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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 147780

Number of Logic Elements/Cells 2586150

Total RAM Bits 391168000

Number of I/O 416

Number of Gates -

Voltage - Supply 0.873V ~ 0.927V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 100°C (TJ)

Package / Case 2104-BBGA, FCBGA

Supplier Device Package 2104-FCBGA (47.5x47.5)
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Uncalibrated programmable on-die termination in I/O banks (measured per JEDEC specification)

R(9)

Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_40. –50%  40 +50% Ω

Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_48. –50%  48 +50% Ω

Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_60. –50%  60 +50% Ω

Programmable input termination to VCCO where 
ODT = RTT_40. –50%  40 +50% Ω

Programmable input termination to VCCO where 
ODT = RTT_48. –50%  48 +50% Ω

Programmable input termination to VCCO where 
ODT = RTT_60. –50%  60 +50% Ω

Programmable input termination to VCCO where 
ODT = RTT_120. –50%  120 +50% Ω

Programmable input termination to VCCO where 
ODT = RTT_240. –50%  240 +50% Ω

Internal VREF

50% VCCO
VCCO x 
0.49

VCCO x 
0.50

VCCO x 
0.51 V

70% VCCO
VCCO x 
0.69

VCCO x 
0.70

VCCO x 
0.71 V

Differential 
termination

Programmable differential termination (TERM_100) 
for the I/O banks. –35% 100 +35% Ω

n Temperature diode ideality factor. – 1.026 – –

r Temperature diode series resistance. – 2 – Ω

Notes: 
1. Typical values are specified at nominal voltage, 25°C.
2. For the I/O banks with a VCCO of 1.8V and separated VCCO and VCCAUX_IO power supplies, the IL maximum current is 70 µA.
3. This measurement represents the die capacitance at the pad, not including the package.
4. Maximum value specified for worst case process at 25°C.
5. IBATT is measured when the battery-backed RAM (BBRAM) is enabled.
6. Do not program eFUSE during device configuration (e.g., during configuration, during configuration readback, or when 

readback CRC is active).
7. If VRP resides at a different bank (DCI cascade), the range increases to ±15%.
8. VRP resistor tolerance is (240Ω ±1%)
9. On-die input termination resistance, for more information see the UltraScale Architecture SelectIO Resources User Guide 

(UG571).

Table  3: DC Characteristics Over Recommended Operating Conditions (Cont’d)

Symbol Description Min Typ(1) Max Units
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VIN Maximum Allowed AC Voltage Overshoot and Undershoot

Quiescent Supply Current

Table  4: VIN Maximum Allowed AC Voltage Overshoot and Undershoot for HP I/O Banks(1)(2)

AC Voltage Overshoot % of UI at –40°C to 100°C AC Voltage Undershoot % of UI at –40°C to 100°C
VCCO + 0.30 100% –0.30 100%

VCCO + 0.35 100% –0.35 90%

VCCO + 0.40 92% –0.40 92%

VCCO + 0.45 50% –0.45 50%

VCCO + 0.50 20% –0.50 20%

VCCO + 0.55 10% –0.55 10%

VCCO + 0.60 6% –0.60 6%

VCCO + 0.65 2% –0.65 2%

VCCO + 0.70 2% –0.70 2%

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

Table  5: Typical Quiescent Supply Current(1)(2)(3)

Symbol Description Device

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2

ICCINTQ Quiescent VCCINT supply current.

XCVU3P 2384 2276 2276 2017 mA

XCVU5P 4769 4552 4552 4034 mA

XCVU7P 4769 4552 4552 4034 mA

XCVU9P 7153 6828 6828 6050 mA

XCVU11P 7567 7202 7202 6332 mA

XCVU13P 10090 9602 9602 8442 mA

ICCINT_IOQ Quiescent current for VCCINT_IO supply.

XCVU3P 149 144 144 144 mA

XCVU5P 298 287 287 287 mA

XCVU7P 298 287 287 287 mA

XCVU9P 447 431 431 431 mA

XCVU11P 182 176 176 176 mA

XCVU13P 243 234 234 234 mA

ICCOQ Quiescent VCCO supply current. All devices 1 1 1 1 mA

ICCAUXQ Quiescent VCCAUX supply current.

XCVU3P 268 268 268 268 mA

XCVU5P 535 535 535 535 mA

XCVU7P 535 535 535 535 mA

XCVU9P 1015 1015 1015 1015 mA

XCVU11P 819 819 819 819 mA

XCVU13P 1091 1091 1091 1091 mA
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Power Supply Requirements
Table 6 shows the minimum current, in addition to ICCQ maximum, required by each Virtex UltraScale+ 
FPGA for proper power-on and configuration. If the current minimums shown in Table 6 are met, the 
device powers on after all supplies have passed through their power-on reset threshold voltages. The 
device must not be configured until after VCCINT is applied. Once initialized and configured, use the Xilinx 
Power Estimator (XPE) tools to estimate current drain on these supplies.

Table 7 shows the power supply ramp time.

Table  6: Power-on Current by Device(1)

Device ICCINTMIN ICCINT_IOMIN + ICCBRAMMIN ICCOMIN ICCAUXMIN + ICCAUX_IOMIN Units
XCVU3P ICCINTQ + 2000 ICCBRAMQ + ICCINT_IOQ + 950 ICCOQ + 50 ICCAUXQ + ICCAUX_IOQ + 350 mA

XCVU5P ICCINTQ + 4000 ICCBRAMQ + ICCINT_IOQ + 1900 ICCOQ + 100 ICCAUXQ + ICCAUX_IOQ + 700 mA

XCVU7P ICCINTQ + 4000 ICCBRAMQ + ICCINT_IOQ + 1900 ICCOQ + 100 ICCAUXQ + ICCAUX_IOQ + 700 mA

XCVU9P ICCINTQ + 6000 ICCBRAMQ + ICCINT_IOQ + 2850 ICCOQ + 150 ICCAUXQ + ICCAUX_IOQ + 1050 mA

XCVU11P ICCINTQ + 6549 ICCBRAMQ + ICCINT_IOQ + 3111 ICCOQ + 164 ICCAUXQ + ICCAUX_IOQ + 1146 mA

XCVU13P ICCINTQ + 8731 ICCBRAMQ + ICCINT_IOQ + 4148 ICCOQ + 219 ICCAUXQ + ICCAUX_IOQ + 1528 mA

Notes: 
1. Use the Xilinx Power Estimator (XPE) spreadsheet tool (download at www.xilinx.com/power) to estimate power-on current 

for all supplies.

