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AC Switching Characteristics

All values represented in this data sheet are based on the speed specifications in the Vivado® Design
Suite as outlined in Table 20.

Table 20: Speed Specification Version By Device

2017.1 Device
1.08 XCKU11P
1.10 XCKU3P, XCKU5P, XCKU9P, XCKU13P, and XCKU15P

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.

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
Kintex UltraScale+ FPGAs.
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Speed Grade Designations

Since individual family members are produced at different times, the migration from one category to

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

another depends completely on the status of the fabrication process for each device. Table 21 correlates

the current status of the Kintex UltraScale+ FPGAs on a per speed grade basis.

Table 21: Speed Grade Designations by Device

Speed Grade, Temperature Ranges, and Ve nT Operating Voltages

Device —— -
Advance Preliminary Production
-2E (V. = 0.85V
-3E (Veeint = 0.90V) (Veeir )
=21 (VCC|NT = 085V)
XCKU3P | -2LE (Vceint = 0.85V), -2LE (Veent = 0.72V)(D 1E (v — 0.85)
1L (V. = 0.85V), -1LI (V =0.72v)( ) CCINT — =
(Veeint ) (Veeint ) 11 (Voo = 0.85V)
-2E (V. = 0.85V
-3E (Veount = 0.90V) (Veer )
1 =21 (VCCINT = 085V)
XCKU5SP | -2LE (Vceint = 0.85V), -2LE (Veeint = 0.72V)(D 1E (V. ~ 0.85)
-1L1 (VeginT = 0.85V), -1L1 (Veeunt = 0.72V)(D CCINT — =
=11 (VCC|NT = 085V)
-2E (V = 0.85V
-3E (VCC|NT = OQOV) ( CCINT )
=21 (VCC|NT = 085V)
XCKU9QP | -2LE (Vcgint = 0.85V), -2LE (Vent = 0.72V)D 1E (V _ 0.85)
-1L1 (Veeunt = 0.85V), -1L1 (Vegnt = 0.72V)(D CCINT — ™=
=11 (VCC|NT = 085V)
-3E (VCC|NT = 090V)
-2E (VCCINT = 085V), =21 (VCCINT = 085V)
-2LE (V. = 0.85V
XCKULLP (Veeint )
-1E (VCC|NT = 085V), -11 (VCCINT = 085V)
-1L1 (Vegint = 0.85V)
-2LE (Veoint = 0.72V)D), -1L1 (Vegynt = 0.72V)AD)
-3E (VCC|NT = 090V)
-2E (VCCINT = 085V), =21 (VCCINT = 085V)
-2LE (V. = 0.85V
XCKU13P (Veeint )
-1E (VCC|NT = 085V), -11 (VCCINT = 085V)
-1L1 (Vegint = 0.85V)
-2LE (Veoint = 0.72V)@), -1L1 (Vegynt = 0.72V)AD)
-3E (VCC|NT = 090V)
-2E (VCC|NT = 085V), =21 (VCC|NT = 085V)
-2LE (V. = 0.85V
XCKU15P (Veemr )
-1E (VCC|NT = 085V), -11 (VCC|NT = 085V)
-1L1 (VCC|NT = 085V)
-2LE (Veeint = 0.72V)D), -1L1 (Vegnt = 0.72V)AD)
Notes:

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

respectively.
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Table 27: Maximum Physical Interface (PHY) Rate for Memory Interfaces (Cont’d)

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

Speed Grade and V¢ nT Operating
Memory Voltages
Standard| Fackage DRAM Type 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
Single rank component 1866 1866 1866 1866 1600 Mb/s
1 rank DIMM((2) 1600 1600 1600 1600 1333 Mb/s
All FFV packages
2 rank DIMMM®3) 1333 1333 1333 1333 1066 Mb/s
DDRAL 4 rank DIMM®@)(5) 800 800 800 800 606 Mb/s
Single rank component 1600 1600 1600 1600 1600 Mb/s
1 rank DIMM(2) 1600 1600 1600 1600 1333 Mb/s
SFVB784

2 rank DIMM1)(#) 1333 1333 1333 1333 1066 Mb/s
4 rank DIMM®@)(5) 800 800 800 800 606 Mb/s
QDR I+ All Single rank component(®) 633 633 600 600 550 MHz
RLDRAM 3 All FFV packages | Single rank component 1200 1200 1066 1066 933 MHz
SFVB784 Single rank component 1066 1066 933 933 800 MHz
QDR IV XP All Single rank component 1066 1066 1066 933 933 MHz
LPDDR3 All Single rank component 1600 1600 1600 1600 1600 Mb/s

Notes:

1. Dual in-line memory module (DIMM) includes RDIMM, SODIMM, UDIMM, and LRDIMM.
2. Includes: 1 rank 1 slot, DDP 2 rank, LRDIMM 2 or 4 rank 1 slot.

3. For the DDR4 DDP components at -3 and -2 speed grades and V¢ |yt = 0.85V, the maximum data rate is 2133 Mb/s for
six or more DDP devices. For five or less DDP devices, use the single rank DIMM data rates for the -3 and -2 speed grades

at 0.85V.

4. Includes: 2 rank 1 slot, 1 rank 2 slot, LRDIMM 2 rank 2 slot.
5. Includes: 2 rank 2 slot, 4 rank 1 slot.

6. The QDRII+ performance specifications are for burst-length 4 (BL = 4) implementations.
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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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I0B High Performance (HP) Switching Characteristics

Table 29: 10B High Performance (HP) Switching Characteristics

TINBUF_DELAY_PAD_I TouTBUF_DELAY_O_PAD TouTBUF_DELAY_TD_PAD
1/0 Standards |0.90v| 0.85V 0.72vV  |0.90V| 0.85V 0.72V  |0.90V| 0.85V 0.72V  |Units
-3 2| -1 | 2| 1 -3 2| -1 -2 4 -3 2| -1 -2 4

