




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































330 MAX

REEL Specifications and Drawings (A dimensions in millimeters)

W, M
DETAIL X 2 AX_'] l"

AR

DETAIL X

-—I l—- W, +2.0/-0.0 TL/F/12667-9

Plastic 330mm (13" ) Reel Dimensions for 12mm, 16mm, 24dmm and 32mm Tape

Tape Size

Package N w1 w2
Drawing (Typical) (Max)

12mm

MTC14

16mm

MTC16 178 124 18.4

M14A
M16A
MQA20
MQA24
MSA20
MSA24
MTC20
MTC24 , 178 ' 12.4 224

16mm

MSC14
MSC16
MSC20 80 124 22.4

16mm

M14D
M16D 100 124 224

24mm

M208

M24B

M20D
MTD48
MTD56 178 124 30.4

32mm

MS48A .
MS56A 100 124 38.4

http://www.national.com



Tape Specifications and Drawings

SOIC, SOP, QSOP, SSOP 1, SSOP |

4.00 TYP i 2.00£0.10 TYP

. @ D TYP @ D1 MIN TYP
1.75 — / /
I | !

o F 000 00/ 6 60

IF/BY DU VA Y ..

>

Wary
A7
oD

Wt 0.30 N
' | ! |
r—— P1 £ 0.1 ——>| A
=] .00/ 100.00 ]
r— A 0.1 TYP —-‘
L— Ao 0.1 TYP —»
SECTIONB-B
TL/F/12657-10
Package Package Package
Code Description Number w F D D1 P1 g A ho
M Small Outline MI4A | 160 | 75201 | $1.55+005 | 1.5 | 80 | 665 | 65
M| Package, M16A | 160 | 75+01 | $1.55+005 | $15 | 80 | 665 | 65
WM Jgg:ic M20B | 240 | 115+01 | ¢1.55+£005 | ¢1.5 | 120 | 11.08 | 10.9
WM (2010) M24B | 240 | 11501 | $1.55+0.05 | ¢1.5 | 120 | 11.10 | 109
sJ Small Outline Package, M14D | 160 | 754005 | $1.55+005 | $1.5 | 120 | 870 | 8.4
sJ EIAJ Mi6D | 160 | 756+005 | $1.55+0.05 | $1.5 | 120 | 880 | 8.4
sJ (SOP) M20D | 240 | 115+005 | 155005 | $1.5 | 120 | 870 | 8.4
Qsc Shrink Small Outline MQA20 | 160 | 7.5+01 | $1.55+005 | ¢15 | 80 | 665 | 65
EE— Package, JEDEC
QsC (QSOP or JEDEC SSOP) MQA24 16.0 75+ 0.1 $1.55 £ 0.05 | ¢1.5 8.0 6.65 6.5
MSA Shrink Small Outiine MSA20 | 160 | 75+04 | $1.55+005 | ¢1.5 | 80 8.6
——— Package, EIAJ, Type Il -
MSA (SSOP ) MSA24 | 160 | 75+01 | $1.55+005 | ¢15 | 80 8.6
MSC Shrink Small Outline MSC14 | 160 | 7501 | $150+1/-0 | ¢1.6 | 80 6.8
MSC Package, EIAJ, Type | MSC16 | 160 | 7501 | ¢1.50+1/-0 | $1.6 | 80 6.8
MSC (SSOP) Msc20 | 160 | 75+01 | ¢150+1/-0 | ¢1.6 | 80 6.8

17-10 http://www.national.com



Tape Specifications and Drawings (continued)

SOIC, SOP, QSOP, SSOP I, SSOP | (Continued)

Ko £ 0.1
0.30 ~—>{}e—
B 0.1 Bo
SECTION A-A BEND RADIUS
SMALLEST ALLOWABLE BENDING RADIUS. U 1265711
Package Package Package
Code Description Number B0 B ko R
M Small Outline M14A 9.5 9.65 2.1 30.00
M Package, M16A 10.3 10.45 21 30.00
WM JEDEC M20B 13.3 13.45 3.0 30.00
(SOIC)

WM M24B 16.9 16 3.0 30.00
sJ Small Outiine Package, M14D 107 1 2.4 50.00
SJ EIAJ M16D 10.7 11 2.4 50.00

(SOP)
SJ M20D 13.2 13.5 2.4 50.00

Qsc Shrink Small Outline MQA20 9.5 9.65 24 30.00

Package, JEDEC
Qsc (QSOP or JEDEC SSOP) MQA24 9.5 9.65 241 30.00
MSA Shrink Small Qutline MSA20 7.6 25 30.00
Package, EIAJ, Type Il

MSA (SSOP II) MSA24 8.9 25 30.00

MsC Shrink Small Outline MSC14 55 1.9

MSC Package, EIAJ, Type | MSC16 55 1.9

MSC (SSOP) MSC20 7.0 19

http://www.national.com 17-11



Tape Specifications and Drawings (Continued)

TSSOP 14, 16, 20 and 24-Lead

o TR0/
1] :

—-‘ I—— 0.30 & 0.05

R 0.3 MAX

SECTION B-B

SMALLEST ALLOWABLE BEND RADIUS
(NOT TO SCALE)

TL/F/12657~-12

Package Package Package
Code Description Number w Ao Bo ) B1 Ko K1
MTC Thin Shrink Small MTC14 12.0 6.95 + 0.1 56 £ 0.1 6.3 - 1.6 1.2
MTC Outline Package, MTC16 120 - 6.95 +£ 0.1 5.6 £ 0.1 6.3 1.6 1.2
MTC JEDEgég;mm MTC20 16.0 '6.95 0.1 71+01 | 78 16 | 1.3
MTC T ) : MTC24 16.0 - 6.95‘ + 0.1 8.3 + 0.1 9.0 1.6 1.3

17-12 http://www.national.com



Tape Specifications and Drawings (Continued)

SSOP 48 and 56-Lead
——— 400 TYP 91.5 g TP

2.00 TYP —-—I«»l

| Nate 1
Note 5 N
|

1.75 TYP —

@¢¢¢é¢¢¢¢¢¢¢“ ----- -

!

2.03 TYP I
Bl ; :

|

|

1 .J-L@i@, 00

|
Bo TYP _i_
|
I

ol

14.2

@ © Note 5

' 32.0 £ 0.3

010 | ©©

DETAIL B TYP

SECTION A-A

Notes: Unless otherwise specified.

Note 1: 10 sprocket hole pitch cumulative tolerance +0.2.

Note 2: Camber not to exceed 1mm in 100 mm.

Note 3: Ag and By measured on a plane 0.3 mm above the bottom of the pocket.

R 0.5 TYP | |
@ nT i
i P TYP Y Ao TYP \
SEE DETAIL B Note 3 2 2.0 MIN TYP
2.03 TYP
0.30 £ 0.05 —-I le— 0.71 TYP
R 0.75 MAX _l T
BOTH ENDS T
L K1
- {
\_ 0.7 TYP
R 0.3 MAX TYP R 50 MIN
0.20  0.05

BEND RADIUS

Tape with components shall pass

around mandril radius R without damage.
(NOT TO SCALE)

TL/F/12657-13

Note 4: Ko measured from a plane on the inside bottom of the pocket to the top surface of the carrier.
Note 5: Pocket position relative to sprocket hole measured as true position of pocket, not pocket hole.

Package Package Package
Code Description Number Ao B0 ko ki P
MEA Shrink Small Outiine MS48A 12.0 16.2 3.2 24 16.0
Package, JEDEC
MEA (SSOP) MS56A 12.0 18.7 3.2 24 16.0

http://www.national.com 17-13




Tape Specifications and Drawings (continued)

TSSOP 48 and 56-Lead

2155 ' TYP
1.75 2.0 — 4.0 TYP /_
- |
!
I
1
!
g

e~
11. | — I
NOTE 6 | .
| !
24%0.3 l I
) -t -
| i !
! | |
| .
! |
' |
| |
2 1.5 MIN TYP [e—— 12.0 TYP. —~

BEND RADIUS
(NOT TO SCALE)

TL/F/12657-14
Notes: Unless otherwise specified.
Note 1: Cumulative pitch tolerance for feeding holes and cavities (chip pockets) not to exceed 0.2 mm over 10 pitch span.
Note 2: Smallest allowable bending radius.
Note 3: Camber not to exceed 1 mm in 100 mm.
Note 4: Di i Ao and Bg ed on a plane 0.3 mm above the bottom of the pocket.
Note 5: Dimension Ko measured from a plane on the insidé bottom of the pocket to the top of the carrier.
Note 6: Pocket position relative to sprocket hole measured as true position of pocket, not pocket hole.
Note 7: Both Option A and Option B pocket designs are acceptable.
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TSSOP 48 and 56-Lead (Continued)

Tape Specifications and Drawings (continued)

http://www.national.com

B +—— X X
i 0.30 £ 0.05 ——1 '-—
{5 @ | @ é‘ — 3.0 R 0.3 MAX TYP
= i
)] R
A A
[ ]
a4 -
|
( T 2
[ =
- 2.0
R 0.3 TYP
le— 6.0 —4
jt— 6.8 —
!
B «—
SECTION B-B
Ao
OPTION 01
SECTION A-A
B 4——|
{e— 6.3 —>
le— 5.5 —»| 0.30 ¢ o.os——”‘—
? 9 e x /-R 0.3 MAX TYP
B1 )
® D
B — K1 —i] e+
Ko [-—
SECTION B-B
OPTION 02 TL/F/12657-15
Package Package Package
Code Description Number Ao Bo B1 ko K1
Thin Shrink Small
MTD Outline Package, MTD48 8.6 13.2 13.9 1.6 1.2
JEDEC, 6.1mm
MTD ' MTD56 8.6 14.5 17 1.8 1.3
(TSSOP)
17-16



Interface Package Cross-Reference Guide and Comparison Summary

Interface Package Cross-Reference Guide =~ =
and Comparison Summary , ‘
Néc k Motorola Ti AMD
8-, 14- and 16-Lead
Low Temperature J V] J D
’ Cgramic DIP
8-, 14- and 16-Lead P,
Plastic DIP N P N P
Low Temperature
Glass Hermetic w F W F
Flat Pack
. (Narrow Body) M D D
- 80 -
(Wide Body) WM Dw
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NSC Motorola Tl AMD
_Qnanannnmnn
E E PQFP
p— O — astic Qua
= = Farpackege
= = vF
O .
CUTTUanm Top View
Side View
.!T|T|T|T|T|T|'l._.
= O© =
.'E-' O ::: PCC v FN FN L
\JOOOO O
MII-I-IIU
: LSS less Ceramic o FK/
Chip Carrer - v Fo
(HHAHARARN
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NSC Motorola

Tl

AMD

annnnnnonomm

®)
LR

SSOP

Shrink Small
Outline Package
(EIAJ, Type II)

MSA

DB

SSOP

Shrink Small
Outline Package
(JEDEC)

MEA

interface Package Cross-Reference Guide and Comparison Summary:

Selected Small Outline Package Comparison Summary

Dimensions in millimeters to scale but not actual size

14-Lead Package Options

7.8

—

o

0.65

s
z.iT_L-.L ¥

4

d’r

0.65

SOIC (JEDEC) SOP (EIAJ) SSOPI TSSOP
(M, MX) (sJ, SIX) (Mscx) (MTC, MTCX)
Area = 52sq mm Area = 79sq mm Area = 32sq mm Area = 32sq mm
TL/XX/0093-1
17-18 http://www.national.com



Selected Small Outline Package Comparison Summary
Dimensions in millimeters to scale but not actual size (Continued)

16-Lead Package Options

LEL
ir

i 4 i

1.5TJ-\ u}_L-L 1.5_’_‘&-\

20-Lead Package Options

:“ 0.6

T -
e
i P

R i

=

| .

