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PRODUCT NOT RECOMMENDED FOR NEW DESIGNS
& XILINX. Spartan-3 FPGA Family: Functional Description

ESD Protection

Clamp diodes protect all device pads against damage from Electro-Static Discharge (ESD) as well as excessive voltage
transients. Each 1/0 has two clamp diodes: One diode extends P-to-N from the pad to V¢ and a second diode extends
N-to-P from the pad to GND. During operation, these diodes are normally biased in the off state. These clamp diodes are
always connected to the pad, regardless of the signal standard selected. The presence of diodes limits the ability of
Spartan-3 FPGA I/Os to tolerate high signal voltages. The V,\ absolute maximum rating in Table 28, page 58 specifies the
voltage range that I/Os can tolerate.

Slew Rate Control and Drive Strength

Two options, FAST and SLOW, control the output slew rate. The FAST option supports output switching at a high rate. The
SLOW option reduces bus transients. These options are only available when using one of the LVCMOS or LVTTL standards,
which also provide up to seven different levels of current drive strength: 2, 4, 6, 8, 12, 16, and 24 mA. Choosing the
appropriate drive strength level is yet another means to minimize bus transients.

Table 7 shows the drive strengths that the LVCMOS and LVTTL standards support.

Table 7: Programmable Output Drive Current

Signal Standard Current Drive (mA)
(IOSTANDARD) 2 4 6 8 12 16 24
LVTTL v
LVCMOS33 A A A A I
LVCMOS25 ol v v Y
LVCMOS18 oo v v Y=
LVCMOS15 I A A A e
LVCMOS12 ol v === -

Boundary-Scan Capability

All Spartan-3 FPGA 10Bs support boundary-scan testing compatible with IEEE 1149.1 standards. During boundary- scan
operations such as EXTEST and HIGHZ the 1/O pull-down resistor is active. For more information, see Boundary-Scan
(JTAG) Mode, page 50, and refer to the “Using Boundary-Scan and BSDL Files” chapter in UG331.

SelectlO Interface Signal Standards

The IOBs support 18 different single-ended signal standards, as listed in Table 8. Furthermore, the majority of IOBs can be
used in specific pairs supporting any of eight differential signal standards, as shown in Table 9.

To define the SelectlO™ interface signaling standard in a design, set the IOSTANDARD attribute to the appropriate setting.
Xilinx provides a variety of different methods for applying the IOSTANDARD for maximum flexibility. For a full description of
different methods of applying attributes to control IOSTANDARD, refer to the “Using I/O Resources” chapter in UG331.

Together with placing the appropriate 1/0 symbol, two externally applied voltage levels, Voo and Ve, select the desired
signal standard. The V¢ lines provide current to the output driver. The voltage on these lines determines the output
voltage swing for all standards except GTL and GTLP.

All single-ended standards except the LVCMOS, LVTTL, and PCI varieties require a Reference Voltage (Vggg) to bias the
input-switching threshold. Once a configuration data file is loaded into the FPGA that calls for the I/Os of a given bank to use
such a signal standard, a few specifically reserved 1/O pins on the same bank automatically convert to Vyeg inputs. When
using one of the LVCMOS standards, these pins remain I/Os because the Vg voltage biases the input-switching
threshold, so there is no need for Vgeg Select the Voo and Vyep levels to suit the desired single-ended standard according
to Table 8.
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1. Options to invert signal polarity as well as other options that enable lines for various functions are not shown.

2. Theindexicanbe 6, 7, or 8, depending on the slice. In this position, the upper right-hand slice has an FBMUX, and the
upper left-hand slice has an F7MUX. The lower right-hand and left-hand slices both have an FEMUX.

Figure 12: Simplified Diagram of the Left-Hand SLICEM
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Spartan-3 FPGA Family: Functional Description

* Phase Shifting: The DCM provides the ability to shift the phase of all its output clock signals with respect to its input

clock signal.

The DCM has four functional components: the Delay-Locked Loop (DLL), the Digital Frequency Synthesizer (DFS), the
Phase Shifter (PS), and the Status Logic. Each component has its associated signals, as shown in Figure 19.

| ———————— =
| DCM |
| |
PSINCDEC —|> Phase |
PSEN — Shifter —T1 ~ PSDONE
PSCLK—I> |
| |
I I Clock
| oc
CLKIN : ® i CLKO Distribution
I o 2 2 i CLK90 Delay
|8 3 & [+ CLK180
@ > 5 = CLK270
I £ o o t CLK2X180
| —= CLKDV
| |
| bFs [+ CLKFX
[ DLL = CLKFX180
|
: Logic 7> STATUS [7:0]

DS099-2_07_040103

Figure 19: DCM Functional Blocks and Associated Signals

Delay-Locked Loop (DLL)

The most basic function of the DLL component is to eliminate clock skew. The main signal path of the DLL consists of an
input stage, followed by a series of discrete delay elements or taps, which in turn leads to an output stage. This path together

with logic for phase detection and control forms a system complete with feedback as shown in Figure 20.
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Figure 20: Simplified Functional Diagram of DLL
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Interconnect

Interconnect (or routing) passes signals among the various functional elements of Spartan-3 devices. There are four kinds
of interconnect: Long lines, Hex lines, Double lines, and Direct lines.

Long lines connect to one out of every six CLBs (see section [a] of Figure 25). Because of their low capacitance, these lines
are well-suited for carrying high-frequency signals with minimal loading effects (e.g. skew). If all eight Global Clock Inputs
are already committed and there remain additional clock signals to be assigned, Long lines serve as a good alternative.

Hex lines connect one out of every three CLBs (see section [b] of Figure 25). These lines fall between Long lines and Double
lines in terms of capability: Hex lines approach the high-frequency characteristics of Long lines at the same time, offering
greater connectivity.

