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General Overview memory cells determine the logic functions and intercon-
nections implemented in the FPGA. The FPGA can either
actively read its configuration data from an external serial
PROM (Master Serial mode), or the configuration data can
be written into the FPGA from an external device (Slave
Serial mode).

Spartan series FPGAs are implemented with a regular, flex-
ible, programmable architecture of Configurable Logic
Blocks (CLBs), interconnected by a powerful hierarchy of
versatile routing resources (routing channels), and sur-

rounded by a perimeter of programmable Input/Output .
Blocks (IOBs), as seen in Figure 1. They have generous  SPartan series FPGAs can be used where hardware must

routing resources to accommodate the most complex inter- be adapted to different user applications. FPGAs are ideal
connect patterns. for shortening design and development cycles, and also
offer a cost-effective solution for production rates well

The devices are customized by loading configuration data beyond 50,000 systems per month.

into internal static memory cells. Re-programming is possi-
ble an unlimited number of times. The values stored in these
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Figure 1: Basic FPGA Block Diagram
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Table 2: CLB Storage Element Functionality
Mode CK EC SR D Q
Power-Up or X X X X SR
GSR
Flip-Flop X X 1 X SR
Operation r 1* 0* D D
0 X 0* X Q
Latch 1 1* 0~ X Q
Loty 0 ¢ o D0
Both X 0 0~ X Q
Legend:
X Don’t care
Ve Rising edge (clock not inverted).
SR Set or Reset value. Reset is default.
0* Input is Low or unconnected (default

1*

EC

value)

Input is High or unconnected (default

value)

GSR

Multiplexer Controlled
by Configuration Program

DS060_03_041901

Figure 3: CLB Flip-Flop Functional Block Diagram

Clock Input

Each flip-flop can be triggered on either the rising or falling
clock edge. The CLB clock line is shared by both flip-flops.
However, the clock is individually invertible for each flip-flop
(see CK path in Figure 3). Any inverter placed on the clock
line in the design is automatically absorbed into the CLB.

Clock Enable

The clock enable line (EC) is active High. The EC line is
shared by both flip-flops in a CLB. If either one is left discon-
nected, the clock enable for that flip-flop defaults to the
active state. EC is not invertible within the CLB. The clock
enable is synchronous to the clock and must satisfy the
setup and hold timing specified for the device.

Set/Reset

The set/reset line (SR) is an asynchronous active High con-
trol of the flip-flop. SR can be configured as either set or
reset at each flip-flop. This configuration option determines
the state in which each flip-flop becomes operational after
configuration. It also determines the effect of a GSR pulse
during normal operation, and the effect of a pulse on the SR
line of the CLB. The SR line is shared by both flip-flops. If
SR is not specified for a flip-flop the set/reset for that flip-flop
defaults to the inactive state. SR is not invertible within the
CLB.

CLB Signal Flow Control

In addition to the H-LUT input control multiplexers (shown in
box "A" of Figure 2, page 4) there are signal flow control
multiplexers (shown in box "B" of Figure 2) which select the
signals which drive the flip-flop inputs and the combinatorial
CLB outputs (X and Y).

Each flip-flop input is driven from a 4:1 multiplexer which
selects among the three LUT outputs and DIN as the data
source.

Each combinatorial output is driven from a 2:1 multiplexer
which selects between two of the LUT outputs. The X output
can be driven from the F-LUT or H-LUT, the Y output from
G-LUT or H-LUT.

Control Signals

There are four signal control multiplexers on the input of the
CLB. These multiplexers allow the internal CLB control sig-
nals (H1, DIN, SR, and EC in Figure 2 and Figure 4) to be
driven from any of the four general control inputs (C1-C4 in
Figure 4) into the CLB. Any of these inputs can drive any of
the four internal control signals.

DS060 (v2.0) March 1, 2013
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Figure 11: 5V Spartan Family Global Net Distribution

The four Primary Global buffers offer the shortest delay and
negligible skew. Four Secondary Global buffers have
slightly longer delay and slightly more skew due to poten-
tially heavier loading, but offer greater flexibility when used
to drive non-clock CLB inputs. The eight Global Low-Skew
buffers in the Spartan-XL devices combine short delay, neg-
ligible skew, and flexibility.

The Primary Global buffers must be driven by the semi-ded-
icated pads (PGCK1-4). The Secondary Global buffers can
be sourced by either semi-dedicated pads (SGCK1-4) or
internal nets. Each corner of the device has one Primary
buffer and one Secondary buffer. The Spartan-XL family
has eight global low-skew buffers, two in each corner. All
can be sourced by either semi-dedicated pads (GCK1-8) or
internal nets.

Using the library symbol called BUFG results in the software
choosing the appropriate clock buffer, based on the timing
requirements of the design. A global buffer should be spec-
ified for all timing-sensitive global signal distribution. To use
a global buffer, place a BUFGP (primary buffer), BUFGS
(secondary buffer), BUFGLS (Spartan-XL family global
low-skew buffer), or BUFG (any buffer type) element in a
schematic or in HDL code.

Advanced Features Description

Distributed RAM

Optional modes for each CLB allow the function generators
(F-LUT and G-LUT) to be used as Random Access Memory
(RAM).

Read and write operations are significantly faster for this
on-chip RAM than for off-chip implementations. This speed
advantage is due to the relatively short signal propagation
delays within the FPGA.

Memory Configuration Overview

There are two available memory configuration modes: sin-
gle-port RAM and dual-port RAM. For both these modes,
write operations are synchronous (edge-triggered), while
read operations are asynchronous. In the single-port mode,
a single CLB can be configured as eithera 16 x 1, (16 x 1)
x 2, or 32 x 1 RAM array. In the dual-port mode, a single
CLB can be configured only as one 16 x 1 RAM array. The
different CLB memory configurations are summarized in
Table 8. Any of these possibilities can be individually pro-
grammed into a Spartan/XL FPGA CLB.

Table 8: CLB Memory Configurations

Mode 16 x1 (16x1)x2 32x1
Single-Port \ \ V
Dual-Port l - -
DS060 (v2.0) March 1, 2013 www.xilinx.com 13
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CLB signals from which they are originally derived are
shown in Table 10.

