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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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IOBs
For additional information, refer to the chapter entitled “Using I/O Resources” in UG331: Spartan-3 Generation FPGA User 
Guide.

IOB Overview

The Input/Output Block (IOB) provides a programmable, bidirectional interface between an I/O pin and the FPGA’s internal 
logic. 

A simplified diagram of the IOB’s internal structure appears in Figure 7. There are three main signal paths within the IOB: the 
output path, input path, and 3-state path. Each path has its own pair of storage elements that can act as either registers or 
latches. For more information, see the Storage Element Functions section. The three main signal paths are as follows:

• The input path carries data from the pad, which is bonded to a package pin, through an optional programmable delay 
element directly to the I line. There are alternate routes through a pair of storage elements to the IQ1 and IQ2 lines. 
The IOB outputs I, IQ1, and IQ2 all lead to the FPGA’s internal logic. The delay element can be set to ensure a hold 
time of zero.

• The output path, starting with the O1 and O2 lines, carries data from the FPGA’s internal logic through a multiplexer 
and then a three-state driver to the IOB pad. In addition to this direct path, the multiplexer provides the option to insert 
a pair of storage elements. 

• The 3-state path determines when the output driver is high impedance. The T1 and T2 lines carry data from the 
FPGA’s internal logic through a multiplexer to the output driver. In addition to this direct path, the multiplexer provides 
the option to insert a pair of storage elements. When the T1 or T2 lines are asserted High, the output driver is 
high-impedance (floating, hi-Z). The output driver is active-Low enabled.

• All signal paths entering the IOB, including those associated with the storage elements, have an inverter option. Any 
inverter placed on these paths is automatically absorbed into the IOB.

Storage Element Functions

There are three pairs of storage elements in each IOB, one pair for each of the three paths. It is possible to configure each 
of these storage elements as an edge-triggered D-type flip-flop (FD) or a level-sensitive latch (LD).

The storage-element-pair on either the Output path or the Three-State path can be used together with a special multiplexer 
to produce Double-Data-Rate (DDR) transmission. This is accomplished by taking data synchronized to the clock signal’s 
rising edge and converting them to bits synchronized on both the rising and the falling edge. The combination of two 
registers and a multiplexer is referred to as a Double-Data-Rate D-type flip-flop (FDDR). See Double-Data-Rate 
Transmission, page 12 for more information.

The signal paths associated with the storage element are described in Table 5.

Table  5: Storage Element Signal Description

Storage 
Element 
Signal

Description Function

D Data input Data at this input is stored on the active edge of CK enabled by CE. For latch operation when the 
input is enabled, data passes directly to the output Q. 

Q Data output The data on this output reflects the state of the storage element. For operation as a latch in 
transparent mode, Q will mirror the data at D.

CK Clock input A signal’s active edge on this input with CE asserted, loads data into the storage element. 

CE Clock Enable input When asserted, this input enables CK. If not connected, CE defaults to the asserted state. 

SR Set/Reset Forces storage element into the state specified by the SRHIGH/SRLOW attributes. The 
SYNC/ASYNC attribute setting determines if the SR input is synchronized to the clock or not.

REV Reverse Used together with SR. Forces storage element into the state opposite from what SR does.

http://www.xilinx.com/support/documentation/user_guides/ug331.pdf
http://www.xilinx.com
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Differential standards employ a pair of signals, one the opposite polarity of the other. The noise canceling (e.g., 
Common-Mode Rejection) properties of these standards permit exceptionally high data transfer rates. This section 
introduces the differential signaling capabilities of Spartan-3 devices. 

Each device-package combination designates specific I/O pairs that are specially optimized to support differential 
standards. A unique “L-number”, part of the pin name, identifies the line-pairs associated with each bank (see Figure 40, 
page 112). For each pair, the letters ‘P’ and ‘N’ designate the true and inverted lines, respectively. For example, the pin 
names IO_L43P_7 and IO_L43N_7 indicate the true and inverted lines comprising the line pair L43 on Bank 7. The VCCO 
lines provide current to the outputs. The VCCAUX lines supply power to the differential inputs, making them independent of 
the VCCO voltage for an I/O bank. The VREF lines are not used. Select the VCCO level to suit the desired differential standard 
according to Table 9.

Table  8: Single-Ended I/O Standards

Signal Standard
(IOSTANDARD)

VCCO (Volts) VREF for Inputs 
(Volts)(1)

Board Termination 
Voltage (VTT) in VoltsFor Outputs For Inputs

GTL Note 2 Note 2 0.8 1.2

GTLP Note 2 Note 2 1 1.5

HSTL_I 1.5 – 0.75 0.75

HSTL_III 1.5 – 0.9 1.5

HSTL_I_18 1.8 – 0.9 0.9

HSTL_II_18 1.8 – 0.9 0.9

HSTL_III_18 1.8 – 1.1 1.8

LVCMOS12 1.2 1.2 – –

LVCMOS15 1.5 1.5 – –

LVCMOS18 1.8 1.8 – –

LVCMOS25 2.5 2.5 – –

LVCMOS33 3.3 3.3 – –

LVTTL 3.3 3.3 – –

PCI33_3 3.0 3.0 – –

SSTL18_I 1.8 – 0.9 0.9

SSTL18_II 1.8 – 0.9 0.9

SSTL2_I 2.5 – 1.25 1.25

SSTL2_II 2.5 – 1.25 1.25

Notes: 
1. Banks 4 and 5 of any Spartan-3 device in a VQ100 package do not support signal standards using VREF.
2. The VCCO level used for the GTL and GTLP standards must be no lower than the termination voltage (VTT), nor can it be lower than the 

voltage at the I/O pad.
3. See Table 10 for a listing of the single-ended DCI standards.

http://www.xilinx.com
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The need to supply VREF and VCCO imposes constraints on which standards can be used in the same bank. See The 
Organization of IOBs into Banks section for additional guidelines concerning the use of the VCCO and VREF lines.

Digitally Controlled Impedance (DCI)

When the round-trip delay of an output signal—i.e., from output to input and back again—exceeds rise and fall times, it is 
common practice to add termination resistors to the line carrying the signal. These resistors effectively match the impedance 
of a device’s I/O to the characteristic impedance of the transmission line, thereby preventing reflections that adversely affect 
signal integrity. However, with the high I/O counts supported by modern devices, adding resistors requires significantly more 
components and board area. Furthermore, for some packages—e.g., ball grid arrays—it may not always be possible to 
place resistors close to pins.

