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IMPORTANT NOTICE

Texas Instruments (TI) reserves the right to make changes to or to
discontinue any semiconductor product or service identified in this
publication without notice. Tl advises its customers to obtain the latest
version of the relevant information to verify, before placing orders,
that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current
specifications in accordance with Tl’s standard warranty. Testing and
other quality control techniques are utilized to the extent Tl deems
necessary to support this warranty. Unless mandated by government
requirements, specific testing of all parameters of each device is not
necessarily performed.

Tl assumes no liability for T1 applications assistance, customer product
design, software performance, or infringement of patents or services
described herein. Nor does T| warrant or represent that any license,
either express or implied, is granted under any patent right, copyright,
mask work right, or other intellectual property right of Tl covering or
relating to any combination, machine, or process in which such
semiconductor products or services might be or are used.

Copyright © 1990, Texas Instruments Incorporated



INTRODUCTION

In this data book, Texas Instruments (Tl) presents technical information on TI's broad line of program-
mable logic devices (PLDs), including the high-speed 5-ns PAL® circuits and high-density, low-power,
Erasable Programmable Logic Devices (EPLDs). More than 40 PLD functions in industry standard archi-
tectures are available from Texas Instruments. For high-performance applications, Tl also offers several
high-speed programmable state machine devices. Where low power and reprogrammability are key con-
siderations, Tl offers its family of EPLDs. This data book includes specifications on existing and future pro-
ducts including:

® High-performance, low-power IMPACT™ and IMPACT-X™ 20- and 24-pin standard PAL®
circuits including TI’'s new 5-ns device

@ TlI's high-speed 6-ns programmable address decoder, TIBPAD18N8-6

® Flexible, '22V10-architecture macrocell PAL® ICs including TlI's enhanced version, the
TIDPAL22V10-150BC

® Fast, programmable state machines, including enhanced versions of the 50-MHz
'82S5105B/167B and TI's complex TIBPLS506 with 58-MHz

o The TIBPSG507, programmable sequence generator with internal 6-bit counter and
58-MHz performance y

@ Speed improved versions of the industry standard EPLD architectures including the 20-ns
EP630 and 15-ns EP330

Texas Instruments high-speed programmable bipolar devices utilize TI's advanced IMPACT™ and new
IMPACT-X™ technologies. IMPACT-X™ uses trench isolation and polysilicon emitters to increase per-
formance and reduce power dissipation compared to traditional processes. For EPLDs, Tl utilizes its 1.0
micron high-voltage EPIC™ CMOS technology to combine the benefits of low power and higher speed.

This volume contains design and specification data for 154 device types. Package dimensions are givenin
the Mechanical Data section in metric measurement (and parenthetically in inches). In some cases,
package dimensions are included in the actual data sheet.

Several programmable logic application reports have been incorporated into this book to aid the design
of TI PLDs. User notes also explain considerations for programming and testing of PLDs in a manufactur-
ing environment.

Complete technical data for any Texas Instrument semiconductor product is available from your nearest
Tl field sales office, local authorized Tl distributor, or by calling Texas Instruments at 43-8161-800.

PAL is a registered trademark of Monolithic Memories Inc.
IMPACT, IMPACT-X, and EPIC are trademarks of Texas Instruments Incorporated.
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GLOSSARY

INTRODUCTION

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council
of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical
Commission (IEC) for international use.

PART 1 — GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY

Chip-Enable Input
A control input that when active permits operation of the integrated circuit for input, internal transfer,
manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit to be in
reduced-power standby mode.
NOTE: See ‘‘chip-select input.””

Chip-Select Input
A gating input that when inactive prevents input or output of data to or from an integrated circuit.
NOTE: See ‘‘chip-select input.”’

Field-Programmable Logic Array (FPLA)
A user-programmable integrated circuit whose basic logic structure consists of a programmable AND array
and whose outputs feed a programmable OR array.

Gate Equivalent Circuit
A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that
number of individual logic gates that would have to be interconnected to perform the same function.

Large-Scale Integration (LSI)
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit.
In this context, a major sybsystem or system, whether digital or linear, is considered to be one that contains
100 or more equivalent gates or circuitry of similar complexity.

Medium-Scale Integration (MSI)

A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that
contains 12 or more equivalent gates or circuitry of similar complexity.

Memory Cell
The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it
is or can be stored, and from which it can be retrieved.

Memory Integrated Circuit
An integrated circuit consisting of memory cells and usually including associated circuits such as those
for address selection, amplifiers, etc.

Output-Enable Input

A gating input that when active permits the integrated circuit to output data and when inactive causes
the integrated circuit output(s) to be at a high impedance (off).

Texas "9
INSTRUMENTS

=
2
bt
(1]
£
s
=]
o
=
©
o
(9}
<
[}
o



uoljewIoU| [eIaUSK) =

GLOSSARY

Output-Enable Input

A gating input that when active permits the integrated circuit to output data and when inactive causes
the integrated circuit output(s) to be at-a high impedance (off).

Programmable Array Logic (PAL®)

A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic
functions. Implements sum of products logic by using a programmable AND array whose outputs feed
a fixed OR array.

Read/Write Memory

A memory in which each cell may be selected by applying appropriate electronic input signals and the
stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other
similar electronic input signals.

Small-Scale Integration (SSI)

Integrated circuits of less complexity than medium-scale integration (MSI)

Typical (TYP)

A calculated value representative of the specified parameter at nominal operating conditions (Vcc = 5V,
TA = 25°C), based on the measured value of devices processed, to emulate the process distribution.

Very-Large-Scale Integration (VLSI)

A concept whereby a complete system function is fabricated as'a single microcircuit. In this context, a
system, whether digital or linear, is considered to be one that contains 3000 or more gates or circuitry
of similar complexity.

PAL is a registered trademark of Monolithic Memories Inc.
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GLOSSARY

PART 2 - OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS)

fmax

Icc

IccH

IccL

hH

L

IoH

loL

los (l0)

lozH

lozL

Maximum clock frequency

The highest rate at which the clock input of a bistable circuit can be driven through its required
sequence while maintaining stable transitions of logic level at the output with input conditions
established that should cause changes of output logic level in accordance with the specification.

Supply current
The current into* the Vcc supply terminal of an integrated circuit.

Supply current, outputs high
The current into* the VcC supply terminal of an integrated circuit when all (or a specified number)
of the outputs are at the high level.

Supply current, outputs low
The current into* the V¢ supply terminal of an integrated circuit when all (or a specified number)
of the outputs are at the low level.

High-level input current
The current into* an input when a high-level voltage is applied to that input.

Low-level input current .
The current into* an input when a low-level voltage is applied to that input.

High-level output current
The current into* an output with input conditions applied that, according to the product
specification, will establish a high level at the output.

Low-level output current
The current into* an output with input conditions applied that, according to the product
specification, will establish a low level at the output.

Short-circuit output current

The current into* an output when that output is short-circuited to ground (or other specified
potential) with input conditions applied to establish the output logic level farthest from ground
potential (or other specified potential).

Off-state (high-impedance-state) output current (of a three-state output) with high-level voltage

applied

The current flowing into* an output having three-state capability with input conditions established

that, according to the production specification, will establish the high-impedance state at the output

and with a high-level voltage applied to the output.

NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a low level if it were enabled.

Off-state (high-impedance-state) output current (of a three-state output) with low-level voltage

applied

The current flowing into* an output having three-state capability with input conditions established

that, according to the product specification, will establish the high-impedance state at the output

and with a low-level voltage applied to the output.

NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a high level if it were enabled.

*Current out of a terminal is given as a negative value.
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ViH

VIK

ViL

VOH

uolew.Ioju| [elauar) =

VoL

ta

tdis

ten

th

tpd

High-level input voltage

An input voltage within the more positive (less negative) of the two ranges of values used to

represent the binary variables.

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic element within specification limits is guaranteed.

Input clamp voltage
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage
swing.

Low-level input voltage

An input voltage level within the less positive (more negative) of the two ranges of values used to

represent the binary variables.

NOTE: A minimum is specified that is the most-positive value of low-level input voltage for which
operation of the logic element within specification limits is guaranteed.

High-level output voltage
The voltage at an output terminal with input conditions applied that,-according to the product
specification, will establish a high level at the output.

Low-level output voltage
The voltage at an output terminal with input conditions applied that, according to the product
specification, will establish a low level at the output.

Access time
The time interval between the application of a specific input pulse and the availability of valid signals
at an output.

Disable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from either of the defined active levels (high or low) to a high-
impedance (off) state. (tgis = tpHZ or tpLZ).

Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from a high-impedance (off) state to either of the defined active
levels (high or low). (ten = tpzH or tpz|).

Hold time

The time interval during which a signal is retained at a specified input terminal after an active transition

occurs at another specified input terminal.

NOTES: 1.The hold time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest
interval (between the release of the signal and the active transition) for which correct
operation of the digital circuit is guaranteed.

Propagation delay time

The time between the specified reference points on the input and output voltage waveforms with
the output changing from one defined leve! (high or low) to the other defined level. (tpd = tPHL or
tPLH)-

1-8

Texas “'f
INSTRUMENTS



GLOSSARY

tPHL

tPHZ

tPLH

tPLZ

tPZH

tPzZL

tsu

tw

Propagation delay time, high-to-low level output
The time between the specified reference points on the input and output voltage waveforms with
the output changing from the defined high level to the defined low level.

Disable time (of a three-state output) from high level
The time interval between the specified reference points on the input and the output voltage waveforms
with the three-state output changing from the defined high level to a high-impedance (off) state.

Propagation delay time, low-to-high-level output
The time between the specified reference points on the input and output voltage waveforms with
the output changing from the defined low level to the defined high level.

Disable time (of a three-state output) from low level
The time interval between the specified reference points on the input and output voltage waveforms
with the three-state output changing from the defined low level to a high-impedance (off) state.

Enable time (of a three-state output) to high level
The time interval between the specified reference points on the input and output voltage waveforms
with the three-state output changing from a high-impedance (off) state to the defined high level.

Enable time (of a three-state output) to low level
The time interval between the specified reference points on the input and output voltage waveforms
with the three-state output changing from a high-impedance (off) state to the defined low level.

Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent

active transition at another specified input terminal.

NOTES: 1.The setup time is the actual time intervai between two signai events and is determined
by the system in which the digital circuit operates. A minimum value is specified that is
the shortest interval for which correct operation of the digital circuit is guaranteed.

2 .The setup time may have a negative value in which case the minimum limit defines the
longest interval (between the active transition and the application of the other signal) for
which correct operation of the digital circuit is guaranteed.

Pulse duration (width)
The time interval between specified reference points on the leading and trailing edges of the puise
waveform.
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets.

= high level (steady state)

= low level (steady state)

= transition from low to high level

= transition from high to low level

= value/level or resulting value/level is routed to indicated destination
= value/level is reentered

= irrelevant (any input, including transitions)

= off (high impedance) state of a 3-state output

= the level of steady-state inputs A through H respectively

= the level of Q before the indicated steady-state input conditions were established

= complement of Qq or level of Q before the indicated steady-state input conditions were
established

= level of Q before the most recent active transition indicated by | or
one high-level pulse
= one low-level pulse

TOGGLE = each output changes to the complement of its previous level on each transition indicated by
lort.

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is
valid whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The
output persists so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with T and/or |, this means the output is valid
whenever the input configuration is achieved but the transition(s) must occur following the achievement of
the steady-state levels. If the output is shown as a level (H, L, Qg, or Q), it persists so long as the steady-state
input levels and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input
transitions in the opposite direction to those shown have no effect at the output. (If the output is shown as
apulse, | L or L . the pulse follows the indicated input transition and persists for an interval
dependent on the circuit.)

1-10 Texas '&"
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ORDERING INFORMATION

PAL® NUMBERING SYSTEM AND ORDERING INSTRUCTIONS

Factory orders for leadership PAL® circuits described in this catalog should include a nine-part type number as
explained in the example below. Exclude the prefix when ordering standard PALs.

EXAMPLE: TIB PAL 16 R 8 -15 C N

Prefix J
TIB = Bipolar PAL
TIC =CMOS PAL
TIE =ECL PAL
Product Family Designator :
PAL = Prog Array Logic
PAD = Prog Address Decoder
PSL = Prog Sequence Logic
PSG = Prog Sequence Generator
Number of Array Inputs
Output Configuration Designator

R = Registered

L = Active Low

V = Variable/Macro Cell Output
Number of Outputs in the
Designated Configuration

=
S
-
1]
£
S
(=]
(=4
=
©
S
[}
c
[}
Q

Performance Designator
-15 -25
—-12 -10
-7 -6
-5

Temperature Range

C = Commerical (0°C to 70°C)
M = Military (=55 °C to 125°C)

Package Type
N = 20-Pin Plastic DIP JW = 24-Pin, 600-mil Ceramic DIP
J =20-Pin Ceramic DIP NW = 24-Pin, 600-mil Plastic DIP

NT = 24-Pin, 300-mil Plastic DIP FN = Plastic Chip Carrier
JT =24-Pin, 300-mil Ceramic DIP  FK = Ceramic Chip Carrier
W = Ceramic Flat Pack

PAL is a registered trademark of Monolithic Memories Inc.
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HARDWARE/SOFTWARE MANUFACTURERS

ADDRESSES FOR PAL® AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS'

adams-macDonald enterprises, Inc.

800 Airport Road
Monterey, CA 93940
(408) 373-3607

ADVIN SYSTEMS INC.
1050-L East Duane Ave.
Sunnyvale, CA 94086
(408) 984-8600

ANVIL SOFTWARE
427-3 Amherst St.
Suite 341

Nassue, NH 03063
(617) 641-3861

Bytek Corporation

508 Northwest 77th St.
Boca Raton, FL 33487
(407) 994-3520

BP MICROSYSTEMS
10681 Haddington
Suite # 190
Houston, TX 77043
(713) 461-9430

DATA 1/0 (ABEL Design Software)
10525 Willows Road, N.E.
Redmond, WA 98073-9746

(800) 247-5700

INLAB INC.

(proLogic Design Software)
2150-1 West 6th Ave.
Broomfield, CO 80020
(303) 460-0103

(800) 237-6759

T Texas Instruments does not endorse or warrant the su;
Structured Design and Digital Media. Other programm

iNt GmbH
Bunsenstrale 6
8033 Martinsried
West Germany
(089) 8576667

ISDATA GmbH

Haid- und Neu-StraRe 7
7500 Karlsruhe 1

West Germany

(0721) 693092

Kontron Messtechnik
Oskar-von-Miller StraBe 1
8057 Eching

West Germany

(08165) 77-0

LOGICAL DEVICES INC.
(CUPL Design Software)
1201 N.W. 65th Place

Ft. Lauderdale, FL 33309
(305) 974-0967

(800) 331-7766

MINC Incorporated
(PLDesigner Software)
1575 York Road

Colorado Springs, CO 80918
(719) 590-1155

Micropross

Parc d'acivité des Prés

5, rue Denis Papin

59650 VILLENEUVE D’ASCQ;
FRANCE

(20) 47.90.40

please contact your local Tl sales representative.

SMS Microcomputer System
Im Morgental 13

8994 Hergatz-Schwarzenberg
West Germany

(07522) 5018

STAG Electronic Designs
Stag House Tewin Court
Hertfordshire AL7 1AU
United Kingdom

(0707) 332148

STAG MICRO SYSTEMS
1600 Wyatt Drive

Santa Clara, CA 95054
(800) 227-8836

System-General Corp.
3 Fl, No. 6, Lane 4,
Tun Hwa N. Rd.

P.O. Box: 53-591
Taipei, Taiwan, R.O.C.
886-2-9173005
886-2-9111283 FAX

System-General America
510 South Paric Victoria
Malpitas, CA 93035

(408) 263-6667

(408) 262-9220 FAX

ppliers referenced. Presently, Texas Instruments has certified DATA I/0, Sunrise,
ersare now inthe certification process. For a current list of certified programmers,
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TI DESIGN AND SERVICE CENTERS

Design and programming assistance is offered by Texas Instruments Designand Service Centers. The centers

are equipped with the latest in software and hardware tools for design, debugging, prototyping, and produc-
tion on a local basis. Supported by a professional engineering staff, the centers provide complete code deve-
lopment, device programming, symbolization, functional and DC parametrictesting (Additional informationis

listed under chapter 3 — Test Considerations for PLDs).

