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A list of acronyms used in this document.
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Acronym Definition

AES Advanced Encryption Standard

BGA Ball Grid Array

CDR Clock and Data Recovery

CRC Cycle Redundancy Code

DCC Dynamic Clock Control

DCS Dynamic Clock Select

DDR Double Data Rate

DLL Delay Locked Loops

DSP Digital Signal Processing

EBR Embedded Block RAM

ECC Error Correction Coding

ECDSA Elliptic Curve Digital Signature Algorithm
ECLK Edge Clock

FFT Fast Fourier Transforms

FIFO First In First Out

FIR Finite Impulse Response

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

MLVDS Multipoint Low-Voltage Differential Signaling
PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK Primary Clock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional Unit

PIC Programmable 1/O Cells

PLL Phase Locked Loops

POR Power On Reset

SCI SERDES Client Interface

SER Soft Error Rate

SEU Single Event Upset

SLVS Scalable Low-Voltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM

SRAM Static Random-Access Memory

TAP Test Access Port

TDM Time Division Multiplexing
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1. General Description

The Certus™-NX family of low-power general purpose
FPGAs canbeusedinawiderange ofapplications
across multiple markets, and are optimized for bridging
and processing needs in Edge applications. Itis builton
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 offer smallfootprintpackage options
with a highamount of I/O per mm2. Design security
features such as AES-256 encryption and ECDSA
authentication are also supported.

Certus-NXsupports avariety ofinterfacesincluding PCI
Express (Genl, Gen2), SGMII (Gigabit Ethernet), LVDS,
LVCMOS (0.9-3.3 V), and more.

Processingfeatures of Certus-NXinclude upto 39k
Logic Cells, 56 18 x 18 multipliers, 2.9 Mb of embedded
memory (consisting of EBR and LRAM blocks),
distributed memory, DRAM interfaces (supporting
DDR3,DDR3L, LPDDR2, and LPDDR3 upto 1066 Mbps x
16 data width).

Certus-NXFPGAs supportfastconfiguration of its
reconfigurable SRAM-basedlogicfabric,and ultra-fast
configuration (in under 3 ms) of its programmable
sysl/O™. Inadditiontothe highreliabilityinherentto
FD-SOltechnology (duetoitsextremelylow SER),
active reliability features such as built-in frame-based
SED/SEC (for SRAM-based logic fabric), and ECC (for
EBRandLRAM)arealsosupported. Dual12-bitADCs
are available on-chip for system monitoring functions.

Lattice Radiant™ design software allows large complex
userdesignstobeefficientlyimplementedon Certus-
NXFPGA family. Synthesis library support for Certus-
NXdevicesis available for popularlogic synthesistools.
Radianttools use the synthesistool outputalongwith
constraints fromits floor planningtools, to place and
routethe userdesignin Certus-NXdevice. Thetools
extracttiming fromthe routing, and back-annotate it
into the design for timing verification.

Lattice provides many pre-engineered IP (Intellectual
Property) modules for Certus-NX family. By using these
configurable soft IP cores as standardized blocks, you
arefreeto concentrate onthe unique aspects ofyour
design, increasing your productivity.

1.1. Features
e Programmable architecture
e 17kto 39k logic cells

e 24t05618x18multipliers (insysDSP™
blocks)

e 2.5t02.9 Mb of embedded memory blocks
(EBR, LRAM)

e 7810192 programmable sysl/O (High
Performance and Wide Range 1/O)

e Programmable sysl/O supports wide variety of

interfaces
e High Performance (HP) I/O on bottom I/O
banks

e Supportsupto 1.8V Vccio
e Mixedvoltage support(1.0V,1.2V,1.5V,
1.8V)
e High-speed differential upto 1.5 Gbps
e  Supports LVDS, Soft D-PHY (Tx/Rx), LVDS
7:1(Tx/Rx), SLVS (Tx/Rx), subLVDS (Rx)
e  Supports SGMII(GbEthernet)-2
channels (Tx/Rx)at1.25Gbps
e Dedicated DDR3/DDR3L and
LPDDR2/LPDDR3 memory support with
DQS logic, up to 1066 Mbps data-rate and
x16 data-width
¢ WideRange(WR)I/Oonleft,right,andtop
I/O Banks
e Supportsupto 3.3V Vccio
e Mixed voltage support(1.2V,1.5V,1.8V,
2.5V,3.3V)
e Programmable slewrate (slow, med,
fast’)
e Controlled impedance mode
e Emulated LVDS support
e Hot-socketing
o Powermodes—Low Powerversus High-
Performance
e Userselectable
e Low-Power mode for power and/or thermal
challenges
e High-Performance mode forfaster processing
e Small footprint package options
e 6x6 mm package option in both densities
e 2xSGMIICDRatupto 1.25Gbps—tosupport2
channels SGMII using HP I/O
e CDR forRX
e 10b/8b decoding
e IndependentLossofLock (LOL)detectorfor
each CDR block

*Note: Except caBGA196.
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sysCLOCK™ analog PLLs

e Threein39kLCandtwoin17kLC device

e Sixoutputs per PLL

e Fractional N

e Programmable and dynamic phase control

sysDSP enhanced DSP blocks

e Hardened pre-adder

e Dynamic shift for AI/ML support

e Four18x18,eight9x9,two18x36, 0r 36X
36 multipliers

e Advanced18x36,tw018x18,orfour8x8
MAC

Flexible memoryresources

e Uptol.5MbsysMEM™ EmbeddedBlock RAM
(EBR)

e Programmable width

e ECC

e FIFO

e 80k to 240k bits distributed RAM

e Large RAMBIocks
e 0.5 Mbits perblock

¢ Uptofiveblocks (2.5 Mbtotal) perdevice

SERDES -PCle Gen2x1 channel (Tx/Rx) hard IPin
39k LC device

e PCle hard IP supports
e Genl and Gen2
Endpoint and Root complex
Multi-function up to four functions
e xllane
Internal bus interface support
e APB controlbus
e AHB-Lite for data bus
o AXIl4-streaming
Configuration — Fast, Secure
e SPI-x1,x2,x4upto 150 MHz
e Master and Slave SPI support
o JTAG

e [2CandI3C
e Ultrafast I/O configuration for instant-on
support

e Lessthan 15 ms full device configuration for
LFD2NX-40

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

= LATTICE

o Extremelylow SoftError Rate (SER) dueto
FD-SOI technology

e Soft Error Detect— Embedded hard macro

e  Soft Error Correction — Without stopping user
operation

e SoftErrorInjection—Emulate SEU eventto
debug system error handling

ADC -1 MSPS, 12-bit SAR

e Two ADCs perdevice

e Three Continuous-time Comparators

e Simultaneous sampling

System level support

e |EEE1149.1 and IEEE 1532 compliant

e Reveal Logic Analyzer

e  On-chip oscillator for initialization and general
use

e 1.0V core power supply
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Table 1.1. Certus-NX Family Selection Guide
Certus-NX Family:

Device LFD2NX-17 LFD2NX-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) 2560 1024
18 X 18 Multipliers 24 56
ADC Blocks 2 2
450 MHz High Frequency Oscillator 1 1
128 kHz Low Power Oscillator 1 1
GPLL 2 3
PCle Gen2 Hard IP — 1
csfBGA121 (6 x 6 mm, 0.5 mm) 23/48/6/0 23/58/0/1
caBGA196 (12 x 12 mm, 0.8 mm) — 92/58/6/0
caBGA256 (14 x 14 mm, 0.8 mm) — 111/74/6/1

*Note: Logic Cells = LUTs x 1.2 effectiveness.
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2. Architecture

2.1. Overview

Each Certus-NX device contains an array of logic blocks surrounded by Programmable I/O Cells (PIC). Interspersed
between the rows of logic blocks are rows of sysMEM Embedded Block RAM (EBR) and rows of sysDSP Digital Signal
Processingblocks, asshowninFigure2.1. The LFD2NX-40devices have tworows of DSP blocks and containthree rows
of sysMEM EBR blocks. Inaddition, LFD2NX-40devicesinclude two Large SRAMblocks. The sysMEMEBR blocks are
large, dedicated 18 kb fastmemoryblocks and have built-in ECC and FIFO support. EachsysMEMblock canbe
configuredtoasingle, pseudodual ortrue dualportmemoryinavariety of depthsand widthsasRAM or ROM. Each
DSP block supports variety of multiplier, adder configurations with one 108-bit or two 54-bit accumulators supported,
which are the building blocks for complex signal processing capabilities.

Each PIC blockencompassestwo P10 (P10 pairs) with theirrespective sysl/O buffers. The sysl/O buffers ofthe Certus-
NXdevicesare arrangedinsevenbanksallowingtheimplementation ofawide variety ofI/O standards. The Wide
Range (WR)I/Obanksthatarelocatedinthetop, leftandrightsides ofthe device provideflexiblerangesofgeneral
purposel/Oconfigurationsupto3.3VVCCIOs. Thebankslocatedinthe bottomside ofthe device are dedicatedto
HighPerformance (HP)interfacessuchasLVDS, MIPI,DDR3,LPDDR2,and LPDDR3supportingupto1.8VVVCCIOs.

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 atwo-dimensional array. The registers in PFU and sysl/O blocks in Certus-NX devices canbe
configuredtobe SET orRESET. After powerup andthe deviceis configured, itentersintousermode withthese
registers SET/RESET according to the configuration setting, allowing the device entering to a known state for
predictable system function.

Inaddition, Certus-NX devices provide various system level hard IP functional and interface blocks such as PCle
(LFD2NX-40 only), I2C, SGMII/CDR, and ADC blocks. PCle hard IP supports PCle 2.0. Certus-NX devices also provide
security features to help secure user designs and deliver more robust reliability features to the user designs by using
enhanced frame-based SED/SEC functions.

Other blocks provided include PLLs, DLLs, and configuration functions. The PLL and DLL blocks are located atthe
corners of each device. Certus-NX devices also include the Lattice Memory Mapped Interface (LMMI) which is a Lattice
standardized interface for simple read and write operations to control 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 Certus-NX devices use 1.0 V as their core voltage.
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PCle

1/0 Bank (Bank 0)

Configuration & Security

1/0 Bank Large 1/0 Bank
(Bank 7) RAM (Bank 1)
Large
RAM
110 Bank
(Bank 6) 1/0 Bank
(Bank 2)
ADC
(2ch)
CDR
(2ch)
PLL 1/0 Bank (Bank 5) 1/0 Bank (Bank 4) 1/0 Bank (Bank 3) PLL
Figure 2.1. Simplified Block Diagram, LFD2NX-40 Device (Top Level)
1/0 Bank (Bank 0) osc Configuration and Security
Large
RAM
1/0 Bank|
(Bank 1)
Large
RAM
Large
RAM
Large Large
RAM RAM
ADC
(2Ch)
CDR
(2Ch)
bLL 1/0 Bank (Bank 5) 1/0 Bank (Bank 4) 1/0 Bank (Bank 3) PLL

Figure 2.2. Simplified Block Diagram, LFD2NX-17 Device (Top Level)
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2.2. PFU Blocks

Thecoreofthe Certus-NXdevice consists of PFUblocks. Each PFUblock consists offourinterconnectedslices
numbered 0-3 as shownin Figure 2.3. Each slice contains two LUTs. Allthe interconnections to and from PFU blocks
are fromrouting.

The PFU block can be used in Distributed RAM or ROM function, or used to perform Logic, Arithmetic, or ROM
functions. Table 2.1 shows the functions each slice can perform in either mode.

From

iy Y| A i
LUT4 & 48 48 LUT4 & N LUT4& LUT4 & LUT4 & LUT4 &
7] CARRY CARRY gl CARRY CARRY CARRY CARRY
Slice0 Slicel Slice2 Slice3
4 ; 4 4 g g ; g
FF FF FF FF FF FF FF ‘ FF
v v v v v v v v v v v v v Vv vV
To
Figure 2.3. PFU Diagram
2.2.1. Slice

Eachslice containstwo LUT4sfeeding tworegisters. In Distributed SRAM mode, Slice 0 and Slice 1 are configured as
distributed memory, and Slice 2 is not available as itis used to support Slice 0 and Slice 1 while Slice 3is available as
Logic or ROM. Table 2.1 shows the capability of the slices along with the operation modes they enable. In addition,
each Slicecontainslogicthatallowsthe LUTstobe combinedtoperformalLUT5function. Thereis controllogicto
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

s PFU (Used in 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

Slicel |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 trigger.

Each slice has 17 input signals: 16 signals from routing and one from the carry-chain (from the adjacent slice or PFU).
Three ofthem are used for FF control and shared betweentwo 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 supporta LUT5 ortwo LUT5 functions. FO can be configured to have a
LUT4 or LUTS5 output while F1 is for a LUT4 output.
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p FCO
(To different SLICE/PFU)

F1

v

FO

\ 4

Al ————
Bl ————» >
LUTS
C1 LUT4 and
Carry
D1 >
DI1 g
M1 FF
>
A0 P
BO | —
Co P LUT4
DO P
DIO »
MO/SEL >
FF
Common to L p
SLICE 0/1 OR 2/3
CE >
FF
CLKIN » CTRL | ||
LSR ——P>

(From different SLICE/PFU) 4
FCI

*Note: In RAM mode, LUT4s use the following signals:

QWDO0/M
QWDNO/1

QWAS00~03, QWAS10~13

Figure 2.4. Slice Diagram
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Bl — g > Fl
LUT4
CL—
DI ————————————— P
1
» FO
0
e e —————
BO —— P
LUT4

CO0 — P

DO ——— P

*Note: In RAM mode, LUT4s use the following signals:

QWDO/1
QWDNO/1
QWAS00-03, QWAS10~13

Figure 2.5. Slice configuration for LUT4 and LUT5

Table 2.2. Slice Signal Descriptions

Function Type Signal Names Description

Input Data signal A0, BO, CO, DO Inputs to LUT4

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

Input Data signal MO, M1 Direct input to FF from fabric
Input Control signal SEL LUT5 mux control input
Input Data signal Dlo, 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-in

Output Data signals FO LUT4/LUTS output signal
Output Data signals F1 LUT4 output signal

Output Data signals Q0, Q1 Register outputs

Output Inter-PFU signal FCO Fast carry chain output

Note: 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 3is notneeded for RAM
mode, it can be used in Logic, Ripple, or ROM modes.

2.2.2.1. Logic Mode

Inthis mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A 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, a LUTS can be constructed within one slice.

2.2.2.2. 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 A greater-than-or-equal-to B
e Anot-equal-toB
e Aless-than-or-equal-to B
e Up/Down counter with A greater-than-or-equal-to B comparator 2-bit using dynamic control
o Up/Down counter with A less-than-or-equal-to B comparator 2-bit using dynamic control
e  Multiplier support Ai*Bj+1 + Ai+1*Bjin one logic cell with 2 logic cells per slice
e Serial divider 2-bit mantissa, shift 1bit/cycle
e Serial multiplier 2-bit, shift 1bit/cycle or 2bit/cycle

Ripple Mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this
configuration (alsoreferred to as CCU2 mode) two additional signals, Carry Generate and Carry Propagate, are
generated onaperslice basistoallowfastarithmetic functions to be constructed by concatenating Slices.

2.2.2.3. RAM Mode

Inthismode, a16x4-bitdistributed single or pseudodual portRAM canbe constructedinone PFUusingeach 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. The Certus-NX devices support distributed memory initialization.

The Lattice designtools supportthe creation ofavariety of differentsize memories. Where appropriate, the software
constructsthese using distributed memory primitives thatrepresentthe capabilities ofthe PFU. Table 2.3liststhe
number of slices required to implement different distributed RAM primitives. For more information about using RAM in
Certus-NX devices, refer to Memory Usage Guide for Nexus Platform (FPGA-TN-02094).

Table 2.3. Number of Slices Required to Implement Distributed RAM

SPR16 X4 PDPR16 X 4

Number of slices 3 3

Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

2.2.2.4. ROM Mode

ROMmode usesthe LUT logic; hence, Slice 0 through Slice 3 can be usedin ROM mode. Preloading isaccomplished
through the programming interface during PFU configuration.

For more information, refer to Memory Usage Guide for Nexus Platform (FPGA-TN-02094).

www.latticesemi.com/legal


http://www.latticesemi.com/legal
http://www.latticesemi.com/view_document?document_id=52785
http://www.latticesemi.com/view_document?document_id=52785

= LATTICE

2.3. Routing

Therearemanyresources providedinthe Certus-NXdevicestoroute signalsindividually orasbusseswithrelated
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) segments.

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

2.3.1. Clocking Structure

The Certus-NX clocking structure consists of clock synthesis blocks, sysCLOCK PLL; balanced clock tree networks, PCLK
and ECLK; and efficient clock logic modules, Clock Dividers (PCLKDIV and ECLKDIV) and Dynamic Clock Select (DCS),
Dynamic Clock Control (DCC), and DLL. Each of these functions is described as follows.

2.3.2. Global PLL

The Global PLLs (GPLL) provide the ability to synthesize clock frequencies. The devicesinthe Certus-NX family support
two orthree full-featured General Purpose GPLLs. The Global PLLs provide the ability to synthesize clock frequencies.
The architecture of the GPLL is shown in Figure 2.6. A description of the GPLL functionality follows.

REFCK s the reference frequency input to the PLL and its source can come from external CLK inputs or frominternal
routing. The CLKI input feeds into the input Clock Divider block.

CLKFBisthe feedback signal to the GPLL which can come from internal feedback path or 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 CLKOS5. 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 1to 128. Each GPLL output can be used to drive the primary clock or edge clock networks.
Thesetupandholdtimesofthedevice canbeimprovedbyprogrammingaphase shiftintothe outputclocks which
advances or delaysthe outputclock with reference tothe un-shifted output clock. This phase shift can be either
programmed during configuration or can be adjusted dynamically using the DIRSEL, DIR, DYNROTATE, and LOADREG
ports.

TheLOCKSsignalisassertedwhenthe GPLL determinesithasachievedlockandde-assertedifalossoflockis detected.
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Figure 2.6. General Purpose PLL Diagram

Formoredetailsonthe PLL,youcanrefertothe sysCLOCKPLL DesignandUsage Guide forNexus Platform (FPGA-TN-
02095).

2.3.3. Clock Distribution Network

There are two main clock distribution networks for any member of the Certus-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.

Certus-NXsupportsglitchless Dynamic Clock Control (DCC)forthe PCLK Clockto save dynamic power. Therearealso
Dynamic Clock Selectionlogictoallowglitchless selection between two clocks forthe PCLK network (DCS).

Overview of Clocking Network is shownin Figure 2.7 for Certus-NX device. The shaded blocks (PCle and upperleft PLL)
are not available in the 17k Logic Cell device.

© 2020 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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2.3.4. Primary Clocks

The Certus-NX device family provides low-skew, high fan-out clock distribution to all synchronous elements inthe FPGA
fabric through the Primary Clock Network. The Certus-NX PCLK clock network is a balanced clock structure which is
designedto minimize the clock skewamong all the final destination ofthe IP inthe FPGA core thatneeds a clock
source.

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
locatethe clocktoaspecificdomain. The Certus-NXdevice providesyouwithamaximum of 64 unique clockinput
sources that can be routed to the primary Clock network.

Primary clock sources are:

e Dedicated clock inputpins

e PLL outputs

e PCLKDIV, ECLKDIV outputs

e Internal FPGA fabric entries (with minimum general routing)

e SGMII-CDR, PCle clocks

e OSC clock

These sources are routed to each of 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 sourcesto primary clock distribution tothe Certus-NX fabric. These routing muxs are shownin
Figure 2.7. There are potentially 64 unique clock domains that can be used in the largest Certus-NX Device. For more
information about the primary clock tree and connections, referto sysCLOCK PLL Design and Usage Guide for Nexus
Platform (FPGA-TN-02095).
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2.3.5. Edge Clock

Certus-NX devices have a number of high-speed edge clocks that are intended for use with the PI1O in the
implementation ofhigh-speedinterfaces. There arefour (4) ECLK networks perbank1/O onthe Bottom side ofthe
devices. For power management, the Edge clock network is powered by a separate power domain (to reduce power
noiseinjectionfromthecoreandreduce overallnoiseinducedjitter) while controlled by the samelogicthatgatesthe
FPGA core and PCLK domains.

Each Edge Clock can be sourced from the following:

o Dedicated PIO Clock input pins (PCLK)

e DLLDEL output (PI1O Clock delayed by 90°)

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

Figure 2.8 illustrates the various ECLK sources. Bank 3 is shown in the example. Bank 4 and Bank 5 are similar.

. From Banks 4, 5
Bank 3 PCLK Pin (even) ECLKSYNC

ﬁzg’
DLLDEL
—>
Bottom 6
Left GPLL —>
From Fabric ~——————— P
ECLKSYNC

Bottom 6

Right GPLL

2

> Bank 3 ECLK Tree

iECLKDIV BMID

Bank 3 PCLK Pin (odd)

To Banks 4,5 Muxes

Figure 2.8. Edge Clock Sources per Bank

The edge clocks have lowinjection delay and low skew. They are typically used for DDR Memory or Generic DDR
interfaces. Fordetailedinformation on Edge Clock connections, referto sysCLOCK PLL Designand Usage Guide for
Nexus Platform (FPGA-TN-02095).

2.3.6. Clock Dividers

The Certus-NXdeviceshavetwodistincttypesofclockdivider, Primaryand Edge. Therearefromone (1)toeight(8)
Primary Clock Divider (PCLKDIV)andwhicharelocatedinthe DCS_CMUXblock(s) atthe center ofthe device. There are
twelve (12) ECLKDIV dividers per device, locate near the bottom high-speed I/O banks.

The PCLKDIV supports +2, +4, +8, +16, +32, +64, +128, and +1 (bypass) operation. The PCLKDIV is fed from a DCSMUX
withinthe DCS_CMUX block. The clock divider output drives one input of the DCS Dynamic Clock Select within the
DSC_CMUXblock. The Reset (RST) control signalis asynchronously and forces all outputs to low. The divider output
startsatnextcycle afterthe resetis synchronously released. The PCLKDIVis shownin contextin Figure 2.9.

