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Product Specification

Features

» Low-cost, process-optimized, register/latch rich, SRAM
based reprogrammable architecture
- 0.5um three-layer metal CMOS process technology
- 256 to 1936 logic cells (3,000 to 23,000 “gates”)
- Price competitive with Gate Arrays
. System Level Features
System performance beyond 50 MHz
- 6 levels of interconnect hierarchy
- VersaRing™ /O Interface for pin-locking
- Dedicated carry logic for high-speed arithmetic
functions
- Cascade chain for wide input functions
- Built-in IEEE 1149.1 JTAG boundary scan test
circuitry on all YO pins
- Internal 3-state bussing capability
- Four dedicated low-skew clock or signal distribution
nets
« Versatile /O and Packaging
- Innovative VersaRing™ /O interface provides a high
logic cell to 1/O ratio, with up to 244 I/O signals
- Programmable output slew-rate control maximizes
performance and reduces noise
- Zero Flip-Flop hotd time for input registers simplifies
system timing
- Independent Output Enables for external bussing
- Footprint compatibility in common packages within
the XC5200 Series and with the XC4000 Series
- Qver 150 device/package combinations, including
advanced BGA, TQ, and VQ packaging available

Table 2: XC5200 Field- ngrammable Gate Array Famlly Members

« Fully Supported by XACTstep™ Development System
- Automatic place and route software
- Wide selection of PC and Workstation platforms
- Over 100 3rd-party Alliance interfaces
- Supported by shrink-wrap Foundation software

Description

The XC5200 Field-Programmable Gate Array Family is
engineered to deliver the lowest cost of any FPGA family.
By optimizing the new XC5200 architecture for three-layer
metal (TLM) technology and a 0.5-um CMOS SRAM pro-
cess, dramatic advances have been made in silicon effi-
ciency. These advances position the XC5200 family as a
cost-effective, high-volume alternative to gate arrays

Building on experiences gained with three previous suc-
cessful SRAM FPGA families, the XC5200 family brings a
robust feature set to high-density programmable logic
design. The VersaBlock™ logic module, the VersaRing 1/O
interface, and a rich hierarchy of interconnect resources
combine to enhance design flexibility and reduce time-to-
market.Complete support for the XC5200 family is deliv-
ered through the familiar XACT sfep software environment.
The XC5200 family is fully supported on popular worksta-
tion and PC platiorms. Popular design entry methods are
fully supported, including ABEL, schematic capture, VHDL,
and Verilog HDL synthesis.Designers utilizing logic synthe-
sis can use their existing tools to design with the XC5200
devices.

Device | XCs202 | XC5204  XC5206 | XCS210 | XCS215
Logic Cells 256 784 1,296 3 1,936
Max Logic Gates soaa"" | 6000 10000 | 16000 23,000
Typical Gate Range T 2 000 3 000 | 4(500 - 6,000 . 6,000 - 10,000 10 OOO 16, OOO 15,000 - 23,000
EVersaB!ock Array 8 X 8 1b x12 14 x 14 e 18 x 18 22 x22
Ekcﬁasm 64 ! 196 324 484
Flip-Fiops T 256 784 1,296 1,7553776’”” ‘
/Os Y 148 196 244
ETBUFS perlongine B ; 10 — 7? 16 % i 20 - ' A24 -
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XC5200 Family Compared to XC4000
and XC3000 Series

For readers already familiar with the XC4000 and XC3000
FPGA Families, this section describes significant differ-
ences between them and the XC5200 family. Unless other-
wise indicated, comparisons refer to both XC4000 and
XC3000 devices.

Configurable Logic Block (CLB) Resources

Each XC5200 CLB contains four independent 4-input func-
tion generators and four registers, which are configured as
four independent Logic Cells™ (LCs). The registers in each
XC5200 LC are optionally configurable as edge-triggered
D-type flip-flops or as transparent level-sensitive latches.

The XC5200 CLB includes dedicated carry logic that pro-
vides fast arithmetic carry capability. The dedicated carry
logic may also be used to cascade function generators for
implementing wide arithmetic functions.

XC4000 family: XC5200 devices have no wide edge
decoders. Wide decoders are implemented using cascade
logic. Although sacrificing speed for some designs, lack of
wide edge decoders reduces the die area and hence cost
of the XC5200.

XC4000 family: XC5200 dedicated carry logic differs from
that of the XC4000 family in that the sum is generated in an
additional function generator in the adjacent column. This
design reduces XC5200 die size and hence cost for many
applications. Note, however, that a ioadable up/down
counter requires the same number of function generators in
both families. XC3000 has no dedicated carry.

XC4000 family: XC5200 lookup tables are optimized for
cost and hence cannot implement RAM.

input/Output Block (I0B) Resources

The XC5200 family maintains footprint compatibility with
the XC4000 family, but not with the XC3000 family.

To minimize cost and maximize the number of I/O per Logic
Cell, the XC5200 /O does not include flip-flops or latches.

For high performance paths, the XC5200 family provides
direct connections from each 10B to the registers in the
adjacent CLB in order to emulate 10B registers.

Each XC5200 1/O Pin provides a programmable delay ele-
ment to control input set-up time. This element can be used
to avoid potential hold-time problems.Each XC5200 I/O Pin
is capable of 8-mA source and sink currents.

IEEE 1149.1-type boundary scan is supported in each
XC5200 I/0.

Table 3: Xilinx Field-Programmable Gate Array
Families

Parameter XC5200 | XC4000 ' XC3000
‘Function generators per CLB! 4 3 2
Logicinputs perCLB | 20 | 9 | 5
Lognc autputs péirw(.‘;LB ) 12 4 2 -
jl:;w-skew global buffers 4 8 2
EUser RAM 1 no | yes no
Bé&bated decogjers no yes = no -
éég:éde chain h yes no ] no
;;sﬁtﬁérarry logic " " u*y'es yes no
flnternal 3-state d-;i‘;/ers yes yes yes
Iééé boundary scan yes yes no
}Outpﬁt slew-rate-;:ontro! - | yes ) yes V‘yes

Routing Resources

The XC5200 family provides a flexible coupling of logic and
local routing resources called the VersaBlock. The XC5200
VersaBlock element includes the CLB, a Local interconnect
Matrix (LIM), and direct connects to neighboring Versa-
Blocks.

The XC5200 provides four giobal buffers for clocking or
high-fanout control signals. Each buffer may be sourced by
means of its dedicated pad or from any internal source.

Each XC5200 TBUF can drive up to two horizontal and two
vertical Longlines. There are no internal pull-ups for
XC5200 Longlines.

Configuration and Readback

The XC5200 supports a new configuration mode called
Express mode, not available in XC4000/E or XC3000 Fam-
ilies.

XC4000 family: The XC5200 family provides a global
reset but not a global set.

XC5200 devices use a different configuration process than
that of the XC3000 family, but use the same process as the
XC4000 family.

XC3000 family: Although their configuration processes dif-
fer, XC5200 devices may be used in daisy chains with
XC3000 devices.

XC3000 family: The XC5200 PROGRAM pin is a single-
function input pin that overrides all other inputs. The pro-
gram pin does not exist in XC3000.
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XC3000 family: XC5200 devices support an additional pro-
gramming mode: Peripheral Synchronous.

XC3000 family: The XC5200 family does not support
Power-down, but offers a Global 3-state input that does not
reset any flip-flops.

XC3000 family: The XC5200 family does not provide an on-
chip crystal oscillator amplifier, but it does provide an inter-
nal oscillator from which a variety of frequencies up to 12
MHz are available.

Architectural Overview

Figure 2 presents a simplified, conceptual overview of the
XC5200 architecture. Similar to conventional FPGAs, the
XC5200 family consists of programmable |OBs, program-
mable logic blocks, and programmable interconnect. Unlike
other FPGAs, however, the logic and local routing
resources of the XC5200 family are combined in flexible
VersaBlocks (Figure 3). General-purpose routing connects
to the VersaBlock through the General Routing Matrix
(GRM).

VersaBlock: Abundant Local Routing Plus
Versatile Logic

The basic logic element in each VersaBlock structure is the
Logic Cell, shown in Figure 4. Each LC contains a 4-input
function generator (F), a storage device (FD), and control
logic. There are five independent inputs and three outputs
to each LC. The independence of the inputs and outputs
allows the software to maximize the resource utilization
within each LC. Each Logic Cell also contains a direct
feedthrough path that does not sacrifice the use of either
the function generator or the register; this feature is a first
for FPGAs. The storage device is configurable as eithera D
flip-flop or a latch. The control logic consists of carry logic
for fast implementation of arithmetic functions, which can
also be configured as a cascade chain allowing decode of
very wide input functions.

Input/Cutput Blocks (I0Bs})

N
uiuininlnlnininln

Direct Connects XS707

Figure 3: VersaBlock
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Figure 4: XC5200 Logic Cell (Four LCs per CLB)
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The XC5200 CLB consists of four LCs, as shown in
Figure 5. Each CLB has 20 independent inputs and 12
independent outputs. The top and bottom pairs of LCs can
be configured to implement 5-input functions. The chal-
lenge of FPGA implementation software has always been
to maximize the usage of logic resources. The XC5200
family addresses this issue by surrounding each CLB with
two types of local interconnect — the Local Interconnect
Matrix (LIM) and direct connects. These two interconnect
resources, combined with the CLB, form the VersaBlock,
represented in Figure 3.
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Figure 5: Configurable Logic Block

The LIM provides 100% connectivity of the inputs and out-
puts of each LC in a given CLB. The benefit of the LIM is
that no general routing resources are required to connect
feedback paths within a CLB. The LIM connects to the
GRM via 24 bidirectional nodes.

The direct connects allow immediate connections to neigh-
boring CLBs, once again without using any of the general
interconnect. These two layers of local routing resource
improve the granularity of the architecture, effectively mak-
ing the XC5200 family a “sea of logic cells” Each Versa-
Block has four 3-state buffers that share a common enable
line and directly drive horizontal and vertical Longlines, cre-
ating robust on-chip bussing capability. The VersaBlock
allows fast, local implementation of logic functions, effec-
tively implementing user designs in a hierarchical fashion.
These resources also minimize local routing congestion
and improve the efficiency of the general interconnect,
which is used for connecting larger groups of logic. it is this
combination of both fine-grain and coarse-grain architec-
ture attributes that maximize logic utilization in the XC5200
family. This symmetrical structure takes full advantage of
the third metal layer, freeing the placement software to
pack user logic optimally with minimal routing restrictions.

VersaRing /O Interface

The interface between the I0Bs and core logic has been
redesigned in the XC5200 family. The 10Bs are completely
decoupled from the core logic. The XC5200 |0Bs contain
dedicated boundary-scan logic for added board-level test-
ability, but do not include input or output registers. This
approach allows a maximum number of 10Bs to be placed
around the device, improving the 1/O-to-gate ratio and
decreasing the cost per /0. A “freeway” of interconnect
cells surrounding the device forms the VersaRing, which
provides connections from the 10Bs to the internal logic.
These incremental routing resources provide abundant
connections from each 10B to the nearest VersaBlock, in
addition to Longline connections surrounding the device.
The VersaRing eliminates the historic trade-off between
high logic utilization and pin placement flexibility. These
incremental edge resources give users increased flexibility
in preassigning (i.e., locking} IO pins before completing
their logic designs. This ability accelerates time-to-market,
since PCBs and other system components can be manu-
factured concurrent with the logic design.

General Routing Matrix

The GRM is functionally similar to the switch matrices
found in other architectures, but it is novel in its tight cou-
pling to the logic resources contained in the VersaBlocks.
Advanced simulation tools were used during the develop-
ment of the XC5200 architecture to determine the optimal
level of routing resources required. The XC5200 family con-
tains six levels of interconnect hierarchy — a series of sin-
gle-length lines, double-length lines, and Longlines all
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routed through the GRM. The direct connects, LIM, and
logic-cell feedthrough are contained within each Versa-
Block. Throughout the XC5200 interconnect, an efficient
multiplexing scheme, in combination with three layer metal
{TLM), was used to improve the overall efficiency of silicon
usage.

Performance Overview

The XC5200 family has been benchmarked with many
designs running synchronous clock rates beyond 66 MHz.
The performance of any design depends on the circuit to be
implemented, and the delay through the combinatorial and
sequential logic elements, plus the delay in the intercon-
nect routing. A rough estimate of timing can be made by
assuming 3-6 ns per logic level, which includes direct-con-
nect routing delays, depending on speed grade. More
accurate estimations can be made using the information in
the Switching Characteristic Guideline section.

Taking Advantage of Reconfiguration

FPGA devices can be reconfigured to change logic function
while resident in the systemn. This capability gives the sys-
tem designer a new degree of freedom not available with
any other type of logic.

Hardware can be changed as easily as software. Design
updates or modifications are easy, and can be made to
products already in the field. An FPGA can even be recon-
figured dynamically to perform different functions at differ-
ent times.

Reconfigurable logic can be used to implement system
self-diagnostics, create systems capable of being reconfig-
ured for different environments or operations, or implement
multi-purpose hardware for a given application. As an
added benefit, using reconfigurable FPGA devices simpli-
fies hardware design and debugging and shortens product
time-to-market.

Detailed Functional Description

Configurable Logic Blocks (CLBs)

Figure 5 shows the logic in the XC5200 CLB, which con-
sists of four Logic Cells (LC[3:0]). Each Logic Cell consists
of an independent 4-input Lookup Table (LUT), and a D-
Type flip-flop or latch with common clock, clock enable, and
clear, but individually selectable clock polarity. Additional
logic features provided in the CLB are:

* An independent 5-input LUT by combining two 4-input
LUTs.

+ High-speed carry propagate iogic.

* High-speed pattern decoding.

* High-speed direct connection to flip-flop D-inputs.

» Individual selection of either a transparent, level-
sensitive latch or a D flip-flop.

e Four 3-state buffers with a shared Output Enable.

5-Input Functions

Figure 6 illustrates how the outputs from the LUTs from
LCO and LC1 can be combined with a 2:1 multiplexer
(F5_MUX) to provide a 5-input function. The outputs from
the LUTs of LC2 and LC3 can be similarly combined.

F5_MUX

P out

- QoU

F4—
F3
F2l F i
L ;Fi H
cr LCO ¢

Ct CE OK

5-input Function

Figure 6: Two LUTs in Parallel Combined to Create a
S-input Function
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Figure 7: XC5200 CY_MUX Used for Adder Carry Propagate

Carry Function

The XC5200 family supports a carry-logic feature that
enhances the performance of arithmetic functions such as
counters, adders, etc. A carry multiplexer (CY_MUX) sym-
bol is used to indicate the XC5200 carry logic. This symbol
represents the dedicated 2:1 multiplexer in each LC that
performs the one-bit high-speed carry propagate per logic
cell (four bits per CLB).

While the carry propagate is performed inside the LC, an
adjacent LC must be used to complete the arithmetic func-
tion. Figure 7 represents an example of an adder function.
The carry propagate is performed on the CLB shown,
which aiso generates the half-sum for the four-bit adder. An
adjacent CLB is responsible for XORing the half-sum with
the corresponding carry-out. Thus an adder or counter

requires two LCs per bit. Notice that the carry chain
requires an initialization stage, which the XC5200 family
accomplishes using the carry initialize (CY_INIT) macro
and one additional LC. The carry chain can propagate ver-
tically up a column of CLBs.

The XC5200 library contains a set of Relationally-Placed
Macros (RPMs) and arithmetic functions designed to take
advantage of the dedicated carry logic. Using and modify-
ing these macros makes it much easier to implement cus-
tomized RPMs, freeing the designer from the need to
become an expert on architectures.
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Figure 8: XC5200 CY_MUX Used for Decoder Cascade
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Cascade Function

Each CY_MUX can be connected to the CY_MUX in the
adjacent LC to provide cascadable decode logic. Figure 8
illustrates how the 4-input function generators can be con-
figured to take advantage of these four cascaded
CY_MuUXes. Note that AND and OR cascading are specific
cases of a general decode. In AND cascading all bits are
decoded equal to logic one, while in OR cascading all bits
are decoded equal to logic zero. The flexibility of the LUT
achieves this resuit. The XC5200 library contains gate
macros designed to take advantage of this function.

CLB Flip-Flops and Latches

The CLB can pass the combinatorial output(s) to the inter-
connect network, but can also store the combinatorial
results or other incoming data in flip-flops, and connect
their outputs to the interconnect network as well. The CLB
storage elements can also be configured as latches.

Table 4: CLB Storage Element Functionality
(active rising edge is shown)

Mode CK | CE CLR D, Q
Power-Up or :
GR X X X X 0
X X 1 X 0
Flip-Flop A o D D
0 X 0" X Q
1 1 o X Q
Latch
{ 0 ] ‘ ' 4 G* { D D i
| Both X T70o [ oo T X Q |
Legend:
X Don't care
7 Rising edge
0" Input is Low or unconnected (default value)
1 Input is High or unconnected (default value)
Data inputs and Outputs

The source of a storage element data input is programma-
ble. It is driven by the function F, or by the Direct in (DI)
block input. The flip-flops or latches drive the Q CLB out-
puts.

Four fast feed-through paths from DI to DO are available,
as shown in Figure 5. This bypass is sometimes used by
the automated router to repower internal signals. In addi-
tion to the storage element {(Q) and direct (DO) outputs,
there is a combinatorial output (X} that is always sourced by
the Lookup Table.

The four edge-triggered D-type flip-flops or level-sensitive
latches ‘have common clock (CK) and clock enable (CE)
inputs. Any of the clock inputs can also be permanently
enabled. Storage element functionality is described in
Table 4.

Clock Input

The flip-flops can be triggered on either the rising or falling
clock edge. The clock pin is shared by all four storage ele-
ments with individual polarity control. Any inverter placed
on the clock input is automatically absorbed into the CLB.

Clock Enable

The clock enable signal (CE) is active High. The CE pin is
shared by the four storage elements. if left unconnected for
any, the clock enable for that storage element defaults to
the active state. CE is not invertible within the CLB.

Clear

An asynchronous storage element input (CLR) can be used
to reset all four flip-flops or latches in the CLB. This input
can also be independently disabled for any flip-flop. CLR is
active High. It is not invertibie within the CLB.

December 10, 1997 (Version 5.0)
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Figure 9: Schematic Symbols for Global Reset

Global Reset

A separate Global Reset line clears each storage element
during power-up, reconfiguration, or when a dedicated
Reset net is driven active. This global net (GR) does not
compete with other routing resources; it uses a dedicated
distribution network.

GR can be driven from any user-programmable pin as a
global reset input. To use this global net, place an input
pad and input buffer in the schematic or HDL code, driving
the GR pin of the STARTUP symbol. (See Figure 9.) A
specific pin location can be assigned to this input using a
LOC attribute or property, just as with any other user-pro-
grammable pad. An inverter can optionally be inserted
after the input buffer to invert the sense of the Global Reset
signal. Alternatively, GR can be driven from any internai
node.

Using FPGA Flip-Flops and Latches

The abundance of flip-flops in the XC5200 Series invites
pipelined designs. This is a powerful way of increasing per-
formance by breaking the function into smaller subfunc-
tions and executing them in parallel, passing on the resuits
through pipeline flip-flops. This method should be seriously
considered wherever throughput is more important than
latency.

To include a CLB flip-flop, place the appropriate library
symbol. For example, FDCE is a D-type flip-flop with clock
enable and asynchronous clear. The corresponding latch
symbol is called LDCE.

In XC5200-Series devices, the flip-flops can be used as
registers or shift registers without blocking the function gen-
erators from performing a different, perhaps unrelated task.
This ability increases the functional capacity of the devices.

The CLB setup time is specified between the function gen-
erator inputs and the clock input CK. Therefore, the speci-
fied CLB flip-flop setup time includes the delay through the
function generator.

Three-State Buffers

The XC5200 family has four dedicated Three-State Buffers
(TBUFs, or BUFTs in the schematic library) per CLB (see
Figure 10). The four buffers are individually configurable
through four configuration bits to operate as simple non-
inverting buffers or in 3-state mode. When in 3-state mode
the CLB output enable (TS) control signal drives the enable
to all four buffers. Each TBUF can drive up to two horizontal
and/or two vertical Longlines. These 3-state buffers can be
used to implement multiplexed or bidirectional buses on the
horizontal or vertical longlines, saving logic resources.

TS

Horizontal
Longlines T

Xa030

Figure 10: XC5200 3-State Buffers

The 3-state buffer enable is an active-High 3-state (i.e. an
active-Low enable), as shown in Table 5.

Another 3-state buffer with similar access is located near
each 1/O block along the right and left edges of the array.

The longlines driven by the 3-state buffers have a weak
keeper at each end. This circuit prevents undefined float-
ing levels. However, it is overridden by any driver. To
ensure the longline goes high when no buffers are on, add
an additional BUFT to drive the output High during all of the
previously undefined states.

Figure 11 shows how to use the 3-state buffers to imple-
ment a multiplexer. The selection is accomplished by the
buffer 3-state signal.

Table 5: Three-State Buffer Functionality

[ IN T out |
» X ! 1 z
{ IN ‘f 0 IN

| ——
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Figure 11: 3-State Buffers Implement a Multiplexer

Input/Output Blocks

User-configurable input/output blocks (IOBs) provide the
interface between external package pins and the internal
logic. Each OB controls one package pin and can be con-
figured for input, output, or bidirectional signals.

The {/O block, shown in Figure 12, consists of an input
buffer and an output buffer. The output driver is an 8-mA
full-rail CMOS buffer with 3-state control. Two slew-rate
control modes are supported to minimize bus transients.
Both the output buffer and the 3-state control are invertible.
The input buffer has globally selected CMOS or TTL input
thresholds. The input buffer is invertible and also provides a
programmable delay line to assure reliable chip-to-chip set-
up and hold times. Minimum ESD protection is 3 KV using
the Human Body Model.

Veo

- Input Delay
| Buffer
Puliup |— . [ f
I
PAD L. — Output
Bufier
Pulidown € .___ﬁ}___aﬂ -1 o
i |

= — T
{LJ
Slew Rate
Contrai

Figure 12: XC5200 l/O Block
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I0B Input Signals

The XC5200 inputs can be giobally configured for either
TTL (1.2V) or CMOS thresholds, using an option in the bit-
stream generation software. There is a slight hysteresis of
about 300mV.

The inputs of XC5200-Series 5-Voit devices can be driven
by the outputs of any 3.3-Volt device, if the 5-Volt inputs are
in TTL mode.

Supported sources for XC5200-Series device inputs are
shown in Table 6.

preen

Table 6: Supported Sources for XC5200-Series Device
Inputs

XC5200 Input Mode
5V, 5V,
Source L CMOS

Any device, Vec =33V, / :
CMOS outputs A Unreliable
Any device, Vcc =5V, . Data
TTL outputs v :
Any device, Vcc =5V, ; :
CMOS outputs v v

Optional Delay Guarantees Zero Hold Time

XC5200 devices do not have storage elements in the |OBs.
However, XC5200 10Bs can be efficiently routed to CLB
flip-flops or latches to store the 1/O signals.

The data input to the register can optionally be delayed by
several nanoseconds. With the delay enabled, the setup
time of the input flip-flop is increased so that normal clock
routing does not result in a positive hold-time requirement.
A positive hold time requirement can lead to unreliable,
temperature- or processing-dependent operation.

The input flip-flop setup time is defined between the data
measured at the device /O pin and the clock input at the
CLB (not at the clock pin). Any routing delay from the
device clock pin to the clock input of the CLB must, there-
fore, be subtracted from this setup time to arrive at the real
setup time requirement relative to the device pins. A short
specified setup time might, therefore, result in a negative
setup time at the device pins, i.e., a positive hold-time
requirement.

When a delay is inserted on the data line, more clock delay
can be tolerated without causing a positive hold-time
requirement. Sufficient delay eliminates the possibility of a
data hold-time requirement at the external pin. The maxi-
mum delay is therefore inserted as the software defauit.

