AM D ‘ Spartan UltraScale+ FPGA Data Sheet:

DC and AC Switching Characteristics

DS930 (v1.0) January 24, 2025 Advance Product Specification

Summary

The AMD Spartan™ UltraScale+™ FPGAs are available in -2 and -1 speed grades, with -2E and -2I devices
having the highest performance. Some -1LI devices can operate at a VcnT Voltage at 0.85V or 0.72V and
provide lower maximum static power. When operated at Vccint = 0.85V, using a -1LI device, the speed
specification for the L devices is the same as the -11 speed grade. When operated at Vccnt = 0.72V, the -1LI
performance and static and dynamic power is reduced.

DC and AC characteristics are specified in extended (E) and industrial (I) temperature ranges. Except the
operating temperature range or unless otherwise noted, all the DC and AC electrical parameters are the same
for a particular speed grade (that is, the timing characteristics of a -1 speed grade extended device are the same
as for a -1 speed grade industrial device). However, only selected speed grades and/or devices are available in
each temperature range.

All supply voltage and junction temperature specifications are representative of worst-case conditions. The
parameters included are common to popular designs and typical applications.

This data sheet, part of an overall set of documentation on the Spartan UltraScale+ FPGAs, is available on the
AMD Technical Information Portal.

DC Characteristics

Absolute Maximum Ratings

Table 1: Absolute Maximum Ratings

Symbol Description’ Min Max Units
FPGA Logic
VeanT Internal supply voltage -0.500 1.000 Vv
VeenT 102 Internal supply voltage for the I/O banks -0.500 0.980 \
Veeau® Aucxiliary supply voltage -0.500 1.960 v
VccBrRAMZ Supply voltage for the block RAM and UltraRAM -0.500 0.980 Vv

AMD Adaptive Computing is creating an environment where employees, customers, and partners feel welcome and included. To that end, we're
removing non-inclusive language from our products and related collateral. We've launched an internal initiative to remove language that could
exclude people or reinforce historical biases, including terms embedded in our software and IPs. You may still find examples of non-inclusive
language in our older products as we work to make these changes and align with evolving industry standards. Follow this link for more
information.
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Table 1: Absolute Maximum Ratings (cont'd)

Symbol Description’ Min Max Units

Veco Output drivers supply voltage for HD I/O banks -0.500 3.400 \
Output drivers supply voltage for HP 1/O banks and configuration -0.500 1.960 Vv
bank 0
Output drivers supply voltage for XP5I0 banks -0.500 1.650

Vecaux 10° Aucxiliary supply voltage for the I/O banks. Available as Vccaux_Hpio -0.500 1.960
for HD I/O banks and Vccaux_npio for HP I/O banks.

VRer Input reference voltage for HP 1/O banks -0.500 2.000

Vi 5 6.7 1/0 input voltage for HD I/0, HP I/0O, and XP5IO I/O banks -0.550 Veeo + 0.550

Ipc Available output current at the pad -20 20 mA

Irvs Available RMS output current at the pad -20 20 mA

GTH Transceiver®

VmGTAVCC Analog supply voltage for transceiver circuits -0.500 1.000 \"

VMGTAVTT Analog supply voltage for transceiver termination circuits -0.500 1.300 \

VMGTVCCAUX Auxiliary analog Quad PLL (QPLL) voltage supply for transceivers -0.500 1.900 \"

VMGTREFCLK Transceiver reference clock absolute input voltage -0.500 1.300 Vv

VMGTAVTTRCAL Analog supply voltage for the resistor calibration circuit of the -0.500 1.300 \
transceiver column

ViN Receiver (RXP/RXN) and transmitter (TXP/TXN) absolute input -0.500 1.200 \Y
voltage

IDCIN-FLOAT DC input current for receiver input pins DC coupled RX - 10 mA
termination = floating®

IDCIN-MGTAVTT DC input current for receiver input pins DC coupled RX - 10 mA
termination = VygravtT

IpciN-GND DC input current for receiver input pins DC coupled RX - 0 mA
termination = GND

IpcIN-PROG DC input current for receiver input pins DC coupled RX - 0 mA
termination = programmable’®

IbcouT-FLOAT DC output current for transmitter pins DC coupled RX - 6 mA
termination = floating

IDCOUT-MGTAVTT DC output current for transmitter pins DC coupled RX - 6 mA
termination = VygravtT

System Monitor

Vceapc System Monitor supply relative to GNDADC -0.500 2.000

VREFP System Monitor reference input relative to GNDADC -0.500 2.000 \

Temperature'!

Tstg Storage temperature (ambient) -65 150 °C

TsoL Maximum dry rework soldering temperature - 260 °C
Maximum reflow soldering temperature for SBVC529, SBVB625, - 250 °C
SBVF784, SBVG784, SBVA1024, and FSVG1156 packages
Maximum reflow soldering temperature for CMVA361, CMVA529, - 245 °C
and CMVB529 packages
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Table 1: Absolute Maximum Ratings (cont'd)

Symbol

Description’

Min

Max

Units

Tj

Maximum junction temperature

125

°C

Notes:

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

o vk wnN

VcanT 10 must be connected to Vecgraw-

Vccaux_Heio and Vecaux Hpio must be connected to Vecaux.
The lower absolute voltage specification always applies.
For I/O operation, see the Spartan UltraScale+ FPGAs SelectIO Resources User Guide (UG861).
When operating outside of the recommended operating conditions, refer to Table 4 and Table 5 for maximum overshoot and

undershoot specifications.

7. Vq for the POR_OVERRIDE pin is unique. POR_OVERRIDE must be connected to either GND (default) or Vccin. See Tpor in Configuration
Switching Characteristics for additional information.

8.  For more information on supported GTH transceiver terminations see the UltraScale Architecture GTH Transceivers User Guide (UG576).
9. AC coupled operation is not supported for RX termination = floating.

10. DC coupled operation is not supported for RX termination = programmable.
11. For soldering guidelines and thermal considerations, see the UltraScale and UltraScale+ FPGAs Packaging and Pinouts Product Specification

(UG575).

Recommended Operating Conditions

Table 2: Recommended Operating Conditions

Symbol Description’: 2 Min Typ Max Units

FPGA Logic

Veant Internal supply voltage 0.825 0.850 0.876 \Y
For -1LI (Ve = 0.72V) devices: internal supply voltage 0.698 0.720 0.742 \Y

Vet 10° Internal supply voltage for the I/O banks 0.825 0.850 0.876 Vv

Veesram® Block RAM and UltraRAM supply voltage 0.825 0.850 0.876 \Y

Veeaux® Auxiliary supply voltage 1.746 1.800 1.854 \

Veco? Supply voltage for HD 1/O banks® 1.164 - 3.400 v
Supply voltage for HP I/O banks and configuration bank 0° 0.970 - 1.854 \Y
Supply voltage for XP510 1/O banks’ 0.970 - 1.545 \

VCCAUX_108 Auxiliary I/O supply voltage. Available as Vccaux_npio for HD I/O 1.746 1.800 1.854 \Y
banks and Vccaux_npio for HP 1/O banks.

V2 10 I/O input voltage -0.200 - Vceo + 0.200 \Y

I Maximum current through any pin in a powered or unpowered - - 10 mA
bank when forward biasing the clamp diode

GTH Transceiver

Vmeravee 2 Analog supply voltage for the GTH transceiver 0.873 0.900 0.927

VmaravrT'2 Analqg sypply vo!tage for the GTH transmitter and receiver 1.164 1.200 1.236
termination circuits

VmaTvecaux 2 Auxiliary analog QPLL voltage supply for the transceivers 1.746 1.800 1.854

VMGTAVTTRCAL 2 Analog supply voltage for the resistor calibration circuit of the 1.164 1.200 1.236
GTH transceiver column

System Monitor

Vecane | system Monitor supply relative to GNDADC | 1746 | 1.800 1.854 [ v
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Table 2: Recommended Operating Conditions (cont'd)

Symbol Description’: 2 Min Typ Max Units

VRerp System Monitor externally supplied reference voltage relative to 1.200 1.250 1.300 \
GNDADC

Temperature

Tj13 Junction temperature operating range for extended (E) 0 - 100 °C
temperature devices
Junction temperature operating range for industrial (I) -40 - 100 °C
temperature devices
Junction temperature operating range for eFUSE programming4 -40 - 125 °C

Notes:

1. All voltages are relative to GND, assuming supplies are present.

AW

VCCINT_IO must be connected to VceBrRAM-

configuration is 1.455V.

