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Distinctive Characteristics

® 14 Registers .
- 4 Output Logic Macrocells (OLMs)
- 4 Output Registers . i
- 6 Buried State Registers (BSRs)

® 23 possible array inputs and 8 outputs in a 20-pin
package .

® 33-MHz external/40-MHz internal cycle time

® Variable product term (PT) distribution for increased
design flexibility

® Asynchronous and synchronous cutputs supported for
both Mealy- and Moore-type state-machine implementa-
tions ) M

.

® Individually user-programmable Output Enable (OE) PTs
with polarity control

® PTs for observing the BSRs on 6 of the output pins

@ Separate PTs for common Synchronous PRESET and
common Asynchronous RESET of all registers

® PRELOAD available on all registers for added test
capability :

® 99.8% post programming functional yiold (PPFY) Is due to the
testabllity of this and alil other AMD PAL devices.

® Platinum-Silicide fuse technology produces the most
reliable bipolar programmable devices available today

General Description

The AmPAL23S8 is the first programmable array logic
(PAL)-based sequencer device. It utilizes the familiar sum-
~of-products (AND-OR) logic structure, allowing users to
customize logic functions by programming the device for
specific applications. The AMPAL23S8 combines the eass
of use of the famillar 20-pin PAL devices with the advanced
"'macrocell” concept introduced In the AmPAL22V10, as
wall as six Buried State Registers (BSRs).

The AmPAL23S8 provides up to twenty-three aray inputs
and eight outputs. Four of the outputs are Output Logic
Macrocells (OLMs) capable of being individually programmed
as 'combinatorial” or "registered," with active-HIGH or
active-LOW polarity on each output. The other four are
"'registered" outputs, also capable of being programmed for
active- HIGH or LOW polarity. All the flexibllity on the outputs
result in the simplification of logic design. The need to
perform ""DeMorgan's Law" on equations to have them fit
into a PAL device is now a thing of the past. Each of the eight
output registers can also be used dynamically as an input or
output for greater design flexibility, -

The AmPAL23S8 also offers designers increased flexibility
and control over Output Enable (OE) functions. Each output
is logically controlled by an OE product term (PT), with
programmable OE polarity control. This allows the designer
to use more complex control than previously availatle.

The six BSRs provide designers with enhanced logic power
for sequencer applications. These registers are not only
avallable to the system designer for use In sequencer
applications (without the expense of a valuable 170 pin), but
they may also be observed on the output pins during test.
The observability of these registers on a programmable-
logic sequencer adds to the list of features which make this
device unique, simple to design with, and simple to debug.

System operation has been enhanced by the addition of
Synchronous PRESET and Asynchronous RESET PTs. The
AmPAL23S8 also incorporates the unique capability of
PRELOADing the eight output registers and the BSRs to,
any desired state during testing. This is essential to permit
full logical verification during test.
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Ordering Information
- - Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by
a combination of: A. Device Number

B. Speed Option (if applicable)

C. Package Type

D. Temperature Range

E. Optional Processing

AMPAL23S8 =20 2

L——E. OPTIONAL PROCESSING

Blank = Standard processing
B = Bum-in

D. TEMPERATURE RANGE
C = Commercial (0 to +70°C)
E = Extended Comimercial (-65 to +125°C)

C. PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020) ,
D = 20-Pin Ceramie DIP (CD 020)

B. SPEED OPTION

~20=20 ns -
-25=25 ns
~27 = 27 ns*
1 ~30 =30 ns*
' ——A. REVIOE NUMBER/DESCRIPTION ’ <
20-Pin |MOX PAL-Based Sequencer *Extended Commercial range only.
Valld Combinations
Valid Gombinations Valid Combinations list confi ti lanned to b
mbinations list configurations planned to be
AMPAL2398-20 PG, 0C, DCB supported In volume for this device, Consuit the local AMD
AMPA12388-26 BGE BE'BDGB' sales office to confirm availabllity of specific valld
ANPALZI56 2T — comblnations, to chack on newly released combinations, and
DE, DEB to obtain edditional data on AMD's standard military grade
AMPAL2388-30 products.

5170 ’ I'l Monolllhlom Memorles l‘rl
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Ordering Information (Cont'd.)