The XC5200 IOB has a one-tap delay element: either the
delay is inserted (default), or it is not. The delay guaran-
tees a zero hold time with respect to clocks routed through
any of the XC5200 global clock buffers. (See “Giobal
Lines" on page 238 for a description of the global clock
buffers in the XC5200.) For a shorter input register setup
time, with non-zero hold, attach a NODELAY attribute or
property to the flip-flop or input buffer.

December 10, 1997 (Version 5.0)
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10B Output Signals

Output signals can be optionally inverted within the 108,
and pass directly to the pad. As with the inputs, a CLB flip-
fiop or latch can be used to store the output signal.

An active-High 3-state signal can be used to place the out-
put buffer in a high-impedance state, implementing 3-state
outputs or bidirectional /0. Under configuration control,
the output (OUT) and output 3-state (T) signals can be
inverted. The polarity of these signals is independently
configured for each |OB.

The XC5200 devices provide a guaranteed output sink cur-
rent of 8 mA.

Supported destinations for XC5200-Series device outputs
are shown in Table 7.(For a detailed discussion of how to
interface between 5V and 3.3 V devices, see the 3V Prod-
ucts section of The Programmable Logic Data Book.)

An output can be configured as open-drain (open-coliector)
by placing an OBUFT symbol in a schematic or HDL code,
then tying the 3-state pin (T) to the output signal, and the
input pin (1) to Ground. (See Figure 13.)

Table 7: Supported Destinations for XC5200-Series
Outputs

| XC5200 Output Mode |
I : 5V, ‘
Destination CMOS
XC5200 device, Vpe=3.3 V, J
CMOS-threshold inputs
Any typical device, Voo =3.3 V, some!
CMOS-threshold inputs
Any device, Voo =5 V, J i
TTL-threshold inputs
Any device, Voo =5V, J
CMOS-threshold inputs

1. Oniy if destination device has 5-V tolerant inputs

OPAD

X6702

OBUFT

Figure 13: Open-Drain Qutput

Output Slew Rate

The slew rate of each output buffer is, by default, reduced,
to minimize power bus transients when switching non-criti-
cal signals. For critical signals, attach a FAST attribute or
property to the output buffer or flip-flop.

For XC5200 devices, raximum total capacitive load for
simultaneous fast mode switching in the same direction is

200 pF for all package pins between each Power/Ground
pin pair. For some XC5200 devices, additional internal
Power/Ground pin pairs are connected to special Power
and Ground planes within the packages, to reduce ground
bounce.

For slew-rate limited outputs this total is two times larger for
each device type: 400 pF for XC5200 devices. This maxi-
mum capacitive load should not be exceeded, as it can
result in ground bounce of greater than 1.5 V amplitude and
more than 5 ns duration. This level of ground bounce may
cause undesired transient behavior on an output, or in the
internal logic. This restriction is common to all high-speed
digital I1Cs, and is not particular to Xilinx or the XC5200
Series.

XC5200-Series devices have a feature called “Soft Start-
up,” designed to reduce ground bounce when afl outputs
are turned on simultaneously at the end of configuration.
When the configuration process is finished and the device
starts up, the first activation of the outputs is automatically
slew-rate limited. iImmediately following the initial activation
of the /O, the slew rate of the individual outputs is deter-
mined by the individual configuration option for each 10B.

Global Three-State

A separate Global 3-State line (not shown in Figure 12)
forces all FPGA outputs to the high-impedance state,
unless boundary scan is enabled and is executing an
EXTEST instruction. This global net (GTS) does not com-
pete with other routing resources; it uses a dedicated distri-
bution network.

GTS can be driven from any user-programmable pin as a
global 3-state input. To use this global net, place an input
pad and input buffer in the schematic or HDL code, driving
the GTS pin of the STARTUP symbol. A specific pin loca-
tion can be assigned to this input using a LOC attribute or
property, just as with any other user-programmable pad.
An inverter can optionally be inserted after the input buffer
to invert the sense of the Global 3-State signal. Using GTS
is similar to Global Reset. See Figure 9 on page 232 for
details. Alternatively, GTS can be driven from any internal
node.

Other I0OB Options

There are a number of other programmable options in the
XC5200-Series 10B.

Puli-up and Pull-down Resistors

Programmabie OB puil-up and puil-down resistors are
useful for tying unused pins to Vcc or Ground to minimize
power consumption and reduce noise sensitivity. The con-
figurable pull-up resistor is a p-channel transistor that puils
to Vce. The configurable pull-down resistor is an n-channel
transistor that pulis to Ground.
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The value of these resistors is 20 k€2 — 100 k. This high
value makes them unsuitable as wired-AND pull-up resis-
tors.

The pull-up resistors for most user-programmabile 10Bs are
active during the configuration process. See Table 14 on
page 266 for a list of pins with pull-ups active before and
during configuration.

After configuration, voltage levels of unused pads, bonded
or unbonded, must be valid logic levels, to reduce noise
sensitivity and avoid excess current. Therefore, by default,
unused pads are configured with the internal pull-up resis-
tor active. Alternatively, they can be individually configured
with the puli-down resistor, or as a driven output, or to be
driven by an external source. To activate the internal pull-
up, attach the PULLUP library component to the net
attached to the pad. To activate the internal puli-down,
attach the PULLDOWN library component to the net
attached to the pad.

JTAG Support

Embedded logic attached to the 1OBs contains test struc-
tures compatible with IEEE Standard 1149.1 for boundary
scan testing, simplifying board-level testing. More informa-
tion is provided in “Boundary Scan” on page 240.

Oscillator

XC5200 devices include an internal oscillator. This oscilla-
tor is used to clock the power-on time-out, clear configura-
tion memory, and source CCLK in Master configuration
modes. The oscillator runs at a nominal 12 MHz frequency
that varies with process, Vcc, and temperature. The output
CCLK frequency is selectable as 1 MHz (defauit), 6 MHz, or
12 MHz.

The XC5200 oscillator divides the internal 12-MHz clock or
a user clock. The user then has the choice of dividing by 4,
16, 64, or 256 for the “OSC1” output and dividing by 2, 8,
32, 128, 1024, 4096, 16384, or 65536 for the “OSC2” out-
put. The division is specified via a “DIVIDEn_BY=x"
attribute on the symbol, where n=1 for OSC1, or n=2 for
QOSC2. These frequencies can vary by as much as -50% or
+ 50%.

The OSC5 macro is used where an internal oscillator is
required. The CK_DIV macro is applicable when a user
clock input is specified (see Figure 14).

0OSCHt
0SCS
0SsC2
OSC1
CK_DIV
_ok | osc2

Figure 14: XC5200 Osciliator Macros

VersaBlock Routing

The General Routing Matrix (GRM) connects to the Versa-
Block via 24 bidirectional ports {M0-M23). Excluding direct
connections, global nets, and 3-statable Longlines, all Vers-
aBlock inputs and outputs connect to the GRM via these 24
ports. Four 3-statable unidirectional signals (TQO-TQ3)
drive out of the VersaBlock directly onto the horizontal and
vertical Longlines. Two horizontal global nets and two verti-
cal global nets connect directly to every CLB clock pin; they
can connect to other CLB inputs via the GRM. Each CLB
also has four unidirectional direct connects to each of its
four neighboring CLBs. These direct connects can also
feed directly back to the CLB (see Figure 15).

In addition, each CLB has 16 direct inputs, four direct con-
nections from each of the neighboring CLBs. These direct
connections provide high-speed local routing that bypasses
the GRM.

Local Interconnect Matrix

The Local Interconnect Matrix (LIM) is built from input and
output muitiplexers. The 13 CLB outputs (12 LC outputs
plus a V./GND signal) connect to the eight VersaBlock
outputs via the output multiplexers, which consist of eight
fully poputated 13-to-1 muitiplexers. Of the eight Vers-
aBlock outputs, four signals drive each neighboring CLB
directly, and provide a direct feedback path to the input
multiplexers. The four remaining multiplexer outputs can
drive the GRM through four TBUFs (TQO-TQ3). All eight
muitiplexer outputs can connect to the GRM through the
bidirectional M0-M23 signals. All eight signals also connect
to the input multiplexers and are potential inputs to that
CLB.

December 10, 1997 (Version 5.0)
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To GRM
MO-M23

(S

Global Nets 4 > 15

North [:1__1—">
South E>
East L_J:>
West III>

Cour To
Longlines
4 and GRM
TQO-TQ3
Output
Multiplexers || Direct to

East

Diract North
CLK
4 Feedvack CE
73 CLR

Direct West 4

Direct South

Figure 15: VersaBlock Details

CLB inputs have several possible sources: the 24 signals
from the GRM, 16 direct connections from neighboring
VersaBlocks, four signals from global, low-skew buffers,
and the four signals from the CLB output multiplexers.
Unlike the output multiplexers, the input muitiplexers are
not fully populated; i.e., only a subset of the available sig-
nals can be connected to a given CLB input. The flexibility
of LUT input swapping and LUT mapping compensates for
this limitation. For example, if a 2-input NAND gate is
required, it can be mapped into any of the four LUTs, and
use any two of the four inputs to the LUT.

Direct Connects

The unidirectional direct-connect segments are connected
1o the logic input/output pins through the CLB input and out-
put multiplexer arrays, and thus bypass the general routing
matrix altogether. These lines increase the routing channel
utilization, white simultaneously reducing the delay incurred
in speed-critical connections.

x5724

The direct connects also provide a high-speed path from
the edge CLBs fo the VersaRing input/output buffers, and
thus reduce pin-to-pin set-up time, clock-to-out, and combi-
national propagation delay. Direct connects from the input
buffers to the CLB DI pin (direct flip-flop input) are only
available on the left and right edges of the device. CLB
look-up table inputs and combinatorial/registered outputs
have direct connects to input/output buffers on all four
sides. ’

The direct connects are ideal for developing customized
RPM cells. Using direct connects improves the macro per-
formance, and leaves the other routing channels intact for
improved routing. Direct connects can also route through a
CLB using one of the four celi-feedthrough paths.

General Routing Matrix

The General Routing Matrix, shown in Figure 16, provides
fiexible bidirectional connections to the Local Interconnect
Matrix through a hierarchy of different-length metal seg-
ments in both the horizontal and vertical directions. A pro-
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Figure 16: XC5200 interconnect Structure

grammabile interconnect point (PiP) establishes an electri- provide ten routing channels to each of the four

cal connection between two wire segments. The PIP, con- neighboring CLBs in four directions.

sisting of a pass transistor switch controlled by a memory * Sixteen bidirectional double-length segments per CLB
element, provides bidirectional (in some cases, unidirec- provide four routing channels to each of four other {(non-
tional) connection between two adjoining wires. A collection neighboring) CLBs in four directions.

of PIPs inside the General Routing Matrix and in the Local » Eight horizontal and eight vertical bidirectional Longline
Interconnect Matrix provides connectivity between various segments span the width and height of the chip,

types of metal segments. A hierarchy of PIPs and associ- respectively.

ated routing segments combine to provide a powerful inter-

. Two low-skew horizontal and vertical unidirectional global-
connect hierarchy:

line segments span each row and column of the chip,
+ Forty bidirectional single-length segments per CLB respectively.
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Single- and Double-Length Lines

The single- and double-length bidirectional line segments
make up the bulk of the routing channels. The double-
length lines hop across every other CLB to reduce the
propagation delays in speed-critical nets. Regenerating the
signal strength is recommended after traversing three or
four such segments. XACTstep place-and-route software
automatically connects buffers in the path of the signal as
necessary. Single- and double-length lines cannot drive
onto Longlines and global lines; Longlines and global lines
can, however, drive onto single- and double-length lines. As
a general rule, Longline and global-line connections to the
general routing matrix are unidirectional, with the signal
direction from these lines toward the routing matrix.

Longlines

Longlines are used for high-fan-out signals, 3-state busses,
low-skew nets, and faraway destinations. Row and column
splitter PIPs in the middle of the array effectively double the
total number of Longlines by electrically dividing them into
two separated half-lines. Longlines are driven by the 3-
state buffers in each CLB, and are driven by similar buffers
at the periphery of the array from the VersaRing /O Inter-
face.

Bus-oriented designs are easily implemented by using Lon-
glines in conjunction with the 3-state buffers in the CLB and
in the VersaRing. Additionally, weak keeper cells at the
periphery retain the last valid logic level on the Longlines
when all buffers are in 3-state mode.

Longlines connect to the single-length or double-length
lines, or to the logic inside the CLB, through the General
Routing Matrix. The only manner in which a Longline can
be driven is through the four 3-state buffers; therefore, a
Longline-to-Longline or single-line-to-Longline connection
through PIPs in the General Routing Matrix is not possible.
Again, as a general rule, long- and global-line connections
to the General Routing Matrix are unidirectional, with the
signal direction from these lines toward the routing matrix.

The XC5200 family has no pull-ups on the ends of the Lon-
glines sourced by TBUFs, unlike the XC4000 Series. Con-
sequently, wired functions (i.e., WAND and WORAND) and
wide multiplexing functions requiring puli-ups for undefined
states (i.e., bus applications) must be implemented in a dif-
ferent way. In the case of the wired functions, the same
functionality can be achieved by taking advantage of the
carry/cascade logic described above, implementing a wide
logic function in place of the wired function. In the case of 3-
state bus applications, the user must insure that all states
of the multiplexing function are defined. This process is as

simple as adding an additional TBUF to drive the bus High
when the previously undefined states are activated.

Global Lines

Global buffers in Xilinx FPGAs are special buffers that drive
a dedicated routing network called Global Lines, as shown
in Figure 17. This network is intended for high-fanout clocks
or other control signals, to maximize speed and minimize
skewing while distributing the signal to many loads.

The XC5200 family has a total of four global buffers (BUFG
symbol in the library), each with its own dedicated routing
channel. Two are distributed vertically and two horizontally
throughout the FPGA.

The global lines provide direct input only to the CLB clock
pins. The global lines also connect to the General Routing
Matrix to provide access from these lines to the function
generators and other controi signals.

Four clock input pads at the corners of the chip, as shown
in Figure 17, provide a high-speed, low-skew clock network
to each of the four globai-line buffers. In addition to the ded-
icated pad, the giobal lines can be sourced by internal
logic. PIPs from several routing channels within the Ver-
saRing can also be configured to drive the global-line buff-
ers.

Details of all the programmable interconnect for a CLB is
shown in Figure 18.

GCK1 | B>

% GCK4

GCK2 @ <HR |GCK3

X5704

Figure 17: Global Lines
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VersaRing Input/Output Interface

The VersaRing, shown in Figure 19, is positioned between
the core logic and the pad ring; it has all the routing
resources of a VersaBlock without the CLB logic. The Ver-
saRing decouples the core logic from the I/O pads. Each
VersaRing Cell provides up to four pad-cell connections on
one side, and connects directly to the CLB ports on the
other side.

VersaRing

interconnect

pa . mnd
VersaBlock 3 Pad i

"] X5705

Figure 19: VersaRing O Interface

Boundary Scan

The “bed of nails” has been the traditional method of testing
electronic assemblies. This approach has become less
appropriate, due to closer pin spacing and more sophisti-
cated assembly methods like surface-mount technology
and multi-layer boards. The |[EEE boundary scan standard
1149.1 was developed to facilitate board-level testing of
electronic assemblies. Design and test engineers can
imbed a standard test logic structure in their device to
achieve high fault coverage for I/O and internal logic. This
structure is easily implemented with a four-pin interface on
any boundary scan-compatible 1C. {EEE 1149.1-compati-
ble devices may be serial daisy-chained together, con-
nected in parallel, or a combination of the two.

XC5200 devices support ail the mandatory boundary-scan
instructions specified in the IEEE standard 1149.1. A Test
Access Port (TAP) and registers are provided that imple-
ment the EXTEST, SAMPLE/PRELOAD, and BYPASS
instructions. The TAP can also support two USERCODE
instructions. When the boundary scan configuration option
is selected, three normal user /O pins become dedicated
inputs for these functions. Another user output pin
becomes the dedicated boundary scan output.

Boundary-scan operation is independent of individual 108
configuration and package type. All IOBs are treated as
independently controlied bidirectional pins, including any
unbonded |0Bs. Retaining the bidirectional test capability
after configuration provides flexibility for interconnect test-
ing.

Also, internal signals can be captured during EXTEST by
connecting them to unbonded I0Bs, or to the unused out-
puts in 1OBs used as unidirectional input pins. This tech-
nique partially compensates for the lack of INTEST
support.

The user can serially load commands and data into these
devices to control the driving of their outputs and to exam-
ine their inputs. This method is an improvement over bed-
of-nails testing. It avoids the need to over-drive device out-
puts, and it reduces the user interface to four pins. An
optional fifth pin, a reset for the control logic, is described in
the standard but is not implemented in Xilinx devices.

The dedicated on-chip logic implementing the IEEE 1149.1
functions includes a 16-state machine, an instruction regis-
ter and a number of data registers. The functional details
can be found in the IEEE 1149.1 specification and are also
discussed in the Xilinx application note XAPP 017: “Bound-
ary Scan in XC4000 and XC5200 Series devices”

Figure 20 on page 241 is a diagram of the XC5200-Series
boundary scan logic. It includes three bits of Data Register
per 10B, the IEEE 1148.1 Test Access Port controller, and
the Instruction Register with decodes.

The public boundary-scan instructions are always available
prior to configuration. After configuration, the public instruc-
tions and any USERCODE instructions are only available if
specified in the design. While SAMPLE and BYPASS are
available during configuration, it is recommended that
boundary-scan operations not be performed during this
transitory period.

In addition to the test instructions outlined above, the
boundary-scan circuitry can be used to configure the FPGA
device, and to read back the configuration data.

All of the XC4000 boundary-scan modes are supported in
the XC5200 family. Three additional outputs for the User-
Register are provided (Reset, Update, and Shift), repre-
senting the decoding of the corresponding state of the
boundary-scan internal state machine.
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Figure 20: XC5200-Series Boundary Scan Logic
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XC5200-Series devices can also be configured through the
boundary scan logic. See XAPP 017 for more information.

Data Registers

The primary data register is the boundary scan register.
For each IOB pin in the FPGA, bonded or not, it includes
three bits for In, Out and 3-State Control. Non-IOB pins
have appropriate partial bit population for in or Out only.
PROGRAM, CCLK and DONE are not included in the
boundary scan register. - Each EXTEST CAPTURE-DR
state captures all In, Out, and 3-State pins.

The data register also includes the following non-pin bits:
TDO.T, and TDO.O, which are always bits 0 and 1 of the
data register, respectively, and BSCANT.UPD, which is
always the last bit of the data register. These three bound-
ary scan bits are special-purpose Xilinx test signals.

The other standard data register is the single flip-flop
BYPASS register. It synchronizes data being passed
through the FPGA to the next downstream boundary scan
device.

The FPGA provides two additional data registers that can
be specified using the BSCAN macro. The FPGA provides
two user pins (BSCAN.SEL1 and BSCAN.SEL2) which are
the decodes of two user instructions, USER1 and USER2.
For these instructions, two corresponding pins
(BSCAN.TDO1 and BSCAN.TDOZ2) allow user scan data to
be shifted out on TDO. The data register clock
(BSCAN.DRCK) is availabie for control of test logic which
the user may wish to impiement with CLBs. The NAND of
TCK and RUN-TEST-IDLE is also provided (BSCAN.IDLE).

Instruction Set

The XC5200-Series boundary scan instruction set also
includes instructions to configure the device and read back
the configuration data. The instruction set is coded as
shown in Tabie 8.

Table 8: Boundary Scan Instructions

Bit Sequence

The bit sequence within each 0B is: 3-State, Out, In. The
data-register cells for the TAP pins TMS, TCK, and TDI
have an OR-gate that permanently disables the output
buffer if boundary-scan operation is selected. Conse-
quently, it is impossible for the outputs in IOBs used by TAP
inputs to conflict with TAP operation. TAP data is taken
directly from the pin, and cannot be overwritten by injected
boundary-scan data.

The primary global clock inputs (PGCK1-PGCK4) are
taken directly from the pins, and cannot be overwritten with
boundary-scan data. However, if necessary, it is possible to
drive the clock input from boundary scan. The external
clock source is 3-stated, and the clock net is driven with
boundary scan data through the output driver in the clock-
pad 10B. If the clock-pad IOBs are used for non-clock sig-
nals, the data may be overwritten normally.

Pull-up and pull-down resistors remain active during
boundary scan. Before and during configuration, all pins
are pulled up. After configuration, the choice of internal
pull-up or pull-down resistor must be taken into account
when designing test vectors to detect open-circuit PC
traces.

From a cavity-up view of the chip (as shown in XDE or
Epic), starting in the upper right chip corner, the boundary
scan data-register bits are ordered as shown in Table 9.
The device-specific pinout tables for the XC5200 Series
include the boundary scan {ocations for each 0B pin.

Table 9: Boundary Scan Bit Sequence

Bit Position /O Pad Location
Bit 0 (TDO) Top-edge I/O pads (right to left)
~Bit1
Leﬁ-edge YC pads (top to bottom)
Bottom-edge /O pads (left to right)
o Right-edge I/O pads (bottom to top)
{ BitN (TDD) BSCANT.UPD

BSDL (Boundary Scan Description Language) files for
XC5200-Series devices are availabie on the Xilinx web site
in the File Download area.

Including Boundary Scan

If boundary scan is only to be used during configuration, no
special elements need be included in the schematic or HDL
code. [n this case, the special boundary scan pins TDI,
TMS, TCK and TDO can be used for user functions after
configuration.

To indicate that boundary scan remain enabled after config-
uration, include the BSCAN library symbol and connect pad
symbols to the TDI, TMS, TCK and TDO pins, as shown in
Figure 21.

Instruction Test /0 Data
2 N 10| Selected |00 SOU® gource
4] 0 0 EXTEST DR DR
0 0 1 SAMPLE/ DR Pin/Logic
PRELOAD
0 1 0 USER 1 BSCAN. | User Logic
‘ TDO1
0 1 1 USER 2 BSCAN. | User Logic |
TDO2
170 | 0 READBACK | Readback A Pin/Logic
Data
1 0 1 |CONFIGURE! DOUT Disabled
1 1 0 Reserved -— —
1 1 1 BYPASS Bypass —
Register |
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Figure 21: Boundary Scan Schematic Example

Even if the boundary scan symbol is used in a schematic,
the input pins TMS, TCK, and TD] can still be used as
inputs to be routed to internal logic. Care must be taken not
to force the chip inta an undesired boundary scan state by
inadvertently applying boundary scan input patterns to
these pins. The simplest way to prevent this is to keep TMS
High, and then apply whatever signal is desired to TDI and
TCK.

Avoiding Inadvertent Boundary Scan

i TMS or TCK is used as user )/O, care must be taken to
ensure that at least one of these pins is held constant dur-
ing configuration. In some applications, a situation may
occur where TMS or TCK is driven during configuration.
This may cause the device to go into boundary scan mode
and disrupt the configuration process.

To prevent activation of boundary scan during configura-
tion, do either of the following:

« TMS: Tie High to put the Test Access Port controller
in a benign RESET state
* TCK: Tie High or Low—do not toggle this clock input.

For more information regarding boundary scan, refer to the
Xilinx Application Note XAPP 017, “Boundary Scan in
XC4000 and XC5200 Devices."

Power Distribution

Power for the FPGA is distributed through a grid to achieve
high noise immunity and isolation between logic and I/O.
Inside the FPGA, a dedicated Vcc and Ground ring sur-
rounding the logic array provides power to the I/O drivers,
as shown in Figure 22. An independent matrix of Vec and
Ground lines supplies the interior logic of the device.

This power distribution grid provides a stable supply and
ground for all internal logic, providing the external package
power pins are all connected and appropriately decoupled.
Typically, a 0.1 pF capacitor connected near the Vce and

Ground pins of the package will provide adequate decou-
pling.

Output buffers capable of driving/sinking the specified 8 mA
loads under specified worst-case conditions may be capa-
ble of driving/sinking up to 10 times as much current under
best case conditions.

