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General Description

The radiation tolerant (RT) XQR UltraScale™ architecture-based devices extend the benefit of commercial
silicon with unique ceramic column grid array package, tested to stringent qualification flows like AMD ®
class B, class Y test flows, full M-grade operating temperature range support, and radiation tested for
single-event effects.

XQR Kintex™ UltraScale FPGAs are high-performance monolithic FPGAs with a focus on performance. High
DSP and block RAM-to-logic ratios and next-generation transceivers combined with space-grade
packaging to handle vibration and handling requirements during launch and operation enable a new
generation of high-density FPGAs for on-orbit reconfiguration, targeted for applications like on-board
processing, digital payloads, remote sensing, and many more. The Xilinx Space Secure Site provides access
to design guidelines and resources specific to space applications.

This data sheet is part of an overall set of documentation on the UltraScale architecture-based devices
available on the AMD website at https://docs.amd.com.

Summary of Radiation Characteristics for Kintex UltraScale
XQRKUO060 Devices

This product is intended for use in space environments and offered in AMD class Y, class B manufacturing
and process flows. AMD 20 nm UltraScale device technology is developed with innovative configuration
memory and block RAM design for single-event upset (SEU) mitigation, with optimized SEU design rules
and strategic implementation of SEU enhanced cells. The Kintex UltraScale XQRKU060 device uses more
than 40 proprietary, patented circuit design and layout techniques to reduce the SEU cross-section.
Block RAM includes embedded error detection and correction (EDAC) for high-performance SEU
mitigation.

Table 1: Radiation Characteristics

Symbol Description Min Typ Max Units
TID Total lonizing Dose (GEO) - 100 120 Krad (Si)
SEL Single-Event Latch-Up Immunity(1) - 80 - MeV-cmZ2/mg

Single-Event Upset in Configuration RAM .
SEUcraM (GEO)@(3) - 9.5e-9 - Upset/bit/day
SEUgram | Single-Event Upset in Block RAM (GEO)(2(3) - 2.3e-8 - Upset/bit/day

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

Symbol Description Min Typ Max Units
Single-Event Functional Interrupt Orbital
SEFlcram | Upset Frequency - Configuration RAM - 4.5e-4 - Upsets/device/day
(GEO)(®)
Notes:

1. SEL immunity at maximum recommended operating voltage and junction temperature.
2. Error bar is +40% at 90% confidence interval.
3. GEO estimate is based on CREME96 orbital models for worst-case conditions (solar minimum) and 100 mils of Al shielding.

Table 2: Single Event Effect Type Descriptions

Single Event Effect (SEE) Type SEE Signature Target/Comments

. . . . | Memories, latches in logic devices.
Corruption of the information stored in

Single Event Upset (SEU) a memory element

Composed of single bit upset (SBU) or
multiple bit upset (MBU).

. . Analog and mixed-signal circuits.
Impulse response of certain amplitude

ingle Event Transien ET .
Single Event Transient (SET) and duration

Can lead to SEU if latched in memory
cell.

CMOS devices.

Single Event Latchup (SEL) High-current conditions . .

Might lead to hard failure.
Single Event Functional Corruption of a datapath leading to loss | Complex devices with built-in state
Interrupt (SEFI) of normal operation machine/control sections or systems.

Weibull Fit Parameters

Weibull curves were fitted to the measured test data. See the radiation test summary data in the radiation
reports in the XQRKUO060 area of the Xilinx Space Secure Site. A summary of the best fit Weibull
parameters for the various components of the XQRKU060 FPGA is shown in Table 3.

Table 3: Weibull Fit Parameters

Parameter LET,;, w S Ogat
Configuration RAM 0.5 5 1.3 8.00E-10
Block RAM 0.9 2 0.98 9.60E-10
Shift Registers 1.16 12 0.92 1.00E-03
Counter 1.16 6 0.96 4.00E-04
DSP 1.16 6 0.93 7.00E-04
GTH 1.16 2 0.96 2.00E-05
10B 0.9 5 0.97 5.00E-04
PLL 3 0.92 1.00E-05
MMCM 3 0.92 1.00E-05
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Kintex UltraScale XQRKUO060 FPGA Feature Summary

Table 4: Kintex UltraScale XQRKU060 FPGA Feature Summary

Feature Quantity
System Logic Cells 725,550
CLB Flip-Flops 663,360
CLB LUTs 331,680
Maximum Distributed RAM (Mb) 9
Block RAM Blocks 1,080
Block RAM (Mb) 38
CMTs (1 MMCM, 2 PLLSs) 12
1/0 DLLs 48
Maximum HP 1/0s(1) 516
Maximum HR 1/0s(?) 104
DSP Slices 2,760
System Monitor 1
PCle® Genl/Gen2/Gen3 up to 8 lanes 3
GTH Transceivers (12.5 Gb/s) 32

Notes:
1. HP = High-performance |/O with support for I/0 voltage from 1.0V to 1.8V.
2. HR = High-range I/O with support for /O voltage from 1.2V to 3.3V.

Device Layout

Programmable resources in the XQRKUG60 device are arranged in a column-and-grid layout. Figure 1
shows a device-level view with resources grouped together. For simplicity, certain resources such as the
integrated blocks for PCle, configuration logic, and System Monitor are not shown.

Transceivers
CLB, DSP, Block RAM
I/0, Clocking, Memory Interface Logic
CLB, DSP, Block RAM
I/0, Clocking, Memory Interface Logic
CLB, DSP, Block RAM
Transceivers

DS882_01_121418

Figure 1: FPGA with Columnar Resources
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Resources within the device are divided into segmented clock regions. The height of a clock region is

60 CLBs. A bank of 52 1/Os, 24 DSP slices, 12 block RAMs, or 4 transceiver channels also matches the height
of a clock region. The width of a clock region is essentially the same in all cases, regardless of the mix of
resources in the region, enabling repeatable timing results. Each segmented clock region contains vertical
and horizontal clock routing that span its full height and width. These horizontal and vertical clock routes
can be segmented at the clock region boundary to provide a flexible, high-performance, low-power clock
distribution architecture. Figure 2 is a representation of an FPGA divided into regions.

Clock Region Width
/—)%

Clock
Region

Height

For graphical representation only, does not represent a real device.
DS882_02_121418

Figure 2: Column-Based FPGA Divided into Clock Regions

Input/Output

The XQRKUO60 device has I/O pins for communicating to external components. Each I/O is configurable
and can comply with a large number of 1/O standards. The I/Os are classed as high-range (HR) or
high-performance (HP). The HR 1/Os offer the widest range of voltage support, from 1.2V to 3.3V. The HP
I/Os are optimized for highest performance operation, from 1.0V to 1.8V.

All 1/0 pins are organized in banks, with typically 52 HP or HR pins per bank. Each bank has one common
Vcco output buffer power supply, which also powers certain input buffers. In addition, HR banks can be
split into two half-banks, each with their own Vg supply. Some single-ended input buffers require an
internally generated or an externally applied reference voltage (Vrgg). Vrer pins can be driven directly from
the PCB or internally generated using the internal Vggr generator circuitry present in each bank.

I/0 Electrical Characteristics

Single-ended outputs use a conventional CMOS push/pull output structure driving High towards Vg or
Low towards ground, and can be put into a high-Z state. The system designer can specify the slew rate and
the output strength. The input is always active but is usually ignored while the output is active. Each pin
can optionally have a weak pull-up or a weak pull-down resistor.

Most signal pin pairs can be configured as differential input pairs or output pairs. Differential input pin
pairs can optionally be terminated with a 100Q internal resistor. The XQRKUO060 device supports
differential standards beyond LVDS, including RSDS, BLVDS, differential SSTL, and differential HSTL. Each
of the I/Os supports memory 1/O standards, such as single-ended and differential HSTL as well as
single-ended and differential SSTL.
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3-State Digitally Controlled Impedance and Low Power I/O Features

The 3-state digitally controlled impedance (T_DCI) can control the output drive impedance (series
termination) or can provide parallel termination of an input signal to Vg or split (Thevenin) termination
to Vcco/2. This allows users to eliminate off-chip termination for signals using T_DCI. In addition to board
space savings, the termination automatically turns off when in output mode or when 3-stated, saving
considerable power compared to off-chip termination. The I/Os also have low power modes for IBUF and
IDELAY to provide further power savings, especially when used to implement memory interfaces.

1/0 Logic

Input and Output Delay

All inputs and outputs can be configured as either combinatorial or registered. Double data rate (DDR) is
supported by all inputs and outputs. Any input or output can be individually delayed by up to 1,250 ps of
delay with a resolution of 5-15 ps. Such delays are implemented as IDELAY and ODELAY. The number of
delay steps can be set by configuration and can also be incremented or decremented while in use. The
IDELAY and ODELAY can be cascaded together to double the amount of delay in a single direction.

ISERDES and OSERDES

Many applications combine high-speed, bit-serial I/O with slower parallel operation inside the device. This
requires a serializer and deserializer (SerDes) inside the 1/O logic. Each 1/O pin possesses an IOSERDES
(ISERDES and OSERDES) capable of performing serial-to-parallel or parallel-to-serial conversions with
programmable widths of 2, 4, or 8 bits. These 1/O logic features enable high-performance interfaces, such
as Gigabit Ethernet/1000BaseX/SGMII, to be moved from the transceivers to the SelectlO™ interface.

High-Speed Serial Transceivers

Serial data transmission between devices on the same PCB, over backplanes, and across even longer
distances is becoming increasingly important. Specialized dedicated on-chip circuitry and differential 1/0
capable of coping with the signal integrity issues are required at these high data rates.

The XQRKUO60 FPGA has GTH transceivers. All transceivers are arranged in groups of four, known as a
transceiver Quad. Each serial transceiver is a combined transmitter and receiver.

GTH Transceivers

The serial transmitter and receiver are independent circuits that use an advanced phase-locked loop (PLL)
architecture to multiply the reference frequency input by certain programmable numbers between 4 and
25 to become the bit-serial data clock. Each transceiver has a large number of user-definable features and
parameters. All of these can be defined during device configuration, and many can also be modified
during operation.
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Transmitter

The transmitter is fundamentally a parallel-to-serial converter with a conversion ratio of 16, 20, 32, 40, 64,
or 80. This allows the designer to trade off datapath width against timing margin in high-performance
designs. These transmitter outputs drive the PC board with a single-channel differential output signal.
TXOUTCLK is the appropriately divided serial data clock and can be used directly to register the parallel
data coming from the internal logic. The incoming parallel data is fed through a FIFO and has additional
hardware support for the 8B/10B, 64B/66B, or 64B/67B encoding schemes to provide a sufficient number
of transitions. The bit-serial output signal drives two package pins with differential signals. This output
signal pair has programmable signal swing as well as programmable pre- and post-emphasis to
compensate for PC board losses and other interconnect characteristics. For shorter channels, the swing
can be reduced to reduce power consumption.

Receiver

The receiver is fundamentally a serial-to-parallel converter, changing the incoming bit-serial differential
signal into a parallel stream of words, each 16, 20, 32, 40, 64, or 80 bits. This allows the designer to trade
off internal datapath width against logic timing margin. The receiver takes the incoming differential data
stream, feeds it through programmable DC automatic gain control, linear and decision feedback
equalizers (to compensate for PC board, cable, optical and other interconnect characteristics), and uses
the reference clock input to initiate clock recognition. There is no need for a separate clock line. The data
pattern uses non-return-to-zero (NRZ) encoding and optionally ensures sufficient data transitions by
using the selected encoding scheme. Parallel data is then transferred into the device logic using the
RXUSRCLK clock. For short channels, the transceivers offer a special low-power mode (LPM) to reduce
power consumption by approximately 30%. The receiver DC automatic gain control and linear and
decision feedback equalizers can optionally auto-adapt to automatically learn and compensate for
different interconnect characteristics. This enables even more margin for 10G+ and 25G+ backplanes.

Out-of-Band Signaling

The transceivers provide out-of-band (OOB) signaling, often used to send low-speed signals from the
transmitter to the receiver while high-speed serial data transmission is not active. This is typically done
when the link is in a powered-down state or has not yet been initialized. This benefits PCle and SATA/SAS
and QPI applications.

Integrated Interface Blocks for PCI Express Designs

The integrated block for PCle on the XQRKUO060 device is compliant with the PCI Express Base
Specification v3.1 and can operate with a lane width of up to x8 and a speed up to 8.0 GT/s (Gen3).

All integrated blocks for PCle can be configured as Endpoint or Root Port. The Root Port can be used to
build the basis for a compatible Root Complex, to allow custom chip-to-chip communication via the PClI
Express protocol, and to attach ASSP Endpoint devices, such as Ethernet Controllers or Fibre Channel
HBAs, to the FPGA.

The maximum lane widths and data rates per family are listed in Table 5.
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Table 5: PCle Maximum Configurations

Genl (2.5 GT/s) x8
Gen2 (5 GT/s) x8
Gen3 (8 GT/s) X8

For high-performance applications, advanced buffering techniques of the block offer a flexible maximum
payload size of up to 1,024 bytes. The integrated block interfaces to the integrated high-speed
transceivers for serial connectivity and to block RAMs for data buffering. Combined, these elements
implement the Physical Layer, Data Link Layer, and Transaction Layer of the PCI Express protocol.

AMD provides LogiCORE™ IP options to configure the integrated blocks for PCle in the XQRKUO060 device.
This includes AXI-Stream interfaces at the PCle packet level and more advanced IP such as AXI to PCle
Bridges and DMA engines. This IP gives the designer control over many configurable parameters such as
link width and speed, maximum payload size, and reference clock frequency. For a complete list of features
that can be configured for each of the IP, go to the specific Product Guide.

Clock Management

The clock generation and distribution components are located adjacent to the columns that contain the
memory interface and input and output circuitry. This tight coupling of clocking and 1/O provides
low-latency clocking to the I/O for memory interfaces and other I/O protocols. Within every clock
management tile (CMT) resides one mixed-mode clock manager (MMCM), two PLLs, clock distribution
buffers and routing, and dedicated circuitry for implementing external memory interfaces.

MMCM

The MMCM can serve as a frequency synthesizer for a wide range of frequencies and as a jitter filter for
incoming clocks. At the center of the MMCM is a voltage-controlled oscillator (VCO), which speeds up and
slows down depending on the input voltage it receives from the phase frequency detector (PFD).

There are three sets of programmable frequency dividers (D, M, and O) that are programmable by
configuration and during normal operation via the Dynamic Reconfiguration Port (DRP). The pre-divider D
reduces the input frequency and feeds one input of the phase/frequency comparator. The feedback
divider M acts as a multiplier because it divides the VCO output frequency before feeding the other input
of the phase comparator. D and M must be chosen appropriately to keep the VCO within its specified
frequency range. The VCO has eight equally-spaced output phases (0°, 45°, 90°, 135°, 180°, 225°, 270°, and
315°). Each phase can be selected to drive one of the output dividers, and each divider is programmable
by configuration to divide by any integer from 1 to 128.

The MMCM has three input-jitter filter options: low bandwidth, high bandwidth, or optimized mode.
Low-Bandwidth mode has the best jitter attenuation. High-Bandwidth mode has the best phase offset.
Optimized mode allows the tools to find the best setting.

The MMCM can have a fractional counter in either the feedback path (acting as a multiplier) or in one
output path. Fractional counters allow non-integer increments of 1/8 and can thus increase frequency
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synthesis capabilities by a factor of 8. The MMCM can also provide fixed or dynamic phase shift in small
increments that depend on the VCO frequency. At 1,600 MHz, the phase-shift timing increment is 11.2 ps.

PLL

With fewer features than the MMCM, the two PLLs in a clock management tile are primarily present to
provide the necessary clocks to the dedicated memory interface circuitry. The circuit at the center of the
PLLs is similar to the MMCM, with PFD feeding a VCO and programmable M, D, and O counters. There are
two divided outputs to the device fabric per PLL as well as one clock plus one enable signal to the memory
interface circuitry.

Clock Distribution

Clocks are distributed throughout the XQRKUO060 device via buffers that drive a number of vertical and
horizontal tracks. There are 24 horizontal clock routes per clock region and 24 vertical clock routes per
clock region with 24 additional vertical clock routes adjacent to the MMCM and PLL. Within a clock region,
clock signals are routed to the device logic (CLBs, etc.) via 16 gateable leaf clocks.

Several types of clock buffers are available. The BUFGCE and BUFCE_LEAF buffers provide clock gating at
the global and leaf levels, respectively. BUFGCTRL provides glitchless clock muxing and gating capability.
BUFGCE_DIV has clock gating capability and can divide a clock by 1 to 8. BUFG_GT performs clock division
from 1 to 8 for the transceiver clocks.

Memory Interfaces

Memory interface data rates continue to increase, driving the need for dedicated circuitry that enables
high performance, reliable interfacing to current and next-generation memory technologies. Every
UltraScale device includes dedicated physical interfaces (PHY) blocks located between the CMT and 1/0O
columns that support implementation of high-performance PHY blocks to external memories such as
DDR4, DDR3, QDRII+, and RLDRAM3. The PHY blocks in each I/O bank generate the address/control and
data bus signaling protocols as well as the precision clock/data alignment required to reliably
communicate with a variety of high-performance memory standards. Multiple 1/O banks can be used to
create wider memory interfaces. See Migration between the XCKU060-FFVA1517 and
XQRKUO060-CNA1509 for memory interface pinout restrictions.

Block RAM

The XQRKUO60 FPGA contains a number of 36 Kb block RAMs, each with two completely independent
ports that share only the stored data. Each block RAM can be configured as one 36 Kb RAM or two
independent 18 Kb RAMs. Each memory access, read or write, is controlled by the clock. Connections in
every block RAM column enable signals to be cascaded between vertically adjacent block RAMs, providing
an easy method to create large, fast memory arrays, and FIFOs with greatly reduced power consumption.
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All inputs, data, address, clock enables, and write enables are registered. The input address is always
clocked (unless address latching is turned off), retaining data until the next operation. An optional output
data pipeline register allows higher clock rates at the cost of an extra cycle of latency. During a write
operation, the data output can reflect either the previously stored data or the newly written data, or it can
remain unchanged. Block RAM sites that remain unused in the user design are automatically powered
down to reduce total power consumption. There is an additional pin on every block RAM to control the
dynamic power gating feature.

Programmable Data Width

Each port can be configured as 32K x 1; 16K x 2; 8K x 4; 4K x 9 (or 8); 2K x 18 (or 16); 1K x 36 (or 32); or
512 x 72 (or 64). Whether configured as block RAM or FIFO, the two ports can have different aspect ratios
without any constraints. Each block RAM can be divided into two completely independent 18 Kb block
RAMs that can each be configured to any aspect ratio from 16K x 1 to 512 x 36. Everything described
previously for the full 36Kb block RAM also applies to each of the smaller 18Kb block RAMs. Only in simple
dual-port (SDP) mode can data widths of greater than 18 bits (18 Kb RAM) or 36 bits (36 Kb RAM) be
accessed. In this mode, one port is dedicated to read operation, the other to write operation. In SDP mode,
one side (read or write) can be variable, while the other is fixed to 32/36 or 64/72. Both sides of the
dual-port 36Kb RAM can be of variable width.

Error Detection and Correction

Each 64-bit-wide block RAM can generate, store, and utilize eight additional Hamming code bits and
perform single-bit error correction and double-bit error detection (ECC) during the read process. The ECC
logic can also be used when writing to or reading from external 64- to 72-bit-wide memories.

FIFO Controller

Each block RAM can be configured as a 36 Kb FIFO or an 18 Kb FIFO. The built-in FIFO controller for
single-clock (synchronous) or dual-clock (asynchronous or multirate) operation increments the internal
addresses and provides four handshaking flags: full, empty, programmable full, and programmable empty.
The programmable flags allow the user to specify the FIFO counter values that make these flags go active.
The FIFO width and depth are programmable with support for different read port and write port widths on
a single FIFO. A dedicated cascade path allows for easy creation of deeper FIFOs.

Configurable Logic Block

Every configurable logic block (CLB) in the XQRKU060 FPGA contains 8 LUTs and 16 flip-flops. The LUTs
can be configured as either one 6-input LUT with one output, or as two 5-input LUTs with separate outputs
but common inputs. Each LUT can optionally be registered in a flip-flop. In addition to the LUTs and
flip-flops, the CLB contains arithmetic carry logic and multiplexers to create wider logic functions.

Each CLB contains one slice. There are two types of slices: SLICEL and SLICEM. LUTs in the SLICEM can be
configured as 64-bit RAM, as 32-bit shift registers (SRL32), or as two SRL16s. CLBs in the XQRKU060 FPGA
have increased routing and connectivity compared to CLBs in previous-generation AMD devices. They also
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have additional control signals to enable superior register packing, resulting in overall higher device
utilization.

Interconnect

Various length vertical and horizontal routing resources in the XQRKUO60 FPGA that span 1, 2, 4, 5, 12, or
16 CLBs ensure that all signals can be transported from source to destination with ease, providing support
for the next generation of wide data buses to be routed while simultaneously improving quality of results
and software run time.

Digital Signal Processing

DSP applications use many binary multipliers and accumulators, best implemented in dedicated DSP
slices. The XQRKUOQ60 FPGA has many dedicated, low-power DSP slices, combining high speed with small
size while retaining system design flexibility.

Each DSP slice fundamentally consists of a dedicated 27 x 18 bit twos complement multiplier and a 48-bit
accumulator. The multiplier can be dynamically bypassed, and two 48-bit inputs can feed a
single-instruction-multiple-data (SIMD) arithmetic unit (dual 24-bit add/subtract/accumulate or quad
12-bit add/subtract/accumulate), or a logic unit that can generate any one of ten different logic functions
of the two operands.

The DSP includes an additional pre-adder, typically used in symmetrical filters. This pre-adder improves
performance in densely packed designs and reduces the DSP slice count by up to 50%. The 96-bit-wide
XOR function, programmable to 12, 24, 48, or 96-bit widths, enables performance improvements when

implementing forward error correction and cyclic redundancy checking algorithms.

The DSP also includes a 48-bit-wide pattern detector that can be used for convergent or symmetric
rounding. The pattern detector is also capable of implementing 96-bit-wide logic functions when used in
conjunction with the logic unit.

The DSP slice provides extensive pipelining and extension capabilities that enhance the speed and
efficiency of many applications beyond digital signal processing, such as wide dynamic bus shifters,
memory address generators, wide bus multiplexers, and memory-mapped I/O register files. The
accumulator can also be used as a synchronous up/down counter.

System Monitor

The System Monitor block enhances the overall safety, security, and reliability of the system by monitoring
the physical environment via on-chip power supply and temperature sensors and external channels to the
ADC. Key System Monitor features are shown in Table 6.
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Table 6: Key System Monitor Features
ADC 10-bit 200 kSPS
Interfaces JTAG, 12C, DRP

In the XQRKUO60 FPGA, sensor outputs and up to 17 user-allocated external analog inputs are digitized
using a 10-bit 200 kilo-sample-per-second (kSPS) ADC, and the measurements are stored in registers that
can be accessed via internal FPGA (DRP), JTAG, or 12C interfaces. The 12C interface allows the on-chip
monitoring to be easily accessed by the System Manager/Host before and after device configuration.

Configuration

The XQRKUO060 FPGA stores its customized configuration in SRAM-type internal latches. The configuration
storage is volatile and must be reloaded whenever the device is powered up. This storage can also be
reloaded at any time. Several methods and data formats for loading configuration are available,
determined by the mode pins, with more dedicated configuration datapath pins to simplify the
configuration process.

The XQRKUO60 FPGA supports secure and non-secure boot with optional Advanced Encryption Standard
- Galois/Counter Mode (AES-GCM) decryption and authentication logic. If only authentication is required,
the XQRKUO060 FPGA provides an alternative form of authentication in the form of RSA algorithms. For RSA
authentication support in the XQRKU060 FPGA, go to UltraScale Architecture Configuration User Guide
(UG570).

The XQRKUO60 FPGA also has the ability to select between multiple configurations, and support robust
field-update methodologies. This is especially useful for updates to a design after the end product has
been shipped and launched. Designers can make last-minute changes right up to the launch of a
spacecraft as well as in-orbit reconfiguration as algorithms change. This feature allows designers to keep
their customers current with the most up-to-date design while the product is already deployed in orbit.

Configuring the FPGA

The SPI (serial NOR) interface (x1, x2, x4, and dual x4 modes) and the BPI (parallel NOR) interface (x8 and
x16 modes) are two common methods used for configuring the FPGA. Users can directly connect an SPI or
BPI flash to the FPGA, and the FPGA's internal configuration logic reads the bitstream out of the flash and
configures itself, eliminating the need for an external controller. The FPGA automatically detects the bus
width on the fly, eliminating the need for any external controls or switches. Bus widths supported are x1,
x2, x4, and dual x4 for SPI, and x8 and x16 for BPI. The larger bus widths increase configuration speed and
reduce the amount of time it takes for the FPGA to start up after power-on.

In master mode, the FPGA can drive the configuration clock from an internally generated clock, or for
higher speed configuration, the FPGA can use an external configuration clock source. This allows
high-speed configuration with the ease of use characteristic of master mode. Slave modes up to 32 bits
wide that are especially useful for processor-driven configuration are also supported by the FPGA. In
addition, the new media configuration access port (MCAP) provides a direct connection between the
integrated block for PCle and the configuration logic to simplify configuration over PCle.
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Configuration Memory Soft Error Detection and Correction

The XQRKUO60 FPGA includes configuration memory soft error detection features and configuration
interfaces that can be used to implement configuration memory error detection and correction methods.
See the UltraScale Architecture Configuration User Guide (UG570) for further information.

When a system is simultaneously accessing the XQRKUO060 configuration memory for soft error detection
or correction, additional noise artifacts from the internal configuration memory system activity can impact
device operation beyond the characteristics specified in this data sheet. See Additional Design
Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration
readback induced time interval error in MMCMs and PLLs.

Migration between the XCKU060-FFVA1517 and
XQRKU060-CNA1509

The XQRKUO60 device is available in a ceramic flip-chip column grid array (CNA1509) package. The
CNA1509 package is surface mount-compatible and uses high-temperature solder columns as
interconnections to the board. Compared to the solder spheres, the columns have lower stiffness and
provide a higher stand-off. These features significantly increase the reliability of the solder joints. When
combined with a high-density, multi-layer ceramic substrate, this packaging technology offers a
high-density, reliable packaging solution.

The XQRKUO060-CNA1509 device/package is footprint-compatible with the XCKU060-FFVA1517
device/package. A PCB can be designed that supports design development with the XCKUO60-FFVA1517
and migration to the XQRKUO60-CNA1509. For this migration, the following provides tools design
guidelines and PCB design guidelines.