SoIC (JEDEC) SOP (EIAJ) SSOPI TSSoP
(M, MX) (sJ, SIX) (Mscx) (MTC, MTCX)
Area = 59sq mm Area = 79sq mm Area = 32sq mm Area = 32sq mm

TL/XX/0093-2

L i

SOIC (JEDEC) SOP (EIAJ) QsoP SSOPIIl SSOPI TSSoP
(WM, WMX) (SJ, SIX) (asc, ascx) (MSA, MSAX) (Mscx) (MTC, MTCX)
Area = 132sq mm Area = 98sq mm Area = 52sq mm  Area = 58sq mm Area = 42sq mm  Area = 42sq mm
TL/XX/0093-3
24-Lead Package Options
10.3
f= 75—
1.27
SOIC (JEDEC) Qsop SSOPII TSSoP
(WM, WMX) (asc, ascx) (MsA, MSAX) (MTC, MTCX)
Area = 159sq mm Area = 52sq mm Area = 66sq mm Area = 50sq mm
TL/XX/0093-4

http://www.national.com 17-19
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Interface Package Cross-Reference Guide and Comparison Summary

Selected Small Outline Package Comparison Summary

Dimensions in millimeters to scale but not actual size (Continued)

48-Lead Package Options

10.4

|75

=

TSSOP SSOP
(MTD, MTDX) (MEA, MEAX)
Area = 101sq mm Area = 165sq mm

TL/XX/0093-5

56-Lead Package Options

s

18.4

i

TSSOP SSOP
(MTD, MTDX) (MEA, MEAX)
Area = 113sq mm Area = 191sq mm
TL/XX/0093-6
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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

3

1]
WEAROUT TIME
TL/F/5280-1

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.

National Semiconductor
Application Note 336
Charles Carinalli

Josip Huljev

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 resuits 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:

2wl
x2 - TPlk\T2 T

Where: X1 = Failure rate at junction temperature T1
X2 = Failure rate at junction temperature T2
T = Junction temperature in degrees Kelvin

E = Thermal activation ehergy in electron volts
(ev)
K = Boltzman’s constant

http://www.national.com

17-21

9€e-NV



AN-336

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
& .99 oV
2 o
s ape anp ee| e

g 10K , T
: D oD amp aEe

1k
g , ]
w100 '3
= I
Eow | A
= —
E Ll

30 60 90 120 150 180 210
JUNCTION TEMPERATURE (°C)
TL/F/5280-2
FIGURE 2, Fallure 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

- capability of an intégrated circuit/package/environmental

flows from the chip to the ultimate heat sink, the ambient
environment. There are two predominiant piths. 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

condition is possible. The equatlon that expresses this rela-
tionship is:

Ty=Ta+Pp (0un)
Where: Ty = Die junction temperature
Ta = Ambient temperature in the vicinity devnce
Pp = Total power dissipation (in watts)
044 = Thermal resistance junction-to-ambient

6, 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 interface circuit data sheets specify the ther-
mal characteristics and capabilities of the packages avail-
able 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 interface components.

DEVICE

BOND WIRE PACKAGE

IIIII
UM

DEVICE LEAD

IIIIIIIIII

L2222
MINMNNNNN

DIE
ATTACH
PAD

PRINTED CIRCUIT B0ARD

' TL/F/5280-3
FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View)
DIE DIE . PRINTED
JUNCTION . i PACKAGE o LEAD A
DIE wp] ATTIACH b . . -»{ CIRCUIT AMBIENT
(ENERGY v v 7| MATERIAL V| FRAME d v
SOURCE) PAD BOARD
AIRFILM
~»§ AROUND »§ AMBIENT
PACKAGE
TL/F/5280-4

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,
64a, 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
capagcitor 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:

Ty(max)—Ta _1 50°C—25°C

Pp @ 25°C =
o 0.a 63°C/W

= 1.98W

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 = — —
LAY

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.

24 1rs-m—
. MOLDED PACKAGE
2 20 i|
3 AXIMUM PACKAGE
= 1.6 THERMAL CAPABILITY
2 OPERATING e 1
(7]

2 1.2 1 apen r
i SLOPE= — L ]
E os L o
g " | Po=600 mW
| OPERATING
0.4 POINT |73 =70°C
0 [ 1
25 50 75 100 125 150 175
TEMPERATURE (°C)

TL/F/5280-5
FIGURE 5. Package Power Capability
vs Temperature

The thermal capabilities of all interface 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 0 4p 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.

http://www.national.com
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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
g - 90 i

e I\ |

B3 w N

25E N

EES n ™

& N

£5 ™

3 w0 »
é 2
su .
1 2 3 4 5678910
DIE SIZE (kMIL?)
TL/F/5280-6
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 43 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.

1 I 16-PIN MOLDED DIP |
s BOARD MOUNT—STILL AIR
= E i |
% % e ALLOY 42 TS
‘22% o |
H ZS _ KOVAR o
A R ——
& —amrdd
- 1T
1 2 3 4 5678910
DIE SIZE (kMIL2)
' ‘TL/F/5280-7
FIGURE 7. Thermal Resistance vs
. Lead Frame Material
Board vs SOcket Mount

One of the major paths of dlssmatmg 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 prlnted 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-
bilites 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%.

~ junction-to-case (64c). The best measure of actual junction

10
8
ZE w
%
Eg; % \‘ ‘
258 NN
Eg? 80 |—BOARD NS\ SOCKET -1
Eg . NON
13 4 ™N
év
60
1 2 3 45678910
DI SIZE (kMiL?)

. TL/F/5280-8
FIGURE 8. Thermal Resistance vs
Board or Socket Mount

Air 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. -

8 1
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’ TL/F/5280-9
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 requnred only in the very highest of power appli-
cations.

Some confusion exists between the ‘difference in thermal
resistance junction-to-ambient (6,4) and thermal resistance

temperature is the junction-to-ambient number since nearly
all systems operate in an open air environment. The only
situation where thermal resistance junction-to-case is impor-
tant is when the entire system is immersed in a thermal bath
and the environmental temperature is indeed the case tem-
perature. This is only used in extreme cases and is the ex-
ception to the rule and, for this reason, is not addressed in
this application note.
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NATIONAL SEMICONDUCTOR
PACKAGE CAPABILITIES

Figures 10 and 77 show composite plots of the thermal
characteristics of the most common package types in the
National Semiconductor Interface Circuits product family.
Figure 10 is a composite of the copper lead frame molded
package. Figure 11 is a composite of the ceramic (cavity)
DIP using poly die attach. These graphs represent board
mount still air thermal capabilities. Another, and final, ther-
mal resistance trend will be noticed in these graphs. As the
number of device pins increase in a DIP the thermal resist-
ance decreases. Referring back to the thermal flow chart,
this trend should, by now, be obvious.

RATINGS ON INTERFACE CIRCUITS DATA SHEETS

In conclusion, all National Semiconductor Interface Prod-
ucts define power dissipation (thermal) capability. This infor-
mation can be found in the Absolute Maximum Ratings sec-
tion 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 interface data
sheets reflect a 15% safety margin from the average num-

Molded (N Package) DIP*
Copper Leadframe—HTP
Die Attach Board Mount—
Still Air
130
g,—: 10 ~ <
;;;ﬁ . 1 N
2= 90
g3 - —
59? .
g °
2 16 18 20 22 24_55 402t ||
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B 111
1 2 3 4 5678910

DIE SIZE (kMIL2)
*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)

TL/F/5280-10

bers found in this application note. Insuring that total pack-
age power remains under a specified level will guarantee
that the maximum junction temperature will not exceed the
package maximum.

The package power ratings are specified as a maximum
power at 25°C ambient with an associated derating factor
for ambient temperatures above 25°C. It is easy to deter-
mine the power capability at an elevated temperature. The
power specified at 25°C should be reduced by the derating
factor for every degree of ambient temperature above 25°C.
For example, in a given product data sheet the following will
be found:
Maximum Power Dissipation* at 25°C
Cavity Package 1509 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
140
- 2 -
2= I
nu 14
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] ; E =N
HAdRl
HER
& E 60 -
3 —16-18- A
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1
» 11
1 2 3 45678910 .
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24- to 48-pin 0.6 mil width

FIGURE 11. Thermal Resistance vs Die Size
vs Package Type (Cavity Package)
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Small Outline (SO) Package
Surface Mounting Methods-
Parameters and Their
Effect on Product Reliability

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

COMPONENT SIZE COMPARISON

S.0. Package

—>| |<— TYPICALLY 0.050" LEADSPACING
TL/F/8766-1

Standard DIP Package
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[
L—d

lal Tal lal lal Tal lal laf la] Lol Lot Lal
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Because of its small size, reliability of the product assem-
bled in SO packages needs to be carefully evaluated.

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

TL/F/8766-2

V+ = 15V CMOS °
30V BIPOLAR ’
85%RH/85°C )/
TEST CONDITION #
’

DIP

FAILURE RATE

0 2000 4000

National Semiconductor
Application Note 450
Josip Huljev

W. K. Boey

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

All SO packages tested on 85%RA, 85°C were assembled
on PC conversion boards using vapor-phase reflow solder-
ing. With this approach we are able to measure the effect of
surface mounting methods on reliability of the process. As
illustrated in Figure A no significant difference was detected
between the long term reliability performance of surface
mounted S.0. packages and the DIP control product for up
to 6000 hours of accelerated 85%/85°C testing.

SURFACE-MOUNT PROCESS FLOW

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

Usual variations encountered by users of SO packages are:
¢ Single-sided boards, surface-mounted components only.

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

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

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

In consideration of these variations, it became necessary for

users to utilize techniques involving wave soldering and ad-

hesive applications, along with the commonly-used vapor-

phase solder reflow soldering technique.

PRODUCTION FLOW

Basic Surface-Mount Production Flow

LQDHWNWTS I l SUBSTRATES I

SOLDER PASTE
SCREEN

DEVICE
PLACEMENT

VAPOR-PHASE
SOLDERING

TEST TIME (HRS)
TL/F/8766-3
FIGURE A
TEST
TL/F/8766-4 |
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Components Production Flow
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Thermal stress of the packages during surface-mounting
processing is more severe than during standard DIP PC
board mounting processes. Figure B illustrates package
temperature versus wave soldering dwell time for surface
mounted packages (components are immersed into the
molten solder) and the standard DIP wave soldering pro-
cess. (Only leads of the package are immersed into the mol-
ten solder).

SOLDER TEMPERATURE 260°C
250 - SURFACE MOUNTED
200 -
$ 150 |-
100 |-
DIP PACKAGE
50 |-
0 1 ) N A N S I S | 1
012345678910 SEC.
DWELL TIME
TL/F/8766-6
FIGURE B

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

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

LEAD=FRAME

C——

= T T T T LS T
100 110 120 130 140 150 160T|170 180
9

T(°C)

v

TL/F/8766-26

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

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

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

Group 1 — Standard DIP package

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

Group 3-6 SO packages wave soldered on PC boards
Group 3 — dwell time 2 seconds

4 — dwell time 4 seconds

5— dwell time 6 seconds

6 — dwell time 10 seconds

#6(10 SEC)

#5(6 SEC)

#4(4 SEC)

FAILURE RATE

#3(2 SEC)
~ & #2(V-PH)

#1-STD
0 2000 4000 6000
TEST TIME (HRS)
TL/F/8766-7
FIGURE D

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

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

PICK AND PLACE

The choice of automatic (all generally programmable) pick-
and-place machines to handle surface mounting has grown
considerably, and their selection is based on individual
needs and degree of sophistication.