Noise can be reduced by minimizing external load capaci-
tance and reducing simultaneous output transitions in the
same direction. It may also be beneficial to locate heavily
loaded output buffers near the Ground pads. The I/O Block
output buffers have a slew-rate limited mode (default} which
should be used where output rise and fall times are not
speed-critical.

GND

n
% ] Ground and
e " Vee Ring for
R e s T e S S .
T T T ! T T J;( : P'/ 1/O Drivers
R S
i i ] ] I 1 N +
IS S S I R
' ! 1 | i 1 i
i EH 1 t ! 4
e e —+—~'+~J
pun| U ! ) i I + [ N Yoy
Vee [—__— -+“i‘___+‘_,,,JrML, B Lr :]Vcc
A A A S S
R S SO S S I DY st
) N Logic
IR AR h Sen SEE e Power Grid
i v i ] b i
IS U U U O S
Y U S 1l e | i 1 i
» 4
i
GND X5422

Figure 22: XC5200-Series Power Distribution

Pin Descriptions

There are three types of pins in the XC5200-Series
devices:

* Permanently dedicated pins
* User l/O pins that can have special functions
¢ Unrestricted user-programmable 1/O pins.

Before and during configuration, all outputs not used for the
configuration process are 3-stated and pulted high with a
20 k€2 - 100 kQ pull-up resistor.

After configuration, if an 10B is unused it is configured as
an input with a 20 kQ - 100 kQ puli-up resistor.

Device pins for XC5200-Series devices are described in
Table 10. Pin functions during configuration for each of the
seven configuration modes are summarized in “Pin Func-
tions During Configuration” on page 2686, in the “Configura-
tion Timing” section.
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Table 10: Pin Descriptions

Pin Name

Vo
During
Config.

Vo
After
Config.

Pin Description

{Permanently Dedicated

Pins

vCC

Five or more (depending on package) connections to the nominal +5 V supply voltage.
All must be connected, and each must be decoupled with a 0.01 - 0.1 uF capacitor to
Ground.

GND

Four or more (depending on package type) connections to Ground. All must be con-
nected.

CCLK

lorQ

During configuration, Configuration Clock (CCLK) is an output ir Master modes or Asyn-
chronous Peripheral mode, but is an input in Slave mode, Synchronous Peripheral
mode, and Express mode. After configuration, CCLK has a weak pull-up resistor and
can be selected as the Readback Clock. There is no CCLK High time restriction on
XC5200-Series devices, except during Readback. See “Violating the Maximum High
and Low Time Specification for the Readback Clock™ on page 255 for an explanation of
this exception.

DONE

Vo

DONE is a bidirectional signal with an optional internal pull-up resistor. As an output, it
indicates the completion of the configuration process. As an input, a Low levei on
DONE can be configured to delay the global logic initialization and the enabling of out-
puts.

The exact timing, the clock source for the Low-to-High transition, and the optional puli-
up resistor are selected as options in the XACTstep program that creates the configu-
ration bitstream. The resistor is included by default.

PROGRAM

PROGRAM is an active Low input that forces the FPGA to clear its configuration mem-
ory. It is used to initiate a configuration cycle. When PROGRAM goes High, the FPGA
executes a complete clear cycle, before it goes into a WAIT state and releases INIT.
The PROGRAM pin has an optional weak pull-up after configuration.

RDY/BUSY

O

User I/O Pins That Can Have Special Functions

/o

During Peripheral mode configuration, this pin indicates when it is appropriate to write
another byte of data into the FPGA. The same status is also available on D7 in Asyn-
chronous Peripheral mode, if a read operation is performed when the device is selected.
After configuration, RDY/BUSY is a user-programmable /O pin.

RDY/BUSY is pulled High with a high-impedance pull-up prior to TNIT going High.

o

During Master Paraliet configuration, each change on the A0-A17 outputs is preceded
by a rising edge on RCLK, a redundant output signal. RCLK is useful for clocked
PROMs. ltis rarely used during configuration. After configuration, RCLK is a user-pro-
grammable /O pin.

MO, M1, M2 |

e}

As Mode inputs, these pins are sampled before the start of configuration to determine
the configuration mode to be used. After configuration, MO, M1, and M2 become user-
programmable 1/O.

During configuration, these pins have weak pull-up resistars. For the most popular con-
figuration mode, Slave Serial, the mode pins can thus be left unconnected. A pull-down
‘resistor value of 4.7 k() is recommended for other modes.

TDO

(0]

:if boundary scan is used, this pin is the Test Data Output. if boundary scan is not used,
this pin is a 3-state output, after configuration is completed.

“This pin can be user output only when called out by special schematic definitions. To
{use this pin, place the library component TDO instead of the usual pad symbol. An out-:
put buffer must still be used. ‘
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Table 10: Pin Descriptions (Continued)

Pin Name

o] Vo
During | After
Config. | Config.

Pin Description

TD1, TCK,
TMS

o
o orl
| (JTAG)

If boundary scan is used, these pins are Test Data In, Test Clock, and Test Mode Select
inputs respectively. They come directly from the pads, bypassing the IOBs. These pins
can also be used as inputs to the CLB logic after configuration is completed.

If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
ited once configuration is completed, and these pins become user-programmable /0.

Inthis case, they must be called out by special schematic definitions. To use these pins,
place the library components TDI, TCK, and TMS instead of the usual pad symbols. in-
put or output buffers must still be used.

O O

High During Configuration (HDC) is driven High unti the 1/0 go active. ltis available as
a control output indicating that configuration is not yet completed. After configuration,
HDC is a user-programmable I/O pin.

|

r"
jw)
Q)

O o]

Low During Configuration (LDC) is driven Low until the I/O go active. Itis available as a
control output indicating that configuration is not yet completed. After configuration,
[DC is a user-programmable /O pin.

1{0] o]

Before and during configuration, INIT is a bidirectional signal. A 1 kQ - 10 kQ external
pull-up resistor is recommended.

As an active-Low open-drain output, INIT is held Low during the power stabilization and
internal clearing of the configuration memory. As an active-Low input, it can be used
to hold the FPGA in the internal WAIT state before the start of configuration. Master

mode devices stay in a WAIT state an additional 50 to 250 us after INIT has gone High.
During configuration, a Low on this output indicates that a configuration data error has
occurred. After the /O go active, INIT is a user-programmable /O pin.

GCK1 -
GCK4

Weak
Pull-up lor /O

Four Global inputs each drive a dedicated internal global net with short delay and min-
imal skew. These internal global nets can also be driven from internal logic. If not used
to drive a global net, any of these pins is a user-programmable /O pin.

The GCK1-GCK4 pins provide the shortest path to the four Global Buffers. Any input
pad symbol connected directly to the input of a BUFG symbol is automatically placed
on one of these pins.

| o

These four inputs are used in Asynchronous Peripheral mode. The chip is selected
when CS80 is Low and CS1 is High. While the chip is selected, a Low on Write Strobe
(WS) loads the data present on the DO - D7 inputs into the internal data buffer. A Low
on Read Strobe (RS) changes D7 into a status output — High if Ready, Low if Busy —
and drives DO - D6 High.

In Express mode, CS1 is used as a serial-enable signal for daisy-chaining.

WS and RS should be mutually exclusive, but if both are Low simultaneously, the Write
Strobe overrides. After configuration, these are user-programmable 1/O pins.

AQ - A17

O o

During Master Parallel configuration, these 18 output pins address the configuration
EPROM. After configuration, they are user-programmable 1/O pins.

DO - D7

| 1O

During Master Parallel, Peripheral, and Express configuration, these eight input pins re-
ceive configuration data. After configuration, they are user-programmable 1/O pins.

DIN

I e}

During Slave Serial or Master Serial configuration, DIN is the serial configuration data
input receiving data on the rising edge of CCLK. During Parallel configuration, DIN is |
the DO input. After configuration, DIN is a user-programmable /O pin.

DOUT

o 1’0

During configuration in any mode but Express mode, DOUT is the serial configuration
-data output that can drive the DIN of daisy-chained slave FPGAs. DOUT data changes
‘on the falling edge of CCLK.

In Express mode, DOUT is the status output that can drive the CS1 of daisy-chained
FPGAs, to enable and disable downstream devices.

After configuration, DOUT is a user-programmable 1/O pin.
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Table 10: Pin Descriptions (Continued)

o [ vo
During . After
Pin Name | Config. | Config.

Pin Description 2

Unrestricted User-Programmable /O Pins

|
]
-4
1

i
i

Weak These pins can be configured to be input and/or output after configuration is completed.
1O Pull-up /0 |Before configuration is completed, these pins have an internal high-value pull-up res;s»
~ |tor (20 k2 - 100 kQ) that defines the logic level as High.
Configuration Table 11: Configuration Modes

Configuration is the process of loading design-specific pro-
gramming data into one or more FPGAs to define the func-
tionai operation of the internal blocks and their
interconnections. This is somewhat like loading the com-
mand registers of a programmable peripheral chip.
XC5200-Series devices use several hundred bits of config-
uration data per CLB and its associated interconnects.
Each configuration bit defines the state of a static memory
cell that controls either a function look-up table bit, a muiti-
plexer input, or an interconnect pass transistor. The XACT-
step development system translates the design into a
netlist file. It automatically partitions, places and routes the
logic and generates the configuration data in PROM format.

Special Purpose Pins

Three configuration mode pins (M2, M1, MO} are sampled
prior to configuration to determine the configuration mode.
After configuration, these pins can be used as auxiliary 1/O
connections. The XACTstep development system does not
use these resources uniess they are explicitly specified in
the design entry. This is done by placing a special pad
symbol called MD2, MD1, or MDO instead of the input or
output pad symbol.

In XC5200-Series devices, the mode pins have weak pull-
up resistors during configuration. With all three mode pins
High, Slave Serial mode is selected, which is the most pop-
ular configuration mode. Therefore, for the most common
configuration mode, the mode pins can be left uncon-
nected. (Note, however, that the internal pull-up resistor
value can be as high as 100 k) After configuration, these
pins can individuaily have weak pull-up or pull-down resis-
tors, as specified in the design. A pull-down resistor value
of 4.7 kQ is recommended.

These pins are located in the lower left chip cormer and are
near the readback nets. This location aflows convenient
routing if compatibility with the XC2000 and XC3000 family
conventions of MO/RT, M1/RD is desired.

Configuration Modes

XC5200 devices have seven configuration modes. These
modes are selected by a 3-bit input code applied to the M2,
M1, and MO inputs. There are three self-loading Master
modes, two Peripheral modes, and a Serial Slave mode,

" Mode M2 | M1 | M0 | CCLK Data
‘Master Serial 0 | O i O | output | Bit-Serial
Slave Serial 11| 1 | input | BitSerial
Master 1 0 | 0 | output | Byte-Wide,
Parallel Up : increment
, from 00000
Master 1 |11 0 output | Byte-Wide,
Parallel Down | decrement
| ‘ from 3FFFF
Peripheral 0 1] 1 input = Byte-Wide
Synchronous™ |
Peripheral | 1 | 0 | 1  output = Byte-Wide
Asynchronous
Express 010! y
Reserved ol o1

Note *Penpheral Synchronous can be «,onsndered byte- W|de

Slave Paralle!

which is used primarily for daisy-chained devices. The sev-
enth mode, called Express mode, is an additional slave
mode that allows high-speed paralilel configuration. The
coding for mode selection is shown in Table 11.

Note that the smallest package, VQ64, only supports the
Master Serial, Stave Serial, and Express modes.A detailed
description of each configuration mode, with timing infor-
mation, is included later in this data sheet. During configu-
ration, some of the /O pins are used temporarily for the
configuration process. All pins used during configuration
are shown in Table 14 on page 266.

Master Modes

The three Master modes use an internal oscillator to gener-
ate a Configuration Clock (CCLK) for driving potential stave
devices. They also generate address and timing for exter-
nal PROM(s) containing the configuration data.

Master Parallel (Up or Down) modes generate the CCLK
signal and PROM addresses and receive byte parallel data.
The datais internally serialized into the FPGA data-frame
format. The up and down selection generates starting
addresses at either zero or 3FFFF, for compatibility with dif-
ferent microprocessor addressing conventions. The Master
Serial mode generates CCLK and receives the configura-
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tion data in serial form from a Xilinx serial-configuration
PROM.

CCLK speed is selectable as 1 MHz (default), 6 MHz, or 12
MHz. Configuration always starts at the default slow fre-
quency, then can switch to the higher frequency during the
first frame. Frequency tolerance is -50% to +50%.

Peripheral Modes

The two Peripheral modes accept byte-wide data from a
bus. A RDY/BUSY status is available as a handshake sig-
nal. In Asynchronous Peripheral mode; the internal oscilla-
tor generates a CCLK burst signal that serializes the byte-
wide data. CCLK can also drive slave devices. In the syn-
chronous mode, an externally supplied clock input to CCLK
serializes the data.

Slave Serial Mode

In Slave Serial mode, the FPGA receives serial configura-
tion data on the rising edge of CCLK and, after loading its
configuration, passes additional data out, resynchronized
on the next falling edge of CCLK.

Muitiple slave devices with identical configurations can be
wired with parallel DIN inputs. In this way, multiple devices
can be configured simultaneously.

Serial Daisy Chain

Muitiple devices with different configurations can be con-
nected together in a “daisy chain,” and a single combined
bitstream used to configure the chain of slave devices.

To configure a daisy chain of devices, wire the CCLK pins
of all devices in parallel, as shown in Figure 29 on page
256. Connect the DOUT of each device to the DIN of the
next. The lead or master FPGA and following slaves each
passes resynchronized configuration data coming from a
single source. The header data, including the length count,
is passed through and is captured by each FPGA when it
recognizes the 0010 preamble. Following the length-count
data, each FPGA outputs a High on DOUT untit it has
received its required number of data frames.

After an FPGA has received its configuration data, it
passes on any additional frame start bits and configuration
data on DOUT. When the total number of configuration
clocks applied after memory initialization equals the value
of the 24-bit length count, the FPGAs begin the start-up
sequence and become operational together. FPGA /O are
normally released two CCLK cycles after the last configura-
tion bit is received. Figure 26 on page 251 shows the start-
up timing for an XC5200-Series device.

The daisy-chained bitstream is not simply a concatenation
of the individual bitstreams. The PROM file formatter must
be used to combine the bitstreams for a daisy-chained con-
figuration.

Multi-Family Daisy Chain

All Xilinx FPGAs of the XC2000, XC3000, XC4000, and
XC5200 Series use a compatible bitstream format and can,
therefore, be connected in a daisy chain in an arbitrary
sequence. There is, however, one limitation. If the chain
contains XC5200-Series devices, the master normally can-
not be an XC2000 or XC3000 device.

The reason for this rule is shown in Figure 26 on page 251.
Since all devices in the chain store the same length count
value and generate or receive one common sequence of
CCLK pulses, they all recognize length-count match on the
same CCLK edge, as indicated on the left edge of
Figure 26. The master device then generates additional
CCLK pulses until it reaches its finish point F. The different
families generate or require different numbers of additional
CCLK pulses until they reach F. Not reaching F means that
the device does not really finish its configuration, although
DONE may have gone High, the outputs became active,
and the internal reset was released. For the XC5200-
Series device, not reaching F means that readback cannot
be initiated and most boundary scan instructions cannot be
used.

The user has some control over the relative timing of these
events and can, therefore, make sure that they occur at the
proper time and the finish point F is reached. Timing is
controlied using options in the bitstream generation soft-
ware.

XC5200 devices always have the same number of CCLKs
in the power up delay, independent of the configuration
maode, unlike the XC3000/XC4000 Series devices. To guar-
antee all devices in a daisy chain have finished the power-
up delay, tie the INIT pins together, as shown in Figure 28.

XC3000 Master with an XC5200-Series Slave

Some designers want to use an XC3000 lead device in
peripheral mode and have the I/O pins of the XC5200-
Series devices all available for user /0. Figure 23 provides
a solution for that case.

This solution requires one CLB, one IOB and pin, and an
internal oscillator with a frequency of up to 5 MHz as a
clock source. The XC3000 master device must be config-
ured with late Internal Reset, which is the default option.

One CLB and one 10B in the lead XC3000-family device
are used to generate the additional CCLK pulse required by
the XC5200-Series devices. When the lead device
removes the internal RESET signal, the 2-bit shift register
responds 1o its clock input and generates an active Low
output signal for the duration of the subsequent ciock
period. An external connection between this output and
CCLK thus creates the extra CCLK pulse.
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Figure 23: CCLK Generation for XC3000 Master
Driving an XC5200-Series Slave

Express Mode

Express mode is similar to Slave Serial mode, except the
data is presented in parallel format, and is clocked into the
target device a byte at a time rather than a bit at a time.
The data is loaded in paraliel into eight different columns: it
is not internally serialized. Eight bits of configuration data
are loaded with every CCLK cycle, therefore this configura-
tion mode runs at eight times the data rate of the other six
modes. In this mode the XC5200 family is capable of sup-
porting a CCLK frequency of 10 MHz, which is equivalent to
an 80 MHz serial rate, because eight bits of configuration
data are being loaded per CCLK cycle. An XC5210 in the
Express mode, for instance, can be configured in about 2
ms. The Express mode does not support CRC error check-
ing, but does support constant-field error checking. A
length count is not used in Express mode.

In the Express configuration mode, an external signal
drives the CCLK input(s). The first byte of paralle! configu-
ration data must be available at the D inputs of the FPGA
devices a shart set-up time before the second rising CCLK
edge. Subsequent data bytes are clocked in on each con-
secutive rising CCLK edge. See Figure 39 on page 265.

Bitstream generation currently generates a bitstream suffi-
cient to program in all configuration modes except Express.
Extra CCLK cycles are necessary to complete the configu-
ration, since in this mode data is read at a rate of eight bits
per CCLK cycle instead of one bit per cycle. Normally the
entire start-up sequence requires a number of bits that is
equal to the number of CCLK cycles needed. An additional
five CCLKs (equivalent fo 40 extra bits) will guarantee com-
pletion of configuration, regardliess of the start-up options
chosen.

Multiple slave devices with identical configurations can be
wired with parallel D0-D7 inputs. In this way, multiple
devices can be configured simultaneously.

Pseudo Daisy Chain

Multiple devices with different configurations can be con-
nected together in a pseudo daisy chain, provided that all of
the devices are in Express mode. A single combined bit-
stream is used to configure the chain of Express mode
devices, but the input data bus must drive D0-D7 of each
device. Tie High the CS1 pin of the first device to be con-
figured, or leave it floating in the XC5200 since it has an
internal pull-up. Connect the DOUT pin of each FPGA to
the CS1 pin of the next device in the chain. The D0O-D7
inputs are wired to each device in parallel. The DONE pins
are wired together, with one or more internal DONE puli-
ups activated. Alternatively, a 4.7 kQ external resistor can
be used, if desired. (See Figure 38 on page 264.) CCLK
pins are tied together.

The requirement that all DONE pins in a daisy chain be
wired together applies only to Express mode, and only if all
devices in the chain are to become active simultaneously.
All devices in Express mode are synchronized to the DONE
pin. User /O for each device become active after the
DONE pin for that device goes High. (The exact timing is
determined by options to the bitstream generation soft-
ware.) Since the DONE pin is open-drain and does not
drive a High value, tying the DONE pins of all devices
together prevents all devices in the chain from going High
until the last device in the chain has completed its configu-
ration cycle.

The status pin DOUT is pulled LOW two internal-oscillator
cycles (nominally 1 MHz) after TNIT is recognized as High,
and remains Low until the device’s configuration memory is
fuli. Then DOUT is pulled High to signal the next device in
the chain to accept the configuration data on the D7-D0
bus. All devices receive and recognize the six bytes of pre-
amble and length count, irrespective of the level on CS1;
but subsequent frame data is accepted only when CS1 is
High and the device’s configuration memory is not aiready
full.

Setting CCLK Frequency

For Master modes, CCLK can be generated in one of three
frequencies. In the default slow mode, the frequency is
nominally 1 MHz. In fast CCLK mode, the frequency is
nominally 12 MHz. In medium CCLK mode, the frequency
is nominally 6 MHz. The frequency range is -50% to +50%.
The frequency is selected by an option when running the
bitstream generation software. If an XC5200-Series Mas-
ter is driving an XC3000- or XC2000-family slave, slow
CCLK mode must be used. Slow mode is the default.
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Table 12: XC5200 Bitstream Format

Data Type Value Occurrences
Fill Byte 11111111 Once per bit-
Preamble 11110010 stream
Length Counter COUNT(23:0)
Fill Byte 11111111 i
Start Byte 11111110 Once per data
Data Frame * DATA(N-1:0) |frame
Cyclic Redundancy Check or |CRC(3:0) or
Constant Field Check 0110
Fill Nibbie 1111
Extend Write Cycle FFFFFF
Postamble 11111110 Once per de-
Fifl Bytes (30) FFFF...FF vice
Start-Up Byte FF Once per bit-

stream

*Bits per Frame {N) depends on device size, as described for
table 11.

Data Stream Format

The data stream (“bitstream”) format is identical for all con-
figuration modes, with the exception of Express mode. in
Express mode, the device becomes active when DONE
goes High, therefore no length count is required. Addition-
ally, CRC error checking is not supported in Express mode.

The data stream formats are shown in Table 12. Express
mode data is shown with DO at the left and D7 at the right.
For all other modes, bit-serial data is read from left to right,
and byte-paraliel data is effectively assembled from this
serial bitstream, with the first bit in each byte assigned to
DO.

The configuration data stream begins with a string of eight
ones, a preamble code, foliowed by a 24-bit length count
and a separator field of ones (or 24 fill bits, in Express
mode). This header is followed by the actual configuration
data in frames. The length and number of frames depends
on the device type (see Table 13). Each frame begins with
a start field and ends with an error check. In all modes
except Express mode, a postamble code is required to sig-
nal the end of data for a single device. In all cases, addi-
tional start-up bytes of data are required to provide four
clocks for the startup sequence at the end of configuration.
Long daisy chains require additional startup bytes to shift
the last data through the chain. All startup bytes are don’t-
cares; these bytes are not included in bitstreams created by
the Xilinx software.

In Express mode, only non-CRC error checking is sup-
ported. In all other modes, a selection of CRC or non-CRC
error checking is allowed by the bitstream generation soft-
ware. The non-CRC error checking tests for a designated
end-of-frame field for each frame. For CRC error checking,
the software calculates a running CRC and inserts a
unique four-bit partial check at the end of each frame. The
11-bit CRC check of the last frame of an FPGA includes the
last seven data bits.

Detection of an error results in the suspension of data load-
ing and the putling down of the INIT pin. In Master modes,
CCLK and address signals continue to operate externally.
The user must detect INIT and initialize a new configuration
by pulsing the PROGRAM pin Low or cycling Vcc.

Table 13: Internal Configuration Data Structure

PROM Xilinx |
Device Ver:z:lock Size Serial PROM
Y (bits) Needed

XC5202 8x8 42,416 XC1765D
XC5204  10x12 70,704 XC17128D
XC5206 14x14 "1106,288  {XC17128D ;
XC5210 '18x 18 1165488  |XC17256D
XC5215 22x22 237,744 |XC17256D

Bits per Frame = (34 x number of Rows) + 28 for the top + 28 for
the laottom + 4 splitter bits + 8 start bits + 4 error check bits + 4 fill
bits = + 24 extended write bits
= (34 x number of Rows) + 100

in the XC5202 (8 x 8}, there are 8 fill bits per frame, not 4

Number of Frames = (12 x nurber of Columns) + 7 for the left
edge + 8 for the right edge + 1 splitter bit
= (12 x number of Columns) + 16

Program Data = (Bits per Frame x Number of Frames) + 48
header bits + 8 postamble bits + 240 fill bits + 8 start-up bits
= {Bits per Frame x Number of Framas) + 304

PROM Size = Program Data

Cyclic Redundancy Check (CRC) for
Configuration and Readback

The Cyclic Redundancy Check is a method of error detec-
tion in data transmission applications. Generally, the trans-
mitting system performs a calculation on the serial
bitstream. The result of this calculation is tagged onto the
data stream as additional check bits. The receiving system
performs an identical calculation on the bitstream and com-
pares the result with the received checksum.

