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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.
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Architectural Overview
The Spartan-3 family architecture consists of five fundamental programmable functional elements:

• Configurable Logic Blocks (CLBs) contain RAM-based Look-Up Tables (LUTs) to implement logic and storage 
elements that can be used as flip-flops or latches. CLBs can be programmed to perform a wide variety of logical 
functions as well as to store data. 

• Input/Output Blocks (IOBs) control the flow of data between the I/O pins and the internal logic of the device. Each IOB 
supports bidirectional data flow plus 3-state operation. Twenty-six different signal standards, including eight 
high-performance differential standards, are available as shown in Table 2. Double Data-Rate (DDR) registers are 
included. The Digitally Controlled Impedance (DCI) feature provides automatic on-chip terminations, simplifying board 
designs. 

• Block RAM provides data storage in the form of 18-Kbit dual-port blocks.

• Multiplier blocks accept two 18-bit binary numbers as inputs and calculate the product.

• Digital Clock Manager (DCM) blocks provide self-calibrating, fully digital solutions for distributing, delaying, multiplying, 
dividing, and phase shifting clock signals.

These elements are organized as shown in Figure 1. A ring of IOBs surrounds a regular array of CLBs. The XC3S50 has a 
single column of block RAM embedded in the array. Those devices ranging from the XC3S200 to the XC3S2000 have two 
columns of block RAM. The XC3S4000 and XC3S5000 devices have four RAM columns. Each column is made up of several 
18-Kbit RAM blocks; each block is associated with a dedicated multiplier. The DCMs are positioned at the ends of the outer 
block RAM columns. 

The Spartan-3 family features a rich network of traces and switches that interconnect all five functional elements, 
transmitting signals among them. Each functional element has an associated switch matrix that permits multiple connections 
to the routing.

Configuration
Spartan-3 FPGAs are programmed by loading configuration data into robust reprogrammable static CMOS configuration 
latches (CCLs) that collectively control all functional elements and routing resources. Before powering on the FPGA, 
configuration data is stored externally in a PROM or some other nonvolatile medium either on or off the board. After applying 

X-Ref Target - Figure 1

Figure 1: Spartan-3 Family Architecture

DS099-1_01_032703

Notes: 
1. The two additional block RAM columns of the XC3S4000 and XC3S5000 devices 

are shown with dashed lines. The XC3S50 has only the block RAM column on the 
far left.

http://www.xilinx.com
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Revision History

Table  4: Example Ordering Information

Device Speed Grade Package Type/Number of Pins Temperature Range (Tj)

XC3S50 -4 Standard Performance VQ(G)100 100-pin Very Thin Quad Flat Pack (VQFP) C Commercial (0°C to 85°C)

XC3S200 -5 High Performance(1) CP(G)132(2) 132-pin Chip-Scale Package (CSP) I Industrial (–40°C to 100°C)

XC3S400 TQ(G)144 144-pin Thin Quad Flat Pack (TQFP)

XC3S1000 PQ(G)208 208-pin Plastic Quad Flat Pack (PQFP)

XC3S1500 FT(G)256 256-ball Fine-Pitch Thin Ball Grid Array (FTBGA)

XC3S2000 FG(G)320 320-ball Fine-Pitch Ball Grid Array (FBGA)

XC3S4000 FG(G)456 456-ball Fine-Pitch Ball Grid Array (FBGA)

XC3S5000 FG(G)676 676-ball Fine-Pitch Ball Grid Array (FBGA)

FG(G)900 900-ball Fine-Pitch Ball Grid Array (FBGA)

FG(G)1156(2) 1156-ball Fine-Pitch Ball Grid Array (FBGA)

Notes: 
1. The -5 speed grade is exclusively available in the Commercial temperature range.
2. The CP132, CPG132, FG1156, and FGG1156 packages are discontinued. See 

http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm.

Date Version Description

04/11/03 1.0 Initial Xilinx release.

04/24/03 1.1 Updated block RAM, DCM, and multiplier counts for the XC3S50.

12/24/03 1.2 Added the FG320 package.

07/13/04 1.3 Added information on Pb-free packaging options.

01/17/05 1.4 Referenced Spartan-3 XA Automotive FPGA families in Table 1. Added XC3S50CP132, 
XC3S2000FG456, XC3S4000FG676 options to Table 3. Updated Package Marking to show mask 
revision code, fabrication facility code, and process technology code.

08/19/05 1.5 Added package markings for BGA packages (Figure 3) and CP132/CPG132 packages (Figure 4). 
Added differential (complementary single-ended) HSTL and SSTL I/O standards.

04/03/06 2.0 Increased number of supported single-ended and differential I/O standards.

04/26/06 2.1 Updated document links.

05/25/07 2.2 Updated Package Marking to allow for dual-marking.

11/30/07 2.3 Added XC3S5000 FG(G)676 to Table 3. Noted that FG(G)1156 package is being discontinued and 
updated max I/O count.

06/25/08 2.4 Updated max I/O counts based on FG1156 discontinuation. Clarified dual mark in Package Marking. 
Updated formatting and links.

12/04/09 2.5 CP132 and CPG132 packages are being discontinued. Added link to Spartan-3 FPGA customer 
notices. Updated Table 3 with package footprint dimensions.

10/29/12 3.0 Added Notice of Disclaimer section. Per XCN07022, updated the discontinued FG1156 and FGG1156 
package discussion throughout document. Per XCN08011, updated the discontinued CP132 and 
CPG132 package discussion throughout document. Although the package is discontinued, updated 
the marking on Figure 4. This product is not recommended for new designs.

http://www.xilinx.com/support/documentation/customer_notices/xcn07022.pdf
http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm
http://www.xilinx.com
http://www.xilinx.com/support/documentation/customer_notices/xcn08011.pdf
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Table  11: DCI Terminations

Termination Schematic(1) Signal Standards
(IOSTANDARD)

Controlled impedance output driver LVDCI_15
LVDCI_18
LVDCI_25
LVDCI_33
HSLVDCI_15
HSLVDCI_18
HSLVDCI_25
HSLVDCI_33

Controlled output driver with half impedance LVDCI_DV2_15
LVDCI_DV2_18
LVDCI_DV2_25
LVDCI_DV2_33

Single resistor GTL_DCI
GTLP_DCI
HSTL_III_DCI(2)

HSTL_III_DCI_18(2)

Split resistors HSTL_I_DCI(2)

HSTL_I_DCI_18(2)

