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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 4.5 ns
maximum propagation delay. Series -7, -5 and 4 devices
are manufactured using National Semiconductor's proprie-
tary ASPECT™ || TTL process with highly reliable “vertical-
fuse” programmable cells. Vertical fuses are implemented
using avalanche-induced migration (AIM™) technology of-
fering very high programming yields and is an extension of
National's FAST® logic family. The 24-pin medium PAL fam-
lly provides high-speed user-programmable repiacements
for conventional SSI/MSI 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 programmable 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 compiementary 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 fiip-flops (regis-
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tered). Registers aliow the PAL device to implement se-
Quential logic circuits. TRI-STATE® outputs facilitate busing
and provide bidirectional 1/0 capabiiity. The medium PAL
family offers a variety of combinatorial and registered output
mbaures.

On power-up series -7, -5 and -4 devices reset all registers
o simpiify sequential circuit design and testing, direct regis-
ter preload is also provided to faciitate device testing. Secu-
rity fuses can be programmed to prevent direct copying of

Features

® 4.5 ns maximum propagation delay (combinatorial
outputs)

@ Pin compatible with existing PAL families

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

@ Supported by industry standard programming equipment
and design development software

& Fully supportad by National PLAN™ goftware

8 Power-up reset for registered outputs

@ Register preload facilitates device testing

® User programmable replacement for high speed TTL

28-Lead PLCC Connection
Conversion Diagram
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Absolute Maximum Ratings qote 1)

H Military/Aerospace specified devices are required, Storage Temperature —65'Cto +150°C
mfwmﬂm:ﬂ avallablility and speeiﬂurﬂos;;.m mw win —65'C to +125°C
Supply Voltage (Vce) (Note 2) —0.5Vto +7.0V Junction Temperature —65°Cto +150°C
input Voltage (Note 2) —-1.5Vto +7.0V ESD Tolerance (Note 3) 2000V
Ofi-State Output Voltage (Note 2) —1.5Vto +55V Czap = 100 pF
Input Current (Note 2) —30mAto +5.0mA Rzap = 15000
Output Current (g, + 100 mA Test Method: Human Body Model
Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Symbol Parameter -7 Commercial -7 Military Units
Min Nom Max Min Nom Max
Vo Supply Voltage 475 5 525 | 45 5 55 v
Ta Operating Free-Air Temperature 0 25 75 -55 125 ‘C
tw Clock Pulse Width Low 4 5 ns
High 4 5 ns
® | rreedasctmGon 65 7 e
tH Hold Time of Input after Clock 0 1] ns
fok Clock Frequency With Feedback 77 74 MHz
(Note 4) Without Feedback 125 100 | MHz
Vz Register Preload Control Voitage 9.5 8.75 10.0 9.5 8.75 100 v
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level input Voltage (Note 6) 0.8 v
ViH High Level input Voltage (Note 6) 2 v
Vic Input Clamp Voltage Voo = Min, | = —18 mA -1.2 v
I Low Level Input Current (Note 7) | Vog = Max, Vj = 0.4V —250 pA
i High Level input Current (Note 7) | Vg = Max, V| = 2.4V 25 pA
I Maximm Input Current Voo = Max, V| = 5.5V 100 pA
Vor Low Level Output Voltage Voo = Min, lo, = 24 mA 0.5 v
VoM High Level Output Voltage Voo = Min, Ion = ~3.2 mA 2.4 v
lozL Low Leve! Off-State Output Vce = Max, Vo = 0.4V 80 "
Current (Note 7)
lozH High Level Off State Output Ve = Max, Vg = 2.4V 50 oA
Current (Note 7)
los Output Short-Circuit | Comm | Voo = 5.0V, Vg = 0.5V ~50 -130 mA
Current (Note 8) Mil Voo = 5.5V, Vo = 0.5V -50 —200
lcc Supply Current Vee = Max, Outputs Open 125 210 mA
G Input Capacitance Voo = 5.0V, V) = 2.0V pF
Co Output Capacitance Vee = 5.0V, Vg = 2.0V pF
Cio I/0 Capacitance Voo = 5.0V, V0 = 2.0V pF




Electrical Characteristics over Recommended Operating Conditions (Continued)

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper opergtion is not guaranesd outside the
speciGed recommended operating conditions.