Each data frame of the configuration bitstream has four
error bits at the end, as shown in Table 12. If a frame data
error is detected during the loading of the FPGA, the con-
figuration process with a potentially corrupted bitstream is
terminated. The FPGA pulls the TNIT pin Low and goes into
a Wait state.

During Readback, 11 bits of the 16-bit checksum are added
to the end of the Readback data stream. The checksum is
computed using the CRC-16 CCITT polynomial, as shown
in Figure 24. The checksum consists of the 11 most signif-
icant bits of the 16-bit code. A change in the checksum
indicates a change in the Readback bitstream. A compari-
son to a previous checksum is meaningful only if the read-
back data is independent of the cutrent device state. CLB
outputs should not be included (Read Capture option not
used). Statistically, one error out of 2048 might go undetec-
ted.
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Figure 24: Circuit for Generating CRC-16

Configuration Sequence

There are four major steps in the XC5200-Series power-up
configuration sequence.

*  Power-On Time-Out
* Initialization

* Configuration

» Start-Up

The full process is illustrated in Figure 25.

Power-On Time-Out

An internal power-on reset circuit is triggered when power
is applied. When V. reaches the voltage at which portions
of the FPGA begin to operate (i.e., performs a write-and-
read test of a sample pair of configuration memory bits), the
programmable {/O buffers are 3-stated with active high-
impedance pull-up resistors. A time-out delay — nominally
4 ms — is initiated to allow the power-supply voltage to sta-
bilize. For correct operation the power supply must reach
Vec(min) by the end of the time-out, and must not dip below
it thereafter.

There is no distinction between master and slave modes
with regard to the time-out delay. Instead, the INIT line is
used to ensure that all daisy-chained devices have com-
pleted initialization. Since XC2000 devices do not have this
signal, extra care must be taken to guarantee proper oper-
ation when daisy-chaining them with XC5200 devices. For
proper operation with XC3000 devices, the RESET signal,
which is used in XC3000 to delay configuration, should be
connected to INIT.

If the time-out delay is insufficient, configuration should be
detayed by holding the INIT pin Low urtil the power supply
has reached operating levels.

This delay is applied only on power-up. it is not applied
when reconfiguring an FPGA by pulsing the PROGRAM pin
Low. During all three phases — Power-on, Initialization,
and Configuration — DONE is held Low; HDC, LDC, and
INIT are active; DOUT is driven; and all O buffers are dis-
abled.

Initialization

This phase clears the configuration memory and estab-
lishes the configuration mode.

The configuration memory is cleared at the rate of one
frame per internal clock cycle (nominally 1 MHz). An open-
drain bidirectional signal, INTT, is released when the config-
uration memory is completely cleared. The device then
tests for the absence of an external active-low levei on INIT.
The mode lines are sampled two internal clock cycles later
(nominally 2 ps).

The master device waits an additional 32 us to 256 us
(nominally 64-128 us) to provide adequate time for all of the
slave devices to recognize the release of INIT as well. Then
the master device enters the Configuration phase.
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Figure 25: Configuration Sequence
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Figure 26: Start-up Timing
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Configuration

The length counter begins counting immediately upon
entry into the configuration state. In slave-mode operation it
is important to wait at least two cycles of the internal 1-MHz
clock oscillator after INIT is recognized before toggling
CCLK and feeding the serial bitstream. Configuration will
not begin until the internal configuration logic reset is
released, which happens two cycles after INIT goes High.
A master device's configuration is delayed from 32 to 256
Us to ensure proper operation with any slave devices driven
by the master device.

The 0010 preamble code, included for all modes except
Express mode, indicates that the following 24 bits repre-
sent the length count. The length count is the total number
of configuration clocks needed to load the complete config-
uration data. (Four additional configuration clocks are
required to complete the configuration process, as dis-
cussed below.) After the preamble and the length count
have been passed through to all devices in the daisy chain,
DOUT is held High to prevent frame start bits from reaching
any daisy-chained devices. In Express mode, the length
count bits are ignored, and DOUT is held Low, to disable
the next device in the pseudo daisy chain.

A specific configuration bit, early in the first frame of a mas-
ter device, controls the configuration-clock rate and can
increase it by a factor of eight. Therefore, if a fast configu-
ration clock is selected by the bitstream, the slower clock
rate is used untif this configuration bit is detected.

Each frame has a start field followed by the frame-configu-
ration data bits and a frame error field. If a frame data error
is detected, the FPGA halts loading, and signals the error
by puliing the open-drain INIT pin Low. After all configura-
tion frames have been loaded into an FPGA, DOUT again
foilows the input data so that the remaining data is passed
on to the next device. In Express mode, when the first
device is fully programmed, DOUT goes High to enable the
next device in the chain.

Delaying Configuration After Power-Up

To delay master mode configuration after power-up, pull the
bidirectional INIT pin Low, using an open-coliector (open-
drain) driver. (See Figure 13.)

Using an open-collector or open-drain driver to hold TNIT
Low before the beginning of master mode configuration
causes the FPGA to wait after completing the configuration
memory clear operation, When INIT is no longer held Low
externally, the device determines its configuration mode by
capturing its mode pins, and is ready to start the configura-
tion process. A master device waits up to an additional 250
us to make sure that any slaves in the optional daisy chain
have seen that INIT is High.

Start-Up

Start-up is the transition from the configuration process to
the intended user operation. This transition involves a
change from one clock source to another, and a change
from interfacing parallel or serial configuration data where
most outputs are 3-stated, to normal operation with /O pins
active in the user-system. Start-up must make sure that
the user-logic ‘wakes up' gracefully, that the outputs
become active without causing contention with the configu-
ration signals, and that the internal flip-flops are released
from the global Reset at the right time.

Figure 26 describes start-up timing for the three Xilinx fam-
ities in detail. Express mode configuration always uses
either CCLK_SYNC or UCLK_SYNC timing, the other con-
figuration modes can use any of the four timing sequences.

To access the internal start-up signals, place the STARTUP
library symbol.

Start-up Timing
Different FPGA families have different start-up sequences.

The XC2000 family goes through a fixed sequence. DONE
goes High and the internal global Reset is de-activated one
CCLK period after the 1/O become active.

The XC3000A family offers some flaxibility. DONE can be
programmed to go High one CCLK period before or after
the I/O become active. Independent of DONE, the internal
global Reset is de-activated one CCLK period before or
after the 1/O become active.

The XC4000/XC5200 Series offers additional flexibility.
The three events — DONE going High, the internal Reset
being de-activated, and the user I/Q going active -— can all
occur in any arbitrary sequence. Each of them can occur
one CCLK period before or after, or simultaneous with, any
of the others. This relative timing is selected by means of
software options in the bitstream generation software.

The default option, and the most practical one, is for DONE
to go High first, disconnecting the configuration data source
and avoiding any contention when the I/Os become active
one clock later. Reset is then released another clock
period later to make sure that user-operation starts from
stable internal conditions. This is the most common
sequence, shown with heavy lines in Figure 26, but the
designer can modify it to meet particular requirements.

Normally, the start-up sequence is controlled by the internal
device oscillator output (CCLK), which is asynchronous to
the system clock.

XC4000/XC5200 Series offers another start-up clocking
option, UCLK_NOSYNC. The three events described
above need not be triggered by CCLK. They can, as a con-
figuration option, be triggered by a user clock. This means
that the device can wake up in synchronism with the user
system.
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When the UCLK_SYNC option is enabled, the user can
externally hold the open-drain DONE output Low, and thus
stall all further progress in the start-up sequence until
DONE is released and has gone High. This option can be
used to force synchronization of several FPGAs to a com-
mon user clock, or to guarantee that all devices are suc-
cessfully configured before any I/Os go active.

If either of these two options is selected, and no user clock
is specified in the design or attached to the device, the chip
could reach a point where the configuration of the device is
complete and the Done pin is asserted, but the outputs do
not become active. The solution is either to recreate the
bitstream specifying the start-up clock as CCLK, or to sup-
ply the appropriate user clock.

Start-up Sequence

The Start-up sequence begins when the configuration
memory is full, and the total number of configuration clocks
received since INIT went High equals the loaded value of
the length count.

The next rising clock edge sets a flip-flop QO, shown in
Figure 27. Q0 is the leading bit of a 5-bit shift register. The
outputs of this register can be programmed to controi three
events.

* The release of the open-drain DONE output

« The change of configuration-related pins to the user
function, activating all IOBs.

» The termination of the global Set/Reset initialization of
alt CLB and OB storage elements.

The DONE pin can also be wire-ANDed with DONE pins of
other FPGAs or with other external signais, and can then
be used as input to bit Q3 of the start-up register. This is
called “Start-up Timing Synchronous to Done In” and is
selected by either CCLK_SYNC or UCLK_SYNC.

When DONE is not used as an input, the operation is called
“Start-up Timing Not Synchronous to DONE In” and is
selected by either CCLK_NOSYNC or UCLK_NOSYNC.

As a configuration option, the start-up control register
beyond QO can be clocked either by subsequent CCLK
pulses or from an on-chip user net called STARTUP.CLK.
These signals can be accessed by placing the STARTUP
library symbol.

Start-up from CCLK

If CCLK is used to drive the start-up, QO through Q3 pro-
vide the timing. Heavy lines in Figure 26 show the default
timing, which is compatible with XC2000 and XC3000
devices using early DONE and late Reset. The thin lines
indicate all other possible timing options.

Start-up from a User Clock (STARTUP.CLK)

When, insiead of CCLK, a user-supplied start-up ciock is
selected, Q1 is used to bridge the unknown phase retation-

ship between CCLK and the user clock. This arbitration
causes an unavoidable one-cycle uncertainty in the timing
of the rest of the start-up sequence.

DONE Goes High to Signal End of Configuration

In all configuration modes except Express mode, XC5200-
Series devices read the expected length count from the bit-
stream and store it in an internal register. The length count
varies according to the number of devices and the compo-
sition of the daisy chain. Each device also counts the num-
ber of CCLKs during configuration.

Two conditions have to be met in order for the DONE pin to
go high:

* the chip's internal memory must be full, and
= the configuration length count must be met, exactly.

This is important because the counter that determines
when the length count is met begins with the very first
CCLK, not the first one after the preamble.

Therefore, if a stray bit is inserted before the preamble, or
the data source is not ready at the time of the first CCLK,
the internal counter that holds the number of CCLKs will be
one ahead of the actual number of data bits read. At the
end of configuration, the configuration memory will be full,
but the number of bits in the internal counter will not match
the expected length count.

As a consequence, a Master mode device will continue to
send out CCLKs until the internal counter turns over to
zero, and then reaches the correct length count a second
time. This will take several seconds [22* « CCLK period] —
which is sometimes interpreted as the device not configur-
ing at all.

If it is not possible to have the data ready at the time of the
first CCLK, the problem can be avoided by increasing the
number in the length count by the appropriate value.

In Express mode, there is no length count. The DONE pin
for each device goes High when the device has received its
quota of configuration data. Wiring the DONE pins of sev-
eral devices together delays start-up of all devices until alf
are fully configured.

Note that DONE is an open-drain output and does not go
High unless an internal pull-up is activated or an external
pull-up is attached. The internal pull-up is activated as the
default by the bitstream generation software.

Release of User I/O After DONE Goes High

By defauit, the user /O are released one CCLK cycle after
the DONE pin goes High. If CCLK is not clocked after
DONE goes High, the outputs remain in their initial state —
3-stated, with a 20 kQ - 100 kQ puli-up. The delay from
DONE High to active user /O is controlled by an option to
the bitstream generation software.

December 10, 1997 (Version 5.0)
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Figure 27: Start-up Logic

Release of Global Reset After DONE Goes High

By default, Global Reset (GR) is released two CCLK cycles
after the DONE pin goes High. If CCLK is not clocked twice
after DONE goes High, all flip-fiops are held in their initial
reset state. The delay fromm DONE High to GR inactive is
controlled by an option to the bitstream generation soft-
ware.

Configuration Complete After DONE Goes High

Three full CCLK cycles are required after the DONE pin
goes High, as shown in Figure 26 on page 251. f CCLK is
not clocked three times after DONE goes High, readback
cannot be initiated and most boundary scan instructions
cannot be used.

Configuration Through the Boundary Scan
Pins

XC5200-Series devices can be configured through the
boundary scan pins.

* CONFIGURATION BIT OPTIONS SELECTED BY USER

%9002

For detailed information, refer to the Xilinx application note
XAPPO17, “Boundary Scan in XC4000 and XC5200
Devices”

Readback

The user can read back the content of configuration mem-
ory and the level of certain internal nodes without interfer-
ing with the normal operation of the device.

Readback not only reports the downloaded configuration
bits, but can also include the present state of the device,
represented by the content of all flip-flops and latches in
CLBs.

Note that in XC5200-Series devices, configuration data is
not inverted with respect to configuration as it is in XC2000
and XC3000 families.

Readback of Express mode bitstreams results in data that
does not resemble the original bitstream, because the bit-
stream format differs from other modes.
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XC5200-Series Readback does not use any dedicated
pins, but uses four internal nets (RDBK. TRIG, RDBK.DATA,
RDBK.RIP and RDBK.CLK) that can be routed to any IOB.
To access the internal Readback signals, place the READ-
BACK library symbol and attach the appropriate pad sym-
bols, as shown in Figure 28.

After Readback has been initiated by a Low-to-High transi-
tion on RDBK.TRIG, the RDBK.RIP (Read In Progress)
output goes High on the next rising edge of RDBK.CLK.
Subsequent rising edges of this clock shift out Readback
data on the RDBK.DATA net.

Readback data does not include the preamble, but starts
with five dummy bits (all High) followed by the Start bit
(Low) of the first frame. The first two data bits of the first
frame are always High.

Each frame ends with four error check bits. They are read
back as High. The last seven bits of the last frame are also
read back as High. An additional Start bit (Low) and an
11-bit Cyclic Redundancy Check (CRC) signature foliow,
before RDBK.RIP returns Low.

iF UNCONNECTED,

DEFAULTISCOLK — N

\\
N,

AN

ISV's

CLK} DATA READ_DATA 5

READBACK DBUF

. READ_TRIGGER 7 R
@__M___D_,,Mi | B

1BUF e

Figure 28: Readback Schematic Example

Readback Options

Readback options are: Read Capture, Read Abort, and
Clock Select. They are set with the bitstream generation
software.

Read Capture

When the Read Capture option is seiected, the readback
data stream includes sampled values of CLB and 10B sig-
nals. The rising edge of RDBK.TRIG latches the inverted
values of the CLB outputs and the IOB output and input sig-
nals. Note that while the bits describing configuration
(interconnect and function generators) are not inverted, the
CLB and 0B output signals are inverted.

When the Read Capture option is not selected, the values
of the capture bits reflect the configuration data originally
written to those memory locations.

The readback signals are located in the lower-left corner of
the device.

Read Abort

When the Read Abort option is selected, a High-to-Low
transition on RDBK.TRIG terminates the readback opera-
tion and prepares the logic to accept another trigger.

After an aborted readback, additional clocks (up to one
readback clock per configuration frame) may be required to
re-initialize the control logic. The status of readback is indi-
cated by the output control net RDBK.RIP. RDBK.RIP is
High whenever a readback is in progress.

Clock Select

CCLK is the default clock. However, the user can insert
another clock on RDBK.CLK. Readback control and data
are clocked on rising edges of RDBK.CLK. If readback
must be inhibited for security reasons, the readback control
nets are simply not connected.

Violating the Maximum High and Low Time
Specification for the Readback Clock

The readback clock has a maximum High and Low time
specification. In some cases, this specification cannot be
met. For example, if a processor is controlling readback, an
interrupt may force it to stop in the middle of a readback.
This necessitates stopping the clock, and thus violating the
specification.

The specification is mandatory only on clocking data at the
end of a frame prior to the next start bit. The transfer mech-
anism will load the data to a shift register during the last six
clock cycles of the frame, prior to the start bit of the foilow-
ing frame. This loading process is dynamic, and is the
source of the maximum High and Low time requirements.

Therefore, the specification only applies to the six clock
cycles prior to and including any start bit, including the
clocks before the first start bit in the readback data stream.
At other times, the frame data is already in the register and
the register is not dynamic. Thus, it can be shifted out just
like a regular shift register.

The user must precisely calculate the location of the read-
back data relative to the frame. The system must keep
track of the position within a data frame, and disable inter-
rupts before frame boundaries. Frame lengths and data
formats are listed in Table 12 and Table 13.

Readback with the XChecker Cable

The XChecker Universal Download/Readback Cable and
Logic Probe uses the readback feature for bitstream verifi-
cation. It can aiso display selected internal signals on the
PC or workstation screen, functioning as a low-cost in-cir-
cuit emulator.

December 10, 1997 (Version 5.0)
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Configuration Timing

The seven configuration modes are discussed in detail in
this section. Timing specifications are included.

Slave Serial Mode

In Slave Serial mode, an external signal drives the CCLK
input of the FPGA. The serial configuration bitstream must
be available at the DIN input of the lead FPGA a short
setup time before each rising CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin.

NOTE:
M2, M1, MO can be shorted
10 Ground if not used as VO

There is an internal delay of 0.5 CCLK periods, which
means that DOUT changes on the failing CCLK edge, and
the next FPGA in the daisy chain accepts data on the sub-
sequent rising CCLK edge.

Figure 29 shows a full master/slave system. An XC5200-
Series device in Slave Serial mode should be connected as
shown in the third device from the left.

Slave Serial mode is selected by a <111> on the mode pins
(M2, M1, M0). Slave Serial is the default mode if the mode
pins are left unconnected, as they have weak pull-up resis-
tors during configuration.

NOTE:
M2, M1, Md can be shorted

S O

> > 2 ok
oS S =
4.7 Kn; 1.7 Kﬂg a7 R0

to VCC if not used as ¥Q

1 0 M | MO M1
12 H N/C —(M2 i
DOUT |- . ‘L - ———»DIN DOUT i - -
XC5200 vee I e
MASTER 2 XC17000 45y XC4000E/EX, XC3100A
SERIAL | SeTxa XC5200 SLAVE
coLKf—— »CLK PPl SLAVE
DIN o
[ PROGRAM  (DBE E CEG[-— —»|PROGRAM ~—»RESET o
i —{DONE TNIT [ - RESET/OE : r DONE NIT[ae—2) 1 — DIP T L
v {L.ow Reset Option Used) i ‘ l
H G § ’T - '"T‘F S s
_____ O O SE—
PROGRAM | B - | X9603
Figure 29: Master/Slave Serial Mode Circuit Diagram
DIN Bitn Bitn + 1
L‘Q)TDCC —e (@) Teop > ®Tea |
CCLK }{ \\ ﬂL
D reen ®Teco
DOUT ) )
(Output) Bitn-1 Bitn
X5379
i B Description Symbol | Min Max Units
| DIN setup 1 Toce 20 ns
| DIN hold 2 Teon 0 s
| coLK DIN to DOUT 3 Teco 30 ns
r High time 4 Teew 45 ns.
Low time 5 Teee | 45 ns .
| Frequency Feo 10 MHz

Note:  Configuration must be delayed until the INTT pins of ali daisy-chained FPGAs are High.

Figure 30: Silave Serial Mode Programming Switching Characteristics
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Master Serial Mode

In Master Serial mode, the CCLK output of the lead FPGA
drives a Xilinx Serial PROM that feeds the FPGA DIN input.
Each rising edge of the CCLK output increments the Serial
PROM internal address counter. The next data bit is put on
the SPROM data output, connected to the FPGA 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 pipeline delay of 1.5 CCLK periods,
which means that DOUT changes on the falling CCLK
edge, and the next FPGA in the daisy chain accepts data
on the subsequent rising CCLK edge.

In the bitstream generation software, the user can specify
Fast ConfigRate, which, starting several bits into the first
frame, increases the CCLK frequency by a factor of twelve.

CCLK
{Output)

The value increases from a nominal 1 MHz, to a nominal 12
MHz. Be sure that the serial PROM and slaves are fast
enough to support this data rate. The Medium ConfigRate
option changes the frequency to a nominal 6 MHz.
XC2000, XC3000/A, and XC3100A devices do not support
the Fast or Medium ConfigRate options.

The SPROM CE input can be driven from either LDC or
DONE. Using IDC avoids potential contention on the DIN
pin, if this pin is configured as user-I/O, but LDC is then
restricted to be a permanently High user output after con-
figuration. Using DONE can also avoid contention on DIN,
provided the early DONE option is invoked.

Figure 29 on page 256 shows a full master/slave system.
The leftmost device is in Master Serial mode.

Master Serial mode is selected by a <000> on the mode
pins (M2, M1, MO).

Seriai Data in

Seriat DOUT
{Output)

X3223

Description Symbol Min Max Units
Di 1 T 20 ns
CCLK N setup DSCK
DiN hold 2 B ;_,_TEEP..?A. o ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Ve min in less than 25 ms, otherwise delay configuration by pulling PROGRAM

Low untit Vce is valid.

2. Master Serial mode timing is based on testing in slave mode.

Figure 31: Master Serial Mode Programming Switching Characteristics
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Master Parallel Modes

in the two Master Parallel modes, the lead FPGA directly
addresses an industry-standard byte-wide EPROM, and
accepts eight data bits just before incrementing or decre-
menting the address outputs.

The eight data bits are serialized in the lead FPGA, which
then presents the preamble data—and all data that over-
flows the lead device—on its DOUT pin. There is an inter-
nal delay of 1.5 CCLK periods, after the rising CCLK edge
that accepts a byte of data (and also changes the EPROM
address) until the falling CCLK edge that makes the L.SB
(DO) of this byte appear at DOUT. This means that DOUT
changes on the falling CCLK edge, and the next FPGA in
the daisy chain accepts data on the subsequent rising
CCLK edge.

The PROM address pins can be incremented or decre-
mented, depending on the mode pin settings. This option
allows the FPGA to share the PROM with a wide variety of
microprocessors and microcontrollers. Some processors
must boot from the bottom of memory (all zeros) while oth-
ers must boot from the top. The FPGA is flexible and can
load its configuration bitstream from either end of the mem-
ory.

Master Parallel Up mode is selected by a <100> on the

mode pins (M2, M1, M0). The EPROM addresses start at
00000 and increment.

Master Parallel Down mode is selected by a <110> on the
mode pins. The EPROM addresses start at 3FFFF and
decrement.

TG DIN OF OPTIONAL

[ HIGH
} . or DAISY-CHAINED FPGAS i
| HV\KS—‘ tow  Ne |
v i ! H
[ I NG
i Mo M1 M2 TO CCLK OF OPTIONAL j PN,
| DAISY-CHAINED FPGAS i |
¢ COLK > ! \ \ |
NOTE:MO can be shortea | 00T L | i
to Ground if not used AThH— - ‘ MO M1 M2
as /0. ‘
veo At6 b L—f DIN pouT f———
At EPFOM
(BK x 8) | cewx
4.7KQ A4 - | (OR LARGER) ce
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INIT AR e ORDER PROM ADDRESS BITS XC5200/
At2 CAN BE USED TO SELECT BETWEEN XCACOOE/EX
A12 > ALTERNATIVE GONFIGURATIONS SLAVE
At AT FROGRAM
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!
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Pl A2 A2 D2
L Do At Al D1 ‘“\
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DONE > OE
—» CE
J DATABUS 8
<
PROGRAM

Figure 32: Master Parallel Mode Circuit Diagram
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(/(\)?J;/;lln'l)' X Address for Byte n Address for Byte n + 1
\ N
\ - =D Taac
e )00000000000006 Bye X
b ®TDHC - @TRCD
RCLK \i\ 4
{output) } Lt ] |
‘ 7 CCLKs CCLK ;
CCLK 4 i
{output) ‘
pouT N
(output) X D6 \X D7
Byten-1 X6078
B Description Symbol Min Max Units
Delay to Address valid 1 Taac 0 200 ns
CCLK Data setup time 2 Tore 60 ns
Data hold time 3 Taco o} ns
Note: 1. At power-up, Vg must rise from 2.0 V to Ve min in less then 25 ms, otherwise delay configuration by puliing PROGRAM

Low until Ve is Valid.
2. The first Data byte is loaded and CCLK starts at the end of the first RCLK active cycle (rising edge).

