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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to
discontinue any semiconductor product or service without notice, and advises its customers to
obtain the latest version of relevant information to verify, before placing orders, that the
information being relied on is current.

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

Please be aware that Tl products are not intended for use in life-support appliances, devices, or
systems. Use of Tl product in such applications requires the written approval of the appropriate
T! officer. Certain applications using semiconductor devices may involve potential risks of
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design
and operating safeguards should be provided by the customer to minimize inherent or procedural
hazards. Inclusion of TI products in such applications is understood to be fully at the risk of the
customer using Tl devices or systems.

Ti assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl 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 © 1993, Texas Instruments Incorporated



INTRODUCTION

In this data book, Texas Instruments (T1) provides comprehensive information about TI’s programmable
logic devices (PLDs). These products have been developed to meet your performance and time to
market requirements with efficient and effective products. Tl offers over 40 PLD products in the standard
architecture with speeds ranging from the low-power 25-ns to the high-speed 5-ns devices. Tl also offers
the fiexible '22V10-architecture in the same speed range as the standard architecture product, including
5-ns tpd.

The 25-ns and 15-ns programmable bipolar devices utilize TI’'s IMPACT™ process while the high-speed
bipolar devices utilize TI's IMPACT-X™ technologies. The IMPACT-X™ uses trench isolation and
polysilicon emitters to increase performance. The IMPACT-XL™ process uses arsenic doped emitters
and is optimized for low capacitance to achieve further improvements in performance.

Besides the design and specifications data we have alsoincluded characterization data, packaging data,
as well as process and die data to further assist you in designing with and qualifying TI’s PLDs. All TI
PLDs use a titanium-tungsten (TiW) fuse technology developed at Tl to improve programming reliability.

Thank you for selecting Texas Instruments as your PLD supplier. If we can be of further assistance or
if you require more information please contact your local Tl field sales office, authorized distributor, or
TI’'s PLD/FPGA Help Line at 214- 997-5666.

IMPACT, IMPACT-X, and IMPACT-XL 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 the integrated circuit.
NOTE: See chip-enable input.

Field-Programmable Logic Array (FPLA)
A user-programmable integrated circuit whose basic 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 subsystem 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.

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.

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

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 (Vog =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 circuity of
similar complexity. ‘

*
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GLOSSARY

PART 2 —

G

Co

fmax

loH

loL

los (lo)

lozu

lozL

OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS)

Input capacitance
The internal capacitance at an input of the device.

Output capacitance
The internal capacitance at an output of the device.

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.

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 applled to establish the output logic level farthest from ground potential (or other specified
potential).

Off-s’;ac}e (high-impedance-state) output current (of a three-state output) with high-level voltage
appli

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

high-level voltage applied to the output.

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

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

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 outputto
be at a high level if it were enabled.

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

TExas ‘V
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GLOSSARY

ViH

Vik

ViL

Vo

VoL

tais

ten

th

tod

High-level input voltage

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

binary variables.

NOTE: A minimum is specified thatis 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, accordlng to 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 product specification, will
establish a low level at the 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 Of tpL2)-

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 OF 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 level (high or low) to the other defined level. (tpq = tpH Of tpLH).

Texas
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GLOSSARY

tPHL

tpHz

tPLH

tpLz

tpzH

tpzL

tsk(o)

Propagation delay time, high-to-low level output
Thetime 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
Thetime 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 the 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.

Output Skew
Thetimeinterval between any two propagation delay times when a single switching input or multiple inputs

switching simultaneously causes multiple outputs to switch, as observed across all switching outputs.

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 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 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 pulse
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 ‘

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

= valuellevelis 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 Qg or level Q before the indicated steady-state input conditions were established
= level of Q before the most recent active transition indicated by 4 or T

= one high-level pulse

{0
C:IPQIQ;NXDLG——)FI
1

= one low-level pulse
TOGGLE = each output changes to the complement of its previous level on each transition indicated by L or T

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 sequenoe 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 or 1, 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 Qp), it persists so long as the steady-state input levels and the
levels thatterminate indicated transitions are maintained. Unless otherwise indicated, inputtransitions in the opposite
direction to those shown have no effect at the output. (If the output is shown as a pulse, -/ L or LI, the pulse
follows the indicated input transition and persists for an interval dependent on the circuit.

®
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ORDERING INFORMATION

PLD NUMBERING SYSTEM AND ORDERING INSTRUCTIONS
Factory orders for leadership PLD circuits described in this catalog should include a nine-part type number as

explained in the example below. Exclude the prefix when ordering standard PLDs or One-Time Programmable Logic
Devices.

EXAMPLE: TiB PAL 16 R 8 -5 Cc N

Prefix ___/

TIB = Bipolar PLD

TIC = CMOS PLD

Product Family Designator

Number of Array Inputs

Output Configuration Designator
R = Registered .
L = Active Low

Number of Outputs in the

Designated Configuration

Performance Designator

HIGH-SPEED LOW-POWER
A A2
-5 -25

Temperature Range
C = Commerical (0°C to 75°C)

| = Indrustal (-40°C to 85°C)

M = Military (-55°C to 125°C)

Package Type

N = 20-pin Plastic DIP
N = 28-pin, 600-mil Plastic DIP
J = 20-pin Ceramic DIP

NT = 20-pin, 300-mil Plastic DIP

JT = 20-pin, 300-mil Ceramic DIP

FN = Plastic Chip Carrier

FK = Ceramic Chip Carrier

W = Ceramic Flat Pak

*
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PROGRAMMER AND SOFTWARE MANUFACTURERS

ADDRESSES FOR PLD AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS

ACUGEN Software Inc.
427-3 Amherst St.
Suite 391

Nashua, NH 03063
(603) 891-1995

Advin Systems

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

BP Microsystems
10681 Haddington
Suite 190

Houston, TX 77043
(713) 461-9430

Bytek Corporation

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

Data I/0O Corporation
10625 Willows Road N.E.
Redmond, WA 98073
(800) 247-5700

ISDATA GmbH

Daimlerstr. 51

W-5700 Karlsruhe 21

Federal Republic of Germany
0721/75 1087

Logic Devices Inc.

1201 N.W. 65th Place

Ft. Lauderdale, FL 33309
(800) 331-7766

MINC Incorporated

6755 Earl Drive

Colorado Springs, CO 80918
(719) 590-1155

ProLogic Systems Inc.*
2100-C West 6th Ave.
Broomfield, CO 80020
(303) 460-0103

* Formerly Inlab Inc.

SMS

Im Morgental 13

8994 Hergatz

Federal Republic of Germany
(49) 755-5018

Stag Microsystems
1600 Wyatt Drive
Santa Clara, CA 95054
(800) 227-8836

System General Corporation
510 South Park Victoria Drive
Malpitas, CA 95035

(408) 263-6667

Texas Instruments Incorporated
P.O. Box 655303, MS 3686
Dallas, TX 75265

(214) 997-5666

1-12
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IMPACT™ DESIGN AND SERVICE CENTERS

Design and programming assistance is offered by Texas Instruments IMPACT™ Design and service Centers. The
centers are equipped with the latest in software and hardware tools for design, debugging, creating prototypes, and
production on a local basis. Supported by a professional engineering staff, the centers provide complete code
development, device programming, symbolization, functional and static (dc) parametric testing.

Anthem Electronics, Inc.
1160 Ridder Park Drive
San Jose, CA 95131
(408) 453-2200

Anthem Electronics, Inc.
373 Inverness Drive South
Englewood, CO 80112
(803) 790-4500

Arrow/Schweber Electronics, Inc.

17822 Gillett Avenue
Irvine, CA 92714
(714) 587-0404

Arrow/Schweber Electronics, Inc.

1180 Murphy Avenue
San Jose, CA 95131
(408) 441-9700

Arrow/Schweber Electronics, Inc.

4250 River Green Parkway
Suite E

Duluth, GA 30131

(404) 497-1300

Arrow/Schweber Electronics, Inc.

665 Spice Island Drive
Sparks, NV 89431
(800) 777-Arrow

Hall-Mark Electronics Corp.
1 Mauchly

Irvine, CA 92715

(714) 727-6000

Hall-Mark Electronics Corp.
2105 Lundy Avenue

San Jose, CA 95131

(408) 432-4000

Hall-Mark Electronics Corp.
6 Cook Street

Pinehurst Park

Billerica, MA 01821

(508) 667-0902

Hall-Mark Electronics Corp.
11420 Pagemill Road
Dallas, TX 75243

(214) 553-4300

Marshall Industries
9320 Telestar

El Monte, CA 91731
(818) 307-6208

Marshall Industries
336 Los Coches Street
Milpitas, CA 95035
(408) 942-4600

Marshall Industries

33 Upton Drive
Wilmington, MA 01887
(508) 658-0810

Marshall Industries
2045 Chenault Street
Carroliton, TX 75008
(214) 283-5200

Wyle Electronics Marketing Group
5191 Oceanus

Huntington Beach, CA 92649
(714) 863-9953

Wyle Electronics Marketing Group
3000 Bowers Avenue

Santa Clara, CA 95051

(408) 727-2500

Wyle Electronics Marketing Group
452 East 124th Avenue

Thornton, CO 80241

(303) 457-9953

Wyle Electronics Marketing Group
1810 Greenville Avenue

Dallas, TX 75081

(214) 235-9953

IMPACT is a trademark of Texas Instruments Incorporated.
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EP330 SERIES
HIGH-PERFORMANCE 8-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES002A - D3374, OCTOBER 1989 — REVISED SEPTEMBER 1992

Programmable Replacement for

Conventional TTL, 74HC, and 20-Pin PLD
Family

High-Voltage EPIC™ Process Allows for
Higher Performance as Follows:
Maximum tp4: -12C...12ns
-15C...15ns
-251 ...25ns

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

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

Package Options Include:
20-pin Plastic Dual-In-Line (N)
20-pin Plastic Chip Carrier (FN)

N PACKAGE
(TOP VIEW)

FN PACKAGE
(TOP VIEW)
§
8o

__O :

3 212 1913[ /o

17 o
18] 1o
151] /0
1411 /0
9 10 11 1213
e T T T
e Ne)

zZ ==
[0

® N O

Pin assignments in operating mode
description

general

The EP330 features advanced-CMOS speed and very low power utilizing Texas Instruments High-Voltage
Enhanced-Processed Implanted CMOS (HVEPIC) process. Each output has an Output-Logic-Macrocell (OLM)
configuration that allows user definition of the output type. The EP330 provides a reliable low-power substitute
for numerous high-performance TTL PLDs.

The EP330can accommodate upto 18inputs 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.

AVAILABLE OPTIONS
PACKAGE TYPE
TA SPEED PLASTIC PLASTIC
RANGE CLASS DUAL-IN-LINE CHIP CARRIER
(N) (FN)
0°C 10 70°C 12ns EP330-12CN EP330-12CFN
to 15ns EP330-15CN EP330-15CFN
—40°C to 85°C 25ns EP330-25IN EP330-25IFN
EPIC is a trademark of Texas Instruments Incorporated.
:.INLEM.:::’mEN:E% b}lﬂﬁov}m%um :“ X comonn“: @ Copyright © 1992, Texas Instruments Incorporated
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SRES002A —- D3374, OCTOBER 1989 — REVISED SEPTEMBER 1992

description (continued)

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 propagation delays of 12 and15 ns, the EP330 may
be configured as a low-power substitute for popular fast PLD devices such as the PAL16XXB series or the
'PAL16XX-12 and 'PAL16XX-15 series.

The CMOS EPROM technology makesit possible for the EP330to 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 wafer testability using the UV-light erasable capability. 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 made easy by the availability of extensive third-party support for design entry, design
processing, and device programming.

The EP330C is characterized for operation from 0°C to 70°C. The EP330I is characterized for operation from
—40°C to 85°C.

functional description

Externally, the EP330 provides ten dedicated inputs (one of which may be used as a synchronous clock input)
and eight I/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
architectureis 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 1/0 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.

2-4
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logic diagram (positive logic)
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Product Terms

Clock
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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. If it is 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.

I/O architecture

Figure 2 shows the different output configurations that can be chosen for any of the eight I/O pins on the EP330.
Because of the individuality of each I/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
or no 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 I/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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Clock
N\ ~. (Fin 1)

_Q%LD OE I

36-lnBut
AN
Array

36-InBut
AN
Array

I s R I e S

~" Feedback ~ 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 CONFIGURATION (b) REGISTERED CONFIGURATION

Figure 2. /0 Configurations

PLD 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 PLD 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 PLD family
of devices.
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Invert Select EPROM cell is in the erased state providing active-low outputs.
Combinational Mode is chosen providing Combinational Output with Input (Pin) Feedback.
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 'PAL16L8.

Figure 3. EP330 Configuration for Replacing a 'PAL16L8
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®  Invert Select EPROM cell is in the erased state providing active-low outputs.

® Registered Mode is chosen providing Registered Output

with Registered Feedback.

®  Complementof pin 11 is used as common OE term for all eight output pins.
Figure 4. EP330 Configuration for Replacing a 'PAL16R8

Texas
INSTRUMENTS

*p

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-9



EP330 SERIES

HIGH-PERFORMANCE 8-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES002A - D3374, OCTOBER 1989 — REVISED SEPTEMBER 1992

Table 1. Configurations for 20-Pin PLD Replacement

PLD EP330 EP330 o OUTPUT/

PART NUMBER PIN NUMBER MACROCELL NUMBER CONFIGURATION MODE POLARITY FEEDBACK
10H8 12-19 18 Combinational Comb/High None
10L8 12-19 1-8 Combinational Comb/Low None

12 8 Combinational None Pin
12H6 13-18 27 Combinational Comb/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 36 Combinational Comb/High None
18-19 1-2 Combinational None Pin
12-13 7-8 Combinational None Pin
14L4 14-17 36 Combinational Comb/Low None
18-19 1-2 Combinational None Pin
12-14 6-8 Combinational None Pin
161 15 5 Combinational Comb/Low None
16 4 Combinational Comb/High None
17-19 1-3 Combinational None Pin
12-14 6-8 Combinational None Pin
16H2 16-16 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/Z 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 27 Combinational Comb/Low/Z Comb
16LD8 19 1 Combinational Comb/Low/Z None
12-13 78 Combinational Comb/Low/Z Comb
16R4 14-17 36 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 78 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 18 Registered Reg/Option/Z Reg

2-10
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Table 2. Device Specificationst

HIGH-SPEED EPLD HIGH-SPEED PLD SERIES '16XXB/-15
SYMBOL PARAMETER EP330-12C | EP330-15C. 'PAL16L8B/-15 'PAL16R8B/-15
lcc Supply current active 75 mA 75 mA 180 mA 180 mA
tod Input to nonregistered output 12ns 165 ns 15ns N/A
tco1 Clock to output delay 8ns 10ns N/A 12ns
tsu Input setup time Bns 8ns N/A 15ns
fmax Max frequency 125 MHz 100 MHz N/A 37 MHz

T over commercial temperature range

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

Supply voltage range, Voo (SEENOtE 1) v vttt ittt e -03Vto7V
Instantaneous supply voltage range, Voo (t<20NS) ..oivviiiiiiiii e -2Vto7V
Programming supply voltage range, Vpp ..veviieriiniiiiiiiiiiiiiiiiiiiiii e, -0.3Vto14V
Instantaneous programming supply voltage range, Vpp (t<20NS) ...ovvvvniiieninrinnnn. -2Vto 14V
Input VOB raN@e, V| o vviiiiii ittt i it it it e -03Vto7V
Instantaneous input voltage range, Vi (<20 N8) . ..oviiitiiiiiinii i, -2Vto7V
VoG Or GND CUITENtraNge oo vvvvvieinss i iiisi i rn et i iarieinsieneeness —-160 mA to 160 mA
Operating free-air temperature range, TA «vveeerennrnrerrinerneeartnerrensneensinens -65°C to 136°C
Storage temperature range  .......eveieieiiiiitnii i —-65°C to 150°C

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

EP330-12C EP330-15C UNIT
MIN MAX | MIN MAX
Voo  Supply voltage 4.75 525 4.75 5.25 \
V) Input voltage 0 Veo 0 Veo \
VIH High-level input voltage 2  Vpoo+0.3 2  Vgoo+0.3 \"
ViL Low-level input voltage (see Note 2) -0.3 08| -03 0.8 Vv
Vo Output voltage 0 Veo 0 Veo \]
tw Pulse duration, CLK high or low 4 5 ns
tsy Setup time, input 6 8 ns
th Hold time, input 0 0 ns
ty Rise time, input 20 20 ns
tf Fall time, input 20 20 ns
TA Operating free-air temperature 0 70 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 characteristics over recommended ranges of supply voltage and free-air temperature
(unless otherwise noted)

EP330-12C
PARAMETER TEST CONDITIONS EP330-15C UNIT
MIN TYPT MAX

VOH High-level output voltage Voo =475V, IoH=-12mA 2.4 \
VoL Low-level output voltage Ve =475V, lpoL=24mA 0.5 \
] Input current V) =5.25Vor GND +10 pA
loz Off-state output current Vec =525V, Vo =Vgg or GND +10 pA
lcc Supply current f=1 MHz, No load, Programmed as an 8-bit counter 45 751 mA
¥  Inputcapacitance Vog=5V, V=0, f=1MHz 10| pF
Co Output capacitance Ve =5V, Vo =0, f=1MHz 15 pF
Colk Clock capacitance Ve =5V, VoLk =0, f=1MHz 10 pF

T All typical values are at Voo =5V, Tp =25°C.
The input capacitance at pin 11 is 20 pF maximum when used as a programming pin and with Vpp = 14 V.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Figure 5)

EP330-12C EP330-15C
PARAMETERT UNIT
MIN MAX | MIN MAX
With no feedback 125 100
fmax:t Maximum frequency With internal feedback 100 100 MHz
With external feedback 71.4 55.6
tod1 Input to nonregistered output delay (see Note 3) 12 16 ns
_t@ 1/O to nonregistered output delay (see Note 3) 13 16 ns
tio 1/0 input and buffer delay (see Note 3) 1 1 ns
tco Clock input to registered output delay (see Note 3) 8 10 ns
tpzx Oulput enable time (see Note 4) 12 15 ns
tpxz  Output disable time (see Note 4) 12 15 ns
tont  Minimum clock period (internal) 10 12 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 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.

1 . 1
¥ fmax with no feedback = m ,fmax with internal feedback = 'c_nt'

1
tsu + too
fmax with internal feedback is programmed as an 8-bit counter.

NOTES: 3. This parameter is measured with only one output switching.
4. This is for an output voltage change of 500 mV.

fmax with exteral feedback =

*
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MIN MAX | UNIT
Voc  Supply voltage 4.5 55 \
Vi Inputvoltage ‘ 0 Vec| V
VIH High-level input voltage 2 Vceo+0.3 \
ViL Low-level'input voltage (see Note 2) -0.3 0.8 Vv
Vo Output voltage 0 Vece Vv
tw Pulse duration, CLK high or low 12 ns
tsu Setup time, input 15 ns
th Hold time, input 0 ns
tr Rise time, input 20 ns
tf Fall time, input 20 ns
TA Operating free-air temperature -40 85 °C

M3IA3Hd 1ONAoHd

EP330-25I
HIGH-PERFORMANCE 8-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES002A — D3374, OCTOBER 1989 — REVISED SEPTEMBER 1992

recommended operating conditions

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

PARAMETER TEST CONDITIONS MN TYPT  max| unir

VoH High-level output voltage Voc=45V, IpH=-12mA 2.4 Vv

VoL  Low-level output voltage Voc=45V, loL=24mA 0.5 \

1] Input current Vi=5.5VorGND +10 pA
loz Off-state output current Vec =55V, Vpo=VggorGND +10 pA
lcc Supply current f=1MHz, No load, Programmed as an 8-bit counter 45 751 mA
G Input capacitance Vee=5V, V=2V, f=1MHz 10 pF
Co Output capacitance Vee =5V, Vo=2V, f=1MHz 15 pF
Colk  Clock capacitance Ve =5V, Vok=2V, f=1MHz 10 pF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (see Figure 5)

PARAMETER¥ MIN MAX | UNIT
With no feedback 41.6
fmax§ Maximum frequency With internal feedback 41.6 MHz
With external feedback 28.5
tpd1 Input to nonregistered output delay (see Note 3) 25 ns
tpd2  1/O to nonregistered output delay (see Note 3) : 26 ns
tio 1/Q input and buffer delay (see Note 3) 1 ns
tco Clock input to registered output delay (see Note 3) 15 ns
tpzx Outputenable time (see Note 4) 25 ns
tpxz Oulputdisable time (see Note 4) 25 ns
tent Minimum clock period (internal) 24 ns

T All typical values are at Voo =5V, Ta=25°C.
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.

1 , 1
m,fmax with internal feedback = o’

1
fsu + tco
fmax with internal feedback is programmed as an 8-bit counter.
NOTES: 3. This parameter is measured with only one output switching.
4. This is for an output voltage change of 500 mV.

§ fmax with no feedback =

fmax With external feedback =

PRODUCT PREVIEW information concerns 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.
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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.

Veo
150 Q
Device To Test
Output System
820 cL=35pF!

T indludes probe and circuit 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 cannotbe
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.

latch-up

The EP330input, I/O, and clock pins have been carefully designed to resistthe latch-up that isinherentin CMOS
structures. The EP330 pins will not latch up for input voltages between —1 V and Voo + 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 latch-up to the 13.5-V limit, during positive-current
latch-up testing, the verify mode (pin 1) and program mode (pin 11) can be inadvertently entered into, causing
current flow in the pins. This should not be construed as latch-up.

