




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SN54S484A, SN54S485A, SN74S484A, SN74S485A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS
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BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
SN548484A, SN74S484A

*SN54184A/SN74184A can be used.
K =103, M = 106

8 42
8421 8421000
3000842 KKKKO g
0
= 0
8421 = 1 200 0 842
84 21 20 08421 1
- 20 1
26 | 24 | 22| 20 = r 25| 23| 21 i L - 64 2
25 23 2 64 2 231 2 |
64 25| 23] 21
29 | 27 A 24 20
28 2 1312111 29 | 57
2 212 210 232 26
2.DECADE- 3-DECADE- 4-DECADE-
BCD-TO-BINARY BCD-TO-BINARY BCD-TO-BINARY
CONVERTER CONVERTER CONVERTER
84 21
0000842
0000000
8421 KKKKKKK
00003842 = 0
KKKKEKKEK 20K K
- 64
-
L1
|
5' 215 213 211 -6
o o} 5-DECADE- 6-DECADE-BCD-TO-BINARY
) > BCD-TO-BINARY CONVERTER
g CONVERTER
n

5-42

{iﬁ
- TeExas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



SN54S484A, SN74S484A
BCD-TO-BINARY AND BINARY-TO-BCD CONVERTERS

TYPICAL APPLICATION DATA
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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes in the
devices or the device specifications identified in this publication
without notice. Tl advises its customers to obtain the latest version
of device specifications to verify, before placing orders, that the
information being relied upon by the customer is current.

T! warrants performance of its semiconductor products, including SNJ
and SMJ devices, to current specifications in accordance with Tl's
standard warranty. Testing and other quality control techniques are
utilized to the extent Tl deems such testing necessary to support this
warranty. Unless mandated by government requirements, specific
testing of all parameters of each device is not necessarily performed.

In the absence of written agreement to the contrary, Tl assumes no
liability for Tl applications assistance, customer’s product design, or
infringement of patents or copyrights of third parties by or arising from
use of semiconductor devices described herein. Nor does Tl warrant
or represent that any license, either express or implied, is granted
under any patent right, copyright, or other intellectual property right
of Tl covering or relating to any combination, machine, or process in
which such semiconductor devices might be or are used.

Copyright © 1984, Texas Instruments Incorporated
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INTRODUCTION

The purpose of this application report is to provide the
first time user of field-programmable logic with a basic
understanding of this new and powerful technology. The
term “Field-Programmable Logic” refers to any device
supplied with an uncommitted logic array, which the user
programs to his own specific function. The most common,
and widely known field-programmable logic family is the
PROM, or Programmable Read-Only Memory. Relatively
new entries into this expanding family of devices are the
PAL® and FPLA. This report will primarily concentrate
on the PAL family of programmable logic.

FIELD-PROGRAMMABLE LOGIC ADVANTAGES

Field-programmable logic offers many advantages to
the system designer who presently is using several
standard catalog SSI and MSI functions. Listed below are
just a few of the benefits which are achievable when using
programmable logic.

1. Package Count Reduction: typically, 3 to 6
MSI/SSI functions can be replaced with one
PAL or FPLA.

PC Board Area Reduced: Fewer devices
consume less PC board space. This results in
lower PC board cost.

~

3. Circuit Flexibility: Programmability allows for
minor circuit changes without changing PC
boards.

4. Improved Reliability: With fewer PC
interconnects, overall system reliability
increases.

5. Shorter Design Cycle: When compared with
standard-cell or gate-array approaches,
custom functions can be implemented much
more quickly.

The PAL and FPLA, will fill the gap between
standard logic and large scale integration. The versatility

of these devices provide a very powerful tool for the .

system designer.
PAL AND FPLA SYMBOLOGY

In order to keep PAL and FPLA logic easy to
understand and use, a special convention has been
adopted. Figure 1 is the representation for a 3-input AND
gate. Note that only one line is shown as the input to the
AND gate. This line is commonly refered to as the
product line. The inputs are shown as vertical lines, and at
the intersection of these lines are the programmable fuses. -

BPAL is a Registered Trademark of Monolithic Memorics I’ncA

An X represents an intact fuse. This makes that input,
part of the product term. No X represents a blown fuse.
This means that input will not be part of the product term
(in Figure 1, input B is not part of the product term). A
dot at the intersection of any line represents a hard wire
connection.

INPUT TERMS
A B C

mf;wc" ——+—I—H }— output
F=AC
Figure 1. Basic Symbology

In Figure 2, we will extend the symbology to develop
a simple 2-input programmable AND array feeding an OR
gate. Notice that buffers have been added to the inputs,
which provide both true and complement outputs to the
product lines. The intersection of the input terms form a
4x3 programmable AND array. From the above
symbology, we can see that the output of the OR gate is
programmed to the following equation, AB+AB. Note
that the bottom AND gate has an X marked inside the
gate symbol. This means that all fuses are left intact, which
results in that product line not having any effect on the
sum term. In other words, the output of the AND gate will
be a logic 0. When all the fuses are blown on a product line,
the output of the AND gate will always be a logic 1. This has
the effect of locking up the output of the OR gate to a logic
level 1.

INPUT TERMS
>
A
INPUTS
B
PRODUCT TERMS
PRODUCT J _|
LINES sum
OF PRODUCTS
OUTPUT
F=AB+AB

Figure 2. Basic Symbology Example
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FAMILY ARCHITECTURES

As stated before, the PROM was the first widely
used programmable logic family. Its basic architecture is
an input decoder configured from AND gates, combined
with a programmable OR matrix on the outputs. As
shown in Figure 3, this allows every output to be
programmed individually from every possible input
combination. In this example, a PROM with 4 inputs has
24, or 16 possible input combinations. With the output
word width being 4 bits, each of the 16 X 4 bit words can be

16 WORDS X 4 BITS

b ¢ B A “OR" ARRAY

(PROGRAMMABLE)

"\/
“AND"” ARRAY
{FIXED)

Figure 3. PROM Architecture

03 02 07 Og

6-8

programmed individually. Applications such as data
storage tables, character generators, and code converters,
are just a few design examples which are ideally suited for
the PROM. In general, any application which requires
every input combination to be programmable, is a good
candidate for a PROM. However, PROMs have difficulty
accommodating large numbers of input variables.
Eventually, the size of the fuse matrix will become
prohibitive because for each input variable added, the size
of the fuse matrix doubles. Currently, manufacturers are
not producing PROMs with over 13 inputs.

D c B A “OR" ARRAY

FIXED

N\

P Y

Y

03 02 01 Og

D
] D—

/"
“*AND” ARRAY
{PROGRAMMABLE)

Figure 4. PAL Architecture



To overcome the limitation of a restricted number of
inputs, the PAL utilizes a slightly different architecture as
shown in Figure 4. The same AND-OR implementation is
used as with PROMs, but now the input AND array is
programmable instead of the output OR array. This has
the effect of restricting the output OR array to a fixed
number of input AND terms. The trade-off is that now,
every output is not programmable from every input
combination, but more inputs can be added without
doubling the size of the fuse matrix. For example, If we
were to expand the inputs on the PAL shown in Figure 4,
to 10, and on the PROM in Figure 3, to 10. We would see
that the fuse matrix required for the PAL would be 20X 16
(320 fuses) vs 4Xx 1024 (4096 fuses for the PROM). It is
important to realize that not every application requires
every output be programmable from every input
combination. This is what makes the PAL a viable product
family.

The FPLA goes one step further in offering both a
programmable AND array, and a programmable OR
array (Figure 5). This feature makes the FPLA the most

“OR” ARRAY
(PROGRAMMABLE)

N
lllllll"lll

“AND” ARRAY
{PROGRAMMABLE)}

Figure 5. FPLA Architecture

03 02 01 Op

versatile device of the three, but usually impractical in
most low complexity applications.

All three field-programmable logic approaches
discussed have their own unique advantages and
limitations. The best choice depends on the complexity of
the function being implemented and the current cost of
the devices themselves. It is important to realize, that a
circuit solution may exist from more than one of these
logic families.

PAL OPTIONS

Figure 6 shows the logic diagram of the popular
TIBPALI6LS. Its basic architecture is the same as
discussed in the previous section, but with the addition of
some special circuit features. First notice that the PAL has
10 simple inputs. In addition, 6 of the outputs operate as
1/0 ports. This allows feedback into the AND array. One
AND gate in each product term controls each 3-state
output. The architecture used in this PAL makes it very
useful in generating all sorts of combinational logic.

Another important feature about the logic diagram,
and all other block diagrams supplied from individual
datasheets, are that there are no X's marked at every fuse
location. From the previous convention; we stated that
everywhere there was a intact fuse, there was an X.
However, in order to make the logic diagram useful when
generating specific functions, it is supplied with no X's.
This allows the user to insert the X's wherever an intact
fuse is desired.

The basic concept of the TIBPALI6LS can be
expanded further to include D-type flip-flops on the

outputs. An example of this is shown in Figure 7 with the -

TIBPAL16RS. This added feature allows the device to be
configured as a counter, simp]e storage register, or similar
clocked function.

Circuit variations Wthh are available on other
members of the TI PAL and FPLA family are explained
below.

Polarity Fuse
The polarity of the output can be selected via the
fuse shown in Figure 8.

Input Registers

On PALs equipped with this special feature, the
option of having D-type input registers is fuse
programmable. Figure 9 shows an example of this type of
input. If the fuse is left intact, data enters on a low-high
transition of the clock. If the fuse is blown, the register
becomes permanently transparent and is equivalent to a
normal input buffer.

Input Latches

On PALs equipped with this special feature, the
option of having input latches is fuse programmable.

6-9
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Figure 6. TIBPAL16L8 Logic Diagram
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ENABLE —D

IO——I % L
‘ ° PO
INPUTS
° o
| [-3
In—l 1 §
of ™\
Pl
F——-

OUTPUTS
PO Pn

INTACT: OUTPUT = PO +_P1 + ... + Pn
BLOWN: OUTPUT = PO -P1-...-Pn

Figure 8. Polarity Selection

Figure 10 shows an example of this type of input. If the
fuse is left intact, data enters while the control input is
high. When the control input is low, the data that was
present when the control input went low will be saved. If
the fuse is blown, the 'latch becomes permanently
transparent, and is equivalent to a normal input buffer.

