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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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ICCAUXQ Quiescent VCCAUX supply current LX4 2.5 2.5 2.5 2.5 mA

LX9 2.5 2.5 2.5 2.5 mA

LX16 3.0 3.0 3.0 3.0 mA

LX25 4.0 4.0 4.0 4.0 mA

LX25T 4.0 4.0 4.0 N/A mA

LX45 5.0 5.0 5.0 5.0 mA

LX45T 5.0 5.0 5.0 N/A mA

LX75 7.0 7.0 7.0 7.0 mA

LX75T 7.0 7.0 7.0 N/A mA

LX100 9.0 9.0 9.0 9.0 mA

LX100T 9.0 9.0 9.0 N/A mA

LX150 12.0 12.0 12.0 12.0 mA

LX150T 12.0 12.0 12.0 N/A mA

Notes: 
1. Typical values are specified at nominal voltage, 25°C junction temperatures (Tj). Industrial (I) grade devices have the same typical values as 

commercial (C) grade devices at 25°C, but higher values at 100°C. Use the XPE tool to calculate 100°C values. Nominal VCCINT is 1.20V; 
use the XPE tool to calculate 1.23V values for the nominal VCCINT of the extended performance range.

2. Typical values are for blank configured devices with no output current loads, no active input pull-up resistors, all I/O pins are 3-state and 
floating.

3. If differential signaling is used, more accurate quiescent current estimates can be obtained by using the XPOWER Estimator (XPE) or 
XPOWER Analyzer (XPA) tools.

Table  6: Power Supply Ramp Time

Symbol Description Speed Grade Ramp Time Units

VCCINTR Internal supply voltage ramp time -3, -3N, -2 0.20 to 50.0 ms

-1L 0.20 to 40.0 ms

VCCO2
(1) Output drivers bank 2 supply voltage ramp time All 0.20 to 50.0 ms

VCCAUXR Auxiliary supply voltage ramp time All 0.20 to 50.0 ms

Notes: 
1. The minimum VCCO2 for power-on reset and configuration is 1.65V.
2. Spartan-6 FPGAs require a certain amount of supply current during power-on to insure proper device initialization. The actual current 

consumed depends on the power-on ramp rate of the power supply. Use the XPOWER Estimator (XPE) or XPOWER Analyzer (XPA) tools 
to estimate current drain on these supplies. Spartan-6 devices do not have a required power-on sequence.

Table  5: Typical Quiescent Supply Current (Cont’d)

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

http://www.xilinx.com
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Table  14: GTP Transceiver Current Supply (per Lane)

Symbol Description Typ(1) Max Units

IMGTAVCC GTP transceiver internal analog supply current 40.4

Note 2

mA

IMGTAVTTTX GTP transmitter termination supply current 27.4 mA

IMGTAVTTRX GTP receiver termination supply current 13.6 mA

IMGTAVCCPLL GTP transmitter and receiver PLL supply current 28.7 mA

RMGTRREF Precision reference resistor for internal calibration termination 50.0 ± 1% 
tolerance



Notes: 
1. Typical values are specified at nominal voltage, 25°C, with a 2.5 Gb/s line rate, with a shared PLL use mode.
2. Values for currents of other transceiver configurations and conditions can be obtained by using the XPOWER Estimator (XPE) or XPOWER Analyzer 

(XPA) tools.

Table  15: GTP Transceiver Quiescent Supply Current (per Lane)(1)(2)(3)(4)

Symbol Description Typ(5) Max Units

IMGTAVCCQ Quiescent MGTAVCC supply current 1.7

Note 2

mA

IMGTAVTTTXQ Quiescent MGTAVTTTX supply current 0.1 mA

IMGTAVTTRXQ Quiescent MGTAVTTRX supply current 1.2 mA

IMGTAVCCPLLQ Quiescent MGTAVCCPLL supply current 1.0 mA

Notes: 
1. Device powered and unconfigured.
2. Currents for conditions other than values specified in this table can be obtained by using the XPOWER Estimator (XPE) or XPOWER Analyzer (XPA) 

tools.
3. GTP transceiver quiescent supply current for an entire device can be calculated by multiplying the values in this table by the number of available GTP 

transceivers.
4. Does not include power-up MGTAVTTRCAL supply current during device configuration.
5. Typical values are specified at nominal voltage, 25°C.

http://www.xilinx.com
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LVCMOS18, QUIETIO, 16 mA 1.25 1.43 3.34 3.54 3.34 3.54 ns

LVCMOS18, QUIETIO, 24 mA 1.25 1.43 3.18 3.38 3.18 3.38 ns

LVCMOS18, Slow, 2 mA 1.25 1.43 4.79 4.99 4.79 4.99 ns

LVCMOS18, Slow, 4 mA 1.25 1.43 3.84 4.04 3.84 4.04 ns

LVCMOS18, Slow, 6 mA 1.25 1.43 3.17 3.37 3.17 3.37 ns

LVCMOS18, Slow, 8 mA 1.25 1.43 2.37 2.57 2.37 2.57 ns

LVCMOS18, Slow, 12 mA 1.25 1.43 2.13 2.33 2.13 2.33 ns

LVCMOS18, Slow, 16 mA 1.25 1.43 2.13 2.33 2.13 2.33 ns

LVCMOS18, Slow, 24 mA 1.25 1.43 2.13 2.33 2.13 2.33 ns

LVCMOS18, Fast, 2 mA 1.25 1.43 3.78 3.98 3.78 3.98 ns

LVCMOS18, Fast, 4 mA 1.25 1.43 2.54 2.74 2.54 2.74 ns

LVCMOS18, Fast, 6 mA 1.25 1.43 2.02 2.22 2.02 2.22 ns

LVCMOS18, Fast, 8 mA 1.25 1.43 1.95 2.15 1.95 2.15 ns

LVCMOS18, Fast, 12 mA 1.25 1.43 1.85 2.05 1.85 2.05 ns

LVCMOS18, Fast, 16 mA 1.25 1.43 1.85 2.05 1.85 2.05 ns

LVCMOS18, Fast, 24 mA 1.25 1.43 1.85 2.05 1.85 2.05 ns

LVCMOS18_JEDEC, QUIETIO, 2 mA 1.01 1.19 6.09 6.29 6.09 6.29 ns

LVCMOS18_JEDEC, QUIETIO, 4 mA 1.01 1.19 4.89 5.09 4.89 5.09 ns

LVCMOS18_JEDEC, QUIETIO, 6 mA 1.01 1.19 4.20 4.40 4.20 4.40 ns

LVCMOS18_JEDEC, QUIETIO, 8 mA 1.01 1.19 3.87 4.07 3.87 4.07 ns

LVCMOS18_JEDEC, QUIETIO, 12 mA 1.01 1.19 3.49 3.69 3.49 3.69 ns

LVCMOS18_JEDEC, QUIETIO, 16 mA 1.01 1.19 3.34 3.54 3.34 3.54 ns

LVCMOS18_JEDEC, QUIETIO, 24 mA 1.01 1.19 3.17 3.37 3.17 3.37 ns

LVCMOS18_JEDEC, Slow, 2 mA 1.01 1.19 4.79 4.99 4.79 4.99 ns

LVCMOS18_JEDEC, Slow, 4 mA 1.01 1.19 3.84 4.04 3.84 4.04 ns

LVCMOS18_JEDEC, Slow, 6 mA 1.01 1.19 3.18 3.38 3.18 3.38 ns

LVCMOS18_JEDEC, Slow, 8 mA 1.01 1.19 2.37 2.57 2.37 2.57 ns

LVCMOS18_JEDEC, Slow, 12 mA 1.01 1.19 2.13 2.33 2.13 2.33 ns

LVCMOS18_JEDEC, Slow, 16 mA 1.01 1.19 2.13 2.33 2.13 2.33 ns

LVCMOS18_JEDEC, Slow, 24 mA 1.01 1.19 2.13 2.33 2.13 2.33 ns

LVCMOS18_JEDEC, Fast, 2 mA 1.01 1.19 3.75 3.95 3.75 3.95 ns

LVCMOS18_JEDEC, Fast, 4 mA 1.01 1.19 2.54 2.74 2.54 2.74 ns

LVCMOS18_JEDEC, Fast, 6 mA 1.01 1.19 2.02 2.22 2.02 2.22 ns

LVCMOS18_JEDEC, Fast, 8 mA 1.01 1.19 1.94 2.14 1.94 2.14 ns

LVCMOS18_JEDEC, Fast, 12 mA 1.01 1.19 1.86 2.06 1.86 2.06 ns

LVCMOS18_JEDEC, Fast, 16 mA 1.01 1.19 1.86 2.06 1.86 2.06 ns

LVCMOS18_JEDEC, Fast, 24 mA 1.01 1.19 1.86 2.06 1.86 2.06 ns

Table  29: IOB Switching Characteristics for the Automotive XA Spartan-6 and the Spartan-6Q Devices(1) (Cont’d)

