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Introduction

XC3000-Series Field Programmable Gate Arrays (FPGAS)
provide a group of high-performance, high-density, digital
integrated circuits. Their regular, extendable, flexible,
user-programmable array architecture is composed of a
configuration program store plus three types of config-
urable elements: a perimeter of 1/0O Blocks (IOBs), a core
array of Configurable Logic Bocks (CLBs) and resources
for interconnection. The general structure of an FPGA is
shown in Figure 2. The development system provides
schematic capture and auto place-and-route for design
entry. Logic and timing simulation, and in-circuit emulation
are available as design verification alternatives. The design
editor is used for interactive design optimization, and to
compile the data pattern that represents the configuration
program.

The FPGA user logic functions and interconnections are
determined by the configuration program data stored in
internal static memory cells. The program can be loaded in
any of several modes to accommodate various system
requirements. The program data resides externally in an
EEPROM, EPROM or ROM on the application circuit
board, or on a floppy disk or hard disk. On-chip initialization
logic provides for optional automatic loading of program
data at power-up. The companion XC17XX Serial Configu-
ration PROMSs provide a very simple serial configuration
program storage in a one-time programmable package.

The XC3000 Field Programmable Gate Array families pro-
vide a variety of logic capacities, package styles, tempera-
ture ranges and speed grades.

XC3000 Series Overview

There are now four distinct family groupings within the
XC3000 Series of FPGA devices:

e XC3000A Family
* XC3000L Family
* XC3100A Family
* XC3100L Family

All four families share a common architecture, develop-
ment software, design and programming methodology, and
also common package pin-outs. An extensive Product
Description covers these common aspects.

Detailed parametric information for the XC3000A,
XC3000L, XC3100A, and XC3100L product families is then
provided. (The XC3000 and XC3100 families are not rec-
ommended for new designs.)

Here is a simple overview of those XC3000 products cur-
rently emphasized:

¢ XC3000A Family — The XC3000A is an enhanced
version of the basic XC3000 family, featuring additional
interconnect resources and other user-friendly
enhancements.

¢ XC3000L Family — The XC3000L is identical in
architecture and features to the XC3000A family, but
operates at a nominal supply voltage of 3.3 V. The
XC3000L is the right solution for battery-operated and
low-power applications.

¢ XC3100A Family — The XC3100A is a
performance-optimized relative of the XC3000A family.
While both families are bitstream and footprint
compatible, the XC3100A family extends toggle rates to
370 MHz and in-system performance to over 80 MHz.
The XC3100A family also offers one additional array
size, the XC3195A.

¢ XC3100L Family — The XC3100L is identical in
architectures and features to the XC3100A family, but
operates at a nominal supply voltage of 3.3V.

Figure 1 illustrates the relationships between the families.
Compared to the original XC3000 family, XC3000A offers
additional functionality and increased speed. The XC3000L
family offers the same additional functionality, but reduced
speed due to its lower supply voltage of 3.3 V. The
XC3100A family offers substantially higher speed and
higher density with the XC3195A.

New XC3000 Series Compared to Original
XC3000 Family

For readers already familiar with the original XC3000 family
of FPGAs, the major new features in the XC3000A,
XC3000L, XC3100A, and XC3100L families are listed in
this section.

All of these new families are upward-compatible extensions
of the original XC3000 FPGA architecture. Any bitstream
used to configure an XC3000 device will configure the cor-
responding XC3000A, XC3000L, XC3100A, or XC3100L
device exactly the same way.

The XC3100A and XC3100L FPGA architectures are
upward-compatible extensions of the XC3000A and
XC3000L architectures. Any bitstream used to configure an
XC3000A or XC3000L device will configure the corre-
sponding XC3100A or XC3100L device exactly the same
way.
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Configurable Logic Block

The array of CLBs provides the functional elements from
which the user’s logic is constructed. The logic blocks are
arranged in a matrix within the perimeter of IOBs. For
example, the XC3020A has 64 such blocks arranged in 8
rows and 8 columns. The development system is used to
compile the configuration data which is to be loaded into
the internal configuration memory to define the operation
and interconnection of each block. User definition of CLBs
and their interconnecting networks may be done by auto-
matic translation from a schematic-capture logic diagram or
optionally by installing library or user macros.

Each CLB has a combinatorial logic section, two flip-flops,
and an internal control section. See Figure 5. There are:
five logic inputs (A, B, C, D and E); a common clock input
(K); an asynchronous direct RESET input (RD); and an
enable clock (EC). All may be driven from the interconnect

resources adjacent to the blocks. Each CLB also has two
outputs (X and Y) which may drive interconnect networks.

Data input for either flip-flop within a CLB is supplied from
the function F or G outputs of the combinatorial logic, or the
block input, DI. Both flip-flops in each CLB share the asyn-
chronous RD which, when enabled and High, is dominant
over clocked inputs. All flip-flops are reset by the
active-Low chip input, RESET, or during the configuration
process. The flip-flops share the enable clock (EC) which,
when Low, recirculates the flip-flops’ present states and
inhibits response to the data-in or combinatorial function
inputs on a CLB. The user may enable these control inputs
and select their sources. The user may also select the
clock net input (K), as well as its active sense within each
CLB. This programmable inversion eliminates the need to
route both phases of a clock signal throughout the device.
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Figure 5: Configurable Logic Block.

Each CLB includes a combinatorial logic section, two flip-flops and a program memory controlled multiplexer selection of

function. It has the following:
- five logic variable inputs A, B, C, D, and E
- adirect data in DI
- an enable clock EC
- aclock (invertible) K
- an asynchronous direct RESET RD
- two outputs X and Y
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Figure 7: Counter.

