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Acronym Definition

AES Advanced Encryption Standard

ALU Arithmetic Logic Unit

BGA Ball Grid Array

CDR Clock and Data Recovery

CRC Cycle Redundancy Code

DCC Dynamic @ck 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 Bnsforms

FIFO First In First Out

FIR Finite Impulse Response

LC Logic Cell

LRAM Large RAM

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

MLVDS Multipoint LowVoltage Differential Signaling
PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK Primary Clock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional in

PIC Programmable 1/0 Cells

PLL Phase Locked Loops

POR Power On Reset

SCI SERDES Client Interface

SER Soft Error Rate

SEU Single Event Upset

SLVS Scalable Low/oltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM

SRAM Static Radom-Access Memory

TAP Test Access Port

TDM Time Division Multiplexing
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1. General Description

¢ KS / SINSnikaof lowpower general purpose
FPGASs can be used in a wide range of applications
across multiple markets, and are optimized for bridging
andprocessing needs in Edge applications. It is built on
the[  GGAOS bSEdzan
nm FDSOI technology. It combines the extreme
flexibility of an FPGA with the low power and high
reliability (due to extremely low SER) of-8DI
technology, and offer small footprint package options
with a high amount of I/O per mfDesign security
features such as AES56 encryption and ECDSA
authentication are also supported.

CertusNXsupports a variety of interfaces including PCI
Express (Genl,e82), SGMII (Gigabit Ethernet), LVDS,
LVCMOS (0.3 V), and more.

Processing features @ertusNXinclude up to 38

Logic Cell$6 18 x 18 multipliers, 2.9 Mb of embedded
memory (consisting of EBR and LRAM blocks),

distributed memory, DRAM intéaces (supporting

DDR3, DDR3L, LPDDR2, and LPDDR3 up to 1066 Mbps x
16 data width), and ALU building blocks for soft

processor.

CertusNXFPGAs support fast configuration of its
reconfigurable SRAMased logic fabric, ultréast
configuration (in under 3s) of its programmable

RLAaLkhnu ¢INFRAAGICKWSC FTASE R dzZLJ3 NI

addition to the high reliability inherent to FBOI
technology (due to its extremely low SER), active
reliability features such as builh framebased
SED/SEC (for SRAdsed logt fabric), and ECC (for
EBR and LRAM) are also supported. DudtlitLRDCs
are available orthip for system monitoring functions.

Lattice Radiant® design software allows large complex
user designs to be efficiently implemented Gertus
NXFPGA family. 8thesis library support fo€ertus
NXdevices is available for popular logic synthesis tools.
Radiant tools use the synthesis tool output along with
constraints from its floor planning tools, to place and
route the user design i€ertusNXdevice. The toal
extract timing from the routing, and ba@anotate it

into the design for timing verification.

Lattice provides many prengineered IP (Intellectual
Property) modules fo€ertusNXfamily. By using these
configurable soft IP cores as standardized blpgks
are free to concentrate on the unique aspects of your
design, increasing your productivity.

1.1. Features
1 Programmablearchitecture
9 mildafif 2320 OSt ¢t a

 HwndPcMymM¥E YdzZf GALEXASNE OAY
of2014av
Ct-power2sf | G F2NNV B ogrA N ¥ Intbhoac 28f SVHPSRRSH
609. wX [w!av
f 7yi2 mMdpH LINPINFYYFIOES &adea
t SNF2NMWIRARS wl y3aS Lkho

1 Programmable sysl/O supports widariety of

interfaces

T I A3K t SNF2INGEhOY OS2 ¥ | it ¥h
ol yal
1  Supports up to 1.8 Vcdio
1 Mixedvoltage support{.0V, 1.2V,1.5V,

1.8V)

1 Highspeed differential up to 1.5 Gbps
1 Supports LVDSpft D-PHY (Tx/Rx), LVDS
7:1 (TX/RX), SLVS (Tx/Rx), subLVDS (Rx)
1 Supports SGMII (Gb Ethernet?
channels (Tx/Rx) at 1.25 Gbps
1 Dedicated DD®DDR3 and

LPDDR2/LPDDR3 memory support with
DQS logic, up th066 Mbps datarate and
x16 datawidth

2 ARS wi yLXShSOFMIEK iR LJ

IT }é I G dzN\%lb

Supports up to 3. y \Ecio

Mixedvoltage support{.2V, 1.5V, 1.8V,

2.5V, 3.3V

Programmable slew rate (slow, med, fast)

Controlled impélance mode

Emulated LVDS support

Hot-socketing

1 Powermodesc Low Power grsusHigh
Performance

1
RS

= —a

= —a —a 9

T L aSNJ aStSOdlotsS

1 [ 226 SN YRIRES NI2INF RMIZ INS
OKIttSy3aSa

T | AEBNF2NYIFYyOS Y2RS F2NJ T

1 Small footprint package options
f ¢ E c YYVLIARY Iy 620K
1 2x SGMII CDR at up to 1.25 Ghps support 2
channels SGMII using HP 1/O
T /5w F2N w-
1 mayys RSO2RAY3
1 LYRSLISYRSyG [2aa 2F [20]
SIFOK /5w 0o0f20]

RS
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f  sysCLOGKanalog PLLs 1 ¢NXHzS wl yR2Y bdzYoSNJI DSy SNJ i
¢ KNBoSH My R G617 / A RSWR T '9{ MHykHpc 9YONRBLIiAZY
f {AE 2dziilddzida LISNJ t [ [ f Single Event Upset (SEU) Mitigation Support
T CNIOlA2YyLE D f 9EGNBYSL &Gt 6 BNBRUSSWI 2
T tNEINFYYFO6ES YR ReylFYAO LIREahS OiSQKne2tt 2 38
1 sysDSRnhanced DSBlocks T {2F0 9NRNENISRREROKI NR Y ONE
T 1 F NRSYERR S NJ 1 {274 QNJ\JEQ\aJA/Gm&mﬁ:O@MmLJA y 3
1 58y F&KAGG F2N) ! Lka[ AadalRNG2LISNIUAZY o
1 C2dzNJ my E wmys SA3IKG o E oﬁz{éfiﬁ A PNENY, dtyTeERI{a RlY ES BSy i
oordzf AL ASNE 0dza daeausSY SNNEBN KIYyRfAY.
1 ! RGIyOSR My E oczyisz wly A@CCWSfSQWJS'%RZdzNJ E
al/ 1 ¢6R5/a& LISNJ RSQAOS
1 Flexiblememoryresources T ¢KSWB2y (AN HzZ B8z / 2 YLI NI (2 N&
T 'L G2 moprnavodRBRERa. f 201 TwHhaYdz GFyS2dza al YLX Ay 3
09. wo 1 Systemnlevelsupport
f t NPINIYYIFOfS 6ARGK 1 L999 mMmndgp®dm YR L999 wMpoH
T 9/1 9 wS@gSIt [23A0 !'yltel SNJ
f CLCh f hyOKALI 23 0Af €1 G2N F2NJ AYAQGA
T yhpi2 (whiida RAAGNAOGIzISR w! a dza$
T [FNBS w!a f 201 a T mon + O2NB LR 6SNI adzlLx @

1 0.5 Mbits per block
1 Up to five block$2.5 Mb total)per device

i ALUfeaturesin 3% LC device

il
f

w{ O2YLX ALyYyd ! [!
wS3IAAGSNI FAES

1 SERDESPCleGen2x1 channel (Tx/Rx)ard IP in
39% LCdevice

il

t / KKSNR Lt adzldld2 NIi a
1 Genland Gen2

1 Endoint andRootcomplex

1 Multi-function up to four functions
1 x1lane

1 Internalbusinterfacesupport

f
f
f

l't. O2¥GNRf o0dz
LI AGS F2NJ RFEGE 0dza
I - i NBF YAy3

1 Configurationg Fast, Secure

il

f
f
f

il

{ tclBvE HEtn dZLJ mipzn|l 1

1 Master and Slave SPI support

W¢! D

¥/ ILyoR

LGN T &l dxkzhy ORI AAIYEENG |y G

& dzLJLJ2 NJi

[ SaampKNE Fdzff RSGAOS O2yFAIdzNI GA2Yy F2NJ
[ C5 mobn-

1 Cryptographiengine

f
f
f

. A G a ONENEBEKHzA R ym@ plc 9 {
. A G a GoeBH Sy (QdgslAlyAZ2 y9 / 5 { !
| F AaKAFANKELIKIYR /| a!
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Tablel.1. CertusNXFamily Selection Guide
CertusNXFamily:

Device LFD2NXL7 LFD2N>40
Logic Cells 17k 3%
Embedded Memory (EBRJocks (1&b) 24 84
Embedded MemoryEBR) Bitéb) 432 1,512
Distributed RAM Bitskb) 80 240
Large Memory (L&M) Blocks 5 2
Large Memory (LRAM) Bitd) 2560 1024
18 X 18 Multipliers 24 56
ALU Blocks T 1
ADC Blocks 2 2

450 MHz High Frequency Oscillator 1 1
128kHz Low Power Oscillator 1 1
GPLL 2 3
PCle Gen2 Hard IP T 1
e
121 csfBGA (6 x 6 mm, 0.5 mm) 30/48/0 24/58/1
196caBGA (2x 12 mm, 0.8 mm) T 99/58/0
256 caBGA (14 x 14 mm, 0.8 mm) T 11874/1

*Note: Logic Cells = L&k 1.2 effectiveness.
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2. Architecture

2.1. Overview

EachCertusNXdevice 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 gyaiCs5¢hRi
Processingplocks as shown ifrigure2.1. TheLFD2N>40 devices havéwo rows of DSBlocks andcontainthree rows

of sysMEM EBR blocKka addition,LFD2N>40 devicesincludetwo Large SRAM block$h&sysMEM EBBlocksare

large, dedicated 18b fast memory blockand have buikin ECC and FIFO suppdtch sysMEM block can be
configuredto a single, pseudo dual or true dual port memana variety of depths and widths as RAMROM Each

DSP blockupports variety ofnultiplier, adder configtations with one 10&it or two 54bit accumulatorsupported
which are the building blocks for complex signal processing capabilities.

Each PIC block encompasses two PIOs (PIO pairs) with their respett@dsifers. The sysl/O buffers of tiertus
NXdevices are arranged in seven banks allowing the implementation of a wide variety of I/O stafiti@\sde
Range (WRJO banks that are located in the top, left and right sides of the device providel8axinges of general
purpose I/O configurations up to 3.3 V VCCIOs. The banks located in the Isattoof the device are dedicated to
HighPerformance (HP) interfacesich as LVDS$IIPI,DDR3, LPDDR&hd LPDDR3 supporting up to V.8 CCIOs.

The Progrmmable 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 effi@gialy.
Blocks are arranged in a twbmensional arrayThe registers in PFU and sysbidcks inCertusNXdevicescan be
configured to be SET or RESET. After power up ardkthee is configured, it enters into user mode with these
registers SET/RESET according to the configuration settmgirgjlthe device entering to a known state for

predictable system function.

In addition,CertusNXdevices provide various system level hard IP functionalirmedface blocks such #Cle

(LFD2N>40 only) PC, SGMII/CQRNd ADC blocks. PCle hard IP suspPCle 2.0CertusNXdevices also provide

security features to help secure user designs and deliver more robust reliability features to the user designs by using
enhanced framébased SED/SEC functions.

Other blocks provided include PLLs, Dahd confguration functions. The PLL and DLL block$oaeted at the
corners of each devic€ertusNXdevices also includéne Lattice Memory Mapped InterfadgMMI) whichis a Lattice
standardized interface for simple readdwrite operations tacontrolinternal IP. LFD2N>40 deviceshavea dedicated
ALUREG block to provide an ALU function to the-RISZbit processor and register file function.

Every device in the family has a JTAG port. This family also providesciparscillator and soft erratetect
capability. TheCertusNXdevices use 1.9 as their core voltage.
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PLL PCle 1/0 Bank (Bank 0) osc Configuration & Security
Large
RAM
110 Bank 110 Bank
(Bank 7) (Bank 1)
ALU
Large
RAM
1/0 Bank
(E=nEE) 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
Figure2.1. Simplified Block Diagran,FD2NX0 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)
L 1/0 Bank (Bank 5) 1/0 Bank (Bank 4) 1/0 Bank (Bank 3) PLL

Figure2.2. Simplified Block Diagrant,FD2NXL7 Device (Top Level)
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2.2. PFU Blocks

The core othe CertusNXdevice consists of PFU blocks. Each PFU block consists of four intercostieeted
numbered @3 as shown irigure2.3. Each slice contains two LUTSs. All the interconnections to andAfahblocks
are from routing.

The PFU block can be used in Distributed RAM or ROM function, or used to perfapAtitghetic, or ROM
functions.Table2.1 shows the functions each slice can perform in either mode.

Fom

Routing
| |
l l AAA RAAA YV VY
h T4 & 48 T4 & LUT4 & N LUT4&
CARRY ARR CARRY CARRY d CARRY

Sice 0 Sice 1 Sice 2

o ]

D

FF
v v v
To

Figure2.3. PFU Diagram

2.2.1. Slice

Each slice contains two LUT4s feeding two registers. In Distributed SRAM mode, Slice 0 and Slice 1 are configured as
distributed memory, and Slice 2 is not available as it is used to support Slice 0 and Slice 1 while Slidet8dsaava

Logic or ROMIable2.1 shows the capability of the slicafong with the operation modes they enable. In addition,

each Slice contains logic that allows the LUTSs to be ¢wmdhb perform a LUT5 function. There is control logic to

perform set/reset functions (programmable as synchronous/ asynchronous), clock selegelgdpand wider

RAM/ROM functions.

Table2.1. Resourcesrad Modes Available per Slice

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

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

Slice 1 2 LUT4s and 2 Register RAM 2 LU4s and 2 Registers| Logic, Ripple, ROM

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

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

Figure2.4 shows an overview of the internal logic of the slice. The registers in the slice can logichfor
positive/negativeedge trigger.

Each slice has 17 input signals: 16 signals from routing and one from tiieleaim (from the adjacent slice &FU).
Three of them are used for FF control and shdvetiveen two slices (@ or 2/3). There are five outputs: four to
routing and one to carrghain (to the adjacent PFU)able2.2 and Figure2.4 list the signals associated with all the
slices Figure2.5 shows the slice signals thatpport a LUT5 or two LUTS5 functions. FO can be configured to have a
LUT4 or LUT5 output while F1 is for a LUT4 output.
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» FCO
(To different SLICE/PFU)

p Fi1

\ 4

FO

Al — L
B1 >
LUT5
C1 LUT4 and
Carry
D1 >
A
DI P
g
M1 FF
—»
A0 »
BO > —
Co > LUT4
DO >
DIo |
MO/SEL >
iy ettt FF
| Common to e
: SLICE 0/1 OR 2/3 |
| :
|
: CE > |
FF )
| LSR—————1—P |
| |
| I

(From different SLICE/PFU) 4
FCI

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

QWDO0/1
QWDNO/1
QWAS00~03, QWAS10~13

Figure2.4. Slice Diagram
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Al — P

Bl — P

LUT4
Cl ——— P

Dl —— P

P FO

SEL

A ———— P

B) ——— P

LUT4
CO ———— P

DO ————— P

*Note: In RAM mode, LUT4s use the following signals:
QWDO0/1
QWDNO0/1
QWAS00~03, QWAS10~13

Figure2.5. Slice configuration for LUT4 andJT5

Table2.2. Slice Signal Descriptions

Function Type Signal Names Description

Input Data signal A0, BO, CO, DO | Inputsto LUT4

Input Data signal Al,B1,C1,D1 | Inputsto LUT4

Input Data signal MO, M1 Direct input to FF from fabric
Input Control signal SEL LUT5 mux control input
Input Data signal DIO, DI1 Inputs to FF from LUT4 FO/F1 outputs
Input Control signal CE Clack Enable

Input Control signal LSR Local Set/Reset

Input Control signal CLKIN System Clock

Input Inter-PFU signal FCI Fast Carnm

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: SeeFigure2.4 for connection details.
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2.2.2. Modes ofOperation

Slices @ have up to four potential modes of op¢i@n: Logic, Ripple, RAM and ROM. Slice 3 is not needé&digr
mode, it can be used in Logic, Ripple, or ROM modes.

2.2.2.1. Logic Mode

In this mode, the LUTs in each slice are configurediagut combinatorial lookup tables. A LUT4 can havedssible
input canbinations. Any four input logic functions can be generated by programming this lookupSaide.there are
two LUT4s per slice, a LUT5 can be constructed within one slice

2.2.2.2. Ripple Mode

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

Addition 2bit

Subtraction 2bit

Add/Subtract 2bit using dynamic control

Up counter 2bit

Down counter 2it

Up/Down counter with asynchronous clezwit using dynamicontrol

Up/Down counter with preload (syn2)bit using dynamic control

Comparator functions of A and B inpbit

T ! 3 N#B KR @S da

T ! y&Rjida 2

T ! friSkaigysll dil 2

Up/Down counter with A greatethan-or-equatto B comparato®-bit using dynamic control
Up/Down counter with A lesthan-or-equatto B comparatoR-bit using dynamic control
Multiplier supportAi*Bj+1 + Ai+1*Bj in one logic cell with 2 logic cells per slice

Serial divideR-bit mantissa, shift 1bit/cycle

Serial multiplie 2-bit, shift 1bit/cycle or 2bit/cycle

=A =4 =4 -4 -4 -4 4 4

=A =4 =4 -4 =4

Ripple Mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this
configuration (also referred to as CCU2 mode) two additional signals, Carry Generate and Carry Pragagate
generated on a per slice basis to allow fast arithmetic functions to be constructed by concatenating Slices.