The ECLKDIVisintendedto generate a slower-speed system clock from a high-speed edge clock. The block operatesin
a+2,+3.5,+4,or+5mode and maintains aknown phaserelationship betweenthe divided down clock and the high-
speedclock basedontherelease ofitsresetsignal. The ECLKDIV can be fed from selected PLL outputs, external primary
clock pins (with orwithout DLLDEL Delay) or fromrouting. The clock divider outputs feed into the Bottom Mid-mux
(BMID). The Reset (RST) control signal is asynchronously and forces all outputs to low. The divider output starts at next
cycle after the reset is synchronously released.

The ECLKDIVblockis shownin contextin Figure 2.8. Forfurtherinformation on clock dividers, referto sysCLOCK PLL
Design and Usage Guide for Nexus Platform (FPGA-TN-02095).
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2.3.7. Clock Center Multiplexor Blocks

All clock sources are selected and combined for primary clock routing through the Dynamic Clock Selector Center
Multiplexor logic (DCS_CMUX). There are one (1) or two (2) DCS_CMUX blocks per device. Each DCS_CMUX block
contains 2DCSMUXblocks, 1 PCLKDIV, 1DCSblock,and1or2 CMUXblocks. See Figure 2.9 forarepresentative
DCS_CMUX block diagram.

The heartofthe DCS_CMUX s the Center Multiplexor (CMUX) block, inputs up to 64 feed clock sources (Mid-muxes
(RMID, LMID, TMIC, BMID) and DCC) and to drive up to 16 primary clock trunk lines.

Uptotwo (2) clockinputstothe DCS_CMUX canberoutedthroughaDynamic Clock Selectblockthenroutedtothe
CMUX. One (1) inputto the DCS can be optionally divided by the Primary Clock Divider (PCLKDIV). For more information
aboutthe DCS_CMUX, referto sysCLOCK PLL Design and Usage Guide for Nexus Platform (FPGA-TN-02095).

A A

16 16
16x (partial 16x (partial
(16/64):1) (16/64):1)
CMUX CMUX
1% 1% ‘
Iy > >
DCS_CMUX dcs2cmux0
DCS |
2
6%/ dcsl dcsO
PCLKDIV
7y
DCMUX | DCMUX
(62:1) (62:1)
1 4 62 62
62 62
- ‘ »
62

Figure 2.9. DCS_CMUX Diagram

2.3.8. Dynamic Clock Select

The Dynamic Clock Select (DCS) is a smart multiplexer function available in the primary clock routing. It switches
betweentwoindependentinputclock sources. Dependingonthe operationmodes, itswitchesbetweentwo (2)
independent input clock sources either with or without any glitches. This is achieved regardless of when the select
signal is toggled. Both input clocks must be running to achieve functioning glitchless DCS output clock, but running
clocks are not required when used as non-glitchless normal clock multiplexer.

Thereare one (1) ortwo (2) DCSblocks perdevice thatfeed allclock domains. The DCSblocks are located inthe
DCS_MUXblock. Theinputstothe DCSblocks come from MIDMUX outputs and user logic clocks viaDCC elements. The
DCSelementsarelocated atthe center ofthe PLC array core. The output of the DCSis connectedto the inputs of
Primary Clock Center MUXs (CMUX).

Figure 2.10 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed to
othermodes. Formoreinformation aboutthe DCS, referto sysCLOCK PLL Designand Usage Guide for Nexus Platform
(FPGA-TN-02095).
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Figure 2.10. DCS Waveforms

2.3.9. Dynamic Clock Control

TheDynamicClock Control(DCC),DomainClockenable/disablefeatureallowsinternallogiccontrolofthedomain
primary clock network. Whenaclock networkis disabled, the clock signalis staticand nottoggle. Allthelogic fed by
that clock does not toggle, reducing the overall power consumption of the device. The disable function is glitchless, and
does not increase the clock latency to the primary clock network.

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

This DCC controlsthe clock sources fromthe Primary CLOCK MIDMUX before they are fed to the Primary Center MUXs
that drive the domain clock network. For more information about the DCC, referto sysCLOCK PLL Design and Usage
Guide for Nexus Platform (FPGA-TN-02095).

2.3.10. DDRDLL

Certus-NXhastwoidentical DDRDLL blocks, locatedinthe lower leftand lowerrightcorners of the device. Each
DDRDLL (masterDLLblock) cangenerate aphase shiftcoderepresentingthe amount ofdelayinadelay blockthat
corresponding to 90-degree phase of the reference clock input, and provide this code to every individual DQS block and
DLLDEL slave delay element. The reference clock can be either from PLL, orinput pin. This code is usedinthe DQSBUF
block that controls a set of DQS pin groups to interface with DDR memory (slave DLL). The DQSBUF uses this code to
controlsthe DQS input of the DDR memory to 90-degree shiftto clock DQs atthe center of the data eye for DDR
memory interface.

e Thecodeisalsosenttoanotherslave DLL, DLLDEL, thattakes aprimary clockinputand generates a 90-degree shift
clock output to drive the clocking structure. This is useful to interface edge-aligned Generic DDR, where 90-degree
clockingneedstobe created. Notallprimary clockinputs have associated DLLDEL control. Figure 2.11 shows
DDRDLL connectivity to a DLLDEL block (connectivity to DQSBUF blocks is similar).
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Figure 2.11. DLLDEL Functional Diagram

Each DDRDLL can generate delay code based on the reference clock frequency. The slave DLL (DQSBUF and DLLDEL) use
the code to delay the signal, to create the phase shifted signal used for either DDR memory, or creating 90-degree shift
clock. Figure 2.12 shows the DDRDLL and the slave DLLs on the top level view.

Left Right
DDRDLL DDRDLL
Digital Delay Code (L) Digital Delay Code (R)
Refclk Sel Refclk Sel
r A
1 * 1 1 * I
YV vV vV vV vV vV VV
DLLDEL |oLoeL | | peso | | pest | pLoeL | | peso | | post |
BANK5 ECLK BANK4 ECLK BANK3 ECLK

Figure 2.12. Certus-NX DDRDLL Architecture

2.4. SGMII Clock Data Recovery (CDR)

The Certus-NX device includes two hardened Clock Data Recovery (CDR). The CDR’s enables Serial Gigabit Media
Independentinterface (SGMII) solutions. There arethree mainblocksineach CDR,the CDR, deserializerand FIFO.Each
CDR features two loops. The first loop is locked to the reference clock. Once locked, the loop switches to the data path
loop where the CDR tracks the data signals to generate the correcting signals needed to achieve and maintain phase
lock with the data. The data is then passed through a deserializer which deserialize the data to 10-bit parallel data. The
10-bit parallel dataisthen senttothe FIFO bridge which allows the CDR tointerface with the rest of the FPGA.

Figure 2.13 shows a block diagram of the SGMII CDR IP.

Thetwo hardenedblocks are located atthe bottom left ofthe chip and usesthe high speed I/0 Bank 5 forthe
differential pairinput. Itisrecommendedthatthereference clock should be enteredthrougha GPIO thathas
connection to the PLL on the lower left corner as well.

For more information about how to implement the hardened CDR for your SGMII solution, refer to the Certus-NX High-
Speed I/O Interface (FPGA-TN-02216).
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Figure 2.13. SGMII CDR IP

2.5. sysMEM Memory

The Certus-NX devices contain anumber of sysMEM Embedded Block RAM (EBR). The EBR consists ofan 18 kb RAM
withmemory core,dedicatedinputregistersandoutputregistersaswellasoptional pipelineregistersatthe outputs.
Each EBR includes functionality to support true dual-port, pseudo dual-port, single-port RAM, ROM and builtin FIFO. In
Certus-NX, unused EBR blocks is powered down to minimize power consumption.

2.5.1. sysMEM Memory Block

ThesysMEMblock canimplementsingle port, dual port or pseudo dual portmemories. Eachblock canbeusedina
varietyofdepthsandwidthsaslistedin Table 2.4. FIFOscanbeimplemented usingthe builtinread andwrite address
counters and programmable full, almost full, empty and almost empty flags. The EBR block facilitates parity checking by
supporting an optional parity bit for each data byte. EBR blocks provide byte-enable support for configurations with 18-
bit and 36-bit data widths. For more information, refer to Memory Usage Guide for Nexus Platform (FPGA-TN-02094).

EBR also provides a buildin ECC engine. The ECC engine supports a write data width of 32 bits and it can be cascaded
for larger data widths such as x64. The ECC parity generator creates and stores parity data for each 32-bit word written.
Whenareadoperationis performed, itcomparesthe datawithitsassociated parity dataandreportbackifany Single
EventUpset (SEU) eventhasdisturbedthe data. Any single bitdata disturb is automatically corrected at the data
output. In addition, two dedicated error flags indicate if a single-bit or two-bit error has occurred.
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Table 2.4. sysMEM Block Configurations
Memory Mode Configurations
Single Port 16,384 x 1

8,192 x 2

4,096 x 4

2,048 x 9

1,024 x 18

512 x 36
True Dual Port 16,384 x 1

8,192 x 2

4,096 x 4

2,048 x9

1,024 x 18

Pseudo Dual Port 16,384 x 1

8,192 x 2

4,096 x 4

2,048 x9

1,024 x 18

512 x 36

2.5.2. Bus Size Matching

All of the multi-port memory modes support different widths on each of the ports (except ECC mode which only
supportsawrite datawidth of 32 bits). The RAMbitsare mapped LSBword 0toMSBword 0, LSBword 1toMSBword
1,andsoon. Althoughthewordsize and numberofwordsforeach portvaries, thismapping scheme appliestoeach
port.

2.5.3. 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 utilizedas aROM.

2.5.4. Memory Cascading

Largeranddeeperblocks of RAMcanbe created using EBR sysMEM Blocks. Typically, the Lattice designtools cascade
memory transparently, based on specific design inputs.

2.5.5. Single, Dual and Pseudo-Dual Port Modes

Inallthe sysMEM RAM modes, theinputdataandaddress forthe ports areregistered attheinputofthe memory
array. The output data of the memory is optionally registered at the output.

2.5.6. Memory Output Reset

The EBR utilizeslatches atthe Aand B output ports. These latches can be resetasynchronously or synchronously. RSTA
and RSTB are local signals, which reset the output latches associated with Port A and Port B, respectively. The Global
Reset (GSRN) signal can reset both ports. The output data latches and associated resets for both ports are as shownin
Figure 2.14. The optional Pipeline Registers at the outputs of both ports are also resetin the same way.
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Figure 2.14. Memory Core Reset

For furtherinformation onthe sysMEM EBR block, see the listoftechnical documentationinthe References section.

2.6. Large RAM

The Certus-NXdeviceincludes additional memoryresourcesinthe formofLarge Random-Access Memory (LRAM)
blocks.

The LRAMisdesignedtowork as Single-PortRAM, Dual-Port RAM, Pseudo Dual-PortRAM,and ROM memories. Itis
meantto function as additional memory resources for you beyond whatis available in the EBR and PFU.

Each individual Large RAM block contains 0.5 Mbits of memory, and has a programmable data width of up to 32 bits.
CascadingLarge RAMblocksallows datawidths of upto 64 bits. Additionally, thereis the abilitytouse either Error
Correction Coding (ECC) or byte enable.

2.7. sysDSP

The Certus-NX family provides an enhanced sysDSP architecture, making it ideally suited for low-cost, high-
performance Digital Signal Processing (DSP) applications. Typical functions usedinthese 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.

2.7.1. 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
clockspeeds. Inthe Certus-NX devicefamily,thereare many DSP blocksthatcanbeusedtosupportdifferentdata
widths. This allows you 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.
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Figure 2.15. Comparison of General DSP and Certus-NX Approaches

2.7.2. sysDSP Architecture Features

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

The Certus-NX sysDSP Slice 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 Odd Mode — Filter with Odd number of taps

e Even Mode - Filter with Even number of taps

o Twodimensional (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 (supportsone 18x 36 multiplierresultaccumulation, two 18 x 18 multiplierresult
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 Odd Mode - Filter with Odd number of taps

e Even Mode - Filter with Even number of taps

2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics.
e 3*3and 3*5 - Internal DSP Slice support

e 5*5and larger size 2D blocks — Semi internal DSP Slice support
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e Flexible saturation and rounding options to satisfy a diverse set of applications situations
e Flexible cascading DSPblocks

Minimizes fabric use for common DSP functions

Enablesimplementation of FIR Filter or similar structures using dedicated sysDSP slice resources only
Provides matching pipelineregisters

Canbe configuredto continue cascading fromonerowofsysDSPslicestoanotherforlongercascade chains

e 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 Certus-NX sysDSP block is backwards-compatible with the LatticeECP3™

sysDSPblock, suchthat, legacy applications canbetargetedto Certus-NXsysDSP. Figure 2.16 shows the diagram of

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

Figure 2.16. Certus-NX DSP Functional Block Diagram

The Certus-NX sysDSP block supports the following basic elements.
e  MULT (Multiply)

e MAC (Multiply, Accumulate)

e MULTADDSUB (Multiply, Addition/Subtraction)

e MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)
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Table 2.5 shows the capabilities of Certus-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 —

Someoptionsareavailableinthefourelements. Theinputregisterinallthe elementscanbedirectlyloadedorcanbe
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 Usage Guide for Nexus Platform (FPGA-TN-02096).

2.8. Programmable I/0 (PIO)

The programmable logic associated with an /O is called a PIO. The individual PIO are connected to their respective
sysl/O buffers and pads. Onthe Certus-NX devices, the Programmable I/0O cells (PIC) are assembled into groups of two
P10 cells called a Programmable I/O Cell or PIC. The PICs are placed on all four sides of the device.

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

2.9. Programmable I/0 Cell (PIC)

Certus-NXisconsists of base PIC and gearing PIC, base PIC coverstop and left/rightbank, gearing PIC covers bottom
banks only that supports DDR operation. Gearing PIC contains the edge monitor to center to locate the center of data
window.

The PIC contains three blocks: aninput register block, output register block, and tristate register block. These blocks
contain registers for operating in a variety of modes along with the necessary clock and selection logic.
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Figure 2.17. Group of Two High Performance Programmable 1/0 Cells
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© 2020 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-02078-0.83

33


http://www.latticesemi.com/legal

= LATTICE

2.9.1. Input Register Block

Theinputregisterblocksforthe PIO onalledges containdelay elements andregistersthatcanbe usedto 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 Inputregisterblock onthe bottom side includes gearing logicand registerstoimplementIDDRX1, IDDRX2, IDDRX4,
IDDRXS5 gearing functions. With two PICs sharing the DDR register path, it can alsoimplement IDDRX71 function used
for7:1LVDSinterfaces. Itusesthree setsofregisters—shift,update,andtransfertoimplementgearingandtheclock
domain transfer. The first stage registers sample the high-speed input data by the high-speed edge clock on its rising
andfallingedges. Thesecondstageregisters performdataalignmentbased onthecontrolsignals. Thethird 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 Certus-NX High-Speed I/O Interface (FPGA-TN-02216).

2.9.2.1. Input FIFO

The Certus-NX PIO has dedicated input FIFO per single-ended pin for input data register for DDR Memory interfaces.
The FIFO resides before the gearing logic. It transfers data from DQS domain to continuous ECLK domain. On the Write
side ofthe FIFOQ, itis clocked by DQS clock, which is the delayed version of the DQS Strobe signal from DDR memory. On
the Read side of FIFO, itis clocked by ECLK. ECLK may be any high-speed clock with identical frequency as DQS (the
frequencyofthememorychip). EachDQSgrouphasone FIFO control block. Itdistributes FIFO read/write pointerto
every PICinsame DQS group. DQS Grouping and 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
E INFF > Q

SCLK IDDRX1 > Q[1:0]

RST

vvYy Vv

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 PIO located on the bottom edge.

‘ P INCK
»
INFF
Programmable 4
b Delay Cell
IN FF »Q
Generic
IDDRX1
FIFO 12le153.23 Q[L:oy
IDDRX4 Q[3:0y
Delayed DQS ECLK IDDRX5 —P Q6.0
IDDRX71* Q[7:0y/
Q[9:0]
Memol
ECLK Y
IDDRX2
SCLK
RST
ALIGNWD

*For 7:1 LVDS interface only. It is 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

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

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

For detailed description of the output register block modes and usage, you can refer to Certus-NX High-Speed I/O
Interface (FPGA-TN-02216).

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

Figure 2.21. Output Register Block on Top, Left, and Right Sides
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DQSW270

v

Generic

ODDRX1/
ODDRX2/
ODDRX4
ODDRX5
ODDRT71*

Memory

ODDRX2
OSHX2

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

Figure 2.22. Output Register Block on Bottom Side

Table 2.7. Output Block Port Description

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

2.10. Tristate Register Block

Thetristate registerblockregisterstristate controlsignals fromthe core ofthe device beforethey are passedtothe
sysl/Obuffers. The block containsaregisterfor SDRoperation. In SDR, TDinputfeeds one oftheflip-flopsthatthen
feeds the output. In DDR, operation used mainly for DDR memory interface can be implemented on the bottom side of
the device. Here, two inputs feed the tristate registers clocked by both ECLK and SCLK.

Figure 2.23 and Figure 2.24 show the Tristate Register Block functions on the device. For detailed description of the
tristate register block modes and usage, you can refer to Certus-NX High-Speed I/O Interface (FPGA-TN-02216).

TD

>

RST ——— TSFF

SCLK ——— b

—» TQ

Figure 2.23. Tristate Register Block on Top, Left, and Right Sides
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D —k—r — ™,

»  TSFF
RST >
SCLK >

ECLK ———P
DQSW — P
DQSW270 —W
T[1:0] ———»

THSX2

Figure 2.24. Tristate Register Block on Bottom Side

Table 2.8. Tristate Block Port Description

Name Type Description

TD Input Tristate Input to Tristate SDR Register

RST Input Reset to the Tristate Block

TD[1:0] Input Tristate 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 Tristate block

2.11. DDR Memory Support

2.11.1. DQS Grouping for DDR Memory

Certain PICs have additional circuitry to allow the implementation of high-speed source synchronous and DDR3/DDR3L,
LPDDR2 or LPDDR3 memory interfaces. The supportvaries by the edge of the device as detailed below.

The Bottom side of the PIC have fully functional elements supporting DDR3/DDR3L, LPDDRZ2, or LPDDR3 memory
interfaces. Every 16 PIO on the bottom side are grouped into one DQS group, as shown in Figure 2.25. Withineach DQS
group, therearetwopre-placedpinsforDQSand DQS#signals. TherestofthepinsintheDQSgroupcanbeusedas
DQ signals and DM signal. The number of pins in each DQS group bonded out is package dependent. DQS groups with
lessthan 11 pins bonded outcan 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 these pins to HIGH,
and connecting these pins to VCCIO power supply. These connections create soft connections to VCCIO thru these
output pins, and make better connections on VCCIO to help to reduce SSO noise. For details, refer to Certus-NX High-
Speed I/O Interface (FPGA-TN-02216).
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Certus-NX Family 7]
HEN sEMICONDUCTOR

Preliminary DataSheet
2.11.2. DLL Calibrated DQS Delay and Control Block (DQSBUF)

Figure 2.25. DQS Grouping on the Bottom Edge

Tosupport DDR memoryinterfaces (DDR3/DDR3L, LPDDR2/3), the DQS strobe signal fromthe memory mustbe usedto
capturethedata(DQ)inthe PICregistersduringmemoryreads. This signalis outputfromthe DDR memory device
alignedtodatatransitionsand mustbetimeshiftedbeforeitcanbe usedtocapture datainthe PIC. Thistime shiftedis
achieved by using DQSBUF programmable delay line in the DQS Delay Block (DQS read circuit). The DQSBUFL is
implemented as a slave delay line and works in conjunction with a master DDRDLL.

This block also includes slave delay line to generate delayed clocks used in the write side 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 feature
for DDR write if needed.

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

FIFO Control Block include here generates the Read and Write Pointers for the FIFO block inside the Input Register
Block. These pointersare generatedto controlthe DQS to ECLK domain crossing usingthe FIFO module.
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pos — ¥ ——» BURST_DET
Preamble/Postamble Management

READI[1:0] »
READ_CLK_SEL[2:0]

; — :
SCLK ———————P FIFO Control and Data Valid WRPNTR[2:0]
Generation RDPNTR[2:0]

ECLK —— P —>

» DATAVALID

———— DQSR90

RD_CODN,RD_DIRECTION,RD_MOVE ———————| Slave Delay Line (RD) with ———» Rd_cout
Adjustment/Margin Test

N ——» WR_COUT
WRITE_LEVELING_LOADN

WRITE_LEVELING_DIRECTION ——————— L
WRITE_LEVELING_MOVE > Slave Delay (WR) with DQSW270

Adjustment/Margin Test and Write Leveling —————» DQSW
WR_LOADN, WR_DIRECTION, WR_MOVE ————————P|

DELAY CODE[8:0] — P
RST ————— P

DONE_GWE ——————— P

GSR ——————P

——» DELAY CODE[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_[8:0] Input Dynamic Delay Control

WRITE_LEVELING_LOADN, Input Write Leveling Control

WRITE_LEVELING_DIRECTION,
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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2.12. sysl/O Buffer

Eachl/Oisassociatedwithaflexible bufferreferredto asasysl/O buffer. These buffers are arranged around the
peripheryofthedeviceingroupsreferredtoasbanks. The sysl/Obuffersallowsyoutoimplementthewide variety of
standardsthatare foundintoday’s systemsincluding LVDS, HSUL, SSTL Classland II,LVCMOS, LVTTL, and MIPI.

The Certus-NXfamily contains multiple Programmable I/O Cell (PIC) blocks. Each PIC contains two Programmable I/O,

PIOAand PIOB. Each PIO includes a sysl/O buffer and I/0 logic. Two adjacent PIO can be joined to provide a differential
I/Opair. Thesetwo pairsarereferredtoas Trueand Comp, where True Padis associated withthe positive side ofthe
differential I/0, and the complement with the negative.

Thetop, left, andright side banks support1/O standards from 3.3 Vto 1.0 Vwhile the bottom supports /O standards
from1.8Vto1.0V.Everypairofl/OonthebottombankalsohaveatrueLVDS and SLVS TxDriver. Inaddition, 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
in1/0 Logic and DDR memory interface support, refer to Certus-NX High-Speed I/O Interface (FPGA-TN-02216).

