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& XILINX

Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

Table 1: Absolute Maximum Ratings(1) (Cont’d)

Symbol Description Min Max Units
VBATT Key memory battery backup supply. —0.500 2.000 \%
Ipc Available output current at the pad. -20 20 mA
Irms Available RMS output current at the pad. —20 20 mA
GTH or GTY Transceiver
VMGTAVCC Analog supply voltage for transceiver circuits. —0.500 1.000 \%
VMGTAVTT Analog supply voltage for transceiver termination circuits. —0.500 1.300 \Y

Auxiliary analog Quad PLL (QPLL) voltage supply for .
VmeTvecaux transceivers. 0.500 1.900 v
VMGTREFCLK Transceiver reference clock absolute input voltage. —0.500 1.300 \Y,
Analog supply voltage for the resistor calibration circuit of
VMGTAVTTRCAL | the transceiver column. —0.500 1.300 v
Vin Recelver (RXP/RXN) and transmitter (TXP/TXN) absolute _0.500 1.200 Vv
input voltage.
I DC input current for receiver input pins DC coupled RX _ 10 mA
DCIN-FLOAT termination = floating.(®
I DC input current for receiver input pins DC coupled RX _ 10 mA
DCIN-MGTAVTT | termination = VygTavTT-
I DC input current for receiver input pins DC coupled RX _ 0 mA
DCIN-GND termination = GND.(®)
I DC input current for receiver input pins DC coupled RX _ 0 mA
DCIN-PROG termination = programmable.(10)
I DC output current for transmitter pins DC coupled RX _ 6 mA
DCOUT-FLOAT termination = floating.
I DC output current for transmitter pins DC coupled RX _ 6 mA
DCOUT-MGTAVTT | termination = VygravTT-
System Monitor
Veeapce System Monitor supply relative to GNDADC. 0.500 2.000 \Y
VREEP System Monitor reference input relative to GNDADC. 0.500 2.000 \%
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Table 2: Recommended Operating Conditions(1)(2) (Cont’d)

Symbol ‘ Description ‘ Min ‘ Typ ‘ Max Units
GTH or GTY Transceiver
VmeTavecd® Analog supply voltage for the GTH or GTY transceiver. 0.873 | 0.900 0.927 \%
VMGTAVTT(lo) Anal_og supply_ vol_tage _for 'Fhe GTH or GTY transmitter and 1.164 1.200 1.236 v
receiver termination circuits.
Vmatveeaux® | Auxiliary analog QPLL voltage supply for the transceivers. | 1.746 1.800 1.854 \%
Analog supply voltage for the resistor calibration circuit of
(10)
VMGTAVTTRCAL the GTH or GTY transceiver column. 1.164 | 1.200 1.236 v
SYSMON
Veeabpe SYSMON supply relative to GNDADC. 1.746 | 1.800 1.854 \Y
SYSMON externally supplied reference voltage relative to
VREEP GNDADC. 1.200 1.250 1.300 Y,
Temperature
Junction temperature operating range for extended (E) o
. RER 0 — 100 C
temperature devices.
T.2) Junction tempera_ture operating range for industrial (1) _40 _ 100 oC
J temperature devices.
Junction te_mpt(alrg)ture 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 Architecture PCB Design Guide (UG583).
3. VCClNT_|O must be connected to VCCBRAM'
4. For Veco o, the minimum recommended operating voltage for power on and during configuration is 1.425V. After

configuration, data is retained even if Vg drops to OV.

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

6. Vccaux 10 must be connected to Vecaux-

7. The lower absolute voltage specification always applies.

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

9. If battery is not used, connect Vgatt to either GND or Vccaux-

10. Each voltage listed requires filtering as described in UltraScale Architecture GTH Transceiver User Guide (UG576) or
UltraScale Architecture GTY Transceiver User Guide (UG578).

11. 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 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.

12. 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 76) must
be accounted for in your design. For example, by using 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).

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

o
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Table 3: DC Characteristics Over Recommended Operating Conditions (Cont’d)

Symbol Description Min Typ® Max | Units
| | | |

Uncalibrated programmable on-die termination in HP 1/0 banks (measured per JEDEC specification).

Thevenin equivalent resistance of programmable input

— 0, [0)
termination to Veco/2 where ODT = RTT_40. 50% 40 +50% | Q
Thevenin equivalent resistance of programmable input _Eno o
termination to Veco/2 where ODT = RTT_48. 50% 48 +50% Q
Thevenin equivalent resistance of programmable input _Eno o
termination to Veco/2 where ODT = RTT_60. 50% 60 | +50% | Q
glg?rf:irgr_p?bdlz input termination to Voo Where _50% 40 +50% o)

R(9) - S—

Pog_?rzrgr??bl% input termination to Veco Where _50% 48 +50% o
(P)rlg_?rirgr_lr_l?bé% input termination to Vcco Where _50% 60 +50% Q
Zg_?rzrré??bitazénput termination to Vccg Where _50% 120 +50% o
Programmable input termination to Veco where _50% 240 +50% a

ODT = RTT_240.

Uncalibrated programmable on-die termination in HD 1/0 banks (measured per JEDEC specification).

R(®) Thevenin equivalent resistance of programmable input

— [0) [0)
termination to Vcco/2 where ODT = RTT_48. 50% 48 +50% Q
V X V X V X
0 CCO CCO CCO
50% Veco 0.49 0.50 0.51 v
Internal Vggr v v v
0 cco X cco X cco X
70% Veco 0.69 0.70 0.71 v
lefe!'ent_lal Programmable differential termination (TERM_100) 350 100 +35% o)
termination for HP 1/0 banks.
n Temperature diode ideality factor. — 1.026 — —
r Temperature diode series resistance. - 2 - Q
Notes:
1. Typical values are specified at nominal voltage, 25°C.
2. For HP 1/0 banks with a Vo of 1.8V and separated Vccp and Vecaux 1o Power supplies, the I maximum current is 70 pA.
3. This measurement represents the die capacitance at the pad, not including the package.
4. Maximum value specified for worst case process at 25°C.
5. Iga7T is measured when the battery-backed RAM (BBRAM) is enabled.
6. Do not program eFUSE during device configuration (e.g., during configuration, during configuration readback, or when

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

9. On-die input termination resistance, for more information see the UltraScale Architecture SelectlO Resources User Guide
(UG571).

