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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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Core Processor Dual ARM® Cortex®-A53 MPCore™ with CoreSight™, Dual ARM®Cortex™-R5 with CoreSight™

Flash Size -

RAM Size 256KB

Peripherals DMA, WDT

Connectivity CANbus, EBI/EMI, Ethernet, I²C, MMC/SD/SDIO, SPI, UART/USART, USB OTG

Speed 500MHz, 1.2GHz

Primary Attributes Zynq®UltraScale+™ FPGA, 103K+ Logic Cells

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 625-BFBGA, FCBGA

Supplier Device Package 625-FCBGA (21x21)
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Available Speed Grades and Operating Voltages
Table 3 describes the speed grades per device and the VCCINT operating supply voltages for the full-power, 
low-power, and DDR domains. For more information on selecting devices and speed grades, see the 
UltraScale Architecture and Product Overview (DS890).

DC Characteristics Over Recommended Operating Conditions

Table  3: Available Speed Grades and Operating Voltages

Speed Grade VCCINT VCC_PSINTLP VCC_PSINTFP VCC_PSINTFP_DDR Units
-3E 0.90 0.90 0.90 0.90 V

-2E 0.85 0.85 0.85 0.85 V

-2I 0.85 0.85 0.85 0.85 V

-2LE 0.85 0.85 0.85 0.85 V

-1E 0.85 0.85 0.85 0.85 V

-1I 0.85 0.85 0.85 0.85 V

-1LI 0.85 0.85 0.85 0.85 V

-2LE 0.72 0.85 0.85 0.85 V

-1LI 0.72 0.85 0.85 0.85 V

Table  4: DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Typ(1) Max Units

VDRINT
Data retention VCCINT voltage (below which configuration 
data might be lost). 0.68 – – V

VDRAUX
Data retention VCCAUX voltage (below which configuration 
data might be lost). 1.5 – – V

IREF VREF leakage current per pin. – – 15 µA

IL Input or output leakage current per pin (sample-tested).(2) – – 15 µA

CIN
(3)

Die input capacitance at the pad (HP I/O). – – 3.1 pF

Die input capacitance at the pad (HD I/O). – – 4.75 pF

IRPU

Pad pull-up (when selected) at VIN = 0V, VCCO = 3.3V. 75 – 190 µA

Pad pull-up (when selected) at VIN = 0V, VCCO = 2.5V. 50 – 169 µA

Pad pull-up (when selected) at VIN = 0V, VCCO = 1.8V. 60 – 120 µA

Pad pull-up (when selected) at VIN = 0V, VCCO = 1.5V. 30 – 120 µA

Pad pull-up (when selected) at VIN = 0V, VCCO = 1.2V. 10 – 100 µA

IRPD
Pad pull-down (when selected) at VIN = 3.3V. 60 – 200 µA

Pad pull-down (when selected) at VIN = 1.8V. 29 – 120 µA

ICCADCONPL
Analog supply current for the PL SYSMON circuits in the 
power-up state. – – 8 mA

ICCADCONPS
Analog supply current for the PS SYSMON circuits in the 
power-up state. – – 10 mA

ICCADCOFFPL
Analog supply current for the PL SYSMON circuits in the 
power-down state. – – 1.5 mA

ICCADCOFFPS
Analog supply current for the PS SYSMON circuits in the 
power-down state. – – 1.8 mA
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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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LVDS DC Specifications (LVDS_25)
The LVDS_25 standard is available in the HD I/O banks. See the UltraScale Architecture SelectIO Resources 
User Guide (UG571) for more information.

LVDS DC Specifications (LVDS)
The LVDS standard is available in the HP I/O banks. See the UltraScale Architecture SelectIO Resources User 
Guide (UG571) for more information.

Table  23: LVDS_25 DC Specifications

Symbol DC Parameter Min Typ Max Units
VCCO

(1) Supply voltage. 2.375 2.500 2.625 V

VIDIFF

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

100 350 600(2) mV

VICM Input common-mode voltage. 0.300 1.200 1.425 V

Notes: 
1. LVDS_25 in HD I/O banks supports inputs only. LVDS_25 inputs without internal termination have no VCCO requirements. 

