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Issue 9

CELL must appear more
X regularly, and must reach

every Xilinx user. This is a
clear message from the Xilinx user
community. In response, we now
ship “The Best of XCELL, #1
through #9” with all development
systems and updates.

In the future, we will make
sure that XCELL appears every
quarter, bringing you updates,
ideas and tutorials about the use
of Xilinx devices and development
systems.

New products appear at an
increasing pace,and XCELLis here
to explain them to you.

' Peter Alfke, Editor
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1992 Was a Good Year

Xilinx sales increased from
$130M in calendar 1991 to $163 M
in 1992, maintaining a solid posi-
tion as the largest manufacturer of
all types of CMOS Programmable
Logic, well ahead of AMD and
Altera. We introduced new prod-
ucts at an ever increasing pace. In
1992, we doubled our product of-

| ferings without counting speed

and package options:

We sstarted 1992 with 16 differ-
ent devices, and we ended 1992
with 32 different devices.

We expect to double the
breadth of our product offering
again in 1993; in the first four
months of 1993 we have already
introduced seven new devices.

Programmable Logic is no
longer a niche product line used
for prototyping. Prices have come
down, speed and density have in-
creased, and our customers appre-
ciate the advantages of a shorter
developmentcycleand faster time-
to-market more than ever.

Number of Available Device Types

Family JAN’92 JAN'93 APR'93

XC2000 2 2 4
XC3000 5 5 7
XC4000 3 8 10
XC7200 0 2 3
XC17000 2 3 3
HardWire 4 6 6
Total 16 32 39

|

Second Quarter 1993

Programmable logic is, there-
fore, now being used in volume
production. That, in turn, puts
pressure on Xilinx to reduce cost
and prices, and to increase perfor-
mance and density even more.

One result of this pressure is
productdiversification. One prod-
uct family, or even one technology,
cannot possibly cover all bases.
No single product family can si-
multaneously be best in cost,
speed, and density for all applica-
tions.

The future will see a greater
diversity of programmable logic
devicearchitectures and technolo-
gies. Different families willaddress
differentissues. Some will empha-
sizelow costand high density, sac-
rificing speed. Some families will
be ultra-fast, but more expensive.
The world is already familiar with
the difference between the regis-
ter-rich FPGA architecture, and
the more structured and predict-
able EPLD architecture. Expect
additional architectures and tech-
nologies to address different ap-
plication areas, and expect Xilinx
to remain the leader in this inno-
vation.

Programmable logic has be-
come a significant, and fast grow-
ing partof the electronicsindustry.
Xilinx is totally dedicated to Pro-
grammable Logic, in any practical
architecture and technology.
XCELL will keep you informed
about new developments.

PA
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A Flood of New Programmable Logic Devices

Hardly aweek passes, itseems,
without the introduction of a new
programmable logic device, com-
plete with its block diagram and
new acronyms to describe its fea-
tures. How much longer until this
bewildering flood of new PLD
products abates and the industry
settles down with a few comfort-
ablestandards? Before getting into
the outlook for programmable
logic, let’s see what we can learn
from the evolution of memories
and microprocessors.

Memories and
Microprocessors

Memoriesare the simplest case
because most memory applica-
tions are nearly identical. Stan-
dard requirements can be metwith
standard memory architectures
that are offered by all major sup-
pliers. The designer’s menu of
alternatives is pretty simple —
. EPROMs or FLASH for perma-
nent storage, SRAMs for high

speed, DRAMs for low cost,and a |

few application-specific options
like video RAMS. Within each of
these categories, new product gen-
erations apply advances in pro-
cess technology to existing
architectures. With improved
speed, density, and cost, each new
generation quickly supplants its
predecessors, keeping things
simple.

The picture for microproces-
sors is much the same. In terms of
thememory andI/Oenvironment
surrounding the microprocessor,
mostapplications are very similar.
Unlike memories, however, micro-
processors come in different archi-
tectural “flavors” — Intel,
Motorola, RISC, etc. Occasionally
a design engineer will have the
opportunity to evaluate these dif-
ferent alternatives for optimum
performanceinhisapplication. Far

$7X1LNX

more often, however, the choice is
dictated by software compatibil-
ity requirements. New micropro-
cessor generations preserve
software compatibility while tak-
ing advantage of more advanced
processes to get more integration
and higher speed. Each new gen-
eration quickly displaces older
products in new designs, holding
down the growth in the number of
options.

Microcontrollers are another
story. Embedded control applica-
tions vary widely, and no single
microcontroller architecture pro-
vides the best solution for every
one. The range of applications is
far too broad for a single device
with a superset of all possible fea-
tures to be cost effective. As a
result microcontroller product
lines continue to grow. Today
Motorola alone offers four basic
microcontroller architectures and
a total of more than 60 different
microcontroller types, each opti-
mized to fit the speed, memory,
I/O, and cost requirements of a
particular class of applications.

Microcontrollers are often
used as an alternative way of
implementing low speed logic
functions, soit’s not surprising that
the evolution of programmable
logic is more like microcontrollers
than either memory or micropro-
Cessors.

Logic

Logic performs the non-
memory functions that require
more performance than a micro-
processor or microcontroller can
provide. Each logic application
tends to be unique. Logic is the
portion of a design that differenti-
ates it from similar systems sup-
plied by competitors, each of which
is probably using the same
memory and microprocessor. The

| board, but VLSI cannot reduce the

| reduce the number of IC types that

thickness ofa TTL catalogisample
testament to the varied nature of
logic requirements. VLSI caninte-
grate logic functions and reduce
the number of logic chips on a

number of logic chip types. Of
course if we only counted base
array types, gate arrays reduce
the number of logic chip types
dramatically. From a production,
testing, purchasing, and manufac-
turing perspective, however, gate
arrays and other custom solutions
result in a significant proliferation
of logic chip types. Each design is
a unique IC.