Double lines connect to every other CLB (see section [c] of Figure 25). Compared to the types of lines already discussed,
Double lines provide a higher degree of flexibility when making connections.

Direct lines afford any CLB direct access to neighboring CLBs (see section [d] of Figure 25). These lines are most often used
to conduct a signal from a "source" CLB to a Double, Hex, or Long line and then from the longer interconnect back to a Direct
line accessing a "destination" CLB.

For more details, refer to the “Using Interconnect’ chapter in UG331.

CLB |eee| CLB CLB |eee| CLB CLB [eee| CLB CLB [eee| CLB CLB [eee| CLB

6 6 6 6 6

DS099-2_19_040103
(a) Long Lines

CLB CLB CLB CLB CLB CLB CLB

DS099-2_20_040103

(b) Hex Lines

CLB |-= CLB »| CLB

CLB |-+— CLB |—»| CLB

CLB > CLB CLB
Y ¢ Y

DS099-2_21_040103
(c) Double Lines CLB |-= CLB » CLB

DS099-2_22_040103

(d) Direct Lines
Figure 25: Types of Interconnect
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Notice of Disclaimer

THE XILINX HARDWARE FPGA AND CPLD DEVICES REFERRED TO HEREIN (“PRODUCTS”) ARE SUBJECT TO THE TERMS AND
CONDITIONS OF THE XILINX LIMITED WARRANTY WHICH CAN BE VIEWED AT http://www.xilinx.com/warranty.htm. THIS LIMITED
WARRANTY DOES NOT EXTEND TO ANY USE OF PRODUCTS IN AN APPLICATION OR ENVIRONMENT THAT IS NOT WITHIN THE
SPECIFICATIONS STATED IN THE XILINX DATA SHEET. ALL SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE.
PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE OR FOR USE IN ANY APPLICATION REQUIRING FAIL-SAFE
PERFORMANCE, SUCH AS LIFE-SUPPORT OR SAFETY DEVICES OR SYSTEMS, OR ANY OTHER APPLICATION THAT INVOKES
THE POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). USE OF PRODUCTS IN CRITICAL APPLICATIONS IS AT THE SOLE RISK OF CUSTOMER, SUBJECT TO
APPLICABLE LAWS AND REGULATIONS.

CRITICAL APPLICATIONS DISCLAIMER

XILINX PRODUCTS (INCLUDING HARDWARE, SOFTWARE AND/OR IP CORES) ARE NOT DESIGNED OR INTENDED TO BE
FAIL-SAFE, OR FOR USE IN ANY APPLICATION REQUIRING FAIL-SAFE PERFORMANCE, SUCH AS IN LIFE-SUPPORT OR
SAFETY DEVICES OR SYSTEMS, CLASS Il MEDICAL DEVICES, NUCLEAR FACILITIES, APPLICATIONS RELATED TO THE
DEPLOYMENT OF AIRBAGS, OR ANY OTHER APPLICATIONS THAT COULD LEAD TO DEATH, PERSONAL INJURY OR SEVERE
PROPERTY OR ENVIRONMENTAL DAMAGE (INDIVIDUALLY AND COLLECTIVELY, “CRITICAL APPLICATIONS”). FURTHERMORE,
XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED FOR USE IN ANY APPLICATIONS THAT AFFECT CONTROL OF A
VEHICLE OR AIRCRAFT, UNLESS THERE IS A FAIL-SAFE OR REDUNDANCY FEATURE (WHICH DOES NOT INCLUDE USE OF
SOFTWARE IN THE XILINX DEVICE TO IMPLEMENT THE REDUNDANCY) AND A WARNING SIGNAL UPON FAILURE TO THE
OPERATOR. CUSTOMER AGREES, PRIOR TO USING OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE XILINX
PRODUCTS, TO THOROUGHLY TEST THE SAME FOR SAFETY PURPOSES. TO THE MAXIMUM EXTENT PERMITTED BY
APPLICABLE LAW, CUSTOMER ASSUMES THE SOLE RISK AND LIABILITY OF ANY USE OF XILINX PRODUCTS IN CRITICAL
APPLICATIONS.

AUTOMOTIVE APPLICATIONS DISCLAIMER

XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE, OR FOR USE IN ANY APPLICATION REQUIRING
FAIL-SAFE PERFORMANCE, SUCH AS APPLICATIONS RELATED TO: (I) THE DEPLOYMENT OF AIRBAGS, (Il) CONTROL OF A
VEHICLE, UNLESS THERE IS A FAIL-SAFE OR REDUNDANCY FEATURE (WHICH DOES NOT INCLUDE USE OF SOFTWARE IN
THE XILINX DEVICE TO IMPLEMENT THE REDUNDANCY) AND A WARNING SIGNAL UPON FAILURE TO THE OPERATOR, OR (lIl)
USES THAT COULD LEAD TO DEATH OR PERSONAL INJURY. CUSTOMER ASSUMES THE SOLE RISK AND LIABILITY OF ANY
USE OF XILINX PRODUCTS IN SUCH APPLICATIONS.
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DC Electrical Characteristics

In this section, specifications may be designated as Advance, Preliminary, or Production. These terms are defined as
follows:

* Advance: Initial estimates are based on simulation, early characterization, and/or extrapolation from the characteristics
of other families. Values are subject to change. Although speed grades with this designation are considered relatively
stable and conservative, some under-reporting might still occur. Use as estimates, not for production.

* Preliminary: Based on complete early silicon characterization. Devices and speed grades with this designation are
intended to give a better indication of the expected performance of production silicon. The probability of under-reported
delays is greatly reduced compared to Advance data. Use as estimates, not for production.

e Production: These specifications are approved only after silicon has been characterized over numerous production
lots. There is no under-reporting of delays, and customers receive formal notification of any subsequent changes.
Parameter values are considered stable with no future changes expected.

