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100,000 Gates and Beyond

ByBRADLY FAWCETT [ Editor

The time is fast approaching when
programmable logic devices will exceed

information with third-party CAE develop-
ers, as well as an ongoing co-development

100,000 usable gates of logic and 100 MHz agreement with Synopsys, the leading
system clock speed. At these performance supplier of synthesis tools.

levels, the device architectures, design
tools and development flows that have
been successful for sub-
10,000 gate designs will
not always suffice. Ignor-
ing for now the issue of
how to actually measure
“gate capacity,” let's
examine what will be
required of very high-
density programmable
logic in the near future.
(And I'm sure you won't
be surprised to learn that Xilinx is well-
positioned to meet those requirements.)
As FPGA-based designs get larger and
more complex, FPGA architectures and
development tools must support a design
methodology that mimics high-density
ASIC design flows, while delivering the
flexibility and time-to-market benefits of
FPGA technology. The FPGA device and
its development tools must be “synthesis-
friendly” — they must easily yield effi-

cient, cost-effective solutions when starting

with a high-level description of the design.
Achieving this goal requires attacking
the problem from both ends; the architec-
ture must be symmetrical, regular and
provide an “easy” target for both synthesis
and “place and route” tools. Furthermore,
the tools — especially the synthesis com-
pilers — must be tuned to produce the
best results for the particular architecture.
This, in turn, implies close cooperation
between the designers of the FPGA archi-
tecture and developers of the synthesis
tools. To this end, Xilinx has a Synthesis
Syndicate program dedicated to sharing

Some Tools Already In Place

As with today's high-density FPGASs,
timing-driven tools that take into ac-
count the design’s performance require-
ments during placement and routing (such
as the XACT-Performanc® feature of
PPR) are key to meeting performance
goals in large, complex designs. Very large
FPGA designs also could benefit from
something that is not available today —
timing-driven mapping. Much of the
technology mapping (that is, the mapping
of the user’s logic into the logic blocks
and other resources of the FPGA architec-
ture) must occur during synthesis so the
synthesis tools can make the appropriate

[As FPGA-based

designs get larger and more
complex, FPGA architectures
and development tools must
support a design methodology
that mimics high-density ASIC
design flows, while delivering
the flexibility and time-to-
market benefits of FPGA
technologyL/

area/performance trade-offs. This again

implies close cooperation between the

chip architects and the synthesis providers.
Designs with 100,000-gates are likely to

include datapath logic and memory func-
Continued on page 4
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Continued from page 2

tions, as well as the traditional “glue logic”
found in today's FPGA designsAuto-

matic placement toolsmust support the
effective placement of these various types
of circuit structures, and will need to be
augmented by interactive floorplanning
tools. XACTstep" version 6 includes a

new version of PPR with improved struc-

the Guide option in PPR.

Accurate simulation should be avail-
able at any point in the design cycle using
a common set of simulation vectors. This
means that the post-place-and-route tim-
ing results need to be back-annotated into
the original netlist created by the synthesis
program, as opposed to creating a new

tured-placement capabilities, as well as thenetlist based on the structure of the FPGA.

industry’s first FPGA floorplanner. The
synthesis tools will need links to the auto-
matic placement and floorplanning tools,
allowing for the passing of design con-
straints and the back-annotation of timing
information.

With large designs, design iterations
and last-minute changes are even more
inevitable than they are today. Thus, the
implementation tools should be re-entrant
and tolerant of change, so minor logic
changes do not cause major alterations in
the physical layout. Xilinx pioneered re-
entrant FPGA implementation tools with

Once again, this implies a “synthesis-
friendly” FPGA architecture, a synthesis
compiler capable of efficient technology
mapping to that architecture, and a strong
link between the synthesis compiler and
the “place and route” tools.

Design errors are reduced and design
cycles are compressed when users don't
need to re-invent common functions.
Many leading ASIC providers give users
large, pre-defined macro functions, some-
times called cores or megacells. As FPGA
densities increase, users should expect
similar large macro functions to be
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families. Xilinx is committed to providing the best programmable logic design system
in the industry with an integrated solution capable of meeting all of your PLD design

requirements.
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software XACTstep version 6 delivers six new, Windows

based productivity tools, providing easy-to-use yet powerful
design capability.
receiving their updates. Try it — we guarantee you'll like it.

All Xilinx users under warranty are now

Providing global, world-class manufacturing, technical
support, and sales/distribution support is an essefuiaida-
tion of our product strategy. Many PLD companies severely
underestimate the importance of service to the user base.

You may have already used one of the several, new, auto-
mated technical support facilities that we've established this
year, such as XDOCS, XFACTS or our home page on the
World Wide Web.

In summary, our product strategy is simple but unique:
provide leading solutions in all three high-growth segments of the programmable logic
industry — complex PLDs, reprogrammable FPGAs, and one-time programmable FPGAs —
support them with the industry’s easiest-to-use yet powerful Xs€lintegrated software
solution, and deliver unquestioned world-class service. Let us know how we're dding.
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available as building blocks for FPGA
designs. Similarly, “user-customizable”
macro functions, such as those found in
the X-BLOX™ library, will ease the
designer’s task. Ideally, such macros will
be inferred during the synthesis process in
order to preserve the portability of the
high-level design description, as opposed
to having to be specifically instantiated in
the HDL code .

Synthesis Friendly Architecture

The features that make an FPGA archi-
tecture “synthesis-friendly” include regular-
ity, symmetry and granularity.