DCI answers these concerns by providing two kinds of on-chip terminations: Parallel terminations make use of an integrated 
resistor network. Series terminations result from controlling the impedance of output drivers. DCI actively adjusts both 
parallel and series terminations to accurately match the characteristic impedance of the transmission line. This adjustment 
process compensates for differences in I/O impedance that can result from normal variation in the ambient temperature, the 
supply voltage and the manufacturing process. When the output driver turns off, the series termination, by definition, 
approaches a very high impedance; in contrast, parallel termination resistors remain at the targeted values.

DCI is available only for certain I/O standards, as listed in Table 10. DCI is selected by applying the appropriate I/O standard 
extensions to symbols or components. There are five basic ways to configure terminations, as shown in Table 11. The DCI 
I/O standard determines which of these terminations is put into effect.

HSTL_I_DCI-, HSTL_III_DCI-, and SSTL2_I_DCI-type outputs do not require the VRN and VRP reference resistors. 
Likewise, LVDCI-type inputs do not require the VRN and VRP reference resistors. In a bank without any DCI I/O or a bank 
containing non-DCI I/O and purely HSTL_I_DCI- or HSTL_III_DCI-type outputs, or SSTL2_I_DCI-type outputs or 
LVDCI-type inputs, the associated VRN and VRP pins can be used as general-purpose I/O pins.

The HSLVDCI (High-Speed LVDCI) standard is intended for bidirectional use. The driver is identical to LVDCI, while the input 
is identical to HSTL. By using a VREF-referenced input, HSLVDCI allows greater input sensitivity at the receiver than when 
using a single-ended LVCMOS-type receiver.

Table  9: Differential I/O Standards

Signal Standard
(IOSTANDARD)

VCCO (Volts)
VREF for Inputs (Volts)

For Outputs For Inputs

LDT_25 (ULVDS_25) 2.5 – –

LVDS_25 2.5 – –

BLVDS_25 2.5 – –

LVDSEXT_25 2.5 – –

LVPECL_25 2.5 – –

RSDS_25 2.5 – –

DIFF_HSTL_II_18 1.8 – –

DIFF_SSTL2_II 2.5 – –

Notes: 
1. See Table 10 for a listing of the differential DCI standards.

http://www.xilinx.com
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Table  10: DCI I/O Standards

Category of Signal 
Standard

Signal Standard
(IOSTANDARD)

VCCO (V) VREF for 
Inputs (V)

Termination Type

For Outputs For Inputs At Output At Input

Single-Ended

Gunning 
Transceiver Logic

GTL_DCI 1.2 1.2 0.8
 Single Single 

GTLP_DCI 1.5 1.5 1.0

High-Speed 
Transceiver Logic

HSTL_I_DCI 1.5 1.5 0.75 None Split

HSTL_III_DCI 1.5 1.5 0.9 None Single

HSTL_I_DCI_18 1.8 1.8 0.9 None

SplitHSTL_II_DCI_18
DIFF_HSTL_II_18_DCI 1.8 1.8 0.9 Split

HSTL_III_DCI_18 1.8 1.8 1.1 None Single

Low-Voltage CMOS LVDCI_15 1.5 1.5 –

Controlled 
impedance driver

None

LVDCI_18 1.8 1.8 –

LVDCI_25 2.5 2.5 –

LVDCI_33(2) 3.3 3.3 –

LVDCI_DV2_15 1.5 1.5 –

Controlled driver 
with 

half-impedance

LVDCI_DV2_18 1.8 1.8 –

LVDCI_DV2_25 2.5 2.5 –

LVDCI_DV2_33 3.3 3.3 –

Hybrid HSTL Input 
and LVCMOS Output

HSLVDCI_15 1.5 1.5 0.75

Controlled 
impedance driver None

HSLVDCI_18 1.8 1.8 0.9

HSLVDCI_25 2.5 2.5 1.25

HSLVDCI_33 3.3 3.3 1.65

Stub Series 
Terminated Logic(3)

SSTL18_I_DCI 1.8 1.8 0.9 25Ω driver

SplitSSTL2_I_DCI 2.5 2.5 1.25 25Ω driver

SSTL2_II_DCI
DIFF_SSTL2_II_DCI 2.5 2.5 1.25 Split with 25Ω driver

Differential

Low-Voltage 
Differential Signaling

LVDS_25_DCI N/A 2.5 –
None Split on each 

line of pairLVDSEXT_25_DCI N/A 2.5 –

Notes: 
1. DCI signal standards are not supported in Bank 5 of any Spartan-3 FPGA packaged in a VQ100, CP132, or TQ144 package.
2. Equivalent to LVTTL DCI.
3. The SSTL18_II signal standard does not have a DCI equivalent.

http://www.xilinx.com
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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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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 III 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, (II) 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 (III) 
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.

http://www.xilinx.com/warranty.htm
http://www.xilinx.com
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Table  35: Recommended Operating Conditions for User I/Os Using Single-Ended Standards

Signal Standard
(IOSTANDARD)

VCCO VREF VIL VIH

Min (V) Nom (V) Max (V) Min (V) Nom (V) Max (V) Max (V) Min (V)