HSTL_II_DCI_18
DIFF_HSTL_II_18_DCI
DIFF_SSTL2_II_DCI
LVDS_25_DCI
LVDSEXT_25_DCI

Split resistors with output driver impedance fixed 
to 25Ω

SSTL18_I_DCI(3)

SSTL2_I_DCI(3)

SSTL2_II_DCI

Notes: 
1. The value of R is equivalent to the characteristic impedance of the line connected to the I/O. It is also equal to half the value of RREF for the 

DV2 standards and RREF for all other DCI standards.
2. For DCI using HSTL Classes I and III, terminations only go into effect at inputs (not at outputs).
3. For DCI using SSTL Class I, the split termination only goes into effect at inputs (not at outputs).
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Elements Within a Slice

All four slices have the following elements in common: two logic function generators, two storage elements, wide-function 
multiplexers, carry logic, and arithmetic gates, as shown in Figure 12, page 24. Both the left-hand and right-hand slice pairs 
use these elements to provide logic, arithmetic, and ROM functions. Besides these, the left-hand pair supports two 
additional functions: storing data using Distributed RAM and shifting data with 16-bit registers. Figure 12 is a diagram of the 
left-hand slice; therefore, it represents a superset of the elements and connections to be found in all slices. See Function 
Generator, page 25 for more information. 

The RAM-based function generator—also known as a Look-Up Table or LUT—is the main resource for implementing logic 
functions. Furthermore, the LUTs in each left-hand slice pair can be configured as Distributed RAM or a 16-bit shift register. 
For information on the former, refer to the chapter entitled “Using Look-Up Tables as Distributed RAM” in UG331; for 
information on the latter, refer to the chapter entitled “Using Look-Up Tables as Shift Registers” in UG331. The function 
generators located in the upper and lower portions of the slice are referred to as the "G" and "F", respectively. 

The storage element, which is programmable as either a D-type flip-flop or a level-sensitive latch, provides a means for 
synchronizing data to a clock signal, among other uses. The storage elements in the upper and lower portions of the slice 
are called FFY and FFX, respectively. 

Wide-function multiplexers effectively combine LUTs in order to permit more complex logic operations. Each slice has two of 
these multiplexers with F5MUX in the lower portion of the slice and FiMUX in the upper portion. Depending on the slice, 
FiMUX takes on the name F6MUX, F7MUX, or F8MUX. For more details on the multiplexers, refer to the chapter entitled 
“Using Dedicated Multiplexers” in UG331.

The carry chain, together with various dedicated arithmetic logic gates, support fast and efficient implementations of math 
operations. The carry chain enters the slice as CIN and exits as COUT. Five multiplexers control the chain: CYINIT, CY0F, 
and CYMUXF in the lower portion as well as CY0G and CYMUXG in the upper portion. The dedicated arithmetic logic 
includes the exclusive-OR gates XORG and XORF (upper and lower portions of the slice, respectively) as well as the AND 
gates GAND and FAND (upper and lower portions, respectively). For more details on the carry logic, refer to the chapter 
entitled “Using Carry and Arithmetic Logic” in UG331.

Main Logic Paths

Central to the operation of each slice are two nearly identical data paths, distinguished using the terms top and bottom. The 
description that follows uses names associated with the bottom path. (The top path names appear in parentheses.) The 
basic path originates at an interconnect-switch matrix outside the CLB. Four lines, F1 through F4 (or G1 through G4 on the 

X-Ref Target - Figure 11

Figure 11: Arrangement of Slices within the CLB
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Slave Serial mode is selected by applying <111> to the mode pins (M0, M1, and M2). A pull-up on the mode pins makes 
slave serial the default mode if the pins are left unconnected.

Master Serial Mode

In Master Serial mode, the FPGA drives CCLK pin, which behaves as a bidirectional I/O pin. The FPGA in the center of 
Figure 26 is set for Master Serial mode and connects to the serial configuration PROM and to the CCLK inputs of any slave 
FPGAs in a configuration daisy-chain. The master FPGA drives the configuration clock on the CCLK pin to the Xilinx Serial 
PROM, which, in response, provides bit-serial data to the FPGA’s DIN input. The FPGA accepts this data on each rising 
CCLK edge. After the master FPGA finishes configuring, it passes data on its DOUT pin to the next FPGA device in a 
daisy-chain. The DOUT data appears after the falling CCLK clock edge.

The Master Serial mode interface is identical to Slave Serial except that an internal oscillator generates the configuration 
clock (CCLK). A wide range of frequencies can be selected for CCLK, which always starts at a default frequency of 6 MHz. 
Configuration bits then switch CCLK to a higher frequency for the remainder of the configuration. 

Slave Parallel Mode (SelectMAP)

The Parallel or SelectMAP modes support the fastest configuration. Byte-wide data is written into the FPGA with a BUSY 
flag controlling the flow of data. An external source provides 8-bit-wide data, CCLK, an active-Low Chip Select (CS_B) signal 
and an active-Low Write signal (RDWR_B). If BUSY is asserted (High) by the FPGA, the data must be held until BUSY goes 
Low. Data can also be read using the Slave Parallel mode. If RDWR_B is asserted, configuration data is read out of the 
FPGA as part of a readback operation.

After configuration, it is possible to use any of the Multipurpose pins (DIN/D0-D7, DOUT/BUSY, INIT_B, CS_B, and 
RDWR_B) as User I/Os. To do this, simply set the BitGen option Persist to No and assign the desired signals to multipurpose 
configuration pins using the Xilinx development software. Alternatively, it is possible to continue using the configuration port 

X-Ref Target - Figure 26

Figure 26: Connection Diagram for Master and Slave Serial Configuration

Notes: 
1. There are two ways to use the DONE line. First, one may set the BitGen option DriveDone to "Yes" only for the last 

FPGA to be configured in the chain shown above (or for the single FPGA as may be the case). This enables the DONE 
pin to drive High; thus, no pull-up resistor is necessary. DriveDone is set to "No" for the remaining FPGAs in the chain. 
Second, DriveDone can be set to "No" for all FPGAs. Then all DONE lines are open-drain and require the pull-up 
resistor shown in grey. In most cases, a value between 3.3KΩ to 4.7KΩ is sufficient. However, when using DONE 
synchronously with a long chain of FPGAs, cumulative capacitance may necessitate lower resistor values (e.g. down 
to 330Ω) in order to ensure a rise time within one clock cycle.

2. For information on how to program the FPGA using 3.3V signals and power, see 3.3V-Tolerant Configuration Interface.
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Revision History

Date Version No. Description

04/11/03 1.0 Initial Xilinx release

05/19/03 1.1 Added Block RAM column, DCMs, and multipliers to XC3S50 descriptions.

