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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)

Details

Product Status Active

Architecture MCU, FPGA

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 533MHz, 1.3GHz

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

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

Package / Case 484-BFBGA, FCBGA

Supplier Device Package 484-FCBGA (19x19)
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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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ICC_PSBATT
(4)(5)

Battery supply current at VCC_PSBATT = 1.50V, RTC enabled. – – 3650 nA

Battery supply current at VCC_PSBATT = 1.50V, RTC disabled. – – 650 nA

Battery supply current at VCC_PSBATT = 1.20V, RTC enabled. – – 3150 nA

Battery supply current at VCC_PSBATT = 1.20V, RTC disabled. – – 150 nA

IPSFS
(6) PS VCC_PSAUX additional supply current during eFUSE 

programming. – – 115 mA

Calibrated programmable on-die termination (DCI) in HP I/O banks(8) (measured per JEDEC specification)

R(9)

Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_40. –10%(7)  40 +10%(7) Ω

Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_48. –10%(7)  48 +10%(7) Ω

Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_60. –10%(7)  60 +10%(7) Ω

Programmable input termination to VCCO where 
ODT = RTT_40. –10%(7)  40 +10%(7) Ω

Programmable input termination to VCCO where 
ODT = RTT_48. –10%(7)  48 +10%(7) Ω

Programmable input termination to VCCO where 
ODT = RTT_60. –10%(7)  60 +10%(7) Ω

Programmable input termination to VCCO where 
ODT = RTT_120. –10%(7)  120 +10%(7) Ω

Programmable input termination to VCCO where 
ODT = RTT_240. –10%(7)  240 +10%(7) Ω

Uncalibrated programmable on-die termination in HP I/Os banks (measured per JEDEC specification)

R(9)

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

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

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

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

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

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

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

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

Uncalibrated programmable on-die termination in HD I/O banks (measured per JEDEC specification)

R(9) Thevenin equivalent resistance of programmable input 
termination to VCCO/2 where ODT = RTT_48. –50%  48 +50% Ω

Internal VREF

50% VCCO
VCCO x 
0.49

VCCO x 
0.50

VCCO x 
0.51 V

70% VCCO
VCCO x 
0.69

VCCO x 
0.70

VCCO x 
0.71 V

Table  4: DC Characteristics Over Recommended Operating Conditions (Cont’d)

Symbol Description Min Typ(1) Max Units
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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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Table  19: Complementary Differential SelectIO DC Input and Output Levels for HP I/O Banks(1)

I/O Standard
VICM (V)(2) VID (V)(3) VOL (V)(4) VOH (V)(5) IOL IOH

Min Typ Max Min Max Max Min mA mA
DIFF_HSTL_I 0.680 VCCO/2 (VCCO/2) + 0.150 0.100 – 0.400 VCCO – 0.400 5.8 –5.8

