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Standard tro lcc
Family | Part Number Packages Technology Features ns mA Page
UNIVERSAL PAL DEVICES
16vV8 | PALCE16V8H-5 20S,J EE CMOS GAL® Device Equivalent 5 125 2-48
PALCE16V8H-7 20P, J 75 115
PALCE16V8H-10 20P, S, J 10 115
PALCE16V8Q-10 10 55
PALCE16V8H-15 15 90
PALCE16V8Q-15 20P, J 15 55
PALCE16V8Q-20 20 65
PALCE16V8H-25 20P, S, J 25 90
PALCE16V8Q-25 20P. J 25 55
PALCE16V8Z-12 20P, J Zero-Power 12 75 2-97
PALCE16V8Z-15 15 75
PALCE16V8Z-25 25 0.015
PALLV16V8Z-20 20P. J 3.3 V Zero-Power 20 45 2-121
PALLV16V8-10 20P, J 3.3V 10 115 2-80
PALCE16V8HD-15 24P, 28J High-Drive 15 115 2-139
20V8 | PALCE20V8H-5 248, 28J GAL Device Equivalent 5 125 2-210
PALCE20V8H-7 24P, 284 75 115
PALCE20V8H-10 10 115
PALCE20V8Q-10 24P, S, 28J 10 55
PALCE20V8H-15 24P, 284 15 90
PALCE20V8Q-15 15 55
PALCE20V8Q-20 20 65
PALCE20V8H-25 25 90
PALCE20V8Q-25 25 55
22V10 | PAL22V10-7 24P, 28J TTL Varied Term Distribution 7.5 220 2-268
PAL22V10-10 10 180
PAL22V10-15 15 180
AmPAL22V10A 25 180
PALCE22V10H-5 28J EE CMOS Varied Term Distribution 5 115 2-296
PALCE22V10H-7 24P, S, 28J 7.5 115
PALCE22V10H-10 10 120
PALCE22V10Q-10 24P, 28J 10 55
PALCE22V10H-15 24P, S, 28J 15 90
PALCE22V10Q-15 24P, 28J 15 55
PALCE22V10H-20 20 130
PALCE22V10H-25 24P, S, 28J 25 90
PALLV22V10-7 24P, 28J 3.3V 7.5 55 2-361
PALLV22V10-10 10 55
PALLV22V10-15 15 55
PALCE22V10Z-15 24P, S, 28J Zero Power 15 0.015 | 2-327
PALCE22V10Z-25 25 0.015
PALLV22V10Z-25 24P, S, 28J 3.3 V Zero-Power 25 0.015 | 2-345
24V10 | PALCE24V10H-15 28P,J 28-Pin GAL-Type 15 115 2-379
PALCE24V10H-25 25 115
26V12 | PALCE26V12H-7 28P, J Advanced 22V10 Macrocell 75 115 2-394
PALCE26V12H-10 10 115
PALCE26V12H-15 15 105
PALCE26V12H-20 20 105
29M16 | PALCE29M16H-25 24P, 28J Advanced Macrocell 25 100 2-415
ASYNCHRONOUS PAL DEVICES
610 PALCE610H-15 24P, 28J EE CMOS J-K F/Fs, 15 90 2-462
PALCE610H-25 Prog. CLK 25 90
20RA10 | PALCE20RA10H-7 24P, 28J Prog. CLK 7.5 100 2-245
PALCE20RA10H-10 10 100
PALCE20RA10H-15 15 100
PALCE20RA10H-20 20 90
29MA16 | PALCE29MA16H-25 24P, 28J Prog. CLK, 25 100 2-437
Advanced Macrocell

Bold part numbers indicate preliminary.
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PRODUCT OVERVIEW

Advanced Micro Devices offers the industry’s widest variety of Programmable Logic
Devices (PLDs), implemented in a variety of technologies. In this section, we will briefly
discuss the device families, and look at the various architecture, speed, and power
options. More specific device information can be found in the individual data sheets.
Discussions on some of the special architectural features of many of the devices can
also be found in their respective data sheets.

There are six basic PLD areas addressed by Advanced Micro Devices’ PLDs:
W High-speed PAL® devices

B Universal PAL devices

W Industry-standard PAL devices

B Low-power PAL devices

B Asynchronous PAL Devices

W High-density PLDs

The largest application area is that covered by the Programmable Array Logic (PAL)
devices. There is a wide variety of PAL devices, ranging from simple devices that
address general logic design problems to more sophisticated devices that deal with
more complex problems.

The area of high-density PLDs is addressed by the MACH® devices which provide a
PLD with thousands of gates and very high performance. The Macro Array CMOS
High-density (MACH) devices are described briefly Chapter 3. Further information on
AMD’s MACH product line may be found by obtaining the MACH 1 and 2 Family Data
Book (14051) and the MACH 3 and 4 Family Data Book (17466). MACH design
assistance is available by obtaining the MACH Technical Briefs Manual (15972) and the
MACH Devices Applications Handbook (17020). Development Assistance is available
through the FusionPLDSM Partners Catalog (15585).
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HIGH-SPEED PAL DEVICES

AMD offers the fastest PAL devices on the market today. We were the first to introduce
the PAL device in 1978 and have been the first to market with volumes on all successive
generations. As the market leader in the PLD arena, we fully expect to introduce even
faster devices in the future.

Currently, we have the bipolar TTL PAL16R8 family of 20-pin devices in 5-ns speed
grade and the PAL20R8 family of 24-pin devices, also in 5-ns speed grade, available in
volume production. For extra performance we also have the 16R8 family at 4.5 ns, when
packaged with the high-performance 28-pin PLCC pinout. These families include, both
registered (16R4, 16R6, 16R8, 20R4, 20R6, 20R8) and combinational devices (16L8,
20L8). They are used in a wide variety of applications where performance and space
are critical, often replacing SSI/MSI logic circuits. For applications where the absolute
fastest devices are not needed, other speed grades are offered at a lower cost and/or
lower power consumption.

AMD’s Electronically Erasable (EE) CMOS process also provides high-speed universal
PAL devices. The PALCE16V8, PALCE20V8, and PALCE22V10 have a 5-ns version;
most other EE CMOS devices have a 7.5- or 10-ns teo, while using half or even a
quarter of the power required by their bipolar equivalents.

Table 1-1 High-Speed PAL Devices

Functional Description Commercial Specifications
Part Pin Array Inputs Array Outputs Prod. Terms | Spd/Pwr | teo | fuax* | lcc
Number Count | bidir. | dedctd. | reg. fdbk. | reg.|comb.| macrocell | per Output Options |(ns) | (MHz) | (mA)
PAL16L8 20 6 10 — — 8 — 7 -4 45 126 210
PAL16R8 20 — 8 8 — — 8 -5 5 117 | 210
PAL16R6 20 2 6 6 2 — 7-8
PAL16R4 20 4 4 4 4 — 7-8
PALCE16V8 20 0-8 8-10 8-0 — — 8 7-8 H-5 5 1428 | 125
PAL20L8 24 6 14 — — 8 — 7 -5 5 117 | 210
PAL20R8 24 — 12 8 8 — -
PAL20R6 24 2 12 6 6| 2 -~ 7-8
PAL20R4 24 4 12 4 4 4 -— 7-8
PALCE20V8 24 0-8 12-14 8-0 — — 8 7-8 H-5 5 142.8 | 126
PALCE20RA10| 24 0-10 12 10-0 —| - 10 8 H-7 75 100 | 100
PALCE24V10 28 0-10 14-16 10-0 — — 10 7-8 H-15 15 45.5 116
PALCE22V10 24 0-10 12 10-0 — | — 10 8-16 H-5 5 142.8 | 115
PAL22V10 24 0-10 12 10-0 - - 10 8-16 -7 75 91 220
PALCE26V12 28 0-12 14 12-0 — — 12 8-16 H-7 75 1 1053 | 115
PALCE&10 24 0-16 4 16-0 —_ — 16 8 H-15 15 45.5 90

*fmax is defined as 1/(ts + tco) for the external feedback.
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UNIVERSAL PAL DEVICES

Have your design needs included a non-standard mix of inputs and outputs or choosing
a variable number of combinatorial/registered/latched inputs and/or outputs for the given
application? How about stocking only one or two PLDs to reduce your inventory costs?

The solution to your problem is AMD’s family of universal PAL devices. We picneered
the concept of user-programmable output logic macrocells with the PAL22V10. With this
macrocell, you can configure an output for combinatorial or registered operation and
active-low or active-high polarity. This is what makes the PAL22V10 universal, for it can
substitute for virtually all of the standard 24-pin PAL devices on the market. The
PALCE26V12 is a 28-pin version which provides more inputs and outputs for those
designs that don’t quite fit into a PAL22V10.

But we did not stop there. A second new feature pioneered with the PAL22V10 is
variable product term distribution; the 10 outputs on this device are arranged in pairs
with 16, 14, 12, 10 or eight product terms on each output. With up to 16 product terms,
the PAL22V10 can implement far more complex logic functions than can be supported
by other 24-pin devices. No wonder the PAL22V10 is the most popular PAL device on
the market today. And now both faster (7.5 ns, 91 MHz) and reprogrammable low-power
CMOS (7.5 ns at 130 mA; 15 ns at 55 mA) versions are available from AMD.

The PALCE16V8 and PALCE20V8 are EE CMOS universal devices that have the
additional capability of directly taking the designs of standard 20- and 24-pin PAL
devices, respectively. They provide a cost-effective means of reducing inventory,

lowering power, and reducing risk. The PALCE24V10 extends this architecture to
28 pins. ’

The PALCE610 adds to the basic macrocell by providing 16 1/0 macrocells that can be
configured with D, T, J-K, or S-R flip-flops.

The PALCE29M16 further enhances the macrocell concept. Its macrocell can be an
input or an output macrocell that can be configured three ways: combinatorial, latched or
registered. Sixteen of these macrocells are available in a 24-pin 300-mil package. And
eight of the macrocells can be buried, allowing the connecting pins to be used as
dedicated inputs. The PALCE29M16 also offers variable product term distribution.

For those applications where registers and latches are not needed, the AmPAL18P8
(20 pins) and AmPAL22P10 (24 pins) are ideal. These PAL devices with programmable
polarity can flexibly replace almost all standard 20- and 24-pin combinatorial PAL
devices. As a result, they significantly reduce your inventory. They are available in
several speed-power grades to meet most application requirements.

Product Overview 1-5
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Table 1-2 Universal PAL Devices

Functional Description Commercial Specifications

Part Pin Array Inputs Array Outputs Prod. Terms | Spd/Pwr | teo | fuax* | lec

Number Count | bidir. | dedctd. | reg. fdbk. | reg.|comb.| macrocell | per Output Options |(ns) | (MHz) | (mA)

PALCE16V8 20 0-8 8-10 8-0 —| - 8 7-8 H-5 5 1428 | 125
H-7 75 100 | 115

Q-10 10 | 66.7 | 55

H-10 i0 | 66.7 | 115

Q-15 15 | 455 | 55

H-15 15 | 455 | 90

Q-25 25 37 55

H-25 25 37 90

PALCE20V8 24 0-8 12-14 8-0 —| - 8 7-8 H-5 5 | 1428 | 125
H-7 75 100 | 115

Q-10 10 | 66.7 | 55

H-10 10 | 66.7 | 115

Q-15 15 | 455 | 55

H-15 15 | 455 | 90

Q-25 25 37 55

H-25 25 37 90

PALCE24V10 28 0-10 | 14-16 10-0 — | - 10 7-8 H-15 15 | 455 | 90
H-25 25 37 90

PALCE22V10 24 0-10 12 10-0 —| - 10 8-16 H-5 5 1428 | 115
H-7 75 100 | 115

Q-10 10 83.3 55

H-10 10 | 833 | 120

Q-15 15 50 55

H-15 15 50 90

Z-15 15 50 |0.015

Q-25 25 | 333 | &5

H-25 25 | 333 | 90
PAL22V10 24 0-10 12 10-0 —| - 10 8-16 -7 75 91 220
-10 10 7 180
-15 15 50 180
A 25 | 285 | 180

PALCE20RA10 24 10 10 — — — 10 4 H-7 75 100 100
H-10 10 | 76.9 | 100

H-15 15 | 526 | 100

H-20 20 37 90

PALCE26V12 28 0-12 14 12-0 el 12 8-16 H-7 75 | 1063 | 115
H-10 10 | 71.4 | 115

H-15 15 50 105

H-20 20 40 106

PALCE610 24 0-16 4 16-0 - - 16 8 H-15 15 | 455 | 90
H-25 25 37 90

PALCE29M16 24 8-16 16-8 —| — 16 8-16 H-25 25 | 285 | 100
AmPAL18P8 20 8 10 — — 8 — 8 B 15 — 180
A 25 — 180

AL 25 — 90

L 35 — 90

AmPAL22P10 24 10 12 — — 10 —_ 8 B 15 — 180
A 25 — 180

AL 25 — 920

*fmax is defined as 1/(ts + tco) for the external feedback.
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INDUSTRY-STANDARD PAL DEVICES

As we have increased speed on the TTL PAL devices, we have also reduced the power

consumption on the slower devices by as much as 75 percent. As a result, both the

industry-standard 20-pin and 24-pin PAL device families are available in a variety of
speed and power grades. This allows the designer to select the optimum performance at
the lowest possible cost and power consumption. These 20-pin and 24-pin devices are
used in applications where the advantages of reduced package count, such as higher
reliability and lower power consumption, improve the overall price-performance of the
end-product. Often these benefits are realized by replacing Schottky, ALS, LS and some
CMOS SSI/MSI logic circuits with these PAL devices.

Table 1-3 Standard PAL Devices
Functional Description Commerclal Specifications

Part Pin Array Inputs Array Outputs Prod. Terms | Spd/Pwr | teo | fuax* | lec
Number Count | bidir. | dedctd. | reg. fdbk. | reg.|comb.| macrocell | per Output | Options {(ns) | (MHz) | (mA)
PAL16L8 20 6 10 — —_ 8 — 7 B 15 — 180
PAL16R8 20 — 8 8 8 — — 8 B-2 25 25 90
PAL16R6 20 2 8 6 6 2 — 7-8 A 25 25 180
PAL16R4 20 4 8 4 4 4 — 7-8 B-4 35 16 55
PAL20L8 24 6 14 — —_ 8 — 7 B 15 — 210
PAL20R8 24 - 12 8 8 — — 8 B-2 25 25 105
PAL20R6 24 2 12 6 6 2 — 7-8 A 25 25 210
PAL20R4 24 4 12 4 4 4 — 7-8

*fmax is dafined as 1/(ts + tco) for the external feedback.
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LOW-POWER PAL DEVICES
AMD is the only major supplier of programmable logic devices to offer a broad line of
low-power CMOS devices. And we are the only PLD supplier with such a comprehen-
sive CMOS programmable logic line.

There are two basic types of CMOS PAL devices: those that dissipate essentially no
power when in a quiescent state, and faster devices which draw nominal current even
when quiescent. Devices are thus classified as “zero-power” or “quarter-power.”

Zero-power PAL devices are particularly suited for products that are portable or battery
operated. In a standby mode they consume less than 15 pA. Quarter-power CMOS
devices can cut system power consumption 50 percent by replacing equivalent CMOS
PAL devices. The PALLV16V8 and PALLV22V10 are devices designated to operate at
3.3 V for battery-operated applications.

Table 1-4 Low-Power PAL Devices
Functicnal Description Commercial Specifications
Part Pin Array Inputs Array Outputs Prod. Terms | Spd/Pwr | teo | fuax* | lec
Number Count | bidir. | dedctd. | reg. fdbk. | reg.|comb.] macrocell | per Output Options |(ns) | (MHz) | (mA)
PALCE16V8 20 0-8 8-10 8-0 — — 8 7-8 Q-10 10 66.7 55
-Q-15 15 | 455 | 55
Z-15 15 | 455 |0.015
Q-25 25 37 55
Z-25 25 | 33.3 [0.015
PALLV16V8 -10 10 | 66.7 | 90
Z-25 25 | 33.3 |0.015
Z-30 30 22 ]0.015
PALLV22V10 -7 75 100 75
-10 10 | 833 | 55
-156 15 50 55
PALCE22V10 24 0-10 12 10-0 — —_ 10 8-16 Q-15 15 50 55
Z-15 15 50 |0.015
Q-25 25 | 333 | 55
Z-25 25 | 33.3 [0.015
PALLV22V10 zZ-25 25 | 33.3 |0.015

“fMax is defined as 1/(ts + tco) for the external feedback.

Product Overview
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ASYNCHRONOUS PAL DEVICES

Currently AMD makes three devices that support asynchronous and bus interface
applications.

The PALCE20RA10 is optimized for asynchronous applications. It contains ten D-type
flip-flops, driven by a PAL array. Each flip-flop has individually programmable Clock,
Reset and Preset product terms. With such features, this device is well suited to
replacing glue logic in your system.

The PALCE29MA16 combines some of the advantages of the PALCE29M16 with the
advantages of the PALCE20RA10. It has one dedicated Clock/Latch Enable input as
well as product terms for each of the 16 macrocells to allow individual clocking, asyn-
chronous Reset and asynchronous Preset. It also features variable product term
distribution. To top it off, the PALCE29MA16 is electrically reprogrammable in a plastic
300-mil package.

The PALCE®610 is a general purpose PLD. It has 16 independently-configurable
macrocells. Each macrocell can be configured as either combinatorial or registered. The
registers can be D, T, J-K or S-R type flip-flops. The device has 4 dedicated input pins
and 2 clock pins. Asynchronous clocking is available since each clock pin controls 8 of
the 16 macrocells.

Table 1-5 Asynchronous PAL Devices
Functional Description Commercial Specifications
Part Pin Array Inputs Array Outputs Prod. Terms | Spd/Pwr| teo | fuax* | lec
Number Count | bidir. | dedctd. | reg. fdbk. | reg.|comb.| macrocell | per Output | Options| (ns) | (MHz) | (mA)
PALCE20RA10| 24 10 10 — - — 10 4 H-7 75 100 | 100
H-10 10 | 769 | 100
H-15 15 | 526 | 100
H-20 20 50 90
PALCE29MA16] 24 8-16 5 16-8 — | — 16 4-12 H-25 25 | 285 | 100
PALCE610 24 0-16 4 16-0 —| - 16 8 H-15 15 | 455 | 90
H-25 25 37 90

*fmax is defined as 1/(ts + tco) for the external feedback.
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Application Note Devices
INTRODUCTION A second major benefit of electrical erasability is the

The purpose of this application note is to provide a sur-
vey of AMD’s CMOS PLDs (Programmable Logic De-
vices). This includes both PAL (Programmable Array
Logic) devices and the more general realm of PLDs to
which PAL devices belong. With the proliferation of
parts, the selection of the best PLD for your application
may seem difficult. If you are a new PLD user, this over-
view will guide you through the wide variety of different
device architectures, speed, and power grades. This tu-
torial should increase your understanding of the basic
characteristic features that make a device appropriate
for a given application.

Figure 1 shows a “CMOS PAL Selection Route Map.”
This can be used as a convenient model of the discus-
sion throughout this paper. It can also be used as a ref-
erence guide when you are selecting a PLD for a
particular application.

The Benefits of AMD’s CMOS PLDs

Before addressing individual products, it is important to
understand why CMOS technology is used in PLDs.
There are two universal benefits of AMD’s CMOS PLDs:
electrical erasability and low power.

Electrical Erasability

Because PLDs are programmable, electrical erasability
is probably the most important advantage that CMOS
technology can bring. AMD’s electrically-erasable
CMOS has benefits that make it superior to both UV-
erasable CMOS and bipolar technologies. The mostim-
portant advantage is the ability to erase the device
electrically in a matter of seconds as opposed to hours
for UV-based technologies, and not at all in the case of
bipolar. The chief benefit to the user is a very high quality
device. This is realized through the ability to erase and
reprogram the device many times at various test points
inthe factory. Infact, the quality is so good that program-
ming and post-programming functional rejects are virtu-
ally non-existent.

ease of reprogramming the device by the user. This
saves time when prototyping, and allows for recovery of
large volumes of devices that may need to be
reprogrammed for a variety of reasons, such as mid-
production bug fixes. Erasure takes place automatically
by the device programmer, and is completely transpar-
ent to the user.

Low Power

The most well-known attribute of CMOS is low power
consumption. All PALCE (Programmable Array Logic
CMOS Electrically-Erasable) devices are offeredin half-
power versions; they require at most half the supply cur-
rent of their first-generation bipolar counterparts. Some
devices are also offered in quarter-power versions. This
is achieved by taking the latest process technology and
designing to favor even lower power over the fastest
speed possible.

CMOS uses less current than bipolar because most of
the current flow only takes place while the transistors
are actually switching. With bipolar, current flows
through the transistors all the time. AMD’s half- and
quarter-power CMOS devices take advantage of this as
much as possible. However, in order to achieve high
speed it is necessary to operate some transistors on the
chip in the linear region. Because this circuitry is essen-
tially always switching, the power consumption does not
go to zero as it would in a conventional CMOS device.

Lower power requirements are ideal for applications
which have tight power budgets, such as mobile tele-
communications. Smaller power supplies also reduce
cost and lowers heat dissipation. This results in smaller
cooling fans, or perhaps no fan at all. It also allows the
system designer to pack everything even tighter since
less empty space is needed for air circulation. This can
make the circuit board fit in a smaller package, again
reducing cost.
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Figure 1. CMOS PAL Selection Route Map
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Zero-Power

Some devices are also offered in zero-standby power
versions. Instead of always operating certain transistors
in the linear region to achieve high speed, this circuitry
can shut down and the device goes into standby mode.
Standby mode is defined as anytime the inputs do not
switch for an extended period of time (typically 50 ns).
When this happens the current consumption will almost
go to zero (Icc < 15 pA). The outputs will maintain the
current state held while the device is in standby mode.

When any input switches, the internal circuitry is fully en-
abled and the power consumption returns to normal.
This feature results in considerable power savings for
operation at low to medium frequencies.

Zero-standby devices are desirable for a number of rea-
sons. In portable and field-installed equipment that rely
on batteries, battery life is extended. In solar powered
systems, fewer solar cells are required.

The Selection Process

When selecting a CMOS PLD, start by determining both
the functional and size requirements for your
application.

Functional Requirements

The functional requirements of a given application are
what determine which device architecture should be
used. The functional criteria include such issues as the
clocking scheme, macrocell flexibility and output drive.

The clocking scheme can be synchronous, where all
registers within a device use the same clock signal, or
asynchronous, where each register can be clocked indi-
vidually using any logic signal or combination of logic
signals available to the device. These two alternatives
are illustrated in Figure 2.

l—-s l_>

CLK N

[ Tt

N

a. Registers with Synchronous Clocking

Dt

—Dt | D

17402A-2

b. Registers with Asynchronous Clocking
Figure 2. Basic Clocking Schemes

Macrocell flexibility refers to the ability to configure the
output in various ways. A macrocell (Figure 3) takes the
basic sum-of-products logic and adds functionality
through features like storage elements, optional path

controls, polarity, and feedback. This concept will be fur-
ther illustrated as each device macrocell is explained
throughout the selection process.

Inputs AND OR

Macrocell Outputs

i

17402A-3

Figure 3. PLD Block Diagram with the Macrocell included
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Size Requirements

The combination of number of inputs and outputs re-
quired determines the device size that should be used.
The number of product terms required to implement a
particular design also factor into this decision.

The best approach to selecting the appropriate device is
to begin with the simplest and smallest devices and up-
grade as necessary to accommodate your application.

Combinatorial and Synchronous
Applications

Starting from the top of the flow chart in Figure 1 and tak-
ing the path for synchronous designs leads one to those

devices best suited for simple state machines, encod-
ers, decoders, muxes, and similar logic applications.
For these applications, D-type registered or combinato-
rial (non-registered) logic is needed. The first choice is
the PALCE16V8, PALCE20V8, or PALCE24V10, de-
pending on the number of inputs or outputs needed.
The macrocells (Figure 4) can be configured to use
combinatorial or D-type registered outputs in any combi-
nation. The D-type register operates very simply; data
presented at the D input of the register will be clocked
into the register on the rising edge of the clock signal.
The output can be configured as active low- or active
high-output depending on the requirements of the
downstream devices and the efficiency of the logic.

To
Adjacent
11 Macrocell
J:— 11 OE 10
00
= €40X Vee 01
10 =
A I
Y 'I_l_SLOX
sat -
11
L 0X
\ - 1ox
] D Q 10
= SLix CLK —> 6—\—|
10
=t 1 .
e rom
ox Adjacent
SG1 SLOx Pin
17402A-4

Figure 4. PALCE16V8 Macrocell
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More Product Terms and I/0’s

If the application requires the features of the
PALCE16V8 macrocell, but requires more programma-
ble gate functions, move further down the flowchart. The
next device, the PALCE22V10 (Figure 5) has varied
product term distribution. The number of product terms
varies among outputs, with up to 16 product terms on
some outputs. In addition, it has global synchronous
preset and asynchronous reset product terms. These
are connected to all macrocells configured as registers,
facilitating easy power-up and system reset. This versa-
tility contributes significantly to the 22V10 being the
world’s most popular PAL architecture. When combined
with the PALCE16V8 family, these two device families
will likely handle about 80% of PLD applications.

The PALCE26V12, a 28-pin version of the 22V10 in-
creases versatility by adding more inputs and outputs,
and by adding another global clock. Any macrocell can
use one of the two clocks. This allows the logic to be par-
titioned giving greater design flexibility. In addition, reg-
istered outputs can be configured as bidirectional pins
on the 26V12.

Since historically most applications in bipolar technol-
ogy had been done in PAL16R8, PAL20R8, and
PAL22V10 families, these types of applications can
easily have their power lowered with half-, quarter-, and
zero-power versions of the PALCE16V8, PALCE20V8,
or PALCE22V10.

