :o 005 8.24
578013 0.105
) { 2.67

T SEATING PLANE
0.050 £0.002 0.622 0.176 £0.009
1.27£0.05 15.80 0.704 4.47%0.23

17.88 T05D (REV A)

11 Lead Molded TO-220
NS Package Number TA11B

All dimensions are in inches (millimeters)

0.788:+0.010 0471 L
f;gx 0.120£0.010 (20.0110.254) (4.3%5)
{3.048%0.259) 0.150:£0.002 0110 0.061+0.002
(3.810£0.051) 1% > {1.549£0.051)
\ \ | ]
—— 0.700:+0.010
0.689 1 {17.78£0.254)
117.50) 0860
0421 O @88
10,69 n
O 22.00)
y S _ 5 D.866:£0.020 _J _,—j—-
{22.00£0.508)
7o TYP
x D.860:£0.020
NN _” (21.85£0.508)
VARV ' 4
0.169:+0.010
0.038 0.067 <
1% g | 1 <—10% 5 (4.293£0.254)
0.670 | 0.200+0.010
< (17.02) {5.080£0.254)
0.016:+0.002
— = TYP
(0,406 £0.051) TABREY &

1a jedisAyd

suoisusuwl
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Physical Dimensions

15 Lead Molded TO-220

NS Package Number TA15A ‘
) All dimensions are in inches (millimeters)
0.788:+0.010 o 0.177£0.005
v {20.0120.254) (8.496£0.127) >
.120:£0.010 0.150::0.002
5 012040010 o < 0.061:£0.002
{3.04820.254) {3.810£0.051) ;}};‘%‘%"’-’ ™ [ nseiosy
\ ‘
0.700:£0.010
068950005 3 ) X {17.7820.254)
(17.5020.127) 0.850
0.421:£0.005 . @8y
{10.69Z0.127)
_0.866
O 22.00)
0.866:+0.020 ' ,_B—
X (22,00 £0.508)
7°TYP
» .860:£0.020 ——
¢ (21.84£0.508)
uubuddubbbuull__l {
0.028:0.003 l 0.050:+0.010 ' 0.169:£0.010
X G Tiz0.07) . e M 0.2, (.29330.254)
0.700:+0.010
< > 0.20010.010
I (17.7810.254) L— —m
: 0.016:+0.002
TR (a0 £0.051) WAV

3 Lead Molded TO-263

NS Package Number TS3B

All dimensions are in inches [millimeters]

100830 TYp 0.090-0.110 10
s [2.29-2.79] :
[} n
o[.zso-o.zai) . [0‘575]
6.60-7.11 14.61 ! 0.085
— TP
0.390-0.410 T "I [2.18)
[9.91-10.41] _t } n
{ \ T oo028-0038 e 0.425 =
[6.71-0.97] [10.80] =
_,]0.330-0.350 PIN#1 1D T o100
[8.38-8.89] 0.030 == sl
R MAX TYP .
0.050 yax ] e [0.76] e
[1.27] L e 0.015-0.030 -

. \ (0-38-0.76] 535 ~hoayT ﬂ-ﬂ‘#] —
0.175-0.183 { [0.89] :
[4.45-4.65] s ' i — - LEAD POSITION OVERLAY
¥} TAPERED

0.048-0.052 SIDES 1° 0°-6°
fr2z-1.321 oo 0080°-a° T
f0.00-0.15] STAND=OFF
e 0.490 iy
[12.45)
0.565
[14.35] ¥
0.250 .
16.35) """
A
0.200
[5.08) "™
BACK VIEW 538 (REV €)
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5 Lead Molded TO-263
NS Package Number TS5B

Jo-100£30 TYP

All dimensions are in inches [millimeters]

. 0.057-0.077 0
1.45-1.96
— [ ]

0.260-0.280 ___[0.575]

[6.60-7.11] 14.61 0.085 1o
0.390-0.410 _{ T T "I [2.16]
[8.81-10.41] =~ 1 0.028-0.038 -E!—