Table 10: Dual-Port RAM Signals

RAM Signal Function CLB Signal
D Data In DIN
A[3:0] Read Address for F[4:1]
Single-Port.
Write Address for
Single-Port and
Dual-Port.
DPRA[3:0] Read Address for G[4:1]
Dual-Port
WE Write Enable SR
WCLK Clock K
SPO Single Port Out Fout
(addressed by A[3:0])
DPO Dual Port Out GouT
(addressed by
DPRA[3:0])

The RAM16X1D primitive used to instantiate the dual-port
RAM consists of an upper and a lower 16 x 1 memory array.
The address port labeled A[3:0] supplies both the read and
write addresses for the lower memory array, which behaves
the same as the 16 x 1 single-port RAM array described
previously. Single Port Out (SPO) serves as the data output
for the lower memory. Therefore, SPO reflects the data at
address A[3:0].

The other address port, labeled DPRA[3:0] for Dual Port
Read Address, supplies the read address for the upper
memory. The write address for this memory, however,
comes from the address A[3:0]. Dual Port Out (DPO) serves
as the data output for the upper memory. Therefore, DPO
reflects the data at address DPRA[3:0].

By using A[3:0] for the write address and DPRA[3:0] for the
read address, and reading only the DPO output, a FIFO that
can read and write simultaneously is easily generated. The
simultaneous read/write capability possible with the
dual-port RAM can provide twice the effective data through-
put of a single-port RAM alternating read and write opera-
tions.

The timing relationships for the dual-port RAM mode are
shown in Figure 13.

Note that write operations to RAM are synchronous
(edge-triggered); however, data access is asynchronous.

Initializing RAM at FPGA Configuration

Both RAM and ROM implementations in the Spartan/XL
families are initialized during device configuration. The initial
contents are defined via an INIT attribute or property

attached to the RAM or ROM symbol, as described in the
library guide. If not defined, all RAM contents are initialized
to zeros, by default.

RAM initialization occurs only during device configuration.
The RAM content is not affected by GSR.

More Information on Using RAM Inside CLBs

Three application notes are available from Xilinx that dis-
cuss synchronous (edge-triggered) RAM: "Xilinx Edge-Trig-
gered and Dual-Port RAM Capability," "Implementing FIFOs
in Xilinx RAM," and "Synchronous and Asynchronous FIFO
Designs." All three application notes apply to both the Spar-
tan and the Spartan-XL families.

Fast Carry Logic

Each CLB F-LUT and G-LUT contains dedicated arithmetic
logic for the fast generation of carry and borrow signals.
This extra output is passed on to the function generator in
the adjacent CLB. The carry chain is independent of normal
routing resources. (See Figure 15.)

Dedicated fast carry logic greatly increases the efficiency
and performance of adders, subtractors, accumulators,
comparators and counters. It also opens the door to many
new applications involving arithmetic operation, where the
previous generations of FPGAs were not fast enough or too
inefficient. High-speed address offset calculations in micro-
processor or graphics systems, and high-speed addition in
digital signal processing are two typical applications.

The two 4-input function generators can be configured as a
2-bit adder with built-in hidden carry that can be expanded
to any length. This dedicated carry circuitry is so fast and
efficient that conventional speed-up methods like carry gen-
erate/propagate are meaningless even at the 16-bit level,
and of marginal benefit at the 32-bit level. This fast carry
logic is one of the more significant features of the Spartan
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Figure 15: Available Spartan/XL Carry Propagation
Paths
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Figure 16: Fast Carry Logic in Spartan/XL CLB
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Table 12: Boundary Scan Instructions
Instruction Test TDO I/O Data
12 I 10 Selected Source Source
0 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
1 0 0 READBACK Readback Pin/Logic
Data
1 0 1 CONFIGURE DOUT Disabled
1 1 0 IDCODE IDCODE -
(Spartan-XL Register
only)
1 1 1 BYPASS Bypass -
Register
Bit Sequence

The bit sequence within each I0B is: In, Out, 3-state. The
input-only pins contribute only the In bit to the boundary
scan |/O data register, while the output-only pins contributes
all three bits.

The first two bits in the I/O data register are TDO.T and
TDO.O, which can be used for the capture of internal sig-
nals. The final bit is BSCANT.UPD, which can be used to
drive an internal net. These locations are primarily used by
Xilinx for internal testing.

From a cavity-up view of the chip (as shown in the FPGA
Editor), starting in the upper right chip corner, the boundary
scan data-register bits are ordered as shown in Figure 21.
The device-specific pinout tables for the Spartan/XL devices
include the boundary scan locations for each IOB pin.

Bit 0 ( TDO end) TDO.T
Bit 1 TDO.O
Bit 2 .

{ Top-edge 10Bs (Right to Left)

{ Left-edge 10Bs (Top to Bottom)

MODE.I

{ Bottom-edge I0Bs (Left to Right)

{ Right-edge IOBs (Bottom to Top)

(TDI end) BSCANT.UPD

DS060_21_080400

Figure 21: Boundary Scan Bit Sequence

BSDL (Boundary Scan Description Language) files for
Spartan/XL devices are available on the Xilinx website in
the File Download area. Note that the 5V Spartan devices
and 3V Spartan-XL devices have different BSDL files.

Including Boundary Scan in a Design

If boundary scan is only to be used during configuration, no
special elements need be included in the schematic or HDL
code. In 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, place the BSCAN library symbol and connect the
TDI, TMS, TCK and TDO pad symbols to the appropriate
pins, as shown in Figure 22.

Optional | To User
[— Logic
IBUF
BSCAN
TDI TDI TDO TDO
TMS T™MS DRCK [—
TCK TCK IDLE [—
c To User
From —1 TDO1 SEL1 [— Logic
User Logic —{1po2 SEL2 —

DS060_22_080400

Figure 22: Boundary Scan Example
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DIN Bit n Bitn + 1
<—Tpcc —><— Tccp —> <~ TccL— >
CCLK / \
/ \
<«—— TccH ————l<=— Tcco
(O?j%ﬂ;l)— Bitn —1 Bit n
DS060_26_080400

Symbol Description Min Max | Units
Toce DIN setup 20 - ns
Teep DIN hold 0 - ns
T DIN to DOUT - 30 ns

cco COLK
TecH High time 40 - ns
TeoL Low time 40 - ns
Fce Frequency - 12.5 MHz
Notes:

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

High.

