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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

ALU Arithmetic Logic Unit

BGA Ball Grid Array

CDR Clock and Data Recovery

CPRI Common Public Radio Interface
CRC CycleRedundancy Code

DCC Dynamic Clock Control

DCs Dynamic Clock Select

DCU Dual Channel Unit

DDR Double Data Rate

DLL DelayLocked Loops

DSP Digital Signal Processing

EBR Embedded Block RAM

ECLK Edge Clock

FFT Fast Fourier Transforms

FIFO First InFirst Out

FIR Finite Impulse Response

HSUL High Speed Unterminated Logic

IP Intellectual Property

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

MIPI Mobile Industry Processor Interface
MLVDS Multipoint LowVoltage Differential Signaling
PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK PrimaryClock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional Unit

PIC Programmable I/O Cells

PLL PhaselLocked Loops

POR Power On Reset

RAM RandomAccess Memory

ROM ReadOnly Memory

SCI SerDe<lient Interface

SDR Single Data Rate

SED SoftError Detection

SEC Soft Error Correction

SEI Soft Error Injection

SerDes Serializer/Deserializer

SEU Single Event Upset

SLVS Scalable Low/oltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM
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Acronym Definition

SRAM Static RandorAccess Memory
TAP Test Access Port

TDM Time Division Multiplexing
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1. General Description

The ECBYECP5G1 family of FPGA devices is
optimized to deliver high performance features such as
anenhancedDigital Signal Processi®SFh

architecture, high spee8erDes
(Serializer/Deserializerand high speed source
synchronous interfacesn an economicaFPGA fabric.
This combination is achieved through advances in
device architecture and the use of #én technology
making the devices suitable for higiolume,
high-speed,andlow-cost applications.

The ECP5/ECEB% device family covers loalp-table
(LUT) capacity to &4ogic elements and supports up
to 365user 1/0. The ECP5/ECHG device family also
offers up to 156 1& 18 multipliers and a wide range
of parallel I/Ostandards.

The ECP5/ECP%& FPGA fabritasoptimized high
performance with low power and low cost in mind. The
ECP5ECP5G devices utilize reconfigurable SRAM
logic technology and provide popular building blocks
such as LUbased logic, distributed and embedded
memory, Phasé.ocked Loops (PLLs), Delayked

Loops (DLLs), pengineered source synchronous 1/O
support, enhanced sysDSP slices and advanced
configuration support, including encryption and
dualboot capabilities.

The preengineered source synchronous logic
implemented in the ECP5/EGB& device family
supports a broadange of interface standards
including DDR2/3, LPDDR2/3, XGhlHH 7:1 LVDS.

The ECP5/ECH%& device family also features high
speedSerDeswith dedicatedPhysical Coding Slalyer
(PC$%functions. High jitter tolerance and low transmit
jitter allow the SerDeglus PCS blocks to be configured
to support an array of populatata protocols including
PCI Expre&s Ethernet (XAUI, GbE, and SGMAly

CPRI. Transmit Bemphasis withpre- and

postcursors, and Receive Equalization settings make
the SerDesuitable for transmission and reception
over various forms of media.

The ECP5/ECHB%5 devices also provide flexible,
reliable and secure configuration options, such as
duakboot capability, bitstream encryption, and
TransFR field upgrade features.

ECP5%G family devices have made some enhancement
in the SerDexompared to ECP5UM devices. These
enhancements increase the performance of erDes

to up to 5 Gb/s data rate.

The ECR5G family devices are pto-pin compatible
with the ECP5UM devices. These allows a migration

path for youto port designs from ECP5UM to E€S
devices to get higher performance.

The Lattice Diamond design software allows large
complex designs to be efficiently implemented using
the ECP5/ECPBG FPGA family. Synthesis library
support for ECP5/ECP¥&s devices is available for
popular logicsynthesis tools. The Diamond tools use
the synthesis tool output along with the constraints
from its floor planning tools to place and route the
design in the ECP5/EGBG device. The tools extract
the timing from the routing andbackannotate it into

the design for timing verification.

Lattice provides many prengineered IP (Intellectual
Property) modules for the ECP5/EEHS family. By
usingthese configurable soft core IPs as standardized
blocks, designers are free to concentrate on the unique
aspects otheir design, increasing their productivity.

1.1. Features

1 Higher Logic Density for Increased System
Integration

1 mhui2iyin¢ca

1 Mt G2 ocp dzaSNJ LINPANI YY!
1 EmbeddedSerDes

1 HTNn aodkal diLS NIRE & IMF IDOX &
09/ tpo

1 HTNn adkaz diLS NIRE & IIMF IDOX &
09 /1 po

1 {dzLILI2 NI & S5t
OH®T DOKaAabvL

AY wbw

T 'L G2 F2dz2NJ OKI yySfta LISNJ

9 KENWYMDOO9Y {DalLLxX -!!LO:
T sysDSk

f CdzZ t& OFIalOFlRIFIoftS &at A0S |

 mMmH (2 wmcn atAdS8Sa F2NJ KA Ik
F'yR | OOdzydzt I (S

1 t26SN®defi pri! 2LISNIGA2ya

1 ¢AYS S5AQGA&AR2Y adzZ GALX SEA)

1 w2dzy RAy3 | yR G(NHzy Ol GAz2y

1 910K &t A0S adzlJLl2 NI a

1 Half 36x 36, two 18x 18 or four
9 x 9 multipliers
T Advanced 1& 36 MAC and
18 x 18 Multiply-Multiply-Accumulate
(MMAC) operations
1 Flexible Memory Resources
T 'L a2
wla 09. wboy
1 vMdii 2 (Odd a

RA&0GNXOdzG SR
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1 sysCLOCK Analog PLLs and DLLs 1 Flexible Device Configuration
T C2dzNI YRea&zNJ t [m@ KYR[CO9p T {KINBR oFlyl F2NJ O2y FAIdzNI {7
[CHPT G662 5[[a ¥R (G662 tlEthyobEAPFELAK AYGSNFI OS
YR ME9p 1 5dao2d AYlI3ISa adzll NISR
1 PreEngineered Source Synchronous I/O T {fF@S {tlL
f 55w NBIA&AGSNAR Ay Lkh OSf fﬂé ¢CNI ARW T2WNI AARLEzZIR! G S a

T 5SRAOIGSR NBIRKkoNRGS t Sy SeinfideNeh Up(<Ril)Miightabppolt &
T SSRAOINUGSR ISENRY3I 12320 q (2F( 9NNEWd SBREDIKI NR YI ONZ
T {2d2NDS aeyOKNRBy2dza aidl yRINRS 7§ dziggydies A/ 2xnenBiO @AGZ2yLILIA y 3
T '5/ x5!/ tYm [£5{ZX -DalLl 2LISNI GAZ2Y
1T IA3K {LSSR !5/ k5! / RSOAOFA{ 27T 9NNBNYdAyeBDi{ARly S$oSyi
T 5SRAOIFIGSR 55wHK55w0 YR [t REWWzAEA[] 25 WEY SNNBNI KIFyRf Ay:
YSY2NE &adzZl0l2 NI 6AGK 5v{f tspsi Qe¥el Slapgorti 2
y nand kK & R Hiis: f L999 wmmMndpdm YR L999 mMpoH
1 Programmable syslf0Buffer SupportdVide T wSoSIt ylr2aidN
Range of Interfaces ] 1 hyOKAL) 23A0AfEFG2NI F2NI AYAGA
T hyOKALI GSNNAYLGAZY dzz &
T [x¢¢[ FYR [£/ah{ OOKHPKMY[KMPKMHNSE L}2gSN] &dzLILJ & F2NJ 9/ t
T {{¢[ mykmp LZ LL LI26SNJ adzlJL)f @ F2NJ 9/ tplapD
T 1 {i [ mH
T [+£5{F+5dz% [t 9/ [ =2 w{5{ZX a[zx5{
f adzo[+5{ lyR {mzl{,z {2FiLt alLtL 5
NBEOSAGSNKGONIYyaAYAGUESNI AYGSNFI OSa

Tablel.1. ECP5 and ECBE& Family Selection Guide

Device tEEgBmzs tigggmi% tigggmmé% LFESW? | LFESLRS | LFESWS | LFESLBS
LUTsK) 24 44 84 12 24 44 84
sysMEM Blocks

( 1’8 &) 56 108 208 32 56 108 208
Embedded 1,008 1944 3744 576 1,008 1944 3744
Memory kb)

gi'tss"&‘;ted RAM | 194 351 669 97 194 351 669
18x 18 Multipliers | 28 72 156 28 28 72 156
SerDes

(DualChannels) | 12 2/4 2/4 0 0 0 0
PLLs/DLLs 22 414 414 2/2 2/2 414 414
PackagesSerDesChannelsl/ O @unt)

144 TQFP

0mmx20mm, | T T T 0/98 0/98 0/98 T

0.5 mm

256 caBGA

(14 mmx14 mm, | T T T 0/197 0/197 0/197 T

0.8 mm)

285 csfBGA

(10mmx 10 mm, | 2/118 2/118 2/118 0/118 0/118 0/118 0/118
0.5mm)

381 caBGA

(17mmx17 mm | 2/197 41203 41205 0/197 0/197 0/203 0/205
0.8 mm)
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. LFE5UM25 LFE5SUM45 LFE5UMB5
Device LFESUM5G5 LFESUM5@5 | LEESUMSGS LFE5SkL2 | LFE5R5 | LFE5W45 | LFE5LB5
554 caBGA
23mMmx23mm | T 4/245 4/259 T T 0/245 0/259
0.8 mm)
756 caBGA
(27mm x 27 mm T T 4/365 T T T 0/365
0.8 mm)
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2. Architecture

2.1. Overview

Each ECP5/ECBG device contains an array of logic blocks surrounded by Programmable 1/0 Cells (PIC). Interspersed
between the rows of logic blocks are rows of sysMERmbedded Block RAM (EBR) and rows of sysD&jtal Signal
Processing slices, as showrFigure2.1. The LFEBS5 devices have three rows of DSliees, the LFE&D devices have

two rows, andboth LFE®5and LFEA 2 devices have one. In addition, the LFESUM/LFE5Ui#G&es contairserDes

Duals on the bottom of the device.

The Programmable Functional Unit (PFU) contains the building blocks for logic, aritiRaetimmAccess Memory
(RAM), and ReadOnly Memory ROM) functions. The PFU block is optimized for flexibility, allowing complex designs to
be implemented quickly and efficientliogic Blocks are arranged in a tdionensional array.

The ECP5/ECPB%s devices contain one or more rows of sysMEM EBR blocks. sysMEM EBRs are large, dedicated 18 Kb
fast memory blocks. Each sysMEM block can be configured in a variety of depths and widthsasRRONY In

addition, ECP5/ECPHs devices contain up to three rows of DSP slices. Each DSP slice has multipliers and
adder/accumulators, which are the building blocks for complex signal processing capabilities.

The ECPS5 devices feature up to four embedded 3.2 &&yBeshannels and the ECR5G devices featurap to four
embedded5 Gb/sSerDeshannelsEachSerDeshannel contains independent 8b/10b encoding/decoding, polarity
adjust and elastic buffer logi€ach group of tw&@erDeshannels, along with its Physical Coding Sublayer (PCS) block,
creates a dual DC(Dual Channel Unit). The functionality of tBerDe#”CS duals can be controlled by SRAM cell
settings duringdevice configuration or by registersahare addressable during device operation. The registers in every
dual canbe programmed via th&erDe<lient Interface (SCI). These DCUs (up to two) are located at the bottom of the
devices.

Each PIC block encompasses two PIOs (PIO pairs) with their respective sysl/O buffers. The sysl/O buffers of the
ECP5/ECPSG devices are arranged in seven banks (eight banks forf85-t&yices in caBGA756 ataBGA554
packages), allowing the implementation of a wide variety of I/O standards. One of these banks (BattaB)d with
the programming interfacesdalfof the PI1O pairs on the left and right edges of the device catobégured as LVDS
transmit pairs, and all pairs on left and right can befeured as LVDS receive pairs. Thel®JiC in the left and right
banks also includes pngineered support to aid in the implementation of high spsedrce synchronous standards
such as XGMII, 7:1 LVDS, along with memory interfaces including DDE3DRS3.

The ECP5/ECPB%s registers in PFU and sysl/O can be configured to be SET or RESET. After power ujesice fse
configured, it enters into user mode with these registers SET/RESET according to the configuration setting, allowing the
device entering to a known state for predictable system function.

Other blocks provided include PLLs, DLLs and configuration functions. The ECB&EG#Pitecture providesp to
four DelayLocked Loops (DLLs) and up to four PHaseked Loops (PLLs). The PLL and DLL blod&szed at the
corners of each device.

The configuration block that supports features such as configuratiesttéam decryption, transparent updatesd
duaktboot support is located at the bottom of each device, to the left of #&Dedblocks. Every device in the
ECP5/ECPSG family supports a sysCONel@brts located in that same corner, powered byc)s, allowingfor serial
or parallel device configuration.

In addition, every device in the family has a Jpaf. This family also provides an-ghip oscillator and soft error
detect capability. The ECP5 devices use BdVECP5UMSG devices use 1astheir core voltage.
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DLL DLL N
. — sysl/OBank 0 syslOBank 1 | — sysCLOCK DLLs:
's:);:gllj_g‘i;( PLLs: ok oLL A§curate phase
synthesis and — :I f t | ; T t f alignments
balanced PCLK :
frees I T e e T T Preengineered
3 Source
8 ! o Synchronous
g g Support:
E{}::Q”" psp & g DDR3, LPDDR3
. R 800 Mbps
Multiply, Genericg Up to
AL 800 Mbps
Flexible sysl/O
(Bank 4 is on
-85 devices only):
LVCMOS, SSTL,
© HSUL, LVDS
SySMEM BlockRAM: | £ £
18 kBit EBRs S g
Programmable : : T T : ! : H : : glexlb!e Zt;utmg: .
Functional Units: t t ! ptlmlzed or Sps_? ,
Up to 84K LUTs power and routability
pLL | SysConfig, JTAG, and On-Chip Oscillator ocUo bcuo ] ] cut cut oLL
syslO Bank 8 Channel 0 |Channel 1 Channel 1 | Channel 1 sysi0Bank 4
PLL A4t — R . - 3 N PLL
Dual Function 3.2 Gbps SerDes
sysl/O Pins:
Shared /O for
sysConfig

Note: There is no Bank 4 i25 and-45 devices.
There are no PLL and DLL on the top cornetSdevices.

Figure2.1. Simplified Block Diagram, LFESUM/LFESUMER=Device (Top Level)

2.2. PFU Blocks

The core of the ECP5/ECGEG device consists of PFU blocks. Each PFU block consists of four intercosiezted
numbered B3, as shown irFigure2.2. Each slice contains two LUTSs. All the interconnections to andRflthblocks
are from routing. There are 50 inputs and 23 outputs associated with each PFU block.

The PFU block can be used in Distributed RAM or ROM function, or used to perform Logic, Arithmetic, or ROM
functions.Table2.1 shows the functions each slice can perform in either mode.
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Figure2.2. PFU Diagram

2.2.1. Slice

Each slice contains two LUT4s feeding two registers. In Distributed SRAM mode, Slice 0 through Slice 2 are configured
as distributed memory, and Slice 3 is used as Logic or R&ie2.1 shows the capability of the slicesong with the

operation modes they enable. In addition, each RBbtains logic that allows the LUTs to be combined to perform
functions such as LUT5, LUT6, LWdhd LUT8. There is control logic to perform set/reset functions (programmable as
synchronous/asynchronous), clock select, ebgtect and wider RAM/ROM functions.

Table2.1. Resources and 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 Registers| RAM 2LUT4s and 2 Registers | Logic, Ripple, ROM

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

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

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

Figure2.3 shows an overview of the internal logic of the slice. The registers in the slice can be configured for
positive/negative and edge triggered or level sensitive clocks.

Each slice has 14 input signdl8 signals from routing and one from the caatyain (from the adjacent slice &FU).
There are five outputdour to routing and one to carrghain (to the adjacent PFU). There are two inter slice/PFU
output signals that are used to support wider LUT functions, such as LUT6abdTIT8Table2.2 and Figure2.3 list
the signals associated with all the sliceégyure2.4 shows the connectivity of the inteslice/PFU signals that support
LUTS, LUT6, LUTahd LUTS.
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Figure2.3. Slice Diagram
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Data Sheet
PFU Col(n-1) PFU Qol(n) PFU Qol(n+1)
Al Al T8 Al
BL r— YR Bl FL —p Bl (SR
50 oo 5
1 Q 1
A0 Q A0 A0 Q
BO Yy LUTS BO Y LUT5 BO o) LUTS
Q = Fo » Q =1 R » Q = 20} »
DO Do DO
»{PB @ p B Q@ » P8 Q
LUT7 Qutput FXA XA XA LUT7 Qutput
To Next PFU |_> |_’ |_> From Previous PRU
Al Al 6 Al
Bl F1 wre Bl FL » Bl F1 LU-I;-G
a ~ Cl ~ CL ~
D1 QL D1 Q1 D1 QL
A0 A0 A0
B Y LUTS B0 Y LUTS B Y LUTS
Q b= FO » Q b= 39} » Q b= [20] |
DO Do ® DO
PGB Q0 PB PGB Q0
XA r: XA rt XA
Al i Al Al 7
Bl FL J-} Bl FL JE{W Bl FL »
g - 5 - G-
1 Q 1
0 ¢ LUTS ég 8 LUTS QIO) ¢ LUTS
BO
Q g FO > Q g R > Q g FO >
DO DO DO
> B Qo » B Qo » B Q
—» XA —pFXA —» (XA
Al 6 Al LUT6 Al
BL F BL Fl > Bl Fl LU;B
Cl o Cl o Cl =)
D1 QL D1 Q1L D1 QL
AO Y AO
E LS B Y Lurs B0 Y LS
[e4) ad P » @ d P » @ a4 P >
DO DO DO
NS Q » PGB Q » P8 Q@
P PA > A XA

Figure2.4. Connectivity Supporting LUT5, LUT6, LUT7, and LUT8

Table2.2. Slice Signal Descriptions

Function | Type Signal Names Description
Input Data signal A0, BO, CO0, DO Inputs to LUT4
Input Data signal Al,B1,C1,D1 Inputs to LUT4
Input Multi-purpose MO Multipurpose Input
Input Multi-purpose M1 Multipurpose Input
Input Control signal CE Clock Enable
Input Control signal LSR Local Set/Reset
Input Control signal CLK System Clock
Input Inter-PFU signal FCI Fast Carnmn?
Input Inter-slice signal FXA Intermediate signal tgenerate LUT6, LUT7 and LEIT8
Input Inter-slice signal FXB Intermediate signal to generate LUT6, LUT7 and £UT8
Output Data signals FO, F1 LUT4 output register bypass signals
Output Data signals Q0, Q1 Register outputs
Output Inter-PFU signal FCO Fast carry chain outpiit
Notes

1. SeeFigure2.3for connection details.

2. Requires two adjacent PFUs.

© 20142024Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswstetatticesemi.com/legal
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2.2.2. Modes ofOperation

Slices €@ have up to four potential modes of operation: Logic, Ripple, Rl ROM. Slice 3 is not needed RAM
mode, it can be used in Logic, Ripple, or ROM modes.

Logic Mode

In this mode, the LUTs in each slice are configurediaput combinatorial lookup tables. A LUT4 can havedssible
input combinations. Any four input logic functions can be generated by programming this lookupSizloie there are
two LUT4s per slice, a LUTS can be constructed within one slice. Largapltaides such asUT6, LUTand LUT8
can be constructed by concatenating other slices. Note that LUT8 requires more thatidear

Ripple Mode

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

1 Addition 2bit

Subtraction 2bit

Add/Subtract 2bit using dynamic control

Up counter 2bit

Down counter 2bit

Up/Down counter with asynchronous clear

Up/Down counter with preload (sync)

Ripple mode multiplier building block

Multiplier support

Comparator functions of A and B inputs

f ! 3 N#B K i2 8N di- 2

T ! y&ida %

1 ! tiSkaigysdl di 2t

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 Propagate, are
generated on a per slice basisalow fast arithmetic functions to be constructed by concatenating Slices.

RAM Mode

In this mode, a 1& 4-bit distributed single port RAM (SPR) can be constructed in one PFU using each LUT block in
Slice 0 and Slice 1 as ax®-bit memory in each slice. Slice 2 is used to provide memory address and control signals.
A 16x 2-bit pseudo dual port RAM (PDPR) memory is created in one PFU by using one Slice aswhiterpad and
the other companion slice as the readly port. The slice with the readrite port updates the SRAM datantents in
both slices at the same write cycle.

ECP5/ECPSG devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memories. \Abenapriate, the software
construcsthese using distributed memory primitives that represent the capabilities of the Pathle2.3 lists the
number of slices required to implement different distributed RAM primitives. For more information aisoug RAM in
ECP5/ECPSG devices, refer teCP5 and ECB& Memory Usage GUuidERGATN-02204.

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

Table2.3. Number of Slices Required to Implement Distributed RAM

RAM Number of Slices
SPR 16 X 3
PDPR 16 X 4 6

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

ROM Mode

ROM mode uses the LUT logic; hence, Slices 0 through 3 can be used in ROM mode. Preloading is accomplished
through the programming interface during PEthfiguration.

