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LETTER FROM THE EDITOR

Thank You for Making
Xilinx Number One

Ever have one of those days where you're working hard, nose to the grindstone, striving to make sure
your latest project is on time and on target; and then suddenly out of nowhere, you overhear some-
one complimenting your efforts? It’s not a comment that you solicited, but independently you find
out that all of your hard work is recognized as the best among your peers and you're headed in the
right direction.

CMP Media LLC, the parent company of EETimes, just dropped quite a few kudos on the Xilinx
doorstep. Most of you know that every year CMP conducts a PCB and IC electronic design tool
industry survey to sample the engineering community’s view on design tool providers. This year, at the
2004 Design Automation Conference, CMP announced the results of their first FPGA vendor survey.

The ratings are striking. In 21 out of 22 categories measuring everything from best pre-sales support
to brand and tool awareness, from most ethical company to customer loyalty, FPGA designers chose
Xilinx as the top FPGA vendor. We received the highest rankings in best after-sales support, best
documentation, current technology leader, technology leader in three years, clear vision of the

future, best integration with other vendors’ tools, well-managed company, and more.

We were also able to hear the industry concerns. Respondents cited the accuracy and integrity of FPGA
tools as their biggest design issue, followed closely by functional verification, timing closure, and the
ability of those tools to easily handle complex designs. They also said that the majority of their design
time was spent in place and route, synthesis, and HDL simulation, followed by timing analysis and
floorplanning. One-third of the respondents also use formal verification, while almost half regularly
use signal integrity and C language system-level tools.

On behalf of all of the employees at Xilinx, thank you. We hear you loud and clear. Our primary goal
is to put a programmable device in every piece of electronic equipment over the next 10 years. It’s nice

to hear that we're on the right path to get there.

Forrest Couch
Managing Editor




FALL

2004,

ISSUE 50

COVER STORY

FPGAs on Mars

Xilinx FPGAs have transitioned from
a flight ASIC prototyping platform
to playing integral roles in the
Mars Exploration Rover Mission.

Streaming Data

| at 10 Ghps

: Using a Virtex-ll FPGA to
| stream data from DDR-SDRAM

to 0C-192 serializers.

Celebrating 20 Years
of Partnership

Turning an industry cliché into
a successful business model.

Next-Generation Data
Transport over Metro

| Area Networks

The Xilinx GFP core enables efficient
transport of LAN/SAN over
SONET-based networks.

XCeHjoumal

VigW frOm the TOP ..vvvvveeeveeeeeeeeeeeee e seesseeseeenae 5
R GASYOMINITISH————————— .S — 8
Streaming Data at 10 GOPS ...vvvvveevoeeeeeeee s 13
Control Your QDR DeSigns ...........cccceusssmmmssrrnersieeesesesssssssnnnne 16
Celebrating 20 Years of Partnership..............ooovvvvvvvvveeeeesinnnn. 21
CONTIERIGRN ........................... 25
Experience Programmable World 2004...............covvvvcevveveeeee. 30
Managing Partial Dynamic Reconfiguration....................ereee. 32
Nucleus RTOS for Xilinx FPGAS............ocevvvvevvvverererreenerenreen 38
Implement an Embedded System with FPGAs.......................... 43
Algorithmic C Synthesis ............corvevvveeeeeerreeereeeeceseeeeeeeeeee 46
Design Tool Performance Lowers Costs..............oovvvvvvvveernnneee. 52
The Need for SPEEd...........oovvvvveeeeeeeeeeeeeeeeeeesee s 54
Lower Your PCB Manufacturing Costs.........ovvvvveerrrvveeeeerne. 57
Plan FPGA Signal ASSIgNMENts............eevvvvvveeereeeeveeeeeseeee 60
Next-Generation Data Transport.............c.o.coovvvceriveerireenene. 64
Designing Next-Generation Wireless Systems........................... 68
Meeting Interoperability Standards...............cooovvvvvveerees 70
Xilinx Partner Yellow Pages...........coovvvvvveeeeerecreeceseecerenns 74
ReferenceiPOros IR 82

To receive a free subscription
to the printed Xcell Journal,

or fo view the Web-based Xcell Online,
visit www.xilinx.com/xcell/.



http://www.xilinx.com/xcell/

from the top

Preparing for a Bright Future

L

Y The economy is improving and most
analysts predict that the semiconductor
industry will grow for the next two years.
Here's what | see ahead for Xilinx.

We recently emerged
from a three-year
recession that was one
of the longest and
deepest in our history,
yet things are getting
\ better. The semicon-

: N ductor industry typi-
by Wim Roelandts cally moves in a

CEO. Xilinx. Inc. two-year cycle, unless
! ! it is influenced by

events such as the 9/11 tragedy. Therefore, after
two years of growth, an overbuilding of capacity
will likely occur, with another market correction
in 2006. This is a normal and predictable cycle;
it’s the way our industry usually works.

These capacity-driven recessions tend to be
shallow and short — the last one was in 1996
and lasted about 18 months. For Xilinx® dur-

. ing that period, we had a few negative growth
)_ + quarters, with an overall 1% growth.

The market recovery is still fragile, driven
primarily by the U.S. and China. And not all of
the industries that we deal with are yet in recov-

ery, which I think is good because it helps us
maintain a steady growth pattern as they begin
to improve later in the year.

Overall, Xilinx is in an extremely good posi-

— . ]
= - - tion — our business processes, our manufactur-
pr—————— - =
—_— etechnology, our circuit innovation, and our
I — ] -
— . softwareare poised to take full advantage of the
e ——  —— -

rent-market conditions.
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The Growing Asian Markets

A significant and quickly growing segment
of our business comes from the Japanese
and Asia-Pacific markets — our business
there is now more than three times higher
than it was just four years ago. This comes
both from systems that are designed and
manufactured there as well as from manu-
facturing outsourced from other countries.
Plus, Japanese business is starting to
expand and is beginning to help drive the
world economy forward.

I believe our business in Asia will con-
tinue to grow over the years to come. We
see a big shift taking place, driven primarily
by the next big trend in our industry — dig-
ital consumer electronics. The core of this
business will be in Asia, and we are putting
a lot of our resources there to help meet the
demand. We recently began staffing a facil-
ity in Singapore that will eventually house
more than 200 employees.

VIEW FROM THE

Beating Moore’s Law
Semiconductor technology typically fol-
lows Moore’s Law, which states that every
two years the number of transistors that
can be fabricated on a chip will double —
this law has held true for many years. As we
approach finer and finer process geome-
tries, moving from 130 nm to 90 nm and
down to 65 nm, it becomes increasingly
difficult to manufacture devices. Xilinx is
leading the industry in the development
and use of these advanced technologies,
which means that we are often the first to
solve difficult process problems — that’s
both the good and the bad news. We usu-
ally get to market first with the most
advanced manufacturing processes, but we
also put a lot of effort into getting it right.
We also have a strategy for significantly
improving performance through innova-
tive architectural designs — the best exam-
ple is our new Virtex-4™ family. In fact,

TOP

Because cores allow us to provide a more
complete solution, our customers have to
do less work to produce more and better
designs. And they want to buy cores from
Xilinx because they want to have the assur-
ance of ongoing long-term support. We are
in fact increasing our investments in IP and
cores to meet the increasing demand. We
already have many more cores than our
competitors, and thus we are very well
positioned to take advantage of these
trends.

Xilinx Strategy for the Future

Here are some of the long-term objectives
that define our strategy for the next five to
10 years.

Setting the Standard

We will continue to set the standard for
how to manage a high-tech company. I
think we have already done a phenomenal

Programmable logic is indeed taking over; it is becoming mainstream

and finding new markets where it's never been used before.

Going Mainstream
Eight years ago, when I joined Xilinx, I said
that we will put a programmable chip in
every system, and it's now becoming a reali-
ty. Our ability to shrink our products into
smaller and smaller geometries at lower
costs, coupled with the recession (which
means that many of our customers can no
longer afford the high costs of designing and
building ASICs) is moving more and more
of our customers to take full advantage of
the many benefits of programmable logic.
Market forces, combined with our low-
cost technology advances, are driving pro-
grammable logic into the mainstream — our
devices are now used in all types of prod-
ucts and the trend continues to grow. Over
the next two or three years, when these new
designs go into production, our business
will expand significantly. Programmable
logic is indeed taking over; it is becoming
mainstream and finding new markets

where it’s never been used before.
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most of our performance improvements in
the Virtex-4 family come from circuit
enhancements. The Virtex-4 ASMBL
architecture allows us to create devices that
are optimized for specific applications, pro-
viding just the features and performance
that are needed at the lowest possible cost.
As you can see, our innovation is not just in
CMOS technology — we are way ahead of
our competition in both device manufac-
turing technology and architecture.

Reducing Design Costs with IP

Our marketplace is changing rapidly, and
our customers must operate differently
today than they did four years ago. Their
own customers are much more cost-con-
scious, and thus they are much more wor-
ried about return on investments. Our
customers have fewer engineers because of
the recession, so they demand more from
us — its one of the reasons why we are

increasing our investments in IP and cores.

job — we’re admired as a company that
manages its people well, treats its people
well, and at the same time is innovative and
wins in the market. And of course, the core
of our culture is innovation. We want to
continue to bring new technologies, new
circuitries, new innovative marketing pro-
grams, and new channels of distribution.
This will continue to be the core of our
strategy because it's what makes Xilinx
excel in everything we do.

Leading Manufacturing Technology

We will continue to reduce our manufac-
turing costs. We made a lot of progress in
the last year and now we need to move on
to the next step. My intention is to make
sure that all of our organizations are
focused on low-cost, high-volume capabili-
ties. The consumer electronics and auto-
motive industries require us to reduce costs
and ramp production faster than ever
before. We will continue to innovate with-
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For the next 10 years, we want to extend our brand and establish Xilinx as a global leader,

recognized not only by the engineering community but also by the financial community.

in all of our organizations to achieve this
ongoing objective. For programmable logic
to achieve its full potential in mainstream
electronics, we must become even more
efficient and productive — and we will.
Yet, while we continue to develop more
high-volume strategies and products, we
will continue to lead the high-end, high-
performance market that has traditionally
been the core of our business. We are doing
a phenomenal job with our Virtex product
line, with 70% to 80% market share, and

that will continue as well.

Creating Partnerships

Partnerships are a key strategy that allow
us to focus on what we do best while
allowing other companies to provide the
products and services they do best — we
call it our Partner Ecosystem. We will
continue to build strong partnerships not
only with our suppliers but with our cus-
tomers as well.

We want to engage our customers early
in their design process so that we can pro-
vide the best possible service and support
throughout their entire design and manu-
facturing cycle. This requires a broad range
of services from a number of ecosystem
partners, and that requires a well coordi-
nated and comprehensive approach. We
have been successful with our partnership
program in the past and we intend to
strengthen it by making it easier for our
customer partners — and our technology
partners — to work more closely together

for the benefit of all.

Expanding Our Markets

We are already the leader in programma-
ble logic technology, and now it’s time for
us to become a leader in all programma-
ble technology, including DSP and
embedded processing. Our technology
already provides significant advantages in
these areas, and it’s time for us to capital-
ize on these strengths. We want to be the
champion of programmability because we

Fall 2004

are the only company that can provide
the advantages of programmable logic,
high-performance DSP, and embedded

processing all on one device.

We are the largest company in program-

mable logic, with 50% market segment
share. However, the embedded processor
market and the DSP markets also offer sig-
nificant market opportunity.

Brand Recognition

Xilinx is already well respected and recog-
nized in our marketplace, and we will
continue to build our brand worldwide.
Our success in the first 10 years was based
on two innovations: FPGAs and fabless
manufacturing. When we started in
1985, neither of these ideas was credible.
Only the Xilinx founders believed they

would work. Yet we made them possible
and we made them credible.

Our second 10 years were based on two
things: becoming the technology leader in
our industry and establishing a unique
business culture that fosters
innovation. In that we have
also been very successful.

For the next 10 years, we
want to extend our brand and
establish Xilinx as a global
leader, recognized not only by
the engineering community but
also by the financial communi-
ty. We want to be recognized
not only for our innovative cul-
ture but also for our financial
stability, management depth,
the global reach and diversity of
our products, and by the brand

name we create.

Going Global

We will continue to expand
globally and place our
resources close to the markets
they serve. If 20% of our busi-
ness is in Asia, we will strive to
place 20% of our resources
there because we want to be
close to our customers and
understand their needs. That’s
why we opened up a new fac-
tory headquarters in Singapore
and a new design center in India. We want
to have a presence in Asia just like we have
in Europe and the United States.

Conclusion

Innovation remains the core of Xilinx. I
believe innovation is the only thing that
matters because if you innovate, there is no
competition. That’s the reason why we
have gained market share every single year
in the last six years.

As you can see I'm very excited about
our current situation, and 'm even more
excited about our future. &

Xeell Journl 7



Xilinx FPGAs have transitioned from a flight D e

Nu Horizons Electronics

ASIC prototyping platform to playing integral ~ SeGrmmen
roles in the Mars Exploration Rover MisSion.  iecing the cormec components for any e

neering project can be a critical and difficult
choice. This is clearly true for engineers at the Jet
Propulsion Laboratory (JPL) when they must
select components used on high-stakes flight proj-
ects, and especially important on high-profile mis-
sions like the Mars Exploration Rover Mission.
3 - ‘F;j 5T On Mars there are no tow trucks or auto clubs
_, hl to call if something stops working. So how did
" ' Xilinx FPGAs go from performing a predomi-
nantly flight ASIC prototyping role to being
4 designed into and flown in projects like the Mars
lander and rovers? And what does the future hold

for Xilinx and JPL space missions?




The needs of JPLs design engineers were
the main driving force behind the paradigm
shift from ASIC prototype to flight-quali-
fied part, as were the Xilinx testing, pro-
cessing, and manufacturing flows for its
radiation-tolerant FPGAs. Engineering
needs demand meeting mission require-
ments, both from a functional/performance
viewpoint and a time-to-working-product
viewpoint. Xilinx FPGAs provide inherent
design advantages to meet those needs: high
gate densities, rich on-board architectural
features, large I/O counts with multiple I/O
standards, and the ability to be repro-
grammed at any time.

The second reason for the transition
was JPLs qualification of Xilinx radiation-
tolerant FPGAs into more and more flight
situations.

The net results of these efforts can easi-
ly be seen on the Mars Exploration Rovers.
Inside of each rover (named Discovery and
Spirit), two Virtex ™ XQVR1000s served
as the main brains that controlled the
motors. Four Xilinx XQR4062XL devices
in the 4000XL family controlled the Mars
lander pyrotechnics, crucial to the success-
ful multi-phase descent and landing proce-
dure. Also evident, although not as visible,
are the increasing number of future flight
missions that JPL engineers are designing
with Xilinx radiation-tolerant FPGAs.

In this article, we'll briefly document
the parts qualification and design steps,
along with the past, present, and future of

FPGA-based flight opportunities at JPL.

Flight Considerations

There are three steps that must be accom-
plished before any part can be used in a
flight application for JPL. The first is a
general flight approval for a part. The sec-
ond can be referred to as mission-specific
approval. The third is additional design
requirements for flight-based semicon-
ductors.

General Flight Approvals

JPL must give general flight approval
before any part can be used for a flight
application. This process requires that the
manufacturer perform numerous addition-

al processing, testing, and quality steps
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over and above the normal commercial
processing steps.

JPL also meticulously examines device
statistical and quality data that is constantly
updated by the semiconductor manufactur-
ers. They also examine additional parame-
ters in this phase, including temperature
considerations and packaging materials as
well as semiconductor characteristics (for
example, are there voids or contaminants
that in zero gravity could migrate and cause
failures?). Only after JPL engineers have
conducted exhaustive research and analysis
do they approve parts for flight use.

oy S
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JPL Radiation Effects Group scientists
work directly with Xilinx to unify and
continually improve the testing, process-
ing, and manufacturing steps used for
Xilinx radiation-tolerant parts. This close
customer/manufacturer relationship has
resulted in a much superior radiation-tol-
erant product from Xilinx, and for JPL, a
high-reliability manufacturing process
gives them the utmost confidence.

Specific Flight Approvals
Even after a part or parts has general flight
approval, it still must receive mission-
specific flight approval. Mission-specific
approval is exactly what the term implies:
JPL scientists and engineers review the
mission-specific environments that the
parts will encounter. This includes a
detailed risk assessment.

JPL takes into account all aspects of the
flight to predict what the part(s) will face
during the mission’s lifetime. Some of these

parameters might include the number of
temperature cycles, total ionizing dose, and
predicted rate of radiation exposure. It is
possible that parts with general flight
approval will not get mission-specific flight
approval.

Specific Flight Design Considerations
Only after a part has met the above two cri-
teria can it be used in a flight mission. The
design process entails incorporating space-
specific flight design requirements that
include, but are not limited to, the follow-
ing single-event phenomena:

* Single-event latch-up (SEL)
* Single-event upsets (SEU)
* Single-event transients (SET)

e Single-event functional interrupts
g p

(SEFIs)

In the case of Xilinx radiation-tolerant
FPGAs, all single-event phenomena are
taken into account either through the radi-
ation-tolerant manufacturing and process-
ing steps or through well-documented
design practices:

* The epitaxial layer of Xilinx radiation-
tolerant FPGAs eliminates SELs.

e Triple-mode redundancy (commonly
referred to as TMR) mitigates SEUs
and SETs.

* “Scrubbing,” or reprogramming the
FGPA, takes care of SEFIs and the
accumulation of SEUs.

Let’s discuss the latter two design fea-
tures in more detail.

In simple terms, a design with TMR
requires three sets of key logic elements, with
a voting structure that allows only the major-
ity decision to propagate through the circuit.
The theory is that statistically you are going
to get an SEU over some time period. When
this upset occurs, it will disrupt a single ele-
ment (net, route, or bit). When this happens
and the element it disrupts is being used, the
other two “correct” elements will have the
correct value; thus, the correct value will be
passed out of the circuit. This is especially
important in circuits that use feedback, such

as counters and state machines.

Xeell Journl 9



Numerous approaches can be taken
with respect to scrubbing, from simply
reprogramming the FPGA to partial recon-
figuration. The simplest method of scrub-
bing is to completely reprogram the FPGA
at some periodic rate (typically 1/10 the
calculated upset rate).

For example, if an SEU will occur once
every 10 days, then you would reprogram
the FPGA every day. However, when you
reprogram the FPGA it is not operational
during that reprogram time (on the order
of micro to milliseconds). For situations
that cannot tolerate that type of interrup-
tion, partial reconfiguration is available.
This technique allows the FPGA to be
reprogrammed while still operational.

The Past
Although the both the Discovery and Spirit
rovers are still on the surface of Mars and
active, they were launched in June and July
2003 and landed on Mars in January 2004.
This means, obviously, that the engineering
was completed in the past.

As stated earlier, the Mars Exploration
Rovers used XQVR1000 devices and the
lander  used  XQR4062XLs.  The
XQR4062XLs were used during the
descent and landing of the rovers on the
surface of Mars, while the XQVR1000s
were used to control all of the brushed DC
and stepper motors for the wheels, steering,
antennas, camera, and other instruments
on the rovers themselves.

Both the XQR4062XL and XQVR1000
designs used TMR for SEU and SET miti-
gation as well as scrubbing. JPL engineers
achieved TMR in their designs by analyz-
ing the design for feedback nets and other
low-level design details (as detailed in
Xilinx application note XAPP197), and
then inserted or replaced logic with TMR
library elements. After the designs were
functionally implemented, the engineers
went back through the design and inserted
the TMR logic where necessary and made
other space-specific design changes.

Due to the critical nature of the
XQR4062XLs role, FPGA redundancy was
utilized to mitigate all single-event phe-
nomena. The

scrubbing  technique

employed was a complete reconfiguration.
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Animation by Dan Maas, Maas Digital LLC

(c) 2002 Cornell University. All rights reserved.
This work was performed for the Jet Propulsion
Laboratory, California Institute of Technology,
sponsored by the United States Government under
Prime Contract # NAS7-1407 between the
California Institute of Technology and NASA.
Copyright and other rights in the design drawings
of the Mars Exploration Rover are held by the
California Institute of Technology (Caltech)/ Jet
Propulsion Laboratory (JPL). Use of the MER
design has been provided to Cornell courtesy of
NASA, JPL, and Caltech.

When an upset condition was detected, the
FPGA in question was completely repro-
grammed, while the redundant FPGAs
remained functional. On the other hand,
because of its non-time critical nature, when
a fault condition was detected on one of the
XQVR1000s, the rover was temporarily
halted, the FPGA was reprogrammed, and
the rover went back on its merry way.

All of the mitigation techniques on the
Mars Exploration Rovers worked exactly
as designed by JPL engineers. During the
seven-month voyage from Earth to Mars,
the Xilinx radiation-tolerant FPGAs on
the lander were “left on.” During that
time JPL collected data of interest,
including the upset rate. The upset rates
predicted for the FPGAs by JPL matched
almost exactly the actual upset rates
observed. Also, the upset detection and
mitigation techniques implemented on
the FPGAs performed their functions
flawlessly and allowed for robust and reli-
able operation.

The Present

JPL is currently working on flight designs
with both Virtex-II™, the latest Xilinx
radiation-tolerant family, as well as Virtex
radiation-tolerant FPGAs. These new mis-
sions will fly in the next two to five years
and are becoming more and more sophisti-
cated in both mission electronic require-
ments and design implementation. These
current projects more fully utilize the
FPGA’s inherent benefits.

JPL is particularly interested in the abil-
ity to update or revise designs while the
spacecraft is either in flight to its final des-
tination or already there. This will allow
engineers to implement algorithm
enhancements after the spacecraft has left
Earth, enabling them to constantly
improve design performance during a long
mission timeline. This, coupled with par-
tial reconfiguration, will allow an FPGA-
based design to have one portion of its
design upgraded while the rest of the
design remains completely operational.

There have been some breakthroughs in
the area of single event mitigation and cor-
rection. Xilinx, in partnership with Sandia
Labs, recently produced a TMR tool that
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will XTMR a design. The XTMR  tool
takes in a synthesized netlist, analyzes it
and applies the appropriate TMR measures
and space-specific design modifications to
produce a final XTMR netlist. Not only
does this guarantee a much more robust
TMR design, it also takes what used to take
an engineer days or weeks to perform and

reduces the process to a matter of minutes.

The Future

Who knows that the future has in store?
The new missions have more demanding
requirements: more speed and more inte-
gration, with an ongoing goal of less space
and less weight. On the Xilinx front, each
subsequent family of radiation-tolerant
FPGAs (like Virtex-1I Pro™ devices) will
provide more integration, more architec-
tural features, and more capabilities.

The need for more integration, speed,
and reduced space and weight goes hand in
hand with continually improving radia-
tion-tolerant FPGAs. Xilinx advances in
FPGA technology and the improvements
in radiation testing and processing made
possible by their relationship with JPL

come together to spell success.

Condlusion

The collaborative efforts between JPL, the
Xilinx aerospace and defense team, and
local support (provided by the manufactur-
er’s representative, Norcomp SC, and Nu
Horizons Electronics Distribution) helped
pave the way for Xilinx to go from a pre-
dominantly ASIC prototyping role to
become key components in the successful
design and implementation of the Mars
Exploration Rovers.

Current JPL flight projects that will
launch in the years to come are already
being designed using the latest Virtex and
Virtex-II Xilinx high-reliability FPGAs.
And the continual release of bigger, faster,
and better Xilinx radiation-tolerant fami-
lies means that with Xilinx and JPL, not
even the sky is the limit.

For more information, please visit
http://marsrovers.jpl.nasa.gov/homel,
www.xilinx.com/esp/mil_aero/
index.htm, www.norcompsc.com, and

www.nuhorizons.com. &
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Youd like to use DDR-SDRAM as the stor-
age medium for OC-192 test pattern gener-.
ation to dramatically increase the length of
patterns available to you. However, when
you take the standard approach to archi-
tecting this interface and attempt imple-
mentation in a FPGA, you find that the
FIFO read clock enable signals dont meet
the timing requirements. Your project
budget can’t afford an ASIC. How can you
get around this issue and make the FPGA
work as the needed interface?

Fortunately, the Xilinx® digital clock
manager (DCM) provides the answer. As
long as you've got sufficient global clock
resources available, you can use the
DCM’s quadrature-phase outputs to clock
the outputs of the four FIFO groups
directly. This eliminates the need for clock
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enable signals in the 320 MHz clock
domain and yields a design that will
achieve timing closure at that speed.

Standard Architecture
Figure 1 shows the standard architecture

. used to design a streaming data interface

between DDR-SDRAM and OC-192 seri-
alizers. All of the design blocks shown in
this figure, with the exception of the
FIFO/MUX controller, are available as
directly instantiated elements (the DDR
flip-flop), Xilinx CORE Generator™
modules (MUX x and FIFO ), or Xilinx-
provided reference (DDR-
SDRAM controller).

designs

DDR-SDRAM Controller

The DDR-SDRAM controller is a modified
Xilinx-provided reference design. I modified
it to provide a continuously streaming mode
of operation. The controller provides the

necessary address and control signals for
driving a standard PC-1600/2100 DDR-

Using a Virtex-ll /Pro FPGA to stream data from DDR-SDRAM to OC-192 serializers.

Xilinx Program for Engineering
Resources from Third Parties

=

SDRAM module and also converts the data
bus from a 64-bit DDR mode to a 128-bit
SDR mode to facilitate a simpler clocking
scheme inside the FPGA.

The controller stops fetching data from
memory and disables the write enable sig-
nal to the FIFOs when it detects that
FIFO_O’s high watermark signal has gone
active (not shown in Figure 1).

The frequency of clock 1 is 100 MHz,
yielding a burst data rate of 12.8 Gbps.
This data rate is 28% higher than that
required by the serializer, leaving room for

overhead tasks such as DRAM refresh.

FIFOs

The eight FIFO blocks represent standard,
asynchronous FIFO elements generated
using the CORE Generator tool. The
FIFOs serve a dual purpose. First, they pro-
vide elastic buffering between two asyn-
chronous clock domains. Second, they
work in conjunction with the MUX x and

FIFO/MUX controller blocks to provide
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the data bus width reduction. This is nec-
essary to convert from the 128-bit data bus
presented by the DDR-SDRAM controller
to the 16-bit data bus required by typical
OC-192 serializers. I will explain this func-
tionality in more detail.

MUXs

The two multiplexer blocks represent stan-
dard 4-to-1 synchronous 16-bit bus multi-
plexers also generated using the CORE
Generator tool.

CLK_1_DOMAIN

(also shown in Figure 1). Its operation is
straightforward and you can easily under-
stand it by looking at the timing diagram
of Figure 2.

Note that while the signals generated by
the FIFO/MUX controller are not explicit-
ly shown in the timing diagram, their
behavior is implicitly depicted there. For
instance, the outputs of FIFOs 0 and 1
only change when the enable A signal from
the FIFO/MUX controller is active.

Likewise, whenever a multiplexer out-

{ CLK_2_DOMAIN

CONTROLLER

CLK_1

A4

|

16 Bits

DDR-SRAM FIFO_0

Write Clk  Read Clk ' CLK_2
Write En  Read En

Dataln _ Data Out || 16 Bits 16 Bits

To DDR-
SRAM ADDR/ 16 Bits

Data In

FIFO_1
Write Clk  Read Clk |- 16 Bits
Write En  Read En |«

Data Out | 16 Bits 16 Bits

MUX_A[ 16 Bits

16 Bits

FIFO_2
Write Clk Read Clk - 16 Bits.
Write En  Read En (gt

Dataln  Data Out | 16 Bits

SelectA

Module  \CNTRL £
From DDR-

SRAM 648its NIV TE

FIFO_3
Write Clk  Read Clk |-
Write En  Read En |«

FIFO/MUX
CONTROLLER |-t

DataIn _ Data Out | 16 Bits Enable A

Module

16 Bits Data In

FIFO_4
Write Clk  Read Clk[d1 Enable C
Write En  Read En |« Enable D

Data Out | 16 Bits

Enable B

Select B

16 Bits Data In

FIFO_5
Write Clk  Read Clk|
Write En  Read En

(1/[320 MHz]). The numbers identifying
the various data intervals correspond to the
index of a particular 16-bit word in a
sequence of data, which is at least 24 16-bit
words in length. The FIFO outputs are
updated once every four clock cycles in
quadrature succession, as shown in the tim-
ing diagram.

The two multiplexers select from among
the four FIFO groups in the same succes-
sion. However, a delay is imposed on the
multiplexer selection sequence such that the

FIFO outputs are allowed
three clock cycles to prop-
agate to the multiplexer
inputs before being select-
ed, as shown.

By designing this way,
I can apply a multi-cycle
delay constraint to the
FIFO outputs and thus
ease the task of the place
and route engine. This is
very helpful when design-

DDR_Flipflop
Data A

ing in a 320 MHz clock
domain. The DDR flip-

flop selects from among

Data Out [ 16 Bits

i)

Data B

ClkA
Clk B

its two inputs in standard
fashion, as shown. The
result is a 640 Mword/s

FIFO_6

L Vi VI VIV Vi Y

16 Bits Data In

Write Clk  Read Clk 16 Bits
Write En  Read En

Data Out | 16 Bits 16 Bits

]

FIFO_7 _
Write Clk  Read Clk 16 Bits
Write En  Read En

MUX_B| 16 Bits

16 Bits. Data In_ Data Out | 16 Bits 16 Bits.

Figure 1 — Standard architecture

DDR Flip-flop

The DDR flip-flop is a directly instantiat-
ed element of the Virtex-II™/Pro™ archi-
tecture. Its two inputs are multiplexed onto
its single output through successive clock-
ing at both clock edges. In this way, the
data A input is clocked through to data out
at the rising edge of the clock, while data B
is clocked through at the falling edge.

FIFO/MUX Controller
The FIFO/MUX controller is the only

fully custom element in the architecture
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put changes, it is the respective select X sig-
nal from the FIFO/MUX controller that
dictates which of the multiplexer’s four
inputs gets clocked through to its output.

Timing Discussion

As mentioned previously, Figure 2 depicts a
timing diagram that describes the dynamic
behavior of the architecture shown in
Figure 1. The clock signal shown is clock 2
from Figure 1. (The clock 1 domain does
not contain any novel design features.)

The clock period “T” is 3.125 ns

data stream at the output,
yielding a data rate to the
serializer of 10.24 Gbps.

Implementation Results

Up to this point, the pro-
posed architecture appears
to satisfy the

requirements. However,

design

when I tried to implement
this approach in a XC2V1000-6BG575
part, I couldnt get the propagation delays of
the FIFO read clock enable signals under
the 3.125 ns period constraint imposed by
the 320 MHz clock. Therefore, I came up
with the following modification to the basic
architecture (Figure 3), which resulted in
successtul timing closure.

Modification Description

In the modified architecture shown in
Figure 3, I eliminated the clock 1 domain
section of the design, as it is irrelevant to

Fall 2004



the discussion. The only design block that
changed in the modified architecture is the
FIFO/MUX controller; all other design
blocks remain unchanged.

Instead of generating clock-enable sig-

nals, the controller block generates four 80
MHz clocks in a quadrature phase arrange-
ment. This is very easy to accomplish when
designing for the Xilinx Virtex-II/Pro archi-
tecture, as the DCMs in that architecture

FIFOO1 X ') : oh 11 X
T T T . [ .

18/19

FIFO2/3 X x I 23 - |

FIFO 4/5 X

i
X 20/21
i

FIFO6/7 X | ! ! X ! 6/7 ! X !

14/15 !

MUX_A X

>

MUXB X ! ! : : X

OO e

< T >
| | | |
DATAOUT X i I I
Figure 2 — Output data timing
{ CLK_2 DOMAIN
FIF(j_O
Read Clk ———++—CLK 2
Data Out | 16 Bits > 16 Bits
FIFO_1 80 MHz, 0° : =
Read Clk 16 Bits |
3 |[1eBis
Data Out [ 16 Bits 16 Bits =
FIFO_2 "G
Read Clk L
I?ata Out || 16 Bits Select A
FIFO_3 80 MHz, 90° FIFO/MUX
Read Clk CONTROLLER
Data Out |[16 Bits DCM_2 DCM_1 S
; 0° CLKIN <—L CLK IN [ DRRSproe
FIFO_4 o
Read Clk 90 /4 OUT [f6 Bits >{Data A
180° Data Out
Data Out |16 Bits 270° DataB
- Select B
FIFO_6 80 MHz, 180° »loKkA
Read Clk [: »{CIkA
Data Out [ 16 Bits
FIFO_6 _
Read Clk 16 Bits
Pata Out [ 16 Bits 16 Bits :|
FIFO_7 80 MHz, 270° 2 65 >
Read Clk 16 Bits
Data Out |16 Bits/\ 16 Bits
Figure 3 — Modified architecture
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have quadrature phase outputs. All I had to
do was divide down the 320 MHz clock by a
factor of four, using an additional DCM, to
generate the original 80 MHz clock signal.

When I apply these quadrature-phased
80 MHz clocks directly to the four FIFO
groups, respectively — without using any
clock enable signals — the data at all FIFO
outputs is exactly as required by the original
architecture. You can see this fairly easily by
envisioning these four clocks overlaid atop
the four FIFO #/nsignals in the timing dia-
gram of Figure 2.

Notice that the rising edges of the four
clocks line up perfectly with the changes
in the outputs of the four FIFO groups.
You no longer need to use clock enables to
govern the FIFO read clocking and have,
therefore, eliminated the one group of sig-
nals that failed to achieve timing closure.
Of course, you must have two additional
DCMs and five additional global clock
buffers available to make use of this

approach.

Conclusion

By taking advantage of the design
technique presented here, OC-192
test pattern generation hardware
designers can avail themselves of
the low cost and large capacity of
standard DDR-SDRAM modules,
thereby making possible the use of
extremely long test patterns or
automated testing with many
shorter patterns, all without incur-
ring the cost of ASIC design and
production.

The technique presented here
will also find applicability in the
area of direct digital synthesis
(DDS) of arbitrary waveforms,
where a high-speed digital wave-
form is used, in conjunction with
PWM or Sigma/Delta modula-
tion and subsequent low-pass fil-
tering, to produce arbitrary
waveforms with great precision
and repeatability.

If you have any questions or sug-
gestions, please contact me, David
Banas, at (415) 846-5837, or e-mail
at dbanas@tavofdigital.com. &
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ontrol Your QDR Designs

A step-by-step guide to solving QDR memory
“data capture challenges with Virtex-l FPGAs.

by Jerry A. Long
Technical Marketing Manager, Chronology Division
Forte Design Systems

jlong@forteds.com

As design requirements push memory
interfaces to operate at 200 MHz and
beyond, a new set of timing challenges
enters the design arena. Timing analysis
plays an increasingly prominent role in
the identification and resolution of system

T operation issues.

—It’s likely that you will use double
data rate (DDR) or Quad Data Rate
(QDR™) memory devices in your next
high-speed design, which brings the
added need to design signal skew into
the memory controller to ensure proper
clock/data relationships.

Xilinx® has simplified the use of these
devices by providing high-performance
external memory interfaces directly from
their Virtex-II™ FPGAs. And to cleatly
understand interface timing and potential
issues, Chronology has added features to
its TimingDesigner® tool to streamline
the exchange of critical timing data with
the Xilinx ISE software suite.
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TimingDesigner generates place and
route constraints, allowing direct use of
post-place-and-route timing information
to verify desired FPGA interface operation.
You can accurately determine the proper
clock/data  relationship  for  your
DDR/QDR memory interface design,
export the information as constraint data
into ISE, and automatically get visual veri-
fication of design success.

For the purposes of this design guide,
we'll use a QDR SRAM device to illustrate a
source-synchronous  interface  design.
Stepping through the design flow;, we imple-
mented a QDR memory controller in a
Xilinx X2V50 Virtex-1I Pro™ FPGA with a
focus on the interface signals required for a
read operation, utlizing a 133 MHz master
clock. The memory device is a Micron™ 18
Mb QDR 1II four-word burst SRAM
(MTS4W1MH]18)).

The features and principles outlined here
are not necessarily unique to high-speed
memory design. TimingDesigner’s robust
timing diagram-based analysis features, cou-
pled with its Xilinx-specific import/export
capabilities, allow a level of integration that
can be applied to any timing-critical design
interface for Xilinx FPGAs.

QDR Interface Timing Requirements

QDR SRAM devices have unique timing
requirements for successful read operations.
In order to guarantee accurate data capture,
QDR devices require the capture clock to be
center-aligned within the valid data window.
For source-synchronous designs, this means
shifting the optional-use echo data clock
supplied by the QDR device.

Center Alignment of Capture Clock Edges
Proper timing for read operations of QDR
SRAM interface designs requires you to
center-align the edges of the capture clock
within the valid window of the data bus for
accurate data capture, as shown in Figure 1.
This is because most SRAM devices typi-
cally have a positive setup and a positive
hold requirement, and both are roughly the
same value. So it makes sense to center the
clock edge within the data valid window to
maximize the safety margin for latching
data. To accomplish this, the memory con-
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troller must skew the capture clock.

For source-synchronous capture of read
data from a QDR device, you must use the
optional echo clock signals (typically CQ
and CQ#) provided from the QDR device.
With the Virtex-II Pro family of FPGAs,
skewing this clock is easily accomplished
using one of the digital clock managers
(DCM). However, the amount of phase shift
necessary to achieve a safe margin is an
unknown, given the external PCB skew

clock/data relationship to ensure that vari-
ous temperature effects the design may
encounter (or other unforeseen influences)
won’t cause an excessive amount of drift in
signal position during the read operation
and result in a violation of the setup or
hold time requirement of the receiving reg-
ister. In theory, a center-aligned clock edge
will maximize the setup and hold times for
most devices, allowing sufficient safety

margins for signal drift.

Iv—«lDala Hold
I»—a-l'.‘la!a Setup

Cota — @Y D

Clock ™4 g 0w & =

I-—-ll:lam Valid Window

Figure 1 — Illustration of center-aligned clock/data relationship
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] AirteseIl Minimum _..I
Data Valid Window

Figure 2 — Center alignment of device minimum data valid window

effects on both the incoming data and its
associated clock, as well as the associated
routing delays encountered within the FPGA
fabric. TimingDesigner will help us to accu-
rately determine this phase shift value.

Capturing Read Data in Virtex-1l Pro Devices
You can skew (or delay) the clock signal by
using PCB trace delay techniques, or by
designing clock delay into the memory con-
troller design. Because PCB trace delay tech-
niques aren’t very flexible, it makes more
sense to use the incidental PCB trace delay
coupled with internal FPGA routing delay
and use the Virtex-II Pro DCM element as
the “adjustable” component for phase shift
within the FPGA memory controller design.
Typically, memory manufacturers rec-
ommend

center alignment of the

However, some devices, like the Virtex
II-Pro device, have a negative hold time
requirement, which simply means that data
can transition to the next value before the
clock edge that latches it. In effect, this
characteristic places the clock edge to the
right (delayed) of the data transition. So for
these devices, if you center-align the cap-
ture clock within the actual data valid win-
dow, you may be satisfying the setup/hold
requirements of the device, but the safety
margin achieved will be greater for the hold
requirement than for setup.

The ideal solution is to provide a maxi-
mum safety margin for both the setup and
hold requirements of a device, which trans-
lates to “balancing” these margins. This
provides equal amounts of safety for both,
as illustrated in Figure 2.
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Figure 3 — Illustration of signal delay paths for QDR read operation

To accomplish this balance, you must
determine the minimum data valid window
for the receiving device, and center that win-
dow within the actual data valid window
provided from the memory device, given
your design parameters. Using the minimum
setup and hold characteristics of the receiv-
ing device, determine a minimum “safe” data
valid window with the following formula:

Min Data Valid Window = Min Setup + Min Hold

Because the placement of the resulting
minimum data valid window is tied to the
placement of the clock signal, skewing the
clock will effectively skew the minimum
data valid window. As indicated in Figure

2, as long as the data bus transitions out-
side of the receiver’s minimum data valid

window, safe data capture is ensured.

Determining the Clock/Data Relationship

To determine the required clock skew,
you create a timing diagram illustrating the
clock/data relationship of a read operation
for the QDR device based on the actual
read timing diagrams acquired directly
from the memory device’s data sheet. To be
more descriptive of the signal relationships
in the diagram, name the read data clock
signal C_Mem and the data bus signal
Q_Mem to reflect the signals as they appear

at the pins of the memory device.

Figure 4 — Clock/data timing diagram of QDR read operation
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To model those same signals as they
appear at the pins of the FPGA, after their
accumulated flight path delay from the
QDR device, create the signals C_FPGA
and Q_FPGA. Figure 3 is a block diagram
illustrating the signal path relationships
just described.

The resulting QDR memory read dia-
gram is displayed in Figure 4. The data bus
represents the transition period necessary
for all elements of the data bus between
valid data words. The PCB trace delay
accumulated by both data and clock is rep-
resented with separate variables: #PCBdata
for the delay associated with the data sig-
nal and tPCBclock for the delay associated
with the clock. This allows you to easily
vary the values and see the effect on the
design results.

Creating Constraints with TimingDesigner
Knowing the timing relationship of an
external clock and its associated data as it
arrives at the pins of the FPGA provides a
unique advantage for accurate data capture
and design success. The Xilinx timing con-
straint OFFSET is used along with its asso-
ciated keywords to provide initial timing
information to ISE, so that proper place-
ment of data capture elements and their
associated routing delays will be adequate
for the design. As illustrated in Figure 5,
TimingDesigner provides direct dynamic
access to any measurement within a timing
diagram for generation of a place and route
constraint file (UCF).

For this design example, you need to
measure the offset for the data (Q_FPGA)
and clock (C_FPGA) signals, and the dura-
tion of the valid data window at the pins of
the FPGA controller. This can be done
directly from the timing diagram using
TimingDesigner measurements, as indicat-
ed in Figure 4. You'll also need the read

data clock period measurement.

Generating Constraint Information

TimingDesigner's Dynamic Text dialog
box offers a way to reference timing dia-
gram measurements from within a vendor’s
specific timing constraint syntax. Using
ISE’s OFFSET timing constraint syntax,
you reference the measured offset values in
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the Dynamic Text dialog box to assemble
constraints for transfer into the ISE con-
straints file. The syntax for this design
example is illustrated below:

OFFSET = IN %mOFFSET_IN.min VALID
%mDVW.min ns BEFORE “rd_clk” TIMEGRP
RdCIkRisingFFs;
OFFSET = IN %mOFFSET _IN_F.min VALID
%mDVW.min ns BEFORE “rd_clk” TIMEGRP
RdClkFallingFFs;

The VALID keyword is for specifying
the duration of the incoming data valid
window, and is used for hold time calcula-
tions in ISE. The signal 7d_clk is the pin
name in the design code associated with
the C_FPGA clock signal in the timing dia-
gram. Notice that two offset specifications
must be declared — one for the rising clock
edge and one for the falling clock edge —
because this is a dual-data rate read opera-
tion. Also notice the “%” syntax that indi-
cates dynamic text access of measured
values in the timing diagram.

The Dynamic Text dialog box will
resolve the dynamically referenced meas-
urements and allow direct transfer of the
information into the UCF constraints
file. Once the UCF file has been assem-
bled, execute a place and route in the ISE
tool set.

Take Control of Your Design
After initdal place and route

Determining Routing Delays

For this design example, ISE placed the
read data capture registers into the 1/0
blocks of the Virtex-II Pro devices,
because they capture data from the input
pads and have a common clock and reset
signal. This is a default setting for ISE’s
mapping process and is appropriate for
this design example.

As the I/0 blocks have only one routing
path for input data signals, the TRACE
report includes this data path delay in the
setup and hold requirements of the I/O
block registers. However, the clock signal
has several possible paths from the input
pad to the capture register, and this design
example uses a path through the DCM ele-
ment for phase shift control. So you must
determine the routing and element delays
for the clock path to achieve proper phase
shifting of the clock.

A TRACE analysis report is generated in
verbose mode to get the needed timing
information. This report is limited to 16
paths per constraint (the data bus is 16
bits). Briefly look at the report and make
note of the worst-case setup path for the
data bus in preparation for import into the
timing diagram.

To import the desired TRACE analysis
report information (saved as a TWX file)

PCB

i let - Design Flow
1S COmp. € .C, yOU can gen‘er g Timing Budgets
ate a timing report using Partitioning
the TRACE timing analysis Concept TimingDesigner
tool within ISE, and —_— Design Interface UCF
import that into the timing Diagram Modeling
diagram. This will allow

HDL and/or

you to determine the actual

Design Entry

Timing
Constraints

Design Interface

-l

into TimingDesigner, map the worst-case
setup path identified earlier to the associ-
ated waveform in the diagram
(Q_FPGA), and then import the infor-
mation to create variables for the routing
and element delays. Mapping the FPGA
ports guides TimingDesigner to the
desired signal information, and allows for
automatic updates of existing variables if
successive place and route executions are

necessary.

Visualization at the Capture Register
After importing the timing results, create
another clock signal (Cin_FPGA) to rep-
resent the clock characteristics at the data
capture register. You then add the setup
and hold requirements obtained in the
TRACE report import as TimingDesigner
constraints on the data signal relative to
the register clock, as shown in Figure 6.
Notice that the indicated setup and
hold margin results from the diagram
match the slack values from the initial
TRACE timing report, and indicate that
the setup paths are failing by about 2 ns,
but the hold time paths have more than
enough margin. You need to shift the
clock so that both the setup and hold time
measurements are met with roughly the

same margin.

Design
Creation

'

Synthesis

ISE

SpeedPrint

*ixt

i

routing delays so that you Analysis Place and Route

can specify the necessary Verification Whateif Analys = 0 | TRACE

phase shift for the read Cptimization Static Timing
Physical Analysis

clock. You then enter the Design Design Interface

phase shift attribute into Pocumentation
Production End-User Doc TWX

ISE, execute a final place e Ly AU

and route, and generate a —

timing report. When com- v

plete, you then re-import

the timing report to gauge

how well the constraints Figure 5 — TimingDesigner offers an intuitive interface to ISE' design flow.

were met.
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Figure 7 — Balanced setup and hold of data capture register

Making Adjustments

Using the imported information obtained
from the TRACE timing analysis report
and the measured values from our timing
diagram, you can obtain the attribute value
for the necessary DCM phase shift (see
Data Valid
Window”). For this example, the attribute

sidebar, “Balancing the
value was determined to be 108, for a shift
of 3.165 ns. You then enter this value into
the ISE tool flow, and execute a second
place and route to shift the clock and prop-
erly balance the setup/hold margins.

Verifying the Results

Re-importing the new post-place-and-route
timing report using the previous import set-
tings will automatically update all of the
necessary values, and correctly re-position
the register clock signal (Cin_FPGA). This is
illustrated in Figure 7. Examination of these
timing results shows that the setup and hold
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requirements for a read data capture in the
design are now balanced with respect to
margin (slack), giving the safest possible
result for any unforeseen signal drift.

Conclusion

Using TimingDesigner together with
Xilinx Virtex-1I Pro devices allows opti-
mal safety margins for setup and hold
requirements, which are necessary for
accurate data exchange with a QDR
SRAM memory controller.

By following a design process that com-
bines the use of TimingDesigner timing
diagrams and ISE’s post-place-and-route
timing reports, you can create an accurate
analysis of your designs critical timing
relationships. Using timing diagrams, you
can account for PCB trace delays and
other external factors that will affect the
signal relationship at the pins of your

FPGA device.

ISE’s TRACE timing analyzer provides
timing reports that give you details on the
route delays and constraint requirements of
your FGPA device. Together, these tools
allow you to accurately capture and
exchange critical interface timing informa-
tion, and allow visual verification that your
design will perform as desired.

To learn more about TimingDesigner
and the

Forte

Chronology Division of
Design Systems, please visit

www.timingdesigner.com. &

Balancing the Data Valid Window

You can determine the amount of
DCM-generated phase shift needed
for the clock signal to balance the data

window using the following procedure:

1. Subtract the minimum data valid
window for the Virtex-II Pro device
from the design’s actual data valid
window, and divide that result by two.
This accounts for the difference
between the two valid data windows

(DlyDVW).

DlyDVW = (DVWactual — DVW_Vlimin) /2

2. Subtract the offset measurement made
at the pins of the FPGA device from
the required setup time for the capture
registers, to account for device setup
requirements (DlyRelSU).

DlyRelSU = IOBsu — OFFSET

3. Determine total clock path delay from
the TRACE timing report (Xtcd).

Xtcd = <from TRACE report>

4. Add up the necessary delays (values
obtained in 1 and 2 above), and sub-
tract the total clock path delay (value

from 3 above).
Clk_offset = (DlyDVW + DlyRelSU) — Xtcd

5. Finally, determine the correct ISE
attribute value to control DCM phase
shift with the formula:

phase shift attribute =
(Clk_offset/Clk_period)*256
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Celebrating 20 Years of Partership

Turning an industry cliché into
a successful business model.

by Xilinx Staff

“Partnership” might possibly be the most
overused word in the high-technology
industry. But at Xilinx®, it transcends
cliché as a foundation principle behind the
company’s highly successful business model
since its inception.