This timing diagram shows that the EPROM requirements are extremely relaxed. EPROM access time can be longer than
500 ns. EPROM data output has no hold-time requirements.

Figure 33: Master Parallel Mode Programming Switching Characteristics
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Synchronous Peripheral Mode

Synchronous Peripheral mode can also be considered
Slave Parallel mode. An external signal drives the CCLK
input(s) of the FPGA(s). The first byte of parallel configura-
tion data must be available at the Data inputs of the lead
FPGA a short setup time before the rising CCLK edge.
Subsequent data bytes are clocked in on every eighth con-
secutive rising CCLK edge.

The same CCLK edge that accepts data, also causes the
RDY/BUSY output to go High for one CCLK period. The pin
name is a misnomer. In Synchronous Peripheral mode it is
realty an ACKNOWLEDGE signal. Synchronous operation
does not require this response, but it is a meaningful signal

for test purposes. Note that RDY/BUSY is pulled High with
a high-impedance pullup prior to TNIT going High.

The lead FPGA serializes the data and presents the pre-
amble data (and all data that overflows the lead device) on
its DOUT pin. There is an internal delay of 1.5 CCLK peri-
ods, which means that DOUT changes on the falling CCLK
edge, and the next FPGA in the daisy chain accepts data
on the subsequent rising CCLK edge.

In order to complete the serial shift operation, 10 additional
CCLK rising edges are required after the last data byte has
been loaded, plus one mere CCLK cycle for each daisy-
chained device.

Synchronous Peripheral mode is selected by a <011> on
the mode pins (M2, M1, M0).

NOTE:
M2 can be shotted to Ground
it not used as /O

N/C 4.7 kQ2 N/C

MO M1 M2
cLOCK CCLK
8
DATA BUS -——4———p, .
DOUT

vee XC5200
SYNCHRO-

NOUS
4.7 kQ PERIPHERAL

CONTROL
SIGNALS

RDY/BUSY

{ I INIT
47 kﬁ%

PROGRAM

DONE

PROGRAM

P

L 1 I

MO Mt M2
CCLK
OPTIONAL
DAISY-CHAINED
FPGAs
DIN o0UT ——
XC5200
SLAVE

INIT PDONE —T

PROGRAM

Figure 34: Synchroncus Peripheral Mode Circuit Diagram
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I
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I
ey [\
\—|—‘ 3
|
i
|

e/

BYTE 0 OUT- | BYTE 1 OUT

pout ; ‘(0X1X2X3X4X5K6X7*0)G
Rowm—_]'/_\ 7\

X6096
Description Symbol 1 Min Max Units
LN'T (High) setup time 1 T ﬂ 5 ‘ us
D0 - D7 setup time 2 Toc 60 : “ns
DO - D7 hold time P 3 Teo 0 ) ' ns
CLK = : . ;
© ICCLK High time 1 Teen 50 ns
CCLK Low time L TeeL 60 ns
CCILK Frequency Fec 8 MHz

Notes: 1. Peripheral Synchronous mode can be considered Slave Parallel mode. An external CCLK provides timing, clocking in the
first data byte on the second rising edge of CCLK after INTT goes high. Subsequent data bytes are clocked in on every
eighth consecutive rising edge of CCLK.

2. The RDY/BUSY line goes High for one CCLK period after data has been clocked in, although synchronous operation does
not require such a response.

3. The pin name RDY/BUSY is a misnomer. In synchronous peripheral mode this is reaily an ACKNOWLEDGE signal.

4. Note that data starts to shift out serially on the DOUT pin 0.5 CCLK periods after it was loaded in parallel. Therefore,
additional CCLK pulses are clearly required after the last byte has been loaded.

Figure 35: Synchronous Peripheral Mode Programming Switching Characteristics
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Asynchronous Peripheral Mode

Write to FPGA

Asynchronous Peripheral mode uses the trailing edge of
the logic AND condition of WS and TS0 being Low and RS
and CS1 being High to accept byte-wide data from a micro-
processor bus. In the lead FPGA, this data is loaded into a
double-buffered UART-like parallel-to-serial converter and
is serially shifted into the internal logic.

The lead FPGA presents the preamble data (and all data
that overflows the lead device) on its DOUT pin. The RDY/
BUSY output from the lead FPGA acts as a handshake sig-
nal to the microprocessor. RDY/BUSY goes Low when a
byte has been received, and goes High again when the
byte-wide input buffer has transferred its information into
the shift register, and the buffer is ready to receive new
data. A new write may be started immediately, as soon as
the RDY/BUSY output has gone Low, acknowledging
receipt of the previous data. Write may not be terminated
until RDY/BUSY is High again for one CCLK period. Note
that RDY/BUSY is puiled High with a high-impedance puli-
up prior to INIT going High.

The length of the BUSY signal depends on the activity in
the UART. If the shift register was empty when the new
byte was received, the BUUSY signal lasts for only two CCLK
periods. If the shift register was still fuil when the new byte
was received, the BUSY signal can be as long as nine
CCLK periods.

Note that after the last byte has been entered, only seven of
its bits are shifted out. CCLK remains High with DOUT
equal to bit 6 (the next-to-last bit) of the last byte entered.

The READY/BUSY handshake can be ignored if the delay
from any one Write to the end of the next Write is guaran-
teed to be longer than 10 CCLK periods.

Status Read

The logic AND condition of the TS0, CS1 and RS inputs
puts the device status on the Data bus.

* D7 High indicates Ready
* D7 Low indicates Busy
* D0 through D6 go unconditionally High

It is mandatory that the whole start-up sequence be started
and completed by one byte-wide input. Otherwise, the pins
used as Write Strobe or Chip Enable might become active
outputs and interfere with the final byte transfer. If this
transfer does not occur, the start-up sequence is not com-
pleted all the way to the finish (point F in Figure 26 on page
251).

In this case, at worst, the internal reset is not released. At
best, Readback and Boundary Scan are inhibited. The
length-count value, as generated by the XACTstep soft-
ware, ensures that these problems never occur.

Although RDY/BUSY is brought out as a separate signal,
microprocessors can more easily read this information on
one of the data lines. For this purpose, D7 represents the
RDY/BUSY status when RS is Low, WS is High, and the
two chip select lines are both active.

Asynchronous Peripheral mode is selected by a <101> on
the mode pins (M2, M1, MO0).

i NC
AT % ne T
s S [ |
MO MI M2 MO M1 M2
pata .8 CELK
BUS ~ i OPTIONAL o
DAISY-GHAINED
FPGAS
—] DouT DIN DouT
vee aoongss | f=5
T ADDRESS 7| oecooe [ o XC5200
1 Bus § 1| L0GIC ASYNCHRO- XC5200/
] NOUS XCA000E/EX
) PERIPHERAL SLAVE
ATKG a7ka . cst

(

|

CONTROL /]

SIGNALS i

!
| AEPROGRAM

47 kQ

RS

W8
AOY/BUSY
I3
DONE

PROGRAM

_—

INIT

DONE

R
|
|

Figure 36: Asynchronous Peripheral Mode Circuit Diagram
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Write to LCA

Read Status
W5/C50 RS, £50
RS, C81 WS, Cs1
DO-D7 o D7
CCLK '." by o B < n, s
Twms@" <~ —~
- 7 \l\ (&) Tausy 2
RDY/BUSY '.'
DOUT X Previous Byte D6 X D7 X DO X D1 X D2
X6097
Description Symbol Min Max Units
Effective Write time 1 Tea 100 ns
1 Writ (CSO, WS=Low; RS, CS1=High
e DIN setup time 2 Toc 60 ns
DIN hold time , 3 Teo 0 ns
j RDY/BUSY delay afterendof ' 4 TwrrB 60 ns
: Write or Read
i RDY/BUSY active after beginning- 7 80 ns
‘ RDY
; of Read
j 'RDY/BUSY Low output (Note 4) 6 Tausy 2 9 CCLK
i : 3 periods

Notes: 1. Configuration must be delayed until INIT pins of all daisy-chained FPGAs are high.

2. The time from the end of WS to CCLK cycle for the new byte of data depends on the completion of previous byte processing

and the phase of internal timing generator for CCLK.
3. CCLK and DOUT timing is tested in slave mode.

4. Tpysgy indicates that the doubie-buffered paraliel-to-serial converter is not yet ready to receive new data. The shortest Tgygy
occurs when a byte is loaded into an empty parallel-to-serial converter. The longest Tggy occurs when a new word is

loaded into the input register before the second-level buffer has started shifting out data.

This timing diagram shows very relaxed requirements. Data need not be held beyond the rising edge of WS, RDY/BUSY will
go active within 60 ns after the end of WS. A new write may be asserted immediately after RDY/BUSY goes Low, but write

may not be terminated untit RDY/BUSY has been High for one CCLK period.

Figure 37: Asynchronous Peripheral Mode Programming Switching Characteristics
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Express Mode

Express made is similar to Slave Serial mode, except that
data is processed one byte per CCLK cycle instead of one
bit per CCLK cycle. An external source is used to drive
CCLK, while byte-wide data is loaded directly into the con-
figuration data shift registers. A CCLK frequency of 10
MHz is equivalent to an 80 MHz serial rate, because eight
bits of configuration data are loaded per CCLK cycle.
Express mode does not support CRC error checking, but
does support constant-field error checking.

In Express mode, an external signal drives the CCLK input
of the FPGA device. The first byte of parallel configuration
data must be available at the D inputs of the FPGA a short
setup time before the second rising CCLK edge. Subse-
quent data bytes are clocked in on each consecutive rising
CCLK edge.

Express mode is only supported by the XC4000EX and
XC5200 families. It may not be used, therefore, when an
XC4000EX or XC5200 device is daisy-chained with
devices from other Xilinx families.

If the first device is configured in Express mode, additional
devices may be daisy-chained only if every device in the
chain is also configured in Express mode. CCLK pins are
tied together and DO-D7 pins are tied together for all
devices along the chain. A status signal is passed from
DOUT to CS1 of successive devices along the chain. The
lead device in the chain has its CS1 input tied High (or float-
ing, since there is an internal pullup). Frame data is
accepted only when CS1 is High and the device’s configu-

ration memory is not already full. The status pin DOUT is
pulled Low two internal-oscillator cycles after INIT is recog-
nized as High, and remains Low until the device’s configu-
ration memory is full. DOUT is then pulled High to signal
the next device in the chain to accept the configuration data
on the DO-D7 bus.

The DONE pins of all devices in the chain should be tied
together, with one or more active internal pull-ups. If a
large number of devices are included in the chain, deacti-
vate some of the internal pull-ups, since the Low-driving
DONE pin of the last device in the chain must sink the cur-
rent from all pull-ups in the chain. The DONE pull-up is
activated by default. It can be deactivated using an option
in the bitstream generation software.

XC5200 devices in Express mode are always synchronized
to DONE. The device becomes active after DONE goes
High. DONE is an open-drain output. With the DONE pins
tied together, therefore, the external DONE signal stays low
until all devices are configured, then all devices in the daisy
chain become active simultaneously. If the DONE pin of a
device is left unconnected, the device becomes active as
soon as that device has been configured. XC4000EX
devices in the chain should be configured as synchronized
to DONE (either CCLK_SYNC or UCLLK_SYNC), and their
DONE pins wired together with those of the XC5200
devices.

Express mode is selected by a <010> on the mode pins
(M2, M1, MO).

NOTE:

1 M2, M1, MO can be shorled
L o Ground if not used as /O

Mo M M2

e Cst bouT

To Additionat
Optional
Dalsy-Chained
Devices

Mo M1 M2

[:3 DOUT |-

DATA BUS D0-D7

XCA000EX/
XC5200

PROGHAM -

NI Wi

DONE

1 CCLK

I-—<—> T

“"g;“—’ Do-b7

Opticnal
Daisy-Chained
XCA000EX/
XC5200

DONE |-

CCeLK

To addtti
} Optional

Deisy-Chained

CCLK ~

Figure 38: Express Mode Circuit Diagram

Devices
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CCLK | I I I l I

© T

Nﬁ- x Ly
|<——~ Teo ®

—>
@1 )
- BYTE BYTE BYTE BYTE
Do-D7 50 8 A A x >.________
Serial Data Out
{DOUT) 3
FPGA Filled
— Internal INIT

RDY/BUSY
cs1 X5087

Description S Symbol Min . Max Units

INIT (High) Setup time required 1 T 5 ) us

DIN Setup time required 2 Toc 30 ns

Id ti i T, o

CCLK DiN hoq tlmg required 3 cD o ns

CCLK High time Teew | 80 ns

CCLK Low time 7 TooL 30 . ns
CCLK frequency Fee 1 MHz

Note: If not driven by the preceding DOUT, CS1 must remain high until the device is fully configured.

Figure 39: Express Mode Programming Switching Characteristics
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Table 14. Pin Functions During Configuration

CONFIGURATION MODE:  <M2:M1:M0>
SLAVE MASTER-SER | SYN.PERIPH | ASYN.PERIPH | MASTER-HIGH | MASTER-LOW | EXPRESS OPE§§$,°N
<1:1:1> <0:0:0> <0:1:1> <1:0:1> <1:1:0> <1:0:0> <0:1:0>
T R A16 A6 , GCK1-I/0
: B A17 A17 o 10
A o] TOI DI O TOL [ e 0L TOI/O
TCK TCK TUTeK oYK ol U TeK T T TeK L IeK TCK-I/0
T™S ™S | TMS 5 ms ; ms - IMS | S, | TMSI0
, o N o)
MUHIGH) () [ M1 oW ). [ M1 (HIQR) (] M1 (LOW) (i) Wt (HK}H; 1)~ , NMHIGH) (1) o
MO (HIGH) (i) | MO(LOW) () | MO (HIGR) () | MOTHIGR) [ | MO W1 v
M2 (HIGH) (1) | M2 (LOW) () | M2 (LOWY (1) | M2 (HIGH) () | M2 (HiGt o
; GCK2-1/0
THDC (HIGH) | HDC (HIGH) | HDC (HIGH) | HDC(HIGH) | HDC (HIGH) | HDC (HIGH) | HDC /HIGH) 110
LDC (LOW) LDC (LOW) LDC (LOW) | LDC (LOW) LDC (LOW) LDC (LOW) LDC (L.OW) 7e)
"INIT-ERROR | INIT-ERROR | INIT-ERROR | INIT-ERROR | INIT-ERROR | INMT-ERAOR | INIT-ERROR 110
) o SRR 7o)
" DONE “DONE DONE “DONE - DONE ' DONE
"PROGRAM (1) | PROGRAM {1} | PROGRAM (1) | PROGRAM () | PROGHAM () ) | PROGRAM |
' DATA?(I) T DATA7G). | DATAZ7 (M o
« T o GCK3-1/0
DATAB() "f.wﬁ*As 0% 7}
“DATAS{l) | DATAS() - | w0
e [ o
DATA () DATA4 Q) | DATA4() [ D2 1)
DATAB() DATAS( | DATAR{) | DATI e}
B 7 e e hcent e =
DATAZ() | DATA2() | DATA2() | ODAT Vo
DATAL{) | DATAL(Y [ DATALT() © R
RDY/BUSY RDY/BUSY RCLK T 70
BN ) DIN (1) DATAD (1) DATAO{h. | DATAD() | DATAO( | DATAO( o
DOUT DOUT DOUT DOUT DOUT DOUT DOUT o
[TTCCLK () | CCLK(O) | CCER® CCLK (O) CCLK () CCLK () OO CCLK ()
TDO TDO ~ 100 DO ™o - ThO IR0 TDO-I/O
, W51 AD A0 ‘ . i
1 AR AR , ' GCK4-ilo
| cs1) A2 A2 SCs ) 11O
A3 A3 ’ o)
A4 A4 ; 1o
A5 A5 : o)
A6 A6 R 110
A7 A7 : [He]
A8 A8 : 7o)
A9 e i 1o
A10 A10 , I7e}
A1 ATl 0
] A12 A12 ‘ . o
A13 K T o)
Al4 At4 110
A15 A15 e B Fe)
i ALL OTHERS

Notes 1. A shaded table cel! represents a 20-kQ to 100-k2 pull-up resistor before and during configuration.
2. (1) represents an input (O) represents an output,
3.INTT is an open-drain output during configuration.
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Configuration Switching Characteristics

Vee /IL T por >
— RE-PROGRAM
. et <— >300ns
PROGRAM f ¥ k. \ P
S o .
T ——

—» Ticck | TooLk —
CCLK OUTPUT or INPUT /

—® [*— <300ns
MO, Mt, M2 >
(Required) VALID DONE RESPONSE

— <300 ns
1/Q

X1532

Master Modes

Description Symbol Min Max Units
Power-On-Reset Teor 2 15 ms
Program Latency Tet 6 70 us per CLB column
CCLK (output) Delay Ticck 40 | 375 us

period (slow) Teewk 640 3000 ns
period (fast) Teelk : 100 i 375 ns

Slave and Peripheral Modes

Description Symbol Min Max Units
Power-On-Reset Tror 2 15 ms
tProgram Latency Tp 6 70 us per CLB column
CCLK (input) Delay (required) Ticek 5 us
period (required) Teewk 100 ns
Note: At power-up, Vo must rise from 2.0 to Ve min in less than 15 ms, otherwise delay configuration using PROGRAM until
Ve is valid.
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XC5200 Program Readback Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. internal timing parameters are not measured directly. They are derived from benchmark timing patterns
that are taken at device introduction, prior to any process improvements.

The following guidelines reflect worst-case values over the recommended operating conditions.

b

Finished
Internat Net

®

(e TatL .
i (¢
L

g
rdbk.TRIG é
(= TRCRT

b

@'Yn'mc . @ T
- AVAWVAN
@‘rncL TReK @
rdbk.RIP . @ T \
- TRCRR
rdbk.DATA KDUMMY X OoUMMY x ‘VALID x VALID / i \
TRCRD 7 ’
O x1780
Description Symbol Min Max Units
rdbk. TRIG rdbk.TRIG setup to initiate and abort Readback | 1 TatRC 200 - ns
rdbk. TRIG hold to initiate and abort Readback 2 TRoRT 50 - ns
rdclk. 1 rdbk.DATA delay 7 TrerRD - 250 ns
rdbk.RIP delay 6 TRCRR - . 260 ns
High time 5 ThcH 250 | 500 ns |
|Low time o 4 TaeL 250 | 500 ns ;

Note 1: Timing parameters apply to ail speed grades.

Note 2: rdbk. TRIG is High prior to Finished, Finished will trigger the first Readback
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XC5200 Switching Characteristics

Definition of Terms

In the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as
follows:

Advance: Initial estimates based on simulation and/or extrapotation from other speed grades, devices, or device
families. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.

Unmarked: Specifications not identified as either Advance or Preliminary are to be considered Final.

XC5200 Operating Conditions

Symbol Description Min Max Units
Vee Supply voltage relative to GND Commercial:0°C to 85°C junction 4.75 5.25 \
Supply voltage relative to GND Industrial:-40°C to 100°C junction 4.5 55 \
Viur High-level input voltage — TTL configuration 2.0 Ve \
Vi Low-level input voltage — TTL configuration 0 0.8 \
Vise High-level input voltage — CMOS configuration 70% 100% Ve
Vie Low-level input voltage — CMOS configuration 0 20% Vee
T Input signal transition time 250 ns

XC5200 DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
Vou High-level output voltage @ 1, = -8.0 mA, V.. min 3.86 \%
VoL Low-level output voltage @ 1, = 8.0 mA, V.. max 0.4 v
leco Quiescent FPGA supply current (Note 1) 15 mA
I Leakage current -10 +10 HA
Cin Input capacitance (sample tested) 15 pF
fany Pad pull-up (when selected) @ V, = 0V (sample tested) 0.02 0.30 mA
Note: 1. With no output current loads, all package pins at Vec or GND, sither TTL or CMOS inputs, and the FPGA configured with a

tie option.

XC5200 Absolute Maximum Ratings

Symbol Description Units
Vee Supply voltage relative to GND 05t0+7.0 A
Vin Input voltage with respect to GND -0.5t0 Vo +0.5 v
Vig Voitage applied to 3-state output -0.5t0 V. +0.5 \)
Tora Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C
T, Junction temperature in plastic packages +125 °C

Junction temperature in ceramic packages +150 °C

Note: Stresses beyond those listed under Absoiute 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.

1. Notwithstanding the definition of the above terms, all specifications are subject to change without notice.
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XC5200 Global Buffer Switching Characteristic 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 XACTstep timing calculator
and used in the simulator.

Speed Grade -6 -5 -4 -3
. . Max Max Max Max
ipt
Description Symbol Device (ns) (ns) (ns) (ns)
Global Signal Distribution Taura XC5202 9.1 8.5 8.0 6.9
From pad through global buffer, to any clock (CK) XC5204 9.3 8.7 8.2 7.6

XC5206 9.4 8.8 8.3 7.7
XC5210 9.4 8.8 8.5 7.7
XC5215 10.5 8.9 9.8 9.6

- PRELIMINARY

XC5200 Longline Switching Characteristic 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 XACTstep timing calculator
and used in the simulator.

Speed Grade -6 -5 -4 -3
- . Max Max Max Max
Description Symbol | Device (ns) (ns) (ns) (ns)
TBUF driving a Longline To XC5202 6.0 3.8 3.0 2.0
TS 3 XC5204 | 6.4 41 32 2.3
! TBUF o XC5206 6.6 42 3.3 2.7
XC5210 6.6 4.2 3.3 29
i to Longline, while TS is Low; i.e., buffer is constantly ac- XC5215 73 4.6 3.8 3.2
tive
TS going Low to Longline going from fioating High or Low Ton XC5202 7.8 56 47 4.0
to active Low or High XC5204 8.3 5.9 4.9 43
XC5206 8.4 6.0 5.0 44
XC5210 8.4 6.0 5.0 4.4
XC5215 8.9 6.3 5.3 4.5
TS going High to TBUF going inactive, not driving Torr XC52xx 3.0 2.8 2.6 2.4
Longline
Note: 1. Die-size-dependent parameters are based upon XC5215 characterization. Production specifications will vary with array
size.
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XC5200 CLB Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionaily 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 XACTstep timing calculator
and used in the simulator.

