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

Table 2: Recommended Oper  ating Conditions ~ (M@  (Cont’d)

Symbol ‘ Description Mib Tyd ‘ Max Units

PL System Monitor

Vceabpe PL System Monitor supply relative to GNDADC. 1.746 | 1.800 1.854 \%
PL System Monitor externally supplied reference

VRerp voltage relative to GNDADC. 1.200 | 1.250 1.300 v

Temperature
Junction temperature operating range for extended (E) °

. (14) 0 - 100 C

temperature devices.

T.13) Junction tempera_ture operating range for industrial (1) _40 _ 100 °oC

J temperature devices.
Junction te_mperature operating range for eFUSE _40 _ 125 oC
programming.

Notes:

1. All voltages are relative to GND.

2. For the design of the power distribution system consult UltraScale Architectu re PCB Design Guide (UG583).

3. Vcc_psinTrp_ppR Must be tied to Ve psinTre-

4. Includes Vcco psppr Of 1.2V, 1.35V, 1.5V at £5% and 1.1V +0.07V/-0.04V depending upon the tolerances required by
specific memory standards.

5. Applies to all PS 1/0 supply banks. Includes Vcco psio of 1.8V, 2.5V, and 3.3V at +£5%.

6. If the battery-backed RAM or RTC is not used, connect V¢ psgatt t0 GND 0Or Ve psaux- The Vee psaux maximum of 1.89V
is acceptable on an unused Vcc pspatT- - - -

7. VeeinT_ 1o Must be connected to Vecgraw-

8. Includes Vo of 1.0V (HP 1/0 only), 1.2V, 1.35V, 1.5V, 1.8V, 2.5V (HD 1/0 only) at 5%, and 3.3V (HD 1/0 only) at
+3/-5%.

9. Vccaux_1o Must be connected to Vecaux-

10. The lower absolute voltage specification always applies.

11. A total of 200 mA per bank should not be exceeded.

12. Each voltage listed requires filtering as described in UltraScale Architecture GT  H Transceiver User Guide  (UG576) or
UltraScale Archit ecture GTY Transceiver User Guide (UG578).

13. Xilinx recommends measuring the Tj of a device using the system monitor as described in the UltraScale Architecture
System Monitor User Guide (UG580). The SYSMON temperature measurement errors (that are described in Table 69 and
Table 124) must be accounted for in your design. For example, when using the PL system monitor with an external
reference of 1.25V, when SYSMON reports 97°C, there is a measurement error £3°C. A reading of 97°C is considered the
maximum adjusted Tj (100°C — 3°C = 97°C).