All we need to dramatically

a system designer has to worry
about is the user-programmable
equivalent of a gate array. Sucha
chip would meet the speed, den-
sity, and cost requirements of all
digital logic applications with a
small number of device types.
What's the problem? In a word,
programmability. We don’t know
now, and we may never know,
how to deliver user programma-
bility with the efficiency of amask-
programmed gate array. No
user-programmable circuit can
match the speed or the density of
the vias used to program a gate
array. The only way program-
mable devices can overcome this
handicap is through innovation in
architecture.

Programmable Logic

In order to dramatically in-
crease the number of applications
where programmable devices can
be used, advances in speed and
cost must be revolutionary. Evo-
lutionary improvements from new
semiconductor processes will help,
of course, especially in narrowing
the cost gap. Still the only hope for
doubling speed and halving cost

PAGE 3
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' three flavors:

(continued from page 3)
relative to the best existing de-
vices, assuming the same manu-
facturing process, is through
improved programmable logic ar-
chitectures. And that will mean
more programmable device types.
Programmable logic comes in
simple PLDs
(SPLDs), complex PLDs (CPLDs),
and field programmable gate ar-
rays (FPGAs). Each of these three
forms exists in a number of differ-
ent product types. We may al-
ready be near the optimal
architecture for SPLDs. This cat-
egory appears tobe showing some
signs of architectural consolida-
tion. Flexible new architectures
like the Lattice GAL can replace
most commonly used SPLDs with

| asingle device type.

The problems for CPLDs and
FPGAs are considerably more dif-
ficult. Yet despite the differences
between these two types, the un-
derlying architectural issues are
remarkably similar.

Complex PLDs

The AND-OR plane SPLD ar-
chitecture has become an industry
standard logic solution, widely
used and familiar to many design
engineers. Its shortcomings are
density and cost. Altera’s first
CPLD addressed these with an
architecture that includes on-chip
interconnections which ties to-
gether a number of SPLD-like
structures. CPLDs are now avail-
able in a growing list of varieties
from a growing list of suppliers.

The fundamental architectural
issue for CPLDs is the nature of
the interconnection matrix, which
grows in complexity as the square
of the number of elements to be
interconnected. Although theden-
sity offered by new manufactur-
ing process would easily permit
the addition of more logic blocks,
four times as many logic blocks
would make the interconnection
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matrix sixteen times larger and sig-
nificantly slower. The basic CPLD
architecture cannot be extended
without some modifications. One
modification that is widely used
limits theinterconnect alternatives
for each logic block. This permits
the addition of more logic blocks,
but both utilization and perfor-
mance become more application
dependent. Another alternative is
to increase the complexity of each
logic block. This can also reduce
utilization if logic functions can-
notbe partitioned efficiently across
these larger granules. A third al-
ternative is to replace some of the
general purpose logic blocks with
special purpose functions such as
RAM or other application specific
logic. If defined properly, such
devices will offer superior levels
of speed and cost for the targeted
applications. All of these architec-
tural options have merit, but their
use will inevitably result in more
CPLD device types.

Field Programmable
Gate Arrays

The first FPGAs were devel-
oped by Xilinx, and are now avail-
able from a growing list of
suppliers. There are only three ar-
chitectural elements — logic
blocks, interconnection resources,
and I/O blocks. The primary ad-
vantage of FPGAs over CPLDs is
the ability to scale this basic archi-
tecture to larger array sizes with

Table 1: Usable Gates per Logic Block

advances in process technology.
Atamore detailed level, however,
the architectural challenges are
similar to those of CPLDs. For
FPGAs the fundamental architec-
tural issue is the balance between
the complexity or granularity of
the logic block and the routing
resources required to ensure good
utilization. Table 1 compares logic
granularity, measured by usable
gates perlogicblock, for some cur-
rently available FPGA architec-
tures.

Asshownin Table 1, the archi-
tecturesavailable from these FPGA
suppliers exhibit a 40:1 range in
logic block granularity. Although
this range may shrink as FPGA
architecturesbecome more mature,
there is no evidence that there is
any best solution that will eventu-
ally displace all others.

Attribute-Specific
Programmable Logic

Most, if not all, of the FPGA
architecturessummarized in Table

' 1were designed to be general pur-

pose, balancing the trade-offs
among speed, cost, density, and
ease of use. Asshown in Figure 3,
Xilinx’s first three FPGA genera-
tions were all aimed at a compro-
mise among these conflicting

| requirements. The resulting ar-

chitectures have met the needs of
many designers, and have created
a wide applications base for
FPGAs.

| Device Gates/Block Program Element
Actel ACT 2 B Anti-fuse
Altera FLEX 10 . SRAM
Crosspoint CP202200 05 | Anti-fuse
Plessey ERA (Pilkington) 0.5 SRAM
Quicklogic QL8X12 10 Anti-fuse
Xilinx XC3000 12 , SRAM
Xilinx XC4000 20 SRAM




The mainstream FPGA mar-
ket will continue to be dominated
by general purpose devices for
some time. It will take more, how-
ever, than another evolutionary
extension of a general purpose
FPGAarchitecturetodoublespeed
or halve cost. The overhead asso-
ciated with programmability is

already high. Compromises and |

design tradeoffs further encum-
ber FPGA designs and reduce their
performance.

In order to create the signifi-
cant improvements in speed and
cost that will permit the use of
FPGAs in many new applications,
itwillbe necessary todevelop new
architectures that depart from the
general purpose model of Figure
3. These new FPGAs will not nec-
essarily be application specific.
Most new FPGA generations will

still be used across a wide range of |
end use systems. Rather FPGAs |

will become attribute specific. The
difference is shown in Figure 4. In
some cases speed will be empha-
sized overall other considerations.
In other architectures, cost consid-
erations will be given the highest
weightinmaking design decisions.