Silver Star TI-Qualited Programming Centers

Denmark

Peter Petersen & Co A/S
Tindbjergvej 18

DK-8600 Silkeborg

Tel.: 456836211

Finland

ITT Multipomponent
Tyopajakatu b

PL 107

SF 00501 Helsinki
Tel.: 35680739100

Yleislektroniikka OY
Luomannotko 6

P. 0. Box 73

SF 02201 ESPOO
35804521255

France

CK Electronique

Zone D’activite de champ-fleuri
Boulevard pre Pommier

38300 Bourgoin-Jallieu

Tel.: 74439471

Fax.: 74286911

Germany

Electronic 2000
Vertriebs AG
Stahlgruberring 12
8000 Miinchen 82
Tel.: 089/42001-0

Elkose GmbH
BahnhofstralRe 44
7141 Moglingen
Tel.: 07141/487-0

Enatechnik

Alfred Neye

Enatechnik GmbH
Schillerstral3e 14

2085 Quickborn b. Hamburg
Tel.: Sa.-Nr. 04106/612-0

iNt GmbH
BunsenstralRe 6
8033 Martinsried
Tel.: (089) 8576667

Neumiiller GmbH
Eschenstral3e 2

8028 Taufkirchen/Miinchen
Tel.: 089/61208-0

Spoerle Electronic
Max-Planck-StraBe 1-3
6072 Dreieich 1

Tel.: 06103/304-0

Holland

Koningen Hartman
Elektrotechnik B.V.
Energieweg 1
2627 AP Delft
Tel.: (015) 6099 06

Endorsed Program and Test Center

SES Electronics GmbH
QOettinger StralRe 6
D-8860 Nordlingen
Tel.: (09081) 804-0

Rood Testhouse B.V.
Brugstraat 2

P.O. Box 90

8180 AB Heerde
Tel.: (0) 5782-9200

Texim Electronics B.V.
Albert Cuyplaan 4
7482 Ja Haaksbergen
Tel.: 31-56427-33333

Norway

ETS
Kapermoen 22
3600 Kongsberg
Tel.: 03-735100

Jakob Hatteland
Electronic A/S
N-5578 Nedre Vats
Tel.: 473765111

Schweiz

FABRIMEX AG
Kirchenweg 5
CH-8032 Zirich
Tel.: 01/2512929

Sweden

AB Gosta Backstrom
Alstromergatan 22
Box 12009

S-102 21 Stockholm
Tel.: 46-8-54 1080

General Information =
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PRODUCT
PREVIEW

EP330

HIGH-PERFORMANCE 8-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD

D3374, OCTOBER 1982

e Programmable Replacement for

Conventional TTL, 74HC, and 20-Pin PAL®

Family

e UV-Light-Erasable Cell Technology

Provides:

— Reconfigurable Logic
— Reprogrammable Cells

— Full Factory Testing for 100%

Programming Yields
o High-Voltage EPIC™ Process Allows for

Higher Performance as follows:

J OR N PACKAGE

Maximum tpq: - 25M...25ns
—20l...20ns
-15C...15ns

e User-Programmable Output Logic
Macrocells Provide Flexibility in Output
Types with:

— Selectable for Registered or
Combinational Operation

— Output Polarity Control

— Independently User Programmable
Feedback Path

Programmable Design-Security Bit

Prevents Copying of Logic Stored in Device

Advanced Software Support Featuring
Schematic Capture, Interactive Netlist,
Boolean Equations, and State-Machine
Design Entry

Package Options Include:

— 20-pin Ceramic Dual-In-Line (J) — UV-erasable
— 20-pin Plastic Dual-In-Line (N) — One-Time Programmable
— 20-pin Plastic Chip Carrier (FN) — One-Time Programmable

description
general

The EP330 features advanced-CMOS speed and very low power. It combines the High-Voltage
Enhanced-Processed Implanted CMOS (HVEPIC™) process with ultraviolet-light-erasable technology. Each
output has an Output-Logic-Macrocell (OLM) configuration that allows user definition of the output type. This
EPLD provides a reliable low-power substitute for numerous high-performance TTL PALs.

AVAILABLE OPTIONS

GND[] 10 1]t

(TOP VIEW)

(TOP VIEW)
CLK/IE 1 o 20]VCC
1= 190
113 18] 1O
14 17fj vo
1Ils ~~1sflvo
16\ _/1sflv0
17 14f] /0
1ls 13{] 110
1o 12[] VO

Pin assignments in operating mode

PACKAGE TYPE
TA SPEED CERAMIC PLASTIC PLASTIC
RANGE cLASS DUAL-IN-LINE DUAL-IN-LINE CHIP CARRIER
W) (N) (FN)
T55°C 10 125°C 25ns EP330-25MJB N/A N/A
Z20°C1085°C 20 ns EP330-201J EP330-20IN EP330-201FN
0°C10 70°C 15 ns EP330-15CJ EP330-15CN EP330-15CFN

EPIC is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Monolithic Memories, Inc.

UCT contain on
products in the formative or design phase of development.
Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change or
discontinue these products without notice.

*p
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EP330 PRODUCT
HIGH-PERFORMANCE 8-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description (continued)

The EP330 can accommodate up to 18 inputs and up to eight outputs. The 20-pin 300-mil package contains eight
macrocells each using a programmable AND/fixed-OR structure. This AND-OR structure yields eight product
terms for the logic function as well as an individual term for Output Enable.

The EP330 output-logic macrocell allows the user to configure output and feedback paths for combinational or
registered operation either active high or active low. With a tpa Of 15 ns, the EP330 may be configured as a
low-power substitute for popular PAL devices such as the PAL16XXB series or the PAL16XX-15 series.

The CMOS EPROM technology makes it possible for the EP330 to operate at an active power-consumption level
that is less than 75% of equivalent bipolar devices without sacrificing speed performance. This technology also
facilitates 100% generic testability as well as UV-light erasability. As a result, designs and design modification
can be quickly effected with a given EP330 without the need for post-programming testing.

Programming the EP330 is accomplished with the use of the TI EPLD development'system, which supports four
different design entry methods. When the design has been entered, the A+PLUS software (which is the heart
of the development system) performs automatic translation into logical equations, performs complete Boolean
minimization, and fits the design directly into an EP330. The device can then be programmed to achieve
customized working silicon within minutes at the designer’s desk.

The EP330M is characterized for operation over the full military temperature range of —55°C to 125°C. The
EP330lis characterized for operation from —40°C to 85°C. The EP330C is characterized for operation from 0°C
to 70°C.

functionai description

Externally, the EP330 provides ten dedicated inputs (one of which may be used as a synchronous clock input)
and eight 1/O pins that may be configured for input, output, or bidirectional operation.

The logic diagram shows the complete EP330, while Figure 1 shows the basic EP330 macrocell. The internal
architecture is organized with the familiar sum of products (AND-OR) structure. Inputs to the programmable AND
array (shown running vertically in Figure 1) come from two sources: first, the true and complement of the ten
dedicated input pins and second, the true and complement of the eight feedback signals, each one originating
from an I/O architecture-control block. The 36-input AND array encompasses a total of 72 product terms
distributed equally among the eight macrocells. Each product term (shown running horizontally in the logic
diagram) represents a 36-input AND gate.

As shown in the logic diagram, the outputs of eight product terms are ORed together, then the output of the OR
gate is sent as an input to an exclusive-OR gate. The purpose of this exclusive-OR gate is to allow the user to
specify the polarity of the output signal by using the invert-select EPROM cell (active high if the EPROM cell is
programmed and active low if it is not programmed).

The exclusive-OR output then feeds the I/O architecture control block. The control block configures the output
for registered or combinational operation. In the registered configuration, the output is registered via a positive
edge-triggered D-type flip-flop. In this condition, the feedback signal going to the array is also registered and
comes directly from the output of the D-type flip-flop. In the combinational configuration, the output is
nonregistered and the feedback signal comes directly from the I/O pin. In the erased state, the EP330 contains
the same architectural characteristics as the PAL16L8.

24
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PRODUCT EP330
PREVIEW HIGH-PERFORMANCE 8-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

logic diagram (positive logic)

o 4 8 12 16 20 24 28 32 35
1
CLK/
o D—
0
1/0
7 |
12D  — R
oE O—
0
18
)
ARCHIT/ECTURE [le]
I CONTROL
7
NG < A —
-
O D—
0
)
ARCHITECTURE 110
CONTROL
4,7
1 —DE
o
0
)
ARCHITECTURE /{e]
CONTROL
5 7
I > -
oE
0
10
ARCHITECTURE| o
CONTROL
6
1=
OE L
0
14
0
ARCHITECTURE /0
i CONTROL
7
1D <
o D—
0
13
)
ARCHITECTURE /o
q GONTROL
. 8 7 — 1
oE
o
12
)
ARCHITECTURE /o
- f CONTROL
7
e —
] 1
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EP330 PRODUCT

HIGH-PERFORMANCE 8-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PRODUCT TERMS

o

Noudwnaom

1 CLOCK
3 5 7 9 11 13 15 17 19 21 3 25 27 29 31 3 35
/0 12
JARCHITECTURI
CONTROL

* é $ $ * # # FEEDBACK

NOTES: A. This diagram shows one of the eight macrocells within the EP330.

B. The double-arrow’lines (#) show /O feedback from a macrocell.

FIGURE 1. LOGIC ARRAY MACROCELL

output-enable product term

The output enable (OE) product term determines whether an output signal is allowed to propagate to the output
pin. If the output of the OE product term is low, then the output buffer becomes a high-impedance node, thus
inhibiting the output signal from reaching the output pin. For combinational configurations, this OE product term
can be used to allow for true bidirectional operation.

The EP330 contains eight separate OE product terms, one per I/O pin. Ifitis desired that all outputs be enabled
or disabled simultaneously, use an identically programmed product term at each of the outputs. If different
outputs are to be enabled under different conditions, different OE product terms for each specific output may
be defined.

1/0 architecture

Figure 2 shows the different output configurations that can be chosen for any of the eight 1/O pins on the EP330.
Because of the individuality of each 1/O architecture control block, both registered and combinational output can
be chosen on a given EP330 device.

In the combinational configuration, either active-high or active-low output polarity can be chosen. Pin feedback
orno feedback is also optional. In the registered configuration, the user has control over output polarity and may
choose to use the internal feedback path or no feedback. Any /O pin can be configured as a dedicated input
by choosing no output and no feedback from the array. In the erased state, the I/O architecture is configured
for a combinational active-low output with pin feedback.

2-6
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PRODUCT EP330
PREVIEW HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

CLOCK

/\1 T~ (PIN 1)
| ) OE l
AND AND
ARRAY ARRAY
36 INPUT 36 INPUT
f FEEDBACK Kf FEEDBACK
SELECT SELECT
OUTPUT/POLARITY FEEDBACK OUTPUT/POLARITY FEEDBACK
Combinational/High Pin, None D Register/High D Register, None
Combinational/Low Pin, None D Register/Low D Register, None
None Pin None D Register
(a) Combinational Coﬁflguratlon (b) Registered Configration

FIGURE 2. 1/0 CONFIGURATIONS
PAL compatibility

Figures 2(a) and 2(b) show how an EP330 can be configured as a drop-in replacement for two commonly used
members of the 20-pin PAL family: the PAL16L8 and the PAL16R8. When configured in these manners, the
EP330 is both a functional replacement, as well as a pin-to-pin replacement, for the PAL16L8 and PAL16R8.

Tables 1 and 2 provide additional information concerning the EP330 as a replacement for the 20-pin PAL family
of devices.

*p
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EP330

HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PRODUCT
PREVIEW

—

36-INPUT
PROGRAMMABLE
AND ARRAY

/\,J

"Invert Select” EPROM cell is in the erased state providing active-low outputs.

8-product-term OR gate compared to 7-product-term OR gate on PAL16L8.
Pin feedback to the array at 12 through 19 is not available in PAL16LS.

FIGURE 3. EP330 CONFIGURATION FOR REPLACING A PAL16L8

COIF 19
— —

COIF 18
—G——-

COIF 17
E—

COIF 16
< }—

COIF 15
——<—

COIF 14
— ———K—

COIF 13
—————

COIF 12
— —— »

"Combinational Mode” is chosen providing Combinational Output with Input (Pin) Feedback (COIF).
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PRODUCT
PREVIEW

EP330

HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

/‘\_/

19
1 36-INPUT e
PROGRAMMABLE| H> c1
AND ARRAY
RORF i
2 S N 18
> C1
RORF
i—DL: 17
H 1p D—
> 1
LA Yy RORF
16
- 10 >
> c1
>
nani
15
H 1 >
H> c1
£ ——«
RORF l
14
11D 1%
. - 1
RORF
pm 13
Vv
2D HE ct
RORF
12
9 D H 1D P>
Lt c1

1

e "Invert Select” EPROM cell is in the erased state providing active-low outputs.

® “Registered Mode" is chosen providing Registered Output with Registered Feedback (RORF).

e Complement of pin 11 is used as common OE term for all eight output pins.

FIGURE 4. EP330 CONFIGURATION FOR REPLACING A PAL16R8
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EP330 PRODUCT
HIGH-PERFORMANCE 8-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD) :
TABLE 1. CONFIGURATIONS FOR 20-PIN PAL REPLACEMENT
PAL EP330 EP330 110 OUTPUT/ FEEDBACK
PART NUMBER PIN NUMBER MACROCELL NUMBER CONFIGURATION MODE POLARITY
10H8 12-19 1-8 Combinational Comb/High None
10L8 12-19 1-8 Combinational Comb/Low None
12 8 Combinational None Pin
12H6 13-18 2-7 Combinational Comby/High None
19 1 Combinational None Pin
12 8 Combinational None Pin
12L6 13-18 2-7 Combinational Comb/Low None
19 1 Combinational None Pin
12-13 7-8 Combinational None Pin
14H4 14-17 3-6 Combinational Comb/High None
18-19 1-2 Combinational None Pin
E 12-13 7-8 Combinational None Pin
~h 14L4 14-17 3-6 Combinational Comb/Low None
o 18-19 12 Combinational None Pin
(2] 12-14 6-8 Combinational None Pin
(':D- 16C1 15 5 Combinational Comb/Low None
D 16 4 Combinational Comb/High None
ry 17-19 13 Combinational None Pin
12-14 6-8 Combinational None Pin
16H2 15-16 4-5 Combinational Comb/High None
17-19 1-3 Combinational None Pin
12-14 6-8 Combinational None Pin
16L2 15-16 4-5 Combinational Comb/Low None
17-19 1-3 Combinational None Pin
16H8 12 8 Combinational Comb/High/zZ None
& 13-18 2-7 Combinational Comb/High/Z Comb
16HD8 19 1 Combinational Comb/High/Z None
16L8 12 8 Combinational Comb/Low/Z None
& 13-18 2-7 Combinational Comb/Low/Z Comb
16LD8 19 1 Combinational Comb/Low/Z None
12-13 7-8 Combinational Comb/Low/zZ Comb
16R4 14-17 3-6 Registered Reg/Low/Z Reg
18-19 1-2 Combinational Comb/Low/Z Comb
12 8 Combinational Comb/Low/Z Comb
16R6 13-18 2-7 Registered Reg/Low/Z Reg
19 1 Combinational Comb/Low/Z Comb
16R8 12-19 1-8 Registered Reg/Low/Z Reg
12 8 Combinational Comb/Option/z None
16P8 13-18 2-7 Combinational Comb/Option/Z Comb
19 1 Combinational Comb/Option/Z None
12-13 7-8 Combinational Comb/Option/Z Comb
16RP4 14-17 3-6 Registered Reg/Option/Z Reg
18-19 1-2 Combinational Comb/Option/z Comb
12 8 Combinational .Comb/Option/Z Comb
16RP6 13-18 2.7 Registered Re/Option/Z Reg
19 1 Combinational Comb/Option/Z Comb
16RP8 12-19 1-8 Registered Reg/Option/Z Reg

Texas
INSTRUMENTS




PRODUCT EP330
PREVIEW HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

TABLE 2. DEVICE SPECIFICATIONS?