2.2.2.3. RAM Mode

In this mode, a 1& 4-bit distributedsingle or pseudo dual poRAMcan be constructed in one PFU using each LUT
block inSlice Gand Slice 1 as a 16 »# memory in each slice. Slice 2 is used to provide memory address and control
signalsThe Certud\Xdevices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different seraaries. Where appropriate, the software
constructsthese using distributed memory primitives that repraes¢he capabilities of the PFTable2.3 lists the

number of slices required to implement different distiled RAM primitives. For more information abawging RAM in
CertusNXdevices, refer tavlemory UsgeGuidefor Nexus PlatfornfFPGATN-02094).

Table2.3. Number of Slices Required to Implement Distributed RAM
SPR 16 X 4 PDPR 16 X 4

Number of slices 3 3
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

2.2.2.4. ROM Mode

ROM mode ses the LUT logic; hence, ShictroughSlice3 can beused in ROM mode. Preloading is accomplished
through the programming interface during PFU configuration.

For more information, refer tdlemory Usage Guide for Nexus Platform (FHGI®2094)
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2.3. Routing
There are many resources provided in tbertusNXdevices to route signals individually or as busses reitited
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (=edimgnts.

TheCertusNXfamily has an enhanced routing architecture that produces a compact desigRatl@ntsoftware tool
suites take the output of the synthesis tool and places and routes the design.

2.3.1. Clocking Structure

TheCertusNXclocking structure consistsf clock synthesis blocks, sysCLOCK PLL; balanced ctowtwerks, PCLK
and ECLK; and efficient clock logic modulesskDividers (PCLKDIV and ECLK&MY Dynamic Clock SeldExCS),
Dynamic Clock Control (DCC), and DLL. Each of these functiessribed as follow

2.3.2. GlobalPLL

TheGlobalPLLEGPLLprovide the ability to synthesize clock frequencies. The devices i@eheisNXfamily support
two or three full-featured General Purpog8PLLs. Th&lobalPLLs provide the ability to synthesdeck frequencies.
The architecture of th&PLL is shown Figure2.6. A description of th&PLL functionality follows.

REFCIs the reference frequency input to the PLL and its source can come from external GkKifaun internal
routing. The CLKI input feeds into the input Clock Divider block.

CLKFB is the feedback signal to@r.L which can come from internal feedback patrouting. The feedback divider
is used to multiply the reference frequency and tlysthesize a higher lowerfrequency clocloutput.

The PLL hasixclock outputs CLKOP, CLKOS, CLKOS23CCKKSE and CLKGS Each output has its own output
divider,thus allowing theGPLL to generate different frequencies for each output. The dutipiders can have a value
from 1 to 128. EaclsPLIloutput can be used to drive the primary clamkedge clock network

The setup and hold times of the device can be improved by programming a phase shift into the output clocks which
advance®r delaysthe output clock with reference to then-shifted output clock.This phase shift can be either
programmed during configuration or can be adjusted dynamically usinBiiReEL, DIRYNROTATENnd LOADREG
ports.

The LOCK signal is asserted whenGReL detamines it has achieved lock and-dsserted if a loss of lockdetected.
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Figure2.6. General Purpose PLL Diagram

For more details on thel®, you can refer to thesysCLOCRLL Design and Usage GuimteNexus PlatfornffFPGATN
02095).

2.3.3. Clock Distribution Network

There are two main clock distribution networks for any member of@eetusNXproduct family, mmely Primary Clock
(PCLK) and Edge Clock (ECLK). These clock netamobes driverfrom many different sources, such as Clock Pins, PLL
outputs, DLLDEL outputs, Clock divider outputs, SERDES/PCS cloclks kgic There are clock divider blocks
(ECLIBIVand PCLKD)Yo providea slower clock fronthese clock sources.

CertusNXsupports glitchles®ynamic Clock Contr@CC) for the PCLK Clazlsave dynamic power. There are also
Dynamic Clock Selection logicallow glitchiessselection between twalocks fothe PCLK network (DCS).

Overviewof Clocking Network is shown fiigure2.7 for CertusNXdevice.The shaded block®Cleandupper leftPLL)
are not available in the K ogic Cell device.

© 2020Lattice Semiconductor Corp. All Lattice trademarks, registered trademartestp, and disclaimers are as listedatw.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatifosraation heein are subject to change without notice
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Figure2.7. Clocking

2.3.4. Primary Clocks

TheCertusNXdevice family provides lowkew, high farout clock distribution to all synchronous elementgtie FPGA
fabric through the Primary Clock Netrk. TheCertusNXPCLK clock network is a balanced clock structure which is
designed to minimize the clock skew amongta! final destination of the Iih the FPGA core that needs a clock
source.

The primary clock network is divided irtwo clock donains depending on the device densiBach of thesdomains
has 16 clocks that can be distributed to the fabric indbenain

The LatticeRadiantsoftware can automatically route each clock to one of dleenainsup to a maximum o16 clocks
perdomain Yau can change how the clocks are routed by specifying a preference in the [Ratit@ntsoftware to
locate the clock t@ specificdomain TheCertusNXdevice provideyouwith a maximum o064 unique clock input
sources that can be routed to the primagjock network.

Primary clock sources are:

Dedicated clock input pins

PLL outputs

PCLKDIVECLKDIdutputs

Internal FPGA fabric entries (with minimum general routing)

SGMHCDRPCleclocks

1 OSC clock

These sources are routed gachof four clock switchesatled a Mid MuXLMID, RMID, TMID, BMIO)e outputs of
the Mid MUX are routed tthe center of the FPGA wheeaglditionalclock switcles (DSC_CMUXde used to route the
primary clocksources to primary clock distribution to tt@&ertusNXfabric. These rating muxs are shown in
Figure2.7. Thereare potentially 64inique clock domains that can be used in thegestCertusNXDevice. For more
information about the primarglock tree and connections, refer sysCLOCK PLL Design and Usage fauidexus
Platform(FPGATN02095)

=A =4 =4 =4 A
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2.3.5. Edge Clock

CertusNXdevices have a number of higipeed edge clocks that are intended for use with the PIOsein th
implementation of higkspeed interfaces. There afeur (4)ECLK networks per barikOl on theBottom sideof the
devicesFor power management, the Edglck network is powered by separate power domain (to reduce power
noise injection from the core ahreduce overall noise induced jitter) while controlledthg samelogic that gateshe
FPGA corand PCLK domains.

Each Edge Clock can be sourced from the following:

1 DedicatedPlOClock input pins (PCLK)

1 DLLDEL outpuP(OClock delayed by 9D

1 PLL outpts (CLKORELKOSCLKOS?2, CLKOS3, CLKD8LLKO3$5
71 Internal Nodes

Figue 2.8 illustrates the various ECLK sources. Bank 3 is shown in the exampld. @aitkank5 are similar.

From Banks 4, 5
ECLKSYNC

ﬁzg’
DLLDEL
Bottom 6
Left GPLL

From Fabric ~————————W
ECLKSYNC
ECLKDIV BMID
Bottom 6
Right GPLL

2

A 4

Bank 3 PCLK Pin (even)

—T— Bank 3 ECLK Tree

Bank 3 PCLK Pin (odd)

To Banks 4,5 Muxes

Figue 2.8. Edge Clock Sources per Bank

The edge clocks have low injection delay and low skew. Theymcallyused for DDR Memory or Generic DDR
interfaces. For detailed information on Edge Clock connectrefs; to sysCLOCK PLL Design and Usage fauide
Nexus PlatfornfFPGATN-02095)

2.3.6. Clock Dividers

The Certs-NXdevices have twdlistinct types otlock dividerPrimary and EdgeThere are from one (1) to eight (8)
Primary Clock Divider (PCLKDIV) and which are located in the DCS_CMUXdtltekcenter of the devic&here are
twelve (12) ECLKDIV dividees device, locate near ¢hbottom highspeed 1/0 banks.

The PCLKDIV suppof, 4, 18, +16, +32, <64, +128, and +1 (bypass) operation. The PCLKDIV is fed fromMUDCS
within the DCS_CMUX blodkhe clock divider output drives one input of the DCS Byn&lock Sect within the
DSC_CMUX blockhe Reset (RST) control siggasynchronoushandforces all outputs to lowThe divider output
startsat next cycle after the reset is synchronously relea3bd.PCLKDIV is shown in contexEigure2.9.

TheECLKDIMintended to generate a slowespeed system clock from a higpeed edge clock. The block operates in

a +2, +3.5#4, or +5 mode and maintains a known phase relationship between the divided down ciddkea high

speed cloclbased on the release of its reset sigriddleECLKDI¥an be fed from selected PLL outputs, external primary
clock pingwith or without DLIDELDelay or from routing. The clock divider outputs feed into tBettom Mid-mux

(BMID) The Reset (RST) control sigisadsynchronoushandforces all outputs to lowThe divider outpustartsat next
cycle after the reset is synchronously released.

The ECLKDIV block is shown in contektgne 2.8. For further information on clock dividers, refersggsCLOCK PLL
Design and Usage Guitlte Nexus PlatfornfFPGAITN-02095)
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2.3.7. Clock Center Multiplexor Blocks

All clock sources arekected and combined for primary clock routing through the Dynamic Clock Selector Center
Multiplexor logic (DCS_CMUXhere are one (19r two (2) DCS_CMUX blocks per devigseh DCS_CMUX block
contains2 DCSMUX blocksPCLKDIM. DCS blockand 1or 2CMUX Iocks. Sedrigure2.9 for a representative
DCS_CMUX block diagram.

The heart of the DCS_CMUX is the Center Multiplexor (CMUX) block, inputs up to 64 feed clock soumaggiid
(RMID, LMID, TMIC, BMID) dn@C) and to drive up to 16 primary clock trunk lines.

Up to two (2) clock inputs to the DCS_CMUX can be routed through a Dynamic Clodil&Meben routed to the
CMUXOne (1) input to the DCS can be optionally divided by the Primary Clock DiGd&XR/For more information
about theDCS_CMUXefer tosysCLOCK PLL Design and Usage fauidexus PlatfornfFPGATN-02095)

A A

16 16
16x (partial 16x (partial
(16/64):1) (16/64):1)
CMUX CMUX
4 ol »
DCS_CMUX dcs2cmux0
DCS |
y
6% dcsl dcs0
PCLKDIV
4
DCMUX | DCMUX
(62:1) (62:1)
4 4 62 62
62 62
- y >
62

Figure2.9. DCSCMUXDiagram

2.3.8. Dynamic Cloclselect

TheDynamic Clock Sele@C$is a smart multiplexer function available in the primary clock routing. It switches
between two independeninput clock sources. Depending on thesogtion modes, it switches between two (2)
independent input clockources either with or without any glitches. This is achieved regardless of when the select
signal is toggled. Botihput clocks must be runngnto achieve functioning glittéss DCS outpuafock, but running
clocksare not requiredvhen used as noglitchless normal clock multiplexer.

There areone (1)or two (2)DCS blocks per device thHaedall clock domainsThe DCS blocks are located in the
DCS_MUX blockhe inputs to the DCS blatome from MIDMUXutputs anduser logic ocks via DCC elements. The
DCS elements atecated at the center of the PLC array core. The output of the DCS is connected to the inputs of
Primary Clock Center MIXCMUX)

Figure2.10 showsthe timing waveforms of the default DCS operating mode. The DCS block can be programmed to
other modes. For more information about the DCS, refesywCLOCK PResign and Usage Guitter Nexus Platform
(FPGATN-02095)
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Figure2.10. DCS Waveforms

2.3.9. Dynamic Clock Control

TheDynamic Clock Contr@CG, DomainClock enable/disable featuialows internal logic control of théomain

primary clock network. When a clock network is disabled, the clock signal is static and not toggle. All the logic fed by
that clockdoesnot toggle, reducing the overall power consumption of the device. The ldigabctionis glitcHess, and
doesnot increase the clock latency to the primary clock network.

Four additional DCC elements control the clock inputs from@eusNXdomainlogic to the Center MUX elements
(DSC_CMUX).

This DCC controls the clock sowé®m the Primary CLOCK MIDMUX before they are fed to the Primary GtuXer
that drive thedomainclock network. For more information about the D@&er to sysCLOCK PLL Desigth dsage
Guidefor Nexus PlatfornfFPGATN-02095)

2.3.10. DDRDLL

CertusNXhastwo identical DDRDLL blocks, located in the lower left and lower right corners of thoe deadh

DDRDLL (master DLL block) can generptease shift code representing the amountdeflay in a delaplock that

corresponding to 9@legree phase of the reference clock inpaid provide this code to every individual DQS block and

DLLDEL slave delay eleméltie reference clock can be either fréthL, or input pin. This code is usedche PQSBUF

block that controls a set of DQS pin groups to interface IR memory (slave DLL). The DQSBUF uses this code to

controls the DQ#put of the DDR memory to 9fegree shift to clock DQs at the center of the data eye for DDR
memory interface.

1 The code is also sent to another slave DLL, DLLDEL, thattake®ryclock input and generates a @egree shift
clock output to drive the clocking structure. This is useful to interface-etigred Generic DDR, where-88gree
clocking needs to be cread. Not all primary clock inputs have associated DLLDEL cdrityate2.11 shows
DDRDLEtonnectivity to a DLLDEL block (connetstitda DQSBUF blocks is similar)
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To both BMID and

ECLKINMUX
PCLK Input
- DLLDEL
A A
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3 3
(e} (o] .
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Left DDRDLL 9 >

Figure2.11. DLIDH. Functional Diagram

Each DDRDLL can generate delay code based on the refeteakfzequency. The slave DLL (DQSBUF and DLLDEL) use
the code to delay the signal, to create the phabéfted signal used fagither DDR memory, or creating-@egree shift
clock.Figure2.12 shows the DDRDLL atiee slave DLLs on the top level view.

Left Right
DDRDLL DDRDLL
Digital Delay Code (L) Digital Delay Code (R)
Refclk Se Refclk Se
7y 7y
* * * * * |
Al VvV vV vV vV vV vV
DLLDEL | oLoeL | | peso | | pest | | oLpeL | | poso | | pesi |
BANK5 ECLK BANK4 ECLK BANK3 ECLK

Figure2.12. CertusNXDDRDLL Architecture

2.4. SGMII Clock Data Recovery (CDR)

TheCertusNXdevice includes two hardeal/ f 2 01 5F GF wSO2@SNE o0/ 5wod ¢KS /5wQa
Independent Interface (SGMII) solutions. There are three main blocks in each EDORRhdeserializer and 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 achiea&aid phase

lock with the data. The data is then passed through a deserializer which deserialize the datattpak@llel data. The

10-bit parallel data is then sent to the FIFO bridge which allows the CDR to interface with the rest of the FPGA.

Figure2.13 shows a block diagram of the SGMII CDR IP.

The two harderd blocks are located at the bottom left of the chip and uses the high sgé&xBank 5 for the
differential pair input. It is recommended that tlieference clock should be entered through a GPIO that has
connection to the PLL on the lower left corner as well.

For more information about how to implement the hardshCDR for your SGMII solution, refer to fBertusNXHigh
Speed /O Interface (FPEAL02216).
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Figure2.13. SGMII CDR IP

2.5. sysMEM Memory

The CertudNXdevices contain a number of sysMEM Hmdled Block RAM (EBR). The EBR consists oflénRISvV

with memory core, dedicated input registers and output registers as well as optional pipeline registers at the outputs.
Each EBR includes functionality to support true ghoat, pseudo duaport, single-port RAM, ROM and built in FIFO. In
CertusNX unused EBR blockspowered down to minimize power consumption.

2.5.1. sysMEM Memory Block

The sysMEM block can implement single port, dual port or pseudo dual port memories. Each block can be used in a
variety of depths and widths as listed frable2.4. FIFOs can be implemented using the built in read and write address
counters and programmable full, almost full, empty and almost empty flags. The EBR block facéiiateshpcking by
supporting an optional parity bit for each data byte. EBR blocks providecmgiele support for configurations with 18

bit and 36bit data widths. For more information, refer tdemory Usage Guide for Nexus Platform (FAGI®2094)

EBR alsorpvides a build in ECC engifitahe ECC engine supports a write data width of 32 bits and it can be cascaded
for larger data widths such as x6%he ECC parity generatomeates and stores parity data for each 3dit word written.
When a read operation is performed compareghe data with its associated parity data and report back if any Single
Event Upset (SB@vent has disturbed the datAny single bit data disturis automatically corrected at the data

output. In addition, two dedicated error flagsdicateif a singlebit or two-bit error has occurred.
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Table2.4. sysMEM Block Configurations
Memory Mode Configurations
SinglePort 16,384 x 1
8,192 x 2
4,096 x 4
2,048 x9
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 Mathing

All of the multiport memory modes support different widths on each of the pgesscept ECC mode which only
supports a write data width of 32 bitsyheRAM bits are mapped L8Brd 0 to MSB word 0, LSB word 1 to MSB word
1, andso on Although theword size and number of words feach port varies, this mapping scheme applies to each
port.