07/11/03 1.2 Explained the configuration port Persist option in Slave Parallel Mode (SelectMAP) section. Updated 
Figure 8 and Double-Data-Rate Transmission section to indicate that DDR clocking for the XC3S50 is the 
same as that for all other Spartan-3 devices. Updated description of I/O voltage tolerance in ESD 
Protection section. In Table 10, changed input termination type for DCI version of the LVCMOS standard 
to None. Added additional flexibility for making DLL connections in Figure 21 and accompanying text. In 
the Configuration section, inserted an explanation of how to choose power supplies for the configuration 
interface, including guidelines for achieving 3.3V-tolerance.

08/24/04 1.3 Showed inversion of 3-state signal (Figure 7). Clarified description of pull-up and pull-down resistors 
(Table 6 and page 13). Added information on operating block RAM with multipliers to page 26. Corrected 
output buffer name in Figure 21. Corrected description of how DOUT is synchronized to CCLK (page 47).

08/19/05 1.4 Corrected description of WRITE_FIRST and READ_FIRST in Table 13. Added note regarding address 
setup and hold time requirements whenever a block RAM port is enabled (Table 13). Added information 
in the maximum length of a Configuration daisy-chain. Added reference to XAPP453 in 3.3V-Tolerant 
Configuration Interface section. Added information on the STATUS[2] DCM output (Table 23). Added 
information on CCLK behavior and termination recommendations to Configuration. Added Additional 
Configuration Details section. Added Powering Spartan-3 FPGAs section. Removed GSR from Figure 31 
because its timing is not programmable.

04/03/06 2.0 Updated Figure 7. Updated Figure 14. Updated Table 10. Updated Figure 22. Corrected Platform Flash 
supply voltage name and value in Figure 26 and Figure 28. Added No Internal Charge Pumps or 
Free-Running Oscillators. Corrected a few minor typographical errors. 

04/26/06 2.1 Added more information on the pull-up resistors that are active during configuration to Configuration. 
Added information to Boundary-Scan (JTAG) Mode about potential interactions when configuring via 
JTAG if the mode select pins are set for other than JTAG. 

05/25/07 2.2 Added Spartan-3 FPGA Design Documentation. Noted SSTL2_I_DCI 25-Ohm driver in Table 10 and 
Table 11. Added note that pull-down is active during boundary scan tests.

11/30/07 2.3 Updated links to documentation on xilinx.com.

06/25/08 2.4 Added HSLVDCI to Table 10. Updated formatting and links.

12/04/09 2.5 Updated HSLVDCI description in Digitally Controlled Impedance (DCI). Updated the low-voltage 
differential signaling VCCO values in Table 10. Noted that the CP132 package is being discontinued in The 
Organization of IOBs into Banks. Updated rule 4 in Rules Concerning Banks. Added software version 
requirement in The Fixed Phase Mode.

10/29/12 3.0 Added Notice of Disclaimer. Per XCN07022, updated the discontinued FG1156 and FGG1156 package 
discussion throughout document. Per XCN08011, updated the discontinued CP132 and CPG132 
package discussion throughout document. This product is not recommended for new designs.

http://www.xilinx.com/support/documentation/application_notes/xapp453.pdf
http://www.xilinx.com/support/documentation/customer_notices/xcn07022.pdf
http://www.xilinx.com/support/documentation/customer_notices/xcn08011.pdf
http://www.xilinx.com
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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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X-Ref Target - Figure 33

Figure 33: Differential Output Voltages

Table  38: DC Characteristics of User I/Os Using Differential Signal Standards

Signal Standard Mask(3) 
Revision

VOD VOCM VOH VOL

Min (mV) Typ (mV) Max (mV) Min (V) Typ (V) Max (V) Min (V) Max (V)

LDT_25 (ULVDS_25) All 430(4) 600 670 0.495 0.600 0.715 0.71 0.50

LVDS_25 All 100 – 600 0.80 – 1.6 0.85 1.55

‘E’ 200 – 500 1.0 – 1.5 1.10 1.40

BLVDS_25(5) All 250 350 450 – 1.20 – – –

LVDSEXT_25 All 100 – 600 0.80 – 1.6 0.85 1.55

‘E’ 300 – 700 1.0 – 1.5 1.15 1.35

LVPECL_25(5) All – – - – – - 1.35 1.005

RSDS_25(6) All 100 – 600 0.80 – 1.6 0.85 1.55

‘E’ 200 – 500 1.0 – 1.5 1.10 1.40

DIFF_HSTL_II_18 All – – – – – – VCCO – 0.40 0.40

DIFF_SSTL2_II All – – – – – – VTT + 0.80 VTT – 0.80

Notes: 
1. The numbers in this table are based on the conditions set forth in Table 32 and Table 37.
2. Output voltage measurements for all differential standards are made with a termination resistor (RT) of 100Ω across the N and P pins of the 

differential signal pair.
3. Mask revision E devices have tighter output ranges but can be used in any design that was in a previous revision. See Mask and Fab 

Revisions, page 58.
4. This value must be compatible with the receiver to which the FPGA’s output pair is connected. 
5. Each LVPECL_25 or BLVDS_25 output-pair requires three external resistors for proper output operation as shown in Figure 34. Each 

LVPECL_25 or BLVDS_25 input-pair uses a 100W termination resistor at the receiver.
6. Only one of the differential standards RSDS_25, LDT_25, LVDS_25, and LVDSEXT_25 may be used for outputs within a bank.

Each differential standard input-pair requires an external 100Ω termination resistor.