Process Technology

There is not yet a “best” pro-
cess technology for programmable
logic.
horizon. The choice of the process

technology used to implement the |

programming element, however,
does influence logic block granu-
larity. Smaller programming ele-
ments such as anti-fuses can
supportsmallerlogicblocks, while
most SRAM-based architectures
use larger blocks. Architectures
with smallerblocks tend tobe more
flexible, while those with larger
blocks tend to have advantages in
speed and cost. Due to the link
between process and architectures,

| more process technologies will
mean more programmable logic
device types.

$7XILINX

Nor is there one on the |

Theadvantagesand disadvan-
tages of the various programmable
logic process technologies seem to
be of little interest outside the nar-
row confines of the programmable
logic industry. The general trend
to smaller geometries, however,
hasimportant costimplications for
all high-density programmable
logic. Since these chips tend to be
big, they benefit far more than con-
ventional gate arrays in the cost
improvement provided by each
new process generation.

The Role of Software

How is an engineer to evalu-
atealltheavailable programmable
architectures and find the best so-
lution for a system design prob-
lem? One imminent solution is a
set of standard benchmarks for
speed and density under develop-
ment by the programmable logic
industry. But this still requires
that the designer understand at
least the rudiments of each archi-
tecture, and also evaluate how
closely published benchmarks re-
flect the needs of a particular real-
life application.

The long term answer is more
powerful development system
software for programmable logic.
Softwarenow in developmentwill
not only suggest the best architec-
ture for a particular application,
based on parameterssuchasspeed,
package type, and cost, but it will
also partition large designs across
arange of potentially different pro-
grammable logic devices. The pro-
liferation of programmable logic
device types may not slow, but
software will make the architec-
tural details less obtrusive.

Summary

User programmable logic is
an immature, emerging technol-
ogy. While the architectural evo-
lution of microprocessors and
microcontrollers was guided by
the work done earlier for main-

| tom IC solution. More designers

frames and minicomputers, there
is no such architectural precedent
for programmable logic. Another
difference between programmable
logic and microprocessors is the
lack of user-visible software. The
requirement for software compat-
ibility, which has undoubtedly
inhibited creativity in the devel-
opment of new computer and mi-
croprocessor architectures, does
not limit innovation in this new
field.

Ahighrate of new discoveries
implies substantial R&D invest-
ments in both programmable IC
architectures and the software to
support them. This is likely to
lead to further consolidation
among the companies participat-
ing in this business. The remain-
ing companies will offer very broad
product lines with common soft-
ware support, and will continue to
introduce improved program-
mable logic devices at a high rate,
atleastfor the next few years. More
new FPGA architectures will be
introduced in the next two years
than we have seen since the an-
nouncement of the first FPGA
seven years ago.

All this is good news for the
system designer. Fewer and fewer
applications will require speed,
density, or cost that dictate a cus-

will enjoy the flexibility of user
programmability, and some will
add in-system reprogrammability
to their repertoire of design tech-
niques. Continuing improvements
in programmable logic software
will hide most of the details of the
new architectures, leaving the de-
signer with just the benefits.

Wes Patterson

Reprinted with kind permission from
Computer Design, February 1993
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User-Defined
Schmidt Trigger

Allinputs to Xilinx LCAshave
ahysteresis of 100 to200 mV, which
helps avoid noise propagation
from slowly rising or falling input
signals. Some users want more
hysteresis. They want to design
their own Schmidt trigger circuit.
This can easily be done with only
two resistors, but it uses one addi-
tional output pin.

A 10 kQ serial input resistor
combined with a 100 kQ feedback
resistor gives 500 mV of hysteresis
( Hysteresis is the difference be-
tween the effective input thresh-
old voltages on the Low-to-High
transition and the High-to-Low
transition. That difference is equal
to Vec times the resistor ratio).

A1 kQ / 10 kQ combination
gives the same hysteresis, but re-
duces the delay caused by the pin-
to-ground capacitance from
100 ns to 10 ns. On the other hand,
it requires more input current, i.e.
a lower drive impedance.

For TTL-threshold inputs, the
hysteresis should be kept below
1V, for CMOS inputs, it can be
upto2V.

Device

10B

N

|

100 k
o
- *—A\— Input

~N 10k 4

0B
X3660

Schmidt-Trigger Input
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XC4000 Program Pin, Function
and Timing

Some users have requested function and timing details about the
PROGRAM pin, when used to re-configure the XC4000 device. The
XC4000 data book has this information hidden in two places, page
47(upper right corner) and page 27 (upper left corner).

Any active Low pulse on PROGRAM, provided it is wider than
300 ns, triggers a re-configuration at any time, irrespective of the present
state of the part ( during configuration or after).

DONE responds with a Low level within 300 ns, and the 1/Os go 3-
state at about the same time. All this is completely unconditional.
ration memory” state. When PROGRAM has gone High again, and the
clearing is finished, and the power-on time-out is no longer active, if we
are re-configuring, the power-on time-out is obviously long past, then
the memory is being cleared once more, and INIT is checked before

configuration starts.

Hot and Cold

All Xilinx devices are speci-
fied over the 0°C to +70°C commer-

cial temperature range. Many are |

also guaranteed over the -40°C to
+85°C industrial and -55°C to
+125°C military temperature
ranges. But, that is still not enough

' for some users who operate their
| equipmentatmoreexotictempera-

tures.
For many years, Xilinx FPGAs

| have been used in “downhole”

applications, where they operate

| at the bottom of mile-deep oil-ex-

ploration bore holes. They are part

of sophisticated instrumentation

packages, consisting of micropro-
cessory ( often the venerable Z80 ),

| SRAMs and some rugged trans-

ducers and A/D converters. The

| operating temperature is >150°C

or >300°F, and our FPGAs work

justfine, although slower than their
specification.

We recently heard about a
cryogenic application, where an
XC3090 works immersed in liquid

| nitrogen at -192°C or -314°F. It

works fine and is very fast. The
low-voltage detect threshold had
changed from 3.1 V to 4.2 V, but
our upcoming XC3090L has a
lower detect threshold and will re-
establish the safety margin evenat
this very cold temperature.