2.5.3. RAM Initialization and ROM Operation

If desired, the contents of the RAM can be+waded during device configuration. By preloading the RAM hdacikg
the chp configuration cycle and disabling the write controls, the sysMEM block can also be utilizZROd a

2.5.4. Memory Cascading

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

2.5.5. Single, Dual and Pseuddual Port Modes

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

2.5.6. Memory Output Reset

The EBR utilizes latches at the A and B output ports. These latches can be reset asynchronously or synchronously. RSTA
and RSTB are local signals, which reset the output latches associated withaRdrPArt B, respectivelirhe Global

Reset (GSRN) signal can reset both ports. The output data latches and associasefbréseh ports are as shown in
Figure2.14. The optional Pipeline Registers at the outputs of both ports are akset in the same way.
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Figure2.14. Memory Core Reset

For further information on the sysMEM EBR block, see the list of technical documeritetti@Referencesection

2.6. Large RAM

TheCertusNXdevice includes additional memory resources in the form of Large Ra#doess Memory (LRAM)
blocks

The LRAM is designed to work as Skigiet RAM, DuaPort RAM, Pseudo DuBbrt RAM, and ROM menies It is
meant to function as additional memory resourcesyou beyond what is available in the EBR and PFU.

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

2.7. sysDSP

TheCertusNXfamily provides an enhanced sysDSP architecture, making it ideally suited foodtvhigh

performance Digal Signal Processing (DSP) applications. Typical functions used in these applications dmepkiaége
Response (FIR) filters, Fast Fourier Transforms (FFT) functions, CorrelatoiSolResth/Turbo/Convolution encoders
and decoders. These complex sijprocessing functions use similar building blocks such as mtiplgrs and
multiply-accumulators.

2.7.1. sysDSRPApproach Compared to General DSP

Conventional genergdurpose DSP chips typically contain one to four (Multiply and Accumulate) MAC units &dth fix
datawidth multipliers; this leads to limited parallelism and limited throughput. Their throughput is increased by higher
clock speeds. In th€ertusNXdevice family, there are many DBIBcksthat can be used to support different data

widths. This atlwsyouto use highly parallel implementations of DSP functidftgicanoptimize DSP performance
versusarea by choosing appropriate levels of parallelifigure2.15 compares the fullgerial implementation totie

mixed parallel and serial implementation.
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Figure2.15. Comparison of General DSP a@drtusNXApproaches

2.7.2. sysDSP Architecture Features

TheCertusNXsysDSP Slice has been digaitly enhanced to provide functions needed for advanced processing
applications. These enhancements provide improved flexibility and resource utilization.

TheCertusNXsysDSP Slice supports many functions that include the following:

1 Symmetry support. fle 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 expdd&e reduction is up to 2x.

f hRR2REZAfGSNI gAGK hRR ydzYoSNI 2F (I Lk
T 908¢FRECATGSNI gAlGK 9@Sy ydzyYoSNI 2F (I Lk
T ¢62 RAYSY @AVRWISANRSHADLIHBNIEAT GSNE T2N YIAyfe OQARS2 | LILX .

1 Duaklmultiplier architecture. Lower accumulator overdd to half and the latency to half compared to single
multiplier architecture

1 Fully cascadable DSP across slices. Support for symmetric, asymmetric ayinmaegtric filters.

1 Multiply (36 x 36, two 18 x 36, four 18 x, b8 eight 9 x 9)

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

1 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)

91 Pipeline registers

1 1D Symmetry support. The coefficients of FIR filters have symmetry or negative symmetry characteristics.

f hRR2R&CAT SN gAGK hRR ydzYoSNI 2F (I Lk
T 908¢REAT (I INASHA (ykizY o SN 2F G LI&

1 2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics.
 ofol yaRpcLY GSNY It 5{t {ftAO0S adzJJ2 NI
9 prp YR fINBSRBIVYAARFiSHYot267Ta8 {fA0S &dzllLi2 NI
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Fdzy Ol A2y a
AYLX SYSyiGliGdAz2zy 2F CLw CAfGSNI 2NJ AAYAE NI &GN

O2ylGAydzS OFalOlFRAYy3I TRREYAZLES NI

1 Flexible saturation antbunding options to satisfy a diverse set of applications situations
1 Flexiblecascading DSP blocks
T aAyAYAT Sa FFEONRO dz&aS F2NJ 02YY2y 5{t
T 9ylIofSa
T tNP@ARSGOKAY I LIALISEAYS NBIAAGSNE
T /Ly 06S O2yFAIdzNBR (2
1 RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset fosdegacy
1

For most cases, as shownFigure2.16, the CertusNXsysDSBlockis backward€ 2 Y LI G A6t S

Dynamic MUX selection to allow Time Division Multiplexing (TDM) of resources for applications that require
processoflike flexibility that enables different functions for each clock cycle

gAUK GKS [

sysDSP block, such that, legacy applications can be target@ettiosNXsysDSRexcept ALU related functiorffigure
2.16 shows the diagram of sysD®®ck

Input Input Input Input Input Input Input Input
B1 B1 B1 B1 B1 B1 B1 B1

rInputI Input VlnputI Input VlnputI Input VlnputI Input | InputI Input | InputI Input | InputI Input | InputI Input |

C B2 C B2 C B2 C B2 C B2 C B2 C B2 C B2
9+9 9+9 9+9 9+9 9+9 9+9 9+9 9+9
Input Input Input Input Input Input Input Input
Al REG Al REG Al REG Al REG Al REG Al REG Al REG Al REG

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

36 X 36 (CSA)

e Y~ ~)
REG 18 I REG 18 I REG 18 I REG 18 REG 18 I REG 18 I REG 18 I REG 18
- A w

ACC54 ACC54

Output Register

L

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

Output Register

Figure2.16. CertusNXDSP Functional Blodkiagram

TheCertusNXsysDSP block supports the following basic elements.

1 MULT (Multiply)
1 MAC (Multiply Accumulate)
1 MULTADDSUB (Multiply, Addition/Subtraction)

1 MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)
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Table2.5 shows the capabilities @@ertusNXsysDSP bloaclersus he above functions.

Table2.5. Maximum Number of Elements in sysDSP block

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

Some options are available in the folements. The input register in all the elements can be directly loaded doean
loaded as a shift register from previougavand registers. By selectidignamic operationthe following operations are
possible:

1 Inthe Add/Sub optionthe Accumulator candswitched between addition and subtraction on every cycle.
1 The loading of operands can switch between parallel and serial operations.

For further information, refer taysDSP Usagzuidefor Nexus PlatfornfFPGATN-02096)

2.8. ALUREG

TheLFD2N>40 deviceprovides upo two ALUREG hard IP blockee ALUREG consists of an arithmetic and logidal
(ALU) and a register file.

The ALU provides the functions of the RIS82bit integer bae instructions with multiplieonly support forthe M-
extension. The divider function tie M-extension is not supported, instead tié¢ Uprovides flag outputs to enable
multi-cycle division/remainder operations twe implemented in soft logic.uStom operationsrotate left/right and 32

bit fixed point multiplicatiorhave also been added the ALUAII the functionsof the ALUare completed in one clock
cycle.Input and output registers are available and can be separately bypassed through configuration.

The register fileonsists 032-bit registers The register file provides a single write port and two read ports which can
be accessed simultaneously.

2.9. Programmable I/Q(P10)

The programmable logic associated with an I/O is called a P1O. The individaat Bt@nected to their respective
sysl O buffers and pads. On tlgertusNXdevices, theProgrammable I/@ells(PICrare assembled into groups tfo
PIOcells called a Programmable 1/0 Cell or PIC. The PICs are placed on all four sides of the device.

Onall the CertusNXdevices, two adjacent PIOs can be combined to provide a complementary outputmhirer

2.10. Programmable 1/0O Cell (PIC)

CertusNXis consists of base PIC and gearing PIC, base PICtop\and left/right bank, gearing PIC covers bottom
banks ony that supports DDR operatione@ing PIC contains the edge monitor to center tatedhe center of data
window.

The PCcontains three blocks: an input register block, output register hlaoK tristate register block. Theséocks
contain reisters for operating in a variety of modes along with the necessary clock and selection logic.
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Figure2.17. Group ofTwo High Performancérogrammable 1/O Cells
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Figure2.18. Wide Range Programmable 1/O Cells
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2.10.1. Input Register Block

The input register blocks for the PIOs on all edges contain delay elements and registers that can be used to condition
high-speed interface signals before they are passed to the device core. In additeomput register blocks fahe
P10s on thdottom edges include buHin FIFO logic to interface to DDR and LPDDR memory.

The Input rgister block on the bottom sidiacludes garing logic and registers to implement IDDRRDRX2DDRX4,
IDDRX5 gearirfgnctions. With two PICs sharing the DDR register path, it can also implement IDDRX71 function used
for 7:1 LVDS interfaces.uses three sets of registe¢sshift, update, andransfer to implement gearing and the clock
domain transfer. fe first stage registers samplee highspeed input data by the higbpeed edge clock on itsing

and falling edges. The second stage registers perform data alignment based on the cgnéisl Sihe thirdtage

pipeline registers pass the data to the device core synchronized to thepgeed system clock. For more information

on geaaring function, refer taCertusNXHigh-Speed I/O Interface (FPEA02216)

2.10.2.1.Input FIFO

TheCertusNXPIO has dedicated input FIFO per siregided pin for input data register for DDR Memanterfaces.

The FIFO resides before the gearing logic. It transfers data from DQS domain to esnE@ldomain. On the Write
side of the FIFO, it is clocked by DQS clehich is the delayed version of the DQS Strsigaal from DDR memory. On
the Read side of FIFO, it is clocked by ECLK. ECLK may be-apgdidgtiockvith identical frequency aBQS (the
frequency of the memory chip). Each DQS group has one FIFO controltidéstkibutes FIFO read/write pointer to
every PIC in same DQS group. DQS Grouping and DQS Controld&lsciitied irDDR Memory Supposection.

Table2.6. Input Block Port Description

Name Type Description

D Input High Speed Data Input

Q[1:0)/Q[3:0]/Q[6:0]Q[7:01/Q[9:0] Output Low Speed Data to the device core

RST Input Reset tathe 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.

Figure2.19 shows the input register block for the PIOs on the, tieft, and rightedges.

| > INCK
D Programmable > INFF
Delay Cell
> INFF > Q
K » IDDRXI > QL0
RST g

Figure2.19. Input Register Block for PIO on Tdpeft, and RighSides of the Device
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Figure2.20 shows the input register block for the PIOs located ontibgtom edge

‘ P INCK
b
Programmable b INEE
b Delay Cell
INFF »Q
Generic
IDDRX1
FIFO IDDRX2 Quoy
IDDRX4 Qz:0y/
b
Delayed DQS ECLK IDDRX5 P Q60
IDDRX71* Q[7:0y/
Q[9:0]
Memo!
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).

Figure2.20. Input Register Block for PIO d@ottom Sice of the Device

2.10.2. Output Register Block
The output register block registesggnalfrom the core of the device before they are passed to the/ §ybluffers.

CertusNXoutput data path has output programmable flip flops and output gearing logic. Ohdtiem side, the
output register block can support 1x,,24d, xX5and 7:1 gearing enabling high speed DDR interfaces andri2birry
interfaces. On theop, left, andright sides the banks support 1x gearingertusNXoutput data path diagram ishown
in Figure2.21. 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 r&erttctsNXHigh-Speed 1/0
Interface (FPGANO02216)

b | Programmable >
R > Delay Cell o)
RST »
K » Generic
DL:0] > ODDRX1

Figure2.21. Output Register Block on Topeft, and RighSides
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DQSW270

Qo)

v

Q[3:0)/
Ql6:01
QI7:0)/
Q[9:0]

Generic
ODDRX1/

ODDRX2/
ODDRX4
ODDRXS5
ODDR71*

Memory

ODDRX2
OSHX2

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

Figure2.22. Output Register Block oBottom Side

Table2.7. Output Block Port Description

Name Type Description

Q Output High Sped Data Output

D Input Data from core to output SDR register
Q[1:0)/Q[3:0]/Q[6:0]Q[7:01/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 Ept Clock

DQSW Input Clock from DQS control Block used to generate DDR memory DQS
DQSW270 Input Clock from DQS control Block used to generate DDR memory DQ oy

2.11. Tristate Register Block

The tristate register block registers tristate control sifgnfrom the core of the device before they are passed to the
syslO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one dfdps tfiptthen
feeds the output. In DDRperation used mainly for DDR memory interfaaa e implemented on thbottom sideof
the device. Hergtwo inputs feed the tristate registers clocked by both ECLK and SCLK.

Figure2.23 andFigure2.24 show the Tristag Register Block functions on the device. For detailed descriptitheof
tristate register block modes and usage, you can refa&@adusNXHigh-Speed I/O Interface (FPEGA02218.

TD

»

RST ——— b TSFF

SCLK ——— b

—» TQ

Figure2.23. Tristate Register Block on Topeft, and RighSides
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™ —‘—» —

4

RST >
w L
EOK —— b
DQSW ——————P

DQSA270 ———»
T1.0] ——— >

THSX2

Figure2.24. Tristate RegisteBlock onBottom Side

Table2.8. Tristate Block Port Description

Name Type Description

TD Input Tristate Input to Tristate SDR Register

RST Input Reset to the Tristate Block

TDI[1:0] Input Tristate input to BHX2 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

2.12. DDR Memory Support

2.12.1. DQS Grouping for DDR Memory

Certain PICs have additional circuitry to allow the implementation of-$jged source synchronous and DDR3/DDR3L,
LPDDR2 or LPDDR3 memory interfaces. The support variesdijgief the device as detailed below.

The Bottom side of the PIC have fully functional elements supporting DDR3/DDR3L,,IdcPDBRPR3 memory

interfaces. Every 16 P1Os on the bottom side are grouped into one DQS group, as shigureh25. Within each

DQS group, there are two praced pins for DQS and DQS# signals. The rest of the pins in the DQS group can be used
as DQ signals and DM signal. The number of pins in each DQS group bonded out is packagetd&g@8dyroups

with less than 11 pins bonded out can only be used for LPDDR2/3 Command/ Address busses. In DQS groups with more
than 11 pins bonded out, up to two paefined pins are assigned to be used as virtual VCCIO, by drigs®ypms to

HIGH, ad 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 detail<; eefiesNiX

HighSpeed I/O Interface (FPEGA02216)
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Figure2.25. DQS Grouping on thBottom Edge

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

To support DDR memory interfaces (BOPDRL, LPDDR2/3), the DQS strobe signal from the memory must bewsed
capture the data (DQ) in the PIC registers during memory reads. This signal is output from the DDRd®er®ry
aligned to data transitions anthust be time shifted before it can be used to capture data in the PICtifieishifted is
achieved by using D@8 Fprogrammable delay line in the DQS Delay Block (DQS read cirbeifPQBUHR. is
implemented as a slave delay line and works in conjunctitth a master DDRDLL.

This block also includes slave delay line to generate delayed clocks used in the write side to generate DQuithd DQS
correct phases within one DQS group. There is a third delay line inside this block used to provide writgféatata

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 thédeki@dide the Input Register
Block. These pointers are generated to control the DQS to ECLK domain crossing using the FIFO module.
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DOS B ——» BURST_DET
Preamble/Postamble Management

READ[1:0] — |
READ_CLK_SEL([2:0]

. —p H
SCLK ———— FIFO Control and Data Valid WRPNTR[2:0]
ECLK Generation —————>» RDPNTR[2:0]
—>

» DATAVALID

—————» DQSR90

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

» ——————» WR_COUT
WRITE_LEVELING_LOADN -

WRITE_LEVELING_DIRECTION —————¥| >
WRITE_LEVELING_MOVE —————¥| Slave Delay (WR) with bQSW270
Adjustment/Margin Test and Write Leveling ——— DOQSW

WR_LOADN, WR_DIRECTION, WR_MOVE ————————P

DELAY CODE[8:0] —P|
RST —— |

DONE_GWE ——— ¥
GSR —— M|

I DELAY CODE[8:0]

Figure2.26. DQS Control and Delay Block (DQE

Table2.9. DQSBUF Potist Description

Name Type Description

DQS Input DDR memory DQS strobe

READI1:0] Input Read Input from DDR Controller

READCLKSED] Input Read pulse selection

SCLK Input Slow $stem 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
DELATODE]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

DEIAYCODE_OI8:0] Output Dynamic Delay Control
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Each I/O is associated with a flexible buffer referred to as a sysl/O buffer. These buffers are arranged around the
periphery of the device in groups referred to as banks. The sysl/O baffenssyouto implement the wide varietpf

aidlyRFNR& GKFG FNB F2dzyR Ay

i2RIe&Qa

4 & ALY, &nd MIPIOE dzR A y 3

TheCertusNXfamily contains multiple Programmable I/O Cell (PIC) blocks. BEaatoRains two Programrbée 1/0,

PIOA and PIOB. Each PIO includes a sysl/O buffer and I/O logic. Two adjacent PIOs can be joined to provide a
differential 1/0 pair. These two pairs are referred to as True and Comp, where True Pad is associated with the positive
side of the diffeential /0, and the complement with the negative.

The top left, andright side banks support I/0 standards from ¥.80 1.0V while the bottomsupportsl/O standards

from 1.8 V to 1.0 V. Every pair of I/O on the bottom bank also have a true LVDS 8ntix3N\er. In addition, the

bottom bank supports singlended input termination. Both static and dynamic termination are supported. Dynamic
termination is used to support the DDR/LPDDR interface standards. For more information about DDR implementation
in /O Logic and DDR memory interface support, refeCéstusNXHigh-Speed I/O Interface (FPEGMA02216)

2.13.1. Supported sysl/O Standards

CertusNXsyslO buffer supports both singlended differential and differential standards. Singleded standards can
be further subdivided into internally ratioed standards such as LVCMOS, LVTTL, and externally referenced standards
such as HSUL and SSTL. The buffers support the LVTTL, LVOMQ@3\,.Q.5V, 1.8V, 2.5V, and 3.3V standards.