Speed Grade -6 -5 -4 -3
. Min | Max | Min | Max | Min | Max [ Min Max
Description Symbol (ns) | (ns) | (ns) | (ns) } (ns) | (ns) | (ns) | (ns)
Combinatorial Delays
F inputs to X output To 5.6 46 3.8 3.0
F inputs via transparent latch to Q Tro 8.0 6.6 5.4 4.3
Dl inputs to DO output (Logic-Cell Tioo 43 35 28 24
Feedthrough)
F inputs via F5_MUX to DO output Timo 7.2 5.8 5.0 43
Carry Delays
Incremental delay per bit Teyv 0.7 0.6 0.5 0.5
Carry-in overhead from DI Tevor 1.8 1.6 15 1.4
Carry-in overhead from F Tew 37 3.2 2.9 24
Carry-out overhead to DO Tevo 4.0 32 25 21
Sequential Delays
Clock (CK) to out (Q) (Flip-Flop) Texko 5.8 4.9 4.0 4.0
Gate (Latch enable) going active to out (Q) Teo 9.2 7.4 5.9 55
Set-up Time Before Clock (CK) '
F inputs Tiek 2.3 1.8 1.4 1.3
F inputs via F5_MUX Tuick 3.8 3.0 25 24
DI input Tock | 0.8 05 0.4 0.4
CE input Teck | 16 1.2 0.9 09
Hold Times After Clock (CK) B .
F inputs Texi 0 0 0 0
F inputs via F5_MUX Term 0 0 0 0
Dt input Texor 0 0 0 0
CE input Texer 0 0 0 0
Clock Widths
Clock High Time Ten 6.0 6.0 6.0 6.0
Clock Low Time Teo 6.0 6.0 6.0 6.0
Toggle Frequency (MHz) (Note 3) Frog 83 83 83 83
Reset Delays B
Width (High) Toimw | 6.0 6.0 6.0 6.0
Delay from CLR to Q (Flip-Flop) Tein 7.7 6.3 5.1 4.0
Delay from CLR to Q (Latch) Tera 6.5 52 4.2 30
Global Reset Delays
Width (High) Tocaw | 60 6.0 6.0 6.0
Delay from internal GR to Q TacLr 14.7 121 9.1 8.0

Note: 1. The CLB Ko Q output delay (Tei) of any CLB, plus the shortest possible interconnect delay, is always longer than the
Data In hold-time requirement (Tegpy) of any CLB on the same die.
2. Timing is based upon the XC5215 device. For other devices, see XACTstep Timing Calculator.
3. Maximum flip-flop toggle rate for export control purposes.
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XC5200 Guaranteed Input and Output Parameters (Pin-to-Pin)

All values listed below are tested directly, and guaranteed over the operating conditions. The same parameters can also be
derived indirectly from the Global Buffer specifications. The XACTstep delay calculator uses this indirect method, and may
overestimate because of worst-case assumptions. When there is a discrepancy between these two methods, the values
listed below should be used, and the derived values should be considered conservative overestimates.

Speed Grade -6 -5 -4 -3
. . Max Max Max Max
Description Symbol | Device (ns) (ns) (ns) (ns)
Gilobal Clock to Output Pad (fast) Texor | XC5202 16.9 15.1 10.9 9.8
CLB pirect I10B XC5204 | 171 15.3 1.3 9.9
BUFG Connet (Max) "XC5206 | 17.2 15.4 11.9 10.8
» FAST XC5210 | 17.2 15.4 12.8 11.2
Gilobal Clock-to-Owput DEEY - XC5216 | 19.0 17.0 12.8 1.7
Global Clock to Output Pad (slew-limited) Texo | XC5202 21.4 18.7 12.6 11.5
CLB pirect IOB XC5204 | 216 18.9 133 1.9
BUFG Connect N (Max) |'XC5206 | 21.7 19.0 13.6 125
o—P—> : XC5210 | 21.7 19.0 15.0 12.9
Glohal Clocicto-OutpADeiEy™ [ XC5215 | 24.3 21.2 15.0 131
Input Set-up Time (no detay) to CLB Flip-Flop Tesue | XCB202 25 20 1.9 1.9
IOBMoDELAY) Direct - CLB XC5204 [ 23 1.9 1.9 1.9
é%}ﬂ o F.Dt (Min) ['XCB206 | 2.2 19 19 19
rime | O——>—————p XC5210 | 2.2 19 19 18
BUFG XCs5215 | 2.0 1.8 1.7 1.7
Input Hold Time (no delay) to CLB Flip-Fiop Tewe | XC5202 3.8 3.8 3.5 3.5
IOBNODELAY) Direct - CLB XC5204 3.9 3.9 3.8 3.6
g'“ U‘x P _Eh) (Min) ['XC5206 | 4.4 44 4.4 43
e | D>—Pp——D | XC5210 | 5.1 5.1 49 4.8
BUFG XC5215 | 5.8 58 5.7 5.6
input Set-up Time (with delay) to CLB Flip-Flop DI input Tesu XC5202 7.3 6.6 6.6 6.6
I0B Dt CLB XC5204 | 7.3 66 66 656
égH-sl‘%T o DI XC5206 | 7.2 65 6.4 6.3
rime | O——P>—— P | XC5210 | 7.2 65 6.0 6.0
BUFG XC5215 | 6.8 5.7 5.7 57
input Set-up Time (with delay) to CLB Flip-Flop F Input Tesur | XC5202 8.8 7.7 7.5 7.5
IOB Direct CLB XC5204 | 8.6 7.5 7.5 7.5
g‘“ u [ D—l>———j (Min) XC5206 | 85 74 74 74
Time | CO——>————D XC5210 | 85 74 7.4 7.3
BUFG XC5215 | 85 7.4 7.4 7.2
input Hold Time (with delay) to CLB Flip-Flop Tey XC52xx 0 0 0 0
OB Direct CLB
Egm;tTD_P_ 3 (Min)
Time D—l/
BUFG
_ PRELIMINARY

Note: 1. These measurements assume that the CLB fiip-flop uses a direct interconnect to or from the 108. The XACTstep M1
INREG/ OUTREG properties, or XACT-Performance, can be used to assure that direct connects are used. lpgy applies
only to the CLB input DI that bypasses the look-up table, which only offers direct connects to 10Bs on the feft and right
edges of the die. thgy applies to the CLB inputs F that feed the look-up table, which offers direct connect to 1OBs on all
four edges, as do the CLB Q outputs.

2. When testing outputs (fast or slew-fimited), half of the outputs on one side of the device are switching.
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XC5200 10B Switching Characteristic 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 XACTstep timing calcutator
and used in the simulator.

Speed Grade -6 -5 -4 -3
oo Max Max Max Max
Description Symbol (ns) (ns) (ns) (ns)
Input
Propagation Delays from CMOS or TTL Levels
Pad to | (no delay) To 57 5.0 4.8 3.3
Pad to | (with delay) Ten 11.4 10.2 10.2 9.5
Output T i
Propagation Delays to CMOS or TTL Levels
Output (O) to Pad (fast) Tope 4.6 4.5 4.5 3.5
Output (O) to Pad (slew-limited) Tops 9.5 8.4 8.0 5.0
From clock (CK) to output pad (fast), using direct connect between Q | Toxeor 10.1 9.3 8.3 7.5
and output (O}
From clock (CK) to output pad (slew-limited), using direct connectbe- | Topos | 14.9 13.1 11.8 10.0
tween Q and output (O)
3-state to Pad active (fast) Trsone 5.6 5.2 4.9 4.6
3-state to Pad active (slew-limited) Trsons 10.4 9.0 8.3 6.0
Internal GTS to Pad active Tars 17.7 15.9 14.7 13.5
PRELIMINARY
‘ o

Note: 1. Timing is measured at pin threshold, with 50-pF external capacitance ioads. Slew-limited output rise/fall times are
approximately two times longer than fast output rise/fall times.
2. Unused and unbonded iOBs are configured by default as inputs with internal pull-up resistors.
3. Timing is based upon the XC5215 device. For other devices, see XACTstep Timing Calculator.
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XC5200 Boundary Scan (JTAG) Switching Characteristic Guidelines

The following guidelines reflect worst-case values over the recommended operating conditions. They are expressed in units
of nanoseconds and apply to all XC5200 devices unless otherwise noted.

Speed Grade -6 -5 -4 -3
Description Symbol Min Max Min Max Min Max Min Max
Setup and Hold
Input (TD!) to clock (TCK) TroiTek 30.0 30.0 30.0 30.0
setup time |
Input (TDY) to clock (TCK) TrekTo 0 0 o 0
hold time | :
input (TMS) to clock (TCK)  TrMmsTeK 15.0 15.0 | 15.0 | 15.0 |
setup time i
Input (TMS) to clock (TCK) Trektms 0 0 0 0
hold time
Propagation Delay )
Clock (TCK) to Pad (TDQ) TrckpPo 30.0 30.0 30.0 30.0
Clock ‘
Clock (TCK) High I Treku 30.0 30.0 30.0 30.0
Clock (TCK) Low | Troa 30.0 30.0 30.0 30.0
Fuax (MHz) | Fuax 10.0
_
Note 1: input pad setup and hold times are specified with respect to the internal clock.
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Device-Specific Pinout Tables

Device-specific tables include all packages for each XC5200-Series device. They follow the pad locations around the die,
and include boundary scan register locations.

Pin Locations for XC5202 Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC5200 Series data sheet for availability information.

Pin Description vQ64* | PC84 ‘ PQ100 | VQ100 | TQ144 | PG156 Boundary Scan Order
T vee - 2 . 89 128 H3 -
1. 1/0 (A8) 57 3 9 90 129 H1 51
) 110 (A9) 58 T4 s 91 130 G1 54
3. 110 - - es 92 . 131 G2 57
4. [Ife} - ‘ - .96 93 132 G3 63
5. 1O (A10) - 5 97 94 133 F1 66
8. 170 (A11) 59 6 98 95 134 F2 69
o GND : R - - 137 F3 T -
7. 1/0 (A12) 60 7 99 96 138 E3 78
8. | yo(A13 61 8 100 | 97 139 ci 81
9. 170 (A14) 82 9 1 98 142 B1 T 90 -
10. 17O (A15) " e3 10 2 99 143 B2 93
vCC | B4 1 3 100 144 c3 -
GND P12 4 1 1 0%} -
1. GCK1 (A16, 10) 1 13 5 2 2 B3 102
12, 1O (A17) 2 14 6 3 3 Al 105
T3, T yo oy 3 15 7 4 6 B4 | 111
14. . YO (TCK) 4 16 8 5 7 A3 114
" GND - - R 8 C6 T T
15, I/O (TMS) 5 17 9 6 1 A5 117
16. | 1/0 6 18 10 7 12 c7 123
7. T 10 - - 13 B7 126
18 10 T 8 | 14 | A6 129
9 w0 T T e 12 9 15 A7 T TTies
20, 0 o 720 13 1 16 A8 138
GND 8 2114 1"n 17 cs -
| vee 9 22 15 12 1 18 B8 B - \
ST - 23 16 13 19 co o 141
C 22, WO ) 10 24 7 14 20 B9 B 147
T o - 18 15 21 A9 150
24, 7o) - - - 22 B10 153
- s . T
260 WO 11 26 20 17 24 | A0 162
GND - . - 27 cit -
12 27 21 18 28 B12 165 |
- 22 19 29 A13 171 i
13 28 23 20 32 B13 174 ‘
30. 170 14 29 24 21 33 B4 177
31, M1 (1/0) 15 | 30 25 22 34 A5 186 T
GND 31 26 23 a5 c13 -
32. Mo (i0) T 32 27 24 36 | A16 189
T T vee - 33 28 25 37 ci4 -
33. M2 (O) 17 34 29 2 38 Bi15 e 192
34. GCK2 (i/0) 18 35 30 27 39 B16 195
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Pin |  Description vQ64* | PC84 | PQ100 | VQ100  TQ144 PG156 Boundary Scan Order 75
35 | O (HDC) 19 36 31 28 40 D14 204
36. 1o - - 32 29 43 E14 207 1
37. | fO(LDbC) 20 a7 33 30 44 c16 210
GND - . X . 45 Fi4 - T
38. 1o - 38 34 31 48 F16 216 T
[ 39. e} 21 39 35 a2 49 G14 219 ﬁ
40. 10 - - 13 33 | 50 Gi5 222
41, 10 - - 37 34 | s G16 228 )
2. 0 22 40 | 38 35 52 H16 231 T
43. 1O (ERR, INIT) 23 41 39 36 53 H15 234
‘‘‘‘‘ VEC 24 42 20 37 54 H14 : -
GND 25 43 41 38 55 Ji4 -
2 76) 26 44 42 39 56 Jis 240 T
{45, [I8) 27 45 43 40 57 Ji6 243 T
| 46, o - - 44 41 58 Ki6 246
47, %) - - 45 42 59 K15 252
48. 170 28 46 46 43 60 Kia 255
49. o) 29 47 a7 44 61 L6 | 258
GND - - . - 64 L14 - T
50. Vo - 43 48 45 65 P16 264
51, 10 30 49 49 46 | 66 M14 267 T
52. 10 - 50 50 47 | 69 N14 276 T
53. /O 31 51 51 a8 70 R16 ) 279
GND - 52 | 52 49 71 P14 - o
DONE 32 53 53 50 72 R15 -
- _vee 33 54 | 54 51 73 P13 - -
| PROG 34 55 55 52 74 R14 | -
54, | 1O (D7) 35 56 56 53 | 75 Ti6 | 288 i
55. GCK3 (10) 36 57 57 s4 76 Ti5 291 O
56. /0 (D6) a7 58 58 55 | 79 T14 300 |
57. 1o X - 59 56 80 T13 303 i
GND I - - - T 81 P11 N . T
[ 88 140 (D5) 28 58 60 57 84 o 806
59. 1/0 (C30) R 60 61 58 85 PO | 312
60. o : . 62 59 86 R0 | B 35
et o - . 63 60 87 T9 318 1
62. /O (D4) 39 61 64 61 88 R9 4 |
63. 1o - 62 65 62 89 P9 327 j
VCC 40 63 66 63 90 R8 - f
I GND 41 64 67 64 91 P8 - o
64 10 (D3) 42 65 | 68 85 | 92 T8 336
65. HO (RS) 43 66 | 69 | 66 | 93 7o 38
66. 7e) - : 70 | &7 94 Te | 342 ;
67 o - - - - | e R7 38 |
68. 10 (D2) 44 67 71 68 | 96 P7 351
) o i 68 72 89 | 97 75 360
- GND - - - - 100 P6 -
70. 110 (D) T4 69 73 | 70 ol 13 363 o
71. /O (RCLK-BUSY/ - 70 74 71 102 |  Ps 366
ROY) ) ) | —
 72. | VO(DO,DIN) ] l 46 71 75 72 105 P4 372 :
73. | 1/O(DOUT) I 47 72 76 73 | 106 | T2 @y
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Pin Description vQ64* | PC84 | PQ100 | VQ100 | TQ144 | PG156 Boundary Scan Order
CCLK 48 73 77 74 107 R2 -
VCC - 74 78 75 108 P3 -

74. 10 (TDO) 49 75 79 76 109 T1 0
GND - 76 80 77 110 N3

75. IO (AQ, WS} 50 77 81 78 111 R1 ' 9

76. GCK4 (A1, 1/0) 51 78 82 79 112 P2 15

77. IO (A2, CS1) 52 79 83 80 115 P1 18

78. 170 (A3) - 80 84 81 116 N1 21
GND - - - - 118 L3 -

79. 17O (Ad) : 81 85 82 121 K3 27

80. 170 (A5) 53 82 86 83 122 K2 30

81. Vo - - 87 84 123 K1 a3

82. ) o - - 88 85 124 N T 39

83. /0 (A6) 54 83 89 86 125 J2 42

84. VO (A7) 55 84 90 87 126 J3 45 T
GND 56 1 91 88 127 . H2 e

* VQ64 package supports Master Serial, Slave Serial, and Express configuration modes only.

Additional No Connect (N.C.) Connections on TQ144 Package

TQ144
135 9 J 41 67 98 117
136 10 42 68 99 119 !
140 25 46 77 103 120
141 26 47 78 104
4 30 62 82 113
; 5 31 63 83 114

Notes: Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 1056 = BSCAN.UPD

Pin Locations for XC5204 Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC5200 Series data sheet for availability information.

Pin Description PC84 | PQ100 | VQ100 | TQ144 | PG156 | PQ160 Boundary Scan Order
VCC 2 92 89 128 H3 142 -

1. /O (A8) 3 93 90 129 H1 '

2. 110 (A9} 4 94 91 130 G1 144 o

) 1O - 95 . 92 131 G2 145

4. 1) T - 96 93 132 G3 146

5. 1/0 (A10) 5 97 94 . 133 F1 147 ’

6. 17O (A11) ‘ 6 | 98 95 . 134 F2 148

7. 7o) ST - 135 E 149 102

8. ) - S 1se E2 150 105
GND A 137 . F3 151 I

9. 1o ‘ D - - N 152 | 111

10. . 1o ‘ A y - D2 153 114

11. 170 (A12) 7 99 | 9 138 E3 154 117

12, WO (A13) 8 100 97 139 c1 155 123 )

13. ) - A 140 c2 16 126 E
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Description

Pin I PC84 | PQ100 | VQ100 | TQ144 | PG156 | PQ160 Boundary Scan Order i
14 o) - - - 141 D3 157 129
15. 110 (A14) 9 1 98 142 B1 158 138
16, | O (A18) 10 2 99 143 B2 159 141
o vCe T 3 100 144 c3 160 R )
GND 12 4 1 1 c4 1 .
17. 1 GCK1 (A16, 1O) 13 5 2 2 B3 2 150
18. /0 (A17) T 8 3 | 3 A1 3 153
19. Vo S - - - 4 A2 4 159
20. /o o - S 5 cs5 5 T ez
21. 170 (TDI) 15 | 7 | 4 6 B4 6 | 165
22. o (TCcK) 18 8 5 7 A3 7 171
GND A - 8 cé 10 - B
23. | w0 bl . 9 B5 11 174 T
24. 10 - . - 10 B6 12 177 -
25. /O (TMS) 17 1 9 18 T AS 13 180
26. o) 18 10 7 12 c7 14 183 B
27. 7o) . - 13 B7 15 186 ‘
28. 1o - 1 8 14 AB 16 189
29, ) 19 12 9 15 A7 17 195 j
30 w 20 13 10 7 16 A8 18 198 B
. GND 21 14 1 17 cs 19 -
T vee i 22 15 12 18 B8 20 -
3. 1o B 23 16 13 19 o] 21 201 o
RN 24 7 14 20 B9 22 207
Y 1o : 18 15 21 AS 23 210 |
34, 110 - - - 22 B10 24 213
I s B 25 19 16 23 c10 25 219 R
36. 110 26 20 17 24 A10 26 222
37. 10 o - - - 25 A11 27 225
38. 110 - - % B11 28 231
T GND - - - 27 c11 29 -
E) o) 27 21 18 28 B12 32 234 i
40. /0 - 22 19 29 A13 33 237
41, Vo S ) 30 Al4 34 240
42, Vo - - - 3 ci2 35 243
43. ) 28 23 20 32 B13 36 246 -
44, Vo 29 24 21 33 B14 37 249
45, | M1 (/0) 30 25 22 34 A15 38 258 T
i GND 31 26 23 35 ci3 39 | -
4. | MO (I0) 32 27 24 36 A16 40 261
Tvee 33 28 25 37 | cia 41 :
a7 M2 (//0) 34 29 26 38 B15 42 264
48. GCK2 (/0) 35 1 30 27 a9 B16 43 267
49. 10 (HDC) 36 31 28 | 40 D14 44 276
50. 7o) . - 41 ci5 45 Y -
51, 110 - T . 42 D15
52. o - 32 29 43 E14
53. 1/0 (LDC) 37 33 30 44 C16 )
| 54. 170 - - - - E15 )
55. 7o) - . - - D16
GND - - - 45 | Fl4
(8. | 1O - - 4% | Fi15 3
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Pin Description PC84 | PQ100 | VG100 | TQ144 | PG156 | PQ160 | Boundary Scan Order
57. ) - - - 47 E16 53 306
58. 70 a8 34 31 48 F16 54 312
59. 1O 39 35 32 49 G4 55 315 )
60. ) - 36 33 50 G15 56 318
61. 7o) - 37 34 51 G16 57 324
62. ) 40 a8 a5 52 H16 58 327
I 83 /O (ERR, INIT) 41 39 36 53 H15 3] 330
VCC 42 40 37 54 H14 60
GND 43 41 38 55 J1a 61 X
64. 7o) 44 42 39 56 J15 62 336
65. ) 45 43 40 57 J16 63 | 339 T
66. 7o) . 44 4 58 K16 64 348
67. 1o - 45 42 59 K15 65 351
68. 9] 46 46 43 60 Ki4 66 354
69. 1o 47 a7 44 61 L16 67 360
70. 110 X - - 62 M16 68 363
71. 110 - - - 63 L15 69 366
GND - : - 64 L14 70 -
72. 110 B : - R N16 71 372
73. io - - : - M15 72 375
74, 7o) 48 48 45 65 P16 73 378
75. 10 49 43 46 66 M14 74 -7
78. 6] - - - 67 N15 75 387
77. 1o - X - 68 P15 76 390
78. ) 50 50 7 89 N14 77 396
79. ) 51 51 48 | 70 R16 78 399
GND 52 52 49 | 7 P14 79 -
DONE 53 53 50 | 72 R15 80 -
VCC 54 54 51 | 73 P13 81
PROG 56 55 52 | 74 R14 82
80. /0 (D7) 56 56 53 75 T16 83 408
8. GCK3 (/0) 57 57 54 76 T15 84 | 41
82. 110 - - - 77 R13 85 420
83. o X - X 78 P12 86 423
84. 1/0 (D8) 58 58 55 79 T14 87 426
8s. io - 59 56 80 T13 88 432
o GND - - - 81 P11 o1 -
86. ) - - - 82 R11 92 435
87. ) - - - 83 T11 93 438
8s. 110 (D5) 59 60 57 84 T10 o4 444
89. /O (CS0) 60 61 58 85 P10 95 447
90. 170 : 62 59 86 R10 96 450
91. 170 B 63 60 87 To 97 456
92. /O (D4) 61 64 61 88 R9 98 459
93. 76) 62 65 62 89 P9 99 462
VCC 63 66 63 90 R8 100 -
GND 64 67 64 91 P8 101 -
94. 1O (D3) 65 68 65 92 T8 102 468
95. 170 (AS) 66 69 66 93 T7 103 471
96. /0 - 70 67 94 T6 104 474
97. 7o) - - - 95 A7 105 480
98. 1/0 (D2) 67 71 68 96 P7 106 483
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Pin Description PC84 | PQ100 | VQ100 | TQ144 | PG156 | PQ160 Boundary Scan Order
99. o) 68 72 69 97 T5 107 486
100. o . - - 98 A6 108 492 )
101. 7} P - - 99 T4 109 495
GND - - T TT00 P6 110 | - o
102, | VO (D1) 69 73 | 70 101 T3 113 498
103. 170 (RCLK-BUSY/ B 70 74 71 102 - P5 114 504
RDY) ‘ ‘ | |
104, 10 S - 103 R4 15 | s07
105. | WO ) - - 104 R3 116 510
106. | I/O (DO, DIN) 71, 75| 72 105 P4 117 516 N
107. IO (DOUT) 72 76 73 106 T2 118 ' 519
T ek 73 77 74 107 | Re 119 e
vee 74 | 78 75 108 P3 120 B
108. | /O (TDO) 75 79 76 109 T 921 0
| GND 76 80 77 | 110 | N3 122 | -
109. | YO (AQ, WS) | 77 81 781 11 R 123 9
110. . GCK4 (A1, 1/O) ! 78 82 79 | 112 | P2 | 124 T T
11, 7O - - - 113 N2 125 18
112, 1O 1 ST s M3 126 | 21
113. | WO (A2, CS1) 79 83 8o | 115 | P 127 1 27 T
114. | /O (A3) 80 84 81 116 N1 | 128 30
115. T7e) - - - 117 M2 128 33
116, | WO - - N Y TR E TS 39
GND Cl - 118 | L3 131 -
117. | 10 - - - 119 | 2 132 | 42 T
118. | WO - - - 120 L1 133 45 N
119. | /O (Ad) 81 85 82 121 K3 134 ) 51
120. | VO (A5) 82 86 83 | 122 K2 135 | 54 T
121, 10 B T - 87 B4 . 123 K1 137 5 ‘
122. . 10 : : 88 85 124 J1 138 63
123, 4O (AB) ' 83 | 89 86 125 1 g2 | o139 | 66 B
124, | WO (A7) ) 84 90 87 126 | J3 140 69
! GND 191 88 | 127 | H2 141 -

Additional No Connect (N.C.) Connections for PQ160 Package

PQ160 !
8 30 i 89 111 136 :
9 T 90 12

Notes: Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 1066 = BSCAN.UPD
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Pin Locations for XC5206 Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC5200 Series data sheet for availability information.