X-Ref Target - Figure 34

Figure 34: External Termination Required for LVPECL and BLVDS Output and Input
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LVCMOS15 0.42 0.49 ns

LVDCI_15 0.38 0.43 ns

LVDCI_DV2_15 0.38 0.44 ns

LVCMOS18 0.24 0.28 ns

LVDCI_18 0.29 0.33 ns

LVDCI_DV2_18 0.28 0.33 ns

LVCMOS25 0 0 ns

LVDCI_25 0.05 0.05 ns

LVDCI_DV2_25 0.04 0.04 ns

LVCMOS33, LVDCI_33, LVDCI_DV2_33 –0.05 –0.02 ns

LVTTL 0.18 0.21 ns

PCI33_3 0.20 0.22 ns

SSTL18_I, SSTL18_I_DCI 0.39 0.45 ns

SSTL18_II 0.39 0.45 ns

SSTL2_I, SSTL2_I_DCI 0.40 0.46 ns

SSTL2_II, SSTL2_II_DCI 0.36 0.41 ns

Differential Standards

LDT_25 (ULVDS_25) 0.76 0.88 ns

LVDS_25, LVDS_25_DCI 0.65 0.75 ns

BLVDS_25 0.34 0.39 ns

LVDSEXT_25, LVDSEXT_25_DCI 0.80 0.92 ns

LVPECL_25 0.18 0.21 ns

RSDS_25 0.43 0.50 ns

DIFF_HSTL_II_18, DIFF_HSTL_II_18_DCI 0.34 0.39 ns

DIFF_SSTL2_II, DIFF_SSTL2_II_DCI 0.65 0.75 ns

Notes: 
1. The numbers in this table are tested using the methodology presented in Table 48 and are based on 

the operating conditions set forth in Table 32, Table 35, and Table 37.
2. These adjustments are used to convert input path times originally specified for the LVCMOS25 

standard to times that correspond to other signal standards. 

Table  44: Input Timing Adjustments for IOB (Cont’d)

Convert Input Time from LVCMOS25 to the 
Following Signal Standard (IOSTANDARD)

Add the Adjustment Below

UnitsSpeed Grade

-5 -4
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PCI33_3 9 9 9 9 9

SSTL18_I 13 13 13 13 17

SSTL18_I_DCI 13 13 13 13 17

SSTL18_II 8 8 8 8 9

SSTL2_I 10 10 10 10 13

SSTL2_I_DCI 10 10 10 10 13

SSTL2_II 6 6 6 6 9

SSTL2_II_DCI 6 6 6 6 9

Differential Standards (Number of I/O Pairs or Channels)

LDT_25 (ULVDS_25) 5 5 5 5 5

LVDS_25 7 5 5 12 20

BLVDS_25 2 1 1 4

LVDSEXT_25 5 5 5 5 5

LVPECL_25 2 1 1 4

RSDS_25 7 5 5 12 20

DIFF_HSTL_II_18 4 4 4 4 4

DIFF_HSTL_II_18_DCI 4 4 4 4 4

DIFF_SSTL2_II 3 3 3 3 4

DIFF_SSTL2_II_DCI 3 3 3 3 4

Notes: 
1. The numbers in this table are recommendations that assume the FPGA is soldered on a printed circuit board using sound practices. This 

table assumes the following parasitic factors: combined PCB trace and land inductance per VCCO and GND pin of 1.0 nH, receiver capacitive 
load of 15 pF. Test limits are the VIL/VIH voltage limits for the respective I/O standard.

2. Regarding the SSO numbers for all DCI standards, the RREF resistors connected to the VRN and VRP pins of the FPGA are 50W..
3. If more than one signal standard is assigned to the I/Os of a given bank, refer to XAPP689: Managing Ground Bounce in Large FPGAs for 

information on how to perform weighted average SSO calculations.
4. Results are based on actual silicon testing using an FPGA soldered on a typical printed-circuit board.

Table  50: Recommended Number of Simultaneously Switching Outputs per VCCO /GND Pair (Cont’d)

Signal Standard
(IOSTANDARD)

Package

VQ100 TQ144 PQ208 CP132 FT256, FG320, FG456, 
FG676, FG900, FG1156

http://www.xilinx.com
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05/25/07 2.2 Improved absolute maximum voltage specifications in Table 28, providing additional overshoot allowance. 
Improved XC3S50 HBM ESD to 2000V in Table 28. Based on extensive 90 nm production data, improved 
(reduced) the maximum quiescent current limits for the ICCINTQ and ICCOQ specifications in Table 34. 
Widened the recommended voltage range for the PCI standard and clarified the hysteresis footnote in 
Table 35. Noted restriction on combining differential outputs in Table 38. Updated footnote 1 in Table 64.

11/30/07 2.3 Updated 3.3V VCCO max from 3.45V to 3.465V in Table 32 and elsewhere. Reduced tICCK minimum from 
0.50μs to 0.25μs in Table 65. Updated links to technical documentation.

06/25/08 2.4 Clarified dual marking. Added Mask and Fab Revisions. Added references to XAPP459 in Table 28 and 
Table 32. Removed absolute minimum and added footnote referring to timing analyzer for minimum delay 
values. Added HSLVDCI to Table 48 and Table 50. Updated tDICK in Table 51 to match largest possible 
value in speed file. Updated formatting and links.

12/04/09 2.5 Updated notes 2 and 3 in Table 28. Removed silicon process specific information and revised notes in 
Table 30. Updated note 3 in Table 32. Updated note 3 in Table 34. Updated note 5 in Table 35. Updated 
VOL max and VOH min for SSTL2_II in Table 36. Updated note 5 in Table 36. Updated JTAG Waveforms 
in Figure 39. Updated VICM max for LVPECL_25 in Table 37. Updated RT and VT for LVDS_25_DCI in 
Table 48. Updated Simultaneously Switching Output Guidelines. Noted that the CP132 package is being 
discontinued in Table 49. Removed minimum values for TMULTCK clock-to-output times in Table 54. 
Updated footnote 3 in Table 58. Removed minimum values for TMULT propagation times in Table 55. 
Removed silicon process specific information and revised notes in Table 61. Updated Phase Shifter (PS). 

10/29/12 3.0 Added Notice of Disclaimer. Per XCN07022, updated the discontinued FG1156 and FGG1156 package 
discussion throughout document. Per XCN08011, updated the discontinued CP132 and CPG132 
package discussion throughout document. Revised description of VIN in Table 32 and added note 7. 
Added note 4 to Table 33. This product is not recommended for new designs.

Date Version Description

http://www.xilinx.com
http://www.xilinx.com/support/documentation/customer_notices/xcn07022.pdf
http://www.xilinx.com


Spartan-3 FPGA Family: Pinout Descriptions

DS099 (v3.0) October 29, 2012 www.xilinx.com
Product Specification 121

PRODUCT NOT RECOMMENDED FOR NEW DESIGNS

VREF: User I/O or Input Buffer Reference Voltage for Special Interface Standards

These pins are individual user-I/O pins unless collectively they supply an input reference voltage, VREF_#, for any SSTL, 
HSTL, GTL, or GTLP I/Os implemented in the associated I/O bank. The ‘#’ character in the pin name represents an integer, 
0 through 7, that indicates the associated I/O bank.