Differential standards supported include LVDS, SLVS, differential LVCMOS, differential SSTL, and differential HSUL. For

better support of video standards, subLVD$ 8P| D-PHYare also supportedlable2.10 and Table2.11 provide a

list of sysl/O standards supported@ertusNXdevices

Table2.10. SingleEnded I/O 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 | Yes Yes Yes
SSTL 151 Yes Yes Yes
SSTL 1351 Yes Yes Yes
HSUL12 Yes Yes Yes
LVCMOSI18H Yes Yes Yes
LVCMOS15H Yes Yes Yes
LVCMOS12H Yes Yes Yes
LVCMOS10H Yes Yes Yes
LVCMOS10R Yes T Yes

*Note: Output supported by LVCMOS10H.
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Table2.11. Differential /0 Standards

Standard Input Output Bi-directional
LVDS Yes Yes Yes
SUBLVDS Yes No T
SLVS Yes Yes T
SUBLVDSE T Yes T
SUBLVDSEH T Yes T
LVDSE T Yes T
MIPI_D-PHY Yes Yes Yes
HSTL15D | Yes Yes Yes
SSTL15D_| Yes Yes Yes
SSTL15D 1l Yes Yes Yes
SSTL135D_| Yes Yes Yes
SSTL135D_lI Yes Yes Yes
HSUL12D Yes Yes Yes
LVTTL33D T Yes T
LVCMOS33D T Yes T
LVCMOS25D T Yes T

2.13.2. sysl/O Bankg Scheme

CertusNXdevices havelp toeightbanks in total. One bank on top, two on left and right, and three on bottom. The
higher density CertusNXdevicehasmore pins in each bank. BankBank1, Bank2, Bank6, andBank7 support up to
VCCIO 3.3 V whigank3, Bank4, and Banks support up to VCIO 1.8 V. In addition, BaBkBank4, and Banlb

support two VREF inputs for flexitylto receive two different referencethput levels on the same bankigure2.27
shows the location of each bank.
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VCCIO(0)
GND
Bank 0
GND GND
VCCIO(7) ——— | Bank 7* Bank 1 ———— VCCIO(1)
GND GND
VCCIO(6) — | | Bank 6* Bank2*| [ VCCIO(2)
Bank 5 Bank 4 Bank 3
GND GND GND

(8)o100A
(8)T439A
(8)z43dA
(¥)O102A
(P)T438A
(P)z43dA
(£)oI100oA
(€)T43dA
(€)z43dA

*Note: Bank not available in LFD2NX-17.

Figure2.27. sysl/O Banking

2.13.2.1.Typical sysl/O I/O Behavior During Powep

The internal PoweDnReset (POR) signal is deactivated whegaWd \tcauhave reached satisfactory levels. After the
POR signal is deactivated, the FPGA core logic becomes actiyeultrissponsibity to ensure that all other 810

banks are active with valid input logic levels to properly control the output logic states of all the I/O banks that are
critical to the application. For more information about controlling the output logic state witd ugbiut logic levels
during powerup inCertusNXdevices, see the list of technical documentatiofmRigferencesection.

The \¢cand \ecaussupply the power to the FPGA core fabric, whereas theoSupplies powerd the I/O buffers. In

order to simplifythe system design while providing consistent and predictable I/O behavior, it is recommended that
the 1/0 buffers be poweredp prior to the FPGA core fabriccdésupplies should be powereap before or together

with the Vecand \ecaussupplies. For different power supply voltage level by the I/O banks, refeettusNXHigh-

Speed /O Interface (FPEGMN02216)for detailed information.

2.13.2.2.VRF1 and VREF2

Bank 3Bank4, and Banls can support two separate VREF input voltage, VRBEINVREF2. To assign a VREF driver,
use I0_Type = VREF1_DRIVER or VBERER. To assign VREF to a buffer, use VREF1 _LOAD or VREF2_LOAD.

2.13.2.3.9ysl/0 StandardsSupportedby I/O Bank

All banks can support multiple 1/0 standards under the VCCIO rules discussedTatie212 and Table2.13
summarize the 1/O standards supported on varisiges of theCertusNXdevice.
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Table2.12. SingleEnded I/O Standards Support on Various Sides

Standard Top Left Right Bottom
LVTTL33 Yes Yes Yes T
LVCMOSS33 Yes Yes Yes T
LVCMOS25 Yes Yes Yes T
LVCMOS18 Yes Yes Yes T
LVCMOS15 Yes Yes Yes T
LVCMOS12 Yes Yes Yes T
LVCMOS10 Yes Yes Yes T
LVCMOS18H T T T Yes
LVCMOS15H T T T Yes
LVCMOS12H T T T Yes
LVCMOS10H T T T Yes
LVCMOS10R T T T Yes
HTSL15 | T T T Yes
SSTL 151, 1l T T T Yes
SSTL 1351, 1l T T T Yes
HSUL12 T T T Yes

“Note: Left bank is1ot availablein LFD2NXL.7.
Table2.13. Differential I/O Standards Supported on Various Sides

Standard Top Left Right Bottom
LVDS T T T Yes
SUBLVDS T T T Yes
SL\ T T T Yes
SUBLVDSE Yes Yes Yes T
SUBLVDSEH T T T Yes
LVDSE Yes Yes Yes T
MIPI_D-PHY T T T Yes
HSTL15D | T T T Yes
SSTL15D_| T T T Yes
SSTL15D_lI T T T Yes
SSTL135D | T T T Yes
SSTL135D I T T T Yes
HSUL12D T T T Yes
LVTTL33D Yes Yes Yes T
LMCMOS33D Yes Yes Yes T
LVCMOS25D Yes Yes Yes T

“Note: Left bank is not availabia LFD2NX.7.

2.13.2.4.Hot Socketing

TheCertusNXdevices have been carefully designed to ensure predictable behavior during-ppvesrd powerdown.
During powerup and powerdown squences, the I1/O remain in tristate until the power supply voltadgegh enough
to ensure reliable operation. In addition, leakage into I/O pins is controlled within specified Batk.0, Bank 1,
Bank 2, Bank 6, and Banlare fully hotsocket ablevhile Bank 3, Bank 4, and Banlki® not supported.

2.13.3. sysl/O Buffer Configurations

This section describes the various sysl/O features available ddaitasNXdevice.Refer toCerus-NXHighSpeed /O
Interface (FPGAN-02216)for detailed information.
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2.13.4. MIPI DPHYSupport

CertusNXQ& LINPINIF YYI 0fS Lkh @HYE rdeBedaySoit MIRPEY Rhe Bait-PHYlcanL 5

be configured to support either Camera Seriaétface (CS2) or Display Serial Interface (DSI) applications as either

transmitter or receiver. Below is a summary of the features supported by the Seift\D

f ¢NIyaYAl YR NBOSAGS 02 YHX Spécifcationivarsiaptl.t L ! £ £ Al yOSQa alLtL
1 HighSped (HS) and Lowower (LP) mode support (including biritcontention detection)

 {dzLILR2 NI & O2yliAydzzdza OfO2Q1U AYARIZADNIOLE 2O 1 LIXERE oy 2y

Up to 6 Gbps per port (1500 Mbps data rate per lane) in 121 csfBGA package

Up to5 Gbps per port (120 Mbps data rate per lane) in other packages

Supports up to 4 data lanes and one clock lane per port

= =4 =4

2.14. Analog Interfacg ADC)

TheCertusNXfamily provides an analog interface, consisting of two Analog to Digital Convertors (ADC), three
continuous time compators and an internal junction temperature monitoring diodée twvo ADCs casample the
input sequentially or simultaneously

2.14.1. Analog to Digital Converters

The Analog to Digital Convertigra 12bit, 1 MSPSAR (Successive ApproximatiRegistey architedure converter
The ADC supports both continuous and single shot conversion mbae®DC can operate in either yoalar or bt
polar mode.

Theinput to the ADC can be dynamically selected from among the followieegelectedGPIO input pair, dlicated
analog input pairthe internal junction temperature sensing diodadinternal voltage rails.

An external reference \tage is required for each ADBoth can share the same reference if they are converting
signals of similar magnitud&he ADC can coniteup to al1.8V input signal witta 1.8V externalreference voltageThe
ADGChas an autecalibration function which calibrates the gain and offset.

2.14.2. Continuous Time Comparators

The continuougime comparatorcan beused to compare pre-selected GPI@put pairsor one dedicateccomparator
input pair. Theoutput of the comparator iprovided asontinuousandlatched dataEach comparator uses a separate
external threshold to provide system flexibility.

2.14.3. Internal Junction Temperature Monitoring Diode

Ondie junction temperature can be monitored using the internal junottemperature monitoring diodeThe PTAT
(proportional to absolute temperature) diode voltage can be monitored by the ADC to provide a digital temperature
readout.Refer to ADCUsage Guide for Nexus Platfo(FPGATN-02129) for more detalils.

2.15. IEEE 1149:Compliant Boundary Scan Testability

All CertusNXdevices have boundary scan cells that are accessed through anl#EEE dompliant Tegiccess Port
(TAP). This allows functional testing of the circuit board on which the device is mounted threeigal gcan path that
can access all critical logic nodes. Internal registers are linked internally, allowing test datshifted in and loaded
directly onto test nodes, or test data to be captured and shifted out for verification. Thad¢esss port consists of
dedicated I/O: TDI, TDO, T,@Kd TMS. The test access port uses VCiolgpowersupply.The test access poig
supported for VCCIO1 = M8 3.3 V.

For more informationrefer to sysCONFIG Usage Guide for Nexus Platform (FRG2099)
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2.16. Device Configuration

All CertusNXdevices contaitwo ports that can be used for device configuration. The Test Acces§liRdt}, which
supports bitwide configuration, and the sysCONFIG port, supperial, quadand byteconfiguration The TAP
supports both the IEEE Standard 1149.1 Boundary Scatficp@en and the IEEE Standdr®i32 InSystem
Configuration specificatiorthe JTAG_EN is the only dedicated pin supportesy8@ONFIG. PPROGRAMN / INITN /
DONEare enabled by default, but can be turned into GPIIe remaining sysCONFIG pins are usedlial function
pins. Refer teysCONFIG Usage Guide for Nexus Platform (FRG2099)for more information about usinthe duat
use pins as general purpose I/0.

Thereare variousvays to configure £ertusNXdevice

1 JTAG

9 Standard Serial Peripheral Interface ({Pterface to boot PROM Support x1, adx4 wide SPI memory
interfaces(Master SPI mode)

Inter-Integrated Circuit Bus?T)

Improved Interintegrated Circuit Bus30

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

Lattice Memory Mapped Interface (LMMtgfer tosysl/O UageGuidefor Nexus PlatfornfFPGATN-02067) for
detail.

1 JTAG, SSPI, MSHKT, &nd I13C are supported for VCCIO =\1-8.3V

On powerup, based on the voltage leveiigh or low) of the PROGRAMN (tie FPGA SRAMdenfigured by the
appropriatesysCONFIG potf. PROGRAMN pinl@w, the FPGA is in Seemfigurationmode (Slave SP§laveaCor
Slave I3Fand is waiting for the correct Slave Configuration port activation RROGRAMN pin must be driven high
within 400 ns of the end of transmission of the Slave Configuration port activation keys thia deassertion of
SCSNf no slave port is declared active before the PROGRAMN s@#nsisd HIGH, the FPGA is in Master SPI booting
sequence (mode)n Master SPI booting mogthe FPGA boots from an external SPI boot PRQMe a configuration
port isactivated it remainsactive throughout that configuration cycle. The IEEE 1149.1 port can be activatéthany
after powerup byenabling the JTAG_EN pin a®hding the appropriate command through the TAP port.

= =4 =4 =

2.16.1. Enhanced Configuration Options

CertusNXdevices have enhanced configuration features such as

Early I/O release

Bitstreamdecryptionand authentication

Decompressiosupport

TransFR 1/O

Watchdog Timer support

Dual and Multiboot image support

Early I/0 Release is a new configuration featare/hich certain 1/0O banks are released earlier so that customer
systems have minimal disruptioRor nore details refer tosysCONFIG Usage Guide for Nexus Platform (FRGA
02099)

Note that forEngineeringgamplesilicon (ES suffix), an Early I/O Release enabled bitstream is not compatible with
direct SRAM programmingl¢éa known a$-ast Proggmming in Radiant ProgrammeH)attempted, the configuration
operationfailsand the @rt must be powercycled before it can accept a ndéarly 1/0 Release enabled bitstream.
Watchdog Timer is a new configuration feature that hglps add a programmable timer option for timeout
applications

=A =4 =4 =4 -4 4

2.16.2.1.TransFR (Transparent Field Reconfiguration)

TrarsFR I/O (TFR) is a unique Lattice technology that ajlowt® update their logic in the field without interrupting
system operation. TransFR I/O allows I/O states to be frozen during a@evifiguration. This allows the device to be
field updated with aminimum of system disruption and downtime. RefeiMiimizing System Interruption During
Configuration Using TransFR Technology (FRER025)
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2.16.2.2.DualBoot and MultiBoot Image Suport

Duatboot and multiboot images are supported for applications requiring reliable remote updates of configuration

data for the system FPGA. After the system is running with a basic configuration, a new boot image can be downloaded
remotely and storedn a separate location in the configuration storage device. Any time after the updatedtiasNX

devices can be rbooted from this new configuration file. If there is a problem, such as codatat during download

or incorrect version number with thisew boot image, th&€€ertusNXdevice can revetack to the original backup

golden configuration and try again. This all can be done without power cycling the system. For more infomefation,

to sysCONFIG Usage Guide for Nexus Platform (FRG2099)

2.17. Single Event Upset (SEU) Support

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

Certuis-NXdevices haveraimprovedhardware implemented Soft Error Detection (SED) circuit which can be used to
detect SRAM errors and allow them to be correct€dere are two layers of SED implemente@ertusNXmaking it
more robust and reliable.

The SEDdrdware inCertusNXdevices is part of the Configuration block. The SED modderiusNXis an enhanced
version as compared to the SED modules implemented in other Lattice devices. The configuration data is divided into
frames so that the entire FPGArcbe programmed precisely with ease. The SED hardware reads data from the FPGAs
configuration memory and performs Error Correcting Code (ECC) calculation on every frame of configura{seedata
Figure2.1). Oncea single bit of error is detected, Soft Error Upset (SEU), a notification is generated and SED resumes
operation. For single bit errors, the corrected value is rewritten to the particular frame using ECC information. If more
than onebit error is detectedwvithin one frame of configuration data, an error message is gener&edusNX
devicesalsohavea dedicated logic to perform Cycle Redundancy Code (CRC) clibik€RC runs in parallel for the

entire bitstream along with ECC.

After the ECC is calctda on all frames of configuration data, Cyclic Redundancy Check (CRC) is calculated for the

entire configuration data (bitstream). The data that is read, and the ECC and ©R&exhl do not include EBRirge
SRAMand distributed RAMNnemory.

For furtherinformation on SED support, refer 8oft Error Detection (SED)/Correction (SEC) Usage fauidexus
Platform(FPGATN02076)

2.18. On-Chip Oscillator

TheCertusNXdevice features tw different frequency Oscillators. One is tailored for dp@wer operation that runs at

low frequency (LFOSC). Both Oscillators are controlled with internally generated current.

The LFOSC runs at nominal frequency of 128 kHz. The high frequency ofdif&8:C) runs at a nominal 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.

2.19. User I2C IP

TheCertusNXdevice has one I2Rard IP cae. The core can be configured either as an 12C master or as an 12C slave. The
pins for the I2C interface are passigned.

The core has the option to delay the either the input or the output, or both, by 50 ns nominal, using dedicatieigp on
delay elemets. This provides an easier interface with any exted@kcbmponentsin addition, 50 ns glitch filters are
available for both SDA and SCL.

When the IP core is configured as masteis éble to control other devices on th&d bus through the prassigied pin
interface. When the core is configured as the slave, the désmele to provide, for example, I/O expansion to an I12C
Master. The I2C core supports the following functionality:

1 Master and Slave operation

1  7-bit and 10bit addressing
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Multi-masterarbitration support

Clock stretching

Up to1l MHzdata transfer speed (Standafode, FastMode, FastMode Plus)
General Call support

Optional receive and transmit data FIFOs with programmable sizes
Optional50 ns delay on input or output data, or both

HardConnection and ProgrammableO Connection Support
Programmable to a mode compliant wikBCrequirements on legacyC Slave Devices.
FastMode and FastMode Plus Support

Disabled Clock Stretching

50 ns SCand SDA Glitch Filter

Programmable bit Addres

For further information on the User I12C, referlt€ Hardened IP Usage GufdeNexus PlatfornfFPGATN-02142)

= =4 =4 =4 4 -4 -4 -8 -4 -8 -8 4

2.20. Density Shifting

TheCertusNXfamily is designed to ensure thdifferent density devices in the same family and in the spaekage
have the same pinout. Furthermore, the architecture ensures a high success rate when performingnigsition

from lower density devices to higher density devices. In many casea|dbipossible to shift a lower utilization design
targeted for a highdensity device to a lower density device. However, the exact details of thedswmirce utilization
impactthe likelihood of success in each case. An example is that some usery/@otene No Connects in smaller
devices in the same package. Refer to @etusNXPin Migration Tableand Lattice Radiansoftware for specific
restrictions and limitations.

