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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.

Details

Product Status Active

Number of LABs/CLBs 76500

Number of Logic Elements/Cells 979200

Total RAM Bits 55296000

Number of I/O 900

Number of Gates -

Voltage - Supply 0.97V ~ 1.03V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 1924-BBGA, FCBGA

Supplier Device Package 1930-FCBGA (45x45)
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Table  5: VIN Maximum Allowed AC Voltage Overshoot and Undershoot for 1.8V HP I/O Banks(1)(2)

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

VCCO + 0.55 100 –0.55 100

VCCO + 0.60 50.0 –0.60 50.0

VCCO + 0.65 50.0 –0.65 50.0

VCCO + 0.70 47.0 –0.70 50.0

VCCO + 0.75 21.2 –0.75 50.0

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

Units
-3 -2/-2L/-2G -1

ICCINTQ Quiescent VCCINT supply current XC7V585T 1483 1483 1483 mA

XC7V2000T N/A 3756 3756 mA

XC7VX330T 1012 1012 1012 mA

XC7VX415T 1324 1324 1324 mA

XC7VX485T 1578 1578 1578 mA

XC7VX550T 2214 2214 2214 mA

XC7VX690T 2214 2214 2214 mA

XC7VX980T N/A 2580 2580 mA

XC7VX1140T N/A 3448 3448 mA

ICCOQ Quiescent VCCO supply current XC7V585T 1 1 1 mA

XC7V2000T N/A 1 1 mA

XC7VX330T 1 1 1 mA

XC7VX415T 1 1 1 mA

XC7VX485T 1 1 1 mA

XC7VX550T 1 1 1 mA

XC7VX690T 1 1 1 mA

XC7VX980T N/A 1 1 mA

XC7VX1140T N/A 1 1 mA

http://www.xilinx.com
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Table 7 shows the minimum current, in addition to ICCQ, that is required by Virtex-7 T and XT 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 Virtex-7 T and XT Devices

Device
ICCINTMIN ICCAUXMIN ICCOMIN ICCAUX_IO ICCBRAM

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

XC7V585T ICCINTQ + 2700 ICCAUXQ + 40 ICCOQ + 60 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 108 mA

XC7V2000T ICCINTQ + 4000 ICCAUXQ + 80 ICCOQ + 60 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 176 mA

XC7VX330T ICCINTQ + 1000 ICCAUXQ + 65 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 95 mA

XC7VX415T ICCINTQ + 1200 ICCAUXQ + 75 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 115 mA

XC7VX485T ICCINTQ + 1200 ICCAUXQ + 80 ICCOQ + 40 mA per bank ICCOAUXIOQ + 40 mA per bank ICCBRAMQ + 140 mA

XC7VX550T ICCINTQ + 3300 ICCAUXQ + 143 ICCOQ + 40 mA per bank ICCOAUXIOQ + 57 mA per bank ICCBRAMQ + 200 mA

XC7VX690T ICCINTQ + 3300 ICCAUXQ + 143 ICCOQ + 40 mA per bank ICCOAUXIOQ + 57 mA per bank ICCBRAMQ + 200 mA

XC7VX980T ICCINTQ + 6500 ICCAUXQ + 202 ICCOQ + 40 mA per bank ICCOAUXIOQ + 60 mA per bank ICCBRAMQ + 204 mA

XC7VX1140T ICCINTQ + 8000 ICCAUXQ + 235 ICCOQ + 40 mA per bank ICCOAUXIOQ + 63 mA per bank ICCBRAMQ + 256 mA

Notes: 
1. Typical values are specified at nominal voltage, 25°C.
2. Use the Xilinx Power 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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Table  10: Differential SelectIO DC Input and Output Levels

I/O Standard
VICM

(1) VID
(2) VOCM

(3) VOD
(4)

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

BLVDS_25 0.300 1.200 1.425 0.100 – – – 1.250 – Note 5

MINI_LVDS_25 0.300 1.200 VCCAUX 0.200 0.400 0.600 1.000 1.200 1.400 0.300 0.450 0.600

PPDS_25 0.200 0.900 VCCAUX 0.100 0.250 0.400 0.500 0.950 1.400 0.100 0.250 0.400

RSDS_25 0.300 0.900 1.500 0.100 0.350 0.600 1.000 1.200 1.400 0.100 0.350 0.600

TMDS_33 2.700 2.965 3.230 0.150 0.675 1.200 VCCO–0.405 VCCO–0.300 VCCO–0.190 0.400 0.600 0.800

Notes: 
1. VICM is the input common mode voltage.
2. VID is the input differential voltage (Q – Q).
3. VOCM is the output common mode voltage.
4. VOD is the output differential voltage (Q – Q).
5. VOD for BLVDS will vary significantly depending on topology and loading.
6. LVDS_25 is specified in Table 12.
7. LVDS is specified in Table 13.

Table  11: Complementary Differential SelectIO DC Input and Output Levels

I/O Standard
VICM

(1) VID
(2) VOL

(3) VOH
(4) IOL IOH

V, Min V, Typ V, Max V, Min V, Max V, Max V, Min mA, Max mA, Min

DIFF_HSTL_I 0.300 0.750 1.125 0.100 – 0.400 VCCO–0.400 8.00 –8.00

DIFF_HSTL_I_18 0.300 0.900 1.425 0.100 – 0.400 VCCO–0.400 8.00 –8.00

DIFF_HSTL_II 0.300 0.750 1.125 0.100 – 0.400 VCCO–0.400 16.00 –16.00

DIFF_HSTL_II_18 0.300 0.900 1.425 0.100 – 0.400 VCCO–0.400 16.00 –16.00

DIFF_HSUL_12 0.300 0.600 0.850 0.100 – 20% VCCO 80% VCCO 0.100 –0.100

DIFF_MOBILE_DDR 0.300 0.900 1.425 0.100 – 10% VCCO 90% VCCO 0.100 –0.100

DIFF_SSTL12 0.300 0.600 0.850 0.100 – (VCCO/2) – 0.150 (VCCO/2) + 0.150 14.25 –14.25

DIFF_SSTL135 0.300 0.675 1.000 0.100 – (VCCO/2) – 0.150 (VCCO/2) + 0.150 13.0 –13.0

DIFF_SSTL135_R 0.300 0.675 1.000 0.100 – (VCCO/2) – 0.150 (VCCO/2) + 0.150 8.9 –8.9

DIFF_SSTL15 0.300 0.750 1.125 0.100 – (VCCO/2) – 0.175 (VCCO/2) + 0.175 13.0 –13.0

DIFF_SSTL15_R 0.300 0.750 1.125 0.100 – (VCCO/2) – 0.175 (VCCO/2) + 0.175 8.9 –8.9

DIFF_SSTL18_I 0.300 0.900 1.425 0.100 – (VCCO/2) – 0.470 (VCCO/2) + 0.470 8.00 –8.00

DIFF_SSTL18_II 0.300 0.900 1.425 0.100 – (VCCO/2) – 0.600 (VCCO/2) + 0.600 13.4 –13.4

Notes: 
1. VICM is the input common mode voltage.
2. VID is the input differential voltage (Q – Q).
3. VOL is the single-ended low-output voltage.
4. VOH is the single-ended high-output voltage.

http://www.xilinx.com
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AC Switching Characteristics
All values represented in this data sheet are based on the speed specifications in the ISE® Design Suite 14.5 and Vivado® 
Design Suite 2013.1 as outlined in Table 14.

