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Intel the Microcomputer Company:

When Intel invented the microprocessor in 1971, it created the era of

microcomputers. Whether used as microcontrollers in automobiles or microwave

ovens, or as personal computers or supercomputers, Intel’s microcomputers

have always offered leading-edge technology. In the second half of the 1980s, Intel
architectures have held at least a 75% market share of microprocessors at 16 bits and above.
Intel continues to strive for the highest standards in memory, microcomputer components,
modules, and systems to give its customers the best possible competitive advantages.
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OVERVIEW

INTRODUCTION

In today’s increasingly competitive marketplace, sys-
tem designers need to squeeze out every little edge they
can get from their designs. This has led to a trend
towards better performance, smaller system sizes, lower
power requirements and greater system reliability with
a strong emphasis on preventing easy duplication of the
system design. This trend provided the impetus to the
system designers to move away from standard SSI and
MSI logic components (54/74 & 4000 series Bipolar
and CMOS families) towards a growing class of IC de-
vices variously called ‘ASIC’ (application specific IC),
‘USIC’ (user specific IC) or, as referred to in this docu-
ment, user defined logic.

User defined logic circuits allow system designers, for
the first time, to tailor the actual silicon building blocks
used in their systems to their individual system needs
and requirements. Such customization provides the
needed performance, reliability and compactness as
well as design security. Cost per gate of logic imple-
mented is also greatly reduced when user defined logic
solutions are chosen over standard components.

User defined logic has therefore emerged as the fastest
growing segment of the semiconductor industry and
has presented its users, the system designers, with a
wide range of implementation alternatives namely, pro-
grammable logic, gate arrays, standard cell and full
custom design. The tradeoffs between these alternatives
involves time-to-market, one-time engineering charges,
expected unit volume, ease of use of design tools and
familiarity with the design methodology.

This document discusses the reasons for the trend to
user defined logic devices, briefly describes some of the
user defined logic implementation alternatives and cov-
ers details on programmable logic devices, the only al-
ternative that is completely user implementable. Tools
used to design with programmable logic are also dis-
cussed here.

Details on Intel’s programmable logic product line, in-
cluding device terminology and nomenclature, architec-
tural features and development tool features are also
described in this document.

WHY USER DEFINED LOGIC?

System designers prefer user customized ICs for the
following reasons:

11

a, SMALLER SYSTEM SIZES: Customized compo-
nents allow for reducing chip count and saving board
space, resulting in smaller system physical dimensions.

b. LOWER SYSTEM COSTS: When custom LSI or
VLSI components are used instead of standard SSI and
MSI logic elements, there is a considerable saving in
component cost per system, assembly and manufactur-
ing cost, printed circuit board area and board costs and
inventory costs.

¢. HIGHER PERFORMANCE: Reduced number of
ICs contributes to faster system speeds as well as lower
power consumption.

d. HIGHER RELIABILITY: Since probability of fail-
ure is directly related to the number of ICs in the sys-
tem, a system composed of customized LSI & VLSI
chips is statistically much more reliable than the identi-
cal system made up of SSI/MSI devices.

e. DESIGN SECURITY: Systems designed with stan-
dard components can be replicated relatively easily
whereas systems that contain user customized ICs can-
not be copied because “reverse engineering” of the cus-
tomized components is extremely difficult. Thus, use of
customized ICs allows for the protection of proprietary
designs.

f. INCREASED FLEXIBILITY: Customized compo-
nents allow for the tailoring of systems to the end user’s
specific needs relatively easily. This also allows for up-
gradability and obsolescence protection.

USER DEFINED IC—
IMPLEMENTATION ALTERNATIVES

Currently, the choices available to the system designer
for customization of ICs (see Figure 1) are as follows:

1) user programmable ICs—programmable logic de-
vices

(2) mask programmable ICs—gate arrays

(3) standard cell based ICs

(4) full custom ICs

Alternatives (1) & (2) are usually called ‘Semicustom’
because in these methods only a few (less than three) of
the mask layers involved in the manufacture of the IC,
are customized to the users’ specifications. The later
two alternatives (3) & (4), involve customization of all
mask layers required to manufacture the ICs to the us-
ers’ specifications and are therefore called ‘Custom’.
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USER DEFINED LOGIC
l |
SEMICUSTOM CUSTOM
PROGRAMMABLE GATE  STANDARD FULL
LoGIC ARRAYS CELL CUSTOM
206032-1
Figure 1. User Defined Logic
Implementation Choices

PROGRAMMABLE LOGIC

Most user Programmable Logic Devices (PLD) are in-
ternally structured as variations of the PLA (program-
mable logic array) architecture, that is composed of an
array of ‘AND’ gates connected to an array of ‘OR’
gates (see Figure 2). Programmable logic devices make
use of the fact that any logic equation can be converted
to an equivalent ‘Sum-of-Products’ form and can thus
be implemented in the ‘AND’ and ‘OR’ architecture.
This basic PLA structure has been augmented in most
PLDs with input and output blocks containing regis-
ters, latches and feedback options, that let the user im-
plement sequential logic functions in addition to combi-
national logic.

The number and locations of the programmable con-
nections between the ‘AND’ and ‘OR’ matrices as well
as the input and output blocks are predetermined by
the architecture of the PLD. The user, depending on

his logic requirements, determines which of these con-
nections he would like to remain open and which he
would like to close, through the programming of the
PLD. Programmability of these connections is achieved
using various memory technologies such as fuses,
EPROM cells, EEPROM cells or Static RAM cells (see
Figure 3).

User programmability allows for instant customization,
very similar to user programmable memories such as
PROMs or EPROMs. The user can purchase a PLD
off-the-shelf, use a development system running on a
personal computer and, in a matter of a few hours, have
customized silicon in his hands. Figure 4 compares

user-defined logic alternatives.
A
7

memory cell
used as logic control element

296032-3

Figure 3. Programmable Connections

FEEDBACK (programmable)

INPUT
PIN

PROGRAMMABLE
'AND’ & 'OR’ ARRAY

, OUTPUT
PIN

INPUT BLOCK
(contains latches and other
programmable input options)

OUTPUT BLOCK
(containing output
controls, registers, etc.)

296032-2

Figure 2. General Architecture of a PLD
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USER DEFINED LOGIC

SEMICUSTOM CUSTOM
PROGRAMMABLE GATE ~ STANDARD FULL
LOGIC ARRAYS CELL CUSTOM

DESIGN COMPLEXITY
DESIGN TIME & COST
LOWEST SYSTEM COST

FASTEST TIME TO MARKET
__EASIEST DESIGN CHANGE IMPLEMENTATION

<

296032-5

Figure 4. User Defined Logic
Alternatives Compared

LIMITATIONS OF BIPOLAR FUSE
TECHNOLOGY FOR PROGRAMMABLE
LOGIC DEVICES

Until 1985, all PLDs were built using Bipolar fuse tech-
nology. The bipolar fuse based devices, although offer-
ing the users the benefits of quick time to market and
low development costs, had several inherent limita-
tions.

a. HIGH POWER CONSUMPTION: Bipolar pro-
cesses by nature are power hungry and as a conse-
quence also make for very hot systems, often requiring
cooling aids such as heat sinks and fans. They also can-
not operate at lower voltages (2-3V) and have a lower
level of noise immunity than MOS devices.

b. LOWER INTEGRATION: A fuse takes up a large
amount of silicon area; this fact in conjunction with the
large power requirements makes for smaller levels of
integration.

c. ONE-TIME PROGRAMMABILITY: Bipolar fuses
can only be blown once and cannot be reprogrammed.
This does not allow for easy prototyping and could re-
sult in significant losses when preprogrammed parts are
inventoried and design changes occur.

d. TESTABILITY: Since fuses can only be blown once,
bipolar PLDs can only be destructively tested. Thus,
testing is usually done by sampling or through addi-

1-3

tional testing elements incorporated in the chips, which
can be blown to. examine electrical characteristics.
However, such testing methods never allow for 100%
testability of all parts shipped. Thus, most users of bi-
polar programmable logic devices resort to extensive
post-programming testing, specific to their applica-
tions.

ERASABLE PROGRAMMABLE LOGIC
DEVICES

Erasable programmable logic devices (EPLD) result
from the matching of CHMOS EPROM technology
with the architectures of programmable logic devices.
EPLDs use EPROM cells as logic control elements and
therefore, when housed in windowed ceramic packages,
can be erased with UV light and reprogrammed. Figure
5 shows the architecture of Intel EPLDs.

Other than the obvious benefit of reprogrammability,
EPLD:s offer several very significant benefits over bipo-
lar PLDs. These are:

1. LOW POWER CONSUMPTION: Due to the
CMOS technology, these products consume an order of
magnitude less power than the equivalent bipolar devic-
es. This allows for the design of complete CMOS sys-
tems, that can operate at lower voltages (less than 5V).
Also, this makes for cooler systems that do not require
cooling systems like fans.

2. GREATER LOGIC DENSITY: EPROM cells are
an order of magnitude smaller than the smallest fuses.
This means that the same function can be accommodat-
ed in significantly smaller die area, or that greater
amounts of logic can now be incorporated on a single
chip. Thus higher integration programmable logic de-
vices result with the use of EPROM elements.

3. TESTABILITY: Since the EPROM cells are eras-
able, the entire EPROM array of the EPLD can be
100% factory tested. Thus, before the part is shipped to
the customers, it can be completely tested by the pro-
gramming and erasure of all the EPROM logic control
bits. This testing is therefore independent of any appli-
cation, in contrast to the bipolar PLDs that need appli-
cation specific testing.

4., ARCHITECTURAL ENHANCEMENTS: The in-
herent testability of the EPROM elements allows for
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significant architectural improvements over bipolar
PLDs. New features, such as buried registers, program-
mable registers, programmable clock control, etc., can
now be incorporated because of this testability. These
new features allow for greatly increased utilization of
the EPLDs and use of these devices in newer applica-
tions.

5. DESIGN SECURITY: EPLDs are provided with a
‘security bit,” which when programmed does not allow
anyone to read the programmed pattern. The logic pro-
grammed in an EPLD cannot be seen even if the die is
examined (unlike bipolar PLDs—a blown fuse is clearly
visible) as the stored charges are captured on a buried
layer of polysilicon.

FEEDBACK (programmable)

INPUT FIXED OUTPUT
PIN OR' | PIN
PROGRAMMABLE ARRAY
"AND' ARRAY

INPUT BLOCK
(contains latches and other
programmable input options)

OUTPUT BLOCK
(containing output
controls, registers, etc.)

206032-4
Figure 5. Architecture of Intel EPLDs
USER DEVELOPMENT PROGRAMMING
SOFTWARE HARDWARE
2
Data CONVERSION TO
DESIGN CONCEPT BOOLEAN
Entry EQUATIONS
K|
User MNIMIZATION TO
Spectfic el | 1), OF - PRODUCTS
FORMAT
Device Request
8]
® RESOURCE
Device MATCHING OPTIMAL
Utilization RESOURCE
Report ALLOCATION
J
PROGRAMMING JEDEC !
PATTERN PROGRAMMING
GENERATION Data &
File VERIFICATION

296032-6

Figure 6. The PLD Design Process
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The steps in a generalized design process of program-
mable logic is shown in Figure 6 and described in the
following paragraphs.

STEP 1: The user decides on the logic he wants imple-
mented in the PLD and enters the design into the PC or
workstation. This Design Entry may be done by the
following methods: ()SCHEMATIC CAPTURE—A
‘Mouse’ or some other graphics input device is used to
input schematics of the logic, (i)NET LIST ENTRY—
If the user has a hand drawn schematic he can enter the
design into the computer by describing the symbols and
interconnections in words using a standardized format
called a net list (without using a graphics input device),
(iii)STATE EQUATION/DIAGRAM ENTRY—En-
try of a sequential design involving states and tran-
sitions between states. In the state diagram method cir-
cles represent states and the arrows interconnecting
them represent the transitions. Equations or a state ta-
ble can also be used to define a state machine, and
(ivyBOOLEAN EQUATIONS—this is the most com-
mon design entry method. The logic is described in
boolean algebraic equations.

STEP 2: The software converts all design entry data
into boolean equations.

STEP 3: The boolean equations entered are converted
to the sum of products format after logic reduction
(minimization of the logic through heuristic algo-
rithms).

STEP 4: The user has the ability to choose the PLD he
would like the design implemented on. He can enter
device choice and/or he can also enter in specific
choices on the device as regards pinout he would like
etc. ..

STEP 5: The software optimizes the logic equations to
fit into the device using the minimum amount of re-
sources (resources are input pins, output pins, registers
and product terms and macrocells). This step is where
the user requirements as regards required pins are tak-
en into account. The user requests are viewed as con-
straints during the optimization process.

STEP 6: The software, at the end of the resource opti-
mization/allocation, produces a report detailing the re-
sources used up in fitting the design on the PLD. This
report allows the user to incrementally stuff in logic by
going back to Step 1 from this stage. Also, if the design
overflowed the PLD, i.e., did not fit in the user chosen
device, the software lists out the resources needed to
complete the fit. The requirements such as four more
inputs, one register more and one more output (are
needed to complete the design) gives the user data in
choosing a bigger PLD or in partitioning the intial de-
sign to fit into two devices.

STEP 7: The next step is to generate the appropriate
programming pattern for the PLD. This is a standard

“JEDEC” format interface and allows the output of the
design software to be compatible with any piece of
PROM programming hardware.

STEP 8: PROM programmer is used to program the
pattern stored in the JEDEC file onto the PLD. Also,

- at this stage fuse programmed PLDs (bipolar) are func-
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tionally tested using test vectors included in the JE-
DEC file information.

CHMOS TECHNOLOGY IN EPLDs

EPLDs are manufactured with Intel’s proprietary
CHMOS (Complementary High Performance MOS)
technology. The backbone of the process is the integra-
tion of both a P and an N channel MOS transistor on
the same substrate. In addition, EPLD’s programmable
architecture makes use of Intel’s proven EPROM cell
for programmable array interconnections as well as
macrocell configuration bits. These cells are pro-
grammed electrically and erased with ultraviolet light.
For details on Intel’s CHMOS technology and
EPROM cells technology, refer to the Components
Quality/Reliability Handbook, Order Number 210997.

CHMOS DESIGN GUIDELINES

Designing with Intel EPLDs is relatively straightfor-

ward if the following guidelines are observed:
® Minimize the occurrence of ESD (electro-static dis-

charge) when storing or handling EPLDs.

Observe good design rules in printed circuit board
layout.

Provide adequate decoupling capacitance at both
the device and the board level.

e Connect all unused inputs to Vcc or GND

(CHMOS inputs should not be left floating).

Electrostatic Discharge

The two most common sources of electrostatic dis-
charge are the human body and a charged environment.

A charged human body that touches a device lead
discharges electricity into the device. Electrostatic dis-
charge from people handling devices has long been rec-
ognized by manufacturers and users of all MOS prod-
ucts. Human body static electricity can be controlled by
using ground straps and anti-static spray on carpeted
floors. CHMOS devices should also be stored and car-
ried in conductive tubes or anti-static foam to minimize
exposure to ESD from people.

Discharge also occurs when an integrated circuit is
charged to one potential and then contacts a conductor
at another potential. This type of ESD can be reduced
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by grounding all work surfaces, grounding all handling
equipment, removing static generators such as paper
from the work area, and erasing EPLDs in metal tubes,
metal trays, or conductive foam.

PCB Layout

The best PCB performance is obtained when close at-
tention is payed to Vcc, GND, and signal traces. Ve
and GND should be gridded to minimize inductive
reactance and to approximate a trace layer. Clocks
should be layed out to minimize crosstalk. Ensure ade-
quate power supply and ground pins on the board con-
nector.

Decoupling

Decouple each EPLD with a ceramic capacitor in. the
range of 0.01 to 0.2 uF, depending on board frequency
and current consumption. For most applications, a
0.1 uF capacitor will suffice. The following equation
produces the exact value:

_ Alec
AV/AT

where C = capacitor value

Alcc = maximum switched current
AV = switching level
AT = switching time

For boards that contain mixed logic (EPLDs and
TTL), observe both EPLD and TTL decoupling prac-
tices.

Unused Inputs

To minimize noise receptivity and power consumption,
all unused inputs to EPLDs should be connected to
Vcc or GND. By default, iPLS II software assigns un-
used inputs to GND. These pins, shown on the pinout
representation of the iPLS II report file, should be con-
nected to ground on the PCB. Pins listed as RE-
SERVED on the report file must be left floating. Pins
marked N.C. have no internal device connections and
can also be left floating.

BOOLEAN MINIMIZATION
TECHNIQUES FOR PLA
ARCHITECTURES

Minimization plays an important role in logic design.
Methods for minimization can be grouped into two
classes. Class 1 includes manual methods for minimiza-
tion, such as Boolean reduction or Karnaugh mapping.
Class 2 is computer-assisted minimization.

Tabular methods like Karnaugh maps are efficient up
to a certain point. Past that point, however, computer-
assisted minimization plays a crucial part in efficient
design. Even at the computer-assisted stage, the choice
of minimizer software has an impact on time and the
confidence level of the reduced equation (i.e., is it in the
smallest possible form).

iPLS II software includes a minimizer that uses the
ESPRESSO algorithms. ESPRESSO was developed by
U.C. Berkeley during the summers of 1981 and 1982 in
an effort to study the various strategies used by the
MINI logic minimizer developed by IBM , [HON 74]
and PRESTO developed by D. Brown [BRO 81].
ESPRESSO uses many of the core principles in MINI
and PRESTO while improving on the speed and effi-
ciency of their algorithms.

The primary advantage of the ESPRESSO minimizer
becomes apparent when designing large finite state ma-
chines or complex, product-term intensive logic de-
signs. In these cases, ESPRESSO arrives at the mini-
mize solution sooner, and frequently reduces the logic
to a smaller number of product terms. In certain cases
where other CAD packages such as ABEL™ (PRES-
TO) or CUPL™ minimize equations to greater than 8
product terms, iPLS II further reduces these equations
to allow the design to fit into devices supporting up to 8
product terms.

For more information on ESPRESSO, refer to Logic
Minimization Algorithms for VLSI Synthesis, Brayton,
Hachtel, McMullen, and Sangiovanni-Vincentelli, Klu-
wer Academic Publishers.

References

[BRO 81] D.W. Brown, “A State-Machine Synthesiz-
er—SMS”, Proc. 18th Design Automation
Conference, pp. 301-304. Nashville, June
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ABEL™ is a trademark of Data 1/0 Corporation

[HON 74]

CUPL™ is a trademark of Personal CAD Systems, Inc.

LOGIC REFRESHER COURSE

Minimization of EPLD logic equations is normally per-
formed by sophisticated algorithms that eliminate the
need for tedious manual reductions. The sections pro-
vided here contain logic reference tables for cases where
manual reduction techniques may be desirable.
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Boolean Algebra

The Sum-of-Product architecture used in EPLDs
makes Boolean algebra ideal for design analysis. The
following tables summarize standard Boolean func-
tions.

Karnaugh Maps

Graphical representation of data is usually easier to an-
alyze than strings of ones and zeros. The Karnaugh
Map techniques take advantage of this capability and
provide an important tool to the logic designer.

Properties
- Two Variables
A*B =B*A Commutative Property
A+B =B+ A A
A*(B*C) =(A*B)*C Associative Property BN\ O 1
A+(B+C)=(A+B)+C ojo]2
A*(B+C) =A*B+A*C Distributive Property s
A+B*C =(A+B)*A+0) 296032-7
Postulates
— Three Variables
0*0=0 0+0=0 0=1 AB
0*1=0 0+1=0 1=0
1*1=1 1+1=1 N\ 00 01 11 10
ojoj2]s]4
Theorems 11113]7]5
= 296032-8
A*0=0 A+0=A A=A
A*1=A A+1=1
A*A=A A+A=A
A*A =0 A+A=1 Four Variables
AB
DeMorgan'’s Theorems o
— — 00 01 11 10
A+B+C+D) = A‘B_“E‘D__ oololzlizl8
(A*¥B*C*D) = A+B+C+D ol Tshals
1]3]7 1511
Logic Functions . " 1ol2Ts a0
A*A = AANDA 206032-9
A+A = AORA
A ' = ANOT
A®B=AEXCLUSIVEORB = AB+AB
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Five Variables
BC A=0 A=1 8C
DEN 00 011110 00 01 11 10 / DE
ooJol4fi2]s] [ie]20]28]24] 00
o1f1]sfi3]s] [17]21]29]25] 01
11{3]7is]1] [19]23]31]27} 11
10]2]6[14]10] [8]22]30]26} 10
206032-10
Six Variables
cD B=0 B=1 cD
EF N\ 00 01 1110 00 01 11 10 / FF
oojol4]i2]8 16]20]28]24] 00
Ao O'H s3] 9] [17]21]29|2s] 01
B 1 ]3]7is]11] [1e]23]31]27] 11
10]2]6]14]10] [18]22]30]26] 10
00 |32]36][44]40] [48]52]60]56] 00
At o1 |33]37]45]41] [J49]53|61]57] 01
- 11 |35]39f47]43] [Is1]ss|e3]59] 11
10 [34]38]46[42] [s0]54]62]58] 10
gr /00 011110 00 01 1110 \ gf
cD CcD
296032-11
Flip-Flop Tables T Truth Table
This subsection includes truth tables and excitation ta- T On QN+ 1
bles for the flip-flops supported by EPLDs. 0 0 0
0 1 1
D Truth Table 1 0 1
D On ON+1 1 1 0
0 0 0
0 1 0 T Excitation Table
: 0 1 Qn QN+ 1 T
! ! 0 0 0
0 1 1
D Excitation Table 1 0 1
Qn QN +1 D 1 1 0
0 0 0
0 1 1
1 0 0
1 1 1
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JK Truth Table
J K QN QN+1
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 0
JK Excitation Table
Qn QN+ 1 J K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0
SR Truth Table
S R QN QN+ 1
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 Q
1 0 0 1
1 ‘Qf : 1 1
1 1 lilegal
JK Excitation Table
QN QN+1 S R
0 0 0 X
0 " 1 0
1 0 0 1
1 1 X 0
NOTES:

Qp = Present State
Qn+1 = Next State
X = Don’t Care

AUTOMATIC STANDBY MODE
(TURBO BIT)

INTEL EPLD:s contain a programmable bit, the Turbo
Bit, that optimizes devices for speed or power savings.
When TURBO = ON, EPLDs are optimized for
speed. When TURBO = OFF, they are optimized for
power savings by automatically entering standby mode

when input transitions are not detected over a short
period of time. The following paragraphs describe how
the Turbo Bit affects power and speed in EPLDs.

Turbo Off (Low Power)

Intel EPLDs contain circuitry that. monitors all inputs
for transitions. When a transition is detected while the
device is in standby mode, the circuit generates an ac-
tive pulse. The leading edge of this pulse wakes the
device up and the device responds according to its pro-
gramming, changing outputs as necessary. If no new
transitions occur during the active pulse, the device en-
ters standby mode again. Outputs are always held 'valid
in standby mode. Input transitions that occur during
the active mode interval retrigger the active pulse. The
active pulse is different depending on the device
(5C060, 5AC312, etc), but is typically 2—-4 times the
propagation delay for a particular device.

In applications with infrequent input transitions, stand-
by mode can result in significant power savings (see the
appropriate data sheet for standby power vs. active
power). The slight speed loss associated with waking up

. a device is in the range of 0-10 ns, which is small

enough to allow standby mode to be used with most
applications (see the appropriate data sheet for effect of
Turbo Bit on performance).

Turbo On (Faster Speed)

In cases where the slight speed loss associated with
waking a device from standby mode cannot be traded
off to save power, the Turbo bit can be enabled for
maximum speed operation. With the Turbo Bit en-
abled, the device is always in active mode, thus avoid-
ing the wakeup delay. Note that data sheet perform-
ance is specified with the Turbo Bit enabled.

The Turbo Bit is enabled/disabled via a TURBO =
ON or TURBO = OFF statement in an iPLS II ADF
OPTIONS: statement. It can also be enabled/disabled
by editing the JEDEC file using device programmable
software. With TURBO = ON the device will be pro-
grammed for high speed; with TURBO = OFF the
device will be programmed for automatic standby
(power savings). The default state is OFF.

PACKAGING

Intel EPLDs are available in several packages to meet
the wide requirements of customer applications. Cur-
rent information on available packages is available from
your local Intel field sales engineer. Detailed informa-
tion on package dimensions, etc. for a particular pack-
age is provided in Packaging Outlines and Dimensions,
Order Number 321369, which covers all Intel packages.
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ORDERING INFORMATION

Intel EPLDs are identified as follows:

M D 5 (o] X X X -_— S S
- —— \ — J —_——
Device Speed
Technology
C — CHMOS

AC— Advanced CHMOS

Package Type
A — Hermetic, Pin Grid Array
D — Hermetic, Type D (Cerdip) Dip
N — Plastic, Leaded Chip Carrier
CJ — Ceramic, J Leaded Chip Carrier
P — Plastic Dip and Plastic Flatpack
R — Hermetic, Leadless Chip Carrier
X — Unpackaged Device
A — Indicates automotive operating temperature range (—40°C to + 125°C)

J — Indicates a JAN qualified device, but is for internal identification purposes only. All JAN devices must be

ordered by M38510 part number. (Example: M38510/42001 BQB), and will be marked in accordance
with MIL-M-38510 specifications.

L — Indicates extended operating temperature range (—40°C to +85°C) express product with
160 + 8 hrs. dynamic burn-in.

*M — Indicates military operating temperature range (—55°C to +125°C)

Q — Indicates commercial temperature range (0°C to 70°C) express product with 160 + 8 hrs. dynamic burn-
in.

T — Indicates extended temperature range (—40°C to + 85°C) express product without burn-in.
— No letter indicates commercial temperature range (0°C to 70°C) without burn-in.

Examples:

QD5C060-45 Commercial with burn-in, ceramic Dip, 060 (600 gate) device, 45 nanosecond.
*On military temperature devices, B suffix indicates MIL-STD-883C level B processing.
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DATA SHEET SPECIFICATIONS

The specifications in these data sheets reflect some changes in comparison to earlier
data sheets. These changes were made to provide more accurate and usable information
concerning Intel EPLDs. A summary of the changes follows.

D.C. Characteristics
IsB Standby Current (formerly called Icc1).

Icc  Operating Current (formerly called Icc2). Test conditions have been specified
in greater detail.

A.C. Characteristics (Synchronous)

fMAx Maximum Frequency (new spec.). Maximum frequency operation with no
signals fed back to other macrocells.

fcNT Maximum Counting Frequency (formerly called f{). Maximum frequency
. operation with some signals fed back to other macrocells.

tco  Output Register Valid from CLK (formerly called tco1).
tcNT Register Output Feedback to Register Input — Internal Path (formerly called
tp1)-

A.C. Characteristics (Asynchronous)

fAMAX Maximum Frequency (new spec.). Maximum frequency operation with no
signals fed back to other macrocells.

fACNT Maxim_um (?ounting F_requency (formerly called fp1). Maximum frequency
operation with some signals fed back to other macrocells.

taco Output Register Valid from CLK (formerly called taco1).
tACNT :Regiiter Output Feedback to-Register Input — Internal Path (formerly called
AP1)-

Non-Turbo Mode

The Non-Turbo Mode column in several of the data sheets shows the additional time
required to power-up the device from standby mode. The column applies only when the
device is operated in non-turbo mode (Turbo Bit Off) in an application where the device
enters standby mode. See “Automatic Standby-Mode” in the Overview for additional

information.
000274-1
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5C031 _
300 GATE CHMOS H-SERIES ERASABLE
PROGRAMMABLE LOGIC DEVICE (H-EPLD)

m High Performance, Low Power m CHMOS EPROM Technology Based UV
Replacement for SSI & MSI Devices Erasable.
and Bipolar PLDs. m Up to 18 Inputs (10 Dedicated & 8 1/0)
m Eight Macrocells with Programmable and 8 Outputs.
1/0 Architecture. m Programmable “Security Bit” Allows
m 100% Generically Testable EPROM Total Protection of Proprietary Designs
Loglc Control Array. m |cc (standby) 35 mA (maX)
m High Performance Upgrade for All lee (10 MHZ) 40 mA (max)

Commonly Used 20-pin PLDs. m tpp = 40 ns (max)

m 20-pin 0.3” Windowed CERDIP Package
(See Packaging Spec., Order # 231369)

INPUT/CLK O
INPUT O]

20 Vee
19081/0
INPUT O 1831/0
INPUT O sco31 17[31/0

1
2
3
4
INPUT ] 5 16[31/0
INPUTC] 6 O 15Q31/0
7 141/0
8
9
1

INPUT [

INPUT 1331/0

INPUT O 1231/0
GND ] 10 1131/Vpp

290154-1
Pin Configuration

November 1987
2-2 Order Number: 290154-001
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The Intel 5C031 H-EPLD (H-series Erasable Pro-
grammable Logic Device) is capable of implement-
ing over 300 equivalent gates of user-customized
logic functions through programming. This device
can be used to replace bipolar programmable logic
arrays and LS TTL and 74HC (CMOS) SSI and MSI
logic devices. The 5C031 can also be used as a
direct, low-power replacement for almost all com-
mon 20-pin fuse-based programmable logic devices.
With its flexible programmable 1/0 architecture, this
device has advanced functional capabilities beyond
that of typical programmable logic.

The 5C031 H-EPLD uses CHMOS EPROM (floating
gate) cells as logic control elements instead of fus-
es. The CHMOS EPROM technology reduces power
consumption of H-EPLDs to less than 20% of a
comparable bipolar device without sacrificing speed
performance. In addition, the use of Intel's advanced
CHMOS II-E EPROM process technology enables
greater logic densities to be achieved with superior
speed and low-power performance over other com-
parable devices. EPROM technology allows these
devices to be 100% factory tested by programming
and erasing all the EPROM logic control elements.

The 5C031 is housed in a windowed 0.3” 20-pin DIP
and has the benefits of being an ideal prototyping
tool with its highly flexible 1/0 architecture.

2-3

ARCHITECTURE DESCRIPTION

The architecture of the 5C031 is based on the “Sum
of Products” PLA (Programmable Logic Array) struc-
ture with a programmable AND array feeding into a
fixed OR array. This device can accommodate both
combinational and sequential logic functions. A pro-
prietary programmable 1/0 architecture provides in-
dividual selection of either combinational or regis-
tered output and feedback signals, all with select-
able polarity.

The 5C031 contains 10 dedicated inputs as well as 8
input/output pins. These |/0 pins can be individually
configured to be inputs, outputs or bi-directional 170
pins. Each of these 1/0 pins is connected to a mac-
rocell. The 5C031 contains 8 identical macrocells or-
ganized as shown in Figure 1.

Each macrocell (see Figure 2) consists of a PLA
(programmable logic array) block and an 1/0 archi-
tecture block, which contains a “D” type register.
The PLA block consists of eight 36-input AND gates
(TRUE & COMPLEMENT of 10 dedicated inputs
plus the 8 feedback inputs from the eight macro-
cells), feeding into an OR gate. The output of this
PLA block is fed ihto the 1/0 architecture block. The
different I/0 and feedback options that are achiev-
able from the 5C031 |/0 block are shown in Figure
3.
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Figure 1. 5C031 Architecture
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Figure 3. 5C031 1/0 Architecture Control

20 PIN CMOS COMPATIBILITY

The 5C031 is architected to be a logical superset of most 20 pin bipolar programmable array logic (PAL*)
devices. The 1/0 and logic sections of the 5C031 device can be configured to emulate any of the devices
listed below. Designers can make use of this feature by reducing the power of PAL based systems (EPLDs are
much lower power), replacing multiple PAL inventory items with a single EPLD. Designers can also create new
20 pin PLD configurations by utilizing the individual logic and output controls of each macrocell.

List of PAL devices logically compatible with the 5C031.

10H8 16L2
12HB 16L8
14H4 16R8
16H2 16R6
16H8 16R4
16C1 16P8A
i0LB 16RP8A
12L6 16RP6A
14L4 16RP4A

*PAL is a registered trademark of Monolithic Memories, Inc.

2-6 -
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Erased-State Configuration

Prior to programming or after erasing, the 170 struc-
ture is configured for combinatorial active low output
with input (pin) feedback.

ERASURE CHARACTERISTICS

Erasure characteristics of the 5C031 are such that
erasure begins to occur upon exposure to light with
wavelengths shorter than approximately 4000A. It
should be noted that sunlight and certain types of
flourescent lamps have wavelengths in the 3000-
4000A. Data shows that constant exposure to room
level flourescent lighting could erase the typical
5C031 in approximately three years, while it would
take approximately one week to cause erasure when
exposed to direct sunlight. If the 5C031 is to be ex-
posed to these types of lighting conditions for ex-
tended periods of time, conductive opaque labels
should be placed over the device window to prevent
unintentional erasure.

The recommended erasure procedure for the 5C031
is exposure to shortwave ultraviolet light with a
wavelength of 2537A. The integrated dose (i.e., UV
intensity X exposure time) for erasure should be a
minimum of fifteen (15) Wsec/cm2. The erasure
time with this dosage is approximately 15 to 20 min-
utes using an ultraviolet lamp with a 12,000 uW/cm2
power rating. The 5C031 should be placed within
one inch of the lamp tubes during erasure. The maxi-
mum integrated dose the 5C031 can be exposed to
without damage is 7258 Wsec/cm2 (1 week at
12,000 pW/cm?). Exposure to high intensity UV light
for longer periods may cause permanent damage to
the device. )

PROGRAMMING CHARACTERISTICS

Initially, and after erasure, all the EPROM control
bits of the 5C031 are connected (in the “1” state).
Each of the connected control bits are selectively
disconnected by programming the EPROM cells into
their “0” state. Programming voltage and waveform
specifications are available by request from Intel to
support programming of the 5C031.

intgligent Programming™ Algorithm

The 5C031 supports the intgligent Programming Al-
gorithm which rapidly programs Intel H-ELPDs (and
EPROMSs) using an efficient and reliable method.
The intgligent Programming Algorithm is particularly
suited to the production programming environ-

ment. This method greatly decreases the overall
programming time while programming reliability is
ensured as the incremental program margin of each
bit is continually monitored to determine when the bit
has been successfully programmed.

FUNCTIONAL TESTING

Since the logical operation of the 5C031 is con-
trolled by EPROM elements, the device is complete-
ly testable. Each programmable EPROM bit control-
ling the internal logic is tested using application-in-
dependent test program patterns. After testing, the
devices are erased before shipment to customers.
No post-programming tests of the EPROM array are
required.

The testability and reliability of EPROM-based pro-
grammable logic devices is an important feature
over similar devices based on fuse technology.
Fuse-based programmable logic devices require a
user to perform post-programming tests to insure
proper programming. These tests must be done at
the device level because of the cummulative error
effect. For example, a board containing ten devices
each possessing a 2% device fallout translates into
an 18% fallout at the board level (it should be noted
that programming fallout of fuse-based programma-
ble logic devices is typically 2% or higher).

DESIGN RECOMMENDATIONS

To take maximum advantage of EPLD technology, it
is recommended that the designer use the Modular
EPLD Logic Design (MELD) method. The MELD phi-
losophy is derived from the modular programming
method used in software development. In a modular
software development environment, the engineer
designs a modular program (typically on a develop-
ment system), stores it in memory (EPROM), and
tests the module for functionality. A hardware de-
signer using EPLDs can use this same approach
when designing logic. The designer develops a mod-
ular logic design on the Intel Programmable Logic
Development System |l (iPLDS Il), stores it in “mem-
ory” (the EPROM control elements of the EPLD),
and again tests the module for functionality. If the
design is in error, the logic designer reprograms the
EPLD with his new design as easily as a software
designer can download a new program into memory.

The MELD philosophy is new to programmable logic
because EPROM-based PLDs are new. A modular
logic development process using fused-based PLDs
would be wasteful since a fused-based device can-
not be erased an re-used.
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For proper operation, it is recommended that all in-
put and output pins be constrained to the voltage
range GND < (V|n or Vout) < Vge. Unused inputs
should be tied to an appropriate logic level (e.g. ei-
ther Vo or GND) to minimize device power con-
sumption. Reserved pins (as indicated in the iPLDS
REPORT file) should be left floating (no connect) so
that the pin can attain the appropriate logic level. A
power supply decoupling capacitor of at least 0.2 uF
must be connected directly between Vg and GND
pins of the device.

DESIGN SECURITY

A single EPROM bit provides a programmable de-
sign security feature that controls the access to the
data programmed into the device. If this bit is set, a
proprietary design within the device cannot be cop-
ied. This EPROM security bit enables a higher de-
gree of design security than fused-based devices
since programmed data within EPROM cells is invisi-
ble even to microscopic evaluation. The EPROM se-
curity bit, along with all the other EPROM control
bits, will be reset by erasing the device.

LATCH-UP IMMUNITY

All of the input, 1/0, and clock pins of the 5C031
have been designed to resist latch-up which is inher-
ent in inferior CMOS structures. The 5C031 is de-
signed with Intel's proprietary CHMOS II-E EPROM
process. Thus, each of the 5C031 pins will not expe-
rience latch-up with currents up to 100 mA and volt-
ages ranging from —1V to Vgg + 1V. Furthermore,
the programming pin is designed to resist latch-up to
the 13.5V maximum device limit.

INTEL PROGRAMMABLE LOGIC
DEVELOPMENT SYSTEM Il (iPLDS 1)

The iPLDS Il graphically shown in Figure 5 provides
all the tools needed to design with Intel H-Series
EPLDs or compatible devices. In addition to provid-
ing development assistance, iPLDS Il insulates the
user from having to know all the intricate details of
EPLD architecture (the machine will optimize a de-
sign to benefit from architectual features). It contains
comprehensive third generation software that sup-
ports four different design entry methods, minimizes

logic, does automatic pin assignments and produces
the best design fit for the selected EPLD. It is user
friendly with guided menus, on-line Help messages
and soft key inputs.

In addition, the iPLDS Il contains programmer hard-
ware in the form of an iUP-PC Universal Program-
mer-Personal Computer to enable the user to pro-
gram EPLDs, read and verify programmed devices
and also to graphically. edit programming files. The
software generates industry standard JEDEC object
code output files which can be downloaded to other
programmers as well.

The iPLDS Il has interfaces to popular schematic
capture packages (including Dash series from Fu-
tureNet* and PC CAPS from PCAD)** to enable de-
signs to be entered using schematics. A more inte-
grated schematic entry method is provided by
SCHEMA |I-PLD, a low-cost schematic capture
package that supports EPLD primitives and user-de-
fined macro symbols. SCHEMA 1I-PLD contains the
EPLD Design Manager, which provides a single user
interface to both SCHEMA 1I-PLD and iPLS II soft-
ware. The other design formats supported are Boo-
lean equation entry and State Machine design entry.

The iPLDS operates on the IBMT PC/XT, PC/AT, or
other compatible machine with the following configu-
ration:

1. At least one floppy disk drive and hard disk drive.

2. MS-DOSTt Operating System Version 3.0 or
greater.

3. 640K Memory.

4. Intel iUP-PC Universal Programmer-Personal

Computer and GUPI Adaptor (supplied with
iPLDS).
5. A color monitor is suggested.
Detailed information on the Intel Programmable Log-
ic Development System Il is contained in a separate
Intel data sheet. (Order Number: 280168)

*FutureNet is a registered trademark of FutureNet
Corporation. DASH is a trademark of FutureNet
Corporation.

**PC-CAPS is a trademark of P-CAD Corporation.

TIBM Personal Computer is a registered trade-
mark of International Business Machines Corpo-
ration.

TTMS-DOS is a registered trademark of Microsoft
Corporation.
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ABSOLUTE MAXIMUM RATINGS*

Symbol Parameter Min Max | Units

Vee Supply Voltage(1) -20 7.0 "

Vpp Programming —2.0( 135 \"
Supply Voltage(!)

V| DC Input Voltage(1(2) | —0.5|Vgc+0.5( V

tstg Storage Temperature —65| +150 °C

tamb Ambient Temperature(® | —10| +85 °C

NOTES:

1. Voltages with respect to ground.

2. Minimum DC input is —0.5V. During transitions, the in-
puts may undershoot to —2.0V for periods less than 20 ns

under no load conditions.

3. Under bias. Extended temperature versions are also

available.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliabilfty.

D.C. CHARACTERISTICS T4 = 0°to +70°C, Vgg = 5V £5%

Symbol Parameter/Test Conditions Min Typ Max Unit

ViH4) High Level Input Voltage 2.0 Vec + 0.3 \"

ViL@) Low Level Input Voltage -0.3 0.8 v

VoH®) High Level Output Voltage 2.4 . v
lo = —4.0mAD.C., Vgc = min.

VoL Low Level Output Voltage 0.45 "
lo = 40mAD.C., Vcc = min. :

h Input Leakage Current 10 rA
Vec = max., GND < Voyt < Ve

loz Output Leakage Current +10 RA
Vcc = max., GND < Voyrt < Voo )

15c(6) Output Short Circuit Current 10 mA
Vcg = max., Voyt = 0.5V

lcc Power Supply Current 15 40 mA
Vee = max., Viy = Voo or GND
No Load, Input Freq. = 1 MHz
Active mode (Turbo = Off)
Device prog. as 8-bit Ctr.

NOTES:

4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included.

5. lo at CMOS levels (3.84V) = —2 mA.

6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second.

2-10
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A.C. TESTING LOAD CIRCUIT

A.C. TESTING INPUT, OUTPUT WAVEFORM

<
3 8550
<

DEVICE
output O—

>

DEVICE INPUT‘
- RISE AND FALL
TIMES<6ns

CL = 50 pF

ki

TO TEST
SYSTEM

34103 C_ (INCLUDES JIG

CAPACITANCE)

290154-6

30=\fzo 70
INPUT , x og ~—>TesTPONTS <[ X' "

OUTPUT 1 .SVx <———— TEST POINTS ——— %X1.5V

290154-7

A.C. Testing: Inputs are Driven at 3.0V for a Logic “1” and OV for
a Logic “0”. Timing Measurements are made at 2.0V for a Logic
“1” and 0.8V for a Logic “0"” on inputs. Outputs are measured at
a 1.5V point.

A.C. CHARACTERISTICS T5 = 0°Cto +70°C, Vg = 5V +5%, Turbo Bit Programmed(7)

Symbol From To 5C031-40 5C031-50 Unit
Min | Typ | Max | Min | Typ | Max
trD 110 Comb. Output 40 50 ns
tpzx(®) lorl/O0 Output Enable 40 50 ns
tpxz(® lor1/0 Output Disable 40 50 ns
tcLR Asynch Reset Q Reset 40 50 ns
NOTES:

7. Typical Values are at Ty = 25°C, Vog = 5V, Active Mode
8. tpzx and tpxz are measured at £0.5V from steady state voltage as driven by spec. output load. tpxz is measured with

CL = 5pF.

CAPACITANCE
Symbol Parameter Conditions Min Typ Max Unit
CiN Input Capacitance ViN = OV, f = 1.0 MHz 20 pF
Cour Output Capacitance Vout = OV, f = 1.0 MHz 20 pF
CcLk Clock Pin Capacitance VouTt = OV, f = 1.0 MHz 20 pF
Cvpp Vpp Pin Pin 11 50 pF

2-11
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SYNCHRONOUS CLOCK MODE A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Voc = 5.0V +£5%, Turbo Bit On(?)

Symbol Parameter 5C031-40 8C0a1-60 Unit
Min Typ Max Min Typ Max
fmAX Max. Frequency 29.5 225 MHz
1/(tcL + tcH)— No Feedback
fonT Max. Count Frequency 22 18 MHz
1/tcnT — With Feedback
tsu 1/0 Setup Time to CLK 30 32 ns
ty 1 or 1/0 Hold after CLK High 0 0 ns
tco CLK High to Output Valid 24 28 ns
toNT Register Output Feedback to 45 55 ns
Register Input — Internal
Path
tcH CLK High Time 17 22 ns
toL CLK Low Time 17 22 ns
tseT Synch. Set to Q Set 40 50 ns

2-12
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SWITCHING WAVEFORMS

COMBINATORIAL MODE

INPUT OR I/O INPUT

tep

COMBINATORIAL OUTPUT |

l— tpxz —

HIGH IMPEDANCE

COMBINATORIAL OR l
REGISTERED OUTPUT :

/V

e tpzx

3=STATE

HIGH IMPEDANCE

VALID OUTPUT

3=STATE
tor
ASYNCHRONOUSLY
CLEAR OUTPUT
290154-8
SYNCHRONOUS CLOCK MODE
tCH tCL
CLK1
tey —te—ty—
INPUT MAY CHANGE :{«ﬁ? INPUT MAY CHANGE
~— tco
(FROM REGISTER

T0 OUTPLT) VALID OUTPUT

290154-9

2-13




intal
5C032

300 GATE CHMOS H-SERIES ERASABLE
PROGRAMMABLE LOGIC DEVICE (H-EPLD)

B High Performance, Low Power m CHMOS EPROM Technology Based UV
Replacement for SSI & MSI Devices Erasable
and Bipolar PLDs m Up to 18 Inputs (10 Dedicated & 8 1/0)
m Eight Macrocells with Programmable and 8 Outputs
170 Architecture m Programmable “Security Bit” Allows
m 100% Generically Testable EPROM Total Protection of Proprietary Designs
Logic Control Array m Icc (standby) 100 pA (max)
m High Performance Upgrade for All lcc (10 MHZz) 25 mA (max)
Commonly Used 20-pin PLDs m tpp = 25 ns (max)

m 20-pin 0.3" Plastic DIP Package
(See Packaging Spec., Order #231369)

INPUT/CLK ] 1 ~ 203 Vee
INPUTC] 2 19Q1/0
INPUT ] 3 18[31/0
INPUTd 4  s5C032 17 ;J 1/0
INPUT ] 5 16[31/0
INPUT ] 6 O 1531/0
INPUT ] 7 1431/0
INPUT ] 8 13831/0
INPUT ] 9 12831/0

GND ] 10 113 1/Vpp

290155-1
Pin Configuration

November 1987
2-14 Order Number: 290155-001



intel

5C032

The Intel 5C032 H-EPLD (H-series Erasable Pro-
grammable Logic Device) is capable of implement-
ing over 300 equivalent gates of user-customized
logic functions through programming. This device
can be used to replace bipolar programmable logic
arrays and LS TTL and 74HC (CMOS) SSI and MSI
logic devices. The 5C032 can also be used as a
direct, low-power replacement for almost all com-
mon 20-pin fuse-based programmable logic devices.
With its flexible programmable 1/0 architecture, this
device has advanced functional capabilities beyond
that of typical programmable logic.

The 5C032 H-EPLD uses CHMOS EPROM (floating
gate) cells as logic control elements instead of fus-
es. The CHMOS EPROM technology reduces power
consumption of H-EPLDs to less than 20% of a
comparable bipolar device without sacrificing speed
performance. In addition, the use of Intel's advanced
CHMOS II-E EPROM process technology enables
greater logic densities to be achieved with superior
speed and low-power performance over other com-

parable devices. Intel's 5C032 has the benefit of -

“zero” stand-by power not available on other pro-
‘grammable logic devices. EPROM technology al-
lows these devices to be 100% factory tested by
programming and erasing all the EPROM logic con-
trol elements. -

The 5C032 with its superior speed and power per-
formance and its plastic package is an ideal produc-
tion vehicle for high-volume manufacturing. Most
commonly used 20-pin bipolar PLDs can be easily
replaced with this device allowing for tremendous
power consumption savings without sacrificing
speed of operation.

