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Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviation Definition

AES Advanced Encryption Standard

ADC Analog to Digital Converter

BGA Ball Grid Array

CDR Clock and Data Recovery

CRC Cycle Redundancy Code

(o] Camera Serial Interface

DCC Dynamic Clock Control

DCS Dynamic Clock Select

DDR Double Data Rate

DLL Delay Locked Loop

DSI Display Serial Interface

DSP Digital Signal Processing

DTR Digital Temperature Readout

EBR Embedded Block RAM

ECC Error Correction Coding

ECLK Edge Clock

FFT Fast Fourier Transform

FIFO First In First Out

FIR Finite Impulse Response

HFOSC High Frequency Oscillator

HSP High Speed Port

LFOSC Low Frequency Oscillator

LC Logic Cell

LRAM Large RAM

LVCMOS Low-Voltage Complementary Metal Oxide Semiconductor
LVDS Low-Voltage Differential Signaling
LVPECL Low Voltage Positive Emitter Coupled Logic
LVTTL Low Voltage Transistor-Transistor Logic
LUT Look Up Table

MAC Message Authentication Codes

PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK Primary Clock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional Unit

PIC Programmable 1/0 Cells

PLL Phase Locked Loop

POR Power On Reset

SED Soft Error Detection

SER Soft Error Rate

SEU Single Event Upset

SGMII Serial Gigabit Media Independent Interface
SHA Secure Hashing Algorithm

SLVS Scalable Low-Voltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM
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Abbreviation Definition
SRAM Static Random-Access Memory
TAP Test Access Port
TDM Time Division Multiplexing
TLP Transaction Layer Packet
TRNG True Random Number Generator
UCFG User Configuration Space Register Interface
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1. General Description

The CrossLink™-NX family of low-power FPGAs can be used in a wide range of applications and are optimized for
bridging and processing needs in Embedded Vision applications — supporting a variety of high bandwidth sensor and
display interfaces, video processing and machine learning inferencing. It is built on the Lattice Nexus FPGA platform,
using low-power 28 nm FD-SOI technology. It combines the extreme flexibility of an FPGA with the low power and high
reliability (due to extremely low SER) of FD-SOI technology and offers small footprint package options.

CrossLink-NX supports a variety of interfaces including MIPI D-PHY (CSI-2, DSI), LVDS, SLVS, subLVDS, PCl Express (Gen1,
Gen2), SGMII (Gigabit Ethernet), and more.

Processing features of CrossLink-NX include up to 39k Logic Cells, 56 multipliers (18 x 18), 2.9 Mb of embedded
memory (consisting of EBR and LRAM blocks), distributed memory, DRAM interfaces (supporting DDR3, DDR3L, and
LPDDR2 up to 1066 Mbps x 16-bit data width).

CrossLink-NX FPGAs support fast configuration of its reconfigurable SRAM-based logic fabric, and ultra-fast
configuration of its programmable sysl/O™. Security features to secure user designs include bitstream encryption and
password protection. In addition to the high reliability inherent to FD-SOI technology (due to its extremely low SER),
active reliability features such as built-in frame-based SED/SEC (for SRAM-based logic fabric), and ECC (for EBR and
LRAM) are also supported. Dual 12-bit ADC

s are available in each device for system monitoring functions.

The Lattice Radiant™ design software allows large complex user designs to be efficiently implemented in the CrossLink-
NX FPGA family. Synthesis library support for CrossLink-NX devices is available for popular logic synthesis tools. Radiant
tools use the synthesis tool output along with constraints from its floor planning tools to place and route the user
design in the CrossLink-NX device. The tools extract timing from the routing and back-annotate it into the design for
timing verification.

Lattice provides many pre-engineered IP (Intellectual Property) modules for the CrossLink-NX family. By using these
configurable soft IP cores as standardized blocks, users are free to concentrate on the unique aspects of the design,
increasing productivity.
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1.1. Features

Available in the following temperature grades:
e Commercial (-7,-8,-9)
e Industrial (-7,-8,-9)
e  Automotive (-7)
Programmable architecture
e 17k to 39k logic cells
e 24 to 56 sysDSP™ blocks (18 x 18 multipliers)
e 2.51t02.9 Mb of embedded memory (EBR,
LRAM)
e 36to 192 programmable sysl/O (High
Performance and Wide Range 1/0)
Programmable sysl/O designed to support wide
variety of interfaces
e High-Performance (HP) I/O supported on
bottom 1/0 Banks
e  Supports up to 1.8 V Vccio
e  Mixed voltage support: 1.0V, 1.2V, 1.5V,
and 1.8V
o High-speed differential up to 1.5 Gbps
e Supports LVDS, Soft D-PHY Transmitter
(Tx)/Receiver (Rx), LVDS 7:1 (Tx/Rx), SLVS
(Tx/Rx), subLVDS (Rx)
Supports SGMII (Gb Ethernet): Two
channels (Tx/Rx) at 1.25 Gbps
e Dedicated DDR3/DDR3L and LPDDR2
memory support with DQS logic, up to
1,066 Mbps data rate and x16-bit data
width
e Wide-Range (WR) on Left, Right and Top
I/0 Banks
e  Supports up to 3.3 V Vccio
e Mixed voltage support: 1.2V, 1.5V, 1.8V,
2.5V,and 3.3V
e Programmable slew rate: slow, medium,
and fast
e Controlled impedance mode
e  Emulated LVDS support
e Hot Socketing Support
MIPI D-PHY
e Up to two hardened 4-lane MIPI D-PHY
e Up to eight lanes total
e Transmit or receive
e  Supports CSI-2, DSI
e 20 Gbps aggregate bandwidth
e 2.5 Gbps per lane, 10 Gbps per
D-PHY interface
e Additional Soft D-PHY interfaces supported by
High-Performance (HP) sysl/O
e Transmit or receive
e  Supports CSI-2, DSI

= LATTICE

e Upto 1.5 Gbps per lane

Power modes — Low-Power mode versus High-
Performance mode

e Userselectable

e Low-Power mode for power saving and/or
thermal challenges

e High-Performance mode for faster processing

Small footprint package options

e 4mmx4mmto 10 mm x 10 mm package size

Two channels of Clock Recovery (CDR) up to 1.25

Gbps to support SGMII using HP 1/0

e CDR for Rx

e 8b/10b decoding

e Independent Loss of Lock (LOL) detector for
each CDR block

sysCLOCK™ analog PLLs

e Threein 39k LC and two in 17k LC

e Six outputs per PLL

e  Fractional N

e  Programmable and dynamic phase control

sysDSP Enhanced DSP blocks

e Hardened pre-adder

e  Dynamic shift for Al/ML support

e Four 18 x 18, eight 9 x 9, two 18 x 36, or
36 x 36 multipliers

e Advanced 18 x 36, two 18 x 18, or four 8 x 8
MAC per sysDSP blocks

Flexible memory resources

e Upto 1.5 MbsysMEM™ Embedded Block RAM
(EBR) available

e  Programmable width

e  Error Correction Coding (ECC)*

e Single or dual clock FIFO

e 80 kbits to 240 kbits distributed RAM

e Large RAM blocks
e 0.5 Mbits per block
e Up to five (2.5 Mb total) per device

SERDES — PCle Gen2 x1 channel (Tx/Rx) hard IP in
39k LC device

e Hard IP supports

e Genl, Gen2, Multi-Function, End Point
Internal bus interface support

e APB control bus

e  AHB-Lite for data bus

e AXl4-streaming
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Configuration — Fast, Secure

e SPI—x1, x2, x4 up to 150 MHz
e  Controller and Target SPI support

o JTAG

e [2CandI3C

e Ultrafast I/0 configuration for instant-on
support (under 3 ms)

e Less than 15 ms full device configuration for
LIFCI-40? device

e  Bitstream Security
e  Encryption
e Authentication

Cryptographic engine

e  Bitstream encryption — using AES-256

e  Bitstream authentication — using ECDSA

e Hashing algorithms — SHA, HMAC

e True Random Number Generator

e AES 128/256 encryption

Single Event Upset (SEU) Mitigation Support

e  Extremely low Soft Error Rate (SER) due to
FD-SOI technology

e  Soft Error Detection — Embedded hard macro

e  Soft Error Correction — Without stopping user
operation

e Soft Error Injection — Emulate SEU event to
debug system error handling

= LATTICE

e  ADC block with two SAR ADC that sample
simultaneously!

Dedicated differential pair input for each SAR
ADC

Up to eight additional differential pair input
for each SAR ADC

12-bit resolution

Sampling frequency of 1 MSPS for each ADC
Up to three continuous-time comparators

e System Level Support

IEEE 1149.1 and IEEE 1532 compliant

Reveal Logic Analyzer

On-chip oscillator for device initialization and
general use

1.0 V core power supply

Available in selected speed grades. See the
Ordering Information section.

Achieved with MSPI self-configuration: Fast Vcc
ramp, QSPI flash, MCLK = 150 MHz, no EBR or
LRAM initialization data in the bitstream

Refer to Appendix A of the ADC User Guide for
Nexus Platform (FPGA-TN-02129) for details.
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Table 1.1. CrossLink-NX Commercial/Industrial Family Selection Guide

Device LIFCL-17 LIFCL-40
Logic Cellst 17k 39k
Embedded Memory (EBR) Blocks (18 kb) 24 84
Embedded Memory (EBR) Bits (kb) 432 1,512
Distributed RAM Bits (kb) 108 252
Large Memory (LRAM) Blocks 5 2
Large Memory (LRAM) Bits (kb) (512 kb each) 2,560 1,024
18 x 18 Multipliers 24 56
ADC block3 with 2 SAR ADC 1 1
450 MHz High Frequency Oscillator 1 1
32 kHz Low Power Oscillator 1 1
GPLL 2 3
Hardened 10 Gbps D-PHY Quads? 2 2
Hardened 2.5 Gbps D-PHY Data Lanes (total)? 8 8
PCle Gen2 Hard IP - 1

Packages (Size, Ball Pitch)

Total I/0 (Wide Range, High Performance, ADC*) (D-PHY Quads?®,

PCle® Lane)

72 WLCSP (3.8 mm x 4.1 mm, 0.4 mm)

39 (15, 24, 0) (1, 0)

72 QFN (10 mm x 10 mm, 0.5 mm)

40 (18, 22, 0) (1, 0)

39 (17, 22,0) (1, 0)

121 csfBGA (6 mm x 6 mm, 0.5 mm)

71 (23, 48, 0) (2, 0)

71 (23, 48, 0) (2, 0)

256 caBGA (14 mm x 14 mm, 0.8 mm)

77 (23, 48, 6) (2, 0)

162 (82, 74, 6) (2, 1)

289 csBGA (9.5 mm x 9.5 mm, 0.5 mm)

179 (99, 74, 6) (2, 1)

400 caBGA (17 mm x 17 mm, 0.8 mm)

191 (111, 74, 6) (2, 1)

Notes:
Logic Cells = LUTs x 1.2 effectiveness.

Available in —8 and —9 speed grades.

o ewWwNE

Additional Soft D-PHY Tx/Rx interfaces (at up to 1.5 Gbps per lane) are available using sysl/O.

Refer to ADC User Guide for Nexus Platform (FPGA-TN-02129) Appendix A.
Each D-PHY quad consists of 4 D-PHY data lanes.
Each PCle lane consists of a Tx and Rx complement pair.

Table 1.2. CrossLink-NX Automotive Family Selection Guide

Device LIFCL-17 LIFCL-40
Logic Cells? 17k 39k
Embedded Memory (EBR) Blocks (18 kb) 24 84
Embedded Memory (EBR) Bits (kb) 432 1,512
Distributed RAM Bits (kb) 80 240
Large Memory (LRAM) Blocks 5 2
Large Memory (LRAM) Bits (kb) 2,560 1,024
18 x 18 Multipliers 24 56
ADC Block® with 2 SAR ADC 2 2
450 MHz High Frequency Oscillator 1 1
32 kHz Low Power Oscillator 1 1
GPLL 2 3
Hardened 10 Gbps D-PHY Quads? 2 2
Hardened 2.5 Gbps D-PHY Data Lanes (total)? 8 8
PCle Gen2 Hard IP — 1
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Device LIFCL-17 ‘ LIFCL-40
H H D 4 D- 5
Packages (Size, Ball Pitch) Tota: 1/0 (Wide Range, High Performance, ADC*) (D-PHY Quads?®,
PCle® Lane)
121 csfBGA (6 mm x 6 mm, 0.5 mm) 71 (23, 48,0) (2, 0) 71 (23, 48,0) (2, 0)
256 caBGA (14 mm x 14 mm, 0.8 mm) 77 (23, 48,6) (2,0) 162 (82,74,6)(2,1)
Notes:
1. Logic Cells = LUTs x 1.2 effectiveness.
2. Additional soft D-PHY Tx/Rx interfaces (at up to 1.0 Gbps per lane) are available using sysl/O.
3. Available in =7 speed grade.
4. Each ADC pin count reflects using dedicated complement pair and VRef.
5. Each D-PHY quad consists of 4 D-PHY data lanes.
6. Each PCle lane consists of a Tx and Rx complement pair.
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2. Architecture

2.1. Overview

Each CrossLink-NX device consists of an array of logic blocks surrounded by Programmable 1/0 Cells (PIC). Rows of
sysMEM Embedded Block RAM (EBR) and sysDSP Digital Signal Processing blocks, as shown in Figure 2.1.

The CrossLink-NX-40 devices have two rows of DSP blocks and contain three rows of sysMEM EBR blocks. In addition,
CrossLink-NX-40 devices includes two Large SRAM blocks. The sysMEM EBR blocks are large, dedicated 18 kb fast
memory blocks and have built-in ECC and FIFO support. Each sysMEM block can be configured to a single, pseudo dual
or true dual port memory in a variety of depths and widths as RAM or ROM. Each DSP block supports a variety of
multiplier and adder configurations with one 108-bit, or two 54-bit accumulators supported, which are the building
blocks for complex signal processing capabilities.

Each PIC block encompasses two PIO (PO pairs) with their respective sysl/O buffers. The sysl/O buffers of the
CrossLink-NX devices are arranged in seven banks allowing the implementation of a wide variety of I/O standards. The
Wide Range (WR) I/O banks that are located on the top, left and right sides of the device provide flexible ranges of
general purpose |/O configurations up to 3.3 V V. The banks located on the bottom side of the device are dedicated
to High Performance (HP) interfaces such as LVDS, MIPI, DDR3, and LPDDR2 supporting up to 1.8 V Vcco.

The Programmable Functional Unit (PFU) contains the building blocks for logic, arithmetic, RAM and ROM functions.
The PFU block is optimized for flexibility, allowing complex designs to be implemented quickly and efficiently. Logic
Blocks are arranged in a two-dimensional array. The registers in the PFU and sysl/O blocks in the CrossLink-NX devices
can be configured to be SET or RESET. After power up and configuration, it enters into user mode with these registers
SET/RESET according to the user design, allowing the device to power up in a known state for predictable system
function.

In addition, CrossLink-NX-40 devices provide various system level hard IP functional and interface blocks such as PCle,
D-PHY, 12C, SGMII/CDR, and ADC blocks. The PCle hard IP supports PCle 2.0 and the D-PHY supports up to 2.5 Gbps per
lane. CrossLink-NX devices also provide security features to help protect user designs and deliver more robust reliability
by offering enhanced frame-based SED/SEC functions.

Other blocks provided include PLLs, DLLs, and configuration functions. The PLL and DLL blocks are located at the
corners of each device. The CrossLink-NX devices also include Lattice Memory Mapped Interface (LMMI) which is a
Lattice standard to support simple read and write operations to control internal IP. Refer to the LMMI section for more
information on the internal IP.

Every device in the family has a JTAG port. This family also provides an on-chip oscillator and soft error detect
capability. The CrossLink-NX devices use 1.0 V as their core voltage.
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Figure 2.1. Simplified Block Diagram, CrossLink-NX-40 Device (Top Level)
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Figure 2.2. Simplified Block Diagram, CrossLink-NX-17 Device (Top Level)
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2.2. PFU Blocks

The core of the CrossLink-NX device consists of PFU blocks. Each PFU block consists of four interconnected slices
numbered 0-3 as shown in Figure 2.3. Each slice contains two LUTs. All the interconnections to and from PFU blocks are
from routing.

The PFU block can be used to perform logical, arithmetic, RAM or ROM functions. Table 2.1 shows the functions each
slice can perform in either distributed SRAM or non-distributed SRAM modes.

From

W

LUT4 &
CARRY
Slice 0 Slice 1 Slice 2 Slice 3
FF FF FF FF FF FF FF FF
v vy v vy vV v v v v v v v v v Vv

To

W

Figure 2.3. PFU Diagram

2.2.1. Slice

Each slice contains two LUT4s feeding two registers. In distributed SRAM mode, Slice 0 and Slice 1 are configured as
distributed memory. Slice 2 is not available as it is used to support Slice 0 and Slice 1, while Slice 3 is available as logic
or ROM. Table 2.1 shows the capability of the slices along with the operation modes they enable. In addition, each slice
contains logic that allows the LUTs to be combined to perform a LUTS5 function. There is control logic to perform
set/reset functions (programmable as synchronous/asynchronous), clock select, chip-select, and wider RAM/ROM
functions.

Table 2.1. Resources and Modes Available per Slice

Slice PFU (Used as Distributed SRAM) PFU (Not used as Distributed SRAM)
Resources Modes Resources Modes

Slice 0 2 LUT4s and 2 Registers RAM 2 LUT4s and 2 Registers Logic, Ripple, ROM

Slice 1 2 LUT4s and 2 Registers RAM 2 LUT4s and 2 Registers Logic, Ripple, ROM

Slice 2 2 LUT4s and 2 Registers RAM 2 LUT4s and 2 Registers Logic, Ripple, ROM

Slice 3 2 LUT4s and 2 Registers Logic, Ripple, ROM 2 LUT4s and 2 Registers Logic, Ripple, ROM

Figure 2.4 shows an overview of the internal logic of the slice. The registers in the slice can be configured for
positive/negative edge clocking.

Each slice has 17 input signals: 16 signals from routing and one from the carry-chain (from the adjacent slice or PFU).
Three of them are used for FF control and shared between two slices (0/1 or 2/3). There are five outputs: four to
routing and one to carry-chain (to the adjacent PFU). Table 2.2 and Figure 2.4 list the signals associated with all the
slices. Figure 2.5 shows the slice signals that support LUT5 or two LUT4s functions. FO can be configured to have LUT4
or LUT5 output while F1 is for LUT4 output.
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Figure 2.4. Slice Diagram
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Figure 2.5. Slice Configuration for LUT4 and LUT5

Table 2.2. Slice Signal Descriptions

Function Type Signal Names Description

Input Data signal AQ, BO, CO, DO Inputs to LUT4

Input Data signal Al,B1,C1,D1 Inputs to LUT4

Input Data signal MO0, M1 Direct input to FF from fabric

Input Control signal SEL LUT5 mux control input

Input Data signal DIO, DI1 Inputs to FF from LUT4 FO/F1 outputs

Input Control signal CE Clock Enable

Input Control signal LSR Local Set/Reset

Input Control signal CLKIN System Clock

Input Inter-PFU signal FCI Fast Carry-int

Output Data signals FO LUT4/LUTS output signal

Output Data signals F1 LUT4 output signal

Output Data signals Qo, Q1 Register outputs

Output Inter-PFU signal FCO Fast carry chain output?
Note:

1. See Figure 2.4 for connection details.
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2.2.2. Modes of Operation

Slices 0-2 have up to four potential modes of operation: Logic, Ripple, RAM and ROM. Slice 3 is not needed for RAM
mode, it can be used in Logic, Ripple, or ROM modes.

Logic Mode

In this mode, the LUTs in each slice are configured as four-input combinatorial lookup tables. An LUT4 can have 16
possible input combinations. Any four input logic functions can be generated by programming this lookup table. Since
there are two LUT4s per slice, an LUT5 can be constructed within one slice.

Ripple Mode

Ripple mode supports the efficient implementation of small arithmetic functions. In ripple mode, the following
functions can be implemented by each slice:

e Addition 2-bit

e  Subtraction 2-bit

e  Add/Subtract 2-bit using dynamic control

e  Up counter 2-bit

e Down counter 2-bit

e Up/down counter with asynchronous clear 2-bit using dynamic control
e Up/down counter with preload (sync) 2-bit using dynamic control

e  Comparator functions of A and B inputs 2-bit

e A2>B
e A=#B
e A<B

e Up/down counter with A > B comparator 2-bit using dynamic control

e Up/down counter with A < B comparator 2-bit using dynamic control

e  Multiplier support (Ai x Bj +1) + (Ai +1 x Bj) in one logic cell with 2 logic cells per slice
e Serial divider 2-bit mantissa, shift 1 bit/cycle

e Serial multiplier 2-bit, shift 1 bit/cycle or 2 bit/cycle

Ripple mode supports an optional configuration that performs arithmetic using fast carry-chain methods. In this
configuration (CCU2 mode), the device generates two additional per-slice signals: Carry Generate and the Carry
Propagate. By concatenating slice, you can implement higher-performance arithmetic functions.

RAM Mode

In this mode, a 16 x 4-bit distributed single or pseudo dual port RAM can be constructed in one PFU using each LUT
block in Slice 0 and Slice 1 as a 16 x 2-bit memory in each slice. Slice 2 is used to provide memory address and control
signals. CrossLink-NX devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different sized memories. Where appropriate, the software
constructs these using distributed memory primitives that represent the capabilities of the PFU. Table 2.3 lists the
number of slices required to implement different distributed RAM primitives. For more information about using RAM in
CrossLink-NX devices, refer to Memory User Guide for Nexus Platform (FPGA-TN-02094).

Table 2.3. Number of Slices Required to Implement Distributed RAM

SPR16 x4 PDPR 16 x 4
Number of slices 3 3
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

ROM Mode

ROM mode uses the LUT logic; hence, Slice 0 through Slice 3 can be used in ROM mode. Preloading is accomplished
through the programming interface during PFU configuration. For more information, refer to Memory User Guide for
Nexus Platform (FPGA-TN-02094).
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2.3. Routing

There are many resources provided in the CrossLink-NX devices to route signals individually or as buses with related
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments.

The CrossLink-NX family has an enhanced routing architecture that produces a compact design. The Radiant software
tool takes the output of the synthesis tool and places and routes the design.

2.4. Clocking Structure

The CrossLink-NX clocking structure consists of clock synthesis blocks (PLLs), balanced clock tree networks (PCLK and
ECLK), and efficient clock logic modules: Clock Dividers (PCLKDIV and ECLKDIV), Dynamic Clock Selection (DCS), Dynamic
Clock Control (DCC), and DDRDLLs. Each of these functions is described in the following sections.

2.4.1. Global PLL

The Global PLLs (GPLL) provide the ability to synthesize clock frequencies. The devices in the CrossLink-NX family
support two or three full-featured general-purpose GPLLs.

The architecture of the GPLL is shown in Figure 2.6. A description of the GPLL functionality is as follows.

REFCLK is the reference frequency input to the PLL, and its source can come from external CLK inputs or from internal
routing. The CLKI input feeds into the input Clock Divider block.

CLKFB is the feedback signal to the GPLL which can come from a path internal to the PLL or from FPGA routing. The
feedback divider is used to multiply the reference frequency and thus synthesize a higher or lower frequency clock
output.

The PLL has six clock outputs CLKOP, CLKOS, CLKOS2, CLKOS3, CLKOS4, and CLKOSS5. Each output has its own output
divider, thus allowing the GPLL to generate different frequencies for each output. The output dividers can have a value
from 1 to 128. Each GPLL output can be used to drive the primary clock or edge clock networks.

The setup and hold times of the device can be improved by programming a phase shift into the output clocks which
advances or delays the output clock with reference to the unshifted output clock. This phase shift can be either
programmed during configuration or can be adjusted dynamically using the DIRSEL, DIR, DYNROTATE, and LOADREG
ports.

The LOCK signal is asserted when the GPLL determines it has achieved lock and deasserted if a loss of lock is detected.
The LOCK signal is asynchronous to the PLL clock outputs.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Refclk (To bypass muxes)
Ll

[Lock LOCK
Detect CLKOP
VCO o Divider y—» | CLKOP
4’—' (1-128) Fy
CLKI Phase CLKOS
Detector, | — VCO | e ! CLKOS
VCO, and 1-128 A
Mash Loop Filter ( )
Modulator VCO C||3-'K'382 CLKOS2
vider Ld
FBKSEL T (1-128) s
CLKFB D) Feedback
Divider N vco | CLKOS3
Divider » CLKOS3
(1-128) A
_ CLKOS4
PHASESEL[1:0] Dynamic veo Divider 14 > CLKOS4
PHASEDIR Phase (1-128) 4
PHASESTEP > Adust
PHASELOADREG [ vco | CLKOS5
Divider ;}D CLKOS5
(1-128) 4
Internal Feedback
] CLKOP, CLKOS, CLKOS2-5
ENCLKOP [
ENCLKOS [
ENCLKOS2 [
ENCLKOS3
ENCLKOS4
ENCLKOS5
RST [o—»

PLLPD_EN_N [O—

Figure 2.6. General Purpose PLL Diagram

For more details on the PLL, refer to the sysCLOCK PLL Design and User Guide for Nexus Platform (FPGA-TN-02095).

2.4.2. Clock Distribution Network

There are two main clock distribution networks for any member of the CrossLink-NX product family, namely Primary
Clock (PCLK) and Edge Clock (ECLK). These clock networks can be driven from many different sources, such as clock
pins, PLL outputs, DLLDEL outputs, clock divider outputs, SERDES/PCS clocks and user logic. There are clock divider
blocks (ECLKDIV and PCLKDIV) to provide a slower clock from these clock sources.

CrossLink-NX supports glitchless Dynamic Clock Control (DCC) for the PCLK to save dynamic power. There are also
Dynamic Clock Selection logic to allow glitchless selection between two clocks for the PCLK network (DCS).

An overview of the clocking network is shown in Figure 2.7. The shaded blocks (PCle and upper left PLL) are not
available in the 17k Logic Cell device.
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Figure 2.7. Clocking

2.4.3. Primary Clocks

The CrossLink-NX device family provides low-skew, high fan-out clock distribution to all synchronous elements in the
FPGA fabric through the Primary Clock Network. The CrossLink-NX PCLK network is a balanced clock structure which is
designed to minimize the clock skew across all destinations in the FPGA core.

The primary clock network is divided into two clock domains depending on the device density. Each of these domains
has 16 clocks that can be distributed to the fabric in the domain.

The Lattice Radiant software can automatically route each clock to one of the domains up to a maximum of 16 clocks
per domain. You can change how the clocks are routed by specifying a preference in the Lattice Radiant software to
locate the clock to a specific domain. The CrossLink-NX device provides the user with a maximum of 64 unique clock
input sources that can be routed to the primary clock network.

Primary clock sources are:

e Dedicated clock input pins

e  PLL outputs

e  PCLKDIV, ECLKDIV outputs

e Internal FPGA fabric entries (with minimum general routing)

e  SGMII-CDR, D-PHY, PCle clocks

e OSCclock

These sources are routed to each of the four clock switches called a mid MUX (LMID, RMID, TMID, BMID). The outputs
of the mid MUX are routed to the center of the FPGA where additional clock switches (DSC_CMUX) are used to route
the primary clock sources to primary clock distribution to the CrossLink-NX fabric. These routing MUXs are shown in
Figure 2.7. There are potentially 64 unique clock domains that can be used in the largest CrossLink-NX device. For more
information about the primary clock tree and connections, refer to sysCLOCK PLL Design and User Guide for Nexus
Platform (FPGA-TN-02095).
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2.4.4. Edge Clock

The CrossLink-NX devices have several high-speed edge clocks that are intended for use with the PIO in the
implementation of high-speed interfaces. There are four (4) ECLK networks per I/O bank on the bottom side of the
device. The edge clock network is powered by a separate power domain (to reduce power noise injection from the core
and reduce overall noise induced jitter) while controlled by the same logic that gates the FPGA core and PCLK domains
for power management.

Each edge clock can be sourced from the following:

e Dedicated PIO clock input pins (PCLK)

e  DLLDEL output (PIO clock delayed by 90°)

e  PLL outputs (CLKOP, CLKOS, CLKOS2, CLKOS3, CLKOS4, and CLKOS5)

e Internal nodes

Figure 2.8 shows the available ECLK sources. Bank 3 is shown in the example, and Bank 4 and Bank 5 are configurated
similarly.

From Banks 4, 5

d 2, ECLKSYNC
DLLDEL
Bottom 6
Left GPLL

From Fabric ~—————M
ECLKSYNC
Bottom 6
Right GPLL

2

Bank 3 PCLK Pin (even)

—T——» Bank 3 ECLK Tree

—-wmv BMID

Bank 3 PCLK Pin (odd)

To Banks 4,5 Muxes

Figure 2.8. Edge Clock Sources per Bank

The edge clocks have low injection delay and low skew. They are typically used for DDR Memory or Generic DDR
interfaces. For detailed information on edge clock connections, refer to sysCLOCK PLL Design and User Guide for Nexus
Platform (FPGA-TN-02095).

2.4.5. Clock Dividers

The CrossLink-NX devices have two distinct types of clock dividers: primary and edge clocks. There are one (1) to eight
(8) Primary Clock Dividers (PCLKDIV) located in the DCS_CMUX blocks at the center of the device. There are twelve (12)
ECLKDIV dividers per device, located near the bottom high-speed 1/0 banks.

The PCLKDIV supports +2, +4, +8, +16, +32, +64, +128, and +1 (bypass) modes. The PCLKDIV is fed from a DCSMUX
within the DCS_CMUX block. The divider output drives one input of the Dynamic Clock Select (DCS) within the
DSC_CMUX block. The reset (RST) control signal is asynchronous and drives all outputs low. After the reset is
synchronously released, the divider output resumes operation on the next cycle. Figure 2.9 shows the PCLKDIV in
context.

The ECLKDIV generates a lower-speed system clock from a high-speed edge clock. It supports in a +2, +3.5, +4, or <5
modes and maintains a define phase relationship between the divided-down clock and the high-speed clock based on
the release of its reset signal. The ECLKDIV can be fed from selected PLL outputs, external primary clock pins (with or
without DLLDEL delay) or from internal routing. Its outputs feed the bottom mid-MUX (BMID). The reset (RST) signal is
asynchronous and drives all outputs low. After the reset is synchronously released, the divider output resumes on the
next cycle. Figure 2.8 shows the ECLKDIV in context. For further information on clock dividers, refer to the sysCLOCK
PLL Design and User Guide for Nexus Platform (FPGA-TN-02095).
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2.4.6. Clock Center Multiplexer Blocks

All clock sources are selected and combined for primary clock routing through the Dynamic Clock Selector Center
Multiplexer logic (DCS_CMUX). There are one (1) or two (2) DCS_CMUX blocks per device. Each DCS_CMUX block
contains two DCSMUX blocks, one PCLKDIV, one DCS block, and 1 or 2 CMUX blocks. See Figure 2.9 for a representative
DCS_CMUX block diagram.

The heart of the DCS_CMUX is the Center Multiplexer (CMUX) block. It can accept up to 64 input clock sources mid-
MUXs (RMID, LMID, TMIC, BMID, and DCC) and drive up to 16 primary clock trunk lines.

Up to two (2) clock inputs of the DCS_CMUX can be routed to the Dynamic Clock Select block then route to the CMUX.
One (1) input to the DCS can be optionally divided by the Primary Clock Divider (PCLKDIV). For more information about
the DCS_CMUX, refer to the sysCLOCK PLL Design and User Guide for Nexus Platform (FPGA-TN-02095).

A A

16 16
16x (partial 16x (partial
(16/64):1) (16/64):1)
CMUX CMUX
A Ll >
DCS_CMUX dcs2cmux0
DCS |
Y
62 dcs1 dcs0
PCLKDIV
4
| DCMUX | | DCMUX |
(62:1) (62:1)
62 62
62 62
-4 X >
62

Figure 2.9. DCS_CMUX Diagram

2.4.7. Dynamic Clock Select

The Dynamic Clock Select (DCS) is a smart multiplexer within the primary clock routing network. It switches between
two independent input clock sources depending on the operational mode and can operate with or without glitches.
This glitch behavior is maintained regardless of when the select signal is toggled. Both input clocks must be running to
achieve a glitchless DCS output clock, but running clocks are not required when used as a standard, non-glitchless clock
multiplexer.

There are one (1) or two (2) DCS blocks per device that feed all clock domains. The DCS blocks are located in the
DCS_MUX block. The inputs to the DCS blocks come from mid MUX outputs and user logic clocks through DCC
elements. The DCS elements are located at the center of the PLC array core. The output of the DCS is connected to the
inputs of the Primary Clock Center MUXs (CMUX).

Figure 2.10 shows the timing waveforms for the default DCS operating mode. The DCS block can also be programmed
for alternative modes. For more information about the DCS, refer to the sysCLOCK PLL Design and User Guide for Nexus
Platform (FPGA-TN-02095).
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Figure 2.10. DCS Waveforms

2.4.8. Dynamic Clock Control

The Dynamic Clock Control (DCC), domain clock enable/disable feature allows internal logic control of the domain
primary clock network. When a clock network is disabled, the clock signal is static and does not toggle. All the logic fed
by that clock also does not toggle, reducing the overall power consumption of the device. The disable function is
glitchless, and does not increase the clock latency on the primary clock network.

Four additional DCC elements control the clock inputs from the CrossLink-NX domain logic to the Center MUX elements
(DSC_CMUX).

This DCC controls the clock sources from the Primary CLOCK mid MUX before they are fed to the Primary Center MUXs
that drives the domain clock network. For more information about the DCC, refer to the sysCLOCK PLL Design and User
Guide for Nexus Platform (FPGA-TN-02095).

2.4.9. DDRDLL

The CrossLink-NX device has two identical DDRDLL blocks, located in the lower left and lower right corners of the
device. Each DDRDLL (controller DLL block) can generate a 9-bit phase shift value corresponding to a 90-degree phase
shift of the reference clock input and provides this value to every DQS block and DLLDEL target delay element. The
reference clock can be either from a PLL, or an input pin. The DQSBUF uses this value to control the delay of the DQS
inputs from a DDR memory interface to achieve a 90-degree shift in order to clock DQ inputs at the center of the data
eye.

The value is also sent to another target DLL, DLLDEL, which takes a primary clock input and generates a 90-degree
shifted clock output to drive the clocking structure. This is useful in an edge-aligned generic DDR interface, where a 90-
degree clocking needs to be created. Not all primary clock inputs have associated DLLDEL control. Figure 2.11 shows
DDRDLL connectivity to a DLLDEL block (connectivity to DQSBUF blocks is similar).

www.latticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=52789
https://www.latticesemi.com/view_document?document_id=52789

CrossLink-NX Family :..LATTICE

Data Sheet
To both BMID and
ECLKINMUX
PCLK Input
- DLLDEL
A A
~ N
3 S
< 8 8 9 Right DDRDLL
9

Left DDRDLL

v

Figure 2.11. DLLDEL Functional Diagram

Each DDRDLL can generate a delay value based on the reference clock frequency. The target DLLs (DQSBUF and
DLLDEL) use the value (code) to either create phase shifted inputs from the DDR memory or create a 90-degree shifted
clock. Figure 2.12 shows the connections between the DDRDLL and the target DLLs.
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DDRDLL DDRDLL
Digital Delay Code (L) Digital Delay Code (R)
Refclk Sel Refclk Sel
A A
* ! 1 b ! |
YY YV YV YV YV YV YY
DLLDEL [oLpeL | | paso | | past | [pLoeL| | paso | | past |
BANK5 ECLK BANK4 ECLK BANK3 ECLK

Figure 2.12. DDRDLL Architecture

2.5. SGMII TX/RX

The CrossLink-NX device uses separate resources for the transmit and receive paths of the Serial Gigabit Media
Independent Interface (SGMII). The transmit path uses generic DDR |/O with x5 gearing. For additional details on
GDDRX5_TX.ECLK, refer to the CrossLink-NX High-Speed 1/0 Interface (FPGA-TN-02097).

For the SGMII receive path, either of the two hardened Clock and Data Recovery (CDR) components may be used. Each
CDR consists of three main blocks: the CDR, a deserializer, and a FIFO. Each CDR features two loops; the first loop locks
to the reference clock; once lock is achieved, the system transitions to the data-path loop, where the CDR tracks the
incoming data signals and generates the correction signals required to maintain phase lock. The recovered data is
deserializer into 10-bit parallel data and sent to the FIFO bridge, which interfaces the CDR to the rest of the FPGA.
Figure 2.13 shows a block diagram of the SGMII CDR IP.

The two hardened blocks are located at the bottom left corner of the device and use high speed 1/O Bank 5 for the
differential-pair input. It is recommended to route the reference clock through a GPIO that connects to the PLL in the
same lower-left region of the device.
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For more information on how to implement the hardened CDR for SGMII solution, refer to the SGMII and Gb Ethernet
PCS IP Core (FPGA-IPUG-02077).

Note:

The SGMII interface using LVDS 1/0 has limitations when operating across the full specified temperature range. Lattice
recommends using alternative interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet. Refer to the
Knowledge Database article for details. Contact your local Lattice sales representative for more information.
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Figure 2.13. SGMII CDR IP

2.6. sysMEM Memory

The CrossLink-NX devices contain a number of sysMEM Embedded Block RAM (EBR). The EBR consists of an 18 kb RAM
with memory core, dedicated input registers and output registers as well as optional pipeline registers at the outputs.
Each EBR includes functionality to support true dual-port, pseudo dual-port, single-port RAM, ROM and built in FIFO. In
the CrossLink-NX device, unused EBR blocks is powered down to minimize power consumption.

2.6.1. sysMEM Memory Block

The sysMEM block supports single port, dual port or pseudo dual port memories. Each block can be configured in
multiple depth and width combinations, as shown in Table 2.4. FIFOs can also be implemented using the built-in read
and write address counters and the programmable full, almost full, empty and almost-empty status flags. The EBR
block supports parity checking by providing a parity bit for each data byte. It also offers byte-enable support capability
for 18-bit and 36-bit data-width configurations. For more information, refer to the Memory User Guide for Nexus
Platform (FPGA-TN-02094).

EBR includes a built-in ECC engine, available in Commercial/Industrial =8 and —9 speed grades and the Automotive —7
speed grade. The ECC engine supports a 32-bit write data width and can be cascaded to support wider interfaces such
as x64. During the write operations, the ECC generator produces and stores parity bits for each 32-bit word. Durng read
operations, the engine compares the retrieved data with its stored parity data and reports whether a Single Event
Upset (SEU) has occurred. Any single-bit error is automatically corrected at the output. Two dedicated error flags
indicate detection of a single-bit and double-bit errors.
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Table 2.4. sysMEM Block Configurations
Memory Mode Configurations
16,384 x 1
8,192 x 2
4,096 x 4
2,048 x 9
1,024 x 18
512 x 36
16,384 x 1
8,192 x 2
True Dual Port 4,096 x 4
2,048 x9
1,024 x 18
16,384 x 1
8,192 x 2
4,096 x 4
2,048 x9
1,024 x 18
512 x 36

Single Port

Pseudo Dual Port

2.6.2. Bus Size Matching

All of the multi-port memory modes support different widths on each of the ports (except ECC mode, which only
supports a write data width of 32 bits). The RAM bits are mapped LSB word 0 to MSB word 0, LSB word 1 to MSB word
1, and so on. Although the word size and number of words for each port varies, this mapping scheme applies to each
port.

2.6.3. RAM Initialization and ROM Operation

If desired, the contents of the RAM can be pre-loaded during device configuration. By preloading the RAM block during
the chip configuration cycle and disabling the write controls, the sysMEM block can also be utilized as a ROM. For more
information, refer to the Memory User Guide for Nexus Platform (FPGA-TN-02094).

2.6.4. Memory Cascading

Larger and deeper blocks of RAM can be created using EBR sysMEM Blocks. Typically, the Lattice design tools cascade
memory transparently, based on specific design inputs.

2.6.5. Single, Dual and Pseudo-Dual Port Modes

In all the sysMEM RAM modes, the input data and address for the ports are registered at the input of the memory
array. The output data of the memory is optionally registered at the output.

2.6.6. Memory Output Reset

The EBR utilizes latches at the A and B output ports. These latches can be reset asynchronously or synchronously. RSTA
and RSTB are local signals, which reset the output latches associated with Port A and Port B, respectively. The Global
Set/Reset (GSRN) signal can reset both ports. The output data latches and associated resets for both ports are as shown
in Figure 2.14. The optional Pipeline Registers at the outputs of both ports are also reset in the same way.
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Programmable Disable

Figure 2.14. Memory Core Reset

For further information on the sysMEM EBR block, see the list of technical documentation in the References section.

2.7. Large RAM

The CrossLink-NX device includes additional memory resources in the form of Large Random-Access Memory (LRAM)
blocks.

The LRAM is designed to work as Single-Port RAM, Dual-Port RAM, Pseudo Dual-Port RAM, and ROM memories. It is
meant to function as additional memory resources for users beyond what is available in the EBR and PFU.

Each individual Large RAM block contains 0.5 Mb of memory, and has a programmable data width of up to 32 bits.
Cascading Large RAM blocks allows data widths of up to 64 bits. Additionally, there is the ability to use either Error
Correction Coding (ECC) or byte enable.

2.8. sysDSP

The CrossLink-NX family provides an enhanced sysDSP architecture, making it ideally suited for low-cost, high-
performance Digital Signal Processing (DSP) applications. Typical functions used in these applications are Finite Impulse
Response (FIR) filters, Fast Fourier Transforms (FFT) functions, Correlators, Reed-Solomon/Turbo/Convolution encoders
and decoders. These complex signal processing functions use similar building blocks such as multiply-adders and
multiply-accumulators.

2.8.1. sysDSP Approach Compared to General DSP

Conventional general-purpose DSP chips typically contain one to four Multiply and Accumulate (MAC) units with fixed
data-width multipliers; this leads to limited parallelism and limited throughput. Their throughput is increased by higher
clock speeds. In the CrossLink-NX device family, there are many DSP blocks that can be used to support different data
widths. This allows users to use highly parallel implementations of DSP functions. You can optimize DSP performance
versus area by choosing appropriate levels of parallelism. Figure 2.15 compares the fully serial implementation to the
mixed parallel and serial implementation.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

)
Operand o Operand | __ ___ _____ _ »| Operand
A A A
Operand o Operand | _ _ _ _ _ _ __ _| Operand
—\ B B B
Operand | | Operand
A B
m/k
loops
Single > M loops Multiplier Multiplier
Multiplier 0 K
Accumulator,
_J
Function Implemented in General =
Purpose DSP
accumulate
Output
Function Implemented in
CrossLink-NX

Figure 2.15. Comparison of General DSP and CrossLink-NX Approaches

2.8.2. sysDSP Architecture Features

The CrossLink-NX sysDSP block contains two sysDSP slices. The CrossLink-NX sysDSP Slice has been significantly
enhanced to provide functions needed for advanced processing applications. These enhancements provide improved
flexibility and resource utilization.

The CrossLink-NX sysDSP block (two sysDSP slices) supports many functions that include the following:

Symmetry support. The primary target application is wireless. 1D Symmetry is useful for many applications that
use FIR filters when their coefficients have symmetry or asymmetry characteristics. The main motivation for using
1D symmetry is cost/size optimization. The expected size reduction is up to 2x.

e 0dd Mode - Filter with Odd number of taps

e  Even Mode — Filter with Even number of taps

e Two-dimensional (2D) Symmetry Mode — Supports 2D filters for mainly video applications

Dual-multiplier architecture. Lower accumulator overhead to half and the latency to half compared to single
multiplier architecture.

Fully cascadable DSP across slices. Support for symmetric, asymmetric and non-symmetric filters.

Multiply (36 x 36, two 18 x 36, four 18 x 18 or eight 9 x 9)

Multiply Accumulate (supports one 18 x 36 multiplier result accumulation, two 18 x 18 multiplier result
accumulation or four 9 x 9 multiplier result accumulation)

Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (two 18 x 18
Multiplies feed into an accumulator that can accumulate up to 54 bits)

Pipeline registers

1D Symmetry support. The coefficients of FIR filters have symmetry or negative symmetry characteristics.
e  0dd Mode - Filter with Odd number of taps

e  Even Mode — Filter with Even number of taps
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2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics.

e 3 x3and3x5-Internal DSP Slice support

e 5 x5and larger size 2D blocks — Semi internal DSP Slice support

Flexible saturation and rounding options to satisfy a diverse set of applications situations

Flexible cascading DSP blocks

e  Minimizes fabric use for common DSP functions

e Enables implementation of FIR Filter or similar structures using dedicated sysDSP slice resources only

e  Provides matching pipeline registers

e Can be configured to continue cascading from one row of sysDSP slices to another for longer cascade chains
RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset for legacy users
Dynamic MUX selection to allow Time Division Multiplexing (TDM) of resources for applications that require
processor-like flexibility that enables different functions for each clock cycle

For most cases, as shown in Figure 2.16, the CrossLink-NX sysDSP block is backwards-compatible with the LatticeECP3™
sysDSP block, such that, legacy applications can be targeted to CrossLink-NX sysDSP. Figure 2.16 shows the diagram of
sysDSP block.

