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LIFE SUPPORT POLICY

QuickLogic's products are not authorized for use as critical components in life support devices
or systems unless a specific written agreement pertaining to such intended use is executed
between the manufacturer and the President of QuickLogic.

1. LHe support devices or systems are devices or systems which (a) are intended for surgical
implant into the body or (b) support or sustain life and whose fallure to perform, when properly
used in accordance with instructions for use provided in the labeling, can be reasonably
expected to result in a significant injury to the user.

2. A critical component Is any component of a life support device or system whose fallure to
perform can be reasonably expected to cause the failure of the life support device or system,
or affect its safety or effectiveness.

pASIC, SpDE, ViaLink, and QuickLogic are trademarks of QuickLogic Corp. All other trademarks
are the property of their respective companies. Quicklogic does notassume any liability resulting
from the application or use of any product described within. No circuit patent licenses are implied.
QuickLogic Corporation reserves the right to make changes without notice to any product herein
to improve reliability, function or design.

Products discussed in this literature are covered by U.S. and foreign patents pending.



USERS AGREE THAT QUICKLOGIC DELIVERS
THE FASTEST FPGAs

“The entire industry has been waiting for an FPGA that delivers the
speed QuickLogic claims. Plenty of start-ups have claimed to be
fast, routable and predictable - and each one has disappointed me.
But not this time. We’ve installed the QL8x12 in a real system,
replacing several 7ns and 10ns PALs. The part works just as you
would expect from the data sheet.”

Jack Regula
Hardware Engineering Manager
Force Computers Inc.

“There is little doubt that this is the fastest FPGA on the market.

You don’t need to invest lots of training hours to get great

functionality and amazing speed - and you get this without having
to waste valuable design time on tedious manual intervention.”

Michael Dini

Design Consultant

San Diego

“These people designed their tools as though they had to use them

themselves....even the first time user has some fluency in navigating

around the system. After some initial performance checking, | can

see that the FPGAs will actually deliver the performance the
company claims for itself.”

George Morrow

VP Engineering

Intelligent Access Corp.

“I have found the tools to be powerful, easy to use and efficient to

design with. | have also found QuickLogic’s pASIC architecture to

readily accommodate a wide variety of designs with surprising
performance characteristics.”

Roger C. Alford

Author

Programmable Logic Designer’s Guide




“I did the entire design for four QuickLogic parts over a single
weekend. We have other EPLD and FPGA tools in-house... the
speed criteria eliminated most of the choices. QuickLogic is a
great solution for people needing high speed and low power.”

Stewart J. Dunn
VP Research and Development
Datacube Inc.

“Even without programming logic into the other FPGAs, getting on
and off the daughter cards took 45 - 50 ns. With QuickLogic, the
1/0 delay fell to 9 ns, and we could preserve all the performance of
the (previous) design.”

John Thomas
Director of Sales and Marketing
' Universal Computing

“QuickLogic offers a great way to implement very fast state
machines in an easy-to-use part.”

Brian Fenstermacher
Design Engineer
Performance Controls



THIRD-PARTIES AGREE THAT QUICKLOGIC
DELIVERS THE FASTEST FPGAs

Device Performance Evaluation
'X'mpl'r
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UART Design

Architecture Area Speed Device
Actel Act2 160 logic 90 ns 1225
QuickLogic pASIC 122 “gates” 29 ns QL8x12
Xilinx 4000 93 CLBs 6 levels 4005

This data was presented by Exemplar Logic Inc. of Berkeley, CA
for the 1992 PLD conference and shows that the QuickLogic
QL8x12 is 3x the speed of Actel’s fastest ACT2 device. Xilinx will
also be slow, but must be fully routed to generate precise results.
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NeoCAD, Inc of Boulder, CO offers a generic FPGA place and
route tool that supports QuickLogic, Actel, and Xilinx. NeoCAD
showed the results of using their tool on 4 simple logic functions;
comparator, counter, multiplexer, and state machine. The data
was presented at the 1992 ASIC and EDA sponsored IDEA
conference.



The QuickLogic QL8x12 - 1000 usable gate Very-High-Speed FPGA features 96
logic cells in an 8 by 12 matrix. It is equivalent in capacity to many so called
3000 gate EPLD and LCA™ devices.




The QuickLogic QL12x16 - 2000 usable gate Very-High-Speed FPGA delivers
“real-world” Operating Performance above 100 MHz.



Very-High-Speed FPGAs
Through Technology, Architecture, and Tools
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FIGURE 1
Comparative
Speed/Density
Chart

..FPGAs
operating two
to three times

faster
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QuickLoGIC

QuickLogic Corporation provides very-high-speed programmable ASIC
solutions for designers of high-performance systems who must get their
products to market quickly.

The company was founded by the engineers who invented the PAL device
and PALASM software. By offering the ability to create high-speed custom
logic circuits with standard off-the-shelf products, their invention revolu-
tionized the world of logic design. First-generation FPGAs extended these
benefits to higher levels of density, but at much lower speeds. QuickLogic
was formed to create a single solution combining the fast speed of PAL
devices with the high density, low power and logic flexibility of FPGAs.

MASKED
ASIC

1K 10K 100K
DENSITY

QuickLogic pASIC 1 Family FPGAs operate at two to three times the
usable system speed of first-generation devices.

To achieve these goals, QuickLogic has created a CMOS antifuse technol-
ogy, called the ViaLink™ element, which couples small size with high
speed. It results in FPGAs operating two to three times faster than other
technologies using the same process lithography. The small size also
provides a technology migration path to 50,000 gates and beyond.
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VERY-HIGH-SPEED FPGAs

...can be used in
applications with
33, 40 and 50 MHz
microprocessors

...100%
automatic
place and route

The first product line from QuickLogic, the pASIC 1™ Family of Very-
High-Speed CMOS FPGAs, delivers new levels of speed and density in an
easy-to-use product. High-density programmable devices can now be used
in data path applications with 33, 40 and 50 MHz microprocessors. And in
designs with useful internal logic functions operating at over 100 MHz.

QuickLogic engineers achieve industry-leading performance by address-
ing the design task through the three aspects of Technology, Architecture,
and Tools. In each area they combine a variety of techniques to yield the
optimum solution.

Speed Through Technology

¢ ViaLink direct metal-to-metal antifuse

* Speed-critical links less than 50 ohms

* Standard high-speed CMOS logic process

These features yield both the smallest physical programming element size
and fastest interconnect speed of all programmable technologies.

Speed Through Architecture

¢ Up to 14-input wide gates

¢ Highly tuned, dedicated register in every logic cell

¢ Regular and orthogonal interconnect wiring resources

These features provide an architecture optimized for a wide range of high-
speed control, data path and general-purpose logic integration applications.

Speed Through Tools

* Architecture-optimized place and route tools

¢ Precise timing simulation using actual wire lengths, fanout, and loading
* Rapid design iterations permit design optimization

Users achieve high speed and fast design implementation through 100%
automatic place and route tools even on functions using up to 100% of the
available logic cells.

QuickLoGIC

1-2



VERY-HIGH-SPEED FPGAs E___\

At the heart of every programmable device is an electronic switch foruser | SPEED THROUGH
configuration of specific logic functions. It may be an active device, such | TECHNOLOGY

as an EPROM cell or an SRAM bit. Or a passive fuse or antifuse element.
Two basic electrical characteristics limit the maximum useful operating
speed which can be achieved with each approach.

* The capacitance, C, of the programmable element in the OFF (OPEN)
state. This determines the capacitive loading effect of unprogrammed
elements on metal interconnect wires.

¢ Theresistance, R, of the programmable element in the ON (CLOSED)
state. This determines the series resistance of the programmed element
when interconnecting wires and logic functions.

The technology with the lowest values of R and C delivers the fastest raw
speed to the circuit designer.

Early CMOS programmable ASIC devices using EPROM and SRAM
programming elements typically have high resistance values, above 1000
ohms, plus large physical size. Dielectric antifuses improve on both these
factorsbut still cannot yield the performance demanded by today’s systems.

QuickLogic created the ViaLink antifuse to provide a low-resistance, low- | ViaLink Antifuses
capacitance programmable connection directly from one metal layer to
another. The ViaLink element is formed by depositing a very high resis-
tance layer of programmable silicon into a via between the two metal layers
of a standard high-volume CMOS gate array process.

FIGURE 2
W METAL LINK / 77 Xial.i;llé ctio
////7/‘/‘//”//}5//////4%;&& ////%////////I///;% ross section

METAL

I -

The ViaLink element provides a direct
metal-to-metal connection.

13 QuickLoGIc



VERY-HIGH-SPEED FPGAs

FIGURE 3
Photomicrograph
of an Array of
ViaLink Elements

Selected vias are addressed with a programming voltage. This creates a
direct metal-to-metal link by permanently converting the silicon to a low
resistance state. Typical resistance is less than 50 ohms.

In one micron process, the size of a ViaLink via is approximately one micron
square; or orders of magnitude smaller than active elements. This, coupled
with the high dielectric constant of the via material, ensures that unpro-
grammed ViaLink devices exhibit low capacitive loading (less than 1fF). As
the size of the programmed link is physically much smaller than the via, the
technology can potentially be scaled below 0.5 microns for future very-high-
density applications.

A ViaLink antifuse is located at the intersection of
every horizontal and vertical wire. Array density is
limited by the process lithography, not by the
programmable element size.

EPLD AND FPGA TECHNOLOGY COMPARISONS

QuICKLOGIC

Dielectric | ViaLink
Programmable Element SRAM E/EEPROM Antifuse | Antifuse
Typical ON Resistance R ~1000 ohm ~10000hm | ~500 ohm | ~50ohm
Typical OFF Capacitance C ~50 fF ~161F ~51F ~11F
Physical Size Very Large Lérge Medium Small
1-4



The ViaLink element delivers the lowest ON resistance, lowest OFF
capacitance and smallest physical size of any programmable technology.
These characteristics open up a new spectrum of high-speed, high-density
applications to programmable devices.

ViaLink elements have been subjected to accelerated stress testing in both
programmed and unprogrammed states. Test results indicate that the
ViaLink element has no measurable impact on the reliability of the under-
lying CMOS process. Product reliability levels in the system environment
compare favorably with gate arrays and other FPGAs.

A simple interconnect architecture, a performance-oriented logic cell, and
optimized I/O circuitry maximize the fundamental speed advantage of the
ViaLink technology.

Early FPGAs employ a variety of wiring types to limit the number of high-
resistance connections in a net. For example, signals can be routed through
avariety of short lines, long lines, switch boxes and other structures. These
irregular routing resources cause unpredictable delay behavior and limit
logic utilization.

The low impedance of the ViaLink antifuse allows aregular and orthogonal
architecture. The pASIC structure features a matrix of logic cells intercon-
nected by vertical and horizontal routing channels. A ViaLink element
located at every wire intersection allows direct, metal-to-metal links be-
tween signal lines.

=

/

'VERTICAL CHANNELS  HORIZONTAL CHANNELS

A matrix of speed-optimized logic cells is set in a grid of
vertical and horizontal wiring channels which can be
selectively connected with metal-to-metal links.

VERY-HIGH-SPEED FPGAs E]

ViaLink Reliability

SPEED THROUGH
ARCHITECTURE

Fast, Yet Regular
Routing

FIGURE 4
pASIC Architecture

1-5
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VERY-HIGH-SPEED FPGAs

i3

High-Speed
Logic Cell

FIGURE 5
pASIC
Logic Cell

... 16-bit loadable
counters operate
at over 100 MHz

According to users (Computer Design, 12/91, pg. 78), QuickLogic FPGAs
are the closest to masked gate arrays both in predictability and in absolute
levels of performance.

¢ Delays are “predictable no matter what the layout is.”

¢ “Wire delays are shorter than logic delays.”

¢ As net lengths increase, delays increase proportionally.

¢ Small design changes result only in small changes in speed.

All these characteristics allow rapid iteration towards the fastest possible
solution.

The pASIC logic cell is optimized for high-speed applications. Gates up to
14 inputs wide, multiplexers, decoders and sum-of-products functions can
be implemented in a single cell delay with worst case nominal tpp, of under
4 ns.Many logic functions therefore incur just half the propagation delay of
traditional, narrow fan-in, FPGA logic cell structures.

-
\
WIDE -
FAN-IN ) MULTIPLE
(14-INPUT ;%l‘ " OUTPUTS
GATES)
-/
.

The wide fan-in and multiple outputs of the pASIC logic cell permit
high-speed logic functions and efficient use of resources.

QuickLoGiC
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VERY-HIGH-SPEED FPGAS E]

Each cell includes a dedicated, highly-tuned register element. Flip-flop
togglerates are close to 200 MHz; simple Johnson counters run at 150 MHz.
16-bit loadable counters, capable of doing useful work, require one logic
cell delay and operate at over 100 MHz.

Fast sum-of-product state machines require just two cell delays. Complex
arithmetic functions using up to four levels of logic run faster than 40 MHz.

FIGURE 6

Real World
Operating Speeds
of 50 to 75 MHz

COMPLEXITY

Typical examples of speed versus logic function complexity.

These impressive on-chip specs are matched by fast /O performance. | Fast /O
Worst case nominal input pad to output pad delay through a 14-input AND
gate, or a 4-input MUX, for example, is less than 10 ns.

Fast I/O circuits allow logic functions in separate packages to operate
together at over 60 MHz. This speed is achieved while preserving low
output switching noise levels. Switching of up to 48 outputs simultaneously
has been demonstrated with less than 1 volt of ground bounce.

1-7 QuIcKLOGIC



VERY-HIGH-SPEED FPGAs
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FIGURE 7
Fast I/0 Pads

QL12x16
Nominal
I/O Delays

SPEED THROUGH
TOOLS

FIGURE 8
The pASIC
Toolkit
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Fast device operation and rapid design execution is achieved by combining
the best third-party CAE tools with device-specific place and route and
delay modeling software.

THIRD-PARTY GENERAL-PURPOSE DESIGN TOOLS

SIMULATION

X-EIM
VIEWSIM
ETC

DESIGN DATABASE

PHYSICAL
VIEWER

ATVG
PROGRAMMING

pASIC ARCHITECTURE-SPECIFIC TOOLS

| rs-23270 PROGRAMMER |

QuickLogic tools communicate with third-party software through
an object-oriented design database.

QuICKLOGIC

1-8




VERY-HIGH-SPEED FPGAs Ej

Designs are created using general-purpose schematic, language entry and | Third-Party
simulation packages on PC and Sun workstation platforms. These tools | Design Entry
interface to the QuickLogic Seamless pASIC Design Environment (SpDE
— pronounced “Speedy”) for place and route, delay modeling, and other
tasks best served by architecture specific code.

VHDL, state machine, and Boolean (ABEL, CUPL, MINC, PALASM,
etc.) language entry is available through Exemplar and other logic synthesis
packages.

A low-cost, fully integrated design solution, operating under Microsoft
‘Windows on the PC, is available as the pASIC Toolkit 3.0. This includes
ECS schematic capture from the CAD/CAM Group, and X-SIM simulation
from SAS, plus SpDE software and device programming hardware.

The regular gate array-like architecture, combined with ample wiring | Optimized
resources, enables 100% automatic placement and routing with high | Place and Route
utilization. QL8x12 users report completing designs using 100% of the 96
logic cells, even with a large number of fixed pin locations.

A physical viewer shows how the automatic tools fit logic functions into the
silicon resources.

Cross probing between applications allows for easy analysis of designs and
fastdebugging of problems. Click on a net in the schematic and itis instantly
highlighted in the physical layout. Or vice versa. Similar interactive links
exist to the simulator.

1-9 QuicKLoGIC
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VERY-HIGH-SPEED FPGAs

FIGURE 9
Windows
Screen Shot

Precise Timing

Testing and
Programming

SPDE - DATAPZK.
Hierar ator - DATAPZK.sch - Sheet 1 of 1 e View Design _Tools Prog Info

Elle Yiew F2=PushfPop Misc lools Process e 2
XSIM Help F1 T, J \ ]

el
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s0r00

R

Selled Item to Que: "H

A net selected in the schematic is instantly highlighted
in the physical viewer, and vice versa.

Asymptotic Waveform Evaluation, AWE, techniques generate precise
timing data, using actual circuit wire lengths, fanout and loading. This
enhances speed by providing accurate delay models for back annotation
into the simulator. It also identifies the most heavily loaded nets for selective
programming to less than 50 ohms.

Scan path circuitry built into the pASIC flip-flops allows automatic genera-
tion of test vectors for post programming functional testing.

Programmers attach to the PC via the RS-232 port. No special-purpose
programming cards occupy valuable expansion slots.

QuickLoGic
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VERY-HIGH-SPEED FPGAS E]

The pASIC 1 Family serves general-purpose, high-speed logic integration
tasks in arithmetic, control, data path and RISC and CISC microprocessor
support applications. Three basic devices cover a broad range of speed,
package, density, and I/O options.

The pASIC 1 family includes density and 1/O options meeting the needs of
most high-speed, high-density programmable device applications.

Device part numbers describe the organization of logic cells. For example,
the QL8x12 features 96 logic cells in an eight by twelve matrix. A fully
utilized QL8x12 accommodates 800 to 1200 gates, for an average of ten
gates per cell. QuickLogic describes this as a 1000 usable-gate FPGA. It is
equivalent in capacity to many, so called “3000 to 4000 gate” EPLD and
LCA devices.

pASIC 1 FAMILY
PRODUCTS

FIGURE 10
The pASIC 1
Product Family

Family Features

Family Features

1-11
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VERY-HIGH-SPEED FPGAs

Product Features

Future pASIC Families

As each logic cell contains a dedicated register function plus combinatorial
logic sufficient to create two latches, the QL8x12 can contain up to 288

storage elements. '

Part Loglc | Storage | Max VO |Dedicated| Package | Usable | EPLD/LCA
Number | Cells | Elements | Celis Inputs Pins Gates Gates
QLsxi2 96 288 56 8 44,68 1000 3000
QL12x16 192 576 68 8 68, 84 2000 6000
QL16x24 384 1152 104 8 100, 144 | 4000 12000

PLCC, PQFP, and other package styles are available. Multiple speed
selections on each device allow the user to trade-off performance and cost.

* Input buffer plus logic cell plus output buffer delay of under 10 ns.

¢ Multiple-chip operating frequencies over 60 MHz.

* Logic function delays, up to two levels deep, in under 4 ns.

» Useful counter speeds up to 100 MHz.

¢ Low output switching noise. Less than 1 volt of ground bounce with 48

outputs switching simultaneously.

¢ Worst case clock skew less than 1 ns.

* Input hysteresis provides high reliability in noisy operating environ-

ments.

* Low CMOS power consumption; typically 2 mA standby current.

Future pASIC products will use the small size of the ViaLink element to
offer FPGA families with densities and I/O counts comparable to today’s
masked gate arrays. ViaLink technology will also be used to extend the
flexibility and ease of use of user-configurable logic to new programmable
ASIC architectures.

QuickLogIC

1-12
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pASIC 1 FAMILY
System Application Case Studies

Universal Computing
San Diego, CA

Design Problem

FIGURE 1

The MPi860 offers up
to 320 MFLOPS of
floating point
performance in a
single 6U VME slot

X

QuickLoGIC

QuickLogic very-high-speed FPGAs are allowing users to extend the benefits

of programmable solutions to new applications which could not be served
before due to speed, density, power dissipation or time-to-market limitations
of earlier products. The following five case studies demonstrate a variety of
applications where pASIC™ 1 Family FPGAs offered significant advantages
over alternative TTL, FPGA, PAL/GAL and gate array implementations.

QuickLogic FPGAs help systems company to beat the
competition to market with 40-MHz Intel i860-based small
Jorm factor multiprocessor system

Universal Computing designs and manufactures high-performance systems
for a wide range of vertical market customers. One of Universal's designs is
a multiprocessing VME board for signal processing applications in defense,
medical imaging, seismology, image processing, molecular modeling and
3-D visualization. In addition to a motherboard supporting a VME bus and
high-speed external interface, the system provides four "supercards," each
containing a 40-MHz i860 XR microprocessor, up to 4 MB of high-speed
DRAM, and high-speed interprocessor communications logic.

1-13



[Nl PASIC 1 FAMILY SYSTEM APPLICATION CASE STUDIES

...to meet VME power
specifications, PALs
or EPLDs were out

of the question.

Design Solution

Design Process

According to sales and marketing director John Thomas, several other
companies offered similar products in the large 9-U VME form factor.
However, the 9-U standard is considered by some potential customers to be
unwieldy. The large form factor can create vibration problems, has loose
power standards, and often suffers from inadequate cooling. While the 9-U
product is a low-volume opportunity by nature, more compact 6-U products
are far more popular and available. Thomas wanted Universal to become the
first company on the market to offer such a powerful multiprocessing system
in the 6-U form factor.

The major challenge for Universal was redesigning each of the four supercards
to create four highly compact daughtercards. In addition, while 9-U systems
may use as much as 175W, Universal's 6-U system would need to draw less
than 45W to meet VME power specifications. As a result, high-speed PALs
or EPLDs were out of the question. A masked gate array could have been
used, but the time needed to design and manufacture the part would shorten
the period during which Universal would be the sole supplier of 6-U boards.

Universal recognized FPGAs as the solution. The company had used FPGAs
from other vendors in several previous designs and considered them for the
new design, along with the new pASIC FPGAs from QuickLogic. According
to Thomas, "Even without programming logic into the other FPGAs, getting
on and off the daughtercards took 45-50 ns. The only way to make the design
work would be to drop the performance of the system from 40 MHz to as low
as 25 MHz. With QuickLogic, the I/O delay fell to 9 ns, and we could preserve
all of the high performance of the 9-U design."

Universal used two QL8x12 FPGAs to provide the high-speed memory and
bus interface logic required by each of the 40-MHz i860 XR microprocessors.
Using the pASIC Toolkit development system, Universal's designers were
able to create their logic quickly using high-level schematics. The design
tools automatically routed the schematics into optimized gate-level designs
that made efficient use of the FPGA logic cells and preserved the high
performance needed. By cross probing between the schematic entry, timing
simulator and physical viewer, the designers were able to easily debug and
optimize the design to support the full potential of the i860 processors and the
high-speed memories.

QuICKLOGIC

1-14



PASIC 1 FAMILY SYSTEM APPLICATION CASE STUDIES Ej

QuickLogic FPGA replaces Xilinx device on 88000-based
VME board to boostsystem speed from 20 MHz to 33 MHz

Force Computers manufactures high-performance VME boards for its OEM
customers worldwide. Engineering manager Jack Regula was responsible for
the design of a VME board based on a 33 MHz version of the Motorola 88000
RISC microprocessor. Regula had chosen to implement the design with the
help of programmable logic, selecting an LCA device from Xilinx. When the
system design was complete, Regula realized that the system would not
function properly beyond 20 MHz. A critical path in the design was a DRAM
controller for the 88000 CPU, and although specified to run at high speeds,
the SRAM-based FPGA proved too slow in the system. Regula sought a
replacement solution that could provide the same pin functionality along with
a 65 percent increase in speed.

Regulaknew thatQuickLogic's new pASIC FPGAs were designed to support
high-speed RISC and CISC processors, but by this time, he was skeptical
about vendor performance claims. "Each one of the FPGAs I've used has
disappointed me," he stated. At the time, however, Force was a beta site for
QuickLogic's pASIC Toolkit FPGA development system. Because the 68-
pin QL8x12 provided virtually identical pin functionality, Regula decided to
find out whether QuickLogic could be used to boost the board's speed to 33
MHz with a minimal redesign effort.

Within days, Regula was able to reenter all of the design schematics into the
easy-to-use QuickLogic environment. He programmed the QL8x12 to be
virtually pin-compatible with the LCA device and easily achieved his 33
MHz speed objective. Regula decided that getting high performance froma
Xilinx device requires more than just a synchronous design. "You have to
tweak the design to fit the layout and to fit the board. How far apart the CLBs
(configurable logic blocks) are affects the propagation delays between them.
You don't know what the delay is 'til you route them,"i"!

Regula found that QuickLogic delays are always larger than interconnect
delays. "They're predictable, no matter what the layout is, very much like a
masked gate array." According to Regula, "The entire industry has been
waiting for an FPGA that delivers the speed needed to support high-
performance designs. Plenty of start-ups have claimed to be fast, routable and
predictable, but QuickLogic FPGAs are the first to actually work as you
would expect from the data sheet."

U1 Source: Computer Design, December 1991

Force Computers
Campbell, CA

Design Problem

Design Solution

Design Process

"QuickLogic FPGAs
are the first to work
as you would expect
from the data sheet."

