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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.

Details

Product Status Active

Number of LABs/CLBs 5120

Number of Logic Elements/Cells 46080

Total RAM Bits 737280

Number of I/O 333

Number of Gates 2000000

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 456-BBGA

Supplier Device Package 456-FBGA (23x23)

Purchase URL https://www.e-xfl.com/product-detail/xilinx/xc3s2000-4fgg456c
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Ordering Information

Spartan-3 FPGAs are available in both standard (Figure 5) and Pb-free (Figure 6) packaging options for all device/package 
combinations. The Pb-free packages include a special ‘G’ character in the ordering code.

For additional information on Pb-free packaging, see XAPP427: Implementation and Solder Reflow Guidelines for Pb-Free 
Packages.

X-Ref Target - Figure 3

Figure 3: Spartan-3 FPGA BGA Package Marking Example for Part Number XC3S1000-4FT256C

X-Ref Target - Figure 4

Figure 4: Spartan-3 FPGA CP132 and CPG132 Package Marking Example for XC3S50-4CP132C

X-Ref Target - Figure 5

Figure 5: Standard Packaging

X-Ref Target - Figure 6

Figure 6: Pb-Free Packaging
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Device Type
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 I = Industrial (Tj = –40°C to +100°C)

Package Type Number of Pins

Example:
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Device Type
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Example:
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http://www.xilinx.com/support/documentation/application_notes/xapp427.pdf
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The product of w and n yields the total block RAM capacity. Equation 1 and Equation 2 show that as the data bus width 
increases, the number of address lines along with the number of addressable memory locations decreases. Using the 
permissible DI/DO bus widths as inputs to these equations provides the bus width and memory capacity measures shown 
in Table 14.

Block RAM Data Operations

Writing data to and accessing data from the block RAM are synchronous operations that take place independently on each 
of the two ports. 

The waveforms for the write operation are shown in the top half of the Figure 15, Figure 16, and Figure 17. When the WE 
and EN signals enable the active edge of CLK, data at the DI input bus is written to the block RAM location addressed by the 
ADDR lines. 

There are a number of different conditions under which data can be accessed at the DO outputs. Basic data access always 
occurs when the WE input is inactive. Under this condition, data stored in the memory location addressed by the ADDR lines 
passes through a transparent output latch to the DO outputs. The timing for basic data access is shown in the portions of 
Figure 15, Figure 16, and Figure 17 during which WE is Low. 

Data can also be accessed on the DO outputs when asserting the WE input. This is accomplished using two different 
attributes: 

Choosing the WRITE_FIRST attribute, data is written to the addressed memory location on an enabled active CLK edge and 
is also passed to the DO outputs. WRITE_FIRST timing is shown in the portion of Figure 15 during which WE is High.

Choosing the READ_FIRST attribute, data already stored in the addressed location pass to the DO outputs before that 
location is overwritten with new data from the DI inputs on an enabled active CLK edge. READ_FIRST timing is shown in the 
portion of Figure 16 during which WE is High.

Table  14: Port Aspect Ratios for Port A or B

DI/DO Bus Width
(w – p Bits)

DIP/DOP 
Bus Width (p Bits)

Total Data Path 
Width (w Bits)

ADDR Bus Width 
(r Bits)

No. of Addressable 
Locations (n)

Block RAM 
Capacity (Bits)

1 0 1 14 16,384 16,384

2 0 2 13 8,192 16,384

4 0 4 12 4,096 16,384

8 1 9 11 2,048 18,432

16 2 18 10 1,024 18,432

32 4 36 9 512 18,432

X-Ref Target - Figure 15

Figure 15: Waveforms of Block RAM Data Operations with WRITE_FIRST Selected
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Configuration
Spartan-3 devices are configured by loading application specific configuration data into the internal configuration memory. 
Configuration is carried out using a subset of the device pins, some of which are "Dedicated" to one function only, while 
others, indicated by the term "Dual-Purpose", can be re-used as general-purpose User I/Os once configuration is complete.

Depending on the system design, several configuration modes are supported, selectable via mode pins. The mode pins M0, 
M1, and M2 are Dedicated pins. The mode pin settings are shown in Table 26.

The HSWAP_EN input pin defines whether the I/O pins that are not actively used during configuration have pull-up resistors 
during configuration. By default, HSWAP_EN is tied High (via an internal pull-up resistor if left floating) which shuts off the 
pull-up resistors on the user I/O pins during configuration. When HSWAP_EN is tied Low, user I/Os have pull-ups during 
configuration. The Dedicated configuration pins (CCLK, DONE, PROG_B, M2, M1, M0, HSWAP_EN) and the JTAG pins 
(TDI, TMS, TCK, and TDO) always have a pull-up resistor to VCCAUX during configuration, regardless of the value on the 
HSWAP_EN pin. Similarly, the dual-purpose INIT_B pin has an internal pull-up resistor to VCCO_4 or VCCO_BOTTOM, 
depending on the package style.

Depending on the chosen configuration mode, the FPGA either generates a CCLK output, or CCLK is an input accepting an 
externally generated clock.

A persist option is available which can be used to force the configuration pins to retain their configuration function even after 
device configuration is complete. If the persist option is not selected then the configuration pins with the exception of CCLK, 
PROG_B, and DONE can be used as user I/O in normal operation. The persist option does not apply to the boundary-scan 
related pins. The persist feature is valuable in applications that readback configuration data after entering the User mode.

Table 27 lists the total number of bits required to configure each FPGA as well as the PROMs suitable for storing those bits. 
See DS123: Platform Flash In-System Programmable Configuration PROMs data sheet for more information.

