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Embedded - System On Chip (SoC): The
Heart of Modern Embedded Systems

Embedded - System On Chip (SoC) refers to an
integrated circuit that consolidates all the essential
components of a computer system into a single chip. This
includes a microprocessor, memory, and other peripherals,
all packed into one compact and efficient package. SoCs
are designed to provide a complete computing solution,
optimizing both space and power consumption, making
them ideal for a wide range of embedded applications.

What are Embedded - System On Chip (SoC)?

System On Chip (SoC) integrates multiple functions of a
computer or electronic system onto a single chip. Unlike
traditional multi-chip solutions, SoCs combine a central
processing unit (CPU), memory, input/output (I/O)
interfaces, and other essential components into a single
silicon die. This integration enhances performance,
reduces power consumption, and minimizes the physical
footprint of the system. SoCs are fundamental in
embedded systems where space, efficiency, and cost are
critical.

Applications of Embedded - System On Chip
(SoC)

SoCs are pivotal in a variety of applications due to their
compact design and high integration. In consumer
electronics, SoCs power smartphones, tablets, and
smartwatches, offering robust performance and extended
battery life. Automotive industries leverage SoCs for
advanced driver-assistance systems (ADAS), infotainment,
and vehicle-to-everything (V2X) communication. In
industrial automation, SoCs drive sophisticated
machinery control systems, data acquisition, and real-time
monitoring. Additionally, medical devices use SoCs for
portable diagnostic tools, imaging systems, and patient
monitoring equipment, where space and power efficiency
are crucial.

Common Subcategories of Embedded -
System On Chip (SoC)

System On Chip (SoC) products can be categorized into
several subtypes based on their applications and
functionalities. General-purpose SoCs are designed for a
wide range of applications, offering versatile processing
capabilities. Application-specific SoCs are tailored for
particular uses, such as multimedia processing or
automotive control, incorporating specialized features to
meet the demands of specific tasks. Real-time SoCs focus
on handling tasks with stringent timing requirements,
suitable for applications like robotics and industrial control.

Types of Embedded - System On Chip (SoC)
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VCCO_PSDDR PS DDR I/O supply voltage. –0.500 1.650 V

VCC_PSDDR_PLL PS DDR PLL supply voltage. –0.500 2.000 V

VCCO_PSIO PS I/O supply. –0.500 3.630 V

VPSIN
(2)

PS I/O input voltage. –0.500 VCCO_PSIO + 0.550 V

PS DDR I/O input voltage. –0.500 VCCO_PSDDR + 0.550 V

VCC_PSBATT
PS battery-backed RAM and battery-backed real-time 
clock (RTC) supply voltage. –0.500 2.000 V

Programmable Logic (PL)
VCCINT Internal supply voltage. –0.500 1.000 V

VCCINT_IO
(3) Internal supply voltage for the I/O banks. –0.500 1.000 V

VCCAUX Auxiliary supply voltage. –0.500 2.000 V

VCCBRAM Supply voltage for the block RAM memories. –0.500 1.000 V

VCCO
Output drivers supply voltage for HD I/O banks. –0.500 3.400 V

Output drivers supply voltage for HP I/O banks. –0.500 2.000 V

VCCAUX_IO
(4) Auxiliary supply voltage for the I/O banks. –0.500 2.000 V

VREF Input reference voltage. –0.500 2.000 V

VIN
(2)(5)(7)

I/O input voltage for HD I/O banks.(6) –0.550 VCCO + 0.550 V

I/O input voltage for HP I/O banks. –0.550 VCCO + 0.550 V

IDC Available output current at the pad. –20 20 mA

IRMS Available RMS output current at the pad. –20 20 mA

GTH or GTY Transceiver
VMGTAVCC Analog supply voltage for transceiver circuits. –0.500 1.000 V

VMGTAVTT
Analog supply voltage for transceiver termination 
circuits. –0.500 1.300 V

VMGTVCCAUX
Auxiliary analog Quad PLL (QPLL) voltage supply for 
transceivers. –0.500 1.900 V

VMGTREFCLK Transceiver reference clock absolute input voltage. –0.500 1.300 V

VMGTAVTTRCAL
Analog supply voltage for the resistor calibration circuit 
of the transceiver column. –0.500 1.300 V

VIN
Receiver (RXP/RXN) and transmitter (TXP/TXN) absolute 
input voltage. –0.500 1.200 V

IDCIN-FLOAT
DC input current for receiver input pins DC coupled RX 
termination = floating.(8) – 10 mA

IDCIN-MGTAVTT
DC input current for receiver input pins DC coupled RX 
termination = VMGTAVTT.

– 10 mA

IDCIN-GND
DC input current for receiver input pins DC coupled RX 
termination = GND.(9) – 0 mA

IDCIN-PROG
DC input current for receiver input pins DC coupled RX 
termination = programmable.(10) – 0 mA

IDCOUT-FLOAT
DC output current for transmitter pins DC coupled RX 
termination = floating. – 6 mA

IDCOUT-MGTAVTT
DC output current for transmitter pins DC coupled RX 
termination = VMGTAVTT.