GTL(3) – – – 0.74 0.8 0.86 VREF – 0.05 VREF + 0.05

GTL_DCI – 1.2 – 0.74 0.8 0.86 VREF – 0.05 VREF + 0.05

GTLP(3) – – – 0.88 1 1.12 VREF – 0.1 VREF + 0.1

GTLP_DCI – 1.5 – 0.88 1 1.12 VREF – 0.1 VREF + 0.1

HSLVDCI_15 1.4 1.5 1.6 – 0.75 – VREF – 0.1 VREF + 0.1

HSLVDCI_18 1.7 1.8 1.9 – 0.9 – VREF – 0.1 VREF + 0.1

HSLVDCI_25 2.3 2.5 2.7 – 1.25 – VREF – 0.1 VREF + 0.1

HSLVDCI_33 3.0 3.3 3.465 – 1.65 – VREF – 0.1 VREF + 0.1

HSTL_I, HSTL_I_DCI 1.4 1.5 1.6 0.68 0.75 0.9 VREF – 0.1 VREF + 0.1

HSTL_III, 
HSTL_III_DCI 1.4 1.5 1.6 – 0.9 – VREF – 0.1 VREF + 0.1

HSTL_I_18, 
HSTL_I_DCI_18 1.7 1.8 1.9 0.8 0.9 1.1 VREF – 0.1 VREF + 0.1

HSTL_II_18, 
HSTL_II_DCI_18 1.7 1.8 1.9 – 0.9 – VREF – 0.1 VREF + 0.1

HSTL_III_18, 
HSTL_III_DCI_18 1.7 1.8 1.9 – 1.1 – VREF – 0.1 VREF + 0.1

LVCMOS12 1.14 1.2 1.3 – – – 0.37VCCO 0.58VCCO

LVCMOS15, 
LVDCI_15, 
LVDCI_DV2_15

1.4 1.5 1.6 – – – 0.30VCCO 0.70VCCO

LVCMOS18, 
LVDCI_18, 
LVDCI_DV2_18

1.7 1.8 1.9 – – – 0.30VCCO 0.70VCCO

LVCMOS25(4,5), 
LVDCI_25, 
LVDCI_DV2_25(4)

2.3 2.5 2.7 – – – 0.7 1.7

LVCMOS33, 
LVDCI_33, 
LVDCI_DV2_33(4)

3.0 3.3 3.465 – – – 0.8 2.0

LVTTL 3.0 3.3 3.465 – – – 0.8 2.0

PCI33_3(7) 3.0 3.3 3.465 – – – 0.30VCCO 0.50VCCO

SSTL18_I, 
SSTL18_I_DCI 1.7 1.8 1.9 0.833 0.900 0.969 VREF – 0.125 VREF + 0.125

SSTL18_II 1.7 1.8 1.9 0.833 0.900 0.969 VREF – 0.125 VREF + 0.125

SSTL2_I, 
SSTL2_I_DCI 2.3 2.5 2.7 1.15 1.25 1.35 VREF – 0.15 VREF + 0.15

SSTL2_II, 
SSTL2_II_DCI 2.3 2.5 2.7 1.15 1.25 1.35 VREF – 0.15 VREF + 0.15

Notes: 
1. Descriptions of the symbols used in this table are as follows:

VCCO – the supply voltage for output drivers as well as LVCMOS, LVTTL, and PCI inputs
VREF – the reference voltage for setting the input switching threshold
VIL – the input voltage that indicates a Low logic level
VIH – the input voltage that indicates a High logic level

2. For device operation, the maximum signal voltage (VIH max) may be as high as VIN max. See Table 28.
3. Because the GTL and GTLP standards employ open-drain output buffers, VCCO lines do not supply current to the I/O circuit, rather this current is 

provided using an external pull-up resistor connected from the I/O pin to a termination voltage (VTT). Nevertheless, the voltage applied to the 
associated VCCO lines must always be at or above VTT and I/O pad voltages.

4. There is approximately 100 mV of hysteresis on inputs using LVCMOS25 or LVCMOS33 standards.
5. All dedicated pins (M0-M2, CCLK, PROG_B, DONE, HSWAP_EN, TCK, TDI, TDO, and TMS) use the LVCMOS standard and draw power from the 

VCCAUX rail (2.5V). The dual-purpose configuration pins (DIN/D0, D1-D7, CS_B, RDWR_B, BUSY/DOUT, and INIT_B) use the LVCMOS standard 
before the user mode. For these pins, apply 2.5V to the VCCO Bank 4 and VCCO Bank 5 rails at power-on and throughout configuration. For information 
concerning the use of 3.3V signals, see 3.3V-Tolerant Configuration Interface, page 47.

6. The Global Clock Inputs (GCLK0-GCLK7) are dual-purpose pins to which any signal standard can be assigned.
7. For more information, see XAPP457.

http://www.xilinx.com/support/documentation/application_notes/xapp457.pdf
http://www.xilinx.com
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PCI33_3 0.74 0.85 ns

SSTL18_I 0.07 0.07 ns

SSTL18_I_DCI 0.22 0.25 ns

SSTL18_II 0.30 0.34 ns

SSTL2_I 0.23 0.26 ns

SSTL2_I_DCI 0.19 0.22 ns

SSTL2_II 0.13 0.15 ns

SSTL2_II_DCI 0.10 0.11 ns

Differential Standards

LDT_25 (ULVDS_25) –0.06 –0.05 ns

LVDS_25 –0.09 –0.07 ns

BLVDS_25 0.02 0.04 ns

LVDSEXT_25 –0.15 –0.13 ns

LVPECL_25 0.16 0.18 ns

RSDS_25 0.05 0.06 ns

DIFF_HSTL_II_18 –0.02 –0.01 ns

DIFF_HSTL_II_18_DCI 0.75 0.86 ns

DIFF_SSTL2_II 0.13 0.15 ns

DIFF_SSTL2_II_DCI 0.10 0.11 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 output- and three-state-path times originally specified for the LVCMOS25 standard with 

12 mA drive and Fast slew rate to times that correspond to other signal standards. Do not adjust times that measure when outputs 
go into a high-impedance state.

3. For minimums, use the values reported by the Xilinx timing analyzer.

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


Spartan-3 FPGA Family: DC and Switching Characteristics

DS099 (v3.0) October 29, 2012 www.xilinx.com
Product Specification 81

PRODUCT NOT RECOMMENDED FOR NEW DESIGNS

Timing Measurement Methodology

When measuring timing parameters at the programmable I/Os, different signal standards call for different test conditions. 
Table 48 presents the conditions to use for each standard. 

The method for measuring Input timing is as follows: A signal that swings between a Low logic level of VL and a High logic 
level of VH is applied to the Input under test. Some standards also require the application of a bias voltage to the VREF pins 
of a given bank to properly set the input-switching threshold. The measurement point of the Input signal (VM) is commonly 
located halfway between VL and VH.

The Output test setup is shown in Figure 35. A termination voltage VT is applied to the termination resistor RT, the other end 
of which is connected to the Output. For each standard, RT and VT generally take on the standard values recommended for 
minimizing signal reflections. If the standard does not ordinarily use terminations (e.g., LVCMOS, LVTTL), then RT is set to 
1MΩ to indicate an open connection, and VT is set to zero. The same measurement point (VM) that was used at the Input is 
also used at the Output.