2.12.1. Supported sysl/O Standards

Certus-NX sysl/O buffer supports 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
suchasHSUL and SSTL. The bufferssupportthe LVTTL,LVCMOS1.0V,1.2V,1.5V,1.8V,2.5V,and 3.3V standards.
Differential standards supported include LVDS, SLVS, differential LVCMQOS, differential SSTL, and differential HSUL. For
better supportofvideo standards, subLVDS and MIPI_D-PHY are also supported. Table 2.10and Table 2.11 provide a
list of sysl/O standards supported in Certus-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 No No
HTSL15 1 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: 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 No —
SLVS Yes Yes —
SUBLVDSE — Yes —
SUBLVDSEH — Yes —
LVDSE — Yes —
MIPI_D-PHY Yes Yes Yes
HSTL15D_| Yes Yes Yes
SSTL15D | Yes Yes Yes
SSTL15D_II Yes Yes Yes
SSTL135D | Yes Yes Yes
SSTL135D |l Yes Yes Yes
HSUL12D Yes Yes Yes
LVTTL33D — Yes —
LVCMOS33D — Yes —
LVCMOS25D — Yes —

2.12.2. sysl/O Banking Scheme

Certus-NXdevices have uptoeightbanksintotal. For 40K device, there are one bank ontop, twobanks each atleft
andrightside ofdevice,andthree onthe bottom side ofdevice. For17K device,onebankontop, oneonrightsideand
three onthe bottomside ofdevice. The higherdensity Certus-NXdevice hasmorepinsineachbank.Bank0,Bank1,
Bank?2,Bank6,andBank 7 supportuptoVCCIO 3.3VwhileBank3,Bank4,andBank5supportuptoVCCIO1.8V.In
addition, Bank 3,Bank4,and Bank 5 supporttwo VREF inputsforflexibility toreceive two differentreferencedinput
levels on the same bank. Figure 2.27 shows the location of each bank.
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*Note: Bank not available in LFD2NX-17.

Figure 2.27. sysl/O Banking

2.12.2.1. Typical sysl/O 1/O Behavior During Power-up

Theinternal Power-On-Reset (POR) signalis deactivated whenVccandVccaux have reached satisfactory levels. Afterthe
PORsignalisdeactivated,the FPGA corelogichecomesactive. Itisyourresponsibilitytoensure thatallotherVccio
banks are active with valid input logic levels to properly control the outputlogic states of allthe 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 Certus-NX devices, see the list of technical documentation in References section.

The Vccand Vecaux supply the power to the FPGA core fabric, whereas the Vccio supplies power to the 1/O buffers. In
ordertosimplify the systemdesignwhile providing consistentand predictable I/Obehavior, itisrecommendedthat
thel/Obuffersbe powered-uppriortothe FPGAcore fabric. Fordifferentpower supply voltage levelby the I/O banks,
refer to Certus-NX High-Speed I/O Interface (FPGA-TN-02216) for detailed information.

2.12.2.2. VREF1 and VREF2

Bank 3, Bank 4, and Bank 5 can support two separate VREF input voltage, VREF1, and VREF2. To assign a VREF driver,
uselO_Type=VREF1_DRIVER orVREF2_DRIVER. Toassign VREFtoabuffer,use VREF1_LOAD or VREF2_LOAD.

2.12.2.3. Sysl/O Standards Supported by 1/0 Bank

Allbanks can support multiple I/0 standards underthe VCCIO rules discussed above. Table 2.12and Table 2.13
summarize the 1/0 standards supported on various sides of the Certus-NX device.
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Table 2.12. Single-Ended 1/0 Standards Support 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
HTSL151 — — — Yes
SSTL151, 1l — — — Yes
SSTL 1351, 1 — — — Yes
HSUL12 — — — Yes

*Note: Left bank is not available in LFD2NX-17.
Table 2.13. Differential /O 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_| — — — Yes
SSTL15D_|I — — — Yes
SSTL135D | — — — Yes
SSTL135D I — — — Yes
HSUL12D — — — Yes
LVTTL33D Yes Yes Yes —
LVCMOS33D Yes Yes Yes —
LVCMOS25D Yes Yes Yes —

*Note: Left bank is not available in LFD2NX-17.

2.12.2.4. Hot Socketing

The Certus-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/0O remain in tristate until the power supply voltage is high enough
toensurereliable operation. Inaddition, leakage into I/O pinsis controlled within specified limits. Bank 0, Bank 1,
Bank 2, Bank 6, and Bank 7 are fully hot socket able while Bank 3, Bank 4, and Bank 5 are not supported.

2.12.3. sysl/O Buffer Configurations

Thissectiondescribesthevarious sysl/Ofeatures available onthe Certus-NXdevice. Referto Certus-NXHigh-Speed /O
Interface (FPGA-TN-02216) for detailed information.
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2.12.4. MIPI D-PHY Support

Certus-NX's programmable /O canbe configuredas MIPID-PHYs, referredtoas Soft MIPID-PHY. The SoftD-PHY can
be configuredto supporteither 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 Transmitand receive compliant to MIPI Alliance’s MIPI D-PHY Specification version 1.2
¢ High-Speed (HS) and Low-Power (LP) mode support (including built-in contention detection)
e  Supports continuous clock mode or low power (non-continuous) clock mode
e Upto 6 Gbps per port (1500 Mbps data rate per lane) in 121 csfBGA package
e Upto5 Ghps per port (1250 Mbps data rate per lane) in other packages
e Supports up to 4 data lanes and one clock lane per port

2.13. Analog Interface (ADC)

The Certus-NXfamily providesananaloginterface, consisting oftwo Analogto Digital Convertors (ADC), three
continuous time comparators and an internal junction temperature monitoring diode. The two ADCs can sample the
input sequentially orsimultaneously.

2.13.1. Analog to Digital Converters

The Analogto Digital Convertorisa 12-bit, 1 MSPS SAR (Successive Approximation Register) architecture converter.
The ADC supports both continuous and single shot conversion modes. The ADC can operate in either uni-polar or bi-
polar mode.

The input to the ADC can be dynamically selected from among the following; pre-selected GPIO input pair, dedicated
analog input pair, the internal junction temperature sensing diode and internal voltage rails.

An externalreference voltageisrequired foreach ADC. Both can share the same reference ifthey are converting
signals of similar magnitude. The ADC can convertupto a 1.8 Vinput signal with a 1.8 V external reference voltage. The
ADC has an auto-calibration function which calibrates the gain and offset.

2.13.2. Continuous Time Comparators

The continuous-time comparator can be used to compare a pre-selected GPIO input pairs or one dedicated comparator
input pair. The output of the comparator is provided as continuous and latched data. Each comparator uses a separate
external threshold to provide system flexibility.

2.13.3. 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. Referto ADC Usage Guide for Nexus Platform (FPGA-TN-02129) for more details.

2.14. IEEE 1149.1-Compliant Boundary Scan Testability

AllCertus-NXdevices have boundary scan cellsthatare accessed throughan IEEE 1149.1 compliant 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 ontotestnodes, ortestdatato be captured and shifted outfor verification. The testaccess port consists of
dedicated I/0: TDI, TDO, TCK, and TMS. The test access port uses VCCIOL1 for power supply. The testaccess portis
supported for VCCIO1=1.8V-3.3 V.

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

www.latticesemi.com/legal


http://www.latticesemi.com/legal
http://www.latticesemi.com/view_document?document_id=52779
http://www.latticesemi.com/view_document?document_id=52790

=LATTICE

2.15. Device Configuration

All Certus-NX devices contain two ports that can be used for device configuration. The Test Access Port (TAP), which

supports bit-wide configuration, andthe sysCONFIG port, supportserial, quad, and byte configuration. The TAP

supportsboththe IEEE Standard 1149.1 Boundary Scan specificationandthe IEEE Standard 1532 In-System

Configurationspecification. The JTAG_EN isthe only dedicated pin supported by sysCONFIG. PPROGRAMN/ INITN /

DONE are enabled by default, but can be turned into GPIO. The remaining sysCONFIG pins are used as dual function

pins. Referto sysCONFIG Usage Guide for Nexus Platform (FPGA-TN-02099) for more information about using the dual-

use pins as general purpose /0.

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

e JTAG

e Standard Serial Peripheral Interface (SPI)—Interface toboot PROM Supportx1,x2, and x4 wide SPImemory
interfaces. (Master SPImode)

e Inter-Integrated Circuit Bus(I°C)

¢ Improved Inter-Integrated Circuit Bus (13C)

e  System microprocessor to drive a serial slave SPI port (SSPI mode)

o Lattice Memory Mapped Interface (LMMI), referto sysl/O Usage Guide for Nexus Platform (FPGA-TN-02067) for
detail.

e JTAG, SSPI, MSPI, I2C, and I3C are supported for VCCIO=1.8V-3.3V

Onpower-up,basedonthevoltagelevel (highorlow) ofthe PROGRAMN pinthe FPGA SRAM s configured by the

appropriate sysCONFIG port. fPROGRAMN pinis/ow, the FPGAisin Slave configuration mode (Slave SPI, Slave [2Cor

Slave I3C) and is waiting for the correct Slave Configuration port activation key. PROGRAMN pin must be driven high

within 400 ns of the end of transmission of the Slave Configuration portactivation key, thatis, the de-assertion of

SCSN. Ifnoslave portisdeclared active before the PROGRAMN pinis sensed HIGH, the FPGA isin Master SP1booting

sequence (mode). In Master SPI booting mode, the FPGA boots from an external SPI boot PROM. Once a configuration

portis 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.

2.15.1. Enhanced Configuration Options

Certus-NX devices have enhanced configuration features such as:

o Early I/Orelease

¢ Bitstream decryption andauthentication

e Decompression support

e Watchdog Timer support

e Dual and Multi-boot image support
Earlyl/OReleaseisanewconfigurationfeatureinwhichcertainl/Obanksarereleased earliersothatcustomer

systemshave minimaldisruption. Formore details, referto sysCONFIG Usage Guide for Nexus Platform (FPGA-TN-
02099).

Notethatfor Engineering samplesilicon (ES suffix),an Early /O Release enabled bitstreamis notcompatible with
direct SRAM programming (also known as Fast Programming in Radiant Programmer). If attempted, the configuration
operationfailsandthe partmustbe power-cycledbeforeitcanacceptanon-Early /O Release enabledbitstream.

Watchdog Timerisanewconfigurationfeaturethathelpsyouaddaprogrammable timeroptionfortimeout
applications.

www.latticesemi.com/legal


http://www.latticesemi.com/legal
http://www.latticesemi.com/view_document?document_id=52790
https://www.latticesemi.com/view_document?document_id=52792
http://www.latticesemi.com/view_document?document_id=52790
http://www.latticesemi.com/view_document?document_id=52790

= LATTICE

2.15.2.1. Dual-Boot and Multi-Boot Image Support

Dual-bootand multi-bootimages are supported for applicationsrequiring reliable remote updates of configuration
data for the system FPGA. After the system is running with a basic configuration, a new bootimage can be downloaded
remotely and stored in a separate location in the configuration storage device. Any time after the update the Certus-NX
devicescanbere-bootedfromthisnewconfigurationfile. Ifthereisaproblem, suchas corruptdataduring download
orincorrectversion numberwith thisnewbootimage, the Certus-NX device canrevertbackto the original backup
goldenconfigurationandtryagain. Thisallcanbe donewithoutpower cyclingthe system. Formore information, refer
to sysCONFIG Usage Guide for Nexus Platform (FPGA-TN-02099).

2.16. Single Event Upset (SEU) Support

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

Certus-NX devices have animproved hardware implemented Soft Error Detection (SED) circuit which can be used to
detect SRAM errors and allow them to be corrected. There are two layers of SED implemented in Certus-NX making it
more robust andreliable.

The SED hardwarein Certus-NXdevicesis partofthe Configuration block. The SED modulein Certus-NXisanenhanced
version as compared to the SED modules implemented in other Lattice devices. The configuration data is divided into
frames sothatthe entire FPGA can be programmed precisely with ease. The SED hardware reads datafromthe FPGAs
configuration memory and performs Error Correcting Code (ECC) calculation on every frame of configuration data (see
Figure 2.1). Once asingle bit of error is detected, Soft Error Upset (SEU), a notification is generated and SED resumes
operation.Forsingle biterrors, the corrected value isrewrittentothe particularframe using ECCinformation. Ifmore
thanone-biterroris detected within one frame of configuration data, an error messageis generated. Certus-NX
devicesalso have adedicated logic to perform Cycle Redundancy Code (CRC) checks. This CRCrunsinparallelforthe
entire bitstream along with ECC.

Afterthe ECCis calculated on all frames of configuration data, Cyclic Redundancy Check (CRC) is calculated for the
entire configuration data (bitstream). The datathatis read, and the ECC and CRC calculated, do notinclude EBR Large
SRAM and distributed RAM memory.

Forfurtherinformation on SED support, referto Soft Error Detection (SED)/Correction (SEC) Usage Guide for Nexus
Platform (FPGA-TN-02076).

2.17. On-Chip Oscillator

The Certus-NX device features two different frequency Oscillators. One is tailored for low-power operation that runs at
low frequency (LFOSC). Both Oscillators are controlled with internally generated current.

The LFOSC runsatnominal frequency of 128 kHz. The high frequency oscillator (HFOSC) runs atanominal frequency of
450 MHz, divisible to 2 MHz to 256 MHz by user option. The LFOSC always run, thus can be used to perform all always-
on functions with the lowest power possible.
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2.18. User I2CIP

The Certus-NXdevice has one I2C hard IP core. The core can be configured eitheras an 12C masterorasan I2C slave. The
pins for the I12C interface are pre-assigned.

The core hasthe optiontodelay the eitherthe input or the output, orboth, by 50 ns nominal, using dedicated on-chip
delay elements. This provides an easier interface with any external I2C components. In addition, 50 ns glitch filters are
available for both SDA and SCL.

When the IP core is configured as master, it is able to control other devices on the I2C bus through the pre-assigned pin
interface. Whenthecoreisconfiguredastheslave,thedeviceisabletoprovide, forexample, /O expansiontoan|2C
Master. The I2C core supports the following functionality:

e Master and Slave operation

e 7-bit and 10-bitaddressing

e Multi-master arbitration support

e Clock stretching

e UptolMHzdatatransfer speed (Standard-Mode, Fast-Mode, Fast-Mode Plus)
e General Callsupport

e Optional receive and transmit data FIFOs with programmable sizes

e Optional 50 ns delay on input or output data, or both

e Hard-Connection and Programmable 1/0O Connection Support

e Programmable to a mode compliant with I3C requirements on legacy I12C Slave Devices.
¢ Fast-Mode and Fast-Mode Plus Support

e Disabled Clock Stretching

e 50ns SCL and SDA Glitch Filter

¢ Programmable 7-bit Address

Forfurtherinformation onthe User12C, referto 1>C Hardened IP Usage Guide for Nexus Platform (FPGA-TN-02142).

2.19. Density Shifting

The Certus-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, itis also possible to shift a lower 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 /0O may become No Connects in smaller
devices inthe same package. Referto the Certus-NX Pin Migration Tables and Lattice Radiant software for specific
restrictions and limitations.

2.20. Peripheral Component Interconnect Express (PCle)

The Certus-NX-40Devicefeaturesonelane ofhardened PCleblockonthetopside ofthedevice. The PCleblock
implements allthree layers defined by the PCI Express Specification: Physical, Data Link, and Transaction as shownin
Figure 2.28. Below is a summary of the features supported by the PCle:

e Gen1(2.5Gb/s)and Gen 2 (5.0 Gb/s) speed

e PCleExpressBase Specification 3.0 compliantincluding compliance with earlier PCl Express Specifications
e  Multi-function support with up to four physical functions

e Endpoint and Root Complex support

e Type 0 Configuration Registers in Endpoint Mode

e Complete Error-Handling Support

e 32-bit Core DataWidth

e Many power management features including power budgeting
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Figure 2.28. PCle Core

The hardened PCle block can be instantiated with the primitive PCle through Lattice Radiant software however, itis not
recommended to directly instantiate the PCle primitive itself. Itis highly recommended to generate the PCle Endpoint
SoftIPthrough IP Expressinstead. In Figure 2.29, the PCle core is configured as Endpoint using the Soft logic and this
EndpointsoftIP providesawrapperaroundthe PCle primitive aswellas providing usefulfunctions suchasbridging
support for bus interfaces and DMA applications. In addition to the standard Transaction Layer Packet (TLP) interface,
the datainterface canalsobe configuredtobe AX14 or AHB-Lite interfaces aswell. The PCle hardened block also
featuresaregisterinterface of LMMIand User Configuration Space Register Interface (UCFG). Withthe softIP, the
interface canbe configuredto APB or AHB-Lite aswell. The PCle block contains many registers which contains
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 document.

Top

SoftLogic PCle HardIP xp_il
AHB-Litg RXTLP rxpn_i

/AXI-4 N
TXTLP

txp_o/
txpn_o

AHB-Lite LM )
IAPB - reficlkp_i/

<« UCFG refclkn_i

Figure 2.29. PCle Soft IP Wrapper
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2.21. Cryptographic Engine

The Certus-NXfamily of devices support several cryptographic features that helps customer secure their design. Some
ofthe key cryptographic features include Advanced Encryption Standard (AES), Hashing Algorithms and true random
number generator (TRNG). The Certus-NX device also features bitstream encryption (using AES-256) and bitstream
authentication (using ECDSA), which protects the FPGA design bitstream from copying and tampering.

The Cryptographic Engine (CRE) isthe mainengine, whichisresponsible forthe bitstreamencryptionaswellas
authentication of the Certus-NX device. Once the bitstream is authenticated and the device is ready for user functions,
the CREisavailableforyoutoimplementvariouscryptographicfunctionsinyour FPGAdesign. Toenable 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
o High Speed Port (HSP) for FIFO-based streaming data transfer

FPGA _

LMMI /
High Speed Port

Cryptographic Engine (CRE)

A 4

Control Register

Fabric =

\ 4

A4

CRE Registers

Bitstream Encryption

Bitstream Authentication

v

4—»‘ Unique ID ‘

4—»‘ True Random Number Generator (TRNG) ‘

4—»‘ Advanced Encryption Standard (AES) ‘

«— SHA256 |

«—> HMAC SHA256 |

Figure 2.30. Cryptographic Engine Block Diagram
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3. DC and Switching Characteristics

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
VCCAUX, VCCAUXA, SUpp'y Voltage -0.5 1.98 \Y
VecauxHs, Vecauxts,
VecauxHs
Vceioo, 1, 2, 6,7 1/0 Supply Voltage -0.5 3.63 \Y
Vceios, 4,5 1/0 Supply Voltage -0.5 1.98 v
VeepLLso SERDES Block PLL Supply Voltage -0.5 1.98 Vv
Veespo SERDES Supply Voltage -0.5 1.10 v
Vceabcis ADC Block 1.8 V Supply Voltage -0.5 1.98 \
Veeauxsp SERDES AUX Supply Voltage -0.5 1.98 v
— Inputor /O Voltage Applied, Bank 0, Bank 1, -0.5 3.63 \Y
Bank 2, Bank 6, Bank 7
— Inputor /O Voltage Applied, Bank 3, Bank 4, -0.5 1.98 \Y
Bank 5
— Voltage Applied on SERDES Pins -0.5 1.98°% v
ADC Reference
ADC Input
ADC Comparator Input
Ta Storage Temperature (Ambient) —65 150 °C
Ty Junction Temperature — +125 °C
Notes:

1. Stressabovethoselisted underthe Absolute Maximum Ratings may cause permanentdamage tothe device. Functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied.

Compliance with the Lattice Thermal Management document is required.

All voltages referenced to GND.

All Vccaux should be connected on PCB.

Inputor 1/0 voltage applied should not exceed +0.5 V above Bank VCCIO, or 1.98 V, whichever is less.

akrown
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Table 3.2. Recommended Operating Conditions
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Recommended Operating Conditions'- %3

Symbol Parameter Conditions Min Typ. Max Unit
Vee, Vececlk Core Supply Voltage Vee=1.0 0.95 1.00 1.05 V
Veeaux Auxiliary Supply Voltage 222'&07’ Bank1,Bank2,Bank6,| 4 7,6 | g0 1.89 v
VceauxHsias Auxiliary Supply Voltage Bank 3, Bank 4, Bank 5 1.746 1.80 1.89 \
Auxiliary Supply Voltage for
Vecaua internal analog circuitry | 1.746 1.80 1.89 v
Vccio=3.3V,Bank0,Bank1,
Bank 2, Bank 6, Bank 7 3135 3.30 3.465 v
Vccio = 2.5V, Bank 0, Bank 1,
Bank 2, Bank 6, Bank 7 2375 2.50 2625 v
Vccio = 1.8V, All Banks 1.71 1.80 1.89 v
Vceio I/O Driver Supply Voltage | Vccio = 1.5V, All Banks* 1.425 1.50 1.575 \Y
Vceio=1.35V, AllBanks (For
DDR3L Only) 1.2825 1.35 1.4175 v
Vceio = 1.2 V, All Banks* 1.14 1.20 1.26 v
Vccio = 1.0 V, Bank 3, Bank 4, 0.95 1.00 105 N
Bank 5
ADC External Power Supplies
Vceapcis ADC 1.8 V Power Supply _ 1.71 1.80 1.89 \Y
SERDES Block External Power Supplies
Supply Voltage for SERDES .
Veesoo Block and SERDES /0 0.95 1.00 1.05 v
SERDES Block PLL Supply .
VeepLLso Voltage 1.71 1.80 1.89 v
SERDES Block Auxiliary
Vecauxsb Supply Voltage — 1.71 1.80 1.89 Y
Operating Temperature
Junction Temperature, o
Licowm Commercial Operation - 0 - 85 ¢
Junction Temperature, R
Gino Industrial Operation - —40 - 100 ¢
Notes:
1. For correct operation, all supplies must be held in their valid operation voltage range.
2. Allsupplies with same voltage should be from the same voltage source. Properisolation filters are needed to properly isolate
noise from eachother.
3. Common supply rails must be tied together except SERDES.
4. MSPI(Bank0)and JTAG, SSPI, I?C, and I3C (Bank 1) ports are supported for Vccio=1.8 V10 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
travP Power Supply ramp rates for all supplies * 0.1 — 50 V/ms
Notes:

1. Assumes monotonic ramprates.

2. Allsuppliesneedtobeintheoperatingrange asdefinedinRecommended Operating Conditions1,whenthedevicehas
completed configuration and entering into User Mode. Supplies that are not in the operating range needs to be adjusted to
faster ramp rate, or you have to delay configuration or wake up.