-0
AR 10
= 1 LDD—'1 1
° D Q 00 K 1/0n
CLK—P Q 01
T
= o Th
So =
—= °
1
L.__— 17402A-5

Figure 5. PALCE22V10 Macrocell Diagram

Table 1. Summary of the PALCE16V8 and PALCE22V10 Family Architectures

Macrocell Dedicated Product
Device Type Inputs 1/0’s Clocks Terms
PALCE16V8 16V8 8-10 8 1 7-8
PALCE20V8 16V8 10-12 8 1 7-8
PALCE24V10 16V8 14 10 1 7-8
PALCE22V10 22V10 12 10 1 8-16
PALCE26V12 22V10 14 12 2 8-16

1-14 Selecting the Correct CMOS PLD—AnN Overview of Advanced Micro Devices’ CMOS PLDs
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Table 2. Summary of the Speed and Power
Requirements for the PALCE16V8, PALCE20V8,
and PALCE22V10 Families of Devices

high-output drive capability. This compares to 24 mA
low-output and 3.2 mA high-output drive for other
PALCE16V8 devices. The PALCE16V8HD also has
some unique macrocell features. Because this device is

designed to drive a bus, it can be configured with open-

drain outputs. Open-drain (open-collector) configura-

Device and Speed Grade Icc
PALCE16V8H-5 125 mA static
PALCE16V8H-7/-10 115 mA at 25 MHz

PALCE16V8H-15/-25

90 mA at 15 MHz

PALCE16V8Q-15/-25

55 mA at 15 MHz

tion is sometimes used in bus applications because it
provides controlled Vor termination, and wire-NOR
capability. Because the PALCE16V8HD is designed to

PALCE16V8Z-25

15 pA in standby mode

take inputs directly from a noisy bus, all inputs have
200 mV input threshold hysteresis to improve noise im-

PALCE20V8H-5

125 mA static

PALCE20V8H-7/-10

115 mA at 25 MHz

munity. The inputs can be configured as direct or
latched, making additional buffering devices unneces-

PALCE20V8H-15/-25

90 mA at 15 MHz

sary. Additionally, the macrocell can be configured as
eithera D- or T-type register. The T-type register is more

PALCE20V8Q-15/-25

55 mA at 15 MHz

efficient for counter applications because fewer product

PALCE22V10H-5 140 mA at 25 MHz terms are consumed as hold states.
PALCE22V10H-7 140 mA at 25 MHz Comblex Functions
PALCE22V10H-10 120 mA at 25 MHz E thp icat that ire D.T. J-K. or S-R
- - or those applications that require D, T, J-K, or S-R reg-
PALCE22V10H15/25 90 mA static ister capability, the PALCE610 (Figure 6) has this flexi-
PALCE22V10Q-25 55 mA static bility. This device has 16 macrocell outputs and four
PALCE22V10Z-25 15 pA in standby mode dedicated inputs. The J-K, S-R, and T registers allow
easy implementation of counters and larger state
Bus Applications machines.
For applications that require bus |nteract|on the
PALCE16V8HD features 64 mA low-output and 16 mA
| /016 /015 /014 /013 /012 /011 1/010 /09  CLK1

1218 1218 1218 {218 ﬁ*'z% {218 12 1218
Programmable AND Array

40 x 160
1218 '2 8 '2 8 ' é{j QJ é
1/0s 1/O7 1/0s 1/Os /04 1103 1/O2 101

wn@W
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Figure 6. PALCE610 Block Diagram
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More Flexibility

Moving down to the bottom of the flow chart reveals a
more flexible device than the PALCE610. Applications
that make use of embedded, or buried, registers can
take advantage of the PALCE29M16 (Figure 7). Buried
register operation is very useful when a state machine
uses state bits that do not need to be brought outside the
chip. This allows the pin associated with the macrocell to

be available as an input. Eight of the 16 macrocells have
dual feedback capability. This means that these macro-
cells have two independent feedback paths: one from
the register and one from the I/O pin. The other eight
macrocells have single feedback, where both paths are
available but, only one or the other can be used. Since
almost every pin is an I/O pin this device has 29 avail-
able inputs to the programmable AND array.

CLKILE VOF, VOFg 10, 10g 105 V04 VOFs VOF4
VCLK/LE @ @ @ Q
I=RES . 41 .
- 4 H Vo 1 vo vo
Lovgm B> LO'gC b LOV(?AC I Locic P Locic & Loaic B> LOGIC PTs
2 1 MACROCELL MACROCELL |—{ MACROCELL MACROCELL MACROCELL MACROCELL MACROCELL MACROCELL
OE
};M‘ B 8 it 16 6 12 8 8 ’/{’;
— Programmable
r.l AND Array
58x188
]
2 ﬂ 8 16 12 8 ‘/L
osi

PTs ] 7o || o
2 LOGIC B> LOGIC ——‘ -3 -+ Locic b Loaic b Loaic OE
L —1 MACROCELL MACROCELL . MACROCELL MACROCELL MACROCELL MACROCELL PTs

3 A @ Lé_l
19+ VOE VoR, "0"1 0o 104 Vo2 N VOF2 VOF3
17402A-7
Figure 7. PALCE29M16 Block Diagram
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The macrocells (Figure 8) can be configured as latches
or registers. Latch operation allows the flip-flop in the
macrocell to become transparent while the latch is en-
abled. When the latch is disabled, the flip-flop will hold
the current state. This kind of operation is useful in sam-
ple and hold applications. Also, the register or latch may
be used with the macrocell input pin for synchronizing
signals. The active level of the latch enable, as well as
the clock edge (rising or falling) are both programmable.

Like the PALCE22V10, there is varied product term dis-
tribution among the macrocells. Also, preload capability

is available using a global product term to define the
preload condition. Preload capability allows arbitrary
states to be loaded directly into the register, making it
unnecessary to cycle through long, complex vector se-
quences to get the device in a particular state. This is
normally only performed by the device programmer
when it performs functional tests. The preload product
term allows preload to be engaged by hand, without the
need for supervoltages (voltages above Vcc needed to
engage preload on most PLDs).

Veg —
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VOE PIN b
OE PTs FOR BANKS I > 1o
OF 4 MACROCELLS [ 00
COMMON = Sg
ASYNCHRONOUS |
PRESET =
Po 1] 11
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o P @ 10 =] vox
P7 5 a 00
_ J‘:|_ So] [S1
CLKILE 11 =
_ S PR cL .a-_—-:J =
VCLKAE 7 01 RESET
40 o0
Sa I Sg 52_
COMMON =
ASYNCHRONOUS —D
RESET
TOANDARRAY =% Ax
TOAND ARRAY =% 17402A-8

Figure 8. PALCE29M16 Macrocell Diagram
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Asynchronous Applications

Starting at the top of the flow chart again, but this time
taking the path for asynchronous applications, you will
find PALCE20RA10. The PALCE20RA10 is the sim-
plest of the asynchronous devices. Each macrocell
(Figure 9) is clocked individually using one product term
per macrocell. Also, reset, preset, and output enable are
controlled individually with one product term each.
There is also a global output enable pin which is com-
bined with the product term enable to determine if the
output is enabled or disabled.

A dedicated global preload pin allows all registered ma-
crocells to be preloaded simultaneously using normal
TTL levels.

The PALCE610 has the distinction of bridging the gap
between synchronous and asynchronous register clock-
ing. The PALCE®610 macrocells can be clocked via indi-
vidual product terms for each macrocell, or the
macrocells can be clocked in banks of eight via two dedi-
cated clocks. This is done by using a clock/output en-
able mux (Figure 10). If the macrocell is configured as

combinatorial or as a synchronous register, output en-
able/disable is controlled by a product term. If asynchro-
nous register mode is desired, the same product termis
used as a clock and the macrocell is always enabled.

As mentioned above, the PALCE610 can act as a syn-
chronous or asynchronous PAL device. As shown, a
special function product term can be steered to control
either the output enable or the macrocell clock. In the lat-
ter mode, each register can be individually clocked.

If your application requires the basic features of the
PALCE29M16, except with individual macrocell control,
the PALCE29MA16 (Figure 11) should be considered.
Four product terms in each macrocell are dedicated to
control clocking, output enable, asynchronous reset,
and asynchronous preset. These functions are con-
trolled either globally or in blocks on the PALCE29M16.
A common clock pin and output enable pin are still main-
tained, but the user has a choice of using either the com-
mon control pin or individual macrocell control via the
control product term.

r—Kz Output

17402A-9

Figure 9. PALCE20RA10 Macrocell Diagram
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Figure 11. PALCE29MA16 Macrocell
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MACH Devices

At the bottom of the flow chart, both the synchronous
and asynchronous design paths converge into the
MACH Family. MACH devices extend AMD’s PLD offer-
ings into the realm of what is referred to as mid-density.
Mid-density devices allow multiple smaller PLD designs
to be consolidated into one device. Mid-density covers
replacement of just a couple of smaller PAL devices, all
the way up to designs that would traditionally be done
with small gate arrays. These devices span from 900 to
3600 gates, with 32 to 64 macrocells, and are offered in
44- to 84-pin packages.

MACH devices use PAL blocks that are interconnected
using a switch matrix. The members of the families are
differentiated by the number of pins, macrocells, clocks,
and the amount of interconnect. The MACH 1 family has
output macrocells; the MACH 2 family has output and
buried macrocells. All signals, whether registered or
combinatorial can be buried. The basic macrocell, com-
mon to both families resembles the PALCE22V10 mac-
rocell with the additional choice of using D- or T-type
registers. The MACH210 is illustrated in Figure 12.
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Figure 12. MACH210 Block Diagram
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Both synchronous and asynchronous versions are
available. The asynchronous MACH215 macrocell
looks more like a PALCE20RA 10 macrocell, rather than
PALCE22V10 type macrocells. The synchronous de-
vices are better suited to structured designs; the asyn-
chronous MACH215 is better suited for random logic
collection.

All MACH devices have the advantage of fast (10, 12,
15, and 20 ns), predictable timing, which is a unique ad-
vantage when compared to other mid-density PLDs.

SUMMARY

Selecting the appropriate PLD for a given application in-
volves matching your requirements with various device
capabilities. Following the guidelines in this article along
with the “CMOS PAL Selection Route Map” makes it
easier.

AMD’s wide array of electrically-erasable CMOS PLDs,
combined with strong third party support through our
FusionPLD3M relationships, means an excellent selec-
tion of devices, software, and programming hardware.
This gives you a virtual toolbox of solutions for your sys-
tem logic requirements, along with the strong technical
support you expect.

Selecting the Correct CMOS PLD—AnR Overview of Advanced Micro Devices’ CMOS PLDs 1-21
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FINAL COM'L: -4/5/7/B/B-2/A, D/2 MIL: -10/12/B/B-2/A/B-4

PAL16R8 Family

20-Pin TTL Programmable Array Logic

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
W As fast as 4.5 ns maximum propagation delay

M Popular 20-pin architectures: 16L8, 16R8, 16R6,
16R4

B Programmable replacement for high-speed TTL
logic

B Register preload for testability

B Power-up reset for initialization

B Extensive third-party software and programmer
support through FusionPLD partners

M 20-Pin DIP and PLCC packages save space

W 28-Pin PLCC-4 package provides ultra-clean
high-speed signals

GENERAL DESCRIPTION

The PAL16R8 Family (PAL16L8, PAL16R8, PAL16R86,
PAL16R4) includes the PAL16R8-5/4 Series which pro-
vides the highest speed in the 20-pin TTL PAL device
family, making the series ideal for high-performance ap-
plications. The PAL16R8 Family is provided with stan-
dard 20-pin DIP and PLCC pinouts and a 28-pin PLCC
pinout. The 28-pin PLCC pinout contains seven extra
ground pins interleaved between the outputs to reduce
noise and increase speed.

The devices provide user-programmable logic for re-
placing conventional SSI/MSI gates and flip-flops at a
reduced chip count.

The family allows the systems engineer to implement
the design on-chip, by opening fuse links to configure
AND and OR gates within the device, according to the
desired logic function. Complex interconnections be-
tween gates, which previously required time-consuming
layout, are lifted from the PC board and placed on sili-
con, where they can be easily modified during prototyp-
ing or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.

The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

In addition, the PAL device provides the following
options:

— Variable input/output pin ratio
— Programmable three-state outputs
— Registers with feedback

Product terms with all connections opened assume the
logical HIGH state; product terms connected to both true
and complement of any single input assume the logical
LOW state. Registers consist of D-type flip-flops that are
loaded on the LOW-to-HIGH transition of the clock. Un-
used input pins should be tied to Vec or GND.

The entire PAL device family is supported by the
FusionPLD partners. The PAL family is programmed on
conventional PAL device programmers with appropriate
personality and socket adapter modules. Once the PAL
device is programmed and verified, an additional con-
nection may be opened to prevent pattern readout. This
feature secures proprietary circuits.

PRODUCT SELECTOR GUIDE
Dedicated Product Terms/
Device Inputs Outputs Output Feedback Enable
PAL16L8 10 6 comb. 7 /{e] prog.
2 comb. 7 - prog.
PAL16R8 8 8reg. 8 reg. pin
PAL16R6 8 6 reg. 8 reg. pin
2 comb. 7 110 prog.
PAL16R4 8 4 reg. 8 reg. pin
4 comb. 7 /0 prog.
Publication# 16492 Rev.C Amendment/0 2.3

Issue Date: October 1994
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BLOCK DIAGRAMS
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BLOCK DIAGRAMS
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CONNECTION DIAGRAMS
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PIN DESIGNATIONS

CLK
GND
|

110
o
OE
Vce

Note:

Clock

Input

wowonon

Output
Output

]

Ground

Input/Output

Enable

Supply Voltage

Pin 1 is marked for orientation.

Note 16L8 16R8 16R6 16R4
1 lo CLK CLK CLK
2 o OE OE OE
3 O1 O1 1/04 /01
4 /02 02 02 /02
5 /03 O3 O3 Os
6 1/O4 Os O4 O4
7 1/0s Os Os Os
8 1/0s Os Os Os
9 /07 Oy O7 /07

10 Os Os 1/0s 1108
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

PAL 16 H_T 5 _PC
FAMILY TYPE L OPTIONAL PROCESSING
PAL = Programmable Array Logic Blank = Standard Processing
NUMBER OF OPERATING CONDITIONS
ARRAY INPUTS C = Commercial (0°C to +75°C)
OUTPUT TYPE PACKAGE TYPE
R = Registered P = 20-Pin Plastic DIP (PD 020)
L = Active-Low Combinatorial J = 20-Pin Plastic Leaded Chip
Carrier (PL 020)
NUMBER OF OUTPUTS 28-Pin Plastic Leaded Chip
SPEED Carrier for -4 (PL 028)
-4 =45nstPD D = 20-Pin Ceramic DIP (CD 020)
-5 =5nstPD
-7 =7.5ns tPD
D=10ns tpp
VERSION
Blank = First Revision
/2 = Second Revision
Valid Combinations Valid Combinations
Valid Combinations lists configurations planned
PAL16L8 to be supported in volume for this device. Consult
PAL16RS the local AMD sales office to confirm availability of
-5PC. -5JC. -4JC specific valid combinations and to check on newly
PAL16R6 ’ ’ released combinations.
PAL16R4
PAL16L8-7
PAL16R8-7 PC, JC, DC
PAL16R6-7
PAL16R4-7
PAL16L8D/2
PAL16R8D/2 PC, JC
PAL16R6D/2
PAL16R4D/2

PAL16R8-4/5/7, D/2 (Com’l) 2-7
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ORDERING INFORMATION

Commercial Products (MMI Marking Only)

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

N

PAL 16 R 8

FAMILY TYPE
PAL = Programmable Array Logic

NUMBER OF
ARRAY INPUTS

OUTPUT TYPE
R = Registered )
L = Active-Low Combinatorial

NUMBER OF OUTPUTS

1

i
)
1

SPEED
B = Very High Speed (15 ns-35 ns trD)
A = High Speed (25 ns-35 ns trD)

T

POWER
Blank = Full Power (155 mA-180 mA Icc)
-2 Half Power (80 mA-90 mA Icc)
-4 Quarter Power (55 mA Icc)

Valid Combinations

PAL16L8

PAL16R8

CN,CNL, CJ
PAL16R6

PAL16R4

[_ OPTIONAL PROCESSING

Blank = Standard Processing

PACKAGE TYPE
N = 20-Pin Plastic DIP
(PD 020)
= 20-Pin Plastic Leaded
Chip Carrier (PL 020)
J = 20-Pin Ceramic DIP
(CD 020)
OPERATING CONDITIONS

C = Commercial (0°C to +75°C)

Valid Combinations

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

Note: Marked with MM! logo.

2-8
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ORDERING INFORMATION
APL Products

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options.
APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid
Combination) is formed by a combination of:

PAL 16 R 8 -10/B R A

FAMILY TYPE J

PAL = Programmable Array Logic

NUMBER OF
ARRAY INPUTS

OUTPUT TYPE
R = Registered
L = Active-Low Combinatorial

NUMBER OF OUTPUTS

SPEED

-10 = 10 nstpPD
-12 = 12nsteD

DEVICE CLASS

/B = MIL-STD-883C Class B

Valid Combinations
PAL16L8
PAL16R8
-10, -12 /BRA, /B2A
PAL16R6
PAL16R4

Military Burn-In

Military burn-in is in accordance with the current revi-
sion of MIL-STD-883, Test Methods 1015, Conditions
A through E. Test conditions are selected at AMD’s
option.

LEAD FINISH
A = Hot Solder Dip

PACKAGE TYPE

R = 20-Pin Ceramic DIP
(CD 020)

2 = 20-Pin Ceramic
Leadless Chip Carrier
(CL 020)

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

Group A Tests

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

PAL16R8-10/12 (Mil) 2-9
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ORDERING INFORMATION
APL Products (MMI Marking Only)

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number (Valid Combination)
is formed by a combination of:

PAL 16 R 8B -2 M _J /883B
FAMILY TYPE
PAL = Programmable Array Logic
NUMBER OF ——— OPTIONAL PROCESSING
ARRAY INPUTS /883B = MIL-STD-883, Class B
OUTPUT TYPE PACKAGE TYPE (Per 09-000)
R = Registered J = 20-Pin Ceramic DIP
L = Active-Low Combinatorial W (Z%Dpng) i Flatoack
NUMBER OF OUTPUTS = (CFLozo) T oPee
L = 20-Pin Ceramic Leadless
SPEED Chip Carrier (CL 020)
B = Very High Speed (20 ns-50 ns tPD) OPERATING CONDITIONS
A = High Speed (30 ns-50 ns trp) M = Military
POWER
Blank = Full Power (180 mA Icc)
-2 = Half Power (90 mA Icc)
-4 = Quarter Power (55 mA Icc)
Valid Combinations
Valid Combinations Valid Combinations lists configurations planned
PAL16LS to be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
PAL16R8 | p MJ/883B, specific valid combinations and to check on newly
B2, MW/883B, released combinations.
PAL16R6 A B4 ML/883B
PAL16R4 Note: Marked with MMI logo.
Military Burn-In Group A Tests
Military burn-in is in accordance with the current revi- Group A tests consist of Subgroups
sion of MIL-STD-883, Test Methods 1015, Conditions 1,2,8,7,8,9, 10, 11.
A through E. Test conditions are selected at AMD’s
option.

2-10 PAL16R8B/B-2/A/B-4 (Mil)
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FUNCTIONAL DESCRIPTION

Standard 20-Pin PAL Family

The standard bipolar 20-pin PAL family devices have
common electrical characteristics and programming
procedures. Four different devices are available, includ-
ing both registered and combinatorial devices. Ali parts
are produced with a fuse link at each input to the AND
gate array, and connections may be selectively re-
moved by applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming algo-
rithm, these products can be rapidly programmed to
any customized pattern. Extra test words are pre-
programmed during manufacturing to ensure extremely
high field programming yields, and provide extra test
paths to achieve excellent parametric correlation.

Pinouts

The PAL16R8 Family is available in the standard 20-pin
DIP and PLCC pinouts and the PAL16R8-4 Series is
available in the new 28-pin PLCC pinout. The 28-pin
PLCC pinout gives the designer the cleanest possible
signal with only 4.5 ns delay.

The PAL16R8-4 pinout has been designed to minimize
the noise that can be generated by high-speed signals.
Because of its inherently shorter leads, the PLCC pack-
age is the best package for use in high-speed designs.
The short leads and multiple ground signals reduce the
effective lead inductance, minimizing ground bounce.
Placing the ground pins between the outputs optimizes
the ground bounce protection, and also isolates the out-
puts from each other, eliminating cross-talk. This pinout
can reduce the effective propagation delay by as much
as 20% from a standard DIP pinout. Design files for
PAL16R8-4 Series devices are written as if the device
had a standard 20-pin DIP pinout for most design soft-
ware packages.

Variable Input/Output Pin Ratio

The registered devices have eight dedicated inputlines,
and each combinatorial output is an 1/O pin. The
PAL16L8 has ten dedicated input lines and six of the
eight combinatorial outputs are I/O pins. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. On combinatorial outputs, a product term
controls the buffer, allowing enable and disable to be a
function of any product of device inputs or output feed-
back. The combinatorial output provides a bidirectional
1/0 pin and may be configured as a dedicated input if the
output buffer is always disabled. On registered outputs,
an input pin controls the enabling of the three-state
outputs.

Registers with Feedback

Registered outputs are provided for data storage and
synchronization. Registers are composed of D-type
flip-flops that are loaded on the LOW-to-HIGH transition
of the clock input.

Register Preload

The register onthe AMD marked 16R8, 16R6, and 16R4
devices can be preloaded from the output pins to facili-
tate functional testing of complex state machine de-
signs. This feature allows direct loading of arbitrary
states, making it unnecessary to cycle through long test
vector sequences to reach a desired state. In addition,
transitions from illegal states can be verified by loading
illegal states and observing proper recovery.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PAL16R8 Family
will be HIGH due to the active-low outputs. The Vcc rise
must be monotonic and the reset delay time is 1000 ns
maximum.

Security Fuse

After programming and verification, a PAL16R8 Family
design can be secured by programming the security
fuse. Once programmed, this fuse defeats readback of
the internal programmed pattern by a device program-
mer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will
read as if every fuse is programmed.

Quality and Testability

The PAL16R8 Family offers a very high level of built-in
quality. Extra programmable fuses provide a means of
verifying performance of all AC and DC parameters. In
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields inthe industry.

Technology

The PAL16R8-5, -7 and D/2 are fabricated with AMD’s
oxide isolated bipolar process. The array connections
are formed with highly reliable PtSi fuses. The
PAL16R8B, B-2, A and B-4 series are fabricated with
AMD’s advanced trench-isolated bipolar process. The
array connections are formed with proven TiW fuses for
reliable operation. These processes reduce parasitic
capacitances and minimum geometries to provide
higher performance.

PAL16R8 Family 2-11
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LOGIC DIAGRAM
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts
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LOGIC DIAGRAM
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts
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LOGIC DIAGRAM
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts
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LOGIC DIAGRAM
DIP and 20-Pin PLCC (28-Pin PLCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS

Ambient Temperature with

Power Applied ............... —65°C to +150°C
Storage Temperature .......... —-55°C to +125°C
Supply Voltage with

RespecttoGround ............. -05Vto+7.0V
DC Input Voltage .......... -12VtoVec+05V
DCInputCurrent ............. -30 mAto + 5 mA
DC Output or I/O Pin

Voltage .................. -0.5VtoVec+05V
Static Discharge Voltage ............... 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

OperatinginFree Air .. ............. 0°C to +75°C
Supply Voltage (Vcc)
with Respectto Ground . ........ +4.75Vto +6.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage lon=-32mA Vin=VwhorVi 24 \"
Vee = Min
Vol Output LOW Voltage loL = 24 mA ViN = Vinor ViL 0.5 v
Vee = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min -1.2 Vv
] Input HIGH Current Vin=2.7 V, Vcc = Max (Note 2) 25 HA
I Input LOW Current Vin = 0.4V, Vcc = Max (Note 2) -250 pA
h Maximum Input Current ViN=5.5V, Vcc = Max 1 mA
loz+ Off-State Output Leakage Vour =2.7 V, Vcc = Max 100 LA
Current HIGH ViNn = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max -100 HA
Current LOW Vin = ViHor ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -130 mA
lec Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 210 mA
Vce = Max
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.

2-16
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance | CLK, OE Vin=20V Vec=5.0V 8
lils Ta = 25°C 5 pF
Cour Output Capacitance Vour=2.0V f=1MHz 8
Note:

1. 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. '

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

-5 -4
Parameter Min Min
Symbol Parameter Description (Note 3)] Max | (Note 3)| Max | Unit
tro Input or Feedback to 16L8, 16R8, 1 5 1 45 [ ns
Combinatorial Output 16R4
ts Setup Time from Input or 45 4.5 ns
Feedback to Clock
tH Hold Time 0 0 ns
tco Clock to Output 1 4.0 1 35 ns
SKEWR Skew Between Registered 1 0.5 ns
Outputs (Note 4)
twi LOW 16R$éF:§’R6' 4 4 ns
o Clock Width HIGH 2 7 s
Maximum | External Feedback [1/s +tco) ns 125 MHz
fmax Frequency | Internal Feedback (fcnt) 125 125 MHz
(Note 5) No Feedback [ 1/(twn + tw) 125 125 MHz
trzx 'OE to Output Enable 1 6.5 1 65 | ns
trxz OE to Output Disable 1 5 1 5 ns
tea Input to Output Enable Using 2 6.5 2 6.5 ns
Product Term Control 1618, 16R6,
ter Input to Output Disable Using 16R4 2 5 2 5 ns
Product Term Control
Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums for tep, tco, tezx, texz, tea, and ter are defined under best case conditions. Future process improve-
ments may alter these values; therefore, minimum values are recommended for simulation purposes only.

4. Skew testing takes into account pattern and switching direction differences between outputs.

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.