Today, the Xilinx way of thinking
reflects a rare mindset about the value of an
interconnected ecosystem of like-minded
companies and the benefits such an
approach can bring to Xilinx, its customers,
and to the partners themselves.

To say that Xilinx was founded on the

™ Spirit of Partnership is no overstatement.
In the original 1984 business plan, the sec-
ond bullet under the “strategy” section
(after the primary strategy point of “maxi-
mizing our strength in product architecture
and design”) articulated the idea to partner
with complementary suppliers. The Xilinx
\ founders thought that through an extreme
I focus on a few core competencies, Xilinx
could deliver highly differentiated products

and drive technology innovation forward.
Most notably at the outset was the need
for a manufacturing partner. The founders
fundamentally believed that there was no
— need to fund such a capability in-house — a
m radical concept in the era of “real men own
. . fabs.” (The average price tag for a fab at the
' time was $300 million, about one-tenth of

VP of Worldwide Marketing Sandeep Vij today’s going rate, but still a hefty invest-
in the Xilinx Hall of Patents

ment for a startup company in 1984.)
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...Programmable logic technology is an excellent means

for manufacturers to characterize new processes...

Company founder Bernie Vonderschmitt
leveraged past relationships and his solid rep-
utation for fair play to negotiate a manufac-
turing deal with Japanese giant Seiko, which
agreed to allow Xilinx-designed chips to be
produced in its fabs. Sealed with only a
handshake, Xilinx had its first partner and
the industry had a new model — the fabless
semiconductor company.

In short order Xilinx signed up another
critical partner as its first distributor,
because the founders viewed the sales
process as they did manufacturing: essen-
tial, yes, but not necessarily something the
company needed to “own.” As with Seiko,
the distribution agreement was built on
mutual trust and a benefit to both sides — a
benefit that could be measured beyond just
dollars and cents.

Since then, Xilinx has formed partner-
ships with a wide range of other suppliers
in the semiconductor supply chain, all
guided by a consistent principle.

“When we look at forming a partner-
ship, the first question we ask is ‘what’s in
it for you?”” Xilinx CEO Wim Roelandts
says, explaining a philosophy that may
seem counterintuitive to the traditional
approach. “It really should be weighted
51-49 in the partner’s favor. They need to
get something out of it, as much — if not
more — than we do.”

Such an approach has helped Xilinx
assemble critical components to fill the
“solution gap” in its offerings, allowing it to
focus on developing the core technology
for which it has gained the deserved repu-
tation of a world-class innovator. It has also
made Xilinx one of the most respected
companies in all of high technology and a
favorite among complementary suppliers
both large and small.

“For us, a partnership is more than a
financial transaction or relationship. It real-
ly is about shared goals and ways of think-
ing,” says Sandeep Vij, vice president of
worldwide marketing at Xilinx. “Yes, we
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use partnerships to maintain our own focus
and we know it doesn’t make sense econom-
ically for us to invest in all areas. Burt it
comes down to results — our partnerships are
aimed at making breakthroughs that allow

our customers to scale new heights.”

Manufacturing Partnerships
Manufacturing still represents the most sub-
stantial of the Xilinx partnering strategies, if
only because of the cost of today’s modern fab-
rication facility. Xilinx has emerged as one of
only a small handful of semiconductor com-
panies that truly “pushes the envelope” when
it comes to implementing new technology
processes. Recently; it became the first compa-
ny to ship a production device based on 90
nm process geometries, considered the leading
edge of expertise. It also is among the leaders
in the use of 300 mm wafers to produce its
chips. Both manufacturing achievements
allow Xilinx to reach new price/performance
milestones with its products and further dis-
tance itself from its competitors.

Although such advances are enabled by
choosing the right type of company to part-
ner with (for manufacturing, Xilinx partners
with UMC™ and IBMT™), Xilinx itself is a
key contributor to driving manufacturing
advancements. The company has more than
100 engineers on-site at UMC, for example,
working in tandem with their R&D teams.
And because of the “regular” nature of its
structure, programmable logic technology is
an excellent means for manufacturers to
characterize new processes, as UMC has
done with its last several generations of new
process nodes. But perhaps the secret ingre-
dient is mindset.

“Our partners must share our view on risk-
taking. They must be willing to engage in
joint risk-taking and be willing to try new
things. It is the only way to stay on top of lead-
ing-edge technology, to truly innovate,” says
B.C. Ooi, Xilinx vice president of operations
and the man responsible for seeing that Xilinx
products stay on the

leading  edge.

“Programmable technology requires the
smallest geometries and advanced processes —
and we must be a leader in those areas. We
are willing to invest to be able to achieve such
things as producing the world’s largest dies,
to be first to 90 nm. And our partners must
be, t00.”

Ooi also points out that because Xilinx is
a mission-critical supplier to its customers,
its partners must share that sense of urgency
and flexibility. “They have to be able to scale
with us,” he says of an increasingly valuable
asset in the cyclical semiconductor industry.

Vincent Tong, vice president of prod-
uct technology, agrees, adding that the
number-one criterion for a Xilinx partner
is to be a “technology leader.

“We can’t afford to partner with compa-
nies that aren’t leaders in what they are
doing. Three or four years ago, when it
came to manufacturing, you could kind of
throw a design over the wall. Today we
need to be engaged tightly with our part-
ners to drive technology forward. We have
more than 80 process engineers and we
don’t even own a fab,” he says, underscor-
ing the commitment level of Xilinx even in
areas in which it chooses to partner.

Through its partnership strategy in
manufacturing, Xilinx is already pushing
into areas beyond the current state-of-the-
art, including joint development work in
75 and 65 nm process geometries.

The Link to the Customer
As with manufacturing, Xilinx made the
decision early on that it would work with
partners to sell and distribute its products
(notably, field support of those products was
always viewed as a critical internal function).
“It was a decision borne out of necessity
and practicality,” explains Vice President of
Sales Steve Haynes, who's been with the
company for nearly 20 years. “We knew
that as a company we needed to focus on
what we do best — design, technology, inno-
vation. We needed a ready-made channel to
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Today, Xilinx counts some 230 complementary technology
and service providers in its "ecosystem” of companies that
help it deliver the most robust solutions in the industry.

get our technology in the hands of the cus-
tomers. There were, and still are, firms that
bring an expertise and reach that we couldn’t
or didn’t want to develop ourselves.”

Today Xilinx uses a network of close to
30 partners to deliver its products to cus-
tomers around the world. Some are broad-
line distributors who sell complementary
technology to round out the use of program-
mable logic. Others are regional or vertical
market specialists. In most cases, Xilinx is the
most significant product line they represent,
and in all cases the relationship is based on
mutual trust and shared values.

“When a customer looks at a rep [resen-
tative], they are looking at Xilinx. We have
to be on the same page in all facets of the
relationship. We have to know them as well
as we know ourselves,” says Haynes.

Haynes and his team meet regularly with
sales partners to align their goals and strate-
gies, and make sure the company’s products
are being represented consistently with the
“Xilinx Way.”

The formula is surely working, as Xilinx
sales and customer satisfaction metrics
show. But it’s a constantly evolving process,
as Haynes well knows. “Good partnerships
evolve. Our channel looks a lot different
than it did 20 years ago. It’s like being in a
marriage — you have to work at it.”

Comprehensive Solutions

The design and use of programmable logic
has become an increasingly complex process.
In the early days of Xilinx, third-party design
tools were just coming to market as the EDA
industry took shape, and commercial IP cores
were almost non-existent. Today, they, along
with a set of other capabilities, are essential to
developing mult-million gate, muld-func-
tion systems on chip (SoCs). Thus, the Xilinx
partnership model has expanded significantly
to include technology partners who can
round out the core offering.
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“Today’s markets call for a complete
solution, which includes the FPGA and a
full set of components and tools,” says
Senior Manager of

Relationships Jasbinder Bhoot, who

Strategic

oversees all of the partnership programs
at Xilinx. “Xilinx has been successfully
delivering for years the best FPGA prod-
ucts in the industry. Now, together with
our partners, we have a focused emphasis
on providing comprehensive solutions to
our customers. We seek out and collabo-
rate with best-in-class companies to
complement our product offerings with
EDA tools, ID, design services, reference
designs and manufacturing kits.”

Xilinx partners must share our sense
of business integrity and win-win philos-
ophy. “We are fairly selective in
who we work with. Yes,
they must bring a best-
of-breed

and yes, it must

offering,

make econom-

ic sense for

Jasbinder Bhoot, Senior Manager
of Strategic Relationships

both sides. But these are the companies
with whom we will be on the front lines
with our customers, so we have to be in
synch on many different levels,” explains
Bhoot.

Bhoot and his team use well-defined
metrics to gauge how effective each and
every partnership is for Xilinx and its
customers. And they are constantly on
the lookout for new areas to develop
partnerships and make Xilinx technolo-
gy more accessible and complete.

Today, Xilinx counts some 250 com-
plementary technology and service
providers in its “ecosystem” of companies
that help it deliver the most robust solu-
tions in the industry. From industry lead-
ers such as IBM™, Cadence™, Mentor
Graphics®, Synopsys™, Synplicity™
and Wind River™ to specialized

experts in key areas, Xilinx
partnerships provide maxi-
breadth  and
depth of technology

mum

offerings.
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Partner
for Success

PEsigy TooLs

Among the areas in which Xilinx

partners are:

¢ Intellectual property cores. Xilinx
works closely with independent third-
party core developers to produce a
broad selection of industry-standard
solutions, deemed AllianceCORE™,
dedicated for use in and optimized
for Xilinx programmable logic.

Design tools. Xilinx’s AllianceEDA
partners are among the tool leaders
for each step in the design process,
including such critical areas as high-
level design, synthesis, logic verifica-
tion, and complete PCB design.
Xilinx and its partners develop the
methodologies and tool flows that
help make programmable logic users
productive and well positioned to
take full advantage of Xilinx devices.

Design services. Xperts are a global
network of certified design experts
trained to take full advantage of the
features present in the Xilinx Platform
FPGAs, software, and IP cores. When
customers need design expertise, they
can access a sophisticated resource
database and quickly identify design

consultants in their own regions.
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Focus on

* Embedded development tools.
Xilinx AllianceEmbedded partners
are experts in the field of embedded
systems — inclusive of compiler,

debugger, IDE, and trace/visibility

Core Competencies

The Spirit of Partnership

Xilinx has developed a successful
formula for delivering a steady
stream of innovation and technol-
ogy firsts to the market in its first
20 years. Its partnership approach
is an essential element of that for-
mula, and although no one
intends to alter the basic strategy,
the technology industry mandates
that change is a constant.

“Xilinx is in a much differ-
ent position as a company now
than when we first started 20
years ago,” Roelandts says.
“Resource-wise we could con-
sider doing more things our-
selves. But we know that the
key to our success has been our
focus. That has enabled our
innovation, which is why we are
a leader. In that respect, part-
nerships make even more sense, especially
as the world gets more complicated. Our
challenge is to continue to develop the
right set of relationships with companies
that share our vision and make sure we all

Xilinx has developed a successful

formula for delivering a steady stream

of innovation and technology firsts to

the market in its first 20 years.

tools — as well as RTOS require-
ments. They support the Xilinx
commitment to deliver high-per-
formance, cost-effective embedded
processor-based solutions.

Reference designs. Xilinx teams up
with industry-leading semiconduc-
tor vendors to develop reference
designs for accelerating its cus-
tomers’ product and system time

to market.

derive a benefit. We will not waver on the
basic principles that guide our partner-
ship strategy, but we will keep the process
dynamic to address new market needs
and conditions.”

So don’t expect to see Xilinx building
its own fab in the next 20 years. But
thanks to is unique Spirit of Partnership,
it’s a safe bet that Xilinx and its partners
will continue to set the standard for inno-
vation and best business practices in the
semiconductor industry. &
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Author! Author!

Turn your terrific idea into a technical fome through the Xcell Publishing Alliance.

by Clive “Max” Maxfield
President

TechBites Inferactive
max@techbites.com

When reading a technical book, you may
sometimes find yourself muttering, “Ha!
The author is a complete and utter idiot!
I could have done a better job than that!”

Or you may be working on an interest-
ing project — or have just developed a novel
solution to some problem — when you sud-
denly think, “I could write a really cool
book about this!”

That initial flush of enthusiasm soon
cools, however, when you start to mull over
things in a little more detail, realizing that
you dont actually have a clue where to
start. Is there a market for such a book?
What should it cover? Who will create the
graphics? How will you find a publisher for
your masterpiece?

Given these imponderables, it usually
doesn’t take long before you've talked your-
self out of becoming an author. This is
unfortunate, because there may be a lot of
potential readers out there who could real-
ly benefic from your expertise. And of
course, being known as an author can only
enhance your career prospects and make
your family and friends very proud.

Fall 2004 Xeell Journal



The Xcell Publishing Alliance is designed to help you take

your magnum opus from initial concept, through planning and

implementation, all the way to publication, fame, and glory.

To assist authors-to-be (like yourself?),
Xilinx® has created an innovative new pro-
gram called the Xcell Publishing Alliance.
The program is designed to help you take
your magnum opus from initial concept,
through planning and implementation, all
the way to publication, fame, and glory.

In fact, as I pen these words, 'm bask-
ing in the glow of having just received the
author copies of my latest book, “The
Guide to FPGAs:
Devices, Tools, and Flows.” This book was

Design  Warrior’s

made possible in large part by Xilinx and
Mentor Graphics®, both of whom provid-
ed me with access to a wide variety of
experts and information sources. Thus, in
this article I thought I'd walk you through
the process of creating a book — using “The
Design Warrior’s Guide” as an example —
and then discuss what Xilinx can do to help
you create your very own tour de force.

Topical Questions

The very first thing you have to decide on
is a topic. What exactly would you like to
write about? There’s little point in spending
vast amounts of precious time and effort
creating a book that no one actually wants
to read.

I've been fortunate in this regard,
because I've tended to write books on top-
ics that interest me and that I would like
to read myself. Happily, the folks who
read my books seem to enjoy them also.
For example, my very first effort — “Bebop
to the Boolean  Boogie: An
Unconventional Guide to Electronics” —
was recently re-released in its second edi-
tion due to popular demand.

Looking back, I realized that most of
my tomes were introductory in nature, so
the time seemed right to focus on a partic-
ular topic in more depth. FPGAs have
become phenomenally powerful and
sophisticated in recent years. Today’s
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FPGA devices can be used to implement
extremely large and complex functions
that previously could be realized only
using ASICs, and thus an increasing num-
ber of design engineers are starting to use
the little rascals. When I began to look
around, however, there seemed to be a
dearth of useful material in this arena.

Readership to Shore

Once you've decided on your topic, you
will have to flesh it out into an outline, and
eventually grow it into a full-blown pro-
posed contents list. An integral part of this
process is to decide who your audience is,
because the type of information you will
cover will typically vary depending on
whether you are talking to engineering
gurus or novices.

I personally dislike reading books that
talk down to me as though I am the village
idiot. But equally, I'm less than enamored
by books that try to impress me with the
author’s brilliance, or those that require me
to return to college just to wend my weary
way through the first chapter.

In the case of “The Design Warrior’s
Guide to FPGAs,” I wanted to address the
needs of an unusually wide audience,
including students, sales and marketing
professionals in the EDA arena, and full-
blown engineers. For this reason, I devoted
the first section of the book to fundamen-
tal concepts such as:

* What are FPGAs and why are they of

interest?

e Underlying technologies, such as anti-

fuses, flash memory, and SRAM cells
¢ Alternative architectures and concepts
* Different programming techniques

* Who are the various players in the
FPGA space?

I felt that this background information
would be useful to less-technical readers,
while techno-weenies could leap directly
into the more challenging middle section
of the book. Among many other topics,
this section takes an in-depth look at:

* FPGA versus ASIC design styles

* Schematic-based design flows (yes, they
are still used to support legacy designs)

* HDL-based design flows

* Silicon virtual prototyping for FPGAs
* C/C++-based design flows

* DSP-based design flows

* Embedded processor-based design flows
* Modular and incremental design

e High-speed design

* Migrating ASIC designs to FPGAs,

and vice versa

One thing I recall from my college
days is that despite having scores of text-
books, I was unable to find the fact I was
looking for in any of them. For this rea-
son, “The Design Warrior’s Guide”
includes a third section boasting a host of
peripheral topics, including:

* Choosing the right device
* Gigabit serial interfaces
* Reconfigurable computing

¢ Field programmable node arrays

(FPNAs)
* Independent design tools

¢ Creating a design flow based on open-
source tools

Just looking at the above lists makes my
eyes water, because I well remember the
research and effort that went into fleshing
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Figure 1 — An example figure created in Visio.

out these topics when I finally got around
to writing the book.

In Style

Yet another point to ponder before you leap
into the fray is the style you intend to use.
To a large extent this will be determined by
your target audience, but it will also be
strongly influenced by your personality.

I soon become disgruntled when read-
ing boring books. Unfortunately, this
seems to cover the vast majority of techni-
cal books out there (although there are a
few notable exceptions). It’s almost as
though someone sent out a memo saying,
“Whatever you do, don’t make engineering
books interesting — otherwise all sorts of
folks might decide to read them.”

Fortunately, I didnt receive this memo,
so I don’t feel bound to follow it. As a sim-
ple rule of thumb, I tend to write the sort
of book that I personally would like to
read. Thus, I use a somewhat informal,
chatty style — much like this article — and I
also like to include nuggets of trivia and
tidbits of information, such as “Where did
this come from?” or “Why do we do things
this way rather than thac?”

Fall 2004

Furthermore, in my later books I've
started to include little pronunciation
notes as sidebar items for technical
acronyms and terms. I do this because if
you mispronounce a word when talking to
someone in the industry, you immediately
brand yourself as an outsider. Some engi-
neers have been known to scoff at me for
this, but I've received many e-mails from
less-technical readers that say, “Only the
other day you saved me from a potentially

embarrassing situation.”

Yes, There’s More
At some stage, of course, you are going to
have to actually put pen to paper (or fingers
to keyboard). Writing a book-length proj-
ect isn't easy. You may start off full of vim
and enthusiasm, but as you approach the
middle of the project things seem to slow
down and become increasingly difficult —
much like wading through molasses. And
then, suddenly, you'll find that you've crest-
ed the brow of the hill and are racing down
the other side towards the finish line.
Another consideration is creating
graphics. I personally go by the adage that

“a picture is worth a thousand words,” so

I festoon my writings with graphics wherev-
er I can. For technical books and white
papers, | tend to use line art created in
Microsoft™ Visio™, an incredibly useful
and easy-to-use tool. As an example, consid-
er a sample illustration from “The Design
Warrior’s Guide” (Figure 1), which reflects a
simple multdplexer-based FPGA architec-
ture. Logic gates are not usually shown with
gray fills and shadows, but I think it looks
more interesting — and it’s my book.

Another consideration is finding some-
one to help you proofread and copyedit
your work and to offer suggestions as to
presentation and style. Although many edi-
tors can discourse for hours on the many
and varied uses of the apostrophe, the
loathsome split infinitive, and parallel sen-
tence structure, actually finding one who
has a clue what you are talking about tech-
nology-wise can be somewhat taxing.

And last, but certainly not least, once
you've finally finished, you will need to
find a publisher who can take your master-
piece, lay it out, print it, distribute it, and
promote it far and wide.

The Xcell Publishing Alliance

All of the above may seem a little over-
whelming at first, but things aren’t as
daunting as they appear. The idea behind
the Xcell Publishing Alliance is to help
folks write books on FPGA-related topics,
where said “folks” may range from individ-
ual engineers to small engineering houses
to large Xilinx partner companies.

One key point to note is that it is not the
purpose of the Xcell Publishing Alliance
program to flood the market with Xilinx-
centric books. The guys and gals at Xilinx
aren’t stupid, and they know that the last
thing engineers need is for technical books
to mutate into marketing brochures halfway
through. The only criteria are for the books
to address FPGA-related issues and to be
generally useful to a wide audience.

How can Xilinx help you create the
book of your dreams? Well, in the case of
partner companies, Xilinx can put you in
touch with authors (like me) who can write
the book on your behalf; they can help you
decide on the contents; and they can facil-
itate your relationship with a publisher.
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... After your book rolls off the printing
presses, you could pen an article
on it for the Xcell Journal.

For individual authors or small engi-
neering houses who wish to write and pub-
lish a book, the Xcell Publishing Alliance
can help in the following ways:

* Consulting with you on the topic, out-

line, and eventual contents list

* Providing access to the appropriate tech-
nical and marketing employees, both at
Xilinx and their partner companies

* Facilitating access to industry insiders
such as technical experts, editors, and

analysts

* Helping to create any figures, dia-

grams, and cover art

* Proofreading and copyediting your man-
uscript (or finding someone who can)

* Providing access to a publishing house

* Helping you market, promote, and
publicize your book

Xilinx has recently committed to a
partnership with Elsevier, whom I'm
informed is the largest English language
publisher in the world.

And as for to helping you market, pro-
mote, and publicize your book, Xilinx can
be a powerhouse working on your behalf.
For example, in addition to their inside
contacts at the various industry magazines,
soon after your book rolls off the printing
presses, you could pen an article on it for
the Xcell Journal.
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After all, since it is published quarterly
in five languages, distributed in 114 coun-
tries, and directly targeted to more than
50,000 programmable digital design
users, the Xeell Journal can carry a huge
amount of weight. And let’s not forget the
advantages of any publicity for yourself
and your company (see the info blurb on
my company, for example).

Conclusion

Writing a book is much harder than most
people imagine, and there will be moments
that you rue the day you ever had the idea
for such a project. It’s also true that the
chances of ever getting rich from a techni-
cal book are laughably slight.

On the bright side, however, the feeling
you get when holding the first copy of your
baby when it comes back from the publish-
er is absolutely fantastic. Be prepared to
run around with a silly “aw shucks” grin on
your face. And don’t discount the fact that
having a book in print is a wonderful way
to market yourself, open doors, reinforce
your career, and enhance your future
employment prospects.

Embarking on a project like this is a
major task, but the chances of your suc-
cess will be far greater if you have the
support of the Xcell Publishing Alliance.
For more information about this exciting
new program, please send an e-mail to

xcell@xilinx.com. &

Clive “Max” Maxfield is president of TechBites Interactive Inc.
(www.techbites.com). A marketing consultancy, TechBites specializes
in servicing high-technology companies, ranging from small

“Fred-in-a-shed” startups all the way to the “big boys” in EDA.
The services provided by TechBites include logo creation,
corporate/product branding, marketing plans, web design and
development, collateral design and production, technical and

creafive writing, technical translation, and digitizing.

. XILINX®

Let Xilinx help
you get your
message out to
thousands of
programmable
logic users
worldwide.

That's right ... by advertising
your product or service in the
Xilinx Xcell Journal, you'll reach
more than 50,000 engineers,
designers, and engineering
managers worldwide.

The Xilinx Xcell Journal is an
award-winning publication,
dedicated specifically
to helping programmable
logic users — and it works.

We offer affordable advertising
rates and a variety, of advertisement
sizes to meet any budget!

Call today :
(800) 493-5551
or-e-mail us at
~xcelladsales@uol.com

~Join the other leaders

iig our industry and advertise
" in the Xcell Journal/
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EXperience
Programmabl

World 2004

Xilinx and fellow technology
leaders offer one-day workshops
fo showcase the “state-of-the-art
in programmable digital design.

by Jim Caims

Director of Corporate Solutions Marketing
Xilinx, Inc.

jim.cairns@xilinx.com

Making your products and subsystems
competitive in performance, features, and
cost requires constant awareness of new
leading-edge programmable technologies.
Making your designing as productive as
possible requires steady learning of leading
application solutions, tools, and techniques.
Beginning this October (see Table 1),
Programmable World 2004 brings together
thousands of engineers and system architects
for an action-packed day of learning and
networking around the most exciting new
programmable technology in the world: the
Virtex-4™ solution from Xilinx®.
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Last year’s Programmable World 2003
workshops packed new technical content
from the vast Xilinx partner ecosystem and
its leading expert users into a highly pro-
ductive day-long training event in 20 cities
around the world. Xilinx and fellow indus-
try leaders such as Agilent™, IBM™,
Intel™, The MathWorks,
Graphics®, Texas Instruments™, and

Mentor

Wind River™ led engineers through
workshop tracks covering DSP, embedded
processing, high-speed connectivity, and
system logic design.

Workshop attendees received a 556-page
workbook filled with direction on key solu-
tions to the most pressing design and verifi-
cation issues facing hardware engineers,
ASIC designers, system engineers and
architects, and embedded software develop-
ers in getting products to market quickly
and competitively.

At Programmable World 2004, Xilinx and
its partners will showcase the new Virtex-4
solution in each of four digital “domains” —
DSP, processor, connectivity, and logic — with

a full-day track dedicated to each.
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DSP Track

Learn about the amazing price reductions,
power improvements, and performance
acceleration that Virtex-4 solutions will
bring to your video and digital communi-
cations applications and algorithms. See
the latest enhancements to the industry’s
easiest end-to-end tool flow for designing,
verifying, and debugging, from design
entry in MathWorks tools to real-time
Xilinx hardware in-the-loop.

This track will include reference designs
and other real-life examples to help you get
the most out of your communications and
video designs.

Connectivity Track

Preview the newest high-speed serial technol-
ogy that enables data rates as high as 11 Gbps
with impeccable signal integrity chip-to-
chip, across backplanes and even box-to-box.
Share techniques for minimizing error rates,
board cost, and system cost for your connec-
tivity applications. Anticipate and under-
stand potential signal integrity issues early in
your design cycle and apply the latest stream-
lined methodologies to proactively prevent
signal integrity issues.

This track will cover the use of Xilinx
RocketIO™ models in high-speed PCB
simulations as well as analyzing and sim-
ulating GHz signal paths for via- and
surface-mounted components in PCB
design. You'll see how signal integrity
analysis is used to reduce overshoot, ring-
ing, cross talk, timing margins, inter-
radiated

symbol interference, and

emissions.  Instructors will show
HSPICE™ correlation, eye diagrams,
signal pre-emphasis, and S-parameter
connector models using simulation tools.
You'll also work on predicting perform-
ance using a combination of electromag-
netic field simulation and circuit and
system simulation, and on optimization
of interconnect and transitions used for

high-performance PCB designs.

Processor Track

Walk through the comprehensive Virtex-4
embedded processing solution, from the
PicoBlaze™ 8-bit microcontroller refer-
ence design, 32-bit MicroBlaze™ soft

Fall 2004

processor implementation, the enhanced on-
chip PowerPC™
UltraController
embedded PowerPC. Delve into design tools
from Wind River, MontaVista Software™,
and Mentor Graphics/ATT and learn about
the latest Virtex-4 RTOS support.

processor, and the
solution that uses the

Mix and match the latest combinations of:
¢ Virtex-4 silicon architecture

* 32-bit RISC processor cores and periph-

erals
* Third-party RTOS support
* Intelligent design tools

* Integrated hardware/software debug plat-

forms
* Development boards
* Reference designs
* Board support packages
* Design services

* Technical support from Xilinx and
industry-leading partners

See how the newest Xilinx Embedded
Development Kit with the Platform Studio
IDE automates and accelerates the develop-
ment process, allowing hardware and soft-
ware designers alike to design, debug, and
boot a processor platform easily in time-

frames never before possible.

Logic Track

See how the latest design and debug tools
from Xilinx, Synplicity™, Mentor
Graphics, and Agilent help leverage the
blazing fast Virtex-4 logic fabric and fea-
tures. Learn the latest design techniques for
the fastest performance, shortest design
times, and lowest project costs. Work
through FPGA physical synthesis for high-
est quality of results; high-speed memory
interface design using real-time debug to
slash verification times; and bench-top test-
ing to verify signals in real time.

You'll experience much beyond the inten-
sive workshop sessions at Programmable
World 2004. Technical demos will show how
Virtex-4 solutions and partner offerings can
help you solve real-world engineering prob-

lems faster and easier.

“Ask the Experts” opportunities bring you
together with leading technologists from
Xilinx to discuss how their products, servic-
es, and applications support can address your
specific architecture and engineering chal-
lenges. Interactive networking sessions will
allow you to share best practices and trends
with other engineers and architects.

Condlusion
Programmable World 2004 packs
hundreds of new programmable digital
innovations and techniques into a single
day of intense learning that you will not
want to miss. For more information, or to
register for the Programmable World
workshop in a location near you, visit
www.xitlinx.com/pw2004/.

Programmable World 2004
Dates and Locations

October 2004
Paris, France
Munich, Germany
Milan, ltaly
Stockholm, Sweden
San Diego, California
San Jose, California

November 2004
Raleigh, North Caroling
Dallas, Texas
Boston, Massachusetts
Baltimore, Maryland
Orlando, Florida
Chicago, Illinois
Otfawa, Ontario, Canada
Shanghai, China
Shenzhen, China
Hsinchu, Taiwan
Seoul, Korea
Yokohama, Japan
Osaka, Japan

December 2004
Tel Aviv, Israel

Table 1 — Programmable World 2004 schedule
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Managing Partil

Dynamic Reconfiguration
in Virtex-ll Pro FPGAs

Adapted methodology and tools available from RECONF?2
make partial dynamic reconfiguration in Xilinx devices a reality.

by Philippe Butel
ASIC/FPGA Design Section Head
MBDA France
philippe.butel@mbdo.fr

Gerard Habay
Technical Manager
Delfatec
g.habay@deltatec.net

Alain Rachet

Senior ASIC/FPGA Designer
MBDA France
aloin.rachet@mbdo. fr

This article reports the work currently
being done in the European Union (EU)
R&D project “Design Methodology
and  Environment for  Dynamic
RECONTFigurable FPGA,” whose short
name is RECONF2 (see wwuw.cordis.lufen/
home.htm for more details on EU-funded
research projects). Targeting designers, this
project aims to ease the access to changing
the configuration of part of an FPGA design
while the circuit is running. Xilinx® already
offers this technology, but the lack of a sim-
ple methodology and appropriate tools is a
major limitation to its implementation.

Therefore, the partners of this project
(both academic and industrial) defined a
complete and validated methodology, along
with the required front-end tools, address-
ing the complete design flow: dynamic par-
titioning, control of the dynamic behavior,
and dynamic verifications. Tools covering
all of the specifics related to dynamic recon-
figuration are fully compatible with the
standard design flow (a clear request from
our industrial partners). Also, neither the
methodology nor the tools are dedicated to
a particular application domain and are
thus suitable for any embedded application,
especially real-time ones.

Many advantages exist in using this
technique, including the ability to change
the behavior of a system while it still run-
ning to adapt it to an externally changing
environment.

In this article, two of the project part-
ners — MBDA France and Deltatec — will
demonstrate these benefits through a short
presentation of the methodological flow, as
well as citing one example.
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Adapted Design Flow

The goal of the RECONF2 project is to
build a set of partial bitstreams represent-
ing different features, so as to partially
reconfigure the FPGA with those bit-
streams when needed under the control of
the FPGA itself or through the use of an
external controller. To reduce the difficul-
ty in managing such a dynamically recon-
figured application and to provide a
reliable implementation, the academic
partners developed a set of tools and
associated methodologies addressing the
following issues:

* Automatic or manual partitioning of a
conventional design

e Specification of the dynamic constraints

* Verification of the dynamic implemen-
tation through dynamic simulations at
major steps of the design flow

* Automatic generation of the configura-
tion controller core for VHDL or C
implementation

* Dynamic floorplanning management
and guidelines for modular back-end
implementation

The resulting adapted design flow
shown in Figure 1 is based on both stan-
dard and RECONF2-specific CAD tools.
The input of the design flow is a conven-
tional VHDL static description of the
application. You can also provide multiple
descriptions of a given VHDL entity to
enable dynamic switching between two
architectures sharing the same interfaces
and area on the FPGA.

We have enriched the “classical” design
flow with three major steps: partitioning of
the design code, verification of the dynam-
ic behavior, and generation of the configu-
ration controller.

Partitioning the Application

Based on the knowledge of the design archi-
tecture and the use of each sub-module in
time, you can indicate which part of the
feature to dynamically load, and under
which conditions. You can also specify data
management constraints to retain some

internal states of the application after

Fall 2004

. Input Files . RECONF Tools . Standard Tools

Figure 1 — Adapred design flow

—— [ smeveton ]
]

Figure 2 — Dynamic verification flow

unloading and reloading the corresponding
dynamic module.

By identifying portions of the design in
the code at instance level, VHDL process,
or VHDL assignment, you can make the
dynamic specification flexible and inde-
pendent of the application coding style.
The outputs of this partitioning task are:

e A VHDL entity and architecture set
corresponding to an identified dynam-
ic module and containing the relevant

HDL code.

¢ A dynamic constraint file (.dcf) that
contains the definition of each module

(in terms of content) and the associat-
ed constraints for loading and unload-
ing them. You can also specify dynamic
relations between two dynamic mod-
ules, making them share the same area

of the FPGA or by declaring them

mutually exclusive in time.

* A VHDL entity and architecture set
corresponding to the static part of the
final implementation. This part
includes all primary design instances
on which no dynamic constraints have
been applied. These instances will
remain permanently inside the FPGA.
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Verifying the Dynamic Implementation
Implementing such dynamic reconfigura-
tion mechanisms must be checked — and
with standard simulation tools. To be able
to do so, we had to adapt the classical veri-
fication flow to verify the dynamic behav-
ior of the design and the coherence of
dynamic constraints applied to and the use
of the design during simulation (Figure 2).
As a result, you can perform this dynamic
verification with behavioral, post-synthesis,
or post-layout VHDL netlists.

Simply enter a partitioned database to
the post-processing tool, which generates
an equivalent VHDL description of the
dynamic design that you can simulate
under standard static VHDL simulators.
The unloading of each dynamic module is
modeled by a wrapper that isolates the
inputs and outputs of each dynamic mod-
ule from the rest of the design according to
relevant dynamic constraints (Figure 3).
When a dynamic module is not present
inside the device, its outputs generate “X”
or “Z” states to the rest of the design.

The post-processing tool also automati-
cally generates two VHDL configuration

controller cores:

e The functional configuration controller
(FCC) is used during dynamic behav-
ioral simulation. The FCC controls
isolation switches by detecting events
inside the application, according to the
.dcf constraints. To assist with the veri-
fication process, the FCC can also issue
different warnings each time a dynamic
module is requested in violation of
exclusivity rules defined in the .dcf.
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* The physical configuration controller
(PCQ) is a synthesizable version of the
FCC and is mapped as a static part of
the FPGA. As with the FCC, it detects
the loading and unloading conditions
according to the .dcf and manages the
dynamic reconfiguration of the FPGA
by reading bistreams in storage memo-
ries and rewriting the FPGAs configura-
tion. The PCC also provides an interface
to monitor the reconfiguration process
for hardware debugging purposes.

For dynamic behavioral verification,
you can enter an estimation of the bit-
stream lengths into the post-processing
tool to take into account reconfiguration
delays. After layout, you can replace them
with accurate ones, while a back-annotat-
ed VHDL netlist can replace the VHDL-
partitioned code to obtain accurate vital

verifications.

Placement and Routing

You would synthesize the static part of the
design and the VHDL code of each
dynamic module separately to obtain sepa-
rate electronic design interchange format
(EDIF) netlists. You can then use the
Xilinx modular back-end flow to place and
route each module and to generate the
associated bitstream, resulting in a typical
floor plan (shown in Figure 4).

In the scope of the RECONEF2 project,
the industrial partners extensively tested
these tools and methodologies through
various applications, including video pro-
cessing, complex state machines, automat-
ically adaptive portable equipment, and

fault-tolerant aerospace applications.

An Implementation Example

Figure 5 shows a complete video effects
console architecture using two effects gen-
erators (A and B); their outputs feed a tran-
sition mixer. Channel A feeds the live
output while the operator sets up the sec-
ond (Channel B) for a new effect, visible
through the preview output.

When ready, the operator selects a tran-
sition scheme such as “wipe” or “fade” and
swaps the live and preview outputs (typical-
ly using a T-bar). Effects generators select
their inputs from several external video
sources or feedback channels implemented
in an SDRAM-based frame store.

The challenging part of this application is
the building of a RECONF2-based imple-

mentation with uninterrupted outputs.
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Figure 5 — Video effects console

We designed a dedicated hardware
development platform based on a Virtex-
II™ XC2V3000 device with a 64-bit PCI
adapter board (see Figure 6), taking into
account the specific constraints of the
Xilinx partial reconfiguration design flow
and providing the required flexibility for an

evaluation environment.

Dynamic Architecture of the Design

Based on Figure 5, we partitioned the
design into three processing modules (shar-
ing the same footprint), applied in

Single Width
1/0 Modules

sequence to every field/frame. Each effects
generator also supports a collection of
effects, possibly changing from frame to
frame, implemented as separate exclusive
modules.

1. Compute effects A output
2. Compute effects B output
3. Compute mixer output

This implies saving intermediate and
final results, while reconfiguring the mod-
ule for the next operation. An SDRAM

Double Width
1/0 Modules

memory pool provides this buffering capa-
bility. Also, the processing must run at
three times the video speed so that total
processing time remains unchanged.

In a reconfigurable design, there is
always a trade-off between the processing
time and reconfiguration time of a dynam-
ic module. This means that one dynamic
module must process a “significant
amount” of data before being replaced to
meet the real-time constraints.

In our real-time video application, a
common data unit is one field/frame to be
processed in 20/40 ms — compared with
the ~25 ms needed to configure the full
XC2V3000 device via its Select Map inter-
face.

Figure 8 shows the architecture used for
dynamically reconfigurable processing,
while Figure 7 shows the corresponding
layout. We instantiated field buffers on the
input and output side. Although the SDI
input/output pixel rate is 13.5 MHz, pixel
processing can run much faster, at 50
MHyz, for instance.

Figure 9 shows typical phase alternating
line (PAL)-interlaced
Without buffering, dynamic module

video timing.
reconfiguration must occur within the
blanking interval (1.57 ms), while process-
ing (at 13.5 MHz) fills the entire active
video interval (18.43 ms).

With the field buffers and 50 MHz pro-

64 bits/66 MHz PCI BUS

Fall 2004

Figure 6 — Hardware development platform
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Figure 7 — XC2V3000 layout with VP 0.3 as generic video input ports,
VP 5 and 6 as generic video output ports
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Figure 8 — Field double buffering

cessing, we obtain timing (as in Figure 9B)
with 16 ms allocated to reconfiguration
and 4 ms for video processing. Two pro-
cessing steps can be interleaved (as in
Figure 9C): 6 ms remain available for
dynamic module reconfiguration.

Applying the same reasoning to frame
buffering (2 fields > 40 ms), we double the
available time for reconfiguration (as in
Figure 9D).

The RECONEF2 tools and flow will
help investigate these trade-offs.

Figure 10 shows the manual partition-
ing tool GUI, with the input VHDL
design in the left window. The partitioned
design appears in the right window. A sim-
ple drag-and-drop assigns chunks of logic
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to one particular module. Scheduling con-
straints (load/unload and frame) are then
entered for each module.

Our design lends itself by nature to
manual partitioning: one particular effect is
always applied to a full video field/frame.
Each effect is implemented as an inde-
pendent dynamic module.

The configuration controller generator
analyzes the partitioned design and its con-
straint file to produce:

e An FCC for simulation purposes

e A PCC for implementation in hardware

(VDHL code) or software (C code)

To evaluate as many features of the tools

as possible, we chose to support both con-
figuration controller schemes and tested
them on our hardware development plat-
form. Nonetheless, our preferred solution
was a software configuration under the
control of an on-board DSP because of
critical real-time issues; we optimized the
platform accordingly.

The Xilinx Partial Reconfiguration
Design Flow, based on the modular design
available within ISE 6.2 software, is used to
produce one global bitstream for startup
and several partial bitstreams for the differ-
ent dynamic modules. See Xilinx applica-

tion note XAPP290 for a detailed
description of this flow.
One benefit of the RECONF2

approach for this video console application
is obvious: we can add as many new video
effects (such as video enhancement filters),
fitting in the reserved dynamic module
space without the need for additional
FPGA resources. This effectively increases
the “functional density” of the FPGA.

A further increase comes from executing
several processing steps (effects A, B, and
transition) within a single video field/frame
duration, as previously explained. This is
very similar to the traditional “parallel vs.
serial” arithmetic trade-off, and makes a
great deal of sense given the extraordinary
progression of FPGA performance over the
last several years.

One less obvious advantage exists
thanks to this partitioned approach: simul-
taneously supporting all of the functions
results in unneeded complexity that may
adversely impact the design’s performance.
The operating model is also more complex
for the control application. Smaller, dedi-
cated modules will run faster and need less
operating parameters, making them more
manageable objects.

In the example presented, we see the
reconfiguration time as a clear limitation.
This time is directly linked to the dynamic
module size and to other FPGA parameters.
We are currently trying to implement a
dynamic module “caching”: two dynamic
modules slots are reserved, and one module
is reloaded while the other is processing, and

vice versa. Reconfiguration time is com-

pletely “hidden,” at the cost of FPGA space.
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Condusion

Most of the specific tasks required by par-
tial dynamic reconfiguration are handled
by a complete methodology and associat-
ed tools. These have been designed to be
fully compatible with the ones used for
classic Xilinx FPGA implementation.
Furthermore, our approach is usable with
any technology compatible with dynamic
re-configuration.

The academic partners developed the
method and tools according to specifica-
tions that take into account industrial con-
straints, such as:

Per Field Per Field

Figure 9 — Video frame and operations timing

* Compatibility with standard tools such
as simulators and synthesizers

¢ Usability with any technology compat-
ible with dynamic re-configuration, in
particular with Xilinx technology and
back-end tools

The academic partners have made the
tools and methods available to the industri-
al partners, who are currently testing them
for complex circuit design, thus ensuring
ease of use and efficiency.

MBDA France will then be able to take
full advantage of this technology in deeply
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Figure 10 — Manual partitioning tool
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C. Two Processing Steps

D. Two Processing Steps
Per Frame

embedded on-board computers, characterized
by small volumes and low power dissipation.

Deltatec develops digital imaging prod-
ucts for multimedia, industrial/medical,
and professional broadcast markets.
Upcoming video applications will require
more and more versatility. High-definition
television (HDTV) applications must tack-
le multiple formats (resolution, frame rate,
interlaced/progressive scan) as well as con-
verge with the computer graphics world.
Simultaneous support for all existing for-
mats/functions may rapidly become a
nightmare and even hamper feasibility
because of cost or performance issues (for
example, an HDTV pixel rate of 75 MHz,
almost a six-fold increase over standard dig-
ital television [SDTV]).

The RECONEF?2 tools and methodolo-
gy circumvent these problems, as only the
required function blocks are loaded at any

particular instant:

* FPGA size (and cost) remains acceptable,
while keeping the same integration level.

* Smaller, less generic, optimized func-
tion modules more easily reach per-
formance goals.

At this time, the methodology and
tools are accessible to our project partners
and could be extended to other third par-
ties, such as tool suppliers for distribution
and support in order to enable a larger
access to this technology. For more infor-
mation on the RECONF2 project, visit

www.reconf-org. &
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Nucleus for Xilinx FPGAs —
A New Platform for &«
Embedded System Design

The Nucleus real-time operating system is now available
Xilinx FPGAs with MicroBlaze and PowerPC 405 cores.

| by Chang Ning Sun
kX Technical Marketing Engineer
Mentor Graphics Corporation
y changning_sun@mentor.com

Embedded system development
traditionally requires a hardware
design cycle to create a prototype;
a software implementation cycle
can only begin once that proto-
type is available. Co-design and
co-verification tools such as the
Seamless™ co-verification envi-
ronment (CVE) from Mentor
Graphics® provide great flexibility
and early system integration, but
these tools have mostly been used
for large-scale systems such as
ASIC designs. Ordinary embed-
ded system designs have not yet
benefited from hardware/software

co-design and co-verification.
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In recent years, innovations in FPGA
technology have shifted the use of these
devices from supporting logic to forming
a central part of the embedded system.
With their high logic density and high
performance, modern FPGAs allow you
to implement almost an entire embedded
hardware system in a single FPGA device.

Xilinx® Spartan-II™, Spartan-3™,
and Virtex-II™ Platform FPGAs (com-
bined with the MicroBlaze™ soft proces-
sor core) and Virtex-II Pro™ Platform
FPGAs (combined with the PowerPC™
405 hard processor core) offer new hard-
ware platforms and facilitate new method-
ologies in embedded system design.

The Nucleus™ real-time operating
system  (RTOS) from  Accelerated
Technology (Mentor Graphics’ Embedded
Systems Division) fully supports Xilinx
Platform FPGAs. Together with our
FPGA design flow and Seamless CVE
tools, the Nucleus RTOS is a complete hard-
ware/software co-design and co-verification

environment.

The Nucleus RTOS

Very few embedded software developers
start their development on bare hardware;
most choose a commercial embedded
RTOS like Nucleus as the base environ-
ment and develop their applications on top
of the operating system.

Generally, an RTOS provides a multi-
tasking kernel and middleware compo-
nents such as a TCP/IP stack, file system,
or USB stack. Application developers
build their application software by using
the system services provided by the RTOS
kernel and the middleware components. A
number of commercial RTOSs are avail-
able: some have hard real-time kernels,
some have extensive middleware support,
and some have good development tools.
The Nucleus RTOS has all of these fea-
tures from a single vendor.

Figure 1 shows the Nucleus system
architecture.

Nucleus PLUS

Nucleus PLUS, a fully preemptive and scala-
ble kernel suitable for hard real-time applica-
tions, is designed specifically for embedded
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Nucleus® Embedded RTOS

@D Kernels
products: Nucleus PLUS, Nucleus piPLUS, Nucleus OSEK
(Nucleus NM, Nucleus COM), Nucleus POSIX
extensions:  Nucleus MMU, Nucleus DDL, Nucleus PCI,
Nucleus CAN
O c++
products: Nucleus C++ BASE, Nucleus C++ PLUS,
Nucleus C++ NET, Nucleus C++ FILE
. Network Stack

products: Nucleus NET, Nucleus NAT, Nucleus PPP,

Nucleus PPPoE, Nucleus SSL, Nucleus 802.11,

Nucleus IPv6

Network Management
products:

Internet Connectivity
products:
Package (FTP, TFTP, Telnet), Nucleus EMAIL

(POP3, SMTP), Nucleus DHCP Server, Nucleus

SNTP Client

Virtual Machine Technologies

Terminal Application
products: Nucleus SHELL

Prototyping

Cc o066 O O

products: Nucleus SIM, Nucleus SIMdx
USsB
products: Nucleus USB

Figure 1 - Nucleus system architecture

systems. It has a very small footpring the ker-
nel itself can be as small as 15-20 kB.

All Nucleus kernel functions are provid-
ed as libraries, so only the required kernel
functionality is linked with the application
code in the final image. Nucleus PLUS
provides complete multi-tasking kernel
functions, including task management,
inter-task communication, inter-task syn-
chronization, memory management
(MMU), and timer management. Recently,
we added a dynamic download library
(DDL) into Nucleus PLUS to allow
dynamic downloading and allocation of

system modules.

Nucleus Middleware

The middleware available for an RTOS has
become an important factor when selecting
a commercial RTOS for a particular applica-
tion. As embedded applications become
increasingly more complicated, application
developers find implementing industry stan-

dards like TCP/IR, WiFi, USB, and MPEG

Nucleus SNMP, Nucleus RMON, Nucleus SPAN

Nucleus WebServ, Nucleus Extended Protocol

products: CEE-J™ (Compatible Execution Environment
for Java)

Graphics

products: Nucleus GRAFIX (Rendering Services/Windowing
Toolkit)

File System

products: Nucleus FILE

4 )
( . A
DHCP SSL a
‘Bynami
D @ G
'POP3 TFTP 'PPPoE ¥CAN
(e
| ) Q)
(" )

rCompatibIe Execution Environment
for Java™

-

TCP/IP
Networking

more difficult. These standards are often
implemented as middleware components
and provided together with the RTOS.

The Nucleus RTOS has an extensive
library of middleware support (Table 1),
which covers every vertical market of the
embedded industry. Nucleus NET utilizes
a zero-copy mechanism for transferring
data between user memory space and the
TCP/IP  stack, which

improves data transmission efficiency and

significantly

reduces dynamic memory allocation.
Nucleus software fully supports the

POSIX standard for software portability.

POSIX interface libraries are available for

all Nucleus middleware components.