® N
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V,ny Maximum Allowed AC Voltage Overshoot and Undershoot

Table 4: V,y Maximum Allowed AC Voltage Overshoot and Undershoot for HD 1/0 Banks(1)

AC Voltage Overshoot| 26 of Ul at —40°C to 100°C |AC Voltage Undershoot|%6 of Ul at —40°C to 100°C
Veeo + 0.30 100% —0.30 100%
Veco + 0.35 100% -0.35 90%
Veeo + 0.40 100% —0.40 78%
Veeo + 0.45 100% -0.45 40%
Veco + 0.50 100% —-0.50 24%
Veeo + 0.55 100% —-0.55 18.0%
Veeo + 0.60 100% —0.60 13.0%
Veco + 0.65 100% —-0.65 10.8%
Veeo + 0.70 92% —-0.70 9.0%
Veeo + 0.75 92% -0.75 7.0%
Veco + 0.80 92% —-0.80 6.0%
Veeo + 0.85 92% —-0.85 5.0%
Veeo + 0.90 92% —0.90 4.0%
Veco + 0.95 92% —-0.95 2.5%

Notes:

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

Table 5: V,y Maximum Allowed AC Voltage Overshoot and Undershoot for HP 1/0 Banks(1)(2)

AC Voltage Overshoot| %6 of Ul at —40°C to 100°C|AC Voltage Undershoot|2%6 of Ul at —40°C to 100°C
Vceo + 0.30 100% —-0.30 100%
Veeo + 0.35 100% -0.35 90%
Vceo + 0.40 92% —0.40 92%
Veeo + 0.45 50% —-0.45 50%
Veco + 0.50 20% —-0.50 20%
Veeo + 0.55 10% —-0.55 10%
Veeo + 0.60 6% —0.60 6%
Veeo + 0.65 2% -0.65 2%
Veeo + 0.70 2% -0.70 2%

Notes:

1. A total of 200 mA per bank should not be exceeded.
2. For Ul smaller than 20 ps.
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Quiescent Supply Current

Table 6: Typical Quiescent Supply Current(1)(2)(3)

Speed Grade and
Vceeint Operating Voltages
Symbol Description Device 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1

XCKU3P 1242 1181 1181 1037 1037 mA

XCKU5P 1242 1181 1181 1037 1037 mA

XCKU9P 1592 1523 1523 1356 1356 mA

lcoing | Quiescent Vecyn supply current. XCKU11P | 1780 | 1693 | 1693 | 1486 A& 1486 & mA
XCKU13P 1950 1864 1864 1658 1658 mA

XCKU15P 2677 2559 2559 2275 2275 mA

XCKU3P 61 59 59 59 59 mA

XCKU5P 61 59 59 59 59 mA

. XCKU9P 61 59 59 59 59 mA

lceinT_iog | Quiescent Vecinr_to SUPPlY current. ks 05 150 115 115 115 115 | mA
XCKU13P 61 59 59 59 59 mA

XCKU15P 164 158 158 158 158 mA

Iccog Quiescent Vo supply current. All devices 1 1 1 1 1 mA
XCKU3P 153 153 153 153 153 mA

XCKUS5P 153 153 153 153 153 mA

XCKU9P 227 227 227 227 227 mA

lccauxe | Quiescent Vecaux sUpPly current. XCKU11P | 255 255 255 255 255 | mA
XCKU13P 266 266 266 266 266 mA

XCKU15P 396 396 396 396 396 mA

XCKU3P 32 32 32 32 32 mA

XCKUS5P 32 32 32 32 32 mA

XCKU9P 33 33 33 33 33 mA

Iccaux_10g | Quiescent Vecaux 1o supply current. XCKULLP 6 6 6 6 6 A
XCKU13P 33 33 33 33 33 mA

XCKU15P 74 74 74 74 74 mA

XCKU3P 18 17 17 17 17 mA

XCKUS5P 18 17 17 17 17 mA

XCKU9P 25 24 24 24 24 mA

Icceramo | Quiescent Vecpram SUpply current. XCKULLP >3 o5 o5 - - A
XCKU13P 29 28 28 28 28 mA

XCKU15P 37 35 35 35 35 mA

Notes:

1. Typical values are specified at nominal voltage, 85°C junction temperatures (T;) with single-ended SelectlO™ resources.

2. Typical values are for blank configured devices with no output current loads, no active input pull-up resistors, all 1/0 pins
are 3-state and floating.

3. Use the Xilinx Power Estimator (XPE) spreadsheet tool (download at www.Xilinx.com/power) to estimate static power
consumption for conditions other than those specified.
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Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

DC Input and Output Levels

Values for Vj and Viy are recommended input voltages. Values for I, and Ioy are guaranteed over the
recommended operating conditions at the Vg and Vgy 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 Vo with the respective Vo and Vgy voltage levels shown. Other standards are sample

tested.

Table 9: SelectlO DC Input and Output Levels For HD 170 Banks(™(2)(3)

1/0 ViL ViH VoL VoH oL lon
Standard | v Min | V, Max V, Min V, Max V, Max V, Min mA | mA
HSTL_I —0.300 |Vggg — 0.100 | VRgg + 0.100 | Vo + 0.300 0.400 Vceo — 0.400 8.0 -8.0
HSTL_I_18 —0.300 |Vggr — 0.100 | Vggg + 0.100 | Vo + 0.300 0.400 Vceo — 0.400 8.0 -8.0
HSUL_12 —0.300 |VRggr — 0.130 | VRgg + 0.130 | Vo + 0.300 20% Vcco 80% Vcco 0.1 -0.1
LVCMOS12 —0.300 | 35% Vo 65% Vceo | Veco + 0.300 0.400 Vceo — 0.400 | Note 4 | Note 4
LVCMOS15 —0.300 | 35% Vo 65% Vceo | Veco + 0.300 0.450 Vcco — 0.450 | Note 5 | Note 5
LVCMOS18 —0.300 | 35% V¢co 65% Veeo | Veco + 0.300 0.450 Vceco — 0.450 | Note 5 | Note 5
LVCMOS25 —0.300 0.700 1.700 Vceo + 0.300 0.400 Vceco — 0.400 | Note 5 | Note 5
LVCMOS33 —0.300 0.800 2.000 3.400 0.400 Vceo — 0.400 | Note 5 | Note 5
LVTTL —0.300 0.800 2.000 3.400 0.400 2.400 Note 5 | Note 5
SSTL12 —0.300 |Vggg — 0.100 | VRgg + 0.100 | Vo + 0.300 | Veep/2 — 0.150 |Vecp/2 + 0.150| 14.25 | —14.25
SSTL135 —0.300 |Vggg — 0.090 | VReg + 0.090 | Vo + 0.300 | Veco/2 — 0.150 | Veeo/2 + 0.150| 8.9 -8.9
SSTL135_I1 | —0.300 |Vggg — 0.090 | Vggg + 0.090 | Voo + 0.300 | Veep/2 — 0.150 | Veeo/2 + 0.150| 13.0 | —13.0
SSTL15 —0.300 |Vggg — 0.100 | VRgg + 0.100 | Vo + 0.300 | Veep/2 — 0.175 |Veco/2 + 0.175| 8.9 -8.9
SSTL15_1I —0.300 |Vggg — 0.100 | VRgg + 0.100 | Vo + 0.300 | Veep/2 — 0.175 |Veeo/2 + 0.175| 13.0 | —13.0
SSTL18 | —0.300 |Vggg — 0.125 | VRgg + 0.125 | Vo + 0.300 | Veep/2 — 0.470 |Veco/2 + 0.470| 8.0 —-8.0
SSTL18 I —0.300 |Vggg — 0.125 | VRgg + 0.125 | Vg + 0.300 | Vecp/2 — 0.600 |Veco/2 + 0.600| 13.4 | —13.4
g::F;I—LE(PgY— —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 11, Table 15, Table 16, and Table 17.
4. Supported drive strengths of 4, 8, or 12 mA in HD 1/0 banks.
5. Supported drive strengths of 4, 8, 12, or 16 mA in HD 1/0 banks.
6. Low-power option for MIPI_DPHY_DCI.
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FPGA Logic Switching Characteristics