1-15
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Datacube, Inc.
Dearborn, MA

Design Problem

Design Solution

"We have the Xilinx
and Actel tools
in-house, but | didn't
believe | could
make either go fast
enough."

Design Process

QuickLogic FPGAs allow developer of powerful real-
time video processing systems to complete custom logic
design in one weekend

Datacube, Inc. develops extremely powerful computers designed to manipu-
late complex video data in real time. One Datacube product called the
Max Video 20 provides 3,500 MIPS for compute-intensive video processing
applications such as real-time correction of the geometric image distortion
caused by a wide-angle lens. Datacube is a sophisticated user of all kinds of
programmable logic, using 80 FPGAs and EPLDs in the MaxVideo 20
product to help integrate the functionality of 14 standard image processing
boards onto one double-VME board.

R&D vice president J. Dunn was responsible for developing a new system for
real-time pipeline processing of video data. A custom logic design was
needed for data formatting and routing, and a critical path existed where 12
memory modules output 96 video data signals at40 MHz. Here, custom logic
was needed to format the data as 192 signals at 20 MHz and then route the
data to other system components according to various board and operating
mode specifications.

A masked gate array would solve Dunn's custom logic requirements, but
time-to-market was a consideration, and the one masked gate array used on
the MaxVideo 20 product proved to be the longest-lead component in the
system. Dunn decided instead to evaluate all of the programmable logic
alternativesin packages ranging from 28 pins to 160 pins, looking for the right
high-speed partition for his 24-bit data path. Fast PALs or EPLDs might meet
the 40 MHz data rates, but according to Dunn, "EPLDs use substantial power
in the process — from 150 mA on up." FPGAs posed the ideal solution, but
inDunn's experience, "The speed criteria eliminated most of the choices. We
have the Xilinx tools and the Actel tools in-house, but I didn't believe that I
could make either of the architectures go fast enough." Dunn instead chose
the 1,000-usable-gate QL8x12 from QuickLogic because the device easily
met the 40 MHz data rate and low power requirements. "The 68-pin package
was just right," Dunn added.

Dunn designed his logic on the pASIC Toolkit, which is designed to be easy
to learn and use, even for first-time customers. According to Dunn, "I did the
entire logic design for four QuickLogic parts over a single weekend." Added
Dunn, "QuickLogic is a great solution for people needing high speed and low
power. I hear other vendors trying to build excitement for their next-
generation products. QuickLogic is already there with devices thatI can use
today."

QuICKLOGIC
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QuickLogic FPGAs boost speed of servo control system to
40 MHz while integrating 25 TTL devices into a single
component

Performance Controls is a manufacturer of high-performance motion control
systems. Digital design engineer Brian Fenstermacher was assigned to create
ahigher-speed implementation of an existing servo control system. The prior
systemlogic implementation used about 25 TTL logic components, including
LS-TTL, AS-TTL and F-TTL parts. Board space was an issue in the previous
design and would be a problem in the redesign as well. More importantly,
Fenstermacher predicted that the speed requirements of the redesign ex-
ceeded the capabilities of discrete logic parts. A new approach wasinevitable.

Fenstermacher decided to try to integrate the functionality of the TTL devices
into a single, high-speed FPGA. He considered all of the available FPGA
solutions, looking for the one that could best meet the high-speed logic
requirements of the new product specification. Fenstermacher decided to use
the first member of QuickLogic's pASIC 1 family of FPGAs, the 1,000-
usable-gate QL8x12.

According to Fenstermacher, QuickLogic's Microsoft Windows-based pASIC
Toolkit was easy to learn and more intuitive than competing FPGA develop-
ment systems. He mastered the design tools in days, using schematic capture
for design entry. Fenstermacher took advantage of cross probing between the
schematic capture, simulation and physical viewer tools to quickly optimize
and debug the design. The simulator provided precise results, and the
programmed QL8x12 performed exactly as predicted. Within two weeks of
receiving the QuickLogic tools, the pASIC FPGAs were programmed and
ready for systeminstallation. Fenstermacher was successful at integrating the
functionality of two dozen MSI and LSI parts into the QL8x12 while
comfortably meeting the 40 MHz speed requirements of the redesign.

According to Fenstermacher,"QuickLogic offers a great way to implement
very fast, complex state machines in an easy-to-use part."

Performance Controls
Horsham, PA

Design Problem

Design Solution

Design Process

...the programmed
QL8x12 performed
exactly as predicted.
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VLSI Technology
San Jose, CA

Design Problem

Design Solution

Design Process

...the parts worked
well on the board
at the 50 MHz
clock frequency.

QuickLogic FPGAs enable 50-MHz memory controller
Jor RISC processor evaluation board

VLSI Technology is a manufacturer of CMOS ASICs and ASSPs as well as
the ARM family of RISC processors. When a new family of ARM6 proces-
sors was introduced last autumn, design engineer Art Sobel became respon-
sible for designing an evaluation board that would allow engineers to adapt
hardware and software to the new processors. Two functions were needed to
complete a minimal system design. One function was a memory controller
capable of driving DRAM, EPROM and I/O functions, and 50-MHz operat-
ing frequency was mandatory. The second function was a simple interrupt
controller.

The logic requirements of each element could be met with high-speed PALS,
but with much greater part count and some loss of flexibility. Moreover, a
masked gate array solution was not appropriate because of the long lead time,
and the possibility of design changes on the product.

In response to these requirements, Sobel decided to use the QuickLogic
QL38x12 for both logic functions. For memory control, the QL8x12 had the
capability of operating with the 50-MHz clock needed to craft the DRAM
waveforms while providing a high enough drive capability to drive the
DRAM address pins and the ARM600 clock pins. The QL8x12 was also very
well suited to the design requirements of the interrupt controller. In addition,
the solution greatly reduced the number of parts that Sobel needed to procure.
Both designs used all 56 I/O pins and several of the input-only pins on the
QL8x12 and utilized about 60 percent of the available logic cells. In both
designs, all of the I/O pins were preassigned to simplify the PC board design.

Sobel designed his logic using schematic capture, taking advantage of
QuickLogic's macro library of more than 200 commonly used logic elements.
The simulator was used to provide functional verification of the design even
before the first pASIC device was programmed. Timing analysis ensured that
the QL8x 12 devices would meetthe speed requirements of the RISC processor's
memory interface, and both parts worked well on the board at the 50 MHz
clock frequency. The memory controller function FPGA was revised once to
correct for an unexpected logic signal and was fully functional once a second
part was programmed. The interrupt controller FPGA was fully functional on
the first attempt. According to Sobel, "Igot completely over the learning curve
in just a couple of weeks. After designing only two chips, I would feel
comfortable taking on any design challenge with QuickLogic."

QUICKLOGIC
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pASIC 1 FAMILY
ViaLink Technology
Very-High-Speed CMOS FPGAs

e

FAMILY
HIGHLIGHTS

...migration path
to 20,000 gates

FIGURE 1
pASIC 1
Family

L
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Very High Speed — ViaLink™ metal-to-metal, programmable-via
antifuse technology ensures useful internal logic function speeds over
100 MHz, and logic cell delays of under 4 ns.

High Usable Density — Up to 4,000 “gate array” gates, equivalent to
12,000 EPLD or LCA Gates. Technology migration path to 20,000
gates and above.

Low Power — Stand-by current typically 2 mA. A 16-bit counter
operating at 100 MHz consumes 50 mA.

Flexible FPGA Architecture — The pASIC™ logic cell supports
efficient, high-speed arithmetic, counter, data path, state machine and
random logic applications with up to 14-input wide gates.

Low-Cost, Easy-to-Use Design Tools — Designs entered and simu-
lated using third-party CAEtools. Fast, fully automatic place and route
on PC and workstation platforms.
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FAMILY
SUMMARY

The pASIC 1 Family of very-high-speed CMOS user-programmable ASIC
(pASIC) devices is based on the first FPGA technology to combine high
speed, high density and low power in a single architecture.

AllpASIC 1 Family devices are based on an array of highly flexible logic cells
which have been optimized for efficient implementation of high-speed
arithmetic, counter, datapath, state machine, randomand glue logic functions.
Logic cells are configured and interconnected by rows and columns of routing
metal and ViaLink metal-to-metal programmable-via interconnect elements.

ViaLink technology provides a nonvolatile, permanently programmed cus-
tom logic function capable of operating at counter speeds of over 100 MHz.
Internal logic cell nominal worst case delays are under 4 ns and total input to
output combinatorial logic delays are under 10 ns. This permits high-density
programmable devices to be used with today’s fastest CISC and RISC
microprocessors, while consuming a fraction of the power and board area of
PAL, GAL and discrete logic solutions.

PASIC 1 Family devices range in density from 1000 “gate array” gates (3,000
EPLD/LCA gates) in a 44-pin package, to 4,000 (12,000) gates in high-pin-
count packages. All devices share a common architecture and CAE design
software to allow easy transfer of designs from one product to another. The
small size of the ViaLink programming element ensures a technology
migration path to devices of 20,000 gates and above.

Designs are entered into the pASIC Family devices on PC or workstation
platforms using third-party, general-purpose design-entry and simulation
CAE packages, together with QuickLogic device-specific place androute and
programming software, called SpDE tools. Sufficient on-chip routing chan-
nels are provided to allow fully automatic place and route of designs using up
to 100% of the available logic cells.

All the necessary hardware and software, required to complete adesign, from
entering aschematic to programming adevice are included in pASIC Toolkits
available from QuickLogic. The pASIC Toolkit 3.0, includes the CAD/CAM
ECS™ Engineering Capture Systemtogether with a waveform-driven version
of the X-SIM™ simulator from Silicon Automation Systems. All applications
run on the PC under the Microsoft Windows 3.0 graphical user interface to
ensure a highly productive and easy-to-use design environment. An open
interface (QDIF) allows many other third-party tools (Exemplar, Viewlogic,
etc.) to be used with QuickLogic software on both PC and workstation
platforms.

QuICKLOGIC
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Programmable devices implement customer-defined logic functions by inter-
connecting user-configurable logic cells through a variety of semiconductor
switching elements. The maximum speed of operation is determined by the
effective impedance of the switch in both programmed, ON, and unpro-
grammed, OFF, states.

In pASIC devices the switch is called a ViaLink element. The ViaLink
element is an antifuse formed in a via between the two layers of metal of a
standard CMOS gate array process. The direct metal-to-metal link created as
aresult of programming achieves a connection with resistance values below
50 ohms. This is less than S percent of the resistance of an EPROM or SRAM
switch and 10 percent of that of a dielectric antifuse. The capacitance of an
unprogrammed ViaLink site is also lower than these alternative approaches.
The resulting low RC time constant provides speeds two to three times faster
than older generation technologies.

o vl S

METAL

_

Figure 2a shows an unprogrammed ViaLink site. In a custom metal masked
ASIC, such as a gate array, the top and bottom layers of metal make direct
contact through the via. In a ViaLink programmable ASIC device the two
layers of metal are initially separated by an insulating silicon layer with
resistance in excess of 1 gigaohm.

O ‘|

METAL

—

A programming pulse of 10 to 11 volts applied across the via forms a
bidirectional conductive link connecting the top and bottom metal layers,
Figure 2b. The tight distribution of link resistance is shown in Figure 3.

VIALINK

PROGRAMMING
ELEMENT

FIGURE 2a
Unprogrammed
ViaLink Element

FIGURE 2b
Programmed Vialink
Element
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FIGURE 3

Distribution of
Programmed Link
Resistance

STANDARD
CMOS PROCESS

FIGURE 4
An Array of ViaLink
Elements
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QuickLogic pASIC devices are the first FPGA devices to be fabricated on a
conventional high-volume CMOS gate array process. The base technology is
a 1 micron, n-well CMOS technology with a single polysilicon layer and two
layers of metal interconnect. The only deviation from the standard process
flow occurs when the ViaLink module is inserted between the metal deposi-
tion steps.

Asthesize of a ViaLink viais identical to that of a standard metal interconnect
via, programmable elements can be packed very densely. The microphoto-
graph of Figure 4 shows an array of ViaLink elements. The density is limited
only by the minimum dimensions of the metal-line to metal-line pitch.
Migration of the gate array process to submicron dimensions will allow the
development of pASIC devices with tens of thousands of usable gates.

QuickLoGIC

24



pASIC 1 FAMILY

The pASIC device architecture consists of an array of user-configurable logic
building blocks, called logic cells, setin a grid of metal wiring channels similar
to those of a gate array. Figure 5 shows a section of apASIC device containing
internal logic cells, input/output cells and dual-layer vertical and horizontal
metal routing channels. Through ViaLink elements located at the wire
intersections, the outputof any cell may be programmed to connect to the input
of any other cell.

This regular and orthogonal interconnect, makes the pASIC architecture
similar in structure and performance to a metal masked gate array. It also
makes systemoperating speed far less sensitive to partitioning and placement
decisions, as minor revisions to a logic design result only in small changes in
performance.

Adequate wiring resources permit 100% automatic placement and routing of
designs using up to 100% of the logic cells. This has been demonstrated on
designs that include a high percentage of fixed pin placements.

B2

pASIC FAMILY
ARCHITECTURE

FIGURE 5
A Matrix of Logic
Cells and Wiring
Channels
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B X

ORGANIZATION

The pASIC 1 Family of very-high-speed FPGAs contains devices covering
a wide spectrum of I/O and density requirements. Three members ranging
from 1,000 gates in a44-lead package to 4000 gates in a 144-lead package are
shown in Figure 6.

Device part numbers are derived from the organization of internal logic cells.
For example, in Figure 6, the QL8x12 contains 96 logic cells in an 8-by-12
matrix. The single lines between logic cells represent channels containing up
to twenty-two wires. Each of the internal logic cells has the logic capacity of
up to 30 “gate array gates.” As a typical application will use 10 to 12 gates
from each logic cell, the QL8x12 is described as a 1000-usable-gate device.
Based on the “available gate” gate counting approach of some programmable
logic vendors, it would be called a 3000-gate part. The QL8x12 is available
ina 68-lead package with 56 bidirectional I/0 pins and 8 dedicated input/high
drive clock pins and a 44-lead package with 32 I/O pins.

The key features of these three pASIC devices are as follows:
Device Logic Maxl/O Dedicated Package Usable EPLD/LCA

Cells Cells Inputs Pins Pins Gates Gates
QL8x12 96 56 8 44,68 1000 3000
QL12x16 192 68 8 68,84 2000 6000
QL16x24 384 104 8 100,144 4000 12000

See individual product data sheets for specific information on each device.

QuickLoGiC
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B

PASIC INTERNAL
LOGIC CELL

FIGURE 7
pASIC Internal
Logic Cell

The pASIC internallogic cell, shown in Figure 7, is a general-purpose building
block that can implement most TTL and gate array macro library functions. It
has been optimized to maintain the inherent speed advantage of the ViaLink
technology while ensuring maximum logic flexibility.

The logic cell consists of two 6-input AND gates, four 2-input AND gates, three 2-
to-1 multiplexers and a D flip-flop. In addition to the dedicated flip-flop, logic gates
in each cell can be configured to provide two latches. As noted above, each cell
represents approximately 30 gate-equivalents of logic capability. Multiple outputs
from the logic cell allow the automatic place and route software to pack unrelated
logic functions into a single cell to maximize silicon utilzation.

The pASIC logic cell is unique among FPGA architectures in that it offers up
to 14-input-wide gating functions. This allows many logic functions to be
accomplished in a single cell delay that require two or more delays with other
architectures. It can implement all possible Boolean transfer functions of up to
three variables as well as many functions of up to 14 variables.

Glitch-free switching of the multiplexer is ensured as the internal capacitance
of the circuit maintains enough charge to hold theoutput ina steady state during
input transitions. The multiplexer output feeds the D-type flip-flop which can
also be configured to provide J-K, S-R, or T-type functions as well as count with
carry-in. Two independent SET and RESET inputs can be used to asynchro-
nously control the output condition. The combination of wide gating capability
and a built-in sequential function makes the pASIC logic cell particularly well
suited to the design of high-speed state machines, shift registers, encoders,
decoders, arbitration and arithmetic logic, as well as a wide variety of counters.

QuickLoGiC
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The function of a logic cell is determined by the logic levels applied to the
inputs of the AND gates. ViaLink sites located on signal wires tied to the gate
inputs perform the dual role of configuring the logic function of a cell and
establishing connections between cells.

The pASIC macro library contains more than 200 of the most frequently used
logic functions optimized to fit the logic cell architecture. A detailed under-
standing of thelogic cellis therefore not necessary to successfully design with
PASIC devices. CAE tools will automatically translate a conventional logic
schematic into a device and provide excellent performance and utilization.

Many useful hints on how to achieve optimum results are provided in The
PASIC Users Guide supplied with the pASIC Toolkit. Application Notes
QAN 1 and QAN 2 provide more details for users who wish to add special-
purpose counter or register macros to the library.

Three types of input and output structures are provided on pASIC devices to
configure buffering functions at the external pads. They are the Bidirectional
Input/Output (I/O) cell, the Dedicated Input (I) cell and the Clock Input cell
(I/CLK).

The bidirectional I/O cell, shown in Figure 8, consists of a 2-input OR gate
connected to a pin buffer driver. The buffer outputis controlled by a three-state
enable line to allow the pad to also act as an input. The output may be
configured as active HIGH, active LOW, or as an open drain inverting buffer.

INPUT AND
OUTPUT CELLS

FIGURE 8
Bidirectional
/0 Cell
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—
FIGURE 9

Scope photo of
worst case
output switching
noise

FIGURE10a
Dedicated Input
High-Drive Cell

FIGURE10b
Clock Input Cell

The output buffers (IOL/IOH of 8 mA) are designed to ensure quiet switching
characteristics while maintaining high speed. Measured results show up to 48
outputs switching simultaneously into a 10 pF load with less than +1 volt of
output switching noise.

The Dedicated Input I cell, Figure 10a, conveys true and complement signals
from the input pads into the array of logic cells. As these pads have nearly
twice the current drive capability of the I/O pads, they are useful for
distributing high fanout signals across the device. The Clock Input I/CLK cell
(Figure 10b) drives a low-skew, fanout-independant clock tree that can
connect to the clock, set, or reset inputs of the flip-flop. The QL12x16 device,
for example, has 68 I/O cells, 6 I cells, and 2 I/CLK cells.

IN ic
P Z
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Multiple logic cells can be programmed to form a complex logic functionby | PASIC
interconnection through the routing channels. To describe the organizationof | INTERCONNECT
these routing channels, a hypothetical 14-pin function consisting of two logic | STRUCTURE
cells is shown in Figure 11. This device contains the same architectural

features as the members of the pASIC 1 family.

FIGURE 11 pASIC Device Features
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Active logic functions are performed by the internal logic cells, the I/O cells
(pins 2, 3,7, 9, 10 and 14) the I cells (pins 4, 6), and the I/CLK cells (pins 11
and 13). These cells are connected with vertical and horizontal wiring channels.
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DESIGN ENTRY

Three types of signal wires are employed; Segmented Wires, Express Wires,
and Clock Wires. Segmented wires are predominantly used for local connec-
tions and have a ViaLink element, known as a Cross Link (denoted by the open
box symbol) at every crossover point. They may also be connected to the
segmented wires of cells above and below through ViaLink elements, called
Pass Links (denoted by the X symbol). Express lines are similar to segmented
wires except that they are notdivided by pass links. Dedicated Clock wires are
lightly loaded with only three links per cell to distribute high-speed clock edges
to the flip-flop CLK, SET and RESET pins. Express wires may also be used
to deliver clock signals into the multiplexer region of the cell for combinatorial
gating. The automatic place and route software allocates signals to the
appropriate wires to ensure the optimum speed/density combination.

Vertical VCC and GND wires are located close to the logic cell AND-gate
inputs to allow any input that is not driven by the output of another cell to be
automatically tied to either VCC or GND. All the vertical wires (segmented,
express, clock and power) considered as a group are called vertical channels.
These channels span the full height of the device and run to the left of each
column of logic cells.

Horizontal wiring channels, called rows, provide connections, via cross links,
to other columns of logic cells and to the periphery of the chip. Appropriate
programming of ViaLink elements allows electrical connection to be made
fromany logic cell outputto the inputof any otherlogic or I/O cell. Ample wires
are provided in the channels to permit automatic place and route of many
designs using up to 100 percent of the device logic cells. Designs can be
completed automatically even with a high percentage of fixed user placement
of internal cells and pin locations.

This information is presented to provide the user with insight into how alogic
function is implemented in pASIC devices. However it is not necessary to
develop a detailed understanding of the architecture in order to achieve
efficient designs. Allrouting tasks are fully automatic. No manual wire routing
is necessary, nor is it permitted by the software. Fully automatic placement of
logic fuctions is also offered. But if necessary to achieve a specific pin
configuration or register alignment, for example, manual placement is supported.

Designs are entered into pASIC devices using third-party schematic capture
packages, Boolean equation (ABEL, PALASM, etc.), and high-level language
descriptions (such as VHDL)

The basic macro library for use with schematic entry tools utilizes logic cells,
I/O cells, high-drive I and clock input I/CLK cells to implement a broad
selection of building blocks including gates, multiplexers, latches and flip-
flops. Complex macros spanning multiple logic cells provide counters, multi-
pliers and other arithmetic functions.

QuickLoaiC
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The flexibility of the pASIC logic cell will permit the generation of thousands
of possible macro functions. For example, over 10,000 single-output gate
configurations can be conceived. To keep the library to a manageable size, all
configurations of up to 6-input gates are included together with all configu-
rations of 14-input gates. The user can create any other desired function and
store it for future use in a custom macro library.

Macro cells available in the library include the following groups :

AND Gates

NOR Gates

NAND Gates

OR Gates

Multiplexers

Other Combinatorial Macros
Flip Flops

Latches

1/O Pads

Adders and Multipliers
Registers

Counters

Shift Registers
7400-Series TTL Macros
Master Cells

® & o ¢ o © o o o o o & o o o

See the pASIC Macro Library Data Sheet for more details.

Macro libraries for popular schematic packages, including CAD/CAM ECS
and VIEWlogic Viewdraw, are included in a series of pASIC Toolkits
developed for designing, simulating, programming and testing of QuickLogic
PASIC devices. The following applications are available:

Schematic capture

Logic Synthesis for Equation and VHDL entry
Simulation

Static Path Timing analysis

Automatic Placement and Routing (APR)
Physical View of the results of APR
Post-layout delay modeling and back-annotation
Device programming

Automatic test vector generation

Device testing

Communication between third-patty tools and the pASIC-specific software, called
the Seamless pASIC Design Environment (SpDE)— pronounced Speedy, is
provided viaan open QuickLogic Data Interface Format (QDIF). This allows tight
integration with the object-oriented design database within SpDE. Figure 12 shows
a typical configuration of a pASIC development system.

e e o & o o o o o o

MACRO
LIBRARY

pASIC TOOLKIT
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FIGURE 12

pASIC Toolkit 3.0
Block Diagram

THIRD-PARTY GENERAL-PURPOSE DESIGN TOOLS

LANGUAGE
ENTRY

ABEL
PALASM
VHDL

SCHEMATIC
ENTRY

ECS
VIEWLOGIC
ETC

SIMULATION

X-SIM
VIEWSIM
ETC

ETC

DESIGN DATABASE

PHYSICAL
VIEWER

TIMING
ANALYSIS

ATVG
PROGRAMMING

PASIC ARCHITECTURE-SPECIFIC TOOLS

| rs-232T10 PROGRAMMER |

Unique features of the SpDE tools include:

» An object-oriented design database for efficient interaction with third-
party tools.

» Delay modeling based on Asymptotic Waveform Evaluation (AWE) RC
timing analysis techniques for precise simulation results.

* Aninteractive physical viewer for visual inspection of the results of the
place and route operation.

+ The ability to cross probe between applications for efficient debugging
and design optimization.

Full details are provided in the SpDE and pASIC Toolkit data sheets.

QuickKLoGIC
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PASIC 1 FAMILY

B

The flexibility of the internal logic cell and interconnect structure allows
PASIC devices to be used for a wide variety of high-performance logic
applications. The following examples have been selected to provide a general
overview of the performance of the devices in typical applications.