The maximum bitstream length that Spartan-3 FPGAs support in serial daisy-chains is 4,294,967,264 bits (4 Gbits), roughly 
equivalent to a daisy-chain with 323 XC3S5000 FPGAs. This is a limit only for serial daisy-chains where configuration data 
is passed via the FPGA’s DOUT pin. There is no such limit for JTAG chains.

Table  26: Spartan-3 FPGAs Configuration Mode Pin Settings

Configuration Mode (1) M0 M1 M2 Synchronizing Clock Data Width Serial DOUT(2)

Master Serial 0 0 0 CCLK Output 1 Yes

Slave Serial 1 1 1 CCLK Input 1 Yes

Master Parallel 1 1 0 CCLK Output 8 No

Slave Parallel 0 1 1 CCLK Input 8 No

JTAG 1 0 1 TCK Input 1 No

Notes: 
1. The voltage levels on the M0, M1, and M2 pins select the configuration mode.
2. The daisy chain is possible only in the Serial modes when DOUT is used. 

Table  27: Spartan-3 FPGA Configuration Data

Device File Sizes
Xilinx Platform Flash PROM

Serial Configuration Parallel Configuration

XC3S50 439,264 XCF01S XCF08P

XC3S200 1,047,616 XCF01S XCF08P

XC3S400 1,699,136 XCF02S XCF08P

XC3S1000 3,223,488 XCF04S XCF08P

XC3S1500 5,214,784 XCF08P XCF08P

XC3S2000 7,673,024 XCF08P XCF08P

XC3S4000 11,316,864 XCF16P XCF16P

XC3S5000 13,271,936 XCF16P XCF16P

http://www.xilinx.com/support/documentation/data_sheets/ds123.pdf
http://www.xilinx.com
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Configuration is automatically initiated after power-on unless it is delayed by the user. INIT_B is an open-drain line that the 
FPGA holds Low during the clearing of the configuration memory. Extending the time that the pin is Low causes the 
configuration sequencer to wait. Thus, configuration is delayed by preventing entry into the phase where data is loaded.

The configuration process can also be initiated by asserting the PROG_B pin. The end of the memory-clearing phase is 
signaled by the INIT_B pin going High. At this point, the configuration data is written to the FPGA. The FPGA pulses the 
Global Set/Reset (GSR) signal at the end of configuration, resetting all flip-flops. The completion of the entire process is 
signaled by the DONE pin going High.

The default start-up sequence, shown in Figure 31, serves as a transition to the User mode. The default start-up sequence 
is that one CCLK cycle after DONE goes High, the Global Three-State signal (GTS) is released. This permits device outputs 
to which signals have been assigned to become active. One CCLK cycle later, the Global Write Enable (GWE) signal is 
released. This permits the internal storage elements to begin changing state in response to the design logic and the user 
clock.

The relative timing of configuration events can be changed via the BitGen options in the Xilinx development software. In 
addition, the GTS and GWE events can be made dependent on the DONE pins of multiple devices all going High, forcing the 
devices to start synchronously. The sequence can also be paused at any stage, until lock has been achieved on any DCM.

Readback

Using Slave Parallel mode, configuration data from the FPGA can be read back. Readback is supported only in the Slave 
Parallel and Boundary-Scan modes.

Along with the configuration data, it is possible to read back the contents of all registers, distributed RAM, and block RAM 
resources. This capability is used for real-time debugging.

X-Ref Target - Figure 31

Figure 31: Default Start-Up Sequence
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Table  30: Power Voltage Ramp Time Requirements

Symbol Description Device Package Min Max Units

TCCO VCCO ramp time for all eight banks All All No limit(4) – N/A

TCCINT VCCINT ramp time, only if VCCINT is last in 
three-rail power-on sequence

All All No limit No limit(5) N/A

Notes: 
1. If a limit exists, this specification is based on characterization.
2. The ramp time is measured from 10% to 90% of the full nominal voltage swing for all I/O standards.
3. For information on power-on current needs, see Power-On Behavior, page 54
4. For mask revisions earlier than revision E (see Mask and Fab Revisions, page 58), TCCO min is limited to 2.0 ms for the XC3S200 and 

XC3S400 devices in QFP packages, and limited to 0.6 ms for the XC3S200, XC3S400, XC3S1500, and XC3S4000 devices in the FT and 
FG packages.

5. For earlier device versions with the FQ fabrication/process code (see Mask and Fab Revisions, page 58), TCCINT max is limited to 500 µs.

Table  31: Power Voltage Levels Necessary for Preserving RAM Contents

Symbol Description Min Units

VDRINT VCCINT level required to retain RAM data 1.0 V

VDRAUX VCCAUX level required to retain RAM data 2.0 V

Notes: 
1. RAM contents include data stored in CMOS configuration latches.
2. The level of the VCCO supply has no effect on data retention.
3. If a brown-out condition occurs where VCCAUX or VCCINT drops below the retention voltage, then VCCAUX or VCCINT must drop below the 

minimum power-on reset voltage indicated in Table 29 in order to clear out the device configuration content.

