






























































































































































































SpDE TOOLS fA I 

The Physical Viewer shows the user how the automatic place and route tools Physical Viewer 
have mapped a logic design into the silicon resources. It isnot amanualeditor. 
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 higblightedin 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. 
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FIGURE 2 
The user can cross 
probe between the lEI 
physical layout and 
third-party schematic 
capture tools to 
highlight selected 
nets for debugging 
and iterative design 
Improvement 
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Timing Analysis 
Tools 

Programming 
and Testing 

QUICKLoGIC 

SpDETOOLS 

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 while reducing 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. 
as well 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 50 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. 

3-28 



SpDETOOLS 

The Designer Programmertrester is a low-cost programming and testing unit 
for QuickLogic pASIC devices. The model QP-PL84 accepts 84-lead plastic 
PLeC devices directly. Other packages are supported by individual adapters. 
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: 

Total Design SpDE Programming 
Capability Tools Capability 

QT- QS-
QT-3.0 QS-3.0 SPDEPC SPDEPC QT·DPPC 

............ ................................ . ............. , ".,' . "" .... .. 
:!:::))))):{))(:!::::::::::::(::t:::::::::::::::{::::::::::::::t\~::iWW:T.:~li\:::::::rr::::/:::::{::{mt:\:!::::::::\{\:}::!#::(:\\i:::::: 

ECS Schematic capture 
X-5IM Simulator 

Third-party Support 
Exemplar Interface 
CAD/CAM ECS Ubraries 
V1ewlogic Ubraries 

Layout Tools 
Design Verifier 
Auto Place and Route 
Physical Viewer 

Timing Tools 
Delay Modeler 
Path Analyzer 

Programming Tools 
Programmer Interface 
ATVG 

Qp·PL84 Programmer 
64-lead PLCC Adapter 
Two Ql8x12 Devices 
cables, connectors, etc. 
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• • • 
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SpDE Products 
Summary 

QuICKlOGIC 

Name 

pASIC Toolkit 

pASIC Tools -
Software Only 

SpDE Toolkit 

SpDETools-
Software Only 

Programming! 
Testing Toolkit 

SpDETOOLS 

Order Code Description 

QT-3.0 ECS schematic capture 
X-SIM device simulator 
SpDEToois 
Programming/Testing Unit 

QS-3.0 ECS schematic capture 
X-SIM device simulator 
SpDE Tools 

QT-SPDEPC SpDE Tools 
Programming/Testing Unit 

QS-SPDEPC SpDE Tools 

QT-DPPC Automatic Test Vector Generator 
Programmer Interface 
Programming/Testing Unit 
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QT-OPPC 
Programmingffesting Toolkit 

HIGHLIGHTS It Combination programmer and tester - All the hardware and 
software that is required to program pASIC devices from a386/486 PC 
and execute ATVG test vectors to verify programming results. 

Programming! 
Testing Toolkit 

III 
QUICKlOGIC 

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

It Programmingffesting Toolkit includes sample devices. cables. 
adapter and even an antistatic wrist strap. 

It Intended for users of third-party place and route tools who need 
to program QuickLogic devices. (NeoCAD Inc .• for example. offers 
a device-independent APR package compatible with the QuickLogic 
Designer ProgrammerlI'ester.) 
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Designer 
Programmerl 

Tester 

Programming 
and Testing 

Contents and 
System 

Requirements 

QUICI(lOGIC 

PROGRAMMINGITESTING TOOLKIT 

The Designer Programmer rresteris a cost effective programming and testing 
unit for QuickLogic pASIC family devices. The model QP-PL84 directly 
accepts 84-lead PLeC 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 (A TVG) 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 Programmingfl'esting Toolkit contains all necessary hardware and 
software to program and test the pASIC device. minus the PC workstation. 

• Model QP-PL84 Designer Programmerrrester unit 
• Automatic Test Vector Generator (ATVG) 
• Programming interface software 
• Two QL8X12 pASIC FPGA devices 
• ACadapterandcord(Output 12VAC, 800mA.PlugID 2.1 mm.OD5.5mm) 
• 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. 
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PROGRAMMINGITESTING TOOLKIT 

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 tresting Toolkit QT-DPPC 

3-33 

• 

QUICI(lOGIC 



QUICKlOGIC 3-34 



QAN1 
Registers and Latches in the pASIC Architecture 

QuickNote 

INTRODUCTION Quicklogic's pASlcTM 1 Family of high-perfonnance 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 cell can be 
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 QL8X 12, which offers 1000 usable gates in 96 logic cells, has a maximum 
potential capacity of 288 registers and latches. The pASIC logic cell is shown 
in Figure 1. 

FIGURE 1 PRESET----------. 
The pASIC 1 logic 

cell's 5 outputs 
offer a new level 

of flexibility in FPGA 
design, resulting in 

very high gate useage 

.. 
QUICKlOGIC 

o 

CLOCK------~ 

RESET----------------~ 
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FIGURE2a 
Several of the over 60 

register and latch 
macrofunctions 

included In the pASIC 
Toolkit 3.0 

FIGURE2b 
The pASIC Toolkit 3.0 

also offers an 
extensive library 

of 7400 series latch 
and register 

functions 
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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.O-based development 
environment for QuickLogic pASIC 1 FPGAs. The Engineering Capture 
System (BeS) 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. 

Q Q - E-EN 

~a Q 
DL.AC DL.A DL.AD 

DL.AEHUX 

t:L ::E:iI- ~ D CLR 
TFF EN 

.1KFF 
DFFC 

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. but higher speed as well. Foramore 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. 
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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-l multiplexer. This function is available in the 
library as the element DLA. 

SELECT S 
DATA D. 

,--- MUX2xe 
Q 

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 a logic 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 0). This 
design is easily modified for common enables, true-complement enabling, or 
inverted data input. 

SEL2--+-+---:::I 

r---~----Q 

SEL 1--1-++--::;1 
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FIGURE 3 
A 2-t0-1 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-Iatch 
delay 
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FIGURES 
Two latches, 

implemented in 
multiplexers, are 

combined in a masterl 
slave configuration to 

create an edge 
triggered flip-flop 
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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 edg~ 
triggered registers. As mentioned previously, each of the logic cells within a 
pASIC 1 FPGAcomesequipped with adedicatedD-typeregister that can also 
be configured forJ-K and Toggle operation. This register has dedicated 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 each logic cell. 
Figure 5 shows how two 2-to-l multiplexers are connected to create an edg~ 
triggered register. 