*
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PARAMETER MEASUREMENT INFORMATION

Input or /O X
|

[ tpd —
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Combinational Output X
|
& tpxz -—>|
Combinational or X High-Impedance State
Registered Output 4
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High-Impedance Stat:
g mpecan - { Valid Output
(a) COMBINATIONAL MODE
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Input or /O May Change X l‘(ra;{?t X Input or VO May Change
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(b) SYNCHRONOUS CLOCK MODE

NOTES: A. Rise time (t;) and fall time (t) < 3 ns
B. twlismeasuredat0.3Vand2.7 V. Allothertiming is measuredat 1.5V, except tpzx and tpxz which are measured foran output voltage
change of 500 mV.
C. Input voltage levels at0 V and 3 V

Figure 6. Voltage Waveforms

*

Texas
INSTRUMENTS

2-16 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



EP330 SERIES
HIGH-PERFORMANCE 8-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES002A — D3374, OCTOBER 1989 — REVISED SEPTEMBER 1992

lec— Supply Current - mA

TYPICAL CHARACTERISTICS
SUPPLY CURRENT CHANGE IN PROPAGATION DELAY TIME
VS Vs
FREQUENCY LOAD CAPACITANCE
100 13 —
AL
Vec=5V 12} Vgg=5V /
90} +CC 7L, Ta=25°C
bt cout | € nlgi-1s00
80 ounter i é 10l R2=820 7
t y.
70 Eoo PHL
© 8
60 r/ g 7
50 - d g 6
" T V
Lot g,l 5 / '/
40 E o / P
30 £ 3 tPLH
& 2
20
g ,//
0 -
0.1 1 10 100 400 0 100 200 300 400 500 600 700 800 900
f - Frequency — MHz CL — Load Capacitance — pF
Figure 7 Figure 8
CHANGE IN PROPAGATION DELAY TIME
Vs
NUMBER OF OUTPUTS SWITCHING
5 T T
Vec=5V
2 Ta =25°C
| 4-R1=1500
R2=820Q
g Cy = 35 pF
™
g 3 s
é
c ®
2 2 ®
&
-4 ®
£ °
£ ®
2 ®
g o—@
3]
-1

0 1 2 3 4 5 6 7 8
Number of Outputs Switching

Figure 9

*

Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-17



2-18



EP630 SERIES
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Programmable Replacement for
Conventional TTL and 74HC Devices

Virtually Zero Standby Current
Typ 20 pA

Low Operating Current:

Icc max (turbo biton)...90 mA
Icc max (turbo bit off) ... 10 mA

High Performance CMOS Process Allows:
Maximum tq4: - 15C. .. 15 ns
-20C...20ns
-251...25ns

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

Sixteen Macrocells With Configurable /O
Architecture Allowing for up to 20 Inputs
and 16 Outputs

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

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

NT PACKAGE
(TOP VIEW)

FN PACKAGE
(TOP VIEW)

0o 388 o
S_0>3>_=

/ LALJLILILILIL]

4 3 2 1 282726
ofls 25[] 110
ol e 24[] 10
w7 23[] 1o
o[l 8 22[1 110
ofle 21[] o
o[] 10 20[] 110
Nc[] 1 19[] NC

12 1314 1516 1718

o T e o s e | e |

(o2l ==l RaiNe]

= zZ 5 =
[ONO] 5

NC-No internal connection

AVAILABLE OPTIONS
PACKAGE TYPE
TaA PLASTIC PLASTIC
RANGE DUAL-IN-LINE CHIP CARRIER
PACKAGE (PDIP) PACKAGE (PLCC)
R . EP630-15CNT EP630-15CFN
0°Cto 70°C EP630-20CNT EP630-20CFN
—40°C to 85°C EP630-25INT EP630-25IFN

PRODUCTION DATA information Is current a8 of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. f p g does not y Include
tasting of all parameters.
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SRES001B - D3357, OCTOBER 1989 ~ REVISED MARCH 1992

description

general

The Texas Instruments EP630 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.

Programming the EP630 is made easy by the availability of extensive third-party support for design entry, design
processing and device programming.

The EP630-15C and EP630-20C devices are characterized for operation from 0°C to 70°C. The EP630-25l is
characterized for operation from —40°C to 85°C.

functional

The EP630 uses a CMOS EPROM technology to implement logic designs in a programmable AND logic array.
The device contains a revolutionary programmable I/O architecture that provides advanced functional capability
for user programmable logic.

Externally, the EP630 provides 4 dedicated data inputs and 16 1/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 productterm
is used for clear control of the macrocell internal register. The remaining product term is used for output
enable/asynchronous clock implementation.

Thereis an EPROM connection at the intersection point of each input signal and each productterm. 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.

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/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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functional block diagram
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Pin numbers in ( ) are for DIP packages; pin numbers in [ ] are for the chip-carrier package.

I/0 architecture

The EP630 input/output architecture provides each macrocell with over 50 possible I/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. I/O
feedback selection can also be programmed for registered or input (pin) feedback. Another benefit of the EP630
1/0 architecture is its ability to individually clock each internal register from asynchronous clock signals.
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Pin numbers are for the NT package.

Figure 1. Logic Array Macrocell (Macrocell 1 lllustrated)

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 EP630 /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 gateis 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.
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MODE 0 MODE 1
OE = P-Term Controlied OE = Enabled
CLK = Synchronous CLK = Asynchronous
Synchronous Synchronous
Clock Clock
Vee Vee
L]
A 4 —O OE Y —Kc OE
AND || ) E—O/c AND ) E"o
Array Array
—o LK CLK
((‘r ¢ > _o\c >
-0
Macrocell Macrocell Macrocell Macrocell
vo Output o Output
Reglster 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 seven other Macrocells. The output is enabled by the the productterm. This allows for gated clocks that may be generated

logic from the product term. from elsewhere in the EP830.
Figure 2. OE/CLK Select Multiplexer

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 haveindividual asynchronous clear
control from a dedicated productterm. When the product term is asserted, the macrocell register willimmediately
be loaded with a zero independent 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. Theinvert select EPROMDbit determines output polarity. The feedback-select multiplexer enables register,
1/0 (pin), or no feedback to the AND array.

Ifthe JK or SR registers are selected, the eight product terms are shared between two OR gates. Theinvertselect
EPROMDbit 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 I/O is configured for combinational
active-low output with input (pin) feedback.

*
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FEEDBACK

None

Combinational/high
Combinational/low

Pin, None
Pin, None
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(a) COMBINATIONAL
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Clock OE/CLK
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FEEDBACK

OE

CLK
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D Register/low
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(b) D-TYPE FLIP-FLOP

Figure 3. /O Configurations
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T Register/low

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

Pin

FUNCTION TABLE
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L
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OUTPUT/POLARITY

FEEDBACK

None

JK Register/high
JK Register/low

JK Register, None
JK Register, None
JK Register
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(d) J-KFLIP-FLOP

Figure 3. I/0 Configurations (Continued)
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Synchronous
Clock OE/CLK
Voo  Select
(-

y

_D____E VO SELECTION

OE OUTPUT/POLARITY FEEDBACK
SR Register/high SR Register, None
SR Registerflow . SR Register, None
@ CLK None ' SR Register
N S Q
18 FUNCTION TABLE
—p C1 INPUTS OUTPUT
CLR CLK 8 R Q
L T L L Qo
T L H L
L T H L H
L T H H | Undefined
L L X X Qo
H X X X L

]

K I—-—o\c
Feedback
Select

Figure 3. I/O Configurations (Continued)

(e) S-RFLIP-FLOP

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

Supply voltage range, Vo (SEE NOLE 1) . vrvitiiii e et e e i e i rinarraas -03Vto7V
Instantaneous supply voltage range, Voo (t<20NS) v.viiiiiiiiiiiieneninannn e -2Vto7V
Programming supply voltage range, Vpp «...vevriiiiiiiiniiiiiiiiiiiiii -03Vto14V
Instantaneous programming supply voltage range, Vpp (t<20Nns) ....ovvvvivniiiinnnnnn. -2Vto14V
INPUL VOIRAGE raNGE, V| v et i e et e s et e s ies s -03Vto7V
Instantaneous input voltage range, Vi (tS20NS) . ..vveeiriiiininninerniinenrsrnrnnennans -2Vto7V
Voo Or GND CUIMTENt TANGE .ttt it it e e e e e et e e e aatea e -175mAto 175 mA
Operating free-air temperature range, TA -« .vverrreersnrnene it eneenrneenrnernronnns —-65°C to 135°C

Storage temperature range ... v ve ittt ittt e -65°C to 150°C
NOTE 1: Allvoltage values are with respect to GND terminal. '

*
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recommended operating conditions

MIN MAX [ UNIT
Voo Supply voltage 4.75 5.25 \
\i Input voltage 0 Vece \
ViH High-level input voltage 2 Vpog+0.3 \
ViL Low-level input voltage (see Note 2) ~0.3 0.8 "
Vo Output voltage 0 Vee '
tr Rise time CLK input 2 ns
Other inputs 40
tf Fall time OLK input 20 ns
Other inputs 40
TA Operating free-air temperature 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 characteristics over recommended operating free-air temperature range (unless

otherwise noted)
PARAMETER TEST CONDITIIONS MIN MAX | UNIT
VoH  High-level outputvoltage g;—o 5 xgg . :;2 x :g: ;_‘; 2: 32: v
VoL Low-level output voltage Vo =475V, loL=4mA -0.45 \Y
| Input current Vec=5.25V, V| =Vgg or GND +10 RA
loz Off-state output current Voc=5.25V, Vo =Vgg or GND +10 pA
Standby Voc=5.25V, See Note 3 150 pA
Icc Supply current Nonturbo V| =Vgg or GND, See Note 4 10 mA
Turbo No load See Note 4 90
Cj Input capacitance Vi=0, f=1MHz, TA =25°C 10 pF
Co Output capacitance Vo =0,f=1MHz, TA=25°C 12 pF
Celk Clock capacitance Vi=0, f=1MHz TA =25°C 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 = 1 MHz.
TEXAS *»
INSTRUMENTS
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switching characteristics over recommended ranges of supply voltage and operating free air
temperature (uniess otherwise noted)

combinational mode, turbo bit on

t EP630-16C EP630-20C
PARAMETER TEST CONDITIONS MIN _ MAX| MIN _MAX UNIT
thd1 Input to nonregistered output delay ) G = 850F 15 20 ns
pd2 1/O input to nonregistered output delay L=3oP 17 22 ns
tpzx Output enable time Cp =385pF See Note 5 15 20 ns
tpxz _ Oulputdisable time CL=-5pF o6 Note 15 20| ns
tio 1/0 input buffer delay 2 2 ns
combinational mode, turbo bit off
PARAMETER? ST ITIO EP830-150 EP630 200 ]
TEST CONDITIONS MIN _ MAX | MIN _MAX NIT
tod1 Input to nonregistered output delay C1 = 35pF 35 40 ns
hd2 1/0 input to nonregistered output delay L=s=oP 37 42 ns
1 Output enable ti CL =35pF 35
PZX utpu e‘na e |.me L pl See Note 5 40 ns
tpxz Output disable time Cp=5pF 35 40 ns
tio |/O input buffer delay 2 2 ns
synchronous clock mode, mode 0
+ EP630-15C EP630-20C
PARAMETER TEST CONDITIONS MIN_ MAX | MIN _MAX UNIT
No feedback 83.3 62.5
fmax  Maximum frequencyt Internal feedback 83.3 62.5 MHz
External feedback® 50 416
tcod Clock to output delay time 11 13 ns
tont Minimum clock f)enod (register Ses Note 6 12 16 ns
feedback to register output)
toir Asynchronous output | Turbo bit on oL = 85pF 15 20 s
clear time Turbo bit off 35 40

T Lettersymbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those usedin 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.

Ffpax with no feedback = ————

toh + tal

fmax with internal feedback = A

nt
N
tsu + too1
fmax with internal feedback is programmed as a 16-bit counter.
Use tg, and tgo1 for a device programmed with the turbo bit on.
NOTES: 5. This is for an output voltage change of 500 mV.
6. These parameters are measured with device programmed as a 16-bit counter.

frmax With external feedback =

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

asynchronous clock mode, mode 1

+ EP630-15C EP630-20C
PARAMETER TEST CONDITIONS MIN _ MAX| MIN _MAX UNIT
No feedback 71.4 55.5
fmax  Maximum frequency* Internal feedback 71.4 55.5 MHz
External feedbackd 47.6 35.7
Clock to output Turbo bit on ! 15 20
taco1 - ns
delay time Turbo bit off 35 40
— " -
taont Minimum clock f)e od (register 14 18 ns
feedback to register output)
Asynchronous output ‘| Turbo bit on 15 20
CL=35
folr clear time Turbo bit off L PF 35 40 n

timing requirements over recommended ranges of supply voltage and free-air temperature
synchronous clock mode, mode 0

PARAMETERT EP630-15C EP630-20C UNIT
MIN MAX| MIN MAX
| Turbo bit on 9 11
tsu Input setup time Torbo Bitof % 31 ns
th Input hold time 0 0 ns
tch Clock high pulse duration 6 8 ns
tcl Clock low pulse duration 6 8 ns

asynchronous clock mode, mode 1

PARAMETERT EP630-15C | EP630-20C | ywmir
MIN MAX| MIN MAX
tasu Input setup time I:x E:I :; 22 2§ ns
tah Input hold time 6 8 ns
_t:ch Clock high pulse duration 7 9 ns
-t:d Clock low pulse duration 7 9 ns

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

4 with no feedback = -—--————1
max =
tach + tacl

fmax with internal feedback = EL

cnt
1
tasu + t3c01

fmax with internal feedback is programmed as a 16-bit counter.
§ Use tg and tq 1 for a device programmed with the turbo bit on.

fmax with external feedback =

s
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recommended operating conditions

‘ MIN MAX | UNIT

Vco Supply voltage 4.5 5.5 \]

Vi Input voltage . 0 Voo \)

ViH High-level input voltage 2 Vgoo+0.3 Vv

ViL Low-level input voltage (see Note 2) -0.3 0.8 \

Vo Output voltage : 0 Voo \
L CLK input 20

L Rise time Other inputs 40 ns
CLK input 20

¥ Fall time Other inputs 40 ns

Ta Operating free-air temperature -40 85 °C

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

only.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
VOH High-level output voltage S\-ALOS zgg = :: z: :g: = _; :2 3.28.: \
VoL Low-level output voltage - Vec=45V, loL =4 mA 0.45 Vv
1] Input current . Veg=55YV, Vi =Vgg or GND +10| pA
loz Off-state output current Veg=5.5V, Vo = Ve or GND 10| pA
Standby Vco=55V, See Note 3 150 | pA
locc Supply current Nonturbo V| =Vgo or GND, See Note 4 15 mA
Turbo No load See Note 4 150
Ci Input capacitance Vi=0, f=1MHz, Ta=26°C 10 pF
Co Output capacitance Vo =0,f=1MHz, Ta =25°C 12 pF
Colk Clock capacitance Vi=0, f=1MHz, TA = 26°C 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 = 1 MHz.

*
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switching characteristics over recommended
temperature (uniess otherwise noted)

combinational mode, turbo bit on

EP630-251
HIGH-PERFORMANCE 16-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICE

SRES001B - D3357, OCTOBER 1989 — REVISED MARCH 1992

“
ranges of supply voltage and operating free air

PARAMETERT TEST CONDITIONS MIN MAX | UNIT
tpd1 Input to nonregistered output delay CL=835pF 25 ns
tod2 1/O input to nonregistered output delay 27 ns
tpzx Output enable time C| =35pF See Note 5 25 ns
tpxz Output disable time CL=5pF 25 ns
tio 1/0 input buffer delay 2 ns

combinational mode, turbo bit off

PARAMETERT TEST CONDITIONS MIN MAX | UNIT
thd1 Input to nonregistered output delay CL=35pF 45 ns
thd2 1/O input to nonregistered output delay 47 ns
tpzx Output e?able tn.me Cp =35pF Ses Noto 5 45 ns
tpxz Output disable time CL=5pF 45 ns
 tio 1/O input buffer delay 2 ns
synchronous clock mode, mode 0

PARAMETER? TEST CONDITIONS MIN MAX | UNIT

No feedback 50
fmax  Maximum frequenc:yt Internal feedback 50 MHz
External feedbackd 333
tcot Clock to output delay time 15 ns
Minimum clock period (register
font feedback to register output) See Note 6 251 ns
tolr Asynchronous output | Turbo bit on CL=35pF 27 ns
clear time Turbo bit off 47

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.

* fmax with no feedback =

1
teh + tal

fmax With internal feedback = L

fmax with external feedback =

nt
1

tsu + teo1

fmax with internal feedback is programmed as a 16-bit counter.
Use tg, and tgp 1 for a device programmed with the turbo bit on.
NOTES: 5. This is for an output voltage change of 500 mV.
6. These parameters are measured with device programmed as a 16-bit counter.
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switching characteristics over recommended ranges of supply voitage and operating free air
temperature (unless otherwise noted)

asynchronous clock mode, mode 1

PARAMETERT TEST CONDITIONS MIN MAX | UNIT
No feedback . 50
fmax  Maximum frequency* Intemal feedback 50 MHz
External feedback® 286
Clock to output Turbo biton 27
ta00l  ejay time Turbo bit off 7| ™
taont Minimum clock period (register 35 ns
feedback to register output)
tor Asynchronous output | Turbo biton CL=35pF 27 ns
clear time Turbo bit off 47

. timing requirements over recommended ranges of supply voltage and free-air temperature
synchronous clock mode, mode 0

PARAMETERT MIN MAX | UNIT
Input setup f Turbo biton 15
fsu nput selup ime Turbo bit off 35 ne
th Input hold time 0 ns
tch Clock high pulse duration 10 ns
1ol Clock low pulse duration 10 ns
asynchronous clock mode, mode 1
PARAMETERT MIN MAX | UNIT
Turbo bit on 8
Input setup time ns
fasu  Inputsetup Turbo bit off 28
tah Input hold time ) 12 ns
tach Clock high pulse duration 10 ns
tacl Clock low pulse duration 10 ns

t Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those usedin 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.

£ with no fesdback = ——

max =

tach + taql

frax With internal feedback = ——
tacnt

N N

tasu + taco1

fmax With internal feedback is programmed as a 16-bit counter.
Suse tsy and tgo 1 for a device programmed with the turbo bit on.

fmax With external feedback =
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functional testing

The EP830 is functionally tested through 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.

design security

The EP630 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 nor retrieved. A very high level of design control is thus achieved since programmed data within EPROM
cells is invisible.

turbo bit

This family of EPLDs contains 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 by the design
software. When the turbo bit is on, the low-standby-power mode is disabled. This renders the circuit less
sensitive to Vg 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.

latch-up

The EP630 input, /0, and clock pins have been carefully designed to resist latch-up which isinherent in CMOS
structures. None of the EP630 pins will latch up for input voltages between -1V to Voo + 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 latch-up to the 14 V device limit during positive
current latch-up testing, the verify mode (pin 1) and program mode (pin 11) canbe inadvertently entered into
thereby causing current flow in the pins. This should not be construed as latch-up.

device programming

The EP630 can be programmed using certified third-party programming equipment. Please contact Texas
Instruments applications department at (214) 997-5666 for current status of third-party programming support.

PARAMETER MEASUREMENT INFORMATION

5V This figure 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

To Test System threshold tests under dynamic conditions should not be attempted.

Large-amplitude fast ground-current transients normally occur as the

~ cl_f 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 significantreductions inthe observable
input noise immunity.

Device
Output

T Includes jig capacitance
Equivalent loads may be used for testing

Figure 4. Dynamic Test Circuit
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EP630 SERIES
HIGH-PERFORMANCE 16-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES001B — 03357| OCTOBER 1989 — REVISED MARCH 1992

TYPICAL CHARACTERISTICS

SUPPLY CURRENT SUPPLY CURRENT
vs vs
MAXIMUM FREQUENCY SUPPLY VOLTAGE
100 EX 1.6 T T
o : 15 Ta=-85°C
- u b —_—
Turbo Bit On y 1.4 oo
T 10 ' 1.3
J i T E 1.2
§ m g g - Ta=0°C
2 11— =T
3 1 s Ta = 25°C
(] §. 4 A
>
> } CH H
g I Turbo BitOf i W"E 09
a L o
==c =58 o |
€ e 0.7F Tp=125°C T
= Veg=5V 0.6 o] Normalized to 1 at
Ta =25°C - Voc =5V, Ta =25 °C,
0.01 Ll 111 05 andt=1MHz |
100 1k 10k 100k iM 10M 100M 4.5 4.75 5 5.25 5.5
fmax —Maximum Frequency — Hz Vgoc - Supply Voltage - V
Figure 5 Figure 6
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
Vs vs
SUPPLY VOLTAGE NUMBER OF OUTPUTS SWITCHING
1.5 1.5
| ] | Normalized to 1 at
Ta =125°C Vec=5V,
14 — Tp=25°,andwith ] 14 y—"
—~— 4 Outputs Switching. [ ]
E 1.3 1 t [ — - g 13 g ®
£ TA=70°C T E . ¢
> 12 — q
S i S — 1.2 ®
8 N \\ g g ®
£F 1 SE ®
g [ — Ta = 25°C 11
g% ~—~— TA=2 3 ®
g F—N\ E o
~ 1
0.9 Ta=0°C [ ]
® Normalized to 1 at
0.8 09 Vec=5Y,
X $ TA = 25 °C, and with
Tp =-55°C 4 Outputs Switching.
0.7 - . L 0.8 et
a5 475 s 525 55 123456728 910111213141516
Vge - Supply Voltage -V Number of Outputs Switching
Figure 7 Figure 8
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EP630 SERIES
HIGH-PERFORMANCE 16-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES001B - D3357, OCTOBER 1989 - REVISED MARCH 1992

PARAMETER MEASSUREMENT INFORMATION

Input or 1/O X

|
|
[ tpa —
Combinational |
Output
|
[— tpxz —-——+{
Combinational or \ High-Impedance State
Registered Output Valid Output D,
|
[ tpzx ——-vi
Combinational or High-Impedance State | /
Registered Output I i\ Valid Output
e—— terr ——»f

Asynchronousl
Registered Output )\ c%ear Output y

(a) COMBINATIONAL MODE

lI‘—“ teh"“"} —’{ t :“‘ tel —’:
CLK1, CLK2 W
| |
—» tp &ty — th —»

Registered Output X Valid Output

(b) SYNCHRONOUS CLOCK MODE

D VA XX Y
Registered Output I - X Valid Output

(c) ASYNCHRONOUS CLOCK MODE

NOTES: A. Input and I/O pulse levels are 0 to 3 V and t, = t;< 2 ns.

B. Allmeasurements are made at 1.5V excepttgjandtgh are measuredat0.3 V and 2.7 V respectively and tpzx and tpxz are measured
for an output voltage change of 500 mV.

Figure 9. Switching Waveforms
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EP1830 SERIES
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003~-D3880, NOVEMBER 1991

User-Configurable LSI Circuit Capable of
Implementing 2100 Equivalent Gates of
Conventional and Custom Logic

High-Performance CMOS Process Allows:
Maximum tpq: - 20C. .. 20 ns
-25C. 25 ns
-30C...30ns
-251... 25 ns
-301...30ns

Low Operating Current:
lcc max (standby) . . . 150 pA
Igc max (turbo bit off) .. . 40 mA
Igc max (turbo bit on) . . . 225 mA

Programmable Clock Option Allows
Asynchronous Clocking of All Registers or
Banked Register Operation From

4 Synchronous Clocks

Programmable Asynchronous Clear of All
Registers

Forty-Eight Macrocells With Configurable
1/0 Architecture Allowing for up to 64
Inputs and 48 Outputs

Macrocell Flip-Flops can be Individually
Programmed as D-, T-, JK-, SR-Type
Flip-Flops or for Combinational Operation

Programmable Design Security Bit
Prevents Copying of Logic Stored in
Device

Available Third-Party Design and
Programming Support

FN PACKAGE
(TOP VIEW)

AVAILABLE OPTIONS

TA
RANGE

SPEED
CLASS

PLASTIC CHIP CARRIER
(PLCO)

20 ns EP1830-20CFN

0°C to 70°C

25 ns EP1830-25CFN

-40°C to 85°C

25 ns EP1830-25IFN

30 ns EP1830-30IFN

description
general

The EP1830 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 EP1830 series is packaged in a 68-pin J-leaded plastic (one-time

programmable) Chip Carrier.

PRODUCTION DATA information is curfent as of publication date.
Products conform to memlomwmwoﬂmlnmrvmﬂ

testing ounpmmn.
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EP1830 SERIES
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

The EP1830 series is designed as an LSI replacement for traditional low-power Schottky TTL logic circuits. lts
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.

The EP1830 uses a 1.0 um CMOS EPROM technology employing EPROM transistors to configure logic
connections. The EPROM technology allows 100% generic testing (all devices are 100% tested at the factory).

Programmiﬁg the EP1830 is made easy by the availability of third-party support for design entry, design
processing and device programming.