_APL Products

AMD products for Aerospaée and Defense applications are avallable in several backages and operating ranges, APL
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid

Combination) is formed by a combination of:
A, Device Number

B. Speed Option (it applicable)

C. Device Class
D. Package Type
E. Lead Finish

" AMPAL23SS =27 i-R 3

LE. LEAD FINISH

A =Hot Solder DIP

D. PACKAGE TYPE (per
R = 20-Pin Ceramic DIP (CD 020)

C. DEVICE CLASS
/B =Class B

A. DEVICE NUMBER/DESCRIPTION
AmPAL23S8
20-Pin IMOX PAL-Based Sequencer

Valid Combinations
AMPAL23S8-27 .
AMPAL2356.30 /BRA

B. SPEED OPTION
-27=27 ns
-30=30 ns

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local AMD
sales office to confirm availability of specific valid
combinations or to check for newly released valid
combinations.

Group A Tests .
Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11

I‘r‘ Monolithic m Memorles l‘r| 5.171
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Functional Description

The AmPAL23S8 is an advanced bipolar programmable array
loglc (PAL)-based sequencer. It contains a programmable
array organized In the familiar sum-of-products structure. The
structure of this device makes it particularly ideal for state

machine applications. Any design which employs the use .

of complex state functions Is a prime candidate for the
AmPAL23S8.

The block diagram on the front page shows the basic archi-
tecture of this device; a maximum of 23 array inputs and 8
outputs are available. The Inputs are connected to a program-
mable AND array containing 135 product terms (PTs), of
which 124 are logical PTs and 11 are control PTs. Before
programming, the AND gates are connected to both the true
and complement of every input. By selectively programming
fuses, the AND gates may be connected to only the true input,
the complement input, or to neither type of input, establishing
a logical "don't care ™. When both the true and complement
fuses are left intact, a logical FALSE results on the output of
the AND gate. An AND gate with all fuses blown wilt assume
the logical TRUE state. The outputs of the AND gates are
connected to OR gates. ’

Varlable Product Term (PT) Distribution

The number of AND gates assigned to each OR gate varies in
4 fixed manner for each output as shown in the logic diagram
(Figure 5), The OR- gate outputs feed dedicated registers and
macrocells. Each OR gate averages approximately ten PTs for
output registers and macrocells. This gives the capability of
using from eight to twelve logical PTs on one output in a single
clock cycle (no feedback necessary). Buried state registers
(BSRs) have an average of eight PTs per OR gate, providing
the capability of using from six to ten logical PTs in one BSR in
a single clock cycle.

Varlable Output Architecture: Output Logic
Macrocells (OLMs) -

An innovation in logic design Is the implementation on the
AmPAL23S8 of variable output architecture on four of the
outputs. These Output Logic Macrocells (OLMs) are user
programmable for a great deal of design flexibility. Each of the
four OLMs can be independently programmed for eight
distinct configurations. The outputs can be either 'registered”
or "'combinatorial;” they can also be individually programmed
for-active-HIGH or active-LOW polarity. Finally, the feadback
paths which feed through the multiplexer. back to the AND
array can be programmed so that they originate either from
the register or from the 1/0 pin. From the feedback multiplexer
both the true and complement of the output going back to the
array are avallable. All possible configurations of the OLMs are
illustrated in Figures 4-1 through 4-8. For maximum flexibility,
selection of output polarity and feedback path are kept
independent of each other. .

Output Reglsters

in addition to the four OLMs on the AmPAL23S8, there are
also four output registers. The data on the output registers
may be fed back to the array. When the output is disabled, the
pin may be used as an external input. Since each of the eight
outputs can obtain feedback from the pins associated with
them, all eight of them provide the advgntage of being usable
dynamically as either inputs or outputs, significantly increasing
design flexibility and possibilities.

- T-46-13-47

Burled State Registers (BSHs)

The six observable Buried State Registers are one of the key
features of the AmPAL23S8, All BSR outputs are fed back to
the AND array, but they do not use.up an output pin. The state
of each BSR is, however, observable on an associated output
pin by activating the user-programmable Observabllity
product term as well as the appropriate Output Enable
product term.

The extensive user-programmable flexibility enhances the
usefulness of this device for different types of state machine
implementations. The possibility exists to create both the
Mealy and Moore type of design in the same device.

Programmable Output Polarity

Each output has a user-programmable output polarity fuse
which, when blown, indicates that the output will be active
HIGH, and when intact, active LOW. The obvious benefit of

this enhancement is the increased flexibility of design. With ‘

the choice of output polarity, there is no need to DeMorganize
equations to fit the device, allowing for more efficient designs

-both in terms of the amount of time spent in design as well as

effective utilization of the device.