Input Input Input Input Input Input Input Input

B1 B1 B1 B1 B1 B1 B1 B1
("Input | Input [ Input | Input [ Input | Input [ Input | Input | Input | Input | Input [ Input | Input ] Input | Input | Input )
(o3 B2 (o3 B2 (o3 B2 C B2 C B2 (o3 B2 (o3 B2 C B2

18 X 36 (CSA) 18 X 36 (CSA)
36 X 36 (CSA)

~ D'd )
REG 18 I REG 18 I REG 18 I REG 18 REG 18 I REG 18 I REG 18 I REG 18
. AN v

ACC54 ACC54

| Output Register I Output Register |

Note : All Registers inside the DSP Block are Bypassable via Configuration Setting

Figure 2.16. DSP Functional Block Diagram

The CrossLink-NX sysDSP block supports the following basic elements.

MULT (Multiply)

MAC (Multiply, Accumulate)

MULTADDSUB (Multiply, Addition/Subtraction)
MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)
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Table 2.5 shows the capabilities of CrossLink-NX sysDSP block versus the above functions.

Table 2.5. Maximum Number of Elements in a sysDSP block

Width of Multiply x9 x18 x36
MULT 8 4 1
MAC 2 2 —
MULTADDSUB 2 2 —
MULTADDSUBSUM 2 2 —

Some options are available in the four elements. The input register in all the elements can be directly loaded or can be
loaded as a shift register from previous operand registers. By selecting dynamic operation, the following operations are
possible:

e Inthe Add/Sub option, the Accumulator can be switched between addition and subtraction on every cycle.
e The loading of operands can switch between parallel and serial operations.

For further information, refer to sysDSP User Guide for Nexus Platform (FPGA-TN-02096).

2.9. Programmable I/0 (PIO)

The programmable logic associated with an I/O is called a PIO. The individual PIO are connected to their respective
sysl/O buffers and pads.

On all CrossLink-NX devices, two adjacent PIO can be combined to provide a complementary output driver pair.

2.10. Programmable I/0 Cell (PIC)

The programmable I/0 cells (PIC) provide 1/0 function and necessary gearing logic associated with PIO. CrossLink-NX
consists of base PIC and gearing PIC.

Base PICs contain three blocks: an input register block, output register block, and tri-state register block. These blocks
contain registers for operating in a variety of modes along with the necessary clock and selection logic. Base PICs cover
the top and left/right bank. Gearing PICs contain gearing logic and edge monitor used for locating the center of data
window. Gearing PICs cover the bottom banks to support DDR operation.
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Figure 2.18. Wide Range Programmable 1/0 Cells
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2.10.1. Input Register Block

The input register blocks for the PIO on all edges contain delay elements and registers that can be used to condition
high-speed interface signals before they are passed to the device core. In addition, the input register blocks for the PIO
on the bottom edges include built-in FIFO logic to interface to DDR and LPDDR memory.

The Input register block on the bottom side includes gearing logic and registers to implement IDDRX1, IDDRX2, IDDRX4,
IDDRXS5 gearing functions. With two PICs sharing the DDR register path, it can also implement the IDDRX71 function
used for 7:1 LVDS interfaces. It uses three sets of registers — shift, update, and transfer to implement gearing and the
clock domain transfer. The first stage registers sample the high-speed input data by the high-speed edge clock on its
rising and falling edges. The second stage registers perform data alignment based on the control signals. The third
stage pipeline registers pass the data to the device core synchronized to the low-speed system clock. For more
information on gearing function, refer to CrossLink-NX High-Speed 1/0 Interface (FPGA-TN-02097).

Input FIFO

The CrossLink-NX PIO has a dedicated input FIFO per single-ended pin for input data register for DDR Memory
interfaces. The FIFO resides before the gearing logic (refer to Figure 2.20). It transfers data from DQS domain to
continuous ECLK domain. On the Write side of the FIFO, it is clocked by DQS clock, which is the delayed version of the
DQS Strobe signal from DDR memory. On the Read side of FIFO, it is clocked by ECLK. ECLK may be any high-speed clock
with identical frequency as DQS (the frequency of the memory chip). Each DQS group has one FIFO control block. It
distributes FIFO read/write pointers to every PIC in same DQS group. DQS Grouping and the DQS Control Block is
described in DDR Memory Support section.

Table 2.6. Input Block Port Description

Name Type Description

D Input High Speed Data Input

Q[1:0]/Q[3:0]/Q[6:0]/Q[7:0]/Q[9:0] Output Low Speed Data to the device core

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

DQS Input Clock from DQS control Block used to clock DDR memory data
ALIGNWD Input Data Alignment signal from device core.

Figure 2.19 shows the input register block for the PIO on the top, left, and right edges.

| > INCK
D Programmable > INFF
Delay Cell
> INFF > Q

A4

SCLK IDDRX1 —» Q[1:0]

RST

vy

Figure 2.19. Input Register Block for PIO on Top, Left, and Right Sides of the Device
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Figure 2.20 shows the input register block for the P10 located on the bottom edge.

‘ P INCK
»
Programmable b
D Delay Cell
» INFF » Q
Generic
IDDRX1
e IDDRX2 Q[1:0y
IDDRX4 Q[3:0y
Delayed DQS ECLK IDDRX5 —» ae:0p/
IDDRX71* Q[7:0y
Q[9:0]
Memory
ECLK
IDDRX2
SCLK IDDRX4
RST
ALIGNWD

*For 7:1 LVDS interface only. Itis required to use PIO pair pins (PIOA/B or PIOC/D).

Figure 2.20. Input Register Block for PIO on Bottom Side of the Device

2.10.2. Output Register Block
The output register block registers signals from the core of the device before they are passed to the sysl/O buffers.

The CrossLink-NX output data path has programmable registers and output gearing logic. On the bottom side, the
output register block can support 1x, 2x, x4, x5, and 7:1 gearing enabling high speed DDR and DDR memory interfaces.
On the top, left, and right sides, the banks support 1x gearing. The CrossLink-NX output data path diagram is shown in
Figure 2.21. The programmable delay cells are also available in the output data path.

For a detailed description of the output register block modes and usage, refer to CrossLink-NX High-Speed I/O Interface
(FPGA-TN-02097).

»
| Programmable >
D > Delay Cell »Q
» OUTFF »
RST »
SCLK > Generic
D[1:0] > ODDRX1

Figure 2.21. Output Register Block on Top, Left, and Right Sides

www.latticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=52783
https://www.latticesemi.com/view_document?document_id=52783

= LATTICE

Programmable
Delay Cell

OUTFF

»

L

»

L

RST »

SCLK »

ECLK »

DQSW »
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Q[6:01*/
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Q[9:0]

Generic
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ODDRX4
ODDRX5
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Memory
ODDRX2
OSHX2
ODDRX4

*For 7:1 LVDS interface only. Itisrequired to use PIO pair pins PIOA/B.

Table 2.7. Output Block Port Desc

Figure 2.22. Output Register Block on Bottom Side

ription

Name Type Description

Q Output High Speed Data Output

D Input Data from core to output SDR register

Q[1:0]/Q[3:0]/Q[6:0]/Q[7:0]/Q[9:0] Input Low Speed Data from device core to output DDR register

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

DQSW Input Clock from DQS control Block used to generate DDR memory DQS output

DQSW270 Input Clock from DQS control Block used to generate DDR memory DQ output
2.11. Tri-state Register Block

The tri-state register block registers tri-state control signals from the core of the device before they are passed to the
sysl/O buffers. The block contains a register for SDR operation. In SDR, the TD input feeds one of the flip-flops that then
feeds the output. In DDR, operations used mainly for DDR memory interfaces can be implemented on the bottom side
of the device. Here, two inputs feed the tri-state registers clocked by both ECLK and SCLK.

Figure 2.23 and Figure 2.24 show the Tri-state Register Block functions on the device. For a detailed description of the
tri-state register block modes and usage, refer to CrossLink-NX High-Speed I/O Interface (FPGA-TN-02097).

TD

—» TQ

»

RST ———»
SCLK ——— b

>

TSFF

Figure 2.23. Tri-state Register Block on Top, Left, and Right Sides
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™ ) —»TQ

> TSFF
RST >
SCLK g
ECLK —— b
THSX2

DQSW ———P
DQSW270 ———P

T[1:.0] —————»

Figure 2.24. Tri-state Register Block on Bottom Side

Table 2.8. Tri-state Block Port Description

Name Type Description

TD Input Tri-state Input to Tri-state SDR Register

RST Input Reset to the Tri-state Block

T[1:0] Input Tri-state input to TSHX2 function

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

DQSW Input Clock from DQS control Block used to generate DDR memory DQS output
DQSW270 Input Clock from DQS control Block used to generate DDR memory DQ output
TQ Output Output of the Tri-state block

2.12. DDR Memory Support

2.12.1. DQS Grouping for DDR Memory

Certain PICs have additional circuitry to allow the implementation of high-speed source synchronous and DDR3/DDR3L,
LPDDR2 memory interfaces. The support varies by the edge of the device as detailed below.

PICs on the bottom side have fully functional elements supporting DDR3/DDR3L, LPDDR2 memory interfaces. Every 16
PIO on the bottom side are grouped into one DQS group, as shown in Figure 2.25. Within each DQS group, there are
two pre-placed pins for DQS and DQS# signals. The rest of the pins in the DQS group can be used as DQ signals and DM
signal. The number of pins in each DQS group bonded out is package dependent. DQS groups with less than 11 pins
bonded out can only be used for LPDDR2/3 Command/ Address busses. In DQS groups with more than 11 pins bonded
out, up to two pre-defined pins are assigned to be used as virtual VCCIO, by driving them high to make extra
connections to the VCCIO power supply. These soft connections to VCCIO help reduce SSO noise. For details, refer to
CrossLink-NX High-Speed I/0 Interface (FPGA-TN-02097).
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Figure 2.25. DQS Grouping on the Bottom Edge

2.12.2. DLL Calibrated DQS Delay and Control Block (DQSBUF)

To support DDR memory interfaces (DDR3/DDR3L, LPDDR2/3), the DQS strobe signal from the memory must be used to
capture the data (DQ) in the PIC registers during memory reads. This signal is output from the DDR memory device
aligned to data transitions and must be time shifted before it can be used to capture data in the PIC. This time shift is
achieved by using the DQSBUF programmable delay line in the DQS Delay Block (DQS read circuit). The DQSBUF is
implemented as a target delay line and works in conjunction with a controller DDRDLL.

This block also includes a target delay line to generate delayed clocks used during writes to generate DQ and DQS with
correct phases within one DQS group. There is a third delay line inside this block used to provide write leveling for DDR
write if needed.

Each of the read and write side delays can be dynamically shifted using margin control signals from the core logic.

The FIFO Control Block included here generates the Read and Write Pointers for the FIFO inside the Input Register
Block. These pointers are generated to control the DQS to ECLK domain crossing using the FIFO module.
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plely
READI[1:0]
READ_CLK_SEL[2:0]

SCLK
ECLK

RD_CODN, RD_DIRECTION, RD_MOVE

WRITE_LEVELING_LOADN
WRITE_LEVELING_DIRECTION
WRITE_LEVELING_MOVE

WR_LOADN, WR_DIRECTION, WR_MOVE

DELAYCODE_|[8:0]
RST

DONE_GWE

GSR

Preamble/Postamble Management

——  » BURST_DET

FIFO Control and Data Valid

I » WRPNTR[2:0]
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(—— p» DATAVALID

——» DQSR90
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Adjustment/Margin Test

Adjustment/Margin Test and Write Leveling

———————  » WR_COUT

—
Slave Delay (WR) with DQSW270

—————» DQSW

I DELAYCODE_O[8:0]

Figure 2.26. DQS Control and Delay Block (DQSBUF)

Table 2.9. DQSBUF Port List Description

Name Type Description

DQS Input DDR memory DQS strobe

READI[1:0] Input Read Input from DDR Controller
READCLKSEL[2:0] Input Read pulse selection

SCLK Input Slow System Clock

ECLK Input High Speed Edge Clock (same frequency as DDR memory)
RDLOADN, RDMOVE, RDDIRECTION Input Dynamic Margin Control ports for Read delay
WRLOADN, WRMOVE, WRDIRECTION Input Dynamic Margin Control ports for Write delay
DELAYCODE_I[8:0] Input Dynamic Delay Control
WRITE_LEVELING_LOADN,

WRITE_LEVELING_DIRECTION, Input Write Leveling Control
WRITE_LEVELING_MOVE

DQSR90 Output 90 delay DQS used for Read

DQSW270 Output 90 delay clock used for DQ Write

DQSW Output Clock used for DQS Write

RDPNTR[2:0] Output Read Pointer for IFIFO module

WRPNTR[2:0] Output Write Pointer for IFIFO module

DATAVALID Output Signal indicating start of valid data

BURSTDET Output Burst Detect indicator

RD_COUT Output Read Count

WR_COUT Output Write Count

DELAYCODE_O[8:0] Output Dynamic Delay Control
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2.13. sysl/O Buffer

Each I/0 is associated with a flexible buffer referred to as a sysl/O buffer. These buffers are arranged around the
periphery of the device in groups referred to as banks. The sysl/O buffers allow users to implement a wide variety of
standards that are found in today’s systems including LVDS, HSUL, SSTL Class | and I, LVCMOQOS, LVTTL, and MIPI.

The CrossLink-NX family contains multiple Programmable 1/0 Cell (PIC) blocks. Each PIC contains two Programmable
1/0, PIOA and PIOB. Each PIO includes a sysl/O buffer and I/0O logic. Two adjacent PIO can be joined to provide a
differential I/O pair referred to as True and Comp, where True Pad is associated with the positive side of the differential
1/0, and the complement with the negative.

The top, left and right-side banks support I/O standards from 1.0 V to 3.3 V while the bottom supports I/O standards
from 1.0 V to 1.8 V. Every pair of I/O on the bottom bank also have a true LVDS and SLVS Tx Driver. In addition, the
bottom bank supports single-ended input termination. Both static and dynamic termination are supported. Dynamic
termination is used to support the DDR/LPDDR interface standards. For more information about DDR implementation
in 1/0 Logic and DDR memory interface support, refer to CrossLink-NX High-Speed I/0 Interface (FPGA-TN-02097).

2.13.1. Supported sysl/O Standards

CrossLink-NX sysl/O buffers support both single-ended differential and differential standards. Single-ended standards
can be further subdivided into internally ratioed standards such as LVCMOS, LVTTL, and externally referenced
standards such as HSUL and SSTL. The buffers support the LVTTL, LVCMOS1.0V,1.2V,1.5V,1.8V,2.5V,and 3.3V
standards. Differential standards supported include LVDS, SLVS, differential LVCMOS, differential SSTL, and differential
HSUL. For better support of video standards, subLVDS and MIPI_D-PHY are also supported. Table 2.10 and Table 2.11
provide a list of sysl/O standards supported in CrossLink-NX devices.

Table 2.10. Single-Ended 1/0 Standards

Standard Input Output Bi-directional
LVTTL33 Yes Yes Yes
LVCMOS33 Yes Yes Yes
LVCMOS25 Yes Yes Yes
LVCMOS18 Yes Yes Yes
LVCMOS15 Yes Yes Yes
LVCMOS12 Yes Yes Yes
LVCMOS10 Yes - —
HTSL15 | Yes Yes Yes
SSTL151 Yes Yes Yes
SSTL 1351 Yes Yes Yes
HSUL12 Yes Yes Yes
LVCMOS18H Yes Yes Yes
LVCMOS15H Yes Yes Yes
LVCMOS12H Yes Yes Yes
LVCMOS10H Yes Yes Yes
LVCMOS10R Yes - Yes!

Note:
1. Output supported by LVCMOS10H.
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Table 2.11. Differential I/O Standards

Standard Input Output Bi-directional
LVDS Yes Yes Yes
SUBLVDS Yes - -
SLVS Yes Yes —
SUBLVDSE — Yes —
SUBLVDSEH — Yes —
LVDSE — Yes —
MIPI_D-PHY Yes Yes Yes
HSTL15D_| Yes Yes Yes
SSTL15D_| Yes Yes Yes
SSTL15D_lI Yes Yes Yes
SSTL135D_| Yes Yes Yes
SSTL135D_lI Yes Yes Yes
HSUL12D Yes Yes Yes
LVTTL33D — Yes —
LVCMOS33D - Yes —
LVCMOS25D — Yes —

2.13.2. sysl/O Banking Scheme

CrossLink-NX devices have up to eight banks in total. For 40K device, there is one bank on top, two banks each at left
and right side of device, and three on the bottom side of device. For 17k device, one bank on top, one on right side and
three on the bottom side of device. The higher density CrossLink-NX device has more pins in each bank. Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7 support up to VCCIO 3.3 V while Bank 3, Bank 4, and Bank 5 support up to VCCIO 1.8 V. In
addition, Bank 3, Bank 4, and Bank 5 support two VREF inputs for flexibility to receive two different referenced input
levels on the same bank. Figure 2.27 shows the location of each bank.

GND
VCCIO(7)

GND
VCCIO(6)

*Note: Bank not available in LIFCL-17.

VCCIO(0)
GND
Bank 0
Bank 7~ Bank 1
Bank 6* Bank 2*
Bank 5 Bank 4 Bank 3
GND GND GND
<<< <<< <<<
QXD OXX OXXD
omm omm omm
SN o3 olg
GG BEE L8e

Figure 2.27. sysl/O Banking

GND
VCCIO(1)

GND
VCCIO(2)

© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-DS-02049-2.4

46


http://www.latticesemi.com/legal

= LATTICE

2.13.3. sysl/O Considerations
Typical sysl/O Behavior During Power-up

The internal Power-On-Reset (POR) signal is deactivated when Vcc, Vecaux, Vecioo, and Vecior have reached satisfactory
levels. After the POR signal is deactivated, the FPGA core logic becomes active. The power supply network must ensure
that all other Vccio banks are active with valid input logic levels to properly control the output logic states of all the I/O
banks that are critical to the application. For more information about controlling the output logic state with valid input
logic levels during power-up in CrossLink-NX devices, see the information and references below.

Ve and Vecaux supply the power to the FPGA core fabric, whereas Vccio supplies power to the 1/0 buffers.

For the different power supply voltage levels by the I/0 banks, refer to the CrossLink-NX High-Speed 1/0 Interface
(FPGA-TN-02097) for detailed information.

The state of WRIO from the time when power is supplied until the POR signal is deactivated is undefined. In
applications where the WRIO must remain at a logic low level during power rail ramp-up and before POR deactivation,
the following options are available’2. No action is required for HPIO banks or signals.

Option 1: Specific power-up sequence:

e Vcco must be applied at least 5 ms after the last of Vcc (min) and Vecaux (min) is achieved.

e All power supplies must meet standard tramp requirements.

e No positive leakage current may be applied to the WRIO during this period.

o No positive hot-socket leakage current may be applied to any WRIO of the same bank during this period.
Option 2: External pull-down resistors and restricted ramp rate:

e Place a 10 kQ or smaller resistor on critical WRIO signals to maintain a static logic low level.

e The corresponding Vcco ramp rate must not exceed 4.4 V/ms.

Notes:

1.  If Vcao bank voltage is 1.2 V, only Option 2 is available.

2.  Dual-function sysCONFIG pins with a default pull-up during configuration are excluded from this guidance. Refer to sysCONFIG
User Guide for Nexus Platform (FPGA-TN-02099) for more information about the default pull mode of dual-function pins.

VREF1 and VREF2

Bank 3, Bank 4, and Bank 5 can support two separate Vger input voltages, Vrer1, and Vrerz. To assign a VREF driver, use
10_Type = VREF1_DRIVER or VREF2_DRIVER. To assign Vger to a buffer, use VREF1_LOAD or VREF2_LOAD.

sysl/O Standards Supported by I/0 Bank

All banks can support multiple I/0 standards under the Vo rules discussed above. Table 2.12 and Table 2.13
summarize the 1/0 standards supported on various sides of the CrossLink-NX device.

Table 2.12. Single-Ended 1/0 Standards Supported on Various Sides

Standard Top Left! Right Bottom

LVTTL33 Yes Yes Yes —
LVCMOS33 Yes Yes Yes —
LVCMOS25 Yes Yes Yes —
LVCMOS18 Yes Yes Yes —
LVCMOS15 Yes Yes Yes —
LVCMOS12 Yes Yes Yes —
LVCMOS10 Yes Yes Yes —
LVCMOS18H — — — Yes
LVCMOS15H — — — Yes
LVCMOS12H — — — Yes
LVCMOS10H — — — Yes
LVCMOS10R - - — Yes

HTSL15 | - - — Yes
SSTL151, 11 — — — Yes
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Standard Top Left! Right Bottom
SSTL 1351, Il — — — Yes
HSUL12 — — — Yes
Note:
1. Left bankis not available in LIFCL-17.
Table 2.13. Differential 1/0 Standards Supported on Various Sides
Standard Top Left! Right Bottom
LVDS — — — Yes
SUBLVDS — — — Yes
SLVS — — — Yes
SUBLVDSE Yes Yes Yes —
SUBLVDSEH — — — Yes
LVDSE Yes Yes Yes —
MIPI_D-PHY — — — Yes
HSTL15D_| — — — Yes
SSTL15D_I — — — Yes
SSTL15D_1I — — — Yes
SSTL135D_| — — — Yes
SSTL135D I — — — Yes
HSUL12D — — — Yes
LVTTL33D Yes Yes Yes —
LVCMOS33D Yes Yes Yes —
LVCMOS25D Yes Yes Yes —

Note:

1. Left bankis not available in LIFCL-17.

Hot Socketing

The CrossLink-NX devices have been carefully designed to ensure predictable behavior during power-up and power-
down. During power-up and power-down sequences, the I/O remain in tri-state until the power supply voltage is high
enough to ensure reliable operation. In addition, leakage into I/O pins is controlled within specified limits. Bank O,
Bank 1, Bank 2, Bank 6, and Bank 7 wide range 1/0O (excluding MCLK/MCSN/MOSI/INITN/DONE) are hot socketable.

Bank 3, Bank 4, and Bank 5 do not support hot socketing.

2.13.4. sysl/0O Buffer Configurations

This section describes the various sysl/O features available on the CrossLink-NX device. Refer to sysl/O User Guide for
Nexus Platform (FPGA-TN-02067) for detailed information.

2.14. Analog Interface

The CrossLink-NX family can provide an analog interface consisting of two Analog Digital (ADC), three continuous time
comparators, and an internal junction temperature monitoring diode. This feature is available in Commercial/Industrial
—8 and -9 speed grades and Automotive —7 speed grade. The two ADCs can operate either sequentially or

simultaneously.

2.14.1. Analog to Digital Converters

The ADC block consists of two Successive Approximation Register (SAR) ADC that works in parallel and sample

simultaneously at a sample rate of up to 1 MSPS.

Each ADC input can be selected among eight GPIO (General Purpose 1/0) input pairs, one designated analog input pair,
and three internal signals used to monitor voltage rails or an internal junction temperature sensing diode. The input
signal can be converted in either uni-polar or bi-polar mode.
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The reference voltage is selectable between the 1.2 V internal reference generator and an external reference. The ADC
can convert up to a 1.8 V input signal with a 1.8 V external reference voltage. The ADC has an auto-calibration function
which calibrates the gain and offset.

2.14.2. Continuous Time Comparators

The continuous-time comparator can be used to monitor a dedicated input pair or a GPIO input pair. The output of the
comparator is provided as continuous and latched outputs.

2.14.3. Internal Junction Temperature Monitoring Diode

On-die junction temperature can be monitored using the internal junction temperature monitoring diode. The PTAT
(proportional to absolute temperature) diode voltage can be monitored by the ADC to provide a digital temperature
readout. Refer to ADC User Guide for Nexus Platform (FPGA-TN-02129) for more details.

2.15. IEEE 1149.1-Compliant Boundary Scan Testability

All CrossLink-NX devices contain various ports that can be used for configuration, including a Test Access Port (TAP).
This allows functional testing of the circuit board on which the device is mounted through a serial scan path that can
access all critical logic nodes. Internal registers are linked internally, allowing test data to be shifted in and loaded
directly onto test nodes, or test data to be captured and shifted out for verification. The test access port consists of
dedicated I/O: TDI, TDO, TCK, and TMS. The test access port uses VCCIO1 for power supply. The test access port is
supported for VCCI0O1=1.8V-3.3 V.

For more information, refer to sysCONFIG User Guide for Nexus Platform (FPGA-TN-02099).

2.16. Device Configuration

All CrossLink-NX devices contain two ports that can be used for device configuration. The Test Access Port (TAP), which
supports bit-wide configuration, and the sysCONFIG port, support serial, quad, and byte configuration. The TAP
supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532 In-System
Configuration specification. JTAG_EN is the only dedicated configuration pin. PPROGRAMN/INITN/DONE are enabled by
default, but can be turned into GPIO. The remaining sysCONFIG pins are used as dual function pins. Refer to sysCONFIG
User Guide for Nexus Platform (FPGA-TN-02099) for more information about using the dual-use pins as general
purpose I/0.

There are various ways to configure a CrossLink-NX device:

e JTAG (TAP)

e  Controller Serial Peripheral Interface (SPI) — to load from external SPI flash using x1, x2, or x4 (QSPI) interfaces.

e Inter-Integrated Circuit Bus (12C)

e Improved Inter-Integrated Circuit Bus (13C)

e Target SPI from a system host

e Lattice Memory Mapped Interface (LMMI), refer to sysl/O User Guide for Nexus Platform (FPGA-TN-02067) for
more details.

e JTAG, SSPI, MSPI, 12C, and I3C are supported for VCCIO=1.8V-3.3V

On power-up, based on the voltage level (high or low) of the PROGRAMN pin, the FPGA SRAM is configured by the
appropriate sysCONFIG port. If PROGRAMN pin is low, the FPGA is in Targt configuration mode (Target SPI, Target 12C
or Target 13C) and is waiting for the correct Target Configuration port activation key. The PROGRAMN signal must be
held low for a minimum of 50 ns following the last activation clock edge. If no target port is declared active before the
PROGRAMN pin is sensed HIGH, the FPGA is in Contoller SPI booting mode. In Controller SPI booting mode, the FPGA
boots from an external SPI flash. Once a configuration port is activated, it remains active throughout that configuration
cycle. The IEEE 1149.1 port can be activated any time after power-up by enabling the JTAG_EN pin and sending the
appropriate command through the TAP port.
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2.16.1. Enhanced Configuration Options

CrossLink-NX devices have enhanced configuration features such as:
e Early /O release

e  Bitstream Decryption

e Decompression Support

e  Watchdog Timer support

e  Dual and Multi-boot image support

Early I/O Release is a new configuration feature in which certain 1/0 banks are released earlier so that customer
systems have minimal disruption. For more details, refer to sysCONFIG User Guide for Nexus Platform (FPGA-TN-
02099).

Watchdog Timer is a new configuration feature that helps users add a programmable timer option for timeout
applications.

Dual-Boot and Multi-Boot Image Support

Dual-boot and multi-boot images are supported for applications requiring reliable remote updates of configuration
data for the system FPGA. After the system is running with a basic configuration, a new boot image can be downloaded
remotely and stored in a separate location in the configuration storage device. Any time after the update the CrossLink-
NX devices can be re-booted from this new configuration file. If there is a problem, such as corrupt data during
download or incorrect version number with this new boot image, the CrossLink-NX device can revert to the original
backup golden configuration and try again. This all can be done without power cycling the system. For more
information, refer to sysCONFIG User Guide for Nexus Platform (FPGA-TN-02099).

2.17. Single Event Upset (SEU) Handling

CrossLink-NX devices are unique in that the underlying technology used to build these devices is much more robust and
less prone to soft errors.

CrossLink-NX devices have an improved, hardware implemented, Soft Error Detection (SED) circuit which can be used
to detect SRAM errors so they can be corrected. There are two layers of SED implemented in CrossLink-NX making it
more robust and reliable.

The SED hardware in CrossLink-NX devices is part of the Configuration block. The SED module in CrossLink-NX is an
enhanced version as compared to the SED modules implemented in other Lattice devices. The configuration data is
divided into frames so that the entire FPGA can be programmed precisely with ease. The SED hardware reads data
from the FPGAs configuration memory and performs an Error Correcting Code (ECC) calculation on every frame of
configuration data (see Figure 2.1). Once an error is detected, a notification is generated and SED resumes operation.
For single bit errors, the corrected value is rewritten to the particular frame using ECC information. If more than one-bit
error is detected within one frame of configuration data, an error message is generated. CrossLink-NX devices also
have dedicated logic to perform Cycle Redundancy Code (CRC) checks for the entire bitstream, which runs in parallel
along with ECC.

After the ECC is calculated on all frames of configuration data, CRC is calculated and checked for the entire bitstream.
ECC and CRC checks do not include the contents of RAMs (EBR, Large RAM, and distributed RAM).

For further information on SED support, refer to Soft Error Detection (SED)/Correction (SEC) User Guide for Nexus
Platform (FPGA-TN-02076).

2.18. On-Chip Oscillator

The CrossLink-NX device features two on board oscillators. Both Oscillators are controlled with internally generated
current.

The Low Frequency Oscillator (LFOSC) is tailored for low power operation and runs at a nominal frequency of 32 kHz.
The LFOSC always runs and can be used to perform always on functions with the lowest possible power. The High
Frequency Oscillator (HFOSC) runs at a nominal frequency of 450 MHz, but can be divided down to a range of 1.7578
MHz to 225 MHz by user attributes.
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2.19. UserIi2CIP

The CrossLink-NX device has one hard 12C interface, which can be configured either as a controller (master) or a target
(responder). The pins for the 12C interface are pre-assigned.

The interface core has the option to delay the either the input or the output data (SDA), or both, by 50 ns nominal,
using dedicated on-chip delay elements. This provides an easier interface to any external 12C components. In addition,
50 ns glitch filters are available for both SDA and SCL.

When the IP interface is configured as controller (master), it is able to control other devices on the 12C bus through the
pre-assigned pins. When the core is configured as a target/responder (slave) , the device is able to provide, for
example, 1/0 expansion to an 12C controller (master). The 12C core supports the following functionality:

e Controller (master) and Target/Responder (slave) operation

e 7-bit and 10-bit addressing

e  Multi-controller (master) arbitration support

e  Clock stretching

e Upto 1 MHz data transfer speed (Standard-Mode, Fast-Mode, Fast-Mode Plus)
e  General Call support

e Optional receive and transmit data FIFOs with programmable sizes

e  Optionally 50 ns delay on input or output data (SDA), or both

e Hard-Connection and Programmable I/O Connection Support

e Programmable to a mode compliant with I3C requirements on legacy |12C Target Devices.
e  Fast-Mode and Fast-Mode Plus Support

e Disabled Clock Stretching

e 50 ns SCL and SDA Glitch Filters

e  Programmable 7-bit Address

For further information on the User 12C, refer to 12C Hardened IP User Guide for Nexus Platform (FPGA-TN-02142).

2.20. Trace ID

Each CrossLink-NX device contains a unique (per device) TracelD that can be used for tracking purposes or for IP
security applications. The TracelD is 64 bits long. Eight out of 64 bits are user-programmable, the remaining 56 bits are
factory-programmed. The TracelD is accessible through the SPI, 12C, or JTAG interfaces. For further information on
TracelD, refer to Using TracelD (FPGA-TN-02084).

2.21. Density Shifting

The CrossLink-NX family is designed to ensure that different density devices in the same family and in the same
package have the same pinout. Furthermore, the architecture ensures a high success rate when performing design
migration from lower density devices to higher density devices. In many cases, it is also possible to shift a low
utilization design targeted for a high-density device to a lower density device. However, the exact details of the final
resource utilization impact the likelihood of success in each case. An example is that some user I/O may become No
Connects in smaller devices in the same package. Refer to the CrossLink-NX Pin Migration Tables and Lattice Radiant
software for specific restrictions and limitations.
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2.22. MIPI D-PHY Blocks

The top side of the device includes two hardened MIPI D-PHYs. The hardened D-PHY can be configured to support
either Camera Serial Interface (CSI-2) or Display Serial Interface (DSI) applications as either transmitter or receiver.
Below is a summary of the features supported by the hardened D-PHYs.

e  Transmit and receive compliant to the MIPI Alliance D-PHY specification version 1.2

e High-Speed (HS) and Low-Power (LP) mode support (including build-in contention detection)

e Supports continuous clock mode or low power (non-continuous) clock mode

e Upto 10 Gbps per D-PHY (2,500 Mbps data rate per lane)

e  Supports up to four data lanes and one clock lane per hardened D-PHY

CrossLink-NX’s programmable 1/0 can also be configured as soft MIPI D-PHYs. The soft D-PHY can be configured to
support either Camera Serial Interface (CSI-2) or Display Serial Interface (DSI) applications as either transmitter or
receiver. Below is a summary of the features supported by the soft D-PHY.

e Transmit and receive compatible to the MIPI Alliance D-PHY specification version 1.1

e High-Speed (HS) and Low-Power (LP) mode support (does not support contention detection)

e  Supports continuous clock mode or low power (non-continuous) clock mode

e Up to 6 Gbps per port (1,500 Mbps data rate per lane) in 121 csfBGA package

e Upto 5 Gbps per port (1,250 Mbps data rate per lane) in other packages

e  Supports up to four data lanes and one clock lane per port

2.23. Peripheral Component Interconnect Express (PCle)

The CrossLink-NX-40 Device features one lane of hardened PCle on the top side of the device. The PCle block
implements all three layers defined by the PCI Express Specification: Physical, Data Link, and Transaction as shown in
Figure 2.28. Below is a summary of the features supported by the PCle block:

e Gen 1 (2.5 Gbps) and Gen 2 (5.0 Gbps) speed

e PCle Express Base Specification 3.0 compliant including compliance with earlier PCl Express Specifications
e Multi-function support with up to four physical functions

e Endpoint

e Type 0 Configuration Registers in Endpoint Mode

e Complete Error-Handling Support

e 32-bit Core Data Width

e Many power management features including power budgeting

PCI Express Core

PHY TX
Tx
Tx
Tx VCO_TX

_ PHY | E:f:]ts @ Trans  (EEEm—

Layer Layer

Layer

Rx Rx

Data Rx VCO_RX
I v D0 ) o e—

Layer
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PHY RX

PHY Interface (PIPE)

owpr
1 | Erro Reporting (AER)
‘ CLK, CONFIGURATION, AND MANAGEMENT |

LMMI

‘ CONFIGURATION REGISTERS |

Figure 2.28. PCle Core
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The hardened PCle block can be instantiated with the primitive PCle through Lattice Radiant software however, it is not
recommended to directly instantiate the PCle primitive itself. It is highly recommended to generate the PCle Endpoint
Soft IP through the Radiant IP Catalog and IP Block Wizard instead. In Figure 2.29, the PCle core is configured as an
Endpoint using a soft IP wrapper that provides useful functions such as bridging support for bus interfaces and DMA
applications. In addition to the standard Transaction Layer Packet (TLP) interface, the data interface can also be
configured to be AXI4 or AHB-Lite as well. The PCle hardened block also features a register interface for LMMI and User
Configuration Space Register Interface (UCFG). The PCle block has many registers which contain information about the
current status of the PCle block as well as the capability to dynamically switch PCle settings. One easy way to access
these registers is through the Reveal Controller Tool.

For more information about the PCle soft IP, refer to the PCle Endpoint IP Core (FPGA-IPUG-02091) document.

Top
Soft Logic PCle Hard IP xp_i/
AHB-Lite| RxTLP rxpn_i
/AXI-4 = b
- TXTLP
txp_o/
txpn_o
AHB-Lite ‘LMML .
/APB il reficlkp_i/
- UCEG refclkn_i

Figure 2.29. PCle Soft IP Wrapper

2.24. Cryptographic Engine

The CrossLink-NX family of devices support several cryptographic features that helps customer secure their design.
Some of the key cryptographic features include Advanced Encryption Standard (AES), Hashing Algorithms and True
Random Number Generator (TRNG). The CrossLink-NX device also features bitstream encryption (using AES-256), used
for protecting confidential FPGA bitstream data, and bitstream authentication (using ECDSA), which maintains
bitstream integrity and protects the FPGA design bitstream from copying and tampering.

The Cryptographic Engine (CRE) is the main engine, which is responsible for the bitstream encryption as well as
authentication of the CrossLink-NX device. Once the bitstream is authenticated and the device is ready for user
functions, the CRE is available for users to implement various cryptographic functions in the FPGA design. To enable
specific cryptographic function, the CRE has to be configured by setting a few registers.

The Cryptographic Engine supports the below user-mode features:

e True Random Number generator (TRNG)

e Secure Hashing Algorithm (SHA)-256 bit

e Message Authentication Codes (MACs) — HMAC

e Lattice Memory Mapped Interface (LMMI) interface to user logic

e High Speed Port (HSP) for FIFO-based streaming data transfer
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Cryptographic Engine (CRE)
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Figure 2.30. Cryptographic Engine Block Diagram
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3. DC and Switching Characteristics for Commercial and
Industrial

All specifications in this Chapter are characterized within recommended operating conditions unless otherwise

specified.

3.1. Absolute Maximum Ratings

Table 3.1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vee, Vececik Supply voltage -0.5 1.10 \Y
Veeaux, Vecauxa,
Veeauxns, VecauxHa, Supply voltage -0.5 1.98 \Y
VecauxHs
Vcaioo, 1,2, 6,7 1/0 supply voltage -0.5 3.63 \Y
Vccios, 4, 5 1/0 supply voltage -0.5 1.98 v
VeepL_ppHyo, 1 Hardened D-PHY PLL supply voltage -0.5 1.10 \Y
VeepLLsbo SERDES block PLL supply voltage -0.5 1.98 Vv
Veea pphvo, 1 Analog supply voltage for hardened D-PHY -0.5 1.98 \
Vee_pphvo, 1 Digital supply voltage for hardened D-PHY -0.5 1.10 \Y
Vcespo SERDES supply voltage -0.5 1.10 Vv
Vceancis ADC block 1.8 V supply voltage -0.5 1.98 \Y
Veeauxsp SERDES and AUX supply voltage -0.5 1.98 \Y
1/0 voltage applied to Bank 0, Bank 1, Bank 2,
- B/ank 6, agnd BpaF:\k 7 0> 3.63 v
— I/0 voltage applied to Bank 3, Bank 4, and Bank 5 -0.5 1.98 \Y
— Voltage applied on SERDES pins -0.5 1.98 \Y
Ta Storage temperature (ambient) -65 +150 °C
T, Junction temperature - +125 °C
Notes:

e  Exceeding the Absolute Maximum Ratings may result in permanent device damage. Functional operation of the device at these

or any other conditions above those indicated in the operational sections of this specification is not implied.

e  Compliance with the Lattice Thermal Management (FPGA-TN-02044) document is required.

e  Allvoltages are referenced to GND.
o All Vccaux should be connected to PCB.
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3.2.

Recommended Operating Conditions? %3

Table 3.2. Recommended Operating Conditions

Symbol Parameter Conditions Min Typ. Max Unit
Vee, Vececik Core supply voltage Vec=1.0 0.95 1.00 1.05 Vv
. Bank 0, Bank 1, Bank 2, Bank 6,
Veeaux Auxiliary supply voltage and Bank 7 1.746 1.80 1.89 Vv
VceauxHs/ass Auxiliary supply voltage Bank 3, Bank 4, and Bank 5 1.746 1.80 1.89 Vv
Vecauxa Auxiliary supply voltage for | _ 1746 | 1.80 1.89 v
core logic
Vcc|o =3.3 V, Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7 3.135 3.30 3.465 v
Vcc|o =2.5 V, Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7 2.375 2.50 2.625 v
Vcao = 1.8V, All Banks 1.71 1.80 1.89 \%
Vcao 1/0 driver supply voltage Vcao = 1.5V, All Banks* 1.425 1.50 1.575 Vv
Vceao = 1.35 V, All Banks (For
DDR3L only) 1.2825 1.35 1.4175 \'
Vcao = 1.2 V, All Banks* 1.14 1.20 1.26 \'
Vcc|o= 1.0 V, Bank 3, Bank 4, 0.95 1.00 1.05 v
and Bank 5
D-PHY External Power Supplies
Veea_p-pHy D-PHY analog power — 1.71 1.80 1.89 \Y;
- supply
Vee p-pHy D-PHY digital power supply | — 0.95 1.00 1.05 Vv
VeepuL_p-pHY D-PHY PLL power supply — 0.95 1.00 1.05 \
ADC External Power Supplies
Vceapcis ADC 1.8 V power supply — 1.71 1.80 1.89 \"
SERDES Block External Power Supplies
Supply voltage for SERDES
Vewsno block and SERDES I/O 0.95 1.00 1.05 v
Veepiisoo SERDES block PLL supply . 171 1.80 1.89 v
voltage
Vecasso SERDES block auxiliary . 171 1.80 1.89 v
supply voltage
Operating Temperature
ticom Junction t.emperatlfre, _ 0 _ 85 oc
commercial operation
o %unct|o.n temperéture, . _40 . 100 o
industrial operation
Notes:

1. For correct operation, all supplies must be held in their valid operation voltage range.
2. All supplies with the same voltage should be from the same voltage source. Proper isolation filters are needed to properly

isolate noise from each other.
3. Common supply rails must be tied together except SERDES.
4. MSPI (Bank 0) and JTAG, SSPI, 12C, and 13C (Bank 1) ports support Vccpo levels from 1.8 Vto 3.3 V.
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3.3. Power Supply Ramp Rates

Table 3.3. Power Supply Ramp Rates

Symbol Parameter Min Typ Max Unit
tramp Power supply ramp rates for all supplies 23 0.1 — 50 V/ms
Notes:

1. Assume a monotonic ramp rates.

2. All supplies need to be in the operating range as defined in the Recommended Operating Conditions1, when the device has
completed configuration and entering user mode. Supplies that are not in the operating range need to be adjusted to faster
ramp rate, or you must delay the configuration or wake up.

3. When WRIO must remain at a logic low level during power rail ramp-up, and Vccio is not sequenced last, the corresponding Vccio
tramp Must be 4.4 V/ms or less. Refer to the sysl/O Considerations section for more information.

3.4. Power up Sequence

Power-On-Reset (POR) puts the CrossLink-NX device into a reset state. There is no power up sequence required for the
CrossLink-NX device.

In applications where the WRIO must remain at a logic low level during power rail ramp-up and before POR
deactivation, refer to the sysl/O Considerations section.

Note: Dual-function sysCONFIG pins with configuration phase pull-up resistors will transition high during this period
and are excluded from this guidance. Refer to the sysCONFIG Pins section of the sysCONFIG User Guide for Nexus
Platform (FPGA-TN-02099) for the complete list of dual-function sysCONFIG pins.

Table 3.4. Power-On Reset

Symbol Parameter Min Typ Max Unit
Power-On-Reset ramp-up trip point Vee 0.73 - 0.83 v
Vpeorup (Monitoring Vcc, Veeaux, Vecioo, and Veeaux 1.34 — 1.71 \Y
Vecior) Veaioo,Vecion 0.89 - 1.05 v
v Power-On-Reset ramp-down trip Vee 0.51 — 0.81 \
PORON point (Monitoring Vec and Vecaux) | Vecaux 1.38 — 1.54 v

3.5. On-Chip Programmable Termination

The CrossLink-NX devices support a variety of programmable on-chip terminations options, including:
o  Dynamically switchable Single-Ended termination with programmable resistor values of 40 Q, 50 Q, 60 Q, or 75 Q.
e Common mode termination of 100 Q for differential inputs.

Vcao Zo=50

Z0=400,50Q, 60 Q, or 75 Q contra
to Vecio /2

| 20 (—]
Zo

i
I |
il h !
VREF ﬁi : \ 20 O—1

_OFF-chip | oONchip (OFF-chip | _ON-chip

A

Parallel Single-Ended Input Differential Input

Figure 3.1. On-Chip Termination

See Table 3.5 for termination options for input modes.
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10_TYPE Differential Termination Resistor®- 2 Terminate to Vccio/2% 2
subLVDS 100, OFF OFF

SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
HSTL15D_| 100, OFF OFF
SSTL15D_| 100, OFF OFF
SSTL135D_| 100, OFF OFF
HSUL12D 100, OFF OFF
LVCMOS15H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
LVCMOS18H OFF OFF, 40, 50, 60, 75
HSTL15_1 OFF 50
SSTL15_| OFF OFF, 40, 50, 60, 75
SSTL135_| OFF OFF, 40, 50, 60, 75
HSUL12 OFF OFF, 40, 50, 60, 75

Notes:

1. Terminate to Vccio/2 (single-ended) and Differential Termination Resistor when enabled, can only have one setting per bank.
This feature is available only on the left and right banks.
2. Use of Terminate to Vccio/2 and Differential Termination Resistor are mutually exclusive in an I/O bank. The on-chip termination
tolerance is —10% to +60%.

Refer to the sysl/O User Guide for Nexus Platform (FPGA-TN-02067) for the on-chip termination usage and value

ranges.
3.6. Hot Socketing Specifications
Table 3.6. Hot Socketing Specifications for GPIO
Symbol Parameter Condition Min Typ Max Unit
Input or I/0 leakage current for 0 < Vin < Vig(max)
Wide Range 1/0 (excluding 0 < Vcc < Vee(max)
lox MCLK/MCSN/MOSI/INITN/DONE) | 0 < Vo < Voo (max) -5 - 15 mA
0 < Veeaux < Vecaux (max)
Notes:

o Ipkis additive to lpu, lpp, OF lgy.

e  Hot socketing specifications are defined at a device junction temperature of 85 °C or below. When the device junction
temperature is above 85°C, the Ip current can exceed the above specification.
e  Exceeding the hot-socketing limits specified here can increase leakage current and can lead to potential reliability issues. A total
of 64 mA per eight I/O pins should not be exceeded.