Switching characteristics are specified on a per-speed-grade basis and can be designated as Advance, Preliminary, or 
Production. Each designation is defined as follows:

Advance Product Specification

These specifications are based on simulations only and are typically available soon after device design specifications are 
frozen. Although speed grades with this designation are considered relatively stable and conservative, some under-
reporting might still occur.

Preliminary Product Specification

These specifications are based on complete ES (engineering sample) silicon characterization. Devices and speed grades 
with this designation are intended to give a better indication of the expected performance of production silicon. The 
probability of under-reporting delays is greatly reduced as compared to Advance data.

Production Product Specification

These specifications are released once enough production silicon of a particular device family member has been 
characterized to provide full correlation between specifications and devices over numerous production lots. There is no 
under-reporting of delays, and customers receive formal notification of any subsequent changes. Typically, the slowest 
speed grades transition to Production before faster speed grades. 

Testing of AC Switching Characteristics

Internal timing parameters are derived from measuring internal test patterns. All AC switching characteristics are 
representative of worst-case supply voltage and junction temperature conditions.

For more specific, more precise, and worst-case guaranteed data, use the values reported by the static timing analyzer and 
back-annotate to the simulation net list. Unless otherwise noted, values apply to all Virtex-7 T and XT FPGAs.

Table  14: Virtex-7 T and XT FPGA Speed Specification Version By Device/Speed Grade

Version In: Typical VCCINT
Device

ISE 14.5 Vivado 2013.1 (Table 2)

1.09 1.09 1.0V XC7V585T, XC7VX485T

N/A 1.08 1.0V XC7V2000T

1.08 1.08 1.0V XC7VX330T, XC7VX415T, XC7VX550T, XC7VX690T, XC7VX980T

N/A 1.08 1.0V XC7VX1140T

http://www.xilinx.com
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Speed Grade Designations

Since individual family members are produced at different times, the migration from one category to another depends 
completely on the status of the fabrication process for each device. Table 15 correlates the current status of each 
Virtex-7 T and XT device on a per speed grade basis.

Production Silicon and 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 16 lists the production released Virtex-7 T and XT device, speed grade, and the minimum corresponding supported 
speed specification version and software revisions. The software and speed specifications listed are the minimum releases 
required for production. All subsequent releases of software and speed specifications are valid.

Table  15: Virtex-7 T and XT Device Speed Grade Designations

Device
Speed Grade Designations

Advance Preliminary Production

XC7V585T -3, -2, -2L, -1

XC7V2000T -2L, -2G -2, -1

XC7VX330T -3, -2, -2L, -1

XC7VX415T -3, -2, -2L, -1

XC7VX485T -3, -2, -2L, -1

XC7VX550T -3, -2, -2L, -1

XC7VX690T -3, -2, -2L, -1

XC7VX980T -2, -2L, -1

XC7VX1140T -2, -2L, -2G, -1

Table  16: Virtex-7 T and XT Device Production Software and Speed Specification Release

Device
Speed Grade Designations

-3 -2G -2 -2L -1

XC7V585T
 Vivado 2012.4 v1.08

or ISE 14.2 v1.06
N/A  Vivado 2012.4 v1.08 or ISE 14.2 v1.06

XC7V2000T N/A Vivado 2012.4 v1.07 Vivado 2012.4 v1.07

XC7VX330T Vivado 2013.1 v1.08
or ISE 14.5 v1.08

N/A
Vivado 2013.1 v1.08 or ISE 14.5 v1.08

XC7VX415T N/A

XC7VX485T
 Vivado 2012.4 v1.08

or ISE 14.2 v1.06
N/A  Vivado 2012.4 v1.08 or ISE 14.2 v1.06

XC7VX550T Vivado 2013.1 v1.08
or ISE 14.5 v1.08 N/A Vivado 2013.1 v1.08 or ISE 14.5 v1.08

XC7VX690T
Vivado 2013.1 v1.08

or ISE 14.5 v1.08
N/A Vivado 2013.1 v1.08 or ISE 14.5 v1.08

XC7VX980T N/A N/A

XC7VX1140T N/A

Notes: 
1. Blank entries indicate a device and/or speed grade in advance or preliminary status.

http://www.xilinx.com
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DIFF_HSTL_I_18_F 0.75 0.79 0.92 1.04 1.16 1.24 1.68 1.91 2.06 ns

