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General Description

The 24-pin medium PAL family contains four of the most
popular PAL architectures with speeds as fast as 5 ns maxi-
mum propagation delay. Series -7 and -5 devices are
manufactured using National Semiconductor’s proprietary
ASPECT™ I TTL process with highly reliable “vertical-
fuse” programmable cells. Vertical fuses are implemented
using avalanche-induced migration (AIMT™) technology of-
fering very high programming yields. The 24-pin medium
PAL family provides high-speed user-programmable re-
placements for conventional SSI/MS! logic with significant
chip-count reduction.

Programmable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming the programmabile cells to configure AND/OR
gate connections, the system designer can implement cus-
tom logic as convenient sum-of-products Boolean functions.
System prototyping and design iterations can be performed
quickly using these off-the-shelf products. A large variety of
programming units and software makes design develop-
ment and functional testing of PAL devices quick and easy.

The PAL logic array has a total of 20 complementary input
pairs and 8 outputs generated by a single programmable
AND gate array with fixed OR-gate connections. Device out-
puts are either taken directly from the AND-OR functions
(combinatorial) or passd through D-type flip-flops (regis-
tered). Registers allow the PAL device to implement
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sequential logic circuits. TRI-STATE® outputs facilitate bus-
ing and provide bidirectional I/O capability. The medium
PAL family offers a variety of combinatorial and registered
output mixtures.

On power-up series -7 and -5 devices reset all registers to
simplify sequential circuit design and testing, direct register
preload is also provided to facilitate device testing. Security
fuses can be programmed to prevent direct copying of pro-
prietary logic patterns.

Features

# 5 ns maximum propagation delay (combinatorial
outputs)

B Pin compatible with existing PAL families

m High programming yield and reliability of vertical-fuse
AIM technology

m Supported by industry standard programming equipment
and design development software

B Fully supported by National's OPAL™ and OPAL jr.
software

m Power-up reset for registered outputs

m Register preload facilitates device testing

m User programmable replacement for high speed TTL
Logic

m Security fuse prevents direct copying of logic patterns

® High noise immunity DIP package

28-Lead PLCC Connection
Conversion Diagram

Block Diagram—PAL20R8
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Test Waveforms

Set-Up and Hold Pulse Width
E—-
CLOCK V. HIGH=LEVEL
AT ov PULSE INPUT

(sn_y?m»p

DATA v

V.

INPUT 4 ov LOW=LEVEL

TL/L/11143-7 PULSE INPUT

TL/L/11143-9

Propagation Delay Enable and Disable
v
INPUT ENABLING INPUT 36‘1 ENABLE Ve K DisasLE
ov
~ v - = tezn tphz |
IN=PHASE (] NORMALLY HIGH Vo I [
OUTPUT N v OUTPUT }( " bo.sv
(S1 CLOSED) oL (S1 OPEN)  Z=— T
e
t,
OUT OF PHASE | Vou NORMALLY LOW 7 —1 2 Lz
OUTPUT OUTPU v
(St CLOSED) —— Vo, (st Soten) Vou I . 0.5v

TL/L/11143-8
TL/L/11143-10
Notes:

V= 1.5V

Cy includes probe and jig capacitance.

In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily.
For all input pulses: t, = t < 2 ns, duty cycle = 50%.

Switching Waveforms
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TLAL/11143-11

Power-Up Set/Reset Waveform
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CLOCK

A

TL/L/11143-12
*The clock input should not be switched from low to high until after time tregeT Of tSET.
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Functional Description

All of the 24-pin medium PAL logic arrays consist of 20 com-
plementary input lines and 64 product-term lines with a pro-
grammable cell at each intersection (2560 cells). The prod-
uct terms are organized into eight groups of eight each.
Seven or eight of the product terms in each group connect
into an OR-gate to produce the sum-of-products logic func-
tion, depending on whether the output is combinatorial or
registered.