Note 2= Some device pins Mmay be raised above thess limits during programming and preload operations according 1o the applicable specification.

Nots 3: Vo must not exceed Vo + 1V.

Note & (cy i with feedback is derived as (lcux + tsu) — 1. foLx without feedback is derived as (24,) —1.

MNobe 5: All typical vaues are for Voo = 5.0V and Ty = 25°C.

Note &: These are absoiute voitages with respect 10 the ground pin on the device and include all overshoots due 10 system and/or tesier noise. Do not attempt 10
ftest thess values without suitable squipment.

Nots 7: Leakage curment for bicirectional I/0 pins is the wors! case between Iy and lgz; or between iy and lozw.

Note &: To avoid invalid readings in other parameter tasts it is preferable 10 conduct the log test last To minimze internal heating, only one output should be
shorted st a time with a maximum duration of 1.0 sec. sach. Prolonged shorting of & high output may rarse the chup lemperature above normal and permanent
damage may result.

Switching CharacteristiCs over Recommended Operating Conditions

Symbol Parameter Test Conditions -7 Commercial T MY | nits
Min | Typ | Max | Min | Typ | Max
tpp input or Feedback to - CL = 50 pF, | 4 Output Switching (DIP) 7 ns
PLCC 7 ns
o Clock Input to Registered, C = 50 pF, S1 Closed 3 65 65 ns
Output or Feedback i
tezxc | G Pin to Registered C_ = 50 pF, Active High: S1 Open, . 25 ns
Output Enabled Active Low: S1 Closed
texze | G Pinto Registered C_ = 5 pF, From Voy: S1 Open, 7 75 ns
Output Disabled From Vgi: S1 Closed )
tezx) Input to Combinatorial Output | G = 50 pF, Active High: S1, Open, 7" 75 ns
Enabled via Product Term Active Low: S1 Closed
tpxzi Input to Combinatorial Output | Ci = 5 pF, From Vou: S1 Open, 7 75 ns
Disabled via Product Term From Vou: S1 Closed i
taesetr | Power-Up to Registered
o Low 1000 1000 | ns
Test Load
5V —o-?’o—L
i; R
OUTPUT

TL/L/11143-3
MiL COMM
A1 = 39001 R1 = 2000
R2 = 75001 A2 = 330N




Schematic of Inputs and Outputs
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Absolute Maximum Ratings mote 1)

if Military/Aerospace specified devices are required, Storage Temperature —65'Cto +150°C
Office/Distributors for avallabliity and specifications. Power Applied —65°Cto +125°C
Supply Voltage (Vcc) (Note 2) —05Vto +7.0v Junction Temperature —65"Cto +150°C
Input Voltage (Note 2) -1.5Vto +7.0V ESD Tolerance (Note 3)
Ofi-State Output Voltage (Note 2) —-1.5Vto +5.5V Czap = 100 pF
input Current (Note 2) —30mAto +5.0mA Rzap = 15009
Output Current (ioy) + 100 mA Test Method: Human Body Model
Test Specification: NSC SOP-5-028
Recommended Operating Conditions
Commercial -4 Commercial
Symbol Parameter S clal | Units
Nom Max Min Nom Max
Veo Supply Voltage 5 5.25 4.75 5 525 v
Ta Operating Free-Air Temperature 25 75 0 25 75 °C
tw Clock Puise Width Low ns
High ns
tsu Setup Time from Input 4 ns
or Feedback to Clock
tH Hold Time of Input after Clock 0 ns
" fok Clock Frequency With Feedback 111 118 MHz
(Note 4) Without Feedback 125 125 | wmHz
Vz Register Preload Control Voltage 9.75 100 9.5 9.75 10.0 v
Electrical Characteristics over Recommended Operating Conditions (Note 5)
Symbol Parameter Test Conditions Min Typ Max Units
ViL Low Level Input Voltage (Note 6) 0.8 v
ViH High Level Input Voltage (Note 6) 2 '
Vic Input Clamp Voltage Ve = Min, | = —18 mA -1.2 v
W Low Level input Current (Note 7) Vee = Max, V| = 0.4V -250 pA
I High Level Input Current (Note 7) Voo = Max, V; = 2.4V 25 pA
Iy Maximum input Current Voo = Max, V| = 6.5V 100 pA
VoL Low Level Output Vottage Ve = Min, lgg = 24 mA 0.5 v
VoH High Level Output Voltage Voc = Min, oy = —3.2mA 24 v
ozt Low Level Off-State Output Ve = Max, Vg = 0.4V —50 WA
Current (Note 7)
lozH High Level Off State Output Voe = Max, Vg = 2.4V 50 4A
Current (Note 7)
los Output Short-Circuit Vee = 5.0V, Vo = 0.5V _ _
Current (Note 8) 50 130 mA
e Supply Current Ve = Max, Outputs Open 125 210 mA
C Input Capacitance Voo = 5.0V, V= 2.0V 5 pF
Co Output Capacitance Vee = 5.0V, Vg = 2.0V 6 pF
Cio 1/0 Capacitance Vce = 5.0V, Vo = 2.0V 6 pF