CLOCK----..,..----i >0------, 

DATA,------I 
}---~-Q 

This is the familiar master/slave latch implementation of an edge-triggered 
flip-flop. Note that this design can be easily modified for negative edg~ 
trigger clocking, simply by moving the inverter such thattheenable to the first 
mux is inverted, and the enable for the second is not. This configuration is 
essentially the pipelioed 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 frrst register consists of 
multiplexer N and multiplexer 0 in a master/slave latch configuration. This 
is followed by the dedicated cell register. 
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FIGURE 6 
A cell design for two 
edge-triggered 
registers in a Single 
cell. This allows an 
8-blt shift register to 
be implemented In 

DATA----~--~r+~~ 
Q only 4 logic cells. 

CLOCK----~~~r+~ 

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 a register feeding into aflow-through latch. Finally, for tbedesigner 
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. 
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FIGURE 7 
A typical 16-blt bus 
interface, where the 
data Is first latched, 

and then can be 
stored in one of two 

registers 
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I1UXREa 

L- AIIII,15] 

B[9,15] Q[9,15] 

I 
SEL 

r- CLK 

8REa 
'--- Ca.:K 

16LTCH PRE 
.--- EN c------ RST Q[9,?] 

0[9,15] Q[9,15] D[9,?] 

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 ofFPGAs. 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. 
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INTRODUCTION 

Counters from 
QuickLogic's Macro 

Library 
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Counter Designs in the pASIC Device 

QuickNote 

F! Free running counters - High-speed counters optimized for binary 
counting at frequencies in excess of 100 MHz. 

F! Counters with added features-Binary counters with LOAD for data 
inputs, COUNT ENABLE, UP/DOWN count capability, 3-State 
output control, synchronous and asynchronous clear inputs. 

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

.. Counter Design Methodology for pASICIM 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. 

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. 

-e:LR 
MEN 

: LOAD 

cue: 3J 
Re:O .. 

-Dce:7J Glce: 7J r-" 
Re:O .. 

e:LR 
EN 

LOAD 

UPCT8 

Dce: 15J Glce: 15 
Re:O .. 

UPe:TI6 
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Glce: l 
RCO .. 

UPDNe:T3 

GlCe:Sl 
Re:O 

UPDNe:T6 

GlCe:l J 

-c:LR 
-e:1 
-II-
-LOAD 
_Dce:3J GlCe:3J 

CO 

_e:LR 
-e:I 

: LOAD 

RIPe:T4 

-Dce:7J GlCe:7J 
e:o 

RIPe:T8 

-e:LR 
-e:I 

: LOAD 
_DC .. : 15J GlCe:15J 

e:o 
RIPe:T16 



FIGURE 1 
Moore State 

Machine 

... State machine 
design in the 
pASIC device 
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Designs in this application note were implemented with the QuickLogic 
pASIC Toolkit operating under Microsoft WindowsThf 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-S1M 
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 for loadablecounters DATA inputs and a LOAD control. 

CLOCK 

COMBINATORIAL 
INPUTS 

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. 
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Figure 2 shows a binary flip-flop as entered in the ECS schematic capture 
system It confonns to the Moore state machine of Figure 1. The CLR line is 
used as a direct input to reset the register and the QO 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 fonns 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-S1M 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. 

The circuit shown in Figure 3 is a Johnson counter implemented in the pASIC 
device. It consists offourD-typeregisters 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 fust clock pulse will strobe a logic HIGH into QO and a furtlla" three 
clock pulses will propagate that HIGH through the other registers. When Q3 goes 
HIGH the feedback to DO will be.inverted and aLOW will be clocked into QO. The 
subsequent clock pulses will sequentially clock aLOW condition through the shift 
register as shown in the following simulation. This design comprises fourregisters 
and provides eight distinct states through which the counter can transition. With 
aclockinputperiodof7000picoseconds 0 ns)theJohnsoncounterperformedwith 
a clock frequency of 143 MHz during simulation. 
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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 each register 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 2n found in a binary counter with n registers. 

Figure 4 shows a binary counter with an asynchronous CLEAR input. In this 
design aregisteris 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 QO. 
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The TOGGLE and HOLD functions for registered outputs Q1. Q2 andQ3 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 :mOHo 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 (IOns). showed 100 MHz counter performance. 

A Gray Code sequence allows only one bit in 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. 
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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 pASle 
device 

II 



Four-bit Gray code 
counter simulation 

FIGURE 6 
Loadable counter 
with count and 
output enable 
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Figure 5 shows a Gray code counter as a state machine design. The conven­
tional "sumofproduct terms" has been used to encode the registered feedback 
and provide the correct sequence states. 
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Figure 6 shows a counter having a LOAD/COUNT function selected through 
4: 1 multiplexers that drive each register in the counter. When the LOAD input 
is HIGH, the data on the DO:D3 input bus is selected through the multiplexers. 
The clock rising edge will synchronously load the registers QO:Q3. To disable 
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 
OE input gives an active HIGH enable to the 3-State output buffers (TRIP AD) 
given in Figure 6. 

o GI·3l 
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Counter simulation 
load hold 3-State 
count 