ARCHITECTURE DESCRIPTION

The architecture of the 5C032 is based on the “Sum
of Products” PLA (Programmable Logic Array) struc-
ture with a programmable AND array feeding into a
fixed OR array. This device can accommodate both
combinational and sequential logic functions. A pro-
prietary programmable 1/0 architecture provides in-
dividual selection of either combinational or regis-
tered output and feedback signals, all with select-
able polarity.

The 5C032 contains 10 dedicated inputs as well as 8
input/output pins. These 1/0 pins can be individually
configured to be inputs, outputs or bi-directional 1/0
pins. Each of these 1/0 pins is connected to a mac-
rocell. The 5C032 contains 8 identical macrocells or-
ganized as shown in Figure 1.

Each macrocell (see Figure 2) consists of a PLA
(programmable logic array) block and an 1/0 archi-
tecture block, which contains a “D” type register.
The PLA block consists of eight 36-input AND gates
(TRUE & COMPLEMENT of 10 dedicated inputs
plus the 8 feedback inputs from the eight macro-
cells), feeding into an OR gate. The output of this
PLA block is fed into the I/0 architecture block. The
different 1/0 and feedback options that are available
in the 5C032 1/0 block are shown in Figure 3.
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Figure 1. 5C032 Architecture
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Figure 3. 5C032 I/0 Architecture Control

20 PIN CMOS COMPATIBILITY

The 5C032 is architected to be a logical superset of most 20 pin bipolar programmable array logic (PAL*)
devices. The 1/0 and logic sections of the 5C032 device can be configured to emulate any of the devices
listed below. Designers can make use of this feature by reducing the power of PAL based systems (EPLDs are
much lower power), replacing multiple PAL inventory items with a single EPLD. Designers can also create new
20 pin PLD configurations by utilizing the individual logic and output controls of each macrocell.

List of PAL devices logically compatible with the 5C032.

10H8 16L2
12H6 16L8
14H4 16R8
16H2 16R6
16H8 - 16R4
16C1 16P8A
10LB 16RP8A
12L6 16RP6A
14L4 16RP4A

*PAL is a registered trademark of Monolithic Memories, Inc.
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Erased-State Configuration

Prior to programming or after erasing, the /0 struc-
ture is configured for combinatorial active low output
with input (pin) feedback.

ERASURE CHARACTERISTICS

Erasure characteristics of the 5C032 are such that
erasure begins to occur upon exposure to light with
wavelengths shorter than approximately 4000A. It
should be noted that sunlight and certain types of
flourescent lamps have wavelengths in the 3000-
4000A. Data shows that constant exposure to room
level flourescent lighting could erase the typical
5C032 in approximately three years, while it would
take approximately one week to cause erasure when
exposed to direct sunlight. If the 5C032 is to be ex-
posed to these types of lighting conditions for ex-
tended periods of time, conductive opaque labels
should be placed over the device window to prevent
unintentional erasure.

The recommended erasure procedure for the 5C032
is exposure to shortwave ultraviolet light with a
wavelength of 2537A. The integrated dose (i.e., UV
intensity X exposure time) for erasure should be a
minimum of fifteen (15) Wsec/cm2. The erasure
time with this dosage is approximately 15 to 20 min-
utes using an ultraviolet lamp with a 12,000 pW/cm?2
power rating. The 5C032 should be placed within
one inch of the lamp tubes during erasure. The maxi-
mum integrated dose the 5C032 can be exposed to
without damage is 7258 Wsec/cm2 (1 week at
12,000 uW/cmz2). Exposure to high intensity UV light
for longer periods may cause permanent damage to
the device. i

PROGRAMMING CHARACTERISTICS

Initially, and after erasure, all the EPROM control
bits of the 5C032 are connected (in the “1” state).
Each of the connected control bits are selectively
disconnected by programming the EPROM cells into
their “0” state. Programming voltage and waveform
specifications are available by request from Intel to
support programming of the device.

inteligent Programming™ Algorithm

The 5C032 supports the intgligent Programming Al-
gorithm which rapidly programs Intel H-ELPDs (and
EPROMSs) using an efficient and reliable method.
The intgligent Programming Algorithm is particularly
suited to the production programming environ-

2-19

ment. This method greatly decreases the overall
programming time while programming reliability is
ensured as the incremental program margin of each
bit is continually monitored to determine when the bit
has been successfully programmed.

FUNCTIONAL TESTING

Since the logical operation of the 5C032 is con-
trolled by EPROM elements, the device is complete-
ly testable. Each programmable EPROM bit control-
ling the internal logic is tested using application-in-
dependent test program patterns. After testing, the
devices are erased before shipment to customers.
No post-programming tests of the EPROM array are
required.

The testability and reliability of EPROM-based pro-
grammable logic devices is an important feature
over similar devices based on fuse technology.
Fuse-based programmable logic devices require a
user to perform post-programming tests to insure
proper programming. These tests must be done at
the device level because of the cummulative error
effect. For example, a board containing ten devices
each possessing a 2% device fallout translates into
an 18% fallout at the board level (it should be noted
that programming fallout of fuse-based programma-
ble logic devices is typically 2% or higher).

DESIGN RECOMMENDATIONS

To take maximum advantage of EPLD technology, it
is recommended that the designer use the Modular
EPLD Logic Design (MELD) method. The MELD phi-
losophy is derived from the modular programming
method used in software development. In a modular
software development environment, the engineer
designs a modular program (typically on a develop-
ment system), stores it in memory (EPROM), and
tests the module for functionality. A hardware de-
signer using EPLDs can use this same approach
when designing logic. The designer develops a mod-
ular logic design on the Intel Programmable Logic
Development System Il (iPLDS i), stores it in “mem-
ory” (the EPROM control elements of the EPLD),
and again tests the module for functionality. If the
design is in error, the logic designer reprograms the
EPLD with his new design as easily as a software
designer can download a new program into memory.

The MELD philosophy is new to programmable logic
because EPROM-based PLDs are new. A modular
logic development process using fused-based PLDs
would be wasteful since a fused-based device can-
not be erased an re-used.
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For proper operation, it is recommended that all in-
put and output pins be constrained to the voltage
range GND < (V|y or Vout) < Vgoe. Unused inputs
should be tied to an appropriate logic level (e.g. ei-
ther Voo or GND) to minimize device power con-
sumption. Reserved pins (as indicated in the iPLDS
REPORT file) should be left floating (no connect) so
that the pin can attain the appropriate logic level. A
power supply decoupling capacitor of at least 0.2 uF
must be connected directly between Ve and GND
pins of the device.

DESIGN SECURITY

A single EPROM bit provides a programmable de-
sign security feature that controls the access to the
data programmed into the device. If this bit is set, a
proprietary design within the device cannot be cop-
ied. This EPROM security bit enables a higher de-
gree of design security than fused-based devices
since programmed data within EPROM cells is invisi-
ble even to microscopic evaluation. The EPROM se-
curity bit, along with all the other EPROM control
bits, will be reset by erasing the device.

LATCH-UP IMMUNITY

All of the input, I/0, and clock pins of the 5C032
have been designed to resist latch-up which is inher-
ent in inferior CMOS structures. The 5C032 is de-
signed with Intel’s proprietary CHMOS il-E EPROM
process. Thus, each of the 5C032 pins will not expe-
rience latch-up with currents up to 100 mA and volt-
ages ranging from —1V to Vgg + 1V. Furthermore,
the programming pin is designed to resist latch-up to
the 13.5V maximum device limit. )

INTEL PROGRAMMABLE LOGIC
DEVELOPMENT SYSTEM Ii (iPLDS Ii)

The iPLDS Ii graphically shown in Figure 5 provides
all the tools needed to design with Intel H-Series
EPLDs or compatible devices. In addition to provid-
ing development assistance, iPLDS Il insulates the
user from having to know all the intricate details of
EPLD architecture (the machine will optimize a de-
sign to benefit from architectual features). It contains
comprehensive third generation software that sup-
ports four different design entry methods, minimizes

2-20

logic, does automatic pin assignments and produces
the best design fit for the selected EPLD. It is user
friendly with guided menus, on-line Help messages
and soft key inputs.

In addition, the iPLDS II contains programmer hard-
ware in the form of an iUP-PC Universal Program-
mer-Personal Computer to enable the user to pro-
gram EPLDs, read and verify programmed devices
and also to graphically edit programming files. The
software generates industry standard JEDEC object
code output files which can be downloaded to other
programmers as well.

The iPLDS Il has interfaces to popular schematic
capture packages (including Dash series from
FutureNet* and PC CAPS from PCAD)** to enable
designs to be entered using schematics. A more in-
tegrated schematic entry method is provided by
SCHEMA Ii-PLD, a low-cost schematic capture
package that supports EPLD primitives and user-de-
fined macro symbols. SCHEMA II-PLD contains the
EPLD Design Manager, which provides a single user
interface to both SCHEMA |I-PLD and iPLS II soft-
ware. The other design formats supported are
Boolean equation entry and State Machine design
entry. .

The iPLDS operates on the IBMT PC/XT, PC/AT, or
other compatible machine with the following configu-
ration:

1. At least one floppy disk drive and hard disk drive.

2. MS-DOSTt Operating System Version 3.0 or

greater.

3. 640K Memory. )

4. Intel iUP-PC Universal Programmer-Personal
Computer and GUPI Adaptor (supplied with
iPLDS ).

5. A color monitor is suggested.

Detailed information on the Intel Programmable Log-

ic Development System |l is contained in a separate

Intel data sheet. (Order Number: 280168)

*FutureNet is a registered trademark of FutureNet

Corporation. DASH is a trademark of FutureNet
Corporation.

**PC-CAPS is a trademark of P-CAD Corporation.

TIBM Personal Computer is a registered trade-
mark of International Business Machines Corpo-
ration.

TTMS-DOS is a registered trademark of Microsoft
Corporation.
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ABSOLUTE MAXIMUM RATINGS*

Symbol Parameter Min Max | Unit

Vee Supply Voltage(1) —-2.0 7.0 \'

Vpp Programming —-20| 135 v
Supply Voltage(!)

Vi DC Input Voltage(1)@ | —0.5|Vgg+0.5| V

tstg Storage Temperature —65| +150 | °C

tamb Ambient Temperature(4) | —10 +85 °C

NOTES:
1. Voltages with respect to ground.

2. Minimum DC input is —0.5V. During transitions, the in-
puts may undershoot to —2.0V for periods less than 20 ns

under no load conditions.

3. Under bias, Extended temperature versions are also

available.

4. Extended temperature versions also available.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T = 0°Cto 70°C, Voc = 5V 5%

Symbol Parameter/Test Conditions Min Typ Max Unit

ViH®) High Level input Voltage 2.0 Vee + 0.3 v

ViL®) Low Level Input Voltage -0.3 0.8 v

Von(®© High Level Output Voltage 24 \'
lo = —40mAD.C, Vgc = min.

VoL Low Level Output Voltage 0.45 \"
lo =4.0mAD.C,, Vcc = min.

I Input Leakage Current +10 pA
Vce = max., GND < Voyt < Voo

loz Output Leakage Current +10 HA
Vcc = max., GND < Voyt < Ve

Isc(” Output Short Circuit Current 10 mA
Vce = max., Voyt = 0.5V

Isg(® Standby Current 10 100 rA
Vcc = max., Viy = Vg or GND,
Standby Mode

Icc(® Power Supply Current 15 25 mA
Vece = max., Viy = Vg or GND,
No Load, Input Freq. = 10 MHz
Active Mode (Turbo = Off),
Device Prog. as 8-bit Ctr.

NOTES:

5. Absolute values with respect to device GND; all over- and undershoots due to system or tester noise are included.

6. Io at CMOS levels (3.84V) = —2 mA.

7. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second.
8. With Turbo Bit = Off, device automatically enters standby mode approximately 100 ns after last input transition.
9. Maximum Active Current at operational frequency is less than 40 mA.
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A.C. TESTING LOAD CIRCUIT A.C. TESTING INPUT, OUTPUT WAVEFORM
5v 3.0
INPUT x ::: > TEST POINTS <[ ::
3 8550 0
<
DEVICE TO TEST
OUTRYT O —:I o SYSTEM OUTPUT l.svx <+——— TEST POINTS ——— X1.5V
<
34103 €, (INCLUDES JIG 290156-7 .
9 I CAPACITANCE) .
: A.C. Testing: Inputs are Driven at 3.0V for a Logic “1” and OV for
DEV'CE 'N; ut a Logic “0”. Timing Measurements are made at 2.0V for a Logic
RISE AND FALL - “1” and 0.8V for a Logic “0” on inputs. Outputs are measured at
TIMES <6 ns a 1.5V point.
290155-6
CL = 50 pF

A.C. CHARACTERISTICS Ta = 0°Cto +70°C, Vg = 5V +5%, Turbo Bit On(10)

Symbol | From To 5C032-25 5C032-30 5C032-35 Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

trp lor1/O | Comb. Output 25 30 35 ns

tpzx(11) | lor /O | Output Enable 25 30 35 ns

tpxz(11) | lor1/0 | Output Disable 25 30 35 ns

NOTES:

10. Typ. values are at Tpo = 25°C, Vgc = 5V, Active Mode.

11. tpzx and tpxz are measured at +0.5V from steady state voltage as driven by spec. output load. tpxz is measured with
CL = 5pF.

CAPACITANCE
Symbol Parameter Conditions Min Typ Max Unit
CiN Input Capacitance ViIN =0V, f=1.0MHz 20 pF
Cout Output Capacitance VouTt = OV, f = 1.0 MHz 20 pF
CcLk Clock Pin Capacitance Vout = OV, f = 1.0 MHz 20 pF
Cypp(12) Vpp Pin 50 pF
NOTE:

12. Vpp is on Pin 11.
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A.C. CHARACTERISTICS T, = 0°Ct0 70°C, Vgg = 5V +5%, Turbo Bit On (10)

SYNCHRONOUS CLOCK MODE

5C032-25 5C032-30 5C032-35
Symbol Parameter Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
fmAX Max. Frequency 47.6 43.5 40 MHz
1/tgy — No Feedback
fonT Max. Count Frequency 33.3 28.5 25 MHz
1/tonT — with Feedback
tsu Input Setup Time to CLK 21 23 25 ns
t4 lor1/0 Hold after CLK High | 0 0 0 ns
tco CLK High to Output Valid 16 17 20 ns
tonT Register Output Feedback 30 35 40 ns
to Register Input — Internal
Path
tcH CLK High Time 10 11 12 ns
toL CLK Low Time 10 11 12 ns
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SWITCHING WAVEFORMS
COMBINATORIAL MODE
INPUT OR 1/0 INPUT
tpp
COMBINATORIAL OUTPUT |
| texz

COMBINATORIAL OR
REGISTERED OUTPUT

HIGH IMPEDANCE

N/

HIGH IMPEDANCE

L—— tpzx

3= STATE

VALID OUTPUT

3= STATE
290155-8
SYNCHRONOUS CLOCK MODE
ten toL
CLK1
tgy—=f=—ty
VALID
INPUT MAY CHANGE INPUT INPUT MAY CHANGE
l‘— teo
(FROM REGISTER
To oUTPUT) VALID OUTPUT
290155-9
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Current in Relation to Frequency Current in Relation to Temperature
50 50
40 40
A R
= 3 ~ 3 ———]
£ (TURBO A £ : B
] fony=10MH
3 20 3 20 ‘:N'T—r z
T
’7 font = 1 MHZ, TURBO
10 10
NON=TURBO
L L L 0
0 5 10 15 20 25 30 35 40 0 20 40 60 80 85
font(MHz) Temp(©)
' 290155-11 N 290155-12
Conditions: Tp = 0°C, Vgg = 5.2V Conditions: Vcc = 6.25V

Output Drive Current in Relation to Volitage

100 :
50 —
b . G
/ NJoH
2 S
oL N

d""‘

ligl Output Current (ma)
°

0 1 2 3 4 5

Vo Output Voltage (V)
20015513

Conditions: T = +25°C, Vg = 5V

2-26




intel

5C060/5C090

600-/900-GATE CHMOS
H-SERIES ERASABLE PROGRAMMABLE
LOGIC DEVICE (H-EPLD)

High Performance LSI Semi-Custom
Logic Replacement for Low-End Gate
Arrays, TTL, and 74HC SSI| and MSI
Logic

CHMOS EPROM Technology Based. UV
Erasable

Low Power; 50 1A Typical Standby
Current

Erasable Array for 100% Generic
Testability

Programmable Clock System with Two
Synchronous Clocks as Well as
Asynchronous Clocking Option on all
Registers

Programmable Output Registers. Can
be Configured as D, T, SR, or JK Types

Programmable Security Bit Allows Total
Protection of Proprietary Designs

5C060 FEATURES:

16 Macrocells with Programmable I/0
Architecture; up to 20 Inputs (4
Dedicated, 16 1/0) or 16 Outputs

High Speed tpp (max) 45 ns, 16.67 MHz
Performance

High Performance Upgrade for
Commonly Used 24-Pin PLDs

Small Footprint 24-Pin 0.3" DIP
Package

28 Pin J-Leaded Chip Carrier Package
(See Packaging Spec. Order #231369) :

5C090 FEATURES:

24 Macrocells with Programmable 1/0
Architecture; Up to 36 Inputs (12
Dedicated, 24 1/0) or 24 Outputs

High Speed tpp (max) 50 ns, 16 MHz
Performance

Logic and I/0 Superset of the 5C060

40-Pin DIP Package for Expanded 1/0
Capability

44-Pin J-Leaded Chip Carrier Package
(See Packaging Spec., Order Number #231369)

ck1 .1 et 24 Vee
INPUT1 ] 2 g  23PINPUT4
1701033 8 2231/0.16
oz« °  21bBoas
1035 20 1/0.14
1/0.4] 6 19[11/0.13
10507 1811/0.12
/0.6 8 173 1/0.11
1707009 16 1/0.10
/0.8 10 153 1/0.9
INPUT2 O 11 14 INPUT3
GND [ 12 13[3 cLk2

290104-1

INPUT1
INPUT4

o
<

[11/0.15
1/0.14
[1/0.13
[1/0.12
[1/0.11
1/0.10
CINC

-
o

[2\)] = B
eND ] &
cLk2
INPUT20] 3
/09 & _

1/0.81
NPUT2C] &

290104-28

5C060 Pin Configurations
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—_
cki 1 40 vee
INPUTT ] 2 393 INPUT12
INPUT2 ] 3 38 INPUT1 1
INPUT3 ] 4 g  37pPweutio
/015 § 36[01/0.24 1/0.2 9 BINC
/026 3sf1/0.23 1/0.3 01/0.23
V2% 1= k] 341/0.22 1/0.4 D1/0.22
1/0.4C]8 33P31/0.21 1/0.5 D 1/0.21
/o5t 32[R1/0.20 1/0. [1/0.20
oat Q “Bvers /o7 /019
1707 1 30[1/0.18 &0:9 g&o: 17
o812 2931/0.17 1/0.10 5 1/0.16
1/0.9c] 13 28[31/0.16 1/0.11 5 1/0.15
1/0.10 ] 14 2731/0.15 NC 29 h1/0.14
101115 26[11/0.14
1/0.12] 16 25[11/0.13
INPUT4 ] 17 241 INPUTY g g g
INPUTS ] 18 23 INPUTS < % %
INPUTE ] 19 22 INPUT? =TT 290104-29
GND ] 20 21 A cLK2
290104-2

5C090 Pin Configurations

The Intel 5C060 and 5C090 H-EPLDs (H-series Pro-
grammable Logic Devices) are capable of imple-
menting over 600 and 900 respectively of equivalent
gates of user-customized logic functions through
programming. Both devices can be used to replace
low-end gate arrays, multiple programmable logic ar-
rays and LS TTL and 74HC (CMOS) SSI and MSI
logic devices. The 5C060 can also be used as a
direct, low-power replacement for most, common
24-pin fuse-based programmable logic devices. With
their revolutionary programmable 1/0 architecture,
both devices have advanced functional capabilities
beyond that of typical programmable logic.

The 5C060 and 5C090 H-EPLDs use CHMOS
EPROM (floating gate) cells as logic control ele-
ments instead of fuses. The CHMOS EPROM tech-
nology reduces power consumption of H-EPLDs to
less than 20% of a comparable bipolar device with-
out sacrificing speed performance. In addition, In-
tel's advanced CHMOS II-E EPROM process tech-
nology enables greater logic densities to be
achieved with superior speed and low-power per-
formance over other comparable devices. Intel's
H-ELPDs add the benefits of “zero” stand-by power
not available on other programmable logic devices.
EPROM technology allows these devices to be
100% factory tested by programming and erasing all
the EPROM logic control elements.
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The erasability of EPLDs introduces the designer to
a new concept in hardware design called Modular
EPLD Logic Design (MELD). Just as modular soft-
ware design speeds development time and reduces
errors by isolating them to a specific module, the
MELD philosophy aids in hardware design. A design-
er can develop his modular design on the Intel Pro-
grammable Logic Development System Il (iPLDS II)
and test individual modules for functionality. |f one of
the modules has a design flaw, the designer merely
erases the part and starts anew (since the 5C060
and 5C090 are EPROM-based, there is no waste
associated with modular design as there would be in
fuse-based PLDs).

The architecture of the 5C060 and 5C090 is based
on the “Sum of Products” PLA (Programmable Log-
ic Array) structure with a programmable AND array
feeding into a fixed OR array. Both devices accomo-
date combinational and sequential logic functions. A
proprietary programmable 1/0 architecture provides
individual selection of either combinatorial or regis-
tered output and feedback signals all with selectable
polarity.

A feature unique to the 5C060 and 5C090 is the abil-
ity to individually program the output registers as a
D-, T-, SR-, or JK-type Flip-Flop without sacrificing
the utilization of programmable AND logic. Addition-
ally, each output register can be individually clocked
from any of the input or feedback paths available
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within the AND array. With these features, a wide
variety of logic functions can be smultaneously im-
plemented-all on the same device.

ARCHITECTURE DESCRIPTION

Externally, the 5C060 has 4 dedicated data input
pins, 16 1/0 pins which may be configured for input,
output, or bidirectional operations, and 2 synchro-
nous clock inputs. The 5C060 is contained in a
24-pin windowed package (0.3 inch wide), and con-
tains 16 programmable registers.

The 5C090 represents a superset of the 5C060 in
capability. The 5C090 has 12 dedicated inputs, 24
1/0 pins which may be configured for input, output,
or bidirectional operations, and 2 synchronous clock
inputs. The 5C090 is packaged in a 40-lead win-
dowed ceramic DIP and contains 24 programmable
registers.

The basic Macrocell architecture for both the 5C060
and 5C090 is shown in Figure 1. The 5C060 has 16
of these Macrocells while the 5C090 has 24 (one for
each 1/0 pin). The Macrocell is organized in the fa-
miliar sum-of-products structure with a programma-
ble AND array attached to a fixed OR term. The in-
puts to the programmable AND array originate from
the true and complement signals from each of the
dedicated input pins and each of the I/0O control
blocks. The 40-input AND array of the 5C060 feeds
160 AND gates (product terms) which are distributed
among the 16 available Macrocells within that de-
vice.

The AND array for the 5C090 has 72 inputs derived
from the true and complement signals at the input
and 1/0 pins. The AND array in the 5C090 encom-
passes 240 product terms which are distributed
among the 24 Macrocells. The global device archi-
tectures are shown in Figure 2.

AND ARRAY

OE/CLK

EPROM
CONTROL

77

INPUTS AND 1/0

SYNCHRONOUS
CLO

£ Qoo

OE/CLK

v SELECT

OF

CLK

OUTPUT

1/0 PIN
REGISTER

OUTPUT
BUFFER

RESET

REGISTER
FEEDBACK

290104-3

Figure 1. Basic Macrocell Architecture of the 5C060 and 5C090
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DEDICATED DEDICATED
INPUTS INPUTS
5C060 - 16 Macrocells 5C090 - 24 Macrocells
- 4 Dedicated Inputs - 12 Dedicated Inputs
MACROCELLS ' MACROCELLS
'
]
]
]
/o B : —Svo

]
'
]
]
]
]
]

° : °

[} AND QRRAY [

[ ] ' [ ]
]
]
[
]
]

Vo B : o
[
[ .
]
]
]
]
]
]
CLK 4 CLK o
GND vce
. 290104-4

Figure 2. 5C060 and 5C090 Global Architecture

2-30



intel

5C060/5C090

The Macrocells on both devices contain ten product
terms total. Eight of the ten product terms (AND
gates) are dedicated for logic implementation. One
product term on each Macrocell is used for RESET
control to the output register associated with the
Macrocell. The final product term is used for OUT-
PUT ENABLE/Asynchronous Clock implementation.

Within the AND array, there is an EPROM connec-
tion at every intersection of an input signal (true and
complement) and a product term to a given Macro-
cell. Before programming an erased device, every
EPROM connection is made at every intersection.
But during the programming process, these connec-
tions are opened so that only the desired connec-
tions remain.' Therefore, the true or complement of
any input signal can be connected to any product
term. If both the true and complement connections
of any signal are left intact, a logical false results on
the output of the AND gate. However, if both the true
and complement connections are open, then a logic
“don’t care” results on the AND gate. Lastly, if all
the inputs of a product term are programmed open,
then a logical true results on the output of the AND
gate.

Both the 5C060 and 5C090 have two dedicated
clock inputs to provide synchronous clock signals to
the internal registers. Each of the clock signals con-
trols half the total registers within the given device.
For example, CLK1 provides synchronous clocking
to the registers in Macrocells in the left half of the
array while CLK2 controls the registers associated
with Macrocells in the right half of the array. The
advanced |/0 architecture allows for any number of
the registers to be synchronously clocked (from
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none to all). Both of the dedicated clock inputs latch
the data into a given register when triggered on a
positive edge.

MACROCELL ARCHITECTURE
SELECTION

The 5C060 and 5C090 architecture provides each
Macrocell with over 50 different possible 1/0 register
configurations. Each 1/0 pin can be configured for
combinatorial or registered output (true or comple-
ment) with feedback. In addition, four different types
of output registers can be implemented into every
170 pin without any additional logic requirements.
The feedback mechanism for each register back into
the AND array can be programmed to provide for
either registered feedback from the Macrocell or in-
put feedback (treating the pin as an input). Another
advantage of the advanced I/O capability of the
5C060 and the 5C090 is the ability to individually
clock each internal register from asynchronous
clock signals.

Output Enable (OE)/Clock Selection

Two modes of operation are provided by the
OE/CLK Select Multiplexer as a part of each Macro-
cell. One mode provides for three-state buffering of
outputs while in the other mode, the outputs are al-
ways enabled. The operation of the OE/CLK Select
Multiplexer sets the mode within a given Macrocell.
Therefore, the output mode can be selected individ-
ually on every output. Figure 3 illustrates the two
modes of OE/CLK operation.



5C060/5C090
SYNCHRONOUS
CL‘O'CK
vee OE/CLK
L SELECT
Y a 3
!
OE/CLK
'j'
CLK = SYNCHRONOUS
é CLK
OE = P=TERM CONTROLLED
1/0 PIN
OUTPUT
REGISTER
OUTPUT
BUFFER
290104-5
MODE 0
SYNCHRONOUS
CL?VCK
vee OE/CLK
P SELECT
L OE
OE/CLK l \
L/
S
CLK = ASYNCHRONOUS
; CLK
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1/0 PIN
OUTPUT
REGISTER
OUTPUT
BUFFER
290104-6
MODE 1

Figure 3. Output Enable/Clock Configuration
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MODE 0: THREE-STATE BUFFERING

In Mode 0, the three-state output buffer is controlled
by a single product term originating from the AND
array. The output is enabled when the product term
is a logical true. Conversely, the output appears as
high impedance when the product term is a logical
false as shown in Table 1. In Mode 0, the Macrocell
Flip-Flop is connected to its associated synchronous
clock (either CLK1 or CLK2 depending upon the
Macrocell's location within the device). Thus, the
Macrocell Flip-Flop may be clocked by its respective
synchronous clock but its output will not become
valid until the output is enabled.

Table 1. Mode 0 Output Selection

Product Term | Output Buffer
FALSE Three-State
TRUE Enabled

MODE 1: OUTPUT BUFFER ENABLED

In Mode 1, the Output Buffer is always enabled. In
addition, the Macrocell Flip-Flop is connected to the
AND array. The Macrocell Flip-Flop may now be trig-
gered from an asynchronous clock signal generated
by the AND array logic to the OE/CLK muiltiplexable
term. Mode 1 allows the Macrocell Flip-Flops to be
individually clocked from any of the available signals
in the AND array. Since both true and complement
values appear in the AND array, the Flip-Flop may
be configured to trigger on positive or negative clock
edges. Gated clock structures can be created since
the Flip-Flop clock is created by a product term.

Invert Select EPROM Bit

The Invert Select EPROM bit is used to invert the
product term input into the register. This applies to
all inputs including double inputs on the JK and SR
registers.

REGISTER SELECTION

The advanced I/0 architecture of the 5C060 and the
5C090 allows four different register types along with
combinatorial output as illustrated in Figure 4. The
register types include a T, D, JK, or SR Flip-Flop and
each Macrocell 1/0 structure may be indepen-
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dently configured. In addition, all registers have an
individual asynchronous RESET control from a dedi-
cated product term derived in the AND array. When
this dedicated product term is a logical one, the
Macrocell register is immediately cleared to a logical
zero independent of the register clock. The RESET
function occurs automatically on power-up.

Output Register Configuration

The four different register types shown in Figure 4
are described below.

D- or T-type Flip-Flops

When either a D- or T-type Flip-Flop is configured
as part of the 1/0 structure, all eight of the product
terms into the Macrocell are ORed together and
fed into the register input.

JK or SR Registers

When either a JK or SR register is configured, the
eight product terms are shared among two OR
gates (one for the J or S input and the other for
the K or R input). The allocation for these product
terms for each of the register inputs is optimized
by the iPLDS Ii development software.

OUTPUT/FEEDBACK

The Output Select Multiplexer allows for either regis-
tered, combinatorial or no output.

The Feedback Select Multiplexer EPROM bit en-
ables registered, I/0 (using the pin for bidirectional
input or just input), or no feedback to the AND array.

The Feedback Select is also important for building
product terms with more than 8 products. The 8-
product product term of a Macrocell can be fed back
into the AND array and combined with still more sig-
nals to create a much larger product term (of more
than 8-inputs). In addition, if the feedback product
term is not to be output, then the iPLDS Il will re-
serve the associated Macrocell pin and indicate it in
the REPORT file. A reserved pin should be left float-
ing (no connect) when assembled onto a circuit
board.

Any 1/0 pin may be configured as a dedicated input
by selecting no output and pin feedback through the
appropriate multiplexers.
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LD 1/0 SELECTION
OUTPUT/POLARITY | FEEDBACK
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None Pin
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D— >§D—|__
—D—]
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Figure 4a. Combinatorial /0 Configuration
SNGHRONOUS 1/0 SELECTION
vee  OE/CLK OUTPUT/
L SELECT POLARITY FEEDBACK
- % D-Register/High D-Register, Pin, None
o€ /oL — D-Register/Low D-Register, Pin, None
None D-Registered
— None Pin
% " FUNCTION TABLE
D Qn Qn + 1
0 0 0
D | 0 1 0
__D__ 1 0 1
E —l_4 1 1 1
| _—
M) D—L— 0
_.D___I — L 0
INVERT
_I_-( SELECT
—D— RESET
_D_j FEEDBACK
SELECT
= 290104-8
Figure 4b. D-Type Flip-Flop Register Configuration
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B 1/0 SELECTION
vee  GlE OUTPUT/POLARITY FEEDBACK
[-—- o€ T-Register/High T-Register, Pin, None
— T-Register/Low T-Register, Pin, None
/oK None T-Register
— None Pin
o FUNCTION TABLE
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_I )___ 1 1 0
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_D_4 _I_1 RESET
_.D_ _r FEEDBACK
SELECT
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j 290104-9
Figure 4c. Toggle Flip-Flop Register Configuration
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v QE/CLk OUTPUT/POLARITY FEEDBACK
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| - JK Register/Low | JK Register, None
OE/CLK None JK Register
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290104-10

Figure 4d. JK Flip-Flop Register Configuration
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SR Register/Low SR Register, None
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Figure 4e. SR Flip-Flop Register Configuration

Erased-State Configuration

Prior to programming or after erasing, the 1/0 struc-
ture is configured for combinatorial active low output
with input (pin) feedback.

ERASURE CHARACTERISTICS

Erasure characteristics of the 5C060 and 5C090 are
such that erasure begins to occur upon exposure to
light with wavelengths shorter than approximately
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4000A. It should be noted that sunlight and certain
types of flourescent lamps have wavelengths in the
3000-4000A. Data shows that constant exposure to
room level flourescent lighting could erase the typi-
cal device in approximately three years, while it
would take approximately one week to cause era-
sure when exposed to direct sunlight. If the 5C060
or the 5C090 is to be exposed to these types of
lighting conditions for extended periods of time, con-
ductive opaque labels should be placed over the de-
vice window to prevent unintentional erasure.
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The recommended erasure procedure for the 5C060
and 5C090 is exposure to shortwave ultraviolet light
with a wavelength of 2537A. The integrated dose
(i.e., UV intensity X exposure time) for erasure
should be a minimum of fifteen (15) Wsec/cm2. The
erasure time with this dosage is approximately 15 to
20 minutes using an ultraviolet lamp with a 12,000
rW/cm2 power rating. The 5C060 or 5C090 should
be placed within one inch of the lamp tubes during
erasure. The maximum integrated dose the 5C060
or 5C090 can be exposed to without damage is 7258
Wsec/cm2 (1 week at 12,000 uW/cm2). Exposure
to high intensity UV light for longer periods may
cause permanent damage to the device.

PROGRAMMING CHARACTERISTICS

Initially, and after erasure, all the EPROM control
bits of the 5C060 and 5C090 are connected (in the
“1” state). Each of the connected control bits are
selectively disconnected by programming the
EPROM cells into their ““0” state. Programming volt-
age and waveform specifications are available by re-
quest from Intel to support programming of the
5C060 and 5C090.

inteligent Programming™ Algorithm

Both the 5C060 and 5C090 support the intgligent
Programming Algorithm which rapidly programs Intel
H-ELPDs (and EPROMS) using an efficient and reli-
able method. The intgligent Programming Algorithm
is particularly suited to the production programming
environment. This method greatly decreases the
overall programming time while programming reli-
ability is ensured as the incremental program margin
of each bit is continually monitored to determine
when the bit has been successfully programmed.

FUNCTIONAL TESTING

Since the logical operation of the 5C060 and 5C090
are controlled by EPROM elements, the device is
completely testable. Each programmable EPROM
bit controlling the internal logic is tested using appli-
cation-independent - test program patterns. After
testing, the devices are erased before shipment to
customers. No post-programming tests of the
EPROM array are required.
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The testability and reliability of EPROM-based pro-
grammable logic devices is an important feature
over similar devices based on fuse technology.
Fuse-based programmable logic devices require a
user to perform post-programming tests to insure
proper programming. These tests must be done at
the device level because of the cummulative error
effect. For example, a board containing ten devices
each possessing a 2% device fallout translates into
an 18% fallout at the board level (it should be noted
that programming fallout of fuse-based programma-
ble logic devices is typically 2% or higher).

To enable functional evaluation of counter and
state-machine applications, the 5C060 and 5C090
contain register pre-load circuitry. This can be acti-
vated by interrupting the normal clocked sequence
and applying Vpp on pin 11 for the 5C060 or pin 17
for the 5C090 to engage the pre-load state. Under
these conditions, the Flip-Flops in the 5C060 and
5C090 can be set to any logical condition and then
return to normal operation. This process simplifies
the input sequences necessary to evaluate the
counter and state machine operations.

DESIGN RECOMMENDATIONS

To take maximum advantage of EPLD technology, it
is recommended that the designer use the Modular
EPLD Logic Design (MELD) method. The MELD phi-
losophy is derived from the modular programming
method used in software development. In a modular
software development environment, the engineer
designs a modular program (typically on a develop-
ment system), stores it in memory (EPROM), and
tests the module for functionality. A hardware de-
signer using EPLDs can use this same approach
when designing logic. The designer develops a mod-
ular logic design on the Intel Programmable Logic
Development System Il (iPLDS li), stores it in “mem-
ory” (the EPROM control elements of the EPLD),
and again tests the module for functionality. If the
design is in error, the logic designer reprograms the
EPLD with his new design as easily as a software
designer can download a new program into memory.

The MELD philosophy is new to programmable logic
because EPROM-based PLDs are new. A modular
logic development process using fused-based PLDs
would be wasteful since a fused-based device can-
not be erased an re-used.
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For proper operation, it is recommended that all in-
put and output pins be constrained to the voltage
range GND < (V| or Voyut) < Vge. Unused inputs
should be tied to an appropriate logic level (e.g. ei-
ther Vo or GND) to minimize device power con-
sumption. Reserved pins (as indicated in the iPLDS
Il REPORT file) should be left floating (no connect)
so that the pin can attain the appropriate logic level.
A power supply decoupling capacitor of at least 0.2
pF must be connected directly between Vo and
GND pins of the 5C060 and the 5C090.

DESIGN SECURITY

A single EPROM bit provides a programmable de-
sign security feature that controls the access to the
data programmed into the device. If this bit is set, a
proprietary design within the device cannot be cop-
ied. This EPROM security bit enables a higher de-
gree of design security than fused-based devices
since programmed data within EPROM cells is invisi-
ble even to microscopic evaluation. The EPROM se-
curity bit, along with all the other EPROM control
bits, will be reset by erasing the device.

LATCH-UP IMMUNITY

Al of the input, 1/0, and clock pins of the 5C060 and
5C090 have been designed to resist latch-up which
is inherent in inferior CMOS structures. The 5C060
and 5C090 are designed with Intel’s proprietary
CHMOS II-E EPROM process. Thus, each of the
5C060 and 5C090 pins will not experience latch-up
with currents up to 100 mA and voltages ranging
from —1V to Vgg + 1V. Furthermore, the program-
ming pin is designed to resist latch-up to the 13.5V
maximum device limit.

INTEL PROGRAMMABLE LOGIC
DEVELOPMENT SYSTEM Il (iPLDS 1I)

The iPLDS I graphically shown in Figure 5 provides
all the tools needed to design with Intel H-Series
EPLDs or compatible devices. In addition to provid-
ing development assistance, iPLDS |l insulates the
user from having to know all the intricate details of
EPLD architecture (the machine will optimize a de-
sign to benefit from architectual features). It contains
comprehensive third generation software that sup-
ports four different design entry methods, minimizes
logic, does automatic pin assignments and produces
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the best design fit for the selected EPLD. It is user
friendly with guided menus, on-line Help messages
and soft key inputs.

In addition, the iPLDS Il contains programmer hard-
ware in the form of an iUP-PC Universal Programmer
Personal Computer to enable the user to program
EPLDs, read and verify programmed devices and
also to graphically edit programming files. The soft-
ware generates industry standard JEDEC object
code output files which can be downloaded to other
programmers as well.

The iPLDS |l has interfaces to popular schematic
capture packages (including Dash series from
FutureNet* and PC CAPS from PCAD)** to enable
designs to be entered using schematics. A more in-
tegrated schematic entry method is provided by
SCHEMA |I-PLD, a low-cost schematic capture
package that supports EPLD primitives and user-de-
fined macro symbols. SCHEMA 1I-PLD contains the
EPLD Design Manager, which provides a single user
interface to both SCHEMA 1I-PLD and iPLS Il soft-
ware.The other design formats supported are Boole-
an equation entry and State Machine design entry.

The iPLDS |l operates on the IBMt PC/XT, PC/AT,
or other compatible machine with the following con-
figuration:

1. At least one floppy disk drive and hard disk drive.
MS-DOSTt Operating System Version 3.0 or
greater.

640K Memory.

Intel iUP-PC Universal Programmer Personal
Computer and GUPI Adaptor (supplied with iPLDS
1.

A color monitor is suggested.

2.
3.
4.

5.

Detailed information on the Intel Programmable Log-
ic Development System |l is contained in a separate
Intel data sheet. (Order Number: 280168)

*FutureNet is a registered trademark of FutureNet
Corporation. DASH is a trademark of FutureNet
Corporation.

**PC-CAPS is a trademark of P-CAD Corporation.

TIBM Personal Computer is a registered trade-
mark of International Business Machines Corpo-
ration.

+ttMS-DOS is a registered trademark of Microsoft
Corporation.
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5C060/5C090

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed under “Abso-

lute Maximum Ratings” may cause permanent dam-

Symbol Parameter Min | Max |Units age lo the device. This is a stress rating only and
functional operation of the device at these or any

1) —2. . - o s
Voo Supply Voltage( 20f 70 v other conditions above those indicated in the opera-
Vpp Programming -20( 135 ' tional sections of this specification is not implied. Ex-
Supply Voltage(?) posure to absolute maximum rating conditions for

extended periods may affect device reliability.

Vi DC Input Voltage(1)?) | —0.5|Vgc+0.5| V

tstg Storage Temperature —65| +150 °C

tamb Ambient Temperature(®)| —10| +85 °C

NOTES:

1. Voltages with respect to ground.
2. Minimum DC input is —0.5V. During transitions, the in-
puts may undershoot to —2.0V for periods less than 20 ns
under no load conditions.
3. Under bias. Extended temperature versions are also

available.

D.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vg = 5.0V £5%

Symbol Parameter Conditions Min [Typ| Max [Unit
ViH(#) |HIGH Level Input Voltage 2.0 Ve + 0.3 V
VL(4) |LOW Level Input Voltage -0.3 0.8 \"
VoH(® [HIGH Level Output Voltage lo = —4.0mADC, Vgc = Min. 24 \'
VoL LOW Level Output Voltage lo = 4.0 mA DC, Vgc = Min. 0.45 v
Iy Input Leakage Current Vcoc = Max., GND < Voyt < Veo +10.0 | pA
loz Output Leakage Current Vcc = Max., GND < Vout < Vee +10.0 | pA
Isc®  [Output Short Circuit Current Ve = Max,, Voyt = 0.5V mA
Isg? |Standby Current Vee = Max,, 50 100 [ pA
5C060 |(Standby) VIN = Voo or GND
lcc Power Supply Current Vce = Max,, No Load, 10 15 mA
5C060 |(Active) (Turbo Bit Off) ViN = Vcc or GND|Input Freq. = 1 MHz

Device Prog. as 16-Bit Ctr.
Isg( |Standby Current Vce = Max,, 50 100 pA
5C090 [(Standby) ViN = Vg or GND
lcc Power Supply Current Vcc = Max,, No Load, 15 25 mA
5C090 |(Active) (Turbo Bit Off) ViN = Ve or GND|Input Freq. = 1 MHz

Device Prog. as Two 12-Bit Ctrs.
NOTES:

4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included.
5. lp at CMOS levels (3.84V) = —2 mA.
6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second.
7. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition.
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A.C. TESTING LOAD CIRCUIT

A.C. TESTING INPUT, OUTPUT WAVEFORM

sv
<

8550

<

DEVICE D TO TEST
OUTPUT SYSTEM
b4 ¢

(INCLUDES JIG

34103 1
1 I CAPACITANCE)
DEVICE INPUT

RISE AND FALL =
TIMES < 6nS

CL = 50 pF

290104-13

3.0 70 70
INPUT . > TEST POINTS < ’
0 0.8 0.8

OUTPUT 1 .va <+——— TEST POINTS —— X1.5V

290104-14

A.C. Testing: Inputs are Driven at 3.0V for a Logic “1" and OV for
a Logic “0". Timing Measurements are made at 2.0V for a Logic
“1” and 0.8V for a Logic “0” on inputs. Outputs are measured at
a 1.5V point.

A.C. CHARACTERISTICS TA = 0°Cto 70°C, Vog = 5V +5%, Turbo Bit On(®)

Device Non-(10)
Symbol| From To 5C060-45 5C060-55 5C090-50 5C090-60 Turbo |Unit
Min|Typ|Max|Min Max|Min|Typ|Max|Min| Typ | Max Mode
trD1 Input  |Comb. Output 43 53 46 56| +25 | ns
tpD2 170 Comb. Output 45 55 50 60| +25 | ns
tpzx(®) |l or1/0 [Output Enable 45 55 50 60| +25 |ns
tpxz(® [l or1/0 {Output Disable 45 55 50 60| +25 | ns
tcLrR  |Asynch.|Q Reset 45 55 50 60| +25 | ns
Reset
NOTES:

8. Typical Values are at Ty = 25°C, Voc = 5V, Active Mode.

9. tpzx and tpxz are measured at +0.5V from steady state voltage as driven by spec. output load. tpxz is measured with

10('). E(fesif:'e is operated with Turbo Bit Off (Non-Turbo Mode), increase time by amount shown.
CAPACITANCE
Symbol Parameter Conditions Min Typ Max Unit
CiN Input Capacitance ViN =0V, f = 1.0 MHz 20 pF
Cout Output Capacitance Vout = 0V, f = 1.0 MHz 20 pF
CcLk Clock Pin Capacitance Vout = 0V, f = 1.0 MHz 20 pF
Cvpp Vpp Pin Pin 13 on 5C060 50 pF
Pin 21 on 5C090 80 pF
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SYNCHRONOUS CLOCK MODE A.C. CHARACTERISTIC
TaA = 0°C to 70°C, Vg = 5.0V +5%, Turbo Bit On(®)

Device Non- Device Non-(10)
Symbol Parameter 5C060-45 5C060-55 |Turbo| 5C090-50 5C090-60 Turbo |Unit
Min | Typ | Max | Min | Typ | Max Mode Min | Typ |Max | Min | Typ | Max Mode
fMAX Max. Frequency 26.0 23.0 (11) |26.0 215 (11) |MHz
(1/tgy—No Feedback)
fenT Max. Count Frequency |22.0 18.0 (11) | 20 16.5 (11) [MHz
(1/tonT—With
Feedback)
tsu1 Input Setup Time to CLK | 36 41 +25 | 36 43 +25 | ns
tsuz 1/0 Setup Timeto CLK | 38 43 +25 | 38 46 +25 | ns
tH 1 or I/0 Hold after 0 0 0 0 ns
CLK High
tco CLK High to Output Valid 22 25 23 25 ns
tonT Register Output 45 55 | +25 50 60| +25 | ns
Feedback to Register
Input—Internal Path
tcH CLK High Time 17.5 21.5 17.5 23 ns
toL CLK Low Time 17.5 21.5 175 23 ns
ASYNCHRONOUS CLOCK MODE A.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vg = 5.0V +5%, Turbo Bit On(®)
Device Non- Device Non-(10)
Symbol Parameter 5C060-45 5C060-55 |Turbo| 5C090-50 5C090-60 Turbo | Unit
Min | Typ|Max| Min | Typ|Max| M99 | Min| Typ|Max| Min | Typ|Max| Mode
facNT | Max. Count Frequency 22.0 118.0 (11) | 20 16.5 (11) |MHz
(1/tacnT—With Feedback)
tasu1 |Input Setup Time to 10 10 +25 | 10 10 +25 | ns
Asynch. Clock
tasuz |1/0 Setup Time to 12 12 +25 [ 10 10 +25 | ns
Asynch. Clock
taH Input or 170 Hold After 15 15 15 15 ns
Asynch. Clock
taco |Asynch. CLK to Output Valid 52 62 60 70 ns
tacnT | Register Output Feedback 45 55| +25 50 60| +25 | ns
to Register Input—Internal
Path
tACH Asynch. CLK High Time 17.5 215 20 25 ns
tacL Asynch. CLK Low Time 175 21.5 20 25 ns

NOTES:
11. Recalculate frequency according to equation at left of table.

