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QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substancesthat, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices «.so indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respectto safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical’,
‘special’ orsometimes ‘industrial’ waste. Disposal as domestic waste is
usually not permitted.
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DEFINITIONS

Data Sheet Identification

Product Status

Definition (Note)

Objective Specification

Formative or in Design

This data sheet contains the design target or goal specifications for

product development. Specifications may change in any manner
without notice.

This data sheet contains preliminary data, and supplementary data
will be published at a later date. Philips Semiconductors reserves the
right to make changes at any time without notice in order to improve
design and supply the best possible product.

Preliminary Specification | Preproduction Product

This data sheet contains Final Specifications. Philips Semiconductors
reserves the right to make changes at any time without notice, in
order to improve design and supply the best possible product.

Product Specification Full Production

The data in this specification is extracted from a full data sheet with
the same type number and title. For detailed information see the
relevant data sheet or data handbook.

Short-form specification —

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or more of the limiting
values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or at any other
conditions above those given in the Characteristics sections of the specification is not implied. Exposure to limiting values for extended
periods may affect device reliability.

Application information

Applications that are described herein for any of these products are for illustrative purposes only. Philips Semiconductors makes no
representation or warranty that such applications will be suitable for the specified use without further testing or modification

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips Semiconductors customers using or
selling these products for use in such applications do so at their own risk and agree to fully indemnify Philips
Semiconductors for any damages resulting from such improper use or sale.

DISCLAIMER

Philips Semiconductors reserves the right to make changes, without notice, in the products, including circuits,
standard cells, and/or software, described or contained herein in order to improve design and/or performance.
Philips Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no
license or title under any patent, copyright, or mask work right to these products, and makes no representations or
warranties that these products are free from patent, copyright, or mask work right infringement, unless otherwise
specified.

NOTE: Always check with your local Philips Semiconductors Sales Office to be certain that you have the latest
data sheet(s) before completing a design.
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Preface

Introducing the only high-speed, zero-power CPLD solution

Sustaining a competitive edge in the high-performance arena requires you to
maximize speed, minimize power use, and deliver more functionality—for both
portable and mainstream PLD applications.

Philips Semiconductors gives you this edge with a superior solution that combines,
for the first time ever, high speed and zero power into a CPLD. Using exclusive
Philips technologies, including eXtended Programmable Logic Array (XPLA™), Fast
Zero Power (FZP™), and standard In-System Programmability (ISP™), Philips has
created new CPLD families. Each solution oifers you higher levels of integration
than the competition, without sacrificing performance.

To ensure an easy-to-use CPLD solutiori, Philips offers world class software and
application support. To enhance the support package, key partnerships with third
party tool vendors have been formed to ensure state-of-the-art design colutions that
are easily accessible to the designer. Whether it be Synario, Minc, Exemplar Logic,
Synplicity, OrCAD, Cadence, Viewlogic, Mentor or Synopsys, Philips provides
design flows that allow you to complete designs on schedule.

Philips delivers the broadest range of 3V/5V CPLD solutions across
all densities

The XPLA Architecture serves as the foundation for all Philips’ CPLD families. The
current families of Philips’ CPLDs are the original XPLA, XPLA Enhanced, and
XPLA2. The XPLA and XPLA enhanced families accommodate applications
demanding industry-standard 32, 64, and 128 macrocell densities, with the
enhanced family adding extra features like more clocks and In System
Programmability. The XPLA2 family offers densities of 320 to 960 macrocells for
faster, larger, more power-efficient applications.

Now you can maximize density without sacrificing speed

Philips’ XPLA provides an architecture that enables you to efficiently allocate logic
for 100% utilization without sacrificing speed. The XPLA provides a fast path to
every macrocell, which includes dedicated PAL product terms. Pius the XPLA's PLA
structure and predictable sharing access times make it the fastest and most flexible
soluticn available. Because the XPLA allocates additional logic exactly where you
need it, it delivers key benefits competitive devices cannot. Benefits include no
stealing of logic from neighbor macrocells, no density loss when sharing logic, no
lost logic due to product-term granularity problems, no slow feedback logic, and no
refitting or routing problems.

Philips shatters the myth—zero power no longer means slow speeds

With propagation delays of just 7.5 ns at 3V and 6ns at 5V, and standby currents
under 100 microamps, Philips’ FZP technology stands alone in breaking the
paradigm that zero power equals slow speeds. When compared to today’s standard
zero power devices, with propagation delays of 20-25ns, Philips’ CPLDs with FZP
boast a 250% to 300% faster operating speed. And because no turbo-bits or
sleep-modes are used, these CPLDs offer zero static power and low dynamic
power all the time.
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PHILIPS CoolRunner™ FAMILY SELECTION GUIDE

Progr.
Comm’l Slew
Base Part peed Packag Pack Dedi d | Enh d 5V Rate
Number | (tppinns) | Designator | Description | I1/O Inputs Clocking JTAG ISP | PCI | Tolerance | Control Process
P3Z222V10 10,15 A PLCC28 10 12 X 0.5 EE
P3722V10 10,15 D SOL24 10 12 X 0.5 nEE
P3Z22V10 10,15 DH TSSOP24 10 12 X 0.5nEE
P5Z22V10 75,10 A PLCC28 10 12 0.5 uEE
P5722V10 7.5,10 D SOL24 10 12 0.5uEE
P5Z22V10 75,10 DH TSSOP24 10 12 0.5 EE
PZ3032 8,10, 12 Ad4 PLCC44 32 4 X 0.5uEE
PZ3032 8,10,12 BC TQFP44 32 4 X 0.5uEE
PZ5032 6,7.5,10 Ad4 PLCC44 32 4 X 0.5 uEE
PZ5032 6,7.5,10 BC TQFP44 32 4 X 0.5 uEE
PZ3032C 8,10, 12 A44 PLCC44 32 4 X compatible X X 0.5uEE
PZ3032C 8,10, 12 BC TQFP44 32 4 X compatible X X 0.5 uEE
PZ5032C 6,7.5,10 Ad44 PLCC44 32 4 X compatible X X 0.5uEE
PZ5032C 6,7.5,10 BC TQFP44 32 4 X compatible X X 0.5 nEE
PZ3032A 6,7.5,10 A44 PLCC44 32 4 X compatible X X 0.35 u EE
PZ3032A 6,7.5,10 BC TQFP44 32 4 X compatible X X 0.35 u EE
PZ3064 10,12 Ad4 PLCC44 32 4 X 0.5 uEE
PZ3064 10,12 BC TQFP44 32 4 X 0.5 n EE
PZ3064 10,12 A68 PLCC68 48 4 X 0.5 nEE
PZ3064 10, 12 Ag4 PLCC84 64 4 X 0.5 EE
PZ3064 10, 12 BB1 PQFP100 64 4 X 0.5 nEE
PZ5064 75,10 A44 PLCC44 32 4 X 0.5uEE
PZ5064 7:5,10 BC TQFP44 32 4 X 0.5 nEE
PZ5064 7.5,10 A68 PLCC68 48 4 X 0.5uEE
PZ5064 7.5,10 A84 PLCC84 64 4 X 0.5 uEE
PZ5064 71.5,10 BB1 PQFP100 64 4 X 0.5 nEE
PZ3064A 7.5,10 Ad44 PLCC44 32 4 X compatible X X 0.35 u EE
PZ3064A 75,10 BC TQFP44 32 4 X compatible X X 0.35 u EE
PZ3064A 75,10 BP TQFP100 64 4 X compatible X X 0.35 u EE
PZ5064C 75,10 A44 PLCC44 32 4 X compatible X X 0.5 EE
PZ5064C 75,10 BC TQFP44 32 4 X compatible X X 0.5uEE
PZ5064C 75,10 BP TQFP100 64 4 X compatible X X 0.5uEE
PZ3128 10,12, 15 A84 PLCC84 64 4 fully compliant X X 0.5 uEE
PZ3128 10, 12,15 BB1 PQFP100 80 4 fully compliant X X 0.5uEE
PZ3128 10,12, 15 BP TQFP100 80 4 fully compliant X X 0.5 uEE
PZ3128 10,12, 15 BE LQFP128 96 4 fully compliant X X 0.5uEE
PZ3128 10, 12, 15 BB2 PQFP160 96 4 fully compliant X X 0.5 uEE
PZ5128 75, 10,92 Ag4 PLCC84 64 4 fully compliant X X 0.5uwEE
PZ5128 7.5,10,12 BB1 PQFP100 80 4 fully compliant X X 0.5uEE
PZ5128 7.5,10,12 BP TQFP100 80 4 fully compliant X X 0.5 EE
PZ5128 7.5,10,12 BE LQFP128 96 4 fully compliant X X 0.5 EE
PZ5128 7.5,10,12 BB2 PQFP160 96 4 fully compliant X X 0.5uEE
PZ3128A 7.5,10,12 BP TQFP100 80 4 X compatible X X 0.35 u EE
PZ3128A 7.5,10,12 BE LQFP128 96 4 X compatible X X 0.35 u EE
PZ5128C 7.5,10,12 BP TQFP100 80 4 X compatible X X 0.5uEE
PZ5128C 7:5.10,12 BE LQFP128 96 4 X compatible X X 0.5uEE
PZ3320C tbd tod LQFP160 12 X fully compliant X X X 0.35 u SRAM
PZ3320C tbd tbd PBGA256 192 X fully compliant X X X 0.35 u SRAM
PZ3960C 7.5 EB PBGA492 384 X fully compliant X X X 0.35 u SRAM
NOTE:

All products available in industrial temperature range—check our website at www.coolpld.com for availability details.
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Ordering Information

COOLRUNNER™ CPLD PRODUCTS

PZ = Philips Zero power

x = Supply Voltage
3=33V

5=5.0V
yyy = Macrocell Count

k = Operating Temp/Architecture/Process
— = Commercial, original architecture
| = Industrial, original architecture
C = Commercial, enhanced clocking

Example: PZ xyyy k S zz YYY

YYY = Package Code

A44
A68
A84
BB1
BB2
BC
BE
BP
EB

= 44-pin Plastic Leaded Chip Carrier (PLCC)

68-pin Plastic Leaded Chip Carrier (PLCC)
84-pin Plastic Leaded Chip Carrier (PLCC)
100-pin Plastic Quad Flat Pack (PQFP)
160-pin Plastic Quad Flat Pack (PQFP)
44-pin Thin Quad Flat Pack (TQFP)
128-pin Low profile Flat Pack (LQFP)
100-pin Thin Quad Flat Pack (TQFP)
492-pin Plastic Ball Grid Array (PBGA)

zz = Speed Grade (tpp)

N = Industrial, enhanced clocking €75 = 325
] ; = 75ns
A = Commercial, enhanced clocking, 8 = B
0.35 micron process w/5V tol I/Os 10 - 10
; : = ns
D = Industrial, enhanced clocking s
0.35 micron process w/5 V tol I/Os s
: P 15= 15ns
S = ISP Device (if S is present)
COOLRUNNER™ 22V10 PRODUCTS
Example: P xZ 22Vi0k z YY
PZ = Philips Zero power i j —L YY = Package Code
A = 28-pin Plastic Leaded Chip Carrier (PLCC)
x = Supply Voltage D = 24-pin Small Outline Large (SOL)
3=33V DH = 24-pin Plastic Thin Shrink Small Outline Package (TSSOP)
5=56V
k = Operating Temperature z = Speed Grade (tpp)
— = Commercial = 75ns
| = Industrial D = 10ns
B = 15ns
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What is it?

The FAX-on-DEMAND system is a computer facsimile
system that allows customers to receive selected

documents by fax automatically.

How does it work?

To order a document, you simply enter the document
number. This number can be obtained by asking for an
index of available documents to be faxed to you the

first time you call the system.

Our system has a selection of the latest product data
sheets from Philips with varying page counts. As you
know, it takes approximately one minute to FAX one
page. This isn’t bad if the number of pages is less than
10. But if the document is 37 pages long, be ready for

a long transmission!

Philips Semiconductors also maintains product

information on the World-Wide Web. Our home page

can be located at:
http://www.semiconductors.philips.com

Who do | contact if | have a question

about FAX-on-DEMAND?
Contact your local Philips sales office.

1998 Feb 12
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ou can hang up now

FAX-on-DEMAND phone numbers:

United Kingdom, Ireland, +44-181-730-5020

Benelux & Scandinavia

North America 1-800-282-2000

Asia/Pacific

(Australia, China/HK, India,
Indonesia, Japan, Korea,
Malaysia, New Zealand,
Philippines, Singapore,
Taiwan, and Thailand)

+852 2811 9990
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CPLD internet and support access
R 5 T B o A T e S D A T R O e R .
INTERNET ACCESS
Philips Semiconductors World Wide Web:

http://www.semiconductors.philips.com

Philips CPLD World Wide Web:
http://www.coolpld.com

Email CPLD Support Address:
coolpld@abq.sc.philips.com

Technical Support:
1-888-COOLPLD (USA only)
1-505-858-2996

1998 Jul 13 14



Philips Semiconductors

O B B B B . e S B R R P e ST

General

Handling MOS devices
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ELECTROSTATIC CHARGES

Electrostatic charges can exist in many things; for example,
man-made-fibre clothing, moving machinery, objects with air blowing
across them, plastic storage bins, sheets of paper stored in plastic
envelopes, paper from electrostatic copying machines, and people.
The charges are caused by friction between two surfaces, at least
one of which is non-conductive. The magnitude and polarity of the
charges depend on the different affinities for electrons of the two
materials rubbing together, the friction force and the humidity of the
surrounding air.

Electrostatic discharge is the transfer of an electrostatic charge
between bodies at different potentials and occurs with direct contact
or when induced by an electrostatic field. All of our MOS devices are
internally protected against electrostatic discharge but they can be
damaged if the following precautions are not taken.

WORK STATION

Figure 1 shows a working area suitable for safely handling

electrostatic sensitive devices. It has a work bench, the surface of

which is conductive or covered by an antistatic sheet. Typical

resistivity for the bench surface is between 1 and 500 kQ per cm2.

The floor should also be covered with antistatic material. The

following precautions should be observed:

® Persons at a work bench should be earthed via a wrist strap and a
resistor

® All mains-powered electrical equipment should be connected via
an earth leakage switch

® Equipment cases should be earthed
® Relative humidity should be maintained between 50 and 65%

® An ionizer should be used to neutralize objects with immobile
static charges

RECEIPT AND STORAGE
MOS devices are packed for dispatch in antistatic/conductive
containers, usually boxes, tubes or blister tape. The fact that the

contents are sensitive to electrostatic discharge is shown by warning
labels on both primary and secondary packing.

The devices should be kept in their original packing whilst in
storage. If a bulk container is partially unpacked, the unpacking
should be performed at a protected work station. Any MOS devices
that are stored temporarily should be packed in conductive or
antistatic packing or carriers.

ASSEMBLY

MOS devices must be removed from their protective packing with
earthed component pincers or short-circuit clips. Short-circuit clips
must remain in place during mounting, soldering and
cleansing/drying processes. Do not remove more devices from the
storage packing than are needed at any one time.
Production/assembly documents should state that the product
contains electrostatic sensitive devices and that special precautions
need to be taken.

During assembly, ensure that the MOS devices are the last of the
components to be mounted and that this is done at a protected work
station.

All tools used during assembly, including soldering tools and solder
baths, must be earthed. All hand tools should be of conductive or
antistatic material and, where possible, should not be insulated.

Measuring and testing of completed circuit boards must be done at a
protected work station. Place the soldered side of the circuit board
on conductive or antistatic foam and remove the short-circuit clips.
Remove the circuit board from the foam, holding the board only at
the edges. Make sure the circuit board does not touch the
conductive surface of the work bench. After testing, replace the
circuit board on the conductive foam to await packing.

Assembled circuit boards containing MOS devices should be
handled in the same way as unmounted MOS devices. They should
also carry warning labels and be packed in conductive or antistatic
packing.

@

Earthing rail.

Resistor (500 k2 + 10%, 0.5 W).
lonizer.

Work bench.

Chair

Wrist strap.

Electrical equipment.

Conductive surface/antistatic sheet.
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Figure 1. Protected work station
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General

Quality
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TOTAL QUALITY MANAGEMENT

Philips Semiconductors is a Quality Company, renowned
for the high quality of our products and service. We keep
alive this tradition by constantly aiming towards one
ultimate standard, that of zero defects. This aim is guided
by our Total Quality Management (TQM) system, the
basis of which is described in the following paragraphs.

Quality assurance

Based on ISO 9000 standards, customer standards such
as Ford TQE and IBM MDQ. Our factories are certified to
ISO 9000 by external inspectorates.

Partnerships with customers

PPM co-operations, design-in agreements, ship-to-stock,
just-in-time and self-qualification programmes, and
application support.

Partnerships with suppliers

Ship-to-stock, statistical process control and ISO 9000
audits.

Quality improvement programme

Continuous process and system improvement, design
improvement, complete use of statistical process control,
realization of our final objective of zero defects, and
logistics improvement by ship-to-stock and just-in-time
agreements.

ADVANCED QUALITY PLANNING

During the design and development of new products and
processes, quality is built-in by advanced quality
planning. Through Failure Mode Effects Analysis (FMEA)
analysis the critical parameters are detected and
measures taken to ensure good performance on these
parameters. This method is also used to evaluate the
capability of process steps.
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PRODUCT CONFORMANCE

The assurance of product conformance is an integral part

of our quality assurance (QA) practice. This is achieved

by:

® [ncoming material management through partnerships
with suppliers.

@ In-line quality assurance to monitor process
reproducibility during manufacture and initiate any
necessary corrective action. Critical process steps are
100% under statistical process control.

® Acceptance tests on finished products to verify
conformance with the device specification. The test
results are used for quality feedback and corrective
actions. The inspection and test requirements are
detailed in the general quality specifications.

@ Periodic inspections to monitor and measure the
conformance of products.

PRODUCT RELIABILITY

With the increasing complexity of Original Equipment
Manufacturer (OEM) equipment, components reliability
must be extremely high. Our research laboratories and
development departments study the failure mechanisms
of semiconductors. Their studies result in design rules
and process optimization for the highest built-in product
reliability. Highly accelerated tests are applied to the
product reliability evaluation. Rejects from reliability tests
and from customer complaints are submitted to failure
analysis, to result in corrective action and continuous
improvement.

CUSTOMER RESPONSES

Our quality improvement depends on joint action with our
customer. We need our customer’s inputs and we invite
constructive comments on all aspects of our performance.
Please contact our local sales representative.

RECOGNITION

The high quality of our products and services is
demonstrated by many Quality Awards granted by major
customers and international organizations.
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CoolRunner™ architecture overview

INTRODUCTION

There are three basic families of Philips Semiconductors’
CoolRunner™ CPLDs: XPLA, XPLA Enhanced, and XPLA2. The
architecture is similar for all of these families, but there are important
differences for each. XPLA is Philips’ first CPLD family with densities
between 32 and 128 macrocells. XPLA Enhanced is a modified
version of the XPLA family, with extra features like more clocks and
In System Programmability. XPLA2 is a family of higher density (320
to 960 macrocells) CPLDs.

XPLA™ AND XPLA ENHANCED ARCHITECTURE
Figure 1 gives a high level block diagram of the XPLA™ and XPLA
Enhanced architecture. These architectures consist of Logic Blocks
which are interconnected by a Zero-power Interconnect Array (ZIA).
The ZIA is a virtual crosspoint switch. Each Logic Block is
essentially a 36V 16 device with 36 inputs from the ZIA and 16
macrocells. Each Logic Block also provides 32 ZIA feedback paths
from the macrocells and I/O pins. The number of Logic Blocks
contained within a device determines the macrocell count of the
device. For example, devices containing 2, 4, and 8 Logic Blocks
are 32, 64, and 128 macrocell devices, respectively.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what's
inside each Logic Block and the design technique used to implement
these Logic Blocks.

Logic Block Architecture

Figure 2 illustrates the Logic Block Architecture. Each Logic Block
contains Control Terms, a PAL Array, a PLA Array, and 16
macrocells. The 6 Control Terms can individually be configured as
either AND or SUM product terms and are used to control the
preset/reset and output enables of the 16 macrocell’s flip-flops. In
the XPLA Enhanced family, these can also be used as clocks. The
PAL Array consists of a programmable AND array with a fixed OR

array while the PLA array consist of a programmable AND array with
a programmable OR array. The PAL array provides a high speed
path through the array while the PLA array provides increased
product term density.

Each macrocell has 5 dedicated product terms from the PAL array. If
a macrocell needs more than 5 product terms, it simply gets the
additional product terms from the PLA array. The PLA array consists
of 32 product terms which are available for use by all 16 macrocells.
For the 5V PZ5032 the additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2ns. So the
total pin-to-pin tpp for the PZ5032 using 6 to 37 product terms is 8ns
(6ns for the PAL + 2ns for the PLA).

The XPLA and XPLA Enhanced architectures are very
accommodating for implementing last minute design changes. In
fact, 16 million worst case designs {designs which used all of the I/O
Pins and all of the Macrocells) were implemented in the PZ5032 with
fixed pins & macrocells and all but 30 designs were able to route.
Therefore 99.998% of these worst case designs were able to route
with the pins fixed after the design was changed.

The reason why these architectures accommodate last minute
design changes is because the PAL product terms are dedicated to
a given macrocell and in addition there is a free pool of 32 PLA
product terms which can be used by any of the 16 macrocells. If a
macrocell uses less than 5 product terms and the design change
requires a total of 5 product terms, the design is guaranteed to fit
because the 5 PAL product terms are dedicated to each macrocell.
There is no borrowing between macrocells. Borrowing is a nice
feature until the macrocell whose product terms were borrowed
wants its product terms back because of a last minute design
change. If a design change requires more than 5 product terms,
unused PLA product terms are used by the macrocell. In an average
design, less than 20 PLA product terms are used so there are
typically 12 PLA product terms available to implement last minute
design changes.
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Figure 1. XPLA™ Block Diagram of 64 Macrocell Device
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XPLA Macrocell Configuration

Figure 3 shows the architecture of the macrocell used in the XPLA
family. The macrocell consists of a flip-flop which can be configured
as either a D or T type. A D-Type flip-flop is generally more useful
for implementing state machines and data buffering. A T-Type
flip-flop is generally more useful in implementing counters. All XPLA
family members provide both synchronous and asynchronous
clocking and provide the ability to clock off either the falling or rising
edges of these clocks. These devices are designed such that the
skew between the rising and falling edges of a clock are minimized
for clocking integrity. There are 2 clocks (CLKO and CLK1) available
on the PZ3032/PZ5032 devices and 4 clocks (CLKO through CLK3)
available in the PZ3064/PZ5064 and PZ3128/PZ5128 devices.
Clock 0 (CLKO) in each of these devices is designated as the
“synchronous” clock and must be driven by an external source.
Clocks 1, 2, and 3 (CLK1, CLK2, and CLK3) can either be used as a
synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation).

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature
for each macrocell can also be disabled. The other 4 control terms
(CT2-CT5) can be used to control the Output Enable of the
macrocell’s Output Buffers. The reason why there are so many

control terms dedicated for the output enable of the macrocell is to
insure that all CoolRunner™ devices are PCI compliant. The
macrocell’s output buffers can also be always enabled or disabled.
All CoolRunner™ devices also provide a Global Three-State (GTS*)
pin which, when pulled low, will three-state all the outputs of the
device. This pin is provided to support “In-Circuit Testing” or “Bed-of
Nails Testing".

For the macrocells in the logic block that are associated with /O
pins, there are two feedback paths to the ZIA: one from the
macrocell, and one from the I/O pin. The ZIA feedback path before
the output buffer is the macrocell feedback path, while the ZIA
feedback path after the output buffer is the I/O pin feedback path.
When these macrocells are used as outputs, the output buffer is
enabled, and either feedback path can be used to feedback the logic
implemented in the macrocell. When the I/O pins are used as inputs,
the output buffer of these macrocells will be 3-stated and the input
signal will be fed into the ZIA via the I/O feedback path. In this case
the logic functions implemented in the buried macrocell can be fed
back into the ZIA via the macrocell feedback path. For macrocells
that are not associated with I/O pins, there is one feedback path to
the ZIA. Logic functions implemented in these buried macrocells are
fed back into the ZIA via this path.

TOZIA
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:D—w o R
INIT TS
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CLKO - ! )
CLKO GND
CLK1 cTo cT2
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CLK2 CT4
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CLK3 Ve
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Figure 3. Macrocell Architecture
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XPLA Enhanced Macrocell Configuration provides two extra clocks per logic block in these devices. This
Figure 4 shows the architecture of the macrocell used in the XPLA means that the Enhanced 32, 64, and 128 macrocell devices can
Enhanced family. it is exactly like the macrocell of the XPLA family have up to 6, 12, and 20 clocks, respectively. For more information,
except that two of the six control terms are shared by the output see the application note Understanding CoolRunner Clocking
enable mux and the clock mux. Sharing these control terms Options.
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Figure 4. XPLA Macrocell Architecture
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XPLA2 ARCHITECTURE

Figure 5 shows a high level block diagram of the XPLA2
architecture. The XPLA2 architecture is a multi-level, modular

hierarchy that consists of Fast Modules interconnected by a Global

Zero Power Interconnect Array (GZIA). The GZIA is a virtual
crosspoint switch that connects the Fast Modules together. Each

Fast Module accepts 64 bits from the GZIA and outputs 64 bits to
the GZIA. Each Fast Module is essentially an 80 macrocell CPLD

with four logic blocks of 20 macrocells each inside. There are eight
dedicated, low-skew, global clocks for the device; and each Fast
Module has access to any two of these clocks (there are additional
asynchronous clocks available in the Fast Modules, see Figure 6).
There are also Global Tri-state (gts) and Global Reset (rstn) pins
that are common to all Fast Modules. When gts is pulled high, all
output buffers in the device will be disabled, causing all I/O pins to
be tri-stated. When rstn is pulled low, all flip-flops of the device will
be reset.
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Figure 6. Philips XPLA2 Fast Module

XPLA2 Fast Module

Each Fast Module consists of four Logic Blocks of 20 macrocells
each. Eight of the 20 macrocells in each Logic Block are connected
to 1/0 pins and the remaining 12 can be used as buried nodes.
These four Logic Blocks are connected together by the Local Zero
Power Interconnect Array (LZIA). The LZIA is a virtual crosspoint
switch that connects the logic blocks to each other and to the GZIA.
The feedback from all 80 macrocells, input from the I/O pins, and the
64 bit input bus from the GZIA are input into the LZIA. The LZIA
outputs 36 signals into each Logic Block and 64 signals into the
GZIA.

XPLAZ2 Logic Block Architecture

Figure 7 illustrates the XPLA2 logic block architecture. Each logic
block contains 8 control terms, a PAL array, and 20 macrocells. The
36 inputs from the LZIA are available to all control terms and each
product term in both the PAL and the PLA array. The 8 control terms
can individually be configured as either SUM or PRODUCT terms,
and are used to control the asynchronous preset and reset functions
of the macrocell registers, the output enables of the 20 macrocells,
and for asynchronous clocking. The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. Each macrocell has 4 dedicated product terms from the PAL
array. When additional logic is required, each macrocell takes the
extra product term(s) from the PLA array. The PLA array consists of
32 extra product terms that are shared between the 20 macrocells of
the logic block. The PAL product terms can be connected to the PLA
product terms through either an OR gate or an XOR gate. One input
to the XOR gate can be connected to all the PLA terms, which
provides for extremely efficient logic synthesis. An eight bit XOR
function can be implemented in only 20 product terms. Each
macrocell can use the output from the OR gate or the XOR gate in
either normal or inverted state.

XPLA2 Macrocell Architecture
Figure 8 shows the XPLA2 macrocell architecture. The macrocell
can be configured as either a D- or T-type flip-flop or a combinatorial

1998 Jul 06

24

logic function. A D-type flip-flop is generally more useful for
implementing state machines and data buffering while a T-type
flip-flop is generally more useful in implementing counters. Each of
these flip-flops can be clocked from any one of four sources. Two of
the clock sources (CLKO and CLK1) are from the eight dedicated,
low-skew, global clock networks designed to preserve the integrity of
the clock signal by reducing skew between rising and falling edges.
These clocks are designated as “synchronous” clocks and must be
driven by an external source. Both CLKO and CLK1 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are designated as
“asynchronous” and are connected to two of the eight control terms
(CT6 and CT7) provided in each Logic Block. These clocks can be
individually configured as any PRODUCT term or SUM term
equation created from the 36 signals available inside the Logic
Block. Thus, in each Logic Block, there are up to four possible
clocks; and in each Fast Module, there are up to 10 possible clocks.

The remaining six control terms of each Logic Block (CTO-CT5) are
used to control the asynchronous preset/reset of the flip-flops and
the enable/disable of the output buffers in each macrocell. Control
terms CTO and CT1 are used to control the asynchronous
preset/reset of the macrccell’s flip-flop. Note that the power-on reset
leaves all macrocells in the “zero” state when power is properly
applied, and that the preset/reset feature for each macrocell can
also be disabled. Each macrocell can choose between an
asynchronous reset or an asynchronous preset function, but both
cannot be simultaneously used on the same register. The global rstn
function can always be used, regardless of whether or not
asynchronous reset or preset control terms are enabled. Control
terms CT2, CT3, CT4 and CT5 are used to enable or disable the
macrocell’'s output buffer. Having four dedicated output enable
control terms ensures that the CoolRunner devices are PCI
compliant. The output buffers can also be always enabled or always
disabled. All CoolRunner devices also provide a Global Tri-State
(gts) pin, which, when pulled high, will 3-state all the outputs of the
device. This pin is provided to support “In-Circuit Testing” or
“Bed-of-Nails” testing used during manufacturing.



Philips Semiconductors

CoolRunner™ architecture overview

LZIA
INPUTS
36%
8
CONTROL
—DO—
1
L_.)E Mco
{O—
152
D mMCt
=
PAL L)D_L_c
ARRAY D Mc2
[
L]
L]
L]
L
D )— MC19
PLA
ARRAY -
L] Ld
L] Ll
L] L]
(32)
PATENT PENDING
SP00589A
Figure 7. Philips XPLA2 Logic Block Architecture
For the macrocells in the Logic Block that are associated with I/O the output buffer of these macrocells will be 3-stated and the input
pins, there are two feedback paths to the LZIA: on from the signal will be fed into the LZIA via the I/O feedback path. In this case
macrocell, and one from the I/O pin. The LZIA feedback path before the logic functions implemented in the buried macrocell can be fed
the output buffer is the macrocell feedback path, while the LZIA back into the LZIA via the macrocell feedback path. For macrocells
feedback path after the output buffer is the I/O pin feedback path. that are not associated with 1/0 pins, there is one feedback path to
When these macrocells are used as outputs, the output buffer is the LZIA. Logic functions implemented in these buried macrocells
enabled, and either feedback path can be used to feedback the logic are fed back into the LZIA via this path.

implemented in the macrocell. When the 1/O pins are used as inputs,
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PLA BENEFITS

PLA Product Term Sharing

Another feature offered by an architecture with a PLA, which cannot
be offered by other competing architectures, is product term sharing.
In address decode circuits, some state machines, and other types of
designs there are product terms which are common to a number of

Figure 8. XPLA2 Macrocell Architecture

product terms between macrocells as shown in Figure 9. In this
example, it shows one PLA product term being shared by two
macrocells. In this case, there is “effectively” 33 PLA product terms
because one of them is shared between two macrocells. PLA
product term sharing increases the “effective” density of the device
and allows larger designs to fit in the same macrocell count device.
If needed, all 16 macrocells could share all 32 PLA product terms.

macrocells. The CoolRunner architectures allow sharing of PLA
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Simple Timing Model

Figure 10 shows the XPLA and XPLA Enhanced Timing Model. As
one can see from this illustration, the CoolRunner™ timing model
looks very much like a 22V10 timing model in that there are three
main timing parameters including tpp, tsy, and tco. Figure 11 shows
the XPLA2 timing model. Note that it only has one more variable:
tazia. In other competing architectures, the user may be able to fit
the design into the CPLD but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as: timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the CoolRunner architectures, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ5032 device, the user knows up front that if a given output uses 5
product terms or less, the tpp = 6ns, the tgy = 4ns, and the tcg =
5.5ns. If an output is using 6 to 37 product terms, an additional 2ns
is added to the tpp and tgy timing parameters to account for the time
to propagate through the PLA array—this is the only variation in
timing that exists when using the XPLA™ architecture!

In the PZ3960 for example, a combinatorial logic function of four or
fewer product terms constructed from inputs within the same logic
block would have a tpp delay of 7.5 ns. If the logic function were
more than four product terms wide, the delay would be tpp plus the
fixed PLA delay, or 7.5 + 1.5 = 9.0 ns. A function that used the PAL
array and inputs from a different Fast Module would have a
propagation delay of tpp plus the fixed GZIA delay, or

7.5+ 4.0 = 11.5 ns. Again, designers can easily determine if the
device will meet his system requirements, before they even begin
the design!

HOW TO USE COOLRUNNER ARCHITECTURE
FEATURES

How to use the programmable, Global 3-State
feature on CoolRunner™ devices

All CoolRunner™ devices include a Global 3-State (GTS) feature
which supports “In-Circuit-Testing” or “Bed-of-Nails-Testing”. The
GTS feature is made available via a Global Tri-State pin (GTS*)
which, when driven to a Low logic level (logic high on XPLA2), will
3-State all the outputs of the device. The GTS feature is optionally
invoked as part of the user’s design, and is provided through a

dedicated pin on each CoolRunner™ device (please refer to the
individual device data sheets). The default condition is that the GTS
feature is not invoked, and that the related pin is instead available as
a dedicated input pin (designated IN2 on all CoolRunner™ device
packages).

The GTS feature is invoked by setting the device under test property
in the user’s design file. In the XPLA Designer software
environment, this is achieved by including the following property
statement in the header section of the design:

XPLA Property ‘dut on’;

When this property is set, the GTS feature can also be simulated in
the XPLA Designer environment. After including the ‘dut on’ property
in the design, the RESERVED_DUT signal automatically appears in
the simulator signal list the first time a .SCL (Simulation Control
Language) is created. If a new or subsequent .SCL file is created,
the user must add a new signal and select RESERVED_DUT as its
name to enable simulation of this feature. In either case, the
RESERVED_DUT signal may be driven in the simulation by any
waveform, similar to any other input. The difference, of course, is
that all outputs are 3-stated whenever the RESERVED_DUT signal
is driven to a Low logic level.

How to use synchronous and asynchronous
clocks in CoolRunner™ devices

All CoolRunner™ devices provide multiple clock inputs, and support
both synchronous and asynchronous clocking of the devices’
internal registers. Clock inputs are associated with dedicated pins
on CoolRunner™ device packages (please refer to the individua!
device data sheets) or with control terms inside the logic blocks. The
number of available clocks depends upon device density.

The clock inputs also have well-defined capabilities, depending upon
whether their associated pin is a dedicated input, a general purpose
I/O, or a control term. CLKO on any CoolRunner™ device is always
associated with a dedicated input which, when used as a clock
input, always serves as a synchronous clock driven solely by an
externally-provided signal.

CLK1, CLK2, and CLK3 are associated with a general purpose I/O
pin and may be used to implement either synchronous or
asynchronous (i.e., complex, or term-based) clocks. When used as
a clock signal driven solely by an externally-provided input, these
clocks perform similar to CLKO. Since these clocks are associated
with a general purpose /O, this isolates the related macrocell,
although the macrocell’s feedback path is still available, thus
enabling use of the macrocell as a “buried” node or logic path.
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Figure 10. CoolRunner™ Timing Model
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Within a Fast Module:
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tpp_pLA = COMBINATORIAL PAL + PLA

INPUT PIN D

REGISTERED

tsu_paL = PAL
tsu_pLA = PAL + PLA

D OUTPUT PIN

INPUT PIN D

REGISTERED

_—'C"——D OUTPUT PIN

]
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Using the Global ZIA:

tpp_paL = COMBINATORIAL PAL + GZD
tpp_pLA = COMBINATORIAL PAL + PLA ,+ GZD

—{"] outputPIN
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REGISTERED
tsy_paL = PAL + GZD
tsy_pLA = PAL + PLA + GZD

NpUTPIN ]

REGISTERED

—‘CO_D OUTPUT PIN

GLOBAL CLOCK PIN [:}

SP00591B

Figure 11.

When using CLK1, CLK2, or CLK3 to implement asynchronous
clocks, there are some special considerations. In this case any or all
1/0 pins and feedback paths may be used to form the asynchronous
clock. However, the clock must ultimately be driven by a macrocell
associated with one of the general purpose I/O pins specified for
clocking per the device data sheet. Because a specific macrocell
ultimately drives the asynchronous clock, the associated general
purpose I/O pin is no longer available for use (except as an external
monitoring or distribution point for the asynchronous clock). Also,
performance for asynchronous clocking is variable depending on the
specific application and must be determined through simulation or
analysis by the user. This is because the levels of logic complexity
and number of feedback paths incurred in forming the asynchronous
clock determine the delay in the clock path.

In the XPLA enhanced and XPLA2 devices, there are two control
term clocks in every Logic Block. These clocks can be individually
configured as any PRODUCT term or SUM term equation created
from the 36 signals available inside the Logic Block. If a
SUM-OF-PRODUCTS equation is required, it must be implemented
in a macrocell and then fed back into a control term through the ZIA
(see the application note Using Sum of Products Control Terms for
more information).

Each control term clock is available to all the macrocells within a
Logic Block, but it must be duplicated on another control term if the
same clock is used in different Logic Blocks. These clocks are not
attached to a low-skew clock network and, they must pass through
the interconnect array and a single product term before reaching the
flip-flop. Unlike the dedicated clock networks, these clocks are not
associated with specific pins and may be assigned to any I/O or
dedicated input.

Please note that all of the clock signals in a CoolRunner™ device
have selectable clock polarity for each macrocell, thus allowing any
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macrocell’s register element to be clocked from either the rising or
falling edge of any clock signal in the device.

How to use Output Enables in CoolRunner™
devices

All CoolRunner™ devices provide the ability to control each general
purpose I/O pin through the use of an output enable (OE) signal. OE
signals allow for the 3-stating of an output pin in bus applications,
and also allow for the implementation of bi-directional pins in the
CoolRunner™ devices. Within each Logic Block four control signals
are provided to support OE generation. Because these control
signals are provided at the Logic Block level, each Logic Block can
independently generate OE control for its associated outputs.

Each of these four control signals are provided to the input of a
multiplexer that is associated with each output buffer control, thus
allowing each general purpose I/O pin in the logic block to have OE
control based on one of these four control signals. Each of these four
control signals may directly be either a sum term or product term of
any or all of the 36 inputs into the logic (the 36 inputs into the logic
block may be driven directly by external signals and/or by feedback
paths from logic generated in the device). However, these four control
signals cannot directly be a sum of products. For example:

A#B#C#D#... isasumterm, which is directly supported
A&B&C&D&.... isaproductterm, which is directly supported
(A&B) # (C&D) # .... is a sum of products term, which is NOT

directly supported

Complex OE signals that are based on a sum of products term must
use a ‘buried’ node that is not collapsed during the design
compilation. The ‘buried’ node is driven by the sum of products
equation, and the OE signal is assigned to be driven by the node.
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See application note Using Sum of Products Control forms for more
information.

How to use Presets and Resets in CoolRunner™
devices

All CoolRunner™ devices support asynchronous Preset/Reset
control for the register elements associated with each macrocell.
Within each logic block, two control signals are provided for
Preset/Reset control. Like OE signals (described above), the
Preset/Reset control signals may be a sum term or a product term of
any/all of the inputs into the logic block.

Each of the two control signals drive multiplexers that are
associated with each register element. The multiplexer, in turn,
controls either a Preset or Reset function defined for the register.
Please note that the user must select between asynchronous Preset
and asynchronous Reset functionality for a register element; it is not
possible to implement both asynchronous Preset and asynchronous
Reset for the same register.

Synchronous Preset/Reset may be synthesized for each register
element. This is achieved by ‘gating’ the logic input to a register
element with an appropriate control signal, as specified in the logic
design.

How to implement Clock Enable signals in
CoolRunner™ devices

Clock Enable (CE) signals are indirectly supported in CoolRunner™
devices through synthesis. To implement a CE signal, an
appropriate control is ‘gated’ with both the logic generated to drive
the register element and the register’s output feedback. In the XPLA
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Designer software environment, a .CE extension is provided for
specifying a CE signal in the design and synthesis is automatic,
such that it is not necessary to explicitly specify the ‘gating’.

In other environments, it may be necessary to explicity implement
the CE functionality. For a register element driven by the logic signal
DAT_IN to produce the output signal DAT_OUT, the CE signal
CLKEN is used in the definition of DAT_OUT as follows to
implement the clock enable functionality:

DAT_OUT := (DAT_IN & CLKEN) # (ICLKEN & DAT_OUT.q)

where “=' indicates that DAT_OUT is a registered signal, the ‘.q’
extension indicates the feedback path from the register, and the

signal CLKEN is a clock enable signal driven by external signals,
internally-generated logic, or both.

How to determine output states upon power up in

CoolRunner™ devices

When a CoolRunner™ device is powered-up, all output buffers are
disabled, so that all outputs are 3-stated. The delay from valid Vpp
to valid reset is specified in all CoolRunner™ datasheets as tjy
After t\T, all registered outputs are reset to a low logic level, and all
combinatorial outputs are resolved to the appropriate state as
determined by the inputs and/or internally-generated logic from
which they are formed. However, please note that only a maximum
delay is specified for tjyT and no minimum delay is guaranteed. If
external input signals are still at undeterminable (e.g., 3-state) logic
states after the CoolRunner™ device has transitioned through its
power-up reset sequence, dependent combinatorial outputs will be
unknown.
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In CPLD architectures, the methods implemented to propagate
logic-level transitions in the product term array are derived from the
original bipolar simple PLD devices. Within a CPLD, each product
term in the array is “fed” by all of the inputs into the logic block (see
Figure 1). The number of inputs to the logic block vary by CPLD
supplier, but are generally 1.5-to-2.5 times the number of macrocells
in the logic block. The most commonly implemented logic block size
in existing CPLDs is the 36V 16, meaning that there are 36 inputs
into a logic block with 16 macrocells. Since all CPLD architectures
make both true and complement forms of the logic block inputs
accessible to the product terms, the number of capacitive loads on
the product term “word line” becomes significant and can be
modeled with an equivalent total capacitance of 2 pf.

Logic block inputs (and their complement) are connected to the
product term “word line” via pass gates and the “word line” is biased
with a “read” current of roughly 0.2 mA that can be modeled as the
source voltage through a resistor. The time required to propagate a
logic-level transition on the “word line” becomes a function of the

2 pf total capacitance of all the pass gates, the “read” current
supplied for biasing the “word line”, and the voltage differential that
defines a logic-level transition.

Existing CPLDs implement sense amplifiers at the end of each
“word line” to achieve fast propagation delays. These sense
amplifiers operate in the linear region, and ensure fast propagation
times by amplifying a 100 mV increase to the 1 Volt bias voltage on
the “word line” such that it represents a full CMOS voltage swing.
Using the equation | = C(dv/dt), the time required to increase the
“word line” voltage can be calculated as follows:

dt=(Cdv)/l = (2pf)* (0.1v)/0.2mA=1ns.

The sense amplifier itself contributes another 1 ns to the delay, and
requires a current of about 0.05 mA. Because this is only a portion
of the CPLD’s total propagation delay (tpp), it becomes necessary to
reduce the “word line” delay to ensure high-performance for the
CPLD. This is achieved by increasing the “read” current, as
indicated in the calculations previously discussed.

The benefits of the sense amplifier are clear—a full voltage swing
can be realized in a very short time by supplying the maximum
current that the sense amplifier accommodates. In lower-density
CPLDs (i.e., less than 128 macrocells), this maximum current is
usually not prohibitive from a thermal dissipation and a supply
voltage standpoint. As an alternative, consider what would happen if
the sense amplifier was not used and it became necessary to
increase the voltage by 4 volts to realize a full CMOS swing from the
1 volt bias. With a 0.2 mA “read” current, the time required to realize
a 4 volt increase is calculated as follows:

dt=(2pf) * (4.0v)/ 0.2 mA=40ns.

To get back to the 1 ns performance of the sense amplifier, the
“read” current would have to be increased to 8 mA for each product
term. This would translate to a standby current of more than 5 amps
for a device with 5 product terms per macrocell, 16 macrocells per
logic block, and 8 logic blocks per device (i.e., a common 128
macrocell CPLD).

The benefits of the sense amplifier are not free, though. As
discussed above, each product term requires a standby current of
0.25 mA. This translates into a total standby current of 160 mA for
the common 128 macrocell CPLD. To operate a 16-bit counter in
every logic block at font = 50 MHz., the current requirement for this
device increases to about 240 mA. Even though these currents are
a vast improvement over not using a sense amplifier, they are still
considerably high for today’s digital designs—especially when the
end-product is portable or battery-powered. When it is necessary to
reduce power in these devices, the “read” current must be limited.
This is achieved during device programming by setting the device to
low-power, or “non-turbo” mode. However, as indicated in the
equations above, reducing the “read” current causes an increase in
the time it takes to propagate the logic-level transition through the
product term. The end result is a significant decrease in the overall
performance of the CPLD.

Vee =5 VOLTS

“READ” CURRENT = 0.2 mA
BIAS VOLTAGE = 1.0 VOLT

- fﬂ /D—

LINEAR SENSE AMPLIFIER
CURRENT = 0.05 mA

l =3 CELL Ez C‘ELL

/=

ONLY ONE Ej CELL IS PROGRAMMED LOGIC BLOCK
IN EACH PAIR, PROVIDING EITHER INPUT #1
THE TRUE OR COMPLEMENT OF THE
BLOCK INPUT 0
.
.
LOGIC BLOCK
INPUT #36 SP00505
Figure 1.  Product Term in Existing CPLDs
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The Philips FZP™ design technique takes a new and innovative
approach to implementing the product term array.

Instead of employing a bipolar design technique (i.e., sense
amplifiers), Philips instead becomes the first CPLD supplier to take
a true CMOS design approach. The result is the first Total CMOS™
CPLD; i.e., a CPLD that is CMOS both in process technology and
design technique. In the FZP™ design technique, represented in
Figure 2, the product term array is implemented by cascading the
logic in a tree of ful-CMOS gates. These full-CMOS gates switch in
200 picoseconds (ps), and are cascaded in a way that achieves
speed performance comparable to the sense amplifier approach in
existing CPLDs.

lo*l*la*lg

A four-input ‘AND’ function demonstrates how the
product term is implemented with ful-CMOS
gates in the Philips Semiconductors’ CPLDs.

SM00226

Figure 2. Representation of a Product Term using the Philips

FZP™ Design Technique

Cascading the gates distributes the capacitance associated with the
true and complement logic block inputs, so that this capacitance is
no longer lumped on a single node. Furthermore, the switching
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current behaves in a manner similar to that of random logic in a gate
array. The static current for each gate is incredibly small—about 1
pico-amp (pA). The total instantaneous dynamic current is also
small, since only the gates in one path of the tree switch, and these
gates switch in succession rather than all at the same time.

The advantages of FZP™ are numerous. Total standby current for
these CPLDs is under 100 micro-amps—at least 1000 times less
than that exhibited by CPLDs that use sense amplifiers. Dynamic
power is also decreased relative to existing CPLDs—by as much as
70% for a device whose logic is fully-populated with 16-bit counters
operating at 50 MHz. Best of all, these power savings are realized
with no impact on performance and no externally-controlled
provisions, such as power-down circuitry. Because power
consumption is so low, TQFP packaging options can now be offered
that were once considered impossible due to thermal limits. Also,
CPLDs can now rival the gate densities that were previously
attained only by FPGA’s and ASIC's. As a result, FZP™ is an
enabling technology for CPLDs since it makes their use possible in
applications where their high-power-consumption and/or
low-performance at low-power was previously prohibitive.

The disadvantages of FZP™ are trivial. It is possible to achieve
slightly faster data paths by supplying high currents to sense
amplifiers. This path is only a portion of the CPLDs total Tpd,
though, such that the difference between a sense amplifier’s speed
performance and the speed of the CMOS gate chain becomes
negligible. The CMOS gate chain also requires more die area in the
core than sense amplifiers. In fact, this would likely preclude a
full-CMOS gate approach in the older, two-layer metal processes
used to manufacture most existing CPLDs. However, Philips has
overcome this obstacle by manufacturing their CPLDs on a
leading-edge, 0.5 micron, triple-layer metal process technology.



Philips Semiconductors

Development software

T T A T S R e T e A i S B B e R SR S Sl

DEVELOPMENT SOFTWARE

Philips’ Programmable Logic Business Line (PLBL) software

strategy is based on three elements:

® To provide support for all Philips CPLDs in tools and design flows
already in place at the customer site.

® To offer cost effective software solutions that enable users easy
access to Philips silicon technologies.

® To maintain in-house software expertise that optimizes interaction
between device architecture and CAE software.

This strategy means that the PLBL supports both third party and
proprietary design tools. By supporting tools that designers already
own, Philips hopes that costs for both licensing and maintenance
can be maintained at reasonable levels, and that designer
productivity can be enhanced as minimal learning is required. By
supporting a high-value, low-cost proprietary solution, Philips can
provide solutions to companies that do not own third party design
tools but need cost-effective access to Philips silicon solutions.

EY 1} N
VIS

INCORPORATED

&/ CADENCE -

EXEMPLAR LOGIC
XL

The Power to Create

OrCADM
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The above strategy facilitates the need for partnerships, and Philips
works with the CAE software industry to provide optimum, timely,
and cost effective solutions. One example of a partnership is
illustrated by Philips relationship with Minc Inc. to supply CPLD
implementation software (i.e., fitters). As a result, Philips maintains
redundant fitters for each device so that software support is always
ensured for the design engineer.

Below are the logos of the companies that currently support design
development for Philips CPLDs (XPLA is Philips own proprietary
software). There are multipie flows that are possible through many
of these design environments, and new flows are constantly being
added. To determine the design flow that best meets your needs, or
for specific questions regarding any of these flows, contact the
CoolPLD Technical Support hotline by one of the methods shown in
the General Information section of this book, or your local Philips
representative.

SYNAR

0

Design Automation

—)

Synplicity

SYNOPSYS

"
VIEWlogic

SP00649
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Programming companies

The following is a listing of programming companies that support all
or some of our CoolRunner™ CPLDs. Please visit our website at
www.coolpld.com for up to date information on software revisions
and hardware needs for individual part types.

COMPANY

ADDRESS

PHONE NUMBER

BP Microsystems

1000 North Post Oak Rd.
Houston, TX 77055

800-225-2102

System General

1603A South Main St.
Milpitas, CA 95035

408-263-6667

Tribal Microsystems

44388 S. Grimmer Blvd.
Fremont, CA 94538

510-623-8859

SMS GmbH

Im Grund 15, 88239
Wangen, Germany

(49) 7522 9728 0

Stag

Silver Court
Watchmead
Welwyn Garden City
Herts AL7 1LT UK

(44) 1707 33214

Data I/O

10525 Willows Road N.E.
Redmond, WA 98073

800-332-8246

1998 Jun 17
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JTAG BOUNDARY-SCAN AND ISP

Terminology

BC Boundary-Scan Cell

BSDL Boundary-Scan Description Language

BST Boundary-Scan Test

CPLD Complex Programmable Logic Device

IEEE Institute of Electrical and Electronics
Engineers

ISP In-System Programmable

JEDEC Joint Electron Device Engineering Council

JTAG Joint Test Action Group

MC Macrocell

PC Personal Computer

PES Programmer Electronic Signature

PZ3032/PZ5032  Philips CoolRunner™ 3V/5V 32 Macrocell
Device

PZ3064/PZ5064  Philips CoolRunner™ 3V/5V 64 Macrocell
Device

PZ3128/PZ5128  Philips CoolRunner™ 3V/5V 128 Macrocell
Device

TAP Test Access Port contained within the JTAG
interface

UES User Electronic Signature

JTAG Boundary-Scan Background
JTAG Boundary-Scan is the ability to test a set of devices using a
standard JTAG interface instead of testing equipment which must
make physical contact with the circuit pack. BST provides the ability
to test the external connections of a device, the internal logic of the
device, and the ability to capture data from the device during normal
operation. BST provides many benefits including:
® Testability Benefits

— No limits on the number of nets

— Testability is designed in

— Can force signals onto pins (Preload)

— Can capture data from pin or core logic signals during normal

operation

® Reliability Benefits

— Not dependent on physical contact like existing test fixtures

— Test fixtures do not deteriorate over time

— Existing testing technologies have reached their limit

— Better approach to handling smaller component size and

components on both sides of the circuit pack

— Shorter device interconnect routes (no fan-out required)
® Cost Benefits

— Much cheaper test equipment

— Reduced test preparation time

— Reduced spare board inventories

— Can incorporate denser technologies
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ISP Background
ISP is the ability to reconfigure the logic and functionality of a
device, circuit pack, or complete electronic system before, during,
and after its manufacture and shipment to the end customer. ISP
provides many benefits including:
® Design Benefits

— Superior Prototyping Solution

— Debug Partitioning

— Circuit pack reconfiguration during debug
® Manufacturing Benefits

— Multi-Functional Hardware

— Reconfigurability for Test

- Simplified Manufacturing Process

— Reduced Inventory

— Improved Manufacturing Quality
® Field Support Benefits

— No need to replace devices for new features/bug fixes

- Possible field upgrade of hardware

Philips’ JTAG Boundary-Scan Features
Listed below are the JTAG Boundary-Scan features implemented
within the Philips ISP CPLDs.

® JTAG Boundary-Scan supported mainly for high pin count
devices.
® Use JTAG port for JTAG Boundary-Scan testing.
® JTAG Boundary-Scan devices can be daisy chained together to
allow multiple devices to be tested from a single JTAG stream.
® JTAG TAP Controller implementation.
® |DCODE Register contains 32 bits and a pre-defined format.
® Support for the following JTAG Boundary-Scan instructions:
— Sample/Preload
— Extest
— Bypass
® JTAG Boundary-Scan Register implementation.
® TAG USERCODE Register implementation.
® Support for the following JTAG Boundary-Scan instructions:

— ldcode

— Usercode (implemented by verifying EEPROM row 41 sides
A&B)

— Highz

Philips’ ISP Features
Listed below are the ISP features implemented within the Philips ISP
CPLDs.

® |SP supported for high pin count devices.
® Use JTAG port for ISP programming.

® No external supervoltages are required to program/erase the

devices. All supervoltages are generated internal to the device
from the Vpp input voltage.
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® |SP security bit is available to protect the user program
information.
® |SP devices can be daisy chained together to allow multiple
devices to be programmed from a single data stream.
® |SP programming support through
— PC Parallel Port
— Automated Test Equipment.
— Third party Programmers.
— Serial Port
— an Embedded Processor

® Number of erase/program cycles equals 1000.
® Program retention time of 20 years.

® |SP programming time less than 10 seconds for a 256 Macrocell
device.

® Simultaneous programming of multiple ISP devices daisy chained
together.

Philips BST and ISP CPLD Architecture

All Philips high pin count CPLDs support both JTAG Boundary-Scan
and ISP features through a standard JTAG interface. The JTAG
interface consists of two parts: a TAP Port and a TAP Controller. The
TAP Port consists of 4 required JTAG pins (TCK, TMS, TDI, TDO)
plus 1 optional JTAG pin (TRST*). The TAP port signals are
described in the section “JTAG Interface”. The TAP Controller is a
sequential circuit which is used to clock in and parse JTAG
instructions. The TAP Controller defined by the IEEE 1149.1 JTAG
Specification is illustrated in the section, ‘UTAG TAP Controller.”

Please refer to Figure 1 for a high level block diagram of a Philips
ISP CPLD using the JTAG interface to access the BST and ISP
functionality. As illustrated by Figure 1, the additional circuitry
needed to implement the BST and ISP functionality consists of a
TAP Controller, a JTAG Controller, an ISP Controller, an ISP Shift
Register, and a Boundary-Scan Register. The EEPROM array is
made up of rows and columns of EEPROM cells. The ISP Shift
Register contains the address to select individual EEPROM rows
and contains the data which can be programmed into or read from
the selected EEPROM row.

r{ecH{ ue] [ i{e
10— ¢ rows MC | — o
0
110 BC MC H BC— IO
| EEPROM : J
10— BCH MC u  ARRAY WF% 1o
VO — ] BC[| MC 5 ‘ MC ‘—{ BC]—— 10
: < :
L Usercode  Reg Mc H Be vo
..... e e o
{ Instruction Reg I IDcode Reg ' :
‘ [ Instruction Decode ‘ | Bypass Reg I +
o > TAP Controller “—> e
Controller Controller
L1, 1l
i i T T
D c M D
: . 3 N SP00487
Figure 1. ISP and BST CPLD High Level Architecture
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Figure 2.