Figure 26: Slave Serial Mode Programming Switching Characteristics

Express Mode (Spartan-XL Family Only)

Express mode 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 (Figure 27). A CCLK fre-
quency of 1 MHz is equivalent to a 8 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. A
length count is not used in Express mode.

Express mode must be specified as an option to the devel-
opment system. The Express mode bitstream is not com-
patible with the other configuration modes (see Table 16,
page 32.) Express mode is selected by a <OX> on the Mode
pins (M1, MO).

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. Subsequent data bytes are
clocked in on each consecutive rising CCLK edge
(Figure 28).

Pseudo Daisy Chain

Multiple devices with different configurations can be config-
ured in a pseudo daisy chain provided that all of the devices

are in Express mode. Concatenated bitstreams are used to
configure the chain of Express mode devices so that each
device receives a separate header. 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. Frame data is
accepted only when CS1 is High and the device’s configura-
tion memory is not already full. The lead device in the chain
has its CS1 input tied High (or floating, since there is an
internal pull-up). The status pin DOUT is pulled Low after
the header is received, and remains Low until the device’s
configuration memory is full. DOUT is then pulled High to
signal the next device in the chain to accept the next header
and 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, deactivate
some of the internal pull-ups, since the Low-driving DONE
pin of the last device in the chain must sink the current from
all pull-ups in the chain. The DONE pull-up is activated by
default. It can be deactivated using a development system
option.

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 Spartan-XL devices in Express mode are synchronized

DS060 (v2.0) March 1, 2013
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Readback Switching Characteristics Guidelines

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

Finished
Internal Net /
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NN
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NI 2N
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TRCRD
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Figure 33: Spartan and Spartan-XL Readback Timing Diagram

Spartan and Spartan-XL Readback Switching Characteristics

Symbol Description Min Max Units
TRTRC rdbk.TRIG | rdbk.TRIG setup to initiate and abort Readback 200 - ns
TReRT rdbk.TRIG hold to initiate and abort Readback 50 - ns
TRcRD rdclk.| rdbk.DATA delay - 250 ns
TRcRR rdbk.RIP delay - 250 ns
TRcH High time 250 500 ns

TreL Low time 250 500 ns
Notes:

1. Timing parameters apply to all speed grades.
2. If rdbk.TRIG is High prior to Finished, Finished will trigger the first Readback.
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Spartan Family Detailed Specifications

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 extrapolation from other speed grades, devices, or families. Values
are subject to change. 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.
Notwithstanding the definition of the above terms, all specifications are subject to change without notice.

Except for pin-to-pin input and output parameters, the AC parameter delay specifications included in this document are
derived from measuring internal test patterns. All specifications are representative of worst-case supply voltage and junction
temperature conditions. The parameters included are common to popular designs and typical applications.

Spartan Family Absolute Maximum Ratings(1)

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t0+7.0 \Y
Vin Input voltage relative to GND(2-3) -0.5to Vg +0.5 v
Vig | Voltage applied to 3-state output(2-3) -0.5to Vg +0.5 v
Tstg | Storage temperature (ambient) —65 to +150 °C

T, Junction temperature Plastic packages +125 °C
Notes:

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

2. Maximum DC overshoot (above V) or undershoot (below GND) must be limited to either 0.5V or 10 mA, whichever is easier to
achieve.

3. Maximum AC (during transitions) conditions are as follows; the device pins may undershoot to —2.0V or overshoot to +7.0V, provided
this overshoot or undershoot lasts no more than 11 ns with a forcing current no greater than 100 mA.

4. For soldering guidelines, see the Package Information on the Xilinx website.

Spartan Family Recommended Operating Conditions

Symbol Description Min Max Units
Vee Supply voltage relative to GND, T; = 0°C to +85°C Commercial 4.75 5.25 \
Supply voltage relative to GND, T = —40°C to +100°C(1) | Industrial 4.5 5.5 v
V4 High-level input voltage(@) TTL inputs 2.0 Vee Y
CMOS inputs 70% 100% Vee
n Low-level input voltage(@) TTL inputs 0 0.8 \Y
CMOS inputs 0 20% Vee
TN Input signal transition time - 250 ns
Notes:

1. Atjunction temperatures above those listed as Recommended Operating Conditions, all delay parameters increase by 0.35% per °C.
2. Input and output measurement thresholds are: 1.5V for TTL and 2.5V for CMOS.

42 www.xilinx.com DS060 (v2.0) March 1, 2013
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Spartan Family DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
VoH High-level output voltage @ lgy = —4.0 mA, Ve min TTL outputs 2.4 - \'%
High-level output voltage @ Igy = —-1.0 mA, Vg min CMOS outputs Ve —0.5 - Vv
VoL Low-level output voltage @ I, = 12.0 mA, Ve min(!) | TTL outputs - 0.4 v
CMOS outputs - 0.4 Vv
VpRr Data retention supply voltage (below which configuration data may be lost) 3.0 - \
lcco Quiescent FPGA supply current(®) Commercial - 3.0 mA
Industrial - 6.0 mA
I Input or output leakage current -10 +10 LA
CiNn Input capacitance (sample tested) - 10 pF
IrPU Pad pull-up (when selected) @ V| = 0V (sample tested) 0.02 0.25 mA
IrRPD Pad pull-down (when selected) @ V,\ = 5V (sample tested) 0.02 - mA
Notes:

1. With 50% of the outputs simultaneously sinking 12 mA, up to a maximum of 64 pins.
2. With no output current loads, no active input pull-up resistors, all package pins at V¢ or GND, and the FPGA configured with a Tie

option.

Spartan Family Global Buffer Switching Characteristic Guidelines

All devices are 100% functionally tested. Internal timing
parameters are derived from measuring internal test pat-
terns. Listed below are representative values where one
global clock input drives one vertical clock line in each
accessible column, and where all accessible IOB and CLB
flip-flops are clocked by the global clock net.

When fewer vertical clock lines are connected, the clock dis-
tribution is faster; when multiple clock lines per column are
driven from the same global clock, the delay is longer. For

more specific, more precise, and worst-case guaranteed
data, reflecting the actual routing structure, use the values
provided by the static timing analyzer (TRCE in the Xilinx
Development System) and back-annotated to the simulation
netlist. These path delays, provided as a guideline, have
been extracted from the static timing analyzer report. All
timing parameters assume worst-case operating conditions
(supply voltage and junction temperature).