3.4. Power up Sequence

Power-On-Reset (POR) puts the Certus-NX device into areset state. There is no power up sequence required forthe
Certus-NX device.

3.5. On-Chip Programmable Termination

The Certus-NX devices support a variety of programmable on-chip terminations options, including:

¢ Dynamically switchable Single-Ended Termination with programmable resistor values 0f40 Q,50 Q,60 Q, or 75 Q.
¢ Common mode termination of 100 Q for differential inputs.

Vo Zo =50
Zo=40,50, 60, or 75 SN
tO VCCIO /2
: [, |
: Zo i
] > ;
vrer [—_
_OFF-chip | ON-<chip _ (OFF-chip i ON-chip
Parallel Single-Ended Input Differential Input
Figure 3.1. On-Chip Termination
See Table 3.4 for termination options for input modes.
Table 3.4. On-Chip Termination Options for Input Modes

10_TYPE Differential Termination Resistor” Terminate to Vccio/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
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
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10_TYPE Differential Termination Resistor” Terminate to Vccio/2"

LVCMOS18H OFF OFF, 40, 50, 60, 75

HSTL15 | OFF 50

SSTL15 | OFF OFF, 40, 50, 60, 75

SSTL135 | OFF OFF, 40, 50, 60, 75

HSUL12 OFF OFF, 40, 50, 60, 75
*Notes:

e  TERMINATEtoVccio/2 (Single-Ended) and DIFFRENTIAL TERMINATION RESISTOR when turned on can only have one setting per
bank. Only left and right banks have this feature.

e  Useof TERMINATEto Vccio/2 and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive inan I/O bank. On-chip
termination tolerance —10%/+60%.

Refertosysl/O Usage Guide for Nexus Platform (FPGA-TN-02067) foron-chiptermination usage and valueranges.

3.6. Hot Socketing Specifications

Table 3.5. Hot Socketing Specifications for GPIO

Symbol Parameter Condition Min Typ Max Unit
Inputorl/OLeakage Currentfor | 0<Vin<Vih(max) — 1 — mA
Wide Range I/O (excluding 0<Vcc<Vee(max)

0 < Vccaux < Vccaux(max)

Iok Inputofl/O Leakage Currentfor | Vccio < Vin< Vecio + 0.5 V3 — 20 — mA
MCLK/MCSN/MOSI/INITN/DONE
pins
Input or I/O Leakage Current for | Vccio< Vin< Vecio + 0.5 V3 — 18 — mA

Bottom Bank

Notes:

1. Ipkis additive to lpu, lrp, OF lBH.

2. Hotsocket specification defines when the hot socketed device's junction temperature is at 85 °C or below. When the hot
socketed device's junction temperature is above 85 °C, the IDK current can exceed the above spec.

3. Going beyondthe hot socketing range specified here causes exponentially higher leakage currents and potential reliability
issues. A total of 64 mA per 8 1/0 should not be exceeded.

3.7. ESD Performance

Refertothe Certus-NX Product Family Qualification Summary for complete qualification data, including ESD
performance.
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3.8. DC Electrical Characteristics

Table 3.6. DC Electrical Characteristics — Wide Range (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit

Input or 1/O Leakage current V. <
e, I (Commercial/Industrial) 0 = Vins Vecio 10 HA
It Input or I/O Leakage current Vceio £ Vin £ Vin (max) — — 100 HA
los I/OWeakPull-up Resistor 0<Vin<0.7 * Vecio _30 _ ~150 HA

Current

/0O WeakPull-down Resistor

< < —
%) Current ViL (max) < Vin < Vccio 30 150 HA
lgHLs Bus Hold Low Sustaining Current| Vin = ViL (max) 30 — HA
IHHsS Bus Hold High Sustaining Current | Vin = 0.7 * Vccio -30 — HA
IsHLO Bus hold low Overdrive Current| 0 <Vin< Vccio — — 150 HA
IHHO Bushold highOverdrive Current | 0 < Vin< Vccio — — -150 HA
Veut Bus Hold Trip Points — ViL (max) — Vin (min) \Y
Notes:

1. Inputorl/Oleakage currentis measured withthe pin configuredasaninputorasanl/Owiththe outputtristated. Bus
Maintenance circuits are disabled.

2. Theinputleakage current liis the worst case input leakage per GPIO when the pad signal is high and also higher than the bank
Vccio. This is considered a mixed mode input.

Table 3.7. DC Electrical Characteristics — High Speed (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit
I, I Input or I/O Leakage 0<Vin<Vccio — — 10 HA
Ios I/OWeakPull-up Resistor 0<Vin<0.7 * Vecio -30 - ~150 HA

Current

/0 WeakPull-down Resistor —

< <
lep Current ViL (max) < Vin £ Vccio 30 150 HA
IgHLs Bus Hold Low Sustaining Current| Vin = ViL (max) 30 — — HA
IHHS Bus Hold High Sustaining Current | Vin = 0.7 * Vccio -30 — — HA
lgHLo Bus hold low Overdrive Current| 0 < Vin< Vceio — — 150 HA
IgHHO Bushold highOverdrive Current | 0 < Vin< Vceio — — -150 HA
. . Vi ;
VeHr Bus Hold Trip Points — (max) — Vin (min) \Y
Notes:

1. Inputorl/Oleakage currentis measured withthe pinconfiguredasaninputorasan l/Owiththe outputtristated. Bus
Maintenance circuits are disabled.

2. Tobe updated after design sims.

3. /O Pincapacitance from simulations show a typical value of 3 pF @ 25°, F=1 MHz and typical conditions with bus maintenance
circuits disabled.

Table 3.8. Capacitance — Wide Range (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit

] . Veoio=3.3V,2.5V, 1.8V, 15V, 1.2V,
C | — _ E
L /O Capacitance Vee=typ., Vio=01t0 Vecio + 0.2V 6 P

Cy Dedicated Input Capacitance” Vecio=3.3V,25V, 1.8V, 1.5V, 1.2V, 6 F
2 putt-ap Vee=typ., Vio=0to Veeio +0.2V P

*Note: Ta 25 °C, f = 1.0 MHz.
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Table 3.9. Capacitance — High Performance (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit
. . . Vceio=1.8V,1.5V,1.2V,Vcc=typ.,
C — —
1 1/0 Capacitance Vio = 00 Veio + 0.2V 6 pF
. . . . Vceio=1.8V,1.5V,1.2V,Vcc=typ.,
C — —
2 Dedicated Input Capacitance Vio =010 Vegio + 0.2V 6 pF
V =1.0V,Vcc=typ.,V,0=0to
Cs' SERDES I/O Capacitance cCcsbo cc=byp-Vio — 5 — pF
VCCSDO +0.2V

*Note: Ta 25 °C, f = 1.0 MHz.

Table 3.10. Single Ended Input Hysteresis — Wide Range (Over Recommended Operating Conditions)

I0_TYPE VCcCIo TYP Hysteresis
LVCMOS33 33V 250 mV

33V 200 mV
LVCMOS25

25V 250 mV
LVCMOS18 1.8V 180 mV
LVCMOS15 15V 50 mV
LVCMOS12 1.2V 0
LVCMOS10 1.2V 0

Table 3.11. Single Ended Input Hysteresis — High Performance (Over Recommended Operating Conditions)

I0_TYPE VCcCio TYP Hysteresis
LVCMOS18H 1.8V 180 mV
50 mV
LVCMOS15H 1.8V 150 mV
15V 0
LVCMOS12H 1.2V 0
LVCMOS10H 1.0V > 25 mV
MIPI-LP-RX 1.2V 180 mV

3.9. Supply Currents

For estimating and calculating current, use Power Calculator in Lattice Design Software.

This operating and peak currentis design dependent, and can be calculated in Lattice Design Software. Some blocks
canbeplacedintolow currentstandby modes. Referto Certus-NX Power Usage Guide (FPGA-TN-02214).
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Table 3.12. sysl/O Recommended Operating Conditions
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Standard

Support Banks

Vceio (Input)

Vccio (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 25
LVCMOS18t 2 0,1,2,6,7 1.2,15,18,25,33 1.8
LVCMOS18H 3,4,5 1.8 1.8
LVCMOS15% 2 0,1,2,6,7 1.2,15,18,25,33 15
LVCMOS15H! 3,4,5 15,18 15
LVCMOS12t 2 0,1,2,6,7 12,15,18,25,33 1.2
LVCMOS12H* 3,4,5 1.2,1.357,1.5,1.8 1.2
LVCMOS10* 0,1,2,6,7 1.2,15,18,25,33 —
LVCMOS10H* 3,4,5 1.0,1.2,1.357,15,1.8 1.0
LVCMOS10R! 3,4,5 1.0,1.2,1.357,15,1.8 —
SSTL135_I, SSTL135_113 3,4,5 1.357 1.35
SSTL15 |, SSTL15 I3 3,4,5 1.58 1.58
HSTL15 I® 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 1.8 1.8
LVDSE® 0,1,2,6,7 — 25
subLVDS 3,4,5 1.8 —
subLVDSE® 0,1,2,6,7 — 1.8
SubLVDSEH® 3,4,5 — 1.8
SLVSS 3,4,5 1.0,1.2,135%15,1.8 1.2,1.35,15,184
MIPI D-PHY® 3,4,5 1.2 1.2
LVCMOS33D°® 0,1,2,6,7 — 3.3
LVTTL33DS 0,1,2,6,7 — 3.3
LVCMOS25D5 0,1,2,6,7 — 25
SSTL135D_I, SSTL135D_II° 3,4,5 — 1.357
SSTL15D |, SSTL15D_I1® 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 I/O Banks with Vccio different from the standard requires due to some of these input standards

useinternal supply voltage source (Vcc, Vecaux) to power the input buffer, which makes themto be independent of Vecio
voltage. Formore details, referto sysl/O Usage Guide for Nexus Platform (FPGA-TN-02067). The following is a brief guideline to

follow:

a.  Weak pull-up on the I/0O must be set to OFF.

b. Bank3,Bank4,andBank5I/OcanonlymixintobankswithVcciohigherthanthe pinstandard, duetoclampingdiodeon
the pininthese banks. Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7 does not have this restriction.

c. LVCMOS25usesVcciosupplyoninputbufferinBank0,Bank1,Bank2,Bank6,and Bank7.Itcanbe supportedwith Vccio=

3.3Vtomeetthe Vihand Vi requirements, but there is additional current drawn on Vccio. Hysteresis has to be disabled
when using 3.3 V supply voltage.
d. LVCMOS15uses Vcciosupply oninput bufferin Bank 3, Bank 4, and Bank 5. It can be supported with Vccio = 1.8 Vto meet
the Vi and VL requirements, but there is additional current drawn on Vccio.
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2. Single-ended LVCMOS inputs can mixed into I/O Banks with different Vccio, providing weak pull-up is not used.

For additional information on Mixed 1/O in Bank Vccio, refer to sysl/O Usage Guide for Nexus Platform (FPGA-TN-
02067).

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

4. Alldifferential inputs use differential input comparator in Bank 3, Bank 4, and Bank 5. The differential input comparator uses
Veeauxnpower supply. Thereisnodifferentialinputsignaling supportedin Bank 0, Bank 1, Bank 2, Bank 6, and Bank 7.

5. These outputs are emulating differential output pair with single-ended output drivers with true and complement outputs
driving on each of the corresponding true and complement output pair pins. The common mode voltage, Vcw, is %2 * Vccio. Refer
to sysl/O Usage Guide for Nexus Platform (FPGA-TN-02067) for details.

6. Soft MIPID-PHY HSusing sysl/Ois supported with SLVS input and output that can be placed in banks with Vccio voltage shown
inSLVS.D-PHY withHS and LP modes supported needsto be placedin banks with Vcciovoltage=1.2 V. SoftMIPI D-PHY LPinput
and output using sysl/O are supported with LVCMOS12.

7.  Vcao=1.35Visonly supported in Bank 3, Bank 4, and Bank 5, for use with DDR3L interface in the bank. These Input and Output
standards can fitinto the same bank with the Vccio =1.35 V.

8. LVCMOS15inputusesVcciosupplyvoltage. If Vceiois 1.8V, the DClevels for LVCMOS15 are stillmet, butthere could beincrease
in input buffercurrent.

3.11. sysl/O Single-Ended DC Electrical Characteristics

Table 3.13. sysl/O DC Electrical Characteristics — Wide Range I/0 (Over Recommended Operating Conditions)

Input/Output ' Viu' VoL Max Vou Min?
lo(mA lon(mA
Standard Min (V) Max (V) Min (V) Max (V) V) V) o(mA) on(mA)
-2,-4,-8
LVTTL33 0.4 Vccio-0.4 | 2,4,8,12 "o
-12
LVCMOS33 0.8 2.0 3.465
0.2 Vccio-0.2 0.1 0.1
-2,-4,-8
0.4 Vccio—04 | 2,4,8,10 o
LVCMOS25 0.7 1.7 2.625 -10
0.2 Vccio—-0.2 0.1 0.1
0.4 Veeio—0.4 2,4,8 -2,-4,-8
LVCMOS18 0.35 *Vcceio| 0.65* Vecio 1.9
0.2 Vccio—-0.2 0.1 0.1
0.4 Vecio—0.4 2,4 2,48,
LVCMOS15 0.35 *Vccio| 0.65* Vecio 1.575 -12
0.2 Vccio—-0.2 0.1 0.1
0.4 Vecio-0.4 2,4 2,4, 8,
LVCMOS12 0.35 *Vceio| 0.65* Vecio 1.26 -12
0.2 Vceio-0.2 0.1 0.1
LVCMOS10 0.3*Vccio| 0.7 *Vcecio 1.05 No O/P Support
Notes:

1. Vccioforinputlevel referstothe supply raillevel associated withagiven input standard or the upstreamdriver Vcciorail levels.

2. Vccio for the output levels refer to the Vccio of the Certus-NX device.

3. Forelectro-migration, the combined DC current sourced or sinked by /O pads between two consecutive VCCIO or GND pad
connections, orbetweenthelastVCCIO or GNDinanl/Obankand the end ofan I/O bank, as showninthe Logic Signal
Connectionstable (alsoshownas|/Ogrouping) shallnotexceedamaximumofn*8mA. nisthenumberof /O padsbetween
the two consecutive bank VCCIO or GND connections or between the last VCCIO and GND in a bank and the end of abank. I/O
Grouping can be found inthe Data Sheet Pin Summary Tables, which can also be generated from the Lattice Radiant software.
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Table 3.14. sysl/O DC Electrical Characteristics — High Performance I/0O (Over Recommended Operating Conditions)

Input/Output V' Vin' VoL Max Von Min?
| A | A
Standard Min (V) Max (V) Min (V) Max (V) (V) ) oL (mA) oH (MA)
-2,-4,-8
35* 0.4 Vecio—-04 | 2,4,8,12 LT
LVCMOS18H (\)/35 0.65 * Vccio 1.9 -12
ceo 0.2 Vccio—0.2 0.1 0.1
35 % 0.4 Vccio—-0.4 2,4,8 -2,-4,-8
LVCMOS15H 0.35 0.65 *Vceiol 1.575
Veeio 0.2 Vceio—0.2 0.1 -0.1
0.35 * 0.4 Vccio—-0.4 2,4,8 -2,-4,-8
LVCMOS12H 0.65 * Vccio 1.26
Vecio 0.2 Veeio—-0.2 0.1 -0.1
.25*
025 0.75*Vccio 2,4 -2, -4
LVCMOS10H 0.3*Vceio| 0.7*Vecio|  1.05 Vecio
0.1 Vceio—-0.1 0.1 -0.1
SSTL15_| VRer— 0.10 VRer+ 0.1 1.575 0.30 Vceio-0.30 7.5 -7.5
SSTL15 1l VRer—0.10 VRer+ 0.1 1.575 0.30 Vccio-0.30 8.8 -8.8
HSTL15 | VRer—0.10 Vrer+ 0.1 1.575 0.40 Vccio—-0.40 8 -8
SSTL135 | VRer—0.09 | Vrer+ 0.09 1.418 0.27 Vcecio-0.27 6.75 —6.75
SSTL135_1I VRer—0.09 | VRer+ 0.09 1.418 0.27 Vccio - 0.27 8 -8
LVCMOS10R VRer—0.10 | Vrer+ 0.10 1.05 — — — —
8.8, 7.5, -8.8, -7.5,
HSUL12 VRep-0.10 | VRer+ 0.10 1.26 0.3 Vceio-0.3 6.25 5 6.25, 5
Notes:

1. Vccioforinputlevel refersto the supply rail level associated with a given input standard or the upstream driver Vcciorail levels.

2. Vccio for the output levels refer to the Vccio of the Certus-NX device.

Table 3.15. I/0 Resistance Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Output Drive Resistance when 50RS _
50RS Drive Strength Selected Vcco=18V,25V,0r3.3V 50 Q
R Input Differential Termination Bank 3, Bank 4, and Bank 5, for I/O 100 0
DIFF Resistance selected to be differential
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3.12. sysl/O Differential DC Electrical Characteristics

3.12.1. LVDS

LVDSinputbufferon Certus-NXis operating with Vccaux=1.8 Vandindependent of Bank Vccio voltage. LVDS output
buffer is powered by the Bank Vccio at 1.8 V.

LVDS canonlybe supportedinBank 3, Bank4,and Bank 5. LVDS25 outputcan be emulated with LVDS25E in Bank 0,
Bank 1, Bank 2, Bank 6, and Bank 7. This is described in LVDS25E (Output Only) section.

Table 3.16. LVDS DC Electrical Characteristics (Over Recommended Operating Conditions)?*

Parameter | Description Test Conditions Min Typ Max Unit
Vine, Vinm | Input Voltage — 0 — 1.60 \Y
Viem Input Common Mode Voltage Half the sum of the two Inputs 0.05 — 1.552 Vv
VrHD Differential Input Threshold Difference between the two Inputs | +100 — — mV
Iin Input Current Power On or Power Off — — +10 HA
Vou Output High Voltage forVororVom | Rr=100 Q — 1.425 1.60 Vv
VoL Output Low Voltage for Vop or Vom| Rt =100 Q 0.9V | 1.075 — Vv
Vop Output Voltage Differential (Vop - Vom), Rt =100 Q 250 350 450 mV
AVoo Eg\illngeinVoo BetweenHighand . . . 50 mv
Vocm Output Common Mode Voltage (Vop + Vowm)/2, Rt =100 Q 1.125 | 1.25 1.375 \Y
AVocwm ChangeinVocwm, Vocmmax) -Voecmminy | — — — 50 mV
Isas Output Short Circuit Current Vop=0VDriveroutputsshortedto — — 12 mA
each other
AVos Change in Vos betweenHand L | — — — 50 mV
Notes:

1. LVDSinputoroutputare supported in Bank 3, Bank 4, and Bank 5. LVDS input uses Vccaux on the differential input comparator,
and can be located in any Vccio voltage bank. LVDS output uses Vceio on the differential output driver, and can only be located in
bank with Vccio = 1.8 V.

2. Vicmisdepending on VID, input differential voltage, so the voltage on pin cannot exceed Vinpinnminmax) requirements. Vicmmin) =
VINP/ANN(min) + %2 ViD, Viemmax) = ViNpinnmax)— ¥2 Vip. Values in the table is based on minimum Vip of +/- 100 mV.
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3.12.2. LVDS25E (Output Only)

Three sides of the Certus-NX devices, Top, Leftand Right, support LVDS25 outputs with emulated complementary
LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The scheme shown in Figure 3.2 is

one possible solution for point-to-point signals.

Table 3.17. LVDS25E DC Conditions

Parameter Description Typical Unit
Vceio Output Driver Supply (£5%) 2.50 \Y
Zout Driver Impedance 20 Q
Rs Driver Series Resistor (+1%) 158 Q
Re Driver Parallel Resistor (+1%) 140 Q
Rr Receiver Termination (+x1%) 100 Q
Vou Output High Voltage 1.43 \Y
VoL Output Low Voltage 1.07 v
Voo Output Differential Voltage 0.35 \Y
Vewm Output Common Mode Voltage 1.25 v
Zgack Back Impedance 100.5 Q
Inc DC Output Current 6.03 mA
|
VCCIO = 2.5 V {15%) |
| RS=158 ¢
\k | (21%)
—lsma —A
LVCMOS25 | T
| <, RP-1400 RT = 1000
VCCIO = 2.5V (£5%) | < (1) [£13%)
I RS-1580
| {+1%) l
8 mA Q N
LVCMOs25 | |
| Transmission line, Zo = 100 () differential |
ON-chip | OFF-chip QFF-chip | ON-chip

»
- | >

-
-

Figure 3.2. LVDS25E Output Termination Example

v
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3.12.3. SubLVDS (Input Only)

SubLVDSisareduced-voltage formof LVDSsignaling, very similarto LVDS. Itis astandard usedin many cameratypes
ofapplications, and followthe SMIA 1.0, Part 2: CCP2 Specification. Being similarto LVDS, the Certus-NX devices can
supportthesubLVDSinputsignalingwiththe same LVDSinputbuffer. The outputforsubLVDSisimplementedin
subLVDSE/subLVDSEH with a pair of LVCMOS18 output drivers (see SubLVDSE/SubLVDSEH (Output Only) section).

Table 3.18. SubLVDS Input DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Vip InputDifferential 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
1
SubLVDS !
Driver PCE Traces, Connectors or Cables i
= = i
Z0 :(Eil_‘r :
+ E\E . — +
) ) RT = 100 Ohms % !
100 Ohm differential = 1%" h
_ F ™ _
L Z0 =E :
= = :
-+ i .