DIFF_HSTL_I_12 0.400 x VCCO VCCO/2 0.600 x VCCO 0.100 – 0.250 x VCCO 0.750 x VCCO 4.1 –4.1

DIFF_HSTL_I_18 (VCCO/2) – 0.175 VCCO/2 (VCCO/2) + 0.175 0.100 – 0.400 VCCO – 0.400 6.2 –6.2

DIFF_HSUL_12 (VCCO/2) – 0.120 VCCO/2 (VCCO/2) + 0.120 0.100 – 20% VCCO 80% VCCO 0.1 –0.1

DIFF_SSTL12 (VCCO/2) – 0.150 VCCO/2 (VCCO/2) + 0.150 0.100 – (VCCO/2) – 0.150 (VCCO/2) + 0.150 8.0 –8.0

DIFF_SSTL135 (VCCO/2) – 0.150 VCCO/2 (VCCO/2) + 0.150 0.100 – (VCCO/2) – 0.150 (VCCO/2) + 0.150 9.0 –9.0

DIFF_SSTL15 (VCCO/2) – 0.175 VCCO/2 (VCCO/2) + 0.175 0.100 – (VCCO/2) – 0.175 (VCCO/2) + 0.175 10.0 –10.0

DIFF_SSTL18_I (VCCO/2) – 0.175 VCCO/2 (VCCO/2) + 0.175 0.100 – (VCCO/2) – 0.470 (VCCO/2) + 0.470 7.0 –7.0

Notes: 
1. DIFF_POD10 and DIFF_POD12 HP I/O bank specifications are shown in Table 20, Table 21, and Table 22.
2. VICM is the input common mode voltage.
3. VID is the input differential voltage.
4. VOL is the single-ended low-output voltage.
5. VOH is the single-ended high-output voltage.

Table  20: DC Input Levels for Differential POD10 and POD12 I/O Standards(1)(2)

I/O Standard
VICM (V) VID (V)

Min Typ Max Min Max
DIFF_POD10 0.63 0.70 0.77 0.14 –

DIFF_POD12 0.76 0.84 0.92 0.16 –

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

SelectIO Resources User Guide (UG571).

Table  21: DC Output Levels for Single-ended and Differential POD10 and POD12 Standards(1)(2)

Symbol Description VOUT Min Typ Max Units
ROL Pull-down resistance. VOM_DC (as described in Table 22) 36 40 44 Ω

ROH Pull-up resistance. VOM_DC (as described in Table 22) 36 40 44 Ω

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

SelectIO Resources User Guide (UG571).

Table  22: Table 21 Definitions for DC Output Levels for POD Standards

Symbol Description All Speed Grades Units
VOM_DC DC output Mid measurement level (for IV curve linearity). 0.8 x VCCO V
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XCZU5EG

-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)

XCZU5EV

-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)

XCZU6CG

-2LE (VCCINT = 0.85V)
-2LE (VCCINT = 0.72V)
-1LI (VCCINT = 0.85V)
-1LI (VCCINT = 0.72V)

-2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V)
-1E (VCCINT = 0.85V)
-1I (VCCINT = 0.85V)

XCZU6EG

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

-2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V)
-1E (VCCINT = 0.85V)
-1I (VCCINT = 0.85V)

XCZU7CG

-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)

XCZU7EG

-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)

XCZU7EV

-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)

XCZU9CG

-2LE (VCCINT = 0.85V)
-2LE (VCCINT = 0.72V)
-1LI (VCCINT = 0.85V)
-1LI (VCCINT = 0.72V)

-2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V)
-1E (VCCINT = 0.85V)
-1I (VCCINT = 0.85V)

XCZU9EG

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

-2E (VCCINT = 0.85V)
-2I (VCCINT = 0.85V)
-1E (VCCINT = 0.85V)
-1I (VCCINT = 0.85V)

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

Device
Speed Grade, Temperature Ranges, and VCCINT Operating Voltages
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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
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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 Configuration
Table  39: Processor Configuration Access Port Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1

FPCAPCK
Maximum processor configuration access port 
(PCAP) frequency. 200 200 200 150 150 MHz

Table  40: Boundary-Scan Port Switching Characteristics

Symbol Description

Speed Grade and 
VCCINT Operating Voltages

Units0.90V 0.85V 0.72V

-3 -2 -1 -2 -1
FTCK JTAG clock maximum frequency. 25 25 25 15 15 MHz

TTAPTCK/TTCKTAP TMS and TDI setup and hold. 4.0/2.0 4.0/2.0 4.0/2.0 5.0/2.0 5.0/2.0 ns, Min

TTCKTDO TCK falling edge to TDO output. 16.1 16.1 16.1 24 24 ns, Max

Notes: 
1. The test conditions are configured to the LVCMOS 3.3V I/O standard with a 12 mA drive strength.
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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
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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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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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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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Output Delay Measurement Methodology
Output delays are measured with short output traces. Standard termination was used for all testing. The 
propagation delay of the trace is characterized separately and subtracted from the final measurement, and 
is therefore not included in the generalized test setups shown in Figure 1 and Figure 2.