DIFF_HSTL_I_12_F 0.394 |0.394/0.402|0.394|0.402| 0.423 |0.423|0.443|0.423|0.443| 0.553 |0.553|0.582|0.553|0.582| ns
DIFF_HSTL_I_12_M 0.394 |0.3940.402|0.394/0.402| 0.552 |0.552|0.583|0.552|0.583| 0.641 |0.641|0.679|0.641|0.679| ns
DIFF_HSTL_I_12_S 0.394 |0.394/0.402|0.394/0.402| 0.752 |0.752|0.800|0.752|0.800| 0.813 |0.813|0.868|0.813|0.868| ns
DIFF_HSTL_I_18_F 0.319 |0.319/0.339/0.319/0.339| 0.456 |0.456|0.474|0.456|0.474| 0.576 |0.576|0.606|0.576|0.606| ns
DIFF_HSTL_I_18_M 0.319 |0.319/0.339/0.319/0.339| 0.570 |0.570|0.603|0.570|0.603| 0.653 |0.653|0.692|0.653|0.692| ns
DIFF_HSTL_I_18_S 0.319 |0.319/0.339/0.319/0.339| 0.782 |0.782|0.834|0.782|0.834| 0.816 |0.816|0.871|0.816|0.871| ns
DIFF_HSTL_I_DCI_12_F | 0.394 |0.394|0.402|0.394|0.402| 0.406 |0.406|0.429|0.406|0.429| 0.534 |0.534/0.564|0.534|0.564| ns
DIFF_HSTL_I_DCI_12_M| 0.394 |0.394|0.402|0.394|0.402| 0.557 |0.557|0.587|0.557|0.587| 0.653 |0.653/0.694|0.653|0.694| ns
DIFF_HSTL_I_DCI_12_S|0.394 |0.394|0.402|0.394|0.402| 0.755 |0.755|0.806|0.755|0.806| 0.842 |0.842/0.907|0.842|0.907| ns
DIFF_HSTL_I_DCI_18 F | 0.323 |0.323|0.339|0.323|0.339| 0.445 |0.445|0.461|0.445|0.461| 0.566 |0.566/0.595|0.566|0.595| ns
DIFF_HSTL_I_DCI_18_M| 0.323 |0.323|0.339|0.323/0.339| 0.555 |0.555|0.586|0.555|0.586| 0.643 |0.643/0.684|0.643|0.684| ns
DIFF_HSTL_I_DCI_18_ S| 0.323 |0.323|0.339|0.323/0.339| 0.762 |0.762|0.818|0.762|0.818| 0.836 |0.836/0.900|0.836/0.900| ns
DIFF_HSTL_I_DCI_F 0.397 |0.397/0.417/0.397|0.417| 0.431 |0.431|0.445|0.431|0.445| 0.555 |0.555|0.575|0.555|0.575| ns
DIFF_HSTL_I_DCI_M 0.397 |0.397/0.417/0.397/|0.417| 0.553 |0.553|0.583|0.553|0.583| 0.644 |0.644|0.684|0.644|0.684| ns
DIFF_HSTL_I_DCI_S 0.397 |0.397/0.417/0.397/|0.417| 0.767 |0.767|0.823|0.767|0.823| 0.848 |0.848|0.912|0.848|0.912| ns
DIFF_HSTL_I_F 0.404 |0.4040.417|0.404|0.417| 0.423 |0.423|0.443|0.423|0.443| 0.549 |0.549|0.581|0.549|0.581| ns
DIFF_HSTL_I_M 0.404 |0.404/0.417|0.404/0.417| 0.555 |0.555|0.586|0.555|0.586| 0.640 |0.640|0.677|0.640|0.677| ns
DIFF_HSTL_I_S 0.404 |0.404/0.417|0.404/0.417| 0.767 |0.767|0.818|0.767|0.818| 0.811 |0.811|0.866|0.811|0.866| ns
DIFF_HSUL_12_DCI_F |0.381 |0.381|0.400|0.381|0.400| 0.425 |0.425|0.443|0.425|0.443| 0.558 |0.558/0.586|0.558|0.586| ns
DIFF_HSUL_12_DCI_M |0.381 |0.381|0.400|0.381|0.400| 0.557 |0.557|0.587|0.557|0.587| 0.653 |0.653/0.694|0.653|0.694| ns
DIFF_HSUL_12_DCI_S |0.381 |0.381|0.400|0.381|0.400| 0.737 |0.737|0.787|0.737|0.787| 0.822 |0.822/0.885|0.822|0.885| ns
DIFF_HSUL_12_F 0.394 |0.3940.402|0.394|0.402| 0.412 |0.412|0.430|0.412|0.430| 0.538 |0.538|0.566|0.538|0.566| ns
DIFF_HSUL_12_M 0.394 |0.394/0.402|0.394|0.402| 0.552 |0.552|0.583|0.552|0.583| 0.641 |0.641|0.679|0.641|0.679| ns
DIFF_HSUL_12_S 0.394 |0.3940.402|0.394|0.402| 0.752 |0.752|0.800|0.752|0.800| 0.813 |0.813|0.868|0.813|0.868| ns
DIFF_POD10_DCI_F 0.411 |0.411/0.430/0.411|0.430| 0.425 |0.425|0.444|0.425|0.444| 0.555 |0.555|0.584|0.555|0.584| ns
DIFF_POD10_DCI_M 0.411 |0.411/0.430/0.411|0.430| 0.542 |0.542|0.571|0.542|0.571| 0.640 |0.640|0.681|0.640|0.681| ns
DIFF_POD10_DCI_S 0.411 |0.411/0.430/0.411|0.430| 0.754 |0.754/0.815|0.754/0.815| 0.850 |0.850|0.917|0.850|0.917| ns
DIFF_POD10_F 0.411 |0.411/0.433|0.411|0.433| 0.438 |0.438|0.459|0.438|0.459| 0.569 |0.569|0.601|0.569|0.601| ns
DIFF_POD10_M 0.411 |0.411/0.433/0.411|0.433| 0.538 |0.538|0.568|0.538|0.568| 0.630 |0.630|0.667|0.630|0.667| ns
DIFF_POD10_S 0.411 |0.411/0.433|0.411|0.433| 0.766 |0.766|0.821|0.766|0.821| 0.836 |0.836|0.894|0.836|0.894| ns
DIFF_POD12_DCI_F 0.407 |0.407|0.432|0.407|0.432| 0.425 |0.425|0.443|0.425|0.443| 0.558 |0.558|0.586|0.558|0.586| ns
DIFF_POD12_DCI_M 0.407 |0.407|0.432|0.407|0.432| 0.543 |0.543|0.572|0.543|0.572| 0.638 |0.638|0.678|0.638|0.678| ns
DIFF_POD12_DCI_S 0.407 |0.407|0.432|0.407|0.432| 0.772 |0.772/0.822(0.772|0.822| 0.862 |0.862|0.929|0.862|0.929| ns
DIFF_POD12_F 0.409 |0.4090.430/0.409|0.430| 0.455 |0.455|0.476|0.455|0.476| 0.595 |0.595|0.626|0.595|0.626| ns
DIFF_POD12_M 0.409 |0.4090.430/0.409|0.430| 0.551 |0.551|0.582|0.551|0.582| 0.641 |0.641|0.679|0.641|0.679| ns
DIFF_POD12_S 0.409 |0.4090.430/0.409|0.430| 0.767 |0.767(0.817|0.767|0.817| 0.832 |0.832|0.889|0.832|0.889| ns
DIFF_SSTL12_DCI_F 0.381 |0.381/0.400/0.381|0.400| 0.425 |0.425|0.443|0.425|0.443| 0.558 |0.558|0.586|0.558|0.586| ns
DIFF_SSTL12_DCI_M 0.381 |0.381/0.400/0.381|0.400| 0.557 |0.557|0.587|0.557|0.587| 0.654 |0.654|0.694|0.654|0.694| ns
DIFF_SSTL12_DCI_S 0.381 |0.381/0.400/0.381|0.400| 0.754 |0.754/0.803|0.754|0.803| 0.842 |0.842|0.908|0.842|0.908| ns
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& XILINX