Electrical Characteristics over Recommended Operating Conditions (Continued)

muMwmmmmwmummummmmhmmmu

Note 2 Some device pins may be raised above thess imits during programming and preioad operaions according 10 the appiicabls speciication.
%ote 3: Vo must not exceed Vg + 1V.

Mote & 1y with feedback is derived a3 (i + tgu)— . icux Without feedback is derived as (2 tw) 1.

Mote §: AN typicel values are for Voc = 5.0V end Ty = 25°C.

Note &: These are absoiute voltages with respect 10 the ground pin on the devics and inciude all overshoots dus 10 system and/or tester nolse. Do Not attempt o
st thess vaiuss without suitable equipment.

Note 7: Leakage current for bidirectional 1/0 pins is the worst case between iy and oz or between iy and lozw.

Note &: To avoid invalid readings in other parameter tests it is preferable 10 conduct the Iog test last. To minimize inlemal heating, only one output should be
shorted at a Sime with a maximum duration of 1.0 sec. sach. Prolonged shoriing of a high oulput may raise the chip temperaiure sbove normal and permanent
damage may result.

Switching Characteristics over Recommended Operating Conditions

~ Symbol Parameter Test Conditions -5 Commercial | -4 Commercial |, s
Min | Typ | Max | Min | Typ | Max
tep input or Feedback to " | €L = 50 pF, | 4 Output Switching (DIP) 5 ns
PLCC 5 45 | ns
tax | Clock Input to Registered CL = 50 pF, S1 Closed 5 a5 | ns
Output or Feedback
tezxc | G Pinto Registered Ci = 50 pF, Active High: S1 Open, 5 45 | ns
Output Enabled Active Low: S1 Closed
texzc | G Pinto Registered C_ = 5 pF, From Vou: S1 Open, 5 45 | ns
Output Disabled From Vpoy: S1 Closed .
tzx1 | Input to Combinatorial Output | C = 50 pF, Active High: S1, Open, 5 a5 | ns
Enabled via Product Term Active Low: S1 Closed ‘
toxzn | Input to Combinatorial Output | C = 5 pF, From Vou: S1 Open, 5 5| ns
Disabled via Product Term From Vo : S1 Closed
tresetr | Power-Up to Registered
0 Low 1000 1000 | ns
Test Load Schematic of inputs and Outputs
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Test Waveforms

Set-Up and Hold Puise Width
v
W
o  e— =
DATA £ *— v =
TLL/1143-7 PULSE mPUT oY o
TUU/11143-8
Propagation Delay Enabie and Disable
WPUT Vi vj :: ENABLING INPUT :X'r BABLE Vg )C DISABLE ::
tous o = tomt ] etomm -]
OUTPUT Vi | ¥ You NORMALLY 1ot Vo b ned F ‘o.sv
(S1 CLOSED) e L T Vo (s oPEN) r jS—
OUT OF PHASE Vou NORMALLY LOW 7 =] a toz ]
OUTPUT vy ¥, v
(S1 CLOSED) I Vou - mm) Ya. 'P v .b1 asv
nuin
o TL/L/11143-10
Nobes:
Vy =15V
Cy inciudes probe and fig capacitance.

in the exampies above, the phase relationships between inputs and outputs have besn chosen arbitrarily.