14. Devices labeled with the speed/temperature grade of -2LE normally operate under Extended (E) temperature grade

specifications with a maximum junction temperature of 100°C. However, E temperature grade devices can operate for a
limited time at a junction temperature of 110°C. Timing parameters adhere to the same speed file at 110°C as they do at
100°C, regardless of operating voltage (nominal voltage of 0.85V or a low-voltage of 0.72V). Operation at Tj = 110°C is
limited to 1% of the device lifetime and can occur sequentially or at regular intervals as long as the total time does not
exceed 1% of the device lifetime.
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Table 15: SelectlO DC Input and Output Levels for HP 1/0 Banks B)@E)
110 Vi Vin Vo Von I oL | o
Standard | v, Min | V, Max V, Min V, Max , Max V, Min mA | mA
HSTL_I —0.300 |Vggg — 0.100 | Vggg + 0.100 | Vo + 0.300 0.400 Vceo — 0.400 5.8 -5.8
HSTL_I_12 —0.300 |VRggr — 0.080 | Vggg + 0.080 | Vo + 0.300 25% Veco 75% Veeo 4.1 —4.1
HSTL_1_18 —0.300 |Vggg — 0.100 | VRgg + 0.100 | Vo + 0.300 0.400 Vceo — 0.400 6.2 —6.2
HSUL_12 —0.300 |Vger — 0.130 | Vggr + 0.130 | Vo + 0.300 20% Vcco 80% V¢co 0.1 -0.1
LVCMOS12 —0.300 | 35% Vcco 65% Vceo | Veco + 0.300 0.400 Vceo — 0.400 | Note 4 | Note 4
LVCMOS15 —0.300 | 35% Vo 65% Vcco | Veco + 0.300 0.450 Vceo — 0.450 | Note 5 | Note 5
LVCMOS18 —0.300 | 35% Vcco 65% Vcco | Veco + 0.300 0.450 Vcco — 0.450 | Note 5 | Note 5
LvVDCI_15 —0.300 | 35% Vcco 65% Vceo | Veco + 0.300 0.450 Vceo — 0.450 7.0 -7.0
LvDCI_18 —0.300 | 35% Vo 65% Vcco | Veco + 0.300 0.450 Vceo — 0.450 7.0 -7.0
SSTL12 —0.300 |Vggr — 0.100 | Vggg + 0.100 | Vo + 0.300 | Veco/2 — 0.150 | Veco/2 + 0.150| 8.0 -8.0
SSTL135 —0.300 |Vggg — 0.090 | VRgg + 0.090 | Vo + 0.300 | Veep/2 — 0.150 |Vecp/2 + 0.150| 9.0 —-9.0
SSTL15 —0.300 |Vggg — 0.100 | VRgg + 0.100 | Vo + 0.300 | Vecp/2 — 0.175 |Veeo/2 + 0.175| 10.0 | —10.0
SSTL18 | —0.300 |VRggg — 0.125 | Vggg + 0.125 | Vo + 0.300 | Veco/2 — 0.470 |Veco/2 + 0.470| 7.0 -7.0
o~ | ~0.300 | 0.550 0.880 | Veeo + 0.300 0.050 1.100 0.01 | —0.01
Notes:
1. Tested according to relevant specifications.
2. Standards specified using the default 1/0 standard configuration. For details, see the UltraScale Architecture
SelectlO 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 2, 4, 6, or 8 mA in HP 1/0 banks.
5. Supported drive strengths of 2, 4, 6, 8, or 12 mA in HP I/0 banks.
6. Low-power option for MIPI_DPHY_DCI.
Table 16: DC Input Levels for Single-ended POD10 and POD12 I/O Standards 1)@
110 Vie Vin
Standard V, Min V, Max V, Min V, Max
POD10 —0.300 Vger — 0.068 Vger + 0.068 Vceo + 0.300
POD12 —0.300 Vger — 0.068 Vger + 0.068 Vceo + 0.300
Notes:
1. Tested according to relevant specifications.
2. Standards specified using the default 1/0 standard configuration. For details, see the UltraScale Architecture
SelectlO Resources User Guide  (UG571).
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Table 26: Speed Grade Designations by Device (Cont’d)
) Speed Grade, Temper ature Ranges, and V ccint Operating Voltages
Device Advance Preliminary Production

-3E (Veeint = 0.90V), -2E (Veeint = 0.85V)

-21 (Veent = 0.85V), -2LE (Veeint = 0.85V)
XCZU11EG | -1E (Vggnt = 0.85V), -11 (Veent = 0.85V)

-1LI (Veeint = 0.85V)

-2LE (Veeint = 0.72V), -1L1 (Veeint = 0.72V)

-3E (Veeint = 0.90V), -2E (Veeint = 0.85V)

-21 (Veeint = 0.85V), -2LE (Veeint = 0.85V)
XCZU15EG | -1E (Vg nT = 0.85V), -11 (Veent = 0.85V)

-1LI (Veeint = 0.85V)

-2LE (Veeint = 0.72V), -1L1 (Veent = 0.72V)

-3E (Veeint = 0.90V), -2E (Veeint = 0.85V)

-21 (Veeint = 0.85V), -2LE (Veint = 0.85V)
XCZU17EG | -1E (VeenT = 0.85V), -11 (Veent = 0.85V)

-1LI (Veeint = 0.85V)

-2LE (Vceint = 0.72V), -1L1 (Veeint = 0.72V)

-3E (Veeint = 0.90V), -2E (Veeint = 0.85V)

-21 (Veent = 0.85V), -2LE (Veeint = 0.85V)
XCZU19EG | -1E (Vggnt = 0.85V), -11 (Veent = 0.85V)

-1L1 (Veeint = 0.85V)

-2LE (Veeint = 0.72V), -1LI (Veeint = 0.72V)
Notes:

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

respectively.
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Processor System (PS) Performance Characteristics