SYMBOL PARAMETER HIGH-SPEED EPLD HIGH-SPEED PAL SERIES 16XXB/-15
EP330 PAL16L8B/-15 PAL16R8B/~15
Supply current active
Icc 21 MHz 45 mA 180 mA 180 mA
tpd Input to nonregistered output 15ns 15ns N/A
tco1 Clock to output delay 12ns 12ns 12ns
tsu Input setup time 12ns 15 ns 15 ns
fmax Max frequency 42 MHz 37 MHz 37 MHz

T Over commercial temperature range

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)

Supply voltage range, Vg (see Note 1) ... -03Vto7V
Instantaneous. supply voltage range, Voo (ts20ns) .......... N -2Vto7V ®
Programming supply voltage range, Vpp . .......oeiiii i -0.3Vto13.5V "q';
Instantaneous programming supply voltage range, Vpp (t=20ns) ...................... -2Vto135Vv @
Input voltage range, V| ... e —03Vio7V =
Instantaneous input voltage range, Vi (ts20NS) ... ..iiiiiiii i —-2Vto7V w
Ve OF GND CUITENEFANGE .+ .o e ettt ettt —175mAto 175 mA S
Operating free-air temperature, To .........oveiiiii -65°Cto 135°C @
Storage tempPerature FaNGE ... .........outror ettt —65°C to 150°C (=]

NOTE 1: All voltage values are with respect to GND terminal.

recommended operating conditions

EP330-25M EP330-201 EP330-15C UNIT
MIN MAX | MIN MAX | MIN MAX

Vee Supply voltage 4.5 55 4.5 55| 4.75 5.25 \

\ Input voltage 0 \ole} 0 \/ele} 0 Vee \%

ViH High-level input voltage 2 Vce+0.3 2 Vcc+0.3 2 Vgc+0.3 \%

VL Low-level input voltage (see Note 2) -0.3 08| -03 08| -03 0.8 \

Vo Output voltage 0 Vce 0 Vce 0 \{ele] \Y

tw Pulse duration, CLK high or low 14 12 10 ns

tsu Setup time, input 20 16 12 ns

th Hold time, input 0 0 0 ns

t Rise time, input 3 3 3 ns

tf Fall time, input 3 3 3 ns

TA Operating free-air temperature —55 125 | -40 85 0 70 °C

NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels

only.
Texas “5 211
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EP330 PRODUCT
HIGH-PERFORMANCE 8-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

electrical characteristics over recommended ranges of supply voltage and free-air temperature
(unless otherwise noted)

+ EP330-25M EP330-20! EP330-15C
PARAMETER TEST CONDITIONS MIN_MAX MIN _ MAX MIN__ MAX UNIT
High-level output
Vee =MIN, | =-8mA 2.4 2.4 2.4
VoH voltage cc OH m v
VoL  Low-level outputvoltage | Voo =MIN, oL =24 mA 0.5 0.5 0.5 \'4
Iy Input current V| = Vggmax or GND =10 =10 =10 nA
loz Off-state output current | Vo = MAX, Vg = Vg or GND =10 +10 =10 nA
f=1MHz, Noload, Programmed as
Icc Supply current an 8-bit counter 70 70 45 mA
Cj Input capacitance Vcec=5V, V=2V, f=1MHz 10 10 10 pF
Co Output capacitance 10 10 10 pF
Cclk  Clock capacitance 10 10 10 pF
Programming input
E Cop gramming np 20 20 20| pF
=14 capacitance (pin 11)
o . -
o electrical characteristics over recommended ranges of supply voltage and operating free-air
= temperature (unless otherwise noted)
8 " + EP330-25M EP330-201 EP330-15C
-4 PARAMETER! TEST CONDITIONS MIN _MAX MIN _ MAX MIN _MAX UNIT
» fmax  Maximum frequency 22 30 42 MHz
tpd Input to nonregistered output delay CpL=35pF, SeeNote3 25 20 15 ns
teo Clock input to registered output delay 24 18 12 ns
I¢ Output enable time 20 20 15 ns
PzX P - - See Note 4
tpxz  Output disable time 20 20 15 ns
tent Minimum clock period (internal) 24 20 15 ns
i ithout
font Maximum frequency withou 42 50 66.6 MHz
feedback, (1/tcnt)

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
¥ Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other
documéntation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to those
shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
NOTES: 3. The fmay values shown represent the highest frequency of operation without feedback in the pipeline condition.
4. This is for an output voltage change of 500 mV.

PARAMETER MEASUREMENT INFORMATION

functional testing

The EP330 is functionally tested through complete testing of each programmable EPROM bit and all internal
logic elements, thus ensuring 100% programming yield. The erasable nature of the EP330 allows test program
patterns to be used and then erased.

2-12 Texas ﬂ’
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PRODUCT EP330
PREVIEW HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PARAMETER MEASUREMENT INFORMATION

Vee
156 Q
TO
DEVICE TEST
OUTPUT - SYSTEM

102e  F=ct

T Includes capacitance. Equivalent loads may be used for testing.
FIGURE 5. DYNAMIC TEST CIRCUIT

design security

The EP330 contains a programmable design-security feature that controls the access to the data programmed
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be
copied or retrieved. Therefore, a very high level of design control is achieved since programmed data within
EPROM cells is invisible. The bit that controls this function, along with all other program data, may be reset by
erasing the cells in the device.

latchup

The EP330 input, I/O, and clock pins have been carefully designed to resist the latchup that is inherentin CMOS
structures. The EP330 pins will not latch up for input voltages between —1 V and Vg + 1 V with currents up
to 250 mA. During transitions, the inputs may undershoot to —2 V for periods of less than 20 ns.

Although the programming pin (pin 11) is designed to resist latchup to the 13.5-V limit, during positive-current
latch-up testing, the verify mode (pin 1) and program mode (pin 11) can be inadverteritly entered into, causing
current flow in the pins. This should not be construed as latchup.

*p
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EP330
HIGH-PERFORMANCE 8-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

PRODUCT
PREVIEW

PARAMETER MEASUREMENT INFORMATION

INPUT OR 1/O X
|

'4—— tpd —¥
|
COMBINATIONAL OUTPUT X
|
l{—— tpxz ——Pl
COMBINATIONAL OR X HIGH IMPEDANCE
REGISTERED OUTPUT ) 3-STATE
E Ih_ = )
|
HIGH IMPEDANCE Fa VALID OUTPUT
w] 3-STATE X
=1
[}] (a) Combinational Mode
wn
g tr—p! |<——tw——>| tr—h Mty —P
| | |
P o« /L
/2] |
o — tgy —PE—P— 1y,
| |
INPUT OR I/0 MAY CHANGEX ?ﬁ‘&ﬁ‘% 3( INPUT OR 1/O MAY CHANGE
fe— too —
|
(FROM REGISTER TO OUTPUT) X VALID OUTPUT

(b) Synchronous Clock Mode

NOTES: A. Rise time (t;) and fall time (tf) < 3 ns.
B. ty is measured at 0.3 V and 2.7 V. All other timing is measured at 1.5 V.
C. Input voltage levels at 0 Vand 3 V.

D. Timing measurements are made from 2 V for a high level and 0.8 V for a low level to the 1.5 V level on the outputs.

FIGURE 6. VOLTAGE WAVEFORMS

3
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EP610

HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3177, OCTOBER 1988~ AUGUST 1989

High-Density (Over 600 Gates)
Replacement for TTL and 74HC

Virtually Zero Standby Power . .. Typ 20 A

High Speed:
Propagation Delay Time ... 25 ns

Asynchronous Clocking of All Registers or
Banked Register Operation from
2 Synchronous Clocks

Sixteen Macrocells with Configurable I/O
Architecture Allowing for Up to 20 Inputs
and 16 Outputs

Each Output Macrocell User-Programmable
for D, T, SR, or JK Flip-Flops with Individual
Clear Control or Combinational Operation

DUAL-IN-LINE PACKAGE

(TOP VIEW)
ck [ U240 vee
102 2301
vo[ds 220wo
s 210wo
s 200Jvo
no(de, ~\1edio
vod7~8[01o
s 170wo
voe 16Jwo
vo1o 1s[Jro
11 e[
GND[]'2 13[]CLK2

CHIP-CARRIER PACKAGE

UV-Light-Erasable Cell Technology Allows (TOP VIEW)
for: T oo
— Reconfigurable Logic Q_gg9o_¢e
- Reprogrammablej Cells / L4—' '5' ';”—1' ‘z_e] lz—;' ;—61
— Full Factory Tesu-ng for 100% wops 25110
Programming Yields vofe 2af{ir0
Programmable Design Security Bit Prevents 11op7 23(jo
Copying of Logic Stored in Device vofis O 22[}1/0
Advanced Software Support Featuring :;8 %?o ZJ)E :;g
Schematic Capture, Interactive Netlist, ncha 1eNC
Boolean Equations, and State Machine
. 121314151617 18
Design Entry Omooa;oo
o~ aoayN~oO0
Package Options Include Plastic [for One- = g3 =
Time-Programmable (OTP) Devices] and ©
Ceramic Dual-In-Line Packages and Chip NC—No internal connection
Carriers :
AVAILABLE OPTIONS
PACKAGE TYPE
TA SPEED CERAMIC CERAMIC pLAsTICt pLasTICt
RANGE CLASS | DUAL-IN-LINE | CHIP CARRIER | DUAL-IN-LINE | CHIP CARRIER
PACKAGE (CDIP) (cLce) PACKAGE (PDIP) (PLCC)
25 ns EP610DC-25 EP610JC-25 EP610PC-25 EP610LC-25
0°C — 70°C | 30ns EP610DC-30 EP610JC-30 EP610PC-30 EP610LC-30
35ns EP610DC-35 EP610JC-35 EP610PC-35 EP610LC-35

t This package is for one-time-programmable (OTP) devices.
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description

general
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The Texas Instruments EP610 Erasable Programmable Logic Device is capable of implementing over
600 equivalent gates of SSI and MS! logic functions all in plastic and ceramic space-saving 24-pin, 300-mil
dual-in-line (DIP) packages and 28-pin chip-carrier packages. It uses the familiar sum-of-products logic,
providing a programmable AND with a fixed OR structure. The device accommodates both combinational and
sequential (registered) logic functions with up to 20inputs and 16 outputs. The EP610 has a user
programmable output logic macrocell that allows each output to be configured as a combinational or
registered output and feedback signals active high or active low.

A unique feature of the EP610 is the ability to program D, T, SR, or JK flip-flop operation individually for each
output without sacrificing product terms. in addition, each register can be individually clocked from any of the
input or feedback paths available in the AND array. These features allow a variety of logic functions to be
simultaneously implemented.

The CMOS EPROM technology reduces the power consumption to less than 20% of equivalent bipolar
devices without sacrificing speed performance. Erasable EPROM bits allow for enhanced factory testing.
Design changes can be easily implemented by erasing the device with ultraviolet (UV) light.

Programming the EP610 is accomplished by using the TI EPLD Development System, which supports four
different design entry methods. When the design has been entered, the software performs automatic
translation into logical equations, Boolean minimization, and design fitting directly into an EPLD.

functionai

The EP610 is an Erasable Programmable Logic Device (EPLD) that uses a CMOS EPROM technology to
implement logic designs in a programmable AND logic array. The device contains a revolutionary
programmable /O architecture that provides advanced functional capability for user programmable logic.

Externally, the EP610 provides 4 dedicated data inputs and 16 I/O pins, which may be configured for input,
output, or bidirectional operation. Figure 1 shows the EP610 basic logic array macrocell. The internal
architecture is organized with familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND
array come from true and complement signals from the 4 dedicated data inputs and the 16 I/O architecture-
control blocks. The 40-input AND array encompasses 160 product terms, which are distributed among 16
available macrocells. Each EP610 product term represents a 40-input AND gate.

Each macrocell contains 10 product terms, 8 of which are dedicated for logic implementation. One product
term is used for clear control of the macrocell internal register. The remaining product terms are used for
output enable/asynchronous clock implementation.

There is an EPROM connection at the intersection point of each input signal and each product term. In the
erased state, all connections are made. This means both the true and complement forms of all inputs are
connected to each product term. Connections are opened during the programming process. Therefore, any
product term may be connected to the true or complement form of any array input signal.
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EP610
HIGH-PERFORMANCE 16-MACOCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram

II 40
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Pin numbers in ( ) are for DIP packages; pin numbers in [ ] are for chip-carrier packages.

When both the true and complen"nent forms of any signal are left intact, a logical false state results on the
output of the AND gate. If both the true and complement connections are open, then a logical “don't care”
applies for that input. If all inputs for the product term are programmed open, then a logical true state results

on the output of the AND gate.

Two dedicated clock inputs provide synchronous clock signals to the EP610 internal registers. Each of the
clock signals controls a bank of 8 registers. CLK1 controls registers associated with macrocells 9-16, and
CLK2 controls registers associated with macrocells 1-8. The EP610 advanced /O architecture allows the
number of synchronous registers to be user defined, from one to sixteen. Both dedicated clock inputs are

positive-edge triggered.
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

1/0 architecture

E -

s}99yg ejeq

PRODUCT TERMS

N o s W N oo

CLEAR

The EP810 input/output architecture provides each macrocell with over 50 possible 1/0 configurations. Each
I/O can be configured for combinational or registered output, with programmable output polarity. Four
different types of registers (D, T, JK, and SR) can be implemented into every I/O without any additional logic
requirements. I/O feedback selection can also be programmed for registered or input (pin) feedback. Another
benefit of the EP610 I/O architecture is its ability to individually clock each internal register from asynchronous
clock signals.

4 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 CcLock OE/CLK
2 27 |29 |31 |33 |35 |37 |3

— OE

[ :: 22
vo

URE
CONTROL

D_
}
:)_
D_
D_
}
:)_
D_
D

ol ol ol 64 ol ol A1 &1 ol &1 a1l a1l &1 &1 &1 &1 &1 A1 L1 L
FEED-
2 {3 f@ s e o (@ e o [y {aa jas) jae 17 jos) 09 [2o) 21 (23) BACK

Pin numbers are for dual-in-line packages.

FIGURE 1. LOGIC ARRAY MACROCELL (MACROCELL 1 ILLUSTRATED)

OE/CLK selection

Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each EP610 I/O
pin. In Mode 0, the 3-state output buffer is controlled by a single product term. If the output of the AND- gate is
true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in the high-
impedance state. In this mode, the macrocell flip-flop may be clocked by its respective synchronous clock
input. After erasure, the OE/CLK select multiplexer is configured in Mode 0.

In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual
clocking of flip-flops from any available signal in the AND array. Because both true and complement signals
reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered operation.
With the clock now controlled by a product term, gated clock structures are also possible.

2-18

TeExAs *’f
INSTRUMENTS



EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MODE 0 MODE 1

OE = P-Term Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous

SYNCHRONOUS SYNCHRONOUS
CLOCK CLOCK
Vee
—O OE _KO— QE
s O | .
ARRAY L o CLK Q_ [cux
L] o
MACROCELL MACROCELL MACROCELL  MACROCELL
/o OUTPUT 110 OuUTPUT
REGISTER BUFFER REGISTER BUFFER
The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via
common to 11 other Macrocells. The output is enabled by the logic the product term. This allows for gated clocks that may be generated
from the product term. from elsewhere in the EP610.

FIGURE 2. OE/CLK SELECT MULTIPLEXER

Data Sheets

output/feedback selection

Figure 3 shows the EP610 basic output configurations. Along with combinational output, 4 register types are
available. Each macrocell /0 may be independently configured. All registers have individual asynchronous
clear control from a dedicated product term. When the product term is asserted, the macrocell register will
immediately be loaded with a zero independently of the clock. On power-up, the EP610 performs the clear
function automatically.

When the D or T register is selected, 8 product terms are ORed together and made available to the register
input. The invert select EPROM bit determines output polarity. The feedback-select multiplexer enables
register, 1/O (pin), or no feedback to the AND array.

If the JK or SR registers are selected, the 8 product terms are shared between 2 OR gates. The allocation of
product terms for each register input is optimized by the TI EPLD Development System. The invert select
EPROM bit configures output polarity. The feedback-select multiplexer enables registered or no feedback to
the AND array.