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

1. Simulate the output driver of choice into the generalized test setup using values from Table 79.

2. Record the time to VMEAS.

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

4. Record the time to VMEAS.

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

X-Ref Target - Figure 1

Figure 1: Single-Ended Test Setup

X-Ref Target - Figure 2

Figure 2: Differential Test Setup

VREF

RREF

VMEAS (voltage level when taking delay measurement)

CREF (probe capacitance)

Output

X16654-101316

RREF VMEAS

+

–

CREF

Output

X16640-101316
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Table  79: Output Delay Measurement Methodology

Description I/O Standard Attribute RREF
(Ω)

CREF
(1)

(pF)
VMEAS

(V)
VREF
(V)

LVCMOS, 1.2V LVCMOS12 1M 0 0.6 0

LVCMOS, 1.5V LVCMOS15 1M 0 0.75 0

LVCMOS, 1.8V LVCMOS18 1M 0 0.9 0

LVCMOS, 2.5V LVCMOS25 1M 0 1.25 0

LVCMOS, 3.3V LVCMOS33 1M 0 1.65 0

LVTTL, 3.3V LVTTL 1M 0 1.65 0

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

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

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

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

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

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

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

SSTL135 and SSTL135 class II, 1.35V SSTL135, SSTL135_II 50 0 VREF 0.675

SSTL15 and SSTL15 class II, 1.5V SSTL15, SSTL15_II 50 0 VREF 0.75

SSTL18, class I and class II, 1.8V SSTL18_I, SSTL18_II 50 0 VREF 0.9

POD10, 1.0V POD10 50 0 VREF 1.0

POD12, 1.2V POD12 50 0 VREF 1.2

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

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

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

DIFF_HSUL, 1.2V DIFF_HSUL_12 50 0 VREF 0.6

DIFF_SSTL12, 1.2V DIFF_SSTL12 50 0 VREF 0.6

DIFF_SSTL135 and DIFF_SSTL135 class II, 1.35V DIFF_SSTL135, 
DIFF_SSTL135_II 50 0 VREF 0.675

DIFF_SSTL15 and DIFF_SSTL15 class II, 1.5V DIFF_SSTL15, 
DIFF_SSTL15_II 50 0 VREF 0.75

DIFF_SSTL18, class I and II, 1.8V DIFF_SSTL18_I, 
DIFF_SSTL18_II 50 0 VREF 0.9

DIFF_POD10, 1.0V DIFF_POD10 50 0 VREF 1.0

DIFF_POD12, 1.2V DIFF_POD12 50 0 VREF 1.2

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

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

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

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

Notes: 
1. CREF is the capacitance of the probe, nominally 0 pF.
2. The value given is the differential output voltage.
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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  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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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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On-Chip Sensor Accuracy

Temperature sensor error(1)(3)

Tj = –55°C to 125°C (with external REF) – – ±3 °C

Tj = –55°C to 110°C
(with internal REF) – – ±3.5 °C

Tj = 110°C to 125°C
(with internal REF) – – ±5 °C

Supply sensor error(4)

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

– – ±0.5 %

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

– – ±1.0 %

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

– – ±1.0 %

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

– – ±2.0 %

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

– – ±1.0 %

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

– – ±2.0 %

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

– – ±1.5 %

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

– – ±2.5 %

Conversion Rate(5)

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

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

DRP clock frequency DCLK DRP clock frequency 8 – 250 MHz

ADC clock frequency ADCCLK Derived from DCLK 1 – 5.2 MHz

DCLK duty cycle 40 – 60 %

SYSMON Reference(6)

External reference VREFP Externally supplied reference voltage 1.20 1.25 1.30 V

On-chip reference

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

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

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

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

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

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

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

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

Table  124: PL SYSMON Specifications (Cont’d)

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

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