Nucleus Device Drivers

The Nucleus RTOS has an extensive list of
off-the-shelf device drivers. When you select
a new hardware IP or peripheral to use in
your design, the driver source code may
already be available. If not, a driver template
lets you easily develop a functional driver.
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Nucleus software has proven to be a robust HT0OS and has been
widely used in every vertical market of the embedded industry...

Mentor Graphics will continue to add
device drivers to the Nucleus library for
new hardware IP blocks for Xilinx FPGAs
as well as for third parties, such as its own
IP Division.

Nucleus Development Tools

The Nucleus RTOS has the most inte-
grated development environment (IDE)
in the industry. Combined with our
Microtec compiler tools, the codellab
embedded development environment
(EDE) and XRAY debuggers provide a
complete software design flow, from
compilation to debugging.

Our C/C++ source-level debuggers
support both run-mode and freeze mode
debugging with complete Nucleus kernel
awareness. The XRAY debugger supports
both homogeneous and heterogeneous
multi-core debugging, and a wide range of
processors and DSPs.

In addition to the Microtec compil-
ers, the EDE, IDE, and debuggers are
also integrated with many third-party

Nucleus Product Function

compiler tools such as GNU.

For system-on-chip (SoC) users, inte-
gration of the Nucleus RTOS and XRAY
debugger with other products in the
Mentor Graphics lineup (such as Seamless
CVE for hardware/software co-verifica-
tion) offer a complete hardware/software

co-design and co-verification platform.

Royalty-Free with Source Code

The royalty-free with source code busi-
ness model of the Nucleus RTOS, com-
bined with the high scalability and small
footprint architecture, provides great
value to customers developing large-vol-
ume products such as cell phones, PDAs,
and cameras. A single up-front license fee
covers all production rights for a single
product using Nucleus software, with no
additional royalty fees and no need to
track shipment numbers.

Nucleus software has proven to be a
robust RTOS and has been widely used in
every vertical market of the embedded
industry, including consumer electronics,

Nucleus NET Complete embedded TCP/IP stack
Nucleus Extended Protocols Telnet, FTP, TFTP, Embedded Shell
Nucleus SNMP version 1,2,3 Network management protocols

Nucleus RMON (1-9 groups)

Network remote monitoring protocols

Nucleus Residential Gateway

NET, PPP, PPPoE, DHCP server

Nucleus WebServ Embedded HTTPD web server

Nucleus EMAIL POP3 and SMTP

Nucleus FILE MS DOS compatible file system

Nucleus GRAFIX Graphics-rendering engine with windowing toolkit

Nucleus USB Complete USB stack for USB specifications 1.1, 2.0, and 0TG
Nucleus 802.11 STA (WiFi) 802.11b and 802.11g protocol stack

Nucleus IPvé IP version 6 protocol stack

CEE-J Java VM for Nucleus (LDC, MIDP, Embedded Java, and Personal Java

Table 1 - Primary Nucleus middleware components
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telecom, defense/acrospace, automotive,

and telematics.

Nucleus for Xilinx FPGAs

The scalable and configurable nature of
Nucleus products, combined with the flexi-
bility and versatility of FPGAs, provides
great potential for hardware/software co-
design, co-verification, and early integra-
tion of your software and hardware projects.

Nucleus for MicroBlaze

The MicroBlaze soft processor core features
a Harvard-style RISC architecture with 32-
and data buses. A
MicroBlaze soft core can be programmed

bit instruction

into Spartan-II, Spartan-3, or Virtex-II
Platform FPGAs.

Nucleus software fully supports the
Xilinx MicroBlaze soft processor core with

GNU compiler tool and GDB debugger.

Nucleus for Virtex-II Pro
FPGAs/PowerPC 405

Many embedded system developers are
already familiar with the PowerPC 405
processor. Xilinx Virtex-II Pro FPGAs pro-
vide fully configurable hardware platforms
with the PowerPC 405 hard processor core.

Nucleus software fully supports
Virtex-II Pro FPGAs with the PowerPC
405 hard core, providing a Microtec
PowerPC compiler and XRAY kernel-
aware debugger, as well as GNU compil-
er tools and GDB debugger.

FPGA Reference Design for
Nucleus Software
To give embedded system developers a
quick start with Nucleus software for
Xilinx FPGAs, we worked with Xilinx and
Memec™ Insight to develop reference
designs for running Nucleus software. Each
reference design is a sample FPGA hard-
ware configuration based on a Memec
Insight FPGA development board.

You can build and implement all of the
reference designs into the FPGA device by
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using Xilinx EDK and ISE software. For
each reference design, we provide a Limited
Version (LV) of our Nucleus software,
including the Nucleus PLUS kernel and
the relevant middleware (such as Nucleus
NET) to help you evaluate Nucleus soft-
ware with the FPGA.

The LV version of Nucleus software
functions exactly the same as a full version,
but is provided as binary only and
runs for a limited time. Currently,
we have FPGA reference designs for

v+ ] Qe[S 95 % X T

¢ Developing Nucleus device drivers and
Nucleus applications

¢ Programming the FPGA device

¢ Downloading Nucleus into the FPGA
hardware board

Once you have reached this point, you
can start evaluating your Nucleus software
and begin debugging your application.

et R e v S

serves as a hardware abstraction layer,
which will significantly simplify the
Nucleus device driver porting over
FPGA-based hardware platforms.

Nucleus Software Debugging
Both MicroBlaze soft-core and PowerPC
405 hard-core designs provide a standard
JTAG debug interface. So after imple-
menting the hardware design in
. the FPGA, you can take full
ﬁ advantage of our JTAG-based
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and co-verification. As one of the

development board

We have also created a website
(www.acceleratedtechnology.com/xilinx) to
support Nucleus software for Xilinx FPGAs,
where you can download FPGA reference
designs and Nucleus software updates.

FPGA Design Flow

The FPGA reference designs for the
Nucleus RTOS can be used as your starting
point to build a custom FPGA-based hard-
ware platform. All of the reference designs
are provided as Xilinx Platform Studio
(XPS) projects, so you can directly open
these projects in XPS and edit, build, and
implement the design with Xilinx EDK
and ISE software. Typically, building a
Nucleus system using an FPGA and con-
figurable cores involves the following:

* Configuring a hardware platform with
FPGA, processor core, hardware I,

and memory

* Building the design with EDK/ISE soft-

ware to generate an FPGA bitstream

* Building software libraries with EDK

to generate low-level device driver code
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Figure 2 - Xilinx EDK-generated source code directories

Xilinx EDK and ISE software provide a
complete environment for configuring and
implementing an FPGA-based hardware
platform. At the same time, EDK also gen-
erates software libraries and C header files
for the hardware design. These libraries
provide basic processor boot-up code and
low-level hardware IP device driver func-
tion code. These low-level functions can
be treated as a “BIOS” layer for Nucleus.

Figure 2 shows the source code directo-
ries generated by EDK in an XPS project.
You will find one subdirectory for each piece
of hardware IP, such as “emac_v1_00_d” for
Ethernet and “uartlite_v1_00_b” for UART.
Each subdirectory contains the driver code
for that hardware IP. These driver functions
are included with the hardware IP from the
vendor and have been integrated into the
EDK installation.

Nucleus software provides an OS
adaptation layer that is an interface layer
between the EDK-generated “BIOS”
function layer and the Nucleus high-level
device drivers. This OS adaptation layer

only EDA companies with an

embedded software focus, Mentor

Graphics’ Nucleus RTOS and
XRAY debugger are fully integrated with
our Seamless hardware/software co-verifi-
cation software platform.

The combination of the Nucleus RTOS
and Seamless co-verification tool provides
you with one of the most comprehensive
hardware/software co-design and co-verifi-
cation tools possible.

Condlusion

Embedded systems are becoming increasing-
ly complicated. To meet the challenge, inte-
grated solutions including hardware/software
co-design and co-verification are required.
FPGAs with configurable processor cores
bring a new, innovative approach to mod-
ern embedded system designs and open the
door to hardware/software co-design and
co-verification.

Nucleus software for FPGAs can sig-
nificantly accelerate your hardware/soft-
ware development cycle and improve
your hardware/software integration quali-
ty. For more information, please visit
www. acceleratedtechnology.com. &

Xeell Journal 4



1L " X

“ ...AND REDUCE &

¥

WIRTEX-1L 2 5
B 15 another industry first

\ from Xilinx—a Platform FPGA
with serial support ranging from 622 Mbps to 10.3125
Gbps serial transceivers and IBM PowerPC" processors

available now.

ALL THE SUPPORT YOU NEED

The high-performance Virtex-II Pro™ RocketIO™and RocketIO
X serial transceivers are implemented on the industry’s most
widely adopted FPGA fabric, along with high-speed DSP and
embedded processors for the complete solution. Our extensive
library of serial IP cores and reference designs supports all major
standards. The reconfigurability of the Platform FPGA can
dynamically accommodate any spec changes. And together with
industry leading partners such as Mentor and Cadence, Xilinx
provides all the tools and training you need.

THE PROVEN SOLUTION. THE FAST TRACK
TO SAVINGS.

Using serial technology, you can significantly reduce system
costs through fewer pins, smaller PCBs, smaller connectors,
lower EMI, better signal integrity and noise immunity. The
Xilinx “Serial Tsunami” initiative brings you

simplified designs, scalable band-width, and SOEIWARES

risk-free programmable serial solutions. For ng‘ !q
volume production, Xilinx offers Virtex-II Pro EE'

EasyPath devices to further your cost savings.

SERIAL DESIGN MADE EASY
Take advantage of our in-depth serial training courses, com-
plete with development and characterization boards, transceiver
characterization data, hands-on labs, and dedicated web portal.
Ride the Serial Tsunami today.

Visit www.xilinx.com/serialsolution.

S XILINX

The Programmable Logic Company*™

V4 www.xilinx.com/serialsolution

I%
— Pb-free devices FORTUNE
4 ‘f available now 100 BEST COMPANIES TO WOR%OF%ﬁ

*rh

©2004, Xilinx, Inc. All rights reserved. The Xilinx name, the Xilinx logo are registered trademarks. RocketIO and SelectIO, Virtex-II Pro are trademarks, and The Programmable Logic Company is a service mark of Xilinx, Inc. All other

trademarks and registered trademarks are the property of their respective owners.



Implement an Embedded
System with FPGAs

Merging the processor capability onto the FPGA on board
can boost system performance and lower overall system cost.

by Zuffigar Ali Zamindar
Field Application Engineer

Nu Horizons Electronics Corp.
azamindar@nuhorizons.com

Xilinx® FPGAs have been a great platform
for control logic and system interfaces for
years, but have been missing the processor
capabilities fulfilled by external processors
in every application. Today’s complex sys-
tems require a large amount of memory, a
super fast microprocessor, a digital signal
processor, and a variety of system interfaces
to communicate with other chips, systems,
and backplanes.

Every system has an external processor
and memory component that delays system
performance and increases system compo-
nent cost. Once you've integrated both,
you can then concentrate on making your
system faster and eliminate performance
bottlenecks.

Many companies have focused their
efforts on developing the system-on-chip
concept by adding feature sets to bring
additional functionality to single silicon.
These customized ASICs have become a
very costly solution in today’s competitive
and time-to-market landscape.

FPGA technology has come a long way
in recent years by increasing a large number
of intellectual properties to reduce the cost
of silicon development in various markets.
This was accomplished by optimizing
architecture, leading process technology,
and adding both soft and hard embedded

processor cores.
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Some of the applications
for embedded processors are
infotainment systems in
automotives, security sys-
tems in storage and network-
ing markets, high-speed data
analysis by data warehouse,
and system monitoring in
various applications. Having
a processor inside an FPGA
is the perfect design innova-

tion for these types of appli- - 4

cations; a programmable peseE.— —

system-on-chip in the FPGA ; == e

will not only support chang- Wy —

ing IP standards but can also ;;! 2 I T | (s P AN

quickly adapt to newly
defined programmable sys-

tems for new markets.

Embedded Development Kit

Xilinx expanded the features within its
FPGAs by adding embedded IBM™
PowerPC™ 405 processors in its Virtex-11
Pro™ devices and MicroBlaze™ soft
processors in both the Virtex™ and
Spartan™ architectures. This is just another
step towards innovation, similar to embed-
ded block memory, block multipliers, clock
management, and multiple high-speed /0O
circuitries.

Time to market still remains critical to
all companies developing both hardware
and software for a system. With the
Embedded Development Kit (EDK) from
Xilinx, you can simultaneously create both
hardware and software designs and gener-
ate a system file with just a few tool clicks.
The tool allows you to create block-based
processor systems with many widely used
peripherals like Ethernet MAC, GPIO,
SDRAM Controller, UART, and IIC, all in
one silicon.

With EDK v6.2 (Figure 1), the base sys-
tem builder (BSB) wizard allows you to
select any board from Xilinx and its dis-
tributors and connect the processor to any
board component with just a few clicks. It
also creates a simple software application in
C that you can expand and customize.

The EDK tool also comes with a GNU-
based compiler/debugger, allowing you to
compile and debug within the same GUI

44 Xeell Journl

L L R [y ey E- |
B R | 3
e L e T |
e | prea e w4 e AR

- Hdwrlg:ﬁhr_:;n—-‘mﬂ
=ty s

the same way that you can add
user or Xilinx IP. Once you have
downloaded the design into a
target board, you can open the
logic analyzer to trigger signals
and view the wave form to
debug your systems.

With ChipScope Pro 6.2
software, a powerful virtual
I/O core has been added,

which you can use as a DIP

switch or LED to simulate sig-

nals and view outputs.

Figure 1 — BSB flow

used to develop the hardware system. The
library generator (LibGen) in EDK creates
all of the libraries, drivers, executables, and
link files for the processor design.

Initial support for the board support
package (BSP) includes Wind River
Systems” vxWorks™ for PowerPC-based
embedded designs and the Xilinx micro-
kernel for MicroBlaze-based designs.

EDK v6.2 has automated the memory
addressing capabilities of all of the select-
ed design peripherals. It also has the
capacity to bring developed cores into the
tools environment, adding them to the
processor or peripheral bus. For example,
you can create a core in System Generator
for DSP and bring a finite impulse
response (FIR) filter or other IP into your
processor-based design.

EDK is fully capable of running ISE
tools in the background with a built-in fea-
ture called XFLOW, achieved by a com-
mand-line script file. This flow can
synthesize, place, route, and generate hard-
ware configuration files; compile and exe-
cute multiple software codes; generate
libraries for code; and merge firmware to
hardware files for downloading to a target
board. All of this is achieved by just a few
clicks in the EDK software.

EDK v6.2 also allows you to add
ChipScope Pro™ cores during the design
process to debug your design in hardware.

You can add ICON, ILA, and IBA cores

The Nu Horizons Spartan-3 Board
Xilinx and its distributors have
several boards for prototyping or
emulating a processor-based sys-
tem. A low-cost and widely
adaptable prototyping platform from Nu
Horizons is the Spartan-3™ development
board (HW-AFX-SP3-400-DB).

NuHorizons recognizes the importance
of prototyping platforms for its customers,
as well as entering into new markets where
Spartan-3 allows us to increase market
share. The board (Figure 2) comprises the
following:

e Xilinx 35400-4PQ208C Spartan-3

device
* 4 x 24 character LCD
* LED
e Push button
¢ Oscillator with PLL
* RS232-C interface
e A/D and D/A converter
¢ Flash memory
* SDRAM memory

* JTAG configuration header for pro-
gramming

e Test point headers for debugging
device

This fully loaded Spartan-3 develop-
ment board includes all the features neces-
sary to prototype a MicroBlaze-based
embedded system design. The board comes
with the Xilinx WebPACK™ version of
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Figure 2 — Spartan-35400 board block diagram

ISE tools, design files, user’s manual, and
documentation. The option of getting the
board bundled with ChipScope Pro and
EDK software is also available.

The Spartan-3 board comes with a simple
display controller design that uses the
MicroBlaze core, a few GPIOs, RS232,
and a JTAG interface designed in EDK.
The BSB flow makes it very easy to target
the Nu Horizons board in EDK and gen-
erate an embedded design with the
MicroBlaze processor in a few clicks. With
the GNU debugger and ChipScope Pro
software, you can debug a design within
the same GUI environment.
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Besides the MicroBlaze core, the
Spartan-3 platform is a great tool in which
to implement the Xilinx PicoBlaze™ 8-bit
soft  controller  reference  design.
Nu Horizons field application engineers
have written several designs covering
memory controllers, embedded processors,
hardware-in-the-loop with digital signal
processing (DSP), and system monitor
design using analog-to-digital (ADC) and
digital-to-analog converters (DAC) on the
board. ADC and DAC are very powerful
attributes of our low-cost board, and two
of the many competitive board features.

The Nu Horizons Spartan-3 board also

supports Shift-Right Technologies’ free
open-source eXtreme Minimal Kernel
(XMK). XMK is a 100% free, preemptive
multi-threaded RTOS for microcon-
trollers. XMK’s primary design goal is to be
extremely small without sacrificing per-
formance or functionality.

XMK’s minimal footprint makes it
ideal for running an 8-bit microcontroller,
while its feature content makes it an excel-
lent choice for 16-bit and 32-bit micro-
controllers.

ulP is one of the several free TCP/IP
stacks integrated into the XMK operating
system. The ulP TCP/IP stack makes it
possible to connect to a TCP/IP network
without sacrificing interoperability or

RFC-standard compliance.

Conclusion

The era of creating embedded designs in
FPGAs is here. With tools like EDK, any-
one can implement a powerful system-on-
chip design within days.

The Spartan-3 board from Nu Horizons
is a perfect solution for prototyping logic
and embedded processing in Xilinx FPGAs.
The board has all of the interfaces necessary
to create an embedded system design.

Nu Horizons is also in the process of
releasing a Spartan-3 (351500) platform
board for those who need higher density
logic, more memory, and a high-perform-
ance interface for video and imaging
applications.

All of the designs and related documen-
tation for the Spartan-3 board are available
on the Nu
www.nuhorizons.com/products/xilinx/
spartan3/development-board. hrml. &

Horizons website at
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Algorithmic C Synthesis
Optimizes ESL Design Flows

Using pure, unfimed algorithmic C dramatically speeds implementation
and increases design flexibility when compared to other Chased flows.

MY A
B Y 1
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by Shawn McCloud
High-Level Synthesis Product Manager

Mentor Graphics Corporation
shawn_mccloud@mentor.com

High-end electronic design flows have tradi-
tionally included the creation of
Verilog™/VHDL representations by hand.
These manual methods were effective in the
past, but the algorithms used in many of
today’s new designs are so complex that tra-
ditional design practices are now inadequate.
Meanwhile, FPGAs are increasingly
attractive because companies can avoid
time-consuming, exorbitant mask re-spins
and other risks associated with ASICs. The
emergence of multimillion-gate, 1,000+
pin, “ASIC-like” devices incorporating
embedded processors and innovative mem-
"' ory architectures calls for a system-level
| approach to programmable logic design.
FPGAs have already moved beyond
 their traditional applications into new
LI domains such as digital signal processing
- (DSP). Unfortunately, creating register
*  transfer level (RTL) implementations for
- high-end FPGAs can become as error-
prone and time-consuming as when target-

ing an ASIC, thereby negating much of
their inherent value.
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You can now prevent these problems by
adopting a design flow based on the simu-
lation and synthesis of C representations.
By using pure untimed C++ to describe
functional intent, your design teams can
move up to a far more productive abstrac-
tion level for designing hardware, thus
reducing implementation efforts by as
much as 20 times while creating a more
repeatable and reliable design flow.

An important outcome of this approach
is that you can produce designs of better
quality than traditional RTL methods by
identifying fundamentally superior micro-
architectural solutions.

In this article, we'll examine the con-
ventional design flow and its associated
problems, and highlight some alternative
approaches to hardware design based on
the use of C/C++, comparing the pros and
cons of SystemC™ and the pure, untimed
C++ used by Graphics®
Catapult™ C Synthesis tool.

Mentor

Traditional Design Flow

Many high-end designs in the communica-
tions or video/image processing industries
are typically based on extremely complex
algorithms. The first step in a conventional
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Figure 1 — The manual, iterative methods used in conventional

RTL flows no longer work for todays complex designs.

design flow involves model-
ing and proving the design
functionality at the algorith-
mic level of abstraction, using
tools such as MATLAB™
from The MathWorks or
plain C/C++ modeling.

MATLAB is good for ini-
tial algorithm proof-of-con-
cept and validation, although
many design teams also
develop C/C++ models to
facilitate high-speed system-
level verification beyond
what MATLAB can provide.
For subsequent discussion,
we'll use the term “untimed”
to represent those algorithms
written either in MATLAB
or pure ANSI C/C++.

Based on project require-

Logic
Analyzer

ments, system architects
then partition the design
into blocks to be implement-
ed either in hardware or software. For the
hardware blocks, a floating-point algo-
rithm represents the functionality. Next,
either the system or hardware designer
quantizes the floating-point algorithm
into an integral or fixed-point algorithm.
These fixed-point algorithms are repre-
sented in MATLAB, Simulink™, or
untimed C++ using bit-accurate types
(SystemC 2.0). After validating the fixed-
point algorithm, the hardware designer
starts the long and tedious manual process
of creating Verilog or VHDL for the RTL
abstraction. This process can be divided

into three distinct phases:

® Micro-Architecture Definition. Decide
on the structure of the data path, con-
trol, and interfaces. Typically done on
paper or perhaps a Microsoft™
Excel™ spreadsheet. The resulting
micro-architecture has a significant
impact on the overall speed/area of the
hardware. Designs can easily swing by
10 times in area or performance based
on the decisions made.

* RTL Design. Manually write the
RTL to represent the defined micro-
architecture.

* RTL Area/Timing Optimization.
Iterate through RTL synthesis to meet
design goals.

In some cases, the hardware engineers
manually translate the floating-point
untimed algorithm into bit-accurate RTL,
either Verilog or VHDL. This RTL is sub-
sequently synthesized into a gate-level
netlist using traditional RTL synthesis
technology (Figure 1).

The main problems associated with this
traditional flow are:

* Functional Intent. A significant con-
ceptual and representational divide
exists between the system architects
working with untimed algorithms and
the hardware designers working with
the timed RTL in VHDL/Verilog. As a
result, the original design intent speci-
fied by the system architect is easily
misinterpreted, causing functional
errors in the end product. In addition,
it is relatively easy to implement and
evaluate specification changes in the
untimed algorithm, but very painful
and time-consuming to subsequently
fold these changes into the RTL. This
is a serious consideration in wireless
applications, because broadcast stan-
dards and protocols constantly evolve

and change.

Meeting Requirements. Predicting
design performance (area, delay,
power) is difficult until RTL is done.
Therefore, system-level partitioning
and the resulting block-level design
goals are inaccurate at best. Many
system-level timing closure problems
are directly related to poor macro-
architectural choices and unrealistic
goals placed on the hardware engineer
designing the hardware blocks.

Design Complexity. Because the
untimed algorithmic domain and RTL
domain are dissimilar, the manual
translation from untimed algorithms to
RTL is prolonged and error-prone. In
addition, RTL uses technology-
dependent coding styles and “hard-
codes” the micro-architecture.
Evaluating alternative implementations
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Any ideal flow should be based on industry-standard ANSI C/C+ +,
the language of choice for software and system-level modeling for many years.

is impractical because modifying and
re-verifying RTL to perform a series of
“what-if” analyses of alternate micro-
architecture implementations is too
lengthy to be practical. Such evalua-
tions may include performing certain
operations in parallel versus sequential-
ly; pipelining portions of the design
versus non-pipelining; or sharing com-
mon resources. Because of the amount
of time involved, design teams are lim-
ited to the number of evaluations they
can perform, which can result in a
non-optimal implementation. The
complexity of high-end, compute-
intensive applications exemplifies the
difficulties associated with traditional

hand-coded RTL.

RTL Reuse. Using the same RTL for
an ASIC and FPGA implies that the
ASIC implementation is sub-optimal
due to inherent FPGA performance
limitations. Conversely, users can real-
ize performance goals in an FPGA
through massive parallelism; however,
this parallelism may not be necessary
for an ASIC. This makes it extremely
difficulg, if not impossible, to re-target
a complex RTL design to create a
tuned representation for the technolo-
gy node. Finally, because RTL hard-
codes the micro-architecture, using the
same RTL for a 10 MHz application
(for example) versus a high-perform-
ance 400 MHz application will result
in sub-optimal hardware.

Functional Verification. Using tradi-
tional logic simulation to verify a large
design represented in RTL is computa-
tionally expensive and extremely slow.

The most important challenge facing the
designer is that all of the implementation
“intelligence” associated with the design is
hard-coded into the RTL, which therefore

becomes rigid and implementation-specific.
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Next-Generation C-based Flow
An examination of the conventional flow

reveals three stages:

¢ Untimed algorithm evaluation in
MATLAB or C/C++, including quanti-
zation and integral/fixed-point analysis

* Algorithm (untimed) to RTL (timed)
translation, including verification and
“what-if” implementation analysis

* RTL to gate-level netlist using industry-
standard RTL synthesis

The front-end untimed algorithm eval-
uations and the back-end RTL-to-netlist
synthesis are both well known and effi-

TYPICAL
RTL DESIGN FLOW

Algorithm Functional
Description
MATLAB
SPW

C/C++

Floating Point
Model

T Fixed Point
Model

System Designer

Micro-Architecture
Definition

Manual RTL
Methods Design

RTL Area/Timing
Optimization
Precision RTL RTL
or DC Synthesis

Place and Route

Hardware Designer

ASIC or FPGA
Vendor

Vendor

Hardware

ASIC/FPGA

cient. The bottleneck is the manual cre-
ation of the RTL, including performing
“what-if” evaluations, implementing speci-
fication changes, and verifying the RTL.
Any ideal flow should be based on
industry-standard ANSI C/C++, the lan-
guage of choice for software and system-
level modeling for many years. The pure,
untimed C/C++ written by system design-
ers is an excellent source for creating hard-

Logic
Analyzer

ware because it is void of implementation
details. This maximizes flexibility to the
synthesis tool and provides a source that is
“liquid” — capable of targeting ASICs,
FPGAs, highly compact small solutions,
and highly parallel fast solutions.
Translation from MATLAB to C/C++ is
still manual, but because these domains are
conceptually very close, the translation is
relatively quick and easy.

The untimed C/C++ adds significant
value by providing much faster simulation
than the MATLAB Simulink environment,
and is thus ideally suited for system-level
validation. Following verification, the C
representation is used to automatically gen-

IDEAL
C-BASED DESIGN FLOW

Algorithm Functional
Description

Floating Point
Model

Fixed Point
C++ Model

Ideal C-Based
Synthesis

RTL
Synthesis

Place and Route

Logic
Analyzer

Hardware
ASIC/FPGA

|

Figure 2 — This ideal design flow based
on algorithmic synthesis of pure,
untimed C/C++ addresses all of the
problems associated with traditional

Sflows in which the untimed algorithm
is hand-translated into RTL.

erate RTL, which in turn is subsequently
used to drive existing RTL synthesis tech-
nology (Figure 2).

With this flow, you can synthesize the
untimed C/C++ directly into a gate-level
netlist. However, generating the intermedi-
ate RTL provides a timed “comfort zone”
for existing flows by allowing you to vali-
date the implementation decisions made by
the C synthesis tool.
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Figure 3 — 1o make a SystemC representation suitable for RTL generation or direct C synthesis,
you would need to write it at nearly the same level of abstraction as hand-translated RTL.

Furthermore, RTL is a useful point to
“stitch” the various functional blocks
together. Large portions of today’s designs
exist as IP blocks represented at the RTL
level of abstraction. This means that RTL is
a useful point in the design flow for inte-
grating and verifying the entire hardware
system. Your design teams can thus take
full advantage of existing, mature, and
robust RTL design tools such as test inser-
tion or power analysis.

The ideal flow based on algorithmic
synthesis of pure, untimed C/C++ address-
es all of the traditional bottlenecks:

* Functional Intent. Almost no concep-
tual gap exists because system archi-
tects and hardware designers use the
same untimed C/C++ source. Their
worlds are connected for the first time.
Moreover, it eliminates any chance of
misinterpretation by the hardware
designer, thereby reducing errors and
improving overall reliability. The new
flow also easily accommodates design
specification changes.

Meeting Requirements. Algorithmic C
synthesis provides accurate metrics up
front, shortening lengthy RTL synthesis
runtimes and manual RTL optimiza-
tion. You can leverage these metrics to
make system-level macro-architecture
partitioning decisions, thus creating a
design that is better architected to meet

system performance.

* Design Complexity. You can address
the design complexity issue by using
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algorithmic C synthesis to thoroughly
explore any highly complex design
space. C is fast and efficient to create
and verify, providing additional bene-
fits around system-level validation and
integration. RTL uses technology-
dependent coding styles and hard-
codes the micro-architecture. Using the
ideal flow, evaluating alternative imple-
mentations is fast and efficient. You
can modify and re-verify C to effec-
tively perform a series of “what-if”
evaluations of alternative algorithms.
Thus, your design teams are not limit-
ed by the number of evaluations they
can perform, which results in an opti-

mal implementation.

RTL Reuse. A key feature of this ideal
flow is that the C representation is com-

pletely abstracted from the final imple-
mentation. Therefore, as opposed to
embedding implementation “intelli-
gence” into the C representation, design-
ers can instead use such intelligence to
drive the C to the RTL implementation
through a series of “soft” constraints. In
turn, this means that they can easily re-
target the same C representation for dif-

ferent micro-architectures and

ASIC/FPGA implementations.

Functional Verification. Verifying C is
fast and efficient. A pure untimed C
representation will simulate as much as
10,000 times faster than an equivalent
RTL representation (the larger the
design, the faster C is compared to its
RTL counterpart).

Lets examine alternatives to hardware
design based on the use of C/C++. These
include SystemC and the synthesizable sub-
set of pure untimed C++ used by the
Mentor Graphics Catapult C Synthesis tool.

SystemC-Based Flow
Two main SystemC-based design flows
exist: both require the untimed algorithm
representation to be manually translated
into its SystemC counterpart. Following
verification via simulation, you can auto-
matically translate the SystemC representa-
tion into an RTL equivalent for use with
existing synthesis technology. Alternatively,
you can directly synthesize the SystemC
representation into a gate-level netlist
(Figure 3).

Because it was specifically created to
represent hardware, SystemC is equipped
with hardware-centric data types, includ-
ing integral and fixed-point entities with
rounding and overflow modes. SystemC
also includes system-level simulation
capabilities, including support for
abstract data transactions. Although pow-
erful, SystemC is an extremely complex
language. Moreover, the pseudo-timed
constructs required for SystemC synthesis
and simulation are foreign to both sys-
tem-level and hardware designers.

One advantage of SystemC is that it
simulates as much as 100 times faster than
an equivalent RTL representation specified
at the same level of abstraction. However,
to make a SystemC representation suitable
for RTL generation or direct C synthesis,
designers would need to write it at nearly
the same level of abstraction as hand-
translated RTL, which largely negates the
advantages of using it in the first place.

Even worse, all of the implementation
“intelligence” associated with the design
has to be hard-coded into the SystemC rep-
which

implementation-specific. This means that a

resentation, therefore becomes
SystemC representation intended for an
FPGA is not suitable for a subsequent ASIC
realization, and vice versa. Finally, it is not
possible to re-target the SystemC represen-
tation to a compact or highly parallel solu-

tion because the micro-architecture is

hard-coded.
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Another
“wraps” the untimed C++ algorithm

SystemC  approach
in a timed interface. This approach
may have some advantages in system-
level integration; however, the result-
ing source is now pseudo-timed and
hard-coded to the hardware interface.
Therefore, the notion of interface
exploration is not practical.

For example, targeting the C source
to a streaming I/O model versus a sin-
gle-port memory implies re-coding the
interface wrapper (difficult and time
consuming). In addition, the source is
no longer the pure, untimed C++
description already validated and
proven by the system designer. Thus,
any interface changes will require re-
verification and possibly introduce for-
eign coding concepts to the pure C++
representation.

Finally, the degree of interface
detail is extremely critical. Too much
information stifles the behavioral synthesis
tool and results in sub-optimal designs. Too
little means the tool doesn’t have the mini-
mum information needed to synthesize the
design, resulting in functional errors.

Catapult C-Based Flow

As noted previously, the most significant
problem with existing C-based design flows
is that the implementation “intelligence”
associated with the design has to be hard-
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Figure 4 — The Catapult C tool’s “what if” analysis

allows complete, interactive exploration of the micro-architecture

and interface design space, yielding high-performance hardware

that rivals hand-coded design qualizy.

coded into the C representation, which
then becomes implementation-specific.
This is the key differentiator of the
Catapult C-based design flow from Mentor
Graphics. In this flow, the C code is very
close to what a system designer would write
to model functional behavior without any
preconceived hardware implementation or
target device architecture in mind.

As opposed to adding “intelligence” to
the source code (thereby locking it into a

MATLAB Domain
(Pure Algorithmic

"m" Language (Used by MATLAB)

More Abstract, Less

Standard C (Used by Catapult C)

Implementation
Specific

Timed C Domain Handehc

(Implementation Specific) SystemC

Less Abstract, More

RTL Domain

=

]
Non-Implementation Specific)
Untimed C Domain
(Non-Implementation Specific)

*

|
(Implementation Specific) —

Verilog and/or VHDL

Implementation
Specific

Figure 5 — The Catapulr C-based design flow supports a higher level of synthesis abstraction, speeding
implementation time and increasing design flexibility when compared to other C-based flows.
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target implementation), all of the intel-

ligence is provided by controlling the

Catapult C engine itself (Figure 4).

Catapult C uses industry-standard
C++ source code augmented with
SystemC data types that allow specific
bit-widths to be associated with vari-
ables and constants. An advantage is
that many companies already create an
untimed C/C++ representation of their
designs for algorithmic validation. They
do this because a pure C representation
is easy and compact to write and simu-
lates 100 to 10,000 times faster than an
equivalent RTL representation.

The only modification typically
required to use this model with
Catapult C is to add a single pragma to
the source code to indicate the top of
the functional portion of the design —
anything conceptually above this point
is considered part of the test bench.

Another Catapult C advantage is its

intuitive interface. Once the tool has read
the source code, you can immediately per-
form micro-architecture tradeoffs and eval-
uate their effects in terms of size and speed.
Catapult C easily associates ports with reg-
isters or RAM blocks. It identifies con-
structs like loops and allows you to specify
— on an individual basis — whether they
should be unrolled, partially unrolled, or
left alone. You can also specify if you wish
to perform resource sharing on specific enti-
ties, pipeline loops, and other constructs.

All of these evaluations are done with-
in a few seconds or minutes depending on
design size. Catapult C then reports total
size/area and latency in terms of clock
cycles or input-to-output delays (or
throughput time/cycles in the case of
pipelined designs). You can name, save,
and reuse any of these “what-if” scenar-
ios. It would be almost impossible to per-
form these tradeoffs in a timely manner
using a conventional hand-coded RTL-
based flow.

More importantly, the fact that the C
source code used by Catapult C is not
required to contain any implementation
“intelligence” — and that all such intelligence
is supplied by controlling the Catapult C
engine itself — means that your design teams
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can easily re-target the same source code to
alternative micro-architectures and different

implementation technologies.

Conclusion

The fundamental difference between the var-
ious C-based design flows is the level of syn-
thesis abstraction they support (Figure 5).
SystemC offers significant system-level sim-
ulation capabilities, but its synthesizable
subset is at a lower abstraction level, so mod-
ification to the source drives the results.

This lack of synthesis abstraction caus-
es the SystemC representations to be
implementation-specific. This makes them
difficult to create and modify, and signifi-
cantly reduces their flexibility with regard
to performing “what-if” evaluations and
re-targeting them toward alternative
implementation technologies.

By comparison, Catapult C employs
models represented in standard C++ and
supports a high level of synthesis abstrac-
tion. Because they are not implementation-
specific, Catapult C models are compact
and can thus be easily created and modified.

By means of the Catapult C engine
itself, you can quickly perform “what-if”
evaluations and re-target the design toward
alternative implementation technologies.

The end result is that the Catapult C-
based design flow dramatically speeds
implementation, improves design flow reli-
ability, and increases design flexibility when
compared to other C-based flows or tradi-
tional hand-coded RTL methods.

Catapult C Synthesis has already been
instrumental in many successful tapeouts
from major hardware design companies
worldwide. The mature, second-genera-
tion algorithmic synthesis environment
unites two distinct domains — system-level
design and hardware design — and when
combined with Mentor  Graphics
ModelSim™ simulation tools, lays the
foundation for next-generation electronic
system level (ESL) design.

To learn more about how Catapult C
Synthesis can address your hardware design
needs, call Mentor Graphics to schedule a
complete product demonstration, or visit
our website for the latest product news and

case studies at www.mentor.com/c-design. &
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by Lee Hansen

Sr. Product Marketing Manager
Xilinx, Inc.
lee.hansen@xilinx.com

The Xilinx®  Integrated  Software
Environment (ISE 6) is the current version
of our industry-leading logic design tools,
focused on delivering the highest perform-
ance available in PLD design. That leading-
edge performance can help you get the
highest quality of results available, and it
can also significantly contribute to lower-
ing design time and costs.

ISE 6 is packed with features designed
to streamline the design flow, with technol-
ogy such as:

* Timing-driven map — an ISE mapper
option that helps pack more design
into your highly utilized device

e ASIC-to-FPGA transition tools

* A spectrum of high-density design
options built into ISE

ISE 6 can help eliminate engineering
bottlenecks while delivering the fastest
push-button performance available in pro-
grammable logic design.

Lower Potential Device Costs

Introduced in September 2003, ISE 6 adds
a new timing-driven map option that helps
get better design utilization for your FPGA
device, particularly if the device is already
more than 90% utilized. Timing-driven
map is a next-generation enhancement to
ISE physical synthesis, and combines
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placement with logic slice packing for
Virtex-II™, Virtex-II Pro™, and Spartan-
3™ devices to improve placement quality
for “unrelated logic.”

In recent benchmarks, timing-driven
map was tested on large, highly-utilized
designs that contained tight timing con-
straints, versus the standard map and place
and route flow. Results varied based on
many factors in the design, yet timing-driv-
en map showed an average 30% better
overall logic placement.

This advantage gives Xilinx ISE 6 cus-
tomers the potential to stay in their chosen
device, even if utilization is pushing 90%
or higher, when competing tools would
have already forced the design into a larger
and thus more expensive device. The tim-
ing-driven map option is included free
with all configurations of ISE 6.

Streamlining ASIC-to-FPGA Transitions

The last few years have seen a steep decline
in the number of ASIC design starts, and a
good number of those projects have moved
to Xilinx FPGAs for their logic delivery
medium. Helping those project engineers
transition from ASIC design flows with
advanced support has been a priority for
ISE development: thus, a number of tools
are available to help.

Starting at the front of the design flow,
you can use many of your existing ASIC
code-checking tools to verify your HDL
source. Xilinx has created a set of Xilinx
FPGA-specific libraries for Synopsys™
LEDA VHDL and Verilog™ “linting”
tools. The libraries are free to registered
Synopsys users, and you can use them to
configure your existing LEDA checker.
They contain critical coding-style rules that
help ensure HDL source quality and opti-
mize implementation for the target FPGA.

ISE place and route tools also help you
ensure efficient implementation. The place
and route tools results offer interactive sug-
gestions on how you can change your HDL
code to reduce design size and implemen-
tation results. These suggestions help make
more efficient use of FPGA resources and
save overall design space.

The ISE design flow also supports tech-
nology that some ASIC designers have
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already invested in for verification. For
example, formal verification is a technolo-
gy that saw initial adoption in the ASIC
design space. This structural equivalency
comparison technique can drastically speed
up verification time, and is often seen as an
alternative to more traditional HDL simu-
lation methods, particularly for higher den-
sity designs. These same tools also work
with ISE FPGA-based designs, so if you're
using Synopsys Formality™ or Verplex
Conformal LEC, you can use formal equiv-
alency checking on your Xilinx FPGA
design as well.

High-Density Design Techniques

You can also slash design times and project
costs by using the high-density design
options built into ISE. Free to all Xilinx
users and included with ISE, these options
can lead to faster timing closure and faster

implementation times.

by source such as purchased ID, or to effi-
ciently reuse HDL from an earlier proj-
ect. Good floorplanning can help achieve
faster timing closure and optimize design

performance.

Incremental Design

ISE also contains Incremental Design, a
technology that can slash re-implementa-
tion time by as much as 75%. Incremental
Design uses a design floorplan as the start-
ing point. The design is then implemented
or passed through the synthesis and place
and route cycle. If subsequent modifica-
tions are required, Incremental Design
updates only the area affected by the
change, leaving the other completed design
areas intact and dramatically shortening the
re-implementation  cycle. Incremental
Design is useful during the verification
phase, where debug and design changes are

most commonly encountered.
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2 team design environ-
ment. Modular Design
5 lets team managers
' divide a high-density
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can then use the entire

suite of ISE design tools

to  complete  their

Figure 1 — The pin assignment and constraints editor (PACE)

Area Mapping and Floorplanning

ISE includes two floorplanning options:
PACE (Pin Assignment and Constraints
Editor — shown in Figure 1), and ISE
Floorplanner. Also, PlanAhead™, the
high-level floorplanning tool, is now an
optional, separately purchased Xilinx
design tool offering through the recent
acquisition of Hier Design, integrating
directly to the ISE design flow.

These tools let you group logic togeth-
er and associate those groups to an area
on the target FPGA. Area mapping is a
fast way to keep critical sections of the

design together, associate HDL together

module independently.
Modular Design deploys
a “divide and conquer” strategy to high-
density designs, letting teams operate effi-
ciently in parallel, finishing the overall
project faster.

Condlusion

High-performance ISE technology isn’t
only about getting the fastest clock speed in
your design. The advanced technology built
into ISE 6 also can cut your design and ver-
ification times, slash project costs, and offer
potentially lower device savings in the long
run. Upgrade your designs to ISE 6, or
download the evaluation version of ISE by
visiting www.xilinx.com/ise_eval. &
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The Need for.Speec

by Brent Przybus

ChipScope Pro Product Marketing Manager
Xilinx, Inc.

brent.przybus@xilinx.com

Brad Fross

ChipScope Pro Engineering Manager
Xilinx, Inc.

brad.fross@xilinx.com

Most of us have been there: our initial per-
formance requirement has been increased to
accommodate a new external memory inter-
face or incorporate pre-processing now
required because of an ASIC flaw. The
innate flexibility of FPGAs makes them the
perfect solution to address these last-minute
changes and additions. But adding new
capabilities is often much easier than debug-
ging them when things no longer work.

Fortunately, Xilinx® provides a solu-
tion. ChipScope Pro™ tools enable you to
place logic analysis, bus analysis, and even
virtual input and output cores directly into
your FPGA design and perform real-time
debug and verification.

Although ChipScope Pro cores are opti-
mized for size and performance and can
run as fast as 200 MHz in Virtex-1I Pro™
FPGAs, this is often not enough. Plus,
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adding these cores to a design may prevent
it from meeting specified timing. For
designs operating between 85 MHz and
150 MHz and using less than 80% of the
available FPGA resources, ChipScope Pro
tools can provide the easy visibility and
access needed to debug and verify your
designs.

For designs exceeding 150 MHz and/or
using more than 80% of FPGA resources,
techniques exist that allow you to use
ChipScope Pro tools without impacting
FPGA design performance.

In this article, we’ll describe three tech-
niques to get the most performance out of
ChipScope Pro cores, gain access and visi-
bility to debug your design, and still meet
FPGA design performance.

ChipScope Pro Debug Methodology

The easiest way to ensure that ChipScope
Pro tools will not impact your design per-
formance is to plan in advance. ChipScope
Pro cores are no different that any other IP
in your design — they also use logic and
block RAM. By adopting a ChipScope Pro
debug methodology in advance, determin-
ing what signals you would like to access
for debug, and how many samples you will

need to observe, you will have the best
chance of meeting design performance.
The following checklist will help you

meet your debug performance goals:

* Decide which signals you want to
observe. This is similar to deciding
which signals you are going to route
out to a test header on your board.
The difference is that you place virtual
test headers directly within your
design. And for those designs requiring
more than one core, ChipScope Pro
tools allow you to include as many as

15 ILA cores in a single design.

Define how many trigger ports you
need based on how you might want to
trigger on different groups of signals.
Consider attaching similar signals (such
as individual address signals) into the
same trigger port while attaching unre-
lated signals (such as control and data
signals) to separate trigger ports. Not
only will the separate trigger ports make
it easier for you to create trigger condi-
tions, but by using multiple smaller
trigger ports, you might find that it is
easier for the implementation tools to

pack, place, and route your design.
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* Decide which signals are to be used as
triggers and which signals are to be cap-
tured as data. You can conserve device
resources by being careful to capture
only the signals you need to debug your
design. Although ChipScope Pro tools
provide many of the familiar trigger
capabilities found in expensive bench-
top logic analyzers (such as multiple
trigger ports and complex trigger
sequencing), you should always be
aware that many of these features con-
sume additional device resources.

Determine the number of samples you
need to observe. To do this, determine
the time over which you anticipate
needing to view data and divide this by
the system clock rate. As many as
16,384 samples of data storage are
available using on-chip block RAM. If
you need more storage, you can use
multiple debug cores or you can use
the ChipScope Pro-enabled Agilent™
FPGA dynamic probing solution,
which allows you to store internally
probed signal data directly on an exter-
nal Agilent logic analyzer.

Decide how you are going to get data
off-chip. Start with a JTAG port and
Agilent trace port. You can use the
JTAG port for configuration, hardware
debug, and software debug. The Agilent
trace port provides the flexibility to
interface to the Agilent 16900 series
logic analyzer with FPGA dynamic
probing technology. You will probably
already have JTAG set up on your
board for FPGA configuration. The
Agilent trace port uses between four and
128 user 1/O pins that tie directly to a
Mictor™ or Agilent soft-touch probe
pad connector. Instructions for laying
out these connectors are included in
the Agilent data sheet, available at

www.xilinx.com/chipscopeprol.

Use the core generator to define the
ILA cores to the specifications you
have defined in the previous steps. The
ChipScope Pro core generator will pro-
duce embeddable EDIF netlists and
HDL component instance templates
that you can incorporate into your
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HDL design. If your design has already
been synthesized, you can use the
ChipScope Pro core inserter to add
ChipScope Pro cores to a design by
selecting which nets and signals you
want to view.

By defining a debug and verification
methodology in advance, you have
accounted for the logic, block RAM, and
routing resources needed — and minimized
the chances of ChipScope Pro cores
impacting your design timing.

Techniques to Achieve Performance

What if you have not planned for debug?
Let’s say your design is running at close to
200 MHz and something is not function-
ing correctly. When you add a ChipScope
Pro ILA core to view signals in the faulty
logic, the design fails to meet your timing
requirements. Here are some techniques
that can help:

* Reduce the size and complexity of your
trigger ports and corresponding match
units. Start with a basic trigger type,
with a width as narrow as possible. For
example, an 8-bit basic match unit will
consume a fraction of the logic of a
36-bit range-type match unit.

Use “trigger same as data.” By selecting
trigger same as data, you reduce the
number of loads on the instrumented
design nets from two to one.

* Avoid critical paths. Understand the crit-
ical paths within your design and avoid
instrumenting them if at all possible.

* Watch what you instrument. Avoid
instrumenting combinatorial logic,
which may cause the new logic imple-
mentation to split into multiple slices.
Whenever possible, try to instrument
the outputs of flip-flops instead.

* Apply area constraints to ChipScope
Pro cores. Bound the inner logic of a
ChipScope Pro core and allow the
outer flip-flops to float. A tighter fit
may result in higher performance of
the ILA core while allowing the outer
flip-flops to be placed close to the
instrumented design nets.

* Properly constrain your design. Run
“trce -a” to report unconstrained nets
within your design. Apply timing
constraints where needed and use a
constrained system clock net to drive

any ChipScope Pro cores.

Disable RPMs. Sometimes allowing
the ChipScope Pro core logic to float
— particularly the flops that make up
the cores — enables you to better fit
ChipScope Pro cores within any
available logic.

When All Else Fails ...

If you've tried all of these techniques and
your design still doesnt meet
timing, or if the tools seem to choke on
timing, try this advanced technique.
Guide filing uses your non-instrumented
design netlist as a guide for routing in
ChipScope Pro cores. Although this
technique does not guarantee that
timing will be met, it can work in

some cases.
The steps to guide filing are:

1. Synthesize your design.vhd into
design.ngc using your chosen syn-
thesis tool (substitute design.edf for
design.ngg, if you are not using the
xst synthesis tool).

2. Translate your design.ngc into

design.ngd using ngdbuild.