PROGRAMMING

Notice in Figure 7, that the product and input lines
are numbered. This allows any specific fuse to be located
anywhere in the fuse matrix. When the device is in the
programming mode (as defined in the device data sheet),
the individual product and input lines can be selected. The
fuse at the intersection of these lines, can then be blown
(programmed) with the defined " programming pulse.
Fortunately, the user seldom has to get involved with these
actual details of programming, because there exist several
commercially available programmers which handle this

function. Listed below are some of the manufacturers of
this programming equipment.*

Citel Storey Systems
DATA 1/0° Structured Design
Digelec Sunrise Electronics
Kontron Valley Data Science
Wavetec Varix

Stag Micro Systems

At Texas Instruments, we have coordinated with
DATA 1/O using their Model 19 for device
characterization. Currently, DATA 1/O, Sunrise, and
Structured Design have been . certified by Texas

Instruments. Other programmers are now in the
certification process. For a current list of certified
programmers, please contact your local TI sales
representative.

It should now be obvious to the reader, that the
actual blowing of the fuses is not a problem. Instead, the
real question is what fuses need to be blown to generate a -
particular function. Fortunately, this problem has also
been greatly simplified by recent advances in computer
software.

DATA 1/O has developed a software package called
ABEL™. Also available is CUPL™, from Assisted
Technology. Both have been designed to be compatible
with several different types of programmers. Both of these
software packages greatly extend the capabilities of the
original PALASM™ program, and both can be run on
most professional computers.

Before proceeding to a design example, it would be
instructive to look at the simplified process flow of a PAL
(Figure 11). This should help give the reader a better
understanding of the basic steps necessary to generate a
working device.

DESIGN EXAMPLE

The easiest way to demonstrate the unique
capabilities of the PAL is through a design example. It is

REGISTER FUSE INTACT

P> 0c2

T1C2
2D

MO (INTACT) >
M1 (BLOWN)

ooo0

D-TYPE REGISTER

FUNCTION TABLE
cLock | Db { @ | @
t H|H L
t L)l L]H
L X Qo 60

Qp = THE STATE OF Q BEFORE CLOCK t

Figure 9. Input Register Selection

ABEL™ is a trademark of DATA I/0.
CUPL™ is a trademark of Assisted Technology, Inc.
PALASM™ is a trademark of Monolithic Memories Inc.
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LATCH FUSE INTACT

000

0c2

T 1C2

2D

MO (INTACT)
M1 (BLOWN)

TRANSPARENT LATCH
FUNCTION TABLE

ENABLE| D | O] @
H L|L]|H
H H|H|[L
L X Qg | Qo

Qp = THE LEVEL OF Q BEFORE ENABLE {

Figure 10. Input Latch Selection

DEFINE
APPLICATION

GENERATE
LOGIC EQUATIONS

!

SELECT APPROPRIATE
PAL

!

CONSTRUCT
FUSE MAP

‘ v
) L PROGRAM J

WORKING
DEVICE

Figure 11. PAL Process Flow Diagram

hoped that through this example the reader will gain the
basic understanding needed when applying the PAL in his
own application. In some cases, this goal may only be to
reduce existing logic, but the overall approach will be the
same.

EXAMPLE REQUIREMENTS

It is desired to generate a 4-bit binary counter which
is fed by one of four clocks. There are two lines available
for selecting the clocks, SEL1 and SELO. Table 1 shows the
required input for the selection of the clocks. In addition,
it is desired that the counter be able to switch from binary
to decade count. This feature is controlled by an input
called BD. When BD is high, the counter should count in
binary. When low, the counter should count in decade.

Figure 12 shows how this example could be
implemented if standard data book functions were used.

Table 1. Clock Selection

SEL1  SELO | QUTPUT
0 0 | CLKA
0 CLKB,
7 o | ctke
1 1 | ckp

As can be seen, three MSI functions are required. The
*LS162 is used to generate the 4-bit counter while the clock
selection is handled by the "LS253. The 'LS688 is an 8-bit
comparator which is used for selecting either the binary or
decade count. In this example, only five of the eight
comparator inputs are used. Four are used for comparing
the counter outputs, while the other is used for the BD
input. The comparator is hard-wired to go low whenever
the BD input is low and the counter output is “9”. The
P=Q output is then fed back to the synchronous clear
input on the 'LS162. This will reset the counter to zero
whenever this condition occurs.

PAL IMPLEMENTATION

As stated before, the problem in programming a
PAL is not in blowing the fuses, but rather what fuses need
to be blown to generate a particular function. Fortunately,
this problem has been greatly simplified by computer
software, but before we examine these techniques, it is
beneficial to explore the methods used in generating the
logic equations. This will help develop an understanding,
and appreciation for these advanced software packages.

From digital logic theory, we know that most any
type of logic can be implemented in either AND-OR-
INVERT or AND-NOR form. This is the basic concept

~used in the PAL and FPLA. This allows classical

techniques, such as Karnaugh Maps! to be used in
generating specific logic functions. As with the separate
component example above, it is easier to break it into
separate functions. The first one that we will look at is the
clock selector, but remember that the overall goal will be
to reduce this design example into one PAL.

Applications
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"LS253 L5162
SEL O Qo
SEL 1~—] . o1
CLK A—] gt;"(r CLK 2
CLK B— &R
CLK C ==t a3
CLKD
'LS688
Vee
ro aoH
—P1 Q1}—
—r2 a2
P3 Q3 v
8D P4 Qa cc
P5 Q5
P6 Q6
P7 Q7
= | == =
F=a =
S |

Figure 12. Counter Implementation With Standard Logic

PAL SELECTION

Before proceeding with the design for the clock
selector, the first question which needs to be addressed is
which PAL to use. As discussed earlier, there are several
different types of output architectures. Looking at our
example, we can see that four flip-flops with feedback will
be required in the 4-bit counter, plus input clock and clear
lines. In addition, seven inputs plus two simple outputs
will be required in the clock selector and comparator. With
this information in hand, we can see that the TIBPALI6R4
(Figure 13) will handle our application.

CLOCK SELECTOR DETAILS

The first step in determining the logic equation for
the clock selector is to generate a function table with all
the possible input combinations. This is shown in Table 2.
From this table, the Karnaugh map can be generated and
is shown in Figure 14, The minimized equation for
CLKOUT comes directly from this.

Table 2. Function Table

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

O 0O = = 00 = - 00 = = 00 = = 00 = -4 00 =2 =00

- m 8 @ a9 m A m a4 a4 s o s e 00000000 000000 00

O 0000000000000 O0O0O0O00O0O0 000000000 OO0
4 4 5 a0 a4 00000000 = a3 = 242 52200000000
- s 2 0 0000 = == 20000 = = = 20000 = == 2 00O0O0
O - 0 20400 0202020202020 2020=20=0
4 2 B 0O O 0O 4 m s OO OO0 = aaaaaas000000O0O

4 =~ 0o o -

SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT

- e e e E a3 = a2 2 0000000000000 0 00

b mm g a a4 a O a4 a a3 g o o aoa a S o o
B a e m e a0 0000000 e =eaaaa S 00000000
4 8 e 2 0000 =2 22000022 =% 320000 ==2=20000
P 2 0O O = = OO = = OO0 = 2 OO0 =% =00 = =00 = =00 = =0 O
e O 4 0O 20 2020 205030402020 2020-0 020
- O =2 0 -0 20 2020 20 =0 =200 = =00 —=00 =00



c s

INPUT LINES
PRODUCT
LINES O 4 8 12 16 20 24 28 31
0 )
L]
.
. (194
.
21’ -
RE Y : —
o
L]
L]
s ,118) g
*
L]
@)2r —
=D K-
16
L ]
L]
. oy BT WLE/PN
L]
L]
@), 23 Al
D K
24
L]
® @
: E o
L]
[ ]
‘5) 31 D b
1= KH
32
L]
. r—
: o —:&Ls'o
L]
y >
39 gkl
6
o ) .
40 : c
. S
. p— -’
. o _B l14)° ©
: 2
. =
47 L>ci &
LI J<}———D| <
a8
L]
L]
: 131y,
L]
L]
55
i K
56 - D)
L]
L]
12
: { 'I/O
L]
L]
63
(9) N}
| —
- 1 5

Figure 13. TIBPAL16R4 Logic Diagram
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It is important to notice that the equation derived
from the Karnaugh map is stated in AND-OR notation.
The PAL that we have selected is implemented in AND-
NOR logic. This means we either have to do DeMorgan’s
theorem on the equation, or solve the inverse of the
Karnaugh map. Figure 15 shows the inverse of the
Karnaugh map and the resulting equation. This equation
can be easily implemented in the TIBPAL16R4.

So
S0,AB
s1,cD A r—A—l

7] [Ea]|
11 1|,
11 K 1||

[+
1]1] L1

111
S1 ===—l
% I 13 3 Y KN R
1 1

B B
cLKoUT =Si50AKEKR + SisoXsfl + s150kKcl + sisokf¥p
CLKOUT = 51S0A +S1S08B + S150C + S1S0D
Figure 14. Karnaugh Map for CLKOUT

S0,AB —_—
A A
s16p — —
I3l T [1]
IR 1 1
IEREAI 1 1
c
[NEN| 4 1]
1 4 4
NEEE dEIEIE
1 BEEN
. 111 ]D
[+
HEEED
. I T
—_ —
B B

CUKOUT = Si50AKYY + S1s0kBYEE + s1S0XKCH + s1s0X kD
CLKOUT = S1S0A + S1S0B + S1SOC + S1S0D
Figure 15. Karnaugh Map for CLKOUT
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4-BIT BINARY COUNTER DETAILS

The same basic procedure used in determining the
equations for the clock selector, is used in determining the
equations for the 4-bit counter. The only difference is that
now we are dealing with a present state, next state
situation. This means a D-type flip-flop will be required in
actual circuit implementation. As before, the truth table is
generated first, and is shown in Table 3.

Table 3. Truth Table

PRESENT STATE NEXT STATE
CLR Q3 Q2 Q1 Qo Q3 Q2 Q1 Qo
0 X X X X 0 0o 0 o
~ 1 0 0 0 O c 0 0 1
1 0o 0 0 1 0o 0 1 o
1 o 0 1 0 0o o0 1 1
1 c o 1 1 0o 1 0 oO©
1 0 1 0 0 o 1 0 1
1 0 1 0 1 o 1 1 0
1 - 0o 1 1 0 o 1 1 1
1 o 1 1 1 1 0 0 O
1 1. 0 0 0 1 0 0 1
1 1 0 0 1 1.0 1 0
1 10 1 0 10 1 1
1 1 o 1 1 1 1 o o
1 1.1 0 o0 1 1 0 1
1 1 1 0 1 11 1 0
1 1 1 1 0 11 1
1 11 11 0 0 0 0

From the truth table, the equations for each output
can be derived from the Karnaugh map. This is shown in
Figure 16. Note that the inverse of the truth table is being
solved so that the equation will come out in AND-NOR
logic form.