* TYP 0.425 i
[0.71-0.97] [10.80]
] 0.330-0.350 | P10
[8.38-8.89] E— 0.067
R MAX TYP [1.70]
0.050 px —ol |ee [0.76] e
[1.27] || 70 0.015-0.030 TYIT
[~ ’\ (0.38-0.76] o35 [10.41] ?{0372] vP
0.175-0.183 { [0.89] :
[4.45-4.65] i ———- LEAD POSITION OVERLAY
_—f [£3]0.004[0.10] -
M1 4 TAPERED
0.048-0. 052 SIDES 1° 0°'5°
[1.22-1.32] 0°-6¢2
°'°°[%‘% 010‘3 STAND-OFF J
lee— 0.490
[1 2.45] MAX
0.565
[14.35] "M
CONTROLLING DIMENSION: INCH
0.250 11 —s -
(628 N
[
0.200
N
[5.08] M
1558 (REV B)
3 Lead Molded TO-92
NS Package Number Z03A
All dimensions are in inches [millimeters]
/'\F" 59 2 PLCS
— —L °[°°;;'§:g'§;i]5 BEFORE LEAD FINISH
[12 701"'N
SEATING PLANE . %135-0.14?
3.43-3.68
0.090
[2.29] 0.045-0.055
(UNCONTROLLED I‘.r [1.14-1.40]
______ LEAD DIA) 0.045-0.085 1
| [1.14-1.40]
0.175-0.185 P 5
[4.45-4.70] )
== _y
?.016-0.02]1 e j— 0,090
0.41-0.53 .
EJECTION ;‘ Aozl_f, R12.29] 100 2 PLCS
[1.65]
T [00.03185] MAX 203A (REV F)

1 |eaisAud

suoisuauwl

6-53



NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NNational Semiconductor

Bookshelf of Technical Support Information

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

For datasheets on new products and devices still in production but not found in a databook, please contact the National
Semiconductor Customer Support Center at 1-800-272-9959.

We are interested in your comments on our technical literature and your suggestions for improvement.

Please send them to:
Technical Communications Dept. M/S 16-300
2900 Semiconductor Drive
P.O. Box 58090
Santa Clara, CA 95052-8090

ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK—1994

ABTG/BCT Description and Family Characteristics ¢ ABTC/BCT Ratings, Specifications and Waveforms

ABTC Applications and Design Considerations ® Quality and Reliability ® Integrated Bus Function (IBF) Introduction
54/74ABT3283 Synchronous Datapath Multiplexer ¢ 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing

SCAN18xxxA BiCMOS 5V Logic with Boundary Scan ® 74LVT Low Voltage BiCMOS Logic

VME Extended TTL Technology for Backplanes

ALS/AS LOGIC DATABOOK—1990

Introduction to Advanced Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK—1995

Audio Circuits ® Video Circuits ® Automotive ® Special Functions ® Surface Mount

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions ® Peripheral Functions ¢ LSI/VLSI Functions  Design Guidelines  Packaging

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ¢ MM54HC/MM74HC
MMS54HCT/MM74HCT ® CD4XXX ® MM54CXXX/MM74CXXX ® Surface Mount

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK—1994

Low Skew Clock Buffers/Drivers ® Video Clock Generators ® Low Skew PLL Clock Generators
Crystal Clock Generators

COP8™ DATABOOK—1994

COP8 Family ® COP8 Applications ¢ MICROWIRE/PLUS Peripherals ¢ COP8 Development Support

CROSSVOLT™ LOW VOLTAGE LOGIC SERIES DATABOOK—1994

LCX Family ® LVX Translator Family  LVX Bus Swnch Family ® LVX Family ® LVQ Family ® LVT Family

DATA ACQUISITION DATABOOK—1995

Data Acquisition Systems e Analog-to-Digital Converters ® Digital-to-Analog Converters e Voltage References
Temperature Sensors ® Active Filters ® Analog Switches/Multiplexers ¢ Surface Mount

DATA ACQUISITION DATABOOK SUPPLEMENT—1992

New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook.




DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK—1989

Selection Guide and Cross Reference Guides ¢ Diodes ¢ Bipolar NPN Transistors
Bipolar PNP Transistors ¢ JFET Transistors ® Surface Mount Products ® Pro-Electron Series
Consumer Series ® Power Components ® Transistor Datasheets ® Process Characteristics

DRAM MANAGEMENT HANDBOOK—1993

Dynamic Memory Control ® CPU Specific System Solutions @ Error Detection and Correction
Microprocessor Applications

EMBEDDED CONTROLLERS DATABOOK—1992

COP400 Family ¢ COP800 Family ® COPS Applications ¢ HPG Family ® HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals ® Microcontroller Development Tools

FDDI DATABOOK—1994

Datasheets ® Application Notes

F100K ECL LOGIC DATABOOK & DESIGN GUIDE—1992

Family Overview ® 300 Series (Low-Power) Datasheets ® 100 Series Datasheets ® 11C Datasheets
Design Guide ® Circuit Basics ® Logic Design ® Transmission Line Concepts ® System Considerations
Power Distribution and Thermal Considerations ® Testing Techniques ® 300 Series Package Qualification
Quality Assurance and Reliability ® Application Notes .

FACT™ ADVANCED CMOS LOGIC DATABOOK—1993

Description and Family Characteristics ® Ratings, Specifications and Waveforms
Design Considerations ® 54AC/74ACXXX ® 54ACT/74ACTXXX e Quiet Series: 54ACQ/74ACQXXX
Quiet Series: 54ACTQ/74ACTQXXX ® 54FCT/74FCTXXX ® FCTA: 54FCTXXXA/74FCTXXXA/B

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK—1990

Circuit Characteristics ® Ratings, Specifications and Waveforms e Design Considerations ® 54F/ 7AFXXX

FAST® APPLICATIONS HANDBOOK—1990

Reprint of 1987 Fairchild FAST Applications Handbook

Contains application information on the FAST family: Introduction ® Multiplexers ® Decoders ® Encoders
Operators ® FIFOs ® Counters ® TTL Small Scale Integration e Line Driving and System Design

FAST Characteristics and Testing ® Packaging Characteristics

HIGH-PERFORMANCE BUS INTERFACE DATABOOK—1994

QuickRing ® Futurebus+ /BTL Devices ® BTL Transceiver Application Notes ® Futurebus+ Application Notes
High Performance TTL Bus Drivers ® Pl-Bus ¢ Futurebus+ /BTL Reference

IBM DATA COMMUNICATIONS HANDBOOK—1992

1BM Data Communications Application Notes

INTERFACE: DATA TRANSMISSION DATABOOK—1994

TIA/EIA-232 (RS-232) ® TIA/EIA-422/423 © TIA/EIA-485 e Line Drivers ® Receivers ® Repeaters
Transceivers ® Low Voltage Differential Signaling ® Special Interface ® Application Notes

LINEAR APPLICATIONS HANDBOOK—1994

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 Semlconductor

Individual application notes are normally written to explain the operatlon and use of one particular device or to deta:l vanous
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 detalled Sub;ec’( Index.

LOCAL AREA NETWORKS DATABOOK—1993 SECOND EDITION
Integrated Ethernet Network Interface Controller Products ® Ethernet Physical Layer Transceivers

Ethernet Repeater Interface Controller Products ® Token-Ring Interface Controller (TROPIC)

Hardware and Software Support Products ® FDD! Products ® Glossary and Acronyms




LOW VOLTAGE DATABOOK—1992

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time
Clocks, and Clock Generation and Support (CGS).