DIFF_HSTL_II_18_F 0.75 0.79 0.92 0.98 1.09 1.16 1.62 1.85 1.98 ns

DIFF_HSTL_I_DCI_18_F 0.75 0.79 0.92 1.04 1.16 1.24 1.67 1.91 2.06 ns

DIFF_HSTL_II_DCI_18_F 0.75 0.79 0.92 0.98 1.09 1.16 1.61 1.85 1.98 ns

DIFF_HSTL_II _T_DCI_18_F 0.75 0.79 0.92 1.04 1.16 1.24 1.67 1.91 2.06 ns

LVCMOS18_S2 0.47 0.50 0.60 3.95 4.28 4.85 4.59 5.04 5.67 ns

LVCMOS18_S4 0.47 0.50 0.60 2.67 2.98 3.43 3.31 3.73 4.26 ns

LVCMOS18_S6 0.47 0.50 0.60 2.14 2.38 2.72 2.77 3.14 3.54 ns

LVCMOS18_S8 0.47 0.50 0.60 1.98 2.21 2.52 2.61 2.97 3.35 ns

LVCMOS18_S12 0.47 0.50 0.60 1.70 1.91 2.17 2.34 2.67 2.99 ns

LVCMOS18_S16 0.47 0.50 0.60 1.57 1.75 1.97 2.20 2.51 2.79 ns

LVCMOS18_F2 0.47 0.50 0.60 3.50 3.87 4.48 4.14 4.63 5.30 ns

LVCMOS18_F4 0.47 0.50 0.60 2.23 2.50 2.87 2.87 3.25 3.69 ns

LVCMOS18_F6 0.47 0.50 0.60 1.80 2.00 2.26 2.43 2.76 3.08 ns

LVCMOS18_F8 0.47 0.50 0.60 1.46 1.72 2.04 2.10 2.47 2.86 ns

LVCMOS18_F12 0.47 0.50 0.60 1.26 1.40 1.53 1.89 2.16 2.35 ns

LVCMOS18_F16 0.47 0.50 0.60 1.19 1.33 1.44 1.83 2.08 2.26 ns

LVCMOS15_S2 0.59 0.62 0.73 3.55 3.89 4.45 4.19 4.65 5.27 ns

LVCMOS15_S4 0.59 0.62 0.73 2.45 2.70 3.06 3.08 3.45 3.89 ns

LVCMOS15_S6 0.59 0.62 0.73 2.24 2.51 2.88 2.88 3.26 3.71 ns

LVCMOS15_S8 0.59 0.62 0.73 1.91 2.16 2.49 2.55 2.91 3.31 ns

LVCMOS15_S12 0.59 0.62 0.73 1.77 1.98 2.23 2.41 2.73 3.05 ns

LVCMOS15_S16 0.59 0.62 0.73 1.62 1.81 2.02 2.26 2.56 2.84 ns

LVCMOS15_F2 0.59 0.62 0.73 3.38 3.69 4.18 4.02 4.44 5.00 ns

LVCMOS15_F4 0.59 0.62 0.73 2.04 2.21 2.44 2.68 2.97 3.26 ns

LVCMOS15_F6 0.59 0.62 0.73 1.47 1.74 2.09 2.10 2.50 2.91 ns

LVCMOS15_F8 0.59 0.62 0.73 1.31 1.46 1.61 1.95 2.22 2.43 ns

LVCMOS15_F12 0.59 0.62 0.73 1.21 1.34 1.45 1.84 2.10 2.27 ns

LVCMOS15_F16 0.59 0.62 0.73 1.18 1.31 1.41 1.82 2.07 2.23 ns

LVCMOS12_S2 0.64 0.67 0.78 3.38 3.80 4.48 4.02 4.55 5.30 ns

LVCMOS12_S4 0.64 0.67 0.78 2.62 2.94 3.43 3.26 3.70 4.25 ns

LVCMOS12_S6 0.64 0.67 0.78 2.05 2.33 2.72 2.69 3.08 3.54 ns

LVCMOS12_S8 0.64 0.67 0.78 1.94 2.18 2.51 2.58 2.94 3.33 ns

LVCMOS12_F2 0.64 0.67 0.78 2.84 3.15 3.62 3.48 3.90 4.44 ns

LVCMOS12_F4 0.64 0.67 0.78 1.97 2.18 2.44 2.61 2.93 3.26 ns

LVCMOS12_F6 0.64 0.67 0.78 1.33 1.51 1.70 1.96 2.26 2.52 ns

LVCMOS12_F8 0.64 0.67 0.78 1.27 1.42 1.55 1.91 2.18 2.37 ns

LVDCI_18 0.47 0.50 0.60 1.99 2.15 2.35 2.62 2.91 3.17 ns

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

I/O Standard

TIOPI TIOOP TIOTP

UnitsSpeed Grade Speed Grade Speed Grade

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

http://www.xilinx.com
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LVDCI_15 0.59 0.62 0.73 1.98 2.23 2.58 2.62 2.99 3.40 ns