3. Map your design.ngd into
design_map.ncd using the map tool.

4. Place and route your
design._map.ncd to design_par.ncd
using the par tool.

Now add ChipScope Pro cores to this
design by following these steps:

5. Copy the design.ngc to
design_debug.ngc.

6. Insert ChipScope Pro cores into
design_debug.ngc using the
ChipScope Pro core inserter tool.

7. Translate design_debug.ngc into
design_debug.ngd using ngdbuild.
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8. Map design_debug.ngd into
design_debug_map.ncd using a -gm
(guide mode) option, specifying your
original design_map.ncd as the guide
file. You will have the option of speci-
fying exact, incremental, or leveraged
guide modes. Start with exact; it may
take a little longer to compile, but
will probably deliver the best results.
If that doesn’t work, or if you would
like a better result, try the leveraged
option. This option allows logic in
your design to be moved if it will
benefit placement of the new
ChipScope Pro cores.

9. Place and route design_debug_map.ncd
into design_debug_par.ncd using a -gf
(guide file) option and specifying your
original design_par.ncd as the guide file.
Use the same -gm guide mode option
(exact, incremental, or leveraged) that
you used in step 8.

10. Convert design_debug_par.ncd into a
bitstream called design_debug_par.bit
and use the ChipScope Pro analyzer
to configure and debug your FPGA
design.

After steps 8 and 9, you will receive
tool messages stating that a percentage of
the net names in the design have changed.
This represents the new ChipScope Pro
logic added to your design.

If after performing these steps your
instrumented design is still not meeting
timing, you may want to go back to step 2
in your original design and try to allocate
an area region for ChipScope Pro cores.
Then repeat the remaining steps.

Conclusion

In this article, we've shown you tech-
niques for debugging high-speed FPGA
designs using ChipScope Pro tools. No
design is the same and sometimes more
advanced techniques are required. If you
have techniques that have worked for you
and youd like to share them, or if you
need help in implementing any of the
techniques described, please send an
e-mail to chipscope_pro@xilinx.com. &
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Lower Your PCB
Manutacturing Costs

By choosing an FPGA with the right features,
vou can reduce your PCB manufacturing costs
and even EMI levels.

Fall 2004

by Suhel Dhanani

Sr. Solutions Marketing Manager, Spartan Solutions
Xilinx, Inc.

suhel.dhanani@xilinx.com

Lowering total system costs is the key goal
when developing high-volume/low-cost
systems. Although many system designers
carefully select components with the lowest
unit cost, they often ignore the actual cost
of manufacturing the PCB.

However, with careful design considera-
tions, you can achieve the same functional-
ity and performance within a smaller PCB,
using fewer layers and sometimes with less
components.

Some of the newer low-cost FPGAs,
such as Xilinx® Spartan-3™ devices, now
include a host of features that can reduce
the number of on-board components and
interconnect traces, enhance signal integri-
ty, and reduce system electromagnetic
interference (EMI) noise levels, essentially
enabling you to significantly lower your
system costs.

Reducing PCB Size and Complexity

The most obvious way to reduce the cost of
any PCB is to make it smaller and have
fewer layers. By reducing the total board
area and using fewer layers (four instead of
six, for example), you can cut down on the
manufacturing expense.

For a typical 4” x 6” board, going from
six to four layers can reduce the cost by
anywhere from $2 to $4 per board. When
you calculate the total savings based on the
quantity of boards manufactured, this
could be a substantial amount.

Another factor that influences the
manufacturing cost of a PCB is EMI
noise compliance. In cases where EMI is
an issue, you need to design for the low-
est possible EMI level, because trying to
retrofit the PCB to meet EMI compliance
can result in expensive redesign, re-lay-
out, or shielding.

Good design techniques such as main-
taining optimum signal integrity, having
fewer traces running lower voltage levels,
and distributing slower clocks on board can
all help reduce the overall EMI level.

By using features found in Spartan-3
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FPGAs, you can reduce total PCB manu-
facturing costs by optimizing the area and
number of layers and minimize total EMI
noise levels.

Spartan-3 Features

Digitally Controlled Impedance

One of the key features provided by
Spartan-3 devices is digitally controlled
impedance (DCI). This allows you to not
only (potentially) eliminate most external
resistors, but also design for optimum sig-
nal integrity.

DCI actively adjusts both parallel and
series terminations to accurately match the
characteristic impedance of the transmis-
sion line. This adjustment process compen-
sates for differences in I/O impedance that
can result from normal variations in the
ambient temperature, supply voltage, and
manufacturing process. This feature is
available for most popular I/O standards,
including LVCMOS, LVDS, SSTL,
HSTL, and GTL.

Figure 1 illustrates how the DCI feature
can eliminate external resistors normally used
for termination. Not only does this feature
allow you to tune the output driver imped-
ance — thereby optimizing signal integrity —
but it also reduces the total number of com-
ponents on board, with the resultant benefits
in reliability, manufacturability, procurement
costs, board area, and routability.

Drive Strength and Slew Rate Control
Another Spartan-3 feature is the ability to
adjust the output drive strength and slew
rate of the output drivers. Two options,
fast and slow, control the output slew rate.
You can select as many as seven different
levels of current drive strength: 2, 4, 6, 8,
12, 16, and 24 mA. (These options are
available when using one of the LVCMOS
or LVTTL standards.)

Choosing the appropriate drive strength
level is yet another means to minimize bus
transients and optimize board signal
integrity, as shown in Figure 2.

These adjustments can be made by
merely updating the device bitstream and
require no board re-layout. Thus, you can
continue optimizing the drive strengths
long after the board has been laid out.
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Figure 2 — Drive strength can be adjusted by loading an updated bitstream.
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On-Chip DCMs
All Spartan-3 devices have multiple high-per-
formance digital clock managers (DCMs).
Each DCM allows clock skew elimination,
clock multiplication, clock division, and
reconstruction, as well as phase shifting.
Although you can use the DCMs to elim-
inate the need for external clock manage-
ment devices, they also allow you to run a
slower clock on board (using the internal
clock multiplication feature) and run fewer
clock traces on board (using the clock recon-
struction feature), as shown in Figure 3.
Using these features simplifies the layout
of high-speed PCBs and can lower overall
EMI levels by allowing you to run fewer

and slower clocks traces across the board.

On-Chip Voltage and I/0O
Standard Translation
All I/Os in Spartan-3 devices are allocated
between eight banks, as shown in Figure 4.
Each I/O bank has an independent Vrer line.
The 1/Os support most of the popular
single-ended 1/O standards such as LVTTL,
LVCMOS, SSTL, HSTL, GTL, as well as
differential I/O standards such as LVDS and
RSDS. Because each I/O bank can inde-
pendently support a different I/O standard
and a different Vcco, this feature lets you
implement voltage translators and I/O stan-
dard translators within the FPGA, eliminat-
ing the need for external components. Fewer

Resistor Network

LVDS

Bank:f

T R R R R )

Bank

Figure 4 — With eight independent 1/0O
banks and support for multiple 1/O standards,
Spartan-3 devices eliminate the need for
external voltage or 1/O translators.

components translates to smaller PCB and

lower system costs.

Comprehensive Support for

Differential Signaling

The Spartan-3 family is the only low-cost
FPGA family whose 1/Os support LVDS
transmission without the need for exter-
nal resistors. This popular standard is
widely used for high-speed chip-to-chip
communication because of its higher
noise immunity, lower EMI, and higher
performance.

Because LVDS is a low swing standard
(~350 mV) with a slower slew rate (1V/ns),
it exhibits lower EMI. And because it is a
differential I/O standard, it has better noise
immunity. LVDS allows for very high data

LVDS
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Spartan-3 FPGA

Figure 5 — Spartan-3 1/Os are designed to transmit LVDS signals without the need for external resistors.
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Standard Output Vcco | Input Veer
LVTTL 3.3V -
LVCMOS 33 3.3V
LVCMOS 25 25V
LVCMOS 18 1.8V
LVCMOS 15 1.5V
LVCMOS 12 1.2V
§ PCI 32/64 bit 33MHz 3.0V -
s SSTL2 Class | 25V 1.25V
@ SSTL2 Class Il 2.5V 1.25V
2 SSTL18 Class | 1.8V 0.9v
@ HSTL Class | 1.5V 0.75V
HSTL Class I 1.5V 0.9V
HSTL18 Class | 1.8V 0.9V
HSTL18 Class 1.8V 0.9V
HSTL18 Class Il 1.8V 1.1V
GTL = 0.8V
GTL+ = 1.0V
LVDS2.5 2.5V -
."g Bus LVDS2.5 2.5V
g LVDS_ext2.5 25V
2 RSDS 2.5V
a LDT2.5 2.5V
LVPECL 2.5V

transfer rates (622 Mbps in the Spartan-3
architecture), enabling fewer pins to transfer
large amounts of data serially.

All of the device package combina-
tions of Spartan-3 support LVDS. This
means that you can choose low-cost QFP
packages as well as higher pin-count BGA
packages.

Figure 5 illustrates how competing low-
cost FPGAs require three external resistors
for each LVDS transmit channel. Spartan-
3 LVDS transmitters do not require the use
of an external resistor network because the
I/O buffers were designed to support low
swing differential signaling.

Conclusion

Using the many features available with
Spartan-3 FPGAs allows you to eliminate
external components such as resistors,
voltage translators, level shifters, and even
external clock management devices. This
not only increases board reliability and
eases manufacturing costs, but also
reduces the size of the board and may in
some cases reduce the number of layers
required for routing, potentially lowering
total system costs.

If EMI compliance is a concern, there
are many features within Spartan-3 devices
that improve signal integrity, allow for
fewer traces, and enable low swing 1/O sig-
naling — all of which contribute to lower
the EMI level of the system.

For more information on Spartan-3
features and how these features can
help you reduce your system cost, visit

www.xilinx.com/spartan3/. &
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Plan FPGA Signal Assignments
and Optimize PCB Routability

Eliminate or reduce design iterations with DesignF /X.

by Dan Harris

Director of Product Markefing
Product Acceleration Inc.
dharis@prodacc.com
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Second, because of an excessive number
of wire crossings, layout engineers may find
it physically impossible to route their
designs with the specified stackup and PCB
design rule checks (DRCs). The only
option is to increase both the number of
signal routing layers and via count.
However, this will result in reduced signal
quality and may drive up the manufactur-
ing cost substantially.

Third, most of today’s EDA tools focus
on solving the above issues for a single
device, and have little or no knowledge of
other system devices or their connections.
The end result is a sub-optimal pinout that
has been assigned without knowledge of the
system. If you are a logic designer, you
know it is likely that the pinout will need
several refinements because of required
negotiations between you, the hardware
engineer, and SI engineer.

This time-consuming process is further
exacerbated as system complexity increases,
along with the need for precision change
control and the resulting process manage-
ment overhead. Figure 1 shows one of
many complex design configurations.

Design F/X directly addresses these
three core system design issues by:

* Significantly reducing the need to
memorize I/O banking rules.
DesignF/X provides an automated
signal assignment optimization process
and keeps you informed of DRC rules
and requirements associated with your
selected 1/0O standards.

Providing system-level optimization of
the signal assignment for one or more
FPGAs and their associated devices in
a PCB environment, while honoring
the design rules. This optimization will
result in the highest PCB routability,
enabling you to reduce your design
iterations and focus on core design.

Design F/X and Existing Design Flows
DesignF/X is easy to learn and even easier
to integrate into your existing design flow.
Figure 2 highlights a typical DesignF/X
flow on the right, compared to today’s
time-consuming and error-prone iterative
process on the left.
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Figure 1 — A typical multi-FPGA system design

We argue that the traditional design flow
is a lengthy and error-prone process because:

e Several manual entry points exist,
including HDL, signal assignment
spreadsheets, schematic symbols,
schematics, package drawings, and
constraint information.
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¢ There is no tool to validate data from
package to component to netlist. For
example, neither the schematic nor the
netlist have knowledge of the package,
yet package knowledge is required for
proper validation.

¢ The back annotation process is often
broken because required FPGA
updates and attributes are not auto-
matically passed completely through to
the board tools for more efficient rout-
ing and planning.

¢ Generally, several iterations are
required to get the correct FPGA
pinout based on negotiations between
layout engineers and FPGA designers.

DesignF/X eliminates these issues by
allowing end-to-end design with verified

ignF/
Create/Import
Device Pin
Assignment and
Board Connectivity

System Analysis
and Optimize

1
i
i
i
1
UCF File

Figure 2 — DesignF/X flow as it relates to overall PCB design flow
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Xilinx PAD, CSV

Excel Spreadsheet
Allegro Netlist
Allegro Board File

CSV, UCF >

Allegro Netlist >
Allegro Board File >

Figure 3 — DesignF/X 1/O capabilities

data inputs and correct-by-design FPGA
pinouts that are optimized at the system
level for best routability.

You need not interrupt your current
design flow, because DesignF/X provides
several vector points at which you can ana-
lyze your design. DesignF/X also provides
the I/O capabilities shown in Figure 3.

Only two successive steps are required to
get an optimized design in a single iteration:

1. Create or import device pin assign-
ment and board connectivity.

2. Analyze and optimize your config-
urable devices for the best possible
routability while honoring Xilinx
FPGA design rules.

Signal Assignment Planning

DesignF/X is built around Xilinx parts and
their associated design rules. As of June
2004, DesignF/X supports the following
capabilities:

* /O banking DRC:s (voltage, 1/O stan-
dards, and on-chip termination are

checked for intra-bank compatibility)

e Automatic reservation of Vref, VRP,
and VRN pins when necessary, based
on the selected 1/O standard

* Automated recognition and handling
of differential pairs, including swap-
ping signals as a pair where legal dur-
ing optimization

Usage Model
The first step is to select a Xilinx-specific
device (see Figure 4). After you select your
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package, you may import a Xilinx .pad or .csv
file, or you can start with no file inputs. In
either case, you can use the signal assignment
spreadsheet shown in Figure 5 to:

* Assign signals to pins and create signal
groups and buses

* Apply 1/O standards and mark specific
pins as fixed if you do not want them
considered for optimization

Each time you change a signal’s I/O stan-
dard, location, or pin type (direction),
DesignF/X will respond with a DRC for
compliance with Xilinx-specific rules.

The screen shot for Figure 6 was generat-
ed after changing the I/O standard of two
buses within the same bank. The output
screen is interactive and shows which pins
are causing the DRC error. A key ease-of-use
feature shown is the way a number of related
errors are summarized into one line.

After you have finished assigning signals,
DesignF/X will perform one last DRC. If the
DRC passes, you will be allowed to use the
part for analysis and optimization on the “vir-
tual PCB” screen. You can also rapidly gener-
ate a .ucf file for use in your Xilinx ISE
environment for a rapid place and route check.

Signal Assignment for Optimal PCB Routing

Once you have all your programmable devices
described and pin assignments defined, you
can choose to import your connectivity infor-
mation using a netlist file, or, if you do not
have a netlist, use a table to define connectivi-
ty. Once connectivity information is defined,

ou can place your components on the “virtu-
y place y p

al PCB” and optimize them.
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Figure 6 — DRC interactive screen

As a PCB designer you probably want to
optimize your devices at the system level
for the best possible routing early in the
design phase — before completion of the
FPGA place and route — while maintaining
compliance to fundamental Xilinx DRCs

on the I/0 side. This will help you:

* Reduce PCB wire crossings, which
directly correlates to reduced via counts,
potentially reduced layer counts, and
faster routes that enable early route
studies for more what-if analyses

* Reduce SI complications and generate
higher quality signals, also from
reduced wire crossings and via counts
(vias can result in stubs at high speed
that are detrimental to edge rates)

Fall 2004



Summary of Results
Recently, a major semicon-
ductor/systems client was in
the process of developing a
new system with two Xilinx
Virtex-II™ devices of 1,704
pins each and a third at 1,152
pins, combined with a cus-
tom processor.

The client faced the fol-

lowing challenges: Figure 7a

e A team co-located in
three different cross-
country cities: the
FPGA engineer, the
hardware engineer, and
the layout engineers
were each located in
different cities.

e The fast-paced design
reached layout, but the
PCB board was not
routable.

Figure 7c

* Obviously, any changes made to get the
PCB board to route needed to comply
with the rules of the Xilinx devices.

Instead of investing several man-weeks
to fly all of the engineers to one location
and attempt to fix the problem by hand,
they called on DesignF/X to provide the
following solution:

e The FPGA engineer sent the neces-
sary Xilinx .pad files to the hardware

engineer.

e The layout engineers sent the Cadence
Allegro board file to the hardware
engineer.

* The hardware engineer imported all
files into DesignF/X and the PCB was

optimizing within hours.

* The hardware engineer then output the
updated Cadence Allegro board file and
the updated Xilinx .ucf files and sent
them back to the appropriate engineers.

* The FPGA engineer confirmed that
the new pinouts for the Xilinx parts
did not violate any Xilinx rules and
signed off on the update.
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Figure 7b

Figure 7d

Figure 7 — PCB before and after optimization, shown in Cadence Allegro and DesignF/X

Problem Viewed in Cadence Allegro

Problem Viewed in DesignF/X

Before Optimization

19,002 Wire Crossings

Figure 7a

Figure 7b

After Optimization (< 10 Minutes)

1501 Wire Crossings (92% Improvement)

Figure 7¢

Figure 7d

For the full account of this example application, visit www.prodacc.com.

* The layout engineers successfully rout-
ed the PCB board and back-annotated
the changes to the Cadence OrCAD

schematic.

The entire process took days instead of
weeks. Figure 7 shows the layout of the
three Xilinx FPGAs before and after
DesignF/X optimization. This design was
not routable for a given PCB layer count
until DesignF/X optimized the pinouts of
the three FPGAs.

Conclusion

Whether you are a logic designer, a hard-
ware engineer, a PCB layout engineer, an
engineering manager, or an FAE, you are

likely facing one or more of the issues men-
tioned in this article with complex designs.

To learn about the latest DesignF/X
features, visit the Product Acceleration
website at www.prodacc.com. To schedule
a DesignF/X demonstration, please send
an e-mail to sales@prodacc.com or call
(408) 551-0882. &

Product Acceleration is @ member of the
Cadence Connections program and the
Xilinx EDA Alliance Program. We are committed
to the best solutions possible for complex FPGA
design implementation integrated with the Cadence
Allegro Platform and Xilinx ISE software.
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SONET networks are ubiquitous in the
telecommunications industry for trans-
porting both voice and data over long dis-
tances. Standard protocols have targeted
the underlying transport layer, including
ATM for voice and data and HDLC or
PPP for data transfer. However, each of
these protocols introduces bandwidth inef-
ficiencies, as none were developed specifi-
cally to address data transport over
SONET/SDH networks.

Additionally, telecom carriers are moti-
vated to increase revenues by diversifying
the types of client traffic transported across
their networks and optimizing their band-
width utilization. This includes capturing

new market sectors such as storage area net-

works (SAN — utilizing Fibre Channel) and
emerging video on demand (utilizing
DVB-ASI). In this case, Fibre Channel
and DVB represent two specific types of
client traffic or client data as defined by
these data network protocols.

The Generic Framing Procedure (GFP)
is the first encapsulation mechanism capa-
ble of addressing this wide range of data
transport applications by supporting a suite
of client network protocols (summarized in
Table 1). GFP was introduced by the
International Telecommunication Union
(ITU) as recommendation G.7041/Y.1303,
and provides a flexible, efficient mapping of
various protocols onto a transport network.

In this article, we'll describe a flexible
suite of networking solutions that address
the needs of systems vendors deploying
metro equipment to provide these services.
Xilinx® supports applications ranging from
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Core Header

___ Core Header Options:
- Header Scrambler/De-scrambler
- CRC-16: cHEC Generate/Check/Correct
- Frame Delineation (Synchronization)

Payload Header

___ Payload Header Options:
- CRC-16: tHEC Generate/Check/Correct

Linear Extension Header
(Optional)

__ Extension Header Options:
- CRC-16: eHEC Generate/Check/Correct

Payload Area Options:
- Payload Scrambler/
De-scrambler

Payload Information Field

__ Payload Info Field Options:
- Transparent-Mapped: Assembles/
Disassembles Superblock for Transmission
- Frame-Mapped: Transmits/Receives
User Data

Frame Check Sequence (FCS)
CRC-32
(Optional)

Figure 1 — GFP core options for frame processing

a completely integrated client adaptation
with Virtex-II Pro™ devices to low-cost
protocol encapsulation with Spartan-3™
FPGAs. The multi-client protocol support
in Virtex-1I Pro and Virtex-II Pro X high-
speed RocketlO™ transceivers enables
seamless communication with protocols
operating at up to 10.3125 Gbps.
Coupling this technology with the

FRAME MAP PROTOCOLS TRANSPARENT MAP PROTOCOLS

provides a fully configurable way to imple-
ment custom solutions that can dynamical-

ly adapt in a rapidly changing environment.

The GFP Specification

The GFP uses an octet-based stream of
data that maps directly into an octet-syn-
chronous stream, such as synchronous
optical network/synchronous digital hierar-
chy (SONET/SDH). GEFP
frames are scrambled to
ensure DC balance and run-

ning disparity, and they are

delineated by using a length

field within the core header,
as shown in Figure 1.

Because the start and end

of the frame is embedded
within the GFP stream, syn-
chronization of the two GFP

Ethernet Fibre Channel
PPP Gigabit Ethernet
RPR (IEEE 802.17) ESCON
FC-BBW DVB ASI
Multiple-Access Protocol FICON
Over SDH (MAPOS)

Asynchronous FC

end—points must first occur to

Table 1 — Client network protocols supported by GFP

embedded PowerPC™ processor enables
not only client adaptation, but also real-
time control and processing capabilities
within a single FPGA.

Implemented on these platforms and
combined with a suite of additional Xilinx
intellectual property, the new GFP core
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ensure that data can be trans-
mitted. Synchronization at an
individual  end-point is
achieved by the detection of a correct CRC
over the core header, then using the length
field to point to the start of the following
frame. Once this process is successfully
repeated a programmable number of times,
the GFP stream is synchronized, and data

can be transmitted.

Some aspects of the GFP protocol are
common to all implementations. This
includes options such as frame delineation
and synchronization; CRC insertion/detec-
tion/correction; and scrambling.

In addition to the common aspects of
the GFP protocol, client-specific functions
are required to handle unique differences in
protocol mapping. This includes options
specific to the two types of client data map-
ping: frame-mapped (GFP-F) and trans-
parent-mapped (GFP-T). Table 1 lists all of
the GFP-F and GFP-T protocols support-
ed in the G.7041 specification.

GFP-F supports variable-sized packet
lengths of framed data, where one client
frame (such as an Ethernet frame) maps
directly into one GFP-F frame. This
requires a media access controller (MAC)
in the system to terminate the Layer 2 pro-
tocol. In Ethernet, for example, an
Ethernet MAC removes the preamble and
start of frame delimiter, checks the CRC,
and passes the Ethernet frame to the GFP
end-point for encapsulation.

GFP-T supports fixed-sized packet
lengths and transports block-coded constant
rate bitstreams (such as Fibre Channel,
Ethernet, or ESCON/SBCON). This gen-
erates 2 GFP frame that encapsulates block-
coded data, which contains the client
protocol 8B10B data and control (symbols)
that are mapped to 64B65B block codes.

The transparent-mapped protocol does
not require that application buffers com-
plete frames before transmission. Instead,
both data and control symbols are accumu-
lated. Eight 8B/10B symbols (plus a flag
bit) are combined to create a 64B/6G5B
block code. This block code will include
both data words and control characters.

Eight 64B/65B block codes are then
combined to create superblocks (65 bytes of
data + CRC16). Muldple superblocks are
combined to create the GFP payload, where
the number of superblocks per frame is pro-
tocol-specific (95 for Gigabit Ethernet and
13 for Fibre Channel). GFP-T does not
require MAC functionality, as it is notional-
ly transparent to the protocol transmitted.

The selection of GFP-F versus GFP-T
depends on the application and system
requirements. GFP-F provides bandwidth
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GFP SPI-4.2

Core Core

SPI-4.2 GFP

Xilinx GFP Core Supports:
End-to-End Frame Delineation (Synchronizatiion)
Client Data Frames and Client Management Frames

Multiple Channels

Frame-Mapped, Transparent-Mapped, Mixed-Mode
OC-48 and OC-192 Line Rates

Forced Transmission of Corrupted Frames
Reference Designs for Packet Buffering/Arbitration
Microprocessor Interface (PPC DCR Bus)

Figure 2 — Features supported by the Xilinx GFP IP core, enabling system solutions

Data
(Local Link I/F)

System
Interface

System Interface (to Client)

Data
(Local Link I/F)

System
Interface

Line Interface Data

(Local Link I/F)
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Host Control and (@]
Interface Status (DCR)
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Line Interface Data £
(Local Link I/F) 3
Host Control and
Interface Status (DCR)

Figure 3 — Block diagram of GFP IP MAP and UNMARP core interfaces

efficiency by ensuring that only actual data
is transmitted, whereas GFP-T transmits
all information including data, framing
codes, preamble, and idles.

GFP-F incurs higher latency through
the system, because complete frames must
be buffered before transmission. This may
imply the use of external memory, depend-
ing on the system.

GFP-T does not require complete frame
transmission, and therefore can achieve
lower system latencies. In practice, trans-
mission over long distances will incur a
latency (due to the medium) that requires
additional functionality in the client adap-
tation layer to ensure that the protocols
latency requirements are met. This is called
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“spoofing” and is critical for some client
protocols, such as Fibre Channel, where

strict latency requirements exist.

Xilinx GFP Core

Xilinx offers a GFP IP core solution that sup-
ports all of these protocols and fully imple-
ments the G.7041/Y.1303 specification
defined by the ITU-T. This includes system-
level capability of end-to-end frame delin-
eation, support for both client management
and data frames, and configuration of frame
or transparent mapping on a per-channel
basis. In addition to supporting all of the fea-
tures specified by G.7041, the Xilinx solu-
tion also provides options to facilitate
system-level integration and debugging.

With the Xilinxk CORE Generator™
tool, you can easily configure the GFP core
to support your system requirements,
selecting one of three operating modes:
frame-mapped, transparent-mapped, or
mixed mode. Mixed mode enables you to
specify on a per-channel basis whether the
channel is frame- or transparent-mapped.
You can also change the mode through the
GFP host interface.

The core also provides optional support
for linear extension headers, which can be
configured for as many as 10 unique chan-
nels. You can select an optional generic
host interface that enables you to modify
the control and status registers in real time.
Some of the key system features of the GFP
core are highlighted in Figure 2.

Using the CORE Generator system,
you can fully customize the behavior of the
core. A specific configuration determines
how the core processes frames and also
determines the resources required for
implementation. The composition of a
frame and the options provided are illus-
trated in Figure 1.

The GFP core is split into a MAP core
and an UNMAP core, as illustrated in
Figure 3. The MAP core receives client net-
work protocol data (such as Ethernet) on
the system interface, encapsulates this data,
and transmits the resulting frames on the
line interface (such as SONET).

The UNMAP core does the same
process in reverse, receiving encapsulated
data on the line interface and de-mapping
the frames to extract client network proto-
col data, which is in turn transmitted on the
system interface. The GFP core utilizes the
Xilinx LocalLink interface standard on the
line and client interfaces for direct connec-
tion to other cores and reference designs.

In frame-mapped mode, the client sup-
plies the MAP core’s system interface with
a complete data frame, which is then trans-
mitted without pause. In the transparent
mapped mode, the MAP core automatical-
ly handles underflow by inserting pad
words into the frame so that the client does
not have to provide uninterrupted frames
of data.

Each core has a host interface (a
PowerPC™ device control register [DCR]
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bus) that provides access to a bank of con-
trol and status registers. If you only require
the default control signals, you can config-
ure the core without status registers to

reduce the number of resources.

Xilinx Complete Solutions

Xilinx provides a complete and versatile
solution that allows you to configure the
FPGA for your system needs. A myriad of
applications exist for GFP, and the archi-
tecture and requirements of the system will
drive any given set of requirements.

For example, if you are utilizing a
framer that is GFP-aware, you can config-
ure the GFP core to enhance the framer by
supporting options that the framer does
not. Common examples of this include
channelization using the linear extension
header, or transparent map mode.

If the application is using a framer that
is not GFP-aware, you can configure the
GFP core to perform all GFP functional-
ity, including frame delineation and syn-
chronization, CRC, and scrambling.
Using CORE Generator software enables
you to specifically craft the implementa-
tion that meets your requirements, and
thus minimize the resource utilization of
the FPGA.

In addition to the GFP core, other
Xilinx solutions enable the implementation
of a complete system to transfer Ethernet
or Fibre Channel over SONET. Some of
these additional solutions are illustrated in
Figure 4 and described below:

¢ Configurable PCS (CPCS) Xilinx
application note XAPP739 demon-
strates how to utilize Virtex-II Pro
MGTs by providing a configurable
PCS for a suite of protocols (FC [1G,
2G], ESCON/SBCON, and GE). It
dynamically controls the PCS mode
on each port, using the PowerPC
and scales to support as many as eight
channels in both transparent and
frame map modes.

* The System Packet Interface level 4
phase 2 (SPI-4.2) IP solution provides
a fully compliant core to address the
data path connectivity between POS
(Packet Over SONET) physical layer
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PCS (XAPP739)

MAC Core
Eth
1000 Baso-X

PCS (XAPP739)

Configurable

Reference
Designs:

Fibre
Channel
RD

Configurable

Buffer
Manager
RD

MAC Core
1000 Base-X

SPI
CORE
“‘ SONET
Framer
SPI-4.2
SPI-4.2 Lite
SPI-3

Figure 4 — A GFP application example of Ethernet over SONET and FC over SONET

devices and link layer devices in net-
working and communications systems.
The SPI-4.2 core offers support for a
resource-optimized OC-48 (2.5 Gbps)
interface and a high-performance
(greater than 14 Gbps) interface to
connect network processors with OC-
192 framers and mappers, as well as
gigabit and 10 Gigabit Ethernet data-
link MACs.

The 1GE MAC IP core solution pro-
vides a half- and full-duplex 1 Gbps
MAC controller designed to IEEE
802.3-2002. The MAC core performs
the link function of the Gigabit
Ethernet standard. The core can inter-
face to an off-chip PHY using the
core’s gigabit media independent inter-
face (GMII). Alternatively, it can be
delivered with an integrated
1000BASE-X PCS with a ten-bit inter-
face (TBI), or a 1000BASE-X PCS and
PMA using the integrated RocketIO
transceiver in Virtex-II Pro devices.

The buffer manager reference design
demonstrates how to interface to exter-

nal DDR-RAM to buffer data on a
per-channel basis.

The Fibre Channel reference design
demonstrates some of the specific
requirements for transmitting Fibre
Channel over a SONET/SDH network
outside of the GFP specification. This

includes an example flow control

mechanism that address the latency-
sensitive Fibre Channel requirements.

* Xilinx reference design XAPP695
demonstrates an example sub-system
integration in Virtex-II Pro devices
for a multi-channel Gigabit Ethernet
to SPI-4.2, complete with PowerPC
control plane. This topic was covered
in the Summer 2004 issue of the
Xcell Journal, in the article, “Ethernet
Aggregation of GFP Framing in
Virtex-1I Pro.” The design does not
include the core described here.

Conclusion
The Virtex-II Pro family of FPGAs pro-
vides a powerful, flexible platform for
implementing networking solutions. The
high-speed serial MGTs and PowerPC,
combined with proven IP cores and refer-
ence designs, provide pre-verified solutions
for managing and transporting a wide vari-
ety of data protocols.

The ITU-T GFP specification provides
a flexible and efficient mapping of these
data protocols onto a transport network.
Using Xilinx Virtex-II Pro FPGAs com-
bined with the GFP core, you can quickly
and reliably apply this new technology to
your SONET/SDH systems and imple-
ment a solution crafted to address your spe-
cific system requirements. For more
information, visit www.xilinx.com/products/
design_resources/conn_centrallindex.htm. &
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Designing Next-Generation

by Narinder Lall

Senior Manager, DSP Product and Solutions Marketing
Xilinx, Inc.

narinder.lall@xilinx.com

The demands of next-generation wireless
infrastructures require system designers to
address not only processing bottlenecks but
connectivity bottlenecks. Xilinx® FPGAs
provide the ideal mix of high-performance
DSP to handle the most demanding chip-
rate and radio algorithms and serial MGTs,
addressing high-speed connectivity and
interoperability challenges.

Tomorrow’s wireless infrastructure
equipment designers will face an increase
in algorithmic complexity and data rate
brought on by the convergence of data,
video, and voice. Solutions based on dis-
crete devices such as microprocessors,
DSPs, and transceivers provide tremen-
dous headaches related to interoperability
and latency, and can quickly drive up both
cost and power per channel.

An FPGA-centric approach that com-
bines Xilinx high-performance DSP capa-
bility and serial RapidlO™ (SRIO) will
help alleviate some of these system per-
formance bottlenecks and provide an inte-
grated solution that better meets
economic and energy constraints. In addi-
tion, an FPGA-centric approach allows
you the flexibility to recover from mis-
takes and make hardware changes even
after system deployment, thereby reduc-

ing overall design risk.
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An FPGA-centric approach
using XtremeDSP and
\serial Rapidl0 solutions.

The DSP Industry Embraces SRIO

Figure 1 shows that in the late 1990s, GSM
systems that provided voice communica-
tions only supported terminal data rates
below 10 kbps. In contrast, W-CDMA sys-
tems, which started rolling out in 2002,
needed to support voice, data, and video,
and hence used 2 Mbps data rates. Future
systems such as W-CDMA (HSDPA) and
CDMA2000 (1xEV-DO and DV) will use
data rates greater than 2 Mbps.

Designers have implemented ASICs —
and more increasingly FPGAs — in wireless
systems to handle digital radio (modula-
tion/demodulation, DDC/DUC) and high-
chip-rate processing. FPGAs exploit parallel

processing techniques through hard-wired

embedded multipliers and provide you with
the flexibility to make algorithmic changes
even after system deployment, saving mil-
lions in maintenance or field upgrade costs.

Second, the need to transport such high
information packets presents new connectiv-
ity challenges. Traditional buses are fast run-
ning out of bandwidth. Wide parallel buses
are becoming too complicated to design and
increasingly difficult to scale. As serial I/O
technology begins to mature, wireless infra-
structure equipment designers are looking
towards system interconnect architectures
based on MGTs to handle their transport
problems. This gives rise to potential chip-
to-chip and board-to-board interoperability
headaches for system designers.

Wireless LANs

GSM GPRS | EDGE HSDPA EEE 802.11
9.6 kbps 384 kbps /4 TS IEEE 802.16
W-CDMA |——*™
TDMA 2 Mbps
9.6 kbps TD-SCDMA |——
1xEV-DO
2.4 Mbps \
IS95a/b 1XRTT 3xRTT
14.4-64 kbps 153 kbps \ /
1XEV-DV
>2.4 Mbps
2G 2.5G 3.5G 4G
Current Being Deployed  Development Future
Figure 1 — Mobile technology roadmap
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What is encouraging is that
leading DSP IC suppliers that
supply chip-rate and symbol-
rate processing solutions (such \r

Demodulation, DDC
RF and Chip Rate
SRIO
Switching

Symbol Rate

SRIO

as Texas Instruments™,
Motorola™, and Xilinx) are at
the forefront of the SRIO revo-
lution and are keen to address
connectivity and interoperabili-
ty challenges in next-generation
wireless infrastructure systems.

DSP processor vendors are

projected not to start sampling
products for some time, but as a
system designer, you can start
your development today using
Xilinx Virtex-II Pro™ FPGAs,
which incorporate high-perform-
ance DSP capability, SRIO connectivity, and
even control functions through embedded
PowerPC™ 405 processors.

As chip-rate processors, FPGAs provide
an ideal complement to DSP processors,
which have traditionally been used for
lower sample- and symbol-rate processing.

SRIO Benefits Using Virtex-1l Pro FPGAs
Serial RapidIO technology using Virtex-1I
Pro FPGAs provides a number of benefits to

wireless infrastructure equipment designers:

* High-performance throughput
provides the necessary bandwidth
to cope with next-generation data

transport needs.

*IP Core
— Implemented in a Standard
Virtex-1l Pro FPGA

« Fully Compliant with RapidlO
Interconnect Specification v1.2
Including Errata 1

— Implements All Three Layers

110
User Logical & e
Logic HTransport ==l Module |7 Module

Layer

Physical \——/

RapidlO
Fabric

Register Manager

Figure 2 — Serial RapidlO usage example in wireless infrastructure

* Lower complexity software and an ability
to complete peer-to-peer transactions
simplifies systems. In addition, it also
provides a well-defined mechanism for

congestion control.

* A flexible, low-risk solution offers scala-
ble bandwidth options for future
demands and fast time to market.

* With many DSP and other system IC
(microprocessor, ASIC) vendors commit-
ting to SRIO, designers will have archi-
tectural flexibility. Virtex-II Pro FPGAs
can provide interoperability security.

* Lower system cost through the use of a
small silicon footprint and high band-

\VIRTEX-II
vF’RO

width efficiency.

RocketlO

Implementation in a 2VP50
* 17% Utlization
* One RocketlO Transceiver

Figure 3 — Xilinx Serial RapidIO endpoint
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Combining Xilinx XtremeDSP
and SRIO Technology

The availability of SRIO-based
ASICs, FPGAs, and DSPs gives
you a number of options for

implementing your wireless
infrastructure systems. One such
implementation could use a
Virtex-II Pro FPGA solely as a

central switch between chip and

Backplane

symbol-rate devices.

A more integrated option
(shown in Figure 2), based on
distributing the switching to
multiple Virtex-II Pro devices
that can also handle high-per-
formance DSP for multi-chan-
nel radio and chip-rate
processing, provides a more integrated,
cost-effective approach.

Xilinx high-performance DSP capabili-
ty lies at the heart of much of today’s sec-
ond- and third-generation wireless
infrastructure equipment. In addition to
hundreds of 18 x 18 embedded multipli-
ers for implementing custom algorithms,
you can also use Xilinx DSP IP cores for
demanding functions such as digital
up/down conversion and forward error
correction (such as 3GPP2 TCC, TPC
decoding, and Viterbi decoding). You can
Xilinx
by visiting

find out more about the
XtremeDSP™

www.xilinx.com/dsp/.

solution

Conclusion

With the addition of SRIO technology,
Xilinx Virtex-1I Pro FPGAs provide system
designers with another means to further
enhance system throughput, lower cost-
per-channel, and retain the flexibility of an
FPGA-centric solution.

Figure 3 shows that the Xilinx Serial
RapidIO IP core provides a complete end-
point solution comprising transport, logi-
cal, and physical layers, and also complies
with Revision 1.2 of the specification,
including Errata 1. It supports all recovery
mechanisms: packet retry, stomp, link
request, and CRC.

For more information on the Xilinx Serial
RapidIO
rapidiol. &

core, visit www.xilinx.com/
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Meeting Interoperability Standards

The University of New Hampshire InterOperability Lab completes
conformance testing for the Xilinx Etheret family.

by Sam Sanyal

Solutions Marketing Manager
Xilinx, Inc.
sam.sanyal@xilinx.com

Conformance tests are one of the most
important items for embedded platforms like
the Xilinx® Virtex™ and Spartan™ family
of FPGAs. As these platforms are built on
multiple building blocks, using standards-
based technology that is independently test-
ed addresses key issues such as accelerated
time to market and interoperability. Getting
Xilinx products tested also demonstrates our
commitment to the technology.

Xilinx is the first FPGA vendor in the
industry to meet the University of New
Hampshire (UNH) IEEE 802.3 standard
for Xilinx 10/100, 1 Gbps, and 10 Gbps
MAC conformance tests. The UNH
InterOperability Lab (IOL) tests are key in
establishing our product line, winning
designs, and building customer confidence.

Adhering to standards and undergoing
testing by reputable organizations like the
UNH IOL ensures interoperability between
systems, networks, and applications.
Because enterprises have the flexibility to
choose best-in-class solutions, conformance

testing fosters competition and innovation

between solution providers.
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A successful UNH conformance test is a confidence builder that
ensures project success in the shortest possible development time.

Why UNH 10L Conformance?

The UNH IOL has the longest history of
fostering interoperability and conformance
in connectivity technologies. Through
their independent testing methodology
and relationships with major corporations
and industry engineers, numerous compa-
nies have refined their technologies and
extended their products’ compatibility.

Specification standards are established
in the hope that products from different
vendors can interoperate with each other;
for example, that two Ethernet cards pur-
chased from two different vendors will
communicate. This enables you to choose
the system that best meets your needs for
each application.

In the past, some vendors made claims
of interoperability that were not quite
achieved. However, this is not the case any-
more; a number of vendors have successful-
ly tested interoperability together at the
UNH IOL. The limitations are better
addressed through their tests.

A successful UNH conformance test is
a confidence builder that ensures project
success in the shortest possible develop-

ment time.

The UNH IOL features:

* A neutral environment. A win-win sit-
uation for everyone involved, neutrali-
ty is achieved by using standard test
beds, methodologies, and tools.

Industry involvement. The IOLs par-
ticipation in various trade associations
and standards organizations keeps the
lab appraised of the latest develop-
ments in technology. In turn, the IOL
effects positive change in standards
organizations by providing technical
contributions, editorial assistance, veri-
fication, and feedback during standards
development.

Enhanced image and visibility.
The UNH IOL testing consortium’s
relationship with industry leaders
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(Cisco Systems™, Broadcom™,
Cadence™, Dell™ HP™,
Conexant™, Brocade™, and
3Com™) works as an indirect
advertising tool for your products.

* Excellence in testing services. Through
industry-recognized standardized and
custom test suites, expertise, advanced
testing facilities and equipment, open
and widely reviewed testing procedures
for both conformance and interoper-
ability testing creates confidence in
your product with plug-and-play capa-
bility in a heterogeneous network.

Test Routines

Many more tests are available from the
UNH IOL, but the tests listed here were
performed on Xilinx devices.

Tests Configuration for 10/100
MAC conformance testing included the
following test suites:

¢ Collision Detect/Enforcement Test

(Half Duplex)

¢ Collision Detection Timing Sensitivity

Test (Half Duplex)

e Late Collision Detection Test (Half
Duplex Only)

* Retransmission Attempt Limit Test

(Half Duplex Only)

¢ Collision Backoff Algorithm (Half
Duplex Only)

* No Collision Test (Full Duplex Only)
* FCS Error Test

e Alignment Error Test

e Fragment/Runt Test

* Large Frame Test

e Jabber Frame Test

* Received Preamble Test

e Start of Frame Delimiter Test

* Frame Length Test

* Minimum Received Inter-Frame Gap

* Transmit Preamble Test

* Minimum Transmitted Inter-Frame Gap

e Defer to Carrier Sense While Frame
Waiting

¢ Deference after Collision

* Do Not Defer Test (Full Duplex)

Flow control conformance testing
included the following test suites:

e Receive PAUSE Frame with Zero
pause_time

¢ Receive PAUSE Frame with Non-Zero

pause_time
* Resume Transmission
¢ Discard Invalid PAUSE Frames

¢ Receive JUMBO MAC Control
PAUSE Frames

¢ Receive RUNT MAC Control PAUSE

Frames

¢ Receive MAC Control PAUSE Frames
with Incorrect CRC

e PAUSE Frame Transmission

PCS conformance testing included the

following test suites:
* End of Stream Delimiter Test
* Invalid Data Symbol Test
* False Carrier Detect

Figure 1 shows a block diagram of the
test setup of an Insight Virtex-II™ (DS-
BD-V2MB1000) board with a P160 com-
munications module (DS-BD-MBEXF1).

Tests Configuration for 1 Gbps

The Figure 2 block diagram of the test
design based on the ML320 platform
makes use of the PowerPC™ processor in

Virtex-II Pro™ devices as well as an inter-
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nally developed asynchronous FIFO and
with firmware developed in C.
MAC conformance testing included the

following nine test suites:
¢ Frame with FCS Errors
e Fragments and Runts
e Transmit Proper SFD and Preamble
¢ Receive Variable Preamble
¢ Does Not Defer
¢ No Collisions
* No Extension
* No Bursting

e Transmission of Minimum Inter-

Frame Gap

Flow control conformance testing
included the following five test suites:

¢ Receive PAUSE Frame with Zero

pause_time

¢ Receive PAUSE Frame with Non-Zero
pause_time

® Resume Transmission
¢ Receive PAUSE Frames of Incorrect Size
e PAUSE Frame Transmission

The UNH IOL also performed PCS,
Auto-Negotiation, and Point-to-Point

Interoperability tests.

Tests Configuration for 10 Gbps
The UNH IOL performs MAC tests on
the frame reception and frame transmis-
sion. The frame reception tests cover MAC
operations specific to reception of frames,
designed to verify that the device under
test (DUT) properly receives valid frames,
discards frames with errors, and reports
these errors if possible. The test setup was
done according to the block diagram
shown in Figure 3.

The UNH IOL performed these specif-
ic tests on the Xilinx DUT:

¢ Frames Greater than Max Frame Size

e Frames with Length Errors

¢ Receive All Frame Sizes 64-1518 (or
1,522) Bytes
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Figure 1 — Tests Configuration for 10/100
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Figure 2 — Tests Configuration for 1 Gbps

The frame transmission tests cover
MAC operations specific to the transmis-
sion of MAC frames, designed to verify
that the DUT transmits properly formed
MAC frames.

They also performed these specific tests
on the DUT:

e Transmit Proper Length within the
Length/Type Field

* Compute and Transmit Proper CRC

¢ Transmission of Minimum Inter-Frame

Gap

Figure 3 shows the setup used through-
out the testing process. An arbitrary wave-
form generator (AWG) is used to generate

the required clock signals. A PC communi-
cated with the testing station using
National Instruments™ LabView soft-
ware, to download firmware for the DUT
and access Xilinx ChipScope™ embedded
logic analyzers.

The XGMII interface of the DUT was
used to provide access below the MAC
layer in all test cases. Using multiple
ChipScope embedded logic analyzers for
bus monitoring and a transmit frame gen-
erator module obtained access above the
MAC layer.

Reconciliation  sublayer tests are
designed to verify that the DUT reacts
propetly to the receipt of data, both valid
and invalid, at the reconciliation sublayer.
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Figure 3 — Tests Configuration for 10 Gbps

The UNH IOL performed these specific
tests on the DUT:

e Start Control Character Creation and
Alignment

* Reception of Start Control Character
* Reception of Preamble and SFD

* Reception of Terminate Control
Character

* Assertion of DATA_VALID_STATUS

* Reception of /E/ during
DATA_VALID_STATUS

* Continuous Reception of Fault
Sequences

* Reception of Identical Fault Sequences

* Reception of Non-Identical Fault

Sequences

* Setting of col_cnt

The Value Proposition

Xilinx is the industry’s only FPGA vendor
that has its complete Ethernet IP product
family neutrally tested to IEEE 802.3 stan-
dards conformance and interoperability.
These tests on the Ethernet IP product fam-
ily of 10/100, 1 Gbps, and 10 Gbps speeds

ensure the following value proposition:

* Proven interoperability with industry-
standard equipment

Fall 2004

* Reduced hardware testing burden for cus-

tomers

* First-time design success and seamless
operation (such as plug-and-play)

This invaluable approval builds customer
confidence with low risk and accelerated time
to market, while conformance testing also

shows the company’s commitment to quality.

Conclusion

Understanding interoperability is the key to
market  acceptance and  opportunity.
Interoperability means plug-and-play opera-
tion that works within your environment and
application, independent of who provided the
product.

The UNH IOL Consortium acts as an
extension of research and development labs,
helping members test their products for con-
formance to industry standards and interoper-
ability between devices from different
manufacturers.

Xilinx is the only FPGA vendor to success-
fully bring the complete Ethernet solution to
the market with the certification of the UNH
IOL. With proven interoperability, you can
confidently built a system for first-time design
success, meet your design goals, and accelerate
time to market instead of worrying about the
underlying infrastructure.

For more information, visit www.xilinx.com/

systemiolinterop.index.hrm. &

Xilinx Events
and Tradeshows

Xilinx participates in numerous

trade shows and events throughout

the year. This is a perfect opportunity

to meet our silicon and software experts,

ask questions, see demonstrations of new

products and technologies, and hear

other customers’ success stories with

Xilinx products.For more information

and the most up-to-date schedule, visit
www.xilinx.com/events/.