The modulo-8 binary counter with parallel enable and
clock enable uses one combinatorial logic block of each
option.

General Purpose Interconnect

General purpose interconnect, as shown in Figure 10, con-
sists of a grid of five horizontal and five vertical metal seg-
ments located between the rows and columns of logic and
I0Bs. Each segment is the height or width of a logic block.
Switching matrices join the ends of these segments and
allow programmed interconnections between the metal grid
segments of adjoining rows and columns. The switches of
an unprogrammed device are all non-conducting. The con-
nections through the switch matrix may be established by
the automatic routing or by selecting the desired pairs of
matrix pins to be connected or disconnected. The legiti-
mate switching matrix combinations for each pin are indi-
cated in Figure 11.

Special buffers within the general interconnect areas pro-
vide periodic signal isolation and restoration for improved
performance of lengthy nets. The interconnect buffers are
available to propagate signals in either direction on a given
general interconnect segment. These bidirectional (bidi)
buffers are found adjacent to the switching matrices, above

INTERCONNECT SWITCHING
"PIPs” MATRIX
| AN 1'/ R S
- b

R o Fe
CONFIGURABLE INTERCONNECT
LOGIC BLOCK BUFFER

X193

Figure 8: A Design Editor view of routing resources
used to form atypical interconnection network from
CLB GA.

and to the right. The other PIPs adjacent to the matrices
are accessed to or from Longlines. The development sys-
tem automatically defines the buffer direction based on the
location of the interconnection network source. The delay
calculator of the development system automatically calcu-
lates and displays the block, interconnect and buffer delays
for any paths selected. Generation of the simulation netlist
with a worst-case delay model is provided.

Direct Interconnect

Direct interconnect, shown in Figure 12, provides the most
efficient implementation of networks between adjacent
CLBs or 1/0 Blocks. Signals routed from block to block
using the direct interconnect exhibit minimum interconnect
propagation and use no general interconnect resources.
For each CLB, the X output may be connected directly to
the B input of the CLB immediately to its right and to the C
input of the CLB to its left. The Y output can use direct inter-
connect to drive the D input of the block immediately above
and the A input of the block below. Direct interconnect
should be used to maximize the speed of high-performance
portions of logic. Where logic blocks are adjacent to IOBs,
direct connect is provided alternately to the 10B inputs (I)
and outputs (O) on all four edges of the die. The right edge
provides additional direct connects from CLB outputs to
adjacent IOBs. Direct interconnections of I0OBs with CLBs
are shown in Figure 13.

November 9, 1998 (Version 3.1)
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Figure 10: FPGA General-Purpose Interconnect.. The X and Y outputs of each CLB have single contact,
Composed of a grid of metal segments that may be inter- . . .
. h direct access to inputs of adjacent CLBs
connected through switch matrices to form networks for

CLB and IOB inputs and outputs.

Figure 12: CLB X and Y Outputs.

383 16
Figure 11: Switch Matrix Interconnection Options for
Each Pin.

Switch matrices on the edges are different.
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Configuration

Initialization Phase

An internal power-on-reset circuit is triggered when power
is applied. When V¢ reaches the voltage at which portions
of the FPGA device begin to operate (nominally 2.5 to 3 V),
the programmable 1/O output buffers are 3-stated and a
high-impedance pull-up resistor is provided for the user
I/0 pins. A time-out delay is initiated to allow the power
supply voltage to stabilize. During this time the power-down
mode is inhibited. The Initialization state time-out (about 11
to 33 ms) is determined by a 14-bit counter driven by a
self-generated internal timer. This nominal 1-MHz timer is
subject to variations with process, temperature and power
supply. As shown in Table 1, five configuration mode
choices are available as determined by the input levels of
three mode pins; MO, M1 and M2.

Table 1: Configuration Mode Choices

MO |M1|M2| CCLK Mode Data

0| O | O |output [Master Bit Serial

0| 0| 1 |output |Master Byte Wide Addr. = 0000 up
01|00 |— reserved |—

0| 1| 1 |output |Master Byte Wide Addr. = FFFF down
1/00 |— reserved |—

1| 0 | 1 |output |Peripheral |Byte Wide

1110 |— reserved |—

1|11 |input Slave Bit Serial

In Master configuration modes, the device becomes the
source of the Configuration Clock (CCLK). The beginning
of configuration of devices using Peripheral or Slave
modes must be delayed long enough for their initialization
to be completed. An FPGA with mode lines selecting a
Master configuration mode extends its initialization state
using four times the delay (43 to 130 ms) to assure that all
daisy-chained slave devices, which it may be driving, will
be ready even if the master is very fast, and the slave(s)
very slow. Figure 20 shows the state sequences. At the end
of Initialization, the device enters the Clear state where it
clears the configuration memory. The active Low,
open-drain initialization signal INIT indicates when the Ini-
tialization and Clear states are complete. The FPGA tests
for the absence of an external active Low RESET before it
makes a final sample of the mode lines and enters the Con-
figuration state. An external wired-AND of one or more INIT
pins can be used to control configuration by the assertion of
the active-Low RESET of a master mode device or to sig-
nal a processor that the FPGAs are not yet initialized.

If a configuration has begun, a re-assertion of RESET for a
minimum of three internal timer cycles will be recognized
and the FPGA will initiate an abort, returning to the Clear
state to clear the partially loaded configuration memory
words. The FPGA will then resample RESET and the mode
lines before re-entering the Configuration state.