2-42




intel 5C060/5C090

SWITCHING WAVEFORMS

COMBINATORIAL MODE

INPUT OR 1/0 INPUT

tep

COMBINATORIAL OUTPUT |

(FROM REGISTER ! AV HIGH IMPEDANCE
T0 OUTPUT) / 3= STATE

HIGH IMPEDANCE VALID OUTPUT

3 = STATE
tor
ASYNCHRONOUSLY
CLEAR OUTPUT
290104-16
SYNCHRONOUS CLOCK MODE
ten toL
CLK1, CLK2
tsy ty
VALID
INPUT MAY CHANGE ;INPUTI INPUT MAY CHANGE
L— tco
(FROM REGISTER
10 OUTPUT) VALID OUTPUT

290104-17
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SWITCHING WAVEFORMS (Continued)

ASYNCHRONOUS CLOCK MODE

’ tacH “tacL
ASYN.
CLOCK . } )
INPUT

OTHER

INPUT INPUT MAY CHANGE INPUT MAY CHANGE
(FROM REGISTER
To OUTPUT) VALID OUTPUT
290104-18
5C060 - 5C060
Current in Relation to Frequency Current in Relation to Temperature
120 ) 120
110 // 1o =25MH ~
100 / 100 || TonT=Z5MHz -
90 90
80 - 80 —
70| / 7o [ F—— Tont= TOMHZ
z 60 S < s ==
I3 E font = 1MHz, Turbo
£ w0 =~ 50 -
Pr—
et g Non=Turbo 28’ 40
30 Tonr = TMAZ, Non=Turbo
20 20
e S
10 10
[ 0
0 5 10 15 20 25 30 35 - _ 0 200 40 60 8085
font (MHz) : TEmp ©)
290104-27 - 290104-25
Conditions:/Ta = 0°C, Vgc = 5.25V Conditions: Vcc = 5:25V, TTL inputs

5C060/090
Output Drive Current in Relation to Voltage
100
'i 50
E 20 /' ~
3 10
5 lo loH|
2 2 \
1

] 1 2 3 4 5
Vo Output Voltage W)
290104-26
Conditions: Tp = 25°C
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1200 GATE CHMOS
H-SERIES ERASABLE PROGRAMMABLE LOGIC DEVICE
m High Performance LS| Semi-Custom m Advanced Architecture Features
Logic Replacement for Gate Arrays and Including Programmable Output
Conventional Fixed Logic Polarity (Active High/Low), Register
m EPROM Te?hno‘ogy Based. UV By-Pass and Reset Controls
Erasable m Programmable Clock System for Input
m Programmable Macrocell and 1/0 Latches and Output Registers
Architecture; up to 36 inputs or 24 m Product-Term Sharing and Local Bus
Outputs, 28 Macrocelis Including 4 Architecture for Optimized Array
Buried Registers Performance »
m All Inputs are Latchable with a m Compatible with LS TTL and 74HC
Programmable Latch Feature CMOS Logic
m High Speed tpp (Max) 50 ns Operating B Register Pre-Load and Erasable Array
Frequency (Max) 20 MHz for 100% Generic Testability
m Low Power; 15 mW Typical Standby ® Programmable “Security Bit” allows
Dissipation total protection of proprietary designs
m Typical Usable Gate Count of 1200 B Available in a 40-Lead Window Cerdip
2-Input NAND Gates Package (sse Packaging Spec, Order #231369)

The Intel 5C121 H-EPLD (H-series Erasable Programmable Logic Device) is an LSI logic circuit that is user
customizable through programming. This device can be used to replace gate arrays, multiple programmable
logic arrays and LS TTL and 74HC CMOS SSI and MSI logic devices. The logic capacity of the 5C121 is
typically equal to 1200 two-input NAND gates.

The 5C121 H-EPLD uses CHMOS* EPROM (floating gate) cells as logic control elements instead of fuses.
Use of Intel's advanced CHMOS |I-E EPROM process technology enables greater logic densities to be
achieved with superior speed and power performance. The EPROM technology also enables these devices to
be 100% factory tested by the programming and the erasure of all the EPROM logic control elements in the
device.

The architecture of the 5C121 is based on the ‘Sum of Products’ PLA (Programmable Logic Array) structure
with a programmable AND array feeding into a fixed OR array. Flexibility in accommodating logical functions
without the overhead of unnecessary product terms or speed penalties of programmable OR structures is
achieved through the provision of a range of OR gate widths as well as through product term sharing. The use
of a segmented PLA structure with local and global connectivity allows for further improvements in perform-
ance. The 5C121 also contains innovative architectural features that provide extensive Input/Output flexibility.
*CHMOS is a patented process of Intel Corporation. ‘

RECOMMENDED OPERATING CONDITIONS Pin Configuration
Symbol Parameter Min | Max | Units axire 7 0B Ve
Voc | Supply Voltage 4.75(5.25| v S FR <
Vi INPUT Voltage 0 [vee| v = MO 3
Vo OUTPUT Voltage 0 |vec| v = M 4
/04 =1
TA Operating Temperature| 0 | 70 | °C ,52,2 . . h:/o,.
1703} 1 [11/0,3
tr INPUT rise Time 500 | ns Vot O wpres
os O 12 29[31/0,
te INPUT fall Time 500 | ns ) 170513 28Bv/050
170,03 14 27[31/0yg
1/og ] 15 261/04g
1/0g ] 16 25001/0y7
10,0017 24011/04¢
/04,018 23031/045
1/0,2 0419 22[31/0,,
vssOJ 20 21021/03
290098-1
ILLUSTRATIONS COURTESY OF ALTERA CORPORATION.
November 1987
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ARCHITECTURE DESCRIPTION

The 5C121 H-EPLD has 12 dedicated inputs as well
as 24 Input/Output pins. All inputs to the circuit
(both dedicated and 1/0 inputs) may be latched us-
ing transparent 7475 type latches. In addition to
these 36 input latches, 28 D type registers are also
provided. '
The internal architecture of the 5C121 H-EPLD is
based on 28 macrocells. Each macrocell (see Figure
1) contains a PLA structure (programmable AND ar-
ray product terms connected to an OR gate) and an
1/0 architecture control block (with a D Flip-Flop)
that can be programmed to create many different
output logic structures. This powerful 1/0 architec-
ture can be configured to support both active-high,
active-low, 3-state, open drain and bi-directional
data ports all on a 4-bit wide basis. They can also
act as inputs on a nibble wide basis with optional
input latching.

Macrocells in each half of the circuit are grouped
together for 1/O architecture programming. Each
bank of four macrocells can be further programmed
on an individual macrocell basis to generate active

high or active low outputs of the logic function from -

the PLA.

The primary logic array of the 5C121 is segmented
into two symmetrical halves that communicate via
global bus signals. The main array contains some
15104 programmable elements representing 236
product terms (AND gates) each containing 64 input
signals.

The macrocells share a common programmable
clock system (described in a later section) that con-
trols clocking of all registers and input latches. The
device contains 8 modes of clock operation that al-
low logic transition to take place on either rising or
falling edges of the clock signals.

The device also contains four macrocells whose out-
puts are not tied to any 1/0 pin but feed back into
the array to create buried state-functions. The feed-
back path may be either the registered or combina-
tional result of the PLA output. The use of the buried
state macrocells provides maximum equivalent logic
density without demanding higher pin-count pack-
ages that consume valuable board space.
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MACROCELL 170 ARCHITECTURE

The Input/Output architecture of the 5C121 macro-
cell (see Figure 1) can be programmed using both
static and dynamic controls. The static controls re-
main fixed after the device is programmed whereas
the dynamic controls may change state as a result
of the signals applied to the device.

The static controls set the inversion logic (i), register
by-pass (i) and input feedback multiplexers (iii). In
the latter two cases these controls operate on four
macrocells as a bank.

The buried-state registers have simpler controls that
determine if the feedback is to be registered or com-
binational.

The inversion control logic, marked (i) in Figure 1, is
achieved by programming the EPROM control bit
connected to the same XOR gate as the output from
the PLA structure. Programming or erasure of this
EPROM element toggles the OR gate output of the
PLA between active-high and active-low. The inver-
sion control operates on an individual macrocell ba-
sis.

The register by-pass control, marked (ii) in Figure 1
allows the PLA output to either flow through the D
Flip-Flop as a registered output or by-pass the Flip-
Flop and be a combinational output.

The dynamic controls consist of a programmable in-
put latch-enable as well as reset and output enable
product terms. The latch-enable function is common
throughout the 5C121 and once chosen, will latch all
the inputs. This function is programmed by the clock
control block but may also be driven by input signals
applied to pin 1 (see clock modes—Table 1).

The reset and output-enable controls are logically
controlled by single product terms (the logic AND of
programmed variables in the array). These terms
have control over banks of four macrocells.

The output-enable control may be used to generate
architecture types that include bi-directional, 3-state,
open drain, or input only structures.
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Figure 1. 5C121 Macrocell 1/0 Architecture

INTERNAL BUS STRUCTURE

The two identical halves of the 5C121 communicate
via a series of bucses. The local bus structure used
for communication within each half of the chip con-
tains 16 conductors that carry the TRUE and COM-
PLEMENT of 8 local macrocells. In the block dia-
gram (Figure 2) of the 5C121 the local macrocells
are B-1 and B-2 on one half and A-1 and A-2 on the
other half.

The global busses (input bus & Global feedback
from A-3 & B-3 macrocelis & buried registers) are
made up of 48 conductors that span the entire chip.
These 48 conductors carry the TRUE and COMPLE-
MENT of the twelve primary inputs (pins 2 through 7
and 33 through 38), signals from 4 Buried Registers
as well as the giobal outputs of 8 macrocells in
groups A-3 and B-3.



5C121

A=1 MACROCELLS

@<
M ©

E®
T

E®
—

1 £ =ERASED
CLKY P = PROGRAMMED

kal}
bl

INPUTS

INPUTS

CLK
4
Voo/Vep s
20 iLE
vss > .

/ Vi
B-~1 MACROCELLS

290098-3

Figure 2. 5C121 Block Diagram
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Figure 2. 5C121 Block Diagram (Continued)
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In this illustration a small group of 4 product-terms is
shared by groups containing 8 product-terms each.
This feature is most useful in counter applications
where common terms exist in the functions.

DETAILED CIRCUIT
REPRESENTATION

1/0

o

ST

_G,_ = 64 INPUT AND GATE
(ONE PRODUCT TERM)

290098-5

Figure 3. Shared Product-Term Circuits
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SHARED PRODUCT TERMS

Macrocells 9 & 10, 11 & 12, 17 & 18 and 19 & 20 (in
groups A-3 and B-3—the macrocells with global
feedback) have the facility to share a total of 16 ad-
ditional product terms. This sharing takes place be-
tween pairs of adjacent macrocells. This capability
enables, for example, macrocells 9 and 10 to ex-
pand to 16 and 8 effective product terms respective-
ly, and for macrocells 11 and 12 both to expand to
12 effective product terms. Figure 3 shows this shar-
ing technique in detail. This facility is primarily of use
in state machine and counter applications where
common product terms are frequently - required
among output functions.

MACROCELL-BUS INTERFACE

As discussed earlier, the macrocells within the
5C121 are interconnected to other macrocells and
inputs to the device via three internal data busses.

The product terms span the entire bus structure (lo-
cal feedback, global feedback and input buses) that

is adjacent to their macrocell (see Figure 4) so that
they may produce a logical AND of any of the vari-
ables (or their complements) that are present on the
busses.

All macrocells have the ability to return data to the
local or the global bus. Feedback data may originate
from the output of the macrocell or from the I1/0 pin.
Feedback to the global bus communicates through-
out the part. Macrocells that feedback to the local
bus communicate only to their half of the 5C121.
Connections to and from the signal busses are
made with EPROM switches that provide the repro-
grammable logic capability of the circuit.

Macrocells in groups A-3 and B-3 and the buried
registers all have global bus connections while mac-
rocells in groups A-1, A-2 and B-1, B-2 have only
local bus connections (see Block Diagram, Figure 2).
Advanced features of the Intel Programmable Logic
Development System Il will, if desired, automatically
select an appropriate macrocell to meet both the
logic requirements and the connection to an appro-
priate signal bus to achieve the interconnection to
other macrocells.

At each intersecting point in the logic array there exists an
EPROM-type programmable connection. Initially, all connections
are complete. This means that both the true and complement of all
inputs are connected to each product-term. Connections are
opened during the programming process. Therefore any product
term can be connected to the true or complement of any input.
When both the true and complement connections of any input are
left intact, a logical false results on the output of the AND gate. If
both the true and complement connections of any input are pro-
grammed open, then a logical “don’t care” results for that input. If
all inputs for a product term are prog d open, then a logical
true results on the output of the AND gate.

1/0

YSB

EPROM
CELL @
CONNECTION

—1 |

64 INPUT AND GATE

m

d

/

> o
=<

= K'4

ifalalalalalalala

v
\

/

LOCAL | GLOBAL | INPUT
FEEDBACK | gys BUS BUS

SIGNALS | I _J-J’ 1 1

290098-6

EPROM CELL
ARCHITECTURE
SWITCH

Figure 4. Macrocell-Bus Interface
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CLOCK MODE CONTROL

The 5C121 contains two internal clock data paths
that drive the input latches (transparent 7475 type)
and the output registers. These clocks may be pro-
grammed into one of 8 operating modes (see clock
mode Table 1). Figure 1 shows a typical macrocell
which is driven by the master clock signal CLK and
the input latch-enable signal ILE.

The master clock signal is input via pin 1. If pro-
grammed modes 4, 5, 6 & 7 are chosen, a second
clock signal is required which is input via pin 38 (see
Figure 5). Table 1 shows the operation of each clock
programming mode.

If modes 0, 1, 4, 5, 6 or 7 are chosen (i.e. latching of
the inputs is required), all inputs, both dedicated and
170, are latched with the same ILE signal. Data ap-
plied to the inputs when CLK1 is low (high) is latched
when CLK1 goes high (low) and will stay latched as
long as"'CLK1 stays high (low). Levels shown in pa-
renthesis are for modes 1, 5 & 7 and levels shown
outside parenthesis are for modes 0, 4 & 6.

Care is required when using any of the clock modes
4, 5, 6 or 7, that require two input clock signals to
ensure that timing hazards are not created.

ERASURE CHARACTERISTICS

Erasure characteristics of the 5C121 are such that
erasure begins to occur upon exposure to light with
wavelengths shorter than approximately 4000A. It
should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000~
4000A. Data shows that constant exposure to room
level fluorescent lighting could erase the typical
5C121 in approximately three years, while it would
take approximately one week to cause erasure when
exposed to direct sunlight. If the 5C121 is to be ex-
posed to these types of lighting conditions for ex-
tended periods of time, conductive opaque labels
should be placed over the window to prevent unin-
tentional erasure.

The recommended erasure procedure for the 5C121
is exposure to shortwave ultraviolet light which has
the wavelength of 2537A. The integrated dose (i.e.,
UV intensity X exposure time) for erasure should be
a minimum of fifteen (15) Wsec/cm2, The erasure
time with this dosage is approximately 15 to 20 min-
utes using an ultraviolet lamp with a 12,000 uW/cm?2

power rating. The 5C121 should be placed- within
one inch of the lamp tubes during erasure. The maxi-
mum integrated dose the 5C121 can be exposed to
without damage is 7258 Wsec/cm2 (1 week @
12,000 pW/cm2). Exposure to high intensity UV light
for longer periods may cause permanent damage.

' PROGRAMMING CHARACTERISTICS

Initially, and after erasure, all the EPROM control
bits of the 5C121 are connected (in the “1” state).
Each of the connected control bits are selectively
disconnected by programming the EPROM celi into
their “0” state. Programming voltage and waveform
specifications are available by request from Intel to
support programming of the 5C121.

&

inteligent Programming™ Algorithm

The 5C121 supports the intgligent Programming Al-
gorithm which rapidly programs Intel H-ELPDs (and
EPROMSs) using an efficient and reliable method.
The intgligent Programming Algorithm is particularly

- suited to the production programming environment.
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This method greatly decreases the overall program-
ming time while programming reliability is ensured as
the incremental program margin of each bit is con-
tinually monitored to determine when the bit has
been successfully programmed.

FUNCTIONAL TESTING

Since the logical operation of the 5C121 is con-
trolled by EPROM elements, the device is complete-
ly factory tested. Each programmable EPROM bit
controlling the internal logic including the buried
state registers are tested using application-indepen-
dent test program patterns. After testing, the devic-
es are erased before shipment to customers. No
post-programming tests of the EPROM array are
necessary.

To enable functional evaluation of counter and
state-machine applications, the 5C121 contains reg-
ister pre-load circuitry. This can be activated by in-
terrupting the normal clocked sequence and apply-
ing Vpp on pin 2 to engage the pre-load state. Under
these conditions the Flip Flops in the 5C121 can be
set to any logical condition and then return to normal
operation. This process simplifies the input se-
quences necessary to evaluate the counter and
state machine operations.
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Table 1. Clock Programming (Key: L = Latched; T = Transparent)

Programmed Input Signals Output Registers Clock
Mode Are Latched When: Change State When: Configuration
° ey AN T | ey N o
‘ ey NS L | emy A o
2 Inputs Not Latched g;rlﬂ ) _\_ 1 Clock
3 Inputs Not Latched %:: ) _/_ 1 Clock
) ey AN T | enem T # dlooe
s e N/ L | emem N ek
° emy AN T | enom A e
’ e N/ L | emew A ? dloce

DESIGN RECOMMENDATIONS

For: proper operation it is recommended that input
and output pins be constrained to the range GND <
(Vin or VouT) < Vce. Unused inputs should be tied
to an appropriate logic level (e.g. either Vg or GND)
to minimize device power consumption.

When utilizing a macrocell with an 1/0O pin connec-
tion as a buried macrocell (i.e. just using the macro-
cell for feedback purposes to other macrocells), its
170 pin is a ‘reserved pin'. (The Intel Programmable
Logic Development System |l will label the pin ‘RE-
SERVED’ in the utilization report that it generates.)
Such an 1/0 pin will actually be an output pin and
should not be grounded. It should be left unconnect-
ed such that it can go high or low depending on the
state of the macrocell’s output.

In normal operation Voc/Vpp (pin 40) should be
connected directly to Vgc (pin 39).
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DESIGN SECURITY

A single EPROM bit provides a programmable de-
sign secruity feature that controls the access to the
data programmed into the device. If this bit is set, a
proprietary design within the device cannot be cop-
ied. This EPROM security bit enables a higher de-
gree of design security than fused-based devices
since programmed data within EPROM cells is invisi-
ble even to microscopic evaluation. The EPROM se-
curity bit, along with all the other EPROM control
bits, will be reset by erasing the device.

LATCH-UP IMMUNITY

All of the input, 1/0, and clock pins of the 5C121
have been designed to resist latch-up which is inher-
ent in inferior CMOS structures. The 5C121 is de-
signed with Intel's proprietary CHMOS II-E EPROM
process. Thus, each of the 5C121 pins will not expe-
rience latch-up with currents up to 100 mA and volt-
ages ranging from —1V to Vgg + 1V. Furthermore,
the programming pin is designed to resist latch-up to
the 13.5V maximum device limit.
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.
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280098-7

Figure 5. Programmable Clock Control System
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ABSOLUTE MAXIMUM RATINGS*

Symbol Parameter Min | Max |Unit
Vee Supply Voltage(1) -2.0 7.0 v
Vep Programming —20| 135 \
Supply Voltage(1)

Vi DC Input Voltage(1? | —0.5|Vcc+05| V
lcc DC Vg Current4) 100 | mA
| Tsig Storage Temperature -65| +150 | °C
Tamb | Ambient Temperature®®) | —10| +85 | °C
NOTES:

1. Voltages with respect to ground.

2. Minimum DC input is —0.5V. During transitions, the in-
puts may undershoot to —2.0V for periods less than 20 ns

under no load conditions.
3. Under bias.
4. With outputs tristated.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings’’ may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS T4 = 0° to 70°C, Vo = 5.0V £5%

Symbol Parameter Conditions Min | Typ Max Unit

Vi4 HIGH Level 20 Vec+03 | V
Input Voltage '

ViL LOW Level -0.3 0.8 \
Input Voltage

VoH HIGH Level lo= —40mADC 24 v
Output Voltage

VoL LOW Level lo=40mADC 0.45 v
Output Voltage

I Input Leakage Current V| = Vgc or GND +10.0 A

loz 3-State Output Vo = Vgc or GND +10.0 pA
Off-State Current

Isg Ve Supply Current (Standby) | V) = Vggor GND | CMOS Inputs 3 mA
(Note 6) lo=0 TTL Inputs 30

lcc Vcc Supply Current (Active)- No Load CMOS Inputs 50 mA

f = 10 MHz TTL Inputs 100
los Output Short Circuit Current (Note 5) 130 mA
NOTES:

5. Output shorted for no more than 1 sec. and no more than one output shorted at a time. lpg is sampled but not 100%

tested.

6. Chip automatically goes into standby mode if logic transitions do not occur. (Approximately 100 ns after last transition.)

A.C. TESTING LOAD CIRCUIT

A.C. TESTING INPUT, OUTPUT WAVEFORM

sv
:> 8550
DEVICE TO TEST
ouwurD_ SYSTEM
34103 q(mcu.uoss 46
CAPACITANCE)
DEVICE INPUT
RISE AND FALL
TIMES < 6nS
290098-8
CL = 50 pF

30 )(z 0 )( 20
INPUT o Aas =TestPonts<<[ X o
ouTPUT svx <~———TEST POINTS ——x

290098-9
A.C. Testing: Inputs are Driven at 3.0V for a Logic “1”" and 0V for
a Logic “0". Timing Measurements are made at 2.0V for a Logic
“1" and 0.8V for a Logic “0” on inputs. Outputs are measured at
a 1.5V point.
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A.C. CHARACTERISTICS T5 = 0° to 70°C, Vg = 5.0V +5%

Symbol Parameter Device 5C121-50 | 5C121-65 | 5C121-90 Unit
Conditions | Min | Max | Min | Max | Min | Max

tPD Non-Registered Input or 1/0 50 65 90 ns
Input to Non-Registered Output

tpzx(™ | Non-Registered Input or I/0 C_ = 30pF 50 65 90 ns
Input to Output Enable

tpxz(?) | Non-Registered Input or 170 50 65 90 ns
Input to Output Disable

tsu Non-Registered Input or I/0 37 47 62 ns
Input to Output Register Setup

tH Non-Registered Input or 1/0 0 0 0 ns
Input to Output Register Hold

tcH Clock High Time 20 25 30 ns

toL Clock Low Time C_=30pF | 20 25 30 ns

tco Clock to Output Delay 28 33 38 ns

tont Minimum Clock Period (Register Output Feed- 50 55 75 ns
back to Register Input—Internal Path)

fonT Maximum Frequency (1/tcnT) 20.0 18.0 13.0 MHz

fMAX Maximum Frequency (1/tsy) 25.0 20 16.0 MHz

tRsT Asynchronous Reset Time 50 65 90 ns

tiLs Set Up Time for Latching Inputs : 0 0 0 ns

tiLH Hold Time for Latching Inputs 15 20 25 ns

tcic2 Minimum Clock 1 to Clock 2 Delay 40 50 65 ns

tiLoFs Input Latch to D-FF Setup Time Mode 0, 1 40 50 65 ns

toFiLS D-FF to Input Latch Setup Time 25 30 35 ns

tpa Minimum Period for a 65 85 100 | ns
2-Clock System (Tcic2 + tco1)

f3 Maximum Frequency (1/tpg) 15.0 12.0 10.0 MHz

NOTE:

7. tpzx and tpxz are measured at +0.5V from steady state voltage as driven by spec. output load. tpxz is measured with
CL = 5pF.

SWITCHING WAVEFORMS

ak__/ \ /f  \ / \ PUT OR 170 INPUT
le-tgy= ty le—tpp
VALID COMBINATIONAL OUTPUT
INPUT MAY cHANGE K KRR INPUT MAY CHANGE

n [+—texz
, = teo R HIGH IMPEDANCE
e — on SERRATO o L PEDA
0M RECISTH VALID OUTPUT E—

F—tpzx —

o trst v Mok wecoANCE T
e STATE 4__vauo outrur
— 200098-11
290098-10

NOTE:
Above waveforms shown for clock modes 2 or 3 (tgy & ty are as in modes 2 & 3; no ILE signal is used).
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CLOCK MODES
SWITCHING WAVEFORMS

1-CLOCK SYSTEM: MODES 0 AND 1

INVERT CLK1 FOR MODE 2

tors
YiLors [ i
CLK1 (PIN1) \ /[ \
- tiLn
s e
INPUTS OR
1/0 INPUTS . X X
—-{ o
REGISTERED %
OUTPUT
tep |
COMBINATIONAL « *
toxz tpzx
COMBINATIONAL
OR REGISTERED
OUTPUT 29000812
INVERT CLK1 FOR MODE 0
1-CLOCK SYSTEM: MODES 2 AND 3
'._iq_.4| f‘ﬁﬂ
CLK1 (PIN1) \ / \
{H -
INPUTS OR
1/0 INPUTS
— tco
REGISTERED
OUTPUT ]
INPUTS OR
1/0 INPUTS X X
—{ tpp
COMBINATIONAL {
OUTPUT
-~ tpxz - tpzx
COMBINATIONAL
OR REGIga%gE?
v 200098-13
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CLOCK MODES
SWITCHING WAVEFORMS (Continued)

2-CLOCK SYSTEMS: MODES 4 THROUGH 7
CLK1 PIN 1 CONTROLS THE INPUT LATCH CLOCK
CLK2 PIN 38 CONTROLS THE D-FF CLOCK.

-t
ts e
INPUTS OR
1/0 INPUTS

—tcic2

CLK2 (PIN 38)

teo
REGISTERED -
OUTPUT \

=~— tpp
COMBINATIONAL
OUTPUT

tpxz — tpzx
e -
outPUT N 20009814
INVERT CLK1 FOR MODES 5 & 7
INVERT CLK2 FOR MODES 4 & 5
100
’E‘ 50 ——L
-
§ 20 / ~
3 10
5 [‘ou. loHi
Q.
£ 5
(<]
S

\
AY
2 ‘
1
o 1 2 3 4 5
Vo Output Voltage (V)

290098-20

Output Drive Current in Relation to Voltage
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intel Programmable Logic
Development System Il (iPLDS II)

The iPLDS Il provides all the tools needed to design
with Intel H-Series EPLDs or compatible devices
(see Figure 6). It contains comprehensive third gen-
eration software that supports four different design
entry methods, minimizes logic, does automatic pin
assignments and produces the best design fit for the
selected EPLD. It is user friendly with guided menus,
on-line Help messages and soft key inputs.

In addition, the iPLDS |l contains programmer hard-
ware in the form of an expansion card for the PC
with programming software to enable the user to
program EPLDs, read and verify programmed de-
vices and also to graphically edit programming files.
The software generates industry standard JEDEC
object code output files which can be downloaded to
other programmers as well.

The iPLDS |l has interfaces to popular schematic
capture packages (Dash series from Futurenet* and
PC CAPS** from PCAD) to enable designs to be
entered using schematics. A more integrated sche-
matic entry method is provided by SCHEMA |I-PLD,
a low-cost schematic capture package that supports
EPLD primitives and user-defined macro symbols.
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SCHEMA 1I-PLD contains the EPLD Design Manag-
er, which provides a single user interface to both
SCHEMA 1I-PLD and iPLS Il software. The other de-
sign entry formats supported are Boolean equation
entry and State Machine design entry.

The iPLDS |l runs on the IBMT PC, PC/XT or PC/AT
and other compatible machines with the following
configuration:

(1) At least one floppy disk drive and hard disk drive

(2) MS-DOS Tt Operating System Version 2.0 or lat-
or release

(3) 640K Memory

(4) Intel iUP-PC Universal Programmer-Personal

Computer and GUP! Adaptor (supplied with
iPLDS II).

Detailed information on the Intel Programmable Log-
ic Development System |l is contained in a separate
Intel data sheet (Order Number: 280168).

*FutureNet is a registered trademark of FutureNet Corpora-
tion. DASH is a trademark of FutureNet Corporation.

**PC-CAPS is a trademark of P-CAD Corporation.

TIBM Personal Computer is a registered trademark of Inter-
national Business Machine Corporation.

11MS-DOS is a registered trademark of

Microsoft Corpora-
tion. .
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Development System I
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T :
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GATE ARRAY. TTL. o EPLD
SCHEMATIC ENTRY

290098-19

Figure 6. Intel Programmable Logic Development System Il
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| | 5C180

1800-GATE CHMOS
ERASABLE PROGRAMMABLE LOGIC DEVICE
m High Performance LSI Semicustom m Dual Feedback Signals Allowing 1/0
Logic Replacement for TTL and 74HC Pins to Be Used for Buried Logic and
SSI and MSI Logic Dedicated Input
m CHMOS EPROM Technology-Based UV m Programmable Clock System with Four
Erasable Synchronous Clocks as well as
m 48 Macrocells with Programmable 1/0 Asynchronous Clocking Option on All
Architecture; up to 64 Inputs (16 Registers
Dedicated, 48 1/0) or 48 Outputs m Programmable Registers. Can Be
Configured as D, T, SR or JK Types
ey OPerating with Individual Reset Controls
\ m Register Pre-Load and Erasable Array
. ;?sv;i:aot\:l:;, 100 pW Typical Standby for 100% Generic Testability
m Programmable “Security Bit'b’ Allows m 68-Pin J-Lead Chip Carrier and Pin Grid
Total Protection of Proprietary Designs Array Packages

(See packaging spec., Order #231369)

The Intel 5C180 EPLD (Erasable Programmable Logic Device) is a CHMOS LSI Logic Device capable of
integrating 1800 to over 2000 equivalent gates of SSI/MSI logic. This user customizable Logic Device is
available in a 68-pin J-Leaded chip carrier or Pin Grid Array package and has the benefits of low power and
increased flexibility.

The 5C180 EPLD uses CHMOS EPROM (floating gate) cells as logic control elements instead of fuses. Use of
Intel's advanced CHMOS II-E EPROM process technology enables greater logic densities to be achieved with
superior speed and power performance. The EPROM technology also enables these devices to be 100%
factory tested by the programming and the erasure of all the EPROM logic control elements in the device.

The architecture of the 5C180 is based on the “Sum of Products” PLA (Programmable Logic Array) structure
with a programmable AND array feeding into a fixed OR array. The 48 macrocells of the 5C180 can be
partitioned into 4 identical quandrants each containing 12 macrocells. This device makes use of a segmented
PLA structure with local and global bus structures to provide for increased performance and greater device
utilization. The 5C180 has unique architectural features that allow programming of all 48 registers to D, T, SR
or JK configurations without sacrificing product terms. These registers can be either clocked asynchronously
or in banks with four synchronous clocks. In addition, the 16 global macrocelis have two independent feed-
back paths to the array that allow for buried logic implementation together with use of the 1/0 pin for input
functions.

S
B
O /o
/o Yo
INPUT  INPUT

/0 1/0
Yo 1/o
Vo /o
1o /o
GND 1/0
/o /o
/0 /o
Yo 1o
170 1/0

290111-35
Figure 2. PGA Pin Configuration

November 1987
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ARCHITECTURE DESCRIPTION

Externally, the 5G180 provides 12 dedicated data in-
puts, 4 synchronous clock inputs, and 48 1/O pins
which may be individually programmed for input, out-
put, or bi-directional operation.

The Block Diagram is shown in Figure 2. The internal
architecture is organized in familiar sum-of-products
(AND-OR) structure. The 5C180 houses a total of
480 product terms distributed among 48 Macrocells.
The basic Macrocell structure is shown in Figure 3.
Input and feedback signals are selectively connect-
ed to product terms via EPROM cells. The output of
the AND array feeds a fixed OR gate to produce
sum-of-products logic. The final output may be com-
binatorial or registered, programmed active high or
low. Combinatorial, registered, or pin feedback is
also user-defined.

The 5C180 is portioned into 4 identical quadrants.
Each quadrant contains 12 Macrocells. input signals
to the Macrocells come from the 5C180 Local and
Global bus structures. These two buses comprise an
88-input AND array for each quadrant. The output of
each Macrocell feeds an I/0O Architecture Control
Block which contains output and feedback selection.

Four dedicated clock inputs provide synchronous
clock signals to the 5C180 internal registers. There
is one synchronous clock per quadrant. Therefore
each clock signal controls a bank of 12 registers.
CLK1 may be connected to registers in Macrocells
1-12, CLK2 with Macrocells 13-24, CLK3 with Mac-
rocells 25-36, and CLK4 with Macrocells 37-48.
With synchronous clocks, the flip-flops are positive
edge triggered. Both true and complement signals
for each dedicated clock input may also be used
within the AND array. All 48 internal registers may be
individually programmed for synchronous or asyn-
chronous clocking. Asynchronous clocking is possi-
ble via a Macrocell product term. Clock inputs not
used for synchronous clock signals may be used as
global bus inputs.

Invert Select EPROM Bit

The Invert Select EPROM bit is used to invert the
product term input into the register. This applies to
all inputs including double inputs on JK and SR reg-
isters. The invert option allows the highest possible
logic utilization by use of deMorgan logic inversion.

At each intersecting point in the logic array there
exists an EPROM-type programmable connection.
Initially, all connections are complete. This means
that both the true and complement of all inputs are
connected to each product-term. Connections are
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opened during the programming process. Therefore
any product term can be connected to the true or
complement of any input. When both the true and
complement connections of any input are left intact,
a logical false results on the output of the AND gate.
If both the true and complement connections of any
input are programmed open, then a logical “don’t
care” results for that input. If all inputs for a product
term are programmed open, then a logical true re-
sults on the output of the AND gate.

BUS STRUCTURE

Input and feedback signals are connected to each
5C180 Macrocell via a Local and Global Bus. Figure
4 shows the Macrocell-Bus interface for Quadrant D.
The Global Bus contains 64 input signals while the
Local Bus has 24.

Within the 5C180 Macrocell, the product-terms
share the entire bus structure. Therefore, a logical
AND of any of the variables (or their complements)
that is present on the buses may be produced by
each product term.

All quadrants share the same Global Bus. Inputs to
the bus come from the true and complement signals
of the 12 dedicated data inputs, 4 clock inputs, and
the 16 Global Macrocell pin feedback signals.

Each quadrant has its own Local Bus. Inputs to this
bus come from the 12 quadrant Macrocells. For the
eight Local Macrocells, the signals can be either
from the Macrocell internal logic or from the pin. For
the four Global Macrocells, the signals come from
the Macrocell internal logic only.

Table 1 summarizes the Macrocell interconnect.
Table 1. Macrocell Interconnect

Pin | Macro- | Feedback| Feedback
# cell # | Structure | Interconnect
Quad| 2-9 1-8 Local Quad A
A [10-13{ 9-12 Local Quad A
Global All
Quad | 23-26| 13-16 Local Quad B
B Global All
27-34| 17-24 Local Quad B
Quad | 36-43 | 25-32 Local QuadC
C |44-47| 33-36 Local Quad C
Global All
Quad | 57-60 | 37-40 Local Quad D
D Global Al
61-68 | 41-48 Local Quad D
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QUADRANT A QUADRANT D

QUADRANT B

MACROCELL 38

'MACROCELL 35

| MACROCELL 34
BOCELL 24

MACROCELL 33

QUADRANT C

GLOBAL MACROCELLS
LOCAL MACROCELLS

290111-2

Figure 2. 5C180 Block Diagram
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AND ARRAY SYNCHRONOUS
CLOCK

1 vec  OE/CLK

SELECT
L_ OE
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EPROM )
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CONNECTION TERM i
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290111-3

Figure 3. Basic Macrocell Architecture of the 5C180
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MACROCELL 37

GLOBAL BUS TO
OTHER QUADRANTS

290111-4

Figure 4. Quadrant “D” Bus Interface
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5C180 MACROCELLS

Within each 5C180 quadrant there are two different
types of Macrocells; Local Macrocells, Figure 5, and
Global Macrocells, Figure 6. Both types share an 88-
input AND array and contain a total of ten product
terms. Eight product terms are dedicated for logic -
implementation. One product term is reserved for
Asynchronous Clear to the Marcocell register. The
remaining product term is used for Output Enable/
Asynchronous Clock implementation. Each 5C180
product term represents an 88-input AND gate. The
170 Architecture Control Block provides each Mac-
rocell with both combinatorial and registered 1/0
configurations.

Local Macrocells provide one feedback path into the
AND array. Combinatorial, registered or pin feed-
back may be selected from the Feedback Select
Multiplexer. The selected feedback signal is then

routed to the quadrant local bus. Therefore, the Lo-
cal Macrocell feedback communicates only to Mac-
rocells within the same quadrant. There are a total of
32 Local Macrocells within the 5C180, with eight per
quadrant.

Global Macrocells contain two independent feed-
back paths to the AND array. Combinatorial or regis-
tered feedback is supplied to the local bus and pin
feedback is supplied to the global bus. The *“dual
feedback” capability allows the Macrocell to be
used for internal logic functions as well as a dedicat-
ed input pin. To obtain this configuration, the output
buffer must be disabled. If the Global Macrocell I70
pin is not being used as a dedicated input, the Mac-
rocell logic may be fed back along the global bus
allowing routing to any of the 5C180’s 48 Macro-
cells. There are 16 Global Macrocells contained in
the 5C180, four per quadrant.

QUADRANT
SYNCHRONOUS
CLOCK g/ cLock
< GLOBAL BUS ——»=-LOCAL BUS —= SELECT
.Y Vee OF
o€/ cLock HF—JF—1F T Te .
CLK
A
oF D_
1} D—
g 2¢ D—
& ! ARCHII1/’E%TURE _é
[
3 4t -D— CONTROL. ""D"
g sl D_.
6} D—.
7t D._
RESET 1D
FEEDBACK
o .\ SELECT
T vLocaL sus r_
gkt M l};
GLOBAL QUADRANT QUADRANT
DEDICATED A,B,C.D LOCAL
INPUTS GLOBAL FEEDBACK
(16 INPUTS)  FEEDBACK (12 MACROCELLS)
(16 MACROCELLS)
290111-5

Figure 5. Local Macrocell Logic Array
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QUADRANT
SYNCHRONOUS
cLock CLOCK OF
~———GLOBAL BUS——=<-LOCALBUS— | | _SELECT SELECT
Te T T T T~ T OE
OE/ CLOCK}
CLK
o D—
" D
‘N
z 2t D_
g 3t D— 1/0 1/0
ARCHITECTURE é
é “ D'_ CONTROL "F|>"
g st D—
6
7}
RESET } D_
[
L) X R RT ] { ‘%k....ﬁ LOCAL Bus
a GLOBAL BUS
N , o L - .
GLOBAL QUADRANT QUADRANT
DEDICATED A,B,C.D LOCAL
INPUTS GLOBAL FEEDBACK
(16 INPUTS)  FEEDBACK (12 MACROCELLS)
(16 MACROCELLS)
290111-6

Figure 6. Global Macrocell Logic Array

MACROCELL LOGIC
CONFIGURATIONS

Combinatorial Selection

In the Combinatorial configuration, eight product
terms are ORed together to generate the output sig-
nal. The Invert Select EPROM bit controls output
polarity and the Output Enable buffer is product-term
controlled. The Feedback Select allows the user to
choose combinatorial, I/0 (pin) or no feedback to
the respective local and global buses.

REGISTER SELECTION

The advanced 1/0 architecture of the 5C180 allows
four different register types along with combinatorial
output as illustrated in Figures 7a-7e. The register
types include a T, D, JK, or SR Flip-Flop and each
Macrocell I/0 structure may be independently con-
figured. In addition, all registers have an individual
asynchronous RESET control from a dedicated
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product term derived in the AND array. When this
dedicated product term is a logical one, the Macro-
cell register is immediately cleared to a logical zero
independent of the register clock. The RESET func-
tion occurs automatically on power-up.

The four different register types shown in Figures
7b-7e are described below:

D- or T-type Flip-Flops

When either a D- or T-type Flip-Flop is configured
as part of the 1/0 structure, all eight of the prod-
uct terms into the Macrocell are ORed together
and fed into the register input.

JK or SR Registers

When either a JK or SR register is configured,
the eight product terms are shared among two
OR gates (one for the J or S input and the other
for the K or R input). The allocation for these
product terms for each of the register inputs is
optimized by the iPLDS Il development software.
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Buried Logic Selection

For Global Macrocells, if no output is selected, the

logic may be “buried” and the 1/0 pin can be used

as an additional dedicated input. The use of “dual CLK

feedback” is accomplished by tri-stating the Output
Enable Buffer. Thus, up to 16 additional dedicated

inputs may be added without sacrificing the Macro- -

cell internal logic.

In the erased state, the 1/0 afchitecture is config-
ured for combinatorial active low output with 1/0
(pin) feedback.

[>-

INVERT
SELECT

oo

290111-7

Figure 7a. Combinatorial /0 Configuration

CLK

>

INVERT
SELECT

RESET

Lsososs

290111-8

Figure 7b. D-Type Flip-Flop Register
Configuration

R

>
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_> o)
INVERT RESET
- SELECT
RESET [T\
L/
290111-9
Figure 7c. Toggle Flip-Flop Register
Configuration
CLK
N
1 J
D> o
8-N
INVERT
SELECT
RESET [T\
290111-10

Figure 7d. JK Flip-Flop Register Configuration



inte!

5C180

PRELIMINARY

e

INVERT
SELECT

R RESET

RESET [T\
L/

290111-11

Figure 7e. SR Flip-Flop Register Configuration

MACROCELL OE/CLK SELECT

Each 5C180 register may be clocked synchronously
or asynchronously. Figure 8a and 8b shows the
modes of operation provided by the OE/CLK Select
Multiplexers for both Local and Global Macrocells.
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The operation of each multiplexer is controlied by
EPROM bits and may be individually configured for
each 5C180 Macrocell.

In Mode 0, the three-state output buffer is controlled
by a single product term. If the output of the AND
gate is a logical true then the output buffer is en-
abled. If a logical false resides on the output of the
AND gate then the output buffer is seen as high im-
pedance. In this mode the Macrocell flip-flop may be
clocked by its quadrant synchronous clock input. In
the erased state, the 5C180 is configured as Mode
0.

In Mode 1, the Output Buffer is always enabled. The
Macrocell flip-flop now may be triggered from an
asynchronous clock signal generated by the Macro-
cell product term. This mode allows individual clock-
ing of flip-flops from any available signal in the quad-
rant AND array. Because both true and complement
signals reside in the AND array, the flip-flops may be
configured for positive or negative edge triggered
operation. With the clock now controlled by a prod-
uct term, gate clock structures are also possible.

In Modes 2 and 3, the Output Buffer is always dis-
abled. The Macrocell flip-flop may still be triggered
from clock signals generated from the Macrocell
product term or asynchronous clocks. This mode is
only possible for Global Macrocells.
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The output is permanently enabled and the register is clocked via the product term. This allows for gated clocks that may be generated
from elsewhere in the 5C180.
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Figure 8a. Local Macrocell OE/CLK Selection
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The output is permanently disabled and the register clocked by the quadrant synchronous clock signal. The pin can be used as an input
while the register or combinational output can be fed back. :
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290111-15
The output is permanently disabled and the register is clocked via the product term. This allows gated clocks that may be generated
elsewhere in the 5C180. The pin can be used as in input while the register or combinational output can be fed back.

Figure 8b. Global Macrocell Additional OE/CLK Selection
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MACROCELL LOGIC + 1/0
CONFIGURATIONS

The 5C180 Input/Output Architecture provides each
Macrocell with over 50 possible I/0 configurations.

Figures 9 and 10 show the 5C180 basic 1/0 configu-
rations for both the Local and Global Macrocells.
Along with combinatorial, four register types are
available. Each Macrocell may be independently
programmed.

e '
™ o
|—/
.| —DHHDTHES
-<‘ ]
@ 8 ) INVERT
S S ___D__< SELECT
— ey o
/\/'\/
@rsspucx
SELECT
200111-16
COMBINATORIAL
170 Selection
Output/Polarity Feedback Bus
Combinatorial/High | Comb, Pin, None | Local
Combinatorial/Low | Comb, Pin, None | Local
None Comb Local
None Pin Local

Figure 9. Local Macrocell /0 Configurations

2-72



“e[ . 5C180 PRELIMINARY
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GLOBAL BUS
LOCAL BUS
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FEEDBACK
‘ SELECT

290111-17

D-TYPE FLIP-FLOP
1/0 Selection

Output/Polarity Feedback us

D-Register/High | D-Register, Pin, None | Local
D-Register/Low | D-Register, Pin, None | Local
None D-Register Local
None Pin Local

Function Table

Qn+1

- - 00 U
—‘O—*°=°
- -0

Figure 9. Local Macrocell I/0 Configurations (Continued)
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SYNCHRONOUS

cLOCK OE/CLOCK
SELECT
M ~— ] 1 o« Ot
| \ J‘:

_D_J'

%D CE A
_D_A
M)
L/

GLOBAL BUS
LOCAL BUS

S

FEEDBACK
SELECT

200111-18

TOGGLE FLIP-FLOP
1/0 Selection

Output/Polarity Feedback Bus

T-Register/High | T-Register, Pin, None | Local
T-Register/Low | T-Register, Pin, None | Local

None T-Register Local
None Pin Local
Function Table

T Qn| Qnts

0 0 0

0 1 1

1 0 1

1 1 0

Figure 9. Local Macrocell I/0 Configurations (Continued)
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SELECT
290111-19
JK FLIP-FLOP
1/0 Selection
Output/Polarity Feedback Bus
JK Register/High | JK Register, None | Local
JK Register/Low | JK Register, None | Local
None JK Register Local
Function Table
J| K| Qn| Qntiy
0|0 0 0
o|0]| 1 1
0|1 0 0
0|1 1 0
110 0 1
110 1 1
1] 1 0 1
111 1 0

Figure 9. Local Macrocell I/0 Configurations (Continued)
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SR FLIP-FLOP
1/0 Selection

Output/Polarity

Feedback

None

SR Register/High
SR Register/Low

SR Register, None
SR Register, None

SR Register

Local
Local
Local

Function Table

Qn + 1

- 200000

OO ~=+-200
_.o..so.a.o:D

- - OO0 =0

Figure 9. Local Macroceli I/0 Configurations (Continued)
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OE
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2 2
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§ § INVERT

2 S SELECT

T~ 290111-21
COMBINATORIAL
1/0 Selection
Output/Polarity Feedback Bus

Combinatorial/High|Comb, Pin, None|Local, Global

Combinatorial/Low
None
None
None

Comb, Pin, None|Local, Global
Comb Local, Global

Pin Global
Comb/Pin Local/Global

Figure 10. Global Macrocell I/0 Configurations
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o~ R
— OE
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W Dy I e
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§ 3 INVERT P c
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L/
I~
/_\/ )
290111-22
D-TYPE FLIP-FLOP
170 Selection
Output/Polarity Feedback Bus
D-Register/High | D-Register, Pin, None | Local, Global
D-Register/Low | D-Register, Pin, None | Local, Global
None D-Register Local, Global
None Pin Global
None D-Register/Pin Local/Global
Function Table
D | Qn | Qn+y
0 0 0
0 1 0
1 0 1
1 1 1

Figure 10. Global Macrocell /0 Configurations (Continued)
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LOCAL BUS
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TOGGLE FLIP-FLOP
1/0 Selection

Output/Polarity Feedback Bus

T-Register/High | T-Register, Pin, None | Local, Global
T-Register/Low | T-Register, Pin, None | Local, Global

None T-Register Local, Global
None Pin Global
None T-Register/Pin Local/Global
Function Table

T Qp Qn+1

0 0 0

0 1 1

1 0 1

1 1 0

Figure 10. Global Macrocell 1/0 Configurations (Continued)
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200111-24

JK FLIP-FLOP
1/0 Selection

Output/Polarity Feedback Bus

JK Register/High | JK Register, None | Local, Global
JK Register/Low | JK Register, None | Local, Global

None JK Register Local
None JK Register/Pin | Local/Global
Function Table

J| K| Qn| Qn+iy

0|0 0 0

0|0 1 1

0] 1 0 0

0l 1 1 0

110 0 1

110 1 1

111 0 1

1 1 1 0

Figure 10. Global Macrocell I/0 Configurations (Continued)
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SR FLIP-FLOP
: 1/0 Selection

Output/Polarity Feedback Bus

SR Register/High| SR Register, None|Local, Global
SR Register/Low | SR Register, None|Local, Global

None SR Register Local
None SR Register/Pin |Local/Global
Function Table

S|R|Qn| Qnty

0|j0] O 0

00 1 1

0|1 0 0

01 1 0

1(0] 0 1

110 1 1

Figure 10. Global Macrocell 1/0 Configurations (Continued)
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Erased-State Configuration

Prior to programming or after erasing, the 1/0 struc-
ture is configured for combinatorial active low output
with input (pin) feedback.