Production-quality systems must only use FPGA designs compiled with a Production status speed file. FPGA designs
using a less mature speed file designation should only be used during system prototyping or preproduction qualification.
FPGA designs with speed files designated as Advance or Preliminary should not be used in a production-quality
system.

Whenever a speed file designation changes, as a device matures toward Production status, rerun the latest Xilinx ISE®
software on the FPGA design to ensure that the FPGA design incorporates the latest timing information and software
updates.

All parameter limits are representative of worst-case supply voltage and junction temperature conditions. The following
applies unless otherwise noted: The parameter values published in this module apply to all Spartan®-3 devices. AC
and DC characteristics are specified using the same numbers for both commercial and industrial grades. All
parameters representing voltages are measured with respect to GND.

Mask and Fab Revisions

Some specifications list different values for one or more mask or fab revisions, indicated by the device top marking (see
Package Marking, page 5). The revision differences involve the power ramp rates, differential DC specifications, and DCM
characteristics. The most recent revision (mask rev E and GQ fab/geometry code) is errata-free with improved specifications
than earlier revisions.

Mask rev E with fab rev GQ has been shipping since 2005 (see XCN05009) and has been 100% of Xilinx Spartan-3 device
shipments since 2006. SCD 0974 was provided to ensure the receipt of the rev E silicon, but it is no longer needed. Parts
ordered under the SCD appended “0974” to the standard part number. For example, “XC3S50-4VQ100C” became
“XC3S50-4VQ100C0974”.

Table 28: Absolute Maximum Ratings

Symbol Description Conditions Min Max Units
Veaint | Internal supply voltage relative to GND -0.5 1.32 \
Vecaux | Auxiliary supply voltage relative to GND -0.5 3.00 \
Vecco | Output driver supply voltage relative to GND -0.5 3.75 \
VREr Input reference voltage relative to GND -0.5 Veco+0.5 \
VN Voltage applied to all User 1/O pins and Driverin a Commercial -0.95 4.4 \
Dual-Purpose pins relative to GND(24) tswtig{;-impedance Industrial 085 43
Voltage applied to all Dedicated pins relative All temp. ranges -0.5 Vecaux + 0.5 \"
to GND®)

© Copyright 2003—2012 Xilinx, Inc. XILINX, the Xilinx logo, Virtex, Spartan, ISE, Artix, Kintex, Zyng, Vivado and other designated brands included herein are trademarks of Xilinx
in the United States and other countries. PCl and PCI-X are trademarks of PCI-SIG and used under license. All other trademarks are the property of their respective owners.
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€ XILINX. Spartan-3 FPGA Family: DC and Switching Characteristics
Table 47: Output Timing Adjustments for IOB (Cont’d)
Add the Adjustment Below
Convert Output Tlmlt:e crlzgwirl;\glcé%%fﬂzgtvav::galﬁn(}g g_ll:Rlﬁ Dal'\‘g I:I:)ast Slew Rate to the Speed Grade Units
-5 -4
LVCMOS33 Slow 2mA 6.38 7.34 ns
4 mA 4.83 5.55 ns
6 mA 4.01 4.61 ns
8 mA 3.92 4.51 ns
12 mA 2.91 3.35 ns
16 mA 2.81 3.23 ns
24 mA 2.49 2.86 ns
Fast 2mA 3.86 4.44 ns
4 mA 1.87 2.15 ns
6 mA 0.62 0.71 ns
8 mA 0.61 0.70 ns
12 mA 0.16 0.19 ns
16 mA 0.14 0.16 ns
24 mA 0.06 0.07 ns
LvDCI_33 0.28 0.32 ns
LvDCI_DV2_33 0.26 0.30 ns
LVTTL Slow 2mA 7.27 8.36 ns
4 mA 4.94 5.69 ns
6 mA 3.98 4.58 ns
8 mA 3.98 4.58 ns
12 mA 2.97 3.42 ns
16 mA 2.84 3.26 ns
24 mA 2.65 3.04 ns
Fast 2mA 4.32 4.97 ns
4 mA 1.87 215 ns
6 mA 1.27 1.47 ns
8 mA 1.19 1.37 ns
12 mA 0.42 0.48 ns
16 mA 0.27 0.32 ns
24 mA 0.16 0.18 ns
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Table 71: Dual-Purpose Pins Used in Master or Slave Serial Mode

Pin Name Direction Description

DIN Input Serial Data Input:

During the Master or Slave Serial configuration modes, DIN is the serial configuration data input, and
all data is synchronized to the rising CCLK edge. After configuration, this pin is available as a user I/O.

This signal is located in Bank 4 and its output voltage determined by VCCO_4.
The BitGen option Persist permits this pin to retain its configuration function in the User mode.

DOUT Output Serial Data Output:

In a multi-FPGA design where all the FPGAs use serial mode, connect the DOUT output of one
FPGA—in either Master or Slave Serial mode—to the DIN input of the next FPGA—in Slave Serial
mode—so that configuration data passes from one to the next, in daisy-chain fashion. This “daisy
chain” permits sequential configuration of multiple FPGAs.

This signal is located in Bank 4 and its output voltage determined by VCCO_4.

The BitGen option Persist permits this pin to retain its configuration function in the User mode.

INIT_B Bidirectional | Initializing Configuration Memory/Configuration Error:

(open-drain) | Just after power is applied, the FPGA produces a Low-to-High transition on this pin indicating that
initialization (i.e., clearing) of the configuration memory has finished. Before entering the User mode,
this pin functions as an open-drain output, which requires a pull-up resistor in order to produce a High
logic level. In a multi-FPGA design, tie (wire AND) the INIT_B pins from all FPGAs together so that the
common node transitions High only after all of the FPGAs have been successfully initialized.
Externally holding this pin Low beyond the initialization phase delays the start of configuration. This
action stalls the FPGA at the configuration step just before the mode select pins are sampled.
During configuration, the FPGA indicates the occurrence of a data (i.e., CRC) error by asserting
INIT_B Low.