Table  7:  Power Supply Ramp Time

Symbol Description Min Max Units
TVCCINT Ramp time from GND to 95% of VCCINT. 0.2 40 ms

TVCCINT_IO Ramp time from GND to 95% of VCCINT_IO. 0.2 40 ms

TVCCO Ramp time from GND to 95% of VCCO. 0.2 40 ms

TVCCAUX Ramp time from GND to 95% of VCCAUX. 0.2 40 ms

TVCCBRAM Ramp time from GND to 95% of VCCBRAM. 0.2 40 ms

TMGTAVCC Ramp time from GND to 95% of VMGTAVCC. 0.2 40 ms

TMGTAVTT Ramp time from GND to 95% of VMGTAVTT. 0.2 40 ms

TMGTVCCAUX Ramp time from GND to 95% of VMGTVCCAUX. 0.2 40 ms
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AC Switching Characteristics
All values represented in this data sheet are based on the speed specifications in the Vivado® Design 
Suite as outlined in Table 16.

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.

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 UltraScale+ FPGAs.

Table  16: Speed Specification Version By Device

2017.1 Device
1.10 XCVU3P, XCVU7P, XCVU9P, XCVU5P, XCVU11P, XCVU13P
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Table 23 provides the maximum data rates for applicable memory standards using the Virtex UltraScale+ 
FPGA memory PHY. Refer to Memory Interfaces for the complete list of memory interface standards 
supported and detailed specifications. The final performance of the memory interface is determined 
through a complete design implemented in the Vivado Design Suite, following guidelines in the UltraScale 
Architecture PCB Design Guide (UG583), electrical analysis, and characterization of the system.

Table  22: LVDS Native-Mode 1000BASE-X Support(1)

Description

Speed Grade and VCCINT Operating Voltages

0.90V 0.85V 0.72V

-3 -2 -1 -2
1000BASE-X Yes

Notes: 
1. 1000BASE-X support is based on the IEEE Standard for CSMA/CD Access Method and Physical Layer Specifications 

(IEEE Std 802.3-2008).

Table  23: Maximum Physical Interface (PHY) Rate for Memory Interfaces

Memory 
Standard DRAM Type

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2

DDR4

Single rank component 2666 2666 2400 2400 Mb/s
1 rank DIMM(1)(2) 2400 2400 2133 2133 Mb/s
2 rank DIMM(1)(3) 2133 2133 1866 1866 Mb/s
4 rank DIMM(1)(4) 1600 1600 1333 1333 Mb/s

DDR3

Single rank component 2133 2133 2133 2133 Mb/s
1 rank DIMM(1)(2) 1866 1866 1866 1866 Mb/s
2 rank DIMM(1)(3) 1600 1600 1600 1600 Mb/s
4 rank DIMM(1)(4) 1066 1066 1066 1066 Mb/s

DDR3L

Single rank component 1866 1866 1866 1866 Mb/s
1 rank DIMM(1)(2) 1600 1600 1600 1600 Mb/s
2 rank DIMM(1)(3) 1333 1333 1333 1333 Mb/s
4 rank DIMM(1)(4) 800 800 800 800 Mb/s

QDR II+ Single rank component(5) 633 633 600 600 MHz
RLDRAM 3 Single rank component 1200 1200 1066 1066 MHz
QDR IV XP Single rank component 1066 1066 1066 933 MHz
LPDDR3 Single rank component 1600 1600 1600 1600 Mb/s

Notes: 
1. Dual in-line memory module (DIMM) includes RDIMM, SODIMM, UDIMM, and LRDIMM.
2. Includes: 1 rank 1 slot, DDP 2 rank, LRDIMM 2 or 4 rank 1 slot.
3. Includes: 2 rank 1 slot, 1 rank 2 slot, LRDIMM 2 rank 2 slot.
4. Includes: 2 rank 2 slot, 4 rank 1 slot.
5. The QDRII+ performance specifications are for burst-length 4 (BL = 4) implementations.
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DIFF_POD10_DCI_F 0.411 0.411 0.430 0.411 0.425 0.425 0.444 0.425 0.555 0.555 0.584 0.555 ns

DIFF_POD10_DCI_M 0.411 0.411 0.430 0.411 0.542 0.542 0.571 0.542 0.640 0.640 0.681 0.640 ns

DIFF_POD10_DCI_S 0.411 0.411 0.430 0.411 0.754 0.754 0.815 0.754 0.850 0.850 0.917 0.850 ns

DIFF_POD10_F 0.411 0.411 0.433 0.411 0.438 0.438 0.459 0.438 0.569 0.569 0.601 0.569 ns

DIFF_POD10_M 0.411 0.411 0.433 0.411 0.538 0.538 0.568 0.538 0.630 0.630 0.667 0.630 ns

DIFF_POD10_S 0.411 0.411 0.433 0.411 0.766 0.766 0.821 0.766 0.836 0.836 0.894 0.836 ns

DIFF_POD12_DCI_F 0.407 0.407 0.432 0.407 0.425 0.425 0.443 0.425 0.558 0.558 0.586 0.558 ns

DIFF_POD12_DCI_M 0.407 0.407 0.432 0.407 0.543 0.543 0.572 0.543 0.638 0.638 0.678 0.638 ns

DIFF_POD12_DCI_S 0.407 0.407 0.432 0.407 0.772 0.772 0.822 0.772 0.862 0.862 0.929 0.862 ns

DIFF_POD12_F 0.409 0.409 0.430 0.409 0.455 0.455 0.476 0.455 0.595 0.595 0.626 0.595 ns

DIFF_POD12_M 0.409 0.409 0.430 0.409 0.551 0.551 0.582 0.551 0.641 0.641 0.679 0.641 ns

DIFF_POD12_S 0.409 0.409 0.430 0.409 0.767 0.767 0.817 0.767 0.832 0.832 0.889 0.832 ns