During configuration, the XC3000A, XC3000L, XC3100A,
and XC3100L devices check the bit-stream format for stop
bits in the appropriate positions. Any error terminates the
configuration and pulls INIT Low.

All User 1/0 Pins 3-Stated with High Impedance Pull-Up, HDC=High, LDC=Low

INIT Output = Low

Initialization
Power-On
Time Delay

Active RESET

Clear
Configuration
Memory

Test

RESET Mode Pins

Active

Low on DONE/PROGRAM and RESET

Configuration
Program Mode

Power Down.
No HDC, LDC

or Pull-Up
PWRDWN

Inactive
PWRDWN
Active

Operational
Mode

Active RESET
Operates on
User Logic

Power-On Delay is
214 cycles for Non-Master Mode—11 to 33 ms
216 Cycles for Master Mode—43 to 130 ms

Clear Is
~ 200 Cycles for the XC3020A—130 to 400 ps
~ 250 Cycles for the XC3030A—165 to 500 ps
~ 290 Cycles for the XC3042A—195 to 580 us
~ 330 Cycles for the XC3064A—220 to 660 ps

~ 375 Cycles for the XC3090A—250 to 750 ps X3399

Figure 20: A State Diagram of the Configuration Process for Power-up and Reprogram.
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a synchronous start-up sequence and become operational.
See Figure 22. Two CCLK cycles after the completion of
loading configuration data, the user 1/O pins are enabled as
configured. As selected, the internal user-logic RESET is
released either one clock cycle before or after the I/O pins
become active. A similar timing selection is programmable
for the DONE/PROG output signal. DONE/PROG may also
be programmed to be an open drain or include a pull-up
resistor to accommodate wired ANDing. The High During
Configuration (HDC) and Low During Configuration (LDC)
are two user I/O pins which are driven active while an
FPGA is in its Initialization, Clear or Configure states. They
and DONE/PROG provide signals for control of external
logic signals such as RESET, bus enable or PROM enable
during configuration. For parallel Master configuration
modes, these signals provide PROM enable control and
allow the data pins to be shared with user logic signals.

User /O inputs can be programmed to be either TTL or
CMOS compatible thresholds. At power-up, all inputs have
TTL thresholds and can change to CMOS thresholds at the
completion of configuration if the user has selected CMOS
thresholds. The threshold of PWRDWN and the direct clock
inputs are fixed at a CMOS level.

If the crystal oscillator is used, it will begin operation before
configuration is complete to allow time for stabilization
before it is connected to the internal circuitry.

Data Frame

Configuration Data

Configuration data to define the function and interconnec-
tion within a Field Programmable Gate Array is loaded from
an external storage at power-up and after a re-program sig-
nal. Several methods of automatic and controlled loading of
the required data are available. Logic levels applied to
mode selection pins at the start of configuration time deter-
mine the method to be used. See Table 1. The data may be
either bit-serial or byte-parallel, depending on the configu-
ration mode. The different FPGAs have different sizes and
numbers of data frames. To maintain compatibility between
various device types, the Xilinx product families use com-
patible configuration formats. For the XC3020A, configura-
tion requires 14779 bits for each device, arranged in 197
data frames. An additional 40 bits are used in the header.
See Figure 22. The specific data format for each device is
produced by the development system and one or more of
these files can then be combined and appended to a length
count preamble and be transformed into a PROM format
file by the development system. A compatibility exception
precludes the use of an XC2000-series device as the mas-
ter for XC3000-series devices if their DONE or RESET are
programmed to occur after their outputs become active.
The Tie Option defines output levels of unused blocks of a
design and connects these to unused routing resources.
This prevents indeterminate levels that might produce par-
asitic supply currents. If unused blocks are not sufficient to
complete the tie, the user can indicate nets which must not

Postamble
Last Frame

12 24 4

——>1 3 |<——4

PTOR

DIN

£ £
12 12}

(. (.

7 7

Stop

| Preamble Length Count

The configuration data consists of a composite

* 40-bit preamble/length count, followed by one or
more concatenated FPGA programs, separated by
4-bit postambles. An additional final postamble bit
is added for each slave device and the result rounded
up to a byte boundary. The length count is two less
than the number of resulting bits.

Timing of the assertion of DONE and
termination of the INTERNAL RESET
may each be programmed to occur

one cycle before or after the 1/0 outputs
become active.

Heavy lines indicate the default condition

Length Count*

‘

Weak Pull-Up /O Active

%)
a
2
3

|

PROGRAM DONE

Internal Reset

X5988

Figure 22: Configuration and Start-up of One or More FPGAs.
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RESET Timing

As with DONE timing, the timing of the release of the inter-
nal reset can be controlled to occur either a CCLK cycle
before, or after, the outputs going active. See Figure 22.
This reset keeps all user programmable flip-flops and
latches in a zero state during configuration.

Crystal Oscillator Division

A selection allows the user to incorporate a dedicated
divide-by-two flip-flop between the crystal oscillator and the
alternate clock line. This guarantees a symmetrical clock
signal. Although the frequency stability of a crystal oscilla-
tor is very good, the symmetry of its waveform can be
affected by bias or feedback drive.

Bitstream Error Checking

Bitstream error checking protects against erroneous con-
figuration.

Each Xilinx FPGA bitstream consists of a 40-bit preamble,
followed by a device-specific number of data frames. The
number of bits per frame is also device-specific; however,
each frame ends with three stop bits (111) followed by a
start bit for the next frame (0).