– 6 mA

Table  1: Absolute Maximum Ratings(1) (Cont’d)

Symbol Description Min Max Units
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Table  8: VPSIN Maximum Allowed AC Voltage Overshoot and Undershoot for PS I/O Banks(1)

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

VCCO_PSIO + 0.35 100% –0.35 75%

VCCO_PSIO + 0.40 100% –0.40 45%

VCCO_PSIO + 0.45 100% –0.45 40%

VCCO_PSIO + 0.50 75% –0.50 10%

VCCO_PSIO + 0.55 75% –0.55 6%

VCCO_PSIO + 0.60 60% –0.60 2%

VCCO_PSIO + 0.65 30% –0.65 0%

VCCO_PSIO + 0.70 20% –0.70 0%

VCCO_PSIO + 0.75 10% –0.75 0%

VCCO_PSIO + 0.80 10% –0.80 0%

VCCO_PSIO + 0.85 8% –0.85 0%

VCCO_PSIO + 0.90 6% –0.90 0%

VCCO_PSIO + 0.95 6% –0.95 0%

Notes: 
1. A total of 200 mA per bank should not be exceeded.
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PS-PL Power Sequencing
The PS and PL power supplies are fully independent. All PS power supplies can be powered before or after 
any PL power supplies. The PS and PL power regions are isolated to prevent damage.

Power Supply Requirements
Table 10 shows the minimum current, in addition to ICCQ maximum, required by each Zynq UltraScale+ 
device for proper power-on and configuration. If the current minimums shown in Table 10 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 11 shows the power supply ramp time.

Table  10: Power-on Current by Device(1)

ICC Min = ICCQ + XCZU2 XCZU3 XCZU4 XCZU5 XCZU6 XCZU7 XCZU9 XCZU11 XCZU15 XCZU17 XCZU19 Units

ICCINTMIN ICCINTQ+ 464 464 770 770 1800 1514 1800 1961 2242 3433 3433 mA

ICCINT_IOMIN+ 
ICCBRAMMIN

ICCBRAMQ+ 
ICCINT_IOQ+ 155 155 257 257 600 505 600 654 748 1145 1145 mA

ICCOMIN ICCOQ+ 50 50 50 50 50 50 50 55 63 96 96 mA

ICCAUXMIN+
ICCAUX_IOMIN

ICCAUXQ+ 
ICCAUX_IOQ+ 111 111 386 386 650 362 650 709 810 1240 1240 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  11: 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

TVCCINT_VCU Ramp time from GND to 95% of VCCINT_VCU. 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

TVCC_PSINTFP Ramp time from GND to 95% of VCC_PSINTFP. 0.2 40 ms

TVCC_PSINTLP Ramp time from GND to 95% of VCC_PSINTLP. 0.2 40 ms

TVCC_PSAUX Ramp time from GND to 95% of VCC_PSAUX. 0.2 40 ms

TVCC_PSINTFP_DDR Ramp time from GND to 95% of VCC_PSINTFP_DDR. 0.2 40 ms

TVCC_PSADC Ramp time from GND to 95% of VCC_PSADC. 0.2 40 ms

TVCC_PSPLL Ramp time from GND to 95% of VCC_PSPLL. 0.2 40 ms

TPS_MGTRAVCC Ramp time from GND to 95% of VCC_MGTRAVCC. 0.2 40 ms

TPS_MGTRAVTT Ramp time from GND to 95% of VCC_MGTRAVTT. 0.2 40 ms
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XCZU11EG

-3E (VCCINT = 0.90V), -2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V), -2LE (VCCINT = 0.85V)
-1E (VCCINT = 0.85V), -1I (VCCINT = 0.85V)
-1LI (VCCINT = 0.85V)
-2LE (VCCINT = 0.72V), -1LI (VCCINT = 0.72V)

XCZU15EG

-3E (VCCINT = 0.90V), -2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V), -2LE (VCCINT = 0.85V)
-1E (VCCINT = 0.85V), -1I (VCCINT = 0.85V)
-1LI (VCCINT = 0.85V)
-2LE (VCCINT = 0.72V), -1LI (VCCINT = 0.72V)

XCZU17EG

-3E (VCCINT = 0.90V), -2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V), -2LE (VCCINT = 0.85V)
-1E (VCCINT = 0.85V), -1I (VCCINT = 0.85V)
-1LI (VCCINT = 0.85V)
-2LE (VCCINT = 0.72V), -1LI (VCCINT = 0.72V)

XCZU19EG

-3E (VCCINT = 0.90V), -2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V), -2LE (VCCINT = 0.85V)
-1E (VCCINT = 0.85V), -1I (VCCINT = 0.85V)
-1LI (VCCINT = 0.85V)
-2LE (VCCINT = 0.72V), -1LI (VCCINT = 0.72V)

Notes: 
1. The lowest power -1L and -2L devices, where VCCINT = 0.72V, are listed in the Vivado Design Suite as -1LV and -2LV 

respectively.

Table  26: Speed Grade Designations by Device (Cont’d)

Device
Speed Grade, Temperature Ranges, and VCCINT Operating Voltages

Advance Preliminary Production
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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 27 lists the production released Zynq UltraScale+ MPSoC, speed grade, and the minimum 
corresponding supported speed specification version and Vivado software revisions. The Vivado software 
and speed specifications listed are the minimum releases required for production. All subsequent releases 
of software and speed specifications are valid.