In the National Series -7 and -5 vertical fuse (AIM) PAL de-
vices, a programmed vertical fuse cell establishes a con-
nection between an input line and a product term. A product
term is satisified (logically true) while all of the input lines
connected to it (via unprogrammed fuses for the fuse-link
devices, or by programming the comresponding cells for the
vertical fuse devices) are in the high logic state. Therefore, if
both the true and complement of at least one array input is
connected to a product line, that product term is always
held in the low logic state (which is the state of all product
terms in an unprogrammed fuse-link device). Conversely, if
all input lines are disconnected from a product line, the
product term and the resuiting logic function would be held
- in the high state (which is the state of all product terms in an
unprogrammed National -7 and -5 PAL device). For more
information on vertical fuse technology, consult our applica-
tion note #594.

The medium PAL family consists of four device types with
differing mixtures of combinatorial and registered outputs.
The 20L8, 20R4, 20R6 and 20R8 architectures have 0, 4, 6
and 8B registered outputs respectively, with the balance of
the 8 outputs combinatorial. All outputs are active-low and
have TRI-STATE capability.

Each combinatorial output have a seven product-term logic
function, with the eighth product term being used for TRI-
STATE control. A combinatorial output is enabled while the
TRI-STATE product term is satisfied (true). Combinatorial
outputs also have feedback paths from the device pins into
the logic array (except for two outputs on the 20L8). This
allows a pin to perform bidirectional 170 or, if the associated
TRI-STATE control product term were programmed to re-
main unsatisified (always false), the output driver would re-
main disabled and the pin could be used as an additional
dedicated input.

Registered outputs each have an eight product-term logic
function feeding into a D-type flip-flop. All registers are trig-
gered by the high-going edge of the clock input pin. Ail reg-
istered outputs are controlled by a common output enable
(G) pin (enabled while low). The output of each register is
also fed back into the logic array via an internal path. This
provides for sequential logic circuits (state machines, count-
ers, etc.) which can be sequenced even while the outputs
are disabled.

Series -7 and -5 medium PAL devices reset all registers to a
low state upon power-up (active-low outputs assume high
logic levels if enabled). This may simplify sequential circuit
design and test. To ensure successful power-up reset, Voo
must rise monotonically until the specified operating voltage
is attained. During power-up, the clock input should assume
a valid, stable logic state as early as possible to avoid inter-
fering with the set or reset operation. The clock input should
also remain stable until after the power-up reset operation is
completed to allow the registers to capture the proper next
state on the first high-going clock transition.

During power-up, all outputs are held in the high-impedance
state until DC power supply conditions are met (Vcc approx-
imately 3.0V), after which they may be enabled by the TRi-
STATE control product terms {combinatorial outputs) or the
G pin (registered outputs). Whenever Voo goes below 3V
(at 25°C), the outputs are disabled as shown in Figure 7
below.

In an unprogrammed National Series -7 and -5 PAL devices,
no array inputs are connected to any product-term lines.
Therefore, all combinatorial outputs would be enabled and
driving low logic leveis (after power-up is completed). All
registers would still initialize to the low state, but would be-
come permanently set (low-level outputs, if enabled) follow-
ing the first clock transition.

As with any TTL logic circuits, unused inputs to a PAL de-
vice should be connected to ground, VoL, VgH, or resistive-
ly to Vgo. However, switching any input not connected to a
product term or logic function has no effect on its output
logic state.

g |

3.0v

g

OUTPUTS /

AN

N\

/

TL/L/11143-13

FIGURE 1. Power-Up TRI-STATE Waveform
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24-Pin Medium PAL Family Block Diagrams—DIP Connections

PAL20LS PAL20R4
N O = e T ][] < [ >—— e (]