Worldwide Events Schedule

North America
July 20-21
September 14
September 14-15
September 27-30
October 18
October 18-20

Evrope
17 July

6 October

20 October
Asia Pacific
13 August

16 August

18 August

20 August
24 August
2 September

Japan
26-27 August

31 August

Nuclear and Space Radiation Effects
Conference (NSREC)

Atlanta, GA

Mentor Graphics EDA Tech Forum
Ottawa, ON

Embedded Systems Conference
Boston, MA

Global Signal Processing Expo (GSPx)
Santa Clara, CA

Mentor Graphics EDA Tech Forum

San Jose, (A

Convergence
Detroit, MI

Mentor Graphics EDA Tech Forum
Munich, Germany

Mentor Graphics EDA Tech Forum
Reading, UK

Boundary-scan Design For Test (DFT)
European Seminar Series
Frankfurt, Germany

Mentor Graphics EDA Tech Forum
Shanghai, China

Mentor Graphics EDA Tech Forum
Beijing, China

Mentor Graphics EDA Tech Forum
Singapore

Mentor Graphics EDA Tech Forum
Bangalore, India

Mentor Graphics EDA Tech Forum
Hsin Chu, Taiwan

Mentor Graphics EDA Tech Forum
Seoul, South Korea

Mentor Graphics EDA Tech Forum
Tokyo

Mentor Graphics EDA Tech Forum |
Kyoto
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Xilinx Alliance EDA
Members and Products

AccelChip

www.accelchip.com

High-level synthesis tools that read
MATLAB and output RTL

Alatek

www.alatek.com
Hardware acceleration (HES)

Altium
www.altium.com/nexar/

Low cost, system level tool for targeting
Spartan™ series FPGAs

Ansoft

www.ansoft.com

High-frequency products for system analy-
sis, circuit design, and electromagnetic sim-

ulation (Ansoft Designer™, HFSS™)
Apache Design

www.apache-da.com

HSPICE®-compatible simulator using actu-
al S-parameter data (NSPICE) for Virtex-1I
Pro™ MGT-based PCB design

Aptix
www.aptix.com

ASIC emulation (Prototype Studio™)

Atrenta

www.atrenta.com/partners/

index. htm#xilinx

RTL Linter technology for Virtex™-II and
Virtex-1I Pro FPGAs (SpyGlass®)

Auspy

www.auspy.com

FPGA partition (APS II) and ASIC emula-
tion (ACE Compiler)

Cadence Design Systems

www.cadence.com

Virtex-1I Pro MGT support for high-speed
PCB design (Allegro® PCB SI); NCSim
family for FPGA design simulation; NC-
Protect support for Xilinx EDK IPs
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Celoxica

www.celoxica.com

C-level design creation, compilation, and
verification for Virtex-II™ and Virtex-1I

Pro FPGAs

Endeavor
www.endeav.com
Co-verification for Virtex-II Pro

(CoSimple™)
EVE

www.eve-team.com
RTL-level simulator accelerator (ZEBU)

Forte Design

www.forteds.com

HLL compiler to RTL (Cynthesizer); tim-
ing specification and analysis tool
(TimingDesigner)

MAGMA

www.magma-da.com
Architecture-specific synthesis and layout
optimization for Virtex-1I series FPGAs
(PALACE™ and Blast FPGA™)

The MathWorks

www.mathworks.com

System-level design tools for FPGA and
processor-based signal processing systems

Mentor Graphics

www.mentor.com

Virtex-II Pro MGT support for high-speed
PCB design (HyperLynx™, ICX™,
Tau™); complete FPGA design flow using
the ModelSim® family of simulators and
Precision® RTL and Precision Physical syn-
thesis; Seamless® co-verification support for
Virtex-1I Pro; FPGA symbol generation for
fast PCB design iterations for Virtex-II and
Virtex-II Pro FPGAs (I0 Designer)

Novilit

www.novilit.com

Design partitioning using ISE EDK
(AnyWare) for Virtex-II and Virtex-II Pro
FPGAs

Product Acceleration Inc.
www.prodacc.com

FPGA symbol generation
(LiveComponent™); automated pin
assignment optimization for PCB layer
and via count control (DesignF/X)

Simucad
www.simucad.com

Verilog simulator for FPGAs (Silos)
Synopsys

WWw.synopsys.com

Virtex-II Pro multi-gigabit transceiver
support for high-speed PCB design
(HSPICE); DC FPGA RTL synthesis for
Virtex series and Spartan-3™ family
FPGAs; VCS™(MX)/Scirocco™ (MX)
simulators; Formality® formal verifica-
tion, LEDA® RTL linter, and
PrimeTime™ static timing analysis

Synplicity

www.synplicity.com

RTL synthesis (Synplify®), RTL level
debugger (Identify™), physical synthesis
(Amplify®), and ASIC prototyping
(Certify®) for Xilinx FPGAs

Impulse C

www.impulsec.com

C language hardware/software co-develop-
ment tool for Xilinx FPGAs
(CoDeveloper™)

Summit Design

www.summit-design.com

Capture and verify designs in C/C++ or
SystemC (Visual Elite™)

ProDesign
www.uchipit.com/celindex.htm
FPGA prototyping system (CHIPit™)
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Xilinx AllianceCORE Third-Party
IP Providers and Products

4i2i Communications Ltd.
www.412i.com
Video coding, modems (OFDM), error

correction

Amirix Systems, Inc.
www.amirix.com
Embedded systems

Amphion Semiconductor, Ltd.
www.amphion.com

DSP, wireless communications, and multi-
media cores

Avnet Design Services
www.ads.avnet.com
Strong-ARM to PCI bridge, SDRAM

controller

Barco-Silex

www. barco-silex.com

DSP cores, with a specialization in
image-audio applications

Calyptech Design Services
www.calyptech.com

Packet over SONET, ATM, xDSL
CAST, Inc.

www.cast-inc.com

General-purpose IP for processors, peripher-
als, multimedia, networking, encryption,
serial communications, and bus interfaces

Crosshow Technologies, Inc.
www.crossbowip.com

System Interconnect IP for on-chip and
chip-to-chip multiprocessing

Deltatec S.A.

www.deltatec.be/

IP and services for digital imaging, DSP,
multimedia, PCI, and datacom

Derivation Systems, Inc.
wwuw.derivation.com

IP cores for high-assurance hardware/soft-
ware applications and embedded systems
products; 32-bit Java processor core

Digital Communications Technologies, Ltd.
www.dctl.com
Embedded Java solutions

Digital Core Design

www.dcd.pl

Microprocessor, microcontroller, floating
point, and serial communication con-
troller cores
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Dolphin Integration
www.dolphin-integration.com

Bus interface, processor, peripheral, and
DSP cores; EDA software

Duma Video, Inc.

www.dumavideo.com

Digital video, AES/EBU audio, MPEG
and DCT cores; real-time MPEG-2 HD

and SD compression

elnfochips Pvt. Ltd.
www.einfochips.com
PCI, USB, 80186, multimedia, and

wireless cores

Eureka Technology

wwuw.eurekatech.com

Silicon-proven IP for CPU interface, PCI,
PCMCIA, memory control, and other
peripheral functions for SoC designs

GDA Technologies, Inc.
www.gdatech.com
Hypertransport, PCI, Ethernet, design

services

HCL Technologies, Ltd.
www.heltechnologies.com

IT services and product engineering
companies with a focus on technology
and R&D outsourcing

Helion Technology Limited
wwuw.heliontech.com

Encryption and DSP algorithms;
design services

iCoding Technology, Inc.
www.icoding.com

Turbo Code-related error correction
products including system design

Intelliga Integrated Design, Ltd.
www.intelliga.co.uk

Digital automotive networks, embedded
serial communications, microcontroller

design

Loarant Corporation
www.loarant.com

Proprietary 16-bit RISC CPU;
embedded system design

MEET Ltd.

www.meet-electronics.com

IP cores dedicated to industrial servo
motor control

Memec Design

www.memeccore.com

Peripheral, bus interfaces, encryption and
communications cores

PAGES

ModelWare, Inc.

www.modelware.com
Datacom/telecom cores including ATM,

HDLC, POS, IMA, UTOPIA, and bridges
NewLogic Technologies AG

www.newlogic.com
Cores for wireless applications including
Bluetooth and 802.11

Northwest Logic
www.nwlogic.com
Networking, digital video, embedded

computing

Paxonet Communications, Inc.
www.paxonet.com

Solutions for interworking metro
networking technologies to SONET

Pentek, Inc.

wwuw.pentek.com

FPGA IP cores including FFTs, digital
receivers, and pulse compressions algo-
rithms; DSP, data acquisition, software
radio boards, and system solutions

Phystream Ltd.

www.phystream.com

Integrated hardware/software data
processing systems, transmission (PDH,
SDH, SONET), ATM, frame relay, LAN
(Ethernet, FDDI), multiservice, wireless
protocols

Pinpoint Solutions, Inc.
www.asic-design.com

Standards-based telecom and datacom IP;
video

QinetiQ Limited
www.quixilica.com

Floating point cores, FPU for
MicroBlaze™

RealFast Intellectval Property AB
www.realfast.se

Real-time systems and RTOS; operating
system cores

Robert Bosch GmbH
www.can. bosch.com
Automotive; CAN

Roman-Jones, Inc.

www.roman-jones.com

Design services: data acquisition, micro-
processors (embedded and off-chip), auto-
motive, PCI, analog design, DSP, video

SoC Solutions, LLC

www.socsolutions.com

Embedded pP and software; networking,
wireless, audio, GPS and handheld;
peripheral cores
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SysOnChip, Inc.
www.sysonchip.co.kr/

IP and products for CDMA
cellular/PCS/WLL modem, FEC
and Bluetooth

Tensilica, Inc.

wwuw.tensilica.com

Configurable processors cores and
development tools

TurboConcept
www.turboconcept.com

Turbo code forward error correction
solutions

Xylon d.o.0.

www.logicbricks.com

Human-machine interfaces and industrial
communication controllers; video

Zuken, Inc.

www.zuken.co.jp/soc/

PCI2.2,10/100 Ethernet and Gigabit
Ethernet cores

PARTNER YELLOW

Reference Design Partners

The Xilinx Reference Design Alliance
Program builds partnerships with industry-
leading semiconductor manufacturers to
develop reference designs for accelerating
our customer’s product and system time to
market. The goal is to build a library of
high-quality, multicomponent system-level
reference designs in the areas of networking,
communications, image and video
processing, DSP, and emerging technolo-
gies and markets.

Agere Systems
www.ager e.com

AMCC

www.amcc.com

Analog Devices
www.analog.com

Bay MicroSystems
wwuw. ba_ymicrosystems. com

Features
» TMS320C6416 DSP
» 105 MHz, 14 bit 2 Ch. Analog 1/0
> 32 MB RAM
» 6 Million gate Virtex Il FPGA
> 32/64-bit cPCl bus
» PMCexpansion site
> STAR Fabric interface

Get your data sheets now!
www.innovative-dsp.com/quixote

sales@innovative-dsp.com
805.520.3300 phone * 805.579.1730 fax

Complete Software
Radio Solutionon a
single 6U card

Quixote

Innovative
Integration

. real time solutions!
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BitBlitz Communications
www. bitblitz.com

Broadcom Corp.
www. broadcom.com

Centillivm
www.centillium.com

Cypress Semiconductor
wwuw. 6:)777‘855. com

IBM Microelectronics
www.ibm.com/us/

IDT

www.idt.com

Ignis Optics

WWW.ignis-optics.com

Infineon Technologies AG
www.infineontechnologies.com

Intel Corporation
developer.intel.com/design/network/

Intrinsity
www.intrinsity.com/home.htm

Micron Technology

www.micron.com

Motorola
www.motorola.com

National Semiconductor Corporation
www.national.com

NetLogic Microsystems, Inc.
www.netlogicmicro.com

Octasic Semiconductor
www.octasic.com

PMC-Sierra Inc.

www.pme-sierra.com/index.html

Samsung Semiconductor, Inc.
wwuw. usa.samsungsemi. com

SiberCore Technologies
www.sibercore. com

Texas Instruments
www.ti.com

TransSwitch Coporation
www.transwitch.com/index_flash.jsp

Vitesse
wwuw.vitesse.com

ZettaCom
wwuw.zettacom.com
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XPERTS Partners

3T BV

www.3Tnl/

Design services; measurement instruments;
fail-safe controlling; medical equipment,
communication, and computer peripherals

Accent S.r.l.

www.Accent.it/

Complex FPGAs; SoCs; PowerPCs™;
IP platforms; software, PCB, and IC

foundry services, from concept to silicon

ADI Engineering
www.adiengineering. com

Reference designs; custom designs; design
services focused on Intel IXA and XScale™

Advanced Electronic Designs, Inc.
www.aedbozeman.com

Design services and manufacturing support;
hardware and software design for embedded

systems

Advanced Principles Group, Inc.
www.advancedprinciples.com

Design services and consulting; software
algorithm acceleration and application-
specific computing systems

Alpha Data

www.alpha-data.com

PCI/PMC/CPCI FPGA boards; embedded
applications using HDL or System
Generator methodologies

AMIRIX Systems Inc.

WWW.amirix.com

Design services for electronic product
realization; high-performance digital boards;
programmable logic; embedded software

Andraka Consulting Group, Inc.
www.andraka.com

Exclusively FPGAs for DSP since 1994;
applications include radar, sonar, digital
communications, imaging, and video

Array Electronics

www.array-electronics.de/
SoC/FPGA/PCB designs in telecom,
industrial, and DSPs; concepts; verification;
prototypes; cores
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Avnet Design Services
wwuw.ads.avnet.com

Embedded processing FPGA design
services; Virtex-II Pro; high-speed
SERDES; IP core integration; timing
closure; RLDRAM; RapidIO™

Baranti Group Inc.

www.baranti.com

Award-winning design/manufacturing firm;
expertise in digital video, FPGAs

Barco Silex

www.barco-silex.com

Total solutions consisting of IR, FPGA,
and board design

Benchmark Electronics Inc.

www.bench.com

EMS/JDM team; product design, support,
introduction, and launch into volume
production

Birger Engineering, Inc.

www.birger.com

Development of algorithms, electronics,
and systems for digital imaging

BitSim AB

www. bitsim.com

Design services; DSP, video, 3G, and
WLAN designs; high-speed prototyping
boards

Bottom Line Technologies Inc.
www.bltinc.com

FPGA, product, and system design services;
networking; data communications;
telecommunications; video; PCI; signal
processing; defense; aerospace

CES Design Services @ Siemens Program
and System Engineering
www.ces-designservices.com
Platform-oriented SoC/FPGA/PCB and
firmware design in telecom, industrial, and
video processing; customized solutions;
concept; verification; prototypes

CG-CoreEl Programmable Solutions P. Ltd.
www.cg-coreel.com

Design services; telecom, networking, and
processor IP and designs; turnkey FPGA;
RTL design/validation

Chess iT/Embedded

www.chess.nl/

Embedded hardware and software design of
products and services at the chip, board,
and system level

PAGES

Colorado Electronic Product Design, Inc.
www.cepdine.com

Designing embedded systems with
FPGAs for DSP; interfaces for medical,
consumer, acrospace, and military

Comit Systems, Inc.

www.comit.com

High-end FPGA/SoC design services,
including the integration of customer-

developed and third-party IP

ControlNet India Pvt Ltd.
www.controlnetindia.com

ASIC/SoC Analog/RF FPGA design
services; IP development; domains:
Ethernet, IEEE1394, USB, security, PCI,
WLAN, Infiniband

Convergent Design LLC
www.convergent-design.com
Audio/video design for professional/
consumer products

DATA Respons ASA

www.datarespons.com

Professional design and development
services for embedded hardware/software
solutions; FPGA/digital hardware applica-
tion specialists

Deltatec International Inc.
wwuw.deltatec.be/

Design services; digital imaging applica-
tions; broadcast video, image processing,
and image synthesis

Digicom Answers Pty. Ltd.
www.fpga.com.au/

Design services; experienced FPGA
resources; design-on-demand; pre-design
advice; reviews and problem solving

Digital Design Corporation (DDC)
www.digidescorp.com

Design services and products; image pro-
cessing; video; communications; DSP;
audio; automotive; controls; interfaces

Dillon Engineering, Inc.
www.dilloneng.com

Design services; FPGA-based DSP
algorithms; high-bandwidth, real-

time digital signal and image processing
applications
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DRS Tactical Systems West Inc.

(formally Catalina Research)
www.catalinaresearch.com

Design services; FPGAs for DSP, including
the manufacturer of Virtex reconfigurable
computing boards

Eden Networks, Inc.
www.edennetworks.com

Turnkey design services; telecom and net-
working designs (Ethernet, SONET, ATM,
VoIP)

Edgewood Technologies, LLC
www.edgewoodtechnologies.com

Design services; FPGAs for telecom, DSB,
embedded processors

Enea Data AB

www.enea.se/

Telecommunication, data communication,
DSP, RTOS, automotive, defense, high-

reliability, and consumer electronics design

Enterpoint Ltd.

www.enterpoint.co.uk/

Design services; development boards; video,
telecommunications, military, and high-
speed design

ESD Inc.

wwuw.esdnet.com

Design services; FPGAs for embedded
systems, software/hardware design, PCB
layout

Evatronix S.A.

www.evatronix.pl/

Design services; FPGA design (Virtex,
Virtex-E, Spartan-1II); embedded systems;
SoC and SoPC designs

Evermore Systems Inc.
WWW.evermoresystems.com

Design services; FPGA designs for commu-
nications, audio/video, wireless, and home
networking

Exalinx

www.exalinx.com

Design services; ASIC emulation for high-
speed communications and wireless applica-
tions; reference designs

Fidus Systems Inc.

www.fidus.cal

Design services; FPGAs; communications;
video; DSP; interface conversions; ASIC
verification; hardware; PCB layout; soft-

ware; SI/EMC
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First Principles Technology, Inc.
www.[ptek.com

Design/assembly/test services; FPGA +
PCB + DSP/processor + system; imaging;
video; test; satellite telecom; control

Flexibilis Oy
www.flexibilis.com
IP development; FPGA design services;

Linux™ device drivers

Flextronics Design
www.flextronics.com/design/

Complete product design and development
services for high-speed communications;
reconfigurable computing; imaging;
audio/video; military

GDA Technologies, Inc.
www.gdatech.com

A leading services company focused on
designing systems, SoC, ASIC, FPGA,
and IP

HCL Technologies

www.hcltech.com

High-speed board, ASIC, and FPGA
design and verification services in avionics,
medical, networking/telecom, and
consumer electronics

Helion Technology Limited
www. heliontech.com

Design services and IP for FPGA with a
focus on data security, wireless, and DSP

IDERS Inc.

wwuw.iders.cal

Contract electronic engineering and EMS
resource, providing complete product cycles
ranging from specifications to production

Image Technology Laboratory Corporation
www.gazogiken.co.jp/

Design services; FPGAs for image process-
ing; design tools: EDK, System Generator,
and Forge

Innovative Computer Technology
ictconn.com

Digital, analog, Xilinx FPGA, and software
design solutions for customers in a wide
variety of industries throughout the United
States

iWave Systems Technologies Private Ltd.
www.iwavesystems.com

Embedded hardware and software design;
board design; FPGA and ASIC develop-

ment services

PAGES

Liewenthal Electronics Ltd.
www.liewenthal.ee/

Embedded systems design services; develop-
ment of software and hardware including
Virtex and Spartan FPGAs

Logic Product Development

www.logicpd.com

Full-service product development, including
industrial design, mechanical, electrical, and
software engineering

M&M Consulting

hellman@mmcons.com

Design services; imaging; video and audio
designs; high-density ASIC emulation

Memec Design
www.memecdesign.com/xilinx
Focused on FPGA design for Xilinx
technology, we have completed more
than 1,300 designs worldwide

Memondo Graphics

www.memondo.com

Implementation of digital signal processing,
communications, and image processing

solutions and algorithms over Xilinx FPGAs
Mikrokrets AS

www.mikrokrets.no/

FPGA development comprising telecom-
munication, network communications, and
embedded systems; PCB development

Millogic Ltd.

www.millogic.com

Design services and synthesizable
cores; expertise in PCI, video, imaging,
DSP, compression, ASIC verification,
and communications

Milstar Inc.

www.milstar. co.il/

Design services and manufacturers
(industrial and military specs); DSP;
communication; video; audio;

high-speed boards

Misarc srl - Agrate

www.misarc.com

Design services and manufacturers;
telecommunications; SoC development;
test equipment boards using FPGA solu-
tions
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Multi Video Designs

www.mvd-fpga.com

Design services; DSP for video, telecom-
muications; SoC with Virtex-II/Pro and
Spartan (PowerPC/MicroBlaze); Xilinx
training

Multiple Access Communications Ltd.
www.macltd.com

Design services; products and consultancy;
DSP for wireless communications

Nallatech

www.nallatech.com

Embedded reconfigurable computers for
high-performance applications in DSB,
imaging, and defense; Xilinx Diamond

XPERTS

NetModule AG

www.netmodule.ch/

Design services for system design; FPGA
applications in telecommunication systems
and medical electronics

NetQuest Corporation
www.netquestcorp.com

Turnkey engineering design and produc-
tion services in advanced high-speed
embedded communications

North Pole Engineering Inc.
www.northpoleengineering.com
Hardware and software design services for

FPGA, ASIC, and embedded systems

Northwest Logic

www.nwlogic.com

PCI, PCI-X, and SDRAM controller IP;
high-end FPGA design services

NovTech Engineering

www.novtech.com

Board-level and IP cores; turnkey design
services; imaging; communication; PCI
cores; encryption

NUVATION

www.nuvation.com

Design services; imaging and communica-
tions for defense/security, medical, con-
sumer, and datacom/telecom markets

Plextek Ltd.

www.plextek.com

Design services; FPGA, DSP, radio,
microwave, and microprocessor technolo-
gies for defense and communications

Fall 2004
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POLAR-Design

www.polar-design. de/

High-end FPGA design for telecom,
networking, and DSP applications

Polybus Systems Corporation
www.polybus.com

Test patterns; customizable in-system
FPGA test patterns; design services; net-
working and communications

Presco, Inc.

www.prescoinc.com

Twenty-five years of experience in custom

electronics design/manufacturing for high-
performance image processing, data com-

munications, inkjet

Productivity Engineering GmbH
www.pe-gmbh.com

Design services; PCI design; microproces-
sor cores; obsolete component replace-
ments; ASIC prototyping

Programall Technologies Inc.

www. ProgramallTechnologies.com

Design services; embedded systems target-
ing Virtex, Spartan, Virtex-II, and Virtex-II
Pro FPGAs

R&D Consulting

972-9-7673074

FPGA development; video; imaging;
graphics; DSP; communications

Rapid Prototypes, Inc.

www.[pga.com

Design services; high-performance reconfig-
urable FPGA applications requiring maxi-
mum speed or density using physical
design principles

RDLABS

www.rdlabs.com

FPGA/ASIC design; wireless communica-
tions; 802.11b/a IP cores; MATLAB,
Sysgen, ModelSim; instruments HP1661A,
HP8594E, HP54520A

RightHand Technologies, Inc.
www.righthandtech.com

Design services; Virtex-II Pro FPGAs,
boards, and software for video gaming,
storage, medical, and wireless

Rising Edge Technology Inc.
www.risingedgetech.com

Complete design solutions from the
ground up; FPGA interface designs

PAGES

Riverside Machines Ltd.
www.riverside-machines.com

Design services and project management;
DSP, wireless, network, and processor
development; Verilog™, VHDL,
SystemC™, Specman

Roke Manor Research

www.roke.co.uk/

Design services; I, ATM, DSP, imaging,
radar, and control solutions for FPGAs

Roman-Jones, Inc.

www.roman-jones.com

Design services; FPGAs for embedded
microprocessors; PCI; DSP; low-cost 8051
softcore

Sapphire Computers, Inc.
drudolf@voyager.net

Engineering design consulting; high-speed
digital and FPGA design

Siemens AG, Electronic Design House
wwuw.eda-services.com

Design services; system-on-chip; ASICs;
FPGAs; IPs; DSPs; boards; EMC;
embedded software; prototypes

Silicon & Software Systems Ltd. (S3)
www.s3group.com

World-class electronics design company
uniquely combining IC, FPGA, software,
and hardware design expertise

Silicon Interfaces America Inc.
www.siliconinterfaces.com

Design services; develops IP in areas of
networking, wireless, optical, datacom,
interconnect, and microcontrollers

Silicon System Solutions P/L
www.silicon-systems.com

Design services; FPGAs for very high-speed
applications including communications and
DSP applications

Siscad S.p.A.

www.siscad. it/

Xilinx FPGA design services; IP
development and integration

Smart Logic, Inc.

www.smart-logic.com

Design services; FPGAs for rapid
prototyping including imaging, compres-
sion, and real-time control
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SoleNet, Inc.

wwuw.solenet.net

FPGA, board, and system designs for wire-
less, telecommunications, consumer, and
reference design applications

so-logic electronic consulting
www.so-logic.net

Embedded systems (PowerPC,
MicroBlaze); system-level design
(Forge, System Generator, Handel-C);
Xilinx training centers (Austria,
Eastern Europe)

Styrex AB

www.styrex.se/

Design services for embedded systems;
programmable logic; hardware develop-
ment; MICIOPIOCessor programming

Synopsys Professional Services
WWW.Synopsys.com

Design services to solve your design
challenges in system-level design, RTL
design, and physical design

Syntera AB

www.syntera.se/

Design services; FPGAs for radar, digital
communications, telecom automotive,

aerospace, and DSP

Tao of Digital, Inc.

www.taoofdigital.com

High-speed, large-gate-count SoC designs
using IP cores for maximum modularity
and efficiency

Technolution B.V.
www.technolution.nl/
Innovative hardware and software solutions

Tezzaron Semiconductor

wWww. tezzaron.com

Design services for portable computing,
networking, and embedded systems

Thales Airborne Systems
www.thalesgroup.com/airbornesystems/
Provider and integrator with high expertise
in FPGA design for radars, DSP, and

communications

TietoEnator R&D Services AB
wwuw.tietoenator.com

European design services for telecom,
industrial I'T, and automotive; Xilinx exclu-
sive training provider in Scandinavia
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V-Integration

www. V-Integration.com

Providing first-pass success in complex
FPGA designs; applications include imag-
ing, communications, and interface design

Williams Consulting, Inc.

chipw@uwciatl.com

Embedded systems hardware and software;
video; MPEG; control

AllianceEmbedded Members

www.xilinx.com/allianceembedded

See these AllianceEmbedded members for
information about the following products
(contact Xilinx for Wind River Xilinx
Edition products):

Accelerated Technology® Division

of Mentor Graphics
www.acceleratedtechnology.com
Nucleus® RTOS support for Xilinx
MicroBlaze 32-bit soft processor cores

Avnet Design Services single board computers
www.em.avnet.com/home/

ADS Xilinx Virtex-II Pro Evaluation Kit

Corelis Inc.

wwuw.corelis.com

CodeRunner JTAG debugger support
for Virtex-II Pro embedded PowerPC

Express Logic

www.expresslogic.com

ThreadX® RTOS support for Xilinx
MicroBlaze 32-bit soft processor

Green Hills Software

www,ghs.com

MULTI® debugger support for
Virtex-II Pro embedded PowerPC;
Green Hills™ Optimizing C
Compiler support for Virtex-1I Pro
embedded PowerPC

MEMEC Design single board computers
www.insight-electronics.com/virtex2pro/

Virtex series system boards

PAGES

Micripm Technologies Corp.
WWW. ucos-ii.com
pC/OS-1I RTOS support for Xilinx

MicroBlaze 32-bit soft processor core

Mind NV

www.mind.be/v2plecos

Mind NV eCos RTOS support for Virtex-
II Pro embedded PowerPC

MontaVista Software
www.mvista.com

MontaVista® Linux® Professional
Edition subscription support for
Virtex-II Pro embedded PowerPC

Nohau Corporation
www.nobau.com
EMUL-MicroBlaze-PC debugger
support for Xilinx MicroBlaze
32-bit soft processor

QNX Software

www.qnx.com

QNX® Neutrino® RTOS support

for Virtex-II Pro embedded PowerPC

Wind River Systems

www.windriver.com

VxWorks® RTOS support for Virtex-II Pro
embedded PowerPC; Diab™ Xilinx
Edition (XE) C/C++ Compiler;
SingleStep™ Xilinx Edition debugger;
visionPROBE II Xilinx Edition;

visionICE II Emulator; visionTRACE
Emulator
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The hard work is done! Now ASIC and FPGA designers can prototype
logic designs for a fraction of the cost of existing solutions. Here are 6+ million gates
(measured the ASIC way) on an easy to use, stand-alone, USB2.0-hosted board (a PCI/PCI-
X interface is coming soon). The DN6000k10 supports up to 9, 2vp100 VirtexII-Pro FPGAs,
with an incredible amount of FPGA to FPGA interconnect for easy logic partitioning. FPGA's
are interconnected with rocket I/0’s, enabling the movement of data between them at
100's of GB/s. In addition to 6M+ gates, the DN6000k10 also packs on-board:

® 2 PowerPC cores per FPGA (400MHz)

e Up to 8MB embedded RAM, 444, 18x18 multipliers — per FPGA
e 12 external 133MHz 32M x 16 DDR SDRAM's, 5 4Mx16 FLASH

® 480+ connections for daughter card and logic analyzer interfaces

Configuration is fast, easy, and robust using a SmartMedia-based FLASH card or, via the
USB interface. Every tool, utility, driver, and support application that The Dini Group could
imagine you might need is included. Please contact us for complete specifications, we are
eager to show you how our hard work can make you job easier.

1010 Pearl Street, Suite 6 © La Jolla, CA 92037 e (858) 454-3419 e Email: sales@dinigroup.com




Fall 2004

Wiy yooqelep/oyunied/wod xuljIX’MMmM//:d1Y 18 punoy s}aays elep IdIASP Y3 YIM Juawndop siy} ui exep |je Apiap :Juepodw

uondnpoid awnjoA Joj yied uo1INPaL 1503 10Y3 Ou Y5l ou e dpiaoid 0} djqeieAe UoNN|os YiedAse3 saLas ||-XauIA 'y Juswabeuepy ypo)) [eubia = WD '€ 1607 Aue) + doj4 dij4 + (Ln7) 9jgeL dn %007 nduj-y 3uQ = []92 21607 “Z VY Se Pasn g1 JO %0E-0Z 3pNJoul Sd1eD wialshs *| :sejoN

‘s1aA1dsues 11qefiB-n|nw pue s10553301d Jd1aMod Se LaNS 20| [e1dads PasIWLI By} JO SHJAUIC BY) UONEIAPISUOD Ojul 3] J0U S30P JUN0d 1B Walshs aduls AjiLuey 01 ||-XaUIA AU Joj lisuap Jo JusLuainseau [nybulueaw aiow e aie sjunod |93 21607 ,

- - - WLeZ S Sb 801'L ¥SS SIA 7L Ozwpz 89l  bZ0'E 89k 9%’k pBL'E6 7880l 7659y voLXzil NS [INLIVER)d 0008AZIX
- - - WEle S 9GS VOVl 286 SIA TL  OewwT vl 6S'T bbb 9%0°L  ¥8S'Z9  E0'9L  T6L'€E  88X96 N9 [MNIILI(ER)d 0009AZ2X
WESL S 96 U6 9y SIA T OwbT 0k 09V'T  0zk 0z 080'%r  Ov8'lS  OvO'sr  eLx08 Wy [NIZNER)e 0007AZX
- - - WSOL S 9 Gt 0z 09 SIA L OwwT 9%  8u'L 96 8t 798z 95Tze  9EEWL  95Xp9  INE NI NERYd 000£AZIX
- - - WSL S v 9 XC-dOV 4OV Il EILSS  p79 i€ SIA 8  Owwz 95 800 9§ 9€€  pOS'lz  6M'vT  TSLOL 8pX9S W I 000ZAZIX .
: 1 1155 IIT11SS 1211SS - - - -
- - - WS §b 96 ALSHIASH I sH 825 V9T SIA 8 0w 8y v98 8y oz 09g'sL  08TZL  089'L v X8y s_m_l 0051A20x [IDYE NESTVN
- - - WLy S 9t JUSHHUDUI XD 7ep 917 s3n 8 ozowz  op oL or 091 ovzoL  0zs'Ll  0zL'S EX0r WL I 000LAZIX
9910d '€€1Dd ‘SLSOWIAT
- - - W8T  Sb &b 'BISONDAT'SZSONDNT 197 €L SIA 8 0wz € 915 143 9% w9 69 u0'E vTxze ésl 00SAZOX
. ‘EESONIAT “TLIAT - , :
- - - WCL S b 96 «zsann‘czsong 007 00L SIA 8 omwwr vt (432 ve 8y uo't  9sv'e 9L 9L X1z V_SNI 0SZATIX
- - - W90 Sv 9GP SCIASANTEEIXISAN g7y g9 s34 ¢ oz 8 vl ] 9l v20'L UL 141 8x9l 08 I 08AZIX
‘SZ-SAAT 'EE-SANT
g EEDIN'STIAT 88 by SIA otvive u us 915 957 8Xg  ow I O0VAZIX

HOA §°L — Apnwey j1-xoiA

A “ 0z 0 W09'ST aalL L-9-G dnogesedwes 766 6V SIA 8 (1147174 80€ ¥wSS 80€ veol 9199 8yv'vL 880'€E 8 X0l * 0LXdAZ3D! 0LXdAZ: x -
odd
(1147174 ¥85'61 T€0't 6L'6 9v X 99 * I 0ZXdAT: I-XEF1LAHIA

HOA §'L — Ajnwey X o1d 1I-XaMIA

S Y Y N
I
I
I

BN0qe Se Jwes

SvDdd wiopeld

A 02100 oS VUL 7S SIA TL  OwwT bbb 766 bbb 8LE'L  z6l'88  9izZ66 960"y b6x0zL . [ONIETCER e METRINAYE
A 2 0z109L  W9ST 95  L9S 96 76v SIA 8  OwwZ  8ZE  v06's  8ZE  bEO'L 9199 BybWL 880’ 78XWOL . 0LdAZIDX 0LdAZIX
A1 91100 W06l 95  L96 18IS 18IIISS IITIUSS  2S8 Ozv SIA 8  Oewbz  Ter 9Ly cer 8L gLy OEVES  OL9EZ  0LX88 . 05dAZIDX 05dAZIX
A1 2100 WSS 9§ 96 USSUSLASUNUSH o0 9o o0 g ooz 6l osr'e 261 909 veUSE  Tever  deesl  esxes . 07dAZIOX S8 .oxd
(AS'LAS"L) 11l T1SH LA

A 1 8 WELL 95 L9 WSUASDIISH  vb9 7€ SIA 8 Obz 9L 8vbz  9EL 8y 76ELT  9180E  969'EL  9yX08 . 0£dAZIOX 0€dAZIX

z 8 WNes 9% L9S ISIANSUIISH D o o7 o) g ozpz 88 test 88 067 0958l 08807 0876 9y X 95 [ [ omanex

119 '991Dd ‘X-12d ‘EESOWNDAT .
L 8 Wy 9% L9S LINEEDA 'SISONDAT  96€ 961 SIA b OTWbT by 6L v vsl 9586 880'LL 876" vexor . [ LdATIX
'31SONDAT 'SZSONAT ; } .
" b G SO X
! v WOE 95 LS s osang E UL S v ez st w05 e 6 9109 899 800'E ao . [ dATIX
0 v WEL 96 £-9°S  'STIX3SONI'STSAN'SzIaT 0z 00L SIA b OZwvT  Tb 91z 4 3 918z 89l 8oL wor . [ 2dATIX

HOA §°L — Ajnweg o1d 11-xo1IA

m T W= o= N w5 =0 = o o * = * [a) = = o v v
o S 50 & o 23 29 5 s £ 2 o a = S = = = ) 5 = < o=
7] s A = A = =] Ow = --] Qe W v = =
= H AL N A =% s§5 = %) X X Rl N = £ = © x a 3 o S 3
52| BE 53 & 3% 33 7 5 5§ 8 2 I = = = o = =1 4 3 o
= 8 =& 235 S 23 a2t 2 E§ <= &2 & 5 Z w @ 2 3 g o 3z
: o T = Y = =0 5 =2 al= 2 o a @ = -n = ) < o 2 n
T owx 2= 5| B | 2E 3 = oo a § ® =~ = = 5 & = = 8 7 0
3 = <3 =] =8 a & S = = 7~ o o = = £ S —_ (%) = @ o =
g g5 % 3 7% g s =82 2 § E 3 § % ¥ & § : ¢33
2 23 a S = 332 2 o 7w = 2 = = 2 I3 3 H < s
a o ) 2 ugn ud =15 E 5 o = = = x i S o
S T3 = 3 &% o2 2 8 2 ES = £ > 2 1 o i TZ
= 2z 2 2 s 2 s 3 2 = gz = £ @ = 3 =3
5 c = = 3 2 = 35 & 3 = [ 2 @ ] ® =
o g = 2 glEel & | & @ S

a = —_

23 2 5 = ) =

F a @ =5

i g

s324n0say Alowap

-
(7]
(7]
Q.

()

$924n0s3y 91

sainjea4 Q/| | s9dinosay

Pop

XLIJRAl UOI}D3]3S JoNpoid

Xeell Journal

/SOIIABP /WO XUI[IX"MMM//:d11y

Auedwo) 21607 a|qewwelboid ay L

SYDdd S9149S [I-. XA XUl|IX XNIX TR




wiy-yooqelep/opunied/wod xuljX’MMM//:d1Y 18 punoy s}33ys elep dIASP dY} YHM Judwndop siy} ui eyep e Apiap ;Juepodwi

Ayc1a201/Wwod XUl MMM YISIA ‘A|iWe) AHAIP0Y 3Y) INOGE UONLULIOJUI 310U 104

S}IOM}3U B3R
abeioys ‘s1aanol abpa
“Juawdinba 159}
‘SOIN ‘Juawdinba
Issiwsues) ejep

‘SIBAIRISURI d4X A A

95714 195X J4501/3901 - 0Z€LIDX
juswdinba

1531 2o Jaqy

'swia)sAs uojssiwsues

paseq — HAS/1INOS

95t vlEs ‘SianadsUel] diX U HAS/LINOS D01 - LZLLDOX
juawdinba

1591 2ndo Jaqyy
“334/M waishs N1O
'swia)sAs uojssiwsues
HQAS/1INOS
.m_w>_muw=m:y ddX
S3INPON VSN

b
e
&

VS ean - 0ZLLI9X

>
>

ESTIEY]

suonedijddy
13NY3H13 501
¥9 - INLS HAS
261-20 1INOS

TINNVHD 34414 501

adepRy| [3jeled |G

s1andsuel) 19heq |eaishyd sdqool Jo Ajiweq AHdIPOY

9969144
L(JAEE]
LLSLdd

9871 L4

95294

abeypeqd

v89 189 89 ¥79

80LL vOLL Tl6

ve8  vI8  vI8 0L
ve9 87 IEv

< <
o

(=1 (=1
oS 1=
S (=

0007AZIX H

(AS’L) I1-X331IA

o Tos oo [ oo T o

931§/ /LOD XUI[IX'MMM LISIA SUOIIN|OS d31)-(|d INOCE UONEULIOUI 10U 104 B|qe|IEAR BJIE SUOIIN|OS 31j-qd &

766

(4]

o

/2
‘abexped siyy ul sjqejieaeun Qpay0y ‘9
‘9]qnedwod Juudioo} os|e aie 7G| |44 pue 96844 sabesed ||-xalIA ‘g
*9|qnedwod juridioo} osje a1e 97994 pue 95y 4 sabexped ||-xaUIA ¥
'3|quedwod (juudiooy) no-uid ase abexped Jejndnued e ul sadiARp |[e ‘Ajiwe) BWes 3yl Uy '€
3|3 SIy3 Ut papn|aul Jou a1k S|HIN OR3YA0Y 104 SO/| O J3qUINU 3Y| T
*SO/| 135N JO JaqUWINU WNWiIXew 31ed1pul 3gel Ul SIsquiny |, :S930N

ww oy X 0% LS6

(Bupeds jjeq ww /£z°1) ¥og ypud-auly diyd-diy - (1g) sabexded v4g
9Ll Ww 62y X S8 99691

ww Sz X 67k voLL

98 95§ 96€ E
96 8¥E 0T E

d-auyy diypd-dify — (44) sabedped v44

ww £z X [T v9L9

9s1 ww ez X €7 95

0v0L 966
96 7S8
g 108

769 769 v¥9  ¥9S

(buneds jjeq ww o'|) ¥od

174

74

14
orL 14
(Bupeds jjeq ww 0°1) ¥Dg Youd-auly puog-a.1im — (94) sabexded vo4

ovlL ww /L x L]

ww GE X G€

ww LE X LE
(buneds |jeq ww £z'|) ¥Dg piepuels puog-aiim — (Dg) sabexped yog

ww ) xz)

(bupeds |jeq ww g ) ¥o4g a[eds-diyd> puog-aim — (S)) sabedped ajeas diy)

s [ Qo [ [ [ 10 [ [ o o [
x

(AS’L) X 04d [1-X3311IA

00LdAZIX

(AS"L) 04d [I-X3MIA

83

Xeell Journal

(sdgool) (sdqosz1°€) onaxroy
X 0Rapoy “ ”
S}D0|g JanIRdsuRIL ' ,,,ON_n.b Odd
X3 LAIAY H-X3 LAHIA H-X3 LAIA
2o ¥
oxd .oxd
I-XELAHIA I-X LI

sidAl19dsuel] J9AeT [edisAyd AHJIDPOY pue SsyDdd S3I113S [I-XSMIA XUIJIX

/SOIIABP /WO XUI[IX"MMM//:d11y

SYDdd S91I3S |I-.XMIA XUl|IX

Auedwo) 21607 a|qewwelboid ay L

Fall 2004

XNMIX 23




Fall 2004

wyooqelep/ojunted/wod xuljix:mmm//:diiy 1e punoy} s}a3ys ejep 3IA3P Y} YHM Juswndop siy} uil eyep [je Apuap sjueriodw)

"P00ZHT |qe|1eAe aq ||IM g-Uelieds 10} SUOIIN|OS BPEID-0) dAOWOINY '€
doyj-dijj + 107 Indul-p e se paulyap si [ 21607 e ‘g-uepneds io4 'z
SINIVY SB Pasn sg13 JO %0€E-0Z 3pN|pul sales wialshs *| 310N

NEEL t S I e SR ¥8L vbE  SIA  SIA  SIA ¥ OEEMT  ¥OL el vol M0zs 095'99 088  08Z'€E  08XPOL 0005 000SSEDX
NE'LL I S-p-  'STX3 SOAT'S'TSANT Baln L TIE SIA SIA SIA v 0EEMmT 9% N8ZL'L 9% Neey 97'sS 807’79  8v9'Lt TLX96  000% 000vSEDX
'S'ZSANT SNg 'S°TSANT
WL'L - S - |enuasRa G695  0LC SIA SIA SIA v O€Emt o MozL o Moze 096'07  080'9v  087'0C 79X08 Y0007 000ZSEX \.<\u>/./
TS - S - 6D 87 1Z¢  SIA  SIA SIA v OEEmt 43 M9LS 43 807 v29'97  TS6'6T  TLEEL SXP9  N00SL 005LSEIX
(143 I3 S - R 1171 SSe|D 8 LTLSH ‘Il 16€ Gl SIA SIA SIA v ogEmT T préag 124 JozL 09€'SL  08Z'LL 089'L 0V X8y  000L 000LSEIX Vi
‘I SB[ 1LSH ‘I SSeD 811LSS = AV
WL'L - S ‘178 1 SSe|D 711SS ZHINEE ¥9Z 9Ll SIA SIA SIA v OEEWT 9l 88T 9l 295 89L'L ¥90'8 ¥85'€ 8TXTE Mooy 007SEDX E-NVIYVdS
Wo'L p gy WITORESACEDATUSL o g oy ax s v oeewz o Yz w € ov8'’E  O0z€ 06l 0IX¥T  M0oC 00ZSEDX
/8'L/S°T/E ESONDAT “1LLAT
Wy I S - papua-2|buls vZl 95  SIA SIA SIA T OEEMT 12 NeL 12 Nl 965’1 8TL'L 89/ TLX9L  0S 0SSEIX

(€ 910U 935) 3O\ Z°L — Ajlweq g-uepeds

i) =5 | = v m *® =) £ o) = [a) (%)
5 T3 Eg 5 = z 2 2 3 2 § g £ o £ E g ¢
=N ) o O 5] =] )
E] e e 23 o = 3 € 3 2 R = o S = & @ Q 5 © q
= S5 =3 =@ = = o 6 < a = o : - A =2 > @
= 23 28 2 = g = 4 g8 ¥ X ) = = = s - ] = 3
H 5 A = 5 = < 2 3 o 2 > > @ = o = B a
Q - (=] = < -] o (= - = o <
o Sy o9 o = | 2| 8|55 < = = = 5 & = = =
[ = ©

S R To = s g2 3 < g S (R8s k- @ & g 3

7 =] = = 3 ) = =0 0 o o
= %2 273 g g 2 < = & g s g : 7

® ® g = = — = ~ w > o
o 260 Lo © © ® 3 = = 3 ®
3 o3 o =S o =, S, = o ')

© =3 =
=] 1] [a) (=2 — «w = - = =y o 3
S o = = = @ =
< ) Q =5 3 3 W N m.
= @ o = | = 2 =) =
© © S 2 g F =
Z e - & = =
&b S =
= 2
w

EE sainyead O/l $921n0S3Y Y10 E s921n0say Alowa| $924n0s3Y 91D

XI1}EJAl UoI}d9|9S }doNpoid

Xeell Journal

/SOIIABP /WO XUI[IX"MMM//:d11y
ssAuedwo) 21607 ajgewweboid sy L

SYDdd S2149¢ .uelieds xuljiyx XNIIX




85

w3y yooqerep/opunaed/wod xuljixX’MMmm//:d1y 18 punoy s}33ys e3ep 3IASP Y} YHM JuaWndop siy} ul eyep |je Apuap :Jueriodwi

700ZHZ 3|qe|iene aq ||m g-uepieds 1o} s1onpoid apein-d ‘syDd4 10} ainjesadwa) uondunl 5,6z L+ 01 J,0p- 01 paiylienb aie suonn|os spein- aAlowoINy
Jaysibai e + | andul-p e se paulyap st |[3) 21607 e “1x/|1/31|-uenieds 104 g
Ja1sibai e pue (1) ndu) ¢ (1) = |22 21607 "7

VY Se Pash sg1D JO %0E-07 dpN|aul sa1en walshs | 210N

Xeell Journal

" WEEO v v St 0z YN YN YN YN N YN WN Sbz 89sL 798l v8L 87Xz Mov XOPSIX
" Wszo v v St %L YN YN YN YN N YN YN 0Bl sl 89E'lL 915 VZXVT  OE X0ESIX AL
” welo v v St 090 YN YN WN YN N YN W ST 008 056 00v 0zX0z Moz X0Z5X
’ Weoo v v St 2L YN YN YN YN N YN OWN W9 3 99y 961 pLXEL ol XOLSIX /-
TX-NVILAVIS
” Wsoo v v &b [ YN YN YN YN WN YN YN Il 00z g€z 001 oLxoL XS 1XS05DX
oA €°€ — Anwey 7x-uepieds
” Wi s 5 o v8T  WN  SIA SIA b 00Z/ST  N9S vl NSEL  vwOL'v TS TSET X8 00T 002520X
" W s s os 09z YN S3A S v 00zsz  Mew 7 N osy's  sse'’e 8wl 9EXbT  osl 05152X A
” wgo & & oG LDXedOV TSS9 WN  SIA SIA b 00zsz Moy OL L€ 00v'Z  00L'T  007'L 0£X0Z ool 00152X
; I 71155 "Il €115 ' €115 ; :
” wo s s oc WASHNUSHATsH %L YN S S v 00UST e 8 e 95’L  suL'L 89/ PZX9L S 05520X % AN
” Wro 5 s o5 FUDUDNEDNd 76 yN  sIn s;A v oousz e 9 SEL v98 U6 (d3g 8LX7L  OE 0€STOX ’
(A ® ASE) €€12d
” weo s s os ‘TSONDMILINT 98 YN S3A SIA ¢ 00Z/SZ M9l v %9 v8E (33 61 Wxs sl S1S7OX