Table 28: Processor Performance
o Speed Grade ]
Symbol Description Units
-3 -2 -1
FapuMAX Maximum APU clock frequency. 1500 1333 1200 MHz
FrPuMAX Maximum RPU clock frequency. 600 533 500 MHz
Fopumax Maximum GPU clock frequency. 667 600 600 MHz
Table 29: Configuration and Securi ty Unit Performance
o Speed Grade )
Symbol Description Units
-3 -2 -1
FcsuciBmAx Maximum CSU crypto interface block frequency. 400 400 400 MHz
Table 30: PS DDR Performance
Speed Grade
Memory .
Standard Package DRAM Type -3 -2 -1 Units
Min |[Max Min Max Min Max
Single rank component 664 | 2400 | 664 | 2400 | 664 | 2400 | Mb/s
All FFV packages, D)
FBVB900, and SFVC784 1 rank DIMM 664 | 2133 | 664 | 2133 | 664 | 2133 | Mb/s
2 rank DIMM®)(G) 664 | 1866 | 664 | 1866 | 664 | 1866 | Mb/s
Single rank component 664 | 2133 | 664 | 2133 | 664 | 2133 | Mb/s
DDR4 SFVAG25 1 rank DIMM)(®) 664 | 1866 | 664 | 1866 | 664 | 1866 | Mb/s
2 rank DIMM®)(G) 664 | 1600 | 664 | 1600 | 664 | 1600 | Mb/s
Single rank component 664 | 1066 | 664 | 1066 | 664 | 1066 | Mb/s
SBVA484 1 rank DIMM)(®) 664 | 1066 | 664 | 1066 | 664 | 1066 | Mb/s
2 rank DIMM®)G) 664 | 1066 | 664 | 1066 | 664 | 1066 | Mb/s
All FFV packages, Single die package(® 664 | 2400 | 664 | 2400 | 664 | 2400 | Mb/s
FBVB900 and SFVC784 | pyal die package®(®) 664 | 2133 | 664 | 2133 | 664 | 2133 | Mb/s
Single die package(®) 664 | 2133 | 664 | 2133 | 664 | 2133 | Mb/s
LPDDR4 SFVAG625 -
Dual die package(®(®) 664 | 1866 | 664 | 1866 | 664 | 1866 | Mb/s
Single die package(® 664 | 1066 | 664 | 1066 | 664 | 1066 | Mb/s
SBVA484
Dual die package(*(®) 664 | 1066 | 664 | 1066 | 664 | 1066 | Mb/s
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PS Switching Characteristics

PS Clocks
Table 34: PS Reference Clock Requirements @)

Symbol Description Min Typ Max Units
TRMSIPSCLK PS_REF_CLK input RMS clock jitter. — — 3 ps
TospscLr PS_REF_CLK input period jitter (peak-to-peak). B B 50 ps

Number of clock cycles = 10,000
TbepscLk PS_REF_CLK duty cycle. 45 - 55 %
TRepsCLK PS_REF_CLK rise time (20%—80%) _ _ 2 22 ns
and fall time (80%—20%b).
FpscLk PS_REF_CLK frequency. 27 - 60 MHz
Notes:
1. The values in this table are applicable to alternative PS reference clock inputs ALT_REF_CLK, AUX_REF_CLK, and
VIDEO_CLK.
Table 35: PS RTC Crystal Requirements @

Symbol Description Min Typ Max Units
FxraL Parallel resonance crystal frequency. — 32.8 — KHz
TerxTAL Frequency tolerance. —-20 - 20 ppm
CxraL Load capacitance for crystal parallel resonance. — 12.5 - pF
Resr Crystal ESR (16.8 and 19.2 MHz). - 70 - KQ
CsHunT Crystal shunt capacitance. - 1.4 — pF
Notes:

1. Required board components: Feedback resistor = 4.7 MQ, PCB and pad capacitance = 1.5 pF,
C; and C, capacitance = 21 pF.
Table 36: PS PLL Switching Characteristics
Speed Grade
Symbol Description Units
-3 -2 -1
FLockpspLL PLL maximum lock time. 100 100 100 Hs
FpspLLMAX PLL maximum output frequency. 1600 1600 1600 MHz
FpspLLMIN PLL minimum output frequency. 750 750 750 MHz
FpspLLvcoMAX PLL maximum VCO frequency. 3000 3000 3000 MHz
FpspLLvcoMIN PLL minimum VCO frequency. 1500 1500 1500 MHz
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PS eMMC Standard Interface