For more information, refer t& CP5 and ECB& Memory Usage GUidERGATN-02204).
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2.3. Routing

There are many resources provided in the ECP5/BG8evices to route signals individually or as bussesrefidted
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (reegimgnts.

The ECP5/ECPB& family has an enhanced routing architecture that produces a compact design. The Daesaigmd
software tool suites take the output of the synthesis tool and places and routes the design.

2.4. Clocking Structure

ECP5/ECPSG clocking structure consists of clock synthesis bl(sgls<CL OCK Bihalanced clock tree networKPCLK
and ECLK tregsand efficient clock logic modul¢€LOCK DIVIDER and Dynamic Clock ga@$), Dynamic Clock
Control (DCC) and DLAIl of these functios are describedbelow.

2.4.1. sysCLOCK PLL

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The devices in the BEGPRRGRBpport
two to four fulHfeatured General Purpose PLLs. The sysCLOCK PLLs provide the ability to sglutiefiequencies.

The architecture of the PLL is showrFigure2.5. A description of the PLL functionality follows.

CLKI is the reference frequency input to the PLL and its source can come from two different external CLKfnoputs or
internal routing. A norglitchless 2o-1 input multiplexor is provided to dynamically select between two different
external reference clock sources. The CLKI input feeds into the input Clock Divider block.

CLKFB is the feedback signal to the PLL which can come from internal feedback path, routing or an expénnahéO
feedback divider is used to multiply the reference frequency and thus synthesize a higher frequenoytpgoatk

The PLL has four clock outputs CLKOP, CLKOS, GIriilAI3XKOS3. Each output has its own output divides,

allowing the PLL to generate different frequencies for each output. The output dividers can have a valligdrb®3.

The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can all be used to drive the primary cl@kiynEtladex? and
CLKOS outputs can go to the edge clock network.

The setup and hold times of the device can be improved by programming a phase shift into the CLKOSa@d.KOS2,
CLKOS3 output clocks which advarmredelays the output clock with reference to the CLKOP output cldtks phase
shift can be either programmed during configuration or can be adjusted dynamically using the PHASESEL, PHASEDIR,
PHASESTEP, and PHASELOADREG ports.

The LOCK signal is asserted when the PLL determines it has achieved loclassetieel if a loss of lockdetected.

PHASESEL[1:0]  Dynamic
PHASEDIR b phuse
PHASESTEP M agjust
PHASELOADREG >
PLLREFCS
CLKOP
R W Refdk veo Divider > — cikop
Ll
cLki > PLLCSOUT (1-128) A
CcLKI2 > » C'LDKI Refclk Divider M Phase veo CLKOS
clka Detector, Divider » 3 > CLKOS
eoand (1-128) £
Loop Filter
FBKSEL vCo CLKOS2
= Eem— Divider ::1—:> cLkos2
Clock Divider (1-128) A
CLKOS3
VCO
Internal Feedback Divider #}D CLKOS3
CLKOP, CLKOS, CLKOS2, CLKOS3 (1-128) 4
ENCLKOP
ENCLKOS
ENCLKOS2
ENCLKOS3
RSTO— Lock ™ Lock
sToBY CH—» Detect

Figure2.5. General Purpose PLL Diagram
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Table2.4 provides a description of the signals in the PLL blocks.

Table2.4. PLL Blocks Signal Descriptions

Signal Type Description

CLKI Input Clock Input to PLL from external pin or routing

CLKI2 Input Mixed clock input to PLL

SEL Input Input Clock select, selecting from CLKI and CLKI2 inputs

CLKFB Input PLL Feedback Clock

PHASESEL[1:0] Input Select which output to be adjusted on Phase?yASEDIR, PHASESTEP, PHASELODREG
PHASEDIR Input Dynamic Phase adjustment direction

PHASESTEP Input Dynamic Phase adjustment step

PHASELOADREG| Input Load dynamic phase adjustment values into PLL

CLKOP Output | Primary PLL output clock (with phast@ft adjustment)

CLKOS Output | Secondary PLL output clock (with phase shift adjust)

CLKOS2 Output | Secondary PLL output clock2 (with phase shift adjust)

CLKOS3 Output | Secondary PLL output clock3 (with phase shift adjust)

LOCK Qutput PLL LOCK @LKI, Asynchronous signal. Active high indicates PLL lock
STDBY Input Standby signal to power down the PLL

RST Input Resets the PLL

ENCLKOP Input Enable PLL output CLKOP

ENCLKOS Input Enable PLL output CLKOS

ENCLKOS2 Input Enable PLL outp@LKOS2

ENCLKOS3 Input Enable PLL output CLKOS3

For more details on the PLyou can refer to theECP5 and ECB& sysClock PLL/DLL Design and Usage Guide
(FPGATN-02200.
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2.5. Clock Distribution Network

There are two main clock distribution networks for any member of the ECP5/&GPBEoduct family, namely Primary
Clock (PCLK) and Edge Clock (ECLK). These clock networks have the clock singéeswomany different sources,
such as Clock Pins, PLL outputs, DLLDEL outputs, Clock divider @afdd#PCS clocks armbme on chip generated
clock signal. There are clock dividers (CLKDIV) blocks to provide the slower clatlef®iziock sources.
ECP5/ECPSG also supports glitchless dynamic enablecfiom (DCC) for the PCLK Cltackave dynamic power. There
are also some logics to allow dynamic glitchless selection between two clotke 8CLK network (DCS).

The orerview of Clocking Network is shownFigure2.6 for LFESUM/LFE5SUMSE5 device.

(o] Bank 0 Bank 1 (o]

; g
~3 ol
X .

] 12 P 3
éi‘a Quadrant TL Primary imary Sources Aimary Quadrant TR 5%
. Qocks 16 l6 docks N
2 i 14 Primary Sources 2

o1 WO BT 1 YN D L, 5% 0y Yoyt
2| ov ov |3
2 16 TAT 16 _ 3

Primary Primary
©, docks 16 Primary Sources Qocks gg
]
ég Quadrant BL Quadrant BR éz
g ’
(o] Bank 8 Bank 4 (=]
| SROESDAUO SFROESDAUL

Figure2.6. LFESUM/LFE5UM585 Clocking

2.5.1. Primary Clocks

The ECP5/ECH& device family provides legkew, high farout clock distribution to all synchronous elements in the
FPGA fabric through the Primary Clock Network.

Theprimary clock network is divided into four clocking quadrants: Top Left (TL), Bottom Left (BL), Top Right (TR), and
Bottom Right (BR). Each of these quadrants has 16 clocks that can be distributed to the fabric in the quadrant.
The Lattice Diamond software can automatically route each clock to one of the four quadrants up to a maximum of 16
clocks per quadrantyoucan change how the clocks are routed by specifying a preference in the Lattice Diamond
software to locate the clock to specific. The ECP5/EBGP8evice providegou with a maximum of 64 unique clock
input sources that can be routed to the primary Clock network.

Primary clock sources are:

dock input pins

PLL outputs

CLKDIV outputs

Internal FPGA fabric entries (with minimum general routing)

SerDe#”CS/PCSDIV clocks

1 OSC clock

These sources are routed to one of four clock switches called a M Whe outputs of the Mid MUX are routed to
the center of the FPGA where another clock switch, called the Center MUX, is used to route the primasgurioek

to primary clock distribution to the ECP5/EE3% fabric. These routing muxes are showfigure2.6. Since there is a
maximum of 60 unique clock input sources to the clocking quadrants, there are potentialhidi# clock domains
that can be used in the ECP5/EE&I b Device. For more information about the primakhyck tree and connections,
refer to ECP5 and ECB& sysClock PLL/DLL Design and Usage G&GATN02200.

=A =4 =4 =4 =4
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2.5.1.1. Dynamic Clock Control

TheDynamic Clock Contr{DC@, Quadrant Clock enable/disable feature allows internal logic control of the quadrant
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 disable furm&Esnot create

glitch andincrease the clock latency to the primary clock network.

This DCC controls the clock sources from the Primary CLOCK MIDMUX before they are fed to the PrimatiyKenter
that drive the quadrant clock network. For more information about the DCC, refeC®5 and ECB& sysClock
PLL/DLL Design and Usage GUHREEATN-02200.

2.5.1.2. Dynamic Clock Select

TheDynamic Clock Seled@C$is a smart multiplexer function available in the primary clock routing. It switches
between two independeninput clock sources. Depending on the operation 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. Botinput clocks must be running to achieve functioning ghtets DCS output clock, but it is not
required runningclocks when used as nalitch-less rormal clock multiplexer.

There are two DCS blocks per device that are fed to all quadrants. The inputs to the DCS block come front@litthe
of MIDMUXs and Clock from CIB located at the center of the PLC array core. The output of the DCS is connected to one
of the inputs of Primary Clock Center MUX.

Figure2.7 shows the timing waveforms of the default DCS operating mode. The DCS block can be programmed to other
modes. For more information about the DCS, refeE@P5 and ECB& sysClock PLL/DLL Design and Usage Guide
(FPGATN-02200.

CLKO
i
CLK1 i
—— _—— I |- — _—— —_—— r—n- — =]
N e T | |
| — — L_I._l N | R | __| |__ _
SEL :
‘ ! —
o
1
i
i
CLKO :
T o

Figure2.7. DCS Waveforms

2.5.2. Edge Clock

ECP5/ECPAG devices have a number of higheed edge clocks that are intended for use with the P1Os in the
implementation of higkspeed interfaces. There are two ECLK networks per B@n&ri the Left and Right sidestbé
devices.

Each Edge Clock can be sourced from the following:

Dedicatedclock input pins (PCLK)

DLLDEL output (Clock delayed by 900)

PLL outputs (CLKOP and CLKOS)

ECLKBRIDGE

Internalnodes

=A =4 4 -4 -4
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Top LeftRight PCLK Pin—————p From ECLK of
) other bank on
Top LeftRight DLLDEL Output——, same side
Top Right_eft PLL CLKOR
From
Top RightLeft PLL CLKOS ECLKBRIDGE
ECLK Tre
ECLKSYN€E
Bottom RightLeft PLL CLKOP >
Bottom RightLeft PLL CLKOS

Bottom LeftRight PCLK Pin————»
To ECLK of other

Bottom LeftRight DLLD EL Output—— bank on same side

» To ECLKBRIDGE
to goto other side

From Routing —————»

Figure2.8. Edge Clock Sources per Bank

The edge clocks have low injection delay and low skew. They are used for DDR Memory or Generic DDR interfaces. For
detailed information on Edge Clock connections, refeE@P5 and ECB& sysClock PLL/DLL Design and Usage Guide
(FPGATN-02200.

2.6. Clock Dividers

ECP5/ECPSG devices havieur clock dividerstwo on the left side andwo on the right side of the device. Theaee
intended to generate a slowespeed system clock from a higpeed edge clock. The block operates in a +2, +3.5 mode
and maintains a known phase relationship between the divided down clock and thaegil cloclbased on the

release of its reset signal.

The clock dividers can be fed from selected PLL outputs, external primary clock pins multiplexed with the Bi@RDEL
Delay or from routing. The clock divider outputs serve as primary clock sources and feed into the clock distribution
network. The Reset (RST) control signal resets input and asynchronously forces all outputs to low. SitpeaSklips

the outputs one cycle relative to the input clock. For further information on clock dividers, releERb and ECB&
sysClock PLL/DLL Design and Usage GeR{2ATN-02200. Figure2.9 shows the clock dividezonnections.

Primary Aock Pin OR
DLLDH output clock ————————»

PLL clock output CLKDIV To Primary Qock Tree
(GQKoP/akoy (/2 0r /3.5) ORRouting
Primary
Jock Tree ———Ppf
ORRouting RST ———

P ——»

Figure2.9. ECP5/ECP5G Clock Divider Sources
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2.7. DDRDLL

Every DDRDLL (master DLL blockpeaerate phase shift code representing the amount of delay in a dédak that
correspondto 90° phase of the reference clock input. The reference clock can be eitherRtdmor input pin. This
code is used in the DQSBUF block that controls a set of DQS pin groups to interfd@®Rithemory (slave DLL).
There areawo DDRDLLs that supply two sets of codes (for two different reference feegplencies) to each side of the
I/O (at each of the corners). The DQSBUF uses this code to controls thepD the DDR memory to 9&hift to
clock DQs at the center of the data eye for DDR memory interface.

The code is also sent to another slave DLL, DLLDEL, that takes a clock input and genétateft @@tk output to
drive the clocking structure. This is useful to interface edligned Generic DDR, where*@lbcking needs to be
created.Figure2.10 shows DDRDLL functional diagram.

DDRDLL

aK —>»
——» DDRDEL
RST —»
——» LOK
UDDONTLIN —
L » DONTL[7:0]
FREEZE —»

Figure2.10. DDRDLL Functional Diagram

Table2.5. DDRDLL Ports List

Port Name Type | Description

CLK Input | Reference clock input to the DDRDLL. Should run at the same frequency as the clock to tbedsel
RST Input Reset Input to the DDRDLL

Update Control to update the delay codehe code is the DCNTL[7:0] outputs. These outputs are
updated when the UDDCNTLN signal is LOW.

FREEZE goes high and, without a glitch, turns off the DLL internal clock and the ring asdifiator
clock. When FREEZE goes low, it turns them back on.

DDRDEL Output | The delay codes from the DDRDLL to be used in DQSBUF or.DLLDEL
LOCK Qutput | Lock output to indicate the DDRDLL has valid delay output
DCNTL [7:0]| Cutput | The delay codes froitine DDRDLL available for the user IP

UDDCNTLN | Input

FREEZE Input

There are four identical DDRDLLS, one in each of the four corners i85 BE8 LFEBS devices, and twODRDLLS in
both LFEE25and LFEA2 devices in the upper two corners. Each DDRDLL can generate delay code based on the
reference frequency. The slave DLL (DQSBUF and DLLDEL) use the code to delay the signal, to creatghiftegohase
signal used for either DDR memoty create 90° shift clock.Figure2.11 shows the DDRDLL atiek slave DLLs on the
top level view.
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Figure2.11. ECP5/ECPSG DLL Top Level View (For 44BEand LFB5)

2.8. sysMEM Memory

ECP5/ECPSG devices contain a number of sysMEM Embedded Block RBR).(The EBR consists of aklh&RAM

with memory core, dedicated input registers aadtput registers with separate clock and clock enablach EBR
includes functionality to support true duglort, pseudo duaport, singleport RAM, ROM and FIFO buffers (via external
PFUs).

2.8.1. sysMEM Memory Block

The sysMEM block can implement singtet, duakport, or pseudo duaport memories. Each block can be usea@in
variety of depths and widths distedin Table2.6. FIFOs can be implemented in sysMEM EBR blocks by implementing
support logic with PFUs. The EBR block facilitates parity checking by supporting an optional parigabh fitata

byte. EBR blocks provide byg@able support for configurations with 48t and 36bit data widths. Fomore

information, refer toECP5 and ECB& Memory Usage GUIdERGATN-02204).
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Table2.6. sysMEM Block Configurations

Memory Mode Configurations
16,384x 1
8,192x 2
4,096x4
2,048x9
1,024x18
512x 36
16,384x 1
8,192x 2
True Dual Port 4,096x4
2,048x9
1,024x18
16,384x 1
8,192x2
4,096x 4
2,048%x9
1,024x18
512x 36

Single Port

Pseudo Dual Port

2.8.2. Bus Size Matching

All of the multiport memory modes support different widths on each of the ports. The RAMabétsnapped LS®ord
0 to MSB word 0, LSB word 1 to MSB word 1, and so on. Although the word size and number of vaacts fart
varies, this mapping scheme applies to each port.

2.8.3. RAM Initialization and ROM Operation

If desired, the contents of the RAM can be jwaded during device configuration. By preloading the RAM hlocing
the chip configuration cycle and disabling the write controls, the sysMEM block can also be utiliZzR@Ms a

2.8.4. Memory Cascading

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

2.8.5. Single, Dualand PseudeDual Port Modes

In all the sysMEM RAM modes the input data and address for the ports are registered at the input of the memory

array. The output data of the memory is optionally registered at the output.

EBR memory supports the following forms of write behavior for single port or dual port operation:

1 Normalg Data on the output appears only during a read cycle. During a write cycle, the data (at the current
address) does not appear on the output. This mode is supported for all data widths.

1  Write Throughg A copy of the input data appears at the output of the same port during a write cycle. This mode is
supported for all data widths.

1 ReadBeforeWrite ¢ When new data is written, the old content of the address appears at the output. This mode is
supported for x9, x18, and x36 data widths.
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2.8.6. Memory Core Reset

The memory array in 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 vatidFRott/B,

respectively. The Global Reset (GSRN) signal can reset both ports. The output data latches and associated resets for
both ports are as showim Figure2.12.

I
Memory Core | Q : » Port A[17:0]
I I
I I
S E— Lar |
: |
I
I
I Cutput Data :
: Latches |
I Q —» Port B[17:0]
I I
I
-1 Lar :
I I |

RSTA > *Di
reTE > >
=)

GRN [T

[
Programmable Disable

Figure2.12. Memory Core Reset

For further information on the sysMEM EBR block, see the list of technical documentaBappiementalnformation
section.

2.9. sysDSR Slice

The ECP5/ECH& family provides an enhanced sysDSP architecture, making it ideally suited-tarstow
high-performance Digital Signal Processing applications. Typical functions used in these applications dnepkisite
Response (FIR) filters, Fast Fourier Transforms (FFT) functions, CorrelatoiSpResxh/Turbo/Convolution encoders
and decoders. These complex signal processing functions use similar building blocks such asadldtiplgind
multiply-accumulabrs.

2.9.1. sysDSP Slice Approach Compared to General DSP

Conventional generghurpose DSP chips typically contain one to four (Multiply and Accumulate) MAC unifscadth
datawidth multipliers; this leads to limited parallelism and limited throughput. Their throughput is increadeid Higr
clock speeds. In the ECP5/E&bdevice family, there are many DSP slices that can be used to sdfffesent data
widths. This allows designers to use highly parallel implementations of DSP functions. Designetsriaea DSP
performance vs. area by choosing approtikevels of parallelisnfigure2.13 compares the fullgerial
implementation to the mixed parallel and serial implementation.
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Figure2.13. Comparison of General DSP and ECP5/E&PBApproaches

2.9.2. sysDSP Slice Architecture Features

The ECP5/ECP& sysDSP Slice has been significantly enhanced to provide functions needed for advanced processing

applications. These enhancements provide improved flexibility and resource utilization.

The ECP5/ECHB% sysDSP Slice supports many functions that include the following:
1 Symmetry support. The primary target application is wireless. 1D Symmetry is useful for many applications that

use FIR filters when their coefficients have symmetry or asymmetry characteristics. The main motivation for using

1D symmetry is cost/size optigdtion. The expected size reduction is up to 2x.

f hRR YXR$ GSNI gAGK hRR ydzYoSNI 2F G LI

1 90Sy &CRARSISNI gAGK 9@Sy ydzYoSNI 2F G LI

1 ¢62 RAYSY&AA2YI{ QAa@EWILIARIYY SHINETAN2RENE F2NJ YIF Ayt @

Duakmultiplier architecture. Lower accumulator overhead to half and the latency to half compared to single

multiplier architecture

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

Multiply (one 18x 36, two 18x 18 or four 9x 9 Multiplies per Slice)

Multiply (36 36 by cascading across two sysDSP slices)

Multiply Accumulate (supports one 2836 multiplier result accumulation or two 2818 multiplier result

accumulation)

1 Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (xi® 18
Multiplies feed into an accumulator that can accumulate up to 52 bits)

1 Pipeline registers

1 1D Symmetry support. The coefficients of FIR filters have symmetry or negative symmetry characteristics.
f hRR YXR$ SN g6AGK hRR ydzYoSNI 2F G L)
f 90Sy &RARSISNI gAGK 9@Sy ydzYoSNI 2F Gt LI
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1 2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics.
T oPo I YReLoy SNyt 5{t {fAOS &dzJJ2 NI
f pPp YR fI NBSKH) VA SA vBESNIEI201m{t {fAOS &dzLiLi2 NI

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

1 Flexible cascading across DSP slices
T aAyAYAT Sa FIONARO dza8S F2NJ O02YY2y 5{t IyR
f 9yloftSa AYLXSYSyldlidAa2y 2F CLw CAfGSNI 2N
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1 Flexible and Powerful Arithmetic Logic Unit (ALU) Supports:
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1 RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset for legacy users
1 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

For most cases, as shownHigure2.14, the ECP5/ECPE5 sysDSP slice is backwazdmpatible with the
LatticeECP2 and LatticeECBBsysDSP block, such that, legacy applications can be targeted to the ETHESG
sysDSP slicéigure2.14 shows the diagranof sysDSP anigure2.15 shows the detailed diagram.
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Figure2.14. Simplified sysDSP Slice Block Diagram
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Figure2.15. Detailed sysDSP Slice Diagram
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In Figure2.15, note that A_ALU, B_AlL Bnd C_ALU are internal signals generated by combining bits from ABAAB,
BB and C inputs. For further information, refer ECP5 and ECB& sysDSP Usage GuieBGATN-02205.

The ECP5/ECHB% sysDSP block supports the following basic elements.