Table 29: 10B High Performance (HP) Switching Characteristics (Cont’d)

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

TINBUF_DELAY_PAD_1I

TouTBUF_DELAY_O_PAD

TouTBUF_DELAY_TD_PAD

1/0 Standards |0.90v| 0.85V 0.72vV  |0.90V| 0.85V 0.72v  |0.90V| 0.85V 0.72V  |Units
-3 2| -1 | 2| 1 -3 2| -1 -2 4 -3 2| -1 -2 4

LVCMOS18_F_8 0.418 |0.418/0.445|0.418|0.445| 0.573 |0.573|0.600|0.573|0.600| 0.733 |0.733|0.767|0.733|0.767| ns
LVCMOS18_M_12 0.418 |0.418/0.445/0.418|0.445| 0.640 |0.640|0.678|0.640|0.678| 0.670 |0.670|0.709|0.670|0.709| ns
LVCMOS18_M_2 0.418 |0.418/0.445|0.418|0.445| 0.798 |0.798/0.822(0.798(0.822| 0.991 |0.991|1.016|0.991|1.016| ns
LVCMOS18_M_4 0.418 |0.418/0.445|0.418|0.445| 0.664 |0.664|0.693|0.664|0.693| 0.798 |0.798|0.836|0.798|0.836| ns
LVCMOS18_M_6 0.418 |0.418/0.445/0.418|0.445| 0.629 |0.629|0.663|0.629|0.663| 0.735 |0.735|0.775|0.735|0.775| ns
LVCMOS18_M_8 0.418 |0.418/0.445|0.418|0.445| 0.626 |0.626|0.661|0.626|0.661| 0.705 |0.705|0.746|0.705|0.746| ns
LVCMOS18_S_12 0.418 |0.418/0.445/0.418|0.445| 0.795 |0.795|0.861|0.795|0.861| 0.683 |0.683|0.721|0.683|0.721| ns
LVCMOS18_S_2 0.418 |0.418/0.445|0.418|0.445| 0.862 |0.862|0.897|0.862|0.897| 1.076 |1.076|1.098|1.076|1.098| ns
LVCMOS18_S_4 0.418 |0.418/0.445|0.418|0.445| 0.716 |0.716/0.758|0.716|0.758| 0.829 |0.829|0.872|0.829|0.872| ns
LVCMOS18_S_6 0.418 |0.418/0.445/0.418|0.445| 0.682 |0.682|0.724|0.682|0.724| 0.724 |0.724|0.762|0.724|0.762| ns
LVCMOS18_S_8 0.418 |0.418/0.445|0.418|0.445| 0.707 |0.707|0.760|0.707|0.760| 0.709 |0.709|0.745|0.709|0.745| ns
LVDCI_15_F 0.425 |0.425/0.462|0.425|0.462| 0.426 |0.426|0.443|0.426|0.443| 0.548 |0.548|0.581|0.548|0.581| ns
LVDCI_15_M 0.425 |0.425/0.462|0.425|0.462| 0.553 |0.553|0.582|0.553|0.582| 0.645 |0.645|0.685|0.645|0.685 ns
LVDCI_15_S 0.425 |0.425|0.462|0.425|0.462| 0.749 |0.749/0.803|0.749|0.803| 0.821 |0.821|0.890|0.821|0.890| ns
LVDCI_18_F 0.414 |0.414|0.447|0.414|0.447| 0.441 |0.441|0.459|0.441|0.459| 0.560 |0.560|0.589|0.560|0.589| ns
LVDCI_18_M 0.414 |0.4140.447|0.414|0.447| 0.554 |0.554|0.585|0.554|0.585| 0.644 |0.644|0.683|0.644|0.683| ns
LVDCI_18_S 0.414 |0.4140.447|0.414|0.447| 0.760 |0.760|0.818|0.760|0.818| 0.837 |0.837|0.899|0.837|0.899| ns
LVDS 0.539 |0.539/0.620(0.539|0.620| 0.626 |0.626|0.662|0.626|0.662| 960.447 {960.447|960.447|960.447|960.447| ns
MIPI_DPHY_DCI_HS 0.386 |0.386/0.415/0.386|0.415| 0.502 |0.502|0.522|0.502|0.522| N/A | N/A | N/A | N/A | N/A | ns
MIPI_DPHY_DCI_LP 8.438 |8.438(8.792(8.438|8.792| 0.914 |0.914/0.937(0.914(0.937| N/A | N/A | N/A | N/A | N/A | ns
POD10_DCI_F 0.408 |0.408|0.430(0.408|0.430| 0.425 |0.425|0.444|0.425|0.444| 0.555 |0.555|0.584|0.555|0.584| ns
POD10_DCI_M 0.408 |0.408/0.430(0.408(0.430| 0.542 |0.542|0.571|0.542|0.571| 0.640 |0.640|0.681|0.640|0.681| ns
POD10_DCI_S 0.408 |0.408|0.430|0.408|0.430| 0.754 |0.754|0.815|0.754|0.815| 0.850 |0.850|0.917|0.850|0.917| ns
POD10_F 0.407 |0.407|0.430(0.407|0.430| 0.438 |0.438|0.459|0.438|0.459| 0.569 |0.569|0.601|0.569|0.601| ns
POD10_M 0.407 |0.407|0.430|0.407|0.430| 0.538 |0.538|0.568|0.538|0.568| 0.630 |0.630|0.667|0.630|0.667| ns
POD10_S 0.407 |0.407|0.430(0.407|0.430| 0.766 |0.766|0.821|0.766|0.821| 0.836 |0.836|0.894|0.836|0.894| ns
POD12_DCI_F 0.409 |0.409|0.431(0.409|0.431| 0.425 |0.425|0.443|0.425|0.443| 0.558 |0.558|0.586|0.558|0.586 ns
POD12_DCI_M 0.409 |0.409/0.431(0.409(0.431| 0.543 |0.543|0.572|0.543|0.572| 0.638 |0.638|0.678|0.638/0.678| ns
POD12_DCI_S 0.409 |0.409|0.431(0.409(0.431| 0.772 |0.772|0.822|0.772|0.822| 0.862 |0.862|0.929|0.862|0.929| ns
POD12_F 0.409 |0.409/0.431(0.409|0.431| 0.455 |0.455|0.476|0.455|0.476| 0.595 |0.595|0.626|0.595|0.626| ns
POD12_M 0.409 |0.409/0.431(0.409|0.431| 0.551 |0.551|0.582|0.551|0.582| 0.641 |0.641|0.679|0.641|0.679| ns
POD12_S 0.409 |0.409/0.431(0.409(0.431| 0.767 |0.767|0.817|0.767|0.817| 0.832 |0.832|0.889|0.832|0.889| ns
SLVS_400_18 0.539 |0.539/0.620/0.539/0.620| N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | N/A | ns
SSTL12_DCI_F 0.381 |0.381/0.399/0.381|0.399| 0.425 |0.425|0.443|0.425|0.443| 0.558 |0.558|0.586|0.558|0.586| ns
SSTL12_DCI_M 0.381 |0.381/0.399/0.381|0.399| 0.557 |0.557|0.587|0.557|0.587| 0.654 |0.654|0.694|0.654|0.694| ns
SSTL12_DCI_S 0.381 |0.381/0.399/0.381|0.399| 0.754 |0.754|0.803|0.754/0.803| 0.842 |0.842|0.908|0.842|0.908| ns
SSTL12_F 0.403 |0.403|0.403|0.403|0.403| 0.412 |0.412|0.430|0.412|0.430| 0.538 |0.538|0.566|0.538|0.566| ns
SSTL12_M 0.403 |0.403/0.403/0.403|0.403| 0.553 |0.553|0.584|0.553|0.584| 0.641 |0.641|0.676|0.641|0.676| ns
SSTL12_S 0.403 |0.403/0.403|0.403|0.403| 0.758 |0.758/0.808|0.758|0.808| 0.823 |0.823|0.879|0.823|0.879| ns
SSTL135_DCI_F 0.366 |0.366/0.399/0.366/0.399| 0.411 |0.411|0.428|0.411|0.428| 0.537 |0.537|0.565|0.537|0.565| ns
SSTL135_DCI_M 0.366 |0.366/0.399/0.366/0.399| 0.551 |0.551|0.582|0.551|0.582| 0.645 |0.645|0.685|0.645|0.685| ns
DS922 (v1.2) April 11, 2017 www.xilinx.com I Send Feedback I
Preliminary Product Specification 28