The basic component-placement systems available are
classified as: L .

(a) In-line placement
— Fixed placement stations

— Boards indexed under head and respective compo-
nents placed

(b) Sequential placement

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

—Individual components picked and placed onto boards
(c) Simuitaneous placement
— Multiple pickup heads
— Whole array of components placed onto the PCB at
the same time
(d) Sequential/simultaneous placement
— X-Y moving table, multiple pickup heads system
— Components placed on PCB by successive or simul-
taneous actuation of pickup heads '
The SO package is treated almost the same as surface-
mount, passive components requiring correct orientation in
placement on the board.
Pick and Place Action

TL/F/8766-8
BAKE

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

The functions of this step are:

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

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

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

* Removes solvents which might otherwise contaminate
other equipment.

o Initiates activator cleaning of surfaces to be soldered.

® Prevents moisture absorption.

17-28

http://www.national.com




The process is moreover very simple. The usual schedule is

about 20 minutes in a 65°C-95°C (dependent on solvent

system of solder paste) oven with adequate venting. Longer

bake time is not recommended due to the following rea-

sons:

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

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

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

REFLOW SOLDERING

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

® Hot air reflow

¢ Infrared heating (furnaces)

® Convectional oven heating

® Vapor-phase reflow soldering

® Laser soldering

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

HOT GAS REFLOW/INFRARED HEATING

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

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

INFRARED REFLOW SOLDERING

Use of an infrared furnace is currently the most popular
method to automate mass reflow, the heating is promoted
by use of IR lamps or panels. Early objections to this meth-
od were that certain materials may heat up at different rates
under IR radiation and could resuit in damage to those com-
ponents (usually sockets and connectors). This has been
minimized by using far-infrared (non-focused) systems and
convected air.

Infrared Profile
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VAPOR-PHASE REFLOW SOLDERING

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

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

® FC-70, 215°C vapor (most applications) or FX-38

® FC-71, 253°C vapor (low-lead or tin-plate)

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

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

® In-line conveyorized systems, where boards are placed
onto a continuous belt which transports them into a con-
cealed tank where they are subjected to an environment
of hot vapor. .
Dwell time in the vapor is generally on the order of 15-30
seconds (depending on the mass of the boards and the
loading density of boards on the belt).

Vapor-Phase Profile
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The question of thermal shock is asked frequently because
of the relatively sharp increase in component temperature
from room temperature to 215°C. SO packages mounted on
representative boards have been tested and have shown
little effect on the integrity of the packages. Various pack-
ages, such as cerdips, metal cans and TO-5 cans with glass
seals, have also been tested.

http://www.national.com
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Vapor-Phase Furnace Batch-Fed Production Vapor-Phase Soldering Unit
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PRINTED CIRCUIT BOARD

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

The package can be reliably mounted onto substrates such
as:

® G10 or'FR4 glass/resin

® FR5 glass/resin systems for high-temperature
applications

© Polymide boards, also high-temperature
applications

® Ceramic substrates

General requirements for printed circuit boards are:

© Mounting pads should be solder-plated whenever
applicable.

® Solder masks are commonly used to prevent solder bridg-
ing of fine lines during soldering.
The mask also protects circuits from processing chemical
contamination and corrosion.
If coated over pre-tinned traces, residues may accumulate
at the mask/trace interface during subsequent reflow,
leading to possible reliability failures.
Recommended application of solder resist on bare, clean
traces prior to coating exposed areas with solder.
General requirements for solder mask:
— Good pattern resolution.
— Complete coverage of circuit lines and resistance to

flaking during soldering.
— Adhesion should be excellent on substrate material to
keep off moisture and chemicals.

— Compatible with soldering and cleaning requirements.

SOLDER PASTE SCREEN PRINTING

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

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

Using a stainless-steel, wire-mesh screen stencilled with an
emulsion image of the substrate pads is by far the most

common and well-tried method. The paste is forced through

the screen by a V-shaped plastic squeegee in a sweeping

manner onto the board placed beneath the screen.

The setup for SO packages has no special requirement

from that required by other surface-mounted, passive com-

ponents. Recommended working specifications are:

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

® Use squeegee of Durometer 70.

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

® Use solder paste of mesh 200-325.

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

® Mesh pattern should be 90 degrees, square grid.

® Snap-off height of screen should not exceed 4", to avoid
damage to screens and minimize distortion.

SOLDER PASTE

Selection of solder paste tends to be confusing, due to nu-

merous formulations available from various manufacturers.

In general, the following guidelines are sufficient to qualify a

particular paste for production:

® Particle sizes (see following photographs). Mesh 325 (ap-
proximately 45 microns) should be used for general pur-
poses, while larger (solder globules) particles are pre-
ferred for leadless components (LCC). The larger particles
can easily be used for SO packages.

® Uniform particle distribution. Solder globules should be
spherical in shape with uniform diameters and minimum
amount of elongation (visual under 100/200 X magnifica-
tion). Uneven distribution causes uneven melting and sub-
sequent expulsion of smaller solder balls away from their
proper sites.

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

® RMA flux system usually used.

® Use paste with aproximately 88-90% solids.

http://www.national.com
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RECOMMENDED SOLDER PADS FOR SO PACKAGES
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued)

Solder Paste Screen on Pads 200 X Fry Metal (63/37)

TL/F/8766-19

200 ESL (63/37)

TL/F/8766-21

TL/F/8766-20

http://www.national.com 17-33

0S¥-NV




AN-450

CLEANING

The most critical process in surface mountlng 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

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 requnr-
ments for low-volume production.

® For volume productnon, 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 étatlbn

MASK
RETRACT POSITION Ve
-— 7
—_————— v
- -
L___J

HEAT SHIELD

BOARD ON X-Y TABLE

HOT AIR ——

TL/F/8766~22

. ® RMA (Rosin Mildly. Activated) flux or more aggressive OA

. 25% width of the package is used to hold down the pack-

‘certain areas for easy access to the trim blade.

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:

® 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

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

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.

(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

=W

(a) Same Side (b) Opposite Sides

ADHESIVE

AIR KNIFE

FOAM FLUXER TURBULENT WAVE
SOLDER FLOW

TL/F/8766-24

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

AQUEOUS CLEANING

® For volume production, a conveyorized system is 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 il r il
done manually, using several water rinses/tanks. Fast- TL/F/8766-25
drying solvents, like alcohols that are miscible with water,
are sometimes used to help the drying process. CONFORMAL COATING

o Neutralizing agents which will react with the corrosive ma- Conformal coating is recommended for high-reliability PCBs
terials in the flux and produce material readily soluble in to provide insulation resistance, as well as protection
water may be used; the choice depends on the type of flux against contamination and degradation by moisture.
used. Requirements:

® Final rinse water should be free from chemicals which are * Complete coating over components and solder joints.
introduced to maintain the biological purity of the water. ® Thixotropic material which will not flow under the pack-
These materials, mostly chlorides, are detrimental to the ages or fill voids, otherwise will introduce stress on solder
assemblies cleaned because they introduce a fresh joints on expansion.

amount of ionizable material. * Compatibility and possess excellent adhesion with PCB

material/components.
o Silicones are recommended where permissible in
application.

http://www.national.com 17-35

05¥-NV



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.,

Techniques—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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Interface Products
Nomenclature Revisions and Obsolescence
Cross Reference Guide

The Data Transmission Products Nomenclature Revision
and Obsolescence Cross Reference Guide is provided as
an aid in identifying part numbers of products that have
been revised or obsoleted.

The Nomenclature Table provides a list of old device desig-
nations vs new device designations for devices that have
been revised or encountered name changes along with a
respective comment.

The Obsolescence Cross Reference Guide provides a list of
parts that have been discontinued recently. This includes
device types, temperature grades, and or package options.
Whenever possible a cross reference to a similar part is
provided.

Before replacing a specific part, it is recommended to com-
pare electrical, functional, and mechanical specifications as
interchangeability for all applications is not guaranteed.

Nomenclature Revisions

apINy 95WaId9Y SSO017) 99UBISI|O0SGO PUE UOISIASY INJB]OUBWON

Old Device New Device Comments
Designation Designation

DS26C31C DS26C31T ESD Enhancement
DS26C32C DS26C32AT Name Change
DS26C32AC DS26C32AT ESD Enhancement
DS34C86 DS34C86T ESD Enhancement
DS34C87 DS34C87T ESD Enhancement
DS75176A DS75176B Name Change
DS75176AT DS75176BT Name Change
DS96F172 DS96F172C/M Temp. Range Suffix Added
DS96F173 DS96F173C/M Temp. Range Suffix Added
DS96F174 DS96F174C/M Temp. Range Suffix Added
DS96F175 DS96F175C/M Temp. Range Suffix Added
MA DS FSC to NSC Prefix Change

hittp://www.national.com 17-37



Nomenclature Revision and Obsolescence Cross Referemce Guide

Obsolescence Cross Reference Guide

Obsolete Similar Comments

NSID Device
DS1650
DS3587 DS35F87 Different Process
DS3696AT DS3696A. Com. Temp. Range Only
DS3696AT DS3696T DIP Package Only
DS3898
DS55107 DS55107 883 Part Available
DS55108 DS75108 Com. Temp. Range Only
DS55110A DS75110A Com. Temp. Range Only
DS55114 DS75114 Com. Temp: Range Only
DS55121 DS75121 Com. Temp. Range Only
DS75125 ‘
DS75127
DS75128
DS7641
DS8924 )
DS8921T DS8921AT Enhanced AC Specs.
DS9614 DS75114 Com. Temp. Range Only
DS96F177 DS96177
DS96F178
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&National Semiconductor
National/Fairchild Consolidation
and Nomenclature Changes

Device Device Device Device
Designation Designation Designation Designation

Fairchild National Fairchild National
1A1488DC DS1488J nA9614DM *
nA1488PC DS1488N nA9614PC DS75114N .
nA1488SC DS1488M nA9615DM *
nA1489DC DS1489J nA9615PC DS75115N
nA1489PC DS1489N nA96172DC DS96172CJ
nA1489SC DS1489M rA96172PC DS96172CN
rA1489APC DS1489AN rA96174DC DS96174CJ
rA26LS31DC DS26LS31CJ rA96174PC DS96174CN
rA26LS31PC DS26LS31CN uA96173DC DS96173CJ
rA26LS32PC DS26LS32ACN 1A96173PC DS96173CN
rA3486DC DS3486J 1A96175DC DS96175CJ
nA3486PC DS3486N uA96175PC DS96175CN
nA3487PC DS3487N rA96176RC DS96176CJ
rA55107ADM DS55107AJ nA96176TC DS96176CN
wA75107ADC DS75107AJ rA96177TC DS96177CN
pA75107APC DS75107AN rA9636ARM DS9636AMJ
rA75107ASC DS75107AM nA9636ARC DS9636ACJ
rA75107BDC DS75107J nA9636ATC DS9636ACN
nA75107BPC DS75107N 1A9637ARM DS9637AMJ
nA75107BSC DS75107M 1A9637ARC DS9637ACJ
nA75108BPC DS75108N MA9637ATC DS9637ACN
rA75108BSC DS75108M rA9637ASC DS9637ACM
nA75110APC DS75110AN 1A9638RM DS9638MJ
nA75110ASC DS75110AM pA9638RC DS9638CJ
wA75150TC DS75150N pA9638TC DS9638CN
wA75150SC DS75150M wA9639ATC DS9639ACN
wA75154PC DS75154N

*Contact Product Marketing

http://www.national.com
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NNational Semiconductor

National/Fairchild Consolidation
and Nomenclature Changes

Nomenclature Revision and Obsolescence Cross Referemce Guide

Device Device

Designation Designation
MIL/AREO FSC MIL/AREO NSC
pA55107ADMQB DS55107AJ/883
wA55110ADMQB DS55110AJ/883
pA9614DMQB DS9614MJ/883
pA9614FMQB DS9614MW/883
pA9614LMQB DS9614ME/883
LA9615DMQB DS9615MJ/883
nA9615FMQB DS9615MW/883
pA9615LMQB DS9615ME/883
1A9616HDMQB DS9616HMJ/883
pA9616HLMQB DS9616HME/883
pA9622DMQB DS9622MJ/883
pA9622LMQB DS9622ME/883
nA9622FMQB DS9622MW/883
1A9627DMQB  DS9627MJ/883
nA9636ARMQB DS9636A./883
1A9637ARMQB DS9637AMJ/883
1A9638RMQB DS9638MJ/883
1A55110ADMQM SMD-8754701CA
1A9622DMQM SMD-8752201CA
pA9E22FMQM SMD-8752201AA
nA9638RMQM SMD-8754601PA
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National’s A+ Program

A+ Program: A comprehensive program that utilizes Na-
tional’s experience gained from participation in the many
Military/Aerospace programs.

