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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Product Status Active

Number of LABs/CLBs 98520

Number of Logic Elements/Cells 1724100

Total RAM Bits 260812800

Number of I/O 702

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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Recommended Operating Conditions
Table  2: Recommended Operating Conditions(1)(2)

Symbol Description Min Typ Max Units

FPGA Logic

VCCINT

Internal supply voltage. 0.825 0.850 0.876 V

For -2LE (VCCINT = 0.72V) devices: internal supply 
voltage. 0.698 0.720 0.742 V

For -3E devices: internal supply voltage. 0.873 0.900 0.927 V

VCCINT_IO
(3)

Internal supply voltage for the I/O banks. 0.825 0.850 0.876 V

For -2LE devices (VCCINT = 0.85V): 
internal supply voltage for the I/O banks. 0.825 0.850 0.876 V

For -3E devices: internal supply voltage for the I/O banks. 0.873 0.900 0.927 V

VCCBRAM
Block RAM supply voltage. 0.825 0.850 0.876 V

For -3E devices: block RAM supply voltage. 0.873 0.900 0.927 V

VCCAUX Auxiliary supply voltage. 1.746 1.800 1.854 V

VCCO
(4)(5) Supply voltage for I/O banks. 0.950 – 1.900 V

VCCAUX_IO
(6) Auxiliary I/O supply voltage. 1.746 1.800 1.854 V

VIN
(7) I/O input voltage. –0.200 – VCCO + 0.200 V

IIN(8) Maximum current through any pin in a powered or 
unpowered bank when forward biasing the clamp diode. – – 10 mA

VBATT
(9) Battery voltage. 1.000 – 1.890 V

GTY Transceiver
VMGTAVCC

(10) Analog supply voltage for the GTY transceiver. 0.873 0.900 0.927 V

VMGTAVTT
(10) Analog supply voltage for the GTY transmitter and 

receiver termination circuits. 1.164 1.20 1.236 V

VMGTVCCAUX
(10) Auxiliary analog QPLL voltage supply for the transceivers. 1.746 1.80 1.854 V

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

the GTY transceiver column. 1.164 1.20 1.236 V
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SYSMON
VCCADC SYSMON supply relative to GNDADC. 1.746 1.800 1.854 V

VREFP
SYSMON externally supplied reference voltage relative to 
GNDADC. 1.200 1.250 1.300 V

Temperature

Tj
(11)

Junction temperature operating range for extended (E) 
temperature devices.(12) 0 – 100 °C

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

Junction temperature operating range for eFUSE 
programming.(13) –40 – 125 °C

Notes: 
1. All voltages are relative to GND.
2. For the design of the power distribution system consult UltraScale Architecture PCB Design Guide (UG583).
3. VCCINT_IO must be connected to VCCBRAM.
4. For VCCO_0, the minimum recommended operating voltage for power on and during configuration is 1.425V. After 

configuration, data is retained even if VCCO drops to 0V.
5. Includes VCCO of 1.0V, 1.2V, 1.35V, 1.5V, and 1.8V.
6. VCCAUX_IO must be connected to VCCAUX.
7. The lower absolute voltage specification always applies.
8. A total of 200 mA per bank should not be exceeded.
9. If battery is not used, connect VBATT to either GND or VCCAUX.
10. Each voltage listed requires filtering as described in the UltraScale Architecture GTY Transceiver User Guide (UG578).
11. Xilinx recommends measuring the Tj of a device using the system monitor as described in the UltraScale Architecture 

System Monitor User Guide (UG580). The SYSMON temperature measurement errors (that are described in Table 58) must 
be accounted for in your design. For example, by using an external reference of 1.25V, when SYSMON reports 97°C, there 
is a measurement error ±3°C. A reading of 97°C is considered the maximum adjusted Tj (100°C – 3°C = 97°C).

12. Devices labeled with the speed/temperature grade of -2LE can operate for a limited time at a junction temperature of 
110°C. Timing parameters adhere to the same speed file at 110°C as they do below 110°C, regardless of operating voltage 
(nominal voltage of 0.85V or a low-voltage of 0.72V). Operation at Tj = 110°C is limited to 1% of the device lifetime and 
can occur sequentially or at regular intervals as long as the total time does not exceed 1% of the device lifetime.

13. Do not program eFUSE during device configuration (e.g., during configuration, during configuration readback, or when 
readback CRC is active).