DIFF_SSTL12_DCI_F 0.381 0.381 0.400 0.381 0.425 0.425 0.443 0.425 0.558 0.558 0.586 0.558 ns

DIFF_SSTL12_DCI_M 0.381 0.381 0.400 0.381 0.557 0.557 0.587 0.557 0.654 0.654 0.694 0.654 ns

DIFF_SSTL12_DCI_S 0.381 0.381 0.400 0.381 0.754 0.754 0.803 0.754 0.842 0.842 0.908 0.842 ns

DIFF_SSTL12_F 0.394 0.394 0.402 0.394 0.412 0.412 0.430 0.412 0.538 0.538 0.566 0.538 ns

DIFF_SSTL12_M 0.394 0.394 0.402 0.394 0.553 0.553 0.584 0.553 0.641 0.641 0.676 0.641 ns

DIFF_SSTL12_S 0.394 0.394 0.402 0.394 0.758 0.758 0.808 0.758 0.823 0.823 0.879 0.823 ns

DIFF_SSTL135_DCI_F 0.371 0.371 0.402 0.371 0.411 0.411 0.428 0.411 0.537 0.537 0.565 0.537 ns

DIFF_SSTL135_DCI_M 0.371 0.371 0.402 0.371 0.551 0.551 0.582 0.551 0.645 0.645 0.685 0.645 ns

DIFF_SSTL135_DCI_S 0.371 0.371 0.402 0.371 0.746 0.746 0.799 0.746 0.829 0.829 0.893 0.829 ns

DIFF_SSTL135_F 0.375 0.375 0.402 0.375 0.408 0.408 0.428 0.408 0.528 0.528 0.561 0.528 ns

DIFF_SSTL135_M 0.375 0.375 0.402 0.375 0.555 0.555 0.585 0.555 0.641 0.641 0.679 0.641 ns

DIFF_SSTL135_S 0.375 0.375 0.402 0.375 0.772 0.772 0.823 0.772 0.827 0.827 0.878 0.827 ns

DIFF_SSTL15_DCI_F 0.397 0.397 0.417 0.397 0.412 0.412 0.429 0.412 0.531 0.531 0.563 0.531 ns

DIFF_SSTL15_DCI_M 0.397 0.397 0.417 0.397 0.553 0.553 0.583 0.553 0.645 0.645 0.685 0.645 ns

DIFF_SSTL15_DCI_S 0.397 0.397 0.417 0.397 0.768 0.768 0.822 0.768 0.847 0.847 0.912 0.847 ns

DIFF_SSTL15_F 0.404 0.404 0.417 0.404 0.424 0.424 0.445 0.424 0.551 0.551 0.577 0.551 ns

DIFF_SSTL15_M 0.404 0.404 0.417 0.404 0.554 0.554 0.585 0.554 0.639 0.639 0.677 0.639 ns

DIFF_SSTL15_S 0.404 0.404 0.417 0.404 0.767 0.767 0.817 0.767 0.813 0.813 0.867 0.813 ns

DIFF_SSTL18_I_DCI_F 0.320 0.320 0.336 0.320 0.445 0.445 0.461 0.445 0.566 0.566 0.595 0.566 ns

DIFF_SSTL18_I_DCI_M 0.320 0.320 0.336 0.320 0.554 0.554 0.585 0.554 0.644 0.644 0.683 0.644 ns

DIFF_SSTL18_I_DCI_S 0.320 0.320 0.336 0.320 0.762 0.762 0.818 0.762 0.837 0.837 0.899 0.837 ns

DIFF_SSTL18_I_F 0.316 0.316 0.336 0.316 0.454 0.454 0.476 0.454 0.578 0.578 0.608 0.578 ns

DIFF_SSTL18_I_M 0.316 0.316 0.336 0.316 0.571 0.571 0.603 0.571 0.652 0.652 0.692 0.652 ns

DIFF_SSTL18_I_S 0.316 0.316 0.336 0.316 0.782 0.782 0.835 0.782 0.816 0.816 0.870 0.816 ns

HSLVDCI_15_F 0.393 0.393 0.415 0.393 0.425 0.425 0.443 0.425 0.548 0.548 0.579 0.548 ns

HSLVDCI_15_M 0.393 0.393 0.415 0.393 0.552 0.552 0.581 0.552 0.644 0.644 0.684 0.644 ns

HSLVDCI_15_S 0.393 0.393 0.415 0.393 0.748 0.748 0.802 0.748 0.827 0.827 0.890 0.827 ns

HSLVDCI_18_F 0.424 0.424 0.447 0.424 0.445 0.445 0.461 0.445 0.566 0.566 0.595 0.566 ns

HSLVDCI_18_M 0.424 0.424 0.447 0.424 0.567 0.567 0.598 0.567 0.658 0.658 0.699 0.658 ns

Table  24: IOB High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards
TINBUF_DELAY_PAD_I TOUTBUF_DELAY_O_PAD TOUTBUF_DELAY_TD_PAD

Units0.90V 0.85V 0.72V 0.90V 0.85V 0.72V 0.90V 0.85V 0.72V

-3 -2 -1 -2 -3 -2 -1 -2 -3 -2 -1 -2

Send Feedback

http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Data_Sheets&docId=DS923&Title=Virtex%20UltraScale+%20FPGA%20Data%20Sheet%3A%20DC%20and%20AC%20Switching%20Characteristics&releaseVersion=1.1&docPage=19


Virtex UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

DS923 (v1.1) April 19, 2017 www.xilinx.com
Preliminary Product Specification 20

HSLVDCI_18_S 0.424 0.424 0.447 0.424 0.761 0.761 0.817 0.761 0.836 0.836 0.900 0.836 ns

HSTL_I_12_F 0.378 0.378 0.399 0.378 0.423 0.423 0.443 0.423 0.553 0.553 0.582 0.553 ns

HSTL_I_12_M 0.378 0.378 0.399 0.378 0.551 0.551 0.582 0.551 0.642 0.642 0.679 0.642 ns

HSTL_I_12_S 0.378 0.378 0.399 0.378 0.750 0.750 0.799 0.750 0.813 0.813 0.868 0.813 ns

HSTL_I_18_F 0.322 0.322 0.339 0.322 0.456 0.456 0.474 0.456 0.576 0.576 0.606 0.576 ns

HSTL_I_18_M 0.322 0.322 0.339 0.322 0.569 0.569 0.602 0.569 0.653 0.653 0.692 0.653 ns

HSTL_I_18_S 0.322 0.322 0.339 0.322 0.781 0.781 0.833 0.781 0.816 0.816 0.871 0.816 ns

HSTL_I_DCI_12_F 0.378 0.378 0.399 0.378 0.406 0.406 0.429 0.406 0.534 0.534 0.564 0.534 ns

HSTL_I_DCI_12_M 0.378 0.378 0.399 0.378 0.556 0.556 0.586 0.556 0.654 0.654 0.694 0.654 ns

HSTL_I_DCI_12_S 0.378 0.378 0.399 0.378 0.754 0.754 0.803 0.754 0.842 0.842 0.907 0.842 ns

HSTL_I_DCI_18_F 0.321 0.321 0.339 0.321 0.445 0.445 0.461 0.445 0.566 0.566 0.595 0.566 ns

HSTL_I_DCI_18_M 0.321 0.321 0.339 0.321 0.554 0.554 0.585 0.554 0.643 0.643 0.684 0.643 ns

HSTL_I_DCI_18_S 0.321 0.321 0.339 0.321 0.761 0.761 0.817 0.761 0.836 0.836 0.900 0.836 ns

HSTL_I_DCI_F 0.393 0.393 0.415 0.393 0.431 0.431 0.445 0.431 0.555 0.555 0.575 0.555 ns

HSTL_I_DCI_M 0.393 0.393 0.415 0.393 0.552 0.552 0.581 0.552 0.644 0.644 0.684 0.644 ns

HSTL_I_DCI_S 0.393 0.393 0.415 0.393 0.766 0.766 0.821 0.766 0.847 0.847 0.912 0.847 ns

HSTL_I_F 0.378 0.378 0.399 0.378 0.423 0.423 0.443 0.423 0.549 0.549 0.581 0.549 ns