Any VCCO can be chosen as long as the input voltage levels do not violate the Recommended Operating Condition (Table 2) 
specification for the VIN I/O pin voltage.

2. 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.

Table  24: 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
(3)

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 HP 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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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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FSDSDRCLK2
SDR50 mode device clock frequency. – 100 MHz

SDR25 mode device clock frequency. – 50 MHz

SD/SDIO Interface SDR12
TDCSDHSCLK3 SD device clock duty cycle. 40 60 %

TSDSDRCKO3 Clock to output delay, all outputs. 1.0 36.8 ns

TSDSDRDCK3 Input setup time, all inputs. 24.0 – ns

TSDSDRCKD3 Input hold time, all inputs. 1.5 – ns

FSDSDRCLK3 SDR12 mode device clock frequency. – 25 MHz

SD/SDIO Interface High-Speed Mode
TDCSDHSCLK SD device clock duty cycle. 47 53 %

TSDHSCKO Clock to output delay, all outputs.(2) 2.2 13.8 ns

TSDHSDIVW Input valid data window.(3) 0.35 – UI

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

SD/SDIO Interface Standard Mode
TDCSDSCLK SD device clock duty cycle. 45 55 %

TSDSCKO Clock to output delay, all outputs. –2.0 4.5 ns

TSDSDCK Input setup time, all inputs. 2.0 – ns

TSDSCKD Input hold time, all inputs. 2.0 – ns

FSDIDCLK Clock frequency in identification mode. – 400 KHz

FSDSCLK Standard SD device clock frequency. – 19 MHz

Notes: 
1. The test conditions SD/SDIO standard mode (default speed mode) use an 8 mA drive strength, fast slew rate, and a 30 pF 

load. For SD/SDIO high-speed mode, the test conditions use a 12 mA drive strength, fast slew rate, and a 30 pF load. For 
other SD/SDIO modes, the test conditions use a 12 mA drive strength, fast slew rate, and a 15 pF load.

2. This specification is achieved using pre-determined DLL tuning.
3. This specification is required for capturing input data using DLL tuning.

Table  45: SD/SDIO Interface(1) (Cont’d)

Symbol Description Min Max Units
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PS eMMC Standard Interface
Table  46: eMMC Standard Interface(1)

Symbol Description Min Max Units

eMMC Standard Interface
TDCEMMCHSCLK eMMC clock duty cycle. 45 55 %

TEMMCHSCKO Clock to output delay, all outputs. –2.0 4.5 ns

TEMMCHSDCK Input setup time, all inputs. 2.0 – ns

TEMMCHSCKD Input hold time, all inputs. 2.0 – ns

FEMMCHSCLK eMMC clock frequency. – 25 MHz

eMMC High-Speed SDR Interface
TDCEMMCHSCLK eMMC high-speed SDR clock duty cycle. 45 55 %

TEMMCHSCKO Clock to output delay, all outputs.(2) 3.2 16.8 ns

TEMMCHSDIVW Input valid data window.(3) 0.4 – UI

FEMMCHSCLK eMMC high speed SDR clock frequency. – 50 MHz

eMMC High-Speed DDR Interface
TDCEMMCDDRCLK eMMC high-speed DDR clock duty cycle. 45 55 %

TEMMCDDRSCKO1 Data clock to output delay.(2) 2.7 7.3 ns

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

TEMMCDDRSCKO2 Command clock to output delay. 3.2 16 ns

TEMMCDDRDCK2 Command input setup time. 3.9 – ns

TEMMCDDRCKD2 Command input hold time. 2.5 – ns

FEMMCDDRCLK eMMC high-speed DDR clock frequency. – 50 MHz

eMMC HS200 Interface
TDCEMMCHS200CLK eMMC HS200 clock duty cycle. 40 60 %

TEMMCHS200CKO Clock to output delay, all outputs.(2) 1.0 3.4 ns

TEMMCSDR1IVW Input valid data window.(3) 0.4 – UI

FEMMCHS200CLK eMMC HS200 clock frequency. – 200 MHz

Notes: 
1. The test conditions for eMMC standard mode use an 8 mA drive strength, fast slew rate, and a 30 pF load. For eMMC 

high-speed mode, the test conditions use a 12 mA drive strength, fast slew rate, and a 30 pF load. For other eMMC modes, 
the test conditions use a 12 mA drive strength, fast slew rate, and a 15 pF load.