http://www.xilinx.com
http://www.xilinx.com/about/feedback.html?docType=Data_Sheets&docId=DS922&Title=Kintex%20UltraScale+%20FPGAs%20Data%20Sheet%3A%20DC%20and%20AC%20Switching%20Characteristics&releaseVersion=1.2&docPage=28
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UltraRAM Switching Characteristics

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

Table 34: UltraRAM Switching Characteristics

Speed Grade and
Vceint Operating Voltages

Symbol Description 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1

Maximum Frequency
UltraRAM maximum frequency with

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

Fmax_ecc OREG_B = False and EN_ECC_RD_B = True. 450 400 386 325 315 MHz
UltraRAM maximum frequency with

FMAX_NORPIPELINE OREG_B = False and 550 500 478 425 408 MHz
EN_ECC_RD_B = False.

Tew® Minimum pulse width. 650 700 730 800 832 ps
Asynchronous reset minimum pulse width.

TrsTPW One cycle required. 1 clock cycle

Notes:

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

Input/Output Delay Switching Characteristics

Table 35: Input/Output Delay Switching Characteristics

Speed Grade and
Vceint Operating Voltages

Symbol Description 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
REFCLK frequency for IDELAYCTRL 300 to 800 MHz
(component mode).
FrEFcLK REFCLK frequency for
BITSLICE_CONTROL (native 300 to 300 to 300 to 300 to 300 to MHz
— 2666.67 | 2666.67 2400 2400 2133
mode).
TMINPER_CLK M nam period for IODELAY 3.195 | 3.195 | 3.195 | 3.195 | 3.195 | ns
TMINPER_RST Minimum reset pulse width. 52.00 ns
TipeLaY_ResoLUTION | | DE| AY/ODELAY chain resolution. 2.1to 12 ps

TODELAY_RESOLUTION

Notes:
1. PLL settings could restrict the minimum allowable data rate. For example, when using a PLL with CLKOUTPHY = VCO_HALF,
the minimum frequency is PLL_FVCOMIN/2.
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Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

PLL Switching Characteristics

Table 39: PLL Specification(®)

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

PLL_Finmax Maximum input clock frequency. 1066 933 800 933 800 MHz
PLL_FinMIN Minimum input clock frequency. 70 70 70 70 70 MHz
PLL_FiNJITTER Maximum input clock period jitter. < 20% of clock input period or 1 ns Max

Input duty cycle range: 70-399 MHz. 35-65 %
PLL_FnpuTyY Input duty cycle range: 400—499 MHz. 40-60 %

Input duty cycle range: >500 MHz. 45-55 %
PLL_Fycomin Minimum PLL VCO frequency. 750 750 750 750 750 MHz
PLL_Fycomax Maximum PLL VCO frequency. 1500 1500 1500 1500 1500 MHz
PLL_TsrateuaorrseT | Static phase offset of the PLL outputs.(®) |  0.12 0.12 0.12 0.12 0.12 ns
PLL_TouTtiTTER PLL output jitter. Note 3

PLL CLKOUTO, CLKOUTOB, CLKOUT1,
PLL_TOUTDUTY CLKOUT1B duty—cycle preCiSion.(4) 0.165 0.20 0.20 0.20 0.20 ns
PLL_T, ockmax PLL maximum lock time. 100 us

PLL maximum output frequency at

CLKOUTO, CLKOUTOB, CLKOUT1, 891 775 667 725 667 MHz
PLL_FouTmax CLKOUT1B.