I/O Standard

TIOPI TIOOP TIOTP

UnitsSpeed Grade Speed Grade Speed Grade

-3 -2 -3 -2 -3 -2

http://www.xilinx.com
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Simultaneously Switching Outputs

Due to package electrical parasitics, a given package supports a limited number of simultaneous switching outputs (SSOs) 
when using fast, high-drive outputs. Table 33 and Table 34 provide guidelines for the recommended maximum allowable 
number of SSOs. These guidelines describe the maximum number of user I/O pins of an output signal standard that should 
simultaneously switch in the same direction, while maintaining a safe level of switching noise for that particular signal 
standard. Meeting these guidelines for the stated test conditions ensures that the FPGA operates free from the adverse 
effects of GND and power bounce.

For each device/package combination, Table 33 provides the number of equivalent VCCO/GND pairs per bank. For each 
output signal standard and drive strength, Table 34 recommends the maximum number of SSOs, switching in the same 
direction, allowed per VCCO/GND pair within an I/O bank. The guidelines are categorized by package style, slew rate, and 
output drive current. The number of SSOs are also specified by I/O bank. Multiply the appropriate numbers from each table 
to calculate the maximum number of SSOs allowed within an I/O bank. The guidelines assume that all pins within a bank use 
the same I/O standard. Exceeding these SSO guidelines can result in increased power or GND bounce, degraded signal 
integrity, or increased system jitter. For a given I/O standard, if the SSO limit per pair in Table 34 is greater than the maximum 
I/O per pair in Table 33, then there is no SSO limit for the exclusive use of that I/O standard.

The recommended maximum SSO values assume that the FPGA is soldered on a printed circuit board and that the board 
uses sound design practices. Due to the additional inductance introduced by the socket, the SSO values do not apply for 
FPGAs mounted in sockets. The SSO values assume that the VCCAUX is powered at 3.3V. Setting VCCAUX to 2.5V provides 
better SSO characteristics. For more detail, see UG381: Spartan-6 FPGA SelectIO Resources User Guide.

SSTL, Class II, 2.5V SSTL2_II 25 0 VREF 1.25

SSTL, Class II, 1.5V SSTL15_II 25 0 VREF 0.75

LVDS (Low-Voltage Differential Signaling), 2.5V & 3.3V LVDS_25, LVDS_33 100 0 0(3) –

BLVDS (Bus LVDS), 2.5V BLVDS_25 Note 4 0 0(3) –

Mini-LVDS, 2.5V & 3.3V MINI_LVDS_25, MINI_LVDS_33 100 0 0(3) –

RSDS (Reduced Swing Differential Signaling), 2.5V & 3.3V RSDS_25, RSDS_33 100 0 0(3) –

TMDS (Transition Minimized Differential Signaling), 3.3V TMDS_33 Note 5 0 0(3) –

PPDS (Point-to-Point Differential Signaling, 2.5V & 3.3V PPDS_25, PPDS_33 100 0 0(3) –

Notes: 
1. CREF is the capacitance of the probe, nominally 0 pF.
2. Per PCI specifications.
3. The value given is the differential output voltage.
4. See the BLVDS Output Termination section in UG381, Spartan-6 FPGA SelectIO Resources User Guide.
5. See the TMDS_33 Termination section in UG381, Spartan-6 FPGA SelectIO Resources User Guide.

Table  32: Output Delay Measurement Methodology (Cont’d)

Description I/O Standard
Attribute

RREF 
()

CREF
(1) 

(pF)
VMEAS

(V)
VREF
(V)

http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug381.pdf
http://www.xilinx.com/support/documentation/user_guides/ug381.pdf
http://www.xilinx.com/support/documentation/user_guides/ug381.pdf
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2.5V

LVCMOS25

2

Fast 38 43 38 43

Slow 46 52 46 48

QuietIO 57 64 57 59

4

Fast 21 24 21 23

Slow 26 31 26 27

QuietIO 33 32 33 30

6

Fast 15 17 15 16

Slow 19 22 19 19

QuietIO 25 23 25 19

8

Fast 12 15 12 14

Slow 15 18 15 16

QuietIO 21 19 21 16

12

Fast 1 3 1 1

Slow 2 7 2 4

QuietIO 3 8 3 8

16

Fast 1 3 1 1

Slow 3 7 3 3

QuietIO 4 9 4 8

24

Fast N/A 3 N/A 1

Slow N/A 5 N/A 2

QuietIO N/A 8 N/A 6

SSTL_2_I (3) 10 11 10 11

SSTL_2_II (3) N/A 7 N/A 7

DIFF_SSTL_2_I (3) 30 33 30 33

DIFF_SSTL_2_II (3) N/A 21 N/A 24

Table  34: SSO Limit per VCCO/GND Pair (Cont’d)

VCCO I/O Standard Drive Slew

SSO Limit per VCCO/GND Pair

All TQG144, CPG196, 
CSG225, FT(G)256, and 
LX devices in CSG324

All CS(G)484, FG(G)484, 
FG(G)676, FG(G)900, and 
LXT devices in CSG324

Bank 0/2 Bank 1/3 Bank 0/2 Bank 1/3/4/5

http://www.xilinx.com
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CLB Switching Characteristics (SLICEM Only)

Table  40: CLB Switching Characteristics (SLICEM Only)

Symbol Description
Speed Grade

Units
-3 -3N -2 -1L

Combinatorial Delays

TILO An – Dn LUT inputs to A to D outputs 0.21 0.26 0.26 0.46 ns, Max

An – Dn LUT inputs through F7AMUX/F7BMUX to 
AMUX/CMUX output

0.37 0.43 0.43 0.77 ns, Max

TOPAB An – Dn LUT inputs through F7AMUX or F7BMUX and F8MUX 
to BMUX output

0.37 0.46 0.46 0.84 ns, Max

TITO An – Dn LUT inputs through latch to AQ – DQ outputs 0.82 0.95 0.95 1.64 ns, Max

TTITO_LOGIC An – Dn LUT inputs to AQ – DQ outputs (latch as logic) 0.82 0.95 0.95 1.64 ns, Max