Table  27: Zynq UltraScale+ MPSoC Device Production Software and Speed Specification Release

Device

Speed Grade and VCCINT Operating Voltages

0.90V 0.85V 0.72V

-3 -2 -1 -2L -1L -2L -1L
XCZU2CG N/A Vivado tools 2017.1 v1.10

XCZU2EG N/A Vivado tools 2017.1 v1.10

XCZU3CG N/A Vivado tools 2017.1 v1.10

XCZU3EG N/A Vivado tools 2017.1 v1.10

XCZU4CG N/A

XCZU4EG

XCZU4EV

XCZU5CG N/A

XCZU5EG

XCZU5EV

XCZU6CG N/A Vivado tools 2017.1 v1.10

XCZU6EG Vivado tools 2017.1 v1.10

XCZU7CG N/A

XCZU7EG

XCZU7EV

XCZU9CG N/A Vivado tools 2017.1 v1.10

XCZU9EG Vivado tools 2017.1 v1.10

XCZU11EG

XCZU15EG

XCZU17EG

XCZU19EG

Notes: 
1. See Table 3 for the complete list of operating voltages by speed grade.
2. Blank entries indicate a device and/or speed grade in Advance or Preliminary status.
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PS Switching Characteristics

PS Clocks
Table  34: PS Reference Clock Requirements(1)

Symbol Description Min Typ Max Units
TRMSJPSCLK PS_REF_CLK input RMS clock jitter. – – 3 ps

TPJPSCLK
PS_REF_CLK input period jitter (peak-to-peak).
Number of clock cycles = 10,000

– – 50 ps

TDCPSCLK PS_REF_CLK duty cycle. 45 – 55 %

TRFPSCLK
PS_REF_CLK rise time (20%–80%) 
and fall time (80%–20%). – – 2.22 ns

FPSCLK PS_REF_CLK frequency. 27 – 60 MHz

Notes: 
1. The values in this table are applicable to alternative PS reference clock inputs ALT_REF_CLK, AUX_REF_CLK, and 

VIDEO_CLK.

Table  35: PS RTC Crystal Requirements(1)

Symbol Description Min Typ Max Units
FXTAL Parallel resonance crystal frequency. – 32.8 – KHz

TFTXTAL Frequency tolerance. –20 – 20 ppm

CXTAL Load capacitance for crystal parallel resonance. – 12.5 – pF

RESR Crystal ESR (16.8 and 19.2 MHz). – 70 – KΩ

CSHUNT Crystal shunt capacitance. – 1.4 – pF

Notes: 
1. Required board components: Feedback resistor = 4.7 MΩ, PCB and pad capacitance = 1.5 pF, 

C1 and C2 capacitance = 21 pF.

Table  36: PS PLL Switching Characteristics

Symbol Description
Speed Grade

Units
-3 -2 -1

FLOCKPSPLL PLL maximum lock time. 100 100 100 µs

FPSPLLMAX PLL maximum output frequency. 1600 1600 1600 MHz

FPSPLLMIN PLL minimum output frequency. 750 750 750 MHz

FPSPLLVCOMAX PLL maximum VCO frequency. 3000 3000 3000 MHz

FPSPLLVCOMIN PLL minimum VCO frequency. 1500 1500 1500 MHz
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PS Interface Specifications

PS Quad-SPI Controller Interface
Table  41: Generic Quad-SPI Interface(1)

Symbol Description Load 
Conditions(2) Min Max Units

Quad-SPI device clock frequency operating at 150 MHz. Loopback enabled. LVCMOS 1.8V I/O 
standard.
TDCQSPICLK1 Quad-SPI clock duty cycle. 15 pF 45 55 %

TQSPISSSCLK1 Slave select asserted to next clock edge. 15 pF 5.0 – ns

TQSPISCLKSS1 Clock edge to slave select deasserted. 15 pF 5.0 – ns

TQSPICKO1 Clock to output delay, all outputs. 15 pF 2.9 4.5 ns

TQSPIDCK1 Setup time, all inputs. 15 pF 0.9 – ns

TQSPICKD1 Hold time, all inputs. 15 pF 1.0 – ns

FQSPICLK1 Quad-SPI device clock frequency. 15 pF – 150 MHz

FQSPIREFCLK1 Quad-SPI reference clock frequency. 15 pF – 300 MHz

Quad-SPI device clock frequency operating at 100 MHz. Loopback enabled. LVCMOS 1.8V I/O 
standard.

TDCQSPICLK2 Quad-SPI clock duty cycle.
15 pF 45 55 %

30 pF 45 55 %

TQSPISSSCLK2 Slave select asserted to next clock edge.
15 pF 5.0 – ns

30 pF 5.0 – ns

TQSPISCLKSS2 Clock edge to slave select deasserted.
15 pF 5.0 – ns

30 pF 5.0 – ns

TQSPICKO2 Clock to output delay, all outputs.
15 pF 3.2 7.4 ns

30 pF 3.2 7.4 ns

TQSPIDCK2 Setup time, all inputs.
15 pF 2.3 – ns

30 pF 2.3 – ns

TQSPICKD2 Hold time, all inputs.
15 pF 0.0 – ns

30 pF 0.0 – ns

FQSPICLK2 Quad-SPI device clock frequency.
15 pF – 100 MHz

30 pF – 100 MHz

FQSPIREFCLK2 Quad-SPI reference clock frequency.
15 pF – 200 MHz

30 pF – 200 MHz

Notes: 
1. The test conditions are configured for the generic Quad-SPI interface at 150/100 MHz with a 12 mA drive strength and fast 

slew rate.
2. 30 pF loads are for dual-parallel stacked or stacked modes.
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PS Gigabit Ethernet Controller Interface

PS SD/SDIO Controller Interface

Table  44: RGMII Interface(1)