Table 28 (high-density IOB (HD)) and Table 29 (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 28: 10B High Density (HD) Switching Characteristics

TINBUF_DELAY_PAD_1I TouTBUF_DELAY_O_PAD TouTBUF_DELAY_TD_PAD
1/0 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| 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_I_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_II_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_11_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_II_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_1I_S | 0.928 |0.928|1.020|0.9281.020| 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 II_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_ II_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_1_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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Table 28: 10B High Density (HD) Switching Characteristics (Cont’d)

TINBUF_DELAY_PAD_1I TouTBUF_DELAY_O_PAD TouTBUF_DELAY_TD_PAD
1/0 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
HSTL_I_F 0.856 |0.856(0.900|0.856|0.900| 1.611 |1.611|1.762|1.611(1.762| 1.313 |1.313|1.417|1.313|1.417| ns
HSTL_I_S 0.856 |0.856|0.900|0.856|0.900| 1.798 |1.798|1.913|1.798|1.913| 1.630 |1.630|/1.780(1.630|1.780| ns
HSUL_12_F 0.780 |0.780(0.867|0.780|0.867| 1.573 |1.573|1.703|1.573|1.703| 1.222 |1.222|1.335|1.222(1.335| ns
HSUL_12_S 0.780 |0.780|0.867|0.780|0.867| 1.711 |1.711|1.864|1.711|1.864| 1.536 |1.536|1.665|1.536(1.665| ns
LVCMOS12_F_12 0.918 |0.918(0.976|0.918/0.976| 1.689 |1.689|1.856|1.689|1.856| 1.202 |1.202|1.317|1.202(1.317| ns
LVCMOS12_F 4 0.918 |0.918|0.976|0.918|0.976| 1.742 |1.742|1.922|1.742|1.922| 1.353 |1.353|1.478|1.353|1.478| ns
LVCMOS12_F_8 0.918 |0.918(0.976|0.918(0.976| 1.714 |1.714|1.879|1.714(1.879| 1.292 |1.292|1.432|1.292(1.432| ns
LVCMOS12_S 12 0.918 |0.918|0.976|0.918|0.976| 2.073 |2.073|2.247|2.073|2.247| 1.581 |1.581|1.717|1.581|1.717| ns
LVCMOS12_S_4 0.918 |0.918(0.976|0.918/0.976| 1.979 |1.979|2.182|1.979(2.182| 1.633 |1.633|1.772|1.633|1.772| ns
LVCMOS12_S 8 0.918 |0.918|0.976|0.918|0.976| 2.205 |2.205|2.406|2.205|2.406| 1.767 |1.767|1.928|1.767|1.928| ns
LVCMOS15_F_12 0.905 |0.905|0.958|0.905|0.958| 1.713 |1.713|1.892|1.713|1.892| 1.275 |1.275|1.428|1.275|1.428| ns
LVCMOS15_F_16 0.905 |0.905|0.958|0.905|0.958| 1.722 |1.722|1.881|1.722]1.881| 1.260 |1.260|1.407|1.260|1.407| ns
LVCMOS15_F_4 0.905 |0.905|0.958|0.905|0.958| 1.825 |1.825|1.959|1.825|1.959| 1.453 |1.453|1.557|1.453|1.557| ns
LVCMOS15_F_ 8 0.905 |0.905|0.958|0.905|0.958| 1.778 |1.778|1.930|1.778|1.930| 1.378 |1.378/1.458|1.378|1.458| ns

LVCMOS15_S_12 0.905 [0.905|0.958|0.905|0.958| 1.991 (1.991/2.139|1.991|2.139| 1.516 |1.516|1.648|1.516|/1.648| ns

LVCMOS15_S_16 0.905 |0.905|0.958|0.905|0.958| 2.172 |2.172|2.389|2.172|2.389| 1.707 |1.707|1.888|1.707|1.888| ns

LVCMOS15_S_4 0.905 [0.905|0.958|0.905|0.958| 2.313 (2.313|2.483|2.313|2.483| 1.952 |1.952|2.123|1.952|2.123| ns
LVCMOS15_S_8 0.905 |0.905|0.958|0.905|0.958| 2.170 |2.170|2.400|2.170|2.400| 1.817 |1.817|1.984|1.817|1.984| ns
LVCMOS18_F_12 0.915 [0.915|0.958|0.915|0.958| 1.805 (1.805|1.962|1.805|1.962| 1.383 |1.383|1.471|1.383|1.471| ns
LVCMOS18_F_16 0.915 |0.915|0.958|0.915|0.958| 1.785 |1.785|1.917|1.785|1.917| 1.338 |1.338|1.446|1.338|1.446| ns
LVCMOS18_F_4 0.915 [0.915|0.958|0.915|0.958| 1.868 (1.868|2.013|1.868|2.013| 1.472 |1.472|1.599|1.472|1.599| ns
LVCMOS18_F_8 0.915 |0.915|0.958|0.915|0.958| 1.797 |1.797|1.979|1.797|1.979| 1.384 |1.384|1.487|1.384|1.487| ns

LVCMOS18_S_12 0.915 [0.915|0.958|0.915|0.958| 2.201 (2.201|2.408|2.201|2.408| 1.762 |1.762|1.894|1.762|1.894| ns

LVCMOS18_S_16 0.915 |0.915|0.958|0.915|0.958| 2.173 |2.173|2.362|2.173|2.362| 1.702 |1.702|1.834|1.702|1.834| ns

LVCMOS18_S_4 0.915 [0.915|0.958|0.915|0.958| 2.346 (2.346|2.567|2.346|2.567| 1.951 |1.951/2.092|1.951|2.092| ns
LVCMOS18_S_8 0.915 |0.915|0.958|0.915|0.958| 2.292 |2.292|2.511|2.292|2.511| 1.848 |1.848|2.008|1.848|2.008| ns
LVCMOS25_F_12 0.988 (0.988|1.042|0.988|1.042| 2.153 (2.153|2.453|2.153|2.453| 1.692 |1.692|1.856|1.692|1.856| ns
LVCMOS25_F_16 0.988 |0.988|1.042|0.988|1.042| 2.105 |2.105|2.406|2.105|2.406| 1.623 |1.623|1.786|1.623|1.786| ns
LVCMOS25_F_4 0.988 (0.988|1.042|0.988|1.042| 2.344 |2.344|2.554|2.344|2.554| 1.842 |1.842|2.039|1.842|2.039| ns
LVCMOS25_F_8 0.988 |0.988|1.042|0.988|1.042| 2.184 |2.184|2.516|2.184|2.516| 1.726 |1.726|1.910|1.726|{1.910| ns