BINARY/DECADE COUNT DETAILS

Recalling from the example requirements that the
counter should count in decade whenever the BD input is
low, we can again generate a truth table for this function
(Table 4). Since the counter is already designed to count in
binary, we can use this feature to simplify our design.
What we desire is a circuit whose output goes low,
whenever the BD input is equal to a logic level “0”, and
the counter output is equal to “9”. This output can then be
fed back to the CLR input of the counter so that it will
reset whenever the BD input is low. Whenever the BD
input is high, the output of the circuit should be a high
since the counter will automatically count in binary. Notice
that Q shown in the truth table is the function we desire.



CLR,Q3,02 —
a3 a3
01'00\ — —
I—F—F—F)
BB EE
BEEERE [ 1] ]oo
1111 1[1]1]1
Q1 ===—l
11]]
[ 1
Q2 Q2

(a) KARNAUGH MAP FOR Q0

CLR,Q3,02 CLR
a3 a3
01,00\ — —
—_———a —— 1
[ K]
1{1]1{1
Qo
AERERER] 111111}
o 1] 1]1]
-===—J
[ I I
Q2 a2

= CLR@sa2a4a0 + CtRa3a20100 + CLRA%G20100

=CLR + Q100 + Q100
(b) KARNAUGH MAP FOR Q1

8 9

CLR
CLR.03,02 —

7 a a3
Q1,00 \ — —

O
1
1

it llouis

NEE

Q2 Q2
@2 = CLRa@sa284@9 + CtRasd2016e + GtRE8020100
+ GtRE80284a0

Gz = CLR + 0241 + 020100 + 3200
(c) KARNAUGH MAP FOR Q2

CLR.Q3,02 CLR
a1,00 \
b
1
1
M

@3 - CLResara4@e + GtRO30284@0 + CtRO3G20Ta8
+ C+RQ3a2@400 + G+RQ302Q100
Q3=CLR + Q302 + 03a1 + 300 + 0302Q1Q0

. (d) KARNAUGH MAP FOR Q3

Figure 16. Karnaugh Maps

In this particular example, a Karnaugh map is not
required because the equation cannot be further

simplified. The resulting equation is given below.

BD OUT =BDQ3Q20Q1Q0

Table 4. Truth Table

BDQ302Q1Q0 Q Q BDQ3Q2Q1Q0 Q
00000 -0 1 10000 0
6000 1 01 10001 0
¢ 0010 01 1 0010 0
00011 o0t 10011 0
00100 01 10100 O
00101 01 10101 0
00110 01 10110 o0
0001 11 01 1701 11 0
01000 01 11000 0
01001 10 11001 0
01010 01 11010 0
0101 1 01 1101 1 o0
01100 0 1 11100 0
01101 01 11101 0
01110 01 11110 o0
01111 01 1711 11 o

ol

- ea aa m o a3 3 e o o

FUSE MAP DETAILS

Now that the logic equations have been defined, the 2
next step will be to specify which fuses need to be blown. O
Before we do this however, we first need to label the input
and output pins on the TIBPALI6R4. By using Figure 12 ©
as a guide, we can make the following pin assignmentsin @,

i =}

Figure 17. <

PIN

1 CLK 20 VvCC

2 SELO 19 CLKOUT

3 SEL1 18 NC

4 CLKA 17 Q0

5 CLKB 16 Q1

6 CLKC 15 Q2

7CLKD - 14.Q3

8 CLR 13 NC

9 BD 12 BD OUT

10 GND 11 OE

With this information defined, we now need to insert
the logic equations into the logic diagram as shown in
Figure 17.

6-17
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Figure 17. Programmed TIBPAL16R4



It is now probably obvious to the reader, that their appropriate logic equations (Figure 18). The program

inserting the logic equations into the logic diagram is a will then generate a fuse map (Figure 19) for the device
tedious operation. Fortunately, a computer program selected. Notice that the fuse map looks very similar to the
called PALASM will perform this task automatically. All block diagram (Figure 17) which we have just completed
that is required is telling the program which device has by hand. In addition, this information can now be down’
been selected, and defining the input and output pins with loaded into the selected device programmer.

DEVICE TYPE 16R4

PIN LIST NAMES =

PIN NUMERER = 1 PIN NAME =

PIN NUMBER = 2 PIN NAME =

PIN NUMEBER = & PIN NAME =

PIN NUUMBER = 4 " FPIN NAME =

PIN NUMEBER = & PIN NAME =

PIN NUMBER = 4 PIN NAME =

PIN NUMRER = 7 PIN NAME =

PIN NUMBER = & PIN NAME =

PIN NUMBER = 9 PIN NAME =

PIN NUMBER = 10 PIN NAME =

FIN NUMERER = 11 FIN NAME = /OE
PIN NUMEBER = 12 PIN NAME = EDOUT
FIN NUMBER = 13 PIN NAME = NC
PIN NUMBER = 14 PIN NAME = &

FIN NUMBER = 15 PIN NAME =

PIN NUMBER = 16 PIN NAME =

PIN NUMBRER = PIN NAME =

PIN NLMBER = PIN NAME =

FIN NUMBER = FIN NAME = CLKOUT
PIN NUMBER = PIN NAME = VCC

EXPRESSIONS  AND DESCRIFPTION =
EXPRESSIONE 11 =
/CLEQUT=/SELL#/SELO#/CLEA +/SELI#SELQ#/CLKE +SEL1#/SELO#/DLKD +SEL1#SELO®/CLKED

EXPRESSIONC 2] =
/Q0=/CLR +Q0

EXPRESSIONLD 31 =
/U1=/CLR +/01%#/00 +Q1#Q0

EXPRESSIONC 4] =
/RZ=/CIR +/02%#/01 +02#Q1#Q0 +/02#/60

Applications

SEIONC 31 =
ARA3=/CLR +/Q3#/82 +/03%#/01 +/03#/00 +Q3#0Q2#01#00

EXPRESSIOND 41 =
/BOOUT=/RO#Q3#/02% /01 #00

Figure 18. Pin ID and Logic Equations
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Figure 19. Fuse Map
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ADVANCED SOFTWARE

PALASM, while extremely useful in generating the
fuse map, does little to help formulate the logic equations.
This is what the new software packages such as ABEL and
CUPL address. They not only generate the fuse map, but
they also help in developing the logic equations. In most
cases, they can generate the logic equations from simply
providing the program with either a truth table or state
diagram. In addition, they can test the logic equations
against a set of test vectors. This helps ensure the designer
gets the desired function.

These are only a few of the features available on
these new advanced software packages. We recommend
that the reader contact the specific manufacturers
themselves to obtain the latest information available. For
your convenience, at the end of this application note we
have included the addresses and phone numbers for many
of these programming and software companies.

As an example, we will approach our previous
design utilizing DATA I/O’s ABEL package. The purpose
here is not to teach the reader how to use ABEL, but
rather to give them a basic overview of this powerful
software package. Figure 20 shows the source file required
by ABEL. Note that the 4-bit counter has been described
with a state diagram table. When the ABEL program is
complied, the logic equations will be generated from this.
The equations for CLK OUT and BD OUT have been

given in their final form to demonstrate how ABEL would
handle these. Also notice that test vectors are included for
checking the logic equations. This is especially important
when only the logic equations has been given.

Figure 21 shows some of the output documentation
generated by the program. Notice that the equations
generated for the counter, match the the ones generated
by the Karnaugh maps. A pinout for the device has also
been generated and displayed. The fuse map for the
device has not been shown, but looks very similar to the
one in Figure 19. As with the PALASM program, this
information can be down loaded into the device
programmer.

PERFORMANCE

Up to this point, nothing has been said about the
performance of these devices. The Standard High Speed
PAL (indicated by an “A” after the device number) offered
by TI has a maximum propagation of 25 ns from input to
output, and 35 MHz f,34. Also available is a new, higher
speed family of devices called TIBPALS. These devices are
functionally equivalent with the current family and offer a
maximum propagation delay of 15 ns from input to output.
They are also rated at 50 MHz fix. The higher speeds on
these devices make them compatible with most high-speed
logic families. This allows them to be designed into more
critical speed path applications.

6-21-
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modole BDLCOUNT flan “—-r27
title hit binary/decade counter

IC1 devire “P16R47:

" pin assinnments and constant declarations
CLK_IN,SELO0,SELY CLKA pin  1,2,3 4:

CLKB, CLKE, CLKD pin S.4,7:

CLR,BO_IN, OE pin 8,9.11;

BU.NUT, CLK_OUT pin 12.19;

n2,02,01,00 pin 14,15,16,17+

CK, L, H, X, Z = Co, 001, WXe , Zut
oUTPUT = [03.02,01,003;

maunter states
50="60000;
S1="L0001+

n

24="b0100; S8="61000: S$12="b1100;
S5=~b0101 $9="b10013 S$13="b1101;
~bO110; S10=°b61010; S14=~b1110;
7="b0111y S11="b1011; S15="b1111;

nmon

euations
" clock selector .
CLK.OUT = CLKA & 'SELO % 'SEL1 # CLKR % 'SEL1 & SELO
# CLKC % SEL1 & 'SELO # CLKD & SEL1 & SELO;
" count nine indicator for decade counting
BD_OUT = 'C'BD_IN % Q2 & !'0Q2 & 'Q1 % QO):

state_dianram (22,0201, 00]

State SOz IF CLR == 0 THEN SO ELSE S1;
State S1: IF CLR 0O THEN SO ELSE S2;
State 32¢ IF CLR © THEN SO ELSE S33
State £3r IF CLR O THEN S0 ELSE £4:
State S4: IF CLR O THEN SO ELSE S5;
State 553 IF LR O THEN SO ELSE Sé&3
State Sé&:@ IF CLR O THEN SO ELSE S7;
State S7: IF CLR O THEN SO ELSE S8;
State £8: IF CLR O THEN S0 ELSE S9;
State S9: IF CLR 0O THEN S0 ELSE S10;
State S10: IF CLR O THEN SO ELSE S11;
State S11: IF CLR O THEN SO ELSE S12;
State S12¢ IF CLR 0 THEN SO ELSE S133
State S13: IF CLR O THEN SO ELSE S14;
State 5143 IF CLR 0 THEN S0 ELSE S153
State S15: IF CLR O THEN SO ELSE 'SO;
test_vectors “clock selectar”
(CCLKA, CLKB, CLKC, CLKD, SEL1, SELO] -> CLK_.QUT)
te , x X , X , L, L1 => Ls
CH , x X, X, L, L= Hs
tx , L ., X , X ., L, H 1 - [
CXxX ., H o, X, X, L, H 1 -2 H;
Ex , x . [ X, H, L1 - L;
tXx , X , H, X, H L1 > Hz:
rx o, x ., X, L, H, HI1-> Ly
€ x X X, H , H, H 1 > H;
test_vectors ‘counter”