The VREF function becomes active for this pin whenever a signal standard requiring a reference voltage is used in the 
associated bank. If used as a user I/O, then each pin behaves as an independent I/O described in the I/O type section. If 
used for a reference voltage within a bank, then all VREF pins within the bank must be connected to the same reference 
voltage.

Spartan-3 devices are designed and characterized to support certain I/O standards when VREF is connected to +1.25V, 
+1.10V, +1.00V, +0.90V, +0.80V, and +0.75V. During configuration, the VREF pins behave exactly like user-I/O pins.

If designing for footprint compatibility across the range of devices in a specific package, and if the VREF_# pins within a bank 
connect to an input reference voltage, then also connect any N.C. (not connected) pins on the smaller devices in that 
package to the input reference voltage. More details are provided later for each package type.

N.C. Type: Unconnected Package Pins

Pins marked as “N.C.” are unconnected for the specific device/package combination. For other devices in this same 
package, this pin may be used as an I/O or VREF connection. In both the pinout tables and the footprint diagrams, 
unconnected pins are noted with either a black diamond symbol () or a black square symbol ().

If designing for footprint compatibility across multiple device densities, check the pin types of the other Spartan-3 devices 
available in the same footprint. If the N.C. pin matches to VREF pins in other devices, and the VREF pins are used in the 
associated I/O bank, then connect the N.C. to the VREF voltage source.

VCCO Type: Output Voltage Supply for I/O Bank

Each I/O bank has its own set of voltage supply pins that determines the output voltage for the output buffers in the I/O bank. 
Furthermore, for some I/O standards such as LVCMOS, LVCMOS25, LVTTL, etc., VCCO sets the input threshold voltage on 
the associated input buffers.

Spartan-3 devices are designed and characterized to support various I/O standards for VCCO values of +1.2V, +1.5V, +1.8V, 
+2.5V, and +3.3V.

Most VCCO pins are labeled as VCCO_# where the ‘#’ symbol represents the associated I/O bank number, an integer 
ranging from 0 to 7. In the 144-pin TQFP package (TQ144) however, the VCCO pins along an edge of the device are 
combined into a single VCCO input. For example, the VCCO inputs for Bank 0 and Bank 1 along the top edge of the package 
are combined and relabeled VCCO_TOP. The bottom, left, and right edges are similarly combined.

In Serial configuration mode, VCCO_4 must be at a level compatible with the attached configuration memory or data source.   
In Parallel configuration mode, both VCCO_4 and VCCO_5 must be at the same compatible voltage level.

All VCCO inputs to a bank must be connected together and to the voltage supply. Furthermore, there must be sufficient 
supply decoupling to guarantee problem-free operation, as described in XAPP623: Power Distribution System (PDS) 
Design: Using Bypass/Decoupling Capacitors.

VCCINT Type: Voltage Supply for Internal Core Logic

Internal core logic circuits such as the configurable logic blocks (CLBs) and programmable interconnect operate from the 
VCCINT voltage supply inputs. VCCINT must be +1.2V.

All VCCINT inputs must be connected together and to the +1.2V voltage supply. Furthermore, there must be sufficient 
supply decoupling to guarantee problem-free operation, as described in XAPP623.

VCCAUX Type: Voltage Supply for Auxiliary Logic

The VCCAUX pins supply power to various auxiliary circuits, such as to the Digital Clock Managers (DCMs), the JTAG pins, 
and to the dedicated configuration pins (CONFIG type). VCCAUX must be +2.5V.

http://www.xilinx.com/support/documentation/application_notes/xapp623.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp623.pdf
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Package Thermal Characteristics

The power dissipated by an FPGA application has implications on package selection and system design. The power 
consumed by a Spartan-3 FPGA is reported using either the XPower Estimator (XPE) or the XPower Analyzer integrated in 
the Xilinx ISE development software. Table 86 provides the thermal characteristics for the various Spartan-3 device/package 
offerings.

The junction-to-case thermal resistance (θJC) indicates the difference between the temperature measured on the package 
body (case) and the die junction temperature per watt of power consumption. The junction-to-board (θJB) value similarly 
reports the difference between the board and junction temperature. The junction-to-ambient (θJA) value reports the 
temperature difference per watt between the ambient environment and the junction temperature. The θJA value is reported 
at different air velocities, measured in linear feet per minute (LFM). The “Still Air (0 LFM)” column shows the θJA value in a 
system without a fan. The thermal resistance drops with increasing air flow.
 

Table  86: Spartan-3 FPGA Package Thermal Characteristics

Package Device Junction-to-
Case (θJC)

Junction-to-B
oard (θJB)

Junction-to-Ambient (θJA) at Different Air Flows
UnitsStill Air

(0 LFM) 250 LFM 500 LFM 750 LFM

VQ(G)100
XC3S50 12.0 – 46.2 38.4 35.8 34.9 °C/Watt

XC3S200 10.0 – 40.5 33.7 31.3 30.5 °C/Watt

CP(G)132(1) XC3S50 14.5 32.8 53.0 46.4 44.0 42.5 °C/Watt

TQ(G)144

XC3S50 7.6 – 41.0 31.9 27.2 25.6 °C/Watt

XC3S200 6.6 – 34.5 26.9 23.0 21.6 °C/Watt

XC3S400 6.1 – 32.8 25.5 21.8 20.4 °C/Watt

PQ(G)208

XC3S50 10.6 – 37.4 27.6 24.4 22.6 °C/Watt

XC3S200 8.6 – 36.2 26.7 23.6 21.9 °C/Watt

XC3S400 7.5 – 35.4 26.1 23.1 21.4 °C/Watt

FT(G)256

XC3S200 9.9 22.9 31.7 25.6 24.5 24.2 °C/Watt

XC3S400 7.9 19.0 28.4 22.8 21.5 21.0 °C/Watt

XC3S1000 5.6 14.7 24.8 19.2 18.0 17.5 °C/Watt

FG(G)320

XC3S400 8.9 13.9 24.4 19.0 17.8 17.0 °C/Watt

XC3S1000 7.8 11.8 22.3 17.0 15.8 15.0 °C/Watt

XC3S1500 6.7 9.8 20.3 15.18 13.8 13.1 °C/Watt

FG(G)456

XC3S400 8.4 13.6 20.8 15.1 13.9 13.4 °C/Watt

XC3S1000 6.4 10.6 19.3 13.4 12.3 11.7 °C/Watt

XC3S1500 4.9 8.3 18.3 12.4 11.2 10.7 °C/Watt

XC3S2000 3.7 6.5 17.7 11.7 10.5 10.0 °C/Watt

FG(G)676

XC3S1000 6.0 10.4 17.9 13.7 12.6 12.0 °C/Watt

XC3S1500 4.9 8.8 16.8 12.4 11.3 10.7 °C/Watt

XC3S2000 4.1 7.9 15.6 11.1 9.9 9.3 °C/Watt

XC3S4000 3.6 7.0 15.0 10.5 9.3 8.7 °C/Watt

XC3S5000 3.4 6.3 14.7 10.3 9.1 8.5 °C/Watt

FG(G)900

XC3S2000 3.7 7.0 14.3 10.3 9.3 8.8 °C/Watt

XC3S4000 3.3 6.4 13.6 9.7 8.7 8.2 °C/Watt

XC3S5000 2.9 5.9 13.1 9.2 8.1 7.6 °C/Watt

http://www.xilinx.com/products/design_resources/power_central/index.htm
http://www.xilinx.com
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7 IO_L21N_7 IO_L21N_7 P13 I/O