JTAG TAP Controller

The TAP Controller is a synchronous finite state machine that
responds to changes at the TMS and TCK signals of the TAP and
controls the sequence of operations of the circuitry defined by the
1149.1 IEEE Standard. This TAP Controller, as seen in Figure 2, is
implemented in the Philips CPLDs.

The behavior of the TAP controller and other BST and ISP logic in
each of the controller states is briefly described below.

Test-Logic/Reset
The BST and ISP logic is disabled so that normal operation of
the on-chip system logic (i.e. in response to stimuli received
through the system pins only) can continue unimpeded. This is
achieved by initializing the instruction register to contain the
IDCODE instruction. No matter what the original state of the
controller, it will enter Test-Logic-Reset when TMS is held high
for at least 5 rising edges of TCK. The controller remains in this
state while TMS is high. Note that the TAP controller will be
forced to the Test-Logic-Reset controller state at power-up.

Run-Test/Idle
All of the instructions supported by the Philips CPLDs do not
cause functions to execute in the Run-Test/Idle controller state.
Thus, all BST and ISP data registers selected by the current
instruction shall retain their previous state (i.e., Idle). The
instruction does not change while the TAP controller is in this
state.

Select-DR-Scan
This is a temporary controller state in which all BST and ISP
data registers selected by the current instruction retain their
previous state. The instruction does not change while the TAP
contreller is in this state.
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JTAG TAP Controller

Select-IR-Scan
This is a temporary controller state in which all BST and ISP
data registers selected by the current instruction retain their
previous state. The instruction does not change while the TAP
controller is in this state.

Capture-DR
In this controller state, data may be parallel loaded into the BST
data registers selected by the current instruction on the rising
edge of TCK. If a BST data register selected by the current
instruction does not have parallel input, or if capturing is not
required for the selected test, then the register retains its
previous state. The instruction does not change while the TAP
controller is in this state.

Shift-DR
In this controller state, the BST or ISP data register connected
between TDI and TDO as a result of the current instruction shifts
data one stage towards its serial output on each rising edge of
TCK. BST or ISP data registers that are selected by the current
instruction, but are not placed in the serial path, retain their
previous state. The instruction does not change while the TAP
controller is in this state.

Exit1-DR
This is a temporary state. All BST or ISP data registers selected
by the current instruction retain their previous state. The instruction
does not change while the TAP controller is in this state.

Pause-DR
This controller state allows shifting of the BST or ISP data
register in the serial path between TDI and TDO to be
temporarily halted. All BST or ISP data registers selected by the
current instruction retain their previous state. The instruction
does not change while the TAP controller is in this state.
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Exit2-DR
This is a temporary state. All BST or ISP data registers selected
by the current instruction retain their previous state. The
instruction does not change while the TAP controller is in this
state.

Update-DR

Some BST data registers may be provided with a latched parallel
output to prevent changes at the parallel output while data is
shifted in the associated shift-register path in response to certain
instructions (e.g. EXTEST). Data is latched onto the parallel
output of these BST data registers from the shift-register path on
the falling edge of TCK in the Update-DR controller state. The
data held at the latched parallel outputs should not change. The
instruction does not change while the TAP controller is in this
state.

Capture-IR
In this controller state, the shift-register contained in the
instruction register loads a pattern of fixed logic values on the
rising edge of TCK. In addition, design-specific data may be
loaded into shift-register stages that are not required to be set to
fixed values. BST or ISP data registers selected by the current
instruction retain their previous state. The instruction does not
change while the TAP controller is in this state.

Shift-IR
In this controller state, the shift-register contained in the
instruction register is connected between TDI and TDO and
shifts data one stage towards its serial output on each rising
edge of TCK. BST or ISP data registers that are selected by the
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current instruction, but are not placed in the serial path, retain
their previous state. The instruction does not change while the
TAP controller is in this state.

Exit1-IR
This is a temporary state. BST or ISP data registers selected by
the current instruction retain their previous state. The instruction
does not change while the TAP controller is in this state and the
instruction register retains its state.

Pause-IR
This controller state allows shifting of the instruction register to
be temporarily halted. BST or ISP data registers selected by the
current instruction retain their previous state. The instruction
does not change while the TAP controller is in this state and the
instruction register retains its state.

Exit2-IR
This is a temporary state. BST or ISP data registers selected by
the current instruction retain their previous state. The instruction
does not change while the TAP controller is in this state and the
instruction register retains its state.

Update-IR
The instruction shifted into the instruction register is latched onto
the parallel output from the shift-register path on the falling edge
of TCK in the Update-IR controller state. Once the new
instruction has been latched, it becomes the current instruction.
BST or ISP data registers selected by the current instruction
retain their previous state.
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JTAG Registers

Figure 3 illustrates the JTAG Registers that are incorporated into Philips CPLDs.

Table 1 gives a description of each JTAG Register for Philips CPLDs.

TDI

TDO
TMS
TCK Tap
— ¥ Controller

SP00489

Figure 3. JTAG Registers

Table 1. JTAG Register Description

REGISTER

# OF BITS

REGISTER DESCRIPTION

Instruction Register

4

The Instruction Register is a shift-register-based design which allows an instruction to be
shifted into a device. The instruction shifted into the register is latched at the completion of the
shifting process. The instruction is used to select the BST or ISP operation and/or the data
register to be accessed. The parallel output from the Instruction Register is latched to ensure
that the BST and ISP logic is protected from the transient data patterns that will occur in its
shift-register stages as new instruction data is entered.

Bypass Register

The Bypass Register contains a single shift-register stage and is used to provide a minimum
length serial path between the TDI and TDO pins of a component when no test or program
operation of that component is required. This allows more rapid movement of test/program data
to and from other components on a circuit pack that are required to perform test/program
operations.

Boundary-Scan Register

280

The Boundary-Scan Register allows testing of circuitry external to the CPLD and also permits
the system signals flowing into and out of the CPLD logic to be sampled and examined without
causing interference with the normal operation of the CPLD logic. The Boundary-Scan Register
is a long shift register composed of all the Boundary-Scan cells at the pins of the device.

IDCODE Register

32

This register must consist of a 32 bit shift-register, parallel-in and serial out. The register
contains the following information:

Bit(s) Usage

0 1 - pre-defined

1-11 Manufacturing Identity
12-27 Part Number

28-31 Version

USERCODE Register

960

Contains the UES information. This Register is comprised of Row 41 of the EEPROM array.

ISP Shift Register

7 Address bits
1028 Data bits
for PZ3128

Used to address the EEPROM row and contains the data that is being written into or read from
the EEPROM array.
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JTAG Boundary-Scan Registers
The following Boundary-Scan Cells were selected for Philips CPLD’s
dedicated input and bi-directional (I/O) pins.

An Observe-Only Dedicated Input BSR Cell
Figure 4 illustrates an Observe-Only BSR Cell for a dedicated input.
The advantages associated with this Boundary-Scan Cell include:

® Does not require a multiplexer in the device's input speed path.
® Support for all mandatory BST instructions.

® |ess silicon to implement than a BSR Cell with or without an
Update Register.

Compliant BSR Cell with an Observe-Only Input for
Bidirectional Pin

Figure 5 illustrates a Compliant BSR Cell with an observe-only input
for a bi-directional pin. The advantages associated with this
Boundary-Scan Cell include:

® Does not require a multiplexer in the device's input speed path.
® Support for all mandatory BST instructions.

® | ess silicon to implement than a Compliant BSR Cell without an
Observe-Only Input.
® The ability to control (latch) the data driving the device’s output pin.

® The ability to sample and preload the output enable for the
device's 3-State outputs.

To internal logic

To internal logic

INPUT PIN
TDI D Q TDO
Shift DR Clock DR —
Figure 4. An Observe-Only Dedicated Input BSR Cell
'\
TDI
D Q D Q i
GLB |
] | oE X
I | MODE
w D Q D Q M ! /0 PIN
}d | as _|Y 1
41—1 - ‘ - Output ‘
]
-
u — D Qf
o
T‘ = %
Shift DR Clock DR TDO Update DR

SP00490

Figure 5. Compliant BSR Cell with an Observe-Only Input for a Bi-directional Pin
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JTAG Interface

As mentioned before, the JTAG pins are used to support both the
BST and ISP features. Table 2 gives a description of the JTAG pins
to be used to support both BST and ISP. The optional TRST* (Test
Reset) signal is not required for either the BST or ISP functionality.
However, leaving out the TRST* pin requires that a power up reset
circuit must be designed into the device. A power up reset circuit is
included in all Philips CPLDs. These pins should contain an external
pull resistor to keep the JTAG signals from floating when they are
not being used.

Table 2. JTAG Pin Description

For Philips’ CPLDs, an ISP ENABLE instruction is sent to the device
that enables the ISP functionality (instead of using a dedicated ISP
ENABLE signal). This approach is similar to the approach taken by
the Altera MAX7000S family. With Philips’ CPLDs, like the
MAX700S family, the 4 JTAG signals use 4 pins which can be used
for ISP or as general I/O pins if ISP is not required by the user.
However the Macrocells associated with these pins can be used as
buried logic when these 4 pins are used for ISP.

A dedicated JTAG port is used for Philips CPLDs containing more
than 128 Macrocells.

PINS NAME DESCRIPTION

TCK Test Clock Output | Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively. TCK is
also used to clock the TAP Controller state machine.

TMS Test Mode Select Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode
operation.

TDI Test Data Input Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The signal is
3-Stated if data is not being shifted out of the device.
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JTAG BOUNDARY-SCAN AND ISP COMMANDS
The TAP Controller will clock in and parse both JTAG and ISP

Low Level JTAG Boundary-Scan and ISP
Commands

instructions. The Philips ISP CPLDs contain a 4 bit Instruction

Register which is large enough to contain all BST and ISP
instructions. Since the Philips CPLDs support 6 JTAG
Boundary-Scan instructions and 4 ISP instructions, the Instruction
Register contains 4 bits to represent these instructions

(24 = 16 > 12). All unused instruction codes, namely 0011, 0110,
0111, 1000, 1101, and 1110 are mapped into the Boundary-Scan
BYPASS instruction which passes the incoming data (TDI) to the

outgoing data (TDO).

The BST and ISP Commands supported by the Philips CPLDs are
specified in the following subsections. The subsections are broken
into low level and high level commands. The low level commands

will be executed within the CPLD and the high level commands will
be executed on a PC and/or Workstation. Please note that all high
level commands are comprised of issuing a sequence of low level

commands.

Low Level JTAG Boundary-Scan Commands

The low level JTAG Boundary-Scan Commands that are supported
by the Philips ISP CPLDs are specified in Table 3. These are the
only commands required to implement all of the required high level
JTAG Boundary-Scan Commands.

Low Level ISP Commands

As noted above, the low level ISP commands are basic commands
which are implemented inside the CPLD. The low level ISP
commands which are supported by the Philips ISP CPLDs are
specified in Table 4. Using the ENABLE instruction before the Erase,
Program, and Verify instructions allows the user to specify the
outputs of the device using the JTAG Boundary-Scan
SAMPLE/PRELOAD command.

Please note that an ENABLE command must precede all ISP
commands unless an ENABLE command has already been given
for a preceding ISP command and the device has not gone through
the Test-Logic/Reset TAP Controller State.

Table 3. Supported Low Level JTAG Boundary-Scan Commands

Register Used

Instruction (Instr. Code)

DESCRIPTION

Sample/Preload (0010)
Boundary-Scan Register

The mandatory SAMPLE/PRELOAD instruction allows a snapshot of the normal operation of the component to
be taken and examined. It also allows data values to be loaded onto the latched parallel outputs of the
Boundary-Scan Shift-Register prior to selection of the other boundary-scan test instructions.

Extest (0000)
Boundary-Scan Register

The mandatory EXTEST instruction allows testing of off-chip circuitry and board level interconnections. Data
would typically be loaded onto the latched parallel outputs of Boundary-Scan Shift-Register using the
Sample/Preload instruction prior to selection of the EXTEST instruction.

Bypass (1111)
Bypass Register

Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass
synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a high value and completing an Instruction-Scan cycle.

Idcode (0001)
Boundary-Scan Register

Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted
out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a circuit
pack. Thus, in circumstances where the component population may vary, it is possible to determine what
components exist in a product.

STCTEST (0100)
Boundary-Scan Register

The STCTEST instruction is used by the Philips design community to check the integrity of the JTAG
Boundary-Scan structure. This command will be for internal Philips use only and will not be advertised to
customers.

HighZ (0101)
Bypass Register

The HIGHZ instruction places the component in a state in which all of its system logic outputs are placed in an
inactive drive state (e.g., high impedance). In this state, an in-circuit test system may drive signals onto the
connections normally driven by a component output without incurring the risk of damage to the component.
The HighZ instruction also forces the Bypass Register between TDI and TDO.

Table 4. Low Level ISP Commands

Instruction Instruction
(Register Used) Code DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands. Using the ENABLE instruction before the

(ISP Shift Register) Erase, Program, and Verify instructions allows the user to specify the outputs of the device using
the JTAG Boundary-Scan SAMPLE/PRELOAD command.

Erase 1010 Erases the entire EEPROM array. The outputs during this operation can be defined by the user by

(ISP Shift Register) using a sample preload command.

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row. The outputs during

(ISP Shift Register) this operation can be defined by the user by using a sample preload command.

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be shifted

(ISP Shift Register) out and compared with the JEDEC file. The outputs during this operation can be defined by the user
by using a sample preload command.
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High-Level JTAG Boundary-Scan and ISP Commands

The High Level ISP commands are given in Table 5. Again, these
commands are executed on a PC or Workstation environment and
are not implemented inside the CPLD. Please note that all high level

commands.

Table 5. High Level JTAG Boundary-Scan and ISP Commands

INSTRUCTION DESCRIPTION
BULK_ERASE Erases the entire EEPROM array.
BLANK_CHECK Verifies that the device is erased.
PROGRAM Programs the data into the EEPROM array.
VERIFY Verifies that the data programmed into the EEPROM array is correct.
PR_SECURITY Programs the security cell of the device.
RD_SECURITY Checks to see the device is secured.
PR_USER_ID Programs the User Signature (UES) information.
USERCODE Reads the User Electronic Signature (UES) information.
RD_PRGM_ID Reads the Programmer Electronic Signature (PES) information.
PROGRAM_VERIFY Simultaneously Programs and Verifies the EEPROM array.
BYPASS Connects TDO to TDI with a one-half clock (TCK) cycle delay.
IDcode Reads the IDcode information.

Pre-Condition_Outputs

Allows the user to specify the outputs during an ISP command.

Table 6. High Level Command Examples

COMMAND SEQUENCE

Program Shift in the ENABLE instruction
Shift in the PROGRAM instruction
Shift in the address and data for the EEPROM row being programmed.
Execute the command (Program the data into the selected EEPROM row)
Repeat steps 3 and 4 until all EEPROM rows have been programmed

Verify Shift in the ENABLE instruction
Shift in the VERIFY instruction
Shift in the address of the EEPROM row being verified.
Execute the command (this transfers the row data into the ISP Shift Register)
Shift out the data from the ISP Shift Register
Compare the shifted-out data to the expected data
Repeat steps 3 though 6 until all EEPROM rows have been verified

USERCODE Shift in the ENABLE instruction
Shift in a the VERIFY instruction
Shift in address for Row 41 side A
Execute the command (transfers the UES data into the ISP Shift Register)
Shift out the data from the ISP Shift Register
Shift in address for Row 41 side B
Execute the command (transfers the UES data into the ISP Shift Register)
Shift out the data from the ISP Shift Register

Pr_Security Shift in the ENABLE instruction
Shift in the PROGRAM instruction
Shift in the address of the EEPROM row containing the security bit and shift in the data with the corresponding
security bit set to the programming state and the other bits set to the non-programming state
Execute the command (Program the data into the selected EEPROM row)
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commands are comprised of issuing a sequence of low level

A few examples of how high level commands are implemented using
low level commands are given in Table 6.
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JTAG BSDL AND ISP CHAIN DESCRIPTION FILE
FORMATS

The following subsections give the BSDL and ISP Chain Description
Files formats.

JTAG Boundary-Scan Description Language File
Format

The JTAG Boundary-Scan Description Language file contains the
following information:

® Mapping of Pin names to Pin Types, i.e. Inputs, Outputs, I/0, etc.
® Mapping of Pin names to physical Pin numbers.

® TAP Pin Constraints.

® OPCODES for all supported Instructions.

® Register Accessed during each Instruction.

® Boundary Register Description:
— Sequence of Cells in Boundary Register.
— Mapping of Cell numbers to Pin name.
To test a JTAG board, a collection of all of the BSDL files for the

JTAG ICs is required along with a net list describing how these ICs
are connected.

Table 7. ISP Chain Description File Format

Generate an ISP File

A JEDEC file format to ISP file format program has to be written.
The ISP file contains the same information as the JEDEC file but in
ISP Shift Register format. The ISP file contains the following
information in the following format:

® Row 0, left side data (D1027 ...... DO)

® Row 1, left side data (D1027 ...... Do)

® Row 41, left side data (D1027 ...... DO)
® Row 42, left side data (D1027 ...... Do)
® Row 0, right side data (D1027 ...... Do)
® Row 1, right side data (D1027 ...... DO0)
® Row 41, right side data (D1027 ...... DO)
® Row 42, right side data (D1027 ...... DO)

ISP Chain Description File Format

This section addresses the issue of programming single or multiple
ISP devices within the same JTAG chain. The JEDEC committee
has put together a standard format (LtrB JC-42.1-95-97 Chain
Description File) for programming multiple devices on a single JTAG
chain. A brief description of this format is given in Table 7.

It is important to recognize that both programmable and
non-programmable devices can be placed on the same JTAG chain.
To program a single device in a JTAG chain, the programming
software must put all other devices in the JTAG chain in the JTAG
Boundary Scan BYPASS mode. When in the BYPASS mode,
devices pass programming data from the TDI pin to the TDO pin
through a single bypass register without being affected internally,
thereby enabling the programming software to erase, program, or
verify the target device.

FIELD DESCRIPTION
Begin Marks the beginning of the JC42.1 Chain Description File.
File Revision Identifies the JC42.1 Chain Description File standard revision.

Default Declarations
(Optional)

Default Path: Specifies a directory on a host computer of where to read and/or write data.
Default Mfr.: Specifies the default manufacturer’s code for the JEDEC chain.

Chain Site Records

devices.
program, verify, erase, bypass, etc.

(optional), Mfr's Specific Data (optional).

Describes the device and the operation to be performed on each device in the JTAG chain. The order of the Chain
Description File records must correspond to the order of the devices in the chain. In other words, there must be a
one to one mapping of the device in the Chain Description File and the physical routing of the device on the circuit
pack. There are two different types of device records: one for programmable devices and one for non-programmable

Action Codes: Specifies the function to be performed by the appropriate device. Examples of action codes include:

Device Records: Supports the following information: Mfr's Code, Part Name, Path Name (optional), File Name

End

Marks the end of the JC42.1 Chain Description File.
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ISP Programming Algorithm

EEPROM technology requires a very small amount of current (60
nA) but requires a fairly lengthy programming pulse (10 msec) to
program each EEPROM cell. Therefore, it is advantageous to
program multiple EEPROM cells in parallel. The PZ3032/PZ5032
architecture is arranged with columns containing 255 bits of data.
These 255 bits are all clocked into the device and then these 255
data bits are programmed in the EEPROM at the same time (a total
of 15.3 pA). It is believed that these data bits can be clocked into the
device at a maximum JTAG frequency of 10 MHz. Figure 6
illustrates the ISP Programming Flow Diagram is be used with the
Philips CPLD architecture.

ISP Programming Times
Table 8 contains the theoretical programming time required for each
Philips CPLD. These times were calculated using the /ISP

Programming Flow Diagram given in Figure 6. A conservative
program cycle time of 12 msec was used to estimate the
programming times for the various CPLDs. As predicted above, the
total programming times are greatly dependent on the EEPROM
array configuration. The more data bits that are programmed in
parallel (larger data column), the fewer number cf required
programming pulses, and thus the shorter the total programming
interval.

Please note that these programming times are better than the
programming times of most CPLD vendors and that the PC or
Workstation used to execute the high level commands will have a
large impact on these ISP programming times.

ISP
Overhead

Appoximate time required for each
programming state.

20 usec

(Generate Supervoltage + miscellaneous
overhead)

2 usec
(ENABLE Command)

20 usec
(Load Adrress (7) and Data (1028) bits)

10 msec
(PROGRAM Command + Program Pulse)

10 psec

1 usec

Total Programming Time= 10.053x msec
where x = # of times through the programming loop.

SP00491

Figure 6. PZ3128/PZ5128 ISP Programming Flow Diagram
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Table 8. Theoretical Programming Times for Philips CPLDs

DEVICE WIDTH OF COLUMN DATA THEORETICAL PROGRAMMING TIMES
PZ3032 / PZ5032 255 1.032 sec
PZ3064 / PZ5064 256 512 2.064 sec 1.032 sec
PZ3128 / PZ5128 256 512 1024 4.128 sec 2.064 sec 1.032 sec

Simultaneous (Parallel) ISP Programming
Algorithm

Programming multiple devices on expensive Automated Testing
Equipment will take some time and will be very costly. In order to
keep ISP programming costs reasonable, it is required to be able to
simultaneously program multiple devices. As illustrated in the
section “ISP Programming Algorithm,” the number of programming
pulses required to program a device or devices determines the time
required to program the device(s). It is therefore advantageous to
shift in data to multiple devices and then give each device a
programming pulse at approximately the same time. There is
approximately a 1% time increase required to simultaneously
program two devices instead of a single device. Programming two
devices in series would require twice the programming time than is
required to program a single device. There is approximately a 22%
time increase (1.22x)! required to simultaneously program twenty
devices instead of a single device. Programming twenty devices in
series would require twenty times (20x)! the programming time than
is required to program a single device.

In order to program two devices in parallel, the designer first selects
a row address for each device, then connects the ISP Shift Register
through TDI and TDO. The data is then shifted in the order that the
devices appear on the chain. Next, the instruction register is
selected and two PROGRAM instructions are shifted in one after
another. The selected row for both devices is programmed

1. Where x s the time required to program 1 device.
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simultaneously. This algorithm can be expanded to simultaneously
program multiple devices. These devices being simultaneously
programmed do not have to be of the same size or type.

Simultaneously programming multiple devices requires that a
complex file be produced. This file will consist of all ISP files from
the devices involved with the appropriate low-level commands
intermixed.

JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLDs and other integrated circuits. Philips’ CPLDs
interface with the following methods:

® PC Parallel Port

® Workstation or PC Serial Port
® Embedded Processor

® Automated Test Equipment

@ Third party Programmers

® High-End JTAG and ISP Tools

Boundary Scan Description Language (BSDL) descriptions of
Philips’ CPLDs are also available for use in test program
development.
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ISP download cable specification

PHILIPS XPLA™ PC—-ISP DOWNLOAD CABLE the diagram below. The use of ribbon cable with alternating signal
The Philips PC-ISP download cable connects to a standard PC and ground conductors provides a low noise signal path to the
parallel port and a 10-pin JTAG board header. The header is keyed board. The use of 100 Ohm resistors in series with the signal lines
on the PC—ISP ProtoBoard to prevent improperly connecting the serves as protection in cases where the voltage potential between
cable. For reference purpose, the cable is implemented as shown in the PC and the board differs.
GE e
B8
==
Cable length = 6 feet
N i
SP00646
PC Parallel Port 10 pin Header
(DB-25 Connector)
100 ohms
DO (2) MWV TCK (2)
D1(3) M- TDI (6)
D2 (4) M TMS (4)
Printer_Busy (11) MA- TDO (8)
GND (18,19,20, 21) GND (1,3,5,7)
No Connect (9, 10)
SP00647
ISP CABLE
10 PIN HEADER
BOTTOM VIEW
(TCK) 2 |:| D 1 GND
(TMS) 4 |:| |:] 3 GND
o s| [ [ ]| s
wo | [ ][] |7 we
10 |:' . 9 POLARIZING KEY
SP00648

1998 Jul 06 46



Philips Semiconductors

Section 3
XPLA Family

PZ3032
PZ3064
PZ3128
PZ5032
PZ5064
PZ5128
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32 macrocell CPLD

PZ3032

B O B T o B B = I L e I YN I TS0

FEATURES

@ Industry’s first Total CMOS™ PLD - both CMOS design and
process technologies

@ Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 8ns
® Ultra-low static power of less than 35uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® 2 clocks with programmable polarity at every macrocell
® Support for asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® |ogic expandable to 37 product terms

® PCl compliant

® Advanced 0.5 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools

® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
- Programmable 3-State buffer
- Asynchronous macrocell register preset/reset

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in both PLCC and TQFP packages

Table 1. PZ3032 Features

PZ3032

Usable gates 1000
Maximum inputs 36
Maximum |/Os 32
Number of macrocells 32

1/O macrocells 32

Buried macrocells 0
Propagation delay (ns) 8.0
Packages 44-pin PLCC, 44-pin TQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.

1998 Jul 23

DESCRIPTION

The PZ3032 CPLD (Complex Programmable Logic Device) is the
first in a family of Fast Zero Power (FZP™) CPLDs from Philips
Semiconductors. These devices combine high speed and zero
power in a 32 macrocell CPLD. With the FZP™ design technique,
the PZ3032 offers true pin-to-pin speeds of 8ns, while
simultaneously delivering power that is less than 35uA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing CPLD
— 70% lower at 50MHz. These devices are the first Total CMOS™
PLDs, as they use both a CMOS process technology and the
patented full CMOS FZP™ design technique. For 5V applications,
Philips also offers the high speed PZ5032 CPLD that offers
pin-to-pin speeds of 6ns.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 8ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.5ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 10.5ns from any pin
to any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ3032 CPLDs are supported by industry standard CAE tools
(Cadence, Mentor, Minc, Exemplar Logic, Synplicity, Synopsys,
Synario, Viewlogic, OrCAD), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ3032 CPLD is reprogrammable using industry standard
device programmers from vendors such as Data I/O, BP
Microsystems, SMS, and others.

853-1852 19778
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32 macrocell CPLD

PZ3032

ORDERING INFORMATION

ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ3032-8A44 44-pin PLCC, 8ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032-10A44 44-pin PLCC, 10ns tpp | Commercial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032-12A44 44-pin PLCC, 12nstpp | Commercial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032110A44 44-pin PLCC, 10nstpp | Industrial temp range, 3.3 volt power supply, £ 10% SOT187-2
PZ3032112A44 44-pin PLCC, 12nstpp | Industrial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032-8BC 44-pin TQFP, 8ns tpp, Commercial temp range, 3.3 volt power supply, + 10% SOT376-1
PZ3032-10BC 44-pin TQFP, 10ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT376-1
PZ3032-12BC 44-pin TQFP, 12ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT376-1
PZ3032110BC 44-pin TQFP, 10nstpp | Industrial temp range, 3.3 volt power supply, + 10% SOT376-1
PZ3032112BC 44-pin TQFP, 12ns tpp Industrial temp range, 3.3 volt power supply, £ 10% SOT376-1

XPLA™ ARCHITECTURE

Figure 1 shows a high level block diagram of a 64 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or

PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. The PAL array
consists of a programmable AND array with a fixed OR array, while
the PLA array consists of a programmable AND array with a
programmable OR array. The PAL array provides a high speed path
through the array, while the PLA array provides increased product
term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ3032 device through the PAL array is
8ns. This performance is the fastest 3 volt CPLD available today. If a
macrocell needs more than 5 product terms, it simply gets the
additional product terms from the PLA array. The PLA array consists
of 32 product terms, which are available for use by all 16
macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.5ns. So the
total pin-to-pin tpp for the PZ3032 using 6 to 37 product terms is
10.5ns (8ns for the PAL + 2.5ns for the PLA).
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Figure 1.
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Figure 2.  Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ family. The macrocell consists of a flip-flop that can be
configured as either a D or T type. A D-type flip-flop is generally
more useful for implementing state machines and data buffering. A
T-type flip-flop is generally more useful in implementing counters. All
CoolRunner™ family members provide both synchronous and
asynchronous clocking and provide the ability to clock off either the
falling or rising edges of these clocks. These devices are designed
such that the skew between the rising and falling edges of a clock
are minimized for clocking integrity. There are 2 clocks (CLKO and
CLK1) available on the PZ3032 device. Clock 0 (CLKO) is
designated as the “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1) can either be used as a
synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation). The timing for
asynchronous clocks is different in that the tco time is extended by
the amount of time that it takes for the signal to propagate through
the array and reach the clock network, and the tg time is reduced.
Please see the application note titled “Understanding CoolRunner
Clocking Options” for more detail.

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature

for each macrocell can also be disabled. Note that the Power-on
Reset leaves all macrocells in the “zero” state when power is
properly applied. The other 4 control terms (CT2-CT5) can be used
to control the Output Enable of the macrocell’s output buffers. The
reason there are as many control terms dedicated for the Output
Enable of the macrocell is to insure that all CoolRunner™ devices
are PCI compliant. The macrocell’s output buffers can also be
always enabled or disabled. All CoolRunner™ devices also provide a
Global Tri-State (GTS) pin, which, when enabled and pulled Low,
will 3-State all the outputs of the device. This pin is provided to
support “In-Circuit Testing” or “Bed-of-Nails Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the 1/O pin ZIA path. When the macrocell is
used as an output, the output buffer is enabled, and the macrocell
feedback path can be used to feedback the logic implemented in the
macrocell. When the I/O pin is used as an input, the output buffer
will be 3-Stated and the input signal will be fed into the ZIA via the
I/0 feedback path, and the logic implemented in the buried
macrocell can be fed back to the ZIA via the macrocell feedback
path. It should be noted that unused inputs or I/Os should be
properly terminated.

TO ZIA
:D—T_;D = N
INIT &S
CLKO (PorR)
CLKO GND
CLK1 cTo cT2
CLK1 cT1 CT3
cT4
GND cTs5
Voo
GND
SP00440
Figure 3.  PZ3032 Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ3032 device, the user knows up front that if a given output uses 5

product terms or less, the tpp = 8ns, the tgy = 6.5ns, and the

tco = 7.5ns. If an output is using 6 to 37 product terms, an additional
2.5ns must be added to the tpp and tgy timing parameters to
account for the time to propagate through the PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ3032 TotalCMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
1 = COMBINATORIAL PAL + PLA
INPUT PIN D FRRCA J D OUTPUT PIN
REGISTERED
tsy_paL = PAL ONLY REGISTERED
weut PN [} tsu_pa=PAL + PLA D Q —tm——D OUTPUT PIN
GLOBAL CLOCK PIN & I P—
Figure4. CoolRunner™ Timing Model
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SP00443
Figure5. Ipp vs. Frequency @ Vpp = 3.3V
Table 2. Ipp vs Frequency
Vpp = 3.3V
FREQ 0 10 20 30 40 50 60 70 80 g0 | 100 | 110 | 120 | 130
(MHz)
Typical | 501 | 237 | 465 | 680 | 906 | 111 | 135 | 155 | 174 | 200 | 221 | 244 | 266 | 285
Ipp (MA)
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ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vop Supply voltage? -0.5 7.0 Vv
" Input voltage -1.2 Vpp+0.5 \%
Vout Output voltage -0.5 Vpp+0.5 Vv
Iin Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature —40 150 °C
Tstr Storage temperature -65 150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must be monotonic.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 3.3+10% V
Industrial —40 to +85°C 3.3+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES

Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 3.0V 0.8
ViH Input voltage high Vpp =3.6V 2.0 v
\ Input clamp voltage Vpp = 3.0V, iy =-18mA -1.2 Vv
Vou Output voltage low Vpp =3.0V, Ig = 8mA 0.5 \
Von Output voltage high Vpp = 3.0V, loy = -8mA 24 \Y
I Input leakage current low Vpp = 3.6V (except CKO), V|y = 0V -10 10 HA
™ Input leakage current high Vpp =3.6V, V|y = 3.0V -10 10 LA
I Clock input leakage current Vpp = 3.6V, V|y = 0.4V -10 10 A
lozL 3-Stated output leakage current low Vpp =3.6V, V|y = 0.4V -10 10 HA
lozn 3-Stated output leakage current high Vpp =3.6V, V|y=3.0V -10 10 HA
Ippa’ Standby current Vpp = 3.6V, Tamp = 0°C 35 HA
N Vpp = 3.6V, Tamp = 0°C @ 1MHz 0.5 mA
Vpp = 3.6V, Tamp = 0°C @ 50MHz 18 mA

los Short circuit output current3 1 pin at a time for no longer than 1 second -5 -100 mA
CiN Input pin capacitance3 Tamb = 25°C, f = 1MHz 8 pF
Colk Clock input capacitance® Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance3 Tamb = 25°C, f = 1IMHz 10 pF

NOTES:

1. See Table 2 on page 53 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 3.0V < Vpp < 3.6V

8 10 12
SYABOL FRRAMETER MIN. | MAX. | MIN. | MAX. | MIN. | MAX. UNIT
tPD_PAL Propagation delay time, input (or feedback node) to output through PAL 2 8 2 10 2 12 ns
tPD_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 10.5 3 13 3 15 ns
tco Clock to out (global synchronous clock from pin) 2 74 2 9 2 1 ns
tsu_pAL Setup time (from input or feedback node) through PAL 6.5 8.5 10.5 ns
tsu pLa | Setup time (from input or feedback node) through PAL + PLA 9 1.5 13.5 ns
ty Hold time 0 0 0 ns
toH Clock High time 3 4 5 ns
toL Clock Low time 3 4 5 ns
tr Input rise time 20 20 20 ns
tr Input fall time 20 20 20 ns
fmaxi Maximum FF toggle rate?  (1/tcy + toy) 167 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcF) 83 63 50 MHz
fmaxa Maximum external frequency?  (1/tsypaL + tco) 74 57 47 MHz
tBuUF Output buffer delay time 1.5 1.5 1.5 ns
tppr_paL | Input (or feedback node) to internal feedback node delay time through PAL 6.5 8.5 10.5 ns
tpor_pLa | Input (or feedback node) to internal feedback node delay time through PAL + PLA 9 1.5 135 | ns
ter Clock to internal feedback node delay time 5.5 7.5 9.5 ns
tNIT Delay from valid Vpp to valid reset 50 50 50 us
teR Input to output disable3 15 17 19 ns
tea Input to output valid 15 17 19 ns
trp Input to register preset 16 18 20 ns
tRR Input to register reset 19 21 23 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.

1998 Jul 23 55




Philips Semiconductors Product specification

32 macrocell CPLD PZ3032

DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 3.0V 0.8 \
ViH Input voltage high Vpp =3.6V 2.0 Vv
\ Input clamp voltage Vpp = 3.0V, Iy =-18mA -1.2 Vv
VoL Output voltage low Vpp = 3.0V, lo = 8mA 0.5 Vv
VoH Output voltage high Vpp = 3.0V, loy =-8mA 2.4 \"
m Input leakage current low Vpp = 3.6V (except CKO), Viy = 0.4V -10 10 HA
™ Input leakage current high Vpp = 3.6V, Vjy = 3.0V -10 10 HA
I Clock input leakage current Vpp = 3.6V, V5 = 0.4V -10 10 uA
lozL 3-Stated output leakage current low Vpp = 3.6V, Viy = 0.4V -10 10 pA
lozH 3-Stated output leakage current high Vpp = 3.6V, V|y = 3.0V -10 10 HA
Iopa’ Standby current Vpp = 3.6V, Tamp = —40°C 45 uA
Ippp" 2 Dynamic current Q/;;;;:\X'Izmb;—:t)gg@?;o“:ﬁ}:z (;s 2:
los Short circuit output current3 1 pin at a time for no longer than 1 second -5 -120 mA
Cin Input pin capacitance® Tamb = 25°C, f = IMHz 8 pF
CeoLk Clock input capacitance® Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance3 Tamb = 25°C, f = IMHz 10 pF
NOTES:

1. See Table 2 on page 53 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 3.0V < Vpp < 3.6V

10 12
SYMBOL PARAMETER N T A | Wi T AR, UNIT
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 12 ns
tPp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 12:6 3 15 ns
tco Clock to out (global synchronous clock from pin) 2 9 2 ik ns
tsu_PAL Setup time (from input or feedback node) through PAL 8 10.5 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 10.5 13:5 ns
tH Hold time 0 0 ns
tcH Clock High time 4 ' ns
toL Clock Low time 4 S5 ns
tR Input rise time 20 20 ns
te Input fall time 20 20 ns
fmax1 Maximum FF toggle rate?  (1/tcy + tcL) 125 100 MHz
fmaxz Maximum internal frequency?  (1/tsypaL + tcF) 64.5 50 MHz
fmaxa Maximum external frequency?  (1/tsypalL + tco) 58.8 47 MHz
tBUF Output buffer delay time 1.5 1.5 ns
tppr_pAL | Input (or feedback node) to internal feedback node delay time through PAL 8 10.5 ns
tppr pLA | Input (or feedback node) to internal feedback node delay time through PAL + PLA 10.5 13.5 ns
tcr Clock to internal feedback delay time 75 9.5 ns
tiNiT Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable® 16 19 ns
tea Input to output valid 16 19 ns
tRp Input to register preset 17 20 ns
tRR Input to register reset 20 23 ns

NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.

3. Output C| = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

vf,
Si \ COMPONENT VALUES
R1 390Q
B R2 390Q
$ A c1 35pF
Viy >——+
Vour
L ) MEASUREMENT S1 S2
<
SR R tpzH Open Closed
tpzL Closed Closed
l tp Closed Closed
52 NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady-state active level.
SP00477
R—— VOLTAGE WAVEFORM
- =33V,
9.50
8.50
7.50
/ TYPICAL
— SP00368
MEASUREMENTS:
// Al circuit delays are measured at the +1.5V level of
6.50 = inputs and outputs, unless otherwise specified.
/ Input Pulses
5.50
4503 4 8 12 16
SP00449A

Figure 6. tpp paL vs. Outputs switching

Table 3. tpp paL vs. # of Outputs switching

Vop = 3.30V
#of
Sl 7 2 4 8 12 16
Typical | 6> | 64 | 66 | 60 | 72 | 75
(ns)
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PIN DESCRIPTIONS Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter
(TSP) method to test thermal resistance. This method meets

PZ3032 ~ 44-Pin Plastic Leaded Chip Carrier Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC

Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power.
Figure 7 is a derating curve for the change in ©,4 with airflow based
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.
Pin Function Pin Function Pin Function
1IN 16 10-A10 31 1/0-B9
2 IN3 17 1/0-A11 32 1/0-B8
3 Vpp 18 VO-A12 33 1/0-B7 Package Oya
4 1/0-AO-CK1 19 1/0-A13 34 1/O-B6 -
5 1/0-A1 20 VO-A14 3 Voo 44-pin PLCC 49.8°C/W
6 1/0-A2 21 1/0-A15 36 1/0-85 =
7 1UO-A3 22 ' 'GND 37 1O0-B4 44-pin TQFP 66.3°C/W
8  I/0-A4 23 Vpp 38  1/0-B3
9 IO-A5 24 1/0-B15 39 l0-B2
10 GND 25  1/0-B14 40  1/O-B1
1 1/O-A6 26  1/0-B13 41 1/0-B0
12 10-A7 27 1/o-B12 42 GND PERCENTAGE O
13 1/0-A8 28 1/0-B811 43 INO-CKO REDUCTION IN
14 1/O-A9 29  1/0-B10 44 IN2-gtsn Oya (%) \
15 Vpp 30 GND
SP00420 10
\
¢ ’ 20 \
PZ3032 - 44-Pin Thin Quad Flat Package N
\\
30 \\
\
40 ~
PLCC/
QFP
50
0 1 2 3 4 5
AIR FLOW (m/s)
Pin  Function Pin  Function Pin  Function SP00419A
1 VO-A3 16 GND 31 1/0-B4
2 I0-A4 17 Voo 32 1/0-B3 Figure 7.  Average Effect of Airflow on 0,4
3 1O-A5 18 1/0-B15 33 1/0-B2
4 GND 19 1/0-B14 34 1/0-B1
5  1/0-A6 20 1/0-B13 35  1/0-BO
6 1/0-A7 21 /0-B12 36 GND
7 10-A8 22 /o-BN 37 INO/CKO
8  1/0-A9 23 1/0-B10 38 IN2-gtsn
9 Vop 24 GND 39 IN1
10 1/0-A10 25 1/0-B9 40 IN3
1 o-AN 26 - 1/0-B8 491 Vpp
12 10-A12 27 1/0-B7 42 1/O-A0-CK1
13 1/O-A13 28 1/0-B6 43 10-A1
14 1O-A14 29 Vpp 44 1/0-A2
15 1/0-A15 30 1/0-B5
SP00433
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FEATURES

® Industry’s first Total CMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low

power and very high speed
® High speed pin-to-pin delays of 10ns
® Ultra-low static power of less than 50uA

©® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® 4 clocks with programmable polarity at every macrocell
® Support for asynchronous clocking

® Innovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed
® 20 years data retention guaranteed

® |ogic expandable to 37 product terms
® PCI compliant

® Advanced 0.5 E2CMOS process

@ Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips

CAE tools

® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or

product terms in each logic block for:
-~ Programmable 3-State buffer
— Asynchronous macrocell register preset/reset

® Programmable global 3-State pin facilitates ‘bed of nails’ testing

without using logic resources
® Available in PLCC, TQFP, and PQFP packages
® Available in both Commercial and Industrial grades

Table 1. PZ3064 Features

PZ3064

Usable gates 2000
Maximum inputs 68
Maximum I/Os 64
Number of macrocells 64
Propagation delay (ns) 10

44-pin PLCC, 44-pin TQFP,
Packages 68-pin PLCC, 84-pin PLCC,

100-pin PQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.

1998 Jul 23

DESCRIPTION

The PZ3064 CPLD (Complex Programmable Logic Device) is the
second in a family of Fast Zero Power (FZP™) CPLDs from Philips
Semiconductors. These devices combine high speed and zero
power in a 64 macrocell CPLD. With the FZP™ design technique,
the PZ3064 offers true pin-to-pin speeds of 10ns, while
simultaneously delivering power that is less than 50pA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing CPLD
—70% lower at 50MHz. These devices are the first Total CMOS™
PLDs, as they use both a CMOS process technology and the
patented full CMOS FZP™ design technique. For 5V applications,
Philips also offers the high speed PZ5064 CPLD that offers these
features in a full 5V implementation.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 10ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.5ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 12.5ns from any pin
to any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ3064 CPLDs are supported by industry standard CAE tools
(Cadence, Mentor, Minc, Exemplar Logic, Synplicity, Synopsys,
Synario, Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ3064 CPLD is reprogrammable using industry standard
device programmers from vendors such as Data /O, BP
Microsystems, SMS, and others.
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ORDERING INFORMATION

ORDER CODE

DESCRIPTION

DESCRIPTION

DRAWING NUMBER

PZ3064-10A44

44-pin PLCC, 10ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT187-2

PZ3064-12A44

44-pin PLCC, 12ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT187-2

PZ3064112A44

44-pin PLCC, 12ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT187-2

PZ3064115A44

44-pin PLCC, 15ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT187-2

PZ3064-10BC

44-pin TQFP, 10ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT376-1

PZ3064-12BC

44-pin TQFP, 12ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT376-1

PZ3064112BC

44-pin TQFP, 12ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT376-1

PZ3064115BC

44-pin TQFP, 15ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT376-1

PZ3064-10A68

68-pin PLCC, 10ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT188-3

PZ3064-12A68

68-pin PLCC, 12ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT188-3

PZ3064112A68

68-pin PLCC, 12ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT188-3

PZ3064115A68

68-pin PLCC, 15ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT188-3

PZ3064-10A84

84-pin PLCC, 10ns tpp

Commercial temp range, 3.3 volt power supply, £ 10%

SOT189-3

PZ3064-12A84

84-pin PLCC, 12ns tpp

Commercial temp range, 3.3 volt power supply, £ 10%

SOT189-3

PZ3064112A84

84-pin PLCC, 12ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT189-3

PZ3064115A84

84-pin PLCC, 15ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT189-3

PZ3064-10BB1

100-pin PQFP, 10ns tpp

Commercial temp range, 3.3 volt power supply, + 10%

SOT382-1

PZ3064-12BB1

100-pin PQFP, 12ns tpp

Commercial temp range, 3.3 volt power supply, £ 10%

SOT382-1

PZ3064112BB1

100-pin PQFP, 12ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT382-1

PZ3064115BB1

100-pin PQFP, 15ns tpp

Industrial temp range, 3.3 volt power supply, + 10%

SOT382-1

XPLA™ ARCHITECTURE

Figure 1 shows a high level block diagram of a 64 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback

paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be

described next.

1998 Jul 23

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
the 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. The PAL array
consists of a programmable AND array with a fixed OR array, while

the PLA array consists of a programmable AND array with a

term density.

programmable OR array. The PAL array provides a high speed path
through the array, while the PLA array provides increased product

Each macrocell has 5 dedicated product terms from the PAL array.

The pin-to-pin tpp of the PZ3064 device through the PAL array is
10ns. If a macrocell needs more than 5 product terms, it simply gets
the additional product terms from the PLA array. The PLA array
consists of 32 product terms, which are available for use by all 16
macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.5ns. So the
total pin-to-pin tpp for the PZ3064 using 6 to 37 product terms is
12.5ns (10ns for the PAL + 2.5ns for the PLA).
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Figure 1. Philips XPLA CPLD Architecture
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ family. The macrocell consists of a flip-flop that can be
configured as either a D or T type. A D-type flip-flop is generally
more useful for implementing state machines and data buffering. A
T-type flip-flop is generally more useful in implementing counters. All
CoolRunner™ family members provide both synchronous and
asynchronous clocking and provide the ability to clock off either the
falling or rising edges of these clocks. These devices are designed
such that the skew between the rising and falling edges of a clock
are minimized for clocking integrity. There are 4 clocks available on
the PZ3064 device. Clock 0 (CLKO) is designated as the
“synchronous” clock and must be driven by an external source.
Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3 (CLK3) can either be
used as a synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation). The timing for
asynchronous clocks is different in that the tco time is extended by
the amount of time that it takes for the signal to propagate through
the array and reach the clock network, and the tgy time is reduced.
Please see the application note titled “Understanding CoolRunner
Clocking Options” for more detail.

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature

for each macrocell can also be disabled. Note that the Power-on
Reset leaves all macrocells in the “zero” state when power is
properly applied. The other 4 control terms (CT2-CT5) can be used
to control the Output Enable of the macrocell’s output buffers. The
reason there are as many control terms dedicated for the Output
Enable of the macrocell is to insure that all CoolRunner™ devices
are PCI compliant. The macrocell’'s output buffers can also be
always enabled or disabled. All CoolRunner™ devices also provide a
Global Tri-State (GTS) pin, which, when enabled and pulled Low,
will 3-State all the outputs of the device. This pin is provided to
support “In-Circuit Testing” or “Bed-of-Nails Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the 1/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/0 pin ZIA path. When the macrocell is
used as an output, the output buffer is enabled, and the macrocell
feedback path can be used to feedback the logic implemented in the
macrocell. When the I/O pin is used as an input, the output buffer
will be 3-Stated and the input signal will be fed into the ZIA via the
1/O feedback path, and the logic implemented in the buried
macrocell can be fed back to the ZIA via the macrocell feedback
path. It should be noted that unused inputs or I/Os should be
properly terminated.

TOZIA
e L
:Dw wr "
INIT GTS
(P or R)
CLKO
CLKO GND
CLK1 cTo cT2
CLK1
cT1 Gl
CLK2 CT4
CLk2 GND cTs
CLK3 Vee
CLK3 GND
SP00457

Figure 3. PZ3064 Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ3064 device, the user knows up front that if a given output uses

5 product terms or less, the tpp = 10ns, the tgy_pa. = 6ns, and the
tco = 7ns. If an output is using 6 to 37 product terms, an additional
2ns must be added to the tpp and tgy timing parameters to account
for the time to propagate through the PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ3064 TotalCMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
[ = COMBINATORIAL PAL + PLA
INPUT PN [} EDFLE - ﬂ OUTPUT PIN
REGISTERED
tsu_paL = PAL ONLY REGISTERED
weut PN [ IuipLA= PAL PLA aQ ‘o 7] outpurei
GLOBAL CLOCK PIN
I D SP00441
Figure 4. CoolRunner™ Timing Model
100 ‘ ‘ T
|

80

Iop ‘

(mA) | TYPICAL
60 T
40 1

[
20 ‘ ‘ i
0 Il
0 20 40 60 80 100
FREQUENCY (MHz)
SP00460A
Figure 5. Ipp vs. Frequency @ Vpp = 3.3V, 25°C
Table 2. Ipp vs. Frequency
Vpp = 3.3V
FREQUENCY (MHz) 0 20 40 60 80 100
Typical Ipp ( MA) 0.04 13 26 40 50 63
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ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER MIN. MAX. UNIT
Vbp Supply voltage? -0.5 7.0 Y
V) Input voltage -1.2 Vpp+0.5 Vv
Vout Output voltage 0.5 Vpp+0.5 Vv
Iin Input current -30 30 mA
louT Output current —-100 100 mA
Ty Maximum junction temperature —40 150 °C
Tt Storage temperature -65 150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE
PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 3.31%10% V
Industrial —40 to +85°C 3.3+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 3.0V 0.8 \
ViH Input voltage high Vpp = 3.6V 2.0 \
\ Input clamp voltage Vpp =3.0V, Iy =-18mA 1.2 \"
VoL Output voltage low Vpp =3.0V, lo. = 8mA 0.5 \
Vou Output voltage high Vpp = 3.0V, lopy =-8mA 24 \Y
I Input leakage current Vin=0to Vpp -10 10 nA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 UA
IppQ’ Standby current Vpp = 3.6V, Tamp = 0°C 50 pA

) ) Vpp = 3.6V, Tamp = 0°C @ 1MHz 1 mA

Ippp' 2 Dynamic current
Vpp = 3.6V, Tamp = 0°C @ 50MHz 40 mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -5 -100 mA
Cin Input pin capacitance3 Tamb =25°C, f = 1IMHz 8 pF
CeLk Clock input capacitance® Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance3 Tamb = 25°C, f = 1MHz 10 pF

NOTES:

1. See Table 2, page 63 for typical value.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER L L UNIT
MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 12 ns
tpo_pLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 125 3 14.5 ns
tco Clock to out (global synchronous clock from pin) 2 7 2 8 ns
tsu_pAL Setup time (from input or feedback node) through PAL 5.5 b3 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 8 9.5 ns
tH Hold time 0 0 ns
tcH Clock High time 4 5 ns
toL Clock Low time 4 5 ns
tr Input Rise time 20 20 ns
te Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate? (1/tcH + tcy) 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcF) 91 74 MHz
fmaxa Maximum external frequency? (1/tsypaL + tco) 80 67 MHz
tBUF Output buffer delay time 1.5 1.5 ns
tpor paL | Input (or feedback node) to internal feedback node delay time through PAL 8.5 10.5 ns
tror pLA | Input (or feedback node) to internal feedback node delay time through PAL+PLA 1 13 ns
tcr Clock to internal feedback node delay time 5.5 6.5 ns
tiniT Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable3 12.5 14 ns
tea Input to output valid 12.5 14 ns
trp Input to register preset 15 16 ns
tRR Input to register reset 15 16 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 3.0V < Vpp < 3.6V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 3.0V 0.8 Vv
Vin Input voltage high Vpp = 3.6V 2.0 Vv
V, Input clamp voltage Vpp = 3.0V, Iy =-18mA -1.2 \
VoL Output voltage low Vpp = 3.0V, loL = 8mA 0.5 Vv
Vou Output voltage high Vpp = 3.0V, lopy = —-8mA 24 v
Iy Input leakage current Vin=0to Vpp -10 10 HA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 HA
Ippq’ Standby current Vpp = 3.6V, Tamp = —40°C 50 pA
. Vpp = 3.6V, Tamp = —40°C @ 1MHz 1 mA
Ippp' @ Dynamic current
Vpp = 3.6V, Tamp = —40°C @ 50MHz 40 mA
los Short circuit output current 1 pin at a time for no longer than 1 second -5 -130 mA
Cin Input pin capacitance Tamb = 25°C, f = IMHz 8 pF
CoLk Clock input capacitance Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance Tamb = 25°C, f = IMHz 10 pF
NOTES:

1. See Table 2, page 63 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS' FOR INDUSTRIAL GRADE DEVICES

Industrial:  —40°C < Tymp < +85°C; 3.0V < Vpp < 3.6V
SYMBOL PARAMETER L L. UNIT
MIN. | MAX. | MIN. | MAX.
tPp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 12 2 15 ns
tpp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 14.5 3 17.5 ns
tco Clock to out (global synchronous clock from pin) 2 8 2 ) ns
tsu_pAL Setup time (from input or feedback node) through PAL Z 8 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 9.5 10.5 ns
ty Hold time 0 0 ns
tcH Clock High time 5 5 ns
toL Clock Low time 5 5 ns
tr Input Rise time 20 20 ns
te Input Fall time 20 20 ns
fmAX1 Maximum FF toggle rate? (1/tcy + toL) 100 100 MHz
fmaxz Maximum internal frequency? (1/tsypaL + tcF) 74 65 MHz
fmaxa Maximum external frequency? (1/tsypaL + tco) 67 58 MHz
tsur Output buffer delay time 1.5 1.5 ns
tPDF_PAL Input (or feedback node) to internal feedback node delay time through PAL 10.5 135 ns
tppr pLa | Input (or feedback node) to internal feedback node delay time through PAL+PLA 13 16 ns
tcr Clock to internal feedback node delay time 6.5 7.5 ns
tini Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable3 14 15 ns
tea Input to output valid 14 15 ns
trp Input to register preset 16 17 ns
tRR Input to register reset 16 17 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C|_ = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

Vpp
& COMPONENT VALUES
R1 390Q
g R2 390Q
‘)
SR C1 35pF
Viy >——+¢
Vour
L MEASUREMENT S1 S2
< —
SR ot tpzH Open Closed
tpzL Closed Open
l tp Closed Closed
82 NOTE: For tpyyz and tp 7z C = 5pF, and 3-State levels are
measured 0.5V from steady-state active level.
SP004618
VOLTAGE WAVEFORM
Vpp = 3.3V, 25°C
10.00
9.80
9.60
9.40
o S——— -
9.20 1.5ns 1.5ns
PO_PAL g 59 SP00368
(ns) = MEASUREMENTS:
Al circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.
8.80
Input Pulses
8.60
8.40
8.20
8.00
1 2 4 8 12 16
NUMBER OF OUTPUTS SWITCHING
SP00462

Figure 6. tpp paL vs. Outputs Switching

Table 3. tpp paL vs. Number of Outputs Switching
Vpp = 3.3V

NUMBER OF
OUTPUTS

Typical (ns) 8.0 8.4 8.8 9.2 9.6 10.0

1 2 4 8 12 16
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PIN DESCRIPTIONS

PZ3064 - 44-Pin Plastic Leaded Chip Carrier

PZ3064 — 68-Pin Plastic Leaded Chip Carrier

6 1 40
11 M1
o -
7 [ 139
Lce
17 F 29
18 28
Pin  Function Pin  Function Pin
1IN 16 1/O-B10 31
2 N3 17 1/O-B8 32
3 Vpp 18 1/O-B4 33
4 1/O-AO/CK3 19 1/O-B3 34
5  1/0-A2 20 lo-B2 35
6  10-A5 21 1/0-BO/CK2 36
7 VO-A8 22 GND 37
8 UD-AN 23 Vpp 38
9 lO-A12 24 1/0-CO/CK1 39
10 GND 25  1/0-C2 40
1 VO-A13 26 1/O-C3 41
12 /O-A15 27  1/0-C4 42
13 1O-B15 28 1/0-C7 43
14 1/0-B13 29  1/0-C8 44
15 Vpp 30 GND

Function
/0-C13
1/0-C15
1/0-D15
1/0-D13
Voo
1/0-D12
1/0-D11
1/0-D8
1/0-D7
1/0-D2
1/0-DO
GND
INO-CKO
IN2-gtsn