This signal is located in Bank 4 and its output voltage determined by VCCO_4.

The BitGen option Persist permits this pin to retain its configuration function in the User mode.

I/O Bank 4 (VCCO_4) 1/O Bank 5 (VCCO_5)
High Nibble Low Nibble
Configuration Data Byte | DO D1 D2 D3 D4 D5 D6 D7
OXFC = 1 1 1 1| 1 | o [ o
(MSB) (LSB)

Figure 41: Configuration Data Byte Mapping to D0-D7 Bits

Parallel Configuration Modes (SelectMAP)

This section describes the dual-purpose configuration pins used during the Master and Slave Parallel configuration modes,
sometimes also called the SelectMAP modes. In both Master and Slave Parallel configuration modes, DO-D7 form the
byte-wide configuration data input. See Table 75 for Mode Select pin settings required for Parallel modes.

As shown in Figure 41, DO is the most-significant bit while D7 is the least-significant bit. Bits DO-D3 form the high nibble of
the byte and bits D4-D7 form the low nibble.

In the Parallel configuration modes, both the VCCO_4 and VCCO_5 voltage supplies are required and must both equal the
voltage of the attached configuration device, typically either 2.5V or 3.3V.

Assert Low both the chip-select pin, CS_B, and the read/write control pin, RDWR_B, to write the configuration data byte
presented on the DO-D7 pins to the FPGA on a rising-edge of the configuration clock, CCLK. The order of CS_B and
RDWR_B does not matter, although RDWR_B must be asserted throughout the configuration process. If RDWR_B is
de-asserted during configuration, the FPGA aborts the configuration operation.

After configuration, these pins are available as general-purpose user I/O. However, the SelectMAP configuration interface is
optionally available for debugging and dynamic reconfiguration. To use these SelectMAP pins after configuration, set the
Persist bitstream generation option.

The Readback debugging option, for example, requires the Persist bitstream generation option. During Readback mode,
assert CS_B Low, along with RDWR_B High, to read a configuration data byte from the FPGA to the D0O-D7 bus on a rising
CCLK edge. During Readback mode, DO-D7 are output pins.

In all the cases, the configuration data and control signals are synchronized to the rising edge of the CCLK clock signal.
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JTAG Port
Data In Data Out %
@—» Mode Select
TCK Clock
DS099_4_04_020811

Figure 43: JTAG Port

IDCODE Register

Spartan-3 FPGAs contain a 32-bit identification register called the IDCODE register, as defined in the IEEE 1149.1 JTAG
standard. The fixed value electrically identifies the manufacture (Xilinx) and the type of device being addressed over a JTAG
chain. This register allows the JTAG host to identify the device being tested or programmed via JTAG. See Table 78.

Using JTAG Port After Configuration

The JTAG port is always active and available before, during, and after FPGA configuration. Add the BSCAN_SPARTAN3
primitive to the design to create user-defined JTAG instructions and JTAG chains to communicate with internal logic.

Furthermore, the contents of the User ID register within the JTAG port can be specified as a Bitstream Generation option.
By default, the 32-bit User ID register contains 0OxFFFFFFFF.

Table 78: Spartan-3 JTAG IDCODE Register Values (hexadecimal)

Part Number IDCODE Register
XC3S50 0x0140C093
XC3S200 0x01414093
XC3S400 0x0141C093
XC3S1000 0x01428093
XC3S1500 0x01434093
XC3S2000 0x01440093
XC3S4000 0x01448093
XC3S5000 0x01450093

Precautions When Using the JTAG Port in 3.3V Environments

The JTAG port is powered by the +2.5V VCCAUX power supply. When connecting to a 3.3V interface, the JTAG input pins
must be current-limited using a series resistor. Similarly, the TDO pin is a CMOS output powered from +2.5V. The TDO
output can directly drive a 3.3V input but with reduced noise immunity. See 3.3V-Tolerant Configuration Interface, page 47.
See also XAPP453: The 3.3V Configuration of Spartan-3 FPGAs for additional details.

The following interface precautions are recommended when connecting the JTAG port to a 3.3V interface.

* Avoid actively driving the JTAG input signals High with 3.3V signal levels. If required in the application, use series
current-limiting resistors to keep the current below 10 mA per pin.

e If possible, drive the FPGA JTAG inputs with drivers that can be placed in high-impedance (Hi-Z) after using the JTAG
port. Alternatively, drive the FPGA JTAG inputs with open-drain outputs, which only drive Low. In both cases, pull-up
resistors are required. The FPGA JTAG pins have pull-up resistors to VCCAUX before configuration and optional
pull-up resistors after configuration, controlled by Bitstream Options, page 125.
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& XILINX.
Table 89: CP132 Package Pinout (Contd)