For timing-compatible designs targeting the XCKU060-FFVA1517 and XQRKU060-CNA1509, use the
respective xcku060-f f val517- 1LV-i and xqr ku060- cnal509- 1M mselections in the Vivado™
design tools. These Vivado tools part selections have similar performance.

Note: The part order code for the compatible XCKU060 device is XCKU060-1FFVA15171.

The footprints of the FFVA1517 and CNA1509 are the same with a few exceptions listed below. The spacing
between the balls of the FFVA1517 package and columns of the CNA1509 package is 1.0 mm. Refer to the
mechanical drawings for differences between the package dimensions that can affect keep-out spacing,
thermal design, and solderability.

The footprints of the FFVA1517 and CNA1509 are compatible when the recommendations in Table 7 are
followed. The CNA1509 package does not have corresponding columns for eight ball locations near the
corners of the FFVA1517 package ball grid array. See the device diagrams and mechanical drawing for
details. These absent columns are indicated by the NA symbol in the XQRKU060-CNA1509 pin function list
in Table 7.
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Table 7: XCKU060-FFVA1517 to XQRKU060-CNA1509 Migration Recommendations

Pin XCKUO060-FFVA1517 XQRKU060-CNA1509 Recommended Board Connection/
Location Pin Function Pin Function Function Design Use

A2 GND NA No Connect/Do Not Use

A38 1I0_L17N_T2U_N9_AD10N_46 NA No Connect/Do Not Use

B1 NC NA No Connect/Do Not Use

B39 10 L16N_T2U N7_OQBC_AD3N_46 |NA No Connect/Do Not Use

T1 NC MGTHRXN1_224 No Connect(1)/Do Not Use

T2 NC MGTHRXP1_224 No Connect(1)/Do Not Use

GND_SENSE provides direct access to
the device’s internal GND plane for
measurements. If not used, leave
unconnected/floating.

T12 GND GND_SENSE

The VCCINT_SENSE pin provides direct
access to the device’s internal Vet
T13 VCCINT VCCINT_SENSE power plane. Connect to the Ve nT
power supply voltage sensing circuit for
the device’s V¢ nt Voltage. (@

u26 VCCINT_IO VCCINT Connect to Ve nt power supply
W26 VCCINT_IO VCCINT Connect to Ve yt Power supply
AA26 VCCINT_IO VCCINT Connect to Ve yt power supply
AB25 VCCINT_IO VCCINT Connect to Ve nt power supply
AC26 VCCINT_IO VCCINT Connect to Ve iyt Power supply
AVl MGTHRXN1_224 NA No Connect(1)/Do Not Use
AV2 MGTHRXP1_224 NC No Connect(1)/Do Not Use
AV39 10_L8N_T1L_N3_ADS5N_25 NA No Connect/Do Not Use
AW2 GND NA No Connect/Do Not Use
AW38 1I0_T1U_N12_25 NA No Connect/Do Not Use
Notes:

1. The MGTHRXN1_224/MGTHRXP1_224 receiver signals are connected to different sets of pins in the FFVA1517 package compared to the
CNA1509 package. See GTH Transceiver Migration for recommended MGTHRXN1_224/MGTHRXP1_224 pin connections.

2. See Vcint Power Supply Voltage Sense Guidelines for VCCINT_SENSE guidelines. Refer to the power supply vendor’s data sheet for remote
sense recommendations related to the VCCINT power supply.

3. The IO_L17N_T2U_N9_AD10N_46 (A37), IO_L16P_T2U_N6_QBC_AD3P_46 (C38), and IO_L8P_T1L_N2_AD5P_25 (AV38) pins can only be used
as single-ended 1/0 due to their unbonded complementary 1/0 in the CNA1509 package.

Power Supply Voltage Migration

The XQRKUO060-CNA1509 ceramic package interconnect technology has higher IR drop characteristics
than in the XCKU060-FFVA1517 package. A PCB that supports migration between the
XQRKUO060-CNA1509 and XCKUO60-FFVA1517 must ensure the power supplies match the recommended
operating voltages for the specific device mounted on the board. That is, if the XCKUO60-FFVA1517 is
mounted on the board, the power supplies must meet the recommended operating voltages specified in
the Kintex UltraScale FPGAs Data Sheet: DC and AC Switching Characteristics (DS892). If the
XQRKUO060-CNA1509 is mounted on the board, use the Xilinx Power Estimator (XPE) spreadsheet tool
(download at www.xilinx.com/power) to estimate power consumption and to determine the power supply
voltages for the XQRKU060-CNA1509. XPE is available from the XQRKUO60 area of the Xilinx Space Secure
Site. XPE calculates the required regulator voltages to supply to the pins of the XQRKU060-CNA1509
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based on the user power estimation. XPE factors in the current required and the package IR drop of the
CNA1509 package to ensure die-level operating voltages for the XCKU060 device. System designers
should allow for the XQRKU060-CNA1509 recommended voltage and interconnect performance
differences versus the XCKU060-FFVA1517 device characteristics.

For the VNt power supply, connect the VCCINT pins and use the VCCINT_SENSE pin per guidelines in
Vceint Power Supply Voltage Sense Guidelines for the XQRKU060-CNA1509. The XQRKU060-CNA1509
Vceint power supply design and connections are compatible with the XCKU060-FFVA1517. However, the
VceinT Power supply voltage setting might need adjustment to match the recommended operating
conditions for the XCKU060-FFVA1517.

VCCINT_IO Migration and Restrictions for SelectlO and Memory
Interfaces

The XCKUO60-FFVA1517 device has a separate set of VCCINT_IO pins which must be tied to the VCCINT
power supply, but the XQRKU060-CNA1509 package does not have VCCINT_IO pins. Instead, the
XQRKUO060 VNt 10 die pads are tied internally within the CNA1509 package to the V¢ nt rail. The
VCCINT_IO pin locations in the FFVA1517 package are VCCINT pin locations in the CNA1509 package.

A few of the SelectlO interface pins are not bonded out in the CNA1509 package and must not be used in
an FFVA1517 design that is to be migrated to a CNA1509 package. See Table 7 for the affected pins.
Review each pin for specialized functions that can restrict some interface implementations. For example,
the IO_L16N_T2U_N7_QBC_AD3N_46 pin (B39) is not connected in the CNA1509 package. Thus, designs
have one fewer full bank clocking resource (QBC) in bank 46 in the CNA1509 package, which restricts
migratable native mode interface designs from using this FFVA1517 bank 46 QBC pin. Due to this
restriction certain system topologies cannot be implemented, such as systems with three x72 DDR
memory interfaces.

The SelectlO signal package flight delays are different in the FFVA1517 package compared to the CNA1509
package. Designs for boards supporting migration between the CNA1509 and FFVA1517 packages should
consider the impact of signal flight delay differences between these packages.

The SelectlO interfaces in the CNA1509 package have some limitations or maximum performance
restrictions. QDRIV memory interfaces are not supported, and the maximum memory interface rate and
maximum native-mode SelectlO interface rate are reduced. Designs for boards supporting migration
between the CNA1509 and FFVA1517 packages should consider these restrictions. For the relevant
interface specifications in the CNA1509 package, see Table 32 and Table 39.

GTH Transceiver Migration

If all 32 GTH transceivers are required and if migration between the FFVA1517 and CNA1509 is required,
board design accommodations must be made for the MGTHRXN1_224/MGTHRXP1_224 receiver pair. The
MGTHRXN1_224/MGTHRXP1_224 receiver signals are connected to different sets of pins in each package:
AV1/AV2 in the FFVA1517 package and T1/T2 in the CNA1509 package. Otherwise, avoid use of the
MGTHRXN1_224/MGTHRXP1_224 receiver pair when migration is required between the FFVA1517 and
CNA1509. If the receiver pair is not used and if the system requires unused input pins to be tied, connect
the unused MGTHRXN1_224/MGTHRXP1_224 pin locations (T1, T2, AV1, and AV2) to GND.
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The GTH transceiver signal package flight delays are different in the FFVA1517 package compared to the
CNA1509 package. Designs for boards supporting migration between the CNA1509 and FFVA1517 should
consider the impact of signal flight delay differences between these packages.

Unsupported UltraScale Family Features in the XQRKU060
Device

Some features of the UltraScale family are not supported in the XQRKUO60 device, including:

e QDRIV memory interfaces

e GTH TX buffer bypass and RX buffer bypass modes

See Migration between the XCKU060-FFVA1517 and XQRKU060-CNA1509 for native mode memory
interface limitations.

RT Kintex UltraScale XQRKUO060 FPGA Electrical
Characteristics Introduction

The RT Kintex UltraScale XQRKUO60 FPGA is available in the -1M speed grade. All supply voltage and
junction temperature specifications are representative of worst-case conditions across the M-grade
temperature range. The parameters included are common to popular designs and typical applications.

DC Characteristics

Table 8: Absolute Maximum Ratings()

Symbol Description Min Max Units

FPGA Logic

VEeINT Internal supply voltage(?) —0.500 1.100 \%

Vecaux Auxiliary supply voltage —0.500 2.000 \%

Vecaux 10 Auxiliary supply voltage for the 1/0 banks —0.500 2.000 \%

VCeBRAM Supply voltage for the block RAM memories —0.500 1.100 \Y,

Veeo Output drivers supply voltage for HR 1/0 banks —0.500 3.468 \%
Output drivers supply voltage for HP 1/0 banks —0.500 2.000 \%

VREF Input reference voltage —0.500 2.000 \Y,
1/0 input voltage for HR 1/0 banks —0.400 Veeo + 0.550) VvV

VRQIGIO 1/0 input voltage for HP 1/0 banks —0.550 Veeo + 0.550, VvV
1/0 input voltage (when Vg = 3.3V) for Vier and differential 1/0 —0.400 2 625
standards except TMDS_33(7")

VBaTT Key memory battery backup supply —0.500 2.000 \
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Symbol Description Min Max Units

Ipc Available output current at the pad —-20 20 mA

IrMms Available RMS output current at the pad —-20 20 mA

GTH Transceivers

ViaTavec ,CAIrrl?LIIcI)SS supply voltage for the GTH transmitter and receiver —0.500 1.100 Vv

ViTAVTT tAerlil:]?gai:i)p:]pEi/rZSiI:sge for the GTH transmitter and receiver —0.500 1.320 Vv

VG TVECAUX tA:;);lél:eri)\/lsrr\salog Quad PLL (QPLL) voltage supply for the GTH —0.500 1.935 v

VMGTREFCLK GTH transceiver reference clocks absolute input voltage —0.500 1.320 \'

VoG TAVTTRCAL ér_;eﬁ:(igail;péglize\:o;a;gfnizr the resistor calibration circuit of the —0.500 1.320 v

Vin \Fjsﬁzg:r (RXP/RXN) and Transmitter (TXP/TXN) absolute input —0.500 1.260 Vv

loCINFLOAT DC ir_1put_ curient fo_r receiver input pins DC coupled RX _ 0® mA
termination = floating

I DCINAMGTAVTT DC ir?put_ cur:ent for receiver input pins DC coupled RX _ 10 mA
termination = VygravTT

lbCIN-GND DC ir_1put. curient for receiver input pins DC coupled RX _ 10 mA
termination = GND

IbCIN-PROG Eein;?r?g:iggr;egtgg:aﬁﬁlaﬁ;|nput pins DC coupled RX _ N/A®) mA

lbCOUT-FLOAT DC o_utpgt cnfrent for transmitter pins DC coupled RX _ 0® mA
termination = floating

I bCOUT-MGTAVTT DC o_utpL_Jt lerent for transmitter pins DC coupled RX _ 6 mA
termination = VygravTT

System Monitor

Veeabpe System Monitor supply relative to GNDADC —0.500 2.000 \Y,

VREFP System Monitor reference input relative to GNDADC —0.500 2.000 \Y

Temperature

Tsto Storage temperature (ambient) —65 150 °C

TsoL Maximum soldering temperature — 220 °C

Tj Maximum junction temperature - 125 °C

Notes:

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

Exposure to Absolute Maximum Ratings conditions for extended periods of time might affect device reliability.
VCCINT_IO and VCCINT_SENSE are connected within the package to the internal VCCINT power plane.
VCCAUX_|O must be connected to VCCAUX'

See Table 18 fo

® N o vk wN

The lower absolute voltage specification always applies.
For 1/0 operation, see the UltraScale Architecture Select/O Resources User Guide (UG571).
The maximum limit applied to DC signals. For maximum undershoot and overshoot AC specifications, see Table 12 and Table 13.

r TMDS_33 specifications.
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For the recommended operating conditions in Table 9, use the Xilinx Power Estimator (XPE) spreadsheet
tool (download at www.xilinx.com/power) to estimate power consumption and to determine the regulator
power supply voltages for the XQRKUO060-CNA1509. XPE calculates voltage levels relative to GND to
supply to the pins of the XQRKU060-CNA1509 based on estimated power consumption to compensate for
package IR drop. Refer to the table note references, where indicated, for further details or guidelines.

Table 9: Recommended Operating Conditions(?)

Symbol Description Min Typ Max(2) Units

FPGA Logic

Veeint® Internal supply voltage Typ—4% | Use XPE® Typ + 4% \%

Veegram™ Block RAM supply voltage Typ — 3% | Use XPE® | Typ +3%® \%

Veeaux® Auxiliary supply voltage Typ — 3% Use XPE Typ + 3% \%

Vecaux_10® Auxiliary 1/0 supply voltage Typ —3% Use XPE Typ + 3% \%

Veeo® 1/0 supply voltage Typ — 4% Use XPE Typ + 4% v
1/0 input voltage —0.200 — Veeo + 0.200 |V

Vin 170 input voltage (when Vo = 3.3V) for Vgegr and _ _ > 625 v
differential 1/0 standards except TMDS_33(8) )
Maximum current through any pin in a powered or

Iin® unpowered bank when forward biasing the clamp - - 10.000 mA
diode.

GTH Transceivers

VmaTavee 19 Analog supply voltage for the GTH transceivers ;,};F()lg) Use XPE Typ + 2%(10) \%
Analog supply voltage for the GTH transmitter and Typ —

(10) 0/(10)

VMGTAVTT receiver termination circuits 2%(10) Use XPE Typ +2% v
Analog supply voltage for the resistor calibration Typ —

Vmeravrrrea %) circuitgof t?fe{;TH tr%nsceiver columns 2‘;::?10) Use XPECLL | Typ +2%019) | v
Auxiliary analog QPLL voltage supply for the Typ —

10 /(10
Viervecaux®? transceivers 2%(10) Use XPE | Typ +2%(10) v
SYSMON
Veeape? SYSMON supply relative to GNDADC Typ — 3% Use XPE Typ + 5% \%

SYSMON externally supplied reference voltage
(13) — A9 o
VRerp relative to VREFN Typ—-4% | 1.250 Typ+4% | v
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Table 9: Recommended Operating Conditions(!) (Cont’d)

Symbol Description Min Typ Max(2) Units
Vearr®® Battery voltage 1.000 - 1.890 Y
Notes:

1.

11.

12.
13.

14.

Use XPE to estimate power consumption and to determine the regulator supply requirements for the typical voltages at the device pins
relative to GND. Except for the GTH supply voltages, the min/max parameters specify the recommended voltage range that includes DC
variation and AC ripple/noise. See PCB Design Guidelines for power supply guidelines.

The absolute maximum voltage specification always applies.

For Vccint, Use XPE to estimate power consumption and to determine the V¢t regulator supply requirement for the typical voltage
measured at the VCCINT_SENSE pin relative to GND. The VCCINT_SENSE pin provides direct access to the device's internal Vcjnt power
plane for sensing and maintaining the Vcyt voltage within the recommended operating conditions. VCCINT_IO is also connected within the
package to the internal VCCINT power plane (see PCB Design Guidelines).

VCCBRAM is recommended to be tied to VCCINT, and when VCCBRAM is tied to VCCINT, Vccgram IS permitted to operate under the same
conditions as VCCINT (Typ +4%). Otherwise, for a separately supplied Vccgram: Use XPE to estimate power consumption and to determine
the Vccgram regulator supply requirement for the typical voltage at the VCCBRAM pin, and the recommended operating range is +3%.
Vccaux 1o Must be connected to Vcaux:

Use the XPE tool to estimate power consumption and to determine each Vg regulator supply requirement. All further references to VCCO
represent the nominal signal voltage of 1.0V (HP I/O only), 1.2V, 1.35V, 1.5V, 1.8V, 2.5V (HR I/0 only), or 3.3V (HR I/O only).

The dedicated configuration bank is an HR 1/O bank with VCCO_0 support limited to 1.8V nominal when CFGBVS is tied to GND, or 2.5V or
3.3V nominal when CFGBVS is tied to VCCO_0. The VCCO_0 minimum recommended operating voltage for power on and during
configuration is 1.425V. After configuration, data is retained even if VCCO_0 drops to OV.

See Table 18 for TMDS_33 specifications.

A total of 200 mA per 52-pin bank should not be exceeded.

For only the GTH voltages, the min/max parameters specify the recommended voltage range of DC variation. For optimal GTH transceiver
performance, power supply noise must be less than 10 mVpp. See the UltraScale Architecture GTH Transceiver User Guide (UG576) for power
supply and filtering guidelines.

When used, MGTAVTTRCAL is connected to MGTAVTT. See XPE for the VpgrayTT VOltage. See the UltraScale Architecture GTH Transceiver User
Guide (UG576) for MGTAVTTRCAL guidelines.

See the UltraScale Architecture System Monitor User Guide (UG580) for Vcapc supply filtering recommendations.

For the SYSMON reference voltage, an alternate internally-supplied, on-chip reference voltage can be used by tying VREFP and VREFN to
GNDADC.

VparT is required only when an encryption key is stored in battery-backed RAM. If battery-backed RAM is not used, connect VBATT to either
ground or VCCAUX.

Table 10: Recommended Operating Conditions - Junction Temperature

Symbol Description Min Typ Max Units

Temperature

Tj

Junction temperature operating range for M-grade

. -55 - 125 °C
devices
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Table 11: DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Typ(l) Max | Units
Vv Data retention V¢ nT VOltage (below which configuration 0.82 _ _ Vv
DRINT data might be lost) :
Vv Data retention Vecayx Voltage (below which configuration 150 _ _ Vv
DRAUX data might be lost) .
Irer Vgree leakage current per pin — — 15 HA
I Input or output leakage current per pin (sample-tested) - - 20 HA
C (3 Die input capacitance at the pad (HP 1/0) - - 3.75 pF
N Die input capacitance at the pad (HR 1/0) - - 7.00 pF
Pad pull-up (when selected) at V|y = OV, Vcco = 3.3V 75 — 175 HA
Pad pull-up (when selected) at V|y = OV, Vo = 2.5V 50 — 169 HA
Irpu Pad pull-up (when selected) at V|y = OV, Vcco = 1.8V 60 — 678 HA
Pad pull-up (when selected) at V|y = OV, Vcco = 1.5V 30 — 450 HA
Pad pull-up (when selected) at V|y = OV, Vo = 1.2V 10 — 262 HA
| Pad pull-down (when selected) at V,y = 3.3V 60 - 190 HA
RPD Pad pull-down (when selected) at V| = 1.8V 29 - 685 HA
lecape Analog supply current per SYSMON instance in powered up _ _ 19.2 mA
state
Igart® Battery supply current - - 150 nA
Calibrated programmable on-die termination (DCI) in HP 1/0 banks(®) (measured per JEDEC specification)
Thevenin equivalent resistance of programmable input —1004(5) o (5)
termination to Vecp/2 where ODT = RTT_40 10% 40 +10% Q
Thevenin equivalent resistance of programmable input —100a(5) o (5)
termination to Vceo/2 where ODT = RTT_48 10% 48 | +10% Q
Thevenin equivalent resistance of programmable input —1004(5) o (5)
termination to Vecp/2 where ODT = RTT_60 10% 60 +10% Q
Programmable input termination to Vcco Where 0 (5) o (5)
ODT = RTT_40 -10% 40 +10% Q
R(™M -
Programmable input termination to Vcco Where 0 (5) o (5)
ODT = RTT 48 —10% 48 +10% Q
Programmable input termination to Vcco Where 0 (5) o (5)
ODT = RTT_60 —10% 60 +10% Q
Programmable input termination to Vcco Where 0 (5) o (5)
ODT = RTT_120 —10% 120 +10% Q
Programmable input termination to Voo where 0 (5) o (5)
ODT = RTT_240 -10% 240 +10% Q
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Table 11: DC Characteristics Over Recommended Operating Conditions (Cont’d)

Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Symbol Description Min Typ(1) Max | Units
Uncalibrated programmable on-die termination in HP 1/0s banks (measured per JEDEC specification)
Thevenin equivalent resistance of programmable input o o
termination to Vecp/2 where ODT = RTT_40 50% 40 +50% Q
Thevenin equivalent resistance of programmable input o o
termination to Vcco/2 where ODT = RTT_48 50% 48 +50% Q
Thevenin equivalent resistance of programmable input o o
termination to Vccp/2 where ODT = RTT_60 50% 60 +50% Q
Programmable input termination to Vqco Where o o
ODT = RTT 40 —50% 40 +50% Q
R -
Programmable input termination to Voo Where o o
ODT = RTT 48 —-50% 48 +50% Q
Programmable input termination to Vqco Where o o
ODT = RTT_60 —50% 60 +50% Q
Programmable input termination to Voo Where o o
ODT = RTT 120 —-50% 120 +50% Q
Programmable input termination to Vqco Where o o
ODT = RTT_240 —50% 240 +50% Q
Uncalibrated programmable on-die termination in HR 1/0 banks (measured per JEDEC specification)
Thevenin equivalent resistance of programmable input o o
termination to Vgco/2 where ODT = RTT_40 —50% 40 +50% @
Thevenin equivalent resistance of programmable input
(@) —5009 9
R termination to Vcco/2 where ODT = RTT_48 50% 48 +50% Q
Thevenin equivalent resistance of programmable input o o
termination to Vqcp/2 where ODT = RTT_60 50% 60 +50% @
V X V X V X
o cco Ccco CCO
50% Veeo 0.49 0.50 0.51 v
Internal Vger v v v
9 cco X cco X cco X
70% Veco 0.69 0.70 0.71 v
Differential . . .
L Programmable differential termination (TERM_100) — 100 — Q
termination
n Temperature diode ideality factor - 1.002 - -
r Temperature diode series resistance - 2 - Q
Notes:
1. Typical values are specified at nominal voltage, 25°C.
2. For HP I/O banks with a Vo of 1.8V and separated Vg and Vecaux 1o power supplies, the || 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. If VRP resides at a different bank (DCl cascade), the range increases to +15%.
6. VRP resistor tolerance is (240Q +1%)
7. On-die input termination resistance, for more information see the UltraScale Architecture SelectlO Resources User Guide (UG571).
8.  Use XPE to estimate static and dynamic power consumption, and to determine minimum required supply current to ensure proper power on.
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Table 12: V,y Maximum Allowed AC Voltage Overshoot and Undershoot for HR 1/0 Banks(1)(2)

Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

AC Voltage Overshoot % of Ul AC Voltage Undershoot % of Ul

Veco + 0.30 100% -0.30 100%
Veco + 0.35 100% -0.35 70.00%
Veco + 0.40 100% —-0.40 27.00%
Veeo + 0.45 100% —0.45 10.00%
Vceo + 0.50 85.00% —0.50 5.00%
Vceo + 0.55 70.00% -0.55 2.10%
Veco + 0.60 46.60% -0.60 1.50%
Veco + 0.65 21.20% -0.65 1.10%
Veco + 0.70 9.75% -0.70 0.60%
Veeo + 0.75 4.55% —-0.75 0.45%
Vceo + 0.80 2.15% —-0.80 0.20%
Vceo + 0.85 1.00% -0.85 0.10%
Veco + 0.90 0.50% -0.90 0.05%
Veco + 0.95 0.25% -0.95 0.05%

Notes:

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

2. For Ul smaller than 20 ps.

Table 13: Vjy Maximum Allowed AC Voltage Overshoot and Undershoot for HP 1/0 Banks()(2)

AC Voltage Overshoot % of Ul AC Voltage Undershoot % of Ul

Veeo + 0.05 100% -0.05 100%
Veco + 0.10 100% -0.10 100%
Veco + 0.15 100% -0.15 100%
Veco + 0.20 100% —-0.20 100%
Veco + 0.25 100% —-0.25 100%
Veeo + 0.30 100% —-0.30 100%
Veeo + 0.35 92.00% -0.35 92.00%
Veco + 0.40 70.00% —0.40 40.00%
Veco + 0.45 30.00% —0.45 15.00%
Veco + 0.50 15.00% -0.50 10.00%
Veco + 0.55 10.00% -0.55 4.00%
Veeo + 0.60 8.00% —-0.60 0.00%
Veeo + 0.65 6.00% —0.65 0.00%
Veco + 0.70 4.00% -0.70 0.00%
Veco + 0.75 2.00% -0.75 0.00%
Veco + 0.80 2.00% -0.80 0.00%
Veco + 0.85 2.00% -0.85 0.00%

Notes:

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

2. For Ul smaller than 20 ps.
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AM D n Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Power-On/Off Power Supply Sequencing

The recommended power-on sequence is VeeinT: Vecsram: Vecaux/Vecaux 1o and Ve to achieve
minimum current draw and ensure that the 1/Os are 3-stated at power-on. The recommended power-off
sequence is the reverse of the power-on sequence. Vccaux and Vecaux 1o must be connected together.
When the current minimums are met, the device powers on after the Veeint, Vecsram: Vecaux/Vecaux 1or
and V¢co supplies have all passed through their power-on reset threshold voltages. )

Vceape and Vgge can be powered at any time and have no power-up sequencing recommendations.

The recommended power-on sequence to achieve minimum current draw for the GTH transceivers is
Veaint Vmaravee: Ymatavtt OR Vivgravee: Veaint: Vmaravrr- There is no recommended sequencing for
VmeTvecaux: Both Vygravee and Veeint can be ramped simultaneously. The recommended power-off
sequence is the reverse of the power-on sequence to achieve minimum current draw. If these
recommended sequences are not met, current drawn from Vygray1T can be higher than specifications
during power-up and power-down.

Use the Xilinx Power Estimator (XPE) spreadsheet tool (download at www.xilinx.com/power) to estimate
power supply static and dynamic operating current requirements and to determine the minimum required
power supply current for proper device power-on. The XPE tool reports the minimum power-on current
requirement, when a power supply's power-on current requirement exceeds the estimated operating
current requirements, and when the maximum process is selected.

Table 14 shows the power supply ramp time.