All devices in all XC3000 families start reading in a new
frame when they find the first 0 after the end of the previous
frame. An original XC3000 device does not check for the
correct stop bits, but XC3000A, XC3100A, XC3000L, and
XC3100L devices check that the last three bits of any frame
are actually 111.

Under normal circumstances, all these FPGAs behave the
same way; however, if the bitstream is corrupted, an
XC3000 device will always start a new frame as soon as it
finds the first O after the end of the previous frame, even if
the data is completely wrong or out-of-sync. Given suffi-
cient zeros in the data stream, the device will also go Done,

but with incorrect configuration and the possibility of inter-
nal contention.

An XC3000A/XC3100A/XC3000L/XC3100L device starts
any new frame only if the three preceding bits are all ones.
If this check fails, it pulls INIT Low and stops the internal
configuration, although the Master CCLK keeps running.
The user must then start a new configuration by applying a
>6 us Low level on RESET.

This simple check does not protect against random bit
errors, but it offers almost 100 percent protection against
erroneous configuration files, defective configuration data
sources, synchronization errors between configuration
source and FPGA, or PC-board level defects, such as bro-
ken lines or solder-bridges.

Reset Spike Protection

A separate modification slows down the RESET input
before configuration by using a two-stage shift register
driven from the internal clock. It tolerates submicrosecond
High spikes on RESET before configuration. The XC3000
master can be connected like an XC4000 master, but with
its RESET input used instead of INIT. (On XC3000, INIT is
output only).

Soft Start-up

After configuration, the outputs of all FPGAs in a
daisy-chain become active simultaneously, as a result of
the same CCLK edge. In the original XC3000/3100
devices, each output becomes active in either fast or
slew-rate limited mode, depending on the way it is config-
ured. This can lead to large ground-bounce signals. In
XC3000A, XC3000L, XC3100A, and XC3100L devices, all
outputs become active first in slew-rate limited mode,
reducing the ground bounce. After this soft start-up, each
individual output slew rate is again controlled by the
respective configuration bit.

7-24
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Configuration Timing

This section describes the configuration modes in detail.

Master Serial Mode

In Master Serial mode, the CCLK output of the lead FPGA
drives a Xilinx Serial PROM that feeds the DIN input. Each
rising edge of the CCLK output increments the Serial
PROM internal address counter. This puts the next data bit
on the SPROM data output, connected to the DIN pin. The
lead FPGA accepts this data on the subsequent rising
CCLK edge.

The lead FPGA then presents the preamble data (and all
data that overflows the lead device) on its DOUT pin. There
is an internal delay of 1.5 CCLK periods, which means that

DOUT changes on the falling CCLK edge, and the next
device in the daisy-chain accepts data on the subsequent
rising CCLK edge.

The SPROM CE input can be driven from either LDC or
DONE. Using LDC avoids potential contention on the DIN
pin, if this pin is configured as user-l/O, but LDC is then
restricted to be a permanently High user output. Using
DONE also avoids contention on DIN, provided the early
DONE option is invoked.
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Figure 23: Master Serial Mode Circuit Diagram
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DIN Bitn Bitn+1
@ Tocc > @ Tcep ~ @ TeceL —
CCLK ]/ \\
@ Teen—~—)Tcco
DOUT . .
(Output) Bitn-1 Bit n
X5379
Description Symbol Min Max Units
To DOUT 3 TCCO 100 ns
DIN setup 1 |Tpce 60 ns
CCLK DIN hold 2 |Tcep 0 ns

High time 4 |Teen 0.05 us
Low time (Note 1) 5 |TeeL 0.05 5.0 s
Frequency Fce 10 MHz

Notes: 1. The max limit of CCLK Low time is caused by dynamic circuitry inside the FPGA.

2. Configuration must be delayed until the INIT of all FPGAs is High.
3. At power-up, V¢ must rise from 2.0 V to V¢ min in less than 25 ms. If this is not possible, configuration can be delayed by

holding RESET Low until VCC has reached 4.0 V (2.5 V for the XC3000L). A very long V¢ rise time of >100 ms, or a

non-monotonically rising Ve may require a >6-[s High level on RESET, followed by a >6-ps Low level on RESET and D/P
after V¢ has reached 4.0 V (2.5 V for the XC3000L).

Figure 30: Slave Serial Mode Programming Switching Characteristics
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General XC3000 Series Switching Characteristics

<_®TMRW:;

RESET
~(@)Tur—>
— <—@ TrM
MO/M1/M2 *
<—®TPGW—>
DONE/PROG %
<—@Tpel
( Outlﬁ User State JR CIea{)()State / Configuration State
PWRDWN \ /
‘4— Note 3 —>
Ve (Valid) A
N s . Vcepp
X5387
Description Symbol Min Max Units
MO, M1, M2 setup time required 2 TMR 1 Hs
RESET (2) |MO, M1, M2 hold time required 3 Trm 4.5 Hs
RESET Width (Low) req. for Abort 4 TMvrRwW 6 Hs
DONE/PROG Width (Low) required for.Re-conflg. 5 Tpew 6 us
INIT response after D/P is pulled Low 6 Tpai 7 ps
PWRDWN (3) |Power Down Ve Veerp 2.3 \
Notes: 1. At power-up, V¢ mustrise from 2.0 V to V¢ min in less than 25 ms. If this is not possible, configuration can be delayed by
holding RESET Low until Vcc has reached 4.0 V (2.5 V for XC3000L). A very long Vcc rise time of >100 ms, or a _
non-monotonically rising Vcc may require a >1-[s High level on RESET, followed by a >6-Js Low level on RESET and D/P
after Vcc has reached 4.0 V (2.5 V for XC3000L).
2. RESET timing relative to valid mode lines (MO, M1, M2) is relevant when RESET is_used to delay configuration. The
specified hold time is caused by a shift-register filter slowing down the response to RESET during configuration.
3. PWRDWN transitions must occur while V¢ >4.0 V(2.5 V for XC3000L).
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XC3000A Absolute Maximum Ratings