Symbol Description Min Max Units
TDCGEMTXCLK Transmit clock duty cycle. 45 55 %

TGEMTXCKO TXD output clock to out time. –0.5 0.5 ns

TGEMRXDCK RXD input setup time. 0.8 – ns

TGEMRXCKD RXD input hold time. 0.8 – ns

TMDIOCLK MDC output clock period. 400 – ns

TMDIOCKL MDC low time. 160 – ns

TMDIOCKH MDC high time. 160 – ns

TMDIODCK MDIO input data setup time. 80 – ns

TMDIOCKD MDIO input data hold time. 0.0 – ns

TMDIOCKO MDIO output data delay time. –1.0 15 ns

FGETXCLK RGMII_TX_CLK transmit clock frequency. – 125 MHz

FGERXCLK RGMII_RX_CLK receive clock frequency. – 125 MHz

FENET_REF_CLK Ethernet reference clock frequency. – 125 MHz

Notes: 
1. The test conditions are configured to the LVCMOS 2.5V I/O standard with a 12 mA drive strength, fast slew rate, and a 

15 pF load.

Table  45: SD/SDIO Interface(1)

Symbol Description Min Max Units

SD/SDIO Interface DDR50 Mode
TDCDDRCLK SD device clock duty cycle. 45 55 %

TSDDDRCKO1 Clock to output delay, data.(2) 1.0 6.8 ns

TSDDRIVW Input valid data window.(3) 3.5 – ns

TSDDDRDCK2 Input setup time, command. 4.7 – ns

TSDDDRCKD2 Input hold time, command. 1.5 – ns

TSDDDRCKO2 Clock to output delay, command. 1.0 13.8 ns

FSDDDRCLK High-speed mode SD device clock frequency. – 50 MHz

SD/SDIO Interface SDR104
TDCSDHSCLK1 SD device clock duty cycle. 40 60 %

TSDSDRCKO1 Clock to output delay, all outputs.(2) 1.0 3.2 ns

TSDSDR1IVW Input valid data window.(3) 0.5 – UI

FSDSDRCLK1 SDR104 mode device clock frequency. – 200 MHz

SD/SDIO Interface SDR50/25
TDCSDHSCLK2 SD device clock duty cycle. 40 60 %

TSDSDRCKO2 Clock to output delay, all outputs.(2) 1.0 6.8 ns

TSDSDR2IVW Input valid data window.(3) 0.3 – UI

Send Feedback

http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Data_Sheets&docId=DS925&Title=Zynq%20UltraScale+%20MPSoC%20Data%20Sheet%3A%20DC%20and%20AC%20Switching%20Characteristics&releaseVersion=1.3&docPage=35


Zynq UltraScale+ MPSoC Data Sheet: DC and AC Switching Characteristics

DS925 (v1.3) April 20, 2017 www.xilinx.com
Preliminary Product Specification 40

PS DAP Interface

PS UART Interface

PS General Purpose I/O Interface

PS Trace Interface

Table  50: DAP Interface(1)

Symbol Description(2) Min Max Units
TPDAPDCK PS DAP input setup time. 3.0 – ns

TPDAPCKD PS DAP input hold time. 2.0 – ns

TPDAPCKO PS DAP clock to out delay. – 10.86 ns

TPDAPCLK PS DAP clock frequency. – 44 MHz

Notes: 
1. The test conditions are configured to the LVCMOS 3.3V I/O standard with a 12 mA drive strength, fast slew rate, and a 

15 pF load.
2. PS DAP interface signals connect to MIO pins.

Table  51: UART Interface(1)

Symbol Description Min Max Units
BAUDTXMAX Transmit baud rate. – 6.25 Mb/s

BAUDRXMAX Receive baud rate. – 6.25 Mb/s

FUART_REF_CLK UART reference clock frequency. – 100 MHz

Notes: 
1. The test conditions are configured to the LVCMOS 3.3V I/O standard with a 12 mA drive strength, fast slew rate, and a 

15 pF load.

Table  52: General Purpose I/O (GPIO) Interface

Symbol Description Min Max Units
TPWGPIOH Input High pulse width. 10 x 1/FLPD_LSBUS_CTRLMAX – µs

TPWGPIOL Input Low pulse width. 10 x 1/FLPD_LSBUS_CTRLMAX – µs

Table  53: Trace Interface(1)

Symbol Description Min Max Units
TTCECKO Trace clock to output delay, all outputs. –0.5 0.5 ns

TDCTCECLK Trace clock duty cycle. 45 55 %

FTCECLK Trace clock frequency. – 125 MHz

Notes: 
1. The test conditions are configured to the LVCMOS 3.3V I/O standard with a 12 mA drive strength, fast slew rate, and a 

15 pF load.
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PS-GTR Transceiver
Table  56: PS-GTR Transceiver DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units

DVPPIN
Differential peak-to-peak input voltage (external AC 
coupled). 100 – 1200 mV

VIN
Single-ended input voltage. Voltage measured at the 
pin referenced to GND. 75 – VPS_MGTRAVCC mV

VCMIN Common mode input voltage. – 0 – mV

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

Transmitter output 
swing is set to 
maximum value.