Hierarchy Navigator - BENCH1.5CH - Sheet 1 of 1
Process

File View F2=Push{Pep Misc Toals

PERFORMANCE
BENCHMARKS

/O Delays
Schematic

SpDE - benchl
File View Design Tools Program

: A
56 || 66 b4

Info

B3

Physical
View

Simulator

- Wavelorm Yiewer - WAVES - Dynamic Waveform Displ ‘_T
File View Wave Misc Jump

50000
|

i s

;A [

eTeTeY.
OTOATE, _ !
.‘...

iC

R

Analysis

...nominal 5.9 ns
input to output

High. Si_nal

Level

Query: Time=55310 Delta= 5910

QUICKLOGIC
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pPASIC 1 FAMILY

B

Combinatorial
Delay
Benchmark
Schematic

Physical
View

Simulator
Analysis

..nominal 8.1 ns
input to output

[

Help F1

—  Hierarchy Navigator - BENCHI.5CH - Sheet | of |
File View F2=Push{Pop Misc Tools Process
X-sim

INPAD AND2i® OUTPAD

E 58
INPAD

SpDE - benchl
File View Design Tools Program
E
60 || B9 D 68 || b7

i

Info

QuickLoaGic
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pPASIC 1 FAMILY

The 4-bit counter demonstrates the performance of small state machines
operating at over 100 MHz.

File View F2=Push{fPop Misc Tools Process
X-sim Help F1
NRESET CNT2
53HB>0BHRESET calmias
HD1PAD CNTL31— | W rsan)
CNTL21 A
' CNTL11 CNT1
CLK1A CNTLO1}|— sshHaa1
{13H§}—ﬁf> OUTPAD
HDPAD 4BITCOUNT CNT®
66 H Qe

— Wavelorm Yiewer - WAVES - Dynamic Waveform Displ | |
File View Wave Misc Jump Help F1
0 100000

{CLK ||||I| .
{RST [
{Q0

fa1
{Q2
{Q3

rre . @
Query: Time= 34270 Delt

2

=

4-Bit Counter
Benchmark

...nominal clock to
output of
9.3 ns

..Fmax
>100 MHz
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pASIC 1 FAMILY

16-Bit Loadable

Counter
Benchmark

Schematic

Simulator
Analysis

..>100 MHz
Load and /or Count

The 16-Bit Loadable Counter can operate at frequencies of greater than 100
MHz for both loading and counting. A count operation may take place in the
next clock cycle following a load of any arbitrary data including the end
conditions, FFFE and FFFF.

Hierarchy Navigator - BENCHZ2.l_16 - Sheet1 of 1
File View F2=PushiPop Misc Tools Process

OADN
OAD  RCO4 p——

qAL

I 16-C4t
1. 16-CiB

pLuz ,__E———'s;mn
- ’

K
;‘i'zom: ADN

-

Elle Yiew Wave Misc Jump
240000

JLOADI
{DI[15:0]

A :
262380 Delta= 10000 Le
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pPASIC 1 FAMILY

2

Physical
File View Design Tools Program Info Help Viewer
50][59] s 58][57] o 56][55]car 54][53
o=
H
Q1
62 A B [s]
63
om B
54 A2 | B2 C2
! ¥
H !
"y
QriNl Ti
65} A3 B3 c3
e
=
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PASIC 1 FAMILY

32-Bit Counter
Benchmark

Schematic

Waveforms

...nominal 9.8ns
clock to out

«.>100 MHz
clock rate

The 32-bitcounter benchmark demonstrates large state machine performance
utilizing 36 logic cells and express routing for clocks and carry signals.

Hierarchy Navigator - BENCHT - Sheet 1 of 1
File View F2=Push{Pop Misc Tools Process

X-sim
@
s (R

oUTIFAD
| >ass-R1D>
GuTFAD

o a7 5-e2e>

OUT1PAD

Eile View Wave Misc Jump

450000
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o [ F
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ja20 :

500000

Q21
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_

Level = Low, Signal
PRSI
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pPASIC 1 FAMILY

Typical stand-by power supply current consumption, ICC, of apASIC device
is 2 mA. The worst-case limit over the operating range for the QL8x12 is 10
mA. A formula for calculating ICC under AC conditions is provided on the
device data sheets. The 16-bit counter shown in the previous benchmark
design consumes under 50 mA at 100 MHz.

PASIC devices may be programmed and functionally tested on the low-cost
Designer Programmer (QP-PL84) supplied by QuickLogic. The unit is com-
pletely self contained. No add-inboards are required. Programming signals are
downloaded from the PC over an RS-232 link. Third-party programmers are
being qualified.

Vsl m m ,f—gc—a: so

% =
" |jL 1 1

v 4

v 1

v

All pASIC devices have a built-in serial scan path linking the logic cell register
functions (Figure 13). This is provided to improve factory test coverage and to
permit testing by the user with automatically generated test vectors following
programming. Automatic Test Vector Generation software is included in the
PASIC toolkits. The Designer Programmer permits a high degree of test
coverage to be achieved conveniently and rapidly using test vectors optimized
for the pASIC architecture.

Pins used for scan testing also serve as dedicated logic inputs, see individual
device data sheets. Certain logic uses of these pins may conflict with ATVG
operation. The software will advise the user of these conditions.

POWER

B2

CONSUMPTION

PROGRAMMING AND

TESTING

FIGURE 13
Internal Serial

Scan Path
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pASIC 1 FAMILY

B2

RELIABILITY

The pASIC 1 Family is based on a 1 micron high-volume CMOS gate array
fabrication process with the ViaLink programmable-via antifuse technology
inserted between the metal deposition steps. The base CMOS processhasbeen
qualified to meet the requirements of MIL-STD-883B, Revision C.

The ViaLink element exists in one of two states; a highly resistive unpro-
grammed, OFF, state and the low impedance, conductive, ON, state. It is
connected between the output of one logic cell and the inputs of other logic
cells directly or through other links. No D.C. current flows through either a
programmed or an unprogrammed link during operation as alogic device. An
unprogrammed link sees a worst case voltage equal to VCC biased across its
terminals. A programmed link carries A.C. current caused by charging and
discharging of device and interconnect capacitances during switching.

Study of test structures and complete pASIC devices has shown that an
unprogrammed link under VCC bias remains in the unprogrammed state over
time. Similar tests on programmed links under current bias exhibit the same
stability. These tests indicate that the long term reliability of the combined
CMOS and ViaLink structure is similar to that of the base gate array process.
For further details see the pASIC 1 Family Reliability Report.

QuickLoGIC
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Very-High-Speed 1K (3K) Gate CMOS FPGA

QL8x12
pASIC 1 FAMILY

pASIC
HIGHLIGHTS

...3000 total
available gates

QL8x12
Block Diagram

96 Logic Cells

b

QuIicKLOGIC

]

]

7]

]

K

Very High Speed — ViaLink™ metal-to-metal programmable—via
antifuse technology, allows counter speeds over 100 MHz, and logic
cell delays of under 4 ns.

High Usable Density — An 8-by-12 array of 96 logic cells provides
3000 total available, with 1000 typically usable “gate array™ gates in
44- and 68-pin PLCC, and 100-pin Thin PQFP packages.

Low-Power, High-Output Drive — Stand-by current typically 2 mA.
A 16-bit counter operating at 100 MHz consumes 50 mA. Minimum
IOL and IOH of 8 mA.

Flexible FPGA Architecture — The pASIC™ logic cell supports
efficient, high-speed arithmetic, counter, data path, state machine and
random logic applications with up to 14-input gates.

Low-Cost, Easy-to-Use Design Tools — Designs entered and simu-
lated using third-party, CAE tools. Fast, fully automatic place and
route on PC and workstation platforms.

sesas 5w &
olo[o
olo|alalalalam
FIEICICIGIGIE
ololol|olala]o
ololol|alalo]o
olo|olololalo
o|lo[ololalolo|o _
o|o|ofo|o|o|o|{o{o|o|a]ol
T B e e

= = Up to 56 I/O cells, 6 Input high-drive cells, 2 Input/CLK (high-drive) cells.
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QL8x12

3

PRODUCT
SUMMARY

FEATURES

The QL8x12 is a member of the pASIC 1 Family of very-high-speed CMOS
user-programmable ASIC (pASIC) devices. The 96-logic cell field-program-
mable gate array (FPGA) offers up to 3000 total available, with 1000 typically
usable “gate array” gates (equivalent to 3000 gate claims of EPLD or LCA
vendors) of high-performance general-purpose logic in 44- and 68-pin plastic
leaded chip carrier packages.

Low-impedance, metal-to-metal, ViaLink interconnect technology provides
nonvolatile custom logic capable of operating at counter speeds above 100
MHz. Combined with input delays of 2 ns and output delays under 4 ns, this
permits high-density programmable devices to be used with today’s fastest
CISC and RISC microprocessors.

Designs are entered into the QL8x12 using a pASIC Toolkit combining third-
party general-purpose design entry and simulation tools with device-specific
place and route and programming software. Ample on-chip routing channels
are provided to allow fast, fully automatic place and route of high gate
utilization designs.

56 Bidirectional Input/Output pins

8 Dedicated Input/High-Drive Clock pins

Input + logic cell + output delays under 9 ns
Chip-to-chip operating frequencies up to 85 MHz
Internal state machine frequencies up to 100 MHz
Clock skew <2 ns

Input hysteresis provides high noise immunity

RRARRBRRBB3AR

Built-in scan path permits 100% factory testing of logic and I/O cells
and functional testing with Automatic Test Vector Generation
(ATVG) software after programming

]

Ample routing tracks permit fully automatic place and route of
designs using up to 100% of internal logic cells

68-pin PLCC compatible with EPLD 1800 and LCA 2064 industry-
standard pinouts

]

1p CMOS gate array process with ViaLink programming technology

QuickLoGiC
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Pinout

Dlagram
44-pin PLCC

— ™

QUICKLOGIC
pASIC

QL8x12-1PL44C

5292 ZFD

Customer Part #
Pinout
Diagram
68-pin PLCC

b

QuicKLOGIC

pASIC
QL8x12-1PL68C
5292 ZFD
Customer Part #

Pins identified I/SCLK, SM, SO, and Sl are used during scan path testing operation.
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ENI QL8x12
ABSOLUTE MAXIMUM RATINGS
Supply Voltage.......ccceverereveveereerrenenens -0.5t0 7.0V Storage Temperature
Input Voltage ......ccccovevcvceuenenne -0.5t0 VCC +0.5V Ceramic .......c.ocevevrvenenne —65°C to + 150°C
ESD Pad Protection..........cccceevevevvereveernnene + 2000V PlastiC .......ccveeevereereannne —40°C to + 125°C
DC Input Current .......cccocveeevececeerreerene +20 mA Lead Temperature...........ccoeveereevrrercenenes 300°C
Latch-up Immunity .........ccceeervverervereennae +100 mA
OPERATING RANGE
Military Industrial Commercial
Symbol Parameter Min | Max | Min | Max | Min | Max | Unit
VCC Supply Voltage 4.5 5.5 4.5 5.5 4.75 | 5.25 \"/
TA Ambient Temperature -65 -40 85 0 70 °C
TC Case Temperature 125 °C
-0 Speed Grade | 0.39 | 212 | 0.4 1.94 | 046 | 1.80
K Delay Factor | -1 Speed Grade | 0.39 | 1.56 | 0.4 | 1.43 | 046 | 1.33
-2 Speed Grade 0.46 | 1.25
DC CHARACTERISTICS over operating range
Symbol Parameter Conditions Min Max Unit
VIH Input HIGH Voltage 2.0 \'4
VIL Input LOW Voltage 0.8 \'A
IOH =-4 mA 3.7 \'/
VOH Output HIGH Voltage IOH = -8 mA 2.4 \'
IOH =-10 pA VCC-0.1 \'
IOL =8 mA 0.4 Vv
VOL Output LOW Voltage IOL = 10 pA 01 Vv
1l Input Leakage Current VI =VCC or GND -10 10 A
10Z 3-State Output Leakage Current | VI = VCC or GND -10 10 HA
Cl Input Capacitance [1] 10 pF
. VO = GND -10 -80 mA
108 Output Short Circuit Current VO=VCC 30 140 mA
ICC Supply Current [2] VI, VIO = VCC or GND 10 mA
Notes:

[1] CI =20 pF Max on Pin 50

[2] For AC conditions use the formula described in Section S — Power vs Operating Frequency.

[31 Worst case Propagation Delay times over process variation at VCC = 5.0V and TA = 25°C. Multiply by
the appropriate Delay Factor, K, for speed grade, voltage and temperature settings as specified in the
Operating Range. All inputs are TTL with 3 ns linear transition time between 0 and 3 volts.

QuickLoGiC
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QL8x12

AC CHARACTERISTICS at VCC =5V, TA =25°C (K = 1.00)

B2

Logic Cell
Propagation Delays (ns) [3]
Symbol Parameter Fanout
1 2 3 4 8
tPD Combinatorial Delay [4] 3.6 4.0 4.4 5.0 8.3
tsuU Setup Time [4] 3.9 3.9 3.9 3.9 3.9
tH Hold Time 0.0 0.0 0.0 0.0 0.0
tCLK Clock to Q Delay 3.0 3.3 3.8 4.3 4.9
tSET Set Delay 2.7 3.1 3.5 4.1 7.4
tRESET Reset Delay 2.9 3.2 3.6 4.2 7.5
tCWHI Clock High Time 2.0 2.0 2.0 2.0 2.0
tCWLO Clock Low Time 3.6 3.6 3.6 3.6 3.6
tSW Set Width 2.1 2.1 2.1 2.1 2.1
tRW Reset Width 1.9 1.9 1.9 1.9 1.9
Input Cells
Propagation Delays (ns) [3]
Symbol Parameter Fanout
1 2 3 4 8
tiN Input Delay (high drive) 3.7 3.8 4.2 4.6 6.4
tINI Input, Inverting Delay (high drive) 3.5 3.6 4.0 4.4 6.2
tIo Input Delay (bidirectional pad) 2.3 2.6 3.2 4.1 5.5
Output Cell
Propagation Delays (ns) [3]
Symbol Parameter Output Load Capacitance (pF)
30 50 75 100 150
tOUTLH Output Delay Low to High 3.1 3.8 4.6 5.5 7.2
tOUTHL Output Delay High to Low 3.1 3.9 5.0 6.1 8.3
tPZH Output Delay Tri-state to High 4.4 5.3 6.5 7.7 10.1
tPZL Output Delay Tri-state to Low 4.0 4.6 5.4 6.2 7.7
tPHZ Output Delay High to Tri-state [5] 3.3
tPLZ OQutput Delay Low to Tri-state [5] 3.7
Notes:

[4] These limits are derived from worst case values for a representative selection of the slowest paths
through the pASIC logic cell including net delays. Guaranteed delay values for specific paths should be

determined from simulation results.
[S] The following loads are used for tPXZ:

1

5pF 1KQ
P* tPHZ o._% tPLZ
.l_5pF

2-27
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EE QL8x12

Clock Driver
Propagation Delays (ns) [3]
Symbol Parameter \h%lr:‘c:ikT?)g‘ésrl;:r Fanout

12 24 48 72 96

1 4.8 6.8
tCKD | Clock Driver Delay g 4.8 g. 1 o
4 5.8 6.2

1 5.2 7.2

Clock Driver, 2 5.1 6.4

1CKDI Inverting Delay 3 5.7 6.7 7.3
4 6.2 6.5

AC Performance

Propagation delays depend on routing, fanout, load capacitance, supply voltage, junction temperature, and
process variation. The AC Characteristics are a design guide to provide initial timing estimates at nominal
conditions. Worst case estimates are obtained when nominal propagation delays are multiplied by the
appropriate Delay Factor, K, as specified in the Operating Range. The effects of voltage and temperature
variation are illustrated in the following graphs. The SpDE Toolkit incorporates data sheet AC Characteristics
into the QDIF database for pre-place-and-route simulations. The SpDE Delay Modeler extracts specific timing
parameters for precise simulation results following place and route.

Kv, Voltage Factor versus Vec, Supply Voltage

1.10
1.08 T

1.06 \
1.04

1.02
Kv

1.00
0.98

0.96 H
0.94 \

0.92

45 4.75 5 5.25 5.5
Supply Voltage, VCC (Volts)
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Kt, Temperature Factor versus Temperature
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Timing Waveforms
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EE QL8x12

Combinatorial
Delay tio tPD toOuT

Example j&— 2.3ns —>|<———— 3.6ns —————)I(— 3.1ns —)|
. N

Nominal IN1 P :}___D______. out
/O Delays

Input Delay + Combinatorial Delay + Output Delay = 9.0 ns

SGQUBI:iaI tio tsu {CLK {OUT

ay

Example l<—2.3ns _)|<—l\ 3.9ns —>< 3.0ns —>l¢— 3.1ns —>)
IN Vg DQ ———D———— out

Clk 4D—

Input Delay + Reg Setup + Clock to Output + Output Delay = 12.3 ns

ORDERING 8L 8x12 -1 PL68 i
INFORMATION QuickLogic pASIC Operating Range
device prefix C = Commercial
| = Industrial
PASIC device part M = Military
number for 8 by 12
array of 96 logic cells L Package Code
First Letter
Speed Grade P = Plastic
(see data sheet) C = Ceramic
Second Letter
L=LCC
F =QFP
G=PGA
Number of Leads
68 = 68 Leads
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QL12x16
pASIC 1 FAMILY
Very-High-Speed 2K (6K) Gate CMOS FPGA

pASIC
HIGHLIGHTS

...6000 total
available gates

QL12x16
Block Diagram

192 logic cells

X

QuicklLoaiCc

]

Very High Speed — ViaLink™ metal-to-metal programmable-via anti-
fuse technology, allows counter speeds over 100 MHz, and logic cell
delays of under 4 ns.

High Usable Density — A 12-by-16 array of 192 logic cells provides 6000
total available, with 2000 typically usable “‘gate array” gates in 84- and
68-pin PLCC packages, and a 100-pin Thin PQFP package.

Low-Power, High-Output Drive — Stand-by current typically 2 mA. A
16-bit counter operating at 100 MHz consumes 50 mA. Minimum IOL
and IOH of 8 mA.

B3 Flexible FPGA Architecture — The pASIC™ |ogic cell supports effi-
cient, high-speed arithmetic, counter, data path, state machine and
random logic applications with up to 14-input gates.

]

]

]

Low-Cost, Easy-to-Use Design Tools — Designs entered and simulated
using third-party, CAE tools. Fast, fully automatic place and route on PC
and workstation platforms.

Jolojo|ojofo|o

Jjojojo|ojo|o]gl

Jolojot—

Ylolofo]o|o|alo

Slojo|o|o|olojo

Nlojojolo|olo|o
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= =Up to 68 /0 cells, 6 Input high-drive cells, 2 Input/CLK (high-drive) cells.
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QL12x16

PRODUCT
SUMMARY

FEATURES

The QL 12x16 is amember of the pASIC 1 Family of very-high-speed CMOS
user-programmable ASIC (pASIC) devices. The 192 logic cell field-
programmable gate array (FPGA) offers up to 6000 total available, with 2000
typically usable “gate array” gates (equivalent to 6000 gate claims of EPLD
or LCA vendors) of high-performance general-purpose logic in 68- and 84-
pin plastic leaded chip carrier packages.

Low-impedance, metal-to-metal, ViaLink interconnect technology provides
nonvolatile custom logic capable of operating at counter speeds above 100
MHz. Combined with input delays of 2 ns and output delays under 4 ns, this
permits high-density programmable devices to be used with today’s fastest
CISC and RISC microprocessors.

Designs are entered into the QL12x16 using a pASIC Toolkit combining
third-party general-purpose design entry and simulation tools with device-
specific place and route and programming software. Ample on-chip routing
channels are provided to allow fast, fully automatic place and route of high
gate utilization designs.

68 Bidirectional Input/Output pins

6 Dedicated Input/High-Drive pins

2 Clock/Dedicated input pins with fanout-independent, low-skew clock nets
Input + logic cell + output delays under 9 ns

Chip-to-chip operating frequencies up to 85 MHz

Internal state machine frequencies up to 100 MHz

Clock skew <1 ns

Input hysteresis provides high noise immunity

HERRRARRRRAR

Built-in scan path permits 100% factory testing of logic and I/O cells and
functional testing with Automatic Test Vector Generation (ATVG)
software after programming

Ample routing tracks permit fully-automatic place and route of designs
using up to 100% of internal logic cells

<

84-pin PLCC compatible with ACT1020 power supply and ground
pinouts

68-pin PLCC compatible with QL8x12 footprint for easy upgrade of
designs.

7]

7]

1p CMOS gate array process with ViaLink programming technology

QuickLogic
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QL12x16 E:l

Pinout
Diagram
68-pin PLCC

pASIC
QL12x16-1PL68C
5292 ZFD
Customer Part #
Pinout
Dlagram
84-pin PLCC

/™
-~  QUICKLOGIC

pASIC
QL12x16-1PL84C
5292 ZFD
Customer Part #

Pins identified I/SCLK, SM, SO and Sl are used during scan path testing operation.
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l "' QL12x16
ABSOLUTE MAXIMUM RATINGS
Supply VoItage.......cccoevvveeeerercrcenes -0.5t0 7.0V Storage Temperature
Input Voltage ........cccovvuevunnnen. -0.5 to VCC +0.5V Ceramic ........ooueeueernnens -65°C to +150°C
ESD Pad Protection ...........ccccceueveevcuennns + 2000V PIastic ......c.cevveerrcenenene —40°C to +125°C
DC Input Cutrent ..........ccceeveverveerererrennens +20 mA Lead Temperature...........ceceerereeuevevenenen 300°C
Latch-up Immunity ........ccceceeeeevcnncnee. +100 mA
OPERATING RANGE
Military Industrial Commercial
Symbol Parameter Min | Max | Min | Max | Min | Max | Unit
VCC Supply Voltage 4.5 5.5 4.5 5.5 4.75 | 5.25 V
TA Ambient Temperature -55 -40 85 0 70 °C
TC Case Temperature 125 °C
-0 Speed Grade | 0.39 | 212 | 04 | 194 | 046 | 1.80
K Delay Factor | -1 Speed Grade | 0.39 | 1.56 | 0.4 143 | 046 | 1.33
-2 Speed Grade 0.46 | 1.25
DC CHARACTERISTICS over operating range
Symbol Parameter Conditions Min Max Unit
VIH Input HIGH Voltage 2.0 Vv
VIL Input LOW Voltage 0.8 \'
IOH = -4 mA 3.7 Vv
VOH Output HIGH Voltage IOH = -8 mA 2.4 \'4
IOH =-10 A VCC-0.1 Vv
IOL=8 mA 0.4 \'J
VOL Output LOW Voltage IOL = 10 yA 01 Vv
Il Input Leakage Current VI =VCC or GND -10 10 pA
10Z 3-State Output Leakage Current | VI =VCC or GND -10 10 LA
Cl Input Capacitance [1] 10 pF
o VO = GND -10 -80 mA
10S Output Short Circuit Current VO = VCC 30 140 mA
ICC Supply Current [2] VI, VIO =VCC or GND 10 mA
Notes:
[11 CI=20 pF Max on Pin 63
[2] For AC conditions use the formula described in Section 5 — Power vs Operating Frequency.
[3] Clock buffer fanout refers to the maximum number of flip flops per half column. The number of half
columns used does not affect clock buffer delay.
[4] Worst case Propagation Delay times over process variation at VCC = 5.0V and TA = 25°C. Multiply by

the appropriate Delay Factor, K, for speed grade, voltage and temperature settings as specified in the
Operating Range. All inputs are TTL with 3 ns linear transition time between 0 and 3 volts.
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QL12x16

AC CHARACTERISTICS at VCC =5V, TA =25°C (K =1.00)

Logic Cell
Propagation Delays (ns) [4]
Symbol Parameter Fanout
1 2 3 4 8
tPD Combinatorial Delay [5] 3.4 3.8 4.2 4.8 8.1
tSuU Setup Time [5] 3.7 3.7 3.7 3.7 3.7
tH Hold Time 0.0 0.0 0.0 0.0 0.0
tCLK Clock to Q Delay 3.0 3.3 3.8 4.3 4.9
tSET Set Delay 2.7 3.1 3.5 4.1 7.4
tRESET Reset Delay 2.9 3.2 3.6 4.2 7.5
tCWHI Clock High Time 2.0 2.0 2.0 2.0 2.0
tCWLO Clock Low Time 3.6 3.6 3.6 3.6 3.6
tSW Set Width 2.1 2.1 2.1 2.1 2.1
tRW Reset Width 1.9 1.9 1.9 1.9 1.9
Input Cells
Propagation Delays (ns) [4]
Symbol Parameter Fanout
1 2 3 4 8
tiN Input Delay (high drive) 3.7 3.8 4.2 4.6 6.4
tINI Input, Inverting Delay (high drive) 3.5 3.6 4.0 4.4 6.2
tlo Input Delay (bidirectional pad) 2.3 2.6 3.2 4.1 5.5
tGCK Clock Buffer Delay [3] 4.4 4.5 4.6 4.6 5.0
Output Cell
Propagation Delays (ns) [4]
Symbol Parameter Output Load Capacitance (pF)
30 50 75 100 150
tOUTLH Output Delay Low to High 3.1 3.8 4.6 5.5 7.2
tOUTHL Output Delay High to Low 3.1 3.9 5.0 6.1 8.3
tPZH Output Delay Tri-state to High 4.4 5.3 6.5 7.7 10.1
tPZL Qutput Delay Tri-state to Low 4.0 4.6 5.4 6.2 7.7
tPHZ Output Delay High to Tri-state [6] 3.3
tPLZ Output Delay Low to Tri-state [6] 3.7
Notes:

[S] These limits are derived from worst case values for a representative selection of the slowest paths
through the pASIC logic cell including net delays. Guaranteed delay values for specific paths should be

determined from simulation results.
1KQ % I 5pF tPHZ

[6] The following loads are used for tPXZ:
2-35
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X

High Drive Buffer

Propagation Delays (ns) [4]
Symbol Parameter ‘ﬁlg' l‘}ggrg?\:r Fanout
12 24 48 72 96

1 7.9 11.2

tiN High Drive Input Delay g 8.0 g;’ 104 | 118
4 9.4 10.8
1 7.5 10.8

High Drive Input, 2 7.5 9.3

tiNl Inverting Delay 3 8.2 10.0 11.8

4 9.0 10.8

AC Performance

Propagation delays depend on routing, fanout, load capacitance, supply voltage, junction temperature, and
process variation. The AC Characteristics are a design guide to provide initial timing estimates at nominal
conditions. Worst case estimates are obtained when nominal propagation delays are multiplied by the
appropriate Delay Factor, K, as specified in the Operating Range. The effects of voltage and temperature
variation are illustrated in the graphs below. The SpDE Toolkit incorporates data sheet AC Characteristics into
the QDIF database for pre-place-and-route simulations. The SpDE Delay Modeler extracts specific timing
parameters for precise simulation results following place and route.