Table  32: General Recommended Operating Conditions

Symbol Description Min Nom Max Units

TJ Junction temperature Commercial 0 25 85 °C

Industrial –40 25 100 °C

VCCINT Internal supply voltage 1.140 1.200 1.260 V

VCCO
(1) Output driver supply voltage 1.140 – 3.465 V

VCCAUX Auxiliary supply voltage 2.375 2.500 2.625 V

ΔVCCAUX
(2) Voltage variance on VCCAUX when using a DCM – – 10 mV/ms

VIN
(3) Voltage applied to all User I/O pins and 

Dual-Purpose pins relative to GND(4)(6)
VCCO = 3.3V, IO –0.3 – 3.75 V

VCCO = 3.3V, IO_Lxxy(7) –0.3 – 3.75 V

VCCO ≤ 2.5V, IO –0.3 – VCCO + 0.3(4) V

VCCO ≤ 2.5V, IO_Lxxy(7) –0.3 – VCCO + 0.3(4) V

Voltage applied to all Dedicated pins relative to GND(5) –0.3 – VCCAUX+ 0.3(5) V

Notes: 
1. The VCCO range given here spans the lowest and highest operating voltages of all supported I/O standards. The recommended VCCO range 

specific to each of the single-ended I/O standards is given in Table 35, and that specific to the differential standards is given in Table 37.
2. Only during DCM operation is it recommended that the rate of change of VCCAUX not exceed 10 mV/ms.
3. Input voltages outside the recommended range are permissible provided that the IIK input diode clamp diode rating is met. Refer to Table 28.
4. Each of the User I/O and Dual-Purpose pins is associated with one of the VCCO rails. Meeting the VIN limit ensures that the internal diode 

junctions that exist between these pins and their associated VCCO and GND rails do not turn on. The absolute maximum rating is provided 
in Table 28.

5. All Dedicated pins (PROG_B, DONE, TCK, TDI, TDO, and TMS) draw power from the VCCAUX rail (2.5V). Meeting the VIN max limit ensures 
that the internal diode junctions that exist between each of these pins and the VCCAUX and GND rails do not turn on.

6. See XAPP459, Eliminating I/O Coupling Effects when Interfacing Large-Swing Single-Ended Signals to User I/O Pins on Spartan-3 
Generation FPGAs.

7. For single-ended signals that are placed on a differential-capable I/O, VIN of –0.2V to –0.3V is supported but can cause increased leakage 
between the two pins. See the Parasitic Leakage section in UG331, Spartan-3 Generation FPGA User Guide.

http://www.xilinx.com/support/documentation/application_notes/xapp459.pdf
http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug331.pdf
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LVCMOS33 Slow 2 mA 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 2 mA 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 2 mA 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 2 mA 4.32 4.97 ns

4 mA 1.87 2.15 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

Table  47: Output Timing Adjustments for IOB (Cont’d)

Convert Output Time from LVCMOS25 with 12mA Drive and Fast Slew Rate to the 
Following Signal Standard (IOSTANDARD)

Add the Adjustment Below

UnitsSpeed Grade

-5 -4

http://www.xilinx.com
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Table  54: Synchronous 18 x 18 Multiplier Timing

Symbol Description P Outputs

Speed Grade

Units-5 -4

Min Max Min Max

Clock-to-Output Times

TMULTCK When reading from the 
Multiplier, the time from the 
active transition at the C clock 
input to data appearing at the P 
outputs

P[0] – 1.00 – 1.15 ns

P[15] – 1.15 – 1.32 ns

P[17] – 1.30 – 1.50 ns

P[19] – 1.45 – 1.67 ns

P[23] – 1.76 – 2.02 ns

P[31] – 2.37 – 2.72 ns

P[35] – 2.67 – 3.07 ns

Setup Times

TMULIDCK Time from the setup of data at 
the A and B inputs to the active 
transition at the C input of the 
Multiplier

- 1.84 – 2.11 – ns

Hold Times

TMULCKID Time from the active transition 
at the Multiplier’s C input to the 
point where data is last held at 
the A and B inputs

- 0 – 0 – ns

Notes: 
1. The numbers in this table are based on the operating conditions set forth in Table 32.

Table  55: Asynchronous 18 x 18 Multiplier Timing

Symbol Description P Outputs

Speed Grade

Units-5 -4

Max Max

Propagation Times

TMULT The time it takes for data to travel from the A and B inputs 
to the P outputs

P[0] 1.55 1.78 ns

P[15] 3.15 3.62 ns

P[17] 3.36 3.86 ns

P[19] 3.49 4.01 ns

P[23] 3.73 4.29 ns

P[31] 4.23 4.86 ns

P[35] 4.47 5.14 ns

Notes: 
1. The numbers in this table are based on the operating conditions set forth in Table 32.

http://www.xilinx.com
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6 IO_L40P_6/VREF_6 P13 VREF

6 VCCO_6 P19 VCCO

7 IO_L01N_7/VRP_7 P2 DCI

7 IO_L01P_7/VRN_7 P1 DCI

7 IO_L21N_7 P5 I/O

7 IO_L21P_7 P4 I/O

7 IO_L23N_7 P9 I/O

7 IO_L23P_7 P8 I/O

7 IO_L40N_7/VREF_7 P12 VREF

7 IO_L40P_7 P11 I/O

7 VCCO_7 P6 VCCO

N/A GND P3 GND

N/A GND P10 GND

N/A GND P20 GND

N/A GND P29 GND

N/A GND P41 GND

N/A GND P56 GND

N/A GND P66 GND

N/A GND P73 GND

N/A GND P82 GND

N/A GND P95 GND

N/A VCCAUX P7 VCCAUX

N/A VCCAUX P33 VCCAUX

N/A VCCAUX P58 VCCAUX

N/A VCCAUX P84 VCCAUX

N/A VCCINT P18 VCCINT

N/A VCCINT P45 VCCINT

N/A VCCINT P69 VCCINT

N/A VCCINT P93 VCCINT

VCCAUX CCLK P52 CONFIG

VCCAUX DONE P51 CONFIG

VCCAUX HSWAP_EN P98 CONFIG

VCCAUX M0 P25 CONFIG

VCCAUX M1 P24 CONFIG

VCCAUX M2 P26 CONFIG

VCCAUX PROG_B P99 CONFIG

VCCAUX TCK P77 JTAG

VCCAUX TDI P100 JTAG

Table  87: VQ100 Package Pinout (Cont’d)