MASS STORAGE HANDBOOK—1989

Rigid Disk Pulse Detectors ® Rigid Disk Data Separators/Synchronizers and ENDECs
Rigid Disk Data Controller ¢ SCSI| Bus Interface Circuits ® Floppy Disk Controllers @ Disk Drive Interface Circuits
Rigid Disk Preamplifiers and Servo Control Circuits ® Rigid Disk Microcontroller Circuits  Disk Interface Design Guide

MEMORY DATABOOK—1994

FLASH ¢ CMOS EPROMs ® CMOS EEPROMs ® PROMs e Application Notes

MEMORY APPLICATIONS HANDBOOK—1994

FLASH e EEPROMs ¢ EPROMs e Application Notes

OPERATIONAL AMPLIFIERS DATABOOK—1995

Operational Amplifiers ® Buffers  Voltage Comparators ® Active Matrix/LCD Display Drivers
Special Functions e Surface Mount

PACKAGING DATABOOK—1993

Introduction to Packaging ¢ Hermetic Packages @ Plastic Packages ® Advanced Packaging Technology
Package Reliability Considerations ® Packing Considerations @ Surface Mount Considerations

POWER IC’s DATABOOK—1995

Linear Voltage Regulators ¢ Low Dropout Voltage Regulators ¢ Switching Voltage Regulators
Motion Control ® Surface Mount

PROGRAMMABLE LOGIC DEVICE DATABOOK AND
DESIGN GUIDE—1993

Product Line Overview ® Datasheets ¢ Design Guide: Designing with PLDs ¢ PLD Design Methodology
PLD Design Development Tools ® Fabrication of Programmable Logic @ Application Examples

REAL TIME CLOCK HANDBOOK—1993

3-Volt Low Voltage Real Time Clocks ® Real Time Clocks and Timer Clock Peripherals e Application Notes

RELIABILITY HANDBOOK—1987

Reliability and the Die ® Internal Construction e Finished Package ® MIL-STD-883 ¢ MIL-M-38510

The Specification Development Process ¢ Reliability and the Hybrid Device ® VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge e Discrete Device ¢ Standardization

Quality Assurance and Reliability Engineering ® Reliability and Documentation ® Commercial Grade Device
European Reliability Programs e Reliability and the Cost of Semiconductor Ownership

Reliability Testing at National Semiconductor e The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETST Products ® 883/RETS™ Hybrids ¢ MIL-M-38510 Class B Products
Radiation Hardened Technology ® Wafer Fabrication ® Semiconductor Assembly and Packaging
Semiconductor Packages ¢ Glossary of Terms ® Key Government Agencies ® AN/ Numbers and Acronyms
Bibliography ® MIL-M-38510 and DESC Drawing Cross Listing

SCAN™ DATABOOK—1994

Evolution of IEEE 1149.1 Standard ¢ SCAN BiCMOS Products ® SCAN ACMOS Products ® System Test Products
Other IEEE 1149.1 Devices

TELECOMMUNICATIONS—1 994

COMBO and SLIC Devices © ISDN o Digital Loop Devices ® Analog Telephone Components @ Software ® Application Notes

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK—1993

This databook introduces National’s Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT)
designs. The databook includes Description and Family Characteristics ® Ratings, Specifications and Waveforms

Design Considerations and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance,
Low Noise Characteristics and Improved Interface Capabilities.




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS

ALABAMA

Huntsville
Anthem Electronics
(205) 890-0302
Future Electronics Corp.
(205) 830-2322
Hamilton/Hallmark
(205) 837-8700
Pioneer Technology
(205) 837-9300
Time Electronics
(205) 721-1134

ARIZONA

Phoenix
Future Electronics Corp.
(602) 968-7140
Hamilton/Hallmark
(602) 437-1200

Scottsdale
Alliance Electronics Inc.
(602) 483-9400

Tempe
Anthem Electronics
(602) 966-6600
Bell Industries
(602) 966-3600
Pioneer Standard
(602) 350-9335
Time Electronics
(602) 967-2000

CALIFORNIA

Agoura Hills
Bell Industries
(818) 865-7900
Future Electronics Corp.
(818) 865-0040
Pioneer Standard
(818) 865-5800
Time Electronics
(818) 707-2890

Calabasas
F/X Electronics
(818) 591-9220

Chatsworth
Anthem Electronics
(818) 775-1333

Costa Mesa
Hamilton/Hallmark
(714) 641-4100

Irvine
Anthem Electronics
(714) 768-4444
Bell Industries
(714) 727-4500
Future Electronics Corp.
(714) 453-1515
Pioneer Standard
(714) 753-5090

Zeus Elect. an Arrow Co.