A program that not only assures high quality but also in-
creases the reliability of molded integrated circuits.

The A+ program is intended for users who need better than

usual incoming quality and higher reliability levels for their

standard integrated circuits.

Users who specify A+ processed parts will find that the

program:

* Eliminates incoming electrical inspection.

¢ Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories.

® Reduces the cost of reworking assembled boards.
® Reduces field failures.
© Reduces equipment down time.

® Reduces the need for excess inventories due to yield loss
incurred as a result of processing performed at indepen-
dent testing laboratories.
The A+ Program Saves You Money
It is a widely accepted fact that down-time of equipment is
costly not only in lost hours of machine usage but also cost-
ly in the repair and maintenance cycle. One of the added
advantages of the A+ program is the burn-in screen, which
is one of the most effective screening procedures in the
semiconductor industry. Failure rates as a result of the burn-
in can be decreased many times. The objective of burn-in is
to stress the device much higher than it would be stressed
during normal usage.

Reliability vs. Quality

The words “reliability” and “quality” are often used inter-
changeably, as though they connote identical facets of a
product’s merit. But reliability and quality are different, and
IC users must understand the essential difference between
the two concepts in order to evaluate properly the various
vendors’ programs for products improvement that are gen-
erally available, and National’s A+ program in particular.

The concept of quality gives us information about the popu-
lation of faulty IC devices among good devices, and gener-
ally relates to the number of faulty devices that arrive at a
user’s plant. But looked at in another way, quality can in-
stead relate to the number of faulty ICs that escape detec-
tion at the IC vendor’s plant.

It is the function of a vendor’s Quality Control arm to monitor
the degree of success of that vendor in reducing the num-
ber of faulty ICs that escape detection. Quality Control does
this by testing the outgoing parts on a sampled basis. The
Acceptable Quality level (AQL) in turn determines the strin-
gency of the sampling. As the AQL decreases it becomes
more difficult for defective parts to escape detection, thus
the quality of the shipped parts increases.

The concept of reliability, on the other hand, refers to how
well a part that is initially good will withstand its environ-
ment. Reliability is measured by the percentage of parts that
fail in a given period of time.

Thus the difference between quality and reliability means
the ICs of high quality may, in fact be of low reliability, while
those of low quality may be of high reliability.

Improving the Reliability of Shipped Parts

The most important factor that affects a part’s reliability is
its construction; the materials used and the method by
which they are assembled.

Reliability cannot be tested into a part. Still, there are tests
and procedures that an IC vendor can implement which will
subject the IC to stresses in excess of those that it will en-
dure in actual use, and which will eliminate marginal, short-
life parts.

In any test of reliability the weaker parts will normally fail
first. Further, stress tests will accelerate, or shorten, the
time of failure of the weak parts. Because the stress tests
cause weak parts to fail prior to shipment to the user, the
population of shipped parts will in fact demonstrate a higher
reliability in use.
National’s A+ Program
National provides the A+ program as the best practical ap-
proach to maximum quality and reliability on molded devic-
es. The following flow chart shows how we do it step by
step.

SEM

Randomly selected wafers are taken from produc-

tion regularly and subjected to SEM analysis.

Epoxy B Processing for All Molded Parts

At National, all molded semiconductors, including
ICs, have been built by this process for some time
now. All processing steps, inspections, and QC
monitoring are designed to provide highly reliable
products. (A reliability report is available that
gives, in detail, the background of Epoxy B, the
reason for its selection at National, and reliability
data that proves its success.)

Six Hour, 150°C Bake

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

http://www.national.com
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National’s A+ Program (Continued)

Five Temperature Cycles (0°C to 100°C)
I I Exercising each device over a 100°C temperature
range provides an additional die and package

stress.

High Temperature (100°C)

Functional Electrical Test

A high temperature test with voltages applied
places the die under the most severe stress possi-
ble. The test is actually performed at 100°C—15°C
higher than the commercial ambient limit. All de-
vices are thoroughly exercised at the 100°C ambi-
ent. '

]«

Electrical Testing

Every device is tested at 25°C for functional and
DC parameters.

Burn-In Test

Each device is burned-in for 160 hours at a mini-
mum junction temperature of +125°C or under
equivalent conditions of time and temperature, as
established by a time-temperature regression
curve based on 0.96 eV activation energy (i.e., 23
hours at + 155°C). All burn-in done under steady-
state conditions unless otherwise specified.

DC Functional and Parametric Tests
These room-temperature functional and paramet-
ric tests are the normal, final tests through which
all National products pass.
type are selected at random
each week ‘and submitted to
ples are selected every four weeks and subjected
to 2000 temperature cycles of 0°C to +25°C.

Thermal Shock Monitor
| Samples from each package
cycles of liquid to liquid ther-
mal shock —65°C to +150°C. In addition, sam-

Tighter-Than-Normal QC Inspection Plans

Most vendors sample inspect outgoing parts to a
0.3% AQL. When you specify the A+ program,
we sample your parts to a 0.035% AQL at room
temperature and 0.05% AQL at Ta Max. This eight
times tightening (from 0.3 to 0.035% AQL) cou-
pled with three 100% electrical tests, dramatically
reduces the number of “escapes” and allows us
to guarantee the AQLs listed below.

v

Ship Parts

Here are the QCbsampIe plans used in our A+ test pro-
gram: .

Test Temperature AQL
Electrical Functionality 25°C o
Parametric, DC 25°C } 0.035%
Parametric, AC 25°C 0.1%
Electrical Functionality At each temperature}

. 0.05%
Parametric, DC extreme.

Mechanical
Critical — 0.01%
Major — 0.28%
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Backplane Reference

Backplane Manufacturers

Augat

33 Perry Avenue/P.O. Box 779
Attleboro, MA 02703

(508) 222-2202

BICC-VERO Electronics, Inc.
1000 Sherman Avenue
Hamden, CT 06514-1336
(203) 288-8001

Hybricon Corporation

12 Willow Road/P.O. Box 149
Ayer, MA 01432

(508) 772-5422

Mupac Corporation
10 Mupac Drive
Brockton, MA 02401 .
(508) 588-6110

Schroff, Inc.

170 Commerce Drive
Warwick, Rl 02866
(401) 732-3770

2mm Connector Manufacturers

DuPont Electronics

Barley Mill Plaza

P.O. Box 80019
Bloomington, DE 19880-0019
(800) 237-2374

ITT ElectroMechanical Components Worldwide
1851 East Deere Avenue

Santa Ana, CA 92705-6500

(714) 261-5300

ATT Microelectronics
555 Union Bivd
Allentown, PA 18103
(800) 372-2447

Molex Incorporated
Corporate Headquarters
Lisle, IL 60532

(708) 969-4550

Futurebus + and Related
Standards

896.1 Futurebus + Logical Layer Specifications

896.2 Futurebus+ Physical Layer Specifications
Includes: Profiles A, B, F

Futurebus + Systems Configuration Guide
P896.4 Futurebus+ Conformance Test

P896.X Additional Profile Documents including C, D, M, T
P1014.1 VME/Futurebus+ Bridge

1101.2  2mm Connector Specification

P1101.3 Conduction Cooling Specification

P896.3

1156 Environmental and Power Supply Specification
1194.1  Backplane Transceiver Logic (BTL) Specification
1212 CSR Architecture

P1296.2 Multibus II/Futurebus+ Bridge
1301 Metric Equipment Practice

1301.1  Futurebus+ Hard Metric Boards + 2mm
Connector

P1394  High Speed Serial Bus

1596 SCl (Scalable Coherent Interface)

All specifications/standards for Futurebus+ are available
from either the IEEE or VITA. Please see user groups for
information on how to contact these associations.

Futurebus + Users Groups and
Standards Associations

VFEA International Trade Association (VITA)
10229 North Scottsdale Road

Suite B

Scottsdale, AZ 85253-1437 USA

(602) 951-8866

Futurebus Manufacturers and Users Group (FMUG)
P.O. Box 130

Fleet, Hampshire GU13 8XU England
0252-629937

Standards Department

|IEEE Computer Society

1730 Massachusetts Avenue, N.W.,
Washington, D.C. 20036-1903
(202) 371-0101

http://www.national.com
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Glossary of Terms for Futurebus +

ﬂNational Semiconductor

Glossary of Terms for Futurebus +
(Listed Alphabetically)

ADDRESS ONLY TRANSACTION: A bus transaction that
does not include a data phase. The only information trans-
ferred is contained within the connection phase and, in
some cases, the disconnection phase.

APPLICATION ENVIRONMENT PROFILE (AEP): An appli-
cation environment profile is a document that describes
functional requirements and points to existing standards,
selecting and binding options within those standards. An
implementor who then designs a specific board and/or sys-
tem SHOULD be reasonably assured that another design-
er's (manufacturer or supplier) boards will properly function
within the same system. This includes all aspects of defini-
tion: mechanical, electrical, protocol environmental, and
system considerations.

ARBITRATION: The process of selecting the next bus mas-
ter.

ARBITRATION MESSAGE: An event number broadcast on
the arbitration bus to all modules on the bus.

BACKPLANE: An electronic circuit board and connectors
used to connect other boards together electrically. The
backplane connects selected pins of the connectors, thus
providing the medium for the transfer of signals needed for
the operation of the bus.

BACKPLANE BUS: A means to connect circuit modules
using common signal traces on a backplane and a standard
set of rules.

BEAT: An event that begins with the transition on a syn-
chronization line by the master followed by the release of an
acknowledge line by one or more slaves. Command and
data information may be transferred from the master to one
or more slaves in the first half of the beat. During the sec-
ond half of the beat the slaves may transfer capability,
status, and data information back to the master.

BIU: The BIU (Bus Interface Unit) refers to the logic on a
module that converts bus signals and the protocols to and
from signals which are compatible with the functional logic
of the module.

BLOCK READ TRANSACTION: An address beat followed
by a block of one or more data read transfers from a set of
contiguous addresses beginning with the address in the ad-
dress beat. This is terminated by the appropriate style of
end beat.