Bank
XC3S50
XC3S200
Pin Name

VQ100 
Pin 

Number
Type

http://www.xilinx.com
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2 IO_L23N_2/VREF_2 P98 VREF

2 IO_L23P_2 P97 I/O

2 IO_L24N_2 P96 I/O

2 IO_L24P_2 P95 I/O

2 IO_L40N_2 P93 I/O

2 IO_L40P_2/VREF_2 P92 VREF

3 IO P76 I/O

3 IO_L01N_3/VRP_3 P74 DCI

3 IO_L01P_3/VRN_3 P73 DCI

3 IO_L20N_3 P78 I/O

3 IO_L20P_3 P77 I/O

3 IO_L21N_3 P80 I/O

3 IO_L21P_3 P79 I/O

3 IO_L22N_3 P83 I/O

3 IO_L22P_3 P82 I/O

3 IO_L23N_3 P85 I/O

3 IO_L23P_3/VREF_3 P84 VREF

3 IO_L24N_3 P87 I/O

3 IO_L24P_3 P86 I/O

3 IO_L40N_3/VREF_3 P90 VREF

3 IO_L40P_3 P89 I/O

4 IO/VREF_4 P70 VREF

4 IO_L01N_4/VRP_4 P69 DCI

4 IO_L01P_4/VRN_4 P68 DCI

4 IO_L27N_4/DIN/D0 P65 DUAL

4 IO_L27P_4/D1 P63 DUAL

4 IO_L30N_4/D2 P60 DUAL

4 IO_L30P_4/D3 P59 DUAL

4 IO_L31N_4/INIT_B P58 DUAL

4 IO_L31P_4/DOUT/BUSY P57 DUAL

4 IO_L32N_4/GCLK1 P56 GCLK

4 IO_L32P_4/GCLK0 P55 GCLK

5 IO/VREF_5 P44 VREF

5 IO_L01N_5/RDWR_B P41 DUAL

5 IO_L01P_5/CS_B P40 DUAL

5 IO_L28N_5/D6 P47 DUAL

5 IO_L28P_5/D7 P46 DUAL

5 IO_L31N_5/D4 P51 DUAL

5 IO_L31P_5/D5 P50 DUAL

5 IO_L32N_5/GCLK3 P53 GCLK

Table  91: TQ144 Package Pinout (Cont’d)

Bank XC3S50, XC3S200, 
XC3S400 Pin Name

TQ144 Pin 
Number Type

http://www.xilinx.com
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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 I/O 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, XC3S1000, XC3S1500 
Pin Name

FG320
Pin Number Type

0 IO D9 I/O

0 IO E7 I/O

0 IO/VREF_0 B3 VREF

0 IO/VREF_0 D6 VREF

0 IO_L01N_0/VRP_0 A2 DCI

0 IO_L01P_0/VRN_0 A3 DCI

0 IO_L09N_0 B4 I/O

0 IO_L09P_0 C4 I/O

0 IO_L10N_0 C5 I/O

0 IO_L10P_0 D5 I/O

0 IO_L15N_0 A4 I/O

0 IO_L15P_0 A5 I/O

0 IO_L25N_0 B5 I/O

0 IO_L25P_0 B6 I/O

0 IO_L27N_0 C7 I/O

0 IO_L27P_0 D7 I/O

0 IO_L28N_0 C8 I/O

0 IO_L28P_0 D8 I/O

0 IO_L29N_0 E8 I/O

0 IO_L29P_0 F8 I/O

0 IO_L30N_0 A7 I/O

0 IO_L30P_0 A8 I/O

0 IO_L31N_0 B9 I/O

0 IO_L31P_0/VREF_0 A9 VREF

0 IO_L32N_0/GCLK7 E9 GCLK

0 IO_L32P_0/GCLK6 F9 GCLK

0 VCCO_0 B8 VCCO

0 VCCO_0 C6 VCCO

0 VCCO_0 G8 VCCO

http://www.xilinx.com/support/documentation/data_sheets/s3_pin.zip
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N/A GND J3 GND

N/A GND J8 GND

N/A GND K11 GND

N/A GND K16 GND

N/A GND K3 GND

N/A GND K8 GND

N/A GND L10 GND

N/A GND L11 GND

N/A GND L8 GND

N/A GND L9 GND

N/A GND M12 GND

N/A GND M7 GND

N/A GND N1 GND

N/A GND N18 GND

N/A GND T10 GND

N/A GND T9 GND

N/A GND U17 GND

N/A GND U2 GND

N/A GND V1 GND

N/A GND V13 GND

N/A GND V18 GND

N/A GND V6 GND

N/A VCCAUX B12 VCCAUX

N/A VCCAUX B7 VCCAUX

N/A VCCAUX G17 VCCAUX

N/A VCCAUX G2 VCCAUX

N/A VCCAUX M17 VCCAUX

N/A VCCAUX M2 VCCAUX

N/A VCCAUX U12 VCCAUX

N/A VCCAUX U7 VCCAUX

N/A VCCINT F12 VCCINT

N/A VCCINT F13 VCCINT

N/A VCCINT F6 VCCINT

N/A VCCINT F7 VCCINT

N/A VCCINT G13 VCCINT

N/A VCCINT G6 VCCINT

N/A VCCINT M13 VCCINT

N/A VCCINT M6 VCCINT

N/A VCCINT N12 VCCINT

N/A VCCINT N13 VCCINT

Table  98: FG320 Package Pinout (Cont’d)

Bank XC3S400, XC3S1000, XC3S1500 
Pin Name

FG320
Pin Number Type
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User I/Os by Bank