(714) 581-4622
Rocklin
Anthem Electronics
(916) 624-9744
Bell Industries
(916) 652-0418
Roseville
Future Electronics Corp.
(916) 783-7877
Hamilton/Hallmark
(916) 624-9781
San Diego
Anthem Electronics
(619) 453-9005
Bell Industries
(619) 576-3294
Future Electronics Corp.
(619) 625-2800
Hamilton/Hallmark
(619) 571-7540
Pioneer Standard
(619) 514-7700 -
Time Electronics
(619) 674-2800 '

San Jose
Anthem Electronics
(408) 453-1200
Future Electronics Corp.
(408) 434-1122
Hamilton/Hallmark
(408) 435-3500
Pioneer Technology
(408) 954-9100

Zeus Elect. an Arrow Co.

(408) 628-4789
Sunnyvale
Bell Industries
(408) 734-8570
Time Electronics
(408) 734-9890
Tustin
Time Electronics
(714) 669-0216
Woodland Hills
Hamilton/Hallmark
(818) 594-0404
Time Electronics
(818) 593-8400

COLORADO
Denver
Bell industries
(303) 691-9270
Englewood
Anthem Electronics
(303) 790-4500
* Hamilton/Hallmark
(303) 790-1662
Pioneer Technology
(303) 773-8090
Time Electronics
(303) 799-5400
Lakewood
Future Electronics Corp.
(303) 232-2008
CONNECTICUT
Cheshire

Future Electronics Corp. .

(203) 250-0083
Hamilton/Hallmark
(203) 271-2844
Meriden
Bell Industries
(203) 639-6000
Shelton
Pioneer Standard
(203) 929-5600
Wallingford
- Advent Electronics
(800) 982-0014
Waterbury
Anthem Electronics *
'+(203) 5675-1575
FLORIDA
Altamonte Springs
Anthem Electronics’
(407) 831-0007
Bell Industries
(407) 339-0078
Future Electronics Corp.
(407) 865-7900
Pioneer Technology
(407) 834-9090
Deerfield Beach
Future Electronics Corp.
(305) 426-4043
Pioneer Technology
(305) 428-8877
Fort Lauderdale
Hamilton/Hallmark
(305) 484-5482
Time Electronics
.. (305) 484-1864
Indialantic
Advent Electronics
(800) 975-8669
Lake Mary

Zeus Elect. an Arrow Co.

(407) 333-9300

Largo
Future Electronics Corp.
(813) 530-1222
Hamilton/Hallmark
(813) 541-7440
Orlando
Chip Supply
“Die Distributor”
(407) 298-7100
Time Electronics
(407) 841-6566
Winter Park
Hamilton/Hallmark
(407) 657-3300
GEORGIA
Duluth
Anthem Electronics
(404) 931-9300
Hamilton/Hallmark
(404) 623-4400
Pioneer Technology
(404) 623-1003
Time Electronics
(404) 623-5455
Norcross
Future Electronics Corp.
(404) 441-7676
ILLINOIS
Addison
Pioneer Standard
(708) 495-9680
Bensenville
Hamilton/Hallmark
(708) 860-7780
Des Plaines
Advent Electronics
(800) 323-1270
Elk Grove Village
Bell Industries
(708) 640-1910
Hoffman Estates
Future Electronics Corp.
(708) 882-1255
htasca

Zeus Elect. an Arrow Co.