UOA §° - Anwey ||-uepreds

A noy 9 9 (=Gr plS  S0Z SIA  SIA b OZE/ST  N8sT u MLz veg'el  7sS'sl 716'9 X8y 009 3009522X
” VA 9 L9 Oy 7Ll SIA SIA ¥ OTEST o9l o Mos L 009'6 0080l 0087 09%0y Mooy 300v52IX A
/AN
” Ne'L 9 9 L9 62€ 0L SIA SIA ¥ OTEST M9 9l 96 w1’ 7169 uo'e 87 XTE  M0OE 300€S2IX e
) Wl o > 9 DINISANESANTLD gz 071 SIA SIA ¥ OZEST  N9S vl YEL YOIy weT'S  TSET X8z  N00Z  300ZSZIX
XZ-dOV "Il TILSS ‘I 71USS /-
P AL 9 9 L9 I €11SS ‘| €115 Al ILSH S9T vl SIA SIA v 0TEST ey 43 WS 95r'E 888'€ 8zL'L 9EX¥T  MOSL 3051S20X AM=NVLIAVIS
NIILSH ‘I 1LSH “+119 ‘11D 7 ; 7
i - - -9- X
” N6O 9 9 L9 T T S 07 98 SIA SIA v 0TE/ST  ow oL MLE 002 00L'7 002’1 0EX0Z Mool 3001520X
” N90 9 9 L9 ‘ZSOWDATILLAT 8l €8 SIA SIA v 0TE/ST  NE 8 p1Z4 9€S'L 8zL'l 89L vZX9L oS 305520X

oA 8'L — Anwey 3)j-uepreds

T o o =l = K ) = = = T % o © £1S (o) = = (o) v
® £ ) £ 53 Z° S S22 o = 53 @ = = S < = =
o = = g e = e 3 - I~ 3 [ 2 = — a =2 i~ -] Qe 3 w a
¢ 5 § if 3 g = 2 &8f£5 3 £ 8 5 =z % % 2 &
o =S ® Ll = =3 ] =
=9 < Sl 25 EE 3 5 S 92 3 I S L = ] o (] = o
o = = o a = 5 2 A2 = a ©
i < - - 2. [=] -< [ = m = (=] < )
~ < = S Q =4 = = > =h = =4
=3 o wv (=3} = - - [ “n _ =3
=0 o D | =n = a S o Al 3 = = = = © = o
o) = S oo oIw @ (=) = < A = = S > Al = e
: : wo nuo = E < =5 =3 2 o a = —
o = Q =3 =+ o — (%) o o o “
& ™ ® = -~ w ™
o 2 8 aup 4l o 2 3 = 3 ol o©
o 3 | & | & = 2. 3 = = S 3
o ) o o (o) =, A = = o 3
o S w o = = 3 = o = =
< =] o o =, = = @
=N — ® o - > = N ey
s @ 2 3 5 z & s =
=3 o =
=) < o o o
o
: 5 : ©
w
]

XL13eAl

/SOIIABP /WO XUI[IX"MMM//:d11y
uedwo) 71607 s|gewwelbold 3y

SYDdd S2149§ .uelieds xuijix XNIX R

Fall 2004




Wiy yooqelep/oyuipied/wod xuljIX’MmMm//:d1Y 38 punoj s}aays ejep dIASP Y} YIM Juawndop siy} ui exep e Apiap ;juepodw

=+
o
o
o~
=
*92.44q /WO XU|IX’MMM JISIA SUOIIN|OS 331)-Gd INOGE LUONBLLIOJUI I0W J04 B|qe|IeAR S1e SUOIN|OS 331j-0d
JAI}OW0INE/WOod XUl|IX'MMAM//:d1Y ISIA sea|d suoin|os O] U UoHeWIoU| 310w 104
\‘ ‘Y00ZHZ Awey ¢-ueyieds ul ajgejieae aq ||im s1npoid apes-H aAnowoIny 'Spea| 8y} JO BAISN|UI B4 $1oNPoId BWelj-pes| Joj SUOISUBWIP B3Iy :Z 910N
@duabijfa3u] aArowony vJ |= . " .
104 suonnjos O xuyx SyDd 40} aiesadwia) uondunf 36z 1+ 03 J0p- :paryblybIy ale spnpoid sAnowoIny SQO/] 135N J0 J3GLINU WNWIXeW 3}edIpul 3[qe} uf SisquinN | 30N
S0Z 6l ww £Z X LT H
(Bbuneds jjeq ww £z°|) ¥Dg piepuels puog-aiim — (9g) sabedped yog
v8L TLL wiw GE X Q€ E
€€9 €€9 699§ ww e X LE E
LS Ol 687 L[87 L6E ww £Z X LT 9.9
787 097 6C€ 6CE 6ZE 68T S9T 70T €€E E€EE V9T ww €7 X €7 E
(Y4 YA A Y44 wwegl X6l H
9L1 9LL 9Ll 9Ll ww /L X/} E
(Bupeds |jeq ww 0°|) yOE Yyoud-duly puog-a1im — (94) sabexded ¥4
78l 78l 78l 78l 8L 8l €L1 €Ll €Ll ww /L X L1 E
(Buneds |jeq ww 0°1) ¥4 ulys youd-auly puog-aiim — (14) sabesped yo4
(Bumeds [jeq ww g'0) yYo4g 3jeds-diyd> puog-aim — (D) sabexped ajess diy)y
ELL| ERLY TLL 6 6 6 98 oL zoL L6 L6 L6 EEo.NNxo.NNE
(bupeds pes| wwg0) 10 Uyl - (1) sabesped d1dL
LL LL L LL 09 09 €9 €9 ww 091 X091 E
(Bupeds peaj wwg o) 4401 uiys A1an — (DA) sabexded d40A
69L 691 091 ovL ovlL oOvlL ovl 9L 9vL 9l 9vlL 9vL vl Lyl vel ww 9°0€ X 9°0€ E
(Bueds pea| wwg0) d40 dnse|d puog-aum — (Hd) sabedyded d40d
DDODE CODDED DoCCODDn DRCOODDoEmE - B
xX X X X X xX X X X X X x xX X x x xX X x
N N N N N N N N N0 N N 3333333 33333333
w w w w w N N N N N N N N N N N N N w w w w w w w w
B w N - o w w wv w w wv wv wv w wv wv w w w wv wv w w wv w w
o o o o U1 N — - (%] w - [=2] S w N - - U1 1% S N — - S N 1%
X X X X X © U © © o wu © © © ©o u o o © © © uU ©o© © o o
=N RN NN Nl W= S o©o o S © © © © © m S © © © © o o
m m m m m m o o o o o
(A€'€) 1X-uepieds (AS°7) lI-ueyieds (A8°1) 311-uepreds (AZ'1) €-uereds
1ndo =6 E
,0/1 49sn pue suondQ abe)ped =
=
=

/SOIIABP /WO XUI[IX"MMM//:d11y

SYDdd S91496 .uelieds xuljix

sAuedwo) 21607 ajgewweboid sy L

XNMIX 23




87

Xeell Journal

2ouabiaju) aanouioyny v)\m
1o suoN|oS Of XullX @.H

5@1dD 4o} ainesadwal Juaiquie Gz |+ 0} H0p- :parybijybiy aie spnpoid aanowoIny
'Spea| 3y} JO BAISNUI 1. S)ONPoId SWelj-pes| 1o} SUOISUBLUIP B3I :| 310N

Anwey ayy Jo saquiaw siyy Joy abesed siyy ul ajquedwod uid Jou aie sjqeus Uod pue suid oy f ,

oz oz | e - 9l v - Cl-0l- Cl-0l-L- S'L 09¢ €€ SIE'E 14 ¢S 000ZL IXTLSEUIX
(Bupeds |leq ww (°|) YOg aulj-auy puog-a1im — (4) sabexped ¥og4 9l vzl cl-0l- cl-0l-L- S'L 0z €€ S/E'e 8Y 8¢ 0006 EE){z:132:0)¢
T T vl e e vl 957 9l v al- Cl-0l- Cl-0l-£- S'L 9l €t SIE'E 8y 957 OOOEN  1X9SZEYDX %
(Buppeds jjeq wui 0'L) ¥ utys yyd-aul puod-21m - (1) sabexped yo4 9L v Ol Ok L 0L L9 9 801 33 s/e'e o s ooe O] e O
Ll o8t 9. v 0L Ol oL L-9 9 89 €€ s 8y ¥9 005l [ERVCEIIRT)Y
9l 7 0l 0l-L- 0l-L-G S 9€ €€ SIE'E 14 43 0SL IXTEOEUDX
(Bueds |jleq ww g'0) y¥og 3|eds-diyd puog-aim — (s)) sabexydeq ajeds diyd HOA €°€ — >__Emu_ €V1dX J3uunyjoo)
901 001 - wusxs IR L £ ol oL- ol-£-9- 9 v 0 SEUSUSUSL EESTUTUSL O TS 000CL 21502X
8y sv ec [ IIES [ £ ol ol- ol-£-9- 9 v ovz egsusUSL eesulst  or vee 0006 R LRI
Buped | -d o — 6 d
L e B L€ I 96 S T 18l €ESTUUSL EESUUSL oy 957 0009 952920X
L8110zt ot 8Ll 8Ll 00l ! 1I-T3utn)jjoo)
Ll €| & L- L-9- V- Sy ¢ 00l €€SU8LSL €€SUSLSL or 8¢l 000€ 14T ) ¢
(Buneds peaj wwg o) 440 uiys - (1) sabesped 4101
3 | @ wilii s ! Ll €| & L- LG V- 14 L ¥9 €ESU8LSL E€ESUSLISL or 9 00S1L 79320X
9 of e gf ! Ll € 9 9- 9-1- € € Il €€ E€ESUBLISL EESUBLSL [1]% 43 0SL TEITIX
(Buneds pes| wwg'0) 4401 Uiyl A1 — (DA) sabexped d4OA JOA 8L — >__Emu_ ||-1duunyjoo)
08L ZLL ©9L €01 ELL €L1 802 s ol 5 55 S0 = s|= ° = - - @
(Bupeds pea] wiws'0) d4d 2nse|d puog-a11m — (dd) sabexped d1dd 22 |8| ¥ w & 23 5 o | X E E g 3 z
=5 (2] 8 22 %3 = |32 = < g |3 e
< « « mvmmd EHHHEBIEERIEEALHEE: s | 32|83
°o — o 2. - = =
(Bueds pes| wwyz'1) 1211 diyd dnsejd puog-anm — (3d) sebexped 2d1d Mla W m @ F.M, “n X S rw = m @ m ° Ww
22| 8| 23 g T ° 3 o z “
N N N n 0 0 0o 0o N0 0 0 0 = Ly a2 1y = (1]
= = = = = = N N N N N N =~ o g = S
W W W W w w N N 0O N N0 N 7 o o =1 ° =
U W N = © o Uu W N = o W = o = A o )
= © u N o W = o u N & N 4 ® o o =) a
N = (2] (=] S N N & [=)] (=] - w o ® m =
X X X X X x & o = =)
=N =N B Nl W ©w M m
€V1dX Jsuunyjoo) M
%E %% II-1auunyyjoay
O/1 49sN pue m:O_..—.Qo @mﬂv_umm SOLI9S ..A19UUNY|OO0D — XIJ]EeJA] UOI}d9|9S }dDNpPOoid

S9IIABP/WOI XUI|IX"MMAM//:d11y
Auedwo) 21607 a|qewwelboid ay L

Fall 2004

XNMIX 23




2uabja3u) annowony vJ. =

oy suonnjos O] XulIX @- =

$@1dD 10} ainjesadwia) Jusiquie JGz |+ 01 J0p- :pa1ybiybiy ale syonpoud aanowoiny
'Spea| 3y} JO BAISN|DUI 3Je $1oNpold BWel)-pes| 10} SUOISUBLIP Bl : | 310N
174
4} 61 957
(Bueds |leq ww 0°1) ¥9Q dull-auly puoq-aaim — (94) sabesped ¥oa1
957
(6uneds jjeq ww 0°L) YO8 uiy) youd-auly puog-aim — (14) sabesped ¥o4

6l 991 6l (413

6l 957
(6uneds |jeq ww £z'L) ¥DE piepuels puoq-aiim — (9g) sabexped ¥oa
6l 6l 08z
s s
e 8¢ of 8c 9

(Bbuneds |jeq ww g 0) yog 3]eas-diyd puog-anm — (S)) sabexydeq ajeds diyd

(4313

9s

(Bupeds [jeq ww §°0) yYOg 3|eds-diyd puog-aim — (4)) sabexydeq ajeds diyd

L1 L1 LLL L1 !

T 7) 18 | 18 !

(Bbupeds pea| wwg'0) d40 Uyl — (D1) sabexped d4dL

ve ve | ¥E ve  vE !

(Bueds peaj wwg o) d40L Uiyl A1an - (DA) sabesped 410N

891 991 891 891 807
wziexese KR
- wzuxee [

._._
s
S
[a}
=
o
s
(=2
o
[a}
=~

o
=
]
=%
=
[a)
a
o'
=
=
o
)
o
&L
wv

=]
©
2

891 €€l €€l 80L

18 18 U
(Bupeds peaj wig-0) d40 dnse|d puog-aum — (Dd) sabexped didd
(Bbuneds pes| wwyz"1) 1211 diyd dnsejd puog-anm — (Dd) sabexped 2d1d
N N N N N N n 0N N N N N n N
© VW VW Vv v © o v v © o v v ©
ga u u u u ua gu a u v gua u u v
N N = = 9 W N = 9 W N = 9 W
E2ER~® Fzrgg EBEEgg
X X = - x X < <

o
=}
N
o
o
x

| I

T1X00562X AX00562X
’ “

0/l 43sn pue suondo abeyded

N

8l
8l
8l
8l
8l
8l

8l
8l
8l
8l

8l
8l
8l
8l

$}0)) |eqo|D

VN
VN
VN
VN
Sl-
Sl-

VN
VN
0l-
0l-

VN
VN
VN
VN

apesn paads I

0¢-Sl-
0¢-SL-0l-

Gl-0L-
0z-61-01- £~

Gl-0L-
Sl-0l- £~

(1samojs 03 1s915€))
sapein paads |elysnpu|

S9IIABP/WOI XUI|IX"MMAM//:d11y

"921§qd/WOd"XUI[IX’MMM JISIA SUOIIN|OS 3314-(d INOCE UOIBULIOUI SI0W 104 '3|qe|I_AR dIe SUOIIN|OS 331j-(d

0z-S1-0l- 0L 6l S
0z-Sl-0l- oL 991 S
Sl-0l- L~ 0L €€l S
0z-Sl-01-£- 0L 801 S
Gl-0l- - oL 45 S
Gl-0l-9- G- oL 9¢ S
0l-£-9- 9 6l €E/5T
0l-£-6 S Ll €E/5T
0l-£-6 S 44 €€/5T
0l-£-6 S 9¢ €E/5C
0l-£-9- 9 v 6l €ESUsL
LG S ¢ LIl EESU”L
LG S L eesusl
LG S L9 €esusl

(1samojs 0} 1sa1se))

sapesn paads |ensawwo)
Bupjueg o/1

O/] winwixep

3|qnedwo) abeyjop inding

(su) Aejaq 21607 uid-03-uid “uipn

S9149S 0056 — XIJ}BIAl UOI}II|3S IdNpPoid

S/EEIST
S/EEIST
S/EEIST
S/EEIST

€E/5T
€E/5T
€E/5T
€€/5T

9|qnedwo) abeyjop indu|

06 88C 00%9 88¢S6JX

06 91T 0087 912S6JX
06 vl 00ze r1S60X
06 801 00v¢ 80156JX

06 44 0091 [459) 4

06 9¢ 008
}OA S — Ajwey 00S60X

9€56JX

06 88C 0079
06 il 00ze
06 44 0091

TX882S562X
IXP1S6DX
IXTLS6IX
06 9¢ 008
HoA €€ — Ajiwed 1X0056DX

TX9€S6JX

06 88C [l AX88CS6JX

06 vyl 4l AXPP1S62X
06 [4A 0091
06 9€ 008

oA ST - Ajwed AX00560X

NXTLS6DX
AX9€56IX

sajen walsAs

J192010e ) Jad swia) 1PNpoid

Auedwo) 21607 a|qewwelboid ay L

XNMIX 23

Fall 2004

Xeell Journal



89

JURID|O UONPIPRY s
1I-X3HIA
_ E
- — — 5
AT 4 O X =
=
=
3-XUIA/XIMIA
juesa|ol uoneipey uonedyI)
TND 1934e paiijend
4 A D X

SaInjepPuaWop AIAIQ

UORUB}3I B1EP JOjf SPEL OE ‘NI DUlIWeIDOIad o) spenjgl ! dIL 70A8L (€)
3|qnedwod uid / juudioo} ase sebexped pydd pue ‘vrdA ‘vrdD Ul (7)

SY9dd XullIX |[e yum > 1o} sabey|on O] a|gelsnipe aney SWOYd
(€) 0L/0€ j4a8] AW Wy | AEE AUoN YOA8LYDX
a|quedwod uid / Jundiooy aze sabexped 0pzDd a4 pue 0yZOH Al (S)
[ YPOA 'PP2D YA'W W9L | AEE asal 9LALLYDX SINOYd Uoneinbyuod aquedwod uid /juudiooy ale sabesped 09509 pue 09592 ayL ()
HUEIS/olLoNEIDEY aqnedwod uid /uudiooy ale sabexped 76| 144 pue L 14D Ayl ()
05 720 AW WL |AEE agL TL0LLOX  SINO¥d ¥-01dD 4-0ydD 2edsosy ajqnedwon uid / 3unidiooy ale sabeped 7179 pue §z/94 3yl (7)
“saunjeay Jayo pue d160| Aued ‘sdojj-diy omy ‘sjn7 ndul- omy suteyuod adijs yes (1)
S3JON
— v7OA NI 9L |AE'E JUoN 70A8LOX
— PHOA TP NW | WL ASE auoN 910210X 00l (0959 | AW | vOv 7 Ir86S N8zl | — | 887l |AST| LOVLSG6YZI6S | 000LYADX
SINOYd uo 1juod
— 020S '7¥2D NN L | AS | 71566-2965 TL0L10X SINOYd 01dD 044D 3sugjeqa 00L 8778 | AW ol 14 NETSE 96 - 69 | AST LOELS66YTI6S |  009YADX
S = ) = @ m oIRay m S 001 8zzdd | 4A'W | 9L 12 ALzl W9 | — | T0E |AST| L0TLS66YTI6S | OOEYADX - XSMIA Y-04dD
o To =% L3 =} = <
= o ) o =3
\q.vr =} = o S rw < a2 00z (€) prL1dD H 1443 u ALEELT AT6ST | vPl | T6LEE | AS'L LESTZOYT96S | 0009AZHOX
=E 2 e " ® O i
253 2 =4 =~ 007 (@ £1L92'82L98 | A'W'Y | 91S 4 N8YZOL | W8ZLL | 96 | 9gEpL |AS'L 057042965 | 000EAZHOX SvYDdd
=5 N =, a = JueI3|0] UONEIpRY
S rW = 00Z SLS99 ‘9594 o 8T¢ 8 NL86E AozL U4 071S | AS'L 67ST0YZ965 | 000LAZHOX  II-X3MIA ¥-01dD 4-04dD 22edsosay
=
SINOYd :O_u.m.:-a_*:OU osusjed 3 wumam0h0< = 0959209598 | 8'N'W | 0¥ [ W86S | W8zl | — | 88TZL | AST L566-2965 | 000LADX
— 8778D '7evO9 '0VZOH | 'N'IN 9le 14 NETSE 196 — 169 | AST €1566-965 009ADX
— | 8zza@d ‘zeyod 'z€98 'ovzdd | 'N'W 9le 14 ALLLL Av9 — TLO0E | AST TL566-7965 00EADX
= (5) 8278 '95798 ‘077D NN | 08l 14 NEIL oy | — | 00zl |AST BUON | 00LADX XaMIA 01dD
2001+ 03 0%~ =21 dlWwela) 10 dse|d [eLisnpu| I
— 95115409598 N 708 8 Aez66 Aov9 — | 00Z6L |A8'L 3UON | 3000ZADX
JSZL+ 01 §G- =21 owes) Kelin- | W
- (?) 09592 09598 NI 1404 8 NEEVY Av8E — | 88ZZl |A8'L 3UON | 3000LADX
574+ 01086 =1 onseld Aewiy- | N
- (43R N 9le 8 A698€ 88T — 7169 | A8'L AUoN 3009AOX 3-XdUIA 014D
JSGZL+01065- =21 dlwess) AIeNjiIN QNS 1Y-UON pue juesajoy uonelpey NS a
= (8) pL1dd W | vz 43 NLEELT | NT6ST | Wyl | T6LEE |AS'L LESZ0-7965 | 0009AZOX
2671+ 03066 =1 onseld Aied|i N3d Juess|oL uonelpey N3d Snid-04dd ]
- (2) £1£90'82L98 | 4'W'N 91§ [ A8rZ0L A8eLL 96 | 9EEVL | AS'L 0£520-296S | 000EAZOX
2571+ 01066 =1 dlwess) Juess|ol uonelpey diyd-dijy 334-04dd H
9671+ 03966~ =51 S1weia) ARy JueIR0L Uonepey snid-04dd | A = L5986 ‘95594 N | sz 8 NL86€ Moz | ov | 0z1S |ASL 62520-7965 | 000LAZOX X9UIA 044D SYDdd 0¥dD dsuajeq
o3 o [a) (e} T 0 w (%) (o) (%) o
& o2 ge 2|25 5§15 %8| 2 (2| £ |8 g g
3 2 |9 29 = |a3 | % a o=l = = o @ o =
& 9 |2 = 3 || = | =~ = = = e s
o =. ] =0 Q v g S o (=} w — < o
= o 5 3 [ A b = = = =
o =3 o = “w 2 S - | =
= H o N £ I 8 &
S E] == = S 5 <
« © = o S
=
w
Jpd-€003d1/0138|1W/S1ONPOId/WOd XUIIX MMM//:d1Y SYDdd wm—,_wu.wﬁ_ 3 UUMﬂ—mOh0<

sapeun Hurinyejnuep

S9IIABP/WOI XUI|IX"MMAM//:d11y
uedwo) 21607 sjqewwelbold 3y

dedsoiay pue asuajaq Xuljix XNIIX R

Fall 2004




wyyjoogqelep/opuipied/wod xuljix:mmm//:d1ay 1e punoy s19ays ejep 3dIA3P Y} YHM JuUaWndop siy} ul elep |je Apusp juepiodu)

Fall 2004

swoidAoeBaf/wod xuljx-Mmm;/:d1ay HsiA
‘SINOYd foeba| buipiehas uonewojur 104 :10N

S1040X IX0PSOX

*33.Jqd/WOD"XUI|IX'MMM JISIA SUOIIN|OS 3314-Gd INOCE UOIBWIOUI 3I0W 104 "3|e|IeAR 3Je SUOIN|OS 331)-Gd
S1040X TX0ESDX
S1040X TX0ZSDX

o | s o]

V9d4 8 01 dn) S1040X TX0LSIX

ot i _ | s e

fiowsy (v9dd ¥ 01 dn) NG ZE (uoissaidwiod InoYIM 491X + dZESDX) S1040X XS052X

yseld QY O9SAIGN ZSL  SPA ON ON  gordn dYNB3ES  S3A  wosn) € UGN IL 25 3oywasshs pestsiliolsseldiioollieansig sWnsser, = Ix-ueyeds
“(Uojsse1dwod INOYHM §104DX + dZE4DX)
o 8 Pasn si uoissalduiod Weal}s)ig SaWNSSe . 5204X 002S2OX
yselqedwo)  J3SAUGN O  SBA SO S9A  panwiun OVLf ON  MDGT z o dn 43 IDywayshs
SL04DX 051S2IX

dzeddX

m.A m 2152 £ g 3 s W m Jrem— — SL04DX 001S2OX
] < ] §=8 2 ) ® S
=) =] =3 = [l o 2
2 S - A g A 2| 3 By d9L4DX 000VAZIX SL04X 0852X
2 n ) 2. @ 5 . 3 R S104DX 0€STIX
= ot 3 = 3 2 d9142X 000EAZIX
g g & 2 g s 2
= = & 4804X 000ZAZOX SL04X SISTOX
8040X 00SLATIX II-ueyieds
SP04IX SPO4DX 3009520
" 3DV WaSAS s ‘saunyea) [ans] WasAs Buizijin subisap 1oy pue uoneinbiuo) yod4 ajdnjnw io4
SP04DX 00SAZDX Sy040X 3007STOX
ST040X 0SZADX ST04DX J00€STOX
S1040X 08AIX ST04DX 3002SZOX
S1040X OVAZIX SZ04DX 3051S2IX
870N 870N 870N 1I-X3UIA SL04DX 3001S2X
8vs4 8vsd 8vs 0ZOA 0Z0A 0Z0A abexeq «xdTEDX STLATIX SUE 30s50X

g 00LdAZOX
g 0£dAZIX
g 0SdAZIX
g 0vdAZIX

(114 oy ov €€ €€ €€ é
€E-G'1 €e-gl €E-G'l €e-8'l €e-8l €e-8l !
€E-G'l €e-gl €E-G'l €E-8'l €e-8'l €e-8l g

8l 8l 8l €€ €€ €€ !

A A A uoneinbyuo) depidajas g! ST040X g
A A A A A A uoneinbiyuo) jeuas !g S1040X E

0id [I-X3HIA ¢-uepieds

qNzE q9L qg 1174 qNz qiL !
ﬂ_Nmux%Ex%ﬁuxmgbxmsuxm_obx I

safie)ped pue sainjeaj Ajlwed yseld wiopeld 9UBIBYIY $S0.) 31N Ysel4 wojyeld

uonnjos NOoYd yse|4 wuojie|d uofinjos NOYd yse|4 wopield

xXujeNl uondo abe)ded pue uoild3|3S }Phpoid

Xeell Journal

m:_Omm_u_.:Ou\EOu.x:___x.>>>>>>\\unu.u.£
Auedwo) 21607 a|qewwelboid ay L

suoijnjos abe.aols uoljeanbiyuod xuljryx XNITIX %




‘yoyud abesyped juasaidau sasayjuaied ul suoisuswiqg
'Spea| JO SAISN|dUI 348 UMOYS (J ' @) Suoisuawip ‘ssbesped awely-pes| 104 ‘7
"9ZIS |BN}OE DB UMOYS Saul[Ino abexped °| 310N

9

(Wwizz L) (wwizzL) (wwizzL) (Wwizz't) (Wwizz L)
WWEZ0EXET0E WG Gex§l se WWES'LLXES /L WWSHZLXSy'cl  WWL6'6XL6'6
WWwQ'9LXQ 9L wwo'zixo'zlL wwQ'ex0'8  WWQ'gxQ'g WWQ'/XQ'L WWQ'9X0'9

08¢SO

v98 3TVIOSdIHD JJ1d

Xeell Journal

s (Wwgo)  (Wwgp)  (Wwg0)  (WwWgD)  (Wwgo)

(Wwis0) (Wwis ) (Wwis9°0) (wwig ) (Wws9°0)
ww9'zyx9 ey WW9'yEX9 e wwiz'Lexe'Le Ww9'0EX9'0€ wwiz'LLXz'ee

09L0d/OH 8070Dd/OH

0zDd/OH

d40d
(wwig o) (Wws0) (wwg o) (wwig ) (wwg0) (wwg ) (wws o)
wwo'9LX0'9L wwo'ZLxo'zL — wWwozLxo'zl wwo'9zx0°'9¢ wwp’9ex0'9e wwiQ'gexo'ee wwo'9LX09L

00LOA

00LOL

d40N

d401

Buibe>ped/wod xuljix-mmm//:diyy

Bbuibeded xuljiy

sAuedwo) 21607 ajgewweboid sy L

Fall 2004

XNMIX 23




‘yo1d sbexped jussaidau
sisayjualed ul padualayal suoisawiq
'9ZIS |BN1OE dJB UMOYS SBUl|ino abedped *| 810N

(Wwizz"L)
WwS'ZyXs zy

(Wwo'L)
wwo’orxo o

(NAMOQ ALIAVYD) VD4 TVIIN

(Wwizz L) (wwo'1)
WIWQ'SEXD'SE WWQ'SEXQ'SE

Q3NNILNOD (dN ALIAVYD) VD9 AIATONHINO DILSY1d

(wwo'l)
WWQ'LEXO'LE

(Wwizz'L) (wwyz'L)
wwo'Lexo'Le wwoQ'£ZX0°LZ

o -

(wwol) (wworl)
wwQ'LzXx0'LE wwQ'eex0'ee

(wwo'L) (wwo'l) (wwo't) (wwio'L)
WWQ EZX0°ET wwo'6LX0'6L Wwo £LX0"LL WWwQZLX0"LL

H H H i

(dn ALIAVD) ¥YD4 AIATONYINO DILSV1d

Buibe>ped/wod xuljix-mmm//:diyy

Bbuibeded xuljiy

sAuedwo) 21607 ajgewweboid sy L

XNMIX 23

Fall 2004

Xeell Journal



93

(wwizz L) (wwios'0) (wws90)
WWLEOLXERZL wwo'0zx0zL Wwy'9X0S'9 =
0z0S 8YON 0ZOA 2
* :
Jl0S/d0SS1/dOS1
(wwo'L) (wwzz'y)
WWG'ZyXS ey wwo'ovx0'or

L JAEE]

(wworl) (wwQL) (wwo'L) (wwoo'L) (wwp') AE.Ew.ov.
wuwo orxo or WWQ'SEXD'SE WWQ'EEXD'EE WWwQ' LEXO'LE wwQ'£ZX0° L2 wwo'LLXo'LL

96844
L1SLdd

Buibe>ped/wod xuljix-mmm//:diyy

Bbuibeded xuljiy

V94 dIHD-dITd

sAuedwo) 21607 ajgewweboid sy L

Fall 2004

XNMIX 23




(Ajuo smopuim SW) 1dd
9depalu| 413
fjuo 4103

adepa)u| pajesbajul

SIA

(Auo smopuip SIAY)
20epSIU| pajebatul

ON

uondo ue se pjos

uondo ue se pjos
uopdp ue se pjos

SIA

SOA
SOA
SOA
Kjuo smopuipn SN
SOA
ON

v

v

TV :€-uepreds
TIV :311/11-ueieds

v

(Ajuo smopuim SW) @1dd
adep8iu| 41a3
Ajuo 4103

adepa)u| pajelbalu|

SOA

(Auo smopuip SIA)
DepsIU| pajeihaiu|

SOA

uondg ue se pjos

uondg ue se pjos
uondQ ue se pjos

SOA

SOA
SOA
SOA

Ajuo smopuip SIAI

SOA
Ajuo xnury pue smopuip SN

v

v

TV :g-uepeds
TIV :31/11-uepeds

v

(Auo smopuipm SIN) @1dd
adep_iul 41a3
Ajuo 4103

adepa)U| parelbalu|

SOA

(Auo smopuip SI)
epsu| palelhaiu|

SOA

uond ue se pjos

uondQ ue se pjos
uondQ ue se pjos

SOA

SOA
SOA
SOA
Ajuo smopuip SIN
SOA

Ajuo xnury pue smopuip SN

v

v

00¥SE ‘007SE ‘0SSE ‘€-uenieds

TIV :311/11-uepeds

LdAT '7dAT TdAT :04d 11-XUMIA

00SAZ - OVAZ “1I-X3HIA
3009A - 0GA :3-X3HIA
009A - 0SA XSHIA

a1dd
2.3l 4103
Ajuo 413

adepa)u| parelbalu

SOA

adepa)u| parelbalu|

SOA

ON

ON
ON

SOA

SoA
SOA
oN
SOA
SoA

SOA

v

v

00VSE ‘00ZSE ‘0GSE :€-uepieds

(3009522X Pue 300¥S2X
1doox?) T1v :31I/1ueneds

TdAZ :04d |I-X3UIA
0STAT - OPAT :11-X3UIA
J00€A- J0GA *3-X3HIA

13av
1 13)1dwo) yod4 shsdoufs

714 uoisalg satydels Jojus
wnpads opreuoa] sdiydels) JoJUB\

uoddng sisayjuhs
[ea1shyd Apduwy AorduAs

oud/Apdufs Apiduds
(LSX) ABojouypay sisayauAs xuijix

uonPaUU0 13h1e) || 3gOYJUOISIA
1966ngaq darsa|buls
13|1dwo) ++2/) qeiq

sjoo] Juswdo|ansq

UOIIP3 XUIIX JOAYPUIN

(a3
1) swdojanag

pappaqu3 xu

dSQ 10} J0}eIBURD) WA)SAS Xul|IX
Hoddng say3y) 114 Aued pig

sIanansuel] uqebin-nniy - 19N
juswabeuepy ypopd [exbia - WA
SpJezipA 21nR1YdIY

(l0)1p3 JuleLISUO) BALY pue Inould) IDVd
washs J01e1audD 340D

1011p3 weibelq aels

101p31aH

10}1p3 dlewayds

S99 00560X

||-13uuny|0o)
€V1dX «Jouuny|00)

SaLIaS . uepeds

SBLIBS . XB;

sisayufs

ubisaq walshAs
pappaqu3

Anu3 ubisag

Fall 2004

aduely 351 uonepunoy 3s| xaseg 3] WIOVdGaM 351 !

Xeell Journal

ASI/WOd XUl[IX"MMM//:d11y

1Z°9 3SI - 94eM}OS XUl|IX

uedwo) 21607 sjqewwelbold 3y

XNITIX 28




95

Xeell Journal

‘UOJ}eWIOJUI BI0W Jo4

‘uondo ue se pos s pue sajeh waysAs uoljjiw | 0} dn subisap jo uonejnwis ayy suoddns || IXIA,
“3SI/WOD"XUI|IX MMM Je J3)U)) |00 ubIsaq Xul|iX Y1 1. 3|qe|iene S|apojN 3IdSH

193UR0d1/WOod" XUl IX'MMM//:d13Y 18 J33URD) d] Xul|iX 3y} HSIA ‘s1anpoud | Xuljix J0 3si| 833]dwod dy} U0 UOIIBWIO)U] BIOW I04 340D/dI

Xnur ‘sliejos uns ‘(dx Xnur] ‘siejos uns ‘(dx Xnurt ‘(dX SMOpUIM
SMOPUIA SIN/000T SMOPUIM SIN)Dd  SMOPUIA SIN/OOOZ SMOPUIM SIA) Dd SIN/000Z SMOPUIM SIN)) Dd  (dX SMOPUIM SIN/000Z SMOPUIM SIA) Dd swiope|d
S9A SO\ SO\ SO\ uoddns o1ejnwis Aued pag
SO\ SOA SO\ ON ORS}20Y pue ddd 104 SIPPONLYVINIS
SOA SIA SIA saA  Moddns Buppay) fHusjeainby Aued pig
SA SOA SOA SOA (sishjeuy Jamod) Jamodx
SOA SOA SOA SOA JmalAdiyd
SOA SOA SOA ON 9q0id Yum Joup3 ¥Hdd
SOA SOA SIA SOA J1azhjeuy Bulwil dneis
»£JOHEIS || IX WIS|3POIN x5 A9MEIS || IX WIS|ISPOIN »+131RIS || IX WIS]PPO ++A9UEIS || 3X WIS[SPON (I IXIA) UoRIPT XUllIX oWIS[PPOI
Kjuo smopuip SN Ajuo smopuip SIAI Ajuo smopuip SIN SOA W Jayduag 1aH
uondo ue se pjos uondg ue se pjos uond ue se pjos uondg ue se pjos 0id wadodsdiy)
SIA SOA SO\ SO\ +SI9PON IDIdSH
SIA SO\ SO\ SOA SI9PON dINVLS R
SOA SOA SOA SOA S|apo sidl |9na7 pieog
SOA SoA SoA SoA 1abeueyy uoneinbiyuo) 3Dy walsks
S9A SOA SIA SOA 1OVdIAl
SOA SoA SoA SoA piezip uawanosdwi buiwip
SOA SOA SOA OoN ubisaq Jejnpojy
SOA SOA SOA SoA ainoy 13 Ade|d uanLq buiwi]
SOA SoA SOA SoA 101p7 SJUIRAISUOD)
SA SOA SOA SOA Jauue|dioo|4 uonejuswd|dwy
dduel||y 3s| uoiepunod 35| Xxaseg 35| wAIVdqdM 351 aimesaj

ASI/WOd XUl[IX"MMM//:d11y
uedwo) 21607 sjqewwelbold 3y

Fall 2004

1Z'9 3S| — 91eM}}OS XUul|IX XNITX R




agvod NO

XNITX

Hunndwo) ajqeinbyuoday ‘elpawniniy 4sq ‘Hurdhololq

300ZS0OX

S1Y 0¥N3- ul papnpur jou Aiddng 1amod {(0¥NI-001DTSZ-LIN-SA 'X2) SIyf [euoneusaIul Joj Jaquinu Led 0} 0Yn3- puaddy :s1onpoid ybisuj

SUOZLIOHNN

pieog uawdoansq 3||-uepeds

300ZST-191Q-X4V-MH

|eLISNpU DAROWOINY

300€S2OX

'p11 ‘ubisaq palesbajul ebijjpiu|

11y JapIeIS pue uliope|d uswdoaAsd NYILL Pue NiT'NYD

A3a!

J957949-3009S70X (dawa) 3ybisuy Xaseg 35|/m 1y yuawdojaAaq 300952 1 31I-uepieds SV4-3SI-D193¢S-1IX-Sa

957949-3009520X (03wa) ybisul ¥ yuawdojanaq 300952 J1 3iI-uepeds ¥219375-L-Sa

957949-300€57X (03wa) ybisu X@seg 35)/m 11y awdojansq 1 3|1-uepeds Svg-351-D1€325-11-5a

wiope|d Juawudojanap ¢-uepieds asodind [esauan 957949-300€52IX (03wa) ybisul uy Juawdojanaq 300€SZ J1 3I-ueneds ¥1€3T5-L-Sa
10ssa201donIW pappagu3 3I-uepeds (23wia|A) 3yBisul ) 3ze|gonIiN 3|I-uepeds 19325-8N-LIY-5a

Jossadoidoniuw pappaquiz 3iI-uepeds (23wl 3ybisul W) 3ze|gonIN 3||-uepeds D1€3TS-GN-LIN-5a

wode)eq/woda|a] 'buidAiolold

195¢149-3002SOX

SIAIRS UBISAQ 1BUAY

11y uonen|eay 3jj-uepieds

1A3-32dS-XTX-SAV

Wode)eQ/LI0d3|3) ‘BIpawIn|A ‘03pIA [e)biq ‘BuidAiolold

3002STOX

S3INIBS UBISaq 1auAY

a[npoy Alowsay
/SUONEDIUNWIWIOY B 3Z|gODIA/M My Uonen|ead 3||-uepeds

1A3-9N-32dS-Sav

ubisap uonesnsuowsp
1525 01 0°Z aSn Apeas smopuip e yim Jaubisap ay} sapinoid - (°Z UoISIARY uonedyAdS
sng [euds [essaniun Buisn 1aanduwiod 5oy e 0} 3AUP |SS © buepaiul Joj uonn|os a1jdwo)

8070d-300£S2X

9IRS UBISAQ JUAY

1) uonnjos wasks S5 03 0°Z gSn ssadh) B xuiy

10S-2SN-3zS-sav

311-uepeds

SUOINEIIUNWIWIOIID] / SUONEIIUNWIWIO)

ejeq ‘swajsks [eLsnpul 4sa Juswdojanaq 10ssadold 1os azejqoni ‘butdAiolold 180Z0d-007SEIX SUOZLIOHNN pieog JuawdojaAsd 00¥SE OHNN 40-00%-€dS-X4V-MH
SUOIRDIUNWWOD3|3] / SUOEIIUNWIWOD)
ejeq ‘swajshs [ensnpuj 4sq ‘uswdojpnsg 10ssadoid 1jos azejqoni|y ‘buidfiojorg 00S1SEDX SUOZLIOHNN paeog juswdojanaq 00 LSE OHNN 40-005 L-£dS-X4V-MH
Jossadoidoniw pappaqui 9/9947-0051SEIX (23WaN) Wbisu| W uawdojaraq azejgoni g-ueneds 005 LEINSE-GIN-LIN-SA
Jossadoidoniw pappaquiy 9/9941-007SEIX (23w ybisuj 1y uswdojanag azejgonip ¢-uepeds 007D1SE-aN-LIN-SA
3|qed OvLr pue
wiope|d Juawudojanap ¢-ueieds asodind [esauan 9/994-0051SEIX (03w |A) 1yBisu| 1epuno I51/M I lojana@ 005 1S€ A €-uenreds 351-005 LENSE-LI-SA
uuoye|d Juswdojanap ¢-ueleds asodind [esausn 9£9947-005 LSEIX (0awa) ybisuy 1 Juawdojaraq 005 1SE N €-uepieds «005LENSE-L-SQ
uiope|d Juawdojansp ¢-ueieds asodind [esauan 80Z0dY-00VSEIX (23wBN) Wbisu| 3]geD DYLI PUe 4D YIVAGaM /M M) Judwdojaraq 7 g-ueneds AVd-00¥I1SE-LIN-SA
wiojeld yuswidojansp ¢-ueyieds asodind [essusn 80Z0dP-00¥SEIX (23w ybisuj 3|¢e) DYL[ pue uoiepunod 35|/m 11y Juswdojansq J7 €-ueieds SYg-007D1SE-LIN-SA
wuopie|d yuswdojanap g-ueneds asodind |esausn 80Z0dP-007SEIX (oawa) ybisuj 1) Juswdojareq )7 g-ueneds +007D1SE-LIN-Sa
DINBP (0 £-Uepeds ay) Jo sainiea)
padueApe 3y} Yim uofejuawiLiadxe smojje ‘wiojeld uonen|ens g-uelieds aAndaYa 1500 Aap 007SEIX S32IMIBS UBISAQ 1BUAY 9IN3P Q0FSE YiM 1Y uonen|ead g-uepeds 00%71AT-£dS-X1X-SAY
IA3P 00§ | £-UenedS 3y Jo sainjea)
pasueApe 3y} yum uonejuswiadxa smoj|e ‘uioje|d uonenjens g-uepeds aadaYs 1500 AIsp 9/9947-005 LSEIX S3INIBS UBISaq 1auAY DIAP 00GLSE YUM 11y Uoen|ea3 g-uepieds 005 L1AI-€dS-XTX-SAY
a[npoy Aowsay
S)2}IEU JBLUINSUOD PUB PAPPAGLD ‘UOEIUNWLIOD BIEP ‘UONEIIUNWWO0R|R) ‘BulyiomiaN 007SEDX SIS UBISAQ JoUAY /SUOIIEDIUNWIWIOY) PUE 3Ze|gO.DI|A/M 11y Uolen|eAd -uepieds 00%1AT-9IN-€S-SAY

uoned|jddy

yoddns 3219 xuljix

J191ddng

uondinsaq pleog

¢-ueliedg

Jlaquiny Med pieog

Ys4eas pJeoq/wod XuljIX’MMMm//:diry

spieoyq 95uUd43}3Yy Judwdojanaqg - pieog uQ Xuljix

s<Auedwo) 21607 ajqewwelboid ay L

XNMIX 28

Fall 2004

Xeell Journal



o8 No
XNITIX

SIY 0YN3- Ul papnput Jou Ajddng Jamogd {(0¥N3-001DTST-LIN-SA X3) S

[euoneusRIU 1o} Jaquinu Jied 0} 0Yn3- puaddy :spnpoid ybisu]

me~m>m paseg-d| .Ewum>m pappaqu3 .:o_um__._m__._m_\‘ R uolssiwisuel) eyeq .m:_nbouoi 00ZSOX u| .m:_u_:w:ou COwuwn_m :m_mwn_ dduaIsjay sse|) 03pIA 0°Z 9SN IAI-8SNADAS
swaysAs paseg-d| ‘walsks pappaqui3 ‘abelols eleq ‘buidfiolold 00Z520X U] ‘bunjnsuo) yosdads ubisa@ @duaiajay sse|) abeiols ssei 0°Z 4N JA3-GSNINDAS
dIOA ‘s211ews)a] ‘wodeleq
/ wodaa ‘uonezijeuasaq/|euas ‘bunndwo) ajqenbiyuoday ‘|Dd ‘uonebinen ‘eipawnniy
‘subisap Jamod mo7 ‘Buissadold sbew ‘swalshs paseg-d| ‘walshs pappaqu3 Jossadoidonipy
pappaqw3 ‘'0dpiA [endiq ‘uone|ndiuel B uoissiwsuel) eleq ‘abeiols eleq 4sq ‘butdiiolold 0SSZOX Yr3310N ppieog uonen|eag 43|jol3uo) NVYAS VOd4 100-aSd4-AN
Bunndwo) a|geinbiyuoday ‘aanowoiny [euisnpul ‘walss pappaquiz 4sq ‘buidholoid 00ZS7OX buusauibug ajod yuoN aulbuj Hd-19mod ||-uepeds IN-S953dN
SwalsAs pappaqui3 |I-ueyieds U] dAsurul spie) auibuzonip (j|-ueneds/xauin) YOd4 + NdD ABuibuzoniy
dIOA ‘sonewdja] ‘wodeje( / Wodaj3] ‘uonezjeLssaq
/leuss ‘bunnduwio) ajqeinbiyuoday ‘|Dd ‘uonebinen ‘eipawnn|y ‘subissp samod mo7
‘Buissadoid abew ‘swa)shs paseg-d| ‘waisks pappaquiz 1ossadoidoni|y pappaqui3
‘oapIA [exbiq ‘uonendiuejy R uoissiwsuel] eleq ‘abeiois eleq dsq ‘Buidiioloid ISy 0SSZDX '051S7IX ‘001STIX 0D3INI pieog INNO INWO-12d/7oVa-14
dIOA ‘S21eW[3] ‘WOodBje( / WOD3[SL ‘UONeZI|eLdsaq
Jleuas ‘bunndwo) a|qeinbiyuoday ‘|Dd ‘uonebinen ‘eipawniniy ‘subisap amod mo]
‘Buissadoid abew ‘swa)shs paseg-d| ‘waisks pappaquiz 1ossadoidoni|y pappaqui3
‘03pIA [enbIq ‘uonejndiue 1 uoissiwsuel] eleq ‘9beiols eleq 4sa ‘buidhioold Jisy 0§SZOX ‘051SZIX ‘00LSTOX 0D3INI pieog ININO [enbiq INWO-Q-12d/7DVd-14
ASUIT GZEIDd
Bunnduwo) ajqeinblyuoday ‘|74 ‘Buissadold abew| ‘03piA [enbiq 4sa 00ZSTOX (3w 1yBisu| afoid ajbuis xuijix/m 11 Juawdojpraq [3d 00 II-uepeds 002-SZ€Dd-LIN-Sa
Jossad0idoniw pappaqu3 |I-ueyieds (o3wsayN) ybisuy 11y 9ze|gonip ||-uepeds 7S-3ZV19N-LIN-Sa
wiope(d Juawdojanap ||-ueeds asodind [esauan 18020dS-00157IX (pawap) ybisul | 3qed DYLF pue @D ¥IVddRM/M 1y Judwidojanaq 001SZ I II-uepeds IVd-0011ST-LI-5a
wiopeid yuawdojanap ||-uenieds asodind esausn 18070dS-001S20X (p3wapN) 3ybisu| 3]qeD DYLF pue Xaseg 35|/ 13 uawdojanaq 0015z J1 II-uemieds Sv8-351-001D1S7-LIY-S0
wiope|d Juawudojanap ||-ueieds asodind [esauan 1802DdS-00157X (0awa) ybisul i wuawdojaraq 001S 1 |I-uededs %0011SZ-L1I-Sa
Bupndwo) a|qeinblyuoday ‘|d ‘uisseoid abew) ‘swisishs paseg-di ‘03pIA [eNBIA dSa 957949-002S70X (p3waIN) 3yBIsu| | 319D DYLF PUe @D HIVAIIM/M 1 Juawdo[aAaq 00ZSZ 1d II-uemeds AVd-0025Z-L¥-5a
Bunindwo) ajqenbiyuoday ‘|4 ‘Buissadoid abew ‘swaisks paseg-d| ‘03pIA [eMBIQ dSA 2957949-002570X (03wa) wybisul 3|qeD DYLr pue Xaseg 35|/m 1y JuswdojpAsq 00ZSz 1d II-uemeds Sv8-351-002SZ-LI-Sa
bunnduwio ajqeinbijuoday ‘| ‘uissadolq abew) ‘swaishs paseg-di 03piA [ebIq 4Sa 95v949-00252X (P3wRIN) 3yBisu] W} uswidojaraq 00T 1d II-ueveds +00TST-L-Sa
Buissad014 abew| ‘swiaishs paseg-d] ‘03pIA [B61Q dSa 001S2OX (03wa) wybisul 1 Juawdopanaq 001 |I-ueyeds +001SZ-11¥-5a
skemajeh doy ‘suoneisaseq ssajpuim ‘Bunpoma uswdo@asp walsks buissadoid-nnjy 0S1STX U] ‘sa16ojouya) Mogssol) pieog owaQ pue uonen|ea3 duge4 4z pieog duqe4 4z

92/ ubisap ayy Ayjdwis pue ualioys sdjay - Ajiwey yod4 ||-ueneds xuijix ay3 o} pajabiel
a1e 1eyy subisap 1sa1 pue dojanap o) wiopejd buidfiojoid pue uonenjeas anndays 1503 Aisp