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

Symbol Description Min Typ Max Units
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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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DC Input and Output Levels
Values for VIL and VIH are recommended input voltages. Values for IOL and IOH are guaranteed over the 
recommended operating conditions at the VOL and VOH test points. Only selected standards are tested. 
These are chosen to ensure that all standards meet their specifications. The selected standards are tested 
at a minimum VCCO with the respective VOL and VOH voltage levels shown. Other standards are sample 
tested.

Table  8: SelectIO DC Input and Output Levels for the I/O Banks(1)(2)(3)

I/O 
Standard

VIL VIH VOL VOH IOL IOH

V, Min V, Max V, Min V, Max V, Max V, Min mA mA
HSTL_I –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 0.400 VCCO – 0.400 5.8 –5.8

HSTL_I_12 –0.300 VREF – 0.080 VREF + 0.080 VCCO + 0.300 25% VCCO 75% VCCO 4.1 –4.1

HSTL_I_18 –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 0.400 VCCO – 0.400 6.2 –6.2

HSUL_12 –0.300 VREF – 0.130 VREF + 0.130 VCCO + 0.300 20% VCCO 80% VCCO 0.1 –0.1

LVCMOS12 –0.300 35% VCCO 65% VCCO VCCO + 0.300 0.400 VCCO – 0.400 Note 4 Note 4

LVCMOS15 –0.300 35% VCCO 65% VCCO VCCO + 0.300 0.450 VCCO – 0.450 Note 5 Note 5

LVCMOS18 –0.300 35% VCCO 65% VCCO VCCO + 0.300 0.450 VCCO – 0.450 Note 5 Note 5

LVDCI_15 –0.300 35% VCCO 65% VCCO VCCO + 0.300 0.450 VCCO – 0.450 7.0 –7.0

LVDCI_18 –0.300 35% VCCO 65% VCCO VCCO + 0.300 0.450 VCCO – 0.450 7.0 –7.0

SSTL12 –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 VCCO/2 – 0.150 VCCO/2 + 0.150 8.0 –8.0

SSTL135 –0.300 VREF – 0.090 VREF + 0.090 VCCO + 0.300 VCCO/2 – 0.150 VCCO/2 + 0.150 9.0 –9.0

SSTL15 –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 VCCO/2 – 0.175 VCCO/2 + 0.175 10.0 –10.0

SSTL18_I –0.300 VREF – 0.125 VREF + 0.125 VCCO + 0.300 VCCO/2 – 0.470 VCCO/2 + 0.470 7.0 –7.0

MIPI_DPHY_
DCI_LP(6) –0.300 0.550 0.880 VCCO + 0.300 0.050 1.100 0.01 –0.01

Notes: 
1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture 

SelectIO Resources User Guide (UG571).
3. POD10 and POD12 DC input and output levels are shown in Table 9, Table 13, and Table 14.
4. Supported drive strengths of 2, 4, 6, or 8 mA in the I/O banks.
5. Supported drive strengths of 2, 4, 6, 8, or 12 mA in the I/O banks.
6. Low-power option for MIPI_DPHY_DCI.

Table  9: DC Input Levels for Single-ended POD10 and POD12 I/O Standards(1)(2)

I/O 
Standard

VIL VIH

V, Min V, Max V, Min V, Max
POD10 –0.300 VREF – 0.068 VREF + 0.068 VCCO + 0.300

POD12 –0.300 VREF – 0.068 VREF + 0.068 VCCO + 0.300

Notes: 
1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture 

SelectIO Resources User Guide (UG571).
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LVDS DC Specifications (LVDS)

Table  13: DC Output Levels for Single-ended and Differential POD10 and POD12 Standards(1)(2)

Symbol Description VOUT Min Typ Max Units
ROL Pull-down resistance. VOM_DC (as described in Table 14) 36 40 44 Ω

ROH Pull-up resistance. VOM_DC (as described in Table 14) 36 40 44 Ω

Notes: 
1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture 

SelectIO Resources User Guide (UG571).

