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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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Table  8: Recommended Operating Conditions for User I/Os Using Differential Signal Standards

I/O Standard
VCCO for Drivers

V, Min V, Nom V, Max

LVDS_33 3.0 3.3 3.45

LVDS_25 2.25 2.5 2.75

BLVDS_25 2.25 2.5 2.75

MINI_LVDS_33 3.0 3.3 3.45

MINI_LVDS_25 2.25 2.5 2.75

LVPECL_33(1) N/A–Inputs Only

LVPECL_25 N/A–Inputs Only

RSDS_33 3.0 3.3 3.45

RSDS_25 2.25 2.5 2.75

TMDS_33(1) 3.14 3.3 3.45

PPDS_33 3.0 3.3 3.45

PPDS_25 2.25 2.5 2.75

DISPLAY_PORT 2.3 2.5 2.7

DIFF_MOBILE_DDR 1.7 1.8 1.9

DIFF_HSTL_I 1.4 1.5 1.6

DIFF_HSTL_II 1.4 1.5 1.6

DIFF_HSTL_III 1.4 1.5 1.6

DIFF_HSTL_I_18 1.7 1.8 1.9

DIFF_HSTL_II_18 1.7 1.8 1.9

DIFF_HSTL_III_18 1.7 1.8 1.9

DIFF_SSTL3_I 3.0 3.3 3.45

DIFF_SSTL3_II 3.0 3.3 3.45

DIFF_SSTL2_I 2.3 2.5 2.7

DIFF_SSTL2_II 2.3 2.5 2.7

DIFF_SSTL18_I 1.7 1.8 1.9

DIFF_SSTL18_II 1.7 1.8 1.9

DIFF_SSTL15_II 1.425 1.5 1.575

Notes: 
1. LVPECL_33 and TMDS_33 inputs require VCCAUX = 3.3V nominal.

http://www.xilinx.com
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Table  10: Differential I/O Standard DC Input and Output Levels

I/O Standard

VID VICM VOD VOCM VOH VOL

mV, 
Min

mV, 
Max V, Min V, Max mV, Min mV, 

Max V, Min V, Max V, Min V, Max

LVDS_33(2)(3) 100 600 0.3 2.35 247 454 1.125 1.375 – –

LVDS_25(2)(3) 100 600 0.3 2.35 247 454 1.125 1.375 – –

BLVDS_25(2)(3) 100 – 0.3 2.35 240 460 Typical 50% VCCO – –

MINI_LVDS_33 200 600 0.3 1.95 300 600 1.0 1.4 – –

MINI_LVDS_25 200 600 0.3 1.95 300 600 1.0 1.4 – –

LVPECL_33(2)(3) 100 1000 0.3 2.8(1) Inputs only

LVPECL_25(2)(3) 100 1000 0.3 1.95 Inputs only

RSDS_33(2)(3) 100 – 0.3 1.5 100 400 1.0 1.4 – –

RSDS_25(2)(3) 100 – 0.3 1.5 100 400 1.0 1.4 – –

TMDS_33 150 1200 2.7 3.23(1) 400 800 VCCO – 0.405 VCCO – 0.190 – –

PPDS_33(2)(3) 100 400 0.2 2.3 100 400 0.5 1.4 – –

PPDS_25(2)(3) 100 400 0.2 2.3 100 400 0.5 1.4 – –

DISPLAY_PORT 190 1260 0.3 2.35 – – Typical 50% VCCO – –

DIFF_MOBILE_DDR 100 – 0.78 1.02 – – – – 90% VCCO 10% VCCO

DIFF_HSTL_I 100 – 0.68 0.9 – – – – VCCO – 0.4 0.4

DIFF_HSTL_II 100 – 0.68 0.9 – – – – VCCO – 0.4 0.4

DIFF_HSTL_III 100 – 0.68 0.9 – – – – VCCO – 0.4 0.4

DIFF_HSTL_I_18 100 – 0.8 1.1 – – – – VCCO – 0.4 0.4

DIFF_HSTL_II_18 100 – 0.8 1.1 – – – – VCCO – 0.4 0.4

DIFF_HSTL_III_18 100 – 0.8 1.1 – – – – VCCO – 0.4 0.4

DIFF_SSTL3_I 100 – 1.0 1.9 – – – – VTT + 0.6 VTT – 0.6

DIFF_SSTL3_II 100 – 1.0 1.9 – – – – VTT + 0.8 VTT – 0.8

DIFF_SSTL2_I 100 – 1.0 1.5 – – – – VTT + 0.61 VTT – 0.61

DIFF_SSTL2_II 100 – 1.0 1.5 – – – – VTT + 0.81 VTT – 0.81

DIFF_SSTL18_I 100 – 0.7 1.1 – – – – VTT + 0.47 VTT – 0.47

DIFF_SSTL18_II 100 – 0.7 1.1 – – – – VTT + 0.6 VTT – 0.6

DIFF_SSTL15_II 100 – 0.55 0.95 – – – – VTT + 0.4 VTT – 0.4

Notes: 
1. LVPECL_33 and TMDS_33 maximum VICM is the lower of V (maximum) or VCCAUX – (VID/2)
2. When VCCAUX = 3.3V, the DCD can be higher than 5% for VICM < 0.7V when using these I/O standards: LVDS_25, LVDS_33, BLVDS_25, 

LVPECL_25, LVPECL_33, RSDS_25, RSDS_33, PPDS_25, and PPDS_33.
3. The -1L devices require VCCAUX = 2.5V when using the LVDS_25, LVDS_33, BLVDS_25, LVPECL_25, RSDS_25, RSDS_33, PPDS_25, 

and PPDS_33 I/O standards on inputs. LVPECL_33 is not supported in the -1L devices.

http://www.xilinx.com
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eFUSE Read Endurance

Table 11 lists the minimum guaranteed number of read cycle operations for Device DNA and for the AES eFUSE key. For 
more information, see UG380: Spartan-6 FPGA Configuration User Guide.