Speed Grade
-4 -3
Symbol Description Device Max Max Units
Teg From pad through Primary buffer, to any clock K XCSO05 2.0 4.0 ns
XCS10 2.4 4.3 ns
XCS20 2.8 5.4 ns
XCS30 3.2 5.8 ns
XCS40 3.5 6.4 ns
Tsg From pad through Secondary buffer, to any clock K XCS05 2.5 4.4 ns
XCS10 2.9 4.7 ns
XCS20 3.3 5.8 ns
XCS30 3.6 6.2 ns
XCS40 3.9 6.7 ns
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Spartan Family CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines

All devices are 100% functionally tested. Internal timing in the Xilinx Development System) and back-annotated to
parameters are derived from measuring internal test pat-  the simulation netlist. All timing parameters assume
terns. Listed below are representative values. For more  worst-case operating conditions (supply voltage and junc-
specific, more precise, and worst-case guaranteed data, tion temperature). Values apply to all Spartan devices and
use the values reported by the static timing analyzer (TRCE  are expressed in nanoseconds unless otherwise noted.

Speed Grade
-4 -3
Symbol Single Port RAM Size(1) Min Max Min Max Units
Write Operation
Twes | Address write cycle time (clock K period) 16x2 8.0 - 11.6 - ns
TweTs 32x1 8.0 - 11.6 - ns
Twes Clock K pulse width (active edge) 16x2 4.0 - 5.8 - ns
TwpTs 32x1 4.0 - 5.8 - ns
Tass | Address setup time before clock K 16x2 1.5 - 2.0 - ns
TasTs 32x1 1.5 - 2.0 - ns
Tans | Address hold time after clock K 16x2 0.0 - 0.0 - ns
TAHTS 32x1 0.0 - 0.0 - ns
Tpss DIN setup time before clock K 16x2 1.5 - 2.7 - ns
TpsTs 32x1 1.5 - 1.7 - ns
Tpus DIN hold time after clock K 16x2 0.0 - 0.0 - ns
TpHTS 32x1 0.0 - 0.0 - ns
Twss | WE setup time before clock K 16x2 1.5 - 1.6 - ns
TwsTs 32x1 1.5 - 1.6 - ns
Twhus | WE hold time after clock K 16x2 0.0 - 0.0 - ns
TwHTS 32x1 0.0 - 0.0 - ns
Twos | Data valid after clock K 16x2 - 6.5 - 7.9 ns
TwoTs 32x1 - 7.0 - 9.3 ns
Read Operation
Tre Address read cycle time 16x2 2.6 - 2.6 - ns
TreT 32x1 3.8 - 3.8 - ns
TiLo Data valid after address change (no Write 16x2 - 1.2 - 1.6 ns
Tho | Enable) 32x1 - 2.0 - 2.7 ns
Tick Address setup time before clock K 16x2 1.8 - 2.4 - ns
TiHCK 32x1 2.9 - 3.9 - ns
Notes:
1. Timing for 16 x 1 RAM option is identical to 16 x 2 RAM timing.
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Spartan-XL Family Global Buffer Switching Characteristic Guidelines

All devices are 100% functionally tested. Internal timing
parameters are derived from measuring internal test pat-
terns. Listed below are representative values where one
global clock input drives one vertical clock line in each
accessible column, and where all accessible IOB and CLB
flip-flops are clocked by the global clock net.

When fewer vertical clock lines are connected, the clock dis-
tribution is faster; when multiple clock lines per column are
driven from the same global clock, the delay is longer. For

more specific, more precise, and worst-case guaranteed
data, reflecting the actual routing structure, use the values
provided by the static timing analyzer (TRCE in the Xilinx
Development System) and back-annotated to the simulation
netlist. These path delays, provided as a guideline, have
been extracted from the static timing analyzer report. All
timing parameters assume worst-case operating conditions
(supply voltage and junction temperature).

Speed Grade
-5 -4
Symbol Description Device Max Max Units
TaLs From pad through buffer, to any clock K XCS05XL 1.4 1.5 ns
XCS10XL 1.7 1.8 ns
XCS20XL 2.0 2.1 ns
XCS30XL 2.3 2.5 ns
XCS40XL 2.6 2.8 ns
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Pin Descriptions

There are three types of pins in the Spartan/XL devices: Any user I/O can be configured to drive the Global
Set/Reset net GSR or the global three-state net GTS. See
Global Signals: GSR and GTS, page 20 for more informa-
tion.

* Permanently dedicated pins
e User I/O pins that can have special functions

e Unrestricted user-programmable I/O pins. ) ) . ) .
) . ) Device pins for Spartan/XL devices are described in
Before and during configuration, all outputs not used forthe 1,1 18

configuration process are 3-stated with the I/O pull-up resis-
tor network activated. After configuration, if an I0B is
unused it is configured as an input with the 1/O pull-up resis-
tor network remaining activated.

Some Spartan-XL devices are available in Pb-free package
options. The Pb-free package options have the same pin-
outs as the standard package options.

Table 18: Pin Descriptions

/0
During | I/O After
Pin Name Config. | Config. Pin Description

Permanently Dedicated Pins

Vee X X Eight or more (depending on package) connections to the nominal +5V supply
voltage (+3.3V for Spartan-XL devices). All must be connected, and each must be
decoupled with a 0.01 —-0.1 uF capacitor to Ground.

GND X X Eight or more (depending on package type) connections to Ground. All must be
connected.
CCLK lorO I During configuration, Configuration Clock (CCLK) is an output in Master mode and

is an input in Slave mode. After configuration, CCLK has a weak pull-up resistor
and can be selected as the Readback Clock. There is no CCLK High or Low time
restriction on Spartan/XL devices, except during Readback. See Violating the
Maximum High and Low Time Specification for the Readback Clock, page 39
for an explanation of this exception.

DONE I/0 0] DONE is a bidirectional signal with an optional internal pull-up resistor. As an
open-drain output, it indicates the completion of the configuration process. As an
input, a Low level on DONE can be configured to delay the global logic initialization
and the enabling of outputs.

The optional pull-up resistor is selected as an option in the program that creates
the configuration bitstream. The resistor is included by default.

PROGRAM I I PROGRAM is an active Low input that forces the FPGA to clear its configuration
memory. It is used to initiate a configuration cycle. When PROGRAM goes High,
the FPGA finishes the current clear cycle and executes another complete clear
cycle, before it goes into a WAIT state and releases INIT.