We do not guarantee reliabil-
ity, parameters, or even function-
ality atthese temperatures, but the
designers of suchexoticequipment
don’t ask for guarantees; they are |
happy to have access to working
devices,and wearehappy toserve
science and industry in the heat
and the cold. PA




Programmable Logic Device

Over the past years, many
FPGA manufacturers have made
exorbitant claims about the speed
and density of their own products,
usually depicting the competition
as being vastly inferior. Some of
these claims were deliberate de-
ceptions, some were based on ig-
norance, a few may even have
been correct, but all caused confu-
sionin the user community. Which
family is really the fastest, and
whichoneisthedensestforagiven
application?

To generate some order out of
this chaos, the leading FPGA and
EPLD manufacturers got together
in 1991 to create reliable bench-
marks that would give the poten-
tial user a good feel for the
achievable speed and density of
various device families. Xilinx,
Actel, and Altera were the "found-
ing fathers" of whatbecame PREP¥,

the Programmable Electronics Per- |
formance Corporation, headed by |

Stan Baker, an editor of EETimes,
and organizer of the annual PLD
| conference. AMD, Cypress, Intel,
Lattice, Quicklogic, TI, and Data
| 1/0O joined later, and participated
in the definition of benchmarking
methodology and the first suite of
nine benchmarks.

These arerelatively simple cir-
cuits of a few hundred gate com-
plexity. Each can be implemented
many times in an FPGA or EPLD.
The circuits are defined with eight
inputs and eight outputs, so that
they canbe concatenated until they
fill the device.

These PREP benchmarks will
be honest and reliable, because
they are implemented by the engi-
neers who know their devices best,
and they are then checked by the
people most critical of any decep-
tive claims.

$TXILINX

Benchmarks

All benchmarks are imple-
mented by the respective manu-
facturer, and have been checked
for accuracy by any one or several
of the competing manufacturers,
or by PREP.

All benchmarks must be
implemented in the largest mem-
ber of any device family, but the
manufactureris free to add bench-
marks for smaller family mem-
bers. This rule was based on the

might be slower than small ones,
not true for some FPGAs.

Each device family must re-
portallnine benchmarks, even the
ones that are unfavorable. (The
large state machine is tough for
FPGAs, while the prescaled
counter shows relatively poor
EPLD performance.) Each com-
pany mustreportresults for "auto-
matic” implementation, but can
also add measurements for inter-
active ("manual”) design.

Gate count was considered a
meaningless and confusing num-
ber, not included in the report.
These benchmarks focus on de-
vicedensity and performance; any
commercially available develop-
ment software can, therefore, be
used, but run-time is not reported,
since it is not a device characteris-
tic, and changes too often with
new software releases.

Conclusions

Thesebenchmarksare the first
successful attempt at an objective,
standardized method of measur-
ing the capacity and performance
of Programmable Logic Devices.
The results are assumed to be hon-
est and correct, but there are still
some questions about their
relevance.

* PREP is a registered trademark of Programmable Electronics Performance Corporation

While these benchmarks may
representa fair mix of typicallogic,
the way identical instances are
concatenated is entirely artificial.
In order to measure the capacity of
dissimilararchitecturesand awide
range of device sizes in a uniform
way, the PREP committee agreed
onastep-and-repeat methodology,

| where one circuit instance feeds
' thenext. Thisbearsnoresemblance
| whatsoever to the normal use of
assumption that large devices |

Programmable Logic Devices. It
also does not stress their capabil-

| itytohandle “spaghetti-logic”with

random routing all over the chip.
The PREP benchmarks also
donotaddress the system-oriented
features available in some of the
more refined PLDs, like:
* Multiple low-skew clock lines
* Internal 3-state drivers
* Dedicated input/output flip-
flops
e Output 3-state control
e Qutput slew-rate control,
¢ Bus drive capability
e Boundary scan,
* Low power consumption
e In-circuit programmability,
¢ etc.
Some of these aspects may be
covered by future benchmarks.
Itiseasy tocriticize the present
methodology. It is far more diffi-
cult to come up with a better alter-
native. Filling a chip to the rim
with one function of growing
width is not the solution. An 800-
bitsynchronousbinary counter, or
a 3600-bit parity checker in an
XC4010 are possible, but they
would not be a meaningful bench-
mark for any user. PREP will have

' to define additional meaningful

benchmarks of higher complexity
that give the competing architec-
tures more freedom todemonstrate
their respective strengths.

pAGET



{continued from page 7)

The first suite of PREP bench-
marks was created, refined, and
debated (sometimes heatedly) by

various manufacturers, meeting
and working together in a con-
structive way. It was Silicon Valley
atits best, and it created a camara-
derie and mutual respect that may
help us in the future marketing
battles.

We tried very hard to create a
tool set that is helpful to the user,
not one that gives bragging rights
to the manufacturers. Only the
future will show whether we
were successful.

applications engineers from the |
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R E3FF - E300 Dat
ange ata
Decoder E2FF - E2C0 _> Out
. Egt? E2BF - E2B0
u E2AF - E2AC
E2AB - E2ZAB
E2AA -
> & Bus Error

Count Enable
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Benchmark No.7,8 16-Bit Counter

Data
Out

Broadcast

Data

Benchmark No.9 Memory Mapper
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Benchmark Results

Capacity

| Performance (MHz) | [Oplimized | Toals Used

[ |
[ Company[ Device/Grade | Reps] Fill | Rept | Fill% | Worst | Besi] Mean [ Ext | Cap[ Perf | Vendor | Tool Name | Rev | APR] Gril| HM] Manp] Mani | NOTES