FIGURE 7 
Loadable up/down 
counter 
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Synchronous 
loadable upldown 

counter 

Simulation 
showing 

up count, load, 
count enable 
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Figure 7 shows a binary four-bit loadable UP/DOWN counter with a count 
enable, EN, input. Data inputs 01[0:3] are tied to a bus and enter the pASIC 
device through a four-bit wide input buffer. Individual data lines 0[0], 0[1], 
0[2], and 0[3] drive inputs 3 and 4 of the multiplexer circuits. The LD input, 
when mOH, will select these data lines to drive the D-type register inputs. A 
synchronous clock loads 0[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 mGH. 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 mGH on 
the UP control and the second AND gate enabled for the DOWN count. The 
UP inputis a dual function pin, UP and NOT DOWN. When mGH, 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
nents in agroup can help simplify the schematic diagrams in 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 employs a technique 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 AND 14i7 . This 
gate has a total of fourteen inputs. seven inverting and seven noninverting. 
The counter shown in Figure 8 has outputs QO;Q7 and has been designed such 
that QO;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 
QO: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 QO: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 QO: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 QO;Q3 and NOT Q4and NOT 
Q5 as an AND gate function of all six input variables. 
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The TOGGLE function to register Q7 uses the 14i7 AND gate. In any circuit 
design the unused inverting or nooinverting inputs must always be tied to Vee 
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 WW enable 
condition for the other signal inputs. The way in which the designer interlaces 
the logic HIGH and WW conditions in the counter design is also important. 
An obvious way would be to consider even outputsQO, Q2, Q4 ... functioning 
on logic HIGH levels and odd outputs Ql, Q3, Q5 ... on logic LOWs. 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, QO:Q3, and Q4:Q7 allows a bus 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 
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input to 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 Q 1. The SO input of the multiplexer will be 
selected by QO AND the ENable function. For QO, a four-input multiplexer 
should be added with the ENable input driving its SO input and the SI input 
being driven by SCL. This multiplexer has the same connections as Ql, Q2 
andQ3. 

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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One AND gate and a D-type register combination is used to decode and 
generate and pipeline the carry CYO/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 COUNTS8. An additional eight-bit counter has 
been added to provide outputs Q08-Q015. The macroCOUNTS8 is identical 
to COUNTES apart from one additional input. The EN input is an active 
mGH 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[O:3] and 
Q[8: 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 COUNTE8, 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 mGH 
when the counter reaches 'FFFF'. The counter outputs ''roll over" to '0000' 
after the next clock transition and a logic 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 stages if it gives 
any benefit to the system performance. In a design that uses the technique of 
a pipelined 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 a LOAD, the carry input is created from a HIGH condition on all 
the data inputs of the lesser significant stage. 
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The pASICJM Family of CMOS PFGA devices implements JEDEC Standard 
No. 12 using the pASICToolkit 3.0. Propagation Delays are calculated by the 
SpDE Delay Modeler with Operating Range set to nominal. Speed Grade set 
to -1 and Output Load Capacitance set to 50 pF. To obtain worst case 
conditions. multiply propagation delays by the appropriate K factor found in 
the datasheet OPERATING CONDmONS. according to voltage. tempera­
ture and speed grade. e.g .• for Commercial. -1 Speed Grade. multiply delays 
by 1.33 . 
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pASIC 1 FAMILY 
Quality Program 

OVERVIEW 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 pr0-
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 II-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 a typical application, less than 5 percent of the links, approximately 3.400 
are required 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
mance is tested via an internal capability which chains all of the cells together. 
A chain ofover560gates allows extremely accurate measurement without the 
traditional shortfalls encountered with high-resolution range measurements. 

QUICKLOGIC 
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pASIC 1 FAMILY 
Reliability Report 

INTRODUCTION The QuickLogic pASICTM 1 family of very-high-speed FPGAs is built by 
integrating the QuickLogic ViaLinkTM metal-to-metal antifuseprogramming 
element into a standard high-volume CMOS gate array process. 

PROCESS 
DESCRIPTION 

., 
QUICK.LOGIC 

Reliability testing of pASIC devices is part of a continuous process to assure 
long-tenn 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 
o FITs, and the failure rate at a 60% confidence level is 29 FITs. 

The pASIC devices are fabricated using a standard, high-volume 1 J.Illl 
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 l.lx109 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 ofPtSi 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 2ooA. BPSGapplied 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 . 
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pASIC 1 FAMILY RELIABILITY REPORT 

The ViaLink element is located in an intermetal oxide via between the fll'St 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 at low temperature andcanses no change to the properties of the CMOS 
transistors. When deposited at low temperatures, silicon forms an amorphous 
Sb1Jcture which can be electrically switched from a high-resistance state (= 1 G-n) 
to a low-resistance state (= 500) for an off-to-on ratio of2xlO7• QuickLogic 
takes advantage of this property to create the ViaLink metal-to-metal antifuse 
programming element. See Figure 1. 

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 sensors, decode and drive 
circuits for flat panel displays, and high efficiency solar cells. 

A variety 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, Af , can be written as, 

At= exp[-EJk(1ffs-lffO>l (1) 
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where T s is the stress temperature, To is the operating temperature of the 
device, Ea is the activation energy for that mechanism, and k is the Boltzmann 
constant. 

TABLE 1 Failure Mechanisms Which May be Operative in pASIC Devices 

AcHvaHon Energy 
Failure Mechanism tso dependence (EJ 

Insulator breakdown exp(-pJE) value of P de- Approx. 0.3 eV for 
(leakage, opens) pends on the dielectric and SiOzand 

may be temp. dependent. dependent on E 

Parameter shifts due to exp(EJkT) (Arrhenius) 1.0eV 
contamination (such as Na) 

Silicon defects (leakage, Arrhenius 0.5eV 
etc.) 

Metal line opens from WI exp(EJkT) Approx. 0.7 eV 
electromigration J2 for AI+Cu alloys 

Masking and assembly Arrhenius 0.5eV 
defects 

Short channel charge trap- gm == exp( -AE) Appox. -0.06 eV 
ping (VT and gm shifts) 

Stress induced open wmtll exp (EJkT) 0.6 to 1.4 eV (Ea 
metal (operative only on (m and p range from difficult to 
non-clad metal systems) 1.3 to 4.7) reproduce) 

Open metal from (%RH)-4·Sexp(EJkT) 0.3 to 0.6 
electrolytic corrosion 

Wire bond failure from 1/(Ot)112 where 0.7eV 
excessive gold-aluminum o = Doexp(EJkT) 
interdiffuslon 

Unprogrammed VlaUnk exp(-BE) OeV 

Programmed ViaUnk exp(-PJ) Approx.OeV 

In Table I, t50 is the mean time to failure, E is the electric field, Ea is the 
activation energy, k is the Boltzmann constant (8.62XlO-5eVJOK), W is the 
metal width, t is the metal thickness, J is current density, gm is transconduc­
tance, V T 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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The purpose of a life test is to predict the reliability and failure rate of adevice. 
However, a device operating under nonna! 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. 