Off-chip | On-chip

Figure 3.3. SubLVDS Input Interface

3.12.4. SubLVDSE/SubLVDSEH (Output Only)

SubLVDS output uses apair of LVCMOS18 drivers with True and Complement outputs. The VCCIO ofthe bank used for
subLVDSE or subLVDSEH needs to be powered by 1.8V. SubLVDSE is for Bank 0, Bank 1, Bank 2, Bank 5, and Bank 6; and
subLVDSEH is for Bank 3, Bank 4, and Bank 5.

Performance of the subLVDSE/subLVDSEH driver is limited to the performance of LVCMOS18.
Table 3.19. SubLVDS Output DC Electrical Characteristics (Over Recommended Operating Conditions)

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
VCCIO=+18V PCB Traces, Connectors or Cables

o

Rs = 267 Ohms Z0=50
+-1%
w %j

Rp = 121 Ohms ; =
—1% 100 Ohm differential

SubLVDS Output
SubLVDSE
SubLVDSEH

RTI= i
SubLVDS Receiver;

4 2%%%
Rs =267 Ohms
+#-1% I Z0 =50

R «—

—

: ! )
Off-chip Off-chip | On-chip
1

N

Figure 3.4. SubLVDS Output Interface
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3.12.5. SLVS

Scalable Low-Voltage Signaling (SLVS)isbased onapoint-to-pointsignaling method definedinthe JEDEC JESD8-13
(SLVS-400) standard. This standard evolved fromthe traditional LVDS standard with smaller voltage swings and alower
common-mode voltage. The 200 mV (400 mV p-p) SLVS swing contributes to a reduction in power.

The Certus-NX devicesreceive SLVS differential input with the LVDS input buffer. This LVDS input bufferis design to
cover wide input common mode range that can meet the SLVS input standard specified by the JEDEC standard.

Table 3.20. SLVS Input DC Characteristics (Over Recommended Operating Conditions)

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

The SLVS output on the Certus-NX device is supported with the LVDS drivers found in Bank 3, Bank 4, and Bank 5. The
LVDS driver on the Certus-NX device is a current controlled driver. It can be configured as LVDS driver, or configured
withthe 100 Qdifferential termination with center-tap setto Vocmat200 mV. This means the differential outputdriver
can be placed into bank with Vccio=1.2V, 1.5V, or 1.8V, even ifitis powered by Vccio.

Table 3.21. SLVS Output DC Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
1.2,
1.5,
Vceio Bank Vccio — 5% 18 + 5% Vv
Vop Output Differential Voltage Swing | — 140 200 270 mV
Vocwm Output Common Mode Voltage Half the sum of the two Outputs 150 200 250 mV
Zos Single-Ended Output Impedance | — 40 50 62.5 Q
: S5LV5 Receiver
X :1:u‘.|-: Diff
W T +
S5LVS :
x-'*'\.'
I
|
I
I
O Chip |
: 5LVS Driver
I
I
l +
VDS :
I
I

Figure 3.5. SLVS Interface
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3.12.6. Soft MIPI D-PHY

When Soft D-PHY isimplemented inside the FPGA logic, the I/O interface needs to use sysl/O buffers to connectto
external D-PHY pins.

The Certus-NXsysl/O provides supportof SLVS, asdescribedin SLVSsection, plusthe LVCMOS12input/outputbuffers
togetherto supportthe High Speed (HS) and Low Power (LP) mode as defined in MIP1 Alliance Specification for D-PHY.
TosupportMIPID-PHY with SLVS (LVDS)and LVCMOS12, the bank Vcciocannotbe setto 1.5Vor 1.8 V. Ithasto
connectto 1.2V, or1.1V.

Allother 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.

LVCMOS12
LP Data_P
LPenable
HSenable——— MIPI Receiver
100 Diff
+ 10 EE— 4 +
HS Data Z0=50 @
10 M— r's -
SLVS
LPenable —’\‘\
LP Data_N
‘ LVCMOS12
MIPI_LP_RX
‘ On-Chip
RXLP_P ‘
MIPI Driver
+ ' — +
HS Data H Z0=50
Yo E— -
LVDS
MIPI_LP_RX ‘

RXLP_N ‘ ‘

Figure 3.6. MIPI Interface
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Table 3.22. Soft D-PHY Input Timing and Levels

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

Vemrx(@oe) Common-mode Voltage in High Speed Mode — 70 — 330 mV
VipTH Differential Input HIGH Threshold — 70 — — mV
VipTL Differential Input LOW Threshold — — — -70 mV
VinHs 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

EYERATH Common-mode Interference (>450 MHz) — — — 100 mV
SYEMTRs | common-mode Interference (50MHz-450MHz) | — -50 — 50 mV
Cem Common-mode Termination — 60 pF
Low Power (Single-Ended) Input DC Specifications

ViH Low Power Mode Input HIGH Voltage — 740 — — mV
Vi Low Power Mode Input LOW Voltage — — — 550 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
Contention Detector (LP-CD) DC Specifications

Vinep Contention Detect HIGH Voltage — 450 — — mV
ViLeo Contention Detect LOW Voltage — — — 200 mV

Notes:

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

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

High Speed Differential Rterm is enabled when both De and Dn are below this voltage.

pwDN
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Table 3.23. Soft D-PHY Output Timing and Levels

Symbol | Description Conditions Min | Typ | Max | Unit
High Speed (Differential) Output DC Specifications
Vemrx Common-mode VoltageinHighSpeedMode | — 150 200 250 mV
VemrxMismatch Between Differential HIGH —
IAVeumaol and LOW - B S mv
[ Vool Output Differential Voltage ll\lDl'PHY'P ~D-PHY- 140 200 | 270 mv
Voo | Vop Mismatch Between Differential HHGH and — . B 10 mv
LOwW
VoHHs Single-Ended Output HIGH Voltage — — — 360 mV
Zos Single Ended Output Impedance — 50 Q
ANos Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications
AVemx(Lr Common-Mode Variation,50MHz—450MHz | — — — 25 MVrus
AVemrxHr Common-Mode Variation, above 450 MHz | — — — 15 MVrus
0.08 Gbps<tr<1.00 . . 0.30 Ul
¢ Output 20% - 80% Rise Time Gbps :
R Output 80% - 20% Fall Time 1.00Gbps<tr<1.50 0.35 ul
Gbps '
0.08 Gbps<tr<1.00 N . 0.30 Ul
Gbps '
tr Output Data Valid After CLK Output b
1.00Gbps<tr<1.50 . . 035 Ul
Gbps '
Low Power (Single-Ended) Output DC Specifications
Von Low Power Mode Output HIGH Voltage 0.08Gbps—-1.5Gbps 11 1.2 1.3 Vv
VoL Low Power Mode Input LOW Voltage — -50 — 50 mV
Zoip Output Impedance in Low Power Mode — 110 — — Q
Low Power (Single-Ended) Output AC Specifications
trip 15% - 85% Rise Time — — — 25 ns
trLp 85% - 15% Fise Time — — — 25 ns
tReOT HS—LPModeRiseandFall Time,30%-85% | — — — 35 ns
1stLP XORClock
Pulse after STOP
. . 40 — — ns
Tip-puLse-Tx Pulse Width of the LP Exclusive-OR Clock | State orLastPulse
before STOP State
All Other Pulses 20 — — ns
TLp-PER-TX Period of the LP Exclusive-OR Clock — 90 — — ns
Croap Load Capacitance — 0 — 70 pF
Table 3.24. Soft D-PHY Clock Signal Specification
Symbol Description Conditions Min ‘ Typ | Max ‘ Unit
Clock Signal Specification
ul —
Instantaneous | ©'™NST - — | 123 ns
o — -10% — 10% ul
Ul Variation AUI
— -5% — 5% ul

www.latticesemi.com/legal



http://www.latticesemi.com/legal

Table 3.25. Soft D-PHY Data-Clock Timing Specifications

= LATTICE

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[TX] Data to Clock Skew

1.00 Gbps < Tskew(rx]

< 1.50 Gbps -0.20 — 0.20 | Ulinst

0.08 Gbps<Tskew[tLis] ) .

< 1.00 Gbps 0.20 0.20 | Ulinst
Tskew[tLis] Data to Clock Skew 100Gh =

. pPS<1skew[TLIs] B _

< 1.50 Gbps 0.10 0.10 | Ulinst

0.08 Gbps <

TseTUPRX] 0.15 - - ul
TSETUPRX] Input Data Setup Before CLK < 1.00 Gbps

1.00 Gbps <

TseTUPRX] 0.20 - - ul

<1.50 Gbps

0.08 Gbps < ThoLprx]

< 1.00 Gbps 0.15 vl
THOLD[RX] Input Data Hold After CLK

1.00 Gbps < THoLD[RX] 0.20 . _ ul

<1.50 Gbps '

3.12.7. Differential HSTL15D (Output Only)

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

3.12.8. 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. Allallowable single-ended output classes (class|
and class Il) are supported.

3.12.9. Differential HSUL12D (Output Only)

Differential HSUL is used for differential clock in LPDDR2/LPDDR3 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.

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

Differential LVCMOS and LVTTL outputs areimplemented as a pair of complementary single-ended outputs. All
allowable single-ended output drive strengths are supported.
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3.13. Certus-NX Maximum sysl/O Buffer Speed

Over recommended operating conditions.

Table 3.26. Certus-NX Maximum 1/0 Buffer Speed > > %7

Buffer ‘ Description Banks Max Unit
Maximum sysl/O Input Frequency
Single-Ended
LVCMOS33, Vceio = 3.3V, csfBGA121, 0,1,2,6,7 200 MHz
LVCMOS33 caBGA256 .
LVCMOS33, Vccio =3.3V, caBGA196 with [ 0,1,2,6,7 100 MHz
medium slew rate
LVTTL33 LVTTL33, Vccio=3.3V 0,1,2,6,7 200 MHz
LVCMOS25, Vecio= 2.5V, csfBGA121, 0,1,2,6,7 200 MHz
caBGA256
LVEMOS25 LVCMOS25, Vo =2.5V, caBGA196 with | 0,1,2,6,7 100 MHz
medium slew rate
LVCMOS18, Vccio= 1.8V, csfBGA121, 0,1,2,6,7 200 MHz
caBGA256
LVCMOS18° -
LVCMOS18, Vccio =1.8 V, caBGA196 with [ 0,1,2,6,7 100 MHz
medium slew rate
LVCMOS18, Vccio= 1.8V, csfBGA121, 3,4,5 200 MHz
caBGA256
LVCMOS18H -
LVCMOS18, Vccio =1.8 V, caBGA196 with 3,4,5 100 MHz
medium slew rate
LVCMOS15° LVCMOS15, Vecio=15V 0,1,2,6,7 100 MHz
LVCMOS15H° LVCMOS15, Veccio=15V 3,4,5 150 MHz
LVCMOS12° LVCMOS12, Vecio=1.2V 0,1,2,6,7 50 MHz
LVCMOS12H° LVCMOS12, Vecio=1.2V 3,4,5 100 MHz
LVCMOS10° LVCMOS 1.0, Vecio=1.2V 0,1,2,6,7 50 MHz
LVCMOS10H> LVCMOS 1.0, Vccio=1.0V 3,4,5 50 MHz
LVCMOS10R LVCMOS 1.0, Vccio independent 3,4,5 50 MHz
SSTL15_|, SSTL15_lI SSTL_15,Vccio=15V 3,4,5 1066 Mbps
SSTL135_1, SSTL135_lI SSTL_135,Vcecio=1.35V 3,4,5 1066 Mbps
HSUL12 HSUL_12, Vecio=1.2V 3,4,5 1066 Mbps
HSTL15 HSTL15, Vecio=15V 3,4,5 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vccio= 1.2V 3,4,5 10 Mbps
Differential
LVDS LVDS, VccioindependentQFN72,caBGA256, 3,4,5 1250 Mbps
csBGA289, and caBGA400
LVDS, Vccio independent csfBGA121 3,4,5 1500 Mbps
subLVDS subLVDS, Vccio independent QFN72, 3,4,5 1250 Mbps
caBGA256, csBGA289, and caBGA400
subLVDS, Vccio independent csfBGA121 3,4,5 1500 Mbps
SLVS SLVS similar to MIPI HS, Vccio independent 3,4,5 1250 Mbps
caBGA196, caBGA256
SLVS similar to MIPI HS, Vccio independent 3,4,5 1500 Mbps
csfBGA121
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MIPI D-PHY (HS Mode) MIPI, High SpeedMode, Vccio=1.2V 3,4,5 1250 Mbps
caBGA196, caBGA256
MIPI,High SpeedMode, Vccio=1.2V 3,4,5 15008 Mbps
csfBGA121
SSTL15D Differential SSTL15, Vccio independent 3,45 1066 Mbps
SSTL135D Differential SSTL135, Vccio independent 3,4,5 1066 Mbps
HUSL12D Differential HSUL12, Vccio independent 3,45 1066 Mbps
HSTL15D Differential HSTL15, Vccio independent 3,45 250 Mbps
Maximum sysl/O Output Frequency
Single-Ended
LVCMOS33 (all drive strengths) LVCMOS33, Vccio=3.3V 0,1,2,6,7 200 MHz
LVCMOS33 (RS50) LVCMOS33, Vccio=3.3V,Rseres =50Q [ 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, Vccio=3.3V, Rseries =50 Q 0,1,2,6,7 200 MHz
LVCMOS25 (all drive strengths) LVCMOS25, Vceip=2.5V 0,1,2,6,7 200 MHz
LVCMOS25 (RS50) LVCMOS25, Vecio=2.5V, Rseres =50Q | 0,1,2,6,7 200 MHz
LVCMOS18 (all drive strengths) LVCMOS18, Vccio=1.8V 0,1,2,6,7 200 MHz
LVCMOS18 (RS50) LVCMOS18, Vccio=1.8V,Rseres=50Q [ 0,1,2,6,7 200 MHz
LVCMOS18H (all drive strengths) LVCMOS18, Vccio=1.8V 3,4,5 200 MHz
LVCMOS18H (RS50) LVCMOS18, Vceio = 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, Vcecio=15V 3,4,5 150 MHz
LVCMOS12 (all drive strengths) LVCMOS12, Vecio=1.2V 0,1,2,6,7 50 MHz
LVCMOS12H (all drive strengths) LVCMOS12, Veeip=1.2V 3,4,5 100 MHz
LVCMOS10H (all drive strengths) LVCMOS12, Veeip=1.2V 3,4,5 50 MHz
SSTL15 |, SSTL15 I SSTL_15,Vccio=15V 3,4,5 1066 Mbps
SSTL135 I, SSTL135 I SSTL_135, Vccio=1.35V 3,4,5 1066 Mbps
HSUL12 (all drive strengths) HSUL_12, Vegio=1.2V 3,4,5 1066 Mbps
HSTL15 HSTL15, Veeio=15V 3,4,5 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vccio=1.2V 3,4,5 10 Mbps
Differential
LVDS LVDS, Vccio = 1.8 V QFN72, caBGA256, 3,4,5 1250 Mbps
csBGA289, and caBGA400
LVDS, Vccio = 1.8 V ¢csfBGA121 3,4,5 1500 Mbps
LVDS25E® LVDS25, Emulated, Vccio = 2.5 V 0,1,2,6,7 400 Mbps
SubLVDSE® subLVDS, Emulated, Vccio =1.8V 0,1,2,6,7 400 Mbps
SubLVDSEHS subLVDS, Emulated, Vccio = 1.8V 3,4,5 800 Mbps
SLVS SLVS similar to MIPI, Vccio =1.2V Mbps
caBGA196, caBGA256 3,45 1250 P
SLVS similarto MIPI, Vccio=1.2V 3.4.5 1500 Mbps
csfBGA121 T
MIPI D-PHY (HS Mode) MIPI,High Speed Mode, Vccio=1.2V 345 1250 Mbps
caBGA196, caBGA256 T
lt/lslfF;(,Bl—Xgiglspeed Mode, Vccio=1.2V 3,45 15008 Mbps
SSTL15D Differential SSTL15, Vccio = 1.5V 3,4,5 1066 Mbps
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SSTL135D Differential SSTL135, Vccio =1.35V 3,45 1066 Mbps

HUSL12D Differential HSUL12, Vccio = 1.2V 3,45 1066 Mbps

HSTL15D Differential HSTL15, Vccio = 1.5V 3,45 250 Mbps
Notes:

1. Maximuml/Ospeedisthe maximumswitchingrate ofthe I/Ooperatingwithinthe guidelines ofthe defining standard. The
actualinterface speed performance usingthe /0O also depends on otherfactors, such asinternaland external timing.

2. These numbers are characterized but not test on every device.

3. Performance is specified in MHz, as defined in clock rate when the sysl/O is used as pin. For data rate performance, this can be
converted to Mbps, which equals to 2 times the clock rate.

4. LVCMOS and LVTTL are measured with load specified in Table 3.41.

5.  These LVCMOS inputs can be placed in different Vccio voltage. Performance may vary. Please refer to Lattice Design Software

6. Theseemulated outputs performance is based on externally properly terminated as described in LVDS25E (Output Only) and
SubLVDSE/SubLVDSEH (Output Only).

7. All speeds are measured with fast slew, except caBGA196 with medium slew.

8. Subject to verification when package becomes available.

3.14. Typical Building Block Function Performance

These building block functions can be generated using Lattice Design Software Tool. Exact performance may vary with
thedeviceandthedesignsoftwaretoolversion. Thedesignsoftwaretoolusesinternal parametersthathave been
characterized but are not tested on every device.

Table 3.27. Pin-to-Pin Performance

Function Typ.l(.éz \\IICC - Unit
16-Bit Decoder (I/0 configured with LVCMOS18, Left and Right Banks) 7.1 ns
16-Bit Decoder (1/0 configured with HSTL15_I, Bottom Banks) 5.2 ns
16:1 Mux (I/O configured with LVCMOS18, Left and Right Banks) 7.9 ns
16:1 Mux (I/O configured with HSTL15_1I, Bottom Banks) 6 ns

Note: These functions are generated using 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 3.28. Register-to-Register Performance

Function Typ.fz \\IICC B Unit
Basic Functions

16-Bit Adder 5002 MHz
32-Bit Adder 407 MHz
16-Bit Counter 325 MHz
32-Bit Counter 303 MHz
Embedded Memory Functions

512 x 36 Single Port RAM, with Output Register 5002 MHz
1024 x 18 True-Dual Port RAM using same clock, with EBR Output Registers 5002 MHz
1024x 18 True-Dual PortRAM using asynchronous clocks, with EBR Output Registers 5002 MHz
Large Memory Functions

32K x 32 Single Port RAM, with Output Register 1472 MHz
32K x 32 Single Port RAM with ECC, with Output Register 1162 MHz
32K x 32 True-Dual Port RAM using same clock, with EBR Output Registers 340 MHz
Distributed Memory Functions
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Function Typ.l(.é()) \\IICC - Unit
16 x 4 Single Port RAM (One PFU) 5007 MHz
16 x 2 Pseudo-Dual Port RAM (One PFU) 5007 MHz
16 x 4 Pseudo-Dual Port (Two PFUS) 5007 MHz
DSP Functions

9 x 9 Multiplier with Input Output Registers 351 MHz
9 x 9 Multiplier with Input/Pipelined/Output Registers 218 MHz
18 x 18 Multiplier with Input/Output Registers 248 MHz
18 x 18 Multiplier with Input/Pipelined/Output Registers 191 MHz
36 x 36 Multiplier with Input/Output Registers 190 MHz
36 x 36 Multiplier with Input/Pipelined/Output Registers 119 MHz
MAC 9 x 9 with Input/Output Registers 206 MHz
MAC 9 x 9 with Input/Pipelined/Output Registers 223 MHz

Notes:

1. The Clock portis configured with LVDS I/O type. Performance Grade: 9_High-Performance_1.0V.

2. Limited by the Minimum Pulse Width of the component

3. Thesefunctions are generated using Lattice Radiant Design Software tool. Exact performance may vary with the device and the
designsoftwaretoolversion. The design software toolusesinternal parameters thathave been characterized butare not
tested on everydevice.

4. Forthe Pipelined designs, the number of pipeline stages used are 2.

3.15. Derating Timing Tables

Logictiming providedinthefollowing sections ofthisdatasheetandthe Lattice Radiantdesigntoolsareworstcase
numbers in the operating range. Actual delays at nominal temperature and voltage for best case process, can be much
better thanthe values giveninthetables. The Lattice Radiantdesigntool can provide logictiming numbers ata
particular temperature andvoltage.

3.16. Certus-NX External Switching Characteristics

Over recommended commercial operating conditions.