LVDCI_DV2_18 0.47 0.50 0.60 1.99 2.15 2.34 2.62 2.90 3.17 ns

LVDCI_DV2_15 0.59 0.62 0.73 1.98 2.23 2.58 2.62 2.99 3.40 ns

HSLVDCI_18 0.68 0.72 0.82 1.99 2.15 2.35 2.62 2.91 3.17 ns

HSLVDCI_15 0.68 0.72 0.82 1.98 2.23 2.58 2.62 2.99 3.40 ns

SSTL18_I_S 0.68 0.72 0.82 1.02 1.15 1.24 1.66 1.90 2.07 ns

SSTL18_II_S 0.68 0.72 0.82 1.17 1.29 1.37 1.81 2.05 2.19 ns

SSTL18_I_DCI_S 0.68 0.72 0.82 0.92 1.06 1.17 1.56 1.82 1.99 ns

SSTL18_II_DCI_S 0.68 0.72 0.82 0.88 0.98 1.08 1.51 1.74 1.90 ns

SSTL18_II_T_DCI_S 0.68 0.72 0.82 0.92 1.06 1.17 1.56 1.82 1.99 ns

SSTL15_S 0.68 0.72 0.82 0.94 1.06 1.15 1.58 1.82 1.97 ns

SSTL15_DCI_S 0.68 0.72 0.82 0.94 1.06 1.15 1.57 1.82 1.97 ns

SSTL15_T_DCI_S 0.68 0.72 0.82 0.94 1.06 1.15 1.57 1.82 1.97 ns

SSTL135_S 0.69 0.72 0.82 0.97 1.10 1.19 1.60 1.85 2.01 ns

SSTL135_DCI_S 0.69 0.72 0.82 0.97 1.09 1.19 1.60 1.85 2.01 ns

SSTL135_T_DCI_S 0.69 0.72 0.82 0.97 1.09 1.19 1.60 1.85 2.01 ns

SSTL12_S 0.69 0.72 0.82 0.96 1.09 1.18 1.60 1.84 2.00 ns

SSTL12_DCI_S 0.69 0.72 0.82 1.03 1.17 1.27 1.66 1.92 2.09 ns

SSTL12_T_DCI_S 0.69 0.72 0.82 1.03 1.17 1.27 1.66 1.92 2.09 ns

DIFF_SSTL18_I_S 0.75 0.79 0.92 1.02 1.15 1.24 1.66 1.90 2.07 ns

DIFF_SSTL18_II_S 0.75 0.79 0.92 1.17 1.29 1.37 1.81 2.05 2.19 ns

DIFF_SSTL18_I_DCI_S 0.75 0.79 0.92 0.92 1.06 1.17 1.56 1.82 1.99 ns

DIFF_SSTL18_II_DCI_S 0.75 0.79 0.92 0.88 0.98 1.08 1.51 1.74 1.90 ns

DIFF_SSTL18_II_T_DCI_S 0.75 0.79 0.92 0.92 1.06 1.17 1.56 1.82 1.99 ns

DIFF_SSTL15_S 0.68 0.72 0.82 0.94 1.06 1.15 1.58 1.82 1.97 ns

DIFF_SSTL15_DCI_S 0.68 0.72 0.82 0.94 1.06 1.15 1.57 1.82 1.97 ns

DIFF_SSTL15_T_DCI_S 0.68 0.72 0.82 0.94 1.06 1.15 1.57 1.82 1.97 ns

DIFF_SSTL135_S 0.69 0.72 0.82 0.97 1.10 1.19 1.60 1.85 2.01 ns

DIFF_SSTL135_DCI_S 0.69 0.72 0.82 0.97 1.09 1.19 1.60 1.85 2.01 ns

DIFF_SSTL135_T_DCI_S 0.69 0.72 0.82 0.97 1.09 1.19 1.60 1.85 2.01 ns

DIFF_SSTL12_S 0.69 0.72 0.82 0.96 1.09 1.18 1.60 1.84 2.00 ns

DIFF_SSTL12_DCI_S 0.69 0.72 0.82 1.03 1.17 1.27 1.66 1.92 2.09 ns

DIFF_SSTL12_T_DCI_S 0.69 0.72 0.82 1.03 1.17 1.27 1.66 1.92 2.09 ns

SSTL18_I_F 0.68 0.72 0.82 0.94 1.06 1.15 1.58 1.82 1.97 ns

SSTL18_II_F 0.68 0.72 0.82 0.97 1.09 1.16 1.61 1.84 1.99 ns

SSTL18_I_DCI_F 0.68 0.72 0.82 0.89 1.02 1.10 1.53 1.77 1.92 ns

SSTL18_II_DCI_F 0.68 0.72 0.82 0.89 1.02 1.10 1.53 1.77 1.92 ns

SSTL18_II_T_DCI_F 0.68 0.72 0.82 0.89 1.02 1.10 1.53 1.77 1.92 ns

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

I/O Standard

TIOPI TIOOP TIOTP

UnitsSpeed Grade Speed Grade Speed Grade

-3 -2/-2L/-2G -1 -3 -2/-2L/-2G -1 -3 -2/-2L/-2G -1
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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.

SSTL15_F 0.68 0.72 0.82 0.89 1.01 1.09 1.53 1.77 1.91 ns

SSTL15_DCI_F 0.68 0.72 0.82 0.89 1.01 1.09 1.53 1.77 1.91 ns

SSTL15_T_DCI_F 0.68 0.72 0.82 0.89 1.01 1.09 1.53 1.77 1.91 ns

SSTL135_F 0.69 0.72 0.82 0.88 1.00 1.08 1.52 1.76 1.90 ns

SSTL135_DCI_F 0.69 0.72 0.82 0.89 1.00 1.08 1.52 1.76 1.90 ns

SSTL135_T_DCI_F 0.69 0.72 0.82 0.89 1.00 1.08 1.52 1.76 1.90 ns

SSTL12_F 0.69 0.72 0.82 0.88 1.00 1.08 1.52 1.76 1.90 ns

SSTL12_DCI_F 0.69 0.72 0.82 0.91 1.03 1.11 1.54 1.79 1.93 ns

SSTL12_T_DCI_F 0.69 0.72 0.82 0.91 1.03 1.11 1.54 1.79 1.93 ns

DIFF_SSTL18_I_F 0.75 0.79 0.92 0.94 1.06 1.15 1.58 1.82 1.97 ns

DIFF_SSTL18_II_F 0.75 0.79 0.92 0.97 1.09 1.16 1.61 1.84 1.99 ns

DIFF_SSTL18_I_DCI_F 0.75 0.79 0.92 0.89 1.02 1.10 1.53 1.77 1.92 ns

DIFF_SSTL18_II_DCI_F 0.75 0.79 0.92 0.89 1.02 1.10 1.53 1.77 1.92 ns

DIFF_SSTL18_II_T_DCI_F 0.75 0.79 0.92 0.89 1.02 1.10 1.53 1.77 1.92 ns

DIFF_SSTL15_F 0.68 0.72 0.82 0.89 1.01 1.09 1.53 1.77 1.91 ns

DIFF_SSTL15_DCI_F 0.68 0.72 0.82 0.89 1.01 1.09 1.53 1.77 1.91 ns

DIFF_SSTL15_T_DCI_F 0.68 0.72 0.82 0.89 1.01 1.09 1.53 1.77 1.91 ns

DIFF_SSTL135_F 0.69 0.72 0.82 0.88 1.00 1.08 1.52 1.76 1.90 ns

DIFF_SSTL135_DCI_F 0.69 0.72 0.82 0.89 1.00 1.08 1.52 1.76 1.90 ns

DIFF_SSTL135_T_DCI_F 0.69 0.72 0.82 0.89 1.00 1.08 1.52 1.76 1.90 ns

DIFF_SSTL12_F 0.69 0.72 0.82 0.88 1.00 1.08 1.52 1.76 1.90 ns

DIFF_SSTL12_DCI_F 0.69 0.72 0.82 0.91 1.03 1.11 1.54 1.79 1.93 ns

DIFF_SSTL12_T_DCI_F 0.69 0.72 0.82 0.91 1.03 1.11 1.54 1.79 1.93 ns

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

Table  21: IOB 3-state Output Switching Characteristics

Symbol Description
Speed Grade

Units
-3 -2/-2L/-2G -1

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

TIOIBUFDISABLE_HR IBUF turn-on time from IBUFDISABLE to O output for HR I/O banks 1.72 1.89 2.14 ns

TIOIBUFDISABLE_HP IBUF turn-on time from IBUFDISABLE to O output for HP I/O banks 1.31 1.46 1.76 ns

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

I/O Standard

TIOPI TIOOP TIOTP

UnitsSpeed Grade Speed Grade Speed Grade

-3 -2/-2L/-2G -1 -3 -2/-2L/-2G -1 -3 -2/-2L/-2G -1
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Clock to Outs from Input Register Clock to Cascading Output Pins

TDSPCKO_{ACOUT; BCOUT}_{AREG; BREG} CLK (ACOUT, BCOUT) to {A,B} 
register output

0.55 0.62 0.74 ns

TDSPCKO_CARRYCASCOUT_{AREG, BREG}_MULT CLK (AREG, BREG) to 
CARRYCASCOUT output using 
multiplier

3.55 4.06 4.84 ns

TDSPCKO_CARRYCASCOUT_ BREG CLK (BREG) to CARRYCASCOUT 
output not using multiplier

1.60 1.82 2.16 ns

TDSPCKO_CARRYCASCOUT_ DREG_MULT CLK (DREG) to CARRYCASCOUT 
output using multiplier

3.52 4.03 4.79 ns

TDSPCKO_CARRYCASCOUT_ CREG CLK (CREG) to CARRYCASCOUT 
output

1.64 1.88 2.23 ns

Maximum Frequency

FMAX With all registers used 741.84 650.20 547.95 MHz

FMAX_PATDET With pattern detector 627.35 549.75 463.61 MHz

FMAX_MULT_NOMREG Two register multiply without MREG 412.20 360.75 303.77 MHz

FMAX_MULT_NOMREG_PATDET Two register multiply without MREG 
with pattern detect

374.25 327.65 276.01 MHz

FMAX_PREADD_MULT_NOADREG Without ADREG 468.82 408.66 342.70 MHz

FMAX_PREADD_MULT_NOADREG_PATDET Without ADREG with pattern detect 468.82 408.66 342.58 MHz

FMAX_NOPIPELINEREG Without pipeline registers (MREG, 
ADREG)

306.84 267.81 225.02 MHz

FMAX_NOPIPELINEREG_PATDET Without pipeline registers (MREG, 
ADREG) with pattern detect