SP00452B

PZ3064 — 44-Pin Thin

Quad Flat Package

44
1 o
1

12

Pin  Function Pin
1 1/0-A8 16
2 1/0-A11 17
3 1/0-A12 18
4 GND 19
5 1/0-A13 20
6 1/0-A15 21
7 1/0-B15 22
8 1/0-B13 23
9  Vpp 24
10 1/0-B10 25
1 1/0-B8 26
12 1/0-B4 27
13 1/O-B3 28
14 1/0-B2 29
15 1/0-BO/CK2 30

Function
GND

Vop
1/0-CO/CK1
1/0-c2
1/0-C3
1/0-C4
110-c7
1/0-C8
GND
1/0-C13
1/0-C15
1/0-D15
1/0-D13
Voo
1/0-D12

34

22

[ ]38

[]23

Pin
31
32
33

35
36
37
38
39
40
41
42

44

Function
1/0-D11
1/0-D8
1/0-D7
1/0-D2
1/0-DO
GND
INO/CKO
IN2-gtsn
IN1

IN3

Vop
1/0-A0/CK3

1/0-A2
1/0-A5

SP00453A
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PO D I Sk ke b Bkl s
ON-CcCOE®NOOBRWN—-0®

Function
IN1
IN3

Vop
1/0-A0/CK3
1/0-A2
GND
1/0-A3
1/0-A4
1/0-A5
1/O-A7
Voo
1/0-A8
1/0-A10
1/0-A11
1/0-A12
GND
1/0-A13
1/0-A15
1/0-B15
1/0-B13

Voo
1/0-B12
1/0-B11

26

27

24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46

i) 61

Lcc

43

Function
1/0-810
1/0-B8
GND
1/0-87
1/0-B5
1/0-B4
1/0-B3
Voo
1/0-B2
1/0-BO/CK2
GND
Voo
1/0-CO/CK1
1/0-C2
GND
1/0-C3
1/0-C4
1/0-C5
1/0-C7
Voo
1/0-C8
1/0-C10
1/o-c11

[ ]60

Pin  Function
47  1/0-C12
48  GND
49 1/0-C13
50 1/O-C15
51  1/0-D15
52 1/0-D13
53 Vpp
54  1/0-D12
55  1/0-D11
56 1/0-D9
57 1/0-D8
58 GND
59  1/0-D7
60  1/0-D6
61 1/0-D4
62 1/0-D3
63  Vpp
64  1/0-D2
65  1/0-DO
66 GND
67 INO/CKO
68  IN2-gtsn
SP00454A
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PZ3064 - 84-Pin Plastic Leaded Chip Carrier PZ3064 - 100-Pin Plastic Quad Flat Package
1 1 75 100 81
12 & [ 174 1 L [ 180
Lee QFpP
32 [ 154 30 [ ]51
33 53 31 50
Pin  Function Pin  Function Pin  Function Pin  Function Pin  Function Pin  Function
1INt 29 1/0-B10 57 1/0-C11 1 NC 35  1/0-B3 69 1/0-D12
2 N3 30 1/0-B9 58  1/0-C12 2 NC 36 Vpp 70  1/0-D11
3 Vpp 31 1/0-B8 59  GND 3 1/0-A6 37 1/0-B2 71 1/0-D10
4 1/O-AO/CK3 32 GND 60  1/0-C13 4 VO-A7 38 1/0-B1 72 NC
5  1/0-Al 33 1/0-B7 61  1/O-Cl4 5  Vpp 39 1/0-BO/CK2 73 10-D9
6 1/0-A2 34 1/0-B6 62  1/0-C15 6  1/0-A8 40 GND 74 NC
7  GND 35  1/0-B5 63  1/0-D15 7 NC 41 Vpp 75 Vo.D8
8  1/0-A3 36 1/0-B4 64 1/0-D14 8  1/0-A9 42 1/0-CO/CK1 785 - 'GND
9 1/0-A4 37 1/0-B3 65 1/0-D13 9 NC 43 1/0-C1 = [T
10 1/O-A5 38 Vpp 66 Voo 10 /O-A10 44 lo-c2 8-~ D6
1 1/0-A6 39 1/0-B2 67  1/0-D12 1 I/O-A11 45 GND
12 Vo-A7 40 OB 68 10D 12 Jo-A12 46 1/0-G3 ig; N0
13 Voo 41 1/O-BO/CK2 69  1/0-D10 13 GND 47 1/0-C4 80 NC
14 1/O-A8 42  GND 70  1V/O-D9 14 O-A13 48  1/0-C5 81 1/0-D5
15 1/0-A9 43 Vpp 71 /oD8 15 1/0-A14 49 10-C6 82 1/0-D4
16 1/0-A10 44 1/0-CO/CK1 72 GND 16 1/O-A15 50 1/0-C7 83  1/0-D3
17 1/O-A1 45  |/O-C1 73 10-D7 17 1/0-B15 51 NC 84 Vpp
18 1/O-A12 46 1/0-C2 74  1/0-D6 18 /O-B14 52 NC 85 1/0-D2
19  GND 47  GND 75  1/0-D5 19 1/O-B13 53 Vpp 86  1/0-D1
20  1/O-A13 48  1/0-C3 76  1/0-D4 20 Vpp 54 lO-C8 87  1/0-DO
21 1/O-A14 49 1/0-Ca4 77 1/0-D3 21 1/0-B12 85 NC 88  GND
22 |/0-A15 50 1/0-C5 78 Vpp 22 lo-B1 56  1/0-Co 89  INO/CKO
23  1/0-B15 51 1/0-C6 79 1/0-D2 23 1/0-B10 57 NC 90  IN2-gtsn
24 1/0-B14 52 10-C7 80 1/O-D1 24 NC 58  1/0-C10 91 INt
25  |/0-B13 53 Vpp 81  1/0-DO 25 1/0-B9 59 l/o-C1 2 N3
26 Vpp 54 1/0-C8 82 GND 26 No 60 l/O-C12 3 v,
27 10-Bi12 55  10-C9 83  INOICKO 27 /0-B8 61 GND 68  UCLAGICKS
28 1/0-B11 56  1/0-C10 84  IN2-gtsn 28 GND 62 1/0-C13 85 VoA
29 NC 63  100-C14
30 NC 64  1/0-C15 96 '(/3%";\2
31 1/0-B7 65  1/0-D15 97
ety 32 1/0-B6 66  1/0-D14 9%  10-A3
33 1/0-B5 67  1/0-D13 99  I/0-A4
34 1/0-B4 68 Vpp 100  1/0-A5
SP00456A
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Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter PERCENTAGE 0
(TSP) method to test thermal resistance. This method meets REDUCTION IN

Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC Oua () \
Package Databook. Thermal resistance varies slightly as a function L \
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power. 55

Figure 7 is a derating curve for the change in © 4 with airflow based \
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may 45 -~

not be similar to the actual circuit board, especially in size. PLCC/
QFP

30 N

50
Package SXTY o 1 2 3 4 5

44-pin PLCC 44.8°C/W AIR FLOW (m/s)
44-pin TQFP 60.8°C/W
68-pin PLCC 44.9°C/W
84-pin PLCC 34.7°C/W
100-pin PQFP 44.5°C/W

SP00419A

Figure 7. Average Effect of Airflow on Ojp
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FEATURES

® Industry’s first Total CMOS™ PLD - both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® |[EEE 1149.1—compliant, JTAG Testing Capability
- 4 pin JTAG interface (TCK, TMS, TDI, TDO)
- |IEEE 1149.1 TAP Controller
- JTAG commands include: Bypass, Sample/Preload, Extest,
Usercode, Idcode, HighZ
® 3.3 Volt, In-System Programmable (ISP) using the JTAG interface
— On-—chip supervoltage generation
- ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms
® High speed pin-to-pin delays of 10ns
® Ultra-low static power of less than 100pA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
@ 4 clocks with programmable polarity at every macrocell
@ Support for asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PCl| compliant

® Advanced 0.5 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools

® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer

— Asynchronous macrocell register preset/reset

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in PLCC, TQFP, and PQFP packages
® Available in both Commercial and Industrial grades

PAL is a registered trademark of Advanced Micro Devices, Inc.
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Table 1. PZ3128 Features

PZ3128

Usable gates 4000
Maximum inputs 100
Maximum 1/Os 96
Number of macrocells 128
Propagation delay (ns) 10.0

84-pin PLCC, 100-pin PQFP,
Packages 100-pin TQFP, 128-pin LQFP,

160-pin PQFP
DESCRIPTION

The PZ3128 CPLD (Complex Programmable Logic Device) is the
third in a family of Fast Zero Power (FZP™) CPLDs from Philips
Semiconductors. These devices combine high speed and zero
power in a 128 macrocell CPLD. With the FZP™ design technique,
the PZ3128 offers true pin-to-pin speeds of 10ns, while
simultaneously delivering power that is less than 100pA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing CPLD
—70% lower at 50MHz. These devices are the first Total CMOS™
PLDs, as they use both a CMOS process technology and the
patented full CMOS FZP™ design technique. For 5V applications,
Philips also offers the high speed PZ5128 CPLD that offers these
features in a full 5V implementation.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 10ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.5ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 12.5ns from any pin
to any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ3128 CPLDs are supported by industry standard CAE tools
(Cadence, Mentor, Minc, Exemplar Logic, Synplicity, Synopsys,
Synario, Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either MINC or Philips Semiconductors-developed tools.

The PZ3128 CPLD is electrically reprogrammable using industry
standard device programmers from vendors such as Data I/O, BP
Microsystems, SMS, and others. The PZ3128 also includes an
industry-standard, IEEE 1149.1, JTAG interface through which
in-system programming (ISP) and reprogramming of the device is
supported.
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ORDERING INFORMATION
ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ3128-S10A84 84—pin PLCC, 10ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT189-3
PZ3128-S12A84 84-pin PLCC, 12ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT189-3
PZ3128-S15A84 84-pin PLCC, 15ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT189-3
PZ31281S12A84 84—pin PLCC, 12ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT189-3
PZ3128IS15A84 84-pin PLCC, 15ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT189-3
PZ3128-S10BB1 100—pin PQFP, 10ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT382-1
PZ3128-S12BB1 100-pin PQFP, 12ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT382-1
PZ3128-S15BB1 100-pin PQFP, 15ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT382-1
PZ31281S12BB1 100—pin PQFP, 12ns tpp Industrial temp range, 3.3 volt power supply, = 10% SOT382-1
PZ31281S15BB1 100-pin PQFP, 15ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT382-1
PZ3128-S10BP 100-pin TQFP, 10ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT386-1
PZ3128-S12BP 100-pin TQFP, 12ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT386-1
PZ3128-S15BP 100-pin TQFP, 15ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT386-1
PZ31281S12BP 100—pin TQFP, 12ns tpp Industrial temp range, 3.3 volt power supply, £ 10% SOT386-1
PZ31281S15BP 100-pin TQFP, 15ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT386-1
PZ3128-S10BE 128-pin LQFP, 10ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT425-1
PZ3128-S12BE 128-pin LQFP, 12ns tpp Commercial temp range, 3.3 volt power supply, £ 10% SOT425-1
PZ3128-S15BE 128-pin LQFP, 15ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT425-1
PZ3128IS12BE 128-pin LQFP, 12ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT425-1
PZ3128IS15BE 128-pin LQFP, 15ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT425-1
PZ3128-S10BB2 160-pin PQFP, 10ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT322-2
PZ3128-S12BB2 160-pin PQFP, 12ns tpp Commercial temp range, 3.3 volt power supply, + 10% SO0T322-2
PZ3128-S15BB2 160-pin PQFP, 15ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT322-2
PZ31281S12BB2 160—pin PQFP, 12ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT322-2
PZ31281S15BB2 160-pin PQFP, 15ns tpp Industrial temp range, 3.3 volt power supply, + 10% SOT322-2
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XPLA™ ARCHITECTURE

Figure 1 shows a high level block diagram of a 128 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.
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Logic Block Architecture
Figure 2 illustrates the logic block architecture. Each logic block

contains control terms, a PAL array, a PLA array, and 16 macrocells.

the 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. The PAL array
consists of a programmable AND array with a fixed OR array, while
the PLA array consists of a programmable AND array with a
programmable OR array. The PAL array provides a high speed path
through the array, while the PLA array provides increased product
term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ3128 device through the PAL array is
10ns. If a macrocell needs more than 5 product terms, it simply gets
the additional product terms from the PLA array. The PLA array
consists of 32 product terms, which are available for use by all 16
macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.5ns. So the
total pin-to-pin tpp for the PZ3128 using 6 to 37 product terms is
12.5ns (10ns for the PAL + 2.5ns for the PLA).
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ family. The macrocell consists of a flip-flop that can be
configured as either a D or T type. A D-type flip-flop is generally
more useful for implementing state machines and data buffering. A
T-type flip-flop is generally more useful in implementing counters. All
CoolRunner™ family members provide both synchronous and
asynchronous clocking and provide the ability to clock off either the
falling or rising edges of these clocks. These devices are designed
such that the skew between the rising and falling edges of a clock
are minimized for clocking integrity. There are 4 clocks available on
the PZ3128 device. Clock 0 (CLKO) is designated as the
“synchronous” clock and must be driven by an external source.
Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3 (CLK3) can either be
used as a synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation). The timing for
asynchronous clocks is different in that the tgg time is extended by
the amount of time that it takes for the signal to propagate through
the array and reach the clock network, and the tgy, time is reduced.
Please see the application note titled “Understanding CoolRunner
Clocking Options” for more detail.

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature

for each macrocell can also be disabled. Note that the Power-on
Reset leaves all macrocells in the “zero” state when power is
properly applied. The other 4 control terms (CT2-CT5) can be used
to control the Output Enable of the macrocell’s output buffers. The
reason there are as many control terms dedicated for the Output
Enable of the macrocell is to insure that all CoolRunner™ devices
are PCI compliant. The macrocell’s output buffers can also be
always enabled or disabled. All CoolRunner™ devices also provide a
Global Tri-State (GTS) pin, which, when enabled and pulled Low,
will 3-State all the outputs of the device. This pin is provided to
support “In-Circuit Testing” or “Bed-of-Nails Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/O pin ZIA path. When the macrocell is
used as an output, the output buffer is enabled, and the macrocell
feedback path can be used to feedback the logic implemented in the
macrocell. When the I/O pin is used as an input, the output buffer
will be 3-Stated and the input signal will be fed into the ZIA via the
I/O feedback path, and the logic implemented in the buried
macrocell can be fed back to the ZIA via the macrocell feedback
path. It should be noted that unused inputs or I/Os should be
properly terminated.

TO ZIA
B D
:D—@ - o
INIT GTS
(PorR) ar

CLKO
CLKO GND
CLK1 CT0 CT2
CLK1

CT1 I
CLK2 CT4
CLK2 GND CT5
CLK3 Vee
CLK3 GND

SP00457

Figure 3. PZ3128 Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing mode!.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ3128 Total CMOS™ CPLD (data taken w/eight
up/down, loadable 16 bit counters @ 3.3V, 25°C).

tpp_pAL = COMBINATORIAL PAL ONLY
tep_pLa = COMBINATORIAL PAL + PLA

iNPUT PIN [}

REGISTERED

] outpurein
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Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 3.3V, 25°C

Table 2. Ipp vs. Frequency

Vpp = 3.3V
FREQUENCY (MHz) 0 1 20 40 60 80 100
Typical Ipp (MA) 03 06 12 24 35 46 63

1998 Jul 23 76



Philips Semiconductors

Product specification

128 macrocell CPLD

PZ3128

JTAG Testing Capability
JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. BST
provides the ability to test the external connections of a device, test
the internal logic of the device, and capture data from the device
during normai operation. BST provides a number of benefits in each
of the following areas:
® Testability
— Allows testing of an unlimited number of interconnects on the
printed circuit board
— Testability is designed in at the component level
— Enables desired signal levels to be set at specific pins (Preload)
— Data from pin or core logic signals can be examined during
normal operation
® Reliability
- Eliminates physical contacts common to existing test fixtures
(e.g., “bed-of-nails”)
— Degradation of test equipment is no longer a concern
- Facilitates the handling of smaller, surface-mount components
— Allows for testing when components exist on both sides of the
printed circuit board

® Cost

- Reduces/eliminates the need for expensive test equipment

— Reduces test preparation time

- Reduces spare board inventories
The Philips PZ3128's JTAG interface includes a TAP Port and a TAP
Controller, both of which are defined by the IEEE 1149.1 JTAG

Specification. As implemented in the Philips PZ3128, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG

Table 3. JTAG Pin Description

specification: TCK, TMS, TDI, and TDO. The fitth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ3128 saves an I/O pin for general purpose use
by not implementing the optional TRST* signal in the JTAG
interface. Instead, the Philips PZ3128 supports the test reset
functionality through the use of its power up reset circuit, which is
included in all Philips CPLDs. The pins associated with the power up
reset circuit should connect to an external pull-up resistor to keep
the JTAG signals from floating when they are not being used.

In the Philips PZ3128, the four mandatory JTAG pins each require a
unique, dedicated pin on the device. However, if JTAG and ISP are
not desired in the end-application, these pins may instead be used
as additionai general I/O pins. The decision as to whether these pins
are used for JTAG/ISP or as general |/O is made when the JEDEC
file is generated. If the use of JTAG/ISP is selected, the dedicated
pins are not available for general purpose use. However, unlike
competing CPLD’s, the Philips PZ3128 does allow the macrocell
logic associated with these dedicated pins to be used as buried logic
even when JTAG/ISP is selected. Table 4 defines the dedicated pins
used by the four mandatory JTAG signals for each of the PZ3128
package types.

The JTAG specifications defines two sets of commands to support
boundary-scan testing: high-level commands and low-level
commands. High-level commands are executed via board test
software on an a user test station such as automated test
equipment, a PC, or an engineering workstation (EWS). Each
high-level command comprises a sequence of low level commands.
These low-level commands are executed within the component
under test, and therefore must be implemented as part of the TAP
Controller design. The set of low-level boundary-scan commands
implemented in the Philips PZ3128 is defined in Table 5. By
supporting this set of low-level commands, the PZ3128 allows
execution of all high-level boundary-scan commands.

PIN NAME DESCRIPTION

TCK Test Clock Output Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.
TCK is also used to clock the TAP Controller state machine.

TMS Test Mode Select Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode
operation.

TDI Test Data Input Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The
signal is tri-stated if data is not being shifted out of the device.

Table 4. PZ3128 JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK ™S TDI TDO
PZ3128
84-pin PLCC 62/96 (F15) 23/ 48 (C15) 14/32 (B15) 71/ 112 (G15)
100-pin PQFP 64/96 (F15) 17/ 48 (C15) 6/32 (B15) 75/112 (G15)
100-pin TQFP 62/96 (F15) 15/ 48 (C15) 4/32 (B15) 73/ 112 (G15)
128-pin LQFP 82/96 (F15) 21/48 (C15) 8/32 (B15) 95/ 112 (G15)
160-pin PQFP 99/ 96 (F15) 22/48 (C15) 9/32 (B15) 112/ 112 (G15)
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Table 5. PZ3128 Low-Level JTAG Boundary-Scan Commands

INSTRUCTION
(Instruction Code)
Register Used

DESCRIPTION

Sample/Preload
(0010)

Boundary-Scan Register

The mandatory SAMPLE/PRELOAD instruction allows a snapshot of the normal operation of the component
to be taken and examined. It also allows data values to be loaded onto the latched parallel outputs of the
Boundary-Scan Shift-Register prior to selection of the other boundary-scan test instructions.

Extest
(0000)

Boundary-Scan Register

The mandatory EXTEST instruction allows testing of off-chip circuitry and board level interconnections. Data
would typically be loaded onto the latched parallel outputs of Boundary-Scan Shift-Register using the
Sample/Preload instruction prior to selection of the EXTEST instruction.

Bypass Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

(1111) synchronously through the selected device to adjacent devices during normal device operation. The Bypass

Bypass Register instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted

(0001) out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed

Boundary-Scan Register circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.

HighZ The HIGHZ instruction places the component in a state in which all of its system logic outputs are placed in

(0101) an inactive drive state (e.g., high impedance). In this state, an inl-circu!! test system may drive signals onto

Bypass Register the connections normally driven by a component output without incurring the risk of damage to the

component. The HighZ instruction also forces the Bypass Register between TDI and TDO.

3.3-Volt, In-System Programming (ISP)

ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.

® Field Support
— Easy remote upgrades and repair

— Support for field configuration, re-configuration, and
customization

ISP provides substantial benefits in each of the following areas:

@ Design
Faster time-to-market

® Manufacturing

programming

I

Debug partitioning and simplified prototyping
Printed circuit board reconfiguration during debug
Better device and board level testing

Multi-Functional hardware
Reconfigurability for Test
Eliminates handling of “fine lead-pitch” components for

The Philips PZ3128 allows for 3.3-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ3128 may be
easily programmed on the circuit board using only the 3.3-volt
supply required by the device for normal operation. A set of low-level
ISP basic commands implemented in the PZ3128 enable this
feature. The ISP commands implemented in the Philips PZ3128 are
specified in Table 6. Please note that an ENABLE command must
precede all ISP commands unless an ENABLE command has
already been given for a preceding ISP command and the device
has not gone through a Test-Logic/Rest TAP Controller State.

Reduced Inventory and manufacturing costs
Improved quality and reliability

Table 6. Low Level ISP Commands

INSTRUCTION INSTRUCTION

(Register Used) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands. Using the ENABLE instruction before the

(ISP Shift Register) Erase, Program, and Verify instructions allows the user to specify the outputs the device using
the JTAG Boundary-Scan SAMPLE/PRELOAD command.

Erase 1010 Erases the entire EEPROM array. The outputs during this operation can be defined by user by

(ISP Shift Register) using the JTAG SAMPLE/PRELOAD command.

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row. The outputs

(ISP Shift Register) during this operation can be defined by user by using the JTAG SAMPLE/PRELOAD command.

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be defined
by user by using the JTAG SAMPLE/PRELOAD command.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips
PZ3128 supports the following methods:

® PC Parallel Port
® Workstation or PC Serial Port
® Embedded Processor

Table 7. Programming Specifications

® Automated Test Equipment

® Third party Programmers

® High-End JTAG and ISP Tools

A Boundary-Scan Description Language (BSDL) description of the
PZ3128 is also available from Philips for use in test program

development. For more details on JTAG and ISP for the PZ3128,
refer to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL | PARAMETER [ m. MAX. | UNIT

DC Parameters
Veep Ve supply program/verify 3.0 3.6 \'
lccp Icc limit program/verify 200 mA
ViH Input voltage (High) 2.0 \
ViL Input voltage (Low) 0.8 \
VsoL Output voltage (Low) 0.5 Vv
VsoH Output voltage (High) 2.4 Vv
TDO_lop Output current (Low) 8 mA
TDO_lpy | Output current (High) mA

AC Parameters
fmax CLK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU | TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns
TDO_CO | TDO valid after TCK | 40 ns

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vop Supply voltage? -0.5 7.0 Vv
Vi Input voltage -1.2 Vpp+0.5 Vv
Vour Output voltage -0.5 Vpp+0.5 \Y
Iin Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature —40 150 °C
Tstr Storage temperature —65 150 %€

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.

2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 3.3+10% V
Industrial —40 to +85°C 3.31+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 3.0V 0.8 Vv
ViH Input voltage high Vpp = 3.6V 2.0 Vv
' Input clamp voltage Vpp = 3.0V, Iy =-18mA -1.2 v
VoL Output voltage low Vpp =3.0V, g, =8mA 0.5 Vv
Vou Output voltage high Vpp = 3.0V, oy = —8mA 2.4 Vv
Iy Input leakage current Vin=0to Vpp -10 10 uA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 uA
Ippq! Standby current Vpp = 3.6V, Tamp = 0°C 60 HA
Ippp"2 | Dynamic current Voo = 3.6V, Tamp = Q\DC 9 1Mk e A
Vpp = 3.6V, Tamp = 0°C @ 50MHz 50 mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -100 mA
Cin Input pin capacitance3 Tamb = 25°C, f = 1IMHz 8 pF
CcLk Clock input capacitance? Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance3 Tamb = 25°C, f = 1IMHz 10 pF
NOTES:

1. See Table 2 on page 76 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.

Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.
3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER T mMAX N 12MAX e 15MAX UNIT
Yom AL ;r;%z%agzrﬂ delay time, input (or feedback node) to output > 10 > 12 2 15 B
0. B ;rrcca)p:]ag%ag:t gegg/;rme, input (or feedback node) to output 3 12,5 3 145 3 175 fis
tco Clock to out (global synchronous clock from pin) 2 /4 2 8 2 9 ns
tsu_PAL Setup time (from input or feedback node) through PAL 6 4 8 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 8.5 9.5 10.5 ns
th Hold time 0 0 0 ns
tcH Clock High time 3 4 4 ns
toL Clock Low time 3 4 4 ns
tr Input Rise time 20 20 20 ns
tF Input Fall time 20 20 20 ns
fmax1 Maximum FF toggle rate?  1/(tcH + tcL) 167 125 125 MHz
fmaxz Maximum internal frequency?  1/(tsupaL + tcF) 87 74 65 MHz
fmaxa Maximum external frequency?  1/(tsypaL + tco) 77 66 59 MHz
tBUF Output buffer delay time 15 1.5 15 ns
teDE PAL m?::;gr;iidba(:k node) to internal feedback node delay time > 0.5 > 105 2 135 nig
B :Efgjg(gr;iicil;al-c: node) to internal feedback node delay time 3 1 3 13 3 16 ha
tcr Clock to internal feedback node delay time 5.5 6.5 75 ns
tini Delay from valid Vpp to valid reset 50 50 50 us
ter Input to output disable® 12.5 14 17 ns
tea Input to output valid 125 14 17 ns
trp Input to register preset 14 16 19 ns
tRR Input to register reset 14 16 19 ns
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NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.

2. This parameter guaranteed by design and characterization, not by test.

3. Output C_ = 5pF.

DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES

Industrial:  —40°C < Tymp < +85°C; 3.0V < Vpp < 3.6V

[SYMBOL | PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 3.0V 0.8 Vv
Vi Input voltage high Vpp = 3.6V 2.0 v
\ Input clamp voltage Vpp =3.0V, Iy =-18mA -1.2 Vv
VoL Output voltage low Vpp =3.0V, lg. =8mA 0.5 Vv
VoH Output voltage high Vpp = 3.0V, loy =-8mA 2.4 Vv
Iy Input leakage current Vin=0to Vpp -10 10 LA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 HA
Iopa’ Standby current Vpp = 3.6V, Tamp = —40°C 75 LA

2 : Vpp = 3.6V, Tymp =-40°C @ 1MHz 2 mA

lgpp'* | Dimanicien Vop = 3.6V, Tamp = —40°C @ 50MHz 50 mA
los Short circuit output current® 1 pin at a time for no longer than 1 second -50 -130 mA
Cin Input pin capacitance® Tamb = 25°C, f = 1IMHz 8 pF
CcoLk Clock input capacitance® Tamp = 25°C, = TMHz 5 12 pF
Cio 1/0 pin capacitance® Tamb = 25°C, f = 1IMHz 10 pF

NOTES:

1. See Table 2 on page 76 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs DISabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 3.0V < Vpp < 3.6V

12 15
SYMBOL PARAMETER N T AT N T TAX. UNIT
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 12 2 15 ns
tPD_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 14.5 3 17:5 ns
tco Clock to out (global synchronous clock from pin) 2 7.5 2 9 ns
tsu_pAL Setup time (from input or feedback node) through PAL 7 8 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 9.5 10.5 ns
ty Hold time 0 0 ns
tcH Clock High time 3 4 ns
toL Clock Low time 3 4 ns
tr Input Rise time 20 20 ns
te Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate?  1/(tcy + tcL) 167 125 MHz
fmax2 Maximum internal frequency®  1/(tsypaL + tcr) 77 65 MHz
fmax3a Maximum external frequency®  1/(tsypaL + tco) 69 59 MHz
tsuF Output buffer delay time 1.5 1.5 ns
tepr_paL | Input (or feedback node) to internal feedback node delay time through PAL 2 10.5 2 13.5 ns
tppr_pLa | Input (or feedback node) to internal feedback node delay time through PAL+PLA 3 13 3 16 ns
tcF Clock to internal feedback node delay time 6 7.5 ns
tiNIT Delay from valid Vpp to valid reset 50 50 us
teR Input to output disable® 13 15,5 ns
tea Input to output valid 13 15.5 ns
trp Input to register preset 15 17 ns
tRR Input to register reset 15 17 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C|_= 5pF.

1998 Jul 23 81



Philips Semiconductors Product specification

128 macrocell CPLD PZ3128

SWITCHING CHARACTERISTICS

Vpp
s1 \7 COMPONENT VALUES
R1 390Q
L R2 390Q
<
$hi c1 35pF
Vy >———4
Vour
L MEASUREMENT S1 S2
<
SR ot tpzH Open Closed
tezL Closed Closed
| t Closed Closed
52 NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady-state active level.
SP00477
VOLTAGE WAVEFORM
o Vpp = 3.3V, 25°C T e
87 ov.

——‘ f—tq te F
(ns) / 1.5ns 1.5ns

tPD_PAL

8.3 SP00368
MEASUREMENTS:

All circuit delays are measured at the +1.5V level of

inputs and outputs, unless otherwise specified.

Input Pulses

79

1 2 4 8 12 16
NUMBER OF OUTPUTS SWITCHING

SP00466A

Figure 6. tpp paL Vs. Outputs Switching

Table 8. tpp paL vs. Number of Outputs Switching

Vpp = 3.3V
NUMBER OF
OUTPUTS 1 2 4 8 12 16
Typical (ns) 7.9 8 8.1 8.3 8.4 8.6
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PIN DESCRIPTIONS
84-Pin Plastic Leaded Chip Carrier

100-Pin Plastic Quad Flat Package

1 1
o
12
PLCC
32
33
Pin  Function Pin  Function
1 IN1 29  1/O-C5
2 IN3 30 lO-C4
3 Vpp 31 l/0-C2
4 1/0-A15/CLK3 32 GND
5 1/O-A13 33 /0-D15
6 1/0-A12 34 1/0-D12
7 GND 35 1/0-D10
8 1/0-A10 36 1/0-D8
9 1/0-A7 37 1/0-D7
10 1/O-A5 38 Vpp
" 1/0-A4 39 1/0-D4
12 1/0-A2 40 1/0-D2
13 Vpp 41 1/0-DO/CLK2
14 1/0-B15 (TDI) 42 GND
15 10-B12 43 Vpp
16 1/0-B10 44  |/O-EO/CLK1
17 1/0-B8 45 /0-E2
18  1/O-B7 46  I/O-E4
19  GND 47  GND
20 l/O-B4 48  1/O-E7
21 1/0-B2 43  |/O-E8
22 1/0-B0 50 I/0-E10
23 1/0-C15 (TMS) 51 I/0-E12
24 1/0-C13 52 1/0-E15
25  /0-C12 53 Vpp
26  Vpp 54  |/O-F2
27 1/0-C10 55 1/0-F4
28 1/0-C7 56  1/O-F5

75

53

[ ]74

[ ] 54

Pin

Function
I/O-F7
I/0-F10

GND

1/0-F12
I/O-F13
1/0-F15 (TCK)

GND
INO/CLKO
IN2-gtsn

SP00467
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100 81
1 e}
QFP
30

31 50
Function Pin  Function
1/0-A5 35 1/0-D5
1/0-A4 36 Vpp
1/0-A2 37 1/0-D4
1/0-A0 38 1/0-D2
Voo 39 1/0-DO/CLK2
1/0-B15 (TDI) 40 GND
1/0-B13 41 Vpp
1/0-B12 42 1/0-E0/CLK1
1/0-B10 43 I/0-E2
1/0-B8 44 1/0-E4
1/10-B7 45 GND
1/0-B5 46 I/0-E5
GND 47 1/0-E7
1/0-B4 48 1/0-E8
1/0-B2 49 1/0-E10
1/0-B0 50 1/0-E12
1/0-C15 (TMS) 51 I/0-E13
1/0-C13 52 1/0-E15
1/0-C12 53 Vpp
Vop 54 1/O-FO
1/0-C10 55 1/0-F2
1/0-C8 56  l/O-F4
1/0-C7 57  1/O-F5
1/0-C5 58  1/O-F7
1/0-C4 59 1/0-F8
1/0-C2 60 1/0-F10
1/0-CO 61 GND
GND 62 1/0-F12
1/0-D15 63 1/0-F13
1/0-D13 64 1/0-F15 (TCK)
1/0-D12 65  1/0-GO
1/0-D10 66  1/0-G2
1/0-D8 67 1/0-G4
1/0-D7 68 Vpp

Pin
69
70
7
72
73
74

76
77
78
79
80
81
82
83
84
85
86
87
88
89
920
91
92
93
94
95
96

98
99
100

Function
1/0-GS
1/0-G7
1/0-G8
1/0-G10
1/0-G12
1/0-G13
1/0-G15 (TDO)
GND
1/0-HO
1/0-H2
1/0-H4
1/0-H5
1/0-H7
1/0-H8
1/0-H10
Voo
1/0-H12
1/0-H13
1/0-H15
GND
INO/CLKO
IN2-gtsn
IN1

IN3

Voo
1/0-A15/CLK3
1/0-A13
1/0-A12
GND
1/0-A10
1/0-A8
1/0-A7
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100-Pin Thin Quad Flat Package

128-Pin Low Profile Quad Flat Package

100 76
1 o
TQFP
25
26 50
Pin  Function Pin  Function
1 1/0-A2 35  1/0-D4
2 1/0-A0 36  1/0-D2
3 Vop 37 1/0-DO/CLK2
4 1/0-B15 (TDI) 38 GND
5 1/0-B13 39 Vbp
6 1/0-B12 40 1/0-E0/CLK1
7 1/0-B10 41 1/0-E2
8 1/0-B8 42 I/0-E4
9 1/0-B7 43  GND
10 1/0-B5 44 1/O-E5
1 GND 45 /0-E7
12 1/0-B4 46 I/0-E8
13 1/0-B2 47 1/0-E10
14 1/0-BO 48 1/0-E12
15 1/O-C15 (TMS) 49  1/O-E13
16 1/0-C13 50 I/O-E15
17 10O-Ci12 51 Vpp
18 Vpp 52 1/0-FO
19 1/0-C10 53 1/0-F2
20 l/0-C8 54 I/O-F4
21 1/0-C7 55 1/0-F5
22 1/0-C5 56 1/0-F7
23 1/0-C4 57 1/0-F8
24 1/0-C2 58 I/0-F10
25 1/0-Co 59 GND
26 GND 60 1/0-F12
27 1/0-D15 61 1/O-F13
28 1/0-D13 62 1/0-F15 (TCK)
29 1/0-D12 63 1/0-GO
30 1/O-D10 64 1/0-G2
31 1/0-D8 65 1/0-G4
32 1/0-D7 66 Vop
33 1/0-D5 67  1/0-G5
34 Vpp 68  1/0-G7

=X

Pin  Function

69 1/0-G8

70 1/0-G10

7 1/10-G12

72 1/0-G13

73 1/0-G15 (TDO)

74 GND

75 1/0-HO

76 1/0-H2

77 1/0-H4

78 1/0-H5

79 1/0-H7

80 1/O-H8

81 1/0-H10

82  Vpp

83 I/0-H12

84 1/0-H13

85 1/0-H15

86 GND

87 INO/CLKO

88 IN2-gtsn

89 IN1

90 IN3

91 Voo

92 |/0-A15/CLK3

93 1/0-A13

94 1/0-A12

95 GND

96 1/0-A10

97 1/0-A8

98 I/0-A7

929 1/0-A5

100 1/0-A4
SP00485
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38

Function
1/0-A3
1/0-A2
1/0-A0
NC

NC

NC

Voo
1/0-B15 (TDI)
1/0-B13
1/0-B12
1/0-B11
1/0-B10
1/0-B8
1/0-B7
1/0-B5
GND
1/0-B4
1/0-B3
1/0-B2
1/0-BO
1/0-C15 (TMS)
1/0-C13
1/0-C12
1/0-C11
Voo
1/0-C10
1/0-C8
1/0-C7
1/0-C5
1/0-C4
1/0-C3
1/0-C2
NC

NC

NC
1/0-CO
GND
1/0-D15
1/0-D13
1/0-D12
1/0-D11
1/0-D10
1/0-D8

128

¢}

103

LaFP

64

Function
1/0-D7
1/0-D5
Voo
1/0-D4
1/0-D3
1/0-D2
1/0-DO/CLK2
GND
Voo
1/0-E0/CLK1
1/0-E2
1/0-E3
1/0-E4
GND
I/0-E5
1/0-E7
1/0-E8
1/0-E10
1/0-E11
1/0-E12
1/0-E13
I/0-E15
Voo
1/0-FO
NC

NC

NC
1/0-F2
1/0-F3
|/0-F4
1/0-F5
1/0-F7
1/0-F8
1/0-F10
GND
1/0-F11
1/0-F12
1/0-F13
1/0-F15(TCK)
1/0-GO
1/0-G2
1/0-G3
1/0-G4

— 102

— 65
Pin  Function
87  Vop
88  1/0-G5
89 1/0-G7
90 1/0-G8
91 1/0-G10
92 1/0-G11
93 1/0-G12
94  1/0-G13
95 1/0-G15 (TDO)
96 GND
97 NC
98 NC
99 NC
100 I/O-HO
101 1/O-H2
102 1/O-H3
103 1/O-H4
104 1/0-H5
105 I/O-H7
106 I/0-H8
107 I/O-H10
108 Vpp
109 I/O-H11
110 1/O-H12
111 1/O-H13
112 1/O-H15
113 GND
114 INO/CLKO
115 IN2-gtsn
116 IN1
117 IN3
118  Vpp
119 1/O-A15/CLK3
120 1/O-A13
121 I/0-A12
122 1/O-A11
123 GND
124 1/0-A10
125 1/0-A8
126 I/O-A7
127 1/0-A5
128  1/0O-A4
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160-Pin Plastic Quad Flat Package Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter
160 121 (TSP) method to test thermal resistance. This method meets
Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC
1 (] = 120 Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
PaFE changes approximately 5% for a 100% change in power.
Figure 7 is a derating curve for the change in © 4 with airflow based
40 = g1 on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
a 80 than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
Pin  Function Pin  Function Pin  Function not be similar to the actual circuit board, especially in size.
1 Nc 54  1/0-D5 107 1/0-G8
2 NC 55 Vpp 108 1/0-G10
§ ¥ - | Package
5 NC 58 10-D2 m  Vo-G13 84-pin PLCC 32.8°C/W
6 NC 59  1/0-DO/CLK2 112 1/0-G15 (TDO)
7 NC 60  GND 113 GND 100-pin PQFP 41.2°C/W
8 Vpp 61 Vpp 114 NC
9 1/O-B15 (TDI) 62 I/O-EO/CLK1 115 NC 100-pin TQFP 47.4°C/W
10  1/O-B13 63  I/O-E2 116 NC
11 10812 64  I/O-E3 17 NC 128-pin LQFP 45.0°C/W
12 Vo081 65  IO-E4 118 NC
13 1/0-B10 66  GND 19 NC 160-pin PQFP 31.9°C/W
14 1/O-B8 67 IOES5 120 NC
15 1/0-B7 68  IO-E7 121 1/0-HO
16  1/0-B5 69 I/O-E8 :g :;g:g
17 GND 70  1/O-E10 i
124 NC PERCENTAGE 0 T
18 1/0-B4 71 JO-EN el REDUCTION IN
19 1/0-B3 72 1/O-E12 O )
20 10-B2 73 VO-E13 126 NC \
21 10-B0 74 NC 127 INC " 10 \ |
22 O-CI5(TMS) 75 NC 128 YO
129 1/O-HS
23 1/0-C13 76 NC e e
24  1/0-C12 77 NC 61 UOHS 20 \
25  1/0-C11 78  IO-E15 \
132 1/O-H10
26 Vpp 79 Vpp N
0 5 133 Vpp
27 10-C10 80  I/O-FO 30 VORI N
28 1/0-C8 81 NC i loks 30 J \\
29 1o-Cc7 82 NC i55 Toiis : ~
30 1/0-C5 83 NC e i N~
31 1/0-C4 84 NC 138’ 'GND 40
32 1/0-C3 85 NC 130 INO/CLKO PL(F:F(.:,/
33 lo-Cc2 86 NC 140 IN2-gtsn al
34 NC 87 NC 141 N1 \
gz zg gg :;gig 142 IN3 % 1 2 3 4 5
2 143 Vpp AIR FLOW (m/s)
37 :g 20 "g':“ 144  1/0-A15/CLK3
38 91 loFs 145  1/O-A13
39 NC %2  OF7 145 oA SRoGHEA
:‘1’ r/lg-co gi :;gﬁo L4 '(’3%'31‘ Figure 7. Average Effect of Airflow on O,
42 GND 95 GND 149 /O-A10
43 1/0-D15 9  I/O-F11 150 1/0-A8
44 NC 97  I/0-F12 151 O-A7
45 NC 98  I/O-F13 152 1/0-A5
46 NC 99 1/0-F15 (TCK) 153 1/0-A4
47 NC 100 1/O-GO 154 NC
48 1/0-D13 101 1/O-G2 155 NC
49 1/0-D12 102 1/O-G3 156 NC
50 1/0-D11 103  1/0-G4 157 NC
51 1/0-D10 104 Vpp 158  1/0-A3
52 1/0-D8 105 1/O-G5 159 1/O-A2
53 1/0-D7 106 1/O-G7 160 I/O-A0
SP00470A
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FEATURES

® |ndustry’s first TotalCMOS™ PLD - both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 6ns
® Ultra-low static power of less than 75pA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® 2 clocks with programmable polarity at every macrocell
® Support for asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PCI compliant

® Advanced 0.5 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
- Programmable 3-State buffer
— Asynchronous macrocell register preset/reset

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in both PLCC and TQFP packages

® Available in both Commercial and Industrial grades

Table 1. PZ5032 Features

PZ5032

Usable gates 1000
Maximum inputs 36
Maximum 1/Os 32
Number of macrocells 32

1/O macrocells 32

Buried macrocells 0
Propagation delay (ns) 6.0
Packages 44-pin PLCC, 44-pin TQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.

1998 Jul 23

DESCRIPTION

The PZ5032 CPLD (Complex Programmable Logic Device) is the
first in a family of Fast Zero Power (FZP™) CPLDs from Philips
Semiconductors. These devices combine high speed and zero
power in a 32 macrocell CPLD. With the FZP™ design technique,
the PZ5032 offers true pin-to-pin speeds of 6ns, while
simultaneously delivering power that is less than 75uA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing CPLD
— 70% lower at 50MHz. These devices are the first Total CMOS™
PLDs, as they use both a CMOS process technology and the
patented full CMOS FZP™ design technique. For 3V applications,
Philips also offers the high speed PZ3032 CPLD that offers these
features in a full 3V implementation.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 6ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 8ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ5032 CPLDs are supported by industry standard CAE tools
(Cadence, Exemplar Logic, Minc, Mentor, Synopsys, Synario,
Viewlogic, OrCAD), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ5032 CPLD is reprogrammable using industry standard
device programmers from vendors such as Data I/O, BP
Microsystems, SMS, and others.
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ORDERING INFORMATION

ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ5032-6A44 44-pin PLCC, 6ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5032-7A44 44-pin PLCC, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5032-10A44 44-pin PLCC, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ503217A44 44-pin PLCC, 7.5ns tpp Industrial temp range, 5 volt power supply, + 10% SOT187-2
PZ5032110A44 44-pin PLCC, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT187-2
PZ5032-6BC 44-pin TQFP, 6ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5032-7BC 44-pin TQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5032-10BC 44-pin TQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ503217BC 44-pin TQFP, 7.5ns tpp Industrial temp range, 5 volt power supply, + 10% SOT376-1
PZ5032110BC 44-pin TQFP, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT376-1

XPLA™ ARCHITECTURE

Figure 1 shows a high level block diagram of a 64 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and 1/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
the 6 control terms can individually be configured as either SUM or

PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. The PAL array
consists of a programmable AND array with a fixed OR array, while
the PLA array consists of a programmable AND array with a
programmable OR array. The PAL array provides a high speed path
through the array, while the PLA array provides increased product
term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ5032 device through the PAL array is
6ns. This performance is equivalent to the fastest 5 volt CPLD
available today. If a macrocell needs more than 5 product terms, it
simply gets the additional product terms from the PLA array. The
PLA array consists of 32 product terms, which are available for use
by all 16 macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2ns. So the
total pin-to-pin tpp for the PZ5032 using 6 to 37 product terms is 8ns
(6ns for the PAL + 2ns for the PLA).

le«—1 MCO MCO  |—
o [t LOGIC 36 36 LOGIC MC1  |—w -
i : BLOCK BLOCK : i
le—{ MC15 MC15 |—ud
T 16 16
16 16
MCO @ MCO  |—w
MC1 LOGIC 36 36 LOGIC MC1  |—»
L I : BLOCK Z BLOCK : o 1O
f«—] MC15 MC15 |—4
T 16 16 —
16, 16,
SP00439
Figure 1. Philips XPLA CPLD Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ family. The macrocell consists of a flip-flop that can be
configured as either a D or T type. A D-type flip-flop is generally
more useful for implementing state machines and data buffering. A
T-type flip-flop is generally more useful in implementing counters. All
CoolRunner™ family members provide both synchronous and
asynchronous clocking and provide the ability to clock off either the
falling or rising edges of these clocks. These devices are designed
such that the skew between the rising and falling edges of a clock
are minimized for clocking integrity. There are 2 clocks (CLKO and
CLK?1) available on the PZ5032 device. Clock 0 (CLKO) is
designated as the “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1) can either be used as a
synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation). The timing for
asynchronous clocks is different in that the tcg time is extended by
the amount of time that it takes for the signal to propagate through
the array and reach the clock network, and the tgy time is reduced.
Please see the application note titled “Understanding CoolRunner
Clocking Options” for more detail.

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature

for each macrocell can also be disabled. Note that the Power-on
Reset leaves all macrocells in the “zero” state when power is
properly applied. The other 4 control terms (CT2-CT5) can be used
to control the Output Enable of the macrocell’'s output buffers. The
reason there are as many control terms dedicated for the Output
Enable of the macrocell is to insure that all CoolRunner™ devices
are PCI compliant. The macrocell’s output buffers can also be
always enabled or disabled. All CoolRunner™ devices also provide a
Global Tri-State (GTS) pin, which, when enabled and pulled Low,
will 3-State all the outputs of the device. This pin is provided to
support “In-Circuit Testing” or “Bed-of-Nails Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the /O pin ZIA path. When the macrocell is
used as an output, the output buffer is enabled, and the macrocell
feedback path can be used to feedback the logic implemented in the
macrocell. When the I/O pin is used as an input, the output buffer
will be 3-Stated and the input signal will be fed into the ZIA via the
I/O feedback path, and the logic implemented in the buried
macrocell can be fed back to the ZIA via the macrocell feedback
path. It should be noted that unused inputs or I/Os should be
properly terminated.

TOZIA
ER L =
i
:Dw e - \)
INT .
CLKO A (PorR)
CLKO GND
CLK1 cTo cT2
cT3
CLK1
e cTa
GND cTs
Vee
GND
5P00440

Figure 3. PZ5032 Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ5032 device, the user knows up front that if a given output uses 5

product terms or less, the tpp = 6ns, the tgy = 4.5ns, and the

tco = 5ns. If an output is using 6 to 37 product terms, an additional
2ns must be added to the tpp and tgy timing parameters to account
for the time to propagate through the PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ5032 TotalCMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
4 = COMBINATORIAL PAL + PLA
iNpUT PN [} E ki {T] ourpurein
REGISTERED
tsy_paL = PAL ONLY REGISTERED
INPUT PIN DME— D Q % OUTPUT PIN
GLOBAL CLOCK PIN ’
D SP00441
Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 5.0V, 25°C
Table 2. Ipp vs Frequency
Vpp = 5.00V
FRE!
(MHZC; 0 20 40 60 80 100 120 140 160 180
Typical
Iog? mA) 0.05 9.62 17.5 256 325 40.8 49.0 55.9 64.2 752
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER MIN. MAX. UNIT
Vbp Supply voltage? -0.5 7.0 \Y
" Input voltage -1.2 Vpp+0.5 Vv
Vout Output voltage -0.5 Vpp+0.5 Vv
IiN Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature -40 150 °C
Tetr Storage temperature —65 150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 5.015% V
Industrial —40 to +85°C 5.01+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES

Commercial: 0°C < Tamp < +70°C; 4.75V < Vpp < 5.25V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 4.75V 0.8 \
Viy Input voltage high Vpp = 5.25V 2.0 \
A Input clamp voltage Vpp =4.75V, ljy =-18mA 1.2 Vv
VoL Output voltage low Vpp =4.75V, lg. = 12mA 0.5 \
VoH Output voltage high Vpp = 4.75V, loy =-12mA 2.4 Vv
IiL Input leakage current low Vpp = 5.25V (except CKO), ViN = 0.4V -10 10 uA
IiH Input leakage current high Vpp =5.25V, V|y = 3.0V -10 10 HA
e Clock input leakage current Vpp = 5.25V, V|y = 0.4V -10 10 HA
lozL 3-Stated output leakage current low Vpp = 5.25V, V|y = 0.4V -10 10 HA
lozH 3-Stated output leakage current high Vpp =5.25V, V|y = 3.0V -10 10 uA
Ippa’ Standby current Vpp = 5.25V, Tamp = 0°C 75 LA
oo 2 T ry— Vpp = 5.25V, Tamp = 0°C @ 1MHz 3 mA

Vpp = 5.25V, Tamp = 0°C @ 50MHz 30 mA

los Short circuit output current3 1 pin at a time for no longer than 1 second -50 —200 mA
Cin Input pin capacitance3 Tamb = 25°C, f = 1IMHz 8 pF
CoLk Clock input capacitance® Tamb = 25°C, f = 1MHz 5 12 pF
Cyo 1/0 pin capacitance?® Tamb = 25°C, f = 1IMHz 10 pF

NOTES:

1. See Table 2 on page 90 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERC|AL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 4.75V < Vpp < 5.25V

6 7 10
SYMBOL PARRMETER MIN. | MAX. | MIN. | MAX. | MIN. | MAX. N
tpD_PAL Propagation delay time, input (or feedback node) to output through PAL 2 6 2 75 2 10 ns
tPD_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 8 3 10 125 | ns
tco Clock to out (global synchronous clock from pin) 2 5.5 2 7 2 9 ns
tsu_PAL Setup time (from input or feedback node) through PAL 4 55 8 ns
tsu_pPLA Setup time (from input or feedback node) through PAL + PLA 6 8 10.5 ns
ty Hold time 0 V] 0 ns
tcH Clock High time 3 4 5 ns
toL Clock Low time 3 4 5 ns
tR Input rise time 20 20 20 ns
te Input fall time 20 20 20 ns
fmaxt Maximum FF toggle rate?  (1/tcy + tcL) 167 125 100 MHz
fmaxz Maximum internal frequency?  (1/tsypaL + tcF) 125 91 64 MHz
fmaxs Maximum external frequency?  (1/tsupaL + tco) 105 80 59 MHz
tsur Output buffer delay time 15 1.5 1.5 ns
tepr_paL | Input (or feedback node) to internal feedback node delay time through PAL 4.5 6 8.5 ns
tppr_pLa | Input (or feedback node) to interal feedback node delay time through PAL + PLA 6.5 8.5 1 ns
tcr Clock to internal feedback node delay time 4 5.5 7.5 ns
tiNiT Delay from valid Vpp to valid reset 50 50 50 us
ter Input to output disable2: 3 11 125 15 ns
tea Input to output valid? 1 12,5 15 ns
trp Input to register preset2 1 12.5 15 ns
tRR Input to register reset? 14 155 18 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C| = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 4.5V < Vpp < 5.5V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 4.5V 0.8 v
ViH Input voltage high Vpp =5.5V 2.0 \
\ Input clamp voltage Vpp =4.5V, Iy =—-18mA -1.2 \
VoL Output voltage low Vpp =4.5V, lg. = 12mA 0.5 \
VoH Output voltage high Vpp =4.5V, oy =-12mA 24 v
m Input leakage current low Vpp = 5.5V (except CKO), Viy = 0.4V -10 10 pA
™ Input leakage current high Vpp=5.5V, Vjy =3.0V -10 10 HA
Im Clock input leakage current Vpp=5.5V, V|y = 0.4V -10 10 HA
lozL 3-Stated output leakage current low Vpp =5.5V, Vjy = 0.4V -10 10 A
lozH 3-Stated output leakage current high Vpp =5.5Y, V|y = 3.0V -10 10 A
Iopq! Standby current Vpp = 5.5V, Tamp = —40°C 95 HA
oo™ 2 Dyl et Vpp = 5.5V, Tamp = —40°C @ 1MHz 4 mA

Vpp = 5.5V, Tymp = —40°C @ 50MHz 35 mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -230 mA
Cin Input pin capacitance3 Tamb = 25°C, f = IMHz 8 pF
CeoLk Clock input capacitance® Tamb = 25°C, f = IMHz 5 12 pF
Cyo 1/0 pin capacitance? Tamb = 25°C, f = IMHz 10 pF

NOTES:

1. See Table 2 on page 90 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V

SYMBOL PARAMETER i = UNIT
MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 75 2 10 ns
tpp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 9.5 3 12.5 ns
tco Clock to out (global synchronous clock from pin) 2 6 2 9 ns
tsu_pAL Setup time (from input or feedback node) through PAL 5 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA T 10.5 ns
tH Hold time 0 0 ns
toH Clock High time 4 5 ns
toL Clock Low time 4 5 ns
R Input rise time 20 20 ns
te Input fall time 20 20 ns
fmaxt Maximum FF toggle rate? (1/tch + toL) 125 100 MHz
fmaxe Maximum internal frequency? (1/tsypaL + tcr) 105 64 MHz
fmaxa Maximum external frequency?  (1/tgypaL + tco) 91 59 MHz
tBuUF Output buffer delay time 15 1.5 ns
tppr_paL | Input (or feedback node) to internal feedback node delay time through PAL 6 8.5 ns
tppr_pLa | Input (or feedback node) to internal feedback node delay time through PAL + PLA 8 1 ns
ter Clock to internal feedback node delay time 4.5 7:5 ns
tNIT Delay from valid Vpp to valid reset 50 50 us
teR Input to output disable? 3 12 15 ns
tea Input to output valid? 12 15 ns
trp Input to register preset? 12 15 ns
tRR Input to register reset? 14 18 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C_ = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

Voo
gj g COMPONENT VALUES
R1 470Q
L R2 250Q
3 ct 35pF
Vy >——9
Vourt
L MEASUREMENT S1 S2
E: Rz 7R ci tpzH Open Closed
tpzL Closed Closed
l te Closed Closed
2 NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady state active level.
SP00476

VOLTAGE WAVEFORM
ns  Vpp=5V,25°C
6.60

//

/TYPICAL

580
/ SP00368
MEASUREMENTS:

/ All circuit delays are measured at the +1.5V level of
/ inputs and outputs, unless otherwise specified.
540, Input Pulses
5.00
4.60
2 4 8 12 16
SP00448A

Figure 6. tpp paL Vs Outputs switching

Table 3. tpp paL vs # of Outputs switching

Vpp = 5.00V
# of
Outputs 1 2 4 8 12 16
Typical
(ns) 5.1 52 5.5 5.9 6.1 6.3
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PIN DESCRIPTIONS Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter
PZ5032 — 44-Pin Plastic Leaded Chlp Carrier (TSP) method to test thermal resistance. This method meets

Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power.

Figure 7 is a derating curve for the change in © 4 with airflow based
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.