The EP1830-20C and EP1830-25C devices are characterized for operation from 0°C to 70°C. The EP1830-25I
and EP1830-30I are characterized for operation from —40°C to 85°C.

functional

The EP1830 series use CMOS EPROM cells to configure logic functions within the device. The EP1830
architecture is 100% user configurable, allowing the device to accommodate a variety of independent logic
functions. Externally, the EP1830 provides 16 dedicated data inputs, four of which may be used as system clock
inputs. There are 48 /O pins, which may be individually configured for input, output, or bidirectional data flow.

macrocells

The EP1830 architecture consists of a series of macrocells. All logic is implemented within these macrocells.
Each macrocell, shown in Figure 1, contains three basic elements: a logic array, a selectable register element,
and 3-state I/O buffer. All combinational logic such as exclusive-OR, NAND, NOR, AND, OR and inverted gates
are implemented within the logic array. For register applications, each macrocell provides one of two possible
flip-flop options: D or T. Third party software will allow design with JK or SR flip-flops, implementing these with
the T flip-flop option. Each EP1830 macrocell is equivalent to over 40 2-input NAND gates.

The EP1830 is partitioned into four identical quadrants. Each quadrant contains 12 macrocells. Input signals
into the macrocells come from the EP1830 internal bus structures. Macrocell outputs may drive the EP1830
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.

2-38
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EP1830 SERIES
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991
S

functional block diagram
Quadrant A Quadrant D

02— Macroceli1 e | L Macrocelizs |—»22 10
vo -§—<->——— Macrocell 2 <> <> Macrocell 47 ——<->6—7- o
V04 er——1 Macrocell 3 |« > Macrocelias  |— 10
Vo —-5—-<->— Macrocell 4 < ; -.;- <> Macrocell 45 ————-4—»6-—5— 1o
vo ._‘1.4.,___ Macrocell 5 <> 5 5 <> Macrocell 44 ——4—»91 1o
0 Les—— Macrocell6 |« § é <> Macrocelias |—= 10
vo -§—<->— Macrocell 7 <> .', J, <> Macrocell 42 ————4-»6—2— 10
vo -9—<->—-—-— Macrocell 8 <> é § 4> Macrocell 41 -—-——<->ﬂ- 170
g s vo
-l -l

L _N d'q_ 56 ,
|15 _DF dq_ 55 |
|16 ‘DF C’q__ 54 |
v
oLK1/I '—7——-——4>—DF C'd—o——-—si’- CLK41
cLK2/ ﬁ——-———o—DF N—«»————i‘— CLK31
L
.20 _DF Kl_ 80
.21 —DF Aq__ a9,
v
22 ‘DF N__ 48
L)

] (&)
V0 Fep— ] Macrocell 17 |<» § E «>| Macrocell 322 |——<»>> 10
V0 Zep— T Macrocell 18_|e»]3 | 3 fes-{ Macrocelisi |——<®2 10
V0 Zer— 1 Macrocel 19 |e> . o > Macroceli 30 L oo
0 s I Macroceli 2o |e>{a @ le»{ WMacroceti 29 |—% 10
vo L—b——- Ma 1121 <> g | g <> Macrocell 28 ———<—>§9— o]
V0 2ep—1 Macroceli 2z |e»{~ ~ Le»d Macrocenzz |—22 10
vo -3—34-»—— Macrocell 23 <> <4»] Macrocell 26 ——Q-b:l /o
10 Zep—1 Ma 24 | <> Macrocel 25— 10
Quadrant B o T Quadrant C

Global Macrocells
E Local Macrocells
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EP1830 SERIES

HIGH-PERFORMANCE 48-MACROCELL

ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

Each EP1830 macrocell consists of 3 basic components (see Figure 1)

Step 1.
Step 2.

A logic array for gated logic
A flip-flop for data storage (selectable options include D, T and software emulated JK and SR).

The flip-flop may be bypassed for purely combinational functions.

Step 3.

LOCAL ARRAY

:L\j

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

Figure 1. Marcocell Components

1T T FLIP-FLOP OPTIONS 7 " T3 STATEBUFFER |
I 11 |
| 1 |
[ —P L el | |
H —pot > o1 H :
Il K 11 |
I = |
I [ Il |
Il I |
I —T R — 1| |
I b > c1 ¥ l
|1 s |1 |
I C c 1 |
11 1 |
Il 11 |
A e e —— e —— .

Typical logic function implemented into a single macrocell. Each EP1830 macrocell can accommodate the

equivalent of 40 gates.
Feedback
EP1830 From Other
Inputs MacrocellS
r———ttrt——_——————_—_————_—_——— e —_—_—————— -~ Flip-Flop
| Logic | Selection
| Array | 3-State
Load — | Buffer
ENT .-_||_ T\ —] { »/
ENP : ) — ; J VO Pin
I > c1
| K
| L | C
DataD } ) :
| |
| |
Clear : DC f
S R |
To Other ¢ Equivalent Gates = 40
Macrocells
Figure 2. Sample Circuit
INSTRUMENTS
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EP1830 SERIES
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

The EP1830 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 EP1830 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  oE/cLK
v Select
44— GlobalBus ——» Local Bus cc
ol <+«— Lo — v oF
OE/CLK D{:
—o
-0
® i
0 DA
1 A
&2 By
£ [H vo
54 [ Architecture
35 By Control >
8 [
7 B
!
c”r ol L f- f.-m5 ol ol D_
e ¢ o o o 0o 0 o e o o o
? ? ? ? ? Local Bus O
-o—
\ / \ / \ _/ ©
v Vv Vv Feedback
Global Quadrant Quadrant Select @
Dedicated Inputs A,B,C,D Local Feedback
(16 Inputs) Global Feedback (12 Macrocells)

(16 Macrocelis)

Figure 3. Local Macrocell Logic Array
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EP1830 SERIES
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

Quadrant
Synchronous
Clock CLK
Select OE
4—————— GlobalBus —————————p ¢—— LocalBus —» ¢ v?ﬁ. — Select
5 2 o foE
OE/CLK D) o
o cu(J:
-0
=T | ®
0 [H
1
2 [ H
23 [ vo
g4 Architecture
'§5 B ControL e
&6 -
7 [H
CIBar ol ol Q.4 [-= 5 al ol D-
o o o o o o o o o o o o
? ? ZF Local Bus
1
N / \ 2, \ y, Global Bus
\4 —V A4
Global Quadrant Quadrant
Dedicated Inputs A,B,C,D Local Feedback
(16 Inputs) Global Feedback (12 Macrocells)
(16 Macrocells)

Figure 4. Global Macrocell Logic Array

clock options

Each of the EP1830 intérnal flip-flops may be clocked independently or in user defined groups. The architecture
allows for asynchronous clocking using the OE/CLK product term to provide input or internal logic functions as
aclock. Ifthis mode is used the output enable buffer cannot be controled by this product term. The flip-flops can
be configured for positive or negative edge triggered operation with asyncronous clock mode.

Four dedicated system clocks (CLK1 thru CLK4) also provide clock signals to the flip-fiops. System clocks are
connected directly from the EP1830 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 EP1830
quadrant. When using system clocks, the flip-flops are positive edge triggered (data transitions occur on the
rising edge of the clock).

third party design support

Texas Instruments is working in conjunction with several software manufacturers to provide excellent design
software support for the EP1830. This support ranges from high level design entry compilers to schematic
capture programs in which the designer may implement his design with standard TTL SSl and MSI based circuits
such as counters, comparators, shift registers, etc. Please contact Texas Instruments applications hotline at
(214) 997-5666 for current status of third-party programming support.

2-42
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EP1830-20C, EP1830-25C, EP1830-30C
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

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

Supply voltage range, Vog (Se8 Note 1) ..t it -03Vto7V
Instantaneous supply voltage range, Voo (t<20NS) w.vviniiiie it ine e -2Vto7V
Programming supply voltage range, Vpp .. .covveiriiniiiiiii it it -03Vto 14V
Instantaneous programming supply voltage range, Vpp (t<20N8) .. .ovvivivniiniiennene, -2Vto 14V
INpUt VORAGE raNGE, V| v vt et it e i -03Vto7V
Instantaneous input voltage range, Vi (t<20NS) ...vvetiiiiiiiii i -2Vto7V
Voo Of GND CUMENTFANGE v ivtietitntittiiiisi it iiaene it eitsnannnanens ~300 mA to 300 mA
Continuous total power dissipation at or below 25°C free-air temperature (see Note 2) ......... 1500 mW

—65°C to 135°C
—65°C to 150°C

Operating free-air temperature, Tp
Storage temperature range

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

2. For operation above 25°C free-air temperature, derate to 180 mW at 135°C at a rate of 12 mW/°C

recommended operating conditions

MIN MAX | UNIT
Voo Supply voltage 4.75 5.25 \
\/ Input voltage 0 Vee \
ViH High-level input voltage ) 2 Vgo+03 Vv
ViL Low-level input voltage (see Note 3) -0.3 0.8 v
Vo Output voltage 0 Vece V'
. CLK input 20
tr Rise time Other inputs 50 ns
. CLK input 20
ki Fall time Other inputs 50 ns
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

only.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted) :

PARAMETER TEST CONDITIIONS MIN TYPT MAX| UNIT

VoH High-level output voltage T Vog =475V, lop =—4mA 2.4 Vv
CMOS Vog =475V, IOH =—2 mA 3.84

VoL Low-level output voltage Voc =475V, loL=4mA 0.45 \

] Input current Voc=5.25V, V| =Vgg or GND +10| pA

loz Off-state output current Ve =56.25V, Vo =Vcg or GND 10| pA
Standby Vcc=5.25V, See Note 4 50 1501 pA

Icc Supply current Nonturbo V| =Vgg or GND, See Note 5 20 O A
Turbo No load See Note 5 150 225

Cj Input capacitance Vi=0, f=1MHz, Ta =25°C 20 pF

Co Output capacitance Vo =0,f=1MHz, Ta =25°C 20 pF

Colk Clock capacitance Vi=0, f=1MHz, Ta=25°C 25 pF

tan typical values are at Voo =5V, Tp = 25°C.
NOTES: 4. When in the nonturbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition.

5. These parameters are measured with the device programmed as four 12-bit counters and f = 1 MHz.

ixas W
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EP1830-20C, EP1830-25C, EP1830-30C
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

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

turbo-bit on (turbo mode)

PARAMETERT TEST CONDITIONS EP1830200 | EP1830:25C | EP1830-30C UNIT
MIN MAX| MIN MAX| MIN MAX

fmax Maximum clock frequency See Note 6 62.5 50 aM.7 MHz
m- Maximum internal frequency See Note 7 50 40 33.3 MHz
thd1 Input to nonregistered output delay Ol =35 pF 20 25 30 ns
_t@ 1/0 input to nonregistered output delay 22 28 34 ns
tsu System clock setup time 13 17 21 ns
ths’ System clock hold time 0 0 0 ns
[th __ System clock high 8 10 12 ns
tol System clock low 8 10 12 ns
tco1 System clock to output delay Cp =35pF 15 18 21 ns
tasu Array clock setup time 8 10 12 ns
_t;‘ Array clock hold time 8 10 12 ns
Eco‘l Array clock to output delay 20 25 30 ns
tent Minimum system clock period 20 25 30 ns
turbo-bit off (non-turbo mode)

PARAMETERT TEST CONDITIONS EP1530-20C | EP1830:25C | EP1830-30C UNIT

MIN MAX| MIN.- MAX| MIN MAX

fmax Maximum clock frequency See Note 6 62.5 50 1.7 MHz
7;1; Maximum internal frequency See Note 7 50 40 33.3 MHz
tod1 Input to nonregistered output delay Gy = 35 bF 45 50 55 ns
thd2 1/0 input to nonregistered output delay L=<oP 47 53 59 ns
sy System clock setup time 38 42 48 ns
the System clock hold time 0 0 0 ns
tch System clock high 8 10 12 ns
tel System clock low 8 10 12 ns
tco1 System clock to output delay CL =35pF 15 18 21 ns
tasu Array clock setup time 33 35 37 ns
E-. Array clock hold time 8 10 12 ns
—‘;001 Array clock to output delay 45 50 55 ns
tent Minimum system clock period 20 25 30 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.
NOTES: 6. The fpax values shown represent the highest frequency of operation without feedback.
7. This parameter is measured with the device programmed as four 12-bit counters.
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EP1830-20C, EP1830-25C, EP1830-30C
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

internal timing requirements over recommended ranges of supply voltage and operating free air
temperature (unless otherwise noted)

turbo-bit on (turbo mode)

EP1830-20C | EP1830-25C | EP1830-30C

PARAMETER? TEST CONDITIONS MIN_ MAX| MmN MAX| MIN _ MAX UNIT
tin Input pad and buffer delay 5 7 9 ns
tio 1/O Input pad and buffer delay 2 3 4 ns
Tu_'_a.d Logic array delay 9 12 15 ns
tod Output pad and buffer delay CL=35pF 6 8 6 ns
t2x Output buffer enable time CL=385pF 6 6 [§ ns
txz Output buffer disable time CL =5 pF, See Note 8 6 6 6 ns
tsu Register setup time 8 10 12 ns
th Register hold time 8 10 12 ns
tic Array clock delay 9 12 15 ns
tics System clock delay 4 5 8 ns
td Feedback delay 3 3 3 ns
tor Register clear delay 9 12 15 ns

turbo-bit off (non-turbo mode)

PARAMETERT TEST CONDITIONs |- E-1020-20C | EP1830-25C | EP183030C |y

MIN MAX| MIN MAX| MIN MAX
tin Input pad and buffer delay 5 7 9 ns
tio /O input pad and buffer delay 2 3 4 ns
tiad Logic array delay 34 35 40 ns
—t;d Output pad and buffer delay CL=35pF 6 6 6 ns
tzx Output buffer enable time Cp =35pF 6 6 6 ns
tyz Output buffer disable time C|_ =5 pF, See Note 8 6 6 6 ns
tsu Register setup time 8 10 12 ns
th Register hold time 8 10 12 ns
tic Array clock delay 34 35 40 ns
tics System clock delay 4 5 6 ns
td Feedback delay See Note 9 ~22 -22 -22 ns
teir Register clear delay 34 35 40 ns

t Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those usedin 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: 8. This is for an output voltage change of 500 mV.

9. Thenegative numbershown for this specificationis to compensate forthe 30 ns that is being added to the t|;q parameterin the turbo-bit
off mode. In the non-turbo mode, tfq is not affected by the additional propagation delay because the logic array is already taken out
of the non-turbo mode by the first transition into the array. See the section on delay elements.
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EP1830-251, EP1830-301
HIGH-PERFORMANCE 48-MACROCELL
ONE-TIME PROGRAMMABLE LOGIC DEVICES

SRES003-D3880, NOVEMBER 1991

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

Supply voltage range, Voo (SEENOtE 1) ..uvuis ettt iiinii it i iisneenas -03Vto7V
Instantaneous supply voltage range, Voo (tS20N8) v.ivvieiiiiiiiiiiiiniiinierieeneannas ~2Vto7V
Programming supply voltage range, Vpp «..vevrtiiiieiiiieitineiesiseassnsnncnnrones ~-03Vto 14V
Instantaneous programming supply voltage range, Vpp (t<20N8) .....cvvvivinviiiiinnnn, -2Vto14V:
INput vOREGE range, V| vvuvvvi ittt ittt it e e -03Vto7V
Instantaneous input voltage range, Vi (1 S20N8) ....vvviiiiiiiiiiiniiiiiiiiiariinennns -2Vto7V
Voo Or GND CUITENt ran@e ......vveinii ittt et viiaeiniinananns ~300 mA to 300 mA
Continuous total power dissipation at or below 25°C free-air temperature (see Note 2) ......... 1500 mW
Operating free-air temperature, TA «.vvvvveriiiiiiiersiiiiiia it ienriensnnsnenass -65°C to 135°C
Storage temperature raNge . ....vvvvierrterinererorsnsssrnssasatrnsansassensnsens -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 180 mW at 135°C at a rate of 12 mW/°C

recommended operating conditions

MIN MAX | UNIT

Vco Supply voltage 4.5 5.5 \

Vi Input voltage 0 Veo v

ViH High-level input voltage 2 Vgo+0.3 \

ViL Low-level input voltage (see Note 3) -0.3 0.8 v

Vo Output voltage 0 Voo \
o CLK input 20

ks Rise time Other inputs 50 ns
CLK input 20

t Fall time Other inputs 50 ns

TA Operating free-air temperature -40 85 °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

only.

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

PARAMETER TEST CONDITIIONS MIN TYPT MAX| UNIT
VoH High-level output voltage Z::O s xgg = :: z: :Z: = __Z :2 328: v
VoL Low-level output voltage Vec=45YV, loL=4mA 0.45 Vv
] Input current Vog=56.5V, Vi =Vggo or GND 10| pA
loz Off-state output current Voo =565V, Vo =Vgpg or GND 10| pA
Standby Vec =55V, See Note 4 50 150| pA
lcc Supply current Nonturbo V| =Vgg or GND, See Note 5 20 40
Tarbo No load See Note 5 50 we0| ™
Gi Input capacitance V=0, f=1MHz, Ta =25°C 20 pF
Co Output capacitance Vo =0,f=1MHz, Ta =25°C 20 pF
Colk Clock capacitance V=0, f=1MHz, Ta=25°C 25 pF

TAl typical values are at Vo =5V, Tp = 25°C.
NOTES: 4. When in the nonturbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition.

5. These par ters are ed with the device programmed as four 12-bit counters and f = 1 MHz.
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external switching characteristics and timing requirements over recommended ranges of supply
voltage and operating free air temperature (unless otherwise noted)

turbo-bit on (turbo mode)

PARAMETERT TEST CONDITIONS EFi830 251 EP1830 39 UNIT
MIN MAX| MIN MAX
fmax Maximum clock frequency See Note 6 50 41.7 MHz
m Maximum internal frequency See Note 7 40 33.3 MHz
tpd1 Input to nonregistered output delay O =35pF 25 30 ns
thd2 1/0 input to nonregistered output delay 28 34 ns
tsu System clock setup time 17 21 ns
ths System clock hold time 0 0 ns-
tch System clock high 10 12 ns
tol System clock low 10 12 ns
tco1 System clock to output delay CL=35pF 18 21 ns
tasu Array clock setup time 10 12 ns
tah Array clock hold time 10 12 ns
Ta-co1 Array clock to output delay 25 30 ns.
—'c-nt Minimum system clock period 25 30 ns
turbo-bit off (non-turbo mode)
PARAMETERT TEST CONDITIONS EP1830 251 EP1830 39 UNIT
MIN MAX| MIN MAX
fmax Maximum clock frequency See Note 6 50 41.7 MHz
_f;;; Maximum internal frequency See Note 7 40 33.3 MHz
tpd1 Input to nonregistered output delay CL =35pF 60 55 ns
tpd2 1/0 input to nonregistered output delay 53 59 ns
tsy System clock setup time 42 46 ns
ths System clock hold time 0 0 ns
tch System clock high 10 12 ns
1ol System clock low 10 12 ns
tco1 System clock to output delay Cp =35pF 18 21 ns
tasu Array clock setup time 35 37 ns
tah Array clock hold time 10 12 ns
taco1 Array clock to output delay 50 55 ns
tent Minimum system clock period 25 30 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 another supplier for similar products. Any similarity to symbols used on other Tl data sheets or to those
shown in glossaries in T! data books is coincidental. The meanings may not be the same.

NOTES: 6. The fax values shown represent the highest frequency of operation without feedback.

7. This parameter is measured with the device programmed as four 12-bit counters.
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internal timing requirements over recommended ranges of supply voltage and operating free air
temperature (unless otherwise noted)

turbo-bit on (turbo mode)

EP1830-251 EP1830-301

PARAMETERT TEST CONDITIONS MIN_ MAX| MIN _MAX UNIT
tin Input pad and buffer delay 7 9 ns
tio 1/O input pad and buffer delay 3 4 ns
tad Logic array delay 12 15 ns
tod Output pad and buffer delay CL=35pF 6 6 ns
trx Output buffer enable time Cp=35pF 6 6 ns
xz Output buffer disable time CL =5 pF, See Note 8 6 6 ns
tsu Register setup time 10 12 ns
th Register hold time 10 12 ns
tic Array clock delay 12 15 ns
tics System clock delay 5 6 ns
td Feedback delay 3 3 ns
toir Register clear delay 12 15 ns

turbo-bit off (non-turbo mode)

EP1830-251 EP1830-301

PARAMETERT TEST CONDITIONS WiN MAX | WMIN MAX UNIT
tin Input pad and buffer delay 7 9 ns
tio 1/0 input pad and buffer delay 3 4 ns
Yad Logic array delay 37 40 ns
tod Output pad and buffer delay CL=35pF 6 6 ns
trx Output buffer enable time Cp =35pF 6 6 ns
txz Output buffer disable time CL =5 pF, See Note 8 6 6 ns
tsu Register setup time 10 12 ns
th Register hold time 10 12 ns
tic Array clock delay 37 40 ns
tics System clock delay 5 6 ns
tq Feedback delay See Note 9 -22 -22 ns
telr Register clear delay 37 40 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.

NOTES: 8. This is for an output voltage change of 500 mV.

9. The negative numbershown for this specification is to compensate for the 30 ns thatis being added to the tj5 4 parameter in the turbo-bit
off mode. In the non-turbo mode, tfq is not affected by the additional propagation delay because the logic array is already taken out
of the non-turbo mode by the first transition into the array. See the section on delay elements.
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design security

The EP1830 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.

turbo bit

The EP1830 contains 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 during
programming. When the turbo bit is on, the low-standby-power mode is disabled. 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 10.

device programming

The EP1830 can be programmed using certified third-party programming equipment. Please contact Texas
Instruments applications hotline at (214) 997-5666 for current status of third-party programming support.

functional testing

The EP 1830 is functionally tested including complete testing of each programmable EPROM bit and all internal
logic elements. The erasable nature (in wafer form) of the EP1830 allows test program patterns to be used and
then erased.

Figure 5 shows the dynamic load 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 notbe attempted. Large-amplitude fast ground-currenttransients 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.

5V

Devi 855Q
o::;:; p—— To Test System

3400 = ¢t

\

1 Includes Jig capacitance
All input pulses have the following characteristics: PRR < 1 MHz, t; = t; < 3 ns, duty cycle = 50%.
Equivalent loads may be used for testing

Figure 5. Dynamic Load Circuit
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Input Pin

Logic Array Input
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Logic Array Output

CLK Pin

Clock Into
Logic Array

Clock From
Logic Array

Data From
Logic Array

A

(a) INPUT MODE

Registered Output To
Logic Array

System Clock Pin

System Clock
At Register

{b) CLOCK MODE

2 A
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Data From
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X X

(c) SYSTEM CLOCK MODE

Figure 6. Switching Waveforms
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Clock From
Logic Array
k= toa
XX X

|
Lo Ko XX
Ik— tpxz—'Jl I‘— tpzx—Jl

tpdl (tot) = tin + tiad + tod
tpd2 (tot) = Yo + tin + tiad + tod

W~ —Jv

(d) OUTPUT MODE

Figure 6. Switching Waveforms (continued)

understanding EP1830 timing characteristics

introduction

One of the most important benefits of using an EP1830in any design is the integration of complex logic functions
into single-chip solutions. In most cases, however, when the functional compatibility of a design has been
determined, timing analysis should be completed to ensure dynamic parameter compatibility.