PAL16R8-4/5 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature with

Power Applied ................. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DC Input Voltage . .............. -1.2Vto+7.0V
DCinputCurrent .............. -30mAto+5mA
DC Output or I/0 Pin

Voltage . ................. -05VtoVec+05V
Static Discharge Voltage . ................ 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operatingin Free Air .............. 0°C to +75°C
Supply Voltage (Vcc)
with Respect to Ground ........ +4.75Vto+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter

Symbol Parameter Description Test Conditions Min Max Unit

Vou Output HIGH Voltage lon=-32mA Vin=ViorVi 24 \Y

Vce = Min
VoL Output LOW Voltage loL = 24 mA ViN = Vikor ViL 0.5 \"
Vee = Min
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)

Vi Input Clamp Voltage In=—18 mA, Vce = Min -1.2 v

I Input HIGH Current Vin=2.7 V, Vcc = Max (Note 2) 25 HA

I Input LOW Current ViN= 0.4V, Vcc = Max (Note 2) -250 LA

li Maximum Input Current Vin=5.5V, Vcc = Max 1 mA

lozu Off-State Output Leakage Vout = 2.7 V, Vce = Max 100 A

Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max -100 HA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -130 mA
lec Supply Current Vin= 0V, Outputs Open (loutr= 0 mA) 180 mA
‘ Vee = Max
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of li. and lozi (or IiH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vin=2.0V Vec =5.0V 5
~ Ta = 25°C pF
Cour Output Capacitance Vour=2.0V A= 8
f=1MHz
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 3) | Max Unit
tro Input or Feedback to 16L8, 16R6, 3 75

Combinatorial Output 1 Output Switching 16R4 3 7 ns

ts Setup Time from Input or Feedback to Clock 7 ns

tH Hold Time 0 ns

tco Clock to Output 1 6.5 ns

tskew Skew Between Registered Outputs (Note 4) 16R8, 16R6, 1 ns

twi Clock Width LOW 16R4 ns

twH HIGH ns
Maximum External Feedback I1/(ts + tco) 74 MHz
fmax Frequency Internal Feedback (fcnt) 100 MHz
(Note 5) No Feedback |1/(twu + twi) 100 MHz

trzx OE to Output Enable 1 8 ns

trxz OE to Output Disable 1 8 ns

tea Input to Output Enable Using Product Term Control 16L8, 16R6, 3 10 ns

ter Input to Output Disable Using Product Term Control 16R4 3 10 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums for tep, tco, tezx, texz, tea, and ter are defined under best case conditions. Future proceés improve-
ments may alter these values; therefore, minimum values are recommended for simulation purposes only.

4. Skew is measured with all outputs switching in the same direction.

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -65°C to +150°C
Ambient Temperature with

Power Applied ................. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+70V
DC InputVoltage ............... -15Vto+55V
DC Output or I/0 Pin Voltage ... .. -05Vto+55V
Static Discharge Voltage . ... ............. 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operatingin Free Air . ............. 0°C to +75°C
Supply Voltage (Vcc)
with Respectto Ground ........ +4.75Vto +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
Vo Output HIGH Voltage lon=-32mA Vin=VworVi 24 "
Vee = Min
Vou Output LOW Voltage loL = 24 mA VIN = Vihor ViL 0.5 v
Vce = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage Iin=—-18 mA, Vcc = Min -1.5 \"
liH Input HIGH Current Vin =24V, Vcc = Max (Note 2) 25 LA
I Input LOW Current ViN = 0.4V, Vcc = Max (Note 2) -250 RA
I Maximum Input Current Vin=5.5V, Vecc = Max 100 HA
loz Off-State Output Leakage Vout = 2.4V, Vcc = Max 100 HA
Current HIGH Vin = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max -100 HA
Current LOW ViNn = Vinor ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 -130 mA
lec Supply Current Vin=0 V, Outputs Open (lout = 0 mA) 180 mA
Vcc = Max
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of li. and lozi. (or IiH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance Vin=2.0V Vec =5.0V 5
Ta =25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 8
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 3) Max Unit
trD Input or Feedback to 16L8, 16R86, 3 10 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 10 ns
tH Hold Time 0 ns
tco Clock to Output 3 7 ns
twi Clock Width LOW 8 ns
twH HIGH 16R8, 16R6, 8 ns
Maximum External Feedback J 1/(ts + tco) 16R4 58.8 MHz
fmax Frequency Internal Feedback (fent) 60 MHz
(Note 4)

No Feedback | 1t + tw) 62.5 MHz
trzx OE to Output Enable 2 10 ns
texz ‘OE to Output Disable 2 10 ns
tea Input to Output Enable Using Product Term Control 16L8, 16R6, 3 10 ns
ter Input to Output Disable Using Product Term Control 16R4 3 10 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. Output delay minimums for tep, tco, tezx, texz, tea, and ten are defined under best case conditions. Future process improve-
ments may alter these values; therefore, minimum values are recommended for simulation purposes only.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where the frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature with

Power Applied ................. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DC Input Voltage . ... ....... -15VtoVec+05V
DC Output or I/O Pin

Voltage .................. -05VtoVecc+05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)

Operatingin Free Air .............. 0°C to +75°C
Supply Voltage (Vcc)
with Respectto Ground ........ +4.75Vto+5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage lon =-3.2mA Vin = Vihor ViL 24 \"
Vee = Min
VoL Output LOW Voltage loL =24 mA ViN = Vinor ViL 0.5 "
Vcce = Min
Vih Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=—18 mA, Vcc = Min -1.2 Vv
IiH Input HIGH Current Vin = 2.4V, Vcc = Max (Note 2) 25 pA
I Input LOW Current Vin = 0.4V, Vcc = Max (Note 2) -250 HA
i Maximum Input Current Vin=5.5V, Vcc = Max 100 HA
loz Off-State Qutput Leakage Vout = 2.4V, Vec = Max 100 pA
Current HIGH Vin = ViHor ViL (Note 2)
lozu Off-State Output Leakage Vout = 0.4V, Vcc = Max -100 HA
Current LOW Vin = Vikor ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 | -130 mA
lec Supply Current Vin= 0V, Outputs Open (loutr= 0 mA) 180 mA
Vee = Max
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of li. and lozt (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance Vin=20V Vec=5.0V 8
Ta=25°C F
Cour Output Capacitance Vour=2.0V f=1MHz 9 P
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
trD Input or Feedback to 16L8, 16R6, 15 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 15 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 12 ns
twi Clock Width LOW 10 ns
o HIGH 16R8,16R6, 4o ns
Maximum External Feedback 1/(ts + tco) 37 MHz
fmax Frequency
(Note 3) No Feedback 1/(twH + twi) 50 MHz
tpzx ‘OE to Output Enable 15 ns
tpxz 'OE to Output Disable 15 ns
teA Input to Output Enable Using Product Term Control 16R8, 16R8, 15 ns
ter Input to Output Disable Using Product Term Control 16R4 15 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature with

Power Applied ................. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -0.5Vto+7.0V
DC Input Voltage . .......... -1.5VtoVec+05V
DC Output or I/O Pin

Voltage .................. -05VtoVecc+05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)

Operating in Free Air .............. 0°C to +75°C
Supply Voltage (Vce)
with Respect to Ground ........ +4.75Vto +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Von Output HIGH Voltage lon=-32mA Vin=VwmorVi 2.4 \Y
Vee = Min
VoL Output LOW Voltage loL = 24 mA Vin = Vinor ViL 0.5 \Y
Vee = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
Vie Input LOW Voltage Guaranteed Input Logical LOW 0.8 Vv
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min -1.2 Vv
I Input HIGH Current Vin=2.7 V, Vcc = Max (Note 2) 25 uHA
e Input LOW Current ViN = 0.4 V, Voc = Max (Note 2) -100 pHA
hi Maximum Input Current Vin=5.5V, Vcc = Max 100 pA
lozn Off-State Output Leakage Vout = 2.7 V, Vec = Max 100 pA
Current HIGH VIN = Vior Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vecc = Max -100 HA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -130 mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 mA
Vee = Max
Notes:

1. These are absolute values with respect to device ground and ali overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout=0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance Vn=20V Vee=5.0V 7
Ta=25°C pF
Cout Output Capacitance Vour=2.0V f=1MHz 7
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter

Symbol Parameter Description Min Max Unit

tro Input or Feedback to 16L8, 16R6, 25 ns

Combinatorial Output 16R4

ts Setup Time from Input or Feedback to Clock 25 ns

tH Hold Time 0 ns

tco Clock to Output 15 ns

twi Clock Width LOW 15 ns

16R8, 16R6,

twH HIGH 16R4 15 ns
Maximum External Feedback l 1/(ts + tco) 25 MHz
fmax F'\'ie?uincy Internal Feedback (font) 28.5 MHz
(Note 4) No Feedback | 1/(twn +tw) 33 MHz

trzx OE to Output Enable 20 ns

texz OE to Output Disable 20 ns

tea Input to Output Enable Using Product Term Control 16R8, 16R6, 25 ns

ter _Input to Output Disable Using Product Term Control 16R4 25 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -65°C to +150°C
Ambient Temperature with

Power Applied ................. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vtio+7.0V
DC Input Voltage . .......... -15VtoVec+05V
DC Output or /O Pin

Voltage .................. -05VtoVec+05V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operatingin Free Air .............. 0°C to +75°C
Supply Voltage (Vcc)
with Respectto Ground ........ +4.75Vto+525V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter

Symbol Parameter Description Test Conditions Min Max | Unit

Vou Output HIGH Voltage lon=-32mA Vin=ViorVy 24 \Y

Vee = Min
Vo Output LOW Voltage loL = 24 mA ViN = Vinor ViL 0.5 Vv
Vee = Min
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)

Vi Input Clamp Voltage In=—-18 mA, Vce = Min -1.2 \"

I Input HIGH Current Vin=2.7V, Vec = Max (Note 2) 25 pA

hL Input LOW Current Vin= 0.4V, Vcc = Max (Note 2) -250 pA

I Maximum Input Current Vin=5.5V, Vcc = Max 100 pA
lozn Off-State Output Leakage Vout = 2.7 V, Vec = Max 100 HA

Current HIGH Vin = Vikor ViL (Note 2)
lozu Off-State Output Leakage Vout = 0.4 V, Vcc = Max -100 nA
Current LOW Vin = Vinor Vic (Note 2)
Isc QOutput Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 -130 mA
lee Supply Current 16L8 Vin=0 V, Outputs Open (lout = 0 mA) 155 mA
16R8/6/4 Vce = Max 180

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. /O pin Ieakage is the worst case of li and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vec = 0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vn=20V Vec=5.0V 7
Ta=25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 7
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
trD Input or Feedback to 16L8, 16R86, 25 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 25 ns
tH Hold Time 0 ns
tco Clock to Output 15 ns
twi Clock Width LOW 15 ns
twH HIGH 15 ns
16R8, 16R6,
Maximum External Feedback | 1/(ts + tco) 16R4 25 MHz
fmax Frequency Internal Feedback (fon) 285 MHz
(Note 4)

No Feedback [ 1/(tw + twn) 33 MHz
tpzx OE to Output Enable 20 ns
texz OE to Output Disable 20 ns
tea Input to Output Enable Using Product Term Control 16R8, 16R86, 25 ns
teR Input to Output Disable Using Product Term Control 16R4 25 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. Calculated from measured fmax internal.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature with

Power Applied ................. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DC InputVoltage . .............. -15Vto+55V
DC Outputor I/O Pin Voltage .............. 55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operatingin Free Air .............. 0°C to +75°C
Supply Voltage (Vec)
with Respectto Ground ........ +4.75Vto +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage lon = =1 mA Vin = ViHor ViL 24 \Y
Vee = Min
Vo Output LOW Voltage loL = 8 mA Vin = Vinor Vi, 05 \"
Vee = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vcec = Min -1.5 Vv
I Input HIGH Current Vin=2.4V, Vcc = Max (Note 2) 25 uA
i Input LOW Current Vin= 0.4V, Vcc = Max (Note 2) -250 LA
li Maximum Input Current Vin=5.5V, Vcc = Max 100 HA
lozw Off-State Output Leakage Vout =2.4V, Vcc = Max 100 HA
Current HIGH Vin = ViHor Vi (Note 2)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max -100 uA
Current LOW Vin = Vihor ViL (Note 2)
Isc Qutput Short-Circuit Current VouT = 0.5V, Vcc = Max (Note 3) -30 -250 mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 55 mA
Vee = Max
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. I/O pin leakage is the worst case of li. and lozL (or IIH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vour = 0.5 V as been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Parameter
Symbol Parameter Description Min Max Unit
tep Input or Feedback to 16L8, 16R6, 35 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 35 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 16R8, 16R6, 25 ns
tw Clock Width LOW 16R4 25 ns
twH HIGH 25 ns
Maximum External Feedback 1/(ts + tco) 16 MHz
fmax Frequency
(Note 2) No Feedback 1/(twh + twi) 20 MHz
trzx OE to Output Enable 25 ns
texz OE to Output Disable 25 ns
tea Input to Output Enable Using Product Term Control 16L8, 16R6, 35 ns
ter Input to Output Disable Using Product Term Control 16R4 35 ns
Notes:

1. See Switching Test Circuit for test conditions.

2. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DC Input Voltage . .............. -1.2Vto+55V
DCInputCurrent .............. -30 mA to +5 mA
DC Output or I/O Pin

Voltage .................. -05VtoVec+05V
Static Discharge Voltage . ... ............. 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)

Ambient Temperature (Ta)

Operatingin Free Air ................ —55°C Min
Operating Case (Tc)

Temperature . . ............. ... 125°C Max
Supply Voltage (Vec)

with Respect to Ground . ....... +450Vto+550V
Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbeol Parameter Description Test Conditions Min Max Unit
Von Output HIGH Voltage lon = -2 mA ViN = Vihor ViL 2.4 v
Vee = Min
VoL Output LOW Voltage loL = 12 mA Vin = Vinor ViL 0.5 \Y
Vee = Min
Vi Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage lin=—-18 mA, Vcc = Min -1.2 \"
I Input HIGH Current Vin= 2.7V, Vcc = Max (Note 4) 25 A
I Input LOW Current Vin=10.4V, Vcc = Max (Note 4) -250 HA
h Maximum Input Current Vin=5.5V, Vcc = Max 1 mA
lozH Off-State Output Leakage Vout =2.7 V, Vec = Max 100 pA
Current HIGH ViN = ViHor ViL (Note 4)
lozu Off-State Output Leakage Vout = 0.4V, Vcc = Max -100 A
Current LOW ViNn = ViHor ViL (Note 4)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 5) -30 -130 mA
lec Supply Current Vin=0 V, Outputs Open (lout= 0 mA) 200 mA
Vee = Max
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. VL and VIH are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of liL and lozL (or IiH and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
: Corner Pins _ Vee =5.0V 10
Cin Input Capacitance Middle Pins Vin=2.0V Th e 25°C 5 oF
Cour Output Capacitance Vour=2.0V f=1MHz 9
Note:

1. 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.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

-10 -12
Parameter Min Min
Symbol Parameter Description (Note 3) | Max | (Note3) | Max | Unit
16L8
Input or Feedback to .
teD Combinatorial Qutput 16R6, 3 10 3 12 ns
16R4
ts Setup Time from Input or Feedback to Clock 10 10 ns
tH Hold Time 0 ns
tco Clock to Output 3 9 3 11 ns
tskew Skew Between Registered Outputs (Note 4) 1 1 ns
twi Low ]ggg. 8 8 ns
Clock Width ,
twh ock Wi HIGH 16R4 8 8 ns
Maximum External Feedback [ 1/(ts + tco) 52.6 47.6 MHz
Frequency
fmax (Note 5) Internal Feedback (fonr) 60.6 60.6 MHz
No Feedback [ 1/(tww + tw) 62.5 62.5 MHz
tpzx 'OE to Output Enable (Note 5) 3 10 3 12 ns
trxz OE to Output Disable (Note 5) 3 10 3 12 ns
tea Input to Output Enable Using Product
Term Control (Note 5) }gl}:}% 8 10 8 12 ns
ter Input to Output Disable Using Product 16R4’
Term Control (Note 5) 3 10 3 12 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are

tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Minimum value for trp, tco, tPzx, tPxz, teA, and ter parameters should be used for simulation purposes
only and are not tested.

4. Skew is measured with all outputs switching in the same direction.

5. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

PAL16R8-10/12 (Mil)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... =65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DCInput Voltage ............... -15Vto+55V
DC Output or /O Pin Voltage .............. 55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)

Ambient Temperature (Ta)

Operatingin Free Air ................ ~55°C Min
Operating Case (Tc)

Temperature .. ............. ... ..... 125°C Max
Supply Voltage (Vce)

with Respectto Ground ........ +4.50 V to +5.50 V
Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage lon = -2 mA Vin=Vinor ViL 24 \Y
Vee = Min
VoL Output LOW Voltage loL = 12 mA ViN = ViHor Vi 0.5 \
Vce = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min -1.5 v
I Input HIGH Current Vin=2.4V, Vcc = Max (Note 4) 25 uA
I Input LOW Current Vin = 0.4V, Vcc = Max (Note 4) -250 HA
h Maximum Input Current Vin=5.5V, Vcc = Max 1 mA
lozn Off-State Output Leakage Voutr =24V, Vcc = Max 100 HA
Current HIGH ViN = ViHor ViL (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vcc = Max -100 HA
Current LOW Vin = Vinor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vec = Max (Note 5) -30 -130 mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 180 mA
Vce = Max
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. VL and ViH are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. IO pin leakage is the worst case of li. and loz. (or liH and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance Vn=2.0V Vec=5.0V 9
Ta =25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 10
Note:

1. 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.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
tro Input or Feedback to 16L8, 16R6, 20 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 20 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 15 ns
twi . LOW 12 ns
Clock Width
twH HIGH 16L8, 16R6, 12 ns
16R4
fmax Maximum External Feedback 1/(ts + tco) 28.5 MHz
Frequency
(Note 3) No Feedback 1/(twh + twi) 416 MHz
tpzx OE to Output Enable (Note 4) 20 ns
texz OE to Output Disable (Note 4) 20 ns
tea Input to Output Enable Using Product
Term Control (Note 4) 16L8, 16R6, 25 ns
ter Input to Output Disable Using Product 16R4
Term Control (Note 4) 20 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9,
MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

10, and 11 are tested per

PAL16R8B (Mil)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DCInputVoltage ............... -15Vto+55V
DC Output or I/O Pin Voltage . ............. 55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)

Ambient Temperature (Ta)

Operatingin Free Air . ............... —55°C Min
Operating Case (Tc)

Temperature .. ............. ... 125°C Max
Supply Voltage (Vec)

with Respect to Ground ........ +450Vto+5.50V
Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
Vox Output HIGH Voltage lon = -2 mA Vin=Vinor Vi 24 v
Vce = Min
Vou Output LOW Voltage lo. = 12 mA VN = Vinor ViL 0.5 v
Vee = Min
Vik Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=—-18 mA, Vcc = Min -1.5 \"
I Input HIGH Current Vin=2.4V, Vcc = Max (Note 4) 25 pA
e Input LOW Current Vin = 0.4V, Vcc = Max (Note 4) -250 | pA
I Maximum Input Current Vin=55V, Vcc = Max 1 mA
lozH Off-State Output Leakage Vour=2.4V, Vec = Max 100 HA
Current HIGH Vin = ViHor ViL (Note 4)
lozL Off-State Output Leakage Vout = 0.4V, Vec = Max -100 HA
Current LOW ViN = Vihor ViL (Note 4)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 5) -30 -130 mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 90 mA
Vee = Max
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand ViH are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of i and lozt. (or IiH and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance Vn=20V Vec=5.0V 7
: Ta=25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 7
Note:

1. 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.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter .
Symbol Parameter Description Min Max Unit
trD Input or Feedback to 16L8, 16R6, 30 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 30 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 20 ns
twi Clock Width LOW 16L8, 16R6, 20 ns
twH HIGH 16R4 20 ns
Maximum External Feedback 1/(ts + tco) 20 MHz
fmax Frequency
(Note 3) No Feedback 1/(twH + twi) 25 MHz
tpzx ‘OE to Output Enable (Note 4) 25 ns
tpxz ‘OE to Output Disable (Note 4) 25 ns
tea Input to Output Enable Using Product
Term Control (Note 4) 16L8, 16R6, 30 ns
R Input to Output Disable Using Product 16R4
Term Control (Note 4) 30 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per

MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where frequency may be affected.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified

where these parameters may be affected.

PAL16R8B-2 (Mil)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+70V
DCInputVoltage . .............. -15Vto+55V
DC Outputor /O Pin Voltage .............. 55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)

Ambient Temperature (Ta)

Operatingin Free Air . ............... -55°C Min
Operating Case (Tc)

Temperature . . ..................... 125°C Max
Supply Voltage (Vcc)

with Respectto Ground ........ +4.50 Vto +5.50 V
Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage lon =-2 mA ViN = Vihor Vi 2.4 Vv
Vece = Min
VoL Output LOW Voltage loL = 12 mA ViNn = Vinor ViL 0.5 Vv
Vee = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH . 2.0 \
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 "
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=—-18 mA, Vcc = Min -1.5 \"
IH Input HIGH Current Vin=2.4V, Vcc = Max (Note 4) 25 HA
I Input LOW Current Vin = 0.4V, Vcc = Max (Note 4) -250 pA
li Maximum Input Current Vin=5.5V, Vcc = Max 1 mA
lozn Off-State Output Leakage Vout = 2.4 V, Vec = Max 100 pA
Current HIGH Vin = Vihor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max -100 HA
Current LOW Vin = ViHor Vi (Note 4)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 5) -30 -130 mA
lec Supply Current Vin=0 V, Outputs Open (lout = 0 mA) 180 mA
Vce = Max
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. Vi and ViH are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of li. and lozL. (or liH and 10zH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout = 0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cw Input Capacitance Vin=2.0V Vee=5.0V 7
Ta=25°C
Cour Output Capacitance Vour=2.0V f=1MHz 7 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
trD Input or Feedback to 16L8, 16R86, 30 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 30 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 20 ns
twi Clock Width LOW 20 ns
twH HIGH 16L8, 16R8, 20 ns
Maximum External Feedback 1/(ts + tco) 16R4 20 MHz
fmax Frequency
(Note 3) No Feedback 1/(twH + twi) 25 MHz
tpzx OE to Output Enable (Note 4) 25 ns
texz OE to Output Disable (Note 4) 25 ns
tea Input to Output Enable Using Product
Term Control (Note 4) 16L8. 16R6 30 ns
ter Input to Output Disable Using Product 16R4
Term Control (Note 4) 30 ns
Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per
MIL-STD-883, Method 5005, unless otherwise noted.
3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.
4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

PAL16R8A (Mil)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —-65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+70V
DC Input Voltage . .............. -1.5Vto+55V
DC Output or /O Pin Voltage .............. 55V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperature (Ta)

Operatingin Free Air . ............... -55°C Min
Operating Case (Tc)

Temperature . . ..................... 125°C Max
Supply Voltage (Vcc)

with Respectto Ground ........ +4.50Vto+5.50V
Note:

1. Military products are tested at Tc = +25°C, +125°C,
and -55°C, per MIL-STD-883.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage lon=-1 mA Vin= Vi or ViL 24 Vv
Vce = Min
VoL Output LOW Voltage loL =4 mA VIN = ViHor ViL 0.5 \
Vee = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min -1.5 Vv
I Input HIGH Current Vin=2.4V, Vcc = Max (Note 4) 25 A
I Input LOW Current Vin = 0.4V, Vcc = Max (Note 4) —250 pA
l Maximum Input Current Vin=5.5V, Vcc = Max 1 mA
lozw Off-State Output Leakage Vout = 2.4V, Vec = Max 100 HA
Current HIGH Vin = Vinor Vi (Note 4)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max —-100 HA
Current LOW Vin = Vihor ViL (Note 4)
Isc Output Short-Circuit Current Vourt = 0.5V, Vcc = Max (Note 5) -30 -250 mA
lec Supply Current Vin= 0V, Outputs Open (lour= 0 mA) 55 mA
Vce = Max
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand ViH are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of liL and lozL (or liH and lozH).

5. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour = 0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter
Symbol Parameter Description Min Max Unit
te Input or Feedback to 16L8, 16R6, 50 ns
Combinatorial Output 16R4
ts Setup Time from Input or Feedback to Clock 50 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 25 ns
twi Clock Width LOW ) 25 ns
twH HIGH 1618, 16R6, 25 ns
16R4
Maximum External Feedback 1/(ts + tco) 13.3 MHz
fmax Frequency
(Note 2) No Feedback 1/(twH + twe) 20 MHz
trzx 'OE to Output Enable (Note 3) 25 ns
texz OE to Output Disable (Note 3) 25 ns
tea Input to Output Enable Using Product 45 ns
Term Control (Note 3) 16L8, 16R6,
16R4
ter Input to Output Disable Using Product 45 ns
Term Control (Note 3)
Notes:

1.

2.

See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are tested per
MIL-STD-883, Method 5005, unless otherwise noted.

These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.

PAL16R8B-4 (Mil)
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SWITCHING WAVEFORMS

Input or

Feedback vr
tPD
Combinatorial
Output vr
16492C-12
Combinatorial Output
Clock /
Registered
Output 1 VT
tSKEWR
Registered
Output 2 vr
16492C-14
Registered Output Skew
Input vt

teErR tea

Outout N\ \k Vou- 0.5V /77 v

utpu L7 vor + o5V

16492C-16
Input to Output Disable/Enable
Notes:

1.Vr=15V

" 2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2 ns—3 ns typical.