Pin Function Pin Function Pin Function
1IN 16 1/O-A10 31 1/0-B9
2 N3 17 JO-A11 32 1/0-B8 Package O4a
3 Vpp 18 1/O-A12 33 1/0-B7
4 1/0-A0-CK1 19 1/0-A13 34 1O-B6 44-pin PLCC 49.8°C/W
5  1/0-A1 20  1/O-Al4 35 Vpp
6  l0-A2 21 10-A15 36  1/0-B5 44-pin TQFP 66.3°C/W
7 1O-A3 22 GND 37 1/0-B4
8  I/0-A4 23 Vpp 38 1/0-B3
9  I0-AS 24 1/O-B15 39 1/0-B2
10 GND 25  1/0-B14 40  1/0-B1 PERCENTAGE O
1 /0-A6 26  1/0-B13 41 1/0-B0O REDUCTION IN
12 1O-A7 27 1/0-B12 42 GND Oy (%) \
13 1/O-A8 28 I/O-B1 43 INO-CKO 10
14 1/0-A9 29 1/0-B10 44 IN2-gtsn \
15 Vpp 30 GND
SP00420 \
20 \\
. . N
PZ5032 - 44-Pin Thin Quad Flat Package 5 NG
| |
[
40 T
[ PLCC/
— ‘ . QFP
go L | |
0 1 2 3 4 5
AIR FLOW (m/s)
SP00419A

Figure 7. Average Effect of Airflow on O,

Pin  Function Pin  Function Pin  Function
1 1/0-A3 16 GND 31 /0-B4
2 1O-A4 17 Vpp 32  1/0-B3
3 1/0-A5 18 1/0-B15 33 1/0-B2
4 GND 19 1/0-B14 34 1/0-B1
] 1/0-A6 20 1/0-B13 35 1/0-B0
6 1/0-A7 21 1/0-B12 36 GND
7 d 1/0-A8 22 1/0-B11 37 INO/CKO
8 1/0-A9 23 1/0-B10 38 IN2-gtsn
9 Vpp 24 GND 39 Nt
10 1/0-A10 25 1/0-B9 40 IN3
11 Jo-AN 26 1/0-B8 41 Vpp
12 1/0-A12 27 1/0-B7 42 1/0-A0-CK1
13 1/0-A13 28 1/0-B6 43 1/0-A1
14 1/0-A14 29 Voo 44 1/0-A2
15 1/0-A15 30 1/0-B5
SP00433
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FEATURES

® |ndustry’s first Total CMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 7.5ns
® Ultra-low static power of less than 100pA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® 4 clocks with programmable polarity at every macrocell
@ Support for asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PCI compliant

® Advanced 0.5u E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools

® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer
— Asynchronous macrocell register preset/reset

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in PLCC, TQFP, and PQFP packages

® Available in both Commercial and Industrial grades

Table 1. PZ5064 Features

PZ5064

Usable gates 2000
Maximum inputs 68
Maximum I/Os 64
Number of macrocells 64
Propagation delay (ns) 7.5

44-pin PLCC, 44-pin TQFP,
Packages 68-pin PLCC, 84-pin PLCC,

100-pin PQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.

1998 Jul 23

DESCRIPTION

The PZ5064 CPLD (Complex Programmable Logic Device) is the
second in a family of Fast Zero Power (FZP™) CPLDs from Philips
Semiconductors. These devices combine high speed and zero
power in a 64 macrocell CPLD. With the FZP™ design technique,
the PZ5064 offers true pin-to-pin speeds of 7.5ns, while
simultaneously delivering power that is less than 100uA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing CPLD
—70% lower at 50MHz. These devices are the first Total CMOS™
PLDs, as they use both a CMOS process technology and the
patented full CMOS FZP™ design technique. For 3V applications,
Philips also offers the high speed PZ3064 CPLD that offers these
features in a full 3V implementation.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 7.5ns
PAL™ path with 5 dedicated product terms per output. This PAL™
path is joined by an additional PLA structure that deploys a pool of
32 product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.0ns, regardless of the number of PLA product terms
used, which results in worst case tpp’s of only 9.5ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ5064 CPLDs are supported by industry standard CAE tools
(Cadence, Exemplar Logic, Minc, Mentor, Synopsys, Synario,
Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or schematic
entry. Design verification uses industry standard simulators for
functional and timing simulation. Development is supported on
personal computer, Sparc, and HP platforms. Device fitting uses
either Minc or Philips Semiconductors-developed tools.

The PZ5064 CPLD is reprogrammable using industry standard
device programmers from vendors such as Data 1/O, BP
Microsystems, SMS, and others.
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ORDERING INFORMATION
ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ5064-7A44 44-pin PLCC, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5064-10A44 44-pin PLCC, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5064110A44 44-pin PLCC, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT187-2
PZ5064112A44 44-pin PLCC, 12ns tpp Industrial temp range, 5 volt power supply, + 10% SOT187-2
PZ5064-7BC 44-pin TQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5064-10BC 44-pin TQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5064110BC 44-pin TQFP, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT376-1
PZ5064112BC 44-pin TQFP, 12ns tpp Industrial temp range, 5 volt power supply, + 10% SOT376-1
PZ5064-7A68 68-pin PLCC, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT188-3
PZ5064-10A68 68-pin PLCC, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT188-3
PZ5064110A68 68-pin PLCC, 10ns tpp Industrial temp range, 5 volt power supply, = 10% SOT188-3
PZ5064112A68 68-pin PLCC, 12ns tpp Industrial temp range, 5 volt power supply, + 10% SOT188-3
PZ5064-7A84 84-pin PLCC, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT189-3
PZ5064-10A84 84-pin PLCC, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT189-3
PZ5064110A84 84-pin PLCC, 10ns tpp Industrial temp range, 5 volt power supply, = 10% SOT189-3
PZ5064112A84 84-pin PLCC, 12ns tpp Industrial temp range, 5 volt power supply, + 10% SOT189-3
PZ5064-7BB1 100-pin PQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT382-1
PZ5064-10BB1 100-pin PQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT382-1
PZ5064110BB1 100-pin PQFP, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT382-1
PZ5064112BB1 100-pin PQFP, 12ns tpp Industrial temp range, 5 volt power supply, + 10% SOT382-1

XPLA™ ARCHITECTURE

Lcgic Block Architecture

Figure 1 shows a high level block diagram of a 64 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.
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Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
the 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. The PAL array
consists of a programmable AND array with a fixed OR array, while
the PLA array consists of a programmable AND array with a
programmable OR array. The PAL array provides a high speed path
through the array, while the PLA array provides increased product
term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ5064 device through the PAL array is
7.5ns. If a macrocell needs more than 5 product terms, it simply gets
the additional product terms from the PLA array. The PLA array
consists of 32 product terms, which are available for use by all 16
macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.0ns. So the
total pin-to-pin tpp for the PZ5064 using 6 to 37 product terms is
9.5ns (7.5ns for the PAL + 2.0ns for the PLA).



Philips Semiconductors Product specification

64 macrocell CPLD PZ5064

MCO Mco |—»]
o o R s PR
: I e
MC15 MC15 |—»]
T 16 16 T
16 16 T
MCO @ mco || |
o [T o L S LR
: gy
MC15 MC15 |—»]
T 16 16 ]
16 16 T
SP00439

Figure 1. Philips XPLA CPLD Architecture

36 ZIA INPUTS

CONTROL

m
Ao
5
|
|
L

e

PAL
ARRAY

TO 16 MACROCELLS

QLL??@??F

o

NANAAANAAAAAAAN

PLA
ARRAY

000 0UULUUUU0D00000

(32)
SP00435A

Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ family. The macrocell consists of a flip-flop that can be
configured as either a D or T type. A D-type flip-flop is generally
more useful for implementing state machines and data buffering. A
T-type flip-flop is generally more useful in implementing counters. All
CoolRunner™ family members provide both synchronous and
asynchronous clocking and provide the ability to clock off either the
falling or rising edges of these clocks. These devices are designed
such that the skew between the rising and falling edges of a clock
are minimized for clocking integrity. There are 4 clocks available on
the PZ5064 device. Clock 0 (CLKO) is designated as the
“synchronous” clock and must be driven by an external source.
Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3 (CLK3) can either be
used as a synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation). The timing for
asynchronous clocks is different in that the tco time is extended by
the amount of time that it takes for the signal to propagate through
the array and reach the clock network, and the tgy time is reduced.
Please see the application note titled “Understanding CoolRunner
Clocking Options” for more detail.

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature

for each macrocell can also be disabled. Note that the Power-on
Reset leaves all macrocells in the “zero” state when power is
properly applied. The other 4 control terms (CT2-CT5) can be used
to control the Output Enable of the macrocell’s output buffers. The
reason there are as many control terms dedicated for the Output
Enable of the macrocell is to insure that all CoolRunner™ devices
are PCI compliant. The macrocell’s output buffers can also be
always enabled or disabled. All CoolRunner™ devices also provide a
Global Tri-State (GTS) pin, which, when enabled and pulled Low,
will 3-State all the outputs of the device. This pin is provided to
support “In-Circuit Testing” or “Bed-of-Nails Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/O pin ZIA path. When the macrocell is
used as an output, the output buffer is enabled, and the macrocell
feedback path can be used to feedback the logic implemented in the
macrocell. When the 1/0 pin is used as an input, the output buffer
will be 3-Stated and the input signal will be fed into the ZIA via the
1/0 feedback path, and the logic implemented in the buried
macrocell can be fed back to the ZIA via the macrocell feedback
path. It should be noted that unused inputs or I/Os should be
properly terminated.

TO ZIA
f D
:D—KD o o
INIT GTS
(PorR)

CLKO
CLKO GND
CLK1 CTo CT2
CLK1

CT1 o138
CLK2 CT4
ClLK2 GND cTs
CLK3 Voo
CLK3 &ND

SP00457

Figure 3. PZ5064 Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ5064 device, the user knows up front that if a given output uses

5 product terms or less, the tpp = 7.5ns, the tgy_pa. = 4ns, and the
tco = 5.5ns. If an output is using 6 to 37 product terms, an additional
2ns must be added to the tpp and tgy timing parameters to account
for the time to propagate through the PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ5064 TotalCMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
tpp_pLA = COMBINATORIAL PAL + PLA
INPUT PIN D = D OUTPUT PIN
REGISTERED
tsy_paL = PAL ONLY REGISTERED
euT PN [} Sy Pk Rt RLA D aQ —‘CO—D OUTPUT PIN
GLOBAL CLOCK PIN
D SP00441
Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 5.0V, 25°C
Table 2. Ipp vs. Frequency
Vpp = 5.00V
FREQUENCY (MHz) 0 20 40 60 80 100 120 140
Typical Ipp ( MA) 0.08 24 47 72 92 114 141 163

1998 Jul 23



Philips Semiconductors Product specification

64 macrocell CPLD PZ5064

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vbp Supply voltage? -0.5 7.0 Y
\ Input voltage -1.2 Vpp+0.5 Vv
VouTt Output voltage -0.5 Vpp+0.5 \
Iin Input current -30 30 mA
louT Output current -100 100 mA
Ty Maximum junction temperature —40 150 °C
Tetr Storage temperature —65 150 %€
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE
PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 5.0+5% V
Industrial —40 to +85°C 5.0+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp =4.75V 0.8 Vv
ViH Input voltage high Vpp = 5.25V 2.0 Vv
' Input clamp voltage Vpp =4.75V, [jy =-18mA ~1.2 Vv
VoL Output voltage low Vpp =4.75V, lo = 12mA 0.5 Vv
VoH Output voltage high Vpp =4.75V, loy =-12mA 2.4 Vv
I Input leakage current Vin=0to Vpp -10 10 uA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 HA
Ippq! Standby current Vbp = 5.25V, Tamp = 0°C 80 pA

- o . Vpp = 5.25V, Tamp = 0°C @ 1MHz 3 mA
ooo Lol VoD = 5.25V, Tamp = 0°C @ 50MHz 65 mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -200 mA
Cin Input pin capacitance3 Tamb = 25°C, f = 1MHz 8 pF
CeoLk Clock input capacitance® Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance® Tamb = 25°C, f = IMHz 10 pF

NOTES:

1. See Table 2 on page 100 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER ’ L] UNIT
MIN. | MAX. | MIN. | MAX.
tPp_pAL Propagation delay time, input (or feedback node) to output through PAL 2 7.5 2 10 ns
trp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 9.5 3 12.5 ns
tco Clock to out (global synchronous clock from pin) 2 5.5 2 7 ns
tsu_pAL Setup time (from input or feedback node) through PAL 4 6 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 6 8.5 ns
ty Hold time 0 0 ns
toH Clock High time 4 5 ns
toL Clock Low time 4 5 ns
tr Input Rise time 20 20 ns
tF Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate?  (1/tcH + tor) 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcF) 125 87 MHz
fmaxs Maximum external frequency?  (1/tsypaL + tco) 105 77 MHz
tsur Output buffer delay time 1.5 1.5 ns
tpor_paL | Input (or feedback node) to internal feedback node delay time through PAL 6 8.5 ns
tepr_pLa | Input (or feedback node) to internal feedback node delay time through PAL+PLA 8 1 ns
tce Clock to internal feedback node delay time 4 5.5 ns
tiNiT Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable?: 3 10 12 ns
tea Input to output valid? 10 12 ns
trp Input to register preset? 10 12.5 ns
tRR Input to register reset? 10 12.5 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C| = 5pF.

1998 Jul 23 102



Philips Semiconductors

Product specification
64 macrocell CPLD PZ5064
DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 4.5V 0.8 v
Vi Input voltage high Vpp =5.5V 2.0 Vv
\ Input clamp voltage Vpp =4.5V, iy =-18mA =1.2 \
VoL Output voltage low Vpp =4.5V, IgL = 12mA 0.5 \
Von Output voltage high Vpp = 4.5V, loy =—12mA 2.4 "
Iy Input leakage current Vin=0to Vpp -10 10 nA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 pA
Iopa! Standby current Vpp = 5.5V, Tamp = —40°C 100 HA
) ‘ Vpp = 5.5V, Tamp =—40°C @ 1MHz 4 mA
Ippp' 2 Dynamic current
Vpp = 5.5V, Tamp = —40°C @ 50MHz 70 mA
los Short circuit output currentd 1 pin at a time for no longer than 1 second -50 -230 mA
Cin Input pin capacitanced Tamb = 25°C, f = 1MHz 8 pF
Celk Clock input capacitance® Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance?® Tamb = 25°C, f = 1MHz 10 pF
NOTE:

1. See Table 2 on page 100 for typical values.
2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.

Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.
3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES

Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V
SYMBOL PARAMETER L] L UNIT
MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 12 ns
tpp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 125 3 145 ns
tco Clock to out (global synchronous clock from pin) 2 7 2 8 ns
tsu_PAL Setup time (from input or feedback node) through PAL 6 7 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 8.5 9.5 ns
ty Hold time 0 0 ns
tcH Clock High time 5 5 ns
toL Clock Low time 5 5 ns
tr Input Rise time 20 20 ns
te Input Fall time 20 20 ns
fmAX1 Maximum FF toggle rate? (1/tcH + tcL) 100 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcF) 87 74 MHz
fMAX3 Maximum external frequency?  (1/tsypaL + tco) 77 67 MHz
tBUF Output buffer delay time 1:5 1:5 ns
tPDF_PAL Input (or feedback node) to internal feedback node delay time through PAL 8.5 10.5 ns
tPDF_PLA Input (or feedback node) to internal feedback node delay time through PAL+PLA 1 13 ns
tcr Clock to internal feedback node delay time 55 6.5 ns
UNIT Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable?: 3 12 13 ns
tea Input to output valid? 12 13 ns
trp Input to register preset? 12.5 13.5 ns
tRR Input to register reset? 12.5 13.5 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C|_ = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

NUMBER OF OUTPUTS SWITCHING

SP00451A

Figure 6. tpp paL Vvs. Outputs Switching

Table 3. tpp paL vs. Number of Outputs Switching
Vpp = 5.00V

NUMBER OF
OUTPUTS 1 2 4 8 12 16
Typical (ns) 6.8 6.9 7.0 b rirg 7.9
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Vop
& g COMPONENT VALUES
R1 470Q
L R2 250Q
b3
Sh (3] 35pF
ViN >—¢
Vout
L MEASUREMENT S1 S2
<
SR TR tpzH Open Closed
tpzL Closed Open
l tp Closed Closed
82 NOTE: For tpyyz and tp 7 C = 5pF
SP00458A
VOLTAGE WAVEFORM
Vpp =5V, 25°C
8.00
7.80 //
7.60 //
7.40 /
tep_PAL SP00368
(ns) MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
7.20 inputs and outputs, unless otherwise specified.
| Input Pulses
7.00
6.80
6.60
1-2 4 8 12 16
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PIN DESCRIPTIONS
PZ5064 - 44-Pin Plastic Leaded Chip Carrier

PZ5064 - 68-Pin Plastic Leaded Chip Carrier

Pin  Function

1 IN1

2 IN3

3 Vop

4 1/0-A0/CK3

5 1/0-A2

6 1/0-A5

7 1/0-A8

8 1/0-A11

9 1/0-A12
10 GND
" 1/0-A13
12 1/0-A15
13 1/0-B15
14 1/0-B13
15 Vpp

Lcc

Function
1/0-B10
1/0-B8
1/0-B4
1/0-B3
1/0-B2
1/0-B0/CK2
GND

Voo
1/0-C0/CK1
1/0-C2
1/0-C3
1/0-C4
1/0-C7
1/0-C8
GND

40

28

[ 139

329

Function
1/0-C13
I/0-C15
1/0-D15
1/0-D13
Vop
1/0-D12
1/0-D11
1/0-D8
1/0-D7
1/0-D2
1/0-DO
GND
INO-CKO
IN2-gtsn

SP00452B

PZ5064 — 44-Pin Thin

Quad Flat Package

Pin  Function
1 1/0-A8
2 1/0-A11
3 1/0-A12
4 GND
5 1/0-A13
6 1/0-A15
7 1/0-B15
8 1/0-B13
9 Vop

10 1/0-B10

1 1/O-B8

12 1/0-B4

13 1/0-B3

14 1/0-B2

15 I/O-BO/CK2

44

Pin
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Function
GND
Voo
1/0-CO/CK1
1/0-C2
1/0-C3
1/0-C4
1/0-C7
1/0-C8
GND
1/0-C13
1/0-C15
1/0-D15
1/10-D13
Voo
1/0-D12

34

22

]33

[ 23

Pin
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Function
1/0-D11
1/0-D8
1/0-D7
1/0-D2
1/0-DO
GND
INO/CKO
IN2-gtsn
IN1

IN3

Voo
1/0-A0/CK3
1/0-A2
1/0-A5

SP00453A
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Function
IN1
IN3

Voo
1/0-A0/CK3
1/0-A2
GND
1/0-A3
1/0-A4
1/0-A5
1/0-A7
Voo
1/0-A8
1/0-A10
1/0-A11
1/0-A12
GND
1/0-A13
1/0-A15
1/0-B15
1/0-B13

Voo
1/0-B12
1/0-B11

26

27

Pin
24
25
26

28
29
30
31
32
33
34
35
36
a7
38
39
40
41
42
43
44
45
46

1 61

Lcc

43

Function
1/0-B10
1/0-B8
GND
1/0-B7
1/0-B5
1/0-B4
1/0-B3

Voo

1/0-B2
1/0-BO/CK2
GND

Vob
1/0-CO/CK1
l/o-c2
GND
1/0-C3
1/0-C4
1/0-C5
1o-c7
Voo
1/0-C8
1/0-C10
1/0-C11

[ ]60

47
48
49
50
51
52
53
54
55

57
58

60
61
62
63
64
65
66
67
68

Function
1/0-C12
GND
1/0-C13
1/0-C15
1/0-D15
1/0-D13
Voo
1/0-D12
1/0-D11
1/0-D9
1/0-D8
GND
1/0-D7
1/0-D6
1/0-D4
1/0-D3
Voo
1/0-D2
1/0-DO
GND
INO/CKO
IN2-gtsn

SP00454A
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PZ5064 — 84-Pin Plastic Leaded Chip Carrier PZ5064 - 100-Pin Plastic Quad Flat Package
11 1 75 100 81
12 - 74 i 80
Lce QFpP
32 | |54 30 [ 151
33 53 31 50
Pin Function Pin Function Pin Function Pin Function Pin Function Pin Function
1IN 29  1/0-B10 57  1/0-C11 1 NC 35  1/0-B3 69  1/0-D12
2 IN3 30 1/0-B9 58  1/0-C12 2 NC 36  Vpp 70 1/0-D11
3 Vpp 31 1/0-B8 59  GND 3 O-A6 37  1/0-B2 71 10-D10
4 1/O-AO/CK3 32 GND 60 1/0-C13 4 1/0-A7 38 1/0-B1 72 NC
5  1/0-A1 33 1/0-B7 61  1/0-Cl4 5  Vpp 39 1/0-BO/CK2 73 10-D9
6 l0-A2 34 1/0-B6 62  1/0-C15 6  1/0-A8 40  GND 74 NC
7 GND 35  1/0-BS 63  1/0-D15 7 NC 4“1 Vpp = 08
8  1/0-A3 36  1/0-B4 64 1/0-D14 8  1/0-A9 42 1/0-CO/CK1 i oo
9 1/0-A4 37 1/0-B3 65 1/0-D13 9 NC 43 1o-C1 s G
10 1/O-A5 38 Vpp 66  Vpp 10 VO-A10 44 1O-C2
1 1O-A6 39 0-B2 67  1/0-D12 1 VO-AT1 45 GND 780 /ODG
12 1/0-A7 40 1081 68  1/0-D11 12 1O-A12 46 1/0-C3 79 NG
18 Vee 41 1/0-BO/CK2 69  1/0-D10 13 GND 47 1/0-C4 80 NC
14 1/0-A8 42 GND 70 1/0-D9 14 /O-A13 48 1/0-C5 81  OiD5
15 1/0-A9 43 Vpp 71 1/O-D8 15 1/0-A14 49 1/0-C6 82  lo-D4
16 1/0-A10 44 1/0-CO/CK1 72 GND 16 1/O-A15 50 l/0-C7 83  1/0-D3
17 1/O-A11 45  1/0-C1 73 1/0-D7 17 1/0-B15 51 NC 84  Vpp
18 1/0-A12 46 1/0-C2 74 1/0-D6 18 1/0-B14 52 NC 85  I/0-D2
19 GND 47  GND 75 1/0-D5 19 1/0-B13 53 Vpp 86  1/0-D1
20  1/O-A13 48  1/0-C3 76  1/0-D4 20 Vpp 54 lo-C8 87  1/0-DO
21 1/0-A14 49  1/0-C4 77 1/0-D3 21 1/0-B12 5 NC 88 GND
22 |/0-A15 50 1/0-C5 78 Vpp 22 1/0-B11 56 110-C9 89 INO/CKO
23 1/0-B15 51 1/0-C6 79 1/0-D2 23  1/0-B10 57 NC 90 IN2-gtsn
24 1/0-B14 52 1/0-C7 80  /O-D1 24 NC 58 lio-c10 91 N1
25  1/O-B13 53  Vpp 81  1/0-DO 25 1/0-B9 59 lo-cn @ N3
26 Vpp 54  1/O-C8 82  GND 26 NC 60  1/0-C12 a3, v
27 1/O-B12 55  1/0-Co 83 INO/CKO 27 1/0-B8 61 GND P —
28  1/0-B11 56  1/0-C10 84  IN2-gtsn 28 GND 62  1/0-C13
29 NC 63  1/0-C14 95  lO-A1
30 NC 64  1/0-C15 9%  I/0-A2
SP00455A 31 1/0-B7 65  1/0-D15 97  GND
32  |/O-B6 66  1/0-D14 98  I/0-A3
33 1/0-B5 67  1/0-D13 99 I/0-A4
34 1/0-B4 68 Vpp 100 1fO-A5
SP00456A
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Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter PERCENTAGE 0
(TSP) method to test thermal resistance. This method meets REDUCTION IN
Mil-Std-883C Method 1012.1 and is described in Philips 7995 IC O4a \
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance N
changes approximately 5% for a 100% change in power. \

Figure 7 is a derating curve for the change in ©4 with airflow based N |

on wind tunnel measurements. It should be noted that the wind flow 1

dynamics are more complex and turbulent in actual applications . ‘\];
i
{

than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.

40
| PLCC/
- QFP

50
Package [CX7 0 1 2 3 4 5

44-pin PLCC 44.9°C/W AIR FLOW (m/s)

44-pin TQFP 60.8°C/W SP00419A
68-pin PLCC 44.9°C/W Figure 7. Average Effect of Airflow on O

84-pin PLCC 34.7°C/W
100-pin PQFP 44.5°C/W
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FEATURES

® |ndustry’s first Total CMOS™ PLD - both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® |EEE 1149.1—compliant, JTAG Testing Capability
— 4 pin JTAG interface (TCK, TMS, TDI, TDO)
— IEEE 1149.1 TAP Controller

— JTAG commands include: Bypass, Sample/Preload, Extest,
Usercode, Idcode, HighZ

® 5 \olt, In-System Programmable (ISP) using the JTAG interface
— On—chip supervoltage generation
— ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms

® High speed pin-to-pin delays of 7.5ns

® Ultra-low static power of less than 100uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

©® Deterministic timing model that is extremely simple to use
® 4 clocks with programmable polarity at every macrocell
® Support for asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PC| compliant

® Advanced 0.5 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools

® Reprogrammable using industry standard device programmers

® Innovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer

— Asynchronous macrocell register preset/reset

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in PLCC, TQFP, and PQFP packages

® Available in both Commercial and Industrial grades

PAL is a registered trademark of Advanced Micro Devices, Inc.
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Table 1. PZ5128 Features

PZ5128

Usable gates 4000
Maximum inputs 100
Maximum 1/Os 96
Number of macrocells 128
Propagation delay (ns) 25

84-pin PLCC, 100-pin PQFP,
Packages 100-pin TQFP 128-pin LQFP,

160-pin PQFP
DESCRIPTION

The PZ5128 CPLD (Complex Programmable Logic Device) is the
third in a family of Fast Zero Power (FZP™) CPLDs from Philips
Semiconductors. These devices combine high speed and zero
power in a 128 macrocell CPLD. With the FZP™ design technique,
the PZ5128 offers true pin-to-pin speeds of 7.5ns, while
simultaneously delivering power that is less than 100pA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing CPLD
—70% lower at 50MHz. These devices are the first Total CMOS™
PLDs, as they use both a CMOS process technology and the
patented full CMOS FZP™ design technique. For 3V applications,
Philips also offers the high speed PZ3128 CPLD that offers these
features in a full 3V implementation.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 10ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2ns, regardless of the number of PLA product terms
used, which results in worst case tpp’s of only 9.5ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ5128 CPLDs are supported by industry standard CAE tools
(Cadence, Exemplar Logic, Minc, Mentor, Synopsys, Synario,
Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or schematic
entry. Design verification uses industry standard simulators for
functional and timing simulation. Development is supported on
personal computer, Sparc, and HP platforms. Device fitting uses
either MINC or Philips Semiconductors-developed tools.

The PZ5128 CPLD is electrically reprogrammable using industry
standard device programmers from vendors such as Data 1/0O, BP
Microsystems, SMS, and others. The PZ5128 also includes an
industry-standard, IEEE 1149.1, JTAG interface through which
in-system programming (ISP) and reprogramming of the device is
supported.
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ORDERING INFORMATION
ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ5128-S7A84 84—pin PLCC, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT189-3
PZ5128-S10A84 84-pin PLCC, 10ns tpp Commercial temp range, 5 volt power supply, = 5% SOT189-3
PZ5128-S12A84 84-pin PLCC, 12ns tpp Commercial temp range, 5 volt power supply, + 5% SOT189-3
PZ528IS10A84 84—pin PLCC, 10ns tpp Industrial temp range, 5 volt power supply, £ 10% SOT189-3
PZ5128IS15A84 84-pin PLCC, 15ns tpp Industrial temp range, 5 volt power supply, £ 10% SOT189-3
PZ5128-S7BB1 100-pin PQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT382-1
PZ5128-S10BB1 100-pin PQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT382-1
PZ5128-S12BB1 100-pin PQFP, 12ns tpp Commercial temp range, 5 volt power supply, + 5% SOT382-1
PZ51281S10BB1 100—pin PQFP, 10ns tpp Industrial temprange, 5 volt power supply, + 10% SOT382-1
PZ5128/S15BB1 100-pin PQFP, 15ns tpp Industrial temp range, 5 volt power supply, = 10% SOT382-1
PZ5128-S7BBP 100-pin TQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, = 5% SOT386-1
PZ5128-S10BP 100-pin TQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT386-1
PZ5128-S12BP 100-pin TQFP, 12ns tpp Commercial temp range, 5 volt power supply, £ 5% SOT386-1
PZ51281S10BP 100—pin TQFP, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT386-1
PZ51281S15BP 100-pin TQFP, 15ns tpp Industrial temp range, 5 volt power supply, + 10% SOT386-1
PZ5128-S7BE 128-LQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SQOT425-1
PZ5128-S10BE 128-pin LQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT425-1
PZ5128-S12BE 128-pin LQFP, 12ns tpp Commercial temp range, 5 volt power supply, = 5% SOT425-1
PZ5128IS10BE 128-pin LQFP, 10ns tpp Industrial temp range, 5 volt power supply, + 10% SOT425-1
PZ5128IS15BE 128-pin LQFP, 15ns tpp Industrial temp range, 5 volt power supply, £ 10% SOT425-1
PZ5128-S7BB2 160—pin PQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT322-2
PZ5128-S10BB2 160-pin PQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT322-2
PZ5128-S12BB2 160-pin PQFP, 12ns tpp Commercial temp range, 5 volt power supply, * 5% SOT322-2
PZ51281S10BB2 160-pin PQFP, 10ns tpp Industrial temp range, 5 volt poweer supply, = 10% SOT322-2
PZ51281S15BB2 160-pin PQFP, 15ns tpp Industrial temp range, 5 volt power supply, + 10% S0T322-2
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XPLA™ ARCHITECTURE

Figure 1 shows a high level block diagram of a 128 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.
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Figure 1. Philips XPLA CPLD Architecture
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Logic Block Architecture
Figure 2 illustrates the logic block architecture. Each logic block

contains control terms, a PAL array, a PLA array, and 16 macrocells.

the 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. The PAL array
consists of a programmable AND array with a fixed OR array, while
the PLA array consists of a programmable AND array with a
programmable OR array. The PAL array provides a high speed path
through the array, while the PLA array provides increased product
term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ5128 device through the PAL array is
7.5ns. If a macrocell needs more than 5 product terms, it simply gets
the additional product terms from the PLA array. The PLA array
consists of 32 product terms, which are available for use by all 16
macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2ns. So the
total pin-to-pin tpp for the PZ5128 using 6 to 37 product terms is
9.5ns (7.5ns for the PAL + 2ns for the PLA).

CONTROL 4[8: S ;- 1I
Iy D
D = |
= — i |
D D
= — 7> . |
12as B
=8 D ¢ |

PAL —D 4D_‘I § |

ARRAY _D D__II o l
15 T
D — e
B —

4D—: |
1 Ban —j>_| I
= —D |
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AAAAAAAAAANANAA
-D
D

ARRAY —D
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ family. The macrocell consists of a flip-flop that can be
configured as either a D or T type. A D-type flip-flop is generally
more useful for implementing state machines and data buffering. A
T-type flip-flop is generally more useful in implementing counters. All
CoolRunner™ family members provide both synchronous and
asynchronous clocking and provide the ability to clock off either the
falling or rising edges of these clocks. These devices are designed
such that the skew between the rising and falling edges of a clock
are minimized for clocking integrity. There are 4 clocks available on
the PZ5128 device. Clock 0 (CLKO) is designated as the
“synchronous” clock and must be driven by an external source.
Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3 (CLK3) can either be
used as a synchronous clock (driven by an external source) or as an
asynchronous clock (driven by a macrocell equation). The timing for
asynchronous clocks is different in that the tcg time is extended by
the amount of time that it takes for the signal to propagate through
the array and reach the clock network, and the tg; time is reduced.
Please see the application note titled “Understanding CoolRunner
Clocking Options” for more detail.

Two of the control terms (CTO and CT1) are used to control the
Preset/Reset of the macrocell’s flip-flop. The Preset/Reset feature

for each macrocell can also be disabled. Note that the Power-on
Reset leaves all macrocells in the “zero” state when power is
properly applied. The other 4 control terms (CT2-CT5) can be used
to control the Output Enable of the macrocell’s output buffers. The
reason there are as many control terms dedicated for the Output
Enable of the macrocell is to insure that all CoolRunner™ devices
are PCI compliant. The macrocell’s output buffers can also be
always enabled or disabled. All CoolRunner™ devices also provide a
Global Tri-State (GTS) pin, which, when enabled and pulled Low,
will 3-State all the outputs of the device. This pin is provided to
support “In-Circuit Testing” or “Bed-of-Nails Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the 1/O pin ZIA path. When the macrocell is
used as an output, the output buffer is enabled, and the macrocell
feedback path can be used to feedback the logic implemented in the
macrocell. When the I/O pin is used as an input, the output buffer
will be 3-Stated and the input signal will be fed into the ZIA via the
I/O feedback path, and the logic implemented in the buried
macrocell can be fed back to the ZIA via the macrocell feedback
path. It should be noted that unused inputs or I/Os should be
properly terminated.

TO ZIA
N D
:D—KD = .
INIT aTs
PorR|
CLKO e : !
CLKO GND
CLK1 cTo cT2
CLK1 cTa
CLK2 it cTa
CLK2 GND cTs
CLK3 Ve
CLK3 GND
SP00457

Figure 3. PZ5128 Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ5128 Total CMOS™ CPLD (data taken w/eight
up/down, loadable 16 bit counters @5V, 25°C.

tpp_paL = COMBINATORIAL PAL ONLY
tpp_pLA = COMBINATORIAL PAL + PLA

INPUT PN [}

REGISTERED

7] outeurein

tsy_paL = PAL ONLY
tsy_pLa = PAL + PLA

INPUT PIN D

REGISTERED

1
< I outrutPiN

]

aLoeaL cLock PN [}

SP00441

Figure 4. CoolRunner™ Timing Model
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Figure 5.

Table 2. Ipp vs. Frequency

Ipp Vvs. Frequency @ Vpp = 5.0V, 25°C

Vpp = 5.00V
FREQUENCY (MHz) 0 1 20 40 60 80 100 120
Typical Ipp (MA) 0.5 1 20 40 60 80 99 118
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JTAG Testing Capability
JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. BST
provides the ability to test the external connections of a device, test
the internal logic of the device, and capture data from the device
during normal operation. BST provides a number of benefits in each
of the following areas:
® Testability
— Allows testing of an unlimited number of interconnects on the
printed circuit board
— Testability is designed in at the component level
— Enables desired signal levels to be set at specific pins (Preload)
- Data from pin or core logic signals can be examined during
normal operation
® Reliability
- Eliminates physical contacts common to existing test fixtures
(e.g., “bed-of-nails”)
— Degradation of test equipment is no longer a concern
— Facilitates the handling of smaller, surface-mount components
— Allows for testing when components exist on both sides of the
printed circuit board
® Cost
- Reduces/eliminates the need for expensive test equipment
— Reduces test preparation time
— Reduces spare board inventories
The Philips PZ5128's JTAG interface includes a TAP Port and a TAP
Controller, both of which are defined by the IEEE 1149.1 JTAG

Specification. As implemented in the Philips PZ5128, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG

Table 3. JTAG Pin Description

specification: TCK, TMS, TDI, and TDO. The fifth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ5128 saves an |/O pin for general purpose use
by not implementing the optional TRST* signal in the JTAG
interface. Instead, the Philips PZ5128 supports the test reset
functionality through the use of its power up reset circuit, which is
included in all Philips CPLDs. The pins associated with the power up
reset circuit should connect to an external pull-up resistor to keep
the JTAG signals from floating when they are not being used.

In the Philips PZ5128, the four mandatory JTAG pins each require a
unique, dedicated pin on the device. However, if JTAG and ISP are
not desired in the end-application, these pins may instead be used
as additional general I/O pins. The decision as to whether these pins
are used for JTAG/ISP or as general I/O is made when the JEDEC
file is generated. If the use of JTAG/ISP is selected, the dedicated
pins are not available for general purpose use. However, unlike
competing CPLD’s, the Philips PZ5128 does allow the macrocell
logic associated with these dedicated pins to be used as buried logic
even when JTAG/ISP is selected. Table 4 defines the dedicated pins
used by the four mandatory JTAG signals for each of the PZ5128
package types.

The JTAG specifications defines two sets of commands to support
boundary-scan testing: high-level commands and low-level
commands. High-level commands are executed via board test
software on an a user test station such as automated test
equipment, a PC, or an engineering workstation (EWS). Each
high-level command comprises a sequence of low level commands.
These low-level commands are executed within the component
under test, and therefore must be implemented as part of the TAP
Controller design. The set of low-level boundary-scan commands
implemented in the Philips PZ5128 is defined in Table 5. By
supporting this set of low-level commands, the PZ5128 allows
execution of all high-level boundary-scan commands.

PIN NAME DESCRIPTION

TCK Test Clock Output Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.
TCK is also used to clock the TAP Controller state machine.

™S Test Mode Select Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode
operation.

TDI Test Data Input Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The
signal is tri-stated if data is not being shifted out of the device.

Table 4. PZ5128 JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK T™MS TDI TDO
PZ5128
84-pin PLCC 62/ 96 (F15) 23/48 (C15) 14 /32 (B15) 71/112 (G15)
100-pin PQFP 64 /96 (F15) 17/ 48 (C15) 6/32 (B15) 75/ 112 (G15)
100-pin TQFP 62/96 (F15) 15/ 48 (C15) 4/32(B15) 73/ 112 (G15)
128-pin LQFP 82/96 (F15) 21/48 (C15) 8/32 (B15) 95/112 (G15)
160-pin PQFP 99/96 (F15) 22/ 48 (C15) 9/32 (B15) 112/ 112 (G15)
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Table 5. PZ5128 Low-Level JTAG Boundary-Scan Commands

INSTRUCTION
(Instruction Code)
Register Used

DESCRIPTION

Sample/Preload
(0010)

Boundary—Scan Register

The mandatory SAMPLE/PRELOAD instruction allows a snapshot of the normal operation of the component
to be taken and examined. It also allows data values to be loaded onto the latched parallel outputs of the
Boundary-Scan Shift-Register prior to selection of the other boundary-scan test instructions.

(1111)
Bypass Register

Extest The mandatory EXTEST instruction allows testing of off-chip circuitry and board level interconnections. Data
(0000) would typically be loaded onto the latched parallel outputs of Boundary-Scan Shift-Register using the
Boundary-Scan Register Sample/Preload instruction prior to selection of the EXTEST instruction.

Bypass Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted

(0001) out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed

Boundary-Scan Register circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.

HighZ The HIGHZ instruction places the component in a state in which all of its system logic outputs are placed in

(0101) an inactive drive state (e.g., high impedance). In this state, an in-circuit test system may drive signals onto

Bypass Register the connections normally driven by a component output without incurring the risk of damage to the

component. The HighZ instruction also forces the Bypass Register between TDI and TDO.

5-Volt, In-System Programming (ISP)

ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.

® Field Support
— Easy remote upgrades and repair

— Support for field configuration, re-configuration, and
customization

ISP provides substantial benefits in each of the following areas:

® Design

— Faster time-to-market

— Debug partitioning and simplified prototyping

- Printed circuit board reconfiguration during debug
- Better device and board level testing

©® Manufacturing

— Multi-Functional hardware
— Reconfigurability for Test

— Eliminates handling of “fine lead-pitch” components for

programming

The Philips PZ5128 allows for 5-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ5128 may be
easily programmed on the circuit board using only the 5-volt supply
required by the device for normal operation. A set of low-level ISP
basic commands implemented in the PZ5128 enable this feature.
The ISP commands implemented in the Philips PZ5128 are
specified in Table 6. Please note that an ENABLE command must
precede all ISP commands unless an ENABLE command has
already been given for a preceding ISP command and the device
has not gone through a Test-Logic/Rest TAP Controller State.

— Reduced Inventory and manufacturing costs

Improved quality and reliability

Table 6. Low Level ISP Commands

INSTRUCTION INSTRUCTION

(Register Used) | CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands. Using the ENABLE instruction before the

(ISP Shift Register) Erase, Program, and Verify instructions allows the user to specify the outputs the device using
the JTAG Boundary—Scan SAMPLE/PRELOAD command.

Erase 1010 Erases the entire EEPROM array. The outputs during this operation can be defined by user by

(ISP Shift Register) using the JTAG SAMPLE/PRELOAD command.

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row. The outputs

(ISP Shift Register) during this operation can be defined by user by using the JTAG SAMPLE/PRELOAD command.

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be defined
by user by using the JTAG SAMPLE/PRELOAD command.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips

PZ5128 supports the following methods:
® PC Parallel Port
® Workstation or PC Serial Port

® Embedded Processor

Table 7. Programming Specifications

©® Automated Test Equipment
® Third party Programmers
® High-End JTAG and ISP Tools

A Boundary-Scan Description Language (BSDL) description of the
PZ5128 is also available from Philips for use in test program
development. For more details on JTAG and ISP for the PZ5128,

refer to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL ] PARAMETER MIN. MAX. UNIT

DC Parameters
Veep Ve supply program/verify 45 5.5 \Y
lccp Icc limit program/verify 200 mA
Viy Input voltage (High) 2.0 Vv
Vi Input voltage (Low) 0.8 "
VsoL Output voltage (Low) 0.5 v
VsoH Output voltage (High) 2.4 Vv
TDO_lo. Output current (Low) 12 mA
TDO_loy Output current (High) -12 mA

AC Parameters
fmax CLK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 20 ns
TDI_H TDI hold time after TCK T 20 ns
TDO_CO TDO valid after TCK . 30 ns

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER MIN. MAX. UNIT
Vpp Supply voltage? -0.5 7.0 v
" Input voltage -1.2 Vpp+0.5 \Y
Vout Output voltage -0.5 Vpp+0.5 Vv
N Input current -30 30 mA
lout Output current -100 100 mA
T Maximum junction temperature —40 150 G
Tstr Storage temperature —65 150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at

these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 5.0+5% V
Industrial —40 to +85°C 5.0+10% V
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128 macrocell CPLD PZ5128

DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 4.75V 0.8 \Y
ViH Input voltage high Vpp =5.25V 2.0 '
' Input clamp voltage Vpp =4.75V, ||y =—-18mA -1.2 \
VoL Output voltage low Vpp =4.75V, lg. = 12mA 0.5 Vv
VoH Output voltage high Vpp =4.75V, loy =-12mA 2.4 \
I Input leakage current Vin=0to Vpp -10 10 HA
loz 3-Stated output leakage current ViN=0to Vpp -10 10 HA
Ibba Standby current Vpp = 5.25V, Tamp = 0°C 100 HA

; ’ Vpp = 5.25V, Tymp = 0°C @ 1MHz 5 mA

' Pymaruie s vDD; —5.25V, T:,,r,';b: 0°C @ 50MHz 75 ™A

los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -200 mA

Cin Input pin capacitance? Tamb =25°C, f = 1MHz 8 pF

CeLk Clock input capacitance® Tamb = 25°C, f = 1MHz 5 12 pF

Cio /0 pin capacitance3 Tamb = 25°C, f = 1MHz 10 pF
NOTES:

1. See Table 2 on page 113 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 4.75V < Vpp < 5.25V

7 10 12 UNI
SYMBOL PARAMETER
MIN/ | MAX. | MIN. | MAX. | MIN. | MAX. T
tpp_paL | Propagation delay time, input (or feedback node) to output through PAL 2 7.5 2 10 2 12 ns
{BE FLA zr;pagation delay time, input (or feedback node) to output through PAL 3 95 3 12 3 145 ns
tco Clock to out (global synchronous clock from pin) 2 6 2 7 2 8 ns
tsu_paL | Setup time (from input or feedback node) through PAL 4.5 7 ns
tsu pLA | Setup time (from input or feedback node) through PAL + PLA 6.5 9 10.5 ns
ty Hold time 0 0 0 ns
toH Clock High time 4 4 ns
toL Clock Low time 3 4 4 ns
tR Input Rise time 20 20 20 ns
tg Input Fall time 20 20 20 ns
fmaxi Maximum FF toggle rate?  1/(tcy + toL) 167 125 125 MHz
fmaxz Maximum internal frequency?  1/(tsupaL + tcF) m 80 69 MHz
fmaxa Maximum external frequency?  1/(tsupaL + tco) 95 71 63 MHz
tBuUF Output buffer delay time 1.5 15 1:5 ns
tepr_pa | Input (or feedback node) to internal feedback node delay time through > 6 > 8.5 2 105 fis
i
tepe pL | Input (or feedback node) to internal feedback node delay time through 3 8 3 105 3 13 hig
A PAL+PLA
tcr Clock to internal feedback node delay time 4.5 5.5 6.5 ns
tNIT Delay from valid Vpp to valid reset 50 50 50 us
ter Input to output disable?: 3 9 12 15 ns
tea Input to output valid? 9 12 15 ns
trp Input to register preset? 1 12.5 15 ns
tRR Input to register reset? 11 12.5 15 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.
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128 macrocell CPLD PZ5128

DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 4.5V 0.8 \
ViH Input voltage high Vpp =5.5V 2.0 Vv
Vi Input clamp voltage Vpp =4.5V, Iy =-18mA -1.2 Vv
VoL Output voltage low Vpp=4.5V, g = 12mA 0.5 \Y
VoH Output voltage high Vpp =4.5V, loy =-12mA 2.4 v
Iy Input leakage current Vin=0to Vpp -10 10 A
loz 3-Stated output leakage current ViN=0to Vpp -10 10 uHA
Ippq’ Standby current Vpp = 5.5V, Tamp = —40°C 125 pA

. . Vpp = 5.5V, Tamp =—40°C @ 1MHz 6 mA
Iz - yhaRiteanes. v;; ~55v, T:,:;: —40°C @ 50MAz 50 mA
los Short circuit output current® 1 pin at a time for no longer than 1 second -50 —230 mA
Cin Input pin capacitance® Tamb = 25°C, f = IMHz 8 pF
Ccik Clock input capacitance® Tamb =25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance?® Tamb = 25°C, f = 1IMHz 10 pF

NOTES:

1. See Table 2 on page 113 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V

10 15
SYMBOL PARAMETER TN WAX. TN TAX. UNIT
tPD_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 15 ns
trp PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 12 3 17.8 ns
tco Clock to out (global synchronous clock from pin) 2 7 2 8 ns
tsu_paL Setup time (from input or feedback node) through PAL 8 8 ns
tsu pLA Setup time (from input or feedback node) through PAL + PLA 10 108 ns
ty Hold time 0 0 ns
tcH Clock High time 5 5 ns
toL Clock Low time 5 5 ns
tr Input Rise time 20 20 ns
tr Input Fall time 20 20 ns
fmaxi Maximum FF toggle rate®  1/(tcy + toL) 100 100 MHz
fmaxa Maximum internal frequency®  1/(tsupaL + tcF) 71 69 MHz
fmaxa Maximum external frequency®  1/(tsypaL + tco) 66 63 MHz
tBUF Output buffer delay time 15 1.5 ns
tpor_paL | Input (or feedback node) to internal feedback node delay time through PAL 2 8.5 2 13.5 ns
tepr pLa | Input (or feedback node) to internal feedback node delay time through PAL+PLA 3 10.5 3 16 ns
tcF Clock to internal feedback node delay time 6 6.5 ns
tiniT Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable?: 3 15 15 ns
tea Input to output valid? 15 15 ns
trp Input to register preset? 15 17 ns
tRR Input to register reset® 15 17 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C_ = 5pF.

1998 Jul 23 118



Philips Semiconductors

Product specification
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PZ5128

SWITCHING CHARACTERISTICS

r

NUMBER OF OUTPUTS SWITCHING

SP00472

Figure 6. tpp paL Vvs. Outputs Switching

Table 8. tpp paL vs. Number of Outputs Switching

Vpp = 5.00V
NUMBER OF
OUTPUTS 1 2 4 8 12 16
Typical (ns) 6.6 6.8 7.0 72 7.4 7.6

1998 Jul 23
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s1 \ COMPONENT VALUES
R1 470Q
> R2 250Q
>
S A C1 35pF
Viy >———+
Vour
L MEASUREMENT S1 S2
<
SR et tpzH Open Closed
tpzL Closed Open
l tp Closed Closed
=52 NOTE: For tpyz and tp z C = 5pF
SP00458A
R VOLTAGE WAVEFORM
8.4
8.0
|
76
|
tpD_PAL |
(ns)
02
SP00368
MEASUREMENTS:
68 Al circuit delays are measured at the +1.5V level of
£ inputs and outputs, unless otherwise specified.
Input Pulses
6.4
6.0
1 4 8 12 16
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128 macrocell CPLD

PZ5128

PIN DESCRIPTIONS
84-Pin Plastic Leaded Chip Carrier

100-Pin Plastic Quad Flat Package

Pin  Function
1 IN1

2 IN3

3 Vpp

4 1/0-A15/CLK3
5 I/O0-A13
6

7

8

1/0-A12
GND
1/0-A10
9 I0-A7
10 1/O-A5
1 /0-A4
12 1/0-A2
13 Vpp
14 1/O-B15 (TDI)
15 10-B12
16 1/0-B10
17 10-B8
18 1OB7
19 GND
20 1/0-B4
21 10-B2
22 1/0-B0
23 1/0-C15 (TMS)
24  1/0-C13
25  1/0-C12
26 Vpp
27 1/0-C10
28  1/0-C7

32

1"

33

29
30
31
32
33
34
35
36
a7
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

PLCC

Function
1/0-C5
1/0-C4
1/0-C2
GND
1/0-D15
1/0-D12
1/0-D10
1/0-D8
1/0-D7
Vop
1/0-D4
1/0-D2
1/0-DO/CLK2
GND
Vop
1/0-E0/CLK1
/0-E2
/O-E4
GND
1/0-E7
1/0-E8
I1/0-E10
1/0-E12
1/0-E15
Vop
1/0-F2
/O-F4
1/0-F5

75

[ 174

[ ] 54

Function
1/0-F7
1/0-F10
GND
1/0-F12
1/0-F13
1/0-F15 (TCK)
1/0-GO
1/0-G2
1/0-G4
Voo
1/0-G7
1/0-G8
1/0-G10
1/0-G12
1/0-G15 (TDO)
GND
1/0-H2
1/0-H4
1/0-H5
1/0-H7
1/0-H10
Voo
1/0-H12
1/0-H13
1/0-H15
GND
INO/CLKO
IN2-gtsn

SP00467
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100 81
1 (@]
QFP
30

31 50
Function Pin  Function
1/0-A5 35 1/0-D5
1/0-A4 36 Vpp
1/0-A2 37 1/0-D4
1/0-A0 38 1/0-D2
Voo 39 1/0-DO/CLK2
1/0-B15 (TDI) 40 GND
1/0-B13 41 Vpp
1/0-B12 42 1/0-E0/CLK1
1/0-B10 43 1/0-E2
1/0-B8 44 I/O-E4
1/0-B7 45 GND
1/0-B5 46 1/0-E5
GND 47 1/0-E7
1/0-B4 48 1/0-E8
1/0-B2 49 I/0-E10
1/0-B0 50 1/0-E12
1/0-C15 (TMS) 51 1/0-E13
1/0-C13 52 I/0-E15
1/0-C12 53 Vpp
Vop 54  1/O-FO
1/0-C10 55 1/0-F2
1/0-C8 56  1/O-F4
1/0-C7 57  1/O-F5
1/0-C5 58  I/O-F7
1/0-C4 59  1/O-F8
1/0-C2 60 1/0-F10
1/0-CO 61 GND
GND 62 1/0-F12
1/0-D15 63 1/0-F13
1/0-D13 64 1/0-F15 (TCK)
1/0-D12 65 1/0-GO
1/0-D10 66 1/0-G2
1/0-D8 67  1/0-G4
1/10-D7 68 Vpp

— 80

— 51
Pin  Function
69 1/0-G5
70 1/0-G7
ke 1/0-G8
72 1/0-G10
73  1/0-G12
74 1/0-G13
75  1/0-G15 (TDO)
76  GND
77 1/0-HO
78 1/0-H2
79 1/0-H4
80 1/0-H5
81 1/0-H7
82 1/0-H8
83 1/0-H10
84 Vpp
85 1/0-H12
86 1/0-H13
87 1/0-H15
88 GND
89 INO/CLKO
90  IN2-gtsn
91 IN1
92 IN3
93  Vpp
94  |/0-A15/CLK3
95 1/0-A13
96 110-A12
97 GND
98 1/0-A10
99  1/O-A8
100 1/O-A7
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100-Pin Thin Quad Fiat Package

128-Pin Low Profile Quad Flat Package

100 76
1 o = 75
TQFP
25 = 51
26 50

Pin  Function Pin  Function Pin  Function
1 10-A2 35  1/0-D4 89  1/0-G8
2 1/0-A0 36  1/0-D2 70  1/0-G10
3 Vpp 37 1/O-DO/CLK2 71 vo-Gi2
4 1/O-B15 (TDI) 38 GND 72 10-G13
5 10-B13 39 Vpp 73 1/0-G15 (TDO)
6 1/0-B12 40 1/O-EO/CLK1 s it
7 10810 41 1o-E2
8 1088 42 O-E4 ;g :;g::z
9 10-B7 43 GND S e
10 1OB5 44 1O-E5
11 GND 45 O-E7 78, VO-H5
12 1/0-B4 46 1/O-E8 79 lO-H7
13 11082 47 1/0-E10 80  I/O-H8
14 1/0-BO 48  /O-E12 81 l/O-H10
15 1/O-C15 (TMS) 49  I/O-E13 82  Vpp
16 1/0-C13 50  I/0-E15 83  I/0-H12
17 lo-Cc12 51 Vpp 84  1/O-H13
18 Vpp 52 1/O-FO 85  1/O-H15
19 VO-C10 53  1/O-F2 8 GND
20 1/0-C8 54 1/O-F4 87  INO/CLKO
21 /o-Cc7 55 l/O-F5 88 IN2-gtsn
22 1/0-C5 56 1/O-F7 % ING
23 |/O-C4 57  1/O-F8 90 IN3
xolo@merew
26 GND 60  VO-F12 23 :;8::12/&“
27 1/0-D15 61 1/O-F13
28 1/0-D13 62 I/O-F15 (TCK) 94 10-A12
29 1/0-D12 63  1/0-GO 9  GND
30 1/0-D10 64 1/0-G2 9%  I/0-A10
31 1/O-D8 65  1/0-G4 97  lO-A8
32 1/0-D7 66  Vpp 98  I/O-A7
33 1/0-D5 67 1/0-G5 99 1/0-A5
34  Vpp 68  10-G7 100 1/O-A4

SP00485
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128 103
1 o = 102
LQFP
38 — 65
39 64

Pin  Function Pin  Function Pin  Function

1 VO-A3 44 1/0-D7 87  Vpp

2 /O-A2 45 1/0-D5 88  1/0-G5

3 1/0-A0 46 Voo 89 1/0-G7

4 NC 47 1/0-D4 90 1/0-G8

5 NC 48  1/O-D3 91 1/10-G10

6 NC 49  1/O-D2 92 1/0-G11

7 Voo 50  1/0-DO/CLK2 93 1/0-G12
8  1/0-B15(TDI) 51 GND 9  1/0-G13
9 10-B13 52 Vpp 95  1/0-G15(TDO)
10 1/0-B12 53  1/0-E0/CLK1 9% GND
1 V0-B1 54  1/O-E2 97 NC

12 1/0-B10 55  1/0-E3 9% NC

13 1/0-B8 56  I/O-E4 99 NC
14 1/0-B7 57 GND 100 10-HO
15 1/0-BS 58  1O-E5 101 OH2
16 GND 59  lO-E7 102 oM
17 1/0-B4 60 I/O-E8 i6s oA
18 1/0-B3 61  I/O-E10 bo il
19 1/0-B2 62  lO-EN \U5 (G
20  1/O-BO 63  IO-E12 Y68 1IGIE
21 1/0-C15(TMS) 64  I/O-E13 67 BHTD
22 1/0-C13 65 I/0-E15 LA
23 l/0-C12 66  Vop bt
24 J/o-C11 67  I/O-FO

110 VO-H12
x Voo 0 11 /0-H13
26 lo-Cc10 69 NC i Bk
27 10O-C8 70 NC
28 10-C7 71 IO-F2 113 'GND
29 1/0-C5 72 1O-F3 114. INOD/CLKO
30 IO-C4 73 lO-F4 15 IN2-gtsn
31 1o-c3 74 1O-F5 116 1N
32 1/0-C2 75 1O-F7 17 IN3
33 NC 76  I/O-F8 118 Vop
34 NC 77 1/O-F10 119 O-A15/CLK3
3 NC 78  GND 120 1/O-A13
36  1/0-CO 79  I/O-F11 121 1/0-A12
37 GND 80  l/O-F12 122 1/O-At1
38  1/0-D15 81  1/O-F13 123 GND
39 1/0-D13 82  I/0-F15(TCK) 124 /O-A10
40  /O-D12 83  1/0-GO 125 1/0-A8
41 1/o-D11 84  1/0-G2 126  1/0-A7
42 o-D10 85 1/0-G3 127 1/0-A5
43 1/0-D8 8 1/0-G4 128 1/0-A4
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160-Pin Plastic Quad Flat Package Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter
160 121 (TSP) method to test thermal resistance. This method meets
Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC
y (¢} b= 100 Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
- changes approximately 5% for a 100% change in power.
Figure 7 is a derating curve for the change in ©4 with airflow based
40 = on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
41 P than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
Pin  Function Pin  Function Pin  Function not be similar to the actual circuit board, especially in size.
1 NC 54  1/O-D5 107 1/0-G8
2 NC 55  Vpp 108  1/0-G10
3 NC 56  1/0-D4 109 1/O-G11 Package Oy
4 NC 57  1/0-D3 10 10-G12
5 NC 58  0-D2 m  1/o-G13 84-pin PLCC 32.8 °C/W
6 NC 59  1/0-DO/CLK2 112 1/0-G15 (TDO)
7 NC 60 GND 113 GND 100-pin PQFP 41.2°C/W
8 Voo 61 Voo 114 NC
9 1/0-B15(TDI) 62  I/O-E0/CLK1 15 NC 100-pin TQFP 47.4°C/W
10 1/O-B13 63  I/O-E2 116 NC
1 /0-B12 64  I/O-E3 17 NC 128-pin LQFP 45.0 °C/W
12 /o811 65 1/O-E4 118 NC
13 1/0-B10 66  GND 19 NC 160-pin PQFP 31.4°C/W
14 10-B8 67 VO-E5 :g? "/‘g o
15 1/0-B7 68  VO-ET7 H
16 1/0-BS 69  I/O-E8 122 UO-H2
17 GND 70 /O-E10 125 oW PERCENTASEI 10
18 1/0-B4 71 VO-EN 1o NG REDUCTION IN
19 10-B3 72 VO-ER2 125, HC O (%)
20 1/0-B2 73 O-E13 1281 NS \
21 1/0-B0 74 NC 127 NG 10 \
22 JO-CI5(TMS) 75 NC 128 WOHA
23 110-C13 76 NC 129, IOHS \
24 yOC12 77 NG ot g':; 55 \
25  1/0-C11 78  1/0-E15 . 16k \
26 Vpp 79 Vpp ek N
27 1/0-C10 80  /O-FO S5k ] /g?H - N
28 1/0-C8 81 NC e ek <0 N
29 l0C7 82 NC io8 UOHHa N
30 10-C5 83 NC Yo e SN
31 /0-C4 84 NC b 40 ™~
32 103 85 NC 139 INO/CLKO | PLCC/
33 1o-Cc2 86 NC 140 IN2-gtsn ‘ QFP
a4 No 87 Mo 141 INT | \
50
35 NC 88  I/0-F2 iz N3 o 3 ” = % &
36 NC 89  1/O-F3 143 Voo B ——
g; :g 3‘1’ :ig': 144 1/O-A15/CLK3 (i)
§ 145  1/0-A13
0 N % vors i s =
i 147 O-A11 s i
4 UOCo 94  UO-F10 Lo Figure 7. Average Effect of Airflow on 0,
42 GND 95  GND 149 1/O-A10
43 1/0-D15 9  I/O-F11 150  1/O-A8
44 NC 97  l/O-F12 151  1/O-A7
45 NC 98 I/0-F13 152  1/0-A5
46 NC 99 1/0-F15 (TCK) 153 1/O-A4
47 NC 100 1/O-GO 154 NC
48 1/0-D13 101 1/0-G2 155 NC
49  1/0-D12 102 1/O-G3 156 NC
50  /O-D11 103 1/O-G4 157 NC
51 1/0-D10 104 Vpp 158 1/0-A3
52 1/0-D8 105 1/O-G5 159 1/O-A2
53 1/0-D7 106 1/0-G7 160  1/O-AD
SP00470A
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Philips Semiconductors

Product specification

32 macrocell CPLD with enhanced clocking

PZ3032C

FEATURES

® |ndustry’s first Total CMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 8ns
® Ultra-low static power of less than 35uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® Up to 6 clocks with programmable polarity at every macrocell

® 3.3 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
— ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms
— 4 pin JTAG interface (TCK, TMS, TDI, TDO)
— JTAG commands include: Bypass, Idcode
® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® |ogic expandable to 37 product terms

® PC| compliant

@ Advanced 0.5 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers
® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer
— Asynchronous macrocell register preset/reset
- Up to 2 asynchronous clocks
® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources
® Available in both PLCC and TQFP packages

Table 1. PZ3032C Features

PZ3032C

Usable gates 1000
Maximum inputs 36
Maximum |/Os 32
Number of macrocells 32

1/0 macrocells 32

Buried macrocells 0
Propagation delay (ns) 8.0
Packages 44-pin PLCC, 44-pin TQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.
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DESCRIPTION

The PZ3032C CPLD (Complex Programmable Logic Device) is a
member of the Fast Zero Power (FZP™) family of CPLDs from
Philips Semiconductors. These devices combine high speed and
zero power in a 32 macrocell CPLD. With the FZP™ design
technique, the PZ3032C offers true pin-to-pin speeds of 8ns, while
simultaneously delivering power that is less than 35uA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing
CPLD—70% lower at 50MHz. These devices are the first
TotalCMOS™ PLDs, as they use both a CMOS process technology
and the patented full CMOS FZP™ design technique. For 5V
applications, Philips also offers the high speed PZ5032C CPLD that
offers pin-to-pin speeds of 6ns.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(extended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 8ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.5ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 10.5ns from any pin
to any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ3032C CPLDs are supported by industry standard CAE tools
(Cadence, Exemplar Logic, Minc, Mentor, Synopsys, Synario,
Viewlogic, OrCAD), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ3032C CPLD is reprogrammable using industry standard
device programmers from vendors such as Data I/O, BP
Microsystems, SMS, and others. The PZ3032C also includes an
industry-standard, IEEE 1149.1, JTAG interface through which
In-System Programming (ISP) and reprogramming of the device are
supported.
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ORDERING INFORMATION

ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ3032CS8A44 44-pin PLCC, 8ns tpp Commercial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032CS10A44 44-pin PLCC, 10nstpp | Commercial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032CS12A44 44-pin PLCC, 12ns tpp | Commercial temp range, 3.3 volt power supply, + 10% SOT187-2
PZ3032CS8BC 44-pin TQFP, 8ns tpp, Commercial temp range, 3.3 volt power supply, + 10% SOT376-1
PZ3032CS10BC 44-pin TQFP, 10ns tpp | Commercial temp range, 3.3 volt power supply, + 10% SOT376-1
PZ3032CS12BC 44-pin TQFP, 12ns tpp | Commercial temp range, 3.3 volt power supply, + 10% SOT376-1

XPLA™ ARCHITECTURE PRODUCT terms, and are used to control the preset/reset and

Figure 1 shows a high level block diagram of a 32 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or

output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ3032C device through the PAL array is
8ns. This performance is the fastest 3 volt CPLD available today. If a
macrocell needs more than 5 product terms, it simply gets the
additional product terms from the PLA array. The PLA array consists
of 32 product terms, which are available for use by all 16
macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.5ns. So the
total pin-to-pin tpp for the PZ3032C using 6 to 37 product terms is
10.5ns (8ns for the PAL + 2.5ns for the PLA).