TOPCYA An LUT inputs to COUT output 0.38 0.48 0.48 0.69 ns, Max

TOPCYB Bn LUT inputs to COUT output 0.38 0.49 0.49 0.71 ns, Max

TOPCYC Cn LUT inputs to COUT output 0.28 0.33 0.33 0.55 ns, Max

TOPCYD Dn LUT inputs to COUT output 0.28 0.35 0.35 0.52 ns, Max

TAXCY AX input to COUT output 0.21 0.26 0.26 0.36 ns, Max

TBXCY BX input to COUT output 0.13 0.16 0.16 0.18 ns, Max

TCXCY CX input to COUT output 0.10 0.12 0.12 0.09 ns, Max

TDXCY DX input to COUT output 0.09 0.11 0.11 0.09 ns, Max

TBYP CIN input to COUT output 0.08 0.10 0.10 0.06 ns, Max

TCINA CIN input to AMUX output 0.21 0.22 0.22 0.47 ns, Max

TCINB CIN input to BMUX output 0.30 0.31 0.31 0.57 ns, Max

TCINC CIN input to CMUX output 0.29 0.31 0.31 0.58 ns, Max

TCIND CIN input to DMUX output 0.31 0.32 0.32 0.68 ns, Max

Sequential Delays

TCKO Clock to AQ – DQ outputs 0.45 0.53 0.53 0.74 ns, Max

Setup and Hold Times of CLB Flip-Flops Before/After Clock CLK

TDICK/TCKDI AX – DX input to CLK on A – D flip-flops 0.42/
0.28

0.47/
0.39

0.47/
0.39

0.90/
0.56

ns, Min

TCECK/TCKCE CE input to CLK on A – D flip-flops 0.31/
–0.07

0.37/
–0.07

0.37/
–0.07

0.59/
–0.27

ns, Min

TSRCK/TCKSR SR input to CLK on A – D flip-flops for XC devices 0.41/
0.02

0.42/
0.02

0.42/
0.02

0.68/
–0.29

ns, Min

SR input to CLK on A – D flip-flops for XA and XQ devices 0.41/
0.02

N/A 0.44/
0.02

0.68/
–0.29

ns, Min

TCINCK/TCKCIN CIN input to CLK on A – D flip-flops 0.31/
–0.17

0.31/
–0.13

0.31/
–0.13

0.81/
–0.42

ns, Min

Set/Reset

TRPW SR input minimum pulse width 0.41 0.48 0.48 1.37 ns, Min

TRQ Delay from SR input to AQ – DQ flip-flops 0.60 0.70 0.70 0.88 ns, Max

TCEO Delay from CE input to AQ – DQ flip-flops 0.60 0.65 0.65 0.90 ns, Max

FTOG Toggle frequency (for export control) 862 806 667 500 MHz

http://www.xilinx.com
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DSP48A1 Switching Characteristics

Table  44: DSP48A1 Switching Characteristics

Symbol Description Pre-
adder Multiplier Post-

adder
Speed Grade

Units
-3 -3N -2 -1L

Setup and Hold Times of Data/Control Pins to the Input Register Clock

TDSPDCK_A_A1REG/
TDSPCKD_A_A1REG

A input to A1 register CLK N/A N/A N/A 0.15/
0.09

0.17/
0.09

0.17/
0.09

0.32/
0.09

ns

TDSPDCK_D_B1REG/
TDSPCKD_D_B1REG

D input to B1 register CLK Yes N/A N/A 1.90/
–0.07

1.95/
–0.07

1.95/
–0.07

2.82/
–0.07

ns

TDSPDCK_C_CREG/
TDSPCKD_C_CREG

C input to C register CLK
for XC devices

N/A N/A N/A

0.11/
0.15

0.13/
0.15

0.13/
0.15

0.24/
0.09

ns
C input to C register CLK
for XA and XQ devices

0.11/
0.19 N/A 0.13/

0.23
0.24/
0.09

TDSPDCK_D_DREG/
TDSPCKD_D_DREG

D input to D register CLK
for XC devices

N/A N/A N/A

0.09/
0.15

0.10/
0.15

0.10/
0.15

0.19/
0.12

ns
D input to D register CLK
for XA and XQ devices

0.09/
0.23 N/A 0.10/

0.27
0.19/
0.12

TDSPDCK_OPMODE_B1REG/
TDSPCKD_OPMODE_B1REG

OPMODE input to B1 register CLK Yes N/A N/A 1.97/
0.01

2.00/
0.01

2.00/
0.01

2.85/
0.01

ns

TDSPDCK_OPMODE_OPMODEREG/
TDSPCKD_OPMODE_OPMODEREG

OPMODE input to OPMODE 
register CLK for XC devices

N/A N/A N/A

0.18/
0.12

0.21/
0.12

0.21/
0.12

0.40/
0.12

nsOPMODE input to OPMODE 
register CLK for XA and XQ 
devices

0.18/
0.16 N/A 0.21/

0.22
0.40/
0.12

Setup and Hold Times of Data Pins to the Pipeline Register Clock

TDSPDCK_A_MREG/
TDSPCKD_A_MREG

A input to M register CLK N/A Yes N/A 3.06/
–0.40

3.51/
–0.40

3.51/
–0.40

3.97/
–0.40

ns

TDSPDCK_B_MREG/
TDSPCKD_B_MREG

B input to M register CLK Yes Yes N/A 3.96/
–0.68

4.58/
–0.68

4.58/
–0.68

7.00/
–0.68

ns

TDSPDCK_D_MREG/
TDSPCKD_D_MREG

D input to M register CLK Yes Yes N/A 4.23/
–0.56

4.80/
–0.56

4.80/
–0.56

6.84/
–0.56

ns

TDSPDCK_OPMODE_MREG/
TDSPCKD_OPMODE_MREG

OPMODE to M register CLK Yes Yes N/A 4.18/
–0.48

4.80/
–0.48

4.80/
–0.48

6.88/
–0.48

ns

No Yes N/A 2.37/
–0.48

2.70/
–0.48

2.70/
–0.48

4.28/
–0.48

ns

Setup and Hold Times of Data/Control Pins to the Output Register Clock

TDSPDCK_A_PREG/
TDSPCKD_A_PREG

A input to P register CLK N/A Yes Yes 4.32/
–0.76

5.06/
–0.76

5.06/
–0.76

7.52/
–0.76

ns

TDSPDCK_B_PREG/
TDSPCKD_B_PREG

B input to P register CLK Yes Yes Yes 5.87/
–0.59

6.87/
–0.59

6.87/
–0.59

10.55/
–0.59

ns

No Yes Yes 4.14/
–0.93

4.68/
–0.93

4.68/
–0.93

8.12/
–0.93

ns

TDSPDCK_C_PREG/
TDSPCKD_C_PREG

C input to P register CLK N/A N/A Yes 2.20/
–0.23

2.25/
–0.23

2.25/
–0.23

3.27/
–0.23

ns

TDSPDCK_D_PREG/
TDSPCKD_D_PREG

D input to P register CLK Yes Yes Yes 5.90/
–0.92

6.91/
–0.92

6.91/
–0.92

10.39/
–0.92

ns
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Clock Buffers and Networks

PLL Switching Characteristics

Table  48: Global Clock Switching Characteristics (BUFGMUX)

Symbol Description Devices
Speed Grade

Units
-3 -3N -2 -1L

TGSI S pin Setup to I0/I1 inputs LX devices 0.25 0.31 0.48 0.48 ns

LXT devices 0.25 0.31 0.48 N/A ns

TGIO
BUFGMUX delay from I0/I1 to O

LX devices 0.21 0.21 0.21 0.21 ns

LXT devices 0.21 0.21 0.21 N/A ns

Maximum Frequency

FMAX Global clock tree (BUFGMUX) LX devices 400 400 375 250 MHz

LXT devices 400 400 375 N/A MHz

Table  49: Input/Output Clock Switching Characteristics (BUFIO2)

Symbol Description Devices
Speed Grade

Units
-3 -3N -2 -1L

TBUFCKO_O Clock to out delay from I to O LX devices 0.67 0.82 1.09 1.50 ns

LXT devices 0.67 0.82 1.09 N/A ns

Maximum Frequency

FMAX I/O clock tree (BUFIO2) LX devices 540 525 500 300 MHz

LXT devices 540 525 500 N/A MHz

Table  50: Input/Output Clock Switching Characteristics (BUFIO2FB)

Symbol Description Devices
Speed Grade

Units
-3 -3N -2 -1L

Maximum Frequency

FMAX I/O clock tree (BUFIO2FB) LX devices 1080 1050 950 500 MHz

LXT devices 1080 1050 950 N/A MHz

Table  51: Input/Output Clock Switching Characteristics (BUFPLL)

Symbol Description Devices
Speed Grade

Units
-3 -3N -2 -1L

Maximum Frequency

FMAX BUFPLL clock tree (BUFPLL) LX devices 1080 1050 950 500 MHz

LXT devices 1080 1050 950 N/A MHz

Table  52: PLL Specification

Symbol Description Device(1)
Speed Grade

Units
-3 -3N -2 -1L

FINMAX Maximum Input Clock Frequency from I/O Clock LX devices 540 525 450 300 MHz

