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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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VMGTAVTTRCAL
(8) Analog supply voltage for the resistor calibration circuit of the GTX 

transceiver column 1.17 1.2 1.23 V

XADC

VCCADC XADC supply relative to GNDADC 1.71 1.80 1.89 V

VREFP Externally supplied reference voltage 1.20 1.25 1.30 V

Temperature

Tj

Junction temperature operating range for commercial (C) temperature 
devices

0 – 85 °C

Junction temperature operating range for extended (E) temperature 
devices

0 – 100 °C

Junction temperature operating range for industrial (I) temperature devices –40 – 100 °C

Notes: 
1. All voltages are relative to ground.
2. VCCINT and VCCBRAM should be connected to the same supply.
3. Configuration data is retained even if VCCO drops to 0V.
4. Includes VCCO of 1.2V, 1.5V, 1.8V, 2.5V, and 3.3V.
5. The lower absolute voltage specification always applies.
6. A total of 200 mA per bank should not be exceeded.
7. VCCBATT is required only when using bitstream encryption. If battery is not used, connect VCCBATT to either ground or VCCAUX.
8. Each voltage listed requires the filter circuit described in UG476: 7 Series FPGAs GTX/GTH Transceiver User Guide.
9. For data rates ≤ 10.3125 Gb/s, VMGTAVCC should be 1.0V ±3% for lower power consumption.
10. For lower power consumption, VMGTAVCC should be 1.0V ±3% over the entire CPLL frequency range.

Table  3: DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Typ(1) Max Units

VDRINT Data retention VCCINT voltage (below which configuration data might be lost) 0.75 – – V

VDRI Data retention VCCAUX voltage (below which configuration data might be lost) 1.5 – – V

IREF VREF leakage current per pin – – 15 µA

IL Input or output leakage current per pin (sample-tested) – – 15 µA

CIN
(2) Die input capacitance at the pad – – 8 pF

IRPU

Pad pull-up (when selected) @ VIN = 0V, VCCO = 3.3V 90 – 330 µA

Pad pull-up (when selected) @ VIN = 0V, VCCO = 2.5V 68 – 250 µA

Pad pull-up (when selected) @ VIN = 0V, VCCO = 1.8V 34 – 220 µA

Pad pull-up (when selected) @ VIN = 0V, VCCO = 1.5V 23 – 150 µA

Pad pull-up (when selected) @ VIN = 0V, VCCO = 1.2V 12 – 120 µA

IRPD
Pad pull-down (when selected) @ VIN = 3.3V 68 – 330 µA

Pad pull-down (when selected) @ VIN = 1.8V 45 – 180 µA

ICCADC Analog supply current, analog circuits in powered up state – – 25 mA

IBATT
(3) Battery supply current – – 150 nA

Table  2: Recommended Operating Conditions (1) (Cont’d)

Symbol Description Min Typ Max Units

http://www.xilinx.com/support/documentation/user_guides/ug476_7Series_Transceivers.pdf
http://www.xilinx.com
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VCCO + 0.80 9.71 –0.80 50.0

VCCO + 0.85 4.51 –0.85 28.4

VCCO + 0.90 2.12 –0.90 12.7

VCCO + 0.95 1.01 –0.95 5.79

Notes: 
1. A total of 200 mA per bank should not be exceeded.
2. For UI smaller than 20 µs.

Table  6: Typical Quiescent Supply Current

Symbol Description Device

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

ICCINTQ Quiescent VCCINT supply current XC7K70T 241 241 241 187 mA

XC7K160T 474 474 474 368 mA

XC7K325T 810 810 810 629 mA

XC7K355T 993 993 993 771 mA

XC7K410T 1080 1080 1080 838 mA

XC7K420T 1313 1313 1313 1019 mA

XC7K480T 1313 1313 1313 1019 mA

ICCOQ Quiescent VCCO supply current XC7K70T 1 1 1 1 mA

XC7K160T 1 1 1 1 mA

XC7K325T 1 1 1 1 mA

XC7K355T 1 1 1 1 mA

XC7K410T 1 1 1 1 mA

XC7K420T 1 1 1 1 mA

XC7K480T 1 1 1 1 mA

ICCAUXQ Quiescent VCCAUX supply current XC7K70T 21 21 21 21 mA

XC7K160T 40 40 40 40 mA

XC7K325T 68 68 68 68 mA

XC7K355T 75 75 75 75 mA

XC7K410T 85 85 85 85 mA

XC7K420T 99 99 99 99 mA

XC7K480T 99 99 99 99 mA

ICCAUX_IOQ Quiescent VCCAUX_IO supply current XC7K70T N/A N/A N/A N/A mA

XC7K160T 2 2 2 2 mA

XC7K325T 2 2 2 2 mA

XC7K355T N/A N/A N/A N/A mA

XC7K410T 2 2 2 2 mA

XC7K420T N/A N/A N/A N/A mA

XC7K480T N/A N/A N/A N/A mA

Table  5: Maximum Allowed AC Voltage Overshoot and Undershoot for 1.8V HP I/O Banks(1)(2) (Cont’d)

AC Voltage Overshoot % of UI @–40°C to 100°C AC Voltage Undershoot % of UI @–40°C to 100°C

http://www.xilinx.com
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Table 7 shows the minimum current, in addition to ICCQ, that are required by Kintex-7 devices for proper power-on and 
configuration. If the current minimums shown in Table 6 and Table 7 are met, the device powers on after all five supplies have 
passed through their power-on reset threshold voltages. The FPGA must not be configured until after VCCINT is applied.

Once initialized and configured, use the XPower tools to estimate current drain on these supplies.

Table  7: Power-On Current for Kintex-7 Devices

Device
ICCINTMIN ICCAUXMIN ICCOMIN ICCAUX_IOMIN ICCBRAMMIN

Units
Typ(1) Typ(1) Typ(1) Typ(1) Typ(1)

XC7K70T ICCINTQ + 450 ICCAUXQ + 40 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 40 mA

XC7K160T ICCINTQ + 550 ICCAUXQ + 50 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 40 mA

XC7K325T ICCINTQ + 600 ICCAUXQ + 80 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 40 mA

XC7K355T ICCINTQ + 1450 ICCAUXQ + 109 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 81 mA

XC7K410T ICCINTQ + 1500 ICCAUXQ + 125 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 90 mA

XC7K420T ICCINTQ + 2200 ICCAUXQ + 180 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 108 mA

XC7K480T ICCINTQ + 2200 ICCAUXQ + 180 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 108 mA

Notes: 
1. Typical values are specified at nominal voltage, 25°C.
2. Use the XPower Estimator (XPE) spreadsheet tool (download at http://www.xilinx.com/power) to calculate maximum power-on currents.

Table  8: Power Supply Ramp Time

Symbol Description Conditions Min Max Units

TVCCINT Ramp time from GND to 90% of VCCINT 0.2 50 ms

TVCCO Ramp time from GND to 90% of VCCO 0.2 50 ms

TVCCAUX Ramp time from GND to 90% of VCCAUX 0.2 50 ms

TVCCAUX_IO Ramp time from GND to 90% of VCCAUX_IO 0.2 50 ms

TVCCBRAM Ramp time from GND to 90% of VCCBRAM 0.2 50 ms

TVCCO2VCCAUX Allowed time per power cycle for VCCO – VCCAUX > 2.625V 
TJ = 100°C(1) – 500

ms
TJ = 85°C(1) – 800

TMGTAVCC Ramp time from GND to 90% of VMGTAVCC 0.2 50 ms

TMGTAVTT Ramp time from GND to 90% of VMGTAVTT 0.2 50 ms

TMGTVCCAUX Ramp time from GND to 90% of VMGTVCCAUX 0.2 50 ms

Notes: 
1. Based on 240,000 power cycles with nominal VCCO of 3.3V or 36,500 power cycles with a worst case VCCO of 3.465V.

http://www.xilinx.com/power
http://www.xilinx.com
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LVDS DC Specifications (LVDS_25)

The LVDS_25 standard is available in the HR I/O banks. See UG471: 7 Series FPGAs SelectIO Resources User Guide for 
more information.

LVDS DC Specifications (LVDS)

The LVDS standard is available in the HP I/O banks. See UG471: 7 Series FPGAs SelectIO Resources User Guide for more 
information.