285.23 249.13 209.38 MHz

Table  32: DSP48E1 Switching Characteristics (Cont’d)

Symbol Description
Speed Grade

Units
-3 -2/-2L/-2G -1
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MMCM Switching Characteristics

Table  37: Duty Cycle Distortion and Clock Tree Skew

Symbol Description Device
Speed Grade

Units
-3 -2/-2L/-2G -1

TDCD_CLK Global clock tree duty cycle distortion(1) All 0.20 0.20 0.20 ns

TCKSKEW Global clock tree skew(2) XC7V585T 0.75 0.91 0.98 ns

XC7V2000T N/A 0.39 0.39 ns

XC7VX330T 0.60 0.74 0.79 ns

XC7VX415T 0.76 0.84 0.91 ns

XC7VX485T 0.60 0.74 0.79 ns

XC7VX550T 0.73 0.88 0.96 ns

XC7VX690T 0.73 0.88 0.96 ns

XC7VX980T N/A 0.91 0.98 ns

XC7VX1140T N/A 0.39 0.39 ns

TDCD_BUFIO I/O clock tree duty cycle distortion All 0.12 0.12 0.12 ns

TBUFIOSKEW I/O clock tree skew across one clock region All 0.02 0.02 0.02 ns

TDCD_BUFR Regional clock tree duty cycle distortion All 0.15 0.15 0.15 ns

Notes: 
1. These parameters represent the worst-case duty cycle distortion observable at the I/O flip-flops. For all I/O standards, IBIS can be used to 

calculate any additional duty cycle distortion that might be caused by asymmetrical rise/fall times. 
2. The TCKSKEW value represents the worst-case clock-tree skew observable between sequential I/O elements in a single SLR. 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 
Timing Analyzer tools to evaluate clock skew specific to your application.

Table  38: MMCM Specification

Symbol Description
Speed Grade

Units
-3 -2/-2L/-2G -1

MMCM_FINMAX Maximum input clock frequency 1066.00 933.00 800.00 MHz

MMCM_FINMIN Minimum input clock frequency 10 10 10 MHz

MMCM_FINJITTER Maximum input clock period jitter < 20% of clock input period or 1 ns Max

MMCM_FINDUTY Allowable input duty cycle: 10—49 MHz 25 25 25 %

Allowable input duty cycle: 50—199 MHz 30 30 30 %

Allowable input duty cycle: 200—399 MHz 35 35 35 %

Allowable input duty cycle: 400—499 MHz 40 40 40 %

Allowable input duty cycle: >500 MHz 45 45 45 %

MMCM_FMIN_PSCLK Minimum dynamic phase shift clock frequency 0.01 0.01 0.01 MHz

MMCM_FMAX_PSCLK Maximum dynamic phase shift clock frequency 550.00 500.00 450.00 MHz

MMCM_FVCOMIN Minimum MMCM VCO frequency 600.00 600.00 600.00 MHz

MMCM_FVCOMAX Maximum MMCM VCO frequency 1600.00 1440.00 1200.00 MHz

MMCM_FBANDWIDTH Low MMCM bandwidth at typical(1) 1.00 1.00 1.00 MHz

High MMCM bandwidth at typical(1) 4.00 4.00 4.00 MHz

MMCM_TSTATPHAOFFSET Static phase offset of the MMCM outputs(2) 0.12 0.12 0.12 ns

MMCM_TOUTJITTER MMCM output jitter Note 3

MMCM_TOUTDUTY MMCM output clock duty cycle precision(4) 0.20 0.20 0.20 ns

http://www.xilinx.com


Virtex-7 T and XT FPGAs Data Sheet: DC and AC Switching Characteristics

DS183 (v1.14) April 17, 2013 www.xilinx.com
Preliminary Product Specification 40

Device Pin-to-Pin Output Parameter Guidelines

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

Table  40: Clock-Capable Clock Input to Output Delay Without MMCM/PLL (Near Clock Region)

Symbol Description Device
Speed Grade

Units
-3 -2/-2L/-2G -1

SSTL15 Clock-Capable Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM/PLL.

TICKOF Clock-capable clock input and OUTFF without 
MMCM/PLL (near clock region)

XC7V585T 5.63 6.20 6.97 ns

XC7V2000T N/A 5.66 6.35 ns

XC7VX330T 5.41 5.97 6.71 ns

XC7VX415T 5.46 5.96 6.70 ns

XC7VX485T 5.29 5.84 6.57 ns

XC7VX550T 5.45 6.02 6.76 ns

XC7VX690T 5.46 6.02 6.76 ns

XC7VX980T N/A 6.12 6.87 ns

XC7VX1140T N/A 5.59 6.28 ns

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

accessible IOB and CLB flip-flops are clocked by the global clock net in a single SLR.

Table  41: Clock-Capable Clock Input to Output Delay Without MMCM/PLL (Far Clock Region)

Symbol Description Device
Speed Grade

Units
-3 -2/-2L/-2G -1

SSTL15 Clock-Capable Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM/PLL.

TICKOFFAR Clock-capable clock input and OUTFF without 
MMCM/PLL (far clock region)

XC7V585T 6.81 7.53 8.44 ns

XC7V2000T N/A 6.00 6.73 ns

XC7VX330T 6.31 6.97 7.83 ns

XC7VX415T 6.36 6.90 7.69 ns

XC7VX485T 6.20 6.86 7.69 ns

XC7VX550T 6.66 7.37 8.27 ns

XC7VX690T 6.69 7.37 8.27 ns

XC7VX980T N/A 7.47 8.37 ns

XC7VX1140T N/A 5.93 6.65 ns

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

accessible IOB and CLB flip-flops are clocked by the global clock net in a single SLR.
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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 (only)

Symbol Description Device
Speed Grade

Units
-3 -2/-2L/-2G -1

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

XC7V585T 3.12/–0.37 3.19/–0.37 3.42/–0.37 ns

XC7V2000T N/A N/A N/A ns

XC7VX330T 2.90/–0.31 2.96/–0.31 3.16/–0.31 ns

XC7VX415T N/A N/A N/A ns

XC7VX485T N/A N/A N/A ns

XC7VX550T N/A N/A N/A ns

XC7VX690T N/A N/A N/A ns

XC7VX980T N/A N/A N/A ns

XC7VX1140T N/A N/A N/A ns

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

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

2. IFF = Input Flip-Flop or Latch

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

Symbol Description Device
Speed Grade

Units
-3 -2/-2L/-2G -1

Input Setup and Hold Time Relative to Global Clock Input Signal for SSTL15 Standard.(1)(2)

TPSMMCMCC/ 
TPHMMCMCC

No delay clock-capable clock input and IFF(3) with 
MMCM

XC7V585T 2.71/–0.10 3.00/–0.10 3.33/–0.10 ns

XC7V2000T N/A 2.60/–0.24 2.87/–0.24 ns

XC7VX330T 2.58/–0.15 2.87/–0.15 3.18/–0.15 ns

XC7VX415T 2.73/0.01 3.03/0.01 3.36/0.01 ns

XC7VX485T 2.58/–0.15 2.87/–0.15 3.18/–0.15 ns

XC7VX550T 2.72/–0.09 3.01/–0.09 3.34/–0.09 ns

XC7VX690T 2.72/0.01 3.01/0.01 3.34/0.01 ns

XC7VX980T N/A 3.01/–0.10 3.36/–0.10 ns

XC7VX1140T N/A 2.61/–0.24 2.88/–0.24 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. Listed below are representative values where one global clock input drives one vertical clock line in each accessible column, and where all 
accessible IOB and CLB flip-flops are clocked by the global clock net in a single SLR.