Includes Vo of 1.2V, 1.35V, 1.5V, 1.8V, 2.5V, and 3.3V at +3%.
Includes Vcco of 1.0V, 1.2V, 1.35V, 1.5V, and 1.8V at +3%.
Includes Vcco of 1.0V, 1.1V, 1.2V, 1.35V, and 1.5V at +3%.
Vccaux 1o must be connected to Vecaux.-

The lower absolute voltage specification always applies.

For the design of the power distribution system consult the UltraScale Architecture PCB Design User Guide (UG583).

For Vcco o, the recommended nominal operating voltage is 1.5V or 1.8V, and the minimum voltage for power on and during

S Y ®®NoW;

12.
13.

Vyy for the POR_OVERRIDE pin is unique. POR_OVERRIDE must be connected to either GND (default) or Vccin. See Tpor in Configuration
Switching Characteristics for additional information.

A total of 200 mA per bank should not be exceeded.
Each voltage listed requires filtering as described in the UltraScale Architecture GTH Transceivers User Guide (UG576).
AMD recommends measuring the T; of a device using the system monitor as described in the UltraScale Architecture System Monitor User

Guide (UG580). The system monitor temperature measurement errors (that are described in Table 58) must be accounted for in your
design. For example, when using the system monitor with an external reference of 1.25V, and when the system monitor reports 97°C,
there is a measurement error £3°C. A reading of 97°C is considered the maximum adjusted T; (100°C - 3°C = 97°C).

14. Do not program eFUSE during device configuration (e.g., during configuration, during configuration readback, or when readback CRC is
active).

DC Characteristics Over Recommended Operating Conditions

Table 3: DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Typ' Max Units

VDRINT Data retention V¢cnt Voltage (below which configuration data 0.68 - - \"
might be lost)

VpRraux Data retention Vccaux Voltage (below which configuration data 1.5 - - \
might be lost)

IRee Vrer leakage current per pin - - 15 HA

I Input or output leakage current per pin (HD I/O and HP I/02) - - 15 PA
(sample-tested)
Input or output leakage current per pin (XP510 I/O) (sample- - - 100 pA
tested)

i’ Die input capacitance at the pad (HP 1/0) - - 3.1 pF
Die input capacitance at the pad (HD 1/0) - - 4.75 pF
Die input capacitance at the pad (XP5IO 1/0) - - 1.90 pF
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Table 3: DC Characteristics Over Recommended Operating Conditions (cont'd)

Symbol Description Min Typ' Max Units

Irpu Pad pull-up (when selected) at Viy = 0V, Vcco = 3.3V 75 - 190 HA
Pad pull-up (when selected) at Viy = 0V, Vcco = 2.5V 50 - 169 pA
Pad pull-up (when selected) at Vyy = 0V, Vcco = 1.8V 60 - 120 pA
Pad pull-up (when selected) at Viy = 0V, Vcco = 1.5V 30 - 120 HA
Pad pull-up (when selected) at Viy = 0V, Vcco = 1.2V 10 - 100 pA

IrpD Pad pull-down (when selected) at Vi = 3.3V 60 - 200 pA
Pad pull-down (when selected) at Vi = 1.8V 29 - 120 pA

Iccapcon Analog supply current for the SYSMON circuits in the power-up - - 8 mA
state

Iccapcorr Analog supply current for the SYSMON circuits in the power-down - - 1.5 mA
state

Ipes* Vccaux additional supply current during eFUSE programming - - 115 mA

Internal Vger 50% Vcco Veeo X 0.49 | Veco X 0.50 | Veeo x 0.51 \
70% Veco Veco X 0.69 | Veco X 0.70 | Vo X 0.71 v
1/6 Vcco (XP5IO I/O banks only) Veco x 1/6 v
1/8 Vcco (XP5IO 1I/0 banks only) Vecox 1/8 v

Differential termination | Programmable differential termination (TERM_100) for HP I/O -35% 100 +35% Q
and XP5I0 I/O banks

n Temperature diode ideality factor - 1.026 - -

r Temperature diode series resistance - 2 - Q

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

R7 Thevenin equivalent resistance of programmable input -10%° 40 +10%° Q
termination to Vcco/2 where ODT = RTT_40
Thevenin equivalent resistance of programmable input -10%° 48 +10%° Q
termination to Vcco/2 where ODT = RTT_48
Thevenin equivalent resistance of programmable input -10%° 60 +10%° Q
termination to Vcco/2 where ODT = RTT_60
Programmable input termination to Vcco where ODT = RTT_40 -10%° 40 +10%° Q
Programmable input termination to Vcco where ODT = RTT_48 -10%° 48 +10%?° Q
Programmable input termination to Vcco where ODT = RTT_60 -10%° 60 +10%° Q
Programmable input termination to Vcco where ODT = RTT_120 -10%° 120 +10%° Q
Programmable input termination to Vccowhere ODT = RTT_240 -10%° 240 +10%?° Q

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

R7 Thevenin equivalent resistance of programmable input -50% 40 +50% Q
termination to Vcco/2 where ODT = RTT_40
Thevenin equivalent resistance of programmable input -50% 48 +50% Q
termination to Vcco/2 where ODT = RTT_48
Thevenin equivalent resistance of programmable input -50% 60 +50% Q
termination to Vcco/2 where ODT = RTT_60
Programmable input termination to Vcco where ODT = RTT_40 -50% 40 +50% Q
Programmable input termination to V¢co where ODT = RTT_48 -50% 48 +50% Q
Programmable input termination to V¢co where ODT = RTT_60 -50% 60 +50% Q
Programmable input termination to Vcco where ODT = RTT_120 -50% 120 +50% Q
Programmable input termination to Vcco where ODT = RTT_240 -50% 240 +50% Q
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Table 3: DC Characteristics Over Recommended Operating Conditions (cont'd)

R7 Thevenin equivalent resistance of programmable input
termination where x = target impedance of 8, 60, 120, or 240

Symbol Description Min Typ' Max Units
Uncalibrated programmable on-die termination in HD I/O banks (measured per JEDEC specification)
R7 Thevenin equivalent resistance of programmable input -50% 48 +50% Q
termination to Vcco/2 where ODT = RTT_48
Calibrated programmable on-die termination (DCI) in XP5I0 I/0 banks® (measured per JEDEC specification)
Q

Notes:

1. Typical values are specified at nominal voltage, 25°C.
For the I/O banks with a Vo of 1.8V and separated Vcco and Vecaux 1o power supplies, the I maximum current is 70 pA.

2
3. This measurement represents the die capacitance at the pad, not including the package.
4

Do not program eFUSE during device configuration (e.g., during configuration, during configuration readback, or when readback CRC is

active).

o u

VRP resistor tolerance is (240Q +1%).
If VRP resides at a different bank (DCI cascade), the range increases to +15%.

7. On-die input termination resistance, for more information see the Spartan UltraScale+ FPGAs SelectIO Resources User Guide (UG861).

Vin Maximum Allowed AC Voltage Overshoot and Undershoot

Table 4: Vyy Maximum Allowed AC Voltage Overshoot and Undershoot for HD I/O Banks

AC Voltage Overshoot! % of UI? at -40°C to 100°C | AC Voltage Undershoot! | % of UI? at -40°C to 100°C
Veeo +0.30 100% -0.30 100%
Veeo +0.35 100% -0.35 90%
Vcco + 0.40 100% -0.40 78%
Veeo +0.45 100% -0.45 40%
Veeo +0.50 100% -0.50 24%
Vcco +0.55 100% -0.55 18.0%
Veeo + 0.60 100% -0.60 13.0%
Veeo +0.65 100% -0.65 10.8%
Veco +0.70 2% -0.70 9.0%
Veeo +0.75 92% -0.75 7.0%
Veeo +0.80 92% -0.80 6.0%
Vcco +0.85 2% -0.85 5.0%
Veeo +0.90 92% -0.90 4.0%
Veeo +0.95 92% -0.95 2.5%

Notes:

1. Atotal of 200 mA per bank should not be exceeded.

2. For Ul smaller than 20 ps.
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Table 5: Vyy Maximum Allowed AC Voltage Overshoot and Undershoot for HP I/O Banks

AC Voltage Overshoot! % of UI? at -40°C to 100°C | AC Voltage Undershoot! | % of UI? at -40°C to 100°C
Veco +0.30 100% -0.30 100%
Veeo +0.35 100% -0.35 100%
Veco + 0.40 92% -0.40 92%
Veco +0.45 50% -0.45 50%
Veeo +0.50 20% -0.50 20%
Vcco +0.55 10% -0.55 10%
Veco + 0.60 6% -0.60 6%
Veeo +0.65 2% -0.65 2%
Veco +0.70 2% -0.70 2%

Notes:
1. Atotal of 200 mA per bank should not be exceeded.