(CCLK_IN, 0E, CLR, BD.IN] -> (QUTPUT, BD_OUTI)
U CK, L., v, X 1 ->0C S0, HI;
r £k, Lo, H, X 1 ->0( S1, H I:
£ CK, L, H, X 1 ->1f S22, H I

‘ { rx, L, H, X 1 ->00 S2, HI;
C cK, L, H, X 31 ->C S4, H I
| S L, H, X 3 ->0 S35, HI;
r ck, L, H, X 31 ->r S&, HI;
r L, H, X 3->C0 S7, H I
t L, H, X 31->C S8, HI;
4 L, H, L1 ->¢€ SS9, L 3
r L. H. X 3 ->f S10, H I
C L, H X 1 ->00s511, HI:
r L, H. X 3 ->T1 812, H I;
[ L, H, X 1 ->10S13, HI;
[ L. H, X 1 ->10C 518, H I
[ ¥, L, H, H 1 ->108S15. H 1:
r cK, L . H, X 1->0C S0, H I
C X H, X. X 1 ->0 Z ,; HI

end BD_COLINT

Figure 20. Source File for ABEL
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Page 1
ABEL (tm) Versian 1,00 - Document Generator
4-bit binary/decade counter
Equations for Module BD_COUNT

Device IC1

Reduced Equations:?
CLK_OUT = !'((SEL1 & SELO & 'CLKD
# (SEL1 & !SELO &% !CLKC
# (!'SEL1 & SELO & 'CLKB
# 'SEL1 % 'SELO % 'CLKA)))):
BOLOUT = '(Q3 % 'Q2 % 'Q1 & Q0 & 'BD_IN);
02 1= (D2 & A2 % Q1 & RO
# ('Q3 & '02
# (‘02 % 'Ol
# ('Q2 & '0O
# 'CLR)))I)) g
02 2= 1((02 % Q1 & Q0 # ('02 & 'Q1 # (!'Q2 & 'Q0 # !CLR))));
01 2= '({(Q1 &% Q0 # ('Q1 & 'R0 # !'CLR)));

20 = 1((e0 # !'CLR));

Page 2
ABEL (tm) Version 1.00 - Document Generator
4-bit binary/decade counter
Chip diagram for Module BD_COUNT

Device IC1

o

Vce )

CLK_ouT =
©

Qo 2

a1 2

Q2 = ¢

Q3

BD_OUT

OE

end of module BD_COUNT

Figure 21. ABEL Output Documentation
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ADDRESS FOR PROGRAMMING AND SOFTWARE MANUFACTURERS*

HARDWARE MANUFACTURERS

Citel

3060 Raymond St.
Santa Clara, CA 95050
(408) 727-6562

DATA 1/0

10525 Willows Rd.
Redmond, WA 98052
(206) 881-6444

DIGITAL MEDIA
3178 Gibralter Ave.
Costa Mesa, CA 92626
(714) 751-1373

Kontron Electronics

630 Price Avenue
Redwood City, CA 94063
(415) 361-1012

Stag Micro Systems
528-5 Weddell Drive
Sunnyvale, CA 94086
(408) 745-1991

Storey Systems

3201 N. Hwy 67, Suite H
Mesquite, Tx 75150

(214) 270-4135

Structured Design

1700 Wyatt Dr., Suite 7
Santa Clara, CA 95054
(408) 988-0725

Sunrise Electronics

524 S. Vermont Avenue
Glendora, CA 91740
(213) 914-1926

Valley Data Sciences

2426 Charleston Rd.
Mountain View, CA 94043
(415) 968-2900

Varix

1210 Campbell Rd.
Richardson, TX 75081
(214) 437-0777

Wavetec/Digelec

586 Weddel Dr., Suite 1
Sunnyvale, CA 94089
(408) 745-0722

SOFTWARE MANUFACTURERS

Assisted Technologies (CUPL)
2381 Zanker Road, Suite 150
Santa Clara, CA 95050

(408) 942-8787

DATA 1I/0 (ABEL)
10525 Willows Rd.

Redmond, WA 98052
(206) 881-6444

*Texas Instruments does not endorse or warrant the suppliers
referenced.

Reference

1. H. Troy Nagle, Jr., B.D. Carroll, and David Irwin, An Introduction
to Computer Logic. New Jersey: Prentice-Hall, Inc., 1975.
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MECHANICAL DATA

DW plastic ‘‘small outline’’ packages
Each of.these ‘“small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated
within a plastic compound. The compound will withstand soldering temperature with no deformation, and
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads
require no additional cleaning or processing when used in soldered assembly.

20-PIN DW
12,9 (0.508)
—_
12,7 {0.500)
20 n
10,65 {0.419)
10,15 (0.400})
7,55 (0.297)
7.45 (0.293)

® 0
L HHUUHHHEHY

o R
- Z Pﬁ’:zs 9,0 (0.354)
s 0,5 (0.02) X 45" 86 (0.338)
2,35 (0.093) *l
[ —\ - X

T
0.30 (0.012)_I ' ' -.I h_o,.sgo (0.019) r‘ 4° 24° - 7° NOM 1,27 (0.050} l ’
0,10 (0.004) l | 0,350 {0.014} 0,320 (0.013) 4 PLACES §2nT0.016)

X 0,230 (0.009)

0,785 {0.031} -l
0,585 (0.023)
1,27 (0.050} TP

NOTES: A. Body dimensions do not include mold flash or protrusion.
B. Mold flash or protrusion shall not exceed 0,15 (0.006).
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

TEXAS {'P

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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MECHANICAL DATA

DW plastic ‘“small outline’” packages

24-PIN DW

15,5 (0.610)

15,3 (0.602)

10,65 (0.418) -
10,15 (0.400)

7,55 (0.297)
7.45 {0.293)

AAAARRAAAARR

HEHEHEHHHHE

9,0 (0.354}

- /uq" NOM ¢ 86 (0.338) yl

4 PLACES 0,5 (0.02) X 45° 1

K3
2,65 (0.104)
2,35 (0.093) i

0,30 (0.012)

0,10 (0.00a)
0,785 (0.031)
0,585 0.023)

L1

-

" \
=0 J \ 7LL.
T o

0,490 (0.019) ‘L’T/ 79 NOM
o pq0 \e
_4 l"oasoqouw 4 4

] 4 PLACES

1 0320 (0.013) 127 10.050)
: 0,230 (0.009)
1,2710.050) TP 0,40 (0.016]

NOTES: A. Body dimensions do not include mold flash or protrusion.
B. Mold flash or protrusion shall not exceed 0,15 {0.006).
C. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.
D. Lead tips to be planar within +0,051 {0.002) exclusive of solder.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

X
INSTRUMENTS
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MECHANICAL DATA

FK ceramic chip carrier packages

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch)
centers. terminals require no additional cleaning or processing when used in soldered assembly.

FK package terminal assignments conform to JEDEC Standards 1 and 2.

FK CERAMIC CHIP CARRIER
(28-terminal package shown)

CERAMIC CHIP CARRIERS

JEDEC
OUTLINE TERMINA Y max | ot owmax
DESIGNATION® RMINALS M !
860 909 | 780 909
msooace 2 (0.342) __(0.358) | (0.307) _(0.358)
11,23 11,63 10,31 11,63
" ; K - X
Soace = (0.442) _ (0.458) | (0.406) _ (0.458)

*All dimensions and notes for the specified JEDEC outline apply.

051 (0.020)
0,25 (0.010) _’} '

051 (0.020) 1
’ 0,25 (0.010) .
1]
-
a
—
1]
Q
—
c
]
1,40 (0.055) S
1.14 (0.045) 1,14 (0.045) O
- - E g . 0,89 (0.035) g
4N :
0,71 (0.028) : '
056 (o.ozz)"l I'_ 127100501 T.P. 1,14 (0.045) 1‘——.—————?23‘(2‘3‘::

~

0,89 (0.035)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

i
Texas ‘V 7-5
INSTRUMENTS :

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



MECHANICAL DATA

FN plastic chip carrier package

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. the compound withstands soldering temperatures with
no deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27-mm
(0.050-inch) centers. Leads require no additional cleaning or processing when used in soldered assembly.

FN PLASTIC CHIP CARRIER
(28-terminal package used for illustration}

4,50 (0.177)
4,24 (0.167)

2,79 (0.110)

1220008) o | 247 (0.095]
1" 7,07 (0.042) 1,35(0.053) o poo | 094(0.037)
1,19 (0.047) .~ 0.69(0027)

I 3

7 23 C {AT SEATING PLANE)

+~1,27 (0.050) T.P.
:f {See Note B)
-

TN =
@
N
8

fe—

iy e gy gy g o~ \
B Jq 0,25 (0.010)
(See Note A) 3PLACES 1 MAX SEATING PLANE
A {See Note C)
JEDEC NO. OF A B c
OUTLINE TERMINALS MIN MAX MIN MAX MIN MAX 0,8110.032)
0,66 (0.026)
MO 04 7R 2 09,75 003 | 883 904 | 787 8.8
(0.385)  (0.395) | (0.3500 10.356) | (0.3101 (0.330) 152 (0.060) MIN
MO-047AB 28 12,32 12,57 11,43 11,58 10.41 10.92
(0.485)  (0.495) | (0.4501 (0.456) | (0.410) (0.430) o=
MO.047AC a4 17.40 17.65 16,51 16,66 15,49 16.00 0,64 (0.025) MIN
[(2: eag) © egs) (0;’6501 10.656) | (0.610)  (0.630) 051 (0020) L
MO-047AE 68 (05;;5) (;59'9; 24.13 349'32 53';; “9‘51 0.36(0.014) |
. ) {0.950) ( 56) 10.910) 10.930) LEAD DETAIL

All dimensions and notes for the specified JEDEC outline apply.

NOTES: A. Centerline of center pin each side is within 0,10 (0.004)} of package centerline as determined by dimension B.
B. Location of each pin is within 0,127 (0.005)} of true position with respect to center pin on each side.
C. The lead contact points are planar within 0,10 (0.004).

/ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Bl cieq jedlueyOdN

— i
7.6 TEXAS s
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MECHANICAL DATA

J ceramic dual-in-line packages (including JD, JT, and JW)

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a
lead frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in
mounting-hole rows on 7,62 (0.300) or 15,24 {0.600) centers. Once the leads are compressed and inserted
sufficient tension is provided to secure the package in the board during soldering. Tin-plated (‘‘bright-
dipped’’) leads require no additional cleaning or processing when used in soldered assembly.

NOTE: For the 14-, 16-, and 20-pin packages, the letter J is used by itself since these packages are available only in the 7,62 (0.300)
row spacing. For the 24-pin packages, if no second letter or row spacing is specified, the package is assumed to have 15,24 {0.600)
row spacing.