800 – – mV

VCMOUTAC
Common mode output voltage: AC coupled (equation 
based). VPS_MGTRAVCC – DVPPOUT/2 mV

RIN Differential input resistance. – 100 – Ω

ROUT Differential output resistance. – 100 – Ω

RMGTRREF Resistor value between calibration resistor pin to GND. 497.5 500 502.5 Ω

TOSKEW
Transmitter output pair (TXP and TXN) intra-pair skew 
(All packages). – – 20 ps

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

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

Zynq UltraScale+ MPSoC Technical Reference Manual (UG1085), 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.

Table  57: PS-GTR 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  58: PS-GTR Transceiver Performance

Symbol Description
Speed Grade

Units
-3 -2 -1

FGTRMAX PS-GTR maximum line rate. 6.0 6.0 6.0 Gb/s

FGTRMIN PS-GTR minimum line rate. 1.25 1.25 1.25 Gb/s

Table  59: PS-GTR Transceiver PLL/Lock Time Adaptation

Symbol Description Min Typ Max Units
TLOCK Initial PLL lock. – – 0.11 ms

TDLOCK Clock recovery phase acquisition and adaptation time. – – 24 x 106 UI
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HSTL_I_F 0.856 0.856 0.900 0.856 0.900 1.611 1.611 1.762 1.611 1.762 1.313 1.313 1.417 1.313 1.417 ns

HSTL_I_S 0.856 0.856 0.900 0.856 0.900 1.798 1.798 1.913 1.798 1.913 1.630 1.630 1.780 1.630 1.780 ns

HSUL_12_F 0.780 0.780 0.867 0.780 0.867 1.573 1.573 1.703 1.573 1.703 1.222 1.222 1.335 1.222 1.335 ns

HSUL_12_S 0.780 0.780 0.867 0.780 0.867 1.711 1.711 1.864 1.711 1.864 1.536 1.536 1.665 1.536 1.665 ns

LVCMOS12_F_12 0.918 0.918 0.976 0.918 0.976 1.689 1.689 1.856 1.689 1.856 1.202 1.202 1.317 1.202 1.317 ns

LVCMOS12_F_4 0.918 0.918 0.976 0.918 0.976 1.742 1.742 1.922 1.742 1.922 1.353 1.353 1.478 1.353 1.478 ns

LVCMOS12_F_8 0.918 0.918 0.976 0.918 0.976 1.714 1.714 1.879 1.714 1.879 1.292 1.292 1.432 1.292 1.432 ns

LVCMOS12_S_12 0.918 0.918 0.976 0.918 0.976 2.073 2.073 2.247 2.073 2.247 1.581 1.581 1.717 1.581 1.717 ns

LVCMOS12_S_4 0.918 0.918 0.976 0.918 0.976 1.979 1.979 2.182 1.979 2.182 1.633 1.633 1.772 1.633 1.772 ns

LVCMOS12_S_8 0.918 0.918 0.976 0.918 0.976 2.205 2.205 2.406 2.205 2.406 1.767 1.767 1.928 1.767 1.928 ns

LVCMOS15_F_12 0.905 0.905 0.958 0.905 0.958 1.713 1.713 1.892 1.713 1.892 1.275 1.275 1.428 1.275 1.428 ns

LVCMOS15_F_16 0.905 0.905 0.958 0.905 0.958 1.722 1.722 1.881 1.722 1.881 1.260 1.260 1.407 1.260 1.407 ns

LVCMOS15_F_4 0.905 0.905 0.958 0.905 0.958 1.825 1.825 1.959 1.825 1.959 1.453 1.453 1.557 1.453 1.557 ns

LVCMOS15_F_8 0.905 0.905 0.958 0.905 0.958 1.778 1.778 1.930 1.778 1.930 1.378 1.378 1.458 1.378 1.458 ns

LVCMOS15_S_12 0.905 0.905 0.958 0.905 0.958 1.991 1.991 2.139 1.991 2.139 1.516 1.516 1.648 1.516 1.648 ns

LVCMOS15_S_16 0.905 0.905 0.958 0.905 0.958 2.172 2.172 2.389 2.172 2.389 1.707 1.707 1.888 1.707 1.888 ns

LVCMOS15_S_4 0.905 0.905 0.958 0.905 0.958 2.313 2.313 2.483 2.313 2.483 1.952 1.952 2.123 1.952 2.123 ns

LVCMOS15_S_8 0.905 0.905 0.958 0.905 0.958 2.170 2.170 2.400 2.170 2.400 1.817 1.817 1.984 1.817 1.984 ns

LVCMOS18_F_12 0.915 0.915 0.958 0.915 0.958 1.805 1.805 1.962 1.805 1.962 1.383 1.383 1.471 1.383 1.471 ns

LVCMOS18_F_16 0.915 0.915 0.958 0.915 0.958 1.785 1.785 1.917 1.785 1.917 1.338 1.338 1.446 1.338 1.446 ns

LVCMOS18_F_4 0.915 0.915 0.958 0.915 0.958 1.868 1.868 2.013 1.868 2.013 1.472 1.472 1.599 1.472 1.599 ns

LVCMOS18_F_8 0.915 0.915 0.958 0.915 0.958 1.797 1.797 1.979 1.797 1.979 1.384 1.384 1.487 1.384 1.487 ns

LVCMOS18_S_12 0.915 0.915 0.958 0.915 0.958 2.201 2.201 2.408 2.201 2.408 1.762 1.762 1.894 1.762 1.894 ns

LVCMOS18_S_16 0.915 0.915 0.958 0.915 0.958 2.173 2.173 2.362 2.173 2.362 1.702 1.702 1.834 1.702 1.834 ns