3.7.

ESD Performance

Refer to the CrossLink-NX Product Family Qualification Summary for the complete commercial and industrial grade
qualification data, including ESD performance.
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3.8. DC Electrical Characteristics

Table 3.7. DC Electrical Characteristics — Wide Range

Symbol | Parameter Condition Min Typ Max Unit

Input or I/O leakage current
! <V < — _

hu (commercial/industrial) 0 Vin < Veeo 10 WA

Ii? Input or I/O leakage current Vecio € Vin € Vi (max) — — 100 uA

oy I/O weak pull-up resistor 0 < Vi £0.7 % Veuo -30 _ -150 pA
current

oo 1/0 weak pull-down resistor Vi (max) < Vin < Veao 30 _ 150 HA
current

IgHLs Bus hold low sustaining current Vin = Vi (max) 30 — — pA

IBHHS Bus hold high sustaining current | V\y=0.7 X Vccio -30 — — UA

IHLO Bus hold low overdrive current 0 < VN £ Veao — — 150 MA

laHHo Bus hold high overdrive current | 0<Viy < Vccio — — -150 MA

Veur Bus hold trip points — ViL(max) — Vix (min) \"

Notes:

1. Inputorl/O leakage current is measured with the pin configured as an input or as an |/O with the output tri-stated. The bus
maintenance circuits are disabled.
2. The input leakage current Iy is the worst-case input leakage per GPIO when the pad signal is high and exceeds the bank Vccio.
This condition is considered a mixed-mode input.

Table 3.8. DC Electrical Characteristics — High Performance

Symbol Parameter Condition Min Typ Max Unit
I, it Input or I/0O leakage current 0 < VN £ Veao — — 10 UHA
lpu I/0 weak pull-up resistor current | 0<Viy<0.7 X Vcco -30 — -150 UA
o 'l:/uC:r\gE:k pull-down resistor Vi (Max) < Vin € Veao 30 _ 150 WA
lgmis Bus hold low sustaining current Vin = Vi (max) 30 — — MHA
IBHHS Bus hold high sustaining current Vin=0.7 x Vceo -30 — — HA
IsHLo Bus hold low overdrive current 0<Vin<Veao — — 150 HA
IBHHO Bus hold high overdrive current 0 < VN £ Veao — — -150 HA
Veut Bus hold trip points — (rr\1/:|¢1Lx) — Vi (min) Vv
Note:

1. Inputorl/O leakage current is measured with the pin configured as an input or as an |/O with the output tri-stated. The bus
maintenance circuits are disabled.

Table 3.9. Capacitors — Wide Range

Symbol Parameter Condition Min Typ Max Unit
Veao=3.3V,25V,1.8V,1.5V, 1.2V
Cit I/O capacitance? Ve = typ. - 6 - pF
Viog=0toVceo+0.2V
. _ . . . Veao=3.3V,25V,1.8V,1.5V, 1.2V
C, Dedicated input capacitance Vee= typ., Vio = 0to Veao + 0.2V — 6 — pF
Note:

1. Ta25°C, f=1.0MHz
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Table 3.10. Capacitors — High Performance

Symbol Parameter Condition Min Typ Max Unit
Vecio=1.8V,1.5V,1.2V
oh I/O capacitance® Vee = typ. — 6 — oF
Vi0 =010 Veeo + 0.2V
Veao=1.8V, 15V, 1.2V
Ct Dedicated input capacitance! Vee = typ. - 6 - pF
Vio=01t0 Vceo + 0.2V
Veea_p-pry=1.8V
(o D-PHY 1/O capacitance Ve = typ. — 5 _ pF
Vip=01t0 Veea ppry + 0.2V
Veespo=1.0V
Cit SERDES I/0 capacitance Ve = typ. — 5 — pF
Vio= 010 Veespg+ 0.2V
Note:
1. Ta25°C, f=1.0 MHz
Table 3.11. Single Ended Input Hysteresis — Wide Range
10_TYPE VCCIO TYP Hysteresis
LVCMOS33 3.3V 250 mV
LVCMOS25 3.3V 200 mV
25V 250 mV
LVCMOS18 1.8V 180 mV
LVCMOS15 15V 50 mV
LVCMOS12 1.2V 0
LVCMOS10 1.2V 0
Table 3.12. Single Ended Input Hysteresis — High Performance
I0_TYPE VCcCio TYP Hysteresis
LVCMOS18H 1.8V 180 mV
LVCMOS15H 18V >0 mv
15V 150 mV
LVCMOS12H 1.2V 0
LVCMOS10H 10V 0
MIPI-LP-RX 1.2V >25 mV

3.9. Supply Currents

For estimating and calculating current, use the power calculator in the Lattice Design Software.

This operating and peak current is design dependent and can be calculated in the Lattice Design software. Some blocks
can be placed into low current standby modes. Refer to the Power Management and Calculation for CrossLink-NX
Devices (FPGA-TN-02075).
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3.10. sysl/O Recommended Operating Conditions

Table 3.13. sysl/O Recommended Operating Conditions

Standard Support Banks Veao (Input) Veao (Output)
Typ. Typ.
Single-Ended
LVCMOS33 0,1,2,6,7 3.3 3.3
LVTTL33 0,1,2,6,7 3.3 3.3
LVCMOS25" 2 0,1,2,6,7 25,33 2.5
LVCMOS18" 2 0,1,2,6,7 1.2,1.5,1.8,2.5,3.3 1.8
LVCMOS18H 3,4,5 1.8 1.8
LVCMOS15" 2 0,12,6,7 1.2,1.5,1.8,2.5,3.3 1.5
LVCMOS15H’ 3,4,5 1.5,1.8 1.5
LVCMOS12" 2 0,1,2,6,7 1.2,1.5,1.8,25,3.3 1.2
LVCMOS12H' 3,4,5 1.2,1.357,1.5,1.8 1.2
LVCMOS10' 0,1,2,6,7 1.2,1.5,1.8,2.5,3.3 —
LVCMOS10H' 3,4,5 1.0,1.2,1.357,1.5,1.8 1.0
LVCMOS10R’ 3,4,5 1.0,1.2,1.357,1.5,1.8 —
SSTL135_I, SSTL135_II3 3,4,5 1.357 1.35
SSTL15_I, SSTL15_1I3 3,4,5 1.58 1.58
HSTL15_I3 3,4,5 1.58 1.58
HSUL123 3,4,5 1.2 1.2
MIPI D-PHY LP Input® 3,4,5 1.2 1.2
Differential®
LVDS 3,4,5 1.2,1.35,15,1.8 1.8
LVDSE® 0,126,7 — 2.5
subLVDS 3,4,5 1.2,1.35,1.5,1.8 —
subLVDSE® 0,126,7 — 1.8
subLVDSEH® 3,4,5 — 1.8
SLVS®é 3,4,5 1.0,1.2,1.357,1.5,1.8* 1.2,1.357,15,1.84
MIPI D-PHY® 3,4,5 1.2 1.2
LVCMOS33D? 0,1,2,6,7 — 33
LVTTL33D? 0,126,7 — 3.3
LVCMOS25D° 0,12,6,7 — 2.5
SSTL135D_|, SSTL135D_II° 3,4,5 — 1.357
SSTL15D_I, SSTL15D_II° 3,4,5 — 1.5
HSTL15D_I° 3,4,5 — 1.5
HSUL12D® 3,4,5 — 1.2
Notes:

1. Single-ended input can mix into /O banks with a Vccio that differs from the required standard because some input standards
use an internal supply voltage source (Vcc, Vecaux) to power the input buffer, which makes them independent of the Vccio
voltage. For more details, refer to the sysl/O User Guide for Nexus Platform (FPGA-TN-02067). The following guidelines should
be followed:

a. Weak pull-up on the I/O must be set to OFF.

b. Bank 3, Bank 4, and Bank 5 I/O can only mix into banks with a Vccio greater than or equal to the pin standard due to the
presence of a clamping diode on the pin in these banks. Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 do not have this
restriction.

c. LVCMOS25 uses the Vo supply for the input buffer in Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7. It can be supported
with Vceo = 3.3 V to meet Vi and V. requirements, but this configuration draws additional current on Vccio. Hysteresis
must be disabled when using a 3.3 V supply voltage.

d. LVCMOSI15 uses the Vcco supply for the input buffer in Bank 3, Bank 4, and Bank 5. It can be supported with Vccio = 1.8 V to
meet Vi3 and V_requirements, but this configuration draws additional current on Vccpo.
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Single-ended LVCMOS inputs can mix into I/0 banks with a different Vccio, providing that the weak pull-up is not used.

For additional information on mixed I/0 in bank Vcco, refer to the sysl/O User Guide for Nexus Platform (FPGA-TN-02067).
These inputs use differential input comparator in Bank 3, Bank 4, and Bank 5. The differential input comparator uses Vccauxu
power supply. These inputs require the Vger pin to provide the reference voltage in the bank. Refer to the sysl/O User Guide for
Nexus Platform (FPGA-TN-02067) for details.

All differential inputs use differential input comparator in Bank 3, Bank 4, and Bank 5. The differential input comparator uses
Vceauxn power supply. There is no differential input signaling supported in Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7.

These outputs emulate a differential output pair by using single-ended output drivers that provide true and complement
outputs to the corresponding true and complement pins. The common-mode voltage (Vcm) is % x Vccio. Refer to the sysl/O User
Guide for Nexus Platform (FPGA-TN-02067) for details.

Soft MIPI D-PHY HS using sysl/O is supported with SLVS input and output that can be placed in banks with Vccio voltage shown
in the SLVS specification. D-PHY with both HS and LP modes must be placed in banks with a Vo voltage = 1.2 V. Soft MIPI
D-PHY LP input and output using sysl/O are supported with LVCMOS12.

Vcao = 1.35 Vis only supported in Bank 3, Bank 4, and Bank 5 for use with the DDR3L interface in those banks. These input and
output standards can be placed in the same bank when V¢co=1.35 V.

LVCMOS15 inputs uses the Vccio supply voltage. If Ve is 1.8 V, the DC levels for LVCMOS15 are still met, but input buffer
current may increase.

3.11. sysl/O Single-Ended DC Electrical Characteristics

Table 3.14. sysl/O DC Electrical Characteristics — Wide Range 1/0

Input/Output Vi Vin VoL Max Vou Min
loL(mA lon(mA
Standard? Min (V) Max (V) Min (V) Max (V) (V) (v) ol(mA) on(mA)
-2,-4,-8
LVTTL33 2,4,8,12 , 4, 5,
— 0.8 2.0 3.465*% 0.4 Veeo— 0.4 t -12,-16
16, 50RS? P
LVCMOS33 50RS?
2,4,8,10 -2,-4,-8
— . . 4654 . Vceio— 0.45 e Lo
LVCMOS25 0.7 1.7 3.465 0.4 cclo 50RS3 10, 50RS?
3.465*% 2,4,8 -2,-4,-8
— 0.35xV 0.65 x V, . Vceio— 0.45 el ro
LVCMOS18 cclo cclo 0.4 cclo 50RS3 50RS?
LVCMOS15 —_ 0.35 x VCCIO 0.65 x VCCIO 34654 0.4 VCCIO -04 2, 4 —2, -4
LVCMOS12 — 0.35 x Vcc|o 0.65 x Vcc|o 34654 0.4 Vcc|o -0.4 2, 4 —2, -4
LVCMOS10 — 0.35x Vo | 0.65% Vo 3.465*% No output support
Notes:

1. For electromigration, the average DC current drawn by the 1/0 pads within an I/O bank must not exceed an average of 10 mA

per 1/0.

2. Forinformation on the types of I/O standards supported in each bank, refer to the sysl/O User Guide for Nexus Platform (FPGA-

TN-02067).

3. Selecting 50RS for driver strength configures a 50 Q series impedance driver.
4. Viy(max) for inputs in these banks (Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7) can reach 3.465 V if the input clamp is OFF.
Otherwise, the input must not exceed Vcco+ 0.3V
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Table 3.15. sysl/O DC Electrical Characteristics — High Performance 1/0

Input/Output Vi Viu VoL Max Vou Min
loL (MA lon (MA
Standard? Min (V) Max (V) Min (V) Max (V) V) v) oL (mA) on (MA)
2,4,8
Vv + L _21 _4I _81
LVCMOS18H - 035xVecio | 065 Veaio cclo 0.4 Vecio—0.45 12,
0.3 3 -12, 50RS?
50RS
Veao + 2,4,8 -2,-4,-8
— 0.35xV 0.65 x V, i V, -0.4 7S [
LVCMOS15H ccio ccio 03 0.4 ccio SORS3 50RG?
Veao + 2,4,8 -2,-4,-8
— 0.35xV 0.65 x V, i V, -0.4 7S [
LVCMOS12H ccio ccio 03 0.4 ccio SORS3 50RG?
V, + 0.27 x
LVCMOS10H — 0.35%Vego | 0.65x Vego cco 0.75 x Vecio 2,4 -2,-4
0.3 Vecio
Veao+
SSTL15_| - Veer—0.10 Veer+0.1 03 0.30 Vccio—0.30 7.5 -7.5
Veao+
SSTL15_1I — Vrer—0.10 Verep+ 0.1 0.3 0.30 Veeio—0.30 8.8 -8.8
V +
HSTL15_| — VRer—0.10 Vrep+ 0.1 COC';’ 0.40 Vccio—0.40 8 -8
_ Vecio+ :
SSTL135_| — Vgrer—0.09 Vger + 0.09 0.3 0.27 Veeio—0.27 6.75 -6.75
SSTL135_II VRer—0.09 | Vrgr+009 | cco* Veaio—0.2
_ - Rer—U. Rer + 0. 03 0.27 ccio—0.27 8 -8
LVCMOS10R VRer—010 | Vrgr+010 | Vcco*
- rer— 0. Rer + 0. 03 — — - -
Vecio + 8.8,7.5 -8.8,-7.5,
— Vgrer—0.10 Vger+0.10 . V -0.3 o
HSUL12 REF REF 03 0.3 cclo 6.95, 5 6,25, -5
Notes:

1. For electromigration, the average DC current drawn by the 1/0 pads within an I/O bank must not exceed an average of 10 mA

per 1/0.

2. Forinformation on the types of I/O standards supported in each bank, refer to the sysl/O User Guide for Nexus Platform (FPGA-

TN-02067).

3. Selecting 50RS for driver strength configures a 50 Q series impedance driver.

Table 3.16. 1/0 Resistance Characteristics

Parameter Description Test Conditions Min Typ Max Unit
Output drive resistance when the _
>0RS 50RS drive strength is selected Veao =18V, 2.5V, or3.3V >0 Q
Input differential termination Bank 3, Bank 4, and Bank 5 support
Roirr . . . ; . — 100 — Q
resistance 1/0 configured as differential pairs
36 40 64
. N Bank 3, Bank 4, and Bank 5 t
SE Input Input single-ended termination anic S, Banic4, and Bank > suppor 46 50 80
L . 1/0 configured as single-ended Q
Termination | resistance . 56 60 96
signals
71 75 120
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Table 3.17. Viy Maximum Overshoot/Undershoot Allowance — Wide Range'-?

AC Voltage Overshoot % of Ul at —40 °C to 100 °C AC Voltage Undershoot % of Ul at —40 °C to 100 °C
Veco +0.4 100.0% -0.4 100.0%
Veeio +0.5 100.0% -0.5 44.2%
Vecio + 0.6 94.0% -0.6 10.1%
Veeio +0.7 21.0% -0.7 1.3%
Veeio +0.8 10.2% -0.8 0.3%
Veeo +0.9 2.5% -0.9 0.1%

Notes:
1. The peak overshoot or undershoot voltage and the duration above Vcco + 0.2 V or below GND — 0.2 V must not exceed the

values in this table.
2.  For Ul less than 20 ps.

Table 3.18. V\y Maximum Overshoot/Undershoot Allowance — High Performance’-2

AC Voltage Overshoot % of Ul at —40 °C to 100 °C AC Voltage Undershoot % of Ul at —40 °C to 100 °C
Veao +0.5 100.0% -0.5 100.0%
Veeio +0.6 47.3% -0.6 47.3%
Vcao + 0.7 10.9% -0.7 10.9%
Vecio +0.8 2.7% -0.8 2.7%
Veeo +0.9 0.7% -0.9 0.7%

Notes:
1. The peak overshoot or undershoot voltage and the duration above Vo + 0.2 V or below GND — 0.2 V must not exceed the

values in this table.
2. For Ul less than 20 ps.

3.12. sysl/O Differential DC Electrical Characteristics

3.12.1. LVDS

The LVDS input buffer on the CrossLink-NX device is powered by Vccaux = 1.8 V, and protected by the bank Vccio.
Therefore, the LVDS input voltage cannot exceed the bank Vo voltage. LVDS output buffer is powered by the bank
Vcc|o at1.8V.

LVDS can only support Bank 3, Bank 4, and Bank 5. LVDS25 output can emulate LVDS25E in Bank 0, Bank 1, Bank 2,
Bank 6, and Bank 7. This is described in the LVDS25E (Output Only) section.

Table 3.19. LVDS DC Electrical Characteristics*

Parameter | Description Test Conditions Min Typ Max Unit
Vine, Vinm Input voltage — 0 — 1.60° \%
Viem Input common mode voltage Half the sum of the two inputs 0.05 — 1.552 Vv
V1ho Differential input threshold Difference between the two inputs +100 — — mV
Iin Input current Power-on or Power-off — — +10 UA
Vou Output high voltage for Vop or Vom Rr=100Q — 1.425 1.60 Vv
VoL Output low voltage for Vop or Vom Rr=100Q 09V 1.075 — Vv
Vob Output voltage differential (Vop - Vom), Rr =100 Q 250 350 450 mV
AVoo S:,:nge in Vop between high and . . . 50 mv
Vocm Output common mode voltage (Vop + Vom)/2, Rr =100 Q 1.125 1.25 1.375 Vv
AVocm Change in Vocwm, Vocmmax) — Voemmving | — — — 50 mV
Isas Output short circuit current YSZ:C?‘ \c/)tir;‘r/er outputs are shorted - - 12 mA
AVos Change in Vos between Hand L — — — 50 mV
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Notes:

1. The LVDS input or output are supported in Bank 3, Bank 4, and Bank 5. The LVDS input uses Vccaux on the differential input
comparator and can be located in any Vcqo voltage bank. The LVDS output uses Vcco on the differential output driver, and can
only be located in bank with Vceo = 1.8 V.

2. Viemis depends on VID, the input differential voltage, so the voltage on each pin cannot exceed the Vinp/inm(min/max)
requirements. Vicm(min) = Vine/ INM (min) + 72 Vi, Viem(max) = Vine/ iInm (max) — 72 Vip. The values in the table are based on a minimum Vip
of £100 mV.

3. Viwp and Viym (max) must be less than or equal to Vo in all cases.

3.12.2. LVDS25E (Output Only)

Three sides of the CrossLink-NX device, the top, left and right, support LVDS25 outputs and provide emulated
complementary LVCMOS outputs when paired with a parallel resistor across the driver outputs. Figure 3.2 illustrates
one possible point-to-point implementation.

Table 3.20. LVDS25E DC Conditions

Parameter Description Typical Unit
Vcao Output driver supply (£5%) 2.50 Vv
Zout Driver impedance 20 Q
Rs Driver series resistor (+1%) 158 Q
Re Driver parallel resistor (+1%) 140 Q
Rr Receiver termination (+1%) 100 Q
Vou Output high voltage 143 Vv
VoL Output low voltage 1.07 Vv
Vob Output differential voltage 0.35 Vv
Vem Output common mode voltage 1.25 Vv
Zsack Back impedance 100.5 Q
Ioc DC output current 6.03 mA

VCCIO =2.5V (+ 5%)

RS = 158 Q
(£1%)
gmA M\
LVCMO0S25 H
:
: RP =140 Q RT =100Q *
: = =
VCCIO = 2.5V (+ 5%) : N N
' RS = 158 Q (£ 1%) (£1%)
N e
:
8mA ] VAVA
LVCMOS25 & o ) )
H Transmission line, Zo = 100Q differential
:
:
ON-chip ! OFF-chip OFF-chip § ON-chip
- - —p
: .

Figure 3.2. LVDS25E Output Termination Example
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3.12.3. SubLVDS (Input Only)

SubLVDS is a reduced-voltage form of LVDS signaling and is similar to LVDS. It is a standard used in many camera-type
applications. Because it is similar to LVDS, the CrossLink-NX device can support SubLVDS input signaling with the same
LVDS input buffer. The output for subLVDS is implemented in subLVDSE/subLVDSEH with a pair of LVCMOS18 output
drivers. See the SubLVDSE/SubLVDSEH (Output Only) section for details.

Table 3.21. SubLVDS Input DC Electrical Characteristics

Parameter | Description Test Conditions Min Typ Max Unit

Vip Input differential threshold voltage Over Vicm range 70 150 200 mV

Viem Input common mode voltage Half the sum of the two Inputs 0.4 0.9 1.41 Vv
Note:

1. Viem + 1/2 Vipcannot exceed the bank Vo in all cases.

i
B 1
Sub-LVDS Driver PCB Traces, Connectors or Cables !
1
= - i
— ] 1
Z,=50 :
1
1
+ i +
1
I
RT=100 0
100 Q differential + 19+
1
1
Z=50 |
= =i 1
1
1
1
!
— —
1
Off-chip : On-chip

Figure 3.3. SubLVDS Input Interface

3.12.4. SubLVDSE/SubLVDSEH (Output Only)

SubLVDS output are implemented using paired LVCMOS18 drivers that provide true and complement signals. The Vccio
for any bank configured for subLVDSE or subLVDSEH must be set to 1.8 V. SubLVDSE is supported in Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7, while SubLVDSEH is supported in Bank 3, Bank 4, and Bank 5. The performance of both
SubLVDSE and SubLVDSEH driver is limited to the performance of LVCMOS18.

Table 3.22. SubLVDS Output DC Electrical Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vob Output differential voltage swing — — 150 — mV
Vocm Output common mode voltage Half the sum of the two outputs — 0.9 — Vv
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PCB Traces, Connectors or Cables

1 1
1 1
1 1
1 1
1 1
1 1
i i
VCOO= +1.8V : :
i = =
I —_— — I
i Z=50 !
I Rs=267 Q1% :

- ——w— s
SubLVDS Output i . i o )
SUBLVDSE i Rp=1210Q+1% 100Q differential RTE =100 Q£1% Sub-LVDS Recevier
SubLVDSEH ! !

- ’ AN . ¢

! Rs=267 Q%1% !
! Zy=50 1
i = = |
1 1
— 1 1
=0 i |
: i
1

— | — «— —
1 1
1 1

On-chip | Off-chip Off-chip | On-chip

1 1

Figure 3.4. SubLVDS Output Interface

3.12.5. SLVS

Scalable Low-Voltage Signaling (SLVS) is based on a point-to-point signaling method defined in the JEDEC JESD8-13
(SLVS-400) standard. This standard evolved from the traditional LVDS standard with smaller voltage swings and a lower
common-mode voltage. The 200 mV (400 mV p-p) SLVS swing contributes to a reduction in power.

The CrossLink-NX device receives SLVS differential input with the LVDS input buffer. This LVDS input buffer is designed
to cover wide input common-mode range that can meet the SLVS input standard specified by the JEDEC standard.

Table 3.23. SLVS Input DC Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vip Input Differential Threshold Voltage | Over Vicm range 70 — — mV
Viem Input Common Mode Voltage Half the sum of the two Inputs 70 200 330 mV

The SLVS output on the CrossLink-NX device is supported by the LVDS drivers in Bank 3, Bank 4, and Bank 5. The LVDS
driver in the CrossLink-NX device is a current-controlled driver. It can be configured as an LVDS driver or configured
with a 100 Q differential termination with a center-tap set to Vocm at 200 mV. This means the differential output driver
can be placed in a bank with Vcco =1.2V, 1.5V, or 1.8 V, even if powered by the Vcco.

Table 3.24. SLVS Output DC Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
1.2,

Veeio Bank Vccio — -5% 1.5, +5% Vv
1.8

Vob Output differential voltage swing - 140 200 270 mV

Vocm Output common mode voltage Half the sum of the two outputs 150 200 250 mV

Zos Single-ended output impedance — 37.5 50 80 Q
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SLVS Receiver

I
|
§ | 100 Q Diff
2 L W— E] +
SLVS | 70=50 |
) D VWA '
| I
| I
| I
On Cip | I
| | SLVS Driver
I |
D) O
+ [ < +
LVDS | 20=50 |
) O |
|
|
|
I

Figure 3.5. SLVS Interface

3.12.6. Soft MIPI D-PHY
When Soft D-PHY is implemented inside the FPGA logic, the |/O interface must use sysl/O buffers to connect to the
external D-PHY pins.

The CrossLink-NX sysl/O provides support for the SLVS, as described in the SLVS section, along with the LVCMOS12
input/output buffers to support High Speed (HS) and Low Power (LP) modes as defined in the MIPI Alliance
Specification for D-PHY.

To support MIPI D-PHY with SLVS (LVDS) and LVCMOS12, the bank Vccio cannot be set to 1.5 V or 1.8 V. It must be set
tol.2Vorl1V.

All other DC parameters are the same as listed in the SLVS section. DC parameters for the LP driver and receiver are the
same as those listed in LVCMOS12.
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LVCMOS12
LP Data_P | |
| |
| |
LPenable : :
HSenable——— | | MIPI Receiver
I I
| | 100 Q Diff
+ : ) T : ® +
HS Data i 20=50 i
I I
- + ) O t ® -
I I
SLVS ' '
LPenable —’\I\
LP Data_N
‘ LVCMOS12
MIPI_LP_RX
| On-Chip | |
RXLP_P ! !
| | :
| | MIPI Divider
| |
I I
I I
+ : ) T : +
I I
HS Data | 20=50 :
- : ) O : -
I I
LVDS : '
MIPI_LP_RX |

RXLP_N : ’

Figure 3.6. MIPI Interface
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Table 3.25. Soft D-PHY Input Timing and Levels

Symbol ‘ Description Conditions Min ‘ Typ ‘ Max ‘ Unit
High Speed (Differential) Input DC Specifications

Vemrx(oo) Common-mode voltage in high-speed mode - 70 - 330 mV
VioTH Differential input high threshold — 70 — — mV
Vipt Differential input low threshold — — — -70 mV
Vinus Input high voltage (for HS mode) — — — 460 mV
Vins Input low voltage — -40 — — mV
VTERM-EN Single-ended voltage for HS termination enable* — — — 450 mV
Zp Differential input impedance — 80 100 125 Q
High Speed (Differential) Input AC Specifications

AVevrxr! | Common-mode interference (>450 MHz) — — — 100 mV
?VCMRX(LF)L Common-mode interference (50 MHz — 450 MHz) — -50 — 50 mV
Cem Common-mode termination — — — 60 pF

Low Power (Single-Ended) Input DC Specifications

Viu Low power mode input high voltage — 740 — — mV
Vi Low power mode input low voltage — — — 480 mV
ViL-up Ultra-low power input low voltage — — — 300 mV
Vhyst Low power mode input hysteresis — 25 — — mV
©spike Input pulse rejection - - - 300 V-ps
TMIN-RX Minimum pulse width response — 20 — — ns

VinT Peak interference amplitude — — — 200 mV
fint Interference frequency — 450 — — MHz

Notes:

1. Thisis the peak amplitude of the sine wave applied to the receiver inputs.

2. Input common-mode voltage difference compared to the average common-mode voltage on the receiver inputs.
3. Exclude any static ground shift of 50 mV.

4. High-speed differential Rrgrm is enabled when both Dp and Dy are below this voltage.

Table 3.26. Soft D-PHY Output Timing and Levels

Symbol ‘ Description Conditions Min ‘ Typ ‘ Max | Unit
High Speed (Differential) Output DC Specifications

Vemrx Common-mode voltage in high-speed mode — 150 200 250 mV
IAVewmiol I\gchx mismatch between differential highand | — . . 5 mv
[Vool| Output differential voltage ,l\lDl_PHY_P ~ D-PHY- 140 200 270 mvV
|AVoo | ?g?,'\), mismatch between differential high and — . . 10 mv
VoHHs Single-ended output high voltage — — — 360 mV
Zos Single-ended output impedance — 37.5 50 80 Q
AZos Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications

AVemTx(r Common-mode variation, 50 MHz to 450 MHz | — — — 25 mVems
AVemx(Hr Common-mode variation, above 450 MHz — — — 15 mVgrwvs
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Symbol Description Conditions Min Typ Max Unit
0.08 Gbps < tg < 1.00 . _ 030 Ul
X Output 20% to 80% rise time Gbps )
k Output 80% to 20% fall time 1.00 Gbps <tg <1.50 035 Ul
Gbps ’
0.08 Gbps < tr < 1.00 _ N Ul
Gbps '
te Output data valid after CLK output P
1.00 Gbps < t; < 1.50 _ _ | oss Ul
Gbps )
Low Power (Single-Ended) Output DC Specifications
Vou Low power mode output high voltage 0.08 Gbps — 1.5 Gbps 1.07 1.2 13 Vv
Vo Low power mode input low voltage - -50 - 50 mV
Zowp Output impedance in low power mode - 110 - - Q
Low Power (Single-Ended) Output AC Specifications
trip 15% to 85% rise time — — — 25 ns
tep 85% to 15% fall time — — — 25 ns
treor HS — LP mode rise and fall time, 30% to 85% — — — 35 ns
First LP XOR clock
pulse after STOP 0 _ _ ns
Tip-puLSE-TX Pulse width of the LP exclusive-OR clock state or last pulse
before STOP state
All other pulses 20 — — ns
Tip-PER-TX Period of the LP exclusive-OR clock — 90 — — ns
Cioap Load capacitance — 0 — 70 pF
Table 3.27. Soft D-PHY Clock Signal Specification
Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Clock Signal Specification
Ul -
— — 12.
Instantaneous Ulst > ns
- -10% — 10% Ul
Ul Variation AUI
— -5% — 5% Ul
Table 3.28. Soft D-PHY Data-Clock Timing Specifications
Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Data-Clock Timing Specifications
0.08 Gbps < Tskew(rx]
<1.00 Gbps 0.15 0.15 Ulinst
Tskew[rx] Data to clock skew
1.00 Gbps < Tskew(rx)
<1.50 Gbps 0.20 0.20 Ulinst
0.08 Gbps < Tskewirus)
<1.00 Gbps 0.20 0.20 Ulinst
TskewiTis] Data to clock skew
1.00 Gbps < Tskewiruis)
-0.1 — i
<1.50 Gbps 0.10 0.10 Uliwst
0.08 Gbps < Tseruprx]
<1.00 Gbps 0.15 ul
TseTup(Rx] Input data setup before CLK N
1.00G ps < TSETUP[RX] _ _
<1.50 Gbps 0.20 ul
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Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Data-Clock Timing Specifications

0.08 Gbps < Thop[rx]

<1.00 Gbps 0.15 ul
THoLo[RX] Input data hold after CLK N

1.00 Gbps < ThoLpirx]

<1.50 Gbps 0.20 Ul

3.12.7. Differential SSTL135D, SSTL15D (Output Only)

Differential SSTL is used for differential clock in DDR3/DDR3L memory interface. All differential SSTL outputs are
implemented as a pair of complementary single-ended SSTL outputs. All allowable single-ended output classes (class |
and class Il) are supported.

3.12.8. Differential HSUL12D (Output Only)

Differential HSUL is used for differential clock in LPDDR2 memory interface. All differential HSUL outputs are
implemented as a pair of complementary single-ended HSUL12 outputs. All allowable single-ended drive strengths are
supported.

3.12.9. Differential HSTL15D (Output Only)

Differential HSTL outputs are implemented as a pair of complementary single-ended HSTL outputs.

3.12.10. Differential LVCMOS25D, LVCMOS33D, LVTTL33D (Output Only)

Differential LVCMOS and LVTTL outputs are implemented as a pair of complementary single-ended outputs. All
allowable single-ended output drive strengths are supported.

3.13. Maximum sysl/O Buffer Speed

Table 3.29. Maximum 1/0O Buffer Speed %347

Buffer ’ Description Banks Max Unit
Maximum sysl/O Input Frequency

Single-Ended

LVCMOS33 LVCMOS33, Vceio=3.3V 0,1,2,6,7 200 MHz
LVTTL33 LVTTL33, Vecio=3.3V 0,1,2,6,7 200 MHz
LVCMOS25 LVCMOS25, Vo= 2.5V 0,1,2,6,7 200 MHz
LVCMOS18 > LVCMOS18, Vceio=1.8V 0,1,2,6,7 200 MHz
LVCMOS18H LVCMOS18, Vccio=1.8V 3,4,5 200 MHz
LVCMOS15 ® LVCMOS15, Veeio=1.5V 0,1,2,6,7 100 MHz
LVCMOS15H ° LVCMOS15, Veeio=1.5V 3,4,5 150 MHz
LVCMOS12 5 LVCMOS12, Vego=1.2V 0,1,2,6,7 50 MHz
LVCMOS12H 5 LVCMOS12, Vego= 1.2V 3,4,5 100 MHz
LVCMOS10 5 LVCMOS 1.0, Vegio= 1.2V 0,1,2,6,7 50 MHz
LVCMOS10H 5 LVCMOS 1.0, Vo= 1.0V 3,4,5 50 MHz
LVCMOS10R LVCMOS 1.0, Ve independent 3,4,5 50 MHz
SSTL15_1, SSTL15_11 SSTL_15, Veeio=1.5V 3,4,5 1,066 Mbps
SSTL135_1, SSTL135_1I SSTL_135, Vecio=1.35V 3,4,5 1,066 Mbps
HSUL12 HSUL_12,V¢go=1.2V 3,4,5 1,066 Mbps
HSTL15 HSTL15, Vo= 1.5V 3,4,5 250 Mbps
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Data Sheet
Buffer Description Banks Max Unit
MIPI D-PHY (LP Mode) MIPI, low-power mode, Vceio=1.2V 3,4,5 10 Mbps
Differential®
LVDS, Vccio independent QFN72, caBGA256,
csBGA289, and caBGA400 34,5 1,250 Mbps
LVDS
LVDS, Vccio independent csfBGA121 3,4,5 1,500 Mbps
subLVDS, Vccio independent QFN72,
SubLVDS caBGA256, csBGA289, and caBGA400 34,5 1,250 Mbps
subLVDS, Vccio independent csfBGA121 3,4,5 1,500 Mbps
SLVS similar to MIPI HS, V ind dent
similar to ccio independen 345 1,250 Mbps
QFN72, caBGA256, csBGA289, caBGA400
SLVS
SLVS similar to MIPI HS, Vccio independent
3,4,5 1,500 Mbps
csfBGA121
MIPI, high- d mode, Veco=1.2V
1gN-speed mode, Veco 3,4,5 1,250 Mbps
QFN72
MIPI D-PHY (HS Mode)
MIPI, high-speed mode, Vcco=1.2V
3,4,5 1,500 Mb
csfBGA121, caBGA256, csBGA289, caBGA400 ps
SSTL15D Differential SSTL15, Vccio independent 3,4,5 1,066 Mbps
SSTL135D Differential SSTL135, Vccio independent 3,4,5 1,066 Mbps
HUSL12D Differential HSUL12, Vccio independent 3,4,5 1,066 Mbps
HSTL15D Differential HSTL15, Vccio independent 3,4,5 250 Mbps
Maximum sysl/O Output Frequency
Single-Ended
LVCMOS33 (all drive strengths) LVCMOS33, Vcco=3.3V 0,1,2,6,7 200 MHz
LVCMOS33 (RS50) LVCMOS33, Vccio=3.3 V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVTTL33 (all drive strengths) LVTTL33, Veaio= 3.3V 0,1,2,6,7 200 MHz
LVTTL33 (RS50) LVTTL33, Vo= 3.3V, Rsgries =50 Q 0,1,2,6,7 200 MHz
LVCMOS25 (all drive strengths) LVCMOS25, Vecp=2.5V 0,1,2,6,7 200 MHz
LVCMOS25 (RS50) LVCMOS25, Vegio = 2.5 V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVCMOS18 (all drive strengths) LVCMOS18, Vecio=1.8V 0,1,2,6,7 200 MHz
LVCMOS18 (RS50) LVCMOS18, Vccio = 1.8V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVCMOS18H (all drive strengths) LVCMOS18, Vcecio=1.8V 3,4,5 200 MHz
LVCMOS18H (RS50) LVCMOS18, Vccio = 1.8 V, Rsgries = 50 Q 3,4,5 200 MHz
LVCMOS15 (all drive strengths) LVCMOS15, Vecio=1.5V 0,1,2,6,7 100 MHz
LVCMOS15H (all drive strengths) LVCMOS15, Vecio=1.5V 3,4,5 150 MHz
LVCMOS12 (all drive strengths) LVCMOS12, Vecp=1.2V 0,1,2,6,7 50 MHz
LVCMOS12H (all drive strengths) LVCMOS12, Vecio=1.2V 3,4,5 100 MHz
LVCMOS10H (all drive strengths) LVCMOS12, Vo= 1.0V 3,4,5 50 MHz
SSTL15_1, SSTL15_1I SSTL_15, Veeio=1.5V 3,4,5 1,066 Mbps
SSTL135_1, SSTL135_1I SSTL_135,Vccio=1.35V 3,4,5 1,066 Mbps
HSUL12 (all drive strengths) HSUL_12, V¢p=1.2V 3,4,5 1,066 Mbps
HSTL15 HSTL15, Vo= 1.5V 3,4,5 250 Mbps
MIPI D-PHY (LP Mode) MIPI, low-power mode, Vceio=1.2V 3,4,5 10 Mbps
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Buffer Description Banks Max Unit
Differential®
LVDS, Vceio = 1.8 V QFN72, caBGA256,
LVDS csBGA289, and caBGA400 34,5 1,250 Mbps
LVDS, Vcao = 1.8 V csfBGA121 3,4,5 1,500 Mbps
LVDS25ES LVDS25, emulated, Veeio= 2.5 V 0,1,2,6,7 400 Mbps
SubLVDSE® subLVDS, emulated, Vccio=1.8V 0,1,2,6,7 400 Mbps
SubLVDSEH® subLVDS, emulated, Vccio=1.8V 3,4,5 800 Mbps
SLVS similar to MIPI, Veco=1.2 V
3,4,5 1,250 Mbps
QFN72, caBGA256, csBGA289, caBGA400
SLVS
SLVS similar to MIPI, Veco=1.2 V
sfBGA121 3,4,5 1,500 Mbps
MIPI, high- d de, V. =12V
'8h-speed mode, Veco 3,4,5 1,250 Mbps
QFN72
MIPI D-PHY (HS Mode)
MIPI, high-speed mode, Vcco=1.2V
3,4,5 1,500 Mb
csfBGA121, caBGA256, csBGA289, caBGA400 ps
SSTL15D Differential SSTL15, Vccio = 1.5V 3,4,5 1,066 Mbps
SSTL135D Differential SSTL135, Vccio=1.35V 3,4,5 1,066 Mbps
HUSL12D Differential HSUL12, Vcco=1.2 V 3,4,5 1,066 Mbps
HSTL15D Differential HSTL15, Vcco=1.5V 3,4,5 250 Mbps
Notes:
1. The maximum I/O speed is the maximum switching rate of the 1/0 operating within the guidelines of the defining standard. The
actual interface speed performance using the 1/0 also depends on other factors, such as internal and external timing.
2. These numbers are characterized but not tested in every device.
3. Performance is specified in MHz, as defined in the clock rate when the sysl/O is used as pin. For data rate performance, this can
be converted to Mbps, which equals to two times the clock rate.
4. LVCMOS and LVTTL are measured with the load specified in Table 3.50.
5. These LVCMOS inputs can be placed in different Vo voltages, and their performance may vary. Please refer to the Lattice
Design Software.
6. These emulated output performances are based on proper external termination as described in the LVDS25E (Output Only)
section and SubLVDSE/SubLVDSEH (Output Only) section.
7. All speeds are measured with fast slew.
8. For maximum differential I/O performance only differential I/O should be placed in the bottom 1/0 banks. If this is not possible,

the following will impact on maximum performance:

a. If fast-slew-rate LVCMOS I/Os are used, they must be limited to no more than 9 1/Os (adjacent), 4 I/Os (same bank), and 55
1/0s (left/right banks) to keep degradation below 50%.

b. If non-differential I/Os (slow slew) are placed on the bottom layer, but not within the same bank as the differential I/Os,
then the maximum differential performance is reduced to 70% of the original level when 21 aggressors are toggling.

c. If non-differential 1/0s (slow slew) are placed within the same bank as differential I/Os, then the maximum performance is
reduced to 50% of the original level when 16 aggressors are toggling.

d. There is no performance impact if MIPI LP and MIPI HS are in the same bank.

. If the differential RX/TX I/Os are placed within the same bank, then the maximum performance is reduced to 90%.

f.  For DDR3/3L and LPDDR2/3 separate the DQ/DQS groups from the address/command/CLK groups and place them in

separate banks.
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3.14. Typical Building Block Function Performance

These building block functions can be generated using the Lattice Design software tool. Exact performance may vary
with the device and the design software tool version. The design software tool uses internal parameters that have been
characterized but are not tested on every device.

Table 3.30. Pin-to-Pin Performance?

Function Typ':j:)\\llcc - Unit

16-bit Decoder (I/0O configured with LVCMOS18, Left and Right Banks) 5.5 ns

16-bit Decoder (I/0O configured with HSTL15_I, Bottom Banks) 5.1 ns

16:1 Mux (I/0O configured with LVCMOS18, Left and Right Banks) 6 ns

16:1 Mux (I/O configured with HSTL15_1, Bottom Banks) 6.1 ns
Note:

1.  These functions are generated using the Lattice Radiant Design software tool. Exact performance may vary with the device and the design
software tool version. The design software tool uses internal parameters that have been characterized but are not tested on every device.

Table 3.31. Register-to-Register Performance

Function Typ.la.‘t)\\llcc = Unit
Basic Functions
16-bit Adder 5002 MHz
32-bit Adder 496 MHz
16-bit Counter 402 MHz
32-bit Counter 371 MHz
Embedded Memory Functions
512 x 36 Single Port RAM, with Output Register 4952 MHz
1024 x 18 True-Dual Port RAM using same clock, with EBR Output Registers 310° MHz
1024 x 18 True-Dual Port RAM using asynchronous clocks, with EBR Output Registers 3102 MHz
Large Memory Functions
32k x 32 Single Port RAM, with Output Register 1952 MHz
32k x 32 Single Port RAM with ECC, with Output Register 1702 MHz
32k x 32 True-Dual Port RAM using same clock, with Output Registers 157.1832 MHz
Distributed Memory Functions
16 x 4 Single Port RAM (One PFU) 6252 MHz
16 x 2 Pseudo-Dual Port RAM (One PFU) 6252 MHz
16 x 4 Pseudo-Dual Port (Two PFUs) 6252 MHz
DSP Functions
9 x 9 Multiplier with Input Output Registers 376 MHz
18 x 18 Multiplier with Input/Output Registers 287 MHz
36 x 36 Multiplier with Input/Output Registers 200 MHz
MAC 18 x 18 with Input/Output Registers 203 MHz
MAC 18 x 18 with Input/Pipelined/Output Registers 287 MHz
MAC 36 x 36 with Input/Output Registers 119 MHz
MAC 36 x 36 with Input/Pipelined/Output Registers 155 MHz
Notes:

1. Theclock port is configured with LVDS I/O type. Performance Grade: 9_High-Performance_1.0V at 85°C.

2.  Limited by the minimum pulse width of the component.

3. These functions are generated using the Lattice Radiant design software tool. Exact performance may vary with the device and the design
software tool version. The design software tool uses internal parameters that have been characterized but are not tested on every device.

4.  For the pipelined designs, the number of pipeline stages used is 2.
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3.15. LMMI

Table 3.32 summarizes the performance of the LMMI interface with supported IPs. Additional timing requirement and
constraint can be identified through the Lattice Radiance design tools.

Table 3.32. LM

MI Fpax Summary

P Fvax (MHz)
CDRO 73
CDR1 70
DPHYO 67
DPHY1 55

CRE 54

12C 38

PCle 57
PLL_ULC 59
PLL_LLC 55
PLL_LRC 37

3.16. Derating Timing Tables

Logic timing provided in the following sections of this data sheet and the Lattice Radiant design tools are worst case

numbers in the operating range. Actual delays at nominal temperature and voltage for best case process, can be much
better than the values given in the tables. The Lattice Radiant design tool can provide logic timing numbers at a
particular temperature and voltage.

3.17. External Switching Characteristics

Over recomme

nded commercial operating conditions.