The purpose of this applications supplement is to discuss the timing delays which exist when using an EP1830.
The focus here is on the inherent delay paths that exist in every EP1830 and their relation to the data sheet
switching specifications. This should aid designers in modelling and simulating their logic designs.

gate delays versus timing characteristics

Accurate modelling of the timing characteristics requires an understanding of how a given application is
implemented within the EP1830. Most designs contain basic gates, and TTL macrofunctions, which are
emulated by the general macrocell structure. The macrocell structure is an array of logic in an AND/OR
configuration with a programmable inversion followed by an optional flip-flop and feedback, (See Figure 7).

When designing with EP1830s, the term “gate delay” is not a useful measure. Within the EP1830 AND array
are product terms. A product term is simply an n input AND gate where n is the number of connections.
Depending on the logic implemented, a single product term may represent one to several gate equivalents.
Therefore, gate delays do not necessarily provide EP1830 timing characteristics.

summary

To understand timing relationships of the EP1830, it is very important to break up the internal paths into
meaningful microparameters that model portions of the architecture. Once internal paths are decomposed, it
is then possible to obtain accurate timing information by summing the appropriate combinations of these
microparameters. The EP1830 data sheet provides architectural information on which the parameters apply.
Knowledge of the architecture allows characterization of any timing path within the EP1830.
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Dedicated Feedback
Inputs Signals
T917 3 3 ] 1 ?
Optional
Fixed
OR Inverter
Inversion
Control

Bit
= GND Feedback
Programmable To Other
AND Gates Macrocells

Figure 7. Macrocell

If the design requires low-power operation, the turbo bit should be off (disabled). When operating in this mode,
some dynamic parameters are subject to increase.

4> 10

CLK
Output
Register
Delay _ Dt:Iay
tsu 4 t d
th 'xz
ths ZX
CLR v

_ System Clock Delay >
g Yes e
et
> Clock Delay >
Input ] tic
inputs ¢ —>— pelay A
tin > Logic Array Delay »
——]
> Register Clear Delay
teir
Vo -
1O —e> Input
Delay
tio

Feedback
Delay

Yd

For combinational outputs, the delay between the logic array and the output buffer is zero. (i. e., {3, = 0 or t, = 0)

Figure 8. Macrocell Delay Paths Model
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delay elements

The simplest solution to the architectural requirements is to model time through the logic array as a constant.
This parameter is called tjag. The rest of the elements in the timing model are similar to those found in
conventional logic. There are input and output delay parameters (tip, tio, tog); register parameters tgy, ty, toyr,
ths ticss tic); @nd internal connection parameters (tzq). A detailed diagram of an Macrocell Delay Paths Model
is shown in Figure 8 with a description of the signals.

glossary ~ internal delay elements

teir

td

Asynchronous register clear time. This is the amount of time it takes for a low signal to appear at
the output of a register after the transition of the logic array, including the time required to go
through the logic array.

Feedback delay. In registered applications, this is the delay from the output of the register to the
input of the logic array. In combinational applications, it is the delay from the combinational
feedback to the input of the logic array.

Register hold time. Thisis the internal hold time of the register inside a macrocell - measured from
the register clock to the register data input.

Logic array delay. This parameter incorporates all delay from an input or feedback through the
AND/OR structure.

Clock delay. This delay incorporates all the delay incurred between the output of an input pad or
1/0 pad and the clock input of a register including the time required to go through the logic array.

System clock delay. This delay incorporates all delays incurred between the output of the input
pad and the clock input of the registers for dedicated clock pins.

Input delay. This is the delay from input pads through the buffers that direct the true and
complement data input signals into the AND array.

1/0 input pad delay. This delay applies to I/O pins committed as inputs.

Outputbuffer and pad delay. For registered applications, this incorporates the clock to output delay
of the flip-fiop. In combinational applications, it incorporates delay from the output of the array to
the output of the device.

Register setup time. This is the internal setup time of the register inside a macrocell - measured
from the register data input until the register clock.

Time to high-impedance-state output delay. This delay incorporates the time between a
high-to-low transition on the enable input of the 3-state buffer to assertion of a high impedance
value at an output pin.

3-state to active output delay. This delay incorporates the time between a low-to-high transition
on the enable input of the 3-state buffer to assertion of a high or low logic level at an output pin.
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glosséry - external delay elements

tacoi(tot) =

tacnt(tot)

tan(tot)

tasu(tot) -

toot(tot) -

toir(tot)

tcnt(tot)

th(tot)

tpd1 (tot)

tpd2(tot)

tpxZ(tot)

tpzX(tot)

tsu(tot)

Asynchronous clock to output delay. This is the time required to abtain a valid output after a clock
is asserted on an input pin. This delay is the sum of the input delay (tjn), the clock delay (tjc), and
the output delay (toq):

Asynchronous clocked counter period. This is the minimum period a counter can maintain when
asynchronously clocked. This delay is the sum of the feedback delay (tg), the logic array delay
(tiaq), @nd the register setup time (tsu).

Asynchronous hold time. This is the amount of time required for data to be present after an
asynchronous clock. This value is the difference between the sum of the input delay (tj,), the clock
delay (tic), and the hold time (ty) and the sum of the input delay (tj,) and logic array delay (tjaq).

Asynchronous setup time. Thisisthetime required for data to be present attheinputto the register
before an asynchronous clock. This valueis the difference between the sum of theinputdelay (tin),
array delay (tjqq), the register setup time (ts), the sum of the input delay (tj5), and the clock delay
(tic)- ‘

System clock to output delay. Thisis the timerequiredto obtain a valid output after the system clock
is asserted on an input pin. This delay is the sum of the input delay (tj,), the system clock delay
(tics), and the output delay (toqg).

Delay required to clear register. This is the time required to change the output from high to low
through aregister clear measured from an input transition. This delay is the sum of input delay (ti),
register clear delay (tcy), and the output delay (toq)-

System clock counter period. This is the minimum period a counter can maintain. This delay isthe
sum of the feedback delay (ttq), thelogic array delay (tjaq), and the internal register setup time (tsy).

Hold time for the register. This is the amount of time the data must be valid after the system clock.
It is the difference between the sum of the internal input delay (t,), the system clock (tss), and
the system clock hold time (tps) and the sum of the input delay (i) and logic array delay (tjaq)-

Propagation Delay period; This is the delay from a dedicated input to a nonregistered output. This
isthetime required for data to propagate through the logic array and appear at the external output
pin. This delay is the sum of input delay (tin), array delay (tjad), and output delay (toq)-

Propagation Delay period; This is the delay from I/O pin to a non-registered output. Thisis the time
required for data from any external I/O input to propagate through any combinational logic and
appear at the external output pin. This delay is the sum of the 1/O delay (tjo), input delay (i), array
delay (tjaq), and the output delay (tod).

Timeto enter into the high-impedance state. This is the time required to change an external output
from a valid high or low logic level to the high-impedance state from an input transition. This delay
is the sum of input delay (ti,), array delay (faq), and the time to disable the 3-state buffer (txz).

Delay from high impedance to active output. This is the time required to change an external output
from the high-impedance state to a valid high or low logic level measured from an input transition.
This delay is the sum ofinput delay (tj,), array delay (tjaq), and the time to enable the 3-state buffer
(tzx)-

Set up time for the register. This is the time required for data to be present at the register before
the system clock. This value isthe difference between the sum ofinput delay (tjy,), array delay (tiag),
and an internal register setup time (tgy) and the sum of the input delay (tj,) and the system clock
delay (tics)-
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explaining the data sheet specifications
The data sheet references timing parameters that characterize the switching operating specifications. These
parameters are measured values, derived from extensive device characterization and 100% device testing.
Among the switching characteristics are the following: tacotot), tacntitot) tahtot): tasu(tot)s teot(tot) teir(tot)s
tent(tot) thtot) tpdt (tot)r tpd2(tot) tPXZ(tot) tPZX(tot): tsu(tot)- These parameters, described below in detail, may
be represented by the internal delay elements. (See Figure 9)

__NoRF
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Figure 9. Timing Equations
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TYPICAL CHARACTERISTICS
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MECHANICAL DATA
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
PAL16R6AM, PAL16R6A- 2M PAL16R8AM PAL16R8A 2M
STANDARD HIGH SPEED PAL CIRCUITS

SRPS016 - D2705, FEBRUARY 1984 — REVISED MARCH 1992

PAL16LS’

® Choice of Operating Speeds JORW PACKAGE

High-Speed, A Devices . . . 25 MHz Min
Half-Power, A-2 Devices . .. 16 MHz Min (TOP VIEW)

® Choice of Input/Output Configuration 1 20l Ve
e Package Options Include Both Ceramic DIP 2 wflo
and Chip Carrier in Addition to Ceramic s flio
Flat Package 4 wflio
5  16f]io
DEVICE mpln's 0 OUTPUTS Fgghs;;l?fsn POI/;’TS 6 151 /0
PALIGLE | 10 2 0 6 7 1flvo
PALIGR4 | 8 0 7 (3-state buffers) | 4 8 13l /o
PAL16R6 8 0 6 (3-state buffers) 2 9 12flo
PAL16R8 8 0 8 (3-state buffers) 0 10 1l
descrlptlon
PAL16L8’
These programmable array logic devices feature EK PACKAGE
high speed and a choice of either standard or
half-power devices. They combine Advanced (TOP VIEW)
Low-Power Schottky technology with proven Q
titanium-tungsten fuses. These devices will - __So
provide reliable, high-performance substitutes for
conventional TTL logic. Their easy 1221 208 48[ 10
programmability allow for quick design of "custom” 10s 1700 o
functions and typically results in a more compact ni 16E 1o
circuit board. In addition, chip carriers are ik 15[ 1o
available for further reduction in board space. Ds 14[] o
The Half-Power versions offer a choice of SRR 13
operating frequency, switching speeds, and power —8~0Q0
dissipation. In many cases, these Half-Power (25 -
devices can result in significant power reduction
from an overall system level.
The PAL16’ M series is characterized for operation
over the full military temperature range of -55°C
to 125°C.
PAL is a registered trademark of Advanced Micro Devices Inc.
Fmﬁ'gﬁo %1: &ml:'wm rr= :'f “ﬂm ":; w Copyright © 1992, Texas Instruments Incorporated
standard warranty. p g does not y include
testing of ail parameters.
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PAL16R4AM, PAL16R4A-2M, PAL16R6AM, PAL16R6A-2M, PAL16R8AM, PAL16R8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 — D2705, FEBRUARY 1984 — REVISED MARCH 1992
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 — D2705, FEBRUARY 1984 ~ REVISED MARCH 1992

functional block diagrams (positive logic)
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PAL16R6AM, PAL16R6A-2M, PAL16R8AM, PAL16R8A-2M

STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 - D2705, FEBRUARY 1984 — REVISED MARCH 1992
=

functional block diagrams (positive logic)
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PAL16L8AM, PAL16L8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 — D2705, FEBRUARY 1984 — REVISED MARCH 1992

logic diagram (positive logic)
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PAL16R4AM, PAL16R4A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 - D2705, FEBRUARY 1984 — REVISED MARCH 1992

logic diagram (positive logic)
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PAL16R6AM, PAL16R6A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 — D2705, FEBRUARY 1984 — REVISED MARCH 1992

logic diagram (positive logic)
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PAL16R8AM, PAL16R8A-2M
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 ~ D2705, FEBRUARY 1984 — REVISED MARCH 1992

logic diagram (positive logic)
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
PAL16R6AM, PAL16R6A-2M, PAL16R8AM, PAL16R8A-2M

STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 - D2705, FEBRUARY 1984 — REVISED MARCH 1992

programming information

Texas Instruments programmable logic devices can be programmed using widely available software and
inexpensive device programmers.

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas Instruments
programmable logic is also available, upon request, from the nearest Tl field sales office, local authorized Ti
distributor, or by calling Texas Instruments at (214) 997-5666.

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

Supply voltage, Voo (SEENOtE 1) oo ou it e i ettt it 7V
Input voltage (SEE NOtE 1) ottt i e e it s st st e aie i 55V
Voltage applied to disabled output (SeeNote 1) ....viiiiiiiii i i 5.5V
Operating free-air temperature range .. ....oeiiiieeeniirererernnarsessanesnnneansans -55°C to 126°C
Storage temperature ranNge .« . ..vuvnetner et inn ittt e —-65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

MIN NOM MAX | UNIT
Voo Supply voltage 4.5 5 55 Vv
VIH High-level input voitage 2 5.5 Vv
ViL Low-level input voltage 0.8 \
loH High-level output current -2 mA
loL Low-level output current 12| mA
TA Operating free-air temperature ~55 25 125 °C

TEXASQ

INSTRUMENTS
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PAL16L8AM, PAL16R4AM, PAL16R6AM, PAL16R8AM
STANDARD HIGH-SPEED PAL® CIRCUITS

SRPS016 — D2705, FEBRUARY 1984 - REVISED MARCH 1992

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX| uNIT
VIK Voc =45V, l|=-18 mA -1.5 \
VOH Vogc =45V, loH=-2 mA 24 3.2 \'
VoL Voc =45V, loL=12mA 0.25 0.4 \'J
Outputs 20
lozH /O ports Vce=55V, Vo=27V 00 pA
lozu |t Veg=55V, Vo=04V ~20 pA
1/O ports -100
1] Vec=565V, V=565V 02| mA
1/O Ports 100
IIH Al ofhors Vcc=55V, Vi=27V % pA
OE input -0.2
IiL Al othors Voo =55V, V=04V o4 mA
los¥ Vog =55V, V=05V -30 -250| mA
lcc Vec=565V, V| =0, Outputs open 75 180| mA
timing requirements
MIN MAX | UNIT
folock Clock Frequency 0 25| MHz
tw Pulse duration (see Note 2) Clock high 15 ns
Clock low 20
tsu Setup time, input or feedback before CLKT 25 ns
th Hold time, input or feedback after CLKT 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fojock- The minimum pulse durations specified are
only for clock high or low, but not for both simultaneously.

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

FROM TO

PARAMETER (NPUT) (OUTPUT) TEST CONDITION MmN TYPt  MAx| uniT
frax 25 45 MHz
thd 1, 1/0 0, /0 15 30 ns
tod CLKT Q R1 =390 Q, 10 20 ns
ten OEl Q R2 =750 Q, 15 25| ns
Q;s OET Q See Figure 1 10 25| ns
ten Lo 0, /0 14 30| ns
dis 110 0,10 13 30| ns

T All typical values are at VoG = 5 V, TA = 25°C.
Notmore than one outputshould be shorted at a time and the duration of the short circuit should not exceed one second. Set Vg at 0.5 V to avoid
test equipment degradation.

*
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PAL16L8A-2M, PAL16R4A-2M, PAL16R6A-2M, PAL16R8A-2M

STANDARD HIGH-SPEED PAL® CIRCUITS

SRP016 - D2705, FEBRUARY 1984 — REVISED MARCH 1992

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPT MAX| uNIT
VIK Voo =45V, I|=-18 mA -1.5 \
VOH Ve =45V, IoH ==2 mA 2.4 3.2 \
VoL Voo =45V, loL=12mA 0.25 0.4 \
lozH Outputs Vec=565V, Vo=27V 20 pA
1/O ports 100
ozl |bus Voo =55V, Vo =04V 200 A
1/O ports -100
I Voo =55V, Vj=55V 02| mA
1/O Ports 100
IiH Al othors Vec =55V, Vi=27V 25 pA
OE input -0.2
i All othors Voo =55V, Vi=04V o mA
los¥ Voo =55V, Vo=05V -30 -250 | mA
Icc Voo =55V, Vi=0, Outputs open 75 90| mA
timing requirements
MIN MAX | UNIT
folock Clock Frequency 0 16| MHz
tw Pulse duration (see Note 2) Slok high i ns
Clock low 25
tsu Setup time, input or feedback before CLKT 35 ns
th Hold time, input or feedback after CLKT 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fglock. The minimum pulse durations specified are
only for clock high or low, but not for both simultaneously.

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

temperature (unless otherwise noted)

PARAMETER (,F,"‘Ff:,“{') (ouﬁ:un TEST CONDITION MIN TPt  Max| uniT
fmax 16 25 MHz
tod I, /O 0, /0 25 40| ns
tod CLKT Q R1=390Q, 1 25| ns
ten OEl Q . R2=750Q, 20 25| ns
tdis OET Q See Figure 1 11 25| ns
ten 1,0 0,10 25 40| ns
tdis I, /0 0,110 25 35| ns

T Al typical values are at Vo =5V, Ta = 25°C.

Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. SetVp at 0.5 V to avoid

test equipment degradation.

R
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PAL16L8AM, PAL16L8A-2M, PAL16R4AM, PAL16R4A-2M
PAL16R6AM PAL16R6A-2M PAL16R8AM PAL16R8A-2M
STANDARD HIGH-SPEED PAL CIRCUITS

SRPS016 - D2705, FEBRUARY 1984 —- REVISED MARCH 1992

PARAMETER MEASUREMENT INFORMATION

I
81
R1
From Output Test
Under Test Point
CL R2
(see Note A)
LOAD CIRCUIT FOR
3-STATE OUTPUTS
v —_——— 3V
Timing High-Level
Input 1.5V Pulse 1.5V 15V
e — ° I | 0
tsu—i—p¢ Pt oy T
Data ! 15V N 15V | | v
Input ¢ - Low-Level 1.5V 15V
0 Pulse * Y 0
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
3v
Output
Control
(low-level
enabling) —_————0
: —— L.: — =33V
Waveform 1 g 15V _/ VoL+05V
81 Closed | | —_— i
| VoH (see Note B) - VOL
Out-of-Phase 15V ' 15V l tais—d e
Output ton b ¢ | ¥
— —VoH

- —— vV,
(see Note D) oL Waveform 2 |
VOLTAGE WAVEFORMS o “3,133‘*3'; 15V S VOH-0.5V
PROPAGATION DELAYTIMES ~~ (seeRoteB®) /7 N ~0V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. C|_ includes probe and jig capacitance and is 50 pF for tpq and tgn, 5 pF for tgis.

. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output conirol. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.

. All input pulses have the following characteristics: PRR < 10 MHz, t, and tf < 2 ns, duty cycle = 50%

. When measuring propagation delay times of 3-state oufputs, switch S1 is closed.

. Equivalent loads may be used for testing.

moo m>

Figure 1. Load Circuit and Voltage Waveforms

*
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TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 ~ REVISED SEPTEMBER 1992

TIBPAL16L8’
C SUFFIX ... J OR N PACKAGE

High-Performance Operation:

fmax (no feedback) M SUFFIX . .. J PACKAGE
TIBPAL16R’ -5C Series . . . 125 MHz Min (TOP VIEW)
TIBPAL16R’ -7M Series . . . 100 MHz Min

fmax (Intemal feedback)
TIBPAL16R’ -5C Series . . . 125 MHz Min
TIBPAL16R’ -7M Series . . . 100 MHz Min

fmax (external feedback)
TIBPAL16R’ -5C Series . .. 117 MHz Min
TIBPAL16R’ -7M Series . . . 74 MHz Min

Propagation Delay
TIBPAL16L8-5C Series . .. 5 ns Max
TIBPAL16L8-7M Series . . . 7 ns Max
TIBPAL16R’ -5C Serles
(CLK-t0-Q) .. . 4 ns Max
TIBPAL16R’ -7M Series
(CLK-to-Q) .. . 6.5 ns Max

® Functionally Equivalent, but Faster than,
Existing 20-Pin PLDs

® Preload Capability on Output Registers
Simplifies Testing

TIBPAL16LS’
C SUFFIX. .. FN PACKAGE
M SUFFIX.. . FK PACKAGE

(TOP VIEW)
® Power-Up Clear on Registered Devices (All

Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

® Security Fuse Prevents Duplication

DEVICE I 3-STATE REGISTERED 110
INPUTS | O OUTPUTS QOUTPUTS PORTS
'PAL16L8 10 2 0 6
'PAL16R4 8 0 4 (3-state buffers) 4
'PAL16R6 8 0 6 (3-state buffers) 2
'PAL16R8 8 0 8 (3-state buffers) 0
Pin assignments in operating mode
description

These programmable array logic devices feature high speed and functional equivalency when compared with
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically
results in a more compact circuit board.

The TIBPAL16" C series is characterized from 0°C to 75°C. The TIBPAL16' M series is characterized for
operation over the full military temperature range of -55°C to 125°C.

These devices are covered by U.S. Patent 4,410,987.
IMPACT-X is a trademark of Texas Instruments Incorporated.
PAL is a registered frademark of Advanced Micro Devices Inc.

Thi "~

of development. The status of eech devios Is indioated on the page(s)
g its slectrical

q Copyright © 1992, Texas Instruments Incorporated
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D —~ D3359, OCTOBER 1989 ~ REVISED SEPTEMBER 1992 !

TIBPAL16R4’
C SUFFIX...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R6’
C SUFFIX...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R8’
C SUFFIX...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

Pin assignments in operating mode

TIBPAL16R4
C SUFFIX. .. FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)

DDDDE

TIBPAL16R6’
C SUFFIX. .. FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)

TIBPAL16R®’
C SUFFIX ... FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)
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TIBPAL16L8-5C, TIBPAL16R4-5C
TIBPAL16L8-7M, TIBPAL16R4-7M
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPS011D ~ D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

functional block diagrams (positive logic)
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/ .
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M\ denotes fused inputs
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TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16R6- 7M TIBPAL16R8-7M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D — D3359, OCTOBER 1989 — REVISED SEPTEMBER 199,

functional block diagrams (positive logic)

TIBPAL16R6’
OF dEN2
CLK > C1
- =
32%64 8/ 21 =0 2v p————Q
/ 1D —\
8/ Hh—— Q
4 [\
16 x > 8/ a
8, 16, / T\
| — 71~ 8/ o— Q
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6/ \
7 8/ D— Q
2, 16 7 —\
7 P71 sy, D] Q
7
N\
EN 21
7/ v o
7
7 4> o
7 N
2 <
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5/ <
TIBPAL16R8’
OE EN2
CLK > Gt
ml r
3 & " 8/ 21 1=0 2vpbp———ow—Q
2X64[ 7 1D —\
8/ D Q
’ [\
e 8/ D—] .Q
| 8/ 16, 7 \
7 7 17\ 8/ D Q
8/ D—— Q
8, 16 / —\
/ wa 8/ D—— Q
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8/ D Q
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8y D—o Q
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"\ denotes fused inputs /
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TIBPAL16L8-5C
TIBPAL16L8-7M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

S011D — D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

logic diagram (positive logic)

1
1

FIRST
FUSE / \
NUMBERS 0 4 8 12 16 20 24 28 31

INCREMENT
/\

96 19

256 »,
288
g:g 18
384 Vo
418
448
480 \
— ."4' -

vo

884 16

vo

1120 - 15

Vo

&
i

) 14
1376 vo

;;
T

1632 13

vo

1888 12

=Dk g

Fuse number = First fuse number + Increment

Texas
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 76265 2-75




TIBPAL16R4-5C
TIBPAL16R4-7TM

HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

logic diagram (positive logic)
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TIBPAL16R6-5C
TIBPAL16R6-7M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS011D — D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

logic diagram (positive logic)
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‘TIBPAL16R8-5C
TIBPAL16R8-7M
HIGH-PERFORMANCE /IMPACT-X ™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 199
T ——

logic diagram (positive logic)
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Fuse number = First fuse number + Increment
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TIBPAL16L8-5C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 19838 — REVISED SEPTEMBER 1992

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

Supply voltage, Voo (see Note 1) ....... Ceeneeees i . 7V
Input voltage (SEE NOtE 1) ...t e e i st 55V
Voltage applied to disabled output (see Note 1) .....cooiiiiiiiiiiiiiiiieninns, e reereeeeeas 55V
Operating free-air temperature ranNQge . .......vueee it et ineinnerieeireciernnniennenes 0°Cto 75°C

Storage temperature range
NOTE 1: These ratings apply exi:ept for programming pins during a programming cycle or during a preload cycle.

recommended operating conditions

MIN NOM MAX| UNIT
Vee Supply voltage 4.75 5 525 V'
VIH High-level input voltage (see Note 2) 2 5.5 \
ViL Low-level input voltage (see Note 2) 0.8 \'
I0H High-level output current -3.2 mA
loL Low-level output current 24| mA
TA Operating free-air temperature 0 25 75 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester
noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MmN TYPT  MAx| uNiT
ViK Vo = 4.75V, I =-18mA -08 -15[ Vv
VOH Voo =475V, IOH =—3.2 mA 24 27 v
VoL Voo =475V, loL = 24 mA 03 05| V
lozHF Voo =525V, Vo=27V 100| pA
lozL¥ Voo =525V, Vo=04V -100| pA
I Voo =525V, v. =55V 100| pA
¥ Voo =5.25V, =27V 25| pA
¥ Voo =525V, v; 04V -250| pA
Ios§ Vec =525V, Vo=05V ~-30 -70 -130| mA
lcc Voo =5.25V, V=0, Outputs open 180 mA
Ci f=1MHz, Vi=2V 8.5 pF
Co f=1MHz, Vo=2V 10 pF

T Al typical values are at Voo =5V, Tp = 256°C.