Symbol Description Units

Vee Supply voltage relative to GND -0.5t0 +7.0 \%

VN Input voltage with respect to GND -0.5t0 Ve +0.5 \%

Vs Voltage applied to 3-state output —0.5t0 V¢ +0.5 \Y,
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

T Junction temperature plastic +125 °C

J Junction temperature ceramic +150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are

stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under
Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended
periods of time may affect device reliability.

XC3000A Global Buffer Switching Characteristics Guidelines

Speed Grade -7 -6
Description Symbol Max Max Units
Global and Alternate Clock Distribution*
Either: Normal 10B input pad through clock buffer
to any CLB or IOB clock input TrhiD 7.5 7.0 ns
Or: Fast (CMOS only) input pad through clock
buffer to any CLB or I0B clock input Tripc 6.0 5.7 ns
TBUF driving a Horizontal Longline (L.L.)!
I to L.L. while T is Low (buffer active) Tio 4.5 4.0 ns
T! to L.L. active and valid with single pull-up resistor Ton 9.0 8.0 ns
T! to L.L. active and valid with pair of pull-up resistors Ton 11.0 10.0 ns
T1 to L.L. High with single pull-up resistor Tpus 16.0 14.0 ns
T1 to L.L. High with pair of pull-up resistors Teur 10.0 8.0 ns
BIDI
Bidirectional buffer delay TeiDI 1.7 15 ns

Note: 1. Timing is based on the XC3042A, for other devices see timing calculator.
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XC3000A 10B Switching Characteristics Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark
timing patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more
detailed, more precise, and more up-to-date timing information, use the values provided by the timing calculator and used
in the simulator.

Speed Grade -7 -6
Description Symbol Min Max Min Max Units

Propagation Delays (Input)

Pad to Direct In (1) 3 TeiD 4.0 3.0 ns

Pad to Registered In (Q) with latch transparent Teta 15.0 14.0 ns

Clock (IK) to Registered In (Q) 4 TiKRI 3.0 25 ns
Set-up Time (Input)

Pad to Clock (IK) set-up time 1 Tpick 14.0 12.0 ns
Propagation Delays (Output)

Clock (OK) to Pad (fast) 7 Tokpo 8.0 7.0 ns

same (slew rate limited) | 7 Tokpo 18.0 15.0 ns

Output (O) to Pad (fast) 10 TopE 6.0 5.0 ns

same (slew-rate limited) | 10 Tops 16.0 13.0 ns

3-state to Pad begin hi-Z (fast) 9 T1sHz 10.0 9.0 ns

same (slew-rate limited) | 9 T1sHz 20.0 12.0 ns

3-state to Pad active and valid  (fast) 8 TTson 11.0 10.0 ns

same (slew -rate limited) | 8 Trson 21.0 18.0 ns
Set-up and Hold Times (Output)

Output (O) to clock (OK) set-up time 5 Took 8.0 7.0 ns

Output (O) to clock (OK) hold time 6 Toko 0 0 ns
Clock

Clock High time 11 TioH 4.0 3.5 ns

Clock Low time 12 TioL 4.0 3.5 ns

Max. flip-flop toggle rate Feok 113.0 135.0 MHz
Global Reset Delays (based on XC3042A)

RESET Pad to Registered In Q) 13 TrRI 24.0 23.0 ns

RESET Pad to output pad (fast) 15 TrrPo 33.0 29.0 ns

(slew-rate limited) | 15 TrPoO 43.0 37.0 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). Typical slew rate limited output
rise/fall times are approximately four times longer.

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the internal
pull-up resistor or alternatively configured as a driven output or driven from an external source.

3. Input pad set-up time is specified with respect to the internal clock (ik). In order to calculate system set-up time, subtract
clock delay (pad to ik) from the input pad set-up time value. Input pad holdtime with respect to the internal clock (ik) is
negative. This means that pad level changes immediately before the internal clock edge (ik) will not be recognized.

4. Tpp, Tpra, @and Tpck are 3 ns higher for XTL2 when the pin is configured as a user input.
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XC3000L 10B Switching Characteristics Guidelines (continued)
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XC3100A Absolute Maximum Ratings
Symbol Description Units
Vee Supply voltage relative to GND -0.5t0 +7.0 \%
VN Input voltage with respect to GND -0.5t0 V¢ +0.5 \%
Vs Voltage applied to 3-state output —0.5t0 Ve +0.5 \Y,
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C
T Junction temperature plastic +125 °C
J Junction temperature ceramic +150 °C
Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are

stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under
Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended
periods of time may affect device reliability.

XC3100A Global Buffer Switching Characteristics Guidelines

Speed Grade| -4 -3 -2 -1 -09
Description Symbol | Max | Max | Max | Max | Max [ Units

Global and Alternate Clock Distribution?!
Either: Normal 10B input pad through clock buffer

to any CLB or IOB clock input TriD 6.5 5.6 4.7 4.3 3.9 ns
Or: Fast (CMOS only) input pad through clock

buffer to any CLB or IOB clock input TriDc 51 4.3 3.7 3.5 3.1 ns
TBUF driving a Horizontal Longline (L.L.)!