MCO

MC1 LOGIC 36
1o T BLOCK

MC15

@ MC15
16, |

MCO
36, LOGIC MC1
BLOCK T 1o
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Figure 1. Philips XPLA CPLD Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ3032C. The macrocell can be configured as either
a D or T type flip-flop or a combinatorial logic function. A D-type
flip-flop is generally more useful for implementing state machines
and data buffering while a T-type flip-flop is generally more useful in
implementing counters. Each of these flip-flops can be clocked from
any one of four sources. Two of the clock sources (CLKO and CLK1)
are connected to low-skew, device-wide clock networks designed to
preserve the integrity of the clock signal by reducing skew between
rising and falling edges. Clock 0 (CLKO) is designated as a
“synchronous” clock and must be driven by an external source.
Clock 1 (CLK1) can be used as a “synchronous” clock that is driven
by an external source, or as an “asynchronous” clock that is driven
by a macrocell equation. Both CLKO and CLK1 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are two of the six control terms
(CT2 and CT3) provided in each logic block. These clocks can be
individually configured as either a PRODUCT term or SUM term
equation created from the 36 signals available inside the logic block.
The timing for asynchronous and control term clocks is different in
that the Tco time is extended by the amount of time that it takes for
the signal to propagate through the array and reach the clock
network, and the Tsu time is reduced. Please see the app note titled
“Understanding CoolRunner Clocking Options” for more detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CT0 and CT1

are used to control the asynchronous Preset/Reset of the
macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell’s output buffer. Control terms CT4 and CT5 can be used
to control the Output Enable of the macrocell’s output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails”
testing.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/O pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the 1/O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (See the section on terminations in this data
sheet and the app note Terminating Unused CoolRunner™ I/O Pins).

TO ZIA
PAL > J
PLA :D—KD = a
INIT aTe
aTs
CLKO (PorR)
CLKO GND
CLK1 cTo
CLK1 CT1
GND
[6)a]
EEEEies
OO0 0O0>0
SP00551

Figure 3. PZ3032C Macrocell Architecture

1998 Jul 23

128



Philips Semiconductors Product specification

32 macrocell CPLD with enhanced clocking PZ3032C

Simple Timing Model 5 product terms or less, the tpp = 8ns, the tgy = 6.5ns, and the
Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™ tco = 7.5ns. If an output is using 6 to 37 product terms, an additional
timing model looks very much like a 22V10 timing model in that 2.5ns must be added to the tpp and tgy timing parameters to

there are three main timing parameters, including tpp, tsy, and tco. account for the time to propagate through the PLA array.

In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing

TotalCMOS™ Design Technique

requirements can be met until after the design has been fit into the for Fast Zero Power
device. This is because the timing models of competing Philips is the first to offer a TotalCMOS™ CPLD, both in process
architectures are very complex and include such things as timing technology and design technique. Philips employs a cascade of
dependencies on the number of parallel expanders borrowed, CMOS gates to implement its Sum of Products instead of the
sharable expanders, varying number of X and Y routing channels traditional sense amp approach. This CMOS gate implementation
used, etc. In the XPLA™ architecture, the user knows up front allows Philips to offer CPLDs which are both high performance and
whether the design will meet system timing requirements. This is low power, breaking the paradigm that to have low power, you must
due to the simplicity of the timing model. For example, in the have low performance. Refer to Figure 5 and Table 2 showing the Ipp
PZ3032C device, the user knows up front that if a given output uses vs. Frequency of our PZ3032C TotalCMOS™ CPLD.
tpp_paL = COMBINATORIAL PAL ONLY
tpp_pLa = COMBINATORIAL PAL + PLA
INPUT PIN D - D OUTPUT PIN
REGISTERED
tsu_paL = PAL ONLY REGISTERED
eut PN [ su_pLa = PAL+PLA D Q % OUTPUT PIN
GLOBAL CLOCK PIN |
D SP00552
Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 3.3V
Table 2. Ipp vs Frequency
Vpp = 3.3V
mﬁg 0 1 | 10 | 20 | 30 | 4 | s0 |60 | 70 | 8o | 90 | 100 | 110 | 120 [ 130
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ3032C devices use the JTAG interface for In-System
Programming/Reprogramming. Although only a subset of the full
JTAG command set is implemented (see Table 5), the devices are
fully capable of sitting in a JTAG scan chain.

The Philips PZ3032C’s JTAG interface includes a TAP Port defined
by the IEEE 1149.1 JTAG Specification. As implemented in the
Philips PZ3032C, the TAP Port includes four of the five pins (refer to
Table 3) described in the JTAG specification: TCK, TMS, TDI, and
TDO. The fifth signal defined by the JTAG specification is TRST*
(Test Reset). TRST* is considered an optional signal, since it is not
actually required to perform BST or ISP. The Philips PZ3032C saves
an I/0 pin for general purpose use by not implementing the optional
TRST" signal in the JTAG interface. Instead, the Philips PZ3032C
supports the test reset functionality through the use of its power up
reset circuit, which is included in all Philips CPLDs. The pins
associated with the TAP Port should connect to an external pull-up
resistor to keep the JTAG pins from floating when they are not being
used (see section on Terminations).

In the Philips PZ3032C, the four mandatory JTAG pins each require
a unique, dedicated pin on the device. The devices come from the

Table 3. JTAG Pin Description

factory with these I/O pins set to perform JTAG functions, but
through the software, the final function of these pins can be
controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose I/O pins. However, unlike
competing CPLDs, the Philips PZ3032C allow the macrocells
associated with these pins to be used as buried logic when the
JTAG/ISP function is enabled. This is the default state for the
software, and no action is required to leave these pins enabled for
the JTAG/ISP functions. If, however, JTAG/ISP is not required to
leave these pins enabled for the JTAG/ISP functions. If, however,
JTAG/ISP is not required in the end application, the software can
specify that this function be turned off and that these pins be used
as general purpose |/O. Because the devices initially have the
JTAG/ISP functions enabled, the JEDEC file can be downloaded
into the device once, after which the JTAG/ISP pins will become
general purpose I/O. This feature is good for manufacturing because
the devices can be programmed during test and assembly of the
end product and yet still use all of the I/O pins after the programming
is done. It eliminates the need for a costly, separate programming
step in the manufacturing process. Of course, if the JTAG/ISP
function is never required, this feature can be turned off in the
software and the device can be programmed with an
industry-standard programmer, leaving the pins available for I/O
functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ3032C package types.

PIN NAME

DESCRIPTION

TCK Test Clock Output

Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.

T™MS Test Mode Select

Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode operation.

TDI Test Data Input

Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output

Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The signal is
tri-stated if data is not being shifted out of the device.

Table 4. PZ3032C JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK TMS TDI TDO
PZ3032C
44-pin PLCC 32/B8 13/A8 7/A3 38/B3
44-pin TQFP 26/B8 7/A8 1/A3 32/B3

Table 5. PZ3032C Low-Level JTAG Boundary-Scan Commands

INSTRUCTION

(Instruction Code) DESCRIPTION

Register Used

Bypass Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

(1111) synchronously through the selected device to adjacent devices during normal device operation. The Bypass

Bypass Register instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted

(0001) out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed

Boundary-Scan Register circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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3.3-Volt, In-System Programming (ISP)
ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.
ISP provides substantial benefits in each of the following areas:
® Design

— Faster time-to-market

— Debug partitioning and simplified prototyping

— Printed circuit board reconfiguration during debug

- Better device and board level testing
® Manufacturing

— Multi-Functional hardware

- Reconfigurability for Test

- Eliminates handling of “fine lead-pitch” components for

programming

- Reduced Inventory and manufacturing costs

— Improved quality and reliability
® Field Support

— Easy remote upgrades and repair

— Support for field configuration, re-configuration, and
customization

The Philips PZ3032C allows for 3.3-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ3032C may be
easily programmed on the circuit board using only the 3.3-volt

Table 6. Low Level ISP Commands

supply required by the device for normal operation. A set of low-level
ISP basic commands implemented in the PZ3032C enable this
feature. The ISP commands implemented in the Philips PZ3032C
are specified in Table 6. Please note that an ENABLE command
must precede all ISP commands unless an ENABLE command has
already been given for a preceding ISP command.

Terminations

The CoolRunner™ PZ3032C CPLDs are TotalCMOS™ devices. As
with other CMOS devices, it is important to consider how to properly
terminate unused inputs and I/O pins when fabricating a PC board.
The PZ3032C devices do not have on-chip termination circuits, so it
is recommended that unused inputs and I/O pins be properly
terminated. Allowing unused inputs and I/O pins to float can cause
the voltage to be in the linear region of the CMOS input structures,
which can increase the power consumption of the device. Philips
recommends the use of 10KQ pull-up resistors for the termination.
Using pull-up resistors allows the flexibility of using these pins
should late design changes require additional I/O. These unused
pins may also be tied directly to Vpp, but this will make it more
difficult to reclaim the use of the pin, should this be needed by a
subsequent design revision.

When using the JTAG/ISP functions, it is also recommended that
10KQ pull-up resistors be used on each of the four mandatory
signals. Letting these signals float can cause the voltage on TMS to
come close to ground, which could cause the device to enter
JTAG/ISP mode at unspecified times. See the application notes
JTAG and ISP in Philips Devices and Terminating Unused
CoolRunner™ I/O Pins for more information.

INSTRUCTION INSTRUCTION

(Register Used) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands.

(ISP Shift Register)

Erase 1010 Erases the entire EEPROM array.

(ISP Shift Register)

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row.

(ISP Shift Register)

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be
defined by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips

PZ3032C supports the following methods:
® PC Parallel Port

® Workstation or PC Serial Port

® Embedded Processor

PROGRAMMING SPECIFICATIONS

® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ3032C, refer to the
related application note: JTAG and ISP in Philips CPLDs.

SYMBOL l PARAMETER MIN. MAX. UNIT

DC Parameters
Vcep Ve supply program/verify 3.0 3.6 \
lccp Icc limit program/verify 200 mA
\m Input voltage (High) 2.0 \
Vi Input voltage (Low) 0.8 Vv
VsoL Output voltage (Low) 0.5 Vv
VsoH Output voltage (High) 2.4 Vv
TDO_loL Output current (Low) 8 mA
TDO_lpy | Output current (High) 8 mA

AC Parameters
fmax TCK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU | TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns
TDO_CO | TDO valid after TCK | 40 ns
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ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER MIN. MAX. UNIT
Vbp Supply voltage? -05 7.0 v
\ Input voltage 1.2 Vpp+0.5 '
Vour Output voltage -0.5 Vpp+0.5 )
Iin Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature —40 150 °C
Tsir Storage temperature -65 150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE
PRODUCT GRADE TEMPERATURE VOLTAGE

Commercial 0 to +70°C 3.3+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 3.0V 0.8 \
Vin Input voltage high Vpp = 3.6V 2.0 Vv
Vi Input clamp voltage® Vpp = 3.0V, ljy =—18mA -1.2 v
VoL Output voltage low Vpp = 3.0V, oL = 8mA 0.5 Vv
Vou Output voltage high Vpp = 3.0V, loy =-8mA 2.4 Vv
i Input leakage current low Vpp = 3.6V (except CKO), V| =0V -10 10 uA
IiH Input leakage current high Vpp =3.6V, V|y = 3.0V -10 10 nA
I Clock input leakage current Vpp =3.6V, Vjy = 0.4V -10 10 HA
lozL 3-Stated output leakage current low Vpp = 3.6V, V|y=0.4V -10 10 uA
lozH 3-Stated output leakage current high Vpp =3.6V, Vjy=3.0V -10 10 UA
Ippq’ Standby current Vpp = 3.6V, Tamp = 0°C 35 HA
et L
los Short circuit output current3 1 pin at a time for no longer than 1 second =5 -100 mA
Cin Input pin capacitance® Tamb = 25°C, f = 1MHz 8 pF
CoLk Clock input capacitance3 Tamb = 25°C, f = 1MHz 5 12 pF
Ciio 1/0 pin capacitance3 Tamp = 25°C, f = TMHz 10 pF

NOTES:

1. See Table 2, page 129 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. This parameter guaranteed by design and characterization, not by test.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER 8 0 L. UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tPp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 8 2 10 2 12 ns
tpp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 10 3 13 3 15 ns
tco Clock to out (global synchronous clock from pin) 2 6 2 9 2 1 ns
tsu_pAL Setup time (from input or feedback node) through PAL 5 8.5 10.5 ns
tsu pLa | Setup time (from input or feedback node) through PAL + PLA 7 1.5 13.5 ns
tH Hold time 0 0 0 ns
toH Clock High time 3 4 5 ns
toL Clock Low time 3 4 5 ns
tr Input rise time 20 20 20 ns
te Input fall time 20 20 20 ns
fmaxi Maximum FF toggle rate?  (1/tcy + tcy) 167 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcr) 95 63 50 MHz
fmaxa Maximum external frequency?  (1/tsupac + tco) 91 57 47 MHz
tsur Output buffer delay time 1.5 1:5 15 ns
tppr_paL | Input (or feedback node) to internal feedback node delay time through PAL 6.5 8.5 105 ns
tpoF_pLA | Input (or feedback node) to intemal feedback node delay time through PAL + PLA 9 11.5 13.5 ns
tcr Clock to internal feedback node delay time 5.5 7.5 9.5 ns
tNIT Delay from valid Vpp to valid reset 50 50 50 us
ter Input to output disable?: 3 1 17 19 ns
tea Input to output valid? 1 17 19 ns
trp Input to register preset? 14 18 20 ns
tRR Input to register reset? 14 21 23 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C| = 5pF.

1998 Jul 23 134



Philips Semiconductors Product specification

32 macrocell CPLD with enhanced clocking PZ3032C

SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

Vop
- \’ COMPONENT - VALUES
R1 390Q
L R2 390Q
‘)
SH Ct 35pF
Viy >—¢
Vour
L MEASUREMENT S1 S2
<
SR T tpzH Open Closed
tpzL Closed Closed
l tp Closed Closed
82 NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady-state active level.
SP00477
e U VOLTAGE WAVEFORM
9.50
8.50
750 1.5ns 1.5ns
TYPIcA
e SP00368
|| MEASUREMENTS:
Al circuit del d at the +1.5V level of
650 L inpits and oupus, unloes otherwiss speciiod.
/
Input Pulses
5.50
|
30 1 2 4 8 12 16
SP00638

Figure 6. tpp paL vs. Outputs switching

Table 7. tpp paL Vs. # of Outputs switching
Vpp = 3.30V, T = 25°C

# of
Outputs 1 2 4 8 12 16
Typical
(ns) 6.0 6.2 6.4 6.7 6.9 FA |
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PIN DESCRIPTIONS

PZ3032C -
44-Pin Plastic Leaded Chip Carrier

Pin  Function Pin Function Pin  Function
1 IN1 16 1/0-A10 31 1/0-B9
2 IN3 17 1/0-A11 32 1/0-B8 (TCK)
3 Vbp 18 1/0-A12 33 1/0-B7
4 1/0-A0-CK1 19 1/0-A13 34 1/0-B6
5 1/0-A1 20 1/0-A14 35 Vop
6 1/0-A2 21 1/0-A15 36 1/0-B5
7 /O-A3(TDI) 22 GND 37 1/0-B4
8 1/0-A4 23 Voo 38 1/0-B3 (TDO)
9 1/0-A5 24 1/0-B15 39 1/0-B2
10 GND 25 1/0-B14 40 1/0-B1
1 1/0-A6 26 1/0-B13 41 1/0-B0
12 1/0-A7 27 1/0-B12 42 GND
13 1/0-A8 (TMS) 28 1/0-B11 43 INO-CKO
14 1/0-A9 29 1/0-B10 44 IN2—-gtsn
15 Vpp 30 GND
SP00546
PZ3032C -
44-Pin Thin Quad Flat Package
Pin Function Pin Function Pin Function
1 1/0-A3 (TDI) 16 GND 31 1/0-B4
2 1/0-A4 17 Vpp 32 1/0-B3 (TDO)
3 1/0-A5 18 1/0-B15 33 1/0-B2
4 GND 19 1/0-B14 34 1/0-B1
5 1/0-A8 20 1/0-B13 35 1/0-B0
6 1/0-A7 21 1/0-B12 36 GND
7 VO-A8(TMS) 22 1O-B11 37 INO-CKO
8 1/0-A9 23 1/0-B10 38 IN2—gtsn
9 Voo 24 GND 39 IN1
10 I/0-A10 25 1/0-B9 40 IN3
1 VO-AN1 26 1/0-B8 (TCK) 41 Vpp
12 1/0-A12 27 1/0-B7 42 1/0-A0-CK1
13 1/0-A13 28 1/0-B6 43 1/0-A1
14 1/0-A14 29 Voo 44 1/0-A2
15 1/0-A15 30 1/0-B5
SP00547
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Package Thermal Characteristics

Philips Semiconductors uses the Temperature Sensitive Parameter
(TSP) method to test thermal resistance. This method meets
Mil-Std-883C Method 1012.1 and is described in Philips 71995 IC
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power.

Figure 7 is a derating curve for the change in ©a with airflow based
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.

Package OJa
44-pin PLCC 49.8°C/W
44-pin TQFP 66.3°C/W

PERCENTAGE 0
REDUCTION IN
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SP00419A

Figure 7. Average Effect of Airflow on Q5
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FEATURES

® |ndustry’s first TotalCMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 6ns
® Ultra-low static power of less than 75uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 5V tolerant I/Os to support mixed voltage systems

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

@ Deterministic timing model that is extremely simple to use
® Up to 6 clocks with programmable polarity at every macrocell
® 3.3 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
— ISP commands include: Enable, Erase, Program, Verify
- Supported by multiple ISP programming platforms
— 4 pin JTAG interface (TCK, TMS, TDI, TDO)
— JTAG commands include: Bypass, Idcode

® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PCl compliant

® Advanced 0.35u E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
- Programmable 3-State buffer
- Asynchronous macrocell register preset/reset
— Up to 2 asynchronous clocks

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in both PLCC and TQFP packages

PAL is a registered trademark of Advanced Micro Devices, Inc.
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Table 1. PZ3032A/PZ3032D Features

PZ3032A/PZ3032D

Usable gates 1000
Maximum inputs 36
Maximum I/Os 32
Number of macrocells 32

1/O macrocells 32

Buried macrocells 0
Propagation delay (ns) 6.0
Packages 44-pin PLCC, 44-pin TQFP

DESCRIPTION

The PZ3032A/PZ3032D CPLD (Complex Programmable Logic
Device) is a member of the Fast Zero Power (FZP™) family of
CPLDs from Philips Semiconductors. These devices combine high
speed and zero power in a 32 macrocell CPLD. With the FZP™
design technique, the PZ3032A/PZ3032D offers true pin-to-pin
speeds of 6ns, while simultaneously delivering power that is less
than 75pA at standby without the need for ‘turbo bits’ or other power
down schemes. By replacing conventional sense amplifier methods
for implementing product terms (a technique that has been used in
PLDs since the bipolar era) with a cascaded chain of pure CMOS
gates, the dynamic power is also substantially lower than any
competing CPLD—70% lower at 50MHz. These devices are the first
TotalCMOS™ PLDs, as they use both a CMOS process technology
and the patented full CMOS FZP™ design technique. For 5V
applications, Philips also offers the high speed PZ3032A/PZ3032D
CPLD that offers pin-to-pin speeds of éns.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(extended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 6ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2ns, regardless of the number of PLA product terms
used, which results in worst case tpp’s of only 8ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
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multiple outputs via the OR array, effectively increasing design
density.

The PZ3032A/PZ3032D CPLDs are supported by industry standard
CAE tools (Cadence, Exemplar Logic, Minc, Mentor, Synopsys,
Synario, Viewlogic, OrCAD), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is

ORDERING INFORMATION

supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ3032A/PZ3032D CPLD is reprogrammable using industry
standard device programmers from vendors such as Data I/O, BP
Microsystems, SMS, and others. The PZ3032A/PZ3032D also
includes an industry-standard, IEEE 1149.1, JTAG interface through
which In-System Programming (ISP) and reprogramming of the
device are supported.

ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ3032AS6A44 44-pin PLCC, 6ns tpp Commercial temp range, 3.3 volt power supply, +10% SOT187-2
PZ3032AS7A44 44-pin PLCC, 7.5ns tpp | Commercial temp range, 3.3 volt power supply, +10% SOT187-2
PZ3032AS10A44 44-pin PLCC, 10ns tpp Commercial temp range, 3.3 volt power supply, +10% SOT187-2
PZ3032AS6BC 44-pin TQFP, 6ns tpp, Commercial temp range, 3.3 volt power supply, +10% SOT376-1
PZ3032AS7BC 44-pin TQFP, 7.5ns tpp Commercial temp range, 3.3 volt power supply, +10% SOT376-1
PZ3032AS10BC 44-pin TQFP, 10ns tpp Commercial temp range, 3.3 volt power supply, +10% SOT376-1
PZ3032DS7A44 44-pin PLCC, 7.5ns tpp Industrial temp range, 3.3 volt power supply, £10% SOT187-2
PZ3032DS10A44 44-pin PLCC, 10ns tpp Industrial temp range, 3.3 volt power supply, £10% SOT187-2
PZ3032DS7BC 44-pin TQFP, 7.5ns tpp Industrial temp range, 3.3 volt power supply, £10% SOT376-1
PZ3032DS10BC 44-pin TQFP, 10ns tpp Industrial temp range, 3.3 volt power supply, +10% SOT376-1

XPLA™ ARCHITECTURE PRODUCT terms, and are used to control the preset/reset and

Figure 1 shows a high level block diagram of a 32 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or

output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ3032A/PZ3032D device through the PAL
array is 6ns. This performance is equivalent to the fastest 5 volt
CPLD available today. If a macrocell needs more than 5 product
terms, it simply gets the additional product terms from the PLA array.
The PLA array consists of 32 product terms, which are available for
use by all 16 macrocells. The additional propagation delay incurred
by a macrocell using 1 or all 32 PLA product terms is just 2ns. So
the total pin-to-pin tpp for the PZ3032A/PZ3032D using 6 to 37
product terms is 8ns (6ns for the PAL + 2ns for the PLA).

MCo

MC1 LOGIC 36,
o T BLOCK

MC15

@ MC15
16, I

MCo
36, LOGIC MC1
BLOCK T Vo

SP00550

Figure 1. Philips XPLA CPLD Architecture
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ3032A/PZ3032D. The macrocell can be configured
as either a D or T type flip-flop or a combinatorial logic function. A
D-type flip-flop is generally more useful for implementing state
machines and data buffering while a T-type flip-flop is generally
more useful in implementing counters. Each of these flip-flops can
be clocked from any one of four sources. Two of the clock sources
(CLKO and CLK1) are connected to low-skew, device-wide clock
networks designed to preserve the integrity of the clock signal by
reducing skew between rising and falling edges. Clock 0 (CLKO) is
designated as a “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1) can be used as a “synchronous”
clock that is driven by an external source, or as an “asynchronous”
clock that is driven by a macrocell equation. Both CLKO and CLK1
can clock the macrocell flip-flops on either the rising edge or the
falling edge of the clock signal. The other clock sources are two of
the six control terms (CT2 and CT3) provided in each logic block.
These clocks can be individually configured as either a PRODUCT
term or SUM term equation created from the 36 signals available
inside the logic block. The timing for asynchronous and control term
clocks is different in that the Tco time is extended by the amount of
time that it takes for the signal to propagate through the array and
reach the clock network, and the Tsu time is reduced. Please see
the app note titled “Understanding CoolRunner Clocking Options” for
more detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CTO0 and CT1

are used to control the asynchronous Preset/Reset of the
macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell’s output buffer. Control terms CT4 and CT5 can be used
to control the Output Enable of the macrocell’s output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails”
testing.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/0 pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/O pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the /O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (See the section on terminations in this data
sheet and the app note Terminating Unused CoolRunner™ 1/O
Pins).

TOZIA
&
PAL | > D
PLA :D—KD o e l)
INIT
T
CLKO (P or R) TS
CLKO GND
CLK1 cTo
CLK1 cT1
GND
g e 80
OO0 o0 >0
SP00551
Figure 3. PZ3032A/PZ3032D Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ3032A/PZ3032D device, the user knows up front that if a given

output uses 5 product terms or less, the tpp = 6ns, the tgy = 3.5ns,
and the tgp = 5ns. If an output is using 6 to 37 product terms, an
additional 2ns must be added to the tpp and tgy timing parameters
to account for the time to propagate through the PLA array.

Total CMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ3032A/PZ3032D TotalCMOS™ CPLD.

NPUTPIN [}

tpp_paL = COMBINATORIAL PAL ONLY
tpp_pLa = COMBINATORIAL PAL + PLA

REGISTERED

{T] ourpurein

tsy_paL = PAL ONLY
tsu_pLa = PAL + PLA

INPUT PIN D

REGISTERED

b
=[] outrutei

aLosAL cLock PIN [}

SP00552
Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp=3.3V
Table 2. Ipp vs Frequency
Vpp=3.3V
FREQ
12 140 160 180
(MHz) 0 1 20 40 60 80 100 0
Typical Ipp
(mA)
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ3032A/PZ3032D devices use the JTAG interface for
In-System Programming/Reprogramming. Although only a subset of
the full JTAG command set is implemented (see Table 5), the
devices are fully capable of sitting in a JTAG scan chain.

The Philips PZ3032A/PZ3032D’s JTAG interface includes a TAP
Port defined by the IEEE 1149.1 JTAG Specification. As
implemented in the Philips PZ3032A/PZ3032D, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG
specification: TCK, TMS, TDI, and TDO. The fifth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ3032A/PZ3032D saves an I/O pin for general
purpose use by not implementing the optional TRST* signal in the
JTAG interface. Instead, the Philips PZ3032A/PZ3032D supports the
test reset functionality through the use of its power up reset circuit,
which is included in all Philips CPLDs. The pins associated with the
TAP Port should connect to an external pull-up resistor to keep the
JTAG pins from floating when they are not being used (see section
on Terminations).

In the Philips PZ3032A/PZ3032D, the four mandatory JTAG pins
each require a unique, dedicated pin on the device. The devices

Table 3. JTAG Pin Description

come from the factory with these I/O pins set to perform JTAG
functions, but through the software, the final function of these pins
can be controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose I/O pins. However, unlike
competing CPLDs, the Philips PZ3032A/PZ3032D allow the
macrocells associated with these pins to be used as buried logic
when the JTAG/ISP function is enabled. This is the default state for
the software, and no action is required to leave these pins enabled
for the JTAG/ISP functions. If, however, JTAG/ISP is not required in
the end application, the software can specify that this function be
turned off and that these pins be used as general purpose I/O.
Because the devices initially have the JTAG/ISP functions enabled,
the JEDEC file can be down loaded into the device once, after which
the JTAG/ISP pins will become general purpose I/O. This feature is
good for manufacturing because the devices can be programmed
during test and assembly of the end product and yet still use all of
the 1/O pins after the programming is done. It eliminates the need for
a costly, separate programming step in the manufacturing process.
Of course, if the JTAG/ISP function is never required, this feature
can be turned off in the software and the device can be programmed
with an industry-standard programmer, leaving the pins available for
1/0 functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ3032A/PZ3032D
package types.

PIN NAME

DESCRIPTION

TCK Test Clock Output

Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.

T™MS Test Mode Select

Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode operation.

TDI Test Data Input

Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output

Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The signal is
tri-stated if data is not being shifted out of the device.

Table 4. PZ3032A/PZ3032D JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK ™S DI TDO
PZ3032A/PZ3032D
44-pin PLCC 32/B8 13/A8 7/A3 38/B3
44-pin TQFP 26/B8 7/A8 1/A3 32/B3

Table 5. PZ3032A/PZ3032D Low-Level JTAG Boundary-Scan Commands

INSTRUCTION

(Instruction Code) DESCRIPTION

Register Used

Bypass Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

(1111) synchronously through the selected device to adjacent devices during normal device operation. The Bypass

Bypass Register instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted

(0001) out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed

Boundary-Scan Register circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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3.3-Volt, In-System Programming (ISP)
ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.
ISP provides substantial benefits in each of the following areas:
® Design

— Faster time-to-market

— Debug partitioning and simplified prototyping

- Printed circuit board reconfiguration during debug

— Better device and board level testing
® Manufacturing

— Multi-Functional hardware

— Reconfigurability for Test

— Eliminates handling of “fine lead-pitch” components for
programming
Reduced Inventory and manufacturing costs
Improved quality and reliability
® Field Support

- Easy remote upgrades and repair

- Support for field configuration, re-configuration, and
customization

The Philips PZ3032A/PZ3032D allows for 3.3-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ3032A/PZ3032D
may be easily programmed on the circuit board using only the

Table 6. Low Level ISP Commands

3.3-volt supply required by the device for normal operation. A set of
low-level ISP basic commands implemented in the
PZ3032A/PZ3032D enable this feature. The ISP commands
implemented in the Philips PZ3032A/PZ3032D are specified in
Table 6. Please note that an ENABLE command must precede all
ISP commands unless an ENABLE command has already been
given for a preceding ISP command.

Terminations

The CoolRunner™ PZ3032A/PZ3032D CPLDs are TotalCMOS™
devices. As with other CMOS devices, it is important to consider
how to properly terminate unused inputs and I/O pins when
fabricating a PC board. The PZ3032A/PZ3032D devices do not
have on-chip termination circuits, so it is recommended that unused
inputs and I/O pins be properly terminated. Allowing unused inputs
and I/O pins to float can cause the voltage to be in the linear region
of the CMOS input structures, which can increase the power
consumption of the device. Philips recommends the use of 10KQ
pull-up resistors for the termination. Using pull-up resistors allows
the flexibility of using these pins should late design changes require
additional I/0. These unused pins may also be tied directly to Vpp,
but this will make it more difficult to reclaim the use of the pin,
should this be needed by a subsequent design revision.

When using the JTAG/ISP functions, it is also recommended that
10KQ pull-up resistors be used on each of the four mandatory
signals. Letting these signals float can cause the voltage on TMS to
come close to ground, which could cause the device to enter
JTAG/ISP mode at unspecified times. See the application notes
JTAG and ISP in Philips Devices and Terminating Unused
CoolRunner™ I/O Pins for more information.

INSTRUCTION INSTRUCTION

(Register Used) | CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands.

(ISP Shift Register)

Erase 1010 Erases the entire EEPROM array.

(ISP Shift Register)

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row.

(ISP Shift Register)

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be
defined by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips
PZ3032A/PZ3032D supports the following methods:

® PC Parallel Port
® Workstation or PC Serial Port
® Embedded Processor

PROGRAMMING SPECIFICATIONS

® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ3032A/PZ3032D, refer
to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL | PARAMETER MIN. MAX. UNIT

DC Parameters
Veep Ve supply program/verify 3.0 3.6 \
lccp Icc limit program/verify 200 mA
Vi Input voltage (High) 2.0 Vv
ViL Input voltage (Low) 0.8 \
VsoL Output voltage (Low) 0.5 \
VsoH Output voltage (High) 2.4 \'
TDO_lgp Output current (Low) 8 mA
TDO_lon Output current (High) 8 mA

AC Parameters
fmax TCK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns
TDO_CO | TDO valid after TCK | 40 ns
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ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vpp Supply voltage? -0.5 4.6 \Y
\ Input voltage -0.5 5.5 Vv
Vout Output voltage -0.5 5.5 Vv
N Input current -30 30 mA
lout Output current -100 100 mA
T Maximum junction temperature -40 150 °C
s Storage temperature —65 150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE
PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 3.3x10% V
Industrial —40 to +85°C 3.3+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 3.0V 0.8 Vv
Vi Input voltage high Vpp = 3.6V 2.0 \'
V) Input clamp voltage Vpp = 3.0V, Iy =-18mA -1.2 \
VoL Output voltage low Vpp = 3.0V, oL = 8mA 0.5 Vv
Vou Output voltage high Vpp = 3.0V, loy =—-8mA 2.4 Vv
Iy Input leakage current ViN=0t05.25V -10 10 uHA
loz 3-Stated output leakage current Vin=0t05.25V -10 10 uA
Ippa’ Standby current Vpp = 3.6V, Tamp = 0°C HA
Ioop" 2 Dynamio current Vop = 3.6V, Tamp = 0°C @ 1MHz mA
Vpp = 3.6V, Tymp = 0°C @ 50MHz mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -100 mA
Cin Input pin capacitance® Taimb =25°C, f = 1MHz 8 pF
CeLk Clock input capacitance® Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance® Tamb = 25°C, f = IMHz 10 pF
NOTES:

1. See Table 2 on page 141 for typical values.
2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.

Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.
3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES

Commercial: 0°C < Tymp < +70°C; 8.0V <Vpp<3.6V

SYMBOL PARAMETER 6 L UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 6 2 7.5 2 10 ns
tPp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 8 3 10 3 125 | ns
tco Clock to out (global synchronous clock from pin) 2 55 2 7 2 9 ns
tsu_PaL Setup time (from input or feedback node) through PAL 3.5 55 8 ns
tsu_pPLA Setup time (from input or feedback node) through PAL + PLA 5.5 8 10.5 ns
ty Hold time 0 0 0 ns
tcH Clock High time 3 4 5 ns
toL Clock Low time 3 4 5 ns
tr Input rise time 20 20 20 ns
te Input fall time 20 20 20 ns
fmax1 Maximum FF toggle rate?  (1/tcy + tcL) 167 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcF) 133 91 64 MHz
fmaxa Maximum external frequency?  (1/tsupaL + tco) 11 80 59 MHz
tBUF Output buffer delay time 15 18 15 | ns
teor_paL | Input (or feedback node) to internal feedback node delay time through PAL 4.5 6 8.5 ns
tppr_pLa | Input (or feedback node) to intemal feedback node delay time through PAL + PLA 6.5 8.5 1 ns
tcr Clock to internal feedback node delay time 4 5.5 7.5 ns
N Delay from valid Vpp to valid reset 50 50 50 us
ter Input to output disable?: 3 11 12.5 15 ns
tea Input to output valid? 1 12.5 15 ns
trRp Input to register preset? 1 12.5 15 ns
tRR Input to register reset? 14 15.5 18 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C|_ = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 3.0V 0.8 Vv
Vi Input voltage high Vpp = 3.6V 2.0 Vv
' Input clamp voltage Vpp = 3.0V, Iy =-18mA -1.2 Vv
VoL Output voltage low Vpp =3.0V, lg, = 12mA 0.5 Vv
VoH Output voltage high Vpp =3.0V, loy =-12mA 24 Vv
I Input leakage current Vin=0to 5.5V -10 10 uA
loz 3-Stated output leakage current Vin=0to55V -10 10 A
Iopa! Standby current Vpp = 3.6V, Tamp = —40°C HA
oo 2 Dynamic current Vop = 3.6V, Tamp =—40°C @ 1MHz mA

Vpp = 3.6V, Tamp = —40°C @ 50MHz mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -130 mA
Cin Input pin capacitance? Tamb = 25°C, f = 1MHz 8 pF
Celk Clock input capacitance3 Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance3 Tamb = 25°C, f = 1MHz 10 pF

NOTES:

1. See Table 2 on page 141 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 3.0 V< Vpp < 3.6 V

SYMBOL PARAMETER L L UNIT
MIN. | MAX. | MIN. | MAX.
tPD PAL Propagation delay time, input (or feedback node) to output through PAL 2 75 2 10 ns
tpp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 9.5 3 12.5 ns
tco Clock to out (global synchronous clock from pin) 2 6 2 9 ns
tsu_pAL Setup time (from input or feedback node) through PAL B ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 7 10.5 ns
tH Hold time 0 0 ns
toH Clock High time 4 5 ns
toL Clock Low time 4 5 ns
tr Input rise time 20 20 ns
te Input fall time 20 20 ns
fmaxi Maximum FF toggle rate?  (1/tcy + toL) 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsupar + tcF) 105 64 MHz
fMAX3 Maximum external frequency?  (1/tsypaL + tco) 91 59 MHz
tBUF Output buffer delay time 1.5 1.5 ns
tppr_paL | Input (or feedback node) to internal feedback node delay time through PAL 6 8.5 ns
tepr pLA | Input (or feedback node) to internal feedback node delay time through PAL + PLA 8 1 ns
tcr Clock to internal feedback node delay time 45 75 ns
tinit Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable3 12 15 ns
tea Input to output valid 12 15 ns
trp Input to register preset 12 15 ns
tRR Input to register reset 14 18 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 3 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C| = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

Voo
s1 COMPONENT VALUES
R1 390Q
L R2 390Q
S
SR C1 35pF
Viy >———9
Vourt
L MEASUREMENT S1 S2
< —_—
SR ot tpzH Open Closed
tpzL Closed Closed
tp Closed Closed
52 NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady state active level.
SP00650
VOLTAGE WAVEFORM
ns Vpp=33V,25°C
6.00
5.60
5.20
TYPICAL|
SP00368
MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.
4.80 Input Pulses
4.40
4.00
1 2 4 8 12 16
SPO0651

Figure 6. tpp paL vs. Outputs switching

Table 7. tpp paL Vs # of Outputs switching

VDD = 3.3 V
# of
Outputs 1 2 4 8 12 16
Typical
(ns) 4.2 4.4 4.6 4.9 5.0 5.2
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PIN DESCRIPTIONS

PZ3032A/PZ3032D —
44-Pin Plastic Leaded Chip Carrier

Pin Function Pin Function Pin Function
1 IN1 16 1/0-A10 31 1/0-B9
e IN3 1w 1/0-A11 32 1/0-B8 (TCK)
3 Vpp 18 1/0-A12 33 1/0-B7
4 1/0-A0-CK1 19 1/0-A13 34 1/0-B6
5  I/O-A1 20 1/O-A14 35 Vpp
6 1/0-A2 21 /0-A15 36 1/0-B5
7 /O-A3(TDI) 22 GND 37 1/0-B4
8 1/0-A4 23 Vop 38 1/0-B3 (TDO)
9 1/0-A5 24 /0-B15 39 1/0-B2
10 GND 25 1/0-B14 40 /0-B1
1 1/0-A6 26 1/0-B13 41 1/0-B0O
12 1/0-A7 27 1/0-B12 42 GND
13 1/0-A8 (TMS) 28 1/0-B11 43 INO-CKO
14 1/0-A9 29 1/0-B10 44 IN2—gtsn
15 Vop 30 GND
SP00546
PZ3032A/PZ3032D —
44-Pin Thin Quad Flat Package
Pin Function Pin Function Pin Function
1 1/0-A3 (TDI) 16 GND 31 1/10-B4
2 1/0-A4 17 Vop 32 1/0-B3 (TDO)
3 1/0-A5 18 1/0-B15 33 1/0-B2
4 GND 19 1/0-B14 34 1/10-B1
5 1/0-A8 20 1/0-B13 35 1/10-B0
6 1/0-A7 21 1/0-B12 36 GND
i 1/0-A8 (TMS) 22 1/0-B11 37 INO-CKO
8 1/0-A9 23 1/0-B10 38 IN2-gtsn
9 Vpp 24  GND 39 Nt
10 1/0-A10 25 1/0-B9 40 IN3
1 1O-A11 26 1/0-B8 (TCK) 41 Vpp
12 1/0-A12 27 1/0-B7 42 1/O-A0-CK1
13 1/0-A13 28 1/0-B6 43 1/0-A1
14 1/0-A14 29 Voo 44 1/0-A2
15 1/0-A15 30 1/0-B5
SP00547
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Package Thermal Characteristics

Philips Semiconductors uses the Temperature Sensitive Parameter
(TSP) method to test thermal resistance. This method meets
Mil-Std-883C Method 1012.1 and is described in Philips 71995 IC
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power.

Figure 7 is a derating curve for the change in ©,4 with airflow based
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.

Package Oya
44-pin PLCC 49.8°C/W
44-pin TQFP 66.3°C/W
PERCENTAGE 0 T T T
REDUCTION IN | |
Oya (%)
o\ |
NN I
N |
N
30 N i
| N \
| \\
40
PLCC/
‘ aFp
o | ]|
0 1 2 3 4 5
AIR FLOW (m/s)
SP00419A

Figure 7. Average Effect of Airflow on O,
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64 macrocell CPLD with enhanced clocking

PZ3064A/PZ3064D
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FEATURES
® |ndustry’s first TotalCMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® 3 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
— ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms

4 pin JTAG interface (TCK, TMS, TDI, TDO)

— JTAG commands include: Bypass, Idcode

® High speed pin-to-pin delays of 7.5ns
® Ultra-low static power of less than 100pA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 5V tolerant I/Os to support mixed voltage systems

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® Up to 12 clocks with programmable polarity at every macrocell
® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® Advanced 0.35u E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer
— Asynchronous macrocell register preset/reset
— Up to 2 asynchronous clocks

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in PLCC and TQFP packages

® Available in both Commercial and Industrial grades

PAL is a registered trademark of Advanced Micro Devices, Inc.
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Table 1. PZ3064A/PZ3064D Features

PZ3064A/PZ3064D

Usable gates 2000

Maximum inputs 68

Maximum 1/Os 64

Number of macrocells 64
Propagation delay (ns) 7.5

44-pin PLCC, 44-pin TQFP,
Packages 100-pin TQFP
DESCRIPTION

The PZ3064A/PZ3064D CPLD (Complex Programmable Logic
Device) is the second in a family of Fast Zero Power (FZP™) CPLDs
from Philips Semiconductors. These devices combine high speed
and zero power in a 64 macrocell CPLD. With the FZP™ design
technique, the PZ3064A/PZ3064D offers true pin-to-pin speeds of
7.5ns, while simultaneously delivering power that is less than 100pA
at standby without the need for ‘turbo bits’ or other power down
schemes. By replacing conventional sense amplifier methods for
implementing product terms (a technique that has been used in
PLDs since the bipolar era) with a cascaded chain of pure CMOS
gates, the dynamic power is also substantially lower than any
competing CPLD — 70% lower at 50MHz. These devices are the first
TotalCMOS™ PLDs, as they use both a CMOS process technology
and the patented full CMOS FZP™ design technique.

The Philips FZP™ CPLDs introduce the new patented XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 7.5ns
PAL™ path with 5 dedicated product terms per output. This PAL™
path is joined by an additional PLA structure that deploys a pool of
32 product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.0ns, regardless of the number of PLA product terms
used, which results in worst case tpp’s of only 9.5ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ3064A/PZ3064D CPLDs are supported by industry standard
CAE tools (Cadence, Exemplar Logic, Mentor, OrCAD, Synopsys,
Synario, Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ3064A/PZ3064D CPLD is reprogrammable using industry
standard device programmers from vendors such as Data /O,

BP Microsystems, SMS, and others. The PZ3064A/PZ3064D also
includes an industry—standard, IEEE 1149.1, JTAG interface through
which In-System Programming (ISP) and reprogramming of the
device are supported.
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ORDERING INFORMATION

ORDER CODE DESCRIPTION DRAWING NUMBER
PZ3064A7A44 44-pin PLCC, 7.5ns tpp, Commercial temp range, 3 volt power supply, +10% SOT187-2
PZ3064A10A44 44-pin PLCC, 10ns tpp, Commercial temp range, 3 volt power supply, +10% SOT187-2
PZ3064D10A44 44-pin PLCC, 10ns tpp, Industrial temp range, 3 volt power supply, +10% SOT187-2
PZ3064D12A44 44-pin PLCC, 12ns tpp, Industrial temp range, 3 volt power supply, +10% SOT187-2
PZ3064A7BC 44-pin TQFP, 7.5ns tpp, Commercial temp range, 3 volt power supply, +10% SOT376-1
PZ3064A10BC 44-pin TQFP, 10ns tpp, Commercial temp range, 3 volt power supply, +10% SOT376-1
PZ3064D10BC 44-pin TQFP, 10ns tpp_ Industrial temp range, 3 volt power supply, +10% SOT376-1
PZ3064D12BC 44-pin TQFP, 12ns tpp, Industrial temp range, 3 volt power supply, +10% SOT376-1
PZ3064A7BP 100-pin TQFP, 7.5ns tpp, Commercial temp range, 3 volt power supply, +10% SOT386-1
PZ3064A10BP 100-pin TQFP, 10ns tpp, Commercial temp range, 3 volt power supply, +10% SOT386-1
PZ3064D10BP 100-pin TQFP, 10ns tpp Industrial temp range, 3 volt power supply, +10% SOT386-1
PZ3064D12BP 100-pin TQFP, 12ns tpp Industrial temp range, 3 volt power supply, +10% SOT386-1

XPLA™ ARCHITECTURE From this point of view, this architecture looks like many other CPLD

Figure 1 shows a high level block diagram of a 64 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power

Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each described next.
logic block is essentially a 36V 16 device with 36 inputs from the ZIA

and 16 macrocells. Each logic block also provides 32 ZIA feedback

paths from the macrocells and I/O pins.

architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be

l«— MCO MCOo

le— MC1 LOGIC 36, 36, LOGIC mc1

I BLOCK BLOCK

f«—] MC15 MC15

]
18 18 T
7 7
16, 16,
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"
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Figure 1. Philips XPLA CPLD Architecture
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Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture Section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ3064A/PZ3064D device through the PAL
array is 7.5ns. If a macrocell needs more than 5 product terms, it
simply gets the additional product terms from the PLA array. The
PLA array consists of 32 product terms, which are available for use
by all 16 macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.0ns. So the
total pin-to-pin tpp for the PZ3064A/PZ3064D using 6 to 37 product
terms is 9.5ns (7.5ns for the PAL + 2.0ns for the PLA).
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PAL _D D_| S |

ARRAY B D_i o :
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ3064A/PZ3064D. The macrocell can be configured
as either a D or T type flip-flop or a combinatorial logic function. A
D-type flip-flop is generally more useful for implementing state
machines and data buffering while a T-type flip-flop is generally
more useful in implementing counters. Each of these flip-flops can
be clocked from any one of six sources. Four of the clock sources
(CLKO, CLK1, CLK2, CLK3) are connected to low-skew, device-wide
clock networks designed to preserve the integrity of the clock signal
by reducing skew between rising and falling edges. Clock 0 (CLKO)
is designated as a “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3
(CLK3) can be used as “synchronous” clocks that are driven by an
external source, or as “asynchronous” clocks that are driven by a
macrocell equation. CLKO, CLK1, CLK2 and CLK3 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are two of the six control terms
(CT2 and CT3) provided in each logic block. These clocks can be
individually configured as either a PRODUCT term or SUM term
equation created from the 36 signals available inside the logic block.
The timing for asynchronous and control term clocks is different in
that the T¢o time is extended by the amount of time that it takes for
the signal to propagate through the array and reach the clock
network, and the Tgy time is reduced. Please see the app note
“Understanding CoolRunner™ Clocking Options” for more detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CT0 and CT1

are used to control the asynchronous Preset/Reset of the
macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell’s output buffer. Control terms CT4 and CT5 can be used
to control the Output Enable of the macrocell’s output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails
Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the 1/0 pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the 1/O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (see the section on Terminations in this data
sheet and the application note Terminating Unused CoolRunner™
/O Pins).

TO ZIA

PAL
PLA :DKD o

CLKO
CLKO

INIT
(PorR) aTs

CLK1
CLK1
CLK2
CLK2
CLK3
CLK3

CTO
CT1

GND

cr2
cT3
CT4
cTs
Vee
GND

SP00558

Figure 3. PZ3064A/PZ3064D Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ3064A/PZ3064D device, the user knows up front that if a given
output uses 5 product terms or less, the tpp = 7.5ns, the

tsu_paL = 4ns, and the tco = 5.5ns. If an output is using 6 to 37
product terms, an additional 2ns must be added to the tpp and tgy
timing parameters to account for the time to propagate through the
PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ3064A/PZ3064D Total CMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
tpp _pLa = COMBINATORIAL PAL + PLA
INPUT PIN [ }— - ] ourpurein
REGISTERED
tsu_paL = PAL ONLY REGISTERED
t =PAL + PLA 1
puT PN [ h D af——=2 1 outrurein
GLOBAL CLOCK PIN
D SP00441
Figure 4. CoolRunner™ Timing Model
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ3064A/PZ3064D devices use the JTAG interface for
In-System Programming/Reprogramming. Although only a subset of
the full JTAG command set is implemented (see Table 5), the
devices are fully capable of sitting in a JTAG scan chain.

The Philips PZ3064A/PZ3064D’s JTAG interface includes a TAP
Port defined by the IEEE 1149.1 JTAG Specification. As
implemented in the Philips PZ3064A/PZ3064D, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG
specification: TCK, TMS, TDI, and TDO. The fifth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ3064A/PZ3064D saves an I/O pin for general
purpose use by not implementing the optional TRST* signal in the
JTAG interface. Instead, the Philips PZ3064A/PZ3064D supports the
test reset functionality through the use of its power up reset circuit,
which is included in all Philips CPLDs. The pins associated with the
TAP Port should connect to an external pull-up resistor to keep the
JTAG signs from floating when they are not being used.

In the Philips PZ3064A/PZ3064D, the four mandatory JTAG pins
each require a unique, dedicated pin on the device. The devices

Table 3. JTAG Pin Description

come from the factory with these I/O pins set to perform JTAG
functions, but through the software, the final function of these pins
can be controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose I/O pins. However, unlike
competing CPLDs, the Philips PZ3064A/PZ3064D allow the
macrocells associated with these pins to be used as buried logic
when the JTAG/ISP function is enabled. This is the default state for
the software, and no action is required to leave these pins enabled
for the JTAG/ISP functions. If, however, JTAG/ISP is not required in
the end application, the software can specify that this function be
turned off and that these pins be used as general purpose 1/0.
Because the devices initially have the JTAG/ISP functions enabled,
the JEDEC file can be downloaded into the device once, after which
the JTAG/ISP pins will become general purpose I/O. This feature is
good for manufacturing because the devices can be programmed
during test and assembly of the end product and yet still use all of
the /O pins after the programming is done. It eliminates the need for
a costly, separate programming step in the manufacturing process.
Of course, if the JTAG/ISP function is never required, this feature
can be turned off in the software and the device can be programmed
with an industry-standard programmer, leaving the pins available for
1/0 functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ3064A/PZ3064D
package types.