BLOCK WRITE TRANSACTION: An address beat followed
by a block of one or more data write transfers to a set of
contiguous addresses beginning with the address in the ad-
dress beat. This is terminated by the appropriate style of
end beat.

Reprinted with permission of IEEE.

BRIDGE: A bridge is a protocol converter and Control and
Status Register Architecture (CSRA) unit which interfaces
between two or more buses. The buses may adhere to dif-
ferent bus standards for mechanical, electrical and logical
operation (such as a bridge from Futurebus+ to VMEbus or
to Multibus I1).

BUS TENURE: The duration of a master’s control of( the
bus; i.e., the total time that a module has the right to initiate
bus transactions.

BUS TRANSACTION: An event initiated with a connection
phase and terminated with a disconnection phase. Data
may or may not be transferred during a bus transaction.

BUSY: If a slave cannot or should not accept a bus trans-
action at that time it, or any other module, may issue a Busy
status to the master of the transaction. The master must
then release the bus. The master must relinquish the bus
and may re-acquire and re-try the transaction after a suit-
able time interval.

BYTE LANE: A data path formed by eight data lines and
one parity line used to carry a single byte among the system
modules.

CACHE COHERENCE: A system of caches is said to be
coherent with respect to a cache line if each cache and
main memory in the coherence domain observes all modifi-
cations of that same cache line. A modification is said to be
observed by a cache when any subsequent read would re-
turn the newly written value.

CACHE MEMORY: A buffer memory inserted between one
or more processors and the bus, used to hold currently ac-
tive copies of blocks from main memory. Cache memories
exploit spatial locality by what is brought into a cache. Tem-
poral locality is exploited by what is removed from the
cache.

COHERENCE DOMAIN: A coherence domain is a region in
a multiple-cache system inside which cache consistency
measures are enforced. In a system which contains bus
bridges, a coherence domain may or may not be extensible
beyond the local bus through a bus bridge to remote buses.
COHERENCE LINE: A data block for which cache consist-
ency attributes are maintained.

COMPETITOR: A module actively participating in the cur-
rent control acquisition cycle of the arbitration process.
CONNECTED SLAVE: A slave that is permitted to partici-
pate actively in the data transfer handshake. A selected
slave that is not disabled (including a diverted slave), a re-
flecting slave, and an intervening slave are connected
slaves. A disabled slave or, an unselected slave that is not
intervening or reflecting, is not a connected slave.
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CONNECTED TRANSACTION: A transaction in which both
the request and response are performed within the same
bus transaction.

CONNECTION PHASE: A beat that begins with the asser-
tion of the address synchronization line followed by the re-
lease of an address acknowledge line. It is used to broad-
cast the address and command information. Modules deter-
mine whether they wish to take part in the transaction based
on this information.

CONTROL ACQUISITION: The total of all bus activity asso-
ciated with acquiring exclusive control of the bus.

COPYBACK CACHE: A cache memory scheme with the
attribute that data written from the processor is normally
written to the cache rather than the main memory. Modified
data in the cache is written to the main memory when a
cache line flush or replacement forces it to be written to
main memory to avoid loss of the data.

CSR: Control and Status Register.
CSRA: Control and Status Register Architecture.

DATA PHASE: A period within a transaction used to trans-
fer data.

DEADLOCK: Deadlock occurs when actors are waiting on
actions that can only be performed by those waiting.

DISABLED SLAVE: A selected slave that detects that an
intervening slave is participating in the data transfer in its
place. A disabled slave treats the transaction as an ad-
dress-only transaction and does not participate in the data
transfer phase. A slave may be disabled only during single-
slave mode transactions.

DISCONNECTION PHASE: A period within a transaction
used to return the bus signals to their quiescent state. In
addition, this phase might be used to transfer additional in-
formation required to perform or abort the requested opera-
tion.

DIVERTED SLAVE: A selected slave that detects that a
reflecting slave is participating in the data transfer in its
place. A diverted slave participates in the transfer by read-
ing the data being transferred between the master and the
reflecting slave. A slave may be diverted only during single-
slave mode transactions.

DMA: A direct memory access architecture is an option ca-
pability of an 1/0 controller. After being started by the proc-
essor, the I/0 controller with DMA capabilities can access
their commands, fetch data, and report status by accessing
memory directly.

DOUBLET: A set of two adjacent bytes.

EMERGENCY MESSAGE: An arbitration cycle with a spe-
cial high arbitration number, which is selected from a set of
numbers assigned to emergency messages.

ENTRANT: A live inserted module in the process of aligning
itself with the arbitration protocol.

FAIRNESS: A bus request protocol in which a module re-
frains from acquiring the bus in order to allow other modules
of the fairness class to use the bus.

FORWARD PROGRESS: A module which is not blocked
from performing the tasks necessary to achieve its goal is
said to be making forward progress. Forward progress is
guaranteed only in the absence of deadlock or starvation.

FREE BYSTANDER: A free bystander can be a participat-
ing slave that is no longer an entrant, or a potential master
that has no current need to acquire the bus and is not fair-
ness inhibited.

GEOGRAPHICAL ADDRESS: A unique identifier statically
assigned to each logical module slot on the bus and as-
sumed by any module connected to that slot.

INACTIVE MODULES: This category contains all the mod-
ules that have no need to participate in the control acquisi-
tion process in any way.

INHIBITED BYSTANDER: An inhibited bystander is a po-
tential master that has no current need to acquire the bus
and is fairness inhibited.

INTERVENING SLAVE: An unselected slave that disables
the selected slave and replaces that selected slave with
itself. Intervening slaves can operate only during single-
slave mode transactions.

LIVE INSERTION: Insertion of boards into a backplane can
be performed when power is OFF or when power is ON. The
process of inserting or withdrawing boards into and from a
backplane when power is ON is referred to as “Live Inser-
tion”.

LIVELOCK: Livelock is a metastable situation in which
some modules acquire and release resources in a way that
none of them make progress.

LOCKING: A facility whereby a module is requested to guar-
antee exclusive access to addressed data, blocking other
modules from accessing that data. This allows indivisible
operations to be performed on addressed resources.

MASTER: A module which has acquired control of the bus
through the control acquisition procedure.

MASTER ELECT: A master elect is the module that has
won the arbitration process and is waiting for the master to
transfer control to it.

MIXED TRANSACTION: An address beat followed by any
number or combination of data write and data read transfers
to a single location using the single address transfer mode.
This is terminated by the appropriate style of end beat.

MODULE: A collection of circuitry designed to perform
Futurebus+ operations.

MONARCH PROCESSOR: A monarch processor, or simply
the monarch, is the processor selected to manage the con-
figuration and initialization of all modules on that logical bus.
A grand monarch is a processor selected to direct the con-
figuration and initialization of an entire system with multiple
interconnected logical buses.

NODE: A node is a set of control registers addresses (in-
cluding identification-ROM and reset command register),
which are initially defined in a 4k-byte (minimum) initial node
address space. Each node can be reset independently.
OCTLET: A set of eight adjacent bytes.

PACKET DATA TRANSFER PROTOCOL: A very fast but
technology dependent non-compelled transfer mechanism
which uses a compelled protocol over the entire packet to
provide flow control.

PARALLEL CONTENTION ARBITRATION: A process
whereby modules assert their unique arbitration number of a
parallel bus and release signals according to an algorithm
such that after a period of time the winner’'s number ap-
pears on the bus.

http://www.national.com
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Glossary of Terms for Futurebus +

PARKING: The process whereby the master retains control
of the bus without actively using in. Parking typically occurs
when no other module has requested the bus. The idle bus
arbitration mechanism may be used when the bus is parked.
PARTICIPATING SLAVE: A participating slave may be in
any of these states; 1) entrant, 2) bystander.

PORT: A port is the interconnection of a bus bridge to a bus.
From the point of view of a particular node on a bus, the
node connects to the local port of a bus bridge, while ports
to other buses connected to the same bus bridge are called
remote ports.

POTENTIAL MASTER: A potential master is a module that
is capable of participating in the control acquisition process
and taking full control of the bus. A potential master may be
in any of these states; 1) entrant, 2) free bystander, 3) inhib-
ited bystander, 4) competitor, 5) withholder, 6) master elect,
7) master, 8) recompeting master.

POTENTIAL SLAVE: A module that is capable of being ad-
dressed by and is able to carry out transactions with the
master.

PRIORITY: A bus request protocol in whlch the module with
the highest arbitration number acquires the bus.

PREEMPTION: Preemption occurs when the arbitration pro-
cess is restarted after a master elect has been chosen in
order to allow a high priority module to jump the queue.
QUADLET: A set of four adjacent bytes.

RECOMPETING MASTER: The module that is in control of
the bus and has initiated a control acquisition procedure in
order to unlock slave interfaces.

REFLECTING SLAVE: An unselected slave that forces the
selected slave into a write only mode. In read transfers the
reflecting slave substitutes itself for the selected slave in
providing data while causing the selected slave to store the
data that appears on the bus. In write transfers the reflect-
ing slave copies the data into itself as well as the selected
slave. Reflecting slaves can operate only during single-
slave mode transactions.

REPOSITORY OF LAST RESORT: In a cache-based envi-
ronment, the repository of last resort of shared data is a
physical storage location that is the ultimate source and
destination of the datum that is shared.

REQUEST: A request is a command generated by a re-
quester, to initiate an action on a responder. For a proces-
sor-to-memory read transaction, for example, the request
transfers the memory address and command from the proc-
essor to memory. In the case of a split transaction the re-
quest would be a separate bus transaction. In the case of a
connected transaction the request would be the connection
phase of a bus transaction.

REQUESTER: A transaction initiated by a module sending a
request (containing address, command, and sometimes
data). This module is referred to as the requester.
RESPONDER: A transaction is completed by a module
sending a response (containing the completion status and
sometimes data).

RESPONSE: A reply generated by a responder, to complete
a transaction initiated by a requester. For a processor-to-
memory read transaction, for example, the response returns
the data and status from the memory to the processor. In
the case of a split transaction the response would be a sep-
arate bus transaction. In the case of a connected transac-
tion the response would be the data and disconnection
phases of a bus transaction.

ROUND ROBIN: An arbitration mode where, after a module
acquires and uses the bus, it must then wait until all other
modules currently requesting the bus at the same priority
level have had a chance to use the bus.

SELECTED SLAVE: A potential slave that has been select-
ed by the master because it recognized its address on the
bus lines during an address transfer, and will become a con-
nected slave, unless an intervening slave prevents it from
becoming so.

SHARED MEMORY: The address space in the system ac-
cessible to all caching modules.

SKEW: The difference between the propagation delays of
two or more signals passing through multiple paths in a de-
vice or along a set of signal lines in parallel.

SLAVE: A module that can be addressed and is capable of
participating in bus transactions.

SNARF: A module is said to snarf a transaction if it takes a
copy of data passmg by on the bus even though it did not
request it.

SNOOP: A module is said to snoop a transaction if it is not
the master that originated the transaction or the repository
of last resort for the data, but it still monitors the transaction.
Cache memories snoop transactions to maintain coher-
ence. .
SPATIAL LOCALITY: The tendency for a program to refer-
ence closely related clusters of memory addresses over
short time intervals.

SPLIT TRANSACTION: An operation in which the request
is transmitted in one bus transaction and the response is
transmitted in a separate subsequent bus transaction.
STARVATION: A system condition which occurs when one
or more modules perform no useful work for an indefinite
period of time due to lack of access to the bus or other
system resources.

STRONG SEQUENTIAL CONSISTENCY: A system is
strong sequentially consistent if each cache in the system
observes all modifications to all cache lines in the same
order. .