3. IFF = Input Flip-Flop or Latch 
4. Use IBIS to determine any duty-cycle distortion incurred using various standards.
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Table  47: Clock-Capable Clock Input Setup and Hold With PLL

Symbol Description Device
Speed Grade

Units
-3 -2/-2L/-2G -1

Input Setup and Hold Time Relative to Clock-Capable Clock Input Signal for SSTL15 Standard.(1)(2)

TPSPLLCC/ 
TPHPLLCC

No delay clock-capable clock input and IFF(3) with 
PLL

XC7V585T 3.07/–0.21 3.40/–0.21 3.72/–0.21 ns

XC7V2000T N/A 2.99/–0.35 3.27/–0.35 ns

XC7VX330T 2.94/–0.26 3.26/–0.26 3.57/–0.26 ns

XC7VX415T 3.09/–0.10 3.42/–0.10 3.75/–0.10 ns

XC7VX485T 2.95/–0.26 3.26/–0.26 3.58/–0.26 ns

XC7VX550T 3.08/–0.20 3.40/–0.20 3.74/–0.20 ns

XC7VX690T 3.08/–0.10 3.40/–0.10 3.74/–0.10 ns

XC7VX980T N/A 3.39/–0.21 3.72/–0.21 ns

XC7VX1140T N/A 3.00/–0.35 3.27/–0.35 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. Listed below are representative values where one global clock input drives one vertical clock line in each accessible column, and where all 
accessible IOB and CLB flip-flops are clocked by the global clock net in a single SLR.

3. IFF = Input Flip-Flop or Latch 
4. Use IBIS to determine any duty-cycle distortion incurred using various standards.

Table  48: Data Input Setup and Hold Times Relative to a Forwarded Clock Input Pin Using BUFIO

Symbol Description
Speed Grade

Units
-3 -2/-2L/-2G -1

Input Setup and Hold Time Relative to a Forwarded Clock Input Pin Using BUFIO for SSTL15 Standard.

TPSCS/TPHCS Setup/hold of I/O clock for HR I/O banks –0.36/1.36 –0.36/1.50 –0.36/1.70 ns

Setup/hold of I/O clock for HP I/O banks –0.34/1.39 –0.34/1.53 –0.34/1.73 ns

Table  49: Sample Window

Symbol Description
Speed Grade

Units
-3 -2/-2L/-2G -1

TSAMP Sampling error at receiver pins(1) 0.51 0.56 0.61 ns

TSAMP_BUFIO Sampling error at receiver pins using BUFIO(2) 0.30 0.35 0.40 ns

Notes: 
1. This parameter indicates the total sampling error of the Virtex-7 T and XT FPGAs DDR input registers, measured across voltage, 

temperature, and process. The characterization methodology uses the MMCM to capture the DDR input registers’ edges of operation. These 
measurements include:
- CLK0 MMCM jitter 
- MMCM accuracy (phase offset)
- MMCM phase shift resolution
These measurements do not include package or clock tree skew.

2. This parameter indicates the total sampling error of the Virtex-7 T and XT FPGAs DDR input registers, measured across voltage, 
temperature, and process. The characterization methodology uses the BUFIO clock network and IDELAY to capture the DDR input registers’ 
edges of operation. These measurements do not include package or clock tree skew.
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GTX Transceiver Specifications

GTX Transceiver DC Input and Output Levels

Table 51 summarizes the DC specifications of the GTX transceivers in Virtex-7 T and XT FPGAs. Consult the 7 Series 
FPGAs GTX/GTH Transceiver User Guide (UG476) for further details.

 

Table  51: GTX Transceiver DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units

DVPPOUT
Differential peak-to-peak output 
voltage(1)

Transmitter output swing is set to 
maximum setting

– – 1000 mV

VCMOUTDC
DC common mode output 
voltage.

Equation based VMGTAVTT – DVPPOUT/4 mV

ROUT Differential output resistance – 100 – Ω

TOSKEW Transmitter output pair (TXP and TXN) intra-pair skew – 2 12 ps

DVPPIN

Differential peak-to-peak input 
voltage (external AC coupled)

>10.3125 Gb/s 150 – 1250 mV

6.6 Gb/s to 10.3125 Gb/s 150 – 1250 mV

≤ 6.6 Gb/s 150 – 2000 mV

VIN
Absolute input voltage DC coupled

VMGTAVTT = 1.2V
–200 – VMGTAVTT mV

VCMIN
Common mode input voltage DC coupled 

VMGTAVTT = 1.2V
– 2/3 VMGTAVTT – mV

RIN Differential input resistance – 100 – Ω

CEXT Recommended external AC coupling capacitor(2) – 100 – nF

Notes: 
1. The output swing and preemphasis levels are programmable using the attributes discussed in the 7 Series FPGAs GTX/GTH Transceiver 

User Guide (UG476), and can result in values lower than reported in this table.
2. Other values can be used as appropriate to conform to specific protocols and standards.

X-Ref Target - Figure 1

Figure 1: Single-Ended Peak-to-Peak Voltage

X-Ref Target - Figure 2

Figure 2: Differential Peak-to-Peak Voltage
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Table  65: CPRI Protocol Characteristics (GTX Transceivers)

Description Line Rate (Mb/s) Min Max Units

CPRI Transmitter Jitter Generation

Total transmitter jitter

614.4 – 0.35 UI

1228.8 – 0.35 UI

2457.6 – 0.35 UI

3072.0 – 0.35 UI

4915.2 – 0.3 UI

6144.0 – 0.3 UI

9830.4 – Note 1 UI

CPRI Receiver Frequency Jitter Tolerance

Total receiver jitter tolerance

614.4 0.65 – UI

1228.8 0.65 – UI

2457.6 0.65 – UI

3072.0 0.65 – UI

4915.2 0.95 – UI

6144.0 0.95 – UI

9830.4 Note 1 – UI

Notes: 
1. Tested per SFP+ specification, see Table 64.
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Table 67 summarizes the DC specifications of the clock input of the GTH transceiver. Consult the 7 Series FPGAs GTX/GTH 
Transceiver User Guide (UG476) for further details.