80Z0dS-0S1STIX

SIS UBISAQ 18UAY

11y uoneneay ||-uepeds

1AI-TdS-XIX-SAV

S}l JAUWNSUOD PUB PAPPaGLL ‘UOEIIUNWIWIOD BIRp ‘UONEIIUNWIW0D?|3} ‘BunpiomaN

8070dS-051S7X

S3INIBS UBISaq 1auAy

a|npoy Alowspy
/SUONEDIUNWIWIOY B 3Z@|GODIIA/M 11y Uonen|ead ||-uepeds

A3-9N-TdS-SaY

uoned|ddy

ymoddns 3219 xuljiX

J191ddng

Ys4eas pJeoq/Wwod XuljIX"MMM//:d1ry

spieoyg 95uUd43}9Yy Judwdojanaqg - pieog uQ Xuljix

uondinsaq pleog

|l-uelieds

Jlaquiny Med pieog

Auedwo) 21607 ajqewwebod ay L

XNMIX 23

97

Xeell Journal

<
(=3
(=3
~

=
e



ayyod NO

XNITIX “Jsanbas Jawojsnd uodn 3|qe|iene aie sp1eoq 0SdAZ PUe 07dAT

uonezijeuasaq / [euas ‘Bunnduwio) sjqeinbiyuoday ‘swaishs paseg-d| ‘waishs

old Il

X3UIA 104 'Sy 0¥N3- Ul papnpur Jou Addns Jamod {(0YN3I-001D1SZ-LIN-SA X3) SHY [euoneusajul 10y saquinu Lied 0} o¥n3- puaddy :spnpoid ybisul

pappaqus3 ‘1osse20idonIN pappaqw ‘uonejndiuel 7 uoissiwsuel] eleq 4sq ‘buidfioloiq 968449-0€dATIX panwiI 331A3q U03[3 0fxoL pieog uonen|en3 0/ 18420y 0id |I-X3HUIA 1DIN-0€-dTA-8L
uonezijeuasaq / [euas ‘Hunnduwio) ajqeinbiyuoday ‘swaishs paseg-d| ‘waisks

pappaqu3 10ss3301doIN pappaqw3 ‘uotiejndiuel 7 uoissiwsuel] eleq 4sq ‘Butdfioloq 968449-0ZdAZOX pajwI 331A3Q U013|3 0AY0L pieog uonen|eny /| 13%20y 0id [I-X3HIA 19IN-0Z-dZA-91
Bunndwo) a|geinbiyuoday ‘buissadold abew|

‘seina uondAinug ‘oapiA [eubiq ‘uonejndiuely R uoissiwsuel| e1eq ‘abelols eleq 4sa 0ZdATIX '0) Jossad01dnny duepuns a|npoj abel03s ysig L8ELNS

wodapa) ‘wialshs pappaqui3 ‘Buissadoid [eubis [eybiq B syiomiaN eleq 0ZdATIX-LdATIX yoale|eN 0ydusg 9-LdAT-04dug

Buissadoid abew| ‘swalshs paseg-d| ‘walsAs pappaquia ‘0apiA [ewbia dsa 9794 Ul LdAZOX (G3waN) ybisu| 1 Juawdojanaq 9594 £d 04d IIXAUIA «95VD4LdAZ-LIN-SA

€1944 Ul LdATOX (dawan) ybisu] 04N - ¥ JuawdojaraQ £d Z£944 04d II-XAMIA *«CL944LdAT-LIN-SA

Buissadold abeuw| ‘swa)sks paseg-d| ‘walsks pappaqui3 ‘oapiA [e1bIg 4sa

95794 Ul ¥dATOX

(03wa) 1yBisul

Y 3uawdojar3d 9594 ¥d O1d [1-X3HIA

*957D4VdAT-LIN-SA

€1944 Ul 7dATOX

(dawa ) ybIsu|

1Y W0BWAO[BASQ ¥d 72944 02d I-XSMIA

«CL944VdAT-LIN-SA

TSL1d44 Ut 0€dATOX (23BN yBisu| W Jdwdo[aAAQ 0€d ZGL 144 01d IIXUIA «CSLI440EdAT-LIN-SA

TSL144 Ul 0ZdATOX (GawaN) ybisu| 1 Judwdojanaq 07d 71144 04d IIXAUIA *CSL1440ZdAT-LIN-Sa
dI0A 'SINBWaS] ‘W0d3[R]
/ wodeje( ‘uonezijeLssa/[eLas ‘bunndwo) ajqeinbiyuoday ‘|Dd ‘uonebiney ‘elpawniniy
‘subisap Jamod mo1 ‘buissadold abew ‘swalshs paseg-d| ‘walshs pappaqui3 Jossadoidonipy

pappaqui3 ‘0apiA [ey6iq ‘uonejndiue} 7 uoissiwsuel] eleq ‘abelols ereq 4sa ‘buidojold 0LdATIX 'STLAATIX dnoio INIQ auibu3 Buidfiooid JISY SOLN000ING SOLY0009NA
wodejeq/wodd|a) ‘bunndwo) sjqeinbiyuoday

‘elpawn|y ‘Buissadold abew ‘walsAs pappaqug ‘uonendiue % uoissiwsuel] e1eq 4sa 0ZdADX U] ‘2Uepg Jed-9 agnueq 1d9a
sadepIa1ul [eLas paads-ybiy ‘uoissiwsues)

/6unndwod oapi ‘sieindwod sadns pue s1AIRS ‘NS KLndas omiau Buiydims 1axed 0EdATDS ‘0ZdATIX 'LdATIX SDIAIBS UBISAQ 18UAY 1 JawdoPA3(q ,,,01d [|-XBHIA 1) OYdZA

92IN3P 014 ||-X3UIA Y} 0}

paiabue) subisap 1591 pue dojanap o1 wuojied buidfioloid pue uonenjens aandaye 1503 Alap LANDX S9OIMBS UbISaQ JUAY apelb paads 9- ‘/dAZIX/M 11y Uonen|ens oid ||-XaUIA 9-/dTAI-0¥dZA-XTX-SAY
3DIABP 0l ||-X3UIA Y} 0}
pajabie) subisap 1531 pue dojanap o} uojiejd buidAyojoid pue uonenjens aadaYd 1503 Aiap LdATIX SINIAS UbISAQ 19UAY apeud paads G- '/ dAZX/M M1 UOHEN|eAF 01 ||-XIUIA S-Ld1A3-04dTA-XIX-SAY
uonezijeuasaq
/ [euas ‘bunndwo) ajqeinbiyuoday ‘|14 ‘uonebinen ‘swaishs paseg-d| ‘waishs pappaquiy
“10ssad0.doni pappaqui ‘uone|ndiuely B uoissiwsuel] eleq ‘abeiols eleq 4sq ‘buidfolold LdADX $92IM9S UBISaQ JBUAY apeub paads 9- '£dAZIX/M MY JuswdojPAaQ 01d ||-XUIA 9-/dAI0-0YdZA-XIX-SAV
uoiezieuasaq
/ |euas ‘bunndwo) ajgeinbiyuoday ‘|4 ‘uonebire ‘swalsks paseg-d| ‘waishs pappaquiz
“10ssa20.1doni pappaqu3 ‘uone|ndiuely B uoissiwsuel] eleq ‘abeiols eleq dsq ‘buidiolold LdADIX SDINIBS UBISaQ 18UnY apeub paads G- '/dAZIX/M WY Juswdo[anaQ 0id |I-XUIA G-£dAIQ-0¥dTZA-XTX-SAY
uonezijeuasaq
/ [euas ‘bunndwo) a)qeinbiyuoday ‘|Dd ‘uonebinep ‘swaishs paseg-d| ‘waishs pappagquiy
“10ssad01doni pappaqui ‘uone|ndiuely B uoissiwsuel] eleq ‘abeiols eleq 4sq ‘buidiolold 0EdAZIX $92IM3S UBISaQ JBUAY apeub paads 9- '0gdAZIX/M U Juawdo[dA3Q 01d ||-XBHIA 9-06dAIA-0YdZA-XIX-SAY
/ [euas ‘bunndwo) ajqeinbiyuoday ‘|14 ‘uonebinen ‘swalshs paseg-d| ‘waishs pappagquiy
“10ssad01doni pappaqui ‘uone|ndiuely B uoissiwsuel] eleq ‘abeiols eleq 4sq ‘buidiolold 0ZdADX $92IMS UBISaQ JBUAY apeuh paads 9- '0ZdAZIX/M U Juawdo[dASQ 01d [|-XBHIA 9-02dA3Q-0¥dZA-XTX-SAY
pue 153} ‘ol ujsu|
‘s|0Ju0) [eLasnpuj ‘buissadold abew gsq ‘suonediunwiwio) ‘(sabpug dloA ‘Ny'S) buniomian 0EdAZIX '0ZdATIX'LAATIX U] ‘swiR)sAS Xuiwy paeog Juswdo[anaq YOd4 WIOMR|d [Dd 04d [I-XUIA wiofield [Dd
Buidfyojoid ISy * Buissedold abew * Bunndwo) ajqeinblyuoday 4sa 0ZdATIX 'LdNTOX ejeq eydyy 014 ||-X3MIA Uo paseg Jandwo) a|qeanbiyuoday 1dX-Wav

uoned|ddy

poddng 231A3Q Xuljix

uondussaqg pieog

014 |I-XMIA

Jaquiny Med pieog

Ys4eas pJeoq/Wwod XuljIX"MMM//:d1ry

spieog 95Ua13}3Yy Jusawdojanaqg - p

deog uQ xuiix

Auedwo) 21607 ajqewwebod ay L

XNMIX 23

Fall 2004

Xeell Journal



ayvod NO ”
XNITIX S1 0¥N3- ul papnpur Jou Aiddng Jamod {(0¥NI-001DTSZ-LIN-SA 'X3) SI| [euoneusaul Joj Jaquinu 1ed 0] 0Yn3- puaddy :s1onpoud ybisul
juawdinb3 1591 ‘wodeleQ / W0d3|3] ‘uoiiezijendsaq / [elas ‘bunndwo) sjqeinbiyuoday
‘swajshs paseg-d| ‘sadinaq uondAinu3 ‘washs pappaqui3 ‘uonendiuely B uoissiwsuel] eleq 0ZdATOX SAATX 04d [I-X3HIA SAATX-0¥dZA-MH
=
dIOA 'sonews)al 5
‘Wodele( / WOo3J3] ‘Uonezi[elasa / [euss ‘bunndwo) ajqeinbiucday ‘|Dd ‘uonebiney m
‘elpawnn|A ‘buisadolq abew| ‘swa)shs paseg-d| ‘waysAs pappaquig “ossadoidonipy M
pappaqu3 ‘0apIA [ebiq ‘uonejndiuely B uoissiwsuel] eleq ‘abelois eleq 4sq ‘Hurdfololq LdADIX SO0 S3[BS XUIjIX UOISIaA S -Wojie|d uonenjeny OOETIAl 04d [I-XaUIA VSN-00€TN-dZA-0a
$10123UU0D YIS YHM spaeoq spoddng 310§ BUIUQ XUljIX 3[NPO\ UOISIBAUOD) d4S O] VINIS d4S-VINS-X4V-MH
510)23UU0D /|AIS YIM spieoq soddng 310§ BUIUQ XUljIX 3[NPOJAl UOISIBAUO W1VS O) VINIS VLVS-VINS-X4Y-MH
§10179UU0D YIN'S YHM spieog spioddng 103§ uljuQ xuljix 9|NPOIA| UOISIBAUO] Gy OL VINS SPrY-VYINS-X4V-MH
510123UU0D /|AIS YIM Spieog soddng 310§ BUIUQ XuljIX 3|NPOJA| UOISIBAUOD ZDASSH OL VINIS 2DASSH-YINS-X4V-MH
dI0A 'SIBWa3] ‘WOdEIR( / WOII[3] ‘UoNezZI[eLasaq / [elas ‘Bunnduwio)
9|qeanbiyuoday ‘uonebinen ‘Buissadold abew ‘swalsks paseg-d| ‘waishs pappaquiz
‘“10ssad01doI pappaqui3 ‘uoendiueiy B uolss! ejeq ‘9belol§ eleq 4sa ‘buidfiolold LAAZIX "PdATIX ‘TdATOX 103G uljuQ xuljixX pieog 030id 0id |I-X9UIA 00€-95794-X4V-MH
dI0A ‘S21BWa3] ‘W0dEIR( / WOdB[3] ‘UoNezijelasaq / [elas ‘Bunnduio)
3|qeanbyuoday ‘uonebinep ‘buissadold abew) ‘swalsks paseg-d| ‘walshs pappaquiz
“lossad04do.iy pappaqui3 ‘uonejnd 78 UoIss! ejeq ‘abeio)s ejeq 4sa ‘burdfooly LdATIX 'PdATIX "TAATOX 310)S 3uljuQ XulIX pieog 030id 0d [[-X3HIA 00€-2£944-X4V-MH
dI0A 'S21BWS3] ‘WOdEIR( / W33 ‘UoNezielasaq / [elas ‘Bunnduwio)
3|qeanbyuoday ‘uonebinep ‘buissadold abew) ‘swalshs paseg-d| ‘waishs pappaquiz
“ossadoido.iy pappaqui3 ‘uonendiuel R uoissiwsuel) eleq ‘abelols eleq 4sq ‘buidiiolold 0SdAZIX ‘0vdAZIX '0EdAZIX '0ZdATIX 103G uljuQ xuljix pieog 030id 0id |I-XUIA 00€-TS L L44-X4V-MH
dI0A 'SaeWad] ‘Wodeleq
/ Wod3|3] ‘uonezi[elasa / uonezijeuas ‘bunndwo) ajqeinbiuoday ‘|4 ‘uonebirey
‘elpawn|y ‘buissadold abew ‘swalsAs paseg-d| ‘WwaisAs pappaquig “0ssadoidonipy UOISIAA () - 5|00} JBAIYPUIA
pappaqu3 ‘'oapiA [enbiq ‘uonejndiuely 1 uoissiwsuel| ejeq ‘abeiols eleq 4sa ‘butdhiolold LAATIX 10}S BUI|UQ Xul|IX YHm wiiopield uonen|ea3 00ETIA 04d II-X3MIA VSN-SYM-00€TN-dZA-0a
W03[3] ‘UoNeZI[eLIASAQ / Uonezijeuss ‘bunndwo) ajqenbiyucday ‘|Dd ‘uonebiney
‘elpawnn|y 'Buissadold abew| ‘swa)shs paseg-d| ‘WwaysAs pappaquig “0ssadoidonipy UOISIBA Y - S|00) ISAIYPUIA
pappaqw3 ‘0apiA [endiq ‘uone|ndiuely g uoissiwsuel) eleq ‘abelols eleq 4sa ‘buidiiojold LdATOX 103G uljuQ XxuljixX UHM uliopeld uonen|en 00ETIAl 04d [1-XHIA AN-SYM-00€TN-dZA-0a
W03[3] ‘UoNezZI[eLIASAQ / Uonezijeuss ‘bunndwo) ajqenbijucday ‘|Dd ‘uonebiney
‘elpaw|n|y 'Buissadold abew| ‘swa)sAs paseg-d| ‘WwaysAs pappaquig “0ssadoidonipy UOISI9A DT - S|00) IBAIYPUIA
pappaqu3 ‘0apIA [ebiq ‘uonejndiuely B uoissiwsuel| eleq ‘abelols eleq 4sq ‘Huidfololq LdATIX 810§ BUIUQ XUljIX UM wiojield uonen|end 0OETIAl 04d |1-XUIA 23-S4M-00€TIN-dZA-0a
dIOA 'SaeWad] ‘Wodeleq
/ Wod3|3] ‘uonezi[elasa / uonezijeuas ‘bunndwo) ajqeinbiyuoday ‘|4 ‘uonebirey
‘elpawn|n| ‘Buissadoid abew ‘swalshs paseg-d| ‘walshs pappaqui3 Jossadoidonipy
pappaqui3 ‘oapiA [eybiq ‘uonejndiuely g uoissiwsuel] eleq ‘abelols eleq 4sa ‘buidfojold LdADIX 9101§ auljuQ xutjix UOISIaA S -Wojie|d uonenjeny O0ETIAl 04d II-XaHIA VSN-00€TN-dZA-0a
wod3|3] ‘uonezijeliasaq / uonezijeuss ‘bunndwo) sjqenbiyucday ‘|Dd ‘uonebiney
‘elpawn|n| ‘Buissadoid abew ‘swalshs paseg-d| ‘walshs pappaqui3 Jossadoidonipy
pappaqui3 ‘0apiA [eybiq ‘uonejndiuel B uoissiwsuel] eleq ‘abelols eleq 4sa ‘buidfojold LdADIX 103§ auljuQ xutjix UOISIBA YN -Wliopie|d uonen|eny 0OE 1INl 04d [1-X9HIA AN-00€1N-dZA-0a
wod3[3] ‘uonezijeliasaq / uonezijeuss ‘bunndwo) sjqenbiyucday ‘|Dd ‘uonebinen
‘elpawn|n| ‘Buissadoid abew ‘swalshs paseg-d| ‘walshs pappaquiz Jossadoidonipy
pappaqui3 ‘oapiA [eybiq ‘uonejndiuel B uoissiwsuel] eleq ‘abelols eleq 4sa ‘buidfojold LdADIX 101§ auljuQ xutjix UOISIaA D3 -Wwliofield uonen|ens 00E 1IN 04d [1-XoHIA 23-00€1N-dZA-0a
Bunndwo) ajqeinbyuoday ‘swaisks paseg-d| ‘walsks
pappaqu3 Yossadoido.ni|y pappaqui] ‘uonejndiuely R uoissiwsuel] eleq 4sq ‘buidfololq 95945-/dAZIX palIwI 821A8Q U0113|3 0AYoL pJeog uonen|ens aze|gonIARIdIBMOd 0Jd [|-X3UIA 910-dSX
uoiezieudsaq / [e1as ‘bunndwo) sjqeinbiyuoday ‘swaisks paseg-d| ‘walshs
pappaqu3 ossadoidoni|y pappaquig ‘uonejndiuejy R uoissiwsuel) eleq 4sq ‘Huidfolold 968449-LdAZOX paNWI IASQ U0113|F 0AYOL pieog uonen|ens Q/] 19420y 01d ||-XaUIA 1ON-L-dZA-9L

01 |I-XHIA

uoned|ddy poddng 931A3Q Xuljix J1a1ddng uondinsaq pieog Jaquinp Med pleog

yd4eas” pieoq/wod Xul[Ix-mmm//:dizy
Auedwo) 21607 ajqewwebod ay L

spJieog 35ua.43}3Yy Judwdojanaqg - pieog uQ xuijix XNITIX ®

<
(=3
(=3
~

=
e




a4Yog No
XNITIX

dIOA ‘WOdEle( / WO03|3] ‘UoNeZI[eLdsaq
/ [euas ‘Bunnduwo) sjqenbiyuoday ‘eipawnniy ‘buissadold abew ‘swaisks paseg-d|

S 0¥N3- ul papnpour Jou Addng Jamod {(OYNI-00LITSZ-LIN-SA "Xa) SHY [eu

euR)Ul Ioj Jaquinu 1ed o) 0Yn3- puaddy :s1onpoid ybisul

‘washs pappaqui ossadoidoni|y pappaqui3 ‘uonendiuepy % uoissiwsuel] eyeq ‘buidAiolold 000LAZDX $21U01193[7 1513 0001AZ 40} p1eog Huidf0101d [|-XaMIA 0001AZ-9dY
Sdlews)s] ‘wodeleq
/ wodaja] ‘bunndwo) ajgeinbiyuoday ‘buissadoid abew| ‘swaishs paseg-d| dsa ‘buidfiolold 0009AZDX U] 159/ SWalsAs [ea12e] SYA pieog Hunndwio) a|geinbiyuodzy JNA || uoajpwey) 75-v09-INA-ZINHD
Bunndwo) ajqeinblyuoday ‘X-13d / 17d ‘uone|nw 31607 ‘uoesaladY JwyLobly ‘buidiiolold 0008AZIX ‘0009AZIX ‘000¥AZIX dnoio INIa 014000ENT 014000ENT
dIOA 'S21eWa|3] ‘Wodeleq
/wio033J3] ‘uoNezi[elasaq/|elas ‘bunndwio) a|geinbiyuoday ‘|3d ‘uonefineN ‘epawnniy
'subisap Jamod mo1 ‘Buissadoid abew ‘swayshs paseg-d| ‘waishs pappaquiz Yossadoidonijy
pappaqw3 ‘0apiA [endiq ‘uone|ndiuel g uoissiwsuel) eleq ‘abeiols eleq 4sa ‘butdiyolold 0008AZIX ‘0009AZIX ‘0007AZIX dnoio INIa auibu3 buidfol01d JISY 01000ENA 0LX000ENT
|013u0> [eusnpul ‘aduel|dde Jausaju] 95794 '000LAZOX U] ‘swayshs uoneauaq (001€4d) pIeog 3NPON 3|qeINBLUOdRY SNId-F0L/dd 00l€dd

wodele( / Wod3|3) ‘swalshs paseg-d| ‘uone|ndiuey B uoissiwsuel] eleq 000ZAZIX uonesodio) Jopnpuodiwas ssaidhy pieog uonen|ead Jake jur z-Lzurions MAQ-10Z0LZTAD
dI0A 'sonews|) ‘wodse)
/ wodeleq ‘uolezl|euasa/|euss ‘Bunindwo) ajqenbiyuoday ‘|Dd ‘uonebineN ‘eipawnniy
‘subisap Jamod mo7 ‘Buissadold abew ‘swalshs paseg-d| ‘waishs pappaqui3 Jossadoidonipy
pappaqui3 ‘'oapi [eybiq ‘uonejndiuel g uoissiwsuel| eleq ‘abelo)s eyeq 4sa buidfiojoly 000LAZIX Ul ‘leppg +JNd-eloway NdINY
dI0A 'sonews|s) ‘wodse)
/ wodejeq ‘uoijezijeliasa/|euss ‘bunndwo) ajgenbiyuoday ‘|Dd ‘uonebiae ‘eipawinniy
‘subisap Jamod mo7 ‘Buissadold abew ‘swalshs paseg-d| ‘walshs pappaqui3 Jossadoidonipy
pappaqu3 ‘'03piA [enbiq ‘uonejndiuely % uoissiwisuel| ejeq ‘abeiols eeq 4sa ‘burdhiolold 000LAZIX U] ‘a1epmnig +JINd-J23Y INd44
wodejeq/wodaja) ‘bunndwo) ajgeinbiuodsy
“eipawinniAl ‘buissadold abew ‘walsAs pappaqui3 ‘uone|ndi g Uoiss! eleq 4sa 000LATOX U] ‘alepmnig +JNd-epnoelieg Ndd8
dsq ‘uone|ndiueyy % uoissiwsuel] ejeq OVAZIX $32MI3S UBIsaq JaUNY 1y uonenjen3 paads-ybiy ||-xaMIA TAT-ZAX-XTX-SAY
swajshs paseq-dl d45a pu3 ybiH ‘uoneindiuely B uojssiwsues ejeq ‘buidiiolold 95947-000LAZIX sad|nas ubisaq Jauny 1 uonen|en3 000 LAZIX II-X3MIA 000L1AT-ZA-XTX-SAY
1Dd ‘swasAs paseg-d| dsa puaybiy ‘uonejndiuely B uoissiwsuel) eyeq ‘buidfoioid 0009AZDX S32IMIBS UBISIQ 1BUAY Ajddns samod juanind-ybiy/m 11y Juswdo@Adg 0009IAZIX II-XOUIA dX0009AIA-ZA-XTIX-SAY
1Dd ‘swiaysAs paseg-d| 45 puaybiy ‘uonendiuep g uoissiwsuel) eyeq buidAiolold 000VAZDX S3IIRS UBISaq 1auny Ajddns 1amod JuaLind-ybiy/m 11y JuswdodA3g dXO00VAZIX I1-XOUIA dX0007A3IQ-ZA-XTX-SAY
10d ‘swaisAs pased-d| ds@ pu3 ybiH ‘uone|ndiuely % uoissiwsuel| eleq ‘buidfoloid 0007ATOX $92IM3S UBISaQ 1UAY 3IA3P OOOFAZIX/M I JUdWAO2A3Q 000VATIX |I-XHIA 0007A3Q-ZA-XTX-SAY
Anwey yod4 [1-xouIA
ay 0} pajabiey subisap 1s8) pue ‘adf0joid ‘dojansp o} JuswuoIIAUS dlempley d)a]dwio) 00SLADIX S3INIBS UBISaq 1auny 92IABP 00G LAZIX/M MY JuswdoRAaq ||-XaMIA 005 LAIQ-ZA-XIX-SaV

SUONEDIUNLILLOI3|3] ‘WOdLIRQ/WOI3[A] “IAVd “Tdl ‘[BHUISNpU] JaWnsuo)

296844/2957947-000 LAZIX

S3INIRS UBISaq 1auAy

1y ubisaq aduaiajey

41 DN THI-D-XTX-SaVY

1Dd ‘swia1sAs paseq-dl dsa pu3 ybik ‘vonendiuey 1 uoissiwsuedy eeq ‘Guidioioid 000VAZIX seayias ubisaq 1auny aze|gONIN UM 11Y 1u3Wdo[A3T 000VAZIX II-X3HIA 0007A3G-N-XTX-SQY
1Dd ‘swia1sAs paseq-di dsa pu3 ybik ‘vonendively 1 voissiwsuely eeq ‘Buidfioioid 00SLAZIX sea1as ubisaq Jauny aze|gonIN Yim 11y JuaWdo[an3g 005 LAZIX II-X3HIA 005 LA3Q-IN-XTX-SAY
1Dd ‘swaishs paseg-di ‘dsa puaybiH ‘uoneindiuepy g uoissiwisues| eleq buidfiolold 0009AZOX saa13s UBISaq AU 37e1gODI M 1Y 1U3Wdo[AQ 000IAZIX II-X3HIA dX0009A30-8IN-ZA-SQY
1Dd ‘swaishs paseg-dl dsa puayBiK ‘oneindiuely 1 voissiwsuely ereq ‘uidioiold 000VAZIX sea1as UBisaq JaUY 3721gODIN YIM 1) 1U3Wdo[AIQ dX000VAZIX II-X3HIA dX0007A30-8IN-ZA-SQY

Buissadoud JAX ‘Buissadold abew| / 0apIA
‘olpey a1emyos ‘bunndwo) a|qeinbiyuoday ‘uondAinug 4sq ‘uoissaidwo) ‘buidAiolold

0008AZIX ‘0009AZIX ‘000¥AZIX ‘000EATIX

eleq eydy

1I-D¥X-Wav

DUX-Wav

Hunndwo) ajqeinbyuoday ‘buissedold abew 4sq ‘Huidholold

LdAZIX '0ZdATIX '000LAZIX

ejeq eyd)y

1dX-NaY

S-LdAZNdX-NaY

uoned|jddy

yoddns 3219 xulji

J1911ddng

Ys4eas pJeoq/Wwod XuljIX"MMM//:d1ry

spieog 95Ua13}3Yy Jusawdojanaqg - pieog uQ

uondinsaq pleog

1I-X3HIA

Jlaquiny Med pieog

Auedwo) 21607 ajqewwebod ay L

XNMIX 23

Fall 2004

Xeell Journal



ayvod NO

XNITIX

wodejeq / Woda|aL

SIY 0¥N3-

papnput jou Ajddns Jamod :(0¥N3-0011SZ-LIN-SA X3)

|euonewss)ul Joj saquinu Lied 0} oYn3- puaddy :s1onpoid 1ybisu;

‘elpawpNAl ‘swiayshs paseg-d| ‘wasks pappaqui3 ‘uone|ndi 1SS1 eleq 000¥ATOX uonesodio) 15anQIeN pleog SOd-WLY HAS / 1INOS 10-950-2¥

Buissadold abew 0008AZIX - 000VAZOX Yoale|leN SM-V1vQuag 10-7-0007AZ-SM-VLvqusg

Buissadoid abew| ‘uonejndiuely | uoissiwisuel eleq 0008AZIX-000EATOX yaaje|leN da-vivqusg 000€AZ-AA-Y1vaueg
Buissadold eleq

olpey paulyaq a.1emyos ‘bunnduwio) ajqeinbiyuday ‘buissadold abew| ‘BuidArojold ISy 0008AZIX - 000VAZOX Yoaje|leN -IN71gueg 10-7-0007AZ-1I-AN1gusg
swashs ajqe) puegapim

191231 3POW-}{N|A ‘[UUBYD-IN|A ‘Swa)shs suonedIUNWILIO) BJiGo ‘Buissadold paselu] 0009AZIX - 0SZAZIX ateleN vaavusg XX-p-0SZAZ-YAQYU2g

wodeyeq / wodapay ‘Bunndwo) ajgeinbiyuoday 4sa 000LAZIX nwwo) ssady ajdiyniy (3dSV) auibug Buissadolg [eubis pasueapy 0001-3dSY

swa)sAs pappaquiy 1I-XeUIA 2u] ‘2hsunu spie) aulbuzonI (|1-XUIA) ¥Od4 + NdD 1I-A 3uibugoniy

‘Wodeleq / Wodd[a) 9|qed Dv1f pue

‘Bunndwio) a|qeinbiyuoday ‘Buissadold abew| ‘waishs pappaqui3 o3piA [eHBIA 4Sa 29579417-000 LATOX (23w 3ybisu uonepunog 3s|/m Iy Juawdo[aAaq 000 LAZ N II-XUIA 3S1-000 LNTZA-LIN-SA
‘wodeleq / Woda|3L

‘Bunndwo) a|qeinbiyuoday ‘buissadold abew ‘waisks pappaqui3 ‘oapiA [enbig 4sa J957947-000 LAZIX (o3Wa) ybisu] 1y Juawdofdrag 000 LAZ SN [1-X3HIA +000LGNTZA-LIN-SA

wodejeq / wodd|a] ‘bujssadold abew) ‘oapiA [exbiq 000LAZOX (GauiapA) 3ybisu 9|qeD DYL( pue uonepunod 3S|/M 00017 [1-X3HIA 3SI-000LDTZA-LIM-SA

wodejeq / woda|aL ‘buissadold abew ‘0apiA [eubiq 000LATOX (23w 3ybisuy 00017 II-X3HIA «0001LDTZA-LIN-SA

10s53201donIW pappaquIz |I-X3UIA (>3wa) 1yBisul 1131 3Ze|GODIA [I-XSHIA TA-IZVI8IN-LIN-SA

dsd #-0008 40 #-0009 ‘7-0007ATIX U] 's2)e10SSY B AD (0SE-VAD) [I-XSUIA Y0)eIa]00Y d1emple dSa 0SE-YAD

dsd #-000€ 40 #-0007 ‘7-00S LATIX U] 'S31e10SSY B \D (GZE-YAD) [I-X3UIA I0)ei3]320Y B1emple dSa STEVAD

dsd 7-000€ 40 #-0007 ‘7-005 LAZIX U] '531e10SSY B AD (00E-VAD) [I-XOUIA Y0)eia|00Y B1emple dSa 00€-YAD
dIOA ‘Wodeje( / Woda|) ‘uonezijelssaq
3 ‘bunndwo) ajqeinbiyuoday ‘elpawn|niy ‘buissadoid abew) ‘swaishs paseg-d|

‘walsAs pappaquiz Jossadoidonipy pappaqu ‘uonendiuely B uoissiwsuel) eleq ‘buidfiolold 0008AZDX $21U01123[3 1543 0008AZ 40} pieog buid0101d ||-XUIA 0008AZ-9dY
dIOA ‘WodeIR( / WO0D3J3] ‘UoneZI[eLasaq
/ [euas ‘bunndwo) ajqeinbiyuoday ‘eipawinnjy ‘buissedold abew ‘sweisks paseg-d

‘wasAs pappaquiz ossadoido.ni|y pappaquy ‘uonendiue % uoissiwsuel) eleq ‘buidAiolold 0009AZDX $21U01123|3 1513 0009AZ 40} preog buidfioloid ||-xoUIA 0009AZ-9dY
dIOA ‘Wodeje( / Wod3|3) ‘uonezijelasaq
/ [euas ‘bunnduwio) sjqeinbiyuoday ‘eipawnnjy ‘buissadold abew ‘swaisks paseg-d|

‘walsks pappaqui3 Jossadodoni pappaqui3 ‘uonendiuely B uoissiwsues ejeq ‘buidfiolold 0007AZIX RRIDIRC ERINE 0007AZ 40} preog buidfioloid |I-xauiA 0007AT-8dY
dIOA ‘Wwodele( / Wod3|3) ‘uonezijelssaq
3 ‘bunndwo) ajqeinbiyuoday ‘elpawinniy ‘buissadod abew) ‘swashs paseg-d|

‘waysAs pappaqu3 4ossadoidoniy pappaqui3 ‘uonejndiuey 1 uoissiwsuel) eleq ‘buidfiololg 000EAZDX $21U0123|3 1513 000€AZ 40} preog buidfioloid |1-xeUIA 000€AZ-9dY
dI0A ‘WodEIR( / WOD3|3] ‘UoNeZI[eLIRSAQ
/ [euas ‘bunndwo) ajqeinbiyuoday ‘eipawnn|y ‘buissedold abew ‘swaisks paseg-d

‘walsAs pappaquiz Jossadoidonipy pappaqug ‘uonendiuely B uoissiwsuel) eleq ‘buidfiolold 000ZAX $31U01123[3 1543 000ZAZ 40} pieog buid0101d [|-XaUIA 000ZAZ-9dY
dIOA ‘WodeIR( / WOD3J3] ‘UoNeZI[eLasaq
/ euas ‘bunndwo) ajqeinbiyuoday ‘eipawnnjy ‘buissedold abew ‘sweisks paseg-d

‘wsAs pappaquiz ossadoido.ni|y pappaquy ‘uonendiue % uoissiwsuel) eyeq ‘buidAiolold 00SLADX $21U0123|3 1513 005 LAZ 40} preog buidfioloid ||-xeuIA 00SLAZ-9dY

[1-X33IIA

uoned|ddy

poddng 931A3@ Xuljix

J1a1ddng

Ys4eas pJeoq/Wwod XuljIX"MMM//:d1ry

spieog 95Ua13}3Yy Jusawdojanaqg - pieog uQ

uondinsaq pleog

Jaquiny Med pieog

Auedwo) 21607 ajqewwebod ay L

XNMIX 23

101

Xeell Journal

<
(=3
(=3
~

=
e



Fall 2004

ayvod NO
xz_.—_x S| 0Y¥N3- Ul papnpur Jou Ajddns 1amod {(0¥NI-001DTSZ-LIN-SA 'X3) S [euoneusaiul Joj Jaquinu Ued 0} 0yn3- puaddy :spnpoid ybisuj

dI0A ‘Wodeleq / wodd|d] ‘bunndwo) sjqeinbiyuoday
‘elpawnn|y ‘buissadoiyd abew ‘swalshs paseg-d| ‘waishs pappaqui 10ssadoidonip
pappaquws ‘o3piA [enbiq ‘uoiendiuepy g uoissiwsuel] eleq ‘9belols eieq dsa ‘buidiioiold 000ZAZIX 31015 BUIIUO XUI|IX pieog eIpaWnNAl [IXSHIA VITIN-000ZA-00

swalshs pappaqui3 ‘buidfiolosd ¥-0009AZ0X U] ‘edl|isua) (X-000ZLX) X Uone|nw3 10ss30idonIA YSNILX X-000Z1X

siashjeuy wniads
'IBUOS 'SIDAIRDRY [UUBYD-NJA ‘Uonejuswnisu| ‘Buljduwes tepey 4] ‘jonuo) o/ pue Huibbo

ele( [RI3UID ‘SIaAIRD3Y Olpey [enbiq ‘suonels aseq $Jd / 1ejnjje) ‘Bujdwes Jepey pueg aseg 000LAZDX 'p11 ABojouyday Jossadoidinjy duepuns 3[NPOIAl /A PUe @/V [uuey) [eng 0LELNS
siashjeuy wniads
'SI9A1R23Y [puuey)-nnjy ‘buibew ‘buijdwes sepey 4| ‘buibbor eleq [esauaD ‘sianIRY

olpey [eNbiq ‘suonedunwwo) ‘suonels aseq SJd / ejn|je) ‘bujduwies Jepey pueg aseg 0008ATOX 03 Jossadoudi|njy aduepung 20-7Z-7-0008 3INPOIN V9d4 70-7Z-7-0008-86ELNS

siashjeuy wniads
's1aN8Y [auuey)-ninjy ‘Buibew ‘bujdwes sepey 4| ‘buibbo] eleq [eiauay ‘s1aniadRy

olpey [eNbiq ‘suoneduNWWO) ‘suonels aseq Sd / ejn|ja) ‘Bujdwies Jepey pueg aseg 000EAZOX 0) Jossadoudiyniy duepung 20-¥Z-v-000€ 2INPO V9d4 20-vZ-7-000€-86ELNS
siashjeuy wnipads

'SI9A1R23Y [puuey)-nnjy ‘buibew) ‘bujduies sepey 4 ‘buibbor eleq [esauaD ‘sianRIRY

olpey [eNbiq ‘suonedIuNWwWo) ‘suonels aseq SJd / ejn|je) ‘bujduies tepey pueg aseg 000ZATOX 03 Jossadoidi|njy aduepung 1Z-7-000C |NPOIN ¥Od4 1Z-7-000Z-86ELINS

siashjeuy wniads
's19N3Y [auuey)-nini ‘Buibew ‘bujdwes tepey 4) ‘buibbo] eleq [eiauay ‘s1anadRY
olpey [e}bIq ‘suonesIunWwO) ‘suoels aseq Sdd / 4e|n|[e) ‘Buldwies Jepey pueg asegq 000LAZDX 0D J0ssad01d N duepuns 1Z-7-0001 3NPON V¥Odd 1Z-7-0001-86ELINS

Su0NeIIUNWOD3[3] ‘[eJIP3IA ‘[elIsnpu| ,m:_mmwuoi mme_ 0009AZDX ‘0D ._Ommwuoa_w_:_\,_ aduepunsg 3|NPOIA dSA JG9ELINS

siashjeuy wniads
'S1aN3Y [duuey)-niny ‘Buijdues tepey 4] ‘6uibbor ereq [essusn ‘sianlRdaYy

oipey [exbiq ‘suonediunwwo) ‘suoilels aseg dd / Jenjja) ‘burjdules sepey pueg aseg 000LAZDX '0) Jossadoudiynj aduepung N-LSE 3npoiy Alows| N-LSELINS
siashjeuy wniads
'SI9A1R3Y [puuey)-in|y ‘burdwes tepey 4] ‘buibbo ejeq |esausn ‘s1an1RIRY
olpey [enbiq ‘suonediunwwio) ‘suoijels aseg sdd / Jen|[a) ‘buljdules sepey pueg aseg 000LAZIX '0) Jossadoidinj 8duepung 9-1G€ 3|npoly Kloway 9-1GELNS
nnduio) 3|q nejndj g Uolss! eleq 4sa 0009AZOX Buissadoiq [eubis wnadads 0Z18-DINd® §£000-059
Bunndwo) a|qeinbijuosy ‘uone|ndiuely B uoissiwsuel) ereq 4sa 0009AZIX '000EAZIX Buissad014 [eubis wnndads auibu3 BuIss3201d YO II-X3MIA 00 LE-OHd 72700-009
swajshs pappaqui3 000LAZDX gv swaishs bunesado 1se4jeay wiofie|d buidfo3014 |I-X3UIA DOS PIROGONOf pieogopor

dIOA ‘Sonews|a] ‘wodejeq
/ Wwodaa] ‘uonezijeliasa/[euas ‘bunndwo) sjqeinbyuoday ‘|Dd ‘uonebinep ‘eipawninjy
‘subisap 1amod mo7 ‘Buissadolq abew ‘swaishs paseg-d| ‘waisAs pappaquiz 10ssad0idoniy

Pappaqus3 ‘03piA [ewbiq ‘uopeindiuel 1 uoissiisuely eleq ‘abelols eleq 4sa ‘buidfiorosd 000EAZIX ubisaq d1uea3[3 Jpusd pieog Jawdo[aAaq | XaUIA 12d NOTT ADX-DdYD
(0008AZIX-000ZAZIX
buissaoid abew ‘oapip [e11biq ‘uone|ndiuely B uoissiwsuel] ejeq ‘abelols ereq Aq pa1mnsqgns aq ued) 000ZAZIX 310N 130qeID dWel] [Dd ul esawe) Lod-INnAl 0006 TX 00061X

wodeye( / WoddjaL
|ndiuejy g uolssiwsuel] eyeq 000EAZOX uonesodio) 1sandIaN pleog 13wool9 HAd / HAS / 1INOS 10-090-2

‘eIpauIININ ‘Swa)sAS paseq-d| ‘waishs pappaqui3 ‘uot

WOodR}R( / WOd33L
11e|ndIuely |3 UoIss! eleq 000¥AZIX uonelodio) 3sandIeN pieOg 105532014 JU3}U0) d| }qebID 10-650-7t

1I-X3UIA

'swa)IsAg paseg-d| ‘wasAs |

uonediddy poddng ad1A3Q Xuljix 1911ddng uondunsaqg pieog Jaquinp ed pieog

Xeell Journal

yd4eas” pieoq/wod XuljIx-mmm//:dizy
Auedwo) 21607 ajqewwebod ay L

spieog 35Ua43}3Y Juswdojanaqg - pieo XNITIX 7




aHY0a NO
XNITIX

dIOA ‘S2neWa)a] ‘wodeleq / woddey ‘bunndwo)
9|qeinbiyuoday ‘|Dd ‘uonebiney ‘eipawinjy ‘buissadold abew ‘swaishs paseg-d| ‘waishs
pappaqu3 ‘oapiA [exbiq ‘uonejndiuely B uoissiwsuel) eleq ‘abeiols eleq gdsq ‘buidAiolold

008AJX 3/009AX '3/007ADX ‘I/00EAIX

S 0Y¥N3- ut papnaul Jou Ajddns Jamog

1035 AUINUQ XUI[IX

(o¥n3

-0011SZ-LIM-50 "¥3) SHY [eUOREUIaN

pieog 030id 00L-2EVO9

Joy Jaquinu Led 01 0YN3- puaddy :s1onpoid ybisu]

001-Z€YDE-X4V-MH

dI0A 'S2neWa)a) ‘Wodeleq / woddsy ‘bunndwo)
9|qeinbiyuoday ‘|Dd ‘uonebiney ‘eipawinjy ‘buissadold abew ‘swaishs paseg-d| ‘waishs
pappaqu3 ‘oapiA [enbiq ‘uone|ndiue|y B uoissiwsuel] eleq ‘sbeiols eleq dsq ‘buidfolold

00EADX ‘00ZADX ‘05 LAIX

10} BUIUQ XUIjIX

pieog 01014 001-75€99

001-25€58-X4V-MH

Lodejeq / W0d3J3L ‘eIpawlyniyl ‘swalsAs paseg-d| ‘uoiejndiuely 1 uoissiwsuel] eleq 009A0X uonesodio) 1s3nDIN pie) JIN 1Dd LY HAS / 1INOS 10-€50-T
wodejeq / wodaj3] ‘eIpaWIRIN|A ‘swi)sAs paseg-d| ‘uone|ndiuely B uoissiwsuel] ejeq 009A2X uonelodio) 15anDIN pie) IN 12d SOd HAS / LINOS 10-LY0-Ty
Swajshs m_m>_mcm _m:m_m\:o_:m_:_uud‘ eleq ,mco_umu_c:EES 9}1|[33es/sS9|a4IM pueqpeolg J000ZADX yoole|leN av4ueg 3000Z-Qv4uag
Bunndwo) ajqemnbiyuoday ‘Buissadold abew 4sq ‘swaishs awil-eay 7 suonedUNLIWO) 3000ZAX-3000LADX yoae|leN vy3uag ¥-9-30001-vy3usg
skeuy euuajuy Lews ‘lepey Aeuy paseyd ‘oipey a1emijos g uonisinbdy eleq [uueydniniy 3009ADX ‘3000ZAIX ate|eN Dlavuag 3000Z-21Qvu3g
dsa 5,3000 10 30091 ‘3000 LAIX-T 2] '5310SSY B \D (062-VAD) 3-X3UIA '101RI3[2DY dIeMPIRH dSA 06Z-VAD

X-12d /12d ‘uotiejnw3 31607 ‘uoness|addy dlwypuobly ‘buidhioloq 3000ZADX ‘3009 LAJX 'J000LAIX ‘000 LAIX dnoig INIq 011000ZNa 01000ZNa

9.