I to L.L. while T is Low (buffer active) (XC3100) Tio 3.7 3.1 ns

(XC3100A) Tio 3.6 3.1 3.1 2.9 2.1 ns

T! to L.L. active and valid with single pull-up resistor Ton 5.0 4.2 4.2 4.0 3.1 ns

T! to L.L. active and valid with pair of pull-up resistors Ton 6.5 5.7 5.7 5.5 4.6 ns

T1 to L.L. High with single pull-up resistor Tpus 135 | 114 | 114 | 104 | 8.9 ns

Tt to L.L. High with pair of pull-up resistors Teur 105 | 8.8 8.1 7.1 5.9 ns
BIDI

Bidirectional buffer delay TeiDI 12 1.0 09 | 085] 0.75 ns

Prelim

Note: 1. Timing is based on the XC3142A, for other devices see timing calculator.
The use of two pull-up resistors per longline, available on other XC3000 devices, is not a valid design option for XC3100A

devices.
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XC3100A CLB Switching Characteristics Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark
timing patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more
detailed, more precise, and more up-to-date timing information, use the values provided by the timing calculator and used
in the simulator.

Speed Grade -4 -3 -2 -1 -09
Description Symbol | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Units

Combinatorial Delay

Logic Variables A B,C,D,E, 1| Tuo 3.3 2.7 2.2 1.75 15 ns

to outputs X or Y
Sequential delay

Clock k to outputs X or Y 8 | Tcko 25 21 1.7 14 1.25 ns

Clock k to outputs X or Y when Q is returned

through function generators F or G to drive
XorY ToLo 5.2 4.3 35 3.1 2.7 ns

Set-up time before clock K

Logic Variables A B CDE 2| Tick | 25 21 18 17 15 ns

Data In DI 4 TD|CK 1.6 1.4 1.3 1.2 1.0 ns

Enable Clock EC 6 | Tecck | 3.2 2.7 25 2.3 2.05 ns

Reset Direct inactive RD 1.0 1.0 1.0 1.0 1.0 ns
Hold Time after clock K

Logic Variables ABCDE 3| Texk 0 0 0 0 0 ns

Data In DI 5| Tekpr | 1.0 0.9 0.9 0.8 0.7 ns

Enable Clock EC 7 | Tckec | 0.8 0.7 0.7 0.6 0.55 ns
Clock

Clock High time 11| Tey | 20 16 13 13 13 ns

Clock Low time 12| T 2.0 16 13 13 13 ns

Max. flip-flop toggle rate Fok | 227 270 323 323 370 MHz
Reset Direct (RD)

RD width 13| Trpw | 3.2 2.7 23 2.3 2.05 ns

delay from RD to outputs X or Y 9| Trio 3.7 3.1 2.7 2.4 2.15 ns
Global Reset (RESET Pad)?

RESET width (Low)  (XC3142A) Turw | 14.0 12.0 12.0 12.0 12.0 ns

delay from RESET pad to outputs X or Y TMRQ 14.0 12.0 12.0 12.0 12.0 ns

Prelim

Notes: 1. The CLB K to Q output delay (Tcko, #8) of any CLB, plus the shortest possible interconnect delay, is always longer than the
Data In hold time requirement (Tckp,, #5) of any CLB on the same die.
2. TiLo, ToLo and Tick are specified for 4-input functions. For 5-input functions or base FGM functions, each of these
specifications for the XC3100A family increases by 0.50 ns (-5), 0.42 ns (-4) and 0.35 ns (-3), 0.35 ns (-2), 0.30 ns (-1), and
0.30 ns (-09).
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XC3100L Switching Characteristics

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently released
device performance parameters, please request a copy of the current test-specification revision.

XC3100L Operating Conditions

Symbol Description Min Max Units
Vee Supply voltage relative to GND Commercial 0°C to +85°C junction 3.0 3.6 \Y,
ViH High-level input voltage 2.0 Vee +0.3 \%
Vi Low-level input voltage -0.3 0.8 \Y
TIN Input signal transition time 250 ns

Notes: 1. At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.3% per °C.
2. Although the present (1996) devices operate over the full supply voltage range from 3.0 V to 5.25 V, Xilinx reserves the right
to restrict operation to the 3.0 and 3.6 V range later, when smaller device geometries might preclude operation @ 5 V.
Operating conditions are guaranteed in the 3.0 — 3.6 V V¢ range.

XC3100L DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
v High-level output voltage (@ Igy = -4.0 MA, V¢ min) 2.4 \Y,
OH High-level output voltage (@ Igy = -100.0 YA, Ve min) Vce -0.2 \
v Low-level output voltage (@ Ioy = 4.0 MA, Ve min) 0.40 \
oL Low-level output voltage (@ Igy = +100.0 pA, Ve min) 0.2 \%
Veepp Power-down supply voltage (PWRDWN must be Low) 2.30 \%
lcco Quiescent FPGA supply current 15 mA
Chip thresholds programmed as CMOS levels!
I Input Leakage Current -10 +10 MA

Input capacitance
(sample tested)

CiN All pins except XTL1 and XTL2 10 pF

XTL1 and XTL2 15 pF
IRIN Pad pull-up (when selected) @ V|y =0V 2 0.02 0.17 mA
IrLL Horizontal long line pull-up (when selected) @ logic Low 0.20 2.80 mA

Notes: 1. With no output current loads, no active input or long line pull-up resistors, all package pins at Vo or GND, and the FPGA
configured with a tie option.
2. Total continuous output sink current may not exceed 100 mA per ground pin. Total continuous output source current may not
exceed 100 mA per V¢ pin. The number of ground pins varies from the XC3142L to the XC3190L.
3. Not tested. Allows undriven pins to float High. For any other purpose, use an external pull-up.