Table 46: eMMC Standard Interface @
Symbol ‘ Description Min Max Uni#s

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
FeEmMcHSCLK 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.(®) 3.2 16.8 ns
TEMMCHSDIVW Input valid data window.(® 0.4 — ul
FEMMCHSCLK eMMC high speed SDR clock frequency. — 50 MHz
eMMC High-Speed DDR Interface

Tobcemmcpbrelk | €MMC high-speed DDR clock duty cycle. 45 55 %
TemMmcbDRscko1 | Data clock to output delay. (@ 2.7 7.3 ns
TEMMCSDRIVW Input valid data window.(3) 3.5 - ns
Temmcbbrsckoz2 | 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

TbceEMMCHs200cLk | €MMC HS200 clock duty cycle. 40 60 %
TemmcHs20ocko | Clock to output delay, all outputs.(2) 1.0 3.4 ns
TEMMCSDRLIVW Input valid data window.(® 0.4 — ul
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 DAP Interface

Table 50: DAP Interface ()

Symbol Description @ Min Max Units
TrpAPDCK PS DAP input setup time. 3.0 - ns
TpDAPCKD PS DAP input hold time. 2.0 — ns
TppaPCKO PS DAP clock to out delay. — 10.86 ns
TrPDAPCLK PS DAP clock frequency. - 44 MHz
Notes:

1. Igep}:elsga%o.nditions are configured to the LVCMOS 3.3V 1I/0 standard with a 12 mA drive strength, fast slew rate, and a

2. PS DAP interface signals connect to MIO pins.

PS UART Interface

Table 51: UART Interface ()

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/0 standard with a 12 mA drive strength, fast slew rate, and a

15 pF load.

PS General Purpose 1/0 Interface
Table 52: General Purpose I/O (GPIO) Interface
Symbol Description Min Max Units
TewapioH Input High pulse width. 10 x 1/F pp_sBus_CTRLMAX - Hs
TewaPiOL Input Low pulse width. 10 x 1/Fpp_| sBUS_CTRLMAX - Hs
PS Trace Interface
Table 53: Trace Interface (V)

Symbol Description Min Max Wnits
Trcecko Trace clock to output delay, all outputs. —-0.5 0.5 ns
TbeTcECLK Trace clock duty cycle. 45 55 %
FrcecLk Trace clock frequency. - 125 MHz
Notes:

1. Igep"c:elsc')[a%c?nditions are configured to the LVCMOS 3.3V 1I/0 standard with a 12 mA drive strength, fast slew rate, and a
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Table 63: PS-GTR Transceiver Receiver Switching Characteristics
Symbol Description %:ondition Min Typ Max Units
FGTRRX Serial data rate. 1.25 — 6 Gb/s
RXssT Eperceeal}\(fgpectrum g/l?c)) ?;ﬂited at -5000 - (0] ppm
tracking.
RXppmTOL E)?;%E(IfeF_CLK PPM offset All data rates —-350 - 350 ppm
Table 64: PCI Express Protocol Characteristics (PS-GTR Transceivers) @)
Standard Description Line‘Rate (Mb/s) Min ‘ Max Units

PCI Express Transmitter Jitter Generation

PCI Express Gen 1 Total transmitter jitter. 2500 - 0.25 Ul
PCI Express Gen 2 Total transmitter jitter. 5000 - 0.25 Ul
PCI Express Receiver High Frequency Jitter Tolerance

PCI Express Gen 1 Total receiver jitter tolerance. 2500 0.65 - Ul

Receiver inherent timing error. 5000 0.4 - Ul

PCI Express Gen 2(2) | peceiver inherent deterministic

o 5000 0.3 - ul
timing error.

Notes:

1. Tested per card electromechanical (CEM) methodology.
2. Between 1 MHz and 10 MHz the minimum sinusoidal jitter roll-off with a slope of 20 dB/decade.