2.21. Peripheral Component Interconnect Express (PCle)

TheCertusNX-40 Device featues one lane of hardexd PCle blockn the top side of the device'he PCle block
implements all three layers defined by the PCI Express Specification: Physical, Data Link, and Transaction as shown in
Figure2.28. Below is a summary of the features supported by the PCle:

1 Gen1 (2.5 Gb/s)nd Gen 2 (5.0 Gb/s) speed

PCle Express Base Specification 3.0 compliant including compliance with earlier PCI Express Specifications
Multi-function support with up to four physicdlinctions

Endpoint and Root Complex support

Type 0 Configuration Registers in Endpoint Mode

Complete ErroHandling Support

32-bit Core Data Width

Many power management features including power budgeting

=A =4 =4 =4 -4 4 4
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Figure2.28. PCleCore

The hardened PCle block can be instantiated with the primR®@&through Lattice Radiant software however, it is not
recommended to directly instantiate the PCle primitive itself. It is highly recomatetalgenerate the PCle Endpoint

Soft IP through IP Express insteadrigure2.29, the PCle core is configured as Endpoint using the Soft logic and this
Endpoint soft IP provides a wrapper around the PCle prien@g/well as providing useful functions such as bridging

support for bus interfaces and DMA applications. In addition to the standard Transaction Layer Packet (TLP) interface,
the data interface can also be configured to be AXI4 or-KBitdBnterfaces as &ll. The PCle hardened block also

features a register interface of LMMI and User Configuration Space Register Interface (UCFG). With the soft IP, the
interface can be configured to APB or AH® as well. The PCle block contains many registers whichicenta

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, refethte PCle Endpoint IP Cadecument.

Top
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Figure2.29. PCle Soft IP Wrapper
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2.22. Cryptographic Engine

TheCertusNXfamily of devicesupport severatryptographideatures that helps customer secure their desi§ome

of the keycryptographic features includédvanced Encryptio®andard (AES}ashing Algorithms andtrue random
number generator (TRNG). TBertusNXdevicealso featureditstream encryptionusing AE256)and bitstream
authentication(using ECDSAyhich protects the FPGA design bitstream from copying and tampering

The Cryptographic EngineRE) is the main engine, which is responsible for the fgigshencryption as well as
authentication of theCertusNXdevice. Once the bitstream is authenticated and the device is ready for user functions,
the GRE is available for you to implemewariouscryptographidunctions in your FPGA desidio enable spdfic
cryptographic function, the RE has to be configured by settiadew registers.

The Cryptographic Engine suppottg telowusermodefeatures

1 True Random Number generator (TRNG)
1 Secure Hashing Algorithm (SF256 bit
1 Message authentication codes (MAG$JMAC
1 Lattice Memory Mapped Interface (LMMI) interface to user logic
1 High Speed Port (HSP) for FF&Bed streamig data transfer
Cryptographic EnginCRIE
) 4—»‘ Unique ID ‘
» Control Register >
LMMI/ <—>‘ True Random Number Generaf@RNG ‘
FpgA  High Speed Port _
Fabric >  CRERegisters = <—>‘ Advanced Encryption Standa&ES ‘
_ _ «—> SH/&R56 |
Bitstream Encryption
«—> HMACSH/256 |
Bitstream Authentication

Figure2.30. Cryptographic Engine Block Diagram
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3. DC and Switching Characteristics

3.1. Absolute Maximum Ratings

Table3.1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Veg Ve@cik Supply Voltage ¢0.5 1.10 \%
VeeauxVecaux, SUpp'y Voltage C0.5 1.98 \Y
Vecauws, Vecauma,
Vccauws
Vccio, 1,2, 6,7 1/0 Supply Voltage ¢0.5 3.63 \%
Veeia, 4,5 1/0 Supply Voltage c0.5 1.98 V
VeeLsbo SERDHESlock PLBupply Voltage ¢0.5 1.98 \%
Vcespo SERDESupply Voltage ¢0.5 1.10 \%
Vceapcis ADC Block 1.8 Supply Voltage ¢0.5 1.98 \%
Vecauxsp SERDES A@Xpply Voltage ¢0.5 1.98 \%
T Input or I/O Voltage AppliedBank 0, Bank 1, ¢0.5 3.63 \%
Bank 2, Bank 6, Bank 7
T Input or I/O Voltage AppliedBank3, Bank4, ¢0.5 1.98 \%
Bank5
T Voltage Applied o SERDESINs c0.5 198 \Y
ADC Reference
ADC Input
ADC Comparator Input
Ta Storage Temperature (Ambient) ¢65 150 °C
T Junction Temperature T +125 °C
Notes

1. Stress above those listed under thAbsolute Maximum Ratingmay cause permanent damage to the device. Functional
operation of thedevice at these or any other conditions above those indicated in the operation#@s&of this specification is
not implied.

Compliance with the LatticEhermal Managemerdocument is required.

All voltages referenced to GND.

All Vecaushould be canected on PCB

Input or I/O voltage applied should not exceed +@.&bove Bank VCCIO, or 1\98vhichever is less

agrwd
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3.2. Recommended Operating Conditioh$

Table3.2. Recommended Operating Conditions

Symbol Pamameter Conditions Min Typ. Max Unit
VeeVeeck Core Supply Voltage Vee=1.0 0.95 1.00 1.05 \Y,
Vocaux Auxiliary Supply Voltage gggt 2' Bank 1, Bank 2, Bank ; 746 1.80 1.89 Vv
VecauxHaias Auxiliary Supply Voltage | Bank3, Bank4, Bankb 1.746 1.80 1.89 \%
Vecaux Auxiliary Supply Voltader | . 1.746 | 1.80 1.89 v
core logic
Vecio= 3.3 VBank 0, Bank 1,
Bank 2, Bank 6, Bank 7 3.135 3.30 3.465 v
Vecio= 2.5 VBank 0, Bank 1,
Bank 2, Bank 6, Bank 7 2375 2.50 2.625 v
Vecio= 1.8 V, All Barsk 1.71 1.80 1.89 \Y,
Veeid I/O Driver Supply Voltage | Vccio= 1.5V, All Banks 1.425 1.50 1.575 \Y;
Veeig= 1.35 V, All Banks (For
DDR3L Only) 1.2825 1.35 1.4175 \Y,
Vceio= 1.2 V, All Banks 1.14 1.20 1.26 Y,
Vceio= 1.0 VBank3, Bank4, 095 1.00 1.05 Vv
Bank5
ADC External Power Supplies
Vccapcis ADCL.8V Power Supply T 1.71 1.80 1.89 \%
SERDEBIockExternal Power Sudpes
Supply Voltagéor SERDES
Vespo Block andcSERDER T 0.95 1.00 1.05 Vv
SERDHESlock PLBupply
VeeLispo Voltage T 1.71 1.80 1.89 Vv
SERDBESockAuxiliary
Vecauxsp Supply Voltage T 1.71 1.8 1.89 V
Operating Temperature
Junction Temperature, o
tacom Commercial Operation ! 0 T 85 c
Junction Temperature, o
tano Industrial Operation ! G40 T 100 c
Notes
1. For correct operdbn, all supplies must be held in their valid operatimitagerange.
2. AllVccoiosupplies with same voltage, should be connected together.
3. All supplies with same voltage should be from the same voltagece. Proper isolation filters are needed to propédsolate
noise from each other.
4. Common supply rails must be tied together except SERDES
5. MSPI (BanR) and JTAGSPIZ2C and I3C (Bank 1) ports are supported feg= 1.8 V to 3.3 V.

invw. latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

3.3. Power Supply Ramp Rates
Table3.3. Power Supply Ramp Rates

Symbol Parameter Min Typ Max Unit
tramP Power Supply ramp rates for all suppltes 0.1 T 50 V/ms
Notes:

1. Assumes monotonic ramp rates.

2. All supplies need to be in the operating range as defindgkibommended Operating Conditidp8when the device has
completed configuratin and entering into User Mod&upplies that are not in the operating range needs to be adjusted to
faster ramp rate, oyou haveto delay configuratioror wake up.

3.4. Powerup Sequence

PowerOnReset(PORputs theCertusNXdevice irto a reset stateThere is ho power up sequence required for the
CertusNXdevice

3.5. OnChip Programmale Termination

TheCertusNXdevices support a variety of programmable-dnip terminations options, including:
1 Dynamically switchable Singinded Termination with programmable resistor values ok5D KiZp 2 NJ mpn K@
T /72YY2y Y2RS GSNXAYILGA2Y 2F wmnn K F2NI RAFFSNBYGALF T Ay Lz

Vao Z20=50

THRM

Z20=50K, 75K, or 150 K
control

to Voo /12

| o (
20

'
SIO%—— “e

|
OFFchip | ONechip __ OFFchip ON-<chip =
Parallel Sngle-Ended Input Differential Input
Figure3.1. OnChip Termination

SeeTable3.4 for termination options for input modes.

Table3.4. On-Chip Termination Options for Input Modes
I0_TYPE Differential Termination Resistdr Terminate toVccid2'
subLVDS 100, OFF OFF
SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
HSTUSD_| 100, OFF OFF
SSTUSD | 100, OFF OFF
SSTU35D | 100, OFF OFF
HSUL12D 100, OFF OFF
LVCMOS15H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
LVCMOSH OFF OFF
LVCMOSH OFF OFF
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I0_TYPE Differential Termination Resistdr Terminate toVccid2'

LVCMOSBH OFF OFF 40, 50, 60, 75

HSTLS_| OFF 50

SSTL15_| OFF OFF, 40, 50, 60, 75

SSTLB5_| OFF OFF, 40, 50, 60, 75

H3JL12 OFF OFF 40, 50, 60, 75
*Notes:

1 TERMINATE ta-Md2 (SingleEnded) and DIFFRENTIAL TERMINATION RESISTOR when turned on caomalsetiave per
bank. Onlyleft andright banks have this feature.

1 Use of TERMINATE ted2 and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in a®i€hiank.
termination toleranceg10%+60%

Refer tosysl/O Usage Guide for Nexus Platform (FP882067 for on-chip termination usage and value ranges.

3.6. Hot Socketing Specifications
Table3.5. Hot Socketing Specificatiorfer GPIO

Symbol Parameter Condition Min Typ Max Unit
Input or I/O Leakage Current for| 0 < Vin < Vih(max) T 1 T mA
Wide Range I/@excluding 0 < Vce < Vee(max)

0 < Vccaux < Vccaux(max)

Ik Input of /0 Leakage Current for| Vecio< Mn< Vecio+ 0.5 V T 20 T mA
MCLK/MCSN/MOSI/INITN/DON
pins
Input or 1/0 Leakage Current for| Vecio< Vin<Veciot 0.5V T 18 T mA

Bottom Bank

Notes

1. Ipkis additive to gy, lpp, OF lgn

2. Hot socket specification defines when the hot socketed device's junction tempeliatate35°C or below. When the hot
socketed device'minction temperature is above 8&, the IDK current can exce® above pec

3.7. ESD Performance

Refer to the CertusNXProduct Family Qualification Summdoy complete qualification datancluding ESD
performance.
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3.8. DC Electrical Characteristics
Table3.6. DC Electrical Characteristic®ide RangdOver Recommended Operating Conditions)
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Symbol | Parameter Condition Min Typ Max Unit
Input or I/OLeakagesurrent
1
I (Commercial/Industrial) no Mo T T 10 WA
e Input or I/OLeakagesurrent VecioKVin KVin (max) T T 100 HA
I/0 Weak Pulup Resistor .
lpu Current O XKVin XD.7* Vecio ¢30 T ¢150 HA
1/0 Weak Puldown Resistor
IPo Current ViL(max)>Kvin XKecio 30 T 150 HA
IgHLs Bus Hold Low Sustaining Currer] Vin= M. (max) 30 T HA
lsuns Bus Hold High Sustaining Curre| Vin= 0.7* Vccio 30 T HA
IsHLO Bus hold low Overdrive Current| 0 >XXVin XVccio T T 150 HA
IBHHO Bus hold high Overdrive Current 0>XVin XKVccio T T ¢150 MA
VBHT Bus Hold Trip Points T ViL(max) T Vin(min) V
Notes

1. Inputor I/O leakage current is measured with the pin configured as an input or as an I/O with the istjaiiéd. Bus
Maintenancecircuits are disabled.
2. The input leakage currentis the wast case input leakage per GPIO when the pad signal is high and also higher than the bank
Vceie This is considered a mixed mode input.

Table3.7. DC Electrical CharacteristicdHigh Speed (Over Recommendegé&ating Conditions)

Symbol | Parameter Condition Min Typ Max Unit

I, bt Input or I/OLeakage n MK xao T T 10 HA
I/0 Weak Pullip Resistor . T

Ipu Current 0 2KVin2KD.7* Vecio ¢30 ¢150 HA
I/0O Weak Pullown Resistor T

Ipp Current Vie (max)>XVin MVecio 30 150 PA

IgHis Bus Hold Low Sustaining Currer, Vi = M. (max) 30 T T HA

IgHHs Bus Hold High Sustaining Curre| Vin= 0.7* Vccio ¢30 T T HA

IsHLO Bus hold low Overdrive Current| 0>XVin XVccio T T 150 HA

Isno Bus hold high Overdrive Curren{ 0>XVin XVccio T T ¢150 HA

: . Vi .
VBHT Bus Hold Trip Points T (max) T Vin(min) \%
Notes:

1. Inputor I/O leakage current is measured with the pin configured as an input or as an I/O with the wisjatiéd. Bus
Maintenancecircuits are disabled.

2. To be updted after design sims.

3. I/O Pin capacitance from simulations show a typical valugpéf @ 28 F=1MHz and typical conditions with bus maintenance
circuits disabled.

Table3.8. Capacitors; Wide RangdOver Rcommended Operating Conditions)

Symbol | Parameter Condition Min Typ Max Unit
o /o C tand Veaige 3.3V,25V,1.8V,15V, 1.2 5 .
apacitance T T
1 P Vee=typ., Vio= 0 to \ecig+ 0.2V P
. . L Veais 3.3V, 25V,1.8V, 1.5M2 V,
G Dedicated Input Capacitance Vo= typ., Vio= 0 10 \eiot 0.2V T 6 T pF
*Note: Ta25°C, f = 1.0 MHz.
Table3.9. Capacitors; HighPerformance(Over Recommended Operating Conditions)
Symbol | Parameter Condition Min Typ Max Unit
. . Veaigm 1.8V, 1.5V, 1.2 Vedetyp.,
G I/O Capacitance Vio= 0 10 \baigh 0.2V T 6 T pF
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VCC_Hg- 0.2V

Symbol | Parameter Condition Min Typ Max Unit
" i o Veeigs 1.8V, 1.5V, 1.2 VgiEtyp.,

G Dedicated Input Capacitance Vio= 0 t0 \égiot 0.2V T 6 T pF
V, s 1.0V, ¥c=typ., Mo=0to

G SERDH®O Capacitance ceHs ¥e=P- Mo T 5 T pF

"Note: To25°C, f = 1.0 MHz.

Table3.10. Single Ended Input HysteresisVide RanggOver Recommended Operating Conditions)

IO_TYPE VCCIO TYP Wisteress
LVCMOS33 3.3V 250 nv
LVCMOS25 33V 200 v
25V 250 v
LVCMOS18 1.8V 180 nV
LVCMOS15 1.5V 50 mv
LVCMOS12 1.2v 0
LVCMOS10 12V 0

Table3.11. Single Ended Input HysteresiHigh PerformancéOver Recommende®perating Conditions)

IO_TYPE VCCIO TYP WKisteress
LVCMOS18 18V 180mV
50mV
LVCMOS13 18V 150mV
15V 0
LVCMOS12 12V 0
LVCMOS19 10V >25mV
MIPHLRRX 1.2V 180mV

3.9. Supply Currerd

Forestimating and calculatingurrent, use Power Gallator in Lattice Design Software.

This operatingand peakcurrent is design dependent, and can be calculated in Lattice Design SofBeane.blocks
can be placed into low current standby mod&efer toCertusNXPower Usage GuidEPGATN02214).
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3.10. sysl/O Recommended Operating Conditions
Table3.12. sysl/O Recommended Operating Conditions
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Standard Support Banks VeaidInput) VceidOutput)
Typ. Typ.
SingleEnded
LVCMOS33 0,1,2,6,7 3.3 3.3
LVTTL33 0,1,2,6,7 3.3 3.3
LVCMOS2z 0,1,2,6,7 25,33 25
LVCMOS1& 0,1,2,6,7 1.2,15,1.8,25,3.3 1.8
LVCMOS18 3,4,5 1.8 1.8
LVCMOS1® 0,1,2,6,7 1.2,15,1.8 25,3.3 15
LVCMOS15H 3,4,5 15,18 15
LVCMOSZz 0,1,2,6,7 1.2,15,1.8,25,3.3 1.2
LVCMOS12H 3,4,5 1.2,1.39,15,1.8 1.2
LVCMOSI0 0,1,2,6,7 1.2,15,1.8,25,3.3 T
LVCMOS10H 3,4,5 10,12,13515,1.38 1.0
LVCMOS10R 3,4,5 10,12,13515,1.8 T
SSTL135 |, SSTL135 1l 3,4,5 1.357 135
SSTL15_I, SSTL1S I 3,4,5 1.5 1.5
HSTL153] 3,4,5 1.5 1.5
HSUL12 3,4,5 1.2 1.2
MIPI DPHY LP Inp#f 3,4,5 1.2 1.2
Differential®
LVDS 3,45 1.8 1.8
LVD® 0,1,2,6,7 T 2.5
subL\DS 3,4,5 1.8 T
SubL\DSE 0,1,2,6,7 T 1.8
SUbL\DSEH 3,4,5 T 1.8
SLVS 3,4,5 1.0,1.21.35,15,1.8 1.2,1.39,15,1.84
MIPI DPHY 3,4,5 1.2 1.2
LVCMOS3I® 0,1,2,6,7 T 3.3
LVTTLI® 0,126,7 T 3.3
LVCMOS25D 0,1,2,6,7 T 25
SSTL135D |, SSTL135D Il 3,4,5 T 1.357
SSTL15D_ I, SSTL15D I 3,4,5 T 15
HSTL15D® | 3,4,5 T 15
HSUL1PP 3,4,5 T 1.2
Notes

1. Singleended input can mix into I/O Banks withd¢different fromthe standard requires due to some of these input standards

use internal supply voltage sourcecfWccauxto power the input buffer, which makes them to be independent iy
voltage.For more details, refeto sysl/O Usage Guide for Nexus Platform (FP882067). The followings a brief guideline to

follow:

a. Weak puHup on the I/0O must be set to OFF.

b. Bank3, Bank4,andBank5 I/Ocan onlymixinto banks with ¥cichigher than the pin standard, due to clampingdi on
the pin in these bankd8ank 0, Bank 1, Bank 2, Bank G Bank Hoesnot have this restriction.

c. LVCMOS25 usesdiosupply on input buffem Bank 0, Bank 1, Bank 2, Bank 6, and Bahlc@nbe supported with ¥cio=
3.3V to meet the V;and \{_ requirements, but theraés additional current drawn on 3¢ie Hysteresis has to be disabled
when using 3.% supply voltage.

d. LVCMOS15 usesdsupply on iput buffer in Bank 3, Bank 4, and Bankt Ban be supported with 30— 1.8V to meet
the inand L requirements, but therds additional current drawn on ¢
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Singleended LVCMOS inputs can mixed into 1/0 Banks with differesi Wroviding weak pullip is not used.