Bank XC3850 PinName | CR132 | 1ype
> |10_L24P 2 G13 /0
> |10_L4ON_2 Gi4 e
> |10_L40P_2/VREF 2 H12 | VREF
3 |I0_LOIN_3/VRP_3 N13 DCI
3 |10_L01P_3/VRN_3 N14 DCI
3 |10_L20N_3 L12 e
3 | 10_L20P_3 M14 Vo
3 |10_L22N 3 L14 e
3 |10_L22P 3 L13 e
3 | I0_L23N_3 K13 Vo
3 |10_L23P_3/VREF 3 Ki2 | VREF
3 |10_L24N_3 J12 e
3 | 10_L24P_3 K14 Vo
3 |10_L4ON_3/VREF_3 H14 | VREF
3 | 10_L40P_3 13 e
4 | IO/VREF_4 N12 | VREF
4  |10_LOIN_4/VRP_4 P12 DCI
4  |10_L01P_4/VRN_4 M11 DCI
4 | 10_L27N_4/DIN/DO M10 | DUAL
4  |10_L27P_4/D1 N10 | DUAL
4  |10_L30N_4/D2 N9 | DUAL
4 | 10_L30P_4/D3 P9 | DUAL
4  |10_L3IN_4/INIT_B M8 | DUAL
4  |10_L31P_4/DOUT/BUSY N8 | DUAL
4 | I0_L32N_4/GCLKA P8 | GCLK
4  |10_L32P_4/GCLKO M7 | GCLK
5  |10_L0IN_5RDWR_B P2 | DUAL
5 | I10_LO1P_5/CS B N2 | DUAL
5  |10_L27N_5/VREF_5 M4 | VREF
5 |10_L27P_5 P3 e
5 | I0_L28N_5/D6 P4 | DUAL
5  |10_L28P_5/D7 N4 | DUAL
5  |10_L31N_5/D4 M6 | DUAL
5 | I0_L31P_5D5 P5 | DUAL
5 | I10_L32N_5/GCLK3 P7 | GCLK
5 | 10_L32P_5/GCLK2 P6 | GCLK
6 | I0_LOIN_6/VRP_6 L3 DCI
6 |10_L01P_6/VRN_6 M1 DCI
6 |10_L20N_6 K3 e
6 | I10_L20P_6 K2 Vo

DS099 (v3.0) October 29, 2012
Product Specification

www.Xxilinx.com

137


http://www.xilinx.com

& XILINX.

PRODUCT NOT RECOMMENDED FOR NEW DESIGNS

Spartan-3 FPGA Family: Pinout Descriptions

Table 96: FT256 Package Pinout (Cont’d)

Bank XC3S200, )é?:ﬁ:g?é XC3S51000 F"\Il'ﬁﬁ?bI:irn Type
N/A GND T16 GND
N/A VCCAUX A6 VCCAUX
N/A VCCAUX A11 VCCAUX
N/A VCCAUX F1 VCCAUX
N/A VCCAUX F16 VCCAUX
N/A VCCAUX L1 VCCAUX
N/A VCCAUX L16 VCCAUX
N/A VCCAUX T6 VCCAUX
N/A VCCAUX T11 VCCAUX
N/A VCCINT D4 VCCINT
N/A VCCINT D13 VCCINT
N/A VCCINT E5 VCCINT
N/A VCCINT E12 VCCINT
N/A VCCINT M5 VCCINT
N/A VCCINT M12 VCCINT
N/A VCCINT N4 VCCINT
N/A VCCINT N13 VCCINT

VCCAUX |CCLK T15 CONFIG
VCCAUX | DONE R14 CONFIG
VCCAUX | HSWAP_EN C4 CONFIG
VCCAUX | MO P3 CONFIG
VCCAUX | M1 T2 CONFIG
VCCAUX | M2 P4 CONFIG
VCCAUX | PROG_B B3 CONFIG
VCCAUX |TCK C14 JTAG
VCCAUX | TDI A2 JTAG
VCCAUX | TDO A15 JTAG
VCCAUX |TMS C13 JTAG
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FG320: 320-lead Fine-pitch Ball Grid Array

The 320-lead fine-pitch ball grid array package, FG320, supports three different Spartan-3 devices, including the XC3S400,
the XC3S1000, and the XC3S1500. The footprint for all three devices is identical, as shown in Table 98 and Figure 50.

The FG320 package is an 18 x 18 array of solder balls minus the four center balls.

All the package pins appear in Table 98 and are sorted by bank number, then by pin name. Pairs of pins that form a
differential 1/0 pair appear together in the table. The table also shows the pin number for each pin and the pin type, as
defined earlier.

An electronic version of this package pinout table and footprint diagram is available for download from the Xilinx website at
http://www.xilinx.com/support/documentation/data_ sheets/s3_pin.zip.

Pinout Table
Table 98: FG320 Package Pinout

Bank XC3S400, Xlg:iisl\.ll gg‘% XC3S1500 PinFﬁgrznober Type
0 10 D9 I/0
0 10 E7 I/0
0 IO/VREF_0 B3 VREF
0 IO/VREF_0 D6 VREF
0 IO_LOTN_0/VRP_0O A2 DCI
0 I0_LO1P_O/VRN_O A3 DCI
0 IO_LO9N_O B4 I/0
0 I0_LO9P_0 C4 I/0
0 IO_L10N_O C5 I/0
0 I0_L10P_0 D5 I/0
0 IO_L15N_0 A4 I/0
0 I0_L15P_0 A5 I/0
0 I0_L25N_0 B5 I/0
0 I0_L25P_0 B6 I/0
0 I0_L27N_0 Cc7 I/0
0 10_L27P_0 D7 I/0
0 I0_L28N_0 C8 I/0
0 10_L28P_0 D8 I/0
0 I0_L29N_0 E8 I/0
0 I0_L29P_0 F8 I/0
0 IO_L30N_0 A7 I/0
0 I0_L30P_0 A8 I/0
0 IO_L31N_0 B9 I/0
0 I0_L31P_O/VREF_0 A9 VREF
0 I0_L32N_0/GCLK7 E9 GCLK
0 10_L32P_0/GCLK6 F9 GCLK
0 VCCO_0 B8 VCCO
0 VCCO_0 Cé6 VCCO
0 VCCO_0 G8 VCCO
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& XILINX.
Table 98: FG320 Package Pinout (Contd)