2. This specification is achieved using pre-determined DLL tuning.
3. This specification is required for capturing input data using DLL tuning.
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PS SPI Controller Interface

PS CAN Controller Interface

Table  48: SPI Interfaces(1)

Symbol Description Min Max Units

SPI Master Interface
TDCMSPICLK SPI master mode clock duty cycle. 45 55 %

TMSPISSSCLK Slave select asserted to first active clock edge. 1(2) – FSPI_REF_CLK cycles

TMSPISCLKSS Last active clock edge to slave select deasserted. 1(2) – FSPI_REF_CLK cycles

TMSPIDCK Input setup time for MISO. –2.0 – ns

TMSPICKD Input hold time for MISO. 0.3 – FMSPICLK cycles

TMSPICKO MOSI and slave select clock to out delay. –2.0 5.0 ns

FMSPICLK SPI master device clock frequency. – 50 MHz

FSPI_REF_CLK SPI reference clock frequency. – 200 MHz

SPI Slave Interface
TSSPISSSCLK Slave select asserted to first active clock edge. 2 – FSPI_REF_CLK cycles

TSSPISCLKSS Last active clock edge to slave select deasserted. 2 – FSPI_REF_CLK cycles

TSSPIDCK Input setup time for MOSI. 5.0 – ns

TSSPICKD Input hold time for MOSI. 1 – FSPI_REF_CLK cycles

TSSPICKO MISO clock to out delay. 0.0 13.0 ns

FSSPICLK SPI slave mode device clock frequency. – 25 MHz

FSPI_REF_CLK SPI reference clock frequency. – 200 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 

30 pF load.
2. Valid when two SPI_REF_CLK delays are programmed between CS and CLK for TMSPISSSCLK, and between CLK and CS for 

TMSPISCLKSS in the SPI delay_reg0 register.

Table  49: CAN Interface(1)

Symbol Description Min Max Units
TPWCANRX Receive pulse width. 1.0 – µs

TPWCANTX Transmit pulse width. 1.0 – µs

FCAN_REF_CLK
Internally sourced CAN reference clock frequency. – 100 MHz

Externally sourced CAN reference clock frequency. – 40 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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Table  61: PS-GTR Transceiver Reference Clock Oscillator Selection Phase Noise Mask

Symbol Description Offset 
Frequency Min Typ Max Units

PLLREFCLKMASK

PLL reference clock select phase noise mask 
at REFCLK frequency = 25 MHz.

100 – – –102

dBc/Hz

1 KHz – – –124

10 KHz – – –132

100 KHz – – –139

1 MHz – – –152

10 MHz – – –154

PLL reference clock select phase noise mask 
at REFCLK frequency = 50 MHz.

100 – – –96

dBc/Hz

1 KHz – – –118

10 KHz – – –126

100 KHz – – –133

1 MHz – – –146

10 MHz – – –148

PLL reference clock select phase noise mask 
at REFCLK frequency = 100 MHz.

100 – – –90

dBc/Hz

1 KHz – – –112

10 KHz – – –120

100 KHz – – –127

1 MHz – – –140

10 MHz – – –142

PLL reference clock select phase noise mask 
at REFCLK frequency = 125 MHz.

100 – – –88

dBc/Hz

1 KHz – – –110

10 KHz – – –118

100 KHz – – –125

1 MHz – – –138

10 MHz – – –140

PLL reference clock select phase noise mask 
at REFCLK frequency = 150 MHz.

100 – – –86

dBc/Hz

1 KHz – – –108

10 KHz – – –116

100 KHz – – –123

1 MHz – – –136

10 MHz – – –138

Notes: 
1. For reference clock frequencies not in this table, use the phase noise mask for the nearest reference clock frequency.