14-PIN J CERAMIC

19,94 {0.785)
19,18 (0.755)
Falls Within JEDEC TO-116 and
EIA MO-001AA Dimensions @ @ @ @ @
ANADNDNAND
0,63 (0.025) R NOM .
¢ <
7.87(0.310) [VAPAYAVRVRY]
7,27 (0.290)
ol 711 0.280) @@@@@@@
6,22 (0.245)
78 (0.070) MAX 14 PLACES
_a L 127 0,51 (0.020) MIN | | 1,78(0.070) 4
(0.050) NOM i — | _otass
5,08 {0.200) SEALANT
] MAX q
105" SEATING PLANE [} 0,69 (0.027) MIN
907 14 PLACES
14 PLACES
e e s
0,36 (0.014) 3,30 (0.130) > .38 (0.
0,20 (0.008) * MIN 25410.100)
14PLACES . 178 (0.070] PIN SPACING 254 (0.100) TP,

4PLACES (ea Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-PIN J CERAMIC 1058 0725 ©
i 19,18 (0.755) bt
@
OO0 a
—
G g 063 (0.025) R NOM ~_| 8
7,87 (0.310) -
7,37 (0.290) c
7,11 (0.280) o (5]
R oJcfelofeYofoyo £
[3)
_’* | 1.2 tn.050) NOM -*I Iua {0.070) MAX 16 PLACES o
X 1 GLASS E
5,08 (0.200) SEALANT
MAX N
I - SEATING PLANE J———,—
lg_%_. 051 (0.020) ,| Li: 0,69 (0.027) MIN
12PLA
16 PLACES MmN i [l 12praces
/A 0,36 (0.014) 3,30 (0.130) 0,58 (0.023)
\~ §,20 (0.008) MIN 538 (0015] 16 PLACES
16 PLACES 38 (0.4
0,305 (0.012) MIN el
APLACES 1,27 (0.050)
PIN SPACING 2,54 (0.100) TP. B8 T0015) | PLACES

Note A)
¢ For memories of 64 bits and up and a few MSI/LSI products in Series 54/74 and Series 545/74S
that are derived from memory circuit bars, this maximum is 7,62 (0.300). All other dimensions apply
without modification.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 {0.010) of its true longitudinal position.

Texas {9 : 7.7
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

18-PIN J CERAMIC
23,1 (0,910} MAX

OIOIOICIOIOISIGIO)]

¢ G
L 787(0310)
37020 063 0025 Rom— L
Sl 7.62(0.300) TR TATATATATATY)
e [oJololo)eloJolo]o)
1,27 (0.050) NOM 0,5'|M(0N020) r—1,78’(0.070) MAX 18 PLACES
I — GLASS
5,08 (0,200 SEALANT
MAX ,
SEATING —
105 PLANE 330 (0.130} |l 0,69 (0.027) MIN
o N 14 PLACES
18 PLACES
\‘-o 356 (0014) T 058 (0.023)
——’\ 0,203 (0.008) ¥ 0,38 (0.015)
18 PLACES 18 PLACES
PIN SPACING 2,54 (0.100) %ﬁf)’fg;
(See Nots A) 4PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

20-PIN J CERAMIC
24,76(0.975)
23,62 (0.930)

CSIOICIOIOICICIOIOLQ)
A A o

0,63 (0.025) R NOM

7,87 (0.310}
7,37 (0.290)

7.62 (0.300)
622 (02%5) OOOEOEOOEOO®
__] r 1,27 (0.050) NOM l o, 5':\;3\‘020) A—I ln— 178 10 070) MAX 20 PLACES

GLASS
L& SEALANT

5,08 (0.200)
MAX
_SEATING
133: PLANE 330 0.130) _,I le 0,69 (0.027) MIN
M 16 PLACES
ZOPLACES 03810010 IN (T
0,36 14 .
0,20 (0.008) 0,305 (0.012) rqu»i 058 0023
20 PLACE: 4 PLACES . - v
: 127 0050 ]| 20PLACES
0,38 (0.015)
4PLACES

PIN SPACING 2,54 {0.100) T.P.
{See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

ﬁxs‘b
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

24-PIN JT CERAMIC, 0.300-INCH ROW SPACING

31,8 (1.250) MAX

OEEAOOOOOOOB®

0,63 (0.025) R NOM

§ & 5260325
7,37 (0.250)
7,62 (0.300) UUVUVVVVVVQ
6,22 (0.245) @ @@@@@ @ @@@
’l' 1270050 N0 o _.1 r_ 17800700, o 2ces
¥ 0.76 (0.030) i
5,08 (0,200)
MAX
SEATING
v PLﬁNE ’ | '4 HGS (0.027) MIN
24 PLACES ! 24 PLACES
58 (0.02
i S —i-iags
2aPLACES I—- PIN SPACING 2,54 (0,100) T P
2,54 (0.100) MAX (See Note A)
4PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY. IN INCHES

24-PIN JW CERAMIC

32,8 (1.290)
31,3(1.235)

el DIOAIDIOIDITIE)
ATATATAYATATAYATATATATA!

063(0.025) R—~
NOM

¢ G WUV
15202026 olelelojelolelojolvlole)

(0.600 £ 0.010) 14,2 {0.560)
13,1 (0.515) 1,91 (0.075)
—4 1,27 (0.050) NOM r 1,27 (0.050) 1,78 {0.070) MAX 24 PLACES -es
| —GLASS SEALANT [ 5‘7 (0.225)
k) 3.8(0.150)
— SEATING——T—— (|
1% 24 PLACES FLANE 178 (0.070) ' 06 (0.160)
0,30 (0.012) ol 0.51{0.020) 377109251
0,20 (0.008) 0,51 (0.020) 0,71 (0.028) MIN 24 PLACES
24 PLACES 0.41 {0.016) 24 PLACES
24 PLACES 2,54 (0.100)
PIN SPACING 2,54 (0.100) TP 'I,S—Z(m-)
(See Note A) 4 PLACES

Falls within JEDEC MO-0O15AA dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

Texas {'f
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MECHANICAL DATA

J ceramic dual-in-line packages (continued)

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads.

eleQ |edIUBYDI3Al

~

JD CERAMIC—SIDE BRAZE

INDEX MARK
(DOT, TRIANGLE, TN

B MAX

OR NUMBER)

C NOM

¢ e
A 1.7810.070)
‘ I 0,51 (0.020) MIN 0,76 10.030) 7] [
_L' ”'”l”l“”' 5,08 (0.200) MAX
¥ __SEATING
108° PLANE © f [ :v_ 3,18 (0.125) MIN
j¢-30° "
JL 1,91 {0.075) MAX—:’IO—I.'
0,38 (0.015)
0.20 {0.008) 2,54 (0.100) NOM 0,53 {0.021)
g’:es;:g":? 0.38 (0.015)
PINS (N) ,
oM 16 18 20 22 24
A +0,51 {+0.020) 7.62 7.62 7.62 7.62 7,62
-0,25 {-0.010) (0.300) { (0.300) | (0.300) | (0.300) (0.300)
B {(MAX} 20,57 23,11 25,65 27,94 30,86
(0.810) | (0.910) | (1.010) | (1.100) | (1.215)
C (NOM) 7,37 7.37 7,37 9,91 7.37
(0.290) | (0.290) | (0.290) | {(0.390} | (0.290)
PINS (N) 24 28 40 48 52 64
DIM
A +0,51 (+0.020) 16,24 | 15,24 | 1524 | 1524 | 1524 | 22,86
-0.,25 (-0.010) (0.600) | {0.600) | (0.600) | (0.600) | (0.600) | (0.900)
B (MAX) 31,8 36,8 52,1 62,2 67.3 82,6
(1.250) | (1,450) | (2.050) | (2.450) | (2.650) | (3.250)
.C (NOM) 15,0 15,0 15,0 15,0 15,0 22,6
(0.590) | 10.590) | (0.590) | (0.590) | (0.590) | (0.890)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

TeExas ‘V
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MECHANICAL DATA

N plastic dual-in-line packages (including NT and NW)

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. The compound will withstand soldering temperature with
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity
conditions. The packages are intended for insertion in mounting-hole rows on 7,62 (0.300), 15,24 {0.600),
or 22,86 (0.900) centers. Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Leads require no additional cleaning or processing when
used in soldered assembly.
NOTE: For all except 24-pin packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing.
For the 24-pin package, the 7,62 (0.300) version is designated NT; the 15,24 (0.600} version is designated NW. If no second
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing.

14-PIN N 19,8 (0.780)
18,0 (0.710)
OOOOOE
NANATAVATANANA
¢ P 2,4 (0.093) R NOM ——3
__“,75220 £ g,ﬁo) 2,8 (0.110) NOM — o]
300 £ 0.
. 6352025 VAV AVAV VAW
(0350 + 0010 016]610]6]0]0)
+ 2,0 (0.080) NOM X
‘.1 }‘_ —»] |«—1781(0.070) MAX 14 PLACES
=1 } 057700200 ]
025(0010 5,08 (0.200) MAX MIN
NOM Y
105 \——SEATING PLANE F 0,84 {0.033) MIN

%0° 14 PLACES
1apLaces _ |\, 0360014

0,25 (0.070] 0,533 (0.021)
y 3,17 (0.125) MIN 0.381(0.015)
14 PLACES .
14 PLACE!
(S8 Note B) 2,03:051 | ot BS)
{0.080 £ 0.020) See Note

4PLACES PIN SPACING 2,54 (0.100) T.P.
(See Note A}

Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN iNCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

RNIR Mechanical Data
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

AGFIN N 19,8 (0.780) MAX
HEG@OOOO®E
NDANNNND
b 7,621 0,2
1 'S
. o - 2,4(0.093} R M—1
10.300 £ 0.010) . 2‘: o 1)10) :‘;M a
| 6,352 0,25 s
(0.250 £ 0.010) \
L 2010080 now ®®®®@®@.
‘..1 r- N . A —»] j#—1.78 (0.070) MAX 16 PLACES
0, 3\ w Uiﬁ
1 €025 10.010 Nom I |
1 5,08 (0.200) MAX i
1052/ SEATING PLANE ’| l: 0,84 (0.033) MIN
> 0,36 (0.014) - [ 12puaces
16 PLACES F_ —] 0,533 (0.021)
> 5 (0070} 3,17 (0.125) MIN
SePLAcES {555 {501
(Sen Note B) 1,65 (04 oss)__ 16 PLACES
0,38 (0.015) (See Note B)
4 PLACES PIN SPACING 2,54 (0.100) T. P.
(Sea Note A)
Parts may be supplied in accordance
with the alternate side view at the ALTERNATE SIDE VIEW
- option of TI plants located in Europe. — F—I 78 (0.070) MAX 16 PLACES
In this case, the overall length of the
package is 22,1 (0.870) max. 0,51 (0.020)
5,08 (0.200) MAX Mi'"
: f 0,84 (0.033) MIN
16 PLACES
©3,17 (0.125) MIN |-0533 40 021)
241(0.095) “’"-‘“s
41(0.095)_ |
1,02 (0.040) PIN SPACING 254 (0.100) T.p, (SteNote B)
4PLACES (See Nots A

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

18-PIN N

0@.@@@@@‘

ATAVAYAWAYA

) € ¢ 2,36 (0.093) R NOM——B
762:025
(¢} I 0.300 + 0,010) 406(0.160)NOM —f@—»]
2 VAVAVAV AVAVAVAV AV,
S || o DOOOOOOO®
—
() [ 2,03 (0.080) NOM
* . f— 1,78 {0.070) MAX 18 PLACES
o el ~
-_— T 0,25 (0010 O 0,51 10.020) ]
»)] 25 10! ™ 508 (0200 Max  MIN
-
Q —SEATING PLANE m
- : f || [pe- 08210035 Min
m 90 18 PLACES
18 PLACES — e |
0,279 + 0,076 3,17 (0.125) MIN P_‘ 0,457 £ 0,076
’“‘(o on + Doy {0.018 £ 0.003)
. - 18 PLACES
{See Nom B lﬂd C) {See Notes B and C)
7 ;’Z; ((g'gg: —» PIN SPACING 2,54 (0.100) T.P.
4PLACES (See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located with 0,25 {0.010) of its true longitudinal position.