Table 3.33. External Switching Characteristics (Vcc = 1.0 V)

Parameter Description - 8 = Unit
Min ‘ Max Min Max Min Max
Clocks
Primary Clock
fvax_eri Frequency of primary clock — 400 - 325.2 - 276 MHz
tw_pri Clock pulse width for primary clock 1.125 — 1.384 — 1.63 — ns
tskew_pri® Primary clock skew within a device — 450 — 554 — 653 ps
Edge Clock
fmax_eoce Frequency of edge clock tree - 800 - 650.4 — 551.7 MHz
tw_epee Clock pulse width for edge clock 0.537 - 0.661 — 0.779 - ns
tskew_epGe® Edge clock skew within a device — 120 - 148 - 174 ps
Generic SDR Input
General 1/0 Pin Parameters Using Dedicated Primary Clock Input without PLL
tco Clock to output - PIO output register — 6.45 - 6.64 - 7.83 ns
tsu Clock to data setup - PIO input register 0 - 0 — 0 — ns
ty Clock to data hold - PIO input register 2.94 - 3.32 — 3.92 — ns
tsu ot Sﬁﬁkdt;:?;?,jfzgayplo input register 184 _ 184 _ 184 _ ns
t o Sic;:]kdt;:?r:;:to;c;;zlo input register 016 _ 016 _ 016 _ ns
© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Parameter Description " " - Unit
Min Max Min Max Min Max
General I/0 Pin Parameters Using Dedicated Primary Clock Input with PLL
teopLL Clock to output - PIO output register — 4.02 - 4.67 - 5.51 ns
tsupLL Clock to data setup - PIO input register 1.23 — 1.23 — 1.23 — ns
tupLL Clock to data hold - PIO input register 0.98 — 1.21 — 1.42 — ns
ts oELALL CI.ock to dfxta setup - PIO input register 474 _ 474 _ 474 _ ns
- with data input delay
Clock to Data Hold - PIO input register
t . . 0 — 0 — 0 — ns
H_DELPLL with data input delay

Generic DDR Input/Output

Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input —
Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 — Figure 3.7 and Figure 3.9

0.917 — 0.917 — 0.917 — ns
tsu_GoDR1 Input data setup before CLK 0275 — 0275 — 0.275 — m
tHo_GDDRL Input data hold after CLK 0.917 - 0.917 — 0.917 — ns
. 1.217 — 1.113 — 1.014 — ns
tove_GpDR1 Output data valid after CLK output ods — 0554 — 0653 — ns +1/2 Ul
. 1.217 — 1.113 — 1.014 — ns
toava_GDDRL Output data valid after CLK output oS — 0554 — 0653 — ns+1/2 Ul
foata_coorx1 Input/Output data rate — 300 — 300 — 300 Mbps
fmax_coprxa Frequency of PCLK — 150 - 150 - 150 MHz
% Ul Half of data bit time, or 90 degrees 1.667 — 1.667 — 1.667 - ns
Output TX to input RX margin per edge 0.3 - 0.197 — 0.097 — ns

Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input —

Bank 0, Bank 1, Bank 2, Bank 6,and Bank 7 — Figure 3.8 and Figure 3.10
— -0.917 — -0.917 — -0.917 ns +1/2 Ul
tovA_GDDR1 Input data valid after CLK - 0.75 - 0.75 - 0.75 ns
- 0.225 - 0.225 - 0.225 ul
0.917 - 0.917 - 0.917 — ns+1/2 Ul
tove_GDDR1 Input data hold after CLK 2.583 - 2.583 — 2.583 — ns
0.775 — 0.775 — 0.775 — ul
toiA_GDDR1 Output data invalid after CLK output — 0.45 - 0.554 - 0.653 ns
tois_GDDRL Output data invalid before CLK output — 0.45 - 0.554 - 0.653 ns
foata_coorx1 Input/Output data rate — 300 — 300 — 300 Mbps
fmax_epprxt Frequency for PCLK — 150 — 150 — 150 MHz
% Ul Half of data bit time, or 90 degrees 1.667 - 1.667 — 1.667 — ns
Output TX to input RX margin per edge 0.3 - 0.197 — 0.098 — ns

Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input —
Bank 3, Bank 4, and Bank 5 — Figure 3.7 and Figure 3.9

0.55 — 0.55 — 0.648 — ns
tsu_cpor1 Input data setup before CLK
B 0.275 — 0.275 — 0.275 — Ul
tHo_GDDRL Input data hold after CLK 0.55 — 0.55 — 0.648 — ns
0.7 — 0.631 — 0.744 — ns
tove_GDDRL Output data valid after CLK output
—-0.300 — -0.369 — -0.435 — ns +1/2 Ul
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Parameter Description - - - Unit

Min Max Min Max Min Max

0.7 — 0.631 — 0.744 — ns
toqua_GDDRL Output data valid after CLK output

-0.300 - -0.369 — -0.435 — ns+1/2 Ul

fDATA_GDDRXl Input/Output data rate — 500 — 500 — 424 MbpS
fmax_copRx1 Frequency of PCLK — 250 — 250 - 212 MHz
% Ul Half of data bit time, or 90 degrees - - 1 — 1.179 — ns
Output TX to input RX margin per edge 0.15 - 0.081 — 0.095 — ns

Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input —
Bank 3, Bank 4, and Bank 5 — Figure 3.8 and Figure 3.10

— -0.55 — -0.550 — -0.648 ns +1/2 Ul
tova_GDDR1 Input data valid after CLK - 0.45 — 0.45 — 0.53 ns
— 0.225 — 0.225 — 0.225 Ul
0.55 — 0.55 — 0.648 — ns +1/2 Ul
tove_GDDR1 Input data hold after CLK 1.55 — 1.55 — 1.827 — ns
0.775 — 0.775 - 0.775 - Ul
toia_GDDRL Output data invalid after CLK output — 0.3 — 0.369 - 0.435 ns
toig_GDDRL Output data invalid before CLK output — 0.3 — 0.369 — 0.435 ns
foata_cpoRX1 Input/Output data rate — 500 — 500 — 424 Mbps
fmax_copRx1 Frequency for PCLK - 250 - 250 - 212 MHz
% Ul Half of data bit time, or 90 degrees 1 - 1 — 1.179 — ns
Output TX to input RX margin per edge 0.15 - 0.081 — 0.095 — ns

Generic DDRX2 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX2_RX/TX.ECLK.Centered) using PCLK Clock Input -
Figure 3.7 and Figure 3.9

tsu_GbpRx2 Data setup before CLK input 0175 - 0175 - 0206 - ns
- 0.175 — 0.175 — 0.175 — Ul
tHo_GDDRX2 Data hold after CLK input 0.177 - 0.177 — 0.206 — ns
. 0.380 — 0.352 — 0.415 — ns
tove_GDDRX2 Output data valid before CLK output 20.120 _ 0148 — 0174 _ ns +1/2 Ul
. 0.380 — 0.352 — 0.415 — ns
toaQva_GDDRX2 Output data valid after CLK output 0120 — 0148 — o174 — ns +1/2 Ul
foata_coprx2 Input/Output data rate - 1,000 - 1,000 - 848 Mbps
fmax_coprx2 Frequency for ECLK - 500 - 500 - 424 MHz
% Ul Half of data bit time, or 90 degrees 0.500 - 0.500 — 0.589 — ns
frcLk PCLK frequency - 250.0 - 250.0 - 212.1 MHz
Output TX to input RX margin per edge 0.230 - 0.202 — 0.239 — ns

Generic DDRX2 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX2_RX/TX.ECLK.Aligned) using PCLK Clock Input -
Figure 3.8 and Figure 3.10

- -0.275 - -0.275 - -0.324 ns+1/2 Ul
tova_GDDRX2 Input data valid after CLK - 0.225 - 0.225 — 0.265 ns
- 0.225 - 0.225 — 0.225 Ul
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Min Max Min Max Min Max
0.275 - 0.275 — 0.324 — ns+1/2 Ul
tove_GDDRX2 Input data hold after CLK 0.775 — 0.775 — 0.914 — ns
0.775 — 0.775 — 0.775 — Ul
toia_GDDRX2 Output data invalid after CLK output — 0.120 — 0.148 — 0.174 ns
tpiB_GDDRX2 Output data invalid before CLK output — 0.120 - 0.148 - 0.174 ns
foata_coorx2 Input/Output data rate — 1,000 — 1,000 — 848 Mbps
fmax_coprx2 Frequency for ECLK — 500 — 500 — 424 MHz
¥ Ul Half of data bit time, or 90 degrees 0.500 - 0.500 — 0.589 — ns
frck PCLK frequency — 250.0 — 250.0 — 2121 MHz
Output TX to input RX margin per edge 0.105 - 0.077 — 0.091 — ns
Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input -
Figure 3.7 and Figure 3.9
0.168 — 0.210 — 0.244 — ns
tsu_GoDRx4 Input data set-up before CLK 0.25 — 0.252 — 0.25 — ol
tHo_GDDRX4 Input data hold after CLK 0.174 - 0.210 — 0.244 — ns
tove_GDDRX4 Output data valid before CLK output 0213 — 0269 - 0309 - ns
- -0.120 - -0.148 — -0.174 — ns +1/2UlI
. 0.213 — 0.269 — 0.309 — ns
toqua_GDDRX4 Output data valid after CLK output 0120 — o148 — o172 — s + 1/2U1
foaTa_cDDRX4 Input/Output data rate — 1500 — 1200 — 1034 Mbps
fmax_coprxa Frequency for ECLK — 750.0 — 600 — 517 MHz
% Ul Half of data bit time, or 90 degrees 0.333 — 0.417 — 0.483 - ns
focLk PCLK Frequency - 187.5 - 150.0 - 129.3 MHz
Output TX to input RX margin per edge 0.080 - 0.102 — 0.116 — ns
Generic DDRX4 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX4_RX/TX.ECLK.Aligned) using PCLK Clock Input, Left
and Right sides Only - Figure 3.8 and Figure 3.10
— -0.183 — -0.229 — -0.266 ns+1/2 Ul
tova_GDDRX4 Input data valid after CLK - 0.150 - 0.188 - 0.218 ns
— 0.225 — 0.225 — 0.225 ul
0.183 — 0.229 — 0.266 — ns +1/2 Ul
tove_GDDRX4 Input data hold after CLK 0.517 - 0.646 — 0.749 — ns
0.775 — 0.775 — 0.775 — Ul
toiA_GDDRX4 Output data invalid after CLK output — 0.120 - 0.148 - 0.17 ns
toiB_GDDRX4 Output data invalid before CLK output - 0.120 - 0.148 - 0.174 ns
foata_GoDRX4 Input/Output data rate - 1,500 - 1,200 - 1,034 Mbps
fmax_coorxa Frequency for ECLK — 750 — 600 — 517 MHz
¥ Ul Half of data bit time, or 90 degrees 0.333 - 0.417 — 0.483 — ns
focLk PCLK frequency — 187.5 - 150.0 - 129.3 MHz
Output TX to input RX margin per edge 0.030 - 0.040 — 0.044 — ns
Generic DDRX5 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX5_RX/TX.ECLK.Centered) using PCLK Clock Input -
Figure 3.7 and Figure 3.9
0.179 — 0.187 — 0.224 — ns
tsu_GDDRXS Input data set-up before CLK 0224 — 0224 — 0224 — Ul
tHo_GDDRXS Input data hold after CLK 0.181 — 0.187 — 0.224 — ns
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Parameter Description - - - 8 - = Unit
Min Max Min Max Min Max
twinoow_eoorxsc | Input data valid window 0.36 - 0.374 — 0.448 - ns
tove_GDDRX5 Output data valid before CLK output 0280 — 0269 — 0326 — ns
- -0.120 — -0.148 — -0.174 — ns+1/2UI
tbQva_GDDRX5 Output data valid after CLK output 0.280 — 0269 - 0326 - ne
-0.120 — —-0.148 — -0.174 — ns+1/2Ul
foaTa_cDoRXS Input/Output data rate — 1,250 — 1,200 — 1,000 Mbps
fmax_copRxs Frequency for ECLK — 625 — 600 — 500 MHz
¥ Ul Half of data bit time, or 90 degrees 0.400 - 0.417 — 0.500 — ns
frck PCLK frequency — 125.0 — 120.0 — 100.0 MHz
Output TX to input RX margin per edge 0.120 - 0.102 — 0.126 — ns
Generic DDRX5 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX5_RX/TX.ECLK.Aligned) using PCLK Clock Input -
Figure 3.8 and Figure 3.10
— -0.220 — -0.229 — -0.275 ns+1/2 Ul
tova_GDDRXS Input data valid after CLK — 0.180 — 0.188 — 0.225 ns
— 0.225 — 0.225 — 0.225 ul
0.220 — 0.229 — 0.275 — ns +1/2 Ul
tovE_GDDRXS Input data hold after CLK 0.620 - 0.646 — 0.775 — ns
0.775 — 0.775 — 0.775 — Ul
twinbow_eporxsa | Input data valid window 0.440 - 0.458 — 0.550 — ns
tDIA_GDDRXS Output data invalid after CLK output — 0.120 — 0.148 — 0.174 ns
tpiB_GDDRXS Output data invalid before CLK output — 0.120 — 0.148 — 0.174 ns
foaTa_GoDRXS Input/Output data rate - 1,250 - 1,200 - 1,000 Mbps
fmax_cooRxs Frequency for ECLK — 625 — 600 — 500 MHz
¥ Ul Half of data bit time, or 90 degrees 0.400 - 0.417 — 0.500 — ns
focLk PCLK frequency — 125.0 - 120.0 - 100.0 MHz
Output TX to input RX margin per edge 0.060 - 0.040 - 0.051 - ns
Soft D-PHY DDRX4 Inputs/Outputs with Clock and Data Centered at Pin, using PCLK Clock Input
tsu_GDDRX4_MP Input data set-up before CLK 0133 — 0167 - 0193 - ns
- - 0.2 — 0.2 — 0.2 — Ul
tHo_GDDRX4_MP Input data hold after CLK 0.133 - 0.167 — 0.193 — ns
) 0.133 - 0.167 - 0.193 - ns
tove_cDDRX4_MP Output data valid before CLK output 0.2 _ 02 — 02 _ ul
. 0.133 - 0.167 - 0.193 - ns
toava_coorxa_mp | Output data valid after CLK output 02 _ 0.2 — 0.2 _ ul
WLCSP72 — — — 1,000 — —
QFN72 — 1,250 — 1,000 — 861
FonThCOORKA P Ifn put data bit rate csfBGA121, Mbps
or MIPI PHY caBGA256,
sBGA289, — 1,500 — 1,200 — 1,034
caBGA400
¥ Ul Half of data bit time, or 90 degrees 0.333 - 0.417 — 0.483 — ns
frcLk PCLK frequency - 187.5 - 150.0 - 129.3 MHz
Output TX to input RX margin per edge 0.067 0.083 0.097 ns
Video DDRX71 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) using PLL Clock Input - Figure 3.12 and
Figure 3.13
N Input vz.;\lid bit "i" switf:h fror:n CLK rising — 0.264 - 0.264 - 0.3 Ul
- edge ("i" =0 to 6, 0 aligns with CLK) — -0.250 — —-0.250 — -0.249 | ns+(1/2+i)xUl
N Input h.old bit "i" swich fror’n CLK rising 0.722 — 0.722 — 0.7 — ul
- edge ("i" =0 to 6, 0 aligns with CLK) 0.235 — 0.235 — 0.249 - ns+(1/2+i)xUl
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Parameter Description " " - Unit
Min Max Min Max Min Max
Data output valid bit "i" switch from CLK .

i — 0.159 — 0.159 — 0.187 + |

tresi_pov rising edge ("i" = 0 to 6, 0 aligns with CLK) ns#ixU
Data output invalid bit "i" switch from CLK .

i -0.159 — -0.159 — -0.187 — +(i+ 1 |
treei_poi rising edge ("i" = 0 to 6, 0 aligns with CLK) nsH(i+1) xU
trpBi_skew_ul TX skew in Ul — 0.150 — 0.150 — 0.150 Ul
ts Serial data bit time, =1 Ul 1.058 - 1.058 — 1.247 — ns
foata_1x71 DDR71 serial data rate - 945 - 945 — 802 Mbps
fmax 71 DDR71 ECLK frequency — 473 — 473 — 401 MHz
fewn 7:1 Clock (PCLK) frequency — 135.0 — 135.0 — 114.5 MHz
Output TX to input RX margin per edge 0.159 - 0.159 — 0.187 — ns
Memory Interface
DDR3/DDR3L/LPDDR2 READ (DQ Input Data are Aligned to DQS) - Figure 3.8
tpvepa_pDR3
tovepa_pDR3L Data input valid before DQS input — -0.235 — -0.235 — -0.277 ns +1/2 Ul
tpvepa_LrDDR2
tovapa_pbr3
tovapa_DDR3L Data input valid after DQS input 0.235 - 0.235 — 0.277 — ns + 1/2 Ul
tovapaq_LpopRr2
f:DATA_DDRE‘:
foata_poRsL DDR memory data rate — 1,066 - 1,066 - 904 Mbps
fDATA_LPDDRZ
fmax_Ecik_pDR3
fMAX_ECLK_DDRSL DDE memory ECLK frequency —_ 533 —_ 533 —_ 452 MHz
fMAX_ECLK_LPDDR2
fmax_scLk_ppr3
fMAX_SCLK_DDRE}L DDR memory SCLK frequency - 1333 - 1333 - 113 MHz
fMAX_SCLK_LPDDRZ
DDR3/DDR3L/LPDDR2 WRITE (DQ Output Data are Centered to DQS) - Figure 3.11
tbaves_pbr3
tbaves_pDR3L Data output valid before DQS output — -0.235 — -0.235 — -0.277 ns + 1/2 Ul
tbaves_LPpDR2
toavas_pors
toquas_DDR3L Data output valid after DQS output 0.235 - 0.235 — 0.277 — ns +1/2 Ul
tbavas_Lpopr2
1l:DATAiDDR3
foata_poR3L DDR memory data rate - 1,066 - 1,066 - 904 Mbps
fDATA_LPDDRZ
fmax_Ecik_ppr3
fMAX_ECLK_DDRSL DDR memory ECLK frequency — 533 — 533 — 452 MHz
fMAX_ECLK_LPDDRZ
fmax_scik_oors
fmax_scik_oorst | DDR memory SCLK frequency — 133.3 — 133.3 — 113 MHz
fMAX_SCLK_LPDDRZ

Notes:

1. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Lattice Radiant

software.

2. General I/O timing numbers are based on LVCMOS 1.8, 8 mA, fast slew rate, 0 pF load.
Generic DDR timing are numbers based on LVDS 1/0.
DDR3 timing numbers are based on SSTL15.

LPDDR2 timing numbers are based on HSUL12.

3. Uses LVDS I/0 standard for measurements.

4. Maximum clock frequencies are tested under the best-case conditions. System performance may vary upon the user
environment.
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5. All numbers are generated using the Lattice Radiant software.

6. This clock skew is not the internal clock-network skew. The Nexus family devices have very low internal clock-network skew
that can be approximated to 0 ps. These tsgew Values are measured externally at the system level and include additional skew
added by the 1/0, wire-bonding and package balls.
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Figure 3.9. Transmit TX.CLK.Centered and DDR Memory Output Waveforms
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Figure 3.10. Transmit TX.CLK.Aligned Waveforms
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Figure 3.11. DDRX71 Video Timing Waveforms
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Figure 3.13. Transmitter DDRX71_TX Waveforms
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3.18. sysCLOCK PLL Timing (V¢ = 1.0 V) — Commercial/Industrial

Table 3.34. sysCLOCK PLL Timing (Vcc = 1.0 V) — Commercial/Industrial

Parameter Descriptions Conditions Min Typ. Max Units
fin Input clock frequency (CLKI, CLKFB) — 18 - 500 MHz
four Output clock frequency — 6.25 — 800 MHz
fyco PLL VCO frequency — 800 — 1,600 MHz
Without Fractional-N 18 _ 500 MHz
; hase d ; enabled
PED Phase detector input frequency . .
With Fractional-N 18 . 100 MHz
enabled
AC Characteristics
tor Output clock duty cycle — 45 — 55 %
tpy? Output phase accuracy - -5 — 5 %
o four 2 200 MHz — — 250 ps p-p
Output clock period jitter
four < 200 MHz — — 0.05 UIPP
four = 200 MHz — — 250 S p-|
Output clock cycle-to-cycle jitter o PSP
four < 200 MHz — — 0.05 UIPP
ferp = 200 MHz — — 250 ps p-p
. 60 MHz < fprp < 200 MHz - — 350 ps p-p
Output clock phase jitter
topyr? 30 MHz < fpep < 60 MHz — — 450 ps p-p
18 MHz < fpp < 30 MHz — — 650 ps p-p
four 2 200 MHz — — 350 ps p-p
Output clock period jitter (Fractional-N)
four < 200 MHz — — 0.07 UIPP
Output clock cycle-to-cycle jitter four 2 200 MHz - - 400 ps p-p
(Fractional-N) four < 200 MHz - — | 008 uiPP
faw? PLL loop bandwidth — 0.45 — 13 MHz
tiock? PLL lock-in time — - - 10 ms
tunLock PLL unlock time (from RESET goes HIGH) — — — 50 ns
o forp 2 20 MHz — — | o001 uIPP
teyr Input clock period jitter
fprp < 20 MHz — — 500 ps p-p
th Input clock high time 90% to 90% 0.5 — — ns
to Input clock low time 10% to 10% 0.5 — — ns
trsT RST/ pulse width — 1 — — ms
fssc_mop Spread spectrum clock modulation frequency | — 20 - 200 kHz
fesc 1100 Antp Spreéd spectrum clock modulation _ 0.25 . 200 %
= amplitude range
Spread spectrum clock modulation
fssc_mop_step P R P R — - 0.25 — %
amplitude step size

Notes:

1. lJitter samples are taken over 10,000 samples for period jitter, and 1,000 samples for cycle-to-cycle jitter of the primary PLL
output using a clean reference clock and no additional I/0 toggling.
2. The output clock is valid after t ock for PLL reset and dynamic-delay adjustment.

w

Results from the Lattice Radiant Software.

4. CLKOS, when compared with the CLKOP output, shows one phase step at the maximum VCO frequency.
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3.19. Internal Oscillators Characteristics

Table 3.35. Internal Oscillators (Vcc = 1.0 V)
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Symbol Parameter Description Min Typ Max Unit
feikne HFOSC CLKK clock frequency 418.5 450 481.5 MHz
ferker LFOSC CLKK clock frequency 25.6 32 38.4 kHz
DCHcikne HFOSC duty cycle (clock high period) 50 55 %
DCHcixir LFOSC duty cycle (clock high period) 50 55 %
3.20. User 12C Characteristics
Table 3.36. User 12C Specifications (Vcc = 1.0 V)
Parameter STD Mode FAST Mode FAST Mode Plus?
Symbol Descripti . - - Units
escription Min Typ Max Min Typ Max Min Typ Max
fsal SCL clock frequency - - 100 - - 400 - - 1,000 kHz
Optional delay
1 _ _ _ _ _ _
ToeLay through delay block 62 62 62 ns
Notes:

1. Refer to the 12C Specification for the timing requirements. User design should set constraints in the Lattice Design software to
meet this industrial 12C Specification.
2. Fast mode plus maximum speed may be achieved by using external pull-up resistor on 12C bus. Internal pull-up may not be
sufficient to support the maximum speed.

3.21. Analog-Digital Converter (ADC) Block Characteristics

Table 3.37. ADC Specifications?!

Symbol Description Condition Min Typ Max Unit
VReFINT_ADC ADC internal reference voltage3 — 1.14? 1.2 1.262 \%
VReFexT_ADC ADC external reference voltage — 1.0 — 1.8 \Y
NRes_apc ADC resolution — — 12 _ bits
. Vem_anc Vewsoc+
Bipolar mode, — v v v
Internal Vger VREFINT A CM_ADC REFINT_AD
c/a
DC/4
V,
Bipolar mode e VREFEXT AD Vem_aoc*
DCi ’ B v Y
Vsr_apc ADC input range External Vaer — . REFEXT_AD
c/4
ADC/4
Uni-polar mode, VREFINT_AD
0 — - \Y
Internal Vger c
Uni-polar mode, 0 _ VREFEXT AD v
External Vrer c
. Internal Vger — VRerinT_ap — v
v ADC input common mode voltage c/2
CM_ADC . . .
- for fully differential signals
( Y gnals) External Vger — VeerexT_ap — v
C/2
Max frequency of adc_clk_i input —
- — 2
feu acc of the ADC block. > >0 MHz
Max frequency of the fab_clk_i —
f eae input for the ADC block 40 MHz
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Symbol Description Condition Min Typ Max Unit
ADC max sampling rate if CLK_ADC
and CLK_FAB sre isynchronoas - - o 620 kSPS
FSanc ADC max sampling rate if CLK_ADC
and CLK_FAB are both connected — — — 1 MSPS
to LR PLL CLKOS4
NtrACK_ADC ADC input tracking time — 4 — — cycles?
Rin_apbc ADC input equivalent resistance — — 116 — kQ
teal_aoc ADC calibration time N — — 6,500 ASfJS:K
Includes minimum
Toutput AdC ADC conversion time tracking time of four - 33 — ADC—CIZK
cycles cycles
DNLapc ADC differential nonlinearity — -1 — 1 LSB
| 2 - | o
SFDRapc ADC spurious free dynamic range — 67.7 77 — dBc
THDabc ADC total harmonic distortion — — -76 -66.8 dB
SNRapc ADC signal-to-noise ratio - 61.9 68 - dB
SNDRaoc rAalzi(;signal—to—noise plus distortion | — 61.7 67 . 4B
e | SOCET T s - os | = | o5 | e
ADC offset error -
ERRorrser_apc | (notincluding errors in the -2 — 2 % FSanc
reference)
Cin_aApc ADC input equivalent capacitance — — 2 — pF
Notes:

1. ADC s available in commercial/industrial =8 and —9 speed grades, and automotive —7 and —8 speed grades.
2. Not tested; guaranteed by design.
3. Theinternal voltage reference is not recommended for customer design. It is recommended that the user should use the part

with external voltage. If the internal reference is used, an appropriate calibration scheme should be applied.

3.22. Comparator Block Characteristics

Table 3.38. Comparator Specifications?

Symbol Description Min Typ Max Unit
fin_comp Comparator input frequency — — 10 MHz
VinN_comp Comparator input voltage 0 — Vecapcis v
Vorrser_comp Comparator input offset -23 — 24 mv
Vhyst_comp Comparator input hysteresis 10 — 31 mv
ViaTeNcY_comp Comparator latency — — 31 ns

Note:

1. Comparators are available in selected speed grades. See the Ordering Information.
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3.23. Digital Temperature Readout Characteristics

Digital temperature Readout (DTR) is implemented in one of the channels of ADC.

Table 3.39. DTR Specifications® 2

= LATTICE

Symbol Description Condition Min Typ Max Unit
DTReance DTR detect temperature _ _40 . 100 “c
range
With external voltage®
DTRAccuracy DTR accuracy reference range of 1.0V -13 +4 13 °C
to1.8V
. With external voltage .
DTR DTR | —0. — .
RESOLUTION resolution reference 0.3 0.3 C
Notes:

1. The external voltage reference (Vger) should be 0.1% accurate or better. DTR sensitivity to Vger is —4.1 °C per Vger percent (for
example, if the Vrer is 1 % low, then the DTR will read +4.1°C high).
2. DTRis available in commercial/industrial -8 and —9 speed grades.

3.24. Hardened MIPI D-PHY Characteristics

Table 3.40. Hardened D-PHY Input Timing and Levels

Symbol

‘ Description

‘ Conditions

Min ‘ Typ ‘ Max ‘Unit

High Speed (Differential) Input DC Specifications

Vemmnod Common-mode voltage in high-speed _ 20 _ 330 mv
mode
) o 0.08 Gbps < Viph < 1.5 Gbps 70 — — mV
VipTH Differential input HIGH threshold
1.5 Gbps <Vpty<2.5 Gbps 40 — — mV
0.08 Gbps < Vipr. £ 1.5 Gbps — — -70 mV
Vipri Differential input LOW threshold
1.5 Gbps < Vipr. £ 2.5 Gbps — — -40 mV
ViHHs Input HIGH voltage (for HS mode) — — — 460 mV
Viths Input LOW voltage — —40 - _ mv
Single-ended voltage for HS termination
VTERM-EN enable® 450 mV
Zp Differential input impedance — 80 100 125 Q
High Speed (Differential) Input AC Specifications
< <
- 0.08 Gbps < AVCMRX(HF) <15 _ _ 100 mv
1 Common-mode interference Gbps
AVempxnr
(>450 MHZ) 1.5 Gbps < AVCMRX(HF) <25
— — 50 mV
Gbps
< <
. 0.08 GbpS < AVCMRX(LF) <15 50 _ 50 mv
AV ,3 | Common-mode interference Gbps
MR 1 (50 MHz-450 MHz) 1.5 Gbps < AVowrxes) < 2.5
=25 — 25 mV
Gbps
Cem Common-mode termination - - - 60 pF
Low Power (Single-Ended) Input DC Specifications
Vin Low power mode input HIGH voltage — 760 — — mV
Vi Low power mode input LOW voltage — — — 550 mV
ViLup Ultra-low power input LOW voltage — — — 300 mV
Vhyst Low power mode input hysteresis — 25 — — mV
Cspike Input pulse rejection — — — 300 V-ps
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Symbol Description Conditions Min Typ Max Unit
TMIN-RX Minimum pulse width response - 20 — — ns
Vint Peak interference amplitude — — — 200 mV
fint Interference frequency — 450 — — MHz
Contention Detector (LP-CD) DC Specifications
ViHco Contention detect HIGH voltage — 450 — — mV
Viteo Contention detect LOW voltage — — — 200 mV
Notes:
1. Thisis the peak amplitude of the sine wave modulated to the receiver inputs.
2. The input common-mode voltage difference relative to the average common-mode voltage on the receiver inputs.
3. Exclude any static ground shift of 50 mV.
4. High-speed differential Rterm is enabled when both DP and DN are below this voltage.
Table 3.41. Hardened D-PHY Output Timing and Levels
Symbol ‘ Description Conditions Min Typ ‘ Max ‘ Unit
High Speed (Differential) Output DC Specifications
Ve Common-mode voltage in high-speed _ 150 200 250 mv
mode
Vemrx mismatch between differential HIGH
|AVewmo| and LOW > mv
. . D-PHY-P — D-PHY-
[Vool| Output differential voltage Il\ll 140 200 270 mV
Vop mismatch between differential HIGH
|AVoo| and LOW 14 mv
Vonns Single-ended output HIGH voltage — — — 360 mV
Zos Single-ended output impedance — 40 50 68 Q
AZos Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications
AV. Common-mode variation — . . 25 mv
ML) 50 MHz — 450 MHz RMs
AVemrx(nr) Common-mode variation, above 450 MHz — — — 15 MVems
. <tr<l
0.08 Gbps < tg . . 0.30 ul
Gbps
1 <tg< 1.
Gbps <tp < 1.5 — — |03 | ul
(] 20%—80% rise ti Gbps
tr utput ©—80% rise time ta< 1.5 Gbps 100 — _ ps
1. <tg< 2.
> Gbps<tes 2.5 — — | 040 | ul
Gbps
tr> 1.5 Gbps 50 — — ps
<te<
0.08 Gbps<tr<1 _ . 0.30 ul
Gbps
1 <te< 1.
Gbps <tr< 1.5 — — |03 | ul
%—20% fall Gbps
o/ 709, H
tr Output 80%—20% fall time tr< 1.5 Gbps 100 — — -~
. <te< 2.
1.5Gbps<tg< 2.5 _ . 0.40 ul
Gbps
tr> 1.5 Gbps 50 — — ps
Low Power (Single-Ended) Output DC Specifications
< <
0.08 Gbps < Vor < 11 12 | 13 v
Vou Low power mode output HIGH voltage 1.50 Gbps
Vou > 1.50 Gbps 0.95 — 1.3 \
Vo Low power mode input LOW voltage — =50 — 50 mV
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Symbol Description Conditions Min Typ Max Unit
Zowp Output impedance in low power mode - 106 - - Q
Low Power (Single-Ended) Output AC Specifications
trip 15%—85% rise time — — — 25 ns
tep 85%—15% fall time — — — 25 ns
treoT HS — LP mode rise and fall time, 30%—85% - - — 35 ns
First LP XOR clock
Pulse after STOP 40 . _ ns
Tip-puLSE-TX Pulse width of the LP exclusive-OR clock state or last pulse
before STOP state
All other pulses 20 — — ns
Tip-PER-TX Period of the LP exclusive-OR clock — 90 — — ns
Slew rate at Cioap=0 pF — — — 500 mV/ns
Slew rate at Cioap=>5 pF — — — 300 mV/ns
Slew rate at Cioap = 20 pF — — — 250 mV/ns
Slew rate at Cioap = 70 pF — — — 150 mV/ns
Slew rate at Cioap = 0 to 70 pF (falling edge | — 30 — — mV/ns
8V/6tsn only) — 25 — — mV/ns
Slew rate at Cioap = 0 to 70 pF (rising edge | — 30 — - mV/ns
only) — 25 — - mV/ns
_ 30-0.075x | N
Slew rate at Cioap = 0 to 70 pF (rising edge (Vo,inst - 700)
only) 25-0.0625 x
- (Vomsr-550) | — | T | mV/ns
Cioap Load Capacitance — 0 — 70 pF
Table 3.42. Hardened D-PHY Pin Characteristic Specifications
Symbol Description Conditions Min ‘ Typ ‘ Max | Unit
Pin Characteristic Specifications
Vein Pin signal voltage range — -50 — 1,350 mV
Vein_Lvip Pin signal voltage range in LVLP operation — -50 — 1,150 mV
ILeak Pin leakage current — -100 — 100 UA
VGNDsH Ground shift — -50 — 50 mV
VpiN(absmax) Transient pin voltage level — -0.15 — 1.45 v
TupiNabsman mTz:T\L;:L(ZTSIEM time above Vpinmax) OF _ _ _ 20 ns
Table 3.43. Hardened D-PHY Clock Signal Specification
Symbol Description Conditions Min ‘ Typ ‘ Max | Unit
Clock Signal Specification
Il:stantaneous Ulst - - - 125 ns
Ul Variation AUI Ul 1ns ~10% — | 10% Ul
0.667 ns<Ul<1ns -5% — 5% ul
© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Table 3.44. Hardened D-PHY Data-Clock Timing Specifications

FPGA-DS-02049-2.4

Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Data-Clock Timing Specifications
0.08 Gbps < Tskewrx
<1.00 Gbps 0.15 0.15 Ulinst
Tskew[rx] Data to clock skew
L00Gbps <Tsewma | 550 | — | 020 | ui
<1.50 Gbps ‘ ‘ INST
0.08 Gbps < Tserupirx]
T Input data setup before CLK < 1.00 Gbps P .
SETUP[RX nput data setup before
(R 1.00 GbpS < TSETUP[RX] 0.20 _ _ ul
<1.50 Gbps ’
0.08 Gbps < Tholprx]
T Input data hold after CLK <1.00 Gbps P .
HOLDI[RX] nput data hold after
1.00 GbpS < THOLD[RX] 0.20 _ _ ul
<1.50 Gbps ’
Fin_ppHy Input frequency to hardened D-PHY PLL — 24 200 MHz
T
SKEWITX] Dynamic data to clock skew (Tx) > 1.5 Gbps -0.15 — 0.15 Ulinst
Dynamic
ISI Channel ISl > 1.5 Gbps — — 0.20 Ulinst
Tsetupiry) + . .
Dynamic data to clock skew window Rx
THoLp[rxX] M > 1.5 Gbps 0.50 — — Ulinst
. tolerance
Dynamic
3.25. Hardened PCle Characteristics
3.25.1. PCle (2.5 Gbps)
Table 3.45. PCle (2.5 Gbps)
Symbol ‘ Description Condition Min. Typ. ‘ Max. ‘ Unit
Transmitter!
Ul Unit interval 399.88 400 400.12 ps
BWrx Tx PLL bandwidth 15 — 22 MHz
V1x-DIFF-pP Differential p-p Tx voltage swing 0.8 — 1.2 Vp-p
Low power differential p-p Tx
VTX-DIFF-PP-LOW P . PP 0.4 - 1.2 Vp-p
voltage swing
Tx de-emphasis level ratio at 3.5
V1x-DE-RATIO-3.5dB P 3 — 4 dB
dB
TTX-RISE-FALL Transmitter rise and fall time 0.125 — — ul
Treere Transmltter eye, including all 0.75 _ . ul
jitter sources
Max. time between jitter
TTX-EYE-MEDIAN-to-MAX-JITTER median and max deviation from b —_ 0.125 Ul
the median
RLgore Tx dlff.erent|al retur.rT loss, 10 _ . 4B
including pkg and silicon
RL Tx common-mode return loss, 50 MHz < frequency < 6 . . B
M including pkg and silicon 2.5 GHz
ZTX-DIFF-DC DC differential impedance — 80 — 120 Q
v Tx AC peak common mode . _ _ 20 mV,
TXCM-ACP voltage, RMS RMS
Transmitters short-circuit
Irx-sHoRT — - — 90 mA
current
© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Symbol Description Condition Min. Typ. Max. Unit
Transmitter DC common-mode
Vrx-ne-cm — 0 — 1.2 Y,
voltage
Electrical idle output peak
V1X-IDLE-DIFF-AC-p putp — — — 20 mV
voltage
Voltage change allowed durin
V1x-RCV-DETECT . & & & — — — 600 mV
receiver detect
TTX-IDLE-MIN Minimum time in electrical idle — 20 — — ns
T Maximum time from El order . _ _ 8 ns
TXIDLESET-TO-IDLE Set to valid electrical idle
T Maximum time from electrical . _ _ 3 ns
TXIDLETO-DIFF-DATA idle to valid differential output
500 ps
Lrx-skew Lane-to-lane output skew +2 Ul ps
Receiver?
ul Unit interval — 399.88 400 400.12 ps
Differential Rx peak-peak
VRx.D|FF.pp P P —_ 0.175 —_ 1.2 Vp-p
voltage
Trx-eve> Receiver eye opening time — 0.4 - — ul
T Max time delta between
RX'EZE'MED'AN”'MAX' median and deviation from — — — 0.3 ul
JITTER .
median
RLacorre Receiver dlffer.e.ntlal return loss, . 10 _ . 4B
package plus silicon
RLacan Receiver common-rtn.ode return | 6 _ . 4B
loss, package plus silicon
Zococ Becelver DC single-ended _ 0 _ 60 Q
impedance
Receiver DC differential
ZRX-DIFF-DC . — 80 — 120 Q
impedance
Receiver DC single-ended
ZRX-HIGH-IMP-DC impedance when powered — 200 — — kQ
down
Rx AC peak common-mode mV
VRx-cM-AC-P> — — - 150 '
RI-CM-ACP voltage peak
V/RX-IDLE-DET-DIFF-PP Electrical idle detect threshold — 65 — 175 mVp-p
Lrx-skew Receiver—lane-lane skew — — — 20 ps
Notes:

1. Refer to the PClI Express base specification revision 3.0, Table 4.18 test condition and requirement for respective parameters.
2. Refer to the PCl Express base specification revision 3.0, Table 4.24 test condition and requirement for respective parameters.
3. Specification compliant requirement.

3.25.2. PCle (5 Gbps)
Table 3.46. PCle (5 Gbps)

Symbol ‘ Description Test Conditions Min Typ Max Unit

Transmit!

ul Unit interval — 199.94 200 200.06 ps
Tx PLL bandwidth

Bwrx-piG-pLL1 . - 8 - 16 MHz
corresponding to PKGrx.pL11
Tx PLL bandwidth

Bwrx-pia-pLL2 . - 5 — 16 MHz
corresponding to PKGrx.pLi2
Tx PLL peaking

Pex-pLL1 . — — — 3 dB
corresponding to PKGrx.pL11

© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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Symbol Description Test Conditions Min Typ Max Unit
Tx PLL peaking
PkeTx- — — — 1 dB
KameeL2 corresponding to PKGrx.pLi2
Differential p-p Tx voltage
V1X-DIFE- — . — 1.2 V, p-
TX-DIFF-PP swing 0.8 » PP
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . PP - 0.4 - 1.2 V, p-p
voltage swing
Tx de-emphasis level ratio at
V1x-DE-RATIO-3.5dB 3548 3 4 dB
Tx de-emphasis level ratio at
V1x-DE-RATIO-6dB P — 5.5 — 6.5 dB
6dB
TMIN-PULSE Instantaneous lone pulse width | — 0.9 — — Ul
TTX-RISE-FALL Transmitter rise and fall time - 0.15 - - Ul
Transmitter eye, including all
Trxeve jitter sources 0.75 ul
Treo) Tx deterministic jitter > 1.5 _ _ _ 0.15 Ul
MHz
T Tx RMS jitter < 1.5 MHz — — - 3 P3,
TX-R J . RMS
TRE-MISMATCH Tx rise/fall time mismatch — — — 0.1 Ul
R Tx differential return loss, 50 MHz < freq < 1.25 GHz 10 — — dB
LD including package and silicon | 1.25 GHz < freq < 2.5 GHz 8 — - dB
T -mode return loss,
Rirxcm xcommon-mode return 10ss, | o 1y, < freq < 2.5 GHz 6 _ - dB
including package and silicon
ZTX-DIFF-DC DC differential Impedance — — — 120 Q
Tx AC peak common mode mv,
V1x-cM-AC-PP — — — 150
voltage, peak-peak p-p
Transmitter short-circuit
Irx-sHoRT — — — 90 mA
current
Transmitter DC common-mode
Vrx-ne-cm — 0 — 1.2 \Y
voltage
Electrical idle output DC
V1X-IDLE-DIFF-DC P — 0 — 5 mV
voltage
Electrical idle differential
VTX-IDLE-DIFF-AC-p — — — 20 mV
output peak voltage
Voltage change allowed during
Vnerev-oetect receiver detect 600 mv
T1X-IDLE-MIN Minimum time in electrical idle | — 20 — — ns
T Maximum time from El order . _ . 8 ns
TXIDLESET-TO-IDLE Set to valid electrical idle
T Maximum time from electrical . . . 8 ns
TXIDLE-TO-DIFF-DATA idle to valid differential output
Receive?
500+4
Lrx-skew Lane-to-lane output skew — — — Ul ps
ul Unit interval — 199.94 200 200.06 ps
Differential Rx peak-peak
VRX-DIFF-PP P P — 0.343 — 1.2 V, p-p
voltage
T Receiver random jitter 1.5 MHz — 100 MHz . . 42 ps,
RICRI-RMS tolerance (RMS) Random noise ’ RMS
Receiver deterministic jitter
Trx-Ds J — — — 88 ps

tolerance
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Symbol Description Test Conditions Min Typ Max Unit
50 MHz < frequency < 1.25
o , 10 - - dB
R Receiver differential return GHz
DI loss, package plus silicon 1.25 GHz < frequency < 2.5
8 — — dB
GHz
Receiver common-mode return
Rirx-cm . — 6 — — dB
loss, package plus silicon
Zeoe Becelver DC single-ended - 0 . 60 Q
impedance
Receiver DC single-ended
ZRX-HIGH-IMP-DC impedance when powered — 200 — — kQ
down
Rx AC peak common-mode mV,
Vrx-cmacp® P — — — 150
voltage peak
V/RX-IDLE-DET-DIFF-PP Electrical idle detect threshold — 65 — 1753 mv, pp
LRx-SKEW Receiver—lane-lane skew — — — 8 ns

Notes:

1. Refer to the PCl Express base specification Revision 3.0, Table 4.18 test condition and requirement for respective parameters.
2. Refer to the PCl Express base specification Revision 3.0, Table 4.24 test condition and requirement for respective parameters.
3. Specification compliant requirement.