Table  14: Table 13 Definitions for DC Output Levels for POD Standards

Symbol Description All Speed Grades Units
VOM_DC DC output Mid measurement level (for IV curve linearity). 0.8 x VCCO V

Table  15: LVDS DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units
VCCO

(1) Supply voltage. 1.710 1.800 1.890 V

VODIFF
(2)

Differential output voltage:
(Q – Q), Q = High 
(Q – Q), Q = High

RT = 100Ω across Q and Q signals 247 350 454 mV

VOCM
(2) Output common-mode voltage. RT = 100 Ω across Q and Q signals 1.000 1.250 1.425 V

VIDIFF

Differential input voltage:
(Q – Q), Q = High 
(Q – Q), Q = High

100 350 600(3) mV

VICM_DC
(4) Input common-mode voltage (DC coupling). 0.300 1.200 1.425 V

VICM_AC
(5) Input common-mode voltage (AC coupling). 0.600 – 1.100 V

Notes: 
1. In I/O banks, when LVDS is used with input-only functionality, it can be placed in a bank where the VCCO levels are different 

from the specified level only if internal differential termination is not used. In this scenario, VCCO must be chosen to ensure 
the input pin voltage levels do not violate the Recommended Operating Condition (Table 2) specification for the VIN I/O pin 
voltage.

2. VOCM and VODIFF values are for LVDS_PRE_EMPHASIS = FALSE.
3. Maximum VIDIFF value is specified for the maximum VICM specification. With a lower VICM, a higher VDIFF is tolerated only 

when the recommended operating conditions and overshoot/undershoot VIN specifications are maintained.
4. Input common mode voltage for DC coupled configurations. EQUALIZATION = EQ_NONE (Default).
5. External input common mode voltage specification for AC coupled configurations. EQUALIZATION = EQ_LEVEL0, 

EQ_LEVEL1, EQ_LEVEL2, EQ_LEVEL3, EQ_LEVEL4.
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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
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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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POD12_DCI_F 0.409 0.409 0.431 0.409 0.425 0.425 0.443 0.425 0.558 0.558 0.586 0.558 ns

POD12_DCI_M 0.409 0.409 0.431 0.409 0.543 0.543 0.572 0.543 0.638 0.638 0.678 0.638 ns

POD12_DCI_S 0.409 0.409 0.431 0.409 0.772 0.772 0.822 0.772 0.862 0.862 0.929 0.862 ns

POD12_F 0.409 0.409 0.431 0.409 0.455 0.455 0.476 0.455 0.595 0.595 0.626 0.595 ns

POD12_M 0.409 0.409 0.431 0.409 0.551 0.551 0.582 0.551 0.641 0.641 0.679 0.641 ns

POD12_S 0.409 0.409 0.431 0.409 0.767 0.767 0.817 0.767 0.832 0.832 0.889 0.832 ns

SLVS_400_18 0.539 0.539 0.620 0.539 N/A N/A N/A N/A N/A N/A N/A N/A ns

SSTL12_DCI_F 0.381 0.381 0.399 0.381 0.425 0.425 0.443 0.425 0.558 0.558 0.586 0.558 ns

SSTL12_DCI_M 0.381 0.381 0.399 0.381 0.557 0.557 0.587 0.557 0.654 0.654 0.694 0.654 ns

SSTL12_DCI_S 0.381 0.381 0.399 0.381 0.754 0.754 0.803 0.754 0.842 0.842 0.908 0.842 ns

SSTL12_F 0.403 0.403 0.403 0.403 0.412 0.412 0.430 0.412 0.538 0.538 0.566 0.538 ns

SSTL12_M 0.403 0.403 0.403 0.403 0.553 0.553 0.584 0.553 0.641 0.641 0.676 0.641 ns

SSTL12_S 0.403 0.403 0.403 0.403 0.758 0.758 0.808 0.758 0.823 0.823 0.879 0.823 ns

SSTL135_DCI_F 0.366 0.366 0.399 0.366 0.411 0.411 0.428 0.411 0.537 0.537 0.565 0.537 ns

SSTL135_DCI_M 0.366 0.366 0.399 0.366 0.551 0.551 0.582 0.551 0.645 0.645 0.685 0.645 ns

SSTL135_DCI_S 0.366 0.366 0.399 0.366 0.746 0.746 0.799 0.746 0.829 0.829 0.893 0.829 ns

SSTL135_F 0.378 0.378 0.399 0.378 0.408 0.408 0.428 0.408 0.528 0.528 0.561 0.528 ns

SSTL135_M 0.378 0.378 0.399 0.378 0.555 0.555 0.585 0.555 0.641 0.641 0.679 0.641 ns

SSTL135_S 0.378 0.378 0.399 0.378 0.772 0.772 0.823 0.772 0.827 0.827 0.878 0.827 ns

SSTL15_DCI_F 0.402 0.402 0.417 0.402 0.412 0.412 0.429 0.412 0.531 0.531 0.563 0.531 ns

SSTL15_DCI_M 0.402 0.402 0.417 0.402 0.553 0.553 0.583 0.553 0.645 0.645 0.685 0.645 ns