Table  62: PS-GTR Transceiver Transmitter Switching Characteristics

Symbol Description Condition Min Typ Max Units
FGTRTX Serial data rate range. 1.25 – 6.0 Gb/s

TRTX TX rise time. 20%–80% – 65 – ps

TFTX TX fall time. 80%–20% – 65 – ps
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LVCMOS18_F_8 0.418 0.418 0.445 0.418 0.445 0.573 0.573 0.600 0.573 0.600 0.733 0.733 0.767 0.733 0.767 ns

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

POD12_DCI_F 0.409 0.409 0.431 0.409 0.431 0.425 0.425 0.443 0.425 0.443 0.558 0.558 0.586 0.558 0.586 ns

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

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

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

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

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

SLVS_400_18 0.539 0.539 0.620 0.539 0.620 N/A N/A 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 0.399 0.425 0.425 0.443 0.425 0.443 0.558 0.558 0.586 0.558 0.586 ns

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

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

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

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

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

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

SSTL135_DCI_M 0.366 0.366 0.399 0.366 0.399 0.551 0.551 0.582 0.551 0.582 0.645 0.645 0.685 0.645 0.685 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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IOB 3-state Output Switching Characteristics
Table 77 specifies the values of TOUTBUF_DELAY_TE_PAD and TINBUF_DELAY_IBUFDIS_O. TOUTBUF_DELAY_TE_PAD is the 
delay from the T pin to the IOB pad through the output buffer of an IOB pad, when 3-state is enabled (i.e., 
a high impedance state). TINBUF_DELAY_IBUFDIS_O is the IOB delay from IBUFDISABLE to O output. In HP I/O 
banks, the internal DCI termination turn-off time is always faster than TOUTBUF_DELAY_TE_PAD when the 
DCITERMDISABLE pin is used. In HD I/O banks, the internal IN_TERM termination turn-off time is always 
faster than TOUTBUF_DELAY_TE_PAD when the INTERMDISABLE pin is used.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

SUB_LVDS 0.539 0.539 0.620 0.539 0.620 0.660 0.660 0.692 0.660 0.692 969.863 969.863 969.863 969.863 969.863 ns

Table  77: IOB 3-state Output Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

TOUTBUF_DELAY_TE_PAD

T input to pad high-impedance for 
HD I/O banks 6.318 6.318 6.369 6.318 6.369 ns

T input to pad high-impedance for 
HP I/O banks 5.330 5.330 5.341 5.330 5.341 ns

TINBUF_DELAY_IBUFDIS_O

IBUF turn-on time from 
IBUFDISABLE to O output for HD 
I/O banks

2.266 2.266 2.430 2.266 2.430 ns

IBUF turn-on time from 
IBUFDISABLE to O output for HP 
I/O banks

0.936 0.936 1.037 0.936 1.037 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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Input Delay Measurement Methodology
Table 78 shows the test setup parameters used for measuring input delay.

Table  78: Input Delay Measurement Methodology

Description I/O Standard 
Attribute VL

(1)(2) VH
(1)(2) VMEAS

(1)(4)(6)
VREF

(1)(3)(5)

LVCMOS, 1.2V LVCMOS12 0.1 1.1 0.6 –

LVCMOS, LVDCI, HSLVDCI, 1.5V
LVCMOS15, 
LVDCI_15, 
HSLVDCI_15

0.1 1.4 0.75 –

LVCMOS, LVDCI, HSLVDCI, 1.8V
LVCMOS18, 
LVDCI_18, 
HSLVDCI_18

0.1 1.7 0.9 –

LVCMOS, 2.5V LVCMOS25 0.1 2.4 1.25 –

LVCMOS, 3.3V LVCMOS33 0.1 3.2 1.65 –

LVTTL, 3.3V LVTTL 0.1 3.2 1.65 –

HSTL (high-speed transceiver logic), 
class I, 1.2V HSTL_I_12 VREF – 0.25 VREF + 0.25 VREF 0.6

HSTL, class I, 1.5V HSTL_I VREF – 0.325 VREF + 0.325 VREF 0.75

HSTL, class I, 1.8V HSTL_I_18 VREF – 0.4 VREF + 0.4 VREF 0.9

HSUL (high-speed unterminated logic), 
1.2V HSUL_12 VREF – 0.25 VREF + 0.25 VREF 0.6

SSTL12 (stub series terminated logic), 1.2V SSTL12 VREF – 0.25 VREF + 0.25 VREF 0.6