Benchmark #1

Xilinx
Xilinx
Kilinx
Hilinx
Xilinx
Xilinx
Xiling

4010-5
4010-5
3090-125
3180-3
3080-125
3150-3
7272-25

Benchmark #2

Xilinx
Kilinx
Xilinx
Xilinx
Xilinx

3090-125
3190-3
4010-5
4010-5
Tar2-2s

Benchmark #3

Xilinx
Hilinx
Xilinx
Kiline
Kiliru
Xilir

3090-125
3090-125
3190-3
3190-3
4010-5
7272-25

Benchmark #4

Xilinx
Xilinx
Kiling
Kilirue

3000-125
3190-3
4010-5
T272-25

Benchmark #5

Kilinx
Xilinx
Kilinx
Xilinx
Xiling
Kiling

3090-125
3190-3
4010-5
4010-5
7272-25
7272-25

Benchmark #6

Xilinx
Kilinx
Xiling
Xilinx
Kilinx
Hilink
Hilinx
Hilinx
Ailinx
Xiling
Xiling
Xilinxg
Kilin

3080-125
3090-125
3090-125
3090-125
3190-3
3190-3
3150-3
3190-3
4010-5
4010-5
400-5
7272-25
1272-25

Benchmark #7

Kiling
Xiling
Kilirue
Hilinae
Hilinx
Kilinx
Kilinx
Kilinx
Kilinx
Kilinx
Kilinx

ana0-125
3090-125
3090-125
3090-125
3190-3
3190-3
3190-3
3190-3
4010-5
4010-5
7272-25

Benchmark #8

Kiling
Xilinx
Kiling
Xilinx
Kilinx
Kilinx
Kilinx

3090-125
3090-125
3150-3
3150-3
4010-5
4010-5
T212-25

Benchmark #9

Xilinx
Xilinx
Xiling
Kiling
Xilirue
Kilirer
NOTES:

3090-125
3090-125
31%0-3
390-3
4010-5
7272-25

1} Minor routing changes only.

30
30
20
20
18
18
4

12
12
26
30
2

16
20
16
20
36
8

16
20
16
20
40
a

cCooocoo coooo coocoooo

cooo

Moo oo o

CcCooococococoooooo

cCoocoocooco oo o

cCoococ oo o

oo o o oo

90%
90%
100%
100%
90%.
0%
89%

W%
%%
B8%
90%
75%

80%
100%
80%
100%
9%
100%

9%
%%
98%
89%

B6%
B6%
100%
100%
54%
4%

88%
100%
91%
100%
88%
100%
N%
100%
87%
0%
100%
100%
100%

100%
100%
0%
100%
100%
100%
9%
100%
6%
W%
89%

98%
98%
98%
8%
86%
W%
89%

B0%
100%
B0%
100%
100%
100%

0%
0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%

0%
0%
0%
0%

0%
0%
0%
0%
38%
3%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%

P
0
48
89
M
72
@

20
37
23
39
20

20
15
36
25
28
40

12
19
27
a0

12
20
18
19
nfa
na

17
9
20
1"
27
1w
34
19
25
32
29
14
21

20
13
29
18
33
24
a7
Kl
19
41
40

a7
58
47
&7
19
59
40

26
2
44
38
41
40

n

85
58
108
65

m
40

28
52
30
40
20

35
30
61
52
47
40

18
30
30
40

17
29
20
20
na
na

19
10
2
1
kil
18

19

39
31
£}
2

58 2 Xilinx PPR 13 X

83 39 Xilinx PPR 13 X X X 1
55 24 Kilin ADI 33 X

0 39 Xilinx ADI kkil X

52 46 Xilinx ADI am X X

&7 B0 Hiling ADI an x

0 25 Xiline — XEPLD 31 X

4 A Xilino ADI i ox

7 M Kilir ADI 33 X

6 27 Xilinx PPR 13 X X

40 20 Xilinx PPR 13 X X X 1
20 20 Kilinx XEPLD X

2 M X Kiliny ADI i3 X

4 23 X Xilinx ADI in x

49 39 X Xiling ADI i X

41 3 X Xilinx ADI 3In X

» % Xilinx PPR 13 X

MNn % Kilinxk ~ XEPLD 31 X

M 14 Kiling ADI 3N X

22 23 Xilinx ADI 3 X

272 Kilink PPR 13 X X

0 13 Daalf0 XEPLD 31 X

o Kilinx ADI 3 XX

4 A3 Xilinx ADI in X X

1B 15 X Kiline PPR 13 X X

19 16 X Xilinx PPR 13 X X

na 10 Kiline  XEPLD 31 X

na 13 Xilinx ~ XEPLD 3.1 X

17 15 X iling ADI )

0 10 X Xilinx ADI 3 X

21 17 X Kiliroe ADI k1 X X 1
m o X Xilinx ADI KX X X 1
28 23 X Xilinx ADI iy X

1w ow X Hiling ADI in X

B o0 X Kiling ADI an X X 1
19 17 X Kilire ADI in X X 1
noA Xilinx PPR 13 X X

B 2% X Kilinx PPR 13 XX X 1
n oA x Kilinx PPR 13 X X X 1
14 12 Xiline  XEPLD 31 X

21 16 Xiline — XEPLD 31 X

23 X Kilinx ADI in o

4 14 X Hilinx ADI i X

n X Xilin ADI in X X 1
w15 X Kiling ADI 3in X X 1
0 33 X Xiling ADI 3 ox

282 X Xilinx ADI mox

52 42 X Kiling ADI a3 X X 1
Hn B X Kilinx ADI in X 3

34 3 Xilinx PPR 13 % X

2 4 Xiling PPR 13 X X X X 1
N 25 Xilinx  XEPLD 31 X X

anoo17 Kilinx ADI KT G §

58 27 Xilinx ADI n X X 1
68 38 Kilinx ADI an x

& 38 Xilinx ADI in X X 1
4 38 Xilin PPR 13 X X X

66 46 Xilinx PPR 13 X X X X 1
M0 5 Xiline  XEPLD 31 X X

13 X Xilinx ADI 331 X

2% 13 X Xilink ADI 33 X

M20 X Kilino ADI 131 X

4o X Kilimx ADI iy X

47 28 Xilinx PPR 13 X X

0 25 Xilime  XEPLD 31 X

Crit: Criticallity used, HM: Hard Macros used, Manp: Manual placement, Mane: Manual rounting.
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Serial
Configuration
PROMs

Xilinx offers several pin- and
function-compatible serial one-
time-programmable PROMs in
plastic and ceramic packages.