TEMPORAL LOCALITY: The tendency for a program to ref-
erence the same memory locations over short time inter-
vals.

TRANSFER LINE SIZE: The size of the block of data trans-
ferred to or from main memory in a caching environment.

UNSELECTED SLAVE: A potential slave module that does
not recognize its address on the bus during an address
transfer.

WEAK SEQUENTIAL CONSISTENCY: A system exhibits
weak sequential consistency if references to global syn-
chronizing variables are strong sequential consistency, and
if no reference to a synchronizing variable is issued by any
processor until all previous modifications to global data
have been observed by all caches, and if no.reference to
global data is issued by any processor until all previous
modifications to synchronizing variables have been ob-
served by all caches.

WITHHOLDER: A withholder is a potential master that re-
quires control of the bus module and is fairness inhibited.
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ﬂNational Semiconductor

20 Lead Ceramic Leadless Chip Carrier, Type C
NS Package Number E20A
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28 Lead Ceramic Leadless Chip Carrier, Type C
NS Package Number E28A
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Physical Dimensions

8 Lead Ceramic Dual-in-Line Package

NS Package Number JOSA
: All dimensions are in inches
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14 Lead Ceramic Dual-in-Line Package

NS Package Number J14A
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16 Lead Ceramic Dual-in-Line Package
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20 Lead Ceramic Dual-in-Line Package
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Physical Dimensions

28 Lead Ceramic Dual-in-Line
NS Package Number J28B
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8 Lead (0.150” Wide) Molded Small Outline Package, JEDEC

NS Package Number MOSA
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(0.203-0.254)
TYP ALL LEADS

0.102)
ALL LEAD TIPS

NS Package Number M14A
0.010-0.020
m X 45° :
" ey

ﬁ

T

0.016-0.050
{0.406—-1.270)
TYP ALL LEADS

14 Lead (0.150” Wide) Molded Small Outline Package, JEDEC
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16 Lead (0.150” Wide) Molded Small Outline Package, JEDEC
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Physical Dimensions

16 Lead (0.300” Wide) Molded Small Outline Package, JEDEC
NS Package Number M16B o inches
) All dimensions are in milimeters

16 15 14 13 12 9
LEAD NO 1
IDENTIFICATION »
0.2914-0.2992
—] - - 7.4-7.6 0.3940-0.4190
EH 10.00-10.65
»

7 8
0.050 I 0.0138-0.0200 0.010
0.350-0.508 " 025 ® HEH

0.010-0.029 0.0091-0.0125
o
0.0926-0.1043 ___ 45° X 525075 | [ 0.23-0.32

2.35-2.65 0.0040-0.0118

1 10

TYP ALL LEADS

0.1-0.3

0.35 ALL LEAD TIPS ALL LEADS

TYP ALL LEADS
u16B (REV F)

20 Lead (0.300” Wide) Molded Small Outline Package, JEDEC
NS Package Number M20B

All dimensions are in inches (millimeters)
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24 Lead (0.300” Wide) Molded Small Outline Package, JEDEC

NS Package Number M24B __inches
All dimensions are in ————
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28 Lead (0.300” Wide) Molded Small Outline Package, JEDEC
NS Package Number M28B
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Physical Dimensions

48 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC
NS Package Number MS48A ,
All dimensions are in inches [mllhmeters]
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48 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTD48

All dimensions are in millimeters
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56 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTD56
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Physical Dimensions

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

NS Package Number NOSE
All dimensions are in inches (mllllmeters)
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14 Lead (0.300” Wide) Molded Dual-in-Line Package

NS Package Number N14A
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16 Lead (0.300” Wide) Molded Dual-in-Line Package
NS Package Number N16A
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16 Lead (0.300” Wide) Molded Dual-in-Line Package
NS Package Number N16E
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{0:508) 0280
0.125-0.150 0.030£0.015 (7.112)
(3.175-3.810) {0.762£0.381) MIN
(0.01 4= o.ozs) (o.mo £0.01 o) (032523040
0.356= 0.584 0.01 2.54020.254 -525 .,
O AT0s0350 e (52557 5918) et (Y )
B 235 10,381
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imensions

Physical D

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

NS Package Number N20A ‘
All dimensions are in inches (millimeters)
| 1.013-1.040
0.092 X 0.030 ‘ (25.13-26.42)
(2.337 X 0.762) 0.032:£0.005
MAX DP (0.81320.127) ol ol
RAD
PIN NO. 1 IDENT 0.260 0.005 PIN NO. 1 IDENT
.604 0, -
0.260 (6.604 :0.127) \\.
OPTION 1 |
(1.112) L]
MIN
0.300-0.320 OPTION 2
1.620-8126) 0060 NOM 0040, OPTION? 0.130 0.005
0.065  (1.524) {1.016) 4° (ax) — m
im0 TYP VP . 302 0.
\ 0.145-0.200
— J7 — |  @6essos0)
95°%5° 0.009-0.015 90°:0.004° f |
{0.229-0.381) 0.020
| Tve 01000010 _l I__ 0.125-0.140  {0.508)
0.060 £0.005 (2 530 £0.258) 0.018+0.003 (3.175—3.55.5) MIN
0.325 *0.040 (152450127) ! {0.45720.076) |
-0.015

016
("55 -0 331)

N20A (REV G)

22 Lead (0.300” Wide) Molded Dual-in-Line Package
NS Package Number N22A

All dimensions are in inches (millimeters)

1.093-1.120
(27.76-28.45)

2| [21] o] o] 18] [17] [16] [15] [va] [13] [12]

Pm(:usv,?\Q @ @ 0.350 :0.005
{8.89020.127)
IDENT
\ﬁ
L) [2] [3] [a) [s] [ef [2] Lef [of [ref [a1l
0.400-0.420
{i0.160-10668) |
0.380 .
T e | 0830 D065 v “0—;':‘—:,—-—‘ 01300005
L flose (1881 g {330z -0.127)
| Spu—— ) = l
0.145-0.200

(3.683-5.080)

F _f_—(::iﬁ
0.009-0.015 T =

95° 15° I

0425 3 gﬁ (0.229-0.381) ey

—_— . |« 0.125-0440

(020 *3350) 0.050 :0.015 0100 :0.010 ooe:0003  (375-3556)
{1:270:0381) {2.50020.264) {0457 0.076)

N22A(REV D)
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24 Lead Molded Dual-in-Line Package
NS Package Number NA24G

1.165 £ 0.005
[29.59£0.13) )

24 13
N e e e e O i U e i O i e M e W

All dimensions are in inches [millimeters]

PIN #1
INDEX _\9 O

0.288 £0.008
[7.32£0.20]

R L L L L IL|
1 12

i

0.033 £0.005
|" [0.840.13] 1'F
1
|

[4.57]

0.13040.005
3302013 " |

0.180 MLX e
4N

- \
| I

0.0180.003 1yp SE,
[0.46 £ 0.08] 0.100 1yp
0.050£0.005 1y [2.54]
[1.27£0.13]

g [
ATING PLANE

0.300 - 0.325
: '![7.62-3.25] ,‘
0.130

[3.30]

0.020 iy 7yp

0.51] 0,500
0.01040.002 / 7.62
[0.25¢0.05] 1" [7.62] 0°-15° TYP

NA24G (REV A)

20 Lead Molded Plastic Leaded Chip Carrier

NS Package Number V20A
All dimensions are in inches [millimeters]
+0.006
- 0 0.350 _p000
0.15
[8.83 2556 ] 0.017£0.004 1 4sox 04
PIN #1 IDENT 450y 0:065 [0.4320.10] -1
3N 119 [1.65] _\
4 18 -L:
[ 1 0.02940.003 Tvp f F
O [ [0.74£0.08] 0.310£0.020 1
0 N [7.87£0.51]
8[] 114

SEATING PLANE

0.020
-— MIN TYP 0.390£0.005
[0.51] [8.91£0.13] ''F
0.105£0.015

[2.67+0.38] T'P
0.165-0.180 1yp

[4.19-4.57]

[0.004 [0.10]

V20A (REV L)
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Physical Dimensions

44 Lead Molded Plastic Leaded Chip Carrier

NS Package Number V44A ‘
All dimensions are in inches [millimeters]
o.as 10006 :
-650 ~0.000
0 +0.15 “—ﬂ 0.017£0.004 _
16.51 ¢ [0.43+0.10]
PIN 1 IDENT
450y 0:045
6 1 44 40 [1.14] —\é _
’ 0 ? = =T
O 0
d h 0.029%0.003
g b [0.74%0.08]
g g 0.610£0.020
E g [15.49¢0.51] T'F
0 0 ’
n ]
g h I~ SEATING PLANE
17 h 29
| +
— L'{ 0-020 N Tvp
0.050 . [0.51] 0.690-0.005 .o
[1.27] 0.105£0.015 [17.53-0.13]
0.500 TYP y : TYP
~—[12.70] [2.67+0.38]
0.165-0.180

[4.19-4.57] TYP

=T 0.004[0.10] | -

V44A (REV K)

48 Lead (7mm x 7mm) Molded Plastic Quad Flat Package, JEDEC

NS Package Number VBH48A

9.0£0.25 TYP
]
L4 le— 1.0 — 12° TOP AND BOTTOM
= | | _»
— 0° MIN — -
== R 0.08 - 0.20
T
=] GAGE PLANE { 1.6 MAX
= 0.25 C .
== 1
E \_ h L [=[0.08]
- SEATING PLANE
'3 0e-7° 0.05-0.10
0.60£0.15 R 0.08 MIN
PIN #1 ™~ OPTIONAL: ) 0.20 MIN
IDENT 7 ) SHARP CORNERS
EXCEPT PIN 1 IDENT
0.240.05 TYP ——I L—o.s TYP  CORNER DETAIL A
TYPICAL

/ SEE DETAIL A

-

All dimensions are in millimeters

!

\

\
1.40 & 0.05
1\

i
L YT
{Z;n 7.040.1 ——»

0.125 TYP

o

VBH48A (REV C)
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44 Lead Molded Plastic Quad Flat Package, EIAJ
NS Package Number VF44B

012,40 £0.40 —————>

a———[110.00 £ 0. 10 ————>
33 28 23
100000001
34 ! 22 _
= /L = - —F
= o —
39:- - ‘\' . - :17 8.0 TYP
PIN 1 INDEX E =
—
12
'%'2 MA
SEE4:E::|E': To ZIECTOR MARK
3.0
70.2

MAX
BOTTOM EJECTOR MARK

r~13° TYP
— 0.15£0.05

0.3+0.1 TYP

[¢[¢o.2®|c| A-n©| n@|

1.75:8:6(5’—- — 0.80£0.05

L—J— 1.20 TYP

0.25 MIN TYP— — 0.80+0.05

50 TYP /
A

All dimensions are in millimeters

A==

A

0.53 MAX
-0.05 < A, A< 0.15

DETAIL E
TYPICAL, SCALE: 30X

SEATING PLANE
= [
= o.;\ T {HANARHACHA—L ?
0°-7° TYP

0.58 £0.20 TYP VF44B (REV A)
10 Lead Cerpack
NS Package Number W10A
All dimensions are in inches
0.080 o 1o 0.270 MAX>]
0.055 0.050 £0.005 -1 |- —>{ [« 0.005 MIN TYP
0.035 | 1<l el
0.026 10 6
TYP t
0.370
0.250
0.270 MAX 0.260
GLASS 0.238
M 0.012
-~ 1 0.008
DETAIL A
DETAIL A —/ 0.370 —_—
0.250 ‘
PIN #1 l
IDENT 1 Ts W10A (REV E)
0.006 _pile :
A 0.019 __l 0.045 MAX
TYP . .
0.015 1P e ~ e

suolsuawiq [edisAyd
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Physical Dimensions