November 9, 1998 (Version 3.1) 7-59



Product Obsolete or Under Obsolescence
$:X||_|NX® XC3000 Series Field Programmable Gate Arrays

XC3100L CLB Switching Characteristics Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark
timing patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more
detailed, more precise, and more up-to-date timing information, use the values provided by the timing calculator and used
in the simulator.

Speed Grade -3 -2
Description Symbol Min Max Min Max Units
Combinatorial Delay
Logic Variables A, B, C, D, E, to outputs X or Y 1 TiLo 2.7 2.2 ns
Sequential delay
Clock k to outputs X or Y 8 Teko 2.1 17 ns
Clock k to outputs X or Y when Q is returned
through function generators F or G to drive X or Y ToLo 4.3 35 ns
Set-up time before clock K
Logic Variables A, B,C,DE 2 Tick 2.1 1.8 ns
Data In DI 4 Toick 1.4 13 ns
Enable Clock EC 6 Tecck 2.7 25 ns
Reset Direct Inactive RD 1.0 1.0 ns
Hold Time after clock K
Logic Variables A, B,CDE 3 Tcki 0 0 ns
Data In DI 5 Tckpi 0.9 0.9 ns
Enable Clock EC 7 TckEC 0.7 0.7 ns
Clock
Clock High time 11 TcH 1.6 1.3 ns
Clock Low time 12 TeL 1.6 1.3 ns
Max. flip-flop toggle rate Fclk 270 325 MHz
Reset Direct (RD)
RD width 13 Trpw 2.7 23 ns
delay from RD to outputs X or Y 9 TriO 3.1 2.7 ns
Global Reset (RESET Pad)
RESET width (Low) ns
(XC3142L) TvrwW 12.0 12.0 ns
delay from RESET pad to outputs X or Y TMRQ 12.0 12.0
Advance

Notes: 1. The CLB K to Q delay (Tcko. #8) of any CLB, plus the shortest possible interconnect delay, is always longer than the Data
In hold time requirement (Tckp), #5) of any CLB on the same die.
2. TiLo. ToLo and Ty are specified for 4-input functions. For 5-input functions or base FGM functions, each of these
specifications for the XC3100L family increase by 0.35 ns (-3) and 0.29 ns (-2).
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XC3000 Series Pin Assignments

Xilinx offers the six different array sizes in the XC3000 families in a variety of surface-mount and through-hole package
types, with pin counts from 44 to 208.

Each chip is offered in several package types to accommodate the available PC board space and manufacturing technology.
Most package types are also offered with different chips to accommodate design changes without the need for PC board
changes.

Note that there is no perfect match between the number of bonding pads on the chip and the number of pins on a package.
In some cases, the chip has more pads than there are pins on the package, as indicated by the information (“unused” pads)
below the line in the following table. The 10Bs of the unconnected pads can still be used as storage elements if the specified
propagation delays and set-up times are acceptable.

In other cases, the chip has fewer pads than there are pins on the package; therefore, some package pins are not connected
(n.c.), as shown above the line in the following table.

XC3000 Series 44-Pin PLCC Pinouts
XC3000A, XC3000L, and XC3100A families have identical pinouts

Pin No. XC3030A Pin No. XC3030A
1 GND 23 GND
2 I/0 24 I/0
3 I/0 25 I/0
4 I/0 26 XTL2(IN)-1/O
5 I/0 27 RESET
6 I/0 28 DONE-PGM
7 PWRDWN 29 I/0
8 TCLKIN-1/O 30 XTL1(OUT)-BCLK-I/O
9 /10 31 I/O
10 110 32 I/0
11 I/0 33 I/0
12 VCC 34 VCC
13 I/0 35 I/0
14 I/0 36 I/0
15 I/0 37 I/0
16 M1-RDATA 38 DIN-I/O
17 MO-RTRIG 39 DOUT-I/O
18 M2-1/0 40 CCLK
19 HDC-I/O 41 I/0
20 LDC-I/O 42 I}
21 I/0 43 I/0
22 INIT-1/O 44 I/0

Peripheral mode and Master Parallel mode are not supported in the PC44 package
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XC3000 Series 68-Pin PLCC, 84-Pin PLCC and PGA Pinouts
XC3000A, XC3000L, XC3100A, and XC3100L families have identical pinouts