PLL maximum output frequency at

CLKOUTPHY. 2667 2667 2400 2400 2133 MHz

PLL minimum output frequency at

CLKOUTO, CLKOUTOB, CLKOUT1, 5.86 5.86 5.86 5.86 5.86 MHz

®

PLL_FoutmiN CLKOUT1B.

PLL minimum output frequency at 2 X VCO mode: 1500, 1 x VCO mode: 750 MHz

CLKOUTPHY. 0.5 x VCO mode: 375
PLL_RST\iNnPULSE Minimum reset pulse width. 5.00 5.00 5.00 5.00 5.00 ns

Maximum frequency at the phase
PLL_Fprpmax frequency detector. 667.5 667.5 667.5 667.5 667.5 MHz

Minimum frequency at the phase
PLL_FpepmiIN frequency detector. 70 70 70 70 70 MHz
PLL_FgaANDWIDTH PLL bandwidth at typical. 14 14 14 14 14 MHz
PLL_FpprcLk_max Maximum DRP clock frequency 250 250 250 250 250 MHz

Notes:

ghrONMPE
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The PLL does not filter typical spread-spectrum input clocks because they are usually far below the loop filter frequencies.
The static offset is measured between any PLL outputs with identical phase.
Values for this parameter are available in the Clocking Wizard.

Includes global clock buffer.

Calculated as Fycp/128 assuming output duty cycle is 50%.
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Device Pin-to-Pin Output Parameter Guidelines

The pin-to-pin numbers in Table 40 through Table 42 are based on the clock root placement in the center
of the device. The actual pin-to-pin values will vary if the root placement selected is different. Consult the
Vivado Design Suite timing report for the actual pin-to-pin values.

Table 40: Global Clock Input to Output Delay Without MMCM (Near Clock Region)

Speed Grade and
Vceint Operating Voltages

Symbol Description Device 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM.
TickoE Global clock input and output XCKU3P 4.30 5.09 5.48 5.68 5.99 ns

flip-flop without MMCM (near clock

region). XCKU5P 4.30 5.09 5.48 5.68 5.99 ns

XCKU9P 5.00 5.91 6.35 6.66 7.09 ns
XCKU11P 5.82 6.96 7.61 7.19 8.36 ns
XCKU13P 5.15 6.09 6.55 6.90 7.38 ns
XCKU15P 5.72 6.90 7.40 7.62 8.07 ns

Notes:

1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible 1/0 and CLB flip-flops are clocked by the global clock net.

Table 41: Global Clock Input to Output Delay Without MMCM (Far Clock Region)

Speed Grade and
Vceint Operating Voltages

Symbol Description Device 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1

SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM.
TICKOF_FAR Global clock input and output XCKU3P 4.46 5.30 5.70 5.88 6.23 ns
:g';;gg')o_ without MMCM (far clock — Fyciusp | 4.46 | 5.30 5.70 588 | 623 | ns

XCKU9P 5.38 6.49 6.97 7.14 7.59 ns

XCKU11P 6.18 7.41 8.11 7.66 8.99 ns

XCKU13P 5.38 6.49 6.96 7.19 7.71 ns

XCKU15P 6.21 7.53 8.07 8.36 8.90 ns

Notes:

1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible 1/0 and CLB flip-flops are clocked by the global clock net.
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Table 42: Global Clock Input to Output Delay With MMCM

Speed Grade and
Vceint Operating Voltages

Symbol Description Device 0.90V 0.85V 0.72Vv Units
-3 -2 -1 -2 -1
SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, with MMCM.
Tickormmemcc | Global clock input and output XCKU3P 1.98 1.98 2.17 2.66 2.66 ns
flip-flop with MMCM. XCKUSP | 1.98 | 1.98 2.17 2.66 | 2.66 | ns
XCKU9P 2.15 2.15 2.36 2.86 2.86 ns
XCKU11P 2.64 2.64 2.96 3.25 3.55 ns
XCKU13P 2.18 2.18 2.38 2.88 2.90 ns
XCKU15P 2.44 2.44 2.66 3.19 3.19 ns

Notes:

1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible 170 and CLB flip-flops are clocked by the global clock net in a single SLR.

2. MMCM output jitter is already included in the timing calculation.
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Table 44: Global Clock Input Setup and Hold With MMCM

Symbol

Description

Input Setup and Hold Time Relative to Glob

Tpsmmcmec_KusP

TpHMMCMCC_KUSP

Tpsmmemec_kuap

TpHMMCMCC_KU9P

TPSMMCMCC_KUllP

TPHMMCMCC_KUllP

TPSMMCMCC_KUlSP

TPHMMCMCC_KU13P

TPSMMCMCC_KUISP

TPHMMCMCC_KUlSP

TrsmMmcMmee KU3P Global clock input and

input flip-flop (or latch)
TPHMMCMCC_KU3P | \with MMCM.

Speed Grade and
Vceint Operating Voltages
Device ' gov 0.85V o.72v | Units
-3 -2 -1 -2 -1
al Clock Input Signal using SSTL15 Standard.(1)(2)(3)
Setup 2.02 2.04 2.16 2.31 2.48 ns
XCKU3P
Hold -0.17 -0.17 -0.17 0.11 0.11 ns
Setup 2.02 2.04 2.16 2.31 2.48 ns
XCKU5P
Hold -0.17 -0.17 -0.17 0.11 0.11 ns
Setup 1.97 2.00 2.12 2.26 2.44 ns
XCKU9P
Hold -0.11 -0.11 -0.11 0.16 0.18 ns
Setup 2.08 2.08 2.23 2.59 2.75 ns
XCKU11P
Hold —0.05 —-0.05 0.04 0.35 0.74 ns
Setup 1.96 1.99 2.12 2.26 2.44 ns
XCKU13P
Hold -0.10 -0.10 -0.10 0.17 0.19 ns
Setup 1.89 1.89 2.03 2.36 2.55 ns
XCKU15P
Hold —-0.16 —-0.16 —0.16 0.31 0.34 ns

Notes:

1. Setup and hold times are measured over worst case conditions (process, voltage, temperature). Setup time is measured
relative to the global clock input signal using the slowest process, slowest temperature, and slowest voltage. Hold time is
measured relative to the global clock input signal using the fastest process, fastest temperature, and fastest voltage.

2. This table lists representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible 1/0 and CLB flip-flops are clocked by the global clock net in a single SLR.