X-Ref Target - Figure 35

Figure 35: Output Test Setup

Table  48: Test Methods for Timing Measurement at I/Os

Signal Standard
(IOSTANDARD)

Inputs Outputs Inputs and 
Outputs

VREF (V) VL (V) VH (V) RT (Ω) VT (V) VM (V) 

Single-Ended

GTL 0.8 VREF – 0.2 VREF + 0.2 25 1.2 VREF

GTL_DCI 50 1.2

GTLP 1.0 VREF – 0.2 VREF + 0.2 25 1.5 VREF

GTLP_DCI 50 1.5

HSLVDCI_15 0.9 VREF – 0.5 VREF + 0.5 1M 0 0.75

HSLVDCI_18 0.90

HSLVDCI_25 1.25

HSLVDCI_33 1.65

HSTL_I 0.75 VREF – 0.5 VREF + 0.5 50 0.75 VREF

HSTL_I_DCI

HSTL_III 0.90 VREF – 0.5 VREF + 0.5 50 1.5 VREF

HSTL_III_DCI

HSTL_I_18 0.90 VREF – 0.5 VREF + 0.5 50 0.9 VREF

HSTL_I_DCI_18

HSTL_II_18 0.90 VREF – 0.5 VREF + 0.5 50 0.9 VREF

HSTL_II_DCI_18

FPGA Output

VT (VREF)

RT (RREF)

VM (VMEAS)

CL (CREF)

ds099-3_07_012004

Notes: 
1. The names shown in parentheses are 

used in the IBIS file.
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Simultaneously Switching Output Guidelines

This section provides guidelines for the maximum allowable number of Simultaneous Switching Outputs (SSOs). These 
guidelines describe the maximum number of user I/O pins, of a given output signal standard, that should simultaneously 
switch in the same direction, while maintaining a safe level of switching noise. Meeting these guidelines for the stated test 
conditions ensures that the FPGA operates free from the adverse effects of ground and power bounce.

Ground or power bounce occurs when a large number of outputs simultaneously switch in the same direction. The output 
drive transistors all conduct current to a common voltage rail. Low-to-High transitions conduct to the VCCO rail; High-to-Low 
transitions conduct to the GND rail. The resulting cumulative current transient induces a voltage difference across the 
inductance that exists between the die pad and the power supply or ground return. The inductance is associated with 
bonding wires, the package lead frame, and any other signal routing inside the package. Other variables contribute to SSO 
noise levels, including stray inductance on the PCB as well as capacitive loading at receivers. Any SSO-induced voltage 
consequently affects internal switching noise margins and ultimately signal quality.

Table 49 and Table 50 provide the essential SSO guidelines. For each device/package combination, Table 49 provides the 
number of equivalent VCCO/GND pairs. The equivalent number of pairs is based on characterization and will possibly not 
match the physical number of pairs. For each output signal standard and drive strength, Table 50 recommends the maximum 
number of SSOs, switching in the same direction, allowed per VCCO/GND pair within an I/O bank. The Table 50 guidelines 
are categorized by package style. Multiply the appropriate numbers from Table 49 and Table 50 to calculate the maximum 
number of SSOs allowed within an I/O bank. Exceeding these SSO guidelines may result in increased power or ground 
bounce, degraded signal integrity, or increased system jitter.

SSOMAX/IO Bank = Table 49 x Table 50

The recommended maximum SSO values assume that the FPGA is soldered on the printed circuit board and that the board 
uses sound design practices. The SSO values do not apply for FPGAs mounted in sockets, due to the lead inductance 
introduced by the socket.

The number of SSOs allowed for quad-flat packages (VQ, TQ, PQ) is lower than for ball grid array packages (FG) due to the 
larger lead inductance of the quad-flat packages. Ball grid array packages are recommended for applications with a large 
number of simultaneously switching outputs.

Table  49: Equivalent VCCO /GND Pairs per Bank

Device VQ100 CP132 (1)(2) TQ144(1) PQ208 FT256 FG320 FG456 FG676 FG900 FG1156(2)

XC3S50 1 1.5 1.5 2 – – – – – –

XC3S200 1 – 1.5 2 3 – – – – –

XC3S400 – – 1.5 2 3 3 5 – – –

XC3S1000 – – – – 3 3 5 5 – –

XC3S1500 – – – – – 3 5 6 – –

XC3S2000 – – – – – – 5 6 9 –

XC3S4000 – – – – – – – 6 10 12

XC3S5000 – – – – – – – 6 10 12

Notes: 
1. The VCCO lines for the pair of banks on each side of the CP132 and TQ144 packages are internally tied together. Each pair of interconnected 

banks shares three VCCO/GND pairs. Consequently, the per bank number is 1.5.
2. The CP132, CPG132, FG1156, and FGG1156 packages are discontinued. See 

http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm.
3. The information in this table also applies to Pb-free packages.

http://www.xilinx.com
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The 1% precision impedance-matching resistor attached to the VRN_# pin controls the pull-down impedance of NMOS 
transistor in the input or output buffer. Consequently, the VRN_# pin must connect to VCCO. The ‘N’ character in “VRN” 
indicates that this pin controls the I/O buffer’s NMOS transistor impedance. The VRN_# pin is only used for split termination.

Each VRN or VRP reference input requires its own resistor. A single resistor cannot be shared between VRN or VRP pins 
associated with different banks.

During configuration, these pins behave exactly like user-I/O pins. The associated DCI behavior is not active or valid until 
after configuration completes.

Also see Digitally Controlled Impedance (DCI), page 16.

DCI Termination Types

If the I/O in an I/O bank do not use the DCI feature, then no external resistors are required and both the VRP_# and VRN_# 
pins are available for user I/O, as shown in section [a] of Figure 42.

If the I/O standards within the associated I/O bank require single termination—such as GTL_DCI, GTLP_DCI, or 
HSTL_III_DCI—then only the VRP_# signal connects to a 1% precision impedance-matching resistor, as shown in section 
[b] of Figure 42. A resistor is not required for the VRN_# pin.

Finally, if the I/O standards with the associated I/O bank require split termination—such as HSTL_I_DCI, SSTL2_I_DCI, 
SSTL2_II_DCI, or LVDS_25_DCI and LVDSEXT_25_DCI receivers—then both the VRP_# and VRN_# pins connect to 
separate 1% precision impedance-matching resistors, as shown in section [c] of Figure 42. Neither pin is available for user 
I/O.