Process Qual. 
Acceptance 

Test Requirements Test Results 

HTOL, 1000 hrs, 125OC, S100 FITs @ 55OC, o observed FITs, 29 FITs 
Vee= 5.5V, MIL-STD-883C, Ea= 0.7eV, 60"k at a 6O"k confidence. 
Me1hocl1005 confidence 400 units from 4 lots 

High temp. storage, 1000 hrs., S1% cum. failures 0% 
150OC, unbiased per test 105 units from 3 lots 

THB, 1000 hrs., alternately S1% cum. failures O"k 
biased, 85% R.H., 85OC, per test 300 units from 3 lots 
JEDEC STD 22-8 
Method A101 

Temp. cycle, 1000 cycles, S1% cum. failures 0% 
-85OC to 150OC, per test 110 units from 4 lots 
MIL-STD-883C, 
Method 1010 

Thermal shock, 100 cycles, S1% cum. failures 0% 
-65OC to 150OC, 883C, per test 105 units from 3 lots 
Method 1011 

Pressure Pot, 168 hrs., S1% cum. failures O"k 
121OC, 2.0 atm., no bias per test 105 units from 3 lots 

High Vee Static Ufe < 20 FITs due to o observed FITs. 
1000 hrs, 25OC, unprogrammed 363 units from 5 lots 
Vee = 7.0V Static ViaUnk element, 

~=130 

High Vee Dynamic Life, < 20 FITs due to o observed FITs. 
1000 hrs, 25OC, Vcc = 6.0V, programmed 300 units from 3 lots. 
15MHz ViaUnk element, 1 Failure hot related 

~=380 to ViaUnk element 
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A failure is defmed 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 (pLeC) 
package. 

HTOL is the life test which operates the device at a high Vcc and high 
temperature. This test is used to determine the long-term reliability and failure 
rate of the device in the customer environment. The specific condition of this 
test is defined by the Mll.-STD-883C Quality Conformance Test. The 
devices are operated at 5.5v and 1250C 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 55OC. The 
observed failure rate in FITs is, 

Failure Rate = (failures) x (109 device-brs)/(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 550C and Ea = 0.7eV 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 
V cc = 5.5V, Temp. = 125OC, f = IMHz, 68-lead PLeC 

Failures 0 Hours 
FabLot QuanUty 

168 500 1000 

18362 100 0 0 0 

19194 100 0 0 0 

19618 100 0 0 0 

20454 100 0 0 0 
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TABLE 5 
Results of 

Temperature, 
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High-temperature storage testis a 1500C, 1000 hour, unbiased bake. This test 
accelerates failures due to mobile charge, such as sodium. The results in Table 
4 demonstrate the stability of the programmed and unprogrammed ViaLiok 
element and the long-term shelf life of the QL8X12. 

High-Temperature Storage Test 
No bias, Temp. = 150°C, 68-lead PLeC 

Failures lit Hours 
FabLot QuanUty 

168 500 1000 

18362 35 0 0 0 

19194 35 0 0 0 

19390 35 0 0 0 

The temperature, humidity, and bias test is performed under severe environ­
mental conditions. The device is exposed to a temperature of 85°C and a 
relative humidity of 85% for 1000 hours, while the pins are alternately biased 
between 0 and 5.5 volts (JEDEC STD 22-B). This testis effective at detecting 
corrosion problems, while also stressing the package and bonding wires. 
Table 5 shows that the QL8X12 had no failures. 

Temperature, Humidity, and Bias Test 
85% R.H., Temp. = 85°C, pins alternately biased at 5.5V, 68-lead PLCC 

Failures lit Hours 
FabLot QuanUty 

168 500 1000 

19194 100 0 0 0 

19618 100 0 0 0 

19454 100 0 0 0 
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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. 

FabLot 

16921 

18362 

19194 

19618 

Temperature Cycle Test 
Air-to-air -65°C to 150°C, 68-lead PLCC 

Failures @ Cycle 
QuanUty 

250 500 

5 0 0 

35 0 0 

35 0 0 

35 0 0 

1000 

0 

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 PLeC 

Failures @ Cycle 
FabLot QuanUty 

100 

18362 35 0 

19194 35 0 

19618 35 0 
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TABLE 8 
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The pressure pot test is perfonned at 1210C 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. = 121OC, no bias, 68-lead PLCC 

Failures 4» Hours 
FabLot Quanaty 

48 96 168 

18362 35 0 0 0 

19194 35 0 0 0 

19390 35 0 0 0 

The ViaLink antifuse is a one time programmable device. In the unpro­
grammedstate it has aresistance of greater than one gigaohm and capacitance 
of less than one femtofarad. 

The application of a programming voltage across the antifuse structure, above 
a critical 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-cm and 
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 pr0-
gramming current and programmed link resistance. Figure 3 shows the 
distribution of link resistance for a fixed programming current. 
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FIGURE 2 Resistance vs 11 Programming Current 
R =O.810/Ip 
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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 standardIC 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 
a result 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 o-!l value. The reliability testing program 
examined the time for the resistance to reach 50 M-!l 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 50 M-!l to greater than 1 G-!l. Even with all 
unprogrammed ViaLink elements at 50 M-!l, 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-!l 
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, Ea, for this process is zero. 

Figure 5 shows the time required for a ViaLink element to reach 50 M-!l 
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, 

tSOMO = toexp( -BE) (3) 

where the time to 50 M-!l decreases e'??,nentially with increasing applied 
electric field. The constant to is 3x101 seconds and the field acceleration 
factor. B. is 20 cmIMV. The model is valid for electric fields, E, below 1.6 
MV /crn. Above this field, programming occurs. The electric field for 5.0 volt 
Vcc operation with a typical amorphous silicon thickness is 0.61 MV/cm, 
which extrapolates tSOMO to 1.5xl010 seconds, or 500 years. The time to 50 
M-!l for the worst case amorphous silicon thickness and operating at worst 
case V cc 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. 
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FIGURE 4 Temperature Dependence of Time to 50 Megohms (Lot 617 Wafer 8) 

1E+10 

... 1E+08 

" ! 1E+06 
I 
i 
'1E+04 
l8 
.s 
III 

~ 1E+02 ---I 

1E+oO 

0.6 

• -7C A 20C 

0.7 0.8 0.9 

p 

0 
Q 

Ii 
l) 

• 80C <> 125C I ~ 

1 1.1 1.2 1.3 1A 1.6 
Electric Field (MY/cm) 

FIGURE 5 Electric Field Acceleration of Unprogrammed ViaLink Element 
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The high field effect is created in the packaged QL8X12 device through a high 
Vee static life test. This test stresses the unprogrammed ViaLink element with 
a Vee = 7.0 volts for 1000 hours. Over 360 QL8X12 devices from four lots 
have been tested. 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 t50M forE=0.61 MV/cmat5 volts 
and E = 0.85 MV/em 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. 
Ufe tests continue to run; two lots have reached 1500 hours, and one lot has 
exceeded 3500 hours. 