14 Lead Ceramic Flatpack

—»l

— p.sas MAX —>

All dimensions are in inches

[« 0.005 MIN TYP

o

0.370
0.250

NS Package Number W14B
0.080
™ ™ o.0s0
0.045 B
0.026_. [ 0.050:&0.0&?’
TYP 14
- .
M 0.280 MAX
- GLASS
i Lo

0.006
0.004
TYP

\J

DETAIL A -/=

PIN #1
IDENT

0.019yp | |o

0.015

DETAIL A

e 0.045 MAX
TYP

0.012
0.008

W148 (REV J)

16 Lead Ceramic Flatpack

All dimensions are in inches (millimeters)

NS Package Number W16A
0.050—-0.080 0.371-0.390

tm—z0) > [ " {9.423-9.905) |

0.004—0.006 _, 0.007-0.018 | 0.050:£0.005

wiz=oig " (R e | "' fznzoaz "
e —> |e—0.000 N TYP
nnn
0.250 - 0.370
{6.350—9.398)
1N I y 1
161514 13121710 9 —
i (—‘7’% ' 0.245-0.275
H MoK s (6.223—6.985)
U ...2345678 i
i R le—
DETAIL A—>~ I
PIN ND. 1 0.250-0.370
IDENT (6.350—9.398) DETAILA
0.026-0.040 ’l 0.015-0.018
— — -
se0—1.0%5) T I , 0.381-0.482)
e W16A (REV H)

'

(0.203 —0.305)

0.008 -0.012
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28 Lead Cerpack
NS Package Number WA28D
All dimensions are in inches [millimeters])
0.045-0.090 0.740
= [ Tra-2i20] [18.80] MAX ”
0.026-0.045 0.005 v 1yp
= [*T [0.66-1.14] I [0.13]
0.250-0.370
[6.35-9.40]
e T
E [?b‘.?g] MAX ) 0.340-0.380
CLASS [8.64-9.65]
i l
i
| 0.250-0.370
PIN #1 [6.35-9.40]
IDENT
_ll N [ 14
0.004-0.009 0.005-0.018 0.050
i *[0.10-0.23] [0.13-0.46] "| I‘_[1.27] TYp
0.015-0.022 Wa28D [REV A]
1 [0.38-0.56] |\"
48 Lead Cerpack
NS Package Number WA48A
All dimensions are in inches [millimeters]
0.070-0.100 0.640
> [ 11.78-254] « 005 [16.26] MAX >
| 0.040-0.054 005 uin 1Y
> T roz-1311 I:; [0.13] s
0.250-0.350
[6.35-8.89]
0.400
H 0.376-0.384
[10.16] MAX 5 -
i GLASS [9.55-9.75]
/ 0.250-0.350
PIN #1 [6.35-8.89]
IDENT l
J (Y
0.004-0.009 0.006-0.010 0.025
{0.10-0.23] TP == [0.15-0.25] "l l'—[0.154] e

0.008-0.012
[0.20-0.30] ''*

WA48A [REV A]

suoisuawi( [edisAyd
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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 (ABT, BiCMOS SCAN, LOW VOLTAGE
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK—1996

ABT Description and Family Characteristics ® ABT Ratings, Specifications and Waveforms

ABT Applications and Design Considerations ® Quality and Reliability

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

VME Extended TTL Technology for Backplanes ¢ Advanced BiCMOS Clock Generation and Support

ADVANCED BIPOLAR LOGIC
FAST®, FASTr™, ALS, AS DATABOOK—1995

Introduction to Advanced Bipolar Logic Families ® FAST/FASTr/ALS/AS e Family Characteristics
Ratings, Specifications and Waveforms ® Design Considerations ® Datasheets ® Ordering and Packaging Information

APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK—1995

Audio Circuits e 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

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK—1995

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

COP8™ DATABOOK—1994

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

CROSSVOLT™ LOW VOLTAGE LOGIC SERIES DATABOOK AND
DESIGN GUIDE—1996

LCX Family ® LVX Translator Family ® LVX Bus Switch Family e LVX Family ® LVQ Family ® LVT Family
ALCX Family ® GTL Family

DATA ACQUISITION DATABOOK—1995

Data Acquiéition Systems ® Analog-to-Digital Converters e Digital-to-Analog Converters ® 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.
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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 e Error Detection and Correction
Microprocessor Applications

EMBEDDED CONTROLLERS DATABOOK—1992

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

ETHERNET DATABOOK—1996

Integrated Network Interface Controller Products ® 10 Mb/s Physical Layer Transceivers and ENDECs
10 Mb/s Repeater Interface Controller Products ® 100 Mb/s Fast Ethernet Protocol Products
Glossary and Acronyms

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 e 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 ® Quiet Series: 54ACQ/74ACQXXX
Quiet Series: 54ACTQ/74ACTQXXX @ 54FCT/74FCTXXX ® FCTA: 54FCTXXXA/74FCTXXXA/B

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 ® 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 o Futurebus+ Application Notes
High Performance TTL Bus Drivers ® PI-Bus e Futurebus + /BTL Reference

IBM DATA COMMUNICATIONS HANDBOOK—1992

IBM Data Communications ® Application Notes

INTERFACE DATABOOK—1996

LVDS Circuits, Bus Circuits, Data Transmission Circuits, System Design Guide

LINEAR APPLICATIONS HANDBOOK—1994

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

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

LOW VOLTAGE DATABOOK—1992

This databook contains information on National’s expanding portfoho 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).
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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 EEPROMSs ® PROMs e Application Notes

MEMORY APPLICATIONS HANDBOOK—1994

FLASH ¢ EEPROMs ¢ EPROMs e Application Notes

OPERATIONAL AMPLIFIERS DATABOOK—1995

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

PRODUCTS FOR WIRELESS COMMUNICATIONS—1996

Radio Transceiver Components ® Baseband Processing Components ® Control and Signal Processing Components
Non-Volatile Memory ® Audio Interface Components ¢ Support Circuitry ¢ Power Management
Complete Cordless Phone Solution

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 ® Application Notes

RELIABILITY HANDBOOK—1987

Reliability and the Die e 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 ® Discrete Device ® Standardization

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

Reliability Testing at National Semiconductor ® The Total Military/Aerospace Standardization Program
883B/RETS™ Products ® MILS/RETS™ Products ® 883/RETST™ 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 e MiL-M-38510 and DESC Drawing Cross Listing

SCAN DATABOOK—1996

Design for Test Solutions ® Description of Boundary SCAN ¢ SCAN ABT Test Access Logic ® SCAN CMOS Test Access Logic
System Test Devices and Software ® Application Notes

TELECOMMUNICATIONS—1994

COMBO and SLIC Devices ® ISDN e Digital Loop Devices ® Analog Telephone Components e Software e Application Notes

VHC ADVANCED CMOS LOGIC DATABOOK—1996

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 ® VHC Family Datasheets ® VHC Specialty Function Datasheets and related Application Notes.

The topics discussed are the advantages of VHC/VHCT AC Performance, Low Noise Characteristics and Improved Interface
Capabilities.
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ALABAMA
Huntsville
Anthem Electronics
(205) 890-0302

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

(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

Future Electronics Corp.

Zeus Elect. an Arrow Co.

San Jose (Continued)
Hamilton/Hallmark
(408) 435-3500
Pioneer Technology
(408) 954-9100
Zeus Elect. an Arrow Co.
(408) 629-4789

Sunnyvale
Bell Industries
(408) 734-8570
Time Electronics
(408) 734-9890

Tustin
Time Electronics
(714) 669-0216

Westlake Village
Bell Industries
(805) 373-5600

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) 282-2008

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) 575-1575

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 L
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
Arlington Heights
Hamilton/Hallmark
(708) 797-7300
Des Plaines
Advent Electronics
(800) 323-1270
Elk Grove Village
Bell Industries
(708) 640-1910
Hoffman Estates
Future Electronics Corp.
(708) 882-1255
ltasca -
Zeus Elect. an Arrow Co.
(708) 595-9730
Schaumburg  ~
Anthem Electronics
(708) 884-0200
Time Electronics
(708) 303-3000
INDIANA
Carmel
Hamilton/Hallmark
(317) 575-3500
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
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 X
* Future Eléctronics Corp.
(913) 649-1531
KENTUCKY
Lexington
Hamilton/Hallmark
(606) 288-4911

NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS

- MARYLAND

Columbia [
Anthem Electronics
(410) 995-6640
Bell industries

"+ (410) 290-5100 :
Future Electronics Corp.
(410) 290-0600
Hamilton/Hallmark
(410) 988-9800
Seymour Electronics

. (410) 992-7474
Time Electronics
(410) 720-3600

Gaithersburg
Pioneer Technology
+(301) 921-0660

MASSACHUSETTS
Andover
Bell Industries
(508) 474-8880
Bolton
Future Electronics Corp.
(508) 779-3000
Lexington
Pioneer Standard
(617) 861-9200
Newburyport
Rochester Electronics
“Obsolete Products”
(508) 462-9332
Norwood @, * .
Gerber Electronics
(617) 769-6000
Peabody
Hamilton/Hallmark
(508) 532-3701
Time Electronics
© (508) 5329777
Wilmington
Anthem Electronics
(508) 6575170 '~ °
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 o
Advent Electronics
. (800) 888-9588
Plymouth
Hamilton/Hallmark
(313) 416-5800
Pioneer Standard
(313) 416-2157

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 Electronics
(612) 931-2131
Thief River Falls
Digi-Key Corp. .
“Catalog Sales Only”
(800) 344-4539
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NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued)

MISSOURI

Earth City
Hamilton/Hallmark
(314) 291-5350

Manchester
Time Electronics
(314) 230-7500

St. Louis

Future Electronics Corp.

(314) 469-6805
NEW JERSEY

Camden

Advent Electronics

(800) 255-4771
Cherry Hill

Hamilton/Hallmark

(609) 424-0110
Fairfield

Bell Industries

(201) 227-6060

Pioneer Standard

(201) 575-3510
Marlton

Future Electronics Corp.

(609) 596-4080

Time Electronics

(609) 596-1286
Mount Laurel

Bell Industries

(609) 439-8860

Seymour Electronics

(609) 235-7474
Parsippany

Future Electronics Corp.

(201) 299-0400

Hamilton/Hallmark

(201) 515-1641
Pine Brook

Anthem Electronics

(201) 227-7960
Wayne

Time Electronics

(201) 785-8250

NEW MEXICO

Albuquerque

Bell industries

(505) 292-2700

Hamilton/Hallmark

(505) 828-1058

NEW YORK
Binghamton
Pioneer Standard
(607) 722-9300
Commack
Anthem Electronics
(516) 864-6600
Fairport
Pioneer Standard
(716) 381-7070
Hauppauge
Future Electronics Corp.
(516) 234-4000
Hamilton/Hallmark
(516) 434-7400
Time Electronics
(516) 273-0100
Port Chester

Zeus Elect. an Arrow Co.

(914) 937-7400
Rochester

Future Electronics Corp.

(716) 387-9550

Hamilton/Hallmark

(800) 475-9130
Syracuse

Future Electronics Corp.

(315) 451-2371

Time Electronics

(315) 434-9837

Woodbury
Pioneer Standard
(516) 921-9700
Seymour Electronics
(516) 496-7474
NORTH CAROLINA
Charlotte

Future Electronics Corp.

