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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.
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Video Codec Unit
VCCINT_VCU  Internal supply voltage for the video codec unit. –0.500 1.000 V

PL System Monitor
VCCADC PL System Monitor supply relative to GNDADC. 0.500 2.000 V

VREFP PL System Monitor reference input relative to GNDADC. 0.500 2.000 V

Temperature
TSTG Storage temperature (ambient). –65 150 °C

TSOL Maximum soldering temperature.(12) – 260 °C

Tj Maximum junction temperature.(12) – 125 °C

Notes: 
1. Stresses beyond those listed under Absolute Maximum Ratings might cause permanent damage to the device. These are 

stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under 
Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time might 
affect device reliability.

2. When operating outside of the recommended operating conditions, refer to Table 6, Table 7, and Table 8 for maximum 
overshoot and undershoot specifications.

3. VCCINT_IO must be connected to VCCBRAM.
4. VCCAUX_IO must be connected to VCCAUX.
5. The lower absolute voltage specification always applies.
6. If VCCO is 3.3V, the maximum voltage is 3.4V.
7. For I/O operation, see the UltraScale Architecture SelectIO Resources User Guide (UG571).
8. AC coupled operation is not supported for RX termination = floating.
9. For GTY transceivers, DC coupled operation is not supported for RX termination = GND.
10. DC coupled operation is not supported for RX termination = programmable.
11. For more information on supported GTH or GTY transceiver terminations see the UltraScale Architecture GTH Transceiver 

User Guide (UG576) or UltraScale Architecture GTY Transceiver User Guide (UG578).
12. For soldering guidelines and thermal considerations, see the Zynq UltraScale+ MPSoC Packaging and Pinout Specifications 

(UG1075).

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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Quiescent Supply Current
Table  9: Typical Quiescent Supply Current(1)(2)(3)(4)

Symbol Description Device

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

ICCINTQ Quiescent VCCINT supply current.

XCZU2 N/A 393 393 344 344 mA

XCZU3 N/A 393 393 344 344 mA

XCZU4 719 684 684 601 601 mA

XCZU5 719 684 684 601 601 mA

XCZU6 1629 1549 1549 1358 1358 mA

XCZU7 1263 1201 1201 1055 1055 mA

XCZU9 1629 1549 1549 1358 1358 mA

XCZU11 1786 1699 1699 1491 1491 mA

XCZU15 1987 1890 1890 1660 1660 mA

XCZU17 2728 2594 2594 2275 2275 mA

XCZU19 2728 2594 2594 2275 2275 mA

ICCINT_IOQ Quiescent VCCINT_IO supply current.

XCZU2 N/A 44 44 44 44 mA

XCZU3 N/A 44 44 44 44 mA

XCZU4 61 59 59 59 59 mA

XCZU5 61 59 59 59 59 mA

XCZU6 61 59 59 59 59 mA

XCZU7 120 115 115 115 115 mA

XCZU9 61 59 59 59 59 mA

XCZU11 120 115 115 115 115 mA

XCZU15 61 59 59 59 59 mA

XCZU17 164 158 158 158 158 mA

XCZU19 164 158 158 158 158 mA

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

ICCAUXQ Quiescent VCCAUX supply current.

XCZU2 N/A 55 55 55 55 mA

XCZU3 N/A 55 55 55 55 mA

XCZU4 90 90 90 90 90 mA

XCZU5 90 90 90 90 90 mA

XCZU6 227 227 227 227 227 mA

XCZU7 174 174 174 174 174 mA

XCZU9 227 227 227 227 227 mA

XCZU11 255 255 255 255 255 mA

XCZU15 266 266 266 266 266 mA

XCZU17 396 396 396 396 396 mA

XCZU19 396 396 396 396 396 mA
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Power Supply Sequencing

PS Power-On/Off Power Supply Sequencing
The low-power domain (LPD) must operate before the full-power domain (FPD) can function. The 
low-power and full-power domains can be powered simultaneously. The PS_POR_B input must be asserted 
to GND during the power-on sequence (see Table 37). The FPD (when used) must be powered before 
PS_POR_B is released.