High V IX- Static Life Test 
V IX- = 7.0V static, Temp. = 25°C, 68-lead PLeC 

FabLot QuanUty Failures 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 
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ViaLink element. The typical impedance of a network is about 500Q 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. 

~n •• ~----------~,~--------~ l lin + 

"* 
~n 

Time 

lin 

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, N 50' for various temperatures were found to be identical. The 
absence of temperature dependence indicates an Ea == O. 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, 

(4) 

WhereNo=7x1041 cycles is a constant, P = 1.2 cm2/MAis 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 
40x106 A/cm2. The N50 for this condition is Ix 1021 cycles. The failure rate 
can be calculated using the cumulative density F(t), 

F(t) = <I> In [(NIN50)/cr] (5) 

The failure distribution can be determined by plotting the data on a log normal 
probability scale versus the log of the number of cycles to failure. See Figure 
8. The shape parameter, cr, is In(Nso'N16) = 2.5. 
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FIGURE 7 Acceleration of Read Disturb for Programmed ViaLink Element 
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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 
50 MHz, 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 40x 106 A/cm2. 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 40x106 A/cm2 for 1.6xlO16 read cycles (equivalent to continu­
ousoperation at 50MHz 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 QL8Xl2 with Vcc = 6.0 volts at 
15 MHz for 1000 hours. This test stresses the programmed ViaLink elements 
at 45x106 A/cm2 for 5.4x1013 cycles. The acceleration factor, calculated 
from equation (4), is 380. This test is equivalent to 2.0xlO16 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 cc Dynamic Life Test 
V cc = 6.0V, Temp. = 25°C, 15 MHz, 68-lead PLCC 

Failures @ Hours 
FabLot QuanUty 

168 500 1000 

19194 100 0 0 0 

19618 100 1* 0 0 

20454 100 0 0 0 

* Icc failure. Not a ViaUnk element related failure. 
Failure Analysis revealed a particle under M2 causing a short 

5-17 

Accelerated 
Stress Tests for 
Programmed 
Via Link Elements 

TABLE 10 
Results of High Vee 
Dynamic Life Test 

QUICKlOGIC 

• 



Conclusion on 
Life Tests 

REFERENCES 

QUICI(LoGIC 

pASIC 1 FAMILY RELIABILITY REPORT 

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 FITs 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. 

[1] Jim Nulty. et al. A High Reliability Metallization Systemfor a Double 
Metal 1.5 pm. CMOS Process. Proc. Fifth IEEE VMIC. 1988. pp. 453-
459. 

[2] Dipankar Pramanik. et al. A High Reliability Triple Metal Process for 
High Performance Application Specific Circuits. Proc. Eighth IEEE 
VMIC. 1991. pp. 27-33. 

[3] F. Yonezawa, Fundamental Physics of Amorphous Semiconductors. 
Proc of the Kyoto Summer Inst.. 1981. 
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Packaging Specifications 

HIGHLIGHTS QuickLogic offers surface mount packaging in both the standard PLCC and 
PQFPpackage types. The l00-pin Thin PQFP (TQFP) package has a nominal 
thickness of only 1.40 rom 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. 

I'JI 

Plastic 
Assembly 
Materials 

Thermal 
Dissipation 

Data 

QUICKLOGIC 

Component 

Molding Compound 

Lead Frame 

Die Attach Area 

Die Attach Material 

Bond Wire 

Lead Finish 

Package (# Leads) 

PLCC (44) 

PLCC (68) 

PLCC (84) 

TQFP (100) 
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PLCCs PQFPs 

Epoxy Novalac Epoxy Novalac 

Copper Alloy Copper Alloy 

SpotAg SpotAg 

Silver Filled Epoxy Silver Filled Epoxy 

Au Au 

Tin Lead Plate Tin Lead Plate 
80%/20% Sn/Pb 80%/20% SnlPb 

JC (typ) JA 

11° ClWatt 45° ClWatt 

8° ClWatt 45° ClWatt 

6° ClWatt 45° ClWatt 

11° ClWatt 48° ClWatt 
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PLCC Package 
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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) 

8 .013 .021 .013 .021 .013 .021 
(.330) (.533) (.330) (.533) (.330) (.533) 

82 .026 .032 .026 .032 .026 .032 
(.660) (.813) (.660) (.813) (.660) (.813) 

C .008 .010 .008 .010 .008 .010 
(.203) (.254) (.203) (.254) (.203) (.254) 

0 .685 .695 .985 .995 1.185 1.195 
(17.40) (17.65) (25.02) (25.27) (30.10) (30.35) 

01 .650 .656 .950 .958 1.150 1.158 
(16.51) (16.66) (24.13) (24.33) (29.21) (29.41) 

02 .590 .630 .890 .930 1.090 1.130 
(14.99) (16.00) (22.61) (23.62) (27.69) (28.70) 

03 .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) 

e1 .050 .050 0.50 
Typ only (1.27) (1.27) (1.27) 

ThetaJA(4) 45 45 45 
(OC/Watt) 

Notes: 

1. All dimensions are in inches (mm). 
2. Controlling dimension: inches 
3. 01 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 SnlPb solder dip. 
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PQFP Package 
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pASIC 1 FAMILY PACKAGING SPECIFICATIONS 

D1 

D 

~- See Detail A 

1cf Typ 

Detail A 

p 
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pASIC 1 FAMILY PACKAGING SPECIFICATIONS 