For additional information on Mixed 1/0 in Bankdé refer tosysl/O Usage Guide for Nexus Platform (FAGA2067).

These inputs usdifferentialinput comparatorin Bank 3, Bank 4, and Bankibedifferentialinput comparator use¥ccauxm
power supply.These inputs require theré¢spin to provide thereference vaiage in the Bank. éter to sysl/O Usage Guide for
Nexus Platform (FPGEN02067) for details

All differential inputs useéifferentialinput comparator in Bani, Bank4, and Banis. The differentiainput comparator uses
Vecauxpower supply.There is no differentiahput signaling supported iBank 0, Bank 1, Bank 2, Bank 6, and Bank 7
These outputs are emulatirgjfferential output pair with singleended output drivers withirue and complemenbutputs

driving oneach ofthe corresponding true and complemeautput pair pins.The common mode voltagec¥ is ¥2 * ¥cio Refer
to sysl/O Usage Guide for Nexeiatform (FPGANO02067) for details

SoftMIPI BPHY H8sing sysl/Us supported with SLVS input and output that can be placed in banks wgibvditage shown

in SLVE-PHY with HS and LP modes supported needs to be placed in banksaéttotage = 1.2 VSoft MIR D-PHY LP input
and outputusing sysl/Gre supported with LVCMOS12.

Vceig= 1.35V is only supported in BankBank4, and Banls, for use wih DDR3L interface in the barkese Inpuand Output
standards can fit into the same banktithe Vecio= 1.35V.

LVCMOS15 input usesdbsupply voltagelf Vecids 1.8V, the DC levels for LVCMOSL15 are still met, but there could be increase
in input buffer current.

3.11. sysl/O SingleEnded DC Electrical Characteristics
Table3.13. sysl/ODC Electrical CharacteristicdVide Range I/qOverRecommended Operating Conditions

Input/Output Vit Vigt VoLMax VorMin2
lomA lo{mA
Standard Min (V) | Max (V) Min (V) Max (V) ) V) el e
-2,-4,-8
0.4 vV, 04 | 24,812 T
LVTTL33 08 ”0 3.465 caick 12
LVCMOS33
0.2 Veaiss 0.2 0.1 0.1
-2,-4,-8
0.4 vV, 04 | 2 4,810 T
LVCMOS25 07 17 2.625 caic: -10
0.2 Vceiek 0.2 0.1 0.1
0.4 Vi 0.4 2,4,8 -2,-4,-8
LVCMOS18 0.35% Veeio | 0.65* Voo | 1.9 ced
0.2 Veaiss 0.2 0.1 0.1
0.4 Veoick 0.4 2,4 24,8,
LVCMOS15 0.35* Vecio | 0.65* Vecio 1.575 -12
0.2 Vceiek 0.2 0.1 0.1
0.4 Vcc|d; 0.4 2, 4 -2' 4 -8,
LVCMOS12 0.35* Vcio | 0.65* Vecio 1.26 -12
0.2 Vceiek 0.2 0.1 0.1
LVCMOS10 0.3* Vecio 0.7* Vecio 1.05 No O/P Support
Notes

1. Vcador input level refers to the supply rail level associated with a given input standard or the upstream dexesiMevels
2. Vcador the output levels refer tahe Vecicof the Catus-NXdevice

3.

For electremigration, the combined DC current sourced or sinked by I/O pads between two consecutive VCCIO or GND pad
connections, or between the last VCCIO or GND in an I/0O bank and the end of an I/O bank, as shown in the Logic Signal
Conrections table (also shown as 1/0O grouping) shall not exceed a maximum of n *rBisrtAe number of /0 pads between

the two consecutive bank VCCIO or GND connections or between the last VCCIO anc Galik iand the end of a barlkO
Grouping can béund in the Data Sheet Pin Summary Tables, which can also be generated from the Lattice Radiant software.
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Table3.14. sysl/ODC Electrical CharacteristicHighPerformancel/O (OverRecommended Operating @ditions)

Input/Output Vit ViHt VoL Max Von Min2
loL(MA lon (mMA
Standard Min (V) | Max (V) Min (V) | Max (V) | (V) V) sty | et
-2,-4,-8
* 0.4 V, 0.4 2,4,8,12 o
LVCMOS18 (\)):ZO 0.65* Vecio| 1.9 ceic 12
0.2 Veeick 0.2 0.1 -0.1
0.35* 0.4 Vceik 0.4 2,4,8 -2,-4,-8
LVCMOS13 0.65* Vccio 1.575
Vecio 0.2 Veeaick 0.2 0.1 0.1
.35* 0.4 Vceit 0.4 2,4,8 -2,-4,-8
LVCMOS12 0.35 0.65* Vccio 1.26
Vccio 0.2 Veeick 0.2 0.1 0.1
0.25*
V. 0.75* Vecio 2,4 -2,-4
LVCMOS1 0.3* Vecio| 0.7* Vecio 1.05 COoD
0.1 Vcc|d: 0.1 0.1 -0.1
SSTL18 VRrer 0.10 Vier 0.1 1575 0.30 Vceiek 0.30 7.5 ¢7.5
SSTL15! | Vreg; 0.10 Vgrert 0.1 1.575 0.30 Vceiek 0.30 8.8 ¢8.8
HSTL15 | Vrer¢ 0.10 Vgrert 0.1 1.575 0.40 Vceick 0.40 8 c8
SSTL135 | VRer 0.09 VRert 0.09 1418 0.27 Vet 0.27 6.75 ¢6.75
SSTL135 | VRer 0.09 VRert 0.09 1418 0.27 Ve 0.27 8 c8
LVCMOS10R VRer 0.10 VRert 010 1.05 T T T T
8.8, 7.5, -8.8,-7.5,
HSUL12 VRer€ 0.10 | Vgrert 0.0 1.26 0.3 Veeies 0.3 6.255 -6.25,-5
Notes

1. Vceador input level refers to the supply rail level associated with a given input standard or the upstream dejneaiMevels
2. Vcador the output levels refer to the 34 i00f the CertusNXdevice.

Table3.15. I/O Resistance Characteristics (Overd@mmended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Output Drive Resistance when 50R _
50RS Drive Strength Selected Veco=1.8V, 2.%, a 3.3V T 50 K
R Input Differential Termination Bank 3Bank4, and Banls, for 1/0O 100 X
IFF Resistance selected to be differential
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3.12. sysl/O DifferentialDCElectrical Characteristics

3.12.1. LVDS

LVDS inpubuffer on CertusNXis operating with \¢cauvse 1.8V and independent of Bankd¥ovoltage.LVDS output
buffer is powered by the BankMcat 1.8V.

LVDS can onlyetsupported in Bank Bank4, and Banls. LVDS25 output carelemulated with LVDS25EB@ank 0,
Bank 1, Bank 2, Bank 6, and Bankhis islescribed in.VDS25E)utput Only)section

Table3.16. LVDIDC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditios Min Typ Max Unit
Vine Minm Input Voltage T 0 T 1.60 \%
Viaw Input Common Mode Voltage Half thesumof the two Inputs 0.05 T 1.552 \%
VrHp Differential Input Threshold Differencebetweenthe two Inputs +100 T T mV
Iin Input Current Power On or PoweDff T T 10 A
Vou Output High Voltage fordéor Vom Rr= 100K T 1425 1.60 \%
Vou Output Low Voltage for3dbor Vom Rr=100K 09V | 1.075 T \%
Vob Output Voltage Differential (Vop- Vom), R-= 100K 250 350 450 mV
DVon (ngvinge in > Between High and . T . 50 mv
Vocwm Output Common Mode Voltage (Mor+ Vom)/2, Rr= 100K 1.125 1.25 1.375 \Y
DVocwm Change in ¥wm Vocmmaxy Voemginy | T 1 T 50 mV
Isag Output Short Circuit Current Voo= 0 V Driveoutputs shorted to T T 12 mA
each other
DVos Change in ¥between H and L T T T 50 mV
Note:

1. LVDS input or outpudre supported in Bank Bank4, and Banls. LVDS input uses¥auon the differential input comparator,
and can be located in any¥ovoltage bankLVDS output uses¥oon the differential output driver, and can only be located in
bank with \eci=1.8V.

2. VM is depending on VID, input differential voltage, so the voltage orginot exceed Mpinnminmaxf€gquirements.Viav(min) =
Vineianngminyt 72 Yo, Mavumax)= Vineinnmax§ ¥2 Mp. Values in the table is based on minimuip &f +/- 100mV.
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3.12.2. LVDS25Output Only)

Three sides of th€ertusNXdevices Top, Left and Righéupport LVD&b outputs with emulated complementary
LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The scheme dhigwres? is
one possible solution for poiftb-point signals.

Table3.17. LVDS25E DC Conditions

Parameter Description Typical Unit
Veeio Output Driver Spply (£5%) 2.50 \%
Zout Driver Impedance 20 M
Rs Driver Series Resistor (+1%) 158 M
R Driver Parallel Resistor (£1%) 140 M
Rr Receiver Terminatiort{ %) 100 M
Vou Output High Voltage 1.43 \%
VoL Output Low Voltage 1.07 \%
Vob Output Differential Voltge 0.35 \Y
Vewm Output Common Mode Voltage 1.25 \%
Zapck Back Impedance 100.5 M
Ibc DC Output Current 6.03 mA

WOCID = 2.5 {150

|
|
| AS=158 {1
\J\ | {115}
2 ma ﬁ AYL
VCMOS25 | I |
I . AP - 1400 RT=1000 = |
WECID = 2.5 (455 I 1) [£13) I
€ I S LR I
\1\ I [+1%) l I
B ma $ v
VCMOS25 | . |
I Transmission line, £o = 1000 differential |

L 4

OM-chip | OFF-chip QOFF-chip | OMN-chip
|

P &
™ * |

&

Figure3.2. LVDS25E Output Termination Example
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3.12.3. SubLVD@nput Only)

SubLVDS is a reducedltage form of LVDS signaling, very similar to L\[xSa standard used in many camera types
of applications, and follow th8MIA 1.0, Part 2: CCP2 SpecificaB®ing similar to LVDS, tlkertusNXdevices can
support the sub¥/DS input signaling with the same LVD$titypiffer. The output for subLVDS is implementad
subLVDSE/subLVDSEH with a pair of LVCMOS18 output drive3al{s®® SE/SubLVDSEH (Output Gadtion.

Table3.18. Sul.VDSnput DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Vip Input Differential Threshol&/oltage | Over \tmrange 70 150 200 mVv
Viaw Input Common Mode Voltage Half the sum of the two Inputs 04 0.9 14 \%
1
SubLVDS '
Driver PGB Traces, Gonnectors or Cables E
= = i
~ 1
+ ) % : +
AT = 100 Ohms !
100 Chm differential H—1%" h
_ (. : _
| 1
e :
- - |
——
Off-chip | On-chip

Figure3.3. SubLVD$put Interface

3.12.4. SubLVDSE/SubLVDSEH (Output Only)

SubLVDS output uses a pair of LVCMOS18 drivers witlaffdu@omplement outputslhe VCCIO of the bank used for
subLVDSE or subLVBISteeds to be powered by 1.85ubLVDSE is fBank 0, Bank 1, Bank 2, Bank 5, and Baakd®
subLVDSEH is for BeBiBank4, and Banlib.

Performance of the subLVDS#EbLVDSEHriver is limited to the performance of LVCMOS18.
Table3.19. Sud VDSOutput DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Voo Output DifferentialVoltageSwing T T 150 T mV
Voou Output Common Mode Voltage Half the sum of the tw®utputs T 0.9 T \%
VCCIO=+18V PCB Traces, Connectors or Cables
- . 1
1 _ _ 1
\K | Rs=267Ohms T z0=50 T 1
I +-1% 1
S B S (i :
1 1
SubLVDS Output _
SubLVDSE i P __:_2 11 of:nms 100 Ohm differential i SubLVDS Receiver!
SubLVDSEH | 1
_ ! A -
[ | Rs =267 Ohms :
1 IVERTT Z0 =50 1
1 = = 1
1 1 1
=0 i :
. ! . !
— i — — —
1 . 1 .
On-chip | Off-chip Off-chip | On-chi
1 1

Figure3.4. SubLVD®utput Interface
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3.12.5. SLVS

Scalable Low/oltage Signaling (SLVS) isdobsn a pointto-point signaling method defined in the JEDEESD83
(SLV&00) standard. This standard evolved from the traditional LVDS stamdwrdmaller voltage swings and a lower
commortmode voltage. The 200 mV (400 my)SLVS swing contributés a reduction in power.

TheCertusNXdevices receivSLVSlifferential input withthe LVDS input buffer. This LViDBut buffer isdesign to
cover wide input common mode range that caeet the SLVS input standard specified by the JEDEC standard.

Table3.20. SLV3nput DC Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Vip Input Differential Threshol&/oltage | Over \tmrange 70 T T mV
Viau Input Common Mode Voltage Half the sum of the two Inputs 70 200 330 mV

The SLVS output dhe CertusNXdeviceis supported with the LVDS drivers found in BarlBaéik4, and Banis. The
LVDS driver othe CertusNXdeviceis a current controlled drivett can be configured as LVDS driver, or configured
with the 100q differential termination with centeitap set to \Aicmat 200mV. This means the differential output driver
can beplaced into bank with = 1.2V, 1.5V, or 1.8V, even if it is powered byc¥ie

Table3.21. SLV®utput DC Characteristics (Over Recommended Operating Conditions)

VDS

Z0=540

Parameter | Description Test Conditions Min Typ Max Unit
1.2,
15,
Vecio Bank \cio T 5% 18 +5% \Y,
Vob Output Differential VoltageSwing T 140 200 270 mVv
Voau Output Common Mode Voltage Half the sum of the tw®utputs 150 200 250 mV
Zos SingleEnded Output Impedance T 40 50 62.5 q
: S5LVS Receiver
X :muc Diff
— | s
SLWS |
I -
= V*.‘lﬂvﬂ |
I
I
I
I
O Chip i
I
| 5LVS Driver
I
O E— ) '
+ [j ! +
' |
I
I

Figure3.5. SLVS Interface
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3.12.6. SoftMIPI BPHY

When Soft BPHY is implemented inside the FPGA logic, the 1/O interface needs to use sysl/O buffers to connect to
external BPHY pins.

TheCertusNXsysl/O povides support of SLVS, as describedliSection plus the LVCMOS12 inpatitput buffers
together to support the High Speed (HS) and Low Power (LP) mode as defined in MIPI Alliance Specific&lah for D

To sipport MIPI DPHY with SLVS (LVDS) and LVCMOS12, thedsmiclaivhot be setto 1.5V or 1.8 V. It has to
connectto 1.2V, or1.1V.

All other DC parameters are the same as liste8IL VSection DC parameterof the LP driver and receiver are the
same as listed in LVCMOS12.