Any /O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is
obtained by disabling the macrocell output buffer. In the erased state, each /0O is configured for
combinational active-low output with input (pin) feedback.
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

_D OE

1/0 SELECTION

OUTPUT/POLARITY | FEEDBACK

Combinational/high Pin, None

INVERT Combinational/low Pin, None
SELECT None Pin

FEEDBACK
SELECT

(a) COMBINATIONAL

O
]
~+
o
2}
=2
1)
a
»

SYNCHRONOUS
CLOCK OE/CLK
Vce  SELECT
A 4 1/O SELECTION
D—{ OUTPUT/POLARITY FEEDBACK
JK Register/high JK Register, None
JK Register/low JK Register, None
CLK OE None JK Register
None Pin
FUNCTION TABLE

1D as N
1 }*r_"" INPUTS OUTPUT

CLR CLK Q
L
H

Qo
L

INVERT
SELECT —P>C1 B

L
L t
LR
H X
IR o o
o
FEEDBACK
SELECT
(b) D-TYPE FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS

X X T rfo
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EP610
HIGH-PERFORMANCE 16-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
CLOCK OE/CLK

Vgc  SELECT

1/0 SELECTION

OUTPUT/POLARITY FEEDBACK

T Register/high T Register, Pin, None

T Register/low T Register, Pin, None
CLK OE None T Register
None Pin
FUNCTION TABLE
T Py a_ N
|> - INPUTS OUTPUT
INVERT CLR CLK T Q
SELEcT —pP O L t L Qg
CLR t tooH Qo
R L LorH X Qg
H X X L
Kt
FEEDBACK
| SELECT
(c) TOGGLE FLIP-FLOP
SYNCHRONOUS
CLOCK OE/CLK
Vee SELECT
\ 4 1/0 SELECTION
| ) OUTPUT/POLARITY FEEDBACK
JK Register/high JK Register, None
OE JK Register/low JK Register, None
@ CLK None JK Register
N
J 1J a FUNCTION TABLE
L INPUTS OUTPUT
P> C1 CLR ClK J K Q
L t L L Qo
1K L t L H L
L t H L H
INVERI L ' H H N
™\ cr SELEC L LorH X X Qg
1 )y R H X X X L
Kt
FEEDBACK
SELECT

(d) J-K FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS

CLock OE/CLK
vee SELECT

Y

D

1/O SELECTION

L

OUTPUT/POLARITY FEEDBACK
OE SR Register/high SR Register, None
SR Register/low SR Register, None
CLK None SR Register
N
Sl 18 e
FUNCTION TABLE
| —>c1 INPUTS OUTPUT
CLR CLK S R Q
1R L t L oL Qo
L t L H L
INVERT L t H L H
SELECT L t H H | Undefined
) ce R L LorH X X Qo
l—/ H X X X L

FEEDBACK
SELECT

(e) S-R FLIP-FLOP
FIGURE 3. I/0O CONFIGURATIONS (CONTINUED)

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, VoG (see Note 1) . ... ... ... ... -03Vto7V
Instantaneous supply voltage range, VGG (t < 20nS) . ... ... ... -2Vto7V
Programming supply voltage range, VPP - v -03Vto 135V
Instantaneous programming supply voltage range, Vpp{t=20ns)................. -2Vto 135V
Inputvoltagerange, V|. .. ... .. -03Vto7V
Instantaneous input voltage range, Vi (t < 20NS) . .. .. ... ... . -2Vto7V
VCCOrGND CUITeNt . .. ..o —-175 mAto 175 mA
Power dissipation at 25°C free-air temperature (see Note 2) . . . ................... ... 1000 mW
Operating free-air temperature, TA . .. .. ... .. —65°C to 135°C
Storage temperature range . ... ....... ... —65°C to 150°C

NOTES: 1. All voltage values are with respect to GND terminal.
2.For operation above 25°C free-air temperature, derate to 120 mW at 135°C at the rate of 8.0 mW/°C.
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

recommended operating conditions

EP610C
PARAMETER UNIT
MIN MAX
Vce Supply voltage 4.75 5.25 \"
\ Input voltage 0 vee \
VIH High-level input voltage 2 Vce+0.3 \
ViL Low-level input voltage (see Note 3) -0.3 0.8 \
VO Output voltage 0 vee \
tr Rise time CLK |n-put 250 ns
Other inputs 500
tf Fall time CLK m‘put 250 ns
Other inputs 500
TA Operating free-air temperature 0 70 °C

Note 3: The algebraic convention, in which the more negative value is designated minimum, is used inthis data sheet for logic voltage levels

and temperature only. [7;]
i
<))
electrical characteristics over recommended operating free-air temperature range (unless 2
otherwise noted) 7]
EP610C ©
PARAMETER TEST CONDITIONS T UNIT b
MIN TYP' MAX ©
Vou High-level output I TTL IOH =-4 mA 2.4 v Q
voltages CMOS IOH =—2 mA 3.84
VoL Low-level output voltage oL =4 mA 0.45 \'
1] Input current V| =Vcc or GND +10 wA
102 Off-state output current VQ = Vcc or GND +10 ~A
Standby VI = Vec or GND, zee Note 4 0.02 0.1
Icc Supply current Non-turbo No load ee Note 5 3 10 mA
Turbo See Note 5 32 60
Ci Input capacitance Vi=0,f=1MHz, TA=25°C 20 pF
Co Output capacitance VO =0,f=1MHz, TA =25°C 20 pF
Cclk Clock capacitance V| =0,f=1MHz, TA =25°C 20 pF
T All typical values are at VcC =5V, TA = 25°C.
NOTES: 4. Wheninthe non-turbo mode, the device automatically goesintothe standby modeapproximately 100 ns after the lasttransition.
5. These parameters are measured with device programmed as a 16-bit counter and f =1 MHz.
TeExas 9.3
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HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

switching characteristics over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

combinational mode, turbo bit on

PARAMETERT EP610-25 EP610-30
TEST CONDITIONS UNIT
MIN  MAX MIN  MAX
tpd1 Input to nonregistered output 25 30 ns
tpd2 1/0 input to nonregistered output CL =35 pF 27 32 ns
tPZX Input to output enable 25 30 ns
tPXZ Input to output disable CL =5 pF, See Note 6 25 30 ns
telr Asynchronous output clear time CL =35 pF 27 32 ns
tio 1/0 input buffer delay 2 2 ns
combinational mode, turbo bit off
PARAMETERT TEST CONDITIONS EP610-25 EP610-30 uNIT
MIN  MAX MIN  MAX
tpd1 Input to nonregistered output 55 60 ns
tpd2 1/0 input to nonregistered output CL =35 pF 57 62 ns
tPZX Input to output enable 55 60 ns
tPXZ Input to output disable CL =5 pF, See Note 6 55 60 ns
telr Asynchronous output clear time CL =35 pF 57 62 ns
tio 1/0 input buffer delay 2 2 ns
synchronous clock mode
PARAMETERT TEST CONDITIONS EP610-25 EP610-30 UNIT
MIN  MAX MIN  MAX
fmax Maximum frequency See Note 7 47.6 41.7 MHz
tco1l Clock to output delay time 15 17 ns
Minimum clock period (register
font feedback to register output) See Note 5 25 30 ns
fent Maximum frequency with feedback See Note 5 40 33.3 MHz
asynchronous clock mode
PARAMETERT TEST CONDITIONS EP610-25 EP610-30 uNIT
MIN MAX MIN MAX
fmax Maximum frequency See Note 7 47.6 41.7 MHz
Clock to output | Turbo bit on 27 32 '
taco1l . " ns
delay time l Turbo bit off 57 62
Minimum clock period (register
tacnt feedback to register output) % 30 ns
facnt Maximum frequency with feedback 40 33.3 MHz

T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those
used in other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI
data sheets or to those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTES: 5. These parameters are measured with device programmed as a 16-bit counter and f = 1 MHz.

6. This is for an output voltage change of 500 mV.
7. The fmax values shown represent the highest frequency of operation without feedback.
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EP610
HiGH-PERFORMANCE 16-MACOCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

timing requirements over recommended ranges of supply voltage and free-air temperature

synchronous clock mode

+ EP610-25 EP610-30
PARAMETER TEST CONDITIONS UNIT
MIN  MAX MIN MAX
. Turbo bit on 21 24
tsu Input setup time ns
Turbo bit off 51 54
th Input hold time 0 0 ns
tch Clock high pulse duration 10 10 ns
tcl Clock low pulse duration 10 11 ns
asynchronous clock mode
EP610-2! -
PARAMETERT TEST CONDITIONS s EP610-30 UNIT
MIN  MAX MIN  MAX
. Turbo bit on 8 8
t. Input setup time ns
asu P Turbo bit off 38 38
tah Input hold time 12 12 ns
tach Clock high pulse duration 10 11 ) ns
tacl Clock low pulse duration 10 11 ns
T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those
used in other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl
data sheets or to those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
Texas W
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional testing

The EP610 is functionally tested including complete testing of each programmable EPROM bit and all internal
logic elements thus ensuring 100% programming yield. As a result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable nature of the EP610 allows test program patterns to be
used and then erased.

Figure 4 shows the test circuit and the conditions under which dynamic measurements are made. Because
power supply transients can affect dynamic measurements, simuiltaneous transitions of multiple outputs
should be avoided to ensure accurate measurement. The performance of threshold tests under dynamic
conditions should not be attempted. Large-amplitude fast ground-current transients normally occur as the
device outputs discharge the load capacitances. These transients flowing through the parasitic inductance
between the device ground terminal and the test-system ground can create significant reductions in
observable input noise immunity.

Vce
P4
38550
DEVICE o—TO
OUTPUT I TEST SYSTEM
33400 ct

tincludes jig capacitance

FIGURE 4. DYNAMIC TEST CIRCUIT

design security

The EP610 contains a programmable design security feature that controls the access to the data programmed
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot
be copied or retrieved. This enables a high level of design control to be obtained since programmed data
within the EPROM cells is invisible. The bit that controls this function, along with all other program data, may
be reset by erasing the device.

turbo bit

Some EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set using the EPLD
Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders the
circuit less sensitive to VGG noise transients created by the power-up/power-down cycle when operating in
the low-power mode. The typical IcG versus frequency data for both the turbo-bit-on mode and the turbo-bit-
off (low-power) mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. Figure 6
shows the relationship between the output drive currents and the corresponding output voltages.

2-26
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HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

Icc—Supply Current—mA
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FIGURE 5
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FIGURE 6

If the design requires low-power operation, the turbo bit should not be set. When operating in this mode,

some dynamic parameters are subject to increases.
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HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

INPUT OR 1/0 X
]

e —
COMBINATIONAL |
OUTPUT
[
——tPXZ——p|
COMBINATIONAL OR \| _ HIGH-IMPEDANCE STATE
REGISTERED OUTPUT VALID OUTPUT II
le——twzx— o
COMBINATIONAL OR HIGH-IMPEDANCE STATE | "4 VALID OUTPUT
REGISTERED OUTPUT | N\
' F—'clr —p|
. RON:
A —— N Amesmonous.y
ﬁ —
Q
(a) COMBINATIONAL MODE
2
o® —tch—P —D:'f e—tci—
D ] I
@ ! |
n CLK1, CLK2 | | |
|
-"" t je— H—'su"ﬂ—‘h—ﬂ
| |
INPUT OR 1/0 /// % VALID W
I
14— tco1 —bl‘
REGISTERED OUTPUT X VALID OUTPUT
(b) SYNCHRONOUS CLOCK MODE
lﬂ—'ach—bl 'Q—'acl—h'
Moot __ X X X X X X
CLOCK INPUT |
I“—‘asu—*—'ah—bi
INPUT OR 1/0 // % VALID W
:4—-‘ taco1 —|

|
REGISTERED QUTPUT ‘X VALID OUTPUT

(c) ASYNCHRONOUS CLOCK MODE
FIGURE 7. SWITCHING WAVEFORMS
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HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA

24-PIN CERAMIC DIP (CDIP)
1,14 (0.045)
0,97 (0.038)
oo cararacrare]
24 13
7.87 (0.310) WINDOW
/.87 (0.310) R
5,56 (0.220) * 3,76 (0.148) DIA
1 12
‘L:.Jl_JL_H_JI_]l__I\_JL_ll_Jl_JL_IL_J
4.. 2,49 (0.098) 0,13 (0.005) L,
MAX MIN
1]
8,13 (0.320) [«}]
m 32,51 (1.28) MAX—————»| 5.33 (0.210) [<}]
. . 0,38 (0.015) 2,32 (0.170) C%
0,20 (0.008) " _&
SEATING 3
150 PLANE { ]
0° (]
w..‘ 2,54 (0.100) 0,58 (0. 023)_’“'_ %’—Zé—:g'—g%
9,27 (0.365) 5.08 (0.200) BSC 0.36 (0.014) ’ ’
3,18 (0.125)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
24-PIN DIP PLASTIC (PDIP)
1,40 (0.055)
0,51 (0.020) 1,14 (0.045)
4"'* MIN
P W e Wl W e Wt Wihe Waa Wl Wate Wain
D
/ A SPANANPANP AN RN RN LN AN A
8.26 (0.325) PIN1 31,89 (1.255) N
7.49 (0.295) 31,50 (1.240) )
! i 3,68 (0.145) 4.32 (0.170)
6,86 (0.270) 318 (0, 125, 3,56 (0.140)
6.22 (0.245) 0,51 (0.020)
SEATING Fav
PLANE
0,305 (0.012)
0,203 (0.008) J
L_ 8.38 (0.330) 0,51 (0.020) ozo) 3,43 (o 135)
7.87 (0.310) 0.51 (0.020) MIN 0,41 (0.016) 3,18 (0.125)
2,54 (0. 100) BSC
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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EP610
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA

28-PIN CERAMIC LEADED CHIP CARRIER (CLCC)

GLASS SEE

1,27 (0.050) GLass B
Bsc 1,02 (0.040)xa5° 381 (0.150) R TYP.

/
3 [ rar
|

—y

T DI T
/ ‘
—
12,67 (0.495)
12,32 (0.485) 10.92 (0.430)
11,56 (0.455) @ 9,91 (0.390)
10,92 (0.430)

MM

Y

ks

1 3.05 (0.120)
"2 .29 (0.090)

le_ 114 (0.045)
0,89 (0.035)

>

r T CT

" 10.92 (0.430)

ullllllllll - S J NS [ SN B g SO S |
11,56 (0.455)
7.62 (0.300)
REF

BOTTOM VIEW 12,57 (0.495)

—| 4,57 (0.180)
T 2,97 10.180)
114 0.045) 12.32 (0.485) 2,19(0.165)
0 80 (0 035! TOP RIGHT

0.89 (0,0351 o

0,89 (0.035) x 45° ViEw VIEW
-89 (0. 0.25 (0.010)
0.15 (0.006)
_v
T 0530021
0,43 (0.017)
0.20 (0.008) = ____‘___Al

NOM

0.81 {0.032)

0,66 (0.026)
DETAIL "'P*"

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

TeExas {'f

INSTRUMENTS




EP610

HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA

28-PIN PLASTIC LEADED CHIP CARRIER (PLCC)
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EP630
HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3357, OCTOBER 1989

PRODUCT
PREVIEW

o High-Density (Over 600 Gates) JT OR NT PACKAGE

Replacement for TTL and 74HC (TOP VIEW)
e Low Operating Current: ck [ 24{]vee
ICcC max - - - 100 mA 1032 23[71
e High Speed: vols  22Qwo
Propagation Delay Time ... 20 ns :ng: §<1) % :;g

e Asynchronous Clocking of All Registers or
Banked Register Operation from
2 Synchronous Clocks

vo(Jer ~yed o
o7 ~~18Jvo
vode 170wo

e Sixteen Macrocells with Configurable 1/O :;gE?o :: % 1/0
Architecture Allowing for up to 20 Inputs g 14 :/0
t
and 16 Outputs anofiz 13 k2

e Each Output Macrocell User-Programmable
for D, T, SR, or JK Flip-Flops with Individual

. . FZ ORF
Clear Control or Combinational Operation OR FN PACKAGE

Data Sheets m

(TOP VIEW)
e UV-Light-Erasable Cell Technology Allows Z oo
for: o S99 o
Reconfigurable Logic /—Cn:: Srerertrer
e
Reprogrammable Cells 4321282726
. 1105 25[]1/0
Full Factory Testing for 100% vofje 2a(vo
Programming Yields vof7 23fvo
e Programmable Design Security Bit Prevents 1ops 2210
Copying of Logic Stored in Device o] 0E] 21[Ji70
yof)10 20(]I’0
e Advanced Software Support Featuring NC %” 19% NC
Schematic Capture, Interactive Netlist, 121314151617 18
Boolean Equations, and State Machine fan N Ve fan S o W Nam
Design Entry R g-Q
[CRCES

e Package Options Include Plastic [for One-
Time-Programmable (OTP) Devices] and
Ceramic Dual-In-Line Packages, Ceramic
Quad Flat Packages, and Plastic Chip

NC —No internal connection

Carriers
AVAILABLE OPTIONS
PACKAGE TYPE
AﬁG z”":gg CERAMIC "c'égﬁ‘:ﬁg pLAsTIC pLASTICH
RANGE LA DUAL-IN-LINE " DUAL-IN-LINE | CHIP CARRIER
an QUAD FLAT i N
(FZ)

0°C to 70°C 20 EP630-20CJT EP630-20CFZ EP630-20CNT EP630-20CFN
“a0C1085C | 25 EP630-251JT EP630-25IFZ EP630-25INT EP630-251FN

55Cto125C | 25 EP630-25MJTB | EP630-25MFZB N/A N/A

t Contact factory for mechanical data on this package.