Bank XC3S400, Xgi?‘s'\‘ll 22]% XC3S1500 PinFIEl;:jrznober Type
3 I0_L24N_3 M18 I/0
3 I0_L24P_3 N17 I/0
3 I0_L27N_3 L14 I/0
3 10_L27P_3 L13 I/0
3 I0_L34N_3 L15 I/0
3 10_L34P_3/VREF_3 L16 VREF
3 I0_L35N_3 L18 I/0
3 I0_L35P_3 L17 I/0
3 I0_L39N_3 K13 I/0
3 10_L39P_3 K14 I/0
3 I0_L40N_3/VREF_3 K17 VREF
3 I0_L40P_3 K18 I/0
3 VCCO_3 K12 VCCO
3 VCCO_3 L12 VCCO
3 VCCO_3 N16 VCCO
4 10 P12 I/0
4 10 V14 I/0
4 IO/VREF_4 R10 VREF
4 IO/VREF_4 ui13 VREF
4 IO/VREF_4 V17 VREF
4 IO_LO1N_4/VRP_4 ui6 DCI
4 I0_LO1P_4/VRN_4 V16 DCI
4 I0_LO6N_4/VREF_4 P14 VREF
4 I0_LO6P_4 R14 I/0
4 I0_LO9N_4 uis I/0
4 I0_L09P_4 V15 I/0
4 IO_L10N_4 T14 I/0
4 I0_L10P_4 ui4 I/0
4 I0_L25N_4 R13 /0
4 I0_L25P_4 P13 I/0
4 10_L27N_4/DIN/DO T12 DUAL
4 10_L27P_4/DA R12 DUAL
4 I0_L28N_4 V12 I/0
4 10_L28P_4 AR I/0
4 I0_L29N_4 R11 I/0
4 I0_L29P_4 T11 I/0
4 10_L30N_4/D2 N11 DUAL
4 10_L30P_4/D3 P11 DUAL
4 I0O_L31N_4/INIT_B ui10 DUAL
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User I/Os by Bank

Table 101 indicates how the available user-I/O pins are distributed between the eight 1/0O banks for the XC3S400 in the
FG456 package. Similarly, Table 102 shows how the available user-1/O pins are distributed between the eight I/O banks for
the XC3S1000, XC3S1500, and XC3S2000 in the FG456 package.

Table 101: User I/Os Per Bank for XC3S400 in FG456 Package

/0 All Possible 1/0 Pins by Type
Edge Bank Maximum I/O
an o DUAL DCI VREF
T 0 35 27 0 2 4
o]
P 1 35 27 0 2 4
Right 2 31 25 0 2 4
i
g 3 31 25 0 2 4
Bott 4 35 21 6 2 4
ottom
5 35 21 6 2 4
Loft 6 31 25 0 2 4
e
7 31 25 0 2 4

Table 102: User I/Os Per Bank for XC3S1000, XC3S1500, and XC3S2000 in FG456 Package

All Possible I/0 Pins by Type

Edge 1/0 Bank Maximum I/O
1/0 DUAL DCI VREF
0 40 31 0 2 5
Top
40 31 0 2 5
2 43 37 0 2 4
Right
3 43 37 0 2 4
4 41 26 6 2 5
Bottom
5 40 25 6 2 5
6 43 37 0 2 4
Left
7 43 37 0 2 4
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I Bank 1 I
12 13 14 15 16 17 18 19 20 21
o | o | o |2, o | 1o Right Half of FG456
_ L10N_1|LOBN_1 i
L3ON_1| L28N_1| L25P_1| ~ ¢ VRER 1 VAEE 1 Package (Top View)
/O
o | o | wo |ep 4| WO | wo | wo
L28P_1 .7 L16N_1| L10P_1| LO6P_1
/O /0 /0 1/0
LioN_1| YO | VO 101N 1fLotN 2{LotP 2| 1O |C
o |L16P_1ILOIN_1 e 4l VRP 2| VRN 2
|
a4l vo | wo | wo Lop 4| o | wo | wo | wo | wo Lol b
VAL 1| L29P_1[L27N_1| L2aN_1| = =" [L15N_1| LogP_1| L16P_2| L16N_2| L17N_2|jl2-5
o [ 10 | v | W | | v ]| v || v | ]| g
L31P_1|VREF_1| L27P_1| L24P_1 L15P_1JL19N_2| L20N_2( L20P_2| L21N_2| L21P_2
10 110
vo | vo |VREF_t vo | wo |, YO |iesn 2|, O I VO F
L19P_2 VREF_2 L24N_2| L24P_2
e o
o | o | W0 |iseno| VO | WO fo x
L22P_2 ~“lLe7N_2| 27 2| @ 5
m
o | 1O
L29N_2| L29P_2| H
. .
o | 1O o | 1O
L28P_2| L31N_3 L31P_2 L32N_2|L32P_2|
. . . . .
o | 110 | 1o
L33N_2| L33P_2| | 34N_2 /o o |k
. . VREF_2 L34P_2| L35N_2| L35P_2
o | vo | vo | wo | wo | MO,
L38N_2| L38P_2| L39N_2| La9P_2| L4ON_2|zA0%-2
o | vo | vo | wo | o | MOt
L38P_3| L38N_3( L39P_3| L39N_3| L40P_3|\;A00-3
I/0 I/0 1/0
L33P_3|L33N_3|(34p g/, /O | VO | VO |y
. o \VAEr 3| L34N_3( L35P_3|L35N_3
o | 1o | 1O o | 10
L31P_3| L31N_3| L2oN_3[eIYo il L32P_3|L32N_3| p
. . . .
I o | 10
L29P_3 L28P_3| L28N_3| R
. . .
o | 1O ©
110 o | 1o x
L22N_3| L24P_3 inpfs "zﬁNfs Lo7p_3|Le7n 3| T 5
m
L30N_4| WO | VO w | o | o | o 424 1o 1]
o0l L28N_4| L25N_4 L22P_3| L2ON_3{;A2%-3 L23N_3
e 110
Laaal Vo | vo [Le2Nal wo [ wo | 10 | wo | wo | wo | wo |y
D3 L28P_4| L25P_4 VRE’F,4 L16N_4| L10N_4|VREF_44 L17N_3| L20P_3| L21P_3| L21N_3
/0 1/0 110
vo | wo |[Leep4l VO 1 VO lioeN afLizp 3|, MO | VO | VO Jw
o |L16P_a|L1op_aGOONALEATR 8 1 19P 3/ L19N_3|L16N_3
o | o
110 o | o | 1o e
L01P_3|LOIN_3| 1O Y
L29N_4 VREF_4f L15N_4| LogP_a] {245 -3| {02 L16P_3
I/0 110 /O
/0 /O /0 A
L32N_4 L19N_4 LOSN_4| L01IN_4 CCLK
SRR 1297 4| DN | L2aN_a| g |L1SP 4| LoaN 4| T | Vg A
I/0 1/0 I/0 I/0 I/0
10 /O /0 A
L32P_4 L27P_4 L19P_4 LO5P_4| | 01P_4] DONE
el VREF_4| L2 24P 4| 1o LooP 4| o = | VAN 4 B
I Bank 4 I DS099-4_11b_030503