HSTL_I_M 0.378 0.378 0.399 0.378 0.554 0.554 0.585 0.554 0.640 0.640 0.677 0.640 ns

HSTL_I_S 0.378 0.378 0.399 0.378 0.766 0.766 0.816 0.766 0.811 0.811 0.866 0.811 ns

HSUL_12_DCI_F 0.378 0.378 0.399 0.378 0.425 0.425 0.443 0.425 0.558 0.558 0.586 0.558 ns

HSUL_12_DCI_M 0.378 0.378 0.399 0.378 0.556 0.556 0.586 0.556 0.654 0.654 0.694 0.654 ns

HSUL_12_DCI_S 0.378 0.378 0.399 0.378 0.736 0.736 0.784 0.736 0.821 0.821 0.886 0.821 ns

HSUL_12_F 0.378 0.378 0.399 0.378 0.412 0.412 0.430 0.412 0.538 0.538 0.566 0.538 ns

HSUL_12_M 0.378 0.378 0.399 0.378 0.551 0.551 0.582 0.551 0.642 0.642 0.679 0.642 ns

HSUL_12_S 0.378 0.378 0.399 0.378 0.750 0.750 0.799 0.750 0.813 0.813 0.868 0.813 ns

LVCMOS12_F_2 0.512 0.512 0.555 0.512 0.672 0.672 0.692 0.672 0.898 0.898 0.922 0.898 ns

LVCMOS12_F_4 0.512 0.512 0.555 0.512 0.504 0.504 0.521 0.504 0.664 0.664 0.693 0.664 ns

LVCMOS12_F_6 0.512 0.512 0.555 0.512 0.485 0.485 0.507 0.485 0.634 0.634 0.669 0.634 ns

LVCMOS12_F_8 0.512 0.512 0.555 0.512 0.465 0.465 0.489 0.465 0.611 0.611 0.666 0.611 ns

LVCMOS12_M_2 0.512 0.512 0.555 0.512 0.708 0.708 0.727 0.708 0.916 0.916 0.945 0.916 ns

LVCMOS12_M_4 0.512 0.512 0.555 0.512 0.550 0.550 0.573 0.550 0.664 0.664 0.690 0.664 ns

LVCMOS12_M_6 0.512 0.512 0.555 0.512 0.527 0.527 0.554 0.527 0.622 0.622 0.652 0.622 ns

LVCMOS12_M_8 0.512 0.512 0.555 0.512 0.540 0.540 0.571 0.540 0.614 0.614 0.649 0.614 ns

LVCMOS12_S_2 0.512 0.512 0.555 0.512 0.767 0.767 0.803 0.767 0.990 0.990 1.024 0.990 ns

LVCMOS12_S_4 0.512 0.512 0.555 0.512 0.666 0.666 0.704 0.666 0.803 0.803 0.848 0.803 ns

LVCMOS12_S_6 0.512 0.512 0.555 0.512 0.657 0.657 0.695 0.657 0.732 0.732 0.774 0.732 ns

LVCMOS12_S_8 0.512 0.512 0.555 0.512 0.708 0.708 0.761 0.708 0.745 0.745 0.790 0.745 ns

LVCMOS15_F_12 0.414 0.414 0.445 0.414 0.500 0.500 0.522 0.500 0.647 0.647 0.682 0.647 ns

LVCMOS15_F_2 0.414 0.414 0.445 0.414 0.702 0.702 0.722 0.702 0.919 0.919 0.940 0.919 ns

LVCMOS15_F_4 0.414 0.414 0.445 0.414 0.579 0.579 0.601 0.579 0.755 0.755 0.781 0.755 ns

LVCMOS15_F_6 0.414 0.414 0.445 0.414 0.547 0.547 0.569 0.547 0.711 0.711 0.742 0.711 ns

Table  24: IOB High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards
TINBUF_DELAY_PAD_I TOUTBUF_DELAY_O_PAD TOUTBUF_DELAY_TD_PAD

Units0.90V 0.85V 0.72V 0.90V 0.85V 0.72V 0.90V 0.85V 0.72V

-3 -2 -1 -2 -3 -2 -1 -2 -3 -2 -1 -2
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LVCMOS15_F_8 0.414 0.414 0.445 0.414 0.518 0.518 0.538 0.518 0.686 0.686 0.703 0.686 ns

LVCMOS15_M_12 0.414 0.414 0.445 0.414 0.607 0.607 0.644 0.607 0.637 0.637 0.676 0.637 ns

LVCMOS15_M_2 0.414 0.414 0.445 0.414 0.741 0.741 0.770 0.741 0.938 0.938 0.962 0.938 ns

LVCMOS15_M_4 0.414 0.414 0.445 0.414 0.625 0.625 0.651 0.625 0.754 0.754 0.786 0.754 ns

LVCMOS15_M_6 0.414 0.414 0.445 0.414 0.576 0.576 0.604 0.576 0.674 0.674 0.710 0.674 ns

LVCMOS15_M_8 0.414 0.414 0.445 0.414 0.568 0.568 0.601 0.568 0.639 0.639 0.681 0.639 ns

LVCMOS15_S_12 0.414 0.414 0.445 0.414 0.788 0.788 0.855 0.788 0.695 0.695 0.733 0.695 ns

LVCMOS15_S_2 0.414 0.414 0.445 0.414 0.829 0.829 0.864 0.829 1.039 1.039 1.079 1.039 ns

LVCMOS15_S_4 0.414 0.414 0.445 0.414 0.687 0.687 0.725 0.687 0.813 0.813 0.851 0.813 ns

LVCMOS15_S_6 0.414 0.414 0.445 0.414 0.671 0.671 0.710 0.671 0.726 0.726 0.763 0.726 ns

LVCMOS15_S_8 0.414 0.414 0.445 0.414 0.704 0.704 0.755 0.704 0.721 0.721 0.758 0.721 ns