Plastic Quad Flat Package 

1DO-Lead 144-Lead 160-Lead 
Symbol Min Max Min Max Min Max 

A .063 .164 .164 
(1.60) (4.17) (4.17) 

A1 .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) 

0 .620 .640 1.22 1.24 1.22 1.24 
(15.75) (16.25) (30.95) (31.45) (30.95) (31.45) 

01 .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 1.11 
(13.90) (14.10) (27.90) (28.10) (27.90) (28.10) 

S .010 .012 .012 
(.25 SSC) (.30 SSC) (.30 SSC) 

P .020 .026 .026 
(.50 SSC) (.65 SSC) (.65 SSC) 

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) 

ThetaJA(4) 48 TSO TSO 
JOClWatt) 

Notes: 
1. All dimensions are in inches (millimeters). 
2. Controlling dimension: millimeters 
3. 01 and E1 do not include mold flash. 
4. The Thermal Resistance, Theta JA, in oClWatt, 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. 
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pASIC™1 FAMILY 
Ordering Information 

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

• QUICKLoGIC 

QL 8x12 -1 PL68 C 

QUlckLogICpASlC~ L Operating Range 
device prellx C = COmmerolal 

I = Industrial 
pASlC device part M = MIIItBJy 
number for 8 by 12 

arrey of 192 logic cells Package COde 
First Letter 

Speed Grade P = Plastic 
(see data sheet) C = ceramic 

Second Letter 
L=LCC 
F=QFP 
G=PGA 

5-25 

Number of Leeds 
84=84 Leeds 
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PRODUCT DESCRIPTION 

PALASM, ABEL, CUPL, 
MINCto QDIF 

ECS - Engineering Capture 
System (schematic entry) 

VIEWdraw 

X-SIM pASIC Simulator 

VI EWsim 

Simulation Models 

FPGA Foundry 

Call Factory 

FPGA Designs 

FPGA Designs 

FPGA Designs 

FPGA Designs 

FPGA Designs 

FPGA Designs 

I'A 
QUICKLOGIC 

pASICTM 1 FAMILY 
Third-party Design Support 

VENDOR PHONE 

Design Entry 

Exemplar Logic (510) 849-0937 U.S. 
33-140-200915 France 

CAD/CAM Group (408) 725-0204 U.S. 
44-(0 )-483-750-149 U.K. 

Viewlogic (508) 480-0881 

Simulation 
Silicon Automation Systems (408) 437-9161 

Viewlogic (508) 480-0881 

Logic Automation (503) 690-6900 

Place and Route 
NeoCAD (303) 442-9121 

Programming 

Design Services 
Roger Alford (313) 426-8775 
Programmable Designs 

Steve Golson (508) 369-9669 
Trilobyte Systems 

Kash Johal (408) 943-1332 
ASIC Technical Solutions 

Mike Dini (619) 546-0229 
FPGA Consultant 

Chris Jay (408) 226-6048 
Essex Technology 

Michael Kelley (508) 624-6447 
Cogent Computer Systems 
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pASIC 1 FAMILY 
POWER 

CALCULATIONS 

Static Power 

Active Power 

I'J 
QUICKlOGIC 

pASICTM 1 FAMILY 
Power vs Operating Frequency 

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 mAo 

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 QLl2X16 for typical 
conditions. 
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POWER VS OPERATING FREQUENCY 

FIGURE 1 QL8x12 Ceq vs Operating Frequency 

100.00 

Ceq 10.00 
(pF) 

1.00 
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, ...... r- Output 

-. HDbuffer load 
I 

10 

OPERATING FREQUENCY (MHz) 

TABLE 1 QL8x12 Equivalent Capacitance 

MHz 10 20 33 50 66 80 

Input (pF) 9.60 9.30 8.89 8.13 7.62 7.23 

Output (pF) 15.73 15.83 16.04 15.55 16.60 16.04 

Macro (pF) 17.47 17.02 16.57 15.78 14.15 13.42 

HDbuffer load (pF) 2.25 2.19 2.10 1.98 1.87 1.77 

Vert HD line (pF) 3.38 3.29 3.16 2.97 2.80 2.66 
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POWER VS OPERATING FREQUENCY 

FIGURE 2 QL 12x16 Ceq vs Operating Frequency 

100.00 

Clock buffer Macro ............ 

Ceq 10.00 
(pF) 

1.00 

""lI1I 

r-Clock load .1" 
1 

~ Qutp, .. 

Inpu . 

r"-.. 
...... ' ....... 

HDbuffer loa( VertHD line 

10 
OPERATING FREQUENCY (MHz) 

TABLE 2 QL12x16 Equivalent Capacitance 

MHz 10 20 33 50 66 

Input (pF) 9.60 9.30 8.89 8.13 7.62 

Output (pF) 15.73 15.83 16.04 15.55 16.60 

Macro (pF) 17.47 17.02 16.57 15.78 14.15 

HDbuffer load (pF) 2.25 2.19 2.10 1.98 1.87 

Vert HD line (pF) 3.38 3.29 3.16 2.97 2.80 

Clock buffer (pF) 10.75 10.75 10.75 10.75 10.75 

Clock colbuf (pF) 4.67 4.67 4.67 4.67 4.67 

Clock load (pF) 1.11 1.11 1.11 1.11 1.11 
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Example Using the 
Power Calculation 

QUICI(loGIC 

POWER VS OPERATING FREQUENCY 

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

pcomp(mW) = (#Components)*(Cequiv)*(Fave)*(V ce)2*(lOOO) 

The "#Components" is the number of components being used; "Cequiv" is the 
equivalent capacitance from Figure 1; "F ave" is the average frequency of the 
components and "V ce" 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; QO-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. 

• Q1 will toggle at F/4 

• 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: 

n=x 
F "" '/16 L '1I2)n::F/16 ave 1 ~ 

n=l 

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 1 or Table 1 we locate Cequiv for an individual macrocell. In this 
case Cequiv is 16 pfIMHz-Macrocells. 

P macro(mW)= (16)*(16)*(33/16)*(5)2*(10-3) = 13.20 mW 
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POWER VS OPERATING FREQUENCY 

Input ButTers 

From Figure 1 or Table 1 we use Cequiv for an individual input running at 33 
MHz or 8.9 pflMHz-Input. 

