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This high value makes them unsuitable as wired-AND
pull-up resistors.

Table 7: Supported Destinations for Spartan/XL
Outputs

Spartan-XL Spartan
Outputs Outputs
5V, 5V,
Destination 3.3V, CMOS TTL CMOS
Any device, \ \ Some(")
Vee = 3.3V,
CMOS-threshold
inputs
Any device, \ \ \
Ve =5Y,
TTL-threshold inputs
Any device, Unreliable \
VCC =5V, Data
CMOS-threshold
inputs
Notes:

1. Only if destination device has 5V tolerant inputs.

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 resistor
active. Alternatively, they can be individually configured with
the pull-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 pull-down, attach the PULL-
DOWN library component to the net attached to the pad.

Set/Reset

As with the CLB registers, the GSR signal can be used to
set or clear the input and output registers, depending on the
value of the INIT attribute or property. The two flip-flops can
be individually configured to set or clear on reset and after
configuration. Other than the global GSR net, no user-con-
trolled set/reset signal is available to the 1/O flip-flops
(Figure 5). The choice of set or reset applies to both the ini-
tial state of the flip-flop and the response to the GSR pulse.

Independent Clocks

Separate clock signals are provided for the input (IK) and
output (OK) flip-flops. The clock can be independently
inverted for each flip-flop within the IOB, generating either

falling-edge or rising-edge triggered flip-flops. The clock
inputs for each IOB are independent.

Common Clock Enables

The input and output flip-flops in each IOB have a common
clock enable input (see EC signal in Figure 5), which
through configuration, can be activated individually for the
input or output flip-flop, or both. This clock enable operates
exactly like the EC signal on the Spartan/XL FPGA CLB. It
cannot be inverted within the IOB.

Routing Channel Description

All internal routing channels are composed of metal seg-
ments with programmable switching points and switching
matrices to implement the desired routing. A structured,
hierarchical matrix of routing channels is provided to
achieve efficient automated routing.

This section describes the routing channels available in
Spartan/XL devices. Figure 8 shows a general block dia-
gram of the CLB routing channels. The implementation soft-
ware automatically assigns the appropriate resources
based on the density and timing requirements of the design.
The following description of the routing channels is for infor-
mation only and is simplified with some minor details omit-
ted. For an exact interconnect description the designer
should open a design in the FPGA Editor and review the
actual connections in this tool.

The routing channels will be discussed as follows;

e CLB routing channels which run along each row and
column of the CLB array.

* 1OB routing channels which form a ring (called a
VersaRing) around the outside of the CLB array. It
connects the 1/0O with the CLB routing channels.

*  Global routing consists of dedicated networks primarily
designed to distribute clocks throughout the device with
minimum delay and skew. Global routing can also be
used for other high-fanout signals.

CLB Routing Channels

The routing channels around the CLB are derived from
three types of interconnects; single-length, double-length,
and longlines. At the intersection of each vertical and hori-
zontal routing channel is a signal steering matrix called a
Programmable Switch Matrix (PSM). Figure 8 shows the
basic routing channel configuration showing single-length
lines, double-length lines and longlines as well as the CLBs
and PSMs. The CLB to routing channel interface is shown
as well as how the PSMs interface at the channel intersec-
tions.
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and Spartan-XL families, speeding up arithmetic and count-
ing functions.

The carry chain in 5V Spartan devices can run either up or
down. At the top and bottom of the columns where there are
no CLBs above and below, the carry is propagated to the
right. The default is always to propagate up the column, as
shown in the figures. The carry chain in Spartan-XL devices
can only run up the column, providing even higher speed.

Figure 16, page 18 shows a Spartan/XL FPGA CLB with
dedicated fast carry logic. The carry logic shares operand

and control inputs with the function generators. The carry
outputs connect to the function generators, where they are
combined with the operands to form the sums.

Figure 17, page 19 shows the details of the Spartan/XL
FPGA carry logic. This diagram shows the contents of the
box labeled "CARRY LOGIC" in Figure 16.

The fast carry logic can be accessed by placing special
library symbols, or by using Xilinx Relationally Placed Mac-
ros (RPMs) that already include these symbols.
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Figure 17: Detail of Spartan/XL Dedicated Carry Logic

3-State Long Line Drivers

A pair of 3-state buffers is associated with each CLB in the
array. These 3-state buffers (BUFT) can be used to drive
signals onto the nearest horizontal longlines above and
below the CLB. They can therefore be used to implement
multiplexed or bidirectional buses on the horizontal long-
lines, saving logic resources.