Table  12: LVDS_25 DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units

VCCO Supply Voltage 2.375 2.500 2.625 V

VOH Output High Voltage for Q and Q RT = 100 Ω across Q and Q signals – – 1.675 V

VOL Output Low Voltage for Q and Q RT = 100 Ω across Q and Q signals 0.700 – – V

VODIFF
Differential Output Voltage (Q – Q),
Q = High (Q – Q), Q = High

RT = 100 Ω across Q and Q signals 247 350 600 mV

VOCM Output Common-Mode Voltage RT = 100 Ω across Q and Q signals 1.000 1.250 1.425 V

VIDIFF
Differential Input Voltage (Q – Q),
Q = High (Q – Q), Q = High

100 350 600 mV

VICM Input Common-Mode Voltage 0.300 1.200 1.425 V

Table  13: LVDS DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units

VCCO Supply Voltage 1.710 1.800 1.890 V

VOH Output High Voltage for Q and Q RT = 100 Ω across Q and Q signals – – 1.675 V

VOL Output Low Voltage for Q and Q RT = 100 Ω across Q and Q signals 0.825 – – V

VODIFF
Differential Output Voltage (Q – Q),
Q = High (Q – Q), Q = High

RT = 100 Ω across Q and Q signals 247 350 600 mV

VOCM Output Common-Mode Voltage RT = 100 Ω across Q and Q signals 1.000 1.250 1.425 V

VIDIFF
Differential Input Voltage (Q – Q),
Q = High (Q – Q), Q = High

Common-mode input voltage = 1.25V 100 350 600 mV

VICM Input Common-Mode Voltage Differential input voltage = ±350 mV 0.300 1.200 1.425 V

http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug471_7Series_SelectIO.pdf
http://www.xilinx.com/support/documentation/user_guides/ug471_7Series_SelectIO.pdf
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Production Silicon and ISE Software Status

In some cases, a particular family member (and speed grade) is released to production before a speed specification is 
released with the correct label (Advance, Preliminary, Production). Any labeling discrepancies are corrected in subsequent 
speed specification releases.

Table 15 lists the production released Kintex-7 device, speed grade, and the minimum corresponding supported speed 
specification version and ISE software revisions. The ISE software and speed specifications listed are the minimum releases 
required for production. All subsequent releases of software and speed specifications are valid.

Performance Characteristics

This section provides the performance characteristics of some common functions and designs implemented in Kintex-7 
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 AC Switching Characteristics, page 11. In each table, the I/O bank type is either High 
Performance (HP) or High Range (HR).

Table  15: Kintex-7 Device Production Software and Speed Specification Release

Device

Speed Grade Designations

1.0V 0.9V

-3 -2/-2L -1 -2L

XC7K70T ISE 14.2 v1.06 ISE 14.3 v1.06

XC7K160T ISE 14.2 v1.06 ISE 14.3 v1.06

XC7K325T ISE 14.2 v1.06 ISE 14.3 v1.06

XC7K355T ISE 14.2 v1.06 ISE 14.3 v1.06

XC7K410T ISE 14.2 v1.06 ISE 14.3 v1.06

XC7K420T ISE 14.2 v1.06 ISE 14.3 v1.06

XC7K480T ISE 14.2 v1.06 ISE 14.3 v1.06

Table  16: Networking Applications Interface Performances

Description
I/O 

Bank 
Type

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

SDR LVDS transmitter (using OSERDES; DATA_WIDTH = 4 to 8) HR 710 710 625 625 Mb/s

HP 710 710 625 625 Mb/s

DDR LVDS transmitter (using OSERDES; DATA_WIDTH = 4 to 14) HR 1250 1250 950 950 Mb/s

HP 1600 1400 1250 1250 Mb/s

SDR LVDS receiver (SFI-4.1)(1) HR 710 710 625 625 Mb/s

HP 710 710 625 625 Mb/s

DDR LVDS receiver (SPI-4.2)(1) HR 1250 1250 950 950 Mb/s

HP 1600 1400 1250 1250 Mb/s

Notes: 
1. LVDS receivers are typically bounded with certain applications where specific dynamic phase-alignment (DPA) algorithms dominate 

deterministic performance.

http://www.xilinx.com
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Table  17: Maximum Physical Interface (PHY) Rate for Memory Interfaces (FFG Packages)(1)(2)

Memory 
Standard I/O Bank Type VCCAUX_IO

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

4:1 Memory Controllers

DDR3

HP 2.0V 1866 1866 1600 1333 Mb/s

HP 1.8V 1600 1333 1066 1066 Mb/s

HR N/A 1066 1066 800 800 Mb/s

DDR3L

HP 2.0V 1600 1600 1333 1066 Mb/s

HP 1.8V 1333 1066 800 800 Mb/s

HR N/A 800 800 667 667 Mb/s

DDR2

HP 2.0V 800 800 800 800 Mb/s

HP 1.8V 800 800 800 800 Mb/s

HR N/A 800 800 800 800 Mb/s

RLDRAM III(3)

HP 2.0V 800 667 667 533 MHz

HP 1.8V 550 500 450 450 MHz

HR N/A N/A

2:1 Memory Controllers

DDR3

HP 2.0V 1066 1066 800 800 Mb/s

HP 1.8V 1066 1066 800 800 Mb/s

HR N/A 1066 1066 800 800 Mb/s

DDR3L

HP 2.0V 1066 1066 800 800 Mb/s

HP 1.8V 1066 1066 800 800 Mb/s

HR N/A 800 800 667 667 Mb/s

DDR2

HP 2.0V

800 800 800 800 Mb/sHP 1.8V

HR N/A

QDR II+(4)

HP 2.0V
550 500 450 450 MHz

HP 1.8V

HR N/A 500 450 400 400 MHz

RLDRAM II

HP 2.0V

533 500 450 450 MHzHP 1.8V

HR N/A

LPDDR2(3)

HP 2.0V 800 800 800 800 Mb/s

HP 1.8V 800 800 800 800 Mb/s

HR N/A 800 667 667 667 Mb/s

Notes: 
1. VREF tracking is required. For more information, see UG586, 7 Series FPGAs Memory Interface Solutions User Guide.
2. When using the internal VREF, the maximum data rate is 800 Mb/s (400 MHz).
3. RLDRAM III (BL = 4, BL = 8) and LPDDR2 specifications have not been validated with memory IP.
4. The maximum QDRII+ performance specifications are for burst-length 4 (BL = 4) implementations. Burst length 2 (BL = 2) implementations 

are limited to 333 MHz for all speed grades and I/O bank types.

http://www.xilinx.com/support/documentation/ipmeminterfacestorelement_meminterfacecontrol_mig-7series.htm
http://www.xilinx.com
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HSTL_I_F 0.61 0.64 0.73 0.79 1.10 1.19 1.23 1.41 1.86 2.05 2.22 1.92 ns