Table 14: Power Supply Ramp Time

Symbol Description Min Max Units
TvceInT Ramp time from GND to 95% of Ve nT 0.2 40 ms
Tvceo Ramp time from GND to 95% of Vcco 0.2 40 ms
Tvceaux Ramp time from GND to 95% of Vccaux 0.2 40 ms
TvccBrAM Ramp time from GND to 95% of Vccgram 0.2 40 ms
TMmGTAVCC Ramp time from GND to 95% of VygTavce 0.2 40 ms
TMGTAVTT Ramp time from GND to 95% of VygravTT 0.2 40 ms
TMmGeTVCCAUX Ramp time from GND to 95% of Vygtvccaux 0.2 40 ms
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Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

DC Input and Output Levels

Values for V, and V| are recommended input voltages. Values for I and gy 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 V¢ with the respective Vg and Vgy voltage levels shown. Other standards are sample
tested. See Migration between the XCKU060-FFVA1517 and XQRKU060-CNA1509 for assumptions of
die-level operating voltages.

Table 15: SelectlO DC Input and Output Levels For HR I/0 Banks(1)(2)

/0 Standard ViL Vin VoL Vou loL lon

V, Min V, Max V, Min V, Max V, Max V, Min mA mA
HSTL_I —0.300 |Vggg — 0.100 | Vgge + 0.100 | Vo + 0.300 0.400 Veeo — 0.400 8.0 -8.0
HSTL_I1_18 | —0.300 |Vggg — 0.100 | Vggr + 0.100 | Vo + 0.300 0.400 Veeo — 0.400 8.0 -8.0
HSTL_1I —0.300 | Vggr — 0.100 | Vger + 0.100 | Vo + 0.300 0.400 Veeo — 0.400 | 16.0 | —16.0
HSTL_I1_18 | —0.300 |Vggr — 0.100 | Vggg + 0.100 | Vo + 0.300 0.400 Veeo — 0.400 | 16.0 | —16.0
HSUL_12 —0.300 | Vggr — 0.130 | VRgr + 0.130| Vo + 0.300 20% V¢co 80% V¢co 0.1 -0.1
LVCMOS12 | —0.300 | 35% Voo | 65% Veeo | Veco + 0.300 0.400 Vceo — 0.400 | Note 3 | Note 3
LVCMOS15 | —0.300 | 35% Vcco | 65% Veco | Veco + 0.300 0.450 Veeo — 0.450 | Note 4 | Note 4
LVCMOS18 | —0.300 | 35% Vceo | 65% Veeo | Veco + 0.300 0.450 Veeo — 0.450 | Note 4 | Note 4
LVCMOS25 | —0.300 0.700 1.700 Vceo + 0.300 0.400 Vceo — 0.400 | Note 4 | Note 4
LVCMOS33 | —0.300 0.800 2.000 3.400 0.400 Vceo — 0.400 | Note 4 | Note 4
LVTTL —0.300 0.800 2.000 3.400 0.400 2.400 Note 4 | Note 4
SSTL12 —0.300 | Vggr — 0.100 | Vggr + 0.100 | Vo + 0.300 | Vego/2 — 0.150 | Veeo/2 + 0.150 | 14.25 | —14.25
SSTL135 —0.300 | Vggr — 0.090 | Vggg + 0.090 | Vo + 0.300 | Veep/2 — 0.150 |Veeo/2 + 0.150| 13.0 | —-13.0
SSTL135_R | —0.300 |Vggr — 0.090 | Vgeg + 0.090 | Voo + 0.300 | Veep/2 — 0.150 | Vecp/2 + 0.150| 8.9 -8.9
SSTL15 —0.300 | Vggr — 0.100 | Vger + 0.100 | Vo + 0.300 | Veeo/2 — 0.175 | Veeo/2 + 0.175| 13.0 | —13.0
SSTL15_R —0.300 | Vggr — 0.100 | Vggg + 0.100 | Vo + 0.300 | Veep/2 — 0.175 |Veep/2 + 0.175] 8.9 -8.9
SSTL18_| —0.300 | Vggr — 0.125| Vgeg + 0.125 | Vo + 0.300 | Veep/2 — 0.470 |Veeo/2 + 0.470 8.0 -8.0
SSTL18_Il | —0.300 |Vggr — 0.125 | Vger + 0.125 | Voo + 0.300 | Veeo/2 — 0.600 |Veco/2 + 0.600| 13.4 | —13.4
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture Select!O Resources User Guide

(UG571).

3. Supported drive strengths of 4, 8, or 12 mA in HR I/O banks.
Supported drive strengths of 4, 8, 12, or 16 mA in HR I/O banks.

DS882 (v1.4) September 10, 2024
Product Specification

l Send Feedback l

23



https://docs.amd.com/go/en-US/ug571-ultrascale-selectio
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Data_Sheets&docId=DS882&Title=Radiation%20Tolerant%20Kintex%20UltraScale%20XQRKU060%20FPGA%20Data%20Sheet&releaseVersion=1.4&docPage=23

AMDZ1

Table 16: SelectlO DC Input and Output Levels for HP /0 Banks(1)(2)(3)

Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

/O Standard ViL Vin Vou Vou loL lon

V, Min V, Max V, Min V, Max V, Max V, Min mA mA
HSTL_I —0.300 |Vggr — 0.100 | Vger + 0.100 | Vo + 0.300 0.400 Veco —0.400 | 5.8 | -5.8
HSTL_I_12 | —0.300 |Vggr — 0.080 | Vger + 0.080 | Ve + 0.300 | 25% Veco 75% Vceo 4.1 -4.1
HSTL_I_18 | —0.300 |Vggr — 0.100 | Vger + 0.100 | Ve + 0.300 0.400 Vceo — 0.400 6.2 6.2
HSUL_12 —0.300 | Vggr — 0.130 | Vggr + 0.130 | Voo + 0.300 | 20% Vo 80% Vcco 0.1 -0.1
LVCMOS12 | —0.300 | 35% Vo | 65% Veeo | Veco + 0.300 0.400 Vceo — 0.400 | Note 4 | Note 4
LVCMOS15 | —0.300 | 35% Veco | 65% Veeo | Veco + 0.300 0.450 Vceo — 0.450 | Note 5 | Note 5
LVCMOS18 —0.300 | 35% V¢co 65% Veco | Veco + 0.300 0.450 Veeco — 0.450 | Note 5 | Note 5
LVDCI_15 —-0.300 | 35% Voo | 65% Veco | Veco + 0.300 0.450 Veeo — 0.450 | 7.0 -7.0
LVDCI_18 —0.300 | 35% Vceeo | 65% Veco | Veco + 0.300 0.450 Vceo — 0.450 7.0 -7.0
SSTL12 —0.300 | Vggr — 0.100 | Vgeg + 0.100 | Vo + 0.300 | Vego/2 — 0.150 | Veeo/2 + 0.150| 8.0 -8.0
SSTL135 —0.300 | Vggr — 0.090 | Vger + 0.090 | Vo + 0.300 | Veeo/2 — 0.150 | Veeo/2 + 0.150| 9.0 -9.0
SSTL15 —0.300 | Vggr — 0.100 | Vgeg + 0.100 | Voo + 0.300 | Veeo/2 — 0.175 | Veeo/2 + 0.175| 10.0 | —10.0
SSTL18_| —0.300 | Vggr — 0.125 | Vgeg + 0.125 | Vo + 0.300 | Veeo/2 — 0.470 | Vego/2 + 0.470| 7.0 -7.0
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture Select!O Resources User Guide

(UG571).

3. POD10 and POD12 DC input and output levels are shown in Table 17, Table 22, and Table 23.
. Supported drive strengths of 2, 4, 6, or 8 mA in HP /O banks.
5. Supported drive strengths of 2, 4, 6, 8, or 12 mA in HP I/O banks.

Table 17: DC Input Levels for Single-ended POD10 and POD12 1/0 Standards(1)(2)

ViL ViH
1/0 Standard - -
V, Min V, Max V, Min V, Max
POD10 —0.300 Vger — 0.068 Vger + 0.068 Veeo + 0.300
POD12 —0.300 Vgee — 0.068 Vger + 0.068 Veco + 0.300
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture Select!O Resources User Guide

(UG571).
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Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Table 18: Differential SelectlO DC Input and Output Levels

Viewm (V)1 Vip (V)12) Voewm (V)©) Vop (V)@
1/0 Standard
Min | Typ | Max | Min | Typ | Max Min Typ Max Min | Typ | Max
BLVDS_25 0.300(1.200| 1.425 |0.100| - — — 1.250 — Note 5
MINI_LVDS_25|0.300|1.200|Vccayux|0.200(0.400|0.600 1.000 1.200 1.485 0.300|0.450|0.600
SUB_LVDS 0.500(0.900/| 1.300 |0.070| - — 0.700 0.900 1.100 0.100|0.150|0.200
LVPECL 0.300(1.200| 1.425 |0.100|0.350|0.600 — — — — —
PPDS_25 0.200|0.900|Vccaux|0.100(0.250|0.400 0.500 0.950 1.400 0.100|0.250|0.400
RSDS_25 0.300(0.900| 1.500 {0.100|0.350|0.600 1.000 1.200 1.485 0.100|0.350|0.600
SLVS_400_18 |0.070|0.200| 0.330 |0.140| — |0.450 — — — — —
SLVS_400_25 |0.070|0.200| 0.330 (0.140| — |0.450 — — — — —
TMDS_33 2.700|2.965| 3.230 |0.150|0.675|1.200 Vo — 0.405|Veco — 0.300| Vo — 0.190|0.400|0.600|0.800
Notes:
1. Vicwm is the input common mode voltage.
2. V|pis the input differential voltage (Q - Q).
3. Vocwm is the output common mode voltage.
4. Vgp is the output differential voltage (Q - Q).
5. Vgp for BLVDS will vary significantly depending on topology and loading.
6. LVDS_25 is specified in Table 24.
7. LVDS is specified in Table 25.
Table 19: Complementary Differential SelectlO DC Input and Output Levels for HR I/0 Banks
Viem (V)1 Vip (V)?) Vor (V)@ Vou (V)@ loL lon
1/0 Standard
Min Typ | Max | Min | Max Max Min mA mA
DIFF_HSTL_I 0.300 | 0.750 | 1.125 | 0.100 — 0.400 Vceo — 0.400 8.0 -8.0
DIFF_HSTL_1_18 | 0.300 | 0.900 | 1.425 | 0.100 — 0.400 Veco — 0.400 8.0 -8.0
DIFF_HSTL_II 0.300 | 0.750 | 1.125 | 0.100 — 0.400 Vceo — 0.400 16.0 -16.0
DIFF_HSTL_I11_18 | 0.300 | 0.900 | 1.425 | 0.100 — 0.400 Vceo — 0.400 16.0 -16.0
DIFF_HSUL_12 0.300 | 0.600 | 0.850 | 0.100 — 20% Vcco 80% Vcco 0.1 -0.1
DIFF_SSTL12 0.300 | 0.600 | 0.850 | 0.100 — (Veeo/2) — 0.150 | (Veco/2) + 0.150|  14.25 —-14.25
DIFF_SSTL135 0.300 | 0.675 | 1.000 | 0.100 — (Veeo/2) — 0.150 | (Veco/2) + 0.150 13.0 -13.0
DIFF_SSTL135_R | 0.300 | 0.675 | 1.000 | 0.100 — (Veco/2) — 0.150 | (Veco/2) + 0.150 8.9 -8.9
DIFF_SSTL15 0.300 | 0.750 | 1.125 | 0.100 — (Veeo/2) — 0.175 | (Veco/2) + 0.175 13.0 -13.0
DIFF_SSTL15_R 0.300 | 0.750 | 1.125 | 0.100 — (Veeco/2) — 0.175 | (Veco/2) + 0.175 8.9 -8.9
DIFF_SSTL18_1 0.300 | 0.900 | 1.425 | 0.100 — (Veco/2) — 0.470 | (Veco/2) + 0.470 8.0 -8.0
DIFF_SSTL18 Il 0.300 | 0.900 | 1.425 | 0.100 — (Vceo/2) — 0.600 | (Veco/2) + 0.600 13.4 -13.4
Notes:

1. Vicwm is the input common mode voltage.

2. V|pis the input differential voltage.

3. Vg_is the single-ended low-output voltage.
4. Voy is the single-ended high-output voltage.
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Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Table 20: Complementary Differential SelectlO DC Input and Output Levels for HP 1/0 Banks(1)

Viem (V)@ Vip (V)G Vo (V)@ Vo (V) gy | lon
1/0 Standard - - -
Min Typ Max Min | Max Max Min mA | mA
DIFF_HSTL_|I 0.680 Veeo/2 | (Veco/2) + 0.150 [0.100 | — 0.400 Veco —0.400 | 5.8 | -5.8
DlFF_HSTL_l_lZ 0.400 x VCCO Vccolz 0.600 x VCCO 0.100 — 0.250 x VCCO 0.750 x VCCO 4.1 —4.1
DIFF_HSTL_1_18 | (Veco/2) — 0.175 |Veeo/2 | (Veco/2) + 0.175 [ 0.100 | — 0.400 Veco — 0.400 | 6.2 | —6.2
DIFF_HSUL_12 | (Veco/2) — 0.120 |Veeo/2 | (Veco/2) + 0.120 | 0.100 | — 20% Veeo 80% Vcco 0.1 |-0.1
DIFF_SSTL12 (Veco/2) — 0.150 |Veeo/2 | (Voco/2) + 0.150 [0.100 |  — | (Veeo/2) — 0.150 | (Veco/2) + 0.150 | 8.0 | —8.0
DIFF_SSTL135 (Veco/2) — 0.150 |Veeco/2 | (Veeo/2) + 0.150 | 0.100 |  — | (Veeo/2) — 0.150 | (Veeo/2) + 0.150 | 9.0 | —9.0
DIFF_SSTL15 (Veeo/2) — 0.175 |Veeo/2 | (Veeo/2) + 0.17510.100 |  — | (Veeo/2) — 0.175 | (Veeo/2) + 0.175 | 10.0|—10.0
DIFF_SSTL18 | | (Veco/2) — 0.175 |Veeo/2| (Veco/2) + 0.175[0.100 |  — | (Veeo/2) — 0.470 | (Veco/2) + 0.470 | 7.0 | 7.0
Notes:
1. DIFF_POD10 and DIFF_POD12 HP I/O bank specifications are shown in Table 21, Table 22, and Table 23.
2. V|cm is the input common mode voltage.
3. V)pis the input differential voltage.
4. Vg is the single-ended low-output voltage.
5. Voppy is the single-ended high-output voltage.
Table 21: DC Input Levels for Differential POD10 and POD12 1/0O Standards(1)(2)
Viem (V) Vip (V)
1/0 Standard - -
Min Typ Max Min Max
DIFF_POD10 0.63 0.70 0.77 0.14 —
DIFF_POD12 0.76 0.84 0.92 0.16 —
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture Select!O Resources User Guide

(UG571).

Table 22: DC Output Levels for Single-ended and Differential POD10 and POD12 Standards(1)(2)

Symbol Description Vourt Min Typ Max | Units
RoL Pull-down resistance | Voum pc (as described in Table 23) 36 40 44 Q
Ron Pull-up resistance Vowm_pc (as described in Table 23) 36 40 44 Q
Notes:

1. Tested according to relevant specifications.
2. Standards specified using the default I/O standard configuration. For details, see the UltraScale Architecture Select!O Resources User Guide

(UG571).

Table 23: Table 22 Definitions for DC Output Levels for POD Standards

Symbol Description Value Units
Vom_bc DC output Mid measurement level (for 1V curve linearity) 0.8 X Vceo \Y
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AM D n Radiation Tolerant Kintex UltraScale XQRKU060 FPGA Data Sheet
LVDS DC Specifications (LVDS_25)

The LVDS_25 standard is available in the HR 1/O banks. See the UltraScale Architecture Select/O Resources
User Guide (UG571) for more information.

Table 24: LVDS_25 DC Specifications

Symbol DC Parameter Conditions Min Typ Max | Units

Veco Supply voltage 2.375 | 2.500 | 2.625 \Y
Differential Output Voltage: .

Vooiere® | (Q — Q), Q = High Rt = 100Q across Q and Q signals | 247 350 600 mv
(Q —Q), Q =High

Voen® Output Common-Mode Voltage Rt = 100 Q across Q and 6 signals | 1.000 | 1.250 | 1.485 \%
Differential Input Voltage:

VIDIFF (Q — Q), Q = High 100 | 350 |600® | mv
(Q —Q), Q =High

Viem pc® | Input Common-Mode Voltage (DC Coupling) 0.300 | 1.200 | 1.500 \%

Viem_ac® | Input Common-Mode Voltage (AC Coupling) 0.600 - 1.100 \Y

Notes:

1. VOCM and VODlFF values are for LVDS_PRE_EMPHASlS = FALSE.

2. Maximum V|per value is specified for the maximum V| specification. With a lower V|, @ higher Vpgr is tolerated only when the
recommended operating conditions and overshoot/undershoot V| specifications are maintained.

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

External input common mode voltage specification for AC coupled configurations. EQUALIZATION = EQ_LEVELO, EQ_LEVEL1, EQ_LEVEL2,
EQ_LEVEL3, EQ_LEVELA4.

LVDS DC Specifications (LVDS)

The LVDS standard is available in the HP I/O banks. See the UltraScale Architecture Select!/O Resources User
Guide (UG571) for more information.

Table 25: LVDS DC Specifications

Symbol DC Parameter Conditions Min | Typ | Max | Units

Veeo Supply voltage 1.710 | 1.800 | 1.890 \%
Differential Output Voltage B

Vopiee® (Q — Q). Q = High Rt = 100Q across Q and Q signals | 247 | 350 | 600 | mV
(Q —Q), Q =High

Voen® Output Common-Mode Voltage Ry = 100 Q across Q and Q signals | 1.000 | 1.250 | 1.425 \%
Differential Input Voltage

ViDIFr (Q—Q), Q = High 100 | 350 |[600@| mv
(Q —Q), Q =High

Viem_pc® | Input Common-Mode Voltage (DC Coupling) 0.300 | 1.200 | 1.425 \%

Viem_ac® | Input Common-Mode Voltage (AC Coupling) 0.600 - 1.100 \Y

Notes:

1. Vocwm and Vopyer values are for LVDS_PRE_EMPHASIS = FALSE.

2. Maximum V|psr value is specified for the maximum V| specification. With a lower V|, a higher Vpg¢ is tolerated only when the
recommended operating conditions and overshoot/undershoot V,y specifications are maintained.

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

External input common mode voltage specification for AC coupled configurations. EQUALIZATION = EQ_LEVELO, EQ_LEVEL1, EQ_LEVEL2,
EQ_LEVEL3, EQ_LEVEL4.
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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 26.

Table 26: Speed Specification Version

Vivado 2020.1.1 Device
1.29 XQRKUOG60

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 or over-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.

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, precise, and worst-case guaranteed data, use the values reported by the static timing
analyzer and back-annotate to the simulation net list.

AC switching characteristics do not cover all effects of simultaneous configuration memory access activity.
See Additional Design Considerations for Configuration Memory Access Effects for guidance and
mitigation of configuration readback induced time interval error in MMCMs and PLLs.
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Speed Grade Designations
Table 27 correlates the current status of the Kintex UltraScale XQRKUO060 FPGA.

Table 27: Speed Grade Designations by Device

. Speed Grade
Device

Advance Preliminary Production
XQRKUO060 -1M

Production Silicon and Software Status

The Vivado software and speed specifications listed in Table 28 are the minimum releases required for
production. All subsequent releases of software and speed specifications are valid.

Table 28: XQRKU060 Minimum Production Software and Speed Specification Release

. Speed Grade and Temperature Range
Device
-1M
XQRKUO60 Vivado tools 2020.1.1 v1.29
Notes:
1. For the XQRKUO060 device and -1M speed grade and temperature range, select the xgqr ku060- cnal509- 1M mpart in the Vivado design
tools.
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Performance Characteristics

This section provides the performance characteristics of some common functions and designs
implemented in the XQRKUO060 FPGA. These values are subject to the same guidelines as the AC Switching
Characteristics, page 28. In each table, the 1/0 bank type is either high performance (HP) or high range
(HR). In LVDS component mode:

e For the input/output registers, the Vivado tools limit clock frequencies to 316.4 MHz.

e For IDDR, the Vivado tools limit clock frequencies to 632.9 MHz.

e For ODDR, the Vivado tools limit clock frequencies to 730.4 MHz.

Table 29: LVDS Component Mode Performance

Description 1/0 Bank Type Min Max Units
HP 0 1250 Mb/s
LVDS TX DDR (OSERDES 4:1, 8:1)
HR 0 1000 Mb/s
HP 0 625 Mb/s
LVDS TX SDR (OSERDES 2:1, 4:1)
HR 0 500 Mb/s
HP 0 1250 Mb/s
LVDS RX DDR (ISERDES 1:4, 1:8)(D
HR 0 1000 Mb/s
HP 0 625 Mb/s
LVDS RX SDR (ISERDES 1:2, 1:4)()
HR 0 500 Mb/s

Notes:

1. LVDS receivers are typically bounded with certain applications where specific dynamic phase-alignment (DPA) or phase-tracking algorithms
are used to achieve maximum performance.

2. See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.

Table 30: LVDS Native Mode Performance(?)

Description 1/0 Bank Type Min Max Units
HP 300 1400 Mb/s
LVDS TX DDR (TX_BITSLICE 4:1, 8:1)
HR 300 1250 Mb/s
HP 150 700 Mb/s
LVDS TX SDR (TX_BITSLICE 2:1, 4:1)
HR 150 625 Mb/s
HP 300 14003 Mb/s
LVDS RX DDR (RX_BITSLICE 1:4, 1:8)(2
HR 300 1250 Mb/s
HP 150 700 Mb/s
LVDS RX SDR (RX_BITSLICE 1:2, 1:4)(®
HR 150 625 Mb/s

Notes:

1. Native mode is supported through the High-Speed SelectlO Interface Wizard available with the Vivado Design Suite.

2. LVDS receivers are typically bounded with certain applications where specific dynamic phase-alignment (DPA) or phase-tracking algorithms
are used to achieve maximum performance.

3. Asynchronous receiver performance is limited to 1250 Mb/s for -1 speed grade.
See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.
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Table 31: LVDS Native-Mode 1000BASE-X Support(1)

Description 1/0 Bank Type Support
1000BASE-X HP Yes
Notes:

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

Table 32 provides the maximum data rates for applicable memory standards using the Kintex UltraScale
FPGAs memory PHY. The final performance of the memory interface is determined through a complete
design implemented in the Vivado Design Suite, following guidelines in the UltraScale Architecture PCB
Design User Guide (UG583), electrical analysis, and characterization of the system.

Table 32: Maximum Physical Interface (PHY) Rate for Memory Interfaces by 1/0 and Package

Memory Standard 1/0 Bank Type DRAM Type Value Units
Single rank component 1866
DDRA4 hp 1 rank DIMMM(2) 1866 Mb/s
2 rank DIMMDG) 1600
4 rank DIMMD(#) N/A
Single rank component 1866
1 rank DIMMM(2) 1600
DDR3 HP 2 rank DIMMDG) 1333 Mb/s
4 rank DIMM®®) 800
HR Single rank component 1066
Single rank component 1600
1 rank DIMMM(2) 1333
DDR3L HP 2 rank DIMMD®3) 1066 Mb/s
4 rank DIMMD(#) 606
HR Single rank component 800
QDR 11+®) All Single rank component 550 Mz
RLDRAM 111 HP Single rank component 933
LPDDR3 HP Single rank component 1600 Mb/s
HR Single rank component 1066
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. Includes: 2 rank 1 slot, 1 rank 2 slot, LRDIMM 2 rank 2 slot.

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

5. The QDRII+ performance specifications are for burst-length 4 (BL = 4) implementations.
6. QDRIV memories are not supported.
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I0B Pad Input, Output, and 3-State

Table 33 (high-range 10B (HR)) and Table 34 (high-performance I0OB (HP)) summarizes the values of
standard-specific data input delay adjustments, output delays terminating at pads (based on standard)
and 3-state delays.

* T\nBUF DELAY paD | is the delay from 1OB pad through the input buffer to the I-pin of an I0B pad. The
delay varies depending on the capability of the SelectlO input buffer.

*  Toutsur DELAY O PAD is the delay from the O pin to the IOB pad through the output buffer of an I0B
pad. The delay varies depending on the capability of the SelectlO output buffer.

e  TouTBUF DELAY TD pAD IS the delay from the T pin to the IOB pad through the output buffer of an I0B
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 HR I/O banks, the on-die termination
turn-on time is always faster than TouTtsur_DELAY TD_PAD When the INTERMDISABLE pin is used.