3.26. SGMII Characteristics

3.26.1. SGMII Specifications
Table 3.47. SGMII*

Symbol Description Test Conditions Min Typ Max Unit
foaTa SGMII data rate — — 1,250 — MHz
frerci SGMII reference clock frequency (data rate _ _ 125 _ MHz
/10)
Periodic jitt
JroL_pj Jitter tolerance, deterministic <¢33r(|)% I:-Ijzl er - — 0.12 ul
. Periodic jitter )
JroL_7j Jitter tolerance, total <300 kHz - — 0.3 ul
Af/f Data rate and reference clock accuracy — -300 — 300 ppm

Notes:

1. SGMlIlis not supported on 72-pin packages (QFN and WLCSP).

2. ot can meet the following jitter mask specification: 0 to 3.5 kHz: 10 Ul; 3.5 to 700 kHz: log-log slope 10 Ul to 0.05 Ul; above
700 kHz: 0.05 UI.
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3.27. sysCONFIG Port Timing Specifications

Table 3.48. sysCONFIG Port Timing Specifications

Symbol ‘ Parameter Device Min Typ. Max Unit
Controller SPI POR/REFRESH Timing
¢ REFRESH command executed, to the rising . . . 30 s
Icre edge of INITN (bulk-erase off) W
Time from rising edge of INITN to the valid
tvmc — — — 5 us
controller MCLK
fuicux_oer Default MCLK fretque.zncy. (before MCLK _ _ 35 _ MHz
frequency selection in bitstream)
Time during POR, from Vcc, Vcc/.\ux, Vcc|oo, or
ticre_PoR Vcao1 (whichever is the last) pass POR trip — — — 5 ms
voltage, to the rising edge of INITN
Target SPI/12C/I3C POR
Time during POR, from Vee, Veeaux, Vecioo or
Vceio1 (whichever is the last) pass POR trip
tmspi_INH — — — 1 us
voltage, to pull PROGRAMN LOW to prevent
entering MSPI mode
Minimum time driving PROGRAMN HIGH after
tacT_PROGRAMN_H L — 50 — — ns
last activation clock
t Minimum time to start driving CCLK (SSPI) _ 50 _ _ ns
CONFle_caL after PROGRAMN HIGH
¢ Minimum time to start driving SCL (12C/I3C) _ 50 _ _ ns
conmesct after PROGRAMN HIGH
PROGRAMN Configuration Timing
tPROGRAMN_L PROGRAMN LOW pulse accepted - 50 — — ns
tPROGRAMN_H PROGRAMN HIGH pulse accepted — 60 — - ns
tPROGRAMN_RJ PROGRAMN LOW pulse rejected —_ — —_ 25 ns
tINIT_LOW PROGRAMN LOW to INITN LOW — — —_ 100 ns
PROGRAMN LOW to INITN HIGH (bulk-erase
tinim_HiGH — — — 40 us
off)
toone_Low PROGRAMN LOW to DONE LOW — — — 55 us
tooNE_HIGH? PROGRAMN HIGH to DONE HIGH — — 2 s
tiopiss PROGRAMN LOW to I/O disabled — — — 125 ns
Controller SPI
fvcct Maximum selected MCLK output frequency — 135 15 165 MHz
fmewk_pc MCLK output clock duty cycle — 45 — 55 %
1/fmcwk 1/fmcwk
tmcLkH MCLK output clock pulse width HIGH — (max) x — (min) x ns
0.45% 0.55%
1/fmeik 1/fmeik
tvcLke MCLK output clock pulse width LOW — (max) x — (min) x ns
0.458 0.558
tsu_miso MISO to MCLK setup time — 0.5 — — ns
tHD_MISO MISO to MCLK hold time el 0.5 —_ —_ ns
tCO_MOS|2'9 MCLK to MOSI delay —_ -0.5 —_ 1.0 ns
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Symbol Parameter Device Min Typ. ‘ Max ‘ Unit
Target SPI
fook w CCLK input clock fr_equency _ _ _ 135 MHz
" (For write transaction)*
foo CCLK input clock frequency _ _ _ Note 6 MHs
- (For read transaction)®
tecikn CCLK input clock pulse width HIGH — 3.5 — — ns
teowe CCLK input clock pulse width LOW — 3.5 — — ns
func stave 'dl'ir.ne from rising edge of INITN to Target CCLK . 50 _ _ ns
riven
tymc_masTER CCLK input clock duty cycle — 40 — 60 %
tsu_ssi SSI to CCLK setup time — 3.2 — — ns
tho_ssi SSI to CCLK hold time — 1.9 — — ns
tco_sso CCLK falling edge to valid SSO output — 3.07 — 167 ns
ten_sso CCLK falling edge to SSO output enabled — 3.07 — 167 ns
tois_sso CCLK falling edge to SSO output disabled — 3.07 — 167 ns
tHiGH_scsN SCSN HIGH time — 74 _ — ns
tsu_scsn SCSN to CCLK setup time - 35 — — ns
tho_scsn SCSN to CCLK hold time — 1.6 — — ns
12C/13C
fscL_iac SCL input clock frequency for 12C — — — 1 MHz
fsci_iac SCL input clock frequency for 13C — — — 12 MHz
tsciH_iac SCL input clock pulse width HIGH for 12C - 400 — — ns
tscu_iac SCL input clock pulse width LOW for I12C — 400 — — ns
tsu_spa_i2c SDA to SCL setup time for 12C — 250 — — ns
Tho_spa_i2c SDA to SCL hold time for 12C — 50 — — ns
tsu_spa_isc SDA to SCL setup time for I3C — 30 — — ns
thp_spa_isc SDA to SCL hold time for 13C — 30 — — ns
tco_spa SCL falling edge to valid SDA output — — — 200 ns
ten_spA SCL falling edge to SDA output enabled - - - 200 ns
tpis_spa SCL falling edge to SDA output disabled — — — 200 ns
Wake-Up Timing
FWAKEUP_DONE HIGH ha:étHconfiguration clock cycle to DONE going . . . 60 s
LIFCL-40 — — 31,184 cycles
trio_en’ User I/O enabled in Early I/0 Mode
LIFCL-17 — — 20,688 cycles
tioen? Config clock to user 1/0 enabled — 130 — — ns
tmake? 3 Controller MCLK to high impedance — — — 2.5 ps
Notes:

1. The fuck has a dependency on HFOSC and is 1/3 of fcixue.

2.
values.

Based on 30k uncompressed/unauthenticated/default MCLK timing (3.5 MHz)/x1. Other permutations results in different

3.  Measure using LVCMOS18, default MCLK frequency, slow slew rate.
Supported input-clock frequency for bursting the configuration bitstream to the device.
5. Supported input-clock frequency for reading out data transactions from the device.

&
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Refer to the following equations to determine the supported input-clock frequency for read transaction. Assumption: The skew

between CCLK and SSO on board is zero.

1% CCLK — tCO(max) — Tsu > 0
CCLK > 2(tCO(max) + Tsu)

CCLK — Input clock period. fCCLK_R = 1/CCLK.

tCO(max) — Equivalent to tCO_SSO or tEN_SSO max value.

Tsu — Setup time requirement for host controller 1/0.

For customer that can only use single clock for read/write operation, the Fmax will be limited by the Fmax for read operation.

For example: tCO(max) = 30 ns and Tsu =2 ns.

CCLK > 2(tCO(max) + Tsu)
CCLK > 2(30ns + 2ns)
CCLK > 64ns

1
fCCLK, = ans = 15.62 MHz

For customer that want to do the programming at 135 MHz or faster than Fmax for read operation:

. Have a mechanism in the host controller to switch between read clock and write clock for read/write transaction. For
example, refer to SPI specification to switch between read and write clock by changing the SPI Baud Rate Register (SPIBR) if
standard SPI controller is used as the host.

e orimplementing a mechanism to adjust/calibrate the sampling clock edge when the valid data becomes available.

Based on SLOW (default) slew rate control on Config output pins.

The actual value is based on the user settings. Use the provided formula to get the minimum or maximum value.

The tco_mosi specification is based on a fast slew rate and a total capacitive load of 20 pF. This includes 8 pF from the SPI flash

device input pin (as specified in its datasheet) and 12 pF from the measurement probe during silicon characterization.

REFRESH Command toe  ————]
Vee/Vecaux/

Vccioo/Veciol tice_ror >

N

PROGRAMN

frmax_oer

Figure 3.14. Controller SPI POR/REFRESH Timing
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Vcc/ Vco\ux/
choo/ Vcao

tice_por

REFRESH Command j¢———— tice ——

INITN \\\\\\
DONE \\\\\\

«— tmsrn ——»f tacrcreseeN | 00000000000
PROGRAMN Slave Activation T o
-------------------- A B TP teowiocax |+~
CCLK
ss X:X:X:X
tacr sc—»] <« —»| fsc|e— tAC-I'_-C;E;E:I:_': -;: o
SCL —»| tconrig scL

Figure 3.15. Target SP1/12C/13C POR/REFRESH Timing

—— tINITiHIGH JE—

PROGRAW q—tPROGRAMN_RJ —»/
_—P U Low  [€—
INITN
DONE
: tDONE_LOVi:j _______________ 4_?____".\/—'\/'2 __________ _:\ fMCLK_def
MCLK

o 0

—» topiss [¢—

USER /O

Figure 3.16. Controller SPl PROGRAMN Timing
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< t PROGRAMN

PROGRAMN
‘ thITfHIGH

<—t INIT_LOW—P»|

INITN
tA(:Tj*Ro GRAMN_Hi—

DONE “thone_Low

<« ‘ercow fecue W P tonFie_cowk
coLK | - 7
ssl o | x | x X x | x

-« tacT scL

SCL

SDA [ S
—> topiss 4—

Slave Activation

USER I/O

Figure 3.17. Target SP1/12C/13C PROGRAMN Timing

- fmcik
- tMCLKH .
- tmcLkL
MCLK
tsu_MISO thp_MISO
—
MISO
tco, MOSI
>

Figure 3.18. Controller SPI Configuration Timing
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et fcck —————p
—\ /|- tccikH -

CCLK - teekL -

< tsu_ssl » < tHD_SSI »
SSI

< tsU_SGN > tHD_SGSN >

SCSN
et tHIGH_SCSN -

—P» tcosso
SSO X
—P»  tensso —P  toissso ’47
SSO ! [
Figure 3.19. Target SPI Configuration Timing
-t fsc -
sc. — tsaH -
g tsc >
t
SU_SDA ) ¢ tHD_SDA
SDA (input)
—p» tco_spa
SDA (output) ><
B e son — tDls_soA’df

SDA (output)

CRESET_B

INITN

DONE

Figure 3.20. 12C /13C Configuration Timing

tWAKEUP .DONE_HIGH
—

Device-Wake-Up.

MCLK

USER 1/0
(FAST 1/0)

USER1/O

CONFIG
Starts

tFIO_EN

tioen

—

Figure 3.21. Controller SPI Wake-Up Timing
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CRESET_B

INITN

TwAKEUP_DONE HIGH: - Device Wake-Up

DONE

CONFIG
Starts

cawsc VUU Y
tFIO_EN —

USER 1/0 | o |"
(FAST 1/0s) |

=» - tI0EN |‘-

USER I/O

Figure 3.22. Target SPI/12C/13C Wake-Up Timing
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Figure 3.23. Configuration Error Notification
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3.28. JTAG Port Timing Specifications

Table 3.49. JTAG Port Timing Specifications

Symbol Parameter Min | Typ. | Max Units
fvax TCK clock frequency — — 25 MHz
tarcen TCK clock pulse width high 20 — — ns
tarepL TCK clock pulse width low 20 — — ns
tars TCK TAP setup time 5 — — ns
tetH TCK TAP hold time 5 — — ns
tarrr TAP controller TDO rise/fall time! 100 — — mV/ns
tarco TAP controller falling edge of clock to valid output - — 14 ns
tarconis TAP controller falling edge of clock to valid disable - — 14 ns
taTcoEn TAP controller falling edge of clock to valid enable — — 14 ns
taTcrs BSCAN test capture register setup time 8 — — ns
tarcRH BSCAN test capture register hold time 25 — — ns
tsutco BSCAN test update register, falling edge of clock to valid output — — 25 ns
tsTuoDIS BSCAN test update register, falling edge of clock to valid disable — — 25 ns
taTUPOEN BSCAN test update register, falling edge of clock to valid enable — — 25 ns
Note:

1. Based on the default I/0 setting of the slow slew rate.

TMS

TDI

TCK

TDO

Data to be
Captured
from 1/0

Data to be
driven out
to 1/O

tgrcpH —Pre— teTcPL — P

tBTCOEN

¢ tgrs P tgy — W

—— grep ———— ¥

-/

/)

taTCO

tTCODIS

Valid Data

Valid Data

tBTCRS

——BTCRH

Data Captured

A

4= tBTUPOEN

4— tguTtco

4¢—tgTUODIS

Valid Data Valid

Data

Figure 3.24. JTAG Port Timing Waveforms
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Figure 3.25 shows the output test load that is used for AC testing. The specific values for resistance, capacitance,
voltage, and other test conditions are listed in Table 3.50.

DUT

\&i
R1

] @® Test Point
%RZ T"

*CL Includes Test Fixture and Probe Capacitance

Figure 3.25. Output Test Load, LVTTL and LVCMOS Standards

Table 3.50. Test Fixture Required Components, Non-Terminated Interfaces®

Test Condition R: R: C Timing Ref. Vr
LVCMO0S3.3=15V -
LVCMOS 2.5 = Vcaio/2 —
LVTTL and other LVCMOS settings (Lto H, H to L) © 0 0 pF LVCMOS 1.8 = Vceio/2 —
LVCMOS 1.5 = Vcaio/2 —
LVCMOS 1.2 = V¢eio/2 —
LVCMOS 2.5 1/0 (Z to H) © 1MQ 0 pF Veaio/2 —
LVCMOS 2.51/0 (Zto L) 1 MQ 0 0 pF Veaio/2 Vceio
LVCMOS 2.5 1/0 (H to 2) (g 100 0 pF Von—0.10 —
LVCMOS 2.51/0 (Lto 2) 100 o0 0 pF VoL +0.10 Vceio

Note:

1. The output test conditions for all other interfaces are determined by the respective standards.
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4. DC and Switching Characteristics for Automotive

All specifications in this chapter are characterized within the recommended operating conditions unless otherwise

specified.

4.1. Absolute Maximum Ratings

Table 4.1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vee, Vececik Supply voltage -0.5 1.10 Vv
VCCAUX; VCCAUXA;
Vecauxns, Vecauxa, Supply voltage -0.5 1.98 Vv
VecauxHs
Voo, 1,2, 6,7 1/0 supply voltage -0.5 3.63 \%
Vceios, 4,5 1/0 supply voltage -0.5 1.98 \Y
VeepL ppHvo, 1 Hardened D-PHY PLL supply voltage -0.5 1.10 Vv
VeepLispo SERDES block PLL supply voltage -0.5 1.98 Vv
Veea ppHYo, 1 Analog supply voltage for hardened D-PHY -0.5 1.98 Vv
Ve pphvo, 1 Digital supply voltage for hardened D-PHY -0.5 1.10 Vv
Vcespo SERDES supply voltage -0.5 1.10 Vv
Vceapcis ADC block 1.8 V supply voltage -0.5 1.98 Vv
Veeauxsp SERDES and AUX supply voltage -0.5 1.98 Vv
Input or 1/0O voltage applied, Bank 0, Bank
o l,gank 2,/Bank G,indeF;nk7 05 3.63 v
. :3napnuktsor I/0 voltage applied, Bank 3, Bank 4, and 05 1.08 v
— Voltage applied on SERDES pins -0.5 1.98 Vv
Ta Storage temperature (ambient) -65 +150 °C
T, Junction temperature — +125 °C
Notes:

e  Exceeding the Absolute Maximum Ratings may result in permanent device damage. Functional operation of the device at these

or any other conditions above those indicated in the operational sections of this specification is not implied.
e  Compliance with the Lattice Thermal Management (FPGA-TN-02044) document is required.

e  Allvoltages are referenced to GND.
e All Vccaux should be connected to the PCB.
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4.2.

Recommended Operating Conditions

1,23

Table 4.2. Recommended Operating Conditions

Symbol Parameter Conditions Min Typ. Max Unit
Vee, Vececik Core supply voltage Vece=1.0V 0.95 1.00 1.05 Vv
- Bank 0, Bank 1, Bank 2, Bank
Vecaux Auxiliary supply voltage 6, and Bank 7 1.746 1.80 1.89 \Y,
VceauxHs/ass Auxiliary supply voltage Bank 3, Bank 4, and Bank 5 1.746 1.80 1.89 Vv
Vecauxa Auxiliary supply voltage for | _ 1.746 1.80 1.89 v
core logic
Vcao =3.3V, Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7 3.135 3.30 3.465 v
Vcao =2.5V, Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7 2.375 2:50 2.625 v
Vccio = 1.8V, All Banks 1.71 1.80 1.89 \%
Vcao 1/0 driver supply voltage Vcao = 1.5V, All Banks* 1.425 1.50 1.575 Vv
Veeio = 1.35 V, All Banks (for
DDR3L only) 1.2825 1.35 1.4175 \%
Veao = 1.2V, All Banks* 1.14 1.20 1.26 \%
Vcc|o =1.0 V, Bank 3, Bank 4,
and Bank 5 0.95 1.00 1.05 \%
D-PHY External Power Supplies
Veea_p-pHy D-PHY analog power — 1.71 1.80 1.89 \Y;
- supply
Vee p-pHy D-PHY digital power supply | — 0.95 1.00 1.05 Vv
VeepuL_p-pHY D-PHY PLL power supply — 0.95 1.00 1.05 \
ADC External Power Supplies
Veeancis ADC 1.8V power supply | — 171 1.80 1.89 v
SERDES Block External Power Supplies
Supply voltage for SERDES
Veespo block and SERDES 1/0 0.95 1.00 1.05 \Y;
VeepLisbo SERDES block PLL supply — 1.71 1.80 1.89 \Y;
voltage
Vecasso SERDES block auxiliary . 171 1.80 1.89 v
supply voltage
Operating Temperature
tauro Junction .temperatL.Jre, _ _a0 _ 125 °c
automotive operation
Notes:

1. For correct operation, all supplies must be held in their valid operation voltage range.
2. All supplies with the same voltage should be from the same voltage source. Proper isolation filters are needed to properly

isolate noise from each other.

3. Common supply rails must be tied together except SERDES.
4. MSPI (Bank 0) and JTAG, SSPI, 12C, and I13C (Bank 1) ports support Vcco levels from 1.8 Vto 3.3 V.
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4.3. Power Supply Ramp Rates

Table 4.3. Power Supply Ramp Rates

Symbol Parameter Min Typ Max Unit
tramp Power Supply ramp rates for all supplies »%3 0.1 — 50 V/ms
Notes:

1. Assume a monotonic ramp rates.

2. All supplies need to be in the operating range as defined in Recommended Operating Conditions1, when the device has
completed configuration and entering user mode. Supplies that are not in the operating range need to be adjusted to faster
ramp rate, or you must delay configuration or wake-up.

3. When WRIO must remain at a logic low level during power rail ramp-up, and Vccio is not sequenced last, the corresponding Vccio
tRAMP must be 4.4 V/ms or less. Refer to the sysl/O Considerations section for more information.

4.4. Power up Sequence

Power-On-Reset (POR) puts the CrossLink-NX device into a reset state. There is no power up sequence required for the
CrossLink-NX device.

In applications where the WRIO must remain at a logic low level during power rail ramp-up and before POR
deactivation, refer to the sysl/O Considerations section.

Note: Dual-function sysCONFIG pins with configuration phase pull-up resistors will transition high during this period
and are excluded from this guidance. Refer to the sysCONFIG Pins section of the sysCONFIG User Guide for Nexus
Platform (FPGA-TN-02099) for the complete list of dual-function sysCONFIG pins.

Table 4.4. Power-On Reset

Symbol Parameter Min Typ Max Unit
Power-On-Reset ramp-up trip point Vee 0.72 - 0.84 v
Vrorup (monitoring Vcc, Vecaux, Vecioo, and Veeaux 1.30 — 1.71 \Y
Vecior) Veaioo,Vecion 0.87 - 1.07 v
v Power-On-Reset ramp-up trip point | Vcc 0.48 — 0.85 \Y
PORON (monitoring Vec and Vecaux) Vecaux 1.36 — 1.57 v

4.5. On-Chip Programmable Termination

The CrossLink-NX devices support a variety of programmable on-chip terminations options, including:
e  Dynamically switchable Single-Ended Termination with programmable resistor values of 40 Q, 50 Q, 60 Q, or 75 Q.
e Common mode termination of 100 Q for differential inputs.

Vcao Zo =50

20-400,500,600, 0750 1 TR
to Vecio /2

i
: Zo
4D
VREF @7 -
_OFF-chip | ON-chip

v

Parallel Single-Ended Input Differential Input

Figure 4.1. On-Chip Termination

See Table 4.5 for termination options for input modes.
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Table 4.5. On-Chip Termination Options for Input Modes

10_TYPE Differential Termination Resistor? 2 Terminate to Vccio/2% 2
subLVDS 100, OFF OFF

SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
HSTL15D_| 100, OFF OFF
SSTL15D_| 100, OFF OFF
SSTL135D_| 100, OFF OFF
HSUL12D 100, OFF OFF
LVCMOS15H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
LVCMOS18H OFF OFF, 40, 50, 60, 75
HSTL15_1 OFF 50
SSTL15_| OFF OFF, 40, 50, 60, 75
SSTL135_| OFF OFF, 40, 50, 60, 75
HSUL12 OFF OFF, 40, 50, 60, 75

Notes:

1. Terminate to Vccio/2 (single-ended) and Differential Termination Resistor when enabled, can only have one setting per bank.
This feature is available only on the left and right banks.
2. Use of Terminate to Vccio/2 and Differential Termination Resistor are mutually exclusive in an I/O bank. The on-chip termination

tolerance is —10% to +60%.

Refer to the sysl/O User Guide for Nexus Platform (FPGA-TN-02067) for the on-chip termination usage and value

ranges.

4.6. Hot Socketing Specifications

Table 4.6. Hot Socketing Specifications for GPIO

Symbol Parameter Condition Min Typ Max Unit
0 < Vin < Vig(max)
Input or I/O Leakage Current for
i . 0 < Ve < Vee[max)
Iok Wide Range 1/0 (excluding 0 < Veao < Veeo ( ) -1.5 — 1.5 mA
MCLK/MCSN/MOSI/INITN/DONE) calo < Veaio {max
0 < Vceaux < Vecaux (max)
Notes:

L4 lok is additive to Ipu, Ipp, OF lgy-

e  Hot socketing specifications are defined at a device junction temperature of 85 °C or below. When the device junction
temperature is above 85 °C, the Ipk current can exceed the above specification.
e  Exceeding the hot socketing limits specified here can increase leakage current and can lead to potential reliability issues. A total
of 64 mA per eight I/0 pins should not be exceeded.

4.7. ESD Performance

Refer to the CrossLink-NX Product Family Qualification Summary for complete automotive grade qualification data,

including ESD performance.
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4.8. DC Electrical Characteristics

Table 4.7. DC Electrical Characteristics — Wide Range

Symbol Parameter Condition Min Typ Max Unit
e R N P
Ii? Input or I/O leakage current Vecio € Vin € Vi (max) — — 100 UA
Ipu 1/0 weak pull-up resistor current | 0<Viy<0.7 x Veco -30 — -150 UHA
oo L/ﬁr\;v::k pull-down resistor Vi (max) < Vin < Veao 30 . 150 UA
IgHLs Bus hold low sustaining current Vin = Vi (max) 30 — — UA
lgHHs Bus hold high sustaining current Vin=0.7 x Vccio -30 — — UA
IsHLO Bus hold low overdrive current 0<ViNn< Vo — — 150 LA
IsHHO Bus hold high overdrive current 0<ViNn< Vo — — -150 HA
Veur Bus hold trip points — V)L (max) — Vi (min) \Y
Notes:

1. Inputorl/O leakage current is measured with the pin configured as an input or as an |/O with the output tri-stated. The bus

maintenance circuits are disabled.

2. The input leakage current |5 is the worst-case input leakage per GPIO when the pad signal is high and exceeds the bank Vccio.
This condition is considered a mixed mode input.

Table 4.8. DC Electrical Characteristics — High Speed

Symbol Parameter Condition Min Typ Max Unit
I, Iyt Input or I/0 leakage 0<Vin< Veo - — 10 UA
lpu I/0 weak pull-up resistor current | 0<Viy<0.7 X Veco -30 — -150 UA
o L/uorr\gs:k pull-down resistor Vi (max) < Ve < Veao 30 — 150 uA
IgHLs Bus hold low sustaining current Vin = VL (max) 30 — — HA
IBHHS Bus hold high sustaining current Vin=0.7 x Vceo -30 — — HA
IsHLO Bus hold low overdrive current 0 < VN < Vceao — — 150 HA
IBHHO Bus hold high overdrive current 0< VN < Veao — — -150 UHA
Veur Bus hold trip points — (n\qlgx) — Vix (min) Vv
Note:

1. Inputorl/O leakage current is measured with the pin configured as an input or as an 1/0 with the output tri-stated. The bus

maintenance circuits are disabled.

Table 4.9. Capacitors — Wide Range

Symbol Parameter Condition Min Typ Max Unit
Veao=3.3V,25V,1.8V,1.5V,1.2V,
Cit I/O Capacitance! — 6 — F
/ P VCC =typ., VIO =0to Vcco + 0.2V P
. , . . Veao=3.3V,25V,1.8V,1.5V,1.2V,
C Dedicated Input Capacitance — 6 — pF
VCC =typ., VIO =0to Vcco + 0.2V
Note:
1. Ta25°C, f=1.0MHz
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Table 4.10. Capacitors — High Performance

Symbol Parameter Condition Min Typ Max Unit
Cit I/O Capacitancel x,C::O(; tloii/\c/molf(:/ml/z Vo Vee=typ, — 6 — pF
(% Dedicated input capacitance! XICOCIS(; tloéi/\clc’:f(:/'z\l/z Vi Vee=tye, — 6 — pF
(o D-PHY 1/O capacitance I/OC?C—CL:P:P;:;SO\./;\\//CC =ty Vio=0 — 5 — pF
Cqt SERDES 1/0 capacitance XEZEZ; 3(2) x' Vee=1typ, Vio=0to — 5 — pF

Note:

1. Tap25°C,f=1.0MHz

Table 4.11. Single Ended Input Hysteresis — Wide Range
I0_TYPE VCcCio TYP Hysteresis
LVCMOS33 3.3V 250 mV
LVCMOS25 3.3V 200 mV

25V 250 mV

LVCMOS18 1.8V 180 mV
LVCMOS15 1.5V 50 mV
LVCMOS12 1.2V 0
LVCMOS10 1.2V 0

Table 4.12. Single Ended Input Hysteresis — High Performance
10_TYPE VCCIO TYP Hysteresis
LVCMOS18H 1.8V 180 mV
LVCMOS15H 18V >0 mv

1.5V 150 mV

LVCMOS12H 1.2V 0
LVCMOS10H 1.0V 0
MIPI-LP-RX 1.2V >25 mV

4.9. Supply Currents

For estimating and calculating current, use the power calculator in the Lattice Design Software. This operating and peak
current is design dependent, and can be calculated in the Lattice Design Software. Some blocks can be placed into low
current standby modes. Refer to the Power Management and Calculation for CrossLink-NX Devices (FPGA-TN-02075).
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4.10. sysl/O Recommended Operating Conditions

Table 4.13. sysl/O Recommended Operating Conditions

Standard Support Banks Veao (Input) Veao (Output)
Typ. Typ.
Single-Ended
LVCMOS33 0,1,2,6,7 3.3 3.3
LVTTL33 0,1,2,6,7 3.3 3.3
LVCMOS25" 2 0,1,2,6,7 25,33 2.5
LVCMOS18" 2 0,1,2,6,7 1.2,1.5,18,2.5,3.3 1.8
LVCMOS18H 3,4,5 1.8 1.8
LVCMOS15" 2 0,12,6,7 1.2,1.5,1.8,2.5,3.3 1.5
LVCMOS15H’ 3,4,5 1.5,1.8 1.5
LVCMOS12" 2 0,1,2,6,7 1.2,1.5,1.8,25,3.3 1.2
LVCMOS12H' 3,4,5 1.2,1.357,1.5,1.8 1.2
LVCMOS10' 0,1,2,6,7 1.2,1.5,1.8,2.5,3.3 —
LVCMOS10H' 3,4,5 1.0,1.2,1.357,1.5,1.8 1.0
LVCMOS10R’ 3,4,5 1.0,1.2,1.357,1.5,1.8 —
SSTL135_I, SSTL135_II3 3,4,5 1.357 1.35
SSTL15_I, SSTL15_1I3 3,4,5 1.58 1.58
HSTL15_I3 3,4,5 1.58 1.58
HSUL123 3,4,5 1.2 1.2
MIPI D-PHY LP input® 3,4,5 1.2 1.2
Differential®
LVDS 3,4,5 1.2,1.35,15,1.8 1.8
LVDSE® 0,126,7 — 2.5
subLVDS 3,4,5 1.2,1.35,1.5,1.8 —
subLVDSE® 0,126,7 — 1.8
subLVDSEH® 3,4,5 — 1.8
SLVS®é 3,4,5 1.0,1.2,1.357,1.5,1.8* 1.2,1.357,15,1.84
MIPI D-PHY® 3,4,5 1.2 1.2
LVCMOS33D? 0,1,2,6,7 — 33
LVTTL33D? 0,126,7 — 3.3
LVCMOS25D° 0,12,6,7 — 2.5
SSTL135D_|, SSTL135D_II° 3,4,5 — 1.357
SSTL15D_I, SSTL15D_II° 3,4,5 — 1.5
HSTL15D_I° 3,4,5 — 1.5
HSUL12D® 3,4,5 — 1.2
Notes:

1. Single-ended input can mix into /O banks with a Vccio that differs from the required standard because some input standards
use an internal supply voltage source (Vcc, Vecaux) to power the input buffer, which makes them independent of the Vccio
voltage. For more details, refer to the sysl/O User Guide for Nexus Platform (FPGA-TN-02067). The following guidelines should
be followed:

a. Weak pull-up on the I/O must be set to OFF.

b. Bank 3, Bank 4, and Bank 5 I/O can only mix into banks with a Vccio greater than or equal to the pin standard due to the
presence of a clamping diode on the pin in these banks. Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 do not have this
restriction.

c. LVCMOS25 uses the Vo supply for the input buffer in Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7. It can be supported
with Vceo = 3.3 V to meet Vi and V. requirements, but this configuration draws additional current on Vccio. Hysteresis
must be disabled when using a 3.3 V supply voltage.

d. LVCMOS15 uses the Vcco supply for the input buffer in Bank 3, Bank 4, and Bank 5. It can be supported with Vo = 1.8 V to
meet Vi3 and V_requirements, but this configuration draws additional current on Vccpo.
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2. Single-ended LVCMOS inputs can mix into I/O banks with a different Vcco, providing that the weak pull-up is not used.

For additional information on mixed I/0 in bank Vcco, refer to the sysl/O User Guide for Nexus Platform (FPGA-TN-02067).

3. These inputs use differential input comparator in Bank 3, Bank 4, and Bank 5. The differential input comparator uses Vccauxu
power supply. These inputs require the Vger pin to provide the reference voltage in the bank. Refer to the sysl/O User Guide for
Nexus Platform (FPGA-TN-02067) for details.

4. All differential inputs use differential input comparator in Bank 3, Bank 4, and Bank 5. The differential input comparator uses
Vceauxn power supply. There is no differential input signaling supported in Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7.

5. These outputs emulate a differential output pair by using single-ended output drivers that provide true and complement
outputs to the corresponding true and complement pins. The common-mode voltage (Vcwm) is % x Vccio. Refer to the sysl/O User
Guide for Nexus Platform (FPGA-TN-02067) for details.

6. Soft MIPI D-PHY HS using sysl/O is supported with SLVS input and output that can be placed in banks with Vo voltage shown
in the SLVS specification. D-PHY with both HS and LP modes must be placed in banks with a Vo voltage = 1.2 V. Soft MIPI
D-PHY LP input and output using sysl/O are supported with LVCMOS12.

7. Vcao=1.35Vis only supported in Bank 3, Bank 4, and Bank 5 for use with the DDR3L interface in those banks. These input and

output standards can be placed in the same bank when V¢co=1.35 V.

8. LVCMOS15 inputs uses the Vccio supply voltage. If Vccio is 1.8 V, the DC levels for LVCMOS15 are still met, but input buffer
current may increase.

4.11. sysl/O Single-Ended DC Electrical Characteristics
Table 4.14. sysl/O DC Electrical Characteristics — Wide Range 1/0?

Input/Output Vie Vin VoL Max Vou Min
lo.(mA lon(mA
Standard? Min (V) Max (V) Min (V) Max (V) (V) (V) oL(mA) on(mA)
-2,-4,-8
LVTTL33 2,4,8,12 ) ~4, 79,
— 0.8 2.0 3.465% 0.4 Veeio—0.4 c -12,-16
16, 50RS? ! !
LVCMOS33 e
2,4,8,10 -2,-4,-8
— . . . 4 . V -0.45 ror Lo
LVCMOS25 0.7 1.7 3.465 0.4 cclo 50RS3 -10, 50RS?
2,4,8 -2,-4,-8
— 0.35xV, 0.65 x V, . 4 . V -0.45 Py Lo
LVCMOS18 CCIO CClo 3.465 0.4 CClo 50R53 50R53
LVCMOS15 —_ 0.35 x VCCIO 0.65 x VCClO 34654 04 VCCIO_ 0.4 2[ 4 —2[ -4
LVCMOS12 — 0.35x Vo | 0.65%Vego | 3.465% 0.4 Vecio— 0.4 2,4 -2,-4
LVCMOS10 — 0.35%x Vo | 0.65 % Vo 3.465% No output support
Notes:

1. For electromigration, the average DC current drawn by the 1/0 pads within an I/O bank must not exceed an average of 10 mA

per 1/0.

2. Forinformation on the types of I/O standards supported in each bank, refer to the sysl/O User Guide for Nexus Platform (FPGA-

TN-02067).

3. Selecting 50RS for driver strength configures a 50 Q series impedance driver.
4. Viy(max) for inputs in these banks (in Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7) can reach 3.465 V if the input clamp is OFF.
Otherwise, the input must not exceed V¢cio + 0.3 V.
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Table 4.15. sysl/O DC Electrical Characteristics — High Performance 1/0*

Input/Output Vi, Viu VoL Max | Vou Min
lo (MA lon (MA
Standard? Min (V) Max (V) Min (V) Max (V) V) v) oL (mA) on (MA)
Veeio— 2,4,8,12 -2,-4,-8,
LVCMOS18H — 0.35xV, 0.65 x V, V, +0.3 0.4 r Ty
ccio ccio ccio 0.45 “50RS” | -12, “SORS"3
Vecio— 2,4,8 -2,-4,-8
— 0.35xV, 0.65 x V, V +0.3 P Lo
LVCMOS15H ccio ccio ccio 0.4 04 “5ORS”3 “5ORS”3
Vecio— 2,4,8 -2,-4,-8
— 0.35xV, 0.65 x V, V +0.3 . P Lo
LVCMOS12H ccio ccio ccio 0.4 04 “5ORS”3 “5ORS”3
0.27 x 0.75 x
LVCMOS10H — 0.35 x VCC|O 0.65 x VCC|O VCC|O +0.3 2, 4 —2, -4
Veeio Veeio
V, +0.3 V -
SSTL15_| — Vger—0.10 Vrer + 0.1 ccio 0.30 SC;% 7.5 -75
V +0.3 V -
SSTL15_lI — Vger—0.10 Vrer + 0.1 ccio 0.30 SC;% 8.8 -8.8
V —_
HSTL15_| — Vege—0.10 Vpgr + 0.1 Veao+ 0.3 0.40 SCA% 8 -8
Vecio—
SSTL135_| — Vrep—0.09 Vrer+ 0.09 Veeot+0.3 0.27 0.27 6.75 —6.75
V —
SSTL135_I — Vger — 0.09 Vger +0.09 Veao + 0.3 0.27 SC; 3 _8
LVCMOS10R — Vrep—0.10 Vgeg+ 0.10 Veao+0.3 — — — —
Vecio— 8.0,7.5 -8.0,-7.5
— -0.1 +0.1 \Y +0.3 . P ’ !
HSUL12 Vger—0.10 Vger+0.10 cclo 0.3 0.3 6.25,5 -6.25, -5
Notes:

1. For electromigration, the average DC current drawn by the I/O pads within an I/O bank must not exceed an average of 10 mA

per 1/0.

2. Forinformation on the types of I/O standards supported in each bank, refer to the sysl/O User Guide for Nexus Platform (FPGA-

TN-02067).

3. Selecting 50RS for driver strength configure a 50 Q series impedance driver.

Table 4.16. 1/0 Resistance Characteristics

Parameter Description Test Conditions Min Typ Max Unit
SORS Olftput drive resistance when 50RS Veoo=1.8V, 2.5V, or 3.3V . 50 . Q
drive strength selected
Input differential termination Bank 3, Bank 4, and Bank 5 for I/O
Roirr . . . — 100 — Q
resistance selected to be differential
36 40 64
SE Input Input single-ended termination Bank 3, Bank 4, and Bank 5 for I/0 46 50 80 a
Termination | resistance selected to be single-ended 56 60 96
71 75 120
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Table 4.17. Viy Maximum Overshoot/Undershoot Allowance — Wide Range'-2

AC Voltage Overshoot % of Ul at —40 °C to 125 °C AC Voltage Undershoot % of Ul at —40 °C to 125 °C
Veco +0.4 100.0% -0.4 100.0%
Veeio +0.5 100.0% -0.5 44.2%
Vecio + 0.6 94.0% -0.6 10.1%
Veeio +0.7 21.0% -0.7 1.3%
Veeio +0.8 10.2% -0.8 0.3%
Veeo +0.9 2.5% -0.9 0.1%

Notes:
1. The peak overshoot or undershoot voltage and the duration above Vcco + 0.2 V or below GND — 0.2 V must not exceed the

values in this table.
2.  For Ul less than 20 ps.

Table 4.18. V,y Maximum Overshoot/Undershoot Allowance — High Performance 2

AC Voltage Overshoot % of Ul at —40 °C to 125 °C AC Voltage Undershoot % of Ul at —40 °C to 125 °C
Veeio + 0.5 100.0% -0.5 100.0%
Vceo + 0.6 47.3% -0.6 47.3%
Veeio +0.7 10.9% -0.7 10.9%
Veeo +0.8 2.7% -0.8 2.7%
Veeo +0.9 0.7% -0.9 0.7%

Notes:
1. The peak overshoot or undershoot voltage and the duration above Vccio + 0.2 V or below GND — 0.2 V must not exceed the

values in this table.
2.  For Ul less than 20 ps.

4.12. sysl/O Differential DC Electrical Characteristics

4.12.1. LVDS

The LVDS input buffer on the CrossLink-NX device operates from the 1.8 V Vccaux supply and is independent of the bank
Vceio voltage. The LVDS output buffer is powered by the bank Vccio supply at 1.8 V.

The LVDS operation is supported only in Bank 3, Bank 4, and Bank 5. LVDS25 output can be emulated using the

LVDS25E in Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7, as described in the LVDS25E (Output Only) section.

Table 4.19. LVDS DC Electrical Characteristics*

Parameter | Description Test Conditions Min Typ Max Unit
Vine, Vinm Input voltage — 0 — 1.60 Vv
Viem Input common-mode voltage Half the sum of the two Inputs 0.05 — 1.552 Vv
V1ho Differential input threshold Difference between the two Inputs +100 — — mV
In Input current Power-on or Power-off — — +10 MA
Vou Output high voltage for Vop or Vom Rr=100Q — 1.425 1.60 Vv
VoL Output low voltage for Vop or Vom Rr=100Q 0.9 1.075 — Vv
Vob Output voltage differential (Vop - Vow), Rr =100 Q 250 350 450 mV
AVoo E)P:Aalmge in Vop between high and . . . 50 mv
Vocm Output common mode voltage (Vop + Vom)/2, Rr =100 Q 1.125 1.25 1.375 \Y
AVocm Change in Vocwm, Vocmvax) - Voemving | — — — 50 mV
Isas Output short circuit current Z;::)h:c?t}:/e?’”ver outputs shorted to — - 12 mA
AVos Change in Vos between Hand L — — — 50 mV
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1. LVDS input or output are supported in Bank 3, Bank 4, and Bank 5. LVDS input uses Vccaux on the differential input comparator,
and can be located in any Vcco voltage bank. LVDS output uses Vccio on the differential output driver, and can only be located in
bank with Vcc|o =1.8V.

2. Viemis depending on VID, input differential voltage, so the voltage on pin cannot exceed Vinp/inn(min/max) requirements. Viemmin) =
VINP/INN(min) +% V|D, VICM(max) = VINP/INN(max)_ Y Vip. Values in the table is based on minimum Vip of +/- 100 mV.

4.12.2. LVDS25E (Output Only)

Three sides of the CrossLink-NX device, top, left and right, support LVDS25 outputs and provide emulated
complementary LVCMOS outputs when paired with a parallel resistor across the driver outputs. Figure 4.2 illustrates
one possible point-to-point implementation.

Table 4.20. LVDS25E DC Conditions

OFF-chip

¢ ON-chip E I

Parameter Description Typical Unit
Vcao Output driver supply (£5%) 2.50 Vv
Zout Driver impedance 20 Q
Rs Driver series resistor (+1%) 158 Q
Rp Driver parallel resistor (+1%) 140 Q
Rr Receiver termination (+1%) 100 Q
Vou Output high voltage 143 Vv
VoL Output low voltage 1.07 Vv
Vob Output differential voltage 0.35 \"
Vem Output common-mode voltage 1.25 Vv
Zsack Back impedance 100.5 Q
Ioc DC output current 6.03 mA
VCCIO = 2.5V (£ 5%)
RS =158 Q
: (£ 1%) :
8mA ' VAA [ ]
LVCMOS25
VCCIO = 2.5V (¢ 5%) . fS 1580 [{:;Al)‘m a :jf%l)oo Q }
(£1%)
sma —A [
tvemos2s Transmission line, Zo = 100 Q differential

'
FF-chip 2 ON-chip
'

RO gy,

Figure 4.2. LVDS25E Output Termination Example

4.12.3. SubLVDS (Input Only)

SubLVDS is a reduced-voltage form of LVDS signaling and is similar to LVDS. It is a standard used in many camera-type
applications. Because it is similar to LVDS, the CrossLink-NX device can support subLVDS input signaling with the same
LVDS input buffer. The output for subLVDS is implemented in subLVDSE/subLVDSEH with a pair of LVCMOS18 output

drivers. See the SubLVDSE/SubLVDSEH (Output Only) section for details.
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Table 4.21. SubLVDS Input DC Electrical Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vip Input differential threshold voltage Over Vicm range 70 150 200 mV
Viem Input common-mode voltage Half the sum of the two Inputs 0.4 0.9 1.4 Vv
Sub-LVDS Driver PCB Traces, Connectors or Cables
_— 20250 _— i
+ E +
RT4|1000
100 Q differential +119%*

_ g% 1

A
v

Off-chip On-chip

Figure 4.3. SubLVDS Input Interface

4.12.4. SubLVDSE/SubLVDSEH (Output Only)

SubLVDS output are implemented using paired LVCMOS18 drivers that provide true and complement signals. The Vccio
for any bank configured for subLVDSE or subLVDSEH must be set to 1.8 V. SubLVDSE is supported in Bank 0, Bank 1,
Bank 2, Bank 5, and Bank 6, while subLVDSEH is supported in Bank 3, Bank 4, and Bank 5. The performance of both
subLVDSE/subLVDSEH driver is limited to the performance of LVCMOS18.

Table 4.22. SubLVDS Output DC Electrical Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vob Output differential voltage swing - - 150 — mV
Vocm Output common-mode voltage Half the sum of the two outputs — 0.9 — Vv

PCB Traces, Connectors or Cables

1 1
1 1
1 1
1 1
1 1
1 1
i i
VCAO = +1.8V : :
i . -
1 —_— —_— 1
1 Zp=50 1
! Rs=267 Q +1% !
+ i Wv \g i
SubLVDS Output i . P o '
<ubLVDSE | Rp=1210:1% 100 Q differential RT:—1000-M Sub-LVDS Recevier
SubLVDSEH ! i
- i MV 1
| Rs=267Q+1% i
A : o :
1 e e 1
1 = = 1
1 1
— ! !
"0 i i
1 1
i i
— — “— —
1 1
1 1
On-chip ! Off-chip On-chip | Off-chip
1 1

Figure 4.4. SubLVDS Output Interface
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4.12.5. SLVS

Scalable Low-Voltage Signaling (SLVS) is based on a point-to-point signaling method defined in the JEDEC JESD8-13
(SLVS-400) standard. This standard evolved from the traditional LVDS standard with smaller voltage swings and a lower
common-mode voltage. The 200 mV (400 mV p-p) SLVS swing contributes to a reduction in power.

The CrossLink-NX device receives SLVS differential input with the LVDS input buffer. This LVDS input buffer is designed
to cover wide input common-mode range that can meet the SLVS input standard specified by the JEDEC standard.

Table 4.23. SLVS Input DC Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
Vip Input Differential Threshold Voltage | Over Vv range 70 — — mV
Viem Input Common Mode Voltage Half the sum of the two Inputs 70 200 330 mV

The SLVS output on CrossLink-NX device is supported by the LVDS drivers in Bank 3, Bank 4, and Bank 5. The LVDS
driver in the CrossLink-NX device is a current-controlled driver. It can be configured as an LVDS driver, or configured
with a 100 Q differential termination with a center-tap set to Vocm at 200 mV. This means the differential output driver
can be placed in a bank with Vcco =1.2V, 1.5V, or 1.8 V, even if powered by the Vccio.

Table 4.24. SLVS Output DC Characteristics

Parameter | Description Test Conditions Min Typ Max Unit
1.2,

Veeio Bank Vccio — -5% 1.5, +5% \Y
1.8

Vob Output differential voltage swing — 140 200 270 mV

Vocm Output common-mode voltage Half the sum of the two outputs 150 200 250 mV

Zos Single-ended output impedance — 37.5 50 80 Q

SLVS Receiver

' 1
I |
I |
I S (\ AAA | 100 Q Diff
+ s g | +

SLVS | 20=50 |
- g D WA |
| |
l |
I |
On Chip [ |

| | SLVS Driver
l o O '

+ | | +

LVDS | Z0=50 |
D) O f
[
I
[
I

Figure 4.5. SLVS Interface
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When Soft D-PHY is implemented inside the FPGA logic, the I/O interface must use sysl/O buffers to connect to the

external D-PHY pins.

The CrossLink-NX sysl/O provides support for the SLVS, as described in the SLVS section, along with the LVCMOS12
input/output buffers to support the High Speed (HS) and Low Power (LP) modes as defined in the MIPI Alliance

Specification for D-PHY.