For further enhancement of the increased logic power of the
AmPAL23S8, each output has a PT to control Qutput Enable
(OE) with programmable polarity.

PRESET/RESET

To improve functionality at the system level, the AmPAL23S8
has additional RESET and PRESET PTs. One PT controls
Output Register and BSR PRESET, and one PT controls the
RESET for these registers. When the Synchronous PRESET
PT is asserted (HIGH), all registers are lodded with a HIGH on
the next LOW-to-HIGH clock transition. When the Asynchro-
nous RESET PT is asserted, all registers are immediately
loaded with a LOW, independent of the clock. These functions
are particularly useful for applications such as system power-
up and RESET.

PRELOAD

In order to simplify testing, the AmPAL23S8 Is designed with
PRELOAD circuitry that provides an easy method for testing
logical functionality. PRELOAD allows any arbitrary "'present
state" values to be loaded into the OLMs, BSRs and Output
Registers of this device. OLM Registers and BSRs are
PRELOADed in separate cycles, allowing them to be PRE-
LOADed with different values. Logic verification sequences
can be significantly shortened, and all possible state se-
quences tested, reducing test time and development costs,
and guaranteeing proper functionality in system.

A typical functional test sequence would be to verify all
possible state transitions for the device being tested. To verify
these transitions requires the ability to set the state registers
to an arbitrary "present state” value and to set the device
inputs to any arbitrary "present input” value. Once this is
done, the state machine is then clocked into a new state, or
""next state,” which can be checked to validate the transition
from the "present state.” In this way, any state transition can
be checked.

It is obvious that to attempt the debugging of a design using
BSRs without the benefit of PRELOAD capability would be
quite difficult. The combination of this feature and the BSRs
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being observable Is virtually indispensible for efficient and
trouble-free state machine design. . .

Observabliity : ' -

This extra ease of debugging the design comes from the use
of the Observability (OBS) PT. When the OBS PT is selected,
it disables six of the Output Registers and Macrocell buffers,
and enables the BSR buffers onto the output pins associated
with them, pins 13 through 18. When the OBS PT is not
selected, the Output Registers and Macrocell buffers are
enabled and the BSR buffers are disabled. When all the fuses
for this PT are intact, (.e., OBS Is not selected), the data from
the BSRs will not be visible on the output pins, and the Output
Reglsters and OLMs will be enabled. .

Processing and Fuse Technology

The AmPAL23S8 is manufactured using Advanced Micro
Devices' IMOX oxide isolation process. This advanced pro-

T-46-13-47 °

————

cess permits an Increase in density and a decrease in internal
capacitance resulting In the fastest possible programmable

.. logle devices.

The AmPAL23S8 is fabricated with AMD's fast programming,
highly reliable Platinum-Silicide fuse technology. Utilizing an
easily Implemented programming algorithm, these products
can be rapidly programmed fo any customized pattern, Extra
test words are preprogrammed during manufacturing to en-
sure extremely high field programming yields (> 98%), and
provide extra test paths to achieve excellent parametric
correlation, : ..

Platinum-Silicide was selscted as the fuse link material to
achleve a well controlled melt rate resulting in large, noncon-
ductive gaps that ensure very stable, long term reliability.
Extensive operating testing has proven that this low-field,
large-gap technology offers high reliability for fusible link pro-
grammable logic.
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Figure 1. Output Logic Macrocell (OLM)

i:l Aionallthlo m Memorles Zl 5-173

ADV MICRO PLA/PLE/ARRAYS 9k pﬁf—;l D‘F_'S?SEI:.V 0027231 0 r
‘ AmPAL23S8



ADV MICRO PLA/PLE/ARRAYS 9b Dﬂ pe5?52kL 0027232 2 r
AmPAL23S8 T-26-13-47 °

AR COMMON ASYNCH RESET
v SP COMMON SYNCH PRESET
. 088 COMMON CBSERVABRITY
TERM
LD000182
S0 | OUTPUT ENABLE POLARITY
0 ENABLED HIGH
1 ENABLED LOW
S1 | OUTPUT CONFIGURATION .
0 ACTIVE LOW
1 ACTIVE HIGH
0 = UNBLOWN FUSE
1= BLOWN FUSE
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Figure 3. Buried State Register (BSR)
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Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs)
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Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs) (Cont'd.) .
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Absolute Maximum Ratings