HSTL_II_F 0.61 0.64 0.73 0.78 1.05 1.18 1.28 1.42 1.81 2.04 2.27 1.94 ns

HSTL_I_18_F 0.64 0.67 0.76 0.79 1.05 1.18 1.28 1.44 1.81 2.04 2.27 1.95 ns

HSTL_II_18_F 0.64 0.67 0.76 0.79 1.03 1.14 1.23 1.42 1.79 2.00 2.22 1.94 ns

DIFF_HSTL_I_F 0.63 0.67 0.77 0.78 1.09 1.18 1.22 1.48 1.85 2.04 2.21 2.00 ns

DIFF_HSTL_II_F 0.63 0.67 0.77 0.79 1.02 1.11 1.14 1.48 1.78 1.97 2.13 2.00 ns

DIFF_HSTL_I_18_F 0.65 0.69 0.78 0.79 1.08 1.17 1.21 1.48 1.84 2.03 2.20 2.00 ns

DIFF_HSTL_II_18_F 0.65 0.69 0.78 0.81 1.01 1.10 1.13 1.48 1.77 1.96 2.12 2.00 ns

LVCMOS33_S4 1.31 1.40 1.60 1.54 5.23 5.61 6.09 4.13 5.99 6.47 7.08 4.64 ns

LVCMOS33_S8 1.31 1.40 1.60 1.54 4.46 4.85 5.33 3.84 5.22 5.71 6.32 4.36 ns

LVCMOS33_S12 1.31 1.40 1.60 1.54 3.46 3.89 4.42 3.41 4.22 4.75 5.41 3.92 ns

LVCMOS33_S16 1.31 1.40 1.60 1.54 3.06 3.43 3.88 3.72 3.82 4.29 4.87 4.23 ns

LVCMOS33_F4 1.31 1.40 1.60 1.54 4.70 5.01 5.36 3.58 5.46 5.87 6.35 4.09 ns

LVCMOS33_F8 1.31 1.40 1.60 1.54 3.62 4.04 4.56 3.06 4.38 4.90 5.55 3.58 ns

LVCMOS33_F12 1.31 1.40 1.60 1.54 2.57 2.85 3.15 2.88 3.33 3.71 4.14 3.39 ns

LVCMOS33_F16 1.31 1.40 1.60 1.54 2.44 2.69 2.96 2.88 3.20 3.55 3.95 3.39 ns

LVCMOS25_S4 1.08 1.16 1.32 1.36 4.49 4.80 5.16 3.44 5.25 5.66 6.15 3.95 ns

LVCMOS25_S8 1.08 1.16 1.32 1.36 3.66 4.04 4.49 3.20 4.42 4.90 5.48 3.72 ns

LVCMOS25_S12 1.08 1.16 1.32 1.36 2.77 3.10 3.49 2.80 3.53 3.96 4.48 3.31 ns

LVCMOS25_S16 1.08 1.16 1.32 1.36 3.24 3.62 4.09 3.14 4.00 4.48 5.08 3.66 ns

LVCMOS25_F4 1.08 1.16 1.32 1.36 3.96 4.31 4.72 3.06 4.72 5.17 5.71 3.58 ns

LVCMOS25_F8 1.08 1.16 1.32 1.36 2.43 2.87 3.42 2.50 3.19 3.73 4.41 3.02 ns

LVCMOS25_F12 1.08 1.16 1.32 1.36 2.23 2.63 3.13 2.48 2.99 3.49 4.12 3.00 ns

LVCMOS25_F16 1.08 1.16 1.32 1.36 1.92 2.17 2.45 2.33 2.68 3.03 3.44 2.84 ns

LVCMOS18_S4 0.64 0.66 0.74 0.87 3.24 3.45 3.66 1.91 4.00 4.31 4.65 2.42 ns

LVCMOS18_S8 0.64 0.66 0.74 0.87 2.58 2.91 3.31 2.50 3.34 3.77 4.30 3.02 ns

LVCMOS18_S12 0.64 0.66 0.74 0.87 2.58 2.91 3.31 2.50 3.34 3.77 4.30 3.02 ns

LVCMOS18_S16 0.64 0.66 0.74 0.87 1.82 2.03 2.24 1.84 2.58 2.89 3.23 2.36 ns

LVCMOS18_S24(1) 0.64 0.66 0.74 0.87 1.74 1.92 2.08 1.92 2.50 2.78 3.07 2.44 ns

LVCMOS18_F4 0.64 0.66 0.74 0.87 3.12 3.31 3.49 1.77 3.88 4.17 4.48 2.28 ns

LVCMOS18_F8 0.64 0.66 0.74 0.87 1.91 2.13 2.36 2.00 2.67 2.99 3.35 2.52 ns

LVCMOS18_F12 0.64 0.66 0.74 0.87 1.91 2.13 2.36 2.00 2.67 2.99 3.35 2.52 ns

LVCMOS18_F16 0.64 0.66 0.74 0.87 1.52 1.68 1.81 1.72 2.28 2.54 2.80 2.23 ns

LVCMOS18_F24(1) 0.64 0.66 0.74 0.87 1.34 1.46 1.55 1.66 2.10 2.32 2.54 2.17 ns

LVCMOS15_S4 0.66 0.69 0.81 0.90 3.48 3.74 4.03 2.22 4.24 4.60 5.02 2.73 ns

LVCMOS15_S8 0.66 0.69 0.81 0.90 2.37 2.67 3.01 2.41 3.13 3.53 4.00 2.92 ns

LVCMOS15_S12 0.66 0.69 0.81 0.90 1.83 2.03 2.23 1.91 2.59 2.89 3.22 2.42 ns

Table  19: 3.3V IOB High Range (HR) Switching Characteristics (Cont’d)

I/O Standard

TIOPI TIOOP TIOTP

Units
Speed Grade Speed Grade Speed Grade

1.0V 0.9V 1.0V 0.9V 1.0V 0.9V

-3 -2/-2L -1 -2L -3 -2/-2L -1 -2L -3 -2/-2L -1 -2L

http://www.xilinx.com
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Table  20: 1.8V IOB High Performance (HP) Switching Characteristics