B. This dimension does not apply for solder-dipped leads.

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating
plane.

7-12 ‘ TeExAs *?
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

20-PIN N

2,4(0.093} R NOM-—E ’

2,8(0.110) NOM —fe—»{
|7 WA NWNN

G ¢ N/ \J
7822028 0]010]0]6]0]0]0]0]C,
(0.300 £ 0.010)
L 7,11 (0.280) .
6,61 (0.260)
. 24,77 (0.975)
L 080, 23,22(0.914) 7]
_’l [ I 2,0{0.080) NoM —+ | 1.78 (0.070) MAX 20 PLACES

—
o.25 00101 nOM 1
5,08 (0.200) MAX l
—— SEATING PLANE . & LO.M -
105° 0,51 (0.020) 16 PLACES
o 0,36 (0.014) e 0,533 (0.021)
20 PLACES 36 (0. e
: -—v\\*"’—(_fo,zs 5.010 :'?‘;—(g‘:g-z—: - 0,381 (0.015)
20 PLACES 1710125 68 10.066) PIN SPACING 2,54 (0.100) T.P. 20 PLACES
(See Note B 0,22 (0.009) (See Note A) {See Note B)
4PLACES
L 25,40 (1.000)
23,62 (0.930) .
| 1 ALTERNATE SIDE VIEW
Je-1.78 (0.070) MAX 20 PLACES
t 1|
' 5,08 (0.200) MAX (See Note C)
1,91(0.075)
7,02 (0.040). ‘.._ * 0,84 (0.033) MIN
4 PLACES °'5:ﬂ‘|"’q'°z°’ 1 20 PLACES
VIEW A i
0,533 (0.021)
o e ot 1 e a5 l0:159) = 300w
option of TI. European-manufactured 27 (0.050) PIN SPACING 2,54 (0.100) T.P. 20 PLACES
parts may have pin 1 as shown in it b {See Note A} (See Note B}
view A, Alternate-side-view parts 0,38 {0.015)
manufactured outside of the USA 4 PLACES
may have a maximum package length
of 26,7 {1.050).

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.
C. Parts may be supplied with a draft angle of 7° typical at the option of TI.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

LYl Mechanical Data

, :
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MECHANICAL DATA

N plastic dual-in-line packages {(continued)

24-PIN NT PLASTIC

31,8 (1.250)
28,5 (1.125)

®

®
>®
D®
>®
D@
>@
>
:
>
6]

®

¢ ¢ 2,4 (0.093) R NOM _'E
762:025 " N

[ (0.300 + 0.010) 28 (0.170) Now —
' 71 0za0imax OOOOEEOOOEO®
0,38 (0.015)
MIN
N 000 " 1,78 (0.070)
_.1 I N 2,0 (0.080) NO ~.| ’-—-1——," o5 24 PLACES
0,25 (0.010) NOM 5.08 (0.200)
MAX
— SEATING PLANE
105° i |n-|,u (0.045) MIN
= ) 24 PLACES
24 PLACES 0,36 (0.014) - 0533 (0.021)
4’\\"_0,25 (0.010) 4.06 (0.160) 0,381 (0.015)
24 PLACES 3,17 (0.125) 24 PLACES
(See Note B) 2.16 (0.085) (See Note B)
83T G0z PIN SPACING 2,54 (0.100) TP,
4PLACES {See Note A)

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its irue longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

g eieq [edlueydd

{ip
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

24-PIN NW PLASTIC,

32,8 {1,290} MAX

OEOOROOOB®O
AV AVAYA VAV AW AWAVATAYA

@
A

2,4 {0.093) R NOM—
2,8{0,110) NOM —
A

15,24+ 0,26
(0.600 + 0.010}
14,0 {0.550) —a]

NOM
2,0 (0.080) NOM

UV TTY
016J0]616J0JOJOITIRIT)

t=-1,78 (0.070) MAX 24 PLACES

0,25 (0.010) NOM
—
-SEATING PLANE

0,51 (0.020) MIN |l |

}
5,08 (0.200) MAX

(00(')2131 S g,gggrﬂt" J L 0,83 (0.033) MIN 7 3,17 {0.125) MIN
.01 # 0. 24 PLACES 24 PLACES
24 PLACES 0,457 1 0,076 2,42 (0.095) MAX e
(See Note B) (0.018 1 0.003} 4PLACES
24 PLACES PIN SPACING 2,54 {0.100) T. P.
{See Note B) (See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

28-PIN N PLASTIC

36,6 (1.440) MAX.
29888800000060

1 L0

EITHER OR BOTH

-}

INDEX MARKS
Slelololelotalololetolle!)
€ saeeom E
0.600 £ 0.010)
0,51(0.020)
MIN ’
5,08 (0.200) MAX
SEATING PLANE 14—
1058 3,17 (0.125) MIN
90° 028:008 046 20,08 e
0011 0009 464008 _J|, 10,84 (0.033) MIN
(0.018 + 0.003) 12720851
PIN SPACING 2,54 {0.100) TP. :
Moo A) 0.050 £ 0.020)
152 (0.060) NOM

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

XN Mechanical Data
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MECHANICAL DATA

N plastic dual-in-line packages (continued)

40-PIN N PLASTIC

53,1 (2.090) MAX ='l

[v!l—lmﬁhﬁﬁﬁﬁhﬁl_\hf—lnhhm

EITHER OR BOTH <
INDEX MARKS

S § B0 § N | N N U ) D § D SN U N ) SN D A SN § S S D ) S )

O] C

15242025 &

10,600 ¢ 0.010)
0,51 (0.020)
MIN
5,08 (0.200) MAX

ﬂ ‘_tl.s‘; *- SEATING PLANE = I
% 0281008 0457 £ 0,076 kA

.01 200031"“" (0.018¢ 0003)—.".- I ‘J +-0,84 (0.033) MIN

0,
PIN SPACING 2,54 (0.100) T.P. "21_':4'; :o.g::;
See Note A) 1,52 (0.060) NOM ’

£

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

48-PIN, 52-PIN, AND 64-PIN N PLASTIC

B MAX
@-
¢ ¢ ==
{‘-;Aﬁ
INDEX \:)
105°
“90° T =
PIN SPACING IS 2,54 {0.100) T.P.
{See Note A}
PINS (N)
DM 48 52 64
A £ 0,25 (0.010) 15,24 (0.600) | 15,24 {0.600) | 22,86 (0.900)
B MAX 62,2 (2.45) 67,3 (2.65) 81,3 (3.20)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE: A. Each pin centerline is located within 0,25 (0.010) of its true longitudina! position.

TeExas {?
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T1 Sales Offices

ALABAMA: Hunlsville (205) 837-7530.

ARIZONA: Phoenix (602) 995- 1007
Tucson (602) 624-3276.

CALIFORNIA: IrvIne 17I4) 660-8187;
Sacramento (916) 929-1521;

San Diego (619) 278 9601;

Santa Clara (408) 980 9000;
Torrance (213) 217-7010;
Woodland Hills (818) 704-7759,

COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269-0074.

FLORIDA: Ft. Lauderdale (305) 973-8502;
Maitland (305) 660-4600; Tampa (813) 870-6420.

GEORGIA: Norcross (404) 662-7900.
ILLINOIS: Arlington Heights (312) 640-2925.

INDIANA; Ft. Wayne (219) 424-5174;
Indianapolis (317) 248-8555.

IOWA: Cedar Rapids (319) 395-9550.
MARYLAND: Baltimore (301) 944-8600.
MASSACHUSETTS: Waltham (617) 895-9100.

MICHIGAN: Farmington Hills (313) 653-1500;
Grand Rapids (616) 857-4200.

MINNESOTA: Eden Prairie {612) 828-9300.

MISSOURI!: Kansas ng (816) 523-2500;
St. Louis (314) 569-7¢

NEW JERSEY: Iselin (201) 750-1050.
NEW MEXICO: Albuquerque (505) 345-2555.

NEW YORK: East Syracusa (315) 463-9291;
Endicott (607) 754- 900 Melvitle (516) 454-6600;
Pittsford (716) 385-677(

Poughkeepsie (914) 473 2900.

NORTH CAROLINA: Charlotte (704) 527-0930,
Raleigh (919) 876-2725.

QHI0: Beachwood (216) 464-6100;
Dayton (513) 258-3877.

OREGON: Beaverton (503) 643-6758.

PENNSYLVANIA: Fi. Washington (215) 643-6450;
Coraopolis (412) 771-8550.

PUERTO RICO: Hato Rey (809) 753-8700

TEXAS: Austin (512) 250-7655;

Houston (713) 778-6592; Rlchardson (214) 680-5082;
San Antonio (512) 496-1

UTAH: Murray (801) 266-8972.

VIRGINIA: Fairfax (703) 849-1400.

WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfield (414) 785-7140.

CANADA: Nepean, Ontario (613) 726-1970;

Richmond Hill, Ontario (416) 884-9181;
St. Laurent, Quebac (514) 335-8392.

TI Regional
Technology Centers

CALIFORNIA: Irvine (714) 660-8140,
Santa Clara (408) 748-2220.