GTP Transceiver Specifications
GTP transceivers are available in the Spartan-6 LXT devices. See DS160: Spartan-6 Family Overview for more information.

GTP Transceiver DC Characteristics
 

 

Table  11: eFUSE Read Endurance

Symbol Description
Speed Grade Units

(Min)-3 -3N -2 -1L

DNA_CYCLES Number of DNA_PORT READ operations or JTAG ISC_DNA read 
command operations. Unaffected by SHIFT operations. 30,000,000 Read 

Cycles

AES_CYCLES Number of JTAG FUSE_KEY or FUSE_CNTL read command operations. 
Unaffected by SHIFT operations.

30,000,000 Read 
Cycles

Table  12: Absolute Maximum Ratings for GTP Transceivers(1)

Symbol Description MIn Max Units

MGTAVCC Analog supply voltage for the GTP transmitter and receiver circuits relative to 
GND

–0.5 1.32 V

MGTAVTTTX Analog supply voltage for the GTP transmitter termination circuit relative to GND –0.5 1.32 V

MGTAVTTRX Analog supply voltage for the GTP receiver termination circuit relative to GND –0.5 1.32 V

MGTAVCCPLL Analog supply voltage for the GTP transmitter and receiver PLL circuits relative to 
GND

–0.5 1.32 V

MGTAVTTRCAL Analog supply voltage for the resistor calibration circuit of the GTP transceiver 
bank (top or bottom)

–0.5 1.32 V

VIN Receiver (RXP/RXN) and Transmitter (TXP/TXN) absolute input voltage –0.5 1.32 V

VMGTREFCLK Reference clock absolute input voltage –0.5 1.32 V

Notes: 
1. Stresses beyond those listed under Absolute Maximum Ratings might cause permanent damage to the device. These are stress ratings only, and 

functional operation of the device at these or any other conditions beyond those listed under Operating Conditions is not implied. Exposure to 
Absolute Maximum Ratings conditions for extended periods of time might affect device reliability.

Table  13: Recommended Operating Conditions for GTP Transceivers(1)(2)(3)

Symbol Description Min Typ Max Units

MGTAVCC Analog supply voltage for the GTP transmitter and receiver circuits relative to GND 1.14 1.20 1.26 V

MGTAVTTTX Analog supply voltage for the GTP transmitter termination circuit relative to GND 1.14 1.20 1.26 V

MGTAVTTRX Analog supply voltage for the GTP receiver termination circuit relative to GND 1.14 1.20 1.26 V

MGTAVCCPLL Analog supply voltage for the GTP transmitter and receiver PLL circuits relative to 
GND

1.14 1.20 1.26 V

MGTAVTTRCAL Analog supply voltage for the resistor calibration circuit of the GTP transceiver 
bank (top or bottom)

1.14 1.20 1.26 V

Notes: 
1. Each voltage listed requires the filter circuit described in UG386: Spartan-6 FPGA GTP Transceivers User Guide.
2. Voltages are specified for the temperature range of Tj = –40C to +125C.
3. The voltage level of MGTAVCCPLL must not exceed the voltage level of MGTAVCC +10mV. The voltage level of MGTAVCC must not exceed the 

voltage level of MGTAVCCPLL.

http://www.xilinx.com
http://www.xilinx.com/support/documentation/data_sheets/ds160.pdf
http://www.xilinx.com/support/documentation/user_guides/ug380.pdf
http://www.xilinx.com/support/documentation/user_guides/ug386.pdf
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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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GTP Transceiver Switching Characteristics

Consult UG386: Spartan-6 FPGA GTP Transceivers User Guide for further information.

 

Table  17: GTP Transceiver Clock DC Input Level Specification

Symbol DC Parameter Min Typ Max Units

VIDIFF Differential peak-to-peak input voltage 200 800 2000 mV

RIN Differential input resistance 80 100 120 

CEXT Required external AC coupling capacitor – 100 – nF

Table  18: GTP Transceiver Performance

Symbol Description
Speed Grade

Units
-3 -3N -2 -1L

FGTPMAX Maximum GTP transceiver data rate 3.2 3.2 2.7 N/A Gb/s

FGTPRANGE1 GTP transceiver data rate range when 
PLL_TXDIVSEL_OUT = 1

1.88 to 3.2 1.88 to 3.2 1.88 to 2.7 N/A Gb/s

FGTPRANGE2 GTP transceiver data rate range when 
PLL_TXDIVSEL_OUT = 2

0.94 to 1.62 0.94 to 1.62 0.94 to 1.62 N/A Gb/s

FGTPRANGE3 GTP transceiver data rate range when 
PLL_TXDIVSEL_OUT = 4

0.6 to 0.81 0.6 to 0.81 0.6 to 0.81 N/A Gb/s

FGPLLMAX Maximum PLL frequency 1.62 1.62 1.62 N/A GHz

FGPLLMIN Minimum PLL frequency 0.94 0.94 0.94 N/A GHz

Table  19: GTP Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics

Symbol Description
Speed Grade

Units
-3 -3N -2 -1L

FGTPDRPCLK GTP transceiver DCLK (DRP clock) maximum frequency 125 125 100 N/A MHz

Table  20: GTP Transceiver Reference Clock Switching Characteristics

Symbol Description Conditions
All LXT Speed Grades

Units
Min Typ Max

FGCLK Reference clock frequency range 60 – 160 MHz

TRCLK Reference clock rise time 20% – 80% – 200 – ps

TFCLK Reference clock fall time 80% – 20% – 200 – ps

TDCREF Reference clock duty cycle Transceiver PLL only 45 50 55 %

TLOCK Clock recovery frequency acquisition 
time

Initial PLL lock – – 1 ms

TPHASE Clock recovery phase acquisition time Lock to data after PLL has locked to 
the reference clock

– – 200 µs

X-Ref Target - Figure 3

Figure 3: Reference Clock Timing Parameters

ds162_05_042109

80% 

20% 
T FCLK 

T RCLK 

http://www.xilinx.com
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Performance Characteristics
This section provides the performance characteristics of some common functions and designs implemented in 
Spartan-6 devices. The numbers reported here are worst-case values; they have all been fully characterized. These values 
are subject to the same guidelines as the Switching Characteristics, page 19. 