1.10

1.08 ¥

1.06
1.04
1.02
Kv
1.00
0.98
0.96
0.94

0.92

Kv, Voltage Factor versus Vcc, Supply Voltage

5

Supply Voltage, VCC (Volts)

5.5
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Kt, Temperature Factor versus Temperature
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Kt 1.05 e

1.00

0.95 /

0.90 —
0.85 +—<—t

0.80
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Junction Temperature °C
(Theta JA = 45 °C/Watt for PLCC)

Timing Waveforms

T R i

Output
Combinatorial Delay Set
o
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Clock A \ — Reset _______/
{CLK <—RW g
(—1 <—— tRESET —>‘L_
Q Q

Setup and Hold Times Set and Reset Delays
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Combinatorial tio tPD touT
Delay [<— 23ns ——)'(—————— 3.4ns ——)l(— 3.1ns
Example N —>|
IN1 (g > I > out
VO Delays IN2| I>
Load = 30 pF

‘ Input Delay + Combinatorial Delay + Output Delay = 8.8 ns

Nominal

tlo tSU tCLK touT
Sequential [«<— 2.3ns —r—:l(—- 3.7ns & 3.0ns Dl&— 3.1ns —>]
Delay | [w > od— > on
Example
Ck ~—————>—
Input Delay + Reg Setup + Clock to Output + Output Delay = 12.1 ns
ORDERING ]—Q'- 12x16 -1 PL84 %
INFORMATION QuickLogic pASIC Operating Range
device prefix C = Commerclal
I = Industrial
pASIC device part——— M = Military
number for 12 by 16
array of 192 logic cells Package Code
First Letter
Speed Gradle———————— P = Plastic
(see data sheet) C = Ceramic
Second Letter
L=LCC
F=QFP
G=PGA
Number of Leads
84 =84 Leads
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Very-High-Speed 4K (12K) Gate CMOS FPGA

QL16x24
pASIC 1 FAMILY

B —

pASIC
HIGHLIGHTS

...4000
useable gates

FEATURES

X

QuICcKLOGIC

ADVANCE DATA

]

B B R

]

REREBRBRR BAR

<

Very High Speed — ViaLink™ metal-to-metal programmable-via
antifuse technology, allows counter speeds over 100 MHz, and logic
cell delays of under 4 ns.

High Usable Density — A 16-by-24 array of 384 logic cells provides
12,000 total available, with 4000 typically usable "gate array” gates.

Low-Power, High-Output Drive - Stand-by current typically 2 mA. A
16-bit counter operating at 100 MHz consumes 50 mA. Minimum IOL
and IOH of 8 mA.

Flexible FPGA Architecture — The pASIC™ logic cell supports
efficient, high-speed arithmetic, counter, data path, state machine and
random logic applications with up to 14 input gates.

Low-Cost, Easy-to-Use Design Tools—Designs entered and simulated
using third-party, CAE tools. Fast, fully automatic place androute on PC
and workstation platforms.

104 Bidirectional Input/Output pins
6 Dedicated Input/High-Drive pins

2 Clock/Dedicated input pins with fanout-independent low-skew
clock rates

Input + logic cell + output delays under 9 ns

Clock skew <1 ns

Input hysteresis provides high noise immunity

Built-in scan path permits 100% factory testing of logic and I/O cells

Ample routing tracks permit fully-automatic place and route of
designs

100 and 144 PQFP

84-pin PLCC compatible with QL12x16 footprint for easy upgrade of
designs
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pASIC TOOLKIT 3.0
Windows Development System
for Very-High-Speed FPGAs

HIGHLIGHTS

Everything included,
down to
the wrist strap

X

QuickLoGIC

]

Third-party Design Entry and Simulation Tools that are general
purpose and can be used for the total system design task.

pPASIC™ architecture-specific place and route algorithms to opti-
mize speed and density of the QuickLogic pASIC devices.

Microsoft Windows™ industry-standard user interface that gives
the user a consistent graphical interface across third-party and
QuickLogic Applications.

Automatic Test Vector Generation for fast, easy testing of pro-
grammed devices.

Everything included, from the programmer to the wrist strap so you
can get started immediately.




pASIC TOOLKIT 3.0

B2

INTRODUCTION

...Windows 3.0 on
the PC

THE pASIC
TOOLKIT 3.0

FIGURE 1

A Windows view of
the schematic,
simulation and
physical editor
tools

The pASIC Toolkit 3.0 is a fully integrated solution for the design and
programming of QuickLogic FPGA devices. It combines the Engineering
Capture System, (ECS™), from CAD/CAM Group and the X-SIM™ simula-
tor from Silicon Automation Systems with the Seamless pASIC Design
Environment (SpDE - pronounced Speedy) tools from QuickLogic. All tools
operate efficiently and interactively under the Microsoft Windows™ graphi-
cal user interface on the PC. SpDE tools include automatic place and route
(APR), delay modeling, and automatic test vector generation. Additional
third-party simulation and synthesis, as well as schematic, equation, and
language design entry tools are supported via the Open QuickLogic Design
Interchange Format (QDIF) interface.

The pASIC Toolkit 3.0 is a comprehensive set of tools for designing,
simulating, programming and testing QuickLogic programmable ASIC de-
vices on the PC. The entire toolkit runs under Microsoft Windows for a
consistent user interface and a unified design environment across all applica-
tions (Figure 1). While easy to learn, these are very powerful tools which
ensure a highly efficient and productive development solution for the experi-
enced designer.

File View F2=Push/Pop Misc Tools Process

- Eile View Design Program [nfo Help
ZG : Run All Tools
b3 Run Selected Tools...
4 [CLl A9 B9
4%0 _—:%:)__"
AND413
| b ’
AND2i0@ — L
cL &
AND21 1 L
OR210 D]
o ]
Al0 B10
2L {File View Wave
) =y % 3
S L
MR Li ]
M |
Select A Command. o]

. Pl-D) T

"

Program Manager  Clock FleManager [lQuery: Time= 483328 Delta= 27648 Level = High, Signal
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pASIC TOOLKIT 3.0
Features Benefits Key Features
and Benefits
B3 Object-oriented database B3 Clean, efficient communication
architecture. between QuickLogic and third-
party tools.
B3 Windows eliminates DOS B8 Complex simulation can be
memory limitations. performed on the PC.
B3 Windows hardware compatibility. 8 Wide variety of graphics cards,
printers and plotters supported.
B3 Cut and paste schematics, wave- B3 Simplifies system documentation.
forms, etc. between applications.
B3 Advanced RC timing delay B3 Accurate delay extraction and
modeler based on AWE. back annotation to simulator.
B3 Post-layout physical viewer. B3 Visual display of results of place
and route for design optimization.
Cross probing between schematic, B3 Nodes selected in one application

simulation and physical viewer. are highlighted in another.

The pASIC Toolkit 3.0 includes the following software and hardware tools:
* Schematic capture

* Support for language and equation entry

¢ Simulation

¢ Automatic placement and routing (APR)

¢ Post-layout delay extraction and back-annotation

¢ Path timing analysis

» Physical layout viewer

* Automatic test vector generation (ATVG)

* Device programmer/tester

All applications are tightly integrated within a high-performance design
framework (Figure 2). An open database file format provides access to the
framework for additional user or third-party tools. The pASIC Toolkit is the
most modern and powerful development system available for designing
FPGA devices today.

pASIC TOOLKIT 3.0
SOFTWARE AND
HARDWARE TOOLS

QuickLoGIC




[N| PASIC TOOLKIT 3.0
FIGURE 2 VIEWLOGIC
The pASIC EXEMPLAR »| Ecs soremaTc « X-SIM
y CAPTURE 21 simuLATION
OTHER
TOOIklt THIRD-PARTY
TOOLS
PHYSICAL DESIGN
Yo DESIGN DATABASE DESIGN.
: DETAIL
| MODELER : ROUTER [
PROGRAMMER
INTERFACE
[ ]
(C  rse2e2 ) PROGRAMMER ( RS232 )
TESTER
THE pASIC | The pASIC Toolkit 3.0 includes two of the most advanced third-party CAE
TOOLKIT 3.0 | packages for system design. The Engineering Capture System, ECS™, from
CAD/CAM Group and X-SIM from Silicon Automation Systems.
Design Entry | ECS is the most widely used Windows-based schematic capture system in

the industry. ECS includes a Schematic Editor, Symbol Editor and a Hierar-
chy Navigator. The Schematic Editor is a highly flexible design-entry tool
capable of handling complex hierarchical designs. This package supports
multisheet designs, and to prevent many common errors, the system main-
tains network connectivity as the schematic is entered. The Symbol Editor
allows easy creation of symbols. The Hierarchy Navigator is a tool which
loads the entire schematic database into memory. This enables the user to
easily navigate the hierarchy of the entire design without having to repeti-
tively load individual schematics. The Hierarchy Navigator also forms a
bridge between the design database, the X-SIM Simulator and QuickLogic's
device-optimized tools.

The pASIC Macro Library contains more than 200 logic elements, including
2-input to 14-input AND gates and high-complexity logic functions. The
library includes a comprehensive selection of registers, counters, and arith-
metic blocks as well as most of the familiar 7400 series TTL building blocks.

QuickLoGIC

3-4



PASIC TOOLKIT 3.0

The X-SIM functional and timing event-driven simulation engine has been
integrated into the ECS Waves Tool. Originally developed for full system
simulation on high-end workstations, its high-performance design provides
rapid simulation with efficient memory utilization. The X-SIM simulator
includes setup and hold violation reporting using completely back-annotated
Asymptotic Waveform Evaluation (AWE) generated delay results. The ECS
Waves Tool provides an interactive logic analyzer interface to X-SIM for
stimulus entry and results interpretation.

QuickLogic's architecture-specific design compilation tool set is comprised
of pASIC architecture-specific modules, collectively called SpDE. These
include the automatic place and route modules (Packer, Placer, and Router),
the Physical Viewer, timing analysis modules (Delay Modeler and Timing
Analyzer), Automatic Test Vector Generation (ATVG) and programming
modules. See the QuickLogic SpDE Tools data sheet for a description of the
SpDE modules.

The Physical Viewer is a unique tool that shows the user how the automatic
place and route tools have mapped a logic design into the silicon resources.
As all tools are based on a common design database structure, the user can
take advantage of the ability to cross probe between applications. For
example, a net on the physical layout displayed by the Physical Viewer can
be selected within the viewer, and its logical counterpart will be highlighted
within the ECS schematic tool. Alternatively, anet canbe selected on the ECS
schematic and its corresponding physical layout will be highlighted in the
viewer. Similar tight coupling is supported between the ECS schematic and
the X-SIM waveform driven simulator. This tight interaction between the
logical and physical representations gives the user a high degree of control
over the evaluation of critical speed paths.

A Programmer Interface translates the results of the APR process into the
patterns required to program pASIC devices and transmits them, together
with test vectors generated by the Automatic Test Vector Generator, over an
RS-232 link to the programmer.

The Designer Programmer/Tester is alow-cost programming and testing unit
for QuickLogic pASIC devices. The model DP-PL84 accepts 84-lead plastic
PLCC devices directly. Other packages are supported by individual adapters.

B3

Design Simulation

Design Compilation

Programming
and Testing

QuIicKLOGIC




pPASIC TOOLKIT 3.0

B2

pASIC TOOLKIT 3.0
CONTENTS

PART NUMBER
QT-3.0

pASIC TOOLKIT 3.0
SOFTWARE ONLY
CONTENTS

PART NUMBER
Qs-3.0

The pASIC Toolkit 3.0 contains all the software and hardware required to
produce complete custom designs in QuickLogic pASIC devices, minus the
PC workstation. It includes important but usually overlooked accessories
such as cables, connectors and wrist straps. A software only version is
available for design stations not requiring direct device programming sup-
port. A complete list of contents of each system is as follows:

* CAD/CAM Group Engineering Capture System and Macro Library
¢ Silicon Automation Systems X-SIM Simulator
* QuickLogic SpDE tools
—~  Place and Route
— Delay Modeler
—~  Static Path Timing Analyzer
-~ Physical Layout Viewer
— Automatic Test Vector Generator
-~ Interface to Exemplar Logic Synthesis Tools
¢ Programming Hardware
—  Programmer/Tester with socket for 84-pin PLCC devices
—  Adapter for 68-pin PLCC devices
-~ ACadapter and cord
— RS-232 cable
- 9-to 25-pin adapter
—  Antistatic wrist strap
* Two QL8x12 device samples

* CAD/CAM Group Engineering Capture System and Macro Library
¢ Silicon Automation Systems XSIM Simulator

* QuickLogic SpDE Tools
— Place and Route
- Delay Modeler
—  Static Path Timing Analyzer
— Physical Layout Viewer
— Automatic Test Vector Generator
— Interface to Exemplar Logic Synthesis Tools

QuicKLOGIC
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The ECS and X-SIM software included in the pASIC Toolkit are specifically
designed for QuickLogic's pASIC design libraries. Software upgrades that
allow these tools to be used in general-purpose system design are available
from their manufacturers.

CAD/CAM Group's ECS software also supports Sun 3, Sun 4, and
SPARGCstations, as well as Macintosh II and SE/30 platforms. Industry-
standard netlists to Verilog, Silos, Hilo, Futurenet, Cadnetix, VHDL, Spice,
Racal-Redac and Pads are supported. Interfaces are also available to convert
graphical and electrical data to ASCII and EDIF formats.

CAD/CAM also provides a general-purpose Windows-compatible version of
X-SIM which is integrated with the ECS tool for the PC. X-SIM system level
simulation software is available directly from Silicon Automation Systems
for operation on Sun 3, Sun 4, IBM RISC 6000 series, and HP/Apollo
DN2000, 3000, and 4000 series workstations.

The minimum software and hardware requirements for running the pASIC
Toolkit are as follows:

*  MS-DOS (or PC-DOS) version 3.1 or higher

e Microsoft Windows version 3.0 or higher

¢ 80386- or 80486-based personal computer

* 4 MBytes RAM

* Windows-supported monitor and graphics adapter (EGA, VGA)
* Windows-supported mouse

* 8 MBytes free hard disk space

X B

ECS AND X-SIM
FOR GENERAL-
PURPOSE
SYSTEM DESIGN
APPLICATIONS

PC SYSTEM
REQUIREMENTS

QuIcKLOGIC
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pASIC Macro Library

B —

HIGHLIGHTS

INTRODUCTION

X

QuicKLoGIC

More than 300 Architecturally Optimized Macros

Includes Simple Gates and Advanced Soft Macros
Includes Over 100 7400-Series TTL Building Blocks
SpDE Packs as Many as 4 Macros Into a Single Logic Cell

<

The pASIC™ Macro Library contains more than 300 macros. While these
macros offer a wide range of functions and flexibility, they fall into familiar
functional groups. The naming conventions employed in the library are easy
to learn and remember—while 300 macros may seemlike a daunting number
at first, little experience is required to master the use of the library.

The remarkable flexibility of the pASIC logic cell allows literally millions of
different hard macros to be created; not all of these are included in the macro
library. Therefore, customhard macros can be created easily using the pASIC
logic cell. The logic cell represents the pASIC’s basic building block—all
macros are created out of logic cells at the lowest level. Although most
designers will never need to design at the logic cell level, this option is
available.

The pASIC Macro Library includes hard macros and soft macros. Hard
macros provide simple functionality on a scale of two to twenty gates in
complexity. Hard macros are implemented in one logic cell or a part of one
logic cell. Soft macros provide more complex functionality, and are imple-
mented in more than one logic cell.

Packing information is provided beneath many of the hard macros—an [A]
or [M] or [Q] mark. Briefly, two [A]-type macros, one [M]-type macro, and
one [Q]-type macro can be implemented in asingle logic cell. The Packer (one
of the SpDE tools included in the pASIC Toolkit) automatically performs this
mapping of multiple macros into a single logic cell.

39



pPASIC MACRO LIBRARY

s

AND Gates

AND6 i 1 §QNDGLZ g[ﬁzg’st3 éﬁNDSIQ %ANDSLS gamns

ANDS 10 ANDS 11 ANDS i 2 %?2?553 §39N0514 gﬂNDSSS

(23]
§9N0410 39ND41 1 gRND4lZ AND44i3 gﬂND4i4
[A] [2}] Al
3 3 3 3 AND14i7
AND3i0 AND3i1 AND342 AND3i3
1M 1M ] 1Ml

i
i

AND2i0 AND24i 1 AND2i 2
(A1) [AJIM] 1tM)

The pASIC Macro Library includes AND, NOR, NAND, and OR gates with
two to six inputs. At each input count, all numbers of inversion bubbles are
available (for example, 3-input gates are available with 0, 1, 2, and 3 inversion
bubbles). The library also features the largest possible AND, NOR, NAND,
and OR gates which can be implemented in a single logic cell (AND14i7,
NOR12i6, NAND13i6, OR12i6).

QuickLOGIC
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pPASIC MACRO LIBRARY

7
A

INOR6 10 NOR61i 1 gNORGIZ 3?27813 %NORGA‘ gNORGiS gNORSIS

; NORS 10 NORS i1 gNORS i2 gNORSl 3 gNORS i4 gNORS 15
[A] Al
gNORdAD 5NOR411 §NOR412 gNORQiEI §NOR414
[A] [Aa] (Al

NOR12i6

Aneasy-to-remember naming convention is employed to identify these gates.

NORS5i3
L l— # of inputs with inversions

gate type total # of inputs

The first field identifies the type of gate—AND, NOR, NAND, OR. The
second field specifies the total number of inputs. The ‘i’ character, which
stands for “inverts,” serves as a separator. The third field specifies the number
of inputs with inversion bubbles.

NOR Gates

3

3-11
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i

NAND Gates

AND6i0 NANDG6 i 1 NAND6 i 2 NAND61i 3 NAND6 i 4 NAND6iS NANDEi6

NANDSi0 NANDS i 1 NANDS i 2 NANDS i3 §NAND$£4 aNﬁNDSXS
NAND4iQ NAND4i1 NAND4i 2 NAND4i3 gNAND4i4

1
112
1

7
1
T
1

i
v
iV
i

NAND13i6

E NAND3iO 53NRND3£ 1 NAND3i2 E aNANDai 3

[ 4 B] M] M1 (42 ]

NAND2iO NAND2i 1 NAND2i 2

(£} ] ™) Ml

OR Gates
goRSLG gonsu gonsiz goRSAS OR6i4 OR6i5 OR6i6
;%ORStO goRSL 1 g §OR51 2 %0!&51 3 §§0R514 §§ORS!5
gomm §0R4i 1 §0R41 ¥4 §OR4A 3 §0R414
OR12i6

‘E?‘

OR3i0 30R]311 5[0Rl312 R3i3

(1] m™

gO

Y
%)
b s

OR2i0 OR21i1 OR2i2
[ }] M ]
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pPASIC MACRO LIBRARY

wxuo mx4x1 mx4x2 nuxaxa P‘IJX4)(4 mx4xs }'I"J)l<4x6
1 1 1 1 1
-] (-] (-] (-] (-] (2] (-]
MUX4x7 MUX4x8 MUX4x9 MUX4xA MUX4xB MUX4xC MUX4xD
(40} ml (L} [M] [} ] 1 ]

E % mxzxo mxzu MUXZXZ mx2x3
4. MUX4xF

TR RERER

MJXZDXG HUXZDx 1 mXZDxZ WXZDXS

The pASIC Macro Library includes sixteen 4-to- 1 multiplexers, representing
all possible combinations of inversion bubbles on the fourinputs. The naming
convention is similar to the AND, NOR, NAND, OR form explained above.

MUX 4,x A

inversion code

mux type mux of inputs

The first field, MUX, identifies this as a multiplexer. The second field
specifies the number of inputs. The ‘x’ character serves as a separator. The
third field specifies a hexadecimal code for the pattern of inversion bubbles.

B2

Multiplexers

3-13
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pASIC MACRO LIBRARY

Other

Combinational

Macros

3 OR3 XOR210 3><Nmaema XNOR2i0@
e M1 M) M1

i Py 2
BUFF
1Al

>oe DEC2t4

1
()
A Q
B SOP1417
MAJ3i0 DECE2t4

M1 [2 celll]

The pASIC Macro Library includes two and three input XOR (exclusive-or)
and XNOR (exclusive-nor, also known as equivalence) gates. Their names
use the same terminology as the AND, NOR, NAND, OR gates, although
input inversion bubbles are not provided (Boolean algebra shows that aneven
number of input inversion bubbles is ignored, while an odd number of input
inversion bubbles is transformed into an inversion bubble on the output).

The pASIC Macro Library does not include combination gates (AND-OR,
OR-AND, AND-XOR, etc.) present in some macro libraries. There are
literally thousands of possible combination gates which can be implemented
inasingle logic cell, which would make for a fairly large macro library. These
combination gates are handled automatically by the Packer, as discussed
earlier.

QuickLoGIC
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pASIC MACRO LIBRARY

1_4 15
1.3 PRE PRE F“P Flops
—CLR CLR 1.2 CLR
S B S | :
DFF BDFFC OFFPC DFFE DFFEPC
tQl [{°}] Q1
I_12
—JCLR
—p
DFFsC
16 19
—PRE ] PRE
—cLrR 1.8 CLR
1.7 EN
—p
L Q- T -
TFF TFFPC TFFE TFFEPC
I_11
PRE
1_10 CLR
P ]
-
SIRFF JKFFPC
Latches
G q G G
EN EN
CLR CLR
1D Q- | -
DLA DLAE DLAC DLAEC
G G a G
EN EN
SEL S| D = D1 Q1
De af—- Do Qf— o |-
DLAD DLADE
DLAMUX DLAEMUX
1_26 127 1_28 I_25 I_24 I_23 /O Pads
HDPAD HD1PAD HDJPAD HD2PAD HD3]PAD HD4PAD
1_31 1_30 1_29
CKPAD CKdPAD CKtPAD
1_22 I_21 1_20 119
INPAD INPAD4 INPADS INPAD16
I_18 I_15 —14 I_13 I_12 I_11
OUTPAD OUTiPAD OUTorPAD OUTPAD4 OUTPADS oUTPAD16
1_17 I_10 19 I_8s 1I_7 I_e
TRIPAD TRIiPAD TRIorPAD TRIPAD4 TRIPADS TRIPAD16
I_16 1_5 I_4 I3 12 11
BIPAD BIiPAD
BIorPAD BIPAD4 BIPADS BIPAD16




pPASIC MACRO LIBRARY

2

Adders and
Multipliers

X[0:31 PlO:7]
B_COQ B CO Q:

HADD1 MUL4x4
ADD1 {30 cells]
{2 cells])

A[B:3] S[O:3]1p A[O:?] S[0:7]1— A[0:15]S[0:15]1—
B[O:3] B[O:7] Bl(O:1S]
- |- =
RIPADD4 RIPADDS RIPADD16
[8 cells] [16 cells] {32 cells]
A[O:2] S[0:2]1} ~—|G[@:2]1 G"|—
B[O:2] Gl —PlO:2] Pl
Pl C3}|—
CLAADD3 ~—CI (o] o
[9 cells] CLAGEN3
[3 cells]
A[0:8] S[0:8]1} A[O:26]1S[0:261]
B[O:8] Gl B[O:26] Gl—
B -
CLAADDY CLAADD27
[30 cells] [90 cells]

The pASIC logic cell is well suited for high-speed arithmetic. It includes
HADD], a simple half-adder macro which can be implemented in less than
one logic cell.