ERASURE CHARACTERISTICS

Erasure characteristics of the 5C180 are such that
erasure begins to occur upon exposure to light with
wavelengths shorter than approximately 4000A. It
should be noted that sunlight and certain types of
fluorescent lamps have wavelengths in the 3000A—-
4000A range. Data shows that constant exposure to
room level fluorescent lighting could erase the typi-
cal 5C180 in approximately three years, while it
would take approximately one week to cause era-
sure when exposed to direct sunlight. If the 5C180 is
to be exposed to these types of lighting conditions
for extended periods of time, conductive opaque la-
bels should be placed over the device window to
prevent unintentional erasure.

The recommended erasure procedure for the 5C180
is exposure to shortwave ultraviolet light with a
wavelength of 2537A. The integrated dose (i.e., UV
intensity X exposure time) for erasure should be a
minimum of fifteen (15) Wsec/cm2. The erasure
time with this dosage is approximately 15 to 20 min-
utes using an ultraviolet lamp with a 12,000 uW/cm2
power rating. The 5C180 should be placed within
one inch of the lamp tubes during erasure. The maxi-
mum integrated dose the 5C180 can be exposed to
without damage is 7258 Wsec/cm2 (1 week at
12,000 uW/cm2). Exposure to high intensity UV light
for longer periods may cause permanent damage to
the device.

PROGRAMMING CHARACTERISTICS

Initially, and after erasure, all the EPROM control
bits of the 5C180 are connected. Each of the con-
nected control bits are selectively disconnected by
programming the EPROM cells into their “on” state.
Programming voltage and waveform specifications
are available by request from Intel to support pro-
gramming of the 5C180.

inteligent Programming™ Algorithm

The 5C180 supports the intgligent Programming Al-
gorithm which rapidly programs Intel H-ELPDs (and
EPROMSs) using an efficient and reliable method.
The intgligent Programming Algorithm is particularly
suited to the production programming environment.
This method greatly decreases the overall program-
ming time while programming reliability is ensured as
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the incremental program margin of each bit is con-
tinually monitored to determine when the bit has
been successfully programmed.

FUNCTIONAL TESTING

Since the logical operation of the 5C180 is con-
trolled by EPROM elements, the device is complete-
ly testable. Each programmable EPROM bit control-
ling the internal logic is tested using application-in-
dependent test program patterns. After testing, the
devices are erased before shipment to customers.
No post-programming tests of the EPROM array are
required.

The testability and reliability of EPROM-based pro-
grammable logic devices is an important feature
over similar devices based on fuse technology.
Fuse-based programmable logic devices require a
use to perform post-programming tests to insure
proper programming. These tests must be done at
the device level because of the cummulative error
effect. For example, a board containing ten devices.
each possessing a 2% device fallout translates into
an 18% fallout at the board level (it should be noted
that programming fallout of fuse-based programma-
ble logic devices is typically 2% or higher).

DESIGN RECOMMENDATIONS

To take maximum advantage of EPLD technology, it
is recommended that the designer use the Modular
EPLD Logic Design (MELD) method. The MELD phi-
losophy is derived from the modular programming
method used in software development. In a modular
software development environment, the engineer
designs a modular program (typically on a develop-
ment system), stores it in memory (EPROM), and
tests the module for functionality. A hardware de-
signer using EPLDs can use this same approach
when designing logic. The designer develops a mod-
ular logic design on the Intel Programmable Logic
Development System (iPLDS), stores it in “memory”
(the EPROM control elements of the EPLD), and
again tests the module for functionality. If the design
is in error, the logic designer reprograms the EPLD
with his new design as easily as a software designer
can download a new program into memory.

The MELD philosophy is new to programmable logic
because EPROM-based PLDs are new. A modular
logic development process using fused-based PLDs
would be wasteful since a fuse-based device cannot
be erased and re-used.
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For proper operation, it is recommended that all in-
put and output pins be constrained to the voltage
range GND < (VN or VouT) < Vec. Unused inputs
should be tied to an appropriate logic level (e.g., ei-
ther Vo or GND) to minimize device power con-
sumption. Reserved pins (as indicated in the iPLS Il
REPORT file) should be left floating (no connect) so
that the pin can attain the appropriate logic level. A
power supply decoupling capacitor of at least 0.2 uf
must be connected directly between Vg and GND.

DESIGN SECURITY

A single EPROM bit provides a programmable de-
sign security feature that controls the access to the
data programmed into the device. If this bit is set, a
proprietary design within the device cannot be cop-
ied. This EPROM security bit enables a higher de-
gree of design security than fused-based devices
since programmed data within EPROM cells is invisi-
ble even to microscopic evaluation. The EPROM se-
curity bit, along with all the other EPROM control
bits, will be reset by erasing the device.

LATCH-UP IMMUNITY

All of the input, 1/0, and clock pins of the 5C180
have been designed to resist latch-up which is inher-
ent in inferior CMOS structures. The 5C180 is de-
signed with Intel’s proprietary CHMOS II-E EPROM
process. Thus, each of the 5C180 pins will not expe-
rience latch-up with currents up to 100 mA and volt-
ages ranging fronm —1V to Vg + 1V. Furthermore,
the programming pin is designed to resist latch-up to
the 13.5V maximum device limit.

INTEL PROGRAMMABLE LOGIC
DEVELOPMENT SYSTEM II (iPLDS i)

The iPLDS Il graphically shown in Figure 11 provides
all the tools needed to design with Intel H-Series
EPLDs or compatible devices. In addition to provid-
ing development assistance, iPLDS Il insulates the
user from having to know all the intricate details of
EPLD architecture (the machine will optimize a de-
sign to benefit from architectural features). It con-
tains comprehensive third generation software that
supports four different design entry methods, mini-

mizes logic, does automatic pin assignments and
produces the best design fit for the selected EPLD.
It is user friendly with guided menus, on-line Help
messages and soft key inputs.

In addition, the iPLDS Il contains programmer hard-
ware in the form of an iUP-PC Universal Program-
mer-Personal Computer to enable the user to pro-
gram"EPLDs, read and verify programmed devices
and also to graphically edit programming files. The
software generates industry standard JEDEC object
code output files which can be downloaded to other
programmers as well.

iPLDS Il has interfaces to popular schematic capture
packages (including Dash series from Future-NET*
and PC-CAPS** from P-CAD) to enable designs to
be entered using schematics. A more integrated
schematic entry method is provided by SCHEMA II-
PLD, a low-cost schematic capture package that
supports EPLD primitives and user-defined macro
symbols. SCHEMA I1I-PLD contains the EPLD Design

“'Manager, which provides a single user interface to
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both SCHEMA I1I-PLD and iPLS Il software. The oth-
er design formats supported are Boolean equation
entry and State Machine design entry.

The iPLDS |l operates on the IBMT PC/XT, PC/AT,
or other compatible machine with the following con-
figuration:

1. At least one floppy disk drive and hard disk drive.

2. MS-DOS# Operating System Version 3.0 or great-
er.

3. 640K Memory.

4. Intel iUP-PC Universal Programmer-Personal
Computer (supplied with iPLDS II).

5. GUPI LOGIC Adaptor
6. A color monitor is suggested.

Detailed information on the Intel Programmable Log-
ic Development System Il is contained in a separate
Intel data sheet. (Order Number: 280168)

* FutureNET is a registered trademark of Future-
NET Corporation. DASH is a trademark of Fu-

tureNET Corporation.

** PC-CAPS is a trademark of P-CAD Corpora-
tion.

t IBM Personal Computer is a registered trade-
mark of International Business Machines Cor-
poration.

¥ MS-DOS is a registered trademark of Micro-

soft Corporation.
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Figure 11. IPLDS Il Intel Programmable Logic Development System
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ABSOLUTE MAXIMUM RATINGS*

Symbol Parameter Min Max | Units

Voo Supply Voltage(!) -20| 70 \'

Vpp Programming —20| 135 v
Supply Voltage(1)

' .DC Input Voltage()(?) | —0.5|Vcc+0.5 V

tstg Storage Temperature —-65| +150 °C

tamb Ambient Temperature® | —10| +85 °C

NOTES:

1. Voltages with respect to ground.
2. Minimum DC input is —0.5V. During transitions, the inputs may undershoot to —2.0V for periods less than 20 ns under no

load conditions.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings”’ may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-.
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

3. Under bias. Extended temperature versions are also available.

D.C. CHARACTERISTICS T, = 0°to +70°C, Vgg = 5V 5%

Symbol Parameter/Test Conditions Min Typ Max " Unit

Vi@ High Level Input Voltage 2.0 Vee + 0.3 v

VL@ Low Level Input Voltage -0.3 ; 0.8 v

Von® High Level Output Voltage 24 \'
lo= —4.0mAD.C,, Vgc = min.

VoL Low Level Output Voltage- 0.45 \"
lo =4.0mAD.C., Vcc = min.

) Input Leakage Current +10 pA
Ve = max., GND < Voyt < Ve

loz Output Leakage Current +10 RA
Vee = max., GND < Voyr < Vo

15c(®) Output Short Circuit Current mA
Vcc = max,, Voyt = 0.5V

1sg(? _ Standby Current . 20 150 RA
Vce = max,, Viy = Vgg or GND,
Standby mode

lcc Power Supply Current 30 45 mA
Voo = max., VN = Vg or GND,
No load, Input Freq. = 1 MHz
Active mode (Turbo = Off),
Device prog. as 4 12-bit Ctr.

NOTES:

4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included.
5. Io at CMOS levels (3.84 V) = —2 mA
6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second.

7. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition.
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A.C. TESTING LOAD CIRCUIT

A.C. TESTING INPUT, OUTPUT WAVEFORM

[___ 5V
Sessn -

<
DEVICE g 0 TEST
OUTPUTD—-&TD SYSTEM .
34102 C

>

DEVICE INPUT
RISE AND FALL
TIMES < 6nS

C_ = 50 pF

. (INCLUDES JIG
CAPACITANCE)

290111-28

3.0 2.0 2.0
INPUT "> testroNts <L X
0 0.8 0.8

OUTPUT 1 .svx <—— TEST POINTS ——=X1.5V

290111-27

A.C. Testing: Inputs are Driven at 3.0V for a Logic “1"” and 0V for
a Logic “0". Timing Measurements are made at 2.0V for a Logic
“1" and 0.8V for a Logic “0” on inputs. Outputs are measured at
a 1.5V point.

A.C. CHARACTERISTICS TA = 0°Cto +70°C, Voc = 5V 15%, Turbo Bit On(®)

Symbol From To 5C180-75- 5C180-90 Non‘(::) Turbo Unit
' Min | Typ | Max | Min | Typ | Max Just
trD1 Input Comb. Output 70 85 +30 ns
trD2 Local I/0 Comb. Output 75 90 +30 ns
trDG Global I/0 Comb. Output 70 85 +30 ns
tpzx® | lorl/O Output Enable 75 90 +30 ns
texz® | lorl/O Output Disable 75 90 +30 ns
tcLr Asynch. Reset | Q Reset 75 90 +30 ns
NOTES:

8. Typ. Values are at Tp = 25°C, Vgc = 5V, Active Mode. )
9. tpzx and tpxz are measured at 0.5V from steady state voltage as driven by spec. output load. tpxz is measured with

C_ = 5pF.
10. If device is operated with Turbo Bit Off (Non-Turbo Mode), increase time by amount shown.

CAPACITANCE
Symbol Parameter Conditions Min | Typ | Max | Unit
CiNn Input Capacitance Vin = 0V, f = 1.0 MHz 15 pF
Cout Output Capacitance Vout = 0V, f = 1.0 MHz 15 pF
CcLk Clock Pin Capacitance | Voyt = 0V, f = 1.0 MHz 25 pF
Cvpp Vpp Pin Capacitance Pin 19, Voyt = OV, f = 1.0 MHz 160 pF
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SYNCHRONOUS CLOCK MODE A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vg = 5V +5%, Turbo Bit On(11)
12
Symbol Parameter 5C180-75 5C180-90 Non; d) Tttjrbo Unit
Min | Typ | Max | Min | Typ | Max Jus
fmax Max Frequency 19.6 16.1 MHz
1/tsy—-No Feedback
fonT Max. Count Frequency 15.1 12.2 MHz
1/tcnT-With Feedback
1su1 Input Setup Time to Clk 51 62 +30 ns
tsu2 Local 170 Setup Timeto Clk | 56 67 +30 ns
tsug Global I/0 Setup Time to Clk | 51 62" +30 ns
tH I'or 1/0 Hold after Clk High | 0 0 ' ns
tco Clk High to Output Valid 30 35 ns
toNT Register Output Feedback 66 82 +30 ns
to Register Input~
Internal Path
tcH Clk High Time 25 30 ns
toL Clk Low Time 25 30 ns
NOTES:
11. Typ. Values are at To = 25°C, Vgc = 5V, Active Mode.
12. If device is operated with Turbo Bit Off (Non-Turbo Mode), increase time by amount shown.
ASYNCHRONOUS CLOCK MODE A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vgc = 5V 15%, Turbo Bit On(13)
14
Symbol Parameter 5C180-75 5C180-90 Non‘(\ dl)u'l::rbo Unit
Min | Typ | Max| Min | Typ | Max
famax | Max. Frequency 66.7| 40.0 MHz
1/tasy—No Feedback
facNT | Max. Frequency 1561 12.2 MHz
1/tacnT-With Feedback
tasu1 | Input Setup Time to Asynch. Clock| 17 23 +30 ns
tasuz |1/0 Setup Time to Asynch. Clock | 22 28 +30 ns
taH Input or |70 Hold to Asynch. Clock [ 30 30 ns
taco Asynch. Clk to Output Valid 75 90 ns
tacnT | Register Output Feedback 66 82 +30 ns
to Register Input-
Internal Path
taCH Asynch. Clk High Time 25 30 ns
tacL Asynch. Clk Low Time 25 30 ns
NOTES:

13. Typ. Values are at To = 25°C, Voo = 5V, Active Mode.
14. If device is operated with Turbo Bit Off (Non-Turbo Mode), increase time by amount shown.
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SWITCHING WAVEFORMS

COMBINATORIAL MODE

INPUT OR 1/0 INPUT

tpp

COMBINATORIAL OUTPUT |

COMBINATORIAL OR l N\ HIGH IMPEDANCE

REGISTERED OUTPUT / 3= STATE

~— tp2x
HIGH IMPEDANCE’
TeSIATE VALID OUTPUT
tor
ASYNCHRONOUSLY

CLEAR OUTPUT

290111-29
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SWITCHING WAVEFORMS (Continued)

SYNCHRONOUS CLOCK MODE

ten toL

‘SU_"—‘H
VALID '
INPUT MAY CHANGE INPUT INPUT MAY CHANGE
(FROM REGISTER
TO OUTPUT) VALID OUTPUT

ASYNCHRONOUS CLOCK MODE

CLK1,CLK2,
CLK3,CLK4

290111-30

tach tacL
ASYN.
cLocK
INPUT
OTHER
INPUT INPUT MAY CHANGE INPUT MAY CHANGE

(FROM REGISTER

TO OUTPUT) VALID OUTPUT

290111-31
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inter ADVANGE INFORMATION
5AC312
ERASABLE PROGRAMMABLE
LOGIC DEVICE

m High Performance LSI Semi-Custom ® CHMOS Ili-E EPROM Technology

Logic Alternative for Low-End Gate based; UV-Erasable

Arrays, TTL, and 74HC- or 74HCT SSI . '

and MSI Logic | Ittmw Power,b:st)s pA ?;:;n;:a); l(|:urrent

m Programmable Secur ows

B High Speed tpd (max) 25 ns, 40 MHz ¢

Operating Performance 100% Protection of Proprietary Designs
m Erasable Array for 100% Generic

Testability

5AC312 KEY FEATURES

m 12 Macrocells with Programmable 1/0
Architecture; Up To 22 Inputs (10
Dedicated, 12 1/0) or 12 Outputs

Dual Feedback on All Macrocelis for
Buried Register Implementation and
Input Usage

B 8 Programmable Inputs; Each Can Be m 2 Product Terms on All Macrocell
Programmed Individually to Implement Control Signals
Latch, Register or Flow-Through ble Power Option for
Structure; Synchronous or n fgt’ag;:g;'f Oper:tlon Option fo
Asynchronous Operation ‘ Avallable in 24-Pin 0.3° DIP and 28-Pi
vai n 24-Pin 0. an -Pin
m Software-Supported Product Term . PL(a:ca P:ckages
Allocation between Adjacent (See Packaging Spec., Order Number #231369)
Macrocells
cLK/INP1E]1 v, = % o
cc - - o
1/70.11] 2 1/0.12 % < é >8 >8§ S
LINPIC] 3 1/0.9 4
LINP2[] 4 1/0.10 LINP2 i/0.10
LINP3 5 1/0.7 LINP3 /0.7
LINP4 ] 6 O 1/0.8 LINP4 H1/0.8
LINPS 7 1/0.6 LINPS 11/0.6
LINPE ] 8 1/0.5 LINP6 1/0.5
LINP7 ] 9 1/0.4 LINP7 [31/0.4
LINPB [} 10 1/0.3 N.C. CIN.C.
170111 1/0.2 14 15 16 17
GND [ 12 ILE/ICLK/INP2 % é g g § § é
290156-1 g
3
290156-2
Figure 1. Pin Configurations
November 1987
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INTRODUCTION

The Intel 5AC312 CHMOS EPLD (Erasable Pro-
grammable Logic Device) represents an innovative
approach to overcoming the -primary limitations of
standard PLDs. Due to a proprietary |/0 architecture
and macrocell structure, the 5AC312 is capable of
implementing high performance logic functions more
effectively than previously possible. It can be used
as an alternative to low-end gate arrays, multiple
programmable logic devices or LS-, HC- or HCT SSI
and MSI logic devices.

The 5AC312 uses advanced CHMOS EPROM cells
as logic control elements instead of poly-silicon fus-
es. This technology allows the 5AC312 to operate at
levels necessary in high performance systems while
significantly reducing the power consumption of this
device. Its programmable stand-by function reduces
power consumption to almost “zefro” in applications
where speed is traded for power consumption.

ARCHITECTURE DESCRIPTION |

The architecture of the 5AC312 is based .on the fa-
miliar “Sum-Of-Products” programmable AND, fixed
OR structure, though the 5AC312 macrocell con-
tains a number of significant functional enhance-
ments. This device can implement both combina-
tional and sequential logic functions through
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a highly flexible macrocell and /0 structure. In addi-
tion, the 5AC312 has been designed to effectively
implement both combinational-register and register-
combinational-register forms of logic to easily ac-
commodate state machine designs.

Figure 2 shows a global view of the 5AC312 archi-
tecture. The 5AC312 contains a total of 12 1/0 mac-
rocells, 8 user-programmable input structures, and 2
inputs that can be programmed to serve as either
combinatorial inputs or clock inputs for the input and
output register functions. Each macrocell is further
sub-divided into 16 Product Terms with 8 Product
Terms dedicated to the control signals OE, PRE-
SET, ASYNCH. CLK and CLEAR, and 8 Product
Terms available for the general data array.

The basic macrocell architecture of the 5AC312,
shown in Figure 3, includes a user-programmable
AND array and a user-configurable OR array. The
inputs to the programmable AND array originate
from the true and complement signals from the pro-
grammable input structure, the dedicated inputs, and
the 24 feedback paths from the 12 I/0 macrocells.

Programmable Input Structure

Figure 4 shows a block diagram of the 5AC312 input
architecture. This device contains 8 user-program-
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Figure 2. 5AC312 Architecture

2-93




¥6-¢

21MONAS ||990408 N dlsed ZLEIVS € ainbi4

gy

LOGIC ARRAY

SYNCH. CLK (o

ASYNCH. CLK (CLKB)

CLEAR

1/0 PIN

TO PREVIOUS

MACROCELL ¥ 4

A

FROM PREVIOUS
MACROCELL

TO NEXT FROM NEXT
MACROCELL o y MACROCELL
OUTPUT
ENABLE
PRESET
E s OUTPUT
LOWER HALF MUX
P-TERMS 1-4 - et
4
DD, =
ALLOCATION S
M CONTROL >
’ = H > I MACROCELL
REGISTER
UPPER HALF R ISTE
P~TERMS 5-8 ]
CLK
MUX A

Vo

=

290156-4

CLEJVS

NOILWWNEQINI SONVAAY



intel sacsrz  ADVANGE INFORMATION
PN P s [
a@
n:c/mcu< ’::i_l ok I

@)

LE/ICLK >

PIN
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Figure 4. 5AC312 Input Structure

mable input structures that can be individually con-
figured to work in one of five modes:

— Input register (D-register), synchronous opera-
tion

— Input register (D-register), asynchronous opera-
tion

— Input latch (D-latch), synchronous operation

— Input latch (D-latch), asynchronous operation

— Flow-through input -

The configuration is accomplished through the pro-
gramming of EPROM architecture control bits by

iPLS 11 V1.5 under user-control. If synchronous oper- _

ation is chosen, pin 13 of the device becomes an
ILE/ICLK (Input Latch Enable) input global to all in-
put latch/register structures. For asynchronous op-
eration, pin 13 can be used as a normal input (flow-
through input) to the device while a separate Prod-
uct Term in the control array is used to derive an
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ILE/ICLK signal for the input structure. Because the
clock signal for each input structure can be individu-
ally selected, a mix between synchronously and
asynchronously clocked input structures is also pos-
sible.

Table 1 shows the input latch/register function table
with respect to the synchronous ILE/ICLK input.

Table 1. 5AC312 Input Latch/Register Functions

Input Type ILE/ICLK D Q
Latch H H H
Latch H L L
Latch L X Qn
D-FF J H H
D-FF N L L
Flow-Through X H H
Flow-Through X L L

H = HIGH Level L = LOW Level X = Don’t Care
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Macrocell Array

Each of 12 macrocells in the 5AC312 contains 8
Product Terms to support logic functions. These 8
Product Terms are subdivided into 2 groups each
containing 4 Product Terms. This grouping of Prod-
uct Terms supports the proprietary Product Term al-
location scheme.

In addition to these 8 Product Terms, each macro-
cell features 2 Product Terms for each of the four
control signals. Control signals in the 5AC312 are:
Output Enable (OE), asynchronous 1/0 register pre-
set (PRESET), asynchronous clock for 1/0 registers
(ASYNCH. CLK), and asynchronous /0 register re-
set (CLEAR).

Product Term Allocation

Product Term allocation is defined as taking logic
resources (p-terms) away from macrocells where
they are not used to support demand for more than
8 Product Terms in other areas of the chip. In the
5AC312, this allocation can occur in increments of 4
p-terms between adjacent macrocells.

Example:

The logic function in macrocell 4 requires 16
p-terms. In this case, the iPLS Il software allocates 4
p-terms from the previous macrocell in Ring 1 (mac-
rocell 3) and 4 p-terms from the next macrocell in
Ring 2 (macrocell 5) to accumulate a total of 16
p-terms (8 + 4 + 4). This implementation leaves
macrocells 3 and 5 with a remainder of 4 p-terms
each. These remaining p-terms in macrocells 3 and
5 can also be allocated away to or can be supple-
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mented with p-terms from their respective previous/
next macrocells in Ring 1.

Applying this scheme to the 5AC312 it becomes
clear that any macrocell inside the device can sup-
port logic functions requiring between 0 and 16
Product Terms. Product Terms allocated away from
a macrocell do not affect that macrocell’s output
structure. If all Product Terms are allocated “‘away”
from a macrocell, the input to that macrocell’s I/0
control block is tied to GND. This polarity can be
changed by programming the invert select EPROM
bit. The 1/0 register as well as all secondary controls
to this 170 control block are still available and can be
used if needed.

The 12 macrocells available in the 5AC312 are
grouped into two “rings” with 6 macrocells per ring.
Product Terms can be allocated in a “shift register”
mode inside a ring; allocation of Product Terms be-
tween the rings is not supported. The two rings are
shown in Figure 2 and listed in Table 2.

The Product Term allocation scheme described
above is automatically supported by iPLDS Il V1.5
and is transparent to the user. Users can still use
explicit pin assignments, but should assign pins in a
way that does not conflict with p-term allocation.

Table 2. Product Term Allocation Rings

Ring 1 Ring 2

Current| Next |Previous|Current| Next |Previous
Macro- | Macro-| Macro- | Macro- | Macro-| Macro-

cell cell cell cell cell cell

1 2 6 7 8 12

2 3 1 8 9 7

3 4 2 9 10 8

4 5 3 10 11 9

5 6 4 1 12 10

6 1 5 12 7 1
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Invert Select EPROM Bit

The invert select EPROM bit is used to invert the
result of a logic combination achieved in a macrocell
prior to its input into the 1/0 control block of this
particular macrocell. By employing this invert bit,
certain equations can experience .a reduction in
Product Terms through the use of De Morgan’s in-
version. This feature is also supported by iPLDS I
V1.5, though it can be disabled by the user.

Macrocell I/0 Control Block

Each macrocell in the 5AC312 has the ability to im-
plement D, T, SR, and JK registered outputs as well
as combinatorial outputs. The asynchronous set and
reset inputs to each macrocell register allows imple-
mentation of true SR Flip-Flops. Registered outputs
may be clocked from the synchronous CLK/INP1
pin or asynchronously clocked by the 2 Product
Terms available for ASYNCH. CLK. The 5AC312
also features separate input and feedback paths
(dual feedback) on all macrocell I/0 control blocks.
This enables the designer to utilize input pins when
the associated macrocells have been assigned a no
output with buried feedback attribute. Multiplexed
1/0 is accomplished by controlling the output buffer
associated with each macrocell using the 2 Product
Terms set aside for implementing an OE function.

Power-On Characteristics

The 1/0 registers of the 5AC312 will experience a
reset to their inactive state upon Vg power-up. Us-
ing the PRESET function available to each macro-
cell, any particular register preset can be dchieved
after power-up. 5AC312 inputs and outputs begin re-
sponding approximately 20 us after Voc power-up
or after a power-loss/power-up sequence.

Stand-by Function

By programming a certain bit location in the 5AC312,
a trade off between speed and power consumption
can be selected for this device. If this bit location,
referred to as the “Turbo Bit”, is left unprogrammed
and no transition occurs at the device inputs for a
period of approximately 100 ns, the device will pow-
er-down the internal array while leaving the outputs
driving at their previous levels. Once an input tran-
sition occurs, the 5AC312 will power-up the array
and react to the change in input conditions. The ar-
ray power-up sequence requires an average of 10 ns
additional propagation delay for this function. Power
supply current during power-down is typically no
more than 150 pA.

If this bit location is programmed, the power-down
circuitry is disabled and the device will not power
down even if there are “no activity” periods longer
than 100 ns. This avoids the additional 10 ns delay
in applications where performance is more important
than power savings.

inteligent Programming™ Algorithm

The 5AC312 supports the intgligent Programming al-
gorithm which rapidly programs Intel H-EPLDs,
EPROMSs and Microcontrollers while maintaining a
high degree of reliability. It is particularly suited for
production programming environments. This method
greatly decreases the overall programming time

_ while programming reliability is ensured as the incre-
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mental program margin of each bit has been verified
in the programming process. (Programming informa-
tion for the 5AC312 is available from Intel by re-
quest.)
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FUNCTIONAL TESTING

Since the logical operation of the 5AC312 is con-
trolled by EPROM elements, the device is complete-
ly testable during the manufacturing process. Each
programmable EPROM bit controlling the internal
logic is tested using application-independent test
patterns. EPROM celis in the 5AC312 are 100%
tested for programming and erase. After testing, the
devices are erased before shipments to the custom-
ers. No post-programming tests of the EPROM array
are required.

The testability and reliability of EPROM-based pro-
grammable logic devices is an important feature
over similar devices based on fuse technology.
Fuse-based programmable logic devices require a
user to perform post-programming tests to insure
device functionality. During the manufacturing pro-
cess, tests on these parts can only be performed in
very restricted manners in order to avoid a pre-pro-
gramming of the array.

INTEL PROGRAMMABLE LOGIC
DEVELOPMENT SYSTEM II (iPLDS 1I)

Release 1.5 of iPLDS Il graphically shown in Figure
6 provides all the tools needed to design with the
5AC312 EPLD. In addition to providing development
assistance, iPLDS Il insulates the user from having
to know all the intricate details of EPLD architecture
(the machine will optimize a design to benefit from
architectural features). It contains comprehensive
third generation software that supports four different
design entry methods, minimizes logic, does auto-
matic pin assignments and produces the best design
fit for the selected EPLD. It is user friendly with guid-
ed menus, on-line Help messages and soft key in-
puts.

In addition, the iPLDS |I contains programmer hard-
ware in the form of an iUP-PC Universal Program-
mer-Personal Computer to enable the user to pro-
gram EPLDs, read and verify programmed devices
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and also to graphically edit programming files. The
software generates industry standard JEDEC object
code output files which can be downloaded to other
programmers as well.

The iPLDS Il has interfaces to popular schematic
capture packages (including Dash series from Fu-
tureNet* and PC-CAPS** from PCAD) to enable de-
signs to be entered using schematics. A more inte-
grated schematic entry method is provided by
SCHEMA [I-PLD, a low-cost schematic capture
package that supports EPLD primitives and user-de-
fined macro symbols. SCHEMA II-PLD contains the
EPLD Design Manager, which provides a single user
interface to both SCHEMA |I-PLD and iPLS Il soft-
ware. The other design formats supported are Boo-
lean equation entry and State Machine design entry.

The iPLDS operates on the IBMt PC/XT, PC/AT, or
other compatible machine with the following configu-
ration: -

1. At least one floppy disk drive and hard disk drive.

2. MS-DOSTt Operating System Version 3.0 or
greater.

3. 640K Memory.

4.Intel iUP-PC Universal Programmer-Personal
Computer and GUPI Adaptor (supplied with
iPLDS 1)

5. A color monitor is suggested.

Detailed information on the Intel Programmable Log-
ic Development System Il is contained in a separate
Intel data sheet. (Order Number: 280168)

* FutureNet is a registered trademark of Future-
Net Corporation. DASH is a trademark of Fu-
tureNet Corporation.

PC-CAPS is a trademark of P-CAD Corporation.
IBM Personal Computer is a registered trade-
mark of International Business Machines Cor-
poration.

MS-DOS is a registered trademark of Microsoft
Corporation.

%
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ABSOLUTE MAXIMUM RATINGS*

Supply Voltage (Vgg) (M .......... —2.0Vto +7.0V
Programming Supply :

Voltage (Vpp) () ............. —2.0Vto +13.5V
D.C. Input Voltage (V))(1,2) ... —0.5V to Vgg + 0.5V
Storage Temperature (Tsyg) - .. . . —65°C to +150°C

Ambient Temperature (Tamp) @ .. —16°C to +85°C

NOTES:
1. Voltages with respect to GND.

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are subject to change.

2. Minimum D.C. input is —0.5V. During transitions, the inputs may undershoot to —2.0V for periods of less than 20 ns under

no load conditions.

3. Under bias. Extended temperature range versions are available.

D.C. CHARACTERISTICS T5 = 0°Cto +70°C, Vo = 5.0V. £5%

Symbol Parameter Min | Typ Max Unit | Test Conditions
Vi@ High Level Input Voltage 2.0 Vec+03| V
ViL@) Low Level Input Voltage -0.3 0.8 v
Von®) | High Level Output Voltage 24 V |lop=—-40mAD.C,
Vce = min.
VoL Low Level Output Voltage 0.45 V | lo=40mAD.C,
) Vce = min.
I Input Leakage Current +10 pA | Voo = max.,
‘ GND < Vout < Vco
loz Output Leakage Current +10 pA | Voo = max.,
GND < Vout < Vco
-15c(©) Output Short Circuit Current | —30 -90 mA | Vgc = max.,
Vout = 0.5V
Isg(? Standby Current 150 pA | Voo = max.,
ViN = Vg or GND,
. Standby Mode
lcc Power Supply Current 50 mA | Voo = max,,
Vin = Vg or GND,
No Load, Input Freq. = 1 MHz
Active Mode (Turbo = Off),
Device Prog. as 12-Bit Ctr.
NOTES:

4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included.

5. lo at CMOS levels (3.84V) = —2 mA.

6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second.
7. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition.

CAPACITANCE .
Symbol Parameter Min Typ Max Unit Conditions
CiN Input Capacitance 20 pF ViN = 0V, f = 1.0 MHz
Cout Output Capacitance 20 pF Vout = 0V, f = 1.0 MHz
CeLk Clock Pin Capacitance 20 pF Vout = OV, f = 1.0 MHz
Cvpp Vpp Pin 50 pF Pin 1
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A.C. TESTING LOAD CIRCUIT A.C. TESTING INPUT, OUTPUT WAVEFORM
5V 3.0
2.0 2.0
INPUT > TEsTPONTS <
< 0.8 0.8
S 8550 o
< ]
DEVICE TO TEST
output O— SYSTEM
OUTPUT 1.5V X =—— TEST POINTS — X1.5V
S (INCLUDES JIG
#ag & CAPACITANCE) 290156-8
A.C. Testing: Inputs are driven at 3.0V for a Logic “1”” and OV for
DEVICE INPUT a Logic “0". Timing Measurements are made at 2.0V for a Logic
RISE AND FALL “4” and 0.8V for a Logic “0” on inputs. Outputs are measured .
TIMES < 6 ns = ata 1.5V point.
290156-7
CL = 50 pF

A.C. CHARACTERISTICS T4 = 0°Cto +70°C, Vgc = 5.0V £5%, Turbo Bit “On”(8)

-(10
Symbol From To SAC312-25 SAC312-35 N‘l?t:'I()o) Unit
Min | Typ | Max | Min | Typ | Max | Mode
tpD1 Input Comb. Output 20 25 30 35 +10 ns
tpD2 1/0 Comb. Output 20 25 30 35 +10 ns
tpzx(©®) lorl/O Output Enable 20 25 30 35 +10 ns
tpxz(®) lori/O Output Disable 20 25 30 35 +10 ns
toLR Asynch. Reset | Q Reset 20 25 30 35 +10 ns
tsET Asynch. Set QSet 20 25 30 35 +10 ns

NOTES:

8. Typical values are at To = 25°C, Vgc = 5V, Active Mode.

9. tpzx and tpxz are measured at +0.5V from steady-state voltage as driven by spec. output load. tpxz is measured with
CL = 5pF.

10. If device is operated with Turbo Bit Off (Non-Turbo Mode), increase time by amount shown.

SYNCHRONOUS CLOCK MODE (MACROCELLS) A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vgg = 5.0V +5%, Turbo Bit On(®)

-(10
Symbol Parameter SAC312-25 SAC312-35 N'I",t:Irl(:o ) Unit
Min | Typ | Max | Min | Typ | Max | Mode
fMAX Max. Frequency 50 66 40 50 N/A MHz
1/tgy—No Feedback
fonT Max. Count Frequency 33 40 25 | 28.5 N/A MHz
1/tcnT—with Feedback
tsu1 Input Setup Time to CLK 20 15 25 20 +10 ns
tsuz 1/0 Setup Time to CLK 20 15 25 20 +10 ns
tH 1 or 1/0 Hold after CLK High 0 0 ns
tco CLK High to Output Valid 10 15 10 15 +10 ns
tonT Register Output Feedback 25 30 35 40 +10 ns
to Register Input—Internal Path
tcH CLK High Time 10 12,5 +10 ns
toL CLK Low Time 10 12.5 +10 ns
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SYNCHRONOUS CLOCK MODE (INPUT STRUCTURE) A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vcc = 5.0V +£5%, Turbo Bit On(®)

. 5AC312-25 5AC312-35 Non-(10)
Symbol Parameter Turbo | Unit
Min | Typ | Max | Min | Typ | Max | Mode
fmAXI Max. Frequency 40 50 28,5 | 33 N/A MHz
tsuir Input Register Setup Time 5 5 ns
before ILE/ICLK |

tpy (1) Minimum Input Clock Period 20 25 30 35 +10 ns
tcol ICLK J to Comb. Output 25 | 30 35 | 40 +10 ns
tH I Hold after ICLK/ILE | 5 5 ns
teol ILE T to Comb. Output 30 35 35 40 +10 ns
toHI ILE/ICLK High Time 10 12.5 +10 ns
tcu ILE/ICLK Low Time 10 12.5 +10 ns

NOTE:
11. tp) = Input signal through registers/latch to macrocell register input.

ASYNCHRONOUS CLOCK MODE A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vg = 5.0V +5%, Turbo Bit On(®)

. : 5AC312-25 5AC312-35 | Non-(10)
Symbol Parameter Turbo | Unit
Min | Typ | Max | Min | Typ | Max | Mode

INPUT STRUCTURE

fAMAXI Max. Frequency Input Register 20 16.6 N/A MHz
1/(tacu + tacH)

tasul Input Register/Latch Setup 0. 0 ’ ns
Time to Asynch. Clock

tAHI Input Register/Latch Hold 23 16 30 25 +10 ns
after Asynch. Clock

tacol Asynch. ICLK to Output Valid 40 48 50 60 +10 ns

tagol Asynch. ILE T to Comb. Output 45 | 53 55 | 65 +10 ns

tacH! Asynch. ICLK High Time 25 30 +10 ns

tacu Asynch. ICLK Low Time 25 30 +10 ns

MACROCELLS

famax Max. Frequency 20 16.6 N/A MHz
1/(tacL + tacH)—No Feedback

fACNT Max. Frequency 18.2 14.3 N/A MHz

) 1/tacnT—Wwith Feedback

fasu1 Input Setup Time to 7 10 +10 ns

Asynch. Clock
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ASYNCHRONOUS CLOCK MODE A.C. CHARACTERISTICS (Continued)
Ta = 0°Cto +70°C, Vcg = 5.0V +5%, Turbo Bit On(®)

5AC312-25 5AC312-35 Non-(10)
Symbol Parameter Turbo Unit
Min | Typ | Max | Min | Typ | Max | Mode
MACROCELLS (Continued)
tasuz 1/0 Setup Time to 7 10 +10 ns
Asynch. Clock .
taH Input or 170 Hold after 23 18 30 25 +10 ns
Asynch. Clock
taco Asynch. CLK to Output Valid 30 35 45 50 +10 ns
tACNT Register Output Feedback 50 55 65 70 +10 ns
to Register Input—
Internal Path
tacH Asynch. CLK High Time 25 30 +10 ns
tacL Asynch. CLK Low Time 25 30 +10 ns

INPUT-CLOCK-TO-MACROCELL-CLOCK A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Voc = 5.0V 5%, Turbo Bit On(8)

: 5AC312-25 5AC312-35 Non-(10)
Symbol Parameter Turbo Unit
Min | Typ | Max | Min | Typ | Max | Mode
tcic2 Synchronous ILE/ICLK 25 35 +10 ns
Synchronous Macrocell CLK
Synchronous ILE/ICLK 5 10 +10 ns
Asynchronous Macrocell CLK
Asynchronous ILE/ICLK 48 65 +10 ns
Synchronous Macrocell CLK
Asynchronous ILE/ICLK 20 50 +10 ns
Asynchronous Macrocell CLK
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intel sacsz  ADVANGE INFORMATION

SWITCHING WAVEFORMS

COMBINATORIAL MODE

INPUT OR 1/0 )(

l——tpPD

COMBINATORIAL OUTPUT

tpxz
COMBINATORIAL OR HIGH IMPEDANCE
REGISTERED OUTPUT 3=STATE
tpzx
HIGH IMPEDANCE VALID OUTPUT
3-STATE
l— tactR—]
tASET
ASYNCHRONOUSLY
VALID OUTPUT >< SET OR RESET OUTPUT
290156-9
SYNCHRONOUS CLOCK MODE (MACROCELLS)
tcH - teu
CLK
tsy—e—tu
VALID
INPUT MAY CHANGE INPUT INPUT MAY CHANGE
l——tco
(FROM REGISTER
TO OUTPUT) VALID OUTPUT
290156-10
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SWITCHING WAVEFORMS (Continued)

5AC312 ADVANCE INFORMATION

SYNCHRONOUS CLOCK MODE (INPUT STRUCTURE)

le— tCHI— teu
L _\_/
SUR -
INPUT MAY CHANGE ,‘{“PLJ'% INPUT MAY CHANGE
e tco| ——
DATA VALID
INPUT MAY
BEFORE ILE INPUT MAY CHANGE
CHANGE X (SEE NoTE) X
teol
INPUT LATCH/REGISTER TO
COMBINATORIAL OUTPUT )( VALID OUTPUT

NOTE: WHEN ILE GOES HIGH BEFORE DATA IS VALID, USE PD
INSTEAD OF €0l

'200156-11

ASYNCHRONOUS CLOCK MODE (INPUT STRUCTURE)

tACHI

tacLl
ASYNCH.
XXX X
INPUT

tasul|  tawi

VALID
INPUT MAY CHANGE INPUT . INPUT MAY CHANGE

le—tACOl —
DATA VALID
'ng'i'ATN'ééY X BEFORE ILE X INPUT MAY CHANGE
. (SEE NOTE) ]

tacol

INPUT LATCH/REGISTER TO
COMBINATIONAL OUTPUT >< VALID OUTPUT

NOTE: WHEN ILE GOES HIGH BEFORE DATA IS VALID, USE PD
INSTEAD OF *AEOI.

290156-13
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intel sacorz  ADVANGE INFORMATION

SWITCHING WAVEFORMS (Continued)

ASYNCHRONOUS CLOCK MODE (MACROCELLS)

tacH

tacL

XXX XXX

tasu taH
. FLOW VALID
THROUGH INPUT MAY CHANGE INPUT MAY CHANGE
INPUT INPUT

L_. taco

FLOW THROUGH INPUT

TO REGISTERED OUTPUT VALID OUTPUT
290156-12
INPUT CLOCK-TO-MACROCELL CLOCK TIMING
ILE,ICLK / \ /'
te1c2 -
CLK
290156-18

Output Drive Current in Relation to Voltage

'g 50
kS ya
¢ 20 ~J
~
~
3 1o N
FRN =
5 5 A Y
o
2 2
1
0 1 2 3 4 5
Vo Output Voltage )
Conditions: Tp = +25°C 290156-16
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PROBLEM

Designs that utilize numerous levels of cascaded logic
often result in excessive product terms when expressed
in the sum-of-products form. Although this poses no
problem when designing with discrete logic, EPLDs are
generally optimized for the sum-of-product form. This
stems from the architecture of the basic Macrocell.

Macrocells typically consist of a programmable AND
array feeding a fixed width OR gate. In the 5C121, OR
gate widths range from four to sixteen inputs. For
many applications, sixteen available product terms are
sufficient. However, one example where product terms
become an issue is cascaded exclusive-OR circuits.
Here the number of product terms increase as 2**n
where n equals the number of exclusive-OR gates. If
the number of product terms exceeds sixteen, the equa-
tion will not fit directly in the 5C121.

SOLUTION

There is a simple solution to reduce the product term
requirements when using cascading XOR (or other)
logic. Figure 1 shows a circuit cascading five exclusive
ORs. As designed, this circuit expands to 32 product
terms when expressed in the minimized sum-of-prod-
ucts form. (This is assuming that signals A thru F are

single product terms themselves.) Figure 2 shows the
minimized logic equation file produced by Intel’s Logic
Optimizing Compiler (iLOC).

An easy solution to fitting this logic into the 5C121 is
to cascade three exclusive ORs together and then send
the result through a No Output Combinational Feed-
back primitive (NOCF). This signal can now be cascad-
ed through two more XOR’s to get the five total. This
circuit is shown in Figure 3. Figure 4 shows the logic
equation file for this implementation. Note the reduc-
tion in product terms from Figure 2. If the buried regis-
ters are available, Intel’s iPLDs software will automati-
cally assign the combinational feedback to a buried reg-
ister thereby saving a pin. This technique can be used
for any circuit that generates excessive product terms.

The only penalty in this method is the added delay
needed for the feedback path. The worst case tpq (input
to output delay) for the circuit in Figure 3 would be
twice the specified Tpq in the 5C121-XX data sheet.
Basically the signal must go through the device twice.
For the 5C121-90 the Tpq would be 180 ns worst case
as implemented in Figure 3.