There is a weak keeper at each end of these two horizontal
longlines. This circuit prevents undefined floating levels.
However, it is overridden by any driver.

Three-State Buffer Example

Figure 18 shows how to use the 3-state buffers to imple-
ment a multiplexer. The selection is accomplished by the
buffer 3-state signal.

Pay particular attention to the polarity of the T pin when
using these buffers in a design. Active High 3-state (T) is
identical to an active Low output enable, as shown in
Table 11.

Table 11: Three-State Buffer Functionality

The buffer enable is an active High 3-state (i.e., an active IN T ouTt
Low enable), as shown in Table 11. X 1 7
IN 0 IN

: ] Z=(Da*A)+(Dg*B)+(Dc*C)+ (Dn*N

E 100 kQ E (Da*A)+ (D *B) +(Dc*C)+ (DN N)

E i DAj/ Dg I Dc I DN

BUFT BUFT BUFT BUFT

: POA B o] N

sk Kesper T

DS060_18_080400
Figure 18: 3-state Buffers Implement a Multiplexer
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Description Symbol Min
Power Down Time TpwD 50 ns
Power Down Pulse Width TpwDwW 50 ns

DS060_23_041901

Figure 23: PWRDWN Pulse Timing

Power-down retains the configuration, but loses all data
stored in the device flip-flops. All inputs are interpreted as
Low, but the internal combinatorial logic is fully functional.
Make sure that the combination of all inputs Low and all
flip-flops set or reset in your design will not generate internal
oscillations, or create permanent bus contention by activat-
ing internal bus drivers with conflicting data onto the same
long line.

During configuration, the PWRDWN pin must be High. If the
Power Down state is entered before or during configuration,
the device will restart configuration once the PWRDWN sig-
nal is removed. Note that the configuration pins are affected
by Power Down and may not reflect their normal function. If
there is an external pull-up resistor on the DONE pin, it will
be High during Power Down even if the device is not yet
configured. Similarly, if PWRDWN is asserted before config-
uration is completed, the INIT pin will not indicate status
information.

Note that the PWRDWN pin is not part of the Boundary
Scan chain. Therefore, the Spartan-XL family has a sepa-
rate set of BSDL files than the 5V Spartan family. Boundary
scan logic is not usable during Power Down.

Configuration and Test

Configuration is the process of loading design-specific pro-
gramming data into one or more FPGAs to define the func-
tional operation of the internal blocks and their
interconnections. This is somewhat like loading the com-
mand registers of a programmable peripheral chip.
Spartan/XL devices use several hundred bits of configura-
tion 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 multiplexer
input, or an interconnect pass transistor. The Xilinx develop-
ment system translates the design into a netlist file. It auto-
matically partitions, places and routes the logic and
generates the configuration data in PROM format.

Configuration Mode Control
5V Spartan devices have two configuration modes.

¢ MODE = 1 sets Slave Serial mode
¢ MODE = 0 sets Master Serial mode

3V Spartan-XL devices have three configuration modes.

¢ M1/MO = 11 sets Slave Serial mode
e M1/MO = 10 sets Master Serial mode
e M1/MO = OX sets Express mode

In addition to these modes, the device can be configured
through the Boundary Scan logic (See "Configuration
Through the Boundary Scan Pins" on page 37.).

The Mode pins are sampled prior to starting configuration to
determine the configuration mode. After configuration,
these pin are unused. The Mode pins have a weak pull-up
resistor turned on during configuration. With the 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 unconnected.
If the Master Serial mode is desired, the MODE/MO pin
should be connected directly to GND, or through a
pull-down resistor of 1 KQ or less.

During configuration, some of the I/O pins are used tempo-
rarily for the configuration process. All pins used during con-
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figuration are shown in Table 14 and Table 15.