SSTL135 and SSTL135 class II, 1.35V SSTL135, 
SSTL135_II VREF – 0.2875 VREF + 0.2875 VREF 0.675

SSTL15 and SSTL15 class II, 1.5V SSTL15, SSTL15_II VREF – 0.325 VREF + 0.325 VREF 0.75

SSTL18, class I and II, 1.8V SSTL18_I, 
SSTL18_II VREF – 0.4 VREF + 0.4 VREF 0.9

POD10, 1.0V POD10 VREF – 0.2 VREF + 0.2 VREF 0.7

POD12, 1.2V POD12 VREF – 0.24 VREF + 0.24 VREF 0.84

DIFF_HSTL, class I, 1.2V DIFF_HSTL_I_12 0.6 – 0.25 0.6 + 0.25 0(6) –

DIFF_HSTL, class I, 1.5V DIFF_HSTL_I 0.75 – 0.325 0.75 + 0.325 0(6) –

DIFF_HSTL, class I, 1.8V DIFF_HSTL_I_18 0.9 – 0.4 0.9 + 0.4 0(6) –

DIFF_HSUL, 1.2V DIFF_HSUL_12 0.6 – 0.25 0.6 + 0.25 0(6) –

DIFF_SSTL, 1.2V DIFF_SSTL12 0.6 – 0.25 0.6 + 0.25 0(6) –

DIFF_SSTL135 and DIFF_SSTL135 class II, 
1.35V

DIFF_SSTL135, 
DIFF_SSTL135_II 0.675 – 0.2875 0.675 + 0.2875 0(6) –

DIFF_SSTL15 and DIFF_SSTL15 class II, 
1.5V

DIFF_SSTL15, 
DIFF_SSTL15_II 0.75 – 0.325 0.75 + 0.325 0(6) –

DIFF_SSTL18_I, DIFF_SSTL18_II, 1.8V DIFF_SSTL18_I, 
DIFF_SSTL18_II 0.9 – 0.4 0.9 + 0.4 0(6) –

DIFF_POD10, 1.0V DIFF_POD10 0.5 – 0.2 0.5 + 0.2 0(6) –

DIFF_POD12, 1.2V DIFF_POD12 0.6 – 0.25 0.6 + 0.25 0(6) –

LVDS (low-voltage differential signaling), 
1.8V LVDS 0.9 – 0.125 0.9 + 0.125 0(6) –

LVDS_25, 2.5V LVDS_25 1.25 – 0.125 1.25 + 0.125 0(6) –
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UltraRAM Switching Characteristics
The UltraScale Architecture and Product Overview (DS890) lists the Zynq UltraScale+ MPSoC that include 
this memory.

Input/Output Delay Switching Characteristics

Table  81: UltraRAM Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

Maximum Frequency

FMAX
UltraRAM maximum frequency with 
OREG_B = True. 650 600 575 500 481 MHz

FMAX_ECC

UltraRAM maximum frequency with 
OREG_B = False and 
EN_ECC_RD_B = True.

450 400 386 325 315 MHz

FMAX_NORPIPELINE

UltraRAM maximum frequency with 
OREG_B = False and 
EN_ECC_RD_B = False.

550 500 478 425 408 MHz

TPW
(1) Minimum pulse width. 650 700 730 800 832 ps

TRSTPW
Asynchronous reset minimum pulse 
width. One cycle required. 1 clock cycle

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

frequencies.

Table  82: Input/Output Delay Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

FREFCLK

REFCLK frequency for IDELAYCTRL 
(component mode). 300 to 800 MHz

REFCLK frequency for 
BITSLICE_CONTROL (native 
mode).(1)

300 to 
2666.67

300 to 
2666.67

300 to 
2400

300 to 
2400

300 to 
2133 MHz

TMINPER_CLK Minimum period for IODELAY clock. 3.195 3.195 3.195 3.195 3.195 ns

TMINPER_RST Minimum reset pulse width. 52.00 ns

TIDELAY_RESOLUTION/
TODELAY_RESOLUTION

IDELAY/ODELAY chain resolution. 2.1 to 12 ps

Notes: 
1. PLL settings could restrict the minimum allowable data rate. For example, when using a PLL with 