Figure 5 shows the report file generated by the compil-
er. In this case the NOCF path was automatically as-
signed to the buried registers.

et e e e

292003-1
Figure 1. Cascaded Exclusive-ORs
Aj) > pecccaay
B
c [) ’
tommeme- 292003-2

Figure 3. Cascaded Exclusive-ORs using Combinational Feedback
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5C121
cascading exclusive or's
LB Version 3.0. Baseline 17x, 9/26/85

PART:
5C121

INPUTS:
Ap, Bp, Cp, Dp, Ep, Fp

OUTPUTS:
0

NETWORK :

INP(Ap)
INP(Bp)
INP(Cp)
INP(Dp)
INP(Ep)
INP(Fp)

CONF (NO, Vgg)

oHEUQW>

EQUATIO

=2
wn
o

F*E' *D'* ('
F' E*D'* ('
F' E'**D* (' A’ B!
F' E' *D'*C* A B!
F' E' * D' *C'*A'*B
F' E' * D' *C'*A"* B
E*D*C'*A'"*B'
E*D' C*A'*B'
E*D' C' *A'*B
E*D' c' *A*B'
E' D C* A *B'
E' D C' *A'*B
E' D C* *A*B'
E' D' *C*A'*B
E' D' *C*A* B
E' D' *C'*A*B
D*C®*A'*B'
D*C'*A'"*B
D*C'"*A*B'
C*A'*B
C*A*B
C'*A*B
C*A'*B
E' * D C*A*B'
F'*E'"*D*C'*A*B
F"E"D"C‘A‘B
F*E*D*C*A'"*B
F*E*D*C*A*B'
F*E*D*CC'
F*E*D'*C
F*E'*D*¢C
F*'*E*D*C

2
o

ke e e

A
A'

* tB'
* * B!
* *
L] *

LK 2R T A 2

*
*
*
*
*
*

txj b bxf b ] b b b M) b

LI 2R SN IR S R 3R 2K I 2
LR JEE TR R BEE JEE I S 2R JEE JER

LR TR 2R SR 2R 2 B

LR B AR R

P I T
* o o»
>
*a » o

W w W w

.
9

5C121
CASCADING 5XORS WITH COMBINATIONAL
FEEDBACK

LB Version 3.0, Baseline 17x, 9/26/85

PART:
5C121
INPUTS:
Ap, Bp, Cp, Dp, Ep, Fp
OUTPUTIS:
0
NETWORK: .
A = INP(Ap)
B = INP(Bp)
C = INP(Cp)
D = INP(Dp)
E = INP(Ep)
F = INP(Fp)
0 = CONF (NO, Vgc)
N2 = NOCF (N3)
EQUATIONS:
N3 =D*C'* A'* B
+ D' *C* A" *B
+ D' *C'"*A'*B
+ D' *C'*A* B
+ D*C*A'"*B
+ D*C*A*B
+ D*C'*A*B
+ D' *C* A" B;
NO = F * N2' * E'
+ F' * N2' *E
+ F' * N2 * E'
+ F* N2 * E;

Figure 2. Minimized Logic Equations for Figure 1
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Logic Optimizing Compiler Utilization Report
etk Design implemented successfully

JRD
INTEL
October 8, 1985

1

5C121

CASCADING SXORS WITH COMBINATIONAL FEEDBACK
LB Version 3.0, Baseline 17x, 9/26/85

5C121

GND ~-1| 1 40}~ Vcc

GND -} 2 391~ vece

GND ~| 3- 381~ Ap

GND -| 4 371— Bp

GND ~-| 5 36i- Cp

GND -} & 351~ Dp

GND -} 7 34i- Ep

GND -} 8 33—~ Fp

GND - 9 32i- 0

GND -!10 31i- RESERVED
GND -111 30!~ RESERVED
GND -112 291~ RESERVED
GND -113 281- GND

GND -{14 271- GND

GND -115% 26|~ GND

GND -l16 25— GND
GND ~117 241~ GND
GND -118 231~ GND
GND 119 22!~ GND
GND -{20 211- GND

*kINPUTS**
Name Pin Resource MCell #°  PTerms
Fp 33 INP - -
Ep 3a INP - -
Dp 35 INP - -
Cp 36 INP - -
Bp 37 INP - -
Ap 38 INP - -
FROUTPUTS**
Name Pin Resource MCell & PTerms
0 32 CONF 1 4/ 4

| Feeds:
i MCells OE
4 _

1 -

13 -

13 -

13 -

13 -

{ Feeds:
H MCells QE

Clear

Clear

Clock

292003-3
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**%BURIED REGISTERS**

Name Pin Resource

- NOCF

**UNUSED RESOURCES**

Name Pin Resource

| I T T O
L IO T O I A A |

- .
OVYODNROUDUNK

[
[
i

bt b s b s
NS UN
1

N
Y]
[

N
w
{2 A A T I |

N
0
i

LI I A N A T A I T I T I A R R B N B N |
-
@
i

i
(7]
ud
[}

*%PART UTILIZATION*%

182 Pins
7% MacroCells
5% Pterms

MCell #
13

MCell

PTerms

B/ B

PTerms

[

-

-

- .
DOTOTCCTOPNPOOTOLPNPOTRTTOS 1 1 1 1 11

. . Feeds:
MCells OE

1 -

Clear

292003-4

Figure 5. The Utilization Report -
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INTRODUCTION

Described is a method of constructing a multi-digit,
seven segment decoder driver with latching capability
in a single EPLD. The design is a simple, easily under-
stood method of using the 5C121 as a seven-segment
display driver.

This design has many advantages: (1) the ability to up-
date a single digit without disturbing the others, (2)
Outputs are latched and retain their data without up-
date from the controlling device(s), (3) Input interfac-
ing is simple and straightforward, using four data in-
puts, two digit select lines, and a data strobe line.

The display driver interface is therefore not limited to
microprocessor applications only (although it can be
used with them). Possible applications include a Mul-
timeter display, a clock or timer display, or a simple
controller system display.

PROBLEM

The display driver needs to latch the incoming data at
the correct time, route it to the correct digit, and then
decode the four bit data into seven-segment output for-
mat.

SOLUTION IN EPLD

A simple solution to the display driver imagined above
can be realized in the 5C121 EPLD..

The 5C121 EPLD is organized in groups of Macrocells.
Each Macrocell contains a number of multiple input
AND gates which are feeding an OR gate. The OR gate
feeds a selectable registered output. This output may
also be routed back into the array for feedback purpos-
es.

Figure 1 shows a basic block diagram of the three and
one half digit display driver. The data is input to a
distribution block, which sends the data to one of four
seven-segment decoders depending upon the digit se-
lected by the Digit Select inputs. The outputs are up-
dated by strobing the WR input. The data input is in a
HEX format and may be in the range of 0 to F HEX (0
to 15 Decimal). Digit select is placed upon the two
select lines in a binary format; 0, 1, 2, 3. When data is
present on the input lines and a digit is selected, the
strobe line may be pulsed high and that output digit is
then updated to the numeral suggested by the input
data.

Figure 2 illustrates the Boolean equivalents of the de-
sign in Figure 1. In the NETWORK section of Figure
2, the inputs and outputs of the design are described.

For instance, the NETWORK equation
SSA1, SA1F = RORF (ISA1, WRN, GND, GND, VCC)

represents that the output pin for segment “A” of the
1st Seven Segment display (SSA1) results from a Regis-
tered Output Registered Feedback (RORF) structure in
the EPLD. The feedback signal (SA1F) is the same as
the signal output (SSA1). The RORF’s D input is driv-
en by the signal ISA1, the clock input is driven by
WRN, and reset, preset and output enable signals are
tied to their default voltage levels (either GND or
VCO).

The EQUATION section of Figure 2 shows how the
data distribution and decoding logic works. Equations
starting with A—G are generic seven segment display
equations. Segment decoding results from the combina-
tion of the true or false of the four data inputs (e.g., DO
or !DO0).

Equations such as
SE1 = (E * WE1) + (SE1F * IWE1)

show how the data is distributed. Segment E of display
1-(SE1) is valid (ON) if the “E” decode exists and dis-
play 1 is chosen by the address inputs (WE1 = A0 *
1A1). It is also valid if it was previously turned on
(SE1F) AND seven segment display 1 is not selected
('WE1).

These equations may be entered using LB in the form
of a Netlist, or may be entered directly into the ADF by
means of a text editor. The ADF is then compiled and
programmed into a 5C121 using iPLS.

SUMMARY

This method of using the 5C121 as a three and one half
digit display driver is advantageous in respect to its
simple interface, and its ability to hold all other digits
stable while one is being updated. Displays with more
than three and one half digits may be produced in the
5C121 by using the input latches as data storage and by
multiplexing the outputs in a scanning fashion.
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1

5C121

3.5 digit output driver

LB Version 3.0, Baseline 17x, 9/26/85

PART: 5Cl21 .

INPUTS: AOp,Alp,DOp,Dlp,D2p,D3p,WRp :
OUTPUTS: SSALl,SSB1,SSC1,55D1,SSE1,SSF1,55G1,85A2, ,
8582,8802,SSD2,SSEZ,SSFQ,SSG2,SSA3,SSB3,SSC3,SSDS.SSE3,SSF3,S$G$,S$A4
NETWORK =

SS8A1,SA1F = RORF (ISAl,WRN,GND,GND,VCC)

SSB1,SB1F = RORF (ISB1,WRN,GND,GND,VCC)
S$SC1,SC1F = RORF (ISC1,WRN,GND,GND,VCC)
S$5D1,SDIF = RORF (ISD1,WRN,GND,GND,VCC)
SSE1,SE1F = RORF (SE1,WRN,GND,GND,VCC)
SSF1,SF1F = RORF (SF1,WRN,GND,GND,VCC)
S$SG1,3G1F = RORF. (SG1,WRN,GND,GND,VCC)
SSA2,SA2F = RORF (SA2,WRN,GND,GND,VCC)
SSB2,SB2F = RORF (SB2,WRN,GND,GND,VCC)
SSC2,SC2F = RORF (SC2,WRN,GND,GND,VCC)
SSD2,5D2F = RORF (SDZ,NRN,GND,GND,VCC)
SSE2,SE2F = RORF (SE2,WRN,GND,GND,VCC)
SSF2,SF2F = RORF (SF2,WRN,GND,GND,VCC)
SSG2,5G2F = RORF (SG2,WRN,GND,GND,VCC)
SSA3,SA3F = RORF (SA3,WRN,GND,GND,VCC)
S$SB3,SB3F = RORF (SB3,WRN,GND,GND,VCC)
SSC3,SC3F = RORF (SC3,WRN,GND,GND,VCC)
S$SD3,SD3F = RORF (SD3,WRN,GND,GND,VCC)
SSE3,SE3F = RORF (SE3,WRN,GND,GND,VCC)
S$SF3,SF3F = RORF (SF3,WRN,GND,GND,VCC)
SSG3,5G3F = RORF (SG3,WRN,GND,GND,VCC)
SSA4,S5A4F = RORF (SA4,WRN,GND,GND,VCC)

ISA1l = NOCF (SAl)
ISB1 = NOCF (SB1l)
ISC1 = NOCF (SC1)

ISD1 = NOCF (SD1)

WRN = NOT (WR)

WR = INP (WRp)

DO = INP (DOp)

D1 = INP (Dlp)

D2 = INP (D2p)

D3 = INP (D3p)

A0 = INP (AOp)

Al = INP (Alp)

EQUATIONS:

A = ID3¥ID2%ID1*¥D0O + !D3*D2¥ID1*IDO + DIk ID24D1*DO + DI*D2# ! D1%DO;
B = ID3%D2%ID1+¥D0 + D2*D1%IDO + DI*D2#*ID1#+!DO + DI*D14DO;

C = !ID3*!D24D1*#!D0 + D3*D2%ID1#!D0 + D3#D2#D1;

D = !D3%1D2%!D1*D0 + ID3%D2%!ID1%1D0O + D2#D1#D0O + D3%ID24D1%!1D0O;
E = ID3%!D2%D0 + ID3#D2#!D1 + |DI*D2*D1*D0O + D3I#1D2% ! D1*DO;

F = ID3%I1D2%D1%DO + 1D3%1D2%D1 + D3+D2%D1%D0 + D3%D2% ! D1#D0;
G = ID3I*ID2*ID1 + ID3*D2AD1I*D0O + DIkD2*k D1 !1DO;

292006-2

Figure 2. ADF Listing
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SE1 = (E * WEL)

+ (SELF * !WEl);
SF1 = (F * WEl)

+ (SFIF * IWE1);
SGl = (G * WEL)

+ (SGIF * !WE1);
SA2 = (A * WE2)

+ (SA2F * IWE2);
sB2 = (B * WE2)

+ (SB2F * IWE2);
SC2 = (C * WE2)

+ (SC2F * IWE2);
sbh2 = (D * WE2)

+ (SD2F * WE2);
SE2 = (E * WE2)

+ (SE2F * !WE2);
SF2 = (F * WE2)

+ (SF2F * IWE2);
SG2 = (6 * WE2)

+ (SG2F * 'WE2);
SA3 = (A * WE3)

+ (SA3F * IWE3);
SB3 = (B * WE3)

+ (SB3F * !WE3);
SC3 = (C * WE3)

+ (SC3F * IWE3);
SD3 = (D * WES

+ (SD3F * IWE3);
SE3 = (E * WE3 )

+ (SE3F * 1WE3);
SF3 = (F * WE3)

+ (SF3F * IWE3)
SG3 = (G * WE3) :

. + (SG3F * IWE3);
SAl = (A * WEL) -
® + (SALF * -JWE1l); .

sBl = (B * WEL)

+ (SB1F * IWEl);
SCl = (C * WEL)

+ (SCIF * IWEL);
sD1 = (D * WEL)

+ (SDIF * !WE1);
SA4 = ((!D3*1D2%!D1*1D0) * WE4) + (SA4F * IWE4);
WELl = !'AOD * !Al;
WE2 = A0 * 1Al;
WE3 = A0 * Al;
WE4 = AO * Al;
END$

292006-3

Figure 2. ADF Listing (Continued)
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INTRODUCTION

This application brief explores the various techniques
for getting the most out of Intel’s line of Erasable Pro-
grammable Logic Devices (EPLDs). In many cases,
techniques discussed here will not be needed due to the
intelligent fitting algorithms built into Intel’s Program-
mable Logic Software (iPLS). As a matter of fact, most
designs can be implemented in EPLDs without any
knowledge of the device architectures. For complex de-
signs, the designer will still need an in-depth under-
standing of the target EPLD in order to maximize the
EPLD’s utility.

This application brief explores fitting techniques for the
5C121, a 1200 gate equivalent CHMOS EPLD. The
techniques described here will also apply to any EPLD
that supports a similar architecture.

FITTING

When fitting logic designs into the 5C121 there are two
typical scenarios: 1) The 5C121 design has been com-
pleted without pin assignments and the compiler warns
the user that fitting may be time consuming, and 2) pin
assignments have been made and the “***ERR-FIT
... ” message comes up.

Let’s look at the first situation.

In general, if the designer does not care what signals get
assigned to what pins, the choice can be left to the
compiler and the compiler will make pin assignments.
For simple designs pin assignments are very easy. How-
ever, designs that include a variety of different register
types, feedback paths, and product term widths may

take a long time for the compiler to fit. When the de-

signer is faced with the message, “Fitting may be time
consuming”, the compilation should be aborted, and
intelligent pin assignments made. NOTE: Control C
(*C) may be used to abort a design. The software will
not stop immediately because the software does not poll
the keyboard until it updates the display. Rebooting the
system will also work.

To make intelligent pin assignments, the designer needs
a basic understanding of the architecture of the part.
For the 5C121 this understanding should include the
number of product terms supported in each Macrocell,
what Macrocells support local feedback, and what
Macrocells support global feedback. This information is
easily found in the data sheet. One other point, the
Macrocells in the SC121 are grouped into groups of
four. All Macrocells in a group must have the same
output type. Therefore, if one output is registered, the
other three must also be registered. This means that a
combinatorial output could not be put into the same
group as a registered output. Output enable (OE) terms
are also based on Macrocell grouping. All four Macro-
cells are driven from the same OE term.

Once the basic 5C121 architecture is understood, intel-
ligent pin assignments can be made. After assigning the
pins recompile the design using iPLS.

Compiling the design with pin assignments is a new ball
game: This time it is fit or not fit. If the design does not
fit, an error like: “***ERR-FIT—It is not possible to
fit the specific pin requests you made” will occur. In
most cases, the compiler will also ask if it can remove
pin assignments and try its own. If the design has al-
ready been attempted without pin assignments, or if
specific pin assignments are needed, answer no and iso-
late the problem.

ISOLATE THE PROBLEM

The first step towards isolating the problem is to print
out a copy of the utilization report (<File-
name> .RPT), logic equation file (<Filename> .LEF),
and the Advanced Design File (<Filename>.ADF).
Next, fill out the 5C121 architecture worksheet includ-
ed in this application brief. Include the signal name for
each pin, the type of output, and the number of product
terms needed for each output. All this information is
available in the files that were printed earlier. The next
step is to identify the conflict.

CONFLICTS

There are three potential conflicts with pin assignments
in the 5C121; incompatible output structures, excessive
product terms, and local/global feedback conflicts. In-
compatible output structures and excessive product
term errors are the easiest to spot.

INCOMPATIBLE OUTPUT
STRUCTURES

As shown in the 5C121 Design Worksheet, the 5C121
is divided into six Macrocell groupings. The data sheet
refers to these as the A-1, B-1, A-2, B-2, A-3, and B-3
Macrocells. One requirement of the 5C121 architecture
is that Macrocells within the same grouping have the
same output structure. This was discussed earlier, but it
is worth revisiting. The file titled example 1 in the ap-
pendix shows an ADF for a design that contains such
an I/0 conflict. Following the ADF is a completed
5C121 architecture worksheet with a number of prob-
lems. Concentrating on the incompatible output prob-
lem on the 5C121 worksheet, notice that pins 31 and 32
belong to the same Macrocell group, and that they are
assigned conflicting I/0 structures.

The solution to an incompatible output structure con-
flict may be as simple as reassigning pins. Another op-
tion may be to use a different output type for that sig-
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nal. This is very dependent on the design. Another op-
tion is possible when a Macrocell grouping has been
assigned combinatorial output structure, and a regis-
tered output needs to be assigned to that same group. A
possible solution is to use one of the buried registers
configured as a NORF (No Output Registered Feed-
back) cell to hold the signal, and then send the signal
out through a CONF (Combinatorial Output No Feed-
back) primitive. This output primitive is compatible
with the other output primitives in that grouping, and
the register output requirement has also been satisfied.
The penalty is loss of speed due to the additional feed-
back path.

EXCESSIVE PRODUCT TERMS

Excessive product term conflicts are also easy to spot.
(A product term consists of a set of signals ANDed
together which are separated from other ANDed
groups by an OR gate.) Written next to the I/0 slot on
the 5C121 architecture worksheet is the number of
product terms that each Macrocell supports. Match
that number with the number of product terms for each
output indicated in the logic equation file (LEF). If
more product terms are required of a output than are
provided, there is a product term conflict. The utiliza-
tion report also shows the number of product terms
used for each signal.

The solution, again, may be as simple as reassigning
pins since the 5C121 supports varying product term
widths. In fact, the 5C121 supports up to 16 product
terms on pins 16 and 24. Note that four of those prod-
uct terms are shared with the adjacent Macrocell. Shar-
ing means that those signals are common. It is not
product term allocation. If the number of product
terms exceeds the capability of the device, the design
may still fit by splitting up long equations and inserting
NOCF (No Output Combinatorial Feedback) primi-
tives. Again the price for using this solution is reduced
speed. This technique is covered more thoroughly in
AB-8 titled: Implementing Cascaded Logic in the
5C121.

LOCAL/GLOBAL FEEDBACK

It is possible to encounter one other type of fitting con-
flict in the 5C121. This occurs when a feedback signal
from the A-1 or A-2 Macrocells feeds the B-1 or B-2
Macrocells. The issue is that these Macrocells feed bus-
ses that are local to one half of the chip. Therefore, the
signal is not physically available to the other side of the
device.

The best way to understand the local and global buss-
ing in the 5C121 is to divide the chip in half lengthwise.
One side contains the A Macrocells, and the other side

contains the B Macrocells. The two sides are mirror
images. Speaking generically now, the -1 and -2 Macro-
cells feed only local busses; local to their respective side
of the device. The -3 Macrocells and the buried regis-
ters feed global busses which route signals to both sides
of the device. Therefore a feedback signal coming from
the A-1 or A-2 group can only feed the A Macrocells,
however, a feedback signal from the A-3 group could
feed the B-1, B-2, B-3, or the B buried Macrocells. This
local/global bussing applies to both feedback and input
signals on the I/0 pins. All of the dedicated inputs feed
the global bus.

Example 1 also shows a simple two bit counter with
seven segment driver outputs. The worksheet shows
that the counter registers were assigned to pins 27 and
28, while the seven segment outputs were assigned to
pins 8 thru 14. The seven segment outputs decode the
feedback signals from the counter registers to generate
the appropriate digit output, and therefore must have
access to those signals. This presents a local/global
feedback conflict. If the designer is locked into those
specific pin assignments a design workaround is need-
ed.

One solution might be to take the outputs of the coun-
ter and externally tie them to dedicated input pins
thereby making those signals global. This would work
but that solution ends up wasting input pins. A better
solution would be to internally route the counter feed-
back signals through one of the buried registers config-
ured as a NOCF primitive. After passing through the
buried register the signals become global. Both the in-
compatible output solution and this solution are shown
in the worksheet, ADF, and utilization report shown as
example 2. If we did not need the counter signals exter-
nally, it would of been wise to simply use the buried
registers to perform the counting function.

One final comment regarding the utilization report.
The utilization report shown in example 1 indicates
that signals CLK and CNT feed Macrocell 1001 and
1002. These are fictitious Macrocell numbers that the
software assigns to requests that cannot be met. In ex-
ample 1, three requests were unfulfilled: REGOUT,
LED1 and LEDO. REGOUT was unfulfilled because of
incompatible output structures. LEDO and LED1 were
unfulfilled because their feedback signals needed to
drive the seven segment display outputs. This was im-
possible because the LED outputs were assigned to a
local bus on the opposite side of the device.

The files shown in example 2 fix the LED fitting prob-
lems by sending the feedback signals through the buried
registers, thereby making them global. In the case of
REGOUT, the buried register primitive NORF (No
Output Registered Feedback) is used, allowing the out-
put primitive to be combinatorial.
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EXAMPLE 1
ADF

JR Donnell
Intel
April 3, 1986

0
5c121
Fitting example
LB Version 3.0, Baseline 17x, 9/26/85
PART: 6Cl21
INPUTS: CNT®2,CLK@l .
OUTPUTS: LED0@28,LED1627,REGOUT@32,CONFOUT@31,SEGAES,
SEGB@9,SEGCe10,SEGDO11,SEGEE12,SRGFO13,SRGGO14
NETWORK: .
LEDO,A = RORF (NLEDOD,CLK,GND,GND,VCC)
LED1,B = RORF (NLED1D,CLK,GND,GND,VCC)
REGOUT = RONF (NRERGOUTD,CLK,GND,GND,VCC)
CONFOUT = CONF (NCONFOUTIN,VCC)
SEGA = CONF (NSEBGAIN,VCC)
SEGB CONF (NSEGBIN,VCC)
SEBGC CONF (NSEGCIN,VCC)
SEGD CONF (NSBGDIN, VCC)
SEGE CONF (NSRGEBIN,vVCC)
SEGF CONF (NSEGFIN, VCC)
SEGG CONF (NSEGGIN,VCC)
CLK = INP (CLK)
CNT = INP (CNT)
EQUATIONS:.
NSEGGIN = 2
+ 3;
2 BX/A;
3 A¥B;
NLED1D = /A%/BXCNT
+° /A%BX/CNT
+ AX/BXCNT
+ AXB¥/CNT;
NLEDOD = /AXBXCNT
+ AX¥/BX/CNT
+ A¥/B¥CNT
+ AXBX/CNT;
NSEGFIN = 0;
0 = /Bx/A;
NSEGEIN

wouwnunan

NSEGDIN

NSEGCIN

1 = /BxA
NSBGBIN

NSEGAIN

WNOWNMO WHOWNOND

Nt

HE++u+FFF U+ U+

NCONFOUT
NREGOUTD
END$

* >

N
LA.d

A
292014-2
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SUMMARY

As programmable logic devices become more dense, signal routing and resource partitioning becomes necessary. In
general, these choices are made by the semiconductor manufacture to most efficiently utilize the available logic. In
some cases though, these choices make certain designs more difficult to implement in a given device. Intelligent
software, a basic knowledge of the device architecture, and a little experience in fitting techniques will always make

the job easier.

EXAMPLE 1 (Continued)
5C121 Design Worksheet

ax_[1]

PIN=NAME

CNT

CLK1
CLK1
CLK1
CLK1

CLK2

| LOCAL B BUS

INPUTS
AND
GLOBAL BUS

LOCAL B BUSI

INPUTS

] e
|
ﬁ

vo i f

| vo

RONF

CONF

4
SEGA l 8 CONF
1
r——‘g .| conF
SEGB S
CONF
10 L
SEGC
/ CONF
seep [
o | [
6
sece L'2 CONF
8
|‘3 || CconF
SEGF 5
CONF
sece L4 /
I |
[ o4y ;
| 16
— 4
4
. | 17 Hle—"1
- 8
I 18 / 4
P 8
| 19 f 8
8
oND [ 20

32| recout

31 | conFout

o]

292014-1
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EXAMPLE 1 (Continued)

Logic Optimizing Compiler Utilization Report
*%2%% Unable to implement design
JR Donnell
Intel
April 3, 1986
]
5C121
Fitting example
LB Version 3.0, Baseline 17x, 9/26/85
5C121
CLK -! 1 40:- Vec
CNT -! 2 39!~ Vece
GND ~-! 3 38:- GND
GND - 4 37:- GND
GND -! 6 36:- GND
GND - 8 35:- GND
GND - 7 34:- GND
SEGA -! 8 33:- GND
SEGB -! 9 32!- RESERVED"
SEGC -!10 31:- CONFOUT
SEGD -i11 30:- RESERVED
SEGE -i12 29!~ RESERVED
SBGF -!13 28— GND :
SBGG -!14 27!~ GND
RESERVED -i15 26!- GND
GND -i16 25— GND
GND -i17 24:- GND
GND -i18 23i- GND
GND -i19 22:- GND
GND -:20 21i- GND
*XINPUTS %%
H Feeds:
Name Pin Resource MCell # PTerms ! MCells OE Clear Clock
CLK 1 INP - - - - - Reg
CNT 2 INP - .- 1001 - - -
1002
*30UTPUTS ¥x
' Feeds:
Name Pin Resource MCell # PTerms ! MCells OE Clear
SEGA 8 CONF 28 2/ 4 - - -
SEGB ] CONF 27 2/10 - - -
SBGC 10 CONF 26 2/ 8 - - -
SEGD 11 CONF 25 2/ 6 - - -
292014-3
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EXAMPLE 1 (Continued)
SEGE 12 CONF 24 1/ 6 - - -
SEGF 13 CONF 23 1/ 8 - - -
SEGG 14 CONF 22 1/10 - - -
CONFOUT 31 CONF 2 1/10 - - -
*SUNFULFILLED REQUESTSX*x
*X0UTPUTS %%
H Feeds:
Name Pin Resource MCell # PTerms ! MCells OE Clear
REGOUT - RONF 1000 1 - - -
LED1 - RORF 1001 2 2 - -
22
23
25
26
28
1000
1001
1002
LEDO - RORF 1002 3 2 - -
23
24
25
26
27
28
1000
1002
*%UNUSED RESOURCES*X
Name Pin Resource MCell PTerms
- 3 - - -
- 4 - - -
- 5 - - -
- s - - -
- " - - -
- 15 - 21 4
- 16 - 20 12
- 17 - 19 4
- 18 - 18 8
- 19 - 17 8
- 21 - 12 8
- 22 - 11 8
- 23 - 10 4
- 24 - 9 12
- 256 - 8 4
- 26 - 7 10
- 27 - 6 8
- 28 - 5 6
- 29 - 4 6
- 30 - 3 8
- 32 - 1 4 292014-4
- 33 - - -
- 34 - - - ,
- 35 - - -
- 36 - - -
- 37 - - -
- 38 - - -
- MNA - 13 8
- NA - 14 8
- NA - 15 8
- NA - 16 8 292014-5
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EXAMPLE 2
ADF

JR Donnell
Intel
April 3, 1986

0

5C121

Fitting example

LB Version 3.0, Baseline 17x, 9/26/86

PART: 5C121

INPUTS: CNT@2,CLE@]l

OUTPUTS: LEDO@28,LED1627,REGOUT@32,CONFOUT@31,SEGAES,
SEGBe9,SEGCe10,5EGDO11, SEGE@12,SEGFe13,SEGGE14
NETWORK: : :

LEDO,NATONOCF = RORF (NLEDOD,CLK,GND,GND,VCC)
LED1,NBTONOCF = RORF (NLED1D,CLK,GND,GND,VCC)
REGOUT = CONF (NREGOUTIN,VCC)

CONFOUT = CONF (NCONFOUTIN, VCC)

SEGA = CONF (NSEGAIN,VCC)
SEGB = CONF (NSEGBIN, VCC)
SEGC = CONF (NS!GCIN,VCO)
SEGD = CONF (NSEGDIN,VCC)
SEGE = CONF- (NSEGEIN,VCC)
SEGF = CONF (NSEGFIN,VCC)

SEGG = CONF (NSEGGIN,VCC)
A = NOCF (NATONOCF)
CLK = INP (CLK)
B = NOCF (NBTONOCF) -
NREGOUTIN = NORF (NREGOUTD,CLK,GND,GND)
CNT = INP (CNT)
EQUATIONS:
NLEDOD = /ASB¥CNT
"+ A%/BR/CNT
+ A%/B¥CNT
. + ASB¥/CNT;
NLED1D = /A$/BXCNT
+ /ASB¥/CNT
+ A%/B¥CNT
+ A¥BS/CNT;
NCONFOUTIN = A%B;
NSEGAIN = 0

e

NSEGBIN

NSEGCIN

NSEBGDIN

e

NSEGEIN

gy

NSEGFIN
NSEGGIN

UMD+ TN+ +n
WNONOWNOWHOWNHOWN

N

NREGOUTD =

2 = Bx/A;

3 = AXB;

0 = /l*/A,
= /B3A;

IHD$

A%/B;

292014-7
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EXAMPLE 2 (Continued)
5C121 Design Worksheet

a [1]

PIN=NAME

CNT

INPUTS

AND
GLOBAL BUS

LOCAL B BUSI

4
CONF

1
CONF

8
CONF

1/0
4
CONF
10
CONF
8

IS
o

[}
o

G B B &

34

3
o

<
I3

292014-6
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EXAMPLE 2 (Continued)

Logic Optimizing Compiler Utilization Report
*%%%% Design implemented successfully
JR Donnell
Intel
April 3, 1986
0
5C121
Fitting example
LB Version 3.0, Baseline 17x, 9/26/85
5C121
CLK -i 1 40:- Vcc
CNT -i 2 39i- Vce
GND -! 3 38:- GND
GND -! 4 37:- GND
GND -:! 6§ 36!~ GND
GND - 6 35:- GND
GND - 7 34:- GND
SEGA -! 8 33:!- GND
SEGB -:! 9 32:- REGOUT
SEGC -!10 31:- CONFOUT
SEGD -i1l1 30:!- RESERVED
SEGE -!12 29!— RESERVED
SEGF -:13 28:- LEDO
SBGG -i14 27!- LED1
RESERVED -:16 26:- RESERVED
GND -i16 25!~ RESERVED
GND -i17 24:- GND
GND -:18 23:- GND
GND -!19 22:- GND
GND -:20 21:- GND
**INPUTSxx
Name Pin Resource MCell # PTerms
CLK 1 INP - -
CNT 2 INP - -
*30UTPUTS %%
Name Pin Resource MCell # PTerms
SBGA 8 CONF 28 2/ 4
SEGB 9 CONF 27 2/10
SBGC 10 CONF 26 2/ 8
SBGD 11 CONF 26 2/ 6

MCells

MCells

Feeds:
[

Feeds:
OB

Clear

Clear

Clock

292014-8
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EXAMPLE 2 (Continued)

SRGE 12 CONF 24 1/ 6 - - -
SEGF 13 CONF 23 1/ 8 - - -
SEGG 14 CONF 22 1/10 - - -
LED1 27 RORF 6 2/ 8 13 - -
LEDO 28 RORF 5 3/ 6 14 - -
CONFOUT 31 CONF 2 1/10 - - -
REGOUT 32 CONF 1 1/ 4 - - -

*%BURIED REGISTERS*%

H Feeds:

Name Pin Resource MCell # PTerms MCells O Clear

- NOCF 13 1/ 8 2 - -

- NOCF © 14 1/ 8 2 - -

- NORF 5. 18 . 1. - -

*%UNUSED RESOURCES**

Name Pin Resource MCell PTeras

-

T

-
NOLNPLPOOROPNE I I I

LN T T N T I R N A N A A R N
s
(- 2]

LN T T A Y T A Y TN O A N N N A B |

292014-9
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EXAMPLE 2 (Continued)
- 30 - 3 8
- 33 - - -
- 34 - - -
- 35 - - -
- 36 - - -
- 37 - - -
- aa - - -
- NA - 16 8
*¥PART UTILIZATION**
35% Pins
50% MacroCells
10% Pterms

292014-10
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INTRODUCTION

System designers often use programmable logic devices
to implement counters. Use of PLA devices lets the
user build customized counters to suit individual appli-
cations. In most cases such counters are not available,
‘off-the-shelf” SSI/MSI devices. In other applications,
the PLA implementation allows the designer to squeeze
the counter function along with other ‘glue’ tasks into a
single PLA, with the attendant higher integration bene-
fits.

Use of traditional 20-pin and 24-pin PLAs, however,
does not allow for the construction of large counters
having greater than 10 significant bits. This is because
these traditional PLAs have register and product term
restrictions (even the larger bipolar PLAs have only 8
to 10 registers and less than 8 product terms per regis-
ter). In contrast, the 5C060 24-pin erasable program-
mable logic device (EPLD) contains 16 registers that
are programmable as ‘D’, ‘T, ‘RS’ or ‘JK’ types. These
16 programmable registers enable the construction of
Up/Down counters with up to 16 significant bits.

This application brief details the implementation of a
16-bit binary counter in the 5C060 EPLD. The design
also demonstrates efficient counter construction utiliz-
ing toggle flip-flops (T-FF) that allows for minimum
product term utilization.

DESIGN OBJECTIVE

The objective of the design is to implement a counter
with the following features: (i) 16-bit binary count, (ii)
toggle flip-flops, (iii) asynchronous clear, (iv) RUN/
STOP function and (v) UP/DOWN function. The
function table is shown in Figure 1.

RESET|UP/DOWN|RUN/STOP Function
X X 0 Inhibit Counting
0 0 1 Count Down
0 1 1 Count Up
1 X X Reset All Outputs
to ‘LOW’
Figure 1

TOGGLE FLIP-FLOPS

Counters can be most effectively implemented in PLA
architectures using toggle flip-flops. This is because
counters constructed with ‘D’ type flip-flops require an
additional product term for every successive significant
bit, whereas toggle flip-flop implementation requires
only one product term per significant bit. Thus, the
toggle flip-flop counter design is more miserly in prod-
uct term consumption than the ‘D’ register design.
Since product term minimization is the key element to
maximizing PLA utilization, the T-FF counter design
is more efficient. The truth table for the toggle flip-flop
is shown in Fig. 2.

T Q(N) Q(N + 1)
0 0 0
0 1 1
1 0 1
1 1 0
Figure 2
SOLUTION

The 16-bit binary counter function was implemented in
the 5C060 EPLD using the Intel Programmable Logic
Development System (iPLDS). The equations for the
16-bit binary counter with the RESET, UP/DOWN
and RUN/STOP functions are shown in the ‘EQUA-
TIONS’ section of the LEF (Fig. 4). The pinout of the
5C060 with the implemented counter is shown in the
RPT file (Utilization Report) Fig. 5. This RPT file also
shows, under the ‘OUTPUTS’ section, that in each
macrocell only one out of 8 product terms is used. In
contrast the same 16-bit counter designed using ‘D’
type flip-flops would have required more than 16 prod-
uct terms for the last significant bit.
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L CORPORATION
JAI! 16, 19887
1 0
5C060
BINARY 16-BIT UP/DOWN COUNTER WITH RUN/STOP AND ASYNCH. RESET USING T-FF
LB Version 4.01, Baseline 27.1 4/9/86
OPTIONS: TURBO=ON
PART: 5C060
NPUTS: RS, CLOCK, RESE
OUTPUTS: 0001020304%“070608“@0(2@0!”
»QOF = TOTF (QOT,CLK,CLR,GND, VCC)
Q1,Q1F = TOTF (OIT.CLK.OLR.GND.VCC)
,Q2F = TOTF (Q2T,CLK,CLR,GND, VCC)
Q3,Q3F = TOTF (Q3T,CLK,CLR,GND, VCC)
Q4,Q4F = TOTF (Q4AT, CLK.CLR GND, VCC)
Q5,Q6F = TOTF (QST.CLK CLR, GND, VCC)
,Q8F = TOTF (Q6T, CLKOLBONDVCC)
Q7,Q7F = TOTF (Q7T,CLK,CLR,GND, VCC)
Q8,Q8F = TOTF (Q8T,CLK,CLR,GND,VCC)
Q9,Q9F = TOTF (Q8T,CLK,CLR,GND, VCC)
QA,QAF = TOTF (QAT, CLK, CLR,GND, VCC)
QB,QBF = TOTF (QBT,CLK,CLR,GND, VCC)
QC,QCF = TOTF (QCT,CLK,CLR,GND, VCC)
QD,QDF = TOTF (QDT,CLK,CLR,GND,VCC)
QE,QEF = TOTF (QET,CLK,CLR,GND,VCC)
QF = TONF (QFT, CLK, CLR,GND, VCC)
Q0T = OR (QOU,QOD)
CLK = INP (CLOCK)
CLR = INP (RESET)
Q1T = OR (Q1U,Q1D)
Q2T. = OR (Q20,Q2D)
QST = OR (Q3U,Q3D)
Q4T = OR (Q4U,Q4D)
Q5T = OR U, )
Q6T = OR (Q6U,Q6D)
Q7T = OR (Q7U,Q7D)
T = OR (Q8U,Q8D)
Q9T = OR (Q9U,Q8D) .
QAT = OR »QAD)
QBT = OR- (QBU,QBD)
QCT = OR ,QCD)
QDT = OR (QDU,QDD)
QET = OR (QEU,QED)
QFT = OR (QFU,QFD)
RS = INP (RS)
UD = INP (UD)
WUD = NOT (UD)
QOU = AND (UD,RS)
' : 292015-1

Fiéure 3. Example .ADF
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(UD, QOF,Q0U)
(UD,Q1F,Q10)
(UD, Q2r,Q2V)
(UD, Q3F,Q30)
(UD,Q4F,Q40)
(UD, Q5F,Q5U)
(UD, Q6F,Q6U)
(UD,Q7F,Q70)

(NUD, NQ1¥,Q1D)
(NUD, NQ2F, Q2D)
(NUD, NQ3F,Q3D)
(NUD, RQ4F,Q4D)
(NUD, NQSF,Q5D)
» NQBF, QéD)
(NUD, NQ7F,Q7D)
(NUD, NQ8F, Q8D)
(NUD, NQSF, Q8D)
(NUD, NQAF, QAD)
(NUD, NQBF, QBD)
(NUD, NQCF, QCD)
(NUD, NQDF, QDD)
(NUD, NQEF, QED)

-

292015-2

Figure 3. Example .ADF (Continued)
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INTEL CORPORATION
\;AN. 15, 1987

1.0
5C080
BINARY 16-BIT UP/DOWN COUNTER WITH RUN/STOP AND ASYNCH. RESET USING T-FF

LB Version 4.01, Baseline 27.1 4/9/86
LEF Version 4.01 Baseline 22.2 2/4/88
OPTIONS: TURBO=ON

PART:
5C060
INPUTS:
RS, CLOCK, RESET, UD
OUTPUTS:
Q0, Q1, Q2, Q3, Q4, Q5, Q6, Q7, @8, Q9, QA, QB, QC, QD, QE, QF
NETWORK:
CLK = INP(CLOCK)
RS = INP(RS)
CLR = INP(RESET)
UD = INP(UD)
, QOF = TOTF(QOT, CLK, CLR, GND, VCC)
Ql, QIF = TOTF(QLT, CLK, CLR, GND, VCC)
Q2, Q2F = TOTF(Q2T, CLK, CLR, GND, VCC)
Q3, Q3F = TOTF(Q3T, CLK, CLR, , VCC)
Q4, Q4F = TOTF(Q4T, CLK, CLR, GND, VCC)
Q5, Q5F = TOTF(Q5T, CLK, CLR, GND, VCC)
Q6, Q6F = TOTF(Q6T, CLK, CLR, GND, VCC)
Q7, Q7F = TOTF(Q7T, CLK, CLR, GND, VCC)
, Q8F = TOTF(Q8T, CLK, CLR, GND, VCC)
Q9, Q8F = TOTF(QST, CLK, CLR, GND, VCC)
, QAF = TOTF(QAT, CLK, CLR, GND, VCC)
QB, QBF = TOTF(QBT, CLK, CLR, GND, VCC)
» QCF = TOTF(QCT, CLK, CLR, GND, VCC)
QD, QDF = TOTF(QDT, CLK, CLR, GND, VCC) i

QE, QEF = TOTF(QET, CLK, CLR, GND, VCC)
QF = TONF(QFT, CLK, CLR, GND, VCC)
EQUATIONS: .
QFT = UD’ * QEF' x QDF’ * QCF’ x QBF’ * QAF’ * Q9F' x Q8F’' x QTF’ * Q6F’ * .
Q5F’ * Q4F' * Q3F’ x Q2F' * QIF’ * QOF’ x RS
+ UD x QEF * QDF x QCF x QBF * QAF x QOF * Q8F % Q7F % Q6F x Q5F x
Q4F x Q3F * Q2F * QIF * QOF x RS;

QET = UD’ * QDF’ % QCF’ * QBF’ x QAF’ x QOF’ * QBF’ x Q7F’ * Q6F’ * Q5F' x
Q4F’ * Q3F’ * Q2F' x QIF’ * QOF’ * RS
+ UD * QDF x QCF x QBF * QAF * Q9F * Q8F * Q7F * Q6F * Q5F x Q4F x
Q3F * Q2F x QiF * QOF x RS;

QDT = UD’ * QCF’' * QBF’ x QAF’ x Q9F’ x QB8F’ * QTF’ * Q6F’ * QSF' * Q4F’ »
Q3F’ x Q2F’ * QIF’ * QOF’ * RS
+ UD *x QCF * QBF x QAF * QSF x Q8F * Q7F * Q6F * Q5F * Q4F x Q3F *
Q2F * QIF * QOF * RS;

292015-3

Figure 4. Example .LEF
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ENDS

QCT

QBT

Q8T

Q8T

QT

Q3T

Q2T

QT

QoT

+

L T N | L S S

+n

UD’ x QBF’ x QAF' x QOF’ * Q8F’ x Q7F’
Q2F' * QI1F’' * QOF’' % RS

UD * QBF * QAF x Q9F * Q8F * Q7F * Q6F
Q1F * QOF * RS;

UD’ * QAF’ x Q9F' % Q8F’ * Q7F’ x Q6F’
QLF’ * QOF' * RS

UD *x QAF * QOF x Q8F * Q7F x Q6F * Q5F
QOF * RS;

UD’ x QOF’ x QB8F’ x QTF’ x Q6F’ x* Q5F’
QOF' * RS

UD x Q8F * Q8F x Q7F x Q6F * QS5F % Q4F

gg' * QBF’ x Q7F' * Q6F’ x Q5F’ x Q4F’
UD * Q8F * Q7F * Q6F * Q5F * Q4F * Q3F

UD’ x QTF’ % Q6F’' *x Q6F' * Q4F’ »x Q3F’
UD x QTF % Q6F x Q5F * Q4F * Q3F x Q2F

UD’ x QBF' * Q5F' x Q4F' * Q3F’ x Q2F’
UD * QBF * Q5F * Q4F * Q3F x Q2F * Q1iF

UD’ x Q5F' * Q4F' x Q3F’ x Q2F’ x QIF’
UD * Q5F * Q4F x Q3F x Q2F x QiF * QOF

UD' * Q4F’ x Q3F’ * Q2F' x QiF’' * QOF’
UD *x Q4F x Q3F x Q2F * Q1F x QOF x RS;

UD’ * Q3F' x Q2F' * QIF’ * QOF' * RS
UD * Q3F * Q2F x Q1F * QOF x RS;

UD’ * Q2F’ * QIF’ * QOF’ * RS
UD x Q2F * Q1F x QOF * RS;

UD’ x QIF’ * QOF' x RS
UD * QIF * QOF * RS;

UD’ x QOF' * RS
UD * QOF * RS;

* Q6F' x QSF’ * Q4F’ x Q3F’ x
* Q5F * Q4F x Q3F * Q2F *

* Q5F’ % Q4F' % Q3F' * Q2F’ %
* Q4F * Q3F * Q2F * QIF »

* Q4F’ x Q3F’ x Q2F' x QIF’ x
* Q3F x Q2F * Q1F * QOF x

* Q3F’ * Q2F' * QIF’ * QOF’ x
* Q2F * QIF * QOF x RS;

* Q2F’ x QIF’ x QOF’ x RS
* QIF x QOF x RS;

* QIF' x QOF’ x RS

* QOF x RS;
* QOF’ x RS
* RS;
x RS

202015-4

Figure 4. Example .LEF (Continued)
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intel AB-11
Logic Optimizing Compiler Utilization Report
FIT Version 4.01 Baseline 27.1 4/9/86
*xx%x Design implemented successfully
*xxx NOTE: Connect signal CLOCK to pin 1 AND pin 13"
INTEL CORPORATION
JAN. 15, 1887
1
1.0
5C080
BINARY 16-BIT UP/DOWN COUNTER WITH RUN/STOP AND ASYNCH. RESET USING T-FF
LB Version 4.01, Baseline 27.1 4/9/86
OPTIONS: TURBO=
5C060
CLOCK -{ 1 24}- Vcc
GND -} 2 23/- RS
Q7 -1 3 22i-QF
Q6 -1 4 21i-QE
Q -1 56 20/-Q
Q4 -1 6 19i-QC
Q -} 7 18i{-QB
Q2 -1 8 17i-QA
Q -{ 9 16i- Q9
Q -i10 15/~ Q8
UD -i11  14}- RESET
GND -{12  13!- CLOCK
*xINPUTSxx
l Feeds:
Name Pin Resource MCell # PTerms | MCells OE Clear:
CLOCK 1 INP - - - - -
()] 11 INP - - 1 - -
2
3
4
5
[]
7
8
9
10
11
12
13
14
15
GND 12 GND - - - - -
CLOCK 13 INP - - - - -
RESET 14 INP - - - - 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Clock

CLK1
CLK2

CLK1
CLK2

292015-5

Figure 5. Example .RPT File
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R8 23 INP - - 1 - - -
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Vee 24 Vee - - - ; - -

3

4

5

[}

7

8

9

10

11

12

13

14

15

16

**QUTPUTS**

[ Feeds:
H MCells OE Clear Clock

Name Pin Resource MCell # PTerms
Q7 3 TOTF ) 9 2/ 8

Qe 4 TOTF 10 2/ 8

Q5 5 TOTF 11 2/ 8

-
HODONNMAWNH OOVDNNNAWNH OEO~DNE WN - IR P N -

L

292015-6

Figure 5. Example .RPT File (Continued)
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Q3 7

Q2 8

Q1 9

Q@ 15

13

14

18

18

2/ 8

-
NFOD@INNEWN -

2/ 8

VOO AWN -

2/ 8

1/ 8

2/ 8 1 - - -

2/ 8

2/ 8

RRWN- DR WN - NOeWN

202015-7

Figure 5. Example .RPT File (Continued)
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QB 18 TOTF 5 2/ 8 1 - - -
H
4
€ 18 TOTF 4 2/ 8 1 - - -
:
QQ 20 TOTF 3 2/ 8 z - - -
& 21 TOTF 2 2/ 8 1 - - -
QF 22 TONF 1 2/ 8 - - - -

**UNUSED RESOURCES**

Name Pin Resource MCell PTerms
poe 2 R R R
**PART MILIMTIO!!”
956% Pins

100% MacroCells
24% Pterms

292015-8

Figure 5. Example .RPT File (Continued)
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Order Number: 292016-002
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INTRODUCTION

Very often, complex systems involve two or more mi-
crocontrollers to fulfill the requirements defined by a
given objective. Since the nature of microcontrollers
does not allow for easy dual-port memory design (no
“READY” input; no “HOLD/HLDA” interface; port-
oriented I/0 etc.), design éngineers are faced with the
problem of interchanging information (data and status)
between those microcontrollers. This application brief
describes the design of a mailbox for exchanging infor-
mation between two 80C31s, using a 5C060 H-EPLD
as a “back-to-back” register, and a 5C031 H-EPLD as
an arbitration vehicle to control the actions of the
CPUs.

THE 5C060 MAILBOX

In this application, the 16 macrocells of the 5C060 are
grouped into two sets of 8 so called “ROIF” (register
output with input feedback) primitives to implement
the two 8 bit bus interfaces needed. The grouping is
done according to the following picture.