PRODUCT PREVIEW information concerns products Copyright © 1989, Texas Instruments Incorporated

in the formative or design phase of development.
Characteristic data and other specifications are design
goals. Texas Instruments reserves the right to change
or discontinue these products without notice.
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EP630 - - PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description

gene

ral

The Texas Instruments EP630 Erasable Programmable Logic Device is capable of implementing over
600 equivalent gates of SSI and MSI logic functions all in plastic and ceramic space-saving 24-pin, 300-mil
dual-in-line (DIP) packages and 28-pin chip-carrier packages. It uses the familiar sum-of-products logic,
providing a programmable AND with a fixed OR structure. The device accommodates both combinational and
sequential (registered) logic functions with up to 20 inputs and 16 outputs. The EP630 has a user
programmable output logic macrocell that allows each output to be configured as a combinational or
registered output and feedback signals active high or active low.

A unique feature of the EP630 is the ability to program D, T, SR, or JK flip-flop operation individually for each
output without sacrificing product terms. In addition, each register can be individually clocked from any of the
input or feedback paths available in the AND array. These features allow a variety of logic functions to be
simultaneously implemented.

The CMOS EPROM technology reduces the power consumption to less than 55% of equivalent bipolar
devices without sacrificing speed performance. Erasable EPROM bits allow for enhanced factory testing.
Design changes can be easily implemented by erasing the device with ultraviolet (UV) light.

Programming the EP630 is accomplished by using the TI EPLD Development System, which supports four
different design entry methods. When the design has been entered, the software performs automatic
translation into logical equations, Boolean minimization, and design fitting directly into an EPLD.

functional

The EP630 is an Erasable Programmable Logic Device (EPLD) that uses a CMOS EPROM technology to
implement logic designs in a programmable AND logic array. The device contains a revolutionary
programmable 1/0 architecture that provides advanced functional capability for user programmable logic.

Externally, the EP630 provides 4 dedicated data inputs and 16 I/O pins, which may be configured for input,
output, or bidirectional operation. Figure 1 shows the EP630 basic logic array macrocell. The internal
architecture is organized with familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND
array come from true and complement signals from the 4 dedicated data inputs and the 16 I/O architecture-
control blocks. The 40-input AND array encompasses 160 product terms, which are distributed among 16
available macrocells. Each EP630 product term represents a 40-input AND gate.

Each macrocell contains 10 product terms, 8 of which are dedicated for logic implementation. One product
term is used for clear control of the macrocell internal register. The remaining product terms are used for
output enable/asynchronous clock implementation.

There is an EPROM connection at the intersection point of each input signal and each product term. In the
erased state, all connections are made. This means both the true and complement forms of all inputs are
connected to each product term. Connections are opened during the programming process. Therefore, any
product term may be connected to the true or complement form of any array input signal.

2-34
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PRODUCT EP630
PREVIEW HIGH-PERFORMANCE 16-MACOCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram

| - ~J
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Pin numbers in ( ) are for DIP packages; pin numbers in [ ] are for chip-carrier packages.

When both the true and complement forms of any signal are left intact, a logical false state results on the
output of the AND gate. If both the true and complement connections are open, then a logical “don’t care”
applies for that input. If all inputs for the product term are programmed open, then a logical true state results
on the output of the AND gate.

Two dedicated clock inputs provide synchronous clock signals to the EP630 internal registers. Each of the
clock signals controls a bank of 8 registers. CLK1 controls registers associated with macrocells 9-16, and
CLK2 controls registers associated with macrocells 1-8. The EP630 advanced 1/0 architecture allows the
number of synchronous registers to be user defined, from one to sixteen. Both dedicated clock inputs are
positive-edge-triggered.

%
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EP630 ~ PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

1/O architecture

The EP630 input/output architecture provides each macrocell with over 50 possible 1/O configurations. Each
I/O can be configured for combinational or registered output, with programmable output polarity. Four
different types of registers (D, T, JK, and SR) can be implemented into every I/O without any additional logic
requirements. /O feedback selection can also be programmed for registered or input (pin) feedback. Another
benefit of the EP630 /O architecture is its ability to individually clock each internal register from asynchronous

clock signals.
. SYNCHRONOUS
4 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 cLock OE/CLK
7 1113 115 117 19 21 23 7|25 (27 29 |31 [33 7|35 a7 |39 Ve , SELECT
1_’::
o
o
OE/CLK O—+—+¢]
°
@ CLK ‘
1
@
. e
c3 (O (22)
Q 4
3 } o
5 ARCHIT
2 D_ CHITECTURE
& CONTROL
‘ o
7 S
CLEAR
L ol ol al ol L ol ol al ol ol 4l &1 Lol ol L ,J_J_D—
% ; ; % % % FEED-
2 3l D e Lo el o) [ jaa [as) jver (19 Jne (09 [2o) [ (23) BACK

Pin numbers are for dual-in-line packages.

FIGURE 1. LOGIC ARRAY MACROCELL (MACROCELL 1 ILLUSTRATED)
OE/CLK seiection

Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each EP630 I/O
pin. In Mode 0, the 3-state output buffer is controlled by a single product term. If the output of the AND gate is
true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in the high-
impedance state. In this mode, the macrocell flip-flop may be clocked by its respective synchronous clock
input. After erasure, the OE/CLK select multiplexer is configured in Mode 0.

In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual
clocking of flip-flops from any available signal in the AND array. Because both true and complement signals
reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered operation.
With the clock now controlled by a product term, gated clock structures are also possible.

Texas ‘Q’
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PRODUCT EP630
PREVIEW" : HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MODE 0 MODE 1
OE = P-Term Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous
SYNCHRONOUS SYNCHRONOUS
CLOCK CLOCK
Vece
o OE R OE
e S °
ARRAY o CLK Qo )
_(O— [ S
MACROCELL MACROCELL MACROCELL  MACROCELL
| /0 OUTPUT /0 OUTPUT
REGISTER BUFFER REGISTER BUFFER
The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via
common to 7 other Macrocells. The output is enabled by the logic the product term. This allows for gated clocks that may be generated
from the product term. from elsewhere in the EP630.

FIGURE 2. OE/CLK SELECT MULTIPLEXER

Data Sheets

output/feedback selection

Figure 3 shows the EP630 basic output configurations. Along with combinational output, four register types
are available. Each macrocell I/O may be independently configured. All registers have individual
asynchronous clear control from a dedicated product term. When the product term is asserted, the macrocell
register willimmediately be loaded with a zero independently of the clock. On power-up, the EP630 performs
the clear function automatically.

When the D or T register is selected, eight product terms are ORed together and made available to the
register input. The invert select EPROM bit determines output polarity. The feedback-select multiplexer
enables register, /O (pin), or no feedback to the AND array.

If the JK or SR registers are selected, the eight product terms are shared between two OR gates. The
allocation of product terms for each register input is optimized by the TI EPLD Development System. The
invert select EPROM bit configures output polarity. The feedback-select multiplexer enables registered or no
feedback to the AND array.

Any I/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is
obtained by disabling the macrocell output buffer. In the erased state, each 1/O is configured for
combinational active-low output with input (pin) feedback.

Texas *?
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EP630 PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW |
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)
- —
1/0 SELECTION
P Comonatonaigh | Rene
INVERT Combinational/low Pin, None
SELECT None ‘ Pin
— K-
FEEDBACK
l SELECT
(a) COMBINATIONAL
SYNCHRONOUS
CLOCK OE/CLK
Vce  SELECT
’ \ 4 1/0 SELECTION
—D———C OUTPUT/POLARITY FEEDBACK

D Register/high

D Register, Pin, None

(b) D-TYPE FLIP-FLOP

FIGURE 3. I/0O CONFIGURATIONS

D Register/low D Register, Pin, None
CLK OE None D Register
None Pin
FUNCTION TABLE
D D Q [J
*I)"T—"’— INPUTS OuTPUT
INVERT CLR CLK D Q
SELECT —pC1 L 1 L L
L i H H
D CLR R L L X Qg
H X X L
o-
Kt
@ FEEDBACK
SELECT
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PRODUCT EP630
PREVIEW HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
cLock OE/CLK
Vcc  SELECT
A 4 1/0 SELECTION
__D——E OUTPUT/POLARITY FEEDBACK
T Register/high T Register, Pin, None
T Register/low T Register, Pin, None
CLK OE None T Register
None Pin

FUNCTION TABLE

T a_ N
m 1}-1'—“’— INPUTS ouTPUT
INVERT CLR CLK T Q
seLect  — P O L 1 L Qo
CLR L t H Qo
R L LoX Qo
H X X L

— K1

FEEDBACK
SELECT
(c) TOGGLE FLIP-FLOP
SYNCHRONOUS
CLOCK OE/CLK
Vee SELECT
| S—
Y 1/0 SELECTION
| ) OUTPUT/POLARITY FEEDBACK
JK Register/high JK Register, None
OE JK Register/low JK Register, None
@ CLK None JK Register
N
J1 [y a FUNCTION TABLE
L INPUTS OUTPUT
> C1 CLR CLK J K Q
L 1 L L Qo
1K L 1 L H L
L 1 H L H
INVERT L T H H 60
SELECT L N X X Qo
4_D CLR R H X X X L

e B

FEEDBACK
SELECT

(d) J-K FLIP-FLOP
FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

*
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EP630 'PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD) '

SYNCHRONOUS
cLock OE/CLK

Vee SELECT

\

| ‘
—D__{: 1/0 SELECTION

OUTPUT/POLARITY FEEDBACK
OE SR Register/high SR Register, None
3 SR Register/low SR Register, None
CLK None SR Register
N
S TS Q
FUNCTION TABLE
| > c1 INPUTS OUTPUT
CLR CLK S R Q
1R L t L L Qo
L t L H L
INVERT L 1 H L H
SELECT L t  H H| Undefined
[ }_CLR R L L X X Qo
L— H X X X L

FEEDBACK
SELECT
(e) S-R FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, VCC (see Note 1) . .................... . ... -03Vto7V
Instantaneous supply voltage range, VoG (t < 20 NS) Lo -2Vto7V
Programming supply voltage range, VPP « e -03Vto13.5V
Instantaneous programming supply voltage range, Vpp t =20ns) . ............. ... -2V1to13.5V
Inputvoltagerange, VI. .. ... -03Vto7V
Instantaneous input voltage range, Vi (t < 20ns) ... ............. .. —-2Vto7V
VCCOrGNDeurment . . ..o —-175mAto 175 mA
Operating free-airtemperature, TA .. ... o —65°C to 135°C
Storage temperaturerange .. ......... ... —65°C to 150°C

NOTE 1: All voltage values are With respect to GND terminal.

2-40
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PRODUCT EP630
PREVIEW HIGH-PERFORMANCE 16-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

recommended operating conditions

EP630-25M EP630-251 EP630-20C
PARAMETER MIN MAX MIN MAX MIN MAX UNIT
Vcc  Supply voltage 4.5 55 45 55 4.75 5.25 \%
\ Input voltage 0 Vee 0 vCC 0 Vee \%
Viq  High-level input voltage 2 Vge+0.3 2 Vec+0.3 2 Vcc+0.3 \
ViL  Low-level input voltage (see Note 2) -0.3 0.8 -0.3 0.8 -0.3 0.8 \%
Vo  Output voltage 0 Vee 0 Vee 0 Vee Vv
. Rise time CLK input 100 100 250 ns
Other inputs 250 250 500
. Fall time CLK input 100 100 250 ns
Other inputs 250 250 500
Ta  Operating free-air temperature —-55 125 —40 85 0 70 °C
Note 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels »
only.
@
electrical charateristics over recommended ranges of supply voltage and free-air temperature Q
(unless otherwise noted) (ﬁ
EP6630-25M EP630-20! EP630-20C 5+
PARAMETER TEST COMDITIONS UNIT d
MIN  MAX | MIN  MAX MIN  MAX ]
Von High-leve! output [TTL IoH = —4mA 24 24 2.4 v (o)
voltage [cMmos I0H = —2 mA 3.84 3.84 3.84
VoL Low-level output voltage loL = 4mA 0.45 0.45 0.45 \Y
] Input current V) = Vg or GND =10 =10 +10| pA
loz Off-state output current Vo = Vg or GND =10 +10 +10| MA
Standby See Note 3 150 150 150 MA
Icc  Supply current Nonturbo \r{ll:lo\;gc or GND,  I'geeNote 4 15 15 o
Turbo See Note 4 - 150 150 100
Ci Input capacitance Vi =0,f=1MHz, Tp = 25°C 20 20 20 pF
Co  Output capacitance Vo = 0,f=1MHz, Tp = 25°C 20 20 20 pF
Ccglk Clock capacitance Vy=0,f=1MHz Tp = 25°C 20 20 20 pF

NOTES: 3. When in nonturbo, the device automatically goes into the standby mode approximately 100 ns after the last transition.
4. These parameters are measured with the device programmed as a 16-bit counter and f=1MHz.

TeExAs
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EP630 PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

combinational mode, turbo bit-on

PARAMETER' TEST CONDITIONS EPE3025M | EP630-251 | EP630-20C | .
MIN  MAX | MIN MAX | MIN MAX
thd1 Input to nonregistered output delay 25 25 20 ns
1/0 input to nonregistered output _
tpd2 delay C| =35 pF 27 27 22 ns
tpzx  Output enable time 25 25 20 ns
tpxz  Output disable time CL = 5pF, See Note 5 25 25 20 ns
telr Asynchronous output clear time C| = 35pF 30 30 25 ns
tio 1/0 input buffer delay 2 2 2 ns
o combinational mode, turbo bit off
V] EP630-25M EP630-25! EP630-20C
~+ PARAMETER? TEST CONDITIONS UNIT
QO MIN  MAX | MIN MAX | MIN MAX
m tpd1 Input to nonregistered output delay 40 40 35 ns
1/0 input to nonregistered output _
‘5; tod2 oy CL=35pF a2 42 37| ns
S-Di- tpzx  Output enable time 40 40 35 ns
73 tpxz  Output disable time CL =5pF, See Note 5 40 40 35 ns
telr Asynchronous output clear time CL =35 pF 45 45 40 ns
tio 1/0 input buffer delay 2 2 2 ns
synchronous clock mode
EP630-25M EP630-251 EP630-20C
PARAMETERt TEST CONDITIONS UNIT
MIN  MAX | MIN MAX | MIN MAX
fmax  Maximum frequency See Note 6 50 50 55 MHz
tco1 Clock to output delay time 18 18 15 ns
Minimum clock period (register
fent  feedback to register output) See Note 4 25 25 20 ns
fent Maximum frequency with feedback | See Note 4 40 40 50 MHz

asynchronous clock mode

EP630-25M EP630-251 EP630-20C

PARAMETER? TEST CONDITIONS MIN  MAX | MIN MAX | MIN MAX UNIT
fmax  Maximum frequency See Note 6 50 MHz
\ Clock to output [ Turbo bit on 30 30 25 ns
acol  delay time [Turbo bit off 45 45 40
e T 25 2s S
facnt Maximum frequency with feedback 40 40 50 MHz

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in
other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to
those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTES: 4. These parameters are measured with device programmed as a 16-bit counter and f = 1 MHz.

5.This is for an output voltage change of 500 mV.
6.The fmax values shown represent the highest frequency of operation without feedback.
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EP630

HIGH-PERFORMANCE 16-MACOCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

timing requirements over recommended ranges of supply voltage and free-air temperature

synchronous clock mode

PARAMETERT TEST CONDITIONS EP630-25M | EP630-251 | EPG3020C | )\
MIN MAX | MIN MAX | MIN MAX
) [ Turbo bit on 20 20 15
tsu  Inputsetuplime I it of 35 35 30 ne
th Input hold time 0 0 0 ns
teh Clock high pulse duration 10 10 9 ns
tel Clock low pulse duration 10 10 9 ns
asynchronous clock mode
EP630-25M | EP630-251 EP630-20C
PARAMETERT TEST CONDITIONS UNIT
MIN MAX | MIN MAX | MIN MAX
A [ Turbo bit on 10 10 8
fasu  NPULSEWP M oot off 25 25 23 ns
tah Input hold time 15 15 12 ns
tach  Clock high pulse duration 10 10 9 ns
tacl Clock low pulse duration 10 10 9 ns

1 Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in

other documentation previously prepared by anoth

those shown in glossaries in TI data books is coincidental. The meanings may: not be the same.

er supplier for similar products. Any similarity to symbols used on other T data sheets or to
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INSTRUMENTS

i

2-43

Data Sheets



O
(<Y
-
Q
172]
=
1]
@
-
»

EP630 PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW,
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD) E

functional testing

The EP630 is functionally tested including complete testing of each programmable EPROMbit and all internal
logic elements thus ensuring 100% programming yield. As a result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable nature of the EP630 allows test program patterns to be
used and then erased.

Figure 4 shows the test circuit and the conditions under which dynamic measurements are made. Because
power supply transients can affect dynamic measurements, simultaneous transitions of multiple outputs
should be avoided to ensure accurate measurement. The performance of threshold tests under dynamic
conditions should not be attempted. Large-amplitude fast ground-current transients normally occur as the
device outputs discharge the load capacitances. These transients flowing through the parasitic inductance
between the device ground terminal and the test-system ground can create significant reductions in
observable input noise immunity.