LVCMOS12
LP Data_P | |
| |
1 1
| |
LPenable } }
HSenable— | | MIPI Receiver
| |
l | 100 Y Diff
+ } Y C } * +
| |
HS Data } Z0=50 } @
l a—o 4 .
| |
SLVS ! I
LPenable —’\K
LP Data_N
‘ LVCMOS12
MIPI_LP_RX )
‘ On-Chip I I
RXLP_P | |
| : :
| | MIPI Driver
| |
| |
1 1
+ } 3 x } +
| |
HS Data } Z0=50 }
- l — ; -
| |
LVDS ! i
MIPI_LP_RX ‘

RXLP_N ‘

Figure3.6. MIPIInterface
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Table3.22. SoftD-PHY Input Timing andevels

Symbol | Description Conditions Min | Typ | Max | Unit
High Speed (Differential) Input DC Specifications
Vemrx(oe) Commonmode Voltage in High Speed Mode T 70 T 330 mV
ViotH Differential Input HIGH Threshold T 70 T T mV
ViotL Differential Input LOW Tkshold T T T -70 mV
ViHHs Input HIGH Voltage (for HS mode) T T T 460 mV
ViLHs Input LOW Voltage T c40 T T mV
VrERMEN Singleended voltage for HS Termination Endble | 1 T T 450 mV
Zp Differential Input Impedance T 80 100 125 K
High Speed (Differendil) Input AC Specifications
gVemrxHA) Commonmode Interference (>450 MHz) T T T 100 mV
WVemrx@?® | Commonmode Interference (50 MHz450 MHz) | 1 ¢50 T 50 mV
Cem Commonmode Termination T 60 pF
Low Power (SingkEnded) Input DC Specifications
Viu Low Power Mode Input HIGH Voltage T 740 T T mV
ViL Low Power Mode Input LOW Voltage T T T 550 mV
ViLuLp Ultra Low Power Input LOW Voltage T T T 300 mV
VhysT Low Power Mode Input Hysteresis T 25 T T mV
3 SPIKE Input Pulse Rejection T T T 300 Vips
TMIN-RX Minimum Pulse Width Response T 20 T T ns
ViNT Peak Interference Amplitude T T T 200 mV
finT Interference Frequency T 450 T T MHz
Contention Detector (LEED) DC Specifications
ViHeb Contention Detect HIGH Voltage T 450 T T mV
ViLcp Contention Detet LOW Voltage T T T 200 mV

Notes

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

2. Input commonmode voltage difference compared to average comrnaode voltage on the receiver inputs

3. Exclude any static ground shift of 50 mV

4. High Sped Differential Rervis enabled when both £and Ly are below this voltage.
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Table3.23. Soft BPHYOutput Timing and Levels

Symbol | Description Conditions Min | Typ | Max | Unit
High Speed (Differential) Output D&pecifications
Vemrx Commonmode Voltage in High Speed Mode| t 150 200 250 mV
| Gewrxad ;/ﬁ,\gil\éi\ivmatch Between Differential HIGH | 1 . . 5 my
| Vod Output Differential Voltage |NI|}PHYPC D-PHY 140 200 270 mV
| Yo \L/OOE;II:I/Iismatch Between Differential HIGH an( 1 . . 10 my
VoHHs SingleEnded Output HIGH Voltage T T T 360 mV
Zos Single Ended Output Impedance T 50 K
os Zosmismatch T T T 20 %
High Speed (Differential) Output AC Specifications
NVemrxer) CommonMode Variation, 50 MHz 450 MHz | T T T 25 MVrus
NVemtx(He) CommonMode Variation, above 450 MHz | 1 T T 15 MVrwms
non R LI= 1
ts Output 20% 80% Rise Time Gbps g " E E 0.30 Ul
Output 80% 20% Fall Time 1.00 Gbps <gPK M
Gbps T T 0.35 ul
| gs;g y bBxLad t | 030]| u
te Output Data Valid After CLK Output
1.00 Gbps 0K m d
Gbps T T 0.35 ul
Low Power (SingkEnded) Output DC Specifications
Vou Low Power Mode Output HIGH Voltage 0.08 Gbpg 1.5 Gbps 11 1.2 1.3 \%
Vou Low Power Mode Input LOW Voltage T ¢50 50 mV
Zop Output Impedance in Low Power Mode T 110 T T K
Low Power(SingleEnded) Output AC Specifications
trLp 15%- 85% Rise Time T T T 25 ns
tap 85%- 15% Fise Time T T T 25 ns
trReOT HS¢ LP Mode RisandFall Time, 30%85% T T T 35 ns
1st LP XOR Clock
Pulseafter STOP
TLRPULSEX Pulse Width of the LP Exclusi@® Clock State or Last Pulse 40 k ! ns
before STOP State
All Other Pulses 20 T T ns
TLrPERTX Period of the LP Exclusi@R Clock T 90 T T ns
G.oap Load Capacitance T 0 T 70 pF
Table3.24. Soft DPHYClock Signal Specification
Symbol Description Conditions Min ’ Typ ’ Max | Unit
Clock Signal Specification
vl UlnsT ! T T 125 ns
Instantaneous
. T ¢10% T 10% ul
Ul Variation kUI
T ¢5% T 5% Ul
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Table3.25. Sdt D-PHY DateClock Timing Specifications

Symbol Description ‘ Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
DataClock Timing Specifications

nony Dspehdd .

)KJ..OO GbpS 0.15 T 0.15 UIINST
Tskew[rx] Data to Clock Skew

1.00 Gbps <skew[rx] }

MSO Gbps 0.20 T 0.20 UlinsT

nony  Dsgelgds|

M.OO GbpS 0.20 T 0.20 UlnsT
Tskew[TLis] Data to Clock Skew 100Ch -

. Ps <skewruis)|

M.SO GbpS 0.10 T 0.10 UIINST

nony  Dibriakq

51.00 Gbps 0.15 T T ul
TseTUPRX] Input Data Setup Before CLK

1.00 Gbps Tservema | 5 | ¢ T ul

)L.50 Gbps '

noeny  DibbER

%1.00 Gbps 0.15 T T ul
THoLDRX] Input Data Hold After CLK 100Ch T

. Ps <HbLD[RX]
%150 Gbps 0.20 T T ul

3.12.7. Differential HSTL15D (Output Only)
Differential F6TL outputs are implemented as a pHicomplementary singlendedHSTL outputs

3.12.8. Differential SSTL135[3STL5D (Output Only)

Differential SSTL is used for differential clock in DDR3/DDR3L memory intédfiedifferential SSTL outputs are
implemented as a pair of complementary singleded SSTbutputs. All allowable singlended 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 int&lifdiféerentialHSULloutputs are
implemented as a pair of complementary singdlededHSUL12utputs. All allowable singlendeddrive strengths are
supported

3.12.10. Differential LVCMOS25D, LVCMOS33D, LVTT[G8put Only)

DifferentialLVCMOS and LVTTL outputs are implemented as a pair of compleyngintdeended outputs. All
allowable singleended output drive strengths are supported.
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3.13. CertusNXMaximumsyd/O Buffer Speed

Over recommended operating conditians

Table3.26. CertusNXMaximum I/O BufferSpeed- 23 47

Buffer ‘ Description Banks Max Unit
Maximum sysl/OlInput Frequency
SingleEnded
LVCMOS33 LVCMOS3, Vcci= 3.3V 0,1,2,6,7 200 MHz
LVTTL33 LVTTL33Vccio= 3.3V 0,1,2,6,7 200 MHz
LVCMOS25 LVCMO35, Vecig= 2.5V 0,1,2,67 200 MHz
LVCMOS18 LVCMOS$8, Vcci= 1.8V 0,1,2,6,7 200 MHz
LVCMOS18 LVCMOS8, Vcci= 1.8V 3,4,5 200 MHz
LVCMOS15 LVCMOS15/cic= 1.5V 0,1,2,6,7 100 MHz
LVCMOS13° LVCMOS15/ci= 1.5V 3,4,5 150 MHz
LVCMOS12 LVCMOS12/cci5= 1.2V 0,1,2,6,7 50 MHz
LVCMOS12°® LVCMOS12/cci= 1.2V 3,4,5 100 MHz
LVCMOS1® LVCMOS Q, Vecig= 12V 0,1,2,6,7 50 MHz
LVCMOS10H LVCMOS Q, Ve 10V 3,4,5 50 MHz
LVCMOS10R LVCMOS Q, Vcigndependent 3,4,5 50 MHz
SSTL15 |, SIELII SSTL_15¢i1.5V 3,4,5 1066 Mbps
SSTL135_I, SSTL135_lI SSTL_135¢15-1.35V 3,4,5 1066 Mbps
HSUL12 HSUL_12,0Mi5-1.2V 3,4,5 1066 Mbps
HSTL15 HSTL15Vcc o= 1.5V 3,4,5 250 Mbps
MIPI BPHY (LRlode) MIPI, LowPower ModeVccig= 1.2 V 3,4,5 10 Mbps
Differential
LVDS LVDS, didndependent 3,4,5 1250 Mbps
subL\DS subL\DS Veciondependent 3,4,5 1250 Mbps
SLVS SLVS similar to MIPI HgcMndependent 3,4,5 1250 Mbps
caBGA196, caBGA256
SLVS sitair to MIPI HS, déidndependent 3,4,5 1500 Mbps
csfBGA121
MIPI DPHY (HS Mode) MIPI, High Speed Modecd= 1.2\3 3,4,5 1250 Mbps
caBGA196, caBGA256
MIPI, High Speed Modecdo= 1.2\° 3,4,5 15008 Mbps
csfBGA121
SSTL15D Differential SSTL1¥cciondependent 3,4,5 1066 Mbps
SSTL135D Differential SSTL13%ccidnhdependent 3,4,5 1066 Mbps
HUSL12D Differential HSUL12/ccidnhdependent 3,4,5 1066 Mbps
HSTL15D Differential HSTL1%cciondependent 3,4,5 250 Mbps
Maximum sysl/OOutput Frequency
SingleEnded
LVCMOS3@ll drive strengths) LVCMOS3, Vcci= 3.3V 0,1,2,6,7 200 MHz
LVCMOS3®RS50) LVCMOS3, Veci=3.3VRereE p 1 K| 0,1,2,6,7 200 MHz
LVTTL33 (all drive strengths) LVTTL33Vccig= 3.3V 0,1,2,6,7 200 MHz
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Buffer Description Banks Max Unit
LVTTL33 (RS50) LVTTL33Vccim 3.3 VRerieb p 1 K 0,1,2,6,7 200 MHz
LVCMOS2gll drive strengths) LVCMO3b, Vecig= 2.5V 0,1,2,6,7 200 MHz
LVCMOS28RS50) LVCMOS5, \ecio= 2.5 VRereE p 1 K[ 0,1,2,6,7 200 MHz
LVCMOS1g@ll drive strengths) LVCMOS$8, \Vccio= 1.8V 0,1,2,6,7 200 MHz
LVCMOS1(RS50) LVCMOS8, Vecio= 1.8 VRereE p 1 K[ 0,1,2,6,7 200 MHz
LVCMOS18 (alldrive strengths) LVCMOS$8, \Vccio= 1.8V 3,4,5 200 MHz
LVCMOS18 (RS50) LVCMOS$8, Veci= 1.8 VRereE p 1 K| 3,4,5 200 MHz
LVCMOSI1gll drive strengths) LVCMOS15/ci= 1.5V 0,1,2,6,7 100 MHz
LVCMOS15 (all drive strengths) LVCMOS15/4cqo=15V 3,4,5 150 MHz
LVCMOS1@ll drive strengths) LVCMOS12/cci5= 1.2V 0,1,2,6,7 50 MHz
LVCMOS12 (all drive strengths) LVCMOS12/cci= 1.2V 3,4,5 100 MHz
LVCMOS10H (all drive strengths) LVCMOA Vo= 1.2V 3,4,5 50 MHz
SSTL1g, SSTL15 I SSTL_15 ¢ 1.5V 3,4,5 1066 Mbps
SSTL135_|, SSTL135_1lI SSTL_1350¢i5- 1.35V 3,4,5 1066 Mbps
HSUL12 (all drive strengths) HSUL_12, M5 1.2V 3,4,5 1066 Mbps
HSTL15 HSTL15Vcci5- 1.5V 3,4,5 250 Mbps
MIPI DPHY (LRlode) MIPI, Low Power Mod&/cci5= 1.2 V 3,4,5 10 Mbps
Differential
LVDS LVDS, dtio= 1.8V 3,4,5 1250 Mbps
LVDS25E LVDSR5, Emulated, ¥ci= 2.5V 0,1,2,6,7 400 Mbps
UbL\DSF? subL\DS Emulated, ¥Yci= 1.8 V 0,1,2,6,7 400 Mbps
QUbL\DEH subL\MDS Emulated, ¥Yei= 1.8 V 3,4,5 800 Mbps
SLVS SLVS similar to MIPlgdi= 1.2V Mbps
caBGA196, caBGA256 3,4,5 1250
S;\ézzllrglllar to MIPlcd= 1.2V 3,45 1500 Mbps
MIPI DPHY (HS Mode) MIPI, High Speed Modecdo= 1.2\° Mbps
caBGA196, caBGA256 3,4,5 1250
(l\:/ISIfF;éTlg:lSpeed Modecdlo= 1.2\8 3.4.5 1500 Mbps
SSTL15D Differential SSTL1¥ccio= 1.5V 3,4,5 1066 Mbps
SSTL135D Differential SSTL13¥ccio= 1.35V 3,4,5 1066 Mbps
HUSL12D Differential HSUL12/cci= 1.2 V 3,4,5 1066 Mbps
HSTL15D Differential HSTL1%ccio= 1.5V 3,4,5 250 Mbps
Notes
1. Maximum I/O speed is the maximum switching rate of the 1/O operating within the guidelines of the defining stardard
actual interface speegerformance using the I/O also depends on other factors, such as internal and external timing
2. These numbers are characterized but not test on every device
3. Performance is specified in MHz, as defined in clockwaien the sysl/O is used as pkor datarate performance, this can be
converted to Mbpswhich equals to 2 times the clock rate
4. LVCMOS and LVTTL are measured with load specifiediie3.41.
5. These LVCMOS inputs can be placed in differeat¥bltage. Performance may varlease refer to Lattice Design Software
6. These emulated outputs performance is based on externally propentyitated as described invVDS25EDutput Only)and
SubLVDSE/SubLVDSEH (Output Only)
7. All speeds are measuradth fast slew.
8. Subject to verification when package becomes available
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3.14. Typical Building Block Function Performance

These building block functions can be generated using Lattice D&sftyrare 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.

Table3.27. Pinto-Pin Performance

Function Typ.l% \\//CC - Unit
16-Bit Decoder (I/O configured with LVCMOS18, Left and Right Banks) 7.1 ns
16-Bit Decoder (I/O configured with HSTL15_|, Bottom Banks) 5.2 ns
16:1 Mux (I/0O configured with LVCMOS 16t nd Right Banks) 7.9 ns
16:1 Mux (I/O configured with HSTL15_1|, Bottom Banks) 6 ns

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

Table3.28. Registerto-Register Performance

Function Typ.l% \\//CC - Unit
Basic Functions
16-Bit Adder 500 MHz
32-Bit Adder 407 MHz
16-Bit Counter 325 MHz
32-Bit Counter 303 MHz
Embedded Memory Functions
512x 36 SinglePort RAMwith Output Register 5007 MHz
1024x 18 TrueDual Port RAMising same clogkvith EBR Output Registers 500 MHz
1024x 18 TrueDual Port RAMIsing asynchronous clocksith EBR Output Registers 500 MHz
Large Memory Functions
32K x 32 SinglRort RAMwith Output Register 147 MHz
32K x 35inglePort RAMwith ECCwith Output Register 116 MHz
32K x 3Z'rue-Dud Port RAMusing same clogkvith EBR Output Registers 340 MHz
Distributed Memory Functions
16 x 4 Single Port RAM (One PFU) 500 MHz
16 x 2 Pseud®ual Port RAM (One PFU) 5007 MHz
16 x 4 Pseud®ual Port (Two PFUSs) 500 MHz
DSP Functions
9 x 9 Multplier with Input Output Registers 351 MHz
9 x 9 Multiplierwith Input/ PipelinedOutput Registers 218 MHz
18 x 18 Multiplier with InpuiOutput Registers 248 MHz
18 x 18Multiplier with Input/ Pipelined Output Registers 191 MHz
36 x 36 Multiplier with Inpt/ Output Registers 190 MHz
36 x 36Multiplier with Input/ PipelinedOutput Registers 119 MHz
MAC % 9 with Input/Output Registers 206 MHz
MAC9 x 9with Input/ PipelinedOutput Registers 223 MHz
Notes

1. The Clock port is configured with LVDS 1/0O tyeefdPmance Grade: 9_Higherformance_1.0V.
2. Limited by the Minimum Pulse Width of the component
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3. These functions are generated using Lattice Radiant Design Software tool. Exact performance may vary with the device and the
design software tool version. Thesign software tool uses internal parameters that have been characterized but are not
tested on every device.

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

3.15. Derating Timing Tables

Logic timing provided in the following sections ofthiata sheet and theattice Radiantiesign tools are worst case

numbers in the operating range. Actual delays at nominal temperature and voltage for best case process, can be much
better than the values given in the tables. Tltedtice Radiantlesign toolcan provide logic timing numbers at a
particulartemperature and voltage.