(704) 547-1107
Morrisville

Pioneer Technology

(919) 460-1530
Raleigh

Anthem Electronics

(919) 782-3550

Future Electronics Corp.

(919) 790-7111
Hamilton/Hallmark
(919) 872-0712
OHIO
Beavercreek

Future Electronics Corp.

(513) 426-0090
Cleveland
Pioneer Standard
(216) 587-3600
Columbus
Time Electronics
(614) 794-3301
Dayton
Bell Industries
(513) 435-5922
Bell Industries-Military
(513) 434-8231
Hamilton/Hallmark
(513) 439-6735
Pioneer Standard
(513) 236-9900
Mayfield Heights

Future Electronics Corp.

(216) 449-6996
Solon
Bell Industries
(216) 498-2002
Hamilton/Hallmark
(216) 498-1100
Worthington
Hamilton/Hallmark
(614) 888-3313
OKLAHOMA
Tulsa
Hamilton/Hallmark
(918) 254-6110
Pioneer Standard
(918) 665-7840
Radio Inc.
(918) 587-9123
OREGON
Beaverton
Anthem Electronics
(503) 643-1114
Bell Industries
(503) 644-3444

Future Electronics Corp.

(503) 645-9454
Hamilton/Hallmark
(503) 526-6200
Pioneer Technology
(503) 626-7300
Portland
Time Electronics
(503) 684-3780

PENNSYLVANIA
Horsham
Anthem Electronics
(215) 443-5150
Pioneer Technology
(215) 674-4000
Pittsburgh
Pioneer Standard
(412) 782-2300

TEXAS

Austin
Anthem Electronics
(512) 388-0049
Future Electronics Corp.
(512) 502-0991
Hamilton/Hallmark
(512) 258-8848
Minco Technology Labs.
“Die Distributor”
(512) 834-2022
Pioneer Standard
(512) 835-4000
Time Electronics
(512) 219-3773

Carroliton

Zeus Elect. an Arrow Co.

(214) 380-4330
Dallas
Hamilton/Hallmark
(214) 553-4300
Pioneer Standard
(214) 386-7300
Houston
Future Electronics Corp.
(713) 785-1155
Hamilton/Hallmark
(713) 781-6100
Pioneer Standard
(713) 495-4700
Richardson
Anthem Electronics
(214) 238-7100
Bell Industries
(214) 690-9096
Future Electronics Corp.
(214) 437-2437
Time Electronics
(214) 480-5000
UTAH
Midvale
Bell Industries
(801) 255-9691
Salt Lake City
Anthem Electronics
(801) 973-8555
Future Electronics Corp.
(801) 467-4448
Hamilton/Hallmark
(801) 266-2022
West Valley City
Time Electronics
(801) 973-0208
WASHINGTON
Bellevue
Bell Industries
(206) 646-8750
Pioneer Technology
(206) 644-7500
Bothell
Anthem Electronics
(206) 483-1700
Future Electronics Corp.
(206) 489-3400
Kirkland
Time Electronics
(206) 820-1525
Redmond
Hamilton/Hallmark
(206) 881-6697

WISCONSIN

Brookfield
Future Electronics Corp.
(414) 879-0244
Pioneer Standard
(414) 784-3480

Mequon
Taylor Electric
(414) 241-4321

New Berlin
Hamilton/Hallmark
(414) 780-7200

Waukesha
Bell Industries
(414) 547-8879

West Allis
Advent Electronics
(800) 500-0441

CANADA
WESTERN PROVINCES

Burnaby
Hamilton/Hallmark
(604) 420-4101

Calgary
Electro Sonic Inc.

(403) 255-9550

Future Electronics Corp.
(403) 250-5550
Zentronics/Pioneer
(403) 295-8838

Edmonton
Future Electronics Corp.
(403) 438-2858
Zentronics/Pioneer
(403) 482-3038

Richmond
Electro Sonic inc.

(604) 273-2911
Zentronics/Pioneer
(604) 273-5575

Vancouver
Future Electronics Corp.
(604) 294-1166

EASTERN PROVINCES

Mississauga
Future Electronics Corp.
(905) 612-9200
Hamilton/Hallmark
(905) 564-6060
Time Electronics
(905) 712-3277
Zentronics/Pioneer
(905) 405-8300

Nepean
Hamilton/Hallmark
(613) 226-1700
Zentronics/Pioneer
(613) 226-8840

Ottawa
Electro Sonic Inc.

(613) 728-8333
Future Electronics Corp.
(613) 820-8313

Pointe Claire
Future Electronics Corp.
(514) 694-7710

Quebec
Future Electronics Corp.
(418) 877-6666

Ville St. Laurent
Hamilton/Halimark
(514) 335-1000
Zentronics/Pioneer
(514) 737-9700

Willowdale
Electro Sonic Inc.

(416) 494-1666

Winnipeg
Electro Sonic Inc.

(204) 783-3105

Future Electronics Corp.
(204) 944-1446
Zentronics/Pioneer
(204) 694-1957
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WORLDWIDE SALES OFFICES

AUSTRALIA FINLAND ITALY SINGAPORE
National Semiconductor National Semiconductor National Semiconductor S.p.A. National Semiconductor
(Australia) Pty. Ltd. (UK. Ltd. Strada 7, Palazzo R/3 Asia Pacific Pte. Ltd. .
Bldg. 16 Business Park Dr. Mekaanikonkatu 13 1-20089 Rozzano-Milanofiori 200 Cantonment Road #13-01
Monash Business Park SF-00810 Helsinki Italy Southpoint Singapors 0208
Nottinghill Melbourne Finland Tel: (02) 57 50 03 00 Tel: (65) 225-2226
Victoria 3168 Australia Tel: (0) 759-1855 Fax: (02) 57 50 04 00 Fax: (65) 225-7080
Tel: (39) 558-9999 Fax: (0) 759-1393
Fax: (39) 558-9998 . JAPAN SPAIN

FRANCE
BRAZIL National Seml National Semiconductor GmbH
National Semiconductor Japan Ltd. Calle Aimendralejos, 4
National Semiconductores . Sumitomo Chemical 28140 Fuente el Saz del Jarama
Do Brazil Ltda. Parc d'Affaires Technopolis Engineering Center Bldg. 8F Madrid, Spain
Rue Deputado Lacorda 3, Avenue Du Canada 1-7-1, Nakase, Mihama-Ku Tel: (01) 620 14 25
Franco 120-3A Bat. ZETA - L.P. 821 Les Ulis Chiba-City, Fax: (01) 620 06 12
Sao Paulo-SP Brazil 05418-000 F-91974 Courtaboeuf Cedex’ Chiba Prefecture 261
Tel: (65-11) 212-5066 France Japan SWEDEN
Fax: (65-11) 212-1181 Tel: (1) 69 18 37 00 Tel: 81-043-299-2300
Fax: (1) 69 18 37 69 Fax: 81-043-299-2500 National Semiconductor AB
CANADA P.O. Box 1009
GERMANY KOREA Grosshandlarvégen 7
National Semiconductor S-12123 Johanneshov,
(Canada) National Semiconductor National Semiconductor Sweden
5925 Airport Road, Suite 615 GmbH (Far East) Ltd. Tel: (08) 7 22 80 50
Mississauga, Ontario L4V 1W1 Livry-Gargan-Strasse. 10 13th Floor, Dai Han Fax: (08) 7 22 90 95
Tel: (416) 678-2920 D-82256 Furstenfeldbruck Life Insurance 63 Building .
Fax: (416) 678-2837 Germany 60 Yoido-Dong SWITZERLAND
: Tel: (0-81-41) 35-0 Youngdeungpo-KU
:‘;::;r:’a;)semlconductor Fax: (0-81-41) 35-15-06 ?:rl;:)}z(;’;: 18?)%17/6: National Semiconductor
39 Robertson Road, Suite 101 d - (U.K.) Ltd.
Nepean, Ontario K2H 8R2 HONG KONG (02) 785-0696/8 Alte Winterthurerstrasse 53
Tel: (613) 596-0411 Fax: (02) 784-8054 CH-8304 Wallisellen-Ziiric
Fax: (613) 596-1613 Natlonal Semiconductor Switzerland -
N a“: nal )Se miconductor Hong Kong Ltd. MALAYSIA Tel: (01) 8-30-27-27
Canada) 13th Floor, Straight Block Fax: (01) 8-30-19-00
g 8;’(; Boul Des S Ocean Centre National Semiconductor
Ste 13:’ es Sources, ?‘ Canton Road , gdn mr_d oo Trade2 TAIWAN
H . simshatsui, Kowloon ayan Lepas Free Trade Zone
?:::‘:g&'ﬁg‘sggggec H2R 5N4 Hong Kong 11900 Penang Malaysia National Semiconductor
Fax: (514) 426-2710 Tel: (852) 2737-1600 Tel: 4-644-9061 (Far East) Ltd.
y Fax: (852) 2736-9960 Fax: 4-644-9073 9/F, No. 44 Section 2
Chungshan North Road
CHINA INDIA MEXICO Taipei, Tawan, ROG.
- Tel: (02) 521-3288
::ﬁ;"‘é:;"‘::;‘;’:f“ National Semiconductor Electronica NSC de Fax: (02) 561-3054
Omoeg India Liaison Office Mexico SA
Room 613 & 614 1109, 11th Floor, West Wing: Juventino Rosas No. 118-2 U.K. AND IRELAND
Sinochem Mansion Raheja Towers, M.G. Road Col Guadalupe Inn
No. A2 Fuxingmenwai Avenue Bangalore 560001 India Mexico, 01020 D.E. Mexico National Semiconductor
B:i'.in 1000496 RO Tel: 91-80-559-9467 Tel: (525) 661-7155 (UK) Ltd.
P ag g Fax: 91-80-559-9468 Fax: (525) 661-6905 1st Floor
Tel: 86-10-8568601 Mitford House
gl ISRAEL PUERTO RICO Milford Street
, Wiltshire SN1 1DW
National Semiconductor National Semiconductor Ltd. National Semiconductor United Kingdom
Shanghal China Liaison Maskit Street : (Puerto Rico) Tel: (07-93) 6141 41
Office PO Box 3007 La Electronica Bldg. Fax: (07-93) 522180 -

B702, Universal Mansion
No. 172, Yuyuan Road
Shanghai 200040, PRC
China

Tel: 86-21-2496062

Fax: 86-21-2496063

Herzlia B. 46104
Israel

Tel: (09) 59 42 55
Fax: (09) 55 83 22

Suite 312, R.D. #1 KM 14.5
Rio Piedias

Puerto Rico 00927

Tel: (809) 758-9211

Fax: (809) 763-6959

Telex: 444674
UNITED STATES

National Semiconductor
Corporation

1111 West Bardin Road
Arlington, TX 76017

Tel: (800) 272-9959

Fax: (800) 737-7018
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National Semiconductor suppl‘es a comprebensive set of service and support capabilities. ;

/ Complete product irgformatiorf 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
i Fax: 1-800-737-7018
Email: support@tevm?2.nsc.com

- Europe Fax:  +49 (0) 180-530 85 86
: Email:  europe.support@nsc.com
Deutsch Tel:  +49 (0) 180-530 85 85 p

English Tel: +49 (0) 180-532 78 32
Francais Tél: +49 (0) 180-532 93 58
Italiano Tel: 449 (0) 180-534 16 80

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

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

Australia y - India Malaysia
Tel: (39) 558-9999 Tel: 80-226-7272 Tel: 4-644-9061
Fax: (39) 558-9998 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
e 7Y TRA4- &4
Hong Kong Fax: (02) 784-8054 Tatwan
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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