I/O Standard

TIOPI TIOOP TIOTP

Units
Speed Grade Speed Grade Speed Grade

1.0V 0.9V 1.0V 0.9V 1.0V 0.9V

-3 -2/-2L -1 -2L -3 -2/-2L -1 -2L -3 -2/-2L -1 -2L

LVDS 0.75 0.79 0.92 0.89 1.05 1.17 1.24 1.43 1.68 1.92 2.06 2.04 ns

HSUL_12 0.69 0.72 0.82 0.95 1.65 1.84 2.05 1.80 2.29 2.59 2.87 2.41 ns

DIFF_HSUL_12 0.69 0.72 0.82 0.92 1.65 1.84 2.05 1.47 2.29 2.59 2.87 2.08 ns

HSTL_I_S 0.68 0.72 0.82 0.84 1.15 1.28 1.38 1.46 1.79 2.03 2.20 2.07 ns

HSTL_II_S 0.68 0.72 0.82 0.84 1.05 1.17 1.26 1.44 1.69 1.93 2.08 2.05 ns

HSTL_I_18_S 0.70 0.72 0.82 0.86 1.12 1.24 1.34 1.41 1.75 2.00 2.16 2.02 ns

HSTL_II_18_S 0.70 0.72 0.82 0.86 1.06 1.18 1.26 1.44 1.70 1.94 2.08 2.05 ns

HSTL_I_12_S 0.68 0.72 0.82 0.94 1.14 1.27 1.37 1.43 1.78 2.02 2.20 2.04 ns

HSTL_I_DCI_S 0.68 0.72 0.82 0.78 1.11 1.23 1.33 1.36 1.74 1.99 2.15 1.98 ns

HSTL_II_DCI_S 0.68 0.72 0.82 0.78 1.05 1.17 1.26 1.33 1.69 1.93 2.08 1.94 ns

HSTL_II_T_DCI_S 0.70 0.72 0.82 0.76 1.15 1.28 1.38 1.40 1.78 2.03 2.20 2.01 ns

HSTL_I_DCI_18_S 0.70 0.72 0.82 0.76 1.11 1.23 1.33 1.36 1.74 1.99 2.15 1.98 ns

HSTL_II_DCI_18_S 0.70 0.72 0.82 0.76 1.05 1.16 1.24 1.32 1.69 1.92 2.06 1.93 ns

HSTL_II _T_DCI_18_S 0.70 0.72 0.82 0.76 1.11 1.23 1.33 1.36 1.74 1.99 2.15 1.98 ns

DIFF_HSTL_I_S 0.75 0.79 0.92 0.89 1.15 1.28 1.38 1.47 1.79 2.03 2.20 2.08 ns

DIFF_HSTL_II_S 0.75 0.79 0.92 0.89 1.05 1.17 1.26 1.47 1.69 1.93 2.08 2.08 ns

DIFF_HSTL_I_DCI_S 0.75 0.79 0.92 0.76 1.15 1.28 1.38 1.47 1.78 2.03 2.20 2.08 ns

DIFF_HSTL_II_DCI_S 0.75 0.79 0.92 0.76 1.05 1.17 1.26 1.40 1.69 1.93 2.08 2.01 ns

DIFF_HSTL_I_18_S 0.75 0.79 0.92 0.89 1.12 1.24 1.34 1.46 1.75 2.00 2.16 2.07 ns

DIFF_HSTL_II_18_S 0.75 0.79 0.92 0.89 1.06 1.18 1.26 1.47 1.70 1.94 2.08 2.08 ns

DIFF_HSTL_I_DCI_18_S 0.75 0.79 0.92 0.75 1.11 1.23 1.33 1.46 1.74 1.99 2.15 2.07 ns

DIFF_HSTL_II_DCI_18_S 0.75 0.79 0.92 0.75 1.05 1.16 1.24 1.41 1.69 1.92 2.06 2.02 ns

DIFF_HSTL_II _T_DCI_18_S 0.75 0.79 0.92 0.76 1.11 1.23 1.33 1.46 1.74 1.99 2.15 2.07 ns

HSTL_I_F 0.68 0.72 0.82 0.84 1.02 1.14 1.22 1.26 1.66 1.90 2.04 1.87 ns

HSTL_II_F 0.68 0.72 0.82 0.84 0.97 1.08 1.15 1.29 1.61 1.84 1.97 1.90 ns

HSTL_I_18_F 0.70 0.72 0.82 0.86 1.04 1.16 1.24 1.32 1.68 1.91 2.06 1.93 ns

HSTL_II_18_F 0.70 0.72 0.82 0.86 0.98 1.09 1.16 1.35 1.62 1.85 1.98 1.96 ns

HSTL_I_12_F 0.68 0.72 0.82 0.94 1.02 1.13 1.21 1.26 1.65 1.88 2.03 1.87 ns

HSTL_I_DCI_F 0.68 0.72 0.82 0.78 1.04 1.16 1.24 1.30 1.67 1.91 2.06 1.91 ns

HSTL_II_DCI_F 0.68 0.72 0.82 0.78 0.97 1.08 1.15 1.22 1.61 1.84 1.97 1.83 ns

HSTL_II_T_DCI_F 0.70 0.72 0.82 0.76 1.02 1.14 1.22 1.26 1.66 1.90 2.04 1.87 ns

HSTL_I_DCI_18_F 0.70 0.72 0.82 0.76 1.04 1.16 1.24 1.30 1.67 1.91 2.06 1.91 ns

HSTL_II_DCI_18_F 0.70 0.72 0.82 0.76 0.98 1.09 1.16 1.27 1.61 1.85 1.98 1.88 ns

HSTL_II _T_DCI_18_F 0.70 0.72 0.82 0.76 1.04 1.16 1.24 1.30 1.67 1.91 2.06 1.91 ns

DIFF_HSTL_I_F 0.75 0.79 0.92 0.89 1.02 1.14 1.22 1.35 1.66 1.90 2.04 1.96 ns

DIFF_HSTL_II_F 0.75 0.79 0.92 0.89 0.97 1.08 1.15 1.35 1.61 1.84 1.97 1.96 ns

DIFF_HSTL_I_DCI_F 0.75 0.79 0.92 0.76 1.02 1.14 1.22 1.35 1.66 1.90 2.04 1.96 ns
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SSTL18_I_F 0.68 0.72 0.82 0.86 0.94 1.06 1.15 1.32 1.58 1.82 1.97 1.93 ns

SSTL18_II_F 0.68 0.72 0.82 0.87 0.97 1.09 1.16 1.36 1.61 1.84 1.99 1.98 ns

SSTL18_I_DCI_F 0.68 0.72 0.82 0.76 0.89 1.02 1.10 1.30 1.53 1.77 1.92 1.91 ns

SSTL18_II_DCI_F 0.68 0.72 0.82 0.78 0.89 1.02 1.10 1.24 1.53 1.77 1.92 1.85 ns

SSTL18_II_T_DCI_F 0.68 0.72 0.82 0.78 0.89 1.02 1.10 1.27 1.53 1.77 1.92 1.88 ns

SSTL15_F 0.68 0.72 0.82 0.81 0.89 1.01 1.09 1.24 1.53 1.77 1.91 1.85 ns

SSTL15_DCI_F 0.68 0.72 0.82 0.78 0.89 1.01 1.09 1.27 1.53 1.77 1.91 1.88 ns

SSTL15_T_DCI_F 0.68 0.72 0.82 0.80 0.89 1.01 1.09 1.27 1.53 1.77 1.91 1.88 ns

SSTL135_F 0.69 0.72 0.82 0.89 0.88 1.00 1.08 1.27 1.52 1.76 1.90 1.88 ns

SSTL135_DCI_F 0.69 0.72 0.82 0.84 0.89 1.00 1.08 1.27 1.52 1.76 1.90 1.88 ns

SSTL135_T_DCI_F 0.69 0.72 0.82 0.84 0.89 1.00 1.08 1.27 1.52 1.76 1.90 1.88 ns

SSTL12_F 0.69 0.72 0.82 0.95 0.88 1.00 1.08 1.26 1.52 1.76 1.90 1.87 ns

SSTL12_DCI_F 0.69 0.72 0.82 0.91 0.91 1.03 1.11 1.24 1.54 1.79 1.93 1.85 ns

SSTL12_T_DCI_F 0.69 0.72 0.82 0.91 0.91 1.03 1.11 1.26 1.54 1.79 1.93 1.87 ns

DIFF_SSTL18_I_F 0.75 0.79 0.92 0.89 0.94 1.06 1.15 1.38 1.58 1.82 1.97 1.99 ns

DIFF_SSTL18_II_F 0.75 0.79 0.92 0.89 0.97 1.09 1.16 1.40 1.61 1.84 1.99 2.01 ns

DIFF_SSTL18_I_DCI_F 0.75 0.79 0.92 0.76 0.89 1.02 1.10 1.36 1.53 1.77 1.92 1.98 ns

DIFF_SSTL18_II_DCI_F 0.75 0.79 0.92 0.75 0.89 1.02 1.10 1.32 1.53 1.77 1.92 1.93 ns

DIFF_SSTL18_II_T_DCI_F 0.75 0.79 0.92 0.76 0.89 1.02 1.10 1.38 1.53 1.77 1.92 1.99 ns

DIFF_SSTL15_F 0.68 0.72 0.82 0.89 0.89 1.01 1.09 1.24 1.53 1.77 1.91 1.85 ns

DIFF_SSTL15_DCI_F 0.68 0.72 0.82 0.75 0.89 1.01 1.09 1.27 1.53 1.77 1.91 1.88 ns

DIFF_SSTL15_T_DCI_F 0.68 0.72 0.82 0.76 0.89 1.01 1.09 1.35 1.53 1.77 1.91 1.96 ns

DIFF_SSTL135_F 0.69 0.72 0.82 0.91 0.88 1.00 1.08 1.27 1.52 1.76 1.90 1.88 ns

DIFF_SSTL135_DCI_F 0.69 0.72 0.82 0.76 0.89 1.00 1.08 1.27 1.52 1.76 1.90 1.88 ns

DIFF_SSTL135_T_DCI_F 0.69 0.72 0.82 0.76 0.89 1.00 1.08 1.35 1.52 1.76 1.90 1.96 ns

DIFF_SSTL12_F 0.69 0.72 0.82 0.91 0.88 1.00 1.08 1.26 1.52 1.76 1.90 1.87 ns

DIFF_SSTL12_DCI_F 0.69 0.72 0.82 0.78 0.91 1.03 1.11 1.24 1.54 1.79 1.93 1.85 ns

DIFF_SSTL12_T_DCI_F 0.69 0.72 0.82 0.80 0.91 1.03 1.11 1.33 1.54 1.79 1.93 1.94 ns

Notes: 
1. This I/O standard is only available in the 1.8V high-performance (HP) banks.

Table  20: 1.8V IOB High Performance (HP) Switching Characteristics (Cont’d)

I/O Standard

TIOPI TIOOP TIOTP

Units
Speed Grade Speed Grade Speed Grade

1.0V 0.9V 1.0V 0.9V 1.0V 0.9V

-3 -2/-2L -1 -2L -3 -2/-2L -1 -2L -3 -2/-2L -1 -2L
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Table 21 specifies the values of TIOTPHZ and TIOIBUFDISABLE. TIOTPHZ is described as the delay from the T pin to the IOB pad 
through the output buffer of an IOB pad, when 3-state is enabled (i.e., a high impedance state). TIOIBUFDISABLE is described 
as the IOB delay from IBUFDISABLE to O output. In HP I/O banks, the internal DCI termination turn-off time is always faster 
than TIOTPHZ when the DCITERMDISABLE pin is used. In HR I/O banks, the internal IN_TERM termination turn-off time is 
always faster than TIOTPHZ when the INTERMDISABLE pin is used.