Vee
38550
DEVICE PR (o}
OuTPUT [ I TEST SYSTEM
33400 ct

Tincludes jig capacitance
Equivalent loads may be used for testing

FIGURE 4. DYNAMIC TEST CIRCUIT

design security

The EP630 contains a programmable design security feature that controls the access to the data programmed
into the device. If this programmabile feature is used, a proprietary design implemented in the device cannot
be copied or retrieved. This enables a high level of design control to be obtained since programmed data
within the EPROM cells is invisible. The bit that controls this function, along with all other program data, may
be reset by erasing the device.

turbo bit

These EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by aturbo bit that can be set using the EPLD
Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders the
circuit less sensitive to VGG noise transients created by the power-up/power-down cycle when operating in
the low-power mode. The typical IcG versus frequency data for both the turbo-bit-on mode and the turbo-bit-
off (low-power) mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. Figure 6
shows the relationship between the output drive currents and the corresponding output voltages.
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PRODUCT EP630
PREVIEW . HIGH-PERFORMANCE 16-MACROCELL
' ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SUPPLY CURRENT OUTPUT CURRENT
Vs ) Vs
MAXIMUM FREQUENCY OUTPUT VOLTAGE
100
100 5 = 3 it Voo = 5V
amma" e Ta = 25°C
B L TURBO BIT ON | T < %0 oL
g 10 si=s 5 E
| SSs8 |
€ 1 £ 20
e A £ / w
3 3
‘i 1 == = == i : g 10 ~
= - 3
g TURBO BIT OFFH a 7 AN
@ 3 AN
| 1 | a
8o e e s === L A
T i 2
Em=—— = -Vge =5V
il TA = 15°C
0.01 A ‘ 1
100 1k 10k 100k 1M 10M 100M [§} 1 2 3 4 5
fmax —Maximum Frequency —Hz Vo —Output Voltage—V
FIGURE 5 FIGURE 6

If the design requires low-power operation, the turbo bit should not be set. When operating in this mode,
some dynamic parameters are subject to increases.
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EP630 PRODUCT
HIGH-PERFORMANCE 16-MACROCELL PREVIEW
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

INPUT OR 1/0 X
|

e —
COMBINATIONAL |
OUTPUT
I
——PXZ—p|
COMBINATIONAL OR GH-
VALID OUTPUT ~ \___ HIGH-IMPEDANCE STATE
REGISTERED OUTPUT /l
e—wex—— o
COMBINATIONAL OR HIGH-IMPEDANCE STATE | I/ VALID OUTPUT
REGISTERED OUTPUT | N
l‘——'clr —p
ASYNCHRONOUSLY
QU, REGISTERED OUTPUT X CLEAR OUTPUT
-+
Q
(a) COMBINATIONAL MODE
2
) H—tch—b: -—b: tf j—tcl—p]
D I
~+ | |
7] CLK1, CLK2 | | |
|
—»l 4 — = tsu—p—th—p|
| |
INPUT OR 1/0 % VALID W
]
— tco1 —.I‘
REGISTERED OUTPUT X VALID OUTPUT

(b) SYNCHRONOUS CLOCK MODE

l‘—tach—-ﬂ F—‘acl—"
ASYNCHRONOUS K ) ( X X
CLOCK INPUT I > <
lh—‘asu—*—‘ah‘J‘
INPUT OR 1/O VALID W
:4— taco1 —¥|

|
REGISTERED OUTPUT x VALID OUTPUT

(c) ASYNCHRONOUS CLOCK MODE
FIGURE 7. SWITCHING WAVEFORMS
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EP910

HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

03187, OCTOBER 1988 —REVISED AUGUST 1989

High-Density (Over 900 Gates)
Replacement for TTL and 74HC

Virtually Zero Standby Power . .. Typ 20 pA

High Speed:
Propagation Delay Time ... 30 ns

Asynchronous Clocking of All Registers or
Banked Register Operation from
2 Synchronous Clocks

24 Macrocells with Configurable I/O
Architecture Allowing for Up to 36 Inputs
and 24 Outputs

Each Output Macrocell User-Programmable
for D, T, SR, or JK Flip-Flops with Individual
Clear Control or Combinational Operation

UV-Light-Erasable Cell Technology Allows
for:
Reconfigurable Logic
Reprogrammable Cells
Full Factory Testing for 100%
Programming Yields

DUAL-IN-LINE PACKAGE

(TOP VIEW)
cekdr Uaopvee
102 3901
gz ssph
1ds 37t
vods ssPvo
woe  3spvo
o7 3aPvo
olle 3spvo
Qe 32010
1o dro~31 3o
o noao (]1/0
o2 29pV0
1013 28[JI/0
o 27310
1o1s 26310
1101 2s[]V0
gz 2431
g 28
Qe 22!
GND[]20 21{]CLK2

CHIP-CARRIER PACKAGE

(TOP VIEW)
Programmable Design Security Bit Prevents T oo
Copying of Logic Stored in Device e ___g¥ey___¢
SN SN G SN N D ) G G G ) S )
Advanced Software Support Featuring 6 5 4 3 2 14443424140
Schematic Capture, Interactive Netlist, 1of]7 39[]NC
Boolean Equations, and State Machine vofJs 3s(juo
Design Entry vofe 370
ofj10 36(JI/0
Package Options Include Plastic [For One- o)1 35|10
Time-Programmable (OTP) Devices] and o2 O 3a(jvo
Ceramic Dual-In-Line Packages and vofJ13 33Jio
J-Leaded Chip Carriers voflte 32jvo
ofj1s 31[jvo
ofe 3o(]io
Nc[117 29(Jivo
1819202122 2324 252627 28
oo oaracac
O~-T T TooyY T T TO0
= Z 2Z X =
©og
NC—No internal connection
AVAILABLE OPTIONS
PACKAGE TYPE
TA SPEED CERAMIC CERAMIC pLASTICT PLASTICT
RANGE CLASS | DUAL-IN-LINE | CHIP CARRIER | DUAL-IN-LINE | CHIP CARRIER
PACKAGE (CDIP) (cLee) PACKAGE (PDIP) (pPLCC)
0ec_70°c | 30ms EP910DC-30 EP910JC-30 EP910PC-30 EP910LC-30
35 ns EP910DC-35 EP910JC-35 EP910PC-35 EP910LC-35
T This package is for One-Time-Programmable (OTP) devices.

Data Sheets m

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Inst"rument:

dard Production p ing does nof
necessarily include testing of all parameters.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

description

general
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The Texas Instruments EP910 Erasable Programmable Logic Device is capable of implementing over 900
equivalent gates of SSI and MSI logic functions accommodating up to 36 inputs and 24 outputs all in plastic
and ceramic space-saving 40-pin, 600-mil dual-in-line (DIP) packages and 44-pin chip-carrier packages.

Each of the 24 macrocells contains a programmable-AND, fixed-OR PLA structure that yields 8 product terms
for logic implementation and a single product term for output-enable and asynchronous-clear control
functions. The architecture of the output logic macrocell allows the EP910 user to program output and
feedback paths for both combinational or registered operation, active high or active low.

For increased flexibility, the EP910 also includes programmable registers. Each of the 24 internal registers
may be programmed to be a D, T, SR, or JK flip-flop. In addition, each register may be clocked
asynchronously on an individual basis or synchronously on a banked register basis.

In addition to density and flexibility, the performance characteristics allow the EP910 to be used in the widest
possible range of applications. The CMOS EPROM technology reduces the power consumption to less than
20% of equivalent bipolar devices without sacrificing speed performance. Another advantage is 100% generic
testing. The device can be erased with ultraviolet (UV) light. Design changes are no longer costly, nor is there
a need for post-programming testing.

Programming the EP910 is accomplished by using the Tl EPLD Development System, which supports four
different design entry methods. When the design has been entered, the software performs automatic
translation into logical equations, Boolean minimization, and design fitting directly into an EP910. The device
may then be programmed to achieve customized working silicon within minutes at the designer’s own
desktop.

functional

The EP910 is an Erasable Programmable Logic Device (EPLD) that uses a CMOS EPROM technology to
implement logic designs in a programmable AND-logic array. The device also contains a revolutionary
programmabile I/0 architecture that provides advanced functional capability for user programmable logic.

Externally, the EP910 provides 12 dedicated data inputs and 24 I/O pins, which may be configured for input,
output, or bidirectional operation. Figure 1 shows the EP910 basic macrocell. The internal architecture is
organized with the familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND array come
from the true and complement signal from 12 dedicated data inputs and 24 feedback signals originating from
each of the 24 1/0 architectural control blocks. The 72-input AND array encompasses 240 product terms,
which are distributed among 24 available macrocells. Each EP910 product term represents a 72-input AND
gate.

At the intersection point between each AND array input and each product term, there is an EPROM control
cell. In the erased state, all connections are made. This means both the true and complement of all inputs are
connected to each product term. Connections are opened during the programming process. Therefore, any
product term may be connected to the true or complement form of any array input signal.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram
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Pin numbers in parenthesis are for DIP packages. Pin numbers in brackets are for chip-carrier packages.

When both the true and complement of an array input signal are connected, a logical false results on the
oth the true and complement forms of any array input signal are programmed
open, then a logical "don’t care" results for thatinput. If all 72 inputs for a given product term are programmed
open, then a logical true state results on the output of the corresponding AND gate. Two dedicated clock
inputs (not available in the AND array) provide the clock signals
internal registers. Each of these clock signals is positive-edge triggered and has control over a bank of 12
registers. CLK1 controls registers associated with macrocells 13 through 24. CLK2 controls registers
associated with macrocells 1 through 12. The EP910 advanced I/O architecture
synchronous registers to be user defined, from 1 to 24. Both dedicated clock inputs are positive-edge

output of the AND gate. When b

triggered.

allows the number of

127) (28)
126 (23)
(25 (22)

124] 21)

(27) (24)
1o

CLk2

used for asynchronous clocking of the EP910
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

1/0O architecture

PRODUCT TERMS.
“emsw N o

CLEAR
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=
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»

The EP910 input/output architecture provides each macrocell with over 50 possible 1/O configurations. Each
I/O can be configured for combinational or registered output, with programmable output polarity. Four
different types of registers (D, T, JK, and SR) can be implemented into every I/0 without any additional logic
requirements. I/0 feedback selection can also be programmed for registered or input (pin) feedback. Another
benefit of the EP910 I/O architecture is its ability to individually clock each internal register from asynchronous
clock signals.

SYNCHRONOUS
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 3B 40 42 44 46 48 50 52 54 56 5B 60 62 64 66 68 70 cLock
1 517 11| 13]15 171191 2123|2527 | 29|31 (33|35 (37| 39 41|43 |45 |47 |49 | 51|53 |55 | 57|59 |61 |63 |65 (67 |60 |71 .
SELECT
Vee oe
oLk
{
w
3
23
&g
o
SEZ 351
i3
38
g
H
? f ? % jﬁ T % ? f o
@ fs foa e Lo L an [ as [ an | ne | @ | es | en | e [ @y | 6a @n | @e

(2 (@) () ® 0 12 04 e (B 220 (24) (260 (28) (300 (320 (34 (38 (38

Pin numbers shown are for dual-in-line packages.

FIGURE 1. LOGIC ARRAY MACROCELL (MACROCELL 1 ILLUSTRATED)

OE/CLK selection

Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each of the
EP910 /0 pins. In Mode 0, the 3-state output buffer is controlled by the'OE/CLK product term. If the output of
the AND gate is true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in
the high-impedance state. In this mode, the macrocell flip-flop is clocked by its respective synchronous clock
input signal (CLK1 or CLK2). After erasure, the OE/CLK select multiplexer is configured in Mode 0.

In Mode 1, the output-enable buffer is always enabled. The macrocell flip-flop may now be triggered from an
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual
clocking of flip-flops from any of the 72 available AND array input signals. Because both true and complement
signals reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered
operation. With the clock now controlled by a product term, gated clock structures are also possible.
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EPS10
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEIVE (EPLD)

MODE 0 MODE 1
OE = P-Term Controlled OE = Enabled
CLK = Synchronous CLK = Asynchronous
SYNCHRONOUS SYNCHRONOUS
CLOCK CLOCK
OE _O\O- OE
O
CLK CLK
>
O
MACROCELL MACROCELL MACROCELL  MACROCELL
1o OUTPUT /0 OUTPUT
REGISTER BUFFER REGISTER BUFFER

The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via
common to 11 other Macrocells. The output is enabled by the logic the product term. This allows for gated clocks that may be generated
from the product term. from elsewhere in the EP910.

FIGURE 2. OE/CLK SELECT MULTIPLEXER

Data Sheets

output/feedback selection

Figure 3 shows the EP910 basic output configurations. Along with combinational output, 4 register types are
available. Each macrocell I/O may be independently configured. All registers have individual asynchronous-
clear control from a dedicated product term. When the product term is asserted, the macrocell register will
immediately be loaded with a zero independently of the clock. On power-up, the EP910 performs the clear
function automatically.

In the combinational configuration, 8 product terms are ORed together to acquire the output signal. The
invert-select EPROM bit controls output polarity and the output-enable buffer is product term controlled. The
feedback-select multiplexer enables registered 1/O (pin), feedback, or no feedback to the AND array.

When the D or T register is selected, 8 product terms are ORed together and made available to the register
input. The invert select EPROM bit determines output polarity. The OE/CLK select multiplexer is used to
configure the mode of operation to Mode 0 or Mode 1 (see Figure 2). The feedback-select multiplexer enables
registered 1/O (pin) or no feedback to the AND array.

If the JK or SR registers are selected, the 8 product terms are shared among two OR gates whose outputs
feed the two primary register inputs. The allocation of product terms for each register input is optimized by the
TI EPLD Development System. The invert select EPROM bit controls output polarity while the OE/CLK select
multiplexer allows the mode of operation be Mode 0 or Mode 1. The feedback-select multiplexéer enables
registered 1/O (pin) or no feedback to the AND array.

Any 1/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is
obtained by disabling the macrocell output buffer. In the erased state, /O is configured for combinational
active-low output with input (pin) feedback.
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

| —

1/O SELECTION

r P OUTPUT/POLARITY | FEEDBACK
Combinational/high | Pin, None

INVERT Combinational/low Pin, None

SELECT None Pin

FEEDBACK
SELECT

(a) COMBINATIONAL

SYNCHRONOUS
CLOCK OE/CLK
Vcc  SELECT

E _o
O
@
>
Y
(2]
>
®
®
(g
73

1/0 SELECTION

y
_'D—'_E OUTPUT/POLARITY FEEDBACK

D Register/high D Register, Pin, None

D Register/low D Register, Pin, None
CLK OE None D Register

None Pin

FUNCTION TABLE

D a_ N
10 1)—0'""— INPUTS OUTPUT
INVERT CLR ClK D aQ
SELECT —P>C1 L t L L
L t H H
CLR
R L LorH X Qp
H X X L

FEEDBACK
SELECT

(b) D-TYPE FLIP-FLOP
FIGURE 3. I/0 CONFIGURATIONS
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HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SYNCHRONOUS
CLOCK OE/CLK
Vcc  SELECT

A 4

1/0 SELECTION

OUTPUT/POLARITY

FEEDBACK

aDams

T Register/high
T Register/low

T Register, Pin, None
T Register, Pin, None

CLK OE None T Register
None Pin
N FUNCTION TABLE
T a
‘T 1 >‘T‘"’_ INPUTS OUTPUT
INVERT CLR CLK T Q
seLect P ©° L t L Qo 7
a -
CLR - ! H Qo [T}
R L LorH X Qo (3]
H X X L =
N
b—O—
K1 S
FEEDBACK 8
SELECT
(c) TOGGLE FLIP-FLOP
SYNCHRONOUS
cLock OE/CLK
vVce SELECT
| —
A\ 4
___D__ 1/0 SELECTION
OUTPUT/POLARITY FEEDBACK
OE JK Register/high JK Register, None
™ JK Register/low JK Register, None
¢ None JK Register
N J Q
19 FUNCTION TABLE
L INPUTS OUTPUT
P> C1 CLR CLK J K Q
L t L L Qo
1K L * L H L
L + H L H
e S
L LorH X X Qo
[\ _cr
J R H X X X L
S { s
FEEDBACK
SELECT
(d) J-K FLIP-FLOP
FIGURE 3. I/0 CONFIGURATIONS (CONTINUED)
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N

SYNCHRONOUS
cLock OE/CLK
Vee SELECT
| E—
4 1/0 SELECTION
| ) OUTPUT/POLARITY FEEDBACK
OF SR Register/high SR Register, None
SR Register/low SR Register, None
None SR Registe
S Q
1S FUNCTION TABLE
INPUTS OUTPUT
—PFc CLR CLK s R Q
L t L L Qg
1R L t L H L
L t H L H
INVERT .
SELECT L t H H Undefined
CLR L LorH X X Qo
R H X X X L

O
]
=
o
»
=2
&
[vs
]

S e

FEEDBACK
SELECT
(e) S-R FLIP-FLOP

FIGURE 3. 1/0 CONFIGURATIONS (CONTINUED)

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, VCG (see Note 1) .. ... ... ... -03Vto7V
Instantaneous supply voltage range, VGG (t < 20 NS) o -2Vto7V
Programming supply voltage range, VP o e -03Vto 135V
Instantaneous programming supply voltage range, Vpp(t=20ns)................. -2Vto 135V
Inputvoltage range, Vi. . .. ... .o -03Vto7V
Instantaneous input voltage range, V| (t <20ns) .. ............. .. ... . ... ... .. -2Vto7V
VCCOrGND cUmeNnt . .. ..o —250 mA to 250 mA
Power dissipation at 25°C free-air temperature (see Note 2) .. .. .................. . .. 1200 mW
Operating free-airtemperature, TA ... ............. .. ... ... . —65°C to 135°C
Storage temperature range. . .. ... ... ... -65°C to 150°C

NOTES: 1. All voltage values are with respect to GND terminal.