LVCMOS18_S_4 0.915 0.915 0.958 0.915 0.958 2.346 2.346 2.567 2.346 2.567 1.951 1.951 2.092 1.951 2.092 ns

LVCMOS18_S_8 0.915 0.915 0.958 0.915 0.958 2.292 2.292 2.511 2.292 2.511 1.848 1.848 2.008 1.848 2.008 ns

LVCMOS25_F_12 0.988 0.988 1.042 0.988 1.042 2.153 2.153 2.453 2.153 2.453 1.692 1.692 1.856 1.692 1.856 ns

LVCMOS25_F_16 0.988 0.988 1.042 0.988 1.042 2.105 2.105 2.406 2.105 2.406 1.623 1.623 1.786 1.623 1.786 ns

LVCMOS25_F_4 0.988 0.988 1.042 0.988 1.042 2.344 2.344 2.554 2.344 2.554 1.842 1.842 2.039 1.842 2.039 ns

LVCMOS25_F_8 0.988 0.988 1.042 0.988 1.042 2.184 2.184 2.516 2.184 2.516 1.726 1.726 1.910 1.726 1.910 ns

LVCMOS25_S_12 0.988 0.988 1.042 0.988 1.042 2.558 2.558 2.840 2.558 2.840 1.971 1.971 2.194 1.971 2.194 ns

LVCMOS25_S_16 0.988 0.988 1.042 0.988 1.042 2.449 2.449 2.740 2.449 2.740 1.852 1.852 2.063 1.852 2.063 ns

LVCMOS25_S_4 0.988 0.988 1.042 0.988 1.042 2.770 2.770 3.066 2.770 3.066 2.224 2.224 2.458 2.224 2.458 ns

LVCMOS25_S_8 0.988 0.988 1.042 0.988 1.042 2.663 2.663 2.963 2.663 2.963 2.091 2.091 2.373 2.091 2.373 ns

LVCMOS33_F_12 1.154 1.154 1.213 1.154 1.213 2.415 2.415 2.651 2.415 2.651 1.754 1.754 1.915 1.754 1.915 ns

LVCMOS33_F_16 1.154 1.154 1.213 1.154 1.213 2.383 2.383 2.603 2.383 2.603 1.734 1.734 1.869 1.734 1.869 ns

LVCMOS33_F_4 1.154 1.154 1.213 1.154 1.213 2.541 2.541 2.765 2.541 2.765 1.932 1.932 2.135 1.932 2.135 ns

LVCMOS33_F_8 1.154 1.154 1.213 1.154 1.213 2.603 2.603 2.822 2.603 2.822 1.937 1.937 2.130 1.937 2.130 ns

LVCMOS33_S_12 1.154 1.154 1.213 1.154 1.213 2.705 2.705 3.047 2.705 3.047 2.049 2.049 2.318 2.049 2.318 ns

LVCMOS33_S_16 1.154 1.154 1.213 1.154 1.213 2.714 2.714 3.024 2.714 3.024 2.028 2.028 2.232 2.028 2.232 ns

LVCMOS33_S_4 1.154 1.154 1.213 1.154 1.213 2.999 2.999 3.340 2.999 3.340 2.320 2.320 2.610 2.320 2.610 ns

Table  75: IOB High Density (HD) 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 -1 -3 -2 -1 -2 -1 -3 -2 -1 -2 -1
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IOB High Performance (HP) Switching Characteristics
Table  76: IOB High Performance (HP) Switching Characteristics