To achieve minimum current draw and ensure that the I/Os are 3-stated at power-on, the recommended 
power-on sequence for the low-power domain (LPD) is listed. The recommended power-off sequence is 
the reverse of the power-on sequence.

1. VCC_PSINTLP

2. VCC_PSAUX, VCC_PSADC, and VCC_PSPLL in any order or simultaneously.

3. VCCO_PSIO

To achieve minimum current draw and ensure that the I/Os are 3-stated at power-on, the recommended 
power-on sequence for the full-power domain (FPD) is listed. The recommended power-off sequence is 
the reverse of the power-on sequence. 

1. VCC_PSINTFP and VCC_PSINTFP_DDR driven from the same supply source.

2. VPS_MGTRAVCC and VCC_PSDDR_PLL in any order or simultaneously.

3. VPS_MGTRAVTT and VCCO_PSDDR in any order or simultaneously.

PL Power-On/Off Power Supply Sequencing
The recommended power-on sequence is VCCINT, VCCINT_IO/VCCBRAM/VCCINT_VCU, VCCAUX/VCCAUX_IO, and 
VCCO to achieve minimum current draw and ensure that the I/Os are 3-stated at power-on. The 
recommended power-off sequence is the reverse of the power-on sequence. If VCCINT and 
VCCINT_IO/VCCBRAM have the same recommended voltage levels, they can be powered by the same supply 
and ramped simultaneously. VCCINT_IO must be connected to VCCBRAM. If VCCAUX/VCCAUX_IO and VCCO have 
the same recommended voltage levels, they can be powered by the same supply and ramped 
simultaneously. VCCAUX and VCCAUX_IO must be connected together. VCCADC and VREF can be powered at 
any time and have no power-up sequencing requirements.

The recommended power-on sequence to achieve minimum current draw for the GTH or GTY transceivers 
is VCCINT, VMGTAVCC, VMGTAVTT OR VMGTAVCC, VCCINT, VMGTAVTT. There is no recommended sequencing for 
VMGTVCCAUX. Both VMGTAVCC and VCCINT can be ramped simultaneously. The recommended power-off 
sequence is the reverse of the power-on sequence to achieve minimum current draw.

If these recommended sequences are not met, current drawn from VMGTAVTT can be higher than 
specifications during power-up and power-down.
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PL I/O Levels
Table  14: SelectIO DC Input and Output Levels For HD 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 8.0 –8.0

HSTL_I_18 –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 0.400 VCCO – 0.400 8.0 –8.0

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

LVCMOS25 –0.300 0.700 1.700 VCCO + 0.300 0.400 VCCO – 0.400 Note 5 Note 5

LVCMOS33 –0.300 0.800 2.000 3.400 0.400 VCCO – 0.400 Note 5 Note 5

LVTTL –0.300 0.800 2.000 3.400 0.400 2.400 Note 5 Note 5

SSTL12 –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 VCCO/2 – 0.150 VCCO/2 + 0.150 14.25 –14.25

SSTL135 –0.300 VREF – 0.090 VREF + 0.090 VCCO + 0.300 VCCO/2 – 0.150 VCCO/2 + 0.150 8.9 –8.9

SSTL135_II –0.300 VREF – 0.090 VREF + 0.090 VCCO + 0.300 VCCO/2 – 0.150 VCCO/2 + 0.150 13.0 –13.0

SSTL15 –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 VCCO/2 – 0.175 VCCO/2 + 0.175 8.9 –8.9

SSTL15_II –0.300 VREF – 0.100 VREF + 0.100 VCCO + 0.300 VCCO/2 – 0.175 VCCO/2 + 0.175 13.0 –13.0

SSTL18_I –0.300 VREF – 0.125 VREF + 0.125 VCCO + 0.300 VCCO/2 – 0.470 VCCO/2 + 0.470 8.0 –8.0

SSTL18_II –0.300 VREF – 0.125 VREF + 0.125 VCCO + 0.300 VCCO/2 – 0.600 VCCO/2 + 0.600 13.4 –13.4

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 16, Table 20, Table 21, and Table 22.
4. Supported drive strengths of 4, 8, or 12 mA in HD I/O banks.
5. Supported drive strengths of 4, 8, 12, or 16 mA in HD I/O banks.
6. Low-power option for MIPI_DPHY_DCI.
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Table  37: PS Reset Assertion Timing Requirements