2. For operation above 25°C free-air temperature, derate to 144 mW at 135°C at the rate of 9.6 mwW/°C.
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ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

EP910
HIGH-PERFORMANCE 24-MACROCELL

recommended operating conditions

EP910C
PARAMETER MIN MIAX UNIT
vce Supply voltage 4.75 5.25 \Y
Vi Input voltage 0 vce \
VIH High-level input voltage 2 VCCc+0.3 \"
ViL Low-level input voltage (see Note 3) -0.3 0.8 Y
\Ye) Output voltage 0 Vce \
tr Rise time CLK input 100 ns
Other inputs 100
tf Fall time CLK input 100 ns
Other inputs 100
TA Operating free-air temperature 0 70 °C

Note 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage

levels and temperature only. [7;]
b
. <))
electrical characteristics over recommended operating free-air temperature range (unless _qc-"
otherwise noted) 7]
. EP910C ©
PARAMETER TEST CONDITIONS UNIT o
MIN _TYPT MAX ©
VOH High-level output I TTL IOH =—-4 mA' 2.4 v Q
voltages CMOS IOH =—2 mA 3.84
VoL Low-level output voltage 101 =4 mA 0.45 \
1 Input current V| =Vcc or GND +10 A
0oz Off-state output current VO =Vcc or GND +10 wA
. Standby VI = VCC or GND, zee Zote 4 0.02 0.1
Icc upply current Non-turbo No load ee Note 5 6 20 mA
Turbo See Note 5 45 80
Ci Input capacitance Vi =0,f=1MHz, TA=25°C 20 pF
Co Output capacitance VO =0, f=1MHz, TA =25°C 20 pF
Cclk* Clock capacitance V) =0,f=1MHz, TA=25°C 20 pF
T All typical values are at VCC =5V, TA =25°C.
During programming, the clock capacitance of CLK2 is 60 pF maximum.
NOTES: 4.Wheninthe non-turbomode, the device automatically goes into the standby mode approximately 100 ns after the lasttransition.
5. These parameters are measured with device programmed as a 16-bit counter and f =1 MHz.
Ti §
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EP910
HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

combinational mode, turbo bit on

EP910-30 EP910-35

PARAMETERT TEST CONDITIONS UNIT
MIN  MAX MIN  MAX
tpd1 Input to nonregistered output 30 35 ns
tpd2 1/0 input to nonregistered output CL =35 pF 33 38 ns
tPZX Input to output enable 30 35 ns
tPXZ Input to output disable CL =5 pF, See Note 6 30 35 ns
telr Asynchronous output clear time CL = 35 pF 33 38 ns
E tio 1/0 input buffer delay 3 3 ns
combinational mode, turbo bit off
E PARAMETER TEST CONDITIONS EP910-30 EP910-35 UNIT
- MIN  MAX MIN  MAX
Q tpd1 Input to nonregistered output 60 65 ns
m tpd2 1/0 input to nonregistered output CL =35 pF 63 68 ns
o tPZX Input to output enable 60 65 ns
D tPXZ Input to output disable | CL=5pF, See Note 6 60 65 ns
2 telr Asynchronous output clear time CL =35 pF 63 68 ns
7] tio 1/0 input buffer delay . 3 3 ns

synchronous clock mode

EP910-30 EP910-35
PARAMETER TEST CONDITIONS UNIT
B MIN MAX MIN MAX
fmax Maximum frequency See Note 7 41.7 37 MHz
tcol Clock to output delay time 18 21 ns
4 Minimum clock period (register See Note 5 30 35
ee Note
cnt feedback to register output) ns
font Maximum frequency with feedback See Note 5 33.3 28.6 MHz
asynchronous clock mode
EP910-30 EP910-35
PARAMETERT TEST CONDITIONS UNIT
MIN  MAX MIN  MAX
fmax Maximum frequency See Note 7 33.3 31.3 MHz
Clock to output Turbo bit on 33 38
taco1 . - ns
delay time I Turbo bit off 63 68
Minimum clock period (register
t 30 35
acnt feedback to register output) ns
fent Maximum frequency with feedback 33.3 28.6 MHz

T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those
used in other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl
data sheets or to those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.

NOTES: 5. These parameters are measured with device programmed as a 16-bit counter and f = 1 MHz.

6. This is for an output voltage change of 500 mV.
7. The fmax values shown represent the highest frequency of operation without feedback.
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timing requirements over recommended ranges of supplies voltage and free-air temperature

synchronous clock mode

+ EP910-30 EP910-35
PARAMETER TEST CONDITIONS UNIT
MIN  MAX MIN  MAX
. Turbo bit on 24 27
tsu Input setup time ns
Turbo bit off 54 57
th Input hold time 0 0 ns
tch Clock high pulse duration 12 13 ns
tcl Clock low pulse duration 12 13 ns
asynchronous clock mode
EP910-30 EP910-35
PARAMETERT TEST CONDITIONS UNIT
MIN  MAX MIN  MAX 7
" i1
tasu Input setup time Turbo bit on 10 10 ns ()
Turbo bit off 40 40 [}
tah Input hold time 15 15 ns =
tach Clock high pulse duration 15 16 ns UJ
tacl Clock low pulse duration 15 16 ns (1]
jd
T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those [+
used in other documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Tl 0
data sheets or to those shown in glossaries in Tl data books is coincidental. The meanings may not be the same.
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functional testing

O
]
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The EP910 is functionally tested including complete testing of each programmable EPROM bit and all internal
logic elements thus ensuring 100% programming yield. As a result, traditional problems associated with fuse-
programmed circuits are eliminated. The erasable nature of the EP910 allows test program patterns to be
used and then erased.

Figure 4 shows the dynamic test circuit and the conditions under which dynamic measurements are made.
Because power supply transients can affect dynamic measurments, simultaneous transitions of multiple
outputs should be avoided to ensure accurate measurement. The performance of threshold tests under
dynamic conditions should not be attempted. Large-amplitude fast-ground-current transients normally occur
as the device outputs discharge the load capacitances. These transients flowing through the parasitic
inductance between the device ground terminal and the test-system ground can create significant reductions
in observable input noise immunity.

Vee
38550
DEVICE o TO
OUTPUT [ TEST SYSTEM
T 340 @ cLt

Tincludes jig capacitance

FIGURE 4. DYNAMIC TEST CIRCUIT

design security

The EP910 contains a programmable design security feature that controls the access to the data programmed
into the device. If this programmable feature is used, a proprietary design implemented in'the device cannot
be copied or retrieved. This enables a high level of design control to be obtained since programmed data
within the EPROM cells is invisible. The bit that controls this function, along with all other program data, may
be reset by erasing the device.

turbo bit

Some EPLDs contain a programmable option to control the automatic power-down feature that enables the
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set using the Tl
EPLD Development System. When the turbo bit is on, the low-standby-power mode is disabled. This renders
the circuit less sensitive to VCC noise transients created by the power-up/power-down cycle when operating
in the low-power mode. The typical IcC versus frequency data for both the turbo-bit-on mode and the turbo-
bit-off (low power) mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. Figure 6
shows the relationship between the output drive currents and the corresponding output voltages.
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HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

SUPPLY CURRENT OUTPUT CURRENT
VS Vs
MAXIMUM FREQUENCY OUTPUT VOLTAGE
= 100
100 2 £ i JolVee =5V
L tTA = 25°C
TURBO BIT ON | il
< 10 EH ) < 40 oL
E == EES EE s E
i i i
; § 2
£ £ ZloH
3 3 ~
> SEan=ssnnisas = £ = 10
g 'TURBO BIT OFF [j] g 7t N
3 3
@ (<] AN
| I a A\ (%]
8o gl L ° \ £
i ) \ ®
] Vee = 5V ;f,
Ta = 15°C
0.01 1 ©
100 1k 10k 100k 1M 10M 100M 0 1 2 3 4 5 o=
fmax —Maximum Frequency —Hz Vo—Output Voltage—V S
FIGURE 5 FIGURE 6

If the design requires low-power operation, the turbo bit should be (disabled) off. When operating in this
mode, some dynamic parameters are subject to increases.
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INPUT OR 1/0 7
[

e —
COMBINATIONAL y
OUTPUT
]
——tPXZ—p
COMBINATIONAL OR — \|__ HIGH-IMPEDANCE STATE
REGISTERED OUTPUT VALID OUTPUT /|
L——thx——;l
COMBINATIONAL OR HIGH-IMPEDANCE STATE | 4 VALID OUTPUT
REGISTERED OUTPUT | - N
P—'clr —
R —— N Asrmcironousty
- ;
m .
) {a) COMBINATIONAL MODE
-
) :Q—‘cl-i—ﬂ —’: tf Je—tc1—p|
!
® | 1
5 e ouxa m—_/__\_
I
—bl t f— M—tsu—b—th—pf
| |
INPUT OR 1/0 A VALID W/
|
o tco1 '*—NI
REGISTERED OUTPUT X VALID OUTPUT

(b) SYNCHRONOUS CLOCK MODE

F—‘ach—b‘ P—tacl—q
ASYNCHRONOUS X X
CLOCK INPUT | X
I“—‘asu—*—‘ah—ﬂ'
INPUT OR 1/O / M VALID W
:1— taco1 —P|
|
REGISTERED OUTPUT X VALID OUTPUT

(c) ASYNCHRONOUS CLOCK MODE
FIGURE 7. SWITCHING WAVEFORMS
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HIGH-PERFORMANCE 24-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA
40-PIN CERAMIC DIP (CDIP)
WINDOW
. 8,9 (0.350) NOM DIA
I_“ll_"ll_\f_ll_\l—"lrjl—jl-]ﬁl_!%‘l—l_\l—'lf—ll_\l_\
15,7 (0.620)
13,0 (0.510)
LJ\_J\_J[_IL_)L_J\_I\_II_II_II_JL_I\_IL_J\_IL_I\_JuL_J
2,5 (0.098) MAx—ul Lf A,I L, 1.65 (0.065) 0,13 (0.005) MIN—.l L
PIN 1 0,97 (0.038)
16,00 (0.630) []
14,99 (0.590) 5,7 (0.225) |e 53,2 (2.096) MAX S b
4,6 (0.180) r '\ 8
[ — £
SEATING -+ 7]
PLANE ©
- T | B
0° \( 1.78 (0.070) Qo
5.1 10.200 051 (0.020) 0,38 (0.015)
0.38 (0.015) 3.2 10.125) 2:54 (0,100 0.41 (0.016)
0,20 (0.008)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
40-PIN PLASTIC DIP (PDIP)
1,40 (0.055)
1,14 (0.045)
0.51 (0.020) MIN—-H.—
e W ata W et W s Wiakn Wete Wata Weke Wal Wala Walh Waln\ o Wk Wt Weh Weh Wok Welh |
_/ VVVVVVVVVVV\)V\/VVVV
PIN 1
15,37 (0.605) %
15,11 (0.595) 68 (01451 52,58 (2.070) o
52,27 (2.058) 4,45 (0.175)
" 13,89 (0.547) 4,19 (0.165)
Il 13,64 (0.537)
SEATING [ 1
"\| PLANE
0,51 (0.020)
NOM
0.51 (0.020) —’l L—2,54 (0.100) 0.51 (0.020) 3.30 (0.130)
0,30 (0.012) MIN BSC 0.41(0.016) 3,05 (0.120)
0,20 (0.008)
16.26 (0.640)
15,49 (0.610)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
Texas W
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ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

MECHANICAL DATA

BOTTOM VIEW

1,27 (0.050) 850—1 r—
TROROR

i
L~12 70 0. 500i‘J

0.20 (0 008)
NOM

0.89 (0. 035)x45°-( r

44-PIN CERAMIC LEADED CHIP CARRIER (cLce)

Top SEE
GLAsS VIEW
1.02 0.040) x 45° WINDOW
NOM 7.1 (0.280) R NOM
3 pud e I s 1 e e e O e O e O s O e e I
7
i
{
i
17.65 (0.695) t
17,0 (0.685) i
i ®
1666 06561 [}
76.00 (0.630)
i
i
l&l

g sy s g e s e s s 3 e s

L iy g s e o
16.66 (0.656)
16,00 (0.630)
17.65 (0.695)
17.40 (0.685)

1,14 (0.045) R
0,89 (0.035)

0,25 (0.010)
0,15 (U 006)

0.53 (0.021)
0.43 (0.017)
“—L“j_

0,81 (0.032)
0.66 (0.026)

DETAIL ""P""

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

DETAIL P \

|

16.00 (0.630)
(0.590)

v

3,05 (0.120)
2,29 (0.090)

1.14 (0.045)
0.89 (0.035)

4,57 (0.180)
3.94 (0.155)

2-62

TeExas b

lNSTRUMENTS




EP910
HIGH-PERFORMANCE 24-MACROCELL
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MECHANICAL DATA

44-PIN PLASTIC LEADED CHIP CARRIER (PLCC)

SEE DETAIL "B’ 1.14 (0. 045)
1,14 (0.045) x 45° Sea 0. 025)

“1 |.— 1,27 (0.050) NOM PIN NO. 1

o e 8 e B s B s W s B s B o W

j\

H i
1]
i i
17,65 10.695) { 0
17.40 (0.685) 1 il
! d i 16,00 (0.630)
16.66 (0.656) 14,99 (0.590)
16,51 (0.650) [ ]
(] i
i 1]
{
a
O T T T e

B | | 3050120
16,66 (0.656) T 2.29 (0.090)
16,51 (0.650)
17,65 (0.695) —0,64 (0.025)

17.40 (0.685) MIN
L 4,57 {0.180)
0.51 (0.020) MIN 4,19 (0.165)
1,22 (0.048) 0.254 (0.010)
1,07 10.042) ’k 0,203 (0.008)
0,53 (0.021)
0.41 (0.016)
1,22 (0.048) f
1,07 (0.042) 0,81 (0.032)
0,66 (0.026)

DETAIL "B"

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Data Sheets m
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EP1810
HIGH-PERFORMANCE 48-MACROCELL

ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

D3232, FEBRUARY 1989 —REVISED AUGUST 1989

e Erasable, User-Configurable LSl Circuit CHIP-CARRIER PACKAGE
Capable of Implementing 2100 Equivalent (TOP VIEW)
Gates of Conventional and Custom Logic =]
22222222852228222°¢
e Speed Equivalent to 74LS TTL with 33-MHz e e e
Clock Rates 987654321 686766656453528160[”0
e Virtually Zero Standby Power . . . 35 A Typ od
e Active Power of 250 mW at 5 MHz ;E :'NOF,UT
¢ Programmable Clock Option Allows > E gt
Independent Clocking of All Registers 7 s3fcika
e Forty-eight Macrocells with Configurable :g ng \C/EK%
1/0 Architecture Allowing Up to 64 Inputs or 20 50 [inPUT
48 Outputs 49 [INPUT
22 4g [ iNnPUT
e Accepts TTL SSI and MSI Based 23 471fjvo
Macrofunction Design Inputs 2 46110
25 450
® TTL/CMOS I/O Compatibility 287282930 31 32 33 34 35 36 37 38 39 40 41 42 o o
e 100% Generically Testable — Provides R EEEEEEER
100% Programming Yied ST TT77 57777
e CAD Support from the TI EPLD
Development System Featuring Schematic
Capture Design Entry with Extensive
Primitive and Macrofunction Libraries
e Packaged in a 68-Pin J-Leaded, Ceramic
(with Window) and Plastic (One-Time
Programmable) Chip Carrier
AVAILABLE OPTIONS
PACKAGE TYPE
TA SPEED CERAMIC PLASTIC
RANGE CLASS | CHIP CARRIER CHIP CARRIER
(CLCC) (PLCC)
octo70c |38 EP1810JC-35 EP1810LC-35
45ns EP1810JC-45 EP1810LC-45

description

The EP1810 series of CMOS EPLDs from Texas Instruments offer LSI density, TTL equivalent speed
performance and low power consumption. Each device is capable of implementing over 2100 equivalent
gates of SSI, MSI and custom logic circuits. The EP1810 series is packaged as a 68-Pin J-Leaded Chip
Carrier, and is available in ceramic (erasable) and plastic (one-time programmable) versions.