Storage Temperature ............revereree weene =65 to +150°C
Ambient Temperature with

Power Applied.....cccoicrreenineininninimencieseeeeneenes +126°C
Supply Voitage to Ground Potential

Continuous (Pin 20 to Pin 10) .............—0.5 to +7.0 V
DC Voltage Applied to Outputs

(except during programming).......... ~0.5 to +Voo Max.
DG Voltage Applied to Outputs
During Programming ........ccevvviiseacanerssarierssee w18V

Output Cument into Outputs

During Programming

(Maximum duration of 1 second)...... weenes 200 MA
DC Input Voltage.....ccceereruererennenns wereene =05 to +55 V
DC Input Current...... sressennesnenreenne=380 t0 +5.0 mA

Stresses above those listed under ABSOLUTE MAXIMUM

Operating Ranges
Commercial (C) Devices ,
Temperature (T4) Operating Free Alr........0 to +75°C

Supply Voltage (VCQ) veeuvsrnveverserenn t 4.75 to +5.25 V
Extended Commercial (E) Devices

Temperature (TA).......crevereen vererenns e =55°C Min,

Temperature (Tc) Operating Case .......... + 125°C Max,

Supply Voltage (VGG) . ccrverernsirannn +4.50 to +5.50 V
Military (M) Devices

Temperature (TA)....... rererterrentraraeny v =85°C Min,

Temperature (Tg)...... .
Supply Voitage (VCG) cveververeens

s +125°C Max.
ot 4,50 to +550 V

Operating ranges dsfine those limits between which the
functionality of the device Is guaranteed.

RATINGS may cause psrmanent device failure, Functionality .
at or above these limits Is not implied. Exposure to absolute

maximum ratings for extended periods may ‘affect device

reliability, BN

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests
unless otherwise noted

Parameter Parameter = Typ.
Symbot Description Test Conditions Min. | (Note 1) | Max. | Units
loH=-3.2 mA C Devices -
VoH QOutput HIGH Voltage v i ToH=—~2 mA E/M Devices | 24 35 Volis
'cc = Min,,
VIN=ViH or Vi IoL =18 mA C Devices

VoL Output LOW Voltage ToL =12 mA E/M Devices 0.50 Volts
m‘&e 2) Input HIGH level Guaranteed Input Logical HIGH Voltage for Al Inputs 20 h Voits
x‘lllate 2) input LOW level Guaranteed Input Logical LOW Voltage for All Inputs 0.8 Volts
I Input LOW Current Vcg = Max., Viy = 0.40 V ' -10 | -250 | #A
IH Input HIGH Current Voo =Max, Viy=27V 25 pA
] Input HIGH Current Voo = Max., ViN=5.5 V 1.0 mA
Isc Quiput Short-Circuit Current Vee = Max,, Vour =05 V {Note 3) -30 -45 ~80 mA
Icc Powsr Supply Cutrent All Inpils = GND, VCC = Max, l___ 210 mA

COMMMIL - 215 mA
Vi Input Clamp Voitage VCG = Min, lIN = -18 mA -0.9 -1,2 Volts
lozH Output Leakage Current - - Vo=27V 100 KA
lozL {Nota 4) Veo=Max, ViN=ViLorViy | yg _oay . 100

Notes: 1. Typical limits are at Voo =6.0 V and Ta = 25°C.
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
4. 1/0 pin leakage is the worst case of lozx or lix (where X=H or L).

Capacitance _
Parameter Parameter
Symbol Description Test Conditions Typ. Units
" _ Pins 1, 11 10 :
CiN Input Capacitance VIN=20V @ f=1 MHz Other Bine s pF :
Cout Output Capacitance Vour=20V @ f=1 MHz 9 :

Note: These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified where
capacitance may be affected.
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Switching Test Circuit
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Ry Ra Ry Ra
300 .| 390 390 750

ooevass 3 ||

Switching Characteristics

over operating range unless otherwise specified; included in Group A, Subgroup 7,
8, 9, 10, 11 tests unless otherwise noted