LXT devices 540 525 450 N/A MHz

Maximum Input Clock Frequency from Global Clock LX devices 400 400 375 250 MHz

LXT devices 400 400 375 N/A MHz
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FINMIN Minimum Input Clock Frequency LX devices 19 19 19 19 MHz

LXT devices 19 19 19 N/A MHz

FINJITTER Maximum Input Clock Period Jitter: 19–200 MHz All 1 ns Maximum

Maximum Input Clock Period Jitter: > 200 MHz All <20% of clock input period Maximum

FINDUTY Allowable Input Duty Cycle: 19—199 MHz All 25/75 %

Allowable Input Duty Cycle: 200—299 MHz All 35/65 %

Allowable Input Duty Cycle: > 300 MHz All 45/55 %

FVCOMIN Minimum PLL VCO Frequency LX devices 400 400 400 400 MHz

LXT devices 400 400 400 N/A MHz

FVCOMAX Maximum PLL VCO Frequency LX devices 1080 1050 1000 1000 MHz

LXT devices 1080 1050 1000 N/A MHz

FBANDWIDTH Low PLL Bandwidth at Typical(3) All 1 1 1 1 MHz

High PLL Bandwidth at Typical(3) All 4 4 4 4 MHz

TSTAPHAOFFSET Static Phase Offset of the PLL Outputs All 0.12 0.12 0.12 0.15 ns

TOUTJITTER PLL Output Jitter(3) All Note 2

TOUTDUTY PLL Output Clock Duty Cycle Precision(4) All 0.15 0.15 0.20 0.25 ns

TLOCKMAX PLL Maximum Lock Time All 100 100 100 100 µs

FOUTMAX

PLL Maximum Output Frequency for BUFGMUX
LX devices 400 400 375 250 MHz

LXT devices 400 400 375 N/A MHz

PLL Maximum Output Frequency for BUFPLL
LX devices 1080 1050 950 500 MHz

LXT devices 1080 1050 950 N/A MHz

FOUTMIN PLL Minimum Output Frequency(5) All 3.125 3.125 3.125 3.125 MHz

TEXTFDVAR External Clock Feedback Variation: 19–200 MHz All 1 ns Maximum

External Clock Feedback Variation: > 200 MHz All < 20% of clock input period Maximum

RSTMINPULSE Minimum Reset Pulse Width All 5 5 5 5 ns

FPFDMAX
(5) Maximum Frequency at the Phase Frequency Detector LX devices 500 500 400 300 MHz

LXT devices 500 500 400 N/A MHz

FPFDMIN Minimum Frequency at the Phase Frequency Detector LX devices 19 19 19 19 MHz

LXT devices 19 19 19 N/A MHz

TFBDELAY Maximum Delay in the Feedback Path All 3 ns Max or one CLKIN cycle

Notes: 
1. LXT devices are not available with a -1L speed grade.
2. Values for this parameter are available in the Clocking Wizard.
3. The PLL does not filter typical spread spectrum input clocks because they are usually far below the bandwidth filter frequencies.
4. Includes global clock buffer.
5. Calculated as FVCO/128 assuming output duty cycle is 50%.
6. When using CLK_FEEDBACK = CLKOUT0 with BUFIO2 feedback, the feedback frequency will be higher than the phase frequency detector 

frequency. FPFDMAX = FCLKFB / CLKFBOUT_MULT

Table  52: PLL Specification (Cont’d)

Symbol Description Device(1)
Speed Grade

Units
-3 -3N -2 -1L
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Table  57:  Switching Characteristics for the Digital Frequency Synthesizer DFS (DCM_CLKGEN)(1)

Symbol Description

Speed Grade

Units-3 -3N -2 -1L

Min Max Min Max Min Max Min Max

Output Frequency Ranges (DCM_CLKGEN)

CLKOUT_FREQ_FX Frequency for the CLKFX and 
CLKFX180 outputs 5 375 5 375 5 333 5 200 MHz

CLKOUT_FREQ_FXDV Frequency for the CLKFXDV 
output 0.15625 187.5 0.15625 187.5 0.15625 166.5 0.15625 100 MHz

Output Clock Jitter(2)(3)

CLKOUT_PER_JITT_FX Period jitter at the CLKFX and 
CLKFX180 outputs. Typical = ±[0.2% of CLKFX period + 100] ps

CLKOUT_PER_JITT_FXDV Period jitter at the CLKFXDV 
output. Typical = ±[0.2% of CLKFX period + 100] ps

CLKFX_FREEZE_VAR

CLKFX period change in free 
running oscillator mode at the 
same temperature.
FCLKFX > 50 MHz

Maximum = ±3% of CLKFX period ps

CLKFX period change in free 
running oscillator mode at the 
same temperature.
FCLKFX < 50 MHz

Maximum = ±5% of CLKFX period ps

CLKFX_FREEZE_TEMP
_SLOPE

CLKFX period will change in 
free_oscillator mode over 
temperature. Add to 
CLKFX_FREEZE_VAR to 
determine total CLKFX period 
change. Percentage change for 
CLKFX period over 1°C.

Maximum = 0.1 %/°C

Duty Cycle(4)(5)

CLKOUT_DUTY_CYCLE_
FX

Duty cycle precision for the 
CLKFX and CLKFX180 outputs, 
including the BUFGMUX and 
clock tree duty-cycle distortion

Maximum = ±[1% of CLKFX period + 350] ps

CLKOUT_DUTY_CYCLE_
FXDV

Duty cycle precision for the 
CLKFXDV outputs, including the 
BUFGMUX and clock tree 
duty-cycle distortion

Maximum = ±[1% of CLKFX period + 350] ps

Lock Time

LOCK_FX(2) The time from deassertion at the 
DCM’s Reset input to the rising 
transition at its LOCKED output. 
The DFS asserts LOCKED when 
the CLKFX, CLKFX180, and 
CLKFXDV signals are valid.
Lock time requires 
CLKFX_DIVIDE < FIN/(0.50 
MHz) 
when: FCLKIN < 50 MHz

– 50 – 50 – 50 – 50 ms

when: FCLKIN > 50 MHz – 5 – 5 – 5 – 5 ms
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Spread Spectrum

FCLKIN_FIXED_SPREAD_
SPECTRUM

Frequency of the CLKIN input for 
fixed spread spectrum 
(SPREAD_SPECTRUM = 
CENTER_LOW_SPREAD/ 
CENTER_HIGH_SPREAD)

30 200 30 200 30 200 30 200 MHz

TCENTER_LOW_SPREAD
(6) Spread at the CLKFX output for 

fixed spread spectrum 
(SPREAD_SPECTRUM = 
CENTER_LOW_SPREAD)

Maximum = 250
ps

TCENTER_HIGH_SPREAD
(6) Spread at the CLKFX output for 

fixed spread spectrum 
(SPREAD_SPECTRUM= 
CENTER_HIGH_SPREAD) Maximum = 400

ps

FMOD_FIXED_SPREAD_

SPECTRUM
(6)

Average modulation frequency 
when using fixed spread 
spectrum 
(SPREAD_SPECTRUM =
CENTER_LOW_SPREAD / 
CENTER_HIGH_SPREAD)

Typical = FIN/1024 MHz

Notes: 
1. The values in this table are based on the operating conditions described in Table 2 and Table 55.
2. For optimal jitter tolerance and a faster LOCK time, use the CLKIN_PERIOD attribute.
3. Output jitter is characterized with no input jitter. Output jitter strongly depends on the environment, including the number of SSOs, the output drive 

strength, CLB utilization, CLB switching activities, switching frequency, power supply, and PCB design. The actual maximum output jitter depends on 
the system application.

4. The CLKFX, CLKFXDV, and CLKFX180 outputs have a duty cycle of approximately 50%.
5. Some duty-cycle and alignment specifications include a percentage of the CLKFX output period. For example, this data sheet specifies a maximum 

CLKFX jitter of ±(1% of CLKFX period + 200 ps). Assuming that the CLKFX output frequency is 100 MHz, the equivalent CLKFX period is 10 ns, and 
1% of 10 ns is 0.1 ns or 100 ps. Accordingly, the maximum jitter is ±(100 ps + 200 ps) = ±300 ps.