$1/0 leakage is the worst case of lozL and I or lpzH and ljH, respectively.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. V(y is setat 0.5 V to
avoid test problems caused by test equipment ground degradation.

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

TIBPAL16L8-5CJ
FROM TO TEST TIBPAL16L8-5CFN TIBPAL16L8-5CN
PARAMETER |  npuT) (OUTPUT) CONDITIONS UNIT
MIN MAX | MIN MAX
I, 1O o, /0 | With upto 4 outputs 15 5| 15 5
toa switching ns
- R1=200Q
with more than 4 '
1, 110 0, /0 outputs switching R2 = ?00 Q, 1.5 5| 15 55
o 1,10 0,110 See Figure 8 2 7] 2 7] ns
tdis I, 110 0,10 2 7 2 7| ns
PRODUCTION DATA Information lt current as of publication date.
ponfor the terms: do‘:'ln::: Instruments @
l.neﬁm testing Pt perameters. ) TEXAS
INSTRUMENTS
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TIBPAL16R4-5C, TIBPAL16R6-5C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 ~ REVISED SEPTEMBER 1992

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

Supply voltage, Vog (seeNote 1) ...vevviiiiiiiiiiiiiiiiiiiiii s e, N AY)
Input voltage (see Note 1) .........coevvnnen, e e reiereraesaaens B - XA
Voltage applied to disabled output (see Note 1) .............. e R 55V
Operating free-air temperature range ........cocvvveirvnrnesnesass e, 0°C to 75°C
Storage temperaturerange ....... e e, e .. —65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle.

recommended operating conditions

MIN NOM MAX| UNIT

Voo Supply voltage 4.75 ‘5 525 V'
VIH High-level input voltage (see Note 2) 2 5.5 \
ViL Low-level input voltage (see Note 2) 0.8 \
loH High-level output current -32]| mA
loL Low-level output current . 24| mA
folock Clock frequency 0 125 | MHz
tw Pulse duration, clock _High 4 ns
Low . 4
tsu Setup time, input or feedback before clockT 4.5 ns
th Hold time, input or feedback after clockT 0 ns
TA Operating free-air temperature 0 25 75 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester
noise. Testing these parameters should not be attempted without suitable equipment.

Pmcﬂogbmu&m‘;omnhm:{nm Imtun:o't.: »
TR ot ot 4 parsnaton. 9 doss ot TEXAS
INSTRUMENTS
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TIBPAL16R4-5C, TIBPAL16R6-5C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPt MAX| UNIT
ViK VoG =475V, Ij=-18 mA -08 -15] V
VOH VoG = 4.75V, loH =-3.2mA 24 27 v
VoL Vocc =475V, loL =24 mA 0.3 0.5 '
lozH* Voo =525V, Vo=27V 100 pA
loz.¥ Voo =5.25V, Vo =04V -100| pA
I Voo =525V, Vj=55V 100 pA
3 Voo =5.25V, Vj=27V 25 pA
¥ Voo =5.25V, Vi=04V -250 [ pA
Iosd Vog =5.25V, Vo=05V -30 -70 -130| mA
lcc Voo =525V, Vi=0, Outputs open 200 mA

I 7
G - f=1MHz, Vj=2V pF
CLK/OE 5
c vo f=1MH Vo=2V 10 F
= z, =
0 Q o 7 p!

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

TIBPAL16R4-5CJ
TIBPAL16R4-5CFN | TIBPAL16R6-5CJ
PARAMETER ANPUT) (ouTPUT) GoNDITIoNs | TTEPAL1ERE-SCFN TBPALIoResoN | UNIT
MmN Tyt MAX| MIN TYPT MAX
without feedback 125 125
fmaxﬂ with internal feedback (counter configuration) 125 125 MHz
with external feedback 117 111
tod CLKT Q 1.5 41 15 45| ns
tpd CLKT Internal feedback R1=2009, 3.5 35| ns
tod 1, 1/0 110 R2 =200 Q, 1.5 5|1 1.5 5| ns
ten OEl Q See Figure 8 1.5 6| 15 6| ns
dis OET Q 1 6.5 1 7| ns
ten 1, /0 l[e] 2 2 7] ns
tdis 1, 110 1/0 2 7 2 7| ns
tr 15 1.5 ns
t 1.5 1.5 ns
tsk (o)# Skew between registered outputs 0.5 0.5 ns

1 All typical values are at VGG = 5 V, Ta = 25°C.

1/O leakage is the worst case of gz and |j_ or lozH and |4, respectively.
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vg is setat 0.5 V to
avoid test problems caused by test equipment ground degradation.
See 'fmayx Specification’ near the end of this data sheet.

tgk (o) i8 the skew time between registered outputs.

PRODUCTION DATA Information s current as of publication date.
Products conformto specifications per the terms of Texas Instruments
standard warranty. F [ g does not

Include testing of all parameters.

*
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TIBPAL16R8-5C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D ~ D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

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

Supply voltage, Vo (SEE NOtE 1) v uvve ittt ittt sttt i o TV
Input voltage (see Note 1) ........... P - X AV
Voltageapplledtodnsabledoutput(seeNote1) L . ¥ - 1Y)
Operating free-air temperature range .......... e e e 0°C to 75°C
Storage temperature range . ......vveiiiiiirieiiiaiaeraens e arraeaeaaeaas veen... —65°C t0 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle.

recommended operating conditions

MIN NOM MAX | UNIT
Voo Supply voltage 4.75 5 525 Vv
ViH High-level input voltage (see Note 2) 2 55 \
Vit Low-level input voltage (see Note 2) 0.8 \
loH High-level output current =321 mA
loL Low-level output current 24| mA
felock Clock frequency 0 125| MHz

’ High 4

tw Pulse duration, clock A Tow 7 ns
tsu Setup time, input or feedback before clockT . 4.5 ns
th Hold time, input or feedback after clockT ) 0 ns
TA Operating free-air temperature 0 25 75 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester
noise. Testing these parameters should not be attempted without suitable equipment.

memmmmmycmmurmmmmmmu
standard warranty. P does not y
Include testing of all pwmnm.

PRODUCTION DATA information s current as of publication date. ¢
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TIBPAL16R8-5C

HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

electrical characteristics over recommended operating free-air temperature range

TIBPAL16R8-5CJ
PARAMETER TEST CONDITIONS TIBPALIGRESOFN | mmpaLisReSON |
MN TYPT max| MmN TYPT MAX
ViK Voo =475V, |==18 mA -08 =15 -08 =15 \
VoH Voo =475V, loH =-3.2mA 2.4 2.7 24 2.7 \
VoL Ve =475V, loL=24 mA 0.3 0.5 0.3 0.5 \
lozH Voc=5.25V, Vo=27V 100 100 pA
lozL Voo=525V, Vo=04V -100 -100| pA
I Vog=525V, V|=55V 100 100 pA
H Voo =525V, V=27V 25 25| pA
L Voo =525V, V=04V -250 =250 pA
los¥ Vcc=525V, Vg=05V -80 -70 -180| -30 -70 -130| mA
lcc Voc=5.25V, V=0, Outputsopen 180 180 mA
i AR MHz, Vi=2V 2 83 pF
CLK/OE 75 55
Co f=1MHz, Vo=2V 10 8 pF

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

oARAMETER | FROM 10 TEST TIBPALIGRESCFN | TIoba 1one oo ONIT
(INPUT) (OUTPUT) CONDITIONS
MIN TYPT MAX| MIN TYPT Max
without feedback 125 125
fmax§ with internal feedback (counter configuration) 125 125 MHz
with external feedback 17 111
g oLkt Q :’mc‘r‘fi’n‘: 4 outputs 200, 15 4| 15 4
ns
e I el e I
tpd11 CLKT Internal feedback 3.5 35| ns
ten OE! Q 1.5 6 1.5 6| ns
tdis OET Q 1 6.5 ns
tr 1.5 1.5 ns
1 1.5 1.5 ns
tsk (o)# Skew between outputs 0.5 0.5 ns

T All typical values are at Vgg = 5 V, TA = 25°C.
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vg is setat 0.5 V to

avoid test problems caused by test equipment ground degradation.

See 'fmayx Specification’ near the end of this data sheet.
This parameter is calculated from the measured fax with internal feedback in a counter configuration (see Figure 2 for illustration).
# tsk (o) Is the skew time between registered outputs.

PRODUCTION DATA Information Is current as of cation date.
Pmduoboomonnbl_poemmprMimmo; .n’o-t instruments

inderd
Include testing of all perameters.

TEXAS
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M TIBPAL16R8-7TM
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 ~ REVISED SEPTEMBER 1992

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

Supply voltage, Vog (S8EeNOtE 1) . vuviiiii ittt ittt it ii st it sneaenas 7V
Input voltage (SEE NOtE 1) ..ot i i it e e et it ea et nesaeereannsnenn 55V
Voltage applied to disabled output (SeeNOte 1) ....iuiiiii it it e 55V
Operating free-air temperature ranNQge .. ..vverrierrnternrennseiantnnereeesesaeannsns ~55°C to 125°C
Storage temperature raNGE .. ovv.ieri i i i it tsr et e —85°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle.

recommended operating conditions

MIN NOM MAX | UNIT

Voo Supply voltage 4.5 5 5.5 \
VIH High-level input voltage (see Note 2) 2 55 \')
ViL Low-level input voltage (see Note 2) 0.8 \'
loH High-level output current -2 mA
loL Low-level output current 121 mA
foock!  Clock frequency , 0 100 | MHz
th Pulse duration, clock E;?: Z ns
tsuf Setup time, input or feedback before clockT 7 ns
tpT Hold time, input or feedback after clockT 0 ns
TA Operating free-air temperature -55 25 125 °C

chlook» fw» tgy, and ty do not apply to TIBPAL16LS’
NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester
noise. Testing these parameters should not be attempted without suitable equipment.

PRODUG'I‘ FRETYJEIWGI t Chal mmwméw cifications
Sosmio:: ;e%mmwmm the right g‘d\angs or Tm ”
INSTRUMENTS
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TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL 16R6-7M, TIBPAL16R8-7M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 - REVISED SEPTEMBER 1992

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN TYPt  Mmax| uniT

VIK Vogc=45V, lj==-18 mA -08 -1.5 \

VOH Voc =45V, IoH=-2mA 24 2.7 \

VoL Voc =45V, loL = 12mA 025 05| V
0, Q outputs 20

! Vog=55V, =2

ozH 70 ports cc Vo=27V Too] MA
0, Q outputs -20

! Vce =55V, Vo =04V

ozL 70 poris cc o 555 HA

iy VoG =55V, V=55V 1| mA
1/O ports 100

1 Ve =55V, V=27V

H All others ce ! 5] M

I VoG =55V, V=04V —250| pA

los¥ Vog =55V, Vo =05V -30 -70 -130| mA

Icc Vog=55V, V|=GND, OE=Vjy, Outputs open 210| mA
I 8.5

G ___ f=1MHz, vj=2V pF
CLK/OE 7.5

Co f=1MHz, Vo=2V 10 pF

1 All typical values are at Vog = 5 V, Tp = 25°C.
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is setat 0.5 V to
avoid test problems caused by test equipment ground degradation.

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

PARAMETER (l';‘“,,%% (OUTPUT) TEST CONDITION MIN MAX | unIT
without feedback 100
e Comntor configraton 100 MHz
with external feedback R1=3890Q, 74
od 110 0,10 R2 =750 Q, 1 71 e
thd CLK Q See Figure 8 1 7 ns
ten OEl Q 1 8| ns
tdis OET Q 1 10| ns
ton 1,110 0,10 1 9| ns
tis e 0,110 1 0] ns

§see 'fmax Specification’ nearthe end of this data sheet. fmax does notapply for TIBPAL16L8'. fyax with external feedback is not production tested
and is calculated from the equation located in the fmax specifications section.

memm |M°ml'.ﬁ&|n m;ﬂ"lg Mm
m%m Texas lnnum reserves the right %o change or TEXAS b

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-85

PRODUCT PREVIEW



TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16L8-7M TIBPAL16R4-7M TIBPAL16R6-7M TIBPAL16R8-7M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D —~ D3359, OCTOBER 1989 ~ REVISED SEPTEMBER 1992

programming information

Texas Instruments programmable logic devices can be programmed using widely available software and
inexpensive device programmers.

Complete programming specifications, algonthms and the latest information:on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas Instruments
programmable logic is also available, upon request, from the nearest Ti field sales office, local authorized Tl
distributor, or by calling Texas Instruments at (214) 997-5666.

asynchronous preload procedure for registered outputs (see Figure 1 and Note 3)1

The output registers can be preloaded to any desired state during device testing. This permits any state to be
tested without having to step through the entire state-machine sequence. Each register is preloaded individually
by following the steps given below.

Step1.  With Vgg at 5 volts and Pin 1 at V), raise Pin 11 to Vjqn.

Step2.  Apply either Vy_or V4 to the output corresponding to the register to be preloaded.

Step3. LowerPin11toSV.

Step4. Remove output voltage, then lower Pin 11 to V). Preload can be verified by observing the
voltage level at the output pin.

Pin 11

I"—‘d_*—‘su"'th——"‘"'*_—‘d_"l

| ——ViH | VoH
Registered Output Input )—E
——VL VoL

Figure 1. Asynchronous Preload Waveforms t

T Not applicable for TIBPAL16L8-5C and TIBPAL16L8-7M.
NOTE 3: t4=1gy =th =100 ns to 1000 ns
VIHH =10.25 V t0 10.75 V

*
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

power-up reset (see Figure 2)

Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is
important that the rise of Voo be monotonic. Following power-up reset, a low-to-high clock transition must not
occur until all applicable input and feedback setup times are met.

Vee av 5V
"
| |

¢ tpd’ gl
| (600 ns TYP, 1000 ns MAX) i
Active Low ! VoH
Registered Output ' 1.5V
HE VoL
b= 1t —J|
' | ViH
CLK \1 5V ;l‘ 1.5V
4 4 ———— v
ke

1 This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
 This is the setup time for input or feedback.

Figure 2. Power-Up Reset Waveforms

*
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16R4-7M TIBPAL16R6-7M TIBPAL16R8-7M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D — D3359, OCTOBER 1989 — REVISED SEPTEMBER

fmax SPECIFICATIONS

fmax Without feedback (see Figure 3)

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback.
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (tg, + tp).
However, the minimum fmax is determined by the minimum clock period (ty, high + ty, low).

1 1

{twhigh + twiow) " (tsu + t) "
CLK

D Logic ' L> (3] TN

Array

Thus, fmax without feedback =

e B 1]

tsu+th
or —Pp
tw high + ty low

Figure 3. fmax Without Feedback

fmax With internal feedback (see Figure 4)

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.

1

Thus, fmax with internal feedback = T s tpd CIK—to-F5) °

Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.

CLK
—p— Logic L > C1 —
Array
— fefpeeed 1D
>

i oy ——+— tpd CLK-to-FB —»{

Figure 4. f,ax With Internal Feedback
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

fmax SPECIFICATIONS

fmax With external feedback (see Figure 5)

This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback
could goback to the device inputs or to a second device in a multi-chip state machine. The slowest path defining
the period is the sum of the clock-to-output time and the input setup time for the external signals

(tsu + tog CLK-0-Q).

Thus, fmax with external feedback =

(tsu + tpg CLK-to-Q)"

feeep—Pp Next Device

CLK
Logic L > C1
Array
l__ —p—1 1D
<
—

——————— tgy ———————pie— tpg CLK-10-Q —p|

e

Figure 5. fmax With External Feedback

Texas
INSTRUMENTS
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TIBPAL16R8-5C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 - REVISED SEPTEMBER 1992

THERMAL INFORMATION

thermal management of the TIBPAL16R8-5C

Minimum Transverse Air Flow — ftmin

Thermal management of the TIBPAL16R8-5CN and TIBPAL16R8-5CFN is necessary when operating at certain

conditions of frequency, output loading, and outputs switching simultaneously. The device and system
application will determine the appropriate level of management.

Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient
temperature (Ta), and transverse airflow (FPM). Figures 6 (a) and 6 (b) show the relationship between ambient
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be
determined at a particular ambient temperature and device power dissipation level in order to ensure the device

specifications.

Figure 7 illustrates how power dissipation varies as a function of frequency and the number of outputs switching
simultaneously. It should be noted that all outputs are fully loaded (C_ = 50 pF). Since the condition of eight fully
loaded outputs represents the worst-case condition, each application must be evaluated accordingly.

MINIMUM TRANSVERSE AIR FLOW

MINIMUM TRANSVERSE AIR FLOW

AMBIENT TEMPERATURE AMBIENT TEMPERATURE
1000 / 1000
/ £ / / /
800 E 800
/] [
-l B [ falpm L/
PE;I:fw :\\ g P%;Rw -\\\/ / / /
P2 0.8W ] / < PD20.8W AN y.y
400 r— Pp=0.6 W = 4 2 400 Pp=06W =9 n /
200 //// Ve £ 2°°///’/ % 4
L~ v = 1L L7 S
0 // ,/ Y ° 1 // o
0 10 20 3 40 50 60 70 80 0 10 20 30 4 50 60 70

TA — Ambient Temperature —-°C

(a) TIBPAL16R8-5CN

Figure 6

TA - Ambient Temperature — °C

(b) TIBPAL16R8-5CFN

80
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TIBPAL16R8-5C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D ~ D3359, OCTOBER 1989 - REVISED SEPTEMBER 1992

Pp — Power Dissipation —- mW

1800

1600

1400

1200

1000

800

600

THERMAL INFORMATION
POWER DISSIPATION

vs
FREQUENCY

| LT
Veeo=5V
Tao=25°C
C) =50 pF

-~
8 Outputs Switching |—] ’r.—'
7 Outputs Switching ———]

6 Outputs Switching
5 Outputs Switching
4 Outputs Switching —

3 Outputs Switching :
2 Outputs Switching = N

1 Output Switching —--‘:\
L

2 4 10 20 40 100 200
f — Frequency — MHz

Figure 7
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TIBPAL16L8-5C TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16L8-7M TIBPAL16R4-7M TIBPAL16R6-7M TIBPAL16R8-7M
HIGH- PERFORMANCE IMPAGTX ™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

PARAMETER MEASUREMENT INFORMATION

. 8V
81
R1
From Output Test
Under Test Point
CL R2
(see Note A)
LOAD CIRCUIT FOR
3-STATE OUTPUTS
3v ——— 3V
Timing 15V High-Level 15V 15V
Input A 0 Pulse | I 0
tou—te—pié—P—th e
Data ! 15V —*TS—V“' 8V ‘ Low-Level | | 3V
Input - ) ow-Level
np 0 Pulse 1.5V 15V
(see Note B) ———— ?s” Note B)
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
Output
Control
(low-level
enabling)
Waveform 1 .
81 Closed —Y

I\ 1 i
| —
vV (see Note C) — % — VoL
Out-of-Phase 20% ’ 15V 15V OH | L s e -f— VoL +05V
g s0% L VoL ten ¥ & | &
(see Note D) B3] ety Waveform 2 | ——VoH
VOLTAGE WAVEFORMS (300 NI O) 15V E von-osv
PROPAGATIONDELAYTIMEs ~ (seefoe® =~ /7 =~ N\ ~0V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS
NOTES: A. Ci_ includes probe and jig capacitance and is 50 pF for tq and tgn, 5 pF for gjs.
. All input pulses have the following characteristics: For C suffix, PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%; For M suffix,
PRR < 10 MHz, t, =t < 2 ns, duly cycle = 50% '
. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.
. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
. Equivalent loads may be used for testing.

Figure 8. Load Circuit and Voltage Waveforms
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992
metastable characteristics of TIBPAL16R4-5C, TIBPAL16R6-5C, and TIBPAL16R8-5C

At some point a system designer is faced with the problem of synchronizing two digital signals operating at two
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop
can influence overall system reliability.

Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and is said
to be in the metastable state if the output hangs up in the region between V;_and V4. This metastable condition
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum
propagation delay time (CLK to Q max).

From asystem engineering Standpoint, adesigner cannot usethe specified data sheet maximum for propagation
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet
maximum must be known before using the data in order to guarantee reliable system operation.

The circuit shown in Figure 9 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states.
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level.
The outputs of the two comparators are sampled a selected time (At) after system clock (SCLK). The exclusive
OR gate detects the occurrence of a failure and increments the failure counter.

Noise DUT ViH
Generator Comparator MTBF
Counter
Data in 1D —] 1D A
) 1D > 4
—> C1 7
> C1
ViL
Comparator
SCLK > C1
1D
> Ct
SCLK + At

Figure 9. Metastable Evaluation Test Circuit

In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied
so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 10.
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state.

Datain -—_‘ .————————
SCLK ——-——5| 1 f
| |
SCLK + At : T | : ll
Time (580) je At-p e Aty
me (sec
MTBF - # Failures

trec = At—-CLK to Q (max)

Figure 10. Timing Diagram

™
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TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
" HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 - REVISED SEPTEMBER 1992
L e

By using the described test circuit, MTBF can be determined for several different values of At (see Figure 9).
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop.
Figure 11 shows the results for the TIBPAL16’-5C operating at 1 MHz. :

109

)

é a——10yr

S0

£ 107

§ 6:—1mo

§1o = 1wk

@ 105=— 1day

g 104

E 7 l—1nr

g 103~

i 102[=—1mi . folk = 1 MHz

E 101} —10s fdata = 500 kHz
] ] | ] ] | [

] 10 20 30 40 50 60 70
At —Time Difference —ns

Figure 11. Metastable Characteristics

From the data taken in the above experiment, an equation can be derived for the metastable characteristics at
other clock frequencies.