GEORGIA: Norcross (404) 662-7945.
ILLINOIS: Arlington Heights (312) 640-2909.
MASSACHUSETTS: Waitham (617) 895-9197.
TEXAS: Richardson (214) 680-5066.
CANADA: Nepean, Ontario (613) 726-1970

Customer
Response Center

TOLL FREE: (800) 232-3200

OUTSIDE USA: (214) 995-6611
(8:00 a.m. — 5:00 p.m. CST)

TI Distributors

LISA:UTHORIZED DISTRIBUTORS IN

Arrow Electronics

Diplomat Electronics

General. Radio Supply Company
Graham Electronics

Hall-Mark Electronics

Kierulff Electronics

Marshall Industries

Milgray Electronics

Newark Electronics

Time Electronics

R.V. Weatherford Co.

Wyle Laboratories

Zeus Component, Inc. (Military)

TI AUTHORIZED DISTRIBUTORS IN
CANADA

Arrow Electronics Canada
Future Electronics

TI AUTHORIZED DISTRIBUTORS IN
USA

—OBSOLETE PRODUCT ONLY—
Rochester Electronics, Inc.
Newburyport, Massachusetts
(617) 462-9332

ALABAMA: Arrow (205) 837-6955;
Hall-Mark (205) 837-8700; Kierulff (205) 883-6070;
Marshall (205) 881-9235.

ARIZONA: Arrow (602) 968-4800;
Hall-Mark (602) 437-1200; Kierulff (602) 437-0750;
Marshall (602) 968-6181; Wyle (602) 866-2888.

CALIFORNIA: Los Anneles/Ovange counly
Arrow (818) 701-7500, g

Hall-Mark (818) 716 73 0, (714) 669-4:

(213) 217-8400; Kierulff (213) 725 0325 1714) 7315711,
(714) 220-6300; Marshall (818) 407-0101,

(818) 442- 7204 (714) 660-0951;

R.V. Weatherford (714) 966- 1447 (213) 849-3451,
Wyle (213) 322-8100, (818) 880- 900| (714) 863+ 9953
Zeus (714) 632-6880;

Sacramento: Arrow (916) 9

Hall-Mark (316) 722-8600; Marshall (916) 635-9700;
Wyle (916) 638-5282;

San Diego: Arrow (BIQ) 565-4/

Hall-Marl (619) 268-1201; Kleﬂ.ﬂ" (619) 278-2112;
Marshall (619) 578-9600; Wyle (619) 565-9171;

San Francisco Bay Area: Arrow (408) 745- 6600

(415) 487-4600; Hall-Mark (408) 946-0900;

Kierulff (408) 971-2600; Marshall (408) 9434600
Wyle (408) 727-2500; Zeus (408) 998-5121.

COLORADO: Arrow (303) 696-1111;
Flall-Mark (303) 7601662, Kierulff (203) 790-4444;
Wyle (303) 457-9953.

CONNECTICUT: Arrow (203) 265-7741;
Diplomat (203) 797-9674; Hall-Mark (203) 269-0100;
Kierulff (203) 265-1115; Marshall (203) 265-3822;
Milgray (203) 795-0714.

FLORIDA: F1. Lauderdale: Arrow (305) 429-8200;

Diplomat (305) 974-8700; Hall-Mark (305) 971-9280;

Kierulff (305) 486-4004; Marshall (305) 928-0661;

Orlando: Arrow (305)

Hall-Mark (305) 855- 4020 Marshall (305) 841-1878;

Mllgray (305) 647-5747; Zeus (305) 365-3000;
Tampa: Arrow (813) 576-

Dlplomat (813) 443«4514 Hall Mark (813) 530-4543;

Kierulff (813) 576-1966.

GEORGIA: Arrow (404) 4498,
Hall-Mark (404) 447-8000; KleruIIf (404) 447-5252;
Marshall (404) 923-5750.

TEXas

INSTRUMENTS

ILLINOIS: Arrow (312) 397-3440;
Diplomat (312) 595-1000; Hall- Mark (312) 860-3800;
KIeruIII {312) 250- 0500 Marshall (312) 490-0155;

Newark (312) 784-5

INDIANA lndilnap Arrow (317) 243-9353;
Graham (317) 634-8202; Hall-Mark (317) 872- 8875
Marshall (317) 297-0483;

Ft. Wayne: Graham (2I9) 423-3422.

IOWA: Arrow (319) 395-7230.

KANSAS: Kansas City: Arrow (913) 541-9542;
Hall-Mark (913) 888-4747; Marshall (913) 492-3121.

MARYLAND: Arrow (301) 995-0003;

Diplomat (301) 995 1226 Hall Mark (301) 988-9800;
Kierulff (301) 6: y (301) 9956169;
Marshall (301) 840 9450 Zeus (301) 997 1118,

MASSACHUSETTS: Arrow (617) 933-8130;
Diplomat (617) 667-4670; Hall-Mark (617) 667-0902;
Kierulff (617) 667-8331; Marshall (617) 272-8200;
Time (617) 632-6200; Zeus (617) 863-8800.

MICHIGAN: Detroit: Arrow (313) 971.8220;
Marshall (313) 525-5850; Newark (313} 967-0600;
Grand Rapids: Arrow (616) 243-0912,

MINNESOTA Arrow (612) 830-1800;
all-Mark (612) 941 2600 Kierulff (612] 941-7500;
Marshall (612) 559-2211

MISSOURI: St. Louis: Arrow (314) 567-6888;
Hall-Mark (314) 291-5350; Kierulff (314) 739.0855.

NEW HAMPSHIRE: Arrow (603) 668-6968.

NEW JERSEY: Arrow (201) 575-5300, (609)
596-8000; D:plomat (201) 785-1830;

General Radio (609) 964-8560;

Hall-Mark (201) 575-4415, (609) 235-1900;
Kierulff (201) 575-6750, (SOQD 235-1444;
Marshall (201) 882~0320, (609) 234‘9I00;
Milgray (609) 983-5010.

NEW MEXICO: Arrow (505) 243-4566.

NEW YORK: Long Island Arrow (516) 231-1000;
Diplomat (516) 454-64
Rali-Mark (516) 737- 0500 Marshall (516) 273-2053;
Milgray (516) 420-9800; Zeus (914) 937-7400;
Rochestar: Arrow (716) 427-0300;
Marshall (716) 235-7620; Dtplomat (716) 359-4400;
Syracuse: Arrow (315)6 52-100(
Marshall (607) 798-1611.

NORTH CAROLINA: Arrow (919) 876-3132,
(919) 725-8711; Hall-Mark (919) 872-0712;
Kierulff (919) §72-8410; Marshall (919) 878.0882.

OHI0: Cleveland: Arrow (216) 248-3990;
Halt-Mark (216} 349- 4632 Kierulff (216} 831- 5222;
Marshall (216) 248-1
Columbus: Arrow (614) 885-8362;
Hall-Mark (614) 888-! 3313

Dayton: Arrow (513) 4.
Graham ({513) 435+ 8660 Kuerulﬂ (513) 439-0045;
Marshall (513) 236- 8084.

OKLAHOMA: Arrow (918) 665-7700;
Kierulff (918) 252-7537.

OREGON: Arrow (503) 684-1690;
Kierulff (503) 641-9153; Wyle (503) 640-6000;
Marshall (503) 644- 5050.

PENNSYLVANIA: Arrow (412) 856-7000,
(215) 928-1800; General Radio (215) 922.7037.

RHODE ISLAND: Arrow (401) 431-0980

TEXAS: Austin: Arrow (512) 835-4180;

Hall-Mark (512) 258-8848; Kierulff (512) 835-2090;
Marshall (512) 837-1991; Wyle (512) 834-9957;
Dallas: Arrow (214) 380- ’8464;

Hall-Mark (214) 553-4300; Kierulff (214) 343-2400;
Marshall (214) 233-5200; Wyle (214) 235-9953;
Zeus (214) 783-7010;

Houston: Arrow (713) 530-4700;

Hall Mark (713) 781-6100; Kierulff (713) 530-7030;
Marshall (713) 8959200 Wyle (713) 879-9953.

UTAH: Arrow (801) 972-0404

Diplomat (801) 4 34;

Hall-Mark (801) 268 3779 Kierulff (801) 973-6913;
Wyle (801) 974-9953.

WASHINGTON: Arrow (206) 643-4800;
Kierultf (206) 575-4420; Wyle (206) 453 -8300;
Marshall (206) 747-91 00.

WISCONSIN: Arrow (414) 792-0150;
Hall-Mark (414) 797-7844; Kierulft (414) 784-8160;
Marshall (414) 797-8400.

CANADA: Calgary: Future (403) 235-5325;

Edmonton: Future (403) 438-2858;

Montreal: Arrow Canada (514) 735-5511;

Future {514) 694-7710;

Ottawa: Arrow Canada (613) 226-6903;

Future (613) 820-8313;

Quebec City: Arrow Canada (418) 687-4231;
Toronto: Arrow Canada (416) 661-0220;

Future (416) 638-47

Vancouver: Future (604) 294-1166

Winnipeg: Future (204) 339-0554

BQ




T1 Worldwide
Sales Offices

ALABAMA: Huntsville: 500 Wynn Drive, Suite 514,
Huntsville, AL 35805, {205) 837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix,
AZ 85021, {602) 995-1007.

CALIFORNIA: Irvine: 17891 Cartwright Rd., lrvine,
CA 92714, (714) 660-8187 Sacramento: 1900 Point
West Way, Suite 171, Sacramento, CA 95815,
(916) 929-1521; San Dlago: 4333 View Ridge Ave.
Suite B., San Diego, CA 92123, (619) 278 H
Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA
95054, (408) 980-9000; Torrance: 690 Knox St.,
Torrance, CA 90502, (213) 217-7010;

Woodland Hills: 21220 Erwin St., Woodland Hills,
CA 91367, (818) 704-7759.

COLORADO: Aurora: 1400 S. Potomac Ave.,
Suite 101, Aurara, CO 80012, (303) 368-8000.

‘CONNECTICUT Wallingford: 9 Barnes Industrial
Park Rd., Barnes industrial Park, Wallingford,
CcT 08492 (203) 269-0074.

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St.,
Ft. Lauderdale, FL 33309, (305) 973-8502;
Maitland: 2601 Maitland Center Parkway.
Manland FL 3275| (305) 660-4600;

edy Blvd., Suite 101,
Tampa FL 33609 (813) 870-6420.

GEORGIA: Norcross: 5515 Spalding Drive, Norcross,
GA 30092, (404) 662-7900

ILLINOIS: Arlington Hei O%hls: 515 W. Algonquin,
Arlington Heights, IL 60005, {312) 640- 28

INDIANA: Ft. Wayne: 2020 Inwood Dr., Ft. Wayne,
IN 46815 9) 424!

Indianap 2346 S. Lynhuvsl Suite J-400,
Indianapolis, IN 46241, (317) 248-8555.

1OWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200,
Cedar Rapids, IA 52402, (319) 395-9550.

MARYLAND: Baltimore: 1 Rutherford PI.,
7133 Rulhsrforu Rd., Baltimore, MD 21207,
(301) 944-860!

MA$SACHUSETTS: Wnllhlm: 504 Totten Pond Rd.,
Waltham, MA 02154, (617) 895-9100.

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd.,
Farmington Hills, M| 48018, {313) 553-1500.

MINNESOTA: Eden Prairle: 11000 W, 78th St.,
Eden Prairie, MN 55344 (612) 828-9300.

MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas
City, MO 64114, (816) 523-2500;

St. Louis; 11816 Borman Dnve St. Louis,

MO 63146, (314) 569-760¢

NEW JERSEY: Iselin: 435E U.S. Route 1 South
Parkway Towers, Iselin, NJ 08830 (201) 750- 1050

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy
NE, Albuquerque, NM 87107, (505) 345-2555.

NEW YORK: East Syracuse: 6365 Collamer Dr., East
Syracuse, NY 13057, (315) 463-9291;

Endicott: 112 Nanticoke Ave., PO Box 618, Endicott,
NY 13760, (607) 754- 3900 Molvlll- 1 Huntington
Quadrangle Suite 3C x 2936, Melville,
NY 11747, (516) 454-1 6600 Pmslord 2851 Clover Sl
Pittsford,'NY 14534, (715) 385-6770;

Poughkeepsie: 385 South Rd., Poughkeepsie,

NY 12601, (314) 473-2900.

NORTH CAROLINA: Charlotte: 8 Woodlawn Green,
Woodlawn Rd., Charlotte, NC 28210, {704) 527-0930;
Raloigh: 2809 Highwoods Blvd., Suite 100, Raleigh,
NC 27625, (919) 876-2725.

OHIO0: Beachwood: 23408 Commerce Park Rd.,
Beachwood, OH 44122, (216) 464-6100;

Dayton: Kingsley Bldg., 4124 Linden Ave., Dayton,
OH 45432, (513) 258-3877.

OREGON: Beaverton: 6700 SW 105th St., Suite 110,
Beaverton, OR 97005, (503) 643-6758.

PENNSYLVANIA: Fi. Washington: 260 New York Dr.,
F1. Washington, PA 19034, (215) 643-64!

Coraopolis: 420 Rouser Rd., 3 Airport Oﬂlce Park,
Coraopolis, PA 15108, (412) 771-8550

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg.,
Suite 505, Hato Rey, PR 00919, (809) 753-8700.

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769,
(512) 250-7655; Richardson: 1001 E. Campbell Rd.,
Richardson, TX 75080,

(214) 680-5082; Houston: 9100 Southwest Frwy.,
Suite 237, Houston, TX 77036, (713) 778-6592;
San Antonio: 1000 Central Parkway South,

San Antonio, TX 78232, (512) 496-1779.

UTAH: Murray: 5201 South Green SE, Suite 200,
Murray, UT 84107, (801) 266-8972.

VIRGINIA: Fairlax: 2750 Prosperity, Fairfax, VA
22031, (703) 849-1400.

WASHINGTON: Redmond: 5010 148th NE, Bldg B,
Suite 107, Redmond, WA 98052, (206) 881 '3080.

WISCONSIN: Brookfield: 450 N. Sunn; A
Suite 150, Brookfield, W1 53005, (414) ;85»7140.

CANADA: Nepean: 301 Moodie Drive, Ma\lom
Center, Nepean, Ontario, Canada, K2H9C:

(613) 726-1970. Richmond Hill: 280 Cen(re St E,
Richmond Hill L4C1B1, Ontario, Canada

(416) 884-9181; St. Laurent: Ville St. Laurent Quebec,
9480 Trans Canada Hwy., St. Laurent, Quebec,
Canada H4S1R7, (514) 335-8392.

ARGENTINA: Texas Instruments Argentina
S.A.L.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos
Aires, Argentina, 1+ 393-3008.

AUSTRALIA (& NEW ZEALAND): Texas lnslrumenls
Australia Ltd.: 6-10 Talavera Rd., North Ryd

(Sydney), New South Wales, Australia 2113

2 + 887-1122; 5th Floor, 418 St. Kilda Road,
Melbourne, Victoria, Australia 3004, 3 + 267-4677;
571 ggglg ngnway, Elizabeth, South Auslralca 5112

AUSTRIA: Texas Instruments Ges.m.b.
industriestrabe B/16, A-2345 erunn/Gebwge‘
2236-846210.

BELGIUM: Texas Instruments N.V. Belgium S.A.:
Mercure Centre, Raketstraat 100, Rue de la Fusee,
1130 Brussels, Belg\um 2/720.80.00.

BRAZIL: Texas Instrumenfs Electronicos do Brasil
Ltda: Rua Paes Leme, 524-7 Andar Pinheiros, 05424
Sao Pauto, Brazil, 0815-6166

DENMARK: Texas Instruments A/S, Mauelundve]
46E, DK-2730 Herlev, Denmark, 2 - 91 74 0

FINLAND: Texas Instruments Finland OY:
Teol:lxls;;skatu 19D 00511 Helsinki 51, Finland, (90)

FRANCE: Texas |nstrumenls France: Headquarters
and Prod. Plant, BP 05, 06270 Villeneuve-Loubet,
193' 20-01-01; Parls Office, BP 67 8-10 Avenue
Morane»Saulnier, 78141 Velizy~VilIacoublay
(3) 946-97-12; Lyon Sales Ottice, L'Oree D'Ecully,
Batiment B, ‘Chemin de la Folestlere, 69130 Ecully,
(W) 83304-40 Strasbourg Sales Office, Le Sebastopol
3, Quai Kleber, 67055 Strasbourg Cedex
(88) 22-12-66; Rennes, 23-25 Rue du Puits Mauger,
35100 Rennes, (99) 31 -54-86; Toulouse Sales O hce
Le Perlpole—Z Chemin du Plgeonmer de la Cemere,
31100 Toulouse, (61) 44-18-19; Marseitle Sales Office,
Noilly Paradis— 146 Rue Pavadis, 13006 Marseille,
(91) 37-25-30.

INSTRUMENTS

GERMANY (Fed. Republic of Germany): Texas
Instruments Deutschland GmbH: Haggertystrasse 1,
D-B050 Freising, B161 + 80-4591; Kurfuerstendamm
195/196, D-1000 Berlin 15, 30+882 7365; IIl, Hagen
43/Kibbelstrasse, .19, D-4300 Essen, 201-24250;
Frankfurler Allee 6.8, D-6236 Eschborm 1,

BO70; Hambuvgevstrasse 11, 02000 Hamburg
75 04042201154 Kirchhorsterstrasse 2, D-3000
Hannover 51, 511 +648021 Maybacnslrabe 1,
D-7302 Ostfildern 2- Nellngen 711 + 54700
Mixikoring 19, D-2000 Hamburg 60, 40«6374006\
Postfach 1309, Roonstrasse 16, D-5400 Koblenz,
261+35044.

HONG KONG (+ PEOPLES REPUBLIC OF CNINA)
Texas Instruments Asia Ltd., 8th Floor, Wi

Shipping Ctr., Harbour City, 7 Canton Rd Kowloon
Hong Kong, 3+ 7221223,

IRELAND: Texas Instruments (Ireland) Limited:
Brewgry Rd., Stillorgan, County Dublin, Eire,
1831311,

ITALY: Texas Instruments Semiconduttori italia Spa:
Viale Delle Scienze, 1, 02015 Cittaducale (Rieti),
Italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma),
Monterotondo Scalo (Rome), Italy, 6 + 9003241; Viale
Europa, 3844, 20093 Cologno Monzese (Mitano),

2 2532541; Corso Svizzera, 185, 10100 Torino, Naly,
;;5787;545 Via J. Barozzi 6, 40100 Bologna, IHaly, 51

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama
Fuji Bldg., 6-12, Kita Aoyama 3-Chome, Minato-ku,
Tokyo, Japan 107, 349&2"1 Osaka Branch 5F,
Nissho Iwai Bidg., 30 Imabashi 3- Chome,
Higashi-ku, Osaka Japan 541, 06-204- 1581 Nagoya
Branch, 7F Daini Toyola Wesl Bldg., 1027 Meieki
4-Chome, Nakamura-ku Nagoya, Japan

450, 52-583-8691.

KOREA: Texas tnstruments Supply Co.: 3rd Floor,
Samon Bldg., Yuksam-| Dong Gangnam-ku,
135 Seou!, Korea, 2 +462-8

MEXICO: Texas Instruments de Mexico S.A.: Mexico
City, AV Reforma No. 450 — 10th Floof, Mexico,
D.F., 06600, 5 +514-3003.

MIDDLE EAST: Texas Instruments: No. 13 1st Floor
Mannai Bldg., Diplomatic Area, P.O. Box 26335,
Manama Bahrain, Arabian Gulf, 9734274681

NETHERLANDS: Texas Instruments Holtand B.V.,
P.O. Box 12995, (Buliewljk) 1100 C8 Amsterdam,
Zuid-Oost, Holland 20 + gGOZ

NORWAY: Texas Instruments Norwa: Als PB108,
Refstad 131, Oslo 1, Norway, (2) 155

PHILIPPINES: Texas lnstrumenls Asia Ltd.: 14th
Floor, Ba- Lepanto Bidg. Paseo de Roxas,
Makalv, Metro Manila, h-llppmes. 2+8188987.

PORTUGAL: Texas Instruments Equlpamento
Electronico (Portugal), Lda.: Rua Eng. Frederico
Ulrich, 2650 Moreira Da Maia, 4470 aia. Portugal,
2.948-1003. . .

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas Insiruments Asia L1d.: 12 Lofong
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estate,
Repubtic of Smgapcre 747-2255.

SPAIN: Texas Instruments Espana, S.A.: ClJose
Lazaro Galdiano No. 6, Madrid 16, 1/458.14.58.

SWEDEN: Texas Instruments International Trade
Corporation (Sverigefilialen): Box 39103, 10054
Stockhotm, Sweden, 8 - 235480.

SWITZERLAND: Texas Instruments, Inc., Reidstrasse
6, CH- 8953 Dietikon (Zuerich) Sw:tzerland
1.740

TAIWAN: Texas Instruments Supply Co.: Room 903,
205 Tun Hwan Rd., 71 Sung-Kiang Road, Taipei,
Taiwan, Republic of China, 2 + 521-9321

UNITED KINGDOM: Texas Instruments Limited:
Manton Lane, Bedford, MK41 7PA, England, 0234
67466; St. James House, Wellington Road North,
Stockport, SK4 2RT, England, 61 +442.7162.
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