Input or
Feedback T
ts tH
\%s
Clock tco
Registered
Output xx}(}éj{ VT
16492C-13
Registered Output
twH
Clock vr
twi
16492C-15
Clock Width
_ VT
OE
tpxz tPzx

§§?(VOH=0.5V/77
Output VT
apdt [T o+ 0sv\\\

16492C-17
'OE to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Mustbe - Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
from Lto H fromLtoH
Don’t Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT

5V
; S1
% Ri
Output O 9—@ Test Point
% Rz

L
Il

16492C-18
i Militar:
Commercial Yy Measured
Specification S1 Cu R4 R2 Ry Rz Output Value
tro, tco Closed All but All but All but All but
B-4: B-4: B-4: B-4: 1.5V
trzx, teA Z — H: Open 50 pF 200 Q 390 Q 390 Q 750 Q
Z - L: Closed
trxz, ter H —Z: Open 5pF B-4: B-4: B-4: B-4: H->Z:Voh-05V
L — Z: Closed 800 Q 1.56 kQ 800 Q 1.56 kQ L—>Z:VoL+0.5V

PAL16R8 Family
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MEASURED SWITCHING CHARACTERISTICS for the PAL16R8-5
Vee =4.75V, Ta = 75°C (Note 1)

50T
-5
45 T
tro,ns 40
35 1
30 +———+—F+—+—+—
1 2 3 4 5 6 7 8
Number of Outputs Switching
16492C-19
teo vs. Number of Outputs Switching
10 T
8 ——
to,ns & T
-5
4 ——
2 —
0 50 100 150 200 250
Cu, pF
16492C-20

teo vs. Load Capacitance
Vec =5.25V, Ta = 25°C

Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where trp may be affected.
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS for the PAL16R8-4/5
Vec=5.0V,Ta =25°C

loL, mA

T T T T = Vo, V

16492C-21
VoH, V
16492C-22
Output, HIGH
h, A
20 T
1 2 3
} } } } } } Vi, V
< 2 |/
f 50
- —100
- —150
4 —200
16492C-23
Input

PAL16R8-5 2-43
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MEASURED SWITCHING CHARACTERISTICS for the PAL16R8-7
Vec =4.75V, Ta = 75°C (Note 1)

75T

trD, ns
65 T

6 3 i I 1 Il 1 1
T T v Ll ¥ 1 1

1 2 3 4 5 6 7 8

NUMBER OF OUTPUTS SWITCHING

16492C-24
tep vs. Number of Outputs Switching
8 —
74
tPD, ns
6+
5 i } i t t t — 1 i
10 30 50 70 90 110
C, pF
16492C-25

trp vs. Load Capacitance

Note:
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where tpp may be affected.
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTICS for the PAL16R8-7

Vec=5.0V, Ta =25°C

loL, mA
15 T
10 T
5 +
—— ——+—+— voL, v
-0.6 0.4 -0.2 02/ 04 06
-5 +
-15 T
16492C-26
Output, LOW
loH, mA
20 T
_é _é VoH, V
16492C-27
Output, HIGH
I, pA
20 T
e HE
S e "
+4 -20
+4 -40
+4 -60
<4 -80
16492C-28

PAL16R8-7
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Input o—¢ > Fl\/

Program/Verify
Circuitry
16492C-29

Typical Input

o Voc

40 Q NOM

I g I O Qutput

Input,
110
Pins

7\

Program/Verify/
Test Circuitry

Preload
Circuitry

e 16492C-30

Typical Output
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POWER-UP RESET

The power-up reset feature ensures that all flip-flops will
be resetto LOW after the device has been powered up.
The output state will be HIGH due to the inverting output
buffer. This feature is valuable in simplifying state ma-
chine initialization. A timing diagram and parameter ta-
ble are shown below. Due to the synchronous operation
of the power-up reset and the wide range of ways Vcc

can rise to its steady state, two conditions are required
to ensure a valid power-up reset. These conditions are:

W The Vcc rise must be monotonic.

m Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Description Max Unit
trR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twi Clock Width LOW Characteristics
4V Vce
Power
I ter
Registered /
Active-Low 7
Output le ts
Clock \\NK
l" twe "I 16492C-31

Power-Up Reset Waveform

PAL16R8 Family
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FINAL COM’L: H-5/7/10/15/25, Q-10/15/25

IND: H-10/15/25, Q-20/25

PALCE16V8 Family

EE CMOS 20-Pin Universal Programmable Array Logic

MIL: H-15/20/25 n

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Pin, function and fuse-map compatible with all
20-pin GAL devices

W Electrically erasable CMOS technology
provides reconfigurable logic and full
testability

BN High-speed CMOS technology
— 5 ns propagation delay for “-5” version
— 7.5 ns propagation delay for “-7” version

W Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

B Outputs programmable as registered or
combinatorial in any combination

B Programmable output polarity

B Programmable enable/disable control

M Preloadable output registers for testability

B Automatic register reset on power up

B Cost-effective 20-pin plastic DIP, PLCC, and
SOIC packages

W Extensive third-party software and programmer
support through FusionPLD partners

N Fully tested for 100% programming and
functional yields and high reliability

B 5 ns version utilizes a split leadframe for
improved performance

GENERAL DESCRIPTION

The PALCE16V8 is an advanced PAL device built with
low-power, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocells provide a universal device
architecture. The PALCE16V8 will directly replace the
PAL16R8 and PAL10H8 series devices, with the excep-
tion of the PAL16C1.

The PALCE16V8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through floating-
gate cells in the AND logic array that can be erased
electrically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products

feeds the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial with an active-
high or active-low output. The output configuration is
determined by two global bits and one local bit
controlling four multiplexers in each macrocell.

AMD’s FusionPLD program allows PALCE16V8 de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar. Please refer to
the PLD Software Reference Guide for certified devel-
opment systems and the Programmer Reference Guide
for approved programmers.
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BLOCK DIAGRAM
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ORDERING INFORMATION

Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options. The
order number (Valid Combination) is formed by a combination of:

PAL CE 16 V8 H

cis

L OPTIONAL PROCESSING

FAMILY TYPE - Blank = Standard Processing
PAL = Programmable Array Logic

TECHNOLOGY

CE = CMOS Electrically Erasable gll:g,? mmsm&iagmmn

NUMBER OF ] /14 -:- First Revision
/5 = Second Revision

ARRAY INPUTS (Same Algorithm as /4)
OUTPUT TYPE
V = Versatile
NUMBER OF FLIP-FLOPS

OPERATING CONDITIONS
POWER C = Commercial (0°C to +75°C)

H = Half Power (90 - 125 mA Icc)
Q = Quarter Power (55 mA Icc)

| Industrial (—40°C to +85°C)

SPEED PACKAGE TYPE
-5 = 5nstrD P = 20-Pin Plastic DIP (PD 020)
7 = 75nsteD J = 20-Pin Plastic Leaded Chip

10 16 Carrier (PL 020)

-10 = 10nstrp S = 20-Pin Plastic Gull-Wing

-15 = 15nstpPD Small Outline Package (SO 020)

-20 = 20 nstPD

-25 = 25 nstpD

Valid Combinations Valid Combinations
PALCE16V8H-5 JC 5 Valid Combinations lists configurations planned
PALCE16V8H-7 PC, JC to be supported in volume for this device. Consult
PALCE16V8H-10 | PC, JC, SC, PI, JI /4 the local AMD sales office to confirm aviilability (l)f
, JG, SC, P|, fiovali inati dtoch
PALCE16V8Q-10 | __PC,JC, SC 5 specific valid combinations and to check on newly
PALCE16V8H-15 | PC, JC, SC, Pl, JI
PALCE16V8Q-15 PC, JC
PALCE16V8Q-20 Pl, JI Blank,
PALCE16V8H-25 | PC,JC, SC, P, JI 4
PALCE16V8Q-25 PC, JC, P, JI
2-50 PALCE16V8H-5/7/10/15/25, Q-10/15/25 (Com’l)
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ORDERING INFORMATION

APL Products (Military)

AMD programmable logic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) products are fully comphant with MIL-STD-883 requirements. The order number (Valid Combination)

is formed by a combination of:

PAL CE 16 V 8 H -1
AL

/BR A

5 ES

m T [
LEAD FINISH
A

FAMILY TYPE )
. PAL = Programmable Array Logic = Hot Solder Dip

TECHNOLOGY PACKAGE TYPE
CE = CMOS Electrically Erasable R = 20-Pin Ceramic DIP (CD 020)
NUMBER OF 2 = 20-Pin Ceramic Leadless
ARRAY INPUTS Chip Carrier (CL 020)
OUTPUT TYPE
V = Versatile DEVICE CLASS
NUMBER OF FLIP-FLOPS /B = Class B
POWER PROGRAMMING DESIGNATOR
H = Half Power (130 mA lcc) Blank = Initial Release

E4 = First Revision
SPEED (Different Algorithm from
-156 = 15 nstrPD Blank)
-20 = 20 ns trPD

-25 = 25 nstpPD

Valid Combinations

Valid Combinations

PALCE16V8H-15 E4
PALCE16V8H-20 Blank,
PALCE16V8H-25 E4

/BRA
/B2A

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

Military Burn-In

Group A Tests

Group A tests consist of Subgroups
1,2,8,7,8,9,10, 11.

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test

conditions are selected at AMD’s option.

PALCE16V8H-15/20/25 (Mil) 2-51
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FUNCTIONAL DESCRIPTION

The PALCE16V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo—MCy7).
Each macrocell can be configured as registered output,
combinatorial output, combinatorial I/O or dedicated in-
put. The programming matrix implements a program-
mable AND logic array, which drives a fixed OR logic
array. Buffers for device inputs have complementary
outputs to provide user-programmable input signal po-
larity. Pins 1 and 11 serve either as array inputs or as
clock (CLK) and output enable (OE), respectively, for all
flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE16V8 are
automatically configured from the user's design

specification, which can be in a number of formats. The
design specification is processed by development soft-
ware to verify the design and create a programming file.
This file, once downloaded to a programmer, configures
the device according to the user’s desired function.

The user is given two design options with the
PALCE16VS8. First, it can be programmed as a standard
PAL device from the PAL16R8 and PAL10H8 series.
The PAL programmer manufacturer will supply device
codes for the standard PAL device architectures to be
used with the PALCE16V8. The programmer will pro-
gramthe PALCE16V8 in the corresponding architec-
ture. This allows the user to use existing standard PAL
device JEDEC files without making any changes to
them. Alternatively, the device can be programmed as
aPALCE16V8. Here the user must use the PALCE16V8
device code. This option allows full utilization of the
macrocell.

To
Adjacent
11 Macrocell
J:_ 11 OE 10
00
= ¢40X Vee 01
10 =
A
v _lSLOX J
SG1 ) I
1 g
\ 1/0x
l D Q 10
= SLix clk —> 6——|
10
=< 11 i
oX}——o—— From
Adjacent
“SG1 JC SLOx Pin
16493C-4

*In macrocells MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer.

PALCE16V8 Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial 1/0, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MC~7, a macrocell configured
as adedicated input derives the input signal from an ad-
jacent I/0. MCo derives its input from pin 11 (OE) and
MCy7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SL0O7 and SL 10
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE16V8
willemulate a PAL16R8 family or a PAL10H8 tamily de-
vice. Within each macrocell, SLOx, in conjunction with
SGH, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7, SGO replaces SG1 on the feedback mul-
tiplexer. This accommodates CLK being the adjacent
pin for MC7 and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SG0 =0, SG1=1and SL0x =
0. There is only one registered configuration. All eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations

The PALCE16V8 has three combinatorial output con-
figurations: dedicated output in a non-registered device,
1/0 in a non-registered device and I/O in a registered
device.

Dedicated Output in a Non-Registered
Device

The control bit settings are SG0 =1, SG1=0and SL0x =
0. All eight product terms are available to the OR gate.
Although the macrocell is a dedicated output, the feed-
back is used, with the exception of pins 15 and 16. Pins
15 and 16 do not use feedback in this mode. Because
CLK and OE are not used in a non-registered device,
pins 1 and 11 are available as input signals. Pin 1 will

use the feedback path of MC7 and pin 11 will use the
feedback path of MCo.

Combinatoriai /0 in a Non-Registered
Device

The control bit settings are SG0=1,SG1=1,andSL0x =
1. Only seven product terms are available to the OR
gate. The eighth product term is used to enable the out-
put buffer. The signal at the I/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial 1/0 in a Registered Device

The control bit settings are SG0 =0, SG1 =1 and SLOx =
1. Only seven product terms are available to the OR
gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding 1/0
signal.

Dedicated Input Configuration

The control bit settings are SG0=1,SG1=0and SLOx =
1. The output buffer is disabled. Except forMCoand MC~
the feedback signal is an adjacent I/O. For MCo and MC7
the feedback signals are pins 1 and 11. These configu-
rations are summarized in Table 1 and illustrated in
Figure 2.

Table 1. Macrocell Configuration

SGOI SG1| SLOx] Cell Configuration| Devices Emulated
Device Uses Registers

0 1 0 | Registered Output PAEIRJGRS, 16R86,
16R4
0 1 1 | Combinatorial IO |PAL16R6, 16R4
Device Uses No Registers
1 0 0 | Combinatorial PAL10H8, 12H8,

Output 14H4, 16H2, 10L8,

12L6, 14L4, 16L2
PAL12HG, 14H4,
16H2, 1216, 14L4,
16L2

1 1 1 PAL16L8

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

1 0 1 | Input

Combinatorial 110

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active high if SL1xis 1 and active
low if SL1xis 0.

PALCE16V8 Family 2-53
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OE OE
D Q D Q
CLK—P> Q@ CLK—P Q
Registered Active Low Registered Active High
Combinatorial I/0 Active Low Combinatorial I/O Active High
Vee Vee
' Note 1 Note 1
Combinatorial Output Active Low Combinatorial Output Active High
Notes:
1. Feedback is not available on pins 15 . .
and 16 in the combinatorial output mode. Adjacent /O pin
2. This configuration is not available on pins 15 and 16. Note 2

Dedicated Input
16493C-5

Figure 2. Macrocell Configurations

2-54 PALCE16V8 Family



AMD u

Power-Up Reset

Allflip-flops power up to alogic LOW for predictable sys-
tem initialization. Outputs of the PALCE16V8 will de-
pend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALCE16V8 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

Security Bit

A security bit is provided onthe PALCE16V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback
and verification of the programmed pattern by a device
programmer, securing proprietary designs from com-
petitors. The bit can only be erased in conjunction with
the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE16V8 device. It consists of 64 bits of programm-
able memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE16V8 can be programmed on standard logic
programmers. It also may be erased to reset a previ-
ously configured device back to its virgin state. Erasure
is automatically performed by the programming hard-
ware. No special erase operation is required.

Quality and Testability

The PALCE16V8 offers a very high level of built-in qual-
ity. The erasability of the device provides a direct means
of verifying performance of all AC and DC parameters.
In addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The high-speed PALCE16V8 is fabricated with AMD’s
advanced electrically erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded
substrate for clean switching.
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —-55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto +7.0V
DC Input Voltage ... ........ -05VtoVcec +05V
DC OQutput or /O

PinVoltage ............... -05VtioVec+05V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Cto75°C) . ... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES

Commercial (C) Devices
Temperature (Ta) Operating

inFree Air......... ... ... ... .. 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround ............ +475V 10 +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
Vo Output HIGH Voltage IoH = -3.2 mA VIN = VIH or ViL 2.4 \"
Vee = Min
Vou Output LOW Voltage loL =24 mA VIN = VIH or ViL 0.5 \"
Vce = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
hH Input HIGH Leakage Current ViN=5.25V, Vcc = Max (Note 2) 10 A
L Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100| pA
lozH Off-State Output Leakage Vout = 5.25 V, Vcc = Max 10 HA
Current HIGH VIN = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100| pA
Current LOW ViN = ViHor ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 -150 | mA
lcc Supply Current Outputs Open (louT = 0 mA), ViN=0 V 125 mA
(Static) Vee = Max
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or liH and lozH).
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CIN Input Capacitance ViN=20V Vcec=5.0V, Ta =25°C, 5 pF
Cout Output Capacitance Vour=20V f=1MHz 8 pF
Note: -

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 5)| Max Unit
tPD Input or Feedback to Combinatorial Output 1 5 ns
ts Setup Time from Input or Feedback to Clock 3 ns
tH Hold Time 0 ns
tco Clock to Output 1 4 ns
tSKEWR Skew Between Registered Outputs (Note 4) 1 ns
twL LOW 3 ns
Clock Width
twH HIGH 3 ns
A External Feedback | 1seco) 142.8 MHz
Maximum
fmax F,Gequency Internal Feedback (fcNT) 166 MHz
ote 3
( ) No Feedback | 1ownetwe) 166 MHz
tPzx OE to Output Enable 1 6 ns
tPxz OE to Output Disable 1 5 ns
tEA Input to Output Enable Using Product Term Control 2 6 ns
tER Input to Output Disable Using Product Term Control 2 5 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where frequency may be affected.

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading.

5. Output delay minimums for tep, tca trzx texz tea and ter are defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.

PALCE16V8H-5 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .......... —65°C to +150°C
Ambient Temperature with

Power Applied ................ -55°C to +125°C
Supply Voltage with Respect

toGround .................... —-05Vto+7.0V
DC Input Voltage ... ........ -05VtoVec+1.0V
DC Output or I/O

PinVoltage ............... —-0.5VtoVecc+1.0V
Static Discharge Voltage . . ............... 2001V
Latchup Current

(TA=0°Cto+75°C) .. ...t 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Tempsarature (Ta)

Operatingin Free Air .............. 0°C to +75°C
Supply Voltage (Vcc)
with Respectto Ground ........ +4.75Vto +5.25V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage loH=-32mA  VIN= ViHor ViL 2.4 Vv
Vee = Min
VoL Output LOW Voltage loL =24 mA VIN = VIH or Vit 0.5 Vv
Vce = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Note 1)
Vie Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
lIH Input HIGH Leakage Current VIN =5.5V, Vcc = Max (Note 2) 10 HA
L Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 LA
lozH Off-State Output Leakage VouTt = 5.5V, Vcc = Max, 10 HA
Current HIGH VIN = ViL or VIH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 A
Current LOW ViN= ViL or ViH (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -150 mA
lcc Supply Current Outputs Open, (lout = 0 mA), 115 mA
(Dynamic) Vcc = Max, f = 25 MHz
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. I/O pin leakage is the worst case of i and lozi (or IiH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.

Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vce =5.0V, Ta = 25°C 5 pF
Cout Output Capacitance Vour =2.0 V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min

Symbol Parameter Description (Note 5)] Max Unit

tPD Input or Feedback to Combinatorial Output 8 Outputs Switching 3 7.5 ns

1 Output Switching 3 7 ns

ts Setup Time from Input or Feedback 5 ns

tH Hold Time 0 ns

tco Clock to Output 1 5 ns

tSKEWR Skew Between Registered Outputs (Note 4) 1 ns

twi ) LOW 4 ns

v Clock Width HioH 2 e
Maximum External Feedback I 1/(ts + tco) 100 MHz
fMAX Frequency Internal Feedback (fcnT) 125 MHz
(Note 3) No Feedback [ 1/0wh + tw) 125 MHz

tPzx OE to Output Enable 1 6 ns

tPXA OE to Output Disable 1 6 ns

tEA Input to Output Enable Using Product Term Control 3 9 ns

tER Input to Output Disable Using Product Term Control 3 9 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading.

Output delay minimums for tep, tca tezx texz tea and terare defined under best case conditions. Future process improvements
may alter these values therefore, minimum values are recommended for simulation purposes only.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

RespecttoGround ............ -05Vto +70V
DC Input Voltage . .......... -0.5VtoVec +05V
DC Output or 11O

PinVoltage ............... -0.5VtoVec+05V
Static Discharge Voltage . ................ 2001 V
Latchup Current

(TA=—40°C10+85°C) . ................. 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating

inFree Air....................... 0°C to +75°C
Supply Voltage (Vcc) with
Respectto Ground ... ......... +4.75Vto +5.25V

Industrial (1) Devices
Temperature (Ta) Operating

inFreeAir..................... —40°C to +85°C
Supply Voltage (Vcc) with
RespecttoGround .............. +45Vito+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage loH=-32mA  VIN=ViHorViL 24 \Y
Vece = Min
Vou Output LOW Voltage loL =24 mA VIN = VIHor ViL 0.5 \
Vcc = Min
VIH Input HIGH Voitage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current VIN =5.25 V, Vcc = Max (Note 2) 10 pA
L Input LOW Leakage Current VIN =0V, Vce = Max (Note 2) -100 | pA
lozH Off-State Output Leakage Vout =5.25 V, Vcc = Max 10 nA
Current HIGH VIN = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = ViHor VIL (Note 2)
Isc Output Short-Circuit Current Vour=05V  Vcc = Max (Note 3) -30 -150 [ mA
lcc Commercial Supply Current Outputs Open (louT = 0 mA) 115 mA
(Dynamic) Vce = Max, f = 15 MHz
Industrial Supply Current 130 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or IiH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Descriptions - Test Conditions Typ Unit
CIN Input Capacitance VIN=2.0V Vcec =5.0V, Ta = 25°C, 5 pF
Cour Output Capacitance Vour=20V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges
(Note 2)

Parameter Min
Symbol Parameter Description (Note 4)] Max Unit
tPD Input or Feedback to Combinatorial Output 3 10 ns
ts Setup Time from Input or Feedback to Clock 75 ns
tH Hold Time 0 ns
tco Clock to Output 3 75 ns
twL ) LOW 6 ns
twH Clock Width HIGH 6 ns
. External Feedback [ 1/1s+tco) 66.7 MHz
fMAX :“r”rifq'&i'gy Internal Feedback (fcnT) 71.4 MHz
(Note 3) No Feedback [ tritwretw) 833 “MHz
tpzx 6_€ to Output Enable 2 10 ns
tPxz OE to Output Disable 2 10 ns
tEA Input to Output Enable Using Product Term Control 3 10 ns
tER Input to Output Disable Using Product Term Control 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Output delay minimums for tep, tco, trzx, texz, tea, and ter are defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -0.5Vto +7.0V
DC Input Voltage ... ........ -0.5VtoVeec +05V
DC Output or I/O

PinVoltage ............... -05VtoVecc+05V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Cto75°C) ............ . 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

inFree Air....................... 0°C to +75°C
Supply Voltage (Vcc) with
Respectto Ground ... ......... +4.75Vto +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage loH = -3.2 mA ViN = VIH or ViL 2.4 Vv
Vce = Min
VoL Output LOW Voltage lot =24 mA VIN = ViH or VIL 0.5 Vv
Vce = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current ViN =525V, Vcc = Max (Note 2) 10 pA
L Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 | pA
lozn Off-State Output Leakage Vout =5.25 V, Vcc = Max 10 nA
Current HIGH VIN = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = VIHor ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vcc = Max (Note 3) -30 | =150 | mA
lcc Supply Current (Dynamic) Outputs Open (louT = 0 mA) 55 mA
Vce = Max, f = 15 MHz
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /O pin leakage is the worst case of i and lozw (or IiH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CIN Input Capacitance ViN=20V Vec =5.0V, Ta = 25°C, 5 pF
Cout Output Capacitance Vour=20V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 4)| Max Unit
tPD Input or Feedback to Combinatorial Output 3 10 ns
ts Setup Time from Input or Feedback to Clock 75 ns
tH Hold Time 0 ns
tco Clock to Output 3 7.5 ns
twi LOW 6 ns
Clock Width
tWH HIGH 6 ns
. External Feedback | 1/(ts+tco) 66.7 MHz
Maximum
fMAX Frequency Internal Feedback (fcnT) 71.4 MHz
(Note 3)

No Feedback I 1/(twH+twL) 83.3 MHz
tpzx OE to Output Enable 2 10 ns
tpxz OE to Output Disable 2 10 ns
teA Input to Output Enable Using Product Term Control 3 10 ns
tER Input to Output Disable Using Product Term Control 3 10 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Output delay minimums for tep, tca trzx texz tea and ten are defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.

PALCE16V8Q-10 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —-65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............ -05Vto +7.0V
DC Input Voltage . ... ....... -0.5VtoVecc +05V
DC Output or /10O

PinVoltage ............... -05VtoVec+05V
Static Discharge Voltage .. ............... 2001V
Latchup Current

(TA=—40°C1t0+85°C) . ...t 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating

inFree Air............ ... 0°C to +75°C
Supply Voltage (Vce) with
Respectto Ground ............ +4.75V to +5.25V

Industrial (l) Devices
Temperature (Ta) Operating

inFree Air . .................... —40°C to +85°C
Supply Voltage (Vcc) with
Respectto Ground . ............. +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbeol Parameter Description Test Conditions Min Max | Unit
VOH Output HIGH Voltage IoH =-3.2 mA VIN = ViH or ViL 2.4 \"
Vee = Min
VoL Output LOW Voltage loL =24 mA VIN = VIHor ViL 0.5 "
Vce = Min
VH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 1)
IH Input HIGH Leakage Current VIN =5.25V, Vcc = Max (Note 2) 10 HA
hL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 | pA
lozH Off-State Output Leakage Vout =5.25 V, Vcc = Max 10 pA
Current HIGH VIN = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = ViHor ViL (Note 2)
Isc Output Shont-Circuit Current Vour = 0.5 V, Vcc = Max (Note 3) -30 -150 | mA
lcc Commercial Supply Current Outputs Open (louT = 0 mA) H 90 mA
(Dynamic) Vce = Max, f = 15 MHz Q 55
lcc Industrial Supply Current Outputs Open (lout = 0 mA) H 130 A
(Dynamic) Vce = Max, f = 15 MHz Q 65 m
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /O pin leakage is the worst case of li. and lozL (or it and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vce =5.0V, Ta = 25°C, 5 pF
Cour Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter 15 20 25
Symbol Parameter Description Min | Max | Min | Max | Min| Max | Unit
trD Input or Feedback to Combinatorial Output 15 20 25 ns
ts Setup Time from Input or Feedback to Clock 12 13 15 ns
tH Hold Time 0 0 ns
tco Clock to Output 10 11 12 ns
twi Clock Width LOW 8 10 12 ns
tWH HIGH 8 10 12 ns
Maximum External Feedback | 1/(ts+tco) 45.5 41.6 37 MHz
fmax (Fhrlz?:gr;cv Internal Feedback  (fcNT) 50 454 40 MHz
No Feedback [1/gwiew) | 625 500 416 MHz
tPzx OE to Output Enable 15 18 20 | ns
tPxz OE to Output Disable 15 18 20 | ns
tEA Input to Output Enable Using Product Term Control 15 18 20 ns
tER Input to Output Disable Using Product Term Control 15 18 20 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

PALCE16V8H-15/25, Q-15/25 (Com’l, Ind), Q-20 (Ind)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DC Input Voltage . ... ........ -05VitoVec+1.0V
DC Output or I/O

PinVoltage ................ -05VtoVec+1.0V
Static Discharge Voltage . ... ............. 2001V
Latchup Current

(Tc==55°Ct0+125°C) ................ 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these liniits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES
Military (M) Devices (Note 1)

Operating Case

Temperature (Tc) .............. -55°C to +125°C
Supply Voltage (Vce)

with Respectto Ground .......... +45Vto+55V
Note:

1. Military products are tested at Tc = +25°C, +125°C and
-55°C, per MIL-STD-883.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage loH=-2.0mA VIN=ViHorViL 2.4 Vv
Vee = Min
Vou Output LOW Voltage lot =12 mA VIN = VIH or ViL 0.5 \Y
Vee = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 3) ’
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 3)
liH Input HIGH Leakage Current VIN=5.5V, Vcc = Max (Note 4) 10 HA
i Input LOW Leakage Current VIN =0V, Vcc = Max (Note 4) -100 uA
lozH Off-State Output Leakage Vour =5.5 V, Vcc = Max 10 A
Current HIGH VIN = ViHor ViL (Note 4)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = ViH or VIL (Note 4)
Isc Output Short-Circuit Current Vce = 5.0 V, Vout = 0.5 V (Note 5), -30 -150 | mA
i T=25C
lcc Supply Current (Dynamic) Outputs Open (louT = 0 mA) 130 mA
Vce = Max, f = 25 MHz
Notes:

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted.