LVCMOS18_F_12 0.418 0.418 0.445 0.418 0.573 0.573 0.601 0.573 0.731 0.731 0.769 0.731 ns

LVCMOS18_F_2 0.418 0.418 0.445 0.418 0.739 0.739 0.760 0.739 0.945 0.945 0.971 0.945 ns

LVCMOS18_F_4 0.418 0.418 0.445 0.418 0.609 0.609 0.630 0.609 0.778 0.778 0.802 0.778 ns

LVCMOS18_F_6 0.418 0.418 0.445 0.418 0.603 0.603 0.633 0.603 0.781 0.781 0.808 0.781 ns

LVCMOS18_F_8 0.418 0.418 0.445 0.418 0.573 0.573 0.600 0.573 0.733 0.733 0.767 0.733 ns

LVCMOS18_M_12 0.418 0.418 0.445 0.418 0.640 0.640 0.678 0.640 0.670 0.670 0.709 0.670 ns

LVCMOS18_M_2 0.418 0.418 0.445 0.418 0.798 0.798 0.822 0.798 0.991 0.991 1.016 0.991 ns

LVCMOS18_M_4 0.418 0.418 0.445 0.418 0.664 0.664 0.693 0.664 0.798 0.798 0.836 0.798 ns

LVCMOS18_M_6 0.418 0.418 0.445 0.418 0.629 0.629 0.663 0.629 0.735 0.735 0.775 0.735 ns

LVCMOS18_M_8 0.418 0.418 0.445 0.418 0.626 0.626 0.661 0.626 0.705 0.705 0.746 0.705 ns

LVCMOS18_S_12 0.418 0.418 0.445 0.418 0.795 0.795 0.861 0.795 0.683 0.683 0.721 0.683 ns

LVCMOS18_S_2 0.418 0.418 0.445 0.418 0.862 0.862 0.897 0.862 1.076 1.076 1.098 1.076 ns

LVCMOS18_S_4 0.418 0.418 0.445 0.418 0.716 0.716 0.758 0.716 0.829 0.829 0.872 0.829 ns

LVCMOS18_S_6 0.418 0.418 0.445 0.418 0.682 0.682 0.724 0.682 0.724 0.724 0.762 0.724 ns

LVCMOS18_S_8 0.418 0.418 0.445 0.418 0.707 0.707 0.760 0.707 0.709 0.709 0.745 0.709 ns

LVDCI_15_F 0.425 0.425 0.462 0.425 0.426 0.426 0.443 0.426 0.548 0.548 0.581 0.548 ns

LVDCI_15_M 0.425 0.425 0.462 0.425 0.553 0.553 0.582 0.553 0.645 0.645 0.685 0.645 ns

LVDCI_15_S 0.425 0.425 0.462 0.425 0.749 0.749 0.803 0.749 0.821 0.821 0.890 0.821 ns

LVDCI_18_F 0.414 0.414 0.447 0.414 0.441 0.441 0.459 0.441 0.560 0.560 0.589 0.560 ns

LVDCI_18_M 0.414 0.414 0.447 0.414 0.554 0.554 0.585 0.554 0.644 0.644 0.683 0.644 ns

LVDCI_18_S 0.414 0.414 0.447 0.414 0.760 0.760 0.818 0.760 0.837 0.837 0.899 0.837 ns

LVDS 0.539 0.539 0.620 0.539 0.626 0.626 0.662 0.626 960.447 960.447 960.447 960.447 ns

MIPI_DPHY_DCI_HS 0.386 0.386 0.415 0.386 0.502 0.502 0.522 0.502 N/A N/A N/A N/A ns

MIPI_DPHY_DCI_LP 8.438 8.438 8.792 8.438 0.914 0.914 0.937 0.914 N/A N/A N/A N/A ns

POD10_DCI_F 0.408 0.408 0.430 0.408 0.425 0.425 0.444 0.425 0.555 0.555 0.584 0.555 ns

POD10_DCI_M 0.408 0.408 0.430 0.408 0.542 0.542 0.571 0.542 0.640 0.640 0.681 0.640 ns

POD10_DCI_S 0.408 0.408 0.430 0.408 0.754 0.754 0.815 0.754 0.850 0.850 0.917 0.850 ns

POD10_F 0.407 0.407 0.430 0.407 0.438 0.438 0.459 0.438 0.569 0.569 0.601 0.569 ns

POD10_M 0.407 0.407 0.430 0.407 0.538 0.538 0.568 0.538 0.630 0.630 0.667 0.630 ns

POD10_S 0.407 0.407 0.430 0.407 0.766 0.766 0.821 0.766 0.836 0.836 0.894 0.836 ns

Table  24: IOB High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards
TINBUF_DELAY_PAD_I TOUTBUF_DELAY_O_PAD TOUTBUF_DELAY_TD_PAD

Units0.90V 0.85V 0.72V 0.90V 0.85V 0.72V 0.90V 0.85V 0.72V

-3 -2 -1 -2 -3 -2 -1 -2 -3 -2 -1 -2
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Output Delay Measurement Methodology
Output delays are measured with short output traces. Standard termination was used for all testing. The 
propagation delay of the trace is characterized separately and subtracted from the final measurement, and 
is therefore not included in the generalized test setups shown in Figure 1 and Figure 2.

Parameters VREF, RREF, CREF, and VMEAS fully describe the test conditions for each I/O standard. The most 
accurate prediction of propagation delay in any given application can be obtained through IBIS 
simulation, using this method:

1. Simulate the output driver of choice into the generalized test setup using values from Table 27.

2. Record the time to VMEAS.

3. Simulate the output driver of choice into the actual PCB trace and load using the appropriate IBIS 
model or capacitance value to represent the load.

4. Record the time to VMEAS.

5. Compare the results of step 2 and step 4. The increase or decrease in delay yields the actual 
propagation delay of the PCB trace.