1  MULT (Multiply)

1 MAC (Multiply, Accumulate)

1 MULTADDSUB (Multiply, Addition/Subtraction)

1 MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)

Table2.7 shows the capabilities of each of the ECP5/E&XPSlices versus the above functions.

Table2.7. Maximum Number of Elements in a Slice

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

*Note: Two slices are required for twn9x9addsubsum, and two slices are required for one m18x18addsubsum.

Some options are available in the four elements. The input register in all the elements can be directly loadeloeor can
loaded as a shift register from previous operand registBysselectinglynamic operationthe following operations are
possible:

1 Inthe Add/Sub option the Accumulator can be switched between addition and subtraction on every cycle.
1 The loading of operands can switch between parallel and serial operations.
For further information, refer t&aCP5 and ECB& sysDSP Usage GuiBBGATN-02205.

2.10.Programmable I/O Cells

The programmable logic associated with an 1/O is called a P1O. The individual PIO are connected to their respective
sysl O buffers and pads. On the ECP5/E6BSlevices, the Programmable /O c@$Clare assembled into groups of
four PlCOcells called a Programmable 1/O Cell or PIC. The PICs are placed on all four sides of the device.

On all the ECP5/ECGBB devices, two adjacent PIOs can be combined to provide a complementary outputpdiiver
All PIO pairs can implement differential receivers. Half of the PIO pairs on the left and right edges déthese can
be configured as true LVDS transmit pairs.
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Figure2.16. Group of Four Programmable 1/0 Cells on Left/Right Sides
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2.11.PIO

The PIO contains three blocks: an inpegister block, output register blocknd tri-state register block. Thedsocks
contain registers for operating in a variety of modes along with the necessary clock and selection logic.

2.11.1. 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 adtigoinput register blocks fahe
P1Os on the left and right edges include binlFIFO logic to interface to DDR and LPDDR memory.

The Input register block on the right and left sides includes gearing logic and registers to implementdD®RX1
IDDRX2 functions. With two PICs sharing the DDR register path, it can also implement IDDRX71 functio:ised for
LVDS interfaced Uises three sets of registers #hift, update, and transfer to implement gearing and the cldakiain
transfer. The first stage registers samples the kpghed input data by the higspeed edge clock on itssing and

falling edges. The second stage registendqren data alignment based on the control signals. The thiedje pipeline
registers pass the data to the device core synchronized to thesfmed system clock. Thep sideof the device

suppors IDDRX1 gearing function. For more information on gearing function, relB€R6 and ECB& HighSpeed

I/O Interface (FPGATN-0203%).

Figure2.17 shows the input register block for the PIOs on the top edge.

[ > INCK
D Programmable > INFF
Delay Cell
> INFF > Q
K » IDDRXI —»Q1L0]
RST >
Figure2.17. Input Register Block for PIO on Top Side of the Device
Figure2.18 shows the input register block for the PIOs located on the left and right edges.
| > INCK
Programmable > INFF
D Delay Cell
> INFF > Q
> Generic
IDDRXL
AFO IDDRX2 Q[L:0)/
Delayed DQS > 4—‘ ECLK IDDR71* | Q[3:0)/
Q6:0J*
EOLK > Memory
K »  IDDRX2
RST >
ALIGNWD

*For 7:1 LvDSinterface only. It isrequired to use PIO pair pins (PIOA/B or PIOQJ D).

Figure2.18. Input Register Block for PIO on Left and Right Side of the Device
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2.11.1.1.Input FIFO

The ECP5/ECH%& PIO has dedicated input FIFO per siegl#ed pin for input data register for DDR Memory
interfaces. The FIFO resides before the gearing logic. It transfers data from DQS domain to continudomBi@GLRN
the Write side of the FIFO, it is clocked by DQS clock which is the delayed version of the DQsig&ablvtem DDR
memory. On the Read side of FIFO, it is clocked by ECLK. ECLK may bespegdiglockvith identical frequency as
DQS (the frequency of the memory chip). Each D@&pgnas one FIFO control blotkdistributes FIFO read/write
pointer to every PIC in same DQS group. DQS Grouping and DQS Controldgkxritied irDDR Memory Support
section.

Table2.8. Input Block Port Description

Name Type Description

D Input High Speed Data Input

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

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.11.2. Output Register Block
The output register block registers sigatbm the core of the device before they are passed to the/ €y bluffers.

ECP5/ECPSG output data path has output programmable flip flops and output gearing logic. On the left and right
sides, the output register block can support 1x,&xd 7:1 gearing enabling high speed DDR interfaces and DDR
memory interfaces. On the top side, the barskgport 1x gearing. ECP5/EEH5 output data path diagram shown in
Figure2.19. Theprogrammable delay cells are also available in the output data path.

For detailed description of the output register block modes and usage, rete€#b and ECB& HighSpeed 1/0
Interface(FPGATN-0203%).

| Programmable 5
D > Delay Cell 0
» OUTFF P
RST >
SCLK:- » Generic
Dl1:0] »{CCRES

Figure2.19. Output Register Block on Top Side
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Figure2.20. Output Register Block on Left and Right Sides

Table2.9. Output Block Port Description

Name Type Description

Q Output High Speed Data Output

D Input Data from core t@utput SDR register

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

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.12. Tri-state Register Block

The tristate register block registers tstate control signals from the devicerebefore they are passed to theysIO
buffers. The block contains a register for SDR operation. In SDR, TD input feeds one ofitips fiatthen feeds the
output. In DDRoperation used mainly for DDR memory interface can be implemented on thanéfight sides of the
device. Here twanputs feed thetri-stateregisters clocked by both ECLK and SCLK.

Figure2.21 andFigure2.22 show the Trstate Register Block functions on the device. For detailed descriptitire of
tri-stateregister block modes and usage, refelB6P5 and ECB& HighSpeed 1/O Inteface (FPGATN-02035).

™ —‘—» — *

RSIT ——— TS
K ——»

Figure2.21. Tristate Register Block on Top Side
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Figure2.22. Tri-state Register Block on Left and Right Sides

Table2.10. Tristate Block Port Description

Name Type Description

D Input Tri-state Input to Tri-state SDR Register

RST Input Reset to theTri-state Block

TD[1:0] Input Tristateinput to TSHX2 function

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.13.DDR Memory Support

2.13.1. DQS Grouping for DDR Memory

Certain PICs have additioratcuitry to allow the implementation of higbpeed source synchronous and DDBRR3,
LPDDR2or LPDDR3 memory interfaces. The support varies by the edge of the device as detailed below.

The left and right sides of the PIC have fully functional elements supporting DDR2, DDR3, bPDPIBR2RBemory
interfaces. Every 16 PIOs on the left and right sides are grouped into one DQS group, ais $higwe2.23. Within

each DQS group, there are two gotaced pins for DQS and DQS# signals. The rest of thiresDQS group can be
used as DQ signals and DM signal. The number of pins in each DQS group bondedotrags dependent. DQS

groups with less than 11 pins bonded out can only be used for LPDDR2/3 Command/Address busses. In DQS groups

with more than 11 pins bonded out, up to two pdefined pins are assigned to bheed asvirtual Vccig by driving these
pins to HIGH, with the user connecting these pinsdedower sipply. These connections createft connections to
Vecisthroughthese output pinsand make better connections dftcicto help reduce SSO noise. For details, refer to
ECP5 and ECB& HighSpeed 1/O Intdace (FPGATN-0203%).
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Figure2.23. DQS Grouping on the Left and Right Edges

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

To support DDR memory interfaces (DDR2/3, LPDDR2/3), the DQS strobe signal from the memory mustbe used
capture the data (DQ) in the PIC registers during memory reads. This signal is output from the DDRdeeic®ry
aligned to data transitions and must be time shifted before it can be used to capture data in the Ptitn& bsfted is
achieved by using DQSDEL programmable delay line in the DQS Delay Block (DQS reddheif2QI§DEL is
implemented as a slave delay line and works in conjunctioh avinaster DDRDLL.

This block also includes slave delay line to generate delayed clocks used in the write side to generate DQnéthd DQS
correct phases within one DQS group. There is a third delay line inside this block used to provide writeféataliag
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 Bloghown inFigure2.24 generates the Read and Write Pointers for the FIFO block inside the Input
Register Block. These pointers are generated to control the DQS to ECLK domain crossing using the FIFO module.
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Figure2.24. DQS Control and Delay Block (DQSBUF)

Table2.11. DQSBUF Potist Description

Name Type Description

DQS Input DDRmemory DQS strobe

READI1:0] Input Read Input from DDR Controller

READCLKSEL[1:0] Input Read pulse selection

SCLK Input Slow System Clock

ECLK Input High Speed Edge Clock (same frequency as DDR memory)
DQSDEL Input 90° Delay Code from DDRDLL

RDLOADN, RDMOVE, RDDIRECTION Input Dynamic Margin Control ports for Read delay

WRLOADN, WRMOVE, WRDIRECTION Input Dynamic Margin Control ports for Write delay

PAUSE 0P| DORDLL Cods update or e Levelng

DYNDELAY[7:0] Input Dynamic Write Leveling Delay Control

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 ReadPointer 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

RDFLAG Output Read Dynamic Margin Control output to indicate max value
WRFLAG Output Write Dynamic Margin Control output to indicate max value
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2.14.sysl/O Buffer

Each 1/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 buffersyalloiw implement the wide varietpf

a0FyRFNRE GKFG FNB FT2dzyR Ay (2RI &Qa aeadSYWTIAVNPEARA Y 3
and MIPI.

2.14.1. sysl/O Buffer Banks

ECP5/ECPAG devices have seven sysl/O buffer banks, two banks per side at Top, Left and Right, plus one at the
bottom left side. The bottom left side bank (Bank 8) is a shared 1/0O bank. The I/O in that bank contains both dedicated
and shared I/O for sysConfig function. When a shared pin is not used for configuitaiSaavailable as aser 1/0. For

LFEBSB5 devices, there is an additional 1/0 bank (Bank 4) that is not available in other devicdamilye

In ECP5/ECPES devices, the Lefind Right sides are tailored to support high performance interfaces, sUOBRZ,
DDR3, LPDDR2, LPDDR3 and other high speed source synchronous standards. The banks on tReghe#idesl of
the devices feature LVDS input and output buffers, daidth gearing, and DQSBUF block to support DDR2/3 and
LPDDR2/3 interfaces. The I/O on the top and bottom banks do not have LVDS input andaffgguind gearing
logic, but can use LVCMOS to emulate most of differential output signaling.

Each sy#D bank has its own 1/O supply voltaged¥. In addition, the banks on the Left and Right sides ofithace,
have voltage reference input (shared 1/0 pin), VREF1 per bank, which allow it to be completely indepérdeht
other. TheVrervoltage is used to set the threshold for the referenced input buffers, such asB&Ire2.25 shows the
seven banks and their associated supplies.

In ECP5/ECPEG devices, singlended output buffers ad ratioed input buffers (LVTBod LVCMOS) are powered
usingVccio LVTTL, LVCMOS33, LVCMQOBRELVCMOS12 can also be set as fixed threshold inputs independent of
Vccio
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ECP5/ECPSG devices containo types of sysl/O buffer pairs:
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2.14.2. Typical sysl/O 1/0O Behavior during Powep

The internal PoweOnReset (POR) signal is deactivated wletVccio®and Vecavhave reached satisfactotgvels.
After the POR signal is deactivated, the FPGA core logic becomes actiyeutrésponsibility toensure that all other
Vcaidbanks are active with valid input logic levels to properly control the output logic statdstbe I/O banks that are
critical to the application. For more information about controlling the output logic state vathl input logic levels
during powerup in ECB/ECP5%G devices, see the list of technical documentatiothe Supplementalnformation
section

TheVccand Vecausupply the power to the FPGA core fabric, whereas\vitieosupplies power to the 1/O buffers. In
order to simplify system design while providing consistent and predictable 1/0 behavior, it is recomnikatie 1/0
buffers be powereelp prior to the FPGA core fabridcicsupplies should be poweredp before ortogether with the
Vccand Vccausupplies.

2.14.3. Supported sysl/O Standards

The ECP5/ECP& sysl/O buffer supports both singdaded and differential standards. Singladed standardsan be

further subdivided into LVCMOS, LV;Tard other standards. The buffers support the LVTTL, LVAMYS1.5V,

1.8V, 2.5V and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individual configuration options for
drive strength, slew rates, bus maintenance (weak-pplbr weak pultdown), and open drain. Other singlended

standards supported include SSTL and HSUL. Differstatiedards supported include LVDS, differential SSTL and
differential HSUL. For further information on utilizing the sysl/O buéfesupport a variety of standards, refer to

ECP5 and ECB& sydI0 Usage Guidg-PGATN-02032.
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2.14.4. On-Chip Programmale Termination
The ECP5/ECHB%5 devices support a variety of programmableatiip terminations optionsincluding:

f  Dynamically switchable Singey RSR ¢ SNX¥YAY I GA2Yy 6A0GK

1 /2YY2y Y2RS

Z20=50K, 75K, or 150 K
toVao /12

S

VREF

|

|

|
o
LLT

i i

ON-chip

_ OFF=chip :

Parallel Sngle-Ended Input

v

Vo

Figure2.26. OnChip Termination

SeeTable2.12 for termination options for input modes.

Table2.12. OnChip Termination Options for Input Modes

= LATTICE
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Differential Input

I0_TYPE Terminate toVccid2 012 Differential Termination Resistdf?
LVDS25 T 100
BLVDS25 T 100
MLVDS T 100
LVPECL33 T 100
subLVDS T 100
SLVS 1 100
HSUL12 50, 75, 150 T
HSUL12D T 100
SSTL135_1/1 50, 75, 150 T
SSTL135D_1/11 T 100
SSTL15_1/1 50, 75, 150 T
SSTL15D_I /11 T 100
SSTL18 I/l 50, 75, 150 T
SSTL18D_I /1l T 100
Notes:

1. TERMINATE ta¥ié2 (SingleEnded) andIFFRENTIAL TERMINATION RESISTOR when turned on can omdydsiieg per
bank. Only left and right banks have this feature.
2. Use of TERMINATE ted$2 and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in a@hChiyank.

termination tolerancet20%.

Refer toECP5 and ECB& sygI0 Usage GuidgPGATN-02032 for on-chip termination usage and value ranges.
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2.14.5. Hot Socketing

ECP5/ECPAG devices have beamarefully designed to ensure predictable behavior during pewgand powerdown.
During powetup and powerdown sequences, the 1/0 remain in-gtiate until the power supply voltage lisgh enough
to ensure reliable operation. In addition, leakage into 1/O pins is controlled within specified Bagshe

Hot Socketing Specificatiossction

2.15.SerDesand Physical Coding Sublayer

LFESUM/LFE5UMSG devices feature ufptm channels of embedde8erDefCS arranged in duahannelblocks at

the bottom of the devices. Each channel supports up to 3.2 Gb/s (ECP5), or up to 5 Gb/sGidz#brate.

Figure2.27 shows the position of the dual blocks for the Lf8E5Table2.13 shows the location of availab®erDes

Duals for all devices. The LFESUM/LFESUSEIGeAPCS supports a range of popular sepiatocols, including:

1 PCI Express Genl and Gen2 (2.5 Gb/s) on ECP5UM; Genl, Gen2 (2.5 Gb/s and 5 Gb/S{zon ECP5

1 Ethernet (XAUI, Gb1000 Base CS/SX/LX and SGMII)

1 SMPTE SDI (38DI, HESDI, SESDI)

1 CPRI(E.6.LV: 614.4 Mb/s, E.12.LV: 1228.8 Mb/s, E.24.LV: 2457.6 Mb/s, E.30.LV: 3072 Mb/s), also
E.48.LV2:4915 Mb/s in ECBG

1 JESD204A/BADC and DAC converter interface: 312.5 Mb/s to 3.125 Gb/s (ECP5) / 5 Gb/s@CP5

Each dual contains two dedicat&grDedor high speed, full duplex serial data transfer. Each dual also R&Sablock

that interfaces to theSerDeshannels and contains protocol specific digital logic to support the standards listed above.
The PCS block also contains interface logic to the FPGA fabric. All PCS logic for dedicated protocol support can also be
bypassed to allow raw-Bit or 10-bit interfaces to the FPGA fabric.

Even though th&serDe&”CS blocks are arranged in duals, multiple baud rates can be supported withinvattiuake
use of dedicated, per channel /1, /2 and /11 rate dividers. Additionally, two duals can be arranged tdgdtren x4
channel link.

ECP5UM devices and E€®5devices are pito-pin compatible. But, the ECP5UM devices require 1.1 VcoR VecHRrx
and \ecHmsupplies. ECPSG devices require 1.2 V on these supplies. When desigithey family device with
migration in mind, these supplies need to be connected such that it is possible to tidjusiltage level on these
supplies.

When using a single channel on a DCU, it is advised to connectdk®f Wnused channel todécore power supply, or
to a different regulated supply if the channel may be used in the future

For an unused channel in a Dual, it is advised to connectdher¥d Vcca andyou can leave ¥Yenrtinconnected.

For information on how to use th8erDe#”CS blocks to support specific protocols, as well on how to connbititgple
protocols and baud rates within a device, refelBEP5 and ECB& SerDef”C3Jsage GuidéFPGATN-02206.
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Figure2.27. SerDefPCS

Duals (LFESUM/LFE5UMSE)

Table2.13. LFESUM/LFESUMS&rDesStandard Support

Standard Data Ratg(Mb/s) Number of General/Link Width Encoding Style
PCI Express 1.1 and 2.0 2500 x1, x2, x4 8b10b
2.02 500C x1, X2 8b10b
Gigabit Ethernet 1250 x1 8b10b
SGMII 1250 x1 8b10b
2500 x1 8b10b
XAUI 3125 x4 8b10b
CPRL 614.4 x1, X2, x4 8b10b
CPRR 1228.8
CPRB 2457.6
x1 8b10b
CPRH 3072.0
CPRb 4915.2
SDSDI (259M, 344M) 270 x1 NRZI/Scrambled
HD-SDI (292M) lffSSSS x1 NRZI/Scrambled
3GSDI (424M) ;Z% x1 NRZI/Scrambled
5000 T T
JESD204A/B 31253125 x1 8b/10b
500
Notes:

1. ForSDSDI ratethe SerDess bypassed an&erDesnput signals are directly connected to the FPGA routing.
2. For ECP5G family devices only.
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Table2.14. AvailableSerDeduals per LFESUM/LFE5UMS5G Devices

Package LFES5UM/LFE5UM525 LFES5UM/LFE5UM5&5 LFES5UM/LFE5UM585
285 csfBGA 1 1 1
381 caBGA 1 2 2
554 caBGA T 2 2
756 caBGA T T 2

2.15.1. SerDeS8lock

A SerDesgeceiver channel may receive the serial differential data stream, equalize the signal, perform Cl@xa¢and
Recovery (CDR) and-derialize the data stream before passing th@B10-bit data to the PCS logic. TBerDes
transmitter channel may receive the paralleld® 10-bit data, serialize the data and transmit the serialdtiieam
through the differential driversFigure2.28 shows a singlehannelSerDef”CS block. EacerDeshannel provides a
recovered clock and &erDegdransmit clock to the PCS block and to the FPGA core logic.

Each transmit channel, receiver channel, @atDe$LL shares the same power supplyc@v The outputand input
buffers of each channel have their own independent power suppliesif¥and \ecHrk

RXREFCLK

SerDes

Y

I
| FPGACae

HDINP
HDINN

Clodi{Data

Recovery

1:8/1:10

$j>{Equalizer |—|

Receiver

TXPLL
(Per Dugl

PCS
Recovered Clotk I
P Recovered Clock
‘ !
A y I
v A |
Deserializer Polarity| Word Alignment cTC Downsampk ;
Adjust 8b/10b Decode FIFO FIFO —|-> Receive Data
I
B S B S i
ypes Bypass ypes | \ 4 tl Receive Clock
I

I

I

: TX REFCLK —
I .

I De-emphasis

Tx Driver

v

I P SerDesx Clock

I
|«——] TransmitData

Upsample
FIFO

A 8b/10b
Polarity] Encoder
HDOUTP ;
Serializer Adjust l
HDOUTN 81/10:1 Bypass Transmit Clock

*1/8or1/10linerate

Figure2.28. Simplified Channel Block Diagram fS8erDe&”CS Block

2.15.2. PCS

As shown irFigure2.28, the PCS receives the parallel digital data from the deserializer and selects the polarity,
performs word alignment, decodes (8b/10b), provides Clock Tolerance Compensation and transfers tdemkiok
from the recovered clock to the FPGA clock via the Down Sample FIFO.

For the transmit channel, the PCS block receives the parallel data from the FPGA core, encodes it witls&lettdb,
the polarity and passabe 8/10-bit data to the transmitSerDeshannel.
The PCS also provides bypass modes that allow a disdtp8 10-bit interface from theSerDego the FPGAogic. The
PCS interface to the FPGA can also be programmed to run at 1/2 speed fbitad80-bit interface tothe FPGA logic.
Some of the enhancements in LFESUM/LFESUBE®Ge&CS include:
1 Higher clock/channel granularity: Dual channel architecture provides more clock resource per channel.
1 Enhanced Tx demphasis: Programmable prand postcursors improves Tx output signaling

1 Bitslip function in PCS: Improves logic needed to perform Word Alignment function

Refer toECP5 and ECB& SerDef”CS Usage GuideRGATN-02206 for more information.

wine latticesemi.com/legal


http://www.latticesemi.com/legal
http://www.latticesemi.com/view_document?document_id=50463

= LATTICE

2.15.3. SerDe<lient Interface Bus

TheSerDe<lient Interface (SCI) is an IP interface that allosesto change the configuration thru thiaterface. This
is useful wherthe userneedto fine-tune some settings, such as input and output buffer that nele optimized
based on the channel characteristics. It is a simple register configuration interface that 8ol CS configuration
without power cycling the device.