The PROGRAM pin has a permanent weak pull-up, so it need not be externally
pulled up to VCC.

MODE I X The Mode input(s) are sampled after INIT goes High to determine the
(Spartan) configuration mode to be used.
MO, M1 During configuration, these pins have a weak pull-up resistor. For the most popular
(Spartan-XL) configuration mode, Slave Serial, the mode pins can be left unconnected. For

Master Serial mode, connect the Mode/MO pin directly to system ground.
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XCS05 and XCS05XL Device Pinouts

XCS10 and XCS10XL Device Pinouts

XCSO05/XL Bndry XCS10/XL Bndry
Pad Name PC844) | vQ100 | Scan Pad Name | PC84(4)| vQ100 | CS144(24) TQ144 | Scan
1/0 P70 P71 23809 /0, P10 P99 A2 P143 | 83
I/0 (DO(@), DIN) P71 P72 | 2410 SGCK1(M)
/0, SGCK4(), GCK6®) P72 P73 | 244@ | |GCK8®
(DOUT) VCC P11 P100 B2 P144 -
CCLK P73 P74 - GND P12 P1 A1 P1 -
VCC P74 P75 - I/0, P13 P2 B1 P2 86
0, TDO P75 | P76 0 PGCK(12§”
GND P76 | P77 : GCK1
/0 P77 578 5 /0 P14 | P3 C2 P3 | 89
/0, PGCK4(), GCK7®@ P78 | P79 5 Vo : - Ct P4 | 92
/O (CS1®@) P79 | P80 8 Vo - - D4 PS5 | 95
7o) P81 pgo 12 /O,TCK | P16 | P5 D2 P7 | 101
le P2 | P83 | 17 GND - § D1 P8 | -
/0 5 P85 23 /0 - - E3 P10 | 107
7o) a4 pg7 9 /0 P18 | P7 Ef P12 | 113
GND P1 P88 - /0 - - F4 P13 | 116
Notes: /0 - P8 F3 P14 | 119
1. 5V Spartan family only I/0 P19 P9 F2 P15 | 122
2. 3V Spartan-XL family only I/0 P20 P10 F1 P16 125
3. The “PWRDWN” on the XCS05XL is not part of the Boundary -
Scan chain. For the XCS05XL, subtract 1 from all Boundary GND P21 P11 G2 P17
Scan numbers from GCK3 on (127 and higher). VCC P22 P12 G1 P18 -
4. PC84 package discontinued by PDN2004-01 110 P23 P13 GS3 P19 128
I/0 P24 P14 G4 P20 131
I/0 - P15 H1 P21 134
XCS10 and XCS10XL Device Pinouts Vo - - H2 | P22 | 137
XCS10/XL Bnd 110 P25 P16 H3 P23 140
ndry
Pad Name PC84() VQ100 CS14429) TQ144 Scan O P6 | Pl7 | A4 | P24 | 143
I/0 - - J1 P25 146
VCC P2 P89 D7 P128 - 7o) - . 12 P26 129
I/0 P3 P90 A6 P129 44 GND 13 o7
| P4 P91 B P1 47 ; . -
/o 9 6 80 I/0 P27 P18 J4 P28 152
I/0 - P92 C6 P131 50
I/0 - P19 K1 P29 155
I/0 - P93 D6 P132 53 7o) - - Ko P30 18
I/0 P5 P94 A5 P133 56 o) - - K3 P31 161
| P P B P134
/0 6 % > 8 59 I/0 P28 P20 L1 P32 164
/0 - - C5 P135 | 62
/0 N N D5 P136 65 I/0, P29 P21 L2 P33 167
SGCK2(1)
GND - - A4 P137 - GCK2(®2)
Vo P7 | P96 B4 | P138 | 68 Not P30 | P22 L3 P34 | 170
1/0 P8 P97 C4 P139 71 Connect_
I/0 - - A3 P140 74 ed(
/0 - - B3 P141 | 77 M1
I/0 P9 P98 C3 P142 80 GND P31 P23 M1 P35 -
MODE™), P32 P24 M2 P36 173
Mo()
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XCS10 and XCS10XL Device Pinouts XCS10 and XCS10XL Device Pinouts
XCS10/XL Bndry XCS10/XL Bndry
Pad Name | PC84(4) | VQ100 CS144(24) | TQ144  Scan Pad Name | PC84(%) vQ100 CS144(24) | TQ144 | Scan
VCC P33 P25 N1 P37 - /0, P57 P54 L13 P76 |262 (3)
Not P34 | P26 N2 P3g 174 ()| |PGCK3(M
Connect- GCK5()
ed(1) o) - - K10 P77 |265 @)
PWRDWN @2 1/0 - - K11 P78 |268 ()
) /0 (D6(@) | P58 P55 K12 P79 [2710)
/0, P35 P27 M3 P39 | 175®) I/O - P56 K13 P80 |274 ®)
PGCK2(") GND - - J10 P81 -
GCK3() ) - - J11 P82 |277 ®
I/O (HDC) P36 P28 N3 P40 [178 Q) /0 - - J12 P83 | 280 3
/0 - - K4 P41 (1818 [0 D5@) | P59 | P57 J13 P84 |2830)
/0 - - L4 P42 (184G  [j0 P60 | P58 H10 P85 | 286 )
1/0 - P29 M4 P43 | 187 ) 1/O N P59 H11 P86 | 289 (3
I/O (LDC) P37 P30 N4 P44 [190 ©) o) - P60 H12 P87 |292 )
GND - - K5 P45 - /0 (D4(2)) P61 P61 H13 P88 |295 ()
/0 - - L5 P46 [1930G)  [|0 P62 | P62 G12 P89 |298 @
/0 - - M5 P47 1196 ) [vce P63 | P63 G13 P90 -
/10 P38 P31 N5 P48 | 199 3 GND P64 P64 G11 P91 R
1/0 P39 | P32 K6 P49 [202 ®) /0 (D3®@) | P65 | P65 G10 P92 301 @
/0 - P33 L6 P50 [205®)| [|0 P66 | P66 F13 P93 | 304 @