2. For UI smaller than 20 ps.

Table 6: Viy Maximum Allowed AC Voltage Overshoot and Undershoot for XP5I0 I/0 Banks

AC Voltage Overshoot % of UI at -40°C to 100°C AC Voltage Undershoot % of UI at -40°C to 100°C

Quiescent Supply Current

Table 7: Typical Quiescent Supply Current

Speed Grade and V¢cnt Operating
Voltages
Symbol Description’: 2.3 Device 0.85V 0.72V Units
-2 -1 -1
Iccintg Quiescent Vccnt supply current XCSU10P mA
XCSU25P mA
XCSU35P mA
XCSU50P mA
XCSU55P mA
XCSU65P mA
XCSU100P mA
XCSU150P mA
XCSU200P mA
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Table 7: Typical Quiescent Supply Current (cont'd)

Speed Grade and V¢cnt Operating
Voltages
Symbol Description’: 2.3 Device 0.85V 0.72V Units
-2 -1 -1
IccinT 10Q Quiescent Vceint 10 Supply current XCSU10P mA
XCSU25P mA
XCSU35P mA
XCSU50P mA
XCSU55P mA
XCSU65P mA
XCSU100P mA
XCSU150P mA
XCSU200P mA
Iccoq Quiescent Veco supply current All devices mA
Iccauxq Quiescent Vccaux supply current XCSU10P mA
XCSU25P mA
XCSU35P mA
XCSU50P mA
XCSU55P mA
XCSU65P mA
XCSU100P mA
XCSU150P mA
XCSU200P mA
Iccaux 10Q Quiescent Vccaux 1o supply current XCSU10P mA
XCSU25P mA
XCSU35P mA
XCSU50P mA
XCSU55P mA
XCSU65P mA
XCSU100P mA
XCSU150P mA
XCSU200P mA
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Table 7: Typical Quiescent Supply Current (cont'd)

Speed Grade and V¢cnt Operating
Voltages
Symbol Description’: 2.3 Device 0.85V 0.72V Units
-2 -1 -1
IccerAMQ Quiescent Vccgram SUPPly current XCSU10P mA
XCSU25P mA
XCSU35P mA
XCSU50P mA
XCSU55P mA
XCSU65P mA
XCSU100P mA
XCSU150P mA
XCSU200P mA

Notes:
1. Typical values are specified at nominal voltage, 85°C junction temperatures (Tj) with single-ended SelectIO™ resources.

2. Typical values are for blank configured devices with no output current loads, no active input pull-up resistors, and all I/O pins are 3-state
and floating.

3. Use the Power Design Manager (PDM) tool (download at www.amd.com/power) to estimate static power consumption for conditions or
supplies other than those specified.

Power Supply Sequencing

Power-On/Off Power Supply Sequencing

The recommended power-on sequence is VceinT, VeainT 10/ Veesrams Vecaux/Vecaux 1o, and Veco to achieve
minimum current draw and ensure that the |/Os are 3-stated at power-on. The recommended power-off
sequence is the reverse of the power-on sequence. If Vceint and Veeint 10/ Vecsram have the same
recommended voltage levels, they can be powered by the same supply and ramped simultaneously. VceinT 10
must be connected to Vccgram: If Vecaux/Vecaux 10 and Veco have the same recommended voltage levels,
they can be powered by the same supply and ramped simultaneously. Vccaux and Vecaux 1o must be connected
together. Vccapc and Vger can be powered at any time and have no power-up sequencing requirements.

The recommended power-on sequence to achieve minimum current draw for the GTH transceivers is VccinT,
Vmatavee: VMatavtt OR Vivgravee, Veeint: VmaravTT There is no recommended sequencing for Vigrvecaux-
Both VpmgTavee and Veeint can be ramped simultaneously. The recommended power-off sequence is the reverse
of the power-on sequence to achieve minimum current draw. If these recommended sequences are not met,
current drawn from VygTavTT €an be higher than specifications during power-up and power-down.
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Table 8 shows the minimum current, in addition to Iccq maximum, required by each Spartan UltraScale+ FPGA
for proper power-on and configuration. If these current minimums are met, the device powers on after all
supplies have passed through their power-on reset threshold voltages. The device must not be configured until
after VccinT is applied. Once initialized and configured, use the Power Design Manager (PDM) tool (download at
www.amd.com/power) to estimate current drain on these supplies. PDM is also used to estimate power-on
current for all supplies.

Table 8: Power-on Current by Device

Device Icantmin IccerammIN + IccinT tomIN Iccomin Iccauxmin * Iccaux_tomin Units
XCSU10P 464 155 50 111 mA
XCSU25pP 464 155 50 111 mA
XCSU35P 464 155 50 111 mA
XCSU50P
XCSU55P
XCSU65P
XCSU100P
XCSU150P
XCSU200P
Table 9: Power Supply Ramp Time

Symbol Description Min Max | Units
TvccINT Ramp time from GND to 95% of Vccint 0.2 40 ms
TvcanT 10 Ramp time from GND to 95% of VccinT 10 0.2 40 ms
Tvcco Ramp time from GND to 95% of V¢co 0.2 40 ms
Tvcecaux Ramp time from GND to 95% of Vccaux 0.2 40 ms
Tvccaram Ramp time from GND to 95% of Vccgram 0.2 40 ms
TmaTAVCC Ramp time from GND to 95% of Vygravce 0.2 40 ms
TMGTAVTT Ramp time from GND to 95% of VygravrT 0.2 40 ms
TMGTVCCAUX Ramp time from GND to 95% of Vigrvccaux 0.2 40 ms

DC Input and Output Levels

Values for V|_and V| are recommended input voltages. Values for I, and lgy are guaranteed over the
recommended operating conditions at the Vg and Von test points. Only selected standards are tested. These
are chosen to ensure that all standards meet their specifications. The selected standards are tested at a
minimum Vcco with the respective Vg and Vgy voltage levels shown. Other standards are sample tested.
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I/O Levels
Table 10: SelectIO DC Input and Output Levels For HD I/O Banks
1/0 Standard? 2 Vi ViH VoL Vou IoL Ion
V, Min V, Max V, Min V, Max V, Max V, Min mA mA
HSTLI -0.200 | Vggr-0.100 | Vger+0.100 | Vo +0.200 0.400 Vcco - 0.400 8.0 -8.0
HSTL1.18 -0.200 | VRegr-0.100 | Vgegr+0.100 | Veco +0.200 0.400 Vcco - 0.400 8.0 -8.0
HSUL_12 -0.200 | Vegr-0.130 [ Vege+0.130 | Vo +0.200 20% Veco 80% Veco 0.1 -0.1
LVCMOS12 -0.200 35% Veco 65% Veco Veeo +0.200 0.400 Veco-0.400 | Note3 | Note3
LVCMOS15 -0.200 35% Veco 65% Veco Veco +0.200 0.450 Veco-0.450 | Note4 | Note4
LVCMOS18 -0.200 35% Veco 65% Vo Veeo +0.200 0.450 Veco-0.450 | Note4 | Note4
LVCMOS25 -0.200 0.700 1.700 Veeo +0.200 0.400 Veco-0.400 | Note4 | Note4
LVCMOS33 -0.200 0.800 2.000 3.400 0.400 Vcco-0.400 | Note4 | Note4
LVTTL -0.200 0.800 2.000 3.400 0.400 2.400 Note4 | Note4
SSTL135 -0.200 | Vger-0.090 | Vger+0.090 | Veeo+0.200 | Veco/2-0.150 | Veco/2 +0.150 | 8.9 -8.9
SSTL15 -0.200 | Vger-0.100 | Vger+0.100 | Veeo+0.200 | Veco/2-0.175 | Veeo/2 +0.175 | 8.9 -8.9
SSTL18.1 -0.200 | Vger-0.125 | Vper+0.125 | Veeo+0.200 | Veco/2-0.470 | Veco/2+0.470 | 8.0 -8.0
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User

Guide (UG861).