FADD1 is a full-adder which requires two logic cells. This soft macro
contains one XOR3i0 and one MAJ3i0 macro.

RIPADD4, RIPADDS, and RIPADD16 are ripple-carry adders of 4, 8, and
16 bits, respectively. Each utilizes the FADD1 full-adder macro in aripple-
carry arrangement. This provides excellent density at the cost of additional
logic delays, compared to the carry-look-ahead adders to be introduced
shortly.

If high-speed addition is required, CLAADD3 is a carry-look-ahead adder of
three bits. The three-bit adder is designed in the spirit of the 7400-series
'283—the control signals are identical, but the 283 is a four-bit device. As
such, larger adders can be built with multiple CLAADD3 macros and
CLAGENS, thelatter being a carry-look-ahead generator similar to the 7400-
series ‘282.

The nine-bitadderis built fromthree CLAADD3 macros andone CLAGEN3
macro. The following table illustrates the speed-density tradeoff between the
ripple-carry adders and the carry-look-ahead adders.

MUL4x4 is a four-by-four multiplier which offers excellent speed and
excellent density. This macro’s design takes advantage of the XOR utiliza-
tion property mentioned above—two AND gates and a 3-input XOR gate can
be packed into a single pASIC logic cell.

QuickLoGiC

3-16



pASIC MACRO LIBRARY
Type Levels Cells
HADD1 half-adder 1
FADD1 full-adder 2
RIPADD4 4-bit ripple adder 4 8
RIPADDS\ 8-bit ripple adder 8 16
RIPADD16 16-bit ripple adder 16 32
CLAADD3 3-bit CLA adder 3 9
CLAGEN3 3-bit CLA generator 1 3
CLAADD9 9-bit CLA adder 4 30
CLAADD27 | 27-bit CLA adder 6 93
MUL4x4 4-by-4-bit multiplier 5 30
Registers
Toresr—areit- T 2 T Cr 2 . —
e Nar REGTe
—fciR —EiR —[EiR
CES e T ST Rl e
TRl e REGE® B e
CIR TR CIR
EN EN EN
- : REGEC4 ~ - : REGECS8 ~ 1 - REGEC!.GO :
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B

Shift Registers

Counters

\

BISHFT4
[4 cells]

Q[o:15])

SHIFT16
[16 cells)

BISHFTS
[8 cells)

BISHFT16
[16 cells)

The pASIC architecture can implement extremely fast shift registers. In fact,
the shift registers included in the macro library can operate at the maximum

logic cell toggle rate.

RIPCT4
[4 cells]
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(6 cells]

CLR
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ENT
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Qo:2]—
p-

UPDNCT3
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LOAD
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DNCT8
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CLR
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-—
~qup
Q[o:S]f—
UPDNCT6
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CLR
CI

b
LOAD
D[0:15] Q[O:15])p=

RIPCT16
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[ryet

DNCT16

51
C
5

Q[o:11)p—

UPDNCT12
[16 cells]

QuicKLoGIC

3-18



pASIC MACRO LIBRARY

The pASIC architecture can produce extremely fast counters (“you can count
on us”). Many of the counters in the macro library can operate near the
maximum logic cell toggle rate.

The pASIC Macro Library includes ripple-catry counters (names starting
with the prefix RIP) and parallel-carry counters. The following table illus-
trates the speed-density tradeoffs between these counters.

Type Bits Levels Cells
RIPCT4 up 4 4 4
RIPCT8 up 8 8 8
RIPCT16 up 16 16 16
UPCT4 up 4 1 6
UPCT8 up 8 1 11
UPCT16 up 16 1 23
DNCT4 down 4 1 6
DNCT8 down 8 1 11
DNCT16 down 16 1 23
UPDNCT3 up-down 3 1 4
UPDNCT6 up-down 6 2 8
UPDNCT12 up-down 12 2 16

The library includes up and down counters utilizing parallel carry designs.
The 4-bit up counter UPCT4 is designed in the spirit of the 7400-series '161.
The up and down counters have a common LOAD control signal, which
causes the counter to be synchronously loaded from the D inputs when
asserted. The 3-bit up-down counter UPDNCTS3 is designed in the spirit of
the 7400-series '169. There are two versions of this macro to allow them to

be cascaded.

3-19
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7400-Series Description

TTL Macros TTLO2 quad 2-input NOR gates
TTLO4 hex inverters
TTLO8 quad 2-input AND gates
TTL11 triple 3-input AND gates
TTL21 dual 4-input AND gates
TTL27 triple 3-input NOR gates
TTL42q 4-to-10 decoder
TTL49 BCD to 7-segment decoder
TTL74q dual D FFs with preset & clear
TTL77 4-bit D latch
TTL78q dual J-K FFs with common clock & clear
TTL8S 4-bit magnitude comparator
TTL86 quad 2-input XOR gates
TTL87 4-bit true/complement elements
TTLO1 8-bit shift register
TTLO8 4-bit data selector/storage register
TTL104q gated J-K FF with preset & clear
TTL105q gated J-K FF with preset & clear
TTL107q dual J-K FFs with clear
TTL109q dual J-K FFs with preset & clear
TTL116 dual 4-bit D latches with clear
TTL138¢q 3-to-8 decoder
TTL139q dual 2-to-4 decoders
TTL145q BCD to decimal decoder
TTL150 16-to-1 multiplexer
TTL162 8-to-1 multiplexer
TTL153 dual 4-to-1 multiplexers
TTL154q 4-to-16 decoder
TTL157 quad 2-to-1 multiplexers
TTL161 4-bit binary counter with asynchronous clear
TTL163 4-bit binary counter with synchronous clear
TTL164q 8-bit parallel-out shift register
TTL166q 8-bit parallel-load shift register
TTL169 4-bit binary up/down counter
TTL171q quad D FFs with clear
TTL174q hex D FFs with clear
TTL180 9-bit odd-even parity generator
TTL194q 4-bit bidirectional shift register
TTL240q octal inverting tri-state drivers
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Description 7400-Series

TTL244q octal noninverting tri-state drivers TTL Macros

TTL259 8-bit addressable latches (continued)

TTL261 2-bit by 4-bit binary multipliers

TTL268q hex D latches

TTL273q octal D FFs with clear

TTL278 4-bit cascadable priority register

TTL279 quad S-R latches

TTL295q 4-bit right-shift left-shift register

TTL365 hex tri-state drivers

TTL366 hex inverting tri-state drivers

TTL367 hex tri-state drivers, 4-bit/2- bit banks

TTL368 hex inverting tri-state drivers, 4-bit/2-bit banks

TTL373q octal D latches

TTL374q octal D FFs

TTL375 4-bit latches with dual polarity outputs

TTL376q quad J-K FFs with clear

TTL395q 4-bit cascadable shift register with clear

TTL396 octal storage register

TTL465 octal tri-state buffers

TTL466 octal inverting tri-state buffers

TTL467 octal tri-state buffers, 4-bit/4-bit banks

TTL468 octal inverting tri-state buffers, 4-bit/4-bit banks

TTL518 8-bit identity comparator

TTL594q 8-bit shift register with output register with clear

TTL595q 8-bit shift register with output register

TTL604q octal 2-input multiplexed latches

TTL684 8-bit magnitude/identity comparator

TTL686 8-bit magnitude/identity comparator with enable

TTL688 8-bit identity comparator

TTL821 10-bit FFs

TTL822 10-bit inverting FFs

TTL823q 10-bit FFs with enable

TTL841q 10-bit latches

TTL842q 10-bit inverting latches

Note: The q suffix indicates that the part is not an exact duplicate of the TTL
device. The differences are described in the User's Guide.
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SpDE TOOLS
Seamless pASIC Design Environment

- —

HIGHLIGHTS

bs

QuICKLOGIC

Microsoft Windows — Standard easy-to-use graphical user interface on
PC 386/486 platforms.

Object-oriented database — Facilitates seamless integration of design
entry, simulation, and automatic place and route tools.

Third-Party Design Entry —Includes libraries for CAD/CAM ECS and
VIEWIogic schematic and simulation products.

]

Logic Synthesis Interface — Accepts design entry data from Exemplar
Logic Synthesis System in broad range of formats:

- PALASM, ABEL/CUPL/MINC via PALASM
- Boolean/state machines
- VHDL or Verilog via HDL Synthesizer

Automatic Place and Route (APR) - 100% APR can be achieved on
designs with up to 100% cell utilization.

Delay Modeler uses AWE (Asymptotic Waveform Evaluation)
techniques — The AWE methodology yields accuracy as precise as
SPICE simulation without the long runtimes.

ATYVG (Automatic Test Vector Generator)—The ATVGuses pASIC™
internal register scan path to automatically generate an optimum et of test
VeCtors.

< < I

]

Logic designs for pASIC 1 Family, very-high-speed FPGA devices are
created using third-party schematic capture, language entry, logic
synthesis and simulation CAE tools on PC and workstation platforms. These
tools interface to the QuickLogic Seamless pASIC Design Environment
(SpDE™ — pronounced “speedy”) for automatic place and route (APR),
delay modeling, timing analysis and other tasks best served by architecture-
specific software.

SpDE-tools are available as acomplete design capability including third-party
design entry and simulation software, or as a standalone package with macro
libraries only (order code QS-SPDEPC) for integration into the user’s own
design entry environment. This data sheet describes the features of the SpDE
standalone product.
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FIGURE 1

QuickLogic SpDE
tools communicate
with third-party
software through a
common design
database

INTRODUCTION

FROM DESIGN ENTRY

PHYSICAL

DESIGN DATABASE DESIGN
VERIFIER

PACKER

PROGRAMMER
INTERFACE
( RS-232 ) PROGRAMMER ( RS-232 )
TESTER

FPGA architectures need sophisticated, yet low-cost and easy-to-use devel-
opment tools to take full advantage of the available silicon speed. First-
generation tools require the user to completely exit one design activity before
beginning the next. The overall design process is slow and it is difficult to
move interactively between design entry, simulation, and APR inthe intuitive
manner essential to optimize speed and functionality. Cumbersome inter-
faces between third-party and vendor tools furtherreduce designer efficiency.

QuickLogic has taken advantage of recent advances in CAE technology to
offer an open system development environment which overcomes many of
these limitations. These advances include the use of an object-oriented design
database structure and the adoption of industry-standard graphical user
interfaces, such as Microsoft Windows on the PC. This allows modern third-
party design entry tools to interface in a seamless manner with QuickLogic
SpDE software.

QuickLoaic
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The QuickLogic architecture-specific tools include the major modules shown
in Figure 1. These are:

¢ Design Database

¢ Design Verifier

* Automatic Place and Route (APR)

» Physical Layout Viewer

* Delay Modeler

 Static Path Timing Analyzer

¢ Automatic Test Vector Generator (ATVG)
* Programmer Interface

SpDE Tools also contain interface software to the Exemplar Logic synthesis
package plus libraries for popular PC-based schematic and simulation tools,
including the CAD/CAM Group and VIEWIlogic products. See the Macro
Library data sheet for the selection of available library elements.

The QuickLogic design database contains all the information required to
describe a complete pASIC design. A database architecture provides a user
with the software analog of acomputer backplane. It allows software modules
to be easily plugged in and out of an application. Instead of being distributed
across multiple files in different formats, design data is stored in a consistent
format in a location directly accessible to all applications involved in the
design process. For example, the QuickLogic design file includes informa-
tion describing the netlist, timing, programming, ATVG data, etc.

Open access to the database is available via the QuickLogic Data Interchange
Format (QDIF). Third-party tools can therefore be configured to communi-
cate cleanly and efficiently with the functions of any, or all, of the QuickLogic
SpDE tools.

The Design Verifier analyzes a design for common errors, and architectural
violations and warnings. In addition to catching errors prior to running place
and route tools, the Design Verifier alerts the user to potential performance
oriented problems such as excessive fanout.

B2

SpDE Tools

Design Database

Design Verifier
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=

Automatic Place

and Route

Thelogic designis input to SpDE in the formof aQDIFfile. This can originate
directly from a schematic capture package, such as the CAD/CAM Group
Electronic Capture System (ECS) or VIEWlogic VIEWdraw. Inputs from
equation entry tools (ABEL, CUPL, MINC or PALASM), or high-level
languages (VHDL, etc.) are accepted following processing by a logic
synthesis package, such as the Exemplar Logic Synthesis System, to generate
a QDIF file. Alternatively, a schematic generator can build symbols and
schematics for the design, so that they can be integrated with other blocks in
ahigher-level schematic. In this manner, Boolean/HDL entry and schematic
entry can be mixed and matched as desired.

The QDIF file is mapped into the physical pASIC silicon architecture by
SpDE Automatic Place and Route tools. These tools consist of three key
modules; the Packer, Placer, and Router.

The Packer maps logic symbols into pASIC logic cells. Five independent
outputs on the pASIC logic cell allow multiple, unrelated logic functions to
be automatically identified and packed into a partially used cell. This provides
the most efficient use of silicon. The Packer is not an optimizer; it does not
change the defined logic nor modify the netlist. Rather, it maps the user’s
macro symbols into logic cells in order to produce the fastest and densest
possible implementation.

The Placer uses automatic placement technology to place I/O cells and
internal logic cells in locations that provide optimum performance. The
Placer takes the densest arrangement generated by the Packer and manipu-
lates it to produce the fastest result. Fixed assignment of both internal and
/0O cells is supported. This allows the user to fit pASIC devices into board
designs with predetermined signal pin locations. It also permits a designer to
iterate to the fastest possible solution by locating registers adjacent to selected
output cells, or assigning priority to functions in a critical net.

While manual placement is optional, only fully automatic routing is permit-
ted. The combination of the regular and orthogonal architecture permitted by
the low impedance ViaLink interconnect technology, together with ample
wire routing resources allows 100% automatic place and route of designs
using up to 100% of the logic cells. Many designs have been completed
successfully even with a high percentage of fixed user placement of internal
cells and pin locations.

Consisting of Global and Detail Router stages, the Router connects logic
cells together while minimizing the wiring delays and routing resources
consumed. The Global Router assigns routability by making channel assign-
ments. It includes an optimized Clock Router, which minimizes delay and
skew on high-speed clock nets. It may also be used on resets and other wide
fanout signals. The Detail Router completes the task by mapping the routes
produced by the Global Router to specific wires in the pASIC device.

QuICKLOGIC
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B2

The Physical Viewer shows the user how the automatic place and route tools
have mapped alogic design into the siliconresources. Itisnot amanual editor,
but a tool that allows the designer to inspect the results of APR for placement
efficiency and routing congestion. Timing critical paths can be identified and
alternative placements evaluated.

In third-party tools with a database software structure, such as CAD/CAM’s
ECS, the Physical Viewer can be tightly coupled to allow cross probing
between the schematic and the physical layout. For example, a wire on the
physical layout can be selected within the viewer, and its logical counterpart
will be highlighted within the schematic tool. Alternatively, a net can be
selected on the schematic and its corresponding wire will be highlighted in the
viewer. This tight interaction between the logical and physical representa-
tions gives the user a high degree of control over the design of critical speed
paths.

E - DATAPZK
Hierarchy Navigator - DATAPZK.ach - Sheet 1 of 1 Ple_View Design _Iools Program_ lnfo Help
Ple Yiew F2=PushiPop Misc Jools Process il I3 =5 % T
XSIM Al hl
S

1 T [

(Select tem to Query =
./ e
Coni o

JRVER

Physical Viewer

FIGURE 2

The user can cross
probe between the
physical layout and
third-party schematic
capture tools to
highlight selected
nets for debugging
and iterative design
improvement
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2

Timing Analysis
Tools

Programming
and Testing

Timing analysis tools contained in SpDE include a Delay Modeler and a
Static Path Timing Analyzer.

The Delay Modeler performs post-layout delay calculations using Advanced
Waveform Evaluation (AWE) techniques. The AWE technique, developed
by Professors Pillage of the University of Texas and Rohrer of Carnegie
Mellon, uses moment matching approximations to evaluate the delays caused
by distributed resistance and capacitance. It yields results that are as precise
as SPICE simulations whilereducing computing time by orders of magnitude,
permitting highly accurate results using PC or workstation platforms. This
work received the IEEE Transactions on CAD best paper award for 1990. By
processing the complete results of APR, the Delay Modeler analyzes pack-
ing, placement, and routing to determine the intrinsic (active device) and
wiring delays for the entire design. These precisely calculated delays are
back-annotated into third-party simulators for timing-accurate results.

The Static Path Timing Analyzer performs path analysis of the circuit delay
from the Delay Modeler. It offers automatic analysis of the complete design,
aswell as interactive analysis of user-specified portions of the design. Critical
paths can be easily identified as the Path Timing Analyzer can be tightly
coupled to both the schematic and the Physical Viewer.

The Programmer Interface translates the results of the APR process into the
patterns required to program pASIC devices. These are transmitted, together
with automatically generated test vectors, over an RS-232 link to the
programmer.

The optimal programming procedure is determined by a function called the
sequencer. By coupling the AWE calculations of the Delay Modeler with the
results of the Detail Router, the sequencer optimizes the programming
procedure to program ViaLink elements on the most heavily loaded nets to
resistance values below S0 ohms. This ensures the shortest possible delays on
these critical interconnects.

The flip-flops in the pASIC logic cells are connected by an internal scan path
which allows device testing both prior to, and following, programming.
Automatic Test Vector Generation (ATVG) software, included in the SpDE
product, uses this feature to provide convenient and thorough test coverage
of programmed pASIC devices by the user.

QuicKLOGIC

3-28



SpDE TOOLS E]

The Designer Programmer/Tester is alow-cost programming and testingunit | PROGRAMMING/
for QuickLogic pASIC devices. The model QP-PL84 accepts 84-lead plastic TESTING

PLCC devices directly. Other packages are supported by individual adapters. HARDWARE

This is included together with sample devices, cables, etc. in the pASIC
Toolkit 3.0 (QT-3.0) and the SpDE PC Toolkit (QT-SPDEPC) or may be
ordered separately (QP-DPPC).

The SpDE tools are available in the following configurations: SpDE Product
Contents
Total Design SpDE Programming
Capabllity Tools Capablliity
QT- as-

QT-3.0 | @S-3.0 | SPDEPC| SPDEPC| QT-DPPC

ECS Schematic Capture i 4
X-SIM Simulator o A

Third-party Support

Exemplar Interface A b 4 hd

CAD/CAM ECS Libraries b g b b

Viewlogic Libraries d 4 d hd

Layout Tools

Design Verifier 4 b 4 4

Auto Place and Route b i o4 i

Physical Viewer L4 b 4 4

Timing Tools

Delay Modeler L b L4 4

Path Analyzer L4 b L4 4
Programming Tools

Programmer Interface b b b b b
ATVG . . ] . .

QP-PL84 Programmer hd o hd
64-lead PLCC Adapter b4 bt 4
Two QL8x12 Devices L4 hd b
Cables, connectors, etc. L4 hd i
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SpDE Products | | Name Order Code | Description
Summary
pASIC Toolkit QT-3.0 ECS schematic capture
X-SIM device simulator
SpDE Tools
Programming/Testing Unit
pASIC Tools - | QS-3.0 ECS schematic capture
Software Only X-SIM device simulator
SpDE Tools
SpDE Toolkit QT-SPDEPC| SpDE Tools
Programming/Testing Unit
SpDE Tools — | QS-SPDEPC| SpDE Tools
Software Only
Programming/ | QT-DPPC Automatic Test Vector Generator
Testing Toolkit Programmer Interface
Programming/Testing Unit
QuIcKLOGIC 3-30




QT-DPPC
Programming/Testing Toolkit

HIGHLIGHTS

Programming/
Testing Toolkit

bs

QuickLoGiCc

]

< I

]

Combination programmer and tester — All the hardware and
software that isrequired to program pASIC devices from a386/486 PC
and execute ATVG test vectors to verify programming results.

Internal Device Scan Path allows device testing of all registers
following programming.

Programming/Testing Toolkit includes sample devices, cables,
adapter and even an antistatic wrist strap.

Intended for users of third-party place and route tools who need
to program QuickLogic devices. (NeoCAD Inc., for example, offers
adevice-independent APR package compatible with the QuickLogic
Designer Programmer/Tester.)
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PROGRAMMING/TESTING TOOLKIT

Designer
Programmer/
Tester

Programming
and Testing

Contents and
System
Requirements

The Designer Programmer /Tester is acost effective programming and testing
unit for QuickLogic pASIC family devices. The model QP-PL84 directly
accepts 84-lead PLCC devices; other packages are supported by individual
socket adapters.

The Programmer Interface translates the results of the APR process into the
patterns required to program pASIC devices. These are transmtited, together
with automatically generated test vectors, over an RS-232 link to the
programmer.

The optimal programming procedure is determined by a function called the
sequencer. By coupling the AWE calculations of the Delay Modeler with the
results of the Detail Router, the sequencer optimizes the programming
procedure to program ViaLink elements on the most heavily loaded nets to
resistance values below 50 ohms. This ensures the shortest possible delays on
these critical interconnects.

Automatic Test Vector Generation (ATVG) software analyzes test coverage
and generates the test vectors This allows convenient and thorough test
coverage of programmed pASIC parts using the internal scan path included
in the design of the pASIC devices. The degree of test coverage can be easily
controlled, and user-specified test vectors generated in the X-SIM simulator
can be included. The Programmer Interface downloads the programming
element and test vector signals over an RS-232 connection to the pASIC
Designer Programmer.

The Programming/Testing Toolkit contains all necessary hardware and
software to program and test the pASIC device, minus the PC workstation.

*  Model QP-PL84 Designer Programmer/Tester unit

* Automatic Test Vector Generator (ATVG)

* Programming interface software

¢ Two QL8X12 pASIC FPGA devices

» ACadapterand cord (Output 12 VAC, 800 mA. Plug ID 2.1 mm, OD 5.5 mm)
* 9-pin RS-232 cable

¢ Cable adapter, 25-pin to 9-pin

¢ 68-pin adapter

* ESD wrist strap

* All software supplied on 5.25-inch high-density disks, 3.5-inch versions
available upon request.

QuickLogiC
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The programming unit operates when connected serially to a PC station
running Windows™ 3.0 or greater. The minimum sotware and hardware
requirements for programming the device are as follows:

¢ MS-DOS (or PC-DOS) version 3.1 or higher
*  Microsoft Windows version 3.0 or higher

* 80386/486-based PC

¢ 4 MBytes RAM

¢ Windows-supported mouse

» 8 MBytes free disk space

* Available serial port

Name Order Code
Programming /Testing Toolkit QT-DPPC
3-33 QuickLoGIC
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Registers and Latches in the pASIC Architecture
QuickNote

-

INTRODUCTION

FIGURE 1

The pASIC 1 logic
cell’'s 5 outputs

offer a new level

of flexibility in FPGA
design, resulting in
very high gate useage

X

QuickLoaiC

Quicklogic’s pASIC™ 1 Family of high-performance FPGAs allows logic
function speeds of over 100 MHz. The prime objective of the QuickLogic
PASIC 1 Family logic cell is to maximize in-system device speed, while
providing the flexibility to integrate both combinatorial and register-
intensive designs. For sequential applications, each pASIC 1 logic cellcanbe
configured for latched or registered operation. In fact, for some designs, it is
possible to integrate two latches and a register into a single logic cell. Thus,
the QL8X12, which offers 1000 usable gates in 96 logic cells, has amaximum
potential capacity of 288 registers and latches. The pASIC logic cell is shown
in Figure 1.