Table  25: Interface Performances

Description I/O Resource Clock 
Buffer

Data
Width

Speed Grade
Units

-3 -3N -2 -1L

Networking Applications(1)

SDR LVDS transmitter or receiver IOB SDR register BUFG – 400 400 375 250 Mb/s

DDR LVDS transmitter or receiver ODDR2/IDDR2 register 2 BUFGs – 800 800 750 500 Mb/s

SDR LVDS transmitter OSERDES2 BUFPLL

2 500 500 500 250 Mb/s

3 750 750 750 375 Mb/s

4-8 1080 1050 950 500 Mb/s

DDR LVDS transmitter OSERDES2 2 BUFIO2s

2 500 500 500 250 Mb/s

3 750 750 750 375 Mb/s

4-8 1080 1050 950 500 Mb/s

SDR LVDS receiver ISERDES2 in RETIMED mode BUFPLL

2 500 500 500 — Mb/s

3 750 750 750 — Mb/s

4-8 1080 1050 950 — Mb/s

DDR LVDS receiver ISERDES2 in RETIMED mode 2 BUFIO2s

2 500 500 500 — Mb/s

3 750 750 750 — Mb/s

4-8 1080 1050 950 — Mb/s

Memory Interfaces (Implemented using the Spartan-6 FPGA Memory Controller Block)(2)

Standard Performance (Standard VCCINT)

DDR 400 Note 4 400 350 Mb/s

DDR2 667 Note 4 625 400 Mb/s

DDR3 800 Note 4 667 — Mb/s

LPDDR (Mobile_DDR) 400 Note 4 400 350 Mb/s

Extended Performance (Requires Extended Performance VCCINT)(3)

DDR2 800 Note 4 667 — Mb/s

Notes: 
1. Refer to XAPP1064, Source-Synchronous Serialization and Deserialization (up to 1050 Mb/s) and UG381, Spartan-6 FPGA SelectIO 

Resources User Guide.
2. Refer to UG388, Spartan-6 FPGA Memory Controller User Guide.
3. Extended Memory Controller block performance for DDR2 can be achieved using the extended performance VCCINT range from Table 2.
4. The LX4 device, all devices in the TQG144 and CPG196 packages, and the -3N speed grade do not support a Memory Controller Block.

http://www.xilinx.com
http://www.xilinx.com/support/documentation/application_notes/xapp1064.pdf
http://www.xilinx.com/support/documentation/user_guides/ug381.pdf
http://www.xilinx.com/support/documentation/user_guides/ug388.pdf
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LVCMOS33, Fast, 8 mA 1.34 1.46 1.59 1.82 2.07 2.21 2.41 3.03 2.07 2.21 2.41 3.03 ns

LVCMOS33, Fast, 12 mA 1.34 1.46 1.59 1.82 1.65 1.79 1.99 2.62 1.65 1.79 1.99 2.62 ns

LVCMOS33, Fast, 16 mA 1.34 1.46 1.59 1.82 1.65 1.79 1.99 2.62 1.65 1.79 1.99 2.62 ns

LVCMOS33, Fast, 24 mA 1.34 1.46 1.59 1.82 1.65 1.79 1.99 2.62 1.65 1.79 1.99 2.62 ns

LVCMOS25, QUIETIO, 2 mA 0.82 0.94 1.07 1.31 4.81 4.95 5.15 5.79 4.81 4.95 5.15 5.79 ns

LVCMOS25, QUIETIO, 4 mA 0.82 0.94 1.07 1.31 3.70 3.84 4.04 4.66 3.70 3.84 4.04 4.66 ns

LVCMOS25, QUIETIO, 6 mA 0.82 0.94 1.07 1.31 3.46 3.60 3.80 4.38 3.46 3.60 3.80 4.38 ns

LVCMOS25, QUIETIO, 8 mA 0.82 0.94 1.07 1.31 3.20 3.34 3.54 4.12 3.20 3.34 3.54 4.12 ns

LVCMOS25, QUIETIO, 12 mA 0.82 0.94 1.07 1.31 2.83 2.97 3.17 3.75 2.83 2.97 3.17 3.75 ns

LVCMOS25, QUIETIO, 16 mA 0.82 0.94 1.07 1.31 2.64 2.78 2.98 3.64 2.64 2.78 2.98 3.64 ns

LVCMOS25, QUIETIO, 24 mA 0.82 0.94 1.07 1.31 2.45 2.59 2.79 3.42 2.45 2.59 2.79 3.42 ns

LVCMOS25, Slow, 2 mA 0.82 0.94 1.07 1.31 3.78 3.92 4.12 4.76 3.78 3.92 4.12 4.76 ns

LVCMOS25, Slow, 4 mA 0.82 0.94 1.07 1.31 2.79 2.93 3.13 3.73 2.79 2.93 3.13 3.73 ns

LVCMOS25, Slow, 6 mA 0.82 0.94 1.07 1.31 2.73 2.87 3.07 3.66 2.73 2.87 3.07 3.66 ns

LVCMOS25, Slow, 8 mA 0.82 0.94 1.07 1.31 2.48 2.62 2.82 3.42 2.48 2.62 2.82 3.42 ns

LVCMOS25, Slow, 12 mA 0.82 0.94 1.07 1.31 2.01 2.15 2.35 2.95 2.01 2.15 2.35 2.95 ns

LVCMOS25, Slow, 16 mA 0.82 0.94 1.07 1.31 2.01 2.15 2.35 2.95 2.01 2.15 2.35 2.95 ns