Table 33: 10B High Range (HR) Switching Characteristics

/O Standards TinBUF_DELAY_PAD_| Toutsur_peLav_o_paD ToutsuF_pELAY_TD_PAD Units
BLVDS_25 0.64 1.62 1.66 ns
DIFF_HSTL_I_18_F 0.57 0.91 1.06 ns
DIFF_HSTL I _18_S 0.57 1.03 1.16 ns
DIFF_HSTL_I_F 0.57 0.93 1.14 ns
DIFF_HSTL_I_S 0.57 0.96 1.23 ns
DIFF_HSTL Il_18 F 0.57 1.00 1.23 ns
DIFF_HSTL_I1_18_S 0.57 1.03 1.28 ns
DIFF_HSTL_II_F 0.57 0.91 1.11 ns
DIFF_HSTL II_S 0.57 0.99 1.20 ns
DIFF_HSUL_12_F 0.57 0.92 0.92 ns
DIFF_HSUL_12_S 0.57 1.02 1.02 ns
DIFF_SSTL12 F 0.57 0.89 1.02 ns
DIFF_SSTL12_S 0.57 1.26 1.26 ns
DIFF_SSTL135_F 0.57 0.88 1.09 ns
DIFF_SSTL135_S 0.57 0.96 1.18 ns
DIFF_SSTL135 R _F 0.57 0.91 1.06 ns
DIFF_SSTL135 R_S 0.57 1.00 1.17 ns
DIFF_SSTL15 F 0.57 0.85 1.05 ns
DIFF_SSTL15_S 0.57 0.98 1.21 ns
DIFF_SSTL15 R_F 0.57 0.92 1.09 ns
DIFF_SSTL15 R_S 0.57 1.02 1.18 ns
DIFF_SSTL18 I_F 0.57 0.94 1.19 ns
DIFF_SSTL18 1_S 0.57 1.06 1.06 ns
DIFF_SSTL18 II_F 0.57 0.90 1.12 ns
DIFF_SSTL18 II_S 0.57 1.03 1.30 ns
HSTL I 18 F 0.59 0.93 1.08 ns
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Table 33: 10B High Range (HR) Switching Characteristics (Cont’d)

I/O Standards TINBUF_DELAY_PAD_| TouTBUF_DELAY O_PAD TOUTBUF_DELAY_TD_PAD Units
HSTL_I_18_S 0.59 1.05 1.18 ns
HSTL I_F 0.59 0.95 1.17 ns
HSTL IS 0.59 0.99 1.25 ns
HSTL_I1_18 F 0.59 1.02 1.25 ns
HSTL Il_18 S 0.59 1.05 1.30 ns
HSTL_Il_F 0.59 0.93 1.13 ns
HSTL_I1_S 0.59 1.02 1.22 ns
HSUL 12 F 0.59 0.95 0.95 ns
HSUL 12 S 0.59 1.04 1.15 ns
LVCMOS12_F_12 0.95 1.16 1.16 ns
LVCMOS12_F_4 0.95 1.39 1.39 ns
LVCMOS12_F_8 0.95 1.19 1.19 ns
LVCMOS12_S_12 0.95 1.28 1.28 ns
LVCMOS12_S_4 0.95 1.60 1.60 ns
LVCMOS12_S_8 0.95 1.32 1.32 ns
LVCMOS15_F_12 0.88 1.18 1.18 ns
LVCMOS15_F_16 0.88 1.15 1.17 ns
LVCMOS15_F_4 0.88 1.39 1.39 ns
LVCMOS15_F_8 0.88 1.24 1.24 ns
LVCMOS15_S_12 0.88 1.30 1.30 ns
LVCMOS15_S_16 0.88 1.27 1.27 ns
LVCMOS15_S_4 0.88 1.54 1.54 ns
LVCMOS15_S_8 0.88 1.34 1.34 ns
LVCMOS18_F_12 0.80 1.26 1.26 ns
LVCMOS18_F 16 0.80 1.22 1.22 ns
LVCMOS18_F_4 0.80 1.41 1.41 ns
LVCMOS18_F_8 0.80 1.33 1.33 ns
LVCMOS18_S_12 0.80 1.35 1.35 ns
LVCMOS18_S_16 0.80 1.34 1.34 ns
LVCMOS18_S_4 0.80 1.58 1.58 ns
LVCMOS18_S_8 0.80 1.38 1.38 ns
LVCMOS25_F_12 0.91 1.81 1.81 ns
LVCMOS25_F_16 0.91 1.88 1.88 ns
LVCMOS25_F_4 0.91 2.56 2.56 ns
LVCMOS25_F_8 0.91 1.95 1.95 ns
LVCMOS25_S_12 0.91 2.47 2.47 ns
LVCMOS25_S_16 0.91 2.19 2.19 ns
LVCMOS25_S_4 0.91 3.68 3.68 ns
LVCMOS25_S_8 0.91 2.47 2.47 ns
LVCMOS33_F_12 1.03 2.24 2.24 ns
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Table 33: 10B High Range (HR) Switching Characteristics (Cont’d)

I/O Standards TINBUF_DELAY_PAD_| TouTBUF_DELAY O_PAD TOUTBUF_DELAY_TD_PAD Units
LVCMOS33_F 16 1.03 2.09 2.09 ns
LVCMOS33_F_4 1.03 2.63 2.63 ns
LVCMOS33_F_8 1.03 2.33 2.33 ns
LVCMOS33_S_12 1.03 2.48 2.48 ns
LVCMOS33_S_16 1.03 2.43 2.43 ns
LVCMOS33_S_4 1.03 3.67 3.67 ns
LVCMOS33_S_8 1.03 2.55 2.78 ns
LVDS_25 0.63 0.95 105.85 ns
LVPECL 0.63 N/A N/A ns
LVTTL_F_12 1.06 2.10 2.10 ns
LVTTL_F_16 1.06 2.06 2.06 ns
LVTTL_F_4 1.06 2.63 2.63 ns
LVTTL_F 8 1.06 2.23 2.23 ns
LVTTL_S 12 1.06 2.19 2.19 ns
LVTTL_S 16 1.06 2.40 2.40 ns
LVTTL_S 4 1.06 3.67 3.67 ns
LVTTL_S 8 1.06 2.47 2.51 ns
MINI_LVDS 25 0.63 0.95 105.85 ns
PPDS_25 0.63 0.95 105.85 ns
RSDS_25 0.63 0.95 105.85 ns
SLVS_400_25 0.63 N/A N/A ns
SSTL12_F 0.59 0.91 1.04 ns
SSTL12_S 0.59 0.98 1.11 ns
SSTL135_F 0.59 0.91 1.11 ns
SSTL135_S 0.59 0.97 1.18 ns
SSTL135 R_F 0.59 0.93 1.08 ns
SSTL135 R_S 0.59 1.03 1.19 ns
SSTL15 F 0.59 0.87 1.07 ns
SSTL15_S 0.59 1.01 1.23 ns
SSTL15 R F 0.59 0.94 1.11 ns
SSTL15 R S 0.59 1.04 1.21 ns
SSTL18 | F 0.59 0.96 1.21 ns
SSTL18 1S 0.59 1.08 1.08 ns
SSTL18 II_F 0.59 0.92 1.14 ns
SSTL18 I1_S 0.59 1.05 1.32 ns
SUB_LVDS 0.63 0.95 105.85 ns
TMDS_33 0.74 0.95 105.85 ns
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Table 34: 10B High Performance (HP) Switching Characteristics

I/O Standards TINBUF_DELAY_PAD | TouTBUF_DELAY O_PAD TouTBUF_DELAY TD_PAD Units
DIFF_HSTL I 12 F 0.55 0.54 0.68 ns
DIFF_HSTL_I_12_M 0.55 0.60 0.76 ns
DIFF_HSTL | 12 S 0.55 0.67 0.85 ns
DIFF_HSTL_I_18_F 0.55 0.53 0.68 ns
DIFF_HSTL_I_18_M 0.55 0.59 0.76 ns
DIFF_HSTL | 18 S 0.55 0.67 0.86 ns
DIFF_HSTL_I_DCI_12 F 0.55 0.54 0.68 ns
DIFF_HSTL_I_DCI_12 M 0.55 0.60 0.76 ns
DIFF_HSTL | _DCI_12_S 0.55 0.67 0.85 ns
DIFF_HSTL_I_DCI_18_F 0.55 0.53 0.68 ns
DIFF_HSTL_I_DCI_18 M 0.55 0.59 0.76 ns
DIFF_HSTL | _DCI_18_S 0.55 0.67 0.86 ns
DIFF_HSTL_I_DCI_F 0.55 0.54 0.68 ns
DIFF_HSTL_I_DCI_M 0.55 0.60 0.76 ns
DIFF_HSTL | _DCI_S 0.55 0.67 0.85 ns
DIFF_HSTL_I_F 0.55 0.54 0.68 ns
DIFF_HSTL_I_M 0.55 0.60 0.76 ns
DIFF_HSTL_I_S 0.55 0.67 0.85 ns
DIFF_HSUL_12_DCI_F 0.55 0.54 0.68 ns
DIFF_HSUL_12_DCI_M 0.55 0.60 0.76 ns
DIFF_HSUL_12_DCI_S 0.55 0.67 0.85 ns
DIFF_HSUL_12 F 0.55 0.54 0.68 ns
DIFF_HSUL_12 M 0.55 0.60 0.76 ns
DIFF_HSUL_12_S 0.55 0.67 0.85 ns
DIFF_POD10_DCI_F 0.55 0.55 0.73 ns
DIFF_POD10_DCI_M 0.55 0.63 0.79 ns
DIFF_POD10_DCI_S 0.55 0.74 0.88 ns
DIFF_POD10_F 0.55 0.55 0.73 ns
DIFF_POD10_M 0.55 0.63 0.79 ns
DIFF_POD10_S 0.55 0.74 0.88 ns
DIFF_POD12_DCI_F 0.55 0.55 0.73 ns
DIFF_POD12_DCI_M 0.55 0.63 0.79 ns
DIFF_POD12_DCI_S 0.55 0.74 0.88 ns
DIFF_POD12_F 0.55 0.55 0.73 ns
DIFF_POD12_M 0.55 0.63 0.79 ns
DIFF_POD12_S 0.55 0.74 0.88 ns
DIFF_SSTL12 DCI_F 0.55 0.54 0.68 ns
DIFF_SSTL12 _DCI_M 0.55 0.60 0.76 ns
DIFF_SSTL12_DCI_S 0.55 0.67 0.85 ns
DIFF_SSTL12 F 0.55 0.54 0.68 ns
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Table 34: 10B High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards TINBUF_DELAY_PAD | TouTBUF_DELAY O_PAD TouTBUF_DELAY_TD_PAD Units
DIFF_SSTL12 M 0.55 0.60 0.76 ns
DIFF_SSTL12_S 0.55 0.67 0.85 ns
DIFF_SSTL135_DCI_F 0.55 0.54 0.69 ns
DIFF_SSTL135 DCI_M 0.55 0.60 0.76 ns
DIFF_SSTL135_DCI_S 0.55 0.67 0.85 ns
DIFF_SSTL135 F 0.55 0.54 0.69 ns
DIFF_SSTL135 M 0.55 0.60 0.76 ns
DIFF_SSTL135_S 0.55 0.67 0.85 ns
DIFF_SSTL15 DCI_F 0.55 0.54 0.68 ns
DIFF_SSTL15 DCI_M 0.55 0.60 0.76 ns
DIFF_SSTL15_DCI_S 0.55 0.67 0.85 ns
DIFF_SSTL15 F 0.55 0.54 0.68 ns
DIFF_SSTL15 M 0.55 0.60 0.76 ns
DIFF_SSTL15_S 0.55 0.67 0.85 ns
DIFF_SSTL18 | DCI_F 0.55 0.53 0.68 ns
DIFF_SSTL18 | _DCI_M 0.55 0.59 0.76 ns
DIFF_SSTL18 | DCI_S 0.55 0.67 0.86 ns
DIFF_SSTL18 | F 0.55 0.53 0.68 ns
DIFF_SSTL18 |_M 0.55 0.59 0.76 ns
DIFF_SSTL18 |_S 0.55 0.67 0.86 ns
HSLVDCI_15 F 0.52 0.56 0.71 ns
HSLVDCI_15 M 0.52 0.62 0.79 ns
HSLVDCI_15_S 0.52 0.69 0.88 ns
HSLVDCI_18 F 0.52 0.57 0.71 ns
HSLVDCI_18 M 0.52 0.62 0.79 ns
HSLVDCI_18_S 0.52 0.69 0.90 ns
HSTL I 12 F 0.52 0.56 0.70 ns
HSTL_I_12 M 0.52 0.61 0.78 ns
HSTL I 12 S 0.52 0.68 0.87 ns
HSTL_I_18 F 0.52 0.55 0.70 ns
HSTL_I_18 M 0.52 0.61 0.78 ns
HSTL_I_18 S 0.52 0.69 0.88 ns
HSTL_I_DCI_12_F 0.52 0.56 0.70 ns
HSTL_I_DCI_12 M 0.52 0.61 0.78 ns
HSTL_I_DCI_12_S 0.52 0.68 0.87 ns
HSTL_I_DCI_18 F 0.52 0.55 0.70 ns
HSTL_I_DCI_18 M 0.52 0.61 0.78 ns
HSTL_I_DCI_18_S 0.52 0.69 0.88 ns
HSTL_I_DCI_F 0.52 0.56 0.70 ns
HSTL_I_DCI_M 0.52 0.61 0.78 ns
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Table 34: 10B High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards TINBUF_DELAY_PAD | TouTBUF_DELAY O_PAD TouTBUF_DELAY_TD_PAD Units
HSTL_I_DCI_S 0.52 0.68 0.87 ns
HSTL I_F 0.52 0.56 0.70 ns
HSTL I M 0.52 0.61 0.78 ns
HSTL_I_S 0.52 0.68 0.87 ns
HSUL_12_DCI_F 0.52 0.56 0.70 ns
HSUL 12 _DCI_M 0.52 0.61 0.78 ns
HSUL_12 DCI_S 0.52 0.68 0.87 ns
HSUL 12 F 0.52 0.56 0.70 ns
HSUL 12 M 0.52 0.61 0.78 ns
HSUL_12_S 0.52 0.68 0.87 ns
LVCMOS12_F_2 0.74 0.79 0.79 ns
LVCMOS12_F_4 0.74 0.73 0.73 ns
LVCMOS12 F 6 0.74 0.69 0.72 ns
LVCMOS12_F_8 0.74 0.67 0.72 ns
LVCMOS12_M_2 0.74 0.85 0.85 ns
LVCMOS12_M_4 0.74 0.77 0.77 ns
LVCMOS12_M_6 0.74 0.72 0.75 ns
LVCMOS12_M_8 0.74 0.72 0.78 ns
LVCMOS12_S 2 0.74 0.96 0.96 ns
LVCMOS12_S_4 0.74 0.79 0.79 ns
LVCMOS12_S_6 0.74 0.78 0.79 ns
LVCMOS12_S_8 0.74 0.77 0.82 ns
LVCMOS15_F_12 0.58 0.71 0.81 ns
LVCMOS15_F 2 0.58 0.83 0.83 ns
LVCMOS15_F_4 0.58 0.78 0.78 ns
LVCMOS15_F_6 0.58 0.73 0.77 ns
LVCMOS15_F_8 0.58 0.72 0.78 ns
LVCMOS15_M_12 0.58 0.75 0.85 ns
LVCMOS15_M_2 0.58 0.86 0.86 ns
LVCMOS15_M_4 0.58 0.82 0.82 ns
LVCMOS15_M_6 0.58 0.78 0.82 ns
LVCMOS15_M_8 0.58 0.76 0.83 ns
LVCMOS15_S_12 0.58 0.75 0.83 ns
LVCMOS15_S_2 0.58 0.91 0.91 ns
LVCMOS15_S_4 0.58 0.84 0.84 ns
LVCMOS15_S_6 0.58 0.82 0.84 ns
LVCMOS15_S_8 0.58 0.79 0.83 ns
LVCMOS18_F_12 0.54 0.78 0.90 ns
LVCMOS18_F_2 0.54 1.15 1.15 ns
LVCMOS18_F_4 0.54 0.89 0.89 ns

DS882 (v1.4) September 10, 2024

Product Specification

l Send Feedback l

37


https://www.xilinx.com/about/feedback/document-feedback.html?docType=Data_Sheets&docId=DS882&Title=Radiation%20Tolerant%20Kintex%20UltraScale%20XQRKU060%20FPGA%20Data%20Sheet&releaseVersion=1.4&docPage=37

AMDZ1

Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Table 34: 10B High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards TINBUF_DELAY_PAD | TouTBUF_DELAY O_PAD TouTBUF_DELAY_TD_PAD Units
LVCMOS18_F_6 0.54 0.83 0.88 ns
LVCMOS18_F_8 0.54 0.81 0.89 ns
LVCMOS18 M_12 0.54 0.81 0.92 ns
LVCMOS18 M_2 0.54 1.19 1.19 ns
LVCMOS18_M_4 0.54 0.92 0.92 ns
LVCMOS18 M _6 0.54 0.87 0.90 ns
LVCMOS18_M_8 0.54 0.85 0.92 ns
LVCMOS18_S_12 0.54 0.84 0.92 ns
LVCMOS18_S_2 0.54 1.25 1.25 ns
LVCMOS18_S_4 0.54 0.93 0.93 ns
LVCMOS18_S_6 0.54 0.89 0.90 ns
LVCMOS18_S_8 0.54 0.86 0.90 ns
LVDCI_15_F 0.58 0.56 0.71 ns
LVDCI_15_M 0.58 0.62 0.79 ns
LVDCI_15_S 0.58 0.69 0.88 ns
LVDCI_18_F 0.54 0.57 0.71 ns
LVDCI_18_M 0.54 0.62 0.79 ns
LVDCI_18_S 0.54 0.69 0.90 ns
LVDS 0.51 0.72 890.28 ns
POD10_DCI_F 0.52 0.56 0.74 ns
POD10_DCI_M 0.52 0.65 0.81 ns
POD10_DCI_S 0.52 0.76 0.89 ns
POD10_F 0.52 0.56 0.74 ns
POD10_M 0.52 0.65 0.81 ns
POD10_S 0.52 0.76 0.89 ns
POD12_DCI_F 0.52 0.56 0.74 ns
POD12_DCI_M 0.52 0.65 0.81 ns
POD12_DCI_S 0.52 0.76 0.89 ns
POD12_F 0.52 0.56 0.74 ns
POD12_M 0.52 0.65 0.81 ns
POD12_S 0.52 0.76 0.89 ns
SLVS_400_18 0.51 N/A N/A ns
SSTL12 DCI_F 0.52 0.56 0.70 ns
SSTL12 DCI_M 0.52 0.61 0.78 ns
SSTL12 DCI_S 0.52 0.68 0.87 ns
SSTL12 F 0.52 0.56 0.70 ns
SSTL12_M 0.52 0.61 0.78 ns
SSTL12_S 0.52 0.68 0.87 ns
SSTL135_DCI_F 0.52 0.56 0.70 ns
SSTL135_DCI_M 0.52 0.61 0.78 ns
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Table 34: 10B High Performance (HP) Switching Characteristics (Cont’d)

I/O Standards TINBUF_DELAY_PAD | TouTBUF_DELAY O_PAD TouTBUF_DELAY_TD_PAD Units
SSTL135_DCI_S 0.52 0.68 0.87 ns
SSTL135_F 0.52 0.56 0.70 ns
SSTL135 M 0.52 0.61 0.78 ns
SSTL135_S 0.52 0.68 0.87 ns
SSTL15 DCI_F 0.52 0.56 0.70 ns
SSTL15 DCI_M 0.52 0.61 0.78 ns
SSTL15_DCI_S 0.52 0.68 0.87 ns
SSTL15 F 0.52 0.56 0.70 ns
SSTL15 M 0.52 0.61 0.78 ns
SSTL15_S 0.52 0.68 0.87 ns
SSTL18 | DCI_F 0.52 0.55 0.70 ns
SSTL18 | DCI_M 0.52 0.61 0.78 ns
SSTL18 | _DCI_S 0.52 0.69 0.88 ns
SSTL18 I F 0.52 0.55 0.70 ns
SSTL18 | M 0.52 0.61 0.78 ns
SSTL18 IS 0.52 0.69 0.88 ns
SUB_LVDS 0.51 0.72 890.28 ns

Table 35 specifies the values of Toyteur_peLay Te_pab @Nd TiNBUF_DELAY IBUFDIS_O- TOUTBUF_DELAY_TE_PAD IS the
delay from the T pin to the IOB pad through the output buffer of an IOB pad, when 3-state is enabled (i.e.,

a high impedance state). Tingur peLay 1BUFDIS O IS the OB delay from IBUFDISABLE to O output. In HP I/O
banks, the internal DCI termination turn-off time is always faster than Toyrgyr peLay TE pap When the
DCITERMDISABLE pin is used. In HR I/O banks, the internal IN_TERM termination turn-off time is always

faster than TOUTBUF_DELAY_TE_PAD when the INTERMDISABLE pln is used.

Table 35: 10B 3-state Output Switching Characteristics

Symbol Description Value Units
Toursur oetar Te pan® T input to pad high-impedance for HR 1/0 banks 1.69 ns
- - T input to pad high-impedance for HP 1/0 banks 0.78 ns
TINBUE DELAY 1BUFDIS © IBUF turn-on t?me from IBUFDISABLE to O output for HR 1I/0 banks 0.68 ns
- - - IBUF turn-on time from IBUFDISABLE to O output for HP 1/0 banks 1.49 ns

Notes:

1. The Toyrsur_peLay TE_pap Values are applicable to single-ended 1/O standards. For true differential standards, the values are larger. Use the
Vivado timing report for the most accurate timing values for your configuration.
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I/0 Standard Adjustment Measurement Methodology

Input Delay Measurements

Table 36 shows the test setup parameters used for measuring input delay.

Table 36: Input Delay Measurement Methodology

Description gttt A C I CI T
LVCMOS, 1.2V LVCMOS12 0.1 1.1 0.6 -
LVCMOS15,
LVCMOS, LVDCI, HSLVDCI, 1.5V LVDCI_15, 0.1 1.4 0.75 -
HSLVDCI_15
LVCMOS18,
LVCMOS, LVDCI, HSLVDCI, 1.8V LVDCI_18, 0.1 1.7 0.9 -
HSLVDCI_18
LVCMOS, 2.5V LVCMOS25 0.1 2.4 1.25 -
LVCMOS, 3.3V LVCMOS33 0.1 3.2 1.65 -
LVTTL, 3.3V LVTTL 0.1 3.2 1.65 -
E'i;'; I(,hif_g'\'fpeed transceiver logic), HSTL I 12 Vier — 0.5 | Vpgr + 0.5 | Veer 0.60
HSTL, Class | and I, 1.5V HSTL_I, HSTL_II VRer — 0.65 | Vggr + 0.65 | VRer 0.75
HSTL, Class I and 11, 1.8V Egt::l__lfé Vrgr — 0.8 | Vegr + 0.8 | Vegr 0.90
HSUL (high-speed unterminated logic), 1.2V | HSUL_12 Vgeg — 0.5 Vger + 0.5 VREE 0.60
SSTL (stub series terminated logic), 1.2V SSTL12 Vgeg — 0.5 Vgeg + 0.5 VREF 0.60
SSTL, 1.35V SSTL135, SSTL135_R | Vger — 0.575 | Vger + 0.575|  Vger 0.675
SSTL, 1.5V SSTL15, SSTL15 R | Vger — 0.65 | Vger + 0.65 | Vger 0.75
SSTL, Class | and 11, 1.8V SSTL18_I, SSTL18_ Il | Vggr — 0.8 | Vger + 0.8 VRer 0.90
POD10, 1.0V POD10 Vger — 0.6 | Vggr + 0.6 VREF 0.70
POD12, 1.2V POD12 VRer — 0.74 | Vrgr + 0.74 | Vger 0.84
DIFF_HSTL, Class I, 1.2V DIFF_HSTL_1_12 0.6 — 0.125 | 0.6 + 0.125 0(®) -
DIFF_HSTL, Class | and 11,1.5V B:Eijjgt::i 0.75-0.125|0.75 + 0.125| 0(®) -
DIFF_HSTL, Class | and II, 1.8V B:I'EIE:EEPI:::I__]-& 0.9-0.125 | 0.9 + 0.125 0(® -
DIFF_HSUL, 1.2V DIFF_HSUL_12 0.6 —0.125 | 0.6 + 0.125 | 0®) -
DIFF_SSTL, 1.2V DIFF_SSTL12 0.6 —0.125 | 0.6 + 0.125 | 0®) -
DIFF_SSTL135/DIFF_SSTL135_R, 1.35V B:iiigtggj 0(')?17255_ ngg; 0® -
DIFF_SSTL15/DIFF_SSTL15_R, 1.5V B:Eizgitgﬁ 0.75—0.125|0.75 + 0.125, 0(®) -
DIFF_SSTL18_I/DIFF_SSTL18_II, 1.8V B:Eiiggﬁg::i 0.9-0.125 | 0.9 + 0.125 0(®) -
DIFF_POD10, 1.0V DIFF_POD10 0.70 — 0.125|0.70 + 0.125, 0(®) -
DIFF_POD12, 1.2V DIFF_POD12 0.84 —0.125|0.84 + 0.125, 0(®) -
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Table 36: Input Delay Measurement Methodology (Cont’d)

1/0 Standard

Description PO v, 0@ v | Veas | Mg

LVDS (low-voltage differential signaling), 1.8V| LVDS 0.9 -0.125 | 0.9 + 0.125 0(® —
LVDS_25, 2.5V LVDS_25 1.25-0.125|1.25 + 0.125| 0(6) -
SUB_LVDS, 1.8V SUB_LVDS 0.9-0.125 | 0.9 + 0.125 | 0®) -
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(6) -
LVPECL, 2.5 LVPECL 1.25 -0.125|1.25 + 0.125,  0(®) -
BLVDS_25, 2.5V BLVDS 25 1.25 -0.125/1.25 + 0.125| 0 -
MINI_LVDS_25, 2.5V MINI_LVDS 25 1.25-0.125|1.25 + 0.125| 0(6) -
PPDS_25 PPDS_25 1.25-0.125|1.25 + 0.125| 06 -
RSDS_25 RSDS_25 1.25 -0.125|1.25 + 0.125,  0(®) -
TMDS_33 TMDS_33 3-0.125 3+ 0.125 0® -
Notes:

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

2. Input waveform switches between V and V.

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

values listed are typical.
Input voltage level from which measurement starts.

ENECRES

The value given is the differential input voltage.
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Output Delay Measurements

Output delays are measured with short output traces. Standard termination was used for all testing. The
propagation delay of the trace is characterized separately and subtracted from the final measurement, and
is therefore not included in the generalized test setups shown in Figure 3 and Figure 4.

VRer

FPGA Output RRer

VMEAS (voltage level when taking delay measurement)

_— CREF (probe capacitance)

DS882_03_121418

Figure 3: Single-Ended Test Setup

—— Crer Rrer VmEAs

r 1

DS882_04_121418

FPGA Output

Figure 4: Differential Test Setup

Parameters Vrer, Rrers Crer @and Veas fully describe the test conditions for each /O standard. The most
accurate prediction of propagation delay in any given application can be obtained through IBIS
simulation, using this method:

1.
2.
3.

Simulate the output driver of choice into the generalized test setup using values from Table 37.

Record the time to Vygas.

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

Record the time to Vygas.