LVCMOS25_S_12 0.988 (0.988|1.042|0.988|1.042| 2.558 |2.558|2.840|2.558|2.840| 1.971 |1.971|2.194/1.971|2.194| ns

LVCMOS25_S_16 0.988 |0.988|1.042|0.988|1.042| 2.449 |2.449|2.740|2.449|2.740| 1.852 |1.852|2.063|1.852|2.063| ns

LVCMOS25_S_4 0.988 (0.988|1.042|0.988|1.042| 2.770 |2.770|3.066|2.770|3.066| 2.224 |2.224|2.458|2.224|2.458| ns
LVCMOS25_S_8 0.988 (0.988|1.042|0.988|1.042| 2.663 (2.663|2.963|2.663|2.963| 2.091 [2.091|2.373|2.091|2.373| ns
LVCMOS33_F_12 1.154 |1.154|1.213|1.154|1.213| 2.415 |2.415|2.651|2.415|2.651| 1.754 |1.754|1.915|1.754|1.915| ns
LVCMOS33_F_16 1.154 |1.154|1.213|1.154|1.213| 2.383 |2.383|2.603|2.383|2.603| 1.734 |1.734|1.869|1.734|1.869| ns
LVCMOS33_F_4 1.154 |1.154|1.213|1.154|1.213| 2.541 |2.541|2.765|2.541|2.765| 1.932 |1.932|2.135|1.932(2.135| ns
LVCMOS33_F_8 1.154 |1.154|1.213]1.154|1.213| 2.603 |2.603|2.822|2.603|2.822| 1.937 |1.937|2.130|1.937(2.130| ns

LVCMOS33_S_12 1.154 |1.154|1.213|1.154|1.213| 2.705 |2.705|3.047|2.705|3.047| 2.049 |2.049|2.318|2.049|2.318| ns

LVCMOS33_S_16 1.154 |1.154|1.213|1.154|1.213| 2.714 |2.714|3.024|2.714|3.024| 2.028 |2.028|2.232|2.028|2.232| ns

LVCMOS33_S_4 1.154 |1.154|1.213|1.154|1.213| 2.999 |2.999|3.340|2.999|3.340| 2.320 |2.320|2.610(2.320|2.610| ns
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Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

Table 28: 10B High Density (HD) Switching Characteristics (Cont’d)

TINBUF_DELAY_PAD_1I TouTBUF_DELAY_O_PAD TouTBUF_DELAY_TD_PAD
1/0 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|2

LVCMOS33_S_8 1.154 (1.154(1.213|1.154(1.213| 2.929 |2.929(3.260|2.929|3.260| 2.260 |2.260|2.532|2.260|2.532| ns
LVDS_25 1.003 |1.003/1.116|1.003(1.116| N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | ns
LVPECL 1.003 [1.003/1.116|1.003(1.116| N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | ns
LVTTL_F_12 1.164 |1.164|1.223|1.164|1.223| 2.415 |2.415|2.651|2.415|2.651| 1.754 |1.754|1.915|1.754|1.915| ns
LVTTL_F_16 1.164 |1.164|1.223|1.164|1.223| 2.464 |2.464|2.732|2.464|2.732| 1.750 |1.750|1.986|1.750|1.986| ns
LVTTL_F_4 1.164 |1.164|1.223|1.164|1.223| 2.541 |2.541|2.765|2.541|2.765| 1.932 [1.932|2.135|1.932|2.135| ns
LVTTL_F_8 1.164 |1.164/1.223|1.164|1.223| 2.582 |2.582|2.787|2.582|2.787| 1.910 |1.910|2.063|1.910|2.063| ns
LVTTL_S_12 1.164 |1.164(1.223|1.164|1.223| 2.731 |2.731(3.075|2.731|3.075| 2.072 |2.072|2.343|2.072|2.343| ns
LVTTL_S_16 1.164 (1.164(1.223|1.164|1.223| 2.714 |2.714(3.024|2.714|3.024| 2.028 |2.028|2.232|2.028|2.232| ns
LVTTL_S_4 1.164 |1.164|1.223|1.164(1.223| 2.999 [2.999|3.340|2.999|3.340| 2.320 |2.320|2.610|2.320|2.610| ns
LVTTL_S_8 1.164 |1.164/1.223|1.164|1.223| 2.929 [2.929|3.260|2.929|3.260| 2.260 |2.260|2.532|2.260|2.532| ns
SLVS_400_25 1.020 [1.020/1.136|1.020(1.136| N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | ns
SSTL12_F 0.780 |0.780|0.867|0.780|0.867 | 1.643 |1.643|1.792|1.643|1.792| 1.285 |1.285|1.423|1.285(1.423| ns
SSTL12_S 0.780 |0.780|0.867|0.780|0.867 | 1.784 |1.784|1.948|1.784|1.948| 1.567 |1.567|1.706|1.567|1.706| ns
SSTL135_F 0.798 |0.798(0.881|0.798/0.881| 1.625 |1.625|1.765|1.625(1.765| 1.341 |1.341|1.458(1.341|1.458| ns
SSTL135_II_F 0.798 |0.798(0.881|0.798/0.881| 1.623 |1.623|1.770|1.623|1.770| 1.325 |1.325|1.470(1.325(1.470| ns
SSTL135_I11_S 0.798 |0.798/0.881(0.798/0.881| 1.768 |1.768|1.916|1.768(1.916| 1.722 |1.722(1.911|1.722|1.911| ns
SSTL135_S 0.798 |0.798/0.881|0.798/0.881| 1.869 |1.869|2.025|1.869(2.025| 1.814 |1.814|1.976(1.814(1.976| ns
SSTL15_F 0.838 |0.838/0.880|0.838/0.880| 1.612 |1.612|1.754|1.612|1.754| 1.357 |1.357|1.464|1.357|1.464| ns
SSTL15_II_F 0.838 |0.838/0.880|0.838/0.880| 1.622 |1.622|1.778|1.622|1.778| 1.356 |1.356|1.442|1.356|1.442| ns
SSTL15_11_S 0.838 |0.838/0.880|0.838/0.880| 1.821 |1.821|1.987|1.821(1.987| 1.895 |1.895|2.047|1.895|2.047| ns
SSTL15_S 0.838 |0.838/0.880|0.838/0.880| 1.824 |1.824|1.977|1.824(1.977| 1.743 |1.743|1.907|1.743|1.907| ns
SSTL18_II_F 0.947 |0.947|1.021(0.947|1.021| 1.729 |1.729|1.880|1.729(1.880| 1.377 |1.377|1.492|1.377|1.492| ns
SSTL18_II_S 0.947 |0.947(1.021|0.947|1.021| 1.796 |1.796|1.965|1.796|1.965| 1.616 |1.616|1.800|1.616(1.800| ns
SSTL18_I_F 0.947 |0.947|1.021(0.947|1.021| 1.609 [1.609|1.755|1.609|1.755| 1.220 |1.220(1.313|1.220|1.313| ns
SSTL18 I_S 0.947 |0.947(1.021|0.947|1.021| 1.786 |1.786|1.942|1.786(1.942| 1.677 |1.677|1.836|1.677|1.836| ns
SUB_LVDS 1.002 |1.002|1.036|1.002(1.036| N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | ns
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Table 31: Input Delay Measurement Methodology (Cont’d)

Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

Description Y ttibute | VIO@ V@@ NS @B
SLVS, 1.8V SLVS_400_18 0.9-0.125 | 0.9 + 0.125 0(® —
SLVS, 2.5V SLVS_400_25 1.25 -0.125 | 1.25 + 0.125 0(®) -
LVPECL, 2.5V LVPECL 1.25-0.125 | 1.25 + 0.125 0(® -
MIPI D-PHY (high speed) 1.2V MIPI_DPHY_DCI_HS| 0.2 -0.125 | 0.2 + 0.125 0® —
MIPI D-PHY (low power) 1.2V MIPI_DPHY_DCI_LP | 0.715-0.2 | 0.715 + 0.2 0(® —

Notes:

1. The input delay measurement methodology parameters for LVDCI/HSLVDCI are the same for LVCMOS standards of the
same voltage. Parameters for all other DCI standards are the same for the corresponding non-DCI standards.

2. Input waveform switches between V and V.

3. Measurements are made at typical, minimum, and maximum Vgge values. Reported delays reflect worst case of these
measurements. Vier Values listed are typical.

4. Input voltage level from which measurement starts.
5. This is an input voltage reference that bears no relation to the Vgree/Vyeas parameters found in IBIS models and/or noted

in Figure 1.

6. The value given is the differential input voltage.
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MMCM Switching Characteristics

Table 38: MMCM Specification

Speed Grade and
Vceeint Operating Voltages

Symbol Description 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
MMCM_F|nmax Maximum input clock frequency. 1066 933 800 933 800 MHz
MMCM_F|nMiIN Minimum input clock frequency. 10 10 10 10 10 MHz
MMCM_F|NJITTER Maximum input clock period jitter. < 20% of clock input period or 1 ns Max
Input duty cycle range: 10-49 MHz. 25-75 %
Input duty cycle range: 50-199 MHz. 30-70 %
MMCM_F|nDuTY 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 %

Minimum dynamic phase shift clock

f 0.01 0.01 0.01 0.01 0.01 MHz
requency.

MMCM_Fmin_pscLk

Maximum dynamic phase shift clock

MMCM_Fpax_pscLk frequency. 550 500 450 500 450 MHz
MMCM_Fycomin Minimum MMCM VCO frequency. 800 800 800 800 800 MHz
MMCM_Fycomax Maximum MMCM VCO frequency. 1600 1600 1600 1600 1600 MHz
Low MMCM bandwidth at typical.(1) 1.00 1.00 1.00 1.00 1.00 MHz
MMCM_FganDwIDTH , , , 1
High MMCM bandwidth at typical.(®) 4.00 4.00 4.00 4.00 4.00 MHz
Static phase offset of the MMCM
MMCM_TsTATPHAOFESET outputrs).(z) 0.12 0.12 0.12 0.12 0.12 ns
MMCM_TOUTJlTTER MMCM output jitter. Note 3

MMCM output clock duty cycle

L. 4 0.165 0.20 0.20 0.20 0.20 ns
precision.*)

MMCM_Toutputy

MMCM maximum lock time for

MMCM_T| ockmMAX MMCM_ Fpeomin- 100 100 100 100 100 ps
MMCM_Foytmax MMCM maximum output frequency. 891 775 667 725 667 MHz
MMCM_FoutMIN MMCM minimum output frequency.()(®)| 6.25 6.25 6.25 6.25 6.25 | MHz
MMCM_TexTrDvAR External clock feedback variation. < 20% of clock input period or 1 ns Max

MMCM_RSTynpULSE Minimum reset pulse width. 5.00 5.00 5.00 5.00 5.00 ns

Maximum frequency at the phase

MMCM_Fprpomax frequency detector. 550 500 450 500 450 MHz
Minimum frequency at the phase

MMCM_Fpromin frequency detector, 10 10 10 10 10 MHz

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

MMCM_Fppreik_max | Maximum DRP clock frequency. 250 | 250 | 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.

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

Values for this parameter are available in the Clocking Wizard.

Includes global clock buffer.

Calculated as Fyco/128 assuming output duty cycle is 50%.
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+V P
A Single-Ended
Peak-to-Peak
N Y \Voltage
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X16653-101316

Figure 3: Single-Ended Peak-to-Peak Voltage

+V —]

N , \ / \ / \ Differential
0 Peak-to-Peak
\ Voltage
— S S '
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Differential peak-to-peak voltage = (Single-ended peak-to-peak voltage) x 2
X16639-101316

Figure 4: Differential Peak-to-Peak Voltage
Table 48 and Table 49 summarize the DC specifications of the GTH transceivers input and output clocks in
Kintex UltraScale+ FPGAs. Consult the UltraScale Architecture GTH Transceiver User Guide (UG576) for

further information.

Table 48: GTH Transceiver Clock DC Input Level Specification

Symbol DC Parameter Min Typ Max | Units
VIDIFF Differential peak-to-peak input voltage. 250 — 2000 mV
Rin Differential input resistance. - 100 - Q
CexT Required external AC coupling capacitor. - 10 - nF

Table 49: GTH Transceiver Clock Output Level Specification

Symbol Description Conditions Min Typ Max | Units
VoL Output Low voltage for P and N. | Rt = 1002 across P and N signals 100 — 330 mV
VoH Output High voltage for P and N. | Rt = 1002 across P and N signals 500 - 700 mV

Differential output voltage.
VbpouT (P—N), P = High Rt = 100Q across P and N signals 300 — 430 mV
(N—P), N = High

VemouT Common mode voltage. Rt = 100Q across P and N signals 300 — 500 mVv
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Table 55: GTH Transceiver User Clock Switching Characteristics(1) (Cont’d)