Symbol Description Min Typ Max Units
TPSPOR Required PS_POR_B assertion time.(1) 10 – – µs

TPSRST Required PS_SRST_B assertion time. 3 – – PS_REF_CLK Clock Cycles

Notes: 
1. PS_POR_B must be asserted Low at power-up and continue to be asserted for a duration of TPSPOR after all the PS supply 

voltages reach minimum levels. PS_POR_B must be asserted Low for the duration of TPOR when the PS and PL power-up 
at the same time and the application uses both the PS and PL after power-up.

Table  38: PS Clocks Switching Characteristics

Symbol Description
Speed Grade

Units
-3 -2 -1

FTOPSW_MAINMAX TOPSW_MAIN maximum frequency. 600 533 533 MHz

FTOPSW_LSBUSMAX TOPSW_LSBUS maximum frequency. 100 100 100 MHz

FGDMAMAX FPD-DMA maximum frequency. 600 600 600 MHz

FDPDMAMAX DisplayPort DMA maximum frequency. 600 600 600 MHz

FLPD_SWITCH_CTRLMAX
LPD_SWITCH_CTRL maximum 
frequency. 600 500 500 MHz

FLPD_LSBUS_CTRLMAX
LPD_LSBUS_CTRL maximum 
frequency. 100 100 100 MHz

FADMAMAX LPD-DMA maximum frequency. 600 500 500 MHz

FAPLL_TO_LPDMAX APLL_TO_LPD maximum frequency. 533 533 533 MHz

FDPLL_TO_LPDMAX DPLL_TO_LPD maximum frequency. 533 533 533 MHz

FVPLL_TO_LPDMAX VPLL_TO_LPD maximum frequency. 533 533 533 MHz

FIOPLL_TO_LPDMAX IOPLL_TO_LPD maximum frequency. 533 533 533 MHz

FRPLL_TO_FPDMAX RPLL_TO_FPD maximum frequency. 533 533 533 MHz
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PS USB Interface

Table  42: Linear Quad-SPI Interface(1)

Symbol Description Load 
Conditions(2) Min Max Units

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

TDCQSPICLK5 Quad-SPI clock duty cycle.
15 pF 45 55 %

30 pF 45 55 %

TQSPISSSCLK5 Slave select asserted to next clock edge.(3)
15 pF 5.0 – ns

30 pF 5.0 – ns

TQSPISCLKSS5 Clock edge to slave select deasserted.
15 pF 5.0 – ns

30 pF 5.0 – ns

TQSPICKO5 Clock to output delay, all outputs.
15 pF 3.2 7.4 ns

30 pF 3.2 7.4 ns

TQSPIDCK5 Setup time, all inputs.
15 pF 2.4 – ns

30 pF 2.4 – ns

TQSPICKD5 Hold time, all inputs.
15 pF 0.0 – ns

30 pF 0.0 – ns

FQSPIREFCLK5 Quad-SPI reference clock frequency.
15 pF – 200 MHz

30 pF – 200 MHz

FQSPICLK5 Quad-SPI device clock frequency.
15 pF – 100 MHz

30 pF – 100 MHz

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

rate.
2. 30 pF loads are for stacked modes.
3. TQSPISSSCLK5 is only valid when two reference clock cycles are programmed between chip select and clock.