7 IO_L21P_7 IO_L21P_7 P12 I/O

7 IO_L22N_7 IO_L22N_7 P16 I/O

7 IO_L22P_7 IO_L22P_7 P15 I/O

7 IO_L23N_7 IO_L23N_7 P19 I/O

7 IO_L23P_7 IO_L23P_7 P18 I/O

7 IO_L24N_7 IO_L24N_7 P21 I/O

7 IO_L24P_7 IO_L24P_7 P20 I/O

7 N.C. () IO_L39N_7 P24 I/O

7 N.C. () IO_L39P_7 P22 I/O

7 IO_L40N_7/VREF_7 IO_L40N_7/VREF_7 P27 VREF

7 IO_L40P_7 IO_L40P_7 P26 I/O

7 VCCO_7 VCCO_7 P6 VCCO

7 VCCO_7 VCCO_7 P23 VCCO

N/A GND GND P1 GND

N/A GND GND P186 GND

N/A GND GND P195 GND

N/A GND GND P202 GND

N/A GND GND P163 GND

N/A GND GND P170 GND

N/A GND GND P179 GND

N/A GND GND P134 GND

N/A GND GND P145 GND

N/A GND GND P151 GND

N/A GND GND P157 GND

N/A GND GND P112 GND

N/A GND GND P118 GND

N/A GND GND P129 GND

N/A GND GND P82 GND

N/A GND GND P91 GND

N/A GND GND P99 GND

N/A GND GND P105 GND

N/A GND GND P53 GND

N/A GND GND P59 GND

N/A GND GND P66 GND

N/A GND GND P75 GND

N/A GND GND P30 GND

N/A GND GND P41 GND

N/A GND GND P47 GND

N/A GND GND P8 GND

Table  93: PQ208 Package Pinout (Cont’d)

Bank XC3S50 
Pin Name

XC3S200, XC3S400
Pin Names

PQ208 Pin 
Number Type

http://www.xilinx.com
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7 IO_L29P_7 IO_L29P_7 IO_L29P_7 IO_L29P_7 IO_L29P_7 L2 I/O

7 IO_L31N_7 IO_L31N_7 IO_L31N_7 IO_L31N_7 IO_L31N_7 M7 I/O

7 IO_L31P_7 IO_L31P_7 IO_L31P_7 IO_L31P_7 IO_L31P_7 M8 I/O

7 IO_L32N_7 IO_L32N_7 IO_L32N_7 IO_L32N_7 IO_L32N_7 M6 I/O

7 IO_L32P_7 IO_L32P_7 IO_L32P_7 IO_L32P_7 IO_L32P_7 M5 I/O

7 IO_L33N_7 IO_L33N_7 IO_L33N_7 IO_L33N_7 IO_L33N_7 M3 I/O

7 IO_L33P_7 IO_L33P_7 IO_L33P_7 IO_L33P_7 IO_L33P_7 L4 I/O

7 IO_L34N_7 IO_L34N_7 IO_L34N_7 IO_L34N_7 IO_L34N_7 M1 I/O

7 IO_L34P_7 IO_L34P_7 IO_L34P_7 IO_L34P_7 IO_L34P_7 M2 I/O

7 IO_L35N_7 IO_L35N_7 IO_L35N_7 IO_L35N_7 IO_L35N_7 N7 I/O

7 IO_L35P_7 IO_L35P_7 IO_L35P_7 IO_L35P_7 IO_L35P_7 N8 I/O

7 IO_L38N_7 IO_L38N_7 IO_L38N_7 IO_L38N_7 IO_L38N_7 N5 I/O

7 IO_L38P_7 IO_L38P_7 IO_L38P_7 IO_L38P_7 IO_L38P_7 N6 I/O

7 IO_L39N_7 IO_L39N_7 IO_L39N_7 IO_L39N_7 IO_L39N_7 N3 I/O

7 IO_L39P_7 IO_L39P_7 IO_L39P_7 IO_L39P_7 IO_L39P_7 N4 I/O

7 IO_L40N_7/VREF_7 IO_L40N_7/VREF_7 IO_L40N_7/VREF_7 IO_L40N_7/VREF_7 IO_L40N_7/VREF_7 N1 VREF

7 IO_L40P_7 IO_L40P_7 IO_L40P_7 IO_L40P_7 IO_L40P_7 N2 I/O

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 G3 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 J8 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 K8 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 L3 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 L9 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 M9 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 N9 VCCO

7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 VCCO_7 N10 VCCO

N/A GND GND GND GND GND A1 GND

N/A GND GND GND GND GND A26 GND

N/A GND GND GND GND GND AC4 GND

N/A GND GND GND GND GND AC12 GND

N/A GND GND GND GND GND AC15 GND

N/A GND GND GND GND GND AC23 GND

N/A GND GND GND GND GND AD3 GND

N/A GND GND GND GND GND AD24 GND

N/A GND GND GND GND GND AE2 GND

N/A GND GND GND GND GND AE25 GND

N/A GND GND GND GND GND AF1 GND

N/A GND GND GND GND GND AF26 GND

N/A GND GND GND GND GND B2 GND

N/A GND GND GND GND GND B25 GND

N/A GND GND GND GND GND C3 GND

N/A GND GND GND GND GND C24 GND

N/A GND GND GND GND GND D4 GND

N/A GND GND GND GND GND D12 GND

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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N/A GND GND GND GND GND D15 GND