Table  21: IOB 3-state Output Switching Characteristics

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

TIOTPHZ T input to pad high-impedance 0.76 0.86 0.99 0.62 ns

TIOIBUFDISABLE_HR IBUF turn-on time from IBUFDISABLE to O output for HR 
I/O banks

1.72 1.89 2.14 2.17 ns

TIOIBUFDISABLE_HP IBUF turn-on time from IBUFDISABLE to O output for HP 
I/O banks

1.31 1.46 1.76 1.86 ns
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Input/Output Logic Switching Characteristics
 

Table  22: ILOGIC Switching Characteristics

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

Setup/Hold

TICE1CK/TICKCE1 CE1 pin Setup/Hold with respect to CLK 0.42/0.00 0.48/0.00 0.67/0.00 0.56/–0.16 ns

TISRCK/TICKSR SR pin Setup/Hold with respect to CLK 0.53/0.01 0.61/0.01 0.99/0.01 0.88/–0.30 ns

TIDOCKE2/TIOCKDE2 D pin Setup/Hold with respect to CLK without Delay
(HP I/O banks only)

0.01/0.27 0.01/0.29 0.01/0.34 0.01/0.41 ns

TIDOCKDE2/TIOCKDDE2 DDLY pin Setup/Hold with respect to CLK (using IDELAY)
(HP I/O banks only)

0.01/0.27 0.02/0.29 0.02/0.34 0.01/0.41 ns

TIDOCKE3/TIOCKDE3 D pin Setup/Hold with respect to CLK without Delay
(HR I/O banks only)

0.01/0.27 0.01/0.29 0.01/0.34 0.01/0.41 ns

TIDOCKDE3/TIOCKDDE3 DDLY pin Setup/Hold with respect to CLK (using IDELAY) 
(HR I/O banks only)

0.01/0.27 0.02/0.29 0.02/0.34 0.01/0.41 ns

Combinatorial

TIDIE2 D pin to O pin propagation delay, no Delay
(HP I/O banks only)

0.09 0.10 0.12 0.14 ns

TIDIDE2 DDLY pin to O pin propagation delay (using IDELAY)
(HP I/O banks only)

0.10 0.11 0.13 0.15 ns

TIDIE3 D pin to O pin propagation delay, no Delay
(HR I/O banks only)

0.09 0.10 0.12 0.14 ns

TIDIDE3 DDLY pin to O pin propagation delay (using IDELAY)
(HR I/O banks only)

0.10 0.11 0.13 0.15 ns

Sequential Delays

TIDLOE2 D pin to Q1 pin using flip-flop as a latch without Delay
(HP I/O banks only)

0.36 0.39 0.45 0.54 ns

TIDLODE2 DDLY pin to Q1 pin using flip-flop as a latch (using IDELAY)
(HP I/O banks only)

0.36 0.39 0.45 0.55 ns

TIDLOE3 D pin to Q1 pin using flip-flop as a latch without Delay
(HR I/O banks only)

0.36 0.39 0.45 0.54 ns

TIDLODE3 DDLY pin to Q1 pin using flip-flop as a latch (using IDELAY)
(HR I/O banks only)

0.36 0.39 0.45 0.55 ns

TICKQ CLK to Q outputs 0.47 0.50 0.58 0.71 ns

TRQ_ILOGICE2 SR pin to OQ/TQ out (HP I/O banks only) 0.84 0.94 1.16 1.32 ns

TGSRQ_ILOGICE2 Global Set/Reset to Q outputs (HP I/O banks only) 7.60 7.60 10.51 11.39 ns

TRQ_ILOGICE3 SR pin to OQ/TQ out (HR I/O banks only) 0.84 0.94 1.16 1.32 ns

TGSRQ_ILOGICE3 Global Set/Reset to Q outputs (HR I/O banks only) 7.60 7.60 10.51 11.39 ns

Set/Reset

TRPW_ILOGICE2 Minimum Pulse Width, SR inputs (HP I/O banks only) 0.54 0.63 0.63 0.68 ns, Min

TRPW_ILOGICE3 Minimum Pulse Width, SR inputs (HR I/O banks only) 0.54 0.63 0.63 0.68 ns, Min
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Input/Output Delay Switching Characteristics

Table  26: Input/Output Delay Switching Characteristics

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

IDELAYCTRL

TDLYCCO_RDY Reset to Ready for IDELAYCTRL 3.22 3.22 3.22 3.22 µs

FIDELAYCTRL_REF Attribute REFCLK frequency = 200.00(1) 200.00 200.00 200.00 200.00 MHz

Attribute REFCLK frequency = 300.00(1) 300.00 300.00 N/A N/A MHz

IDELAYCTRL_REF_PRECISION REFCLK precision ±10 ±10 ±10 ±10 MHz

TIDELAYCTRL_RPW Minimum Reset pulse width 52.00 52.00 52.00 52.00 ns

IDELAY/ODELAY

TIDELAYRESOLUTION IDELAY/ODELAY chain delay resolution 1/(32 x 2 x FREF) ps

TIDELAYPAT_JIT and 
TODELAYPAT_JIT

Pattern dependent period jitter in delay 
chain for clock pattern.(2)

0 0 0 0 ps
per tap

Pattern dependent period jitter in delay 
chain for random data pattern 
(PRBS 23)(3)

±5 ±5 ±5 ±5 ps
per tap

Pattern dependent period jitter in delay 
chain for random data pattern 
(PRBS 23)(4)

±9 ±9 ±9 ±9 ps
per tap

TIDELAY_CLK_MAX/
TODELAY_CLK_MAX

Maximum frequency of CLK input to 
IDELAY/ODELAY

800.00 800.00 710.00 710.00 MHz

TIDCCK_CE / TIDCKC_CE CE pin Setup/Hold with respect to C for 
IDELAY

0.11/0.10 0.14/0.12 0.18/0.14 0.14/0.16 ns

TODCCK_CE / TODCKC_CE CE pin Setup/Hold with respect to C for 
ODELAY

0.14/0.03 0.16/0.04 0.19/0.05 0.28/0.06 ns

TIDCCK_INC/ TIDCKC_INC INC pin Setup/Hold with respect to C for 
IDELAY

0.10/0.14 0.12/0.16 0.14/0.20 0.10/0.23 ns

TODCCK_INC/ TODCKC_INC INC pin Setup/Hold with respect to C for 
ODELAY

0.10/0.07 0.12/0.08 0.13/0.09 0.19/0.16 ns

TIDCCK_RST/ TIDCKC_RST RST pin Setup/Hold with respect to C for 
IDELAY

0.13/0.08 0.14/0.10 0.16/0.12 0.22/0.19 ns

TODCCK_RST/ TODCKC_RST RST pin Setup/Hold with respect to C for 
ODELAY

0.16/0.04 0.19/0.06 0.24/0.08 0.32/0.11 ns

TIDDO_IDATAIN Propagation delay through IDELAY Note 5 Note 5 Note 5 Note 5 ps

TODDO_ODATAIN Propagation delay through ODELAY Note 5 Note 5 Note 5 Note 5 ps

Notes: 
1. Average Tap Delay at 200 MHz = 78 ps, at 300 MHz = 52 ps.
2. When HIGH_PERFORMANCE mode is set to TRUE or FALSE.
3. When HIGH_PERFORMANCE mode is set to TRUE.
4. When HIGH_PERFORMANCE mode is set to FALSE.
5. Delay depends on IDELAY/ODELAY tap setting. See TRACE report for actual values.
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CLB Switching Characteristics

Table  28: CLB Switching Characteristics

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

Combinatorial Delays

TILO An – Dn LUT address to A 0.05 0.05 0.06 0.07 ns, Max

TILO_2 An – Dn LUT address to AMUX/CMUX 0.15 0.16 0.19 0.22 ns, Max

TILO_3 An – Dn LUT address to BMUX_A 0.24 0.25 0.30 0.37 ns, Max

TITO An – Dn inputs to A – D Q outputs 0.58 0.61 0.74 0.91 ns, Max

TAXA AX inputs to AMUX output 0.38 0.40 0.49 0.62 ns, Max

TAXB AX inputs to BMUX output 0.40 0.42 0.52 0.66 ns, Max

TAXC AX inputs to CMUX output 0.39 0.41 0.50 0.62 ns, Max

TAXD AX inputs to DMUX output 0.43 0.44 0.52 0.67 ns, Max

TBXB BX inputs to BMUX output 0.31 0.33 0.40 0.51 ns, Max

TBXD BX inputs to DMUX output 0.38 0.39 0.47 0.62 ns, Max

TCXC CX inputs to CMUX output 0.27 0.28 0.34 0.43 ns, Max

TCXD CX inputs to DMUX output 0.33 0.34 0.41 0.54 ns, Max

TDXD DX inputs to DMUX output 0.32 0.33 0.40 0.52 ns, Max

Sequential Delays

TCKO Clock to AQ – DQ outputs 0.26 0.27 0.32 0.40 ns, Max

TSHCKO Clock to AMUX – DMUX outputs 0.32 0.32 0.39 0.46 ns, Max

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

TAS/TAH AN – DN input to CLK on A – D Flip Flops 0.01/0.12 0.02/0.13 0.03/0.18 0.02/0.18 ns, Min