Table  43: ULPI Interface(1)

Symbol Description Min Max Units
TULPIDCK Input setup to ULPI clock, all inputs. 4.5 – ns

TULPICKD Input hold to ULPI clock, all inputs. 0 – ns

TULPICKO ULPI clock to output valid, all outputs. 2.0 8.86 ns

FULPICLK ULPI reference clock frequency. – 60 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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DDR3L

All FFV packages 
and FBVB900

Single rank component 1866 1866 1866 1866 1600 Mb/s
1 rank DIMM(2)(3) 1600 1600 1600 1600 1333 Mb/s
2 rank DIMM(2)(5) 1333 1333 1333 1333 1066 Mb/s
4 rank DIMM(2)(6) 800 800 800 800 606 Mb/s

SFVC784

Single rank component 1600 1600 1600 1600 1600 Mb/s
1 rank DIMM(2)(3) 1600 1600 1600 1600 1333 Mb/s
2 rank DIMM(2)(5) 1333 1333 1333 1333 1066 Mb/s
4 rank DIMM(2)(6) 800 800 800 800 606 Mb/s

QDR II+ All Single rank component(7) 633 633 600 600 550 MHz

RLDRAM 3
All FFV packages

and FBVB900 Single rank component 1200 1200 1066 1066 933 MHz

SFVC784 Single rank component 1066 1066 933 933 800 MHz
QDR IV XP All Single rank component 1066 1066 1066 933 933 MHz
LPDDR3 All Single rank component 1600 1600 1600 1600 1600 Mb/s

Notes: 
1. The SBVA484 and SFVA625 packages do not support the PL memory interfaces.
2. Dual in-line memory module (DIMM) includes RDIMM, SODIMM, UDIMM, and LRDIMM.
3. Includes: 1 rank 1 slot, DDP 2 rank, LRDIMM 2 or 4 rank 1 slot.
4. For the DDR4 DDP components at -3 and -2 speed grades and VCCINT = 0.85V, the maximum data rate is 2133 Mb/s for 

six or more DDP devices. For five or less DDP devices, use the single rank DIMM data rates for the -3 and -2 speed grades 
at 0.85V.

5. Includes: 2 rank 1 slot, 1 rank 2 slot, LRDIMM 2 rank 2 slot.
6. Includes: 2 rank 2 slot, 4 rank 1 slot.
7. The QDRII+ performance specifications are for burst-length 4 (BL = 4) implementations.

Table  74: Maximum Physical Interface (PHY) Rate for Memory Interfaces (Cont’d)

Memory 
Standard Package(1) DRAM Type

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1
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DIFF_SSTL12_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_SSTL12_M 0.394 0.394 0.402 0.394 0.402 0.553 0.553 0.584 0.553 0.584 0.641 0.641 0.676 0.641 0.676 ns

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

HSTL_I_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

HSTL_I_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

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

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

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

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

HSTL_I_DCI_12_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

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

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

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

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

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

HSTL_I_DCI_M 0.393 0.393 0.415 0.393 0.415 0.552 0.552 0.581 0.552 0.581 0.644 0.644 0.684 0.644 0.684 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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Block RAM and FIFO Switching Characteristics
Table  80: Block RAM and FIFO Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

Maximum Frequency

FMAX_WF_NC
Block RAM
(WRITE_FIRST and NO_CHANGE modes). 825 738 645 585 516 MHz

FMAX_RF Block RAM (READ_FIRST mode). 718 637 575 510 460 MHz

FMAX_FIFO FIFO in all modes without ECC. 825 738 645 585 516 MHz

FMAX_ECC

Block RAM and FIFO in ECC configuration 
without PIPELINE. 718 637 575 510 460 MHz

Block RAM and FIFO in ECC configuration 
with PIPELINE and Block RAM in 
WRITE_FIRST or NO_CHANGE mode.

825 738 645 585 516 MHz

TPW
(1) Minimum pulse width. 495 542 543 577 578 ps

Block RAM and FIFO Clock-to-Out Delays

TRCKO_DO
Clock CLK to DOUT output (without output 
register). 0.91 1.02 1.11 1.46 1.53 ns, 

Max

TRCKO_DO_REG
Clock CLK to DOUT output (with output 
register). 0.27 0.29 0.30 0.42 0.44 ns, 

Max

Notes: 
1. The MMCM and PLL DUTY_CYCLE attribute should be set to 50% to meet the pulse-width requirements at the higher 

frequencies.
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Table  91: Global Clock Input Setup and Hold With MMCM

Symbol Description Device

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

Input Setup and Hold Time Relative to Global Clock Input Signal using SSTL15 Standard.(1)(2)(3)

TPSMMCMCC_ZU2 Global clock input and 
input flip-flop (or latch) 
with MMCM.