PIN NAME

DESCRIPTION

TCK Test Clock Output

Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.

T™S Test Mode Select

Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode operation.

TDI Test Data Input

Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output

Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The signal is
tri-stated if data is not being shifted out of the device.

Table 4. PZ3064A/PZ3064D JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK ™S TDI TDO
PZ3064A/PZ3064D
44-pin PLCC 32/C15 13/B15 7/A8 38/D8
44-pin TQFP 26/C15 7/B15 1/A8 32/D8
100—pin TQFP 62/C15 15/B15 4/A8 73/D8

Table 5. PZ3064A/PZ3064D Low-Level JTAG Boundary-Scan Commands

INSTRUCTION

(Instruction Code)
Register Used

DESCRIPTION

Bypass
(1111)
Bypass Register

Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass
synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode
(0001)
Boundary-Scan Register

Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted
out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed
circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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3-Volt, In-System Programming (ISP)
ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.
ISP provides substantial benefits in each of the following areas:
® Design

- Faster time-to-market

— Debug partitioning and simplified prototyping

- Printed circuit board reconfiguration during debug

— Better device and board level testing

©® Manufacturing
— Multi-Functional hardware
— Reconfigurability for Test
— Eliminates handling of “fine lead-pitch” components for
programming
— Reduced Inventory and manufacturing costs
- Improved quality and reliability

® Field Support
- Easy remote upgrades and repair

— Support for field configuration, re-configuration, and
customization

The Philips PZ3064A/PZ3064D allows for 3.3-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ3064A/PZ3064D
may be easily programmed on the circuit board using only the 5-volt
supply required by the device for normal operation. A set of low-level
ISP basic commands implemented in the PZ3064A/PZ3064D enable
this feature. The ISP commands implemented in the Philips
PZ3064A/PZ3064D are specified in Table 6. Please note that an
ENABLE command must precede all ISP commands unless an
ENABLE command has already been given for a preceding ISP
command.

Table 6. Low Level ISP Commands

Terminations

The CoolRunner™ PZ3064A/PZ3064D CPLDs are TotalCMOS™
devices. As with other CMOS devices, it is important to consider
how to properly terminate unused inputs and I/O pins when
fabricating a PC board. Allowing unused inputs and I/O pins to float
can cause the voltage to be in the linear region of the CMOS input
structures, which can increase the power consumption of the device.
The PZ3064A/PZ3064D CPLDs have programmable on-chip
pull-down resistors on each I/O pin. These pull-downs are
automatically activated by the fitter software for all unused I/O pins.
Note that an I/O macrocell used as buried logic that does not have
the I/O pin used for input is considered to be unused, and the
pull-down resistors will be turned on. We recommend that any
unused I/O pins on the PZ3064A/PZ3064D device be left
unconnected.

There are no on-chip pull-down structures associated with the
dedicated input pins. Philips recommends that any unused
dedicated inputs be terminated with external 10kQ pull-up resistors.
These pins can be directly connected to Vg or GND, but using the
external pull-up resistors maintains maximum design flexibility
should one of the unused dedicated inputs be needed due to future
design changes.

When using the JTAG/ISP functions, it is also recommended that
10kQ pull-up resistors be used on each of the pins associated with
the four mandatory JTAG signals. Letting these signals float can
cause the voltage on TMS to come close to ground, which could
cause the device to enter JTAG/ISP mode at unspecified times.
See the application notes JTAG and ISP in Philips Devices and
Terminating CoolRunner™ I/O Pins for more information.

INSTRUCTION INSTRUCTION

(Registir Uised) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands.

(ISP Shift Register)

Erase 1010 Erases the entire EEPROM array.

(ISP Shift Register)

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row.

(ISP Shift Register)

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be
defined by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips
PZ3064A/PZ3064D supports the following methods:

® PC Parallel Port
® Workstation or PC Serial Port

® Embedded Processor

PROGRAMMING SPECIFICATIONS

® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ3064A/PZ3064D, refer
to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL | PARAMETER MN. | MAX UNIT
DC Parameters
Veee Ve supply program/verify 3.0 3.6 \
lccp Icc limit program/verify 200 mA
Vi Input voltage (High) 2.0 v
ViL Input voltage (Low) 0.8 \
VsoL Output voltage (Low) 0.5 Vv
Vson Output voltage (High) 2.4 \
TDO_loL Output current (Low) 8 mA
TDO_lpy | Output current (High) 8 mA
AC Parameters
fmax TCK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU | TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns
TDO_CO TDO valid after TCK | 40 ns
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ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vbb Supply voltage? -0.5 4.6 \Y
V) Input voltage -0.5 55 "
Vout Output voltage -0.5 5.5 Vv
IiN Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature -40 150 6
Tetr Storage temperature -65 150 °C
NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 3.3+10% V
Industrial —40 to +85°C 3.3+£10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V <Vpp<3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
VL Input voltage low Vpp=3.0V 0.8 \
Vi Input voltage high Vpp=36V 2.0 Vv
\ Input clamp voltage?® Vpp=3.0V, ljy=-18mA -1.2 \Y
VoL Output voltage low Vpp=3.0V, lgL=12mA 0.5 \
Von Output voltage high Vpp=3.0V, lgy=-12mA 2.4 \
Iy Input leakage current ViN=0to 525V -10 10 HA
loz 3-Stated output leakage current ViN=0t05.25V -10 10 uHA
Iopa! Standby current Vbp =3.6V, Tgmp = 0°C pA
I 2 T — Vpp=3.6V, Tymp =0°C @ 1MHz mA

Vpp =3.6 V, Tymp = 0°C @ 50MHz mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 mA
Cin Input pin capacitance® Tamb = 25°C, f = 1IMHz 8 pF
CoLk Clock input capacitance3 Tamb = 25°C, f = 1MHz 5 12 pF
Cio I/0 pin capacitance? Tamb = 25°C, f = 1MHz 10 pF

NOTES:

1. See Table 2, page 154 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. This parameter guaranteed by design and characterization, not by test.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C € Tamp < +70°C; 3.0V <Vpp <36V

SYMBOL PARAMETER L = UNIT
MIN. | MAX. | MIN. | MAX.
tpp PAL Propagation delay time, input (or feedback node) to output through PAL 2 7.5 2 10 ns
tpp PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 9.5 3 125 ns
tco Clock to out (global synchronous clock from pin) 2 5.5 2 7 ns
tsu_PAL Setup time (from input or feedback node) through PAL 4 6 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 6 8.5 ns
ty Hold time 0 0 ns
tcH Clock High time 4 5 ns
toL Clock Low time 4 5 ns
tr Input Rise time 20 20 ns
te Input Fall time 20 20 ns
fmAxi Maximum FF toggle rate? (1/tcH + tc) 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsypaL + tcF) 125 87 MHz
fmaxa Maximum external frequency? (1/tsypaL + tco) 105 77 MHz
tsur Output buffer delay time 1.5 1:5 ns
teor_paL | Input (or feedback node) to internal feedback node delay time through PAL 6 8.5 ns
tppr_pLa | Input (or feedback node) to internal feedback node delay time through PAL+PLA 8 1 ns
tcr Clock to internal feedback node delay time 4 5.5 ns
N Delay from valid Vpp to valid reset 50 50 us
teR Input to output disable?: 3 10 12 ns
tea Input to output valid2 10 12 ns
trp Input to register preset? 10 12,5 ns
tRR Input to register reset? 10 12.5 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 8.0 V < Vpp < 3.6 V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp=3.0V 0.8 Vv
Vin Input voltage high Vpp=36V 2.0 \
\Z Input clamp voltage® Vpp=3.0V, Ijy=-18mA -1.2 v
VoL Output voltage low Vpp=3.0V, loL=12mA 0.5 "
VoH Output voltage high Vpp =3.0V, loy =—-12mA 2.4 Vv
Iy Input leakage current Vin=0t05.5V -10 10 HA
loz 3-Stated output leakage current Vin=0to 5.5V -10 10 uA
Ippq! Standby current Vpp = 3.6 V, Tamp = —40°C HA
TR [P— Vpp = 3.6 V, Tamp =—40°C @ 1MHz mA

Vpp = 3.6 V, Tamp = —40°C @ 50MHz mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -130 mA
Cin Input pin capacitance3 Tamb = 25°C, f = 1MHz 8 pF
CoLk Clock input capacitance® Tamb = 25°C, f = 1IMHz 5 12 pF
Cio /0 pin capacitance® Tamb = 25°C, f = IMHz 10 pF

NOTES:

1. See Table 2, page 154 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. This parameter guaranteed by design and characterization, not by test.

AC ELECTRICAL CHARACTERISTICS' FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tamp < +85°C; 3.0V <Vpp<3.6V

SYMBOL PARAMETER 5 h2 UNIT
MIN. MAX. MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 12 ns
tpp_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 12.5 3 145 ns
tco Clock to out (global synchronous clock from pin) 2 7 2 8 ns
tsu_PAL Setup time (from input or feedback node) through PAL 6 7 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 8.5 9.5 ns
ty Hold time 0 0 ns
tcH Clock High time 5 5 ns
toL Clock Low time 5 5 ns
tr Input Rise time 20 20 ns
tg Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate?  (1/tcy + tcL) 100 100 MHz
fmaxz Maximum internal frequency?  (1/tsupaL + tcr) 87 74 MHz
fmax3 Maximum external frequency?  (1/tsupaL + tco) 77 67 MHz
tBUF Output buffer delay time 15 15 ns
tPDF_PAL Input (or feedback node) to internal feedback node delay time through PAL 8.5 10.5 ns
tPDF_PLA Input (or feedback node) to internal feedback node delay time through PAL+PLA 1 13 ns
tcr Clock to internal feedback node delay time 5.5 6.5 ns
tiNiT Delay from valid Vpp to valid reset 50 50 us
teR Input to output disable?: 3 12 13 ns
tea Input to output valid? 12 13 ns
trp Input to register preset? 12.5 13.5 ns
tRR Input to register reset? 12,5 13.5 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C| = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

Voo
- COMPONENT VALUES
R1 39002
L R2 390Q
b3
SR C1 35pF
Vij Ze——¢
Vout
L MEASUREMENT S1 S2
<
SR ot tpzH Open Closed
tpzL Closed Open
l tp Closed Closed
=2 NOTE: For tpz and tp 7 C = 5pF
SP00623
VOLTAGE WAVEFORM
Vpp=3.3V,25°C
8.00 ]
7.80 - I
| T
[
760 ||

/ 1.5ns 1.5ns
7.40 - - -

tPD PAL 8P00368
(ns) MEASUREMENTS:
Al circuit delays are measured at the +1.5V level of

7.20 : inputs and outputs, unless otherwise specified.
[
‘ Input Pulses
|

700 |1

6.80

6.60

i 4 8 12 16

NUMBER OF OUTPUTS SWITCHING

SP00639

Figure 6. tpp paL vs. Outputs Switching

Table 7. tpp paL vs. Number of Outputs Switching
Vpp=3.3V,25°C

NUMBER OF
OUTPUTS 1 2 4 8 12 16

Typical (ns)
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PIN DESCRIPTIONS

PZ3064 — 44-Pin Plastic Leaded Chip Carrier PZ3064 - 44-Pin Thin Quad Flat Package
6 1 40 44 34
[1 [1 [1
o
7 [ 139 1 2 [ ]33
Lce QFP
17] [] 29 1 [ 23

18 28 12 22
Pin  Function Pin  Function Pin  Function Pin  Function Pin  Function Pin  Function
1IN 16 1O-B10 31 1/0-C13 1 1/0-A8(TDI) 16 GND 31 1/0-D11
2 N3 17 1/0-B8 32 1/0-C15 (TCK) 2 Jo-AN 17 Vop 32 1/0-D8 (TDO)
3 Vpp 18 1/0-B4 33 1/0-D15 3 1/0-A12 18 1/0-CO/CK1 33 1/0-D7
4 1/O-AO/CK3 19 1/0-B3 34 1/0-D13 4  GND 19 lO-C2 34 1/0-D2
5 l/O-A2 20 1/O-B2 35  Vpp 5  1/0-A13 20 1/O-C3 35  1/0-DO
6  10-A5 21 1/O-BO/CK2 36 1/O-D12 6  1/0-A15 21 l/o-Cca 36 GND
7 1/O-A8(TDI) 22  GND 37 lo-D11 7 1/0-B15 (TMS) 22 l/o-C7 37  INO/CKO
8  I/O-AN 23 Vpp 38  1/0-D8 (TDO) 8  1/0-B13 23 1/0-C8 38 IN2-gtsn
9  lO-A12 24 1/O-CO/CK1 39 1/0-D7 9  Vpp 24 GND 39 IN1
10 GND 25 1/0-C2 40 1/O-D2 10 1/0-B10 25  1/0-C13 40 IN3
1 I/O-A13 26 1/0-C3 41 1/O-DO 1 1/0-B8 26  1/0-C15 (TCK) 41 Vpp
12 1/0-A15 27 1/0-C4 42 GND 12 1/0-B4 27  1/0-D15 42 |/0-A0/CK3
13 1/0-B15 (TMS) 28 1/0-C7 43 INO-CKO 13 1/O-B3 28  1/0-D13 43 1/0-A2
14 1/0-B13 29 l/o-c8 44 IN2-gtsn 14 1/0-B2 29 Vpp 44 I/O-AS
15 Vpp 30 GND 15 1/O-BO/CK2 30  1/0-D12

SP00554 SP00624
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PZ3064 — 100-Pin Thin Quad Flat Package Package Thermal Characteristics
. Philips Semiconductors uses the Temperature Sensitive Parameter
8 (TSP) method to test thermal resistance. This method meets
& Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC
1 — 75 Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
TQFP changes approximately 5% for a 100% change in power.
Figure 7 is a derating curve for the change in © 4 with airflow based
on wind tunnel measurements. It should be noted that the wind flow
] = 51 dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
26 50 contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.
Pin  Function Pin  Function Pin  Function
1 10-A6 33 1/0-B3 67  10-D12
2 O-A7 34 Vpp 68  1/0-D11 Package (CA7N
3 Vpp 35  1/0-B2 69  1/0-D10
4 1/0-A8 (TD) 36  1/0-B1 70 NC 44-pin PLCC 44.9°C/W
5 NC 37 1/0-BO/CK2 71 1/0-D9
6 10-A9 38 GND 72 NC 44-pin TQFP 60.8°C/W
39 Vpp 73 1/0-D8 (TDO)
7 NC 2
5 oK 40 1/0-CO/CK1 74  GND 100-pin TQFP 47.4°C/W
-A10
o VOAT 41 1o-Ct 75 10-D7
42  1/0-c2 76  1/0-D6
::’ i;%’{,“z 43 GND 77 NC
44  1/0-C3 78 NC
12 1/0-A13 45 1/O-C4 79 VO-D5 PERCENTAGE 0
13 1O-A14 46 10-C5 80  10-D4 REDLCIOR
14 UO-A15 47 10-Cé 81 10D3 A (%) \
15 /O-B15 (TMS) 48 1/0-C7 82 Vpp 10
16 IO-B14 49 NC 83  1/0-D2
17 1O-B13 50 NC 84 1/0-D1 \
18 Vpp 51 Vpp 85  1/0-D0 "
19  1/0-B12 52  1/O-C8 86 GND \\
20 1/0-B11 53 NC 87  INO/CKO
finc et 54 10-C9 88 IN2-gsn \\
55 NC 89 IN1 30
22 NC N
B oeEs 56 10-C10 90 IN3 N
5% (NG 57 1/0-C11 91 Vpp o=
58  1/0-C12 92 |/0-A0/CK3 N
25  1/0-B8 40
aND 59  GND 93 I/O-A1 BLGOs
26 60 1/0-C13 94 1/0-A2 QFP
27 NC 61 1/0-Cl4 95 GND |
28 NC 62  1/0-C15 (TCK) 96  1/0-A3 50
29 lo-B7 63  1/0-D15 97  10-A4 0 1 2 3 4 5
30 1/0-B6 64 1/0-D14 98 1/0-A5 AIR FLOW (m/s)
31 1/0-B5 65 1/0-D13 99 NC
32  1O0-B4 66  Vpp 100 NC SP00419A
SP00556 Figure 7. Average Effect of Airflow on O 5
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128 macrocell CPLD with enhanced clocking

PZ3128A/PZ3128D

T P T e B e A O O s s |

FEATURES

® |ndustry’s first TotalCMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® 3 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
— ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms
- 4 pin JTAG interface (TCK, TMS, TDI, TDO)
— JTAG commands include: Bypass, ldcode
® High speed pin-to-pin delays of 7.5ns
® Ultra-low static power of less than 100pA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 5V tolerant I/Os to support mixed voltage systems

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® Up to 20 clocks available
® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® Advanced 0.35u E2CMOS process

® Security bit prevents unauthorized access

@ Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers
® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
- Programmable 3-State buffer
— Asynchronous macrocell register preset/reset
— up to 2 asynchronous clocks
® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources
® Available in TQFP and LQFP packages

® Available in both Commercial and Industrial grades

Table 1. PZ3128A/PZ3128D Features

PZ3128A/PZ3128D
Usable gates 4000
Maximum inputs 100
Maximum I/Os 96
Number of macrocells 128
Propagation delay (ns) 7.5
Packages 100-pin TQFP, 128-pin LQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.
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DESCRIPTION

The PZ3128A/PZ3128D CPLD (Complex Programmable Logic
Device) is a member of the Fast Zero Power (FZP™) family of
CPLDs from Philips Semiconductors. These devices combine high
speed and zero power in a 128 macrocell CPLD. With the FZP™
design technique, the PZ3128A/PZ3128D offers true pin-to-pin
speeds of 7.5ns, while simultaneously delivering power that is less
than 100pA at standby without the need for ‘turbo bits’ or other
power down schemes. By replacing conventional sense amplifier
methods for implementing product terms (a technique that has been
used in PLDs since the bipolar era) with a cascaded chain of pure
CMOS gates, the dynamic power is also substantially lower than
any competing CPLD — 70% lower at 50MHz. These devices are the
first TotalCMOS™ PLDs, as they use both a CMOS process
technology and the patented full CMOS FZP™ design technique.

The Philips FZP™ CPLDs introduce the new patented XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 7.5ns
PAL™ path with 5 dedicated product terms per output. This PAL™
path is joined by an additional PLA structure that deploys a pool of
32 product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 9.5ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ3128A/PZ3128D CPLDs are supported by industry standard
CAE tools (Cadence, Exemplar Logic, Mentor, OrCAD, Synopsys,
Synario, Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either MINC or Philips Semiconductors-developed tools.

The PZ3128A/PZ3128D CPLD is electrically reprogrammable using
industry standard device programmers from vendors such as Data
I/0, BP Microsystems, SMS, and others. The PZ3128A/PZ3128D
also includes an industry-standard, IEEE 1149.1, JTAG interface
through which In-System Programming (ISP) and reprogramming of
the device are supported.
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ORDERING INFORMATION
/0 DRAWING
ORDER CODE DESCRIPTION COUNT NUMBER
PZ3128AS7BP 100-pin TQFP, 7.5ns tpp, Commercial temp range, 3 volt power supply, +10% 80 SOT386-1
PZ3128AS10BP 100-pin TQFP, 10ns tpp, Commercial temp range, 3 volt power supply, £10% 80 SOT386-1
PZ3128AS12BP 100-pin TQFP, 12ns tpp, Commercial temp range, 3 volt power supply, +10% 80 SOT386-1
PZ3128DS10BP 100-pin TQFP, 10ns tpp, Industrial temp range, 3 volt power supply, +10% 80 SOT386-1
PZ3128DS15BP 100-pin TQFP, 15ns tpp, Industrial temp range, 3 volt power supply, +10% 80 SOT386-1
PZ3128AS7BE 128-pin LQFP, 7.5ns tpp, Commercial temp range, 3 volt power supply, £10% 96 SOT425-1
PZ3128AS10BE 128-pin LQFP, 10ns tpp, Commercial temp range, 3 volt power supply, +10% 96 SOT425-1
PZ3128AS12BE 128-pin LQFP, 12ns tpp, Commercial temp range, 3 volt power supply, £10% 96 SOT425-1
PZ3128DS10BE 128-pin LQFP, 10ns tpp, Industrial temp range, 3 volt power supply, £10% 96 SOT425-1
PZ3128DS15BE 128-pin LQFP, 15ns tpp, Industrial temp range, 3 volt power supply, +10% 96 SOT425-1
XPLA™ ARCHITECTURE From this point of view, this architecture looks like many other CPLD
Figure 1 shows a high level block diagram of a 128 macrocell device architectures. What makes the CoolRunner™ family unique is what
implementing the XPLA™ architecture. The XPLA™ architecture 15 inside each logic ?IOCk and the design technique USEd o
consists of logic blocks that are interconnected by a Zero-power implement these logic blocks. The contents of the logic block will be
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each described next.
logic block is essentially a 36V 16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.
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Figure 1. Philips XPLA CPLD Architecture
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Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ3128A/PZ3128D device through the PAL
array is 7.5ns. If a macrocell needs more than 5 product terms, it
simply gets the additional product terms from the PLA array. The
PLA array consists of 32 product terms, which are available for use
by all 16 macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2ns. So the
total pin-to-pin tpp for the PZ3128A/PZ3128D using 6 to 37 product
terms is 9.5ns (7.5ns for the PAL + 2ns for the PLA).
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ3128A/PZ3128D. The macrocell can be configured
as either a D or T type flip-flop or a combinatorial logic function. A
D-type flip-flop is generally more useful for implementing state
machines and data buffering while a T-type flip-flop is generally
more useful in implementing counters. Each of these flip-flops can
be clocked from any one of six sources. Four of the clock sources
(CLKO, CLK1, CLK2, CLK3) are connected to low-skew, device-wide
clock networks designed to preserve the integrity of the clock signal
by reducing skew between rising and falling edges. Clock 0 (CLKO)
is designated as a “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3
(CLK3) can be used as “synchronous” clocks that are driven by an
external source, or as “asynchronous” clocks that are driven by a
macrocell equation. CLKO, CLK1, CLK2 and CLK3 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are two of the six control terms
(CT2 and CT3) provided in each logic block. These clocks can be
individually configured as either a PRODUCT term or SUM term
equation created from the 36 signals available inside the logic block.
The timing for asynchronous and control term clocks is different in
that the TCO time is extended by the amount of time that it takes for
the signal to propagate through the array and reach the clock
network, and the TSU time is reduced. Please see the app note
titled “Understanding CoolRunner™ Clocking Options” for more
detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CTO0 and CT1

are used to control the asynchronous Preset/Reset of the
macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell's output buffer. Control terms CT4 and CT5 can be used
to control the Output Enable of the macrocell's output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails
Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the 1/0 pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the I/O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (see the section on Terminations in this data
sheet and the Application Note Terminating Unused CoolRunner™
/O Pins).
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Figure 3. PZ3128A/PZ3128D Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a Total CMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ3128A/PZ3128D TotalCMOS™ CPLD (data
taken w/eight up/down, loadable 16 bit counters@3.3V, 25°C).

tpp_paL = COMBINATORIAL PAL ONLY
tpp_pLA = COMBINATORIAL PAL + PLA
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Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 3.3V, 25°C
Table 2. Ipp vs. Frequency
Vpp =3.3V,25°C
FREQUENCY (MHz) 0 1 20 40 60 80 100 120

Typical Ipp (MA)
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ3128A/PZ3128D devices use the JTAG Interface for
In-System Programming/Reprogramming. Although only a subset of
the full JTAG command set is implemented (see Table 5), the
devices are fully capable of sitting in a JTAG scan chain.

The Philips PZ3128A/PZ3128D’s JTAG interface includes a TAP
Port defined by the IEEE 1149.1 JTAG Specification. As
implemented in the Philips PZ3128A/PZ3128D, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG
specification: TCK, TMS, TDI, and TDO. The fifth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ3128A/PZ3128D saves an I/O pin for general
purpose use by not implementing the optional TRST* signal in the
JTAG interface. Instead, the Philips PZ3128A/PZ3128D supports the
test reset functionality through the use of its power up reset circuit,
which is included in all Philips CPLDs. The pins associated with the
TAP Port should connect to an external pull-up resistor to keep the
JTAG signals from floating when they are not being used.

In the Philips PZ3128A/PZ3128D, the four mandatory JTAG pins
each require a unique, dedicated pin on the device. The devices

Table 3. JTAG Pin Description

come from the factory with these 1/O pins set to perform JTAG
functions, but through the software, the final function of these pins
can be controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose I/O pins. However, unlike
competing CPLDs, the Philips PZ3128A/PZ3128D allow the
macrocells associated with these pins to be used as buried logic
when the JTAG/ISP function is enabled. This is the default state for
the software, and no action is required to leave these pins enabled
for the JTAG/ISP functions. If, however, JTAG/ISP is not required in
the end application, the software can specify that this function be
turned off and that these pins be used as general purpose /0.
Because the devices initially have the JTAG/ISP functions enabled,
the JEDEC file can be downloaded into the device once, after which
the JTAG/ISP pins will become general purpose I/O. This feature is
good for manufacturing because the devices can be programmed
during test and assembly of the end product and yet still use all of
the 1/O pins after the programming is done. It eliminates the need for
a costly, separate programming step in the manufacturing process.
Of course, if the JTAG/ISP function is never required, this feature
can be turned off in the software and the device can be programmed
with an industry-standard programmer, leaving the pins available for
1/0 functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ3128A/PZ3128D
package types.

PIN NAME DESCRIPTION
TCK Test Clock Output Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.
T™MS Test Mode Select Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode
operation.
TDI Test Data Input Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.
TDO Test Data Output Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The
signal is tri-stated if data is not being shifted out of the device.

Table 4. PZ3128A/PZ3128D JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK TMS TDI TDO
PZ3128A/PZ3128D
100-pin TQFP 62/F15 15/C15 4/B15 73/G15
128-pin LQFP 82/F15 21/C15 8/B15 95/G15

Table 5. PZ3128A/PZ3128D Low-Level JTAG Boundary-Scan Commands

INSTRUCTION

(Instruction Code) DESCRIPTION

Register Used

Bypass Places the 1 bit Sypass register between the TDI and TDO pins, which allows the BST data to pass

(1111) synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Boundary-Scan Register

Bypass Register
Idcode Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted
(0001) out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed

circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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3.3-Volt, In-System Programming (ISP)
ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.
ISP provides substantial benefits in each of the following areas:
® Design

— Faster time-to-market

— Debug partitioning and simplified prototyping

— Printed circuit board reconfiguration during debug

— Better device and board level testing

® Manufacturing
— Multi-Functional hardware
- Reconfiguarability for Test
— Eliminates handling of “fine lead-pitch” components for
programming
— Reduced Inventory and manufacturing costs
- Improved quality and reliability

® Field Support
— Easy remote upgrades and repair
— Support for field configuration, re-configuration, and
customization

The Philips PZ3128A/PZ3128D allows for 3.3-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ3128A/PZ3128D
may be easily programmed on the circuit board using only the 5-volt
supply required by the device for normal operation. A set of low-level
ISP basic commands implemented in the PZ3128A/PZ3128D enable
this feature. The ISP commands implemented in the Philips
PZ3128A/PZ3128D are specified in Table 6. Please note that an
ENABLE command must precede all ISP commands unless an
ENABLE command has already been given for a preceding ISP
command.

Table 6. Low Level ISP Commands

Terminations

The CoolRunner™ PZ3128A/PZ3128D CPLDs are TotalCMOS™
devices. As with other CMOS devices, it is important to consider
how to properly terminate unused inputs and I/O pins when
fabricating a PC board. Allowing unused inputs and I/O pins to float
can cause the voltage to be in the linear region of the CMOS input
structures, which can increase the power consumption of the device.
The PZ3128A/PZ3128D CPLDs have programmable on-chip
pull-down resistors on each I/O pin. These pull-downs are
automatically activated by the fitter software for all unused I/O pins.
Note that an I/O macrocell used as buried logic that does not have
the 1/O pin used for input is considered to be unused, and the
pull-down resistors will be turned on. We recommend that any
unused I/0 pins on the PZ3128A/PZ3128D device be left
unconnected.

There are no on-chip pull-down structures associated with the
dedicated input pins. Philips recommends that any unused
dedicated inputs be terminated with external 10k<2 pull-up resistors.
These pins can be directly connected to V¢ or GND, but using the
external pull-up resistors maintains maximum design flexibility
should one of the unused dedicated inputs be needed due to future
design changes.

When using the JTAG/ISP functions, it is also recommended that
10k<2 pull-up resistors be used on each of the pins associated with
the four mandatory JTAG signals. Letting these signals float can
cause the voltage on TMS to come close to ground, which could
cause the device to enter JTAG/ISP mode at unspecified times. See
the application notes ISP Design Considerations for CoolRunner™
CPLDs and Terminating CoolRunner™ /O Pins for more
information.

INSTRUCTION INSTRUCTION

(Register Used) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands. Using the ENABLE instruction before the

(ISP Shift Register) Erase, Program, and Verify instructions allows the user to specify the outputs the device using
the JTAG Boundary-Scan SAMPLE/PRELOAD command.

Erase 1010 Erases the entire EEPROM array. The outputs during this operation can be defined by user by

(ISP Shift Register) using the JTAG SAMPLE/PRELOAD command.

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row. The outputs

(ISP Shift Register) during this operation can be defined by user by using the JTAG SAMPLE/PRELOAD command.

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be defined
by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips
PZ3128A/PZ3128D supports the following methods:

® PC Parallel Port
® Workstation or PC Serial Port
® Embedded Processor

Table 7. Programming Specifications

©® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ3128A/PZ3128D, refer
to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL | PARAMETER MIN. MAX. [ UNIT

DC Parameters
Veep Ve supply program/verify 3.0 3.6 \
lccp Icc limit program/verify 200 mA
Viy Input voltage (High) 2.0 \
ViL Input voltage (Low) 0.8 \
VsoL Output voltage (Low) 0.5 \
VsoH Output voltage (High) 2.4 Vv
TDO_lg. | Output current (Low) 8 mA
TDO_lpy | Output current (High) -8 mA

AC Parameters
fmax CLK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns
TDO_CO | TDO valid after TCK . 40 ns
ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vpp Supply voltage? -0.5 4.6 Y
V Input voltage -0.5 5.5 Vv
Vour Output voltage -0.5 515 Vv
N Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature —-40 150 °C
Tstr Storage temperature —-65 150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.

2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 3.3+10% V
Industrial —40 to +85°C 3.3+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 3.0V 0.8 )
Viy Input voltage high Vpp = 3.6V 2.0 \'
i Input clamp voltage Vpp = 3.0V, ljy=-18mA -1.2 \
VoL Output voltage low Vpp = 3.0V, lo = 8mA 0.5 Vv
Vou Output voltage high Vpp = 3.0V, loy =—8mA 2.4 Vv
Iy Input leakage current Vin=0t05.25V -10 10 A
loz 3-Stated output leakage current Vin=0t05.25V -10 10 pA
Ippa! Standby current Vpp = 3.6V, Tamp = 0°C pA
Ipop! 2 Dynamic current V=380, Typ=0°C © 11012 i
Vpp =3.6V, Tamb =0°C @ 50MHz mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -100 mA
Cin Input pin capacitance® Tamb = 25°C, f = 1IMHz 8 pF
CcLk Clock input capacitance® Tamp = 25°C, f = TMHz 5 12 pF
Co 1/0 pin capacitance3 Tamb = 25°C, f = 1MHz 10 pF
NOTES:

1. See Table 2 on page 168 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS' FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER o » - UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 7.5 2 10 2 12 ns
firgy ik ngﬁigation delay time, input (or feedback node) to output through PAL 3 95 3 12 3 145 fis
tco Clock to out (global synchronous clock from pin) 2 5.5 2 7 2 8 ns
tsu_pAL Setup time (from input or feedback node) through PAL 4.5 7 8 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 6.5 9 10.5 ns
tH Hold time 0 0 0 ns
tcH Clock High time 3 4 4 ns
toL Clock Low time 3 4 4 ns
tR - Input Rise time 20 20 20 ns
te Input Fall time 20 20 20 ns
fMAX1 Maximum FF toggle rate?  1/(tcn + tcL) 167 125 125 MHz
fmaxe Maximum internal frequency?  1/(tsupaL + tcF) 11 80 69 MHz
fmaxa Maximum external frequency?  1/(tsypaL + tco) 95 71 63 MHz
teuF Output buffer delay time 1.5 1.5 1.5 ns
iR AL LI;IApll-JT (or feedback node) to internal feedback node delay time through 2 6 2 8.5 > 10.5 s
emEn EE&'(DO[Afeedback node) to internal feedback node delay time through 3 8 3 105 3 13 Ha
tcr Clock to internal feedback node delay time 4 5.5 6.5 ns
tiniT Delay from valid Vpp to valid reset 50 50 50 us
teR Input to output disable2: 3 9 12 15 ns
tea Input to output valid? 9 12 15 ns
trp Input to register preset? 1 12.5 15 ns
tRR Input to register reset? 1 12,5 15 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp = 3.0V 0.8 \
Vin Input voltage high Vpp = 3.6V 2.0 \
" Input clamp voltage Vpp =3.0V, iy =-18mA =12 Vv
VoL Output voltage low Vpp =3.0V, loL = 12mA 0.5 Vv
VoH Output voltage high Vpp = 3.0V, loy =-12mA 2.4 Vv
I Input leakage current Vin=0to 5.5V -10 10 uA
loz 3-Stated output leakage current Vin=0to 5.5V -10 10 UHA
Ippq! Standby current Vpp = 3.6V, Tamp = —40°C HA
™2 Bynarlessment Vpp = 3.6V, Tymp =—40°C @ 1MHz mA

Vpp = 3.6V, Tymp =—-40°C @ 50MHz mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -130 mA
Cin Input pin capacitance3 Tamb = 25°C, f = 1MHz 8 pF
CeLk Clock input capacitance® Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance® Tamb = 25°C, f = 1MHz 10 pF

NOTES:

1. See Table 2 on page 168 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 3.0V < Vpp < 3.6V

SYMBOL PARAMETER 10 i UNIT
MIN. MAX. MIN. MAX.
tpD PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 15 ns
trp PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 12 3 17.5 ns
tco Clock to out (global synchronous clock from pin) 2 7 2 8 ns
tsu_PAL Setup time (from input or feedback node) through PAL 8 8 ns
tsu PLA Setup time (from input or feedback node* through PAL + PLA 10 10.5 ns
ty Hold time 0 0 ns
toH Clock High time 5 5 ns
toL Clock Low time 5! 5 ns
tr Input Rise time 20 20 ns
tr Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate?  1/(tcy + toL) 100 100 MHz
fmaxe Maximum internal frequency?  1/(tsupaL + tcF) 71 69 MHz
fmaxa Maximum external frequency?  1/(tsupaL + tco) 66 63 MHz
tBUF Output buffer delay time 1.5 1.5 ns
tPDF PAL Input (or feedback node) to internal feedback node delay time through PAL 2 8.5 2 135 ns
tPDF PLA Input (or feedback node) to internal feedback node delay time through PAL+PLA 3 10.5 3 16 ns
tce Clock to internal feedback node delay time 6 6.5 ns
tiniT Delay from valid Vpp to valid reset 50 50 us
teR Input to output disable? 3 15 15 ns
tea Input to output valid? 15 15 ns
trp Input to register preset? 15 17 ns
tRR Input to register reset? 15 17 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.
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SWITCHING CHARACTERISTICS

NUMBER OF OUTPUTS SWITCHING
SP00619

Figure 6. tpp paL vs. Outputs Switching

Table 8. tpp paL vVs. Number of Outputs Switching
Vpp = 3.3V, 25°C

NUMBER OF

OUTPUTS i 2 4 8 12 16

Typical (ns)
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1 COMPONENT VALUES
R1 390Q
R2 390Q
s
S A1 C1 35pF
VN >
Vour
L MEASUREMENT S1 S2
S —
SR ot tpzH Open Closed
tpzL Closed Closed
l tp Closed Closed
B2 NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady state active level.
SP00618
—pm—— VOLTAGE WAVEFORM
7.0
6.9
6.8
N /
tPD_PAL 6.6 —
(ns) / /
6.5 /
/ SP00368
Lallr g MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
63 inputs and outputs, unless otherwise specified.
Input Pulses
6.2
6.1
6.0
1 2 4 8 12 16
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PIN DESCRIPTIONS

100-Pin Thin Quad Flat Package 128-Pin Low Profile Quad Flat Package
100 76 128 103
1= © = 75 1= © = 102
TQFP
LaFP
25 = 51
38 = 65
26 50
64
Pin  Function Pin  Function Pin  Function 39
1 vo-A2 35 1/0-D4 ¥
2 V/O-AO 36  1/0-D2 sg :jgg?o Pin  Function Pin  Function Pin  Function
3 Voo 37 1O-DOMCLKS Y e 1 VO-A3 44 YO-D7 87  Vpp
4 UO-B15(TDI) S - OND 2 2 l0-A2 45 1/0-D5 88  10-G5
5 10-B13 3  Vpp L Rl e 3 l0-A0 46 Vpp 89 10-G7
6 1/0-B12 40 1/O-E0/CLK1 78 [xG1a(ino) 4 NC 47 1/0-D4 9  10-G8
7 10-B10 41 VO-E2 (G s 6 NG 48 1/0-D3 91 1/0-G10
8 1088 42 1Oo-E4 s fohn 6 NC 49 1/0-02 92 10-GI1
4 loiEr 4 'GND 76 UO-H2 7 “Vop 50  1/O-DO/CLK2 93 10-G12
1 1OBS Wi ok 77 1O-H4 8  1/0-B15(TDI) 51 GND 94 10-G13
1 GND i joe 78 IO-H5 9 10813 52 Vpp 95  10-G15 (TDO)
12 voB4 46  VO-ES 79 UOH7 10 10-B12 53 I/O-E0/CLK1 % GND
13 Vo-B2 47 10-E10 80  lO-H8 1 vobh 54 IO-E2 97 NC
14 1/0-BO 48 1O-E12 81 O-H10 12 Vo-Blo 55 I/O-E3 98 NC
15 1/0-C15 (TMS) 49 I/O-E13 82 Vpp 15 Vo-B8 58 |OE4 99 NC
16 1/0-C13 50 IO-Et5 83 I/O-H12 14 987 57 GND 100 /O-HO
17 10-C12 51 Vpp 84 IOH13 1N 651 [MoiES 101 VO-H2
18 Vpp 52 1/0-FO 85  IOH15 L & logs 102 VO-H3
19 1/0-C10 53 lO-F2 8 GND 17 JO-Bs & loEs 103 VO-H4
20  10-C8 54 lO-F4 87  INO/CLKO 16 CeEa 61 IO-E0 104 1O-H5
19 1/0-B2 62 1/0-E11
21 10-C7 55  I/O-F5 88 IN2-gtsn 105 /O-H?
22 105 56 10-F7 & 20: WoBY &2 Lokl 106 O-H8
£ X 89 IN1 =
23 1/0-C4 57  1/O-F8 21 1/0-C15 (TMS) 64  1/0-E13 107 VO-H10
90 IN3
54, ks & ore 2 10-C13 65  IO-E15
: - 108 Vpp
25 1/0-CO 50  GND 91 Vpp 23 I/0-C12 66 Vpp
92 lO-A15/CLK3 24 1Ol 67  1O-FO 109: Rt
26 GND 60  VO-F12 10 VO-H12
= b & s 93 IO-A13 25 Vpp 68 NC e e
28 10-D13 62 IO-F15 (TCK) o oMz 2 Wooio & Mo 12 JO-H15
20 10D12 63 10-GO 9  GND of (WoLe ol 113 GND
30  1/0-D10 64  1/0-G2 9%  l/0-A10 204 Mocr W ons 114 INO/CLKO
o- 29 1/0-C5 72 1O-F3
31 1/0-D8 65 1/0-G4 97  lO-A8 15 IN2-gtsn
- 30 lo-ca 73 IIO-F4 g
32 1/0-D7 66 Vpp 98  lIO-A7 116 IN1
31 1/0-C3 74 1O-FS
33 1/0-D5 67  1/0-G5 99 IO-AS 7 NG
34 Vpp 68  1/0-G7 100 1O-A4 82 lo-c2 7% VOo-F7
33 NC 76  1/O-F8 118 Vpp
SP00485 34 NC 77 I/O-F10 119 /O-A15/CLK3
35 NC 78 GND 120 1/O-A13
36  1/0-CO 79 lO-F11 121 1/0-A12
37 GND 80 I/O-F12 122 1/O-A11
38 1/10-D15 81 1/0-F13 123 GND
3 1/0-D13 82  I/O-F15(TCK) 124 1/0-A10
40 1/0-D12 83 1/0-GO 125 1/0-A8
41 yo-on 84  1/0-G2 126 1O-A7
42  10-D10 85 10-G3 127 1O-AS
43 1/0-D8 8 O-G4 128 1/0-A4
SPO0469A
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Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter PERCENTAGE O
(TSP) method to test thermal resistance. This method meets REDUCTION IN \
Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC Oun %) 1
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance

changes approximately 5% for a 100% change in power. \

20 N
Figure 7 is a derating curve for the change in © 5 with airflow based N
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications

than in a wind tunnel. Also, the test boards used in the wind tunnel =l
contribute significantly to forced convection heat transfer, and may a5
not be similar to the actual circuit board, especially in size. PLCC/

30 N

50
Package 9,a 0 1 2 3 4 5

100-pin TQFP 47.4°C/W AIR FLOW (ms)
128-pin LQFP 45.0 °C/W

SP00419A

Figure 7. Average Effect of Airflow on O 5
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FEATURES
® |ndustry’s first Total CMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 6ns
® Ultra-low static power of less than 75uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use

@ Up to 6 clocks with programmable polarity at every macrocell

@ 5 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
- ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms

4 pin JTAG interface (TCK, TMS, TDI, TDO)

— JTAG commands include: Bypass, Idcode

® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PC| compliant

® Advanced 0.51 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers
® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
- Programmable 3-State buffer
— Asynchronous macrocell register preset/reset
- Up to 2 asynchronous clocks
® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources
® Available in both PLCC and TQFP packages

Table 1. PZ5032C Features

PZ5032C

Usable gates 1000
Maximum inputs 36
Maximum I/Os 32
Number of macrocells 32

1/O macrocells 32

Buried macrocells 0
Propagation delay (ns) 6.0
Packages 44-pin PLCC, 44-pin TQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.

1998 Jul 23

DESCRIPTION

The PZ5032C CPLD (Complex Programmable Logic Device) is a
member of the Fast Zero Power (FZP™) family of CPLDs from
Philips Semiconductors. These devices combine high speed and
zero power in a 32 macrocell CPLD. With the FZP™ design
technique, the PZ5032C offers true pin-to-pin speeds of éns, while
simultaneously delivering power that is less than 75uA at standby
without the need for ‘turbo bits’ or other power down schemes. By
replacing conventional sense amplifier methods for implementing
product terms (a technique that has been used in PLDs since the
bipolar era) with a cascaded chain of pure CMOS gates, the
dynamic power is also substantially lower than any competing
CPLD—70% lower at 50MHz. These devices are the first
TotalCMOS™ PLDs, as they use both a CMOS process technology
and the patented full CMOS FZP™ design technique. For 3V
applications, Philips also offers the high speed PZ3032C CPLD that
offers pin-to-pin speeds of 8ns.

The Philips FZP™ CPLDs introduce the new patent-pending XPLA™
(extended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 6ns PAL™
path with 5 dedicated product terms per output. This PAL™ path is
joined by an additional PLA structure that deploys a pool of 32
product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2ns, regardless of the number of PLA product terms
used, which results in worst case tpp's of only 8ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ5032C CPLDs are supported by industry standard CAE tools
(Cadence, Exemplar Logic, Minc, Mentor, Synopsys, Synario,
Viewlogic, OrCAD), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ5032C CPLD is reprogrammable using industry standard
device programmers from vendors such as Data I/O, BP
Microsystems, SMS, and others. The PZ5032C also includes an
industry-standard, IEEE 1149.1, JTAG interface through which
In-System Programming (ISP) and reprogramming of the device are
supported.

853-2080 19774
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ORDERING INFORMATION

ORDER CODE DESCRIPTION DESCRIPTION DRAWING NUMBER
PZ5032CS6A44 44-pin PLCC, 6ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5032CS7A44 44-pin PLCC, 7.5ns tpp | Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5032CS10A44 44-pin PLCC, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5032CS6BC 44-pin TQFP, 6ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5032CS7BC 44-pin TQFP, 7.5ns tpp | Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5032CS10BC 44-pin TQFP, 10ns tpp Commercial temp range, 5 volt power supply, + 5% SOT376-1

XPLA™ ARCHITECTURE PRODUCT terms, and are used to control the preset/reset and

Figure 1 shows a high level block diagram of a 32 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power
Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each
logic block is essentially a 36V16 device with 36 inputs from the ZIA
and 16 macrocells. Each logic block also provides 32 ZIA feedback
paths from the macrocells and I/O pins.

From this point of view, this architecture looks like many other CPLD
architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
described next.

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or

output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ5032C device through the PAL array is
6ns. This performance is equivalent to the fastest 5 volt CPLD
available today. If a macrocell needs more than 5 product terms, it
simply gets the additional product terms from the PLA array. The
PLA array consists of 32 product terms, which are available for use
by all 16 macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2ns. So the
total pin-to-pin tpp for the PZ5032C using 6 to 37 product terms is
8ns (6ns for the PAL + 2ns for the PLA).

MCo MCO
Mct LOGIC 36, 36, LOGIC Mct
Vo T BLOCK 7 BLOCK T 1o
MC15 @ MC15
T 16 16 T
i
16, 16,
SP00550
Figure 1. Philips XPLA CPLD Architecture
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ5032C. The macrocell can be configured as either
a D or T type flip-flop or a combinatorial logic function. A D-type
flip-flop is generally more useful for implementing state machines
and data buffering while a T-type flip-flop is generally more useful in
implementing counters. Each of these flip-flops can be clocked from
any one of four sources. Two of the clock sources (CLKO and CLK1)
are connected to low-skew, device-wide clock networks designed to
preserve the integrity of the clock signal by reducing skew between
rising and falling edges. Clock 0 (CLKO) is designated as a
“synchronous” clock and must be driven by an external source.
Clock 1 (CLK1) can be used as a “synchronous” clock that is driven
by an external source, or as an “asynchronous” clock that is driven
by a macrocell equation. Both CLKO and CLK1 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are two of the six control terms
(CT2 and CT3) provided in each logic block. These clocks can be
individually configured as either a PRODUCT term or SUM term
equation created from the 36 signals available inside the logic block.
The timing for asynchronous and control term clocks is different in
that the Tco time is extended by the amount of time that it takes for
the signal to propagate through the array and reach the clock
network, and the Tsu time is reduced. Please see the app note titled
“Understanding CoolRunner Clocking Options” for more detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CT0O and CT1
are used to control the asynchronous Preset/Reset of the

macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell’s output buffer. Control terms CT4 and CT5 can be used
to control the Output Enable of the macrocell’s output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails”
testing.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the 1/O pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the I/O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (See the section on terminations in this data
sheet and the app note Terminating Unused CoolRunner™ 1/O
Pins).

TOZIA
AL, —]
PLA :DKD == n
INIT -
CLKO A (PorR)
CLKO GND
CLK1 CTO0
CLK1 CT1
GND

cT2
cT3
cT4
cTs
Vee
GND

SP00551

Figure 3. PZ5032C Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ5032C device, the user knows up front that if a given output uses

5 product terms or less, the tpp = 6ns, the tgy = 4.5ns, and the
tco = 5ns. If an output is using 6 to 37 product terms, an additional
2.5ns must be added to the tpp and tgy timing parameters to
account for the time to propagate through the PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a Total CMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ5032C Total CMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
1 = COMBINATORIAL PAL + PLA
INPUT PIN [:} i i D OUTPUT PIN
REGISTERED
tsu_paL = PAL ONLY REGISTERED
inpuT PN [T} Jot A= AL STRLA D Q “:4°D OUTPUT PIN
aLoeAL cLock PIN [} S
Figure 4. CoolRunner™ Timing Model
80
TYPICAL
60
I
oo, 40
= il =
20 - -
- - e &
-
- -
-
-
- -
0 -
0 20 40 60 80 100 120 140 160 180
FREQUENCY (MHz)
SP00635
Figure 5. Ipp vs. Frequency @ Vpp = 5.0V
Table 2. Ipp vs Frequency
Vpp = 5.00V
FHEQ 0 1 20 40 60 80 100 120 140 160 180
(MHz)
TVF’(‘;EA')'DD 0.04 0.20 3.14 6.25 9.32 12,5 155 18.7 217 247 27.8
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ5032C devices use the JTAG interface for In-System
Programming/Reprogramming. Although only a subset of the full
JTAG command set is implemented (see Table 5), the devices are
fully capable of sitting in a JTAG scan chain.

The Philips PZ5032C’s JTAG interface includes a TAP Port defined
by the IEEE 1149.1 JTAG Specification. As implemented in the
Philips PZ5032C, the TAP Port includes four of the five pins (refer to
Table 3) described in the JTAG specification: TCK, TMS, TDI, and
TDO. The fifth signal defined by the JTAG specification is TRST*
(Test Reset). TRST* is considered an optional signal, since it is not
actually required to perform BST or ISP. The Philips PZ5032C saves
an I/0 pin for general purpose use by not implementing the optional
TRST* signal in the JTAG interface. Instead, the Philips PZ5032C
supports the test reset functionality through the use of its power up
reset circuit, which is included in all Philips CPLDs. The pins
associated with the TAP Port should connect to an external pull-up
resistor to keep the JTAG pins from floating when they are not being
used (see section on Terminations).

In the Philips PZ5032C, the four mandatory JTAG pins each require
a unique, dedicated pin on the device. The devices come from the

Table 3. JTAG Pin Description

factory with these 1/O pins set to perform JTAG functions, but
through the software, the final function of these pins can be
controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose /O pins. However, unlike
competing CPLDs, the Philips PZ5032C allow the macrocells
associated with these pins to be used as buried logic when the
JTAG/ISP function is enabled. This is the default state for the
software, and no action is required to leave these pins enabled for
the JTAG/ISP functions. If, however, JTAG/ISP is not required in the
end application, the software can specify that this function be turned
off and that these pins be used as general purpose I/O. Because the
devices initially have the JTAG/ISP functions enabled, the JEDEC
file can be down loaded into the device once, after which the
JTAG/ISP pins will become general purpose I/O. This feature is
good for manufacturing because the devices can be programmed
during test and assembly of the end product and yet still use all of
the I/O pins after the programming is done. It eliminates the need for
a costly, separate programming step in the manufacturing process.
Of course, if the JTAG/ISP function is never required, this feature
can be turned off in the software and the device can be programmed
with an industry-standard programmer, leaving the pins available for
1/0 functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ5032C package types.

PIN NAME

DESCRIPTION

TCK Test Clock Output

Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.

T™MS Test Mode Select

Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode operation.

TDI Test Data Input

Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output

Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The signal is
tri-stated if data is not being shifted out of the device.

Table 4. PZ5032C JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK ™S TDI TDO
PZ5032C
44-pin PLCC 32/B8 13/A8 7/A3 38/B3
44-pin TQFP 26/B8 7/A8 1/A3 32/B3

Table 5. PZ5032C Low-Level JTAG Boundary-Scan Commands

INSTRUCTION
(Instruction Code)
Register Used

DESCRIPTION

Bypass

Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

(1111)
Bypass Register

synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode
(0001)
Boundary-Scan Register

Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted
out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed
circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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5-Volt, In-System Programming (ISP)
ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.
ISP provides substantial benefits in each of the following areas:
® Design

- Faster time-to-market

— Debug partitioning and simplified prototyping

— Printed circuit board reconfiguration during debug

— Better device and board level testing
©® Manufacturing

— Multi-Functional hardware

— Reconfigurability for Test

— Eliminates handling of “fine lead-pitch” components for

programming
— Reduced Inventory and manufacturing costs
— Improved quality and reliability

® Field Support
— Easy remote upgrades and repair

— Support for field configuration, re-configuration, and
customization

The Philips PZ5032C allows for 5-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ5032C may be
easily programmed on the circuit board using only the 5-volt supply

Table 6. Low Level ISP Commands

required by the device for normal operation. A set of low-level ISP
basic commands implemented in the PZ5032C enable this feature.
The ISP commands implemented in the Philips PZ5032C are
specified in Table 6. Please note that an ENABLE command must
precede all ISP commands unless an ENABLE command has
already been given for a preceding ISP command.

Terminations

The CoolRunner™ PZ5032C CPLDs are TotalCMOS™ devices. As
with other CMOS devices, it is important to consider how to properly
terminate unused inputs and I/O pins when fabricating a PC board.
The PZ5032C devices do not have on-chip termination circuits, so it
is recommended that unused inputs and I/O pins be properly
terminated. Allowing unused inputs and /O pins to float can cause
the voltage to be in the linear region of the CMOS input structures,
which can increase the power consumption of the device. Philips
recommends the use of 10KQ pull-up resistors for the termination.
Using pull-up resistors allows the flexibility of using these pins
should late design changes require additional I/O. These unused
pins may also be tied directly to Vpp, but this will make it more
difficult to reclaim the use of the pin, should this be needed by a
subsequent design revision.

When using the JTAG/ISP functions, it is also recommended that
10KQ pull-up resistors be used on each of the four mandatory
signals. Letting these signals float can cause the voltage on TMS to
come close to ground, which could cause the device to enter
JTAG/ISP mode at unspecified times. See the application notes
JTAG and ISP in Philips Devices and Terminating Unused
CoolRunner™ I/O Pins for more information.

INSTRUCTION INSTRUCTION

(Register Used) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands.

(ISP Shift Register)

Erase 1010 Erases the entire EEPROM array.

(ISP Shift Register)

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row.