Switching Waveforms
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Functional Description

Al of the 24-pin medium PAL logic arrays consist of 20 com-
plementary input lines and 64 product-term lines with a pro-
grammabie cell at each intersection (2560 celis). 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, -5 and -4 vertical fuse (AIM) PAL
devices, 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 corresponding cells for the
vertical fuse devices) are in the high logic state. Therefore, if
both the true and complement of at least one amay input is
connected to a product line, that product term is always
heid 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 resulting logic function would be held
in the high state (which is the state of all product terms in an
unprogrammed National -7, -5 and -4 PAL device). For more
information on vertical fuse technology, consult our applica-

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 8 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 20LB). This
allows a pin to perform bidirectional I/0 or, if the associated
TRI-STATE control product term were programmed to re-
main unsatisified (always faise), the output driver would re-

nuhdiublodandmepincmldbeusedasanaddiﬁoml'

dedicated input.

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

Series -7, -5 and -4 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 re-
sat, Vo must rise monotonically until the specified operat-
ing voltage is attained. During power-up, the clock input
should assume a valid, stable logic state as early as possi-
ble to avoid interfering with the set or reset operation. The
clock input should aiso remain stable until after the power-
up reset operation is compieted 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 Vo goes below 3V
(at 25°C), the outputs are disabled as shown in Figure 71
below.

In an unprogrammed National Series -7, -5 and -4 PAL de-
vices, no amray inputs are connected to any product-term
ines. Therefore, all combinatorial outputs would be enabled
and driving low logic levels (after power-up is completed).
All registers would still initialize to the low state, but would
become permanently set (low-level outputs, if enabled) fol-
lowing the first clock transition.

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

Voo WJL
0

*3.0\'

ﬂ'{

—
NI

FIGURE 1. Power-Up TRI-STATE Waveform
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24-Pin Medium PAL Family Block Diagrams—DIP Connections
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Functional Description (Continued)

Typical Registered Logic Function without Feedback

-

Il

LA L)

TUL/11143-18

L)

T35 1

Clock Frequency Specification

The clock frequency (fcy k) parameter specifies the maxi-
mum speed at which a registered PAL device is guaranteed
to operate. Clock frequency is defined differently for the two
cases in which register feedback is used versus when it is
not. In a data-path type application, where the logic func-
tions fed into the registers are not dependent on register
feedback from the previous cycle (i.e., based only on exter-
nal inputs) the minimum required cycle period (fo 1 with-
out feedback) is defined as the greater of the minimum
clock period (t, high + t, low) and minimum “data win-
dow” period (tgy + ). This assumes optimal alignment
between data inputs and the clock input. In sequential logic

applications such as state machines, the minimum required

cycle period (fc x— ' with feedback) is defined as tg i +
ters to feed back through the logic array and set-up on the
inputs to the registers before the end of each cycle.

Output Register Preload
This feature simplifies device testing since any state may be
loaded into the registers at any time during the functional
test sequence. This allows complete verification of sequen-
tial logic circuits, including states that are normally impossi-
ble or difficult to reach. Register preload is not an operation-
al mode and is not intended for board level testing because
elevated voltage leveis are required. The programming sys-
tem normally provides the preload capability as part of its
The prelcad function allows the registers to be loaded di-
rectly and asynchronously with any desired pattem. These
tions:
1. All registers can be reset 10 the low state (high-level out-
puts) by applying the elevated control voltage (Vz) to
input pin 2 for time tp (Figure 2a).