Table 3.29. Certus-NX External Switching Characteristics (Vcc = 1.0 V)

-9 -8 —7
Parameter Description - - - Unit
Min | Max Min | Max Min Max

Clocks

Primary Clock

fmAX_PRI Frequency for Primary Clock — 400 — 325.2 — 276 MHz

tw PRI Clc_)ck Pulse Width for 0.8 _ 0.8 _ 0.8 _ ns
Primary Clock

tskew PRI Prlm_aryCIockSkewwlthln a _ 450 _ 554 _ 653 ps
Device

Edge Clock

fuax_epce Frequency for Edge Clock _ 800 _ 650.4 _ 551.7 MHz
Tree

tw_EpGE Clock Pulse Widthfor Edge 0.588 _ 0.723 _ 0.852 — ns
Clock

tskew_EDGE Edgg Clock Skew Within a _ 120 _ 148 _ 174 ps
Device
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Parameter Description - - - Unit
Min Max Min Max Min Max
Generic SDR Input
General 1/0 Pin Parameters Using Dedicated Primary Clock Input without PLL
Clock to Output - PIO
tco OUtpUt Register — 5.40 — 6.64 — 7.83 ns
ClocktoData Setup-PIO
tsu Input Register 0 - 0 - 0 - ns
t Clockto DgtaHoId-PIO 270 . 3.32 . 3.92 . ns
Input Register
Clock to Data Setup - PIO
tsu_pEL Input Register with Data 1.20 — 1.48 — 1.74 — ns
Input Delay
Clock to Data Hold - PIO
tH_pEL Input Register with Data 0 — 0 — 0 — ns
Input Delay
General I/0 Pin Parameters Using Dedicated Primary Clock Input with PLL
tcopLL Clock to Out_put - PIO i 3.80 . 467 . 551 ns
Output Register
tsupLL Clockto De_ltaSetup- PIO 0.85 . 1.05 . 123 . ns
Input Register
thpLL Clockto DataHoId-PIO 098 . 121 . 142 . ns
Input Register
tsu_peLpLL Clock to Data Setup - PIO
Input Register with Data 1.95 — 2.40 — 2.83 — ns
Input Delay
tH_DELPLL Clock to Data Hold - PIO
Input Register with Data 0 — 0 — 0 — ns
Input Delay
General I/0 Pin Parameters Using Dedicated Edge Clock Input without PLL
¢ Clock to Output - PIO . i i ns
co Output Register
ClocktoData Setup-PIO
tsu Input Register - 0 - 0 - ns
t Clockto DataHold-PIO . o . ns
Ho Input Register
Clock to Data Setup - PIO
tsu_peL Input Register with Data — — — ns
Input Delay
Clock to Data Hold - PIO
tH_DEL Input Register with Data 0 — 0 — 0 — ns
Input Delay
General 1/0 Pin Parameters Using Dedicated Edge Clock Input with PLL
¢ Clock to Output - PIO . N N ns
COPLL Output Register
¢ ClocktoData Setup-PIO . . i ns
SUPLL Input Register
¢ ClocktoDataHold-PIO . . . ns
HPLL Input Register
Clock to Data Setup - PIO
tsu_peLpLL Input Register with Data — — — ns
Input Delay
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-9 -8 -7
Parameter Description - - - Unit
Min Max Min Max Min Max
Clock to Data Hold - PIO
tH_DELPLL Input Register with Data 0 — 0 — 0 — ns
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 -
Figure 3.7 and Figure 3.9

tsu_GDDR1 Input Data Setup Before CLK 0.5%0 — 0.550 — 0.648 — ns
- 0.275 — 0.275 — 0.275 — Ul
tHo_GDDR1 Input Data Hold After CLK | 0.550 — 0.550 — 0.648 — ns
Output Data Valid After CLK 0.700 — 0.631 — 0.744 — ns
tbve_GDDR1
Output -0.300 — -0.369 | — |-0435| — ns + 1/2 Ul
S Output DataValid After CLK | 0.700 — 0.631 — 0.744 — ns
- Output -0.300 — -0.369 | — |-0435| — ns + 1/2 Ul
fDATA_GDDRXL Input/Output Data Rate — 500 — 500.0 — 424 Mbps
fMAXﬁGDDRXl Frequency of PCLK — 250 — 250 — 212 MHz
1, Ul Half of DataBit Time, or 90 — . 1.000 . 1179 . ns
degree
Output TX to Input RX Margin per Edge 0.150 — 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 -
Figure 3.8 and Figure 3.10
— -0.550 — —-0.550 — -0.648 | ns + 1/2 Ul
tova_GDDR1 Input Data Valid After CLK — 0.450 — 0.450 — 0.530 ns
— 0.225 — 0.225 — 0.225 Ul
0.550 — 0.550 — 0.648 — ns + 1/2 Ul
tbvE_GDDRL Input Data Hold After CLK | 1.550 — 1.550 — 1.827 — ns
0.775 — 0.775 — 0.775 — Ul
toia_cooR1 83&’%32&3 invalid After — | o030 | — |o0369| — | 0435 ns
toiB_GODRI 83&5%3%'”"6‘“" Before — 030 | — |o0369| — | 0435 ns
foaTA_GDDRX1 Input/Output Data Rate — 500 — 500 — 424 Mbps
fvax_GDDRX1 Frequency for PCLK — 250 — 250 — 212 MHz
1, Ul Halfof DataBit Time, or90 1.000 . 1.000 . 1179 i ns
degree
Output TX to Input RX Margin per Edge 0.150 — 0.081 — 0.095 — ns

Generic DDRX2 Inputs/Outputs with Clock and Dat
Figure 3.7 and Figure 3.9

a Centered at Pin (GDDRX2_RX/TX.ECLK.Centered) u

sing PCLK Clock Input -

tsu_GDDRX2 Data Setup before CLK Input 0.150 — 0.150 — 0.177 — ns
- 0.150 — 0.150 — 0.150 — Ul
tHo_GDDRX2 Data Hold after CLK Input | 0.150 — 0.150 — 0.177 — ns
fove GODRX? Output Data Valid Before 0.380 — 0.352 — 0.415 — ns
- CLK Output -0.120 — -0.148 — | -0.174 — ns + 1/2 Ul
ovA_GOORX2 Output DataValid After CLK | 0.380 — 0.352 — 0.415 — ns
- Output -0.120 — -0.148 | — |-0.174| — ns + 1/2 Ul
foaTA_GDDRX2 Input/Output Data Rate — 1000 — 1000 — 848 Mbps
fumAX_GDDRX2 Frequency for ECLK — 500 — 500 — 424 MHz
1 Ul g:gr‘;feDataB'tT'me'orgo 0.500 — 0500 | — | 0589 | — ns
frcLk PCLK frequency — 250.0 — 250.0 — 212.1 MHz
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Min Max Min Max Min Max
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
tDVA_GDDRXZ Input Data Valid After CLK —_ 0.225 —_ 0.225 —_ 0.265 ns
— 0.225 — 0.225 — 0.225 Ul
0.275 — 0.275 — 0.324 — ns + 1/2 Ul
tDVE_GDDRXZ Input Data Hold After CLK 0.775 —_ 0.775 —_ 0.914 —_ ns
0.775 — 0.775 — 0.775 — Ul
toia_GDDRX2 83:2%323 Invalid After — 0.120 — 0.148 — 0.174 ns
tois_GDDRX2 83&5%3213:'“\/6‘“(1 Before — 0.120 — 0.148 — 0.174 ns
foaTA_GDDRX2 Input/Output Data Rate — 1000 — 1000 — 848 Mbps
fMAX_GDDRXZ Frequency for ECLK _ 500 —_ 500 —_ 424 MHz
v, Ul Halfof DataBitTime,or90 0.500 . 0.500 . 0589 . ns
degree
frcLk 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 Dat
Figure 3.7 and Figure 3.9 (for csfBGA Package Only

)

a Centered at Pin (GDDRX4_RX/TX.ECLK.Centered) u

sing PCLK Clock Input -

N Input Data Set-Up Before 0.133 — 0.167 — 0.193 — ns
- CLK 0.200 — 0.200 — 0.200 — ul
tHo_GDDRxX4 Input Data Hold After CLK 0.133 — 0.167 — 0.193 — ns
ove CoORA Output Data Valid Before 0.213 — 0.269 — 0.309 —
- CLK Output -0.120 — -0.148 — |-0a74| —
tbova_GDDRX4 Input/Output Data Rate 0.213 — 0.269 — 0.309 —
- -0.120 — -0.148 — -0.174 —
foATA_GDDRx4 Frequency for ECLK — 1500 — 1200 — 1034 Mbps
fMAXfGDDRX4 PCLK frequency — 750.0 — 600 — 517 MHz
v, Ul Halfof DataBitTime,or90 0333 i 0417 . 0.483 i ns
degree
frer Input Data Set-Up Before _ 1875 | — | 1500 | — | 1203 MHz
CLK
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 (for csfBGA Package Only)

— -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
Output Data Invalid After — — —
toia_GDDRX4 CLIE Output 0.120 0.148 0.17 ns
Output Data Invalid Before — — —
tpis_GDDRX4 CLIE Output 0.120 0.148 0.174 ns
foaTA_GDDRX4 Input/Output Data Rate — 1500 — 1200 — 1034 Mbps
fmax_GDDRX4 Frequency for ECLK — 750 — 600 — 517 MHz
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Parameter Description - - - 8 - 7 Unit
Min Max Min Max Min Max
v, Ul Halfof DataBitTime, or90 0333 . 0.417 . 0.483 i ns
degree
fecik 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 (for csfBGA Package Only)
N Input Data Set-Up Before 0.160 — 0.167 — 0.200 — ns
- CLK 0.200 — 0.200 — 0.200 — ul
tHO_GDDRXS Input Data Hold After CLK | 0.160 — 0.167 — 0.200 — ns
twiNDOW_GDDRX5C Input Data Valid Window 0.320 — 0.333 — 0.400 — ns
{OVE GDDRXS Output Data Valid Before 0.280 — 0.269 — 0.326 — ns
- CLK Output -0.120 — -0.148 | — |-0.174| — ns+1/2Ul
{bova GODRYS OutputDataValid After CLK 0.280 — 0.269 — 0.326 — ns
B Output -0.120 — -0.148 | — |-0.174| — ns+1/2U1
foaTA_GDDRX5 Input/Output Data Rate — 1250 — 1200 — 1000 Mbps
fMAX_GDDRXS Frequency for ECLK — 625 — 600 — 500 MHz
v, Ul HalfofDataBit Time, or90 0.400 . 0417 . 0.500 . ns
degree
fecLk 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 (for csfBGA Package Only)
— -0.220 — -0.229 — —-0.275 | ns+1/2 Ul
tbvA_GDDRXS5 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_GDDRXS5 Input Data Hold After CLK | 0.620 — 0.646 — 0.775 — ns
0.775 — 0.775 — 0.775 — ul
twiINDOW_GDDRX5A Input Data Valid Window 0.440 — 0.458 — 0.550 — ns
tpia_GDDRX5 83?%32:1 Invalid After — 0.120 — 0.148 — 0.174 ns
tbiB_GDDRX5 83:2)%32?['“\/61“(1 Before — 0.120 — 0.148 — 0.174 ns
foATA_GDDRX5 Input/Output Data Rate — 1250 — 1200 — 1000 Mbps
fvmax_GDDRXS Frequency for ECLK — 625 — 600 — 500 MHz
% Ul g:gr‘:eDataB'tT'me'orgo 0400 | — | 0417 | — |os00| — ns
freLk 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 (for csfBGA Package Only)
teu CoDRXA 1P Input Data Set-Up Before 0.133 — 0.167 — 0.193 — ns
- - CLK 0.200 — 0.200 — 0.200 — ul
tHo_GDDRX4_MP Input Data Hold After CLK | 0.133 — 0.167 — 0.193 — ns
) 0.133 — 0.167 — 0.193 — ns
tove_ GoDRYA P 83?%32&1‘1\/&"0' Before  1™5200 | — | 0200 | — |o0200]| — ul
—-0.133 — -0.167 — —-0.193 — ns + 1/2 Ul
foQUA_GODRYAMP Output Data Valid After CLK 0.200 — 0.250 — 0.290 — ns
N - Output -0.133 — -0.167 — 0.193 — ns + 1/2 Ul
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Parameter Description - - - Unit
Min Max Min Max Min Max
foATA_ GODRYE P IFr)lflL\J(t Data Bit Rate for MIPI . 1500 . 1200 . 1034 Mbps
1, Ul Halfof DataBit Time, or90 0333 . 0.417 . 0.483 i ns
degree

fpcLk 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
Input Valid Bit "i" switch — 0.300 — 0.300 — 0.300 Ul
trPBI_DVA from CLK Rising Edge ("i"=0 _ — _
to 6, 0 aligns with CLK) — -0.212 -0.212 —0.249 | ns+(1/2+i)*UI
Input Hold Bit "i" switch 0.700 — 0.700 — 0.700 — Ul
trPBi_DVE from CLK Rising Edge ("i"=0 _ _ _ ]
to 6, 0 aligns with CLK) 0.212 0.212 0.249 ns+(1/2+i)*Ul
Data Output Valid Bit "i"
_ switch from CLK Rising Edge .
trPei_DOV (" = 0 10 6, 0 aligns with — 0.159 — 0.159 — 0.187 ns+i*Ul
CLK)
Data Output Invalid Bit "i"
_ switch from CLK Rising Edge e
treei_pol (" = 0 10 6, 0 aligns with 0.159 — 0.159 — 0.187 — ns+(i+ 1)*Ul
CLK)
tTPBI_skew_UI TX skew in Ul — 0.150 — 0.150 — 0.150 Ul
ts Serial Data Bit Time, = 1Ul| 1.058 — 1.058 — 1.247 — ns
fDATAﬁTX71 DDR71 Serial Data Rate — 945 — 945 — 802 MbpS
fmax_Ttx71 DDR71 ECLK Frequency — 473 — 473 — 401 MHz
feLkin 7:1Clock (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/LPDDR3 READ (DQ Input Data are Aligned to DQS) - Figure 3.8
tbveDQ_DDR3
toveDQ_DDRSL Data Output Valid before _ —0.258 _ _ ns + 1/2 Ul
toveDQ_LPDDR2 DQS Input
toveDQ_LPDDR3
tovaDQ DDR3
tovapQ_DDRL Data Output Valid after DQS 0131 . . . ns + 1/2 Ul
tbvADQ_LPDDR2 Input
{bvaDQ_LPDDR3
foaTA_DDR3 foATA_DDR3L
fDATA_LPDDRZ DDR Memory Data Rate — 1066 — — Mb/s
foaTA_LPDDR3
fMAX_ECLK_DDR3
fMAXfECLKiDDR:%L DDR Memory ECLK _ 533 _ _ MHz
fMAXfECLKiLPDDRZ Frequency
fmax_ECLK_LPDDR3
fwmax_scLk_pbrs
fuax_scLk_pprat DDR Memory SCLK _ 133.3 _ _ MHz
fmax_scLk_LPDDR2 Frequency
fMAX_SCLK_LPDDR3
DDR3/DDR3L/LPDDR2/LPDDR3 WRITE (DQ Output Data are Centered to DQS) - Figure 3.11
thoves_DDR3 Data Output Valid before . —0.235 . _ ns + 1/2 Ul

tboves_DDR3L

DQS Output
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Parameter

Description

Min

Max Min Max Min Max

Unit

tbqves LPDDR2
tbQvBs_LPDDR3

tbqvas_ppr3
tbQvas_DDR3L
tbQvas_LPDDR2
tbQuas LPDDR3

Data Output Valid after DQS
Output

0.235

ns + 1/2 Ul

foata DOR3 foATA DDRAL
foATA_LPDDR?
foATA_LPDDR3

DDR Memory Data Rate

1066 —

Mb/s

fmAX_ECLK_DDR3
fmaX_ECLK_DDRAL
fwaAx_ECLK_LPDDR2
fMAX_ECLK_LPDDR3

DDR Memory ECLK
Frequency

533 —

MHz

fMAX_scLk_DDR3
fmax_scLk_ppRaL
fMAX_SCLK_LPDDR2
fuAx_scLK_LPDDR3

DDR Memory SCLK
Frequency

133.3 —

MHz

Notes:

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

software.

2. Generall/Otiming numbersarebasedonLVCMOS 2.5, 12 mA, Fast Slew Rate, 0 pFload.
Generic DDR timing are numbers based on LVDS 1/O.
DDR3 timing numbers are based on SSTL15.
LPDDR2 and LPDDRS3 timing numbers are based on HSUL12.

Hw

Uses LVDS I/O standard for measurements.
Maximum clock frequencies are tested under bestcase conditions. System performance may vary upon the user environment.

5. Allnumbers are generated with the Lattice Radiant software.

Rx CLK (in)

%tSU/tDVBDQ

tHD/tDVADQ
—

tsu/tovebQ

tHD/tDVADQ

Figure 3.7. Receiver RX.CLK.Centered Waveforms
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12Ul 12Ul

Rx CLK (in) /
or DQS Input 1Vl »

Rx DATA(in)

orDQInput

tsu

A
N
A
V.

A

tHD

Y

tHD

Figure 3.8. Receiver RX.CLK.Aligned and DDR Memory Input Waveforms

1201 . 12Ul L 12Ul 12Ul

<

Tx CLK (out) /
or DQS Output

Tx DATA (out)
or DQ Output

 tove/tooues . tove/toues

tova/toQva tova/toquas

Figure 3.9. Transmit TX.CLK.Centered and DDR Memory Output Waveforms

P 1Ul R

TxCLK (out) - "
tois toB ! 4_
R tm? > IDI;Q

Figure 3.10. Transmit TX.CLK.Aligned Waveforms
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Receiver — Shown for one LVDS Channel

# of Bits 12 3 4 5 6 7T 8 § 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data In
7eembs L2 XX X o)X 12X 3 aX sX e X o)X X3 X XX eX o) X 2)3)4X 5)X 6 ) oX
Clock In 0 1 2, 3 4
108MHz |
Bit # Bit # Bit # Bit #
0x 10-1 20-8 30-15 40-22
For each Channel: O: E_g 21-9 31-16 41-23
7-bit Output Words B 22-10 32-17 42-24
X 0x 13-4 23-11 33-18 43-25
to FPGA Fabric Ox 14-5 24-12 34-19 44-26
0x 15-6 25-13 35-20 45-27
0x 16-7 26-14 36-21 46-28

Transmitter — Shown for one LVDS Channel

#0fBits 12 3 4 5 6 7 8 § 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
il O BB 06 HNDHHE HE DT X O} 23X 4X X EX oX
0 1 2 3 4
ClockOut |
108 MHz J
Bit # Bit # Bit# Bit #
For each Channel: 00—1 10-8 20-15 30-22

. 00-2 11-9 21-16 31-23
7-bit Output WOrds 0-3 12-10 29_17 32-24
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

Figure 3.11. DDRX71 Video Timing Waveforms

Bit 0 Bit 1 Bit i
12Ul 1/2 Ul

/L
7/

CLK (in) 1Ul

DATA (m)jw

tHD_ 0

tsu_i

[
Lat}

tHD_i
-

.

Figure 3.12. Receiver DDRX71_RX Waveforms
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Bit0 Bit 1 Biti
////
1Ul
CLK(out) __
SO -
tbiB_0 R
5 ! toiao

toiB_i

»
»

toiA_i
Figure 3.13. Transmitter DDRX71_TX Waveforms
3.17. Certus-NX sysCLOCK PLL Timing (Vcc=1.0V)
Over recommended operating conditions.
Table 3.30. sysCLOCK PLL Timing (Vcc = 1.0 V)
Parameter Descriptions Conditions Min Typ. Max Units
fin Input Clock Frequency (CLKI, CLKFB) — 10 — 500 MHz
four Output Clock Frequency — 6.25 — 800 MHz
fvco PLL VCO Frequency — 800 — 1600 MHz
\Iﬁmh‘t’,“t S‘fﬁ o 10 | — | 500 | MHz
fprp® Phase Detector Input Frequency rgrc]; lonak-
With SSC or 10 | — | 100 | MHz
Fractional-N
fssc_moo_ster | SpreadSpectrumClockModulationFrequency | — — 0.25 — %
AC Characteristics
45 — 55 %
tor Output Clock Duty Cycle
tpHa Output Phase Accuracy — -5 — 5 %
four = 100 MHz — — 100 S p-
Output Clock Period Jitter o PS PP
four < 100 MHz — — | 0.025 UIPP
) four 2 100 MHz — — 200 ps p-p
topairt Output Clock Cycle-to-Cycle Jitter
four < 100 MHz — — 0.05 UIPP
frrp 2 100 MHZz — — 200 S p-
Output Clock Phase Jitter i PS PP
ferp < 100 MHz — — 0.05 UIPP
. Divider ratio =
tspo Static Phase Offset integer — — 400 ps p-p
. ferp 2 20 MHZ — — MHz
few PLL Loop Bandwidth
frrp < 20 MHZz — — MHz
tLock? PLL Lock-in Time — — — 10 ms
tunLock PLL Unlock Time (from RESET goes HIGH) — — — 50 ns
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Parameter Descriptions Conditions Min Typ. Max Units
ferp 2 20 MHZz — — 500 S p-
tipaiT Input Clock Period Jitter PFo PS pp
ferp < 20 MHZz — — 0.01 UIPP
thi Input Clock High Time 90% to 90% 0.5 — — ns
tlo Input Clock Low Time 10% to 10% 0.5 — — ns
trsT RST/ Pulse Width — — — ms
tRsTREC RST Recovery Time — _ _ ns
fssc_mop Spread Spectrum ClockModulationFrequency | — 20 — 200 kHz
Spread Spectrum Clock Modulation Amplitude
fssc_mop_steP SFt)ep Sizg P - — 0.25 — %

Notes:

1. Jittersampleis taken over 10,000 samples for Period jitter, and 1,000 samples for Cycle-to-Cycle jitter of the primary PLL output
with clean reference clock with no additional I/0 toggling.
2. Output clock is valid after tLock for PLL reset and dynamic delay adjustment.
3. Periodjitter and cycle-to-cycle jitter numbers are guaranteed for fprp > 10 MHz. For ferp < 10 MHz, the jitter numbers may not
be metin certain conditions.