Compare the results of step 2 and step 4. The increase or decrease in delay yields the actual
propagation delay of the PCB trace.
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. . R Crert) | V v

Description 1/0 Standard Attribute (55)': ?SE) 'z"vE)AS ('\‘IE)F
LVCMOS, 1.2V LVCMOS12 Y 0.6 0
LVCMOS 1.5V LVCMOS15 M 0 0.75 0
LVCMOS 1.8V LVCMOS18 Y 0 0.9 0
LVCMOS, 2.5V LVCMOS25 Y 0 1.25 0
LVCMOS, 3.3V LVCMOS33 M 0 1.65 0
LVTTL, 3.3V LVTTL iMm 0 1.65 0
LVDCI/HSLVDCI, 1.5V LVDCI_15, HSLVDCI_15 50 0 Vrer | 0.75
LVDCI/HSLVDCI, 1.8V LvVDCI_18, HSLVDCI_18 50 0 VRer 0.9
HSTL (high-speed transceiver logic), Class I, 1.2V HSTL_I_12 50 0 VREF 0.6
HSTL, Class I, 1.5V HSTL_I 50 0 Veer | 0.75
HSTL, Class II, 1.5V HSTL_II 25 0 Veer | 0.75
HSTL, Class I, 1.8V HSTL_1_18 50 0 VRer 0.9
HSTL, Class II, 1.8V HSTL_I1_18 25 0 VRrer 0.9
HSUL (high-speed unterminated logic), 1.2V HSUL_12 50 0 VREF 0.6
SSTL12, 1.2V SSTL12 50 0 VRer 0.6
SSTL135/SSTL135_R, 1.35V SSTL135, SSTL135_R 50 0 Vrgr | 0.675
SSTL15/SSTL15_R, 1.5V SSTL15, SSTL15_R 50 0 Veer | 0.75
gZTS'; ES::]Z Sg;f; Itl‘fri‘?gl?ted logic), SSTL18 I, SSTL18_II 50 0 Vege | 0.9
POD10, 1.0V POD10 50 0 VRrer 1.0
POD12, 1.2V POD12 50 0 VRer 1.2
DIFF_HSTL, Class I, 1.2V DIFF_HSTL_I_12 50 0 VRrer 0.6
DIFF_HSTL, Class I and 11, 1.5V DIFF_HSTL_I, DIFF_HSTL_II | 50 0 Vrer | 0.75
DIFF_HSTL, Class I and 11, 1.8V g:EE::gt::l—_lfé 50 0 VRer 0.9
DIFF_HSUL_12, 1.2V DIFF_HSUL_12 50 VRrer 0.6
DIFF_SSTL12, 1.2V DIFF_SSTL12 50 0 VRrer 0.6
DIFF_SSTL135/DIFF_SSTL135 R, 1.35V B:EE:??H:?_R 50 0 Vger | 0.675
DIFF_SSTL15/DIFF_SSTL15_R, 1.5V B:Ei:ggﬁgj 50 0 Veer | 0.75
DIFF_SSTL18, Class | and 11, 1.8V B:Eizggtig::i 50 0 VRer 0.9
DIFF_POD10, 1.0V DIFF_POD10 50 0 VRrer 1.0
DIFF_POD12, 1.2V DIFF_POD12 50 0 VRer 1.2
LVDS (low-voltage differential signaling), 1.8V LVDS 100 0 0@ 0
LVDS, 2.5V LVDS_25 100 0 0 0
BLVDS (Bus LVDS), 2.5V BLVDS_25 100 0 0@ 0
Mini LVDS, 2.5V MINI_LVDS_25 100 0 0@ 0
PPDS_25 PPDS_25 100 0 0 0
RSDS_25 RSDS_25 100 0 0@ 0
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Table 37: Output Delay Measurement Methodology (Cont’d)

- . R Crefl?) |V v
Description 1/0 Standard Attribute REF REF MEAS REF
: (Q | (R | VM | (V)
SUB_LVDS SUB_LVDS 100 0 0@ 0
TMDS_33 TMDS_33 50 0 0@ 3.3
Notes:
1. Cgrge is the capacitance of the probe, nominally 0 pF.
2. The value given is the differential output voltage.
Block RAM and FIFO Switching Characteristics
Table 38: Block RAM and FIFO Switching Characteristics
Symbol Description Value Units
Maximum Frequency
Block RAM
FmAx_wr_Nc (Write First and No Change modes) 525 MHz, Max
FmAX_RF Block RAM (Read First mode) 400 MHz, Max
Fmax_FiIFo FIFO in all modes without ECC 525 MHz, Max
Block RAM and FIFO in ECC configuration without PIPELINE 390 MHz, Max
Block RAM and FIFO in ECC configuration with PIPELINE and
Fmax_ecc Block RAM in Write First or No Change mode 525 MHz, Max
Block RAM in ECC configuration in Read First mode with PIPELINE 400 MHz, Max
Block RAM with address enable and read address change compare
FMAX_ADDREN RDADDRCHANGE 9 P 400 MHz, Max
turned on.
T @ Block RAM in WRITE_FIRST and NO_CHANGE modes and FIFO. 952 s Min
PW_WF_NC Clock High/Low pulse width pS,
Tew re® Block RAM in READ_FIRST modes. Clock High/Low pulse width 1250 ps, Min
Block RAM and FIFO Clock-to-Out Delays
Trcko_Do Clock CLK to DOUT output (without output register) 1.64 ns, Max
TRCKO_DO_REG Clock CLK to DOUT output (with output register) 0.49 ns, Max
Notes:
1. The MMCM and PLL DUTY_CYCLE attribute should be set to 50% to meet the pulse width requirements at the higher frequencies.
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Input/Output Delay Switching Characteristics

Table 39: Input/Output Delay Switching Characteristics

Symbol Description Value Units

Reference clock frequency for IDELAYCTRL (in component mode) 200 to 800 MHz
Reference clock frequency when using BITSLICE_CONTROL with

FREFCLK REFCLK (in native mode (for RX_BITSLICE only)) 200 to 800 MHz
R_eferepce clock frlequency for BITSLICE_CONTROL with PLL_CLK 500 to 1866 MHz
(in native mode)®

TMINPER_CLK Minimum period for IODELAY CLK 3.160 ns, Min

TMINPER_RST Minimum reset pulse width 52.00 ns, Min

TipeLAY_REsoLUTION/ IDELAY/ODELAY chain resolution 2.5t0 15 ps

TODELAY_RESOLUTION

Notes:

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

2. See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.

DSP48 Slice Switching Characteristics

Table 40: DSP48 Slice Switching Characteristics

Symbol Description Value Units

Maximum Frequency

Fmax With all registers used 594 MHz, Max
FMmAX_PATDET With pattern detector 512 MHz, Max
FMAX_MULT NOMREG Two register multiply without MREG 361 MHz, Max
FMAX_MULT_NOMREG_PATDET Two register multiply without MREG with pattern detect 326 MHz, Max
FMAX_PREADD_NOADREG Without ADREG 358 MHz, Max
FMAX_NOPIPELINEREG Without pipeline registers (MREG, ADREG) 260 MHz, Max
FMAX_NOPIPELINEREG_PATDET Without pipeline registers (MREG, ADREG) with pattern detect 238 MHz, Max
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Clock Buffers and Networks

Table 41: Clock Buffers Switching Characteristics

Symbol Description Value Units
Global Clock Switching Characteristics (Including BUFGCTRL)
Fmax Maximum frequency of a global clock tree (BUFG) 630 MHz, Max
Global Clock Buffer with Input Divide Capability (BUFGCE_DIV)
Fuax E/IBaJ'i:rgg?_g:e\?)uency of a global clock buffer with input divide capability 630 MHz, Max
Global Clock Buffer with Clock Enable (BUFGCE)
Fmax ‘ Maximum frequency of a global clock buffer with clock enable (BUFGCE) ‘ 630 ‘ MHz, Max
Leaf Clock Buffer with Clock Enable (BUFCE_LEAF)
Fmax ‘ Maximum frequency of a leaf clock buffer with clock enable (BUFCE_LEAF) ‘ 630 ‘ MHz, Max
GTH Clock Buffer with Clock Enable and Clock Input Divide Capability (BUFG_GT)
Fuax g/llgzli(n?:gllj:r;?/?deen(cg;s;;l;stiriaI transceiver clock buffer with clock enable and 512 MHz, Max
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MMCM Switching Characteristics

Table 42: MMCM Specification

MMCM_FprpcLk_max

Symbol Description Value Units
MMCM_F|nmax Maximum input clock frequency 800 MHz
MMCM_F|nMiIN Minimum input clock frequency 10 MHz

5 : :

MMCM_F|NJITTER Maximum input clock period jitter = 20% of Cloﬁ: mg)l:t period or

Input duty cycle range: 10—-49 MHz 25-75 %

Input duty cycle range: 50—-199 MHz 30-70 %
MMCM_FinpuTy Input duty cycle range: 200-399 MHz 35-65 %

Input duty cycle range: 400—499 MHz 40-60 %

Input duty cycle range: >500 MHz 45-55 %
MMCM_Fmin_pscLk Minimum dynamic phase shift clock frequency 0.01 MHz
MMCM_Fuax_pscLk Maximum dynamic phase shift clock frequency 450 MHz
MMCM_Fycomin Minimum MMCM VCO frequency 600 MHz
MMCM_Fycomax Maximum MMCM VCO frequency 1200 MHz

Low MMCM bandwidth at typical(®) 1.00 MHz
MMCM_FganDwiDTH : : .l

High MMCM bandwidth at typical(® 4.00 MHz
MMCM_TgratpuaorrseT | Static phase offset of the MMCM outputs(® 0.12 ns
MMCM_TouTnTTER MMCM output jitter Note 3
MMCM_TouTpuTy MMCM output clock duty cycle precision(*) 0.20 ns

MMCM maximum lock time for MMCM_Fprpmin 100 s

frequencies above 20 MHz H
MMCM_T ockmax : :

MMCM maximum lock time for MMCM_Fpepmin 200 s

frequencies from 10 MHz to 20 MHz H
MMCM_Foytmax MMCM maximum output frequency 630 MHz
MMCM_FoutmIN MMCM minimum output frequency((®) 4.69 MHz

5 : :

MMCM_TexTrDVAR External clock feedback variation = 20% of Cloﬁ: mg)l:t period or
MMCM_RSTynpULSE Minimum reset pulse width 5.00 ns

Maximum frequency at the phase frequenc
MMCM_Fpromax dotectoy | Caaeney P quency 450 MHz

Minimum frequency at the phase frequenc
MMCM_Fprpmin detoctor | HEReY P quency 10 MHz
MMCM_TegpEeLay Maximum delay in the feedback path 5 ns Max or one clock cycle

Maximum DRP clock frequency 200 MHz

Notes:

1.  The MMCM does not filter typical spread-spectrum input clocks because they are usually far below the bandwidth filter frequencies.
2. The static offset is measured between any MMCM outputs with identical phase.

3. Values for this parameter are available in the Clocking Wizard. Also, see Additional Design Considerations for Configuration Memory Access

Effects for guidance and mitigation of configuration readback induced time interval error in MMCMs and PLLs.

. Includes global clock buffer.
5. Calculated as Fycp/128 assuming output duty cycle is 50%.
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PLL Switching Characteristics

Table 43: PLL Specification(!)

Symbol Description Value Units
PLL_FnmAX Maximum input clock frequency 800 MHz
PLL_FinmIN Minimum input clock frequency 70 MHz

o - -
PLL_FingiTTER Maximum input clock period jitter < 20% of clo::}l; :\qg;'t period or
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 600 MHz
PLL_Fycomax Maximum PLL VCO frequency 1200 MHz
PLL_TSTATPHAORESET Static phase offset of the PLL outputs(®) 0.12 ns
PLL_TouTiITTer PLL output jitter Note 3
PLL T PLL CLKOUTO/CLKOUTOB/CLKOUT1/CLKOUT1B 0.20 ns
— OUTDUTY duty-cycle precision(#) )
PLL_T, ockmax PLL maximum lock time 100 ps
PLL maximum output frequency at 630 MHz
PLL_FouTmax CLKOUTO/CLKOUTOB/CLKOUT1/CLKOUT1B
PLL maximum output frequency at CLKOUTPHY 2400 MHz
PLL minimum output frequency at 4.69 MHz
CLKOUTO/CLKOUTOB/CLKOUT1/CLKOUT1B() :
PLL_FoutmIN 2 X VCO mode: 1200
PLL minimum output frequency at CLKOUTPHY 1 x VCO mode: 600 MHz
0.5 x VCO mode: 300
PLL_RST\iNnPULSE Minimum reset pulse width 5.00 ns
Maximum frequency at the phase frequenc
PLL_FPFDMAX detector a 4 P “ Y 600 MHz
Minimum frequency at the phase frequenc
PLL_Fpromin detoeror | COHEReY P quency 70 MHz
PLL_FgaNDWIDTH PLL bandwidth at typical 15 MHz
PLL_FprpcLk_max Maximum DRP clock frequency 200 MHz

Notes:
1. The PLL does not filter typical spread-spectrum input clocks because they are usually far below the loop filter frequencies.
2. The static offset is measured between any PLL outputs with identical phase.

3. Values for this parameter are available in the Clocking Wizard. Also, see Additional Design Considerations for Configuration Memory Access
Effects for guidance and mitigation of configuration readback induced time interval error in MMCMs and PLLs.

Includes global clock buffer.
5. Calculated as Fyco/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 44 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 44: Pin-to-Pin Output Parameter Guidelines

Symbol Description Value Units
SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM/PLL
Tickor ‘ Global clock input and output flip-flop without MMCM/PLL (near clock region) ‘ 7.19 ns
SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM/PLL
TicKOF_FAR ‘ Global clock input and output flip-flop without MMCM/PLL (far clock region) ‘ 8.22 ns
SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, with MMCM
TICKOEMMCMCC ‘ Global clock input and output flip-flop with MMCM 2.41 ns
SSTL15 Global Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, with PLL
TickoF_PLL_cC ‘ Global clock input and output flip-flop with PLL 6.95 ns
Notes:

1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column.

2. MMCM and PLL output jitter are already included in the timing calculation. Also, see Additional Design Considerations for Configuration

Memory Access Effects for guidance and mitigation of configuration readback induced time interval error in MMCMs and PLLs.

Table 45: Source Synchronous Output Characteristics (Component Mode)

Symbol Description Value

Units

T Delay mismatch across a transmit bus when using component 100
OUTPUT_LOGIC_DELAY_VARIATION mode output logic (ODDRE1, OSERDESE3) within a bank.

ps
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Device Pin-to-Pin Input Parameter Guidelines

The pin-to-pin numbers in Table 46 through Table 47 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 46: Global Clock Input Setup and Hold With MMCM

Symbol Description Value Units

Input Setup and Hold Time Relative to Global Clock Input Signal using SSTL15 Standard.(1)(2)(3)

T Setup 2.55 ns
PSMMCMCC_KUOB0 | 5 10bal clock input and input flip-flop (or latch) with MMCM

TpHMMCMCC_KU060 Hold —-0.15 ns

Notes:

1.

> w

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.

This table lists representative values where one global clock input drives one vertical clock line in each accessible column.
Use IBIS to determine any duty-cycle distortion incurred using various standards.

See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.

Table 47: Global Clock Input Setup and Hold With PLL

Symbol Description Value Units

Input Setup and Hold Time Relative to Global Clock Input Signal using SSTL15 Standard.(1)(2)(3)

T Setup -0.78 ns
PSPLLCC_KUOB0 Global clock input and input flip-flop (or latch) with PLL

TpHPLLCC_KUO60D Hold 2.98 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.

This table lists representative values where one global clock input drives one vertical clock line in each accessible column.
Use IBIS to determine any duty-cycle distortion incurred using various standards.

See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.
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Table 48: Sampling Window

Symbol Description Value Units

@ Total sampling error of the Kintex UltraScale FPGAs DDR input registers,

measured across voltage, temperature, and process. 610 ps

TsamP_BUFG

Receive sampling error for RX_BITSLICE when using dynamic phase

TsamP_NATIVE_DPA alignment. 150 ps
T Receive sampling error for RX_BITSLICE when using built-in 110 s
SAMP_NATIVE_BISC self-calibration (BISC). P

Notes:

1. 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. For detailed component mode sampling window calculations using the parameters in this table, see the Designing Using Select/O
Interface Component Primitives (XAPP1324) application note. Also, see Additional Design Considerations for Configuration Memory Access
Effects for guidance and mitigation of configuration readback induced time interval error in MMCMs and PLLs.

Table 49: Input Logic Characteristics for Dynamic Phase Aligned Applications (Component Mode)

Symbol Description Value Units
T Accounts for the setup/hold and any pattern dependent jitter for 40 s
INPUT_LOGIC_UNCERTAINTY | the jnput logic (input register, IDDRE1, or ISERDESE3). P

Calibration error associated with quantization effects based on the
TcAL ERROR IDELAY resolution. Calibration must be performed for each input pin 24 ps
to ensure optimal performance.

Notes:

1. See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.

Package Parameter Guidelines

The parameters in this section provide the necessary values for calculating timing budgets for clock
transmitter and receiver data-valid windows.

Table 50: Package Skew

Symbol Description Device Package Value Units
PKGSKEW Package Skew XQRKUO60 CNA1509 247 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.

3. See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback
induced time interval error in MMCMs and PLLs.
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GTH Transceiver Specifications

GTH Transceiver DC Input and Output Levels

Table 51 summarizes the DC specifications of the GTH transceivers in Kintex UltraScale FPGAs. Consult the
UltraScale Architecture GTH Transceiver User Guide (UG576) for further details.

Table 51: 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 (eXternaI AC Coupled) 6.6 Gb/s to 10.3125 Gb/s 150 — 1250 mVv
< 6.6 Gb/s 150 - 2000 mVv
Single-ended input voltage.
VIN Voltage measured at the pin \?C coupleij 1.2V —400 — VuveTavTr | MV
referenced to GND. MGTAVTT — =
Vemin Common mode input voltage \[;SG(;ZSE:GE 1.2V — 2/3 VyeTavTT — mV
D Differential peak-to-peak output | Transmitter output swing 800 _ B mv
VPPOUT | yoltage(®) is set to 1100
When remote RX is
terminated to GND VmeTavTT/2 — Dyppout/4 mv
Vv Common mode output voltage: When remote RX v _D /2 mv
CMOUTDC | bC coupled (equation based) termination is floating MGTAVTT = =VPPOUT
When remote RX is v 7DVPPOUT7(VMGTAVTT_VRX7TERM) mv
terminated to Vgy tgrm(® | METAVIT T4 2
VemouTae | Common mode output voltage: AC coupled (equation based) VueTavtt — Pverout/2 mvV
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 attributes discussed in the UltraScale Architecture GTH Transceiver
User Guide (UG576), and can result in values lower than reported in this table.

2. Vpy_Term 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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Differential peak-to-peak voltage = (Single-ended peak-to-peak voltage) x 2

Figure 6: Differential Peak-to-Peak Voltage
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Table 52 and Table 53 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 details.

Table 52: GTH Transceiver Clock DC Input Level Specification

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

Table 53: 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 — 400 — mV
VoH Output high voltage for P and N | Rt = 100Q across P and N signals - 760 - myV

Differential output voltage
VppouT (P—N), P = High Rt = 100Q across P and N signals — +360 — mV
(N—-P), N = High
VemouT Common mode voltage Rt = 100Q across P and N signals — 580 — mV
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Consult the UltraScale Architecture GTH Transceiver User Guide (UG576) for further information.

Table 54: GTH Transceiver Performance

Symbol Description Output Divider Value Units
FoTHMAX GTH maximum line rate 12.5 Gb/s
FoThMIN GTH minimum line rate 0.5 Gb/s

Min Max
1 4.0 8.5 Gb/s
2 2.0 4.25 Gb/s
FGTHCRANGE CPLL line rate range() 4 1.0 2.125 Gb/s
8 0.5 1.0625 Gb/s
16 N/A N/A Gb/s
Min Max
1 9.8 12.5 Gb/s
2 4.9 8.1875 Gb/s
FGTHORANGEL QPLLO line rate range(® 4 2.45 4.0938 Gb/s
8 1.225 2.0469 Gb/s
16 0.6125 1.0234 Gb/s
Min Max
1 8.0 12.5 Gb/s
2 4.0 6.5 Gb/s
FGTHORANGE2 QPLL1 line rate range(® 4 2.0 3.25 Gb/s
8 1.0 1.625 Gb/s
16 0.5 0.8125 Gb/s
Min Max
FcpLLRANGE CPLL frequency range 2.0 4.25 GHz
FopLLORANGE QPLLO frequency range 9.8 16.375 GHz
FopLL1RANGE QPLL1 frequency range 8.0 13.0 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 55: GTH Transceiver Dynamic Reconfiguration Port (DRP) Switching Characteristics
Symbol Description Value Units
FoTHDRPCLK GTHDRPCLK maximum frequency 250 MHz
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Table 56: GTH Transceiver Reference Clock Switching Characteristics

Symbol Description Conditions Min Typ Max Units
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 %

80%———— N\~~~ A\ -

20%—————q—— Y ——————f—————————————A\-———-
Trok 1=

DS882_07_121418

Figure 7: Reference Clock Timing Parameters

Table 57: GTH Transceiver Reference Clock Oscillator Selection Phase Noise Mask

Offset

mbol Description Min T Max ni

Symbo escriptio Frequency Yp a Units
QPLLO/QPLL1 reference clock select 10 kHz — — —105

QPLLgercLkmask D@ | phase noise mask at 100 kHz - - —-124 | dBc/Hz
REFCLK frequency = 312.5 MHz. 1 MHz _ _ 130
10 kHz — — -105
CPLL reference clock select phase noise | 100 kHz - - —124

(€5]¢9)

CPLLRercLkmASK mask at REFCLK frequency = 312.5 MHz. | { MHz _ _ ~130 dBc/Hz

50 MHz — - -140

Notes:

1. For reference clock frequencies other than 312.5 MHz, adjust the phase-noise mask values by 20 x Log(N/312.5) where N
is the new reference clock frequency in MHz.

2. This reference clock phase-noise mask is superseded by any reference clock phase-noise mask that is specified in a
supported protocol, e.g., PCle.

Table 58: GTH Transceiver PLL/Lock Time Adaptation

Symbol Description Conditions Min Typ Max Units
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 | 2.3x106| Ul
(LPM) when the DFE is disabled. at the input.
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Table 59: GTH Transceiver User Clock Switching Characteristics(1)
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Data Width Conditions (Bit)

Symbol Description - - Value Units
Internal Logic Interconnect Logic

FrxouTtPma TXOUTCLK maximum frequency sourced from OUTCLKPMA 390.625 MHz
FrxouTtPmA RXOUTCLK maximum frequency sourced from OUTCLKPMA 390.625 MHz
FrxouTtProcpily | TXOUTCLK maximum frequency sourced from TXPROGDIVCLK 511.719 MHz
FrxoutProgDIv | RXOUTCLK maximum frequency sourced from RXPROGDIVCLK 511.719 MHz
16 16, 32 390.625 MHz
TXUSRCLK 32 32, 64 390.625 MHz

Frxin maximum
frequency 20 20, 40 312.500 MHz
40 40, 80 312.500 MHz
16 16, 32 390.625 MHz
RXUSRCLK 32 32, 64 390.625 MHz

FrxiN maximum
frequency 20 20, 40 312.500 MHz
40 40, 80 312.500 MHz
16 16 390.625 MHz
16, 32 32 390.625 MHz
TXUSRCLK2 32 64 195.313 MHz

Frxing maximum
20, 40 40 312.500 MHz
40 80 156.250 MHz
16 16 390.625 MHz
16, 32 32 390.625 MHz
RXUSRCLK2 32 64 195.313 MHz

Frxinz maximum
20, 40 40 312.500 MHz
40 80 156.250 MHz

Notes:

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

2. The TX buffer bypass and RX buffer bypass modes are not supported.
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Table 60: GTH Transceiver Transmitter 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
Terx TX fall time 80%—-20% - 21 — ps
TLLSKEW TX lane-to-lane skew(1) — — 500 ps
VTXOOBVDPP Electrical idle amplitude — — 15 mV
TrxooeTrRANSITION | Electrical idle transition time — — 140 ns
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 rer 12.5 Gb/s

Dj12.5 CPLL Deterministic jitter(3®) — — 0.17 ul

T Total jitter(2)(4) - - 0.28 ul
113 QPLL — 11.3 Gb/s

Dj11.3_QPLL Deterministic jitter(2)4) - - 0.17 ul

T Total jitter(2)(4) - - 0.28 ul
J10.3_QPLL J b 10.3 Gb/s

Dj10.3_QPLL Deterministic jitter(2®) - — 0.17 ul

T Total jitter(3)(4) - - 0.33 ul
J10.3_CPLL rer” 10.3 Gb/s

Dj10.3 CPLL Deterministic jitter(3®) — — 0.17 ul

T Total jitter(2)(4) - - 0.28 ul
J9.8_QPLL J e 9.8 Gb/s

Dyo.8_QpLL Deterministic jitter(2)4) - - 0.17 ul

T Total jitter(3)(4) - - 0.28 ul
J9.8_CPLL J bl 9.8 Gb/s

Dyo.s_cpLL Deterministic jitter(®®) - — 0.17 ul

T Total jitter(3)(4) - - 0.32 ul
J8.0_CPLL J e 8.0 Gb/s

Djs.0 cPLL Deterministic jitter(3®) - - 0.17 ul

T Total jitter(3)(4) - - 0.30 ul
J6.6_CPLL J e 6.6 Gb/s

Dy6.6_cpLL Deterministic jitter(3®) - - 0.15 ul

Ti5.0 Total jitter(3 - - 0.30 ul

- 5.0 Gb/s

Dys0 Deterministic jitter(®®) - — 0.15 ul

T Total jitter(3)(4) - - 0.30 ul
1425 = 4.25 Gb/s

D425 Deterministic jitter(3®) — — 0.15 ul

T Total jitter(®(4) - - 0.32 ul
O e 4.0 Gb/s®

Dys.0L Deterministic jitter(3) - - 0.16 ul

T Total jitter(3)(4) - - 0.20 ul
3.2 e 3.2 Gb/s(®

Dj3.2 Deterministic jitter(®®) - — 0.10 ul

T Total jitter(3)(4) - - 0.20 ul
125 = 2.5 Gb/s(

Do s Deterministic jitter(3®) - - 0.10 ul

T Total jitter(®(4) - - 0.15 ul
125 - 1.25 Gb/s®

Dj1.25 Deterministic jitter(3®) - - 0.06 ul
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Table 60: GTH Transceiver Transmitter Switching Characteristics (Cont’d)
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Symbol Description Condition Min Typ Max Units
T Total jitter(® @) — — 0.10 ul
7500 - 500 Mb/s(®
D500 Deterministic jitter(3) - - 0.03 ul
Notes:
1. Using same REFCLK input with TX phase alignment enabled for up to four fully populated GTH Quads at maximum line rate.
2. Using QPLL_FBDIV = 40, 40-bit internal data width. These values are NOT intended for protocol specific compliance determinations.
3. Using CPLL_FBDIV = 2, 40-bit internal data width. These values are NOT intended for protocol specific compliance determinations.
4. Alljitter values are based on a bit-error ratio of 1012,
5. CPLL frequency at 2.0 GHz and TXOUT_DIV = 1
6. CPLL frequency at 3.2 GHz and TXOUT_DIV = 2.
7. CPLL frequency at 2.5 GHz and TXOUT_DIV = 2.
8. CPLL frequency at 2.5 GHz and TXOUT_DIV = 4.
9. CPLL frequency at 2.0 GHz and TXOUT_DIV = 4.
Table 61: GTH Transceiver Receiver Switching Characteristics
Symbol Description Condition Min Typ Max Units
FoTHRX Serial data rate 0.500 — FoThmax | Gb/s
Time for RXELECIDLE to respond to loss or restoration of
TRXELECIDLE data - 10 - ns
RxooBvDPP OOB detect threshold peak-to-peak 60 - 150 mV
RxssT 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
Bit rates > 6.6 Gb/s
RxppmTOL Data/REFCLK PPM offset tolerance and < 8.0 Gb/s —700 — 700 ppm
Bit rates > 8.0 Gb/s —200 - 200 ppm
SJ Jitter Tolerance(?)
Jr sn2s Sinusoidal jitter (QPLL)(3) 12.5 Gb/s 0.30 — — ul
Jr si13 Sinusoidal jitter (QPLL)(® 11.3 Gb/s 0.30 - — ul
Jr si10.3 gpLL | Sinusoidal jitter (QPLL)®) 10.3 Gb/s 0.30 - - ul
Jr sio.3 cpelL | Sinusoidal jitter (CPLL)(®) 10.3 Gb/s 0.30 — — ul
Jr si08 Sinusoidal jitter (QPLL)(® 9.8 Gb/s 0.30 - — ul
JT_538.0_QPLL Sinusoidal jitter (QPLL)(® 8.0 Gb/s 0.44 - - ul
JT s18.0_CPLL Sinusoidal jitter (CPLL)(3) 8.0 Gb/s 0.42 - - ul
‘]T_SJG.S_CPLL Sinusoidal jitter (CPLL)(‘?’) 6.6 Gb/s 0.44 — — Ul
Jr 8350 Sinusoidal jitter (CPLL)(3) 5.0 Gb/s 0.44 - - ul
I sia.25 Sinusoidal jitter (CPLL)(3) 4.25 Gb/s 0.44 — — ul
J1_siaoL Sinusoidal jitter (CPLL)(3) 4.0 Gb/s® 0.45 - - ul
Jr s13.75 Sinusoidal jitter (CPLL)(3) 3.75 Gb/s 0.44 — - ul
I si3.2 Sinusoidal jitter (CPLL)(3) 3.2 Gb/s®) 0.45 - - Ul
T si2s Sinusoidal jitter (CPLL)(®) 2.5 Gb/s® 0.50 — — ul
Jr si2s Sinusoidal jitter (CPLL)(3) 1.25 Gb/s(M 0.50 - - ul
JT 53500 Sinusoidal jitter (CPLL)(3) 500 Mb/s 0.40 - - ul
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Table 61: GTH Transceiver Receiver Switching Characteristics (Cont’d)

Symbol Description Condition

Min

Typ Max

Units

SJ Jitter Tolerance with Stressed Eye(2)

Jr_TisE3.2 3.2 Gb/s

0.70

Ul

Total jitter with stressed eye(8)
Jr_TISE6.6 6.6 Gb/s

0.70

Ul

‘]T_SJSE3.2 3.2 Gb/s

0.10

Ul

Sinusoidal jitter with stressed eye(8)
Jr_sisee.6 6.6 Gb/s

0.10

Ul

Notes:

Using RXOUT_DIV = 1, 2, and 4.