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

DIFF_HSTL_I_12_F 0.394 0.394 0.402 0.394 0.402 0.423 0.423 0.443 0.423 0.443 0.553 0.553 0.582 0.553 0.582 ns

DIFF_HSTL_I_12_M 0.394 0.394 0.402 0.394 0.402 0.552 0.552 0.583 0.552 0.583 0.641 0.641 0.679 0.641 0.679 ns

DIFF_HSTL_I_12_S 0.394 0.394 0.402 0.394 0.402 0.752 0.752 0.800 0.752 0.800 0.813 0.813 0.868 0.813 0.868 ns

DIFF_HSTL_I_18_F 0.319 0.319 0.339 0.319 0.339 0.456 0.456 0.474 0.456 0.474 0.576 0.576 0.606 0.576 0.606 ns

DIFF_HSTL_I_18_M 0.319 0.319 0.339 0.319 0.339 0.570 0.570 0.603 0.570 0.603 0.653 0.653 0.692 0.653 0.692 ns

DIFF_HSTL_I_18_S 0.319 0.319 0.339 0.319 0.339 0.782 0.782 0.834 0.782 0.834 0.816 0.816 0.871 0.816 0.871 ns

DIFF_HSTL_I_DCI_12_F 0.394 0.394 0.402 0.394 0.402 0.406 0.406 0.429 0.406 0.429 0.534 0.534 0.564 0.534 0.564 ns

DIFF_HSTL_I_DCI_12_M 0.394 0.394 0.402 0.394 0.402 0.557 0.557 0.587 0.557 0.587 0.653 0.653 0.694 0.653 0.694 ns

DIFF_HSTL_I_DCI_12_S 0.394 0.394 0.402 0.394 0.402 0.755 0.755 0.806 0.755 0.806 0.842 0.842 0.907 0.842 0.907 ns

DIFF_HSTL_I_DCI_18_F 0.323 0.323 0.339 0.323 0.339 0.445 0.445 0.461 0.445 0.461 0.566 0.566 0.595 0.566 0.595 ns

DIFF_HSTL_I_DCI_18_M 0.323 0.323 0.339 0.323 0.339 0.555 0.555 0.586 0.555 0.586 0.643 0.643 0.684 0.643 0.684 ns

DIFF_HSTL_I_DCI_18_S 0.323 0.323 0.339 0.323 0.339 0.762 0.762 0.818 0.762 0.818 0.836 0.836 0.900 0.836 0.900 ns

DIFF_HSTL_I_DCI_F 0.397 0.397 0.417 0.397 0.417 0.431 0.431 0.445 0.431 0.445 0.555 0.555 0.575 0.555 0.575 ns

DIFF_HSTL_I_DCI_M 0.397 0.397 0.417 0.397 0.417 0.553 0.553 0.583 0.553 0.583 0.644 0.644 0.684 0.644 0.684 ns

DIFF_HSTL_I_DCI_S 0.397 0.397 0.417 0.397 0.417 0.767 0.767 0.823 0.767 0.823 0.848 0.848 0.912 0.848 0.912 ns

DIFF_HSTL_I_F 0.404 0.404 0.417 0.404 0.417 0.423 0.423 0.443 0.423 0.443 0.549 0.549 0.581 0.549 0.581 ns

DIFF_HSTL_I_M 0.404 0.404 0.417 0.404 0.417 0.555 0.555 0.586 0.555 0.586 0.640 0.640 0.677 0.640 0.677 ns

DIFF_HSTL_I_S 0.404 0.404 0.417 0.404 0.417 0.767 0.767 0.818 0.767 0.818 0.811 0.811 0.866 0.811 0.866 ns

DIFF_HSUL_12_DCI_F 0.381 0.381 0.400 0.381 0.400 0.425 0.425 0.443 0.425 0.443 0.558 0.558 0.586 0.558 0.586 ns

DIFF_HSUL_12_DCI_M 0.381 0.381 0.400 0.381 0.400 0.557 0.557 0.587 0.557 0.587 0.653 0.653 0.694 0.653 0.694 ns

DIFF_HSUL_12_DCI_S 0.381 0.381 0.400 0.381 0.400 0.737 0.737 0.787 0.737 0.787 0.822 0.822 0.885 0.822 0.885 ns

DIFF_HSUL_12_F 0.394 0.394 0.402 0.394 0.402 0.412 0.412 0.430 0.412 0.430 0.538 0.538 0.566 0.538 0.566 ns

DIFF_HSUL_12_M 0.394 0.394 0.402 0.394 0.402 0.552 0.552 0.583 0.552 0.583 0.641 0.641 0.679 0.641 0.679 ns

DIFF_HSUL_12_S 0.394 0.394 0.402 0.394 0.402 0.752 0.752 0.800 0.752 0.800 0.813 0.813 0.868 0.813 0.868 ns

DIFF_POD10_DCI_F 0.411 0.411 0.430 0.411 0.430 0.425 0.425 0.444 0.425 0.444 0.555 0.555 0.584 0.555 0.584 ns

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

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

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

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

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

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

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

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

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

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

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

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

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

DIFF_SSTL12_DCI_S 0.381 0.381 0.400 0.381 0.400 0.754 0.754 0.803 0.754 0.803 0.842 0.842 0.908 0.842 0.908 ns
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HSTL_I_DCI_S 0.393 0.393 0.415 0.393 0.415 0.766 0.766 0.821 0.766 0.821 0.847 0.847 0.912 0.847 0.912 ns

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

LVCMOS15_F_8 0.414 0.414 0.445 0.414 0.445 0.518 0.518 0.538 0.518 0.538 0.686 0.686 0.703 0.686 0.703 ns

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Table  76: 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 -1 -3 -2 -1 -2 -1 -3 -2 -1 -2 -1
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MMCM_FDPRCLK_MAX Maximum DRP clock frequency 250 250 250 250 250 MHz

Notes: 
1. The MMCM does not filter typical spread-spectrum input clocks because they are usually far below the bandwidth filter 

frequencies.
2. The static offset is measured between any MMCM outputs with identical phase.
3. Values for this parameter are available in the Clocking Wizard.
4. Includes global clock buffer.
5. Calculated as FVCO/128 assuming output duty cycle is 50%.

Table  85: MMCM Specification (Cont’d)

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1
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PLL Switching Characteristics
Table  86: PLL Specification(1)

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

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

PLL_FINMIN Minimum input clock frequency. 70 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. 750 750 750 750 750 MHz

PLL_FVCOMAX Maximum PLL VCO frequency. 1500 1500 1500 1500 1500 MHz

PLL_TSTATPHAOFFSET Static phase offset of the PLL outputs.(2) 0.12 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 0.20 ns

PLL_TLOCKMAX PLL maximum lock time. 100 µs

PLL_FOUTMAX

PLL maximum output frequency at 
CLKOUT0, CLKOUT0B, CLKOUT1, 
CLKOUT1B.