Pin Description PC84 PQ100 | VQ100 | TQ144 | PQ160 | TQ176 | PG191 | PQ208 | Boundary Scan Order
vCC 2 92 89 128 142 155 Ja 183 -
1) 170 (A8) 3 93 90 129 143 156 Ja 184 87
2. 1O (A9) 4 94 91 130 144 157 J2 185 | 90
3. Vo - 95 92 131 145 158 Jt 186 93
Y 10 - 96 93 132 146 159 H1 187 99y
5. ) - - - - - 160 H2 188 102
6. [le] - - N - - 161 H3 | 188 105
7. 170 (A10) 5 97 94 133 147 162 Gt 190 111
8. | /O (AT1) C 6 o8 95 134 148 163 G2 191 114
9. ) - X - 135 | 149 164 F1 . 192 117
10. /O o : - 136 | 150 165 E1 193 123
“GND - - - 137 151 166 @ G3 194 | -
1. 1O - R - 152 168 . cCi 197 126
12, /0 - T 153 169 £2 198 129
13. | 110 (A12) 7 99 | 96 | 138 154 170 | F3 199 138 o
14, | 1/O (A13) 8 100 97 139 155 171 D2 200 141
15. | /O - R - 140 156 172 B1 201 150
16. | /O . 141 157 173 E3 202 153
17. | /O (A14) 9 1 98 142 158 174 c2 203 162
18. | /O (A15) 10 2 99 1437 | 159 175 B2 204 165
vCC 11 3 100 144 160 176 D3 205 | .
GND 12 4 1 1 1 1 D4 2 -
|18, | GCKI (A16, 1/0) 13 5 2 2 2 2 Cc3 4 174
20. | 1O (A17) 14 6 3 3 3 3 c4 5 177 B
21. 1O o - - 4 4 4 B3 6 183
22° 110 - - - 5 5 5 c5 7 186
23, /O (TDI) 15 7 4 6 6 6 A2 8 189 :
24, 1/0 (TCK) 16 8 5 | 7 7 7 B4 g 195 ‘
25, 1O - - - -8 8 cs 10 e
26. O ST S e 9 A3 11 201
GND R 1w e 1 -
27. 110 - - e = 1 Y 5 207
28, 1O ) - - T2 12 A5 16 210
29. | YO (TMS) 17 9 6 13 13 B7 17 213
30. 10O 18 10 7 14 14 A6~ 18 219
e i 2 ’ et e
32, 10 : ST T A7 20 225 T
33 10 e - - 13 | 15 17 B8 | 21 234
34 10 BT 8 14 16 18 A8 22 - a@r
35 1 1/O 19 12 o 15 17 19 B9 | 23 246
36. | /O 20 13 10 | 16 18 20 ‘Co . 24 249
GND 21 14 11 17 19 21 D9 25 -
‘vce 22 15 12 18 @ 20 22 D10 | 26 e
37, (O 23 16 13 19 | 21 23 c10 27 255 B
38, 1O T 24 17 14 20 | 22 24 B10 | 28 258
39, 10 - 18 15 21 T2 25 A9 | 29 261
VTRTS) - - < 22 24 26 A10 30 267
4. 1o . - - . 27 A1 1 31 270
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Pin ' Description PC84 PQ100 | VQ100 | TQ144 | PQ160 | TQI76 | PG191 E PQ208 | Boundary Scan C)n:ler7
42. /0 - - - - ~ 28 c11 | 32 273
{43, 10 ] 25 19 16 23 25 29 B11 33 a7 |
Taa. 110 26 20 17 24 26 30 | Atz | 3 | 282 i
45, |10 - - - 25 27 31 Bi2 35 | 285
4. /O - - 26 28 32 A13 | 36 201 '
o ) - - - 27 29 33 ci12 37 | T
""" B - . - - 30 34 | A5 . 40 T 204
e - - . 31 35 C13 - 297 T
27 21 18 78 32 | 36 | Bia a2 303
- 19 29 | 33 37 A6 43 T TTTame
o R T 30 34 a8 B15 '
- - 31 35 39 Ct4
28 23 20 | a2 36 | 40 A7
54. | 1/O B 29 24 21 33 37 41 | Bie
55. | M1 (1f0) 30 25 22 34 | 38 | 42 Cci5
""" ' GND a1 26 23 35 39 | 43 D15
' 56. | Mo (I/O) - 32 27 24 3 | 40 a4 A8
vCC 33 28 25 37 T4t 45 D16
s M2 (i0) C 3 | 29 26 | 38 42 46 | C16
‘B8, | GCK2 (IO} | 35 30 27 | 39 | 43 47 | B17
“s9. | WOMHDCY | 36 31 28 40 44 a8 E16
" 80, WO - 41 45 49 | C17 59 351 N
61. | 1O - - - 42 48 50 D17 60 354
62. | I/0 ' - 32 29 43 | a7 51 B18 | 6l ) %0
83 " WO (LDC) 37 33 30 44 48 52 E17 62 363
T84, |10 ) - - - - a9 | 53 F16 63 372
65 (IO o IR - 50 54 clg | 64 375 T
I GND P - Tas | 5 55 G16 67 | o
86. | /O ) - ~ - 46 | 52 56 E18 68 | 378
67. . | /O N - X 47 53 57 | F18 69 | 384 R
68. |0 38 34 | 31 48 54 58 G617 | 10 387
69, 1O 39 35 32 49 | 55 59 G18 71 390
T700 w0 : : - - - 60 H16 72 o se6
71 0 - - 5 - 61 H17 | 73 399 ]
T72. Two T 36 33 50 56 62 Hi8 | 74
C73. 10 - 37 34 51 57 63 | J18 | 75
74 WO | 40 @ | 3 | s | 88 64 | J17 76
75. | /O (ERR, INIT) | 41 39 | 36 . 53 59 65 Jae | w7
VCC a2 40 37 54 60 66 Jis | 7s
GND T 41 3 | 5 | 61 | 67  Kis 719 |
76. | 1O a4 a2 39 56 62 68 | Kis | 80
T o 45 43 40 57 63 69 K17 | 81
78] WO S 4 41 58 64 70 | Kis | 82 426
79. (o - - 4 42 59 65 71 L18 83 432
80. | 1O A - 72 L7 84 435
81. {10 o - - - - B 73 L16 85 | 438
82. 11O 48 46 43 60 66 74 M18 8% | 444 )
83, 1O Ay 47 44 61 67 75 M17 87 | 447 T
4. (o - ST T a2 68 76 N18 | 88 ) 450
85 | I/O N - | - e 89 77 P18 | 89 T T
s I . - a4 70 78 w6 | 60 | -
g6. O _L I -] - . mn 79 T8 83 459
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Pin Description @ PC84 | PQ100 | VQ100 | TQ144 | PQ160 | TQ176 | PG191 | PQ208 | Boundary Scan Order
87. o - - - - 72 80 P17 94 468
88. |10 48 48 45 65 73 81 N16 95 471
89. 1O 49 49 46 66 74 82 T17 9 480 o
90. 1O - - . 67 75 83 R17 97 483
91. |10 - - - 68 76 84 P16 98 486
92, 10 50 50 47 69 77 85 u1s 99 492
93. 1O 51 51 48 70 78 86 T16 100 495
GND 52 52 49 71 79 87 R16 101 R
DONE 53 53 50 72 80 88 U7 103 -
vce 54 54 51 73 81 89 R15 106 -
PROG 55 55 52 74 82 90 V18 108
94, | /O (D7) 56 56 53 75 83 91 Ti5 109 504
95. | GCK3 (1/0) 57 57 54 76 84 92 u1e 110 507
96. | 1O 8 - - 77 85 93 T1a 111 516
97. |10 - - - 78 | 86 94 uis 112 519
98, | /O (D6) 58 58 55 79 87 95 V17 13 | sz
89. 1O - 59 56 80 88 96 V16 114 | 528
100. | VO - - - : 89 97 T13 115 531
101. 11O - - X - 90 98 Ui 116 534
GND - - - 81 91 99 T2 119 -
102. 1O e - - 82 92 100 U13 120 540
103, 10 . - - 83 93 101 Vi3 121 543
104. 1O (D5) 59 60 57 84 94 102 U1z 122 552
105, 110 (C50) 60 61 58 85 95 103 V12 123 555
106. | 1/O - - - - - 104 T . 124 558
107. IO - - - N 105 U1 125 564
108. | /O - 62 59 86 96 106 . Vi1 |, 126 567
108, /O - 63 60 87 97 107 | V10 | 127 s70
110. | /O (D4) 61 64 61 68 98 . 108  U10 128 576
111, 110 . e2 = 6 . 62 89 99 108 T10 129 579
'vee 63 66 83 90 100 110 R10 | 130 -
GND 64 | &7 84 | 91 101 111 R9 131 .
112. | 1/O (D3) 65 68 65 92 | 102 112 T9 132 588
113. | 1O (RY) 66 69 66 93 103 113 us | 133 591
114, 1O - 70 67 | o4 104 114 ve | 134 600
115, | 1/O - - -85 105 115 v8 | 135 603
116. | /O . e 116 us . 136 612
17,1 1/0 - - - 17 | T8 137 615
118. | /O (D2) 67 71 68 9 | 106 118 | v7 . 138 618
119. /0 68 72 . 69 97 . 107 | 119 u7 139 624
120, 1O - - - 98 @ 108 120 v6 | 140 627
121. . 1/O - - - 99 109 121 Us 141 630
GND - - - 100 110 122 T7 142 -
122 o - - - ST 123 us 145 636
123, |10 - - - - 112 124 16 146 | 639
124. | VO (DY) 69 73 70 10d 113 125 V3 147 642 o
125. | /O (RCLK- 70 74 71 102 114 . 126 v2 148 648
BUSY/RDY) |
126. | /O - - 103 115 . 127 | U4 149 651
127. 7 1/O - - - 104 | 116 | 128 . 15 150 654
128. | /O (DO, DIN) 71 75 72 105 | 117 129 us 151 660
129. O (DOUT) 72 76 73 106 | 118 130 | T4 152 663
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Pin Description PC84 | PQI00 | VQ100 | TQ144 | PQ160 | TQ176 | PG191 | PQ208 | Boundary Scan Order
CCLK 73 77 74 107 119 131 Vi 153 -

’’’’ vCC 74 78 75 108 120 132 R4 154 -

130. | /O (TDO) 75 79 76 109 121 133 u2 159 -

] " GND 76 80 77 110 122 134 R3 160 - T
131, /O (AD, W5) 77 81 78 111 123 135 T3 161 9 B
132. | GCK4 (A1, VO) 78 82 79 112 124 136 Ut 162 | 15
133. | /0 - - : 113 125 137 P3 163 | 18
134. 1O - - - 114 126 138 R2 164 21
135, | IfO (A2, CS1) 79 83 80 115 127 | 139 T2 165 27
136. | 1/O (A3) 80 84 81 116 128 140 N3 166 30
137. 1 /O - - X 117 129 141 P2 167 33
138. [ /O N . - - 130 142 T 168 a2

| GND - - - 118 131 143 M3 171 -
139. /O - - - 119 132 144 P1 172 a5 T
140. 1O - - - 120 133 145 N1 173 51

141, /O (A4) 81 85 82 121 134 146 M2 174 54 )

| 142, 1O (A5) 82 86 83 122 135 147 M1 175 57 :

| 143 1110 - - - - - 148 L3 176 | 63

§ 144. |10 - - - - 136 149 L2 177 66

[ 145 |10 - 87 84 123 137 150 L1 178 69

EYCRRETS - 88 85 124 138 151 Ki 179 75

TT1a7. VO (A8) 83 89 86 125 139 152 K2 180 78
148. | 1/O (A7) 84 90 87 126 140 153 K3 181 81

GND 1 91 88 127 141 154 Ka 182 - J

Additional No Connect (N.C.) Connections for PQ208 and TQ176 Packages

PQ208 TQ176
195 1 39 65 I 104 144 169 167
196 3 51 66 107 155 170
206 12 52 91 117 156
207 13 53 92 118 157
208 as 54 102 143 158 1

Notes: Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 1056 = BSCAN.UPD

Pin Locations for XC5210 Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC5200 Series data sheet for availability information.

f ry Scan |
Pin Description PC84 | TQ144 | PO160 | TO176 | PQ208 | PG223 | BG225 | PQ240 B°“"gfd'§rs°"“ !
VCC 2 128 142 155 183 4 veer | 212 .
1) 1O (AB) 3 129 | 143 156 | 184 Ja E8 213 111 N
2. /0 (A9) 3 1307 | 144 157 185 J2 B7 214 1ia
3 7%0) - 131 145 158 186 J1 A7 215 117
-y 1o . 132 146 | 159 187 H1 G7 216 123 i
5. 1O - - - 160 188 n2 D7 217 126 i
5. 1o - - 161 189 H3 E7 | 218 129
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Boundary Scan

Pin Description PC84 | TQ144 | PQ160 | TQ176 | PQ208 | PG223 | BG225 | PQ240 Ordor
7. IO (A10) 5 133 147 162 190 Gt AB 220 135
8. 1/ (A11) 6 134 148 163 191 G2 B6 221 138
VCC - - - - VCC* | 222 .
9. 7o) B : - - H4 cs 223 141
10. 110 - - . - - G4 F7 224 150
11. 1710 - 135 149 164 192 Fi A5 225 153
12. 110 - 136 150 165 193 E1 BS | 226 162
GND - 137 151 166 194 G3 GND* | 227 o
13. I1o - - . . 195 F2 D6 228 165
14. 7’8 - - - 167 196 D1 cs | 229 171
15. ) - - 152 168 197 ct A4 230 174 i
16. ) - 153 169 198 E2 E6 231 177
17. 1O (A12) 7 138 154 170 199 F3 B4 232 183
18. 17O (A13) 8 139 155 171 200 D2 D5 233 186
19. 10 - § F4 A3 | 234 189 o
20. o - - - - E4 ca 235 195
21. o) - 140 156 172 201 B1 B3 236 198
22. 78) - 141 157 173 202 E3 F6 237 201
23. /O (A14) 9 142 158 174 203 c2 A2 233 210
24, | YO (A15) 10 143 159 175 204 B2 c3 239 213 i
vCC 1 144 160 176 205 D3 veer | 240 | - o
GND 12 1 1 1 2 D4 GND” 1 -
25, GCK1 (A18, /0) 13 2 2 2 4 c3 D4 2 T T
26. 10 (A17) 14 3 3 3 5 ca B1 3 225
27. 170 - 4 4 4 6 B3 c2 4 231
28. 10 - 5 5 5 7 c5 E5 5 234 .
29. 1/0 (TDI) 15 6 6 6 8 A2 D3 | 6 237
30. IO (TCK) 16 7 7 7 9 B4 ¢l 7 243
31, 1’0 - - 8 8 10 C6 D2 8 246
32, 11O - 9 9 11 A3 Gé R 249 *
33, (IO - - - - 12 B5 | E4 10 255
34. o - - - - 13 B6 D1 T M 258
35. Vo - < - - X D5 E3 12 261
36. ) - . . D6 E2 | 13 267
GND - 8 10 10 14 C7  GND* 14 -
37. ) . 9 1 11 15 A4 F5 15 270
3s. | 1O - 10 12 12 16 A5 E1 16 273
39. IO (TMS) 17 11 13 13 17 B7 F4 7 279 o
40 Vo 18 12 14 14 18 A6 F3 18 282
vCC - - - . - - vcer 19 .
41. 7o) - - - - : D7 F2 20 285
42. o) - - - - - D8 F1 27 291
43. ) - - - 15 19 c8 G4 23 294
44. o) - - - 16 20 A7 G 24 297 |
45, O - 13 15 17 21 B8 G2 25 306 1
46. 1O - 14 16 18 22 AB G1 26 309
47. io 19 15 17 19 23 B9 G5 27 318
8. 110 20 16 18 20 24 co H3 28 321
GND 21 17 19 21 25 D9, GND 29 -
VCC 22 18 20 22 26 D10 | VCC* 30 -
49. T) 23 19 21 23 27 c10 H4 31 327
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i — |
Pin Description | PC84 | TQ144 | PQ160 | TQ176 | PQ208 | PG223 | BG225 | PQ240 Boundary Scan |
1
50. | 1O 24 20 22 24 28 B10 H5 32 3
51. |10 - 21 23 25 29 A9 J2 33 333
52, 110 - 22 24 26 30 A10 J1 34 339
B o) - - - 27 31 A1 J3 35 342
54, 1O . - . 28 32 c11 J4 36 345
T o - R . : - D11 J5 B | 351
56. | ll0 - - - - - D12 K1 3 | 354
~vec - - - - - vCcC* 40 :
57. 10 ) % | 2 25 29 | a3 | Bt K2 | a1 57
58. (10 26 | 24 26 | 30 | 34 A12 K3 42 363
59. | 1/C B - 25 27 | 31 . 35 B12 J6 43 366
80, | 1O - 26 28 32 36 A13 R Y 369 o
GND . 27 29 a3 37 c12 | GNp* | a5 | -
61. |10 B - - - - - D13 L2 46 | 375 )
62. | WO . - N D14 Ke a7 378
63. 10 - - - - 38 B13 L3 | 48 38l
64, |10 - - - - 39 Al4 M1 49 A
65. |0 e - 30 34 40 A15 K5 | 50 390 |
T 66. | /O T - 31 35 41 ciz | M2 51 393
67. IO - T2t 28 | a2 36 42 B14 L4 52 399
68. 110 - 29 33 37 43 A16 N1 53 402
69. |10 X 30 4 8 4 B15 M3 54 405
70. 1 1/O e 31 3 | 39 | 45 cla N2 | 55 411
7. WO 28 32 36 | 40 | 46 A17 K6 | 56 414
72, (1O B 29 a3 37 41 47 B16 P1 57 417
73 [ M1(/0) 130 34 38 a2 48 C15 | N3 58 426
GND Y 35 39 43 49 D15 | GND 59
7. |mMo@o) a2 36 40 44 | B0 Al8 P2 60 429
N vCC " 33 37 41 45 55 D16 | vCC 61
75, M2 (I/0) 34 38 a2 46 | 56 C16 Ma 62 432
76.  GCK2 (/0) 35 39 43 a7 57 B17 | R2 63 435
77. | /O (HDC) 36 40 44 48 58 E16  P3 64 444
78. /O . a1 45 49 59 c17 5 85 447
79 |40 - 42 46 50 60 D17 N4 66 450 1
80. 10 - 43 47 51 61 Bi8 Fi3 67 | 456 j
81. | VO (LDC) 37 44 48 52 62 E17 F4 88 | 459
82. 7e) - - 49 53 63 F16 K7 69 482 i
83 | WO - 50 54 64 C1s M5 70 68
84. 110 - - : - 65 D18 R4 71 471
85. | /O . - - - 86 F17 N5 72 474
86. | IO - - 4 T Ei5 P5 7 480
87. |10 e - - - - Fi5 L6 = 74 483
GND Tl 45 51 55 | 67 Gi16 | GND* 7 -
88. | I/O - 46 52 56 68 E18 R5 76 486
89. 10 - 47 53 57 69 F18 M6 77 | 492
90. |0 a8 48 54 58 70 G17 N6 | 78 | 495
91. |10 39 49 55 59 71 Gi8 Pe 79 504
vce - S - - veer T 8o -
92. o B - - 80 72 Hi6_ R6 81 507
93. VO I - - 8t 73 H17 | ™7 &2 510
| 94, 11O |- - - - - G15 | N7 84 516
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| Pin Description | PC84 | TQ144 | PQ160 | TQ176 | PQ208 | PG223 | BG225 | PQz4p | BOUngary Scan
95. Vo - - - - - H15 P7 85 519
98. 7o) - 50 56 74 H18 R7 86 522
97. T6) - 51 57 75 J18 L7 87 528
98. 7o) 40 52 58 76 | Ji7 | N8 | 88 531
99. /O (ERR, INTT) 41 53 59 77 Ji6 P8 | 85 534
‘, vGC 42 54 60 78 JI5 | veer | 9 -
: GND 43 55 61 79 K15 | GND* 91 e
100, |10 a4 56 62 80 K16 L8 92 540
101. | 11O a5 57 63 81 K17 Pg 93 543
102. |10 - 58 64 82 Kie | Re | 94 | 5as
103. | /O - 59 65 83 L18 Ng 95 552
104. | 1O - : - 84 L17 M9 96 555
105. | 1O - - 85 L16 Lo 97 558
106. | /O - N : L5 R10 99 564
107. VO - - T M15 P10 100 567
vCC B - B C - vCcer | 101 R
108. - 1O 46 60 66 74 86 M18 N10 | 102 570
109. 1O a7 61 67 75 87 M17 Ko 103 576
110. . /O 62 68 76 88 N18 R11 104 579 T
111, /O - 63 69 7 89 P18 P11 105 588
GND - 64 70 78 90 M16  GND* | 108 X
112, | /0 - - - - - N15 M10 107 591
113. | /O . - - : P15 N11 103 600
114. |10 - . - 91 N17 R12 109 603
115. | 110 - Tl - 92 R18 L10 110 606
116. | I/O - - 71 79 a3 T18 P12 111 612
117. | WO - - 72 80 94 P17 M11 112 615
118. 10 48 65 73 81 95 N16 R13 113 618 o
119. | 1/O 49 66 74 82 96 T17 N1Z 114 624
120. 11O - 67 75 83 97 R17 P13 | 115 627
121. 10 - 68 76 84 98 P16 Kio | 118 . 630
122, 1O 50 69 77 85 99 u18 R14 17 636
123. | /O 51 70 78 86 100 T16 N13 118 639
GND 52 71 79 87 101 R16  GND* . 119 -
DONE 53 72 80 88 103 u17 P14 120 R
VCC 54 73 81 89 106 R15 | vCC* & 121 -
PROG 55 74 82 90 108 Vi M1z 122 -
124, | /O (D7) 56 75 83 91 109 T15 P15 123 648
125. | GCK3 (/O) 57 76 84 92 110 U1 N14 124 651
126. | IO : 77 85 93 111 T4 L1 125 660 }
127. 1O - 78 86 94 112 u1s M13 126 663
128. [ 1O - - - - 7T R14 | N1 127 666
129. 1 1/0 - - - - - R13 M14 128 672
130. | 110 (D6} 58 79 87 95 113 V17 J10 129 675 |
131, | /O - 80 88 9 114 V16 L12 130 678 ‘
132, |10 - - 89 97 115 T13 M15 131 684 i
133, | /O - - 90 98 116 U4 13 132 687
134. 1O - - - - 17 V15 L14 133 690
135. 11O - - - - 118 Via Ki1 | 134 696
GND . 81 91 99 119 Ti2 | GND* | 185 R
136. | 110 : - - - R12 15 136 | 699
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Pin Description PC84 TQ144 | PQ160 | TQ176 | PQ208 | PG223 | BG225 | PQ240 B°“"g;2r&a"
137. |10 - - . R - R11 K12 137 708
138. (1O - 1 82 92 100 120 u13 K13 138 7T
139. | /O . 83 93 101 121 V13 K14 139 714
VCC - - - - - . veer | 140 o
140. | /O (D5) 59 84 94 102 122 u12 K15 141 720
141. | /0 (€30) 60 85 95 103 123 vi2 Ji12 142 723
142, [0 . . - 104 124 T11 J13 144 726
143. | WO - - N 105 125 un J14 145 732
144, [1/O - 86 96 106 | 126 | Vi1 | J15 | 146 735 o
145. | /O - 87 97 107 127 V10 J11 147 738
146. | /O (D4) 61 88 98 108 128 u10 H13 148 744
147. | WO 62 89 99 109 129 T10 H14 149 747
VCC 63 90 100 110 130 R10  VCC* | 150
GND 64 91 101 11 131 RO | GND* | 151
148. | O (D3) 65 92 102 | 112 | 132 T9 | H12 | 182 756
149. | /O (RS) 66 93 103 113 133 us | HN 153 759
150. | /O - 94 104 114 | 134 ) G14 154 768
151, | 1O - 95 105 115 135 V8 Gais | 18 | 77t
152 | 1/O - - 116 136 us G13 156 780
153, | 1O - - 117 137 T8 Gi2 157 783
154, | 110 (D2) 67 96 106 118 138 v7 G11 159 | 786
155, | 110 68 97 107 119 139 u7 F15 160 792
vce - : - - - : veer | 181 | -
156. | 1/O - 98 108 120 140 V6 Fl4 162 795
157. 10 - 99 109 121 141 Us Fi3 163 798
158. | 1O - - B} - - R8 G10 164 804
159. | 1/O - : - - . R7 E15 165 807
'GND - 100 110 122 142 77 | GND* | 168 .
160. | O . - - - : R6 E14 167 810
161. | 1/O - - - . - RS F12 168 816
162, | IO - - - - 143 V5 E13 | 169 819
163, | /O - - - X 144 V4 D15 170 822
164. | 1/O - ~ 111 123 145 us F11 171 828
165. | /O - : 112 124 146 T6 D14 172 31
166. | /O (D1) 69 101 113 125 147 V3 E12 173 834
167. | /O (RCLK-BUSY/RDY) 70 102 114 126 148 V2 Ci15 174 840
188. | /O - 103 115 127 149 U4 D13 175 843
169. | /O - 104 116 128 150 T5 c14 176 846
170. | O (DO, DIN} 71 105 117 129 151 us F10 177 855
171, | 1O (DOUT) 72 106 118 130 152 T4 B15 178 858
CCLK 73 107 119 131 153 V1 c13 179
e 74 108 120 132 154 R4 | VCC' | 180
172, | /O (TDO) 75 109 121 133 159 U2 A15 | 181
GND 76 110 122 134 160 R3 | GND* | 182
173. | /O (AD, WS) 77 111 123 135 161 T3 A4 | 183 9
174. | GCK4 (A1, VO) 78 12 124 136 162 Ui B13 184 15
175. | /O X 113 125 137 163 P3 E11 | 185 | 18
176. | IO - 114 126 138 164 R2 ciz2 186 21
177. | IO (CS1, A2) 79 115 127 139 165 T2 A13 | 187 27
178. | VO (A3) 80 116 128 140 166 N3 B12 188 30
179. | WO . : - - - P4 F9 B | 3
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Pin Description PC84 | TQ144 | PQ160 | TQ176 | PQ208 | PG223 | BG225 | PQ240 B°”"gf‘;zrs°a" i
180. | /O - - - - - N4 D11 190 39
181. | 1/O - 117 129 141 167 P2 A12 191 42
T 182, 1O . - 130 142 168 T1 c11 192 45
183. | /O - - - - 169 B1 B11 193 51