PRESET

CLOCK
RESET
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FIGURE 2a

Several of the over 50
register and latch
macrofunctions
included in the pASIC
Toolkit 3.0

FIGURE 2b

The pASIC Toolkit 3.0
also offers an
extensive library

of 7400 series latch
and register
functions

Each logic cell has a dedicated register that has independent reset and preset
functions. One of the unique features of the logic cell is the availability of
multiple outputs, which may also be used as feedback paths. These feedback
paths, combined with the combinatorial logic in each logic cell, allow it to be
configured for a variety of registered and latched applications, while main-
taining efficient gate utilization. This QuickNote will demonstrate a few of
the many ways the pASIC 1 logic cell can be used to implement latches,
registers, and combinations of the two functions.

The pASIC Toolkit is a fully integrated, Windows 3.0-based development
environment for QuickLogic pASIC 1 FPGAs. The Engineering Capture
System (ECS) from CAD/CAM Group allows for fast schematic entry of
designs. To simplify design entry, the Toolkit comes with an extensive library
of macrofunctions including over 50 register and latch functions. These
include single and grouped functions, as well as many 7400 series equiva-
lents. Figure 2a shows a few of the basic functions, while Figure 2b gives a
listing of the 7400 series register and latch functions included in the library.

a1 T
CLR D1 Q1]
DLAC P DLA }_‘ X

CLR - PRE
niall e — i

oFFe DFFEPC_‘
7474 7477 7478 7491
7498 74104 74105 74107
7409 74116 74171 74174
74194 74268 74273 74278
74279 74373 74374 74376
74395 74396 74594 74604
74821 75822 74823 74841
74842

For most cases, the macrofunction library will contain all of the functionality
required by a particular design. The Toolkit includes a module called the
Packer, which will scan a design for gates, registers, and latches that can be
combined into a single logic cell. This not only offers the benefit of higher
density, buthigher speed as well. For amore detailed discussion of the Packer,
consult Chapter 8 of the pASIC Toolkit User’s Guide.

However, in some cases a customized element may be desired to achieve a
specific function. The pASIC Toolkit 3.0 allows custom functions to be
designed at the cell level, or by combining existing library elements. This
gives the designer the best of both worlds— high- level functionality from the
macro library and control at the gate level when desired.

QuicKLOGIC
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The multiplexer-based pASIC 1 logic cell, is ideal for implementing latched
functions. As shown in Figure 3, a D-type flow-through latch is easily
implemented in a single 2-to-1 multiplexer. This function is available in the
library as the element DLA.

S

SELECT
DATA Q
MUX2x@

The multiplexer-based logic cell can implement two flow-through latches in
a single cell (library element name DLAD). Thus, a function such as the
74373, an 8-bit latch, is implemented in only four logic cells.

Perhaps not so obvious are the benefits gained when the design requires
pipelined latches. In this case, for which alogic cell design is shown in Figure
4, the output of the first latch (which is implemented in multiplexer N) feeds
the input of the second latch (which is implemented in multiplexer O). This
design is easily modified for common enables, true-complement enabling, or
inverted data input.

SEL2
—Q A
—0
B
M
C
DATA B o Q
N
E
SEL1 3
—gF
—a

FIGURE 3

A 2-to-1 multiplexer is
easily configured as a
flow-through latch,
taking a fraction of a

logic cell

FIGURE 4

Using a cell design
such as the one
above, pipelined
latches can be com-
bined into a single
logic cell to minimize
the latch-to-latch

delay
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FIGURE 5

Two latches,
implemented in
multiplexers, are
combined in a master/
slave configuration to
create an edge
triggered flip-flop

This type of design minimizes the delay path between latches for high
operating frequency, while at the same time maximizing logic cell utilization.

The pASIC 1 Family is equally capable when it comes to integrating edge-
triggered registers. As mentioned previously, each of the logic cells within a
pASIC 1 FPGA comes equipped with adedicated D-type register that can also
be configured for J-K and Toggle operation. Thisregister hasdedicated preset
and reset logic, and can be clocked from any of the express lines. These
dedicated registers will typically satisfy the register requirements of most
designs. However, some designs are register-intensive and will require more
than the fixed number of registers within the pASIC device. In this case, it is
often possible to put two registers into a single logic cell. An edge-triggered
register can be easily constructed from the multiplexer logic in eachlogic cell.
Figure 5 shows how two 2-to-1 multiplexers are connected to create an edge-
triggered register.

CLOCK
INV

DATA
MUX2x0

MUX2x0

This is the familiar master/slave latch implementation of an edge-triggered
flip-flop. Note that this design can be easily modified for negative edge-
trigger clocking, simply by moving the inverter such that the enable to the first
mux is inverted, and the enable for the second is not. This configuration is
essentially the pipelined latch configuration that was shown previously, and
it is implemented in multiplexer logic, leaving the dedicated register still
available. Thus, for cases where one register is feeding another, the pASIC
logic cell is capable of integrating two registers into a single cell. Figure 6
shows a cell design for pipelined registers. The first register consists of
multiplexer N and multiplexer O in a master/slave latch configuration. This
is followed by the dedicated cell register.

QuickLogiC
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T FIGURE 6
A cell design for two
edge-triggered
registers in a single
cell. This allows an
8-bit shift register to
M 3 be implemented in

o Q | only 4 logic cells.
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A typical example of how this function would be used is an 8-bit shift register.
This function is implemented in only four logic cells, thus maximizing the
overall gate utilization of the device.

Similarly, designs frequently call for a latch feeding a register. The pASIC
Family of FPGAs is capable of integrating this logic into a single logic cell.
Conversely, if needed, the logic cell is also capable of handling a design
requiring aregister feeding into a flow-through latch. Finally, for the designer
wishing to take advantage of the full capability of the device, a logic cell can
be configured as a pair of latches followed by a register. The register must be
fed by one of the latches, but this is not unusual when latching data off a
system bus where it is then registered for internal use.

4-5 QuickLoaic
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FIGURE 7

A typical 16-bit bus
interface, where the
data is first latched,
and then can be
stored in one of two
registers
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The 16-bit latch plus the 8-bit register can fit into only 8 logic cells, for an
average utilization of 22 gates per logic cell.

This QuickNote details a few of the many register and latch functions that can
be implemented in the pASIC 1 Family of FPGAs. The flexibility of the logic
cell architecture allows for easy integration of multiple latches and registers
into a single logic cell, up to 288 in the pASIC QL8X12 1000-gate FPGA. It
is this flexibility of the logic cell, combined with the powerful pASIC Toolkit,
that allows rapid completion of designs that will operate over 100 MHz, with
a fully automatic place and route.

QuickLoaic
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Counter Designs in the pASIC Device
QuickNote

B -

HIGHLIGHTS | E@  Free running counters — High-speed counters optimized for binary
counting at frequencies in excess of 100 MHz.

B3  Counterswithadded features—Binary counters with LOAD for data
inputs, COUNT ENABLE, UP/DOWN count capability, 3-State
output control, synchronous and asynchronous clear inputs.

E&  Counter Macro Library — A comprehensive library of QuickLogic
counters exists as ready-made designs for instant systems applications.

B2  Counter Design Methodology for pASIC™ devices - Introduction

of techniques to enhance the performance of counter design. How to
use look-ahead and pipelined carry to decrease propagation delay
between counter modules.

INTRODUCTION | The low -impedance ViaLink™ interconnect element employed in the
PASIC device architecture enables higher performance operation than any
other FPGA family. This is particularly evident in the design of high-speed
counters. The pASIC macro library contains a range of predesigned counters
covering a wide variety of needs. Examples of nine of these are shown below.
This QuickNote is intended as an overview of alternative approaches to the
PASIC design methodology of functions that cannot be satisfied by these

counter modules.
Counters from
QuickLogic’s Macro
Library
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FIGURE 1
Moore State
Machine

...State machine
design in the
PASIC device

Designs in this application note were implemented with the QuickLogic
PASIC Toolkit operating under Microsoft Windows™ 3.0 on the PC. This
comprehensive set of CAE software includes third-party design entry (ECS
from CAD/CAM Group, Inc.) and timing and functional simulation (X-SIM
from SAS, Inc.). Both operate efficiently and interactively with QuickLogic
SpDE place and route, delay modeling and physical viewer tools. The ability
to enter and simulate in the same graphical environment provides the user
with a quick and efficient way of generating and debugging counter designs.

After SpDE place and route of the pASIC device, timing values may be
generated. Compiling net, gate and ViaLink propagation delays provides
timing parameters that are a function of the layout and partitioning of the cells
in the pASIC device. These timing values can be annotated back into the
simulator, Having done this, the designer can evaluate the performance of his
counter with regard to maximum count frequency, clock to output, input set
up and hold times. If the counter’s performance needs improvement the ECS
schematic capture environment may be invoked to manually improve the
placement of registers or clock input buffers. An optimum placement for
counters would have registers placed in a column with clock inputs driven
from a clock express line to minimize clock skew.

Figure 1 shows a block diagram of a Moore state machine. The next state of
the registered Q outputs is a function of combinatorial inputs gated with the
current state of the same Q outputs. A counter is a state machine that conforms
to this structure. The state of the inputs combine with the Qregistered feedback
to provide the next output state. Depending on counter complexity, a design
can have combinatorial inputs; CLEAR, HOLD, COUNT ENable, UP/
DOWN control, and forloadable counters DATA inputs and a LOAD control.

CLOCK " INPUTS LOGIC LREGISTERS

COMBINATORIAL — ‘ Q OUTPUTS
INPUTS

[ !
Q REGISTERED FEEDBACK

Implementation of this type of state machine is well suited to the pASIC
device that has internal logic cells comprising logic gates, multiplexers and
registers. Universal cell interconnect is possible through vertical and horizon-
tal routing channels and programmable ViaLink sites. Logic and registers
combine with interconnect to realize state machines and counters of varying
complexity. Position constraints of the registered cells can be entered into the
schematic along with the design itself, thus ensuring optimum placement of
cell groups.

QuicKLoGIC
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Figure 2 shows a binary flip-flop as entered in the ECS schematic capture
system. It conforms to the Moore state machine of Figure 1. The CLR line is
used as adirect input to reset the register and the Q0 output is inverted and fed
back to drive the D input of the same register which causes it to toggle after
each clock rising edge. This circuit forms the least significant bit of a free-
running binary counter. To optimize a counter design for maximum per-
formance the designer should take advantage of the high drive input buffer
(HDPAD) which rapidly charges/discharges the low capacitance on the
dedicated express clock lines. High current drive minimizes clock skew on
these lines that cover the entire length and breadth of the pASIC device.

The X-SIM simulator allows logic ONEs and ZEROs to be displayed over the
signal lines so the designer can trace the behavior of his system dynamically,
as in Figure 2.

eI = D O
{1 § — E
illia)lislisms

The circuit shown in Figure 3 is a Johnson counter implemented in the pASIC
device. Itconsists of four D-type registers linked as a shift register with an inverting
feedback from Q3 into the DO input of register QO. After the registers have been
cleared, the first clock pulse will strobe a logic HIGH into QO and a further three
clock pulses will propagate that HIGH through the other registers. When Q3 goes
HIGH the feedback to DO will be inverted and a LOW will be clocked into Q0. The
subsequent clock pulses will sequentially clock aLOW condition through the shift
register as shown in the following simulation. This design comprises four registers
and provides eight distinct states through which the counter can transition. With
aclock input period of 7000 pico seconds (7 ns) the Johnson counter performed with
aclock frequency of 143 MHz during simulation.

v

FIGURE 2

Binary Flip-flop

FIGURE 3
Four-bit Johnson
counter design
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Simulation of the
Johnson counter

FIGURE 4
Free-running
four-bit binary
counter with clear
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The advantages of the Johnson counter are found in its simplicity and very high
performance. The light capacitive loading on eachregister output and the lack
of combinatorial logic delays in the feedback loop make this design capable of
clocking at well over 100 MHz in the pASIC device. A disadvantage is in the
number of states through which the counter can transition. If n represents the
number of registers in the counter, then the Johnson counter can clock through
2n states as opposed to 2" found in a binary counter with n registers.
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Figure 4 shows a binary counter with an asynchronous CLEAR input. In this
design aregister is required to maintain or HOLD its current contents until all
the lesser significant registers become HIGH. Then the register is required to
change its state or TOGGLE after the next clock edge. The least significant
stage of this design features the binary flip-flop that is given in Figure 2 and
provides the output for Q0.

QuickLoGiC
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The TOGGLE and HOLD functions for registered outputs Q1, Q2 and Q3 are
achieved with a 2:1 multiplexer feedback. An AND gate control drives the S
(Select) input of each multiplexer. When the AND gate output is HIGH, the
inverting feedback path through the multiplexer is selected causing the
register output to TOGGLE, otherwise a HOLD function is maintained
through the noninverting route. This four-bit counter shows a very efficient
use of the pASIC cell as only four of them are required to perform this
function. The design when simulated with a clock input of period 10,000 pico
seconds (10ns), showed 100 MHz counter performance.

A Gray Code sequence allows only one bitin the pattern to change as one state
proceeds to the next. This type of encoding can safeguard against simulta-
neous output driver transition. By definition only one bit can change so only
one output buffer will transition after each clock pulse.

PAD

B

DFFC

B2

Simulation waveforms
of the four-bit free-
running counter
clocking at 100 MHz

Four-bit Gray code
counter design

FIGURE 5

Four-bit Gray code
counter in pASIC
device
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Figure 5 shows a Gray code counter as a state machine design. The conven-
tional “sumof product terms” has been used to encode the registered feedback
and provide the correct sequence states.

Four-bit G_ray code - Waveform Viewer - WAVES - Dynamic Wavetorm Displ [T
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Figure 6 shows acounter havinga LOAD/COUNT function selected through
4:1 multiplexers thatdrive each register in the counter. When the LOAD input
is HIGH, the dataon the D0:D3 input bus is selected through the multiplexers.
The clock rising edge will synchronously load the registers Q0:Q3. Todisable
a LOAD function, the LD input must be LOW, enabling the COUNT
function. The EN input allows the counter to increment or hold. Finally the
OEinput gives an active HIGH enable to the 3-State output buffers (TRIPAD)
given in Figure 6.
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FIGURE 7
Loadable up/down
counter
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Synchronous
loadable up/down
counter

Simulation
showing

up count, load,
count enable

Figure 7 shows a binary four-bit loadable UP/DOWN counter with a count
enable, EN, input. Data inputs DI[0:3] are tied to a bus and enter the pASIC
device through a four-bit wide input buffer. Individual data lines D[0], D[1],
D[2], and D[3] drive inputs 3 and 4 of the multiplexer circuits. The LD input,
when HIGH, will select these data lines to drive the D-type register inputs. A
synchronous clock loads D[0:3] Data inputs to the registered Q[0:3] outputs.
‘When the registers are loaded, the LD input may be taken inactive LOW. To
enable the count function, the EN input must be driven HIGH. This input
provides an enabling HIGH to all the AND gates shown in Figure 7. When
LOW, this signal maintains a HOLD condition on all four registers. In a
binary counter a register is required to TOGGLE after all the less significant
registers become HIGH, but this circuit can count either way, UP or DOWN.
In a down count a register TOGGLES after all the less significant registers
become LOW. The circuit controlling the TOGGLE function of each register
comprises a sum of two product terms and drives the SO input of each
multiplexer. One of the two AND gates will be enabled by a logic HIGH on
the UP control and the second AND gate enabled for the DOWN count. The
UP input is adual function pin, UP and NOT DOWN. When HIGH, this input
selects the UP count and when LOW, selects the down count.

It should be noted that in both Figures 6 and 7, buses have been used for data
inputs and register outputs. Combining signals on a bus and using compo-
nentsinagroup can help simplify the schematic diagramsin complex circuits.
For deeper counters such as eight bits, sixteen bits and above, it is recom-
mended that the designer use buses to improve the clarity of the circuit design.
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The design methodology used for integrating deeper counters into the pASIC
device employsatechnique of interlacing internal registered HIGH and LOW
conditions. The wider AND gates in the pASIC cell library have both true and
complement inputs up to the widest AND gate which is the AND14i7. This
gate has a total of fourteen inputs, seven inverting and seven noninverting.
The counter shown in Figure 8 has outputs Q0: Q7 and has been designed such
that Q0:Q3 function on LOW logic levels, and Q4:Q7 on HIGHs. When the
SCL input is driven active HIGH it will select a logic LOW for registers
QO0:Q3, and a HIGH for registers Q4:Q7 via the multiplexer inputs 3 and 4.
If registered outputs Q4:Q7 drive inverting output buffers and Q0:Q3
noninverting buffers then all the buffer output pins will be driven LOW. To
an external system, this counter is designed to function as a conventional
binary counter, but internally the groups Q0:Q3 and Q4:Q7 function on
interlaced LOW and HIGH logic group levels respectively.

During synchronous count operations, the AND gates controlling the
TOGGLE function also require interlaced true and complement inputs. Just
as Q4:Q7 require inverting output buffers, the same internal TOGGLE
control AND gates invert Q4:Q7 signals. An example is given in the
TOGGLE control gate for Q6 which combines Q0:Q3 and NOT Q4 and NOT
QS as an AND gate function of all six input variables.

Simulation

showing counter
load, down count,
wrap-around

Eight-bit binary
counter with
synchronous clear
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FIGURE 8

Eight-bit binary
counter

...Tie unused logic
inputs to Vec or GND
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The TOGGLE function to register Q7 uses the 14i7 AND gate. In any circuit
design the unused inverting or noninverting inputs must always be tied to Vcc
or GND. This is shown for the 14i7 AND gate in Figure 8. Any unused input
to a logic cell can be tied to create a permanent HIGH or LOW enable
condition for the other signal inputs. The way in which the designer interlaces
the logic HIGH and LOW conditions in the counter design is also important.
Anobvious way would be to consider even outputs Q0, Q2, Q4 ... functioning
on logic HIGH levels and odd outputs Q1, Q3, QS ... on logic LOWSs. This
way of interlacing a counter is on a bit-by-bit basis and could cause problems
if there were a requirement for the registers to be bussed onto pin driver
groups. Interlacing a four-bit-wide group, Q0:Q3, and Q4:Q7 allows abus of
four bits wide to drive a pin driver group four bits in width. Interlacing on
alternate bits would prevent the designer taking advantage of the bus feature.

The circuit given in Figure 8 can be made into a symbol and used as an eight-
bit counter module or block with CLK and SCL inputs. The design has no
count ENable input and is a free-running counter toggling on each clock
cycle. A designer can develop deeper counters, 16, 24 and 32 bits by
combining eight-bit counter modules. If a 16-bit counter is created from two
eight-bit modules, then the higher order eight-bit module must be prevented
from incrementing until the lower order counter has reached its final count.
An ENable input is an additional control that is required by the higher order
byte counter. The counter shown in Figure 8 may be developed to incorporate
an additional ENable input. If each TOGGLE AND gate has one additional

QuicKLOGIC
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inputto control the TOGGLE or HOLD function, then that control can be used
as the ENable input. An AND gate will be required for the register and
multiplexer combination driving Q1. The SO input of the multiplexer will be
selected by Q0 AND the ENable function. For QO, a four-input multiplexer
should be added with the ENable input driving its SO input and the S1 input
being driven by SCL. This multiplexer has the same connections as Q1, Q2
and Q3.

The way in which a carry output is generated, from the lower order eight-bit
counter, and propagated to the ENable input of the next stage is crucial in
determining the performance of the two stages. One method would be to
detect the final count of the lower order counter and feed an enabling signal
to the next stage. This requires one clock period for gating and propagation.
A more subtle approach would be to detect the count value prior to the final
count. This penultimate carry bit is generated one clock pulse before the last
count, so a D-type register is required to delay its propagation to the next
eight-bit stage. Carry generation and propagation can be extended over two
clock cycles, effectively halving the delay path.
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Pipelined carry
generation

FIGURE 9

16-bit counter from
two eight-bit modules
and a pipelined look-
ahead carry
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...Carry generation
and propagation is
critical in determining
performance

Simulation of the
16-bit counter
showing the
pipelined carry

One AND gate and a D-type register combination is used to decode and
generate and pipeline the carry CY0Q/CYOO. This is decoded from the least
significant eight-bit counter output bus. The technique is also called ‘carry
anticipate’ and its application is to reduce the carry propagation delay to the
input of the next counter stage. The eight-bit counter module in Figure 8 is
given in Figure 9 as a macro COUNTSS. An additional eight-bit counter has
been added to provide outputs QO8-QO15. The macro COUNT S8 is identical
to COUNTES apart from one additional input. The EN input is an active
HIGH count enable input and is driven from the look-ahead pipeline carry
register. This counter will HOLD its current contents when EN is LOW and
increment when EN goes HIGH. From Figure 9 the bus nets Q[0:3] and
QI8:11] are non-inverted while QI[4:7] and QI[12:15] give inverted outputs.
The output buffers correct the logic polarity to provide a conventional binary
output code.

‘When considering the performance of this counter design it should be noted
that the internal set up time for the registered outputs Q[8:11] and QI[12:15],
of module COUNTES, is 256 clock cycles. The propagation of the carry bit
then becomes the critical performance factor in the linking of the two
counters.

The simulation shows the sixteen-bit counter outputs and the look-ahead
carry CYO which decodes the hexadecimal count ‘FFFE’. The D-type
register delays this signal by one clock edge, so its output CYOO goes HIGH
when the counter reaches ‘FFFF’. The counter outputs “roll over” to ‘0000’
after the nextclock transition and alogic zero is clocked into the carry register.
So carry generation and propagation takes two clock cycles.
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Figure 10 takes the counter depth to 24 bits using a similar look-ahead
technique. In this example a carry generator macro CRYGEN has been
created to decode the count before the penultimate count. If ‘FD’ hexadecimal
is decoded from the least significant byte, as opposed to ‘FE’ then two
registers are required to pipeline the early carry. Its propagation delay is then
extended to three clock cycles increasing the time available to enable the
higher order counters. The higher order byte counters in the chain have a set
up time through internal feedback of 256 count periods. This makes the look-
ahead carry generation propagation delay the significant determining factor
in the counter’s overall performance.

For a 32-bit design, the designer could decode ‘FC’ from the least significant
eight-bit stage and pipeline the carry through three registered stagesifit gives
any benefit to the system performance. In a design that uses the technique of
apipelined carry it should be noted that a synchronous clear should flush the
carry registers as well as the counter registers. The CRYGEN MACRO has
a SCL (synchronous clear) input to perform this function, Figure 11.

For deep loadable counters that use look-ahead carry, the design should
distinguish between a count and a load function. When the count ENable is
valid, the carry bitis generated from the look-ahead condition at the registered
outputs. For aLOAD, the carry input is created from a HIGH condition on all
the data inputs of the lesser significant stage.

FIGURE 10

24-bit counter from
three eight-bit
modules

Look-ahead carry for
a 24-bit counter

Additional
considerations

BE
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FIGURE 11

Pipelined look-ahead
carry generator
CRYGEN

Simulation of the
24-bit counter
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The pASIC product quality program has the goal of achieving the highest
quality as perceived by the customer. The program includes product accep-
tance inspection in the Standard Process Flow (see the following Standard
Process Flow diagram). Electrical, visual, mechanical, solderability, and
hermeticity inspection monitors check on the adequacy of the process
controls. Inspection data defects, should they occur, are used as feedback to
the operating departments for analysis and process improvement.

Designed for testability, the pASIC 1 Family incorporates many special test
modes to verify circuit performance and array programmability. Test row and
column patterns, specifically designed to detect array anomalies, are pro-
grammed at both the wafer sort and packaged product test stages. These test
patterns and conditions represent the worst-case operating and programming
conditions that will be encountered in the field. For example, the ViaLink
element requires a 10- to 11-volt pulse to program. During wafer sort and final
test, all devices are stressed near this voltage to eliminate products with
potentially weak links.

The QL8x12 contains 76,000 ViaLink elements, including 1,336 test links.
Half of the test links are programmed at wafer sort, the balance at final test.
In atypical application, less than 5 percent of the links, approximately 3,400
arerequired to be programmed. Therefore, links representing one-third of the
number which will be programmed at the customer site will have been
checked on every device prior to shipment. A similar proportion of links are
verified on all devices.

Another on-chip test feature is a silicon signature test column. The signature
allows process sequence verification at each electrical test step. Devices not
programmed with the proper signature for the sequence to be performed are
rejected.

A serial scan path allows 100 percent functional testing of each logic cell and
its interconnecting wiring channels. The channels are checked for inter and
intra shorting under stress conditions. Dedicated input and I/O cells are fully
tested to the guardband limit of data sheet D.C. specifications. A.C. perfor-
manceis tested viaan internal capability which chains all of the cells together.
A chainof over 560 gates allows extremely accurate measurement without the
traditional shortfalls encountered with high-resolution range measurements.
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The QuickLogic pASIC™ 1 family of very-high-speed FPGAs is built by
integrating the QuickLogic ViaLink™ metal-to-metal antifuse programming
element into a standard high-volume CMOS gate array process.