Table 65: Serial ATA (SATA) Protocol Char acteristics (PS-GTR Transceivers)
Standard ‘ Description Line‘ Rate (Mb/s) Min ‘ Max ‘ Units
Serial ATA Transmitter Jitter Generation
SATA Gen 1 Total transmitter jitter. 1500 - 0.37 Ul
SATA Gen 2 Total transmitter jitter. 3000 - 0.37 Ul
SATA Gen 3 Total transmitter jitter. 6000 - 0.52 Ul
Serial ATA Receiver High Frequency Jitter Tolerance
SATA Gen 1 Total receiver jitter tolerance. 1500 0.27 - Ul
SATA Gen 2 Total receiver jitter tolerance. 3000 0.27 - Ul
SATA Gen 2 Total receiver jitter tolerance. 6000 0.16 - Ul
Table 66: DisplayPort Protocol Characte ristics (PS-GTR Transceivers) @
Standard Description Lin# Rate (Mb/s) Min ‘ Max Units
DisplayPort Transmitter Jitter Generation
RBR Total transmitter jitter. 1620 - 0.42 Ul
HBR Total transmitter jitter. 2700 - 0.42 Ul
HBR2 D10.2 Total transmitter jitter. 5400 - 0.40 Ul
HBR2 CPAT Total transmitter jitter. 5400 - 0.58 Ul
Notes:

1. Only the transmitter is supported.
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Table 67: USB 3.0 Protocol Characteristics (PS-GTR Transceivers)

Standard ’ Description Lin% Rate (Mb/s) Min ‘ Max ‘ Units ‘
USB 3.0 Transmitter Jitter Generation
USB 3.0 \ Total transmitter jitter. \ 5000 \ _ ‘ 0.66 \ ul

USB 3.0 Receiver High Frequency Jitter Tolerance

USB 3.0 ’Total receiver jitter tolerance. ’ 5000 ‘ 0.2 ‘ - ‘ Ul

Table 68: Serial-GMII Protocol Characteristics (PS-GTR Transceivers)

Standard ‘ Description Line{ Rate (Mb/s) Min ‘ Max ‘ Units ‘
Serial-GMII Transmitter Jitter Generation

SGMII ‘ Deterministic transmitter jitter. ‘ 1250 ‘ - ‘ 0.25 ‘ Ul

Serial-GMII Receiver High Frequency Jitter Tolerance

SGMII ‘ Total receiver jitter tolerance. ’ 1250 ‘ 0.25 ‘ - ’ Ul

PS System Monitor Specifications

Table 69: PS SYSMON Specifications

Parameter ‘ Comments ‘Conditions Min ‘ Typ ‘ Max ‘ Units ‘
Vee _psapc = 1.8V +£3%, T; = —40°C to 100°C, typical values at T = 40°C
ADC Accuracy (T j = 55Ct0 125C) @)
Resolution 10 — — Bits
Sample rate - - 1 MS/s
RMS code noise On-chip reference — 1 - LSBs
On-Chip Sensor Accuracy
Tj = -55°C to 110°C — — +3.5 °C
Temperature sensor error
Tj = 110°C to 125°C - - +5 °C
Supply voltages less than or
electrically connected to T; = —40°C to 125°C - - +1 %

Vee_psabpc-

Supply voltages nominally at
1.8V but with the potential | T; = —40°C to 125°C - — +1.5 %
to go above Vcc psapc-

Supply sensor error(?)

Supply voltages nominally in

.= o o _ _ o
the 2.0V to 3.3V range. Tj = —40°C 10 125°C +2.5 %

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. 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.
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Table 72: MIPI D-PHY Performance

/o Speed Grade andV ¢yt Operating Voltages
Description Bank 0.90v 0.85Vv 0.72v Units
Type 3@ 2O 1 2 1
MIPI D-PHY transmitter or receiver. HP 1500 1500 1260 1260 1260 Mb/s

Notes:
1. In the SBVA484 package, the data rate is 1260 Mb/s.

Table 73: LVDS Native-Mode 1000BASE-X Support @
Speed Grade andV ¢yt Operating Voltages
Description  1/O Bank Type 0.90v 0.85V 0.72v
-3 -2 -1 -2 -1
1000BASE-X HP Yes
Notes:

1. 1000BASE-X support is based on the IEEE Standard for CSMA/CD Access Me  thod and Physical Layer Specifications (IEEE
Std 802.3-2008).

Table 74 provides the maximum data rates for applicable memory standards using the Zynq UltraScale+
MPSoC memory PHY. Refer to Memory Interfaces for the complete list of memory interface standards
supported and detailed specifications. The final performance of the memory interface is determined
through a complete design implemented in the Vivado Design Suite, following guidelines in the UltraScale
Architecture PCB Design Guide (UG583), electrical analysis, and characterization of the system.