6. When using CENTER_LOW_SPREAD, CENTER_HIGH_SPREAD, the valid values for CLKFX_MULTIPLY are limited to 2 through 32, and the valid 
values for CLKFX_DIVIDE are limited to 1 through 4.

Table  58:  Recommended Operating Conditions for the Phase-Shift Clock in Variable Phase Mode (DCM_SP) or 
Dynamic Frequency Synthesis (DCM_CLKGEN)

Symbol Description

Speed Grade

Units-3 -3N -2 -1L

Min Max Min Max Min Max Min Max

Operating Frequency Ranges

PSCLK_FREQ Frequency for the PSCLK 
(DCM_SP) or PROGCLK 
(DCM_CLKGEN) input.

1 167 1 167 1 167 1 100 MHz

Input Pulse Requirements

PSCLK_PULSE PSCLK (DCM_SP) or PROGCLK 
(DCM_CLKGEN) pulse width as a 
percentage of the clock period.

40 60 40 60 40 60 40 60 %

Table  57:  Switching Characteristics for the Digital Frequency Synthesizer DFS (DCM_CLKGEN)(1) (Cont’d)

Symbol Description

Speed Grade

Units-3 -3N -2 -1L

Min Max Min Max Min Max Min Max

Typical 100
CLKFX_DIVIDE
------------------------------------------=

Typical 240
CLKFX_DIVIDE
------------------------------------------=
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Spartan-6 Device Pin-to-Pin Output Parameter Guidelines

All devices are 100% functionally tested. The representative values for typical pin locations and normal clock loading are 
listed in Table 63 through Table 69. Values are expressed in nanoseconds unless otherwise noted.

Table  63: Global Clock Input to Output Delay Without DCM or PLL

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

LVCMOS25 Global Clock Input to Output Delay using Output Flip-Flop, 12mA, Fast Slew Rate, without DCM or PLL

TICKOF Global Clock and OUTFF without DCM or PLL XC6SLX4 6.12 N/A 7.68 9.41 ns

XC6SLX9 6.12 6.51 7.68 9.41 ns

XC6SLX16 5.98 6.42 7.48 9.10 ns

XC6SLX25 6.20 6.69 7.84 9.44 ns

XC6SLX25T 6.20 6.69 7.84 N/A ns

XC6SLX45 6.37 6.88 8.10 9.61 ns

XC6SLX45T 6.37 6.88 8.10 N/A ns

XC6SLX75 6.39 6.99 8.16 10.18 ns

XC6SLX75T 6.39 6.99 8.16 N/A ns

XC6SLX100 6.59 7.18 8.41 10.31 ns

XC6SLX100T 6.59 7.18 8.41 N/A ns

XC6SLX150 6.98 7.68 8.80 10.62 ns

XC6SLX150T 6.98 7.68 8.80 N/A ns

XA6SLX4 6.44 N/A 7.68 N/A ns

XA6SLX9 6.44 N/A 7.68 N/A ns

XA6SLX16 6.30 N/A 7.48 N/A ns

XA6SLX25 6.52 N/A 7.84 N/A ns

XA6SLX25T 6.52 N/A 7.84 N/A ns

XA6SLX45 6.69 N/A 8.12 N/A ns

XA6SLX45T 6.69 N/A 8.12 N/A ns

XA6SLX75 6.89 N/A 8.16 N/A ns

XA6SLX75T 6.89 N/A 8.16 N/A ns

XA6SLX100 N/A N/A 8.36 N/A ns

XQ6SLX75 N/A N/A 8.16 10.18 ns

XQ6SLX75T 6.89 N/A 8.16 N/A ns

XQ6SLX150 N/A N/A 8.80 10.62 ns

XQ6SLX150T 7.61 N/A 8.80 N/A ns

Notes: 
1. Listed above are representative values where one global clock input drives one vertical clock line in each accessible column, and where all accessible 

IOB and CLB flip-flops are clocked by the global clock net.
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Table  65: Global Clock Input to Output Delay With DCM in Source-Synchronous Mode

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

LVCMOS25 Global Clock Input to Output Delay using Output Flip-Flop, 12mA, Fast Slew Rate, with DCM in Source-Synchronous Mode.

TICKOFDCM_0 Global Clock and OUTFF with DCM XC6SLX4 5.03 N/A 7.21 8.05 ns

XC6SLX9 5.03 6.13 7.21 8.05 ns

XC6SLX16 5.08 5.51 6.44 7.96 ns

XC6SLX25 4.81 5.13 5.69 7.94 ns

XC6SLX25T 4.81 5.13 5.69 N/A ns

XC6SLX45 5.26 5.69 6.63 7.92 ns

XC6SLX45T 5.26 5.69 6.63 N/A ns

XC6SLX75 4.77 5.18 5.88 7.95 ns

XC6SLX75T 4.77 5.18 5.88 N/A ns

XC6SLX100 4.72 5.11 5.76 8.59 ns

XC6SLX100T 4.76 5.11 5.76 N/A ns

XC6SLX150 4.90 5.30 5.93 7.93 ns

XC6SLX150T 4.90 5.30 5.93 N/A ns

XA6SLX4 5.35 N/A 7.21 N/A ns

XA6SLX9 5.35 N/A 7.21 N/A ns

XA6SLX16 5.42 N/A 6.44 N/A ns

XA6SLX25 5.13 N/A 5.69 N/A ns

XA6SLX25T 5.13 N/A 5.79 N/A ns

XA6SLX45 5.58 N/A 6.63 N/A ns

XA6SLX45T 5.58 N/A 6.63 N/A ns

XA6SLX75 5.09 N/A 5.87 N/A ns

XA6SLX75T 5.09 N/A 5.87 N/A ns

XA6SLX100 N/A N/A 6.44 N/A ns

XQ6SLX75 N/A N/A 5.87 7.95 ns

XQ6SLX75T 5.09 N/A 5.87 N/A ns

XQ6SLX150 N/A N/A 6.06 7.93 ns

XQ6SLX150T 5.50 N/A 6.06 N/A ns

Notes: 
1. Listed above are representative values where one global clock input drives one vertical clock line in each accessible column, and where all accessible 

IOB and CLB flip-flops are clocked by the global clock net.
2. DCM output jitter is already included in the timing calculation.
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Spartan-6 Device Pin-to-Pin Input Parameter Guidelines

All devices are 100% functionally tested. The representative values for typical pin locations and normal clock loading are 
listed in Table 70 through Table 77. Values are expressed in nanoseconds unless otherwise noted.

Table  70: Global Clock Setup and Hold Without DCM or PLL (No Delay)

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

Input Setup and Hold Time Relative to Global Clock Input Signal for LVCMOS25 Standard.(1) 