LVCMOS25, Slow, 24 mA 0.82 0.94 1.07 1.31 2.01 2.15 2.35 2.94 2.01 2.15 2.35 2.94 ns

LVCMOS25, Fast, 2 mA 0.82 0.94 1.07 1.31 3.35 3.49 3.69 4.31 3.35 3.49 3.69 4.31 ns

LVCMOS25, Fast, 4 mA 0.82 0.94 1.07 1.31 2.25 2.39 2.59 3.22 2.25 2.39 2.59 3.22 ns

LVCMOS25, Fast, 6 mA 0.82 0.94 1.07 1.31 2.09 2.23 2.43 3.05 2.09 2.23 2.43 3.05 ns

LVCMOS25, Fast, 8 mA 0.82 0.94 1.07 1.31 2.02 2.16 2.36 2.98 2.02 2.16 2.36 2.98 ns

LVCMOS25, Fast, 12 mA 0.82 0.94 1.07 1.31 1.56 1.70 1.90 2.52 1.56 1.70 1.90 2.52 ns

LVCMOS25, Fast, 16 mA 0.82 0.94 1.07 1.31 1.56 1.70 1.90 2.52 1.56 1.70 1.90 2.52 ns

LVCMOS25, Fast, 24 mA 0.82 0.94 1.07 1.31 1.56 1.70 1.90 2.52 1.56 1.70 1.90 2.52 ns

LVCMOS18, QUIETIO, 2 mA 1.18 1.30 1.43 2.04 5.92 6.06 6.26 6.80 5.92 6.06 6.26 6.80 ns

LVCMOS18, QUIETIO, 4 mA 1.18 1.30 1.43 2.04 4.74 4.88 5.08 5.63 4.74 4.88 5.08 5.63 ns

LVCMOS18, QUIETIO, 6 mA 1.18 1.30 1.43 2.04 4.05 4.19 4.39 4.96 4.05 4.19 4.39 4.96 ns

LVCMOS18, QUIETIO, 8 mA 1.18 1.30 1.43 2.04 3.71 3.85 4.05 4.63 3.71 3.85 4.05 4.63 ns

LVCMOS18, QUIETIO, 12 mA 1.18 1.30 1.43 2.04 3.35 3.49 3.69 4.27 3.35 3.49 3.69 4.27 ns

LVCMOS18, QUIETIO, 16 mA 1.18 1.30 1.43 2.04 3.20 3.34 3.54 4.14 3.20 3.34 3.54 4.14 ns

LVCMOS18, QUIETIO, 24 mA 1.18 1.30 1.43 2.04 2.96 3.10 3.30 3.98 2.96 3.10 3.30 3.98 ns

LVCMOS18, Slow, 2 mA 1.18 1.30 1.43 2.04 4.62 4.76 4.96 5.54 4.62 4.76 4.96 5.54 ns

LVCMOS18, Slow, 4 mA 1.18 1.30 1.43 2.04 3.69 3.83 4.03 4.60 3.69 3.83 4.03 4.60 ns

LVCMOS18, Slow, 6 mA 1.18 1.30 1.43 2.04 3.00 3.14 3.34 3.94 3.00 3.14 3.34 3.94 ns

LVCMOS18, Slow, 8 mA 1.18 1.30 1.43 2.04 2.19 2.33 2.53 3.17 2.19 2.33 2.53 3.17 ns

LVCMOS18, Slow, 12 mA 1.18 1.30 1.43 2.04 1.99 2.13 2.33 2.95 1.99 2.13 2.33 2.95 ns

LVCMOS18, Slow, 16 mA 1.18 1.30 1.43 2.04 1.99 2.13 2.33 2.95 1.99 2.13 2.33 2.95 ns

Table  28: IOB Switching Characteristics for the Commercial (XC) Spartan-6 Devices (Cont’d)

I/O Standard

TIOPI TIOOP TIOTP

UnitsSpeed Grade Speed Grade Speed Grade

-3 -3N -2 -1L(1) -3 -3N -2 -1L(1) -3 -3N -2 -1L(1)

http://www.xilinx.com
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LVCMOS18, Slow, 24 mA 1.18 1.30 1.43 2.04 1.99 2.13 2.33 2.95 1.99 2.13 2.33 2.95 ns

LVCMOS18, Fast, 2 mA 1.18 1.30 1.43 2.04 3.59 3.73 3.93 4.53 3.59 3.73 3.93 4.53 ns

LVCMOS18, Fast, 4 mA 1.18 1.30 1.43 2.04 2.39 2.53 2.73 3.35 2.39 2.53 2.73 3.35 ns

LVCMOS18, Fast, 6 mA 1.18 1.30 1.43 2.04 1.88 2.02 2.22 2.84 1.88 2.02 2.22 2.84 ns

LVCMOS18, Fast, 8 mA 1.18 1.30 1.43 2.04 1.81 1.95 2.15 2.77 1.81 1.95 2.15 2.77 ns

LVCMOS18, Fast, 12 mA 1.18 1.30 1.43 2.04 1.71 1.85 2.05 2.67 1.71 1.85 2.05 2.67 ns

LVCMOS18, Fast, 16 mA 1.18 1.30 1.43 2.04 1.71 1.85 2.05 2.67 1.71 1.85 2.05 2.67 ns

LVCMOS18, Fast, 24 mA 1.18 1.30 1.43 2.04 1.71 1.85 2.05 2.67 1.71 1.85 2.05 2.67 ns