The 5C060 allows for independent clocking of 8 macro-
cells on each side of the chip, the two clock inputs are
used to clock data from the microcontroller bus into
the chip. To read the data written into the mailbox by
one of the controllers, the RDA- (controller A is read-
ing) or RDB- (controller B is reading) line must be
pulled low by activating the read command (/RD). In
order to avoid spurious read-cycles, the /RD com-
mands from both microcontrollers are logically
“ORed” together with an active high CS-signal (Chip
Select) inside the SC060. The CS-signal for both ports is
derived from address line A15. Therefore, whenever
A15 becomes a logic “1” (true), the mailbox is activat-
ed and ready to take or submit data.
Address range for the mailbox: FO00 Hex to FFFF

Hex

(Upper 12 kbyte) -

5C060
wre ] 1 24 vee
csa]2 237 RoB
(1/080 ] 3 22[71/080 )
1/0A1 C] 4 21[1/081
1/0a2 ] 5 20[711/082
goes st whyes | ons
(TROLLER A) | /oamQ7 1817084 | SootLex B)
1/0A5 O] 8 17| 1/085
1/70a6 O] 9 16|71 1/086
| voar ] 10 15[ 1/087 |
ROAC] 11 14 csB
oNo ] 12 133 WRA
292016-15

2-141



intel

AB-12

THE 5C031 “MAILBOX CONTROLLER”

To keep the two microcontrollers informed about the
status of their mailbox, the 5C031 is programmed to
supply the following signals to both controllers:

/OBFA: "OUTPUT BUFFER FULL" FOR MC A
/OBFB: "OUTPUT BUFFER FULL" FOR MC B
/IBEA: “INPUT BUFFER EMPTY" FOR MC A
/IBEB: "INPUT BUFFER EMPTY" FOR MC B
/INTA: INTERRUPT TO MC A
/INIB: INTERRUPT TO MC B

The next section will discuss the meanings of these sig-
nals in more detail.

Output Buffer Full: This flag is set whenever the con-
troller writes into its own output
buffer. The flag remains valid, until
the second controller has read the
data. The flag is automatically re-
set to its inactive state when this
read cycle is accomplished.

NOTE:
Both controllers can access (read or wnte) the mail-
box simultaneously.

Input Buffer Empty: This flag indicates that there is no
message in the mailbox. The flag
will become inactive as soon as
one microcontroller places a mes-
sage for the other one (or vnce ver-
sa).

Example:  /IBEA  remains
“LOW” until microcontroller B
places a message for controller A
into the mailbox for A. /IBEA
will go “HIGH” as soon as con-
troller B has accomplished its
write cycle, and will not go
“LOW?” again until microcontrol-
ler A has read the message.

Interrupt: The 5C031 is programmed to supply inter-
rupts to both microcontrollers involved, on
one of the following events.

1. The /OBEF flag of the opposite microcon-
troller becomes active; e.g. if controller A is
placing a message for controller B, controller
B receives an interrupt the same time as
/OBFA becomes valid or vice versa.

2. The /IBE flag of the opposite microcon-
troller goes active, indicating that this con-
troller has received the message; e.g. if con-
troller B reads the message stored by con-
troller A, its /IBEB flag goes active and con-
troller receives an interrupt indicating that
the buffer is empty.

The signals described above are necessary to accom-
plish a secure handshake without overwriting messages
accidentally. In addition to that, the 5C031 is issuing
the actual write commands for the two register sets in-
side the 5C060. The /WRA and /WRB signals are re-
sults of logical “AND” functions between the appropri-
ate CS- and /WR signals from the microcontrollers.
Therefore, spurious write cycles are unlikely to happen.

NOTE:
This design can also be efficiently implemented in a
single SCBIC EPLD.
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A B
—ap7 WL N N N Ao
Abo-AD?7 D0-0D7 00-D7 rediadd
N U
74HCT373 \ A 74HCT373
apo=7 7" | a0-a7 ao-a7 [T avo-7 | -
P ce PE D27C64 D27C64 o ce
ALE J X N\ " = L1 Hae
A8=A15 _ _ AB=A15
P2 ‘ rom2 il P2
oF & TS5 oF
PSEN | 1 L = L [ FSEN
N 1
D0~D7 D0-D7
B: N
P8OC31BH AO=A7 AO=A7 PBOC31BH
_V “—
RAM RAM
LN ———
A5 A8=12 AB=12 A5
-_v T_-—_—_‘.
RDWRCS CS WR RD
RDP3.7 | ] [ L — RDP3.7
WRP3.6 - : —] WRP3.6
5C060
N ioa 108 /A
Yo7 7N
RDA RDB
CsA CsB
WA WB
5C031
WA We
RDA RDB
T CSA_ _CSB
P3.4 OBFA OBFB P3.4
P35 , | BEA iBER P35
RST P3.2INTO iNTA INTB INTO P3.2
RST  OF
1 RESET | 1 RESET
- )\ ! = |
292016-1

Block Diagram
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5C060 “BACK TO BACK REGISTER”

wB

10A0

10A1

10A2

10A3

10A4

I0AS

10A6

I0A7

RDA
CSA

+

Han's

p—|0BO

Spug

p—=10B1

O 41 41 4y 41 A )

= — > 1082
! <+ [ )" — ‘J
—— ]—- > 1083
s = -+ 01
- L— p— 1084
<H1| H
—— I—— — 1085
! < [ %) -
4 L— > 1086
S <+ [ 5 ) m—
1 L- p— 1087
1 B
WA

RDB
csB

292016-2
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5C031 “MAIL BOX CONTROLLER”

WRA ) D— wa

CSA L/
[ s

o D3

HpE e
o — - — B

3—@_:7\
%_:D * >— ws

RST

292016-3
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5C060 REGISTER ADF

JUBRG STAHL

INTEL ZUEBRICH . EXRXXXRRERRARKERRNANR
March 27, 1986 *¥ EXAMPLE .ADF x*%
80C31 MAILBOX MEMORY USING 5C060 / 5C031 EXXXXXXRERERXXKREEKN
1

5C060

LB Version 3.0, Baseline 17x, 9/26/85

PART: 5C060 .

INPUTS: WBOl, CSA@2, CSB@14, nRDA@l1l, nRDBE23, WAe1l3
OUTPUTS: IOB7€15, I0A7@10, IOB6@16, IOA609,

I0B5617, I0A6@8, I0B4@18, 10A407,

I0B3019, IOA3@6, I0B2020, I0A205,

I0B1€21, I0OAle4, I0B0@22, I0A0@3

NETWORK:

10B7,DB7 = ROIF (DA7,WAC,GND,GND,RDBC)
I0A7,DA7 = ROIF (DB7,WBC,GND,GND,RDAC)
I1I0B6,DB6 = ROIF (DA6,WAC,GND,GND,RDBC)
10A6,DA6 = ROIF (DB6,WBC,GND,GND,RDAC)
10B5,DB5 = ROIF (DAS,WAC,GND,GND,RDBC)
IOA5,DAS = ROIF (DBS,WBC,GND,GND,RDAC)
10B4,DB4 = ROIF (DA4,WAC,GND,GND,RDBC)
I0A4,DA4 = ROIF (DB4,WBC,GND,GND,RDAC)
10B3,DB3 = ROIF (DA3,WAC,GND,GND,RDBC)
I0A3,DA3 = ROIF (DB3,WBC,GND,GND,RDAC)
10B2,DB2 = ROIF (DA2,WAC,GND,GND,RDBC)
10A2,DA2 = ROIF (DB2,WBC,GND,GND,RDAC)
I0B1,DBl = ROIF (DAl,WAC,GND,GND,RDBC)
I0Al1,DAl = ROIF (DB1,WBC,GND,GND,RDAC)
I0BO,DBO = ROIF (DAO,WAC,GND,GND,RDBC)
I0A0,DAO = ROIF (DBO,WBC,GND,GND,RDAC)

WAC = INP (WA)
RDBC = AND(CSBI,RDBI)
WBC = INP (WB)
RDAC = AND(CSAI,RDAI)

CSBI INP (CSB)
nRDBI = INP(nRDB)
nRDAI = INP(nRDA)
CSAI = INP(CSA)
RDAI = NOT(nRDAI)
RDBI = NOT(nRDBI)
END$

202016-4
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intel

- 5C060 REGISTER LEF

JUERRG STAHL

80C31 MAILBOX MEMORY USING 5C060 / 5C031
1
5C060

LB Version 3.0, Baseline 17x, 9/26/85
LEF Version 1.0 Baseline 1.5i 02 Feb 1987
PART:
5C060
INPUTS:
WB@1l, CSA@2, CSBel4, nRDA€l1l, nRDBE23, WA€1l3
OUTPUTS:

I0B3019, IOA3e6, I0B2020, I0OA205, I0B1e21, IOAle4,
NETWORK:

WBC = INP(WB)

WAC = INP(WA)

CSAI = INP(CSA)

CSBI = INP(CSB)

nRDAI = INP(nRDA)

nRDBI = INP(nRDB)

I0B7, DB7 = ROIF(DA7, WAC, GND, GND, RDBC)

I0A7, DA7 = ROIF(DB7, WBC, GND, GND, RDAC)

IOB6, DB6 = ROIF(DA6, WAC, GND, GND, RDBC)

1I0A6, DA6 = ROIF(DB6, WBC, GND, GND, RDAC)

IOB5, DBS = ROIF(DAS, WAC, GND, GND, RDBC)

IOA5, DAS = ROIF(DB5, WBC, GND, GND, RDAC)

I0B4, DB4 = ROIF(DA4, WAC, GND, GND, RDBC)

10A4, DA4 = ROIF(DB4, WBC, GND, GND, RDAC)

10B3, DB3 = ROIF(DA3, WAC, GND, GND, RDBC)

I10A3, DA3 = ROIF(DB3, WBC, GND, GND, RDAC)

10B2, DB2 = ROIF(DA2, WAC, GND, GND, RDBC)

10A2, DA2 = ROIF(DB2, WBC, GND, GND, RDAC)

IOBl, DBl = ROIF(DAl, WAC, GND, GND, RDBC)

I0Al, DAl = ROIF(DB1l, WBC, GND, GND, RDAC)

I0B0, DBO = ROIF(DAO, WAC, GND, GND, RDBC)

I0A0, DAO = ROIF(DBO, WBC, GND, GND, RDAC)
EQUATIONS:

RDAC = CSAI ¥ nRDAI’;

RDBC = CSBI % nRDBI’;
END$

10B7015, I0A7€10, IOB6@16, IOA609, IOB5@17, IOA56€8,

INTBL ZUEBRICH AXEEXXKEXXRERAXERRRXE
March 27, 1986 ** RXAMPLE .LEF #x
EXRRKRRKRXERRAXEERREX

I0B4€18, 10A4€7,
I0B0@22, IOAO@3

292016-5
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5C060 REGISTER UTILIZATION REPORT

Logic Optimizing Compiler Utilization Report
FIT Version 1.0 Baseline 1.0i 2/6/87
$%%%% Design implemented successfully
JUBRG STAHL
INTEL ZUERICH t22 2222222332223 2222332283
March 27, 1986 %% EXAMPLE .RPT FILE x*%.
80C31 MAILBOX MEMORY USING 5C060 / 5C031 b2 2223332223322 2232222222
1
5C060
LB Version 3.0, Baseline 17x, 9/26/85
5Cc060
WB - 1 24:- Vcc
CSA - 2 23:- nRDB
I0A0 -: 3 22:- 10BO
I0OAl -! 4 21:- 10B1
I0A2 - § 20:- 10B2
IOA3 - 6 19:- I1I0B3
I0A4 -: 7 18:- 10B4
I0A5 - 8 17:- 10BS
I0A6 -: 9 16:- IOB6
I0A7 -:10 15!~ 10B7
nRDA -!11 14:- CsB
GND -:12 13:- WA
SSINPUTS %%
H Feeds:
Name Pin Resource MCell # PTerms ! MCells OB Clear
wB 1 INP - - - - -
CSA 2 INP - - - 9 -
10
11
12
13 -
14
15
16
nRDA 11 INP - - - 9 -
10
11
12
13
14
15
16
GND 12 GND - - - - 1
2
3
4
5
6
17
8
9

Clock
CLK1

292016-6
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5C060 REGISTER UTILIZATION REPORT (Continued)

WA 13

CSB 14

nRDB 23

Vece 24
*XO0UTPUTS %%

I0A0 3
I0Al 4
10A2 5
I0A3 6
7
8
9

10A4
10A5

10A6

I0A7 10
1087 15
1086 16
1085 17
1084 18
1083 19
1082 20
1081 21
1080 22

All Resources used

$2PART UTILIZATION:®*

100% Pins
100% MacroCells
12% Pterms

INP

INP

INP

Name Pin Resource

ROIF
ROIF
ROIE
ROIF
ROIF
ROIF
ROIF
ROIF
ROIF
ROIF
ROIF
ROIF
ROIF
ROIF

ROIF

ROIF

MCell #
9
10
11
12
13
14
15
16

N W e 9

-

PTerms

1/
1/
1/
1/
1/

1/

1/
1/
1/
1/
1/
1/
1/
1/
1/

—
~

© ® ©® o o ™ ™ M o™ m o m © ™ ™

MCells

@ N o 0 s W N

16
15
14
13
12
11
10

i

OO D WN -

DN DWN -~

Feeds:
OE

Clear Clock

s

CLK2

292016-7

292016-8

2-149




inter AB-12

'~ 5C031 ARBITER ADF

JUBRG STAHL

INTEL ZUBRICH EXRREEEREXXXAXXXKKKK
March 28, 1986 %% EXAMPLE .ADF *%
80C31 MAILBOX MEMORY USING 5C060 / 5C031 EERREEEERAXXRRRRRXES
2

5C031

LB Version 3.0, Baseline 17x, 9/26/86

PART: 5C031

INPUTS: RST,nWRA,nRDB,CSA,nRDA,nWRB,CSB,nOR
OUTPUTS: WA,nOBFA,nIBEB,nINTA,nINTB,nOBFB,nIBEA,WB

NETWORK:

nWRA = INP(nWRA)
nRDB = INP(nRDB)
RST = INP(RST)
CSA = INP(CSA)
nRDA = INP(nRDA)
nWRB = INP(nWRB)
CSB = INP(CSB)
nOE = INP(nOE)
WRA = NOT(nWRA)
WRB = NOT(nWRB)
RDA = NOT(nRDA)
RDB = NOT(nRDB)

OE = NOT(nOR)

nRST = NOT(RST)

WA = CONF(WAd, VCC)

WAd = AND(CSA,WRA)

WB = CONF(WBd, VCC)

WBd AND (CSB,WRB)

nRB NAND (RDB,CSB)

nRA NAND (RDA,CSA)

nWAd = NOT(WAd)

nWBd = NOT(WBd)

nOBFA,nOBFA = COCF(nOBFAd,ORE)
nOBFB,nOBFB COCF(nOBFBd,OE)
nIBEA,nIBEA COCF(nIBEAd,OR)
nIBEB,nIBEB COCF(nIBEBd,OR)
nINTA = CONF(nINTAd,OR)

nINTB = CONF(nINTBd,OE)
nINTAd = AND(nOBFA,nIBEA)
nINTBd = AND(nOBFB,nIBEB)
nOBFBd = NAND(nRA,nIBEA,nRST)

nOBFAd = NAND(nRB,nIBEB,nRST)
nIBEBd = NAND(nWAd,nOBFA)
nIBEAd NAND (nWBd, nOBFB)
END$

292016-9
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5C031 ARBITER LEF

JUBRG STAHL

INTEL ZUERICH ) EXXXXXXXXXKXXRKRRRKE
March 28, 1986 %% EXAMPLE .LEF xx
80C31 MAILBOX MEMORY USING 5C060 / 5C031 EXXXXXXXXXRKKREERKRK
2

5c031

LB Version 3.0, Baseline 17x, 9/26/85
LEF Version 1.0 Baseline 1.5i 02 Feb 1987
PART: )

5C031
INPUTS:

RST, nWRA, nRDB, CSA, nRDA, nWRB, CSB, nOE
OUTPUTS:

WA, nOBFA, nIBEB, nINTA, nINTB, nOBFB, nIBEA, WB
NETWORK:

RST = INP(RST)

nWRA = INP(nWRA)

nRDB = INP(nRDB)

CSA = INP(CSA)

nRDA = INP(nRDA)

nWRB = INP(nWRB)

CSB = INP(CSB)

nOE = INP(nOR)

WA = CONF(WAd, vCC)

nOBFA, nOBFA = COCF(nOBFAd, OE)

nIBEB, nIBEB = COCF(nIBEBd, OB)

nINTA = CONF(nINTAd, OR)

nINTB = CONF(nINTBd, OR)

nOBFB, nOBFB = COCF(nOBFBd, OE)

' nIBEA, nIBEBA = COCF(nIBEAd, OR)

WB = CONF(WBd, VvCC)
BQUATIONS: -

WBd = CSB * nWRB’;

nIBEAd = CSB * nWRB’
+ nOBFB’;

nOBFBd = (nIBEA * RST' % CSA’
+ nIBEA ¥ RST’ ¥ nRDA)’;

nINTBd = nOBFB * nIBEB;
nINTAd = nOBFA % nIBEA;

nIBEBd = CSA % nWRA’
+ nOBFA’;

nOBFAd = (nIBEB * RST’ % CSB’
+ nIBEB ¥ RST’ % nRDB)’;

WAd = CSA % nWRA’;
END$

292016-10
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5C031 ARBITER LEF (Continued)

Logic Optimizing Compiler Utilization Report
FIT Version 1.0 Baseline 1.0i 2/6/87.

*%X%¥% Design implemented lucéelofully

JUBRG STAHL

INTEL ZUBRICH b 222233222222 232 2222228844
March 28, 1986 *%x EXAMPLE .RPT FILE #%
80C31 MAILBOX MEMORY USING 5C060 / 5C031 pE2 2238222222 22222282 sE)
2

5Cc031

LB Version 3.0, Baseline 17x, 9/26/85

5Cc031
GND -! 1 20:- Vcc
GND -: 2 19:- WB
nOE -! 3 18- WA
CSB -:! 4 17:- nOBFB
nWRB - § 16:- nINTB
nRDA -! 6 15:- nINTA
CSA -1 7 14! - nIBEB
nRDB -! 8 13:- nOBFA
nWRA -! 9 12:- nIBEA
GND -i10 11:- RST
XX INPUTS*x
: H Feeds:
Name Pin Resource MCell # PTeras @ MCells OE
nOE 3 INP - - - 3
4
5
6
7
8
CSB 4 INP - - 1 -
7
8
nWRB 5 INP -7 - 1 -
8
nRDA 6 INP - - 3 -
CSA 7 INP - - 2 -
3
6
nRDB 8 INP - - 7 -
nWRA 9 INP - - 2 -
6
GND 10 GND - - - -
RST 11 INP - - 3 -
7
Vee 20 Vee - - - 1
2

Clear Preset

292016-11
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5C031 ARBITER UTlLliATION REPORT

*20UTPUTS %
Name Pin Resource
nIBEA 12 COCF
nOBFA 13 cocr
nIBEB 14 COCF
nINTA 16 CONF
nINTB _ 16 CONF
nOBFB . 17 cocr

WA 18 CONF
w19 CONF

*3UNUSED RESOURCES*x
Name Pin Resource

- 1 -
- 2 -

$XPART UTILIZATION#%

88% Pins . R
100% MacroCells -
18% Pterms

H Feeds:
MCell # PTerms ! MCells OB
8 2/ 8 3 -
5
7 2/ 8 5 -
6
6 2/ 8 4 -
7
5 1/ 8 - -
4 1/ 8 - -
3 2/ 8 . 4 -
8
2 1/ 8 - -
1 1/ 8 - -
MCell PTerms

Clear Preset

292016-12
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ATYPICAL LATCH/REGISTER
CONSTRUCTION IN EPLDs

Though Intel’s EPLDs include many of the typical
latch and register types, some logic designs require reg-
ister of latch configurations not directly supported in
the current EPLDs. In many cases these register and
latch configurations can be generated using the logic
array and combinational feedback. A “latch” is defined
as a level-triggered, flow-through type such as the
74373, and a “register” is defined as an edge-triggered
flip-flop such as the 7474.

This application brief will detail the construction of a
D-type latch, an RS latch and a D flip-flop using com-
binational logic and feedback. Also discussed is the
construction of an RS flip-flop, a JK flip-flop and a T
flip-flop using registered logic and feedback.

The RS latch is the simplest latch configuration. The
equations for it are as follows: QB = (Q + S),Q =
I(QB + R) where Q is the output of one NOR gate, and
QB is the output of the other (Note: as a convention

in this Ap brief, the “I” operator is used to signify in-
version). The schematic of the RS latch is shown in
Figure la.

Since cross coupled logic is not supported in EPLDs,
we must convert the equation to a single term with
feedback.

Q0, QF = COCF (Q, VCC)
Q=S8+ IR*QF;
where QF is the feedback from Q output.

This circuit can be implemented in an EPLD macro-
cell. Where combinational feedback is not supported,
1/0 feedback will suffice. The schematic of this imple-
mentation is shown in Figure 1b.

With the RS latch, the inputs are normally low. A logi-
cal one on S sets Q to 1, and a one on R resets Q to a 0.
Logical ones on both inputs simultaneously cause the
output to remain at a high level since S takes prece-
dence over R in this implementation.

INP

OR2
T

NOR2

292031-1

292031-2

Figure 1. RS Latch Implementation In a) Discrete Gates and b) EPLD Logic
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Another latch is the 74373 type, or D latch. This latch
works by either enabling input:data to appear at the
output, or by holding the output to the last input data
state. Its equation is this: QB = !({((D*E)*Q), Q =
I((O*E)*QB). Again, Q is the output of one NAND
gate, and QB is the output of the other.” Figure 2a
shows this version of the design.

Again, we must convert to an EPLD-type equation and
schematic:

Q0; QF = .COCF (Q,VCC)
Q=D*E+IE*QF

QF is the feedback from the COCF: In this circuit,
when E is high, data flows through transparently.
When E is brought low, data is latched. When using
input feedback, care must be taken when tri-stating the
output as data will no longer be latched. The EPLD
implementation is given in Figure 2b.

(b)

292031-4

Figure 2. Implementation of a D Type Latch Using a) Discrete Gates and b) EPLD Logic
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This latch can be cascaded with a second latch to pro-
duce an edge triggered, master/slave D flip-flop, using
combinational logic. The flip-flop is a solution to using
asynchronous clocking, preset and clear functions when
they aren’t supported. Also, if an I/0O conflict exists
within a macrocell group when using registered logic,
this ‘design will fit since it uses combinational logic.:
Figure 3 shows the schematic for this design.

This design does consume two macrocells, but in many
cases, that isn’t a problem.

The boolean equation of the D flip-flop is this:

Q0,QF = COCF (Q,VCC)

YF = NOCF (Y)

Y = D *ICLOCK + YF * CLOCK;
Q = YF * CLOCK + QF * ICLOCK;

Q is the flip-flop output and Y is the first latch output.
Data is latched in to the second latch on the low-going
edge of clock, and is clocked out to Q on the hlgh-gomg
edge of clock.

cLocK —D—-

ﬁ@@

QF

292031-5

Figure 3. Combinational Logic Implementation of a D Flip-Flop
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Preset and clear can be added into the equations as When the CLEAR TERM is logically true, Q-is asyn-

well: chronously cleared to 0. ‘
The PRESET TERM takes priority over the CLEAR
QO0,QF = COCF (Q,VCC) TERM. :
YF = NOCF (Y) This schematic is shown in Figure 4.
Y = D *ICLOCK + YF * CLOCK; Due to the nature of the design, inpilt delays plus array
Q = YF * CLOCK * | (CLEAR TERM) + geiays Plus fwdb.ack delays nt1_ust fl.:)e added arlxd :;;ed to
(PRESET TERM) + etermine a maximum operating frequency. In this ex-

. . . ample, tIN + tTAD + tCF + tAD = 113 ns for a
QF * ICLOCK * ! (CLEAR T.ERM)’ . —65 5Cl121, leaving a maximum frequency of 8.8
When the PRESET TERM is logically true, Q is asyn- MHz.

chronously set to 1.

INP
D
NOT
INP
CLOCK —>-

S? NOT

Figure 4. D Flip-Flop with Added Preset and Clear Terms

INP NOT
CLEAR TERM —D—Dc
INP

PRESET TERM —{>~—

292031-6
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Other useful workarounds involve D registers and logic
in constructing RS, JK and T flip-flops, for use in
EPLDs not supporting these configurations. The RS
flip-flop is simply the RS latch discussed earlier cou-
pled to registered feedback.

Q0,QF = RORF (Q,CLOCK,GND,GND;VCC)
Q=8+ QF*IR;

Normally, S and R will remain high. When S is brought
low, QO will become 1 on the next clock trigger edge.
When R is brought low, Q0 will become O on the next
clock trigger edge. The schematic is given in Figure 5.

The JK flip-flop is another useful and easily implement-
ed register:

Q0,QF = RORF (Q,CLOCK,GND,GND,VCC)
Q=J*IQF + IK*QF

WhenJ = K = 1, QO toggles to opposite state on next
clock trigger. When J = K = 0, QO remains the same.
When J does not equal K, QO will follow J on next
clock trigger. The schematic is shown in Figure 6.

INP
cLOCK—>

INP

202031-7

Figure 5. EPLD Implementation of an RS Flip-Flop
INP
CLOCK—D>
INP
J
INP NOT ¢
«——>0-]
292031-8

Figure 6. EPLD Implementation of a JK Flip-Flop
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The T flip-flop is also easily constructed:

QO,QF = RORF (Q,CLOCK,GND,GND,VCC)
Q=T*IQF +1T*QF;

When T is high, QO will toggle to opposite state on next
trigger. When T is low, QO will remain the same. Fig-
ure 7 shows the T flip-flop design schematic.

Each of these designs uses a minimum number of p-
terms; adding p-terms is possible to the limit of the
macrocell being used. It is possible to substitute an en-
tire logical expression for each input listed (except

register clock), as long as the minimized logic equations
resulting do not exceed the macrocells p-term count.

For example, consider using the J-K register.- Setting
J=A*B*C+ DandsettingK = E*IF*!G +
H + I then the minimized p-term count will expand
from two p-terms to five p-terms, which would still be
okay within a macrocell with more than five p-terms.

Using logic gates and combinational or registered feed-
back, one can easily implement many types of latches
and registers. Regardless of the EPLD type, there exists
the resources to implement any of the discussed circuit-

INP
CLOCK —{ >
INP

T i

[J
]
3
poccanss

QF

202031-9

Figure 7. Implementation of a T Flip-Flop
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TTL Macros

The following is a partial list of TTL macros that are
available through the Intel EPLD customer hot line.

These macros are used with the SCHEMA II-PLD
schematic capture package. They can also be used in
ADFs (Advanced Design Files) created using a text
editor.

THIS LIST REPRESENTS VERSION 3.4 OF THE
TTL MACRO LIBRARY. FUTURE VERSIONS
ARE SUBJECT TO CHANGE.

SS| GATES

7400 2 Input NAND
7402 2 Input NOR

7404 1 Input INVERTER
7408 2 Input AND

7410 3 Input NAND

7411 3 Input AND
7420 4 Input NAND
7421 4 Input AND

7427 3 Input NOR

7430 8 Input NAND

7432 2Input OR = e
7486 2 Input XOR E

MSI FUNCTIONS

Decoders/Demultiplexers

7442 (10) BCD to Decimal
7444 (10) Excess-3-Gray to Decimal

7447X (7) BCD to 7-Segment—Active Low Out-
put

7449 (7) BCD to 7-Segment—Active High
Output

74138 (8) 1-of-8 Decoder '

74139 (4) Single 1-of-4 Decoder

74145 (10) BCD to Decimal

74154 (16) 1-of-16 Decoder

74155 (8) Dual 1-of-4

74156 (8) Dual 1-of-4

Multiplexers

74151 (2) 8-to-1

74153 (2) Dual 4-to-1—Active High Output

74157 (4) Quad 2-to-1—Active High Output

74158 (4) Quad 2-to-1—Active Low Output

74253 (2) Dual 4-to-1—Three-State Output

74257X  (4) Quad 2-to-1—Active High, Three-
State Output

74258X (4) Quad 2-to-1—Active Low, Three-

: State Output

74298XA  (4) Quad 2-to-1—Active High with Stor-
age :

74298XB  (4) Quad 2-to-1—Active High with Stor-
age

74352 (2) Dual 4-to-1—Active Low Output
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Counters _
Type Clear Load Clk Extras’
7490XD (4) BCD Decade S 9 R
7490XQ  (4)  Bi-Quinary S 9 R
74160 (5)- BCD Decade A S R RCO
74161 (5) 4-BitBinary A S R RCO
74162 (5) BCD Decade S S R RCO
74163 (5) 4-BitBinary S S R RCO
74168 (5) BCD Decade -_ S R U/D, RCO
74169 (5) 4-Bit Binary —_ S R U/D, RCO
74176XD (4) BCD Decade A S R
74176XQ (4) Bi-Quinary A S R
74177X (4) 4-BitBinary A S R
74190XA (6) BCD Decade — S R u/D, RCO, MM
74190XB  (6) BCD Decade - S R U/D, RCO, MM
74191XA (7) 4-BitBinary — S R U/D, RCO, MM
74290XD (4) BCD Decade ] 9 R
74290XQ (4) Bi-Quinary S 9 R
74390X (4) Bi-Quinary/BCD A — F
74393XA (4) 4-BitBinary A — F
74393XB  (4) 4-Bit Binary A — F
S = Synchronous R = Rising-Edge Triggered
A = Asynchronous = Falling-Edge Triggered
9 = Synchronous Set-to-9
U/D = Up/Down
RCO = Ripple Carry Output
MM = Max/Min Output
Single Flip-Flops _ Latches
7472XA  (2) AND-Gated JK Master/Slave 7475X (8) 4-Bit Bistable
7472XB (2) AND-Gated JK Master/Slave 7477X (4) Quad D-Type
7473X (2) JK with Clear 74259XA  (8) Octal Addressable D-Type
7474X (2) D with Preset and Clear 74259XB  (8) Octal Addressable D-Type
74112XA  (3) JK with Preset and Clear 74373X (8) Octal D-Type
74112XB  (2) JK with Clear

Multiple Flip-Flops (Registers)

74174X
74175X
74273X
74377
74378

(6) Hex D

(8) Quad D with Q and /Q

(8) Octal D
(8) Octal D with Common Enable
(6) Hex D
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Shift Registers

7491 (8) 8-Bit—Serial-In, Serial-Out

7495XA  (4) 4-Bit—Serial-In/Parallel-In,
Parallel-Out

7495XB  (4) 4-Bit—Serial-In/Parallel-In,
Parallel-Out

7495XC  (4) 4-Bit—Serial-In/Parallel-In,
Parallel-Out

7496X (5) 5-Bit—Serial-In/Parallel-In,
Parallel-Out

74164 (8) 8-Bit—Serial-In,
Parallel-Out

74165X  (9) 8-Bit—Serial-In/Parallel-In,
Serial-Out

74194 (4) 4-Bit Bi-Directional—

Serial-In/Parallel-In, Parallel-Out

(5) 4-Bit Cascadable—
Serial-In/Parallel-In, Parallel-Out

(5) 4-Bit Cascadable—
Serial-In/Parallel-In, Parallel-Out

74395XA

T4395XA

Miscellaneous

7482X (4) 2-Bit Adder

7483X (8) 4-Bit Adder

7485X (7) 4-Bit Magnitude Comparator

7487 (4) 4-Bit True/Complement Element

74143X  (17) 4-Bit Counter; 4-Bit Latch; 7 Segment
Decoder :

74180X (4) 8-Bit Parity Generator/Checker

74180XA  (4) 8-Bit Parity Generator/Checker

74182 (5) Look-Ahead Carry Generator

74183 (2) Single-Bit Full Adder
with Carry/Save

74280X (5) 9-Bit Odd/Even Parity Generator/
Checker

DEMORGAN EQUIVALENTS
(BUBBLE GATES)

Bubble Bubble Bubble

AND NAND NOR OR

(NOR) (OR) (AND)
2Input BAND2 BNAND2 BNOR 2
31Input BAND3 BNAND3 BNOR 3
4Input BAND4 BNAND4 BNOR 4
6lnput BAND6 BNAND6 BNOR 6
8lnput BANDS BNAND8 BNOR 8
12 Input BAND12 BNAND12 BNOR 12 BOR12

INPUT/OUTPUT MACROS

INPUT N/A Generates Input Pin and Node in
ADF i

OUTPUT (1) Generates Enabled Output Buffer in
ADF

OuUTP (1) Output Pin (Used in SCHEMA II-
PLD)

74125 (1) Single Three-State Output, Active
Low Enable

74126 (1) Single Three-State Output, Active
High Enable

NOTES:

1. All TTL macros duplicate TTL function only. They
DO NOT DUPLICATE performance characteristics
such as open-collector, totem-pole, or high-drive out-
put. . S

2. Any TTL macros which deviate in some way from
standard TTL function are denoted with an appended
“X” (see device .DOC file for details). Appended
“D”s and “Q”s indicate counters configured to Deci-
mal or bi-Quinary mode; appended “A”s and “B”s in-
dicate a macro configured for a family of EPLD de-
vices (e.g. 50060, 5C090, 5C180).

3. The (#) indicates the maximum number of EPLD
macrocells consumed if all outputs are used. If an out-
put is not used, the macro compression phase of the
Macro Expander will remove the signal unless it is
used as feedback inside the macro definition.

4. /Q’s should be avoided as pin outputs if possible.
The EPLD is structured such that the Q is readily
available as a pin output and both the Q and /Q are
readily available as feedbacks. Using /Q as a pin out-
put, however, requires an extra macrocell and adds to
the propagation delay.
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INTRODUCTION

Intel’s 5C121 Erasable Programmable Logic Device
represents a new breed in the world of programmable
logic. With gate densities approaching those of gate ar-
rays and a reconfigurable architecture, the logic design-
er is freed from choosing between scores of generic pro-
grammable logic to perhaps find an acceptable match
for his or her design needs. Adding to the list of benefits
is the fact that the 5C121 is erasable. Now sections of
the design can actually be programmed and tested in
the device — without sacrificing a part to the circular
file. In addition, there is no longer a need to generate
test vectors to qualify the programming of the parts.
EPLDs are erasable and therefore 100% testable at the
factory.

OBJECTIVE

The purpose of this application note is to demonstrate
the architectural options of the 5C121 by designing a
digital crosspoint switch. Conceptually, a digital cross-
point switch switches data from any input to any out-
put. Figure 1 shows a block diagram of a bytewide
crosspoint switch.

10=17 [j :> Qo-Q7
DIGITAL
CROSSPOINT
po—p] SWITCH
INPUT SELECT D1 —|
D2 —P|

111

D3 D4 DS
OUTPUT SELECT

2920081

Figure 1. Functional Diagram of a Digital
Crosspoint Switch

This design will employ features such as: registered out-
put with registered feedback, combinational feedback,
input latches, buried registers, and dual clock options.
The digital crosspoint switch in this design can route
data from one of eight inputs to one of eight outputs in
a single clock cycle. Options for holding the deselected
outputs at previous levels, latching inputs, and fitting
considerations are explored.

THE BASIC ARCHITECTURE

The 5C121 contains 28 Macrocells, 12 dedicated in-
puts, 24 programmable I/0 lines, and two clocks input
pins. Inputs may be flow through, or latched on the
rising or falling edge of either clock. Output options

include registered or combinational output. In addition,
each output may be fed back into the array in both the
true and complement version. For a more complete de-
scription of the 5C121 architecture the reader is re-
ferred to the 5C121 data sheet.

COMBINATIONAL FEEDBACK

Feedback in logic designs is used for a variety of rea-
sons. Combinational feedback in the 5C121 is often
used to reduce the number of product terms feeding one
Macrocell. Though the 5C121 has Macrocells that can
accept up to 16 product terms, all Macrocells are not
that wide.

Let’s look at an example. Equation 1 represents one of
the eight Boolean expressions necessary to implement a
digital crosspoint switch. Logically, this expression se-
lects one of eight input signals (I0-17), and routes that
signal to Q0. Data bits DO, D1, and D2 select one of the
eight input lines. In this case, data bits !D3, !D4, and
D5 select output QO. (The exclamation point is used to
indicate a logical complement of the signal.) Equations
for Q1 through Q7 are very similar and will be dis-
cussed later.

Q0 = (10 X ID2 X ID1 X IDO
+ 11 X 1D2 X ID1 X DO
+ 12 X ID2 X D1 X IDO
+ 13 X ID2 X D1 X DO
+ 14 X D2 X ID1 X IDO
+ 156 X D2 X ID1 X DO
+ 16 X D2 X D1 X IDO
+ 17 X D2 X D1 X DO) X ID5 X ID4 X ID3; (1)

SELECTEQ = 10 x ID2 X ID1 X DO
+ 1 X ID2 X ID1 X DO
+ 12 x 1D2 X D1 X DO
+13 X ID2 X D1 x DO
+ 14 X D2 x ID1 X DO
+ 156 x D2 X ID1 X DO
+16 x D2 X D1 X IDO
+17 X D2 X D1 X DO; @

Equation 2 contains the terms that will be common to
all eight output equations. Both equations in this case
contain eight product terms. By treating equation 2 as
one common signal and routing that signal through
combinational feedback, we can reduce the number of
product terms in equations QO thru Q7 to one p-term
each. The advantage is that the outputs can now be
placed in any of the 24 I/0 Macrocells available in the
5C121. In addition, the 5C121 contains four buried reg-
isters. (Buried registers have no output and are used
solely for feedback.) If a buried register is available,
iPLDs (Intel’s Programmable Logic Development Sys-
tem) will automatically assign the No Output — Com-
binational Feedback function to a buried register. This
increases the flexibility for pin assignments and makes
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COMBINATIONAL FEEDBACK
(Continued)

p-terms available in case a design change is needed.
Equations 3 thru 10 reflect this improvement.

Q0 = SELECTEQ X ID5 X ID4 x 1D3; ®
Q)
®)
©)
@
®
©)

(10)

Q1 = SELECTEQ X ID5 X D4 X D3;
Q2 = SELECTEQ X ID5 X D4'X ID3;
Q3 = SELECTEQ X ID5 X D4 X D3;
Q4 = SELECTEQ X D5 X ID4 X ID3;
Q5 = SELECTEQ X D5 X ID4 X D3;
Q6 = SELECTEQ X D5 X D4 X ID3;

Q7 = SELECTEQ X D5 X D4 x D3;

REGISTERED FEEDBACK

Registered feedback is also employed in a variety of
applications such as counters and state machines. In
this particular example, the registered feedback signal
can be used to hold the deselected outputs of the switch
at their previous level until that output is selected
again. This is accomplished by simply “ANDing” the
feedback signal with the inversion of the output select
signal. The result is then “ORed” with the equation for
the given output. Holding the previous output might be
useful in control applications or when interfacing to
slow peripherals. Equations 11 thru 18 are the result.

QO = SELECTEQ X ID5 X ID4 X ID3 + (D5 X ID4
X ID3) X QO—fdbk;

pe

Q1 = SELECTEQ X ID5 X ID4 X D3 + |(ID5 X ID4
X D3) X Q1—fdbk; (12)

Q2 = SELECTEQ X ID5 X D4 X ID3 + {(ID5 X D4
X 1D3) X Q2—fdbk; (13)

Q3 = SELECTEQ X ID5 X D4 X D3 + (ID5 X D4
X D3) X Q3—fdbk; (14)

Q4 = SELECTEQ X D5 X ID4 X D3 + I(D5 X ID4
X ID3) X Q4—fdbk; (15)

Q5 = SELECTEQ X D5 x ID4 x D3 + (D5 X ID4
X D3) X Q5—fdbk; (16)

Q6 = SELECTEQ X D5 X D4 X ID3 + |(D5 X D4
X ID3) X Q6—fdbk; (17)

Q7 = SELECTEQ X D5 X DR x D3 + /(D5 X D4
X DE) X Q7—fdbk; (18)

Equations 11 thru 18 are all that are necessary to im-
plement a digital crosspoint switch with the output
hold feature. Each equation contains only four product
terms when written in the expanded form and could
therefore fit into any Macrocell in the 5C121. The ap-
pendix contains the report and ADF files generated by
the iPLDs software.

TIMING ANALYSIS

Figure 2 shows the internal delay paths associated with
this design in the 5C121. The frequency at which the
5C121 may be clocked can be determined by examining
the internal delay elements of the 5SC121. These include
the input delay (Tin), two array delays (Tad), and the
combinational feedback delay (Tcf). Table 1 gives the
simulation data for each of these paths in a 5C121-50.

[e—Tin—sf= Tad } Tef—s]
INP ARRAY —»{ CF
= Tad | Trd ————}<-Tod—+|
- ARRAY ——p1 REG OUTPUT >
—>

Trf

292008-2

Figure 2. Crosspoint Delay Path
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TIMING ANALYSIS (Continued)
Table 1. 5C121-50 Simulation Data

Model

Parameter Delay (ns)

Tad 38

Trd

Tod 8

Tin 10

Tic

Trf

Tef

The sum of the delays before the register input equal
the set-up time Tsu with reference to the internal clock.
By substracting the input clock delay Tic we shift the
reference to the external clock pin. The set-up time
with reference to external signals is shown in equation
19. Inverting this signal yields the maximum clock fre-
quency, fmax. The maximum clock frequency is shown
in equation 20. ]

Tsu = Tin + 2Tad + Tcf — Tic; (19)
fmax = 1 Tsu (20)
Therefore, this configuration of the 5C121-50 could be

clocked at 10 MHz, allowing a data transfer rate of 10
Mbits/second. By paralleling six 5C121s together, eight

bits could be switched per cycle. Figure 3 shows the
timing diagram for this configuration of the 5C121 digi-
tal crosspoint switch. Included in the appendix is the
Advanced Design File (ADF), Logic Equation File
(LEF), and Utilization report generated by Intel’s Pro-
grammable Logic Software (iPLS) for this design.

INPUT LATCHES

One point must be raised about Figure 3. Notice that
the time allowed for external data set-up is only 17 ns.
Therefore, 17 ns after the rising edge of the clock, data
must be stable and remain stable at the input pins until
the next clock pulse. In most systems this would be a
very stringent requirement. Fortunately the 5C121 has
the ability to latch the data at the input pins with 7475
type transparent latches. Employing this feature eases
the data set-up requirement as shown in Figure 4.

SUMMARY

The flexible architecture of the 5C121 gives the design-
er a variety of options for input and output configura-
tions. Inputs may be latched to ease system timing re-
quirements. Outputs may be clocked for synchronous
systems or fed directly out as asynchronous signals.
Feedback can be used to reduce product term require-
ments, to save present state information for state ma-
chines and counters, or simply to hold deselected out-
puts as shown in this example. Imagine the possibilities.

J. R. Donnell
PLDO Applications

|-

I
CLK \

100ns i

- \

Tsu (83NS)
INPUTS INPUT STABLE

N

(17ns* X

DATA oUT

DATA OUT VALID

=X

(Tco1 =Tic + Trd + Tod)
292008-3

Figure 3. Crosspoint Timing Diagram
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100;: i

r :
ak— \ \ '

Tsu (83NS) 17ns
LATCHED INPUTS INPUT STABLE

LATCH ENABLE \

DATA TO PINS X EXTERNAL DATA SET-UP DATA STABLE X

DATA OUT DATA OUT VALID
Teol

(Teo1 =Tic + Trd + Tod)

292008-4

Figure 4. Crosspoint Timing Diagram with Input Latches
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APPENDIX

ADF File

o .

5c121

Digital Crosspoint Switch -

LB Version 3.0, Baseline 17x, 9/26/85

PART: 5C121 .