3. Use IBIS to determine any duty-cycle distortion incurred using various standards.

Table 45: Sampling Window

Speed Grade and V¢ T Operating Voltages

Description 0.90Vv 0.85Vv 0.72Vv Units
-3 -2 -1 -2 -1
Tsamp_surct™ 510 610 610 610 610 ps
TsAMP_NATIVE_DPA 100 100 125 125 150 ps
TsAMP_NATIVE_BISC 60 60 85 85 110 ps

Notes:

1. This parameter indicates the total sampling error of the Kintex UltraScale+ FPGA DDR input registers, measured across
voltage, temperature, and process. The characterization methodology uses the MMCM to capture the DDR input registers’
edges of operation. These measurements include: CLKO MMCM jitter, MMCM accuracy (phase offset), and MMCM phase
shift resolution. These measurements do not include package or clock tree skew.
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Package Parameter Guidelines

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

The parameters in this section provide the necessary values for calculating timing budgets for clock

transmitter and receiver data-valid windows.

Table 46: Package Skew

Symbol Description Device Package Value Units
SFVB784 75 ps
FFVAG676 136 ps
XCKU3P
FFVB676 69 ps
FFVD900 179 ps
SFVB784 75 ps
FFVAG676 136 ps
XCKU5P
FFVB676 69 ps
FFVD900 179 ps
PKGSKEW Package Skew XCKU9P FFVE90O 212 ps
FFVD900 ps
XCKU11P FFVA1156 ps
FFVE1517 ps
XCKU13P FFVESOO 197 ps
FFVA1156 203 ps
FFVE1517 167 ps
XCKU15P
FFVA1760 191 ps
FFVE1760 172 ps
Notes:

1. These values represent the worst-case skew between any two SelectlO resources in the package: shortest delay to longest
delay from die pad to ball.

2. Package delay information is available for these device/package combinations. This information can be used to deskew the

package.
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GTH Transceiver Specifications

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

GTH Transceiver DC Input and Output Levels

Table 47 summarizes the DC specifications of the GTH transceivers in the Kintex UltraScale+ FPGAs.
Consult the UltraScale Architecture GTH Transceiver User Guide (UG576) for further information.

Table 47: GTH Transceiver DC Specifications

Symbol DC Parameter Conditions Min Typ Max Units
>10.3125 Gb/s 150 - 1250 mVv
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 DC coupled —400 — VyveTtavtT | MV

referenced to GND. VmeTavrT = 1.2V

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 _DVPPOUT_(VMGTAVTT‘VRXJERM) mv
terminated to Vgy_tgrw(? | "METAVIT — 4 2
VemouTtac | Common mode output voltage: AC coupled (equation based). VyeTtavtT — Pverout/2 mV
RiNn Differential input resistance. — 100 — Q
Rout Differential output resistance. — 100 — Q
T Transmitter output pair (TXP and TXN) intra-pair skew _ _ 10 s
OSKEW (All packages). P
CexT Recommended external AC coupling capacitor.(® — 100 — nF
Notes:

1. The output swing and pre-emphasis levels are programmable using the attributes discussed in the UltraScale Architecture
GTH Transceiver User Guide (UG576), 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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GTH Transceiver Switching Characteristics

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

Consult the UltraScale Architecture GTH Transceiver User Guide (UG576) for further information.

Table 50: GTH Transceiver Performance

Speed Grade and V¢ nT Operating Voltages
Symbol | Description gi‘f/tig:: 0.90V 0.85V 0.72V Units
-3 -2 -1 -2 -1
FeTHMAX GTH maximum line rate. 16.375 16.375 12.5 12.5 10.3125 Gb/s
FeTHMIN GTH minimum line rate. 0.5 0.5 0.5 0.5 0.5 Gb/s
Min Max Min Max Min Max Min Max Min Max
1 4 12.5 4 12.5 4 8.5 4 8.5 4 8.5 Gb/s
) 2 6.25 6.25 4.25 4.25 4.25 Gb/s
FGTHCRANGE (r:;r']‘;‘el.'(”s rate [, 1 |3125| 1 |3125| 1 |2125| 1 |2125| 1 | 2125 | Gb/s
8 0.5 |1.5625| 0.5 |1.5625| 0.5 |1.0625| 0.5 |1.0625| 0.5 1.0625 | Gb/s
16 N/A Gb/s
Min Max Min Max Min Max Min Max Min Max
1 9.8 |16.375| 9.8 |16.375| 9.8 12.5 9.8 12.5 9.8 |10.3125| Gb/s
) 2 4.9 18.1875| 4.9 |8.1875| 4.9 8.15 4.9 [8.1875| 4.9 8.15 Gb/s
FGTHORANGEL %23%3:(2) 4 2.45 |4.0938| 2.45 |4.0938| 2.45 | 4.075 | 2.45 |4.0938| 2.45 | 4.075 | Gb/s
8 1.225 |2.0469| 1.225 |2.0469| 1.225 |2.0375| 1.225 |2.0469| 1.225 | 2.0375 | Gb/s
16 0.6125|1.0234(0.6125|1.0234|0.6125|1.0188|0.6125|1.0234|0.6125| 1.0188 | Gb/s
Min Max Min Max Min Max Min Max Min Max
1 8.0 13 8.0 13 8.0 12.5 8.0 12.5 8.0 |10.3125| Gb/s
) 2 4.0 6.5 4.0 6.5 4.0 6.5 4.0 6.5 4.0 6.5 Gb/s
FGTHORANGE2 rQaF;'éLrlarl:gg_@) 4 20 | 325 | 20 | 325 | 20 | 325 | 20 | 325 | 20 | 3.25 | Gh/s
8 1.0 1.625 1.0 1.625 1.0 1.625 1.0 1.625 1.0 1.625 | Gb/s
16 0.5 |0.8125| 0.5 |0.8125| 0.5 |0.8125| 0.5 |0.8125| 0.5 0.8125 | Gb/s
Min Max Min Max Min Max Min Max Min Max
FepLirancge | CPLL frequency range. 2 6.25 2 6.25 2 4.25 2 4.25 2 4.25 GHz
FOPLLORANGE %Pnl_ng frequency 9.8 |16.375 9.8 |16.375| 9.8 |16.375| 9.8 |16.375 9.8 |16.375| GHz
FOPLLIRANGE %Z;Li frequency 8 13 8 13 8 13 8 13 8 13 | GHz
Notes:
1. The values listed are the rounded results of the calculated equation (2 x CPLL_Frequency)/Output_Divider.
2. The values listed are the rounded results of the calculated equation (QPLLO_Frequency)/Output_Divider.
3. The values listed are the rounded results of the calculated equation (QPLL1_Frequency)/Output_Divider.
Table 51: GTH Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics
Symbol Description All Speed Grades Units
FGTHDRPCLK GTHDRPCLK maximum frequency. 250 MHz
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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 (Cont’d)