Table 14: Pin Functions During Configuration

Table 15: Pin Functions During Configuration
(Spartan-XL Family Only)

(Spartan Family Only) CONFIGURATION MODE <M1:MO0>
- - . Slave Master
Configuration Mode (MODE Pin) Serial Serial Express User
Slave Serial Master Serial User [1:1] [1:0] [0:X] Operation
(High) (Low) Operation M1 (High) (I) | M1 (High) (1) | M1(Low) () M1
MODE (I MODE (I MODE
.( ) .( ) MO (High) (1) | MO (Low) (1) MO (1) MO
HDC (High) HDC (High) Vo HDC (High) | HDC (High) | HDC (High) 110
LDC (Low) LDC (Low) Vo LDC (Low) | LDC (Low) | LDC (Low) e
INIT INIT I/0 INIT INIT INIT e
DONE DONE DONE DONE DONE DONE DONE
PROGRAM (I PROGRAM (1) PROGRAM PROGRAM | PROGRAM | PROGRAM | PROGRAM
CCLK () CCLK (O) CCLK (I) ) ) (
DIN (1) DIN (1) 1/0 CCLK (1) CCLK (O) CCLK (I) CCLK (I)
DOUT DOUT SGCK4-1/0 DATA 7 (1) I/O
TDI TDI TDI-I/O DATA 6 (I) I/O
TCK TCK TCK-1/O DATA 5 (1) I/O
TMS TMS TMS-I/0O DATA 4 (1) I/O
TDO TDO TDO-(O) DATA 3 (I) I/O
ALL OTHERS DATA 2 (I) I/O
Notes: DATA 1 (1) I/0
1. A shaded table cell represents the internal pull-up used
before and during configuration. DIN (1) DIN (1) DATA 0 (1) I/0
2. (I) represents an input; (O) represents an output.
3. INIT is an open-drain output during configuration. DouT DOUT DOUT GCKe-1/0
TDI TDI TDI TDI-I/O
TCK TCK TCK TCK-1/O
TMS TMS TMS TMS-1/0
TDO TDO TDO TDO-(O)
CSt I/0
ALL
OTHERS
Notes:
1. A shaded table cell represents the internal pull-up used
before and during configuration.
2. () represents an input; (O) represents an output.
3. INIT is an open-drain output during configuration.
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Slave Serial is the default mode if the Mode pins are left
unconnected, as they have weak pull-up resistors during
configuration.

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

Serial Daisy Chain

Multiple 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 25. Connect the
DOUT of each device to the DIN of the next. The lead or
master FPGA and following slaves each passes resynchro-
nized 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 out-
puts a High on DOUT until it has received its required num-
ber 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 I/O are normally
released two CCLK cycles after the last configuration bit is
received.

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.

Note:
M2, M1, MO can be shorted
to Vg if not used as 1/0

Vee
33K S 3.3K 3.3K
MO M1
I MODE N/C —{ MODE M2
= DouT | DIN DouT DIN DOUT —
Spartan Voo CCLK CCLK
Master Xilinx SPROM  +5v Spartan FPGA
Serial :I' Slave Slave
CCLK CLK Vpp
DIN DATA
PROGRAM  LDC CE CEO — = PROGRAM > RESET
DONE INIT RESET/OE — DONE INIT —| D/P INIT
(Low Reset Option Used)
PROGRAM
DS060_25_061301
Figure 25: Master/Slave Serial Mode Circuit Diagram
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Configuration

The 0010 preamble code indicates that the following 24 bits
represent the length count for serial modes. The length
count is the total number of configuration clocks needed to
load the complete configuration data. (Four additional con-
figuration clocks are required to complete the configuration
process, as discussed below.) After the preamble and the
length count have been passed through to any device in the
es daisy chain, its DOUT is held High to prevent frame start
bits from reaching any daisy-chained devices. In Spar-
tan-XL family Express mode, the length count bits are
ignored, and DOUT is held Low, to disable the next device in

Boundary Scan
Instructions
Available:

Test MODE, Generate
One Time-Out Pulse
of 16 or 64 ms

PROGRAM
= Low,

Keep Clearing
Configuration
Memory

EXTEST* the pseudo daisy chain.
SAMPLE/PRELOAD / Completely Clear - . . . . .
BYPASS  (Configuration Memory) ~1-3 us per Frame A specific configuration bit, early in the first frame of a mas-
_ CONFIGURE* Once More ter device, controls the configuration-clock rate and can
(* if PROGRAM = High) . ) . . .
] increase it by a factor of eight. Therefore, if a fast configura-

tion clock is selected by the bitstream, the slower clock rate
is used until this configuration bit is detected.