SSTL15_DCI_S 0.402 0.402 0.417 0.402 0.768 0.768 0.822 0.768 0.847 0.847 0.912 0.847 ns

SSTL15_F 0.371 0.371 0.400 0.371 0.408 0.408 0.428 0.408 0.530 0.530 0.556 0.530 ns

SSTL15_M 0.371 0.371 0.400 0.371 0.554 0.554 0.585 0.554 0.639 0.639 0.677 0.639 ns

SSTL15_S 0.371 0.371 0.400 0.371 0.767 0.767 0.817 0.767 0.813 0.813 0.867 0.813 ns

SSTL18_I_DCI_F 0.329 0.329 0.336 0.329 0.445 0.445 0.461 0.445 0.566 0.566 0.595 0.566 ns

SSTL18_I_DCI_M 0.329 0.329 0.336 0.329 0.554 0.554 0.585 0.554 0.644 0.644 0.683 0.644 ns

SSTL18_I_DCI_S 0.329 0.329 0.336 0.329 0.762 0.762 0.818 0.762 0.837 0.837 0.899 0.837 ns

SSTL18_I_F 0.316 0.316 0.337 0.316 0.454 0.454 0.476 0.454 0.578 0.578 0.608 0.578 ns

SSTL18_I_M 0.316 0.316 0.337 0.316 0.571 0.571 0.603 0.571 0.652 0.652 0.692 0.652 ns

SSTL18_I_S 0.316 0.316 0.337 0.316 0.782 0.782 0.835 0.782 0.816 0.816 0.870 0.816 ns

SUB_LVDS 0.539 0.539 0.620 0.539 0.660 0.660 0.692 0.660 969.863 969.863 969.863 969.863 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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Table  27: Output Delay Measurement Methodology

Description I/O Standard Attribute RREF
(Ω)

CREF
(1)

(pF)
VMEAS

(V)
VREF
(V)

LVCMOS, 1.2V LVCMOS12 1M 0 0.6 0

LVCMOS, 1.5V LVCMOS15 1M 0 0.75 0

LVCMOS, 1.8V LVCMOS18 1M 0 0.9 0

LVDCI, HSLVDCI, 1.5V LVDCI_15, HSLVDCI_15 50 0 VREF 0.75

LVDCI, HSLVDCI, 1.8V LVDCI_15, HSLVDCI_18 50 0 VREF 0.9

HSTL (high-speed transceiver logic), class I, 1.2V HSTL_I_12 50 0 VREF 0.6

HSTL, class I, 1.5V HSTL_I 50 0 VREF 0.75

HSTL, class I, 1.8V HSTL_I_18 50 0 VREF 0.9

HSUL (high-speed unterminated logic), 1.2V HSUL_12 50 0 VREF 0.6

SSTL12 (stub series terminated logic), 1.2V SSTL12 50 0 VREF 0.6

SSTL135, 1.35V SSTL135 50 0 VREF 0.675

SSTL15, 1.5V SSTL15 50 0 VREF 0.75

SSTL18, class I, 1.8V SSTL18_I 50 0 VREF 0.9

POD10, 1.0V POD10 50 0 VREF 1.0

POD12, 1.2V POD12 50 0 VREF 1.2

DIFF_HSTL, class I, 1.2V DIFF_HSTL_I_12 50 0 VREF 0.6

DIFF_HSTL, class I, 1.5V DIFF_HSTL_I 50 0 VREF 0.75

DIFF_HSTL, class I, 1.8V DIFF_HSTL_I_18 50 0 VREF 0.9

DIFF_HSUL, 1.2V DIFF_HSUL_12 50 0 VREF 0.6

DIFF_SSTL12, 1.2V DIFF_SSTL12 50 0 VREF 0.6

DIFF_SSTL135, 1.35V DIFF_SSTL135 50 0 VREF 0.675

DIFF_SSTL15, 1.5V DIFF_SSTL15 50 0 VREF 0.75

DIFF_SSTL18, 1.8V DIFF_SSTL18_I 50 0 VREF 0.9

DIFF_POD10, 1.0V DIFF_POD10 50 0 VREF 1.0

DIFF_POD12, 1.2V DIFF_POD12 50 0 VREF 1.2

LVDS (low-voltage differential signaling), 1.8V LVDS 100 0 0(2) 0

SUB_LVDS, 1.8V SUB_LVDS 100 0 0(2) 0

MIPI D-PHY (high speed) 1.2V MIPI_DPHY_DCI_HS 100 0 0(2) 0

MIPI D-PHY (low power) 1.2V MIPI_DPHY_DCI_LP 1M 0 0.6 0

Notes: 
1. CREF is the capacitance of the probe, nominally 0 pF.
2. The value given is the differential output voltage.
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PLL Switching Characteristics
Table  34: PLL Specification(1)