3. Supported drive strengths of 4 or 8 mA in HD I/O banks.
Supported drive strengths of 4, 8, or 12 mA in HD I/O banks.
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Spartan UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

Table 11: SelectIO DC Input and Output Levels for HP I/O Banks

1/0 Standard® 2.3 Vi Vi VoL Vou IoL Ion
V, Min V, Max V, Min V, Max V, Max V, Min mA mA
HSTL_I -0.200 | Vger-0.100 Vrer +0.100 Vcco + 0.200 0.400 Veco - 0.400 5.8 -5.8
HSTLI_12 -0.200 Vger - 0.080 Vger + 0.080 Vcco +0.200 25% Vcco 75% Vcco 4.1 -4.1
HSTL.I 18 -0.200 | Vggr-0.100 Ve + 0.100 Veco + 0.200 0.400 Veco - 0.400 6.2 -6.2
HSUL_12 -0.200 | Vpgr-0.130 Vger + 0.130 Vcco + 0.200 20% Veco 80% Vcco 0.1 -0.1
LVCMOS12 -0.200 35% Vcco 65% Vcco Vcco +0.200 0.400 Vcco-0.400 | Note4 | Note4
LVCMOS15 -0.200 35% Veco 65% Vcco Veco +0.200 0.450 Vcco-0.450 | Note5 | Note5
LVCMOS18 -0.200 35% Veco 65% Vcco Vcco + 0.200 0.450 Vcco-0.450 | Note5 | Note5
LVDCI_15 -0.200 35% Vcco 65% Vcco Vcco +0.200 0.450 Vceo - 0.450 7.0 -7.0
LVDCL_18 -0.200 35% Veco 65% Vcco Veco + 0.200 0.450 Veco - 0.450 7.0 -7.0
SSTL12 -0.200 | Vggr-0.100 Vger + 0.100 Veco + 0.200 | Veco/2 - 0.150 | Veco/2 +0.150 8.0 -8.0
SSTL135 -0.200 Vger - 0.090 Vger + 0.090 Vcco +0.200 | Veco/2-0.150 | Veco/2 +0.150 9.0 -9.0
SSTL15 -0.200 | Vggr-0.100 Vrer + 0.100 Veco +0.200 | Veco/2-0.175 | Veeo/2 +0.175 | 10.0 -10.0
SSTL18.1 -0.200 | Vggr-0.125 Vger + 0.125 Veco + 0.200 | Veco/2 - 0.470 | Veco/2 +0.470 7.0 -7.0
MIPI_DPHY_DCI_LP® -0.200 0.550 0.880 Vcco +0.200 0.050 1.100 0.01 -0.01

Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User

Guide (UG861).

No v s w
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POD10 and POD12 DC input and output levels are shown in Table 13, Table 21, and Table 23.
Supported drive strengths of 2, 4, 6, or 8 mA in HP I/O banks.

Supported drive strengths of 2, 4, 6, 8, or 12 mA in HP I/O banks.
Low-power option for MIPI_DPHY_DCI.
When operating at data rates greater than 1500 Mb/s, the minimum Vy is 0.790V. MIPI D-PHY data rates are outlined in Table 36.
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Spartan UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

Table 12: SelectIO DC Input and Output Levels for XP5I0 I/O Banks

Vi VoL VoH IoL Ion
1/0 standard’ 23 - - -
V, Min V, Max V, Min V, Max V, Max V, Min mA mA
HSTL_I -0.200 50% Vcco - 50% Vceo +0.200 0.400 Vceo - 0.400 5.8 -5.8
0.100 Vceo +0.100
HSTL 112 20200 | 50% Veeo - 50% Veco + 0.200 25% Veeo 75% Veco 4.1 4.1
0.080 Veco + 0.080
HSUL_12 -0.200 50% Vcceo - 50% Vceo + 0.200 20% Vcco 80% Vcco 0.1 -0.1
0.130 Veco + 0.130
LVCMOS10 -0.100 30% Vcco 70% Vcco Vceo 0.400 Vceo - 0.400 Note 4 Note 4
LVCMOS11 -0.100 35% Vcco 65% Vcco Vceo 0.400 Vceo - 0.400 Note 4 Note 4
LVCMOS12 20200 | 35%Veeo 65% Veco Veco + 0.200 0.400 Veco- 0400 | Note4 | Note4
LVCMOS135 -0.200 35% Vcco 65% Vcco Vceo +0.200 0.400 Vceo - 0.400 Note 4 Note 4
LVCMOS15 -0.200 35% Vcco 65% Vcco Vceo +0.200 0.450 Vceo - 0.450 Note 5 Note 5
LVDCI_15/HSLVDCI 15 | -0.200 |  35% Vcco 65% Veco Veco + 0.200 0.450 Veeo - 0.450 7.0 7.0
SSTL12 -0.200 50% Vcco - 50% Vceo +0.200 Vecof/2 - 0.150 | Veco/2 +0.150 8.0 -8.0
0.100 Vceo +0.100
SSTL135 20200 | 50% Veeo - 50% Veco +0.200 | Veco/2 -0.150 | Veco/2 +0.150 | 9.0 9.0
0.090 Veco +0.090
SSTL15 -0.200 50% Vcco - 50% Vceo + 0.200 Vcco/2-0.175 | Vecof/2 +0.175 10.0 -10.0
0.100 Veco + 0.100
Notes:

1. Tested according to relevant specifications.

2. Standards specified using the default 1/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User

Guide (UG861).

3. POD10and POD12 DC input and output levels are shown in Table 14, Table 20, and Table 22.

. Supported drive strengths of 2, 4, 6, or 8 mA in XP5IO0 I/O banks.
5. Supported drive strengths of 2, 4, 6, 8, or 12 mA in XP5I0 I/O banks.

Table 13: DC Input Levels for Single-ended POD10 and POD12 I/O Standards for HP I/O Banks

12 Vi VIH
I/0 Standard" - 3
V, Min V, Max V, Min V, Max
POD10 -0.200 Vger - 0.068 Vger + 0.068 Vcco + 0.200
POD12 -0.200 Vgrer - 0.068 Vger + 0.068 Vceo + 0.200
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectlO Resources User

Guide (UG861).
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Table 14: DC Input Levels for Single-ended POD10, POD12, LVSTL_11, LVSTL06_12, and LVSTL05_10
I/0 Standards for XP5IO I/O Banks

Vi Vi
V, Min V, Max V, Min V, Max
POD10 -0.200 70% Vcco - 0.068 70% Vo + 0.068 Vcco + 0.200
POD12 -0.200 70% Vcco - 0.068 70% Vcco + 0.068 Vcco +0.200
LVSTLO5_10
LVSTLO6_12
LVSTL11

I/O Standard'- 2

Notes:
1. Tested according to relevant specifications.

2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User
Guide (UG861).

Table 15: Differential SelectIO DC Input and Output Levels for HP I/O Banks

Viem (V) Vip (V)? Viws® | Vinus® Vocm (V)4 Vop (V)?
Min | Typ | Max | Min | Typ | Max| Min Max | Min | Typ | Max | Min | Typ | Max
SUB_LVDS? 0.500 | 0.900 | 1.300 | 0.070 - - - - 0.700 | 0.900 | 1.100 | 0.100 | 0.150 | 0.200
LVPECL 0.300 | 1.200 | 1.425 | 0.100 | 0.350 | 0.600 - - - - - - - -
SLVS_400_18 0.070 | 0.200 | 0.330 [ 0.140 | - ] 0.450 - - - - - - - -
SLVS_400_25 0.070 | 0.200 | 0.330 | 0.140 - 0.450 - - - - - - - -

MIPI_DPHY for 0.070 - 0.330 | 0.070 - - -0.040 0.460 0.150 | 0.200 | 0.250 | 0.140 | 0.200 | 0.270
operation < 1.5 GB/s?

MIPI_DPHY for 0.070 - 0.330 | 0.040 - - -0.040 0.460 0.150 | 0.200 | 0.250 | 0.140 | 0.200 | 0.270
operation > 1.5 GB/s?

I/0 Standard

Notes:

Vicwm is the input common mode voltage.

Vip is the input differential voltage (Q - Q).

Viuns and Vy s are the single-ended input high and low voltages, respectively.

Vocwm is the output common mode voltage.

Vop is the output differential voltage (Q - Q).

LVDS_25 is specified in Table 25.

LVDS is specified in Table 27.

The SUB_LVDS receiver is supported in HP I/O and HD I/O banks. The SUB_LVDS transmitter is supported only in HP I/O banks.

High-speed option for MIPI_DPHY. The V)p maximum is aligned with the standard's specification. A higher Vip is acceptable as long as
the Vyy specification is also met.