3. ViL and ViH are input conditions of output tests and are not themselves directly tested. ViL and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. /O pin leakage is the worst case of i and lozt (or liH and lozH).

5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100%

tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CiN Input Capacitance VIN =20V Vcc =5.0V, Ta=25°C, 8 pF
Cout Output Capacitance Vour=2.0V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter . ’
Symbol Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 15 ns
ts Setup Time from Input or Feedback to Clock 12 ns
tH Hold Time 0 ns
tco Clock to Output 12 ns
twi LOW 10 ns

Clock Width
tWH HIGH 10 ns
. External Feedback l 1/(ts+tco) 41.6 MHz
Maximum
fmax Frequency Internal Feedback (fcNT) 45.5 MHz
(Note 3)

No Feedback [ 1/(twH+twL) 50 MHz
tPzX OE to Output Enable ~ (Note 3) 15 ns
tPxz OE to Output Disable  (Note 3) 15 ns
tea Input to Output Enable Using Product Term Control (Note 3) 15 ns
tER Input to Output Disable Using Product Term Control (Note 3) 15 ns

Notes:

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per
MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DC Input Voltage . ........... -0.5VtoVec+1.0V
DC OQutput or I/0

PinVoltage ................ -05VtoVec+1.0V
Static Discharge Voltage .. ............... 2001V
Latchup Current

(Tc =-55°Ct0+125°C) ................ 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

OPERATING RANGES

Military (M) Devices (Note 1)
Operating Case

Temperature (Tc) .............. -55°C to +125°C
Supply Voltage (Vce)
with Respectto Ground .......... +45Vto+5.5V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note:

1. Military products are tested at Tc = +25°C, +125°C and
-55°C, per MIL-STD-883.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage loH=-2.0mA VIN=ViHorViL 24 Vv
Vee = Min
VoL Output LOW Voltage loL =12 mA VIN = VIH or ViL 0.5 "
Vce = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 3)
Vit Input LOW Voltage Guaranteed Input Logical LOW 0.8 \
Voltage for all Inputs (Note 3)
i1 Input HIGH Leakage Current ViN =5.5V, Vcc = Max (Note 4) 10 pA
L Input LOW Leakage Current VIN = 0V, Vcc = Max (Note 4) -100 A
lozH Off-State Output Leakage Vout =5.5V, Vcc = Max 10 HA
Current HIGH VIN = ViHor ViL (Note 4)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = ViHor ViL (Note 4)
Isc Output Short-Circuit Current Vce = 5.0V, Vout = 0.5 V (Note 5), -30 -150 | mA
T=25C
lcc Supply Current (Dynamic) Outputs Open (louT = 0 mA) 130 mA
_ Vce = Max, f = 15 MHz
Notes:

2. For APL products, Group A, Subgroups 1, 2 and 3 are tested per MIL-STD-833, Method 5005, unless otherwise noted.

3. ViLand ViH are input conditions of output tests and are not themselves directly tested. Vi and ViH are absolute voltages with
respect to device ground and include all overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. /O pin leakage is the worst case of li. and lozL (or lin and lozH).

5. Not more thai one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. This parameter is not 100%
tested, but is evaluated at initial characterization and at any time the design is modified where Isc may be affected.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CiN Input Capacitance VIN =20V Vcec = 5.0V, Ta=25°C, 8 pF
Cout Output Capacitance Vour=2.0V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

-20 -25
Parameter
Symbol | Parameter Description Min Max Min Max Unit
trD Input or Feedback to Combinatorial Output 20 15 ns
ts Setup Time from Input or Feedback to Clock 15 15 ns
tH Hold Time 0 0 ns
tco Clock to Output 15 20 ns
twi LOW 12 15 ns
Clock Width
twH HIGH 12 15 ns
. External Feedback | 1/(ts+1co) 333 28.6 MHz
Maximum -
fmaX Frequency Internal Feedback (fcNT) 35.7 30.3 MHz
(Note 3)

No Feedback | 1wty | 417 333 MHz
tPzx OE to Output Enable (Note 3) 20 20 ns
tPxz OE to Output Disable (Note 3) _ 20 20 ns
tea Input to Output Enable Using Product Term Control (Note 3) 20 25 ns
tER Input to Output Disable Using Product Term Control (Note 3) 20 55 ns

Notes:

2. See Switching Test Circuit for test conditions. For APL Products, Group A, Subgroups 9, 10, and 11 are tested per
MIL-STD-883, Method 5005, unless otherwise noted.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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SWITCHING WAVEFORMS

Input or
Feedback VT
ts tH
%
Clock tco
Registered
Output M
16493C-8
Registered Output
Input \%)

tER tEA

W Q—VVOH- 05V /77
V
Ouput. /7 vor+ osv AN

16493C-10

Input to Output Disable/Enable

VT

tpzx

- B
K?(VOH 05V/77 vr

VoL + 0.5V

16493C-11

OE to Output Disable/Enable

Input or
Feedback VT
tPD
Combinatorial
Output vr
16493C-7
Combinatorial Output
twH
Clock VT
twi
16493C-9
Clock Width
OE
tPxz
Output A
Notes:
1. Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2 ns — 5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
from Lto H from Lto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-

Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT

5V
S1
R
Output Test Point
R2 :l: )
e e 16493C-12
Commercial Military Measured
Specification S1 CL R1 R2 R1 R2 Output Value
tPD, tCO Closed 1.5V
tPzX, tEA Z — H: Open 50 pF 15V
Z — L: Closed 2000 390 Q 390 Q 750 Q
tPxz, tER H —Z: Open 5 pF H-5: H—>Z:VoH-05V
L — Z: Closed 200 Q L—>Z:VoL+0.5V
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TYPICAL Ilcc CHARACTERISTICS
Vee=5V, Ta =25°C

150 —
125 - 16V8H-5
100 ——
16V8H-7
lec (mA) 75 - 16V8H-10
""" {6V8H-15/25
50 —+—
16V8Q-10/15/25
25 -
.
0 10 20 30 40 50

Frequency (MHz) 16493C-13

lcc vs. Frequency

The selected ‘typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc From this midpoint, a designer may scale the Iccgraphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS
The PALCE16V8 is manufactured using AMD'’s ad- parts. As a result, the device can be erased and

vanced Electrically Erasable process. This technology

reprogrammed—a feature which allows 100% testing at

uses an EE cell to replace the fuse link used in bipolar the factory.

Symbol | Parameter Test Conditions Min Unit
tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vcc

[>

ESD  Program/Verify

Protection

Circuitry

Typical Input

Vce

<3

Preload Feedback
= Circuitry Input

Typical Output

16493C-14
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ROBUSTNESS FEATURES

PALCE16V8X-X/5 devices have some unique features
that make them extremely robust, especially when oper-
ating in high-speed design environments. Pull-up resis-
tors on inputs and I/O pins cause unconnected pins to
default to a known state. Input clamping circuitry limits

clocking caused by subsequent ringing. A special noise
filter makes the programming circuitry completely insen-
sitive to any positive overshoot that has a pulse width of
less than about 100 ns for the /5 versions. Selected /4
devices are also being retrofitted with these robustness
features. See chart below for device listings.

negative overshoot, eliminating the possibility of false

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSIONS AND SELECTED /4

VERSIONS*

> 50 kQ

Vce

*
|
|
|
|
|
|

— Vcc

ESD Programming =
Protection Pins onl Programming Positive .
and (i S Voltage 1 Overshoot [— Prcgran)trmng
Clamping Detection Filter freuttry
Typical Input
Vce Vce
> 50 kQ2
Provides ESD
Protection and
Clamping
Preload Feedback
= Circuitry Input
Typical Output 16493C-15
*
Rev Letter Topside Marking:
Device Filter Only Filter and Pullups P 9:

AMD CMOS PLD'’s are marked on the top of the package in the

PALCE16V8H-10 E,F, K L following manner:
PALCE16V8H-15|D, E,F, G, I, J, K LM PALCEXXXX
PALCE16V8Q-15 D, G J M Date Code (3 numbers) Lot ID (4 characters)— —(Rev. Letter)
PALCE16V8H-25 D,G,J M The Lot ID and Rev Letter are separated by two spaces.
PALCE16V8Q-25 D, G J M
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POWER-UP RESET

The PALCE16V8 has been designed with the capability
to reset during system power-up. Following power-up,
allflip-flops willbe reset to LOW. The output state will be
HIGH independent of the logic polarity. This feature pro-
vides extra flexibility to the designer and is especially
valuable in simplifying state machine initialization. A
timing diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

B The Vcc rise must be monotonic.

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

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Tim
P P ° See Switching Characteristics
twL Clock Width LOW
4V Vce
Power
I tPR
Registered / / Z
Output 7
< ts
Clock \\sk
L twi “I
16493C-17

Power-Up Reset Waveform
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TYPICAL THERMAL CHARACTERISTICS

/4 Devices (PALCE16V8H-10/4)
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description PDIP PLCC Unit
Bjc Thermal Impedance, Junction to Case 25 22 °C/W
Oja Thermal Impedance, Junction to Ambient 71 64 °C/W
Bjma Thermal Impedance, Junction to Ambient with Air Flow | 200 lfpm air 61 55 °C/W
400 [fpm air 55 51 °C/W
600 lfpm air 51 47 °C/W
800 Ifpm air 47 45 °C/W
/5 Devices (PALCE16V8H-7/5)
Measured at 25°C ambient. These parameters are not tested.
Parameter Typ
Symbol | Parameter Description PDIP PLCC Unit
6jc Thermal Impedance, Junction to Case 29 23 °C/W
Oja Thermal Impedance, Junction to Ambient 70 61 °C/W
Bjma Thermal Impedance, Junction to Ambient with Air Flow | 200 Ifpm air 64 53 °C/W
400 lfpm air 58 47 °C/W
600 lfpm air 53 44 °C/W
800 lfpm air X X °C/W

Plastic 6jc Considerations

The data listed for plastic 6jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 8 measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the

package. Furthermore, 8jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a
constant temperature. Therefore, the measurements can only be used in a similar environment.
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DATA SHEET REVISION SUMMARY FOR DC Characteristics

LCE16V8 Famil For PALCE16V8H-10 (Com'l, Ind), changed
?i:e CE16V8 Fa y f=25 MHz to f = 15 MHz for Dynamic lcc
Included Industrial devices H-10/15/25, Q-20/25 For PALCE16V8H-10/15/25, Q-10/15/25 (Com'l), and

Ordering Information
Updated valid combinations table to include:

PALCE16V8H-15/20/25 (Mil), changed li. and loz. from
-10 pA to -100 pA.

Topside Marking

PALCE16V8H-10 PLJI Updated rev. letter chart to include:
PALCE16V8H-15 PLJI ,
PALCE16V8H-25 P1JI Filter
PALCE16V8Q-20 PLJI and
PALCE16V8Q-25 PIJI Device Filter Only Pullups
Changed footer by adding H-10/15/25(Ind), Q-20/25  PALCE16V8H-10 E,F K L
(Ind) PALCE16V8H-15 D,E,F.G,I,JK, LM
PALCE16V8Q-15 D,G,J M
PALCE16V8H-25 D,G,J M
PALCE16VQ-25 D,G,J M
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PALLV16V8-10

Low-Voltage 20-Pin EE CMOS Universal

Programmable Array Logic

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Low-voltage operation, 3.3 V JEDEC
compatible
— Vec=+30V1io+3.6V

B Pin, function and fuse-map compatible with all
20-pin GAL devices

B Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability

M Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

W Designed to interface with both 3.3-V and
5-V logic

B Outputs programmable as registered or
combinatorial in any combination

Programmable output polarity
Programmable enable/disable control
Preloadable output registers for testability
Automatic register reset on power up

Cost-effective 20-pin plastic DIP, PLCC, and
SOIC packages

B Extensive third-party software and programmer
support through FusionPLD partners

B Fully tested for 100% programming and
functional yields and high reliability

GENERAL DESCRIPTION

The PALLV16V8 is an advanced PAL device built with
low-voltage, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocells provide a universal device
architecture. The PALLV16V8 will directly replace the
PAL16R8 and PAL10HS8 series devices, with the excep-
tion of the PAL16C1.

The PALLV16V8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through
floating-gate cells in the AND logic array that can be
erased electrically.

The fixed OR array allows up to eight data product
terms per output for logic functions. The sum of these

products feeds the output macrocell. Each macrocell
can be programmed as registered or combinatorial with
an active-high or active-low output. The output configu-
ration is determined by two global bits and one'local bit
controlling four multiplexers in each macrocell.

AMD’s FusionPLD program allows PALLV16V8 de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool thatis already installed and familiar. See page 18 for
certified development systems and page 20 for
approved programmers.
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BLOCK DIAGRAM
l1—1I8 CLK/lo

Programmable AND Array
32x 64

AR

MACRQ MACRO MACRQ MACRQ MACRQ MACRQ MACRQ MACRQG

- . 4 ] 4 —
MCo MC1 MC2  |—{MC3 MCs4 _—{MCs MCs__|——MC7
e/l 1100 1101 1102 1103 1104 1105 ICs 1107
17713C-1
CONNECTION DIAGRAMS (Top View)
DIP/SOIC PLCC
\ .
oLk, [ 1® 20 [ ] Ve g ., .
= o)
102 19 [ vo, )
L s 18 [ 105 3 2 1 20 19 )
O
. 17[ ] vos o[l 4 18[]vos
L, s 16 |_] 1o, W s 17[]vos
1s[1s 15 ] v0, K[f 6 16[] 10s
1. [17 14 [ vo. : W[ 7 15[] 105
1, s 13 -] vo, n[] s 14]] vo,
| o)
Ju E 12 [Jvo, L 9 10 11 1213 |
GNDE10 1 :‘6E/|9 e g ey ey e g e
0] Q = o -
® 2 S S 17713C-3
17713C-2 B8
PIN DESIGNATIONS Note:
CLK = Clock Pin 1 is marked for orientation.
GND = Ground
| = Input
/0 = Input/Output
OE = Output Enable
Vcc =  Supply Voltage
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ORDERING INFORMATION

Commerical Products

AMD programmable logic products for industrial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

PAL LV 16V 8 10 PC
_—T T T

FAMILY TYPE
PAL = Programmable Array Logic
TECHNOLOGY OPERATING CONDITIONS
LV = Low-Voltage C = Commercial (0°C to +75°C)
NUMBER OF
ARRAY INPUTS —— PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)
OUTPUT TYPE J = 20-Pin Plastic Leaded Chip
V = Versatile Carrier (PL 020)
$ = 20-Pin Plastic Gull-Wing Small
NUMBER OF FLIP-FLOPS Outline Package (SO 020)
SPEED
-10 = 10 nstpPD
Valid Combinations Valid Combinations
Valid Combinations list configurations planned to be
PALLV16V8-10 PC, JC, SC supported in volume for this device. Consult the lo-

cal AMD sales office to confirm availability of specific
valid combinations and to check on newly released
combinations.
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FUNCTIONAL DESCRIPTION

The PALLV16V8 is a low-voltage, EE CMOS version of
the PALCE16V8.

The PALLV16V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo—MC7).
Each macrocell can be configured as registered output,
combinatorial output, combinatorial I/O or dedicated in-
put. The programming matrix implements a program-
mable AND logic array, which drives a fixed OR logic
array. Buffers for device inputs have complementary
outputs to provide user-programmable input signal po-
larity. Pins 1 and 11 serve either as array inputs or as
clock (CLK) and output enable (OE), respectively, for all
flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALLV16V8 are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design
specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALLV16V8. First, it can be programmed as a standard
PAL device from the PAL16R8 and PAL10H8 series.
The PAL programmer manufacturer will supply device
codes for the standard PAL device architectures to be
used with the PALLV16V8. The programmer will pro-
gram the PALLV16V8 in the corresponding architec-
ture. This allows the user to use existing standard PAL
device JEDEC files without making any changes to
them. Alternatively, the device can be programmed as a
PALLV16V8. Here the user must use the PALLV16V8
device code. This option allows full utilization of the
macrocell.

To

Adjacent

11 Macrocell
11 OE 10
_I_ \/ele 00
= @40X 01

110 =
i A "
¥ T]sLox
sG1 o—111
L] 0 X
\D ) 1ox
]/ D Q 10
= SLix clk > g
10
< 11 ]
0X rom
E-E_ Adjacent
*SG1 SLOx Pin
*In macrocells MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer. 17713C-4

Figure 1. PALLV16V8 Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /0, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MCz, a macrocell configured
as adedicated input derives the input signal from an ad-
jacent 1/0. MCo derives its input from pin 11 (OE) and
MC7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SL0o through SL07and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALLV16V8
willemulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOx, in conjunction with
SG1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7, SGO replaces SG1 on the feedback mul-
tiplexer. This accommodates CLK being the adjacent
pin for MC7 and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SGO = 0, SG1 = 1 and
SLOx=0. There is only one registered configuration. All
eight product terms are available as inputs to the OR
gate. Data polarity is determined by SL1x. The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations

The PALLV16V8 has three combinatorial output con-
figurations: dedicated output in a non-registered device,
I/0 in a non-registered device and I/O in a registered
device.

Dedicated Output In a Non-Registered
Device

The control bit settings are SGO = 1, SG1 = 0 and
SLOx=0. All eight product terms are available to the OR
gate. Although the macrocell is a dedicated output, the
feedback is used, with the exception of MC3s and MCa.
MCa and MC4 do not use feedback in this mode. Be-
cause CLK and OE are not used in a non-registered de-
vice, pins 1 and 11 are available as input signals. Pin 1

will use the feedback path of MC7 and pin 11 will use the
feedback path of MCo.

Combinatorial I/0 In a Non-Registered
Device

The control bit settings are SGO = 1, SG1 = 1, and
SLOx=1. Only seven product terms are available to
the OR gate. The eighth product term is used to enable
the output buffer. The signal at the 1/0 pin is fed back to
the AND array via the feedback multiplexer. This allows
the pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial I/O in a Registered Device

The control bit settings are SGO = 0, SG1 = 1 and
SLOx = 1. Only seven product terms are available to the
OR gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding 1/0
signal.

Dedicated Input Configuration

The control bit settings are SG0 = 1, SG1 = 0 and
SLOx=1. The output buffer is disabled. Except for MCo
and MCr the feedback signalis an adjacent I/O. For MCo
and MCz the feedback signals are pins 1 and 11. These
configurations are summarized in Table 1 and illustrated
in Figure 2.

Table 1. Macrocell Configuration

sGo| 51| sLox| cell Configuration| Devices Emulated

Device Uses Registers

Registered Output | PAL16R8, 16R6,
16R4
Combinatorial I/0 | PAL16R6, 16R4
Device Uses No Registers
Combinatorial PAL10H8, 12H6,
Output 14H4, 16H2, 10L8,
1216, 14L4, 1612
PAL12H6, 14H4,
16H2, 12L6, 14L4,
16L2

PAL16L8

0 1 0

0 1 1

1 0 o]

1 0 1 | Input

1 1 1 | Combinatorial I/O

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active high if SL1xis 1 and active
low if SL1xis 0.
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OE OE
D aQ D Q
clk—p a CLk—pP Q
Registered Active Low Registered Active High
Combinatorial /0 Active Low Combinatorial I/O Active High
Vce Vee
Note 1 Note 1
Combinatorial Output Active Low Combinatorial Output Active High

Notes: K}——G Adjacent 1/O pin
1. Feedback is not available on pins 15 and 16 in the Note 2

combinatorial output mode.

2. The dedicated-input configuration is not available

on pins 15 and 16. Dedicated Input

17713C-5
Figure 2. Macrocell Configurations
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Benefits of Lower Operating Voltage

The PALLV16V8 has an operating voltage range of
3.0V to 3.6 V. Low voltage allows for lower operating
power consumption, longer battery life, and/or smaller
batteries for notebook applications.

Because power is proportional to the square of the volt-
age, reduction of the supply voltage from5.0 Vto 3.3V
significantly reduces power consumption. This directly
translates to longer battery life for portable applications.
Lower power consumption can also be used to reduce
the size and weight of the battery. Thus, 3.3-V designs
facilitate a reduction in the form factor.

A lower operating voltage results in a reduction of I/0
voltage swings. This reduces noise generation and pro-
vides a less hostile environment for board design. Lower
operating voitage also reduces electromagnetic radia-
tion noise and makes obtaining FCC approval easier.

Power-Up Reset

All flip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALLV16V8 will de-
pend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Regisier Preload

The register on the PALLV16V8 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

The preload function is not disabled by the security bit.
This allows functional testing after the security bit is
programmed.

Security Bit

A security bit is provided on the PALLV16V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback
of the programmed pattern by a device programmer, se-
curing proprietary designs from competitors. However,
programming and verification are also defeated by the
security bit. The bit can only be erased in conjunction
with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALLV16V8device. It consists of 64 bits of programma-
ble memory that can contain user-defined data. The sig-
nature data is always available to the user independent
of the security bit.

Programming and Erasing

The PALLV16V8 can be programmed on standard logic
programmers. It also may be erased to reset a previ-
ously configured device back to its unprogrammed
state. Erasure is automatically performed by the pro-
gramming hardware. No special erase operation is
required. Approved programmers are listed on page 20.

Quality and Testability

The PALLV16V8 offers a very high level of built-in
quality. The erasability if the device provides a direct
means of verifying performance of all the AC and DC
parameters. In addition, this verifies complete program-
mability and functionality of the device to yield the
highest programming yields and post-programming
function yields in the industry.

Technology

The high-speed PALLV16V8 is fabricated with AMD’s
advanced electrically-erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
This technology provides strong input-clamp diodes and
a grounded substrate for clean switching.
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LOGIC DIAGRAM
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vio+7.0V
DCinputVoltage ................ -05Vto55V
DC Output or IO

PinVoltage ..................... -05Vto55V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Ct0+75°C) . ...t 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Ambient Temperature (Ta)

Operating in Free Air .............. 0°C to +75°C
Supply Voltage (Vcc) with
RespecttoGround .............. +3.0Vto+3.6V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERICAL operating ranges unless otherwise spécified

Parameter
Symbol | Parameter Description Test Conditions Min Max | Unit
Vo Output HIGH Voltage VIN = VIH or ViIL lon = -2 mA 2.4 \
Vce = Min lon=-75pA |Vcc-02V Y
VoL Output LOW Voltage VIN = VIHor ViL loL=2mA 0.4 Vv
Vce = Min loL = 100 pA 0.2 Vv
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 55 \"
Voitage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 "
Voltage for all Inputs (Note 1)
IH -| Input HIGH Leakage Current VIN = Vce, Vee = Max (Note 2) 10 LA
T8 Input LOW Leakage Current VIN = 0V, Vcc = Max (Note 2) -100 | pA
lozH Off-State Output Leakage Vour = Vcc, Vee = Max 10 HA
Current HIGH VIN = ViHor ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = ViHor ViL (Note 2)
Isc Output Short-Circuit Current Vour = 0.5 V, Vcc = Max (Note 3) -50 -130 | mA
lec Supply Current Outputs Open (lout = 0 mA) 55 mA
Vce = Max, f = 15 MHz (Note 4)
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. I/O pin leakage is the worst case of liL and lozL (or IiH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4. This parameter is guaranteed worst case under test conditions. Refer to the Icc vs. frequency graph on page 14 for typical
measurements.

PALLV16V8-10 (Com’l)
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CIN Input Capacitance VIN=2.0V Vcec =3.3V, Ta = 25°C, 5 pF
Cout Output Capacitance Vour=2.0V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter

Symbol Parameter Description Min Max Unit

tPD Input or Feedback to Combinatorial Output . 10 ns

ts Setup Time from Input or Feedback to Clock 7

tH Hold Time 0 ns

tco Clock to Output 7 ns

M1 Clock Width LOW 8 =

twH HIGH . 6 ns
Maximum External Feedback I 1/(ts+tco) 71.4 MHz
fmax Frequency Internal Feedback (fcNT) 83.3 MHz
(Note 3) No Feedback | 1/twhstw) 83.3 MHz

tPzx ‘OE to Output Enable 10 ns

tPxz OE to Output Disable 10 ns

teA Input to Output Enable Using Product Term Control 12 ns

tER Input to Output Disable Using Product Term Control 12 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.
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SWITCHING WAVEFORMS
Input or
Feedback vt
Input or t t
Feedback A S "
\A8
tPD Clock tco
Combinatorial v
Output o .
Registered
17713C-7 Output Vro
17713C-8
Combinatorial Output Registered Output
Input VT
tWH
tER tEA
Clock VT N\ Vo - 0.5V /77
V
Output [T vor + 05v\\\\ T
twi
17713C-9 17713C-10
Clock Width Input to Output Disable/Enable
VT
OE
tpxz tPzx
§ Fr VOH - 045V/7 7
Output AN V10
P —_ A VoL + 0.5V
17713C-11
'OE to Output Disable/Enable
Notes:

1.
2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2 ns — 5 ns typical.

VT = 1.5 V for input signals and Vcc/2 for output signals.