GTH Transceiver Switching Characteristics

Consult the 7 Series FPGAs GTX/GTH Transceiver User Guide (UG476) for further information.

Table  67: GTH Transceiver Clock DC Input Level Specification

Symbol DC Parameter Min Typ Max Units

VIDIFF Differential peak-to-peak input voltage 350 – 2000 mV

RIN Differential input resistance – 100 – Ω

CEXT Required external AC coupling capacitor – 100 – nF

Table  68: GTH Transceiver Performance

Symbol Description Output Divider
Speed Grade

Units
-3E/-2GE -2(C&I)/-2LE -1(C&I)(1)

FGTHMAX Maximum GTH transceiver data rate 13.1 11.3 8.5 Gb/s

FGTHMIN Minimum GTH transceiver data rate 0.500 0.500 0.500 Gb/s

FGTHCRANGE CPLL line rate range

1 3.2–10.3125 3.2–8.0 Gb/s

2 1.6–5.16 1.6–4.0 Gb/s

4 0.8–2.58 0.8–2.0 Gb/s

8 0.5–1.29 0.5–1.0 Gb/s

16 N/A Gb/s

FGTHQRANGE1 QPLL line rate range 1

1 8.0–11.85 8.0–11.3 8.0–8.5 Gb/s

2 4.0–5.925 4.0–5.65 4.0–4.25 Gb/s

4 2.0–2.9625 2.0–2.825 2.0–2.125 Gb/s

8 1.0–1.48125 1.0–1.4125 1.0–1.0625 Gb/s

16 N/A Gb/s

FGTHQRANGE2 QPLL line rate range 2

1 11.85–13.1 N/A Gb/s

2 5.925–6.55 N/A Gb/s

4 2.96–3.275 N/A Gb/s

8 1.48–1.63 N/A Gb/s

16 0.74–0.81 N/A Gb/s

FGCPLLRANGE GTH transceiver CPLL frequency range 1.6–5.16 1.6–4.0 GHz

FGQPLLRANGE1 GTH transceiver QPLL frequency range 1 8.0–11.85 8.0–11.3 8.0–8.5 GHz

FGQPLLRANGE2 GTH transceiver QPLL frequency range 2 11.85–13.1 N/A GHz

Notes: 
1. The -1 speed grade requires a 4-byte internal data width for operation above 5.0 Gb/s. A -1 speed grade with VCCINT = 0.9V, as described 

in the Lowering Power using the Voltage Identification Bit application note (XAPP555), requires a 4-byte internal data width for operation 
above 3.8 Gb/s.

Table  69: GTH Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics

Symbol Description
Speed Grade

Units
-3/-2G -2L -2 -1

FGTHDRPCLK GTHDRPCLK maximum frequency 175 175 175 156 MHz

http://www.xilinx.com/support/documentation/application_notes/xapp555-Lowering-Power-Using-VID-Bit.pdf
http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug476_7Series_Transceivers.pdf
http://www.xilinx.com/support/documentation/user_guides/ug476_7Series_Transceivers.pdf
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Table  70: GTH Transceiver Reference Clock Switching Characteristics

Symbol Description Conditions
All Speed Grades

Units
Min Typ Max

FGCLK Reference clock frequency range 60 – 820 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 40 50 60 %

X-Ref Target - Figure 6

Figure 6: Reference Clock Timing Parameters

Table  71: GTH Transceiver PLL/Lock Time Adaptation

Symbol Description Conditions
All Speed Grades

Units
Min Typ Max

TLOCK Initial PLL lock – – 1 ms

TDLOCK

Clock recovery phase acquisition and 
adaptation time for decision feedback 
equalizer (DFE).

After the PLL is locked to the 
reference clock, this is the time it 
takes to lock the clock data 
recovery (CDR) to the data 
present at the input.

– 50,000 37 x106 UI

Clock recovery phase acquisition and 
adaptation time for low-power mode 
(LPM) when the DFE is disabled.

– 50,000 2.3 x106 UI

ds183_03_021611

80% 

20% 
T FCLK 

T RCLK 

http://www.xilinx.com
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Integrated Interface Block for PCI Express Designs Switching Characteristics
More information and documentation on solutions for PCI Express designs can be found at: 
http://www.xilinx.com/technology/protocols/pciexpress.htm

Table  80: CPRI Protocol Characteristics (GTH Transceivers)

Description Line Rate (Mb/s) Min Max Units

CPRI Transmitter Jitter Generation

Total transmitter jitter

614.4 – 0.35 UI

1228.8 – 0.35 UI

2457.6 – 0.35 UI

3072.0 – 0.35 UI

4915.2 – 0.3 UI

6144.0 – 0.3 UI

9830.4 – Note 1 UI

CPRI Receiver Frequency Jitter Tolerance

Total receiver jitter tolerance

614.4 0.65 – UI

1228.8 0.65 – UI

2457.6 0.65 – UI

3072.0 0.65 – UI

4915.2 0.95 – UI

6144.0 0.95 – UI

9830.4 Note 1 – UI

Notes: 
1. Tested per SFP+ specification, see Table 79.

Table  81: Maximum Performance for PCI Express Designs

Symbol Description
Speed Grade

Units
-3 -2/-2L/-2G -1

FPIPECLK Pipe clock maximum frequency 250.00 250.00 250.00 MHz

FUSERCLK User clock maximum frequency 500.00 500.00 250.00 MHz

FUSERCLK2 User clock 2 maximum frequency 250.00 250.00 250.00 MHz

FDRPCLK DRP clock maximum frequency 250.00 250.00 250.00 MHz

http://www.xilinx.com
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eFUSE Programming Conditions
Table 84 lists the programming conditions specifically for eFUSE. For more information, see the 7 Series FPGA 
Configuration User Guide (UG470).

Master/Slave Serial Mode Programming Switching

TDCCK/TCCKD DIN setup/hold 4.0/0.0 4.0/0.0 4.0/0.0 ns, Min

TCCO DOUT clock to out 8.0 8.0 8.0 ns, Max

SelectMAP Mode Programming Switching

TSMDCCK/TSMCCKD D[31:00] setup/hold 4.0/0.0 4.0/0.0 4.0/0.0 ns, Min

TSMCSCCK/TSMCCKCS CSI_B setup/hold 4.0/0.0 4.0/0.0 4.0/0.0 ns, Min

TSMWCCK/TSMCCKW RDWR_B setup/hold 10.0/0.0 10.0/0.0 10.0/0.0 ns, Min

TSMCKCSO CSO_B clock to out (330 Ω pull-up resistor required) 7.0 7.0 7.0 ns, Max