GCLK: Global Clock Buffer Inputs or General-Purpose I/O Pins

These pins are user-I/O pins unless they specifically connect to one of the eight low-skew global clock buffers on the device, 
specified using the IBUFG primitive.

There are eight GCLK pins per device and two each appear in the top-edge banks, Bank 0 and 1, and the bottom-edge 
banks, Banks 4 and 5. See Figure 40 for a picture of bank labeling.

During configuration, these pins behave exactly like user-I/O pins.

Also see Global Clock Network, page 42.

CONFIG: Dedicated Configuration Pins

The dedicated configuration pins control the configuration process and are not available as user-I/O pins. Every package 
has seven dedicated configuration pins. All CONFIG-type pins are powered by the +2.5V VCCAUX supply.

Also see Configuration, page 46.

X-Ref Target - Figure 42

Figure 42: DCI Termination Types

DS099-4_03_091910

VCCO

VRN

VRP

One of eight
I/O Banks

RREF (1%)

RREF (1%)

(c) Split termination

VRN

VRP

One of eight
I/O Banks

RREF (1%)

(b) Single termination

User I/O

User I/O

One of eight
I/O Banks

(a) No termination

http://www.xilinx.com


Spartan-3 FPGA Family: Pinout Descriptions

DS099 (v3.0) October 29, 2012 www.xilinx.com
Product Specification 119

PRODUCT NOT RECOMMENDED FOR NEW DESIGNS

HSWAP_EN: Disable Pull-up Resistors During Configuration

As shown in Table 76, a Low on this asynchronous pin enables pull-up resistors on all user I/Os not actively involved in the 
configuration process, although only until device configuration completes. A High disables the pull-up resistors during 
configuration, which is the desired state for some applications.

The dedicated configuration CONFIG pins (CCLK, DONE, PROG_B, HSWAP_EN, M2, M1, M0), the JTAG pins (TDI, TMS, 
TCK, TDO) and the INIT_B always have active pull-up resistors during configuration, regardless of the value on 
HSWAP_EN.

After configuration, HSWAP_EN becomes a "don’t care" input and any pull-up resistors previously enabled by HSWAP_EN 
are disabled. If a user I/O in the application requires a pull-up resistor after configuration, place a PULLUP primitive on the 
associated I/O pin or, for some pins, set the associated bitstream generator option.

The Bitstream generator option HswapenPin determines whether a pull-up resistor to VCCAUX, a pull-down resistor, or no 
resistor is present on HSWAP_EN after configuration.

JTAG: Dedicated JTAG Port Pins

These pins are dedicated connections to the four-wire IEEE 1532/IEEE 1149.1 JTAG port, shown in Figure 43 and 
described in Table 77. The JTAG port is used for boundary-scan testing, device configuration, application debugging, and 
possibly an additional serial port for the application. These pins are dedicated and are not available as user-I/O pins. Every 
package has four dedicated JTAG pins and these pins are powered by the +2.5V VCCAUX supply.

For additional information on JTAG configuration, see Boundary-Scan (JTAG) Mode, page 50.

Table  76: HSWAP_EN Encoding

HSWAP_EN Function

During Configuration

0 Enable pull-up resistors on all pins not actively involved in the configuration process. Pull-ups are only active until 
configuration completes. See Table 79.

1 No pull-up resistors during configuration.

After Configuration, User Mode

X This pin has no function except during device configuration.

Notes: 
1. X = don’t care, either 0 or 1.

Table  77: JTAG Pin Descriptions

Pin Name Direction Description Bitstream Generation Option

TCK Input Test Clock: The TCK clock signal synchronizes all boundary 
scan operations on its rising edge.

The BitGen option TckPin determines 
whether a pull-up resistor, pull-down 
resistor or no resistor is present.

TDI Input Test Data Input: TDI is the serial data input for all JTAG 
instruction and data registers. This input is sampled on the 
rising edge of TCK.

The BitGen option TdiPin determines 
whether a pull-up resistor, pull-down 
resistor or no resistor is present.

TMS Input Test Mode Select: The TMS input controls the sequence of 
states through which the JTAG TAP state machine passes. 
This input is sampled on the rising edge of TCK.

The BitGen option TmsPin determines 
whether a pull-up resistor, pull-down 
resistor or no resistor is present.

TDO Output Test Data Output: The TDO pin is the data output for all JTAG 
instruction and data registers. This output is sampled on the 
rising edge of TCK. The TDO output is an active totem-pole 
driver and is not like the open-collector TDO output on 
Virtex®-II Pro FPGAs.

The BitGen option TdoPin determines 
whether a pull-up resistor, pull-down 
resistor or no resistor is present.
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6 IO_L22N_6 K1 I/O

6 IO_L22P_6 J3 I/O

6 IO_L23N_6 J2 I/O

6 IO_L23P_6 J1 I/O

6 IO_L24N_6/VREF_6 H3 VREF

6 IO_L24P_6 H2 I/O

6 IO_L40N_6 H1 I/O

6 IO_L40P_6/VREF_6 G3 VREF

7 IO_L01N_7/VRP_7 B2 DCI

7 IO_L01P_7/VRN_7 B1 DCI

7 IO_L21N_7 C1 I/O

7 IO_L21P_7 D3 I/O

7 IO_L22N_7 D1 I/O

7 IO_L22P_7 D2 I/O

7 IO_L23N_7 E2 I/O

7 IO_L23P_7 E3 I/O

7 IO_L24N_7 F3 I/O

7 IO_L24P_7 E1 I/O

7 IO_L40N_7/VREF_7 G1 VREF

7 IO_L40P_7 F2 I/O

0,1 VCCO_TOP B12 VCCO

0,1 VCCO_TOP A4 VCCO

0,1 VCCO_TOP B8 VCCO

2,3 VCCO_RIGHT D13 VCCO

2,3 VCCO_RIGHT H13 VCCO

2,3 VCCO_RIGHT M12 VCCO

4,5 VCCO_BOTTOM N7 VCCO

4,5 VCCO_BOTTOM P11 VCCO

4,5 VCCO_BOTTOM N3 VCCO

6,7 VCCO_LEFT G2 VCCO

6,7 VCCO_LEFT L2 VCCO

6,7 VCCO_LEFT C3 VCCO

N/A GND B4 GND

N/A GND B9 GND

N/A GND C2 GND

N/A GND C12 GND

N/A GND D14 GND

N/A GND F1 GND

N/A GND J14 GND

N/A GND L1 GND

Table  89: CP132 Package Pinout (Cont’d)