PiDputs(m W)=(1)*(8.9)*(33)*(5)2*(10-3)=7.34 m W 

Output ButTers 

The Cequiv for an individual output buffer is 16 pfIMHz-Output. Because the 
outputs of the device are the same as the outputs of the counter, we use FI16 
for our average frequency of the outputs. Inserting the numbers we calculate: 

P outputs(mW)=(16)*(16)(33/16)*(5)2*(lo-3)=13.2 mW 

High-Drive ButTers 

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: 

PHigbDrlve(mW)=[(OColumns)(Cequivcol)+(#Loads)(CequiVloacJ.J]*(Vccf*(F)*(lo-3) 

PHigh Drive(mW)=[(4)(3.16)+(16)(2.10)](5)2(33)(1 000)=38.15 m W 

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)+(5OmW)=121.89 roW 
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Sales RepresentativesJDistributors 

Direct Sales Offices Sales Representatives 

EAST ALABAMA DELAWARE 
11 Lackey Street BITS, Inc. CMS Marketing 
Westboro, MA 01581 303 Shields Road 527 Plymouth Rd, Ste 420 
(508) 366-1666 Huntsville, AL 35811 Plymouth Meeting, PA 19462 
FAX: (508) 366-1701 (205) 859-2686 (215) 834-6840 

FAX: (205) 859-2227 FAX: (215) 834-6848 
NORTHWEST 

ARIZONA FLORIDA Corporate 
2933 Bunker Hill Lane Altek Components, Inc. Delmac Sales, Inc. 

Santa Clara, CA 95054 4635 S. Lakeshore Drive, Ste 122 Main Office 

(408) 987-2000 Tempe, AZ 85282 2000 Tree Fork Lane, Ste 106 

FAX: (408) 987-2012 (602) 345-4575 Longwood, FL 32750 
FAX: (602) 345-4100 (407) 831-0040 

SOUTHWEST Altek Components, Inc. FAX: (407) 831-0025 

516 23rd Street 5005 Calle Chacras De/mac Sales, Inc. 
Manhattan Bch, CA 90266 Tucson, AZ 85718 15404 Timberline Drive 
(310) 546-5589 (602) 529-0443 Tampa, FL 33624 
FAX: (310) 546-5589 FAX: (602) 299-4707 (813) 447-5192 

CAUFORNIA 
FAX: (813) 962-6997 

EXIS De/mac Sales, Inc. 

2841 Junction, Ste 202 1761 W. Hillsboro Blvd, Ste 312 

San Jose, CA 95134 Deerfield Beach, FL 33441 

(408) 456-1650 (305) 427-7788 

FAX:(408) 433-0450 FAX: (305)427-7949 

Uttlefield & Smith Associates GEORGIA 
11230 Sorrento Valley Rd, St& 200 BITS, Inc. 
San Diego, CA 92121 1650 Oakbrook Dr, Ste 415 
(619) 455-0055 NorcrOss, GA 30093 
FAX: (619) 455-1218 (404) 446-1155 

COLORADO 
FAX: (404) 242-8316 

Seale Associates IDAHO 
7535 E. Hampton Ave, #100 Seale Associates 
Denver, CO 80231 7535 E. Hampton Ave, #100 

... (303) 695-1980 Denver, CO 80231 
FAX: (303) 695-1984 (303) 695-1980 

FAX: (303) 695-1984 

QUICKLOGIC 
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etA SALES REPRESENTATIVESIDISTRIBUTORS 

ILLINOIS MONTANA NORTH CAROLINA 
Dolin Sales Company Seale Associates BITS, Inc. 
609 Academy Drive 7535 E. Hampton Ave, #100 1650 Oakbrook Dr, Ste 415 
Northbrook, IL 60062 Denver, CO 80231 Norcross, GA 30093 
(708) 498-6770 (303) 695-1980 (404) 446-1155 
FAX: (708) 498-4885 FAX: (303) 695-1984 FAX: (404) 242-8316 

LOUISIANA NEW HAMPSHIRE OKLAHOMA 
Nova Marketing, Inc. Mill-Bem Associates Nova Marketing, Inc. 
8350 Meadow Rd, Ste 174 2 Mack Road 8125-0 E. 51 st St, Ste 1339 

Dallas, TX 75231 Wobum, MA 01801 Tulsa, OK 74145 

(214) 750-6082 (617) 932-3311 (918) 660-5105 

FAX: (214) 750-6068 FAX: (617) 932-0511 FAX: (918) 665-3815 

MAINE NEW JERSEY PENNSYLVANIA 

Mill-Bem Associates MetroLogic Corporation eMS Marketing 

2 Mack Road 271 Rte 46 West, Ste 0202 527 Plymouth Rd, Ste 420 

Wobum, MA 01801 Fairfield, NJ 07006 Plymouth Meeting, PA 19462 

(617) 932-3311 (201) 575-5585 (215) 834-6840 

FAX: (617) 932-0511 FAX: (201) 575-8023 FAX: (215) 834-6848 

CMS Marketing RHODE ISLAND 
MARYLAND 527 Plymouth Rd, Ste 420 Mill-Bem Associates 
Tri-Mark, Inc. Plymouth Meeting, PA 19462 2 Mack Road 
1410 Crain Highway N.W. (215) 834-6840 Wobum, MA 01801 
Glen Bumie, MD 21061 FAX: (215) 834-6848 (617) 932-3311 
(410) 761-6000 

NEW MEXICO FAX: (617) 932-0511 
FAX: (410) 671-6006 

Altek Components, Inc. SOUTH CAROLINA 
MASSACHUSETTS 5005 Calle Chacras BITS, Inc. 
Mill-Bem Associates Tucson, AZ85718 1650 Oakbrook Dr, Ste 415 
2 Mack Road (602) 299-4707 Norcross, GA 30093 
Wobum, MA01801 FAX: (602)299-4707 (404) 446-1155 
(617) 932-3311 

NEW YORK FAX: (404) 242-8316 
FAX: (617) 932-0511 

MetroLogic Corporation TENNESSEE 
MISSISSIPPI 271 Rte 46 West, Ste 0202 BITS, Inc. 
BITS, Inc. Fairfield, NJ 07006 1650 Oakbrook Dr, Ste 415 
303 Shields Road (201) 575-5585 Norcross, GA 30093 
Huntsville, AL 35811 FAX: (201) 575-8023 (404) 446-1155 
(205) 859-2686 Quality Components, Inc. FAX: (404) 242-8316 
FAX: (205) 859-2227 116 Fayette Street 