(ISP Shift Register)

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be
defined by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips

PZ5032C supports the following methods:
® PC Parallel Port

® Workstation or PC Serial Port

® Embedded Processor

PROGRAMMING SPECIFICATIONS

® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ5032C, refer to the
related application note: JTAG and ISP in Philips CPLDs.

symsoL | PARAMETER | mN MAX. | UNIT

DC Parameters
Veep Ve supply program/verify 4.5 5.5 Vv
lccp Icc limit program/verify 200 mA
ViH Input voltage (High) 2.0 Vv
ViL Input voltage (Low) 0.8 \'
VsoL Output voltage (Low) 05 \'
VsoH Output voltage (High) 2.4 Y
TDO_loL Output current (Low) 8 mA
TDO_lpy | Output current (High) 8 mA

AC Parameters
fmax TCK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU | TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns

TDO_CO TDO valid after TCK 1 40 ns
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ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER MIN. MAX. UNIT
Vpp Supply voltage? -0.5 7.0 \Y
' Input voltage -1.2 Vpp+0.5 v
Vour Output voltage -0.5 Vpp+0.5 "
IIN Input current -30 30 mA
lout Output current -100 100 mA
i Maximum junction temperature 7 -40 150 °C
Tstr Storage temperature —65 150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE
PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 545% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES

Commercial: 0°C < Tymp < +70°C; 4.75V < Vpp < 5.25V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp =4.75V 0.8 Vv
ViH Input voltage high Vpp =5.25V 2.0 Vv
Vi Input clamp voltage? Vpp = 4.75V, ||y = —18mA -1.2 v
VoL Output voltage low Vpp =4.75V, lg, = 12mA 0.5 \
Vou Output voltage high Vpp = 4.75V, loy =—=12mA 24 \
e Input leakage current low Vpp = 5.25V (except CKO), V|y = 0.4V -10 10 LA
I Input leakage current high Vpp = 5.25V, V|y = 3.0V -10 10 HA
i Clock input leakage current Vpp =5.25V, V|y = 0.4V -10 10 uA
lozL 3-Stated output leakage current low Vpp =5.25V, V|y = 0.4V -10 10 HA
lozn 3-Stated output leakage current high Vpp =5.25V, Vjy = 3.0V -10 10 pA
Ibpa Standby current Vpp = 5.25V, Tamp = 0°C 75 HA
oo T — Vpp = 5.25V, Tamp = 0°C @ 1MHz 1 mA

Vpp = 5.25V, Tamp = 0°C @ 50MHz 15 mA

los Short circuit output current2 1 pin at a time for no longer than 1 second -50 —200 mA
Cin Input pin capacitance Tamb = 25°C, f = 1IMHz 8 pF
CoLk Clock input capacitance Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance Tamb = 25°C, f = IMHz 10 pF

NOTE:

1. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.
2. This parameter guaranteed by design and characterization, not by test.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER = = s UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 6 7.5 2 10 ns
tPD_PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 8 3 10 3 125 | ns
tco Clock to out delay time 2 5.5 2 T 2 9 ns
tsu_pAL Setup time (from input or feedback node) through PAL 3.5 55 8 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 5.5 8 10.5 ns
ty Hold time 0 0 0 ns
tcH Clock High time 3 4 5 ns
toL Clock Low time 3 4 5 ns
tr Input rise time 20 20 20 ns
tr Input fall time 20 20 20 ns
fmax1 Maximum FF toggle rate?  (1/tcH + toL) 167 125 100 MHz
fmaxe Maximum internal frequency?  (1/tsupaL + tcF) 133 91 64 MHz
fmaxa Maximum external frequency?  (1/tsypaL + tco) M 80 59 MHz
tBUF Output buffer delay time 1.5 1.5 15 ns
tppr_paL | Input (or feedback node) to internal feedback node delay time through PAL 4.5 6 8.5 ns
tppr_pLa | Input (or feedback node) to internal feedback node delay time through PAL + PLA 6.5 8.5 11 ns
tcr Clock to internal feedback node delay time 4 55 7.5 ns
tiniT Delay from valid Vpp to valid reset 50 50 50 us
teR Input to output disable2: 3 11 12,5 15 ns
tea Input to output valid? 1 12.5 15 ns
trp Input to register preset? 1 12.5 15 ns
tRR Input to register reset? 14 15.5 18 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C = 5pF.
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SWITCHING CHARACTERISTICS

The test load circuit and load values for the AC Electrical Characteristics are illustrated below.

r

12

16

SP00636

Figure 6. tpp paL vs. Outputs switching

Table 7. tpp paL Vs # of Outputs switching

Vpp = 5.00V
# of
Outputs 1 2 4 8 12 16
Typical
(ns) 4.2 4.4 4.6 4.9 5.0 5.2
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= \ COMPONENT VALUES
R1 470Q
L R2 250Q
b3
SR C1 35pF
Viy >—+
Vour
L MEASUREMENT S1 S2
< —
SR TRot tpzH Open Closed
tpzL Closed Closed
I tp Closed Closed
82 NOTE: For tpyz and tp; 7 C = 5pF, and 3-State levels are
measured 0.5V from steady state active level.
SP00476
VOLTAGE WAVEFORM
ns  Vpp=5V,25°C
6.00
5.60
1.5ns 1.5ns
5.20
TYPICAL S
MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
/ inputs and outputs, unless otherwise specified.
480 Input Pulses
4.40
4.00
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PIN DESCRIPTIONS

PZ5032C -
44-Pin Plastic Leaded Chip Carrier

Pin Function Pin Function Pin Function
1 IN1 16 1/0-A10 31 1/0-B9
2 IN3 17 1/0-A11 32 1/0-B8 (TCK)
3 Vpp 18 l0-A12 33 1/0-B7
4 1/0-A0-CK1 19 1/0-A13 34 1/0-B6
5  I/O-A1 20  1O-A14 35  Vpp
6 1/0-A2 21 1/0-A15 36 1/0-B5
7 1/O0-A3(TDI) 22 GND 37 1/0-B4
8 1/0-A4 23 Vop 38 1/0-B3 (TDO)
9  I/0-A5 24  1/0-B15 39  I/0-B2
10 GND 25 1/0-B14 40 1/0-B1
n 1/0-A6 26 1/0-B13 41 1/0-B0
12 1/0-A7 27 1/0-B12 42 GND
13 1/0-A8 (TMS) 28 1/o-811 43 INO-CKO
14 1/0-A9 29 1/10-B10 44 IN2-gtsn
15 Vpp 30 GND
SP00546
PZ5032C -
44-Pin Thin Quad Flat Package
Pin Function Pin Function Pin Function
1 1/0~A3 (TDI) 16 GND 31 /0-B4
2 1/0-A4 17 Voo 32 1/0-B3 (TDO)
3 1/0-A5 18 1/0-B15 33 1/0-B2
4 GND 19 1/0-B14 34 1/0-B1
5 1/0-A6 20 1/0-B13 35 1/0-B0
6  10-A7 21 I/0-B12 36 GND
7 1/O—-A8 (TMS) 22 /o-B11 37 INO-CKO
8 1/0-A9 23 1/0-B10 38 IN2—gtsn
9 Vpp 24 GND 39 IN1
10 1/0-A10 25 1/0-B9 40 IN3
1" 1/0-A11 26 1/0-B8 (TCK) 41 Vpp
12 1/0-A12 27 1/0-B7 42 1/0-A0-CK1
13 1/0-A13 28 1/0-B6 43 1/0-A1
14 1/0-A14 29 Voo 44 1/0-A2
15 1/0-A15 30 1/0-B5
SP00547
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Package Thermal Characteristics

Philips Semiconductors uses the Temperature Sensitive Parameter
(TSP) method to test thermal resistance. This method meets
Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power.

Figure 7 is a derating curve for the change in ©,4 with airflow based
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.

Package ST
44-pin PLCC 49.8°C/W
44-pin TQFP 66.3°C/W
PERCENTAGE 0
REDUCTION IN r\
©ya (%)
10 \
20 \\
\\
30 AN N
\\
40 o
PLCC/
QFP
50 ‘
0 1 2 3 4 5
AIR FLOW (m/s)
SP00419A

Figure 7. Average Effect of Airflow on O,
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FEATURES

® |ndustry’s first Total CMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® High speed pin-to-pin delays of 7.5ns
® Ultra-low static power of less than 100uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® Up to 12 clocks with programmable polarity at every macrocell

® 5 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
— ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms
— 4 pin JTAG interface (TCK, TMS, TDI, TDO)
— JTAG commands include: Bypass, Idcode
® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PCI compliant

® Advanced 0.5y E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools

® Reprogrammable using industry standard device programmers

® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer
— Asynchronous macrocell register preset/reset
— Up to 2 asynchronous clocks

® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources

® Available in PLCC and TQFP packages

® Available in both Commercial and Industrial grades

PAL is a registered trademark of Advanced Micro Devices, Inc.
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Table 1. PZ5064C/PZ5064N Features

PZ5064C/PZ5064N

Usable gates 2000

Maximum inputs 68

Maximum I/Os 64

Number of macrocells 64
Propagation delay (ns) 7.5

44-pin PLCC, 44-pin TQFP,
Faciges 100-pin TQFP
DESCRIPTION

The PZ5064C/PZ5064N CPLD (Complex Programmable Logic
Device) is the second in a family of Fast Zero Power (FZP™) CPLDs
from Philips Semiconductors. These devices combine high speed
and zero power in a 64 macrocell CPLD. With the FZP™ design
technique, the PZ5064C/PZ5064N offers true pin-to-pin speeds of
7.5ns, while simultaneously delivering power that is less than 100pA
at standby without the need for ‘turbo bits' or other power down
schemes. By replacing conventional sense amplifier methods for
implementing product terms (a technique that has been used in
PLDs since the bipolar era) with a cascaded chain of pure CMOS
gates, the dynamic power is also substantially lower than any
competing CPLD — 70% lower at 50MHz. These devices are the first
TotalCMOS™ PLDs, as they use both a CMOS process technology
and the patented full CMOS FZP™ design technique.

The Philips FZP™ CPLDs introduce the new patented XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 7.5ns
PAL™ path with 5 dedicated product terms per output. This PAL™
path is joined by an additional PLA structure that deploys a pool of
32 product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2.0ns, regardless of the number of PLA product terms
used, which results in worst case tpp’s of only 9.5ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ5064C/PZ5064N CPLDs are supported by industry standard
CAE tools (Cadence, Exemplar Logic, Mentor, OrCAD, Synopsys,
Synario, Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry <:andard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either Minc or Philips Semiconductors-developed tools.

The PZ5064C/PZ5064N CPLD is reprogrammable using industry
standard device programmers from vendors such as Data I/O,

BP Microsystems, SMS, and others. The PZ5064C/PZ5064N also
includes an industry—standard, IEEE 1149.1, JTAG interface through
which In-System Programming (ISP) and reprogramming of the
device are supported.
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ORDERING INFORMATION

ORDER CODE DESCRIPTION DRAWING NUMBER
PZ5064C7A44 44-pin PLCC, 7.5ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5064C10A44 44-pin PLCC, 10ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT187-2
PZ5064N10A44 44-pin PLCC, 10ns tpp, Industrial temp range, 5 volt power supply, + 10% SOT187-2
PZ5064N12A44 44-pin PLCC, 12ns tpp, Industrial temp range, 5 volt power supply, + 10% SOT187-2
PZ5064C7BC 44-pin TQFP, 7.5ns tpp Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5064C10BC 44-pin TQFP, 10ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT376-1
PZ5064N10BC 44-pin TQFP, 10ns tpp, Industrial temp range, 5 volt power supply, £ 10% SOT376-1
PZ5064N12BC 44-pin TQFP, 12ns tpp, Industrial temp range, 5 volt power supply, + 10% SOT376-1
PZ5064C7BP 100-pin TQFP, 7.5ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT386-1
PZ5064C10BP 100-pin TQFP, 10ns tpp, Commercial temp range, 5 volt power supply, + 5% SOT386-1
PZ5064N10BP 100-pin TQFP, 10ns tpp, Industrial temp range, 5 volt power supply, + 10% SOT386-1
PZ5064N12BP 100-pin TQFP, 12ns tpp, Industrial temp range, 5 volt power supply, + 10% SOT386-1

XPLA™ ARCHITECTURE From this point of view, this architecture looks like many other CPLD

Figure 1 shows a high level block diagram of a 64 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power

Interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each described next.
logic block is essentially a 36V 16 device with 36 inputs from the ZIA

and 16 macrocells. Each logic block also provides 32 ZIA feedback

paths from the macrocells and I/O pins.

architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be

MCO MCO  |—»]
MC1 LOGIC 36, 36 LOGIC MC1  |—»
L T BLOCK BLOCK iy
MC15 MC15 |—»
T 16, 16 T
16, 16,
MCO @ MCO |—»]
mct LOGIC 36 36, LOGIC MC1  [—
G T BLOCK BLOCK T 1 ©
MC15 MC15 [—»d
T 16, 16 T
16 16

SP00439
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Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture Section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ5064C/PZ5064N device through the PAL
array is 7.5ns. If a macrocell needs more than 5 product terms, it
simply gets the additional product terms from the PLA array. The
PLA array consists of 32 product terms, which are available for use
by all 16 macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2.0ns. So the
total pin-to-pin tpp for the PZ5064C/PZ5064N using 6 to 37 product
terms is 9.5ns (7.5ns for the PAL + 2.0ns for the PLA).
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ5064C/PZ5064N. The macrocell can be configured
as either a D or T type flip-flop or a combinatorial logic function. A
D-type flip-flop is generally more useful for implementing state
machines and data buffering while a T-type flip-flop is generally
more useful in implementing counters. Each of these flip-flops can
be clocked from any one of six sources. Four of the clock sources
(CLKO, CLK1, CLK2, CLK3) are connected to low-skew, device-wide
clock networks designed to preserve the integrity of the clock signal
by reducing skew between rising and falling edges. Clock 0 (CLKO)
is designated as a “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3
(CLK3) can be used as “synchronous” clocks that are driven by an
external source, or as “asynchronous” clocks that are driven by a
macrocell equation. CLKO, CLK1, CLK2 and CLK3 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are two of the six control terms
(CT2 and CT3) provided in each logic block. These clocks can be
individually configured as either a PRODUCT term or SUM term
equation created from the 36 signals available inside the logic block.
The timing for asynchronous and control term clocks is different in
that the TCO time is extended by the amount of time that it takes for
the signal to propagate through the array and reach the clock
network, and the TSU time is reduced. Please see the app note
titled “Understanding CoolRunner Clocking Options” for more detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CT0 and CT1

are used to control the asynchronous Preset/Reset of the
macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell’s output buffer. Control terms CT4 and CT5 can be used
to control the Output Enable of the macrocell’s output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails
Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/O pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the I/O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (see the section on Terminations in this data
sheet and the application note Terminating Unused CoolRunner™
I//O Pins).

TOZIA
PAL > 'l
" :D—L?_D == a
CLKO INIT &S
CLKo A (PorR)
CLK1
CLK1 cTo GND)
CLK2
CLK2 cT
CLK3
CLK3 GND / \
g o 88
000 >0
SP00558
Figure 3. PZ5064C/PZ5064N Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model. For example, in the
PZ5064C/PZ5064N device, the user knows up front that if a given
output uses 5 product terms or less, the tpp = 7.5ns, the

tsu_paL = 4ns, and the tgo = 5.5ns. If an output is using 6 to 37
product terms, an additional 2ns must be added to the tpp and tsu
timing parameters to account for the time to propagate through the
PLA array.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a Total CMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ5064C/PZ5064N Total CMOS™ CPLD.

tpp_paL = COMBINATORIAL PAL ONLY
top_pLa = COMBINATORIAL PAL + PLA

INPUT PIN D

REGISTERED

[ ourpuren

tsu_paL = PAL ONLY
tsy_pLa = PAL + PLA

INPUT PIN| } D

REGISTERED

Q LD OUTPUT PIN

GLOBAL CLOCK PIN D

|

SP00441
Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 5.0V, 25°C
Table 2. Ipp vs. Frequency
Vpp = 5.00V
FREQUENCY (MHz) 0 20 40 60 80 100 120 140

Typical Ipp ( MA)
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ5064C/PZ5064N devices use the JTAG interface for
In-System Programming/Reprogramming. Although only a subset of
the full JTAG command set is implemented (see Table 5), the
devices are fully capable of sitting in a JTAG scan chain.

The Philips PZ5064C/PZ5064N’s JTAG interface includes a TAP
Port defined by the IEEE 1149.1 JTAG Specification. As
implemented in the Philips PZ5064C/PZ5064N, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG
specification: TCK, TMS, TDI, and TDO. The fifth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ5064C/PZ5064N saves an |/O pin for general
purpose use by not implementing the optional TRST* signal in the
JTAG interface. Instead, the Philips PZ5064C/PZ5064N supports
the test reset functionality through the use of its power up reset
circuit, which is included in all Philips CPLDs. The pins associated
with the TAP Port should connect to an external pull-up resistor to
keep the JTAG signs from floating when they are not being used.

In the Philips PZ5064C/PZ5064N, the four mandatory JTAG pins
each require a unique, dedicated pin on the device. The devices

Table 3. JTAG Pin Description

come from the factory with these I/O pins set to perform JTAG
functions, but through the software, the final function of these pins
can be controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose /O pins. However, unlike
competing CPLDs, the Philips PZ5064C/PZ5064N allow the
macrocells associated with these pins to be used as buried logic
when the JTAG/ISP function is enabled. This is the default state for
the software, and no action is required to leave these pins enabled
for the JTAG/ISP functions. If, however, JTAG/ISP is not required in
the end application, the software can specify that this function be
turned off and that these pins be used as general purpose 1/O.
Because the devices initially have the JTAG/ISP functions enabled,
the JEDEC file can be downloaded into the device once, after which
the JTAG/ISP pins will become general purpose I/O. This feature is
good for manufacturing because the devices can be programmed
during test and assembly of the end product and yet still use all of
the I/0 pins after the programming is done. It eliminates the need for
a costly, separate programming step in the manufacturing process.
Of course, if the JTAG/ISP function is never required, this feature
can be turned off in the software and the device can be programmed
with an industry-standard programmer, leaving the pins available for
1/0 functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ5064C/PZ5064N
package types.

PIN NAME

DESCRIPTION

TCK Test Clock Output

Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.

T™S Test Mode Select

Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode operation.

TDI Test Data Input

Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.

TDO Test Data Output

Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The signal is
tri-stated if data is not being shifted out of the device.

Table 4. PZ5064C/PZ5064N JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK ™S TDI TDO
PZ5064C/PZ5064N
44-pin PLCC 32/C15 13/B15 7/A8 38/D8
44-pin TQFP 26/C15 7/B15 1/A8 32/D8
100-pin TQFP 62/C15 15/B15 4/A8 73/D8

Table 5. PZ5064C/PZ5064N Low-Level JTAG Boundary-Scan Commands

INSTRUCTION
(Instruction Code)
Register Used

DESCRIPTION

Bypass

Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

(1111)
Bypass Register

synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Idcode
(0001)
Boundary-Scan Register

Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted
out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed
circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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5-Volt, In-System Programming (ISP)
ISP is the ability to reconfigure the logic and functionality of a
device, printed circuit board, or complete electronic system before,
during, and after its manufacture and shipment to the end customer.
ISP provides substantial benefits in each of the following areas:
® Design

- Faster time-to-market

- Debug partitioning and simplified prototyping

- Printed circuit board reconfiguration during debug

— Better device and board level testing

® Manufacturing
— Multi-Functional hardware
- Reconfigurability for Test
- Eliminates handling of “fine lead-pitch” components for
programming
— Reduced Inventory and manufacturing costs
— Improved quality and reliability

® Field Support
— Easy remote upgrades and repair

— Support for field configuration, re-configuration, and
customization

The Philips PZ5064C/PZ5064N allows for 5-Volt, in-system
programming/reprogramming of its EEPROM cells via its JTAG
interface. An on-chip charge pump eliminates the need for
externally-provided supervoltages, so that the PZ5064C/PZ5064N
may be easily programmed on the circuit board using only the 5-volt
supply required by the device for normal operation. A set of low-level
ISP basic commands implemented in the PZ5064C/PZ5064N
enable this feature. The ISP commands implemented in the Philips
PZ5064C/PZ5064N are specified in Table 6. Please note that an
ENABLE command must precede all ISP commands unless an
ENABLE command has already been given for a preceding ISP
command.

Table 6. Low Level ISP Commands

Terminations

The CoolRunner™ PZ5064C/PZ5064N CPLDs are Total CMOS™
devices. As with other CMOS devices, it is important to consider
how to properly terminate unused inputs and I/O pins when
fabricating a PC board. Allowing unused inputs and /O pins to float
can cause the voltage to be in the linear region of the CMOS input
structures, which can increase the power consumption of the device.
The PZ5064C/PZ5064N CPLDs have programmable on-chip
pull-down resistors on each I/O pin. These pull-downs are
automatically activated by the fitter software for all unused 1/O pins.
Note that an I/0 macrocell used as buried logic that does not have
the I/O pin used for input is considered to be unused, and the
pull-down resistors will be turned on. We recommend that any
unused I/O pins on the PZ5064C/PZ5064N device be left
unconnected.

There are no on-chip pull-down structures associated with the
dedicated input pins. Philips recommends that any unused
dedicated inputs be terminated with external 10kQ pull-up resistors.
These pins can be directly connected to Ve or GND, but using the
external pull-up resistors maintains maximum design flexibility
should one of the unused dedicated inputs be needed due to future
design changes.

When using the JTAG/ISP functions, it is also recommended that
10kQ pull-up resistors be used on each of the pins associated with
the four mandatory JTAG signals. Letting these signals float can
cause the voltage on TMS to come close to ground, which could
cause the device to enter JTAG/ISP mode at unspecified times.
See the application notes JTAG and ISP in Philips Devices and
Terminating CoolRunner™ /O Pins for more information.

INSTRUCTION INSTRUCTION

(Ragiater Ussd) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands.

(ISP Shift Register)

Erase 1010 Erases the entire EEPROM array.

(ISP Shift Register)

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row.

(ISP Shift Register)

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be
defined by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips
PZ5064C/PZ5064N supports the following methods:

® PC Parallel Port
® Workstation or PC Serial Port

® Embedded Processor

PROGRAMMING SPECIFICATIONS

©® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ5064C/PZ5064N, refer
to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL | PARAMETER | mn. MAX. UNIT

DC Parameters
Veer Ve supply program/verify 45 5.5 \
lccp Icc limit program/verify 200 mA
Vi Input voltage (High) 2.0 \"
ViL Input voltage (Low) 0.8 \"
VsoL Output voltage (Low) 0.5 \
VsoH Output voltage (High) 2.4 Vv
TDO_loL Output current (Low) 8 mA
TDO_loy | Output current (High) 8 mA

AC Parameters
fmax TCK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 25 ns
TDI_H TDI hold time after TCK T 25 ns
TDO_CO | TDO valid after TCK | 40 ns
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ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vop Supply voltage? -0.5 7.0 \Y
A Input voltage -1.2 Vpp+0.5 \Y
Vour Output voltage -0.5 Vpp+0.5 \%
Iin Input current -30 30 mA
lout Output current -100 100 mA
Ty Maximum junction temperature -40 150 ¢
Tstr Storage temperature —65 150 °C
NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.
2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 5.015% V
Industrial —40 to +85°C 5.0+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp =4.75V 0.8 Vv
Viy Input voltage high Vpp =5.25V 2.0 \
Vi Input clamp voltage3 Vpp = 4.75V, ljy = —18mA -1.2 \Y
VoL Output voltage low Vpp =4.75V, g = 12mA 0.5 \
VoH Output voltage high Vop = 4.75V, oy = —12mA 24 Y
Iy Input leakage current Vin=0to Vpp -10 10 pA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 A
Ippq! Standby current Vpp =5.25V, Tymp = 0°C 80 nA
—y S — Vpp = 5.25V, Tamp = 0°C @ 1MHz 3 mA

Vpp =5.25V, Tymp = 0°C @ 50MHz 65 mA
los Short circuit output current3 1 pin at a time for no longer than 1 second -50 -200 mA
Cin Input pin capacitance® Tamb = 25°C, f = 1MHz 8 pF
CeLk Clock input capacitance? Tamb = 25°C, f = 1MHz 5 12 pF
Cio /0 pin capacitance3 Tamb = 25°C, f = IMHz 10 pF

NOTES:

1. See Table 2, page 154 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. This parameter guaranteed by design and characterization, not by test.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER i ks UNIT
MIN. | MAX. | MIN. | MAX.
tPp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 75 2 10 ns
tpp PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 9.5 3 12.5 ns
tco Clock to out (global synchronous clock from pin) 2 5.5 2 74 ns
tsu_pAL Setup time (from input or feedback node) through PAL 4 6 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 6 8.5 ns
ty Hold time 0 0 ns
tcH Clock High time 4 5 ns
toL Clock Low time 4 5 ns
tR Input Rise time 20 20 ns
tr Input Fall time 20 20 ns
fmaxi Maximum FF toggle rate?  (1/tcy + tor) 125 100 MHz
fmaxz Maximum internal frequency?  (1/tsypaL + tcF) 125 87 MHz
fmaxa Maximum external frequency?  (1/tgypaL + tco) 105 77 MHz
tBUF Output buffer delay time 1.5 15 ns
tpoF_paL | Input (or feedback node) to internal feedback node delay time through PAL 6 8.5 ns
tepr_pLa | Input (or feedback node) to internal feedback node delay time through PAL+PLA 8 1 ns
tcr Clock to internal feedback node delay time 4 5.5 ns
tiNiT Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable? 3 10 12 ns
tea Input to output valid? 10 12 ns
trp Input to register preset? 10 12,5 ns
tRR Input to register reset? 10 12.5 ns

NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.

3. Output C = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp, < +85°C; 4.5V < Vpp < 5.5V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 4.5V 0.8 \
Vi Input voltage high Vpp =5.5V 2.0 \
\2 Input clamp voltage?® Vpp = 4.5V, ljy =—-18mA -1.2 %
VoL Output voltage low Vpp =4.5V, oL = 12mA 0.5 Vv
Vou Output voltage high Vpp =4.5V, loy =-12mA 2.4 \
I Input leakage current ViN=0to Vpp -10 10 HA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 uA
Ippa’ Standby current Vpp = 5.5V, Tamp = —40°C 100 uA
Iopp™ 2 | Dynamic current Vb = 5.5V, Tamp = —40°C @ 1MHz 4 mA
Vpp = 5.5V, Tamp = —40°C @ 50MHz 70 mA
los Short circuit output currentd 1 pin at a time for no longer than 1 second -50 -230 mA
Cin Input pin capacitance Tampb = 25°C, f = IMHz 8 pF
Coik Clock input capacitance Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance Tamb = 25°C, f = 1IMHz 10 pF
NOTES:
1. See Table 2, page 154 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs enabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.
3. This parameter guaranteed by design and characterization, not by test.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES

Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V
SYMBOL PARAMETER 1o — UNIT
MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 12 ns
tpp PLA Propagation delay time, input (or feedback node) to output through PAL & PLA 3 12,5 3 145 ns
tco Clock to out (global synchronous clock from pin) 2 i 2 8 ns
tsu_PaL Setup time (from input or feedback node) through PAL 6 7 ns
tsu_PLA Setup time (from input or feedback node) through PAL + PLA 8.5 9.5 ns
ty Hold time 0 0 ns
toH Clock High time 5 5 ns
toL Clock Low time 5 5 ns
tr Input Rise time 20 20 ns
tF Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate2  (1/tc + tcL) 100 100 MHz
fmaxe Maximum internal frequency?  (1/tsupaL + tcF) 87 74 MHz
fmaxa Maximum external frequency?  (1/tsupaL + tco) 7 67 MHz
tBUF Output buffer delay time 1.5 1.5 ns
tPDF_PAL Input (or feedback node) to internal feedback node delay time through PAL 8.5 10.5 ns
tPDF PLA Input (or feedback node) to internal feedback node delay time through PAL+PLA 1 13 ns
tcr Clock to internal feedback node delay time 5.5 6.5 ns
tNIT Delay from valid Vpp to valid reset 50 50 us
teR Input to output disable?: 3 12 13 ns
tea Input to output valid? 12 13 ns
trp Input to register preset? 12,5 13.5 ns
tRR Input to register reset? 125 13.5 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 7 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C| = 5pF.
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SWITCHING CHARACTERISTICS
The test load circuit and load values for the AC Electrical Characteristics are illustrated below.
Vpp
s1 \I COMPONENT VALUES
R1 39002
L R2 390Q
‘P
SH (65 ] 35pF
Vv >——¢
Vour
L MEASUREMENT S1 S2
<
SR o tpzn Open Closed
tpzL Closed Closed
l tp Closed Closed
82 NOTE: For tpyz and tp z C = 5pF, and 3-State levels are
measured 0.5V from steady state active level.
SP00618
VOLTAGE WAVEFORM
Vpp =5V, 25°C
8.0
7.80 /
7.60
/ 44 S F_
/ 1.5ns 1.5ns
7.40
tPD_PAL SP00368
(ns) MEASUREMENTS:
| Al circuit delays are measured at the +1.5V level of
7.20 inputs and outputs, unless otherwise specified.
Input Pulses
7.00
6.80
6.60 ;
18 4 8 12 16

NUMBER OF OUTPUTS SWITCHING

SP00451A

Figure 6. tpp_paL Vs. Outputs Switching

Table 7. tpp paL vs. Number of Outputs Switching
Vpp = 5.00V

NUMBER OF
OUTPUTS

Typical (ns) 6.8 6.9 7.0 7.5 7.7 7.9

1 2 4 8 12 16

1998 Jul 21 200



Philips Semiconductors Preliminary specification

64 macrocell CPLD with enhanced clocking PZ5064C/PZ5064N

PIN DESCRIPTIONS

PZ5064 — 44-Pin Plastic Leaded Chip Carrier PZ5064 — 44-Pin Thin Quad Flat Package
6 1 40 44 34
o
7 39 s HES
(i{e] QFP
17 129 1" [ ]23
18 28 12 22
Pin  Function Pin  Function Pin  Function Pin  Function Pin  Function Pin  Function
1IN 16 1/0-B10 31 1/0-C13 1 1/0-A8 (TDI) 16 GND 31 1/0-D11
2 N3 17 1/0-B8 32 1/0-C15 (TCK) 2 I/0-A11 17 Vpp 32 1/0-D8 (TDO)
3 Vop 18 1/0-B4 33 1/0-D15 3 1/0-A12 18 1/0-CO/CK1 33 1/0-D7
4 1/O-AO/CK3 19 1/0-B3 34 1/0-D13 4  GND 19 lo-Cc2 34 1/0-D2
5  1/0-A2 20 1/0-B2 35  Vpp 5  1/0-A13 20 1/0-C3 35  1/0-D0
6  1/0-A5 21 1/0-BO/CK2 3%  1/0-D12 6  I/0-A15 21 1/0-C4 36  GND
7 1/O-A8 (TDI) 22 GND 37 1/o-D1 7 1/0-B15 (TMS) 22 |/0-C7 37 INO/CKO
8  I/0-A11 23 Vpp 38  1/0-D8 (TDO) 8 I/0-B13 23 l/0-C8 38 IN2-gtsn
9  1/0-A12 24 1/0-CO/CK1 39 0-D7 9  Vpp 24 GND 39 N1
10 GND 25 1/0-C2 40 1/O-D2 10 1/0-B10 25 1/0-C13 40 IN3
1 1/0-A13 26 1/0-C3 41 1/0-DO 11 1/0-B8 26 1/0-C15 (TCK) 41 Vpp
12 1/O-A15 27 1/0-C4 42 GND 12 1/0-B4 27 1/0-D15 42 |/0-A0/CK3
13 1/0-B15 (TMS) 28  1/0-C7 43 IN0-CKo 13 1/0-B3 28 1/0-D13 43 lO-A2
14 1/0-B13 29 l/o-C8 44 IN2-gtsn 14 1/0-B2 29 Vpp 44 lO-AS
15 Vpp 30 GND 15 1/O-BO/CK2 30  1/0-D12
SP00554 SP00555
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PZ5064 - 100-Pin Thin Quad Flat Package Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter
foa ® (TSP) method to test thermal resistance. This method meets
A Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC
1 = 75 Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
TaFP changes approximately 5% for a 100% change in power.
Figure 7 is a derating curve for the change in ©,4 with airflow based
on wind tunnel measurements. It should be noted that the wind flow
% = &1 dynamics are more complex and turbulent in actual applications
than in a wind tunnel. Also, the test boards used in the wind tunnel
26 50 contribute significantly to forced convection heat transfer, and may
not be similar to the actual circuit board, especially in size.
Pin  Function Pin  Function Pin  Function
1 1/0-A6 33 1/0-B3 67  1/0-D12
2 O-A7 34 Vpp 68  1/0-D11 Package Oya
3 Vpp 35  1/0-B2 69  1/0-D10
4 1/O-A8 (TDI) 3  l/0-B1 70 NC 44-pin PLCC 44.9°C/W
5 NC 37 1/0-BO/CK2 71 1/0-D9
6 10-A9 o8; 'GND ' N 44-pin TQFP 60.8°C/W
O 39 Vpp 73 1/0-D8 (TDO)
8  UGATD 40 1/0-CO/CK1 74 GND 100-pin TQFP 47.4°C/W
5 A 4 1o-c1 75  1/0-D7
42 1/0-C2 76 1/0-D6
::’ gc;—;\m 43 GND 77 NC
44 1/O-C3 78 NC
12 I/O-A13 45 1/O-Cé 79 1/0-DS PERCENTAGE 0
13 VO-At4 46  1/0-C5 80  1/0-D4 REDU%'ONO'N
14 UO-A15 47 10-C6 81 10-D3 A (%) \
15 1/0-B15 (TMS) 48 1/0-C7 82  Vpp 10 \
16 1/0-B14 49 NC 83  1/0-D2
17 1O0-B13 50 NC 84  1/O-D1
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FEATURES

® |ndustry’s first TotalCMOS™ PLD — both CMOS design and
process technologies

® Fast Zero Power (FZP™) design technique provides ultra-low
power and very high speed

® 5 Volt, In-System Programmable (ISP) using a JTAG interface
— On-chip supervoltage generation
- ISP commands include: Enable, Erase, Program, Verify
— Supported by multiple ISP programming platforms
- 4 pin JTAG interface (TCK, TMS, TDI, TDO)
- JTAG commands include: Bypass, Idcode
® High speed pin-to-pin delays of 7.5ns
® Ultra-low static power of less than 100uA

® Dynamic power that is 70% lower at 50MHz than competing
devices

©® 100% routable with 100% utilization while all pins and all
macrocells are fixed

® Deterministic timing model that is extremely simple to use
® Up to 20 clocks available
® Support for complex asynchronous clocking

® |nnovative XPLA™ architecture combines high speed with
extreme flexibility

® 1000 erase/program cycles guaranteed

® 20 years data retention guaranteed

® | ogic expandable to 37 product terms

® PC| compliant

® Advanced 0.51 E2CMOS process

® Security bit prevents unauthorized access

® Design entry and verification using industry standard and Philips
CAE tools
® Reprogrammable using industry standard device programmers
® |nnovative Control Term structure provides either sum terms or
product terms in each logic block for:
— Programmable 3-State buffer
- Asynchronous macrocell register preset/reset
— up to 2 asynchronous clocks
® Programmable global 3-State pin facilitates ‘bed of nails’ testing
without using logic resources
® Available in TQFP and LQFP packages

® Available in both Commercial and Industrial grades

Table 1. PZ5128C/PZ5128N Features

PZ5128C/PZ5128N
Usable gates 4000
Maximum inputs 100
Maximum I/Os 96
Number of macrocells 128
Propagation delay (ns) 7.5
Packages 100-pin TQFP 128-pin LQFP

PAL is a registered trademark of Advanced Micro Devices, Inc.

1998 Jul 23

DESCRIPTION

The PZ5128C/PZ5128N CPLD (Complex Programmable Logic
Device) is a member of the Fast Zero Power (FZP™) family of
CPLDs from Philips Semiconductors. These devices combine high
speed and zero power in a 128 macrocell CPLD. With the FZP™
design technique, the PZ5128C/PZ5128N offers true pin-to-pin
speeds of 7.5ns, while simultaneously delivering power that is less
than 100pA at standby without the need for ‘turbo bits’ or other
power down schemes. By replacing conventional sense amplifier
methods for implementing product terms (a technique that has been
used in PLDs since the bipolar era) with a cascaded chain of pure
CMOS gates, the dynamic power is also substantially lower than
any competing CPLD — 70% lower at 50MHz. These devices are the
first TotalCMOS™ PLDs, as they use both a CMOS process
technology and the patented full CMOS FZP™ design technique.

The Philips FZP™ CPLDs introduce the new patented XPLA™
(eXtended Programmable Logic Array) architecture. The XPLA™
architecture combines the best features of both PLA and PAL™ type
structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA™ structure in each logic block provides a fast 7.5ns
PAL™ path with 5 dedicated product terms per output. This PAL™
path is joined by an additional PLA structure that deploys a pool of
32 product terms to a fully programmable OR array that can allocate
the PLA product terms to any output in the logic block. This
combination allows logic to be allocated efficiently throughout the
logic block and supports as many as 37 product terms on an output.
The speed with which logic is allocated from the PLA array to an
output is only 2ns, regardless of the number of PLA product terms
used, which results in worst case tpp'’s of only 9.5ns from any pin to
any other pin. In addition, logic that is common to multiple outputs
can be placed on a single PLA product term and shared across
multiple outputs via the OR array, effectively increasing design
density.

The PZ5128C/PZ5128N CPLDs are supported by industry standard
CAE tools (Cadence, Exemplar Logic, Mentor, OrCAD, Synopsys,
Synario, Viewlogic, MINC), using text (Abel, VHDL, Verilog) and/or
schematic entry. Design verification uses industry standard
simulators for functional and timing simulation. Development is
supported on personal computer, Sparc, and HP platforms. Device
fitting uses either MINC or Philips Semiconductors-developed tools.

The PZ5128C/PZ5128N CPLD is electrically reprogrammable using
industry standard device programmers from vendors such as Data
I/O, BP Microsystems, SMS, and others. The PZ5128C/PZ5128N
also includes an industry-standard, IEEE 1149.1, JTAG interface
through which In-System Programming (ISP) and reprogramming of
the device are supported.
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ORDERING INFORMATION
ORDER CODE DESCRIPTION sogkr | e
PZ5128CS7BP 100-pin TQFP, 7.5ns tpp, Commercial temp range, 5 volt power supply, + 5% 80 SOT386-1
PZ5128CS10BP 100-pin TQFP, 10ns tpp, Commercial temp range, 5 volt power supply, + 5% 80 SOT386-1
PZ5128CS12BP 100-pin TQFP, 12ns tpp, Commercial temp range, 5 volt power supply, + 5% 80 SOT386-1
PZ5128NS10BP 100-pin TQFP, 10ns tpp, Industrial temp range, 5 volt power supply, + 10% 80 SOT386-1
PZ5128NS15BP 100-pin TQFP, 15ns tpp, Industrial temp range, 5 volt power supply, + 10% 80 SOT386-1
PZ5128CS7BE 128-pin LQFP, 7.5ns tpp, Commercial temp range, 5 volt power supply, + 5% 96 SOT425-1
PZ5128CS10BE 128-pin LQFP, 10ns tpp, Commercial temp range, 5 volt power supply, £ 5% 96 SOT425-1
PZ5128CS12BE 128-pin LQFP, 12ns tpp, Commercial temp range, 5 volt power supply, + 5% 96 SOT425-1
PZ5128NS10BE 128-pin LQFP, 10ns tpp, Industrial temp range, 5 volt power supply, + 10% 96 SOT425-1
PZ5128NS15BE 128-pin LQFP, 15ns tpp, Industrial temp range, 5 volt power supply, £ 10% 96 SOT425-1
XPLA™ ARCHITECTURE From this point of view, this architecture looks like many other CPLD

Figure 1 shows a high level block diagram of a 128 macrocell device
implementing the XPLA™ architecture. The XPLA™ architecture
consists of logic blocks that are interconnected by a Zero-power

interconnect Array (ZIA). The ZIA is a virtual crosspoint switch. Each described next.
logic block is essentially a 36V16 device with 36 inputs from the ZIA

and 16 macrocells. Each logic block also provides 32 ZIA feedback

paths from the macrocells and I/O pins.

architectures. What makes the CoolRunner™ family unique is what
is inside each logic block and the design technique used to
implement these logic blocks. The contents of the logic block will be
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Figure 1. Philips XPLA CPLD Architecture
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Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic block
contains control terms, a PAL array, a PLA array, and 16 macrocells.
The 6 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the preset/reset and
output enables of the 16 macrocells’ flip-flops. In addition, two of the
control terms can be used as clock signals (see Macrocell
Architecture section for details). The PAL array consists of a
programmable AND array with a fixed OR array, while the PLA array
consists of a programmable AND array with a programmable OR
array. The PAL array provides a high speed path through the array,
while the PLA array provides increased product term density.

Each macrocell has 5 dedicated product terms from the PAL array.
The pin-to-pin tpp of the PZ5128C/PZ5128N device through the PAL
array is 7.5ns. If a macrocell needs more than 5 product terms, it
simply gets the additional product terms from the PLA array. The
PLA array consists of 32 product terms, which are available for use
by all 16 macrocells. The additional propagation delay incurred by a
macrocell using 1 or all 32 PLA product terms is just 2ns. So the
total pin-to-pin tpp for the PZ5128C/PZ5128N using 6 to 37 product
terms is 9.5ns (7.5ns for the PAL + 2ns for the PLA).
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Figure 2. Philips XPLA Logic Block Architecture
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Macrocell Architecture

Figure 3 shows the architecture of the macrocell used in the
CoolRunner™ PZ5128C/PZ5128N. The macrocell can be configured
as either a D or T type flip-flop or a combinatorial logic function. A
D-type flip-flop is generally more useful for implementing state
machines and data buffering while a T-type flip-flop is generally
more useful in implementing counters. Each of these flip-flops can
be clocked from any one of six sources. Four of the clock sources
(CLKO, CLK1, CLK2, CLK3) are connected to low-skew, device-wide
clock networks designed to preserve the integrity of the clock signal
by reducing skew between rising and falling edges. Clock 0 (CLKO)
is designated as a “synchronous” clock and must be driven by an
external source. Clock 1 (CLK1), Clock 2 (CLK2), and Clock 3
(CLK3) can be used as “synchronous” clocks that are driven by an
external source, or as “asynchronous” clocks that are driven by a
macrocell equation. CLKO, CLK1, CLK2 and CLK3 can clock the
macrocell flip-flops on either the rising edge or the falling edge of the
clock signal. The other clock sources are two of the six control terms
(CT2 and CT3) provided in each logic block. These clocks can be
individually configured as either a PRODUCT term or SUM term
equation created from the 36 signals available inside the logic block.
The timing for asynchronous and control term clocks is different in
that the tgo time is extended by the amount of time that it takes for
the signal to propagate through the array and reach the clock
network, and the tgy time is reduced. Please see the application
note titled “Understanding CoolRunner Clocking Options” for more
detail.

The six control terms of each logic block are used to control the
asynchronous Preset/Reset of the flip-flops and the enable/disable
of the output buffers in each macrocell. Control terms CT0 and CT1

are used to control the asynchronous Preset/Reset of the
macrocell’s flip-flop. Note that the Power-on Reset leaves all
macrocells in the “zero” state when power is properly applied, and
that the Preset/Reset feature for each macrocell can also be
disabled. Control terms CT2 and CT3 can be used as a clock signal
to the flip-flops of the macrocells, and as the Output Enable of the
macrocell's output buffer. Control terms CT4 and CT5 can be used
to control the Qutput Enable of the macrocell’s output buffer. Having
four dedicated Output Enable control terms ensures that the
CoolRunner™ devices are PCI compliant. The output buffers can
also be always enabled or always disabled. All CoolRunner™
devices also provide a Global Tri-State (GTS) pin, which, when
enabled and pulled Low, will 3-State all the outputs of the device.
This pin is provided to support “In-Circuit Testing” or “Bed-of-Nails
Testing”.

There are two feedback paths to the ZIA: one from the macrocell,
and one from the I/O pin. The ZIA feedback path before the output
buffer is the macrocell feedback path, while the ZIA feedback path
after the output buffer is the I/0 pin feedback path. When the
macrocell is used as an output, the output buffer is enabled, and the
macrocell feedback path can be used to feedback the logic
implemented in the macrocell. When the I/O pin is used as an input,
the output buffer will be 3-Stated and the input signal will be fed into
the ZIA via the I/O feedback path, and the logic implemented in the
buried macrocell can be fed back to the ZIA via the macrocell
feedback path. It should be noted that unused inputs or I/Os should
be properly terminated (see the section on Terminations in this data
sheet and the Application Note Terminating Unused CoolRunner™
/O Pins).

TOZIA
PAL > ]
CLKO INIT &Ts
CLKO (P orR)
CLK1
CLK1 cTo GhR
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CLK2 et
CLK3
CLK3 GND
ppEe 82
0000 >0
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Figure 3. PZ5128C/PZ5128N Macrocell Architecture
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Simple Timing Model

Figure 4 shows the CoolRunner™ Timing Model. The CoolRunner™
timing model looks very much like a 22V10 timing model in that
there are three main timing parameters, including tpp, tsy, and tco.
In other competing architectures, the user may be able to fit the
design into the CPLD, but is not sure whether system timing
requirements can be met until after the design has been fit into the
device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed,
sharable expanders, varying number of X and Y routing channels
used, etc. In the XPLA™ architecture, the user knows up front
whether the design will meet system timing requirements. This is
due to the simplicity of the timing model.

TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a TotalCMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its Sum of Products instead of the
traditional sense amp approach. This CMOS gate implementation
allows Philips to offer CPLDs which are both high performance and
low power, breaking the paradigm that to have low power, you must
have low performance. Refer to Figure 5 and Table 2 showing the Ipp
vs. Frequency of our PZ5128C/PZ5128N Total CMOS™ CPLD (data
taken w/eight up/down, loadable 16 bit counters @5V, 25°C).

INPUT PIN D

tpp_paL = COMBINATORIAL PAL ONLY
tpp_pLA = COMBINATORIAL PAL + PLA

REGISTERED

EI OUTPUT PIN

tsu_paL = PAL ONLY

t ~PAL + PLA
NpuTPIN [J—SPA= 7

REGISTERED

&
Q 20 —{] outputein

GLOBAL CLOCK PIN D—

SP00553

Figure 4. CoolRunner™ Timing Model
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Figure 5. Ipp vs. Frequency @ Vpp = 5.0V, 25°C
Table 2. Ipp vs. Frequency
Vpp = 5.00V
FREQUENCY (MHz) 0 1 20 40 60 80 100 120
Typical Ipp (MA) 0.048 1.281 23.55 46.93 70.05 92.45 114.4 136.2
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JTAG Testing Capability

JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. The
Philips PZ5128C/PZ5128N devices use the JTAG Interface for
In-System Programming/Reprogramming. Although only a subset of
the full JTAG command set is implemented (see Table 5), the
devices are fully capable of sitting in a JTAG scan chain.

The Philips PZ5128C/PZ5128N’s JTAG interface includes a TAP
Port defined by the IEEE 1149.1 JTAG Specification. As
implemented in the Philips PZ5128C/PZ5128N, the TAP Port
includes four of the five pins (refer to Table 3) described in the JTAG
specification: TCK, TMS, TDI, and TDO. The fifth signal defined by
the JTAG specification is TRST* (Test Reset). TRST* is considered
an optional signal, since it is not actually required to perform BST or
ISP. The Philips PZ5128C/PZ5128N saves an I/O pin for general
purpose use by not implementing the optional TRST* signal in the
JTAG interface. Instead, the Philips PZ5128C/PZ5128N supports
the test reset functionality through the use of its power up reset
circuit, which is included in all Philips CPLDs. The pins associated
with the TAP Port should connect to an external pull-up resistor to
keep the JTAG signals from floating when they are not being used.

In the Philips PZ5128C/PZ5128N, the four mandatory JTAG pins
each require a unique, dedicated pin on the device. The devices

Table 3. JTAG Pin Description

come from the factory with these 1/O pins set to perform JTAG
functions, but through the software, the final function of these pins
can be controlled. If the end application will require the device to be
reprogrammed at some future time with ISP, then the pins can be
left as dedicated JTAG functions, which means they are not
available for use as general purpose I/O pins. However, unlike
competing CPLDs, the Philips PZ5128C/PZ5128N allow the
macrocells associated with these pins to be used as buried logic
when the JTAG/ISP function is enabled. This is the default state for
the software, and no action is required to leave these pins enabled
for the JTAG/ISP functions. If, however, JTAG/ISP is not required in
the end application, the software can specify that this function be
turned off and that these pins be used as general purpose I/O.
Because the devices initially have the JTAG/ISP functions enabled,
the JEDEC file can be downloaded into the device once, after which
the JTAG/ISP pins will become general purpose I/O. This feature is
good for manufacturing because the devices can be programmed
during test and assembly of the end product and yet still use all of
the I/0 pins after the programming is done. It eliminates the need for
a costly, separate programming step in the manufacturing process.
Of course, if the JTAG/ISP function is never required, this feature
can be turned off in the software and the device can be programmed
with an industry-standard programmer, leaving the pins available for
1/0 functions. Table 4 defines the dedicated pins used by the four
mandatory JTAG signals for each of the PZ5128C/PZ5128N
package types.

PIN NAME DESCRIPTION
TCK Test Clock Output Clock pin to shift the serial data and instructions in and out of the TDI and TDO pins, respectively.
T™MS Test Mode Select Serial input pin selects the JTAG instruction mode. TMS should be driven high during user mode
operation.
TDI Test Data Input Serial input pin for instructions and test data. Data is shifted in on the rising edge of TCK.
TDO Test Data Output Serial output pin for instructions and test data. Data is shifted out on the falling edge of TCK. The
signal is tri-stated if data is not being shifted out of the device.

Table 4. PZ5128C/PZ5128N JTAG Pinout by Package Type

(PIN NUMBER / MACROCELL #)
DEVICE
TCK ™S DI TDO
PZ5128C/PZ5128N
100-pin TQFP 62/F15 15/C15 4/B15 73/G15
128-pin LQFP 82/F15 21/C15 8/B15 95/G15

Table 5. PZ5128C/PZ5128N Low-Level JTAG Boundary-Scan Commands

INSTRUCTION

(Instruction Code) DESCRIPTION

Register Used

Bypass Places the 1 bit bypass register between the TDI and TDO pins, which allows the BST data to pass

(1111) synchronously through the selected device to adjacent devices during normal device operation. The Bypass
instruction can be entered by holding TDI at a constant high value and completing an Instruction-Scan cycle.

Boundary-Scan Register

Bypass Register
Idcode Selects the IDCODE register and places it between TDI and TDO, allowing the IDCODE to be serially shifted
(0001) out of TDO. The IDCODE instruction permits blind interrogation of the components assembled onto a printed

circuit board. Thus, in circumstances where the component population may vary, it is possible to determine
what components exist in a product.
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5-Volt, In-System Programming (ISP) Terminations
ISP is the ability to reconfigure the logic and functionality of a The CoolRunner™ PZ5128C/PZ5128N CPLDs are TotalCMOS™
device, printed circuit board, or complete electronic system before, devices. As with other CMOS devices, it is important to consider
during, and after its manufacture and shipment to the end customer. how to properly terminate unused inputs and I/O pins when
ISP provides substantial benefits in each of the following areas: fabricating a PC board. Allowing unused inputs and I/O pins to float
® Design can cause the voltage to be in the linear region of the CMOS input

= Fasteiiifa-io:riatkat structures, which can increase the power consumption of the device.

e — - ; The PZ5128C/PZ5128N CPLDs have programmable on-chip

— Debug partitioning and simplified prototyping pull-down resistors on each I/O pin. These pull-downs are

— Printed circuit board reconfiguration during debug automatically activated by the fitter software for all unused I/O pins.
— Better device and board level testing Note that an I/O macrocell used as buried logic that does not have
the 1/0 pin used for input is considered to be unused, and the
pull-down resistors will be turned on. We recommend that any
unused I/O pins on the PZ5128C/PZ5128N device be left
unconnected.

©® Manufacturing
— Multi-Functional hardware
- Reconfigurability for Test
- Eliminates handling of “fine lead-pitch” components for
programming
— Reduced Inventory and manufacturing costs

There are no on-chip pull-down structures associated with the
dedicated input pins. Philips recommends that any unused
dedicated inputs be terminated with external 10k pull-up resistors.
- Improved quality and reliability These pins can be directly connected to Vg or GND, but using the
® Field Support external pull-up resistors maiqtains maximum design flexibility
should one of the unused dedicated inputs be needed due to future

— Easy remote upgrades and repair deEich BRaFgEE.

— Support for field configuration, re-configuration, and

customization When using the JTAG/ISP functions, it is also recommended that
10k pull-up resistors be used on each of the pins associated with
The Philips PZ5128C/PZ5128N allows for 5-Volt, in-system the four mandatory JTAG signals. Letting these signals float can
programming/reprogramming of its EEPROM cells via its JTAG cause the voltage on TMS to come close to ground, which could
interface. An on-chip charge pump eliminates the need for cause the device to enter JTAG/ISP mode at unspecified times. See
externally-provided supervoltages, so that the PZ5128C/PZ5128N the application notes JTAG and ISP in Philips Devices and
may be easily programmed on the circuit board using only the 5-volt Terminating CoolRunner™ |/O Pins for more information.

supply required by the device for normal operation. A set of low-level
ISP basic commands implemented in the PZ5128C/PZ5128N
enable this feature. The ISP commands implemented in the Philips
PZ5128C/PZ5128N are specified in Table 6. Please note that an
ENABLE command must precede all ISP commands unless an
ENABLE command has already been given for a preceding ISP
command.

Table 6. Low Level ISP Commands
INSTRUCTION INSTRUCTION

(Beglster Lised) CODE DESCRIPTION

Enable 1001 Enables the Erase, Program, and Verify commands. Using the ENABLE instruction before the

(ISP Shift Register) Erase, Program, and Verify instructions allows the user to specify the outputs the device using
the JTAG Boundary-Scan SAMPLE/PRELOAD command.

Erase 1010 Erases the entire EEPROM array. The outputs during this operation can be defined by user by

(ISP Shift Register) using the JTAG SAMPLE/PRELOAD command.

Program 1011 Programs the data in the ISP Shift Register into the addressed EEPROM row. The outputs

(ISP Shift Register) during this operation can be defined by user by using the JTAG SAMPLE/PRELOAD command.

Verify 1100 Transfers the data from the addressed row to the ISP Shift Register. The data can then be

(ISP Shift Register) shifted out and compared with the JEDEC file. The outputs during this operation can be defined
by the user.
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JTAG and ISP Interfacing

A number of industry-established methods exist for JTAG/ISP
interfacing with CPLD’s and other integrated circuits. The Philips
PZ5128C/PZ5128N supports the following methods:

® PC Parallel Port
® Workstation or PC Serial Port
® Embedded Processor

Table 7. Programming Specifications

® Automated Test Equipment
® Third party Programmers
® High-End ISP Tools

For more details on JTAG and ISP for the PZ5128C/PZ5128N, refer
to the related application note: JTAG and ISP in Philips CPLDs.

SYMBOL | PARAMETER MIN. MAX. UNIT
DC Parameters
Veep Ve supply program/verify 4.5 5.5 Vv
lccp Icc limit program/verify 200 mA
Vin Input voltage (High) 2.0 )
ViL Input voltage (Low) 0.8 A
VsoL Output voltage (Low) 0.5 \
VsoH Output voltage (High) 24 \
TDO_loL Output current (Low) 12 mA
TDO_lpy | Output current (High) -12 mA
AC Parameters
fmax TCK maximum frequency 10 MHz
PWE Pulse width erase 100 ms
PWP Pulse width program 10 ms
PWV Pulse width verify 10 us
INIT Initialization time 100 us
TMS_SU | TMS setup time before TCK T 10 ns
TDI_SU TDI setup time before TCK T 10 ns
TMS_H TMS hold time after TCK T 20 ns
TDI_H TDI hold time after TCK T 20 ns
TDO_CO | TDO valid after TCK | 30 ns
ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER MIN. MAX. UNIT
Vop Supply voltage? -0.5 7.0 \Y
\ Input voltage =12 Vpp+0.5 \
Vout Output voltage -0.5 Vpp+0.5 Vv
Iin Input current -30 30 mA
louTt Output current -100 100 mA
%) Maximum junction temperature —40 150 °C
Tatr Storage temperature —65 150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at
these or any other condition above those indicated in the operational and programming specification is not implied.

2. The chip supply voltage must rise monotonically.

OPERATING RANGE

PRODUCT GRADE TEMPERATURE VOLTAGE
Commercial 0to +70°C 5.0 +5% V
Industrial —40 to +85°C 5.0+10% V
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DC ELECTRICAL CHARACTERISTICS FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tamp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
Vi Input voltage low Vpp =4.75V 0.8 Vv
\m Input voltage high Vpp =5.25V 2.0 )
V) Input clamp voltage Vpp =4.75V, iy =-18mA -1.2 \
VoL Output voltage low Vpp =4.75V, lg. = 12mA 0.5 \
Von Output voltage high Vpp =4.75V, loy =-12mA 24 \
Iy Input leakage current Vin=0to Vpp -10 10 uA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 LA
Iopq! Standby current Vpp = 5.25V, Tamp = 0°C 100 HA
g2 = PRI Vpp =5.25V, Tymp = 0°C @ 1MHz 3 mA

Vpp =5.25V, Tymp = 0°C @ 50MHz 75 mA
los Short circuit output currentd 1 pin at a time for no longer than 1 second -50 -200 mA
Cin Input pin capacitance® Tamb =25°C, f = 1MHz 8 pF
Colk Clock input capacitance3 Tamb = 25°C, f = 1MHz 5 12 pF
Cio 1/0 pin capacitance? Tamb = 25°C, f = IMHz 10 pF

NOTES:

1. See Table 2 on page 168 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR COMMERCIAL GRADE DEVICES
Commercial: 0°C < Tymp < +70°C; 4.75V < Vpp < 5.25V

SYMBOL PARAMETER £ 10 L. UNIT
MIN. | MAX. [ MIN. [ MAX. [ MIN. | MAX.
tPp_pAL Propagation delay time, input (or feedback node) to output through PAL 2 75 2 10 2 12 ns
oL zrgﬁigation delay time, input (or feedback node) to output through PAL 3 95 3 12 3 145 ns
tco Clock to out (global synchronous clock from pin) 2 5.6 2 4 2 8 ns
tsu_PAL Setup time (from input or feedback node) through PAL 4.5 7 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 6.5 9 10.5 ns
ty Hold time 0 0 0 ns
tcH Clock High time 3 4 4 ns
toL Clock Low time 3 4 4 ns
tr Input Rise time 20 20 20 ns
te Input Fall time 20 20 20 ns
fMAXA Maximum FF toggle rate?  1/(tch + tcL) 167 125 125 MHz
fmaxe Maximum internal frequency?  1/(tsypaL + tcF) 11 80 69 MHz
fmaxa Maximum external frequency?  1/(tsypaL + tco) 95 74 63 MHz
tBUF Output buffer delay time 1.5 1.5 1.5 ns
tPBE AL :;K)'l_n (or feedback node) to internal feedback node delay time through 2 5 > 8.5 2 105 fis
T Exfi’gol_rgeedback node) to internal feedback node delay time through 3 8 3 105 3 13 5
tcr Clock to internal feedback node delay time 4 5.5 6.5 ns
tinir Delay from valid Vpp to valid reset 50 50 50 us
teR Input to output disable?: 3 9 12 15 ns
tea Input to output valid? 9 12 15 ns
trRp Input to register preset? 1 12.5 15 ns
tRR Input to register reset? 11 12:5 15 ns

NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.