Setup
XCZU2 N/A

1.83 1.96 2.29 2.48 ns

TPHMMCMCC_ZU2 Hold –0.19 –0.19 0.13 0.13 ns

TPSMMCMCC_ZU3 Setup
XCZU3 N/A

1.83 1.96 2.29 2.48 ns

TPHMMCMCC_ZU3 Hold –0.19 –0.19 0.13 0.13 ns

TPSMMCMCC_ZU4 Setup
XCZU4

1.96 1.96 2.10 2.49 2.59 ns

TPHMMCMCC_ZU4 Hold –0.12 –0.12 –0.12 0.27 0.48 ns

TPSMMCMCC_ZU5 Setup
XCZU5

1.96 1.96 2.10 2.49 2.59 ns

TPHMMCMCC_ZU5 Hold –0.12 –0.12 –0.12 0.27 0.48 ns

TPSMMCMCC_ZU6 Setup
XCZU6

1.97 2.00 2.12 2.26 2.44 ns

TPHMMCMCC_ZU6 Hold –0.11 –0.11 –0.11 0.16 0.18 ns

TPSMMCMCC_ZU7 Setup
XCZU7

1.91 1.91 2.02 2.45 2.70 ns

TPHMMCMCC_ZU7 Hold –0.14 –0.14 –0.14 0.37 0.38 ns

TPSMMCMCC_ZU9 Setup
XCZU9

1.97 2.00 2.12 2.26 2.44 ns

TPHMMCMCC_ZU9 Hold –0.11 –0.11 –0.11 0.16 0.18 ns

TPSMMCMCC_ZU11 Setup
XCZU11

2.08 2.08 2.23 2.59 2.75 ns

TPHMMCMCC_ZU11 Hold –0.08 –0.08 0.04 0.35 0.74 ns

TPSMMCMCC_ZU15 Setup
XCZU15

1.96 1.99 2.12 2.26 2.44 ns

TPHMMCMCC_ZU15 Hold –0.10 –0.10 –0.10 0.17 0.19 ns

TPSMMCMCC_ZU17 Setup
XCZU17

1.89 1.89 2.03 2.36 2.55 ns

TPHMMCMCC_ZU17 Hold –0.16 –0.16 –0.16 0.31 0.34 ns

TPSMMCMCC_ZU19 Setup
XCZU19

1.89 1.89 2.03 2.36 2.55 ns

TPHMMCMCC_ZU19 Hold –0.16 –0.16 –0.16 0.31 0.34 ns

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

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

2. 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.

3. Use IBIS to determine any duty-cycle distortion incurred using various standards.
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GTH Transceiver Specifications
The UltraScale Architecture and Product Overview (DS890) lists the Zynq UltraScale+ MPSoCs that include 
the GTH transceivers.

GTH Transceiver DC Input and Output Levels
Table 94 summarizes the DC specifications of the GTH transceivers in Zynq UltraScale+ MPSoC. Consult 
the UltraScale Architecture GTH Transceiver User Guide (UG576) for further details.

Table  94: GTH 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 
(all packages). – – 10 ps

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

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

GTH Transceiver User Guide (UG576), 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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GTH Transceiver Switching Characteristics
Consult the UltraScale Architecture GTH Transceiver User Guide (UG576) for further information.

Table  97: GTH Transceiver Performance

Symbol Description Output 
Divider

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1
FGTHMAX GTH maximum line rate. 16.375(1) 16.375(1) 12.5 12.5 10.3125 Gb/s

FGTHMIN GTH 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

FGTHCRANGE
CPLL line rate 
range(2).

1 4 12.5 4 12.5 4 8.5 4 8.5 4 8.5 Gb/s

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

4 1 3.125 1 3.125 1 2.125 1 2.125 1 2.125 Gb/s

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

16 N/A Gb/s

Min Max Min Max Min Max Min Max Min Max

FGTHQRANGE1
QPLL0 line 
rate range(3).