The Diamond design tools support all modes of the PCS. Most modes are dedicated to applications aggttated
specific industry standard data protocol. Other more general purpose modes ylow define their ownoperation.
With these toolsyou can define the mode for each dual in a design.

Popular standards such as Gb Ethernet, x4 PCI Express and 4x Serial RapidlO can be implemented (asiaitptite
through Lattice), with two duals (Fo@erDeshannels and PCS) and some additional logic froncahe.

The LFES5UM/LFE5UMS5G devices support a wide range of protocols. Within the same dual, the ILFESUMSG
devices support mixed protocols with semdependent clocking as long as the required clock frequencies are integer
x1, x2, or x11 multiples of each othé@mable2.15lists the allowable combination of primaand secondary protocol
combinations.

2.16.Flexible Dual SerDes Architecture

The LFESUM/LFE5UMS@rDesrchitecture is a dual channbhsed architecture. For moSterDesettingsand
standards, the whole dual (consisting of t8erDeshannels) is treated as a unit. This helps in silicon sagags,
better utilization, higher granularity on clockérDeshannel and overall lower cost.

However, for some specific standards, the LFESUM/LFE5UM5@Hhraiel architecture provides flexibility; more
than one standard can be supported within the same dual.

Table2.15lists the standards that can be mixed and matched within the same dual. In gener8etbestandards
whose nominal data rates are either the same or a defined subset of each other, can be supportedheigame
dual. The two Protocol columnef the tabledefine the different combinations of protocols that can ingplemented
together within a Dual.

Table2.15. LFESUM/LFE5UMS5G Mixed Protocol Support

Protocol Protocol

PCI Express 1.1 with SGMII

PCl Express 1.1 with Gigabit Ethernet
CPRB with CPRPR and CPR1
3GSDI with HDSDI and SSDI

There are someestrictions to be aware of when using spread spectrum clocking. When a dual shardsxpieSs x1
channel with a nofPCI Express channel, ensure that the reference clock for the dual is compatibégdl withtocols
within the dual. For example,RCI Express spread spectrum reference clock is not compatiblenaghGigabit
Ethernet applications because of tight CTC ppm requirements.

While the LFESUM/LFE5UMSG architectalfewsthe mixing of a PCI Express channel and a Gigabit Etherr@GMI|
channel within the same dual, using a PCI Express spread spectrum clocking as the transmit relfeckoaesesa
violation of the Gigabit Ethernet, and SGMII transmit jitter specifications.

For further information orSerDesrefer toECP5 and ECB&SerDefPCUsage Guidé-PGATN-022086.

2.17.1EEE 1149:Compliant Boundary Scan Testability

All ECP5/ECPH5 devices have boundary scan cells that are accessed through an IEEE 1149.1 compliane3est
Port (TAP). This allows functional testing of the circuit board on which the device is mounted threerigd acan 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. Thacesss port
consists of dedicated 1/0: TDI, TD@Kand TMS. The test access port usesafor powersupply.

For more information, refer t&e CP5 and ECB& sysCONFIG Usage GuikeGATN-02039.
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2.18.Device Configuration

All ECP5/ECPS5 devices contain two ports that can be used for device configuration. The Test Acc€3#\Phrt

which supports biwide configuration, and the sysCONFIG port, support-iytd, byte and serial configuration. The

TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEELS&hteBgstem

Configuration specification. There are 11 dedicated pins for TAP and sysConfig suppofBQIOICK, TMS, CFG[2:0],

PROGRAMN, DONE, INIahd CCLK). The remaining sysEIQ\bins are used as dual function pins. Ref&@&5 and

ECP5%G sysCONFIG Usage GuiRGATN-02039 for more information about usinthe dualuse pins as general

purpose I/O.

There are various ways to configune BCP5/ECP%G device:

1 JTAG

1 Standard Serial Peripheral Interface (SPhterface to boot PROM Support x1, x2, x4 wide SPI memtatfaces
Note: SPI Quad is not supported on the TQFP144 package.

1 System microprocessor to drive a x8 CPU port SPCM mode

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

1 Slave Serial model (SCM)

On powerup, the FPGA SRAM is ready to be configured using the selected sysCONFIG port. Once a compfigtiistion

selected, it remaisactive throughout that configuration cycle. The IEEE 1149.1 port can be activatéicharafter

power-up by sending the appropriate command through the TAP port.

ECP5/ECPSG devices also support the Slave SPI Interface. In this mode, the FPGA behaves like ad8WLEl&dhve

mode) with the SPI port of the FPGA to perform reaite operations.

2.18.1. Enhanced Configuration Options

ECP5/ECPSG devices have enhanced configuration features such as: decryption support, decompression support,
TransFR I/O and duaboot and multiboot image support.

2.18.1.1.TransFR (Transparent Field Reconfiguration)

TransFR I/O (TFR) is a unique Lattice technology that ajtoawe update their logic in the field without interrupting
system operation using a single ispVM command. TransFR I/O allows 1/O states to be frozen during device
configuration. This allows the device to be field updated with a minimum of system disruption and downtime. Refer to
Minimizing System Interruption During Configuration Using TransFR TechrieR@HRI(N-02198 for details.

2.18.1.2.DualBoot and MultiBoot Image Support

Dualboot 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 stored in a separate location in the configuration storage device. Any time after the update the
ECP5/ECPSG devices can be4@oted from this new configuration file. If there is a problem, such as codatat

during download or incorrect version number with thisvmboot image, the ECP5/ECBS device can reveltack to

the original backup golden configuration and try again. This all can be done without power cycling the system. For more
information, refer toECP5 and ECB& sysCONFIG Usage GierGATN-02039)

2.18.2. Single Event Upset (SEU) Support

ECP5/ECPSG devices support SEultigation with three supporting functions:

1 SELx Soft Error Detect

1 SEQ; Soft Error Correction

1 SEKk Soft Error Injection

ECP5/ECPSG devices have dedicated logic to perform Cycle Redundancy Code (CRC) checks. During configuration, the
configuration data bitstream can be checked with the CRC logic block. In addition, the ECPBAEER8e can also be
programmed to utilize a Soft Error Detect (SED) mode that checks for soft errors in configuration SRAM. The SED
operation can be run in the background during user mode. If a soft error occurs, duringqoder(normal operation)

the device can be programmed to generate an egignal.
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When an error is detected, arttie error handling software determines the error did not create any risk tosystem
operation, the SEC tool allows the device to bewafigured in the background to correct the affected Bihis

operation allows the user functions to continue to operate without stopping the system function.

Additional SEI tool is also available in the Diamond Software, by creating a frame of data to be programmied into
device in the background with one bit changed, without stopping the user functions on the device. This emulates an
SEU situation, allowingserto test and monitor its error handling software.

For further information on SED support, referltatticeECP3, ECP5 and EBBSSoft Error Detdion (SED)/Correction
(SEC) Usage GuilEPGATN-02207).

2.18.3. On-Chip Oscillator

Every ECP5/ECBE device has an internal CMOS oscillator which is used to derive a Master Clock (MCLK) for

configuration. The oscillator and the MCLK run continuously and are available to user logic after configuration is

completed. The software default value of the MCLK is nominally 2.4 Mhe2.16 lists all the available MCLK

frequencies. When a different Master Clock is selected during the design process, the following sequengla¢akes

1. 5SPGA0S LIRoSNR dzLJ gAGK | y2YAylLf aladSNI/ft201 FNBljdsSyoe
2. 5d2NAy 3 O2¢ RS XuBBSHISDY > RAFFSNBYG YIFaGSNI Oft 201 FTNBIjdzSy O«

3. ¢KS alaGSNI/ft201 FTNBIldsSSyoOe OKIy3aSa G2 GKS asStSOGSR FNBI
4, L&A BRO2G aStSOG | YIFLaGSNI Ot 201 FTNBIljdsSyodes (KSy GKS O2y ¥,
Hon all o

This internal oscillator is available wserby routing it as an input clock to the clock tree. For further informatarthe
use of this oscillator for configuration or user mode, refeE{©P5 and ECB& sysCONFI&Gage Guide
(FPGATN-02039)and ECP5 and ECB®& sysClock PLL/DLL Design and Usage GBRGA[N-02200.

Table2.16. Selectable Master Clock (MCLK) Frequendgsng Configuration (Nominal)
MCLK Frequency (MHz)

24

4.8

9.7

19.4

38.8

62

2.19. Density Shifting

The ECP5/ECHB%s family is designed to ensure that different densigyices in the same family and in the same
package have the same pinout. Furthermore, the architecture ensures a high success rate when performing design
migration from lower density devices to higher density devices. In many cases, it is also possible to shift a lower
utilization design targeted for a higensity device to a lower density device. However, the exact details of the final
resource utilizationmpactsthe likelihood of success in each case. An example is that some user |/keotaye No
Connets in smaller devices in the same package. Refer to the ECPESBBEIB Migration Tablesd Diamond

software for specific restrictions and limitations.

2.20. Digital Temperature Readout

ECP5 and ECBS& devices include a Digital Temperature Readout module. There is one DTR on the chip and users can
use it to read the junction temperature at which the chip is operating. The readings provided by this module should be
used cautiously as i§ inot specifically calibrated for absolute accuracy.

For more information, please refer the Technical Note foPower Consumption and Management for ECP5 and

ECP5G Devices (FPEAH02210)
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3. DC and Switching Characteristics

3.1. Absolute Maximum Ratings

Table3.1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vce Supply Voltage ¢0.5 132 \%
Veea Supply Voltage ¢0.5 1.32 \%
Veeaux Vecauxa Supply Voltage ¢c0.5 2.75 Vv
Veeio Supply Voltage ¢0.5 3.63 \%
T Input or I/0 Transient Voltage Applied ¢0.5 3.63 \%
VeeHrx VecHTX SerDeRX/TX Buffer Supply Voltages ¢0.5 1.32 \%
T Voltage Applied oserDedins ¢0.5 1.80 \%
Ta Storage Temperature (Ambient) ¢65 150 C
T, Junction Temperature T +125 T
Notes

1. Stres above those listed under thbsolute Maximum Ratingeay cause permanent damage to the device. Functional

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

Compliance with the LatticEhermal Managemerdocument is required.

3. Allvoltagegeferenced to GND.

n

3.2. Recommended Operating Conditions

Table3.2. Recommended Operating Conditions

Symbol Parameter Min Max Unit
| | ECP5 1.045 1.155 \%
Vec Core Supply Voltage ECPEHG 1.14 1.26 v
Vecauk 4 Auxiliary Supply Voltage T 2.375 2.625 \%
Veaié 2 I/O Driver Supply Voltage T 1.14 3.465 V
VRet Input Reference Voltage T 0.5 1.0 V
ticom Junction Temperature, Commercial Operation T 0 85 T
tainp Junction Temperature, Industrial Operation T c40 100 T
SerDes$External Power Supply
Veea SerDesAnalog Power Supply ECPEM 1.045 1.155 v
ECP5%G 1.164 1.236 \Y,
Vccauxa SerDed\uxiliary Supply Voltage T 2.374 2.625 \%
ECP5UM 0.30 1.155 \%
Veenrk SerDednput Buffer Power Supply ECPEG 0.30 126 v
VechTx SerDeutput Buffer Power Supply ECPSUM 1.045 1.155 v
ECP5%G 1.14 1.26 \Y,
Notes
1. For correct operation, all supplies excegie¥hust be held in their valid operation range. This is true independent of feature
usage.
2. All supplies with same voltage, exc&#rDe$?ower Supplies, should be connected together.
3. See recommended voltages by I/0 standar@étle3.4 of the PowerOn-Reset Voltage Levetection.
4.  Vccauxamp rate must not exceed 30 mV/us during powgrwhen transitioning between 0 V and 3 V.
5. Refer toECP5 and ECB&SerDef”CS Usage GuidERGATN-02206 for information on board considerations f&erDes

power supplies.
Veenris Used for Rx termination. It can be biased ta iWexternal AC coupling is used. This voltage needs to meet all the HDin
input voltage level requirements specified in the Rx section of this Data Sheet.

o
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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 supplies 0.01 T 10 V/ms
Note:

1. Assumes monotonic ramp rates.

3.4. PowerOn-Reset Voltage Levels

Table3.4. PowerOn-Reset Voltage Levels

Symbol | Parameter Min Typ Max Unit
5 OnR ] ) Vce 0.90 T 1.00 \Y
. owerOn-Reset rampup trip point
Vi All Devices L \Y 2.00 T 2.20 \
PORUP (Monitoring g Vecauxand \ecio} CCAUX
Vecios 0.95 T 1.06 Vv
. PowerOn-Reset rampdown trip Vee 0.77 T 0.87 \%
Vi All Devices : L
PORDN point (Monitoring \ég and \ecauk | Vecaux 1.80 1 2.00 v

Notes

1 These POR trip points are only provided for guidance. Device operation is only characterized faupplyevoltages specified
under recommended operating conditions.

1 Only \&codas a PoweDnReset ramp up trip point. All otherc¥ogo not have PoweOnReset ramp up detection.

1 Vcciogloes not have a Powddn-Reset ramp down detection.q¥ oénust remain within the Recommended Operating
Conditions to ensure proper operation.

3.5. Power up Sequence

PowerOnReset{(PORputs the ECP5/ECP%s device in a reset state. POR is released WheNccauxandVccio@are
ramped above th&/rorurvoltage, as specified above.

Vcciogontrols the voltage on the configuration 1/0 pins. If the ECP5/EBGP8evice is using Master SP1 meale
download configuration data from external SPI Flash, it is required to MoapgaboveVik of the external SHflash,
before at least one of the other two suppliegtand/or Vccauk is ramped to ¥orywoltage level. If thesystem cannot
meet this power up sequence requirement, and requires¥heiodo be ramped last, then theystem must keep either
PROGRAMN or INITN pin LOW during paeuntil Veciogeachesvinof the externalSPI Flash. This ensures the
signals driven out on the configuration pins to the external SPI Flash me¥ithatage requirement of the SPI Flash.

For LFESUM/LFE5UMSG devices, it is required to powWedspbeforeVecauxis powered up.

3.6. Hot Socketing Specifications

The left and right banks generally do not support-sotketing (see IDK specificatiorliable3.5). That is, the device
pins present a lowmpedance path to ground if the GPIO input voltage exceeds ¢berdil voltage. Moreover, the
device A/B pairs and C/D pairs present a-loywpedance path between A/B or C/D pins itMis present on these

banks but \{chasnot reachedts power-up reset trip voltages. In the event the device rails are brought up separately,
care should be taken to limit current available to the A/B and C/D pin pairs to avoid possible device damage.
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Table3.5. Hot Socketing Specifications

Symbol Parameter Condition® 4 Min Typ Max Unit
Input or I/O Leakage Current
IDK_H53 for Top and Bottom Banks | 0¢ Viy¢ Vig(Max) T T +1 mA
Only
0¢ Vin<Vccio T T +1 mA
Input or /O Leakage Curren{ Vccidt Vin¢ Vecior 0.5V T 18 T mA
D2 for Left and Right Banks Onl
or Left and Rig anks Onl| 0 < V< M(Max), \ec< ] ] o33 A
Vporup (Veg®
Notes

1. Vcg VecauandVecishould rise/fall monotonically.

2. |DKiS additive t0|pu, Irpor lgn

3. LVCMOS and LVTTL only.

4. Hot socket specification defines when thumction temperatureof the hot socketed device is at 86 or below. When the hot
socketed device'ginction temperature is above 8&, the pxcurrent can exceedl mA.

5. Between A/B or C/D pairglevice damage may occur

3.7. Hot Socketing Requirements
Table3.6. Hot SocketindRequirements

Description Min Typ Max Unit
Input current perSerDes/O pin when device is powered dowinputs driven T T 8 mA
Input current per HDIN pin when device pemsupply is off, inputs drivér? T T 15 mA
Current per HDIN pin when de@ power ramps up, input drivén T T 50 mA
Current per HDOUT pin when device powgpy is off, outputs pulled up T T 30 mA

Notes

1. Device is powered down with all supplies grounded, both HDINP and HDINN inputs driven by a CML driver with maximum
allowed outputVechtx8b/10b data, nexternal AC coupling.

2. Each P and N input must have less than the specified maximum input current during hot plug. For a device with 2 DCU, the tota
input current would be 15 mA 4 channels< 2 input pins per channel = 120 mA.

3. Device power supplies are ramping up&@and \ecauy both HDINP and HDINN inputs are driven by a CML driver with
maximumallowed output \.cy1x8b/10b data, internal AC coupling.

4. Device is powered down with all supplies grounded. Both HDOUTP and HDOUN outputs are pullegtygototkle far end
receiver termination of 5@ single ended.

3.8. ESD Performance

Refer to theECP5 and ECB& Product Family Qualification Summéoycomplete qualification datancluding ESD
performance.

3.9. DC Electrical Characteristics
Over Recommended Operating Conditions

Table3.7. DC Electrical Characteristics

Symbol | Parameter Condition Min Typ Max Unit
hy bt 4 Input or 1/0O Low Leakage 0¢ Vin¢ Vecio T T 10 A
It 3 Input or /O High Leakage Veciok Vin € Vinmax) T T 100 A

I/0 Active Puiip Current
sustaining logic HIGH state

I/0O Active Pulup Current pulling
down from logic HIGH state

0.7Vcadt Vin¢ Vecio C3O T T |J.A

lpy
0¢ Vine 0.7Vecio T T ¢150 HA
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Symbol | Parameter Condition Min Typ Max Unit
1/0 Active Pullown Current
. ) 0¢ Vine ViL(MAX 30 T T A
o sustaining logic LOW state N i ) H
1/0 Active Puilown Current 0¢ Vin ¢ Veco T T 150 LA

pulling up from logic LOW state

Vec=3.3V,25V,18V,15V,1.2

cl I/O Capacitance Vi T 5 8 pf
Vee= 1.2 VVio= 0 to VIHMAX)
Vcc=3.3V,25V,18V,15V,1.2

(07 Dedicated Input Capacitante e Vi T 5 7 pf
Vee= 1.2 VVio= 0 to VIHMAX)

v Hysteresis for Singlénded Veeio= 3.3V T 300 T mvV

ST | Inputs Veoio= 2.5 V T 250 T mv
Notes

1. Inputor I/O leakage current is measured with the pin configured as an input or as an I/O with the output disteetti It is
not measuredwith the output driver active. Bus maintenance circuits are disabled.

2. Tpa25°C,f=1.0 MHz.

3. Applicable to general purpose /O in top and bottom banks.

4. When used asp¢; maximum leakage= 25 pA.

3.10. Supply Current (Static)

Over recommended operating conditions
Table3.8. ECP5/ECP5G Supply Current (Stia)

Symbol Parameter Device Typical Unit
LFESLL2FALFER-25F/LFESUMSF 77 mA
LFE5UM5@5F 77 mA
LFE®-45F/LFESUMISF 116 mA
lec Core Power Supply Current
LFE5UM5@5F 116 mA
LFE®-85F/LFESUMBSF 212 mA
LFE5UM5@5F 212 mA
LFE5LL2FLFES-25F/LFESUMRSF/ 16 mA
LFE5UM5@5F
lecaux Auxliary Power Supply Current LFES-45F/LFESUMISF/LFESUMS@SF 17 mA
LFE®-85F/LFESUMBSF/LFESUMS@5F 26 mA
LFE5LL2FLFES-25F/LFESUMRSF/ 05 mA
LFE5UM5@5F
lecio Bank Power Supply Current (Per Banh™ o2 &) 1er)) FESUMISF/LFESUMS@SF 05 mA
LFE®-85F/LFESUMBSF/LFESUMS@5F 0.5 mA
LFE5SUMRSF 11 mA
LFE5UM5@5F 12 mA
LFESUMISF 9.5 mA
Icca SerDed?ower Supply Current (Per Dug
LFE5UM5@5F 11 mA
LFE5UMBSF 9.5 mA
LFESUM5@G5F 11 mA
Notes
1 For further information on supply current, see the list of technical documentati®@upplementalnformationsection
1 Assumes all outputs atei-stated, all inputs are configured as LVCMOS and held at the VCCIO or GND.
Frequency 0 Hz.
1 Pattern represents a test bitstream to consume minimum static power
1 TJ=85 <, power supplies at nominal voltage.
1 To determine the ECP5/ECBG peak starup current, use the Power Calculator tool in the Lattice Diamond Desftymare.

wine latticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

3.11.SerDes Power Supply Requiremehis®

Over recommended operating conditions
Table3.9. ECPEBM

Symbol | Description | Typ Max Unit
Standby (Power Down)
lccase VceaPower Supply Current (Per Channel) 4 9.5 mA
lccHrzE VeenrxInput Buffer Current (Per Channel) T 0.1 mA
lccHmes VeentxOutput Buffer Current (Per Channel) T 0.9 mA
Operating (Data Rate 3.125Gb/s)
lccrop VceaPower Supply Current (Per Channel) 43 54 mA
lccHR0OP VcenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHmop VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 2Bh/s)
lccrop VccaPower Supply Current (Per Channel) 40 50 mA
lccHroOP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchTsoP VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 1.25 Gb/s)
lccrop VccaPower Supply Current (Per Channel) 34 43 mA
lccHROP VccnrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchTsoP VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 270 Mb/s)
lccrop VccaPower Supply Current (Per Channel) 28 38 mA
lccHrROP VccnrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHT0P VccntxOutput Buffer Current (Per Channel) 8 10 mA
Notes

1. Rx Equalization enabled, Tx-Bmphasis (preursor andoostcursor) disabled

2. Per Channel current is calculated with both channels on in a Dual, anthdithecurrent by two. If only one channel is on
currentis higher.