INIT
High? if
Maste

Yes Master Delays Before Each frame has a start field followed by the frame-configu-
Sampling Mode Line ration data bits and a frame error field. If a frame data error
Sample is detected, the FPGA halts loading, and signals the error by
pulling the open-drain INIT pin Low. After all configuration
Mngsfggl'\-l’: " T frames have been loaded into an FPGA using a serial
T oad On ;'5'1 mode, DOUT again follows the input data so that the
Configuration E remaining data is passed on to the next device. In
Data Frame Q Spartan-XL family Express mode, when the first device is
Tz fully programmed, DOUT goes High to enable the next

L W device in the chain.

u ow =]
§ Delaying Configuration After Power-Up

3 There are two methods of delaying configuration after
SAMPé_EéF;\FéESLOAD (Jg;lfl?r] No power-up: put a logic Low on the PROGRAM input, or pull

the bidirectional INIT pin Low, using an open-collector
(open-drain) driver. (See Figure 30.)

A Low on the PROGRAM input is the more radical
approach, and is recommended when the power-supply rise
time is excessive or poorly defined. As long as PROGRAM
is Low, the FPGA keeps clearing its configuration memory.
When PROGRAM goes High, the configuration memory is
cleared one more time, followed by the beginning of config-
uration, provided the INIT input is not externally held Low.
Note that a Low on the PROGRAM input automatically
forces a Low on the INIT output. The Spartan/XL FPGA
PROGRAM pin has a permanent weak pull-up.

Avoid holding PROGRAM Low for more than 500 us. The
500 pus maximum limit is only a recommendation, not a

memory

Configuration
Data to DOUT

Start-Up
Sequence

Operational

(]

SAMPLE PF'{E;LTOE% § requirement. The only effect of holding PROGRAM Low for
BYPASS | |f Boundary Scan o more than 500 us is an increase in current, measured at
3252; is Selected about 40 mA in the XCS40XL. This increased current can-
CONFIGURE not damage the device. This applies only during reconfigu-
READBACK 55050. 30, 080400 ration, not during power-up. The INIT pin can also be held
. . . Low to delay reconfiguration, and the same characteristics

Figure 30: Power-up Configuration Sequence apply as for the PROGRAM pin.
Using an open-collector or open-drain driver to hold INIT
Low before the beginning of configuration causes the FPGA
DS060 (v2.0) March 1, 2013 www.xilinx.com 35
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Readback Abort

When the Readback 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. RDBK.CLK is located in the
lower right chip corner.

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 following
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 interrupts
before frame boundaries. Frame lengths and data formats
are listed in Table 16 and Table 17.
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Readback Switching Characteristics Guidelines

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

Finished
Internal Net /

I~
N N
NN
N N

NI 2N
NN

(
/]
rdbk. TRIG / 7/
TRCRT 5 — T > 3
TRTRC —»| |« TRTRC —>| RCRT
rdolk.| W\_
TRCL TRCH

NL2N
2N

»,
rdbk.RIP {7
—> TRCRR
C (
) )
rdbk.DATA T DUMMYX DUMMY x VALID X VALID /

(
7

TRCRD

~

DS060_32_080400

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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Configuration Switching Characteristics

Vce *

TPOR

NN

PROGRAM

/.

INIT

TPl —>

/

CCLK Output or Input

—>

/

RE-PROGRAM

“«

/WW

—> -<— >300ns
\

—/
—>| |=— <300ns
Peirod CX: DONE Response __\4\_
—>| |<— <300ns
P
Master Mode
Symbol Description Min Max Units
TpoRr Power-on reset 40 130 ms
Tp Program Latency 30 200 us per CLB column
Ticck CCLK (output) delay 40 250 us
Tcok CCLK (output) period, slow 640 2000 ns
Tcok CCLK (output) period, fast 100 250 ns
Slave Mode
Symbol Description Min Max Units
TeoRr Power-on reset 10 33 ms
Tp Program latency 30 200 us per CLB column
Ticck CCLK (input) delay (required) 4 - us
Tcolk CCLK (input) period (required) 80 - ns
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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 IOB Output 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. For more
specific, more precise, and worst-case guaranteed data,
use the values reported 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 ana-
lyzer report. All timing parameters assume worst-case oper-
ating conditions (supply voltage and junction temperature).
Values are expressed in nanoseconds unless otherwise
noted.