3.18. Certus-NX Internal Oscillators Characteristics

Table 3.31. Internal Oscillators (Vcc = 1.0 V)

Symbol Parameter Description Min Typ Max Unit
feLkme HFOSC CLKK Clock Frequency 405 450 495 MHz
feLkLr LFOSC CLKK Clock Frequency 25.6 38.4 kHz
DCHcikhr HFOSC Duty Cycle (Clock High Period) 45 55 %
DCHcikir LFOSC Duty Cycle (Clock High Period) 45 55 %
3.19. Certus-NX User IC Characteristics
Table 3.32. User I2C Specifications (Vcc = 1.0 V)
Parameter STD Mode FAST Mode FAST Mode Plus?
Symbol Descrioti : - - Units
escription Min Typ Max Min Typ Max Min Typ Max
feal SCL Clock — | = | 100 | — | — | 400 — 1000 kHz
Frequency
Optional delay
ToeLay through delay block | 62 - - 62 - 62 - ns
Notes:

1. Refertothe I2C Specification for timing requirements. User design should set constraints in Lattice Design Software to meet this
industrial 12C Specification.
2. FastMode Plus maximum speed may be achieved by using external pull up resistor on I2C bus. Internal pull up may not be
sufficient to support the maximum speed.
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3.20. Certus-NX Analog-Digital Converter (ADC) Block Characteristics

Table 3.33. ADC Specifications

Capacitance

Symbol Description Condition Min Typ Max Unit
ADC External Reference —
Vrerext apc | Voltage (ADC_REFA or 1.0 — 1.8 \Y
ADC_REFB)
Nres_anc ADC Resolution — — 12 — bits
ENOBabc Effective Number of Bits — — 10.8 — bits
Bipolar Mode Vew_anc — Vewm apc Vewanc + Vv
Vsr_apC ADC Input Range VREFEXT ADC/4 - VREFEXT_ADCI4
Uni-polar Mode 0 — VREFEXT_ADC \
ADC Input Common Mode VREFEXT_ADC
Vem_abc Voltage (for fully differential VRerexT_apcia | VREFEXT_ADCP2 - \%
signals) VREFEXT_ADC/4
fcLk_anc ADC Clock Frequency — 1 25 40 MHz
DCcik_apc ADC Clock Duty Cycle — 48 50 52 %
finpuT_ADC ADC Input Frequency — — — 500 kHz
FSapc ADC Sampling Rate — — 1 — MS/s
NtrACK_ADC ADC Input Tracking Time | — 2 — — cycles
Rin ac ADC.Input Equivalent 1MS/s, Sampled @ 2 clock N 116 . KO
- Resistance cycles
tcaL_apc ADC Calibration Time — — — 6500 cycles
Loutput apc | ADC Conversion Time — 25 — — cycles
DNLeoc Qg;iﬁggteym'a' — -0.9 — 0.9 LSB
INLapc ADC Integral Nonlinearity | — -15 — 15 LSB
SFDRoc ADC Spurious Free Dynamic | 74 77 . dBc
Range
THDAoc ADC Total Harmonic — — 76 73 dB
Distortion
SNRabc ADC Signal to Noise Ratio | — 65.7 67.5 — dB
swomo: | B¢ Sado ke P | s | o | - |
ERRgan_apc | ADC Gain Error — — 0.5 1.0 %
_ FSanc
ERRorrser anc | ADC Offset Error — — 0.5 1.0 %
g FSanc
Cin_aoc ADC Input Equivalent . . 9 . oF
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3.21. Certus-NX Comparator Block Characteristics

Table 3.34. Comparator Specifications

= LATTICE

Symbol Description Min Typ Max Unit
fin_comp Comparator Input Frequency — — 10 MHz
Vin_comp Comparator Input Voltage 0 — Vee apc v
VoFFSET_comp Comparator Input Offset -10 — 10 mv
Vhyst_comp Comparator Input Hysteresis — — 35 mv
VLATENCY_coMP Comparator Latency - _ 30 ns

3.22. Certus-NX Digital Temperature Readout Characteristics

Digital temperature Readout (DTR) is implemented in one of the internal Analog-Digital-Converter (ADC) channel.

Table 3.35. DTR Specifications

Symbol Description Condition Min Typ Max Unit
DTRRranGEe DTR Detect Temperature Range —-40 — 125 ‘C
DTRaccuracy DTR Accuracy 6 — 6 °C
DTRresoution | DTR Resolution -0.3 — 0.3 °C
3.23. Certus-NX Hardened PCle Characteristics
3.23.1. PCle (2.5 Gb/s)
Over recommended operating conditions.
Table 3.36. PCle (2.5 Gb/s)
Symbol | Description Condition Min. Typ. Max. Unit
Transmitter!
ul Unit Interval — 399.88 400 400.12 ps
BWrx Tx PLL bandwidth — 15 — 22 MHz
Differential p-p Tx voltage
V1X-DIFF-PP swing — 0.8 — 12 Vp-p
Low power differential p-p Tx
VTX-DIFF-PP-LOW voltage swing 0.4 1.2 Vp-p
Tx de-emphasis level ratio at
VTX-DE-RATIO-3.50B 3.5 dB — 3 — 4 dB
TTX-RISE-FALL Transmitter rise and fall time | — 0.125 — — ul
Transmitter Eye, including all
Trceve jitter sources 0.75 ul
T Max. time between jitter
TXEYEMEDIAN-O-MAX- | madian and max deviation — — — 0.125 ul
IITTER from the median
TxDifferential ReturnLoss, —
RLnxor including pkgandsilicon 10 - - dB
Tx Common Mode Return Loss,
RLrx-cu including pkg and silicon 50 MHz < freq < 2.5 GHz 6 - - dB
ZTX-DIFF-DC DC differential Impedance — 80 — 120 Q
v TxAC peak common mode B i . 20 mv,
TX-CMACP voltage, RMS RMS
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Symbol Description Condition Min. Typ. Max. Unit
Transmitter short-circuit
ITx-sHoRT current — — — 90 mA
Transmitter DC common-mode
V1x-pe-cm voltage — 0 — 1.2 Y
Electrical Idle Output peak
VTX-IDLE-DIFF-AC-p voltage — — — 20 mV
Voltage changeallowedduring
VTX-RCV-DETECT Receiver Detect — — — 600 mV
TTx-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
T Max.time from El Order Setto . . . 8 ns
TXIDLE-SET-TO-IDLE valid Electrical Idle
T Max. time from Electrical Idle . . N 8 ns
TXIDLETO-DIFE-DATA | 4 valid differential output
Receiver?
ul Unit Interval — 399.88 400 400.12 ps
Differential Rx peak-peak
V/RX-DIFF-PP voltage 0.175 1.2 Vp-p
Trx-EVES Receiver eye opening time — 04 — — Ul
T Max time delta between
RX-EYE-MEDIAN-OMAX- | adian and deviation from — — — 0.3 ul
JITTER median
Receiver differential Return
Rlocoire Loss, package plus silicon - 10 - - dB
Receiver common mode Return
Rrx.cu Loss, package plus silicon - 6 - - dB
Receiver DC single ended
ZRrx-DC impedance — 40 — 60 Q
Receiver DC differential
ZRX-DIFF-DC impedance — 80 — 120 Q
Receiver DC single ended
ZRX-HIGH-IMP-DC impedance when powered — 200K — — Q
down
Vex-cu-ag- 3 RxACpeakcommonmode . . 150 mv,
voltage peak
VRX-IDLE-DET-DIFF-PP Electrical Idle Detect Threshold | — 65 — 175 mVp-p

Notes:

1.
2.
3.

www.latticesemi.com/legal
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3.23.2. PCle (5 Gb/s)
Over recommended operating conditions.

Table 3.37. PCle (5 Gb/s)

= LATTICE

Symbol | Description Test Conditions Min Typ | Max | Unit
Transmit!
ul Unit Interval — 199.94 200 200.06 ps
Tx PLL bandwidth
B ) — —
WTX-PKG-PLLL corresponding to PKGrx-pLLL 8 16 MHz
Tx PLL bandwidth
B ) — —
WTX-PKG-PLL2 corresponding to PKGrx-pLL2 5 16 MHz
Tx PLL Peaking
P - . — — — 3 dB
KGTX-PLLL corresponding to PKGrx-pLL1
Tx PLL Peaking
P - i — — — 1 dB
KGTX-PLL2 corresponding to PKGrx-pLL2
Differential p-p Tx voltage
VIX-DIFF-PP swing PP g — 0.8 — 1.2 V, p-p
Low power differential p-p Tx
VTX-DIFF-PP-LOW voItaFg)]e swing PP — 0.4 — 1.2 Vv, p-p
Tx de-emphasis level ratio at
V1X-DE-RATIO-3.5dB 35dB P — 3 - 4 dB
Tx de-emphasis levelratioat 6
VTX-DE-RATIO-6dB dB P — 55 — 6.5 dB
TMIN-PULSE Instantaneouslone pulsewidth | — 0.9 — — Ul
TTX-RISE-FALL Transmitter rise and fall time | — 0.15 — — Ul
Transmitter Eye, including all
Trx. N — . — _
TX-EYE jitter sources 0.75 ul
Txdeterministicjitter>1.5
Trx-pJ MHz J — — — 0.15 ul
T T ji bs,

TX-RJ X RMS jitter < 1.5 MHz — — — 3 RMS
TRE-MISMATCH Tx rise/fall time mismatch — — — 0.1 ul
R Tx Differential Return Loss, 50 MHz <freq <1.25GHz| 10 — — dB

LTX-DIFF including package and silicon 1.25GHz<freq<2.5GHz 8 — — dB

Tx Common Mode Return Loss
R : . L . — —

LTX-CM including package and silicon 50 MHz < freq < 2.5 GHz 6 dB
Z1X-DIFF-DC DC differential Impedance — — — 120 Q
v TxAC peak common mode . . _ 150 mV,

TX-CM-AC-PP voltage, peak-peak p-p

Transmitter short-circuit

ITx-SHORT current — — — 90 mA
Transmitter DC common-mode

V1x-pc-cm voltage — 0 — 1.2 Vv
Electricalldle OQutputDC

VTX-IDLE-DIFF-DC voltage P — 0 — 5 mv
Electrical Idle Differential

V. — — —

TXIDLE-DIFF-AC-p | Oytput peak voltage 20 mv

Voltage change allowed during

V ’ — — —

TX-RCV-DETECT Receiver Detect 600 mV
TI%-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
T Max.timefromElOrderSetto | i i 8 ns

TX-IDLE-SET-TODLE | y5lid Electrical Idle
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Symbol Description Test Conditions Min Typ Max Unit
T Max. time from Electrical Idle . . . 8 ns
TX-DLE-TO-DIFF-DATA | t4 yalid differential output
Receive?
ul Unit Interval — 199.94 200 200.06 ps
Differential Rx peak-peak
V — 343 — ) -
RX-DIFF-PP voltage 0.34 1.2 V, p-p
T Receiver random jitter 1.5 MHz - 100 MHz . . 49 ps,
RX-RI-RMS tolerance (RMS) Random noise : RMS
Receiver deterministic jitter
Trcos tolerance - - - 88 ps
R Receiver differential Return 50 MHz <freq<1.25GHz| 10 - — dB
LRX-DIFF Loss, package plus silicon 1.25GHz <freq<2.5GHz 8 — — dB
Receiver common mode
Rirx-cum Return Loss, package plus — 6 — — dB
silicon
Receiver DC single ended
Zrxcoc impedance 40 60 Q
Receiver DC single ended
ZRX-HIGH-IMP-DC impedance when powered —_ 200K _ _ Q
down
Vrxcu-ag- 3 RxACpeakcommonmode _ — — 150 mv,
voltage peak
V/RX-IDLE-DET-DIFF-PP Electrical Idle Detect Threshold | — 65 — 3403 mv, pp
Notes:
1. RefertoPCIlExpressBase Specification Revision 3.0 Table 4.18testcondition and requirementfor respective parameters.
2. RefertoPClExpressBase Specification Revision 3.0 Table 4.24test condition and requirementforrespective parameters.
3. Spec compliantrequirement
3.24. Certus-NX Hardened SGMII Receiver Characteristics
3.24.1. SGMII Rx Specifications
Over recommended operating conditions.
Table 3.38. SGMII Rx
Symbol Description Test Conditions Min Typ Max Unit
foata SGMII Data Rate — — 1250 — MHz
SGMII Reference Clock Frequency (Data
fREFCLK Rate / 10) — — 125 — MHz
Jrow_per Jitter Tolerance, Deterministic — — — Ul
JroL_ToL Jitter Tolerance, Total — — — ul
Af/f Data Rate and Reference Clock Accuracy| — -300 — 300 ppm
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3.25. Certus-NX sysCONFIG Port Timing Specifications

Over recommended operating conditions.

Table 3.39. Certus-NX sysCONFIG Port Timing Specifications

Symbol ‘ Parameter ‘ Device ‘ Min Typ. Max Unit

Master SPI POR/REFRESH Timing

TimeduringPOR, fromVcc, Vecaux, Veciooor
¢ Vcceio1 (Whicheveris the last) pass POR trip . . . ms
IcFG voltage, or REFRESH command executed, to

the rising edge of INITN

¢ Timefromrisingedge of INITNtothevalid . . . us
e Master MCLK

T— Default MCLK frequency (Before MCLK . _ foLkre/128 . MHz

frequency selection in bitstream)

Slave SPI/12C/13C POR / REFRESH Timing

TimeduringPOR, fromVcc, Vecaux, Veciooor
Vccio1 (whichever is the last) pass POR trip

tMsPI_INH voltage, or REFRESH command executed, to — _ _ us
pull PROGRAMN LOW to prevent entering
MSPI mode

tacT coLk Minimumtime before driving CCLK (SSPI)from _ _ _ s

POR orREFRESH

t Minimumtime before driving SCL (12C/I3C) _ _ _ us
retset from POR or REFRESH

Minimumtimedriving PROGRAMNHIGH after
tACT_PROGRAMN_H L — — — ns
last activation clock

t Minimumtime to start driving CCLK (SSPI) after . _ . ns
conriecet® | PROGRAMN HIGH

¢ Minimum time to start driving SCL (12C/I3C) _ _ _ ns
CONFIG_CCLK | 4tter PROGRAMN HIGH

PROGRAMN Configuration Timing

tPROGRAMN PROGRAMN LOW pulse accepted — — — ns
tPROGRAMN_RJ PROGRAMN LOW pulse rejected — — — ns
tiniT_Low PROGRAMN LOW to INITN LOW — — - ns
tNIT_HiGH PROGRAMN LOW to INITN HIGH LFD2NX-40 — - ns
- LFD2NX-17 — — ns
tboNE_Low PROGRAMN LOW to DONE LOW — — — ns
tDoNE_HIGH PROGRAMN HIGH to DONE HIGH — — — ns
tiobiss PROGRAMN LOW to I/O Disabled — — — ns
Master SPI
fmeLk® Max selected MCLK output frequency — — — 165 MHz
tmcLkH MCLK output clock pulse width HIGH — 25 — — ns
teewkL MCLK output clock pulse width LOW — 25 — — ns
tsu_msi MSI to MCLK setup time — 3 — — ns
thp_msi MSI to MCLK hold time — 0 - _ ns
tco_mso MCLK to MSO delay — 0 ns
Slave SPI
feelk CCLK input clock frequency — — — 135 MHz
tecikn CCLK input clock pulse width HIGH — 35 — — ns
etk CCLK input clock pulse width LOW — 35 — — ns
tsu_ssi SSI to CCLK setup time — 43 - _ ns
thp_ssi SSI to CCLK hold time — 0.8 - _ ns
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Symbol Parameter Device Min Typ. Max Unit
tco_sso CCLK falling edge to valid SSO output — — — 16 ns
ten_sso CCLK falling edge to SSO output enabled — — — 16 ns
tois_sso CCLK falling edge to SSO output disabled — — — 16 ns
tHiIGH_ScsN SCSN HIGH time — 74 _ _ ns
tsu_scsn SCSN to CCLK setup time — 3.5 - _ ns
tHp_scsn SCSN to CCLK hold time — 1.6 — _ ns
12C/13C
fscL_iac SCL input clock frequency for I1°C — — — 4 MHz
fsci_iac SCL input clock frequency for I3C — — — 12 MHz
tscLu SCL input clock pulse width HIGH — — — ns
tscLL SCL input clock pulse width LOW — — — ns
tsu_spa SDA to SCL setup time — — — ns
tHp_spa SDA to SCL hold time — — _ ns
tco_spa SCL falling edge to valid SDA output — — — ns
ten_spa SCL falling edge to SDA output enabled — — — ns
tois_spa SCL falling edge to SDA output disabled — — — ns
Wake-Up Timing
Lastconfigurationclock cycletoDONE going
foonE_HiGH HIGH — — — MHz
. LFD2NX-40 — cycles

trio_EN User I/O enabled in Fast I/O Mode

- LFD2NX-17 — cycles
tioen Config clock to user 1/0O enabled — — — ns
tmwe Additional master MCLK after DONE HIGH — — ns
tmeLkz Master MCLK to Hi-Z — - — ns

*Note: fucLk has a dependency on HFOSC and is 1/3 of fcLkhr.

PROGRAMN

Figure 3.14. Master SPI POR/REFRESH Timing
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Figure 3.15. Slave SPI/I1C/13C POR/REFRESH Timing
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Figure 3.16. Master SPI PROGRAMN Timing
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Figure 3.17. Slave SP1/1>C/13C PROGRAMN Timing
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Figure 3.18. Master SPI Configuration Timing
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fea
tCClKH
CCLK tCCLI(L
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SSI
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Figure 3.19. Slave SPI Configuration Timing
fsa
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tsu_soa tuo_soa
SDA (input)
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—_ —
SDA (output) : i

—_— tEN_SI:M tms_sm
SDA (output)

Figure 3.20. I2C/13C Configuration Timing
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CRESET_B /

INITN

DONE

chLK_def fMCLK

MCLK

trio_en .
10EN

USER I/O
(Fast 1/0s)

USER I/O

Figure 3.21. Master SPI Wake-Up Timing

CRESET_B /

INITN

DONE

CCLK/SCL

Trio_en .
10EN

USERI/O
(Fast 1/0s)

USER I/O

Figure 3.22. Slave SPI/I*C/13C Wake-Up Timing
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3.26. JTAG Port Timing Specifications

Over recommended operating conditions.

Table 3.40. JTAG Port Timing Specifications

Symbol Parameter Min Typ. Max Units
fmax TCK clock frequency — — 25 MHz
taTcpH TCK [BSCAN] clock pulse width high 20 — — ns
taTcpL TCK [BSCAN] clock pulse width low 20 — — ns
teTs TCK [BSCAN] setup time 12 — — ns
teTH TCK [BSCAN] hold time 6 — — ns
tBTRF TCK [BSCAN] rise/fall time — — mV/ns
teTco TAP controller falling edge of clock to valid output — — ns
taTcopis TAP controller falling edge of clock to valid disable — — ns
taTCOEN TAP controller falling edge of clock to valid enable — — ns
teTCRS BSCAN test capture register setup time — — ns
taTCRH BSCAN test capture register hold time — — ns
tsurco BSCAN test update register, falling edge of clock to valid output — — ns
taTuopis BSCAN test update register, falling edge of clock to valid disable — — ns
taTUPOEN BSCAN test update register, falling edge of clock to valid enable — — ns

M X
A

< gTs —Me— lgTH —W
tgTcPH —P4— lBTCPL —W = I tBTcp ————
TCK I 4/7
tRTCOEN tBTCO tBTCODIS
TDO Valid Data Valid Data
¢ BTCRH _|
t8TCRS
Data to be
Captured Data Captured ><
from 1/O
€ BTUPOEN +— lgyTCo 4— BTUODIS

Datato be
driven out Valid Data Valid Data
to /0 | |

Figure 3.23. JTAG Port Timing Waveforms
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3.27. Switching Test Conditions

Figure 3.24 shows the output testload that is used for AC testing. The specific values for resistance, capacitance,

voltage, and other test conditions are listed in Table 3.41.

\'%;
R1

DUT
%RZ

— CL*

*CL Includes Test Fixture and Probe Capacitance

® Test Point

Figure 3.24. Output Test Load, LVTTL and LVCMOS Standards

Table 3.41. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition R1 R C Timing Ref. Vr
LVTTL and other LVCMOS settings (L=2H, H=L) 0 00 0 pF LVCMOS 3.3=15V —
LVCMOS 2.5 = Vcciol2 —
LVCMOS 1.8 = Vcciol2 —
LVCMOS 1.5 = Vcciol2 —
LVCMOS 1.2 = Vcciol2 —
LVCMOS 2.51/0 (Zz H) 0 1 MQ 0 pF Vcceio/2 —
LVCMOS 251/0 (Z=L) 1 MQ o0 0 pF Vceiol2 Vceio
LVCMOS 2.51/0 (H= 2) 0 100 0 pF Von — 0.10 —
LVCMOS 25 1/0 (L 2 Z2) 100 0 0 pF VoL + 0.10 Veeio

Note: Output test conditions for all other interfaces are determined by the respective standards.
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4.1. Signal Descriptions”

Signal Name | Bank Type Description

Power and GND

Vss — GND Ground for internal FPGA logic and I/O

Vsssp — GND Ground for the SERDES block

Vssanc — GND Ground for ADC block

Vee, Vececlk — Power | Powersupplypinsforcorelogic. Vccisconnectedto1.0V(nom.)
supplyvoltage. Power OnReset (POR) monitors this supply voltage.

Vecauxa — Power | Auxiliary power supply pinforinternal analog circuitry. This supplyis
connectedto 1.8V (nom.) supply voltage. POR monitors this supply
voltage.

Veeaux — Power | Auxiliary powersupply pinforl/OBank0,Bank1,Bank 2, Bank6,and
Bank 7. This supply is connected to 1.8 V (nom.) supply voltage, and is
used for generating stable drive current for the I/O.

VecAuxHx 3-5 Power | Auxiliarypowersupplypinforl/OBank3,Bank4,andBank5. This
supplyisconnectedto 1.8V (nom.)supplyvoltage, andisusedfor
generating stable current for the differential input comparators and
stable drive current for the I/O.

Veciox 0-7 Power | Power supply pins for I/O bank x.
Forx=0,1,2,6,and7,VCCIOcanbeconnectedto (nom.)1.2V,1.5V,
18V,25V,o0r3.3V.
Forx=3,4,and5,VCCIOcanbeconnectedto(nom.)1.0V,1.2V,1.35
V,15V,or1.8V.

There are dedicated and shared configuration pins in banks 0 and 1.
POR monitors these banks supply voltages.

Vecapcis — Power | 1.8 V (nom.) power supply for the ADC block.

Veespo — Power | 1.0 V (nom.) power supply for the SERDES block.

VeepLLsbo — Power | 1.8 V (nom.) power supply for the PLL in the SERDES block.

Vccauxsp — Power | 1.8 V (nom.) auxiliary power supply for the SERDES block.