Bank XC3S50 Pin Name CP132 
Ball Type
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1 IO_L10N_1/VREF_1 IO_L10N_1/VREF_1 P166 VREF

1 IO_L10P_1 IO_L10P_1 P165 I/O

1 IO_L27N_1 IO_L27N_1 P169 I/O

1 IO_L27P_1 IO_L27P_1 P168 I/O

1 IO_L28N_1 IO_L28N_1 P172 I/O

1 IO_L28P_1 IO_L28P_1 P171 I/O

1 IO_L31N_1/VREF_1 IO_L31N_1/VREF_1 P178 VREF

1 IO_L31P_1 IO_L31P_1 P176 I/O

1 IO_L32N_1/GCLK5 IO_L32N_1/GCLK5 P181 GCLK

1 IO_L32P_1/GCLK4 IO_L32P_1/GCLK4 P180 GCLK

1 VCCO_1 VCCO_1 P164 VCCO

1 VCCO_1 VCCO_1 P177 VCCO

2 N.C. () IO/VREF_2 P154 VREF

2 IO_L01N_2/VRP_2 IO_L01N_2/VRP_2 P156 DCI

2 IO_L01P_2/VRN_2 IO_L01P_2/VRN_2 P155 DCI

2 IO_L19N_2 IO_L19N_2 P152 I/O

2 IO_L19P_2 IO_L19P_2 P150 I/O

2 IO_L20N_2 IO_L20N_2 P149 I/O

2 IO_L20P_2 IO_L20P_2 P148 I/O

2 IO_L21N_2 IO_L21N_2 P147 I/O

2 IO_L21P_2 IO_L21P_2 P146 I/O

2 IO_L22N_2 IO_L22N_2 P144 I/O

2 IO_L22P_2 IO_L22P_2 P143 I/O

2 IO_L23N_2/VREF_2 IO_L23N_2/VREF_2 P141 VREF

2 IO_L23P_2 IO_L23P_2 P140 I/O

2 IO_L24N_2 IO_L24N_2 P139 I/O

2 IO_L24P_2 IO_L24P_2 P138 I/O

2 N.C. () IO_L39N_2 P137 I/O

2 N.C. () IO_L39P_2 P135 I/O

2 IO_L40N_2 IO_L40N_2 P133 I/O

2 IO_L40P_2/VREF_2 IO_L40P_2/VREF_2 P132 VREF

2 VCCO_2 VCCO_2 P136 VCCO

2 VCCO_2 VCCO_2 P153 VCCO

3 IO_L01N_3/VRP_3 IO_L01N_3/VRP_3 P107 DCI

3 IO_L01P_3/VRN_3 IO_L01P_3/VRN_3 P106 DCI

3 N.C. () IO_L17N_3 P109 I/O

3 N.C. () IO_L17P_3/VREF_3 P108 VREF

3 IO_L19N_3 IO_L19N_3 P113 I/O

3 IO_L19P_3 IO_L19P_3 P111 I/O

3 IO_L20N_3 IO_L20N_3 P115 I/O

Table  93: PQ208 Package Pinout (Cont’d)

Bank XC3S50 
Pin Name

XC3S200, XC3S400
Pin Names

PQ208 Pin 
Number Type
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0 N.C. () IO_L22N_0 E8 I/O

0 N.C. () IO_L22P_0 D8 I/O

0 IO_L24N_0 IO_L24N_0 B8 I/O

0 IO_L24P_0 IO_L24P_0 A8 I/O

0 IO_L25N_0 IO_L25N_0 F9 I/O

0 IO_L25P_0 IO_L25P_0 E9 I/O

0 IO_L27N_0 IO_L27N_0 B9 I/O

0 IO_L27P_0 IO_L27P_0 A9 I/O

0 IO_L28N_0 IO_L28N_0 F10 I/O

0 IO_L28P_0 IO_L28P_0 E10 I/O

0 IO_L29N_0 IO_L29N_0 C10 I/O

0 IO_L29P_0 IO_L29P_0 B10 I/O

0 IO_L30N_0 IO_L30N_0 F11 I/O

0 IO_L30P_0 IO_L30P_0 E11 I/O

0 IO_L31N_0 IO_L31N_0 D11 I/O

0 IO_L31P_0/VREF_0 IO_L31P_0/VREF_0 C11 VREF

0 IO_L32N_0/GCLK7 IO_L32N_0/GCLK7 B11 GCLK

0 IO_L32P_0/GCLK6 IO_L32P_0/GCLK6 A11 GCLK

0 VCCO_0 VCCO_0 C8 VCCO

0 VCCO_0 VCCO_0 F8 VCCO

0 VCCO_0 VCCO_0 G9 VCCO

0 VCCO_0 VCCO_0 G10 VCCO

0 VCCO_0 VCCO_0 G11 VCCO

1 IO IO A12 I/O

1 IO IO E16 I/O

1 IO IO F12 I/O

1 IO IO F13 I/O

1 IO IO F16 I/O

1 IO IO F17 I/O

1 IO/VREF_1 IO/VREF_1 E13 VREF

1 N.C. () IO/VREF_1 F14 VREF

1 IO_L01N_1/VRP_1 IO_L01N_1/VRP_1 C19 DCI

1 IO_L01P_1/VRN_1 IO_L01P_1/VRN_1 B20 DCI

1 IO_L06N_1/VREF_1 IO_L06N_1/VREF_1 A19 VREF

1 IO_L06P_1 IO_L06P_1 B19 I/O

1 IO_L09N_1 IO_L09N_1 C18 I/O

1 IO_L09P_1 IO_L09P_1 D18 I/O

1 IO_L10N_1/VREF_1 IO_L10N_1/VREF_1 A18 VREF

1 IO_L10P_1 IO_L10P_1 B18 I/O

1 IO_L15N_1 IO_L15N_1 D17 I/O

Table  100: FG456 Package Pinout (Cont’d)