The EP1810 series is designed as an LSl replacement for traditional low-power Schottky TTL logic circuits. Its
speed and density also make it suitable for high-performance complex functions such as dedicated
peripheral controllers and intelligent support chips. Integrated-circuit count and power requirements can be
reduced by several orders of magnitude allowing similar reduction in total size and cost of the system, with

significantly enhanced reliability.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to

spoci‘ﬁc!tions per the terms of Texas .Inﬂaum;: TEXAS
nomuriry"irv::mi 'tming of :I: paramhrns. INST RUMENTS

hid

Copyright © 1989, Texas Instruments Incorporated
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EP1810
HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

The EP1810 architecture has been configured to facilitate design with conventional TTL SSI and MSI building
blocks as well as simple, optimized gate and flip-flop elements. Schematic descriptions of these functions are
stored in a library. The desired TTL logic functions are selected and interconnected "on-screen” with a low-
cost personal-computer based workstation. The design processor within the Tl EPLD Development System
then automatically places the functions in appropriate locations within the EPLD’s internal structure. Included
inthe Development System is EPLD programming hardware and software. The TI EPLD Development System
is available for the personal computer.

The EP1810 uses a 1.2 um CMOS EPROM technoloy employing EPROM transistors to configure logic
connections. User defined logic functions are constructed by selectively programming EPROM cells within
the device. The EPROM technology also allows 100% generic testing (all devices are 100% tested at the
factory). The devices can be erased with ultraviclet light. Design changes are no longer costly or time
consuming.

The EP1810 series of Erasable Programmable Logic Devices (EPLDs) use CMOS EPROM cells to configure
logic functions within the device. The EP1810 architecture is 100% user configurable, allowing the device to
accommodate a variety of independent logic functions. Externally, the EP1810 provides 16 dedicated data
inputs, four of which may be used as system clock inputs. There are 48 I/0 pins, which may be individually
configured for input, output, or bidirectional data flow.

macrocells

E functional description
o
Q
-+
Q
2}
=
D
@
=+
/]

Internally, the EP1810 architecture consists of a series of macrocells. All logic is implemented within these
cells. Each macrocell, shown in Figure 1, contains three basic elements: a logic array, a selectable register
element, and 3-state 1/O buffer (see Figure 1). All combinational logic such as exclusive-OR, NAND, NOR,
AND, OR and invert gates are implemented within the logic array. For register applications, each macrocell
provides one of 4 possible flip-flop options: D,T,JK,SR. Each EP1810 macrocell is equivalgnt to over 40
2-input NAND gates.

The EP1810 is partitioned into four identical quadrants. Each quadrant contains 12 macrocells. Input signals
into the macrocells come from the EP1810 internal bus structures. Macrocell outputs may drive the EP1810
external pins as well as the internal buses. Figure 2 illustrates a simple logic function that can be implemented
within a single macrocell. Note that all combinational logic is implemented within the logic array, a JK flip-flop
is selected, and the 3-state buffer is permanently enabled.

2-66
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HIGH-PERFORMANCE 48-MACROCELL
ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

functional block diagram

2 QUADRANT A QUADRANT D 68)

1/0 —e#—— MACROCELL 1 L« MACROCELL 48 [—<»—1/0
(3) (67

1/0 —¢»—— MACROCELL 2 |4+ | <> MACROCELL 47 |—<»— 110
(a) (66)

1/0 —4»—— MACROCELL 3 <> | «»—{ MACROCELL 46 |—<+— /0
(5) (65)

110 —4»——] MACROCELL 4 |-4o{ f'_ | «» MACROCELL 45 |—<»— 110
(6) z z (84)

1,0 —4>— MACROCELL 5 <> & & 4> MACROCELL 44 |—<»— 110
(7) =] 2 (63)

1:0 —¢»—— MACROCELL 6 |-+» S < <> MACROCELL 43 |—<»—1/0
(8) o o (62)

110 —#»—— MACROCELL 7 <o | o [-#> MACROCELL 42 —<»—1'0
(9) > =1 (81

1/0 —4>—— MACROCELL 8 <> @ @ |-+ MACROCELL 41 |—<>—1/0
(10) 4 I (60}

ig o 3] 110
S S (59)

110
(58)

10 10
(57)

10

L L
) (56)
INPUT ——— INPUT

(15)
INPUT ———

S (55)
M—* INPUT
. (54)
4&6—-—4— INPUT
g (53)
M—L—ﬁ- CLKA4/INPUT
. (51)
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— (49)
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%———4—— INPUT
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ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

Each EP1810 macrocell consists of 3 basic components (see Figure 1):

1. A logic array for gated logic.

2. Aflip-flop for data storage (selectable options include D, T, JK, and SR). The flip-flop may be bypassed
for purely combinational functions.

3. A 3-state I/O buffer to define input, output, or bidirectional data flow.

! | I
: - — s
| —F —p
E|‘[>°‘§>“ I T Ke
1 1
g | N > - |
—JdT a —iSs a
@ | 1) D —t
8 | o Le uX:
@ L T R

FIGURE 1. MACROCELL COMPONENTS

Typical logic functional implemented into a single macrocell. Each EP1810 macrocell can accommodate the
equivalent of 40 gates.

BUFFER

EP1810 [———— FROM OTHER
INPUTS MACROCELLS
LoGIC
| ARRAY
LOAD — FLIP-FLOP
| L SELECTION ~ 3-STATE
|

DATAD

I
[
I
|
ENT :_L—E} - l J 10 PIN
ENP | c1
I I
| [
| |
| |
[

CLEAR —IL

Y- ___ J
TO OTHER Jr EQUIVALENT GATES = 40
MACROCELLS

FIGURE 2. SAMPLE CIRCUIT
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The EP1810 macrocell architecture is shown in Figures 3 and 4. There are 32 macrocells called local
macrocells. These macrocells offer a multiplexed feedback path (pin or internal) which drives the local bus of
the respective quadrant.

There are another 16 macrocells known as the global macrocells (see Figure 4). These global macrocells
have features that allow each macrocell to implement buried logic functions and, at the same time, serve as
dedicated input pins. Thus, the EP1810 may have an additional 16 input pins giving a total of 32 inputs. The
global macrocells have the same timing characteristics as the local macrocells.

QUADRANT
SYNCHRONOUS
cLocK
GLOBAL BUS — LOCAL BUS v OE/CLOCK
CC  seLECT
OE
OE/CLK .
(4]
-
cLK [T}
(]
2 =
g 0 n
E D e
g 2 D— -
E D— /0 ©
S ., 5| ARCHITECTURE - a
£ CONTROL
5 o
6
7
CLEAR — D
£ £ £ e £
. . . . Ll o . L . . L] L
LOCAL BUS
FEEDBACK
SELECT
GLOBAL QUADRANT QUADRANT
DEDICATED A.B.C.D LOCAL
INPUTS GLOBAL FEEDBACK
(16 INPUTS) FEEDBACK (12 MACROCELLS)

(16 MACROCELLS)

FIGURE 3. LOCAL MACROCELL LOGIC ARRAY
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s199yg ejeq m

QUADRANT
SYNCHRONOUS
cLock
GLOBAL BUS LOCAL BUS CLOCK OE
Vee  seLect SELECT
T
OE/CLK
w
2 o
g
§ 2
a 3 )_ 1o
2 a [)—| ARcHITECTURE o
* CONTROL
5 D_
6
7
CLEAR
L Al al L N pui
o o o o o o o e o o o o
% LOCAL BUS
% GLOBAL BUS
—
GLOBAL QUADRANT QUADRANT
DEDICATED A.B.C,D LOCAL
INPUTS GLOBAL FEEDBACK
(16 INPUTS) FEEDBACK (12 MACROCELLS)

(16 MACROCELLS)
FIGURE 4. GLOBAL MACROCELL LOGIC ARRAY
clock options

Each of the EP1810 internal flip-flops may be clocked independently or in user defined groups. Any input or
internal logic function may be used as a clock. These clock signals are activated by driving the flip-flop clock

input with a clock buffer (CLKB) primitive. In this mode, the flip-flops can be configured for positive or negative
edge triggered operation.

Four dedicated system clocks (CLK1-CLK4) also provide clock signals to the flip-flops. System clocks are
connected directly from the EP1810 external pins. With this direct connection, system clocks give enhanced
clock to output delay times than internally operated clock signals. There is one system clock per EP1810

quadrant. When using system clocks, the flip-flops are positive edge triggered (data transitions occur on the
rising edge of the clock). .

macrofunctions

The macrofunctions shown in Figure 5 allow the circuit designer to use popular TTL SSI and MS| building
blocks. Many macrofunctions are standard TTL circuits such as counters, comparators, multiplexers,
decoders, shift registers, etc. and are identified by their familiar TTL part numbers. Macrofunctions are
constructed by combining one or more macrocells. These high-level function blocks may be combined with
low-level gate and flip-flop elements to produce a complete logic design.

An automatic function built into the TI EPLD Development System ensures that the use of macrofunctions
causes no loss of design efficiency. The development system analyzes the complete logic schematic and
automatically removes unused gates and flip-flops from any macrofunction employed. This MacroMunching™
process allows the logic designer to employ macrofunctions without the problems of optimizing their use.

MacroMunching is a trademark of ALTERA Corporation.
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ERASABLE PROGRAMMABLE LOGIC DEVICE (EPLD)

All inputs to macrofunctions are designed with intelligent-default input signal levels (VCC or GND). Normally
active high and low signals or unused inputs can simply be left unconnected, further improving productivity
and reducing the burden placed on the designer.

Macrofunctions are TTL compatible SSI and MSI circuits giving the circuit designer a high-level approach to
EPLD design. Macrofunctions include input default values to unconnected inputs and MacroMunching™ to
unused outputs. The macrofunction library consists of over 100 components.

74162 FUNCTION TABLE

e INPUTS OUTPUTS
| 74162 ._.:'.M“CWF”"C“"" CK [LDN [ CLRN [ENP |ENT |D|C|B|A| Qp | Qc | Qg | QA | RCO
vcc: cLen { T | X L X X L L L
ﬁi |——°::': SIGNAL NAME L H X X |d|c|blal d c b a
v H| H | x|L HOLD COUNT
vee— ENT ACO[— a
oND ———A QAf—— 1 H H L X HOLD COUNT
G"“r ° ot rlH H H | H COUNT UP
anop——1o anf—— | H| H |H]|H HlL]L]H
GND: o : H = high level (steady state) .
1 ) L = low level (steady state)
b —,'WMBER Lemacno X = don’t care (any input including transitions)
DEFAULT VALUES CELLS USED BY THE _r = transition from low to high fevel
If UNCONNECTED MACROFUNCTION

ab,c.d = level of steady state input at inputs A,B,C,.D

Data Sheets n

FIGURE 5. MACROFUNCTION SYMBOL

design libraries

Texas Instruments provides both primitive and macrofunction libraries within the EPLD Development System.
These libraries are used with the LogiCaps™ schematic capture design entry to specify the logic. Elements
from both libraries may be used in the same design, allowing full utilization of the EP1810 resources.

primitive library

The primitive library consists of 80 low-level logic gates, flip-flop, and 1/0 symbols. See section on primitive
library in the A+ PLUS™ reference guide. Basic gates provided are AND, OR, NAND, NOR, Exclusive OR and
NOR. and NOT functions. De-Morgan’s inversion (bubble input) of each gate is included. These logic gates
have a maximum of 12 inputs. Larger gates may be constructed by chaining primitives together. Flip-flops in
the form of D,T,JK and SR types are supplied. Each flip-flop has asynchronous clear capability. To connect
signals to external pins, input and 3-state /O buffers are available. For the designer’s convenience,
compound primitives that combine register and I/O buffers, are also supplied.

macrofunction library

The development system macrofunction library encompasses over 100 high-level building blocks that can
greatly increase design productivity. See the ADLIB™ and TTL macrofunctions manual that comes with the
development system. The library contains the most commonly used TTL SSt and MSI functions. In addition, a
number of more specialized macrofunctions have been added. These blocks perform logic functions in an
optimum manner for EPLD implementation. They include counters implemented with toggle flip-flops, inhibit
gates, combinational shift-registers/counters and a variety of useful logic structures not found in standard TTL
devices.

LogiCaps is a trademark of ALTERA Corporation.
A+PLUS is a trademark of ALTERA Corporation.
ADLIB is a trademark of ALTERA Corporation.
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starting a design

s199yg ejeq u

To get started on an EP1810 design the following sequence of preliminary steps is suggested. The equations
given will help estimate how to build your system with EP1810s.

partitioning

Partition the complete system into functional blocks. Major functional blocks may be expressed in standard
MSI TTL form for integration within the EP1810. Should the design require a multiple EPLD solution, the I/O
connections which interface between the EPLDs should be minimized. The complete schematic should be
structured as a set of subsystems such as counters, shift registers, comparators, etc., to allow easy design
entry.

timing specifications

Knowledge of the base-clock frequency and critical-timing paths are necessary to make the correct choice of
EPLDs. The EP1810 series can support circuits operating up to 33 MHz. Critical-timing paths are determined
based upon input buffer, logic array, and output buffer delays. See switching characteristics. Smaller EPLDs,
such as the EP910 or EP610, can be used for circuits that demand higher speed requirements on critical
paths. -

estimating a fit

To estimate the amount of logic that will fit into an EP1810, the number of input and output pins and the
number of macrocells must be specified.

To estimate the number of macrocells, determine the number of buried flip-flops (flip-flops that do not drive
output pins) and the number of macrocells used by macrofunctions. Since basic gates are implemented
within the logic array, they usually do not require an entire macrocell. Therefore, they may be safely ignored in
the estimation.

Each member of the macrofunction library has a maximum number of macrocells used to build the function.
This number is shown in the lower right hand corner of the symbol. Refer to the ADLIB™ and TTL
macrofunction manual to determine how many macrocells each macrofunction requires. Note that some
macrofunctions have no macrocell specification. These functions use only a portion of the logic array, thus
other logic could be added before the entire macrocell is used.

estimation formula

The estimation formula is as follows:

1. Determine the number of output pins = OP

2. Determine the number of input pins = IP (if less than 16 enter zero)

3. Determine the number of macrocells = BFF + MR where: BFF = buried flip-flops and MR = macro-
function requirements.

If OP + IP + BFF + MR < 48, the design will most likely fit into an EP1810. Complete the design using the TI
EPLD Development System.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage range, VCC (see Note 1) . .....cvniiinniiii e -03Vto7V
Instantaneous supply voltage range, VCC (t = 20 NS) v s -2Vto7V
Programming supply voltage range, VPP ...........ooonnnennnnn -0.3Vto13.5V
Instantaneous programming supply voltage range, VPP (t < 20 [11) I, —-2Vto13.5V
INput voltage range, VI . ... o.vne e —-0.3Vto7V
Instantaneous input voltage range, VI (t < 20n8) ...t -2Vto7V
VCC Or GND GUITENT oottt et et —400 mA to 400 mA
Power dissipation at 25 °C free-air temperature (see Note 2) ..................... 2000 mW
Operating free-air temperature, TA ... ...t —65°Cto 135°C
Storage temperature FANGE .. ... vverveeerrmnerneeerrrae e —65°Cto 150°C
NOTES: 1. All voltage values are with respect to GND terminal.
2. For operation above 25 °C free-air temperature, derate to 240 mW at 135 °C at the rate of 16 mW/°C.
recommended operating conditions ”
]
PARAMETER EP1810C UNIT 8
MIN MAX -~
vce Supply voltage 4.75 5.25 \Y w
\Y| Input voltage 0 vce \% ©
VIH High-level input voltage 2 Vcc+0.3 A\ )
VIL Low-level input voltage (see Note 3) —0.3 0.8 \' 1]
Vo Output volta<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>