Reliability testing of pASIC devices is part of a continuous process to assure
long-term reliability of the product. It consists of industry established
accelerated life tests for basic CMOS devices plus additional stress tests for
the ViaLink elements. The standard tests include high-temperature operat-
ing life, thermal shock, temperature cycle, biased 85/85, pressure pot, and
high-temperature storage tests. The addition of two high-voltage life tests
stresses the unprogrammed and programmed ViaLink elements beyond
conventional CMOS reliability testing.

Results to date, from the evaluation of over 1700 pASIC devices from
multiple wafer lots, indicate that the addition of the ViaLink element to a
well-established CMOS process has no measurable effect on the reliability
of the resulting product. There have been no failures in 31 million equivalent
device hours of high temperature operating life. The observed failure rate is
0 FITs, and the failure rate at a 60% confidence level is 29 FITs.

The pASIC devices are fabricated using a standard, high-volume 1 pm
CMOS gate array process with twin-well, single-poly, and double layer metal
interconnect. This technology has been qualified to meet MIL-STD-883C.
Over 1.1x10° equivalent device hours of operating life test have been
accumulated since volume production began in 1989.

The technology employs a high-integrity TiW-Al+Cu-TiW metal system
which offers very low contact resistance through the use of PtSi contacts, high
resistance to electromigration, and freedom from stress-induced opens. [1]

The basic CMOS technology [2] features LDD-type transistors with a gate
oxide thickness of 200A. BPSG applied over the polysilicon lines is reflowed
after contact formation giving a sloped entry for metal one. The interlevel
dielectric is planarized with spin-on-glass. Vias are wet/dry etched giving
sloped walls for good metal two step coverage. Interconnect metal lines
contain layers of TiW on both sides of standard Al+Cu alloy.

5-3
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FIGURE 1
Cross Section of a
ViaLink Antifuse

FAILURE
MECHANISMS IN THE
pASIC DEVICE

The ViaLink element is located in an intermetal oxide via between the first and
second layers of metal. It is created by depositing a very-high-resistance
silicon filmin a standard size metal one to metal two via. The silicon deposition
is done atlow temperature and causes no change to the properties of the CMOS
transistors. When deposited at low temperatures, silicon forms an amorphous
structure which can be electrically switched froma high-resistance state (= 1 G-€2)
to a low-resistance state (= 50€) for an off-to-on ratio of 2x107. QuickLogic
takes advantage of this property to create the ViaLink metal-to-metal antifuse
programming element. See Figure 1.

P METAL .
METAL

= —

The programming voltage of the ViaLink element varies with amorphous
silicon thickness. For a desired programming voltage between 10-12 volts,
the thickness of the amorphous silicon film is approximately 1000 A. This is
ideal for good process control and minimizes the capacitive coupling effect
of an unprogrammed element located between the two layers of metal.

Amorphous silicon is deposited with standard semiconductor manufacturing
equipment and processing techniques. In addition to antifuse elements, it is
used in the high-volume fabrication of image sensoss, decode and drive
circuits for flat panel displays, and high efficiency solar cells.

A varijety of failure mechanisms exists in CMOS integrated circuits. Since the
overall failure rate is composed of various failure mechanisms, each having
different temperature dependence and thus varying time-temperature rela-
tionships, itis important to understand the characteristics of each contributing
failure mechanism. Table 1 lists nine key failure mechanisms that have been
characterized for standard CMOS devices, plus the two mechanisms for the
programmed and unprogrammed ViaLink elements.

Various accelerated life tests are used to detect the possible contribution of
each mechanism to the overall failure rate of the device. Failure rate data
taken at elevated temperature can be translated to a lower temperature
through the Arrhenius equation. This equation, in the form of an acceleration
factor, Ay, can be written as,

Ag=expl-E /k(I/T 1T 6))

QuickLoaic

5-4



PASIC 1 FAMILY RELIABILITY REPORT

B2

where T, is the stress temperature, T is the operating temperature of the
device, E, is the activation energy for that mechanism, and k is the Boltzmann
constant.

TABLE 1 Failure Mechanisms Which May be Operative in pASIC Devices

Activation Energy
Fallure Mechanism t5o dependence (Ep) Detection Tests
Insulator breakdown exp(-p/E) value of B de- Approx. 0.3 eV for High voltage operating
(leakage, opens) pends on the dielectric and SiO, and life test (HTOL)
may be temp. dependent. dependent on E
Parameter shifts due to exp(E,/KT) (Arrhenius) 1.0eV High temp. bias
contamination (such as Na)
Silicon defects (leakage, Arrhenius 0.5eV High voltage and guard
etc.) banded tests
Metal line opens from Wt exp(E_/KT) Approx. 0.7 eV HTOL
electromigration J2 for Al+Cu alloys
Masking and assembly Arrhenius 0.5eV High temp. storage and
defects HTOL
Short channel charge trap- O = exp(-AE) Appox. -0.06 eV Low temp. high voltage
ping (V¢ and gy, shifts) oper. life test
Stress induced open WMP exp (Eo/kT) 06to1.4eV(E, Temp. cycling
metal (operative only on (m and p range from difficult to
non-clad metal systems) 1.3104.7) reproduce)
Open metal from (%RH)*-5exp(E/KT) 0.3t00.6 High temp./high humidity/
electrolytic corrosion bias test
Wire bond failure from 1/(Dt)'/2 where 0.7eV HTOL
excessive gold-aluminum D = Dgexp(E4/KT)
interdiffusion
Unprogrammed ViaLink exp(-BE) oeV High V. static life test
Programmed Vialink exp(-PJ) Approx. 0 eV High V,; operating life test

In Table 1, t5, is the mean time to failure, E is the electric field, E, is the
activation energy, k is the Boltzmann constant (8.62X10-5¢V/°K), W is the
metal width, t is the metal thickness, J is current density, g, is transconduc-
tance, Vi is the threshold voltage, A is a constant, m and p are constants, T
is the absolute temperature, RH is the relative humidity, and D is the diffusion
constant.
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ACCELERATED LIFE
TESTS ON QL8X12

TABLE 2
Results of
Accelerated
Life Tests

on the QL 8X12

The purpose of alife test is to predict the reliability and failure rate of adevice.
However, a device operating under normal operating conditions would
require years of testing to determine its long-term reliability. Methods of
accelerating failures developed in the industry allow accurate prediction of a
device life time and failure rate in a much shorter time duration. Accelerated
stress tests are run at high temperature, high voltages, or a combination of
both. Table 2 contains the results of the tests performed on a programmed
QL8X12, where approximately 3500 ViaLink elements were programmed
and about 75,000 ViaLink elements were left unprogrammed. These numbers

are typical for a fully utilized device.

Test

Process Qual.
Acceptance
Requirements

Test Results

HTOL, 1000 hrs, 125°C,
Vec= 5.5V, MIL-STD-883C,
Method 1005

<100 FITs @ 55°C,
E,=0.7eV, 60%
confidence

0 observed FiTs, 29 FITs
at a 60% confidence.
400 units from 4 lots

High temp. storage, 1000 hrs.,
150°C, unbiased

<1% cum. failures
per test

0%
105 units from 3 lots

THB, 1000 hrs., alternately
biased, 85% R.H., 85°C,
JEDEC STD 22-B

Method A101

<1% cum. failures
per test

0%
300 units from 3 lots

Temp. cycle, 1000 cycles,
-65°C to 150°C,
MIL-STD-883C,

Method 1010

<1% cum. failures
per test

0%
110 units from 4 lots

Thermal shock, 100 cycles,
-65°C to 150°C, 883C,
Method 1011

<1% cum. failures
per test

0%
105 units from 3 lots

Pressure Pot, 168 hrs.,
121°C, 2.0 atm., no bias

<1% cum. failures
per test

0%
105 units from 3 lots

High Vcce Static Life <20 FiTs due to 0 observed FITs.
1000 hrs, 25°C, unprogrammed 363 units from 5 lots
Ve = 7.0V Static ViaLink element,
A;=130
High Vee Dynamic Life, <20 FITs due to 0 observed FITs.
1000 hrs, 25°C, Vcc = 6.0V, programmed 300 units from 3 lots.
15MHz VialLink element, 1 Failure not related
A;=380 to VialLink element

QuickLogic
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A failure is defined as any change in the DC characteristic beyond the data
sheet limits and any measurable change in the AC performance.

The overall reliability of the QL8X12 devices as indicated by the results of
the tests shown in Table 2 is 29 FITs with a 60% confidence.

Details of each of the tests of Table 2 are given in the following sections. The
failure mechanisms specific to the ViaLink antifuse element are described in
detail. All tested devices were in the 68-lead plastic chip carrier (PLCC)
package.

HTOL is the life test which operates the device at a high Vce and high
temperature. This test is used to determine the long-termreliability and failure
rate of the device in the customer environment. The specific condition of this
test is defined by the MIL-STD-883C Quality Conformance Test. The
devices are operated at 5.5v and 125°C for 1000 hours. The acceleration due
to temperature can be calculated by using equation (1), assuming an average
activation energy of 0.7eV and an operating temperature of 55°C. The
observed failure rate in FITs is,

Failure Rate = (failures) x (109 device-hrs)/(total equivalent device-hrs) (2)

The generally reported failure rate is a 60% confidence level of the observed
FITs. The failure rate at this confidence level is calculated using Poisson
statistics since the distribution is valid for a low failure occurrence in a large

sample.

The acceleration factor from equation (1), for 55°C and E, = 0.7¢V is 78.
Therefore, from the results shown in Table 3, the QL8X12 has been operating
for more than 31 million equivalent device hours without a failure. The
observed failure rate is 0 FITs and the failure rate at a 60% confidence level is
29 FITs.

High-Temperature Operating Life Test
Ve =35.5V, Temp. = 125°C, f = IMHz, 68-lead PLCC

Fallures @ Hours

Fab Lot Quantity
168 500 1000

18362 100

19194 100

19618 100

[= 2 BN = T B = T B =]

0
0
0
0

o |lo o} o

20454 100

STANDARD CMOS
TESTS AND RESULTS

High-Temperature
Operating Life Test

TABLE 3

Results of
High-Temperature
Operating Life Test

5-7
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High-Temperature | High-temperature storage testis a 150°C, 1000 hour, unbiased bake. This test
Storage | accelerates failuresdue to mobile charge, such assodium. The results in Table
4 demonstrate the stability of the programmed and unprogrammed ViaLink
element and the long-term shelf life of the QL8X12.
TABLE 4 High-Temperature Storage Test
Results of No bias, Temp. = 150°C, 68-lead PLCC
High-Temperature
Storage Test Fallures @ Hours
Fab Lot Quantity
168 500 1000
18362 35 0 0 (¢}
19194 35 0 0 0
19390 35 0 0 0
The temperature, humidity, and bias test is performed under severe environ-
T t mental conditions. The device is exposed to a temperature of 85°C and a
Humid °mP°:|aB“i’°’ relative humidity of 85% for 1000 hours, while the pins are alternately biased
umidity, an 85,835 between 0and 5.5 volts JEDEC STD 22-B). This test is effective at detecting
( 5) corrosion problems, while also stressing the package and bonding wires.
Table 5 shows that the QL8X12 had no failures.
TABLE 5 Temperature, Humidity, and Bias Test
Results of 85% R.H., Temp. = 85°C, pins alternately biased at 5.5V, 68-lead PLCC
Temperature,
Humidity, Fallures @ Hours
and Bias Test Fab Lot Quantity
168 500 1000
19194 100 0 0 (o}
19618 100 0 0 (o}
19454 100 0 0 0
QuickLogiC 5-8
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The temperature cycle test stresses the packaged part from-65°C to 150°C for
1000 cycles. The air-to-air cycling follows the MIL-STD-883C Quality
Conformance Test. This test checks for any problems due to the thermal
expansion stresses. The plastic package, lead frame, silicon die, and die
materials expand and contract at different rates. This mismatch can lead to
cracking, peeling, or delamination of the high stress layers. The results in
Table 6 show that the QL8X12 had no failures.

Temperature Cycle Test
Air-to-air -65°C to 150°C, 68-lead PLCC
Fallures @ Cycle
Fab Lot Quantity
250 500 1000
16921 5 0 0 0
18362 35 0 0 0
19194 35 0 0 (]
19618 35 0 0 0

The thermal shock test cycles the packaged part through the same tempera-
tures as the temperature cycle test except that the cycling is done from liquid
to liquid. The temperature change is nearly instantaneous in this case. The
rapid temperature change can result in higher stresses in the package and lead
frame. The results in Table 7 show that the QL8X12 had no failures.

Thermal Shock Test
Liquid to liquid, -65°C to 150°C, 68-lead PLCC

Temperature
Cycle Tests

TABLE 6
Results of
Temperature
Cycle Test

Thermal Shock Tests

TABLE 7
Results of
Thermal Shock Test

Fallures @ Cycle
Fab Lot Quantity
100
18362 35 0
19194 35 [o]
19618 35 0
59 QuickLoaic
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Pressure Pot Tests

TABLE 8
Results of
Pressure Pot Test

VIALINK ELEMENT
RELIABILITY TESTS
AND RESULTS

The pressure pot test is performed at 121°C at 2.0 atmospheres of saturated
steam with devices in an unbiased state. This test forces moisture into the
plastic package and tests for corrosion in the bonding pads and wires which
are not protected by passivation. Corrosion can also occur in passivated areas
where there are micro cracks or poor step coverage. QL8X12 had no failures
as shown in Table 8.

Pressure Pot Test
Pressure = 2.0 atm., Temp. = 121°C, no bias, 68-lead PLCC

Fallures @ Hours
Fab Lot Quantity
48 96 168
18362 35 (] (o] 0
19194 35 0 0 0
19390 35 (v 0 0

The ViaLink antifuse is a one time programmable device. In the unpro-
grammed state it has aresistance of greater than one gigachmand capacitance
of less than one femtofarad.

The application of a programming voltage across the antifuse structure, above
acritical level causes the device to undergo a switching transition through a
negative resistance region into a low-resistance state. The magnitude of the
current allowed to flow in the low resistance state, the programming current,
is predetermined by design. A link of tungsten, titanium, and silicon alloy is
formed between metal one and metal two during the programming process.

The link has a metallic-like resistivity of the order of 500 micro-ohms-cmand
is responsible for the low 50 ohm resistance that is a unique characteristic of
the QuickLogic ViaLink antifuse.

The link forms a permanent, bidirectional connection between two metal
lines. The size of the link, and hence, the resistance, depends on the magnitude
of the programming current. Figure 2 shows the relationship between pro-
gramming current and programmed link resistance. Figure 3 shows the
distribution of link resistance for a fixed programming current.

QuickLogic
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FIGURE 2 Resistance vs 1/ Programming Current
R=0.810/Ip

140

120 —

) 7

1

3

Resistance
8

N

/H/

20 =

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
1/Programming Current (mA)
FIGURE 3 Distribution of ViaLink Resistance at Ip =15 mA
Average = 52.3 Ohms Std Deviation = 3.69
25
20
> 15
]
=
g
('S
® 10
5
0
0 10 20 30 2 50 60 70 80 90 100

ViaLInk Reslstance (Ohm)

5-11

QuicKLOGIC




B2

pASIC 1 FAMILY RELIABILITY REPORT

Unprogrammed
ViaLink Element
Reliability

Reliability studies on an antifuse, that can exist in two stable resistance states,
must focus on the ability of an unprogrammed and a programmed device
under stress to remain in the desired state. In the context of standard IC testing,
the antifuse should be stressed under conditions similar to those for a
dielectric (in the unprogrammed state) and for a conductor (in the pro-
grammed state).

For ViaLink elements in the unprogrammed state, the tests must determine
their ability to withstand applied voltages over the range of operating
conditions without changing resistance or becoming programmed. Amor-
phous materials might be expected to show gradual changes in resistance as
aresult of relaxation or annealing. Reliability studies have been designed to
explore these effects.

When a ViaLink element is stressed at high electric fields its resistance can
decrease from the initial 1 G-Q value. The reliability testing program
examined the time for the resistance to reach 50 M-Q at different stress fields.
Figures 4 & 5 illustrate that because of time constraints (=500 years), it is
impossible to detect this effect at normal operating fields in systems.

The pASIC device is designed to operate with resistance of the unpro-
grammed ViaLink element from S0 M-Q to greater than 1 G-Q. Even with all
unprogrammed ViaLink elements at 50 M-Q, the pASIC product would
remain within the guaranteed speed and standby Icc specifications.

Figure 4 shows the time required for a ViaLink element to reach 50 M-Q
under various applied electric fields at different temperatures. The time
required for the change is not accelerated by temperature over the studied
range of electric fields. The activation energy, E,, for this process is zero.

Figure 5 shows the time required for a ViaLink element to reach 50 M-Q
under various electric field stresses. A range of amorphous silicon thick-
nesses have been included in this chart. The data can be modeled using the
equation,

tsomq = toexp(-BE) €))

where the time to 50 M- decreases exponentially with increasing applied
electric field. The constant t, is 3x101° seconds and the field acceleration
factor, B, is 20 cm/MV. The model is valid for electric fields, E, below 1.6
MV/cm. Above this field, programming occurs. The electric field for 5.0 volt
Vcce operation with a typical amorphous silicon thickness is 0.61 MV/cm,
which extrapolates tgpyq to 1.5x1010 seconds, or 500 years. The time to 50
M-Q for the worst case amorphous silicon thickness and operating at worst
case Vcc is in excess of 30 years.

The high field effect is both predicable and reproducible. This effect is
inherent to the amorphous silicon in the ViaLink element [3]. The pASIC
device has been designed to operate where the effect is minimized and has no
impact on the reliability of the pASIC device.

QuICKLOGIC

5-12



pPASIC 1 FAMILY RELIABILITY REPORT E:l

FIGURE 4 Temperature Dependence of Time to 50 Megohms (Lot 617 Wafer 8)
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FIGURE 5 Electric Field Acceleration of Unprogrammed ViaLink Element
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Accelerated Stress
Tests for
Unprogrammed
ViaLink Elements

TABLE 9
Results of High V
Static Life Test

Programmed ViaLink
Element Reliability

The high field effect is created in the packaged QL8X 12 device through ahigh
Vccstatic life test. This test stresses the unprogrammed ViaLink element with
a Vce = 7.0 volts for 1000 hours. Over 360 QL8X12 devices from four lots
have beentested. This condition stresses over 20,000 unprogrammed ViaLink
elements in each QL8X12. The failure criteria for the pASIC device for this
test is the same as that of the previous tests, with emphasis placed on the
standby Icc, which increases as the resistance of the unprogrammed ViaLink
element decreases. The acceleration factor for this stress is calculated by
using equation (3) to find the ratio of the tsg, for E=0.61 MV/cmat 5 volts
and E=0.85MV/cm at 7 volts. This test has an acceleration factor = 130 for
the unprogrammed ViaLink element. The test results in Table 9 show that no
device has failed this stress in more than 73 million equivalent device hours.
Life tests continue to run; two lots have reached 1500 hours, and one lot has
exceeded 3500 hours.

High V. Static Life Test

V.= 7.0V static, Temp. = 25°C, 68-lead PLCC

Fab Lot Quantity Fallures Total Hours
16558 14 0 3650
18362 39 0 1907
19194 110 0 1756
19618 101 0 1456
20454 100 0 1000

The reliability tests on the programmed ViaLink element must demonstrate
the stability of the link resistance in the programmed state. While an increase
in resistance of the programmed device may not be catastrophic, a higher
resistance can affect the device operating speed. Because the programmed
ViaLink element has become part of the on-chip interconnect, reliability tests
should be similar to those that are normally used to validate the integrity of
metal interconnects.

In operation, the programmed ViaLink elements are subjected to capacitive
switching current of the interconnect network. They do not experience any
DC current or voltage. See Figure 6. Each switching pulse forces a capacitive
charging current to flow through programmed ViaLink elements into the
network on the rising edge, and an opposite, or discharging current, to flow
on the falling edge. Each cycle is analogous to a read pulse for a memory
device. A 10% change in resistance was set as the read disturb criteria for the

QuIcKLOGIC
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ViaLink element. The typical impedance of a network is about 5002 with the
programmed ViaLink element contributing 50Q. A 10% increase in the
ViaLink resistance will increase the network impedance by approximately
5Q, or 1%. This increase in resistance will increase a network delay in the
PASIC device by about the same proportion.

b_

Vin & -
lin —p

L
T

Time

lin
Time

Programmed ViaLink elements were stressed under severe capacitive cur-
rents. AC stresses rather than DC stresses were used to accelerate the failures
for closer correlation with actual operation. The mean number of read cycles
to disturb, Ny, for various temperatures were found to be identical. The
absence of temperature dependence indicates an E, = 0. Figure 7 shows the
acceleration of the read disturb at high AC current densities through the
programmed ViaLink element. Thus, the number of cycles to disturb can be
modeled as,

Nj, = Noexp(-PJ) @

Where Ny=7x10* cyclesis aconstant, P= 1.2 cm?/MA is the current density
acceleration factor, and J is the peak AC current density through the link.

The QL8X12 is designed to operate at worst case AC current density of
40x10° A/cm?. The N for this condition is 1x102! cycles. The failure rate
can be calculated using the cumulative density F(t),

F(t) = ® In [(N/N5)/o] ®)

The failure distribution can be determined by plotting the data ona log normal
probability scale versus the log of the number of cycles to failure. See Figure
8. The shape parameter, o, is In(No/N;¢) = 2.5.

B2

FIGURE 6
Switching of
Programmed
ViaLink Antifuse

5-15

QuickLoGIC




[N pASIC 1 FAMILY RELIABILITY REPORT
— ‘

FIGURE 7 Acceleration of Read Disturb for Programmed ViaLink Element
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FIGURE 8 Distribution of Read Disturb on Programmed ViaLink Elements
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High AC current density occurs at low frequencies where there is sufficient
time for the network to be fully charged or discharged. At frequencies above
50MHz, AC current through a ViaLink element decreases due to incomplete
charging and discharging cycle. The worst case pattern in a programmed
PASIC has less than 150 ViaLink elements operating at 40x106 A/cm?2. Most
of the programmed ViaLink elements operate at much lower current densi-
ties. Using equation (5), the cumulative failure rate for the ViaLink element
operating at 40x10% A/cm? for 1.6x1016 read cycles (equivalent to continu-
ous operation at SOMHz for 10 years) is 0.6 parts per million. This failure rate
for the pASIC device is 90 parts per million operating under worst case
condition for 10 years. The failure rate of the programmed ViaLink element
would contribute 1 FIT to the overall failure rate of the pASIC device.

The high Vcc dynamic life test stresses the QL8X12 with Vcc = 6.0 volts at
15 MHz for 1000 hours. This test stresses the programmed ViaLink elements
at 45x106 A/cm? for 5.4x1013 cycles. The acceleration factor, calculated
from equation (4), is 380. This test is equivalent to 2.0x 1016 switching cycles,
or continuous operation under worst case condition at 50 MHz for 12 years.
Three hundred QL8X12 devices from 3 lots have been stressed. The failure
criteria is the same as previously described, with emphasis placed on careful
monitoring of AC performance. Test results in Table 10 show that there have
been no failures of the programmed ViaLink elements in over 34 million
equivalent device hours.

High V_, Dynamic Life Test
Vo = 6.0V, Temp. = 25°C, 15 MHz, 68-lead PLCC

Accelerated

Stress Tests for

Programmed

ViaLink Elements

TABLE 10

Results of Hiqll:l ;
es

Dynamic Life

Vee

Fallures @ Hours
Fab Lot Quantity
168 500 1000
19194 100 0 0 0
19618 100 1* 0 0
20454 100 0 0 0

* Jec failure. Not a ViaLink element related failure.
Failure Analysis revealed a particle under M2 causing a short

5-17
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B

Conclusion on
Life Tests

REFERENCES

One failure, which was not associated with the ViaLink element, was
observed during this test. Failure analysis on this part revealed a particle
under the second metal that caused a short. This failure was due to an oxide
defect and is highly accelerated by voltage stress. This device which failed at
the 6.0 volt stress, may not have failed had it been subjected to the standard
5.5 volt HTOL stress.