TUUM1143-18

2. Selected registers can be set to the high state (low-level
outputs) as follows (Figure 2b).
a. All registered outputs are disabled by raising G input
pin 1to V.
b. After time tp, the selected registered output pins are
raised to the elevated control voitage (Vz) for time tp
to set the commesponding register.

Security Fuse

Security fuses are provided on all National PAL devices
or veritying operations. This feature prevents direct copying
of proprietary logic pattemns. The security fuses should be
programmed only after programining and verifying all other

.device fuses. Register preioad is not affected by the securi-

ty fuses.

Design Development Support

A variety of software toois and industy standard program-
ming hardware is available to support the development of
designs using PAL products. Typical software packages ac-
cept Boolean logic equations to define desired functions.
Most are available to run on personal computers and gener-
ate JEDEC-compatible “fuse maps”. The industry-standard
JEDEC format ensures that the resulting fuse-map files can
be down-loaded into a variety of programming equipment.
Many software packages and programming units support a
multitude of programmabie logic products as well. PLAN
software package from National Semiconductor supports all
of our programmable logic products and is fully JEDEC-
compatibia.

10




Deslgn Development Support (contined)

in National Series -7, -5 and -4 devices, logical and physical either PAL technoiogy. The user need only provide the ap-
connections between amay input knes and product-term propriate device code and/or adapter for the programming
§nes are established when vertical fuse celis are pro- equipment to invoke the proper programming aigorithm.
grammed. This is opposite to other PAL products based on Only programmers with the certified National vertical-fuse
fusible kinks in which connections are established when fus- PAL programming algorithm should be used to program
es are left unprogrammed (intact). This difference is com- these vertical-fuse devices.

pensated by the vertical-fuse PAL programming aigorithm Detailed logic diagrams showing ali JEDEC fuse-map ad-
8o that the user's design development process looks the dresses for the 24-pin medium PAL family are provided for
same. (The only functional difference due to vertical-tuse direct map editing and diagnostic purposes. The DIP and

technology is the behavior of “unprogrammed™ devices.) PLCC package for -7, -5 and -4 series are pin for pin re-
The JEDEC programming maps produced by PAL deveiop- placements for all slower 24-pin medium PAL devices (A, B
ment software for all Medium PAL devices denote & “con- and D Series). The non-connected (NC) pins on the PLCC
n.cﬁon"wﬁl_“o".wa“meomecﬁm"%lﬁ”. package are utilized in the -4 series as extra power and
The programming algorithms for most fuse-link PLDs pro- ground pins (Vo and GND) to provide better noise immuni-
gram fuses where ones are located in the map to remove u“mmmFa.Ndwm

corresponding connections, whereas the algorithm for Na- and programming support tools available for theses devic-
tional Series PAL -7, -5 and -4 products sutomatically com- es, please contact your local National Semiconductor sales
pensates by programming vertical-fuse cells where zeroes representative or distributor. If detailed specifications of the
are located in the map to establish connections. Therefore, PAL programming aigorithm are needed, please contact the
the same JEDEC map representing the user's desired logic National Semiconductor Programmable Device Support De-
equations produces the same functional results when using partment.

Functional Description (continued)

Vo
L FeoeT 777 e
' TUL/11143-20
a) To Reset All Registers
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¢ (PN 11) % 1 _M v
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SELECTED REGISTERED L/ /
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b) To Set Seiected Registers
Note: Vz = 9.5V to 10.0V, ip min. = 500 ns '
. FIGURE 2. Register Preioad 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 it Non-Registered)

Speed Version:

T=7ns

S=5ns

-4 = 4.5 ns (PLCC Only)
Packaging Type

N = 24-Pin Plastic DIP

J = 24-Pin Ceramic DIP

V = 28-Lead Plastic Chip Carier

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

N C

12




Logic Diagram—PAL20L8
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Logic Diagram—PAL20R4
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Logic Diagram—PAL20R6
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Logic Diagram—PAL20R8
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Physical Dimensions inches (miimeters)
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Programmable Array Logic (PAL) 24-Pin Medium PAL Series -7, -5, and -4

Physical Dimensions inches (milimeters) (Continued)
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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
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
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
to the user.
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