In many ways, the choice of logic block
granularity is a trade-off between utiliza-
tion and performance. With a smaller
block, less of each block is wasted for a
given logic function, but performance
suffers because more levels of logic are
needed for a given large function. Of
course, other factors also play a role. For
example, configuration information must
be supplied to each cell; a very fine-
grained cell can increase the number of
configuration elements per usable gate.
The “ideal” ratio will vary with the size
and type of configuration element (SRAM
cells versus antifuses, for example). So, for
FPGAs, it's more appropriate to think in
terms of a “sea-of-blocks” rather than a
“sea-of-NAND-gates”.

For SRAM-based FPGASs, past experi-
ence has shown that 4-input lookup-tables
are among the most-efficient logic struc-
tures; this is not likely to change as FPGAs
increase in size. Synthesis algorithms that
target lookup-table-based architectures
have become more efficient. The lookup-
table approach also has the benefit of
increasing routing flexibility due to its
symmetric nature; that is, signals can be
freely swapped among the inputs to the
table merely by making the corresponding
changes to the contents of the memory
cells in that lookup table. Thus, one likely
candidate for the “basic logic block” in a

high-capacity, synthesis-friendly, SRAM-
based FPGA is the lookup-table/flip-flop
pair already common to several Xilinx
FPGA families.

Memory/Logic Integration
As stated before, large designs typically

need to integrate both memory and logic

functions. The on-chip memory capabil-
ity pioneered in the XC4000 family will
continue to be a desirable feature for very
high-density FPGAs. There are three ways
of implementing memory in an FPGA:

+ small, distributed blocks that can be
used as memory or lookup-table-based
logic (as in the XC4000 architecture),

+ larger embedded blocks of dedicated
memory, or

+ configuration memory cells that can
optionally be used as contiguous
memory in the end application (as in
the XC6200 architecture).

Each approach has its advantages and

disadvantages, and future FPGAs are likely

to offer at least one if not some combina-
tion of these options.

Connections

The performance of programmable
routing resources is more dependent on
the number of programmable switches
that must be traversed along a signal path
than the length of the metal lines. How-
ever, it is wasteful both in terms of re-
source allocation and overall performance
to use a long metal segment for a short
point-to-point connection. Thus, the pro-
grammable routing resources in a large
FPGA should besegmented and hierar-
chical in nature, with a mix of local
(short), mid-range, and long metal lines.
While the amount of local interconnect
surrounding a block does not need to
change as the logic array grows, the num
ber of longer interconnect lines should
increase. A good analogy can be made tg
the layout of streets in a growing city; the
size and relative density of local streets

Continued on
the next page
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CXIiNX s poised
to deliver new FPGA
solutions that fulfill all

does not need to change dramatically as
the city gets larger, but the size and num-
ber of freeways and major highways must
grow with the city.

will give system designers the option of
moving to higher or lower density devices
without modifications to the PCB layout.

Power

General-purpose routing resources need High gate capacities and clock rates

to be complemented by dedicated, global,
low-skew nets for distributing clocks and
similar high fan-out control signals. As a
rule of thumb, the clock distribution
scheme should provide for a worst-case

mean greatly increased power con-
sumption. The next generation of large
FPGAs probably will be based on the 3.3 V
power standard. The transition to 3.3 V
logic decreases dynamic power dissipation

clock skew that is less than 5 percent of th%y 56 percent as compared to a 5 V device

clock period (for example, less than 0.5 ns
for a 100 MHz clock).

Internal three-state buffers that provide
the capability of implementing bi-direc-
tional and multiplexed busses within the
FPGA, as pioneered in the XC3000 and
XC4000 architectures, will remain a critical
architectural feature for larger FPGAs. The
need for efficient, on-chip bus-
sing will become more acute as
32-hit and 64-bit busses become
more common in microprocessor-
based systems.

As FPGA gate capacity in-
creases, the number ohput/

the requirements for very output pads also needs to in-

high density designsl

crease. However, the ability to
implement larger designs in a
single device will eliminate the
need to partition designs among
multiple FPGA devices, which will reduce
I/O needs to a large degree. Input and
output buffers will need to be compatible
with a wide variety of signaling standards
(for example, JEDEC 3.3V, 5V TTL, 5V
CMOS and GTL) to facilitate interfacing to
most available IC technologies. Time-to-
market demands may cause the user to

running the same design at the same
speed. Circuit design techniques that mini-
mize the turn-on overlaps of the P- and N-
channel transistors in a CMOS device will
be employed to further reduce power
consumption. Of course, advanced packag-
ing with good thermal conduction charac-
teristics also will be required.

Both the architecture and underlying
transistor-level implementation of a high-
density FPGA family should bestaleablé
to take advantage of future improvements
in IC fabrication technology. Again, Xilinx
has a strong track record in this regard, as
process advancements have led to faster,
larger, and less expensive devices in estab-
lished FPGA families, such as those based
on the XC3000 and XC4000 architectures.

On Toward One Million

While there is plenty of life left in the
evolution of Complex PLD architectures (as
evidenced by continuing advancements in
the Xilinx CPLD product lines), for the near
term, PAL-like architectures cannot deliver the
flexibility, density, or ASIC-like design flow
needed for designs exceeding 100,000 gates.

Meeting the requirements of designs

freeze the 110 placement early in the desigrPver 100,000 gates will require more than

cycle, allowing the FPGA design and PCB
layout to proceed in parallel. Thus, abun-
dant routing between the I/O blocks and
logic array will be required to ensure flex-
ibility in pin placement during design itera-
tions. Furthermore, as with current Xilinx
families, maintaining the same package
“footprint” across several family members

just larger versions of today’s devices and
tools. Using the highly-successful XC4000
and XC5000 architectures as a stepping
stone, Xilinx is poised to deliver new
FPGA solutions that fulfill all the require-
ments for very high density designs.

And we're already thinking about one
million gates... [