3. To calculate with Tx Demphasis enabled, use the Diamond Power Calculator tool.

4. For kcHreg during Standby, input termination on Rx are disabled.

5. For kcHror, during operational, the max specified when external AC coupling is used. If externally DC coupled, the power is
based orcurrent pulled down by external driver when the input is driven to LOW.
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Symbol | Description Typ Max Unit
Standby (Power Down)
lccase VceaPower Supply Current (Per Channel) 4 9.5 mA
lcchred VeenrxInput Buffer Current (Per Channel) T 0.1 mA
lcchmss VcentxOutput Buffer Current (Per Channel) T 0.9 mA
Operating (Data Rate = 5 Gb/s)
lccrop VeeaPower Supply Current (Per Channel) 58 67 mA
lcchroP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VeentxOutputBuffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 3.2 Gb/s)
lccrop VceaPower Supply Current (Per Channel) 48 57 mA
lccHrOP VcenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VeentxOutput Buffer Current (PeZhannel) 10 13 mA
Operating (Data Rate = 2.5 Gb/s)
lccrop VceaPower Supply Current (Per Channel) 44 53 mA
lecHroP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lcchmop VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 1.25 Gb/s)
lccrop VccaPower Supply Current (Per Channel) 36 46 mA
lecHroP VeenrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccrmop VcentxOutput Buffer Current (Per Channel) 10 13 mA
Operating (Data Rate = 27@b/s)
lccrop VccaPower Supply Current (Per Channel) 30 40 mA
lccHrR0OP VcchrxInput Buffer Current (Per Channel) 0.4 0.5 mA
lccHToP VccntxOutput Buffer Current (Per Channel) 8 10 mA

Notes

1. Rx Equalization enabled, Tx-Bmphasiqpre-cursor and postursor) disabled

2. Per Channel current is calculated with both channels on in a Dual, anahditheécurrent by two. If only one channel is on

currentis higher.

3. To calculate with Tx Demphasis enabled, use the Diamond Po@aiculator tool.

4. For tcHrsg during Standby, input termination on Rx are disabled.

5. For kcHror, during operational, the max specified when external AC coupling is used. If externally DC coupled, the power is

based orcurrent pulled down by external driver when the input is driven to LOW.

3.12.sysl/O Recommended Operating Conditions
Table3.11. sysl/O Recommended Operating Conditions

Standard 2 Vegte : iz =l

Min Typ Max Min Typ Max
LVCMOS33 3.135 3.3 3.465 T T T
LVCMOS33D Output 3.135 3.3 3.465 T T T
LVCMOS25D Output 2.375 25 2.625 T T T
LVCMOS25 2.375 25 2.625 T T T
LVCMOS18 1.71 1.8 1.89 T T T
LVCMOS15 1.425 15 1.575 T T T
LVCMOST2 1.14 1.2 1.26 T T T
LVTTL38 3.135 3.3 3.465 T T T
SSTL15 |, 2l 1.43 1.5 1.57 0.68 0.75 0.9
SSTL18 |, 211 1.71 1.8 1.89 0.833 0.9 0.969
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Standard : Ledle : i)
Min Typ Max Min Typ Max

SSTL135_1, 21l 1.28 1.35 1.42 0.6 0.675 0.75
HSUL12 1.14 1.2 1.26 0.588 0.6 0.612
MIPI DPHY LP Inp#f 1.425 15 1.575 T T T
LVDS253 2.375 2.5 2.625 T T T
subLV&(Input only) T T T T T T
SLVEInput only) T T T T T T
LVDS258utput 2.375 2.5 2.625 T T T
MLVDg5! 3 2.375 2.5 2.625 T T T
MLVD@5EOQutput 2.375 2.5 2.625 T T T
LVPECL33 3.135 3.3 3.465 T T T
LVPECL33E Output 3.135 3.3 3.465 T T T
BLVDS#: 3 2.375 2.5 2.625 T T T
BLVDSZ50utput 2.375 25 2.625 T T T
HSULD1283 1.14 1.2 1.26 T T T
SSTL135D_I*f 1.28 1.35 1.42 T T T
SSTL15D_I2R/ 1.43 15 1.57 T T T
SSTL18D-F-3 |1 2.3 1.71 1.8 1.89 T T T

Notes

1. Forinput voltage compatibility, refer 8CP5 and ECB& sysiO Usage GuidéPGATN-02032.

2. Vgeds required when using Differential SSTL and HSUL to interface to DDR/LPDDR memories.

3. These differential inputs use LVDS input comparator, which usgsgower.

4. All differential inputs and LVDS25 output are supported in the Left and Right banks only. Fefé&t3@nd ECB& sysiO

Usage GuidéFPGATN-02032 for details.
5.  MIPI DPHY LP input can be implemented by powekpgdo 1.5 V, and select MIPI LP primitive to meet MIPI Alliance spec on

Vinand M. It can also be implemented as LVCMOS12 Wgthat 1.2 V, which would meet ¥V, spec on LVCMOS12.

3.13.sysl/O SingleEnded DC Electrical Characteristics
Table3.12. SingleEnded DC Characteristics

Input/Output ViL ViH VoL Max VornMin
lo (MA | mA
Standard Min (V) | Max (V) Min (V) | Max (V) V) V) ot (MA) | lor (MA)
¢16,¢12,
LVCMOS33 0.3 0.8 2.0 3.465 0.4 Veais 0.4 | 16,12, 8,4 8.4
LVCMOS25 0.3 0.7 1.7 3.465 0.4 Ve 0.4 | 12,8,4 | c12,¢8,ca
LVCMOS18 0.3 0.35\kcio | 0.65\ecio | 3.465 0.4 Ve 04 | 12,8,4 | c12,¢8,cé
LVCMOS15 0.3 0.35\cio | 0.65\cio | 3.465 0.4 Veeids, 0.4 8, 4 ¢8, c4
LVCMOS12 0.3 0.35\cio | 0.65\cio | 3.465 0.4 Veeids, 0.4 8, 4 ¢8, c4
16,¢12

LVTTL33 0.3 0.8 2.0 3.465 04 | Veas04 | 16,12,8,4 qu' 24 :
SSTL18 |

— . VRer€ 0.125 | Vree+ 0.125| 3.4 4 Veeid, 0.4 7 7
(DDR2 Memory) c0.3 REFG REFH 3.465 0 ccIck 6 c6
SSTL18_lI c0.3 Vrei 0.125 | Vgept 0.125]  3.465 0.28 Veerck 0.28 13.4 ¢13.4
SSTL15 |

— . VRer¢ 0.1 | Vre 0.1 . . Veeis, 0.31 . .
(DDR3 Memory)] 03 REFS REFF 3.465 031 | Veaok 7.5 <75
SSTL15 I

— . VRer¢ 0.1 | Vrer 0.1 . . Veeis, 0.31 . .
(DDR3 Memory) ¢0.3 REF REFF 3.465 0.31 ccick 8.8 ¢8.8
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Input/Output Vie Vin
Standard Min (V) Max (V) Min (V)
SSTL135_|
(DDR3L
Memory)
SSTL135_1I
(DDR3L
Memory)
MIPI DPHY
(LPY
HSUL12
(LPDDR2/3
Memory)
Notes

1. For electromigration, the average DC current drawn by the 1/0 pads within a bank of I/O shall not exceed 10 mA petQ/O (All |
used inthe saméeVccig.

Not all O types are supported in all banks. RefeE®P5 and ECBE sygl0 Usage Guidé-PGATN02032 for details.

3. MIPI DPHY LP input can be implemented by powekisgdto 1.5 V, and select MIPI LP primitive to meet MIPI Alliance spec on
Vinand M. It can also be implemented as LVCMOS12 Vgthat 1.2 V, which would meetyyV . spec on LVCMOS12.

4. For I/O with mixedroltage support, ¥ follows respective sysl/O bankdosupply voltage, and ¥V 4 follows the 1/0 signaling
standard.

VoLMax VonMin
Max (V) V) V)

|o|_1 (mA) |o|—|1 (mA)

¢0.3 Vrer§ 0.09 Vreget 0.09 3.465 0.27 Vceick 0.27 7 q7

€03 | VRec0.09 | Vger 0.09 | 3.465 027 | Veais 0.27 8 8

¢0.3 0.55 0.88 3.465 T T T T

¢0.3 Vreg 0.1 Vrert 0.1 3.465 0.3 Vcei 0.3 4 ¢4

n

3.14.sysl/O Differential Electrical Characteristics

3.14.1. LVDS

Over recommended operating conditions

Table3.13. LVDS

Parameter | Description Test Conditions Min Typ Max Unit
Vine Vinm Input Voltage T 0 T 2.4 \%
Vewm Input Common Mode Voltage Half the sum of the two Inputs 0.05 T 2.35 \%
V1HD Differential Input Threshold Difference between the twénputs | +100 T T mV
Iin Input Current Power On or Power Off T T +10 HA
Vo Output High Voltage fordéor Vom Rl mnn XK T 1.38 1.60 \Y,
Vou Output Low Voltage fordbor Vom Rl mnn K 09V | 1.03 T \%
Voo Output Voltage Differential (VorGVom), R mnn K 250 350 450 mV
DVob Change in §oBetween High and Low | T T T 50 mV
Vos Output Voltage Offset (Vor+ \oM)/2, R mnn K 1125 | 1.5 1.375 \%
DVos Change in ¥sBetween H and L T T T 50 mV
Isag Output Short Circuit Current Voo=0 V Driver outputs shorted t T T 12 mA
each other

Note: On the left and right sides of the device, this specification is valid onlyf=\2.5 V or 3.3 V.

3.14.2. SSTLD

All differential SSTL outputs are implemented as a pair of complementary-simdgel outputs. All allowable

singleended output classes (class | and class Il) are supported in this mode.

3.14.3. LVCMOS33D

All /O banks support emulated differential I/O using the LVCMOS33D I/O type. This option, along with the external
resistor network, provides the system designer the flexibility to place differential outputs on an 1/O bank with 3.3 V
Vccio The default drive current for LVCMOS33D output is 12 mA with the opticmatoge the device strength tordA,

8 mA, 12 mAor 16 mA. Follow the LVCMOS33 specifications for the DC characteristics of the LVCMOS33D.
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3.14.4. LVDS25E

The top and bottom sides of ECP5/E&bdevices support LVDS outputs via emulated complementary LVCMOS
outputs in conjunction with a parallel resistor across the driver outputs. The scheme sh&iguie3.1 isone possible
solution for pointto-point signals.

|
VCCIO = 2.5 V (25%) |

| R My
\}\ | (£1%)
8 mA Q VA
' Rl K1 N R Wi
VCCIO = 2.5 V (+5%) | (£1%) (+1%)
| RS = 15&
\}\ I (£19%)
8 mA v\
|

ONchip | OFFchip

A

»-

Figure3.1. LVDS25E Output Termination Example

Table3.14. LVDS25E DC Conditions

Transmission line, Zo = 1®differential

OFFchip

ON-chip

v

<

Parameter Description Typical Unit
Vccio Output Driver Supply (£5%) 2.50 \%
Zout Driver Impedance 20 W
Rs Driver SerieResistor (+1%) 158 W
Ro Driver Parallel Resistor (+1%) 140 w
Rr Receiver Terminationt{ %) 100 W
Vor Output High Voltage 1.43 \%
VoL Output Low Voltage 1.07 \%
Voo Output Differential Voltage 0.35 \%
Vewm Output Common Mode Voltage 1.25 \%
Zapack Backimpedance 100.5 w
Ioc DC Output Current 6.03 mA
Note:

1. For input buffer, sedable3.13.
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3.14.5. BLVDS25

The ECP5/ECPB& devices support the BLVDS standard. This standard is emulated using complementary LVCMOS
outputs in conjunction with a parallel external resistor across the driver outputs. BLVDS is intendedvibense
multi-drop and bidirectional multipoint differential signaling is required. The scheme showrigure3.2 is one

possible solution for kdlirectional multipoint differential signals.

Heavily loaded backplane, effective Zo ~45 K to 90 K differential

25V ! ! 25V
> I RF90K Ry=90%K | >
16mA>—e— 11—/ . —/\V{ I —o<ma
| |
| |
5K 0 KSR,| BKCOKSR, |
25V ! ! 25V
16 mA :]ﬁ/ : ) L N—flj 16 mA
I R=90K R=E90K |
! R=90K< R=90K RFEWOKT R=0K !
| |
< b o
25V 25V 25V 25V S
16 mA 16 mA 16 mA 16 mA

o]

o

Figure3.2. BLVDS25 Mukljpoint Output Example

Over recommended operating conditions
Table3.15. BLVDS25 DC Conditions

L Typical .

Parameter Description Unit
Zo = 43N Zo = 90N
Vceio Output Driver Supply+6%) 2.50 2.50 \%
Zout Driver Impedance 10.00 10.00 w
Rs Driver Series Resistar1(%o) 90.00 90.00 W
RrL Driver Parallel Resistot1%) 45.00 90.00 w
Rrr Receiver Terminatiort{ %) 45.00 90.00 W
Vou Output High Voltage 1.38 1.48 \%
VoL Output Low Voltage 1.12 1.02 \Y,
Vop Output Differential Voltage 0.25 0.46 \Y,
Vewm Output Common Mode Voltage 1.25 1.25 \%
Ibc DC Output Current 11.24 10.20 mA
Note:

1. For input buffer, sedable3.13.
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3.14.6. LVPECLS3

The ECP5/ECHB%5 devices support the differential LVPECL standard. This standard is emulated using complementary
LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The LVPECL input standard is

supported by the LVDS differeatiinput buffer. The scheme shownhigure3.3is one possible solution for
point-to-point signals.

VCCIG=3.3V
(£29) | RS=93.1K
| (£1%)
| 16 mA ﬂ VAVA
|
vcaa33v | RP=196K RT=100K
(+5%) : RS= 931K (+1%) (+1%)
| (£1%)
.l
16 mA VAVA . —— .
6m Ll_l Transmission ||n,e

«—

I

Onchip | Offchip
I
!

Zo=100K differential

Figure3.3. Differential LVPECL33

Over recommended operating conditions
Table3.16. LVPECL33 DC Conditions

-
5

I

Off-chip | Onchip

—
!

o

Parameter Description Typical Unit
Vccio Output Driver Supply+6%) 3.30 \%
Zout Driver Impedance 10 w
Rs Driver Series Resistat1(%o) 93 W
R- Driver Parallel Resistat1%0) 196 W
Rr Receiver Terminatiort{%) 100 w
Vo Output High Voltage 2.05 \%
Vou Output Low Voltage 1.25 \%
Voo Output Differential Voltage 0.80 \%
Vewm Output Common Mode Voltage 1.65 \%
Zapack Back Impedance 100.5 W
Ioc DC Output Current 12.11 mA
Note:

1. For input buffer, sedable3.13.
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3.14.7. MLVDS25

The ECP5/ECHB%5 devices support the differential MLVDS standard. This standard is emulated using complementary

LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The MLVDS input standard is
supported by the LVDS differentiaput buffer. The scheme shown fitigure3.4 is one possible solution faMLVDS
standard implementation. Resistor valuieghe figureare industry standard values for 1% resistors.

16 mA

OE

\Iiv
16 mA

Heavily loaded backplace, effective Zo~50 Kto 70 K differential

Rs=35K

e

: L] L]
25V OE 25V e \" Y 25V,
16 mA 16 mA 16

25V
16 mA
OE
.5

el
16 mA

j Rs=35K Rs=35K

Rs=35K
WA [ T—
0,
Rn. 2 50 to 70 K+1% 50 Kto 70 K+1% < Rr
.
- . —— W]
p. Rs=35K

L

Lt

o

EN

]

- Do

OE 25V e \" Y
mA 16 mA

Figure3.4. MLVDS25 (Multipoint Low Voltage Differential Signaling)

Table3.17. MLVDS25 DC Conditions

>

o Typical .
Parameter Description Unit
Zo=50W Zo=70W
Vccio Output Driver Supply+6%) 2.50 2.50 \Y,
Zout Driver Impedance 10.00 10.00 W
Rs Driver Series Resistat1(%) 35.00 35.00 w
Rro Driver Parallel Resistat1%) 50.00 70.00 W
Rrr ReceiveiTermination £1%) 50.00 70.00 \W
VoH Output High Voltage 1.52 1.60 \Y
VoL Output Low Voltage 0.98 0.90 \Y
Voo Output Differential Voltage 0.54 0.70 \%
Vewm Output Common Mode Voltage 1.25 1.25 \%
Ipc DC Output Current 21.74 20.00 mA
Note:
1. Forinput buffer, se@able3.13.
© 20142024Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWstetatticesemi.com/legal
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3.14.8. SLVS

Scalable Low/oltage Signaling (SLVS) is based on a-pmipbint signaling method defined in the JEDEESD8 3
(SLVS100) standard. This standard evolved from the traditional LVDS standard and reliesamvémage of its use of
smaller voltage swings and a lower commoode voltage. The 200 mV (400 mp)Y5SLVS swing contributes to a
reduction in power.

The ECP5/ECPB%s devices can receive differential input up to 800 Mb/s with its LVDS input buffer. ThimpMDS
buffer is used to meet the SLVS input standard specified by the JEDEC standard. The SLVS output parameters are
compared to ECP5/ECB& LVDS input parameters, as listed@le3.18.

Table3.18. Input to SLVS

Parameter ECP5/ECP5G LVDS Input SLVS Output Unit
Vem (min) 50 150 mV
Vem (max) 2350 250 mV
Differential Voltage (min) 100 140 mV
Differential Voltage (max) T 270 mV

ECP5/ECPSG does not support SLVS output. However, SLVS output can be created using ECFBIEDRLoutputs
by level shift to meet the low Vcm/Vod levels required by SEBre3.5 shows how the LVDS output can be shifted
external to meet SLVS levels.

| |
| |
: 2.5V Typical :
I I SLVDS
! R1=22 R3=15|
| R2=4 | 100K Diff
I +
| |
LVDS | 2050 | [1] _
|
| R2=4 |
, R1=22 R3=1%
| |
| |
ECPS/ECRSG On Chip : 2.5V Typical : On Chip
| l SLVDS Pec
| |
| |
+ : +
LVDS _ 70=50 ! < _
|
|
|
|
|
|
|

Figure3.5. SLVS Interface
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3.15. Typical Building Block Function Performance

Table3.19. Pinto-Pin Performance

Function | ¢8 Timing Unit
Basic Functions

16-Bit Decoder 5.06 ns
32-Bit Decoder 6.08 ns
64-Bit Decoder 5.06 ns
4:1 Mux 4.45 ns
8:1 Mux 4.63 ns
16:1 Mux 481 ns
32:1 Mux 4.85 ns

Notes

1. 1/Osare configured with LVCMOS25 witBd\&2.5, 12 mA drive.

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

3.  Commercial timing numbers are showndustrial numbers are typically slower and can be extracted from Lattice Diamond
design softwareool.

Table3.20. Registerto-Register Performance

Function ¢8 Timing Unit
Basic Functions

16-Bit Decoder 441 MHz
32-Bit Decoder 441 MHz
64-Bit Decoder 332 MHz
4:1 Mux 441 MHz
8:1 Mux 441 MHz
16:1 Mux 441 MHz
32:1 Mux 441 MHz
8-Bit Adder 441 MHz
16-Bit Adder 441 MHz
64-Bit Adder 441 MHz
16-Bit Counter 384 MHz
32-Bit Counter 317 MHz
64-Bit Counter 263 MHz
64-Bit Accumulator 288 MHz
Embedded Memory Functions

1024x18 TrueDual Port RAM (Write Through or Normal), with EBR Output Registers 272 MHz
1024x18 TrueDual Port RAM (Re&BeforeWrite), with EBR Output Registers 214 MHz
Distributed Memory Functions

16 x 2 PseudeDual Port or 16 4 Single Port RAM (One PFU) 441 MHz
16 x4 PseudeDual Port (Two PFUS) 441 MHz
DSP Functions

9 x 9 Multiplier (All Registers) 225 MHz
18 x 18 Multiplier (All Registers) 225 MHz
36 x 36 Multiplier (All Registers) 225 MHz
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Function ¢8 Timing Unit
18 x 18 Multiply-Add/Sub (All Registers) 225 MHz
18 x 18 Multiply/Accumulate (Input and Output Registers) 225 MHz

Notes

1 These functions were generated usingttice Diamond design software tool. Exact performance may vary with the device and
the designsoftware tool version. The design software tool uses internal parameters that have been characterized but are not

tested on every device.

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

design software tool.