68 PLCC XC3020A, XC3030A, 68 PLCC XC3020A, XC3030A,

XC3030A | XC3020A XC3042A 84 PLCC XC3030A | XC3020A XC3042A 84 PLCC
10 10 PWRDN 12 44 44 RESET 54
1 1 TCLKIN-1/0 13 45 45 DONE-PG 55
12 — /o 14 46 46 D7-1/0 56
13 12 o 15 47 47 XTL1(OUT)-BCLKIN-I/O 57
14 13 o 16 48 48 D6-1/0 58
— — o 17 — — o 59
15 14 o 18 49 49 D5-1/0 60
16 15 o 19 50 50 CS0-1/0 61
— 16 o 20 51 51 D4-1/0 62
17 17 o 21 — — o 63
18 18 vce 22 52 52 vce 64
19 19 o 23 53 53 D3-1/0 65
— — 110 24 54 54 CS1-/0 66
20 20 o 25 55 55 D2-1/0 67
— 21 o 26 — — o 68
21 22 o 27 — — o 69
22 — o 28 56 56 D1-1/0 70
23 23 o 29 57 57 RDY/BUSY-RCLK-I/O 71
24 24 o 30 58 58 DO-DIN-1/0 72
25 25 M1-RDATA 31 59 59 DOUT-I/O 73
26 26 MO-RTRIG 32 60 60 CCLK 74
27 27 M2-1/0 33 61 61 A0-WS-I/O 75
28 28 HDC-I/O 34 62 62 A1-CS2-1/0 76
29 29 o 35 63 63 A2-1/0 77
30 30 LDC-1i0 36 64 64 A3-1/0 78
— 31 o 37 — — /o 79
— o 38 — — o 80
31 32 o 39 65 65 A15-1/0 81
32 33 o 40 66 66 A4-1/0 82
33 — /o 41 67 67 A14-1/0 83
34 34 INIT-1/0 42 68 68 A5-1/0 84
35 35 GND 43 1 1 GND 1
36 36 o 44 2 2 A13-1/0 2
37 37 o 45 3 3 A6-1/0 3
38 38 o 46 4 4 A12-1/0 4
39 39 o 47 5 5 A7-1/0 5
— 40 o 48 — — o 6
— 41 o 49 — — /o 7
40 /o 50 6 6 A11-l/0 8
41 l/o* 51 7 7 A8-1/0 9
42 42 o 52 8 8 AL0-1/0 10
43 43 XTL2(IN)-l/0 53 9 9 A9-1/0 1

Unprogrammed I0OBs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs.
Programmed outputs are default slew-rate limited.

This table describes the pinouts of three different chips in three different packages. The pin-description column lists 84 of the
118 pads on the XC3042A (and 84 of the 98 pads on the XC3030A) that are connected to the 84 package pins. Ten pads,
indicated by an asterisk, do not exist on the XC3020A, which has 74 pads; therefore the corresponding pins on the 84-pin
packages have no connections to an XC3020A. Six pads on the XC3020A and 16 pads on the XC3030A, indicated by a
dash (—) in the 68 PLCC column, have no connection to the 68 PLCC, but are connected to the 84-pin packages.
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XC3000 Series 100-Pin QFP Pinouts
XC3000A, XC3000L, XC3100A, and XC3100L families have identical pinouts

Pin No. XC3020A Pin No. XC3020A Pin No. XC3020A
TQFP XC3030A TQFP XC3030A TQFP XC3030A
PQFP | VQFP XC3042A PQFP | VQFP XC3042A PQFP | VQFP XC3042A
16 13 GND 50 47 1/O* 84 81 1/0*
17 14 A13-1/0 51 48 1/O* 85 82 1/0*
18 15 AB-1/0 52 49 M1-RD 86 83 10
19 16 A12-1/0 53 50 GND* 87 84 D5-1/0
20 17 AT7-1/0 54 51 MO-RT 88 85 CS0-1/0
21 18 1/O* 55 52 vcer 89 86 D4-1/0
22 19 1/0* 56 53 M2-1/0 90 87 /0
23 20 A11-1/0 57 54 HDC-I/O 91 88 vCcC
24 21 A8-1/0 58 55 110 92 89 D3-1/0
25 22 A10-1/0 59 56 LDC-l/0 93 90 CS1-1/0
26 23 A9-1/0 60 57 I/0* 94 91 D2-1/0
27 24 VCC* 61 58 1/O* 95 92 10
28 25 GND* 62 59 110 96 93 1/0*
29 26 PWRDN 63 60 110 97 94 1/0*
30 27 TCLKIN-1/O 64 61 110 98 95 D1-1/0
31 28 /0% 65 62 INIT-I/O 99 96 | RDY/BUSY-RCLK-I/O
32 29 1/0* 66 63 GND 100 | 97 DO-DIN-I/O
33 30 1/0* 67 64 /0 1 98 DOUT-I/O
34 31 /0 68 65 110 2 99 CCLK
35 32 /0 69 66 110 3 100 vCce*
36 33 /0 70 67 110 4 1 GND*
37 34 110 71 68 110 5 2 AO-WS-I/0
38 35 /0 72 69 110 6 3 A1-CS2-1/0
39 36 /0 73 70 110 7 4 1/O**
40 37 /0 74 71 1/O* 8 5 A2-1/0
41 38 vCcC 75 72 1/O* 9 6 A3-1/0
42 39 /0 76 73 XTL2-1/0 10 7 1/0*
43 40 /0 77 74 GND* 11 8 1/0*
a4 41 /0 78 75 RESET 12 9 A15-1/0
45 42 /0 79 76 vcer 13 10 A4-1/0
46 43 /0 80 77 DONE-PG 14 11 Al4-1/0
47 44 /0 81 78 D7-1/0 15 12 A5-1/0
48 45 /0 82 79 | BCLKIN-XTL1-I/O
49 46 /0 83 80 D6-1/0

Unprogrammed 10Bs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs.
Programmed outputs are default slew-rate limited.

* This table describes the pinouts of three different chips in three different packages. The pin-description column lists 100 of
the 118 pads on the XC3042A that are connected to the 100 package pins. Two pads, indicated by double asterisks, do not
exist on the XC3030A, which has 98 pads; therefore the corresponding pins have no connections. Twenty-six pads,
indicated by single or double asterisks, do not exist on the XC3020A, which has 74 pads; therefore, the corresponding pins
have no connections. (See table on page 65.)
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