INPUTS: 100€37,101e36,102€35,103634,104€8,105€9,106€10,107€11,110€33,111€32

© ,Il12e31,I113e@30,114€29,115e28,116€27,117€26,CLKe38,D0€2,D1e3,D2e4,D3e5

,D4e6,D5@7, ILE@1

OUTPUTS: Q00€12,Q01€13,Q02€14,Q03€15,Q04€16,Q05017,Q06@18,Q07@19,Q10€24,Q11e23
,Ql2€22,Q13021 ' ) . )

NETWORK:

Q00,Q00FBK = RORF (Q00D,CLK,GND,GND,VCC) % BIT 0 OUTPUTS %
Q01,Q01FBK = RORF (QO1D,CLK,GND,GND,VCC) s -
Q02,Q02FBK = RORF (Q02D,CLK,GND,GND,VCC)

Q03,Q03FBK = RORF (Q03D,CLK,GND,GND,VCC)

Q04,Q04FBK = RORF (Q04D,CLK,GND,GND, VCC)

Q05,Q05FBK = RORF (Q05D,CLK,GND,GND,VCC)

Q06,Q06FBK = RORF (Q06D,CLK,GND,GND,VCC)

Q07,Q07FBK = RORF (QO07D,CLK,GND,GND,VCC) . ‘ :
Q10,Q10FBK = RORF (Q10D,CLK,GND,GND,VCC) X 4 OF THE 8, BIT 0 OUTPUTSX
Q11,Q11FBK = RORF (Ql11D,CLK,GND,GND,VCC) :
Q12,Q12FBK = RORF (Q12D,CLK,GND,GND,VCC)

Q13,Q13FBK = RORF (Q13D,CLK,GND,GND,VCC)

CLK = INP (CLK)
D5 = LINP (D5,ILE) % OUTPUT SELECT CONTROL BITS %
ILE = INP (ILE)

D4 = LINP (D4,ILE)

D3 = LINP (D3,ILE)

D2 = LINP (D2,ILE) % INPUT SELECT CONTROL BITS X
Dl = LINP (D1,ILE)

DO = LINP (DO,ILE)

100 = LINP (I100,ILE)

101 = LINP (I01,ILE)

102 = LINP (102,ILE)

103 = LINP (103,ILE)

104 = LINP (I04,ILE)

105 = LINP (I105,ILE)

106 = LINP (106,ILE)

107 = LINP (I07,ILE)

I10 = LINP (I10,ILE) X INPUTS FOR BIT 1 SWITCH %
111 = LINP (Ill,ILE)

112 = LINP (I12,ILE)

I13 = LINP (I13,ILE)

114 = LINP (I14,ILE)

I15 = LINP (I15,ILE)

116 = LINP (I16,ILE)

I17 = LINP (Il17,ILE)
SELECTEQOF = NOCF (SELECTEQO)
SELECTEQlF = NOCF (SELECTEQ1l)
EQUATIONS:
Q00D = SELECTEQOF*!D5%!D4x!D3

+ !'(!'D5%!D4*!D3)*Q00FBK;
Q01D = SELECTEQOFx!D5%!D4x D3

+ !1(!'D5%!D4x D3)*QO1FBK;
Q02D = SELECTEQOFx*!D5% D4x%!D3

+ !'('D5% D4x!D3)*QO02FBK;
Q03D = SELECTEQOFx!D5x D4x D3

+ 1(!'D5% D4x D3)*QO3FBK;
Q04D = SELECTEQOF* D5*!D4x!D3

+ 1( D5%!D4%!D3)%Q04FBK;
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ADF File (Continued)

+ !'( D5%!'D4x D3)%*QO5FBK;
SELECTEQOFx* D5% D4x!D3

+ !'( D5% D4x!D3)*QO06FBK;
SELECTEQOF* D5% D4x D3

+ !( D5x D4x D3)*QO7FBK;
SELECTEQ1Fx!D5x!D4x!D3

+ 1 (!'D6%!D4x%x!D3)*Ql0FBK;
SELECTEQ1Fx!D5%x!D4x D3

+ 1 (!'D5%!D4x D3)*Q11FBK;
SELECTEQ1F*!D5x D4x!D3
+ t(tD5x D4x!D3)*Ql2FBK;
SELECTEQ1Fx!D5% D4%x D3
+ ! (!D5% D4x D3)%Ql3FBK;

SELECTEQO = I00x!D2x!D1%!D0
+ TO1%!D2%!D1%xDO
I02x!D2%D1%!D0
I03%!D2%D1%D0
I04%D2%!D1x%!D0
I05%D2x!D1%*D0
I06%D2%D1%!D0
I07%D2%D1%xD0;

= I10%!D2x!D1%!D0O
Il1%!D2%!D1%D0O
I12x!D2xD1x!D0
I13x!D2%D1%D0
I14%D2%!D1%!D0O
I15%D2%!D1%D0
116xD2*D1%!D0
I17*D2%D1%D0;

Q06D =
Q07D =
QloD =
Ql1lp =
Ql2p =
Oléb“é

SELECTEQ

I R S = Rk

END$

X COMMON EQUATION FOR BIT 0 X

% COMMON EQUATION FOR BIT 1 X

2920086
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LEF File
JR Donnell
Intel
January 24, 1986
0
5C121
Digital Crosspoint Switch
LB Version 3.0, Baseline 17x, 9/26/85
PART:
5c121
INPUTS: - v
100€37, 10le36, 10235, I03e34, I04e8, 1059, I106el0, I07ell, I10€33,
111e32, I12e31, Il13e30, Il4e29, Il5e28, I16e27, I117e26, CLKe38, poez, .
ple3, D2e4, D3e5, D4e6, D5e7, ILEel .. :
OUTPUTS: ’ ‘ : ! o =
Q00el2, Q0lel3, qQ02e14, Q03el5, Q04el6, Q05el17, QO6el8, Qo07el9, Ql0e24,
Qlle23, Ql2e22, Ql3e21 : -
NETWORK:
CLK = INP(CLK)
ILE = INP(ILE)
100 = LINP(IOO, ILE)
101 = LINP(IO1l,. ILE)
102 = LINP(IO2, ILE) ' : R
103 = LINP(I03, ILE)
104 = LINP(I04, ILE)
105 = LINP(IO5, ILE)
106 = LINP(I06, ILE)
107 = LINP(IO07, ILE)
I10 = LINP(I10, ILE)
I11 = LINP(Il1l, ILE)
112 = LINP(I12, ILE)
I13 = LINP(I13, ILE)
I14 = LINP(I1l4, ILE)
I15 = LINP(I1l5, ILE)
I16 = LINP(I16, ILE)
I17 = LINP(I17, ILE)
DO = LINP(DO, ILE)
D1 = LINP(D1l, ILE)
D2 = LINP(D2, ILE)
D3 = LINP(D3, ILE)
D4 = LINP(D4, ILE)
D5 = LINP(D5, ILE)
Q00, QOOFBK = RORF(QO00D, CLK, GND, GND, VCC)
Q01, QO1FBK = RORF(QO0lD, CLK, GND, GND, VCC)
Q02, QO2FBK = RORF(Q02D, CLK, GND, GND, VCC)
Q03, QO3FBK = RORF(Q03D, CLK, GND, GND, VCC)
Q04, QO4FBK = RORF(Q04D, CLK, GND, GND, VCC)
Q05, QO5FBK = RORF(Q05D, CLK, GND, GND, VCC)
Q06, QO6FBK = RORF(Q06D, CLK, GND, GND, VCC)
Q07, QO7FBK = RORF(QO07D, CLK, GND, GND, VCC)
Ql0, QlOFBK = RORF(Ql0D, CLK, GND, GND, VCC)
Ql1l, Ql1FBK = RORF(QllD, CLK, GND, GND, VCC)
Ql2, Ql2FBK = RORF(Ql2Dp, CLK, GND, GND, VCC)
Q13, Q13FBK = RORF(Ql3D, CLK, GND, GND, VCC)
SELECTEQOF = NOCF(SELECTEQO)
SELECTEQlF = NOCF(SELECTEQl)
EQUATIONS:
SELECTEQl = I10 * D2’ x D1’ % DO’
+ D2 * D1’ x DO’ x Il4
+ D2’ x D1 x DO’ % I12
+ D2’ % D1’ x DO x Ill
+ D2 x D1 % DO’ *x 116
+ D2 x D1’ x DO x Il15
E]
+ D2’ % D1 % DO * I13 26200812
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LEF File (Continued)

Q13D

Ql2p

Q11D

Q10D

Q07D

Q06D

Q05D

Q04D

Q03D

Q02D

Q01D

QooD

END$

SELECTEQO

L T S R e S T L T, T R TR T T T R R I ']

+ 4+ 40

+

D2 *x D1 x DO % Il7;

PR ISR ]

D2 x D1 *x DO % I07;

D3’ * Ql3FBK
D4’ x Q13FBK
D5 * Q13FBK
SELECTEQLF % D5' % D4 *

D4’ * Ql2FBK

D3 x Ql2FBK

D5 * Ql2FBK

SELECTEQLF * D5’ ¥ D4 %

D3’ % Ql1FBK
D4 ¥ Ql1FBK
D5 ¥ Ql1FBK

100 x D2’ % D1’ x DO’
D2 x D1’ % DO’ *x 104
D2’ % D1 * DO’ * 102
D2’ % D1’ % DO ¥ IOl
D2 *x D1 % DO’ % I06
D2 x D1’ ¥ DO *x I05
D2’ x D1 x DO x 103

D3;

Dp3’;

SELECTEQLF * D5 x D4’ x D3;

D3 * QlOFBK
D4 % QlOFBK
D5 x QlOFBK

SELECTEQ1F % D5’ % D4’ % D3°;

D3’ x QO7FBK
D4’ x QOTFBK
D5’ % QO7FBK

SELECTEQOF % D5 x D4 x D3;

D4’ % QO6FBK
D5’ * QO6FBK
D3 * QO6FBK

SELECTEQOF * D5 % D4 * D3’;

D3’ * QO5FBK
D5’ % QO5FBK
D4 * QO5FBK
SELECTEQOF * D5 x D4’ x

D5’ * QO4FBK
D3 * QO4FBK
D4 x QO4FBK
SELECTEQOF * D5 x D4’ x

D3’ x QO3FBK
D4’ x QO3FBK
D5 x QO3FBK
SELECTEQOF % D5’ *x D4 x

D4’ *x QO2FBK
D3 ¥ QO2FBK
D5 x QO2FBK
SELECTEQOF * D5’ % D4 %

D3’ x QO1FBK
D4 * QO1FBK
D5 * QO1FBK

D3;

D3’;

D3;

D3’;

SELECTEQOF % D5’ % D4’ x D3;

D3 % QOOFBK
D4 * QOOFBK
D5 x QOOFBK

SELECTEQOF * D5’ % D4’ x D3°;

292008-13

292008-14
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RPT File

Logic Optimizing Compiler Utilization Report
*X%x%%x Design implemented successfully

JR Donnell
Intel
January 24, 1986

0

5C121

Digital Crosspoint Switch

LB Version 3.0, Baseline 17x, 9/26/85

5c121
ILE -! 1 40:- Vcc
Do -: 2 39:- Vec
Dl -! 3 38i- CLK
D2 ~: 4 37:- 100
b3 -1 5 36i- 101
D4 -1 6 35i- 102
D6 - 7 34i- 103 .
104 -! 8 33:- I10 ) '
106 -1 9  32:i- Il1
106 -!10 31:- Il2
107 -i11  30:- 113
Q00 -!12 29!- I14
Q01 -i13 28:- Il6
Q02 -!14 27:!- I16
Q03 -:15 26:- I17
Q04 -:!16 25:- GND
Q05 -:17 24:- Ql0
Q06 -:18 23:- Qll
Q07 ~-i19 22:- Ql2
GND -i20 21:- Q13
XXINPUTS*%
H . Feeds:
Name Pin Resource MCell # PTerms ! MCells OE Clear Clock
ILE 1 INP v - - - - - Latch
Do 2 LINP - - 13 - - -
15 )
Dl 3 LINP - —— . 13 = - -
15 :
D2 4 LINP - - 13 - - -
15 -
D3 5 LINP - - 9 - - -
10
11
12
17
18
19
20
21

292008-9
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RPT File (Continued) 5 "
22
23
D4 6 LINP - - 9 -
¥ 10
11
12
17
18
19
- 20
21
22
23
24
5 7 LINP - - 9 -
10
11
12
17
18
19
20
21
22
23
24
104 8 LINP 28 0/ 4 15 -
106 9 LINP 27 0/10 15 -
106 10 LINP 26 0/ 8 15 -
107 11 “LINP 25 . 0/ 6 16 -
117 26 LINP 7 0/10 13 -
116 27 LINP 6 "o/ 8 13 -
115 28 LINP 5 0/ 6 13 -
114 29 LINP 4 0/ 6 13 -
113 30 LINP 3 0/ 8 13 -
1z 31 ‘LINP 2 0/10 13 -
11 32 LINP 1 0/ 4 13 -
110 33 LINP - - 13 .
103 34 LINP - - 16 -
102 35 LINP - - 15 -
101 36 LINP - - 15 -
100 37 LINP - - 15 -
CLK 38 INP - - - Reg
29?008—10
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RPT File (Continued)
XXOUTPUTS %%
H Feeds:
Name Pin Resource MCell # PTerms | MCells OE Clear
Q00 12 RORF 24 4/ 6 24 - -
Q01 13 RORF 23 4/ 8 23 - -
Q02 14 RORF 22 4/10 22 - -
Q03 15 RORF 21 4/ 4 21 - -
Q04 16 RORF 20 4/12 20 - -
Q05 17 RORF 19 4/ 4 19 - -
Q06 18 RORF 18 4/ 8 18 - -
Qo7 19 RORF 17 4/ 8 17 - -
Q13 21 RORF 12 4/ 8 12 - -
Ql2 22 RORF 11 4/ 8 11 - -
Ql1 23 RORF 10 4/ 4 10 - -
Qlo0 24 RORF 9 4/12 9 - -
**BURIED REGISTERS*x
H Feeds:
Name Pin Resource MCell # PTerms ! MCells OE Clear
- ‘NOCF 13 8/ 8 9 - -
10
11
12
- NOCF 15 8/ 8 17 - -
18
19
20
21
22
23
24
X*XUNUSED RESOURCESXx
Name Pin Resource MCell PTerms
- 25 - 8 4
- NA - 14 8
- NA - 16 8
XXPART UTILIZATIONXX -
97% Pins
89% MacroCells
30%x . Pterms
292008-11

2-176




| Inter APPLICATION AP-272
NOTE

June 1986

| The 5C060
Unification of a CHMOS System

J. R. DONNELL
PROGRAMMABLE LOGIC APPLICATIONS
INTEL CORPORATION

Order Number: 292009-003
2-177




intel

AP-272

INTRODUCTION

From an outside glance, the world of computers and
microprocessors seems filled with dedicated ICs that
fulfill a variety of system needs. Upon closer inspection
we find that designers must still reach into their bag of
random logic to link together all of the parts of the
system. It seems a shame to stuff a board full of high
powered peripherals and still have portions of that
board wasted on decoders, latches, and other miscella-
neous random logic.

True, programmable logic has been around a long time.
But that logic is somewhat rigid in form, one time pro-
grammable, and can also double as space heaters. These
devices are totally unacceptable for a CMOS system.
What is needed is a flexible PLA architecture, erasabili-
ty for prototyping, and CMOS for low power. In addi-
tion, for this particular application the device must per-
form from static operation to 10 MHz.

OBJECTIVE

This application note covers the design of three sepa-
rate circuits for Intel’s CHMOS Design Kit. The func-
tions performed by the 5C060 are: Memory decoding,
wait state generation, and the power down circuitry for
the 80C88 system clock.

MEMORY DECODING

The system in question supports one 32K bank of
EPROM memory, and four banks of 4K static RAM.
Figure 1 shows the memory map of this system. Ad-
dress lines A19, A13, and A12 will be used to decode
the address space. PWR_DWN and S2_MIO serve as
enables. In addition, to avoid data bus contention sig-
nals memory read (MRDC) and advanced memory
write (AMWC) are decoded along with the address
lines for RAM chip selects. This is necessary for devic-
es without output enables (OE) on multiplexed ad-
dress/data busses.

FFFFF
EPROM
80000
L] [ ]
L] L]
° o
O3FFF
RAM16K
03000 O2FFF
RAMBK
02000 O1FFF
RAM4K
01000 OOFFF
RAMO
00000 292009-1

Figure 1. 80C88 Meniory Map
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Figure 2 shows a discrete implementation of the chip select decoding logic.

PWRDWN ————(Qf G2B

S2MI0 — Gt

_ MRDC
a2 ——4 A Yo [o
RAMOCS
A13 vi AMWC
A9 ——J C
v2p
3 p RAMAKCS

EPROMCS

=

74138

292009-2

Figure 2. Discrete Decoding Logic Solution

Several options for entering this design are available
through Intel’s Programmable Logic Development Sys-
tem (iPLDS). (For a more complete description of
iPLDS the reader is referred to the iPLDS data sheet.)
The design entry vehicle chosen for this application
note is the Logic Builder. (Logic Builder is an interac-
tive netlist method of design entry especially suited to
Boolean equation entry and entry from existing sche-
matics.) Several reasons are behind this decision. First,
the Logic Builder software is included in iPLDS. In
addition, Logic Builder entry is very fast, the designer
may choose either netlist entry or Boolean equations,
and finally, the Logic Builder software makes additions
and corrections of design very easy.

Using Logic Builder, the first step for this design is to
determine the equations for the 3 to 8 decoder shown in
Figure 2. These equations are simply the decoding of
the address lines ANDed with the enable signal. Equa-
tions 0 thru 8 implement the decoding function of Fig-
ure 2.

/Y0 = /A19*/A13*/A12*ENABLE; ©)
/Y1 = /A19*/A13*A12*ENABLE; (1)
/Y2 = /A19*A13*/A12*ENABLE; 1))
/Y3 = /A19*A13*A12*ENABLE; 3)
/Y4 = A19*/A13*/A12*ENABLE; )
/Y5 = A19*/A13*A12*ENABLE; )
/Y6 = A19*A13*/A12*ENABLE; ©
/Y7 = A19*A13*A12*ENABLE; 0]
ENABLE = /PWRDWN*S2MIO; ®

Armed with this knowledge it becomes trivial to enter
the circuit of Figure 2 into Logic Builder. Included in
the Appendix is the Advanced Design File (ADF) cre-
ated by Logic Builder for this circuit (ADF-1). Typical-
ly the ADF would now be submitted to the Logic Opti-
mizing Compiler (LOC) for Boolean minimization and
design fitting. In this case we have used only a small
portion if the logic available in the 5C060 so let us
continue with the wait state generator and power down
circuitry.

Power Down

Since this design is based on the 80C88 we can actually
stop the system clock for extended periods of time and
power back up as if nothing had occurred. The circuit
to achieve this power down is shown in Figure 3.

As long as the PWRDWN signal is low the 82C84
clock output is OR’ed with a logical zero from the
PWRDWN flip-flop. As a result the 82C84 drives the
80C88 system clock. If PWRDWN goes HIGH, the
rising edge of the next 82C84 clock will set the output
of the PWRDWN flip-flop HIGH inhibiting the fall of
the next clock cycle. The 80C88 system clock will re-
main HIGH untii PWRDWN goes LOW and the
PWRDWN flip-flop is clocked from the 82C84 clock.
Using this configuration we avoid partial clock cycles
for the 80C88 system clock.
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PIN _ OUT
PWRDWN O
INP ]
'
1 .
+ STOPCLK
N .
82C84CLK PIN o ouT IN#OUT :
INP P ) :
|
]

292009-3

Figure 3. 80C88 Power Down Circuit

Again, entering this circuit into Logic Builder is trivial.
In fact it can be added directly to the decoder circuit
shown above. The ADF file for this addition is shown
in the appendix under ADF-2.

Wait States

The majority of memory and peripheral devices which
fail to operate at the maximum CPU frequency typical-
ly do not require more than one wait state. The circuit
shown in Figure 4 is an example of a simple wait state
generator. The circuit operation is as follows. Given
that a memory location requiring a wait state has been
selected, ALE in conjunction with /WAITCS will clear
the flip-flop—driving the 82C84RDY line high low.
The 82C84 samples the RDY line during T2 of the
80C88 bus cycle, and in this case detects a wait state.
The rising edge of T2 then clocks the 82C84RDY line
high thereby inserting only one wait state.

Once again, adding this circuit to the existing decoder
and power down design is simple. The final ADF file is
given in the appendix under ADF-3. Once the final
design has been completed the ADF is submitted to the
Logic Optimizing Compiler. LOC compiles the design,
performs Boolean minimization, and fits the design into
the target EPLD. In addition, LOC produces two files.
The JEDEC programming file, the Logic Equation File

(LEF), and the Utilization Report. These are also in-
cluded in the appendix for each step in this design pro-
cess.

LOC FILES

The JEDEC File

The JEDEC file is analogous to the object code file that
is used to program EPROMs. This file is used by the
Logic Programming Software (LPS) to program Intel’s
EPLD:s.

The LEF File

The LEF file is an optional file produced by the compil-
er. The LEF file contains the minimized Boolean equa-
tions which resulted from the original ADF. Some in-
teresting points can be raised concerning the LEF file.
Looking at LEF-3, first recall that the EPROM chip
select was a function of A19, A13, A12, and the enable
signals. It turns out that after minimization the
EPROM chip select depends only on A19 and the en-
able signals (/PWRDWN and S2MIO). This is shown
in the LEF file. One other point, the initial wait state
circuitry employed a JK flip-flop. The compiler auto-
matically minimized this circuit into a D-type flip-flop
with feedback achieving the same functionality.
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Notv AND2
WaTes —N Ut IN OUT A ouT
INP 8 NOT
PIN . OUT mDom

anp |, Vee

p———— 82C84RDY
INP {
LK —INNJOUT | bommmmmmmnmees
CLKB
292009-4
Figure 4. Single Wait State Generator for the 80C88
The Utilization Report SUMMARY

Finally, the Utilization Report contains the pin-out for
the design, information about the architectural layout
of the design, and a percent utilization for pins, macro-
cells, and product terms. Examining the utilization re-
port for this design we find that two of the sixteen mac-
rocells are still available. We could therefore add more
functionality in the same 24 pin package. Possible addi-
tions would be more memory decoding, invalid memo-
ry detection, additional wait state generators, etc. One
point should be raised: The circuitry designed in this
applications note is relatively simple compared to the
complex logic functions that could be implemented in
the 5C060.
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The designs shown in this applications note are typical
requirements of any microprocessor system. The 5C060
provided a single chip solution to bind together the pri-
mary elements of that system. Few other types of pro-
grammable logi¢ could implement the same logic in a
single package. None could do it in CMOS erasable
logic. The 5C060 has room for more.
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APPENDIX

ADF4

JR Donnell

Tntel .
January 31. 19R86

5C060

0

5C080

Dacoder for RANCR8 ayatam - 16K RAM nnd upper 512! BPROM
LR Varaion 3.0, Rascline 17x. 9/26/8

PART: 5C060

INPUTS: A19,A13,A12,PWRDWN.S2MIO, AMWC,MRDC
OUTPUTS: RAMOCS,RAM4KCS.RAMAKCS, RAMIAKCS, RPROMCS
NETWORK: .

RAMOCS = CONF (RAMOCS,vVCC)

RAM4AKCS = CONF (RAM4KCS.VCC)

RAMBKCS = CONF (RAMBKCS,VCC)

RAMIGRCS = CONF (RAMIGKCS, VCC)

RPROMCS = CONF (EPROMCS, VCC)

A19 = TNP (A19)

Al3 = INP (Al3)

A2 = TNP (A12)

PWRDWN = INP (PWRDWN)

S2MT0 = TNP (82MTO)

MRDC = INP (MRDC)

AMWC = TNP (AMWC)

RQUATIONS:
RAMABKCS = /(/MRDCXY2

+ /AMWCXY2):
RAMIBKCS = /(/MRNC*Y3

+ /AMWCXY3):
RPROMCS = /(/Y7

+ /Y6

+ /Y5

+ /Y4):
Y7 = /(A19%AT3XAV2XRNARLR) :
Y6 = /(A19%A13%/A12%ENABLE):
Y5 = /(A19%/A13%A12%RNARLR) ;
Y4 = /(A19%/A13%/A12%ENABLE):

RNARLE = /PWRDWNXS2MTO:
= /(/A19%A13%A12%ENABLE):

Y2 = /(/A19%A13%/A12%RNARTR) :
RAM4KCS = /(/MRDC*Y1

+ /AMWCEY1);
Y1 = /(/A19%/A13%A128BNABLE);
RAMOCS = /(/MRDCAYO

+ /AMWCRYO0);
YO = /(/A19%/A13%/A12¥RNARLR) ;
RND$

292009-5
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-ADF-2

JR Donneld

Tatel

January 31, 1986
8C080 :

0

5C080

Decoder for B80C88 syatem - 16K RAM and upper 512K EPROM
Plus powar down circuit

1B Version 3.0; Baseline 17x,: 9/28/85

PART: 8C060 -

TNPUTS: A19,A13,A12,PWRDWN,S2MIO, AHNC HRDC 82C84CLK

NEBTWORK:
RAMOCS = CONF (RAMOCS,VCC)
RAMAKCS = CONF (RAMAKCS,VCC)
RAMBKCS = CONF (RAMBKCS,VCC)
RAMIGRCS = CONF (RAMIGKCS,VCC)
RPROMCS = CONF (BPROMCS,VCC)
STOPCILK,STOPCILKF = RORF (PWRDWN, nzratcnun GND, GND vee)
ROCRACLE = CONF (BOCBBCLK, VCC)
PWRDWN = TNP (PWRDWN)
R2CR4CLKB = CLKB (B82C84CLK)
ROCRACIK = OR (STOPCILKF,R2CR4CTK)
R2CB4CLK = INP (R2C84CLK)
A19 = TNP (A19)
Al3 = INP (Al3) -
A12 = TNP (A12) AR
S2MIO = INP (S2MIO)
MRDC = TNP (MRDC)
AMWC = INP (AMWC)
ROUATTONS:
RAMOCS = /(/MRDCXYOD
+ /AMWCEY0) :
RAM4KCS = /(/MRDC*Y1
+ /AMWCEY1): ¥
RAMBKCS = /(/MRDC*Y2
+ /AMWCXY2);
RAM16KCS = /(/MRDC*Y3
+ /AMWCRYR):
RPROMCS = /(/Y7

+ /Y6

+ /Y5

+ /Y8);
Y0 = /(/A19%/A13%/A12%ENABLE);
Y1 = /(/A19%/A13%AV22RNARLR) ;
Y2 = /(/A19%A13%/A12%BNABLE);
Y3 = /(/A19%A13XA122RNARTR) ;
V7 = /(A19%A13%A128ENABLE);
Y6 = /(AV9%A13%/A12XRNARTR) ;
V5 = /(A19%/A13%A12%ENABLE);
Y4 = /(A19%/A13%/A122RNARLR) ;

RNABLE = /PWRDWNXS2MIO;
RNDS

OUTPUTS: RAMOCS, RAM‘ICB RAMRKCS RAMIBKCS RPROMCS , STOPCLK, ROCRRCT.X

292009-6
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Tatel ot ADF-3
January 31, 1986
Kcoso
5co080

Dacoder for BOCAR aystem - 16K RAM and upper 512K EPROM
Plus pawer down circuit
Plus wait state circuit
LR Varsion 3.0, Rnaseline 17x, 9/26/85
PART: 5C060 )
INPUTS: 119,AlS,Alz,P'lDWH,SZHIO,AN‘C,MIDC,82C8QCLK,ALI,WAITCI
OUTPUTS: RA"OCS.RAM‘KCS.RAMRKCS.RANISKCS,RPROMCS.STOPCLK.ﬂOGRROLK.BZCBQRDV
NETWORK: !
RAMOCS = CONF (RAMOCS,vVCe)
RAMARCS = CONF (RAM4KCS,VCC)
RAMBKCS = CONF (RAMBKCS,VCC)
RAMIGKCS = CONF (RAMIGKCS,VCC)
RPROMCS = CONF (EPROMCS,VCC) .
8TOPCIX,STOPCLKF = RORF (PWRDWN,R2CR4CTKR.GND,GND,VCC)
ROCRRCLK,BOCB8CLKF = COIF (B80CB8CLK,VCC) '
R2CR4RNY = RONF (R2CR4RDYN, ROCRBCLKR, R2ZCR4RNYC , GND, VCC)
PWRDWN = INP (PWRDWN) ’
R2CR4ACILKR = CLKR (A2CR4CLK)
ROCRBCLK = OR (STOPCLKF, 82C84CLK)
R2CR4CTK = TNP (R2CR4CTK)
Al9 = INP (Al19)
A13 = TINP (A13)
Al2 = INP (Al2)
S2MTO = TNP (S2MTO)
MRDC = INP (MRDC)
AMWC = TNP (AMWC)
ROCRRCLKB = CLKB (80C8BCLKF)
WATTCS = TNP (WATTCS)
ALE = INP (ALR)
ROUATTONS:
RAMOCS = /(/MRDC*YO
+ /AMWCRY0) ;
RAM4KCS = /(/MRDC*Y1
+ /AMWCXY1);
RAMBKCS = /(/MRDC#Y2
+ /AMNC2Y2);
RAM16KCS = /(/MRDC*Y3
+ /AMWC2Y3):
RPROMCS = /(/Y7

+ /Y6

+ /Y8

+ /Y4);
YO = /(/A19%/A13%/A128ENABLE);
Y1 = /(/AVY9%/A132A128RNARLR); -
Y2 = /(/A19%A13%/A123BNABLE);
Y3 = /(/A19%A13%A12%RNARTR) ;
Y7 = /(A19%A13%A125%ENABLE);
Y6 = /(AT9%A13%8/A12%RNARIR) ;

Y8 = /(A19%/A13%A12%ENABLE);

Y4 = /(A19%/A13%/A128RNARLR) ;
RNABLE = /PWRDWN#S2MIO;
R2CR4RNDYD = /R2CR4RNYC;
R2CB4RDYC = /WATTCSSALR;

RNDS

292009-7
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JR Donnatd .

Intel

January 31, 1986 LEF-3

5C060

0

5C060

Decoder for 80C88 system - 16K RAM and upper 512K EPROM
Plus power down circuit

Plus wait state circuit

TR Version 3.0, Raseline 17x. 9/26/8R5

PART:
5C060
TNPUTS: : ' : .
Al9, Al3, Al2, PWRDWN, S2MIO, AMWC, MRDC, 82CB4CLK, ALE, WAITCS
OUTPUTS:
RAMOCS, RAM4KCS, RAMBKCS, RAM16KCS, EPROMCS, STOPCLK, BOCBBCLK,
R2CR4RNY
NRTWORK:
Al9 = INP(A19)
A13 = TNP(A13)
Al2 = INP(A12)
PWRDWN = TNP(PWRDWN)
S2MIO = INP(S2MIO)
AMWC = TNP(AMWC)
MRDC = TNP(MRDC)
R2CR4CTK = TNP(R2CR4ACTK)
ALE = INP(ALE)
“WATTCS = TNP(WATTCS)
RAMOCS = CONF(RAMOCS, VCC)
RAM4KCS = CONF(RAM4KCS, veCC)
RAMBKCS = CONF(RAMBKCS, vCC)
RAMI6KCS = CONF(RAMIGRCS, VCC)
RPROMCS = CONF(EPROMCS, vCC)
.8SG000ND = CLKR(R2CR4CILKR)
STOPCLK, STOPCLKF = RORF(PWRDWN, ..SG000D, GND, GND, VCC)
ROCRACTK, ROCRRCLKF = COTF(ROCRACLK. VCC)
..SG001D = CLKB(B0CRBCLKB)
R2CAR4RNDY = RONF(R2CR4RDYND, ..SGO0ID, R2CARA4RDYC, GND, VvVCC)
RQUATIONS:
B2CB4RDYC = WAITCS®’ x ALE:
..8G00ID = ROCRACTKF:
R2CA4RDYD = (WAITCS’ * ALE)’:
ROCRRCLK = (STOPCLKF® x R2CR4CIK')':
..8G000D = B2CB4CLK:
RPROMCS = (A19 % PWRDWN'’.%x S2MTO)':
RAM16KCS = MRDC * AMWC
+ A19° % Al13 % Al2 * PWRDWN' x S2MIO;
RAMAKCS = MRDC % AMWC
+ A19° x Al3 % Al2’' x PWRDWN' % S2MIO;
RAMAKCS = MRDC x AMWC
+ A18’ % A13’ *x Al2 * PWRDWN’ % S2MIO;
RAMOCS = MRDC * AMWC
+ A18’ x Al3' % Al2’' * PWRDWN’ % 82MIO;
RNDS

292009-8
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RPT-3

Tawir Optimizing Compiler Utilization Report
2XXXX Nesign implemented succeasfully

JR Donnell
Tntel
January 31,
5C080

1986

0

5C060

Dacodar for BOCB8 system - 16K RAM and uppar 512K EPRON
Plus power down:ecirecuit I

Plus wait state circuit

LR Veraion. 3.0. Raseline 17x, 9/26/85
£C060
GND -: 1 24:- Vec
PWRNDWN -: 2 23:- M9
GND -! 3 22:- STOPCLK
GND -! 4 21:- R2CR4RDY
WATITCS -: 8 20:- 80C88CLK
ALR -! 6 19!~ RPROMCS
R2C84CLK -: 7 18:- RAM16KCS
MRDC -! R 17!~ RAMAKCS
AMWC -! 9 16!~ RAM4KCS
82MTO -:10 15!~ RAMOCS
Al2 -i11 14:- Al13
GND -:112 13:- GND
—em = - -
XXTNPUTS %%
Name Pin Resource ' MCell #  PTerms ; MCells
PWRDWN 2 INP o - 1
4
[ 5
6
7
8!
WATTCS 5 TNP 1R} 0/ R 2
ALB 6 INP 12 0/ 8 2
R2CRACTK 7 TNP 13 0/ 8 3
MRDC 8 INP 14 0/ 8 5
’ "6
7
8
AMWC 9 TNP E 15 0/ R ]
6
?
¥ 8!
82MT0 10 TNP 16 0/ R 4
P . . 8

" Feeds:

OR

“Clear

Clock

292009-9
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A2 n TNP

A3 14 TNP

A8 23 TNP
XX0UTPUTS 2%

Name Pin Resource

RAMOCS 15 CONF
RAM4KRCS 16 CONF
RAMBKCS 17 CONF

RAMIGRCS 1R CONF
RPROMCS 19 CONF
ROCRRCIK 20 COTF
A2CB4RDY. 21 . .RONFA
' svopctlj' 22 RORFA -

*RUNUSED ‘RESOURCESS®

Name Pin Resource
1 :
3

[ A |

I's
13

*3PART UTTLTZATTONSS

/s Pins
R7x MacroCells
% Pterns

MCell

PTarms

2/ 8
2/
2/
2/

1/
1/

Y

L]
8
]
1/ 8
R
8
L]

‘MCall . PTerms

DIBIAE DIIN VAP VNN

P MCells

Faads:
OR

Clenr

Clock

292009-10
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INTRODUCTION

This application note shows how to implement a
CMOS Bus Arbiter/Controller in an Intel 5C060
EPLD (Erasable Programmable Logic Device). The
note includes a brief overview of a similar circuit imple-
mented with typical PLA devices, a more detailed dis-
cussion of the 5C060 implementation, and a summary.

The bus priority resolution and arbitration scheme se-
lected for the circuit is that used by the industry-stan-
dard MULTIBUS I interface. Operation and timing for
the MULTIBUS I interface is well understood by most
engineers and is described in readily available Intel
publications. Thus, a description of the MULTIBUS I
interface is not included here. The bus arbiter/control-
ler functions shown here support both serial and paral-
lel priority resolution between bus masters. Timing is
equivalent to MULTIBUS I specifications. Electrical
specifications for both the PLA and EPLD approaches
vary from MULTIBUS I standards. Neither of the two
circuits discussed here provide the full current sink ca-
pability for all MULTIBUS 1 signals. Because the
EPLD implementation is designed for CMOS systems,
however, this requirement is not relevant for the SC060
implementation.

PLA APPROACH

The functional equivalent of a MULTIBUS I arbiter/
controller can be implemented in two 20-pin PLA-type
devices as shown in Figures 1 and 2. (Figure 1 shows
the logic for the arbiter device. Figure 2 shows the logic
for the controller and the connections to the arbiter.)
Figure 3 shows the arbiter list file as an example of

PLA-type files. Two different 20-pin PLA devices are_

required to implement the arbiter and controller func-
tions, a 16R4-type device and a 16L8-type device.

Implementation of logic devices in PLA-type devices,
such as those shown here, has proven to be quite benefi-
cial. Development time and cost is much less than for
custom silicon device designs. The two PLA-type devic-
es take up less board space than a discrete TTL imple-
mentation of the same functions. In addition, the two
raw devices can also be used for different functions in
other products, thereby reducing inventory costs. As a
result of these factors (and others), use of PLA-type
devices has grown substantially in recent years.

With the increased density and flexibility of EPLD de-
vices over typical PLA-type devices, even greater space,
inventory, and cost savings can be obtained by using
EPLDs. The following section shows an implementa-
tion of the same arbiter/controller functions in a single
24-pin 5C060 EPLD device.

5C060 IMPLEMENTATION

The equivalent functions for both the MULTIBUS I
arbiter and controller fit inside a single 5C060 EPLD
device. The 5C060 device is available in a 24-pin 0.3"
DIP package. Figures 4 and 5 show logic diagrams for
the arbiter and controller functions. When compared
with the PLA implementation, some differences in the
design are immediately apparent. These differences re-
sult from the characteristics of the EPLD macrocell or
from corrections to the circuit used in Figures 1 and 2.

The major change resulting from the EPLD macrocell
structure concerns the EPLD output buffers. Since out-
put buffers from macrocells are non-inverting (PLA-
type devices typically contain inverting buffers), signals
enter the buffers in the same logic orientation from
which they are to appear at the output. The logic for
the EPLD (shown in Figures 4 and 5) incorporates this
change.

Some errors in the PLA-type implementation have also
been corrected in the EPLD design. These changes are
as follows:

® The M/I0 input to the MRDC/ and MWTC/ gates
is inverted. M/IO distinguishes between memory
and I/0 cycles. The PLA-type implementation does
not use this signal properly; the PLA-type controller
generates read or write commands to both memory
and I/0 at the same time, which can result in con-
tention between memory and 1/0 during bus trans-
fers.

e BPROY/ is gated by BPRN/ in the EPLD design.
When using serial priority resolution, this allows the
highest priority arbiter to prevent all other masters
from controlling the bus. (In the PLA design,
BPROY is enabled/disabled only by a local request.
Higher priority arbiters cannot disable all other ar-
biters. This can result in contention between bus
masters. By gating BPRO/ with BPRN/ in the
EPLD design, this source of bus contention is pre-
vented.)

Figure 6 shows the list file for the arbiter/controller
device. Figure 7 shows the report file produced by the
iPLDS software. This file contains a pinout diagram of
the final programmed device and provides a resource
usage map for the device.

Most of the input and output signals are self-explanato-
ry to those familiar with Intel processors and the
MULTIBUS I interface. The XREQ input is the bus
transfer request signal from the address decode logic.
The BUSY/ and CBRQ/ outputs are bi-directional,
simulated open-collector outputs. These outputs use the
iPLDS 5C060 (Combinational-Output I/O-Feedback)
primitive in the list file. The BUSY/ signal serves to
illustrate this use of EPLD outputs.
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A pull-up resistor is used externally (i.e., on the back-
plane) to hold BUSY/ high when no arbiter is in con-
trol of the bus. When the arbiter is granted control of
the bus, AEN is clocked high, which enables the output
of the BUSY/ driver. Since the input to the BUSY/
driver is low during normal operation (RESET/ invert-
ed), the enabled driver pulls BUSY/ low to signal other
arbiters that the bus is in use. When the arbiter is fin-
ished using the bus, AEN goes low to disable the
BUSY/ driver (three-state output). The pull-up resistor
pulls BUSY/ high to signal other arbiters that the bus
is free for use if needed.

Note that BUSYY/ is also routed into'the bus grant logic
as input BSI. BSI prevents the arbiter from taking con-
trol of the bus (and driving BUSY/ low) when some
other arbiter already has control of the bus. Thus only
one arbiter may pull BUSY/ low at any one time.

The one difference between standard MULTIBUS I
logic levels and the EPLD implementation described
here relates to the BCLK/ signal. MULTIBUS I bus
arbitration uses the negative-going edge of BCLK/ to
synchronize events. All 5C060 flip-flops, however,
clock on the positive-going edge of BCLK/. If all bus
masters in the system use the same arbiter implementa-
tion, this poses no problem. Otherwise, an external in-
verter is required for the BCLK/ input. '

COMPARISON/SUMMARY

Both the PLA and EPLD implementations of the bus
arbiter/controller result in a lower device count than a
discrete logic circuit. Lower device count means less
p-c. board space, fewer assembly steps, and fewer device
interconnects. Both PLA and-EPLD implementations
are quicker and less expensive to develop than a custom
gate array or dedicated silicon device.

In contrast to the PLA approach, however, the EPLD
implementation requires only-a single device, while the
PLA approach requires two different devices. Thus the
EPLD approach results in twice the cost savings (in-
ventory and assembly) and half the programming activ-
ity to produce the device. Fewer device interconnects
also means greater reliability. In addition, programmed
EPLD devices can be erased and reprogrammed for a
different application if needed, a feature not available
with PLAs.

Overall, the greater flexibility, and the incremental de-
sign, manufacturing, and cost advantages of EPLD de-
vices make them ideal for many -applications where
PLA devices would otherwise be used.
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RESET
SREQ
RD L— BPRO (RE!
b q D Q Bl (REQ)
AN
WR
BeLK 292012-1
A) Request Synchronizer
RESET
AEN RESET
BPRO SREQ | D Qp— OEN
WR : . AEN ———— A
BCLK ]

BPRO '—_.Do_ BREQ
. AEN
R0 ~ . >o AEN

D af— AEN (GRANT)

— A
BPRN J—
AEN et ==
BUSY BPRO ot CBREQ
— AEN ? I )
—/
S BUSY
CBREQ =y
BOLK 292012-3
292012-2
B) Grant/Access Logic C) Bus Transfer Control

Figure 1. PLA Approach to a Bus Arbiter
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recececcccecsscscesay
' PLA ]
- V1618 H—
INTA T 4>— INTA
. L]
L] .
L] .
. .
— (] r :
M/10 * 3 ! H
4 MRDC
L] 1]
. L]
. . .
. 1]
. .
., S .
1 . : BUS CONTROL
, R
: ' MWTC LOGIC
. .
. 1]
. L]
[ 4 ]
L] L]
1] .
4 qg_go.g.mc
L .
L] L]
L} L]
) L}
. L L)
L] [}
(] |
go—lowc J
) L}
g
L
L)
L]
.
1]
-
RD OEN]
WR
SREQ 16R4 BREQ
BPRN CBREQ
BUS ARBITER
RESET BUSY
I: p———e— BPRO
BCLK
292012-4
Figure 2. Bus Controller with Arbiter Connected
PLA16R4 PLA DESIGN FILE
ARBOO1 D. BE. ENGR. 1/1/85
MULTIBUS I ARBITER
SOME SYSTEM COMPANY
BCLK /WR /RD /SREQ /RESET /BPRN NC NC NC GND
/B /CBREQ /BUSY /SYNC /BPRO /AEN /OEN /BREQ NC VCC
SYNC := /RESETXSREQ¥WR +
/RESET*SREQ*RD
BPRO := /RESET*SYNC
AEN 1= /RESET* AENX*BPRO*WR +
/RESET* AENXBPROXRD +
/RESETXBPROXBPRN%/BUSY +
/RESET* AENX¥BPRN*/CBREQ
OEN += /RESET*SREQXAEN
IF(BPROX/AEN) CBREQ = BPROX/AEN
IF(AEN) BUSY = AEN
BREQ = BPRO +
AEN
.202012-5

Figure 3. List File for PLA Arbiter
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AEN
SRE!
RESET > SYNC D Q g BREQ
)— D Q
XREQ D] A
VAN D—Q BPRO
BCLK D>
BPRN'D—-DC
292012-6
A) Request
RESET
SREQ
BPRN
BSI
>
ﬁ
) D qf—<J AN
A
AEN
cBi
BCLK 292012-7
B) Grant
RESET RESET N <] BUsY
XREQ }— D Qf— CMDEN |
AEN A AEN
BCLK J BSI ¢—
292012-8 292012-9
C) Command Enable D) Busy
—<J CBRQ
SREQ
AEN
CBl +—
292012-10
E) CBRQ

Figure 4. Logic Diagram of Bus Arbiter Functions
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INTAN > k—c NTA

M/ > ———éi&ﬁ:
Do

st Do

e D b

.. CMDEN . AEN 292012-11

Figure 5. Logic 'blagfam of Bus Controller Functions
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DANIEL E. SMITH

INTEL CORPORATION

MARCH 27, 1986

VERSION 1.1

REV. A

5C060

CMOS BUS ARBITER/CONTROLLER

PART: 5C060
INPUTS: BCLK, XREQ, RESET, BPRN, MIO, RD, WR, INTAIN
OUTPUTS: BPRO, AEN, BREQ, CBRQ, BUSY, INTA, MRDC, MWTC, IORC, IOWC

NETWORK:
BCLK = INP (BCLK) XBUS CLOCK INPUTX
INTAIN = INP (INTAIN) SINT. ACK. INPUTX
XREQ = INP (XREQ) XSYSTEM REQUEST INPUTX -
RESET = INP (RESET) XRESET INPUTX
BPRN = INP (BPRN) XBUS PRIORITY INPUTX
MIO = INP (MIO) SMEMORY/I0 INPUTX
RD = INP (RD) SREAD INPUTX
WR = INP (WR) AWRITE INPUTX
BPRO = CONF (BPROc,VCC) %BUS PRIORITY OUTPUTX
AEN,AEN = RORF (AENd,BCLK,GND,GND,VCC) XADDRESS ENABLE (GRANT)X
BREQ = CONF (BREQc,VCC) XBUS REQUESTX
CBRQ,CBI = COIF (CBRQcl,CBRQc2) X%CBRQ/ —-- SIMULATED 0.C.X%
BUSY,BSI = COIF (BUSYc, AEN) SBUSY/ -- SIMULATED 0.C.%
INTA = CONF (INTAIN,ABN) XINT. ACK. OUTPUTX
MRDC = CONF (MRDCc, AEN) XMEMORY READ COMMANDX
MWTC = CONF (MWTCc, AEN) XMEMORY WRITE COMMANDX
IORC = CONF (IORCc,AEN) XI/0 READ COMMANDX
I0WC = CONF (IOWCc, ARN) XI/0 WRITE COMMANDX
SREQ = NORF (SREQd,BCLK,GND,GND) SVALID BUS REQUESTX
SYNC = NORF (SYNCd,BCLK,GND,GND) XSYNCHRONIZED REQUESTX
CMDEN = NORF (CMDENd,BCLK,GND,GND) XCOMMAND ENABLEX

: 292012-12
BQUATIONS:

BPROc = (SREQ % /BPRN);

ABNd = RESET % SREQ ¥ /BPRN ¥ BSI +
RESET ¥ SREQ * AEN +
RESET * /BPRN % ABN x CBI;

BREQc = /(SREQ + AEN);

BUSYc = /REBSET;

CBRQcl = /(SREQ ¥ /AEN);

CBRQc2 = SREQ % /ABN;

MRDCc = /MIO + RD + CMDEN;

MWTCc = /MIO + WR + CMDEN;

IORCc = MIO + RD + CMDEN;

I0WCc = MIO + WR + CMDEN;

SREQd = RESRT % SYNC;

8YNCd = RESET * XREQ;

CMDENd = /(REBSET ¥ XREQ * AEN);

END$

292012-13

Figure 6. IPLDS Network List File
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Logic Optimizing Compiler Utiliszation Report

*53%% Design implemented successfully

DANIEL E. SMITH

INTEL CORPORATION

MARCH 27, 1986

VERSION 1.1

REV. A

6C060 ' i
CMOS BUS ARBITER/CONTROLLER

5C060
BCLK - 1 24:- Vce
NIO -! 2 23:!- XREQ
RESERVED -! 3 22!- INTA
RESERVED -: 4 21:- 10WC - . :
RESERVED -: & 20:- IORC '
AEN -! 6 19:- MWTC N
BPRO -: 7 18:- MRDC - -
INTAIN -! 8 17:- BUSY
WR -! 9 16:- CBRQ
RD -:10 15!~ BRRQ
BPRN -i11 14!- RESET - BN :
GND -:!12 13:- GND* ' - S R w3
XX INPUTS*x
T ¥ E H r..ﬁ.z w b
Name Pin Resource MCell ¢  PTerms | MCells “OR  Clear Clock
BcLx 1 NP SRS - - - - cixl
MIO 2 INP S e - 2 - - -
3
4
8
INTAIN 8 INP 14 0/ 8 1 - - -
WR 9 INP 15 0o/ 8 ‘2 = - -
4
RD 10 INP 16 0/ 8 3 - - -
]
BPRN 11 INP - - 12 - - -
13
RESET 14 INP - - g - - -
10
11
12
XRERQ 23 INP - - 9 - - - P
10
) _ 292012-14
Figure 7. IPLDS Report File
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220UTPUTS %2 .
H Feeds:
Name Pin Resource MCell ¢ PTeras ! MCells OR Clear Clock
AEN 6 RORF 12 3/ 8 7 -7 - -
8 1
9 2
12 3
4
[]
6
BPRO 7 CONF 13 1/ 8 - - - -
BREQ 18 CONF 8 1/ 8 - - - -
CBRQ 16 COIF 7 1/ 8 12 - - -
BUSY 17 coIir 6 1/ 8 12 - - -
MRDC 18 CONF 8 1/ 8 - - - -
MuTC 19 CONF 4 1/ 8 - - - -
IORC 20 CONF 3 1/ 8 - - - -
10WC 21 CONF 2 1/ 8 - - - -
INTA 22 CONF 1 1/ 8 - - - -
*5BURIRD REGISTERS*%
H Feeds:
Name Pin Resource MCell # PTerms ! MCells OE Clear Clock
3 NORP 9 1/ 8 2 - - -
: : E 3 :
4
]
4 NORF 10 1/ 8 11 - - -
8 NORF 11 1/ 8 7 7 - -
8
12
13
*3UNUSED RESOURCES**
Name Pin Resource MCell PTerms
- 13 - - -
SSPART UTILIZATIONSX
96% Pins
100% MacroCells
11% Pterms
292012-15

Figure 7. IPLDS Report File (Continued)
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INTRODUCTION

Though there are many important activities that are
considered in a design, timing analysis usually heads
the list when it comes to evaluating functionality and
performance. Timing issues are prevalent during -de-
sign, and at reviews when worst case analysis is per-
formed. By being familiar with timing specifics of
EPLD architecture, the designer can assess timing is-
sues throughout the design phase.

OBJECTIVE

This application note details the internal timing of Intel
EPLD:s. It breaks down the internal architecture into
functional timing elements to extract timing data, and
then presents a method of timing simulation. The rela-
tionship of these elements to data sheet parameters is
also shown by several examples. By applying these con-

cepts, engineers will be able to simulate their designs
and have a better understanding of EPLD timing.

EPLD STRUCTURE

Intel EPLDs consist of a programmable logic array and
a configurable I/0 block as shown in Figure 1. The
array is composed of two-level logic, incorporating a
programmable AND array and a fixed OR array. The
AND matrix is a crosshatch of the true and comple-
ments of all the pin inputs and the AND array inputs.
At each intersection there exists an EPROM cell that
determines if that input feeds the AND gate. By selec-
tively programming these EPROM cells, complex logic
functions are implemented in the familiar sum of prod-
ucts form. The output of the OR gate feeds an 1/0
architecture block that has a variety of programmable
options. Combined, the logic array and I/0 block is
called a macrocell. Each macrocell output exits via an
I/0 pin.