Table 74: Maximum Physical Interface (PHY ) Rate for Memory Interfaces
Speed Grade and V ccint Operating Voltages
S'\faer:g‘;% Package ( DRAM Type 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
Single rank component 2666 2666 2400 2400 2133 Mb/s
All FFV packages | 1 rank DIMM®)(3)(4) 2400 2400 2133 2133 1866 Mb/s
and FBVB900 | 2 rank DIMM®)(5) 2133 2133 1866 1866 1600 Mb/s
DDR4 4 rank DIMM)(6) 1600 1600 1333 1333 N/A Mb/s
Single rank component 2400 2400 2133 2133 1866 Mb/s
SFVC784 1 rank DIMM®)(3) 2133 2133 1866 1866 1600 Mb/s
2 rank DIMM®)(5) 1866 1866 1600 1600 1600 Mb/s
Single rank component 2133 2133 2133 2133 1866 Mb/s
All FFV packages | 1 rank DIMM®)(®) 1866 1866 1866 1866 1600 Mb/s
and FBVB900 | 2 rank DIMM(2)(5) 1600 1600 1600 1600 1333 Mb/s
DDR3 4 rank DIMM(2)(6) 1066 1066 1066 1066 800 Mb/s
Single rank component 1866 1866 1866 1866 1600 Mb/s
1 rank DIMM®)®3) 1600 1600 1600 1600 1600 Mb/s
SFVC784

2 rank DIMM®)(®) 1600 1600 1600 1600 1333 Mb/s
4 rank DIMM(2)(6) 1066 1066 1066 1066 800 Mb/s
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Programmable Logic (PL) Switching Characteristics

Table 75 (high-density IOB (HD)) and Table 76 (high-performance IOB (HP)) summarizes the values of
standard-specific data input delay adjustments, output delays terminating at pads (based on standard)
and 3-state delays.

e TiNgur DELAY PAD 1 IS the delay from IOB pad through the input buffer to the I-pin of an IOB pad. The

delay varies depending on the capability of the SelectIO input buffer.

*  Toutsur DELAY O _pAD IS the delay from the O pin to the IOB pad through the output buffer of an IOB
pad. The delay varies depending on the capability of the SelectlO output buffer.

*  TouTBUF DELAY TD PAD IS the delay from the T pin to the IOB pad through the output buffer of an IOB
pad, when 3-state is disabled. The delay varies depending on the SelectlO capability of the output
buffer. In HP I/O banks, the internal DCI termination turn-on time is always faster than
TouTBUF DELAY TD pAD When the DCITERMDISABLE pin is used. In HD I/O banks, the on-die termination
turn-on time is always faster than TouTtsur_peLAY T pap When the INTERMDISABLE pin is used.

I0B High Density (HD) Switching Characteristics

Table 75: 10B High Density (HD) Sw itching Characteristics
TINBUF_DELAY_PAD._| TouTBUF_DELAY_O_PAD ToUTBUF_DELAY_TD_PAD
I/O Standards 0.90vV | 0.85V 0.72V. 090V  0.85V 072V 0.90V | 0.85V 0.72V Units
-3 2 |1 |2 1 13 -2 a0 20 -3 2 |1 |2 |a