X-Ref Target - Figure 1

Figure 1: Single-Ended Test Setup

X-Ref Target - Figure 2

Figure 2: Differential Test Setup

VREF

RREF

VMEAS (voltage level when taking delay measurement)

CREF (probe capacitance)

Output

ds923_01_041816

RREF VMEAS

+

–

CREF

Output
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Clock Buffers and Networks
Table  32: Clock Buffers Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2

Global Clock Switching Characteristics (Including BUFGCTRL)
FMAX Maximum frequency of a global clock tree (BUFG). 891 775 667 725 MHz

Global Clock Buffer with Input Divide Capability (BUFGCE_DIV)

FMAX
Maximum frequency of a global clock buffer with input 
divide capability (BUFGCE_DIV). 891 775 667 725 MHz

Global Clock Buffer with Clock Enable (BUFGCE)

FMAX
Maximum frequency of a global clock buffer with clock 
enable (BUFGCE). 891 775 667 725 MHz

Leaf Clock Buffer with Clock Enable (BUFCE_LEAF)

FMAX
Maximum frequency of a leaf clock buffer with clock enable 
(BUFCE_LEAF). 891 775 667 725 MHz

GTY Clock Buffer with Clock Enable and Clock Input Divide Capability (BUFG_GT)

FMAX
Maximum frequency of a serial transceiver clock buffer 
with clock enable and clock input divide capability. 512 512 512 512 MHz
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Table  37: Global Clock Input to Output Delay With MMCM

Symbol Description Device

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2

SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, with MMCM.
TICKOFMMCMCC Global clock input and output flip-flop with 

MMCM.
XCVU3P 1.80 1.80 1.94 2.34 ns

XCVU5P 1.80 1.80 1.94 2.34 ns

XCVU7P 1.80 1.80 1.94 2.34 ns

XCVU9P 1.80 1.80 1.94 2.34 ns

XCVU11P 1.56 1.56 1.68 2.07 ns

XCVU13P 1.56 1.56 1.68 2.07 ns

Notes: 
1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column, 

and where all accessible I/O and CLB flip-flops are clocked by the global clock net in a single SLR.
2. MMCM output jitter is already included in the timing calculation.

Send Feedback

http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Data_Sheets&docId=DS923&Title=Virtex%20UltraScale+%20FPGA%20Data%20Sheet%3A%20DC%20and%20AC%20Switching%20Characteristics&releaseVersion=1.1&docPage=33


Virtex UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

DS923 (v1.1) April 19, 2017 www.xilinx.com
Preliminary Product Specification 36

GTY Transceiver Specifications
The UltraScale Architecture and Product Overview (DS890) lists the Virtex UltraScale+ FPGAs that include 
the GTY transceivers.

GTY Transceiver DC Input and Output Levels
Table 41 summarizes the DC specifications of the GTY transceivers in Virtex UltraScale+ FPGAs. Consult 
the UltraScale Architecture GTY Transceiver User Guide (UG578) for further information.

Table  41: GTY Transceiver DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units

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

Single-ended input voltage. 
Voltage measured at the pin 
referenced to GND.

DC coupled 
VMGTAVTT = 1.2V –400 – VMGTAVTT mV

VCMIN Common mode input voltage DC coupled 
VMGTAVTT = 1.2V – 2/3 VMGTAVTT – mV

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

Transmitter output swing 
is set to 1010 800 – – mV

VCMOUTDC
Common mode output voltage: 
DC coupled (equation based)

When remote RX is 
terminated to GND VMGTAVTT/2 – DVPPOUT/4 mV

When remote RX 
termination is floating VMGTAVTT – DVPPOUT/2 mV

When remote RX is 
terminated to VRX_TERM

(2) mV

VCMOUTAC
Common mode output voltage: 
AC coupled Equation based VMGTAVTT – DVPPOUT/2 mV

RIN Differential input resistance – 100 – Ω

ROUT Differential output resistance – 100 – Ω

TOSKEW Transmitter output pair (TXP and TXN) intra-pair skew – – 10 ps

CEXT Recommended external AC coupling capacitor(3) – 100 – nF

Notes: 
1. The output swing and pre-emphasis levels are programmable using the GTY transceiver attributes discussed in the 

UltraScale Architecture GTY Transceiver User Guide (UG578) and can result in values lower than reported in this table.
2. VRX_TERM is the remote RX termination voltage.
3. Other values can be used as appropriate to conform to specific protocols and standards.

VMGTAVTT
DVPPOUT

4
----------------------–

VMGTAVTT VRX_TERM–

2
------------------------------------------------------- 
 –
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Table 42 and Table 43 summarize the DC specifications of the clock input of the GTY transceivers in 
Virtex UltraScale+ FPGAs. Consult www.xilinx.com/products/technology/high-speed-serial for further 
details.

X-Ref Target - Figure 3

Figure 3: Single-Ended Peak-to-Peak Voltage

X-Ref Target - Figure 4

Figure 4: Differential Peak-to-Peak Voltage

Table  42: GTY Transceiver Clock DC Input Level Specification

Symbol DC Parameter Min Typ Max Units
VIDIFF Differential peak-to-peak input voltage 250 – 2000 mV

RIN Differential input resistance – 100 – Ω

CEXT Required external AC coupling capacitor – 10 – nF

Table  43: GTY Transceiver Clock Output Level Specification

Symbol Description Conditions Min Typ Max Units
VOL Output high voltage for P and N RT = 100Ω across P and N signals 100 – 330 mV

VOH Output low voltage for P and N RT = 100Ω across P and N signals 500 – 700 mV

VDDOUT

Differential output voltage              
(P–N), P =  High                                       
(N–P), N = High

RT = 100Ω across P and N signals 300 – 430 mV

VCMOUT Common mode voltage RT = 100Ω across P and N signals 300 – 500 mV

0

+V P

N

ds923_03_041816

Single-Ended
Peak-to-Peak 
Voltage

0

+V

–V P–N
ds923_04_041816

Differential
Peak-to-Peak

Voltage

Differential peak-to-peak voltage = (Single-ended peak-to-peak voltage) x 2
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GTY Transceiver Switching Characteristics
Consult www.xilinx.com/products/technology/high-speed-serial for further information.

Table  44: GTY Transceiver Performance

Symbol Description Output 
Divider

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2
FGTYMAX GTY maximum line rate 32.75(1) 28.21(1) 25.7813(1) 28.21(1) Gb/s

FGTYMIN GTY minimum line rate 0.5 0.5 0.5 0.5 Gb/s

Min Max Min Max Min Max Min Max

FGTYCRANGE CPLL line rate range(2)

1 4.0 12.5 4.0 12.5 4.0 8.5 4.0 12.5 Gb/s

2 2.0 6.25 2.0 6.25 2.0 4.25 2.0 6.25 Gb/s

4 1.0 3.125 1.0 3.125 1.0 2.125 1.0 3.125 Gb/s

8 0.5 1.5625 0.5 1.5625 0.5 1.0625 0.5 1.5625 Gb/s

16 N/A Gb/s

32 N/A Gb/s

Min Max Min Max Min Max Min Max

FGTYQRANGE1 QPLL0 line rate range(3)