CLOCK

CLOCK

(%]
3
& 3t
i ARCHITECTURE
S, co 1/0
2
5]
@x L
a 5}

4,

7t

A Y \ \ Y A A ) ) \ Y A \ \ A A A
) FEEDBACK
Tt 2y 3 8 4 47 S q6 & 45 7 G4 8 43 9
NOTE O'=1/0 PIN IN WHICH LOGIC ARRAY INPUT IS FROM FEEDBACK PATH
PLA BLOCK 1/0 ARCHITECTURE
BLOCK
292027-1
Figure 1. EPLD Macrocell
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EPLDs have two specifications that influence delays
within the component, maximum propagation delay
(tPD), and minimum clock period (tP1). Propagation
delay is the time that it takes a signal to appear at the
output relative to the input. tPD is defined for combi-
natorial outputs. Minimum clock period is the smallest
allowable clock cycle that determines maximum operat-
ing frequency. Maximum operating frequency (fMAX)
is defined for registered functions.

Unlike gate arrays that deal with individual gate delays,
EPLDs have internal delays that are grouped different-
ly: With a gate array, a logic function may have differ-
ent speed paths for each product term, depending on
the number of two input NAND gates in each path. In
an EPLD, each product term is the equivalent of a mul-
ti-input AND gate. Figure 2 shows a comparison of
gate delays and array delays.

The top figure shows that SIGNAL A has two cumula-
tive speed paths in the gate array circuit. In the EPLD
inplementation, each product term has the same delay
and there is only one array delay. Intel EPLDs have
inputs that range from 18 (5C031) to 64 (5C180). Be-
cause the parts are characterized at worst case, the ar-
ray delay is the same regardless of inputs used. In the
case of product terms, the EPLD family supports from
74 to 480. Here again, the number of product terms
does not affect the array delay.

The I/0 block varies in complexity within the EPLD
family, but a typical arrangement is shown in Figure 3.
1/0 programmability is accomplished by configuring
for register types and choosing one of several outputs or
feedback paths. Timing paths and delays depend on the
way the output and feedback muxes are configured.

SIGNAL —4

. Gate Array Delays

A =5 GATE DELAYS ———————+ tpd = (GATE DELAY)x5

SIGNAL ABCDEF

b+ 2 GATE DELAYS —! tpd = (GATE DELAY)x 2

EPLD Array Delays

292027-2

—

L
L— ARRAY DELAY

292027-3

Figure 2. Logic Delays
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MORE ON ARRAY DELAYS

have an array delay of 30 ns.
2
E)

5C032

292027-4

tap = 17ns

The number of inputs and product terms used in an EPLD array doesn’t change the array delay because the
EPROM cells are always connected, whether they are programmed or not. As a result, when a device is tested
the array delay is at worst case load already. When the same design is implemented in a different EPLD, the
array delay will be different, due to the different IC geometries. For example, a simple three to eight decoder
implemented in a 5C032 will have an array delay of 17 ns. The same decoder when implemented in a 5C060 will

7 B

5C060

292027-5

tap = 30ns

Designing an EPLD circuit involves working with the
Intel iPLS[3] (Intel Programmable Logic Software) log-
ic primitives. Logic primitives are functional building
blocks that the EPLD software requires to implement a
circuit. The primitives consist of input, logic, and out-
put functions such as INP, AND, OR, CONF, RORF
etc. Because of the modular nature of the design primi-
tives, the resulting logic implementation is very modu-
larized and lends itself well to an analysis of timing
paths. The following sections detail the delays involved
with each primitive.

TIMING ELEMENTS

Each EPLD macrocell can be functionally modeled
with the seven blocks shown in Figure 4.

The macrocell timing model consists of input buffer
delay for the inputs and the clock, array delay, register

delay and output delay. The model shows the feed for--

ward path as well as the combinatorial and registered
feedback paths. The feedback paths may apply depend-
ing on the application, and whether the design is com-
binatorial or registered. The model also applies
to devices that have global and local buses.

Combinatorial designs with no feedback contain three
functional blocks for input, array, and output delays.
Four blocks are required for a design with feedback.
Register designs may be more complex but contain at
least five blocks. These are: input, array, output, regis-
ter, and clock delays. The delay for each block is de-
fined as:

1. Input Buffer Delay (tyN)—The delay associated with
the input pin and buffers. One delay value applies to
both true and complementary buffers that drive the
AND array.

2. Array Delay (top)—The time that it takes a signal
to propagate through the AND array and appear at
the output of the OR gate. This delay is character-
ized at worst case and is independent of number of
inputs or product terms.

3. Output Buffer Delay (top)—The delay associated
with the output pin and buffer of each macrocell.
Combinatorial outputs have a delay measured from
the output of the OR gate to the pin. Registered out-
puts have the delay measured from the register out-
put to the pin. The delay value is the same for either
output configuration.

4. Combinatorial Feedback Delay (tcp)—The delay
from the output of the OR gate to the input of the
AND array. The delay is measured when both the
true and complement of the signal appear at the in-
put of the array.

5. Register Delay (trp)—The delay through any flip-
flop. The delay is measured from the triggering clock
edge to the time when data is valid at the output of
the register.

6. Register Feedback Delay (trp)—The delay from the
data valid at the flip-flop output to the time it ap-
pears in true and complement form at the array in-
put.

7. Input Clock Delay (tjc)—The time that the clock is
delayed in reaching the input of the internal register.

Use of these delay paths depends on the EPLD output
configuration. Figure 5 introduces the concept of tim-
ing elements that is used throughout this application
note. Use of these elements depends on the application.
If a design is combinatorial, then the only paths to con-
sider are the input buffer, the array, the output buffer,
and the combinatorial feedback path. Conversely, if a
design is registered, the paths to consider are all of the
previously listed delays, with the addition of the regis-
ter delay, the clock delay, and the registered feedback
path.

The manner in which the delay values are used is called
simulation. Simulating a EPLD circuit means calculat-
ing the output timing of a device from internal timing
with the aid of timing data and simulation model (like
Figure 5). Before we get into simulation let’s examine
how these internal timing elements relate to the data
sheet specifications of each device.
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Figure 4. EPLD Delay Blocks
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Figure 5. EPLD Delay Paths

DATA SHEET SPECIFICATIONS

Timing specifications for EPLDs are found in the data
sheets under “A.C. Characteristics”. Data sheet values
are derived by testing a device under worst case condi-
tions. Test conditions are both static and dynamic
based on several variables like input levels, output load-
ing, frequency, and temperature. Characterizing a de-
vice involves detailed testing of specific device functions
and correlating test data to performance analysis done
during design. The results are placed in the data sheets,

1. Propagation Delay (tpp)

which provide the designer with the worst case data
that they may need for their application. :

The timing data found in EPLD data sheets is derived
from the timing elements previously described. Since an
EPLD design can be broken down into either a combi-
natorial or registered macrocell, the data sheets contain
specific information for each mode. Figures 6 through
10 correlate the timing elements to data sheet values.
Each figure shows the delay path as it applies to the
Intel design primitives and the simulation model.

Defined as the time required for an external input to travel through any combinatorial logic and appear at the
external EPLD pin. This specification applies to combinatorial logic with non-registered output. Figure 6 shows
that this specification is the sum of tyN, top, and top.

DATA SHEET _ _ MODEL
tpD tin + tap + top
INP 2 CONF
————  COMBINATORAL '&—D weur X INPUT OR 1/ 0 DATA VALID
tep
DESIGN PRIMITIVES
N | tao > top OUTPUT X COMBINATORIAL OUTPUT VALID
292027-11

D e DO

SIMULATION MODEL

teo
292027-10

Figure 6. Propagation Delay (tpp)
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. e
2. Setup Time (tsy)
The set-up time is the time required for the input to settle at the input of a register before the triggering clock edge.

Set-up time is the sum of tN, top, minus the internal clock delay. This relation is shown in Figure 7.

DATA SHEET _ _ MODEL
tsu N+ tap ~ tic.
1
t
INP e
(>
4N to cwcx[ | } I l |
8 Cy — -]
COMBINATORIAL 7, 3
Dmp LOGIC 2 S INPUT x INPUT OR 1,/0 DATA VALID
DESIGN: PRIMITIVES -—‘ Ye b ;
le te — ) INTERNAL l
! © | CLOCK , l |
> e
I‘* tw ‘D INTERNAL W DELAYED DATA
\Y4 202027-13
ARRAY 1 REG Setup Time (tsy)
SIMULATION MODEL
292027-12

Figure 7. Setup Time (tsy)

3. Clock to Output Delay (tco1)

Defined as the time required for a signal to pass through a register and appear at the EPLD external pin relative to
the external triggering edge of the clock. This delay is the sum of tjc, trp, and top as shown in Figure 8.

DATASHEET _ __ MODEL
tcot tc + trp + top
I tco1 -
L s rowr
CP
NP INPUT ; 0 o P B | I |
> e |- .
DESIGN PRIMITIVES DELAYED
f e CLOCK ] l ] 1 I
> 1 ot
\4 OUTPUT X DELAYED DATA
INPUT REG 20202715
SIMULATION MODEL _,| tgp L___QOD__I
202027-14

Figure 8. Clock to Output Delay (tco1)

2-204




lﬁte[ AP-304

4. Minimum Internal Clock Period (tp1)

Defined as the maximum frequency at which an EPLD can operate when register inputs are dependent on internal
logic only, and not affected by external inputs. Another way to think of this time is, as the fastest rate that a signal
can be routed from register to register through the array via an internal feedback path. This minimum period is
the sum of trp, trp, and taop as shown in Figure 9.

DATA SHEET _ MODEL
tp1 tho + trF + taD

*——tgp—
r

CLOCK '-_l | e———
I g I ‘[ (INTERNAL) |
: |

DESIGN PRIMITIVES

R |
RECZ x DATA SETUP AND VALID REG 1 INPUT X
3] J4 .
| | comeinaTORIAL | AR "_%_'1
LOGIC
2 X REG 1 OUTPUT x
NORF __I5 I Qm.
e tap ———] I
tn o [~ X DATA AT ARRAY INPUT
\'4 L_(
D‘D_‘ ARraY [ rec | ' AD I
- X REG2 INPUT
‘RF
A 292027-17
N
SIMULATION MODEL 292027-16

Figure 9. Minimum Internal Clock Period (tp1)

5. Registered Feedback to Combinatorial Output (tcoz)

This is the time required for an input to propagate through a register, feedback to combinatorial logic and appear
at the external pin, relative to the external clock. This time is the sum of tjc, tRD, tRF taAD, and top as shown in
Figure 10.

DATA SHEET _ . MODEL
tcoz2 tic + tho + tRF + tap + top
e tro—]
3)
1| CP
INP . SI° @
(> D>
NORF’
tRe |
2 CONF CLOCK __J |_‘ ,—' L____
COMBINATORIAL 1
I_ LOGIC |
! tap o top — x DATA SETUP AND VALID REG 1 INPUT

DESIGN PRIMITIVES fe—tic* tro* trr + tap* top

@-D————im X(DATA OUT VALID
‘-—uo——{_ —‘]‘—‘on—’] 292027-19

SIMULATION MODEL 292027-18

Figure 10. Registered Feedback to Combinatorial Output (tco2)
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When simulating EPLD designs with data from the
simulation tables, it is possible that there may be a
small discrepancy between simulation and data sheet
values. Because our simulations deal with ideal wave-
forms, rise and fall times are not taken into considera-
tion. Also, characterization and final test of these devic-
es by QA is usually guardbanded[2] by several nano-
seconds. The combination of these two items might re-
sult in a simulated parameter that is slightly off from
the data sheet. For this reason, the simulated results
should be considered “typical worst case” and not “ab-
solute”.

SIMULATION CONCEPTS AND
EXAMPLES

Simulation of EPLD logic designs provides a quick way
to evaluate a particular path within the device. While
this might not seem important when the flexibility and
the speed of EPLD development is considered, it is ad-
vantageous for making design judgements that best uti-
lize device resources. Simulation also proves useful
when working with a design that consists of several
EPLDs, or other types of logic. In a case like this, it
may be desirable to simulate a complex path that prop-
agates through several devices. To simulate a design the
engineer needs to either implement it with the iPLS
design primitives or understand how the circuit will be

i70
o IWR2
A15 —] TWR1
A4 —
A3 —]
A12 — .
- 262027-20
IWR1 = 70 * WH *A15°A14°A13°A12
IWR2 = 170 * WR

Figure 11. Decode Circuit

implemented by the software. This provides the modu-
larized layout that is needed to choose a model.

The decoder circuit shown in Figure 11 serves as a
good starting point for simulation. Decoding two con-
trol lines (I/0*, WR*) and four addresses, the circuit
might be used to select a peripheral controller residing
in that memory area (FOOOH) with output IWR1. It’s
also common to use intermediate decodes in other parts
of the system for other functions, IWR2 accomplishes
this. The gate drawing of Figure 11 shows us that the
design is combinatorial and can be modeled with the
elements introduced in Figure 5. The design, converted
to iPLS primitives is shown in Figure 12. The imple-
mentation consists of six input primitives (INP), three
logic primitives (NOR2, AND4, AND2), and two out-
put primitives (CONF). In this case, tpp is simulated
for a 5C031-50 by plugging in the numbers for the
model which requires tiN, tap, and top. The result of
51 ns is very close to the data sheet value of 50.

292027~21

tpo = tiN + tap + top
Simulated for a 5C031-50:
tpp = 10 + 31 + 10
tpp = 51 ns

Figure 12. IPLS Implementation
of Decode Circuit
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The second example is the wait state circuit shown in
Figure 13. The circuit shows one way that a synchro-
nous wait state can be generated in an EPLD. This
circuit would be used with a microprocessor that sam-
ples a WAIT signal on the falling edge of the T1 clock.
If WAIT is valid, the micro inserts an extra cycle into
the memory operation. After the wait state, the cycle
ends normally. The circuit is first converted to the Intel
design primitives for further observation. The iPLS de-
sign is shown in Figure 14. One difference from the
previous circuit is the addition of a register primitive, in
this case a NORF (No Output Registered Feedback).
In this application the critical path tco3 is evaluated to
insure that the wait signal is sampled at the appropriate
time. The modularized layout of the primitives shows
that this circuit can be simulated with the registered

model of Figure 5. The result is simulated for a
5C032-35 by adding tic, tRD, tRF> tADs and top-

Our last example is the asynchronous R-S latch shown
in Figure 15. Applications that use EPLDs without
configurable output registers may use this circuit as a
work around solution. The output primitive of Figure
16 is a COCF (Combinatorial Output Combinatorial
Feedback) being driven by two NOR2 gates. Because
combinatorial feedback to the same macrocell is being
used, care must be taken that the input pulses are long
enough to avoid output glitches. In this example, the
input pulses should be longer than top + tcF for prop-
er latching. For this example, tpp is the critical param-
eter. Simulation results in tpp equal the sum of tjN,

taD, and top.

Wait State Generator
MEMR

292027-22

Timing Signals

ak, g ] Jw| |m®
— ( —~ L
Mmtno‘_r l [

o

war | l "
. ?

292027-23

Figure 13. Walt State Circuit

linp

K

MEN D

R D——--+1_/

NOT

tap

292027-24

tco2 = 40 ns

fcoz = tic + trRp + tRF + tap + top)
Simulated for a 5C032-35:
tcop=5+7+3+17+8

Figure 14. iPLS Implementation of Wait Circuit
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tpp = tin + tap + top

Figure 15. R-S Flip-Flop

SIMULATION CHARTS

The charts of Figures 17 through 22 make up the simu-
lation database for EPLDs. Each chart contains the
combinatorial and registered models as well as the de-
lay values for each timing element. Feedback paths are
shown open because their use depends on the specific
application. To simulate a EPLD design the following
steps are required:

Figure 16. iPLS Implementation of R-S Flip-Flop

1. Convert the design to iPLS primitives.

2. Pick the appropriate model from the device simula-
tion chart.

3. Connect any necessary feedback paths.

4. Calculate the simulated timing with the element val-
ues.

Registered
L ]
Combinatorial [ tic I
4N “‘“]“*Ao f t | T3, D
| | op | ' . ) y
ARRAY I
P == D ARRAY 1 REG
cF -
o— ‘_tCF
N i o ©
202027-27 o
tRr
tn
292027-28
Element Delay (ns)- Formulas: AC Model | Sheet
tiN 10 tpp = tin + tap + top Parameter (ns) (ns)
t 31 t 51 50
tgg 8 tsu =tn + tap — tic tzg 33 30
top 10 tco1 = tic + trp + top tC01 26 28
tic 8 tcoz 61 65
tcr 4 tco2 = tic + trp + tRF tpq 43 42
tRF 4 + tap + top Typical Model Delays for 5C031-50
tp1 = tRp *+ tRF + taD

Figure 17. 5C031 Timing Elements
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Parameter (ns) (ns)
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tsy 20 25
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Typical Model Delays for 5C032-35

Figure 18. 5C032 Timing Elements
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Typical Model Delays for 5C060-55

Figure 19. 5C060 Timing Elements
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Figure 21. 5C121 Timing Elements
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Figure 22. 5C180 Timing Elements
SUMMARY REFERENCES

Timing simulation provides a way to verify a delay path 1. Intel User Defined Logic Handbook. EPLD Volume.
without resorting to external measurements or bread- ; iabili

boarding a design. Simulation of EPLDs can be done > ¢} Components Quality/Reliability Handbook.
by implementing the design with the iPLS design primi- 3. Intel Programmable Logic Software User Guide.
tives, modeling the device, and using the simulation

charts. By applying these concepts, the engineer can

simulate EPLD designs incorporated in one or more

EPLDs.
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INTRODUCTION

When comparing logic alternatives, too often the out-
come is dominated by the piece price of the compo-
nents. A side by side comparison based on component
costs only, may give the appearance that EPLDs are
cost prohibitive. However, when the overall cost of
manufacturing a system is considered, the higher inte-
gration of EPLDs proves to be a cost-effective solution.

OBJECTIVE

This application note examines the total costs associat-
ed with designing, prototyping, and manufacturing a
system. Once these costs have been examined, a com-
parison is made between EPLDs and other logic alter-
natives. By being aware of these additional costs, the
engineer can make a more accurate cost comparison as
a design is begun.

COSTS DEFINED

Costs can be difficult to pinpoint, let alone measure.
However, with a bit of examination, we can break down
costs into the following categories;

® Design costs — the cost of conceiving a product

® Prototype costs — first implementation of the prod-
uct idea

® Production costs — volume manufacturing of the
~ product

Usually, the brunt of the cost for the first two catego-
ries is dismissed as NRE (non recurring expense). The
effect of these costs on the overall project is examined
later, let’s look at the third category. Production costs,
can be further broken down into;

® Component costs'-f- the cost of the parts per board

® Inspection costs — labor costs for receiving the
parts _

® Inventory costs — the cost for storing, handling
and dispensing the parts

® PCB fabrication — the cost for labor and equipment
used in building a board

® Integration costs — the cost of harnesses, enclosures,
nuts and bolts etc.

It’s important to understand how the cost of a product
is affected not only by the cost of the ICs used, but also
by the other costs listed above. Figure 1 is a graph
which shows this relationship.

COoST §

OPTIMUM

coum,:xmr\i
1

TOTAL
SYSTEM COST

COST OF
CIRCUITS

MsSI

VLS|

CIRCUIT COMPLEXITY

292030-1

Figure 1. Optimizing Circuit Complexity
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The graph shows that as the density of the components
used in a system progresses from SSI to VLSI, the cost
for these devices increases. This isn’t surprising, denser
chips cost more to make. At the same time, by using
denser devices, system hardware cost decreases. This is
shown by the center line, which encompasses all the
costs listed above. The bathtub curve above these shows
the effect that denser ICs has on a system. That is, by
using higher integration ICs, more functions are re-
moved from the board. This in turn reduces the cost of
the system in labor and parts costs.

A cost-effective product is one that uses the most effi-
cient logic for the application. It’s important to note
that use of the least expensive component may not
translate into system cost savings.

PAL* is a registered trademark of Monolithic Memories Inc.

ARBITER CIRCUIT

Let’s explore costs in more detail with an example. The
example used here is the circuit of Figure 2, a
MULTIBUS® I arbiter/controller. The circuit is used
by bus masters arbitrating for control of the bus. Our
implementation comparison contrasts TTL, PAL*, and
EPLD solutions.

Implementation Requirements

The TTL implementation is typical of many board level
designs in the sense that it relies on inexpensive
LSTTL. Figure 2 shows that the implementation is
composed of standard logic gates and D-latches. The
component list in Table 1 shows the circuit breakdown
in more detail.[20]
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Figure 3. MULTIBUS Arbiter/Controller-PAL Implementation
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Table 1. Arbiter/Controller TTL Component List

IC | Type | DIP |lcc(mA)|Area (in2)|Cost$
U1l [LSO8 [14PIN| 8.8 0.21 0.18
U2 |LS74 [14PIN 8 0.21 0.24
U3 |LS21 [14PIN 4.4 0.21 0.22
U4 |LS10 [14PIN 3.3 0.21 0.16
U5 |LS11 [14PIN 6.6 0.21 0.22
U6 |LS02 |14 PIN 5.4 0.21 0.17
U7 |LS27 |14 PIN 6.8 0.21 0.23
uUs |LS27 |14 PIN 6.8 0.21 0.23
U9 |LS366(16 PIN 21 0.24 0.39
U10|LS126 (14 PIN 22 0.21 0.39
U11|LS04 |14 PIN 6.6 0.21 0.16

The PAL version of the circuit is shown in Figure 3.
Two PALs are used due to the requirement of regis-
tered outputs on several of the signals.[20]

The complete circuit can also be designed in one 5C060
EPLD (Figure 4).[18] Looking at the three figures
quickly points out the amount of circuit board space
required by each version. The three implementations
are compared side by side in Table 2.

5C060
W
BCLK =1 241~ Ve
MIO =] 2 23|~ XREQ
RESERVED —{ 3 22f=INTA
RESERVED = 4 21}=I10WC
RESERVED = 5 20|~ I0RC
AEN—{ 6 19|~ MWTC
BPRO =7 18 = MRDC
INTAIN—] 8 17 = BUSY
WR—]9 16 = CBRQ
RD={10 15 = BREQ
BPRN={ 11 14 }= RESET
GND—{12 13}=GND
292030-9
Figure 4. MULTIBUS Arbiter/Controller-EPLD
Implementation

Table 2. Implementation Results

for Arbiter/Controller
Item TTL PLA EPLD

IC Count 11 2 1
Pin Count 156 40 24
Interconn 36 7 0
Area 2.34 0.6 0.36
lcc (mA) 100 240 15
Pwr (MW) 500 1,200 75

® IC Count
® Pin Count
© Interconnections

— The total chip count
— The total number of IC pins

— The traces required to con-
nect logic gates together

® Area (inches-square)— The sum of the area of all ICs

® Icc (mA) — The current consumed while

active

® Py (mW)

— Total power consumption at
5 VDC.

Production Costs

Earlier, we noted that production costs consist of many
variables. Usually, these variables are lumped together
under the term “hidden cost”. Although hidden costs
are kept in mind by engineers, lack of tangible figures
usually precludes their use in detailed cost breakdowns.
For this reason, several manufacturers and consulting
firms have come up with typical costs per IC and per
pin.

For example, SOURCE III (San Jose, CA) reports in
one of their studies that the manufacturing cost of a
system translates to about 0.35 cents per IC pin. ICE
Corporation (Scottsdale, AZ) and EDN magazine con-
cur that the inserted cost of an IC is about $2 dollars.
DATAQUEST also published a cost of about $2 to $4
per IC. While the data seems to be consistent, most
engineers want to see for themselves how figures like
these might be arrived at. The next sections provide
insight into this process.

COMPONENTS

The cost of the component is the easiest value to obtain.
A quick call to a distributer or (at worst) a scan
through the back of BYTE magazine (for TTL) gives us
this cost. Table 3 shows the breakdown of component
costs for each version of our MULTIBUS I circuit.

Table 3. Average Component Costs

Package TTL PLA EPLD
DIP14 $0.25

DIP16 $0.35

DIP20 $0.55 $1.50

DIP24 $2.90 $6.00

The price of TTL has changed very little for the last
few years[24] while EPLDs are dropping in price tre-
mendously. PALs have also leveled off in pricing.
Why? Figure 5 shows the life cycle curve of IC prod-
ucts used by the semiconductor industry. From the
curve we see that TTL is in the stable range and prices
are not likely to drop much more. PALs are also ma-
turing and approaching a stable pricing range. EPLDs
however, are in a growth area and historically this is
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Figure 5. Typical Price Changes Through Semiconductor Product Life Cycle

where the heaviest pricing pressure is. This means that
while EPLDs might be expensive (per part) right now,
it’s not out of the question to expect a 30% per year
price reduction as the process is honed and perfected.
In other words, it’s also important to consider the price
of a component at the projected production date, not
just at design time.

Life cycle position is also important in understanding
the gate cost that is associated with programmable logic
devices like PALs and EPLDs. This relationship is
shown in Figure 6. The curves translate our observation
that newer devices have steeper price cuts during their
introduction phase. The PAL curve shows that the cost
per gate is leveling off due to the maturity of the device.
In contrast, the EPLD is in the growth region, and
based on the traditional price reductions, shows a cost
per gate that intersects and bypasses the PAL curve.

INCOMING INSPECTION

For most companies, incoming inspection is more than
taking the parts and putting them on the shelf. Most
have visual checking as well as some form of IC testing.
The variables here are, what amount of human inter-
vention is needed, are automatic handlers needed, are
“go/no go” tests or “binning” done automatically? The
typical scenario means that components are graded and
tested individually, and then placed into one of several
bins or kitted. Because the operators handle a large va-
riety of pinned devices (resistors, capacitors, ICs), the
cost can be distributed on a per pin basis. Many compa-
nies use a penny per pin for this cost.[16]

Inspection cost = $0.01 per pin
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Figure 6. Projected Cost Per Gate

INVENTORY

While most engineers agree that reducing parts count
on their board makes the cost of inventory less, they
usually attribute this to the reduction in component
costs alone. In reality, the overhead of carrying inven-
tory is made up of the following factors;[21

® Cost of the component

® Cost of storage

® Maintenance costs

® Data processing

® Usage

® Taxes insurance and interest
® Turnover rate

The American Production and Inventory Control Soci-
ety (APICS) reports that since 1973 the median cost of
carrying inventory has been about 25% of total produc-
tion costs. They also note that the largest contributing
factors are the cost of materials handling storage, and
data processing. For simplicity, let’s limit our inventory
cost to these items.

Inventory cost = storage + maintenance + processing

Depending on the locale of a company, the cost of stor-
age can vary greatly. However, this cost is charged on a
square foot per year basis. Lets assume a conservative
figure of $20 dollars and distribute this amoung the ICs
in our example circuit.

storage = [Total IC area (sq. ft.) X $20]/1C count

Maintenance refers to the cost of handling, counting,
marking, and auditing each IC. Each production man-
ager has their own way of keeping tabs on this. One
way is to charge on a per part basis. A review from
several production oriented journals cites $0.3 cents as
the typical handling charge for 16 pin devices.[23]

Maintenance = $0.03 per 16 pin part.

Processing[21] usually entails a parts log that tracks
each part by manufacturer, cost, second source etc.
Also, monthly shortage reports are quite common as
are quarterly orders and audits. Limiting this cost to
paper only, at one sheet of paper per week, per year, at
a cost of a penny per part type;

Processing = $0.52 per part type per year

PCB FABRICATION

The cost of manufacturing (cutting, etching, drilling) a
circuit board seems to vary around two pricing meth-
ods. Some fab houses charge on a square inch basis.
Others base their price on a gut feeling based on previ-
ous jobs. The square inch method is the most common.

Items of interest in evaluating PCB costs are, number
of ICs, number of traces and vias, and in general, the
complexity of the board. Traces that are smaller than
10 mils require extra care in etching. Depending on
complexity, and additional charge might be added to
the area cost. This charge covers material loss in case of
low etch yields. Yield is directly dependent on the num-
ber of ICs on a board. In other words, more ICs mean
more holes, tighter traces, and a greater chance of los-
ing some boards in their processing. The average going
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rate is $0.20 cents per inch for double-sided boards.
The price increases by about 40% for every two layers.
This extra charge, however is too subjective to consider
in our comparison.

PCB Fab = [$0.20 X total IC area (sq. inch)]/IC count

Traces

There is a real cost involved with traces, which doesn’t
surface until later in the production cycle or on a later
board revision. A technical paper presented at the 1984
international Test Conferencell] estimates that the cost
of a trace on a board is ten to thirty times that of one
made in silicon. The cost of traces is taken up by:

® Increased drilling (more traces = more vias =
more holes) .

® Lower PCB yield (smaller mill lines drop the board
yield) :

® Increased risk of trace to trace shorts (lower reliabil-
ity)

® More expensive artwork mods (it costs more to
move traces around on a board)

® More expensive PCB mods (cost of cuts, jumpers,
and rework)

In our circuit example, an extra trace is that which is
unnecessary in contrasting implementations. For exam-
ple, referring to Figure 2, of all the traces required to
connect/RESET in the TTL implementation, only one
will be required for the EPLD and PAL circuit (the
input); the others won’t be needed.

For our comparison, let’s take the median value of
twenty as our multiplying factor. Since a silicon trace
costs an order of magnitude less than an EPLD gate
($0.01), the resulting cost of a PCB trace is;

($0.01/10) X 20 = $0.02 cents per trace

Trace cost = [total trace count X $0.02]/IC count

ASSEMBLY

The cost of assembling a board is largely dependent on
labor charges and capital. Assembly consists of lead
forming, component insertion, and soldering. The labor
charge is hourly and varies between domestic and off-
shore assembly houses. While machines can certainly
do lead cutting, crimping, and insertion, human inter-
vention is still an expensive presence. Assembly costs
can be charged on a per board or per chip basis. The
latter is more appropriate for our comparison. The av-
erage charge (domestically) is about $0.10 per IC.

Assembly = $0.10 per 16 pin part

One important result of using high integration parts
like EPLDs is that the assembly procedures (manual or
automatic) go smoother. This is due to fewer parts be-
ing handled, and less overheating of the equipment.
Overall, the industry reports less insertion faults (parts
stuffed wrong) as denser ICs are used and as insertion
equipment matures with them.

TEST

Test strategies can vary, but the typical test flow for a
board[3] is shown in Figure 7. The process is basically
taking a board through increasing complexity levels of
testing. For example, ATE might be a bed of nails fix-
ture that catches 60 percent of the faults. Test bed is
usually a backplane with all boards known good except
for the one under test. System test is the final integra-
tion of all the boards that were tested individually.

PCB ATE ST SYSTEM
ASS'Y, BED TEST
292030-12
Figure 7. Typical Test Flow
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Figure 8. Typical Test and Repair Loop

Errors can occur at any step of the test flow; each time
this happens, a test loop is initiated. This loop is depict-
ed in Figure 8. The cost for testing a device depends on
the cost of the equipment, depreciation, the labor rate,
and other factors that are company dependent. There
are several ways to reduce test costs, but the best way is
to reduce the probability of errors occuring. There is no
question that as the number of ICs increases, so does
the probability of error.

With all things considered, the industrY reports a nomi-
nal test cost of about $0.15 per IC.[27][28

Test cost = $0.15 per 16 pin IC

REWORK

The cost of rework is best understood by considering
the cause of errors in more detail. Errors are typically
caused by poor board quality, inadequate solder pro-
cess, tolerance of insertion, and of course, bad chips.
Table 4 shows the average board fault spectrum. The
figures are a conclusion reached by EVALUATION
ENGINEERING magazinel10] as to what the industry
is currently seeing. The table shows that the majority of
board errors is due to solder shorts. These errors are
the result of traces or IC holes being too close, which is
what happens on densely populated boards.

Table 4. Average Board Fault Spectrum

Tolerance 20%
Shorts 40%
Insertion 30%
Bad Parts 10%

Of all the material costs associated with rework, the
main cost is the time spent on a repair. Considering
that it takes approximately two minutes to desolder,

insert, resolder, and clean a component pin‘[91, one can
see that more ICs on a board directly affect cost. Repair
times also increase dramatically on multi-layer boards
that might have been doubled sided if denser logic. was
used.

For our comparison, let’s assume that our test equip-
ment is 95% efficient in finding solder faults on the
first pass (no loop). This leaves 5% of the faults that go
undetected and eventually must be found and repaired.
The estimated cost per pin based on a $6.00 hourly
wage and the two minute repair time is approximately
$0.02 cents. ‘

Rework = [$0.02 X total pin_codnt]/lc count

It is important to note that the probability of errors is
based on a Poisson distribution(8] that increases expo-
nentially with the number of pins and components.
This distribution is used in wave solder processing to
correct for solder errors. Mathematically this is ex-
pressed as:

_ e~ "P(np)x

P X!

where; P = The probability that a defect will occur
n = The number of components
p = The fraction defective
x = The actual number of defects

This means that the TTL and PAL version of the arbi-
ter have a higher probability of error than the EPLD
version. However, to make our comparison easier, let’s
simplify this to more of a linear relation. For each im-
plementation, the rework cost per IC is calculated by;

Rework cost = [(total pin count) X (5%) X ($0.02 cents)]/IC count
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Figure 9. Example of a Production Line

QUALITY CONTROL

In most production operations, boards go through sev-
eral steps of quality inspection.- The bare board might
be inspected after preliminary tests and after system
tests. Although 100% inspection should theoretically
eliminate all errors, in real life this rarely happens. The
main reason for this is the complexity of the production
and rework loops as shown in Figure 9.

Quality control’s purpose is to remove defective prod-
ucts and either junk them or rework them, neither of
which is cost effective. The best approach is to design
the quality in, not fix it in. One way to design in quality
is by reducing the possibility of errors and increasing
the reliability of a product. This is one of the primary
advantages of dense logic (like EPLDs and PALs) over
TTL.

A survey conducted by CIRCUITS MANUFACTUR-
ING magazinel8] yielded the cost of $10 to $50 dollars
to inspect, find, and repair a defect on a board. They
summarized that the actual cost of inspection is about
$0.004 for each hole on a board. With this in mind, let
us assume a 100% inspection of our arbiter circuit for
each implementation. This means that each pin (and
every trace via) will have to be looked at. The calcula-
tion for this is;

QC cost = (total pin count X $0.004)/IC count

POWER SUPPLY

Price for 5V, single output, switching power supplies as
advertised by several vendors is $1.00 per watt. The
calculation for determining power supply costs in our
comparison is:

Power cost = [(5VDC X Igc (mA)) X $1.00 per watt])/IC count

Additional Costs

In addition to the more obvious costs, there are several
other items that contribute to the “hidden cost” of a
system.

PROGRAMMING LOSS

Because PALs are a one time programmable type of
device, full testing can’t be done on them without de-
stroying the user’s fuses. For this reason PALs have a
published programming loss of 2%[20]. The cost for
this is:

Programming loss = (PAL IC count X 0.02) X PAL cost
per IC
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EPLDs, because they are based on EPROM cells, can
be programmed for different patterns, fully tested be-
fore customer delivery, and then erased. The result is a
near 100% percent programming yield[22],

PROGRAMMING FEE

Programming fee is the cost of programming a device.
While many companies have in-house programmers, it
is quite common for programming to be done by the
distributor. In some cases, and at low volumes, the pro-
gramming may be done free of charge. However, at
larger volumes a programming charge is not uncom-
mon. The charge varies with volume, programmer
availability and in general, your state of affairs with the
distributor. The cost for programming EPLDs and
PALs is the same per device and averages about $0.25
cents. :

Programming fee = $0.25 cents

SAFETY STOCK

Although this particular item was not mentioned in the
inventory section, it plays a very important role in the
production world. Safety stockl21] is extra ICs ordered
to cover for unexpected events. Unexpected here might
be a large unforeseen customer order or simply a bad
batch of parts.

While industry seems to strive for the optimum JIT
(just in time) productionl141[16], which stresses mini-
mal inventory until needed, it’s not unusual for produc-
tion managers to carry a five to ten percent inventory
buffer depending on the cost of the part. In most cases,
the larger expensive parts like microprocessors, periph-
eral controllers, and other LSI devices are safety
stocked in smaller quantities.

Let’s assume that the safety stock is to be a maximum
of 10%. Five percent might be used to cover for the
unexpected occurrences, and five for WIP (work in pro-
cess) modifications. Since all parts have the same prob-
ability of unexpected events we can assign that percent-
age equally. Justifying the second 5% depends on the
IC technology itself. For instance, WIP modifications
usually require cuts and jumpers on TTL, therefore it’s
unnecessary to order the additional 5%. In process
modifications to an EPLD are done simply by repro-
gramming it, here again there is no need for the addi-
tional 5%. PALs however cannot be cut and jumpered
(internally) nor can they be reprogrammed. Also, there
is the possbility that “on the shelf” PALs will be pro-
grammed in advance, therefore a WIP mod that im-
pacts their function means that those parts must be
obsoleted (junked). In this case, an additional 5% is
justifiable.

Let us assume that the production manager reduces
safety stock by a moderate amount, let’s say 3%. In a
case like this, usually the larger more expensive parts
are curtailed first. Since EPLDs provide good coverage
for work in progress and because they are more expen-
sive by comparison, we can reduce the total safety stock
to 2% and not compromise our safety margin. Because
TTL is inexpensive it tends to suffer more of the “gun-
shot” approach in testingl7]. This means that the use-
age rate is greater because production technicians tend
to replace TTL parts with more liberty. For this reason
let’s leave the TTL safety stock as it stands. PALs
could be reduced, but faced with the fact that the pro-
gramming yield is 2% and that internal modifications
can’t be made, the production manager might decide
not to change the safety stock for PALs. These results
are shown in Table 5.

Table 5. Safety Stock -
TTL PAL EPLD
Unexpected o
Events 5% 5% 2%
WIP
MODS 0 5% 0
Total 5% 10% 2%

The safety stock calculation for each implementation is:

Safety stock = (% of stock X IC type X IC type cost)/IC count

DE-COUPLING CAPACITORS

While adding caps solves many problems due to system
noise, it also increases the cost of PCB layout, PCB fab,
and adds an additional burden on all of our other costs.
For a TTL system, a good de-coupling rule of thumb is
to use one 0.01 uf per each synchronous driven gate
and at least 0.1 puf per 20 gates regardless of synchro-
nicity. Engineers recognize the need for decoupling and
usually take it a step further by using one capacitor per
IC. Most boards reflect this practice, which, in itself is
very good. However, the addition of all these caps is
definitely measurable, in both component and systems
cost.

The average cost of a ceramic capacitor in moderate
quantities is about half a cent. For our comparison we
will follow the accepted practice and de-couple each
TTL, PAL, and EPLD device. Our capacitor cost is
then:

De-coupling cost = $0.005 X IC count
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Figure 10. Escape Costs

Other Costs To Consider

Eventually, some place toward the end of a production
line, a board becomes part of a system. At this point it
is housed in an enclosure and all the necessary cabling
is done. Even here, however, the impact of using a par-
ticular IC technology can still be felt.

DEFECT ESCAPES

One very significant item that the test community ac-
knowledges is the cost of “escapes”[4]. “Escape” is de-
fined as a fault that goes through the early stages of
board test undetected. Figure 10 shows the escape rela-
tionship. An industry rule of thumb states that the cost
to detect a fault increases by an order of magnitude at
each stage. This means that if it costs $5 to find a fault
at the board test level, that same fault might cost $50 at
the system level and $500 at the field level. An impor-
tant relationship to remember, is that the number of
faults per board increases logarithmically, as the num-
ber of components on the board increases!6l. The cost
of an “escape” is difficult to quantify, but generally, a
board with a higher component count has a greater
cost[2](8],

CABLES/WIRING HARNESS

When the number of components or the power require-
ments of a system are reduced, a reduction in cables
and wiring is usually expected. The cost savings here is
either in the elimination of cables (because more func-
tions are condensed into an IC) or the reduction of
cable gauge or length (because less power is required, in
the case of EPLDs). Also, fewer cables means fewer
cable ties, connector pins, and mounting hardware.
While this is a subjective figure, lets assume that the
distributed cost of system cables is $0.25 per IC.

Cable cost = $0.25 X IC count

ENCLOSURE

Certain applications require reduced packaging or en-
closure size. In industrial control for example, each line
might require a complete system to monitor it’s opera-
tion. In a case like this, a large bulky box full of boards
might not be appropriate. A good example of the bene-
fits that high integration logic provide enclosures, is the
third market versions of the popular PC. Many of these
companies have fully compatible versions that fit on a
single board. EPLDs and PALs are capable of provid-
ing a cost savings in this respect. However, while PALs
approach the density requirements, their large power
needs render them counterproductive to the low power
specs of small systems. TTL is just not as effective as
either PALs or EPLDs.

For our comparison let us assume the cost of enclosure
per chip is $0.75. The calculation is:

_ Enclosure cost = $0.75 X IC count

Table 6 shows the cable and enclosure costs for the
MULTIBUS I circuit. Although the results are based
on assumed values, we can see that a larger IC count
influences the burdened cost of the system. Our final
comparison will not use these figures, but they should
be considered.

Table 6. Other Production Costs for

Multibus I Circuit
TTL PLA EPLD
Wiring/harness | $2.750 | $0.500 | $0.250
Enclosure $8.250 | $1.500 | $0.750
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Arbiter Circuit Conclusion

A compilation of the cost variables for our comparison
is shown in Table 7a and 7b. Because the cost may
differ for each company, the comparison calculations

were done on a Lotus 1-2-3 worksheet that the individ-
ual engineer can modify with their specific values. The
worksheet is available, and can be downloaded from the
Intel EPLD bulletin board. Table 8 shows our calcula-
tion results for three years of production.

Inventory: Costs
Incoming insp. ($/pin) $0.010
Storage ($/sq.ft./yr) $20.000
Maintenance ($/part) $0.030
Processing ($/part type/yr) $0.520
Safety stock (%) 2%
Manufacturing: Costs
PCB fab. ($/sq.in.) $0.200
Assembly ($/part) ~ $0.100
Test ($/part) $0.150
Rework ($/pin) $0.020
QC ($/pin) $0.004
Power ($/watt) $1.000
Interconn $0.020
Program ($/part) $0.250
Caps. (each) $0.005
Integrated Circuits
Component Count: '
Package TIL  PLA EPLD ICs Types
DIP14 10 TTL 10
DIP16 1 PLA 2
DIP20 0 2 EPLD 1
DIP24 1
Circuit Requirements: Icc (max) Interconnects
TTL circuit (total mA). 100 36
PLA circuit (total mA). 240 7
EPLD circuit (total mA). 15 0

Tables 7a and b. Multibus Arbiter/Controller Cost Variables
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Table 8. MULTIBUS | Arbiter/Controller Production Costs

AVERAGE COMPONENT COST
Year 1 Year 2 Year 3
Package TTL PLA | EPLD | TTL PLA |EPLD| TTL PLA | EPLD
DIP14 $0.25 $0.20 $0.19
DIP16 $0.35 $0.30 $0.27
DIP20 $0.55 | $2.00 $0.38 | $1.70 $0.35 | $1.56
DIP24 $6.00 $4.20 $2.90
PRODUCTION COSTS
Year 1 Year 2 Year 3
Item ' .

(costs per part) TTL PLA |EPLD| TTL PLA |EPLD | TTL PLA | EPLD
Components $0.259 | $2.000 | $6.000 | $0.209 | $1.700 | $4.200 | $0.197 | $1.560 | $2.900
Incoming Insp. $0.142 | $0.200 | $0.240 | $0.142 | $0.200 | $0.240 | $0.142 | $0.200 | $0.240
Inventory

Maintenance $0.027 | $0.038 | $0.045 | $0.027 | $0.038 | $0.045 | $0.027 | $0.038 | $0.045
Storage $0.030 | $0.042 | $0.050 | $0.030 | $0.042 | $0.050 | $0.030 | $0.042 | $0.050
Processing $0.473 | $0.520 | $0.520 | $0.473 | $0.520 | $0.520 | $0.473 | $0.520 | $0.520
Printed Circuit Board
Fabrication $0.043 | $0.060 | $0.072 | $0.043 | $0.060 | $0.072 | $0.043 | $0.060 | $0.072
Trace costs $0.065 | $0.070 | $0.000 | $0.065 | $0.070 | $0.000 | $0.065 | $0.070 | $0.000
Assembly $0.089 | $0.1251$0.150 | $0.089 | $0.125 | $0.150 | $0.089 | $0.125 | $0.150
Board test $0.150 | $0.150 | $0.150 | $0.150 | $0.150 | $0.150 | $0.150 | $0.150 | $0.150
Rework $0.014 | $0.020 | $0.024 | $0.014 | $0.020 | $0.024 | $0.014 | $0.020 | $0.024
QcC $0.057 | $0.080 | $0.096 | $0.057 | $0.080 | $0.096 | $0.057 | $0.080 | $0.096
Power Supply $0.045 | $0.600 | $0.075 | $0.045 | $0.600 | $0.075 | $0.045 | $0.600 | $0.075
Total Cost/Part $1.393 | $3.904 | $7.422 | $1.343 | $3.604 | $5.622 | $1.331 | $3.464 | $4.322
Total Cost/System $15.321 | $7.808 | $7.422 | $14.771 | $7.208 | $5.622 | $14.641 | $6.928 | $4.322
Additional Costs/System
Programming loss $0.000 | $0.080 | $0.000 | $0.000 | $0.068 | $0.000 | $0.000 | $0.062 | $0.000
Safety stock $0.143 | $0.400 | $0.120 | $0.115 | $0.340 | $0.084 | $0.109 | $0.312 | $0.058
Programming fee $0.000 | $0.500 | $0.250 | $0.000 | $0.500 | $0.250 | $0.000 | $0.500 | $0.250
De-coupling caps $0.055 | $0.010 | $0.005 | $0.055 | $0.010 | $0.005 | $0.055 | $0.010 | $0.005
True mfg. cost/system | $15.518 | $8.798 | $7.797 | $14.941 | $8.126 | $5.961 | $14.804 | $7.813 | $4.635
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The comparison in component costs shows that the
EPLD costs more than either a TTL or PAL IC. As
costs are added, the figures for TTL and PALs begin to
approach the cost of an EPLD. These are shown on the
line labeled “Total cost/part”.

The “Total cost/system” line shows the actual cost
when all the ICs are considered. For the first year, the
TTL version is the more expensive implementation, and
the EPLD numbers look very favorable.

The “True mfg. cost/system” line results after addi-
tional costs are figured in. Here we see that the first
year, the EPLD version already provides a $1 savings
over the PAL version, and that the cost of the TTL
implementation is very high. Also, the inserted cost per
IC at this point is, $1.15 for TTL, $2.40 for PAL and
$1.80 for the EPLD. This is in line with the inserted
costs that we mentioned earlier.-

The production costs for two additional years shows
that the decreasing price of EPLDs (based on the curve
of Figure 5) will continue to provide costs savings as
production ramps up in quantities.

In terms of functional benefits, the EPLD implementa-
tion is the most beneficial because;

® The chip count has gone down, one EPLD has re-
placed 11 TTL ICs in one implementation, and 2
PALS in the other, reducing the cost and time of:
—board layout
—board fab
—assembly
—rework

® The reliability of the board has increased. Fewer
components translates into less probability of error.

® Modifications are easier to make. Instead of cuts
and jumpers (for TTL), or throwing away a PAL, a
change is re-programmed.

® The need for de-coupling caps is reduced. All those
individual ICs are eliminated and in some cases the
distributed capacitance of the board may be enough
de-coupling.
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