TDICK/TCKDI AX – DX input to CLK on A – D Flip Flops 0.04/0.14 0.04/0.14 0.05/0.20 0.05/0.21 ns, Min

AX – DX input through MUXs and/or carry logic to 
CLK on A – D Flip Flops

0.36/0.10 0.37/0.11 0.46/0.16 0.56/0.15 ns, Min

TCECK_CLB/
TCKCE_CLB

CE input to CLK on A – D Flip Flops 0.19/0.05 0.20/0.05 0.25/0.05 0.24/0.04 ns, Min

TSRCK/TCKSR SR input to CLK on A – D Flip Flops 0.30/0.05 0.31/0.07 0.37/0.09 0.48/0.05 ns, Min

Set/Reset

TSRMIN SR input minimum pulse width 0.52 0.78 1.04 0.95 ns, Min

TRQ Delay from SR input to AQ – DQ flip-flops 0.38 0.38 0.46 0.59 ns, Max

TCEO Delay from CE input to AQ – DQ flip-flops 0.34 0.35 0.43 0.54 ns, Max

FTOG Toggle frequency (for export control) 1818 1818 1818 1286 MHz
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Block RAM and FIFO Switching Characteristics

Table  31: Block RAM and FIFO Switching Characteristics

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

Block RAM and FIFO Clock-to-Out Delays

TRCKO_DO and 
TRCKO_DO_REG

(1)
Clock CLK to DOUT output (without output 
register)(2)(3)

1.57 1.80 2.08 2.44 ns, Max

Clock CLK to DOUT output (with output 
register)(4)(5)

0.54 0.63 0.75 0.86 ns, Max

TRCKO_DO_ECC and
TRCKO_DO_ECC_REG

Clock CLK to DOUT output with ECC 
(without output register)(2)(3)

2.35 2.58 3.26 4.49 ns, Max

Clock CLK to DOUT output with ECC (with 
output register)(4)(5)

0.62 0.69 0.80 0.94 ns, Max

TRCKO_DO_CASCOUT and
TRCKO_DO_CASCOUT_REG

Clock CLK to DOUT output with Cascade 
(without output register)(2)

2.21 2.45 2.80 3.19 ns, Max

Clock CLK to DOUT output with Cascade 
(with output register)(4)

0.98 1.08 1.24 1.32 ns, Max

TRCKO_FLAGS Clock CLK to FIFO flags outputs(6) 0.65 0.74 0.89 0.97 ns, Max

TRCKO_POINTERS Clock CLK to FIFO pointers outputs(7) 0.79 0.87 0.98 1.10 ns, Max

TRCKO_PARITY_ECC Clock CLK to ECCPARITY in ECC encode 
only mode

0.66 0.72 0.80 0.93 ns, Max

TRCKO_SDBIT_ECC and
TRCKO_SDBIT_ECC_REG

Clock CLK to BITERR (without output 
register)

2.17 2.38 3.01 4.15 ns, Max

Clock CLK to BITERR (with output 
register)

0.57 0.65 0.76 0.89 ns, Max

TRCKO_RDADDR_ECC and 
TRCKO_RDADDR_ECC_REG

Clock CLK to RDADDR output with ECC 
(without output register)

0.64 0.74 0.90 0.98 ns, Max

Clock CLK to RDADDR output with ECC 
(with output register)

0.71 0.79 0.92 1.10 ns, Max

Setup and Hold Times Before/After Clock CLK

TRCCK_ADDRA/TRCKC_ADDRA ADDR inputs(8) 0.38/0.27 0.42/0.28 0.48/0.31 0.65/0.38 ns, Min

TRDCK_DI_WF_NC/
TRCKD_DI_WF_NC

Data input setup/hold time when block 
RAM is configured in WRITE_FIRST or 
NO_CHANGE mode(9)

0.49/0.51 0.55/0.53 0.63/0.57 0.78/0.64 ns, Min

TRDCK_DI_RF/TRCKD_DI_RF Data input setup/hold time when block 
RAM is configured in READ_FIRST 
mode(9)

0.17/0.25 0.19/0.29 0.21/0.35 0.25/0.32 ns, Min

TRDCK_DI_ECC/
TRCKD_DI_ECC

DIN inputs with block RAM ECC in 
standard mode(9)

0.42/0.37 0.47/0.39 0.53/0.43 0.66/0.46 ns, Min

TRDCK_DI_ECCW/
TRCKD_DI_ECCW

DIN inputs with block RAM ECC encode 
only(9)

0.79/0.37 0.87/0.39 0.99/0.43 1.17/0.41 ns, Min

TRDCK_DI_ECC_FIFO/
TRCKD_DI_ECC_FIFO

DIN inputs with FIFO ECC in standard 
mode(9)

0.89/0.47 0.98/0.50 1.12/0.54 1.32/0.65 ns, Min

TRCCK_INJECTBITERR/
TRCKC_INJECTBITERR

Inject single/double bit error in ECC mode 0.49/0.30 0.55/0.31 0.63/0.34 0.78/0.41 ns, Min

TRCCK_EN/TRCKC_EN Block RAM Enable (EN) input 0.30/0.17 0.33/0.18 0.38/0.20 0.48/0.22 ns, Min

TRCCK_REGCE/TRCKC_REGCE CE input of output register 0.21/0.13 0.25/0.13 0.31/0.14 0.34/0.16 ns, Min

TRCCK_RSTREG/TRCKC_RSTREG Synchronous RSTREG input 0.25/0.06 0.27/0.06 0.29/0.06 0.35/0.06 ns, Min
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PLL Switching Characteristics

TMMCMDCK_DEN/
TMMCMCKD_DEN

DEN Setup/Hold 1.76/0.00 1.97/0.00 2.29/0.00 2.40/0.00 ns, Min

TMMCMDCK_DWE/
TMMCMCKD_DWE

DWE Setup/Hold 1.25/0.15 1.40/0.15 1.63/0.15 1.43/0.00 ns, Min

TMMCMCKO_DRDY CLK to out of DRDY 0.65 0.72 0.99 0.70 ns, Max

FDCK DCLK frequency 200.00 200.00 200.00 100.00 MHz, Max

Notes: 
1. The MMCM does not filter typical spread-spectrum input clocks because they are usually far below the bandwidth filter frequencies.
2. The static offset is measured between any MMCM outputs with identical phase.
3. Values for this parameter are available in the Clocking Wizard.

See http://www.xilinx.com/products/intellectual-property/clocking_wizard.htm.
4. Includes global clock buffer.
5. Calculated as FVCO/128 assuming output duty cycle is 50%.
6. When CLKOUT4_CASCADE = TRUE, MMCM_FOUTMIN is 0.036 MHz.

Table  39: PLL Specification

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

PLL_FINMAX Maximum Input Clock Frequency 1066.00 933.00 800.00 800.00 MHz

PLL_FINMIN Minimum Input Clock Frequency 19.00 19.00 19.00 19.00 MHz

PLL_FINJITTER Maximum Input Clock Period Jitter < 20% of clock input period or 1 ns Max

PLL_FINDUTY Allowable Input Duty Cycle: 19—49 MHz 25.00 25.00 25.00 25.00 %

Allowable Input Duty Cycle: 50—199 MHz 30.00 30.00 30.00 30.00 %

Allowable Input Duty Cycle: 200—399 MHz 35.00 35.00 35.00 35.00 %

Allowable Input Duty Cycle: 400—499 MHz 40.00 40.00 40.00 40.00 %

Allowable Input Duty Cycle: >500 MHz 45.00 45.00 45.00 45.00 %

PLL_FVCOMIN Minimum PLL VCO Frequency 800.00 800.00 800.00 800.00 MHz

PLL_FVCOMAX Maximum PLL VCO Frequency 2133.00 1866.00 1600.00 1600.00 MHz

PLL_FBANDWIDTH Low PLL Bandwidth at Typical(1) 1.00 1.00 1.00 1.00 MHz

High PLL Bandwidth at Typical(1) 4.00 4.00 4.00 4.00 MHz

PLL_TSTATPHAOFFSET Static Phase Offset of the PLL Outputs(2) 0.12 0.12 0.12 0.12 ns

PLL_TOUTJITTER PLL Output Jitter Note 3

PLL_TOUTDUTY PLL Output Clock Duty Cycle Precision(4) 0.20 0.20 0.20 0.25 ns

PLL_TLOCKMAX PLL Maximum Lock Time 100 100 100 100 µs

PLL_FOUTMAX PLL Maximum Output Frequency 1066.00 933.00 800.00 800.00 MHz

PLL_FOUTMIN PLL Minimum Output Frequency(5) 6.25 6.25 6.25 6.25 MHz

PLL_TEXTFDVAR External Clock Feedback Variation < 20% of clock input period or 1 ns Max

PLL_RSTMINPULSE Minimum Reset Pulse Width 5.00 5.00 5.00 5.00 ns

Table  38: MMCM Specification (Cont’d)

Symbol Description

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

http://www.xilinx.com/products/intellectual-property/clocking_wizard.htm
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Device Pin-to-Pin Input Parameter Guidelines

All devices are 100% functionally tested. Values are expressed in nanoseconds unless otherwise noted.