All jitter values are based on a bit error ratio of 10712,
The frequency of the injected sinusoidal jitter is 10 MHz.
CPLL frequency at 2.0 GHz and RXOUT_DIV = 1

CPLL frequency at 3.2 GHz and RXOUT_DIV = 2.

CPLL frequency at 2.5 GHz and RXOUT_DIV = 2.

CPLL frequency at 2.5 GHz and RXOUT_DIV = 4.
Composite jitter with RX equalizer enabled. DFE disabled.

© N vk wh =
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GTH Transceiver Electrical Compliance

The UltraScale Architecture GTH Transceiver User Guide (UG576) contains recommended use modes that
ensure compliance for the protocols listed in Table 62. The transceiver wizard provides the recommended

settings for those use cases and for protocol specific characteristics.

Table 62: GTH Transceiver Protocol List

Protocol Specification Serial Rate (Gb/s) Cglr(:\:)tlziac:le
CAUI-10 IEEE 802.3-2012 10.3125 Compliant
nPPI IEEE 802.3-2012 10.3125 Compliant
10GBASE-KR 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
5.0G Ethernet IEEE 802.3bx (PAR) 5.0 Compliant
QSGMII QSGMII v1.2 (Cisco Systems, ENG-46158) | 5.0 Compliant
XAUI IEEE 802.3-2012 3.125 Compliant
2.5G Ethernet IEEE 802.3bx (PAR) 2.5 Compliant
1000BASE-X IEEE 802.3-2012 1.25 Compliant
OoTU2 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
Interlaken OIF-CEI-6G, OIF-CEI-11G-SR 4.25-12.5 Compliant
PCle Genl, 2, 3 PCI Express Base 3.0 2.5, 5.0, and 8.0 Compliant
UHD-SDI(®) SMPTE ST-2081 6G, SMPTE St-2082 12G 6 and 12 Compliant
SDI SMPTE 424M-2006 0.27—2.97 Compliant
CPRI™ CPRI_v_6_1_2014-07-01 0.6144-12.165 Compliant
HDMI™(2) HDMI 2.0 All Compliant
Passive Optical Network (PON) ;gS_ZEzg’jlpolNG_EPON NG-PON2, XG-PON, | 155 10.3125 Compliant
JESD204a/b OIF-CEI-6G, OIF-CEI-11G 3.125-12.5 Compliant
Serial RapidlO RapidlO Specification 3.1 1.25-10.3125 Compliant
DisplayPort (Source Only) DP 1.2B CTS 1.62-5.4 Compliant
Fibre Channel FC-PI-4 1.0625-12.5 Compliant
SATA Genl, 2, 3 Serial ATA Revision 3.0 Specification 1.5, 3.0, and 6.0 Compliant
SAS Geni, 2, 3 T10/BSR INCITS 519 3.0, 6.0, and 12.0 Compliant
SFI-5 OIF-SFI5-01.0 0.625-12.5 Compliant
Notes:

1. SDI protocols require external circuitry to achieve compliance.
2. HDMI protocols require external circuitry to achieve compliance.
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GTH Transceiver Protocol Jitter Characteristics
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For Table 63 through Table 68, the UltraScale Architecture GTH Transceiver User Guide (UG576) contains
recommended settings for optimal usage of protocol specific characteristics.

Table 63: Gigabit Ethernet Protocol Characteristics (GTH Transceivers)

Description Line Rate (Mb/s) Min Max Units
Gigabit Ethernet Transmitter Jitter Generation
Total transmitter jitter (T_TJ) ‘ 1250 ‘ _ ‘ 0.24 ‘ ul
Gigabit Ethernet Receiver High Frequency Jitter Tolerance
Total receiver jitter tolerance ‘ 1250 ‘ 0.749 ‘ - ‘ Ul
Table 64: XAUI Protocol Characteristics (GTH Transceivers)
Description Line Rate (Mb/s) Min Max Units
XAUI Transmitter Jitter Generation
Total transmitter jitter (T_TJ) ‘ 3125 ‘ - ‘ 0.35 ‘ Ul
XAUI Receiver High Frequency lJitter Tolerance
Total receiver jitter tolerance ‘ 3125 ‘ 0.65 ‘ - ‘ Ul
Table 65: PCl Express Protocol Characteristics (GTH Transceivers)(2)
Standard Description Condition Line Rate (Mb/s) Min Max Units
PCI Express Transmitter Jitter Generation
PCI Express Gen 1 Total transmitter jitter 2500 - 0.25 Ul
PCI Express Gen 2 Total transmitter jitter 5000 - 0.25 Ul
Total transmitter jitter uncorrelated - 31.25 ps
PCI Express Gen 3(2 — - — 8000
Deterministic transmitter jitter uncorrelated - 12 ps
PCI Express Receiver High Frequency Jitter Tolerance
PCI Express Gen 1 Total receiver jitter tolerance 2500 0.65 - Ul
Receiver inherent timing error 0.40 - ul
PCI Express Gen 2(2) — — 5000
Receiver inherent deterministic timing error 0.30 - ul
0.03 MHz-1.0 MHz 1.00 - ul
PCI Express Gen 3(2) | Receiver sinusoidal 14 o, 7 o vz 8000 Note 3 - ul
jitter tolerance
10 MHz—-100 MHz 0.10 - ul
Notes:
1. Tested per card electromechanical (CEM) methodology.
2. Using common REFCLK.
3.  Between 1 MHz and 10 MHz the minimum sinusoidal jitter roll-off with a slope of 20 dB/decade.
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Table 66: CEI-6G and CEI-11G Protocol Characteristics (GTH Transceivers)

Description Line Rate (Mb/s) Interface Min Max Units
CEI-6G Transmitter Jitter Generation
Total transmitter jitter(1) 4976-6375 CEI-6G-SR - 03 vl
CEI-6G-LR — 0.3 Ul
CEI-6G Receiver High Frequency Jitter Tolerance
Total receiver jitter tolerance(®) 4976-6375 CEI-6G-SR 0.6 - .
CEI-6G-LR 0.95 - Ul
CEI-11G Transmitter Jitter Generation
Total transmitter jitter(2) 9950-11100 CEI-11G-SR - 03 V!
CEI-11G-LR/MR - 0.3 Ul
CEI-11G Receiver High Frequency Jitter Tolerance
CEI-11G-SR 0.65 - Ul
Total receiver jitter tolerance(® 9950-11100 CEI-11G-MR 0.65 — ul
CEI-11G-LR 0.825 - Ul
Notes:
1. Tested at most commonly used line rate of 6250 Mb/s using 390.625 MHz reference clock.
2. Tested at line rate of 9950 Mb/s using 155.46875 MHz reference clock and 11100 Mb/s using 173.4375 MHz reference clock.
Table 67: SFP+ Protocol Characteristics (GTH Transceivers)
Description Line Rate (Mb/s) Min Max Units
SFP+ Transmitter Jitter Generation
9830.40(1)
9953.00
Total transmitter jitter 10312.50 - 0.28 Ul
10518.75
11100.00
SFP+ Receiver Frequency lJitter Tolerance
9830.40(1)
9953.00
Total receiver jitter tolerance 10312.50 0.7 - Ul
10518.75
11100.00

Notes:
1. Line rate used for CPRI over SFP+ applications.
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Table 68: CPRI Protocol Characteristics (GTH Transceivers)

Description Line Rate (Mb/s) Min Max Units
CPRI Transmitter Jitter Generation
614.4 - 0.35 ul
1228.8 - 0.35 Ul
2457.6 - 0.35 ul
Total transmitter jitter 3072.0 - 0.35 Ul
4915.2 - 0.3 ul
6144.0 - 0.3 ul
9830.4 - Note 1 ul
CPRI Receiver Frequency Jitter Tolerance
614.4 0.65 - ul
1228.8 0.65 - ul
2457.6 0.65 - ul
Total receiver jitter tolerance 3072.0 0.65 — Ul
4915.2 0.95 - ul
6144.0 0.95 - ul
9830.4 Note 1 - ul

Notes:

1. Tested per SFP+ specification, see Table 67.

Integrated Interface Block for PCI Express Designs

More information and documentation on solutions for PCl Express designs can be found at PCl Express.

Table 69: Maximum Performance for PCl Express Designs

Symbol Description Value Units
FpipecLK Pipe clock maximum frequency 250.00 MHz
FCORECLK Core clock maximum frequency 500.00(1) MHz
FusercLK User clock maximum frequency 250.00 MHz
ForpcLk DRP clock maximum frequency 250.00 MHz

Notes:

1. Referto the UltraScale Devices Gen3 Integrated Block for PCl Express v4.4 LogiCORE IP Product Guide (PG156) for information regarding x8 Gen
3 operation in the -1 speed grade.
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System Monitor Spe

Table 70: SYSMON Specifications

cifications

Parameter Symbol

Comments/Conditions

Min

Typ

Max

Units

VCCADC = 1.8V 13%, VREFP = 125V, VREFN = OV, ADCCLK = 5.2 MHZ, Tj = —-40°C to 100°C, typlcal values at Tj = 40°C

ADC Accuracy(?)

Resolution 10 — - Bits
Integral nonlinearity(2) INL - - +2 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 Tj = —55°C to 125°C - - +2
No missing codes, guaranteed LSBs
Differential nonlinearity DNL monotonic - - *1
T; = —55°C to 125°C
Analog Inputs(2)
Unipolar operation 0 - 1 \
) Bipolar operation -0.5 — +0.5 \%
ADC input ranges - -
Unipolar common mode range (FS input) 0 - +0.5 \%
Bipolar common mode range (FS input) +0.5 - +0.6 \Y
Maximum external channel input Adjacent channels set within these
P ranges should not corrupt —-0.1 — Veeabpc \Y
ranges .
measurements on adjacent channels
On-Chip Sensor Accuracy
T; = —40°C to 100°C (with external REF) - - +4 °C
Tj = —55°C to 125°C (with external REF) - - +4.5 °C
Temperature sensor error() :
Tj = —40°C to 100°C (with external REF) - - +5 °C
T; = —55°C to 125°C (with external REF) - - +6.5 °C
T; = —40°C to 100°C (with external REF) - - *1 %
Tj = —55°C to 125°C (with external REF) - - +2 %
Supply sensor error®® -
T; = —40°C to 100°C (with external REF) - - +1.5 %
T; = —55°C to 125°C (with external REF) - - *+2.5 %
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Parameter Symbol Comments/Conditions Min Typ Max Units
Conversion Rate(4)
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 - 250 MHz
ADC clock frequency ADCCLK | Derived from DCLK - 5.2 MHz
DCLK duty cycle 40 - 60 %
SYSMON Reference!®)
External reference VREEP Externally supplied reference voltage 1.20 1.25 1.30 \'%
on-chio reforance %ri“fﬂo\ﬁ'?cEig F;gotchGND' 1.23125| 1.25 |1.26875  V

?jriufgs\ﬁ%ﬁtg D o ACND 1.225 | 1.25 | 1.275 v

Notes:

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

enabled.

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

3. 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.
See the Adjusting the Acquisition Settling Time section in the UltraScale Architecture System Monitor User Guide (UG580).

5. Any variation in the reference voltage from the nominal Vgerp = 1.25V and Vggpy = 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.

12C Interfaces

Table 71: 12C Fast Mode Interface Switching Characteristics(!)

Symbol Description Min Typ Max Units
TbcrcLk SCL duty cycle — 50 — %
Tecko SDAO clock-to-out delay - — 900 ns
TEbck SDAI setup time 100 - — ns
FrcLk SCL clock frequency — — 400 kHz
Notes:

1. Test conditions: LVCMOS33, slow slew rate, 8 mA drive strength, 15 pF loads.
scL /7 \ / \ /
TFDCK
SDAI } )
Trcko
SDAO / ) 4

Figure 8: 12C Fast Mode Interface Timing Diagram
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Table 72: 12C Standard Mode Interface Switching Characteristics(!)

Symbol Description Min Typ Max Units
TbescLk SCL duty cycle - 50 - %
Tscko SDAO clock-to-out delay - — 3450 ns
Tspck SDAI setup time 250 — — ns
FscLk SCL clock frequency - - 100 kHz
Notes:

1. Test conditions: LVCMOS33, slow slew rate, 8 mA drive strength, 15 pF loads.
scL /7 \ / \ /
Tsbck
SDAI X
Tscko
SDAO / ) 4
DS882_09_121418
Figure 9: 12C Standard Mode Interface Timing Diagram
Configuration Switching Characteristics
Table 73: Configuration Switching Characteristics
Symbol Description Value Units
Power-up Timing Characteristics
TpL Program latency 7.5 ms, Max
57 ms, Max
Power-on reset (40 ms ramp rate time) o ms. Min
T
. Power-on reset with POR override (2 ms ramp rate time) 15 ms. ME_IX
5 ms, Min
TPROGRAM Program pulse width 250 ns, Min
CCLK Output (Master Mode)
Ticck Master CCLK output delay from INIT_B 150 ns, Min
Tmeekl® Master CCLK clock Low time duty cycle 40/60 %, Min/Max
TmcckH Master CCLK clock High time duty cycle 40/60 %, Min/Max
e
Fmcck Master CCLK frequency SPI x1 and serial 150 MHz, Max
SelectMAP 125 MHz, Max
FMcck_START Master CCLK frequency at start of configuration 3 MHz, Typ
FmccekToL Frequency tolerance, master mode with respect to nominal CCLK +35 %, Max
CCLK Input (Slave Modes)
TscekL Slave CCLK clock minimum Low time 2.5 ns, Min
TscckH Slave CCLK clock minimum High time 2.5 ns, Min
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Table 73: Configuration Switching Characteristics (Cont’d)

Symbol Description Value Units
Serial 150 MHz, Max
Fscck Slave CCLK frequency SelectMAP 125 MHz, Max
EMCCLK Input (Master Mode)
TemceKL External master CCLK Low time 2.5 ns, Min
TEMCCKH External master CCLK High time 2.5 ns, Min
SE: iéjﬁg“" x8 150 MHz, Max
FEmcck External master CCLK frequency Serial 150 MHz, Max
SelectMAP 125 MHz, Max
Internal Configuration Access Port
Ficapck Internal configuration access port (ICAPE3) 200 MHz, Max
Master/Slave Serial Mode Programming Switching
Tocek/Teckp DN setup/hold 3.0/0 ns, Min
Teco Doyt clock to out 8 ns, Max
SelectMAP Mode Programming Switching
Tsmocek/ Tsmeekp D[31:00] setup/hold 3.5/0 ns, Min
Tsmescek/Tsmeckes | CSI_B setup/hold 4.0/0 ns, Min
Tsmweek/ Tsmeckw RDWR_B setup/hold 10.0/0 ns, Min
TeMEKESO CSO_B clock to 0L_1t . 7 ns. Max
(330Q pull-up resistor required) ’
Tsmco D[31:00] clock to out in readback 8 ns, Max
Frecck Readback frequency 125 MHz, Max
Boundary-Scan Port Timing Specifications
Traptek/ TTekTAP TMS and TDI setup/hold 3.0/2.0 ns, Min
T1ckTDO TCK falling edge to TDO output 7 ns, Max
Frek TCK frequency 66 MHz, Max
BPI Master Flash Mode Programming Switching
TepiCcCO A[28:00], RS[1:0], FCS_B, FOE_B, FWE_B, ADV_B clock to out 10 ns, Max
Tepipcc/ TericeD D[15:00] setup/hold 3.5/0 ns, Min
SPI Master Flash Mode Programming Switching
Tspipcc/ Tspiced D[03:00] setup/hold 3.0/0 ns, Min
Tspipec/ Tspiced D[07:04] setup/hold 3.5/0 ns, Min
TspiceMm MOSI clock to out 8.0 ns, Max
Tspiccm2 D[04] clock to out 10.0 ns, Max
TspiccEe FCS_B clock to out 8.0 ns, Max
Tspiccec2 FCS2_B clock to out 10.0 ns, Max
DNA Port Switching
Fonack ‘ DNA port frequency 200 ‘ MHz, Max

STARTUPE3 Ports

TusrceLko

‘ STARTUPE3 USRCCLKO input port to CCLK pin output delay

1.00/7.50 \ ns, Min/Max
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Symbol Description Value Units

Tbo DO[3:0] ports to DO3-D00 pins output delay 1.00/8.40 ns, Min/Max
Tots DTS[3:0] ports to D0O3-D00 pins 3-state delays 1.00/9.00 ns, Min/Max
TrcsBo FCSBO port to FCS_B pin output delay 1.00/8.60 ns, Min/Max
TecsBTS FCSBTS port to FCS_B pin 3-state delay 1.00/8.60 ns, Min/Max
TUSRDONEO USRDONEO port to DONE pin output delay 1.00/10.40 | ns, Min/Max
TUSRDONETS USRDONETS port to DONE pin 3-state delay 1.00/10.40 ns, Min/Max
Toi DO03-DO00 pins to DI[3:0] ports input delay 0.5/3.5 ns, Min/Max
FcrameLk STARTUPE3 CFGMCLK output frequency 50 MHz, Typ
FcreMmeLKkTOL STARTUPE3 CFGMCLK output frequency tolerance *15 %, Max
Startup Timing
Toc! mATeH _Specifies a stall in the sta!'tup cycle until the digitally controlled a ms. Max

- impedance (DCI) match signals are asserted. ’
Notes:

1. When the CCLK is sourced from the EMCCLK pin with a divide-by-one setting, the external EMCCLK must meet this duty-cycle requirement.
2. See Additional Design Considerations for Configuration Memory Access Effects for guidance and mitigation of configuration readback

induced time interval error in MMCMs and PLLs.

eFUSE Programming Conditions

Table 74: eFUSE Programming Conditions(1)

Symbol Description Min Typ Max Units
Ies Veeaux supply current - - 115 mA
Tj Temperature range —-40 - 125 °C
Notes:

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

active).

Additional Design Considerations for Configuration

Memory Access Effects

For XQRKUO060 designs, where configuration memory read or write access activity can occur while the
design is operating in the device, additional considerations must be applied to the design to mitigate
potential additional time interval error (TIE) jitter on the MMCM and PLL clock outputs.

Configuration Memory Access Incurs Additional TIE Jitter in MMCMs and
PLLs

Configuration memory read and write access involves logic transitions on internal configuration data lines
that, in an UltraScale device, can couple into the VCO circuits in the MMCMs and PLLs. This combination
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of configuration activity and coupling can result in varying amounts of increased TIE jitter on the clock
outputs of the MMCMs and PLLs.

The resulting total TIE jitter increase on a clock output due to configuration memory access is a function
of input clock frequency, VCO frequency (M divider value), and the type of clock management element
used (MMCM, PLL, or MMCM-to-PLL cascade). The additional TIE jitter effect due to configuration
memory access is worse for an MMCM than for a PLL.

The MMCMs/PLLs residing in different 1/O banks are affected independently because adjacent I/O banks
are in different rows in the UltraScale device architecture, and separate internal horizontal configuration
data lines independently access configuration memories within each row. Table 75 contains references for
assessing the potential TIE jitter increase on clock outputs from PLLs and MMCMs.

Table 75: Reference for Additional PLL TIE Jitter from Configuration Memory Access Activity

REFCLK Frequency (MHz) Additional PLL TIE Jitter (ps)

Fin > 400 +125

200 < F; < 400 +175

100 < Fyy < 200 +240
Fin <100

+260

(except M = 16)
Fin <100 .
(M = 16) +190

For MMCMs, Equation 1 is a reference for additional MMCM TIE jitter from configuration memory access
activity.

Additional MMCM TIE Jitter (ps) = A x F;,(reference frequency in MHz) + B Equation 1
where:
A =-0.27 x (M)2 + 19.86 x (M) — 956.26
B = -0.047 x (M)3 + 6.68 x (M)2 — 283.27 x (M) + 6703.6

M = Feedback divide ratio = VCO frequency/Reference frequency

Examples of Potentially Affected Designs and Mitigation
Recommendations

The following are examples of the kinds of designs affected by the additional TIE jitter from configuration
memory access activity and the mitigation recommendations for each.

Use Case 1: Designs with Synchronous Clock Domain Crossing Between Clocks

Designs involving synchronous clock domain crossing (CDC) between clocks from the following can be
affected:

e MMCM and a PLL (including MMCM-to-PLL cascade and MMCM)
e Two MMCMs in different banks
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e Two PLLs in different banks
e MMCM-to-PLL cascade and PLL, even if in the same bank

The additional TIE jitter can cause a timing margin reduction in the CDC paths involving clocks from the
clocking configurations described above.

Use Case 1 - Design Recommendations

Apply the following steps for designs having use case 1:

1. Use Table 75 and Equation 1 as references for assessing the potential TIE jitter increase based on the
clock topology used.

2. Apply the factors from the above references as an additional timing constraint to the affected CDC
paths.

3. If there is enough timing margin left with the additional constraints, the system is immune to the
additional TIE jitter from configuration memory accesses and no further design actions are needed.

4. If there is insufficient timing margin with the additional constraints, apply one or more of the following
mitigation steps until there is enough timing margin:

o Consolidate the critical paths to use only one clock management element. If possible, use one PLL
to clock the entire path

o Replace an MMCM implementation with a PLL implementation
o Avoid or remove MMCM-to-PLL cascade
o Increase the input clock frequency to the maximum possible frequency

o Increase the VCO frequency to the maximum allowed

Use Case 2 - Designs with System Synchronous or Asynchronous SelectlO Receiver
Interfaces

Designs with system synchronous (or synchronous phase unknown) or asynchronous SelectlO receiver
interfaces can be affected. The additional TIE jitter can reduce the overall receiver margins in I/O interfaces
requiring static or dynamic phase tracking to center the data with respect to an asynchronous or
synchronous phase-unknown clock coming into the device and through an MMCM or a PLL.

Use Case 2 - Design Recommendations
Apply the following steps for designs having use case 2:

1. Use Table 75 and Equation 1 as references for assessing the potential TIE jitter increase based on the
clock topology used.

2. Apply the above factor as additional error (data valid window closure) for the receiver margin
calculations.

3. If there is enough receiver margin left with the additional error factor, the receiver interface is immune
to configuration memory access induced jitter and no further design actions are needed.
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4. If there is insufficient receiver margin with the additional error factor, apply one or more of the
following mitigation steps to the receiver until there is enough receiver margin:

o Replace an MMCM implementation with a PLL implementation
o Avoid or remove MMCM-to-PLL cascade
o Increase the input clock frequency to the maximum possible frequency

o Increase the VCO frequency to the maximum allowed

Use Case 3 - Designs with Transmit Interfaces without an Associated Forwarded Clock

Designs with transmit interfaces with no associated forwarded clock (such as system synchronous or
asynchronous interface transmitters) can be affected. These effects can manifest as additional transmit
error (data valid window closure) to the receiver margin calculations.

Use Case 3 - Design Recommendations
Apply the following steps for designs having use case 3:
1. Use Table 75 and Equation 1 as references for assessing the potential TIE jitter increase based on the

clock topology used.

2. Apply the above factor as additional transmit error (data valid window closure) for the receiver margin
calculations.

3. If thereis enough receiver margin left with the additional transmit error factor, the interface is immune
to configuration memory access induced jitter and no further design actions are needed.

4. |If there is insufficient receiver margin with the additional transmit error factor, apply one or more of
the following mitigation steps to the transmitter until there is enough receiver margin:

o Replace an MMCM implementation with a PLL implementation
o Avoid or remove MMCM-to-PLL cascade
o Increase the input clock frequency to the maximum possible frequency

o Increase the VCO frequency to the maximum allowed

Use Case 4 - Designs with Source Synchronous Transmit Interfaces with Data/Clock and
MMCMs or PLLs Spanning Multiple Banks

Designs with source synchronous transmit interfaces with data/clock spanning more than one bank that
are clocked by clock management elements (MMCMs or PLLs) from multiple banks can be affected. This
will lower the system margin on interfaces that span multiple banks, are clocked by MMCMs or PLLs from
more than one bank, and are required to have a fixed phase relationships at the receiver.