W N A~ WN =
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Table 16: Complementary Differential SelectIO DC Input and Output Levels for HD I/O Banks

Spartan UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

1/0 standard Viem (V) Vip (V)? Vo (V)3 Vo (V)* IoL Ion
Min Typ | Max | Min | Max Max Min mA mA
DIFF_HSTL_I 0.300 0.750 1.125 0.100 - 0.400 Vceo - 0.400 8.0 -8.0
DIFF_HSTL_I_18 0.300 | 0.900 | 1.425 | 0.100 - 0.400 Vcco - 0.400 8.0 -8.0
DIFF_HSUL_12 0.300 | 0.600 | 0.850 | 0.100 - 20% Veco 80% Vcco 0.1 -0.1
DIFF_SSTL135 0.300 | 0.675 | 1.000 | 0.100 - (Vecol2) - 0.150 (Vcco/2) +0.150 8.9 -8.9
DIFF_SSTL15 0.300 | 0.750 | 1.125 | 0.100 - (Vcco/2) - 0.175 (Vccof2) +0.175 8.9 -8.9
DIFF_SSTL18_1 0.300 | 0.900 | 1.425 | 0.100 - (Veco/2) - 0.470 (Veco/2) +0.470 8.0 -8.0
Notes:
1. Vicwm is the input common mode voltage.
2. Vpisthe input differential voltage.
3. Vp_is the single-ended low-output voltage.
4. Voy is the single-ended high-output voltage.
Table 17: Complementary Differential SelectIO DC Input and Output Levels for HP I/O Banks
1/0 Standard! Viem (V)? Vip (V)3 Vo (V)* Von (V)? IoL | Ion
Min Typ Max Min | Max Max Min mA | mA
DIFF_HSTL_I 0.680 Vecol2 | (Vecof2) #0.150 | 0.100 | - 0.400 Vcco - 0.400 58 | -5.8
DIFF_HSTL_I_12 0.400 x V¢co Vecol2 0.600 x Vcco 0.100 | - 0.250 x Vcco 0.750 x Vcco 41 | -4.1
DIFF_HSTL_I_18 (Veco/2) -0.175 | Vecof2 | (Veco/2) +0.175 | 0.100 | - 0.400 Vceo - 0.400 6.2 | -6.2
DIFF_HSUL_12 (Vcco/2) - 0.120 | Vecof2 | (Veco/2) +0.120 | 0.100 | - 20% Vcco 80% Vcco 0.1 | -0.1
DIFF_SSTL12 (Vcco/2) -0.150 | Vecof2 | (Veco/2) +0.150 | 0.100 | - (Vcco/2) - 0.150 (Vcco/2) +0.150 | 8.0 | -8.0
DIFF_SSTL135 (Veco/2) - 0.150 | Veco/2 | (Veco/2) +0.150 | 0100 | - (Veco/2) - 0.150 (Vccof2) +0.150 | 9.0 | -9.0
DIFF_SSTL15 (Vcco/2) - 0.175 | Vecof2 | (Veco/2) +0.175 | 0.100 | - (Vecol2) - 0.175 (Vcco/2) +0.175 | 10.0 | -10.0
DIFF_SSTL18_I (Vcco/2) -0.175 | Vecof2 | (Veco/2) +0.175 | 0.100 | - (Vccol2) - 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 19, Table 21, and Table 23.

vk W

DS930 (v1.0) January 24, 2025
Advance Product Specification

Vicm is the input common mode voltage.
Vip is the input differential voltage.
VoL is the single-ended low-output voltage.

Vo is the single-ended high-output voltage.
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Spartan UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

Table 18: Complementary Differential SelectIO DC Input and Output Levels for XP5I0 I/0 Banks

1/0 Standard Viem (V)' Vip (V)2 Vo (V)? Vou (V)* IoL | Ion
Min Typ Max Min | Max Max Min mA | mA

DIFF_HSTL_I 0.680 Vecol2 | (Vecof2) +#0.150 | 0.100 | - 0.400 Vcco - 0.400 58 | -5.8
DIFF_HSTLI 12 0.400 X Veco Vecol2 0.600 X Vcco 0.100 | - 0.250 X Vcco 0.750 X Vcco 4.1 | -4.1
DIFF_HSUL_12 (Veco/2)-0.120 | Vecof2 | (Vecof2) +0.120 [ 0100 | - 20% Vcco 80% Vcco 0.1 | -0.1
DIFF_SSTL12 (Vecol2) - 0.150 | Veco/2 | (Veco/2) +0.150 | 0.100 | - (Veco/2) - 0.150 (Veco/2)+0.150 | 8.0 | -0.8
DIFF_SSTL135 (Veco/2) - 0.150 | Vecof2 | (Vecof2) +0.150 [ 0.100 | - (Veco/2) - 0.150 (Vcco/2) +0.150 | 9.0 | -9.0
DIFF_SSTL15 (Veco/2)-0.175 | Veco/2 | (Vecof2) +0.175 [ 0100 | - (Veco/2) - 0.175 (Vcco/2) +0.175 [ 10.0 | -10.0

Notes:

1. Vicwm is the input common mode voltage.

Vpp is the input differential voltage.

2.
3. Vg_is the single-ended low-output voltage.
4.

Vo is the single-ended high-output voltage.

Table 19: DC Input Levels for Differential POD10 and POD12 I/0 Standards for HP I/O Banks

I/0 Standard": 2 View (V) Vio (V)
Min Typ Max Min Max
DIFF_POD10 0.630 0.700 0.770 0.140 -
DIFF_POD12 0.756 0.840 0.924 0.160 -
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User

Guide (UG861).

Table 20: DC Input Levels for Differential POD10, POD12, LVSTL_11, LVSTL06_12, and LVSTL05_10 I/O
Standards for XP5I0 I/O Banks

Viem (V) Vip (V)
I/0 Sstandard": 2 - -
Min Typ Max Min Max
DIFF_POD10 0.630 0.700 0.770 0.140 -
DIFF_POD12 0.756 0.840 0.924 0.160 -

DIFF_LVSTL05_10

DIFF_LVSTLO06_12

DIFF_LVSTL_11

Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User

Guide (UG861).
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Table 21: DC Output Levels for Single-ended and Differential POD10 and POD12 Standards for HP
I/0 Banks

Symbol Description’: 2 Vour Min Typ Max | Units
RoL Pull-down resistance Vom_pc (as described in Table 23) 36 40 44 Q
Ron Pull-up resistance Vowm pc (as described in Table 23) 36 40 44 Q
Notes:

1. Tested according to relevant specifications.

2. Standards specified using the default I/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User
Guide (UG861).

Table 22: DC Output Levels for Single-ended and Differential POD10, POD12, LVSTL_11, LVSTL06_12,
and LVSTLO5 10 Standards for XP5IO I/O Banks

StaIr{c?ard Symbol Description’: 2 Vour Min Typ Max | Units
POD10, RoL Pull-down resistance Vom pc (as described in Table 24) 32 40 48 Q
POD12 RoH Pull-up resistance Vom pc (as described in Table 24) 32 40 48 Q
LVSTLO05_10 | RoL Pull-down resistance Vocm_pe_Low Q

Ron Pull-up resistance VoM pe_HIGH Q
LVSTL06_12 | RoL Pull-down resistance Vocm_pe_Low Q

RoH Pull-up resistance Vocm_pe_HiGH Q
LVSTL11 RoL Pull-down resistance Vom pc (as described in Table 24) Q

Ron Pull-up resistance Vom pc (as described in Table 24) Q
Notes:

1. Tested according to relevant specifications.

2. Standards specified using the default 1/O standard configuration. For details, see the Spartan UltraScale+ FPGAs SelectIO Resources User
Guide (UG861).

Table 23: Definitions for DC Output Levels for Single-ended and Differential POD10 and POD12
Standards for HP I/O Banks

Symbol Description All Speed Grades Units

Vom bc DC output Mid measurement level (for IV curve linearity) 0.8 X Vcco \'

Table 24: Definitions for DC Output Levels for Single-ended and Differential POD10, POD12,
LVSTL_11, LVSTL06_12, and LVSTL05_10 Standards for XP5I0 I/O Banks

I/0 Standard Symbol Description All Speed Grades Units
POD10, POD12 Vom bc DC output Mid measurement level (for IV curve linearity)
LVSTL_11 Vom bc DC output Mid measurement level (for IV curve linearity) Vv
LVSTL05_10 Vom bc DC output Mid measurement level (for IV curve linearity) Vv
LVSTLO6_12 Vom_pc_Low DC output Mid measurement level (for IV curve linearity), \'
drive logic Low
Vom_DC_HIGH DC output Mid measurement level (for IV curve linearity), Vv
drive logic High
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LVDS DC Specifications (LVDS_25)

The LVDS_25 standard is available in the HD I/O banks. See the Spartan UltraScale+ FPGAs SelectlO Resources
User Guide (UG861) for more information.