Presently being shipped are
the XC1736A, XC1765, and
XC17128. (The numbers following
the “17” indicate the capacity in
kilobits.)

The XC1736A is the only serial
. PROM that lacks the program-
mable Reset option; the XC17128
is the only serial PROM that can be
clocked at the full 10MHz required
by the XC4000 in fast configura-
tionmode. All other serial PROMs
can be clocked at up to 5 MHz.

In early 1993, Xilinx intro-
duced the “D-series” of serial
PROMs, the XC1718D, XC1736D,
and XC1765D, all with program-
mable Reset polarity, improved
ESD protection, and all with max
5 MHz clock frequency. These de-
vicesare programmed withalower
voltage and a different program-
ming algorithm than the older
parts. The user needs the appro-
priate update from the program-
mer vendor. These devices will
become the mainstream serial
PROMs, and, beyond the tradi-
tional packages, they will also be
available in the space-saving SO8
package.

Inearly 1993, Xilinx also intro-
duced the “L-series” of serial
PROMs, the XC1718L and
XC1765L. These devices operate
at the new industry-standard low
supply voltage of 3.3 V ( 3.0 to
3.6 V). They can be programmed
the same way as the “D-series”
parts.

The tableatright lists all Xilinx
FPGAs and the number of bits re-
quired to configure each.

pace 10

XC2000

no slew-rate control.

XC3000

Complementary outputs, 4mA guaranteed sink and source current

LCA Outputs

Complementary outputs, 4 mA guaranteed sink and source current

slew-rate control adds significant “hesitation” delay.

XC3100

Complementary outputs, 8mA guaranteed sink and source current

slew-rate control adds very little “hesitation” delay.

XC4000

Totem-pole, n-channel-only outputs, 12 mA sink, 4 mA source
slew-rate control similar to XC3100, but reduced “hesitation” delay

XC4000A

(CLB1, reduced routing & cost, increased sink current)

Totem-pole, n-channel-only outputs, 24 mA sink, 4 mA source

Four modes of slew-rate control: FAST, MEDIUM FAST, MEDIUM SLOW, SLOW.
The four modes have the obvious impact on the falling slew rate,

but the rising slew rate is slowed down only in sLow mode

XC4000H

(Double the number of I/O, without flip-flops)

Totem-pole, n-channel-only outputs, 24 mA sink, 4 mA source, with program-
mable optional p-channel pull-up transistor. (CMOS output)

Sophisticated, simple slew-rate control, effective only on the falling edge
Resistive: Gradual turn-on, then stay on for continuous 24-mA sink
Capacitive: Gradual turn-on, then gradual turn-off when output is below one
threshold voltage. This assures “soft landing”, avoids ground bounce.
Continuous sink current in capacitive mode is reduced to 4 mA.

General

All LCA outputs have low-impedance protection clamp diodes to GND

and Vce.
Passive resistors:

XC2000: during configuration only ( all families use pull-ups during config.)
XC3000: pull-up programmable for inputs only, not for 3-state outputs.
XC4000, all flavors: pull-up or pull-down, progr. for any input or output.

Device

XC2064 (L)
XC2018 (L)

XC3020 (A,L)/3120
XC3030 (A,L)/3130
XC3042 (A,L)/3142
XC3064 (A,L)/3164
XC3090 (A,L)/3190
XC3195

Config. Bits |

12,038
17,878

14,819
22,216
30,824
46,104
64,200
94,984

Device

XC4002A
XC4003A
XC4003H
XC4004A

| XC4005A
| XC4005/4005H

XC4006
XC4008
XC4010
XC4013

Config. Bits

31,668
45,676
53,967
62,244
81,372
95,000
119,832
147,544
178,136
247,960




LCA Output Characteristics

Here are the first results of our
output characteristics plotting.

Note that one device always
represents a whole family, there is

nodifferencebetween, e.g., XC3142 |

and XC3190 outputs.

Note that the XC4000 has n-
channel-only outputs that do not
drive any current above 3.5 V.

When pulling a Low output
slightly below Ground, or a High
outputslightly above Vcc, the out-
put impedance is the same as it is

on the other side of Ground and
Veg, i.e., the plot shows a straight
line going through Ground and
Vece. ( The current direction
changes, of course. )

When the voltage exceeds 0.5
V below Ground or 0.5 V above
Vcc, the protective diodes become
conductive, and the current in-
creases dramatically. That's why
we should not specify a max volt-
age excursion, but rather a max

| current excursion into the forbid-
den territory below ground and
above Vcc.

This is true for all devices.
Even XC4000 outputs have a
strong clamp diode against Vcc.
Disregard previous statements to
the contrary.

Allmeasurementsat25°C and
Vee=5.00V

All parts are 1993 production
type. PA

Sink Current and Output Low Impedance Source Current and Output High Impedance
Device 1V 2V Impedance 4V 3V 2V Impedance
XC2018 70 >100 mA 14 Q -30 -52 -65 mA 35Q
XC3020 55 100 mA 20 Q -35 -60 -75 mA 30 Q
XC3142 35 63 mA 30 Q -35 -60 73 mA 30 Q
XC4005 42 85 mA 23 Q 0 -7 -30 mA 40 Q
100 - 100 ;

ag g | el 2 R P R R
80 ; 80 |- :
g7 T TRy s e O e SRR FO |
| : .
| mA mA
50 . 50
T8 W ! . SN . e e DS L7 A SIS U SN S et N s —
20 *02013 30 [-romrfforsini i K G B OOt S S
20 ; 20 s
10 | ff 10 b N
0 4] §
1 K| 4 5 1 2 3 4 5
Azar3 VOLTS Hoart vOLTS
OB A B s e e e B e e T
QD ...........
O RN SO N .
mA :
50 :
40 ;
30 i_ 3
XC3142
20 : 3
10
0 .
1 3 4 5
X3575 VOLTS
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XC4000H Output Rise and Fall Times

Slew-Rate Control

The XC4000H outputs use a
novel, patent-pending method of
slew-rate control that reduces
ground bounce with no signifi-
cant delay penalty. Each output
has two slew-rate options, both of
which reduce the positive ground
bounce that occurs when the pull-
down transistoris turned on. They
differ in the way the output cur-
rent is turned off.