3.16.Derating Timing Tables

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

temperature andvoltage.

3.17.Maximum 1/O Buffer Speed

Over recommended operating conditions
Table3.21. ECP5/ECPSG Maximum I/O Buffer Speed

Buffer ‘ Description Max Unit
Maximum Input Frequency

LVDS25 LVDSVcei= 2.5V 400 MHz
MLVDS25 MLVDS, Emulate¥cci= 2.5 V 400 MHz
BLVDS25 BLVDS, EmulateV¥cci= 2.5 V 400 MHz
MIPI BPHY (HS Mode) MIPI Video 400 MHz
SLVS SLVS similar to MIPI 400 MHz
Mini LVDS Mini LVDS 400 MHz
LVPECL33 LVPECL, Emulatédtci= 3.3 V 400 MHz
SSTL18 (all supported classes) SSTL_18 class IMécic- 1.8 V 400 MHz
SSTL15 (all supported classes) SSTL_15 class IMéci= 1.5 V 400 MHz
SSTL135 (all supported classes) SSTL_135 class IMici= 1.35 V 400 MHz
HSUL12 (aflupported classes) HSUL_12 class I,\ci= 1.2V 400 MHz
LVTTL33 LVTTLVcei= 3.3V 200 MHz
LVCMOS33 LVCMOS/ccis= 3.3 V 200 MHz
LVCMOS25 LVCMOS/cci= 2.5V 200 MHz
LVCMOS18 LVCMOS/cci= 1.8 V 200 MHz
LVCMOS15 LVCMOS 1.5cci= 1.5V 200 MHz
LVCMOS12 LVCMOS 1.%/cci= 1.2V 200 MHz
Maximum Output Frequency

LVDS25E LVDS, Emulate¥cci= 2.5V 150 MHz
LVDS25 LVDSYccig= 2.5V 400 MHz
MLVDS25 MLVDS, Emulate®¥cci= 2.5 V 150 MHz
BLVDS25 BLVDS, Emulate¥eci= 2.5 V 150 MHz
LVPECL33 LVPECL, Emulatéd:cic= 3.3 V 150 MHz
SSTL18 (all supported classes) SSTL_18 class IMéci= 1.8 V 400 MHz
SSTL15 (all supported classes) SSTL_15 class IMéci= 1.5 V 400 MHz
SSTL135 (all supported classes) SSTL_135 class IMicic= 1.35 V 400 MHz
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Buffer Description Max Unit
HSUL12 (all supported classes) HSUL12 class I,Vsci= 1.2 V 400 MHz
LVTTL33 LVTTL, 3= 3.3V 150 MHz
LVCMOS33 (For all drives) LVCMOS, 3.3V 150 MHz
LVCMOS25 (For all drives) LVCMOS, 2.5V 150 MHz
LVCMOS18 (For all drives) LVCMOS, 1.8V 150 MHz
LVCMOS15 (For all drives) LVCMOS, 15V 150 MHz
LVCMOS12 (For all drives) LVCMOS, 1.2V 150 MHz
Notes
1  These maximum speeds are characterized but not tested on every device.
1 Maximum I/O speed fodifferential output standards emulated with resistors depends on the layout.
1 LVCMOS timing is maasd with the load specified ifiable3.44.
1  All speeds are measured at fast slew.
1 Actual system operation may vary depending on user logic implementation.
1 Maximum data rate equalsvo times the clock rate when utilizing DDR.
T MPIBt 1, 1{ Y2RS NBOSAOGSNI Ndzya nnn all [£5{Hp® LG YI&
Alliance Specification.
3.18. External Switching Characteristics
Over recommended commercial operating conditions
Table3.22. ECP5/ECPSG External Switching Characteristics
- ) q8 q7 c6 .
Parameter Description Device : : : Unit
Min Max Min Max Min Max
Clocks
Primary Clock
fuax_pri Frequency for Primary Clock T T 370 1 303 1 257 MHz
Tree
ClockPulse Width for Primary
tw_prI Clock T 0.8 T 0.9 T 1.0 T ns
Primary Clock Skew within a
tskew_ PRI Device T T 420 T 462 T 505 ps
Edge Clock
fmax_eoce Frequency for Edge Clock Tre T T 400 T 350 T 312 MHz
tw_epce Clock Pulse Width for Edge T 1175 | 1 1344 | 1 150 T ns
Clock
tskew_epce Edge Clock Skew within a Bar T T 160 T 180 T 200 ps
Generic SDR Input
General I/O Pin Parameters Using Dedicated Primary Clock Input without PLL
Clock to Output PIO Output All
tco Register Devices T 5.4 T 6.1 T 6.8 ns
Clock to Data SetugP10 Input All
tsu Register Devices 0 ! 0 ! 0 ! ns
th Clogk to Data HoldPIO Input A[I 57 T 3 . 33 T ns
Register Devices
Clock to Data SetupPIO Input All
tsu o Register with Data Input Delay Devices 1.2 E 1.33 ! 1.46 E ns
t Clock to Data HoldPIO Input All 0 T 0 T 0 T ns
HDEL Register with Data Input Delay Devices
Clock Frequency of /0 and All
fmax_io PFU Register Devices T 400 T 350 T 312 MHz

wine latticesemi.com/legal

SEOSS


http://www.latticesemi.com/legal

=LATTICE

. . q8 q7 c6 .
Parameter Description Device = : : Unit
Min Max Min Max Min Max
General I/O Pin Parameters Using Dedicated Primary Clock Input with PLL
teopLL Cloc_k to Output P10 Output AI_I . 35 T 3.8 T a1 ns
Register Devices
Clock to Data SetupPIO Input All
tsupLL Register Devices 0.7 T 0.78 T 0.85 T ns
Clock to Data HoldPIO Input All
tHPLL Register Devices 0.8 T 0.89 T 0.98 T ns
Clock to Data SetupP1O Input All
tsu_parei Register with Data Input Delay Devices 1.6 ! 1.78 ! 1.95 ! ns
i Clock to Data HoldPIO Input All 0 T 0 . 0 T ns
HDELPLL Register with Data Input Delay Devices
Generic DDR Input
Generic DDRX1 Inputs With Clock and Data Centered at Pin (GDDRX1_RX.SCLK.Centered) Using PCLK- Elgokel®put
tsu_coprx1_centered | Data Setup Before CLK Input AI.I 0.52 T 0.52 T 0.52 T ns
Devices
tHD_GDDRX1_centered | Data Hold After CLK Input AI.I 0.52 T 0.52 T 0.52 T ns
Devices
All
foata_GDDRX1_centere¢ GDDRX1 Data Rate Devices T 500 T 500 T 500 Mb/s
All
fmax_cDpRrx1_centered] GDDRX1 ClHfequency (SCLK Devices T 250 T 250 T 250 MHz
Generic DDRX1 Inputs With Clock and Data Aligned at Pin (GDDRX1_RX.SCLK.Aligned) Using PCLK-GaogkéBput
All
tsu_GDDRX1_aligned Data Setup from CLK Input Devices T ¢0.55 T ¢0.55 T ¢0.55 ns + 1/2UI1
tHD_GDDRX1_aligned Data Hold from CLK Input AI.I 0.55 T 0.55 T 0.55 T ns + 1/2UI
Devices
foata_cDpRrx1_aligned| GDDRX1 Data Rate AI.I T 500 T 500 T 500 Mb/s
Devices
All
fmax_cpprxi_aigned | GDDRX1 CLK Frequency (SC Devices T 250 T 250 T 250 MHz

Generic DDRX2 Inputs With Clock and Data Centered a(GDRX2_RX.ECLK.Centered) Using PCLK Clock Input, Left astiBsgBnly
Figure3.6
All
tsu_cpbrx2_centered | Data Setup before CLK Input Devices 0.321 T 0.403 T 0.471 T ns
All
tHp_GDDRx2_centered | Data Hold after CLK Input Devices 0.321 T 0.403 T 0.471 T ns
foaTa_GDDRX2_centere¢ GDDRX2 Data Rate AI.I T 800 T 655.8 T 555.6 Mb/s
Devices
fmax_cDDRrx2_centered] GDDRX2 CLK Frequency (EC| AI.I T 400 T 327.9 T 277.8 MHz
Devices
Generic DDRX2 Inputs With Clock and Data Aligned a{@PDRX2_RX.ECLK.Aligned) Using PCLK Clock Input, Left arsidegbmnly
Figure3.7
tsu_cppRx2_aligned Data Setup from CLK Input AI.I T ¢0.344 T ¢0.42 T ¢0.495 ns + 1/2UI
Devices
tHD_GDDRX2_aligned Data Hold from CLK Input AI.I 0.344 T 0.42 T 0.495 T ns + 1/2UI
Devices
foaTA_GDDRX2_aligned| GDDRX2 Data Rate AI.I T 800 T 700 T 624 Mb/s
Devices
All
fmax_cbprx2_alignes | GDDRX2 ClHEfequency (ECLK Devices T 400 T 350 T 312 MHz
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. . q8 q7 c6 .
Parameter Description Device = : : Unit
Min Max Min | Max Min | Max
Video DDRX71 Inputs With Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) Using PLL Clock Input, Left and RigRiguide3. Qnly
) Data Setup from CLK Input All ns+(1/2+ix
tsu_Lvos7ii (bit i) Devices T ¢0.271 T ¢0.39 T c0.41 ul
) Data Hold from CLK Input All ns+(1/2+ix
tHD_LvDs71 i (bit i) Devices 0.271 T 0.39 T 0.41 T ul
All
foaTa_LvDs71 DDR71 Data Rate Devices T 756 T 620 T 525 Mb/s
fmax_Lvbs71 DDR71 CLK Frequency (ECL AI.I T 378 T 310 T 262.5 MHz
Devices
Generic DDR Output
Generic DDRX1 Outputs With Clock and Data Centered at Pin (GDDRX1_TX.SCLK.Centered) Using PCLKcGogkeft
tove_opRKt_conerea| Dova Oultut Valid before CLK| Al 067 | 1t 067 | 1t €0.67 T ns + 1/2U1
Output Devices
tova_copRkt_conerea| Doi2 Oultput Valid after CLK Al 067 | 1t 067 | 1t €0.67 T ns + 1/2U1
Output Devices
foata_epprx1_centere{ GDDRX1 Data Rate AI.I T 500 T 500 T 500 Mb/s
Devices
All
fmax_cporx1_centered| GDDRX1 CLK Frequency (SC| Devices T 250 T 250 T 250 MHz
Generic DDRX1 Outputs With Clock and Data Aligned at Pin (GDDRX1_TX.SCLK.Aligned) Using PCLK CHaglrktpat
! Data Output Invalid before CL All
tDIB_GDDRX1_aligned Output Devices ¢0.3 T ¢0.3 T ¢0.3 T ns
tbIA_GDDRX1_aligned Data Output Invalid after CLK AI.I T 0.3 T 0.3 T 0.3 ns
Output Devices
foata_epprx1_aigned | GDDRX1 Data Rate AI.I T 500 T 500 T 500 Mb/s
Devices
fmax_coorx1_aligned | GDDRX1 CLK Frequency (SC| AI.I T 250 T 250 T 250 MHz
Devices

Generic DDRX2 Outputs With Clock and Data Centered at Pin (GDDRX2_TX.ECLK.Centered) Using PCLK Clock Input, Lsften@rityght
Figure3.8

Data Output Valid Before CLK All

tove_GDDRX2_centered Output Devices ¢0.442 T ¢0.56 T ¢0.676 T ns + 1/2U1
Data Output Valid After CLK All
tova_GDDRx2_centered Output Devices T 0.442 T 0.56 T 0.676 ns + 1/2Ul
foata_epprx2_centere{d GDDRX2 Data Rate AI.I T 800 T 700 T 624 Mb/s
Devices
fmax_cpprx2_centered| GDDRX2 CLK Frequency (EC Al T 400 T 350 T 312 MHz

Devices

Generic DDRX2 Outputs With Clock and Data Aligned at Pin (GDDRX2_TX.ECLK.Aligned) Using PCLK Clock Input, Lsitesn®Right
Figure3.9

Data Output Invalid before CL All

tbiB_GDDRX2_aligned Output Devices ¢0.16 T ¢0.18 T ¢0.2 T ns
) Data Outputinvalid after CLK All
tpIA_GDDRX2_aligned Output Devices T 0.16 T 0.18 T 0.2 ns
foata_cpDrx2_aigned | GDDRX2 Data Rate AI.I T 800 T 700 T 624 Mb/s
Devices
All
fmax_cpprx2_aiigned | GDDRX2 CLK Frequency (EC Devices T 400 T 350 T 312 MHz
Video DDRX71 Outputs With Clock and Data Aligned at Pin (GDDRX71_TX.ECLK) Using PLL Clock Input, Left and RightFglee®hdy
i Data Output Invalid before CL All ns +
toiB_LvDs71 i Output Devices ¢0.16 T ¢0.18 T ¢0.2 T (i) x Ul
Data Output Invalid after CLK All ns +
toia_LvDs71i Output Devices T 0.16 T 0.18 T 0.2 (i) x Ul
All
foata_Lvps71 DDR71 Data Rate Devices T 756 T 620 T 525 Mb/s
All
fmax_Lvbs71 DDR71 CLK Frequency (ECLH Devices T 378 T 310 T 262.5 MHz
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. . q8 q7 c6 .
Parameter Description Device = : : Unit
Min | Max Min | Max Min Max
Memory Interface
DDR2/DDR3/DDR3L/LPDDR2/LPDDR3 READ (DQ Input Data are Aligned to DQS)
tovebQ_DDR2
tovBDQ DDR3 .
toveog_poRaL DataOutput Valid before DQS| Al T 026 | 1 0317 | 1 €0.374 | ns+1/2 Ul
Input Devices
tovBDQ_LPDDR2
toveDQ_LPDDR3
tovADQ DDR2
tovaADQ_DDR3 .
tovADQ_DDRAL Data Output Valid after DQS Al 0.26 T 0317 | 1 0.374 1 ns + 1/2 Ul
Input Devices
tobvADQ LPDDR2
tovaADQ_LPDDR3
foaTA DDR2
fDATA_DDR3 Al
foaTA_DDRAL DDR Memory Data Rate Devices T 800 T 700 T 624 Mb/s
foaTA LPDDR2
foATA LPDDR3
fmax_por2
fmax_ppR3
fmax_ppR3aL DDR Memory CLK Frequency AI.I T 400 T 350 T 312 MHz
(ECLK) Devices
fmax_LPDDR2
fmax_LPDDR3
DDR2/DDR3/DDR3L/LPDDR2/LPDDR3 WRITE (DQ Output Data are Centered to DQS)
tboves_ppr2
toQves_ppR3 .
tbQves_pbRaL Data Output Valid before DQS AI.I T ¢0.25 T ¢0.25 T ¢0.25 Ul
Output Devices
tboves_LPDDR2
tboves_LPDDR3
tbovas_DDR2
tbQvas_pDR3 .
tbQvas_DDR3L Data Output Valid after DQS AI.I 0.25 T 0.25 T 0.25 T Ul
Output Devices
tbQvas_LPDDR2
tbovas_LPDDR3
foaTA_DDR2
foaTA_DDR3 All
foaTA_pDR3L DDR Memory Data Rate . T 800 T 700 T 624 Mb/s
Devices
foaTA_LPDDR2
foaTA_LPDDR3
fmax_por2
fmax_por3
fmax_pbpRaL DDR Memory CLK Frequency AI.I T 400 T 350 T 312 MHz
(ECLK) Devices
fmax_LPDDR2
fmax_LPDDR3
Notes
1 Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Diamond
software.
1 General I/O timing numbers are based on LVCMOS 2.5, 12 mA, Fast Slew Rate, Opf load.
1 Generic DDR timing are numbers based on LVDS I/O.
1 DDR2 timing numbers are based on SSTL18.
1 DDRS3 timing numbers are based on SSTL15.
1 LPDDR2 and LPDDR3 timogbers are based on HSUL12.
1 Uses LVDS /O standard for measurements.
1 Maximum clock frequencies are tested under best case conditions. System performance may vary upon the user environment.
1  All numbers are generated with the Diamond software.
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Figure3.6. Receiver RX.CLK.Centered Waveforms
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Figure3.7. Receiver RX.CLK.Aligned and DDR Memory Ihgaveforms
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Figure3.8. Transmit TX.CLK.Centered and DDR Memory Output Waveforms

70

© 20142024Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asistetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatitfesraation herein are subject to change without notice

FPGADS020123.3


http://www.latticesemi.com/legal

.I.ILATTICE ECP5 and ECB& Family

Data Sheet
\
i
i
i 1Ul
Tx QK (out) b
1
'
1
1
|
i
i
i
i
Tx DATA (out)
toa
Figure3.9. Transmit TX.CLK.Aligned Waveforms
Receiver ¢ Shown for one LVDSChannel
#of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
DataIn
756 Mb/'s
Qock In
108 MHz
| | | | |
| | Bit# | Bit # | Bit# U Bit#
 Ox | 10¢1 | 20¢8 | 30¢15 | 40¢22
ok 111¢2 121¢9 1 31¢16 | 41¢23
sog_?egﬁm?nvcela o { 12¢3 | 22¢10 | 32017 | 42¢24
“OIt DUtput VOras 4 oy | 13c4 | 23¢11 | 33¢18 | 43025
to FPGA Fabric Lox | 14¢5 | 24¢12 | 34¢19 D aac26
10X 1 15¢6 | 25¢13 ! 35¢20 | 45¢27
1 0x 1 16¢7 | 26¢14 136621 | 46¢28
Transmitter ¢ Shown for one LVDSChannel
#o0f Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out
756 Mb/'s
Qock Out
108 MHz
| |
| |
Bit# | Bit # Bit # Bit # !
For each Channel: 0061} 10¢8 | 20¢15 | 30622 | |
7-bit Output Words 2062 | 169 2116 | Sl¢2s 3
to FPGA Fabric 00c3; 12¢ 10 ; 22¢17 ; 32¢24 ; ;
00¢4 | 13¢11 | 23¢18 | 33025 | |
00G5 | 14¢12 | 24¢19 | 34026 | |
00(63 15¢ 13 i 25¢20 i 35¢27 i i
00¢7! 16¢14 | 26¢21 | 36¢28 ! !

Figure3.10. DDRX71 Video Timing Waveforms
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Figure3.11. ReceiveDDRX71_RX Waveforms
Bit 0 Bit 1 Bit i

t blA_i

Figure3.12. Transmitter DDRX71_TX Waveforms

3.19.sysCLOCK PLL Timing

Over recommended operating conditions

Table3.23. sysCLOCK PLL Timing

Parameter Descrigions Gonditions Min Max Units
fin Input Clack Frequency (AKI CLKFB) T 8 400 MHz
four Output Aock Frequency (CIKOR KOS T 3.125 400 MHz
fvco PLLVQO Fequency T 400 800 MHz
fres Phag Detector Input Frequency T 10 400 MHz
AC Characteristics
tor Output dock Duty Cycle T 45 55 %
tpra Output PhaseAcairacy T <) 5 %
Output Aock Period Jitter fourk100 MHz ! 100 PSPp
torait four< 100 MHz T 0.025 UIPP
Output dock Cycle-to-Cyce Jitter foumk100 MHz T 200 psp-p
© 20142024Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWstetatticesemi.com/legal
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Parameter Descrigtions Conditions Min Max Units
four< 100 MHz T 0.050 UIPP
Output dock Phase Jitter ferk100 MHz ! 200 pspp
fpro< 100 MHz T 0.011 UIPP
tspo Sttic PhaseOffset Divider ratio = integer T 400 ps p-p
tw Output Aock Pulse Width At 90% or 10% 0.9 T ns
tLock PLL Lock-in Time T T 15 ms
tunLock PLL Unlock Time T T 50 ns
tiparr Input Clack Period Jitter frrok20 MH2 ! 1,000 pSpp
fprp< 20 MHZz T 0.02 UIPP
thi Input Clack HighTime 90% to 90% 0.5 T ns
tlo Input Clack Low Time 10% to 10% 0.5 T ns
tr Input dockRseTime 10% to 90% T 1 ns
tr Input AockFall Time 90% to 10% T 1 ns
{rsT RST Pule Width T 1 T ms
trsTREC RS Recovery Time T 1 T ns
tLOADﬁREG Min Pul for C|B_DAD_REG T 10 T ns
tROTATEETUP Min time for B dynamic phase controlsto be . 5 . ns
stable fore OB_ROTATE
trOTATERVD Min pulse width for CIB ROTAEto maintanOor1 | T 4 T V@cycles
Notes
1. Jitter sample is taken over 10,000 samplesFeniodic jitter, and 2,000 samples for CytiteCycle jitter of theprimary PLL
output with clean reference clock with no additional 1/0O toggling.
2. Output clock is valid afteg gcifor PLL reset and dynamic delay adjustment.
3. Period jitter and cycko-cycle jitter numbers are guaranteed fiprp> 10 MHz. Foibep< 10MHz, the jitter numbers may not

be met incertain conditions.