TPSND/ TPHND No Delay Global Clock and IFF(3) 
without DCM or PLL

XC6SLX4 0.10/1.56 N/A 0.10/1.83 0.07/2.54 ns

XC6SLX9 0.10/1.56 0.10/1.57 0.10/1.84 0.07/2.54 ns

XC6SLX16 0.12/1.42 0.12/1.48 0.12/1.64 0.13/2.19 ns

XC6SLX25 0.18/1.64 0.18/1.75 0.18/1.99 0.11/2.57 ns

XC6SLX25T 0.18/1.64 0.18/1.75 0.18/1.99 N/A ns

XC6SLX45 –0.08/1.80 –0.08/1.95 –0.08/2.27 –0.17/2.74 ns

XC6SLX45T –0.08/1.80 –0.08/1.95 –0.08/2.27 N/A ns

XC6SLX75 0.13/1.81 0.13/2.06 0.13/2.27 –0.12/3.30 ns

XC6SLX75T 0.13/1.81 0.13/2.06 0.13/2.27 N/A ns

XC6SLX100 –0.14/2.03 –0.14/2.24 –0.14/2.56 –0.17/3.44 ns

XC6SLX100T –0.14/2.03 –0.14/2.24 –0.14/2.56 N/A ns

XC6SLX150 –0.24/2.42 –0.24/2.74 –0.24/2.95 –0.60/3.75 ns

XC6SLX150T –0.24/2.42 –0.24/2.74 –0.24/2.95 N/A ns

XA6SLX4 0.10/1.57 N/A 0.10/1.84 N/A ns

XA6SLX9 0.10/1.57 N/A 0.10/1.84 N/A ns

XA6SLX16 0.12/1.43 N/A 0.12/1.64 N/A ns

XA6SLX25 0.18/1.65 N/A 0.18/1.99 N/A ns

XA6SLX25T 0.18/1.65 N/A 0.18/1.99 N/A ns

XA6SLX45 –0.08/1.82 N/A –0.08/2.27 N/A ns

XA6SLX45T –0.08/1.82 N/A –0.08/2.27 N/A ns

XA6SLX75 0.13/2.02 N/A 0.13/2.32 N/A ns

XA6SLX75T 0.13/2.02 N/A 0.13/2.32 N/A ns

XA6SLX100 N/A N/A 0.10/2.51 N/A ns

XQ6SLX75 N/A N/A 0.13/2.32 –0.12/3.30 ns

XQ6SLX75T 0.13/2.02 N/A 0.13/2.32 N/A ns

XQ6SLX150 N/A N/A –0.24/2.95 –0.60/3.75 ns

XQ6SLX150T –0.24/2.74 N/A –0.24/2.95 N/A ns

Notes: 
1. Setup and Hold times are measured over worst case conditions (process, voltage, temperature). Setup time is measured relative to the Global Clock 

input signal using the slowest process, highest temperature, and lowest voltage. Hold time is measured relative to the Global Clock input signal using 
the fastest process, lowest temperature, and highest voltage.

2. IFF = Input Flip-Flop or Latch.
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Table  71: Global Clock Setup and Hold Without DCM or PLL (Default Delay)

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

Input Setup and Hold Time Relative to Global Clock Input Signal for LVCMOS25 Standard.(1) 

TPSFD/ TPHFD Default Delay(2) Global Clock and 
IFF(3) without DCM or PLL

XC6SLX4 0.66/1.17 N/A 1.05/0.79 2.09/1.05 ns

XC6SLX9 0.66/1.17 0.75/1.17 1.05/1.17 2.09/1.05 ns

XC6SLX16 0.87/1.16 0.93/1.16 0.96/1.16 1.86/1.06 ns

XC6SLX25 0.68/0.77 0.81/0.81 0.87/0.82 2.21/1.33 ns

XC6SLX25T 0.68/0.77 0.81/0.81 0.87/0.82 N/A ns

XC6SLX45 0.40/1.05 0.42/1.17 0.64/1.20 1.61/1.67 ns

XC6SLX45T 0.40/1.05 0.42/1.17 0.64/1.20 N/A ns

XC6SLX75 0.41/1.11 0.41/1.13 0.80/1.14 1.23/1.82 ns

XC6SLX75T 0.41/1.11 0.41/1.13 0.80/1.14 N/A ns

XC6SLX100 0.39/1.12 0.39/1.23 0.39/1.28 1.13/1.94 ns

XC6SLX100T 0.39/1.12 0.39/1.23 0.39/1.28 N/A ns

XC6SLX150 0.23/1.54 0.23/1.62 0.23/1.62 1.14/2.05 ns

XC6SLX150T 0.23/1.54 0.23/1.62 0.23/1.62 N/A ns

XA6SLX4 0.73/1.18 N/A 1.05/0.80 N/A ns

XA6SLX9 0.73/1.18 N/A 1.05/0.80 N/A ns

XA6SLX16 0.90/1.20 N/A 0.96/0.75 N/A ns

XA6SLX25 0.70/0.81 N/A 0.87/0.91 N/A ns

XA6SLX25T 0.76/0.81 N/A 1.03/0.91 N/A ns

XA6SLX45 0.40/1.06 N/A 0.64/1.20 N/A ns

XA6SLX45T 0.40/1.06 N/A 0.64/1.20 N/A ns

XA6SLX75 0.41/1.24 N/A 0.80/1.18 N/A ns

XA6SLX75T 0.41/1.24 N/A 0.80/1.18 N/A ns

XA6SLX100 N/A N/A 0.86/1.55 N/A ns

XQ6SLX75 N/A N/A 0.80/1.18 1.23/1.82 ns

XQ6SLX75T 0.41/1.24 N/A 0.80/1.18 N/A ns

XQ6SLX150 N/A N/A 0.28/1.57 1.14/2.05 ns

XQ6SLX150T 0.28/1.78 N/A 0.28/1.57 N/A ns

Notes: 
1. Setup and Hold times are measured over worst case conditions (process, voltage, temperature). Setup time is measured relative to the 

Global Clock input signal using the slowest process, highest temperature, and lowest voltage. Hold time is measured relative to the Global 
Clock input signal using the fastest process, lowest temperature, and highest voltage.

2. Default delay uses IODELAY2 tap 0.
3. IFF = Input Flip-Flop or Latch.
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Table  75: Global Clock Setup and Hold With PLL in Source-Synchronous Mode

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

Input Setup and Hold Time Relative to Global Clock Input Signal for LVCMOS25 Standard.(1)

TPSPLL0/ TPHPLL0 No Delay Global Clock and IFF(2) 
with PLL in Source-Synchronous 
Mode

XC6SLX4 0.47/1.08 N/A 0.47/1.60 1.15/1.68 ns

XC6SLX9 0.47/1.08 0.47/1.35 0.47/1.60 1.15/1.68 ns

XC6SLX16 0.37/0.75 0.37/0.82 0.51/0.94 0.57/1.31 ns

XC6SLX25 0.69/1.06 0.69/1.06 0.69/1.06 1.86/1.67 ns

XC6SLX25T 0.69/1.06 0.69/1.06 0.69/1.06 N/A ns

XC6SLX45 0.57/1.05 0.65/1.10 0.65/1.18 1.02/1.65 ns

XC6SLX45T 0.57/1.06 0.65/1.10 0.65/1.18 N/A ns

XC6SLX75 0.86/1.04 0.87/1.04 0.90/1.04 1.34/1.55 ns

XC6SLX75T 0.86/1.04 0.87/1.04 0.90/1.04 N/A ns

XC6SLX100 0.53/1.13 0.54/1.13 0.55/1.13 0.89/2.39 ns

XC6SLX100T 0.53/1.13 0.54/1.13 0.55/1.13 N/A ns

XC6SLX150 0.50/1.31 0.51/1.31 0.52/1.31 1.02/1.72 ns

XC6SLX150T 0.50/1.31 0.51/1.31 0.52/1.31 N/A ns

XA6SLX4 0.71/0.93 N/A 0.62/1.47 N/A ns

XA6SLX9 0.71/0.93 N/A 0.62/1.47 N/A ns

XA6SLX16 0.92/0.69 N/A 0.63/0.82 N/A ns

XA6SLX25 0.99/0.94 N/A 0.96/0.94 N/A ns

XA6SLX25T 0.99/0.94 N/A 1.04/0.94 N/A ns

XA6SLX45 0.63/1.02 N/A 0.72/1.05 N/A ns

XA6SLX45T 0.63/1.02 N/A 0.72/1.05 N/A ns

XA6SLX75 0.88/0.89 N/A 1.02/0.89 N/A ns

XA6SLX75T 0.88/0.89 N/A 1.02/0.89 N/A ns

XA6SLX100 N/A N/A 1.25/0.96 N/A ns

XQ6SLX75 N/A N/A 1.02/0.89 1.34/1.55 ns

XQ6SLX75T 0.88/0.89 N/A 1.02/0.89 N/A ns

XQ6SLX150 N/A N/A 0.63/1.19 1.02/1.72 ns

XQ6SLX150T 0.60/1.19 N/A 0.63/1.19 N/A ns

Notes: 
1. Setup and Hold times are measured over worst case conditions (process, voltage, temperature). Setup time is measured relative to the Global Clock 

input signal using the slowest process, highest temperature, and lowest voltage. Hold time is measured relative to the Global Clock input signal using 
the fastest process, lowest temperature, and highest voltage. These measurements include PLL CLKOUT0 jitter.