891 775 667 725 667 MHz

PLL maximum output frequency at 
CLKOUTPHY. 2667 2667 2400 2400 2133 MHz

PLL_FOUTMIN

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

5.86 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 5.00 ns

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

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

PLL_FBANDWIDTH PLL bandwidth at typical. 14 14 14 14 14 MHz

PLL_FDPRCLK_MAX Maximum DRP clock frequency 250 250 250 250 250 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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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 

GTH Quad) at the 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  104: GTH Transceiver Receiver Switching Characteristics

Symbol Description Condition Min Typ Max Units
FGTHRX Serial data rate 0.500 – FGTHMAX Gb/s

RXSST Receiver spread-spectrum tracking(1) Modulated at 33 kHz –5000 – 0 ppm

RXRL Run length (CID) – – 256 UI

RXPPMTOL Data/REFCLK PPM offset tolerance

Bit rates ≤ 6.6 Gb/s –1250 – 1250 ppm

Bit rates > 6.6 Gb/s 
and ≤ 8.0 Gb/s –700 – 700 ppm

Bit rates > 8.0 Gb/s –200 – 200 ppm

SJ Jitter Tolerance(2)

JT_SJ16.375 Sinusoidal jitter (QPLL)(3) 16.375 Gb/s 0.30 – – UI

JT_SJ15.0 Sinusoidal jitter (QPLL)(3) 15.0 Gb/s 0.30 – – UI

JT_SJ14.1 Sinusoidal jitter (QPLL)(3) 14.1 Gb/s 0.30 – – UI

JT_SJ13.1 Sinusoidal jitter (QPLL)(3) 13.1 Gb/s 0.30 – – UI

JT_SJ12.5 Sinusoidal jitter (QPLL)(3) 12.5 Gb/s 0.30 – – UI

JT_SJ11.3 Sinusoidal jitter (QPLL)(3) 11.3 Gb/s 0.30 – – UI

JT_SJ10.32_QPLL Sinusoidal jitter (QPLL)(3) 10.32 Gb/s 0.30 – – UI

JT_SJ10.32_CPLL Sinusoidal jitter (CPLL)(3) 10.32 Gb/s 0.30 – – UI

JT_SJ9.953_QPLL Sinusoidal jitter (QPLL)(3) 9.953 Gb/s 0.30 – – UI

JT_SJ9.953_CPLL Sinusoidal jitter (CPLL)(3) 9.953 Gb/s 0.30 – – UI

JT_SJ8.0 Sinusoidal jitter (QPLL)(3) 8.0 Gb/s 0.42 – – UI

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

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

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

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

Table  103: GTH Transceiver Transmitter Switching Characteristics (Cont’d)

Symbol Description Condition Min Typ Max Units
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GTY Transceiver Specifications
The UltraScale Architecture and Product Overview (DS890) lists the Zynq UltraScale+ MPSoCs that include 
the GTY transceivers.

GTY Transceiver DC Input and Output Levels
Table 106 and Table 107 summarize the DC specifications of the GTY transceivers in Zynq UltraScale+ 
MPSoCs. Consult the UltraScale Architecture GTY Transceiver User Guide (UG578) for further details.

Table  106: 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 11111 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 107 and Table 108 summarize the DC specifications of the clock input of the GTY transceivers in 
Zynq UltraScale+ MPSoCs. Consult the UltraScale Architecture GTY Transceiver User Guide (UG578) for 
further details.

X-Ref Target - Figure 5

Figure 5: Single-Ended Peak-to-Peak Voltage

X-Ref Target - Figure 6

Figure 6: Differential Peak-to-Peak Voltage

Table  107: 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  108: GTY Transceiver Clock Output Level Specification

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

VOH Output High 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

Single-Ended 
Peak-to-Peak
Voltage

X16653-101316

0

+V

–V P–N

Differential 
Peak-to-Peak 

Voltage

Differential peak-to-peak voltage = (Single-ended peak-to-peak voltage) x 2
X16639-101316
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GTY Transceiver Switching Characteristics
Consult the UltraScale Architecture GTY Transceiver User Guide (UG578) for further information.

Table  109: GTY Transceiver Performance

Symbol Description Output 
Divider

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

FGTYMAX
GTY maximum line 
rate 32.75 28.21 25.7813 28.21 12.5 Gb/s

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

Min Max Min Max Min Max Min Max Min Max

FGTYCRANGE
CPLL line 
rate range(1)

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

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

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

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

16 N/A Gb/s

32 N/A Gb/s

Min Max Min Max Min Max Min Max Min Max

FGTYQRANGE1
QPLL0 line 
rate range(2)

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

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

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

4 2.45 4.0938 2.45 4.0938 2.45 4.0938 2.45 4.0938 2.45 4.0938 Gb/s

8 1.225 2.0469 1.225 2.0469 1.225 2.0469 1.225 2.0469 1.225 2.0469 Gb/s

16 0.6125 1.0234 0.6125 1.0234 0.6125 1.0234 0.6125 1.0234 0.6125 1.0234 Gb/s

Min Max Min Max Min Max Min Max Min Max

FGTYQRANGE2
QPLL1 line 
rate range(3)

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

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

2 4.0 6.5 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 2.0 3.25 Gb/s

8 1.0 1.625 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 0.5 0.8125 Gb/s

Min Max 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 2.0 4.25 GHz

FQPLL0RANGE
QPLL0 frequency 
range 9.8 16.375 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 8.0 13.0 GHz

Notes: 
1. The values listed are the rounded results of the calculated equation (2 x CPLL_Frequency)/Output_Divider.
2. The values listed are the rounded results of the calculated equation (2 x QPLL0_Frequency)/Output_Divider.
3. 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  115: GTY Transceiver Transmitter Switching Characteristics (Cont’d)

Symbol Description Condition Min Typ Max Units
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