Speed Grade, Temperature Ranges, and
Data Width Conditions Veeint Operating Voltages
Symbol Description (Bit) 0.90Vv 0.85Vv 0.72Vv Units
Inter!ﬁal Interco[’mect _3(2) _2(2)(3) _1(4)(5) _2(3) _1(3)(5)
Logic Logic
FIXOUTPROGDIV Irﬁgqul%goné%)‘li\rj‘cul_’;_freq“ency sourced | 514 719 | 511.719 | 511.719 | 511.719 | 511.719  MHz
FRXOUTPROGDIV Eﬁ%ugg'ﬁgorggi\%“&_freq“ency sourced | 549 719 | 511.719 | 511.719 | 511.719 | 511.719 | MHz
16 16, 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
- Léliisrighf(s) 32 32, 64 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
frequency 20 20, 40 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
40 40, 80 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
16 16, 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
RXUSRCLK(®) 32 32, 64 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
Fran ;?:;::#S; 20 20, 40 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
40 40, 80 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
16 16 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
16 32 255.859 | 255.850 | 195.313 | 195.313 | 161.133 | MHz
32 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
TXUSRCLK2(®) 32 64 255.859 | 255.850 | 195.313 | 195.313 | 161.133 | MHz
Frxinz ;?:;::#S; 20 20 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
20 40 204.688 | 204.688 | 156.250 | 156.250 | 128.906 | MHz
40 40 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
40 80 204.688 | 204.688 | 156.250 | 156.250 | 128.906 | MHz
16 16 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
16 32 255.859 | 255.859 | 195.313 | 195.313 | 161.133 | MHz
32 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
. Eé';J(iSrSS:%KZ(G) 32 64 255.859 | 255.859 | 195.313 | 195.313 | 161.133 | MHz
frequency 20 20 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
20 40 204.688 | 204.688 | 156.250 | 156.250 | 128.906 | MHz
40 40 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
40 80 204.688 | 204.688 | 156.250 | 156.250 | 128.906 | MHz
Notes:

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

2. For speed grades -3E, -2E, and -21, a 16-bit and 20-bit internal data path can only be used for line rates less than
8.1875 Gb/s.

3. For speed grade -2LE, a 16-bit and 20-bit internal data path can only be used for line rates less than 8.1875 Gb/s when
VCClNT = 0.85V or 6.25 Gb/s when VCClNT = 0.72V.

4. For speed grades -1E and -11, a 16-bit and 20-bit internal data path can only be used for line rates less than 6.25 Gb/s.

5. For speed grade -1LI, a 16-bit and 20-bit internal data path can only be used for line rates less than 6.25 Gb/s when
VCClNT = 0.85V or 5.15625 Gb/s when VCClNT = 0.72V.

6. When the gearbox is used, these maximums refer to the XCLK. For more information, see the Valid Data Width
Combinations for TX Asynchronous Gearbox table in the UltraScale Architecture GTH Transceiver User Guide (UG576).
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Table 56: GTH Transceiver Transmitter Switching Characteristics

Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

Symbol Description Condition Min Typ Max Units
FoThTX Serial data rate range 0.500 - Fothmax | Gb/s
TRTX TX rise time 20%—-80% - 21 — ps
TeETx TX fall time 80%—-20% — 21 — ps
TLLskeEW TX lane-to-lane skew() - - 500.00 ps
T Total jitter(2)(4) - - 0.28 ul

J16.375 e 16.375 Gb/s
Dj16.375 Deterministic jitter(2#) — — 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
150 e 15.0 Gb/s
Dj15.0 Deterministic jitter(2)(4) - - 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
141 JEer” 14.1 Gb/s
Dj14.1 Deterministic jitter(2)(#) - - 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
4.1 e 14.025 Gb/s
Djia1 Deterministic jitter(2)(#) — — 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
131 e 13.1 Gb/s
Dj13.1 Deterministic jitter(2 ) — - 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
J12.5_QPLL J b 12.5 Gb/s
Dj12.5 QpLL Deterministic jitter(2)(#) - - 0.17 ul
T Total jitter(3(4) - - 0.33 ul
J12.5_CPLL J e 12.5 Gb/s
Dj12.5 cPLL Deterministic jitter(3®) — — 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
J11.3_QPLL J e 11.3 Gb/s
Dj11.3_QPLL Deterministic jitter(2)4) - - 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
J10.3125_QPLL J b 10.3125 Gb/s
Dj10.3125_QPLL Deterministic jitter(2)(#) - - 0.17 ul
T Total jitter(3(4) - - 0.33 ul
J10.3125_CPLL J e 10.3125 Gb/s
Dj10.3125_cpLL Deterministic jitter(3®) — — 0.17 ul
T Total jitter(2)(4) - - 0.28 ul
J9.953_QPLL J e 0.953 Gb/s
Dj9.953_QPLL Deterministic jitter(2)4) - - 0.17 ul
T Total jitter(3)(4) - - 0.33 ul
J9.953 CPLL J b 9.953 Gb/s
Dj9.953_cpLL Deterministic jitter(3(®#) - - 0.17 ul
Tis.0 Total jitter(®®) - - 0.32 ul
- 8.0 Gb/s
Dis.o Deterministic jitter(3®) — — 0.17 ul
Ti6.6 Total jitter(®®) - - 0.30 ul
S 6.6 Gb/s
Dis.s Deterministic jitter(3“) - - 0.15 ul
Ti5.0 Total jitter(®® — — 0.30 ul
— 5.0 Gb/s
Dys.0 Deterministic jitter(3(®#) - - 0.15 ul
T Total jitter(3(4) - - 0.30 ul
)4.25 e 4.25 Gb/s
Dj4 05 Deterministic jitter(3®) — — 0.15 ul
Tia0 Total jitter(®®) - — 0.32 ul
— 4.0 Gb/s
Dyso0 Deterministic jitter(3)“) - - 0.16 ul
T Total jitter(3)(4) - - 0.20 ul
73.20 e 3.20 Gb/s®)
Dj3.20 Deterministic jitter(3®) - — 0.10 ul
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GTY Transceiver Specifications

The UltraScale Architecture and Product Overview (DS890) lists the Kintex UltraScale+ FPGAs that include

the GTY tra

nsceivers.

GTY Transceiver DC Input and Output Levels

Table 59 and Table 60 summarize the DC specifications of the GTY transceivers in Kintex UltraScale+
FPGAs. Consult the UltraScale Architecture GTY Transceiver User Guide (UG578) for further information.

Table 59: GTY Transceiver DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units
>10.3125 Gb/s 150 - 1250 mV
Differential peak-to-peak input
DVpp|N VOltage (external AC Coupled) 6.6 Gb/s to 10.3125 Gb/s 150 — 1250 mVv
< 6.6 Gb/s 150 — 2000 mV
Single-ended input voltage.
VIN Voltage measured at the pin 5(: coupIeE 1.2v —400 — VyveTtavtT | MV
referenced to GND. MGTAVTT = =
Vemin Common mode input voltage \[/)EG(;Z?/S_:_GE 1.2V - 2/3 VyaTavTT — mV
D Differential peak-to-peak output | Transmitter output swing 800 _ . mv
VPPOUT | yoltage® is set to 11111
When remote RX is
terminated to GND VmeTavTT/2 = Dyppout/4 mv
Vv Common mode output voltage: When remote RX Vv _D /2 mv
CMOUTDC | DC coupled (equation based) termination is floating MGTAVTT — =VPPOUT
When remote RX is v DyppouT (VMGTAVTT‘VRXJERM) mv
terminated to Vgy tgrw(® | "METAVIT 4~ 2
Common mode output voltage: .
VemouTac | ac coupled Equation based VmeTavTT — Dyvppout/2 mv
Rin Differential input resistance — 100 — Q
Rout Differential output resistance — 100 — Q
Toskew Transmitter output pair (TXP and TXN) intra-pair skew - - 10 ps
CexT Recommended external AC coupling capacitor(3® — 100 — nF
Notes:

1. The output swing and pre-emphasis levels are programmable using the GTY transceiver attributes discussed in the
UltraScale Architecture GTY Transceiver User Guide (UG578) and can result in values lower than reported in this table.