CLKOUTPHY_MODE = VCO_HALF, the minimum frequency is PLL_FVCOMIN/2.
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Table  99: GTH Transceiver Reference Clock Switching Characteristics

Symbol Description Conditions
All Speed Grades

Units
Min Typ Max

FGCLK Reference clock frequency range. 60 – 820 MHz

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

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

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

Table  100: GTH Transceiver Reference Clock Oscillator Selection Phase Noise Mask

Symbol Description Offset 
Frequency Min Typ Max Units

QPLLREFCLKMASK
(1)(2)

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

10 kHz – – –105

dBc/Hz100 kHz – – –124

1 MHz – – –130

CPLLREFCLKMASK
(1)(2) CPLL reference clock select phase noise 

mask at REFCLK frequency = 312.5 MHz.

10 kHz – – –105

dBc/Hz
100 kHz – – –124

1 MHz – – –130

50 MHz – – –140

Notes: 
1. For reference clock frequencies other than 312.5 MHz, adjust the phase-noise mask values by 20 x Log(N/312.5) where N 

is the new reference clock frequency in MHz.
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.

Table  101: GTH Transceiver PLL/Lock Time Adaptation

Symbol Description Conditions
All Speed Grades

Units
Min Typ Max

TLOCK Initial PLL lock. – – 1 ms

TDLOCK

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

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

– 50,000 37 x 106 UI

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

– 50,000 2.3 x 106 UI

Table  102: GTH Transceiver User Clock Switching Characteristics(1)

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)

FTXOUTPMA
TXOUTCLK maximum frequency sourced 
from OUTCLKPMA 511.719 511.719 390.625 390.625 322.266 MHz

FRXOUTPMA
RXOUTCLK maximum frequency sourced 
from OUTCLKPMA 511.719 511.719 390.625 390.625 322.266 MHz
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FTXOUTPROGDIV
TXOUTCLK maximum frequency sourced 
from TXPROGDIVCLK 511.719 511.719 511.719 511.719 511.719 MHz

FRXOUTPROGDIV
RXOUTCLK maximum frequency sourced 
from RXPROGDIVCLK 511.719 511.719 511.719 511.719 511.719 MHz

FTXIN

TXUSRCLK(6) 
maximum 
frequency

16 16, 32 511.719 511.719 390.625 390.625 322.266 MHz

32 32, 64 511.719 511.719 390.625 390.625 322.266 MHz

20 20, 40 409.375 409.375 312.500 312.500 257.813 MHz

40 40, 80 409.375 409.375 312.500 312.500 257.813 MHz

FRXIN

RXUSRCLK(6) 
maximum 
frequency

16 16, 32 511.719 511.719 390.625 390.625 322.266 MHz

32 32, 64 511.719 511.719 390.625 390.625 322.266 MHz

20 20, 40 409.375 409.375 312.500 312.500 257.813 MHz

40 40, 80 409.375 409.375 312.500 312.500 257.813 MHz

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

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 40 409.375 409.375 312.500 312.500 257.813 MHz

40 80 204.688 204.688 156.250 156.250 128.906 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

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 40 409.375 409.375 312.500 312.500 257.813 MHz

40 80 204.688 204.688 156.250 156.250 128.906 MHz

Notes: 
1. Clocking must be implemented as described in UltraScale Architecture GTH Transceiver User Guide (UG576).
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 GTH Transceiver User Guide (UG576).

Table  102: GTH 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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Table  113: GTY Transceiver PLL/Lock Time Adaptation

Symbol Description Conditions
All Speed Grades

Units
Min Typ Max

TLOCK Initial PLL lock. – – 1 ms

TDLOCK

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

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

– 50,000 37 x 106 UI

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

– 50,000 2.3 x 106 UI

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

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)

FTXOUTPMA
TXOUTCLK maximum frequency sourced 
from OUTCLKPMA 511.719 511.719 402.833 402.833 322.266 MHz

FRXOUTPMA
RXOUTCLK maximum frequency sourced 
from OUTCLKPMA 511.719 511.719 402.833 402.833 322.266 MHz

FTXOUTPROGDIV
TXOUTCLK maximum frequency sourced 
from TXPROGDIVCLK 511.719 511.719 511.719 511.719 511.719 MHz