PALLV16V8-10
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady

May Will be

Change Changing

fromHto L fomHto L

May Will be

Change Changing

fromLto H fromLto H
\\ /\ '\*\/\/ Don't Care, Changing,
/\ A‘A‘A‘A /\ Any Change State

Permitted Unknown

Does Not Center

Apply Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT
Vee
S1
R1
Output Test Point
Re CL
S2
l;_ p— 17713C-12
Measured
Specification S1 S2 CL R1 R2 Output Value
tPD, tco Closed Closed Vee/2
tPzx, tEA Z — H: Open Z - H: Closed 30 pF Vec/2
Z - L: Closed Z - L: Open 1.6K 1.6K
tPxz, tER H —Z: Open H — Z: Closed ; H—>Z:VoH-05V
L —Z: Closed L -Z: Open 5p L—Z:VoL+05V
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TYPICAL lcc CHARACTERISTICS OF PALLV16V8-10

Vee=3.3V,Ta=25°C

150 —

126 -

100 4

lcc (mA) 75 4

50 ——

25 +

o————————————
0 10 20 30 40 50
Frequency (MHz) 17713C-13

lcc vs. Frequency

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS parts. As a result, device can be erased and

— i > i
The PALLV16VS is manufactured using AMD's ad- [cb'odrammed—afeaturewhich allows 100% testing at
vanced Electrically Erasable process. This technology y:
uses an EE cell to replace the fuse link used in bipolar

Symbol Parameter Test Conditions ' Min Unit
tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles
ROBUSTNESS FEATURES overshoot, eliminating the possibility of false clocking
The PALLV16V8 has some unique features that make caused by subsequgnt ri.ngir'ug. A special T‘°‘Se fil_ter
it extremely robust, especially when operating in high- makes the programming circuitry completely insensitive

speed design environments. Pull-up resistors on inputs :g:nnzggjtlt;\gaoo::rshoot that has a pulse width of less
and I/O pins cause unconnected pins to default to a ’
known state. Input clamping circuitry limits negative

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vce -1 Vcc

> 50 kQ [

|
|
o
|
|
ESD | Programming =
Protection Pins onl Programming Positive .
and Loy - —1 Voltage [—*] Overshoot P"g'a"?t’“'“g
Clamping Detection Filter Ireuitry

Typical Input
17713C-14

Vce Vece

> 50 kQ
5-V Protection

=

Provides ESD
Protection and
Clamping
Preload Feedback
= Circuitry Input
Typical Output 17713C-15
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POWER-UP RESET

The PALLV16V8 has been designed with the capability
to reset during system power-up. Following power-up,
all flip-flops will be reset to LOW. The output state will be
HIGH independent of the logic polarity. This feature pro-
vides extra flexibility to the designer and is especially
valuable in simplifying state machine initialization. A
timing diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

B The Vcc rise must be monotonic.

W Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time
See Switching Characteristics
twL Clock Width LOW
Vce
Power 27V 7|
Registered / / [
Output 7
e ts
Clock \\NR
]
17713C-16
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DATA SHEET REVISION SUMMARY FOR
PALLV16V8-10
Absolute Maximum Ratings

Latchup current: changed Ta = —40°C to 85°C; to
Ta = 0°C to +75°C

Switching Waveforms

Changed Note 1 to Vr= 1.5 V for input signals and Vcc/2
for output signals

Switching Test Circuit
Changed voltage of circuit from 3.3 V to Vec
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FINAL COM'L: -15/25

PALCE16V8Z FAMILY

Zero-Power 20-Pin EE CMOS Universal

Programmable Array Logic

IND: -12/15/25

¢\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Zero-Power CMOS technology
— 15 pA Standby Current
— 12 ns propagation delay for “.12” version
— 15 ns propagation delay for “-15” version

N Unused product term disable for reduced
power consumption

H Avalilable in Industrial operating range
— Tc =-40°C to +85°C
— Vec=+45Vto+5.5V
B HC- and HCT-Compatible inputs and outputs

M Pin, function and fuse-map compatible with all
20-pin GAL devices

B Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability

N Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

B Outputs programmable as registered or combi-
natorial in any combination

B Programmable output polarity

B Programmable enable/disable control

B Preloadable output registers for testability
B Automatic register reset on power up

|

Cost-effective 20-pin plastic DIP and PLCC
packages

B Extensive third-party software and programmer
support through FusionPLD partners

" W Fully tested for 100% programming and func-

tional yields and high reliability

GENERAL DESCRIPTION

The PALCE16V8Z is an advanced PAL device built with
zero-power, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocelis provide a universal device
architecture. The PALCE16V8Z will directly replace the
PAL16R8 and PAL10H8 series devices, with the excep-
tion of the PAL16C1.

The PALCE16V8Z provides zero standby power and
high speed. At 15 pA maximum standby current, the
PALCE16V8Z allows battery powered operation for an
extended period.

The PALCE16V8Z utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through
floating-gate cells in the AND logic array that can be
erased electrically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products
feeds the output macrocell. Each macrocell can be
programmed as registered or combinatorial with an ac-
tive-high or active-low output. The output configuration
is determined by two global bits and one local bit
controlling four multiplexers in each macrocell.

AMD’s FusionPLD program allows PALCE16V8Z de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar. Please refer to
the PLD Software Reference Guide for certified devel-
opment systems and the Programmer Reference Guide
for approved programmers.

Publication# 13061 Rev.D Amendment/0
Issue Date: October 1994

2-97



n AMD
BLOCK DIAGRAM

l1—1l8 CLK/lo

Programmable AND Array

gy

MACRO| MACRO MACRO| MACRO| MACRO| MACRO] MACRO] MACRO|
D < 4 : —‘I
.

<
MCo MC+1 MC2 MC3 MCa MCs MCe MC7

/00 /01 1102 /03 /04 /05 1/0s 11O

~

OF/lg

13061D-1

CONNECTION DIAGRAMS

Top View
DIP PLCC
../ 12 11CLK/g Vg /O
ckn, |1 ® 20 [ ] Veo nininininl
/3 2 1 20 19
1,2 19 ] V0, [ 4 ° 18] ] 1106
1,3 18] 1O Ls 17]Juos
L[4 17 ] vo, s e 18] Juos
1, s 16 [ ] vo. [ 7 15 Juo,
1s[1e 15[ ] V0, L s 1] Jvo-
9 10 11 12 13
|6E7 14j|/02 HEEEEEE
L,Ls 13 ] vo, 's GND OF/lg ll0, 1/0; ~ 13061D-3
s [] o 12 J 1o,
GND [J10 11 [ orA,
13061D-2 PIN DESIGNATIONS
CLK = Clock
. GND = Ground
Note: | = Input
Pin 1 is marked for orientation /0 = Input/Output
OE = Output Enable
Vcc = Supply Voltage
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ORDERING INFORMATION
Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options. The

order number (Valid Combination) is formed by a combination

PAL CE 16 V82Z

FAMILY TYPE
PAL = Programmable Array Logic

TECHNOLOGY
CE = CMOS Electrically Erasable

NUMBER OF
ARRAY INPUTS

OUTPUT TYPE
V = Versatile

NUMBER OF FLIP-FLOPS

of:

a5

¢

T.

OPERATING CONDITIONS
Commercial (0°C to +75°C)
Industrial (—40°C to +85°C)

I
PACKAGE TYPE

POWER
Z = Zero Power (15 pA Icc Standby)

SPEED

-12 12 ns tpD
-15 = 15 nstrD
-25 = 25nstpD

Valid Combinations
PALCE16V8Z-12 PL JI
PALCE16V8Z-15 Pl JI,
PALCE16vszZ-25 | PC,JC

P = 20-Pin Plastic DIP (PD 020)
J = 20-Pin Plastic Leaded Chip
Carrier (PL 020)

Valid Combinations

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

PALCE16V82-15/25 (Com’l), Z-12/15/25 (Ind) 2-99
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FUNCTIONAL DESCRIPTION

The PALCE16V8Z is the zero-power version of the
PALCE16V8. It has all the architectural features of the
PALCE16V8. In addition, the PALCE16V8Z has zero
standby power and unused product term disable.

The PALCE16V8Z is a universal PAL device. It has
eight independently  configurable  macrocells
(MCo—MCy>). Each macrocell can be configured as reg-
istered output, combinatorial output, combinatorial /O
or dedicated input. The programming matrix imple-
ments a programmable AND logic array, which drives a
fixed OR logic array. Buffers for device inputs have com-
plementary outputs to provide user-programmable input
signal polarity. Pins 1 and 11 serve either as array inputs
or as clock (CLK) and output enable (OE), respectively,
for all flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-

nected) assume the logical HIGH state and product.

terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE16V8Z are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design
specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALCE16V8Z. First, it can be programmed as a stan-
dard PAL device from the PAL16R8 and PAL10H8
series. The PAL programmer manufacturer will supply
device codes for the standard PAL device architec-
tures to be usedwith the PALCE16V8Z. The program-
mer will program the PALCE16V8Z in the
corresponding architecture. This allows the user to use
existing standard PAL device JEDEC files without mak-
ing any changes to them. Alternatively, the device can
be programmed as a PALCE16V8Z. Here the user must
use the PALCE16V8Z device code. This option allows
full utilization of the macrocell.

To
Adjacent
11 Macrocell
I 11 OE 10
00
= 40X Vee 01
{10 =
A -
v T]stox
sGt 1
—x -5
\ 1/Ox
] | ) D Q 10
= SLix ck—p @
10
= 11 ]
0 X f—————o— From
. Adjacent
*SG1 JC SLOx Pin
13061D-4

*In macrocells MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer.

Figure 1. PALCE16V8Z Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /O, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, itis always disabled. With
the exception of MCo and MCz, a macrocell configured
as adedicated input derives the input signal from an ad-
jacent ¥O. MCo derives its input from pin 11 (OE) and
MCy7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SL07and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE16V8Z
will emulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOx, in conjunction with
SGH1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7,SGO replaces SG1 on the feedback multi-
plexer. This accommodates CLK being the adjacent pin
for MCz and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SG0 =0, SG1=1and SLOx=
0. There is only one registered configuration. All eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations

The PALCE16V8Z has three combinatorial output con-
figurations: dedicated output in a non-registered device,
/0 in a non-registered device and /O in a registered
device.

Dedicated Output In a Non-Registered
Device

The control bit settings are SG0 =1, SG1=0and SL0x =
0. All eight product terms are available to the OR gate.
Although the macrocell is a dedicated output, the feed-
back is used, with the exception of MC3 and MC4. MCs
and MC4 do not use feedback in this mode. Because
CLK and OE are not used in a non-registered device,
pins 1 and 11 are available as input signals. Pin 1 will
use the feedback path of MC7 and pin 11 will use the
feedback path of MCo.

Combinatorial I/O In a Non-Registered
Device

The control bitsettings are SG0=1,SG1=1,and SLOx=
1. Only seven product terms are available to the OR
gate. The eighth product term is used to enable the out-
put buffer. The signal at the I/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial 1/0 in a Registered Device

The control bit settings are SG0 =0, SG1 =1 and SLOx=
1. Only seven product terms are available to the OR
gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding /O
signal.

Dedicated Input Configuration

The control bit settings are SG0 =1, SG1 =0and SLO0x =
1. The output buffer is disabled. Except for MCo and MC7
the feedback signal is an adjacent I/0. For MCo and MC7
the feedback signals are pins 1 and 11. These configu-
rations are summarized in Table 1 and illustrated in
Figure 2.

Table 1. Macrocell Configuration

SGOl SG1| SLOxI Cell Conﬁguralionl Devices Emulated

Device Uses Registers

0 1 0 | Registered Output | PAL16R8, 16R6,
16R4
0 1 1 | Combinatorial /O | PAL16R6, 16R4

Device Uses No Registers

1 0 0 | Combinatorial PAL10HS, 12HS,
Output 14H4, 16H2, 10L8,
1206, 14L4, 16L2
1 0 1 | input PAL12H6, 14H4,
16H2, 12L6, 14L4,
16L2
1 1 1 | Combinatorial /O | PAL16L8

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active high if SL1xis 1 and active
low if SL1xis 0.

PALCE16V8Z Family
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ol

CLK —D

—

Registered Active Low

gy

Combinatorial I/O Active Low

% l Note 1

Combinatorial Output Active Low

Notes:

1. Feedback is not available on pins 15
and 16 in the combinatorial output mode.

2. The dedicated-input configuration is not
available on pins 15 and 16.

OE
D Q
ClK—Pp Q
Registered Active High

By

Combinatorial I/O Active High

Vce
Note 1

Combinatorial Output Active High

m——c Adjacent IO pin
Note 2

Dedicated Input
13061D-5

Figure 2. Macrocell Configurations
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Zero-Standby Power Mode

The PALCE16V8Z features a zero-standby power
mode. When none of the inputs switch for an extended
period (typically 50 ns), the PALCE16V8Z will go into
standby mode, shutting down most of its internal cir-
cuitry. The current will go to almost zero (lcc < 15 pA).
The outputs will maintain the states held before the
device went into the standby mode.

When any input switches, the internal circuitry is fully
enabled and power consumption returns to normal.
This feature results in considerable power savings for
operation atlow to medium frequencies. This savingsis
illustrated in the Icc vs. frequency graph.

Product-Term Disable

On a programmed PALCE16V8Z, any product terms
that are not used are disabled. Power is cut off from
these product terms so thatthey do notdraw current. As
shown in the icc vs frequency graph, product-term
disabling results in considerable power savings. This
savings is greater at the higher frequencies.

Further hints on minimizing power consumption can be
found in the Application Note, “Minimizing Power Con-
sumption with Zero-Power PLDs”.

Power-Up Reset

All flip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALCE16V8Z will de-
pend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALCE16V8Z can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions from illegal states can
be verified by loading illegal states and observing proper
recovery.

The preload function is not disabled by the security bit.
This allows functional testing after the security bit is
programmed.

Security Bit

A security bit is provided on the PALCE16V8Z as a
deterrent to unauthorized copying of the array configu-
ration patterns. Once programmed, this bit defeats
readback of the programmed pattern by a device pro-
grammer, securing proprietary designs from competi-
tors. However, programming and verification are also
defeated by the security bit. The bit can only be erased
in conjunction with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE16V8Z device. It consists of 64 bits of program-
mable memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE16V8Z can be programmed on standard
logic programmers. It also may be erased to reset a pre-
viously configured device back to its unprogrammed
state. Erasure is automatically performed by the pro-
gramming hardware. No special erase operation is
required.

Quality and Testability

The PALCE16V8Z offers a very high level of built-in
quality. The erasability if the device provides a direct
means of verifying performance of all the AC and DC
parameters. In addition, this verifies complete program-
mability and functionality of the device to yield the
highest programming yields and post-programming
function yields in the industry.

Technology

The high-speed PALCE16V8Z is fabricated with AMD’s
advanced electrically-erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
HC and HCT devices. This technology provides strong
input-clamp diodes, output slew-rate control, and a
grounded substrate for clean switching.

PALCE16V8Z Family
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LOGIC DIAGRAM
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —-65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

............ -05Vto +7.0V
-0.5VioVeec +05V

Respect to Ground
DC Input Voltage ...........
DC Output or /0

PinVoltage ............... -05VtoVec+05V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=—40°Ct0+85°C) .................. 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air .............. 0°C to +75°C
Supply Voltage (Vce) with

RespecttoGround ............ +4.75Vto+5.25V
Industrial () Devices

Operating Case

Temperature (Tc) .............. —40°C to +85°C
Supply Voltage (Vcc) with

RespecttoGround .............. +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter
Symbol | Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage VIN = VIH or ViL lon = 6 mA 3.84 Vv
Vece = Min low = 20 pA Vec-0.1V \"
VoL Output LOW Voltage VIN = VIH or ViL lo. = 24 mA 0.5 \
Vce = Min lo. = 6 mA 0.33 \
loL = 20 uA 0.1 Vv
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Notes 1 and 2)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.9 \"
Voltage for all Inputs (Notes 1 and 2)
IH Input HIGH Leakage Current VIN = Vce, Ve = Max (Note 3) 10 A
I Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 pA
lozn Off-State Output Leakage Vourt = Vce, Vec = Max
Current HIGH VIN = ViHor Vi (Note 3) 10 | KA
lozL Off-State Output Leakage Vout =0V, Vcc = Max A
Current LOW VIN = ViHor ViL (Note 3) =10 | #
Isc Output Short-Circuit Current Vour=0.5V  Vcc = Max (Note 4) -30 -150 mA
lcc Supply Current (Static) Outputs Open (lout =0 mA) | f=0MHz 30 nA
Supply Current (Dynamic) Vce = Max f=15MHz 75 mA

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
Represents the worst case of HC and HCT standards, allowing compatibility with either.

2.
3. IO pin leakage is the worst case of I and lozt (or It and lozn).
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CiN Input Capacitance ViN=2.0V Vec =5.0V, Ta =25°C, 5 pF
Cour Output Capacitance Vour=20V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter (Note 5)
Symbol | Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output (Note 3) 12 ns
ts Setup Time from Input or Feedback to Clock 8 ns
tH Hold Time 0 ns
j(fe] Clock to Output 8 ns
twi LOW 5 ns
Clock Width
twH HIGH 5 ns
. External Feedbackl 1/(ts+tco) 62.5 MHz
Maximum
fmax Frequency Internal Feedback (fcNT) 77 MHz
Note 4
(Note 4) No Feedback | 1/(twr+twi) 100 MHz
tPzx 'OE to Output Enable ns
tpxz ‘OF to Output Disable 8 ns
tEA Input to Output Enable Using Product Term Control 13 ns
tER Input to Output Disable Using Product Term Control 13 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in standby mode.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

5. Output delay minimum for tep, tco, tezp, tea, and tep are defined under best case conditions. Future process improvements may
alter these values therefore, minimum values are recommended for simulation purposes only.

PALCE16V82-12 (Ind)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —-65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

Respectto Ground ............ -05Vto +7.0V
DC Input Voltage . ... ....... -05VtoVec +05V
DC Output or 110

PinVoltage ............... -05VtoVec+05V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Ct075°C) .. ..covvii it 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operatingin Free Air .............. 0°C to +75°C
Supply Voltage (Vcc) with

Respectto Ground ... ......... +4.75Vto +5.25 V
Industrial (1) Devices

Operating Case

Temperature (Tc) .............. —40°C to +85°C
Supply Voltage (Vce) with

RespecttoGround .............. +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbol | Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage VIN=VIH or ViL lon = 6 MA 3.84 \'
Vce = Min low = 20pA | Vec—-0.1V v
VoL Output LOW Voltage VIN = VIHor ViL lo. = 24 mA 0.5 \
Vce = Min lo. = 6MA 0.33 \
loo = 20 pA 0.1 Vv
VH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"
Voltage for all Inputs (Notes 1 and 2)
viL Input LOW Voitage Guaranteed Input Logical LOW 0.9 \"
Voltage for all Inputs (Notes 1 and 2)
IH Input HIGH Leakage Current VIN = Vce, Vee = Max (Note 3) 10 uA
[ Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 nA
lozH Off-State Output Leakage Vour = Vce, Vec = Max
Current HIGH VIN = ViHor ViL (Note 3) 10 [ kA
lozL Off-State Output Leakage VouT =0V, Vcc = Max A
Current LOW VIN = ViHor ViL (Note 3) =10 K
Isc Output Short-Circuit Current Vour=0.5V  Vcc = Max (Note 4) -30 -150 mA
lcc Supply Current (Static) Outputs Open (lout =0 mA) | f=0MHz 15 pA
Supply Current (Dynamic) Vce = Max f =25 MHz 75 mA
Notes:
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
2. Represents the worst case of HC and HCT standards, allowing compatibility with either.
3. IO pin leakage is the worst case of li. and lozt (or I and lozw ).
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

2-108

PALCE16V8Z-15 (Com’l, Ind)



AMD :'

CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CiN Input Capacitance ViIN=20V Vcc =5.0V, Ta = 25°C, 5 pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

1. 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.

(sb‘lNch2?|NG CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges
ote

Parameter
Symbol |Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 15 ns
ts Setup Time from Input or Feedback to Clock 10 ns
tH Hold Time 0 ns
tco Clock to Output 10 ns
twL LOW 8 ns
Clock Width
twH HIGH 8 ns
. External Feedbackl 1/(ts+tco) 50 MHz
Maximum
fmax Frequency Internal Feedback (fcnt) 58.8 MHz
(Note 3) No Feedback | 1/(twhstwi) 62.5 MHz
tPzx OE to Output Enable ‘ ] 15 ns
tPxz OE to Output Disable 15 ns
teA Input to Output Enable Using Product Term Control 15 ns
tER Input to Output Disable Using Product Term Control 15 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... -65°C to +150°C
Ambient Temperature

with Power Applied ............. -55°C to +125°C
Supply Voltage with

-05Vto +7.0V
-0.5VtoVee +05V

Respect to Ground
DC Input Voltage ...........
DC Output or /0

PinVoltage ............... -05VtoVec+05V
Static Discharge Voltage . ................ 2001V
Latchup Current

(TA=0°Ct075°C) .......covvvnnnn.. 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air .............. 0°C to +75°C
Supply Voltage (Vcc) with

Respectto Ground ... ......... +4.75Vto +5.25 V
Industrial (l) Devices

Operating Case

Temperature (Tc) .............. —40°C to +85°C
Supply Voltage (Vcc) with ;

Respectto Ground . ............. +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter

Symbol | Parameter Description Test Conditions Min Max | Unit

VoH Output HIGH Voltage VIN = VIH or ViL lon = 6 mA 3.84 \'

Vce = Min lon = 20pA |Vee-0.1V \

VoL Output LOW Voltage VIN = VIHor ViL lo. = 24 mA 0.5 \Y

Vce = Min lo. = 6mMA 0.33 v

lo. = 20 pA 0.1 v

VH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \"

Voltage for all Inputs (Notes 1 and 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.9 Vv
Voltage for all Inputs (Notes 1 and 2)

lH Input HIGH Leakage Current | VIN = Vcc, Vec = Max (Note 3) 10 HA

i Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 LA
lozH Off-State Output Leakage Vourt = Vce, Vee = Max A

Current HIGH ViN = ViHor ViL (Note 3) 10 K
lozL Off-State Output Leakage VouT =0V, Vcc = Max A
Current LOW VIN = VIHor ViL (Note 3) -10 |

Isc Output Short-Circuit Current Vour=05V  Vcc = Max (Note 4) -30 -150 mA
Icc Supply Current Outputs Open (louT = 0 mA) | f=0MHz 15 pA
Vce = Max f=25MHz 90 mA

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
Represents the worst case of HC and HCT standards, allowing compatibility with either.

2.
3. /O pin leakage is the worst case of Iy and loz.. (or I and lozr).
4. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CiN Input Capacitance ViIN=2.0V Vcc =5.0V, Ta = 25°C, pF
Cout Output Capacitance Vour=2.0V f=1MHz pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter
Symbol | Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output (Note 3) 25 ns
ts Setup Time from Input or Feedback to Clock 20 ns
tH Hold Time 0 ns
tco Clock to Output 10 ns
twL LOW 8 ns
Clock Width
twH HIGH 8 ns
, External Feedback | 1/(ts+tco) 333 MHz
Maximum
fmax Frequency Internal Feedback (fcnT) 50 MHz
(Note 4)

No Feedback | 1/(ts+t) 50 MHz
tPzx 'OE to Output Enable 25 ns
tPxz OE to Output Disable 25 ns
teEA Input to Output Enable Using Product Term Control 25 ns
tER Input to Output Disable Using Product Term Control 25 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tep will typically be 2 ns faster.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

PALCE16V82-25 (Com’l, Ind)

2-111



a AMD

1. Vr = 1.5 Vfor input signals and Vcc/2 for output signals.
2. Input pulse amplitude 0 V to 3.0 V.
3. Input rise and fall times 2 ns — 5 ns typical.

SWITCHING WAVEFORMS
Input or
Feedback T
ts tH
Input or
Feedback vr VT
Clock o
tPD
Combinatorial Registered
Output vt Output VT
13061D-7 13061D-8
Combinatorial Output Registered Output
Input \'A1
twH
tER tEA
Clock VT \\ o Vou - 0.5V /77
VT
Ouput /7 Vo+osv\\
twi
13061D-9 13061D-10
Clock Width Input to Output Disable/Enable
\"1
OE
tPxz | tPzx
\ ok Vo - 0.5v/7/
Qutput A28
—— - VSR
13061D-11
'OE to Output Disable/Enable
Notes:
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady : Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
fromLtoH fromLto H
Don’t Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
"Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
Vee
; S1
% R1
Output O l €@ Test Point
Rz CL
S2 ‘
_T__ - 13061D-12
. Measured
Specification .- S2 CL R1 Rz Output Value
tpD, tco Closed Closed Vee/2
tpzx, tEA Z — H: Open Z - H: Closed 30 pF Vce/2
Z — L: Closed Z - L:Open 820 Q 820 Q
tPxz, tER H —Z: Open H —Z: Closed 5pF H—>Z:VoH-05V
L - Z: Closed L—>2Z:Open L—>Z:VoL+05V
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TYPICAL lcc CHARACTERISTICS FOR THE PALCE1 6V8Z-12/15
Vee=5.0V, Ta=25°C

150 ——

126 —+

100 +

lcc (mA) 75 -

25 —+

o+ —— :
0 10- 20 30 40

[¢, e .

Frequency (MHz) 13061D-13

lcc vs. Frequency
Graph for the PALCE16V82-12/15

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Igc requirements for a particular design.
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TYPICAL Icc CHARACTERISTICS FOR THE PALCE16V8Z-25
Vec=5.0V, Ta=25°C

150 —/
126 1
100 ——

75 1+
50 +
35 -

lcc (mA) 30 1+

25 4

20 —

15 —

Frequency (MHz) 13061D-14

Icc vs. Frequency
Graph for the PALCE16V82Z-25

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS

The PALCE16V8Z is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology

Endurance Characteristics

uses an EE cell to replace the fuse link used in bipolar
parts. As a result, the device can be erased and
reprogrammed — a feature which allows 100% testing at
the factory.

Symbol Parameter Test Conditions Min Unit
tDR Min Pattern Data Retention Time Max Storage 10 Years
Temperature
Max Operating 20 Years
Temperature
N Min Reprogramming Cycles Normal Programming 100 Cycles
Conditions
ROBUSTNESS FEATURES limits negative overshoot, eliminating the possibility of

The PALCE16V8Z has some unique features that make
it extremely robust, especially when operating in high-
speed design environments. Input clamping circuitry

false clocking caused by subsequent ringing. A special
noise filter makes the programming circuitry completely
insensitive to any positive overshoot that has a pulse
width of less than about 100 ns.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

L
i

— Vcc

ESD Input ' Programming ==
Protection Transition Ll:’ins only Programming Positive P )
and Detecton ~————————— Voltage % Overshoot |— rczgramtmmg
Clamping Detection Filter rouitry
Typical Input
Vee
| Provides ESD
Protection and
| Clamping
Preload Feedback Input
= Circuitry Input  Transition
Detection

Typical Output

13061D-16
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POWER-UP RESET

The PALCE16V8Z has been designed with the capabil-
ity to reset during system power-up. Following power-
up, all flip-flops will be reset to LOW. The output state
will be HIGH independent of the logic polarity. This fea-
ture provides extra flexibility to the designer and is espe-
cially valuable in simplifying state machine initialization.
Atiming diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

B The Vcc rise must be monotonic.