2. Vpx_TerMm IS the remote RX termination voltage.
3. Other values can be used as appropriate to conform to specific protocols and standards.
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Table 66: GTY Transceiver PLL/Lock Time Adaptation

o o All Speed Grades .
Symbol Description Conditions - Units
Min Typ Max
TLock Initial PLL lock. - - 1 ms
Clock recovery phase acquisition and | after the PLL is locked to
adaptation time for decision the reference clock, this is - 50,000 | 37 x 106 ul
- feedback equalizer (DFE). the time it takes to lock
pLOCK Clock recovery phase acquisition and | the clock data recovery
adaptation time for low-power mode | (CDR) to the data present - 50,000 | 2.3x108| UI
(LPM) when the DFE is disabled. at the input.
Table 67: GTY Transceiver User Clock Switching Characteristics(1)
] o Speed Grade and
Symbol Description 0.90Vv 0.85Vv 0.72v Units
Inter!ﬁal 1 ntercoljnect _3(2) _2(2)(3) _1(4)(5) _2(3) _1(5)
Logic Logic
FIXOUTPMA ;ﬁ?ﬂ%ﬁ'ﬁé&%ﬂ?”m frequency sourced | 514 719 | 511.719 | 402.832 | 402.832 | 322.266 = MHz
FRXOUTPMA Eﬁ%ﬂﬁ?&_ﬁgﬁ?“m frequency sourced | 514 799 | 511.719 | 402.832 | 402.832 | 322.266 | MHz
FIXOUTPROGDIV ]‘Tr)é?nul%gorgg'\%”& frequency sourced | 519 719 | 511.719 | 511.719 | 511.719 | 511.719 | MHz
FRXOUTPROGDIV Eﬁ%ug%goné%xl'\%“& frequency sourced | 511 719 | 511.719 | 511.719 | 511.719 | 511.719 | MHz
16 16, 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
32 32, 64 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
TXUSRCLK®) 64 64, 128 511.719 | 440.781 | 402.832 | 402.832 | 195.313 | MHz
FTXlN maximum
frequency 20 20, 40 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
40 40, 80 409.375 | 409.375 | 312.500 | 350.000 | 257.813 | MHz
80 80, 160 409.375 | 352.625 | 322.266 | 352.625 | 156.250 | MHz
16 16, 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
32 32, 64 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
RXUSRCLK(®) 64 64, 128 511.719 | 440.781 | 402.832 | 402.832 | 195.313 | MHz
FRXlN maximum
frequency 20 20, 40 409.375 | 409.375 | 312.500 | 312.500 | 257.813 | MHz
40 40, 80 409.375 | 409.375 | 312.500 | 350.000 | 257.813 | MHz
80 80, 160 409.375 | 352.625 | 322.266 | 352.625 | 156.250 | MHz
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GTY Transceiver Electrical Compliance

The UltraScale Architecture GTY Transceiver User Guide (UG578) contains recommended use modes that
ensure compliance for the protocols listed in Table 70. The transceiver wizard provides the recommended
settings for those use cases and for protocol specific characteristics.

Table 70: GTY Transceiver Protocol List

Protocol Specification Serial Rate Electl_rical
(Gb/s) Compliance
CAUI-4 IEEE 802.3-2012 25.78125 Compliant
28 Gb/s backplane CEI-25G-LR 25-28.05 Compliant
Interlaken OIF-CEI-6G, OIF-CEI-11GSR, OIF-CEI-28G-MR | 4.25-25.78125 Compliant
100GBASE-KR4 IEEE 802.3bj-2014, CEI-25G-LR 25.78125 Compliant(1)
100GBASE-CR4 IEEE 802.3bj-2014, CEI-25G-LR 25.78125 Compliant()
50GBASE-KR4 IEEE 802.3by-2014, CEI-25G-LR 25.78125 Compliant(1)
50GBASE-CR4 IEEE 802.3by-2014, CEI-25G-LR 25.78125 Compliant(1)
25GBASE-KR4 IEEE 802.3by-2014, CEI-25G-LR 25.78125 Compliant(@)
25GBASE-CR4 IEEE 802.3by-2014, CEI-25G-LR 25.78125 Compliant(1)
OTU4 (OTL4.4) CFP2 OIF-CEI-28G-VSR 27.952493-32.75 Compliant
OTU4 (OTL4.4) CFP OIF-CEI-11G-MR 11.18-13.1 Compliant
CAUI-10 IEEE 802.3-2012 10.3125 Compliant
nPPI IEEE 802.3-2012 10.3125 Compliant
10GBASE-KR(2) IEEE 802.3-2012 10.3125 Compliant
SFP+ SFF-8431 (SR and LR) 9.95328-11.10 Compliant
XFP INF-8077i, revision 4.5 10.3125 Compliant
RXAUI CEI-6G-SR 6.25 Compliant
XAUI IEEE 802.3-2012 3.125 Compliant
1000BASE-X IEEE 802.3-2012 1.25 Compliant
5.0G Ethernet IEEE 802.3bx (PAR) 5 Compliant
2.5G Ethernet IEEE 802.3bx (PAR) 2.5 Compliant
HiGig, HiGig+, HiGig2 IEEE 802.3-2012 3.74, 6.6 Compliant
QSGMII QSGMII v1.2 (Cisco System, ENG-46158) 5 Compliant
OoTuU2 ITU G.8251 10.709225 Compliant
OTU4 (OTL4.10) OIF-CEI-11G-SR 11.180997 Compliant
0C-3/12/48/192 GR-253-CORE 0.1555-9.956 Compliant
PCle Genl, 2, 3 PCI Express base 3.0 2.5, 5.0, and 8.0 Compliant
SDI®) SMPTE 424M-2006 0.27-2.97 Compliant
UHD-SDI(®) SMPTE ST-2081 6G, SMPTE ST-2082 12G 6 and 12 Compliant
Hybrid memory cube (HMC) HMC-15G-SR 10, 12.5, and 15.0 Compliant
MoSys bandwidth engine CEI-11-SR and CEI-11-SR (overclocked) 10.3125, 15.5 Compliant
CPRI CPRI_v_6_1 2014-07-01 0.6144-12.165 Compliant
Passive optical network (PON) %OSGG__EPPOO,\II\] 1G-EPON, NG-PON2, XG-PON, and 0.155-10.3125 Compliant
JESD204a/b OIF-CEI-6G, OIF-CEI-11G 3.125-12.5 Compliant
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Integrated Interface Block for 100G Ethernet MAC and PCS

More information and documentation on solutions using the integrated 100 Gb/s Ethernet block can be
found at UltraScale Integrated 100G Ethernet MAC/PCS. The UltraScale Architecture and Product Overview

(DS890) lists how many blocks are in each Kintex UltraScale+ FPGA.