1 ~C2 x At
MTBF = fSCLK X fdata x C1 e ( )
The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data,
these constants can be solved for: C1 = 4.37 X 102 and C2 = 2.01

Therefore

The metastable equation:

! -3 ¢ (-20 t
TTBE = 'SCLK X fdata X 487 x 1073 ¢ (201 x AY

definition of variables

DUT (Device Under Test): The DUT is a &-ns registered PLD programmed with the equation Q : = D.

MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a
violation of the device specifications.

fscLk (system clock frequency): Actual clock frequency for the DUT.

fqata (data frequency): Actual data frequency for a specified input to the DUT.
C1: Calculated constant that defines the magnitude of the curve.

C2: Calculated constant that defines the slope of the curve.

trec (Metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given
MTBEF failure rate. t,ec = At~ tpq (CLK to Q, max)

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled.

The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-5C series. For
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to Tl
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS

Circuits.”
s
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TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16L8-7M, TIBPAL16R4-7M TIBPAL16R6-7M TIBPAL16R8 ™
HIGH PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D — D3359, OCTOBER 1989 — REVISED SEPTEMBER 1992

lgL — Low-Level Output Current — mA

TYPICAL CHARACTERISTICS
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
vs vs
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
20 T T 0 T
Vec=5V, Vec=5V,
15} Ta=25°C < -10} Tao=25°C
1 20
10 g
l 30
5 S /
§ e
0 o -50 7
L] E /
= Pt 3 -60
7 3 rd
> =70
10 31: //
r -80
I 5 VvV
-15 l )
- -100
-08 06 04 02 0 02 04 06 08 0 0.5 1 1.5 2 25 3
VoL — Low-Level Output Voltage - V VoH - High-Level Output Voltage — V
Figure 12 Figure 13

SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE
220
200
,é 180
3 Vog=85V
g 160 gg Veg=525V
[-3 )¢ S
3
| 140
3 N
- \ \_ Vog=45V
120 Voo =475V
P Voo=5V
100

~75 -50 -25 0 25 &0 75 100 125
TA - Free-Alr Temperature - °C

Figure 14

*

Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-95



TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C
TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS011D - D3359, OCTOBER 1989 - REVISED SEPTEMBER 1992

TYPICAL CHARACTERISTICS

POWER DISSIPATION

vs PROPAGATION DELAY TIME
FREQUENCY vs
8-BIT COUNTER MODE - SUPPLY VOLTAGE
1100 ™ TT 6 Tao25°C
= A=
Vog=5V L =50 pF
s| Rf=2000
= Pano R2=200Q
E 1000 Ta=80°C — ! 2 1 Output Switching
4 i
2 g 4
g £ tpHL (I, /O to O, 0)
@ TA=25°C —
2 900 —t—t—— § 3| tpLH {1, VO to 0, VO)
gg- TA=0°C £ I ] 1
. 1 T 1
4 : E tpLH (CLK t0 Q) 2~
: ™1 1) Ta=0°C H 2| tpLH ~
O g0l TA=80°C £ tpHL (CLK to Q)
1
700 0 *
1 2 4 10 20 40 100 200 45 475 5 5.25 55
f — Frequency — MHz Vg - Supply Voltage -V
Figure 15 Figure 16
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs \'[
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6 r r 16 r
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CL =50 pF TA=25°C
RT =200 14 R1=200Q
§| R2=200Q R2 =200 Q
2 1 Output Switching 2 12} 1Output SWIthhlng
| |
f——t—t tpHL {1, VO to O, 1O) /
§ tpyL (4 VO to O, 1/0) I é 10 _\,/
g LT T—T 1 o prd
™ tpLH (, VO t0 O, 1O 5 »
a PLH (i, /O t ) a tpHL (CLK to Q)— 127~ /
5 I ] | A
2 " g 6 =
® 2 —
g PLH(CLKI0 Q) L LK 10 Q) g
3 PHL I3 4 -~
S « Z Nty 0, 10 10 0, 10)
2 \ tpLp (CLK 0 Q)
0 [}
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Figure 17 Figure 18
INSTRUMENTS

2-96

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS
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TYPICAL CHARACTERISTICS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

SKEW BETWEEN OUTPUTS PROPAGATION DELAY TIME
vs vs
NUMBER OF OUTPUTS SWITCHING NUMBER OF OUTPUTS SWITCHING
0.8 r T 6 T T
2 Vog=5V 1 Veg=5V
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k> Rz=2000 5 rT=2000
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0.5 E a
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S o4 § ——
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Figure 19 Figure 20
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS008D - D3115, MAY 1988 — REVISED MARCH 1992

TIBPAL16LS’

¢ High-Performance Operation: C SUFFIX... J OR N PACKAGE

fmax (no feedback) M SUFFIX . .. J PACKAGE
(TOP VIEW)

TIBPAL16R’-7C Series . . . 100 MHz Min

TIBPAL16R’-10M Series . . . 62.5 MHz Min
fmax (internal feedback)

TIBPAL16R’-7C Series . . . 100 MHz Min

TIBPAL16R’-10M Series . . . 62.5 MHz Min
fmax (external feedback)

TIBPAL16R’-7C Series . . . 74 MHz Min

TIBPAL16R’-10M Series . . . 52.5 MHz Min
Propagation Delay

TIBPAL16L’-7C Series . .. 7 ns Max

TIBPAL16L’-10M Series . . . 10 ns Max

® Functionally Equivalent, but Faster than,
Existing 20-Pin PLDs

® Preload Capability on Output Registers TIBPAL16L8'
Simplifies Testing MSUFFIX .. FK PAGKAGE
® Power-Up Clear on Registered Devices (All (TOP VIEW)
Register Outputs are Set Low, but Voltage &
Levels at the Output Pins Go High) __95,

® Package Options Include Both Plastic and s 2 1 2019

Ceramic Chip Carriers in Addition to Plastic 1[4 18[] 110
and Ceramic DIPs Ils 174 110
. I e 16[] 1o
[ J
Security Fuse Prevents Duplication ik 150 1o
® Dependable Texas Instruments Quality and tH8 o 4 o 110
Reliability e
DEVICE I 3-STATE REGISTERED 110 % o g
INPUTS | O OUTPUTS QOUTPUTS PORTS O]
PAL16L8 10 2 0 6
PAL16R4 8 0 4 (3-state buffers) 4 Pin assignments in operating mode
PAL16R6 8 0 6 (3-state buffers) 2
PAL16R8 8 0 8 (3-state buffers) 0
description

These programmable array logic devices feature high speed and functional equivalency when compared with
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically
resultsinamore compact circuitboard. In addition, chip carriers are available for futher reduction inboard space.

Allofthe register outputs are set to a low level during power-up. Extra circuitry has been provided to allow loading
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers
can be set to an initial state prior to executing the test sequence.
The TIBPAL16’ C series is characterized from 0°C to 75°C. The TIBPAL16' M series is characterized for
operation over the full military temperature range of —-55°C to 125°C.

These devices are covered by U.S. Patent 4,410,987.

IMPACT-X is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Advanced Micro Devices Inc.

PRODUCTION DATA information is cument ss of publication date. i
Prodicts confom o specifations per the e of Texss nsrumens # Copyright © 1992, Texas Instruments Incorporated
. F i nof y

stendard warra g Include
wsting of all parameters.
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TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D -~ D3115, MAY 1988 — REVISED MARCH 1992

TIBPAL16R4’
C SUFFIX...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R6’
C SUFFIX...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R8’
C SUFFIX...J ORN PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R4’
C SUFFIX. .. FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)
%80
—_ 0> =
| 43 2 1 201918 /o
115 17 @
I1le 16 Q
17 1sfjQ
| 141} Q
891011 1213[

T2lseg

TIBPAL16R6’
C SUFFIX . .. FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)

14
9 10 11 1213
h
T
2lge e

TIBPAL16R8’
C SUFFIX ... FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)

%8
——0>0

321219
18[]

17
16
15

© N oo oA
DOOOO

14
9 10 11 1213
o T T Y ¥ o

- (18]
Slgcc
&

Pin assignments in operating mode
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TIBPAL16L8-7C, TIBPAL16R4-7C
TIBPAL16L8-10M, TIBPAL16R4-10M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 — REVISED MARCH 1992

functional block diagrams (positive logic)
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TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 ~ REVISED MARCH 1992

functional block diagrams (positive logic)
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TIBPAL16L8-7C
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HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 — REVISED MARCH 1992

logic diagram (positive logic)
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TIBPAL16R4-7C
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HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS
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logic diagram (positive logic)
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TIBPAL16R6-7C
TIBPAL16R6-10M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS006D — D3115, MAY 1988 — REVISED MARCH 1992

logic diagram (positive logic)
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TIBPAL16R8-7C
TIBPAL16R8-10M
HIGH-PERFORMANCE /MPA CT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 ~ REVISED MARCH 1

logic diagram (positive logic)
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HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (see Note 1) ......... Cireeaneas et e e, 7V
Input voltage (seeNote 1) ............ccnen.n. et eeeeieraeeaiseereaa e e 55V
Voltage applied to disabled output (SEeNOte 1) ......iiiiiiiii it 55V
Operating free-air temperaturerange .........c..ccoevvenennnn. e 0°C to 75°C
Storage temperature raNGE .. cu.viei ittt iii e ie it e -65°C to 160°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
: MIN NOM MAX | UNIT
Veco Supply voltage 4.75 5 525 V)
VIH High-level input voltage (see Note 2) 2 5.5 \
ViL Low-level input voltage (see Note 2) 0.8 Vv
loH High-level output current =321 mA
loL Low-level output current 24| mA
folock Clock frequency 0 100 | MHz
High 5
tw Pulse duration, clock (see Note 2) Tow 5 ns
tsu Setup time, input or feedback before clockT 7 ns
th Hold time, input or feedback after clockT 0 ns
TA Operating free-air temperature 0 25 75 °C

noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics over recommended operating free-air temperature range

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester

PARAMETER TEST CONDITIONS MmN TYPt  MAX| uNIT
VIK Voo =475V, lj=-18mA -08 =15 \
VOH Vec=4.75V, loH =-3.2mA 2.4 3.2 \
VoL Ve =475V, loL =24 mA 0.3 0.5 Vv
lozn¥ Voo =5.25V, Vo=27V 100 pA
lozL¥ Voc =525V, Vo =04V -100| pA
Iy Vog =5.25V, V|=55V 100 | pA
It Vog =5.25V, V)=27V 25 pA
Mk Voo =525V, V=04V -80 -250| pA
los® Voo =5.25V, Vo=05V -30 -70 -130| mA
lcc Voo =525V, V=0, Outputs open 160 180 mA
G f=1MHz, Vj=2V 5 pF
Co f=1MHz, Vo=2V pF
Colk f=1MHz, VoK =2V 6 pF

T All typical values are at Vgg = 5 V, Ta = 25°C.
tuo leakage is the worst case of Igz|_ and |j_ or IlozH and |4 respectively.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is setat 0.5V to

avoid test problems caused by test equipment ground degradation.
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPS006D — D3115, MAY 1988 — REVISED MARCH 1992

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

PARAMETER (I';‘Rg}‘n (ou:'gun TEST CONDITION MmN TYPt  max| uniT
without feedback 100
fmax foounte configuraton) 100 MHz
with external feedback 74
1 or 2 outputs switching 3 5.5 7
fpd Vo 0.Vo 8 outputs switching R1=200Q, 3 6 7.5 ns
tod CLKT Q R2=390Q, 2 65| ns
todd CLKT Feedback input See Figure 6 3| ns
ton OEl oQ 4 75| ns
tdis OET Q 4 75| ns
ten 1, 110 O, /0 6 9 ns
tis I, /O 0,110 6 9| ns
tsk(o)ﬂ Skew between registered outputs 0.5 ns

1 All typical values are at Vgg = 5 V, Tp = 25°C.
See section for fry 5y specifications.
This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 4 forillustration) and is calculated from the measured f g with internal
feedback in the counter configuration.

T This parameter is the measurement of the difference between the fastest and slowest tod (CLK-t0-Q) observed when multiple registered outputs
are switching in the same direction.
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE IMPACT-X ™ PAL® CIRCUITS

SRPS006D ~ D3115, MAY 1988 — REVISED MARCH 1992

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

Supply voltage, Vo (see Note 1) .........cvveitn, e e eerereieie ey 7V
Input voltage (SEE NOtE 1) .. iei ittt i i ittt ittt e st iaa i aaes ... 55V
Voltage applied to disabled output (see Note 1) .................. e e .... 85V
Operating free-air temperature range ......... et -55°C to 126°C
Storage temperaturerange ...........oiiiiiiin e e, -65°C to 160°C

NOTE 1: These ratings apply.except for programming pins during a programming cycle.

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 \
VIH High-level input voltage 2 5.5 Vv
ViL Low-level input voltage 0.8 \
loH High-level output current -2| mA
loL Low-level output current 121 mA
folock]  Clock frequency 0 62.5| MHz
tw Pulse duration, clock (see Note 2) High 8 ns

Low 8

tsuf Setup time, input or feedback before clockT 10 ns
thT Hold tire, input or feedback after clockT 0 ns
TA Operating free-air temperature -55 25 125 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester

noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MmN TYPt MAX| uniT

ViK Voe = 45V, f|=—18 mA 08 -15| V

VOH Voo =45V, IoH =2 mA 24 82 v

VoL Voo =45V, loL=12mA 0.3 0.5 Vv

lozn* Voo =55V, Vo =27V 100 pA
ozt %Qp:”r:”“ Voo =55V, Vo =04V -:)oz; mA
N Voo =55V, Vi=55V 1] mA
m Kﬁ;::; Voo =55V, V=27V 122 "y
¥ Voo =55V, V=04V -008 -025| mA
logd Voo =55V, Vo=05V -30 -70 -130]| mA
lcc Vec=565YV, V| =GND, Outputs open 140 2001 mA
Gi f=1MHz, V=2V 5 pF
Co T=1 MHz, Vo=2V 6 oF
Coli/oe f=1MHz, VCLK/OE=2V 6 pF

T Al typical values are at Voo = 5 V, T = 26°C.
1/O leakage is the worst case of Igz| and lj_or lozH and lj4 respectively.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is setat0.5 V to
avoid test problems caused by test equipment ground degradation.
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TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS006C — D3115, MAY 1988 — REVISED OCTOBER 1990

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

PARAMETER (,';ﬁ,%'% (ouz‘gun TEST CONDITION MmN Typt  MAX| uNiT

without feedback 62.5

+ with internal feedback

fmax (counter configuration) 625 MHz

with external feedback 52.5
tpd I, 110 0, /0 R1=390Q, 2 6 10 ns
= Q, : 9 ns

thd CLKT Q R2 =750 1 4
& CLKT Feedback input See Figure 6 5| ns
g

ten OEl Q 1 4 10| ns
tdis OET Q 1 4 10| ns
ton A 0,110 2 6 12| ns
tdis 1,10 0,10 1 5 10| ns

1 All typical values are at Voo = 5 V, Ta = 25°C.
See section for fyax specifications. fmay with external feedback is not production tested but is calculated from the equation found in the fyax

section.
§ This parameter applies to TIBPAL16R4’ and TIBPAL16R6’ only (see Figure 4 forillustration) and is calculatedfrom the measured fyy, o withinternal

feedback in the counter configuration.

*p
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6-10M, TIBPAL16R8-10M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 — REVISED MARCH 1992

programming information

Texas Instruments programmable logic devices can be programmed using widely available software and
inexpensive device programmers.

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas Instruments
programmable logic is also available, upon request, from the nearest Tl field sales office, local authorized Ti
distributor, or by calling Texas Instruments at (214) 997-5666.

preload procedure for registered outputs (see Figure 1 and Note 3)

The output registers can be preloaded to any desired state during device testing. This permits any state to be
tested without having to step through the entire state-machine sequence. Each register is preloaded individually
by following the steps given below.

Step 1. With Vgg at 5 volts and Pin 1 at Vy, raise Pin 11 to Vjqn.
Step 2.  Apply either V|_ or V|4 to the output corresponding to the register to be preloaded.
Step 3.  Pulse Pin 1, clocking in preload data.

Step 4. Remove output voltage, then lower Pin 11 to V). Preload can be verified by observing the
voltage level at the output pin.

N~~~ ViHH
Pin 11 / I\
viL
| le— tou ! le tg—! |
-ty }4— tw —b{ | :
! ' "—“J'—'-"—r— —————— ViH
Pin 1 ! | ' |
] ] ] | "
L N N
Registered I/O Input Output
—T= VL VoL

Figure 1. Preload Waveforms

NOTE 3:t4 =tgy = th, = 100 ns to 1000 ns V|HH = 10.25 Vt0 10.75 v
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8-10M TIBPAL16R4_10M TIBPAL16R6-10M TIBPAL16R8-10M
HIGH- PERFORMANCE IMPACTX ™ PAL® CIRCUITS

SRPS006D — D3115, MAY 1988 — REVISED MARCH 199;

‘power-up reset (see Figure 2)

Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is
important that the rise of Vo be monotonic. Following power-up reset, a low-to-high clock transition must not
occur until all applicable input and feedback setup times are met.

Vee 4V 5V
/|
] tpdf

<
<

|
| 1
| (600 ns TYP, 1000 ns MAX) :

Active Low ) VoH
Registered Output - 18V

1T VoL

= g _J|
I | ViH

CLK \1 5V ;lf 1.5V

' +———— vy

l<— :w—————>l

1 This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
This is the setup time for input or feedback.

Figure 2. Power-Up Reset Waveforms
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8-10M, TIBPAL16R4-10M TIBPAL16R6-10M TIBPAL16RS-10M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 — REVISED MARCH 1992

fmax SPECIFICATIONS

fmax Without feedback, see Figure 3

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback.
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (g + th).
However, the minimum fr,ax is determined by the minimum clock period (ty high + ty low).

1 1
(twhigh + twlow) O (su + t)

Thus, fmax without feedback =

CLK

B o LOGIC L> C1 jrmmemame

ARRAY

p—Pp—rv 1D

tsu + th
or ———Pp
tw high + ty, low

Figure 3. fmax Without Feedback

fmax With internal feedback, see Figure 4

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop.

1

(tsu + tpd CLK-to-FB) -

Thus, fmax with internal feedback =

Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.

CLK
—p— LOGIC L> Cc1 —
ARRAY
— > 1D
<

—— t5y —+— tpd CLK-to-FB —-’

Figure 4. f,ax With Internal Feedback
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
T|BPAL16L8-10M TlBPAL16R4-10M TIBPAL16R6-10M TIBPAL16R8-10M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 - REVISED MARCH 1992

fmax SPECIFICATIONS

fmax With external feedback, see Figure 5

This configuration is'a typical state-machine design with feedback signals sent off-chip. This external feedback
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining
the period is the sum of the clock-to-output time and the input setup time for the external signals
(tsu + tpd CLK'tO'Q).

Thus, fmax with external feedback = !

(tsu + tpd CLK-t0-Q)

CLK
LOGIC L > C1 jeeg@—Jp NEXT DEVICE
ARRAY
l— —p—1 1D
¢
<
tsu :I: tpd CLK-10-Q —ple- tsu->|

Figure 5. fax With External Feedback

Texas
INSTRUMENTS

2-114 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8-10M, TIBPAL16R4-10M TIBPAL16R6- 10M, TIBPAL16R8 10M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D - D3115, MAY 1988 — REVISED MARCH 1992

PARAMETER MEASUREMENT INFORMATION

5V

L

81

R1

From Output Test
Under Test Point

CL R2
(see Note A)

LOAD CIRCUIT FOR

3-STATE OUTPUTS
T —— BSV)BV]
High-Level
Timing sy @BsvVBEV Pulse 15V 15V
Input . | | (0.3 V) [0]
- ©3V)[0] — ty —¥
tsu—¢—plE P th ! I
| d——— B5V)[3V] 35v)[3V]
Data 15V 15V Low-Level 15V 15V
Input Pulse
(0.3 V) [0] ~——= (03V)[0]
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
Output 8.5V)[3V]
_____ (3.5V)[3V] Control
Input 1.5V 1.5V (low-level
| [ (0.3V) [0] enabling) A s
tpd —t—! e .J tpd
In-Phase | l —15—vVOH ~33V
Output | E Waveform 1 Vol +0.5V
[ VoL S1 Closed __w¥ o
—p—t (see Note B) — VoL
tod ——i | pd *
| I VoH
Out-of-Phase |
Output 1.5V 1.5V Waveform 2 _‘*"‘ — VoH
see Note D, — — =V, $1Open
¢ ) oL (see Note B) : g3 VOH 0.5V
VOLTAGE WAVEFORMS =0V
PROPAGATION DELAY TIMES

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. C| includes probe and jig capacitance and is 50 pF for tpq and tep, 5 pF for igjs.
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.
C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (), PRR <1 MHz,
= { = 2 ns, duty cycle = 50%; For M suffix, use the voltage levels indicated in brackets [ ], PRR <10 MHz, t, and < 2 ns, duty
cycle = 50%
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.
E. Equivalent loads may be used for testing.