2. IFF = Input Flip-Flop or Latch
3. Use IBIS to determine any duty-cycle distortion incurred using various standards.
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Source-Synchronous Switching Characteristics

The parameters in this section provide the necessary values for calculating timing budgets for Spartan-6 FPGA 
source-synchronous transmitter and receiver data-valid windows.

Table  78: Duty Cycle Distortion and Clock-Tree Skew

Symbol Description Device(1)
Speed Grade

Units
-3 -3N -2 -1L

TDCD_CLK Global Clock Tree Duty Cycle Distortion(2) LX4 0.20 N/A 0.20 0.35 ns

LX9 0.20 0.20 0.20 0.35 ns

LX16 0.20 0.20 0.20 0.35 ns

LX25 0.20 0.20 0.20 0.35 ns

LX25T 0.20 0.20 0.20 N/A ns

LX45 0.20 0.20 0.20 0.35 ns

LX45T 0.20 0.20 0.20 N/A ns

LX75 0.20 0.20 0.20 0.35 ns

LX75T 0.20 0.20 0.20 N/A ns

LX100 0.20 0.20 0.20 0.35 ns

LX100T 0.20 0.20 0.20 N/A ns

LX150 0.35 0.35 0.35 0.35 ns

LX150T 0.35 0.35 0.35 N/A ns

TCKSKEW Global Clock Tree Skew(3) LX4 0.25 N/A 0.25 0.29 ns

LX9 0.25 0.25 0.25 0.29 ns

LX16 0.15 0.15 0.15 0.22 ns

LX25 0.26 0.26 0.26 0.41 ns

LX25T 0.26 0.26 0.26 N/A ns

LX45 0.20 0.20 0.20 0.28 ns

LX45T 0.20 0.20 0.20 N/A ns

LX75 0.56 0.56 0.56 0.50 ns

LX75T 0.56 0.56 0.56 N/A ns

XC6SLX100(4) 0.22 0.22 0.22 0.21 ns

XA6SLX100(4) N/A N/A 0.43 N/A ns

LX100T 0.22 0.22 0.22 N/A ns

LX150 0.48 0.48 0.48 0.35 ns

LX150T 0.48 0.48 0.48 N/A ns

TDCD_BUFIO2 I/O clock tree duty cycle distortion LX devices 0.25 0.25 0.25 0.50 ns

LXT devices 0.25 0.25 0.25 N/A ns
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Table  81: Source-Synchronous Pin-to-Pin Setup/Hold and Clock-to-Out Using BUFIO2

Symbol Description Device
Speed Grade

Units
-3 -3N -2 -1L

Data Input Setup and Hold Times Relative to a Forwarded Clock Input Pin Using BUFIO2

TPSCS/TPHCS IFF setup/hold using BUFIO2 clock XC6SLX4 0.57/0.94 N/A 0.95/1.12 0.27/1.56 ns

XC6SLX9 0.40/0.95 0.50/0.96 0.60/1.12 0.27/1.56 ns

XC6SLX16 0.48/0.74 0.55/0.75 0.69/0.83 1.27/1.31 ns

XC6SLX25 0.28/1.02 0.28/1.12 0.28/1.24 0.15/1.78 ns

XC6SLX25T 0.28/1.02 0.28/1.12 0.28/1.24 N/A ns

XC6SLX45 0.42/1.19 0.44/1.29 0.50/1.40 0.12/1.83 ns

XC6SLX45T 0.42/1.19 0.44/1.29 0.50/1.40 N/A ns

XC6SLX75 0.38/1.48 0.38/1.63 0.38/1.84 0.05/2.78 ns

XC6SLX75T 0.38/1.48 0.38/1.63 0.38/1.84 N/A ns

XC6SLX100 0.06/1.48 0.06/1.63 0.06/1.87 –0.03/2.72 ns

XC6SLX100T 0.06/1.48 0.06/1.63 0.06/1.87 N/A ns

XC6SLX150 0.04/1.73 0.04/1.75 0.04/1.98 –0.08/3.07 ns

XC6SLX150T 0.04/1.73 0.04/1.75 0.04/1.98 N/A ns

XA6SLX4 0.64/0.96 N/A 0.97/1.12 N/A ns

XA6SLX9 0.44/0.99 N/A 0.62/1.16 N/A ns

XA6SLX16 0.50/0.78 N/A 0.69/0.83 N/A ns

XA6SLX25 0.28/1.04 N/A 0.28/1.25 N/A ns

XA6SLX25T 0.28/1.04 N/A 0.28/1.25 N/A ns

XA6SLX45 0.43/1.21 N/A 0.50/1.40 N/A ns

XA6SLX45T 0.43/1.21 N/A 0.50/1.40 N/A ns

XA6SLX75 0.38/1.49 N/A 0.38/1.84 N/A ns

XA6SLX75T 0.38/1.49 N/A 0.38/1.84 N/A ns

XA6SLX100 N/A N/A 1.01/1.63 N/A ns

XQ6SLX75 N/A N/A 0.38/1.84 0.05/2.78 ns

XQ6SLX75T 0.38/1.49 N/A 0.38/1.84 N/A ns

XQ6SLX150 N/A N/A 0.04/1.98 –0.08/3.07 ns

XQ6SLX150T 0.04/1.75 N/A 0.04/1.98 N/A ns
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Revision History
The following table shows the revision history for this document.

Date Version Description of Revisions

06/24/09 1.0 Initial Xilinx release.

08/26/09 1.1 Added VFS to Table 1and Table 2. Added RFUSE to Table 2. Added XC6SLX75 and XC6SLX75T to 
VBATT and IBATT in Table 1, Table 2, and Table 4. Corrected the quiescent supply current for the 
XC6SLX4 in Table 5. Updated Table 11. Removed DVPPIN from Figure 2. Removed FPCIECORE from 
Table 24 and added values to FPCIEUSER. Added more networking applications to Table 25. Updated 
values for TSUSPENDLOW_AWAKE, TSUSPEND_ENABLE, and TSCP_AWAKE in Table 46. Numerous changes 
to Table 47, page 54 including the addition of new values to various specifications, revising the 
TSMCKCSO description, and changing the units of TPOR. Also, removed Dynamic Reconfiguration Port 
(DRP) for DCM and PLL Before and After DCLK section from Table 47 and updated all the notes. In 
Table 52, added to FINMAX, revised FOUTMAX, and removed PLL Maximum Output Frequency for 
BUFIO2. Revised values for DCM_DELAY_STEP in Table 54. Updated CLKIN_FREQ_FX values in 
Table 55.

01/04/10 1.2 Added -4 speed grade to entire document. Updated speed specification of -4, -3, -2 speed grades to 
version 1.03. Added -1L speed grade numbers per speed specification 1.00. Updated TSOL in Table 1. 
Added -1L rows for LVCMOS12, LVCMOS15, and LVCMOS18 in Table 9. Revised much of the detail 
in GTP Transceiver Specifications in Table 12 through Table 23. Added -2 data to Table 25. Updated 
FMAX in Table 44. Updated descriptions for TDNACLKL and TDNACLKH in Table 45 and revised values for 
all parameters. Removed TINITADDR from Table 47 and added new data. Updated values in Table 48 
through Table 62. Added Table 51 (BUFPLL) and Table 57 (DCM_CLKGEN). Removed 
TLOCKMAX note from Table 52. Updated note 3 in Table 53. In Table 79: removed XC6SLX75CSG324 
and XC6SLX75TCSG324; added XC6SLX75FG(G)484 and XC6SLX75FG(G)484.