Bank 3S400 
Pin Name

3S1000, 3S1500, 3S2000
Pin Name

FG456
Pin Number Type
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2 IO_L21P_2 IO_L21P_2 E22 I/O

2 IO_L22N_2 IO_L22N_2 G17 I/O

2 IO_L22P_2 IO_L22P_2 G18 I/O

2 IO_L23N_2/VREF_2 IO_L23N_2/VREF_2 F19 VREF

2 IO_L23P_2 IO_L23P_2 G19 I/O

2 IO_L24N_2 IO_L24N_2 F20 I/O

2 IO_L24P_2 IO_L24P_2 F21 I/O

2 N.C. () IO_L26N_2 G20 I/O

2 N.C. () IO_L26P_2 H19 I/O

2 IO_L27N_2 IO_L27N_2 G21 I/O

2 IO_L27P_2 IO_L27P_2 G22 I/O

2 N.C. () IO_L28N_2 H18 I/O

2 N.C. () IO_L28P_2 J17 I/O

2 N.C. () IO_L29N_2 H21 I/O

2 N.C. () IO_L29P_2 H22 I/O

2 N.C. () IO_L31N_2 J18 I/O

2 N.C. () IO_L31P_2 J19 I/O

2 N.C. () IO_L32N_2 J21 I/O

2 N.C. () IO_L32P_2 J22 I/O

2 N.C. () IO_L33N_2 K17 I/O

2 N.C. () IO_L33P_2 K18 I/O

2 IO_L34N_2/VREF_2 IO_L34N_2/VREF_2 K19 VREF

2 IO_L34P_2 IO_L34P_2 K20 I/O

2 IO_L35N_2 IO_L35N_2 K21 I/O

2 IO_L35P_2 IO_L35P_2 K22 I/O

2 IO_L38N_2 IO_L38N_2 L17 I/O

2 IO_L38P_2 IO_L38P_2 L18 I/O

2 IO_L39N_2 IO_L39N_2 L19 I/O

2 IO_L39P_2 IO_L39P_2 L20 I/O

2 IO_L40N_2 IO_L40N_2 L21 I/O

2 IO_L40P_2/VREF_2 IO_L40P_2/VREF_2 L22 VREF

2 VCCO_2 VCCO_2 H17 VCCO

2 VCCO_2 VCCO_2 H20 VCCO

2 VCCO_2 VCCO_2 J16 VCCO

2 VCCO_2 VCCO_2 K16 VCCO

2 VCCO_2 VCCO_2 L16 VCCO

3 IO IO Y21 I/O

3 IO_L01N_3/VRP_3 IO_L01N_3/VRP_3 Y20 DCI

3 IO_L01P_3/VRN_3 IO_L01P_3/VRN_3 Y19 DCI

3 IO_L16N_3 IO_L16N_3 W22 I/O

Table  100: FG456 Package Pinout (Cont’d)

Bank 3S400 
Pin Name

3S1000, 3S1500, 3S2000
Pin Name

FG456
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
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FG1156
Pin Number Type
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3 IO_L48P_3 IO_L48P_3 AB24 I/O

3 N.C. () IO_L49N_3 AA26 I/O

3 N.C. () IO_L49P_3 AA25 I/O

3 IO_L50N_3 IO_L50N_3 Y25 I/O

3 IO_L50P_3 IO_L50P_3 Y24 I/O

3 N.C. () IO_L51N_3 V24 I/O

3 N.C. () IO_L51P_3 W24 I/O

3 VCCO_3 VCCO_3 AA23 VCCO

3 VCCO_3 VCCO_3 AB23 VCCO

3 VCCO_3 VCCO_3 AB29 VCCO

3 VCCO_3 VCCO_3 AB33 VCCO

3 VCCO_3 VCCO_3 AD27 VCCO

3 VCCO_3 VCCO_3 AD31 VCCO

3 VCCO_3 VCCO_3 AG28 VCCO

3 VCCO_3 VCCO_3 AG32 VCCO

3 VCCO_3 VCCO_3 AL32 VCCO

3 VCCO_3 VCCO_3 W23 VCCO

3 VCCO_3 VCCO_3 W31 VCCO

3 VCCO_3 VCCO_3 Y23 VCCO

3 VCCO_3 VCCO_3 Y27 VCCO

4 IO IO AD18 I/O

4 IO IO AD19 I/O

4 IO IO AD20 I/O

4 IO IO AD22 I/O

4 IO IO AE18 I/O

4 IO IO AE19 I/O

4 IO IO AE22 I/O

4 N.C. () IO AE24 I/O

4 IO IO AF24 I/O

4 N.C. () IO AF26 I/O

4 IO IO AG26 I/O

4 IO IO AG27 I/O

4 IO IO AJ27 I/O

4 IO IO AJ29 I/O

4 IO IO AK25 I/O

4 IO IO AN26 I/O

4 IO/VREF_4 IO/VREF_4 AF21 VREF

4 IO/VREF_4 IO/VREF_4 AH23 VREF

4 IO/VREF_4 IO/VREF_4 AK18 VREF

4 IO/VREF_4 IO/VREF_4 AL30 VREF

Table  110: FG1156 Package Pinout (Cont’d)
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7 IO_L22P_7 IO_L22P_7 M6 I/O