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

Parameter .
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
1 Input or Feedback Setup Time See Switching Characteristics
twi Clock Width LOW
4V Vee
Power
I ter
Registered / / l
Output 7
e ts
Clock \\NK
tWL _J
13061C-17

PALCE16V8Z Family
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TYPICAL THERMAL CHARACTERISTICS

Measured at 25°C ambient. These parameters are not tested.

PALCE16V8Z-25

Parameter Typ
Symbol Parameter Description PDIP PLCC Unit
Ojc Thermal impedance, junction to case 20 19 °C/W
Bja Thermal impedancé, junction to ambient 65 57 °C/W
6jma Thermal impédance' junction to 200 lfpm air 58 41 °C/W
ambient with air flow 400 Ifpm air 51 37 °C/W
600 Ifpm air 47 35 °C/W
800 Ifpm air 44 33 °C/W

Plastic 6jc Considerations

The data listed for plastic ©jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the
package. Furthermore, 8jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a
constant temperature. Therefore, the measurements can only be used in a similar environment.
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DATA SHEET REVISION SUMMARY FOR
PALCE16V8Z Family

Distinctive Characteristics

Changed zero-power CMOS technology bullet to
include -12/15 ns propagation delay.

Switching Waveforms

Changed Note 1 to Vr = 1.5V for input signals and
Vcc/2 for output signals

Switching Test Circuit
Changed voltage of circuit from 5 V to Vcc.

Changed Measured Output Value of Table from 2.5V to
Vcc/2

PALCE16V8Z Family

2-119



n AMD

0
@
2
2
Q
:

m_
Q

2-120



PALLV16V8Z-20

Low-Voltage, Zero-Power, 20-Pin EE CMOS Universal

Programmable Array Logic

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

W Low-voltage operation, 3.3 V JEDEC
compatible :

— Vec=+3.0Vio+3.6V
B Zero-power CMOS technology
— 30 pA standby current
— 20 ns propagation delay for “-20” version
B Industrial operating temperature range
— Tc =—-40°C to +85°C

B Unused product term disable for reduced
power consumption

B Pin, function and fuse-map compatible with
all 20-pin GAL devices

B Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability

B Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

Outputs programmable as registered or
combinatorial in any combination

Programmable output polarity
Programmable enable/disable control
Preloadable output registers for testability
Automatic register reset on power up

Cost-effective 20-pin plastic DIP, PLCC, and
SOIC packages

B Extensive third-party software and programmer
support through FusionPLD partners

B Fully tested for 100% programming and
functional yields and high reliability

GENERAL DESCRIPTION

The PALLV16V8Z is an advanced PAL device built with
low-voltage, zero-power, high-speed, electrically-
erasable CMOS technology. Itis functionally compatible
with all 20-pin GAL devices. The macrocells provide a
universal device architecture. The PALLV16V8Z will di-
rectly replace the PAL16R8 and PAL10H8 series
devices, with the exception of the PAL16C1.

The PALLV16V8Z provides zero standby power and
high speed. At 30 pA maximum standby current, the
PALLV16V8Z allows battery powered operation for an
extended period.

The PALLV16V8Z utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through
floating-gate cells in the AND logic array that can be
erased electrically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products
feeds the output macrocell. Each macrocell can be
programmed as registered or combinatorial with an
active-high or active-low output. The output configu-
ration is determined by two global bits and one local bit
controlling four multiplexers in each macrocell.

AMD’s FusionPLD program allows PALLV16V8Z
designs to be implemented using a wide variety of
popular industry-standard design tools.. By working
closely with the FusionPLD partners, AMD certifies that
the tools provide accurate, quality support. By ensuring
that third-party tools are available, costs are lowered
because a designer does nothave to buy acomplete set
of new tools for each device. The FusionPLD program
also greatly reduces design time since a designer can
use a tool that is already installed and familiar. Please
refer to the Software Reference Guide to PLD Compil-
ers for certified development systems and the Program-
mer Reference Guide for approved programmers.

Publication# 17422 Rev.D Amendment/0
Issue Date: October 1994

2-121



a AMD

BLOCK DIAGRAM

I1—ls CLK/lo
8
Programmable AND Array
32 x 64
MACRO MACRQ] MACRO) MACRO) MACRO MACRQ MACRO MACRQ
< < < — < < <
MCo  }—MCi__}—iMC2 }—{MC3 }—{MCsa }—{MCs }—MCs |—MC7
OE/lg 1100 1101 1102 1103 1104 1105 1106 1107
17422D-1
CONNECTION DIAGRAMS (Top View)
»
DIP/SOIC PLCC
\J °
ctkio [ 1® 20 [ ] Vec 2 o &
-8 L9
h[2 19 ] vos e
\
L[] s 18 [ ] vo, 3 2 1 20 19
[ J
[ 4 17[] vos W] 4 18 []10s
[ ]s 16 [ ] voa RiE 17[]vos
Is[]e 15 [ ] vOs ] 16[] V04
s []7 14 [ vos o[} 7 15[] vos
s 13 [ vo, [l 8 14[] vo,
le[] o 12 ] 10s
_ L 9 10 11 12 13 ]
GND 110 11 [ ] ©EN —
174290 29 =289 17422D-3
7422D-2 G 8= =
PIN DESIGNATIONS Note: Pin 1 is marked for orientation.
CLK = Clock
GND = Ground
| = Input
O = Input/Output
OE = OQutput Enable
Vcc = Supply Voltage
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ORDERING INFORMATION

Industrial Products

AMD programmable logic products for industrial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

PAL LV 16 V8Z-20P |
FAMILY TYPE
PAL = Programmable Array Logic
TECHNOLOGY
LV = Low-Voltage
NUMBER OF
ARRAY INPUTS ———— OPERATING CONDITIONS
| = Industrial (-40°C to +85°C)
OUTPUT TYPE
V = Versatile
NUMBER OF FLIP-FLOPS PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)
POWER J = 20-Pin Plastic Leaded Chip
Z = Zero Power (30 pA Icc Standby) Carrier (PL 020)
S = 20-Pin Plastic Gull-Wing
SPEED Small Outline Package (SO 020)
-20 = 20 nstPD
Valid Combinations Valid Combinations
PALLV16V8Z-20 Pl Ji, SI Valid Combinations lists configurations planned

to be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations and to check on newly
released combinations.
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FUNCTIONAL DESCRIPTION

The PALLV16V8Z is a low-voltage, EE CMOS version
of the PALCE16V8. In addition, the PALLV16V8Z has
zero standby power and unused product term disable.

The PALLV16V8Zis auniversal PAL device. It has eight
independently configurable macrocells (MCo—MC>7).
Each macrocell can be configured as registered output,
combinatorial output, combinatorial I/O or dedicated in-
put. The programming matrix implements a program-
mable AND logic array, which drives a fixed OR logic
array. Buffers for device inputs have complementary
outputs to provide user-programmable input signal po-
larity. Pins 1 and 11 serve either as array inputs or as
clock (CLK) and output enable (OE), respectively, for all
flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALLV16V8Z are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design
specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALLV16V8Z. First, it can be programmed as a stan-
dard PAL device from the PAL16R8 and PAL10H8
series. The PAL programmer manufacturer will supply
device codes for the standard PAL device architec-
tures to be used with the PALLV16V8Z. The program-
mer will program the PALLV16V8Z in the
corresponding architecture. This allows the user to use
existing standard PAL device JEDEC files without mak-
ing any changes to them. Alternatively, the device can
be programmed as a PALLV16V8Z. Here the user must
use the PALLV16V8Z device code. This option allows
full utilization of the macrocell.

-[—11

0X

To
Adjacent
11 Macrocell
OE 10
Vee 00
01

—

v T} sLox
Slc o—111
0X —%»—@ I
\ /Ox
] ) > D Q 10
= SL1x Clk —P> a | ILJ
10
= 11
S —
jacent
*SG1 SLOx Pin
*In macrocells MCo and MC7, SG1 is replaced by SGO on the feedback multiplexer. 17422D-4

Figure 1. PALLV16V8Z Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial 1/0, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MC+, a macrocell configured
as adedicated input derives the input signal from an ad-
jacent /0. MCo derives its input from pin 11 (OE) and
MC7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SLO7 and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALLV16V8Z
willemulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOx, in conjunction with
SG1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
forthe multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7, SGO replaces SG1 on the feedback mul-
tiplexer. This accommodates CLK being the adjacent
pin for MC~ and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SGO = 0, SG1 = 1 and
SLOx=0. There is only one registered configuration. All
eight product terms are available as inputs to the OR
gate. Data polarity is determined by SL1x The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations

The PALLV16V8Z has three combinatorial output con-
figurations: dedicated output in a non-registered device,
/0 in a non-registered device and 1/0 in a registered
device.

Dedicated Output In a Non-Registered
Device

The control bit settings are SG0 = 1, SG1 = 0 and
SLOx=0. All eight product terms are available to the OR
gate. Although the macrocell is a dedicated output, the
feedback is used, with the exception of MCz and MCa.
MCs and MCa4 do not use feedback in this mode. Be-
cause CLK and OE are not used in a non-registered de-
vice, pins 1 and 11 are available as input signals. Pin 1

willuse the feedback path of MC7 and pin 11 willuse the
feedback path of MCo.

Combinatorial I/O In a Non-Registered
Device

The control bit settings are SGO = 1, SG1 = 1, and
SLOx = 1. Only seven product terms are available to the
OR gate. The eighth product term is used to enable the
output buffer. The signal at the I/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial I/0 in a Registered Device

The control bit settings are SGO = 0, SG1 = 1 and
SLOx = 1. Only seven product terms are available to the
OR gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding 1/0
signal.

Dedicated Input Configuration

The control bit settings are SGO = 1, SG1 = 0 and
SLOx=1. The output buffer is disabled. Except for MCo
and MCy~ the feedback signal is an adjacent /0. For MCo
and MCy the feedback signals are pins 1 and 11. These

configurations are summarized in Table 1 and illustrated
in Figure 2.

Table 1. Macrocell Configuration

SGOl SG1] SLOxI Cell Configuration| Devices Emulated

Device Uses Registers

Registered Output | PAL16R8, 16R6,
16R4
Combinatorial I/0 | PAL16R6, 16R4

0 1 0

0 1 1

Device Uses No Registers
Combinatorial PAL10H8, 12H6,
Output 14H4, 16H2, 10L8,
12L6, 14L4, 16L2
PAL12H86, 14H4,
16H2, 12L6, 14L4,
i6L2

PAL16L8

1 0 0

1 0 1 | Input

1 1 1 Combinatorial 110

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active highif SL1xis 1 and active
low if SL1xis 0.

PALLV16V8Z-20
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OE OE
D Q D Q
CLK — Q CLK—P @
Registered Active Low Registered Active High
Combinatorial I/O Active Low Combinatorial I/0 Active High
Vce Vce
Note 1 . Note 1
Combinatorial Output Active Low Combinatorial Output Active High

Notes: K]__G Adjacent IO pin
1. Feedback is not available on pins 15 and 16 in the Note 2

combinatorial output mode.

2. The dedicated-input configuration is not a|./ai/able Dedicated Input
on pins 15 and 16. P 17422D-5

Figure 2. Macrocell Configurations
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Benefits of Lower Operating Voltage

The PALLV16V8Z has an operating voltage range of
3.0V to 3.6 V. Low voltage allows for lower operating
power consumption, longer battery life, and/or smaller
batteries for notebook applications.

Because power is proportional to the square of the volt-
age, reduction of the supply voltage from 5.0 Vto 3.3 V
significantly reduces power consumption. This directly
translates to longer battery life for portable applications.
Lower power consumption can also be used to reduce
the size and weight of the battery. Thus, 3.3-V designs
facilitate a reduction in the form factor.

A lower operating voltage results in a reduction of /O
voltage swings. This reduces noise generation and pro-
vides a less hostile environment for board design. Lower
operating voltage also reduces electromagnetic radia-
tion noise and makes obtaining FCC approval easier.

Zero-Standby Power Mode

The PALLV16V8Z features a zero-standby power
mode. When none of the inputs switch for an extended
period (typically 50 ns), the PALLV16V8Z will go into
standby mode, shutting down most of its internal cir-
cuitry. The current will go to almost zero (lcc < 30 pA).
The outputs will maintain the states held before the
device went into the standby mode.

When any input switches, the internal circuitry is fully
enabled and power consumption returns to normal. This
feature results in considerable power savings for opera-
tion at low to medium frequencies. This savings is illus-
trated in the Icc vs. frequency graph.

The PALLV16V82Z-20 has the free-running-clock fea-
ture. This means that if one or more registers are used,
switching only the CLK will not wake up the logic array or
any macrocell. The device will not be in standby mode
because the CLK buffer will draw some current, but
dynamic Icc will typically be less than 2 mA.

Product-Term Disable

On a programmed PALLV16V8Z, any product terms
that are not used are disabled. Power is cut off from
these product terms so that they do not draw current. As
shown in the lcc vs frequency graph, product-term
disabling results in considerable power savings. This
savings is greater at the higher frequencies.

Further hints on minimizing power consumption can be
found in the Application Note “Minimizing Power Con-
sumption with Zero-Power PLDs.”

Power-Up Reset

Allflip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALLV16V8Z will de-
pend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be

HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALLV16V8Z can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions fromillegal states can
be verified by loading illegal states and observing proper
recovery.

The preload function is not disabled by the security bit.
This allows functional testing after the security bit is
programmed.

Security Bit

A security bit is provided on the PALLV16V8Z as a
deterrent to unauthorized copying of the array configu-
ration patterns, Once programmed, this bit defeats
readback of the programmed pattern by a device pro-
grammer, securing proprietary designs from competi-
tors. However, programming and verification are also
defeated by the security bit. The bit can only be erased
in conjunction with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALLV16V8Z device. It consists of 64 bits of program-
mable memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALLV16V8Z can be programmed on standard
logic programmers. It also may be erased to reset a
previously configured device back to its unprogrammed
state. Erasure is automatically performed by the
programming hardware. No special erase operation is
required.

Quality and Testability

The PALLV16V8Z offers a very high level of built-in
quality. The erasability of the device provides a direct
means of verifying performance of all the AC and DC
parameters. In addition, this verifies complete program-
mability and functionality of the device to yield the
highest programming yields and post-programming
function yields in the industry.

Technology

The high-speed PALLV16V8Z is fabricated with AMD’s
advanced electrically-erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
This technology provides strong input-clamp diodes,
output slew-rate control, and a grounded substrate for
clean switching.

PALLV16V8Z-20
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature ........... —65°C to +150°C Industrial (I) Devices

Ambient Temperature Operating Case

with Power Applied ............. -55°C to +125°C Temperature (Te) ............... —40°C to +85°C
Supply Voltage with Supply Voltage (Vcc) with

Respectto Ground ............. -05Vto+70V RespecttoGround .............. +30Vto+3.6V
DClInputVoltage ... 05V 55V Operating ranges define those limits between which the func-
DC Output or /0 tionality of the device is guaranteed.

PinVoltage ..................... -05Vto55V

Static Discharge Voltage ... .............. 2001V

Latchup Current

(TA=—40°C1t085°C) . ............cun.. 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter
Symbol | Parameter Description Test Conditions Min Max | Unit
Vo Output HIGH Voltage Vin= Vi or Vi, lon=-2mA 2.4 \
Vce = Min lon=-75puA Vec-0.2V v
VoL Output LOW Voltage Vin = Vigor Vi loL=2 mA 0.4 Vv
Vee = Min loL= 100 pA 0.2 Vv
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 55 \
' Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 Vv
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current | Vin= Vcg Vec= Max (Note 2) 10 HA
I Input LOW Leakage Current Vin =0V, Vcc= Max (Note 2) -10 HA
lozn Off-State Output Leakage Vout= Vce, Vec = Max 10 HA
Current HIGH Vin= Vinor Vi (Note 2)
lozL Off-State Output Leakage Vout= 0V, Vcc= Max -10 pHA
Current LOW Vin= ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vout= 0.5V, Vcc = Max (Note 3) -15 -75 mA
lcc Supply Current Outputs Open (lout=0 mA) |f=0MHz 30 HA
Vcc= Max (Note 4) f=15MHz 45 mA
Notes: )
1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
2. I/O pin leakage is the worst case of i and lozL (or IiH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vourt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4. This parameter is guaranteed worst case under test conditions. Refer to the Icc vs. frequency graph for typical

measurements.
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CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Condition Typ Unit
CiN Input Capacitance ViN=2.0V Vcc =5.0V, Ta =25°C, 5 pF
Cout Output Capacitance Vour=2.0V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 5)| Max Unit
trD Input or Feedback to Combinatorial Output (Note 3) 20 ns
ts Setup Time from Input or Feedback to Clock 15 ns
tH Hold Time 0 ns
tco Clock to Output 10 ns
twi X LOW 8 ns
Clock Width
twH HIGH 8 ns
Maximum External Feedback I 1/(ts+tco) 40 MHz
fMAX Frequency Internal Feedback (fcNT) 50 MHz
(Note 4)

No Feedback 1 1/(ts+tH) 66.7 MHz
tPzx OE to Output Enable 20 ns
tpxz OE to Output Disable 20 ns
tea Input to Output Enable Using Product Term Control 20 ns
tER Input to Output Disable Using Product Term Control 20 ns

Notes: ‘

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tepwill typically be about 2 ns faster.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

5. Output delay minimums for tep, tco trzx texz tea and terand defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.

PALLV16V82Z-20 (Ind)
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SWITCHING WAVEFORMS

Input or

Feedback vr
Input or ts tH
Feedback % VT
A3
1P Clock 00
Combinatorial v
Output T .
Registered vr
17422D-7 Output
17422D-8
Combinatorial Output Registered Output
Input VT
twH
tER | tEA
Clock VT N\ G( VoH - 0.5V /Z 7
V1
ouput /7 Vor+ 0sv\\Y
twi
17422D-9 17422D-10
Clock Width Input to Output Disable/Enable
VT
OE
tpxz tPzx
VoH - 0.5V
Output /7 E '
VoL + 0.5V
17422D-11
OE to Output Disable/Enable
Notes:

1. Vr= 1.5V forinput signals and Vcc/2 for output signals.
2. Input pulse amplitude 0 Vto 3.0 V.
3. Input rise and fall times 2 ns - 5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
L
Must be Will be
Steady Steady

May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing

fromLtoH fromLtoH
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT
Vee
S1
Ri1
Output Test Point
R2 CL
S2
.i_ g 17422D-12
Measured
Specification S1 S2 CL R1 Rz Output Value
tprD, tco Closed Closed Vcer2
tPzx, tEA Z — H: Open Z — H: Closed 30 pF Vcer2
Z - L: Closed Z — L: Open 1.6K 1.6K
tPxz, tER H —Z: Open H —Z: Closed . H—->Z:VoH-05V
L —Z: Closed L —Z: Open 5l L—Z:VoL+05V
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TYPICAL Icc CHARACTERISTICS FOR THE PALLV16V82-20
Vec=3.3V,Ta=25°C

150 —

125

100 =~

lcc (MA) 75 =

50

25 -

e e e
0 10 20 30 40 50

Frequency (MHz) 17422D-13

Icc vs. Frequency

The selected ‘typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS

The PALLV16V8Z is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology
uses an EE cell to replace the fuse link used in bipolar

parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at
the factory.

Symbol | Parameter Test Conditions Min Unit
tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles
ROBUSTNESS FEATURES . false clocking caused by subsequent ringing. A special

The PALLV16V8Z has some unique features that make
it extremely robust, especially when operating in high-
speed design environments. Input clamping circuitry
limits negative overshoot, eliminating the possibility of

noise filter makes the programming circuitry completely
insensitive to any positive overshoot that has a pulse
width of less than about 100 ns.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vce

ESD Input | Programming ==
Protection Transition | Pins only Programming Positive :
and Detection ————————— Voltage [~ Overshoot = P"’og?iﬂ?? A
Clamping Detection Filter ! y
Typical Input
Vee
| Provides ESD
Protection and
I Clamping
Preload Feedback Input
= Circuitry Input  Transition
Detection
Typical Output 17422D-14

PALLV16V8Z-20
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POWER-UP RESET

The PALLV16V8Z has been designed with the
capability to reset during system power-up. Following
power-up, all flip-flops will be reset to LOW. The output
state will be HIGH independent of the logic polarity. This
feature provides extra flexibility to the designer and is
especially valuable in simplifying state machine
initialization. A timing diagram and parameter table are
shown below. Due to the synchronous operation of the

power-up reset and the wide range of ways Vcc canrise
to its steady state, two conditions are required to insure
a valid power-up reset. These conditions are:

B The Vcc rise must be monotonic.

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

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time -
See Switching Characteristics
twi Clock Width LOW
Vee
27V 7t
Power
I tPR
Registered [
Output ‘A
I ts
Clock ; \Xk
-
17422D-15
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

PALLV16V8Z-20
Parameter Typ

Symbol | Parameter Description . PDIP PLCC Unit
Bic Thermal Impedance, Junction to Case 20 19 °C/W

Ga Thermal Impedance, Junction to Ambient 65 57 °C/W

Ojma Thermal Impedance, Junction to Ambient with Air Flow | 200 ifpm air 58 41 °C/W
400 Ifpm air 51 37 °C/W

600 Ifpm air 47 35 °C/W

800 Ifpm air 44 33 °C/W

Plastic gjc Considerations

The data listed for plastic 8jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the
package. Furthermore, 0j tests on packages are performed in a constant-temperature bath, keeping the package surface at a
constant temperature. Therefore, the measurements can only be used in a similar environment.

PALLV16V8Z-20 2-137
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DATA SHEET REVISION SUMMARY FOR
PALLV16V82Z-20

Title

Removed PALLV16V8Z-30 from family

Switching Waveforms

Changed Note 1 to state: Vr=1.5 V for input signals and
Vcc/2 for output signals.

Switching Test Circuit
Changed supply voltage from 3.3 V to Vcc.

Changed Measured Output Value in Table from 1.65 V
to Vcc/2.

For Icc vs. Frequency Curve
Deleted PALLV16V82Z-30 curve.
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PALCE16V8HD-15

EE CMOS 24-Pin High-Drive Universal PAL Device

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
B High output-current drive capability
(64 mA lov)

Programmable Totem-Pole or Open-Drain
Outputs

200 mV Hysteresis
Programmable Direct or Latched Inputs
Outputs configurable as D or T flip-flops

Outputs programmable as registered
or combinatorial in any combination

B Automatic register reset on power-up

B Preloadable output registers for testability
B Programmable enable/disable control

B Electrically Erasable CMOS technology pro-
vides reconfigurable logic and full testability

B Cost-effective 24-pin plastic SKINNYDIP® and
28-pin PLCC packages

B Extensive third-party software and programmer
support through FusionPLD partners

B Fully tested for 100% programming and func-
tional yields and high reliability

GENERAL DESCRIPTION

The PALCE16V8HD is the first CMOS PAL device to
combine high-current drive capability with a PAL archi-
tecture. The PALCE16V8HD can sink up to 64 mA for
bus applications. It also has an advanced PAL architec-
ture using a programmable macrocell to help provide a
universal solution.

The PALCE16V8HD utilizes the familiar sum-of-
products (AND/OR) architecture that allows users to
implement complex logic functions easily and efficiently.
Multiple levels of combinatorial logic can always be
reduced to sum-of-products form, taking advantage of
the very wide input gates available in PAL devices. The
equations are programmed into the device through
floating-gate cells in the AND logic array that can be
erased electrically.

The fixed OR array allows up to eight data product terms
peroutput forlogic functions. The sum of these products
feeds the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial with an active-
high or active-low output. The output configuration is

determined by two global bits and one local bit control-
ling four multiplexers in each macrocell.

The PALCE16V8HD has some additional features that
make it an ideal choice for bus applications. These
include input hysteresis of 200 mV, clean output-switch-
ing signals, programmable totem-pole or open-drain
output configurations, programmable direct or latched
inputs, and programmable D- or T-type output registers.

AMD'’s FusionPLD program allows PALCE16V8HD de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer canuse a
tool that is already installed and familiar. Please refer to
the PLD Software Reference Guide for certified devel-
opment systems and the Programmer Reference Guide
for approved programmers.

Publication# 15559 Rev. D Amendmehtlo
Issue Date: June 1993
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PIN DESIGNATIONS

CLK = Clock

LE = LatchEnable
GND = Ground

| = Input

/0 = Input/Output
NC = No Connect
OE = OQutput Enable
Vce = Supply Voltage
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ORDERING INFORMATION

Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

FAMILY TYPE

PAL= Programmable Array Logic

TECHNOLOGY

CE = CMOS Electrically Erasable

PAL CE 16 VBHD-15P C

NUMBER OF
ARRAY INPUTS

OUTPUT TYPE
V = Versatile

NUMBER OF FLIP-FLOPS
DRIVE

HD = High Output Drive

SPEED
-156 = 15 nstrp

Valid Combinations

PALCE16V8HD-15

PC, JC

L PROGRAMMING DESIGNATOR

Blank = Initial Release

OPERATING CONDITIONS
C = Commercial (0°C to +75°C)

PACKAGE TYPE
P = 24-Pin Plastic SKINNYDIP (PD 3024)
J = 28-Pin Plastic Leaded Chip

Carrier (PL 028)

Valid Combinations

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

PALCE16V8HD-15 (Com’l)
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FUNCTIONAL DESCRIPTION

The PALCE16V8HD is a universal PAL device
with eight  independently configurable macrocells
(MCo—MC>). Each macrocell can be configured as a
registered output, combinatorial output, combinatorial
1/0 or dedicated input. The programming matrix imple-
ments a programmable AND logic array, which drives a
fixed OR logic array. Buffers for device inputs have com-
plementary outputs to provide user-programmable input
signal polarity. Pins 1 and 10 serve eitheras array inputs
or as clock (CLK) and output enable (OE), respectively,
for all flip-flops.

All inputs to the array can be individually programmed
as either direct or transparent-latch inputs. LE/lz is the

latch enable pin. The inputs to the array also have a
minimum of 200 mV of hysteresis.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE16V8HD
are automatically configured from the user’s design
specification, which can be in a number of formats. The
design specification is processed by development soft-
ware to verify the design and create a programming file.
This file, once downloaded to a programmer, configures
the device according to the user’s desired function.