Table  45: Global Clock Input Setup and Hold Without MMCM/PLL with ZHOLD_DELAY on HR I/O Banks

Symbol Description Device

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

Input Setup and Hold Time Relative to Global Clock Input Signal for SSTL15 Standard.(1)

TPSFD/ TPHFD Full Delay (Legacy Delay or Default 
Delay)
Global Clock Input and IFF(2) without 
MMCM/PLL with ZHOLD_DELAY on 
HR I/O Banks

XC7K70T 2.83/–0.29 2.95/–0.29 3.15/–0.29 4.96/–0.33 ns

XC7K160T 3.17/–0.35 3.29/–0.35 3.55/–0.35 5.54/–0.49 ns

XC7K325T 2.83/–0.06 2.94/–0.06 3.15/–0.06 5.18/–0.14 ns

XC7K355T 3.26/–0.32 3.41/–0.32 3.67/–0.32 5.84/–0.49 ns

XC7K410T 3.43/–0.34 3.59/–0.34 3.88/–0.34 6.21/–0.54 ns

XC7K420T 3.37/–0.27 3.48/–0.27 3.76/–0.27 6.00/–0.52 ns

XC7K480T 3.37/–0.27 3.48/–0.27 3.76/–0.27 6.00/–0.52 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
3. A Zero "0" Hold Time listing indicates no hold time or a negative hold time.

Table  46: Clock-Capable Clock Input Setup and Hold With MMCM

Symbol Description Device

Speed Grade

Units1.0V 0.9V

-3 -2/-2L -1 -2L

Input Setup and Hold Time Relative to Global Clock Input Signal for SSTL15 Standard.(1)

TPSMMCMCC/ 
TPHMMCMCC

No Delay clock-capable clock input and 
IFF(2) with MMCM

XC7K70T 2.39/–0.22 2.65/–0.22 2.94/–0.22 2.21/–0.44 ns

XC7K160T 2.49/–0.20 2.77/–0.20 3.07/–0.20 2.38/–0.47 ns

XC7K325T 2.55/–0.16 2.85/–0.16 3.14/–0.16 2.60/–0.47 ns

XC7K355T 2.43/–0.16 2.73/–0.16 3.00/–0.16 2.47/–0.43 ns

XC7K410T 2.55/–0.16 2.84/–0.16 3.14/–0.16 2.58/–0.47 ns

XC7K420T 2.47/–0.09 2.73/–0.09 3.02/–0.09 2.40/–0.41 ns

XC7K480T 2.47/–0.09 2.73/–0.09 3.02/–0.09 2.40/–0.41 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 
3. Use IBIS to determine any duty-cycle distortion incurred using various standards.
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TJ10.3125 Total Jitter(2)(4)
10.3125 Gb/s

– – 0.28 UI

DJ10.3125 Deterministic Jitter(2)(4) – – 0.17 UI

TJ9.953 Total Jitter(2)(4)
9.953 Gb/s

– – 0.28 UI

DJ9.953 Deterministic Jitter(2)(4) – – 0.17 UI

TJ9.8 Total Jitter(2)(4)
9.8 Gb/s

– – 0.28 UI

DJ9.8 Deterministic Jitter(2)(4) – – 0.17 UI

TJ8.0 Total Jitter(2)(4)
8.0 Gb/s

– – 0.30 UI

DJ8.0 Deterministic Jitter(2)(4) – – 0.15 UI

TJ6.6_QPLL Total Jitter(2)(4)
6.6 Gb/s

– – 0.28 UI

DJ6.6_QPLL Deterministic Jitter(2)(4) – – 0.17 UI

TJ6.6_CPLL Total Jitter(3)(4)
6.6 Gb/s

– – 0.30 UI

DJ6.6_CPLL Deterministic Jitter(3)(4) – – 0.15 UI

TJ5.0 Total Jitter(3)(4)
5.0 Gb/s

– – 0.30 UI

DJ5.0 Deterministic Jitter(3)(4) – – 0.15 UI

TJ4.25 Total Jitter(3)(4)
4.25 Gb/s

– – 0.30 UI

DJ4.25 Deterministic Jitter(3)(4) – – 0.15 UI

TJ3.75 Total Jitter(3)(4)
3.75 Gb/s

– – 0.30 UI

DJ3.75 Deterministic Jitter(3)(4) – – 0.15 UI

TJ3.2 Total Jitter(3)(4)
3.20 Gb/s(5)

– – 0.2 UI

DJ3.2 Deterministic Jitter(3)(4) – – 0.1 UI

TJ3.2L Total Jitter(3)(4)
3.20 Gb/s(6)

– – 0.32 UI

DJ3.2L Deterministic Jitter(3)(4) – – 0.16 UI

TJ2.5 Total Jitter(3)(4)
2.5 Gb/s(7)

– – 0.20 UI

DJ2.5 Deterministic Jitter(3)(4) – – 0.08 UI

TJ1.25 Total Jitter(3)(4)
1.25 Gb/s(8)

– – 0.15 UI

DJ1.25 Deterministic Jitter(3)(4) – – 0.06 UI

TJ500 Total Jitter(3)(4)
500 Mb/s

– – 0.1 UI

DJ500 Deterministic Jitter(3)(4) – – 0.03 UI

Notes: 
1. Using same REFCLK input with TX phase alignment enabled for up to 12 consecutive transmitters (three fully populated GTX Quads).
2. Using QPLL_FBDIV = 40, 20-bit internal data width. These values are NOT intended for protocol specific compliance determinations.
3. Using CPLL_FBDIV = 2, 20-bit internal data width. These values are NOT intended for protocol specific compliance determinations.
4. All jitter values are based on a bit-error ratio of 1e-12.
5. CPLL frequency at 3.2 GHz and TXOUT_DIV = 2.
6. CPLL frequency at 1.6 GHz and TXOUT_DIV = 1.
7. CPLL frequency at 2.5 GHz and TXOUT_DIV = 2.
8. CPLL frequency at 2.5 GHz and TXOUT_DIV = 4.

Table  58: GTX Transceiver Transmitter Switching Characteristics (Cont’d)

Symbol Description Condition Min Typ Max Units
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Table  59: GTX Transceiver Receiver Switching Characteristics

Symbol Description Min Typ Max Units

FGTXRX Serial data rate RX oversampler not enabled 0.500 – FGTXMAX Gb/s

TRXELECIDLE Time for RXELECIDLE to respond to loss or restoration of data – 10 – ns

RXOOBVDPP OOB detect threshold peak-to-peak 60 – 150 mV

RXSST
Receiver spread-spectrum 
tracking(1) Modulated @ 33 KHz –5000 – 0 ppm

RXRL Run length (CID) – – 512 UI

RXPPMTOL

Data/REFCLK PPM offset 
tolerance

Bit rates ≤ 6.6 Gb/s –1250 – 1250 ppm

Bit rates > 6.6 Gb/s and 
≤ 8.0 Gb/s

–700 – 700 ppm

Bit rates > 8.0 Gb/s –200 – 200 ppm

SJ Jitter Tolerance(2)