The slew-rate-limited default
mode is called “capacitive,” or
“SoftEdge.” At the beginning of a
High-to-Low transition, the pull-
down transistor gradually turns
on, and is fully conductive until
| the output voltage has reaches +1
V. The pull-down transistor then
partially turns off, so that its final
on-resistance of about 100 Q, low
enough tosink4 mA continuously.
Gradually turning off the transis-
| tor reduces the rate of current de-
| crease (di/dt) that is responsible
for negative ground bounce.

The  “capacitive,” or
“SoftEdge,” mode s the best choice for
outputs requiring less than 4 mA of
the dc sink current.

The non-slew-rate limited
modeiscalled “resistive,” and dif-
fers from the “capacitive “ mode
in that the pull-down transistor
remains fully conductive as long

as the output is Low. The pull-
down transistor has an on-resis-
tance of <20 Q, and is capable of
sinking 24 mA continuously.

Resistive mode is required for
driving terminated transmission
lines with 4 to 24 mA of dc sink
current. Theabruptcurrentchange
when the output voltage reaches
zero causes a negative voltage
spike over the ground inductance
(bonding wire). This ground
bounce can become objectionable
when many outputs switch High-
to-Low simultaneously.

The figures below show rising

' and falling output edges for vari-

ous loads. The upper trace in each
figure shows a second output
driven from the same internal sig-
nal, but unloaded. It acts as a tim-
ing reference, and triggers the
oscilloscope.

Resistive mode and capacitive

| mode transitions start with simi-

lar internal logic delays. Resistive
mode falls faster, and has more
undershoot; capacitive moderises
slightly faster. For a 200-Q pull-
up, 330-Q pull-down termination,
only resistive mode is meaningful.
A TTL output with a 1000-Q pull-
up, 150-pF termination has a slow
(150 ns) final rise time that extends
beyond the 10-ns shown.

| Summary

Use resistive mode for appli-
cations that require >4 mA of dc
sink current, and for heavy capaci-
tive loads when they must be dis-
charged fast. Use capacitive mode
forall otherapplications, especially
light capacitive loads (50 to 200
pF) and all timing-uncritical out-

| puts that require < 4 mA dc cur-
| rent. The Low-to-High transition

is not affected by the choice of
slew-rate mode.

The figures below are the
unedited results of tests performed
on a multi-ground-plane test PC
board, manufactured by Urban
Instruments (Encino, CA). Measure-
ments were made with a Tektronix
TDS540 digital storage oscilloscope.
The time scale is 2 ns/division.

Trace A shows Resistive mode
with CMOS outputs

Trace B shows Resistive mode
with TTL outputs

Trace C shows Capacitive
mode with CMOS outputs

Trace D shows Capacitive
mode with TTL outputs
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Figure 1. Falling Edge, 50 pF Load
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Figure 5. Falling Edge, 200/330 (2, 150 pF Load
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Figure 6. Rising Edge, 200/330 (2, 150 pF Load

Figure 7. Falling Edge, 1000 2, 150 pF Load
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Figure 8. Rising Edge, 1000 2, 150 pF Load
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Two’s Complementer Packs 2 Bits per CLB

The best known algorithm for
twos complementing a number is
to invert all the bits and then add
one to the result. Using this algo-
rithm, only one data bit can be
generated by each XC3000 CLB,
since the increment operation re-
quires an additional carry output
for each bit. However, an alternate
empirical algorithm exists that
does not have this limitation, and
generates two bits per CLB.

This alternate algorithm per-
mits the two’s complement of a
number to be determined by in-
spection. Asshownin theexample,
the numberis scanned, onebitata
time, from the leastsignificantend,
until the first “one” is encountered.
The first “one” and any less sig-
nificant zeros are passed to the
output unchanged. All more sig-
nificant bits are inverted.

This algorithm may be rewrit-

ten in an iterative form: a bit is |
inverted only if its less significant |

neighbor is inverted, or is a one.
Trailing zeros and the first “one”
are not inverted because their less
significant neighbors are neither
inverted nor “ones”. The bit after
the first “one” is inverted because
its neighbor is a “one”, and the
remaining bits are inverted be-
cause their neighbors were .

This may be implemented as
shown in Figure 1. The inputs and
outputs of the less significant

First "1°

MSB l LSB
Input 1 0 1 1 0 1 0 0
——
Scan
Invert Pass
Cutput 0 o0

XISTO

Two's Complement Example

PaGE 14

neighbors are inspected to deter-
mine their value and whether they
were inverted. An XOR is then
used to invert the data according
to the rule described above.

Theleastsignificantbitalways
remains unchanged when two’s
complementing a number. Conse-
quently, no logic is required by the
LSB and no less significant neigh-
bor is required.

Figure 2 shows a modification
of the 2-bit CLB that only incurs
onedelay perbit-pair. This doubles

the performance of the original
design, without increasing the
number of CLBs required or the
routing complexity.

A further modification, not
shown, permits the delay for an 8-
bit complementer to be reduced to
two CLBs. However, one addi-
tional CLB is required. In this
design, complementerslarger than
eightbits use two additional CLBs
per three bits, and the delay in-
creases by one CLB per three bits.

¥
s 0.

iy

ouT,,

X3572

Figure 2. Faster Two's Complementer




Excessive Idle Power in XG2000

Some users report a quiescent
Icc consumption of more than 10
mA in the XC2000 family. This is
usually the result of floating input
pads, especially unbonded ones,
and it can be fixed quite easily.