Symbol Description Condition Min Typ Max Units
T Total jitter(3(4) - - 0.20 ul
)25 e 2.5 Gb/s(®)
Do s Deterministic jitter(3®) - — 0.10 ul
T Total jitter(3(4) - - 0.15 ul
125 e - 1.25 Gb/s(?)
Dj1.25 Deterministic jitter(3®) — - 0.06 ul
T Total jitter(3(4) - - 0.10 ul
7500 JEer” 500 Mb/s®
DJs500 Deterministic jitter(3(®#) - - 0.03 ul
Notes:

1. Using same REFCLK input with TX phase alignment enabled for up to four consecutive transmitters (one fully populated
GTH Quad) at the maximum line rate.
2. Using QPLL_FBDIV = 40, 20-bit internal data width. These values are NOT intended for protocol specific compliance
determinations.

w

determinations.

N GOA

All jitter values are based on a bit-error ratio of 10712,
CPLL frequency at 3.2 GHz and TXOUT_DIV = 2.
CPLL frequency at 2.5 GHz and TXOUT_DIV = 2.
CPLL frequency at 2.5 GHz and TXOUT_DIV = 4.
CPLL frequency at 2.0 GHz and TXOUT_DIV = 8.

Table 57: GTH Transceiver Receiver Switching Characteristics

Using CPLL_FBDIV = 2, 20-bit internal data width. These values are NOT intended for protocol specific compliance

Symbol Description ‘ Condition Min Typ Max Units
FoTHRX Serial data rate 0.500 — FoThHmax | Gb/s
RyssT Receiver spread-spectrum tracking(®) ‘ Modulated at 33 kHz | —5000 — 0 ppm
RxrL Run length (CID) — — 256 Ul

Bit rates < 6.6 Gb/s —-1250 - 1250 ppm
RyPPMTOL Data/REFCLK PPM offset tolerance | o 13189 = -6 Gb/s 1|+ _709 - 700 | ppm

Bit rates > 8.0 Gb/s —200 - 200 ppm
SJ Jitter Tolerance(®
JT_s116.375 Sinusoidal jitter (QPLL)(®) 16.375 Gb/s 0.30 - - ul
Jr sns.1 Sinusoidal jitter (QPLL)(3) 15.1 Gb/s 0.30 — — ul
I sinaa Sinusoidal jitter (QPLL)(® 14.1 Gb/s 0.30 - — ul
Jr snsa Sinusoidal jitter (QPLL)(® 13.1 Gb/s 0.30 - - ul
I sn2.s Sinusoidal jitter (QPLL)(3) 12.5 Gb/s 0.30 — — ul
Jr si13 Sinusoidal jitter (QPLL)(® 11.3 Gb/s 0.30 - — ul
J1_s310.32_opLL | Sinusoidal jitter (QPLL)(® 10.32 Gb/s 0.30 - - ul
JT s110.32 cpLL | Sinusoidal jitter (CPLL)(®) 10.32 Gb/s 0.30 — — ul
J1_s39.953 gpLL | Sinusoidal jitter (QPLL)(®) 9.953 Gb/s 0.30 - — ul
J1_s39.953 cpLL | Sinusoidal jitter (CPLL)(® 9.953 Gb/s 0.30 - - ul
Jr si8.0 Sinusoidal jitter (QPLL)(®) 8.0 Gb/s 0.42 - - ul
JT_s36.6_CPLL Sinusoidal jitter (CPLL)(3) 6.6 Gb/s 0.44 - — ul
Jr s15.0 Sinusoidal jitter (CPLL)(3) 5.0 Gb/s 0.44 - - ul
T sia.25 Sinusoidal jitter (CPLL)(®) 4.25 Gb/s 0.44 — — ul
Jr s13.2 Sinusoidal jitter (CPLL)(3) 3.2 Gh/s® 0.45 - - ul
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Table 63: GTY Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics

Symbol Description All Speed Grades Units

FoTYDRPCLK GTYDRPCLK maximum frequency. 250 MHz

Table 64: GTY Transceiver Reference Clock Switching Characteristics

L . All Speed Grades ]
Symbol Description Conditions - Units
Min Typ Max
FocLk Reference clock frequency range. 60 - 820 MHz
TreLk Reference clock rise time. 20% — 80% — 200 - ps
TecLk Reference clock fall time. 80% — 20% — 200 — ps
TbcREE Reference clock duty cycle. Transceiver PLL only 40 50 60 %

Table 65: GTY Transceiver Reference Clock Oscillator Selection Phase Noise Mask(®)

i Offset . .
Symbol Description Frequency Min Typ Max Units
QPLLO/QPLL1 reference clock select 10 kHz ~ — —112
phase noise mask at 100 kHz - — —-128 dBc/Hz
REFCLK frequency = 156.25 MHz. 1 MHz _ _ _145
QPLLO/QPLL1 reference clock select 10 kHz ~ — —103
QPLLREFCLKMASK phase noise mask at 100 kHz - — -123 dBc/Hz
REFCLK frequency = 312.5 MHz. 1 MHz _ _ _143
QPLLO/QPLL1 reference clock select 10 kHz ~ — —98
phase noise mask at 100 kHz - — 117 dBc/Hz
REFCLK frequency =625 MHz. 1 MHz _ _ _140
10 kHz — — —-112
CPLL reference clock select phase noise | 100 kHz — — -128
mask at REFCLK dBc/Hz
frequency = 156.25 MHz. 1 MHz - - —-145
50 MHz — — —145
10 kHz — — —-103
CPLL reference clock select phase noise 100 kHz - - —-123
CPLLrercLKMASK mask at REFCLK frequency = 312.5 MHz. | 1 MHz _ _ _143 dBe/Hz
50 MHz — — —145
10 kHz — — —98
CPLL reference clock select phase noise 100 kHz - - —-117 dBc/Hz
mask at REFCLK frequency = 625 MHz. |1 MHz _ _ ~140
50 MHz — — —144

Notes:
1. For reference clock frequencies not in this table, use the phase-noise mask for the nearest reference clock frequency.
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Table 67: GTY Transceiver User Clock Switching Characteristics(1) (Cont’d)