Use Case 4 - Design Recommendations
Apply the following steps for designs having use case 4:

1. Use Table 75 and Equation 1 as references for assessing the potential TIE jitter increase based on the
clock topology used.
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Apply the above factor as additional transmit error (data valid window closure) for the receiver margin
calculations.

3. If thereis enough receiver margin left with the additional transmit error factor, the interface is immune
to configuration memory access induced jitter and no further design actions are needed.

4. If there is insufficient receiver margin with the additional transmit error factor, apply one or more of
the following mitigation steps to the transmitter until there is enough receiver margin:

o Consolidate the interface to use only one clock management element. If possible, use one PLL to
clock the entire interface.

o Replace an MMCM implementation with a PLL implementation
o Avoid or remove MMCM-to-PLL cascade
o Increase the input clock frequency to the maximum possible frequency

o Increase the VCO frequency to the maximum allowed

PCB Design Guidelines

Refer to the UltraScale Architecture PCB Design User Guide (UG583) and UltraScale and UltraScale and
UltraScale+ FPGAs Packaging and Pinouts Product Specification (UG575) for general UltraScale device PCB
design recommendations and for the assumptions on which the guidelines are based. The following
sections describe PCB design recommendations that are specific to the XQRKU060-CNA1509 device and
that supersede recommendations in UltraScale Architecture PCB Design User Guide and UltraScale and
UltraScale+ FPGAs Packaging and Pinouts Product Specification.

RECOMMENDED: Refer to the Kintex UltraScale and Virtex UltraScale FPGAs Schematic Review Checklist (XTP344) for
a comprehensive checklist for schematic review which complements the information in the UltraScale Architecture PCB
Design User Guide.

For PCBs supporting migration between the XCKU060-FFVA1517 and XQRKU060-CNA1509, see Migration
between the XCKU060-FFVA1517 and XQRKUO60-CNA1509 for additional PCB design considerations.

Pad Land Dimensions

AMD provides the diameter of a land pad on the package side. This information is required prior to the
start of the board layout so the board pads can be designed to match the package side land geometry. The
package land pad diameter is provided in Table 76. Typical PCB dimensions are described in Figure 10 and
summarized in Table 76. These are guidelines only and can vary depending on PCB vendor and assembly
capability. Non-solder mask defined (NSMD) pads on the board are suggested to allow a clearance
between the land metal (diameter L) and the solder mask opening (diameter M) as shown in Figure 10. The
space between the NSMD pad and the solder mask as well as the actual signal trace widths depend on the
capability of the PCB manufacturing process.
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Figure 10: Suggested Board Layout of Soldered Pads

Table 76: Recommended Dimensions

Description Reference Dimension (mm)
Package Land Pad Diameter 0.80
Solder Land Diameter L 0.80
Opening in Solder Mask Diameter M 0.90
Solder (Ball) Land Pitch e 1.00

Power Supply Voltage Requirements

Use XPE to estimate power consumption and to determine the typical voltage for each power supply. The
power supplies should be set to supply the typical voltage from the XPE results to the device pins. See
special instructions for the Vcyt power supply below. Separate power supplies are recommended for the
GTH transceiver. Other supplies can be combined when the typical voltages from XPE are within £1% of
each other and when the recommended operating ranges of all combined supplies can be met.

Vcant Power Supply Voltage Sense Guidelines

For VceinT, use XPE to estimate power consumption and to determine the VCCINT regulator supply
requirement for the typical voltage measured at the VCCINT_SENSE pin relative to GND. The
VCCINT_SENSE pin provides direct access to the device's internal VCCINT power plane for sensing and
maintaining the device's Vc|n7 vVoltage within the recommended operating conditions. A typical example
of VCCINT and VCCINT_SENSE power supply connections is shown in Figure 11.
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Power Supply XQRKUO060 Package

out m VCCINT

VCCINT

VSENSE VCCINT_SENSE

— DS882_14_050220

Figure 11: Typical VCCINT Power Supply with Voltage Sense Circuit
Notes for Figure 11:

1. Refer to the power supply vendor’s data sheet for output circuit recommendations.
2. Use XPE to estimate power consumption and to determine the VOUT voltage. Refer to the power
supply vendor’s data sheet for VSENSE circuit recommendations.

Refer to the power supply vendor’s data sheet for power supply circuit PCB layout recommendations.
Voltage sense line layout recommendations typically include:

e Use a controlled impedance (50Q) trace from the VCCINT_SENSE pin to the power solution sense
circuit.

e Route the sense line away from switching sources.

e Avoid routing the sense line near and under power supply outputs and associated inductors.

e Keep the sense circuits close to the power regulator and the circuit traces short.

e Leave the GND_SENSE pin floating.

Recommended PCB Capacitors per Device

Example decoupling capacitor quantities for the XQRKUO060-CNA1509 device are listed in Table 77 to
Table 81. The optimized quantities of PCB decoupling capacitors assume that the voltage regulators have
stable output voltages and meet the regulator manufacturer’'s minimum output capacitance requirements.
These recommendations assume a regulator (DC) tolerance of £+2% and an AC tolerance of +1%, except for
Vceint Which assumes an AC tolerance of £2%. The total of the DC and AC tolerances must be within the
recommended operating conditions specified in Table 9.

Table 77: Decoupling Capacitor Quantities for Vc;yt with Sample Step Currents

VCCINT/VCCBRAM/VCCINT_IO Combined or VCCINT/VCCINT_IO Combined(?)

Step current (A) 330 uF 47 uF 10 uF 1.0 uF 0.22 puF
6 3 6 30 30 40
5 2 5 19 21 25
4 1 4 16 16 16
3 1 2 8 8 8
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Table 77: Decoupling Capacitor Quantities for V¢t With Sample Step Currents (Cont’d)

VCCINT/VCCBRAM/VCCINT_IO Combined or VCCINT/VCCINT_IO Combined(?)

Step current (A)

330 uF

47 uF

10 pF

1.0 puF

2

1

1

3

3

Notes:

1. VCCINT_IO is tied internally in the CNA1509 package to VCCINT.

2. Step current is typically a fraction of dynamic current; roughly 15-33%.

Table 78: Decoupling Capacitor Quantities for Vccgram

Vceeram

47 uF

10 uF

1

1

Table 79: Decoupling Capacitor Quantities for Vecayx/Vecaux 10

Vecaux/Vecaux_io (combined)

47 uF

10 uF

1

1

Notes:

1. Based on 2.0A of lccaux + lccaux 1o dynamic current.

Table 80: Decoupling Capacitor Quantities for Vg per Bank

Vcco_np (per bank) or Veco g (per bank)

47 uF

10 uF

1

1

Notes:

1. When combining banks, one 47 uF can power up to four connected banks.

Table 81: Decoupling Capacitor Specifications and Sample Part Numbers

Value (pF) Case Type ESR (mQ) ESL (nH) Sample Part Number
330 X Tant Poly 5.84 1.90 Kemet T541X337M010AH6510
47 X Tant Poly 15.22 1.90 Kemet T541X476M035AH6510
10 1210 X7R 20 1.62
1.0 0805 X7R 19 2.50
0.22 0603 X7R 12 2.50

0.22 pF

Decoupling methods other than those presented in these tables can be used, but the decoupling network
should be designed to meet or exceed the performance of the simple decoupling networks presented
here. The impedance of the alternate network is recommended to be less than or equal to that of the
recommended network across frequencies from 100 kHz to approximately 10 MHz.

The capacitor numbers shown in Table 77 are based on the following example assumptions:
Vceint recommended operating range (total tolerance) from Table 9 = 4%

Assumed V¢ nt power supply DC tolerance = 2%

DS882 (v1.4) September 10, 2024
Product Specification

l Send Feedback l
75


https://www.xilinx.com/about/feedback/document-feedback.html?docType=Data_Sheets&docId=DS882&Title=Radiation%20Tolerant%20Kintex%20UltraScale%20XQRKU060%20FPGA%20Data%20Sheet&releaseVersion=1.4&docPage=75

AM D n Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Therefore, allowable V¢t power distribution AC ripple = 4% — 2% = 2%

The target impedance is calculated using the 2% AC ripple along with the current estimates from XPE for
the resource utilization assumptions found in UltraScale Architecture PCB Design User Guide (UG583) to
arrive at the capacitor recommendations. Target impedance is given by Equation 2:

Z

target = VoltageRailValue x (% Ripple/100)/StepLoadCurrent Equation 2

For each supply refer to Table 9 for the recommended operating range, and then apply a DC tolerance
assumption to assess the allowable AC ripple within the recommended operating range as shown in the
Vceeint example above. VCCBRAM is recommended to be tied to VCCINT, and when VCCBRAM s tied to
VCCINT, VCCBRAM is permitted to operate under the same conditions as VCCINT for DC tolerance and AC
ripple. VCCINT, VCCAUX, and VCCBRAM capacitors are listed as the quantity per device, while VCCO
capacitors are listed as the quantity per 1/0O bank.

For decoupling networks required for the GTH transceiver power supplies, refer to the UltraScale
Architecture GTH Transceiver User Guide (UG576).

GTH Right-North Power Supply Group Pins

The CNA1509 package has GTH right-north (RN) power supply group pins. However, there are no
right-north GTH Quads in the XQRKUO060 device (or XCKU060 device). Each set of GTH RN power supply
group pins are tied to respective power planes within the package, but are not used and should be treated
as unused GTH power supply groups. See the “GTH Transceiver PCB Design Checklist” table in the
UltraScale Architecture GTH Transceiver User Guide (UG576) for recommended GTH power supply group
pin connections that are not used.
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Packaging

Introduction

Ceramic flip-chip column grid array (CN) packages are surface mount-compatible packages using
high-temperature solder columns as interconnections to the board. Compared to the solder spheres, the
columns have lower stiffness and provide a higher stand-off. These features significantly increase the
reliability of the solder joints. When combined with a high-density, multi-layer ceramic substrate, this
packaging technology offers a high-density, reliable packaging solution.

CNA1509 Package Construction and Key Features

e Qualified per MIL-PRF-38535

e Non-hermetic multi-layer ceramic substrate

e High planarity and excellent thermal stability at high temperature

e CTE matches well with the silicon die

e Low corrosion sensitivity

e Meets JEDEC MSL-1

e Meets outgas requirements (ASTM E 595-93 and ECSS-Q-ST-70-02C, TML < 1%, CVCM < 0.1%)
e 80% Pb/20% Sn core columns with Cu ribbon

e 37% Pb/63% Sn or lead-free die solder bumps. (See Lead-Free Bump Conversion for Virtex-4/-5/-6 and
Series 7 FPGAs Defense (XQ) and Space (XQR) Flip-Chip Products (XCN21013) for transition to lead-free
C4 bump.)

e Nickel-plated aluminum silicon carbide (Al-SiC) heat-spreader

IMPORTANT: The material used for the CNA1509 package lid is nickel-plated Al-SiC, which is conductive and not
connected to ground in the package. The Al-SiC lid should be externally connected to system ground to avoid collecting
charges in space environments. When attaching heat spreader on the lid, use an electrically conductive adhesive (such
as silver-filled epoxy).

oo -/
IllIIIll%llllllllllllllllllllllllflllllllll

Figure 12: CNA1509 Package Construction with 40 mm x 40 mm Lid
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The XQRKUOG60 is available in a CNA1509 package. For pin definitions, consult the UltraScale and
UltraScale+ FPGAs Packaging and Pinouts Product Specification (UG575).

Table 82: Package Specifications

L Package Specifications
Package Description - -
Package Type | Pitch (mm) Size (mm)
CNA1509 | Ceramic Flip-Chip Column Grid Array CCGA 1.0 40 x 40

Table 83: XQRKU060-CNA1509 I/0O Pins
Total User 1I/0O Differential 1/0

HR HP HR HP
104 516 96 474

Pin Definition
Table 84 lists the pin definitions used in the XQRKU060-CNA1509 device package.

Table 84: Pin Definitions

Pin Name Type Direction Description
User 1/0O Pins

IO_L[7 to 24][P or N]_T[O to 3] [U or L]_NJ[O to 12]_ [multi-function]_[bank number] or
I0_T[O to 3][U or L]1_N[O to 12]_[multi-function]_[bank number]

Most user I/O pins are capable of differential signaling and
can be implemented as pairs. Each user I/O pin name
consists of several indicator labels, where:

10 indicates a user I/O pin.

» L[7 to 24] indicates a unique differential pair with P
(positive) and N (negative) sides. User I/O pins without
the L indicator are single-ended.

Input/ « T[O to 3][U or L] indicates the assigned byte group and
Output nibble location (upper or lower portion) within that
group for the pin.

* N[O to 12] the number of the 1/O within its byte group.

 [multi-function] indicates any other functions that the
pin can provide. If not used for this function, the pin can
be a user I/0.

» [bank number] indicates the assigned bank for the user
1/0 pin.

Dedicated
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Pin Name

Type

Direction

Description

User 1/O Multi-Function Pins

GC

Multi-
function

Input/
Output

Four global clock (GC) pin pairs are in each bank. GC pins
have direct access to the global clock buffers, MMCMs,
and PLLs that are in the clock management tile (CMT)
adjacent to the same I/O bank. GC inputs provide
dedicated, high-speed access to the internal global and
regional clock resources. GC inputs use dedicated routing
and must be used for clock inputs where the timing of
various clocking features is imperative. GC pins can be
treated as user I/O when not used as input clocks.
Up-to-date information about designing with the GC pin is
available in the UltraScale Architecture Clocking Resources
User Guide (UG572).

VRP()

Multi-
function

N/A

This pin is for the DCI voltage reference resistor of P
transistor (per bank, to be pulled Low with a reference
resistor).

DBC
QBC

Multi-
function

Input

Byte lane clock (DBC and QBC) input pin pairs are clock
inputs directly driving source synchronous clocks to the bit
slices in the I/O banks. In memory applications, these are
also known as DQS. For more information, consult the
UltraScale Architecture Select/O Resources User Guide
(UG571).

PERSTNI[O to T]

Multi-
function

Input

Default reset pin locations for the integrated block for PCI
Express.

User 1/0 Multi-Function Configuration Pins

For further descriptions, including configuration modes and recommended external pull-up/pull-down resistors, see the
UltraScale Architecture Configuration User Guide (UG570).

EMCCLK fMUH.'_ Input External master configuration clock.
unction
Multi- Data output for serial daisy-chaining or active-Low
DOUT_C50_8 function Output chip-select output for SelectMAP daisy-chaining.
Multi- - . . . .
D[04 to 3T] function Bidirectional | Configuration data pins.
A[00 to 28] ﬂ'j\:']tc”ttl'on Output | Address output.
CSI_ADV_B M“'t.i' Input or Active-Low chip-select input or address valid output
- - function Output ’
Multi- .
FOE_B . Output Active-Low flash output enable.
function
Multi- Active-Low flash write-enable for BPI flash or flash
FWEFCS2 B function Output chip-select for second SPI (x8) flash.
RS[O to T] ful\:'LLcjl[tilo_n Output Revision select outputs.

Dedicated (Bank 0) Configuration Pins(2)

For more information see the UltraScale Architecture Configuration User Guide (UG570).

MI[O to 2]_0

Dedicated

Input

Configuration mode selection.
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Pin Name Type Direction Description
INIT_B_O Dedicated Bldlrectlorjal Active-Low initialization
(open-drain)

Bank 0 and bank 65 voltage select. This pin determines the
I/O voltage operating range and voltage tolerance for the
dedicated configuration bank 0 and multi-function
bank 65. Connect CFGBVS High or Low per the bank
voltage requirements.

CFGBVS_0 Dedicated Input * Vceo o = 2.5V or 3.3V, tie CFGBVS High (connect to

Veco_ o)
* Vcco o = 1.5V or 1.8V, tie CFGBVS Low (connect to GND)
CAUTION! To avoid device damage, this pin must be
connected correctly to either Vcco o or GND.
Active-Low input enables internal pull-ups during
) configuration on all SelectlO pins:

PUDC_B_0 Dedicated Input 0 = Weak preconfiguration 1/0 pull-up resistors enabled.
1 = Weak preconfiguration 1/0 pull-up resistors disabled.
All configuration modes
Power-on reset delay override.
CAUTION! Do not allow this pin to float before and

POR_OVERRIDE Dedicated Input during configuration. This pin must be tied to V ¢yt OF
GND. Do not connect to Vcco o
Information about designing with the POR_OVERRIDE pin
is available in the UltraScale Architecture Configuration
User Guide (UG570).

DONE_0 Dedicated | Bidirectional Actlv'e—ng'h, DONE indicates successful completion of
configuration.

PROGRAM_B_0 Dedicated Input Active Low, asynchronous reset to configuration logic.

TDO_0 Dedicated Output JTAG test data output.

TDI_O Dedicated Input JTAG test data input.
Input control signal for SelectMAP data bus direction: High

RDWR FCS B 0 Dedicated Outout for reading or Low for writing configuration data.

- - utpu
P Or, active-Low flash chip-select output.

TMS 0 Dedicated Input JTAG test mode data select.

TCK_O Dedicated Input JTAG test clock

CCLK_O Dedicated Input/ Configuration clock. Output in Master mode or input in

Output Slave mode.

D00_MOSI_0 Dedicated | Bidirectional | Data Bit O or SPI master-output

DO1_DIN_O Dedicated | Bidirectional | Data Bit 1 or serial mode data input

D02_0 Dedicated | Bidirectional | Data Bit 2

D03_0 Dedicated | Bidirectional | Data Bit 3
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Table 84: Pin Definitions (Cont’d)

Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

Pin Name Type Direction Description

Other Dedicated Pins

DXN Temperature-sensing diode pins (Anode: DXP; Cathode:
DXN). The thermal diode is accessed by using the DXP and

. DXN pins in bank 0. When not used, tie to GND.
Dedicated N/A ] )

To use the thermal diode an appropriate external thermal
monitoring IC must be added. Consult the external thermal

DXP monitoring IC data sheet for usage guidelines.

System Monitor Pins(3)

ADIO to 15][P or N] ﬂlj\f]léggn Input System Monitor differential auxiliary analog inputs 0-15.

VCCADC Dedicated N/A System Monitor analog positive supply voltage.

GNDADC Dedicated N/A System Monitor analog ground reference.

VREFP Dedicated N/A Voltage reference input.

VREFN Dedicated N/A Voltage reference GND.

VP Dedicated Input Systgm Mgnltor dedicated differential analog input
(positive side).

VN Dedicated Input System Mopltor dedicated differential analog input
(negative side).
[2C serial clock. Directly connected to the System Monitor
DRP interface for 12C operation configuration.

12C_SCLK fmtc"ttl'on Bidirectional | IMPORTANT: Because the SYSMON I2C interface is
active after power-on, this pin should only be used for
12C access until after configuration.
I2C serial data line. Directly connected to the System
Monitor DRP interface for I2C operation configuration.

12C_SDA fmglf;n Bidirectional | IMPORTANT: Because the SYSMON 12C interface is

active after power-on, this pin should only be used for
12C access until after configuration.

Power/Ground Pins

For more information on voltage specifications see the UltraScale device data sheets.

GND

Dedicated

N/A

Ground.

GND_SENSE

Dedicated

N/A

The GND_SENSE pin provides direct access to device's
internal GND plane for measurements.

VCCINT

Dedicated

N/A

Power-supply pins for the internal logic.

VCCINT_IO

Dedicated

N/A

VCCINT_IO is a power supply for I/0 banks in Kintex
UltraScale devices. The XQRKU60-CNA1509 does not have
any VCCINT_IO pins. Instead, VCCINT_IO is tied internally
in the CNA1509 package to VCCINT. See Migration
between the XCKU0O60-FFVA1517 and
XQRKU060-CNA1509 for more information.

VCCINT_SENSE

Dedicated

N/A

The VCCINT_SENSE pin provides direct access to the
device's internal VCCINT power plane for sensing and
maintaining the device's VCCINT voltage.
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Table 84: Pin Definitions (Cont’d)

Pin Name Type Direction Description

VCCAUX Dedicated N/A Power-supply pins for auxiliary circuits.

. Auxiliary power-supply pins for the 1/0 banks. VCCAUX_IO
VCCAUXIO Dedicated N/A must be connected to VCCAUX on the board.
VCCBRAM Dedicated N/A Block RAM power supply pins.

. Decryptor key memory backup supply; this pin should be
VBATT Dedicated N/A tied to the appropriate Vcc or GND when not used.
VCCO_[bank number] Dedicated N/A Power-supply pins for the output drivers (per bank).
VREF_[bank number] Dedicated N/A These are input threshold voltage pins.

Multi-gigabit Serial Transceiver Pins (GTHE3)

For more information on the GTH transceivers see the UltraScale Architecture GTH Transceiver User Guide (UG576).

MGTHRXI[P or N][0 to 3]
_[GT quad number]

MGTHTXI[P or N][0 to 3]
_[GT quad number]

Dedicated Input Differential receive port GTH Quad.

Dedicated Output Differential transmit port GTH Quad.

Analog power-supply pin for the receiver and transmitter

MGTAVCC_[L, RN, or RS]® Dedicated Input . o
internal circuits.

MGTAVTT_[L, RN, or RS]¢4) Dedicated Input Analog power-supply pin for the transmit driver.

MGTVCCAUX_[L, RN, or RS]) Dedicated Input AUXI|IaI’>/ analog Quad PLL (QPLL) voltage supply for the
transceivers.

FgGO-l;RI\E]FCLK[O or 1] Dedicated Input Differential reference clock for the transceivers.

MGTAVTTRCAL [L, RN, or RS]@ | Dedicated N/A PreC|§|oq reference resistor pin for internal calibration
termination.

4 . Precision reference resistor pin for internal calibration
MGTRREF_[L, RN, or RS]*) Dedicated Input

termination.

No-Connect Pins

No NC pins have no connection between the package solder
NC N/A column and the die and should be connected to GND for
Connect . o

space flight compatibility.

Notes:
1. See the DClI sections in UltraScale Architecture Select!/O Resources User Guide (UG571) for more information on the VRP pins.
2. All dedicated configuration pins are powered by Vccg o.

3. See the UltraScale Architecture System Monitor User Guide (UG580) for the default connections required to support on-chip
monitoring.

4. L (left), RN (right-north), or RS (right-south) signify the GTH transceiver Quad power supply groups. The pins for each RN power
supply group are tied to a respective power plane inside the device package but are not used.
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Bank Diagram

The following is a diagram of the 1/O banks, GTH banks, integrated PCle block, system monitor, and
configuration blocks. Bank diagram explanations follow the figure.

GTH Quad 128 PCle GTH Quad 228
X0Y16-X0Y19 V2 X1Y16-X1Y19
[L] (RCAL) [RS]

GTH Quad 127 . GTH Quad 227
X0Y12-X0Y15 y OY‘: X1Y12-X1Y15
[L] [RS]

GTH Quad 126 GTH Quad 226
X0Y8-X0Y11 ciIﬁS “:g:‘on X1Y8-X1Y11

[L] : [RS] (RCAL)
GTH Quad 225
HR 1/O Bank 65 | [T X1Y4-X1Y7
[RS]
HR 1/0 Bank 64 PCle e ot
SO0 X1Y0-X1Y3
[RS]

X22267-070120

Figure 13: XQRKU060 Banks in CNA1509 Package

GTH Columns

One GTH Quad = four transceivers = four GTHE3 primitives.

The XY coordinates shown in each Quad correspond to the transceiver channel number found in the
pin names for that Quad.

GTH transceiver banks belong to a power supply group. The power supply group is shown in brackets
[ 1, where L = left power supply group and RS = right-south power supply group.

Quads labeled with RCAL specify the location of the RCAL master within the set of Quads belonging
to each power supply group.

1/0 Banks

Each user I/O bank has a total of 52 I/Os where 48 can be used as differential (24 differential pairs) or
single-ended 1/Os. The remaining four function only as single-ended 1/Os. All 52 pads of a bank are
not always bonded out to pins.

A limited number of banks have fewer than 52 SelectlO pins. These banks are labeled as partial.
Adjacent to each bank is a physical layer (PHY) containing a CMT and other clock resources.
Adjacent to each bank and PHY is a tile of logic resources that makes up a clock region.

Banks are arranged in columns and separated into rows that are pitch-matched with the adjacent PHY,
clock regions, and GTH blocks.
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Clocking

Each bank has four pairs of global clock (GC) inputs for four differential or four single-ended clock
inputs. Single-ended clock inputs should be connected to the P-side of the differential pair.

Clock signals are distributed through global buffers driving routing and distribution networks to
reach any clock region, /O, or transceiver.

Global clock inputs can connect to an MMCM and two PLLs within the horizontally adjacent CMT.

Bank Locations of Dedicated and Multi-Function Pins

Bank 0 contains the dedicated configuration pins. Bank 65 contains the multi-function configuration
pins.

The multi-function configuration bank 65 is shown adjacent to the configuration block. Special
consideration must be taken when using bank 65 1/0O under certain conditions. See the State of I/Os
During and After Configuration and the Special DCI Requirements in Some Banks sections of UltraScale
Architecture Select/O Resources User Guide (UG571) for details.

All dedicated configuration I/Os (bank 0) and HR I/Os are 1.5V to 3.3V capable.

SYSMON, Configuration, and PCle Integrated Blocks

Configuration: Configuration block.
SYSMON/Configuration: Block shared between SYSMON and configuration.
PCle: Integrated block for PCle.
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ASCII Pinout File

The ASCII pinout file for the XQRKUO60-CNA1509 is available at
https://www.xilinx.com/support/packagefiles/usapackages/xqrku060cna1509pkg.txt.

The ASCII pinout file includes:

e Device/package name (family-device-package) with date and time of creation
e Six columns containing data for each pin:

a. Pin—Pin location on the package.

b. Pin Name—The name of the assigned pin.

¢. Memory Byte Group—Memory byte group between 0 and 3 split into upper (U) and lower (L)
halves. For more information on the memory byte group, see the UltraScale Architecture FPGAs
Memory IP Product Guide (PG150).

d. Bank—Bank number.

e. 1/O Type—CONFIG, HR, HP, or GTH depending on the I/O type. For more information on the I/0
types, see the UltraScale Architecture SelectlO Resources User Guide (UG571) and UltraScale
Architecture GTH Transceiver User Guide (UG576).

f. Super Logic Region—Not applicable (NA) for the XQRKUOG0. (This is for devices implemented with
stacked silicon interconnect (SSI) technology with multiple super logic region (SLR) in the devices.)

e Total number of pins in the package.

Device Diagrams

The diagrams in this section show a top-view perspective of the package pinout. Figure 14 shows the
location of each user I/O and GTH transceiver and the respective bank or GTH Quad. Figure 15 shows the
location of every power pin, dedicated pin, and multi-function configuration pin in the package.
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Figure 14: 1/0 Bank Diagram
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Figure 15: Configuration/Power Diagram
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Figure 16: Package Dimensions for CNA1509
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IMPORTANT: The material used for the CNA1509 package lid is nickel-plated Al-SiC, which is conductive and not
connected to ground in the package. The Al-SiC lid should be externally connected to system ground to avoid collecting
charges in space environments. When attaching heat spreader on the lid, use an electrically conductive adhesive (such
as silver-filled epoxy).