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

Edge I/O 
Bank Maximum I/O

All Possible I/O Pins by Type

I/O DUAL DCI VREF GCLK

Top
0 35 27 0 2 4 2

1 35 27 0 2 4 2

Right
2 31 25 0 2 4 0

3 31 25 0 2 4 0

Bottom
4 35 21 6 2 4 2

5 35 21 6 2 4 2

Left
6 31 25 0 2 4 0

7 31 25 0 2 4 0

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

Edge I/O Bank Maximum I/O
All Possible I/O Pins by Type

I/O DUAL DCI VREF GCLK

Top
0 40 31 0 2 5 2

1 40 31 0 2 5 2

Right
2 43 37 0 2 4 0

3 43 37 0 2 4 0

Bottom
4 41 26 6 2 5 2

5 40 25 6 2 5 2

Left
6 43 37 0 2 4 0

7 43 37 0 2 4 0
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0 IO_L09N_0 IO_L09N_0 IO_L09N_0 IO_L09N_0 IO_L09N_0 E7 I/O

0 IO_L09P_0 IO_L09P_0 IO_L09P_0 IO_L09P_0 IO_L09P_0 D7 I/O

0 IO_L10N_0 IO_L10N_0 IO_L10N_0 IO_L10N_0 IO_L10N_0 B7 I/O

0 IO_L10P_0 IO_L10P_0 IO_L10P_0 IO_L10P_0 IO_L10P_0 A7 I/O

0 N.C. () IO_L11N_0 IO_L11N_0 IO_L11N_0 IO_L11N_0 G8 I/O

0 N.C. () IO_L11P_0 IO_L11P_0 IO_L11P_0 IO_L11P_0 F8 I/O

0 N.C. () IO_L12N_0 IO_L12N_0 IO_L12N_0 IO(3) E8 I/O

0 N.C. () IO_L12P_0 IO_L12P_0 IO_L12P_0 IO(3) D8 I/O

0 IO_L15N_0 IO_L15N_0 IO_L15N_0 IO_L15N_0 IO_L13P_0(3) B8 I/O

0 IO_L15P_0 IO_L15P_0 IO_L15P_0 IO_L15P_0 IO(3) A8 I/O

0 IO_L16N_0 IO_L16N_0 IO_L16N_0 IO_L16N_0 IO_L16N_0 G9 I/O

0 IO_L16P_0 IO_L16P_0 IO_L16P_0 IO_L16P_0 IO_L16P_0 F9 I/O

0 N.C. () IO_L17N_0 IO_L17N_0 IO_L17N_0 IO_L17N_0 E9 I/O

0 N.C. () IO_L17P_0 IO_L17P_0 IO_L17P_0 IO_L17P_0 D9 I/O

0 N.C. () IO_L18N_0 IO_L18N_0 IO_L18N_0 IO_L18N_0 C9 I/O

0 N.C. () IO_L18P_0 IO_L18P_0 IO_L18P_0 IO_L18P_0 B9 I/O

0 IO_L19N_0 IO_L19N_0 IO_L19N_0 IO_L19N_0 IO_L19N_0 F10 I/O

0 IO_L19P_0 IO_L19P_0 IO_L19P_0 IO_L19P_0 IO_L19P_0 E10 I/O

0 IO_L22N_0 IO_L22N_0 IO_L22N_0 IO_L22N_0 IO_L22N_0 D10 I/O

0 IO_L22P_0 IO_L22P_0 IO_L22P_0 IO_L22P_0 IO_L22P_0 C10 I/O

0 N.C. () IO_L23N_0 IO_L23N_0 IO_L23N_0 IO_L23N_0 B10 I/O

0 N.C. () IO_L23P_0 IO_L23P_0 IO_L23P_0 IO_L23P_0 A10 I/O

0 IO_L24N_0 IO_L24N_0 IO_L24N_0 IO_L24N_0 IO_L24N_0 G11 I/O

0 IO_L24P_0 IO_L24P_0 IO_L24P_0 IO_L24P_0 IO_L24P_0 F11 I/O

0 IO_L25N_0 IO_L25N_0 IO_L25N_0 IO_L25N_0 IO_L25N_0 E11 I/O

0 IO_L25P_0 IO_L25P_0 IO_L25P_0 IO_L25P_0 IO_L25P_0 D11 I/O

0 N.C. () IO_L26N_0 IO_L26N_0 IO_L26N_0 IO_L26N_0 B11 I/O

0 N.C. () IO_L26P_0/VREF_0 IO_L26P_0/VREF_0 IO_L26P_0/VREF_0 IO_L26P_0/VREF_0 A11 VREF

0 IO_L27N_0 IO_L27N_0 IO_L27N_0 IO_L27N_0 IO_L27N_0 G12 I/O

0 IO_L27P_0 IO_L27P_0 IO_L27P_0 IO_L27P_0 IO_L27P_0 H13 I/O

0 IO_L28N_0 IO_L28N_0 IO_L28N_0 IO_L28N_0 IO_L28N_0 F12 I/O

0 IO_L28P_0 IO_L28P_0 IO_L28P_0 IO_L28P_0 IO_L28P_0 E12 I/O

0 IO_L29N_0 IO_L29N_0 IO_L29N_0 IO_L29N_0 IO_L29N_0 B12 I/O

0 IO_L29P_0 IO_L29P_0 IO_L29P_0 IO_L29P_0 IO_L29P_0 A12 I/O

0 IO_L30N_0 IO_L30N_0 IO_L30N_0 IO_L30N_0 IO_L30N_0 G13 I/O

0 IO_L30P_0 IO_L30P_0 IO_L30P_0 IO_L30P_0 IO_L30P_0 F13 I/O

0 IO_L31N_0 IO_L31N_0 IO_L31N_0 IO_L31N_0 IO_L31N_0 D13 I/O

0 IO_L31P_0/VREF_0 IO_L31P_0/VREF_0 IO_L31P_0/VREF_0 IO_L31P_0/VREF_0 IO_L31P_0/VREF_0 C13 VREF

0 IO_L32N_0/GCLK7 IO_L32N_0/GCLK7 IO_L32N_0/GCLK7 IO_L32N_0/GCLK7 IO_L32N_0/GCLK7 B13 GCLK

0 IO_L32P_0/GCLK6 IO_L32P_0/GCLK6 IO_L32P_0/GCLK6 IO_L32P_0/GCLK6 IO_L32P_0/GCLK6 A13 GCLK

0 VCCO_0 VCCO_0 VCCO_0 VCCO_0 VCCO_0 C7 VCCO

0 VCCO_0 VCCO_0 VCCO_0 VCCO_0 VCCO_0 C11 VCCO

Table  103: FG676 Package Pinout (Cont’d)

Bank XC3S1000
Pin Name

XC3S1500
Pin Name

XC3S2000
Pin Name

XC3S4000
Pin Name

XC3S5000
Pin Name

FG676 Pin 
Number Type
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FG900: 900-lead Fine-pitch Ball Grid Array
The 900-lead fine-pitch ball grid array package, FG900, supports three different Spartan-3 devices, including the 
XC3S2000, the XC3S4000, and the XC3S5000. The footprints for the XC3S4000 and XC3S5000 are identical, as shown in 
Table 107 and Figure 55. The XC3S2000, however, has fewer I/O pins which consequently results in 68 unconnected pins 
on the FG900 package, labeled as “N.C.” In Table 107 and Figure 55, these unconnected pins are indicated with a black 
diamond symbol ().

All the package pins appear in Table 107 and are sorted by bank number, then by pin name. Pairs of pins that form a 
differential I/O pair appear together in the table. The table also shows the pin number for each pin and the pin type, as 
defined earlier.

If there is a difference between the XC3S2000 pinout and the pinout for the XC3S4000 and XC3S5000, then that difference 
is highlighted in Table 107. If the table entry is shaded, then there is an unconnected pin on the XC3S2000 that maps to a 
user-I/O pin on the XC3S4000 and XC3S5000.