DIFF_HSTL_I_18 F | 0.978 |0.978/1.058|0.978(1.058| 1.574 |1.574(1.718/1.574|1.718| 1.160 |1.160(1.271|1.160(1.271| ns
DIFF_HSTL_1_18 S | 0.978 |0.978/1.058|0.978|1.058| 1.805 |1.805|1.950|1.805|1.950| 1.748 |1.748|1.867|1.748/1.867| ns
DIFF_HSTL_I_F 0.978 |0.978/1.058(0.978|1.058| 1.611 [1.611|1.762|1.611(1.762| 1.313 |1.313|1.417|1.313|1.417| ns
DIFF_HSTL_I_S 0.978 |0.978/1.058(0.978|1.058| 1.798 |1.798|1.913|1.798(1.913| 1.630 |1.630(1.780|1.630|1.780| ns
DIFF_HSUL_12 F 0.911 |0.911|0.977(0.911|0.977| 1.573 |1.573|1.703|1.573|1.703| 1.222 |1.222|1.335|1.222|1.335| ns
DIFF_HSUL_12_S 0.911 |0.911|0.977(0.911|0.977| 1.711 |1.711|1.864|1.711(1.864| 1.536 |1.536|1.665|1.536|1.665| ns
DIFF_SSTL12_F 0.906 |0.906|0.977(0.906|0.977| 1.643 |1.643|1.792|1.643|1.792| 1.285 |1.285|1.423|1.285|1.423| ns
DIFF_SSTL12_S 0.906 |0.906|0.977(0.906|0.977| 1.784 |1.784|1.948|1.784(1.948| 1.567 |1.567|1.706|1.567|1.706| ns
DIFF_SSTL135_F 0.927 |0.927|0.995(0.927|0.995| 1.625 |1.625|1.765|1.625(1.765| 1.341 |1.341|1.458|1.341|1.458| ns
DIFF_SSTL135_Il_F | 0.927 |0.927|0.995|0.927|0.995| 1.623 {1.623|1.770|1.623|1.770| 1.325 |1.325|1.470|1.325(1.470| ns
DIFF_SSTL135_I1_S | 0.927 |0.927|0.995|0.927(0.995| 1.768 |1.768|1.916|1.768|1.916| 1.722 |1.722(1.911|1.722|1.911| ns
DIFF_SSTL135_S 0.927 |0.927|0.995(0.927|0.995| 1.869 |1.869|2.025|1.869(2.025| 1.814 |1.814|1.976|1.814|1.976| ns
DIFF_SSTL15_F 0.928 |0.928/1.020(0.928|1.020| 1.628 |1.628|1.771|1.628(1.771| 1.374 |1.374|1.483|1.374|1.483| ns
DIFF_SSTL15_Il_F | 0.928 |0.928/1.020|0.928(1.020| 1.622 |1.622|1.778|1.622|1.778| 1.356 |1.356|1.442|1.356|1.442| ns
DIFF_SSTL15_I1_S | 0.928 |0.928/1.020|0.928(1.020| 1.821 {1.821|1.987|1.821|1.987| 1.895 |1.895|2.047|1.895|2.047| ns
DIFF_SSTL15_S 0.928 |0.928/1.020(0.928|1.020| 1.824 |1.824|1.977|1.824(1.977| 1.743 |1.743|1.907|1.743|1.907| ns
DIFF_SSTL18_Il_F | 0.961 |0.961|1.038|0.961(1.038| 1.729 {1.729|1.880|1.729|1.880| 1.377 |1.377|1.492|1.377|1.492| ns
DIFF_SSTL18_Il_S | 0.961 |0.961|1.038|0.961(1.038| 1.796 |1.796|1.965|1.796|1.965| 1.616 |1.616|1.800|1.616/1.800| ns
DIFF_SSTL18_I_F 0.961 |0.961|1.038(0.961|1.038| 1.609 |1.609|1.755|1.609|1.755| 1.220 |1.220(1.313|1.220|1.313| ns
DIFF_SSTL18_I_S 0.961 |0.961|1.038(0.961|1.038| 1.786 |1.786|1.942|1.786(1.942| 1.677 |1.677|1.836|1.677|1.836| ns
HSTL_I_18 F 0.947 |0.947|1.021(0.947|1.021| 1.574 |1.574|1.718|1.574(1.718| 1.160 |1.160(1.271|1.160|1.271| ns
HSTL_I_18_S 0.947 |0.947|1.021(0.947|1.021| 1.805 |1.805|1.950|1.805(1.950| 1.748 |1.748|1.867|1.748|1.867| ns
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I0B High Performance (HP) Switching Characteristics

Table 76: 10B High Performance (HP) Switching Characteristics
TINBUF_DELAY_PAD_| ToUTBUF_DELAY_O_PAD ToUTBUF_DELAY_TD_PAD
I/O Standards 0.90V | 0.85V 0.72V 0.90V  0.85V 0.72v. 0.90V | 0.85V 0.72v Units
-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_1_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_1_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_1_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_1_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_1_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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Table 76: 10B High Performance (HP) Switching Characteristics (Cont’d)
TINBUF_DELAY_PAD_| ToUTBUF_DELAY_O_PAD ToUTBUF_DELAY_TD_PAD
I/O Standards 0.90V | 0.85V 0.72V 0.90V  0.85V 0.72v 0.90V | 0.85V 0.72V Units
-3 2 |1 |2 1 3 -2 -1 2| 1 -3 2 |1 |2 |1

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

I0B 3-state Output Switching Characteristics

Table 77 specifies the values of Toytsur_peLay TE_PAD @Nd TINBUF_DELAY 1BUFDIS_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). TinguF DELAY 1BUEDIS 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 1/O banks, the internal IN_TERM termination turn-off time is always
faster than TOUTBUF_DELAY_TE_PAD when the INTERMDISABLE pln is used.