LI =[]
L G
L)
[ EH
DG
BIE
) G
[ G
[ [}

=[]
=) [) o
) ]
=] [
] ]
] [o]
3] [ o
2] [o] e
=] [u] o

¥8ln
GH
L
G
1

e
el
i G
1 G
1 niolk 1 G olol
~[1 G 0 w0l G Lo 0 ¢

{reec em nuwsers } ] ]—[nct L umns]—I

TL/L/11143-14

B L
Bor—{ [+1

e D>
-5 |
D [
>
oS

e
(e
o2 [] ©
][] e
=) (]

AND
ARRAY |

ESLEKEN

TL/L/11143-15

TL/L/11143-186

PLOC PIN NUMBERS

PAL20R6 PAL20RB
¢ [ E——— ][] e ¢ [ EP—— T (]
CBIEH] =[] 1 | =] (] -
E @k G PO e e
G PO @ LI PO R
G PO b G PR
DI, PO 0O PO e
LI PO LIE POH e e
EH PO B PO
G PO e ) e G PO
' [e) —"-5_—&' ][] RIT o B gig= §ne g DIDL
N me @[] N me 4[] !
o [i'] Gh {3 [js} ¢ wofu] (n L] ] &

TL/L/11143-17

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




IMAGE UNAVAILABLE

B 9004597 07434L1 L?79 mm

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



Design Development Support continued)

In National Series -7 and -5 devices, logical and physical
connections between array input lines and product-term
lines are established when vertical fuse cells are pro-
grammed. This is opposite to other PAL products based on
fusible links in which connections are established when fus-
es are left unprogrammed (intact). This difference is com-
pensated by the vertical-fuse PAL programming algorithm
so that the user’s design development process looks the
same. (The only functional difference due to vertical-fuse
technology is the behavior of “unprogrammed” devices.)
The JEDEC programming maps produced by PAL develop-
ment software for all Medium PAL devices denote a *“‘con-
nection” with a “0”, and a “non-connection” with a “1”.
The programming algorithms for most fuse-link PLDs pro-
gram fuses where ones are located in the map to remove
corresponding connections, whereas the algorithm for Na-
tional Series PAL -7 and -5 products automatically compen-
sates by programming vertical-fuse cells where zeroes are

Functional Description (continued)

sz:IL ///

located in the map to establish connections. Therefore, the
same JEDEC map representing the user’s desired logic
equations produces the same functional results when using
either PAL technology. The user need only provide the ap-
propriate device code and/or adapter for the programming
equipment to invoke the proper programming algorithm.
Only programmers with the certified National vertical-fuse
PAL programming algorithm should be used to program
these vertical-fuse devices.

Detailed logic diagrams showing all JEDEC fuse-map ad-
dresses for the 24-pin medium PAL family are provided for
direct map editing and diagnostic purposes. The DIP and
PLCC package for -7 and -5 series are pin for pin replace-
ments for all slower 24-pin medium PAL devices (A, B and D
Series). For a list of current software and programming sup-
port tools available for theses devices, please contact your
local National Semiconductor sales representative or dis-
tributor. If detailed specifications of the PAL programming
algorithm are needed, please contact the National Semicon-
ductor Programmable Device Support Department.

ALL REGISTERED
OUTPUTS

777

— YoL

TL/L/11143-20

a) To Reset All Registers

SELECTED REGISTERED

G (PIN 11)
tp
Vou

YiH
o Ny

OUTPUT PIN

Vo, ———— I‘f o

TL/L/11143-21

b) To Set Selected Registers

Note: Vz = 9.5V to 10.0V, tp min. = 500 ns

FIGURE 2. Register Preload Waveforms
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Ordering Information

Programmable Array Logic Family

Number of Array Inputs

Output Type
L = Active Low
R = Registered

Number of Registered Outputs
(or Total Outputs if Non-Registered)

Speed Version:

-7=7ns
-5=5ns
Packaging Type

N = 24-Pin Plastic DIP
V = 28-Lead Plastic Chip Carrier

Temperature Range
C = Commercial (0°C to +75°C)
M = Military (—55°C to +125°C)

PAL 20 R 8 5 N C
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Logic Diagram—PAL20L8