Speed Grade
-4 -3
Symbol Description Device Min Max | Min Max Units
Clocks
Tcuy Clock High All devices 3.0 - 4.0 - ns
TeoL Clock Low All devices 3.0 - 4.0 - ns
Propagation Delays - TTL Outputs(1:2)
Tokpor | Clock (OK) to Pad, fast All devices - 3.3 - 4.5 ns
Tokpos | Clock (OK to Pad, slew-rate limited All devices - 6.9 - 7.0 ns
Topr Output (O) to Pad, fast All devices - 3.6 - 4.8 ns
Tops Output (O) to Pad, slew-rate limited All devices - 7.2 - 7.3 ns
T1sHz 3-state to Pad High-Z (slew-rate independent) All devices - 3.0 - 3.8 ns
TTsONE 3-state to Pad active and valid, fast All devices - 6.0 - 7.3 ns
T1sons 3-state to Pad active and valid, slew-rate limited | All devices - 9.6 - 9.8 ns
Setup and Hold Times
Took Output (O) to clock (OK) setup time All devices 2.5 - 3.8 - ns
Toko Output (O) to clock (OK) hold time All devices 0.0 - 0.0 - ns
Tecok Clock Enable (EC) to clock (OK) setup time All devices 2.0 - 2.7 - ns
Tokec Clock Enable (EC) to clock (OK) hold time All devices 0.0 - 0.5 - ns
Global Set/Reset
Tmrw Minimum GSR pulse width All devices | 11.5 13.5 ns
TrPoO Delay from GSR input to any Pad XCS05 - 12.0 - 15.0 ns
XCS10 - 12.5 - 15.7 ns
XCS20 - 13.0 - 16.2 ns
XCS30 - 13.5 - 16.9 ns
XCS40 - 14.0 - 17.5 ns
Notes:

1. Delay adder for CMOS Outputs option (with fast slew rate option): for -3 speed grade, add 1.0 ns; for -4 speed grade, add 0.8 ns.

Delay adder for CMOS Outputs option (with slow slew rate option): for -3 speed grade, add 2.0 ns; for -4 speed grade, add 1.5 ns.

2.

3. Output timing is measured at ~50% V¢ threshold, with 50 pF external capacitive loads including test fixture. Slew-rate limited output
rise/fall times are approximately two times longer than fast output rise/fall times.

4.

Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-up

(default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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Spartan-XL Family CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines

All devices are 100% functionally tested. Internal timing
parameters are derived from measuring internal test pat-
terns. Listed below are representative values. For more
specific, more precise, and worst-case guaranteed data,
use the values reported by the static timing analyzer (TRCE

in the Xilinx Development System) and back-annotated to
the simulation netlist. All timing parameters assume
worst-case operating conditions (supply voltage and junc-
tion temperature). Values apply to all Spartan-XL devices
and are expressed in hanoseconds unless otherwise noted.

Speed Grade
-5 -4
Symbol Single Port RAM Size(1) Min Max Min Max Units
Write Operation
Twes Address write cycle time (clock K period) 16x2 7.7 - 8.4 - ns
TweTs 32x1 7.7 - 8.4 - ns
Twps | Clock K pulse width (active edge) 16x2 3.1 - 3.6 - ns
TwpTs 32x1 3.1 - 3.6 - ns
Tass Address setup time before clock K 16x2 1.3 - 1.5 - ns
TasTs 32x1 1.5 - 1.7 - ns
Tpss DIN setup time before clock K 16x2 1.5 - 1.7 - ns
TpsTs 32x1 1.8 - 2.1 - ns
Twss | WE setup time before clock K 16x2 1.4 - 1.6 - ns
TwsTs 32x1 1.3 - 1.5 - ns
All hold times after clock K 16x2 0.0 - 0.0 - ns
Twos | Data valid after clock K 32x1 - 4.5 - 5.3 ns
TwoTts 16x2 - 5.4 - 6.3 ns
Read Operation
Tre Address read cycle time 16x2 2.6 - 3.1 - ns
Tret 32x1 3.8 - 5.5 - ns
TiLo Data Valid after address change (no Write 16x2 - 1.0 - 1.1 ns
Tho | Enable) 32x1 - 1.7 - 2.0 ns
Tick Address setup time before clock K 16x2 0.6 - 0.7 - ns
TiHCK 32x1 1.3 - 1.6 - ns
Notes:
1. Timing for 16 x 1 RAM option is identical to 16 x 2 RAM timing.
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Spartan and Spartan-XL FPGA Families Data Sheet

Spartan-XL Family CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines (cont.)