While the XC3000 and XC4000
devices have default pull-up resis-

tors on all inputs, the XC2000 fam- |
ily lacks this option. Each unused |

pin or pad must, therefore, be

forced to a valid logic level, either |

by an external connection or resis-
tor, or by using its own output
| driver. The Makebits Tie option
does not take care of this, it only
ties internal inputs and intercon-
nects to a defined logic level.
Users tend to overlook the
unbonded pads on XC2064 PC44,
XC2018 PC44 and XC2018 PCé68.
These devices have more internal
pads than there are package pins
available. Some pads are, there-
fore, left unbonded, but these
unbonded inputs must also be
forced to a valid logic level. Other-
| wise they might cause uncon-
trolled power consumption, and
even uncontrolled oscillations.
Unused outputs, bonded or not,
canbe tied from the schematic dia-
gram. To do this, create dummy
bidirectional pins using OBUFs,
IBUFs, and BPADs or UPADs, as
appropriate. Connect the OBUF
outputdirectly toIBUF input. This
connection creates a tie circuit that

is an input-less latch with no in-
put. After configuration, these tie-
circuits attain an unspecified, but
well-defined logic level, and re-
main there, thus preventing the
input from floating.

Inexisting designs, tie-circuits
locked tounused pinscanbeadded
to the schematic, which is then
recompiled using the previous
LCA file as a guide. In new de-
signs, an appropriate number of
bonded-pin tie circuits included
in the schematic willautomatically
be distributed among the unused
bonded pins.

Tie-circuits cannot be locked
to specific unbonded pins. How-
ever, if the correct number of
unbonded tie circuits are included
in the schematic, all unbonded
pads will be tied. Tie circuits may
also be added by editing the LCA
design in XDE.

Unused bonded outputs tied
in this way are active pins, and
cannot, therefore, be used as PCB
feedthroughs. However, unused
pinsrequired as feedthroughsneed
notbetied inthe LCA device, since
they do not float. PA

LOC=P22

UPAD

OBUF IBUF

e

Don’t Drive
Mode Pins from
Uncontrolled
Sources

We recently debugged a de-
sign with unpredictable power-up
behavior. The designer had used
an Altera EPLD device to control
the M0, M1, M2, and PWRDWN
pins of an XC3042. (M0 and M1
were used for readback. We don’t
know why an EPLD powerhog was
used to control the LCA power.)

Upon power-up, the EPLD
puts uncontrolled signals on its
outputs, lasting for up to 100 ms.
That’s long enough to make the
XC3042 configure in the wrong
mode, become a master instead of
a slave, thus crashing the system.
Remember, a Low on PWRDWN
causes all inputs, including RE-
SET to be interpreted as High.

Connecting external logic to
the mode and PWRDWN inputs

. of an LCA must be done with care
. and a thorough understanding of

power-up conditions. Xilinx
FPGAs have been carefully de-
signed to avoid erroneous output
signals during power-up. Other
ICsarenotnecessarily that friendly.

PA

No Power Penalty for Slew-Rate Limiting

When outputs are configured
as slew-rate limited, they charge
and discharge their capacitive
loads more slowly, thus generat-
ing less ground bounce. The ques-
tion has been raised whether that
increases power consumption. It
| does not.

$ILNX

When an empty capacitor is
charged throughany resistor, large
or small, linear or non-linear, half
the consumed anergy (1/2 CV?)
ends up in the capacitor, while the
other half heats up the resistor,
whatever its value may be.

Cycling a capacitor at a given
frequency, therefore, consumes the
same power, P = f C V?, irrespec-
tive of the series resistor, provided
it is small enough to allow a fairly
complete charge and discharge
cycle.

Simple law of physics.  PA
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Xilinx Training Classes

Xilinx Training Classes allow
you to get up-to-speed on the lat-
est Xilinx products quickly and
efficiently. If you are new to Xilinx,
or would like to learn more about
the capabilities of the products,
the classes are for you. Hands-on
interactive instruction is the best
method of learning how to use the
software effectively. Benefits in-
clude:

- Start or improve your design
during the class

- Reduce your learning time

- Make fewer design iterations

- Get to market faster

- Lower production costs

- Increase quality

Xilinx offersa variety of classes
worldwide at the locations listed
below. We can also bring classes to
your own facility. Call your clos-
est Xilinx sales office or Regional
Training Center for more
information.

United States

San Jose, CA (408) 879-5090
Sacramento, CA (916) 781-6614
Woodland Hills, CA (714) 641-4198
Costa Mesa, CA (714) 641-4198
San Diego, CA (619) 571-7540
Portland, Oregon (503) 526-6217
Seattle, Washington (206) 881-6697
Salt Lake City, Utah (408) 743-3463
(303) 799-7820
(602) 961-6403
(214) 960-1043
(612) 932-0678
(708) 860-8559

Denver, Colorado
Phoenix, Arizona
Arlington, Texas

Minneapolis, MN

St. Louis, Missouri

Chicago, Illinois (708) 860-8517
Detroit, Michigan (708) 860-8559
Cleveland, Ohio (216) 573-7400

Boca Raton, Florida
Baltimore, MD
Westboro, MI
Rochester, NY

(408) 879-5090
(410) 684-6683
(508) 870-0312
(408) 879-5090

International
Hatfield, UK
Paris, France

(44) 707 284 154
(33) 1459265 00
(35) 13100 000
Munich, Germany (49) 8142 51019
Freiburg, Germany (49) 761 405111
Breda, Netherlands (31) 76 784911
Switzerland (41) 61 975 00 00
Pretoria, Republic of South Africa
(27) 1273-1122
(91) 212 332 838
Beijing, People’s Republic of China
(86) 1-256 1155 x2357
(852) 4102780
(81) 3-3566-6364

Lisbon, Portugal

Bombay, India

Hong Kong
Tokyo, Japan

2100 Logic Drive
San Jose, CA 95124-3450
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