To support MIPI D-PHY with SLVS (LVDS) and LVCMOS12, the bank Vccio cannot be set to 1.5 V or 1.8 V. It must be set

tol.2Vorl.lV.

All other DC parameters are the same as listed in SLVS section. DC parameters for the LP driver and receiver are the

same as listed in LVCMOS12.

MIPI Receiver

100 Q Diff

|

MIPI Divider

‘ LVCMOS12
LP Data_P I
|
N |
|
LPenable }
HSenable——— I
|
|
+ } a—o
|
HS Data ! Z0=50
; 1 ) c
|
SLVS ‘
LPenable —’\K
LP Data_N
‘ LVCMOS12
MIPI_LP_RX
‘ On-Chip
RXLP_P ‘ |
|
|
|
|
|
|
|
+ } )] T
|
HS Data IR 20=50
- ; o
|
LVDS :
MIPI_LP_RX ‘

RXLP_N ‘

Figure 4.6. MIPI Interface
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Table 4.25. Soft D-PHY Input Timing and Levels

Symbol ‘ Description Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
High Speed (Differential) Input DC Specifications
Vemrx(oo) Common-mode voltage in high-speed mode - 70 - 330 mV
VioTH Differential input HIGH threshold — 70 — — mV
Vipt Differential input LOW threshold — — — -70 mV
Vinus Input HIGH voltage (for HS mode) — — — 460 mV
Vins Input LOW voltage — -40 — — mV
Viermen Zragll)z“ended voltage for HS termination - . . 450 mv
Zp Differential input impedance — 80 100 125 Q
High Speed (Differential) Input AC Specifications
AVemrxan? Common-mode interference (>450 MHz) — — — 100 mV
AV Common-mode interference (50 MHz - 450 _ 50 . 50 mv
MHz)

Cem Common-mode termination - - - 60 pF
Low Power (Single-Ended) Input DC Specifications
Viu Low power mode input HIGH voltage — 820 — — mV
Vi Low power mode input LOW voltage — — — 480 mV
ViL-ue Ultra-low power input LOW voltage — — — 300 mV
Vhyst Low power mode input hysteresis - 25 - - mV
€spike Input pulse rejection — — — 300 V-ps
TMIN-RX Minimum pulse width response — 20 — — ns
VinT Peak interference amplitude — — — 200 mV
fint Interference frequency — 450 — — MHz

Notes:

1. Thisis the peak amplitude of the sine wave applied to the receiver inputs.

2. Input common-mode voltage difference compared to the average common-mode voltage on the receiver inputs.

3. Exclude any static ground shift of 50 mV.

4. High-speed differential Rterim is enabled when both Dp and Dy are below this voltage.

Table 4.26. Soft D-PHY Output Timing and Levels
Symbol ‘ Description Conditions | Min ‘ Typ ‘ Max ‘ Unit
High Speed (Differential) Output DC Specifications
Vemrx Common-mode voltage in high-speed mode — 135 200 250 mV
IAVewiiol tlémx mismatch between differential HIGH and | — _ . 15 mv
[Vool| Output differential voltage | D-PHY-P — D-PHY-N | 100 200 270 mV
IAVoo| :-lg\)Nmismatch between differential HIGH and — . . 50 mv
Vonuns Single-ended output HIGH voltage — — — 385 mV
Zos Single-ended output impedance — 37.5 50 80 Q
AZos Zos mismatch - - — 20 %
High Speed (Differential) Output AC Specifications
AVemx(r) Common-mode variation, 50 MHz—450 MHz — — — 30 mMVerus
AVemrx(nr) Common-mode variation, above 450 MHz — — — 17 MVems
e Output 20%—80% rise 'Fime 0.08 Gbps < tg < 1.00 . . 035 Ul

Output 80%—20% fall time Gbps

tr Output data valid after CLK output g.sssebps <tr=100 - - | 027 | wu
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Symbol ‘ Description Conditions Min Typ ‘ Max ‘ Unit
Low Power (Single-Ended) Output DC Specifications
Vou Low power mode output HIGH voltage 0.08 Gbps — 1.5 Gbps 1.07 1.2 1.3 Vv
VoL Low power mode input LOW voltage — -50 — 50 mV
Zowp Output impedance in LOW power mode — 110 — — Q
Low Power (Single-Ended) Output AC Specifications
trep 15%—-85% rise time — — — 25 ns
tep 85%—15% fall time — — — 25 ns
treoT HS — LP mode rise and fall time, 30%—85% — — — 35 ns
First LP XOR clock pulse
after STOP state or last
TLp-PULSETX Pulse width of the LP exclusive-OR clock pulse before STOP 40 B B ns
state
All other pulses 20 — — ns
Tip-pER-TX Period of the LP exclusive-OR clock — 90 — — ns
Cionp Load capacitance — 0 — 70 pF
Table 4.27. Soft D-PHY Clock Signal Specification
Symbol Description Conditions Min ‘ Typ ’ Max ‘ Unit
Clock Signal Specification
IL:stantaneous Ulinst - - 125 ns
o — -10% — 10% ul
Ul Variation AUI
— -5% — 5% Ul
Table 4.28. Soft D-PHY Data-Clock Timing Specifications
Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Data-Clock Timing Specifications
Tskew(rx) Data to clock skew 2;)%(? g’;spi Tskewrma -0.15 — 0.158 Ulinst
Tskew(tuis) Data to clock skew 2'3%52%1? Tskewrmusi | _g 59 — 0.20 | Ulyst
TseTup[RX] Input data setup before CLK gfi(?gispi Tseruetex) 0.173 — — ul
ThoLolrx] Input data hold after CLK 2'3%5 g’;: Thowa | g 195 — — ul

4.12.7. Differential HSTL15D (Output Only)

Differential HSTL outputs are implemented as a pair of complementary single-ended HSTL outputs.

4.12.8. Differential SSTL135D, SSTL15D (Output Only)

Differential SSTL is used for differential clock in DDR3/DDR3L memory interface. All differential SSTL outputs are

implemented as a pair of complementary single-ended SSTL outputs. All allowable single-ended output classes (class |
and class Il) are supported.
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4.12.9. Differential HSUL12D (Output Only)

Differential HSUL is used for differential clock in LPDDR2 memory interface. All differential HSUL outputs are
implemented as a pair of complementary single-ended HSUL12 outputs. All allowable single-ended drive strengths are
supported.

4.12.10. Differential LVCMOS25D, LVCMOS33D, LVTTL33D (Output Only)

Differential LVCMOS and LVTTL outputs are implemented as a pair of complementary single-ended outputs. All
allowable single-ended output drive strengths are supported.

4.13. Maximum sysl/O Buffer Speed
Table 4.29. Maximum I/0 Buffer Speed™ %347

Buffer ‘ Description Banks Max Unit

Maximum sysl/O Input Frequency

Single-Ended

LVCMOS33 LVCMOS33, Vceo=3.3V 0,1,2,6,7 200 MHz

LVTTL33 LVTTL33, Vecio=3.3V 0,1,2,6,7 200 MHz

LVCMOS25 LVCMOS25, Voo = 2.5 V 0,1,2,6,7 200 MHz

LVCMOS18 ° LVCMOS18, Vecio=1.8V 0,1,2,6,7 200 MHz

LVCMOS18H LVCMOS18, Vecio=1.8V 3,4,5 200 MHz

LVCMOS15 > LVCMOS15, Veeio=1.5V 0,1,2,6,7 100 MHz

LVCMOS15H ® LVCMOS15, Vecio=1.5V 3,4,5 150 MHz

LVCMOS12 5 LVCMOS12, Vego= 1.2V 0,1,2,6,7 50 MHz

LVCMOS12H 5 LVCMOS12, Vo= 1.2V 3,4,5 100 MHz

LVCMO0S10°> LVCMOS 1.0, Vego=1.2V 0,1,2,6,7 50 MHz

LVCMOS10H 5 LVCMOS 1.0, Vo= 1.0V 3,4,5 50 MHz

LVCMOS10R LVCMOS 1.0, Vgio independent 3,4,5 50 MHz

SSTL15_I, SSTL15_II SSTL_15, Vcaio = 1.5 V 3,4,5 1,066 Mbps

SSTL135_1, SSTL135_11 SSTL_135, Vceo=1.35V 3,4,5 1,066 Mbps

HSUL12 HSUL_12, Vegio= 1.2V 3,4,5 1,066 Mbps

HSTL15 HSTL15, Veeo=1.5V 3,4,5 250 Mbps

MIPI D-PHY (LP Mode) MIPI, Low Power mode, Vo= 1.2V 3,4,5 10 Mbps

Differential®
LVDS, Vccio independent QFN72, caBGA256,

Vs csBGA289, and <|:OaBGA40<§1 5453 1,250 Mbps
LVDS, Vccio independent csfBGA121 3,4,5 1,500 Mbps
subLVDS, Vccio independent QFN72,

SUbLVDS CaBGA2S6, cSBGA28S, and caBoA150 343 1,250 Mbps
subLVDS, Vccio independent csfBGA121 3,4,5 1,500 Mbps
SLVS similar to MIPI HS, Vccio independent 345 1,250 Mbps
QFN72, caBGA256, csBGA289, caBGA400

SLVS
:l_]:;SGiT;Ifr to MIPI HS, Vccio independent 345 1,500 Mbps
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Buffer Description Banks Max Unit

gﬂ;;l;glgh-speed mode, Vcco=1.2V 34,5 1,250 Mbps
MIPI D-PHY (HS Mode)

MIPI, high-speed mode, Vcco = 1.2 V

cszGAngl, ZaBGAZSG, csBGA289, caBGA400 | o' V> 1,500 Mbps
SSTL15D Differential SSTL15, Vccio independent 3,4,5 1,066 Mbps
SSTL135D Differential SSTL135, Vccio independent 3,4,5 1,066 Mbps
HUSL12D Differential HSUL12, Vccio independent 3,4,5 1,066 Mbps
HSTL15D Differential HSTL15, Vccio independent 3,4,5 250 Mbps
Maximum sysl/O Output Frequency
Single-Ended
LVCMOS33 (all drive strengths) LVCMOS33, Vecio=3.3V 0,1,2,6,7 200 MHz
LVCMOS33 (RS50) LVCMOS33, Vecio = 3.3 V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVTTL33 (all drive strengths) LVTTL33, Vccio=3.3V 0,1,2,6,7 200 MHz
LVTTL33 (RS50) LVTTL33, Vceio= 3.3V, Rsgries = 50 Q 0,1,2,6,7 200 MHz
LVCMOS25 (all drive strengths) LVCMOS25, Vcgg=2.5V 0,1,2,6,7 200 MHz
LVCMOS25 (RS50) LVCMOS25, Vo= 2.5V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVCMOS18 (all drive strengths) LVCMOS18, Vceio=1.8V 0,1,2,6,7 200 MHz
LVCMOS18 (RS50) LVCMOS18, Vccio = 1.8 V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVCMOS18H (all drive strengths) LVCMOS18, Vecio=1.8V 3,4,5 200 MHz
LVCMOS18H (RS50) LVCMOS18, Vccio = 1.8 V, Rseries = 50 Q 3,4,5 200 MHz
LVCMOS15 (all drive strengths) LVCMOS15, Vecio=1.5V 0,1,2,6,7 100 MHz
LVCMOS15H (all drive strengths) LVCMOS15, Vecio=1.5V 3,4,5 150 MHz
LVCMOS12 (all drive strengths) LVCMOS12, Vego=1.2V 0,1,2,6,7 50 MHz
LVCMOS12H (all drive strengths) LVCMOS12, V=12V 3,4,5 100 MHz
LVCMOS10H (all drive strengths) LVCMOS12, Vccio=1.0V 3,4,5 50 MHz
SSTL15_1, SSTL15_11 SSTL_15, Vecio=1.5V 3,4,5 1,066 Mbps
SSTL135_|, SSTL135_lI SSTL_135, Veeio=1.35V 3,4,5 1,066 Mbps
HSUL12 (all drive strengths) HSUL_12, Veco=1.2V 3,4,5 1,066 Mbps
HSTL15 HSTL15, Vo= 1.5V 3,4,5 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power mode, Vceo=1.2V 3,4,5 10 Mbps
Differential®

LVDS, Veeio = 1.8 V csfBGA121 3,4,5 1,500 Mbps
LVDS25E® LVDS25, emulated, Vo= 2.5 V 0,1,2,6,7 400 Mbps
SubLVDSE® subLVDS, emulated, Vccio=1.8V 0,1,2,6,7 400 Mbps
SubLVDSEH® subLVDS, emulated, Vcco=1.8V 3,4,5 800 Mbps

SLVS similar to MIPI, Veco=1.2 V

QFN72, caBGA256, csBGA289, caBGA400 34,2 1,220 Mbps
SLVS

:lgésGiTzllir to MIPI, Veco=1.2V 345 1,500 Mbps
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Buffer Description Banks Max Unit
MIPI, high- d de, V =12V
'gh-speed mode, Veco 3,4,5 1,250 Mbps
QFN72
MIPI D-PHY (HS Mode)
MIPI, high-speed mode, Vcco=1.2V
3,4,5 1,500 Mb
csfBGA121, caBGA256, csBGA289, caBGA400 ps
SSTL15D Differential SSTL15, Vccio=1.5V 3,4,5 1,066 Mbps
SSTL135D Differential SSTL135, Vcaio =1.35V 3,4,5 1,066 Mbps
HUSL12D Differential HSUL12, Vcco=1.2 V 3,4,5 1,066 Mbps
HSTL15D Differential HSTL15, Vcco=1.5V 3,4,5 250 Mbps
Notes:
1. The maximum I/O speed is the maximum switching rate of the 1/0O operating within the guidelines of the defining standard. The
actual interface speed performance using the 1/0 also depends on other factors, such as internal and external timing.
2. These numbers are characterized but not test on every device.
3. Performance is specified in MHz, as defined in the clock rate when the sysl/O is used as pin. For data rate performance, this can
be converted to Mbps, which equals to two times the clock rate.
4. LVCMOS and LVTTL are measured with the load specified in Table 4.50.
5. These LVCMOS inputs can be placed in different Vo voltages, and their performance may vary. Please refer to the Lattice
Design Software.
6. These emulated output performances are based on proper external termination as described in the LVDS25E (Output Only)
section and SubLVDSE/SubLVDSEH (Output Only) section.
7. All speeds are measured with fast slew.
8. For maximum differential I/O performance only differential I/O should be placed in the bottom 1/O banks. If this is not possible,

the following will impact on maximum performance:

a. If fast slew rate LVCMOS I/Os are used, they must be limited to no more than 9 I/Os (adjacent), 4 1/Os (same bank), and 55
1/Os (left/right banks) to keep degradation below 50%.

b. If non-differential I/Os (slow slew) are placed on the bottom layer, but not within the same bank as the differential I/Os,
then the maximum differential performance is reduced to 70% of the original level when 21 aggressors are toggling.

c. If non-differential 1/0s (slow slew) are placed within the same bank as differential I/Os, then the maximum performance is
reduced to 50% of the original level when 16 aggressors are toggling.

d. There is no performance impact if MIPI LP and MIPI HS are in the same bank.

. If the differential RX/TX I/Os are placed within the same bank, then the maximum performance is reduced to 90%.
f.  For DDR3/3L and LPDDR2/3 separate the DQ/DQS groups from the address/commands/CLK groups and place them in

separate banks.

4.14. Typical Building Block Function Performance

These building block functions can be generated using the Lattice Design software tool. Exact performance may vary
with the device and the design software tool version. The design software tool uses internal parameters that have been
characterized but are not tested on every device.

Table 4.30. Pin-to-Pin Performance?

Function Typ.la':)\\llcc = Unit
16-bit Decoder (I/0O configured with LVCMOS18, left and right banks) 5.5 ns
16-bit Decoder (I/0O configured with HSTL15_I, bottom banks) 5.1 ns
16:1 Mux (I/O configured with LVCMOQS18, left and right banks) 6 ns
16:1 Mux (I/O configured with HSTL15_I, bottom banks) 6.1 ns
Note:
1. These functions are generated using the Lattice Radiant Design software tool. Exact performance may vary with the device and

the design software tool version. The design software tool uses internal parameters that have been characterized but are not
tested on every device.
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Table 4.31. Register-to-Register Performance

Function R U ES Unit
1.0V
Basic Functions
16-bit Adder 500° MHz
32-bit Adder 496 MHz
16-bit Counter 402 MHz
32-bit Counter 371 MHz
Embedded Memory Functions
512 x 36 Single Port RAM, with Output Register 4952 MHz
1024 x 18 True-Dual Port RAM using same clock, with EBR Output Registers 310° MHz
1024 x 18 True-Dual Port RAM using asynchronous clocks, with EBR Output Registers 3102 MHz
Large Memory Functions
32k x 32 Single Port RAM, with Output Register 1952 MHz
32k x 32 Single Port RAM with ECC, with Output Register 1702 MHz
32k x 32 True-Dual Port RAM using same clock, with Output Registers 154.883 MHz
Distributed Memory Functions
16 x 4 Single Port RAM (One PFU) 6252 MHz
16 x 2 Pseudo-Dual Port RAM (One PFU) 6252 MHz
16 x 4 Pseudo-Dual Port (Two PFUs) 6252 MHz
DSP Functions
9 x 9 Multiplier with Input Output Registers 340 MHz
18 x 18 Multiplier with Input/Output Registers 260 MHz
36 x 36 Multiplier with Input/Output Registers 184 MHz
MAC 18 x 18 with Input/Output Registers 189 MHz
MAC 18 x 18 with Input/Pipelined/Output Registers 260 MHz
MAC 36 x 36 with Input/Output Registers 111 MHz
MAC 36 x 36 with Input/Pipelined/Output Registers 145 MHz

Notes:

1. The clock port is configured with LVDS 1/0O type. Performance Grade: 9_High-Performance_1.0V at 85°C.

2. Limited by the minimum pulse width of the component.

3. These functions are generated using the Lattice Radiant design software tool. Exact performance may vary with the device and
the design software tool version. The design software tool uses internal parameters that have been characterized but are not

tested on every device.
4. For the pipelined designs, the number of pipeline stages used is 2.

4.15. LMMI

Table 4.32 summarizes the performance of the LMMI interface with supported IPs. Additional timing requirement and

constraint can be identified through the Lattice Radiance design tools.

Table 4.32. LMMI Fyax Summary

P Famax (MHz)
CDRO 73
CDR1 70
DPHYO 67
DPHY1 55
CRE 54
12C 38
PCle 57
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P Fumax (MHz)
PLL_ULC 59
PLL_LLC 55
PLL_LRC 37

4.16. Derating Timing Tables

Logic timing provided in the following sections of this data sheet and the Lattice Radiant design tools are worst case
numbers in the operating range. Actual delays at nominal temperature and voltage for best case process, can be much
better than the values given in the tables. The Lattice Radiant design tool can provide logic timing numbers at a
particular temperature and voltage.

4.17. External Switching Characteristics

Over recommended commercial operating conditions.

Table 4.33. External Switching Characteristics (Vcc = 1.0 V)

Parameter Description - ~7 Auto Unit
Min Max

Clocks

Primary Clock

fvax_pri Frequency for primary clock — 276 MHz

tw_pri Clock pulse width for primary clock 1.59 — ns

tskew_pri® Primary clock skew within a device — 653 ps

Edge Clock

fmax_epee Frequency for edge clock tree — 551.7 MHz

tw_eoce Clock pulse width for edge clock 0.761 — ns

tskew_epGe® Edge clock skew within a device — 174 ps

Generic SDR Input

General I/0 Pin Parameters Using Dedicated Primary Clock Input without PLL

tco Clock to output — PIO output register — 7.91 ns

tsu Clock to data setup — PIO input register 0 — ns

ty Clock to data hold — PIO input register 3.95 — ns

tsu_peL Clock to data setup — PIO input register with data input delay 1.86 — ns

Ty _pec Clock to data hold — P10 input register with data input delay 0.26 — ns

General I/0 Pin Parameters Using Dedicated Primary Clock Input with PLL

tcopLL Clock to output — P10 output register — 5.57 ns

tsupLL Clock to data setup — PIO input register 1.31 — ns

thpLL Clock to data hold - PIO input register 1.44 — ns

tsu_pELPLL Clock to data setup - PIO input register with data input delay 4.99 — ns

th_peLpLL Clock to data hold - PIO input register with data input delay 0 — ns

Generic DDR Input/Output

Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input —
Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 — Figure 4.7 and Figure 4.9

0.917 — ns
tsu_cDpR1 Input data setup before CLK 0.275 _ ul
0.917 — ns
tho_cpoR1 Input data hold after CLK 0.275 _ ul
. 1.008 - ns

tove_DDR1 Output data valid after CLK output —0.659 _ ns +1/2 Ul
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in ax
. 1.008 — ns
tbaqva GDDR1 Output data valid after CLK output 0.659 12Ul
- -0. — ns +
foaTa_cooRX1 Input/output data rate — 300 Mbps
fmax_cporx1 Frequency of PCLK — 150 MHz
% Ul Half of data bit time, or 90 degrees 1.667 — ns
Output TX to input RX margin per edge 0.091 — ns

Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) usin
Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 — Figure 4.8 and Figure 4.10

g PCLK Clock Input —

— -0.917 ns +1/2 Ul
tova_GDDR1 Input data valid after CLK — 0.75 ns
— 0.225 ul
0.917 — ns+1/2 Ul
tove_GDDR1 Input data hold after CLK 2.583 - ns
0.775 — Ul
toia_GDDRL Output data invalid after CLK output — 0.659 ns
tois_GDDR1 Output data invalid before CLK output - 0.659 ns
foaTa_GoDRXL Input/output data rate - 300 Mbps
fmax_cporxt Frequency for PCLK — 150 MHz
% Ul Half of data bit time, or 90 degrees 1.667 — ns
Output TX to Input RX Margin per Edge 0.091 — ns

Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input —
Bank 3, Bank 4, and Bank 5 — Figure 4.7 and Figure 4.9

0.917 — ns
tsu_cpori Input data setup before CLK
0.275 — Ul
tHo_GDDR1 Input data hold after CLK 0.917 — ns
. 1.227 — ns
tove_GDDR1 Output data valid after CLK output 0,439 — ns +1/2 Ul
. 1.227 — ns
toava_GDDR1 Output data valid after CLK output 0439 _ ns +1/2 Ul
foata_cporx1 Input/output data rate — 300 Mbps
fmax_coprx1 Frequency of PCLK - 150 MHz
% Ul Half of data bit time, or 90 degrees 1.667 — ns
Output TX to input RX margin per rdge 0.311 — ns

Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) usin

Bank 3, Bank 4, and Bank 5 — Figure 4.8 and Figure 4.10

g PCLK Clock Input -

— -0.9167 ns +1/2 Ul
tova_GDDR1 Input data valid after CLK — 0.75 ns
— 0.225 ul
0.9167 — ns +1/2 Ul
tove_cppR1 Input data hold after CLK 2.5833 — ns
0.775 — ul
toia_GDDRL Output data invalid after CLK output — 0.439 ns
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tois_GDDR1 Output data invalid before CLK output — 0.439 ns
foaTa_cooRx1 Input/output data rate — 300 Mbps
fMAX_GDDRXl Frequency for PCLK —_ 150 MHz
% Ul Half of data bit time, or 90 degrees 1.667 — ns
Output TX to input RX margin per edge 0.311 — ns

Generic DDRX2 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX2_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 4.7 and Figure 4.9

tsu_copRX2 Data setup before CLK input 0-270 — ne
- 0.162 — ul
tHo_GpDRY2 Data hold after CLK input 0.270 — ns
. 0.658 — ns
tove_GDDRX2 Output data valid before CLK output Z0176 — ns +1/2 Ul
tbava GDDRX2 Output data valid after CLK output 0.658 — ns
- -0.176 — ns +1/2 Ul
foata_coorx2 Input/output data rate — 600 Mbps
fmax_cporx2 Frequency for ECLK — 300 MHz
% Ul Half of data bit time, or 90 degrees 0.833 — ns
freik PCLK frequency — 209.97 MHz
Output TX to input RX margin per edge 0.408 - ns

Generic DDRX2 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX2_RX/TX.ECLK.Aligned) usin,

Figure 4.8 and Figure 4.10

g PCLK Clock Input —

— -0.458 ns +1/2 Ul
tova_cpoRx2 Input data valid after CLK — 0.375 ns
- 0.225 ul
0.458 — ns + 1/2 Ul
tove_GpDRX2 Input data hold after CLK 1.292 — ns
0.775 — Ul
toiA_GDDRX2 Output data invalid after CLK output — 0.176 ns
tois_GDDRX2 Output data invalid before CLK output — 0.176 ns
foata_coorx2 Input/output data rate — 600 Mbps
fmax_coorx2 Frequency for ECLK - 300 MHz
% Ul Half of data bit time, or 90 degrees 0.589 — ns
freik PCLK frequency — 209.97 MHz
Output TX to input RX margin per edge 0.091 - ns

Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 4.7 and Figure 4.9

| g bef. LK 0.220 — ns
tsu_cppRxa nput data setup before 0.220 _ Ul
tHo_GDDRx4 Input data hold after CLK 0.220 — ns
Output data valid before CLK 0324 | — ne
tove_GDDRX4 utput data valid before output _0.176 _ ns + 1/2U1
d lid af 0.324 — ns
tbava_GDDRX4 Output data valid after CLK output _0.176 _ ns +1/2U1
foaTa_GoDRX4 Input/output data rate — 1,000 Mbps
fmax_coorxa Frequency for ECLK — 500 MHz
% Ul Half of data bit time, or 90 degrees 0.5 — ns
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fpcLk PCLK frequency — 125 MHz
Output TX to input RX margin per edge 0.124 - ns

Generic DDRX4 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX4_RX/TX.ECLK.Aligned) usin,

and Right sides Only — Figure 4.8 and Figure 4.10

g PCLK Clock Input, Left

— -0.275 ns +1/2 Ul
tova_GDDRX4 Input data valid after CLK — 0.225 ns
— 0.225 Ul
0.275 — ns +1/2 Ul
tovE_GDDRX4 Input data hold after CLK 0.775 — ns
0.775 — Ul
toiA_GDDRX4 Output data invalid after CLK output N 0.176 ns
tois_GDDRX4 Output data invalid before CLK output 0.176 ns
foaTa_GpDRX4 Input/output data rate — 1,000 Mbps
fmax_cporxa Frequency for ECLK — 500 MHz
% Ul Half of data bit time, or 90 degrees 0.5 — ns
frcik PCLK frequency — 125 MHz
Output TX to input RX margin per edge 0.049 - ns

Generic DDRX5 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX5_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 4.7 and Figure 4.9

t Input data setup before CLK 022 — ns
nput data setup before
SU_GDDRX5 p p 022 _ Ul
tHo_GDDRXs Input data hold after CLK 0.22 — ns
tWINDOW_GDDRXSC Input data valid window 0.44 — ns
i 0.324 — ns
tbve_GDDRX5 Output data valid before CLK output
-0.176 — ns+1/2Ul
. 0.324 - ns
tbava_GDDRX5 Output data valid after CLK output
- -0.176 — ns+1/2UI
foaTa_cpDRXS Input/output data rate — 1,000 Mbps
fmax_coorxs Frequency for ECLK — 500 MHz
% Ul Half of data bit time, or 90 degrees 0.5 — ns
frek PCLK frequency — 100 MHz
Output TX to input RX margin per edge 0.124 - ns

Generic DDRX5 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX5_RX/TX.ECLK.Aligned) usin,

and Right sides Only — Figure 4.8 and Figure 4.10

g PCLK Clock Input, Left

— -0.275 ns +1/2 Ul
tova_GDDRXS Input data valid after CLK — 0.225 ns
— 0.225 ul
0.275 — ns+1/2 Ul
tovE_GDDRXS Input data hold after CLK 0.775 - ns
0.775 — ul
tWINDOW_GDDRXSA Input data valid window 0.55 — ns
toiA_GDDRXS Output data invalid after CLK output — 0.176 ns
toiB_GDDRXS Output data invalid before CLK output — 0.176 ns
foaTa_coDRXS Input/output data rate — 1,000 Mbps
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Parameter Description " Unit
Min Max
fMAX_GDDRXS Frequency for ECLK —_ 500 MHz
¥ Ul Half of data bit time, or 90 degrees 0.5 — ns
frck PCLK frequency — 100 MHz
Output TX to input RX margin per edge 0.049 — ns
Soft D-PHY DDRX4 Inputs/Outputs with Clock and Data Centered at Pin, using PCLK Clock Input
t Input data set-up before CLK 021 — ne
nput data set-up before
SU_GDDRX4_MP p p 0.21 _ Ul
t Input data hold after CLK 02 = ns
nput data hold after
HO_GDDRX4_MP p 0.2 _ Ul
. 0.3 - ns
tDVB_GDDRXA_MP Output data valid before CLK output 03 Ul
. 0.3 — ns
tbava_GDDRX4_MP Output data valid after CLK output 0.3 Ul
csfBGA121 — 1,000 Mbps
fDATA_GDDRX4_MP Input data bit rate for MIPI PHY
caBGA256 — 1,000 Mbps
% Ul Half of data bit time, or 90 degrees 0.5 — ns
freik PCLK frequency — 125 MHz
Output TX to input RX margin per edge 0.1 - ns
Video DDRX71 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) using PLL Clock Input — Figure 4.12 and
Figure 4.13
Input valid bit "i" switch from CLK rising edge ("i" = 0 to 6, 0 aligns with — 0.277 Ul
tresi_DvA -
CLK) — -0.278 | ns+(1/2+i)xUl
oo Input hold bit "i" switch from CLK rising edge ("i" = 0 to 6, 0 aligns with 0.711 - Ul
RPBLOVE CLK) 0.263 — | ns+(1/2+i)xUl
trosi DOV Dz.ata output valid bit "i" switch from CLK rising edge ("i" = 0 to 6, 0 aligns . 0.187 ns+ixUl
- with CLK)
tresi o1 Dz.ata output invalid bit "i" switch from CLK rising edge ("i" = 0 to 6, 0 aligns —0.187 _ ns+{i+ 1)xUl
- with CLK)
tTPBi_skew_UI TX skew in Ul —_ 0.150 Ul
ts Serial data bit time, = 1UI 1.247 — ns
foata_m71 DDR71 serial data rate — 802 Mbps
fmax_tx71 DDR71 ECLK frequency — 401 MHz
fewan 7:1 Clock (PCLK) frequency — 113.4 MHz
Output TX to input RX margin per edge 0.187 - ns
Memory Interface
DDR3/DDR3L/LPDDR2 READ (DQ Input Data are Aligned to DQS) — Figure 4.8
tpvepa_DDR3
tovepa_poRraL Data input valid before DQS input — -0.277 ns+ 1/2 Ul
tovepa_LpoDR2
tovabq_por3
tovaba_DoR3L Data input valid after DQS input 0.277 — ns +1/2 Ul
tpvapa_LpDDR2
fDATA_DDR3
foata_pDR3L DDR memory data rate — 904 Mb/s
fDATA_LPDDRZ
fMAX_ECLK_DDR3
fMAX_ECLK_DDRSL DDR memory ECLK frequency —_ 452 MHz
fMAX_ECLK_LPDDRZ
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Parameter

Description

—7 Auto

Min Max

Unit

fMAX_scLk_DpR3
fmAX_scLk_ppraL
fMAX_scLk_LPDDR2

DDR memory SCLK frequency —

113

MHz

DDR3/DDR3L/LPDDR2 WRITE (DQ Output Data are Centered to DQS) — Figure 4.11

toaves_ppr3
toaves_porsL
toaves_LpooR2

Data output valid before DQS output —

-0.277

ns+1/2 Ul

toavas_por3
tpavas_porsL
toavas_LrpDR2

Data output valid after DQS output

0.277 —

ns+1/2 Ul

fDATAiDDR3
fDATA_DDRSL
fDATA_LPDDRZ

DDR memory data rate —

904

Mb/s

fMAX_EcLK_DDR3
fmAx_ecLk_pDR3L
fmAX_EcLk_LPDDR2

DDR memory ECLK frequency —

452

MHz

fmax_scLk_oors
fmAX_scLk_ppraL

fMAXfSCLKiLPDDRZ

DDR memory SCLK frequency —

113

MHz

Notes:

1. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Lattice Radiant

software.

2. General I/O timing numbers are based on LVCMOS 1.8, 8 mA, fast slew rate, 0 pF load.
Generic DDR timing are numbers based on LVDS 1/0.
DDR3 timing numbers are based on SSTL15.
LPDDR2 timing numbers are based on HSUL12.

3. Uses LVDS I/0O standard for measurements.

4.  Maximum clock frequencies are tested under the best-case conditions. System performance may vary upon the user

environment.

5. All numbers are generated using the Lattice Radiant software.

6. This clock skew is not the internal clock-network skew. The Nexus family devices have very low internal clock-network skew
that can be approximated to 0 ps. These tsgew Values are measured externally at the system level and include additional skew
added by the 1/0, wire-bonding and package balls.

Rx CLK (in)

|

tsu tsu

tHD tHD

|

Figure 4.7. Receiver RX.CLK.Centered Waveforms

|
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' Y2 Ul ' % Ul ,
P !
! ! P
Rx CLK (in) /< 1Ul >\\ /
orDQS input —

Rx DATA (in) :
or DQS input i

tDVE/tDVEDQ

tDVE/ tDVED Q

i 4

Figure 4.8. Receiver RX.CLK.Aligned and DDR Memory Input Waveforms

1/2 Ul 1/2 Ul 1/2 Ul 1/2 Ul

A 4

»!
L]

A
A 4
A

1A
V.
A

Tx CLK (out)
or DQS Output

Tx DATA (out)
or DQ Output

tovs/toaves tove/toaves !

=

tova/toava tova/toavas

A _________________ié

Figure 4.9. Transmit TX.CLK.Centered and DDR Memory Output Waveforms

E/A 1Ul R /
Tx CLK (out) p '\\

tois i i i tois i i i
—> —>
: ) ; i tpia : : i toia

Figure 4.10. Transmit TX.CLK.Aligned Waveforms
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Receiver — Shown for one LVDS Channel

#of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Dataln
756 Mbps
Clock In
108 MHz
} }
| ) }
| | Bit# ! Bit# ! Bit# | Bit#
10x j10-1 | 20-8 | 30-15 | 40-22
i 1 11-2 i - i - |
For each Channel: }gz 12-3 i; 20 g; ig ! g_ii
) | - - U ao—
7-b|t0utputW0rds iOx 13-4 23-11 33-18 i 4325
to FPGA Fabric ' Ox 1 14-5 1 24-12 '34-19 ! 44-26
 Ox | 15-6 | 25-13 | 35-20 | 45-27
10X 1167 1 26-14 ! 36-21 ! 46-28
Transmitter — Shown for one LVDS Channel
#0of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out
756Mbps 1 i ) g g
Clock Out o t 24‘ 3J 4
108 MHz |—‘
: !
I I
Bit# | Bit# | Bit# | Bit# | |
For each Channel: gg_; i i(l)_g i gg_iz i gg_g i i
7-bitOutput \'Nords 00-3 i 12-10 22-17 32-24 i
to FPGA Fabric 00-4! 13-11 23-18 33-25 |
00-5 | 14-12 | 24-19 ! 34-26 | |
00-6 | 15-13 | 25-20 ! 35-27 | |
00-7 | 16-14 | 26-21 | 36-28 | i
Figure 4.11. DDRX71 Video Timing Waveforms
Bit O Bit 1 Bit i

Figure 4.12. Receiver DDRX71_RX Waveforms
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Bit O Bit 1 Biti

R,

»i
»
'

t.DIA_i

Figure 4.13. Transmitter DDRX71_TX Waveforms

4.18. sysCLOCK PLL Timing (V¢c = 1.0 V) — Automotive
Table 4.34. sysCLOCK PLL Timing (V¢c = 1.0 V) — Automotive

Parameter Descriptions Conditions Min Typ. Max Units
fin Input clock frequency (CLKI, CLKFB) — 18 — 500 MHz
four Output clock frequency — 6.25 — 800 MHz
fvco PLL VCO frequency — 800 — 1,600 MHz
Without fractional-N 18 _ 500 MH:z
enabled
ferp Phase detector input frequency
With fractional-N enabled 18 — 100 MHz

AC Characteristics

tor Output clock duty cycle — 45 — 55 %
tey* Output phase accuracy - -5 - 5 %
four 2 200 MHz — — 250 ps p-p
Output clock period jitter
four < 200 MHz — — 0.05 UIPP
B four 2 200 MHz — — 250 ps p-p
Output clock cycle-to-cycle jitter
four < 200 MHz — — 0.05 UIPP
ferp = 200 MHz — — 250 ps p-p
. 60 MHz < fprp < 200 MHz — — 400 ps p-p
Output clock phase jitter
30 MHz < fprpp < 60 MHz — — 500 ps p-p
18 MHz < fprp < 30 MHz — — 725 ps p-p
topr?
four 2 200 MHz — — 350 ps p-p
Output clock period jitter (fractional-N)
four < 200 MHz — — 0.07 UIPP
four =2 200 MHz — — 400 ps p-p
Output clock cycle-to-cycle jitter (fractional-N)
four < 200 MHz — — 0.08 UIPP
faw® PLL loop bandwidth — 0.45 — 13 MHz
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Parameter Descriptions Conditions Min Typ. Max Units
tiock? PLL lock-in time — — — 10 ms
tuntock PLL unlock time (from RESET goes HIGH) - - - 50 ns

feep 2 20 MHz — — 0.01 UIPP
tipnt Input clock period jitter

frrp < 20 MHz - - 500 ps p-p
t Input clock high time 90% to 90% 0.5 — — ns
to Input clock low time 10% to 10% 0.5 — — ns
trsT RST/ pulse width — 1 — — ms
fssc_mop Spread spectrum clock modulation frequency — 20 — 200 kHz
Fesc 1o AP f:;:zd spectrum clock modulation amplitude _ 0.25 _ 200 %
Fosc oo, sTep jfersasti:lzzpectrum clock modulation amplitude . . 0.25 . %

Notes:

1. Jitter samples are taken over 10,000 samples for period jitter, and 1,000 samples for cycle-to-cycle jitter of the primary PLL
output using a clean reference clock and no additional I/0O toggling.

2. The output clock is valid after t ock for PLL reset and dynamic-delay adjustment.

Results from the Lattice Radiant Software.

4. CLKOS, when compared with the CLKOP output, shows one phase step at the maximum VCO frequency.

w

4.19. Internal Oscillators Characteristics
Table 4.35. Internal Oscillators (Vcc = 1.0 V)

Symbol Parameter Description Min Typ Max Unit
feikmr HFOSC CLKK clock frequency 418.5 450 481.5 MHz
fewker LFOSC CLKK clock frequency 18.2 32 45.8 kHz
DCHcixne HFOSC duty cycle (clock high period) 43 50 57 %
DCHcixir LFOSC duty cycle (clock high period) 45 50 55 %
4.20. User I12C Characteristics
Table 4.36. User 12C Specifications (Vcc = 1.0 V)
Parameter STD Mode FAST Mode FAST Mode Plus? .
Symbol - . . : Units
Description Min Typ Max Min Typ Max Min Typ Max
foel SCL clock frequency — — 100 — — 400 — — 1,000 kHz

Optional delay
1 — — — — — —
Toeray through delay block 62 62 62 ns

Notes:

1. Refer to the 12C Specification for the timing requirements. User design should set constraints in the Lattice Design software to
meet this industrial 12C Specification.

2. Fast mode plus maximum speed may be achieved by using external pull-up resistor on 12C bus. Internal pull-up may not be
sufficient to support the maximum speed.
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4.21. Analog-Digital Converter (ADC) Block Characteristics

Table 4.37. ADC Specifications!

Symbol Description Condition Min Typ Max Unit
VREFINT_ADC ADC internal reference voltage3 — 1.142 1.2 1.262 v
VRerexT_ADC ADC external reference voltage — 1.0 — 1.8 Vv
NRres_abc ADC resolution — - 12 - bits
Vem_anc
Bipolar mode, Vem_abc — +
- Vem_anc Vv
Internal Vger VREFINT_ADC/4 VREFINT_A
DC/4
Vem_anc
Bipolar mode, Vem_anc — +
V ADC input - V "
SRADC Input range External Vger VReFEXT_ADC/4 REFEXT_ADC VRerFexT_
ADC/4
Uni-polar mode, VReFINT_A
0 — - \
Internal Vrer bC
Uni-polar mode, VRerext
0 — - \
External Vger ADC
. Internal Vgee — VeernT_soc — \
v ADC input common mode voltage /2
CM_ADC . . .
- for fully differential signals V
( y g ) External Vagr _ REFEXT_ADC _ Y,
/2
Max frequency of adc_clk_iinput | —
feu ace of the ADC block. 2 >0 MHz
Max frequency of the fab_clk_i
f . - - — — — 40 MH
CLk_FaB input for the ADC block z
ADC max sampling rate if
CLK_ADC and CLK_FAB are — — — 620 kSPS
asynchronous
FSapc - -
ADC max sampling rate if
CLK_ADC and CLK_FAB are both — — — 1000 kSPS
connected to LR PLL CLKOS4
_ ADC_CLK
NTraCK_ADC ADC input tracking time 4 — — T4
g cycles
Rin_apc ADC input equivalent resistance - - 116 - kQ
. . . — ADC_CLK
teaL Apc ADC calibration time — - 6,500 -
- cycles
Includes minimum
. . I ADC_CLK
Toutput_apc | ADC conversion time tracking time of four — 33 — cvles?
cycles 4
DNLapc ADC differential nonlinearity — -1 — 1 LSB
DCi - - —
INLanc A C |r1tegra| nor?llneanty (not - . 291 LSB
including errors in the reference)
SFDRapc ADC spurious free dynamic range — 67.7 77 — dBc
THDapc ADC total harmonic distortion — — -76 —66.8 dB
SNRapc ADC signal to noise ratio — 61.9 68 — dB
ADC signal t i | —
SNDRaoc - S1gnal fo NOISE plus 61.7 67 — dB
distortion ratio
ADC gai t includi —
ERRGaIN_aDC ga.ln error(not including -0.5 — 0.5 % FSapc
- errors in the reference)
© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-DS-02049-2.4

134


http://www.latticesemi.com/legal

= LATTICE

Symbol Description Condition Min Typ Max Unit
ERRosrser ADC _offset_error _ —
- (not including errors in the -2 — 2 % FSanc
pe reference)
Cin_aApc ADC input equivalent capacitance | — — 2 — pF
Notes:

1. ADCis available in commercial/industrial =8 and —9 speed grades, and automotive -7 and -8 speed grades.
2. Not tested; guaranteed by design.
3. Theinternal voltage reference is not recommended for customer design. It is recommended that the user should use the part
with external voltage. If the internal reference is used, an appropriate calibration scheme should be applied.
4. If the ADC_CLK and FAB_CLK are not synchronous, the clock domain crossing makes timing more complicated. Please see ADC
User Guide for Nexus Platform (FPGA-TN-02129).

4.22. Comparator Block Characteristics

Table 4.38. Comparator Specifications

Symbol Description Min Typ Max Unit
fin_comp Comparator input frequency - - 10 MHz
Vin_comp Comparator input voltage 0 — Vceapcis \%
Vorrser_comp Comparator input offset -34.3 — 36.44 mV
VhysT_comp Comparator input hysteresis 10 — 31.62 mV
VLATENCY_comp Comparator latency — — 31.24 ns
4.23. Digital Temperature Readout Characteristics
Digital temperature Readout (DTR) is implemented in one of the channels of ADC.
Table 4.39. DTR Specifications® 2
Symbol Description Condition Min Typ Max Unit
DTRaance DTR detect temperature _ —40 . 125 “c
range
With external voltage
DTRaccuracy DTR accuracy reference range of 1.0V -16 16 16 ’C
to1.8V
DTRresownon | DTR resolution With external voltage 03 _ 03 e
reference
Notes:

1. The external voltage reference (Vgrer) should be 0.1% accurate or better.

example, if the Vrer is 1 % low, then the DTR will read +4.1 °C high).

2. DTRis available in automotive =7 speed grade.

DTR sensitivity to Vger is -4.1 °C per Vrer percent (for
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Table 4.40. Hardened D-PHY Input Timing and Levels
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Symbol ‘ Description ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
High Speed (Differential) Input DC Specifications
Vemmnod Common-mode voltage in high-speed _ 70 _ 330 mv
mode
. o 0.08 Gbps < Viph < 1.5 Gbps 70 — — mV
VipTH Differential input HIGH threshold
1.5 Gbps <VipH<2.5 Gbps 40 — — mV
. o 0.08 Gbps < Vipr. < 1.5 Gbps — — -70 mV
VipTL Differential input LOW threshold
1.5 Gbps <Vpr£2.5 Gbps — bt —-40 mV
Vinus Input HIGH voltage (for HS mode) — — — 460 mV
Vitns Input LOW voltage — -40 — — mV
Single-ended voltage for HS termination
VTERM-EN enable? 450 mV
Zp Differential input impedance — 80 100 125 Q
High Speed (Differential) Input AC Specifications
< <
- 0.08 GbpS < AVCMRX(HF) <15 _ _ 100 mv
1 Common-mode interference Gbps
AVemrx(r)
(>450 MHz) 1.5 Gbps < AVewmrxr) < 2.5
— — 50 mV
Gbps
< <
. 0.08 GbpS < AVCMRX(LF) <15 50 _ 50 mv
AV 23 Common-mode interference Gbps
MR (50 MHz-450 MHz) 1.5 Gbps < AVewrxes) < 2.5
=25 — 25 mV
Gbps
Cem Common-mode termination - - — 60 pF
Low Power (Single-Ended) Input DC Specifications
Vin Low power mode input HIGH voltage — 780 — — mV
ViL Low power mode input LOW voltage — — — 540 mV
ViL-utp Ultra-low power input LOW voltage — — — 300 mV
Vhyst Low power mode input hysteresis — 21 — — mV
Cspike Input pulse rejection - — - 300 V-ps
TMIN-RX Minimum pulse width response — 20 — — ns
VinT Peak interference amplitude — — — 200 mV
fint Interference frequency — 450 — — MHz
Contention Detector (LP-CD) DC Specifications
Vikep Contention detect HIGH voltage — 450 — — mV
ViLeo Contention detect LOW voltage - — - 200 mV
Notes:
1. Thisis the peak amplitude of the sine wave modulated to the receiver inputs.