C Devices E/M Devices
~20 =-25 -27 =30
Parameter Parameter Test Typ
No. Symbol Description Conditlons | (Note 1) | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units
Input or Feedback to
1 e Non-Registered Output 2 & & 0 ns
2 tEA Input to Output Enabls 25 28 - 30 33 ns
3 teR. Input to Output Disable 25 28 30 33 ns
: 4 tcot Clock to Output 13 15 18 20 ns
Reg. Feedback through Aray
[ tco2 to Combinatorial Output, 28 85 40 45- ns
Relative to Extarnal Clock
G Devices
e Input or Foedoeck Setp Ry = 300 17 20 22 25 ns
Rz =380
7 Hold Time 0 0 0 0 ns
8 tpg Clock Period {ts + tco1) 30 35 40 45 ns
Minimum Setup Time (Reg.
9 tpa Feedback to Reg. Input 25 30 35 40 ns
Internal Path)
10 tw Clock Width 12 15 17 20 ns
Maximum Frequency
1 tmax (1/tp1) 33 286 25 225 | MHz
Maximum Frequency
172 famax (/D) 40 33 285 25 MHz
13 tAw Asynchronous Reset Width E/M Devices 20 25 27 30 ns
Asynchronous Reset Ry =380
14 tAR Recovery Time Rp =760 20 25 27 30 ns
Asynchronous Reset to
15 tap Registered Output Reset 25 30 32 35 ns

Notes: 1. Typical limits are at Voo =5.0 V and Ta = 25'C,
2. tpp Is tested with swilch 81 closed and G = 60 pF.
3, For three-state outputs, output enable times ere tested with Ci =50 pF o the 1.5 V level; Sy Is open for highimpedance to HIGH tests and

closed for high-impedance to LOW tests. Output disable times are tested with C_ =5 pF. HIGH to high-Impedance tests are made to an

output voltage of VoH=-0.5 V with Sy open; LOW to high-impedance tests are made to the VoL + 0.5 V level with S¢ closed.
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PRELOAD of Output/Macrocell
Registers or Buried State Registers

All AmPAL2358 registers are provided with circuitry to allow
loading each register synchronously with a HIGH or LOW.
Qutput/macrocell registers and buried state registers are

PRELOADed in separate cycles allowing output/macrocell
registers and buried state registers to be PRELOADed with
different values. PRELOAD will simplify testing since any state
can be loaded into the registers to control testing sequences.
The pin levels and timing necessary to perform the PRELOAD

function are det_ailed below.

o o o o % o
Vit
) - { vﬁ
Vi
ma Ve // \\ Vup
Vip
LB ] Vue J \ Vup
Vou Ve Von
REGISTERED >__< N i
OUTPUT Vo Vie 4
| S
Voo
CHOOSE TO PRELOAD PRELOAD OUTPUTS PRELOAD OUTPUT PRELOAD
BURED REGISTERS ENABLED FORCED DATA FORCING DISABLED
OR OUTPUT/MACRO OUTAUTS TOVip CLOCKED VOLTAGE
REGISTERS DISABLED ORVgp w REMQVED
WF022202
Par. | Min. Max. Register Level Forced on Register
Vhin | 10 12 Selection Pin 5 Output Pin During Register State
H After Cycle
y PRELOAD Cycle
Vip| 0 05 Buried ~ VHH
Output/Macro <Vigp Vipe HIGH
VIHP | 24 55 ViLp LOW

2\ mononthtc L) Memorites &1

5-181

R




Power-Up Reset

The registered devices in the AMD PAL Family have been
designed with the capability to reset during system power-up.
Following power-up, all registers will be reset to LOW. The
output state will depend on the polarity of the output buffer,
This feature provides an extra flexibility to the designer and is
especially valuable in simplifying state-machine initialization. A
timing diagram and parameter table follow. Due to the

ADV MICRO PLA/PLE/ARRAYS 1k DE] 025752L 0027240
- AMmPAL23S8 -

- TN

asynchronous operation of the power-up reset and the wide
range of ways Ygc can rise to its steady state, two conditions
are required to ensure a valid power-up reset. These condi-
tions are:

1. The Vgg rise must be monotonic.

2. Following reset, the clock input must not be driven from
LOW to HIGH until all applicable input and feedback
setup times are met.

POWER . 4 v/ *
neem / //
cLocK ' \\\ /,_———

WF022300

Parameter Parameter
Symbol Description Min. Typ. | Max. | Units

P -U|
tpR Roact Tha 600 | 1000 | ns
s Input or Feedback

Setup Time L -

- See Switching Characteristics

tw Clock Width

T-46-13-47 =

Programmers/Development Systems
(refer to Programmer Reference Guide, page 3-81)
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