The testing reported here establishes the reliability of the QL8X12. No
failures have been observed in 31 million equivalent device hours of high
temperature operating life. The observed failure rate is 0 FIT's and the failure
rate with a 60% confidence is 29 FITs. The acceleration factors that can lead
to the degradation of the programmed and unprogrammed ViaLink elements
were studied. The pASIC devices are designed to operate at voltages and
currents where the failure rate of the ViaLink element does not measurably
increase the failure rate of the pASIC device above that of normal CMOS
products.
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Packaging Specifications

HIGHLIGHTS

Plastic
Assembly
Materials

Thermal
Dissipation
Data

bs

QuicKLoGIC

QuickLogic offers surface mount packaging in both the standard PLCC and
PQFP package types. The 100-pin Thin PQFP (TQFP) package has a nominal
thickness of only 1.40 mm and is ideally suited for designs with severe height
restrictions. Several hermetic packages are now in development; contact your
QuickLogic sales representative for current information.

Component PLCCs PQFPs
Molding Compound Epoxy Novalac Epoxy Novalac
Lead Frame Copper Alloy Copper Alloy
Die Attach Area Spot Ag Spot Ag
Die Attach Material Silver Filled Epoxy Silver Filled Epoxy
Bond Wire Au Au
LoadFinish | goq oo sin | a0v20m Sb
Package (# Leads) JC (typ) JA
PLCC (44) 11° C/Watt 45° C/Watt
PLCC (68) 8° C/Watt 45° C/Watt
PLCC (84) 6° C/Watt 45° C/Watt
TQFP (100) 11° C/Wait 48° C/Watt
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PLCC Package
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B

Plastic Leaded Chip Carriers

44-Lead 68-Lead 84-Lead
Symbol Min Max Min Max Min Max
A .165 180 .165 .200 .165 .200
(4.19) (4.57) (4.19) (5.08) (4.19) (5.08)
A1 .090 120 .090 .130 .090 .130
(2.29) (3.05) (2.29) (3.30) (2.29) (3.30)
B .013 .021 .013 .021 .013 .021
(.330) (.533) (.330) (.533) (.330) (.533)
B2 .026 .032 .026 .032 .026 .032
(.660) (.813) (.660) (.813) (.660) (.813)
C .008 .010 .008 .010 .008 010
(.203) (.254) (.2083) (.254) (.203) (.254)
D .685 .695 .985 .995 1.185 1.195
(17.40) | (17.65) | (25.02) | (25.27) | (30.10) | (30.35)
D1 .650 .656 .950 .958 1.150 1.158
(16.51) | (16.66) | (24.13) | (24.33) | (29.21) | (29.41)
D2 590 .630 .890 .930 1.090 1.130
(14.99) | (16.00) | (22.61) | (23.62) | (27.69) | (28.70)
D3 500 .800 1.00
Ref only (12.70) (20.32) (25.40)
E .685 .695 .985 .995 1.185 1.195
(17.40) | (17.65) | (25.02) | (25.27) | (30.10) | (30.35)
E1 .650 .656 .950 .958 1.150 1.158
(16.51) | (16.66) | (24.13) | (24.33) | (29.21) | (29.41)
E2 .590 .630 .890 .930 1.090 1.130
(14.99) | (16.00) | (22.61) | (23.62) | (27.69) | (28.70)
E3 .500 .800 1.00
Ref only (12.70) (20.32) (25.40)
el .050 .050 0.50
Typ only (1.27) (1.27) (1.27)
Theta JA(4) 45 45 45
(°C/Watt)
Notes:
1. All dimensions are in inches (mm).
2. Controlling dimension: inches
3. D1 and E1 do not include mold flash.
4. The Thermal Resistance, Theta JA, in °C/Watt, is for a 10,000 sq. mil die in still air with copper
frame. Values are approximate.
5. Lead frame material: Copper
6. Lead finish: Matte Tin or Sn/Pb solder dip.
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PQFP Package
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Plastic Quad Flat Package

B2

100-Lead 144-Lead 160-Lead
Symbol Min Max Min Max Min Max
A .063 .164 164
(1.60) (4.17) (4.17)
Al .002 .006 .010 017 .010 .017
(.05) (.15) (.25) (.43) (.25) (.43)
A2 .053 .057 128 147 128 147
(1.35) (1.45) (3.24) (3.74) (3.24) (3.74)
D .620 .640 1.22 1.24 1.22 1.24
(15.75) (16.25) (30.95) (31.45) (30.95) (31.45)
D1 547 .555 1.10 1.11 1.10 1.11
(13.90) (14.10) (27.90) (28.10) (27.90) (28.10)
E .620 .640 1.22 1.24 1.22 1.24
(15.75) (16.25) (30.95) (31.45) (30.95) (31.45)
E1 547 555 1.10 1.11 1.10 1.1
(13.90) (14.10) (27.90) (28.10) (27.90) (28.10)
B .010 .012 .012
(.25 BSC) (.30 BSC) (.30 BSC)
P .020 .026 .026
(.50 BSC) (.65 BSC) (.65 BSC)
c .004 .008 .005 .009 .005 .009
(.09) (.20) (.13) (.23) (.13) (.23)
L .012 .028 .026 .037 .026 .037
(-30) (.70) (.65) (.95) (.65) (.95)
Theta JA(4) 48 TBD TBD
(°C/Watt)
Notes:

. All dimensions are in inches (millimeters).

1

2. Controlling dimension: millimeters

3. D1 and E1 do not include mold flash.

4. The Thermal Resistance, Theta JA, in °C/Watt, is for a 10,000 sq. mil die in still air with copper
frame. Values are approximate.

5. Lead frame material: Copper Alloy

6. Lead finish: Matte Tin Lead Plate or Sn/Pb solder dip.

5-23
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Ordering Information

B —

ORDERING | pASIC device ordering part numbers are composed as follows:

INFORMATION
QL 8x12 -1 PL68 C
QuickLogic pASIC Operating Range
device prefix C = Commercial
| = Industrial
PASIC device part M = Military
number for 8 by 12
array of 192 logic celis Package Code
First Letter
Speed Grade P = Plastic
(see data sheet) C = Ceramic
Second Letter
L=LCC
F=QFP
G=PGA
Number of Leads
84 =84 Leads

B

QUICKLOGIC
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Third-party Design Support

-

PRODUCT DESCRIPTION

PALASM, ABEL, CUPL,
MINC to QDIF

ECS - Engineering Capture
System (schematic entry)

VIEWdraw

X-SIM pASIC Simulator
VIEWsim
Simulation Models

FPGA Foundry
Call Factory

FPGA Designs
FPGA Designs
FPGA Designs
FPGA Designs
FPGA Designs

FPGA Designs

X

QUICKLOGIC

VENDOR
Design Entry

Exemplar Logic
CAD/CAM Group

Viewlogic
Simulation
Silicon Automation Systems
Viewlogic
Logic Automation
Place and Route
NeoCAD

Programming

Design Services
Roger Alford
Programmable Designs

Steve Golson
Trilobyte Systems

Kash Johal
ASIC Technical Solutions

Mike Dini
FPGA Consultant

Chris Jay
Essex Technology

Michael Kelley
Cogent Computer Systems
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PHONE

(510) 849-0937
33-140-200915

(408) 725-0204

44-(0)-483-750-149

(508) 480-0881

(408) 437-9161
(508) 480-0881
(503) 690-6900

(303) 442-9121

(313) 426-8775
(508) 369-9669
(408) 943-1332
(619) 546-0229
(408) 226-6048

(508) 624-6447

U.S.
France

u.s.
U.K.
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pASIC™1 FAMILY
Power vs Operating Frequency

pASIC 1 FAMILY
POWER
CALCULATIONS

Static Power

Active Power

b

QuICKLOGIC

While bipolar devices draw similar amounts of current regardless of fre-
quency, CMOS devices use power in relation to the switching frequency in
addition to drawing anominal amount of static Icc. CMOS power calculations
are therefore based upon combining both static power and active power.
Many of the power calculation models used for CMOS gate arrays can be
applied to pASIC devices.

The FPGA draws static current when in a quiescent state. QuickLogic FPGAs
are rated at 10 mA worst case and are typically 2 mA.

The FPGA draws active current dependent upon operating frequency. The
active power calculation uses the following components:

* Macrocells

* Input Buffers

*  Output Buffers

* High-Drive Buffers

* Clock Buffers

The active power can be calculated by using the guidelines in Figures 1 and
2 and Tables 1 and 2. These show the equivalent device capacitances as a

function of frequency for both the QL8X12 and the QL12X16 for typical
conditions.
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B X

FIGURE 1 QL8x12 Ceq vs Operating Frequency

100.00
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o
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OPERATING FREQUENCY (MHz)

TABLE 1 QL8x12 Equivalent Capacitance

MHz | 10 | 20 | 33 50 66 | 80 | 100
Input (F) | 960 | 930 | 889 | 813 | 762 | 723 | 6.83
Output (pF) | 15.73 | 15.83 | 16.04 | 15.55 | 16.60 | 16.04 | 14.39
Macro (pF) | 17.47 | 17.02 | 16.57 | 15.78 | 14.15 | 13.42 | 12.69
HDbuffer load | (pF) | 225 | 219 | 210 | 1.98 | 1.87 | 1.77 | 1.71
Vert HD line (®F) | 338 | 329 | 316 | 297 | 280 | 266 | 257

100

QuickLoaiC
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FIGURE 2 QL12x16 Ceq vs Operating Frequency
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TABLE 2 QL12x16 Equivalent Capacitance

MHz 10 20 33 50 66 80 100
Input (pF) | 960 | 930 | 889 | 813 | 762 | 723 | 6.83
Output (pF) | 15.73 | 15.83 | 16.04 | 15.55 | 16.60 | 16.04 | 14.39
Macro (pF) | 17.47 | 17.02 | 16.57 | 15.78 | 14.15 | 13.42 | 12.69
HDbuffer load (pF) | 225 | 219 | 210 | 198 | 187 | 1.77 | 1.7
Vert HD line (pF) | 338 | 329 | 316 | 297 | 2.80 | 2.66 | 257
Clock buffer (pF) | 10.756 | 10.75 | 10.75 | 10.75 | 10.75 | 10.75 | 10.75
Clock colbuf (pF) 467 | 467 | 467 | 467 | 4.67 4.67 4.67
Clock load (pF) | 1.11 1.11 1.11 111 | 1.11 1.11 1.11
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Example Using the
Power Calculation

The equation for the power calculation for each individual component is:

P omp@mw) = (#Components)*(chuiv)*(Favr)*(Vm)z*(1000)
The “#Components” is the number of components being used; “Ceqy;,” is the
equivalent capacitance from Figure 1; “F,,” is the average frequency of the
components and “V_.” is the operating voltage of the device.
The complexity in calculating power for CMOS arrays is in determining the
average frequency of individual components in the system. For an example
we use a 16-bit counter with 16 macrocells/outputs; Q0-Q15. All of these
macrocells toggle at different frequencies and will draw different amounts of
power. The frequency of each bit is as follows:

+ QO will toggle at F/2 where F is the incoming clock frequency.
* QI will toggle at F/4
e Q2 will toggle at F/8

* Q15 will toggle at F/(65536)

With x representing the number of bits in the counter, this relationship can be
simplified down to an average frequency for each individual flip flop:

F,, =116 3 (112=F/16

n=1

Our 16-bit counter is implemented in a QL8X12 and uses 16 macrocells. 16
outputs, and a high-drive clock pad that drives 4 vertical express columns.
The incoming clock frequency is 33 MHz operating at 5 volts. We determine
total device power by calculating the power of the individual components.

Macrocells

From Figure 1or Table 1 welocate Cequiv for an individual macrocell. In this
case Ceqyiy is 16 pf/MHz-Macrocells.

P acro(mwy= (16)*(16)%(33/16)*(5)2*(10°3) = 13.20 mW

QuickLoaic
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Input Buffers

From Figure 1 or Table 1 we use C
MHz or 8.9 pf/MHz-Input.

Pousmwy=(D*8.9)*(33)%(52*(10%)=7.34 mW

equiv for an individual input running at 33

Output Buffers

The Ceq“iv for an individual output buffer is 16 pf/MHz-Output. Because the

outputs of the device are the same as the outputs of the counter, we use F/16
for our average frequency of the outputs. Inserting the numbers we calculate:

P utputsuwy=(16*(16)(33/16)*(52*(10})=13.2 mW

High-Drive Buffers

Calculations for the power for High-Drive Buffers and Clock Buffers are
divided into two components consisting of (1) the number of columns and (2)
the number of loads the High Drive/Clock Buffer drives. The appropriate
equation is:

nghDﬁve(mwf[(#Columns)(Cequivcol)i-(#Inads)(Ceq“ivlmds)]*(Vcc)z*(f")*(10'3)
Pitigh Driv cmwy=LA)(3.16)+(16)(2.10)(5)%(33)(1000)=38.15 mW

Total Device Power

By adding both the static and active power components we determine that the
typical total device power equals the following:

Psys=(13.20mW)+(7.34mW)+(13.20mW)+(38.15mW)+(50mW)=121.89 mW

5-33
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Sales Representatives/Distributors

Direct Sales Offices
EAST

11 Lackey Street

Westboro, MA 01581

(508) 366-1666
FAX: (508) 366-1701

NORTHWEST
Corporate

2933 Bunker Hill Lane
Santa Clara, CA 95054
(408) 987-2000

FAX: (408) 987-2012

SOUTHWEST

516 23rd Street
Manhattan Bch, CA 90266
(310) 546-5589

FAX: (310) 546-5589
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Sales Representatives

ALABAMA

BITS, Inc.

303 Shields Road
Huntsville, AL 35811
(205) 859-2686

FAX: (205) 859-2227

ARIZONA

Altek Components, Inc.

4635 S. Lakeshore Drive, Ste 122
Tempe, AZ 85282

(602) 345-4575

FAX: (602) 345-4100

Altek Components, Inc.
5005 Calle Chacras
Tucson, AZ 85718
(602) 529-0443

FAX: (602) 299-4707

CALIFORNIA

EXIS

2841 Junction, Ste 202
San Jose, CA 95134
(408) 456-1650
FAX:(408) 433-0450

Littlefield & Smith Associates
11230 Sorrento Valley Rd, Ste 200
San Diego, CA 92121

(619) 455-0055

FAX: (619) 455-1218

COLORADO

Seale Associates

7535 E. Hampton Ave, #100
Denver, CO 80231

(303) 695-1980

FAX: (303) 695-1984

DELAWARE

CMS Marketing

527 Plymouth Rd, Ste 420
Plymouth Meeting, PA 19462
(215) 834-6840

FAX: (215) 834-6848

FLORIDA

Delmac Sales, Inc.

Main Office

2000 Tree Fork Lane, Ste 106
Longwood, FL 32750

(407) 831-0040

FAX: (407) 831-0025

Delmac Sales, Inc.
15404 Timberline Drive
Tampa, FL 33624
(813) 447-5192

FAX: (813) 962-6997

Delmac Sales, Inc.

1761 W. Hillsboro Blvd, Ste 312
Deerfield Beach, FL 33441
(305) 427-7788

FAX: (305) 427-7949

GEORGIA

BITS, inc.

1650 Oakbrook Dr, Ste 415
Norcross, GA 30093

(404) 446-1155

FAX: (404) 242-8316

IDAHO

Seale Associates

7535 E. Hampton Ave, #100
Denver, CO 80231

(303) 695-1980

FAX: (303) 695-1984
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ILLINOIS

Dolin Sales Company
609 Academy Drive
Northbrook, IL 60062
(708) 498-6770

FAX: (708) 498-4885

LOUISIANA

Nova Marketing, inc.

8350 Meadow Rd, Ste 174
Dallas, TX 75231

(214) 750-6082

FAX: (214) 750-6068

MAINE

Mill-Bern Associates
2 Mack Road
Wobum, MA 01801
(617) 932-3311

FAX: (617) 932-0511

MARYLAND

Tri-Mark, Inc.

1410 Crain Highway N.W.
Glen Bumie, MD 21061
(410) 761-6000

FAX: (410) 671-6006

MASSACHUSETTS
Mill-Bern Associates
2 Mack Road
Woburn, MA 01801
(617) 932-3311

FAX: (617) 932-0511

MISSISSIPPI

BITS, Inc.

303 Shields Road
Huntsville, AL 35811
(205) 859-2686

FAX: (205) 859-2227

MINNESOTA

Electric Component Sales, Inc.
4974 Lincoln Drive
Minneapolis, MN 55436

(612) 933-2594

FAX: (612) 933-9052

MONTANA

Seale Associates

7535 E. Hampton Ave, #100
Denver, CO 80231

(303) 695-1980

FAX: (303) 695-1984

NEW HAMPSHIRE
Mill-Bern Associates
2 Mack Road
Wobum, MA 01801
(617) 932-3311

FAX: (617) 932-0511

NEW JERSEY

MetroLogic Corporation
271 Rte 46 West, Ste D202
Fairfield, NJ 07006

(201) 575-5585

FAX: (201) 575-8023

CMS Marketing

527 Plymouth Rd, Ste 420
Plymouth Meeting, PA 19462
(215) 834-6840

FAX: (215) 834-6848

NEW MEXICO

Altek Components, Inc.
6005 Calle Chacras
Tucson, AZ 85718
(602) 299-4707

FAX: (602) 299-4707

NEW YORK

MetroLogic Corporation
271 Rte 46 West, Ste D202
Fairfield, NJ 07006

(201) 575-5585

FAX: (201) 575-8023

Quality Components, Inc.
116 Fayette Street
Manlius, NY 13104

(315) 682-8885

FAX: (315) 682-2277

Quality Components, Inc.
3343 Harlem Road
Buffalo, NY 14225

(716) 837-5430

FAX: (716) 837-0662

NORTH CAROLINA

BITS, Inc.

1650 Oakbrook Dr, Ste 415
Norcross, GA 30093

(404) 446-1155

FAX: (404) 242-8316

OKLAHOMA

Nova Marketing, Inc.
8125-D E. 51st St, Ste 1339
Tulsa, OK 74145

(918) 660-5105

FAX: (918) 665-3815

PENNSYLVANIA

CMS Marketing

527 Plymouth Rd, Ste 420
Plymouth Meeting, PA 19462
(215) 834-6840

FAX: (215) 834-6848

RHODE ISLAND
Mill-Bern Associates
2 Mack Road
Woburmn, MA 01801
(617) 932-3311

FAX: (617) 932-0511

SOUTH CAROLINA

BITS, Inc.

1650 Oakbrook Dr, Ste 415
Norcross, GA 30093

(404) 446-1155

FAX: (404) 242-8316

TENNESSEE

BITS, Inc.

1650 Oakbrook Dr, Ste 415
Norcross, GA 30093

(404) 446-1155

FAX: (404) 242-8316

TEXAS

Nova Marketing, Inc.

8350 Meadow Rd, Ste 174
Dallas, TX 75231

(214) 750-6082

FAX: (214) 750-6068
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Nova Marketing, Inc. Domestic Distributors
9207 Country Creek Rd, Ste 206
g‘:gtggézég 038 Bell Microproducts ILLINOIS
i Headquarters Wood Dale (708) 860-3800
FAX: (713) 774-1014 .
. 550 Sycamore Drive INDIANA
Nova Marketing, Inc. Milpitas, CA 95035 ’ i
8310 N. Capitol of Texas Hwy, Ste 180 | (408) 434-1150 Indianapolis (317) 872-8875
Austin, TX 78731 FAX: (408) 434-0778 KANSAS
(512) 343-2321 | Lenexa (913) 888-4747
FAX: (512) 343-2487 CALIFORNIA
Milpitas (408) 434-1150 MARYLAND
UTAH Fountain Valley  (714) 963-0667 | Columbia (301) 988-9800
Seale Associates OREGON MASSACHUSETTS
7535 E. Hampton Ave, #100
Denver, CO 8%231 Milpitas, CA (408) 434-1150 | Billerica (508) 667-0902
(303) 695-1980 WASHINGTON MICHIGAN
FAX: (303) 695-1984 Milpitas, CA (408) 434-1150 | Plymouth (313) 416-5800
VERMONT MINNESOTA
Mill-Bern Associates Hall-Mark Electronics Bloomington (612) 881-2600
2 Mack Road Headquarters
Woburn, MA 01801 11333 Pagemill Road MISSOURI
(617) 932-3311 P.O. Box 660091 Earth City (314) 291-56350
FAX: (617) 932-0511 Egﬁ'ﬁs@;o%%% NEW JERSEY
Moorestown (609) 235-1900
VIRGINIA : -
Tri-Mark, Inc. FAX: (214) 343-5481 Parisppany (201) 515-3000
1410 Crair) Highway N.W. ALABAMA NEW YORK
Glen Bumie, MD 21061 Huntsville (205) 837-8700 | Fairport (716) 425-3300
g;)(()) 746110-6233 ARIZONA Ronkonkoma (516) 737-0600
#0671 Phoenix (602) 437-1200 | NORTH CAROLINA
\#ﬁ\z::’r(u;:;ou, D.C. CALIFORNIA Raleigh (919) 872-1900
1410 Crain Highway N.W. Chatsworth  (818) 773-4500 | OHIO
Glen Bumie, MD 21061 Irvine (71 4) 727-6000 WOI'thIngtOﬂ (61 4) 888-3313
(410) 761-6000 ROCkﬁT\ (916) 624-9781 Solon (216) 349-4632
FAX: (410) 671-6006 SS:: 5'°9° (2:):) igg"zo‘ OKLAHOMA
ose (408) 432-4000 | 1eq (918) 254-6110
WISCONSIN
Dolin Sales Company COLORADO TEXAS
Englewood 303) 790-1662
250 West Coventry Court, Ste 107 | =NGISWoo (303) Austin (512) 258-8848
Glendale, Wl 53217 CONNECTICUTT Dallas (214) 553-4300
(414) 482-1111 Chesire (203) 271-2844 | Houston (713) 781-6100
FAX: (414) 351-4142
FLORIDA WASHINGTON
WYOMING Casselberry (407) 830-5855 | Seattle (206) 547-0415
Seale Associates Largo (813) 541-7440
7535 E. Hampton Ave, #100 ] WISCONSIN
Danver, GO 8%231 Pompano Beach (305) 971-9280 New Berlin (414) 797-7844
(303) 695-1980 GEORGIA
FAX: (303) 695-1984 Duluth (404) 623-4400
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International
Representatives/
Distributors

ENGLAND

Abacus Electronics Holdings Ltd
Abacus House, Bone Lane
Newbury Berks, RG14 5SF England
Telephone: 44-(0) 635 515701
FAX: 44-(0) 635 38670

FRANCE
SCIENTECH

Bordeaux

Zi du Phare — 16

ru Francois Arago

33700 Merignac
Telephone: 33-56 34 03 07
FAX: 33-56 477473

Rennes

Techno Parc — 4

4 Avenue Des Peupliers — Bat E
35510 Cesson Sevighe
Telephone: 33-99 83 98 98
FAX: 33-99 83 48 04

Saint Etienne

Le Chatelet— 5

Place Camot

42000 Saint-Etienne
Telephone: 33-77797970
FAX: 33-77 741003

Toulouse

Minipark — BP232

Innopole Voie No 2

31677 Labege Cedex
Telephone: 33-61391977
FAX: 33-61 39 04 85

GERMANY
Scantec Mikroelektronik GmbH

Behringstrasse 10

8033 Planegg West Germany
Telephone: 49-89 859 80 21
FAX: 49-89 857 65 74

Tannenbergstrasse 103
7312 Kircheim/Teck West Germany
Telephone: 49-70 21 830 94

Topas electronic GmbH
Striehlstrasse 18

3000 Hannover 1, West Germany
49-511131217

FAX:49-511 131216

Max Weber Str. 16

2085 Quickbom
Telephone: 49-4106-73097
FAX: 49-4106-73378

ITALY
Claitron

Claitron S.p.A

Via Gallarate 211

20151 Milano - ltaly
Telephone: 39 2 33404000
FAX: 39 2 38001414

Claitron Torino

Corso Francia 220

10093 Collegno (To) - ltaly
Telephone: 39 11 4054100
FAX: 39 11 4053018

Claitron Padova

Via Nicolo' Tommaseo 15
35131 Padova - ltaly
Telephone: 39 49 665636
FAX: 39 49 663558

Claitron Bologna

Via E. Collamarini 22
40138 Bologna - ltaly
Telephone: 39 51 534883
FAX: 39 51 531217

Claitron Firenze

Via Masaccio 175

50132 Firenze - ltaly
Telephone: 39 55 5001923
FAX: 39 55 5001921

Claitron Roma

Piazza Carduti della Montagnola 50
00142 Roma - ltaly

Telephone: 39 6 5413279

FAX: 39 6 5402876

JAPAN

Nippon QuickLoglc k.k.
2-34-16 Yoga
Setagaya-ku, Tokyo 158
Telephone: 03-5716-5930
FAX: 03-5716-5931
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