Figure 6. Load Circuit and Voltage Waveforms
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8~10M TIBPAL16R4-10M TIBPAL16R6-10M TIBPAL16R8-10M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS006D ~

D3115, MAY 1988 — REVISED MARCH 199

TYPICAL CHARACTERISTICS

SUPPLY CURRENT PROPAGATION DELAY TIME
vs vs
FREE-AIR TEMPERATURE : SUPPLY VOLTAGE

220 8

7
200

r—
I —— 72 e 6
§| 180 S — “\VCCQ?V\ é ‘PHL @ vo toO I/O)

8 =525 E S~ tpLp (b VO too o) |
g +— VN = LH
3 - S~ ch L & ] I I
z 160 B =5y ~J 8 4 tpHL (CLK t0 Q)

a — | | |

[ —— 2 1 1
r— 3
5, 140 \VCO *4.?51, §, tpLH (CLK to Q)

[¢] Co = -9

o C=q . ] 2} Ta=25°C
- TN o ct =50 pF

120 RT=200Q
1} R2=3900
1 Output Switching
1w o 1 1 L
75 -50 -25 O 25 50 75 100 125 a5 4.75 5 5.25 55
TA —Free-Air Temperature —-°C Ve - Supply Voltage -V
Figure 7 Figure 8
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs \' ]
FREE-AIR TEMPERATURE LOAD CAPACITANCE
8 16 T
Veg=5V
Ta=25°C
! tpHL (1, VO to O, 1/0) 1 A=z -
, R2=390 O
2 6 ] ] -2 12} 1Output Switching ]
-

: . / " —
g 5 tpLH (1, VO to 0, 1/0) ] g - "
£ 1 I s
§ . } “"',/ § 8 pd 'A —

3 tPHL (CLK to Q) — - P %/\— tpLH (CLK to Q)|
(-] - (-] -

g tpLH (CLK to Q) § S~ - tPHL (CLK to Q)

8 g / tpHL (I, /O to O, VO)

g 2} Vec=5V g' 4 ,/ | | ]
£ Cy =50 pF a tpLH (1, VO to O, VO)

R1=200Q
1 R2=3900 2

1 Output Switching

1 1 1
0
75 50 -25 0 25 50 75 100 125 0 100 200 300 400 500 GO0
TA —Free-Air Temperature —°C CL - Load Capacitance — pF
Figure 9 Figure 10
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TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C
TIBPAL16L8-10M, TIBPAL16R4-10M TIBPAL16R6-10M TIBPAL16R8 10M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

RPS006D — D3115, MAY 1988 — REVISED MARCH 1992

TYPICAL CHARACTERISTICS
POWER DISSIPATION

vs PROPAGATION DELAY TIME?
FREQUENCY vs
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING
1000 —1—— T @ 0.8 T T
J/ B Y
/;/ 2 07r Ri=2000
£ R2 =390 Q
z A £ o6l CL=50pF ®
E 900 ITA =0°C - dV% H | s-BitCounter L
5 T g *
E _--‘/ 7 0.5
'g. / g. ®
2 800 Ta=25°C L ° 04
a 3 ®
g TA=80°C 2
Q 0.3
S o
n z
n 700 £ (]
o® 3 0.2
E» 0.1
]
600 L l or
1 4 10 40 100 2 3 4 5 6 7 8
F- Fréquency —MHz Number of Outputs Switching
Figure 11 ' Figure 12

PROPAGATION DELAY TIME
vs
NUMBER OF OUTPUTS SWITCHING

7
tpHL (I, VO to O, I/O)
@ 6 | | ] Ld T
1
BEREEBOE
£ 5| tLu(, 100 0,10)
=
> o
T 4 L tpHL (CLK to Q)
F I
s ¢ l ¢ b o ¢
'E, 3 tpLH (CLK to Q)
a |
E 2r Vec=5V
Ta=25°C
1} cL=50pF
RT =200 Q
R2=390 0
0

0 1 2 3 4 5 6 7 8
Number of Outputs Switching

Figure 13

Toutputs switching in the same direction (tp compared to PPLH/PHL to tPHL)
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16L8-12M, TIBPAL16R4-12M TIBPAL16R6-12M TIBPAL16R8-12M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

RPS017 ~ D3023, MAY 1987 ~ REVISED MARCH 1992

® High-Performance Operation:
fmax (W/o feedback)
TIBPAL16R’-10C Series . . . 62.5 MHz Min
TIBPAL16R’-12M Series . . . 56 MHz Min
fmax (with feedback)
TIBPAL16R’-10C Series . . . 55.5 MHz Min
TIBPAL16R’-12M Series . . . 48 MHz Min
Propagation Delay
TIBPAL16L’-10C Series . .. 10 ns Max
TIBPAL16L’-12M Series . . . 12 ns Max

® Functionally Equivalent, but Faster than,
Existing 20-Pin PLDs

® Preload Capability on Output Registers
Simplifies Testing

® Power-Up Clear on Registered Devices (All
Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

® Security Fuse Prevents Duplication

® Dependable Texas Instruments Quality and

Reliability
DEVICE I 3-STATE REGISTERED ]
INPUTS | O OUTPUTS QOUTPUTS PORTS
PAL16L8 10 2 0 6
PAL16R4 8 0 4 (3-state buffers) 4
PAL16R6 8 0 6 (3-state buffers) 2
PAL16R8 8 0 8 (3-state buffers) 0
description

TIBPAL16L8’

C SUFFIX...J ORN PACKAGE

M SUFFIX ... J PACKAGE

(TOP VIEW)

TIBPAL16LS8’
C SUFFIX. .. FN PACKAGE
M SUFFIX.. . FK PACKAGE

(TOP VIEW)

Pin assignments in operating mode

These programmable array logic devices feature high speed and functional equivalency when compared with
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically
results ina morecompact circuitboard. In addition, chip carriers are available for futher reduction in board space.

All of the register outputs are setto a low level during power up. Extracircuitry has been provided to allow loading
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers

can be set to an initial state prior to executing the test sequence.

The TIBPAL16’ C series is characterized from 0°C to 756°C. The TIBPAL16’ M series is characterized for

operation over the full military temperature range of -565°C to 125°C.

These devices are covered by U.S. Patent 4,410,987.
IMPACT-X is a trademark of Texas Instruments Incorporated
PAL is a registered trademark of Advanced Micro Devices Inc.

Pieducn conform to specifications ponho terms of Texas Instruments
warranty, P does not y include
tuﬂm of all parameters.

PRODUCTION DATA information is current as of publication date. ‘!
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TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
HIGH-PERFORMANCE IMPACT-X ™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 - REVISED MARCH 1992

TIBPAL16R4’
C SUFFIX ...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R6’
C SUFFIX ...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

(TOP VIEW)

TIBPAL16R8’
C SUFFIX ...J OR N PACKAGE
M SUFFIX. .. J PACKAGE

TIBPAL16R4’
C SUFFIX ... FN PACKAGE
M SUFFIX . .. FK PACKAGE

(TOP VIEW)

380
- 0> =

32120191

5

©® N O G s
>
0D OO

14[]

9 10 11 1213
e ¥ o o { o | o

- L
2leLe
&

TIBPAL16R6’
C SUFFIX ... FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)

%80
- 05 =

32 1 2019
18]

17
18[]

15%
14

9 10 11 1213

©® N o o
DO0OOLO

————
2leeoc
5

TIBPAL16R8’
C SUFFIX ... FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW) (TOP VIEW)
I5 8
—_ 05 ¢
32 12019
Iy 18[] Q
11]s 17 @
s 1s[]Q
g7z 15 Q
1s 14 a
g 10 11 1213
o ¥ o oo | oo ¥ o |
el LL)
olgo
o

Pin assignments in operating mode
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TIBPAL16L8-10C, TIBPAL16R4-10C
TIBPAL16L8-12M, TIBPAL16R4-12M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1992

functional block diagrams (positive logic)

TIBPAL16L8’
& EN 21
32X64) 7/ v o
/\
7/ o
7
16 x>
1y L L P& —e»— 10
7 4
7 D—K—Qb——- vo
//
6 16 7/ :)—k—-‘-’—- vo
// b+’\/ /
7 vo
// 3—&—4-)—
7 —4p— /0
// 3‘&
7/ —<4p— VO
7
8 -
[ -
TIBPAL16R4’
OE EN2
CLK > C1
-y r
& 8/ 21 I=0 2y p————Q
32x64[ 7 1D I
8/ D— Q
7 L
8/ D— Q
16 x D> 7 I
8 16,
7 7 1"\ 8/ D Q
/ I
4y
7/ EN >1 10
4/ 16, ~ G D—V—d—b————
7 D — a1 /o
7 N
L\ - ..
7 <) 1o
7 N
7 D—e-1—<4> /o
Y <
4, <
T4,

"\ denotes fused inputs
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TIBPAL16R6-10C, TIBPAL16R8-10C
TlBPAL16R6-12M TIBPAL16R8-12M
HIGH-PERFORMANCE /MPA CT-X™ PAL® CIRCUITS

SRPS017 ~ D3023, MAY 1987 — REVISED MARCH 1

functional block diagrams (positive logic)

TIBPAL16R6’
OE EN2
CLK > C1
) r
& 8/ 21 Iz0 2vp————a
32X64[ 7/ 1D —\
8/ D— Q
7 I
8 D— Q
16 x D> //
8/ 16, \
! 7 1~ 8/ ] Q
6 7 I
/
4 8// D— Q
2, 16 —\
o
/ 8/ )-—'—— Q
7 I
EN 21
7/ v p—\—*»———— o
7
7/ D—e—<4» Vo
7 N ;
2/ <
/ -
6, <
TIBPAL16R6’
OE EN2
CLK > C1
-] r
& 8/ 21 1=0 2vp————0Q
32xe64) / 1D S
8// o— Q
8/ D— Q
16 x > 7 T
! 8/ 161
7 7 17\ z;/ ——] Q
8/ D—— Q
8, 16, / —
/ i 8/ D—— Q
: 7
[\
8/ D— Q
/ .
8/ D— Q
7 I
8 -
\_ denotes fused inputs /
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TIBPAL16L8-10C
TIBPAL16L8-12M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

RPS017 - D3023, MAY 1987 - REVISED MARCH 1992

logic diagram (positive logic)
1

|
Increment
First VAN

Fuse
Numbers /0 4 8 12 16 20 24 28 31\

98 19

352 18

vo

608 17

vo

884 16

vo

120 15

vo

1376 14
1408 - - ———— VO

1632 13

vo

]

o
U

o]

Fuse number = First fuse number + Increment
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TIBPAL16R4-10C
TIBPAL16R4-12M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 — D3023, MAY 1987 — REVISED MARCH 1992

logic diagram (positive logic)
CLK 1—[} :

Fuse / \
Numbers O 4 8 12 16 20 24 28 31

Increment

! 19
Vo

18

Vo

2BE8EE
3 OO0

17

2
zse
Lg

8
I
o
|
[~]

5 . 92 . e

;
A

2
1
-
Ou
1
[~]

—Db — K

1568

by 13

1632

1664 Vo
1696

1728

17.60

1888 12
1920 Vo

Fuse number = First fuse number + Increment
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TIBPAL16R6-10C
TIBPAL16R6-12M

HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

S017 ~ D3023, MAY 1987 - REVISED MARCH 1992

logic diagram (positive logic)

CLK l—D

Increment
First A
Fuse / \
Numbers © 4 8 12 16 20 24 28 . 31
0 » .
32 I
:: 19
128 Vo
180
192
2 22
L _D-F %.Q
258
a0
362 1=0 18
384 H1D | Q

1
o
|
o

v
e

E
1
-
o
o

h 4
\'4
(2]
-

-~
TR
Q; 493 -y
o
Q "3
|
Y
]

(-]
78
r
Vv
(2]
-

12

/o]

-]
23888883
JOUBUDU]

Fuse number = First fuse number + Increment

™
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TIBPAL16R8-10C
TIBPAL16R8-12M

HIGH-PERFORMANCE IMPACT-X ™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1992

logic diagram (positive logic)

1
OLK-—-|>
Increment
First A
Fuse / \
Numbers O 4 8 12 16 20 24 28 3t
%2
% : =0 19
= 1 R et
192 L o1
2\ 3,
11—k ,_K)___j
gg:
b 1=0] 9
362 = 8
384 HiD ] Q
416
3 :}3 ] H>C1
—=Db KH
i
576 —51
s Hio IRI7 o
672
4 ;oa: H>C1
Ak K=
=
832 =%
864 = 16
e HID Q
9260
5 , 992 ) > C1
=D K+
=
1088 =0
iy 15
ez Hip [ Q
1218
1248 H>C1
12 44_.___7
1280
a
=0
Yaoe : IR LI
i
> C1
7 1504 PRt
I Jq___j
-
B I=0
13
102 15710
1728
C1
g 180 ) >
R =
=
:m 1=0 12
1020 H1D Q
1952 L

Fuse number = First fuse number + Increment
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 - REVISED MARCH 1992

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

Supply voltage, Voo (888 NOE 1) ... ittt it ettt e it eaaas 7V
Input voltage (seeNote 1) ....oovineniiiiiiniinta i 55V
Voltage applied to disabled output (sSeeNote 1) ..ot e s 55V
Operating free-air temperature raNQge - .. ..vvuvtniuet e rnatanee i e anrenneaaeaennns 0°Cto 75°C
Storage temperature ranNge .. vuv ittt e ettt et ety -65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
MIN NOM MAX| UNIT
\/ele] Supply voltage 4.75 5 5625 "
VIH High-level input voltage (see Note 2) 2 5.5 \"
VIL Low-level input voltage (see Note 2) 0.8 "
loH High-level output current -3.2| mA
loL Low-level output current 24| mA
folock Clock frequency 0 62.5| MHz
High 8
tw Pulse duration, clock (see Note 2) Tow B ns
tsu Setup time, input or feedback before clockT 10 ns
th Hold time, input or feedback after clockT 0 ns
TA Operating free-air temperature 0 25 75 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester

noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MmN TYPt  MAX| unIT
VIK Voo =475V, lj=-18 mA -08 -1.5 \
VoH Voo =475V, loH=-3.2mA 24 3.2 v
VoL Vec=4.75V, loL =24 mA 0.3 0.5 \
lozH* Vog=5.25V, Vo=24V 100 pA
loz. ¥ Voo =525V, Vo =04V -100| pA
] Voo =5.25V, V=55V 02| mA
Mt Voo =525V, Vi=24V 25| pA
I VGG =525V, Vi=04V -0.08 -025| mA
los® VoG =525V, Vo =0 -30 -70 -130| mA
lcc Veec=5.25V, Vi=0, Qutputs open 140 180 mA
Ci f=1MHz, V=2V 5 pF
Co f=1MHz, Vo=2V 6 pF
Ci/o f=1MHz, Vijo=2V 7.5 pF
Colk f=1MHz, VoLk =2V 6 pF

Tan typical values are at Voo =5V, Ta = 25°C.
1/O leakage is the worst case of loz| and lj_ or lozH and l|4 respectively.

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

*

Texas
INSTRUMENTS

POST OFFICE BOX 665303 ® DALLAS, TEXAS 75265

2-127



TIBPAL16L8-10C, TIBPAL16R4-1OC TIBPAL16R6-1OC TIBPAL16R8-10C
HIGH-PERFORMANCE IMPACTX ™ PAL® CIRCUITS

SRPS017 — D3023, MAY 1987 ~ REVISED MARCH 1992

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

PARAMETER (,F,?P"U'.f) © u;?vur) TEST CONDITION MIN TYPt  MaX | UNIT
. With feedback 555 80 e
max Without feedback 625 85 ‘
tod ) 0,10 R1=200Q, 3 7 10| ns
tod CLKT Q R2 = 390 Q, 2 5 8| ns
ton OEl , Q See Figure 3 1 4 10| ns
dis OET Q 1 4 10| me
ton Lo 0,10 3 8 10| ns
is /0 0,10 38 10| ns

T All typical values are at Vo = 5V, Ta = 25°C.

* e . 1
fmax(\‘l“h feedback) tsy + t pd (CLK to Q) ’ fmax(WIthOlﬂ fee&eck) = m

*
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS017 — D3023, MAY 1987 — REVISED MARCH 1992

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

Supply voltage, Vo (see Note 1) .....oovvntet e et e reeae et i, 7V
Input voltage (SEE NOtE 1) L v it i i i ettt sttt it s i e anes 55V
Voltage applied to disabled output (seeNote 1) .................. et 55V
Operating free-air temperature range ....... et e it e e e, —-55°C to 125°C
Storage temMpPeratUrE rANGE .. ov vttt tieaese e eneanenasaeeansnereansasanennens —-65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

MIN NOM MAX | UNIT
Vee Supply voltage 4.5 5 5.5 '
VIH High-level input voltage 2 5.5 Vv
VIL Low-level input voltage 0.8 \'
loH High-level output current -2| mA
loL Low-level output current 12] mA
fclockf Clock frequency 0 56 | MHz
tw Pulse duration, clock (see Note 2) High o ns

! Low 9

tsuf Setup time, input or feedback before clockT 11 ns
thT Hold time, input or feedback after clockT 0 ns
TA Operating free-air temperature ~55 25 125 °C

NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester

noise. Testing these parameters should not be attempted without suitable equipment.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS MIN Tyt  MAX| uniT
VK VoG = 4.5V, Ij=—18 mA 08 -15| V
VOH Veoc=45V, loH =—2 mA 24 3.2 \'
VoL Veo=45YV, loL=12mA 0.3 0.5 \
lozn¥ Veg =55V, Vo =24V 100] pA
lozL¥ Voo =55V, Vo =04V -100| pA
It VoG =55V, V=55V 02| mA
it VoG =55V, V)=24V 25| pA
MK Voo =55V, V)=04V -008 -0.25| mA
losd Voo =55V, Vo=05V —30 -70 -250] mA
lcc Veg=5.5V, Vi = GND, Outputs open 140 220 mA
Ci f=1MHz, Vi=2V » 5 pF
Co f=1MHz, Vo=2V 6 pF
Ci/o f=1MHz, Vijo=2V 7.5 pF
Ceolk =1 MHz, VoK =2V 6 pF

T All typical values are at VoG = 5 V, TA = 25°C.

tio leakage is the worst case of Igz|_ and lj_ or IozH and |j4 respectively.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vg is setat 0.5 V to
avoid test problems caused by test equipment ground degradation.

s
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TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1992 -

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

PARAMETER (‘r;‘ngj% (ouggur) TESTCONDITION | MIN TYPT max| uniT
f With feedback B 80 T
max Without feedback 56 85
tod ) 0,10 R1=3900, 37 12| m
tod oLKT Q R2 =750 9, 2 5 10| ns
ton OEl Q See Figure 3 1 4 10| ns
is OET Q 1 2 10|
ton ) p 0,10 38 14| m
idis 10 0,10 28 12| =

T All typical values are at Vog = 5 V, Ta = 25°C.

¥ fmax(with feedback) = ——— —— 1
max( ) teu + tpd (ClKt0 Q) fmax(without feedback) = m

*
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16L8-12M, TIBPAL16R4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 —~ REVISED MARCH 1992

programming information

Texas Instruments programmable logic devices can be programmed using widely available software and
inexpensive device programmers.

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas Instruments
programmable logic is also available, upon request, from the nearest Tl field sales office, local authorized Tl
distributor, or by calling Texas Instruments at (214) 997-5666.

preload procedure for registered outputs (see Figure 1 and Note 3)

The output registers can be preloaded to any desired state during device testing. This permits any state to be
tested without having to step through the entire state-machine sequence. Each register is preloaded individually
by following the steps given below.

Step 1.  With Vg at 5 volts and Pin 1 at V), raise Pin 11 to V4.

Step2.  Apply either V)_or V|4 to the output corresponding to the register to be preloaded.

Step 3.  Pulse Pin 1, clocking in preload data.

Step4. Remove output voltage, then lower Pin 11 to V). Preload can be verified by observing the
voltage level at the output pin.

N~ """~ VIHH
Pin 11 / | \
ViL
| h— ts —J ‘4— td—bl !
le— td —F' Y }4— tw—D= ] l
' ! ——t— - ViH
Pin1 [ I ! |
] ] ] | Vi
! | { | L
|
| T~ VIH { VoH
——=ViL VoL

Figure 1. Preload Waveforms

NOTE 3: {4 = tgy = th = 100 ns to 1000 ns V)4 = 10.25 V 10 10.76 v

*
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16L8-12M TIBPAL16R4«-12M TIBPAL16R6-12M TIBPAL16R8-12M
HIGH—PERFORMANCE IMPACT-X™ ' PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1

power-up reset (see Figure 2)

Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is
important that the rise of Vo be monotonic. Following power-up reset, a low-to-high clock transition must not
occur until all applicable input and feedback setup times are met.

Vee 4V 5V
"
|

« + )
I tpd ql
| (600 ns TYP, 1000 ns MAX) ’I
Active Low V ! VoH
Registered Output ] 1.5V
T T T VoL
|
= gt —’{
! l/'—‘ ViH
CLK \1 SV 1.5V
! Ao e

1 This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
This is the setup time for input or feedback.

Figure 2. Power-Up Reset Waveforms
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16L8-12M, TIBPAL16R4-12M TIBPAL16R6-12M, TIBPAL16R8-12M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1992

PARAMETER MEASUREMENT INFORMATION

T
8t
Ri
From Output Test
Under Test Point
CL R2
(see Note A)
LOAD CIRCUIT FOR
3-STATE OUTPUTS
"~ — —— @BS5V)[3V]
Timing @SV)[EBV] High-Lovel 15V 15V
input A 15V . I | (0.3 V) [0]
————— ©3V)[0] i— tyy —
su th : }
| d——— @5VBV @5V [3V]
ﬂ:ﬁ 15V 15V Low-Lovel 15V 15V
(0.3 V) [0] — — —— (03V)[0]
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
Output B5V)[3V]
————— @sV)[3V] Control 15V
Input 15V 15V (low-level _L
l I ©.3V)[0] enabling) —— — — (0.3V) [0]
ten —J [
| | tdls"’[ &
In-Phase L Ll ~3.3V
output w;mmn °‘1‘ } 15v | | & VoL+0.5V
. (see Note B) — — VoL
v I s & ¥
Out-of-Phase ' 5V Yisv oM ten B & Ly __\
Output - . Wa\é:f%rm 2 | T OH
Note D — — =V, pen
(see Note D) oL (see Note B) 15V E VOH 0.5V
VOLTAGEWAVEFORMS = —Tr ——————7™— =0V
PROPAGATION DELAY TIMES
VOLTAGE WAVEFORMS

ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. Cy_ includes probe and jig capacitance and is 50 pF for thq and ten, 5 pF for tjs.

B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (), PRR <1 MHz,
tr = ¥ = 2 ns, duty cycle = 50%; For M suffix, use the voltage levels indicated in brackets [], PRR < 10 MHz, {; and ¥ < 2 ns, duty
cycle = 50%

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

E. Equivalent loads may be used for testing.

Figure 3. Load Circuit and Voltage Waveforms

*
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TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1992
metastable characteristics of TIBPAL16R4-10C, TIBPAL16R6-1 OC', and TIBPAL16R8-10C

At some point a system designer is faced with the problem of synchronizing two digital signals operating at two
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop
can influence overall system reliability.

Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and is said
tobe in the metastable state if the output hangs up in the region between V|_and V. This metastable condition
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum
propagation delay time (CLK to Q max).

From a system engineering standpoint, a designer cannot use the specified data sheet maximum for propagation
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet
maximum must be known before using the data in order to guarantee reliable system operation.

The circuit shown in Figure 4 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states.
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level.
The outputs of the two comparators are sampled a selected time (At) after SCLK. The exclusive OR gate detects
the occurrence of a failure and increments the failure counter.

Noise buT ViH
Generator Comparator MTBF
Counter
DATA IN 1D 9 1D \
) D > +
— ct }
> C1
ViL
Comparator
SCLK > C1
1D
—p> C1

SCLK + At

Figure 4. Metastable Evaluation Test Circuit

In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied
so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 5.
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state.

Data -ﬁ .—_—
SCLK ——1 | f
| |
SCLK + At : 1 L : f ,
I At-» I At
MTBFi= Time (sec)

# Failures

trec = At—GLK to Q (max)

Figure 5. Timing Diagram
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TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS017 — D3023, MAY 1987 — REVISED MARCH 1992

By using the described test circuit, MTBF can be determined for several different values of At (see Figure 4).
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop.
Figure 6 shows the results for the TIBPAL16-10C operating at 1 MHz.

9
10 — 10yr
8
10 —1yr
107
— — 1mo
Z 108[=— 1wk
& . sl
E 10° = 1 day
104
3 —1hr
103
102f=— 1 min folk = 1 MHz
101"—108 fdata = 500 kHz
] | ] | | ] ]

0 10 20 30 40 50 60 70
At (ns)

Figure 6. Metastable Characteristics

From the data taken in the above experiment, an equation can be derived for the metastable characteristics at
other clock frequencies.

The metastable equation: ﬁ = fsoLk X fgata X C1 € G2 x Ay

The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data,
these constants can be solved for: C1 = 9.15 X 10~ and C2 = 0.959

Therefore

ﬁ = fgoLK X fgata X 9-15 x 1077 e (-0.959 x AY

definition of variables

DUT (Device Under Test): The DUT is a 10-ns registered PLD programmed with the equation Q : = D.

MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a
violation of the device specifications.

fscLk (system clock frequency): Actual clock frequency for the DUT.

fdata (data frequency): Actual data frequency for a specified input to the DUT.

C1: Calculated constant that defines the magnitude of the curve.

C2: Calculated constant that defines the slope of the curve.

trec (Metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given
MTBF failure rate. trec = At — tpg (CLK to Q, max)

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled.