DIP PIN NUMBERS
{ —— PRODUCT LINE FIRST CELL NUMBERS
1

INPUT LINE
NUMBERS
l

DIP PIN NUMBERS
Veg ‘
s IV

0 2 4 6_810 1214 1618 2022 2426 28 30 3234 36 38 <=
T3 |S)7 1911 {1315 1719 J21123 [25127 |29131 |33|35 {37]39

==

< 23

[o g=)
oo

o —
P
[=X~=]
ool (=3 e By

;L

Do 2

<
S|

~

O b N
DRON
(=== -]
oW
olre

;L

o 2

olo|alo|

)

20

O

19

-
-

a|x|oln

Q|o|o|o

|

tho .

-
~J|
N

J

N

=

&
(=] (=] (o] (o]

2240

16

24802

8
2400 23
2

25

ol2] 4 101 121141 161181 201221 241261 281301 321341 36138
13 57 9111315 1719 2123 2527 29 31 3335 3739

JEDEC Logic Array Cell Number = Product Line First Cell Number + input Line Number

TL/L/11143-22

10

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




Logic Diagram—PAL20R4
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Logic Diagram—PAL20R6
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Logic Diagram—PAL20R8
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JEDEC Logic Array Cell Number = Product Line First Cell Number + input Line Number
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Physical Dimensions inches (millimeters)
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24-Pin Narrow Plastic Dual-In-Line Package (N)
NS Package Number N24C
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. . . Lit.
Physical Dimensions inches (millimeters) (Continued) # 113273

6 SHCES AT

(l 270)
0.1

VIEW A-A

13 X
= 45° (1.143)

0.410-0.430
oa1-10.92)
SQUARE
(CONTACT nmzuslou)
0.020 0.013-0.018

0.032-0.040 {0.508) ™™ mn—_uasn  0.165-0.180
[0.813-1.018) MIN P @191-4572)
7|

mﬂ[lﬁ:_ m t
i

.127-0.381)

PIN NO. 1_f ” 0.026 - 0.032 1 0.104-0.118
IDENT (0.660-0.813} ! (2.642 —2.997)
0.450 w
- 11.43)
REF SQ
| 04850485 v2a eV &)

(12.32-12.57)

28-Lead Plastic Chip Carrier Package (V)
NS Package Number V28A

Programmable Array Logic (PAL) 24-Pin Medium PAL Series -7 and -5
Z

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness. -
be reasonably expected to result in a significant injury 024105 ]/
to the user.
National Semiconductor National National National National
z Corporation GmbH Japan Ltd. Hong Kong Ltd. Do Brasil Lida. (Austraiia) PTY, Lt
2900 i Drive L 10 Sanseido Bldg. 5F Suite 513, 5th Floor Av. Bng. Faria Lima, 1383 1st Floor, 441 St. Kida Rd.
P.O. Box 58090 D-8080 Furstenteldbruck 4-15 Nishi Shinjuku Crinachem Gokden Plaza, 6.0 Andor- . 62 3004
Santa Clara, CA 950528090  West Germany Shinjuku-Ku, 77 Mody Road, Tsimshatsui East, 01451 Sao Paulo, SP, Brasi Victory, Austrakia
Tet 1(800) 272-995¢ Tel: (0-81-41) 103-0 Tokyo 180, Japan Kowioon, Hong Kong Tel: (55/11) 212-5066 Tel: {03) 267-5000
TWX: (810) 339-9240 Telex: 527-649 Tel: 3-298-7001 Tel: 3-7231290 Fax (55/11) 211-1181 NSBR BR  Fax: 61-3-2677458
Fax: (08141) 103554 FAX: 3-298-7000 Telex: 52996 NSSEA HX
Fax: 3-3112536

National does not assuma any responsiblity for use of any circuitry described, no circuil patent icanses are impiied and National reserves the right al any time without notice ta change said circuitry and specifications.
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