Table 25: LVDS_25 DC Specifications

Symbol DC Parameter Min Typ Max | Units
Veco Supply voltage 2.425 2.500 2.575 Vv
VipIFe DiffeLentiaI input voltage: 100 350 600 mV

(Q- Q). Q=High

(Q-Q), Q=High
Viem Input common-mode voltage 0.300 1.200 1.425 \'%
Notes:

1. LVDS_25in HD I/O banks supports inputs only. LVDS_25 inputs without internal termination have no V¢co 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 Vyy I/O pin
voltage.

2. Maximum Vipper value is specified for the maximum Vicy specification. With a lower Vicy, a higher Vpy is tolerated only when the
recommended operating conditions and overshoot/undershoot Vyy specifications are maintained.

LVDS DC Specifications (LVDS15)

The LVDS15 standard is available in the XP5IO 1/O banks. See the Spartan UltraScale+ FPGAs SelectlO Resources
User Guide (UG861) for more information.

Table 26: LVDS_15 DC Specifications

Symbol DC Parameter Conditions Min Typ Max | Units
Veco! Supply voltage 1.455 1.500 1.545 Y
Vopire Differential output voltage: Rt =100Q across Q and Q signals 247 350 454 mV

(Q-Q), Q=High

(Q-Q), Q=High
Vocm? Output common-mode voltage Rt =100Q across Q and Q signals 1.000 1.200 1.320 Vv
Vipiee® Differential input voltage: 100 350 6003 mV

(Q-Q), Q= High

(Q-Q), Q=High
Viem_ pc? Input common-mode voltage (DC coupling) 0.300 1.200 1.320 v
Viem ac® Input common-mode voltage (AC coupling) 200 - 330 mV
Notes:

1. In XP5IO banks, when LVDS is used with input-only functionality, it can be placed in a bank where the V¢cq 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 Vyy I/O pin voltage.

2. Vocm and Voprrr Values are for LVDS_PRE_EMPHASIS = FALSE.

3. Maximum Vipper value is specified for the maximum Vicy specification. With a lower Vicy, a higher Vpy is tolerated only when the
recommended operating conditions and overshoot/undershoot Vyy specifications are maintained.

4. Input common mode voltage for DC coupled configurations. EQUALIZATION = EQ_NONE (Default).

5. AC coupling with external bias and external differential termination with EQUALIZATION settings enabled. EQUALIZATION = EQ_LEVELO,
EQ_LEVEL1, EQ_LEVEL2, EQ_LEVEL3, or EQ_LEVEL4, any setting except EQ_NONE.
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LVDS DC Specifications (LVDS)

The LVDS standard is available in the HP I/O banks. See the Spartan UltraScale+ FPGAs SelectlO Resources User
Guide (UG861) for more information.

Table 27: LVDS DC Specifications

Symbol DC Parameter Conditions Min Typ Max | Units
Veeo! Supply voltage 1.746 1.800 1.854 Vv
Vobrre2 Differential output voltage: Rt =100Q across Q and Q signals 247 350 454 mV

(9 -Q), 9 = High
(Q-Q), Q=High
Vocm? Output common-mode voltage Rt =100Q across Q and Q signals 1.000 1.250 1.425 Vv
Vipiees Differential input voltage: 100 350 6003 mv
(9 -Q), 9 = High
(Q-Q), Q=High
Viem pc? Input common-mode voltage (DC coupling) 0.300 1.200 1.425
Viem ac® Input common-mode voltage (AC coupling) 0.600 - 1.100
Notes:

1. In HPI/O banks, when LVDS is used with input-only functionality, it can be placed in a bank where the Vg 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 Vyy I/O pin voltage.

2. Vocm and Voprrr values are for LVDS_PRE_EMPHASIS = FALSE.

3. Maximum Viper value is specified for the maximum Vicy specification. With a lower Vicy, a higher Vpy is tolerated only when the
recommended operating conditions and overshoot/undershoot Vyy specifications are maintained.

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_LEVELO, EQ_LEVEL1, EQ_LEVEL2,
EQ_LEVEL3, EQ_LEVELA4.

AC Switching Characteristics

All values represented in this data sheet are based on the speed specifications in the AMD Vivado™ Design
Suite as outlined in the following table.

Table 28: Speed Specification Version By Device

2024.2.1 Device
1.10 XCSU10P, XCSU25P, XCSU35P

Switching characteristics are specified on a per-speed-grade basis and can be designated as Advance,
Preliminary, or Production. Each designation is defined as follows:

¢ Advance Product Specification: These specifications are based on simulations only and are typically available
soon after device design specifications are frozen. Although speed grades with this designation are
considered relatively stable and conservative, some under-reporting might still occur.

¢ Preliminary Product Specification: These specifications are based on complete ES (engineering sample)
silicon characterization. Devices and speed grades with this designation are intended to give a better
indication of the expected performance of production silicon. The probability of under-reporting delays is
greatly reduced as compared to Advance data.
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¢ Product Specification: These specifications are released once enough production silicon of a particular
device family member has been characterized to provide full correlation between specifications and devices
over numerous production lots. There is no under-reporting of delays, and customers receive formal
notification of any subsequent changes. Typically, the slowest speed grades transition to production before
faster speed grades.

Testing of AC Switching Characteristics

Internal timing parameters are derived from measuring internal test patterns. All AC switching characteristics
are representative of worst-case supply voltage and junction temperature conditions.

For more specific, more precise, and worst-case guaranteed data, use the values reported by the static timing
analyzer and back-annotate to the simulation net list. Unless otherwise noted, values apply to all Spartan
UltraScale+ FPGAs.

Speed Grade Designations

Because individual family members are produced at different times, the migration from one category to another
depends completely on the status of the fabrication process for each device. Table 29 correlates the current
status of the Spartan UltraScale+ FPGAs on a per speed grade basis.

Table 29: Speed Grade Designations by Device

Devi Speed Grade, Temperature Ranges, and V¢cyt Operating Voltages
evice

Advance Preliminary Production

XCSU10P -2E (VCCINT = 085V), -21 (VCCINT = 085V)
-1E (VCCINT = 085V), -11 (VCCINT = 085V)
-1LI (Ve = 0.85V)!
“1LI (Ve = 0.72V)!

XCSU25P -2E (VCCINT = 085V), -21 (VCCINT = 085V)
-1E (Ve = 0.85V), -11 (Ve = 0.85V)
“1LI (Ve = 0.85V)!
LI (Ve = 0.72V)

XCSU35P -2E (Vear = 0.85V), -2I (Ve = 0.85V)
-1E (Veanr = 0.85V), -11 (Veent = 0.85V)
-1LI (Ve = 0.85V)!
-1LI (Ve = 0.72V)!

XCSU50P -2E (Ve = 0.85V), 21 (Ve = 0.85V)
-1E (Veemnt = 0.85V), -11 (Ve = 0.85V)
-1LI (Ve = 0.85V)
-1LI (VCCINT = 072V)1

XCSU55P -2E (Veemnt = 0.85V), <21 (Ve = 0.85V)
-1E (Veemnt = 0.85V), -11 (Ve = 0.85V)
-1LI (VCCINT = 085V)1
-1LI (VCCINT = 072V)1

XCSU65P -2E (Veemnt = 0.85V), -21 (Ve = 0.85V)
-1E (VCCINT = 085V), -11 (VCCINT = 085V)
-1LI (VCCINT = 085V)1
“1LI (Ve = 0.72V)!
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Table 29: Speed Grade Designations by Device (cont'd)

Devi Speed Grade, Temperature Ranges, and V¢cyt Operating Voltages
evice

Advance Preliminary Production

XCSU100P -2E (VCCINT = 085V), -21 (VCCINT = 085V)
-1E (VCCINT = 085V), -11 (VCCINT = 085V)
-1LI (Ve = 0.85V)!
“1LI (Ve = 0.72V)!

XCSU150P -2E (VCCINT = 085V), -21 (VCCINT = 085V)
-1E (Ve = 0.85V), -11 (Ve = 0.85V)
“1LI (Ve = 0.85V)!
1L (Ve = 0.72V)

XCSU200P -2E (Vear = 0.85V), -2I (Veeunt = 0.85V)
-1E (Veanr = 0.85V), -11 (Ve = 0.85V)
-1LI (Ve = 0.85V)!
-1LI (Ve = 0.72V)!