(708) 595-9730

Schaumburg

* Anthem Electronics
(708) 884-0200
Time Electronics
(708) 303-3000
INDIANA

Fort Wayne
Bell Industries
(219) 422-4300

Indianapolis
Advent Electronics Inc.
(800) 732-1453
Bell Industries
(317) 875-8200
Future Electronics Corp.
(317) 469-0447
Hamilton/Halimark
(317) 872-8875
Pioneer Standard
(317) 573-0880

IOWA
Cedar Rapids
Advent Electronics
(800) 397-8407
Hamilton/Hallmark
(319) 393-0033

KANSAS
Lenexa
Hamilton/Hallmark
(913) 888-4747
Overland Park
Future Electronics Corp.
(913) 649-1531
KENTUCKY
Lexington
Hamilton/Halimark
(608) 288-4911

MARYLAND
Columbia .
Anthem Electronics
(410) 995-6640 '
Bell Industries
(410) 280-5100
Future Electronics Corp.
(410) 280-0600
Hamilton/Hallmark
(410) 988-9800
Seymour Electronics
(410) 992-7474
Time Electronics
(410) 720-3600
Gait
Pioneer Technology
(301) 821-0660
MASSACHUSETTS
Andover
Bell Industries
(508) 474-8880
Bolton
Future Electronics Corp.
(508) 779-3000
Lexington
Pioneer Standard
(617) 861-8200
Newburyport
Rochester Electronics
“Obsolete Products”
(508) 462-9332
Norwood

Gerber Electronics
(617) 769-6000
Peabody
Hamilton/Hallmark
- (508) 532-3701
Time Electronics
(508) 532-9777
Tyngsboro
Port Electronics
(508) 649-4880
Wilmington
Anthem Electronics
(508) 657-5170
Zeus Elect. an Arrow Co.
(508) 658-0900

MICHIGAN
Farmington Hills
Advent Electronics
(800) 572-9329
Grand Rapids
Future Electronics Corp.
(616) 698-6800
Pioneer Standard
(616) 698-1800
Livonia
Future Electronics Corp.
(313) 261-5270
O'Fallon
Advent Electronics
(800) 888-9588
Plymouth
Hamilton/Hallmark
(313) 416-5800
Pioneer Standard
(313) 416-2157
Wyoming
R. M. Electronics, Inc.
(616) 531-9300
MINNESOTA
Bloomington
Hamilton/Hallmark
(612) 881-2600
Eden Prairie
Anthem Electronics
(612) 944-5454
Future Electronics Corp.
(612) 944-2200
Pioneer Standard
(612) 944-3355
Minnetonka
Time
(612) 831-2131




National Semiconductor supplies a comprebensive set of service and support capabilities.
Complete product information and design support is available from National's customer
support centers.

To receive sales literature and technical assistance, contact the National support center in your area.

Americas Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email:  support@tevm2.nsc.com 4

Europe  Fax:  (+49) 0-180-530 85 86
Email: cnjwge@tevm2.nsc.com

Deutsch -Tel: (+49) 0-180-530 85 85

English Tel: (+49) 0-180-532 78 32

Francais Tél: (+49) 0-180-532 93 58

Italiano Tel: (+49) 0-180-534 16 80

Japan Tel:  81-043-299-2309
Fax: 81-043-299-2408

See us on the Worldwide Web at: http://www.nsc.com

For support in the following countries, please contact the offices listed below:

Australia India Malaysia
Tel: (39) 558-9999 Tel: 80-226-7272 Tel: 4-644-90061
Fax: (39) 5589998 Fax: 80-225-1133 Fax: 4-644-9073
China Korea Singapore
Tel: 10-849-133 1 Tel: (02) 784-8051/3 Tel: (65) 225-2226
Fax: 10-849-133 2 (02) 785-0696/8 Fax: (65) 225-7080
Fax: 2) 784- i 2
Hong Kong NS FEAT Taiwan
Tel: (852) 2737-1600 Tel: (02) 521-3288
Fax: (852) 2736-9960 Fax: (02) 561-3054

For a complete listing of worldwide sales offices, see inside back page.
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