1 9.8 16.375 9.8 16.375 9.8 12.5 9.8 12.5 9.8 10.3125 Gb/s

2 4.9 8.1875 4.9 8.1875 4.9 8.15 4.9 8.1875 4.9 8.15 Gb/s

4 2.45 4.0938 2.45 4.0938 2.45 4.075 2.45 4.0938 2.45 4.075 Gb/s

8 1.225 2.0469 1.225 2.0469 1.225 2.0375 1.225 2.0469 1.225 2.0375 Gb/s

16 0.6125 1.0234 0.6125 1.0234 0.6125 1.0188 0.6125 1.0234 0.6125 1.0188 Gb/s

Min Max Min Max Min Max Min Max Min Max

FGTHQRANGE2
QPLL1 line 
rate range(4).

1 8.0 13.0 8.0 13.0 8.0 12.5 8.0 12.5 8.0 10.3125 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 6.25 2 6.25 2 4.25 2 4.25 2 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 13 8 13 8 13 8 13 8 13 GHz

Notes: 
1. GTH transceiver line rates in the SFVC784 package support data rates up to 12.5 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 (QPLL0_Frequency)/Output_Divider.
4. The values listed are the rounded results of the calculated equation (QPLL1_Frequency)/Output_Divider.

Table  98: GTH Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics

Symbol Description All Speed Grades Units
FGTHDRPCLK GTHDRPCLK maximum frequency. 250 MHz
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Table  103: GTH Transceiver Transmitter Switching Characteristics

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

TRTX TX rise time 20%–80% – 21 – ps

TFTX TX fall time 80%–20% – 21 – ps

TLLSKEW TX lane-to-lane skew(1) – – 500.00 ps

TJ16.375 Total jitter(2)(4)
16.375 Gb/s

– – 0.28 UI

DJ16.375 Deterministic jitter(2)(4) – – 0.17 UI

TJ15.0 Total jitter(2)(4)
15.0 Gb/s

– – 0.28 UI

DJ15.0 Deterministic jitter(2)(4) – – 0.17 UI

TJ14.1 Total jitter(2)(4)
14.1 Gb/s

– – 0.28 UI

DJ14.1 Deterministic jitter(2)(4) – – 0.17 UI

TJ14.1 Total jitter(2)(4)
14.025 Gb/s

– – 0.28 UI

DJ14.1 Deterministic jitter(2)(4) – – 0.17 UI

TJ13.1 Total jitter(2)(4)
13.1 Gb/s

– – 0.28 UI

DJ13.1 Deterministic jitter(2)(4) – – 0.17 UI

TJ12.5_QPLL Total jitter(2)(4)
12.5 Gb/s

– – 0.28 UI

DJ12.5_QPLL Deterministic jitter(2)(4) – – 0.17 UI

TJ12.5_CPLL Total jitter(3)(4)
12.5 Gb/s

– – 0.33 UI

DJ12.5_CPLL Deterministic jitter(3)(4) – – 0.17 UI

TJ11.3_QPLL Total jitter(2)(4)
11.3 Gb/s

– – 0.28 UI

DJ11.3_QPLL Deterministic jitter(2)(4) – – 0.17 UI

TJ10.3125_QPLL Total jitter(2)(4)
10.3125 Gb/s

– – 0.28 UI

DJ10.3125_QPLL Deterministic jitter(2)(4) – – 0.17 UI

TJ10.3125_CPLL Total jitter(3)(4)
10.3125 Gb/s

– – 0.33 UI

DJ10.3125_CPLL Deterministic jitter(3)(4) – – 0.17 UI

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

– – 0.28 UI

DJ9.953_QPLL Deterministic jitter(2)(4) – – 0.17 UI

TJ9.953_CPLL Total jitter(3)(4)
9.953 Gb/s

– – 0.33 UI

DJ9.953_CPLL Deterministic jitter(3)(4) – – 0.17 UI

TJ8.0 Total jitter(3)(4)
8.0 Gb/s

– – 0.32 UI

DJ8.0 Deterministic jitter(3)(4) – – 0.17 UI

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

– – 0.30 UI

DJ6.6 Deterministic jitter(3)(4) – – 0.15 UI

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

– – 0.30 UI

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

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

– – 0.30 UI

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

TJ4.0 Total jitter(3)(4)
4.0 Gb/s

– – 0.32 UI

DJ4.0 Deterministic jitter(3)(4) – – 0.16 UI

TJ3.20 Total jitter(3)(4)
3.20 Gb/s(5)