I/O - P34 M6 P51 [208 ) /0 - P67 F12 P94 307 )
I/O P40 P35 N6 P52 [211 Q) /0 - - F11 P95 | 310 @)
/0 (INIT) P41 P36 M7 P53 [214 ) /0 (D2@) | P67 | P68 F10 P96 3130
vCC P42 | P37 N7 P54 - /0 P68 | P69 E13 P97 (316 @
GND P43 P38 L7 P55 - I/O - - E12 P98 319 )
I/0 P44 P39 K7 P56 |217 () /0 - - E11 P99 | 322 (3)
I/0 P45 P40 N8 P57 |220 () GND - - E10 P100 -
/0 - P41 M8 P58 223G )0 (D1@) | P69 | P70 D13 P101 |325()
/0 - P42 L8 P59 226 [0 P70 | P71 D12 | P102 |328 @
I/0 P46 P43 K8 P60 |229 () /O - - D11 P103 |331 ®
I/0 P47 P44 N9 P61 |232©) /0 - - C13 P104 |334 3)
/0 - - M9 P62 [2350) [0 D0®@, | P71 | P72 C12 P105 | 337 @
1/0 - - L9 P63 |238 () DIN)
GND - - K9 P64 - /0, P72 P73 C11 P106 |340 )
I/0 P48 P45 N10 P65 | 241 3) SGCK4(1)
o) P49 | P46 M10 P66 |244 @) |GCKe(@)
/0 - ; L10 P67 247 ®  |(DOUT)
110 _ - N11 P68 250 (3) CCLK P73 P74 B13 P107 -
/0 P50 | P47 M11 Pe9 253@)| |VCC P74 | P75 B12 P108 | -
/0, P51 P48 L11 P70 |256 ®) O, TDO P75 P76 A13 P109 0
SGCK3() GND P76 P77 A12 P110 -
GCK4( /0 P77 | P78 B11 P111 2
GND P52 P49 N12 P71 - I/0O, P78 P79 Al1 P112 5
DONE P53 | P50 M12 P72 : PGCK4(")
VCC P54 | P51 Ni3 | P73 | - GCK7®
PROGRAM | P55 | P52 M13 P74 ; 4Y - - D10 P113 | 8
/O (D7®@) | P56 | P53 L12 P75 259 @ |V/O - - C1o | P114 | 11
I/0 (CS1@)| P79 P80 B10 P115 | 14
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XCS20 and XCS20XL Device Pinouts XCS20 and XCS20XL Device Pinouts
XCS20/XL Bndry XCS20/XL Bndry
Pad Name |VQ100 | CS144(24 | TQ144 | PQ208 | Scan Pad Name |VQ100 CS144(24)| TQ144 | PQ208 | Scan
I/O - F4 P13 P21 170 I/O (LDC) P30 N4 P44 P60 | 262 )
/0 P8 F3 P14 P22 173 I/0 - - - P61 | 2650
I/O P9 F2 P15 P23 176 I/O - - - P62 | 268 3)
I/O P10 F1 P16 P24 179 I/O - - - P63 | 271G
GND P11 G2 P17 P25 - I/0 - - - P64 | 274 )
VCC P12 G1 P18 P26 - GND - K5 P45 P66 -
I/O P13 G3 P19 P27 182 I/O - L5 P46 P67 | 277 O
I/0 P14 G4 P20 P28 185 I/0 - M5 P47 P68 | 280 (3
I/0 P15 H1 P21 P29 188 I/0 P31 N5 P48 P69 | 28303
I/O - H2 P22 P30 191 I/O P32 K6 P49 P70 | 2860
I/0 - - - P31 194 vcec®) - - - P71 -
I/O - - - P32 197 I/O - - - P72 | 289 3)
VCC®@ - - - P33 - I/0 - - - P73 | 292 )
I/O P16 H3 P23 P34 200 I/0 P33 L6 P50 P74 | 295 @)
I/0 P17 H4 P24 P35 203 I/0 P34 M6 P51 P75 | 298 3
/0 - J1 P25 P36 206 I/0 P35 N6 P52 P76 | 301 ©)
I/0 - J2 P26 P37 209 I/0 (INIT) P36 M7 P53 P77 | 304 ®)
GND - J3 P27 P38 - VCC P37 N7 P54 P78 -
I/0 - - - P40 212 GND P38 L7 P55 P79 -
I/0 - - - P41 215 I/0 P39 K7 P56 P80 | 307
I/O - - - P42 218 I/0 P40 N8 P57 P81 310
I/O - - - P43 221 I/O P41 M8 P58 P82 | 3130
I/0 P18 Ja P28 P44 224 I/0 P42 L8 P59 P83 | 316
I/O P19 K1 P29 P45 227 I/O - - - P84 | 3190
/0 - K2 P30 P46 230 I/0 - - - P85 | 3220
I/0 - K3 P31 P47 233 vcc®) - - - P86 -
I/0 P20 L1 P32 P48 236 I/0 P43 K8 P60 P87 | 3250)
I/0, P21 L2 P33 P49 239 1’0 P44 N9 P61 P8g | 328 ¥
SGCK2(), 110 - M9 P62 | P89 | 3310
GCK2@)
I/0 - L9 P63 P90 | 334 )
IC\IJSL o) P22 L3 P34 P50 242 &ND - K9 Pod o1 -
M1@ I/0 - - - P93 | 3370
GND P23 M1 P35 P51 - I/0 - - - P94 | 3400
MODE(), P24 M2 P36 P52 | 245 /0 - - - P95 | 3430
Mo() /0 - - - P96 | 346 ()
VCC P25 N1 P37 P53 - I/0 P45 N10 P65 P97 | 3490
Not P26 N2 P38 P54 | 246 (1) 110 P46 M10 P66 P98 | 35203
Connected(!) e i L10 P67 | P99 | 3550
PWRDWN®) Te i N11 P68 | P100 | 358 0
IF/%Csz Per M3 P39 | P85 24701 fig P47 | M1 P69 | P101 | 361 O
GCK3®@ I/0, P48 L11 P70 | P102 | 364 ©)
SGCK3(1),
/O (HDC) P28 N3 P40 P56 | 250 ® GCK4®)
Vo - K4 P41 P57 | 2530 GND P49 N12 P71 | P103 -
Vo - L4 P42 | P58 | 256 | "poNE P50 | Mi2 P72 | P104 -
1/0 P29 M4 P43 P59 | 259 (3) VCC P51 N13 P73 P105 .
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XCS30 and XCS30XL Device Pinouts (Continued)