02/22/10 1.3 Production release of XC6SLX16 -2 speed grade devices. The changes to Table 26 and Table 27 
includes updating this data sheet to the data in ISE v11.5 software with speed specification v1.06.
Updated maximum of VIN and VTS and note 2 in Table 1. In Table 2, changed VIN, added IIN and note 
5, revised notes 1, 6, and 7, and added note 8 to RFUSE. In Table 4, removed previous note 1 and added 
data to IRPU, IRPD, and IBATT, changed CIN, added RDT and RIN_TERM, and added note 2 and 3. Updated 
VCCO2 in Table 6. Added Table 7 and Table 8. Removed PCI66_3 from Table 9. Updated PCI33_3 and 
I2C in Table 9. Updated the description of Table 11. Completely updated Table 25. Updated Table 28 
including adding values for PCI33_3. Updated VREF value for HSTL_III_18 in Table 31. Updates 
missing VREF values in Table 32. Added Simultaneously Switching Outputs, page 36. Removed TGSRQ 
and TRPW from Table 35 and Table 36. Also removed TDOQ from Table 36. Removed TISDO_DO and 
note 1 from Table 37. Removed TOSCCK_S and combinatorial section from Table 38. In Table 39, 
removed TIODDO_T and added new tap parameters and note 2. In Table 40, Table 41, and Table 42, 
made typographical edits and removed notes. Removed clock CLK section in Table 41. Removed clock 
CLK section and TREG_MUX and TREG_M31 in Table 42. Added block RAM FMAX values to Table 43. 
Updated values and added note 2 to Table 45. Added values to Table 46 and removed note 1. 
Numerous changes to Table 47. Completely updated Table 57. Revised data in Table 62. Removed 
note 3 from Table 71. Added values to Table 79. Added data to Table 80 and Table 81.

03/10/10 1.4 Production release of XC6SLX45 -2 speed grade devices, which includes changes to Table 26 and 
Table 27 updating this data sheet to the data in ISE v11.5 software with speed specification v1.07. 
Fixed RIN_TERM description in Table 4. Added PCI66_3 to Table 7 and replaced note 1. Corrected note 
1 and the V, Max for TMDS_33 in Table 8. In Table 10, added note 1 to LVPECL_33 and TMDS_33. 
Also updated specifications for TMDS_33. Updated the GTP Transceiver Specifications section 
including adding values to Table 16, Table 17, and Table 20 through Table 23. Added PCI66_3 back 
into Table 9, Table 28, Table 31, Table 32, and Table 34. Updated note 3 on Table 32. In Table 34, 
corrected some typographical errors and fixed SSO limits for bank1/3 in FG(G)484 package. Corrected 
TOSCKC_OCE in Table 38. In Table 57, updated CLKFX_FREEZE_VAR and 
CLKFX_FREEZE_TEMP_SLOPE and added typical values to TCENTER_LOW_SPREAD and 
TCENTER_HIGH_SPREAD. Updated and added values to Table 63 through Table 78, and Table 81. In 
Table 79, revised the XC6SLX16-CSG324 and the XC6SLX45-CSG484 and FG(G)484 values.

http://www.xilinx.com


Spartan-6 FPGA Data Sheet: DC and Switching Characteristics

DS162 (v3.0) October 17, 2011 www.xilinx.com
Product Specification 86

06/14/10 1.5 In Table 2, added note 5 and added temperature range to VFS and RFUSE. Removed speed grade 
delineation, revised IRPD description, and updated note 2 in Table 4. Added note 2 to Table 7. Added 
DIFF_MOBILE_DDR to Table 8 and Table 10. Added note 4 to Table 15. Changed minimum DVPPIN in 
Table 16. Updated FGTPDRPCLK in Table 19. Increased maximum TLLSKEW in Table 22. Updated 
descriptions and added data to Table 23. Removed note 1 and added new data to the Networking 
Applications section in Table 25. Updated Table 26 and Table 27 to the data in ISE v12.1 software with 
speed specification v1.08. In Table 28, added DIFF_MOBILE_DDR and updated -4 speed grade data. 
Updated the maximum I/O pairs per bank in Table 33. Updated note 2 on Table 39. Revised the FMAX 
in Table 44. In Table 47, updated description for TSMCKCSO, revised values for TPOR and added Min 
value, added TBPIICCK and TSPIICCK. Also in Table 47, added device dependencies to FSMCCK and 
FRBCCK. Updated and added data to Table 63 through Table 78, and Table 81. In Table 79, added data 
on the XC6SLX45-FG(G)676 and revised the XC6SLX45T and XC6SLX150T values.

The following changes to this specification are addressed in the product change notice
XCN10024, MCB Performance and JTAG Revision Code for Spartan-6 LX16 and LX45 FPGAs.
In Table 2, revised the VCCINT to add the memory controller block extended performance 
specifications. In Table 25, changed the standard specifications and added extended performance 
specifications for the memory controller block and note 2. Added note 4 and updated values in 
Table 34.

06/24/10 1.6 Production release of XC6SLX45T (-2 and -3 speed grades), XC6SLX16 and XC6SLX45 (-3 speed 
grade) devices which includes changes to Table 26 and Table 27 (ISE v12.1 software with speed 
specification v1.08). 
Added the -3N speed grade, which designates Spartan-6 devices that do not support MCB 
functionality. This includes changes to Table 2 (note 2), Table 25 (note 4), and Switching 
Characteristics (Table 26).
Updated Simultaneously Switching Outputs discussion. Added -3 speed grade values for TTAP and 
FMINCAL values in Table 39. In Table 40, updated TRPW (-2 and -3 speed grade) values and FTOG (-3 
speed grade) values. In Table 48, updated TGIO (-2 and -3 speed grade) values. Updated -3 values in 
spread spectrum section of Table 57.

07/16/10 1.7 Production release of specific devices listed in Table 26 and Table 27 using ISE v12.2 software with 
speed specification v1.11. Added note 4 advising designers of the patch which contains v1.11. Also 
updated the -1L speed specification to v1.04. Updated numerous -4 and -1L values. Added -4 TTAP 
values and FMINCAL to Table 39. Revised TCINCK/TCKCIN in Table 40. In Table 41, revised TSHCKO. In 
Table 42, revised TREG. Added new -1L values to Table 47. Added and updated values in Table 79.

07/26/10 1.8 Production release of XC6SLX25, XC6SLX25T, XC6SLX100 and XC6SLX100T in the specific speed 
grades listed in Table 26 and Table 27 using ISE v12.2 software with speed specification v1.11. Added 
note 7 to Table 2 and moved VFS and RFUSE to a new Table 3. Added IHS and note 4 to Table 4. Added 
note 1 to Table 28. Added and updated SSO limits per VCCO/GND pairs in Table 34. Added note 3 to 
Table 47. In Table 54, removed -1L specifications for CLKOUT_PER_JITT_DV1/2 and revised 
CLKIN_CLKFB_PHASE and CLKOUT_PHASE_DLL values. Updated note 3 in both Table 56 and 
Table 57.

08/23/10 1.9 Updated values for FGTPRANGE1, FGTPRANGE2, and FGPLLMIN in Table 18. Revised -3 and -4 values in 
Table 21. Removed the -1L speed grade readback support restriction and note 3 in Table 47.

11/05/10 1.10 Production release of XC6SLX4 and XC6SLX9 in the specific speed grades listed in Table 26 and 
Table 27 using ISE v12.3 software with speed specification v1.12 for the -2 speed grade available in 
the 12.3 Speed Files Patch. Added note 3 advising designers of the patch which contains v1.12.
In Table 2, added note 4. In Table 4, added note 2. In Table 10, added notes 2 and 3. In Table 44, added 
note 2. In Table 47, updated symbol for TSMWCCK/TSMCCKW , changed -1L values for TUSERCCLKH and 
TUSERCCLKL , and added and revised the modes for FMCCK and FSMCCK. In Table 53, redefined and 
expanded description for CLKIN_FREQ_DLL and rewrote note 3. Updated title of Table 58. Also in 
Table 78, revised TDCD_CLK for XC6SLX150 and XC6SLX150T. Changed description of TPSFD/ TPHFD 
in Table 71.
For the -1L speed grade, updated data sheet to ISE 12.3 software with speed specification v1.05 which 
revised the values in the following tables: Table 25, Table 28, Table 35, Table 36, Table 37, Table 40 
through Table 43, Table 48 through Table 56, Table 62 through Table 78, Table 80, and Table 81.
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