– – 0.20 UI

DJ3.20 Deterministic jitter(3)(4) – – 0.10 UI
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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 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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Table  110: GTY Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics

Symbol Description All Speed Grades Units
FGTYDRPCLK GTYDRPCLK maximum frequency. 250 MHz

Table  111: GTY Transceiver Reference Clock Switching Characteristics

Symbol Description Conditions
All Speed Grades

Units
Min Typ Max

FGCLK Reference clock frequency range. 60 – 820 MHz

TRCLK Reference clock rise time. 20% – 80% – 200 – ps

TFCLK Reference clock fall time. 80% – 20% – 200 – ps

TDCREF Reference clock duty cycle. Transceiver PLL only 40 50 60 %

Table  112: GTY Transceiver Reference Clock Oscillator Selection Phase Noise Mask(1)

Symbol Description Offset 
Frequency Min Typ Max Units

QPLLREFCLKMASK

QPLL0/QPLL1 reference clock select 
phase noise mask at 
REFCLK frequency = 156.25 MHz.

10 kHz – – –112

dBc/Hz100 kHz – – –128

1 MHz – – –145

QPLL0/QPLL1 reference clock select 
phase noise mask at 
REFCLK frequency = 312.5 MHz.

10 kHz – – –103

dBc/Hz100 kHz – – –123

1 MHz – – –143

QPLL0/QPLL1 reference clock select 
phase noise mask at 
REFCLK frequency =625 MHz.

10 kHz – – –98

dBc/Hz100 kHz – – –117

1 MHz – – –140

CPLLREFCLKMASK

CPLL reference clock select phase noise 
mask at REFCLK 
frequency = 156.25 MHz.

10 kHz – – –112

dBc/Hz
100 kHz – – –128

1 MHz – – –145

50 MHz – – –145

CPLL reference clock select phase noise 
mask at REFCLK frequency = 312.5 MHz.

10 kHz – – –103

dBc/Hz
100 kHz – – –123

1 MHz – – –143

50 MHz – – –145

CPLL reference clock select phase noise 
mask at REFCLK frequency = 625 MHz.

10 kHz – – –98

dBc/Hz
100 kHz – – –117

1 MHz – – –140

50 MHz – – –144

Notes: 
1. For reference clock frequencies not in this table, use the phase-noise mask for the nearest reference clock frequency.
2. This reference clock phase-noise mask is superseded by any reference clock phase-noise mask that is specified in a 

supported protocol, e.g., PCIe.
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FTXIN2