7 IO_L23N_7 IO_L23N_7 M3 I/O

7 IO_L23P_7 IO_L23P_7 M4 I/O

7 IO_L24N_7 IO_L24N_7 N10 I/O

7 IO_L24P_7 IO_L24P_7 M9 I/O

7 IO_L25N_7 IO_L25N_7 N3 I/O

7 IO_L25P_7 IO_L25P_7 N4 I/O

7 IO_L26N_7 IO_L26N_7 P11 I/O

7 IO_L26P_7 IO_L26P_7 N11 I/O

7 IO_L27N_7 IO_L27N_7 P7 I/O

7 IO_L27P_7/VREF_7 IO_L27P_7/VREF_7 P8 VREF

7 IO_L28N_7 IO_L28N_7 P5 I/O

7 IO_L28P_7 IO_L28P_7 P6 I/O

7 IO_L29N_7 IO_L29N_7 P3 I/O

7 IO_L29P_7 IO_L29P_7 P4 I/O

7 IO_L30N_7 IO_L30N_7 R6 I/O

7 IO_L30P_7 IO_L30P_7 R7 I/O

7 IO_L31N_7 IO_L31N_7 R3 I/O

7 IO_L31P_7 IO_L31P_7 R4 I/O

7 IO_L32N_7 IO_L32N_7 R1 I/O

7 IO_L32P_7 IO_L32P_7 R2 I/O

7 IO_L33N_7 IO_L33N_7 T10 I/O

7 IO_L33P_7 IO_L33P_7 R9 I/O

7 IO_L34N_7 IO_L34N_7 T6 I/O

7 IO_L34P_7 IO_L34P_7 T7 I/O

7 IO_L35N_7 IO_L35N_7 T2 I/O

7 IO_L35P_7 IO_L35P_7 T3 I/O

7 IO_L37N_7 IO_L37N_7 U7 I/O

7 IO_L37P_7/VREF_7 IO_L37P_7/VREF_7 U8 VREF

7 IO_L38N_7 IO_L38N_7 U5 I/O

7 IO_L38P_7 IO_L38P_7 U6 I/O

7 IO_L39N_7 IO_L39N_7 U3 I/O

7 IO_L39P_7 IO_L39P_7 U4 I/O

7 IO_L40N_7/VREF_7 IO_L40N_7/VREF_7 U1 VREF

7 IO_L40P_7 IO_L40P_7 U2 I/O

7 N.C. () IO_L41N_7 G3 I/O

7 N.C. () IO_L41P_7 G4 I/O

7 N.C. () IO_L44N_7 L6 I/O

7 N.C. () IO_L44P_7 L7 I/O

7 IO_L45N_7 IO_L45N_7 M1 I/O

Table  110: FG1156 Package Pinout (Cont’d)
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Revision History
Date Version Description

04/03/03 1.0 Initial Xilinx release.

04/21/03 1.1 Added information on the VQ100 package footprint, including a complete pinout table (Table 87) and 
footprint diagram (Figure 44). Updated Table 85 with final I/O counts for the VQ100 package. Also added 
final differential I/O pair counts for the TQ144 package. Added clarifying comments to HSWAP_EN pin 
description on page 119. Updated the footprint diagram for the FG900 package shown in Figure 55a and 
Figure 55b. Some thick lines separating I/O banks were incorrect. Made cosmetic changes to Figure 40, 
Figure 42, and Figure 43. Updated Xilinx hypertext links. Added XC3S200 and XC3S400 to Pin Name 
column in Table 91.

05/12/03 1.1.1 AM32 pin was missing GND label in FG1156 package diagram (Figure 53).

07/11/03 1.1.2 Corrected misspellings of GCLK in Table 69 and Table 70. Changed CMOS25 to LVCMOS25 in 
Dual-Purpose Pin I/O Standard During Configuration section. Clarified references to Module 2. For 
XC3S5000 in FG1156 package, corrected N.C. symbol to a black square in Table 110, key, and package 
drawing.

07/29/03 1.2 Corrected pin names on FG1156 package. Some package balls incorrectly included LVDS pair names. 
The affected balls on the FG1156 package include G1, G2, G33, G34, U9, U10, U25, U26, V9, V10, V25, 
V26, AH1, AH2, AH33, AH34. The number of LVDS pairs is unaffected. Modified affected balls and 
re-sorted rows in Table 110. Updated affected balls in Figure 53. Also updated ASCII and Excel electronic 
versions of FG1156 pinout.

08/19/03 1.2.1 Removed 100 MHz ConfigRate option in CCLK: Configuration Clock section and in Table 80. Added note 
that TDO is a totem-pole output in Table 77.

10/09/03 1.2.2 Some pins had incorrect bank designations and were improperly sorted in Table 93. No pin names or 
functions changed. Renamed DCI_IN to DCI and added black diamond to N.C. pins in Table 93. In 
Figure 47, removed some extraneous text from pin 106 and corrected spelling of pins 45, 48, and 81.

12/17/03 1.3 Added FG320 pin tables and pinout diagram (FG320: 320-lead Fine-pitch Ball Grid Array). Made cosmetic 
changes to the TQ144 footprint (Figure 46), the PQ208 footprint (Figure 47), the FG676 footprint 
(Figure 53), and the FG900 footprint (Figure 55). Clarified wording in Precautions When Using the JTAG 
Port in 3.3V Environments section.

02/27/04 1.4 Clarified wording in Using JTAG Port After Configuration section. In Table 81, reduced package height for 
FG320 and increased maximum I/O values for the FG676, FG900, and FG1156 packages.

07/13/04 1.5 Added information on lead-free (Pb-free) package options to the Package Overview section plus Table 81 
and Table 83. Clarified the VRN_# reference resistor requirements for I/O standards that use single 
termination as described in the DCI Termination Types section and in Figure 42b. Graduated from 
Advance Product Specification to Product Specification.

08/24/04 1.5.1 Removed XC3S2000 references from FG1156: 1156-lead Fine-pitch Ball Grid Array.

01/17/05 1.6 Added XC3S50 in CP132 package option. Added XC3S2000 in FG456 package option. Added 
XC3S4000 in FG676 package option. Added Selecting the Right Package Option section. Modified or 
added Table 81, Table 83, Table 84, Table 85, Table 89, Table 90, Table 100, Table 102, Table 103, 
Table 106, Figure 45, and Figure 53.

08/19/05 1.7 Removed term “weak” from the description of pull-up and pull-down resistors. Added IDCODE Register 
values. Added signal integrity precautions to CCLK: Configuration Clock and indicated that CCLK should 
be treated as an I/O during Master mode in Table 79.

04/03/06 2.0 Added Package Thermal Characteristics. Updated Figure 41 to make it a more obvious example. Added 
detail about which pins have dedicated pull-up resistors during configuration, regardless of the 
HSWAP_EN value to Table 70 and to Pin Behavior During Configuration. Updated Precautions When 
Using the JTAG Port in 3.3V Environments.

04/26/06 2.1 Corrected swapped data row in Table 86. The Theta-JA with zero airflow column was swapped with the 
Theta-JC column. Made additional notations on CONFIG and JTAG pins that have pull-up resistors during 
configuration, regardless of the HSWAP_EN input.

05/25/07 2.2 Added link on page 128 to Material Declaration Data Sheets. Corrected units typo in Table 74. Added 
Note 1 to Table 103 about VREF for XC3S1500 in FG676.
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