Table 77: 10B 3-state Output Switching Characteristics
Speed Grade and
Vceint Operating Voltages
Symbol Description 0.90V 0.85V 0,72V Units
-3 -2 -1 -2 -1
T input to pad high-impedance for
. HD 1/0 banks 6.318 6.318 6.369 6.318 6.369 ns
OUTBUF_DELAY_TE_PAD X A
T Input to pad high-impedance for | g5 335 | 5330 | 5341 | 5.330 | 5.341 | ns
HP 1/0 banks
IBUF turn-on time from
IBUFDISABLE to O output for HD 2.266 2.266 2.430 2.266 2.430 ns
- 1/0 banks
INBUF_DELAY_IBUFDIS_O IBUF turn-on time from
IBUFDISABLE to O output for HP 0.936 0.936 1.037 0.936 1.037 ns
1/0 banks
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Table 91: Global Clock Input Setup and Hold With MMCM

Speed Grade and
Vceint Operating Voltages
Symbol Description Device 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
Input Setup and Hold Time Relative to Global Clock Input Signal using SSTL15 Standard. LHE@E)
TpsMMcMce ZU2 Global clock input and Setup 1.83 1.96 2.29 2.48 ns
T = input flip-flop (or latch) Hold XCzu2 N/A 019 | o109 | 013 | 0.13
PHMMCMCC_ZU2 with MMCM. 0 —U- —U. . . ns
T, Setu 1.83 1.96 2.29 2.48 ns
PSMMCMCC_ZU3 p XCZU3 N/A
TPHMMCMCC_ZU3 Hold —-0.19 —-0.19 0.13 0.13 ns
T, Setu 1.96 1.96 2.10 2.49 2.59 ns
PSMMCMCC_ZU4 p N
TPHMMCMCC_ZU4 Hold -0.12 -0.12 -0.12 0.27 0.48 ns
T Setu 1.96 1.96 2.10 2.49 2.59 ns
PSMMCMCC_ZU5 p XCZUS
TeHMMCMCC._ZUS Hold -0.12 | —0.12 | —0.12 | 0.27 | 0.48 ns
T, Setu 1.97 2.00 2.12 2.26 2.44 ns
PSMMCMCC_ZU6 p XCZUG
TPHMMCMCC_ZU6 Hold -0.11 -0.11 -0.11 0.16 0.18 ns
T, Setu 1.91 1.91 2.02 2.45 2.70 ns
PSMMCMCC_ZU7 p XCZU7
TPHMMCMCC_ZU7 Hold -0.14 -0.14 -0.14 0.37 0.38 ns
T Setu 1.97 2.00 2.12 2.26 2.44 ns
PSMMCMCC_ZU9 p XCZU9
ThHMMCMCC._ZU9 Hold -0.11 | -0.11 | —0.11 | 0.16 | 0.18 ns
T, Setu 2.08 2.08 2.23 2.59 2.75 ns
PSMMCMCC_ZU11 p XCZU11
TPHMMCMCC_ZUll Hold —0.08 —0.08 0.04 0.35 0.74 ns
T, Setu 1.96 1.99 2.12 2.26 2.44 ns
PSMMCMCC_ZU15 p XCZU15
TPHMMCMCC_ ZU15 Hold -0.10 | -0.10 | —0.10 | 0.17 0.19 ns
T Setu 1.89 1.89 2.03 2.36 2.55 ns
PSMMCMCC_ZU17 p XCZUL7
TeHMMCMCC, ZU17 Hold -0.16 | —0.16 | —0.16 | 0.31 | 0.34 ns
T, Setu 1.89 1.89 2.03 2.36 2.55 ns
PSMMCMCC_ZU19 p XCZU19
TPHMMCMCC_ZUlQ 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 1/0 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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