LVCMOS18_JEDEC, QUIETIO, 2 mA 0.94 1.06 1.19 1.41 5.91 6.05 6.25 6.79 5.91 6.05 6.25 6.79 ns

LVCMOS18_JEDEC, QUIETIO, 4 mA 0.94 1.06 1.19 1.41 4.75 4.89 5.09 5.64 4.75 4.89 5.09 5.64 ns

LVCMOS18_JEDEC, QUIETIO, 6 mA 0.94 1.06 1.19 1.41 4.04 4.18 4.38 4.96 4.04 4.18 4.38 4.96 ns

LVCMOS18_JEDEC, QUIETIO, 8 mA 0.94 1.06 1.19 1.41 3.71 3.85 4.05 4.62 3.71 3.85 4.05 4.62 ns

LVCMOS18_JEDEC, QUIETIO, 12 mA 0.94 1.06 1.19 1.41 3.35 3.49 3.69 4.28 3.35 3.49 3.69 4.28 ns

LVCMOS18_JEDEC, QUIETIO, 16 mA 0.94 1.06 1.19 1.41 3.20 3.34 3.54 4.13 3.20 3.34 3.54 4.13 ns

LVCMOS18_JEDEC, QUIETIO, 24 mA 0.94 1.06 1.19 1.41 2.96 3.10 3.30 3.98 2.96 3.10 3.30 3.98 ns

LVCMOS18_JEDEC, Slow, 2 mA 0.94 1.06 1.19 1.41 4.59 4.73 4.93 5.54 4.59 4.73 4.93 5.54 ns

LVCMOS18_JEDEC, Slow, 4 mA 0.94 1.06 1.19 1.41 3.69 3.83 4.03 4.60 3.69 3.83 4.03 4.60 ns

LVCMOS18_JEDEC, Slow, 6 mA 0.94 1.06 1.19 1.41 3.00 3.14 3.34 3.94 3.00 3.14 3.34 3.94 ns

LVCMOS18_JEDEC, Slow, 8 mA 0.94 1.06 1.19 1.41 2.19 2.33 2.53 3.18 2.19 2.33 2.53 3.18 ns

LVCMOS18_JEDEC, Slow, 12 mA 0.94 1.06 1.19 1.41 1.99 2.13 2.33 2.95 1.99 2.13 2.33 2.95 ns

LVCMOS18_JEDEC, Slow, 16 mA 0.94 1.06 1.19 1.41 1.99 2.13 2.33 2.95 1.99 2.13 2.33 2.95 ns

LVCMOS18_JEDEC, Slow, 24 mA 0.94 1.06 1.19 1.41 1.99 2.13 2.33 2.95 1.99 2.13 2.33 2.95 ns

LVCMOS18_JEDEC, Fast, 2 mA 0.94 1.06 1.19 1.41 3.57 3.71 3.91 4.52 3.57 3.71 3.91 4.52 ns

LVCMOS18_JEDEC, Fast, 4 mA 0.94 1.06 1.19 1.41 2.39 2.53 2.73 3.35 2.39 2.53 2.73 3.35 ns

LVCMOS18_JEDEC, Fast, 6 mA 0.94 1.06 1.19 1.41 1.88 2.02 2.22 2.84 1.88 2.02 2.22 2.84 ns

LVCMOS18_JEDEC, Fast, 8 mA 0.94 1.06 1.19 1.41 1.80 1.94 2.14 2.76 1.80 1.94 2.14 2.76 ns

LVCMOS18_JEDEC, Fast, 12 mA 0.94 1.06 1.19 1.41 1.72 1.86 2.06 2.68 1.72 1.86 2.06 2.68 ns

LVCMOS18_JEDEC, Fast, 16 mA 0.94 1.06 1.19 1.41 1.72 1.86 2.06 2.68 1.72 1.86 2.06 2.68 ns

LVCMOS18_JEDEC, Fast, 24 mA 0.94 1.06 1.19 1.41 1.72 1.86 2.06 2.68 1.72 1.86 2.06 2.68 ns

LVCMOS15, QUIETIO, 2 mA 0.98 1.10 1.23 1.79 5.47 5.61 5.81 6.38 5.47 5.61 5.81 6.38 ns

LVCMOS15, QUIETIO, 4 mA 0.98 1.10 1.23 1.79 4.61 4.75 4.95 5.51 4.61 4.75 4.95 5.51 ns

LVCMOS15, QUIETIO, 6 mA 0.98 1.10 1.23 1.79 4.07 4.21 4.41 4.97 4.07 4.21 4.41 4.97 ns

LVCMOS15, QUIETIO, 8 mA 0.98 1.10 1.23 1.79 3.91 4.05 4.25 4.81 3.91 4.05 4.25 4.81 ns

LVCMOS15, QUIETIO, 12 mA 0.98 1.10 1.23 1.79 3.53 3.67 3.87 4.51 3.53 3.67 3.87 4.51 ns

LVCMOS15, QUIETIO, 16 mA 0.98 1.10 1.23 1.79 3.32 3.46 3.66 4.31 3.32 3.46 3.66 4.31 ns

LVCMOS15, Slow, 2 mA 0.98 1.10 1.23 1.79 4.18 4.32 4.52 5.11 4.18 4.32 4.52 5.11 ns

LVCMOS15, Slow, 4 mA 0.98 1.10 1.23 1.79 3.42 3.56 3.76 4.34 3.42 3.56 3.76 4.34 ns

LVCMOS15, Slow, 6 mA 0.98 1.10 1.23 1.79 2.29 2.43 2.63 3.24 2.29 2.43 2.63 3.24 ns

Table  28: IOB Switching Characteristics for the Commercial (XC) Spartan-6 Devices (Cont’d)

I/O Standard

TIOPI TIOOP TIOTP

UnitsSpeed Grade Speed Grade Speed Grade

-3 -3N -2 -1L(1) -3 -3N -2 -1L(1) -3 -3N -2 -1L(1)
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LVCMOS33, Slow, 6 mA 1.41 1.59 2.79 2.99 2.79 2.99 ns