Figure 52: FG456 Package Footprint (Top View) Continued
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Table 107: FG900 Package Pinout (Contd)

Bank | pioName | Pinkame . | Number | TP
7 VCCO_7 VCCO_7 N3 VCCO
7 VCCO_7 VCCO_7 G5 VCCO
7 VCCO_7 VCCO_7 J7 VCCO
7 VCCO_7 VCCO_7 N7 VCCO
7 VCCO_7 VCCO_7 L9 VCCO
7 VCCO_7 VCCO_7 M11 VCCO
7 VCCO_7 VCCO_7 N11 VCCO
7 VCCO_7 VCCO_7 P11 VCCO

N/A GND GND A1 GND
N/A GND GND B1 GND
N/A GND GND F1 GND
N/A GND GND K1 GND
N/A GND GND P1 GND
N/A GND GND U1 GND
N/A GND GND AA1 GND
N/A GND GND AE1 GND
N/A GND GND AJ1 GND
N/A GND GND AK1 GND
N/A GND GND A2 GND
N/A GND GND B2 GND
N/A GND GND AJ2 GND
N/A GND GND E5 GND
N/A GND GND K5 GND
N/A GND GND P5 GND
N/A GND GND us GND
N/A GND GND AA5 GND
N/A GND GND AF5 GND
N/A GND GND A6 GND
N/A GND GND AK6 GND
N/A GND GND K8 GND
N/A GND GND P8 GND
N/A GND GND us GND
N/A GND GND AA8 GND
N/A GND GND A10 GND
N/A GND GND E10 GND
N/A GND GND H10 GND
N/A GND GND AC10 GND
N/A GND GND AF10 GND
N/A GND GND AK10 GND
N/A GND GND R12 GND
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Table 110: FG1156 Package Pinout (Contd)

Bank | pin'Name PinName | PinNumber | TP
3 10_LO3P_3 I0_LO3P_3 AK32 I/O
3 I0_L04N_3 IO_LO4N_3 AJ32 I/0
3 10_L04P_3 I0_L04P_3 AJ31 I/0
3 I0_LO5N_3 IO_LO5N_3 AJ34 I/0
3 I0_LO5P_3 I0_LO5P_3 AJ33 I/0
3 I0_LO6N_3 IO_LO6N_3 AH30 I/0
3 10_L06P_3 I0_L06P_3 AH29 I/0
3 I0_LO7N_3 IO_LO7N_3 AG30 I/0
3 I0_LO7P_3 I0_LO7P_3 AG29 I/0
3 I0_LO8N_3 IO_LO8N_3 AG34 I/0
3 10_L08P_3 I0_LO8P_3 AG33 I/0
3 I0_LO9N_3 IO_LO9N_3 AF29 I/0
3 I0_L09P_3/VREF_3 I0_LO9P_3/VREF_3 AF28 VREF
3 I0_L10N_3 IO_L10N_3 AF31 I/0
3 I0_L10P_3 I0_L10P_3 AG31 I/0
3 I0_L11N_3 IO_L11N_3 AF33 I/0
3 I0_L11P_3 I0_L11P_3 AF32 I/0
3 I0_L12N_3 IO_L12N_3 AE26 I/0
3 I0_L12P_3 I0_L12P_3 AF27 I/0
3 IO_L13N_3/VREF_3 IO_L13N_3/VREF_3 AE28 VREF
3 I0_L13P_3 I0_L13P_3 AE27 I/0
3 I0_L14N_3 I0_L14N_3 AE30 I/0
3 I0_L14P_3 I0_L14P_3 AE29 I/0
3 I0_L15N_3 IO_L15N_3 AE32 I/0
3 I0_L15P_3 I0_L15P_3 AE31 I/0
3 I0_L16N_3 IO_L16N_3 AE34 I/0
3 I0_L16P_3 I0_L16P_3 AE33 I/0
3 I0_L17N_3 IO_L17N_3 AD26 I/0
3 I0_L17P_3/VREF_3 I0_L17P_3/VREF_3 AD25 VREF
3 I0_L19N_3 IO_L19N_3 AD34 I/0
3 I0_L19P_3 I0_L19P_3 AD33 I/0
3 I0_L20N_3 IO_L20N_3 AC25 I/0
3 10_L20P_3 I0_L20P_3 AC24 I/0
3 I0_L21N_3 I0_L21N_3 AC28 I/0
3 10_L21P_3 I0_L21P_3 AC27 I/O
3 I0_L22N_3 I0_L22N_3 AC30 I/0
3 10_L22P_3 10_L22P_3 AC29 I/0
3 I0_L23N_3 I0_L23N_3 AC32 I/O
3 I0_L23P_3/VREF_3 I0_L23P_3/VREF_3 AC31 VREF
3 I0_L24N_3 I0_L24N_3 AB25 I/0
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Table 110: FG1156 Package Pinout (Contd)