All devices are 100% functionally tested. Internal timing
parameters are derived from measuring internal test pat-
terns. Listed below are representative values. For more
specific, more precise, and worst-case guaranteed data,
use the values reported by the static timing analyzer (TRCE

in the Xilinx Development System) and back-annotated to
the simulation netlist. All timing parameters assume
worst-case operating conditions (supply voltage and junc-
tion temperature). Values apply to all Spartan-XL devices
and are expressed in nanoseconds unless otherwise noted.

-5 -4
Symbol Dual Port RAM Size Min | Max | Min | Max | Units
Write Operation(1)
Twcbs Address write cycle time (clock K period) 16x1 7.7 - 8.4 - ns
TwpDs Clock K pulse width (active edge) 16x1 3.1 - 3.6 - ns
TasDs Address setup time before clock K 16x1 1.3 - 1.5 - ns
Tposps DIN setup time before clock K 16x1 1.7 - 2.0 - ns
Twsbps WE setup time before clock K 16x1 1.4 - 1.6 - ns
All hold times after clock K 16x1 0 - 0 - ns
Twobps Data valid after clock K 16x1 - 5.2 - 6.1 ns
Notes:

1. Read Operation timing for 16 x 1 dual-port RAM option is identical to 16 x 2 single-port RAM timing

Spartan-XL Family CLB RAM Synchronous (Edge-Triggered) Write Timing

Single Port Dual Port
Twes |
WCLK (K) ‘)
' Twss F Twhs
WE J *_
| Toss t Tons
DATA IN * * DATA IN * *
Tass Tans Tasps - Tanps
ADDRESS X X ADDRESS X
TiLo TiLo Tio — Tio
Twos TwopsH
DATA OUT OoLD NEW DATA OUT OoLD NEW
DS060_34_011300
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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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Spartan and Spartan-XL FPGA Families Data Sheet

Device-Specific Pinout Tables

Device-specific tables include all packages for each Spar-
tan and Spartan-XL device. They follow the pad locations

XCSO05 and XCS05XL Device Pinouts

:(r)(;;nd the die, and include boundary scan register loca- :’(:clsailr)r(\: PC84@ | vQ100 Bsr;c;:‘y
' Not Connected(?), P34 P26 126(1)
Some Spartan-XL devices are available in Pb-free package PWRDWN®)
options. The Pb-free package options have the same pin- /0, PGCK2(M, GCK3 @ P35 P27 1270
outs as the standard package options. /O (HDC) P36 P28 1300
XCS05 and XCS05XL Device Pinouts Vo - P29 | 133
XCSO5/XL Bndry I/0 (LDC) P37 P30 | 13603
Pad Name PC844  VQ100 Scan Vo P38 | P31 | 139
VGG Bo 589 - I/0 P39 P32 1420)
I® P3 PO0 | 32 e - P33 | 14509
/0 P4 P91 35 /o - P34 | 14809
/0 a P92 38 I/0 P40 P35 1510)
e - P93 1 I/0 (INIT) P41 P36 154(03)
/0 P5 Po4 44 vCe P42 P37 -
/0 P6 P95 47 GND P43 P38 -
o) p7 P96 50 I/0 P44 P39 1570)
/0 P8 P97 53 I/0 P45 P40 1600)
I® P9 P98 | 56 /o - P41 | 1630
/O, SGCK1(, GCK8®@ P10 | P99 | 59 /o - P42 | 1661
VCC P11 P100 : I/0 P46 P43 1690)
GND P12 P1 - I/0 P47 P44 1720)
/O, PGCK1(), GCK1®@ P13 P2 62 /o P48 | P45 | 1750
/O P14 P3 65 I/0 P49 P46 | 1780)
/O, TDI P15 P4 68 Vo P50 | P47 | 1810
/0, TCK P16 P5 71 1/0, SGCK3(1), GCK4(2) P51 P48 | 1840)
/0, TMS P17 P6 74 GND P52 P49 -
/0 P18 B 7 DONE P53 P50 -
e : P8 83 VCC P54 P51 -
/0 P19 P9 86 PROGRAM P55 P52 -
/O P20 P10 89 I/0 (D7(2)) P56 P53 | 1870
GND Po1 P11 3 I/0, PGCK3(1), GCK5(2) P57 P54 | 1900
VCC Poo P12 5 /0 (D6(2)) P58 P55 | 1930
/0 P23 | P13 92 L) - P56 | 1969
/O P24 P14 95 /O (D5(2)) P59 P57 | 1990
/O : P15 98 I/0 P60 P58 | 202(3)
/o P25 | P16 | 104 /o : P59 | 205%9)
I P26 | P17 | 107 Vo : P60 | 20819
/0 Po7 P18 110 1/0 (D4(2)) P61 P61 2110)
/O : P19 113 I/0 P62 P62 | 214()
0 P28 | P20 | 116 vee P63 | P63 | -
/0, SGCK2(, GCK2@ P29 | P21 | 119 GND P64 | P64 -
Not Connected™, M1®) P30 P22 | 122 /0 (D3®) P65 Pe5 | 2170
GND P31 P23 : I/0 P66 P66 | 2203
MODE(™, Mo @ P32 | P24 | 125 Vo - P67 | 22309
VGG P33 Po5 : I/0 (D2(2)) P67 P68 | 229(3)
I/O P68 P69 | 23203)
1/0 (D1(2)) P69 P70 | 23503)
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S XILNX®