3. Output C|_ = 5pF.
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DC ELECTRICAL CHARACTERISTICS FOR INDUSTRIAL GRADE DEVICES
Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V
SYMBOL PARAMETER TEST CONDITIONS MIN. MAX. UNIT
ViL Input voltage low Vpp = 4.5V 0.8 )
Viy Input voltage high Vpp = 5.5V 2.0 Vv
A Input clamp voltage Vpp = 4.5V, Iy =—-18mA -1.2 Vv
VoL Output voltage low Vpp =4.5V, lg. = 12mA 0.5 \
VoH Output voltage high Vpp = 4.5V, loy =-12mA 2.4 Vv
I Input leakage current Vin=0to Vpp -10 10 HA
loz 3-Stated output leakage current Vin=0to Vpp -10 10 HA
Iopa! Standby current Vpp = 5.5V, Tamp = —40°C 125 HA
— Byremiourreri Vpp = 5.5V, Tamp = —40°C @ 1MHz 4 mA
Vpp = 5.5V, Tymp = —40°C @ 50MHz 80 mA
los Short circuit output current3 1 pin at a time for no longer than 1 second =50 —-230 mA
Cin Input pin capacitance® Tamb = 25°C, f = 1MHz 8 pF
Ceolk Clock input capacitance® Tamb = 25°C, f = 1IMHz 5 12 pF
Cio 1/0 pin capacitance® Tamb = 25°C, f = 1IMHz 10 pF
NOTES:

1. See Table 2 on page 168 for typical values.

2. This parameter measured with a 16-bit, loadable up/down counter loaded into every logic block, with all outputs disabled and unloaded.
Inputs are tied to Vpp or ground. This parameter guaranteed by design and characterization, not testing.

3. Typical values, not tested.

AC ELECTRICAL CHARACTERISTICS! FOR INDUSTRIAL GRADE DEVICES

Industrial:  —40°C < Tymp < +85°C; 4.5V < Vpp < 5.5V
SYMBOL PARAMETER i = UNIT
MIN. | MAX. | MIN. | MAX.
tpp_PAL Propagation delay time, input (or feedback node) to output through PAL 2 10 2 15 ns
tpp_pLA Propagation delay time, input (or feedback node) to output through PAL & PLA 12 3 17:5 ns
tco Clock to out (global synchronous clock from pin) 2 7 2 8 ns
tsu_PAL Setup time (from input or feedback node) through PAL 8 ns
tsu_pLA Setup time (from input or feedback node) through PAL + PLA 10 10.5 ns
tH Hold time 0 0 ns
tcH Clock High time 5 9 ns
toL Clock Low time 5 5 ns
tr Input Rise time 20 20 ns
tF Input Fall time 20 20 ns
fmax1 Maximum FF toggle rate?  1/(tcy + tcL) 100 100 MHz
fmaxe Maximum internal frequency?  1/(tsypaL + tcF) 71 69 MHz
fmaxa Maximum external frequency?  1/(tsypaL + tco) 66 63 MHz
tBUF Output buffer delay time 1.5 1.5 ns
tPDF_PAL Input (or feedback node) to internal feedback node delay time through PAL 2 8.5 2 13.;5 ns
tPDF_PLA Input (or feedback node) to internal feedback node delay time through PAL+PLA 3 10.5 3 16 ns
tcr Clock to internal feedback node delay time 6 6.5 ns
N Delay from valid Vpp to valid reset 50 50 us
ter Input to output disable2: 3 15 15 ns
tea Input to output valid? 15 15 ns
trp Input to register preset? 15 17 ns
tRR Input to register reset? 15 17 ns
NOTES:

1. Specifications measured with one output switching. See Figure 6 and Table 8 for derating.
2. This parameter guaranteed by design and characterization, not by test.
3. Output C_ = 5pF.
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SWITCHING CHARACTERISTICS

s1

o 0—>

AAA
VWV

Viy >—

Vour

AAA

R2

3\

™~ C1

s2

COMPONENT VALUES
R1 390Q
R2 390Q
C1 35pF
MEASUREMENT S1 S2
tpzH Open Closed
tpzL Closed Closed
tp Closed Closed

NOTE: For tpyz and tp 7 C = 5pF, and 3-State levels are
measured 0.5V from steady state active level.

SP00618

Vpp =5V, 25°C

7.0

6.9

6.8

tPD_PAL 6.6
(ns)

6.5

6.4 /

6.3

VOLTAGE WAVEFORM

SP00368

MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses

6.2

6.1

6.0

1 2 4 8 12 16

NUMBER OF OUTPUTS SWITCHING
SP00619

Figure 6. tpp par vs. Outputs Switching

Table 8. tpp paL vs. Number of Outputs Switching
Vpp = 5.00V, 25°C

NUMBER OF
OUTPUTS 1 2 4 8 12 16
Typical (ns) |6.362 | 6.432 | 6.49 | 6.562 | 6.63 6.705
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PIN DESCRIPTIONS

100-Pin Thin Quad Flat Package 128-Pin Low Profile Quad Flat Package
100 76 128 103
1= © = 75 1=© = 102
TQFP
LQFP
25 = 51
38 = 65
26 50
Pin  Function Pin  Function Pin  Function 8 64
; :ig:i g: :;ggg 32 :;gg?e Pin  Function Pin  Function Pin  Function
3 Voo I ODREKE 71 oG 2 Vo ® 008 % vogs
4 1O-B15(TDI) 38  GND 72 10-G13 ol = - B s
5 10B13 39 Vpp 73 1/0-G15(TDO) " o oo M
6  10-B12 40 VO-EO/CLK1 3 o 4 NG S N %  10-G8
7 10-B10 41 UO-E2 & NG . lond 91 10-G10
8 10-B8 42 VO-E4 5 UOHo 6 NC 49 o2 92 1/O-G11
9 1O-B7 43 GND 76 1/0-H2 7 Voo 50  1/0-DO/CLK2 93 1/0-G12
i ioes o o 77 1O-H4 8  1/0-B15(TDI) 51 GND % 10-G13
G i loer 78 1/O-H5 9 1/0-B13 52 Vpp 95 1/0-G15 (TDO)
12 Vo:B4 ag:  IICEES 79 IOHT 10 10-B12 53 I/O-E0/CLK1 96 GND
i3 RS 7 UGETD 80  1/0-H8 1 yo-BN 54 1/O-E2 97 NC
14 1/0-BO 48 O-E12 81 /O-H10 12 JO:B1e 55 IO-E3 98 NC
15 1/0-C15 (TMS) 49 O-E13 82  Vpp 13 lio-Bs 56  VO-E4 99 NC
16 1/0-C13 50  IO-E15 83 l/O-H12 14 lo:Br 57 GND 100 1/0-HO
17 1o-c12 51 Vpp 84 I/O-H13 15 1/O-B5 58 O-E5 101 1/0-H2
18 Vs 52 1/0-FO 85  IOHI5 15 Ghp 59 ilfo-E7 102 1/0-H3
19 1010 53  lO-F2 8 GND i JoBt 60 Vo8 103 1/O-H4
20  1/0-C8 54 I/O-F4 87 INO/CLKO ig o1 JioElo 104 1/O-H5
5 A = o = e 19 1/0-B2 62 IO-ET1 e G
% e 5 lic) g 20 1/O-B0 63 I/O-E12 o Lot
5% 6wk &  |JOES 89 I 21 1/0-C15 (TMS) 64  I/O-E13 07 VoM
24 10-C2 58 1/0-F10 g? c\‘ 3 (a1 Ly = 108 Voo
3 oD 23 10-C12 68 Vhp
2 oo o ior 2 UoATSCL 2 loo o 18k 109 VoHIT
27 10-D15 61 O-F13 23 HOALS 25 Voo £ NG i1 VOH13
58 TGOS 62 VO-F15(TCK) 94 1O-A12 26  1/0-C10 69 NC HL et
5% o2 & 1060 95  GND 27 1/0-C8 70 NC e o
30  1/0-D10 64 1/0-G2 9  /0-A10 28 Jiooy Y e T4 INGIGLKD
el = el 97 10-A8 29 1/0-C5 72 1O-F3 o
32 1/0-D7 66 Voo 98  IO-A7 30 1/O-C4 73 I/O-F4 15 5 -gtsn
33 1/0-D5 67  1/0-G5 99 10-A5 :; :;ggg ;g :;g:? Hg IN;
34 Vpp 68  1/0-G7 100 1VO-A4 - Ay H8 Voo
SP00485 34 NC 77 VO-F10 119 1/0-A15/CLK3
35 NC 78 GND 120 I/0-A13
36  1/0-CO 79 I/O-F11 121 1/0-A12
37  GND 80 I/O-F12 122 1/0-A11
38 1/0-D15 81  I/O-F13 123 GND
39 1/0-D13 82 VO-F15(TCK) 124 1/0-A10
40  1O-D12 83 1/0-GO 125 1/0-A8
41 yo-D1 84  10-G2 126 1/0-A7
42 y0-D10 85 1/0-G3 127 1/0-AS
43 1/O-D8 86  10-G4 - 128 1/0-A4
SP00469A
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Package Thermal Characteristics
Philips Semiconductors uses the Temperature Sensitive Parameter PERCENTAGE 0

(TSP) method to test thermal resistance. This method meets REDUCTION IN ‘
Mil-Std-883C Method 1012.1 and is described in Philips 1995 IC Oun (%) \
Package Databook. Thermal resistance varies slightly as a function
of input power. As input power increases, thermal resistance
changes approximately 5% for a 100% change in power.

20 \
Figure 7 is a derating curve for the change in © 4 with airflow based \
on wind tunnel measurements. It should be noted that the wind flow
dynamics are more complex and turbulent in actual applications

than in a wind tunnel. Also, the test boards used in the wind tunnel ~
contribute significantly to forced convection heat transfer, and may 45 [ I

not be similar to the actual circuit board, especially in size. | PLCC/
‘ ‘ QFP

30 N

50
Package SATY 0 1 2 3 4 5

100-pin TQFP 47.4 °C/W AIR FLOW (m/s)
128-pin LQFP 45.0 °C/W

SP00419A

Figure 7. Average Effect of Airflow on O
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320 macrocell SRAM CPLD

PZ3320C/PZ3320N

e 5 e T e s R e e AR R

FEATURES
® 320 macrocell SRAM based CPLD
® Multiple power-up configuration modes
— Master serial
— Slave serial
— Master parallel-up
— Master parallel-down
— Slave parallel
— Synchronous peripheral
— Other modes available, contact Philips at 1-888-CoolPLD

® Configuration times of under 1.0 seconds

® |[EEE 1149.1 compliant JTAG testing capability
— 5 pin JTAG interface
— |IEEE 1149.1 TAP controller

® 3.3 volt device
® 5V tolerant I/O

® |nnovative XPLA2 Architecture combines extreme flexibility and
high speeds

® 8 synchronous clock networks with programmable polarity at
every macrocell

® Up to 32 asynchronous clocks support complex clocking needs

® |nnovative XOR structure at every macrocell provides excellent
logic reduction capability

® | ogic expandable to 36 product terms on a single macrocell

® PCl compliant (except for clamp diode to V¢ rail due to 5 V
tolerance)

® Advanced 0.351 SRAM process

@ Design entry and verification using industry standard and Philips
CAE tools

® |nnovative Control Term structure provides either sum terms of
product terms in each logic block for:
— 3-State buffer control
— Asynchronous macrocell register reset/preset

® Global 3-State pin facilitates ‘bed of nails’ testing without
sacrificing logic resources

® Programmable slew rate control
® Small form factor packages with high I/O counts

® Available in commercial and industrial temperature ranges

Table 1. PZ3320C/PZ3320N Features

PZ3320C/PZ3320N

Usable gates 10,000
Maximum inputs 192
Maximum 1/Os 192
Number of macrocells 320
Propagation delay (ns) 75
Packages 160 pin LQFP

256 pin PBGA

1998 Jul 22

DESCRIPTION

The PZ3320 device is a member of the CoolRunner™ family of
high-density SRAM-based CPLDs (Complex Programmable Logic
Device) from Philips Semiconductors. This device combines high
speed and deterministic pin-to-pin timing with high density. The
PZ3320 uses the patented Fast Zero Power (FZP) design technique
that combines high speed and low power for the first time ever in a
CPLD. FZP allows the PZ3320 to have true pin-to-pin timing delays
of 7.5ns, and standby currents of 100 microamps without the need
for ‘turbo bits’ or other power down schemes. By replacing
conventional sense amplifier methods for implementing product
terms (a technique that has been used since the bipolar era) with a
cascaded chain of pure CMOS gates, both standby and dynamic
power are dramatically reduced when compared to other CPLDs.
The FZP design technique is also what allows Philips to offer a true
CPLD architecture in a high density device.

The Philips PZ3320C/PZ3320N devices use the new patent-pending
XPLA2™ (eXtended Programmable Logic Array) architecture. This
architecture combines the best features of both PAL- and PLA-type
logic structures to deliver high speed and flexible logic allocation that
results in superior ability to make design changes with fixed pinouts.
The XPLA2™ architecture is constructed from 80 macrocell Fast
Modules that are connected together by an interconnect array.
Within each Fast Module are four Logic Blocks of 20 macrocells
each. Each Logic Block contains a PAL structure with four dedicated
product terms for each macrocell. In addition, each Logic Block has
32 additional product terms in a PLA structure that can be shared
through a fully programmable OR array to any of the 20 macrocells.
This combination efficiently allocates logic throughout the Logic
Block, which increases device density and allows for design
changes without re-defining the pinout or changing the system
timing. The PZ3320 offers pin-to-pin propagation delays of 7.5ns
through the PAL array of a Fast Module; and if the PLA array is
used, an additional 1.5ns is added to the delay, no matter how many
PLA product terms are used. If the interconnect array between Fast
Modules is used, there is a second fixed addition to the propagation
delay of 4.0ns. This means that the worst case pin-to-pin
propagation delay within a fast module is 7.5 + 1.5 = 9.0 ns, and the
delay from any pin to any other pin across the entire chip is

7.5 +4.0 = 11.5ns if only the PAL array is used, and

7.5+ 1.5+ 4.0 =13.0ns if the PLA array is used. This deterministic
timing allows you to establish system timing before the logic design
is even started.

Each macrocell also has a two input XOR gate with the dedicated
PAL product terms on one input and the PLA product terms on the
other input. This patent-pending Versatile XOR structure allows for
very efficient logic optimization compared to competing XOR
structures that have only one product term as the second input to
the XOR gate. The Versatile XOR allows an 8 bit XOR function to be
implemented in only 20 product terms, compared to 65 product
terms for the traditional XOR approach.

The PZ3320 is SRAM-based, which means that it is configured at
power up by one of many different methods. The device may be
reconfigured any number of times. See the configuration section of
this data sheet for more information. The device supports the full
JTAG specification (IEEE 1149.1) through an industry standard
JTAG interface.
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Software support for the PZ3320 is through industry standard CAE
tools (Cadence, Mentor, Synopsys, Synario, Viewlogic, MINC,
Exemplar Logic, and Orcad) as well as Philips’ own XPLA Designer.
Entry methods include both text (ABEL, PHDL, VHDL, Verilog)
and/or schematic. Design verification uses industry standard
simulators for functional and timing simulation, and development
tools are supported on personal computer, SPARC, and HP
Workstation platforms. Device fitting uses either MINC or Philips
Semiconductors developed tools.

ORDERING INFORMATION

ORDER CODE . . DESCRIPTION DRAWING NUMBER
PZ3320C7xx 160-pin LQFP, 7.5 ns tpp Commercial temp. range, 3.3 volt power supply +10%
PZ3320C7yy 256-pin PBGA, 7.5 ns tpp Commercial temp. range, 3.3 volt power supply +10%
PZ3320N8xx 160-pin LQFP, 7.5 ns tpp Industrial temp. range, 3.3 volt power supply +10%
PZ3320N8yy 256-pin PBGA, 7.5 ns tpp Industrial temp. range, 3.3 volt power supply +10%
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XPLA2 ARCHITECTURE

Figure 1 shows a high level block diagram of the PZ3320
implementing the XPLA2 architecture. The XPLA2 architecture is a
multi-level, modular hierarchy that consists of Fast Modules
interconnected by a Global Zero Power Interconnect Array (GZIA).
The GZIA is a virtual crosspoint switch that connects the Fast
Modules together. Each Fast Module accepts 64 bits from the GZIA
and outputs 64 bits to the GZIA. Each Fast Module is essentially an
80 macrocell CPLD with four logic blocks of 20 macrocells each

inside. There are eight dedicated, low-skew, global clocks for the
device; and each Fast Module has access to any two of these
clocks (there are additional asynchronous clocks available in the
Fast Modules, see Figure 3). There are also Global 3-state (gts) and
Global Reset (rstn) pins that are common to all Fast Modules. When
gts is pulled high, all output buffers in the device will be disabled,
causing all I/O pins to be tri-stated. When rstn is pulled low, all
flip-flops of the device will be reset.

DEDICATED
CLOCK INPUTS
Jf b
64 64
2 FAST FAST 2
z MODULE MODULE
64 64
64 64
2 FAST FAST 2
% MODULE MODULE 7
64 64
‘ 1
gts rstn
SP00655
Figure 1. Philips XPLA2 CPLD Architecture
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XPLA2 Fast Module

Each Fast Module consists of four Logic Blocks of 20 macrocells
each. Depending on the package, either 8 or 12 of the 20 macrocells
in each Logic Block are connected to I/O pins, and the remaining
macrocells are used as buried nodes. These four Logic Blocks are
connected together by the Local Zero Power Interconnect Array

(LZIA). The LZIA is a virtual crosspoint switch that connects the
Logic Blocks to each other and to the GZIA. The feedback from all
80 macrocells, input from the 1/O pins, and the 64 bit input bus from
the GZIA are input into the LZIA. The LZIA outputs 36 signals into
each Logic Block and 64 signals into the GZIA.

l«—| MCO MCO —
MC1 LOGIC 36 36 LOGIC MC1
o T BLOCK BLOCK T o
MC19 MC19
| 20 20 I
l«—{ McCo @ vco |
MC1 LoGIC 36 36 Loaic MC1
1o : BLOCK BLOCK T Vo
MC19 MC19
| 20 20 [
64% 64%
SP00656
Figure 2. Philips XPLA2 Fast Module
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XPLA2 Logic Block Architecture

Figure 3 illustrates the XPLA2 Logic Block architecture. Each Logic
Block contains 8 control terms, a PAL array, a PLA array, and 20
macrocells. The 36 inputs from the LZIA are available to all control
terms and to each product term in both the PAL and the PLA array.
The 8 control terms can individually be configured as either SUM or
PRODUCT terms, and are used to control the asynchronous preset
and reset functions of the macrocell registers, the output enables of
the 20 macrocells, and for asynchronous clocking. The PAL array
consists of a programmable AND array with a fixed OR array, while
the PLA array consists of a programmable AND array with a
programmable OR array.

Each macrocell has 4 dedicated product terms from the PAL array.
When additional logic is required, each macrocell takes the extra
product terms from the PLA array. The PLA array consists of 32
extra product terms that are shared between the 20 macrocells of
the Logic Block. The PAL product terms can be connected to the
PLA product terms through either an OR gate or an XOR gate. One
input to the XOR gate can be connected to all the PLA terms, which
provides for extremely efficient logic synthesis. An eight bit XOR
function can be implemented in only 20 product terms. Each
macrocell can use the output from the OR gate or the XOR gate in
either normal or inverted state.

CONiOL ——I 5
||
D ; il D—:
\jD MCo
D +7
L—)E MC1
PAL - 1 D—Q
ARRAY ED_E MTZ
_D 4
D MC19
ANAAAAAAAAANNAAN
HD—
)
o HO—
o

Figure 3. Philips XPLA2 Logic Block Architecture

1998 Jul 22

223



Philips Semiconductors

Preliminary specification

320 macrocell SRAM CPLD

PZ3320C/PZ3320N

XPLA2 Macrocell Architecture

Figure 4 shows the XPLA2 macrocell architecture used in the
PZ3320. The macrocell can be configured as either a D- or T-type
flip-flop or a combinatorial logic function. A D-type flip-flop is
generally more useful for implementing state machines and data
buffering while a T-type flip-flop is generally more useful in
implementing counters. Each of these flip-flops can be clocked from
any one of four sources. Two of the clock sources (CLKO and CLK1)
are from the eight dedicated, low-skew, global clock networks
designed to preserve the integrity of the clock signal by reducing
skew between rising and falling edges. These clocks are designated
as a “synchronous” clocks and must be driven by an external
source. Both CLKO and CLK1 can clock the macrocell flip-flops on
either the rising edge or the falling edge of the clock signal. The
other clock sources are designated as “asynchronous” and are
connected to two of the eight control terms (CT6 and CT7) provided
in each logic block. These clocks can be individually configured as
any PRODUCT term or SUM term equation created from the 36
signals available inside the logic block. Thus, in each Logic Block,
there are up to four possible clocks; and in each Fast Module, there
are up to 10 possible clocks. Throughout the entire device, there are
up to 40 possible clocks—eight from the dedicated, low-skew, global
clocks, and two for each of the 16 logic blocks.

The remaining six control terms of each logic block (CTO-CT5) are
used to control the asynchronous preset/reset of the flip-flops and
the enable/disable of the output buffers in each macrocell. Control
terms CTO and CT1 are used to control the asynchronous
preset/reset of the macrocell’s flip-flop. Note that the power-on reset
leaves all macrocells in the “zero” state when power is properly
applied, and that the preset/reset feature for each macrocell can

also be disabled. Each macrocell can choose between an
asynchronous reset or an asynchronous preset function, but both
cannot be simultaneously used on the same register. The global rstn
function can always be used, regardless of whether or not
asynchronous reset or preset control terms are enabled. Control
terms CT2, CT3, CT4 and CT5 are used to enable or disable the
macrocell’'s output buffer. Having four dedicated output enable
control terms ensures that the CoolRunner™ devices are PCI
compliant. The output buffers can also be always enabled or always
disabled. All CoolRunner™ devices also provide a Global 3-State
(gts) pin, which, when pulled high, will 3-State all the outputs of the
device. This pin is provided to support “In-Circuit Testing” or
“Bed-of-Nails” testing used during manufacturing.

For the macrocells in the Logic Block that are associated with 1/O
pins, there are two feedback paths to the LZIA: one from the
macrocell, and one from the I/O pin. The LZIA feedback path before
the output buffer is the macrocell feedback path, while the LZIA
feedback path after the output buffer is the I/O pin feedback path.
When these macrocells are used as outputs, the output buffer is
enabled, and either feedback path can be used to feedback the logic
implemented in the macrocell. When the I/O pins are used as inputs,
the output buffer of these macrocells will be 3-Stated and the input
signal will be fed into the LZIA via the I/O feedback path. In this case
the logic functions implemented in the buried macrocell can be fed
back into the LZIA via the macrocell fee dback path. For macrocells
that are not associated with I/O pins, there is one feedback path to
the LZIA. Logic functions implemented in these buried macrocells
are fed back into the LZIA via this path. All unused inputs and 1/O
pins should be properly terminated. Please refer to the section on
terminations.

DT Q

INIT
(PorR)

CLKO
CLKO

CLK1
CLK1

CTé

cT?
rstn

TO LZIA
e

N D

gts
GND

CTO CT2
CT3
Al CT4
GND CT5
Vee
GND

SP00590

Figure 4. PZ3320 Macrocell Architecture

1998 Jul 22

224



Philips Semiconductors

Preliminary specification

320 macrocell SRAM CPLD

PZ3320C/PZ3320N

Simple Timing Model

Figure 5 shows the PZ3320 timing model. The PZ3320 timing model
is very simple compared to the models of competing architectures.
There are three main timing parameters: the pin-to-pin delay for
combinatorial logic functions (tpp), the input pin to register set up
time (tgy), and the register clock to valid output time (tcg). As the
model shows, timing is only dependent on whether or not you use
the PLA array, and whether or not the logic function is created within
a single Fast Module or uses the GZIA. The timing starts with a set
time for tpp and tgy through the PAL array in a Fast Module, and
there are fixed delays added for use of the PLA array or the GZIA.
The tco timing specification never changes. For example, a
combinatorial logic function of four or fewer product terms
constructed from inputs within the same logic block would have a
tpp delay of 7.5ns. If the logic function were more than four product
terms wide, the delay would be tpp plus the fixed PLA delay, or
7.5+ 1.5=9.0ns. A function that used the PAL array and inputs

from a different Fast Module would have a propagation delay of tpp
plus the fixed GZIA delay, or 7.5 + 4.0 = 11.5ns.

This simple timing model allows designers to determine whether or
not the device will meet system timing specifications up front. In
competing devices, the user is unable to determine if the design will
meet system timing requirements until after the design has been fit
into the device. This is because the timing models of competing
architectures are very complex and include such things as timing
dependencies on the number of parallel expanders borrowed, the
fan-out of a signal, the varying number of X and Y routing channels
used, etc. The simplicity of the PZ3320 timing model gives you
pin-to-pin delay information before the design is set. Further, the
timing in the PZ3320 device will not vary with place and route
iterations caused by design changes. This allows the PZ3320 device
to meet your timing requirements even when you make changes to
the design.

Within a Fast Module:

INPUT PIN D

tpp_paL = COMBINATORIAL PAL
tpD_pLA = COMBINATORIAL PAL + PLA

REGISTERED
tsu_paL = PAL
tsy_pLA = PAL + PLA

NeuTPIN [}

] outeurei

GLOBAL CLOCK PIN D

REGISTERED

———-|1C° | OUTPUT PIN

g

Using the Global ZIA:

tpp_paL = COMBINATORIAL PAL + GZD
tpp_pLA = COMBINATORIAL PAL + PLA .+ GZD

INPUT PIN D

REGISTERED
tsu_paL = PAL + GZD
tsu_pLa = PAL + PLA + GZD

{7] oureurem

INPUT PIN D

REGISTERED

h
0 1] outrutPiN

aLoBAL cLock PN [}

SP005918

Figure 5. PZ3320 Timing Model
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TotalCMOS™ Design Technique

for Fast Zero Power

Philips is the first to offer a Total CMOS™ CPLD, both in process
technology and design technique. Philips employs a cascade of
CMOS gates to implement its product terms instead of the traditional
sense amp approach. This CMOS gate implementation allows Philips
to offer CPLDs which are both high performance and low power,

breaking the paradigm that to have low power, you must have low
performance. This also makes it possible to manufacture high density
CPLDs like the PZ3320 that consume a fraction of the power of
competing devices. Refer to Figure 6 and Table 2 showing the Ipp vs.
Frequency of the PZ3320 TotalCMOS™ CPLD (data estimated with 20
16-bit counters @ 3.3V, 25°C).

500

Ipp
(mA)

450

400

350

300

250

200

150

100

50

40

60
FREQUENCY (MHz)

80 100 120

SP00657

Figure 6.

Table 2. Ipp vs. Frequency
Vpp = 3.3V

Ipp vs. Frequency @ Vpp = 3.3V, 25°C

FREQUENCY (MHz) 0 1 20

40 60 80 100 120

Typical Ipp (MA) 0.1 4.1 50

100 150 200 250 300

Terminations

The CoolRunner™ PZ3320C/PZ3320N CPLDs are Total CMOS ™
devices. As with other CMOS devices, it is important to consider
how to properly terminate unused inputs and I/O pins when
fabricating a PC board. Allowing unused inputs and I/O pins to float
can cause the voltage to be in the linear region of the CMOS input
structures, which can increase the power consumption of the device.
It can also cause the voltage on a configuration pin to float to an
unwanted voltage level, interrupting device operation.

The PZ3320C/PZ3320N CPLDs have programmable on-chip
pull-down resistors on each I/O pin. These pull-downs are
automatically activated by the fitter software for all unused 1/O pins.
Note that an I/0 macrocell used as buried logic that does not have
the 1/0O pin used for input is considered to be unused, and the
pull-down resistors will be turned on. We recommend that any
unused I/O pins on the PZ3320C/PZ3320N device be left
unconnected.
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There are no on-chip pull-down structures associated with dedicated
pins used for device configuration or special device functions like
global reset and global 3-state. Philips recommends that these pins
be terminated consistent with the description given in Table 9.
Philips recommends the use of weak pull-up and pull-down resistors
for terminating these pins. These pins can be directly connected to
Ve or GND, but using the external pull-up resistors maintains
maximum design flexibility.

When using the JTAG Boundary Scan functions, it is recommended
that 10k pull-up resistors be used on the tdi, tdo, tck, and trstn pins.
The tdo signal pin can be left floating unless it is connected to the tdi
of another device. Letting these signals float can cause the voltage
on tms to come close to ground, which could cause the device to
enter JTAG/ISP mode at unspecified times.
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CONFIGURATION INTRODUCTION

The Philips CoolRunner™ series are available in technologies which
use non-volatile (EEPROM-based) and volatile (SRAM based)
configuration memory. The functionality of the XPLA2 family of the
CoolRunner™ series is defined by on-chip SRAM. The devices are
configured in a manner similar to that of most FPGAs. This section
describes the configuration of the PZ3320, and applies to all
similarly configured devices to be produced by Philips.

Either the Philips or Minc fitter, XPLA Designer and PL-Designer,
respectively, is used to generate a JEDEC file. The JEDEC file
contains the configuration data, which is loaded into the PZ3320
configuration memory to control the PZ3320 functionality. This is
done at power-up and/or with configure command. This section
provides some of the trade-offs in selecting a configuration mode,
and provides debug hints for configuration problems.

There are several different methods of configuring the PZ3320. The
mode used is selected using the mode select pins. There are three

Table 3. Configuration Modes

basic configuration methods: master, slave, and peripheral. The
configuration data can be transmitted to the PZ3320 serially or in
parallel bytes. As a master, the PZ3320 generates the clock and
control signals to strobe configuration data into the PZ3320. As a
slave device, a clock is generated externally, and provided into the
PZ3320’s cclk pin. In the peripheral mode, the PZ3320 interfaces as
a microprocessor peripheral. Table 3 lists the configuration modes.

Design Flow Overview

Figure 7 is a diagram of the steps used in configuring the PZ3320.
The development system is used to generate configuration data in
the JEDEC file. Using the <design>.jed file, there are two general
methods of configuring the PZ3320. The utility download can load
the configuration data from a PC or workstation hard disk into the
PZ3320. This is one of the methods used on the PZ3320 evaluation
board. Alternately, the PZ3320 can be loaded from non-volatile ICs
such as serial or parallel EEPROMs.

M2 M1 Mo cclk CONFIGURATION MODE DATA FORMAT

Output Master serial Serial

Input Slave parallel Parallel
Reserved

Input Synchronous peripheral Parallel

Output Master parallel - u Parallel
Reserved

Output Master parallel — down Parallel

Input Slave serial Serial

DESIGN COMPILATION
— XPLA DESIGNER

- PL-DESIGNER
jed
gen_mcs download
PROM PROGRAMMER SLAVE SERIAL CONFIGURATION
SP00616
Figure 7. Design flow
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PZ3320 STATES OF OPERATION

Prior to becoming operational, the PZ3320 goes through a sequence
of states, including initialization, configuration, and start-up. This
section discusses these three states. In the master configuration
modes, the PZ3320 is the source of configuration clock (cclk). In this
mode, the Initialization state is extended to ensure that, in
daisy-chain operation, all daisy-chained slave devices are ready.

When configuration is initiated, a counter in the PZ3320 is set to 0
and begins to count configuration clock cycles applied to the PZ3320.
As each configuration data frame is supplied to the PZ3320, it is
internally assembled into data words. Each data word is loaded into

the internal configuration memory. The configuration loading process
is complete when the internal length count equals the loaded length
count in the length count field, and the required end of configuration
frame is written.

All configuration I/Os used as inputs operate with TTL-level input
thresholds during configuration. All I/Os that are not used during the
configuration process are 3-Stated with internal pull-downs. During
configuration, registers are reset. The combinatorial logic begins to
function as the PZ3320 is configured. Figure 8 shows the flow
between the initialization, configuration, and start-up states. Figure 9
gives the general timing information for configuring the device.

POWER-UP
POWER-ON TIME DELAY

!

INITIALIZATION
initn LOW, hdc HIGH, Iden LOW

BIT ERROR

resetn,
initn,
OR

prgmn

LOW

|

CONFIGURATION
M[3:0] MODE IS SELECTED
CONFIGURATION DATA FRAME WRITTEN
initn HIGH, hdc HIGH, Iden LOW

dout ACTIVE

START-UP

ALL MACROCELL FF'S ARE RESET
RELEASE INTERNAL RESET

done GOES HIGH

OPERATION
1/0 BECOMES ACTIVE

resetn
OR

prgmn

LOW

SPo0622

Figure 8. Flow chart of initialization, configuration, and operating states
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prgmn /

[-— ) —

initn 7‘

resetn 7£

tinit_clk

cclk
tsmode
M[3:0] ;
toL
1/O active 4<

/
hde / ‘\

Iden
INITIALIZATION ‘ CONFIGURATION START UP OPERATIONAL

Figure 9. General configuration mode timing diagram

SP00652
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Initialization

Upon power-up, the device goes through an initialization process.
First, an internal power-on-reset circuit is triggered when power is
applied. When Vpp reaches the voltage at which portions of the
PZ3320 begin to operate (1.5V), the configuration pins are set to be
inputs or outputs based on the configuration mode, as determined
by the mode select inputs M[2:0]. A time-out delay is initiated when
Vpp reaches between 1.0V and 2.0V to allow the power supply
voltage to stabilize. The initn and done outputs are low. At power-up,
if the power supply does not rise from 1.0V to Vpp in less than
25ms, the user should delay configuration by inputting a low into
prgmn, initn, or resetn until Vpp is greater than the recommended
minimum operating voltage (2.75V for commercial devices).

When initialization is complete, the active-low initialization signal
initn is released and must be pulled high by an external resistor. To
synchronize the configuration of multiple PZ3320s, one or more initn
pins should be wire-ANDed. If initn is held low by one or more
PZ3320s or an external device (the PZ3320 remains in the
initialization state), initn can be used to signal that the PZ3320s are
not yet initialized. After initn goes high for two internal clock cycles,
the mode select lines are sampled and the PZ3320 enters the
configuration state.

The High During Configuration (hdc), Low During Configuration
(Idcn), and done signals are active outputs in the PZ3320's
initialization and configuration states. hdc, Iden, and done can be
used to provide control of external logic signals such as reset, bus
enable, or EEPROM enable during configuration. For master parallel
configuration modes, these signals provide EEPROM enable control
and allow the data pins to be shared with user logic signals.

If configuration has begun, an assertion of resetn or prgmn initiates
an abort, returning the PZ3320 to the initialization state. The resetn
and/or prgmn pins must be pulled back high before the PZ3320 will
enter the configuration state. During the start-up and operating
states, only the assertion of prgmn causes a re-configuration.
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During initialization and configuration, all I/O’s are 3-stated and the
internal weak pull-downs are active. See the section on terminations
for more information.

Start-up

After configuration, the PZ3320 enters the start-up phase. This
phase is the transition between the configuration and operational
states. This transition occurs within three cclk cycles of the done pin
going high (it is acceptable to have additional cclk cycles beyond the
three required). The system design task in the start-up phase is to
ensure that multi-function pins (see pin function on page 34)
transition from configuration signals to user definable I/Os without
inadvertently activating devices in the system or causing bus
contention. The done signal goes high at the beginning of the start
up phase, which allows configuration sources to be disconnected so
that there is no bus contention when the I/Os become active. In
addition to controlling the PZ3320 during start-up, additional start-up
techniques to avoid contention include using isolation devices
between the PZ3320 and other circuits in the system, re-assigning
1/O locations, and keeping I/Os 3-stated until contentions are
resolved. For example, Figure 10 shows how to use the global
tri-state (gts) signal to avoid signal contention when the mode select
pins (M3...MO) are used as I/O after configuration is finished.
Holding gts high until after the mode pins are disconnected from the
driving source allows pins M3 through MO to transition from
configuration pins to user definable I/O without signal contention. In
this case, the I/O become active a tys, delay after the gts pin is
pulled low.

The flip-flops are reset one cycle after done goes high so that
operation begins in a known state. The done outputs from multiple
PZ3320s can be wire ANDed and used as an active-high ready
signal, to disable PROMSs with active-low enable(s), or to reset to
other parts of the system (see Figure 28).
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L tew
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resetn 7£
tinit_clk
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Figure 10. Using gts signal with power up to avoid signal contention with mode select pins

CONFIGURATION DATA FORMAT OVERVIEW

The PZ3320 functionality is determined by the state of internal
configuration RAM. This section discusses the configuration data
format, and the function of each field in configuration data packets.

Configuration Data Packets

Configuration of the PZ3320 is done using configuration packets.
The configuration packet is shown in Figure 11. The data packet
consists of a header and a data frame. There are five type of data
frames. The header is shifted into the device first, followed by one
data frame. Configuration of a single PZ3320 requires 1010 data
packets, one for each address. All preceding data must contain only
1s. Once a device is configured, it re-transmits data of any polarity.
Before and during configuration, all data re-transmitted out the
daisy-chain port (dout) are 1s.
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The ordering of the data packets may be random, but they cannot
be mixed with other devices’ data packets. Alignment bits are not
required between data packets. If used, alignment bits must be

included in the length count, and they must be at least 2 bits long.

27
[ DATA ] HEADER
MSB LSB
SP00593
Figure 11. Data Packet
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Table 4. Configuration Frame Size

DEVICE PZ3320

Number of frames

Data bits/standard frame

Data bits/compressed frame

Data bits/user_code frame

Data bits/isc_code frame

Data bits/security frame

Maximum configuration data—
# bits/frame x # frames

2 16 1 4 =4

COMPRESSION
BITS

CRC
BITS

CRC

ENABLE PREAMBLE

LEADING 1s

MSB LsB

SP00594

Figure 12. 27-bit Header

The header is fixed and consists of five fields:
— Leading 1s,

— Preamble,

— CRC Enable,

— CRC Bits,

— Compression Bits.

The leading 1s enter the device first. The following is a description of
each field in the header.

Leading 1s:
This is a four or greater bit field consisting of 1s.

Preamble:
This is a four bit field which indicates the start of a frame
when the least significant bit of the preamble is a 0.
There are two valid preambles:
0010 - indicates that the data packet configures the
device receiving the 0010 preamble)
0100 - indicates end of configuration of the device
receiving the 0100 preamble
All other values of the preamble field force configuration of
the entire system to restart.

The segments CRC Enable, CRC Bits, and Compression Bits are
valid only if the Preamble field is 0010.

Cyclic Redundancy Check (CRC) Enable:
In this single bit field, a 0 disables CRC checking of the data
stream. If the CRC is disabled the 16 bit CRC field must be
the default described below. A 1 enables CRC error checking
of the data stream.

CRC Error Checking:

The CRC field is a 16 bit field. The default value is
1010_1010_1010_1010. The calculated value is from data,
address, stop bit, and first alignment bit (starting with
cre_reg[15:0] = [0]). Using verilog operators, the crc is
calculated as:

crc_reg[14:2] <= cr_reg[14:2] << 1;

cr_reg[2] <= cr_reg[15]din~cr_reg[1];
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cr_reg[1] <= cr_reg[0];

cr_reg[0] < cr_reg[15]Adin;

cr_reg[15] <= cr_reg[15}AdinAcr_reg[14];
If a CRC error is detected, configuration is halted and must
be restarted.

Compression Bits:
This 2-bit field defines the use of compression of the data
packets.
00 — Standard mode:
The data packet contains both address and data
01 — Reset mode:
The data packet contains only the address field.
This pattern causes the configuration register to be reset.
10 — Hold mode:
The data packet contains only the address field.
This pattern causes the configuration register to hold
its value.
11 — Set mode:
The data packet contains only the address field.
This pattern causes the configuration register to be set.

Data Frames

The five types of data frames are standard, compressed, user_code,
isc_code, and security. All fields must be completely filled, with 1s
used to fill unused bits. The security frame must be the last frame
sent to a device. The definition of each frame is described below:

Standard frame
1 546 1(0) 2(11)
ADDRESS DATA FRAME STOP BIT ALIGN BITS
MsB LsB
SP00595
Figure 13. Standard Frame
Address:

This is an 11 bit filed for providing 1011 (1008 SRAM plus
3 user) addresses.

Data:
546 bit field.

Stop bit:
This is a one bit field which must be 0.

Align bit:
This is a two bit field which must be 11.

Compressed frame

1 1(0) 2(11)

ADDRESS STOP BIT ALIGN BITS

MSB LsB

SP00597

Figure 14. Compressed Frame

The compressed frame contains no data.
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User code frame
The user code is located at address 1008D.
1 274 24 32 216 10 2(11)
STREAM | DEVICE | USER | stop | ALIGN
ABDRESSH]. INUSED: | erams D cooe | BT | ‘BiTs
MsB LSB
SP00598

Figure 15. User code Frame

Stream length:
This is a 24 bit field containing the length of the data stream
transmitted to configure all of the devices in the daisy chain.
This field is only used by a PZ3320 if it is in the master mode.

Device ID:
This is a 32-bit field containing PZ3320 device ID:
492 SBGA: 0000_001_001_101000_1_000_00000010101_1

User code:
This is a 216 bit field reserved for user information.

ISC code frame
The isc_code address is 1009.

1 2 272 272 1(0) 2(11)
ADDRESS ISC CODE UNUSED STOPBIT | ALIGN BITS
MSB T LSB

UNUSED
SP00599
Figure 16. ISC Frame

The ISC frame allows the user to write an ISC code to the device.

Security frame

1 2 544 1(0) 2(11)
ADDRESS SEg}JTF;'TY UNUSED STOPBIT | ALIGN BITS
MsB LSB

SP00600
Figure 17. Security Frame
Security bits:

This is a two bit field specifying the level of security.
00 — Unlimited readback allowed.
01 — Readback operation allowed once.
10 — Readback operation allowed once.
11 — Readback operation is disabled.

Re-configuration

To reconfigure the PZ3320 when the device is operating in the
system, a low pulse is input into prgmn. The configuration data in
the PZ3320 is cleared, and the I/Os not used for configuration are
3-Stated. The PZ3320 then samples the mode select inputs and
begins re-configuration. When configuration is compete, done is
released, allowing it to be pulled high.
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Bit Stream Error Checking

There are three different types of bit stream error checking in the
PZ3320:

- ID frame,

- Frame alignment, and
— CRC checking.

An optional ID data frame can be sent to a specified address in the
PZ3320. This ID Frame contains a unique code which is compared
with the value in the PZ3320 ID register. Any differences are flagged
as an ID error.

CRC checking is done on each frame if enabled by setting the
CRCen bit in the header. If there is an error, a CRC error is flagged.
When an error occurs, the PZ3320 is forced into the initialization
state, forcing initn low. The PZ3320 remains in this state until either
the resetn or prgmn pins is asserted.

PZ3320 CONFIGURATION MODES

The method for configuring the PZ3320 is seiected by the MO, M1,
and M2 inputs. The M3 input is used to select the frequency of the
internal oscillator, which is the source for cclk in master
configuration modes. The nominal frequencies of the internal
oscillator are 1.25MHz and 10MHz. The 1.25MHz frequency is
selected when the M3 input is unconnected or driven to a high state.

Master Serial Mode

In the master serial mode, the PZ3320 loads the configuration data
from an external serial ROM. The configuration data is either loaded
automatically at start-up or on a command to reconfigure. Serial
EEPROMs from Altera, Atmel, Lucent, Microchip, and Xilinx can be
used to configure the PZ3320 in the master serial mode. This
provides a simple four-pin interface in an eight-pin package. Serial
EEPROMs are available in 32K, 64K, 128K, 256K, and 1M bit
densities.

Configuration in the master serial mode can be done at power-up
and/or upon a configure command. The system or the PZ3320 must
activate the serial EEPROM’'s RESET/OE and CE inputs. At
power-up, the PZ3320 and serial EEPROM each contain internal
power-on reset circuitry which allows the PZ3320 to be configured
without the system providing an external signal. The power-on reset
circuitry causes the serial EEPROMSs’ internal address pointer to be
reset. After power-up, the PZ3320 automatically enters its
initialization phase.

The serial EEPROM/PZ3320 interface used depends on such
factors as the availability of a system reset pulse, availability of an
intelligent host to generate a configure command, whether a single
serial EEPROM is used or multiple serial ROMs are cascaded,
whether the serial EEPROM contains a single or multiple
configuration programs, etc.

Data is read into the PZ3320 sequentially from the serial ROM. The
DATA output from the serial EEPROM is connected directly into the
din input of the PZ3320. The cclk output from the PZ3320 is
connected to the CLOCK input of the serial EEPROM. During the
configuration process, cclk clocks one data bit into the PZ3320 on
each rising edge.

Since the data and clock are direct connects, the PZ3320/serial
EEPROM interface task is to use the system or PZ3320 to enable
the RESET/OE and CE of the serial EEPROM(s). There are several
methods for enabling the serial ROM’s RESET/OE and CE inputs.
The serial EEPROM's RESET/OE is programmable to function with
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resetn active-high and OE active-low, or resetn active-low and OE
active-high.

In Figure 18, three serial EEPROMs are cascaded to configure a
PZ3320. The host generates a 500ns low pulse into the PZ3320’s
prgmn input and into the serial EEPROMs’ RESET/OE input, which
has been programmed to function with resetn active-low and OE
active-high. The PZ3320 done is routed to the CE pin. The low on
done enables the serial EEPROMs. At the completion of
configuration, the high on the PZ3320’s done disables the
EEPROM(s).

When configuration data requirements exceed the capacity of a
single serial EEPROM, multiple serial EEPROMs can be cascaded
to support the configuration of a single (or multiple) PZ3320(s). After
the last bit from the first serial ROM is read, the serial ROM outputs
CEDO low and 3-States the DATA output. The next serial ROM
recognizes the low on CE input and outputs configuration data on
the DATA output. After configuration is complete, the PZ3320’s done
output into CE disables the serial EEPROMSs.

In applications in which a serial EEPROM stores multiple
configuration programs, the subsequent configuration program(s)
are stored in EEPROM locations that follow the last address for the

previous configuration program. The user must ensure that a high
output on the PZ3320 done signal does not reset the serial
EEPROM address pointer, causing the first configuration to be
reloaded.

Contention on the PZ3320's din pin must be avoided. During
configuration, din receives configuration data. After configuration, it
is a user I/O at start-up. An alternative is to use Idcn to drive the
serial EEPROMs’ CE pin.

Master Parallel Mode

The master parallel configuration mode is generally used to interface
to industry-standard byte-wide memory such as 256K and larger
EEPROMs. Figure 20 provides the interface for master parallel
mode. The PZ3320 outputs a 20-bit address on A[19:0] to memory
and reads one byte of configuration data on the rising edge of rclk.
The parallel bytes are internally serialized starting with the least
significant bit, DO. There are two parallel master modes: master up,
and master down. In master up, the starting memory address is
00000 Hex and the PZ3320 increments the address for each byte
loaded. In master down, the starting memory address is FFFFFH
and the PZ3320 decrements the address.

DATA

* TO DAISY-CHAINED
| . DEVICES

din dout

CLK

celk

done

Tﬁ’

RESET/OE

DATA

CLK

RESET/OE P

prgmn

PZ3320

CLK

DATA —1—

CEO

RESET/OE o——

TO MORE EEPROMS AS NEEDED

M2
M1
Mo

$— PROGRAM (FROM HOST)

SP00658

Figure 18. Master Serial Configuration
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Figure 19. Master Serial Configuration Mode Timing Diagram

ts
D[7:0] j BYTEN

dout |- TO DAISY-CHAINED
DEVICES
cclk
A[19:0] A[19:0]
D[7:0] D[7:0]
EEPROM PZ3320
OE gji done
CE
PROGRAM prgmn
+3.3V M2
Vpp OR GND M1
L
SP00659
Figure 20. Master Parallel Configuration
A[19:0] X X
loH, )
RCLK 7

BYTEN + 1

CCLK
DOUT
BYTEN BYTEN +1
SP00585
Figure 21. Master Parallel Configuration Mode Timing Diagram
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Synchronous Peripheral Mode all of the data is loaded into the PZ3320. The serial data begins

In the synchronous peripheral mode, byte-wide data is input into shifting out on dout 0.5 cycles after the parallel data was loaded. It
D(7:0] on the rising edge of the cclk input. The first data byte is requires additional cclks after the last byte is loaded to complete the
clocked in on the second cclk after initn goes high. Subsequent data shifting. Figure 22 shows the interface for synchronous peripheral
bytes are clocked in on every eighth rising edge of cclk. The mode.

rdy_busyn signal is an output which acts as an acknowiedge. As with master modes, the peripheral modes can be used as the
rdy_busyn goes high one cclk after a byte of data is clocked in on lead PZ3320 for daisy-chained PZ3320s.

D[7:0] and returns low one cclk cycle later. The process repeats until

TO DAISY-CHAINED

8 DEVICES
D[7:0] dout —o—"-o

done

initn

celk
MICRO-
PROCESSOR
OR

prgmn

SYSTEM sV PZ3320

AAA
VWV

csi

v —] cson

—— M2
M1
Mo

SP00660

Figure 22. Synchronous Peripheral Configuration
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Figure 23. Synchronous Peripheral Configuration Mode Timing Diagram
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Slave Serial Mode

The slave serial mode is primarily used when multiple PZ3320s are
configured in a daisy-chain. The serial slave serial mode is also
used on the PZ3320 evaluation board, which interfaces to the
download cable. A device in the slave serial mode can be used as
the lead device in a daisy-chain. Figure 24 shows the interface for
the slave serial configuration mode.

The configuration data is provided into the PZ3320’s din input
synchronous with the configuration clock cclk input. After the

PZ3320 has loaded its configuration data, it re-transmits incoming
configuration data on dout. When used in daisy-chained operation,
cclk is routed into all slave serial mode devices in parallel.

Multiple slave PZ3320s can be loaded with identical configurations
simultaneously. This is done by loading the configuration data into
the din inputs in parallel.

TO DAISY-CHAINED
DEVICES
dout [—>
PZ3320
initn
MICRO- prgmn
PROC(:)ERSSOR done
DOWNLOAD cclk
CABLE .
+3.3V
M2
M1
Mo
SP00661

Figure 24. Slave Serial Configuration Schematic
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Figure 25. Slave Serial Configuration Mode Timing Diagram
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Slave Parallel Mode

The slave parallel mode is essentially the same as the synchronous
peripheral mode, except that cs1 and csOn do not need to be driven,
and there is no rdy_bsyn output. As in the synchronous peripheral
mode, byte-wide data is input into D[7:0] on the rising edge of the
cclk input. The first data byte is clocked in on the second cclk after
initn goes high. Subsequent data bytes are clocks in on every eighth

rising edge of cclk. The process repeats until all of the data is loaded
into the PZ3320. The serial data begins shifting out on dout 0.5
cycles after the parallel data was loaded. It requires additional cclks
after the last byte is loaded to complete the shifting. Figure 26
shows the interface for slave parallel mode.

TO DAISY-CHAINED
DEVICES
dout
PZ3320
initn
MICRO-
PROCESSOR Al
OR done
DOWNLOAD
CABLE 8 oo
D[7:0]
+3.3V
o
M2
M1
— Mo
SP00662
Figure 26. Slave Parallel Configuration Schematic
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Figure 27. Slave Parallel Configuration Mode Timing Diagram
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DAISY CHAIN OPERATION

Multiple PZ3320s can be configured by using a daisy-chain of
PZ3320s. Daisy-chaining uses a lead PZ3320 and one or more
PZ3320s configured in slave serial mode. The lead PZ3320 can be
configured in any mode, but master parallel is typically used. Figure
28 shows the connections for loading multiple PZ3320s in a
daisy-chain configuration.

Daisy-chained PZ3320s are connected in series. An upstream
PZ3320 which has received the preamble outputs a high on dout
until it has received the appropriate number of data frames. This
ensures that downstream PZ3320s do not receive frame start bits.
After loading and re-transmitting the preamble to a daisy-chain of
slave devices, the lead device loads its configuration data frames.
The loading of configuration data continues after the lead device has
received its configuration data if the lead device’s internal frame bit
counter has not reached the length count. When the configuration
RAM is full and the number of bits received is less than the length
count field, the PZ3320 shifts data out on dout.

The generation of cclk for the daisy-chained devices which are in
slave serial mode differs depending on the configuration mode of the
lead device. A master parallel mode device uses its internal timing
generator to produce an internal cclk at eight times its memory
address rate (rclk). If the lead device is configured in either
synchronous peripheral, slave serial mode, or slave parallel mode,
cclk is routed to the lead device and to all of the daisy-chained
devices. The configuration data is read into din of slave devices on
the positive edge of cclk, and shifted out dout on the negative edge
of cclk.

The development software can create a composite configuration file
for configuring daisy-chained PZ3320s. The configuration data
consists of multiple concatenated data packets. As seen in

Figure 28, the initn pins for all of the PZ3320s are connected
together. This is required to guarantee that power-up and
initialization function correctly. In general, the done pins for all of the
PZ3320s are also connected together as shown to guarantee that all
of the PZ3320s enter the start-up state simultaneously. This may not
be required, depending upon the start-up sequence desired.

|— cclk L celk L’ celk
dout din dout din dout b ——p»
A[19:0] A[19:0]
EEPROM MASTER/LEAD SLAVE #1 SLAVE #2
D[7:0] D[7:0] +3.3V
oEl>- done done done
CE o_] prgmn prgmn prgmn
= oj initn £33 initn +33 initn {4
PROGRA
" +3.3V 0 M2 hdc T M2 nacw M2 hac | | +33V
Vecor — M1 Iden M1 Iden M1 Iden
GND | Mo rolk Mo rolk MO rclk
SP00606

Figure 28. Daisy-chain Schematic
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JTAG Testing Capability
JTAG is the commonly-used acronym for the Boundary Scan Test
(BST) feature defined for integrated circuits by IEEE Standard
1149.1. This standard defines input/output pins, logic control
functions, and commands which facilitate both board and device
level testing without the use of specialized test equipment. BST
provides the ability to test the external connections of a device, test
the internal logic of the device, and capture data from the device
during normal operation. BST provides a number of benefits in each
of the following areas:
® Testability
- Allows testing of an unlimited number of interconnects on the
printed circuit board
- Testability is designed in at the component level
- Enables desired signal levels to be set at specific pins (Preload)
- Data from pin or core logic signals can be examined during
normal operation
® Reliability
- Eliminates physical contacts common to existing test fixtures
(e.g., "bed-of-nails”)
- Degradation of test equipment is no longer a concern
- Facilitates the handling of smaller, surface-mount components
— Allows for testing when components exist on both sides of the
printed circuit board

® Cost
- Reduces/eliminates the need for expensive test equipment
~ Reduces test preparation time
- Reduces spare board inventories

Table 5. JTAG Pin Description

The Philips PZ3320's JTAG interface includes a TAP Port and a TAP
Controller, both of which are defined by the IEEE 1149.1 JTAG
Specification. As implemented in the Philips PZ3320, the TAP Port
includes five pins (refer to Table 5) described in the JTAG
specification: tck, tms, tdi, tdo, and trstn. These pins should be
connected to an external pull-up resistor to keep the JTAG signals
from floating when they are not being used.

Table 6 defines the dedicated pins used by the mandatory JTAG
signals for the PZ3320.

The JTAG specifications define two sets of commands to support
boundary-scan testing: high-level commands and low-level
commands. High-level commands are executed via board test
software on an a user test station such as automated test
equipment, a PC, or an engineering workstation (EWS). Each
high-level command comprises a sequence of low level commands.
These low-level commands are executed within the compon<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>