N/A GND GND GND GND GND D23 GND

N/A GND GND GND GND GND K11 GND

N/A GND GND GND GND GND K12 GND

N/A GND GND GND GND GND K15 GND

N/A GND GND GND GND GND K16 GND

N/A GND GND GND GND GND L10 GND

N/A GND GND GND GND GND L11 GND

N/A GND GND GND GND GND L12 GND

N/A GND GND GND GND GND L13 GND

N/A GND GND GND GND GND L14 GND

N/A GND GND GND GND GND L15 GND

N/A GND GND GND GND GND L16 GND

N/A GND GND GND GND GND L17 GND

N/A GND GND GND GND GND M4 GND

N/A GND GND GND GND GND M10 GND

N/A GND GND GND GND GND M11 GND

N/A GND GND GND GND GND M12 GND

N/A GND GND GND GND GND M13 GND

N/A GND GND GND GND GND M14 GND

N/A GND GND GND GND GND M15 GND

N/A GND GND GND GND GND M16 GND

N/A GND GND GND GND GND M17 GND

N/A GND GND GND GND GND M23 GND

N/A GND GND GND GND GND N11 GND

N/A GND GND GND GND GND N12 GND

N/A GND GND GND GND GND N13 GND

N/A GND GND GND GND GND N14 GND

N/A GND GND GND GND GND N15 GND

N/A GND GND GND GND GND N16 GND

N/A GND GND GND GND GND P11 GND

N/A GND GND GND GND GND P12 GND

N/A GND GND GND GND GND P13 GND

N/A GND GND GND GND GND P14 GND

N/A GND GND GND GND GND P15 GND

N/A GND GND GND GND GND P16 GND

N/A GND GND GND GND GND R4 GND

N/A GND GND GND GND GND R10 GND

N/A GND GND GND GND GND R11 GND

N/A GND GND GND GND GND R12 GND

N/A GND GND GND GND GND R13 GND

N/A GND GND GND GND GND R14 GND

N/A GND GND GND GND GND R15 GND

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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N/A VCCINT VCCINT VCCINT VCCINT VCCINT U17 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT U18 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT V9 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT V10 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT V17 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT V18 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT W8 VCCINT

N/A VCCINT VCCINT VCCINT VCCINT VCCINT W19 VCCINT

VCC
AUX

CCLK CCLK CCLK CCLK CCLK AD26 CONFIG

VCC
AUX

DONE DONE DONE DONE DONE AC24 CONFIG

VCC
AUX

HSWAP_EN HSWAP_EN HSWAP_EN HSWAP_EN HSWAP_EN C2 CONFIG

VCC
AUX

M0 M0 M0 M0 M0 AE3 CONFIG

VCC
AUX

M1 M1 M1 M1 M1 AC3 CONFIG

VCC
AUX

M2 M2 M2 M2 M2 AF3 CONFIG

VCC
AUX

PROG_B PROG_B PROG_B PROG_B PROG_B D3 CONFIG

VCC
AUX

TCK TCK TCK TCK TCK B24 JTAG

VCC
AUX

TDI TDI TDI TDI TDI C1 JTAG

VCC
AUX

TDO TDO TDO TDO TDO D24 JTAG

VCC
AUX

TMS TMS TMS TMS TMS A24 JTAG

Notes: 
1. XC3S1500 balls D25 and F25 are not VREF pins although they are designated as such. If a design uses an IOSTANDARD requiring VREF in bank 

2 then apply the workaround in Answer Record 20519.
2. XC3S4000 is pin compatible with XC3S2000 but uses alternate differential pair labeling on six package balls (H20, H21, H22, H23, H24, J21).
3. XC3S5000 is pin compatible with XC3S4000 but uses alternate differential pair functionality on fifteen package balls (A3, A8, B8, B18, C4, C8, C18, 

D8, D18, E8, E18, H23, H24, AB9, and AC9).

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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FG676 Footprint X-Ref Target - Figure 53

Left Half of Package 
(Top View)

XC3S1000
(391 max. user I/O)

315 I/O: Unrestricted, 
general-purpose user I/O

40 VREF: User I/O or input 
voltage reference for bank

98 N.C.: Unconnected pins for 
XC3S1000 ()

XC3S1500
(487 max user I/O)

403 I/O: Unrestricted, 
general-purpose user I/O

48 VREF: User I/O or input 
voltage reference for bank

2 N.C.: Unconnected pins for 
XC3S1500 ()

XC3S2000, XC3S4000, 
XC3S5000 (489 max user I/O)

405 I/O: Unrestricted, 
general-purpose user I/O

48 VREF: User I/O or input 
voltage reference for bank

0 N.C.: No unconnected pins

All devices

12 DUAL: Configuration pin, 
then possible user I/O

8 GCLK: User I/O or global 
clock buffer input

16 DCI: User I/O or reference 
resistor input for bank

7 CONFIG: Dedicated 
configuration pins

4 JTAG: Dedicated JTAG 
port pins

20 VCCINT: Internal core 
voltage supply (+1.2V)

64 VCCO: Output voltage 
supply for bank

16 VCCAUX: Auxiliary voltage 
supply (+2.5V)

76 GND: Ground

Figure 53: FG676 Package Footprint (Top View)
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Bank 5
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I/O     

L05P_0   
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I/O I/O
I/O     

L10P_0
I/O     

L15P_0
VCCAUX

I/O     
L23P_0   

I/O     
L26P_0    
VREF_0    

I/O     
L29P_0

I/O     
L32P_0   
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VCCAUX I/O     
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I/O     
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I/O     
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I/O     
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I/O     
L15N_0

I/O     
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TD I
HSWAP_

EN I/O
I/O     
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I/O     
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GND

GND GND

GND GND GND GND

GND GNDGND GND

GND GND GND GND

GND GND

GND GND

GND GNDGND

GND GNDGND

GNDGND
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L31N_0
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L06N_7   
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I/O     
L24N_0
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I/O     
L17N_7

I/O     
L17P_7
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L29P_7

VCCO_7 I/O     
L33P_7

I/O     
L28N_7

I/O     
L28P_7

I/O     
L27N_7

I/O     
L27P_7   
VREF_7

VCCO_7

I/O     
L34N_7

I/O     
L34P_7

I/O     
L33N_7

I/O     
L32P_7

I/O     
L32N_7

I/O     
L31N_7

I/O     
L31P_7

VCCO_7

I/O     
L40N_7   
VREF_7

I/O     
L40P_7

I/O     
L39N_7

I/O     
L39P_7

I/O     
L38N_7

I/O     
L38P_7

I/O     
L35N_7

I/O     
L35P_7

VCCO_7 VCCO_7

I/O     
L40P_6   
VREF_6

I/O     
L40N_6

I/O     
L39P_6

I/O     
L39N_6

I/O     
L38P_6

I/O     
L38N_6

I/O     
L35P_6

I/O     
L35N_6

VCCO_6 VCCO_6

I/O     
L34P_6

I/O     
L34N_6   
VREF_6

I/O     
L33P_6

GND

GND

GND

GND

GND

GND

I/O     
L32P_6

I/O     
L32N_6

I/O     
L31P_6

I/O     
L31N_6

VCCO_6

I/O     
L29P_6

I/O     
L29N_6

VCCO_6 I/O     
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I/O     
L28P_6