LVCMOS33, Slow, 8 mA 1.41 1.59 2.79 2.99 2.79 2.99 ns

LVCMOS33, Slow, 12 mA 1.41 1.59 2.53 2.73 2.53 2.73 ns

LVCMOS33, Slow, 16 mA 1.41 1.59 2.45 2.65 2.45 2.65 ns

LVCMOS33, Slow, 24 mA 1.41 1.59 2.42 2.62 2.42 2.62 ns

LVCMOS33, Fast, 2 mA 1.41 1.59 4.05 4.25 4.05 4.25 ns

LVCMOS33, Fast, 4 mA 1.41 1.59 2.66 2.86 2.66 2.86 ns

LVCMOS33, Fast, 6 mA 1.41 1.59 2.46 2.66 2.46 2.66 ns

LVCMOS33, Fast, 8 mA 1.41 1.59 2.21 2.41 2.21 2.41 ns

LVCMOS33, Fast, 12 mA 1.41 1.59 1.80 2.00 1.80 2.00 ns

LVCMOS33, Fast, 16 mA 1.41 1.59 1.80 2.00 1.80 2.00 ns

LVCMOS33, Fast, 24 mA 1.41 1.59 1.80 2.00 1.80 2.00 ns

LVCMOS25, QUIETIO, 2 mA 0.89 1.07 5.00 5.20 5.00 5.20 ns

LVCMOS25, QUIETIO, 4 mA 0.89 1.07 3.85 4.05 3.85 4.05 ns

LVCMOS25, QUIETIO, 6 mA 0.89 1.07 3.60 3.80 3.60 3.80 ns

LVCMOS25, QUIETIO, 8 mA 0.89 1.07 3.34 3.54 3.34 3.54 ns

LVCMOS25, QUIETIO, 12 mA 0.89 1.07 2.98 3.18 2.98 3.18 ns

LVCMOS25, QUIETIO, 16 mA 0.89 1.07 2.79 2.99 2.79 2.99 ns

LVCMOS25, QUIETIO, 24 mA 0.89 1.07 2.64 2.84 2.64 2.84 ns

LVCMOS25, Slow, 2 mA 0.89 1.07 3.96 4.16 3.96 4.16 ns

LVCMOS25, Slow, 4 mA 0.89 1.07 2.96 3.16 2.96 3.16 ns

LVCMOS25, Slow, 6 mA 0.89 1.07 2.88 3.08 2.88 3.08 ns

LVCMOS25, Slow, 8 mA 0.89 1.07 2.63 2.83 2.63 2.83 ns

LVCMOS25, Slow, 12 mA 0.89 1.07 2.15 2.35 2.15 2.35 ns

LVCMOS25, Slow, 16 mA 0.89 1.07 2.15 2.35 2.15 2.35 ns

LVCMOS25, Slow, 24 mA 0.89 1.07 2.15 2.35 2.15 2.35 ns

LVCMOS25, Fast, 2 mA 0.89 1.07 3.52 3.72 3.52 3.72 ns

LVCMOS25, Fast, 4 mA 0.89 1.07 2.43 2.63 2.43 2.63 ns

LVCMOS25, Fast, 6 mA 0.89 1.07 2.23 2.43 2.23 2.43 ns

LVCMOS25, Fast, 8 mA 0.89 1.07 2.16 2.36 2.16 2.36 ns

LVCMOS25, Fast, 12 mA 0.89 1.07 1.70 1.90 1.70 1.90 ns

LVCMOS25, Fast, 16 mA 0.89 1.07 1.70 1.90 1.70 1.90 ns

LVCMOS25, Fast, 24 mA 0.89 1.07 1.70 1.90 1.70 1.90 ns

LVCMOS18, QUIETIO, 2 mA 1.25 1.43 6.11 6.31 6.11 6.31 ns

LVCMOS18, QUIETIO, 4 mA 1.25 1.43 4.88 5.08 4.88 5.08 ns

LVCMOS18, QUIETIO, 6 mA 1.25 1.43 4.20 4.40 4.20 4.40 ns

LVCMOS18, QUIETIO, 8 mA 1.25 1.43 3.86 4.06 3.86 4.06 ns

LVCMOS18, QUIETIO, 12 mA 1.25 1.43 3.49 3.69 3.49 3.69 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
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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
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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
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3.3V

LVTTL

2

Fast 53 65 53 62

Slow 70 80 70 73

QuietIO 79 89 79 91

4

Fast 23 30 23 27

Slow 34 41 34 37

QuietIO 44 49 44 46

6

Fast 16 21 16 20

Slow 21 28 21 25

QuietIO 34 39 34 34

8

Fast 12 16 12 15

Slow 16 22 16 19

QuietIO 27 28 27 24

12

Fast 1 3 1 1

Slow 2 5 2 4

QuietIO 2 10 2 8

16

Fast 1 3 1 1

Slow 1 7 1 2

QuietIO 3 11 3 8

24

Fast 1 2 1 1

Slow 2 5 2 2

QuietIO 8 9 8 8

PCI33_3 18 19 18 19

PCI66_3 18 19 18 19

SSTL_3_I 5 8 5 8

SSTL_3_II 3 5 3 3

DIFF_SSTL_3_I 15 24 15 24

DIFF_SSTL_3_II 9 15 9 9

SDIO 17 18 17 15

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
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Various

LVDS_33 16 N/A 16 N/A

LVDS_25 20 N/A 20 N/A

BLVDS_25 20 48 20 20

MINI_LVDS_33 13 N/A 13 N/A

MINI_LVDS_25 18 N/A 18 N/A

RSDS_33 12 N/A 12 N/A

RSDS_25 15 N/A 15 N/A

TMDS_33 83 N/A 83 N/A

PPDS_33 12 N/A 12 N/A

PPDS_25 16 N/A 16 N/A

DISPLAY_PORT 42 40 42 30

I2C 47 55 47 42

SMBUS 44 52 44 40

Notes: 
1. SSO limits greater than the number of I/O per VCCO/GND pair (Table 33) indicate No Limit for the given I/O standard. They are provided in 

this table to calculate limits when using multiple I/O standards in a bank.
2. Not available (N/A) indicates that the I/O standard is not available in the given bank.
3. When used with the MCB, these signals are exempt from SSO analysis due to the known activity of the MCB switching patterns. SSO 

performance is validated for all MCB instances. MCB outputs can, in some cases, exceed the SSO limits.