3p I-X3HIA 343 0}

pa1abie) subisap 159} pue dojanap o} uuojejd buidAioloid pue uonen|eas sy 1500 Aiap 300LADX $321MRS UbIsaq 1puAY 113 Uonen|eay 3-xalip IAI-IA-XIX-SAY
juawdinb3 15ax
55920y NYM ‘BUDOMIBN ‘UDUMS NY] ‘$191n0Y NY'T ‘|042U0D PPpagLI3 ‘Suonediunuwo) 3000LADX 31035 UBISaQ 1UAY uawdojanaq 3-XUIA AIQ-IA-XIX-SAY
S13){JeW J3WNSUOD PUe Pappagua ‘UuoiedIuNWWod elep ‘uonediunwwodsal ‘bunpomay 3001LADX $921MBS ubISaq 1BUAY 9Ze|gODIN/M 11y uonen|eny 3-xXauIpA TAI-GN-IA-SAY
S]9}JeW JAWNSUOD PUe PAPPAGLI3 ‘UONEIIUNWIWIOD B1Ep ‘UONEIIUNWIW0D3|3) ‘BulyiomaN 3000LADX SaDINIAS UbISaQ 18unY 9ze|gonIA/M 11y Judwdo|aAsq I-XUIA AJQ-GN-IA-SQY
J-X3MIA pue XaMIA
Ppieoq 4sa
uewuopad ybiy pue aiemyjos Jojesauan walsks buisn yuinwis woiy dooj ayy ur alempiey 000€AZ 101§ BUIUQ XUIjIX 45 4oy J0jesauaD) walshs + 11y JuswdopAaq dsaawany DS-7d-dSa-Id-0d
dSQ @ueunopad ybiy 000€AT 910]1S duljuQ xuljiX 1) uawdojpraq dsaawany 1d-dsa-1a-0a

dIOA 'S211ewaa]
‘wodeleq / Wwodaja) ‘bunndwo) a|geinbiyuoday ‘|Dd ‘eipawnnjy ‘swalsks paseg-d
‘waysAs pappaqui3 ‘uone|ndiue|y 1 uoissiwsuel] eleq ‘abeiols eyeq dsq ‘buidfoloid

000£AZIX '000ZATIX ‘00SLAZIX

101§ BUIUQ XU

pieog 010id |I-XSMIA 9954

002-9£994-X4V-MH

dIOA ‘sonews|aL
‘wodeleq / wodaja) ‘Hunndwo) ajqenbiyuoday ‘|1Dd ‘eipawn|njy ‘swaisks paseg-d
‘'washs pappaqu3 ‘uone|ndiueyy 1 uolssiwsuel] ejeq ‘abelols ereq 4sq ‘buidfrooly

00SAZIX ‘0STAZIX ‘000LATOX

pieog 030id |I-X3MIA 957D

00Z-95794-X4V-MH

dIOA ‘sonewsja) ‘wodeleq / wodafaL ‘Bunndwio) ajqeinbiyuoday ‘|Dd ‘eipawnniy
‘wayshs pappaqui3 ‘uonejndiuely R uolssiwsuel] eyeq ‘abeios eyeq dsq ‘buidfiololy

08AZOX
‘00SAZIX 'OPATIX ‘0SZATIX ‘000LAZIX

10} BUIjUQ Xul|

pleog 01014 00Z-95794

002-95794-X4V-MH

dIOA 'S21ewaa) ‘wodeleq / wodaja) ‘Hunndwo) ajqeinbiyuoday ‘Dd ‘eipawinjy
‘'wa)sAs pappaqu3 ‘uone|ndiueyy 1 uolssiwsuel] eyeq ‘abelols ereq 4sq ‘buidfiooiy

0008AZOX ‘0009AZIX ‘0007AZIX '000EATIX

Ppieog 01044 00Z-2S L L4

00Z-251 L44-X4V-MH

uonediddy

Joddng a31n9@q xuljix

191ddng

Ys4eas pJeoq/wod XuljIX"MMmm//:diry

uondusaqg pieog

1I-X3UIA

Jaquiny Med pieog

103

Xeell Journal

Auedwo) 21607 ajqewwebod ay L

XNMIX 23

<
(=3
(=3
~

=
e

spieog 95Ua13}3Yy Jusawdojanaqg - pieog uQ




ayvod NO
Xz_.__x S 0YN3- ul papnpul jou Ajddns Jamod (O¥NI-001DTSZ-LIN-SA X3) SIY| [uOlBUIRIUI J0} Jaquinu Led 0} 0YNI- puaddy :s1onpoud wybisu|
subisap samod mo 957270X SUOZIOHNN pJeog uonen|ens ||-;2uuny|ood JIN9SZ-21000-X4V-MH
subisap samod Mo ‘wa)sAs pappaqui3 907X uawdinbg 153] Sa1U0NEYIBIN pieog buidf0)014 |-BUUNY|00) SIIUOBYIBA £00-00 L-XDXIN
subisap Jamod mo1 952X (G3wa) 1ybisul 3]qeD DVLI Pue @ MDVdGaM/M 3 1uatudojaraq ||-4auunyjood IVA-952IT-LIN-SA
subisap Jamod Mo 950000X (0awdI) yBIsu| 1 JuawdojaAaq ||-4aUUNY|00) £9S00TL-Sa
wode)e( / Wodaay ‘subisap Jamod mo7 957070X ua|ibiq p1eog Juawidojanaq ||-1auuny|oo) Jua|ibiq 20X-qe|ibig

subisap Jjamod mo7

00LDA-952070X

SDIAIRS UBISAQ 1BUAY

11y} UONEN[eAT [|-12UUNY|00)

IAT-TdD-XTX-SaV

|I-13uunyjo0)

Juswdinb3 153 ‘wodeleq / WOd3JRL ‘(J34 / Z61-D0 19U0S)
W0D3[3L ‘UOIeZI|eLIRSA( / [BLIBS ‘S1aIN0Y ‘sadiAaq uondAnug ‘(ausayig ugebio 1) wodeleq
‘uoije|ndiuel 1@ UoISSIWSUR| B1eQ ‘(]dUuey) al ebio () abeloys eleq ‘abelo)s eeq

VSN eAIN 901 0Z11I9X ‘0ZdAZIX

SO S3[ES XUI[IX

1awWdo[A3Qq AHAIBY0Y

dTAG-AHdY-IMH

Wode1e( / W0d33L
'(34 / 261-D0 13U0S) W03[3] ‘UONLZI[BLASAQ / [eUdS ‘(19UIdYl3 HgebID (1) wodeleq
‘uonendiuely 7 uoissiwsuel eyeq ‘(jauuey) aiqH 1qebio o 1) abeios eleq ‘abelols eleq

VSN 3N D01 0ZL1D9X

SO S3[ES XUI[IX

SINPOIAl dAX YHM 11 d4X AHd¥HP0Y

IN-d4XZAHdY-)MH

wodejeq / Wod[RL
(034 / 261-D0 13U0S) Wod33] ‘uonezijeliasaq / [eHaS ‘(1IR3 HqebID 01) wodeleq
‘uonendiuel g uoissiwsuel eyeq ‘(jauuey) aiqi 1qebio o) abeios eleq ‘abeiols eleq

VSN 3N 501 0Z1129X

SO S3[ES XUI[IX

I d4X AHd¥}P0Y

L-d4XZAHdY-)MH

AHd¥PoYy

dIOA ‘sonewaa] ‘wodeje( / wods|a) ‘Bunnduwio)
3|qeanbyu0day ‘|4 ‘uonebiney ‘eipawn|n|y ‘buissedold abew| ‘sweisks paseg-d| ‘waishs
pappaqu3 ‘oapIA [enbiq ‘uonejndiuely B uoissiwsuel| eleq ‘abelos eleq 4sq ‘Huidfolold

0SADX ‘00EADX ‘00ZAIX ‘0SLADX ‘00LADX

pieog 01014 0L L-0%Z0Dd

01 1-0vZ0d-X4V-MH

dIOA 'SaneWI3] ‘Wode)e( / Wodd|3] ‘Bunndwio)
3|qeinByuoday ‘|4 ‘uonehine ‘elpawnniy ‘buissadoid abew ‘swalshs paseg-d| ‘waishs
pappaqu ‘oapiA [enbiq ‘uonendiuely 1 uoissiwsuel| eleq ‘abeloys eyeq dsa ‘burdfiolold

0SADX ‘00EADX 00ZAIX ‘05 LADX ‘00LADX

31015 3UIUO XUlIX

pieog 01014 00L-0%Z0d

001-07Z0d-X4V-MH

dIOA ‘sanewaa] ‘wodeje( / wods|a) ‘Bunnduwio)
3|qeanbiyuoday ‘|4 ‘uonebinen ‘eipawn|n|y ‘buissedold abew| ‘swaisks paseg-d| ‘walshs
pappaqu3 ‘oapIA [enbiq ‘uonejndiuely B uoissiwsuel| eleq ‘abelos eleq 4sq ‘Hurdfolold

JZ18AIX '008AX ‘I/009ADX ‘IS0VIX
‘3/00vAJX 3000ZADX 'J009LAIX ‘3/000LADX

pieog 03014 001-09599

001-09599-X4V-MH

uoned|jddy

yoddng 3319 xuljiX

J191ddng

uondinsaq pleog

1I-X3HIA

laquiny }ed pieog

yd4eas” pieoq/wod Xul[Ix-mmm//:dizy

spieog 95Ua.13}3Yy Juawdo|anaqg - pieog

uo xuljix

Auedwo) 21607 a|qewwelboid ay L

XNMIX 23

Fall 2004

Xeell Journal



agvod NO

XNITIX

paedsayBnep n| uo 95798-051S7IX

SI3 0¥N3- ul papnppul Jou Ajddng samod {(0¥NI-001DTSZ-LIN-SQ X8) SHY [euoneusul Joj saquinu Lied o) YNn3- puaddy :spnpoid wbisu]

S8DBLIRIU| BUIYDBIA-UBLINY ‘[elIsnpu| BAloWoINY ‘79DA-TLS6IX ‘00 LOA-I7LG6ADX "0°0°p UOAY wajshs uonen|en3 14yydibo]
wayss pappaquiy CLS6DX xjuonshs xuonshs zxgs Xas
wodejeq / woda|3] ‘uonendiuely B uolssiwsuel eyeq IXPPLS6IX sylomiauelB|\ pieog buidfi0joid Ayd 19Uy 11gebin X1000LdINl

213 'SUOIRIUBLINISUI ‘S|01UOD [RLISNPU ‘W0J3|3L

¥71562X 'TL56DX

SOIU0BLI

pieog buidfioloid @1dd

¥00-780-MDXIN

wodejeq ‘buipkiong TLS6DX '9€560X SaluoneydsN pleog Joiunf @1dd 100-P70-XOXIN

Wodeje( / WO3[3] ‘UoNeZI|eLasaq / [elas ‘subisap Jamod Mo ‘swiayshs paseg-d| ‘waysAs
pappaqui3 10ssa20idoni|y pappaqu3 ‘uonejndiuey B uoissiwsuel| ejeq ‘abelols eleq 4sa IXTLS6IX U] ‘swiRisASODI Hr X3|421607 0500-78
sufisap Jomod mo JrLOL0L-AXYYLS60X (GawRIN) 3ybisu| 1) Juswdofenad AX LG6IX «AXS6-LDI-SA
sufisap Jomod mo JrLOL0L-AXPYLS60X (G3wap) ybisu| 3|qeD DYLI Pue @D XDVdgaM/M 1y Juswdofenad AX L56IX IVd-TXS6-LII-Sa

uuojield yuswdojanap ||-uepeds asodind [essusn

79DA0L-IXTLS6IX

(03wal) 1yBisu)

2|qe) DVLF PUe @D MDVdGRM/M M Juawdojanaq TXZL562X

IVd-1XS6-L1-S

subisap Jamod mo1 VODAOL-TXZLS6DX (3w yBisul ) uBwido[aAeq TXZLS6IX LIXS6-LIY-50

sonewafay ‘uopeBineN ‘sanowoiny XPI0EUIX '80156IX pieog 1awdojAaq ¥DX Qy¥g-AIA-4DX
wayshs pappaqui3 801560X pieog uawdoarag 00563X qelIbia 60X

wayshs pappaquiz 256X wnuIISY 11y 1Wawdo}aA3Q 0056IX WNIUIDISY 0d-a1d)-90

wayshs pappaqui3 256X '80156IX SWelljIm 1Y pieog Buidfiolosd xuilix v8xgd 8-Xad

S9LI3S 0056DX

subisap Jomod mo1 TXPI0EUIX SUOZHOHNN pIeoq ¥DX el TXPI0EUIX-1DIA-XAV-MH

subisap Jamod mo

TX8ZLEYIX “IXFIOEUIX

juawdinb3 153] S21UONEYII|N

pieog Juawdo|anaq JauuNY|00) SHUOILYII

200-00L-XDXI

subisap Jamod mo IX95ZEUDX (GawdN) ybIsu| 3|geD DYLI PUB 0D YIVAYIM/M 1) uawdojanaq €y1dX auuny|oo) AVd-EVIdX-LID-Sa
subisap Jamod mo IX95ZEYIX (G3wRIN) 3ybisu| 1 JdWdojanaq £y1dX Jouuny|ood EV1dX-1X-Sa
subisap Jamod mo IXPI0EYIX u| ABojouyda) uonenwy pieog juawdojanaq Yox ABojouyda) uonejnwg ¥IX-13
subisap Jamod mo IXP90EUIX pIeog juawido|aAaq Jauuny|oo) qejibiq X
subisap Jomod mo IX95TEUIX 92135 UBIsaq 1aunY ) uonenjeny gy1dx AF-EX-XTX-SAV

uonediddy

poddng 2d1n8@ XxulpixX

1911ddng

Ys4eas pJeoq/Wwod XuljIX"MMM//:d1ry

spieoyg 95uUd43}9Yy Judwdojanaqg - pieog uQ Xuljix

uondusaqg pieog

£V1dX Jauuny|oo)

Jaquiny Med pieog

Auedwo) 21607 a|qewwelboid ay L

XNMIX 23

105

Xeell Journal

<
(=3
(=3
~

=
e



()}
2
=
O
()}
9
c
()}
-
()}
[
v
(a <
a
X
=
li

S XILINX

The Programmable Logic Company*™

//www.xilinx.com/ipcenter

http

Audio, Video & Image Processing

Burst Locked PLL (BURST_PLL) Pinpoint Solutions, Inc. V-II V-E S3 S-IlE

Color Space Converter, RGB2YCrCh (CSC) CAST, Inc. V-II V-E S-IIE S-ll
Huffman Decoder (HUFFD) CAST, Inc. V-II V-E S-IlE S-ll
JPEG Fast Codec (JPEG_FAST_C) CAST, Inc. V-IIP V-l V-E S3

JPEG, 2000 Decoder (BA111JPEG2000D) Barco-Silex V-IIP V-l S3

JPEG, 2000 Encoder (BA112JPEG2000E) Barco-Silex V-1IP V-I S3

JPEG, 2000 Encoder (JPEG2K_E) CAST, Inc. V-IIP V-l V-E

JPEG, Fast color image decoder (FASTJPEG_C DECODER) Barco-Silex V-lI V-E

JPEG, Fast Decoder (JPEG_FAST_D) CAST, Inc. V-IIP \all V-E S-lIE

JPEG, Fast Encoder (JPEG_FAST_E) CAST, Inc. V-IIP V-l V-E

JPEG, Fast gray scale image decoder (FASTIPEG_BW DECODER) Barco-Silex V-II V-E

JPEG, Motion Codec V1.0 (CS6190) Amphion Semiconductor, Ltd. V-II V-E

JPEG, Motion Decoder (CS6150) Amphion Semiconductor, Ltd. V-II V-E

JPEG, Motion Encoder (CS6100) Amphion Semiconductor, Ltd. V-II V-E

Longitudinal Time Code Generator Deltatec S.A. V-IIP V-I S3 S-IIE

Motion JPEG Decoder (JPEG Decoder) 4i2i Communications Ltd. V-lIP V-l V-E S3 S-IIE

Motion JPEG Encoder (JPEG Encoder) 4i2i Communications Ltd. V-1IP VAl V-E S3 S-IIE

MPEG-2 Decoder (CS6651) Amphion Semiconductor, Ltd. V-IIP V-lI

MPEG-2 HDTV | & P Encoder (DV1 HDTV) Duma Video, Inc. V-II

MPEG-2 SDTV | & P Encoder (DV1 SDTV) Duma Video, Inc. V-lI

MPEG-4 Video Compression Decoder 4i2i Communications Ltd. V-IIP V-l S3

MPEG-4 Video Compression Encoder 4i2i Communications Ltd. V-IIP V-l S3

NTSC Color Separator (NTSC-COSEP) Pinpoint Solutions, Inc. V-II V-E S3 S-IIE
Communication & Networking

3G FEC Package Xilinx V-II V-E

8b/10b Decoder Xilinx V-IIP V-l V-E S3 S-lIE S
8b/10b Encoder Xilinx V-IIP V-l V-E S-3 S-lIE S
ADPCM, 1024 Channel Simplex (CS4190) Amphion Semiconductor, Ltd. V-lI

ADPCM, 256 Channel Simplex (C54130) Amphion Semiconductor, Ltd. Al V-E

ADPCM, 512 Channel Duplex (CS4180) Amphion Semiconductor, Ltd. \'All

ADPCM, 768 Channel Amphion Semiconductor, Ltd. V-lI

AES Decryption Family (C55200) Amphion Semiconductor, Ltd. V-I V-E S-Il
AES Encryption CAST, Inc. V-IIP \all V-E S3 S-lIE

AES Encryption Family (CS5200) Amphion Semiconductor, Ltd. V-Il V-E S-I
AES Standard Encryptor/Decryptor Helion Technology Limited V-IIP V-II V-E S3 S-IIE

AES Tiny Encryptor/Decryptor Helion Technology Limited V-IIP V-Il V-E S3 S-IIE

ATM Adaptation Layer 5 (AAL5) ModelWare, Inc. V-II S3

ATM Adaption Layer 1 (AAL1) ModelWare, Inc. V-II V-E

ATM Cell Processor (CC200) Paxonet Communications, Inc. V-1IP V-II

ATM Utopia Level 2 Master and Slave w/OPB Interface Xilinx V-IIP VA V-E S-IIE Sl
AWGN - Additive White Gaussian Noise Xilinx V-IIP V-I

Bluetooth Baseband Processor (BOOST Lite) NewLogic Technologies AG V-II

Convolutional Encoder Xilinx V-IIP V-II V-E S-3 S-IIE Sl
CRC-32 for 10 Gbps 0C192 systems (CORE-CRC-128) Calyptech Design Services S3

CRC-32 for 40 Gbps OC-768 systems (CORE-CRC-256) Calyptech Design Services V-IIP V-l

Visit the Xilinx IP Center for more details at www.xilinx.com/ipcenter
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Dataflow Processor (phyCore) Phystream Ltd. V-IIP 0 0
DES and DES3 Encryption Engine (MC-XIL-DES) Memec Design V-lI V-E S-lIE S-ll
DES Encryption CAST, Inc. V-l V-E Sl
DES3 AMBA Platform SoC Solutions, LLC V-1IP (Al S3 S-IIE
DES3 Encryption CAST, Inc. V-IIP V-lI V-E S3 S-IIE
DVB Satellite Modulator (MC-XIL-DVBMOD) Memec Design Al V-E Sl
Email Trigger Amirix Systems, Inc. V-IIP
Ethernet 1000BASE-X PCS/PMA Xilinx V-IIP
Ethernet MAC, 1 Gigabit (CC281) Paxonet Communications, Inc. V-1IP VANl
Ethernet MAC, 1 Gigabit Half/Full duplex with GMII or 1000BASE-X PCS/PMA Xilinx V-IIP V-l V-E S-IIE
Ethernet MAC, 10 Gigabit Full Duplex with XGMII or XAUI Xilinx V-IIP V-I
Ethernet MAC, 10/100 Hitachi ULSI Systems Co., Ltd.
Ethernet MAC, 10/100 Zuken, Inc. V-l V-E
Ethernet MAC, 10/100 (CC271) Paxonet Communications, Inc. V-IIP V-lI
Ethernet MAC, 10/100 (MAC) CAST, Inc. V-IIP V-l S3 S-IIE
Ethernet MAC, 10G (CC410) Paxonet Communications, Inc. Al
Ethernet MAC, 10G (XGEMAC) GDA Technologies, Inc. V-IIP V-l
Ethernet MAC, 1Gigabit (MAC-1G) CAST, Inc. V-IIP V-l
Ethernet PCS, 10G (CC411) Paxonet Communications, Inc. V-IIP VANl
Ethernet PCS, 10G (MC-XIL-10GEPCS) Memec Design V-l
Framer, 1.25 Gb/s GFP (CC224) Paxonet Communications, Inc. V-1IP VANl S3 S-IIE
Framer, 2.5 Gb/s GFP (CC226) Paxonet Communications, Inc. V-IIP VAl
Framer, 8-Bit Multilchannel GFP (CC225) Paxonet Communications, Inc. V-1IP V-l
Framer, 8-Bit Transparent GFP (CC124) Paxonet Communications, Inc. V-IIP VAl
Framer, E1 (CC303) Paxonet Communications, Inc. V-IIP V-l S-IIE
Framer, 0C12 (CC351) Paxonet Communications, Inc. V-IIP V-lI
Framer, 0C192/10 GB/s GFP (CC327) Paxonet Communications, Inc. V-IIP V-l
Framer, OTU2 (CC481) Paxonet Communications, Inc. V-lIP Al
Framer, STS192/STM64 (CC314) Paxonet Communications, Inc. V-IIP V-
Framer, STS48 (CC352) Paxonet Communications, Inc. V-IIP (Al
Framer, T1 (CC302) Paxonet Communications, Inc. V-IIP V-lI S-IIE
Framer/Digital Wrapper, STS48 OTN (CC381) Paxonet Communications, Inc. V-IIP V-l
G.709 Compliant FEC Core (CC345) Paxonet Communications, Inc. V-IIP V-lI
HDLC, Single-Channel (MC-XIL-HDLC) Memec Design V-IIP V-l S3
HyperTransport Cave 16-Bit GDA Technologies, Inc. V-IIP VAHI
Interleaver/De-interleaver Xilinx V-IIP VAHI V-E S-3 S-IIE Sl
Inverse Multiplexer for ATM (IMA) ModelWare, Inc. V-l V-E
Mapper, E1 (CC333) Paxonet Communications, Inc. V-IIP V-lI S-IIE
MD5 Message Digest Algorithm CAST, Inc. V-IIP V-l S3 S-IIE
Modular Exponentiation Accelerator (MODEXP1) CAST, Inc. V-IIP V-lI V-E S3 S-IIE
Multi Rate Performance Monitor Calyptech Design Services V-IIP V-l S3
Network Processor Forum Streaming Interface (NPSI) ModelWare, Inc.
Packet Processor (CC318) Paxonet Communications, Inc. V-IIP V-I S3 S-IIE
Path Processor, 0C12¢ (CC321) Paxonet Communications, Inc. V-IIP V-l
Path Processor, STS192/STM64 (CC324) Paxonet Communications, Inc. V-1IP Al
Path Processor, STS-48/STM-16 (CC322) Paxonet Communications, Inc. V-IIP V-l

Visit the Xilinx IP Center for more details at www.xilinx.com/ipcenter
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Reed Solomon Decoder Xilinx V-IIP VAHI V-E S-3 S-IIE Sl

Reed Solomon Decoder (MC-XIL-RSDEC) Memec Design V-I S-IIE S-ll

Reed Solomon Encoder Xilinx V-IIP VAHI V-E S-3 S-IIE Sl

Reed Solomon Encoder (MC-XIL-RSENC) Memec Design V-lI S-IIE S-ll

SDLC Controller (SDLC) CAST, Inc. V-IIP V-l V-E S3 S-lIE

SHA-1 Encryption Processor CAST, Inc. V-l V-E S-IIE Sl

SONET Performance Monitor (HCLT_SONETPM) HCL Technologies, Ltd. VAN

SPI 4.2 Interface (CC401) Paxonet Communications, Inc. V-IIP V-l

SPI-3 (POS-PHY L3) Link Layer Interface, 1-Ch Xilinx V-1IP V-l V-E S-IIE Sl

SPI-3 (POS-PHY L3) Link Layer Interface, 2-Ch Xilinx V-IIP V-l V-E S-lIE Sl

SPI-3 (POS-PHY L3) Link Layer Interface, 4-Ch Xilinx V-IIP V-lI V-E S-IIE S-ll

SPI-3 (POS-PHY L3) Link Layer Interface, Multi-Channel Xilinx V-IIP VANl V-E S-3 S-IIE Sl

SPI-3 (POS-PHY L3) Physical Layer Interface Xilinx V-E

SPI-4.1 (Flexbus 4) Interface Core, 1-Channel Xilinx Al

SPI-4.1 (Flexbus 4) Interface Core, 4-Channel Xilinx VAl

SPI-4.2 (POS-PHY L4) Multi-Channel Interface Xilinx V-IIP V-lI

SPI-4.2 (POS-PHY L4) to SPI-4.1 (Flexbus 4) Bridge Xilinx V-l

SPI-4.2 (POS-PHY L4) to XGMII (10GE MAC) Bridge Xilinx V-l

SPI-4.2 Lite (POS_PHY L4) Xilinx V-l S-3

System Packet Interface Level 4 Phase 2 (HCLT_SPI4-2) HCL Technologies, Ltd. V-IIP V-l

TDM Timeswitch Calyptech Design Services V-IIP V-I S3 S-IIE

Turbo Decoder, 3GPP SysOnChip, Inc. V-l V-E

Turbo Decoder, 3GPP (53000) iCoding Technology, Inc. VAI V-E S-IIE

Turbo Decoder, Convolutional, 3GPP Compliant Xilinx V-l V-E

Turbo Decoder, Convolutional, 3GPP2/CDMA2000 Xilinx V-IIP Al S-3

Turbo Decoder, DVB-RCS (52000) iCoding Technology, Inc. V- V-E

Turbo Decoder, DVB-RCS (TC1000) TurboConcept V-l V-E

Turbo Decoder, Product Code Xilinx V-1IP (Al S-3

Turbo Encoder, Convolutional, 3GPP Compliant Xilinx V-l V-E

Turbo Encoder, Convolutional, 3GPP2/CDMA2000 Xilinx V-lIP (Al S-3

Turbo Encoder, DVB-RCS (S2001) iCoding Technology, Inc. V-I V-E

Turbo Encoder, Product Code Xilinx V-IIP Al S-3

Turbo Product Code Decoder, 160 Mbps (TC3404) TurboConcept V-I V-E

Turbo Product Code Decoder, 25 Mbps (TC3000) TurboConcept V-l V-E

Turbo Product Code Decoder, 30 Mbps (TC3401) TurboConcept V-E S-IIE

Viterbi Decoder, General Purpose Xilinx V-IIP V-l V-E S-3 S-IIE Sl

Viterbi Decoder, IEEE 802-compatible Xilinx V-IIP Al V-E S-3 S-IIE Sl

XAPP 289: Common Switch Interface CSIX-L1

Reference Design Xilinx V-IIP V-l

XAUI Xilinx V-lIp

Digital Signal Processing

Bit Correlator Xilinx V-IIP V-I V-E S-IIE Sl

Cascaded Integrator Comb (CIC) Filter Xilinx V-IIP V-l V-E S-IIE Sl

CORDIC Xilinx V-IIP V-l V-E S3 S-IE Sl

Digital Down Converter (DDC) Xilinx V-IIP V-II V-E S-IIE Sl

Digital Down Converter, High-Speed Wideband (4954-422) Pentek, Inc. V-IIP V-l

Visit the Xilinx IP Center for more details at www.xilinx.com/ipcenter
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Digital Down Converter, Wideband (4954-421) Pentek, Inc. V-IIP V-l
Digital Up Converter (DUC) Xilinx V-IIP VAHI S-3
Direct Digital Synthesizer (DDS) Xilinx V-IIP VAl V-E S-3 S-IIE Sl
Discrete Cosine Transform (eDCT) elnfochips Pvt. Ltd. V-lI V-E S-IIE S-ll
Discrete Cosine Transform, 2D Inverse (IDCT) CAST, Inc. V-l V-E Sl
Discrete Cosine Transform, Combined 2D Forward/Inverse (DCT_FI) CAST, Inc. (Al V-E Sl
Discrete Cosine Transform, Forward 2D (DCT) CAST, Inc. VANl V-E Sl
Discrete Cosine Transform, forward/inverse 2D (DCT/IDCT 2D) Barco-Silex V-l V-E Sl
Discrete Wavelet Transform (BA113FDWT) Barco-Silex V-IIP V-lI S3 S-IIE
Discrete Wavelet Transform, Combined 2D Forward/Inverse (RC_2DDWT) CAST, Inc. VAl V-E Sl
Discrete Wavelet Transform, Inverse (BA114IDWT) Barco-Silex V-IIP V-lI S3 S-IIE
Discrete Wavelet Transform, Line-based programmable forward (LB_2DFDWT) CAST, Inc. VAl V-E Sl
DOCSIS ITU-T J.83 Modulator Xilinx V-IIP V-l S3
Fast Fourier Transform Xilinx V-IIP V-l S-3
FFT/IFFT for Virtex-I, 1024-Point Complex Xilinx VAl
FFT/IFFT for Virtex-1l, 16-Point Complex Xilinx V-l
FFT/IFFT for Virtex-1l, 256-Point Complex Xilinx V-l
FFT/IFFT for Virtex-I, 64-Point Complex Xilinx V-l
FFT/IFFT, 1024-Point Complex Xilinx V-E
FFT/IFFT, 16-Point Complex Xilinx V-l V-E
FFT/IFFT, 256-Point Complex Xilinx V-l V-E
FFT/IFFT, 32-Point Complex Xilinx V-IIP V-l V-E S-lIE Sl
FFT/IFFT, 64-, 256-, 1024-Point Complex Xilinx V-1IP (Al S-3
FFT/IFFT, 64-Point Complex Xilinx V-E
FIR Filter using DPRAM elnfochips Pvt. Ltd. VAHI V-E S-IIE Sl
FIR Filter, Distributed Arithmetic (DA) Xilinx V-1Ip V-l V-E S-3 S-lIE S-ll
FIR Filter, MAC Xilinx V-IIP V-l V-E S-3 S-IIE Sl
FIR Filter, Parallel Distributed Arithmetic elnfochips Pvt. Ltd. V-l V-E S-IIE Sl
LFSR, Linear Feedback Shift Register Xilinx V-IIP VAl V-E S-3 S-IIE Sl
Radar Pulse Compression (4954-440) Pentek, Inc. V-IIP V-lI
TMS32025 DSP Processor (C32025) CAST, Inc. V-IIP V-l S3 S-IE
TMS32025TX Digital Signal Processor (C32025TX) CAST, Inc. V-IIP V-l V-E S3 S-lIE
Math Function
Accumulator Xilinx V-IIP VAHI V-E S-3 S-IIE Sl
Adder Subtracter Xilinx V-IIP VAHI V-E S-3 S-IIE Sl
Divider, Pipelined Xilinx VAl V-E S-IIE Sl
Floating Point Adder (DFPADD) Digital Core Design VAHI Sl
Floating Point Comparator (DFPCOMP) Digital Core Design V-l Sl
Floating Point Divider (DFPDIV) Digital Core Design V-l Sl
Floating Point Multiplier (DFPMUL) Digital Core Design V-I V-E Sl
Floating Point Square Root Operator (DFPSQRT) Digital Core Design V-l V-E Sl
Floating Point to Integer Converter (DFP2INT) Digital Core Design VAHI Sl
Integer to Floating Point Converter (DINT2FP) Digital Core Design V-l S-ll
Multiply Accumulator (MAC) Xilinx V-IIP V-l S-3 S-IIE Sl
Multiply Generator Xilinx V-IIP V-I V-E S-3 S-IIE Sl
Sine Cosine Look Up Table Xilinx V-IIP V-l V-E S-3 S-IIE Sl
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Twos Complementer Xilinx V-IIP V-l V-E S3 S-IIE Sl
Memories & Storage Element
Block Memory, Dual-Port Xilinx V-IIP V-l V-E S-3 S-IIE Sl
Block Memory, Single-Port Xilinx V-IIP V-I V-E S-3 S-IIE Sl
Content Addressable Memory (CAM) Xilinx V-IIP V-l V-E S-3 S-IIE Sl
Distributed Memory Xilinx V-IIP VAHI V-E S-3 S-IIE Sl
FIFO, Asynchronous Xilinx V-IIP VANl V-E S-3 S-IIE Sl
FIFO, Synchronous Xilinx V-IIP V-l V-E S-3 S-IIE Sl
RLDRAM Memory Controller Avnet Design Services V-I
SDRAM Controller, DDR (EP525) Eureka Technology V-IIP VAl S3 S-IIE
SDRAM Controller, DDR (MC-XIL-SDRAMDDR) Memec Design V-lI V-E S-ll
SDRAM Controller, DDR (NW) Northwest Logic V-IIP VAl S3 S-IIE
SDRAM Controller, SDR (NW) Northwest Logic V-lIP Al S3 S-IIE
Microprocessor, Controller & Peripheral
1 Gigabit Ethernet MAC w/PLB interface Xilinx V-IIP
10/100 Ethernet MAC Lite w/OPB interface Xilinx V-IIP V-I V-E S-IIE Sl
10/100 Ethernet MAC w/OPB interface Xilinx V-IIP V-l V-E S-lIE Sl
10/100 Ethernet MAC w/PLB interface Xilinx V-IIP
16450 UART (H16450) CAST, Inc. V-lI V-E S-IIE Sl
16450 UART w/OPB interface Xilinx V-IIP V-l V-E S3 S-IIE Sl
16450 UART w/PLB interface Xilinx V-IIP
16450 UART w/Synchronous Interface (H16450S) CAST, Inc. V-l V-E S-IIE Sl
16550 UART w/FIFOs & synch interface (H165505) CAST, Inc. V-lI V-E S-IIE S-ll
16550 UART w/FIFOs (H16550) CAST, Inc. V-l V-E S-lIE Sl
16550 UART w/OPB interface Xilinx V-IIP V-l V-E S3 S-IIE Sl
16550 UART w/PLB interface Xilinx V-IIP
2910A Microprogram Controller (C2910A) CAST, Inc. V-IIP V-l S3
2D Multiprocessing Interface Fabric (2D-fabric402C) Crosshow Technologies, Inc. V-IIP V-I S-IIE Sl
68000 Compatible Microprocessor (C68000) CAST, Inc. V-IIP V-l V-E S3 S-IIE
80186 Compatible Microprocessor (€80186) elnfochips Pvt. Ltd. V-l
8051 Base Compatible Microcontroller (DR8051BASE) Digital Core Design V-l Sl
8051 Compatible Microcontroller (C8051) CAST, Inc. V-IIP V-l V-E S3 S-IIE Sl
8051 Compatible Microcontroller (FLIP8051 Thunder) Dolphin Integration V-IIP V-I S-IIE
8051 High-speed 8-bit RISC Microcontroller (R80515) CAST, Inc. V-IIP V-l S3 S-IIE
8051 Microcontroller, PicoBlaze Emulated (PB8051-MX/TF) Roman-Jones, Inc. V-1IP Al S3 S-IIE
8051 RISC Microcontroller (DR8051) Digital Core Design V-l Sl
8052 Compatible Microcontroller (DR8052EX) Digital Core Design Al Sl
80530 8-bit Microcontroller (D80530) CAST, Inc. V-IIP V- V-E S3 S-IIE
80C51 Compatible RISC Microcontroller (R8051) CAST, Inc. V-IIP V-l S3 S-IIE
8237 Programmable DMA Controller (C8237) CAST, Inc. V-lI V-E S-ll
8250 UART (H8250) CAST, Inc. V-l V-E S-lIE Sl
8254 Programmable Interval Timer/Counter (C8254) CAST, Inc. Al V-E Sl
8254 Programmable Interval Timer/Counter (e8254) elnfochips Pvt. Ltd. VANl S-1l
8255 Programmable 1/0 Controller (e8255) elnfochips Pvt. Ltd. V-l Sl
8259A Programmable Interrupt Controller (C8259A) CAST, Inc. V-I V-E Sl
Arbiter and Bus Structure w/OPB interface Xilinx V-IIP VAHI V-E S-3 S-IIE Sl
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Arbiter and Bus Structure w/PLB interface Xilinx V-IIP
ATM Utopia Level 2 Master and Slave w/OPB Interface Xilinx V-IIP VAHI V-E S-IIE Sl
ATM Utopia Level 2 Master and Slave w/PLB Interface Xilinx V-IIP
BRAM Controller w/LMB interface Xilinx V-IIP V-HI V-E S-IIE Sl
BRAM Controller w/OPB interface Xilinx V-IIP VAI V-E S-3 S-IIE Sl
BRAM Controller w/PLB interface Xilinx V-IIP
BSP Generator (SW only) Xilinx V-IIP
Compact Video Controller (logiCVC) Xylon d.o.o. V-l Sl
CRT Controller (C6845) CAST, Inc. V-l V-E S-IIE Sl
DCR Bus Structure Xilinx V-IIP
Direct Memory Access Controller (CZ80DMA) CAST, Inc. V-IIP V-lI S3 S-IIE
External Memory Controller (EMC) w/OPB interface (Includes support
for Flash, SRAM, ZBT, System ACE) Xilinx V-IIP V-l V-E S-3 S-IIE Sl
External Memory Controller (EMC) w/PLB interface (Includes support
for Flash, SRAM, ZBT, System ACE) Xilinx V-IIP
FPU for Microblaze (Quixilica) QinetiQ Limited V-IIP V-l
GPIO w/OPB interface Xilinx V-IIP V-l V-E S-3 S-IE Sl
HDLC Controller (Multi (256) Channel) w/OPB interface Xilinx V-IIP V-lI V-E S-3 S-IIE S-ll
HDLC Controller (Single Channel) w/OPB interface Xilinx V-IIP V-l V-E S-3 S-IIE Sl
1IC w/OPB interface Xilinx V-IIP V-l V-E S3 S-IIE Sl
Internet Appliance (socPiP-1A_Platform) SoC Solutions, LLC V-l V-E
Interrupt Controller (IntC) w/DCR interface Xilinx V-IIP V-l V-E S-IIE Sl
Interrupt Controller (IntC) w/OPB interface Xilinx V-IIP V-lI V-E S-3 S-IIE Sl
IPIF Address Decode w/OPB interface Xilinx V-IIP VAHI V-E S-IIE Sl
IPIF DMA w/OPB interface Xilinx V-lIp V-l V-E S-IIE Sl
IPIF Interrupt Controller w/OPB interface Xilinx V-IIP V-l V-E S-IIE Sl
IPIF Master/Slave Attachment w/OPB interface Xilinx V-IIP VAHI V-E S-IIE Sl
IPIF Read/Write Packet FIFO w/OPB interface Xilinx V-IIP V-lI V-E S-lIE Sl
IPIF Scatter/Gather w/OPB interface Xilinx V-IIP VAHI V-E S-IIE Sl
IPIF Slave Attachment w/PLB interface Xilinx V-IIP
Java Processor, 32-bit (Lightfoot) Digital Communications Technologies, Ltd. V-l Sl
Java Processor, Configurable (LavaCORE) Derivation Systems, Inc. Al
JTAG UART w/OPB interface Xilinx V-1IP VANl V-E S-3 S-IIE Sl
Memory Test Utility (SW only) Xilinx V-IIP
MicroBlaze Soft RISC Processor Xilinx V-IIP V-I V-E S-3 S-IIE Sl
MicroBlaze Source Code Xilinx V-IIP VAHI V-E S-3 S-IIE Sl
MIPS system controller (ES500) Eureka Technology VAI V-E
ML300 VxWorks BSP (SW only) Xilinx V-IIP
Motor Controller - 3 phase (MLCA_4) MEET Ltd. S-IIE Sl
OPB2DCR Bridge Xilinx V-1Ip
OPB20PB Bridge (Lite) Xilinx V-IIP V-l V-E S3 S-IE Sl
OPB2PCI Full Bridge (32/33) Xilinx V-lIP V-l V-E S-3 S-IIE Sl
OPB2PLB Bridge Xilinx V-IIP
Operating System Accelerator (Sierra $16) RealFast Intellectual Property AB VAHI S-IIE Sl
PIC125x Fast RISC Microcontroller (DFPIC125X) Digital Core Design VAN S-1l
PIC1655x Fast RISC Microcontroller (DFPIC1655X) Digital Core Design V-l Sl

Visit the Xilinx IP Center for more details at www.xilinx.com/ipcenter
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PIC165X Compatible Microcontroller (C165X) CAST, Inc. V-IIP V-l V-E S3 S-IIE
PIC165x Fast RISC Microcontroller (DFPIC165X) Digital Core Design VAN V-E S-ll
PIC16C55X Compatible RISC Microcontroller (C1655x) CAST, Inc. V-IIP Al V-E S3 S-IIE
PicoBlaze UG129: PicoBlaze 8-bit Microcontroller for Spartan-3,
Virtex-Il, and Virtex-1l Pro Devices) - REFERENCE DESIGN Xilinx V-IIP VAI S-3
PicoBlaze (XAPP 213: PicoBlaze 8-bit Microcontroller
for Virtex-E and Spartan-II/E Devices) - REFERENCE DESIGN Xilinx V-E S-IIE Sl
PicoBlaze (XAPP 627: PicoBlaze 8-bit Microcontroller
for Virtex-Il and Virtex-Il Pro Devices) - REFERENCE DESIGN Xilinx V-IIP VAl
PLB20PB Bridge Xilinx V-IIP
PowerPC Bus Master (EP201) Eureka Technology V-IIP VAl S3 S-IIE
PowerPC Bus Slave (EP100) Eureka Technology V-IIP V-l S3 S-IIE
RISC Processor, 16-bit Proprietary (AX1610) Loarant Corporation V-IIP V-I S3 S-IIE
SDRAM Controller w/OPB interface Xilinx V-IIP VAI V-E S-3 S-IIE Sl
SDRAM Controller w/PLB interface Xilinx V-IIP
SPI Master and Slave w/OPB interface Xilinx V-IIP V-l V-E S-3 S-lIE Sl
SwifTraxTM Rapid Development System SoC Solutions, LLC V-IIP V-l S3 S-IIE
Systems Reset Module Xilinx V-IIP
Timebase/Watch Dog Timer (WDT) w/OPB interface Xilinx V-IIP VAl V-E S-3 S-IIE Sl
Timer/Counter w/OPB interface Xilinx V-IIP V-HI V-E S-3 S-IIE Sl
UART Lite w/OPB interface Xilinx V-IIP V- V-E S-3 S-IIE S-ll
UART, Generic Compact (MC-XIL-UART) Memec Design V-IIP V-l S3
UltraController Solution: A lightweight PowerPC
Microcontroller (XAPP672) - REFERENCE DESIGN Xilinx V-IIP
VxWorks Board Support Package (BSP) Xilinx V-IIP
XTENSA-V Configurable 32-bit Microprocessor Tensilica, Inc. V-l
780 Compatible Microprocessor (CZ80CPU) CAST, Inc. V-IIP V-HI S3 S-IIE
280 Compatible Programmable Counter/Timer (CZ80CTC) CAST, Inc. V-IIP VAl V-E S3 S-IIE
280 Intelligent Peripheral Controller (CZ80PSC) CAST, Inc.
280 Peripheral 1/0 Controller (CZ80PIO) CAST, Inc. V-IIP V-lI S3 S-lIE
780 Serial 1/0 Controller (CZ80SI0) CAST, Inc. V-IIP V-I V-E S-IIE
Standard Bus Interface
Advanced Switching Endpoint Core Xilinx V-IIP
CAN 2.0 B Compatible Network Controller (LogiCAN) Xylon d.o.0. V-IIP VAHI S3 S-IIE
CAN 2.0B Bus Controller (iCAN) Intelliga Integrated Design, Ltd. V-IIP V-l V-E S3 S-lIE
CAN Bus Controller (MC-XIL-OPB-XCAN) Memec Design V-IIP V-l V-E S3 S-IIE Sl
CAN Bus Controller 2.0B CAST, Inc. V-1Ip V-II S3 S-IIE
CAN Bus Controller with 32 Mail Boxes Robert Bosch GmbH V-IIP VAHI S3 S-IIE
HyperTransport Cave, 8-bit GDA Technologies, Inc. V-IIP V-HI
HyperTransport Single-Ended Slave Core Xilinx V-IIP V-l
12C Bus Controller (12C) CAST, Inc. V-IIP VAHI V-E S3 S-IIE
12C Bus Controller Master (DI2CM) Digital Core Design VANl V-E Sl
12C Bus Controller Slave (DI2CS) Digital Core Design VAl V-E Sl
12C Bus Controller Slave Base (DI2CSB) Digital Core Design V-HI V-E Sl
12C Two-Wire Serial Interface Master-Only (MC-XIL-TWSIMO) Memec Design VAl V-E S-IIE Sl
12C Two-Wire Serial Interface Master-Slave (MC-XIL-TWSIMS) Memec Design V-lI V-E S-IIE S-ll
LIN - Local Interconnect Network Bus Controller (iLIN) Intelliga Integrated Design, Ltd. V-IIP V-l V-E S3 S-lIE
Visit the Xilinx IP Center for more details at www.xilinx.com/ipcenter
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LIN Controller CAST, Inc. V-IIP V-l S3 S-IIE
PCl 32-bit Master Interface (PCI-M32) CAST, Inc. V-IIP V-I S3 S-IIE
PCI 32-Bit Multifunction Target Interface (PCI-TMF) CAST, Inc. V-IIP V-l S3 S-IIE
PCl 32-bit Target Interface (PCI-T32) CAST, Inc. V-IIP V-lI S3 S-IIE
PCl 64-bit/66-MHz master/target interface (EC240) Eureka Technology V-l V-E
PCI Express Endpoint Core Xilinx V-IIP
PCl Host Bridge (EP430) Eureka Technology VAHI V-E
PCl Host Bridge (PCI-HB) CAST, Inc. V-IIP V-l S3 S-IIE
PCl, 64-bit Master Interface (PCI-M64) CAST, Inc. V-1Ip V-l S-IIE
PCl, 64-bit Target Interface (PCI-T64) CAST, Inc. V-IIP V-l S-lIE
PCI32 Interface Design Kit (DO-DI-PCI32-DKT) Xilinx V-lIp V-l V-E S-IIE Sl
PCI32 Interface, IP Only (DO-DI-PCI32-IP) Xilinx V-IIP V-l V-E S3 S-lIE Sl
PCI32 Single-Use License for Spartan (DO-DI-PCI32-SP) Xilinx S-3 S-IIE Sl
PCl64 & PCI32, IP Only (DO-DI-PCI-AL) Xilinx V-1Ip VANl V-E S-3 S-IIE Sl
PCl64 Interface Design Kit (DO-DI-PCI64-DKT) Xilinx V-IIP V-l V-E S-IIE Sl
PCl64 Interface, IP Only (DO-DI-PCI64-IP) Xilinx V-1IP V-l V-E S-IIE Sl
PCI-PCI Bridge (EP440) Eureka Technology V-IIP V-l S3 S-IIE
PCI-X 64/133 Interface for Virtex- (DO-DI-PCIX64-VE).
Includes PCI 64 bit interface at 33 MHz Xilinx V-IIP VAI
PCI-X 64/66 Interface for Virtex-E (DO-DI-PCIX64-VE).
Includes PCI 64 bit interface at 33 MHz Xilinx VE
PCI-X Arbiter SoC Solutions, LLC V-IIP V-l V-E S-IIE
PCI-X Interface (NWL PCI-X) Northwest Logic V-IIP V-lI 0 0 0 0
RapidIO 8-bit port LP-LVDS Phy Layer (DO-DI-RI08-PHY) Xilinx V-IIP V-l
RapidIO Logical (I/0) and Transport Layer (DO-DI-RI08-LOG) Xilinx V-IIP V-HI
RapidIO Phy Layer to PLB Bridge reference design - REFERENCE DESIGN Xilinx V-IIP
Serial Protocol Interface Slave (SPI Slave) CAST, Inc. V-l V-E S-IIE
Two-Wire Serial Interface - 12C (MC-XIL-TWSI) Memec Design V-IIP VANl V-E S3 S-IIE Sl
USB 1.1 Function Controller (CUSB) CAST, Inc. V-IIP V-l S3 S-IIE
USB 2.0 Function Controller (CUSB2) CAST, Inc. V-IIP V-lI V-E S3 S-IIE
USB Function Controller with On-Chip Peripheral Bus (CUSB_OPB) CAST, Inc. V-IIP V-l S3 S-IIE
XAPP653: Virtex-| Pro/Spartan-3 3.3V PCl Reference Design - REFERENCE DESIGN Xilinx V-IIP S-3
Backplanes and Gigabit Serial 1/0
Aurora 201, 401and 804 Designs - REFERENCE DESIGN Xilinx V-IIP
WP160: Emulating External SERDES Devices with
Embedded RocketlO Transceivers - WHITE PAPER Xilinx V-IIP
XAPP 649: SONET Rate Conversion in Virtex-Il Pro Devices - REFERENCE DESIGN Xilinx V-IIP
XAPP 651: SONET and OTN Scramblers/Descramblers - REFERENCE DESIGN Xilinx V-IIP
XAPP 652: Word Alignment and SONET/SDH Framing - REFERENCE DESIGN Xilinx V-IIP
XAPP660: Partial Reconfiguration of RocketlO Attributes
using PPC405 core (DCR Bus) - REFERENCE DESIGN Xilinx V-IIP
XAPP661: RocketlO Transceiver Bit-Error Rate Tester (BERT) - REFERENCE DESIGN Xilinx V-IIP
XAPP662: Partial Reconfig. of RocketlO Attributes using PPC405 core (PLB or OPB bus) +
RocketlO Transceiver Bit-Error Rate Tester (BERT) - REFERENCE DESIGN Xilinx V-IIP

Visit the Xilinx IP Center for more details at www.xilinx.com/ipcenter
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Avoid messy timing mistakes.

Use Mentor Graphics’ 3
FPGA design tools. o

PRECISION SYNTHESIS | As any FPGA designer can tell you, achieving precise timing is their single most critical challenge. That's why
Mentor Graphics® created Precision”Synthesis, a powerful new tool suite that lets designers close on timing faster than ever. Precision”
Synthesis provides the most comprehensive analysis for complex FPGAs with the only complete, built-in incremental timing analysis.
Quickly find and optimize the most critical paths and avoid frustrating trial-and-error design iterations. Visit www.mentor.com/fpga
today or call 877.387.5873 for more information on how Precision”Synthesis can help you find the fastest path to a completed design.

GHSAIY

©2003 Mentor Graphics Corporation. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporation.



HIGHEST SYSTEM ' PERFORMANCE.

XtremeDSP solutions

Comprehensive family
of 12 devices i

1y
Industry’s best :
FPGA fabric r
i

Over 200 IP
core solutions

Industry-leading ISE
software solutions

Virtex-1I Pro™ FPGAs deliver more capabilities and
performance than any other FPGA.

In a single device, you get the highest density, most memory, best
performance, and at no additional charge 400MHz PowerPC™ proces-
sors and 3.125 Gbps RocketIO™ or 10.3125 Gbps RocketIO X serial
transceivers. This gives you the fastest DSP, connectivity and processing

solutions in the industry.

THE POWER TO DEVELOP YOUR DESIGN
The Xilinx ISE software tools are the easiest to use solution for
high-density logic. With over 200 IP cores,
ChipScope Pro debug environment, and compile
TR times up to 6x faster than our nearest competitor,
you can quickly take your Virtex-II Pro FPGA

design from concept to reality.

Pb-free devices

2 & i
e S available now

FORTUNE® 2004
100 BEST COMPANIES TO WORK FOR

©2004, Xilinx, Inc. All rights reserved. The Xilinx name, the Xilinx logo are registered trademarks. Rocket 10 and Virtex-II Pro are trademarks, and The Programmable Logic Company is a service mark of Xilinx, Inc.
PowerPC is a trademark of International Business Machines Corporation in the United States, or other countries, or both: All other trademarks and registered trademarks are the property of their respective owners.

PN 0010793

Embedded PowerPC
World-class services processing solutions

and partners

Ultimate connectivity -

solutions

GUARANTEED 25% AND UP To 809% SAVINGS
WITH VIRTEX-II PRO EASYPATH SOLUTIONS

For high-volume system production, Xilinx offers a lower cost path with
Virtex-II Pro EasyPath. You can immediately take advantage of dramatic
cost reduction at no risk and no

effort. Only Xilinx can offer you this VIRTEX-I

flexibility for design and production. PRO
EasyiEarsy
Visit www.xilinx.com/virtex2pro SOLUTIONS

today to get the price and performance you’re looking for.

FIXILNX

The Programmable Logic Company*

www.xilinx.com/virtex2pro
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