FRXOUTPROGDIV
RXOUTCLK maximum frequency sourced 
from RXPROGDIVCLK 511.719 511.719 511.719 511.719 511.719 MHz

FTXIN

TXUSRCLK(6) 
maximum 
frequency

16 16, 32 511.719 511.719 390.625 390.625 322.266 MHz

32 32, 64 511.719 511.719 390.625 390.625 322.266 MHz

64 64, 128 511.719 440.781 402.832 402.832 195.313 MHz

20 20, 40 409.375 409.375 312.500 312.500 257.813 MHz

40 40, 80 409.375 409.375 312.500 350.000 257.813 MHz

80 80, 160 409.375 352.625 322.266 352.625 156.250 MHz

FRXIN

RXUSRCLK(6) 
maximum 
frequency

16 16, 32 511.719 511.719 390.625 390.625 322.266 MHz

32 32, 64 511.719 511.719 390.625 390.625 322.266 MHz

64 64, 128 511.719 440.781 402.832 402.832 195.313 MHz

20 20, 40 409.375 409.375 312.500 312.500 257.813 MHz

40 40, 80 409.375 409.375 312.500 350.000 257.813 MHz

80 80, 160 409.375 352.625 322.266 352.625 156.250 MHz
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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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Table  116: GTY Transceiver Receiver Switching Characteristics

Symbol Description Condition Min Typ Max Units
FGTYRX Serial data rate 0.500 – FGTYMAX 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_SJ32.75 Sinusoidal jitter (QPLL)(3) 32.75 Gb/s 0.25 – – UI

JT_SJ28.21 Sinusoidal jitter (QPLL)(3) 28.21 Gb/s 0.30 – – UI

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 (CPLL)(3) 8.0 Gb/s 0.42 – – UI

JT_SJ6.6 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

JT_SJ2.5 Sinusoidal jitter (CPLL)(3) 2.5 Gb/s(5) 0.30 – – UI

JT_SJ1.25 Sinusoidal jitter (CPLL)(3) 1.25 Gb/s(6) 0.30 – – UI

JT_SJ500 Sinusoidal jitter (CPLL)(3) 500 Mb/s(7) 0.30 – – UI

SJ Jitter Tolerance with Stressed Eye(2)

JT_TJSE3.2 Total jitter with stressed eye(8)
3.2 Gb/s 0.70 – – UI

JT_TJSE6.6 6.6 Gb/s 0.70 – – UI

JT_SJSE3.2 Sinusoidal jitter with stressed eye(8)
3.2 Gb/s 0.10 – – UI

JT_SJSE6.6 6.6 Gb/s 0.10 – – UI

Notes: 
1. Using RXOUT_DIV = 1, 2, and 4.
2. All jitter values are based on a bit error ratio of 10–12.
3. The frequency of the injected sinusoidal jitter is 80 MHz.
4. CPLL frequency at 3.2 GHz and RXOUT_DIV = 2.
5. CPLL frequency at 2.5 GHz and RXOUT_DIV = 2.
6. CPLL frequency at 2.5 GHz and RXOUT_DIV = 4.
7. CPLL frequency at 2.0 GHz and RXOUT_DIV = 8.
8. Composite jitter with RX equalizer enabled. DFE disabled.
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Serial RapidIO RapidIO specification 3.1 1.25–10.3125 Compliant

DisplayPort DP 1.2B CTS 1.62–5.4 Compliant(3)

Fibre channel FC-PI-4 1.0625–14.025 Compliant

SATA Gen1, 2, 3 Serial ATA revision 3.0 specification 1.5, 3.0, and 6.0 Compliant

SAS Gen1, 2, 3 T10/BSR INCITS 519 3.0, 6.0, and 12.0 Compliant

SFI-5 OIF-SFI5-01.0 0.625 - 12.5 Compliant

Aurora CEI-6G, CEI-11G-LR All rates Compliant

Notes: 
1. 25 dB loss at Nyquist without FEC.
2. The transition time of the transmitter is faster than the IEEE Std 802.3-2012 specification.
3. This protocol requires external circuitry to achieve compliance.