Thetestdescribed above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-10C series. For
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to Tl
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS

Circuits.”
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16L8-12M TIBPAL16R4—-12M TIBPAL16R6- 12M TIBPAL16R8-12M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 — REVISED MARCH 1992

TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs ' vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
9
Veg=5V Ta=25°C
Giiers
8f R2=390q —— 'PHL (L0 0,10) 8| Ra- 2606
2 1 Output Switching 2
] ] | tpyL (1, /O to O, /O)
g 7 g 7 \ . . M
z ™ | tPLH (L VO 10 O,10) z
g 6 g 6 tpLH (1, VO to O, VO) ]
c —— c
L2 CL| 2
3 [PHL (CLK 10 Q) — £ tPHL (CLK to Q)
-} 5 -4 5
% .
o L a ,
tpLH (CLK 10 Q) | ot 4 tpLH (CLK to Q)
3 3
-75 -50 25 0 25 50 75 100 125 45 4.75 5 5.25 5.5
TA - Free-Air Temperature - °C Ve - Supply Voltage -V
Figure 7 Figure 8
PROPAGATION DELAY TIME
vs
NUMBER OF OUTPUTS SWITCHING
11
Vec=6V
Ta=25°C
10| CL =50 pF
R1=200 Q
g o|R2=3%00 L o 0,V0w00,10) —@
1
£l !
8
5 ? o
g hd
K| 7
5
2 6 — tpLH (I, VO to O, /O)
H | ?
& s
o T tPHL (cu( to Q)
4
[ J
3 T PLH (CLK to 0) T T ?
1 3 4 5 6 7 8
Number of Outputs Switching
Figure 9
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C
TIBPAL16L8-12M, TIBPAL16R4-12M 'TIBPAL16R6- 12M, TIBPAL16R8-12M
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS017 - D3023, MAY 1987 —- REVISED MARCH 1992

TYPICAL CHARACTERISTICS
POWER DISSIPATION

Propagation Delay Time —ns

PROPAGATION DELAY TIME vs
vs FREQUENCY
LOAD CAPACITANCE 8-BIT COUNTER MODE
Voo =5V 900 =77 T
TA=25°C /L- Vec=5V
" R1=200Q
R2=390Q foen
Qultet b3
L 1 Output hing pd £
/ //, B £ 800 /
o Y
/ - g L/ A/
V. / / ] _o° - U
4 // F TA=0°C _/;// L/
/( g .-/ /
/ "~ IPLH (CLK t0 Q) & 700F— Tp=25°C
tpHL (CLK to Q) ! [N I
AN T 1 n,n t =TT
/>< tpLH (1, VO to O, 1/0) TA=80°C
— tpHL (1, VO to O, 1/0)
600 1 4
100 200 300 400 500 600 1 4 10 40 100
Cy. - Load Capacitance — pF F —Frequency — MHz
Figure 10 Figure 11
SUPPLY CURRENT
vs
FREE-AIR TEMPERATURE
180 1] 1) ) l
Unprogrammed Device
170 Veg=55V
e {
F 80— T i
[ \\(— Vec =625V
RN
é 140 - \\\\\\\
a -\
g' 130 \ \
9
8 120}— Vccl=5V— N AN \\\\
Veo=475V— \\\
110 Ll —3
Vec=45V ~
- | 1|

-75 50 -2 0 25 &80 75 100 125
TA — Free-Air Temperature —°C

Figure 12
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8 15M
HIGH- PERFORMANCE IMPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 — REVISED MARCH 1992

® High-Performance Operation: J 028\:;':,:1:365
Propagation Delay . . . 15 ns Max (TOP VIEW)
® Power-Up Clear on Registered Devices (All
Register Outputs are Set High, but Voltage 1 20l Voo
Levels at the Output Pins Go Low) 2 19 % o
3 18l /O
® Package Options Include Ceramic DIPs and 4 17 o
Ceramic Chip Carriers 5 16f] /o
® Dependable Texas Instruments Quality and 6 1sf] o
Reliability 7 1afl o
8 13lio
1 3-STATE REGISTERED 170
DEVICE | \npyts [ ooUTPUTS | QOUTPUTS | PORTS 9 i2flo
PALTGLE | 10 2 0 6 10 11fl
PAL16R4 8 0 4 (3-state buffers) 4
PAL16R6 8 0 6 (3-state buffers) 2 TIBPAL16LS’
PAL16R8 8 0 8 (3-state buffers) 0 FK PACKAGE
description (TOPVIEW)
Q
These programmable array logic devices feature ___%0

high speed and functional equivalency when

compared with currently available devices. These | 43 2 1 20191 s 1o
IMPACT-X™ circuits combine the latest Advanced s 170 vo
Low-Power Schottky technology with proven Rs 18] 10
titanium-tungsten fuses to provide reliable, it 150 o
high-performance substitutes for conventional il 14 vo
TTL logic. Their easy programmability allows for 9 10 11 12 13

quick design of custom functions and typically -
results in a more compact circuit board. In TgTog
addition, chip carriers are available for futher O

reduction in board space.

The TIBPAL16’ M series is characterized for
operation over the full military temperature range
of -565°C to 125°C.

Pin assignments in operating mode

IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Advanced Micro Devices Inc.

;ﬂggrgxf O,D'ﬁ: &%m;iw:- up;u"n:n‘: rr: grl Im "?"1; Copyright © 1992, Texas Instruments Incorporated
rranty, g does not y include
tu\lng ot all parameters.
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TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /MPACT™ PAL® CIRCUITS

SRPS018 ~ D3338, JANUARY 1986 ~ REVISED MARCH 1992

TIBPAL16R4’ TIBPAL16R4’
J ORW PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)

TIBPAL16R6’ TIBPAL16RE’
J ORW PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
)
-
__28S8

3 21219
18

0DODOOLO

14
9 10 11 1213

——
SloR©°
&

TIBPAL16R8’ TIBPAL16R®’
J ORW PACKAGE FK PACKAGE

(TOP VIEW) (TOP VIEW)

%8
- —0>C

32 12019
18[]

17
16[]
15[]
1

©® N OO
DOOOO

14
9 10 11 1213
[ T | o T Y
—
S OGO
(G}

Pin assignments in operating mode

*

Texas
INSTRUMENTS

2-140 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TIBPAL16L8-15M, TIBPAL16R4-15M
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 — REVISED MARCH 1992

functional block diagrams (positive logic)

TIBPAL16LS’
& EN 21
32X 64 7// v o
7/ o——0
7
16 x >
10, 16, 13 P& —— 10
1 — 71~
7 —4p— O
// D—ﬁ
6 16 7/ D—-&—ﬂ—— vo
// [V V4
7 —4¢»— 10
P
7 —€¢»— VO
// :)—x
7/ |—4p— 10
7
§/ <
7 < N
TIBPAL16R4’
OE JEN2
CLK > C1
- r
& 8/ 21 I=1 2vp———aQ
32X64 [/ 1D -
3/ P—1 Q
8/ [o— Q
16 x> 7 T
8/ 16/
l— 71~ 8/ oa— Q
4, 4 —\
7 7 EN 21
/ v Vo
4// 16 ~ - D—K——Q’—.—-
7 D— 4> /o
7 N
7 D—@1T—4P 1o
7 N
7 D—e+—<4P Vo
a N
4, <
T4,
/ e

M\ denotes fused inputs

*
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TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 — REVISED MARCH 1992

functional block diagrams (positive logic)

TIBPAL16R6’
OE EN2
CLK > C1
- I
& 8/ 21 I=1 2vp————a
32X64| 7 1D ——\
8/ D] Q
’ m
16 x D> 8 a
8/ 16, / \
11— 71~ |Ls/ H—— Q
5/
7 8 D—] Q
2, 16 / \{
/ ’\I 8/ > Q
7
>1
720 L Vo
7 P X ke
7 b—e1—<4> Vo
a N
2 <
"8y :
+—
TIBPAL16R®’
OE qEN2
CLK > C1
. r
& 8/ >1 I=1 2vp————a
32X64)] /7 1D F—
8/ p— Q
7 I
8/ D— Q
16 x D> 7 I
I 8/ 16/
7 7 17\ 8/ D— Q
’ —\
8/ . D— Q
8, 16 / —\
£ V)
4 8/ HD—— Q
! |\
8/ D—— Q
7 M
8/ D—— Q
! N\
8/

"\ denotes fused inputs

*

- TExas
INSTRUMENTS

2-142 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TIBPAL16L8-15M
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 — REVISED MARCH 1992

logic diagram (positive logic)

Increment
/\

Numbers O 4 8 12

16

24

28 31

19

18 Vo

17

p———— 1O

16

vo

7 38

15
vo

14

vo

13
vo

9 2

Fuse number = First fuse number + Increment

12

] ‘ 11I
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TIBPAL16R4-15M
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 ~ REVISED MARCH 1992

logic diagram (positive logic)

CLK —LD

First
Fuse / \
Numbers O 4 8 12 16 20 24 28 31

Increment

19
Vo
256
288
320
352 ) 18
384 /o)

A

J1 T COUOUUUD)

s
A

-
o~
=3
@

L
—
Oun
o

1632 - 13
1664 - o

1888 12
1920 10

11.1 oF

Fuse number = First fuse number + Increment

*
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TIBPAL16R6-15M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 — REVISED MARCH 1992

logic diagram (positive logic)

CLK L[>

Increment
First /\
Fuse /- \
Numbers 0 4 8 12 16 20 24 28 31

0
32
64
96 19
128 o

=1 18

> G1

N
8ga
I K

Lt

r
C]
|
o

1
o

|
o

I
o
]
[~}

1 4
Vv
Q

T
ey
o
|
j~]

"

-
-
(]

T
—
o
|
]

T I D O R

>C

;
I

12

Vo

9 2018 ;

8EBEERR
O

%

Fuse number = First fuse number + Increment

*
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TIBPAL16R8-15M
HIGH-PERFORMANCE /IMPACT ™ PAL® CIRCUITS

SRPS018 - D3338, JANUARY 1986 —~ REVISED MARCH 1992
S

logic diagram (positive logic)

CLK 1—D

1
-
o

|
o

L
Yy
o

]
[}

Increment
First A
Fuse / \
Numbers © 4 8 12 16 20 24 28 31
0
32
% I=1
98 E 19
128 HiD Q
160
224 H> o1
2 2
! —DL Jq__b-l
256
288
320 =7
352 18
384 g}-m — Q
416
448
3 , %0 H>C1
A H
512
544
576 =1
17
840 %—m - Q
672
704
4 'ILQQ ) > C1
=Dk KH
768
800
g:: =1 16
898 HID | Q
%60
> C1
5 (52 ) j
= KH
1024
1056
1088 =1
1 iy 15
a2 %40 - Q
1184
1218 L o1
6 12‘45 )
: KH=]
1280
1312
s =1 b
1408 Hip H Q
1440
1472 .
7 1504 )
=k =]

Fuse number = First fuse number + Increment

*
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /IMPACT™ PAL® CIRCUITS

SRPS018 — D3338, JANUARY 1986 — REVISED MARCH 1992

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

Supply voltage, Voo (SEENOE 1) v uvvver ittt ittt aanas 7V
Input voltage (SEE NOTE 1) .. vet ittt e ittt ettt iia e asaa 55V
Voltage applied to disabled output (SEeNOte 1) ..o.e ittt it e 55V
Operating free-air temperature range . ......o.vviiriiii ittt ittt iiaeiinnans -55°C to 126°C
Storage temperature range  ....co.iiiiiiiii it i i e e e —-65°C to 150°C
NOTE 1: These ratings apply except for programming pins during a programming cycle.
recommended operating conditions
MIN NOM MAX | UNIT -
\ele} Supply voltage 4.5 5 5.5 \'
VIH High-level input voltage 2 5.5 \
ViL Low-level input voltage 0.8 Vv
loH High-level output current -2|{ mA
loL Low-level output current 2] mA
folock Clock frequency 0 50| MHz
High 9
tw Pulse duration, clock (see Note 2) Tow 10 ns
tsu Setup time, input or feedback before clockT 15 ns
th Hold time, input or feedback after clockT 0 ns
TA Operating free-air temperature -56 25 125 °C

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fgjock. The minimum pulse durations specified are

only for clock high or low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS mN TYPt  Max| uniT
ViK Voo =45V, lj==18 mA -1.5 \
VOH Voo =45V, I0H = -2 mA 24 33 v
VoL Voo =45V, loL= 12 mA 035 05| V
Outputs 20
I Vog=55V, Vo=27V
OZH 1/0 ports cc 0 100 HA
ozl poteuts VoG =55V, Vo =04V 20 A
/O ports GG =35% o=" —250
I Pint, 11 v 55V, V|=55V 02 A
! All others cc=5°W 1=> o1| "
Pin 1, 11 50
IIH 1/0 ports Voo =55V, V)=27V 100| pA
All others 20
1/O ports -0.25
L Al othore Vec =55V, V=04V 02 mA
los* Voo =55V, Vo =05V -30 -250| mA
lcc Vco=55V, V=0, Outputs open 170 220 mA

1 Al typical values are at Vg = 5 V, Ta = 25°C.

Not more than one outputshould be shorted at a time and the duration of the short circuit should not exceed one second. Set Vg at 0.5 V to avoid

test equipment degradation.
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS018 — D3338, JANUARY 1986 — REVISED MARCH 1992

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

PARAMETER (m";,% (ou.:'gun TESTCONDITION | MIN TYPT mAX| unim
fmaxt 50 MHz
tod 1,0 0,110 "8 15| ns
thd oLkT Q R1 =290 Q, 7 12] ns
ten OEl Q R2 =750 Q, 8 12| ns
tdis OET Q See Figure 1 7 12| ns
ten 1,110 0,1/0 ' 8 15| ns
tdis I, /10 0, 1/0 '8 15| ns

1 Al typical values are at Vo = 5 V, Ta = 25°C.
* Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be calculated

accordingly.

programming information

Texas Instruments programmable logic devices can be programmed using widely available software and
inexpensive device programmers. .

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas Instruments
programmable logic is also available, upon request, from the nearest Tl field sales office, local authorized Tl
distributor, or by calling Texas Instruments at (214) 997-5666.

*
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TIBPAL16L8-15M, TIBPAL16R4-15M, TIBPAL16R6-15M, TIBPAL16R8-15M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS018— D3338, JANUARY 1986 — REVISED MARCH 1992

PARAMETER MEASUREMENT INFORMATION

I
s1
R1
From Output Test
Under Test Point
OL R2
(see Note A)
LOAD CIRCUIT FOR
3-STATE OUTPUTS
v -— —— 3V
Timi High-Level
Inpur 15V O ouloe 15V 1.5V
e —— ] | I 0
teu—ig—pit— Pt sy I"‘_ tw _—NI
pata /T N Ty | | av
Input * i Low-Level 15V 1.5V
0 Pulse * -
~——=0
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
3v
Output
0 Control
(low-level
enabling)

VoL Wavef _57~H_ Vo osv
aveform 1 1. VoL +0.
81 Closed ___.i
| | VOH (see Note B) — % — VoL
Out-of-Phase 15V 15V | tais—H ¢
Output ten ¥ |[&- | ¥

f— -y -
(see Note D) oL Waveform 2 | ——VoH
VOLTAGE WAVEFORMS (sees'}‘gg';; 15V L VoH-05V
PROPAGATIONDELAYTIMES @ (seeNoteB) /7 N\ ~0V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. Cy includes probe and jig capacitance and is 50 pF for tpg and tep, 5 pF for tgjs.

. Waveform 1 is for an output with internal conditions such that the output s low except when disabled by the output control. Waveform 2
is for an output with internal conditions such that the output is high except when disabled by the output control.

. All input pulses have the following characteristics: PRR < 10 MHz, t, and t < 2 ns, duty cycle = 50%

. When measuring propagation delay times of 3-state outputs, switch S1 is closed.

. Equivalent loads may be used for testing.

moo w>»

Figure 1. Load Circuit and Voltage Waveforms
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TIBPAL16L8-15C, TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
TIBPAL16L8-20M, TIBPAL16R4-20M TIBPAL16R6-20M, TIBPAL16R8-20M
HIGH- PERFORMANCE IMPACTTM PAL® CIRCUITS

SRPS019 — D3340, FEBRUARY 1984 — REVISED MARCH 1992

TIBPAL16L8’

® High-Performance Operation: C SUFFIX .. . J OR N PACKAGE

Propagation Delay M SUFFIX ... J OR W PACKAGE
(TOP VIEW)

C Suffix ... 15 ns Max
M Suffix . .. 20 ns Max

® Functionally Equivalent, but Faster than
PAL16L8A, PAL16R4A, PAL16R6A, and
PAL16R8A

® Power-Up Clear on Registered Devices (All
Register Outputs are Set High, but Voltage
Levels at the Output Pins Go Low)

® Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs

® Dependable Texas Instruments Quality and
TIBPAL16LS8’

Reliability C SUFFIX.. .. FN PACKAGE
DEVICE ] 3-STATE REGISTERED 10 M SUFFIX . . . FK PACKAGE
INPUTS | OOUTPUTS | QOUTPUTS | PORTS (TOP VIEW)

PAL16L8 10 2 0 6

PAL16R4 8 0 4 (3-state buffers) 4 8
PAL16R6 8 0 6 (3-state buffers) 2 — — —> 0
PAL16R8 8 0 8 (3-state buffers) 0

3 2 1 2019

18[] /O
17l Vo
18} /O

15[} 1o
14[] 110

description

These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices. These 9 10 11 12 13
IMPACT™ circuits combine the latest Advanced fom | o [ Ton T om
Low-Power Schottky technology with proven 8709
titanium-tungsten fuses to provide reliable, O
high-performance substitutes for conventional

TTL logic. Their easy programmability allows for

quick design of custom functions and typically

results in @ more compact circuit board. In

addition, chip carriers are available for futher

reduction in board space.

The TIBPAL16’ C series is characterized from 0°C
to 75°C. The TIBPAL16’ M series is characterized
for operation over the full military temperature
range of —65°C to 125°C.

0N O O

These devices are covered by U.S. Patent 4,410,987.
IMPACT is a trademark of Texas Instruments Incorporated.
PAL is a registered trademark of Advanced Micro Devices Inc.

PRODUCTION DATA informetion Is current es of publication date. i
Prsdeh oomlorm 1o specmeations W“d:g" ot publ mwrm'm; w Copyright © 1992, Texas Instruments Incorporated
inclu

testing of ou';fm-!mm
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TIBPAL16R4-15C, TIBPAL16R6-15C, TIBPAL16R8-15C
TIBPAL16R4-20M, TIBPAL16R6-20M, TIBPAL16R8-20M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS019 - D3340, FEBRUARY 1984 — REVISED MARCH 1992

TIBPAL16R4’
C SUFFIX...J OR N PACKAGE
M SUFFIX...J OR WPACKAGE

(TOP VIEW)

TIBPAL16R6’
C SUFFIX...J OR N PACKAGE
M SUFFIX. .. J OR W PACKAGE

(TOP VIEW)

TIBPAL16R8’
C SUFFIX...J OR N PACKAGE
M SUFFIX...J OR W PACKAGE

(TOP VIEW)

TIBPAL16R4’
C SUFFIX ... FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)
%80
_ 0> =
0 1
| 4a 212 918 1o
| 5 17 Q
Ilde 18] Q
gz 5] Q
| 141} Q
) 10 11 1213 !
i [ o T o T
- L
gleeg
0]
TIBPAL16R6’

C SUFFIX. .. FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)
380

- =—0> =
| o

32 12019
18E.
17

18[]

15

©~No oA
o § o |
00 OO

]

1] 14
9 10 11 12 13

| o | s | o Vs ¥ |

“2l6e¢

TIBPAL16R8’
C SUFFIX...FN PACKAGE
M SUFFIX. .. FK PACKAGE

(TOP VIEW)

58
—— 0> C

3 2 1 2019
18

0DOOOLO

14
9 10 11 1213
¥ s o Vo | |

- o
ZOGO
O}
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TIBPAL16L8-15C, TIBPAL16R4-15C
TIBPAL16L8-20M, TIBPAL16R4-20M
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS

SRPS019 - D3340, FEBRUARY 1984 — REVISED MARCH 1992

functional block diagrams (positive logic)

TIBPAL16LS’
& EN 21
32xe4| 7/ v o
7
7/ O )
7
16 x D>
10, 16, 7/ D& —¢>— 10
1 7 7 ~
7 —4p— 1O
// D—Q
6 16 7/ —g¢p— VO
A O~ |7 \
7 —&p— VO
// D—K
7/ D—QQ—»— vo
7
7/ —¢»— 10
7
6/ <
/ -
TIBPAL16R4’
OE EN2
CLK > C1
] [
& 8/ 21 I=12vp————Q
32X64f 7 1D
: 8/ b—] Q
7 I
8/ h—— Q
16 x > 7 N
|8 16,
7 7 17\ 8/ —o Q
4 / —
/
’ 7/ En =1 v Vo
4, 16 3—'\—*>—-—
~ P7L ~ V4
7 D—a 14> Vo
7 N
7 D—a——<4b o
7 N
7 D <> Vo
7 N
4, <
! 4/
/ -
\_ denotes fused inputs
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TIBPAL16R6-15C, TIBPAL16R8-15C
TIBPAL16R6- 20M TIBPAL16R8-20M

HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS

SRPS019 - D3340, FEBRUARY 1984 — REVISED MARCH 1

functional block diagrams (positive logic)

TIBPAL16R6’
OE EN2
CLK > C1
- r
32% 8/ 21 I=12vp—Q
4] 7 1D ——-—-\
8/ D— Q
VA —
8 D—— Q
16 x > /
1 8/ 16, \
7 7 17\ 8/ D— Q
¢ 7
/
4 8/ D— Q
2, 16 / —
7 P77 s, b a
7 -
EN 21
7/ v D—ﬁ»— vo
7
L
7 <> vo
7 N
2 <
/ -
5/ <
TIBPAL16RS’
OF EN2
CLK B> C1
m | |
& 8/ =1 =1 2vp————a@
32X64| / 1D
8/ D] Q
7
8/ D— Q
16x D> 7
|8/ 16 N
7 7 |7\ a// D— Q
8/ D— Q
8, 16 4
[V
i ’ 5// p— Q
8/ D Q
7 A
8/ D— Q
7 A
8/ <
A\ denotes fused inputs 4
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TIBPAL16L8-15C
TIBPAL16L8-20M
HIGH-PERFORMANCE IMPACT ™ PAL® CIRCUITS

SRPS019 — D3340, FEBRUARY 1984 — REVISED MARCH 1992

logic diagram (positive logic)

Increment

Numbers 0 4 8 12 16 20 24 28 a1

18

vo

LU

J

17

vo

16

vo

&
UL

J

1120 16

vo

1378 14

vo

1632 13

vo

Fuse number = First fuse number + Increment
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TIBPAL16R4-15C
TIBPAL16R4-20M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS019 ~ D3340, FEBRUARY 1984 — REVISED MARCH 199

logic diagram (positive logic)

1 E
CLK Increment

First A\

Fuse /
Numbers [} 4 8 12 16 20 24

28 31

J

i

]

19

18

I=1

> C1

I=1

1
-
o

!

H>C1

=1

o
[

I=1

—1
—

o

|

_ >c1j

J

w

J

Fuse number = First fuse number + Increment

o

[e]

Q
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TIBPAL16R6-15C
TIBPAL16R6-20M
HIGH-PERFORMANCE /MPACT ™ PAL® CIRCUITS

SRPS019 - D3340, FEBRUARY 1984 - REVISED MARCH 1992

logic diagram (positive logi<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>