Notes:

1. The lowest power -1L devices, where V¢cint = 0.72V, are listed in the Vivado Design Suite as -1LV. Otherwise, the -1L devices, where
Veernt = 0.85V, are listed in the Vivado Design Suite as -1L.

Production Silicon and Software Status

In some cases, a particular family member (and speed grade) is released to production before a speed
specification is released with the correct label (Advance, Preliminary, Production). Any labeling discrepancies are
corrected in subsequent speed specification releases.

Table 30 lists the production released Spartan UltraScale+ FPGA, speed grade, and the minimum corresponding
supported speed specification version and Vivado software revisions. The Vivado software and speed
specifications listed are the minimum releases required for production. All subsequent releases of software and
speed specifications are valid.

Table 30: Spartan UltraScale+ FPGA Device Production Software and Speed Specification Release

Speed Grade and V¢t Operating Voltages
Device 0.85Vv 0.72v
-2 -1 -1L -1L

XCSU10pP
XCSU25P
XCSU35P
XCSU50pP
XCSU55P
XCSU65P
XCSU100P
XCSU150P
XCSU200P

Notes:
1. Blank entries indicate a device and/or speed grade in Advance or Preliminary status.
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FPGA Logic Performance Characteristics

This section provides the performance characteristics of some common functions and designs implemented in
the Spartan UltraScale+ FPGAs. These values are subject to the same guidelines as the AC Switching

Characteristics section.

In each of the following LVDS performance tables, the 1/0 bank type is either high performance (HP), high

density (HD), or XP5IO.

In LVDS component mode:

e For the input/output registers in HP I/O banks, the Vivado tools limit clock frequencies to 312.9 MHz for all

speed grades.

e For IDDR in HP I/O banks, Vivado tools limit clock frequencies to 625.0 MHz for all speed grades.
e For ODDR in HP 1/0O banks, Vivado tools limit clock frequencies to 625.0 MHz for all speed grades.

Table 31: LVDS Component Mode Performance

Speed Grade and V¢cnt Operating Voltages

Description I/.?. Bank 085V 0.72V Units
ype -2 -1 -1
Min Max Min Max Min Max

LVDS TX DDR (OSERDES 4:1, 8:1) HP 0 1250 0 1250 0 1250 Mb/s
LVDS TX SDR (OSERDES 2:1, 4:1) HP 0 625 0 625 0 625 Mb/s
LVDS RX DDR (ISERDES 1:4, 1:8)" HP 0 1250 0 1250 0 1250 Mb/s
LVDS RX DDR HD 0 250 0 250 0 250 Mb/s
LVDS RX SDR (ISERDES 1:2, 1:4)" HP 0 625 0 625 0 625 Mb/s
LVDS RX SDR HD 0 125 0 125 0 125 Mb/s
Notes:

1. LVDS receivers are typically bounded with certain applications to achieve maximum performance. Package skews are not included and

should be removed through PCB routing.
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Table 32: LVDS Native Mode Performance

Speed Grade and V¢cnt Operating Voltages
0.85V 0.72v
Description:2 DATA wipTH | 1/O Bank Units
Type .23 .13 .13
Min Max Min Max Min Max
LVDS TX DDR 4 HP 375 1600 375 1600 375 1260 Mb/s
(TX_BITSLICE)
8 375 1600 375 1600 375 1600 Mb/s
LVDS TX SDR 4 HP 187.5 800 187.5 800 187.5 630 Mb/s
TX_BITSLICE
(X ) 8 187.5 800 187.5 800 187.5 800 Mb/s
LVDS RX DDR 4 HP 375 1600° 375 1600° 375 1260° Mb/s
RX_BITSLICE)*
(RX. ) 8 375 1600° 375 1600° 375 1600° Mb/s
LVDS RX SDR 4 HP 187.5 800 187.5 800 187.5 630 Mb/s
(RX_BITSLICE)*
8 187.5 800 187.5 800 187.5 800 Mb/s

Notes:

1. Native mode is supported through the High-Speed SelectIO Interface Wizard available with the Vivado Design Suite. The performance
values assume a source-synchronous interface.

2. PLL settings can restrict the minimum allowable data rate. For example, when using the PLL with CLKOUTPHY_MODE = VCO_HALF the
minimum frequency is PLL_Fycomin/2-

3. Inthe CMVA361, CMVA529, CMVB529, SBVC529, and SBVB625 packages, the maximum data rate is 1260 Mb/s for DDR interfaces and
630 Mb/s for SDR interfaces.

4. LVDS receivers are typically bounded with certain applications to achieve maximum performance. Package skews are not included and
should be removed through PCB routing.

5. Asynchronous receiver performance is limited to 1300 Mb/s for -2 speed grades and to 1250 Mb/s for -1 speed grades.
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Table 33: MIPI D-PHY Performance

Speed Grade and V¢t
Operating Voltages
Description I/0 Bank Type Packages 0.85V 0.72V Units
-2 -1 -1
Maximum MIPI D-PHY transmitter or receiver XP5I0 I/O SBVF784 3200 3200 - Mb/s
data rate per lane’ SBVG784
SBVA1024
FSVG1156
CMVB529 2500 2500 - Mb/s
SBVC529
HP I/O FSVG1156 2500 2500 2500 Mb/s
SBVF784 2500 2500 2500 Mb/s
SBVG784
SBVA1024
CMVA361 1500 1500 1500 Mb/s
CMVA529
CMVB529
SBVC529
SBVB625

Notes:
1. For applicable conditions, the lower maximum data rate applies.

Table 34: LVDS Native-Mode 1000BASE-X Support

Speed Grade and V¢cnt Operating Voltages
Description’ I/0 Bank Type 0.85Vv 0.72v
-2 -1 -1
1000BASE-X HP Yes

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

The following table provides the maximum data rates for applicable memory standards using the Spartan
UltraScale+ FPGA memory PHY. Refer to Memory Solutions 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 User Guide (UG583), electrical analysis, and characterization of the system.

DS930 (v1.0) January 24, 2025
Advance Product Specification send Feedback 24


https://www.xilinx.com/memory
https://docs.amd.com/go/en-US/ug583-ultrascale-pcb-design
https://www.amd.com/en/forms/feedback/document-feedback.html?docType=Data_Sheets&docId=DS930&Title=Spartan%20UltraScale+%20FPGA%20Data%20Sheet&releaseVersion=1.0&docPage=24

AMDA

Spartan UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

Table 35: Maximum Physical Interface (PHY) Rate for Integrated Memory Interface Controller

Speed Grade and V¢cnt Operating

Voltages
Memory Standard | I/O Bank Type DRAM Type Packages 0.85V 0.72V Units
-2 -1 -1
LPDDR5/LPDDR5Xx XP5IO Single rank component SBVF784 4267 3733 Mb/s
SBVG784
SBVA1024
FSVG1156
CMVB529 2667 2667 Mb/s
SBVC529
LPDDR4X XP5IO Single rank component FSVG1156 4267 3733 Mb/s
SBVF784 4267 3733 Mb/s
SBVG784
SBVA1024
CMVB529 2667 2667 Mb/s
SBVC529
Table 36: Maximum Physical Interface (PHY) Rate for Soft Memory Interface Controller
Speed Grade and V¢cnt Operating
Voltages
Memory Standard | I/O Bank Type DRAM Type Packages 0.85V 0.72V Units
-2 -1 -1
DDR4 HP I/O Single rank component SBVF784 2400 2133 1866 Mb/s
SBVG784
SBVA1024
FSVG1156
CMVA361 1866 1866 1866 Mb/s
CMVA529
CMVB529
SBVC529
SBVB625
FPGA Logic Switching Characteristics
DS930 (v1.0) January 24, 2025
Advance Product Specification send Feedback 25



https://www.amd.com/en/forms/feedback/document-feedback.html?docType=Data_Sheets&docId=DS930&Title=Spartan%20UltraScale+%20FPGA%20Data%20Sheet&releaseVersion=1.0&docPage=25