Table 74: Maximum Performance for 100G Ethernet Designs

Speed Grade and V¢ nT Operating Voltages
Symbol Description 0.90Vv 0.85Vv 0.72v Units

-3 -2 -1 -2 -13)
FTx_cLK Transmit clock 390.625 | 390.625 | 322.223 | 322.223 | 322.223 | MHz
FRX_CLK Receive clock 390.625 | 390.625 | 322.223 | 322.223 | 322.223 | MHz
Frx_serpes_cLk | Receive serializer/deserializer clock | 390.625 | 390.625 | 322.223 | 322.223 | 322.223 | MHz
Forp_cLk Dynamic reconfiguration port clock | 250.00 250.00 250.00 250.00 250.00 MHz

Notes:

1. The maximum clock frequency of 390.625 MHz only applies to the CAUI-10 interface. The maximum clock frequency for
the CAUI-4 interface is 322.223 MHz.

2. The CAUI-4 interface is not supported by -1L speed grade devices where Ve yt=0.72V.

Integrated Interface Block for PCI Express Designs

More information and documentation on solutions for PCI Express designs can be found at PCI Express.
The UltraScale Architecture and Product Overview (DS890) lists how many blocks are in each
Kintex UltraScale+ FPGA.

Table 75: Maximum Performance for PCI Express Designs(1)(2)

Speed Grade and V¢ nT Operating Voltages
Symbol Description 0.90Vv 0.85Vv 0.72Vv Units
-3 -2 -1 -2 -1
FpipECLK Pipe clock maximum frequency. 250.00 250.00 250.00 250.00 250.00 MHz
FcorecLk Core clock maximum frequency. 500.00 500.00 500.00 250.00 250.00 MHz
FbrecLk DRP clock maximum frequency. 250.00 250.00 250.00 250.00 250.00 MHz
FmcapcLk MCAP clock maximum frequency. | 125.00 125.00 125.00 125.00 125.00 MHz
Notes:
1. PCI Express Gen4 operation is supported for x1, x2, x4, and x8 widths.
2. PCI Express Gen4 operation is supported in -3E, -2E, and -21 speed grades.
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System Monitor Specifications

Table 76: System Monitor Specifications

Parameter ‘Sym bol‘

Comments/Conditions

‘ Min ‘ Typ ‘ Max ‘ Units

Veeapc = 1.8V 3%, Veepp = 1.25V, Vggpy = OV, ADCCLK = 5.2 MHz, Tj = —40°C to 100°C, typical values at T; = 40°C

ADC Accuracy(

Resolution 10 — — Bits
Integral nonlinearity(?) INL - - +1.5 LSBs
Differential nonlinearity DNL No missing codes, guaranteed - — +1 LSBs
monotonic
Offset error Offset calibration enabled — — +2 LSBs
Gain error — — +0.4 %
Sample rate - — 0.2 MS/s
. External 1.25V reference - - 1 LSBs
RMS code noise -
On-chip reference - 1 - LSBs
ADC Accuracy at Extended Temperatures
Resolution T; = —-55°C to 125°C 10 - — Bits
Integral nonlinearity(?) INL T; = —55°C to 125°C - - +1.5
No missing codes, guaranteed LSBs
Differential nonlinearity DNL monotonic - - *1
T; = —55°C to 125°C
Analog Inputs(®)
Unipolar operation 0 - 1 \%
) Bipolar operation -0.5 - +0.5 Vv
ADC input ranges - -
Unipolar common mode range (FS input) 0 - +0.5 \%
Bipolar common mode range (FS input) | +0.5 - +0.6 \
. . Adjacent channels set within these
Maximum external channel input
ranges should not corrupt —-0.1 — Veeabpce \Y
ranges .
measurements on adjacent channels
On-Chip Sensor Accuracy
T; = —55°C to 125°C (with external REF) - - +3 °C
Temperature sensor error(1)(3) T; = —55°C to 110°C (with internal REF) - - +3.5 °C
T; = 110°C to 125°C (with internal REF) - - +5 °C
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Revision History

The following table shows the revision history for this document.

Date

Version

Description of Revisions

04/11/2017

1.2

Updated the Summary description. In Table 1, updated and added data, and updated
Note 7, added Note 8, Note 9, and Note 10. Updated and added data to Table 2, revised
Note 11 and added Note 12 and Note 13. Updated Table 3 and added Note 6. Added
specifications to Table 4 though Table 6. Updated maximum V,cy and Note 1 in Table 18.
Updated the maximum Vgp e in Table 19.

Updated Table 20, Table 21, and Table 22 to production release for the following
devices/speed/temperature grades in Vivado Design Suite 2017.1.

XCKUS3P: -2E, -2I, -1E, -11

XCKUS5P: -2E, -2I, -1E, -11

Added Note 1 to Table 21. Updated Table 23. Updated Table 24 and added Note 2. Added
Table 25. Updated Table 27 and added Note 3. Many revisions to the speed specifications
inTable 28, Table 29, Table 30, Table 33, Table 34, Table 35, Table 40, Table 41, Table 42,
Table 43, Table 44, and Table 45. Updated V| and Vy values in Table 31. In Table 35,
added TMlNPER CLK and Note 1, and revised FREFCLK' Added MMCM_FDPRCLK vax to
Table 38 and PLL_Fpprcik max to Table 39. Updated Table 46. Revised the GTH
Transceiver Specifications and GTH Transceiver Specifications sections. Revised the
Integrated Interface Block for Interlaken and Integrated Interface Block for 100G
Ethernet MAC and PCS sections. Updated the System Monitor Specifications section
including On-Chip Sensor Accuracy and adding Note 3 to Table 76. Removed timing
diagrams from the SYSMON I2C/PMBus Interfaces section. Updated the Configuration
Switching Characteristics section. Removed the eFUSE Programming Conditions table and
added the specifications to Table 2 and Table 3. Updated Table 79. Updated the
Automotive Applications Disclaimer.

05/09/2016

1.1

In Table 1 revised V| for HP 1/0 banks. Updated Note 5 in Table 3. Added values to
Table 7. Added MIPI_DPHY_DCI to Table 9, Table 10, and Table 12. Updated and added
notes in Table 18 and Table 19. Updated Table 20 speed specifications for Vivado Design
Suite 2016.1. Removed Table 23, Video Codec Unit Performance. Updated Table 24.
Expanded and updated Table 27. Updated Table 28 and Table 29. Updated Table 31 and
Table 32 with MIPI D-PHY values. Updated Table 31 and Table 32. In Table 33, added the
Block RAM and FIFO Clock-to-Out Delays section. Updated Table 40 to Table 44. Revised
the symbol names in Table 43. Revised typical values in Table 48. Updated the -2 (0.72V)
and -1 (0.72V) values in Table 50. Added Table 53 and Table 65. Added Note 2 to
Table 59. Revised Table 67. Revised data and added notes to Table 62, Table 71, and
Table 74. Revised INL in Table 76. Added notes to Table 77 and Table 78. Many revised
sections in Table 79.
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