Bank Pin Name Pin Name pin Number | TYPe
4 | VCCO_4 VCCO_4 AC19 VCCO
4 | VCCO_4 VCCO_4 AC20 VCCO
4 | VCCO_4 VCCO_4 AC21 VCCO
4 |VCCO_4 VCCO_4 AC22 VCCO
4 | VCCO_4 VCCO_4 AG20 VCCO
4 | VCCO_4 VCCO_4 AG24 VCCO
4  |VCCO_4 VCCO_4 AH27 VCCO
4 | VCCO_4 VCCO_4 AJ22 VCCO
4 | VCCO_4 VCCO_4 AL19 VCCO
4  |VCCO_4 VCCO_4 AL24 VCCO
4 | VCCO_4 VCCO_4 AM27 VCCO
4 | VCCO_4 VCCO_4 AM31 VCCO
4  |VCCO_4 VCCO_4 AN22 VCCO
5 10 Te} AD11 e}
5 N.C. (®) 10 AD12 /0
5 10 10 AD14 /0
5 10 10 AD15 /0
5 10 10 AD16 /0
5 10 10 AD17 /0
5 10 10 AE14 /0
5 10 10 AE16 /0
5 N.C. (#) 10 AF9 /0
5 10 10 AG9 /0
5 10 10 AG12 /0
5 10 10 AJ6 /0
5 10 10 AJ17 /0
5 10 10 AK10 /0
5 10 10 AK14 /0
5 10 10 AM12 /0
5 10 10 AN9 /0
5 IO/VREF_5 IO/VREF_5 AJ8 VREF
5 IO/VREF_5 IO/VREF_5 AL5 VREF
5 IO/VREF_5 IO/VREF_5 AP17 VREF
5 IO_LOIN_5/RDWR_B | 10_LO1N_5/RDWR_B AP3 DUAL
5 I0_LO1P_5/CS_B |0_LO1P_5/CS_B AN3 DUAL
5 I0_L02N_5 I0_LO2N_5 AP4 /0
5 I0_L02P_5 I0_L02P_5 AN4 /0
5 IO_LO3N_5 I0_LO3N_5 AN5 /0
5 IO_LO3P_5 I0_LO3P_5 AM5 /0
5 |O_LO4N_5 |0_L04N_5 AM6 /0
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Table 110: FG1156 Package Pinout (Contd)

Bank | pin'Name PinName | PinNumber | TP
N/A GND GND AA18 GND
N/A GND GND AA19 GND
N/A GND GND AA20 GND
N/A GND GND AA21 GND
N/A GND GND AB1 GND
N/A GND GND AB17 GND
N/A GND GND AB18 GND
N/A GND GND AB26 GND
N/A GND GND AB30 GND
N/A GND GND AB34 GND
N/A GND GND AB5 GND
N/A GND GND AB9 GND
N/A GND GND AD3 GND
N/A GND GND AD32 GND
N/A GND GND AE10 GND
N/A GND GND AE25 GND
N/A GND GND AF1 GND
N/A GND GND AF13 GND
N/A GND GND AF16 GND
N/A GND GND AF19 GND
N/A GND GND AF22 GND
N/A GND GND AF30 GND
N/A GND GND AF34 GND
N/A GND GND AF5 GND
N/A GND GND AH28 GND
N/A GND GND AH7 GND
N/A GND GND AK1 GND
N/A GND GND AK13 GND
N/A GND GND AK16 GND
N/A GND GND AK19 GND
N/A GND GND AK22 GND
N/A GND GND AK26 GND
N/A GND GND AK30 GND
N/A GND GND AK34 GND
N/A GND GND AK5 GND
N/A GND GND AK9 GND
N/A GND GND AM11 GND
N/A GND GND AM24 GND
N/A GND GND AM3 GND
N/A GND GND AM32 GND
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User I/Os by Bank

Note: The FG(G)1156 package is discontinued. See
http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm.

Table 111 indicates how the available user-I/O pins are distributed between the eight I/O banks for the XC3S4000 in the
FG1156 package. Similarly, Table 112 shows how the available user-1/O pins are distributed between the eight /O banks for
the XC3S5000 in the FG1156 package.

Table 111: User I/Os Per Bank for XC3S4000 in FG1156 Package

To) All Possible 1/0 Pins by Type
Package Edge Maximum I/O
Bank /o DUAL DCI VREF
- 0 90 79 0 2 7 2
o)
P 1 90 79 0 2 7 2
- 2 88 80 0 2 6 0
i
9 3 88 79 0 2 7 0
- 4 90 73 6 2 7 2
ottom
5 90 73 6 2 7 2
- 6 88 79 0 2 7 0
e
7 88 79 0 2 7 0

Notes:
1. The FG1156 and FGG1156 packages are discontinued. See www.xilinx.com/support/documentation/spartan-3.htm#19600.

Table 112: User I/Os Per Bank for XC3S5000 in FG1156 Package

/o All Possible 1/0 Pins by Type
Package Edge Maximum I/O
Bank /o DUAL DCI VREF
- 0 100 89 0 2 7 2
0
P 1 100 89 0 2 7 2
- 2 96 87 0 2 7 0
i
9 3 96 87 0 2 7 0
- 4 100 83 6 2 7 2
ottom
5 100 83 6 2 7 2
- 6 96 87 0 2 7 0
e
7 96 87 0 2 7 0

Notes:
1. The FG1156 and FGG1156 packages are discontinued. See www.xilinx.com/support/documentation/spartan-3.htm#19600.
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