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  107: FG900 Package Pinout

Bank XC3S2000
Pin Name

XC3S4000, XC3S5000 
Pin Name

FG900 Pin 
Number Type

0 IO IO E15 I/O

0 IO IO K15 I/O

0 IO IO D13 I/O

0 IO IO K13 I/O

0 IO IO G8 I/O

0 IO/VREF_0 IO/VREF_0 F9 VREF

0 IO/VREF_0 IO/VREF_0 C4 VREF

0 IO_L01N_0/VRP_0 IO_L01N_0/VRP_0 B4 DCI

0 IO_L01P_0/VRN_0 IO_L01P_0/VRN_0 A4 DCI

0 IO_L02N_0 IO_L02N_0 B5 I/O

0 IO_L02P_0 IO_L02P_0 A5 I/O

0 IO_L03N_0 IO_L03N_0 D5 I/O

0 IO_L03P_0 IO_L03P_0 E6 I/O

0 IO_L04N_0 IO_L04N_0 C6 I/O

0 IO_L04P_0 IO_L04P_0 B6 I/O

0 IO_L05N_0 IO_L05N_0 F6 I/O

0 IO_L05P_0/VREF_0 IO_L05P_0/VREF_0 F7 VREF

0 IO_L06N_0 IO_L06N_0 D7 I/O

0 IO_L06P_0 IO_L06P_0 C7 I/O

0 IO_L07N_0 IO_L07N_0 F8 I/O

0 IO_L07P_0 IO_L07P_0 E8 I/O

0 IO_L08N_0 IO_L08N_0 D8 I/O

0 IO_L08P_0 IO_L08P_0 C8 I/O

0 IO_L09N_0 IO_L09N_0 B8 I/O

0 IO_L09P_0 IO_L09P_0 A8 I/O
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3 N.C. () IO_L50P_3 V26 I/O

3 VCCO_3 VCCO_3 U20 VCCO

3 VCCO_3 VCCO_3 V20 VCCO

3 VCCO_3 VCCO_3 W20 VCCO

3 VCCO_3 VCCO_3 Y22 VCCO

3 VCCO_3 VCCO_3 V24 VCCO

3 VCCO_3 VCCO_3 AB24 VCCO

3 VCCO_3 VCCO_3 AD26 VCCO

3 VCCO_3 VCCO_3 V28 VCCO

3 VCCO_3 VCCO_3 AB28 VCCO

3 VCCO_3 VCCO_3 AF28 VCCO

4 IO IO AA16 I/O

4 IO IO AG18 I/O

4 IO IO AA18 I/O

4 IO IO AE22 I/O

4 IO IO AD23 I/O

4 IO IO AH27 I/O

4 IO/VREF_4 IO/VREF_4 AF16 VREF

4 IO/VREF_4 IO/VREF_4 AK28 VREF

4 IO_L01N_4/VRP_4 IO_L01N_4/VRP_4 AJ27 DCI

4 IO_L01P_4/VRN_4 IO_L01P_4/VRN_4 AK27 DCI

4 IO_L02N_4 IO_L02N_4 AJ26 I/O

4 IO_L02P_4 IO_L02P_4 AK26 I/O

4 IO_L03N_4 IO_L03N_4 AG26 I/O

4 IO_L03P_4 IO_L03P_4 AF25 I/O

4 IO_L04N_4 IO_L04N_4 AD24 I/O

4 IO_L04P_4 IO_L04P_4 AC23 I/O

4 IO_L05N_4 IO_L05N_4 AE23 I/O

4 IO_L05P_4 IO_L05P_4 AF23 I/O

4 IO_L06N_4/VREF_4 IO_L06N_4/VREF_4 AG23 VREF

4 IO_L06P_4 IO_L06P_4 AH23 I/O

4 IO_L07N_4 IO_L07N_4 AJ23 I/O

4 IO_L07P_4 IO_L07P_4 AK23 I/O

4 IO_L08N_4 IO_L08N_4 AB22 I/O

4 IO_L08P_4 IO_L08P_4 AC22 I/O

4 IO_L09N_4 IO_L09N_4 AF22 I/O

4 IO_L09P_4 IO_L09P_4 AG22 I/O

4 IO_L10N_4 IO_L10N_4 AJ22 I/O

4 IO_L10P_4 IO_L10P_4 AK22 I/O

4 IO_L11N_4 IO_L11N_4 AD21 I/O

Table  107: FG900 Package Pinout (Cont’d)

Bank XC3S2000
Pin Name

XC3S4000, XC3S5000 
Pin Name

FG900 Pin 
Number Type
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User I/Os by Bank