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


Spartan-6 FPGA Data Sheet: DC and Switching Characteristics

DS162 (v3.0) October 17, 2011 www.xilinx.com
Product Specification 45

Input/Output Logic Switching Characteristics
 

Table  35: ILOGIC2 Switching Characteristics

Symbol Description
Speed Grade

Units
-3 -3N -2 -1L

Setup/Hold

TICE0CK/TICKCE0 CE0 pin Setup/Hold with respect to CLK 0.56/
–0.30

0.56/
–0.25

0.79/
–0.22

1.21/
–0.52

ns

TISRCK/TICKSR SR pin Setup/Hold with respect to CLK 0.74/
–0.23

0.74/
–0.22

0.98/
–0.20

1.31/
–0.45

ns

TIDOCK/TIOCKD D pin Setup/Hold with respect to CLK without Delay 1.19/
–0.83

1.36/
–0.83

1.73/
–0.83

2.18/
–1.77

ns

TIDOCKD/TIOCKDD DDLY pin Setup/Hold with respect to CLK (using IODELAY2) 0.31/
0.00

0.47/
0.00

0.54/
0.00

0.63/
–0.39

ns

Combinatorial

TIDI D pin to O pin propagation delay, no Delay 0.95 1.28 1.53 2.25 ns

TIDID DDLY pin to O pin propagation delay (using IODELAY2) 0.23 0.39 0.44 0.74 ns

Sequential Delays

TIDLO D pin to Q pin using flip-flop as a latch without Delay 1.56 1.86 2.39 3.49 ns

TIDLOD DDLY pin to Q1 pin using flip-flop as a latch (using IODELAY2) 0.68 0.97 1.20 1.94 ns

TICKQ CLK to Q outputs for XC devices 1.03 1.24 1.43 2.11 ns

CLK to Q outputs for XA and XQ devices 1.38 N/A 1.78 2.11 ns

TRQ_ILOGIC2 SR pin to Q outputs 1.81 1.81 2.50 3.05 ns

Table  36: OLOGIC2 Switching Characteristics

Symbol Description
Speed Grade

Units
-3 -3N -2 -1L

Setup/Hold

TODCK/TOCKD D1/D2 pins Setup/Hold with respect to CLK 0.81/
–0.05

0.86/
–0.05

1.18/
0.00

1.73/
–0.27

ns

TOOCECK/TOCKOCE OCE pin Setup/Hold with respect to CLK 0.75/
–0.10

0.75/
–0.10

1.01/
–0.05

1.66/
–0.23

ns

TOSRCK/TOCKSR SR pin Setup/Hold with respect to CLK 0.70/
–0.28

0.79/
–0.28

1.03/
–0.23

1.39/
–0.47

ns

TOTCK/TOCKT T1/T2 pins Setup/Hold with respect to CLK 0.24/
–0.08

0.56/
–0.06

0.83/
–0.01

0.99/
–0.19

ns

TOTCECK/TOCKTCE TCE pin Setup/Hold with respect to CLK 0.58/
–0.06

0.72/
–0.06

1.18/
–0.01

1.51/
–0.13

ns

Sequential Delays

TOCKQ CLK to OQ/TQ out for XC devices 0.48 0.51 0.74 0.74 ns

CLK to OQ/TQ out for XA and XQ devices 0.85 N/A 1.16 0.74 ns

TRQ_OLOGIC2 SR pin to OQ/TQ out 1.81 1.81 2.50 3.05 ns
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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
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TDSPDCK_OPMODE_PREG/
TDSPCKD_OPMODE_PREG

OPMODE input to P register CLK Yes Yes Yes 6.21/
–0.84

7.27/
–0.84

7.27/
–0.84

10.43/
–0.84

ns

No Yes Yes 1.69/
–0.87

1.98/
–0.87

1.98/
–0.87

3.62/
–0.87

ns

No No Yes 2.09/
–0.22

2.30/
–0.22

2.30/
–0.22

3.79/
–0.22

ns

Clock to Out from Output Register Clock to Output Pin

TDSPCKO_P_PREG CLK (PREG) to P output N/A N/A N/A 1.20 1.34 1.34 1.90 ns

Clock to Out from Pipeline Register Clock to Output Pins

TDSPCKO_P_MREG CLK (MREG) to P output N/A N/A Yes 3.38 3.95 3.95 5.83 ns

Clock to Out from Input Register Clock to Output Pins

TDSPCKO_P_A1REG CLK (A1REG) to P output N/A Yes Yes 5.02 5.87 5.87 9.65 ns

TDSPCKO_P_B1REG CLK (B1REG) to P output N/A Yes Yes 5.02 5.87 5.87 9.63 ns

TDSPCKO_P_CREG CLK (CREG) to P output N/A N/A Yes 3.12 3.64 3.64 5.24 ns

TDSPCKO_P_DREG CLK (DREG) to P output Yes Yes Yes 6.77 7.92 7.92 12.53 ns

Combinatorial Delays from Input Pins to Output Pins

TDSPDO_A_P A input to P output N/A No Yes 2.85 3.33 3.33 4.73 ns

N/A Yes No(2) 3.35 3.93 3.93 6.74 ns

N/A Yes Yes 4.56 5.22 5.22 8.94 ns

TDSPDO_B_P B input to P output Yes No No(2) 3.22 3.76 3.76 5.55 ns

Yes Yes No(2) 6.01 6.54 6.54 9.76 ns

Yes Yes Yes 6.27 7.34 7.34 11.96 ns

TDSPDO_C_P C input to P output N/A N/A Yes 2.69 3.15 3.15 4.68 ns

TDSPDO_D_P D input to P output Yes Yes Yes 6.31 7.38 7.38 11.81 ns

TDSPDO_OPMODE_P OPMODE input to P output Yes Yes Yes 6.43 7.52 7.52 11.84 ns

No Yes Yes 4.84 5.66 5.66 9.25 ns

No No Yes 3.11 3.49 3.49 5.03 ns

Maximum Frequency

FMAX All registers used Yes Yes Yes 390 333 333 213 MHz

Notes: 
1. A Yes signifies that the component is in the path. A No signifies that the component is being bypassed. N/A signifies not applicable because 

no path exists.
2. Implemented in the post-adder by adding to zero.