184. | I/O - - e - 170 N2 E10 194 | 54 ]
- - - B - - - GND* -
; GND - 118 131 143 171 M3 - 196 -

T es. Lo - 119 132 144 172 P1 A1 197 57
186. | IO E 120 133 145 173 N1 D10 198 66
187. |10 - - - - . M4 c10 199 69
188. | /O - - T - - L4 B10 | 200 75
VCC - - - - - - veer | 201 -

189. | /O (A4) 81 121 134 146 174 M2 A10 | 202 78 b
190. | I/O (A5) 82 122 135 147 | 175 M1 De 203 81
191, 1O - - - 148 176 L3 co 205 87
192. 1O - - 136 149 177 L2 Bg | 206 90
193. | /O o - 123 137 150 178 L1 A9 207 93
194. 10 T 124 | 138 | 151 179 K1 Eg 208 99
195. | /O (AB) " 83 125 139 152 180 K2 ce | 209 102
196. | /O (A7) 84 126 140 153 181 K3 B8 210 105
"GND T 127 141 | 154 182 K4 GND* | 211 .

Additional No Connect (N.C.) Connections for PQ208 and PQ240 Packages

PQ208 PQ240
1 53 107 158 22 143 219
3 54 155 206 37 158
51 102 156 207 83 195
52 104 157 208 . 98 204

Notes: * Pins labeled VCC* are internaily bonded o a VCC plane within the BG225 package. The external pins are: B2, D8, H15, R8,
B14, R1, H1, and R15.
Pins labeled GND* are internally bonded to a ground plane within the BG225 package. The external pins are: A1, D12, G7,
G9, He, H8, H10, J8, K8, A8, F8, G8, H2, H7, H9, J7, J9, M8.
Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TDO.O
Boundary Scan Bit 1056 = BSCAN.UPD

Pin Locations for XC5215 Devices

The foilowing table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC5200 Series data sheet for availability information.

i Pin Description PQ160 HQ208 | HQ240 | PG299 | HQ304 | BG225 | BG352 | Boundary Scan Order
VCC 142 183 212 K1 3 | Voo | veo :
1. 1/0 (A8) 143 184 213 K2 37 E8 D14 138

2. o @me 144 185 214 K3 36 87 Ci4 141

3, 110 145 186 215 K5 35 A7 AlS 147
y 1o 146 187 216 K4 34 c7 | Bi5 150

5. 10 - 188 217 T 33 D7 . ¢i15 . 153 -
s e o - 189 218 J2 32 | E7 . Di5 159

7. /0 (A10) 147 | 190 220 HI 31 A6 | A6 | 162

December 10, 1997 (Version 5.0) 4-289




XC5200 Series Field Programmable Gate Arrays

Pin Descripticn PQ160 HQ208 | HO240 | PG299 | HO304 | BG225 | BG352 Boundary Scan Order
8. 17O (A11) 148 191 221 J3 30 B6 B16 165
9. 170 - - - He2 27 - c17 | 171
10. 7o) - - - a1 26 - B18 | 78 T
T vCC - - 222 E1 25 vCcC* | vee* ST
1. o) - 223 H3 23 c6 c18 177
12. Vo - - 224 G2 22 F7 D17 183
s, ) 149 192 225 H4 21 A5 A20 186
14. 10 150 193 226 F2 20 B5 B19 189
GND 151 194 227 F1 19 GND* | GND* :
15. 1o - - - H5 18 : C19 195
6. 1O - - - G3 17 - D18 198
170 o o 195 228 D1 16 D6 A1 201
“18. 110 - 196 229 G4 15 Cs B20 207
19. 110 152 197 230 E2 14 A4 c20 210
20. 110 153 198 231 F3 13 E6 B21 213 B
21. VO (A12) 154 199 232 G5 12 B4 B22 219
22. 110 (A13) 155 200 233 Ci 10 D5 c21 222
23. 170 - - - F4 9 - D20 225
24. Vo - - E3 8 : A23 | 234
25. ) : - 234 D2 7 A3 D21 237
" 26. 1o . - 235 c2 6 ca4 Cz2 243
27. 1o 156 201 236 F5 5 B3 B24 246
28, le) 157 202 237 £4 4 F6 c23 249 o
29. WO (A1) 158 203 238 D3 3 A2 D22 258
| 30. 70 (A15) 159 204 239 c3 2 c3 C24 261
; vCce 160 205 240 A2 1 vcect | vee* -
T GND 1 2 1 B1 304 | GND* | GND* -
31. GCK1 (A18, HO) 2 a4 2 D4 303 D4 D23 270
32. 1O (A17) 3 5 3 B2 302 Bt c2s 273
a3, o) 4 6 4 B3 301 c2 D24 279 -
a4, 110 5 7 5 E6 300 ES5 E23 282
3s, 140 (TDI) 6 8 6 D5 299 D3 C26 285 g
 36. 170 (TCK) 7 9 7 c4 298 c1 E24 294
a7, s . : A3 297 ) F24 207 "
38. 1o - - - D6 296 - E25 303
39. o) 8 10 8 E7 295 D2 D26 306
40. o) 9 11 9 B4 294 G6 G24 309
1. T6) : 12 10 C5 293 E4 F25 315 .
42. Ts) i - 13 11 Ad 292 D1 "Fo8 318
43, 76) - - 12 D7 261 E3 H23 321
44, 76} - - 13 ce 290 E2 H24 327
45. 1) - - - E8 289 - T G25 330
48. 1o . - - B5 288 - G26 333
GND 10 14 14 A5 287 = GND*  GND* -
a7 e 11 15 15 B6 286 F5 423 339
48. 110 12 16 16 D8 285 Ef J24 342
49, /O (TMS) 13 17 17 c7 284 F4 H25 345 )
50. 778) 14 18 18 B7 283 F3 K23 351 o
vee - - 19 A8 282 | VCC* | VCC* -
{51, 10 - - 20 cs 280 F2 124 354
.52, 1%} - - 21 E9 279 F1 K25 357
53. | /0 - - - B8 276 - 25 | 363
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Pin Description PQ160 | HQ208 | HQ240 | PG299 | HQ304 & BG225 Boundary Scan Order
100. | WO - - - F17 220 @ - 558
101. o - o - G16 219 - 564
102. o - 49 63 89 D19 218 K7 567 o
103. Vo 50 64 ) E18 217 M5 570 E
104. Vo - 65 71 D20 216 R4 576
105. Vo - 66 72 G17 215 N5 - srs T
106. | VO R : 73 F18 214 P5 582
107. Vo T T N 79 T 213 L6 588
108. o - - - E19 212 - 591
109. | VO B - - - F19 211 . 594 ‘
GND 51 67 75 | E20 210 | GND* N -
110. e} T s 68 76 | H17 | 209 R5 600
Tt | o 53 69 77 G18 208 M6 603
, 1120 | 1o 54 70 78 G19 | 207 N8 606 ,
L3 | 10 B 55 71 79 Hig | 206 | P6 T s12
; vee - - 80 F20 | 204 | VCC* - 3
TV TS - 72 81 J16 203 R6 615 -
115. | 10 - 73 82 G20 202 M7 618
116. i0 - ) o H20 199 | - 624
117. | o ) R J18 198 - ) 627
118. | 1O ST 4 J19 197 N7 630
119. | 1O S © 85 K16 196 P7 636
120. | 1O 56 74 86 Jz2o 195 | A7 T 639
121. | WO 57 75 87 K17 194 L7 642
122. Vo 58 76 88 Kis 193 N8 T eag
123. | 1O (ERR, INIT) T 77 89 K19 192 P8 651
vCC 60 78 90 | L20 191 vcer
GND 61 79 91 K20 180 | GND* ) .
124. 10 62 80 92 119 189 s | A 660
125. 10 63 81 93 L1 | 188 P9 663
126. i0 64 g2 94 L16 187 RO o 672
127. 1%8) 65 | 83 95 L7 186 N9 T s
128. | 11O o 84 96 M20 185 | Mo o 678
129. Vo - 85 97 M19 184 L9 684
130. 1) - - Tl N20 183 - T esr
131, ) - - - M18 182 | - 690
132. Vo - - 99 N19 179 | Ri0 696
133. | 110 - - 100 | P20 178 P10 ‘ 699
VCC B - - 101 T20 177 vcer . vect - - T
134. I76) 1 66 86 102 N18 175 N10 AE9 702
136. 110 67 87 103 P19 174 K9 apo | 708
136 7o) 68 88 104 N17 173 | AN Acio | 711
1187 | 1O 69 89 105 A19 | 172 P11 | AF7 714 )
GND 70 90 106 A20 171 GND* | GND* | . o
138. | 1O X - N16 170 AES 720
139. | 10 - - - P18 169 . AD8 | 723
140. | 1O - - 107 U20 168 M10 | AC9 726
141. 110 - 108 P17 167 N11 AF6 T T732
142, 7 10 T 91 109 T19 166 R12 AE7 735
143 1O : 92 110 R18 165 L10 AD7 738 ]
{44, 10 T 93 111 Pi6 164 P12 AE6 744 )
145. | /O 72 94 112 V20 163 M11 AE5 747
4-292 December 10, 1997 (Version 5.0)



S XILINX

Pin Description PQ160 HQ208 | HQ240 | PG299 | HQ304 | BG225 | BG352 | Boundary Scan Order
146. ) - - - R17 162 - ADS 750
147. Vo - - T T8 161 - AC7 | 756
148. | 1O 73 95 113 Uis 160 R13 AF4 759 o
149. e 74 96 114 V19 159 | Ni2 AF3 768
"150. Vo~ 75 97 115 R16 158 P13 | ADS 7
151, e) 76 98 116 T17 157 K10 AE3 774
152 /O 77 99 17 u1s 156 R14 | AD4 | 780
. 153, ] 78 100 118 X20 155 N13 AC5 783
' GND 79 101 119 w20 154 GND* | GND* B
] DONE 80 103 120 V18 153 P14 apa | <
vCC 81 106 121 X19 152 vcer | veer | .
PROG 82 108 122 v17 151 M12 AC4 -
154, 110 (D7) 83 109 123 w19 150 P15 AD2 77
155. GCK3 (/0) 84 110 124 w18 149 N14 AC3 795
156. | /O ) 85 111 125 T15 148 11 AB4 T 804
i57. | 11O 86 112 126 u1e 147 M13 ADT 807
158. [I76) - - 127 V17 148 Ni5 AA4 810
. 159. %) - - 128 X18 145 M14 AA3 816 B
60, | 1O . X : Uis 144 : AB2 819
161. o - - . T14 143 - AC1 828
162. 1O (D8) 87 113 129 W17 142 Jio Y3 831
163. | 10 T 88 114 130 V16 141 L12 AA2 - 834
164. 1O 89 115 131 X17 140 M15 AA1 840
165. 110 90 116 132 U4 139 L13 w4 T aa3
166. e - 117 | 133 V15 138 L14 w3 846
167. /o N 118 134 T13 137 | KN Y2 852
168. 10 - - ST We 136 - Y1 855 T
169. %) - - - W15 135 - va 858
GNO T o1 119 135 X16 | 134 | GND* | GND* -
170 e - 136 u13 133 L15 V3 Y
7 s} o T 137 Vi 132 | K12 w2 867
172. 1) 92 120 138 w14 131 Kis | Ua 870
173. | 1O o3 121 139 V13 130 | K14 | U3 878
vee - - 140 X15 129 veer | veer - o
174. | /O (D5) 94 22 a1 T2 127 K15 v2 879
175. | /O (CS0) 95 123 142 X14 126 J12 Vi 882
176. . wo T - - - X13 123 - 71 888 i
177. 0 - - o7 Vi2 122 - R4 ) 891
178. | )0 T 24 ) 144 T w2 121 Ji3 R3 894
S179. | 1O - 125 145 ™ 120 Jis | R2 90
"180. | 1O 96 126 146 X12 119 Ji5 A1 903
181. /0 97 127 | 147 U1t 118 J11 P3 906
182. | 1O (D4) T 128 148 V11 117 H13 P2 912
183. 7o) 99 129 149 W11 116 Hi4 P1 ots
VCC 100 130 150 X10 115 vCC* | vCe* - o
"GND 101 131 151 X111 114 GND* . GNDT L -
184. 1/0 (D3} B 102 132 152 W10 113 H12 N2 924
185. | /O (RS) 103 133 183 | V10 112 H11 | Na 927 .
186. 1) 104 134 154 T10 111 G14 | N3 936
187. | 1O 105 135 155 u10 116 G5 M1 939
188. ) - 136 | 156 X9 109 G613 M2 T2
189. | 1/0 - 137 157 | ws | 108 G12 M3 948
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XC5200 Series Field Programmable Gate Arrays

Pin Description ' Pat60 HG208 | HQ240 | PG299 | HQ304 BG225 : BG352 Boundary Scan Order
190. | WO - - R X8 107 - M4 951
191. [7s) - - - Ve 106 | - L1 954
192. /0 (D2) 106 138 159 | we 103 G J 960 h
193. | /O 107 139 160 X7 102 Fi5 | K3 963
VCC ) - - 161 X5 101 vce* | veer
104 ) o 108 140 162 ve | o9 F14 g2 966
195. | 1O o 109 141 163 w7 98 F13 J3 972
196. 10 - - 164 us 97 G10 | K4 975
197 1O B 165 W6 96 E15 G1 978
GND 110 142 166 X6 95 GND* | GND* ‘“
198. 1O . T8 94 : T H2 984
199. VO T - [ V7 93 - H3 987
200. IO o - - 167 X4 92 E14 J4 990 )
201. %) . T 168 u7 91 F12 F1 996
202. 110 - 143 169 w5 90 E13 G2 999
203. 7o) o . 144 170 V6 89 D15 G3 1002 o
204. 10 R 111 145 17 7 | s F11 F2 1008
205. 1o - 112 146 172 X3 87 D14 E2 1011
206. o (o1 113 147 173 ue 86 E12 F3 1014
207. /O (RCLK-BUSY/RDY) 114 148 174 | Vs 85 ci5 G4 1020
208. 76! N - - S wa 84 - D2 1023 T
209. Vo - . . % 83 - "F4 1032
210. 6] 115 149 175 T6 | 82 D13 E3 1035
211, 110 o 116 150 | 176 us 81 Cl4 c2 1038
212 I/ (DO, DIN) 117 151 477 va 80 F10 D3 1044
213 10 (DOUT) 118 152 178 X1 79 B15 £4 1047
T eok 119 153 179 V3 78 c13 c3 -
VCC ) 120 154 180 w1 77 VoG | vCC* -
214. 10 (TDO) 121 159 | 181 U4 76 A15 | D4 0
GND B 122 160 182 X2 75 GND* | GND* - o
T215. /O (AD, WS) 123 161 183 w2 74 A4 B3 )
216.  GCK4 (A1,1/0) 124 162 184 V2 73 B13 | C4 15
217. . 1O 125 163 185 R5 72 E11 | D5 18
“218. e} o 126 164 | 186 T4 71| ci2 A3 21
219 | I/O (A2, CSY) 127 165 187 U3 70 A13 D6 27
220. 1/0 (A3) 128 166 188 Vi 69 B12 | Cé 30
221. 10 - R4 68 - B5 33 R
222. 10 - - - P5 67 - A4 39
223. Vo 189 U2 66 | F9 c7 42
224. Vo - 190 T3 65 D11 B6 45
225. Te) - T T 129 167 191 Ul 64 A2 | Ae 51
226. I/e} 130 168 192 P4 63 c1 D8 54 )
T227. 1O ’ : 169 193 R3 62 B11 | B7 57
228. IO - 170 194 N5 61 E10 A7 63
22970 - 195 T2 60 o D9 86
230. 7o) - STl R2 59 - “cy 69
aND 131 171 19  T1 58 GND* | GND* - o
231. Vo 132 172 197 N4 57 A1 88 75
232. o 133 173 198 P3 56 D10 D0 78
233. Te) T - - 199 P2 55 C10 C10 81
(234 | IO - - 200 N3 54 B10 B9 87
T vee - . 201 R1 52 vecer | vee -
4-294 December 10, 1997 (Version 5.0)



S XILINX

Pin Description PQ160 | HQ208 | HO240 | PG299 | HQ304 | BG225 | BG352 | Boundary Scan Order
235. | 110 - - - M5 51 - B11 90
236. 110 - . - P1 50 - A1 93
237. | /O (A4) 134 174 | 202 N1 a7 A10 D12 99
238. | /O (A5) 135 175 | 203 M3 a6 D9 ci2 102
| 239. 10 - 176 205 M2 45 co B12 105
["240. 110 136 177 206 L5 44 B9 A12 111
241, o) 137 178 207 M1 43 AS ci3 114
242, | 110 138 179 208 L4 42 E9 B13 117
243. | 1O (A6) 139 180 209 3 41 cs A13 126
244. | VO (AT) 140 181 210 L2 40 B8 B14 129

GND 141 182 211 L1 39 GND* | GND* N

Additional No Connect (N.C.) Connections for HQ208, HQ240, and HQ304 Packages

HQ208 HQ240 HQ304
206 102 219 29 T 254 124
207 104 22 | 28 205 105
208 105 37 g 24 201 104
1 107 83 | 11 200 100
3 155 98 TN 181 53
51 156 143 T 278 180 49
52 157 158 o277 176 48
53 158 204 | 258 128 | -
54 : - 257 125 -

Notes: * Pins labeled VCC* are internally bonded to a VCC plane within the BG225 and BG352 packages. The external pins for the
BG225 are: B2, D8, H15, R8, B14, R1, H1, and R15. The external pins for the BG352 are: A10, A17, B2, B25, D13, D19, D7,
G23, H4, K1, K26, N23, P4, U1, U286, W23, Y4, AC14, AC20, AC8, AE2, AE25, AF10, and AF17.
Pins labeled GND* are internally bonded to a ground plane within the BG225 and BG352 packages. The external pins for
the BG225 are: A1, D12, G7, G8, H6, H8, H10, J8, K8, A8, F8, G8, H2, H7, H9, J7, J9, M8. The external pins for the BG352
are: A1, A2, A5, A8, A14, A19, A22, A25, A26, B1, B26, E1, E26, H1, H26, N1, P26, W1, W26, AB1, AB26, AE1, AE26, AF1,
AF13, AF19, AF2, AF22, AF25, AF26, AF5, AF8.

Boundary Scan Bit 0 =TDO.T
Boundary Scan Bit 1 =TDO.O
Boundary Scan Bit 1056 = BSCAN.UPD
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XC5200 Series Field Programmable Gate Arrays

Product Availability

PINS 64 84 100 100 144 156 160 176 191 208 208 223 225 240 240 299 304 352
R B B P P T N PR R TR B S I P PR R T T PR B P
TYPE g g Ty g ; e g D %
29183 | &0 |20 |80 |52 | &0 |dc |59 |55 |49 |52 |48 |38 5082|4548
I T I
* o [ 9| @ © |- |® [®@ |@© | v | @ |2 |2 | F |
b o S = S B (R S I Bz |2|8|8|8|F|9(813|8
coe | K | S| = - | = - | = fJ I ol IR I VAN Y I A VI VI SV <o S I
elglo|e|lo|j¢e|lo|lC |0 | |0 O |0 (0T |0 |0 |[C|O
> a !> |- |lala | = la | T | aladalm | T |da /o | | o
— — S S T E—— —— P —
-6 Ct cl <l al Cl a
-5 b (I I {
XC5202 G (I C() ci c() Cih
-4 [ C C C C C
-3 9 C C C C C
-6 Ci Ct Cl Ct Ci Ct
-5 Gt Cl Gl Cl Cci Cl
XC5204 -4 C C C C C C
3 C c c € | ¢ c
-6 Cl ci Ct Cl cl Ci Ci Cl
-5 Ct Cl Ct Cl Cl Cl Ci Ci
XC5206 -4 C C C C C & C C
-3 C C c C C < C C
-8 Ci Cl Cl Ci Cl ] Ci Ci
-5 Ci Ci ci c Cl Ci Ci Ci
XC5210 -4 Cc C C C G C < C
-3 C C Cc C C C C C
-6 Cl Cl Cl Cl Ct o] Ci
5 c S0 CORED o | ch_: cw
XC5215 |— 5 < e =
-3 C c o] C
—
B/4/97

C = Commercial T;=0°to +85°C
I= Industrial T, = -40°C to +100°C
*VQ64 package supports Master Serial, Slave Serial, and Express configuration modes only.

User /O Per Package

() Parentheses indicate future product plans

. Max l-’ackage 7ype
Device vO | Vae4 | PCea | PG100 | VQ00 | TQ144 | PG156 | PG160 | TQ176 | PG191 | HO208 | PO208 | PG223 | BG225 | HA240 | PO240 | PG299 | HQ304 | BGA52
XC5202 84 N 52 | 85 | st 81 84 | 84
XC5204 124 85 | 81 g | w7 | 12e | 1ea o B
XC5206 148 65 81 81 | 117 15 148 | 48 148 N
| xCs210 | 196 85 17 183 1as | 164 | 196 - 196 196 T
XC5215 | 133 164 o C1es | a7 1 2ae | 2ea | 244
/4157

Ordering Information

Example:

Device Type
Speed Grade

XC5210-6PQ208C

— |

Package Type

T— Temperature Range
Number of Pins
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