3.16. CertusNXExternalSwitching Characteristics

Overrecommended commercial operating conditions
Table3.29. CertusNXExternal Switchig Characteristic§Vcc= 1.0 V)

. q9 ¢8 c7 .
Parameter Description > 2 2 Unit
Min | Max Min | Max Min Max

Clocks

Primary Clock

fmax_pRI Frequency for Primarglock T 400 T 325.2 T 276 MHz

tw_pri Clpck Pulse Width for 08 T 0.8 . 0.8 . ns
Primary Clock

tskew_ PRI Prlmary Clock Skew Within T 450 T 554 T 653 ps
Device

Edge Clock

fwax_eoce Frequency for Edge Clock | 800 1 650.4 | 1 551.7 MHz
Tree

tw_EpGE Clock Pulse Width for Edge 0588 T 0.723 . 0.852 . ns
Clock

tskew_EDGE Edgg Clock Skew Within a T 120 T 148 T 174 ps
Device

Generic SDR Input

General I/0O Pin Parameters Using Dedicated Primary Clock Inilout PLL
Clock to Output PIO

tco Output Register T 5.40 T 6.64 T 7.83 ns

tss Clock to Data SetwPIO 0 T 0 T 0 . ns

Input Register

ty Clock to Data 6ld - PIO 2.70 T 332 | 1 392 | 1 ns
Input Register

Clock to Data SetwPIO

tsu_pEL Input Register with Data 1.20 T 1.48 T 1.74 T ns
Input Delay
Clock to Data HoldPIO

tH_DEL Input Register with Data 0 T 0 T 0 T ns
Input Delay

General I/0 Pin ParametsrUsing Dedicated Primary Clock Input with PLL

teorLe Clock to Output PIO T 380 | 1 467 | 1 5.51 ns
Output Register

tsupLL Clock to Data SetupP1O 0.85 1 1.05 1 1.23 T ns
Input Register

thpLL Clock to Data HoldPIO 0.98 T 121 T 142 T ns

Input Register

wine fatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

_ q9 ¢8 c7 .
Parameter Description = - - Unit
Min Max Min Max Min Max
tsu_beLpLL Clock to Data SetugP1O
Input Register with Data 1.95 T 2.40 T 2.83 T ns
Input Delay
tH7DE|_p|_|_ Clock to Data HoldPIO
Input Register with Data 0 T 0 T 0 T ns
Input Delay
General I/O Pin Parameters Using DedicatedgeClock Inputwithout PLL
¢ Clock to Output PIO T T T ns
co Output Register
Clock to Data SetwPIO
tsu Input Register t 0 t 0 t ns
i Clock to Data HoldPIO T T T ns
HD Input Register
Clock to Data SetwPIO
tsu_pEL Input Register with Data T T T ns
Input Delay
Clock to Data HoldPIO
tH DEL Input Register with Data 0 T 0 T 0 T ns
Input Delay
General /0O Pin Parameters Using DedicatedgeClock Input with PLL
¢ Clock to Output PIO . . . ns
COPLL Output Register
Clock to Data SetwPIO
tsupLL Input Register ! ! ! ns
¢ Clock to Data HoldPIO . . . ns
HPLL Input Register
Clock to Data SetuP1O0
tsu_pELPLL Input Register with Data T T T ns
Input Delay
Clock to Data HoldPIO
tH_DELPLL Input Register with Data 0 T 0 T 0 T ns
Input Delay

Generic DDR Inpi®utput

Generic DDRX1 Inpututputswith Clock and Data Centered at Pin (GDDRXITRX$CLK.Centeredising PCLK Clock Input

Figure3.7 and Figure3.9
t Input Data Setup Before Cl 0.550 ! 0.550 ! 0.648 ! ns
SU-GDDRL P P 0.275 T 0275 | 1 0275 | 1 ul
thHo_coor Input Data Hold After CLK | 0.550 T 0.550 T 0.648 T ns
Output Data Valid After CL| 0.700 T 0.631 1 0.744 1 ns
tove_GDDR
Output ¢0.300 T c0.369 | T c0.435| 1 ns + 1/2U1
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_ q9 ¢8 c7 .
Parameter Description = - - Unit
Min Max Min Max Min Max

Output Data Valid After CLj 0.700 T 0.631 T 0.744 T ns
tbQva GDDR1

Output ¢0.300 T ¢0.369 | T 0.435| 1 ns + 1/2U1
fDATA_GDDRXl Input/Output Data Rate T 500 T 500.0 T 424 MbpS
fmax_GDDRX1 Frequency of PCLK T 250 T 250 T 212 MHz
LU Halfof Data Bit Time, or 90 T T 1.000 T 1179 T ns

degree
Output TX to Input RX Margin per Edge 0.150 T 0.081 T 0.095 T ns

Generic DDRX1 InputSutputswith Clock and Data Aligned

Figure3.8 and Figure3.10

at Pin (GDDRXYTROSCLK.Aligngdising PCLK Clock Input

T -0.550 T ¢0.550 T -0.648 ns + 1/2Ul
tovA_GDDR1 Input DataValidAfter CLK T 0.4%0 T 0.450 T 0.530 ns
T 0.225 T 0.225 T 0.225 ul
0.5%0 T 0.550 T 0.648 T ns + 1/2Ul
tove GppR1 Input Data Hold After CLK 1.550 T 1.550 T 1.827 T ns
0.775 T 0.775 T 0.775 T Ul
Output Data Invalid After
tbia_GDDR1 CLK Output T 0.300 T 0.369 T 0.43% ns
Output Data Invalid Before
tbiB_GDDR1 CLK Output T 0.300 T 0.369 T 0.435 ns
fDATA_GDDRXL Input/Output Data Rate T 500 T 500 T 424 Mbps
fMAX_GDDRXl Frequency for PCLK T 250 T 250 T 212 MHz
YUl Halfof Data Bit Time, or 90|y g5 | ¢ 1000 | T | 1179 | 1 ns
degree
Output TX to Input RX Margin per Edge 0.150 T 0.081 T 0.095 T ns

Generic DDRX2 InputSutputs with Clock and Data Centere

d at Pin (GDDRXZ2TRXCLK.Centeredjsing PCLK Clock Input

Figure3.7 and Figure3.9
tsu_GDDRX2 Data Setup before CLK Inp 0.150 ! 0.150 ! 0.177 ! ns
- 0.150 T 0.150 T 0.150 T ul
tHo GDDRX2 Data Hold after CLK Input 0.150 T 0.150 T 0.177 T ns
Qutput Data Valid Before 0.380 T 0.352 T 0.415 T ns
fove_cooRee CLK Output 0120 | 1 0148 | 1 0174 1 ns + 1/2U1
q q
foova GOORX Output Data Valid After CL| _ 0.380 T 0.352 T 0.415 T ns
- Output -0.120 T ¢0.148 T ¢0.174 T ns + 1/2UI
foaTA_GDDRX2 Input/Output Data Ree T 1000 T 1000 T 848 Mbps
fmAX_GDDRX2 Frequency for ECLK T 500 T 500 T 424 MHz
v Ul Halfof Data Bit Time, or 90|~ 559 | ¢ 0500 | t | 0589 1 ns
degree
fecik PCLK frequency T 250.0 T 250.0 T 212.1 MHz
Output TX to Input RX Margin per Edge 0.230 T 0.202 T 0.239 T ns

Generic DDRX2 Inpututputs with Clock and Data Aligned

at Pin (GDDRX2TRXECLK.Aligned)sing PCLK Clock Input

Figure3.8 and Figure3.10
T ¢0.275 T -0.275 T ¢0.324 | ns+1/2 Ul
tbva_GDDRX2 Input Data Valid After CLK T 0.225 T 0.225 T 0.265 ns
T 0.225 T 0.225 T 0.225 ul
0.275 T 0.275 T 0.324 T ns + 1/2 Ul
toVE GDDRX2 Input Data Hold After CLK | 0.775 T 0.775 T 0.914 T ns
0.775 T 0.775 T 0.775 T ul
toiA_GDDRX2 Output Data Invalid After T 0120 | 1 0.148 | T 0.174 ns

CLK Output
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Parameter Description = - - Unit
Min Max Min Max Min Max

Output Data Invalid Before
tbiB_GDDRX2 CLK Output T 0.120 T 0.148 T 0.174 ns
fDATA_GDDRX2 Input/Output Data Rate T 1000 T 1000 T 848 Mbps
fmAX GDDRX2 Frequency for ECLK T 500 T 500 T 424 MHz
v Ul Half of Data Bit Tiey or 90 | 50y | 0500 | T | 0589 1 ns

degree
frcLk PCLK frequency T 250.0 T 250.0 T 2121 MHz
Output TX to Input RX Margin per Edge 0.105 T 0.077 T 0.091 T ns

Generic DDRXHWputs/Outputs with Clockand Data Centered at Pin (G
Figure3.7 and Figure3.9 (for csfBGA PackagOnly)

DDRRATX.ECLK.Centered)ing PCLK Clock Input

tsU CoDRXS Input Data SetJp Before 0.133 1 0.167 T 0.193 T ns
- CLK 0.200 T 0.200 T 0.200 T ul
tHo_GDDRX4 Input Data Hold After CLK | 0.133 T 0.167 T 0.193 T ns
N Output Data Valid Before 0.213 T 0.269 T 0.309 T
- CLK Output -0.120 T ¢0.148 T ¢0.174 T
tDQVA GDDRX4 Input/Output Data Rate 0.213 ! 0.269 ! 0.309 !
- -0.120 T ¢0.148 T ¢0.174 T
fDATA_GDDRX4 Frequency for ECLK T 1500 T 1200 T 1034 MbpS
fMAX_GDDRX4 PCLK frequency T 750.0 T 600 T 517 MHz
v Ul Halfof Data Bit Time, @0 | 333 | 0417 | t | 0483 1 ns
degree
feeik 'C“E}‘it Data SeUp Before 1 1875 | 1 1500 | 1 129.3 MHz
Output TX to Input RX Margin per Edge 0.080 T 0.102 T 0.116 T ns
Generic DDRX#puts/Outputs with Clockand Data Aligned at Pin (GDDRXRMTX.ECLK.Aliged) using PCLK Clock Input, Left

and Rightsides Only Figure3.8 and Figure3.10 (for csfBGA Package Only)

T ¢0.183 T ¢0.229 T ¢0.266 | ns + 1/2 Ul
tDVAﬁGDDRX4 Input Data Valid Aér CLK T 0.150 T 0.188 T 0.218 ns
T 0.225 T 0.225 T 0.225 ul
0.183 T 0.229 T 0.266 T ns + 1/2 Ul
tovE_GDDRX4 Input Data Hold After CLK | 0.517 T 0.646 T 0.749 T ns
0.775 T 0.775 T 0.775 T Ul
toiA_GDDRX g_f‘g&;‘g’t‘ Invalid After ! 0120 | " 0148 | | 0.17 ns
T — gﬁf‘gﬁ?&? Invalid Before| T 0120 | " 0148 | | 0.174 ns
foaTA_GDDRX4 Input/Output Data Rate T 1500 T 1200 T 1034 Mbps
fmax_GDDRx4 Frequency for ECLK T 750 T 600 T 517 MHz
1 Ul Halfof Data Bit Time, or 90| 333 | 0417 | t | 0483| 1 ns
degree
frcLk PCLK frequency T 187.5 T 150.0 T 129.3 MHz
Output TX to Input RX Margin per Edge 0.030 T 0.040 T 0.044 T ns

Generic DDRXBputs/Outputs with Clockand Data Centered at Pin (G

Figure3.7 and Figure3.9 (for csfBGA Package Only)

BX5 RATX.ECLK.Centeredying PCLK Clock Input

N Input Data SetJp Before 0.160 T 0.167 T 0.200 T ns

- CIK 0.200 T 0.200 T 0.200 T Ul
tHo_GDDRX5 Input Data Hold After CLK | 0.160 T 0.167 T 0.200 T ns
twinDow_GDDRXsC Input Data Valid Window 0.320 1 0.333 T 0.400 T ns
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_ q9 ¢8 c7 .
Parameter Description = - - Unit
Min Max Min Max Min Max
Output Data Valid Before 0.280 T 0.269 T 0.326 T ns
tbvB_GDDRX5
CLK Output ¢0.120 T c0.148 | 1 ¢0.174| 1 ns+1/2Ul
IbQUA_GDDRXS Output Data Valid After CL| 0.280 T 0.269 T 0.326 T ns
N Output ¢0.120 T ¢0.148 T ¢0.174 T ns+1/2UI
foaTA_GDDRX5 Input/Output Data Rate T 1250 T 1200 T 1000 Mbps
fMAX_GDDRXS Frequency foECLK T 625 T 600 T 500 MHz
1 Ul Halfof Data Bit Time, or90| ¢ 59 | ¢ 0417 | Tt | 0500 | 1 ns
degree
frcLk PCLK frequency T 125.0 T 120.0 T 100.0 MHz
Output TX to Input RX Margin per Edge 0.120 T 0.102 T 0.126 T ns
Generic DDRXmputs/Outputs with Clockand Data Aligned at Pin (GDDRXBXTX.ECLK.Aligned)sing PCLK Clock Input
Figure3.8 and Figure3.10 (for csfBGA Package Only)
T ¢0.220 T ¢0.229| 1 ¢0.275 | ns+1/2 Ul
tova_GDDRX5 Input Data Valid After CLK T 0.180 T 0.188 T 0.225 ns
T 0.225 T 0.225 T 0.225 ul
0.220 T 0.229 T 0.275 T ns + 1/2 Ul
toVE_GDDRXS Input Data Hold After CLK | 0.620 T 0.646 T 0.775 T ns
0.775 T 0.775 T 0.775 T ul
tWINDOW_GDDRX5A Input Data Valid Window 0.440 T 0.458 T 0.550 T ns
{oiA_GDDRXS gtg"c‘;uﬁf Invalid Atter T 0120 | 1 0148 | 1 0.174 ns
{DB GODRXS gtg"c‘;uﬁf Invalid Before| 0120 | 0.148 | 1 0.174 ns
foaTA_GDDRX5 Input/Output Daa Rate T 1250 T 1200 T 1000 Mbps
fmAX_GDDRXS Frequency for ECLK T 625 T 600 T 500 MHz
v Ul Halfof Data Bit Time, or 90|, 40y | ¢ 0417 | t | 0500 | 1 ns
degree
frcLk PCLK frequency T 125.0 T 120.0 T 100.0 MHz
Output TX to Input RX Margier Edge 0.060 T 0.040 T 0.051 T ns
Soft DPHY DDRX#puts/Outputs with Clockand Data Centered at Pin, using PCLK Clock I{fputsfBGA Package Only)
R Input Data SetJp Before 0.133 T 0.167 T 0.193 T ns
- - CLK 0.200 T 0.200 T 0.200 T ul
tHo_GDDRXMP Input Data Hold After CLK 0.133 T 0.167 T 0.193 T ns
] 0.133 T 0.167 T 0.193 T ns
tove_GDDRX4_MP gtg)lgu[t)saf Valid Before 0.200 T 0.200 T 0.200 T Ul
¢0.133 T ¢0.167 T ¢0.193 T ns + 1/2 Ul
foovA GDORXY P Output Data Valid After CL}  0.200 T 0.250 T 0.290 T ns
B B Output ¢0.133 T c0.167 | T 0.193 T ns + 1/2 Ul
fDATA_GDDR)_(MP :;]Hp$t Data Bit Rate for MIP T 1500 T 1200 T 1034 MbpS
v Ul Halfof Data Bit Time, or 90|~ 535 | 0417 | 1 | 0483 =1 ns
degree
fecik PCLK frequency T 187.5 T 150.0 T 129.3 MHz
Output TX to Input RX Margin per Edge 0.067 0.083 0.097 ns
Video DDRX71 Input®utputs with Clock and Data Aligned at Pin (GDDRX71_RX.EGI)PLL Clock InpuFigure3.12 and
Figure3.13
Input Valid Bit "i" switch T 0.300 T 0.300 T 0.300 ul
tRPo_ova Igog g ;:i(gﬁ':wﬁ’h'zgﬁﬁ)( "1 ¢ 0212 | T c0.212| T €0.249 | ns+(1/2+i)*Ul
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_ q9 ¢8 c7 .
Parameter Description = - - Unit
Min Max Min Max Min Max
Input Hold Bit "i" witch 0.700 T 0.700 T 0.700 T Ul
trPBi_DVE from CLK Rising Edge ("i" 7 T T T .
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 Ed o
tTPBI_DOV ("i" ~0to 6, 0 aligns with T 0.159 T 0.159 T 0.187 ns+i*Ul
CLK)
Data Output Invalid Bit "i"
. switch from CLK Rising Ed vk
ttpei DOI (i" = 0 10 6, 0 aligns with -0.159 T -0.159 T -0.187 T ns+(i+ 1)*Ul
CLK)
tTPBi_skew_UI TX skew in Ul T 0.150 T 0.150 T 0.150 Ul
ts Serial Data Bit Time, = 1Ul| 1.058 T 1.058 T 1.247 T ns
foaTATX71 DDR71 Serial Data Rate T 945 T 945 T 802 Mbps
fMAX_TX71 DDR71 ECLK Frequency T 473 T 473 T 401 MHz
feLkin 7:1 Clock (PCLK) Frequend T 135.0 T 135.0 T 114.5 MHz
Output TX to Input RX Margin per Edge 0.159 T 0.159 T 0.187 T ns
Memory Interface
DDR3/DDR3L/LPDDR2/LPDDR3 READ (DQ Input Data are Aligned toHfD8)3.8
tovBpQ_DDR3
tovepQ_pbR3L Data Output Valid before T €0.258 1 T ns + 1/2 Ul
tbveDQ_LPDDR2 DQS Input
toveDQ LPDDR3
tbvaDQ DR3
tbvADQ_DDR3L Data Output Valid after DQ 0.131 T T T ns + 1/2 Ul
tbvapQ_LPDDR2 Input
tovaDQ_LPDDR3
foaTA_DDREDATA DDR3L
fDATA_LPDDRZ DDR Memory Data Rate T 1066 T T Mb/s
foaTA_LPDDR3
fmAX ECLKDDR3
fmAX ECLKDDR3L DDR MemonfCLK T 533 1 1 MHz
fmax EcLKLPDDR2 Frequency
fMAX ECLKLPDR3
fmAX ScLKDDR3
fMAX_SCLKQDRBL DDR Memor)SCLK T 133.3 T T MHz
fmAX scLKLPDDR2 Frequency
fmAX SCLKLPDDR3
DDR3/DDR3L/LPDDR2/LPDDR3 WRITE (DQ Output Data are Centered td-igQ®8.11
tboves_DDR3
tboves_ppRaL Data Output Valid before
- T 0.235 T T ns + 1/2 Ul
tboves_LPDDR2 DQS Output N
tbQves_LPDDR3
tbqvas_pDR3
tbovAs_DDR3L Data Output Valid after DQ 0.235 . T T ns + 1/2 Ul
tbQvas_LPDDR2 Output
tbQvas_LPDDR3
foaTA_DDREDATA_DDR3L
fDATA_LPDDRZ DDR Memory Data Rate T 1066 T T Mb/s
fDATA_LPDDR3
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