2.
3.
4

The input common-mode voltage difference relative to the average common-mode voltage on the receiver inputs.
Exclude any static ground shift of 50 mV.

High-speed differential Rterm is enabled when both DP and DN are below this voltage.
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Table 4.41. Hardened D-PHY Output Timing and Levels

Symbol ‘ Description Conditions Min ‘ Typ | Max ‘ Unit
High Speed (Differential) Output DC Specifications
Vemrx Common-mode voltage in high-speed mode - 130 200 250 mV
IAVewiiol ;/;,thgviimatch between differential HIGH . . _ 7 mv
[Vool| Output differential voltage | D-PHY-P — D-PHY-N | 120 200 270 mV
AV ?_/giNmismatch between differential high and . . _ 14 mv
VoHHs Single-ended output HIGH voltage — — — 375 mV
Zos Single-ended output Impedance — 35 50 75 Q
AZos Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications
AVemtx(ir Common-mode variation, 50 MHz — 450 MHz — — — 25 mVems
AVemTx(HR) Common-mode variation, above 450 MHz — — — 15 MVewms
0.08 Gbps<tg<1
Gbps P — — | 035 ul
1 Gbps <tg < 1.5 Gbps — - 0.525 ul
tr Output 20%—80% rise time tr < 1.5 Gbps 65 — — ps
é.gp(sibps <tg< 2.5 _ _ | osrs Ul
tr > 1.5 Gbps 50 — — ps
0.08 Gbps<tr<1
Gbps P - — | 033 ul
1 Gbps < tr < 1.5 Gbps — — | 0.495 ul
tr Output 80%—20% fall time tr < 1.5 Gbps 80 — — ps
é.spfbps<tps 2.5 . _ 0.825 Ul
te > 1.5 Gbps 50 — — ps
Low Power (Single-Ended) Output DC Specifications
0.08 Gbps < Vou <1.50
Vou Low power mode output HIGH voltage Gbps " i 07> B L5 v
Vou > 1.50 Gbps 0.75 — 1.5 v
VoL Low power mode input LOW voltage — -50 — 50 mV
Zowp Output impedance in low power mode — 106 — — Q
Low Power (Single-Ended) Output AC Specifications
trip 15%—85% rise time — — — 25 ns
trp 85%—15% fall time — — — 25 ns
treoT HS — LP mode rise and fall time, 30%—85% — — — 35 ns
First LP XOR clock
pulse after STOP state 0 _ _ ns
Tip-PULSE-TX Pulse width of the LP exclusive-OR clock or last pulse before
STOP state
All other pulses 20 — — ns
Tip-PER-TX Period of the LP exclusive-OR clock — 90 — — ns
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Symbol Description Conditions Min Typ Max Unit
Slew rate at Cioap=0 pF — — — 500 mV/ns
Slew rate at Cioap=>5 pF — — — 300 mV/ns
Slew rate at Cioap= 20 pF — — — 250 mV/ns
Slew rate at Cioap = 70 pF — — — 250 mV/ns
Slew rate at Cioap = 0 to 70 pF (falling edge — 7 — — mV/ns
only) — 7 — — | mV/ns
Slew rate at Cioap = 0 to 70 pF (rising edge — 7 — — mV/ns
only) — 7 — — | mV/ns
8V/5ts - 7-
0.075 x
(VO,IN — — mV/ns
ST -
. 700)
Slew rate at Cioap= 0 to 70 pF (rising edge 7
onl - j
V) 0.0625
X
— — Vv,
(VO,IN mV/ns
ST -
550)
Cionp Load capacitance — 0 — 70 pF
Table 4.42. Hardened D-PHY Pin Characteristic Specifications
Symbol Description Conditions Min ‘ Typ ’ Max | Unit
Pin Characteristic Specifications
Vein Pin signal voltage range — -50 — 1350 mV
Vpin_Lvie Pin signal voltage range in LVLP operation — -50 — 1150 mV
ILeak Pin leakage current — -100 — 100 HA
VGNDsH Ground shift — -50 — 50 mV
VpiN(absmax) Transient pin voltage level — -0.15 — 1.45 \Y
T Maximum transient time above Vpin(max) OF — . . 20 ns
VPIN(absmax) below VPIN(min)
Table 4.43. Hardened D-PHY Clock Signal Specification
Symbol Description Conditions Min ‘ Typ ’ Max | Unit
Clock Signal Specification
ul Ul — — — 12.5 ns
Instantaneous
L — -10% — 10% ul
Ul Variation AUI
— 5% — 5% ul
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Table 4.44. Hardened D-PHY Data-Clock Timing Specifications

Symbol Description Conditions Min ‘ Typ ‘ Max ‘ Unit
Data-Clock Timing Specifications
0.08 Gbps < Tskewrx
<1.00 Gbps 0.15 0.15 Ulinst
Tskew[rx] Data to clock skew
1.00 GbpS < TSKEW[TX] ~0.20 _ 0.20 ul
<1.50 Gbps ‘ ‘ INST
0.08 Gbps < TSETUP[RX]
T Input data setup before CLK < 1.00 Gbps o .
SETUP[RX nput data setup before
(R 1.00 GbpS < TSETUP[RX] 0.37 _ _ ul
<1.50 Gbps ’
0.08 Gbps < Tholprx]
T Input data hold after CLK <1.00 Gbps i .
HOLD[RX nput data hold after
(R 1.00 GbpS < THOLD[RX] 0.3 _ _ ul
<1.50 Gbps ’
Fin_ppHy Input frequency to hardened D-PHY PLL — 24 — 200 MHz
T
SKEWITX] Dynamic data to clock skew (TX) > 1.5 Gbps -0.15 — 0.15 Ulinst
Dynamic
ISI Channel ISl > 1.5 Gbps — — 0.20 Ulinst
Tsetupiry) + . .
Dynamic data to clock skew window RX
THoLp[rxX] M > 1.5 Gbps 0.57 — — Ulinst
. tolerance
Dynamic
4.25. Hardened PCle Characteristics
4.25.1. PCle (2.5 Gbps)
Table 4.45. PCle (2.5 Gbps)
Symbol ’ Description Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Transmitter!
Ul Unit interval - 399.88 400 400.12 ps
BWrx Tx PLL bandwidth — 1.5 — 22 MHz
Differential p-p Tx voltage
V1x-DIFF-pP . PP & — 0.8 — 1.2 Vp-p
swing
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . p-p — 0.4 — 1.2 Vp-p
voltage swing
Tx de-emphasis level ratio at
V1x-DE-RATIO-3.5dB 35dB — 3 — 4 dB
TTX-RISE-FALL Transmitter rise and fall time — 0.125 — — ul
Treere Transmltter eye, including all _ 0.75 _ _ ul
jitter sources
Maximum time between jitter
TTX-EYE-MEDIAN-to-MAX-JITTER median and maximum b —_ b 0.125 Ul
deviation from the median
Tx differential return loss —
RLrx- . . o 10 — — dB
TX-DIFF including package and silicon
Tx common-mode return loss
RLyx. ! MHz < freq < 2.5 GH — — B
M including package and silicon >0 MHz <freq <2.5 GHz 6 d
ZTX-DIFF-DC DC differential impedance — 80 — 120 Q
Tx AC peak common-mode
Vicemace voltage, RMS 20 mv, RMS
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Symbol Description Condition Min. Typ. Max. Unit
Transmitter short-circuit
Irx-sHORT — — — 90 mA
current
Transmitter DC common-
Vrx-ne-cm — 0 — 1.2 Vv
mode voltage
Electrical Idle output peak
V1X-IDLE-DIFF-AC-p putp — — — 20 mV
voltage
Voltage change allowed durin
V1x-RCv-DETECT .g g g - — — 600 mV
receiver detect
Minimum time in electrical
TTX-IDLE-MIN . — 20 — — ns
idle
T Maximum time from El order _ _ . 3 ns
TXIDLESET-TO-IDLE set to valid electrical idle
T Maximum time from electrical _ _ . 8 ns
TXIDLETO-DIFF-DATA idle to valid differential output
500 ps
Lrx-skew Lane-to-lane output skew +2 Ul ps
Receiver?
ul Unit interval — 399.9 400 400.12 ps
Differential Rx peak-peak
VRx.D|FF.pp P P b 0.175 o 1.2 Vp-p
voltage
Try-eve> Receiver eye opening time — 0.4 — — ul
Maximum time delta between
TRX-EYE-MEDIAN-to-MAX-JITI'ER3 median and deviation from — —_ — 0.3 Ul
median
RLacorrr Receiver differentiall .return . 10 . _ 4B
loss, package plus silicon
Receiver common-mode
RLrx-cm return loss, package plus — 6 — — dB
silicon
Receiver DC single-ended
ZRrx- . — 40 — 60 Q
Rx-DC impedance
Receiver DC differential
ZRX-DIFF-| . — 80 - 120 Q
RX-DIFF-DC Impedance
Receiver DC single-ended
ZRX-HIGH-IMP-DC impedance when powered - 200 — — kQ
down
Rx AC k d
VRx-cM-ACP X A% peak common mode — — — 150 mV, peak
voltage
V/RX-IDLE-DET-DIFF-PP Electrical idle detect threshold | — 65 — 175 mVp-p
Lrx-skew Receiver—lane-lane skew — — — 20 ps
Notes:

1. Refer to the PCI Express base specification revision 3.0, Table 4.18 test condition and requirement for respective parameters.
2. Refer to the PCl Express base specification revision 3.0, Table 4.24 test condition and requirement for respective parameters.
3. Specification compliant requirement.
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4.25.2. PCle (5 Gbps)
Table 4.46. PCle (5 Gbps)

Symbol ‘ Description Test Conditions Min Typ. ‘ Max ‘ Unit
Transmit?
ul Unit interval — 199.94 200 200.06 ps
Tx PLL bandwidth
Bwmcere-pLt corresponding to PKGrx.pL11 o 8 - 16 MHz
Tx PLL bandwidth
Bwncere-pLz corresponding to PKGrx.pL12 o > - 16 MHz
Tx PLL peaking
PieTx. - - - 3 dB
KGTPLLL corresponding to PKGrx.pL11
Tx PLL peaking
Prerx. — — — 1 dB
KeTPLL2 corresponding to PKGrx.pLi2
Differential p-p Tx voltage
VTX-DIFF-pP . PP & — 0.8 - 1.2 V, p-p
swing
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . PP — 0.4 — 1.2 V, p-p
voltage swing
Tx de-emphasis level ratio at
_DE- R — — 4 B
VTX DE-RATIO-3.5dB 35 dB 3 d
Tx de-emphasis level ratio at
V/1X-DE-RATIO-6dB P — 5.5 — 6.5 dB
6dB
TMIN-PULSE Instantaneous lone pulse width | — 0.9 — — Ul
TTX-RISE-FALL Transmitter rise and fall time — 0.15 — — Ul
Treeve Transmltter eye, including all . 0.75 . . ul
jitter sources
. o1
Treos Tx deterministic jitter > 1.5 _ _ _ 015 Ul
MHz
T Tx RMS jitter < 1.5 MHz - - - 3 PS,
TX-RI J : RMS
TRE-MISMATCH Tx rise/fall time mismatch — — — 0.1 ul
R Tx differential return loss, 50 MHz < freq < 1.25 GHz 10 — — dB
LTX-DIFF including package and silicon 1.25 GHz < freq < 2.5 GHz 8 — — dB
T -mode return |
Rincm [x common-mode return 10ss, | g4 n1p; ¢ freq < 2.5 GHz 6 — - dB
including package and silicon
ZTX-DIFF-DC DC differential impedance — — — 120 Q
v Tx AC peak common-mode _ . . 150 mv,
TCM-ACPP voltage, peak-peak p-p
Transmitter short-circuit
Ix. — — — A
TXSHORT current % m
Transmitter DC common-mode
Vrx-ne-cm — 0 — 1.2 Y
voltage
Electrical idle output DC
V1X-IDLE-DIFF-DC P — 0 — 5 mV
voltage
Electrical idle differential
VTX-IDLE-DIFF-AC-p — — — 20 mV
output peak voltage
Voltage change allowed durin
V1x-RCV-DETECT . g g g | - — — 600 mV
receiver detect
TTX-IDLE-MIN Minimum time in electrical idle | — 20 — — ns
T Maximum time from El order _ . _ 8 ns
TXIDLESET-TO-IDLE set to valid electrical idle
T Maximum time from electrical _ . _ 8 ns
TXIDLETO-DIFF-DATA idle to valid differential output
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Symbol Description Test Conditions Min Typ. Max Unit
+4
Lrx-skew Lane-to-lane output skew — — — 50?“ ps
Receive?
ul Unit interval — 199.94 200 200.06 ps
Differential Rx peak-peak
_DIFF- — .34 - 1.2 -
VRX-DIFF-PP voltage 0.343 V, p-p
T Receiver random jitter 1.5 MHz — 100 MHz _ . 42 ps,
RICRI-RMS tolerance (RMS) Random noise ’ RMS
Receiver deterministic jitter
Try. — — —
RX-DI tolerance 88 ps
R Receiver differential return 50 MHz < freq < 1.25 GHz 10 — — dB
HROCDIFE loss, package plus silicon 1.25 GHz < freq < 2.5 GHz 8 - - dB
Receiver common-mode return
Rirx-cm - — 6 — — dB
loss, package plus silicon
Zexoc Becelver DC single-ended . 40 . 60 a
impedance
Receiver DC single-ended
ZRX-HIGH-IMP-DC impedance when powered — 200 — — kQ
down
Rx AC peak common-mode mV,
VRx-cm-AC-P P — — — 150
voltage peak
V/RX-IDLE-DET-DIFF-PP Electrical idle detect threshold — 65 — 1753 mv, pp
Lrx-skew Receiver—lane-lane skew - - - 8 ns
Notes:

1. Referto the PCl Express base specification revision 3.0, Table 4.18 test condition and requirement for respective parameters.
2. Refer to the PCl Express base specification revision 3.0 ,Table 4.24 test condition and requirement for respective parameters.
3. Specification compliant requirement.

4.26. Hardened SGMII Characteristics

4.26.1. SGMII Specifications
Table 4.47. SGMII*

Symbol Description Test Conditions Min Typ Max Unit

foata SGMII data rate — — 1,250 — MHz
SGMII reference clock frequency

frerci (data rate / 10) > MHz
. S Periodic jitter )

JtoL_pj litter tolerance, deterministic <300 kHz 0.1 ul
. Periodic jitter )

JroLTj litter tolerance, total <300 kHz 0.3 ul

Af/f Data rate and reference clock accuracy — -300 — 300 ppm

Notes:

1. SGMIlis not supported on 72-pin packages (QFN and WLCSP).
2. Jror can meet the following jitter mask specification: 0 to 3.5 kHz: 10 Ul; 3.5 to 700 kHz: log-log slope 10 Ul to 0.05 Ul; above
700 kHz: 0.05 UI.
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4.27. sysCONFIG Port Timing Specifications

Table 4.48. sysCONFIG Port Timing Specifications

Symbol ‘ Parameter Device Min Typ. Max Unit
Controller SPI POR/REFRESH Timing
¢ REFRESH command executed, to the last rising . _ . 30 s
Icre edge of INITN (bulk-erase off) W
Time from last rising edge of INITN to the valid
tvmc — - — 5 us
controller MCLK
fuicux_oer Default MCLK fre.que:'ncy. (Before MCLK _ _ 35 _ MHz
frequency selection in bitstream)
Time during POR, from VCC, VCCAUX, VCCIOO,
ticre_por . . . — — — 5 ms
or VCCIO1 (whichever is the last) pass POR trip
Target SPI/12C/13C POR
Time during POR, from Vcc, VCCAUX/ Vccioo OF
Vceo1 (whichever is the last) pass POR trip
tmspi_iNK — — — 1 us
voltage, to pull PROGRAMN LOW to prevent
entering MSPI mode
Minimum time driving PROGRAMN HIGH after
tacT_PROGRAMN_H L — 50 — — ns
last activation clock
¢ Minimum time to start driving CCLK (SSPI) _ 50 _ _ ns
CONFI6_CaL after PROGRAMN HIGH
¢ Minimum time to start driving SCL (12C/13C) . 50 . _ ns
conFiesct after PROGRAMN HIGH
PROGRAMN Configuration Timing
tPrROGRAMN_L PROGRAMN LOW pulse accepted — 50 — - ns
tprOGRAMN_H PROGRAMN HIGH pulse accepted — 60 — — ns
tPROGRAMN_RJ PROGRAMN LOW pulse rejected — — — 25 ns
tiniT_Low PROGRAMN LOW to INITN LOW — — — 100 ns
PROGRAMN LOW to INITN HIGH (bulk-erase
tNIT_HIGH — — — 50 us
off)
tponE_Low PROGRAMN LOW to DONE LOW — — — 55 s
tpoNE_HiGH? PROGRAMN HIGH to DONE HIGH — — — 2 s
tiopiss PROGRAMN LOW to |/O disabled — — — 125 ns
Controller SPI
fvcct Maximum selected MCLK output frequency — 101.25 112.5 124 MHz
fmewk_oc MCLK output clock duty cycle — 45 — 55 %
tmeLkH MCLK output clock pulse width HIGH - 1/famcw - 1/fmcwk ns
(max) x (min) x
0.458 0.55%
tmcikL MCLK output clock pulse width LOW — 1/fuci — 1/fmewk ns
(max) x (min) x
0.458 0558
tsu_miso MISO to MCLK setup time — 0.5 — — ns
tHp_Miso MISO to MCLK hold time — 0.5 — — ns
teo_mosi? MCLK to MOSI delay — — — 12 ns
Target SPI
f CCLK input clock frequency (for write
CCLK_W p " q y ( _ _ _ 120 MHz
transaction)
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Symbol Parameter Device Min Typ. Max Unit
feck R CCLK input clock frequency (for write
. transaction)® - - — note 6 MHz
tecwkn CCLK input clock pulse width HIGH — 3.5 — — ns
Tecwke CCLK input clock pulse width LOW — 3.5 — — ns
tymc sLAvE Time from rising edge of INITN to target CCLK
) driven - 50 - - ns

tymc_masTer CCLK input clock duty cycle — 40 — 60 %
tsu_ssi SSI to CCLK setup time — 3.2 — _ ns
tHp_ssi SSI to CCLK hold time — 1.9 — — ns
tco_sso CCLK falling edge to valid SSO output — 3.07 — 307 ns
ten_sso CCLK falling edge to SSO output enabled — 3.07 — 307 ns
tois_sso CCLK falling edge to SSO output disabled — 3.07 — 307 ns
tHiGH_scsn SCSN HIGH time — 74 _ _ ns
Tsu_scsn SCSN to CCLK setup time — 3.5 — — ns
tho_scsn SCSN to CCLK hold time — 1.6 — — ns
12¢/13C
fseL_iac SCL input clock frequency for 12C — — — 1 MHz
fscLisc SCL input clock frequency for 13C — — — 12 MHz
tsciH_izc SCL input clock pulse width HIGH for 12C — 400 — — ns
tseLL_iac SCL input clock pulse width LOW for 12C — 400 — — ns
tsu_spa_iac SDA to SCL setup time for 12C — 250 - — ns
tHp_spA_i2c SDA to SCL hold time for 12C — 50 — — ns
tsu_spa_i3c SDA to SCL setup time for I3C — 30 — _ ns
tHp_spa_iac SDA to SCL hold time for 13C — 30 — — ns
tco_spa SCL falling edge to valid SDA output — — — 200 ns
ten_spa SCL falling edge to SDA output enabled — — — 200 ns
tois_spa SCL falling edge to SDA output disabled — — — 200 ns
Wake-Up Timing
FWAKEUP_DONE HIGH Il:la:étHconfiguration clock cycle to DONE going . . . 60 s

LIFCL-40 — — 31,184 cycles
trio_en? User I/O enabled in early /0 mode

LIFCL-17 — — 20,688 cycles
tioen? Config clock to user I/O enabled — 150 — — ns
tmewz® 3 Controller MCLK to high-impedance — — — 2.5 us

Notes:

1. The fuck has a dependency on HFOSC and is 1/3 of feiur.
2. Based on 30k uncompressed/unauthenticated/default MCLK timing (3.5 MHz)/x1. Other permutations results in different

values.

3. Measure using LVCMOS18, default MCLK frequency, slow slew rate.
Supported input-clock frequency for bursting the configuration bitstream to the device.
5. Supported input-clock frequency for reading out data transactions from the device.

»
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Refer to the following equations to determine the supported input-clock frequency for read transaction. Assumption: The skew
between CCLK and SSO on board is zero.

1% CCLK — tCO(max) — Tsu > 0
CCLK > 2(tCO(max) + Tsu)

CCLK — Input clock period. fCCLK_R = 1/CCLK.
tCO(max) — Equivalent to tCO_SSO or tEN_SSO max value.
Tsu — Setup time requirement for host controller 1/0.

For customer that can only use single clock for read/write operation, the Fmax will be limited by the Fmax for read operation.
For example: tCO(max)=30ns and Tsu=2ns.

CCLK > 2(tCO(max) + Tsu)
CCLK > 2(30ns + 2ns)
CCLK > 64n
fCCLK_R = 1/64ns = 15.62MHz

For customer that want to do the programming at 135 MHz or faster than Fmax for read operation:

. Have a mechanism in the host controller to switch between read clock and write clock for read/write transaction. For
example, refer to SPI specification to switch between read and write clock by changing the SPI Baud Rate Register (SPIBR) if
standard SPI controller is used as the host.

e orimplementing a mechanism to adjust/calibrate the sampling clock edge when the valid data becomes available.

Based on SLOW (default) slew rate control on Config output pins.

The actual value is based on the user settings. Use the provided formula to get the minimum and maximum value.

REFRESH Command tos ————————»

Vee/Vecaux/ |
Vccioo/Vecio1 r tice_ror

N

PROGRAMN

v

fvax oer

Figure 4.14. Controller SPI POR/REFRESH Timing
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Figure 4.15. Target SP1/12C/13C POR/REFRESH Timing
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Figure 4.16. Controller SPI PROGRAMN Timing
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Figure 4.17. Target SPI/12C/13C PROGRAMN Timing

Data Sheet
< t pROGRAMN
PROGRAMN
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Figure 4.18. Controller SPI Configuration Timing
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Figure 4.19. Target SPI Configuration Timing
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Figure 4.20. 12C /I13C Configuration Timing
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Figure 4.21. Controller SPI Wake-Up Timing
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Figure 4.22. Target SPI/12C/13C Wake-Up Timing
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Figure 4.23. Configuration Error Notification

4.28. JTAG Port Timing Specifications

Table 4.49. JTAG Port Timing Specifications
Symbol Parameter Min Typ. Max Units
fvax TCK clock frequency — — 25 MHz
tarcpH TCK clock pulse width high 20 — — ns
tarepL TCK clock pulse width low 20 — — ns
tars TCK TAP setup time 5 — — ns
taTH TCK TAP hold time 5 - - ns
taTRe TAP controller TDO rise/fall time? 100 — — mV/ns
taTco TAP controller falling edge of clock to valid output — — 14 ns
tarcobis TAP controller falling edge of clock to valid disable — — 14 ns
taTCoEN TAP controller falling edge of clock to valid enable — — 14 ns
taTCRs BSCAN test capture register setup time 8 — — ns
taTcrH BSCAN test capture register hold time 25 - — ns
tsutco BSCAN test update register, falling edge of clock to valid output — - 25 ns
teTUODIS BSCAN test update register, falling edge of clock to valid disable — — 25 ns
taTUPOEN BSCAN test update register, falling edge of clock to valid enable — — 25 ns

Note:

1. Based on the default I/O setting of the slow slew rate.
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TCK I /
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Data to be
driven out Valid Data Valid Data
to1/0 |

Figure 4.24. JTAG Port Timing Waveforms

4.29. Switching Test Conditions

Figure 4.25 shows the output test load that is used for AC testing. The specific values for resistance, capacitance,
voltage, and other test conditions are listed in Table 4.50.

V+
R1

DUT . ® Test Point
R2 p— CL*

*CL Includes Test Fixture and Probe Capacitance

Figure 4.25. Output Test Load, LVTTL and LVCMOS Standards
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Table 4.50. Test Fixture Required Components, Non-Terminated Interfaces®

Test Condition R1 R: C, Timing Ref. Vr
LVTTL and other LVCMOS settings (L= H, H>L) 0 0 0 pF LVCMOS 3.3=15V —
LVCMOS 2.5 = Vceio/2 —
LVCMOS 1.8 = V¢cio/2 —
LVCMOS 1.5 = V¢gio/2 —
LVCMOS 1.2 = V¢gio/2 —

LVCMOS 2.51/0 (Z = H) 0 1MQ 0 pF Veaio/2 —

LVCMOS 2.51/0 (2> L) 1MQ 00 0 pF Vceio/2 Veeio

LVCMOS 2.51/0 (H>=2) o0 100 0 pF Von—0.10 —

LVCMOS 2.51/0 (L>2) 100 0 0 pF VoL +0.10 Veeao
Note:

1. The output test conditions for all other interfaces are determined by the respective standards.
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5.1. Signal Descriptions
Table 5.1. Signal Descriptions
Signal Name ‘ Bank Type Description
Power and GND
Vss - GND Ground for internal FPGA logic and 1/0.
Vssa_p-pHy — GND Analog Ground for D-PHY blocks .
Vsssp — GND Ground for SERDES blocks.
Power supply pins for core logic. Vcc is connected to 1.0 V (nom.)
Vce — Power . .
supply voltage. Power On Reset (POR) monitors this supply voltage.
Auxiliary power supply pin for internal analog circuitry. This supply is
VCCAUXA — Power
connected to 1.8 V (nom.) supply voltage.
Auxiliary power supply pin for I/0O Bank 0, Bank 1, Bank 2, Bank 6, and
Bank 7. This supply is connected to 1.8 V (nom.) supply voltage, and is
VCCAUX — Power . . . .
used for generating stable drive current for the I/O. POR monitors this
supply voltage.
Auxiliary power supply pin for 1/0 Bank 3, Bank 4, and Bank 5. This
VccAUXHx — Power | supply is connected to 1.8 V (nom.) supply voltage, and is used for
generating stable current for the differential input comparators.
Power supply pins for 1/0 bank x.
Forx=0,1,2,6,and 7, Vccio can be connected to (nom.) 1.2V, 1.5V,
1.8V,2.5V,or3.3V.
Veciox 0-7 Power | Forx=3,4,and5, Vcco can be connected to (nom.) 1.0V, 1.2V,
1.35V,1.5V,or1.8V.
There are dedicated and shared configuration pins in banks 0 and 1.
POR monitors these banks supply voltages.
1.0 V (nom.) digital power supply for the hardened D-PHY blocks.
Vee_p-pHyx — Power
X=0,1
1.8 V (nom.) analog power supply for the hardened D-PHY blocks.
Veea_p-pHyx — Power
X=0,1
1.0 V (nom.) power supply for the hardened D-PHY blocks.
VeepLL_D-pHYx — Power
X=0,1
Vecancis® 3 - Power | 1.8V (nom.) power supply for the ADC block.
Veesno — Power | 1.0V (nom.) power supply for the SERDES block.
VeerLispo - Power 1.8 V (nom.) power supply for the PLL in the SERDES block.
Vecauxsp — Power | 1.8V (nom.) auxiliary power supply for the SERDES block.
Dedicated Pins
Dedicated Configuration 1/O Pin
LVCMOS input pin. This input selects the JTAG shared GPIO to be used
JTAG_EN 1 | t for JTAG
- nPut o= Gpio
1=JTAG
Dedicated ADC I/O Pins?
ADC_REF[0, 1] N Input APC reference voltage, for each of the two ADC converters. If not used,
tie to ground.
Dedicated ADC input pairs, for each of the two ADC converters. If not
ADC_DP/NI0, 1] — Input

used, tie to ground.
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Signal Name ‘ Bank Type Description
Dedicated High Speed 1/0O Pins
SDO_RXDP/N — Input High Speed Data Differential Input Pairs.
SDO_TXDP/N — Output | High Speed Data Differential Output Pairs.
SDO_REFCLKP/N — Input High Speed Reference Clock Differential Input Pairs.
High Speed External Reference Resistor Input. Resistor connects
between this pin and SDO_REFRET pin. This is used to adjust the on-
chip differential termination impedance, based on the external
resistance value:
SDO_REXT — Input Rex = 909 Q, Ry = 80 O
REXT =976 Q, RDIFF =850
REXT =1.02 kQ, RDIFF =90Q
REXT =1.15 kQ, RDIFF =100Q
High Speed Reference Return Input. These pins should be AC coupled
SDO_REFRET - InPUt | 44 the VCCPLLSDO supply.
Dedicated D-PHY 1/0O Pins
Input, Hardened D-PHY Data Input/Output Pairs, for each of the 4 High Speed
D-PHY[0-1]_DP/N[0-3] - Output | lanesin the 2 Hardened D-PHY Blocks.
Input, Hardened D-PHY Clock Input/Output Pairs, for each of the 2 Hardened
D-PHY[0-1]_CKP/N Output | D-PHY Blocks.
Misc Pins
NC — — No connect.
This pin is reserved and should not be connected to anything on the
RESERVED — —
board.
General Purpose 1/0 Pins
Programmable User I/O:
[T/B/L/R] indicates the package pin/ball isin T (Top), B (Bottom), L
(Left), or R (Right) edge of the device.
[Number] identifies the PIO [A/B] pair.
[A/B] shows the package pin/ball is A or B signal in the pair. PIO A and
PIO B are grouped as a pair.
Each A/B pair in the bottom banks supports true differential input and
output buffers. When configured as differential input, differential
termination of 100 Q can be selected.
Each A/B pair in the top, left and right banks does not support true
T=0 Input differential input or output buffer. It supports all single-ended inputs
R=1,2 ’ i ’
P[T/B/L/R] [Number]_[A/B] Output and outputs, and can be used for emulated differential output buffer.
- B=3,4,5 Bi-Dir | Some of these user programmable 1/0 are used during configuration,
L=6.7 depending on the configuration mode. You need to make appropriate

connection on the board to isolate the two different functions
before/after configuration.

Some of these user programmable 1/0 are shared with special function
pins. These pins, when not used as special purpose pins, can be
programmed as 1/0 for user logic.

During configuration, the user-programmable 1/0 is tri-stated with an
internal weak pull-down resistor enabled. If any pin is not used (or not
bonded to a package pin), it is tri-stated and default to have weak pull-
down enabled after configuration.
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Signal Name Bank Type Description

Shared Configuration Pins

1. These pins can be used for configuration during configuration mode. When configuration is completed, these pins can be
used as GPIO, or shared function in GPIO. When these pins are used in dual function, users need to isolate the signal
paths for the dual functions on the board.

2. The pins used are defined by the configuration modes detected. Target SPI or 12C/I3C modes are detected during target
activation. Pins that are not used in the configuration mode selected are tri-stated during configuration, and can connect
directly as GPIO in user’s function.

Configuration:

Input, | 12C/13C Mode: SDA signal

PRxxx /SDA/USER_SDA 1 Output, | User Mode:

Bi-Dir PRxxx: GPIO

User_SDA: SDA signal for 12C/I3C interface

Configuration:

Input, | 12C/I3C Mode: SCL signal

PRxxx /SCL/USER_SCL 1 Output, | User Mode:

Bi-Dir PRxxx: GPIO

User_SDA: SCL signal for 12C/I3C interface

Configuration:

Input, | Slave SPI Mode: Slave Serial Output

PRxxx/TDO/SSO 1 Output, | User Mode:

Bi-Dir PRxxx: GPIO

TDO: When JTAG_EN =1, used as TDO signal for JTAG

Configuration:

Input, | Slave SPI Mode: Slave Serial Input

PRxxx/TDI/SSI 1 Output, | User Mode:

Bi-Dir PRxxx: GPIO

TDI: When JTAG_EN = 1, used as TDI signal for JTAG

Configuration:

Input, | Slave SPI Mode: Slave Chip Select

PRxxx/TMS/SCSN 1 Output, | User Mode:

Bi-Dir | PRxxx: GPIO

TMS: When JTAG_EN = 1, used as TMS signal for JTAG

Configuration:

Input, Slave SPI Mode: Slave Clock Input

PRxxx/TCK/SCLK 1 Output, | User Mode:

Bi-Dir | PRxxx: GPIO

TCK: When JTAG_EN = 1, used as TCK signal for JTAG

Configuration:

Input, Flow-through Daisy Chain Mode: Chip Select Output
PTxxx/MCSNO 0 Output,
. User Mode:
Bi-Dir
PTxxx: GPIO
Configuration:
Input,
Master Quad SPI Mode: I/03
PTxxx/MD3 0 Output,
. User Mode:
Bi-Dir
PTxxx: GPIO
Configuration:
Input, Master Quad SPI Mode: 1/02
PTxxx/MD2 0 Output,
L User Mode:
Bi-Dir
PTxxx: GPIO
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Signal Name Bank Type Description
Configuration:
Input, Master SPI Mode: Master Serial Input
PTxxx/MSI/MD1 0 Output, | Master Quad SPI Mode: 1/01
Bi-Dir User Mode:
PTxxx: GPIO
Configuration:
Input, Master SPI Mode: Master Serial Output
PTxxx/MSO/MDO 0 Output, | Master Quad SPI Mode: 1/00
Bi-Dir User Mode:
PTxxx: GPIO
Configuration:
Input, Master SPI Mode: Master Chip Select Output
PTxxx/MCSN/PCLKTO_1 0 Output, | User Mode:
Bi-Dir PTxxx: GPIO
PCLKTO_O: Top PCLK Input
Configuration:
Input, Master SPI Mode: Master Clock Output
PTxxx/MCLK/PCLKTO_O 0 Output, | User Mode:
Bi-Dir PTxxx: GPIO
PCLKTO_1: Top PCLK Input
Configuration:
Input, | pPROGRAMN: Initiate configuration sequence when asserted LOW.
PTxxx/PROGRAMN 0 OL!tpl:Jt, User Mode:
BIDIN | pryx: GPIO
Configuration:
INITN: Open Drain I/O pin. This signal is driven to LOW when
configuration sequence is started, to indicate the device is in
Input, initialization state. This signal is released after initialization is
PTxxx/INITN 0 Ou.tplljt, completed, and the configuration download can start. You can keep
Bi-Dir drive this signal LOW to delay configuration download to start.
User Mode:
PTxxx: GPIO
Configuration:
DONE: Open Drain I/0 pin. This signal is driven to LOW during
Input, configuration time. It is released to indicate the device has completed
PTxxx/DONE 0 Output, | configuration. You can keep drive this signal LOW to delay the device to
Bi-Dir wake up from configuration.

User Mode:
PTxxx: GPIO

Shared User GPIO Pins

1. Shared User GPIO pins are pins that can be used as GPIO, or functional pins that connect directly to specific functional
blocks, when device enters into user mode.

2. Declaring on assigning the pin as GPIO or specific functional pin is done by configuration bitstream, except JTAG pins.

3. JTAG pins are controlled by JTAG_EN signal. When JTAG_EN = 1, the pins are used for JTAG interface. When JTAG = 0, the
pins are used as GPIO or specific functional pin defined by configuration bitstream.

4. Refer to package pin file.
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Signal Name Bank Type Description
Shared JTAG Pins
Inout User Mode:
npug, .
PRYXX/EIO 1,2,6,7 Output, | | GPIO _ _
Bi-Dir EIO: Early I/O Release, for more information refer to sysCONFIG User
Guide for Nexus Platform (FPGA-TN-02099) Section 5.5.
—_ User Mode:
nput, .
PLxXX/EIO 1,267 | output, | |0 GPIO _ _
Bi-Dir EIO: Early I/O Release, for more information refer to sysCONFIG User
Guide for Nexus Platform (FPGA-TN-02099) Section 5.5.
User Mode:
PRxxx/TDO/ 1 olzi) ultlt PRxxx: GPIO
yyvy Bi_gir’ TDO: When JTAG_EN = 1, used as TDO signal for JTAG
yyyy: Other possible selectable specific functional
User Mode:
NPUL, | ppywx: GPIO
PRxxx/TDI/yyyy 1 Output, .
Bi-Dir TDI: When JTAG_EN =1, used as TDI signal for JTAG
yyyy: Other possible selectable specific functional
| User Mode:
S . o”f“t't PRxxx: GPIO
XXX utput, .
vy Bi_gir TMS: When JTAG_EN = 1, used as TMS signal for JTAG
yyyy: Other possible selectable specific functional
User Mode:
PRxxx/TCK/ 1 o|:$ u:lt PRxxx: GPIO
wyy Bi_gir’ TCK: When JTAG__EN = 1, used as TCK signal for JTAG
Yyyy: Other possible selectable specific functional

Shared CLOCK Pins
1. Some PCLK pins can also be used as GPLL reference clock input pin. Refer to sysCLOCK PLL Design and User Guide for
Nexus Platform (FPGA-TN-02095).

User Mode:
PBxxx: GPIO
PCLK: Primary Clock or GPLL Refclk signal
Input, [T] = For single-ended signaling, use only PCLKT pins as primary CLK
PBxxx/PCLK[T,C][3,4,5]_[O- 34 Output, | pads.
3]/yyyy " S _ N o
Bi-Dir [T,C] = True/Complement when using differential signaling
[3,4,5] = Bank
[0-3] Up to 4 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PTxxx: GPIO
PTxxx/PCLKTO_[0-1]/yyyy 0 Output, | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
Bi-Dir [0-1] Up to 2 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PRxxx: GPIO
PRxxx/PCLKT[1,2]_[0-2]/yyyy 1,2 Output, | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
Bi-Dir [0-2] Up to 3 signals in the bank
yyyy: Other possible selectable specific functional
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Signal Name Bank Type Description
User Mode:
Input, PLxxx: GPIO
PLxxx/PCLKT[6,7]_[0-2]/yyyy 6,7 Output, | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
Bi-Dir [0-2] Up to 3 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PBxxx: GPIO
PBxxx/LRC_GPLL[T,C]_IN/yyyy 3 Output, | LRC_GPLL: Lower Right GPLL Refclk signal (PLLCK)
Bi-Dir [T,C] = True/Complement when using differential signaling
yyyy: Other possible selectable specific functional
User Mode:
Input, PBxxx: GPIO
PBxxx/LLC_GPLL[T,C]_IN/yyyy 5 Output, | LLC_GPLL: Lower Left GPLL Refclk signal (PLLCK)
Bi-Dir [T,C] = True/Complement when using differential signaling
yyyy: Other possible selectable specific functional
User Mode:
Input, | pLxxx: GPIO
PLxxx/ULC_GPLLT_IN/yyyy 7 Output, | yLc_GPLL: Upper Left GPLL Refclk signal (Only Single Ended) (PLLCK)
Bi-Dir yyyy: Other possible selectable specific functional
Shared VREF Pins
User Mode:
PBxxx: GPIO
Input, | \REF: Reference Voltage for DDR memory function
PBxxx/VREF[3,4,5] [1-2]/yyyy 3,4,5 OL!tpl:Jt, [3,4,5] = Bank
Bi-Dir [1-2] Up to VREFs for each bank
yyyy: Other possible selectable specific functional
Shared ADC Pins
User Mode:
PBxxx: GPIO
Input, | ApC_C: ADC Channel Inputs
PBxxx/ADC_C[P,NInn/yyyy 3,45 | Output, |5 N1 - positive or Negative Input
Bi-Dir nn = ADC Channel number (0 — 15)
yyyy: Other possible selectable specific functional
Shared Comparator Pins
User Mode:
PBxxx: GPIO
Input, | comPp: Differential Comparator Input
PBxxx/COMP[1-3][P,N]/yyyy 3,5 Ou.tp%lt, [P,N] = Positive or Negative Input
Bi-Dir [1-3] = Input to Comparators 1-3
yyyy: Other possible selectable specific functional
Shared SGMII Pins
User Mode:
PBxxx: GPIO
PBxxx/SGMII_RX[P,N][O- 2 s C;Ef:it SGMII_RX: Differential SGMII RX Inputs
11/yyyy ’ Bi-Dir ’ [P,N] = Positive or Negative Input

[0-1] = Input to SGMII RX0 or RX1
yyyy: Other possible selectable specific functional

Notes:

1. Notall signals are available as external pins in all packages. Refer to the Pinout List file for various package details.
2. ADCis available in Commercial/Industrial =8 and —9 speed grades and Automotive —7 speed grade.
3. Ondevices that do not support the ADC, this pin may be powered or left floating.
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5.2. PinInformation Summary

5.2.1. CrossLink-NX Family
Pin Information LIFCL-17 LIFCL-40
Summary 72 QFN ‘ 72WLCSP | 121csfBGA | 256caBGA |72 QFN | 121csfBGA | 256caBGA [289csBGA| 400caBGA
User I/0 Pins
Bank 0 10 8 12 12 10 12 12 12 12
Bank 1 7 7 11 11 7 11 20 19 21
General Bank 2 0 0 0 0 13 24 28
Purpose Bank 3 12 12 16 16 12 16 32 32 32
Inputs/Outputs Bank 4 0 0 16 16 0 22 32 32 32
per Bank Bank 5 10 12 16 16 10 10 10 10 10
Bank 6 0 0 0 0 0 0 26 28 28
Bank 7 0 0 0 0 0 0 11 16 22
IT;(’;a' Single-Ended User 39 39 71 71 39 71 156 173 185
Bank O 0 0 0 0 0 0 0 0 0
Bank 1 0 0 0 0 0 0 0 0 0
Bank 2 0 0 0 0 0 0 0 0 0
Differential Bank3 | 12 12 16 16 12 16 32 32 32
Input / Output
Pairs Bank 4 0 0 16 16 0 22 32 32 32
Bank 5 10 12 16 16 10 10 10 10 10
Bank 6 0 0 0 0 0 0 0 0 0
Bank 7 0 0 0 0 0 0 0 0 0
Total Differential I/O 22 24 48 48 22 48 74 74 74
Power Pins
Vee, Veceek 8 3 3 5 8 3 5 6 8
Vecauxa 0 0 0 0 0 0 1 1 1
Veeaux 2 2 1 3 2 1 2 2 3
VecauxHx 2 2 3 3 2 3 3 3 3
Veeauxsp 0 0 0 0 0 0 1 1 1
Bank O 1 1 1 1 1 1 1 1 1
Bank 1 1 1 1 1 1 1 1 2 2
Bank 2 0 0 0 0 0 0 1 2 2
Bank 3 2 1 1 1 2 1 1 2 2
Vecio
Bank 4 0 0 1 1 0 1 1 2 2
Bank 5 1 1 1 1 1 1 1 1 1
Bank 6 0 0 0 0 0 0 1 2 2
Bank 7 0 0 0 0 0 0 1 2 2
Ve p-pHyx 2 1 2 2 2 2 2 2 2
Veea_p-pHYx 1 1 2 2 1 2 2 2 2
VeepLL D-PHYx 1 1 2 2 1 2 2 2 2
Veespo 0 0 0 0 0 0 1 2 2
VeepLisbo 0 0 0 0 0 0 1 1 1
Vecancis® 1 03 03 1 1 03 1 1 1
Total Power Pins 22 14 18 23 22 18 29 37 40
© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
FPGA-DS-02049-2.4 158


http://www.latticesemi.com/legal

CrossLink-NX Family
Data Sheet

= LATTICE

Pin Information

LIFCL-17

LIFCL-40

Summary 72 QFN | 72WLCSP | 121csfBGA | 256caBGA |72 QFN | 121csfBGA | 256caBGA (289csBGA | 400caBGA
GND Pins
Vss 0 5 6 20 0 6 22 26 37
Vssanc 0 0 0 1 0 0 1
Vsssp 0 0 0 0 0 0 12
Vssa_p-pHY 0 3 5 8 0 5 7
Total GND Pins 0 8 11 29 0 11 36 44 57
Dedicated Pins
I()[g:ilrl;:;n\lted ADC Channels 0 0 0 ) 0 0 ) ) )
esﬁ::;:e;irgll)c Reference 0 0 0 5 0 0 5 ) 5
e o | 4| 8 s | 4| s 8 8 8
Eg?rl;:;tw D-PHY Clock 1 1 ) ) 1 ) ) ) )
Dedicated Misc Pins
JTAGEN 1 1 1 1 1 1 1 1
NC 0 0 106 0 0 0 0 83
RESERVED 0 0 0 0 0 0 0 0 0
Total Dedicated Pins 11 11 21 133 6 11 17 17 17
Shared Pins
Bank O 10 8 10 10 10 10 10 10 10
Bank 1 0 0 0 0 6 6 6 6 6
Bank 2 0 0 0 0 0 0 0 0 0
Shared Bank3 | 0 0 0 0 0 0 0 0 0
Configuration
Pins Bank 4 0 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0 0
Bank 6 0 0 0 0 0 0 0 0 0
Bank 7 0 0 0 0 0 0 0 0 0
Bank 0 0 0 0 0 0 0 0 0 0
Bank 1 4 4 4 4 4 4 4 4 4
Bank 2 0 0 0 0 0 0 0 0 0
Shared JTAG Bank 3 0 0 0 0 0 0 0 0 0
Pins Bank 4 0 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0 0
Bank 6 0 0 0 0 0 0 0 0 0
Bank 7 0 0 0 0 0 0 0 0 0
Bank 0 0 0 2 2 2 2 2 2 2
Bank 1 0 0 3 3 0 3 3 3 3
Bank 2 0 0 0 0 0 0 3 3 3
Shared PCLK Bank 3 8 8 8 8 8 8 8 8 8
Pins Bank 4 0 0 8 8 0 8 8 8 8
Bank 5 8 8 8 8 8 8 8 8 8
Bank 6 0 0 0 0 0 0 3 3 3
Bank 7 0 0 0 0 0 0 3 3 3

© 2021-2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Pin Information
Summary

LIFCL-17

LIFCL-40

72 QFN

72WLCSP

121csfBGA

256caBGA

72 QFN

121csfBGA

256caBGA

289csBGA

400caBGA

Shared GPLL
Pins

Bank 0

o

0 0

0

0

0

0

0

0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Shared VREF
Pins

Bank O

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Shared ADC
Channels
(pairs)*

Bank O

Bank 1

Bank 2

OO0/ OINIMN|NO|lO|jOINMN|/O|IN/O|NVN|O|O

O|0O|0O|O|O|NIN|N/O|O|OIN|O|NMN|O|N|O|O

OO0 0O|O|NINN O O|OIN|O|MN O|N|IO|O

Bank 3

=
N

[EnY
N

=
N

Bank 4

Bank 5

Bank 6

Bank 7

Shared
Comparator
Channels
(pairs)2

Bank O

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Shared SGMII
Channels (pairs)

Bank O

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

OO/ N/O O OlO|O|OO|O|lO|O|O|lO|O|O|O|d|lOj|N|O|O|O|O|O|N|O|N/O|O|O|O|O|N|O|N|O|O

ojlolvMO|lOlO|O|O|lO|OO|O|OOjO|O|lOjO|dMfO OO jO|lOCO|O|N|O|NO|IO|OO|O|N|O|N|O|O
OO/ N/OOOlO|O|O|0O|O|0O|0O|0O|lO|O|0O|0O|d|O|N|/O|O|O|O|O|N|INMN|N/O|O|jO|OCO|O|N|O|N|O|O

OO/ N/OOOlO|O|O|O|O|0O|0O|O|lO|O|0O|O|d|O|N|/O|O|O|O|O|N|INMN|N/O|O|jO|O|O|N|O|N|O|O

OO/ N/O O OlO|O|OO|O|lO|O|O|lO|O|O|O|d|lO|1|O|O|O|O|O|N/O|N/O|O|JO|O|O|N|O|N|O|O

OO/ N/OOjOlO|O|O|O|O|0O|O|O|lO|O|0O|O|d|lO|N|/O|O|O|O|O|N|P|N/O|O|jO|O|O|N|O|N|O|O

oo vMV/OlOlO|O|O|lOj|O|WO|WO|O|O|lO|O|~|O

OO/ N/O O OjlO|OjOO|WO|lWwWO|lO|O|O|O |+~ |O

ooV OO|lO/O|lOjOlO|WO|WO|lOjO|OO|OC|&>|O

Notes:

1. ADCis available in Commercial/Industrial -8 and —9 speed grades and Automotive —7 speed grade.
2. Comparator inputs are selected in the software to be separate (Bank 3) or combined with ADC Channels (Bank 5).
3. ADCis powered by Vccaux-
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6. Ordering Information

Lattice provides a wide variety of services for its products including custom marking, factory programming, known good
die, and application specific testing. Contact the local sales representatives for more details.