XCS30/XL Bndry

Pad Name vQ1006) TQ144 PQ208 PQ240 BG256(%) CS280(2,5) Scan

I/O - - P85 P97 ui2 T11 382 ()

1’0 - - - P99 V13 u12 385 (3)

I/O - - - P100 Y14 T12 388 3
VCC - - P86 P101 vcc) W13 -

I/0 P43 P60 P87 P102 Y15 V13 391 ()

I/0 P44 P61 P88 P103 V14 u13 394 ()

I/0 - P62 P89 P104 W15 T13 397 )

I/0 - P63 P90 P105 Y16 w14 400 ®
GND - P64 P91 P106 GND®) GND®) -

I/O - - - P107 V15 V14 403 )

I/0 - - P92 P108 W16 ui4 406 G

I/O - - P93 P109 Y17 T14 409 ()

I/O - - P94 P110 V16 R14 412 )

I/0 - - P95 P111 W17 W15 4150

I/O - - P96 P112 Y18 uis 418 ()

I/O P45 P65 P97 P113 uie V16 421 ©)

I/0 P46 P66 P98 P114 V17 u1e 424 )

I/O - P67 P99 P115 W18 W17 427 ()

I/O - P68 P100 P116 Y19 W18 430 )

I/0 P47 P69 P101 P117 V18 V17 4330

I/0, SGCK3(1), GCK4(2) P48 P70 P102 P118 w19 V18 436 ()
GND P49 P71 P103 P119 GND®) GND®) -
DONE P50 P72 P104 P120 Y20 w19 -
VCC P51 P73 P105 P121 vCccH ui7 -
PROGRAM P52 P74 P106 P122 V19 u18 -

I/0 (D7) P53 P75 P107 P123 u19 V19 439 ()

I/0, PGCK3(1), GCK5(2) P54 P76 P108 P124 u1s u19 442 (3)

I/O - P77 P109 P125 T17 T16 445 (3)

I/0 - P78 P110 P126 V20 T17 448 4

I/O - - - P127 U20 T18 451 ()

I/0 - - P111 P128 T18 T19 454 ()

I/0 (D6(2)) P55 P79 P112 P129 T19 R16 457 )

I/O P56 P80 P113 P130 T20 R19 460 ()

I/0 - - P114 P131 R18 P15 463 ()

I/0 - - P115 P132 R19 P17 466 4

I/O - - P116 P133 R20 P18 469 ()

I/0 - - P117 P134 P18 P16 472 ()
GND - P81 P118 P135 GND® GND® -

I/O - - - P136 P20 P19 475 ()

I/0 - - - P137 N18 N17 478 G

I/0 - P82 P119 P138 N19 N18 481 G

I/O - P83 P120 P139 N20 N19 484 ()
vVCC - - P121 P140 vccW N16 -

I/0 (D5(2) P57 P84 P122 P141 M17 M19 487 (3)

I/O P58 P85 P123 P142 M18 M17 490 ()
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XCS30 and XCS30XL Device Pinouts (Continued)
XCS30/XL Bndry
Pad Name vQ1006) TQ144 PQ208 PQ240 BG256(5) €S280(25) Scan
I/0 - - P124 P144 M20 L19 493 ()
I/0 - - P125 P145 L19 L18 496 G
I/O P59 P86 P126 P146 L18 L17 499 ()
I/0 P60 P87 P127 P147 L20 L16 502 ()
I/0 (D4(2) P61 P88 P128 P148 K20 K19 505 ()
I/0 P62 P89 P129 P149 K19 K18 508 (3
VCC P63 P90 P130 P150 vcc) K17 -
GND P64 P91 P131 P151 GND® GND® -
I/0 (D3(2) P65 P92 P132 P152 K18 K16 511 Q)
I/O P66 P93 P133 P153 K17 K15 514 )
I/0 P67 P94 P134 P154 J20 J19 517
I/0 - P95 P135 P155 J19 J18 520 )
I/0 - - P136 P156 J18 J17 523 (3)
I/0 - - P137 P157 J17 J16 526 (3
I/0 (D2(2)) P68 P96 P138 P159 H19 H17 529 (3)
I/0 P69 P97 P139 P160 H18 H16 532 (3)
VCC - - P140 P161 vcc®) G19 -
I/0 - P98 P141 P162 G19 G18 535 (3)
1’0 - P99 P142 P163 F20 G17 538 (3
I/0 - - - P164 G18 G16 541 ()
I/O - - - P165 F19 F19 544 (3)
GND - P100 P143 P166 GND®) GND®) -
I/0 - - - P167 F18 F18 547 (3)
I/O - - P144 P168 E19 F17 550 (3)
I/0 - - P145 P169 D20 F16 553 (3)
I/0 - - P146 P170 E18 F15 556 (3)
I/O - - P147 P171 D19 E19 559 (3)
I/0 - - P148 P172 C20 E17 562 (3)
I/0 (D13) P70 P101 P149 P173 E17 E16 565 (3)
I/0 P71 P102 P150 P174 D18 D19 568 (3)
I/O - P103 P151 P175 C19 Cc19 571 ©)
I/0 - P104 P152 P176 B20 B19 574 ()
I/0 (D03, DIN) P72 P105 P153 P177 Cc18 Cc18 577 )
I/0, SGCK4(), GCK6?@) P73 P106 P154 P178 B19 B18 580 (3
(DOUT)
CCLK P74 P107 P155 P179 A20 A19 -
VCC P75 P108 P156 P180 vcc®) C17 -
0, TDO P76 P109 P157 P181 A19 B17 0
GND P77 P110 P158 P182 GND® GND® -
I/0 P78 P111 P159 P183 B18 A18 2
I/0, PGCK4(1), GCK7(2) P79 P112 P160 P184 B17 A17 5
I/0 - P113 P161 P185 C17 D16 8
I/0 - P114 P162 P186 D16 C16 11
I/0 (CS1)(@) P80 P115 P163 P187 A18 B16 14
I/0 P81 P116 P164 P188 A17 A16 17
I/0 - - P165 P189 c16 D15 20
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XCS30 and XCS30XL Device Pinouts (Continued)