TSMCO D[31:00] clock to out in readback 8.0 8.0 8.0 ns, Max

FRBCCK Readback frequency SLR-based 70 70 70 MHz, Max

All other devices 100 100 100 MHz, Max

Boundary-Scan Port Timing Specifications

TTAPTCK/TTCKTAP TMS and TDI setup/hold SLR-based 9.0/2.0 9.0/2.0 9.0/2.0 ns, Min

All other devices 3.0/2.0 3.0/2.0 3.0/2.0 ns, Min

TTCKTDO TCK falling edge to TDO output SLR-based 17 17 17 ns, Max

All other devices 7.0 7.0 7.0 ns, Max

FTCK TCK frequency SLR-based 20 20 20 MHz, Max

All other devices 66 66 66 MHz, Max

BPI Master Flash Mode Programming Switching

TBPICCO
(2) A[28:00], RS[1:0], FCS_B, FOE_B, FWE_B, ADV_B clock to out 8.5 8.5 8.5 ns, Max

TBPIDCC/TBPICCD D[15:00] setup/hold 4.0/0.0 4.0/0.0 4.0/0.0 ns, Min

SPI Master Flash Mode Programming Switching

TSPIDCC/TSPICCD D[03:00] setup/hold 3.0/0.0 3.0/0.0 3.0/0.0 ns, Min

TSPICCM MOSI clock to out 8.0 8.0 8.0 ns, Max

TSPICCFC FCS_B clock to out 8.0 8.0 8.0 ns, Max

Notes: 
1. To support longer delays in configuration, use the design solutions described in the 7 Series FPGA Configuration User Guide (UG470).
2. Only during configuration, the last edge is determined by a weak pull-up/pull-down resistor in the I/O.

Table  84: eFUSE Programming Conditions(1)

Symbol Description Min Typ Max Units

IFS VCCAUX supply current – – 115 mA

t j Temperature range 15 – 125 °C

Notes: 
1. The FPGA must not be configured during eFUSE programming.

Table  83: Configuration Switching Characteristics (Cont’d)

Symbol Description Virtex-7 T and XT 
Devices

Speed Grade
Units

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

http://www.xilinx.com/support/documentation/user_guides/ug470_7Series_Config.pdf
http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug470_7Series_Config.pdf
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Revision History
The following table shows the revision history for this document.

Date Version Description

03/01/2011 1.0 Initial Xilinx release.

10/05/2011 1.1 Removed the XC7V285T, XC7V450T, and XC7V855T devices from the entire data sheet. Added the 
XC7VX330T, XC7VX415T, XC7VX550T, XC7VX690T, XC7VX980T, and XC7VX1140T devices to the 
entire data sheet.
Replaced -1L with -2L throughout this data sheet. Added the extended temperature range discussion 
to page 1. Updated Min/Max values and removed Note 5 from Table 2. Clarified Power-On/Off Power 
Supply Sequencing power sequencing discussion including adding TVCCO2VCCAUX to Table 8. Added 
ICCAUX_IO and ICCBRAM to Table 6 and Table 7. Updated VICM in Table 12 and Table 13. Added Note 1 
to Table 12. Updated Table 84 including adding Note 1. Added Table 13. Revised the reference clock 
maximum frequency (FGCLK) in Table 55. Added Table 57. Added GTH Transceiver Specifications 
section. Removed erroneous instances of HSTL_III from Table 20. Removed the I/O Standard 
Adjustment Measurement Methodology section. Use IBIS for more accurate information and 
measurements. Updated TIDELAYPAT_JIT in Table 26. Added TAS/TAH to Table 28. Added 
TRDCK_DI_WF_NC/TRCKD_DI_WF_NC and TRDCK_DI_RF/TRCKD_DI_RF to Table 31. Completely updated 
the specifications in Table 83. Updated MMCM_FINDUTY and added FINJITTER, TOUTJITTER, and 
TEXTFDVAR and Note 3 to Table 38. Updated the AC Switching Characteristics section. Updated the 
Table 50 package list. Updated the Notice of Disclaimer.

11/07/2011 1.2 Added -2G speed grade, where appropriate, throughout document.
Revised the VOCM specification in Table 12. Updated the AC Switching Characteristics based upon the 
ISE 13.3 v1.02 speed specification throughout document including Table 19 and Table 20. Added 
MMCM to the symbol names of a few specifications in Table 38 and PLL to the symbol names in 
Table 39. In Table 40 through Table 47, updated the pin-to-pin description with the SSTL15 standard. 
Updated units in Table 49.

02/13/2012 1.3 Updated summary description on page 1. In Table 2, revised VCCO for the 3.3V HR I/O banks and 
updated Tj. Added typical numbers to Table 3. Updated the notes in Table 6. Added MGTAVCC, 
MGTAVTT, and MGTVCCAUX power supply ramp times to Table 8. Rearranged Table 9, added 
Mobile_DDR, HSTL_I_18, HSTL_II_18, HSUL_12, SSTL135_R, SSTL15_R, and SSTL12 and 
removed DIFF_SSTL135, DIFF_SSTL18_I, DIFF_SSTL18_II, DIFF_HSTL_I, and DIFF_HSTL_II. 
Added Table 10 and Table 11. Revised the specifications in Table 12 and Table 13. Updated the 
eFUSE Programming Conditions section and removed the endurance table. Added the IO_FIFO 
Switching Characteristics table. Revised ICCADC and updated Note 1 in Table 82. Revised DDR LVDS 
transmitter data width in Table 17. Updated the AC Switching Characteristics based upon the ISE 13.4 
v1.03 speed specification throughout document. Removed notes from Table 28 as they are no longer 
applicable. Updated specifications in Table 83. Updated Note 1 in Table 37.
In the GTX Transceiver Specifications section: Revised VIN, and added IDCIN and IDCOUT to Table 51. 
Updated and added notes to Table 53. In Table 55, revised FGCLK, removed TPHASE, and added 
TDLOCK. Revised specifications and added Note 2 to Table 57. Added Table 58 and Table 59 along with 
GTX Transceiver Protocol Jitter Characteristics in Table 60 through Table 65.

05/23/2012 1.4 Reorganized entire data sheet including adding Table 44 and Table 48.
Updated TSOL in Table 1. Updated IBATT and added RIN_TERM to Table 3. Added values to Table 6 and 
Table 7. Updated Power-On/Off Power Supply Sequencing section with regards to GTX/GTH 
transceivers. Updated many parameters in Table 9, including SSTL135 and SSTL135_R. Removed 
VOX column and added DIFF_HSUL_12 to Table 11. Updated VOL in Table 12. Updated Table 17 and 
removed notes 2 and 3. Updated Table 18.
Updated the AC Switching Characteristics section based upon the ISE 14.1 v1.04 for the -3, -2, -2L 
(1.0V), -1, and v1.05 for the -2L (0.9V) speed specifications throughout the document.
In Table 31, updated Reset Delays section including Note 10 and Note 11. Added data for TLOCK and 
TDLOCK in Table 55. Updated many of the XADC specifications in Table 82 and added Note 2. Updated 
and moved Dynamic Reconfiguration Port (DRP) for MMCM Before and After DCLK section from 
Table 83 to Table 38 and Table 39.
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