Table  44: DSP48A1 Switching Characteristics (Cont’d)

Symbol Description Pre-
adder Multiplier Post-

adder
Speed Grade

Units
-3 -3N -2 -1L
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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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Table  74: Global Clock Setup and Hold With PLL in System-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)

TPSPLL/ TPHPLL No Delay Global Clock and IFF(2) 
with PLL in System-Synchronous 
Mode

XC6SLX4 1.37/0.25 N/A 1.52/0.41 2.07/0.69 ns

XC6SLX9 1.37/0.21 1.48/0.21 1.52/0.26 2.07/0.69 ns

XC6SLX16 1.33/–0.03 1.53/–0.02 1.60/–0.02 1.57/0.48 ns

XC6SLX25 1.65/0.28 1.71/0.28 1.91/0.28 2.44/0.76 ns

XC6SLX25T 1.65/0.28 1.71/0.28 1.91/0.28 N/A ns

XC6SLX45 1.55/0.18 1.64/0.18 1.75/0.18 2.02/0.90 ns

XC6SLX45T 1.55/0.18 1.64/0.18 1.75/0.18 N/A ns

XC6SLX75 1.77/0.21 1.89/0.21 2.13/0.21 2.46/0.53 ns

XC6SLX75T 1.77/0.21 1.89/0.21 2.13/0.21 N/A ns

XC6SLX100 1.44/0.32 1.52/0.32 1.70/0.32 1.78/0.86 ns

XC6SLX100T 1.44/0.32 1.52/0.32 1.70/0.32 N/A ns

XC6SLX150 1.39/0.49 1.48/0.49 1.67/0.49 1.94/0.94 ns

XC6SLX150T 1.39/0.49 1.48/0.49 1.67/0.49 N/A ns

XA6SLX4 1.61/0.10 N/A 1.64/0.28 N/A ns

XA6SLX9 1.61/0.10 N/A 1.64/0.28 N/A ns

XA6SLX16 1.89/–0.08 N/A 1.72/–0.08 N/A ns

XA6SLX25 1.85/0.16 N/A 2.08/0.16 N/A ns

XA6SLX25T 1.85/0.16 N/A 2.17/0.16 N/A ns

XA6SLX45 1.58/0.07 N/A 1.87/0.03 N/A ns

XA6SLX45T 1.58/0.07 N/A 1.87/0.03 N/A ns

XA6SLX75 1.80/0.06 N/A 2.25/0.06 N/A ns

XA6SLX75T 1.80/0.06 N/A 2.25/0.06 N/A ns

XA6SLX100 N/A N/A 2.34/0.14 N/A ns

XQ6SLX75 N/A N/A 2.25/0.06 2.46/0.53 ns

XQ6SLX75T 1.80/0.06 N/A 2.25/0.06 N/A ns

XQ6SLX150 N/A N/A 1.79/0.37 1.94/0.94 ns

XQ6SLX150T 1.43/0.37 N/A 1.79/0.37 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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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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TBUFIOSKEW I/O clock tree skew across one clock region LX4 0.06 N/A 0.06 0.07 ns

LX9 0.06 0.06 0.06 0.07 ns

LX16 0.06 0.06 0.06 0.07 ns

LX25 0.06 0.06 0.06 0.07 ns

LX25T 0.06 0.06 0.06 N/A ns

LX45 0.06 0.06 0.06 0.07 ns

LX45T 0.06 0.06 0.06 N/A ns

LX75 0.06 0.06 0.06 0.07 ns

LX75T 0.06 0.06 0.06 N/A ns

LX100 0.06 0.06 0.06 0.07 ns

LX100T 0.06 0.06 0.06 N/A ns

LX150 0.06 0.06 0.06 0.07 ns

LX150T 0.06 0.06 0.06 N/A ns

Notes: 
1. LXT devices are not available with a -1L speed grade. The LX4 is not available in -3N speed grade.
2. These parameters represent the worst-case duty cycle distortion observable at the pins of the device using LVDS output buffers. For cases where 

other I/O standards are used, IBIS can be used to calculate any additional duty cycle distortion that might be caused by asymmetrical rise/fall times. 
3. The TCKSKEW value represents the worst-case clock-tree skew observable between sequential I/O elements. Significantly less clock-tree skew exists 

for I/O registers that are close to each other and fed by the same or adjacent clock-tree branches. Use the Xilinx FPGA Editor and Timing Analyzer 
tools to evaluate clock skew specific to your application.

4. The TCKSKEW is 0.43 ns for the XA6SLX100 device using a -2 speed grade and 0.22 ns for the XC6SLX100 devices using the -2 speed grade.

Table  79: Package Skew

Symbol Description Device Package(2) Value Units

TPKGSKEW Package Skew(1)

LX4

TQG144 N/A ps

CPG196 23 ps

CSG225 58 ps

LX9

TQG144 N/A ps

CPG196 23 ps

CSG225 58 ps

FT(G)256 88 ps

CSG324 64 ps

LX16

CPG196 19 ps

CSG225 70 ps

FT(G)256 71 ps

CSG324 54 ps

LX25

FT(G)256 90 ps

CSG324 61 ps

FG(G)484 84 ps

LX25T
CSG324 48 ps

FG(G)484 112 ps

Table  78: Duty Cycle Distortion and Clock-Tree Skew (Cont’d)

Symbol Description Device(1)
Speed Grade

Units
-3 -3N -2 -1L
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