I/O     
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I/O     
L27P_6

I/O     
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I/O     
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I/O     
L24P_6

I/O     
L24N_6   
VREF_6

I/O     
L23P_6

I/O     
L23N_6

I/O     
L20P_6

VCCO_6 VCCINT VCCINT VCCO_5

VCCAUX I/O     
L22P_6

I/O     
L22N_6

I/O     
L21P_6

I/O     
L21N_6

I/O     
L16N_6

I/O     
L20N_6

VCCO_6 VCCINT VCCINT VCCO_5 VCCO_5 VCCO_5

I/O     
L19P_6

I/O     
L19N_6

I/O     
L17P_6   
VREF_6

I/O     
L17N_6

I/O     
L16P_6

I/O     
L14P_6

I/O     
L14N_6

VCCINT VCCO_5 VCCO_5 I/O     
L24P_5

I/O     
L27P_5

I/O     
L30P_5

I/O     
L10P_6   

I/O     
L10N_6   VCCO_6

I/O     
L08P_6   

I/O     
L08N_6   

I/O     
L06P_6   

I/O     
L06N_6   I/O

I/O     
L16P_5

I/O     
L19P_5   
VREF_5

I/O     
L24N_5

I/O     
L27N_5   
VREF_5

I/O     
L30N_5

I/O     
L09P_6   

I/O     
L09N_6    
VREF_6    


I/O     
L07P_6   

I/O     
L07N_6   

I/O     



I/O     
L05P_5

I/O

I/O     
L11P_5   I/O     

L16N_5
I/O     

L19N_5
I/O     

L25P_5

I/O     
L28P_5   

D7
I/O

I/O     
L05P_6   

I/O     
L05N_6   


















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


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 

 
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 
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 

   

 
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



I/O     
L02P_6

I/O     
L02N_6

I/O     
L01P_5   
CS_B

I/O     
L05N_5

I/O     
L09P_5

I/O     
L11N_5    
VREF_5    I/O

I/O     
L22P_5

I/O     
L25N_5

I/O     
L28N_5   

D6

I/O     
L31P_5   

D5

I/O     
L03P_6

I/O     
L03N_6   
VREF_6

M1
I/O     

L01N_5   
RDWR_B

I/O     
L07P_5

I/O     
L09N_5

I/O     
L12P_5   

I/O     I/O     
L22N_5

I/O GNDGND

GND

GND

GND

I/O     
L31N_5   

D4

I/O     
L01P_6   
VRN_6

I/O     
L01N_6   
VRP_6

I/O     
L04P_5

I/O     
L06P_5

I/O     
L07N_5

VCCO_5
I/O     

L12N_5   
I/O     

L18P_5   I/O VCCO_5 I/O
I/O     

L32P_5   
GCLK2

VCCAUX M0
I/O     

L04N_5
I/O     

L06N_5
I/O     

L08P_5

I/O     
L10P_5   
VRN_5

I/O     
L15P_5

I/O     
L18N_5   

I/O     
L23P_5   

I/O     
L26P_5   

I/O     
L29P_5   
VREF_5

I/O     
L32N_5   
GCLK3

VCCAUX M2 I/O
I/O     

VREF_5
I/O     

L08N_5

I/O     
L10N_5   
VRP_5

I/O     
L15N_5

VCCAUX
I/O     

L23N_5   
I/O     

L26N_5   I/O     
L29N_5

I/O     
VREF_5
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FG1156: 1156-lead Fine-pitch Ball Grid Array
Note: The FG(G)1156 package is discontinued. See 
http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm.

The 1,156-lead fine-pitch ball grid array package, FG1156, supports two different Spartan-3 devices, namely the XC3S4000 
and the XC3S5000. The XC3S4000, however, has fewer I/O pins, which consequently results in 73 unconnected pins on the 
FG1156 package, labeled as “N.C.” In Table 110 and Figure 53, these unconnected pins are indicated with a black diamond 
symbol ().

The XC3S5000 has a single unconnected package pin, ball AK31, which is also unconnected for the XC3S4000.

All the package pins appear in Table 110 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.

On ball L29 in I/O Bank 2, the unconnected pin on the XC3S4000 maps to a VREF-type pin on the XC3S5000. If the other 
VREF_2 pins all connect to a voltage reference to support a special I/O standard, then also connect the N.C. pin on the 
XC3S4000 to the same VREF_2 voltage.

Pinout Table

Table  110: FG1156 Package Pinout

Bank XC3S4000
Pin Name

XC3S5000
Pin Name

FG1156
Pin Number Type

0 IO IO B9 I/O

0 IO IO E17 I/O

0 IO IO F6 I/O

0 IO IO F8 I/O

0 IO IO G12 I/O

0 IO IO H8 I/O

0 IO IO H9 I/O

0 IO IO J11 I/O

0 N.C. () IO J9 I/O

0 N.C. () IO K11 I/O

0 IO IO K13 I/O

0 IO IO K16 I/O

0 IO IO K17 I/O

0 IO IO L13 I/O

0 IO IO L16 I/O

0 IO IO L17 I/O

0 IO/VREF_0 IO/VREF_0 D5 VREF

0 IO/VREF_0 IO/VREF_0 E10 VREF

0 IO/VREF_0 IO/VREF_0 J14 VREF

0 IO/VREF_0 IO/VREF_0 L15 VREF

0 IO_L01N_0/VRP_0 IO_L01N_0/VRP_0 B3 DCI

0 IO_L01P_0/VRN_0 IO_L01P_0/VRN_0 A3 DCI

0 IO_L02N_0 IO_L02N_0 B4 I/O

0 IO_L02P_0 IO_L02P_0 A4 I/O

0 IO_L03N_0 IO_L03N_0 C5 I/O

http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm
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Bottom Left Corner of 
FG1156 Package 
(Top View)

Figure 59:  FG1156 Package Footprint (Top View) Continued
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