Table  117: GTY Transceiver Protocol List (Cont’d)

Protocol Specification Serial Rate 
(Gb/s)

Electrical 
Compliance
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Integrated Interface Block for Interlaken
More information and documentation on solutions using the integrated interface block for Interlaken can 
be found at UltraScale+ Interlaken. The UltraScale Architecture and Product Overview (DS890) lists how 
many blocks are in each Zynq UltraScale+ MPSoC. This section describes the following Interlaken 
configurations.

• 12 x 12.5 Gb/s protocol and lane logic mode (Table 118).

• 6 x 25.78125 Gb/s and 6 x 28.21 Gb/s protocol and lane logic mode (Table 119).

• 12 x 25.78125 Gb/s lane logic only mode (Table 120).

Zynq UltraScale+ MPSoCs in the SFVB784, FFVA676, and FFVA1156 packages are only supported using the 
12 x 12.5 Gb/s Interlaken configuration. See Table 109 for the FGTYMAX description.

Table  118: Maximum Performance for Interlaken 12 x 12.5 Gb/s Protocol and Lane Logic Mode 
Designs

Symbol Description

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

FRX_SERDES_CLK
Receive serializer/ 
deserializer clock 195.32 195.32 195.32 195.32 195.32 MHz

FTX_SERDES_CLK

Transmit 
serializer/ 
deserializer clock

195.32 195.32 195.32 195.32 195.32 MHz

FDRP_CLK

Dynamic 
reconfiguration 
port clock

250.00 250.00 250.00 250.00 250.00 MHz

Min(1) Max Min(1) Max Min(1) Max Min(1) Max Min(1) Max

FCORE_CLK
Interlaken core 
clock 300.00 322.27 300.00 322.27 300.00 322.27 300.00 322.27 300.00 322.27 MHz

FLBUS_CLK
Interlaken local 
bus clock 300.00 322.27 300.00 322.27 300.00 322.27 300.00 322.27 300.00 322.27 MHz

Notes: 
1. These are the minimum clock frequencies at the maximum lane performance.
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Table  119: Maximum Performance for Interlaken 6 x 25.78125 Gb/s and 6 x 28.21 Gb/s 
Protocol and Lane Logic Mode Designs

Symbol Description

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3(1) -2(1) -1 -2 -1

FRX_SERDES_CLK
Receive serializer/ 
deserializer clock 440.79 440.79 N/A 402.84 N/A MHz

FTX_SERDES_CLK
Transmit serializer/ 
deserializer clock 440.79 440.79 N/A 402.84 N/A MHz

FDRP_CLK
Dynamic reconfiguration 
port clock 250.00 250.00 N/A 250.00 N/A MHz

Min(2) Max Min(2) Max Min Max Min(2) Max Min Max

FCORE_CLK Interlaken core clock 412.50(3) 479.20 412.50(3) 479.20 N/A 412.50 429.69 N/A MHz

FLBUS_CLK Interlaken local bus clock 300.00(4) 349.52 300.00(4) 349.52 N/A 300.00 349.52 N/A MHz

Notes: 
1. 6 x 28.21 mode is only supported in the -2 (VCCINT=0.85V) and -3 (VCCINT=0.90V) speed grades.
2. These are the minimum clock frequencies at the maximum lane performance.
3. The minimum value for CORE_CLK is 451.36 MHz for the 6 x 28.21 Gb/s protocol.
4. The minimum value for LBUS_CLK is 330.00 MHz for the 6 x 28.21 Gb/s protocol.

Table  120: Maximum Performance for Interlaken 12 x 25.78125 Gb/s Lane Logic Only Mode 
Designs

Symbol Description

Speed Grade and VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

FRX_SERDES_CLK
Receive serializer/ 
deserializer clock 402.84 402.84 N/A N/A N/A MHz

FTX_SERDES_CLK
Transmit serializer/ 
deserializer clock 402.84 402.84 N/A N/A N/A MHz

FDRP_CLK
Dynamic reconfiguration 
port clock 250.00 250.00 N/A N/A N/A MHz

FCORE_CLK Interlaken core clock 412.50 412.50 N/A N/A N/A MHz

FLBUS_CLK Interlaken local bus clock 349.52 349.52 N/A N/A N/A MHz
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