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2
PLL_FINMAX Maximum input clock frequency. 1066 933 800 933 MHz

PLL_FINMIN Minimum input clock frequency. 70 70 70 70 MHz

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

PLL_FINDUTY

Input duty cycle range: 70–399 MHz. 35–65 %

Input duty cycle range: 400–499 MHz. 40–60 %

Input duty cycle range: >500 MHz. 45–55 %

PLL_FVCOMIN Minimum PLL VCO frequency. 750 750 750 750 MHz

PLL_FVCOMAX Maximum PLL VCO frequency. 1500 1500 1500 1500 MHz

PLL_TSTATPHAOFFSET Static phase offset of the PLL outputs.(2) 0.12 0.12 0.12 0.12 ns

PLL_TOUTJITTER PLL output jitter. Note 3

PLL_TOUTDUTY
PLL CLKOUT0, CLKOUT0B, CLKOUT1, 
CLKOUT1B duty-cycle precision.(4) 0.165 0.20 0.20 0.20 ns

PLL_TLOCKMAX PLL maximum lock time. 100 µs

PLL_FOUTMAX

PLL maximum output frequency at CLKOUT0, 
CLKOUT0B, CLKOUT1, CLKOUT1B. 891 775 667 725 MHz

PLL maximum output frequency at CLKOUTPHY. 2667 2667 2400 2400 MHz

PLL_FOUTMIN

PLL minimum output frequency at CLKOUT0, 
CLKOUT0B, CLKOUT1, CLKOUT1B.(5) 5.86 5.86 5.86 5.86 MHz

PLL minimum output frequency at CLKOUTPHY.
2 x VCO mode: 1500
1 x VCO mode: 750

0.5 x VCO mode: 375
MHz

PLL_RSTMINPULSE Minimum reset pulse width. 5.00 5.00 5.00 5.00 ns

PLL_FPFDMAX
Maximum frequency at the phase frequency 
detector. 667.5 667.5 667.5 667.5 MHz

PLL_FPFDMIN
Minimum frequency at the phase frequency 
detector. 70 70 70 70 MHz

PLL_FBANDWIDTH PLL bandwidth at typical. 14 14 14 14 MHz

PLL_FDPRCLK_MAX Maximum DRP clock frequency 250 250 250 250 MHz

Notes: 
1. The PLL does not filter typical spread-spectrum input clocks because they are usually far below the loop filter frequencies.
2. The static offset is measured between any PLL outputs with identical phase.
3. Values for this parameter are available in the Clocking Wizard. 
4. Includes global clock buffer.
5. Calculated as FVCO/128 assuming output duty cycle is 50%.
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Device Pin-to-Pin Output Parameter Guidelines
The pin-to-pin numbers in Table 35 through Table 37 are based on the clock root placement in the center 
of the device. The actual pin-to-pin values will vary if the root placement selected is different. Consult the 
Vivado Design Suite timing report for the actual pin-to-pin values.

Table  35: Global Clock Input to Output Delay Without MMCM (Near Clock Region)

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, without MMCM.
TICKOF Global clock input and output flip-flop without 

MMCM (near clock region).
XCVU3P 4.08 4.77 5.09 5.28 ns

XCVU5P 4.08 4.77 5.09 5.28 ns

XCVU7P 4.08 4.77 5.09 5.28 ns

XCVU9P 4.08 4.77 5.09 5.28 ns

XCVU11P 3.93 4.59 4.90 5.07 ns

XCVU13P 3.93 4.59 4.90 5.07 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.

Table  36: Global Clock Input to Output Delay Without MMCM (Far Clock Region)

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, without MMCM.
TICKOF_FAR Global clock input and output flip-flop without 

MMCM (far clock region).
XCVU3P 4.53 5.33 5.69 5.92 ns

XCVU5P 4.53 5.33 5.69 5.92 ns

XCVU7P 4.53 5.33 5.69 5.92 ns

XCVU9P 4.53 5.33 5.69 5.92 ns

XCVU11P 4.10 4.79 5.11 5.28 ns

XCVU13P 4.10 4.79 5.11 5.28 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.
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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.
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