TXUSRCLK2(6) 
maximum 
frequency

16 16 511.719 511.719 390.625 390.625 322.266 MHz

16 32 255.859 255.859 195.313 195.313 161.133 MHz

32 32 511.719 511.719 390.625 390.625 322.266 MHz

32 64 255.859 255.859 195.313 195.313 161.133 MHz

64 64 511.719 440.781 402.832 402.832 195.313 MHz

64 128 255.859 220.391 201.416 201.416 97.656 MHz

20 20 409.375 409.375 312.500 312.500 257.813 MHz

20 40 204.688 204.688 156.250 156.250 128.906 MHz

40 40 409.375 409.375 312.500 350.000 257.813 MHz

40 80 204.688 204.688 156.250 175.000 128.906 MHz

80 80 409.375 352.625 322.266 352.625 156.250 MHz

80 160 204.688 176.313 161.133 176.313 78.125 MHz

FRXIN2

RXUSRCLK2(6) 
maximum 
frequency

16 16 511.719 511.719 390.625 390.625 322.266 MHz

16 32 255.859 255.859 195.313 195.313 161.133 MHz

32 32 511.719 511.719 390.625 390.625 322.266 MHz

32 64 255.859 255.859 195.313 195.313 161.133 MHz

64 64 511.719 440.781 402.832 402.832 195.313 MHz

64 128 255.859 220.391 201.416 201.416 97.656 MHz

20 20 409.375 409.375 312.500 312.500 257.813 MHz

20 40 204.688 204.688 156.250 156.250 128.906 MHz

40 40 409.375 409.375 312.500 350.000 257.813 MHz

40 80 204.688 204.688 156.250 175.000 128.906 MHz

80 80 409.375 352.625 322.266 352.625 156.250 MHz

80 160 204.688 176.313 161.133 176.313 78.125 MHz

Notes: 
1. Clocking must be implemented as described in the UltraScale Architecture GTY Transceiver User Guide (UG578).
2. For speed grades -3E, -2E, and -2I, a 16-bit and 20-bit internal data path can only be used for line rates less than 

8.1875 Gb/s.
3. For speed grade -2LE, a 16-bit and 20-bit internal data path can only be used for line rates less than 8.1875 Gb/s when 

VCCINT = 0.85V or 6.25 Gb/s when VCCINT = 0.72V.
4. For speed grades -1E and -1I, a 16-bit and 20-bit internal data path can only be used for line rates less than 6.25 Gb/s.
5. For speed grade -1LI, a 16-bit and 20-bit internal data path can only be used for line rates less than 6.25 Gb/s when VCCINT 

= 0.85V or 5.15625 Gb/s when VCCINT = 0.72V.
6. When the gearbox is used, these maximums refer to the XCLK. For more information, see the Valid Data Width 

Combinations for TX Asynchronous Gearbox table in the UltraScale Architecture GTY Transceiver User Guide (UG578).

Table  114: GTY Transceiver User Clock Switching Characteristics(1) (Cont’d)

Symbol Description

Data Width Conditions
(Bit)

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

Internal 
Logic

Interconnect 
Logic -3(2) -2(2)(3) -1(4)(5) -2(3) -1(5)
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Video Codec Performance
The UltraScale Architecture and Product Overview (DS890) lists the Zynq UltraScale+ MPSoC EV devices 
that include the Video Codec unit (VCU).

PL System Monitor Specifications

Table  123: VCU Performance

Description

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1
Video Codec decoder block maximum 
frequency (H.264/5 10-bit 4:2:2) 667 667 667 667 667 MHz

Table  124: PL SYSMON Specifications

Parameter Symbol Comments/Conditions Min Typ Max Units
VCCADC = 1.8V ±3%, VREFP = 1.25V, VREFN = 0V, ADCCLK = 5.2 MHz, Tj = –40°C to 100°C, typical values at Tj = 40°C

ADC Accuracy(1)

Resolution 10 – – Bits

Integral nonlinearity(2) INL – – ±1.5 LSBs

Differential nonlinearity DNL No missing codes, guaranteed 
monotonic – – ±1 LSBs

Offset error Offset calibration enabled – – ±2 LSBs

Gain error – – ±0.4 %

Sample rate – – 0.2 MS/s

RMS code noise
External 1.25V reference – – 1 LSBs

On-chip reference – 1 – LSBs

ADC Accuracy at Extended Temperatures
Resolution Tj = –55°C to 125°C 10 – – Bits

Integral nonlinearity(2) INL Tj = –55°C to 125°C – – ±1.5
LSBs

Differential nonlinearity DNL No missing codes, guaranteed 
monotonic (Tj = –55°C to 125°C) – – ±1

Analog Inputs(2)

ADC input ranges

Unipolar operation 0 – 1 V

Bipolar operation –0.5 – +0.5 V

Unipolar common mode range (FS input) 0 – +0.5 V

Bipolar common mode range (FS input) +0.5 – +0.6 V

Maximum external channel input 
ranges

Adjacent channels set within these 
ranges should not corrupt 
measurements on adjacent channels

–0.1 – VCCADC V
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