AM D‘l Spartan UltraScale+ FPGA Data Sheet: DC and AC Switching Characteristics

Block RAM and FIFO Switching Characteristics

Table 37: Block RAM and FIFO Switching Characteristics

Speed Grade and V¢cnt Operating Voltages

Symbol Description 0.85Vv 0.72v Units
-2 -1 -1
Maximum Frequency
Fmax wr NC Block RAM (WRITE_FIRST and NO_CHANGE modes) MHz
FMAX_RF Block RAM (READ_FIRST mode) MHz
FMAX_FIFO FIFO in all modes without ECC MHz
Fmax_ecc Block RAM and FIFO in ECC configuration without MHz
PIPELINE
Block RAM and FIFO in ECC configuration with MHz

PIPELINE and Block RAM in WRITE_FIRST or
NO_CHANGE mode

Tow' Minimum pulse width ps
Block RAM and FIFO Clock-to-Out Delays

Treko_po Clock CLK to DOUT output (without output register) 1.02 1.103 1.529 ns, Max
TRCKO_DO_REG Clock CLK to DOUT output (with output register) 0.281 0.299 0.433 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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UltraRAM Switching Characteristics

Table 38: UltraRAM Switching Characteristics

Speed Grade and V¢cnt Operating Voltages

Symbol Description 0.85Vv 0.72v Units
-2 -1 -1

Maximum Frequency

Fmax UltraRAM maximum frequency with OREG_B = True 600 575 481 MHz

Fmax_ecc_noprpeLine | UltraRAM maximum frequency with OREG_B = False 400 386 303 MHz
and EN_ECC_RD_B =True

FMAX_NOPIPELINE UltraRAM maximum frequency with OREG_B = False 500 478 389 MHz
and EN_ECC_RD_B = False

Tow' Minimum pulse width 700 730 832 ps

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

Notes:

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

Input/Output Delay Switching Characteristics

Table 39: Input/Output Delay Switching Characteristics

Speed Grade and V¢cint Operating Voltages
Symbol Description 0.85v 0.72v Units
-2 -1 -1

FrercLk Reference clock frequency for IDELAYCTRL 300 to 800 MHz
(component mode)

Reference clock frequency when using 300 to 800 MHz
BITSLICE_CONTROL with REFCLK (in native
mode (for RX_BITSLICE only))

Reference clock frequency for 300 to 2666.67 300 to 2400 300 to 2133 MHz

BITSLICE_CONTROL with PLL_CLK (in native

mode)’
TMINPER_CLK Minimum period for IODELAY clock 3.195 3.195 3.195 ns
TMINPER_RST Minimum reset pulse width 52.00 ns
TIDELAY_RESOLUTION/ IDELAY/ODELAY chain resolution 2.1to012 ps

TODELAY_RESOLUTION

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_Fycomin/2-
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DSP48 Slice Switching Characteristics

Table 40: DSP48 Slice Switching Characteristics

Speed Grade and V¢cnt Operating Voltages

Symbol Description 0.85V 0.72v’ Units
-2 -1 -1

Maximum Frequency

Fmax With all registers used 775 645 600 MHz

FmAX_PATDET With pattern detector 687 571 524 MHz

FMAX_MULT NOMREG Two register multiply without MREG 544 456 413 MHz

FmAXx_MULT NOMREG_PATDET | TWO register multiply without MREG with 492 410 371 MHz
pattern detect

FMAX_PREADD_NOADREG Without ADREG 565 468 423 MHz

FMAX_NOPIPELINEREG Without pipeline registers (MREG, ADREG) 410 338 304 MHz

Fmax NopIPELINEREG PATDET | Without pipeline registers (MREG, ADREG) 379 314 280 MHz
with pattern detect

Notes:

1. For devices operating at the lower power Vccnt = 0.72V voltages, DSP cascades that cross the clock region center might operate below
the specified Fyax.

Clock Buffers and Networks

Table 41: Clock Buffers Switching Characteristics

Speed Grade and V¢cnt Operating Voltages
Symbol Description 0.85Vv 0.72v Units
-2 -1 -1

Global Clock Switching Characteristics (Including BUFGCTRL)

Fumax Maximum frequency of a global clock tree (BUFG) | 775 667 667 MHz
Global Clock Buffer with Input Divide Capability (BUFGCE_DIV)

Frmax Maximum frequency of a global clock buffer with input 775 667 667 MHz
divide capability (BUFGCE_DIV)

Global Clock Buffer with Clock Enable (BUFGCE)

Frmax Maximum frequency of a global clock buffer with clock 775 667 667 MHz
enable (BUFGCE)

Leaf Clock Buffer with Clock Enable (BUFCE_LEAF)

Fmax Maximum frequency of a leaf clock buffer with clock enable 775 667 667 MHz
(BUFCE_LEAF)

GTH Clock Buffer with Clock Enable and Clock Input Divide Capability (BUFG_GT)

Fmax Maximum frequency of a serial transceiver clock buffer 512 512 512 MHz
with clock enable and clock input divide capability
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MMCM Switching Characteristics

Table 42: MMCM Specification

Speed Grade and V¢cnt Operating Voltages

Symbol Description 0.85V 0.72v Units
-2 -1 -1

MMCM_Finmax Maximum input clock frequency 933 800 800 MHz

MMCM_FinmIN Minimum input clock frequency 10 10 10 MHz

MMCM_Finjirrer Maximum input clock period jitter < 20% of clock input period or 1 ns Max

MMCM_FinpuTy Input duty cycle range: 10-49 MHz 25-75 %
Input duty cycle range: 50-199 MHz 30-70 %
Input duty cycle range: 200-399 MHz 35-65 %
Input duty cycle range: 400-499 MHz 40-60 %
Input duty cycle range: >500 MHz 45-55 %

MMCM_Fpin_pscik Minimum dynamic phase shift clock frequency 0.01 0.01 0.01 MHz

MMCM_Fuax_pscLk Maximum dynamic phase shift clock 500 450 450 MHz
frequency

MMCM_Fycomin Minimum MMCM VCO frequency 800 800 800 MHz

MMCM_Fycomax Maximum MMCM VCO frequency 1600 1600 1600 MHz

MMCM_FgaNDWIDTH Low MMCM bandwidth at typical’ 1.00 1.00 1.00 MHz
High MMCM bandwidth at typical 4.00 4.00 4.00 MHz

MMCM_TsTATPHAOFFSET Static phase offset of the MMCM outputs? 0.12 0.12 0.12 ns

MMCM_ToutjrTer MMCM output jitter. Note 3

MMCM_ToutpuTy MMCM output clock duty cycle precision® 0.20 0.20 0.20 ns

MMCM_T | ockmax MMCM maximum lock time for 100 100 100 ps
MMCM _Fprpmin

MMCM_Foutmax MMCM maximum output frequency 775 667 667 MHz

MMCM_Foutmin MMCM minimum output frequency® 5 6.25 6.25 6.25 MHz

MMCM_TexTEDVAR External clock feedback variation < 20% of clock input period or 1 ns Max

MMCM_RSTyinpULSE Minimum reset pulse width 5.00 5.00 5.00 ns

MMCM_Fprpmax Maximum frequency at the phase frequency 500 450 450 MHz
detector

MMCM_Fpromin Minimum frequency at the phase frequency 10 10 10 MHz
detector

MMCM_TegpeLay Maximum delay in the feedback path 5 ns Max or one clock cycle

MMCM_Fpprecik max Maximum DRP clock frequency 250 250 250 MHz

Notes:

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

2. The static offset is measured between any MMCM outputs with identical phase.

3. Values for this parameter are available in the Clocking Wizard.

4. Includes global clock buffer.

5. Calculated as Fyco/128 assuming output duty cycle is 50%.
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PLL Switching Characteristics

Table 43: PLL Specification

Speed Grade and V¢cnt Operating Voltages

Symbol Description’ 0.85V 0.72v Units
-2 -1 -1
PLL_Finmax Maximum input clock frequency 933 800 800 MHz
PLL_FinmiIN Minimum input clock frequency 70 70 70 MHz
PLL_FinyrrTer Maximum input clock period jitter < 20% of clock input period or 1 ns Max
PLL_FinpuTy Input duty cycle range: 70-399 MHz 35-65 %
Input duty cycle range: 400-499 MHz 40-60 %
Input duty cycle range: >500 MHz 45-55 %
PLL_Fvcomin Minimum PLLE4 VCO frequency? 750 750 750 MHz
PLL_Fycomax Maximum PLLE4 VCO frequency? 1500 1500 1500 MHz
PLL_FycoHRrMIN Minimum PLLE4XP high range VCO frequency? 1075 1075 1075 MHz
PLL_FvcoHrmAx Maximum PLLE4XP high range VCO frequency? 1600 1600 1600 MHz
PLL