Data Width Conditions

Speed Grade and

Veeint Operating Voltages

o (Bit) .
Symbol Description 0.90Vv 0.85V 0.72Vv Units
Inter_nal Interco[’mect -3 223 | _1(&)(5) _2(3) _1(3)
Logic Logic
16 16 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
16 32 255.859 | 255.859 | 195.313 | 195.313 | 161.133 | MHz
32 32 511.719 | 511.719 | 390.625 | 390.625 | 322.266 | MHz
32 64 255.859 | 255.859 | 195.313 | 195.313 | 161.133 | MHz
64 64 511.719 | 440.781 | 402.832 | 402.832 | 195.313 | MHz
TXUSRCLK2(®) | g4 128 255.859 | 220.391 | 201.416 | 201.416 | 97.656 | MHz
Frxinz maximum
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 | 350.000 | 257.813 | MHz
40 80 204.688 | 204.688 | 156.250 | 175.000 | 128.906 | MHz
80 80 409.375 | 352.625 | 322.266 | 352.625 | 156.250 | MHz
80 160 204.688 | 176.313 | 161.133 | 176.313 | 78.125 | 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
32 64 255.859 | 255.859 | 195.313 | 195.313 | 161.133 | MHz
64 64 511.719 | 440.781 | 402.832 | 402.832 | 195.313 | MHz
RXUSRCLK2®)| g4 128 255.859 | 220.391 | 201.416 | 201.416 | 97.656 | MHz
Frxinz maximum
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 | 350.000 | 257.813 | MHz
40 80 204.688 | 204.688 | 156.250 | 175.000 | 128.906 | MHz
80 80 409.375 | 352.625 | 322.266 | 352.625 | 156.250 | MHz
80 160 204.688 | 176.313 | 161.133 | 176.313 | 78.125 | MHz
Notes:
1. Clocking must be implemented as described in the UltraScale Architecture GTY Transceiver User Guide (UG578).
2. For speed grades -3E, -2E, and -2I, a 16-bit and 20-bit internal data path can only be used for line rates less than
8.1875 Gb/s.
3. For speed grade -2LE, a 16-bit and 20-bit internal data path can only be used for line rates less than 8.1875 Gb/s when
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
Veeint = 0.85V or 5.15625 Gb/s when Veeoyt = 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 GTY Transceiver User Guide (UG578).
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Integrated Interface Block for Interlaken

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

e 12x12.5 Gb/s protocol and lane logic mode (Table 71).
e 6x25.78125 Gb/s and 6 x 28.21 Gb/s protocol and lane logic mode (Table 72).
e 12 x25.78125 Gb/s lane logic only mode (Table 73).

Kintex UltraScale+ FPGAs in the SFVB784, FFVA676, and FFVA1156 packages are only supported using the
12 x 12.5 Gb/s Interlaken configuration. See Table 62 for the Fgrymax description.

Table 71: Maximum Performance for Interlaken 12 x 12.5 Gb/s Protocol and Lane Logic Mode
Designs

Speed Grade and V¢ nT Operating Voltages

Symbol Description 0.90Vv 0.85v 0.72vVv Units
-3 -2 -1 -2 -1
Receive serializer/
FRX_SERDES_CLK| qosorilizor clock 195.32 195.32 195.32 195.32 195.32 MHz
Transmit
Frx SErDES CLk | serializer/ 195.32 195.32 195.32 195.32 195.32 MHz
N - deserializer clock
Dynamic
Forp cLk reconfiguration 250.00 250.00 250.00 250.00 250.00 MHz
B port clock
Min(D | Max | Min(® | Max |[Min® | Max | Min® | Max | Min(®) | Max
FCORE CLK Interlaken core |35 00|322.27/300.00322.27|300.00|322.27/300.00|322.27|300.00(322.27 MHz
— clock
F Interlaken local |54, 5/322 27/300.00/322.27/300.00 322.27/300.00/322.27/300.00|322.27| MHz
LBUS_CLK bus clock
Notes:

1. These are the minimum clock frequencies at the maximum lane performance.
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& XILINX. Kintex UltraScale+ FPGAs Data Sheet: DC and AC Switching Characteristics

Table 76: System Monitor Specifications (Cont’d)

Parameter Symbol Comments/Conditions Min Typ Max Units
SuEpIy vgltages 0.072V t_o 1.2v, _ _ 405 %
Tj = —40°C to 100°C (with external REF)

Supply voltages 0.72V to 1.2V,
PP 9 . - — +1.0 %

T; = —55°C to 125°C (with external REF)
All other supply voltages,

PRl 9 . - — +1.0 %
T; = —40°C to 100°C (with external REF)
All other supply voltages,

PPl 9 . — — +2.0 %
T; = —55°C to 125°C (with external REF)

Supply sensor error(4)

Supply voltages 0.72V to 1.2V, _ _ +1.0 %
Tj = —40°C to 100°C (with internal REF) -
Supply voltages 0.72V to 1.2V,
bRl 9 . — — +2.0 %

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

PRl 9 . - — +1.5 %
Tj = —40°C to 100°C (with internal REF)
All other supply voltages,

PRl 9 . - — +2.5 %
Tj = —55°C to 125°C (with internal REF)

Conversion Rate(®)

Conversion time—continuous| tcony Number of ADCCLK cycles 26 — 32 Cycles

Conversion time—event tcony Number of ADCCLK cycles — — 21 Cycles

DRP clock frequency DCLK DRP clock frequency 8 - 250 MHz

ADC clock frequency ADCCLK | Derived from DCLK 1 - 5.2 MHz

DCLK duty cycle 40 - 60 %

SYSMON Reference(®)

External reference VREFP Externally supplied reference voltage 1.20 1.25 1.30 \Y

Ground Vgggp pin to AGND,
_ Tj = —40°C to 100°C 1.2375| 1.25 | 1.2625 \Y,

On-chip reference G qv - AGND

roun REFP PIN to ,
Tj = —55°C to 125°C 1.225 1.25 1.275 \Y,

Notes:

1. ADC offset errors are removed by enabling the ADC automatic offset calibration feature. The values are specified for when
this feature is enabled.

2. See the Analog Input section in the UltraScale Architecture System Monitor User Guide (UG580).

3. When reading temperature values directly from the PMBus interface, the SYSMON has a +4°C offset due to the transfer
function used by the PMBus application. For example, the external REF temperature sensor error’s range of £3°C becomes
+1°C to +7°C when the temperature is read through the PMBus interface.

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

5. See the Adjusting the Acquisition Settling Time section in the UltraScale Architecture System Monitor User Guide (UG580).

6. Any variation in the reference voltage from the nominal Vgerp = 1.25V and Vgegeny = OV will result in a deviation from the

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