3.20.SerDes Higispeed Data Transmitter
Table3.24. Serial Output Timing and Levels

Symbol Description Min Typ Max Unit
Vrxpirrep PeakPeakDifferential voltage on selected amplitutié ¢25% T 25% mV, pp
Vrxcmbe Output common mode voltage T Veeny 2 T mV, pp
Trxr Rise time (20% to 80%) 50 T T ps
Trxe Fall time (80% to 20%) 50 T T ps
Trxcmacp RMS AC peak commanode outputvoltage T T 20 mV
7 o {Ay3f s :?y RS I? 2 dz[:J Lszi:J AY LJ? A ¢20% 50/75 20% X
- {Ay3tS SYRSR 2dzi LJzi A YLISE ¢25% 6K 25% K

RLrx_pirr Differential return loss (with package includéd) T T cl0 dB
RLrx_com Common mode return loss (with package included) T T 6 dB

Notes

1. aSladNBR sAGK pn K &FES5%BNAGBSNI AYLISRIEYOS id

2. Refer toECP5 and ECB&® &rDegPCS Usage GuideRGATN02206 for settings of Tx amplitude.

3. w S (i dzNJ/10 tB(differBntidh)c6 dB (common mode) for 100 MP XX dc DI T A GK pn K 2 dzi Lidzi

Thisincludes degradation due to package effects.
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Table3.25. Channel Output Jitter

= LATTICE

Description Frequency Min Typ Max Unit

Deterministic 5 Gb/s T T TBD Ul, pp
Random 5 Gb/s T T TBD ul, pp
Total 5 Gb/s T T TBD Ul, pp
Deterministic 3.125 Gb/s T T 0.17 Ul,p-p
Random 3.125 Gb/s T T 0.25 ul, pp
Total 3.125 Gb/s T T 0.35 Ul, pp
Deterministic 2.5 Gbh/s T T 0.17 ul, pp
Random 2.5 Gb/s T T 0.20 Ul, pp
Total 2.5 Gb/s T T 0.35 Ul, pp
Deterministic 1.25 Gb/s T T 0.10 Ul, pp
Random 1.25 Gb/s T T 0.22 Ul, pp
Total 1.25 Gb/s T T 0.24 ul, pp

Notes

1 Values are measured with PRBS12all channels operating, FPGA logic active, I/O ar@anBepins quiet, reference clock @

il

10X mode.

For ECR5G family devices only.
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3.21.SerDes/PCS Block Latency

Table3.26 describes the latency of each functional block in the transmitter and receiver. Latency is given in parallel
clock cycleskigure3.13 shows the location of each block.

Table3.26. SerDefPCS Latency Breakdown

Iltem Description ‘ Min ‘ Avg ‘ Max ‘ Fixed | Bypass ‘ Unit®
Transmit Data Latency
1 FPGA Bridge Gearing disabled with same clocks 3 T 4 T 1 byte clk
FPGA Bridge Gearing enabled 5 T 7 T T word clk
T2 8b10bEncoder T T T 2 1 byte clk
T3 SerDedBridge transmit T T T 2 1 byte clk
Serializer: &it mode T T T 15 +D1 T Ul + ps
T4 Serializer: 1&it mode T T T 18 +D1 T Ul + ps
5 Preemphasis ON T T T 1+D2 T Ul + ps
Preemphasis OFF T T T 0 +D3 T Ul +ps
Receive Data Latenéy
R1 Equalization ON T T T D1 T Ul + ps
Equalization OFF T T T D2 T Ul + ps
R2 Deserializer: ®&it mode T T T 10 +D3 T Ul + ps
Deserializer: 1bit mode T T T 12 +D3 T Ul + ps
R3 SerDe®ridge receive T T T 2 T byte clk
R4 Word alignment 3.1 T 4 T 1 byte clk
R5 8b10b decoder T T T 1 0 byte clk
R6 Clock Tolerance Compensation 7 15 23 T 1 byte clk
R7 FPGA Bridge Gearing disabled with same clocks 4 T 5 T 1 byte clk
FPGA Bridge Gearing enabled 7 T 9 T T word clk
Notes
1. D1 =¢245psD2 = +88 psD3 = +112 ps.
2. D1=+118 pd)2 = +132 pdH3 = +700 ps.
3. byte clk = 8JI (8bit mode), or 10 Ul (@it mode); word clk = 16Ul {8t mode), or 20 Ul (18it mode).
s exie EESEA
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EBRD Clock

|

|

|
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|
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Deserializes Buffer| Down . Data
1:8/1:10 FIFO Sample F———
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|

|

|

|

REFCLK Transmit Clock !
T PLL '

|

|

|

-
FPGA

@ : Transmit
. Cock

|

|
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I

: |

: |

: ©) '
: - Encoder Up .
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HDOUTPi Serializer | Adjst | FIFO :
D E— -t | .
| L,:
: |
[
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A

|

| |

Transmitter : BYPASS :
| |

Figure3.13. Transmitter and Receiver Latency Block Diagram
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3.22.SrDesHigh-Speed Data Receiver

Table3.27. Serial Input Data Specifications

Symbol Description Min Typ Max Unit
VRXDIFFS Differential input sensitivity 150 T 1760 mV, pp
VRN Input levels 0 T Veeat0.5 \%
Vaxembeen Imngg;:ommon mode range (internal DC coupled 06 . Veea Vv
Vexemacem Lr;gg;;ommon mode range (internal AC coupled 01 . Veest0.2 Vv
TrxRELOCK SCDR Hock timé T 1000 T Bits
ZRXTERM Input termination 50/75k/High Z ¢20% 50/75/5 K +20% K
RLrxRL Return loss (without package) T T cl0 dB
Notes

1. Thisis the typical number of bit times to-l@ck to a new phase or frequency witht800 ppm, assuming 8b10b encoded data.
2. Up to 1.655 for ECP5, and 36/for ECP5G.

3.23.Input Data Jitter Tolerance

Theability of areceiverto tolerate incomingsignal jitter is very dependent on jitter type. High speed serial interface
standards have recognized the dependency on jitter type and have specifications to indicate tolerance levels for
different jitter types as they relate to specific protocols. Sindabijitter is considered to be a worst case jitter type.

Table3.28. Receiver Total Jitter Tolerance Specification

Description Frequency Condition Min Typ Max Unit

Deterministic 400 mVdifferential eye T T TBD ul, pp
Random 5 Gb/s 400 mV differential eye T T TBD Ul, pp
Total 400 mV differential eye T T TBD ul, pp
Deterministic 400 mV differential eye T T 0.37 Ul, pp
Random 3.125 Gbh/s 400 mV differential eye T T 0.18 ul, pp
Total 400 mV differential eye T T 0.65 ul, pp
Deterministic 400 mV differential eye T T 0.37 ul, pp
Random 2.5 Gb/s 400 mV differential eye T T 0.18 ul, pp
Total 400 mV differential eye T T 0.65 ul, pp
Deterministic 400 mVdifferential eye T T 0.37 ul, pp
Random 1.25 Gbhl/s 400 mV differential eye T T 0.18 ul, pp
Total 400 mV differential eye T T 0.65 ul, pp

Notes

1  Jitter tolerance measurements are done with protocol compliance tests: 3.125-@B/S| Standard, 2.5 Gh{d°Cle Standard,
1.25 Gbh/s SGMII Standard.

1 For ECR5G family devices only.
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3.24.SerDe<£xternal Reference Clock

The external reference cloakelection and its interface are a critical part of system applications for this product.
Table3.29 specifies reference clock requirements, over the full range of operating conditions.

Table3.29. External Reference Clock Specification (refclkp/refclkn)

Symbol Description Min Type Max Unit
Frer Frequency range 50 T 320 MHz
Frerppm Frequency tolerance ¢1000 T 1000 ppm
VRERN-SE Input swing, singkended clock* 200 1 Veea mV, pp
; ; ; V, pp
2%V, m
VREANDIFF Input swing, differential clock 200 T CCA differential
VRERAN Input levels 0 T Veeat 0.4 \Y,
Drer Duty cyclé 40 T 60 %
TrRem Rise time (20% to 80%) 200 500 1000 ps
Trerr Fall time (80% to 20%) 200 500 1000 ps
ZREAN-TERMDIFF Differential input termination ¢30% 100/HiZ +30% K
Crerncap Input capacitance T T 7 pF

Notes

1. Depending on the application, the PLL_LOL_SET and CDR_LOL_SET control registers may be adjusted for other tolerance values
asdescribed iIrECP5 and ECB& SrDegPCS Usage GuideRGATN-022086.

2. The signal swing for a singg@ded input clock must be as large as thp gifferential swing of a differential input clock to get
the same gairat the input receiver. With singlended clock, a reference voltage needs to be externally connected to CLKREFN
pin, and the input voltageeeds to be swung around this reference voltage.

3. Measured at 50% amplitude.

4. Singleended clocking is achieved by applying a reference voltag@®@VREFCLKN input, with the clock applied to REFCLKP

input pin.Vgeshould be set to mighoint of the REFCLKP voltage swing.

V+
-1T--—-----"-"-"----"—-"=-"\ "\ """ —"—"—"—"—"—"—3
P 1
VREFIN
MAX< VCCAQ.4V
A
N VREFEIN_DIFF Vi
Min=200 mV
oV Max=2xV CCA b
VREFEIN_DIFF=
IVp-Vnl
V+
e
VREFIN
MAX< VCCAOQ.4V
VREEIN_S|
Min=200 mV
oV MaxcVCCA Y

Figure3.14. SerDe€xternal Reference Clock Waveforms
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3.25.PCI Express Electrical and Timing Characteristics

3.25.1. PCle (2.5 Gb/sAC and DC Characteristics
Over ecommended operating conditions.

Table3.30. PCle (2.5 Gb/s)

Symbol ‘ Description ‘ Test Conditions ‘ Min ‘ Typ ‘ Max ‘ Unit
Transmit
ul Unit Interval T 399.88 400 400.12 ps
VIXDIFF P Differential peakto-peak output T 0.8 1.0 1.2 \%
VoY DERATIO \I/D(;Tteargst:zs(l)s differential output . 3 35 4 dB
VixcmAc. p Sol\ﬂ:géc peak commanode output . T . 20 mv
R v v R [ e [
Vrxcmbe Tx D@ommon mode voltage T 0 T VecHTx \
HxSHORT Output short circuit current VTXD*_:O'O v 1 1 90 mA
VTXD—O-O Vv
ZryDIEFDC Differential output impedance T 80 100 120 X
Rlrxpirr Differential return loss T 10 T T dB
Rlryem Common mode returtoss T 6.0 T T dB
TrxriseE Tx output rise time 20% to 80% 0.125 T T ul
TTxFALL Tx output fall time 20% to 80% 0.125 T T ul
Lrskew Lanetq-lane gtatic output skew for all . T . 13 ns
lanes in port/link
TrxevE Transmitter eye width T 0.75 T T ul
TTXEYEMEDIANTOMAX Maximum time between jitter median
JITTER and maximum deviation from median T T T 0.125 vl
Receiveé ?
ul Unit Interval T 399.88 400 400.12 ps
VRyOIFE. \IIDcl)fIftz;eentlal peaktio-peak input . 038 . 192 Vv
VRX|DLEDETD”:|:_FP Idle detect threshold voltage T 65 T 34 mV
VRXCMAC. P \Ifol\l/lasg,zc peak commanode input T T T 150 mv
ZR¥DIFFDC DC differential input impedance T 80 100 120 K
Zaxpe DC input impedance T 40 50 60 K
ZR%HIGHIMP-DC Powerdown DC input impedance T 200K T T K
Rlgrxpirr Differential return loss T 10 T T dB
Rlrycm Common mode return loss T 6.0 T T dB
Notes

1. Values are measured at 2.5 Gb/s.
2. Measured with external A€oupling on the receiver.
3. Not incompliance with PCI Express 1.1 standard.
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3.25.2. PCle (5 Gb/s) AC and DC Characteristics
Over recommended operating conditions

Table3.31. PCle (5 Gb/s)

Symbol ‘ Description ‘ Test Conditions Min ‘ Typ ‘ Max Unit

Transmit

ul Unit Interval T 199.94 200 200.06 ps
Tx PLL bandwidth corresponding to

BwrxpkepLL2 PKGTPLL2 P 9% ¢ 5 T 16 MHz

PKGT)PLL2 Tx PLL Peaking T T 1 dB

VixDIERPP Differential pp Tx voltage swing T 0.8 T 1.2 V, pp
Low power differential gp Tx voltage

VTXDIFFPRLOW swingp ® 9 ¢ 0.4 T 1.2 Vv, pp

VI%DERATICE.50B Tx deemphasis level ratio at 34B T 3 T 4 dB

VIxDERATIGSB Tx deemphasis level ratio at 6B T 55 T 6.5 dB

TMIN-PULSE Instantaneous lone pulseidth T T T ul

TIxRISEALL Transmitter rise and fall time T T T ul
Transmitter Eye, including all jitter

T H

TXEYE sources T 0.75 T T Ul
TrxDJ Tx deterministic jitter > 1.5 MHz T T T 0.15 ul
Trxr3 Tx RMS jitter < 1.5 MHz T T T 3 RE)I\S/IS
TREMISMATCH Tx rise/fall time mismatch T T T Ul

50MHz < freq <
10 T T dB
R. Tx Differential Return Loss, includin{ 1.25 GHz
TXDIFF package and silicon 1.25GHz < freq 8 4B
<2.5GHz ! !
R Tx Common Mode Return Loss, 50MHz < freq < 6 . . dB
TXCM including package arsllicon 2.5GHz
Zr%DIFFDC DC differential Impedance T T T 120 K
V. Tx AC peak common mode voltage, . . . mV,

TXCM-AGPP peakpeak pp

Hry%sHORT Transmitter shorcircuit current T T T 90 mA
Transmitter D@ommorntmode

Vrxpeem voltage T 0 T 12 \Y

VIxIDLEDIFFDC Electrical Idle Output DC voltage T 0 T 5 mV

i Electrical Idle Differential Output

TXIDLEDIFFAGp peak voltage T T T mV

Voltage change allowed during

V-

TXRCVDETECT Receiver Detect ! T ! 600 mv
TrpLEvIN Min. time in Electrical Idle T 20 T T ns
T Max. time from EI Order Set to valid

TXIDLESETTOIDLE Electrical Idle t t t 8 ns
T Max. time from Electrical Idle to valig . . . 8 ns

TXIDLETODIFFDATA differential output
Lrxskew Laneto-lane output skew T T T ps
Receivé?
ul Unit Interval T 199.94 200 200.06 ps
VRXDIFFPP Differential Rx peakeak voltage T 0.34 T 1.2 V, pp

wine latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Symbol Description Test Conditions Min Typ Max Unit
T Receiver random jitter tolerance ﬁ/lzy:azﬁdlgr% . T 49 ps,
RXRIRMS (RMS) _ . RMS
noise
Receiver deterministic jitter
Trxpa tolerance 1 T 1 88 ps
. mV,
VRxcmaAc Common mode noise from Rx T T T o-p
. _ . 50 MHz < freq < 10 . . 4B
R Receiver differential Return Loss, 1.25 GHz
RODIFF package plus silicon 1.25 GHz < freq g B
< 2.5 GHz ! N
Receiver common mode Return Los
Riricu package plus silicon ! 6 ! T dB
Zrxpc Receiver DC single ended impedan( t 40 T 60
Receiver DC single ended impedanc
ZRRHIGHIMP.DC when powered down ! 200K T T
VRxcMAGP Rx AC peak common moueltage T T T g;\;i(
VRXIDLEDETDIFFPP Electrical Idle Detect Threshold T 65 T 34 FS;,
Lrxskew Receiver landane skew T T T 8 ns
Notes
1. Values are measured &tGb/s.
2. Measured with external A€oupling on the receiver.
3. Notincompliance with PCI Express standard.

wine latticesemi.com/legal



http://www.latticesemi.com/legal

=LATTICE

3.26.CPRI LV2 E.48 Electrical and Timing Charactexistic
Table3.32. CPRI LV2 E.48 Electrical and Timing Characteristics

Symbol ‘ Description ‘ Test Conditions ‘ Min ‘ Typ ‘ Max Unit
Transmit
ul Unit Interval T 203.43 | 203.45 203.47 ps
Tocp Duty Cycle Distortion T T T 0.05 ul
Lenps anorrelated Bounded High Probabilit . T T 015 Ul
Jitter
JroTtaL Total Jitter T T T 0.3 ul
ZRXDIEFDC DC differential Impedance T 80 T 120 K
Tskew Skew between differential signals T T T 9 ps
. . 100 MHz < freq T T @ dB
R Tx Differential Return Loss (S22), < 3.6864GHz
TXDIFF including package and silicon 3.6864 GHz < freq . : 8+16.6<log | o
<4.9152 GHz (freq/3.6864)
R TxCommon Mode Return Loss, 100 MHz < freq 6 T T dB
TXCM including package and silicon < 3.6864 GHz
Hry%sHORT Transmitter shorcircuit current T T T 100 mA
Trise_ramirr | Differential Rise and Fall Time T T 1 ps
Lrxskew Laneto-lane output skew T T T ps
Receive
ul Unit Interval T 203.43 | 203.45 203.47 ps
VRXDIFFPP Differential Rx peakeak voltage T T T 1.2 V, pp
VRXEYE_Y:I._YZ Receiver eye opening mask, afidY2 | 1 62.5 T 375 r;\f;
VRXEYE_X:I. Receiver eye opening mask, X1 T T T 0.3 ul
Receiver total jitter tolerance (not
T
RXTJ including sinusoidal) ! T T 0.6 ul
100 MHz < freq
T T 8 dB
R Receiver differential Return Loss, < 3.6864 GHz ¢
RODIFE package plus silicon 36864 GHz <freq| ] c8+16.6:log | o
<4.9152 GHz (freq/3.6864)
Receiver common mode Return Loss|
Rirxewm package plus silicon ! 6 T ! dB
ZayDIEDC Receiver DC differential impedance | 1 80 100 120 K
Note:

1. Data is measured with PRBS7 data pattern, not with FRBfattern.

wine latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

3.27.XAUI/CPRI LV E.B®ectrical and Timing Characteristics

3.27.1. AC and DC Characteristics
Over ecommended operating conditions.

Table3.33. Transmit

Symbol Description Test Conditions Min Typ Max Unit

Trr Differentialrise/fall time 20% to 80% T 80 T ps

ZrX_DIFF_DC Differential impedance T 80 100 120 K

Jrx_poh 3 Output data deterministic jitter T T T 0.17 Ul

Jrx 23 Total output data jitter T T T 0.35 Ul
Notes

1. Totaljitter includes botlideterministic jitter and random jitter.
2. WAGGSNI @ tdzSa FNB YSIF&dINBR ¢gAGK SIFOK /a[ 2dzildzi '/ O2dz) SR A
3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

Over recommended operating conditions

Table3.34. Receive and Jitter Tolerance

Symbol Description Test Conditions Min Typ Max Unit

Rlrx_piFr Differential return loss Ec;nlzlé)%l\lﬂsz 10 T T dB

Rlrx_cm Common mode return loss Ejr%nlzlé)(émsz 6 T T dB

ZrX_DIFF Differential termination resistance T 80 100 120 K

Jkx pr?3 Deterministic jitter tolerance (peato-peak) | T T T 0.37 ul

kx /y 23 Random jitter tolerancépeakto-peak) T T T 0.18 ul

Fx $y23 Sinusoidal jitter tolerance (pedk-peak) 1 T T 0.10 ul

Fx 23 Total jitter tolerance (peako-peak) 1 T T 0.65 ul

Trx_EYE Receiver eye opening T 0.35 T T Ul
Notes
1. Total jitter includesleterministic jitter, randor@ji}te; and sinusoi@aljitter. 5 . ) . 3
2. Jitter values are measured witheach highlJS SR Ay Lddza !/ O2dzLJX SR Ayu2 | pn K AYLSRIYyO

3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

3.28.CPRI LV E.ZBGMII (2.5 Gbpsditlectrical and Timing Characteristics

3.28.1. AC and DC Characteristics
Table3.35. Transmit

Symbol Description Test Conditions Min Typ Max Unit

Tré Differential rise/fall time 20% to80% T 80 T ps

Z1X_DIFF_DC Differential impedance T 80 100 120 K

Jrx_ooy 4 Output data deterministic jitter T T T 0.17 ul

Jx %34 Total output data jitter T T T 0.35 ul
Notes

1. Rise and Fall times measured with board trace, connectoapdoximately 2.5 pf load.
2. Total jitter includes both deterministic jitter and random jitter. The random jitter is the total jitter minus the actual
deterministic jitter.
3. WAGGSNI O tdz8§a FNB YSIF&adaNBR gAGK SFOK /a[ 2dzilizi '/ O2dzd SR A
4. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.
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Table3.36. Receive and Jitter Tolerance

Symbol Description TestConditions Min Typ Max Unit
Rlrx_pirr Differential return loss From 100 MHz to 2.5 GHz| 10 T T daB
Rlrx_cm Common mode return loss From 100 MHz to 2.5 GHz 6 T T daB
ZRX_DIFF Differential termination resistance T 80 100 120 K
kx o34 Deterministic jitter tolerance (peato-peak) | 1 T T 0.37 ul
kx B34 Random jitter tolerance (peato-peak) T T T 0.18 ul
kx &34 Sinusoidal jitter tolerance (peak-peak) T T T 0.10 ul
kx 9234 Total jitter tolerancegpeakto-peak) T T T 0.65 ul
Trx_EYE Receiver eye opening T 0.35 T T ul

Notes

1. Totaljitter includes deterministic jitter, random jitter and sinusoidal jitter.

2. Jitter values are measured with each higHJS SR A y Lddzi ! / iOpedimcde. SR Ayd2 | pn XK

3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

4. Jitter tolerance, Differential Input Sensitivity and Receiver Eye Opening parameters are characterized when Full RioEqualizat
is enabled.