Dedicated Pins

Dedicated Configuration 1/O Pin

JTAG_EN 1 Input | LVCMOSinputpin. Thisinputselectsthe JTAG shared GPIOtobeused
for JTAG
0=GPIO
1=JTAG

Dedicated ADC I/O Pins

ADC_REFA, ADC_REFB — Input ADC reference voltage, for each of the 2 ADC converters

ADC_DP/NA, ADC_DP/NB — Input | Dedicated ADC input pairs, for each of the 2 ADC converters

Dedicated SERDES 1/O Pins

SDO_RXDP/N — Input SERDES Data Differential Input Pairs

SDO_TXDP/N — Output | SERDES Data Differential Output Pairs

SDO_REFCLKP/N — Input | SERDES Reference Clock Differential Input Pairs
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Signal Name Bank Type Description
SDO_REXT — Input | SERDES External Reference Resistor Input. Resistor connects between
tothispinand SDO_REFRET pin. Thisisusedtoadjustthe on-chip
differential termination impedance, based on the external resistance
value:
Rext=909Q,Rpirr=80Q
Rext=976 Q,Rpirr=85Q
Rext=1.02kQ, Rpirr=90Q
Rext = 1.15 kQ, Roirr =100 Q
SDO_REFRET — Input | SERDES Reference Return Input. These pins should be AC coupled to
the Vccpiispo supply.
Misc Pins
NC — No connect.
RESERVED — This pinisreserved and should notbe connected to anything onthe
General Purpose 1/0 Pins
P[T/B/L/R] [Number]_[A/B] T=0 Input, | Programmable User I/O:
R=12 Olftpl{t, [T/B/L/R]indicates the package pin/ballis in T (Top), B (Bottom), L
B=3,4,5 Bi-Dir | (Left),orR (Right) edge of the device.
L=6.7 [Number] identifies the P10 [A/B] pair.

[A/B]showsthepackage pin/ballisAorBsignalinthe pair. PIOAand
P1O B are grouped as a pair.

EachA/Bpairinthe bottombanks supportstruedifferentialinputand
output buffers. When configured as differential input, differential
termination of 100 Q can be selected.

Each A/B pairinthe top, leftand right banks does not supporttrue
differentialinputoroutputbuffer. It supports all single-ended inputs
andoutputs, and can be usedforemulated differential outputbuffer.
Some of these user-programmable 1/0 are used during configuration,
depending on the configuration mode. You need to make appropriate
connection on the board to isolate the 2 different functions
before/after configuration.

Some of these user-programmable I/O are shared with special function
pins. These pins, when not used as special purpose pins, can be
programmed as I/O for user logic.

During configuration the user-programmable 1/O are tristated with an
internalweak pull-downresistorenabled. Ifany pinisnotused (ornot
bondedtoapackage pin), itistristated and defaultto have weak pull-
down enabled afterconfiguration.
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Shared Configuration Pins®- 2
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, you need to isolate the signal paths for
the dual functions on the board.
The pins used are defined by the configuration modes detected. Slave SPI or 12C/13C modes are detected during slave
activation. Pins that are not used in the configuration mode selected are tristated during configuration, and can connect
directly as GPIO in user’s function.

PRxxx/SDA/USER_SDA 1 Input, | Configuration:
Output, | 12C/I3C Mode: SDA signal
Bi-Dir | User Mode:
PRxxx: GPIO
User_SDA: SDA signal for I12C/I3C interface

PRxxx/SCL/USER_SCL 1 Input, | Configuration:

Output, | 12C/I3C Mode: SCL signal

Bi-Dir | User Mode:

PRxxx: GPIO

User_SDA: SCL signal for I2C/I3C interface

PRxxx/TDO/SSO 1 Input, | Configuration:

Output, | Slave SPI Mode: Slave Serial Output

Bi-Dir | User Mode:

PRxxx: GPIO

TDO: When JTAG_EN = 1, used as TDO signal for JTAG

PRxxx/TDI/SSI 1 Input, | Configuration:

Output, | Slave SPIMode: Slave Serial Input

Bi-Dir | User Mode:

PRxxx:GPIO

TDI: When JTAG_EN = 1, used as TDI signal for JTAG

PRxxx/TMS/SCSN 1 Input, | Configuration:

Output, | Slave SPIMode: Slave Chip Select

Bi-Dir | User Mode:

PRxxx:GPIO

TMS: When JTAG_EN =1, used as TMS signal for JTAG

PRxxx/TCK/SCLK 1 Input, | Configuration:

Output, | Slave SPI Mode: Slave Clock Input

Bi-Dir | User Mode:

PRxxx: GPIO

TCK: When JTAG_EN = 1, used as TCK signal for JTAG

PTxxx/IMCSNO 0 Input, | Configuration:

Output, | Master SPIMode: Chip Select Output
Bi-Dir | User Mode:

PTxxx: GPIO

PTxxx/MD3 0 Input, | Configuration:

Output, | Master Quad SPIMode: 1/03
Bi-Dir | User Mode:

PTxxx: GPIO

PTxxx/MD2 0 Input, | Configuration:

Output, | Master Quad SPIMode: I/02
Bi-Dir | User Mode:

PTxxx: GPIO

www.latticesemi.com/legal



http://www.latticesemi.com/legal

=LATTICE

PTxxx/MSI/MD1 0 Input, Configuration:

Output, Master SPI Mode: Master Serial Input
Bi-Dir | Master Quad SPI Mode: /01
UserMode:

PTxxx: GPIO

PTxxx/MSO/MDO 0 Input, Configuration:

Output, Master SPI Mode: Master Serial Output
Bi-Dir | Master Quad SPI Mode: 1/00
UserMode:

PTxxx: GPIO

PTxxx/MCSN/PCLKTO_1 0 Input, Configuration:

Output, Master SPI Mode: Master Chip Select Output
Bi-Dir | user Mode:

PTxxx: GPIO

PCLKTO_O: Top PCLK Input

PTxxx/MCLK/PCLKTO_0O 0 Input, Configuration:

Output, Master SPI Mode: Master Clock Output
Bi-Dir | User Mode:

PTxxx: GPIO

PCLKTO_1: Top PCLK Input

PTxxx/PROGRAMN 0 Input, Configuration:

Output, PROGRAMN: Initiate configuration sequence when asserted LOW.
Bi-Dir | User Mode:

PTxxx: GPIO

PTxxx/INITN 0 Input, Configuration:

Output, INITN: Open Drain I/O pin. This signal is driven to LOW when
Bi-Dir configuration sequence is started, to indicate the device is in
initialization state. This signal is released after initialization is
completed, and the configuration download can start. You can keep
drive this signal LOW to delay configuration download to start.
UserMode:

PTxxx: GPIO

PTxxx/DONE 0 Input, Configuration:

Output, DONE: Open Drain I/O pin. This signal is driven to LOW during
Bi-Dir configurationtime. Itisreleasedtoindicate the device hascompleted
configuration. You can keep drive this signal LOW to delay the device to
wake up fromconfiguration.

User Mode:

PTxxx: GPIO

Shared User GPIO Pins': 2 3, 4

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.

Shared JTAG Pins

PRxxx/TDO/ yyyy 1 Input, UserMode:
Output, | PRxxx:GPIO

Bi-Dir | TDO:WhenJTAG_EN=1,used as TDO signal for JTAG
yyyy: Otherpossible selectable specificfunctional
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PRxxx/TDllyyyy 1 Input, User Mode:
Output, | PRxxx:GPIO
Bi-Dir | TDI: WhenJTAG_EN =1, used as TDI signal for JTAG
yyyy: Other possible selectable specific functional
PRxxx/TMS/ yyyy 1 Input, UserMode:
Output, PRxxx: GPIO
Bi-Dir | TMS:WhenJTAG_EN =1, used as TMS signal for JTAG
yyyy: Otherpossible selectable specific functional
PRxxx/TCK/ yyyy 1 Input, User Mode:
Output, | PRxxx:GPIO
Bi-Dir | TCK:WhenJTAG_EN=1,usedas TCKsignal 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 Nexus sysCLOCK PLL Design and Usage Guide

(FPGA-TN-02095).

PBxxx/PCLK]T,C][3,4,5]_[0- | 3,4,5 Input, User Mode:
3llyyyy Output, PBxxx: GPIO
Bi-Dir | PCLK: Primary Clock or GPLL Refclk signal
[T,C]=True/Complementwhen using differential signaling
[3,4,5] =Bank
[0-3] Up to 4 signals in the bank
yyyy: Other possible selectable specific functional
PTxxx/PCLKTO_[O-1]/lyyyy 0 Input, UserMode:
Output, PTxxx: GPIO
Bi-Dir | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
[0-1] Up to 2 signals in the bank
yyyy: Other possible selectable specific functional
PRxxx/PCLKT[1,2]_[0-2]lyyyy 1,2 Input, UserMode:
Output, PRxxx:GPIO
Bi-Dir | PCLKT:Primary Clock or GPLL Refclk signal (Only Single Ended)
[0-2] Up to 3 signals in the bank
yyyy: Other possible selectable specific functional
PLxxx/PCLKT[6,7]_[0-2]lyyyy 6,7 Input, UserMode:
Output, | PLxxx: GPIO
Bi-Dir | pCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
[0-2] Up to 3 signals in the bank
yyyy: Other possible selectable specific functional
PBxxx/LRC_GPLLI[T,C]_IN/yyyy 3 Input, User Mode:
Output, PBxxx: GPIO
Bi-Dir | |LRC_GPLL: Lower Right GPLL Refclk signal
[T,C]=True/Complementwhen using differential signaling
yyyy: Other possible selectable specific functional
PBxxx/LLC_GPLL[T,C]_IN/yyyy 5 Input, User Mode:
Output, PBxxx: GPIO
Bi-Dir | LLC_GPLL: Lower Left GPLL Refclk signal
[T,C]=True/Complementwhen using differential signaling
yyyy: Other possible selectable specific functional
PLxxx/ULC_GPLLT_IN/yyyy 7 Input, User Mode:
Output, | PLxxx:GPIO
Bi-Dir

ULC_GPLL:UpperLeft GPLL Refclk signal (Only Single Ended)
yyyy: Other possible selectable specific functional

www.latticesemi.com/legal



http://www.latticesemi.com/legal

=LATTICE

PRxxx/yyyy 1 Input, UserMode:
Output, PRxxx: GPIO
Bi-Dir yyyy: Other possible selectable specific functional

Shared VREF Pins
PBxxx/VREF[3,4,5]_[1-2]/lyyyy | 3,4,5 Input, User Mode:
Output, PBxxx: GPIO
Bi-Dir VREF: Reference Voltage for DDR memory function
[3,4,5] = Bank
[1-2] Up to VREFs for each bank
yyyy: Other possible selectable specific functional

Shared ADC Pins
PBxxx/ADC_C[P,N]nnfyyyy | 3,4,5 Input, UserMode:
Output, PBxxx: GPIO
Bi-Dir | ADC_C: ADC Channel Inputs
[P,N]=Positive orNegative Input
nn=ADC Channelnumber (0—-15)
yyyy: Other possible selectable specific functional

Shared Comparator Pins

PBxxx/COMP[1-3][P,Nl/yyyy 3,5 Input, UserMode:
Output, PBxxx: GPIO
Bi-Dir | COMP: Differential Comparator Input
[P,N] = Positive or Negative Input
[1-3] = Input to Comparators 1-3
yyyy: Other possible selectable specific functional

Shared SGMII Pins

PBxxx/SGMII_RX[P,N][0- 3,5 Input, UserMode:

1]tyyyy Output, | PBxxx:GPIO

Bi-Dir | SGMII_RX: Differential SGMII RX Inputs
[P,N]=Positive or Negative Input
[0-1] = Inputto SGMIIRX0 or RX1

yyyy: Other possible selectable specific functional

*Note: Not all signals are available as external pins in all packages. Refer to the Pinout List file for various package details.
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4.2. Pin Information Summary

Certus-NX Family

Pin Information Summary LFD2NX"17 LFD2NX-40
csfBGA121 csfBGA121 caBGA196 caBGA256
User I/O Pins
Bank O — — — 12
Bank 1 — — — 21
General Bank 2 - - - 28
Purpose Bank 3 — — — 32
Inputs/Outputs Bank 4 — — _ 32
per Bank Bank 5 — — — 10
Bank 6 — — — 28
Bank 7 — — — 22
Total Single-Ended User 1/0 — — — 185
Bank 0 0 0 0 0
Bank 1 0 0 0 0
Bank 2 0 0 0 0
Differential Bank 3 — — — 32
Input / Output
Pairs Bank 4 — — — 32
Bank 5 — — — 10
Bank 6 0 0 0 0
Bank 7 0 0 0 0
Total Differential I/O — — — 74
Power Pins
Vee, Vecectk — — _ 5
Veeauxa — — _ 1
Veeaux — _ _ 2
Veeauxhx — — — 3
Vceauxsp — — — 1
Bank 0 — — — 1
Bank 1 — — — 1
Bank 2 — — — 1
Bank 3 — — — 1
Veeo Bank 4 — — — 1
Bank 5 — — — 1
Bank 6 — — — 1
Bank 7 — — — 1
Veespo — — — 1
VeepLLspo — — — 1
Vceapcis — — — 1
Total Power Pins — — — 23
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Pin Information Summary LFD2NX-17 LFD2NX-40
csfBGA121 csfBGA121 caBGA196 caBGA256

GND Pins

Vss —_ —_ —_ 27

Vssapc — — —

Vsssp — — —

Total GND Pins — — — 33

Dedicated Pins

Dedicated ADC Channels — — — 0

(pairs)

Dedicated ADC Reference — — — 0

Voltage Pins

Dedicated Misc Pins

JTAGEN 1 1 1 1

NC — — — —

RESERVED — — — —

Total Dedicated Pins — — — 1

Shared Pins
Bank O — — — 10
Bank 1 — — — 6
Bank 2 0 0 0 0

Shared Bank 3 0 0 0 0

Configuration

Pins Bank 4 0 0 0 0
Bank 5 0 0 0 0
Bank 6 0 0 0 0
Bank 7 0 0 0 0
Bank O 0 0 0 0
Bank 1 4 4 4 4
Bank 2 0 0 0 0

Shared JTAG Bank 3 0 0 0 0

Pins Bank 4 0 0 0 0
Bank 5 0 0 0 0
Bank 6 0 0 0 0
Bank 7 0 0 0 0
Bank 0 — — — 2
Bank 1 — — — 3
Bank 2 — — — 3

Shared PCLK Bank 3 — _ _ 8

Pins Bank 4 — — — 8
Bank 5 — — — 8
Bank 6 — — — 3
Bank 7 — — — 3
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Pin Information Summary LFD2NX-17 LFD2ZNX-40
csfBGA121 csfBGA121 caBGA196 caBGA256
Bank 0 0 0 0 0
Bank 1 — — — 0
Bank 2 0 0 0 0
Shared GPLL Bank 3 — — — 2
Pins Bank 4 — — — 0
Bank 5 — — — 2
Bank 6 0 0 0 0
Bank 7 — — — 2
Bank 0 0 0 0 0
Bank 1 0 0 0 0
Bank 2 0 0 0 0
Shared VREF Bank 3 — — — 2
Pins Bank 4 — — — 2
Bank 5 — — — 2
Bank 6 0 0 0 0
Bank 7 0 0 0 0
Bank 0 0 0 0 0
Bank 1 0 0 0 0
Bank 2 0 0 0 0
Shared ADC Bank 3 — — — 12
Channels (pairs) Bank 4 — — _ 0
Bank 5 — — — 4
Bank 6 0 0 0 0
Bank 7 0 0 0 0
Bank 0 0 0 0 0
Bank 1 0 0 0 0
Bank 2 0 0 0 0
Shared Bank 3 _ — — 3
Comparator
Channels (pairs) | Bank 4 - - - 0
Bank 5 — — — 3
Bank 6 0 0 0 0
Bank 7 0 0 0 0
Bank 0 0 0 0 0
Bank 1 0 0 0 0
Bank 2 0 0 0 0
Shared SGMII Bank 3 — — — 0
Channels (pairs) Bank 4 0 0 0 0
Bank 5 — — — 2
Bank 6 0 0
Bank 7 0 0
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5. Ordering Information

Lattice provides a wide variety of services for its products including custom marking, factory programming, known good
die, and application specific testing. Please contact sales representatives.

5.1. Certus-NX Part Number Description

LFD2NX - 40 - X XXXX X

Device Family L Grade

Certus-NX FPGA C = Commercial
| = Industrial

Logic Capacity
40 = 39k LogicCells

Package
MG121 = 121-ball csfBGA
BG196 = 196-ball caBGA
BG256 = 256-ball caBGA

Speed (same number for HP and LP)
7 = Slowest
8
9 =Fastest

LFD2NX - 17 - X XXXX X

Device Family L Grade

Certus-NX FPGA C = Commercial
| = Industrial

Logic Capacity
17 =17k Logic Cells

Package
MG121 = 121-ball csfBGA

Speed (same number for HP and LP)
7 = Slowest
8
9=Fastest
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5.2. Ordering Part Numbers

5.2.1. Commercial

Part Number Speed Package Pins Temp. Logic Cells (K)
LFD2NX-17-7MG121C -7 Lead free csfBGA 121 Commercial 17
LFD2NX-17-8MG121C -8 Lead free csfBGA 121 Commercial 17
LFD2NX-17-9MG121C -9 Lead free csfBGA 121 Commercial 17
LFD2NX-40-7MG121C -7 Lead free csfBGA 121 Commercial 39
LFD2NX-40-8MG121C -8 Lead free csfBGA 121 Commercial 39
LFD2NX-40-9MG121C -9 Lead free csfBGA 121 Commercial 39
LFD2NX-40-7BG196C -7 Lead free caBGA 196 Commercial 39
LFD2NX-40-8BG196C -8 Lead free caBGA 196 Commercial 39
LFD2NX-40-9BG196C -9 Lead free caBGA 196 Commercial 39
LFD2NX-40-7BG256C -7 Lead free caBGA 256 Commercial 39
LFD2NX-40-8BG256C -8 Lead free caBGA 256 Commercial 39
LFD2NX-40-9BG256C -9 Lead free caBGA 256 Commercial 39
5.2.2. Industrial
Part Number Speed Package Pins Temp. Logic Cells (K)
LFD2NX-17-7TMG1211 -7 Lead free csfBGA 121 Industrial 17
LFD2NX-17-8MG121I -8 Lead free csfBGA 121 Industrial 17
LFD2NX-17-9MG1211 -9 Lead free csfBGA 121 Industrial 17
LFD2NX-40-7MG1211 -7 Lead free csfBGA 121 Industrial 39
LFD2NX-40-8MG1211 -8 Lead free csfBGA 121 Industrial 39
LFD2NX-40-9MG121I -9 Lead free csfBGA 121 Industrial 39
LFD2NX-40-7BG196I -7 Lead free caBGA 196 Industrial 39
LFD2NX-40-8BG196I -8 Lead free caBGA 196 Industrial 39
LFD2NX-40-9BG196I -9 Lead free caBGA 196 Industrial 39
LFD2NX-40-7BG256I -7 Lead free caBGA 256 Industrial 39
LFD2NX-40-8BG256I -8 Lead free caBGA 256 Industrial 39
LFD2NX-40-9BG256I -9 Lead free caBGA 256 Industrial 39
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References

For more information, refer to the following documents:

sysCLOCK PLL Design and Usage Guide for Nexus Platform (FPGA-TN-02095)

sysDSP Usage Guide for Nexus Platform (FPGA-TN-02096)

sysCONFIG Usage Guide for Nexus Platform (FPGA-TN-02099)

sysl/O Usage Guide for Nexus Platform (FPGA-TN-02067)

Soft Error Detection (SED)/Correction (SEC) Usage Guide for Nexus Platform (FPGA-TN-02076)
Memory Usage Guide for Nexus Platform (FPGA-TN-02094)

ADC Usage Guides for Nexus Platform (FPGA-TN-02129)

Certus-NX High-Speed I/O Interface (FPGA-TN-02216)

Power Management and Calculation for Certus-NX Devices (FPGA-TN-02214)

Certus-NX 40K Pinout File (FPGA-SC-02004)

Lattice Memory Mapped Interface and Lattice Interrupt Interface User Guide (FPGA-UG-02039)
sub-LVDS Signaling Using Lattice Devices (FPGA-TN-02028)

Multi-Boot Usage Guide for Nexus Platform (FPGA-TN-02145)

TransFR Usage Guide for Nexus Platform (FPGA-TN-02173)

I2C Hardened IP Usage Guide for Nexus Platform (FPGA-TN-02142)

For package information, refer to the following documents:

PCB Layout Recommendations for BGA Packages (FPGA-TN-02024)

Solder Reflow Guide for Surface Mount Devices (FPGA-TN-02041)

Thermal Management (FPGA-TN-02044)

Package Diagrams (FPGA-DS-02053)

High Speed PCB Design Considerations (FPGA-TN-02148)

Advanced Configuration Security Usage Guide for Nexus Platform (FPGA-TN-02176)
Hardware Checklist(FPGA-TN-02151)

For further information on interface standards, refer to the following websites:

JEDEC Standards (LVTTL, LVCMOS, SSTL) —www.jedec.org
PCI —www.pcisig.com
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Revision History

Revision 0.83,December 2020

= LATTICE

Section

Change Summary

General Description

Updated Table 1.1.

DC and Switching Characteristics

Updated Table 3.26.

Revision 0.82, November 2020

Section

Change Summary

All

Removed ALU/ALUREG and TransFR references across the document.

General Description

+ Added note for fast programmable slew rate in Features section.
s« Updated Table1.1.

Functional Description

Updated Figure 2.1.

DC and Switching Characteristics

« Updated Table 3.2 to correct Vccauxa parameter.

s« Updated Table 3.5 to add note for hot socketing condition.

* Updated Table 3.8 and Table 3.9 to change table caption Capacitors to Capacitance.
e Updated Table 3.26 to add rows for caBGA196 with max 100 MHz.

Pinout Information

Updated table in Pin Information Summary.

Revision 0.81, October 2020

Section

Change Summary

Architecture

* Update sysl/O Banking Scheme section contentto correct the bank information for 40K
and 17K device.

« Removed Vccio supplies should be powered-up before ortogether with the Vcc and
VceauX suppliesinformationin Typical sysl/O1/O Behavior During Power-up section.

DC and Switching Characteristics

+ Updated condition value in Table 3.9.

« UpdatednotesinTable 3.2. Removed note 2: All Vccio supplies with same voltage
should be connected together.

+ Updated Table 3.26 to correct the package values for LVDS and subLVDS.

Pinout Information

Updated the table in Pin Information Summary to correct the values for Pin Information
Summary and 256caBGA package.

Revision 0.80, June 2020

Section

Change Summary

All

First preliminary release.
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