Daisy Chain Package

The XQDAISY-CNA1509 part is a version of the CNA1509 package with daisy chain connectivity and the
same package dimensions as the CNA15009.
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Figure 17: XQDAISY-CNA1509 Daisy Chain Pattern (Bottom View)
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Figure 18: XQDAISY-CNA1509 Daisy Chain Netlist
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AMD
Package Markings

A device-specific bar code is marked on each device. Refer to the bar code for further information.

Logo

—  XILINXe

-——+—— 2D Bar Code
Country Of Origin - ]
ds882_14_011419
Figure 19: Package Marking
Packing and Shipping
Table 85: Standard Device Counts per Tray and Box
Maximum Number of Devices Per Tray Maximum Number of Units In One Internal Box
1 4

Guidelines for AMD CN Package Handling and Assembly

The XQRKUO60 FPGA is packaged in a CNA1509 package. Ceramic flip-chip (CN) packages are ceramic
column grid array (CCGA) packages, which are robust and reliable. These packages use high-lead (Pb)
solder columns (instead of solder balls) to create a higher standoff and more flexible interconnection,
which achieves a significant increase in reliability. A lid covers the die and ceramic chip capacitors. The
columns are attached to the packages at suppliers after being fully screened to MIL-PRF-38535
requirements. The devices are packed in shipping trays, with one unit per tray to avoid unnecessary
handling.

Like BGA packages, all of the interconnections cannot be inspected after board mount, so care must be
taken to implement good handling and process controls. With their higher standoff height, columns are
more susceptible to handling damage than solder balls.

This section contains guidelines to properly unpack, handle, inspect, and assemble AMD CN packages. The
design and process requirements should be compatible with standard surface mount technology (SMT)
equipment and with total assembly requirements as driven by other components on the product.
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Product Unpacking

AMD recommends that extreme care be taken when removing the parts from the trays. Special care must
be taken when unpacking CN parts.
1. Handle the box with extreme care.

2. After the dry pack bag is opened, remove the banded tray from the bag, carefully hold positive
downward pressure on top of the tray while cutting the heat-sealed black plastic bands.

Check for tray orientation. All trays have a corner bevel and must have the correct orientation.

4. Check for tray separation. Trays should be slightly interlocked with no product exposed.

5. If the product is not to be used immediately, keep the tray banded and sealed in a dry pack bag with
desiccator until needed.

Proceed with the following steps when ready to assemble hardware:

1. Carefully cut bands holding trays together.

Caution! Be careful when cutting the sealed bands. After the sealed bands on the trays are cut, the tray can
shift, possibly damaging or bending columns.

2. Gently place the unbanded tray on a firm surface.
Caution! Do not apply a jarring downward force when placing the tray on the surface.

3. After the product tray has been unboxed and the bands cut, fasten the product trays securely at all
areas with rubber bands to keep the trays interlocked and the product secured.

4. Foam pads are present between each tray to protect the product. These pads should be removed just
before the product is to be placed in automated or manual placement tools.

5. Carefully remove the package inside each tray by removing each in a vertical upward motion. Remove
the parts from the tray at a 90° angle to prevent columns from being bent. It is best to use an
automatic pick and place machine to remove the parts.

Caution! Do not use a rolling or angular motion to remove the package. Doing so might bend columns or
cause damage.

6. If packing concerns are identified, hold all packing materials with the product and notify the proper
personnel for corrective action.

Product Handling and Inspection

All AMD CCGA package die are flip-chip and bumped with solder bumps. The package substrate is
ceramic. The bumped die is flipped and reflowed to the ceramic substrate at assembly. A moisture
resistant epoxy underfill encapsulates the bumps. The columns are high lead solid solder columns. The
package lid is attached with a thermal epoxy adhesive (see Figure 20).
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Package Remains an Al-SiC Lid (Ni-plated)
Open Cavity Underfill with Corner Posts Adhesive
Chip \ \ * ‘//
Capacitor—— . } |
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Solder Substrate
Column DS882_12_050120

Figure 20: CN Package Construction

Any inspection of parts should be made while keeping the part in its shipping tray because the columns
might be damaged if the part is manually handled or removed from the tray. Careful handling of the parts
during board mount is recommended to ensure no damage to the chip capacitors or columns occurs.

Board-Level Mounting

AMD recommends the customer perform a visual inspection at different steps of the process to ensure
that no damage has been induced to the package, columns, board mount, or decoupling chip capacitors
due to mishandling issues. Parts should not be removed from the trays until they are mounted to the
board.

Note: The design and process requirements should be compatible with standard SMT equipment and with total
assembly requirements as driven by other components on the product.

Component Placement

AMD device packages must be placed accurately according to their geometry outline. Positioning
packages manually via hand mounting is not recommended.

Typical component placement accuracies of £50 ym can be achieved using standard pick and placement
machine equipment with vision system. The PCB and the components are optically checked and measured
and the components are placed on the PCB in specific programmed positions based on the PCB CAD
information. The pick and placement machine vision system detects the fiducials on the PCB immediately
prior to mounting the FPGA. Recognition of the packages is performed by the vision system to ensure
correct centering of the FPGA placement on the PCB pad array.

The following setup conditions are important for the pick and placement systems:

e The pick and placement nozzle type should be sized to the dimensions of the AMD device. The nozzle
needs to firmly hold the device package during the pick and placement stage. The appropriate nozzle
type for the device package can be chosen from the manual provided by the pick and placement
equipment company.

e To ensure the proper identification of the device package by the vision system, a suitable lighting
system and the correct choice of the features of the measuring method are essential. The most
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suitable settings can be chosen from the manual provided by the pick and placement equipment
company.

e To avoid solder bridging or solder smear, ensure the proper placement force of the device package
during placement on the PCB. Excessive placement force can lead to excess solder paste and cause
solder bridging. However, a slight placement force can lead to insufficient solder paste contact
between the device package solder balls and the solder paste, causing solder defects including open
solder joints or badly centered packages.

Soldering Guidelines

Like BGA packages, the CNA1509 package board-level assembly process involves screen printing, solder
reflow, and post reflow washing. To implement and control the production of surface-mount assembilies,
the dynamics of the solder reflow process and how each element of the process is related to the end result
must be thoroughly understood.

RECOMMENDED: Qualify the PCB assembly process using package samples.
The primary phases of the reflow process are:

e Melting the particles in the solder paste
e Wetting the surfaces to be joined

e Solidifying the solder into a strong metallurgical bond

Solder Paste Guidelines

Solder paste consists of solder alloy and a flux system. A typical solder paste composition by volume is
split between about 50% alloy and 50% flux. The metal load mass (solder alloy powder) is around 90%,
with the remaining 10% mass a flux system. The primary purpose of the flux system is to remove the
contaminations from the solder joints during the soldering process. The capability of removing
contaminations is determined by the activation level of the type of solder paste. A no-clean solder paste
is preferred to eliminate any risk of improper cleaning that could leave active residue beneath the device
and other bottom termination components (BTCs). The paste must be suitable for printing the solder
stencil aperture dimensions. Type 4 paste is recommended for better paste release performance. When
using a solder paste, you must adhere to the handling recommendations of the paste manufacturer.

Solder Stencil

Solder paste is applied to PCB metal pads by screen printing. The volume of the printed solder paste is
determined by the stencil aperture and the stencil thickness. In most cases, the thickness of a stencil must
be matched to the needs of all components on the PCB. Stencil apertures should be a circular shape. To
ensure a uniform and high-solder paste transfer to the PCB, laser-cut (mostly made from stainless steel)
with nickel blanking is preferred. A uniform stencil aperture opening of 27 mils round is recommended for
packages smaller than 45 mm x 45 mm, matching the PCB pad size for a 1T mm pitch package.
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Solder Reflow Guidelines

The infrared reflow (IR) process is strongly dependent on equipment and loading. Components might
overheat due to lack of thermal constraints. Unbalanced loading can lead to significant temperature
variation on the board. These guidelines are intended to assist users in avoiding damage to the
components; the actual profile should be determined by those using these guidelines. For complete
information on package moisture/reflow classification and package reflow conditions, refer to the latest
Joint IPC/JEDEC standard J-STD-020. For multiple devices in a single board and because of surrounding
component differences, check all device sites for varying temperatures.

AMD recommends using the reflow profile recommended by the solder paste supplier. For the cleaning
process, AMD recommends caustic solvents not be used during the cleaning cycle. AMD recommends
using deionized water rinse and bake. The recommended maximum reflow temperature is 220°C. However,
a maximum peak temperature of 235°C can be acceptable. Due to the large CCGA package size and
weight, make sure the reflow profile (temperature vs. time) is properly adjusted to avoid cold solder joints.
Mechanical samples (XQDAISY-CNA1509) are available for purchase to develop proper reflow profiles.

For solder joint test method (X-rays, X-ray CT, and fiberscope) of inline or failure detection in evaluation
test (crack, void, and alignment), transmission X-ray can detect solder bridging, and X-ray laminography
can detect solder joint opens.

Rework

AMD does not recommend any rework or staking of the CN package.

Typical Conditions for IR Reflow Soldering of Ceramic Column Grid Array Packages
Figure 21 shows typical conditions for solder reflow processing of Sn/Pb soldering using IR/convection for

ceramic column grid array packages (CN). Both IR and convection furnaces are used for assembly. The
moisture sensitivity of the surface mount device (SMD) must be verified prior to surface-mount flow.

MAX (body) = 220°C

T,uax (0N solder joints) = 210°C
2-3°C/s \ Ramp down

1°C/s maximum
Board should be cooled down to

at least 50-60°C before handling
\ 60s <t,g,< 120s

|
Preheat & drying dwell
120-180 s between apphes to solder joint area
95-180°C

<1°C/s

Temperature = 183°C ————

Temperature (°C)

Time (s)

DS882_12_050120

Figure 21: CN Package Soldering Guidelines
Notes for Figure 21:

1. Maximum temperature range = 220°C (body). Minimum temperature range = 205°C (solder joints).
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Preheat dwell 95-180°C for 120-180 seconds.
IR reflow must be performed on dry packages.
Board should be cooled down to at least 50-60°C before handling.

Reflow atmosphere of nitrogen is recommended.

o Uk~ W DN

These parameters are guidelines only. Always use the best manufacturing practices.

For sophisticated boards with a substantial mix of large and small components, it is critical to minimize the
AT across the board (<10°C) to minimize board warpage and thus, attain higher assembly yields.
Minimizing the AT is accomplished by using a slower rate in the warm-up and preheating stages.

It is also important to minimize the temperature gradient on the component between the top surface and
bottom side, especially during the cooling down phase. The key is to optimize cooling while maintaining
a minimal temperature differential between the top surface of the package and the solder joint area. The
temperature differential between the top surface of the component and the solder balls should be
maintained at less than 7°C during the critical region of the cooling phase of the reflow process. This
critical region is in the part of the cooling phase where the balls are not completely solidified to the board
yet, usually between the 200°C-217°C range. To efficiently cool the parts, divide the cooling section into
multiple zones with each zone operating at different temperatures.

The optimal profile must take into account the solder paste/flux used, the size of the board, the density of
the components on the board, and the mix between large components and smaller, lighter components.
Profiles should be established for all new board designs using thermocouples at multiple locations on the
component. In addition, if there is a mixture of devices on the board, the profile should be checked at
various locations on the board. Ensure that the minimum reflow temperature is reached to reflow the
larger components and at the same time, the temperature does not exceed the threshold temperature that
might damage the smaller, heat sensitive components.

Post Reflow/Cleaning/Washing

A no-clean or a water-soluble solder paste is recommended. If cleaning is required, it is recommended to
use a water-soluble paste and then wash with deionized water in a washer. Baking after the water wash is
recommended to prevent fluid accumulation. Cleaning surfactants or solvents are not recommended
because some cleaning solutions might contain chemicals that can compromise the lid adhesive, thermal
compound, or components inside the package. If cleaning surfactants or solvents are used, follow the
manufacturer’'s guidelines for cleaning and ensure that no chemical residue remains on the device. These
are guidelines only. Always use manufacturing best practices.

Strain Gauge Measurement

Strain gauge measurements are recommended to be done at each process step that has the potential to
cause excessive board flexing leading to solder joint cracking. Assembly processes where strain gauge
measurements are recommended include:

e PCB router (during PCB loading/unloading into fixture and during the routing process)

e PTH solder assembly during top-catch loading/unloading

DS882 (v1.4) September 10, 2024 Send Feedback
Product Specification L/—] 95


https://www.xilinx.com/about/feedback/document-feedback.html?docType=Data_Sheets&docId=DS882&Title=Radiation%20Tolerant%20Kintex%20UltraScale%20XQRKU060%20FPGA%20Data%20Sheet&releaseVersion=1.4&docPage=95

AM D n Radiation Tolerant Kintex UltraScale XQRKUO060 FPGA Data Sheet

e Press fit assembly during press base and tooling loading/unloading and during machine pressing
process

e DIMM memory (during PCB loading/unloading and during insertion/removal of DIMM)
e Heat-sink assembly process (during PCB loading/unloading and during entire screw assembly process)

e X-ray fixture (during PCBA loading/unloading)

Strain gauge measurements should be in the range of £500 pstrain. Dye and pry analysis is required to
confirm if the measured strain causes solder joint cracking. It is recommended to conduct dye and pry
analysis for any strain reading greater than 500 pstrain.

Conformal Coating

AMD does not have information regarding the reliability of flip-chip column grid array packages on a
board after exposure to any specific conformal coating process. Therefore, any process using conformal
coating should be qualified for the specific use case to cover the materials and process steps.

Note: AMD does not recommend using Toluene-based conformal coatings because they can weaken the lid
adhesive used in AMD packages.

Edge Bonding

Edge bonding is not recommended for the CNA1509 package.

Thermal Specifications

UltraScale devices are implemented in the 20 nm process technology. Unlike features in an ASIC or a
microprocessor, the combination of FPGA features used in a user application is not known to the
component supplier. Therefore, it remains a challenge for AMD to predict the power requirements of a
given FPGA when it leaves the factory. Accurate estimates are obtained when the board design takes
shape. For this purpose, AMD offers and supports a suite of integrated device power analysis tools to help
users quickly and accurately estimate their design power requirements. UltraScale devices are supported
similarly to previous FPGA products. The variability of design power requirements makes it difficult to
apply fixed thermal solutions to fit all users. Therefore, AMD devices do not come with preset thermal
solutions. Your design operating conditions dictate the appropriate solution.

Thermal Resistance Data

The XQRKUO60 FPGA is offered exclusively in the CNA1509 package for high thermal cycle reliability.
Table 86 shows the thermal resistance data for the XQRKU060-CNA1509 device. The data includes
junction-to-ambient in still air, junction-to-case, and junction-to-board data based on standard JEDEC
four-layer measurements.

IMPORTANT: The data in Table 86 is for device/package comparison purposes only. Attempts to recreate this data are
only valid using the transient 2-phase measurement techniques outlined in JESD51-14.
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AMDZ1

Table 86: Thermal Resistance Data for XQRKU060-CNA1509

-~ (ec/W)(@)
Pac_kage Body 0 (°C/W)(z) 0)c (°C/W)(z) 0a (°C/W)(2) 0 ja-Effective ("C/W)
Size (mm) @250 LFM @500 LFM @750 LFM
40 x 40 2.08 0.16 6.9 4.3 3.6 3.5
Notes:

1. All 0)5_gffective Values assume no heat sink and include thermal dissipation through a standard JEDEC four-layer board. The Xilinx power
estimation tools (Vivado Power Analysis and Xilinx Power Estimator), which require detailed board dimensions and layer counts, are useful for
deriving more precise 0a_gffective Values.

2. This data is for device/package comparison purposes only. Attempts to recreate this data are only valid using the transient 2-phase
measurement techniques outlined in JESD51-14.

Support for Thermal Models

Table 86 provides the traditional thermal resistance data for the XQRKUO60-CNA1509 device. These
resistances are measured using a prescribed JEDEC standard that might not necessarily reflect your actual
board conditions and environment. The quoted 06,5 and 8,c numbers are environmentally dependent, and
JEDEC has traditionally recommended that these be used with that awareness. For more accurate junction
temperature prediction, these might not be enough, and a system-level thermal simulation might be
required.

Though AMD continues to support these figure of merit data, a boundary conditions independent thermal
resistor network (Delphi) model is offered. This compact model seeks to capture the thermal behavior of
the package more accurately at predetermined critical points (junction, case, top, and leads) with the
reduced set of nodes as illustrated in Figure 22.

DELPHI BCI-CTM Topology for
Flip-Chip BGA

Two Resistor Model

Junction

DS882_13_050220

Figure 22: Thermal Model Topologies

Unlike a full 3D model, this model is computationally efficient and works well in an integrated system
simulation environment.

RECOMMENDED: AMD recommends use of the Delphi thermal model during thermal modeling of a package. The
Delphi thermal model includes consideration of the thermal interface material parameters and the manufacture
variation on the thermal solution. Examples of manufacture variations include the tolerance in airflow from a fan, the
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tolerance on performance of the heat pipe and vapor chamber, and the manufacture variation of the attachment of fins
to the heat-sink base and the flatness of the surface.

Package Coefficients

Table 87: CNA1509 Package Coefficients

Package Component Description Value

Alumina (Ceramic) -
Coefficient of Thermal Expansion 7.1 ppm/°C

Substrate Thermal Conductivity 14 W/meC
Dielectric Constant 9?'586?1]6 '\éizz
Young's Modulus 310 GPa
Aluminum Silicon Carbide (Al-SiC-9) -

Lid Coefficient of Thermal Expansion 8.75 ppm/°C

Thermal Conductivity 190 W/m=°C
Young's Modulus 188 GPa

Refer to the Thermal Management Strategy, Heat Sink Guidelines for Bare-die Flip-Chip Packages, and
Mechanical and Thermal Design Guidelines for Lidless Flip-chip Packages chapters of UltraScale and
UltraScale+ FPGAs Packaging and Pinouts Product Specification (UG575) for thermal management and heat
sink guidelines.

IMPORTANT: The column grid array (CNA1509) package requires a different applied pressure from heat sink to the
package via thermal interface materials than the ball grid array (BGA) packages described in UltraScale and
UltraScale+ FPGAs Packaging and Pinouts Product Specification (UG575). The applied pressure on the CNA1509
package must be in the range of 10 to 25 psi for optimum performance of the thermal interface material (TIM) between
the package and the heat sink. Thermocouples should not be present between the package and the heat sink, because
their presence will degrade the thermal contact and result in incorrect thermal measurements. The best practice is to
select the appropriate pressure (in the 10 to 25 psi range) for the optimum thermal contact performance between the
package and the thermal system solution, and the mechanical integrity of the package (with the thermal solution to
pass all mechanical stress and vibration qualification tests). The material used for the CNA1509 package lid is
nickel-plated Al-SiC, which is conductive and not connected to ground in the package. The Al-SiC lid should be
externally connected to system ground to avoid collecting charges in space environments. When attaching heat
spreader on the lid, use an electrically conductive adhesive (such as silver-filled epoxy).

Reliability

For the 20 nm UltraScale device reliability qualifications and soft error rates, refer to the Device Reliability
Report (UG116). This report contains reliability qualifications of devices, wafer processes, and packages.
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Ordering Information

The ordering information is shown in Figure 23.

Example: XQR KU 060-1 CNA1509 Y

Xilinx Space-Grade

KU: Kintex UltraScale

Value Index

Speed Grade: —
-1 =-1M Speed Grade

Available Flow

Y = Xilinx Class Y Flow (T;j = -55°C to +125°C)
B = Xilinx Class B Flow (T; = -55°C to +125°C)

Package Designator and Pin Count
(Footprint Identifier)

L— CN: Ceramic Flip-chip with 1.0 mm Column-grid Array
DS882_10_050820

Figure 23: Radiation Tolerant Kintex UltraScale XQRKU060 FPGA Ordering Information

Note: For the XQRKU060-1CNA1509 parts, select the xqr ku060- cnal509- 1M mpart in the Vivado design tools.

The CNA1509 daisy chain package part number is XQDAISY-CNA15009. Xilinx class B and class Y
manufacturing flows are compliant with MIL-PRF-38535 and are shown in Table 88.

Table 88: Xilinx Class B and Class Y Manufacturing Flows

Flow Xilinx Class B Xilinx Class Y
Wafer Sort v v
Bumping v v
Assembly (per MIL-STD-883) 4 4
Bond Pull (Extended Pull Test) N/A N/A
Die Shear (1 unit/lot) v v
Die Visual Inspection v (cond B) v (cond A)
Pre-Cap Source Inspections (cond A) N/A 4
Serialization v v
Temperature Cycling (cycles) 100 100
Constant Acceleration v v
PIND N/A N/A
Seal (Fine/Gross Leak Test) N/A N/A
X-Ray N/A N/A
Room Test v v
Pre Burn-in Electrical Test @25°C, 128°C, -55°C @25°C, 128°C, -55°C
Dynamic Burn-in (@ 125°C) 160 Hrs 240 Hrs
Post Burn-in Test @ 25°C with Read & Record N/A v
Static Burn-in (144 hours @ 125°C) N/A 4
Group A Post Burn-in Test @ 25°C with Read & Record 4 4
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Table 88: Xilinx Class B and Class Y Manufacturing Flows (Cont’d)

Flow Xilinx Class B Xilinx Class Y
Group A Final Test @ —55°C with Read & Record 4 4
Group A Final Test @ 128°C with Read & Record v v
Column Attach v v
100% QA Electrical @ 25°C v 4
Visual Inspection 4 4
Group B Lot Specific v v
Group C Sample to 44k device hours v v
Group D 4 4
Group E Total lonizing Dose N/A v
DPA/lon Milling N/A v

Revision History

The following table shows the revision history for this document.

Section

Revision Summary

09/10/2024 Version 1.4

Table 9

Added I,y and added Note 9.

CNA1509 Package Construction and Key Features

Updated bullet about die solder bumps.

Table 84

Added row for no-connect pins.

Figure 15

Added NC symbol to location AV2.

Solder Stencil

Updated stencil aperture opening to 27 mils.

4/11/2022 Version 1.3

General Description

‘ Updated the description.

12/17/2020 Version 1.2

Table 81

Updated case and sample part numbers for 330 pF and
47 uF capacitors.

CNA1509 Package Construction and Key Features and
Mechanical Drawing

Added note about grounding CNA15009 lid.

Table 86

Updated 055, 03¢, 034, and 0 ja_gffective Values.

Package Coefficients

Updated note with information about grounding
CNA15009 lid.

09/08/2020 Version 1.1

General updates

¢ Updated from Advance Product Specification to Product
Specification.
e Updated to Vivado tools version 2020.1.1.

Table 1

Updated SEUcgam and SEUggram typical values.

VCCINT_IO Migration and Restrictions for SelectlO and
Memory Interfaces

e Updated first paragraph.
o Added paragraph about SelectlO interfaces.
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Section Revision Summary

Table 27 and Table 28 Updated to production release for the
XQRKUO60-CNA1509 device in -1M speed grade in the
Vivado Design Suite 2020.1.1.

CNA1509 Package Construction and Key Features Updated references to standards for outgas
requirements.
Table 84 e Updated description of GC pins.
e Corrected MGT pin names.
Figure 13 Corrected block labels.
SYSMON, Configuration, and PCle Integrated Blocks Updated PCle bullet.
Figure 15 Reduced legend.
05/19/2020 Version 1.0
Initial release ‘ N/A

Please Read: Important Legal Notices

The information presented in this document is for informational purposes only and may contain technical inaccuracies, omissions, and
typographical errors. The information contained herein is subject to change and may be rendered inaccurate for many reasons,
including but not limited to product and roadmap changes, component and motherboard version changes, new model and/or
product releases, product differences between differing manufacturers, software changes, BIOS flashes, firmware upgrades, or the like.
Any computer system has risks of security vulnerabilities that cannot be completely prevented or mitigated. AMD assumes no
obligation to update or otherwise correct or revise this information. However, AMD reserves the right to revise this information and
to make changes from time to time to the content hereof without obligation of AMD to notify any person of such revisions or changes.
THIS INFORMATION IS PROVIDED “AS IS." AMD MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE CONTENTS
HEREOF AND ASSUMES NO RESPONSIBILITY FOR ANY INACCURACIES, ERRORS, OR OMISSIONS THAT MAY APPEAR IN THIS
INFORMATION. AMD SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, OR
FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILL AMD BE LIABLE TO ANY PERSON FOR ANY RELIANCE, DIRECT, INDIRECT,
SPECIAL, OR OTHER CONSEQUENTIAL DAMAGES ARISING FROM THE USE OF ANY INFORMATION CONTAINED HEREIN, EVEN IF AMD
IS EXPRESSLY ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

AUTOMOTIVE APPLICATIONS DISCLAIMER

AUTOMOTIVE PRODUCTS (IDENTIFIED AS “XA”" IN THE PART NUMBER) ARE NOT WARRANTED FOR USE IN THE DEPLOYMENT OF
AIRBAGS OR FOR USE IN APPLICATIONS THAT AFFECT CONTROL OF A VEHICLE ("SAFETY APPLICATION") UNLESS THERE IS A
SAFETY CONCEPT OR REDUNDANCY FEATURE CONSISTENT WITH THE I1SO 26262 AUTOMOTIVE SAFETY STANDARD (“SAFETY
DESIGN"). CUSTOMER SHALL, PRIOR TO USING OR DISTRIBUTING ANY SYSTEMS THAT INCORPORATE PRODUCTS, THOROUGHLY
TEST SUCH SYSTEMS FOR SAFETY PURPOSES. USE OF PRODUCTS IN A SAFETY APPLICATION WITHOUT A SAFETY DESIGN IS FULLY
AT THE RISK OF CUSTOMER, SUBJECT ONLY TO APPLICABLE LAWS AND REGULATIONS GOVERNING LIMITATIONS ON PRODUCT
LIABILITY.

© Copyright 2020-2024 Advanced Micro Devices, Inc. AMD, the AMD Arrow logo, Kintex, UltraScale, UltraScale+, Virtex, Vivado,
and combinations thereof are trademarks of Advanced Micro Devices, Inc. CPRI is a trademark of Siemens AG. HDMI, HDMI logo,
and High-Definition Multimedia Interface are trademarks of HDMI Licensing LLC. PCI, PCle, and PCl Express are trademarks of
PCI-SIG and used under license. Other product names used in this publication are for identification purposes only and may be
trademarks of their respective companies.
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