Table 108 indicates how the available user-I/O pins are distributed between the eight I/O banks for the XC3S2000 in the 
FG900 package. Similarly, Table 109 shows how the available user-I/O pins are distributed between the eight I/O banks for 
the XC3S4000 and XC3S5000 in the FG900 package.

Table  108: User I/Os Per Bank for XC3S2000 in FG900 Package

Edge I/O Bank Maximum I/O
All Possible I/O Pins by Type

I/O DUAL DCI VREF GCLK

Top
0 71 62 0 2 5 2

1 71 62 0 2 5 2

Right
2 69 61 0 2 6 0

3 71 62 0 2 7 0

Bottom
4 72 57 6 2 5 2

5 71 55 6 2 6 2

Left
6 69 60 0 2 7 0

7 71 62 0 2 7 0

Table  109: User I/Os Per Bank for XC3S4000 and XC3S5000 in FG900 Package

Edge I/O Bank Maximum I/O
All Possible I/O Pins by Type

I/O DUAL DCI VREF GCLK

Top
0 79 70 0 2 5 2

1 79 70 0 2 5 2

Right
2 79 71 0 2 6 0

3 79 70 0 2 7 0

Bottom
4 80 65 6 2 5 2

5 79 63 6 2 6 2

Left
6 79 70 0 2 7 0

7 79 70 0 2 7 0
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0 IO_L03P_0 IO_L03P_0 B5 I/O

0 IO_L04N_0 IO_L04N_0 D6 I/O

0 IO_L04P_0 IO_L04P_0 C6 I/O

0 IO_L05N_0 IO_L05N_0 B6 I/O

0 IO_L05P_0/VREF_0 IO_L05P_0/VREF_0 A6 VREF

0 IO_L06N_0 IO_L06N_0 F7 I/O

0 IO_L06P_0 IO_L06P_0 E7 I/O

0 IO_L07N_0 IO_L07N_0 G9 I/O

0 IO_L07P_0 IO_L07P_0 F9 I/O

0 IO_L08N_0 IO_L08N_0 D9 I/O

0 IO_L08P_0 IO_L08P_0 C9 I/O

0 IO_L09N_0 IO_L09N_0 J10 I/O

0 IO_L09P_0 IO_L09P_0 H10 I/O

0 IO_L10N_0 IO_L10N_0 G10 I/O

0 IO_L10P_0 IO_L10P_0 F10 I/O

0 IO_L11N_0 IO_L11N_0 L12 I/O

0 IO_L11P_0 IO_L11P_0 K12 I/O

0 IO_L12N_0 IO_L12N_0 J12 I/O

0 IO_L12P_0 IO_L12P_0 H12 I/O

0 IO_L13N_0 IO_L13N_0 F12 I/O

0 IO_L13P_0 IO_L13P_0 E12 I/O

0 IO_L14N_0 IO_L14N_0 D12 I/O

0 IO_L14P_0 IO_L14P_0 C12 I/O

0 IO_L15N_0 IO_L15N_0 B12 I/O

0 IO_L15P_0 IO_L15P_0 A12 I/O

0 IO_L16N_0 IO_L16N_0 H13 I/O

0 IO_L16P_0 IO_L16P_0 G13 I/O

0 IO_L17N_0 IO_L17N_0 D13 I/O

0 IO_L17P_0 IO_L17P_0 C13 I/O

0 IO_L18N_0 IO_L18N_0 L14 I/O

0 IO_L18P_0 IO_L18P_0 K14 I/O

0 IO_L19N_0 IO_L19N_0 H14 I/O

0 IO_L19P_0 IO_L19P_0 G14 I/O

0 IO_L20N_0 IO_L20N_0 F14 I/O

0 IO_L20P_0 IO_L20P_0 E14 I/O

0 IO_L21N_0 IO_L21N_0 D14 I/O

0 IO_L21P_0 IO_L21P_0 C14 I/O

0 IO_L22N_0 IO_L22N_0 B14 I/O

0 IO_L22P_0 IO_L22P_0 A14 I/O

0 IO_L23N_0 IO_L23N_0 K15 I/O

Table  110: FG1156 Package Pinout (Cont’d)

Bank XC3S4000
Pin Name

XC3S5000
Pin Name

FG1156
Pin Number Type
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0 IO_L23P_0 IO_L23P_0 J15 I/O