1 19.6 32.75 19.6 28.21 19.6 25.7813 19.6 28.21 Gb/s

1 9.8 16.375 9.8 16.375 9.8 12.5 9.8 16.375 Gb/s

2 4.9 8.1875 4.9 8.1875 4.9 8.1875 4.9 8.1875 Gb/s

4 2.45 4.09375 2.45 4.09375 2.45 4.09375 2.45 4.09375 Gb/s

8 1.225 2.04688 1.225 2.04688 1.225 2.04688 1.225 2.04688 Gb/s

16 0.6125 1.02344 0.6125 1.02344 0.6125 1.02344 0.6125 1.02344 Gb/s

Min Max Min Max Min Max Min Max

FGTYQRANGE2 QPLL1 line rate range(4)

1 16.0 26.0 16.0 26.0 19.6 25.7813 16.0 26.0 Gb/s

1 8.0 13.0 8.0 13.0 8.0 12.5 8.0 13.0 Gb/s

2 4.0 6.5 4.0 6.5 4.0 6.5 4.0 6.5 Gb/s

4 2.0 3.25 2.0 3.25 2.0 3.25 2.0 3.25 Gb/s

8 1.0 1.625 1.0 1.625 1.0 1.625 1.0 1.625 Gb/s

16 0.5 0.8125 0.5 0.8125 0.5 0.8125 0.5 0.8125 Gb/s

Min Max Min Max Min Max Min Max

FCPLLRANGE CPLL frequency range 2.0 6.25 2.0 6.25 2.0 4.25 2.0 6.25 GHz

FQPLL0RANGE QPLL0 frequency range 9.8 16.375 9.8 16.375 9.8 16.375 9.8 16.375 GHz

FQPLL1RANGE QPLL1 frequency range 8.0 13.0 8.0 13.0 8.0 13.0 8.0 13.0 GHz

Notes: 
1. XCVU11P devices in the FLGF1924 package have a maximum GTY transceiver line rate of 16.3 Gb/s.
2. The values listed are the rounded results of the calculated equation (2 x CPLL_Frequency)/Output_Divider.
3. The values listed are the rounded results of the calculated equation (2 x QPLL0_Frequency)/Output_Divider.
4. The values listed are the rounded results of the calculated equation (2 x QPLL1_Frequency)/Output_Divider.
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TJ3.20 Total jitter(3)(4)
3.20 Gb/s(5)

– – 0.20 UI

DJ3.20 Deterministic jitter(3)(4) – – 0.10 UI

TJ2.5 Total jitter(3)(4)
2.5 Gb/s(6)

– – 0.20 UI

DJ2.5 Deterministic jitter(3)(4) – – 0.10 UI

TJ1.25 Total jitter(3)(4)
1.25 Gb/s(7)

– – 0.15 UI

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

TJ500 Total jitter(3)(4)
500 Mb/s(8)

– – 0.10 UI

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

Notes: 
1. Using same REFCLK input with TX phase alignment enabled for up to four consecutive transmitters (one fully populated 

GTY Quad) at maximum line rate.
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 10-12.
5. CPLL frequency at 3.2 GHz and TXOUT_DIV = 2.
6. CPLL frequency at 2.5 GHz and TXOUT_DIV = 2.
7. CPLL frequency at 2.5 GHz and TXOUT_DIV = 4.
8. CPLL frequency at 2.0 GHz and TXOUT_DIV = 8.

Table  50: GTY Transceiver Transmitter Switching Characteristics (Cont’d)

Symbol Description Condition Min Typ Max Units
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Integrated Interface Block for 100G Ethernet MAC and PCS
More information and documentation on solutions using the integrated 100 Gb/s Ethernet block can be 
found at UltraScale Integrated 100G Ethernet MAC/PCS. The UltraScale Architecture and Product Overview 
(DS890) lists how many blocks are in each Virtex UltraScale+ FPGA.

Integrated Interface Block for PCI Express Designs
More information and documentation on solutions for PCI Express designs can be found at PCI Express. 
The UltraScale Architecture and Product Overview (DS890) lists how many blocks are in each 
Virtex UltraScale+ FPGA.

Table  56: Maximum Performance for 100G Ethernet Designs

Symbol Description

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2(1) -1 -2
FTX_CLK Transmit clock 390.625 390.625 322.223 322.223 MHz

FRX_CLK Receive clock 390.625 390.625 322.223 322.223 MHz

FRX_SERDES_CLK Receive serializer/deserializer clock 390.625 390.625 322.223 322.223 MHz

FDRP_CLK Dynamic reconfiguration port clock 250.00 250.00 250.00 250.00 MHz

Notes: 
1. The maximum clock frequency of 390.625 MHz only applies to the CAUI-10 interface. The maximum clock frequency for 

the CAUI-4 interface is 322.223 MHz.

Table  57: Maximum Performance for PCI Express Designs(1)(2)

Symbol Description

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2
FPIPECLK Pipe clock maximum frequency. 250.00 250.00 250.00 250.00 MHz

FCORECLK Core clock maximum frequency. 500.00 500.00 500.00 250.00 MHz

FDRPCLK DRP clock maximum frequency. 250.00 250.00 250.00 250.00 MHz

FMCAPCLK MCAP clock maximum frequency. 125.00 125.00 125.00 125.00 MHz

Notes: 
1. PCI Express Gen4 operation is supported for x1, x2, x4, and x8 widths.
2. PCI Express Gen4 operation is supported in -3E, -2E, and -2I speed grades.
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Supply sensor error(4)

Supply voltages 0.72V to 1.2V, 
Tj = –40°C to 100°C (with external REF)

– – ±0.5 %

Supply voltages 0.72V to 1.2V,
Tj = –55°C to 125°C (with external REF)

– – ±1.0 %

All other supply voltages,
Tj = –40°C to 100°C (with external REF)

– – ±1.0 %

All other supply voltages,
Tj = –55°C to 125°C (with external REF)

– – ±2.0 %

Supply voltages 0.72V to 1.2V,
Tj = –40°C to 100°C (with internal REF)

– – ±1.0 %

Supply voltages 0.72V to 1.2V,
Tj = –55°C to 125°C (with internal REF)

– – ±2.0 %

All other supply voltages,
Tj = –40°C to 100°C (with internal REF)

– – ±1.5 %

All other supply voltages,
Tj = –55°C to 125°C (with internal REF)

– – ±2.5 %

Conversion Rate(5)

Conversion time—continuous tCONV Number of ADCCLK cycles 26 – 32 Cycles

Conversion time—event tCONV Number of ADCCLK cycles – – 21 Cycles

DRP clock frequency DCLK DRP clock frequency 8 – 250 MHz

ADC clock frequency ADCCLK Derived from DCLK 1 – 5.2 MHz

DCLK duty cycle 40 – 60 %

SYSMON Reference(6)

External reference VREFP Externally supplied reference voltage 1.20 1.25 1.30 V

On-chip reference

Ground VREFP pin to AGND, 
Tj = –40°C to 100°C 1.2375 1.25 1.2625 V

Ground VREFP pin to AGND, 
Tj = –55°C to 125°C 1.225 1.25 1.275 V

Notes: 
1. ADC offset errors are removed by enabling the ADC automatic offset calibration feature. The values are specified for when 

this feature is enabled.
2. See the Analog Input section in the UltraScale Architecture System Monitor User Guide (UG580).
3. When reading temperature values directly from the PMBus interface, the SYSMON has a +4°C offset due to the transfer 

function used by the PMBus application. For example, the external REF temperature sensor error’s range of ±3°C becomes 
+1°C to +7°C when the temperature is read through the PMBus interface.