6.1. Part Number Description

LIFCL-40 - X XXXX X

1 Grade
Device Family

CrossLink-NX FPGA C = Commercial (0 to 85°C)
s I = Industrial (-40 to 100°C)

A = Automotive (-40 to 125°C) only if applicable

Logic Capacity
40 = 39 k Logic Cells

Package
SG72 =72-pin QFN
MG121 = 121-ball csfBGA
BG256 = 256-ball caBGA
MG289 = 289-ball csBGA
BG400 = 400-ball caBGA

Speed (same number for HP and LP)’
7 = Slowest
8
9 = Fastest

Note:
1. Input comparator, ADC, EBR ECC, and DTR are only available in =7 (-A), -8 (-C/1), and —9 (-C/I) speed grade.

LIFCL - 17 - X XXXX X

Device Family L Grade

CrossLink-NX FPGA C = Commercial (0 to 85°C)
I = Industrial (-40 to 100°C)
A = Automotive (-40 to 125°C) only if applicable

Logic Capacity
17 =17 k Logic Cells

Package
UWG72 = 72-ball WLCSP
SG72 =72-pin QFN
MG121 = 121-ball csfBGA
BG256 = 256-ball caBGA

1

Speed (same number for HP and LP)
7 = Slowest
8
9 = Fastest

Note:
1. Input comparator, ADC, EBR ECC, and DTR are only available in =7 (-A), =8 (-C/I), and =9 (-C/I) speed grade.
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6.2. Ordering Part Numbers

6.2.1. Commercial
Part Number Speed Package Pins Temp. Logic Cells (k)
LIFCL-17-7UWG72C -7 Lead free WLCSP 72 Commercial 17
LIFCL-17-8UWG72C -8 Lead free WLCSP 72 Commercial 17
LIFCL-17-75G72C -7 Lead free QFN 72 Commercial 17
LIFCL-17-85G72C -8 Lead free QFN 72 Commercial 17
LIFCL-17-9SG72C -9 Lead free QFN 72 Commercial 17
LIFCL-17-7MG121C -7 Lead free csfBGA 121 Commercial 17
LIFCL-17-8MG121C -8 Lead free csfBGA 121 Commercial 17
LIFCL-17-9MG121C -9 Lead free csfBGA 121 Commercial 17
LIFCL-17-7BG256C -7 Lead free caBGA 256 Commercial 17
LIFCL-17-8BG256C -8 Lead free caBGA 256 Commercial 17
LIFCL-17-9BG256C -9 Lead free caBGA 256 Commercial 17
LIFCL-40-7SG72C -7 Lead free QFN 72 Commercial 39
LIFCL-40-85G72C -8 Lead free QFN 72 Commercial 39
LIFCL-40-95G72C -9 Lead free QFN 72 Commercial 39
LIFCL-40-7MG121C -7 Lead free csfBGA 121 Commerecial 39
LIFCL-40-8MG121C -8 Lead free csfBGA 121 Commercial 39
LIFCL-40-9MG121C -9 Lead free csfBGA 121 Commercial 39
LIFCL-40-7MG289C -7 Lead free csBGA 289 Commercial 39
LIFCL-40-8MG289C -8 Lead free csBGA 289 Commercial 39
LIFCL-40-9MG289C -9 Lead free csBGA 289 Commercial 39
LIFCL-40-7BG256C -7 Lead free caBGA 256 Commerecial 39
LIFCL-40-8BG256C -8 Lead free caBGA 256 Commercial 39
LIFCL-40-9BG256C -9 Lead free caBGA 256 Commercial 39
LIFCL-40-7BG400C -7 Lead free caBGA 400 Commercial 39
LIFCL-40-8BG400C -8 Lead free caBGA 400 Commercial 39
LIFCL-40-9BG400C -9 Lead free caBGA 400 Commercial 39

6.2.2. Industrial
Part Number Speed Package Pins Temp. Logic Cells (k)
LIFCL-17-8UWG72I -8 Lead free WLCSP 72 Industrial 17
LIFCL-17-7SG72I -7 Lead free QFN 72 Industrial 17
LIFCL-17-85G72I -8 Lead free QFN 72 Industrial 17
LIFCL-17-95G72I -9 Lead free QFN 72 Industrial 17
LIFCL-17-7MG121I -7 Lead free csfBGA 121 Industrial 17
LIFCL-17-8MG121lI -8 Lead free csfBGA 121 Industrial 17
LIFCL-17-9MG121lI -9 Lead free csfBGA 121 Industrial 17
LIFCL-17-7BG256I -7 Lead free caBGA 256 Industrial 17
LIFCL-17-8BG256I -8 Lead free caBGA 256 Industrial 17
LIFCL-17-9BG256I -9 Lead free caBGA 256 Industrial 17
LIFCL-40-75G72I -7 Lead free QFN 72 Industrial 39
LIFCL-40-85G72I -8 Lead free QFN 72 Industrial 39
LIFCL-40-95G72I -9 Lead free QFN 72 Industrial 39
LIFCL-40-7MG121lI -7 Lead free csfBGA 121 Industrial 39
LIFCL-40-8MG121lI -8 Lead free csfBGA 121 Industrial 39
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Part Number Speed Package Pins Temp. Logic Cells (k)
LIFCL-40-9MG121lI -9 Lead free csfBGA 121 Industrial 39
LIFCL-40-7MG289I -7 Lead free csBGA 289 Industrial 39
LIFCL-40-8MG289I -8 Lead free csBGA 289 Industrial 39
LIFCL-40-9MG289I -9 Lead free csBGA 289 Industrial 39
LIFCL-40-7BG256I -7 Lead free caBGA 256 Industrial 39
LIFCL-40-8BG256I -8 Lead free caBGA 256 Industrial 39
LIFCL-40-9BG256I -9 Lead free caBGA 256 Industrial 39
LIFCL-40-7BG400I -7 Lead free caBGA 400 Industrial 39
LIFCL-40-8BG400I -8 Lead free caBGA 400 Industrial 39
LIFCL-40-9BG400I -9 Lead free caBGA 400 Industrial 39
6.2.3. Automotive
Part Number Speed Package Pins Temp. Logic Cells (k)
LIFCL-17-7MG121A -7 Lead free csfBGA 121 Automotive 17
LIFCL-17-7BG256A -7 Lead free caBGA 256 Automotive 17
LIFCL-40-7MG121A -7 Lead free csfBGA 121 Automotive 39
LIFCL-40-7BG256A -7 Lead free caBGA 256 Automotive 39
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References

A variety of technical notes for the CrossLink-NX family are available.

sub-LVDS Signaling Using Lattice Devices (FPGA-TN-02028)

Thermal Management (FPGA-TN-02044)

sysl/O User Guide for Nexus Platform (FPGA-TN-02067)

Power Management and Calculation for CrossLink-NX Devices (FPGA-TN-02075)
Soft Error Detection (SED)/Correction (SEC) User Guide for Nexus Platform (FPGA-TN-02076)
CrossLink-NX Hardened D-PHY User Guide (FPGA-TN-02081)

Using TracelD (FPGA-TN-02084)

Memory User Guide for Nexus Platform (FPGA-TN-02094)

sysCLOCK PLL Design and User Guide for Nexus Platform (FPGA-TN-02095)
sysDSP User Guide for Nexus Platform (FPGA-TN-02096)

CrossLink-NX High-Speed 1/0 Interface (FPGA-TN-02097)

sysCONFIG User Guide for Nexus Platform (FPGA-TN-02099)

ADC User Guide for Nexus Platform (FPGA-TN-02129)

12C Hardened IP User Guide for Nexus Platform (FPGA-TN-02142)

Multi-Boot User Guide for Nexus Platform (FPGA-TN-02145)

High-Speed PCB Design Considerations (FPGA-TN-02178)

CrossLink-NX Hardware Checklist (FPGA-TN-02149)

CrossLink-NX Single Event Upset (SEU) Report (FPGA-TN-02174)

Lattice Memory Mapped Interface and Lattice Interrupt Interface User Guide (FPGA-UG-02039)

For further information on interface standards refer to the following websites:

JEDEC Standards (LVTTL, LVCMOS, SSTL) — www.jedec.org
PCl — www.pcisig.com

For more info on this FPGA device, refer to the following:

CrossLink-NX FPGA web page
Lattice Radiant Software FPGA web page
Lattice Insights for Lattice Semiconductor training courses and learning plans
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
For frequently asked questions, refer to the Lattice Answer Database at ww.latticesemi.com/Support/AnswerDatabase.
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Revision History

Revision 2.4, April 2026

Section

Change Summary

All

Minor editorial fixes

General Description

Removed the SGMII note in this section.
Updated the Features section.

e Added temperature and speed grade information to the commercial/industrial and
automotive grade.

e  Corrected 10b/8b decoding to 8b/10b decoding.

e  Updated value of the sampling frequency from 620 ksps to 1 MSPS for each ADC.
e  Rephrased Dual ADC to ADC block with two SAR ADC that sample simultaneously.
e Added note 2 and note 3.

Updated Table 1.1. CrossLink-NX Commercial/Industrial Family Selection Guide.

e  Corrected the Low Power Oscillator frequency from 128 kHz to 32 kH:z.

e Added note 4.

Updated Table 1.2. CrossLink-NX Automotive Family Selection Guide.

e  Corrected the Low Power Oscillator frequency from 128 kHz to 32 kHz.

e  Updated note 2 from 1.5 Gbps per lane to 1.0 Gbps per lane.

Architecture

Updated Figure 2.1. Simplified Block Diagram, CrossLink-NX-40 Device (Top Level) to
show the EBR block and DSP block.

Added LMMI reference in the Overview section.

Updated Figure 2.5. Slice Configuration for LUT4 and LUT5 — labeled it as LUT5.
Updated the CDR feature description in the SGMII TX/RX section.

Added Memory User Guide for Nexus Platform (FPGA-TN-02094) reference in the RAM
Initialization and ROM Operation section.

Updated the Global Reset to Global Set/Reset in the Memory Output Reset section.
Reworked the ADC description in the Analog to Digital Converters section.

Updated the PROGRAMN signal configuration write-up to The PROGRAMN signal must
be held low for a minimum of 50 ns following the last activation clock edge in the Device
Configuration section.

Changed the nominal frequency of the Low Frequency Oscillator (LFOSC) from 128 kHz to
32 kHz in the On-Chip Oscillator section.

Changed the nominal frequency range of the High Frequency Oscillator (HFOSC) from
256 MHz—2 MHz to 1.7578 MHz—225 MHz in the On-Chip Oscillator section.

Moved and reworked the Typical sysl/O Behavior During Power-up subsection under the
new sysl/O Consideration section and added guidance on WRIO power-up sequence.

DC and Switching Characteristics
for Commercial and Industrial

Updated Table 3.3. Power Supply Ramp Rates.

e  Attached note 2 in the tRAMP parameter.

e  Added note 3 to add guidance on WRIO power-up sequencing and pull-down
requirements.

Updated the Power up Sequence section

e Added guidance on WRIO power-up sequencing and pull-down requirements.

e  Added note regarding Dual-function sysCONFIG pins.

Removed duplicate LVCMOS12H and LVCMOS10H in Table 3.5. On-Chip Termination

Options for Input Modes.

Updated Table 3.8. DC Electrical Characteristics — High Performance, to include High

Performance in the table title.

Updated the On-chip and Off-chip direction of the Sub-LVDS Receiver side of Figure 3.4.

SubLVDS Output Interface.

Updated the voltage value of LVCMOS10H (all drive strengths) from LVCMO0S12, VCCIO =

1.2 Vto LVCMOS12, VCCIO = 1.0 V in Table 3.29. Maximum |/O Buffer Speed1,%3 %7,

Updated note 1 in Table 3.31. Register-to-Register Performance, to include 85 °C

temperature.
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Section

Change Summary

e  Reworked Table 3.37. ADC Specifications1.

e  Updated the Ul Instantaneous and Ul Variation conditions in Table 3.43. Hardened D-PHY
Clock Signal Specification.

e  Updated Figure 3.18. Controller SPI Configuration Timing.

e  Removed the SGMII note in Table 3.47. SGMII1.

e  Reworked the Controller SPI section of Table 3.48. sysCONFIG Port Timing Specifications.

e  Changed the test condition symbols from L>H, H>L,Z>H,Z>L, H>Z and L>Z to
LtoH,Htol,ZtoH,Zto L, Hto Z and L to Zin Table 3.50. Test Fixture Required
Components, Non-Terminated Interfaces1.

DC and Switching Characteristics
for Automotive

e  Updated Table 4.3. Power Supply Ramp Rates.
e  Attached note 2 in the tRAMP parameter.

e  Added note 3 to add guidance on WRIO power-up sequencing and pull-down
requirements.

e  Updated the Power up Sequence section
e  Added guidance on WRIO power-up sequencing and pull-down requirements.
e  Added note regarding Dual-function sysCONFIG pins.

e  Removed duplicate LVCMOS12H and LVCMOS10H in Table 4.5. On-Chip Termination
Options for Input Modes.

e  Updated the voltage value of LVCMOS10H (all drive strengths) from LVCMO0S12, VCCIO =
1.2 Vto LVCMOS12, VCCIO = 1.0 V in Table 4.29. Maximum |/O Buffer Speed1,% 347,

e  Updated note 1in Table 4.31. Register-to-Register Performance, to include 85 °C
temperature.

e  Reworked Table 4.37. ADC Specifications1.

e  Updated Figure 4.18. Controller SPI Configuration Timing.

e  Removed SGMII note in Table 4.47. SGMII1.

e  Reworked the Controller SPI section in Table 4.48. sysCONFIG Port Timing Specifications.

e  Changed the test condition symbols fromL>H, H>L,Z>H,Z>L, H>Z and L >Z to

e [toH Htol,ZtoH,Ztol, HtoZ and L toZin Table 4.50. Test Fixture Required
Components, Non-Terminated Interfaces1.

Pinout Information

e  Moved the statement, POR monitors this supply voltage from VCCAUXA description to
VCCAUX description in Table 5.1. Signal Descriptions.

e  Updated the signal description of PBxxx/PCLK[T,C][3,4,5]_[0-3]/yyyy in Table 5.1. Signal
Descriptions.

Ordering Information

Added temperature range information in the Part Number Description section.

Revision 2.3, May 2025

Section

Change Summary

All

Added the following note where applicable: The SGMI| interface using LVDS I/O has
limitations when operating across the full specified temperature range. Lattice recommends
using alternative interfaces, such as SERDES or RGMII, for designs requiring Gigabit Ethernet.
Refer to the Knowledge Database article for details. Contact your local Lattice sales
representative for more information.
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Revision 2.2, January 2025

Section Change Summary

All Minor editorial fixes.

Inclusive language Added this section.

General Description . Updated the total I/O for LIFCL-17 in Table 1.1. CrossLink-NX Commercial/Industrial

Family Selection Guide
e 72 WLCSP -39(15,24,0) (1,0)
e 72 QFN-40(18,22,0) (1,0)
e 121 csfBGA—71(23,48,0) (2,0)
° Updated the total I/O for LIFCL-40 in Table 1.1. CrossLink-NX Commercial/Industrial
Family Selection Guide
e 72QFN-39(17,22,0) (1,0)
e 121 csfBGA—71(23,48,0) (2,0)
. Updated the total I/O for both LIFCL-17 and LIFCL-40 in Table 1.2. CrossLink-NX
Automotive Family Selection Guide
e 121 csfBGA—-71(23,48,0) (2,0)
. Updated the total I/O for LIFCL-40 in Table 1.2. CrossLink-NX Automotive Family
Selection Guide
e 256 caBGA - 162(82,74,6) (2,1)
DC and Switching Characteristics | Changed the VPORDN parameter definition from ramp-up to ramp-down in Table 3.4. Power-
for Commercial and Industrial On Reset.

Revision 2.1, September 2024

Section Change Summary

All e  Removed The Root Complex reference.

e  Renamed Supplemental Information section to References section.
e  Changed Master to Controller.

e  Changed Slave to Target.

Abbreviations in This document | e  Added the definition of SHA: Secure Hashing Algorithm.
e  Changed Acronyms to Abbreviations.

General Description Added the following in the Feature section:
e Available in Commercial, Industrial and Automotive temperature grades.

DC and Switching Characteristics | ¢  Removed the statement, and follow the SMIA 1.0, Part 2: CCP2 Specification in Section
for Commercial and Industrial 3.12.3 SubLVDS (Input Only).

e  Updated the following descriptions in Table 3.33. External Switching Characteristics (Vcc
= 1.0 V) under Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin
(GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input:
®  tpqva_cporxa: Output Data Valid After CLK Output
o fDATA_GDDRX4: Input/Output Data Rate
e Fmax_coorxa: Frequency for ECLK
o fpcik: PCLK frequency

e  Added the following units in Table 3.33. External Switching Characteristics (Vcc = 1.0 V)
under Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin
(GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input:

o tDVB_GDDRX4: ns, and ns + l/ZU/
o tDQVA_GDDRX4: ns, and ns + l/ZU/

e  Updated the tIPJIT specification in Table 3.34. sysCLOCK PLL Timing (Vcc=1.0 V) —

Commercial/Industrial to:
° fPFD = 20MHz : 0.01 UIPP
e  fPFD<20MHz : 500 ps p-p

e  Added table note 4 to Table 3.37. ADC Specifications?.

e Updated the following values in Table 3.37. ADC Specifications®:
e  ADC Clock Frequency: Max—> 50 MHz
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e ADC Input Frequency: Condition = @Sampling frequency = 1 Mbps
e  ADC Input Equivalent Resistance: Condition = ---- (removed value)
e  Removed ADC Clock Duty Cycle from the table
e  Updated the following in Table 3.48. sysCONFIG Port Timing Specifications:
e  Updated tPROGRAMN specification
. Renamed tPROGRAMN to tPROGRAMN_L and tPROGRAMN_H
e  Updated Target SPI Specification
e Added table notes 4-7

e  Removed the LIFCL-40 and LIFCL-17 devices in the tINIT_HIGH specification. One
tINIT_HIGH specification is applicable to all CrossLink-NX devices
e  Updated the tINIT_HIGH specification to 40us (Max)
e  Updated the following Max values:
e tCO_SSO:16ns
e tEN_SSO: 16 ns
e  tDIS_SSO: 16 ns
e  Updated the following symbols in Figure 3.19. Target SPI Configuration Timing:
e tCO_MISO to tCO_SSO
e tEN_MISO to tEN_SSO
e  tDIS_MISO to tDIS_SSO
e  tSU_MOSI to tSU_SS!I
e tHD_MOSI to tHD_SSI
e  Added Figure 3.23. Configuration Error Notification.

DC and Switching Characteristics | ¢  Removed the statement, and follow the SMIA 1.0, Part 2: CCP2 Specification in Section
for Automotive 4.12.3 SubLVDS (Input Only).

e  Updated the following descriptions in Table 4.33. External Switching Characteristics (Vcc
= 1.0 V) under Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin
(GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input:
®  tpqva_cporxa: Output Data Valid After CLK Output
o fDATAﬁGDDRX4: lnput/Output Data Rate
®  Fmax_coorxa: Frequency for ECLK
o fpax: PCLK frequency

e  Added the following units in Table 4.33. External Switching Characteristics (Vcc = 1.0 V)
under Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin
(GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input.

e  tpvs_coorxa: N, and ns + 1/2U1
e  tpqua_coorxa: n1s, and ns + 1/2U1

e  Updated the tIPJIT specification in Table 4.34. sysCLOCK PLL Timing (Vcc=1.0 V) —
Automotive to:

e fPFD>20MHz:0.01 UIPP
e  fPFD<20MHz : 500 ps p-p
e  Added table note 4 to Table 3.37 ADC Specifications.
e  Updated the following values in Table 3.37 ADC Specifications:
e  ADC Clock Frequency: Max—> 50 MHz
e  ADC Input Frequency: Condition = @Sampling frequency = 1 Mbps
e  ADC Input Equivalent Resistance: Condition = ---- (removed value)
e  Removed ADC Clock Duty Cycle from the table
e  Updated the following in Table 4.48. sysCONFIG Port Timing Specifications:
e  Updated tPROGRAMN specification
. Renamed tPROGRAMN to tPROGRAMN_L and tPROGRAMN_H
e  Updated Target SPI Specification
e Added table notes 4-7
e  Removed the LIFCL-40 and LIFCL-17 devices in the tINIT_HIGH specification. One
tINIT_HIGH specification is applicable to all CrossLink-NX devices
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Change Summary

e  Updated the tINIT_HIGH specification to 50us (Max)
e  Updated the following symbols in Figure 4.19. Target SPI Configuration Timing:
e tCO_MISO to tCO_SSO
e tEN_MISO to tEN_SSO
e tDIS_MISO to tDIS_SSO
e tSU_MOSI to tSU_SS!
e tHD_MOSI to tHD_SSI
e  Added Figure 4.23. Configuration Error Notification.

Revision 2.0, October 2023

Section

Change Summary

Disclaimers

Updated with the latest disclaimers.

Revision 1.9, September 2023

Section

Change Summary

All

Deleted all mentions of LPDD3 in below sections:
e  General Description

e  Overview

e  DQS Grouping for DDR Memory

e  Differential HSUL12D (Output Only)

e  External Switching Characteristics

e Differential HSUL12D (Output Only)

e  External Switching Characteristics

General Description

e  Updated below information in Table 1.1. CrossLink-NX Commercial/Industrial Family

Selection Guide:

e  Updated the value of ADC Blocks from 2 to 1.

e  Changed the title of the cell from D-PHY Quads (D-PHY Data Lanes) / Wide Range
(WR) GPIO (Top/Left/Right Banks) / High Performance (HP) GPIOs (Bottom Banks) to
Total I/O (Wide Range, High Performance, ADC?) (D-PHY Quads®, PCle® Lane).

e  Updated the format of the values from 1(4)/15/24 to 45 (15, 24, 6) (1, 0).

e Added footnote 4, 5 and 6 for ADC and PCle clarity as given below:

e Each ADC pin count reflects using dedicated complement pair and vRef.

e Each D-PHY quad consists of 4 D-PHY data lanes.

e Each PCle lane consists of a Tx and Rx complement pair.

e  Updated below information in Table 1.2. CrossLink-NX Automotive Family Selection

Guide:

e Changed the title of the cell from Wide Range D-PHY Quads (D-PHY Data Lanes) /
Wide Range (WR) GPIO (Top/Left/Right Banks) / High Performance (HP) GPIOs
(Bottom Banks) to Total I/O (Wide Range, High Performance, ADC?) (D-PHY Quads®,
PCle® Lane).

e  Updated the format of the values from 2(8)/23/48 to 77 (23, 48, 6) (2, 0).

e Added footnote 4, 5 and 6 for ADC and PCle clarity as given below:

e Each ADC pin count reflects using dedicated complement pair and vRef.

e  Each D-PHY quad consists of 4 D-PHY data lanes.

e Each PCle lane consists of a Tx and Rx complement pair.

DC and Switching Characteristics
for Commercial and Industrial

Updated the value of 32k x 32 True-Dual Port RAM using same clock, with Output Registers
from 340 to 157.183 in Table 3.31. .

DC and Switching Characteristics
for Automotive

Updated the value of 32k x 32 True-Dual Port RAM using same clock, with Output Registers
from 340 to 154.883 in Table 4.31. .
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Section

Change Summary

Pinout Information

e  Updated the value of Bank 0 of LIFCL-17 QFN72 under Pin Information from 11 to 10 in
CrossLink-NX Family section.

e Added signals PRxxx/EIO and PLxxx/EIO in Signal Descriptions section.

Supplemental Information

Added links for CrossLink-NX, Lattice Radiant, and Lattice Insight web pages.

Revision 1.8, March 2023

Section

Change Summary

DC and Switching Characteristics
for Commercial and Industrial

Changed the Note 1.b information from Bank 3, Bank 4, and Bank 5 I/0 can only mix into
banks with VCCIO higher than the pin standard, due to clamping diode on the pin in these
banks. Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 does not have this restriction

to Bank 3, Bank 4, and Bank 5 /0 can only mix into banks with VCCIO higher than or equal to
the pin standard, due to clamping diode on the pin in these banks. Bank O, Bank 1, Bank 2,
Bank 6, and Bank 7 does not have this restriction in Table 3.13. sysl/O Recommended
Operating Conditions.

Revision 1.7, March 2023

Section

Change Summary

Acronyms in This Document

Deleted Acronym “MLDVS’ and its definition “Multipoint Low-Voltage Differential Signaling”
in Acronyms in This Document table.

Supplemental Information

Added link for High Speed PCB Design Considerations (FPGA-TN-02178).

Technical Support Assistance

Added Technical Support Assistance section.

Revision 1.6, January 2023

Section

Change Summary

Architecture

Adjustment in formatting to move Clocking Structure as sub-section under the Architecture
section.

DC and Switching Characteristics
for Commercial and Industrial

Updated the following in Table 3.33. External Switching Characteristics (VCC = 1.0 V):
o Added footnote for tsm;w_pm and tSKEW_EDGE~
Updated fpata_porxa_wmp in Soft D-PHY DDRX4 group to add packages.

DC and Switching Characteristics
for Automotive

Updated the following in Table 4.33. External Switching Characteristics (VCC = 1.0 V):
o Added footnote for tsm;w_pm and tSKEW_EDGE~
e  Updated fpara_coorxa_mp in Soft D-PHY DDRX4 group to add packages.

Revision 1.5, September 2022

Section

Change Summary

All

Minor changes in formatting, including removing product name from heading, figure, and
table names.

General Description

e  Updated the following in Table 1.1. CrossLink-NX Commercial/Industrial Family Selection
Guide:
e  Changed Distributed RAM for LIFCL-17 and LIFCL-40 to 108 kb and 252 kb,
respectively.

e  Changed HP GPIO for LIFCL-40 in 256 caBGA, 289 csBGA, and 400 caBGA packages
from 74 to 148.

e  Corrected typo from WLSCP to WLCSP.
e  Updated table note 3 to specify available speed grade for Commercial/Industrial.

e  Updated table note 3 to specify available speed grade for Automotive in Table 1.2.
CrossLink-NX Automotive Family Selection Guide.
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Section

Change Summary

Architecture

Updated Analog Interface section content to specify the speed grades the feature is

available.

Updated the following in SGMII Tx/Rx section:

e  Changed section name from SGMII Clock Data Recovery to SGMII Tx/Rx.

e  Updated content to specify that the device utilizes different components/resources
for the SGMII transmit and receive paths.

Updated sysMEM Memory Block section content to specify the speed grades the ECC

engine is available.

DC and Switching Characteristics
for Commercial and Industrial

Added Table 3.17. VIN Maximum Overshoot/Undershoot Allowance — Wide Range and
Table 3.18. VIN Maximum Overshoot/Undershoot Allowance — High Performance.

Updated the following in Table 3.29. Maximum 1/O Buffer Speed:

e  Changed max data rate (for both Maximum sysl/O Input and Output Frequency) of
caBGA256, csBGA289, and caBGA400 to 1500.

e Updated footnote reference in the Differential groups.

Updated DSP functions in Table 3.31. Register-to-Register Performance.

Updated the following in Table 3.34. sysCLOCK PLL Timing (VCC=1.0V) -

Commercial/Industrial:

e Raised minimum input clock frequency from 10 to 18 MHz.

e  Raised minimum phase detector input frequency from 10 to 18 MHz; removed table
note and table note reference.

e  Corrected tpy footnote.

° Removed and Added conditions for the topyr parameter to accurately reflect PLL
jitter performance.

Updated table note 1 in Table 3.37. ADC Specifications to specify available speed grade

for ADC.

Updated table note 2 in Table 3.39. DTR Specifications to specify available speed grade
for DTR.

Updated the following in SGMII Characteristics section:
e  Updated header and sub section names.

e Updated table name to Table 3.47 SGMII and added table note 2 to specify SGMII is
not supported on 72-pin packages.

DC and Switching Characteristics
for Automotive

Added Table 4.17. VIN Maximum Overshoot/Undershoot Allowance — Wide Range and

Table 4.18. VIN Maximum Overshoot/Undershoot Allowance — High Performance.

Updated Table 4.29. Maximum 1/O Buffer Speed:

e  Changed max data rate (for both Maximum sysl/O Input and Output Frequency) of
caBGA256, csBGA289, and caBGA400 to 1500.

e  Updated footnote reference in the Differential groups.

Updated DSP functions in Table 4.31. Register-to-Register Performance.

Updated Table 4.33. External Switching Characteristics (VCC = 1.0 V) to remove -8 Auto

speed grade.

Updated the following in Table 4.34. sysCLOCK PLL Timing (VCC = 1.0 V) — Automotive:

e Raised minimum input clock frequency from 10 to 18 MHz.

e  Raised minimum phase detector input frequency from 10 to 18 MHz; removed table
note and table note reference.

e  Corrected tpy footnote.

e  Removed and Added conditions for the topr parameter to accurately reflect PLL
jitter performance.

Added table note 3 in Table 4.37. ADC Specifications to specify available speed grade for
ADC.

Updated table note 2 in Table 4.39. DTR Specifications to specify available speed grade
for DTR.

Added SGMII Characteristics section.
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Section

Change Summary

Pinout Information

e  Updated table note 2 in Signal Descriptions to specify available speed grade for ADC.
e  Updated the following in Pin Information Summary:
e  Updated Bank 5 values for 72QFN and 121csfBGA (LIFCL-17 and LIFCL-40), 72WLCSP
and 256caBGA (LIFCL-17).
e Updated table note 1 to specify available speed grade for ADC.

Revision 1.4, June 2022

Section

Change Summary

DC and Switching Characteristics
for Commercial and Industrial

Updated max value of Zgs in Table 3.22. SLVS Output DC Characteristics.

DC and Switching Characteristics
for Automotive

e  Updated LVDS and subLVDS Vccio (Input) value in Table 4.13. sysl/O Recommended
Operating Conditions.
e  Updated max value of Zos in Table 4.22. SLVS Output DC Characteristics.

Pinout Information

e Added table note 3 and table note reference to Vccapcis in 72WLCSP and 121csfBGA
(LIFLCL-17 and LIFCL-40); Added table note and reference to table note for Dedicated
ADCI/O Pins; Adjustment in formatting to remove superscripts for Shared Configuration
Pins, Shared User GPIO Pins, and Shared CLOCK Pins in Signal Descriptions.

e Added table note 3 and table note reference to Vccapcis; Updated 256caBGA, 289csBGA,
and 400caBGA values for Dedicated ADC channels, Dedicated ADC reference, and Total
Dedicated Pins; Updated 256caBGA and 289csBGA values for Bank 3 Shared Comparator
Channels and add table note 2 in Pin Information Summary.

Revision 1.3, March 2022

Section

Change Summary

All

Adjustments in formatting and wording across the document, including changing the
reference document names from Usage Guide to User Guide and changing table footnote
with asterisk (*) to one (%).

General Description

e Updated content, including rewording some bullet points in the Features section.

e  Added note for ECC in Flexible Memory Resources bullet point and Dual ADC bullet
point.

e  Updated Table 1.1. CrossLink-NX Commercial/Industrial Family Selection Guide and
Table 1.2. CrossLink-NX Automotive Family Selection Guide to add table note 3 for ADC
block.

Architecture

e Updated content, including rewording some information in the following sections:
e  Overview
e  PFU Blocks
. Routing
e  Programmable I/O (PIO)
e  Programmable I/O Cell (PIC)
e  Tri-state Register Block
. DDR Memory Support
e  sysl/O Buffer
e Analog Interface
. Device Configuration
e  Single Event Upset (SEU) Handling
e On-Chip Oscillator
e Userl*CIP
° MIPI D-PHY Blocks
e Peripheral Component Interconnect Express (PCle)

e Added information on select speed grades in sysMEM Memory Block and Analog
Interface.
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Section

Change Summary

Updated note reference in Table 2.2. Slice Signal Descriptions.

Updated TD[1:0] parameter name to T[1:0] in Table 2.8. Tri-state Block Port
Description.

Updated Figure 2.6. General Purpose PLL Diagram to correct shading in CLKOS4 and
CLKOSS.

Updated DELAY CODE to DELAYCODE_| and DELAYCODE_O in Figure 2.26. DQS Control
and Delay Block (DQSBUF).

DC and Switching Characteristics
for Commercial and Industrial

Removed “Over Recommended Operating Conditions” info across the section.

Added this info in the section: All specifications in this Chapter are characterized within
recommended operating conditions unless otherwise specified.

Added Commercial and Industrial grade information in ESD Performance.

Updated Ta max value in Table 3.1. Absolute Maximum Ratings.

Updated table note 2 in Table 3.2. Recommended Operating Conditions.

Updated table note 2 in Table 3.6. Hot Socketing Specifications for GPIO.

Updated unit in Table 3.9. Capacitors — Wide Range, Table 3.10. Capacitors — High
Performance, Table 3.30. LMMI FMAX Summary, and Table 3.33. Internal Oscillators
(vecc=1.0v).

Updated LVDS and subLVDS VCCIO (Input) value in Table 3.13. sysl/O Recommended
Operating Conditions.

Updated Viy, Vi, lo, low values and table notes in Table 3.14. sysl/O DC Electrical
Characteristics — Wide Range I/0 and Table 3.15. sysl/O DC Electrical Characteristics —
High Performance 1/0.

Updated information for Vccaux in LVDS.

Changed V\yn to Vinm in table note 2 and added table note 3 in Table 3.17. LVDS DC
Electrical Characteristics1.

Added table note for V\cm in SubLVDS (Input Only).

Updated min and max value of Zgs in Table 3.24. Soft D-PHY Output Timing and Levels.
Updated max value of HSTL15 in Table 3.27. CrossLink-NX Maximum 1/O Buffer Speed.
Added reference to table note 2 for 32 k x 32 k True-Dual Port RAM in Table 3.29.
Register-to-Register Performance.

Updated Generic DDRX1 group to add WRIO and HPIO in Table 3.31. CrossLink-NX
External Switching Characteristics (VCC = 1.0 V).

Updated Min and Max values, added reference for table note 2 in cycles unit, and
added table notes for ADC in Table 3.35. ADC Specifications.

Added table note for Comparator in Table 3.36. Comparator Specifications1.

Added table note for ADC in Table 3.37. DTR Specifications.

Updated Vrerm-en description, min value of VIDTH (1.5 Gbps), and max value of VIDTL
(1.5 Gbps) in Table 3.38. Hardened D-PHY Input Timing and Levels.

Updated VTX-DE-RATIO-&SdB description and ZRX-HIGH-IMP-DC min value in Table 3.43. PCle (25
Gbps).

Updated VTX-DE-RATIO-3.5dB and VTX-DE-RATIO-GdB description in Table 3.44. PCle (5 Gbps)
Updated row name to Slave SPI/12C/13C POR, description of tmsei_inw and tro_gn, max
value for tFIO_EN; Changed tDONE_HIGH to tWAKEUP_DONE_HIGH in Wake—Up Tlmlng row, added
references table notes, and added table note 2 and 3 in Table 3.46. CrossLink-NX
sysCONFIG Port Timing Specifications.

Updated Figure 3.2. LVDS25E Output Termination Example, Figure 3.19. Slave SPI
Configuration Timing, Figure 3.20. 12C /13C Configuration Timing, Figure 3.21. Master
SPI Wake-Up Timing, and Figure 3.22. Slave SPI/I12C/13C Wake-Up Timing.
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Section Change Summary

DC and Switching Characteristics e  Removed “Over Recommended Operating Conditions” info across the section.

for Automotive e Added this info in the section: All specifications in this Chapter are characterized within
recommended operating conditions unless otherwise specified.

e  Added Automotive grade information in ESD Performance.

e Updated Ta max value in Table 4.1. Absolute Maximum Ratings.

e Updated table note 2 in Table 4.6. Hot Socketing Specifications for GPIO.

e  Updated unit in Table 4.9. Capacitors — Wide Range, Table 4.10. Capacitors — High
Performance, Table 4.30. LMMI FMAX Summary, and Table 4.33. Internal Oscillators
(vecc=1.0v).

. Updated Vi, Vi, lo, low values and table notes in Table 4.14. sysl/O DC Electrical
Characteristics — Wide Range 1/0 and Table 4.15. sysl/O DC Electrical Characteristics —
High Performance 1/03.

e  Updated min and max value of Zgs and min value of VOH in Table 4.24. Soft D-PHY
Output Timing and Levels.

e  Updated Generic DDRX1 group to add WRIO and HPIO in Table 4.31. CrossLink-NX
External Switching Characteristics (VCC = 1.0 V).

. Updated Min and Max values, added reference for table note 2 in cycles unit, and
added table notes for ADC in Table 4.35. ADC Specifications.

e Added table notes in Table 4.37. DTR Specifications1.

e  Updated Vrerm-en description, min value of VIDTH (1.5 Gbps), and max value of VIDTL
(1.5 Gbps) in Table 4.38. Hardened D-PHY Input Timing and Levels.

e  Updated Vrx-pe-raTio-3.548 description and Zgx-nigh-imp-bc Min value in Table 4.43. PCle (2.5
Gbps).

L] Updated VTX-DE-RATIO»S.SdB and VTX»DE-RATIO»GdB description in Table 4.44. PCle (5 GbpS)

. Updated row name to Slave SPI/I2C/I3C POR, description of tMSPI_INM and tFIO_EN,
max value for tFIO EN; Changed toone HigH tO twakeur DONE HIGH in Wake-Up Tlmlng row,
added references_table notes, and ;dded table no_te Z_and 3in Table 4.45. CrossLink-NX
sysCONFIG Port Timing Specifications.

e  Updated Figure 4.2. LVDS25E Output Termination Example, Figure 4.3. SubLVDS Input
Interface, Figure 4.4. SubLVDS Output Interface, Figure 4.5. SLVS Interface, Figure 4.21.
Master SPI Wake-Up Timing, and Figure 4.22. Slave SPI/12C/13C Wake-Up Timing.

Pinout Information e  Updated description for ADC_REF and ADC_DP/N in Signal Descriptions.

e Added table note and reference for Dedicated ADC Channels and Reference in
CrossLink-NX Family.

Ordering Information Added footnote for speed in LIFCL-40 and LIFCL-17 diagrams.

Revision 1.2, September 2021

Section Change Summary
All Changed 17 k and 39 k to 17k and 39k across the document.
Architecture e Changed Successive Approximation Resistor/Capacitor reference to Successive

Approximation Register in Analog to Digital Converters section.

e  Updated SGMII Clock Data Recovery (CDR) section to add information that SGMII CDR is
only available on commercial and industrial grade devices.

DC and Switching Characteristics | e  Updated Figure 3.3 to move resistor to the on-chip side.
for Commercial and Industrial e  Updated Figure 3.14 and Figure 3.15 to move location of power rail and ticeg parameter.

e  Updated SubLVDSE/SubLVDSEH (Output Only) section content to change Bank 5 and
Bank 6 to Bank 6 and Bank 7.

e  Removed table note 8 reference in Table 3.27.
e  Updated Min and Max value of fcixur in Table 3.33.

e  Updated DTRgrange max value, change values, and added note for external voltage
reference in DTRaccuracy in Table 3.37.

e  Updated table note and test conditions of Jro_pj and Jro_1; in Table 3.45.
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Section

Change Summary

Added new row for ticrg_por and updated max and unit for ticr, unit of tvmc, typ of
fmcik_per, max value of tpone_Low, and data in the I2C/I3C section in Table 3.46.

Updated table note and data for tgrgr in Table 3.47.Table 3.39

DC and Switching Characteristics
for Automotive

Added Power Supply Ramp Rates (section 4.3) to Switching Test Conditions (section
4.29) to complete the CrossLink-NX Automotive data for production release.

Updated Table 4.2 to change tauto to tjauto.

Revision 1.1, July 2021

Section

Change Summary

All

Corrected units and measurements across the document.
Minor formatting across the document.
Changed 17K and 39K to 17 k and 39 k across the document.

Architecture

Updated Programmable I/O (P10) content to remove reference to CrossLink-NX
regarding PIC.

Updated Programmable 1/0 Cell (PIC) to provide additional information on PIC.
Updated Figure 2.17 and Figure 2.18.

Added Trace ID section.

Updated Cryptographic Engine content.

Introduction

Minor formatting in Features section.

DC and Switching Characteristics
for Commercial and Industrial

Updated note in Table 3.6 and Table 3.27.

Added note 3 in Table 3.14 and Table 3.15.

Added three rows for fSSC in Table 3.32.

Changed EBR Output Registers to Output Registers for 32k x 32 True-Dual Large
Memory Functions in Table 3.29.

Updated max value for tOPJIT Output Clock Phase Jitter and added rows for fSSC_MOD
in Table 3.32.

Updated Table 3.35 to fill up empty cells.

Pinout Summary

Updated table in Signal Descriptions to add PLLCK in PBxxx/LRC_GPLL, PBxxx/LLC_GPLL,
and PBxxx/ULC_GPLL.

Updated table in CrossLink-NX Family to re-arrange pinout package from lowest to
highest.

References

Added reference documents.

Revision 1.0, April 2021

Section

Change Summary

All

Production release
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