0 IO_L24N_0 IO_L24N_0 G15 I/O

0 IO_L24P_0 IO_L24P_0 F15 I/O

0 IO_L25N_0 IO_L25N_0 D15 I/O

0 IO_L25P_0 IO_L25P_0 C15 I/O

0 IO_L26N_0 IO_L26N_0 B15 I/O

0 IO_L26P_0/VREF_0 IO_L26P_0/VREF_0 A15 VREF

0 IO_L27N_0 IO_L27N_0 G16 I/O

0 IO_L27P_0 IO_L27P_0 F16 I/O

0 IO_L28N_0 IO_L28N_0 C16 I/O

0 IO_L28P_0 IO_L28P_0 B16 I/O

0 IO_L29N_0 IO_L29N_0 J17 I/O

0 IO_L29P_0 IO_L29P_0 H17 I/O

0 IO_L30N_0 IO_L30N_0 G17 I/O

0 IO_L30P_0 IO_L30P_0 F17 I/O

0 IO_L31N_0 IO_L31N_0 D17 I/O

0 IO_L31P_0/VREF_0 IO_L31P_0/VREF_0 C17 VREF

0 IO_L32N_0/GCLK7 IO_L32N_0/GCLK7 B17 GCLK

0 IO_L32P_0/GCLK6 IO_L32P_0/GCLK6 A17 GCLK

0 N.C. () IO_L33N_0 D7 I/O

0 N.C. () IO_L33P_0 C7 I/O

0 N.C. () IO_L34N_0 B7 I/O

0 N.C. () IO_L34P_0 A7 I/O

0 IO_L35N_0 IO_L35N_0 E8 I/O

0 IO_L35P_0 IO_L35P_0 D8 I/O

0 IO_L36N_0 IO_L36N_0 B8 I/O

0 IO_L36P_0 IO_L36P_0 A8 I/O

0 IO_L37N_0 IO_L37N_0 D10 I/O

0 IO_L37P_0 IO_L37P_0 C10 I/O

0 IO_L38N_0 IO_L38N_0 B10 I/O

0 IO_L38P_0 IO_L38P_0 A10 I/O

0 N.C. () IO_L39N_0 G11 I/O

0 N.C. () IO_L39P_0 F11 I/O

0 N.C. () IO_L40N_0 B11 I/O

0 N.C. () IO_L40P_0 A11 I/O

0 VCCO_0 VCCO_0 B13 VCCO

0 VCCO_0 VCCO_0 C4 VCCO

0 VCCO_0 VCCO_0 C8 VCCO

0 VCCO_0 VCCO_0 D11 VCCO

0 VCCO_0 VCCO_0 D16 VCCO

Table  110: FG1156 Package Pinout (Cont’d)

Bank XC3S4000
Pin Name

XC3S5000
Pin Name

FG1156
Pin Number Type
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2 IO_L19N_2 IO_L19N_2 M29 I/O

2 IO_L19P_2 IO_L19P_2 M30 I/O

2 IO_L20N_2 IO_L20N_2 M31 I/O

2 IO_L20P_2 IO_L20P_2 M32 I/O

2 IO_L21N_2 IO_L21N_2 M26 I/O

2 IO_L21P_2 IO_L21P_2 N25 I/O

2 IO_L22N_2 IO_L22N_2 N27 I/O

2 IO_L22P_2 IO_L22P_2 N28 I/O

2 IO_L23N_2/VREF_2 IO_L23N_2VREF_2 N31 VREF

2 IO_L23P_2 IO_L23P_2 N32 I/O

2 IO_L24N_2 IO_L24N_2 N24 I/O

2 IO_L24P_2 IO_L24P_2 P24 I/O

2 IO_L26N_2 IO_L26N_2 P29 I/O

2 IO_L26P_2 IO_L26P_2 P30 I/O

2 IO_L27N_2 IO_L27N_2 P31 I/O

2 IO_L27P_2 IO_L27P_2 P32 I/O

2 IO_L28N_2 IO_L28N_2 P33 I/O

2 IO_L28P_2 IO_L28P_2 P34 I/O

2 IO_L29N_2 IO_L29N_2 R24 I/O

2 IO_L29P_2 IO_L29P_2 R25 I/O

2 IO_L30N_2 IO_L30N_2 R28 I/O

2 IO_L30P_2 IO_L30P_2 R29 I/O

2 IO_L31N_2 IO_L31N_2 R31 I/O

2 IO_L31P_2 IO_L31P_2 R32 I/O

2 IO_L32N_2 IO_L32N_2 R33 I/O

2 IO_L32P_2 IO_L32P_2 R34 I/O

2 IO_L33N_2 IO_L33N_2 R26 I/O

2 IO_L33P_2 IO_L33P_2 T25 I/O

2 IO_L34N_2/VREF_2 IO_L34N_2/VREF_2 T28 VREF

2 IO_L34P_2 IO_L34P_2 T29 I/O

2 IO_L35N_2 IO_L35N_2 T32 I/O

2 IO_L35P_2 IO_L35P_2 T33 I/O

2 IO_L37N_2 IO_L37N_2 U27 I/O

2 IO_L37P_2 IO_L37P_2 U28 I/O

2 IO_L38N_2 IO_L38N_2 U29 I/O

2 IO_L38P_2 IO_L38P_2 U30 I/O

2 IO_L39N_2 IO_L39N_2 U31 I/O

2 IO_L39P_2 IO_L39P_2 U32 I/O

2 IO_L40N_2 IO_L40N_2 U33 I/O

2 IO_L40P_2/VREF_2 IO_L40P_2/VREF_2 U34 VREF

Table  110: FG1156 Package Pinout (Cont’d)

Bank XC3S4000
Pin Name

XC3S5000
Pin Name

FG1156
Pin Number Type
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Bottom Right Corner 
of FG1156 Package 
(Top View)

Figure 60:  FG1156 Package Footprint (Top View) Continued
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