4. Supply sensor offset and gain errors are removed by enabling the automatic offset and gain calibration feature. The values 
are specified for when this feature is enabled.

5. See the Adjusting the Acquisition Settling Time section in the UltraScale Architecture System Monitor User Guide (UG580).
6. Any variation in the reference voltage from the nominal VREFP = 1.25V and VREFN = 0V will result in a deviation from the 

ideal transfer function. This also impacts the accuracy of the internal sensor measurements (i.e., temperature and power 
supply). However, for external ratiometric type applications allowing reference to vary by ±4% is permitted.

Table  58: System Monitor Specifications (Cont’d)

Parameter Symbol Comments/Conditions Min Typ Max Units
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SYSMON I2C/PMBus Interfaces
Table  59: SYSMON I2C Fast Mode Interface Switching Characteristics(1)

Symbol Description Min Max Units
TSMFCKL SCL Low time 1.3 – µs

TSMFCKH SCL High time 0.6 – µs

TSMFCKO SDAO clock-to-out delay – 900 ns

TSMFDCK SDAI setup time 100 – ns

FSMFCLK SCL clock frequency – 400 kHz

Notes: 
1. The test conditions are configured to the LVCMOS 1.8V I/O standard.

Table  60: SYSMON I2C Standard Mode Interface Switching Characteristics(1)

Symbol Description Min Max Units
TSMSCKL SCL Low time 4.7 – µs

TSMSCKH SCL High time 4.0 – µs

TSMSCKO SDAO clock-to-out delay – 3450 ns

TSMSDCK SDAI setup time 250 – ns

FSMSCLK SCL clock frequency – 100 kHz

Notes: 
1. The test conditions are configured to the LVCMOS 1.8V I/O standard.
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DNA Port Switching
FDNACK DNA port frequency. 200 200 200 175 MHz, Max

STARTUPE3 Ports

TUSRCCLKO
STARTUPE3 USRCCLKO input port to CCLK pin 
output delay.

0.25/
6.00

0.25/
6.50

0.25/
7.50

0.25/
9.00 ns, Min/Max

TDO DO[3:0] ports to D03-D00 pins output delay. 0.25/
6.70

0.25/
7.70

0.25/
8.40

0.25/
10.00 ns, Min/Max

TDTS DTS[3:0] ports to D03-D00 pins 3-state delays. 0.25/
6.70

0.25/
7.70

0.25/
8.40

0.25/
10.00 ns, Min/Max

TFCSBO FCSBO port to FCS_B pin output delay. 0.25/
6.90

0.25/
7.50

0.25/
8.40

0.25/
9.80 ns, Min/Max

TFCSBTS FCSBTS port to FCS_B pin 3-state delay. 0.25/
6.90

0.25/
7.50

0.25/
8.40

0.25/
9.80 ns, Min/Max

TUSRDONEO USRDONEO port to DONE pin output delay. 0.25/
8.60

0.25/
9.40

0.25/
10.50

0.25/
12.10 ns, Min/Max

TUSRDONETS USRDONETS port to DONE pin 3-state delay. 0.25/
8.60

0.25/
9.40

0.25/
10.50

0.25/
12.10 ns, Min/Max

TDI D03-D00 pins to DI[3:0] ports input delay. 0.5/
2.6

0.5/
3.1

0.5/
3.5

0.5/
4.0 ns, Min/Max

FCFGMCLK STARTUPE3 CFGMCLK output frequency. 50 50 50 50 MHz, Typ

FCFGMCLKTOL STARTUPE3 CFGMCLK output frequency tolerance. ±15 ±15 ±15 ±15 %, Max

TDCI_MATCH

Specifies a stall in the startup cycle until the 
digitally controlled impedance (DCI) match signals 
are asserted.

4 4 4 4 ms, Max

Notes: 
1. When the CCLK is sourced from the EMCCLK pin with a divide-by-one setting, the external EMCCLK must meet this 

duty-cycle requirement.

Table  61: Configuration Switching Characteristics (Cont’d)

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2
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Notice of Disclaimer
The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of Xilinx products. To the
maximum extent permitted by applicable law: (1) Materials are made available "AS IS" and with all faults, Xilinx hereby DISCLAIMS
ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF
MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether
in contract or tort, including negligence, or under any other theory of liability) for any loss or damage of any kind or nature related
to, arising under, or in connection with, the Materials (including your use of the Materials), including for any direct, indirect,
special, incidental, or consequential loss or damage (including loss of data, profits, goodwill, or any type of loss or damage
suffered as a result of any action brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx had
been advised of the possibility of the same. Xilinx assumes no obligation to correct any errors contained in the Materials or to
notify you of updates to the Materials or to product specifications. You may not reproduce, modify, distribute, or publicly display
the Materials without prior written consent. Certain products are subject to the terms and conditions of Xilinx’s limited warranty,
please refer to Xilinx’s Terms of Sale which can be viewed at www.xilinx.com/legal.htm#tos; IP cores may be subject to warranty
and support terms contained in a license issued to you by Xilinx. Xilinx products are not designed or intended to be fail-safe or
for use in any application requiring fail-safe performance; you assume sole risk and liability for use of Xilinx products in such
critical applications, please refer to Xilinx’s Terms of Sale which can be viewed at www.xilinx.com/legal.htm#tos.

Automotive Applications Disclaimer
AUTOMOTIVE PRODUCTS (IDENTIFIED AS "XA" IN THE PART NUMBER) ARE NOT WARRANTED FOR USE IN THE DEPLOYMENT OF
AIRBAGS OR FOR USE IN APPLICATIONS THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE ISO 26262 AUTOMOTIVE SAFETY STANDARD ("SAFETY
DESIGN"). CUSTOMER SHALL, PRIOR TO USING OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY
TEST SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION WITHOUT A SAFETY DESIGN IS FULLY
AT THE RISK OF CUSTOMER, SUBJECT ONLY TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.
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