JT_SJ12.5 Sinusoidal Jitter (QPLL)(3) 12.5 Gb/s 0.3 – – UI

JT_SJ11.18 Sinusoidal Jitter (QPLL)(3) 11.18 Gb/s 0.3 – – UI

JT_SJ10.32 Sinusoidal Jitter (QPLL)(3) 10.32 Gb/s 0.3 – – UI

JT_SJ9.95 Sinusoidal Jitter (QPLL)(3) 9.95 Gb/s 0.3 – – UI

JT_SJ9.8 Sinusoidal Jitter (QPLL)(3) 9.8 Gb/s 0.3 – – UI

JT_SJ8.0 Sinusoidal Jitter (QPLL)(3) 8.0 Gb/s 0.44 – – UI

JT_SJ6.6_QPLL Sinusoidal Jitter (QPLL)(3) 6.6 Gb/s 0.48 – – UI

JT_SJ6.6_CPLL Sinusoidal Jitter (CPLL)(3) 6.6 Gb/s 0.44 – – UI

JT_SJ5.0 Sinusoidal Jitter (CPLL)(3) 5.0 Gb/s 0.44 – – UI

JT_SJ4.25 Sinusoidal Jitter (CPLL)(3) 4.25 Gb/s 0.44 – – UI

JT_SJ3.75 Sinusoidal Jitter (CPLL)(3) 3.75 Gb/s 0.44 – – UI

JT_SJ3.2 Sinusoidal Jitter (CPLL)(3) 3.2 Gb/s(4) 0.45 – – UI

JT_SJ3.2L Sinusoidal Jitter (CPLL)(3) 3.2 Gb/s(5) 0.45 – – UI

JT_SJ2.5 Sinusoidal Jitter (CPLL)(3) 2.5 Gb/s(6) 0.5 – – UI

JT_SJ1.25 Sinusoidal Jitter (CPLL)(3) 1.25 Gb/s(7) 0.5 – – UI

JT_SJ500 Sinusoidal Jitter (CPLL)(3) 500 Mb/s 0.4 – – UI

SJ Jitter Tolerance with Stressed Eye(2)

JT_TJSE3.2
Total Jitter with Stressed Eye(8)

3.2 Gb/s 0.70 – – UI

JT_TJSE6.6 6.6 Gb/s 0.70 – – UI

JT_SJSE3.2 Sinusoidal Jitter with Stressed 
Eye(8)

3.2 Gb/s 0.1 – – UI

JT_SJSE6.6 6.6 Gb/s 0.1 – – UI

Notes: 
1. Using RXOUT_DIV = 1, 2, and 4.
2. All jitter values are based on a bit error ratio of 1e–12.
3. The frequency of the injected sinusoidal jitter is 10 MHz.
4. CPLL frequency at 3.2 GHz and RXOUT_DIV = 2.
5. CPLL frequency at 1.6 GHz and RXOUT_DIV = 1.
6. CPLL frequency at 2.5 GHz and RXOUT_DIV = 2.
7. CPLL frequency at 2.5 GHz and RXOUT_DIV = 4.
8. Composite jitter with RX and LPM or DFE mode.
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GTX Transceiver Protocol Jitter Characteristics

For Table 60 through Table 65, the UG476: 7 Series FPGAs GTX/GTH Transceiver User Guide contains recommended 
settings for optimal usage of protocol specific characteristics.

Table  60: Gigabit Ethernet Protocol Characteristics

Description Line Rate (Mb/s) Min Max Units

Gigabit Ethernet Transmitter Jitter Generation

Total transmitter jitter (T_TJ) 1250 – 0.24 UI

Gigabit Ethernet Receiver High Frequency Jitter Tolerance

Total receiver jitter tolerance 1250 0.749 – UI

Table  61: XAUI Protocol Characteristics

Description Line Rate (Mb/s) Min Max Units

XAUI Transmitter Jitter Generation

Total transmitter jitter (T_TJ) 3125 – 0.35 UI

XAUI Receiver High Frequency Jitter Tolerance

Total receiver jitter tolerance 3125 0.65 – UI

Table  62: PCI Express Protocol Characteristics(1)

Standard Description Line Rate (Mb/s) Min Max Units

PCI Express Transmitter Jitter Generation

PCI Express Gen 1 Total transmitter jitter 2500 – 0.25 UI

PCI Express Gen 2 Total transmitter jitter 5000 – 0.25 UI

PCI Express Gen 3(2)
Total transmitter jitter uncorrelated

8000
– 31.25 ps

Deterministic transmitter jitter uncorrelated – 12 ps

PCI Express Receiver High Frequency Jitter Tolerance

PCI Express Gen 1 Total receiver jitter tolerance 2500 0.65 – UI

PCI Express Gen 2(3)
Receiver inherent timing error

5000
0.40 – UI

Receiver inherent deterministic timing error 0.30 – UI

PCI Express Gen 3(2) Receiver sinusoidal jitter 
tolerance

0.03 MHz–1.0 MHz

8000

1.00 – UI

1.0 MHz–10 MHz Note 4 – UI

10 MHz–100 MHz 0.10 – UI

Notes: 
1. Tested per card electromechanical (CEM) methodology.
2. PCI-SIG 3.0 certification and compliance test boards are currently not available.
3. Using common REFCLK.
4. Between 1 MHz and 10 MHz the minimum sinusoidal jitter roll-off with a slope of 20dB/decade.

http://www.xilinx.com/support/documentation/user_guides/ug476_7Series_Transceivers.pdf
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07/25/12 1.6 Updated the descriptions, changed VIN and Note 2 and added Note 4 in Table 1. In Table 2, changed 
descriptions and notes, removed Note 7, changed GTX transceiver parameters and values and added 
Note 9. Updated parameters in Table 3. Added Table 4 and Table 5.
Changed the typical values for many of the devices in Table 7. Updated LVCMOS12 and the SSTLs in 
Table 9. Updated many of the specifications in Table 10 and Table 11.
Updated speed specification to v1.06 (-3, -2, -2L(1.0V), -1) and v1.05 (-2L(0.9V)) with appropriate 
changes to Table 14 and Table 15 including production release of the XC7K325T and the XC7K410T 
in the -2, -2L(1.0V), and -1 speed designations.
Added notes and specifications to Table 17 and Table 18.
Updated the IOB Pad Input/Output/3-State discussion and changed Table 21 by adding 
TIOIBUFDISABLE.
Removed many of the combinatorial delay specifications and TCINCK/TCKCIN from Table 28.
Rearranged Table 51 including moving some parameters to Table 1. Added Table 56. Updated 
Table 57. In Table 59, updated SJ Jitter Tolerance with Stressed Eye section, page 51 and Note 8. 
Added Note 1, Note 2, and Note 3 to Table 62. Added Note 1 and Note 2 to Table 63, and line rate 
ranges. Updated Table 64 including adding Note 1. Updated Table 65 including adding Note 1.
In Table 67 updated Note 1 and added Note 4. In Table 68, updated TPOR and FEMCCK.

09/04/12 1.7 Updated Table 14 and Table 15 for production release of the XC7K160T in the -2, -2L(1.0V), and -1 
speed designations.

09/26/12 1.8 In Table 2, revised VCCINT and VCCBRAM and added Note 2. Updated Table 14 and Table 15 for 
production release of the XC7K480T in the -2, -2L(1.0V), and -1 speed designations and the 
XC7K325T and XC7K410T in the -3 speed designation.

10/10/12 1.9 Updated the ICCINTMIN value for the XC7K355T in Table 7. Updated Table 14 and Table 15 for 
production release of the XC7K420T in the -2, -2L(1.0V), and -1 speed designations.

10/25/12 2.0 Updated the AC Switching Characteristics based upon ISE 14.3 v1.07 for the -3, -2, -2L (1.0V), -1 
speed specifications, and ISE 14.3 v1.06 for the -2L (0.9V) speed specifications throughout the 
document.
Updated Table 14 and Table 15 for production release of the XC7K355T in the -2, -2L(1.0V), and -1 
speed designations. Also updated Table 14 and Table 15 for production release of the XC7K325T and 
XC7K410T in the -2L (0.9V).
Added values for Table 16 -2L (0.9V). Added package skew values to Table 50. In Table 53, increased 
-1 speed grade (FF package) FGTXMAX value from 6.6 Gb/s to 8.0 Gb/s.

10/31/12 2.1 Updated Table 14 and Table 15 for production release of the XC7K70T in the -2, -2L(1.0V), and -1 
speed designations.

11/26/12 2.2 Updated Table 14 and Table 15 for production release of -3 speed designation for XC7K70T, 
XC7K160T, XC7K355T, XC7K420T, and XC7K480T. Removed Note 4 from Table 67.

12/05/12 2.3 Updated Table 14 and Table 15 for production release of the -2L (0.9V) speed designation for 
XC7K160T, XC7K420T, and XC7K480T. Updated Note 1 in Table 50.

12/12/12 2.4 Updated Table 14 and Table 15 for production release of the -2L (0.9V) speed designation for 
XC7K70T and XC7K355T. Added Internal Configuration Access Port section to Table 68.
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