Manlius, NY 13104 TEXAS 
MINNESOTA Nova Marketing, Inc. 
Electric Component Sales, Inc. (315) 682-8885 

FAX: (315) 682-2277 8350 Meadow Rd, Ste 174 
4974 Uncoln Drive Dallas, TX 75231 
Minneapolis, MN 55436 Quality Components, Inc. (214) 750-6082 
(612) 933-2594 3343 Harlem Road FAX: (214) 750-6068 
FAX: (612)933-9052 Buffalo, NY 14225 

(716) 837-5430 
FAX: (716) 837-0662 
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SAJ;.ES REPRESENTATIVES/DISTRIBUTORS 

Nova Marketing, Inc. 
9207 Country Creek Rd, Ste 206 

Domestic Distributors 
Houston, TX 77036 Bell Mlcroproducts ILLINOIS (713) 988-6082 
FAX: (713) 774-1014 Headquarters Wood Dale (708) 860-3800 

Nova Marketing, Inc. 
550 Sycamore Drive 

INDIANA Milpitas, CA 95035 
Indianapolis (317) 872-8875 8310 N.CapitlI ofTexasHwy, Ste 18) (408) 434-1150 

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 
7535 E. Hampton Ave, #100 OREGON MASSACHUSETTS 

Denver, CO 80231 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 
Wobum, MA 01801 11333 Pagemill Road MISSOURI 

(617) 932-3311 P.0.80x660091 Earth City (314) 291-5350 

FAX: (617) 932-0511 Dallas, TX 75266 NEW JERSEY 
(214) 343-5000 Moorestown (609) 235-1900 

VIRGINIA FAX: (214) 343-5481 Parisppany (201) 515-3000 Tri-Mark, Inc. 
1410 Crain Highway N.W. ALABAMA NEW YORK 
Glen Bumie, MD 21061 Huntsville (205) 837-8700 Fairport (716) 425-3300 
(410) 761-6000 

ARIZONA Ronkonkoma (516) 737-0600 
FAX: (410) 671-6006 

Phoenix (602) 437-1200 NORTH CAROLINA 
WASHINGTON, D.C. 

CALIFORNIA Raleigh (919) 872-1900 
Tri-Mark, Inc. 

Chatsworth (818) 773-4500 OHIO 1410 Crain Highway N.W. 
Glen Bumie, MD 21061 Irvine (714) 727-6000 Worthington (614) 888-3313 

(410) 761-6000 Rocklin (916) 624-9781 Solon (216) 349-4632 

FAX: (410) 671-6006 San Diego (619) 268-1201 
OKLAHOMA 

San Jose (408) 432-4000 Tulsa (918) 254-6110 WISCONSIN 
Do/in Sales Company COLORADO TEXAS 
250 West Coventry Court, Ste 107 Englewood (303) 790-1662 Austin (512) 258-8848 
Glendale, WI 53217 CONNECTICUTT Dallas (214) 553-4300 
(414) 482-1111 Chesire (203) 271-2844 Houston (713) 781-6100 lEI 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 Pompano Beach (305) 971-9260 

WISCONSIN 

Denver, CO 80231 New Berlin (414) 797-7844 

(303) 695-1980 GEORGIA 

FAX: (303) 695-1984 Duluth (404) 623-4400 
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LfA 
International 
Representatives! 
Distributors 

ENGLAND 

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

FRANCE 

SCIENTECH 

Bordeaux 
Zi du Phare -16 
IlJ Francois Arago 
33700 Merignac 
Telephone: 33-563403 07 
FAX: 33-56 47 74 73 

Rennes 
Techno Pare - 4 
4 Avenue Des Peupliers - Bat E 
35510 Cesson Sevigne 
Telephone: 33-9983 98 98 
FAX: 33-99 83 48 04 

Saint Etienne 
Le Chateiet - 5 
PlaceCamot 
42000 Saint-Etienne 
Telephone: 33-77 79 79 70 
FAX: 33-77 7410 03 

Toulouse 
Minipark - BP232 
Innopole Voie No 2 
31677 Labege Cedex 
Telephone: 33-61391977 
FAX: 33-61 39 04 85 

QUJCKlOGIC 

SALES REPRESENTA nVESIDISTRIBUTORS 

GERMANY 

Scantec Mlkroe/eldronlk GmbH 

Behringstrasse 10 
8033 Planegg West Germany 
Telephone: 49-8985980 21 
FAX: 49-89 857 65 74 

Tannenbergstrasse 103 
7312 KireheimIT eel< West Germany 
Telephone: 49-7021 830 94 

Topas electronic GmbH 
Striehlstrasse 18 
3000 Hannover 1, West Germany 
49-511131217 
FAX: 49-511131216 

Max Weber Str.16 
2085 Quickbom 
Telephone: 49-4106-73097 
FAX: 49-4106-73378 

ITALY 

Claifron 

Claitron S.p.A 
Via Gallarate 211 
20151 Milano - Italy 
Telephone: 39 2 33404000 
FAX: 39 2 38001414 

Claitron Torino 
Corso Francia 220 
10093 Collegno (To) -Italy 
Telephone: 39114054100 
FAX: 39114053018 

64 

Claitron Padova 
Via Nicolo' Tommaseo 15 
35131 Padova - Italy 
Telephone: 3949665636 
FAX: 3949663558 

Claitron Bologna 
Via E. Collamarini 22 
40138 Bologna - Italy 
Telephone: 3951 534883 
FAX: 39 51531217 

Claitron Firenze 
Via Masaccio 175 
50132 Firenze - Italy 
Telephone: 39 65 5001923 
FAX: 39655001921 

Claitron Roma 
Piazza Garduti della Montagnola 50 
00142 Roma - Italy 
Telephone: 3965413279 
FAX: 396 5402876 

JAPAN 

Nippon QulckLoglc /c./c. 
2-34-16 Yoga 
Setagaya-ku, Tokyo 158 
Telephone: 03-5716-5930 
FAX: 03-5716-5931 