XCS30/XL Bndry
Pad Name vQ100() TQ144 PQ208 PQ240 BG256(%) CS280(2) Scan
I/0 - - - P190 B16 A15 23
I/0 - P117 P166 P191 A16 E14 26
1/0 - - P167 P192 C15 C14 29
I/0 - - P168 P193 B15 B14 32
I/0 - - P169 P194 A15 D14 35
GND - P118 P170 P196 GND®) GND®) -
1/0 - P119 P171 P197 B14 Al14 38
I/O - P120 P172 P198 Al4 C13 41
I/0 - - - P199 C13 B13 44
1/0 - - - P200 B13 A13 47
VCC - - P173 P201 vcecH) D13 -
/0 P82 P121 P174 P202 Cci12 B12 50
1/0 P83 P122 P175 P203 B12 D12 53
I/0 - - P176 P205 A12 Al 56
/0 - - P177 P206 B11 B11 59
1/0 P84 P123 P178 P207 C11 C11 62
I/O P85 P124 P179 P208 A1 D11 65
I/O P86 P125 P180 P209 A10 A10 68
1/0 P87 P126 P181 P210 B10 B10 71
GND P88 P127 P182 P211 GND®) GND®) -
2/8/00
Notes:
1. 5V Spartan family only
2. 3V Spartan-XL family only
3. The “PWRDWN?” on the XCS30XL is not part of the Boundary Scan chain. For the XCS30XL, subtract 1 from all Boundary Scan
numbers from GCK3 on (295 and higher).
4. Pads labeled GND®) or V() are internally bonded to Ground or V¢ planes within the package.
5. (CS280 package, and VQ100 and BG256 packages for XCS30 only, discontinued by PDN2004-01
Additional XCS30/XL Package Pins GND Pins
PQ240 A1 B7 D4 D8 D13 D17
GND Pins G20 H4 H17 N3 N4 N17
P22 P37 P83 Po8 P143 P158 U4 us u13 Utz W14 -
P204 P219 - - - - Not Connected Pins
Not Connected Pins A7 A13 C8 D12 H20 J3
ptos | - | - | - | - [ . Ja M4 | M19 | V9 wo | wis
2/12/98 Y13 - - - - -
6/4/97
BG256
VCC Pins CS280
Cl4 D6 D7 D11 D14 | D15 VCC Pins
E20 F1 F4 F17 G4 G17 A1 A7 C10 C17 D13 G1
K4 L17 P4 P17 P19 R2 G1 G19 K2 K17 M4 N16
R4 R17 U6 u7 ui1o ui4 T7 us u10 Uiz W13 .
uis V7 w20 - - - GND Pins
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Product Obsolete/Under Obsolescence

x XILINX® Spartan and Spartan-XL FPGA Families Data Sheet
CS280 XCS40 and XCS40XL Device Pinouts
- XCS40/XL Bndr
VCC Pins Pad Name | PQ208 | PQ240 | BG256 | CS2809)| Sean
E5 E7 E8 E9 E11 E12 1/10 P200 P232 B4 A5 140
E13 G5 G15 H5 H15 J5 1/10 P201 P233 A3 C5 143
J15 | L5 L15 M5 M15 N5 Vo - - - bs 140
110 - - - A4 149
N15 | R7 R8 R9 R11 R12 /0 P202 | P234 | D5 B4 152
R13 i ] - - - 110 P203 | P235 | C4 Cc4 155
Not Connected Pins 1/10 P204 P236 B3 A3 158
/10 P205 P237 B2 A2 161
Ad | A12 c8 C12 C15 D1 /o P206 | P238 | A2 B3 164
D2 D5 D8 D17 D18 E15 1/0, " P207 P239 C3 B2 167
K1
H2 | H3 | H18 | H19 L4 M1 o)
M16 | M18 R2 R4 R5 R15 vCC P208 | P240 | vCC@ | vCC® -
R17 | T8 | Ti5 us V8 V12 GND P1_| P1 | GNDW| GND® | -
W12 W16 _ i i i ::/)%,CK“”’ P2 P2 B1 C3 170
Not Connected Pins (VCC in XCS40XL) GCK1®
1/0 P3 P3 c2 Cc2 173
B5 B15 E3 E18 R3 R18 e 7 Pl D2 B 176
Vs | V15 - - - - /0 P5 P5 D3 [ 179
5/21/02 1/0, TDI P6 P6 E4 D4 182
/10, TCK P7 P7 C1 D3 185
XCS40 and XCS40XL Device Pinouts I/0 - - - D2 188
XCS40/XL Bndry /o - - - D1 191
Pad Name | PQ208 | PQ240 | BG256 | CS280(25) | Scan 1/O P8 P8 D1 E2 194
VCC P183 | P212 | vCC@ | vCC@ - /O P9 P9 E3 E4 197
I/0 P184 P213 C10 D10 86 1/O P10 P10 E2 E1 200
I/0 P185 P214 D10 E10 89 1/O P11 P11 Eq F5 203
110 P186 P215 A9 A9 92 o) P12 P12 F3 F3 206
110 P187 P216 B9 B9 95 1/O _ P13 F2 F2 209
I/0 P188 P217 C9 C9 98 GND P13 P14 | GND® | GND® -
/0 P189 P218 D9 D9 101 1/O P14 P15 G3 F4 212
110 P190 P220 A8 A8 104 1/O P15 P16 G2 F1 215
/0 P191 | P221 B8 B8 107 /0, TMS P16 P17 G1 G3 218
/0 - - C8 c8 110 /0 P17 P18 H3 G2 221
/0 - - A7 D8 113 VCC P18 P19 | vcc | vccH -
VCC P192 | P222 | vcc# | vcc®) - ) - P20 Ho G4 204
/10 - P223 A6 B7 116 1/O _ P21 H1 HA1 207
I/0 - P224 Cc7 Cc7 119 1/O - - J4 H3 230
/0 P193 | P225 | B6 D7 122 /0 } ; 13 H2 233
/10 P194 P226 A5 A6 125 1/O P19 P23 J2 H4 236
GND P195 | P227 | GND®) | GND® - o) P20 P24 NE J1 239
I/0 P196 | P228 Cé6 B6 128 1/O P21 P25 K2 J2 242
I/0 P197 P229 B5 Ccé6 131 1/O P22 P26 K3 J3 245
I/0 P198 P230 A4 D6 134 1/O P23 P27 K1 Ja 248
I/0 P199 | P231 C5 E6 137 1/O P24 P28 L1 KA1 251
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