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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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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Additional XCS20/XL Package Pins

PQ208

Not Connected Pins
P12 P18 (™ | p33 () P39 P65 P71 (M
P86 (1) P92 P111 P121(" | P140(V) | P144
P165 | P173(1) | p192(1) | P202 P203 -
9/16/98
Notes:

1. 5V Spartan family only

2. 3V Spartan-XL family only

3. The “PWRDWN” on the XCS20XL is not part of the
Boundary Scan chain. For the XCS20XL, subtract 1 from all
Boundary Scan numbers from GCK3 on (247 and higher).

4. (CS144 package discontinued by PDN2004-01

XCS30 and XCS30XL Device Pinouts

XCS30/XL Bndry
Pad Name vQ1006) TQ144 PQ208 PQ240 BG256(%) CS280(2,5) Scan
VCC P89 P128 P183 P212 vcc®) C10 -
I/0 P90 P129 P184 P213 C10 D10 74
I/0 P91 P130 P185 P214 D10 E10 77
1’0 P92 P131 P186 P215 A9 A9 80
I/0 P93 P132 P187 P216 B9 B9 83
I/0 - - P188 P217 c9 c9 86
I/0 - - P189 P218 D9 D9 89
I/0 P94 P133 P190 P220 A8 A8 92
1’0 P95 P134 P191 P221 B8 B8 95
VCC - - P192 P222 vccH A7 -
I/0 - - - P223 A6 B7 98
I/0 - - - P224 C7 C7 101
I/0 - P135 P193 P225 B6 D7 104
I/0 - P136 P194 P226 A5 A6 107
GND - P137 P195 P227 GND®) GND®) -
I/0 - - P196 P228 C6 B6 110
I/0 - - P197 P229 B5 c6 113
I/0 - - P198 P230 A4 D6 116
I/0 - - P199 P231 C5 E6 119
I/0 P96 P138 P200 P232 B4 A5 122
I/0 P97 P139 P201 P233 A3 C5 125
I/0 - - P202 P234 D5 B4 128
I/0 - - P203 P235 c4 c4 131
I/0 - P140 P204 P236 B3 A3 134
I/0 - P141 P205 P237 B2 A2 137
I/0 P98 P142 P206 P238 A2 B3 140
I/0, SGCK1(), GCK82 P99 P143 P207 P239 C3 B2 143
VCC P100 P144 P208 P240 vcc®) Al -
GND P1 P1 P1 P1 GND®) GND®) -
I/0, PGCK1(1), GCK1(2) P2 P2 P2 P2 B1 C3 146
I/0 P3 P3 P3 P3 c2 c2 149
I/0 - P4 P4 P4 D2 B1 152
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XCS40 and XCS40XL Device Pinouts