[ 1] OE 1 (1') To Adjacent
J_ 00 Macrocell
= @40X Vee 01
1o =
K ‘
\ 'WJ__SLOX
SG1 11
X
- ok
D/T Q 10 SL4x
= SLix CLK—P> 7 =
4:|__SL5x
10
m I ! < 0 Xp——o——— From
9 ’ *SG1 SLo praacent
Q D Pin
SL3x = — LE
*In macrocells MCo and MC7,
SG1 is replaced by SGO on the 16559D-4
feedback multiplexer.
Figure 1. PALCE16V8HD 1/0O Macrocell
B 1
Q
D Q
SL2x =
LE— 15559D-5

Figure 2. PALCE16V8HD Input Macrocell
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Device Configuration :

The configuration of the PALCE16V8HD is controlled by
the configuration control word. It contains 2 global bits
(SGO and SG1) and 48 local bits (SLOo through SL07,
SL1o through SL17, SL2; through SL2s, SL30 through
SL37, SL4o through SL47 and SL50 through SL57). SGO
determines whether registers will be allowed. SG1 and
the individual SLOx bits select the output macrocell con-
figuration as registered output, combinatorial input,
combinatorial output, or combinatorial I/0. SL3x sets
the feedback path to the array as either direct or latched.
SL4x sets the output buffer as either a totem pole or an
opendrain. SL5x sets the register as eithera D or T type
flip-flop. At each input pin, SL2x sets the input as direct
or latched.

Input Pin Configuration Options

Each input pin can be configured as either a direct input
or atransparent latch. The input-pin configuration is set
by the local fuse SL2x. When SL2x is unprogrammed,
the input is direct. When SL2x is programmed, the input
is through a corresponding transparent latch.

The latch is enabled via LE/ls. The latches hold data

when LE/I3 is low. They are transparent when LE/Iz is
HIGH.

I/0 Macrocell Configuration Options

Each /O macrocell can be configured as one of the fol-
lowing: registered output, combinatorial output, combi-
natorial /O, or dedicated input. In the registered output
configuration, the output butfer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MC7, a macrocell configured
as adedicated input derives the input signal from an ad-
jacent I/0O. MCo derives its input from pin 10 (OE) and
MCy from pin 1 (CLK). These configurations are sum-
marized in Table 1 and illustrated in Figure 3.

The feedback path in each macrocell can be pro-
grammed as either direct or latched. The feedback

configuration is set by the local fuse SL3x. When SL3x
is unprogrammed, the corresponding feedback path is

direct to the array. When SL3x is programmed, the cor-
responding feedback path is through a corresponding
transparent latch.

The latch is enabled via LE/Is. The latches hold data
when LE/Izis LOW. They are transparent when LE/Iz is
HIGH.

Registered Output Configurations

There are two registered configurations: D-type and T-
type. The type is selected by SL5x.

In the registered configurations all eight product terms
are available as inputs to the OR gate. The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The out-
put buffer is enabled by OE.

Feedback to the array can be either direct or latched.
Direct feedback is from Q of the register to the product-
term array. Latched feedback is from Q of the register
through a transparent latch to the product-term array.
LE/I3 is the latch-enable signal.

Combinatorial Configurations

The PALCE16V8HD has three combinatorial output
configurations: dedicated output in a non-registered de-
vice, I/0 in a non-registered device and I/O in a regis-
tered device.

Dedicated Output in a Non-Registered
Device

Inthis configuration, the output buffer is always enabled,
therefore, all eight product terms are available to the OR
gate. The feedback to the array is from an adjacent /O
pin. I/O3 and 1/04 do not have connections to adjacent
macrocells; therefore, MC3s and MCa4 do not have feed-
back to the array in this mode.

Because CLK and OE are not used in a non-registered
device, pins 1 and 10 are available as input signals. Pin
1 will use the feedback path of MC7 and pin 10 will use
the feedback path of MCo.

Combinatorial I/O In a Non-Registered
Device

Only seven product terms are available to the OR gate in
this configuration. The eighth product termis usedto en-
able the output buffer. The signal at the I/O pin is fed
back to the AND array via the feedback multiplexer. This
allows the pin to be used as an input.

Because CLK and OF are not used in a non-registered
device, pins 1 and 10 are available as inputs. Pin 1 will
use the feedback path of MC-and pin 10 will use the
feedback path of MCo.

Combinatorial /0 in a Registered Device

In this configuration only seven product terms are avail-
able to the OR gate. The eighth product term is used as
the output enable. The feedback signal is the corre-
sponding I/O signal.

Dedicated Input Configuration

The output buffer is disabled in this configuration. Ex-
cept for MCo and MC7 the feedback signal is an adjacent
1/0. For MCo and MC7 the feedback signals are pins 1
and 10.

Pins 16 (19) and 19 (23) do not have connections to ad-
jacent macrocells. The dedicated-input configuration is
not available on these pins.

PALCE16V8HD-15
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Table 1. Macrocell Configuration

SGO J SG1 ‘ SLOx [SLle Cell Configuration
Device Uses Registers
1 0 0 | T-Type Registered Output
1 0 1 | D-Type Registered Output
Device Uses No Registers

1 0 0 X | Combinatorial Output

1 0 1 X | Dedicated Input

1 1 1 X | Combinatorial /O

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The output is active high if SL1xis 1 and active
low if SL1xis 0.

Output Buffer Configurations

The output buffer can be configured as either a totem-
pole output or an open-drain output. This configuration
is set by SL4x . The buffer is a totem-pole output when
SL4y is unprogrammed and an open-drain output when
SL4y is programmed. In the totem-pole configuration,
the output voltage levels are the standard Vor and Vo
levels. In the open-drain configuration, VoL is the stan-
dard value. However, Von will depend on the termina-
tion circuitry.
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OE OE
DT Q DT Q
CLK —— Q CLK—P Q@
—<4] —<4]
Registered Active Low Registered Active High

Combinatorial I/0 Active Low Combinatorial I/O Active High

To To
Logic Q Logic Q
Array LE Array LE
LE/I3 -———I LE/3 —:l
Combinatorial I/O Active Low Combinatorial I/0O Active High
with Latched Feedback with Latched Feedback
Note:
1. All output and I/O configurations are valid 15559D-6
as either totem-pole outputs or open-
collector outputs.

Figure 3. Macrocell Configurations

PALCE16V8HD-15 2-145



a AMD

Input

or l/O |:> D
Pin

Logic m‘— Q

LE ]
LE

Combinatorial Output Active Low
with Latched Feedback

To
Array
LE

Latched Input

Notes:

1.

All output and I/0 configurations are valid
as either totem-pole outputs or open-
collector outputs.

Feedback is not available on pins 16
and 19 in the combinatorial output mode.
The dedicated-input configuration is not
available on pins 16 and 19.

To
Logic
Array

T
LE___I
LE

Combinatorial Output Active High
with Latched Feedback

% : I—< I Adjacent I/O pin

Note 3
Dedicated Input

15559D-7

Figure 4. Macrocell Configurations
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Power-Up Reset

All flip-flops power up to a logic LOW for predictable
system initialization. Outputs of the PALCE16V8HD will
depend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALCE16V8HD can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions from illegal states can
be verified by loading illegal states and observing proper
recovery.

Security Bit

A security bit is provided on the PALCE16V8HD as a
deterrent to unauthorized copying of the array configu-
ration patterns. Once programmed, this bit defeats
readback of the programmed pattern by a device pro-
grammer, securing proprietary designs from competi-
tors. However, programming and verification are also
defeated by the security bit. The bit can only be erased
in conjunction with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE16V8HD device. It consists of 64 bits of pro-
grammable memory that can contain user-defined data.
The signature data is always available to the user inde-
pendent of the security bit.

Programming and Erasing

The PALCE16V8HD can be programmed on standard
logic programmers. It also may be erasedto reset a pre-
viously configured device back to its virgin state. Era-
sure is automatically performed by the programming
hardware. No special erase operation is required.

Quality and Testability

The PAL16V8HD offers a very high level of built-in
quality. The erasability of the device provides a direct
means of verifying performance of all the AC and DC
parameters. In addition, this helps verify complete
programmability and functionality of the device to yield
the highest programming yields and post-programming
function yields in the industry.

Technology

The high-speed PALCE16V8HD is fabricated with
AMD’s advanced electrically-erasable (EE) CMOS
process. The array connections are formed with proven
EE celis. Inputs and outputs are designed to be compat-
ible with TTL devices. This technology provides strong
input-clamp diodes, output slew-rate control, and a
grounded substrate for clean switching.

PALCE16V8HD-15
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LOGIC DIAGRAM
SKINNYDIP/Flatpack (PLCC) Pinouts
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .......... —65°C to +150°C
Ambient Temperature

with Power Applied ............ -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -0.5Vto +7.0V
DC Input Voltage . ......... -05V toVec +05V

DC Qutput or I/O

Pin Voltage

Static Discharge Voltage

Latchup Current

(Ta = 0°C to 75°C)

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

inFree Air.......0............ ... 0°C to +75°C
Supply Voltage (Vcc) with
Respectto Ground .. .......... +4.75Vto +5.25V

Operating ranges define those limits between which the

functionality of the device is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage loH = =16 mA VIN = ViH or Vit 2.4 v
Totem-pole Configuration Vee = Min
VoL Output LOW Voltage loL = 64 mA VIN = VIH or ViIL 0.5 \'
Vee = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 v
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 1)
VHYS Hysteresis (Notes 2 and 3) Vce = Min 200 mV
i+ Input HIGH Leakage Current VIN =5.25 V, Vcc = Max (Note 4) 10 pA
e Input LOW Leakage Current VIN =0V, Vcc = Max (Note 4) -10 HA
lozH Off-State Output Leakage Vout =5.25 V, Vcc = Max 10 nA
Current HIGH . VIN = ViHor ViL (Note 4)
lozL Off-State Output Leakage Vout =0V, Vcc = Max 10 A
Current LOW ViN = ViHor ViL (Note 4) - H
Isc Output Short-Circuit Current Vour = 0.5 V, Vcc = Max (Note 5) -30 -150 | mA
lcc Supply Current Outputs Open (louT = 0 mA) 115 mA
Vce = Max, f = 25 MHz
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. Hysteresis is the difference between the positive going input threshold voltage and the negative going input

threshold voltage.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is
modified where these parameters may be affected.

4. /O pin leakage is the worst case of liL and lozL (or I and lozH).
5. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vce =5.0V, Ta = 25°C, 5 pF
Court Output Capacitance Vour =20V f=1MHz 8 pF
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
trD Input, /O, or Feedback to Combinatorial Output 15 ns
ts Setup Time from Input, I/O, or Feedback to Clock 10 ns
tH Register Data Hold Time 0 ns
tco Clock to Output 10 ns
twL Clock Low 6 ns
twH Width HIGH 6 ns
i External Feedback |1/(ts+tco) 50 MHz
Maximum
fmax Frequency | Internal Feedback (fcnt) 66 MHz
(Note 3) T\o Feedback [t + iy 833 MHz
tsiL Input Latch Setup Time 4 ns
tHIL Input Latch Hold Time 6 ns
tico Input Latch Enable to Combinatorial Output 15 ns
tWIGH Input Latch Enable Width HIGH 15 ns
tigs Input Latch Enable to Output Register Setup Time 10 ns
tPDL Input, 1/0, or Feedback to Output Through Transparent ns
Input Latch 15
tSLR Setup Time from Input, /O, or Feedback Through 10 ns
Transparent Input Latch to Output Register
tHLR Hold Time from Input, I/O or Feedback
Through Input Latch to Output Register 0 ns
tpzx ‘OE to Output Enable 15 ns
tPxz OE to Output Disable 15 ns
teA Input, /O, or Feedback to Output Enable 15 ns
tER Input, 1/0, or Feedback to Output Disable 15 ns
tEAL Input, 1/O, or Feedback to Output Enable
Through Transparent Latch (Note 3) 15 ns
tERL Input, 170, or Feedback to Output Disable
Through Transparent Latch (Note 3) 15 ns
Notes:

2. See Switching Test Circuit, page 15, for test conditions.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified

where frequency may be affected.

PALCE16V8HD-15 (Com’l)
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SWITCHING WAVEFORMS

Input,
/0, or T
Feedback
ts tH
Input,
VO, or v Clock v
Feedback tco
tPD
Combinatorial Registered
Output M Output VT
15559D-9 15559D-10
Combinatorial Output Registered Output
Latched ( TK X
Input D /) vt
Latched
Input ){ vr VT
LE L
tsiL tHIL tSLR tHLR tigs
LE / VT 2 \ 7ZVT
Clock ——]
tPOL tiGo tco tco—
Combinatorial Registered
Output Vi gOutput v
15559D-11 15559D-12
Latched Input with Latched Input with
Combinatorial Output Registered Output
twH Transparent
Input
Clock vr Latch
Enable
twi
15559D-13 15559D-14
Clock Width Input Latch Enable Width
Notes:
1. V\r=15V

2. Input pulse amplitude 0 V to 3.0 V
3. Input rise and fall times 2 ns - 5 ns typical.
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SWITCHING WAVEFORMS

Input, 8
110, or VT OE
Feedback

teR tea

tPxz

VT

tpzx

KS?rVOH-O.st? — “?rVou-o.svﬂ? v

Output A
/77 AN - /3 N\
Output VoL + 0.5V T VoL + 0.5V

15559D-15

15559D-16

Input to Output Disable/Enable ‘OE to Output Disable/Enable

Latched
Input,

11O, or vr
Feedback

tERL tEAL

\\ T Vou - 05v//77
Output ___[LALVOL + 0.5V VT

15559D-17

Input to Output Disable/Enable
Through Transparent Latch

4 T . 4

3+ 34

Vo Vo
Output Voltage 2+ _ . Output Voltage 21
VTH VTH .

14 1

V{’H L ¥ VTH

Vi
Input Voltage

Notes: 15559D-18

1. VT= 1.5V
2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2 ns - 5 ns typical.

Vi
Input Voltage

15559D-19

PALCE16V8HD-15
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHtoL fromHto L
May Will be
Change Changing
fromLto H fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
} S
% Ri1 -
Output O I- €@ Test Point
ERZ I )
e e 15559D-20
Commercial Measured
Specification S1 CL R1 R2 Output Value
tPD, tPDL, tCO Closed 1.5V
tPZX, tEA, tEAL Z — H: Open 50 pF 15V
Z — L: Closed 80 Q 160 Q
tPx2, tER, tERL H —Z: Open 5pF H—-Z:VoH-05V
L — Z: Closed L—>Z:VoL+0.5V
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ENDURANCE CHARACTERISTICS

The PALCE16V8HD is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology

uses an EE cell to repléce the fuse link used in bipolar
parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at

the factory.
Endurance Characteristics
Symbol Parameter Test Conditions Min Unit

Max Storage 10 Years
Temperature

DR Min Pattern Data Retention Time Max Operating 20 Years
Temperature (Military)

N Min Reprogramming Cycles Normal Programming 100 Cycles
Conditions

INPUT/OUTPUT EQUIVALENT SCHEMATICS

—T— Vcc

i
[

ESD  Program/Verify =
Protection Circuitry

>

Typical input

Vce

Preload Feedback
= Circuitry Input

Typicai Output

15559D-21

PALCE16V8HD-15
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MEASURED SWITCHING CHARACTERISTICS for the PALCE16V8HD-15 (Note 1)

12 T
11 T
to,ns 10 T
9 ——

8 ] ] ) ] 1 } [ ] 1 ! )

T T T T T T T T T T T 1

0 50 100 150 200 250 300
CL, pF
tep vs. Load Capacitance 15559D-22

Vee =5.25V, Ta = 25°C

Note:
1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where trD may be affected.
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POWER-UP RESET

The PALCE16V8HD has been designed with the capa-
bility to reset during system power-up. Following power-
up, all flip-flops will be reset to LOW. The output state
will be HIGH independent of the logic polarity. This fea-
ture provides extra flexibility to the designer and is espe-
cially valuable in simplifying state machine initialization.
Atiming diagram and parameter table are shown below.

Due to the synchronous operation of the power-up reset
and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

B The Vcc rise must be monotonic.

B Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met.

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
1 Input or Feedback Setup Time See Switching Characteristics
twi Clock Width LOW
4v Vee
Power
I ter
Registered // [
Output 7
e ts
Clock \\NK
I'— twe "I
15559D-23

Power-Up Reset Waveform

PALCE16V8HD-15
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

PALCE16V8HD-15

Parameter T
Symbol Parameter Description SKINNYDIP PLCC Unit
Bjc Thermal impedance, junction to case 22 17 °C/W
Oja Thermal impedance, junction to ambient 70 55 °C/W
6jma Thermal impedance, junction to 200 lfpm air 65 47 °C/W
ambient with air flow 400 Ifpm air 60 42 °C/W
600 lfpm air 56 38 °C/W
800 Ifpm air 53 36 °C/W

Plastic 6jc Considerations

The data listed for plastic 8jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 8jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the
package. Furthermore, 6jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a

constant temperature. Therefore, the measurements can only be used in a similar environment.
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AmPAL18P8B/AL/A/L

20-Pin Combinatorial TTL Prorammable Array Logic

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B As fast as 15 ns maximum propagation delay
B Universal combinatorial architecture

N Programmable output polarity

B Programmable replacement for high-speed
TTL logic

W Extensive third-party software and programmer
support through FusionPLD partners

B 20-pin DIP and 20-pin PLCC packages save
space

GENERAL DESCRIPTION

The AmPAL18P8 utilizes Advanced Micro Devices’ ad-
vanced oxide-isolated bipolar process and fuse-link
technology. The devices provide user-programmable
logic for replacing conventional SSI/MSI gates and flip-
flops at a reduced chip count.

The AmPAL18P8 allows the systems engineer to imple-
ment the design on-chip, by opening fuse links to config-
ure AND and OR gates within the device, according to
the desired logic function. Complex interconnections
between gates, which previously required time-
consuming layout, are lifted from the PC board and
placedonsilicon, where they can be easily modified dur-
ing prototyping or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the

outputs. In addition, the PAL device provides the follow-
ing options:

— Variable input/output pin ratio

— Programmable three-state outputs

Product terms with all fuses opened assume the logical
HIGH state; product terms connected to both true and
complement of any single input assume the logical LOW
state. Unused input pins should be tied to Vcc or GND.

The entire PAL device family is supported by the
FusionPLD partners. The PAL family is programmed on
conventional PAL device programmers with appropriate
personality and socket adapter modules. See the Pro-
grammer Reference Guide for approved programmers.
Once the PAL device is programmed and verified an ad-
ditional fuse may be opened to prevent pattern readout.
This feature secures proprietary circuits.

BLOCK DIAGRAM

AmPAL18P8

Inputs

Programmable AND Array
(36 x 72)

[
o

g o 8 6

110 110 110 l{e}

8 D

1 l{e} /o] I}

K

05799G-1

Publication# 05799 Rev.G Amendment/0
Issue Date: January 1992
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PRODUCT SELECTOR GUIDE
teo lcc loL
Family ns (Max) mA (Max) mA (Min)
Very High-Speed
(“gr”))' V;grsiorf’see 15 180 24
High-Speed
("E”) Vgri?ons 3 180 24
High-Speed,
Half-Power 25 90 24
(“AL") Versions
Half-Power
(L") Versions 35 90 24
CONNECTION DIAGRAMS
Top View
DIP PLCC
./
1 [ 1e 20 ] Vec __ _ 389
12 19 ] O 3 2 1 20 19
| E 3 18 j ] )
I 17| ¥o i 4 18[]vo
1 s 167 o i s 17[Jvo
I s 15[ vo i e 16[Jvo
(. 14]] VO iq- 15[Jvo
e 18] o il s 14]]vo
(N 12 :l /o] L 9 10 11 12 13 y
GNDE 10 11 j 1 L J3
—2 T2
05799G-2 ©
Note: 05799G-3

Pin 1 is marked for orientation.

PIN DESIGNATIONS

GND = Ground

| = Input

110 = Input/Output

Vec = Supply Voltage
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ORDERING INFORMATION
Commercial Products

AMD programmable logic products for commercial applications are available with several ordering options. The order number
(Valid Combination) is formed by a combination of:

AmPAL18 P 8 A L PC
7]

FAMILY TYPE ——m
AmPAL = Programmable Array Logic
NUMBER OF - OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
OUTPUT TYPE
P= i

Programmable Polarity L OPERATING CONDITIONS

C = Commercial (0°C to +75°C)

NUMBER OF OUTPUTS
SPEED L —— PACKAGE TYPE

B =15nstrD P = 20-Pin Plastic DIP

A =25nstPD (PD 020)
Blank = 35 ns tPD J = 20-Pin Plastic Leaded

Chip Carrier (PL 020)

POWER D = 20-Pin Ceramic DIP

L = Low Power (90 mA Icc) (CD 020)
Blank = Full Power (180 mA Icc)

Valid Combinations Valid Combinations

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

AmPAL18P8 | B, AL AL | PC,JC,DC

AmPAL18P8B/AL/A/L (Com’l) 2-161
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FUNCTIONAL DESCRIPTION

Allparts are produced with afuse link at each input to the
AND gate array, and connections may be selectively re-
moved by applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming algo-
rithm, these products can be rapidly programmed to any
customized pattern. Information on approved program-
mers can be found inthe Programmer Reference Guide.
Extra test words are pre-programmed during manufac-
turing to ensure extremely high field programming
yields, and provide extra test paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio

The AmPAL18P8 has ten dedicated input lines, and all
eight combinatorial outputs are 1/0 pins. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/0 pin, and may be con-
figured as a dedicated input if the buffer is always dis-
abled.

Programmable Polarity

The polarity of each output can be active-high or active-
low, either to match output signal needs or to reduce
product terms. Programmable polarity allows Boolean

expressions to be written in their most compact form
(true or inverted), and the output can still be of the de-
sired polarity. It can also save “DeMorganizing” efforts.

Selection is through a programmable fuse which con-
trols an exclusive-OR gate at the output of the AND/OR
logic. The output is active high if the fuse is 1 (pro-
grammed) and active low if the fuse is 0 (intact).

Security Fuse

After programming and verification, an AmMPAL18P8 de-
sign can be secured by programming the security fuse.
Once programmed, this fuse defeats readback of the in-
ternal programmed pattern by a device programmer, se-
curing proprietary designs from competitors. When the
security fuse is programmed, the array will read as if
every fuse is programmed.

Quality and Testability

The AmPAL18P8 offers a very high level of built-in qual-
ity. Extra programmable fuses provide a means of veri-
fying performance of all AC and DC parameters. In
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming yields and post-programming functional
yields in the industry.

Technology

The AmPAL18P8 is fabricated with AMD’s diffusion-
isolated bipolar process. This process reduces parasitic
capacitances and minimum geometries to provide
higher performance. The array connections are formed
with proven PtSi fuses for reliable operation.
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LOGIC DIAGRAM
Inputs (0-35)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

With Power Applied .. ........... -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -0.5Vto+7.0V
DC Input Voltage . ... ........... -05Vto+55V
DC InputCurrent .............. -30 mA to +5 mA
DC I/O Pin Voltage ............ -=0.5 V to Vcc Max

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air . ............. 0°C to +75°C
Supply Voltage (Vcc)
with Respectto Ground ........ +4.75Vto +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max | Unit
VoH Output HIGH Voltage lon=-32mA Vin=VhorVi 2.4 v
Vce = Min
VoL Output LOW Voltage loL = 24 mA Vin = Vi or Vi 0.5 v
Vce = Min
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 "
Voltage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 \"
Voltage for all Inputs (Note 1)
Vi Input Clamp Voltage In=-18 mA, Vcc = Min -1.2 \"
I Input HIGH Current Vin = 2.7 V, Vcc = Max (Note 2) 25 nA
he Input LOW Current Vin = 0.4 V, Vcc = Max (Note 2) -100 LA
I Maximum Input Current Vin = 5.5V, Vcc = Max 1 mA
lozn Off-State Output Leakage Vout=2.7 V, Vcc = Max 100 A
Current HIGH Vin = Vinor ViL (Note 2)
lozL Off-State Output Leakage Vout = 0.4 V, Vcc = Max -250 pHA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5 V, Vec = Max (Note 3) -30 -90 mA
lec Supply Current Vin= 0V, Outputs Open B, A 180 mA
(lout = 0 mA)
Vee = Max AL 90 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. IO pin leakage is the worst case of i and lozL (or i and lozH).

3. Not more than one output should be shorted at a time. Duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

2-164

AmPAL18P8B/AL/A/L (Com’l)



AMD l‘.l

CAPACITANCE (Note 1)
Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance Vin=2.0V Vec=5.0V 6
Ta = +25°C pF
Cour Output Capacitance Vour=2.0V f=1MHz 9
Note:

1. 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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter B A, AL L
Symbol Parameter Description Min Max Min Max Min | Max | Unit
trD Input or Feedback to
Combinatorial Output 15 25 35 ns
tea Input to Output Enable
Using Product Term Control 15 25 35 ns
ter Input to Output Disable
Using Product Term Control 15 25 35 ns
Note:
2. See Switching Test Circuit for test conditions.
AmPAL18P8B/AL/A/L (Com’l) 2-165
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SWITCHING WAVEFORMS

Input or
Feedback vr
tPD

Combinatorial

Output VT

05799G-5
Combinatorial Output

Notes:
1. Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2 ns—5 ns typical.

Input vt
tER tEA
oo VprereslTll,
05799G-6

Input to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady

May Will be
Change Changing
fromHto L

fromHto L

) May Will be
Change Changing

fromLto H from Lto H

Don't Care, Changing,
Any Change State

Permitted Unknown

Does Not Center
Apply Line is High-

Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
St
R1
Qutput Test Point
’ I )
05799G-7
Measured
Specification St CL R: Rz Output Value
trD Closed 15V
tea Z — H: Open 50 pF 15V
Z — L: Closed 200 Q 390 Q
ter H —Z: Open F H—>Z:Voh-05V
L —Z: Closed 5p L—Z:VoL+05V

AmPAL18P8B/AL/A/L
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INPUT/OUTPUT EQUIVALENT SCHEMATICS

Input o——¢ L 4 K

% 0 \ce

Program/Verify

Circuitry

Typical Input

05799G-8

o \tc

40 Q NOM

110
Pins

Typical Output

Input,

I O Output

Program/Verify/
Test Circuitry

05799G-9
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PAL20R8 Family
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