XCS40 and XCS40XL Device Pinouts

XCS40/XL Bndry XCS40/XL Bndry
Pad Name | PQ208 | PQ240 | BG256 | CS280(25) | Scan Pad Name | PQ208 | PQ240 | BG256 | CS280(2:5) | Scan
GND P25 P29 | GND® | GND® - I/0 (HDC) P56 P64 W4 W3 346 ()
vVCC P26 P30 | vcc® | vcc® - I/0 P57 P65 V4 T4 349 3
I/0 P27 P31 L2 K3 254 I/0 P58 P66 us u4 352 (3)
I/0 P28 P32 L3 K4 257 I/0 P59 P67 Y3 V4 355 (3)
I/0 P29 P33 L4 K5 260 I/0 (LDC) P60 P68 Y4 W4 358 (3)
I/0 P30 P34 M1 L1 263 I/0 - - - R5 361 )
I/0 P31 P35 M2 L2 266 I/0 - - - us 364 )
I/O P32 P36 M3 L3 269 I/0 P61 P69 V5 T5 367
I/0 - - M4 L4 272 I/0 P62 P70 W5 W5 370
I/O - - - M1 275 I/O P63 P71 Y5 R6 373 0)
I/0 - P38 N1 M2 278 I/0 P64 P72 V6 ue 376 O
I/0 - P39 N2 M3 281 I/0 P65 P73 Wwé V6 379 G
VCC P33 P40 | vcc® | vcc® - I/0 - P74 Y6 T6 382 ()
I/0 P34 P41 P1 N1 284 GND P66 P75 | GND® | GND® -
I/0 P35 P42 P2 N2 287 I/0 P67 P76 w7 w6 385 ()
I/0 P36 P43 R1 N3 290 I/0 P68 P77 Y7 uz 388 3
I/0 P37 P44 P3 N4 293 I/0 P69 P78 V8 V7 391 )
GND P38 P45 | GND@ | GND® - I/O P70 P79 w8 w7 394 ()
I/0 - P46 T1 P1 296 VCC P71 P80 | vcc@ | vcc® -
I/0 P39 P47 R3 P2 299 I/0 P72 P81 Y8 w8 397
I/0 P40 P48 T2 P3 302 I/0 P73 P82 u9 us 400 ©®
I/0 P41 P49 U1 P4 305 I/0 - - V9 V8 403 O
I/0 P42 P50 T3 P5 308 I/0 - - W9 T8 406 ()
I/0 P43 P51 u2 R1 311 I/0 - P84 Y9 w9 409 G
I/O - - - R2 314 I/O - P85 W10 V9 412 ()
I/0 - - - R4 317 I/0 P74 P86 V10 U9 4150
I/O P44 P52 V1 T1 320 I/0 P75 P87 Y10 T9 418 ()
I/O P45 P53 T4 T2 323 1/0 P76 P88 Y11 W10 421 ©)
I/0 P46 P54 us T3 326 I/0 (INIT) P77 P89 Wi V10 424 (3)
I/0 P47 P55 V2 U1 329 VCC P78 P90 | vcc® | vcc® | vcc®
I/O P48 P56 w1 V1 332 GND P79 P91 | GND® | GND® -
/O, P49 P57 V3 u2 335 I/0 P80 P92 V11 T10 427 )
SGCK2(, 1) P81 | P93 | U1 R10 | 430 @
GCK2 @ 110 P82 | P94 | Y12 | Wil | 4330
cN:Ztn nected®) P50 | Ps8 we v 338 /0 P83 | P95 | Wi2 V11 436
M1@) I/0 P84 P96 V12 U1 439 ()
GND P51 P59 | GND@ | GND® - I/0 P85 P97 u12 T11 442 (3)
MODE(), P52 | P60 Y1 W1 341 /0 - - Y13 W12 | 4450)
Mo /0 - - w13 V12 448 ()
VCC P53 P61 | vcc@ | vcc® - I/O - P99 Vi3 Uiz 451 3
Not P54 P62 w3 V3 34201) I/O - P100 | Y14 T12 454 (3)
Connected() vce P86 | P101 | VCC@ | vcc® -
PWRDWN(2)
I/0 P87 P102 Y15 V13 457
I/0, P55 P63 Y2 w2 343 )
PGCK2(1), /0 Pg8 | P103 | V14 u13 | 460G
GCK3@) I/0 P89 P104 | W15 T13 463 O
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