3.29.Gigabit Ethernet/SGMI(1.25 GbpdCPRI LV E.12 Electrical and Timing
Characteristics

3.29.1. AC and DC Characteristics
Table3.37. Transmit

Symbol Description Test Conditions Min Typ Max Unit

Tre Differential rise/fall time 20% to 80% T 80 T ps

Z1X_DIFF_DC Differential impedance T 80 100 120 K

Jrx_ooh 3 Output data deterministic jitter T T T 0.10 ul

Jrx Ty 23 Total output data jitter T T T 0.24 ul
Notes

1. Totaljitter includes botldeterministic jitter and random jitter. The random jitter is the total jitter minus the actual

deterministic jitter.
2. WAGGSNI @It dz§a FNB YSIFadaNBR gAGK SFOK /a[ 2dzilizi '/ O2dz)X SR
3. Jitter and skew are specified between differential crossings of the 50% threshold of the reference signal.

Table3.38. Receive and Jitter Tolerance

Symbol Description Test Conditions Min Typ Max Unit
RIrx_piFr Differentialreturn loss From 100 MHz to 1.25 GHz 10 T T daB
Rlrx_cm Common mode return loss From 100 MHz to 1.25GHZ 6 T T dB
ZRX_DIFF Differential termination resistance T 80 100 120 K
kx py 234 | Deterministic jitter tolerance (peato-peak) | T T T 0.34 ul
kx /3234 | Random jitter tolerance (peato-peak) T T T 0.26 ul
kx 4234 | Sinusoidal jitter tolerance (pedak-peak) T T T 0.11 ul
kx 4234 | Total jitter tolerance (peako-peak) T T T 0.71 ul
Trx_EYE Receiver eye opening T 0.29 T T ul
Notes
1. Totaljitter includes deterministic jitter, randoAmAjit'Eer and sinusqidal jitter. 5 o ) o
Jitter values are measured with each hi@HJS SR A y LJdzu !/ O2dzLJd SR Ayud2z2 | pn K AYLISRLE

2.

3. Jitter and skew are specified between differential crossings of thetBf#shold of the reference signal.

4. Jitter tolerance, Differential Input Sensitivity and Receiver Eye Opening parameters are characterized when Full RioEqualizat
is enabled
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3.30.SMPTE SD/HBDI/3GSDI (Serial Digital Interface) Electrical and Timing
Characteristics

3.30.1. AC and DC Characteristics
Table3.39. Transmit

Symbol Description Test Conditions Min Typ Max Unit
BRspo Serial data rate T 270 T 2975 Mb/s
TIALIGNMENT Serial output jitter, alignment 270 Mb/$ T T 0.2 ul
TiALIGNMENT Serial output jitter, alignment 1485 Mb/s T T 0.2 ul
TraLicNMENTZ Serial output jitter, alignment 2970 Mb/s T T 0.3 ul
TimmiNG Serial output jitter, timing 270 Mb/$ T T 0.2 ul
Timming Serial output jitter, timing 1485Mb/s T T 1 ul
TimmiNG Serial output jitter, timing 2970 Mb/s T T 2 ul
Notes

1. Timing jitter is measured in accordance with SMPTE serial data transmission standards.
2. litter is defined in accordance with SMPTE RP11984 as: jitter at arquipment output in the absence of input jitter.

3. All Tx jitter are measured at the output of an industry standard cable driver, with the LatideR S A OS 02y T A IdzNBR
output impedance connecting to the external cable driver with differential signaling.

4, ¢KS Ol 6t S RN JS-taupiedat 27§, 4485, ov PA7OrMb/s. KS !/

5. All LFEBUM/LFE5UMS5G devices are compliant with all SMPTE compliance tests, egiept 8¢@A pathological compliance
pattern test.

6. 270 Mb/s is supported with Rat@ivider only.

Table3.40. Receive
Symbol Description Test Conditions Min Typ Max Unit
BRspi Serial input data rate T 270 T 2970 Mb/s

Table3.41. ReferenceClock

Symbol Description Test Conditions Min Typ Max Unit

Rreik Video output clock frequency T 54 T 148.5 MHz

DG Duty cycle, video clock T 45 50 55 %
Note:

1. SDSDI (270 Mb/s) is supported with R&@evider only. For Single Rate: Reference Clock = 54 MHz and Rate Divider = /2. For Tri
Rate:Reference Clock = 148.5 MHz and Rate Divider = /11.
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3.31.sysCONFIG Port Timing Specifications

Over recommended operating conditions
Table3.42. ECP5/ECPaG sysCONFIG Port Timing Specifications

Symbol ‘ Parameter ‘ Min Max Unit
POR, Configuration Initialization, and Wakeup
fiere Timg from the Application oféé VCCAUpr Vecios T . 33 ms
(whichever is the last) to the rising edge of INITN
tyme Time from tcecto the valid Master CCLK T T 5 us
tez CCLK from Active to High T T 300 ns
Master CCLK
fmcLk Frequency fﬁgqu;?iig 20 20 %
tmeLkoc Duty Cycle Qg;jleencélii 40 60 %
All Configuration Modes
tPprGM PROGRAMN LOW pulse accepted T 110 T ns
tPRGMRY PROGRAMN LOW pulse rejected T T 50 ns
tinimL INITN LOW time T T 55 ns
toppINT PROGRAMN LOW to INITN LOW T T 70 ns
toPPDONE PROGRAMN LOWB®ONE LOW T T 80 ns
tiobiss PROGRAMN LOW to I/O Disabled T T 150 ns
Slave SPI
feclk CCLK input clock frequency T T 60 MHz
teelkH CCLK input clock pulsewidth HIGH T 6 T ns
tcekL CCLK input clock pulsewidth LOW T 6 T ns
tstsu CCLK setup time T 1 T ns
tstH CCLK hold time T 1 T ns
tstco CCLK falling edge to valid output T T 10 ns
tstoz CCLK falling edge to valid disable T T 10 ns
tstov CCLK falling edge to valid enable T T 10 ns
tscs Chip Select HIGH time T 25 T ns
tscss Chip Select setup tien T 3 T ns
tscsH Chip Select hold time T 3 T ns
Master SPI
feclk Max selected CCLK output frequency T T 62 MHz
teelku CCLK output clock pulse width HIGH T 35 T ns
teeik CCLK output clock pulse width LOW T 35 T ns
tstsu CCLK setup time T 5 T ns
tstH CCLK hold time T 1 T ns
tcssei INITN HIGH to Chip Select LOW T 100 200 ns
tcrex INITN HIGH to first CCLK edge T T 150 ns
Slave Serial
feclk CCLK input clock frequency T T 66 MHz
tsscH CCLK input clock pulse width HIGH T 5 T ns
tsscL CCLK inputlock pulse width LOW T 5 T ns
tsuscol CCLK setup time T 0.5 T ns
thscol CCLK hold time T 15 T ns
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Table3.42. ECP5/ECPSG sysCONFIG Port Timing Specifications

Symbol Parameter Min Max Unit
Slave Parallel
feoik CCLK input clock frequency T T 50 MHz
tescH CCLK input clock pulsewidth HIGH T 6 T ns
tescL CCLK input clock pulsewidth LOW T 6 T ns
tcorp CCLK to DOUT for Read Data T T 12 ns
tsucepl Data Setup Time to CCLK T 15 T ns
thceo Data Hold Time to CCLK T 15 T ns
tsucs CSN, CSN1 Setup Time to CCLK T 25 T ns
thes CSN, CSN1 Hold Time to CCLK T 15 T ns
tsuwp WRITEN Setup Time &CLK T 45 T ns
tHowp WRITEN Hold Time to CCLK T 2 T ns
toce CCLK to BUSY Delay Time T T 12 ns

t lt— teswc

BSCL — tBS]—i

:

Ucs HCS

HWD

—y_3 _

.

!

— |

N |
j T —

WRITEN l
BUSY /7
D[0:7] —< >< Byte 0 Byte 1 >—< Byte 2 >< Byte n* >—

*n =last byte of read cycle.

Figure3.15. sysCONFIG Parallel Port Read Cycle
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WRTEN

BUSY

D[0:7] 4<

BXCYC
tesy _»4— te
r_ laes —> |<_ thes
I
| I
| !
I I
r_ UWD _’I o
I I
—> tos
| g _><_ Lcen
Byte 0 Byte 1 >< Byte 2 >< Byten >7

*In Master Parallel Mode the FPGA provides OOK (MALK). In Save Parallel Mode the external device provides COLK

Figure3.16. sysCONFIG Parallel Port Write Cycle

tm4+7t$04

QAK(input)

|

lyem _»I‘_ i

DIN

| )

DOUT

X

X

P———
|

Figure3.17. sysCONFIG Slave Serial Port Timing
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T T
e WM |
e ng Yavaval

1. Time taken from Vg, Vacaux OF Vaacs, Whichever isthe last to crossthe PORtrip point.

2. Deviceisin aMaster Mode (S, SPIm).
3. The GG pinsare normally static (hardwired).

Figure3.18. PowerOn-Reset (POR) Timing

Wake Up Clocks

ticre o —’: tssch '
wc > —P| i tsscL !
T
vee -H _,lh_’ trkom : I |
CCLK-——I——--—-———{_E—- 2 | - — - —
= l !
PROGRAMN = | | |
—» topeiniTl | I
INITN I\ _’: .t (tonco) I |
| Hscol (timcol |
SN [ S
—» le—t t. —» [t
DONE : : suscor (tsumcor) ; copo |
—ﬂ [¢— toppoonE s - _———n I
oI T G G SR o G G H an aD,
II / | | . :‘——GOE Release
pout =1 ' | ) N
! ! tIOENSSI
sysl/O i i |
|
1 ]

tIODISS

Figure3.19. sysCONFIG Port Timing
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PROGRAMN

INITN —» o «—

DONE —>»  lowm <

OFG2:0]* valid

—‘\IF tooiss
USRI/O 1

*The GFG pins are normally static (hardwired).

Figure3.20. Configiration from PROGRAMN Timing

PROGRAMN
INITN
DONE Wake-Up
ﬁ tawe >
o \_f N\ S LS —
— loas
USERI/O

Figure3.21. WakeUp Timing
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Capture CRO Capture GFGx
AN 7

\eo;

PROGRAMN

DONE

INITN

CSPIN

0 1 2 3 X. 7189 10 X 31323334 X 1270128
K \ UL TyuuL L TUuiL Iy iuiyuyL

I Opcode Address

[Seksz] Ignore Valid Bitstream

Figure3.22. Master SPI Configuration Waveforms

3.32.JTAG Port Timing Specifications

Over recommended operating conditions
Table3.43. JTAG Port Timing Specifications

Symbol Parameter Min Max Units
fmax TCK clock frequency T 25 MHz
teTcPH TCK [BSCAN] clock pulse width high 20 T ns
terepL TCK [BSCAN] clock pulse width low 20 T ns
ters TCK [BSCAN] setup time 10 T ns
teTH TCKBSCAN] hold time 8 T ns
teTRF TCK [BSCAN] rise/fall time 50 T mV/ns
tetco TAP controller falling edge of clock to valid output T 10 ns
teTcopis TAP controller falling edge of clock to valid disable T 10 ns
tBTCOEN TAP controller falling edge ofock to valid enable T 10 ns
teTCRS BSCAN test capture register setup time 8 T ns
teTCRH BSCAN test capture register hold time 25 T ns
teutco BSCAN test update register, falling edge of clock to valid output T 25 ns
teTuopis BSCAN test updategister, falling edge of clock to valid disable T 25 ns
teTUPOEN BSCAN test update register, falling edge of clock to valid enable T 25 ns
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4 tpgTs —Ple—— tgy ——P
tgroy —P¢— tBToRL —P «—— tgIop ——— >
TXK I 4/7
tBTCORN tgrco tBTCODIS
TDO Valid Data Valid Data
—BTCRH
tBTCRS
Datato be
Captured Data Captured ><
from1l/O
4 tBTUPORN <— tguTCD <—teTUODIS
Datato be
driven out Valid Data Valid Data
tol/O | |

Figure3.23. JTAG Port Timing/aveforms

3.33. Switching Test Conditions

Figure3.24 shows the output test load that is used for AC testing. The specific values for resistance, capacitance,
voltage,and other test conditions are listed Table3.44.

Vr
Rl
DUT I ® Test Point
% T

*CL Includes Test Fixture and Probe Capacitance

Figure3.24. Output Test Load, LVTTL and LVCMOS Standards
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Table3.44. TestFixture Required Components, Neferminated Interfaces

Test Condition R R G Timing Ref. Vr
LVCMOS 3.3=15V T
LVCMOS 2.5 =¥d2 T
LVTTL and other LVCMOS settinggHLHxL) a o OpF | LVCMOS 1.8 =Md2 T
LVCMOS 1.5 =¥dé2 T
LVCMOS 1.2 Md2 T
LVCMOS 2.5 I/O fgH) o 1IMK | OpF | Vecid2 T
LVCMOS 2.5 /0 ¢) 1MK a O0pF | Vccid2 Vccio
LVCMOS 2.5 I/O ¢kiz) o 100 OpF | Vong0.10 T
LVCMOS 2.5 I/O §2) 100 o OpF | Vou+0.10 Veeio

Note:

1. Output testconditions for all other interfaces are determined by the respective standards.
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4. Pinout Information

4.1. Signal Descriptions

Signal Name

| o

Description

General Purpose

P[L/R] [Group Number]_[A/B/C/D]

I/0

[L/R] indicates the L (Left), or R (Right) edgiefdevice. [Group Number]
indicates the PIO [A/B/C/D] group.

[A/B/C/D] indicates the PIO within the PIC to which the pad is connected.
Some of these usgerogrammable pins are shared with special function pins.
These pins, when not used as special purpose pins, can be programmed as
for user logic. During configuration the ugglogrammable I/O aréri-stated

with an internal pulldown resistor enabled. If any pin is not used (or not bond
to a package pin), it is tatated and default to have putlown enabled after
configuration.

PIO A and B are grouped as a pair, and PIO C and D are group as a pair. E
supports true LVDS differential input buffer. Only PIO A and Bppjorts true
LVDS differential output buffer.

Each A/B and C/D pair supports programmable on/off differential input
termination of 100K.

P[T/B][Group Number]_[A/B]

I/0

[T/B] indicates the T (top) or B (bottom) edge of the device. [Group Number]
indicates the PIO [A/B] group.

[A/B] indicates the PIO within the PIC to which the pad is connected. Some
these usesprogrammable pins are shared with sysConfig pins. These pins,
not used as configuration pins, can be programmed as 1/O forlag&r. During
configuration, the pins not used in configuration arestated withan internal
pull-down resistor enabled. If any pin is not used (or not bonded to a packag
pin), it is tristated and default to &ve pullddown enabled after cdiiguration.
PIOs on top and bottom do not support differential input signaling or true LV
output signaling, but it can support emulated differential output buffer.

PIO A/B forms a pair of emulated differential output buffer.

GSRN

Global RESET signal (active low). Any 1/O pin can be GSRN.

NC

No connect.

RESERVED

This pin is reserved argthould not be connected to anything on the board.

GND

Ground. Dedicated pins.

Vee

Power supply pins for core logic. Dedicated pirg=V1.1 MECP5), 1.2 V
(ECP5UM5G)

Veeaux

Auxiliary power supply pin. This dedicated pin powers albiifferential and
referenced input buffers. daue 2.5 V.

Veciox

Dedicated power supply pins for I/O bank ¥cds used for configuration and
JTAG.

VREF1_x

Reference supply pins for I/O bank x. Jegermined shared pin in each bank
areassigned as VREF1 input. When not used, they may be used as 1/O pins

PLL, DLL and Clock Functions

[LOC][_GPLLI[T, C]_IN

General Purpose PLL (GPLL) input pads: [LOC] = ULC, LLC, URC and LRC
and C = complement. These pins are share@ifS. When not configured as
GPLL input pads, they can be used as general purpose 1/O pins.

PCLKJ[T/C][Bank]_[num]

I/0

General Purpose Primary CLK pads: [T/C] = True/Complement, [Bank] = (O,
3, 6 and 7). There atao in each bank ([num] = 0, 1). These are shared I/ O ¢
When not configured as PCLK pins, they can be used as general purpose |/
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Signal Name

| I/O |Description

PLL, DLL and Clock Functions

DQS input/output padd. (left), R (right), group_ num = balimber associated
[L/RIDQS[group_num] 1/0 with DQS[T] pin.

DQ input/output padsL (left), R (right), group_ num = ball number associate
[/R]IDQ[group_num] 1/0 with DOS[T] pin.

Test and Programming (Dedicated Pins)

™S | Test Mode Select input, used to control th&49.1 state machine. Pulp is
enabled during configuration. This is a dedicated input pin.
Test Clock input pin, used to clock the 1149.1 state machine. Napull
TCK I L . : .
enabled. This is a dedicated input pin.
Test Data in pin. Used to load data into device using 1149.1 state maching
After powerup, this TAP port can be activated for configuration by sending
TDI appropriate command. (Note: once a configuration port is selected it is loc
Another configuration prt cannot be selected until the powerp sequence).
Pultup is enabled during configuration. This is a dedicated input pin.
Output pin. Test Data Out pin used to shift data out of a device using 1149
TDO o L . .
This is a dedicated output pin.
Configuration Pads (Used durireysCONFIG)
Mode pins used to specify configuration mode values latched on rising edg
CFGJ[2:0] I INITN. During configuration, a pulp is enabled.
These are dedicated pins.
Open Drain pin. Indicates the FPGA is ready tododigured. During
INITN I/O | configuration, a pullp is enabled.
This is a dedicated pin.
Initiates configuration sequence when asserted low. This pin always has a
PROGRAMN active pulup.
This is a dedicated pin.
Open Drain pin. Indicates that the configuration sequence is complete, ang
DONE I/O | startup sequence is in progress.
This is a dedicated pin.
Input Configuration Clock for configuring an FPGA in Slave SPI, Serial, an
CCLK 1o modes. Output Configuration Clock for configuring an FP®&#agter
configuration modes (Master SPI, Master Serial).
This is a dedicated pin.
Parallel configuration mode busy indicator. SPI/SPIm mode data output.
HOLDN/DI/BUSY/CSSPIN/CEN I/O | Thisis a shared I/O pin. When not in configuration, it can be used as gene
purpose I/O pin.
Parallel configuration mode actiew chip select. Slav@PI chip selecThis is
CSN/SN I/O | ashared I/O pin. When not in configuration, it can be used as general purf
I/O pin.
Parallel configuration modactivelow chip select.
CSI1IN This is a shared 1/O pin. When not in configuration, it can be used as gene
purpose I/O pin.
Write enable for parallel configuration modes.
WRITEN This is a shared 1/O pin. When not in configuration, it can be used as gene
purpose I/O pin.
Serial data output. Chip select output. SPI/SPIm mode chip select. This is
DOUT/CSON O | shared I/O pin. When not in configuration, it can be used as general purpo
I/O. pin.
Parallel configuration I/0O. Open drailuring configuration. When in SPI
modes, it is an output in Master mode, and input in Slave mode.
DO/MOSINO0 Vo This is a shared 1/O pin. When not in configuration, it can be used as gene
purpose I/O pin.
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Signal Name | I/O | Description
Configuration Pads (Useduring sysCONFIG)

Parallel configuration 1/0. Open drain during configuration. When in SPI
modes, it is an input in Master mode, and output in Slave mode.

This is a shared 1/O pin. When not in configuration, it can be usgdreeyal
purpose I/O pin.

Parallel configuration 1/0. Open drain during configuratifihen in SPI
modes, it is an input in Master mode, and output in Slave mode.

This is a shared 1/O pin. When not in configuration, it can be used as ge
purpose I/O pin.

Parallel configuration 1/0. Open drain during configuratifhen in SPI
modes, it is an input in Master mode, and output in Slave mode.

This is a shared I/O pin. When not in configuration, it can be used as ger
purpose I/O pin.

Parallel configuration 1/0. Open drain during configuration. This is a sha
D4/104 1/0 I/0O pin. When not in configuration, it can be used as general purpose 1/Q
pin.

Parallel configuration 1/0. Open drain duriognfiguration. This is a shared
D5/105 1/0 1/0 pin. When not in configuration, it can be used as general purpose I/Q
pin.

Parallel configuration 1/0. Open drain during configuration. This is a shai
D6/106 I/O I/0 pin. When not in configuration, it can be used as gergugbose 1/0

pin.

Parallel configuration 1/0. Open drain during configuration.

D7/107 I/O | Thisis a shared I/O pin. When not in configuration, it can be used as ge
purpose 1/O pin

D1/MISO/IO1 110

D2/102 I/0

D3/103 I/0

SerDed~unction

SerDestransmit, receive, PLL and reference clock buffer power supply fq
SerDe®Dual x. All ¥casupply pins must always be powered to the
recommended operating voltage range. If BerDeshannels are used,
connect \cato Veg VCCAXx = 1.1V for ECP5, VCCAx = 1.2 V fasGECP5
VCCAUXAX T SerDedAux Power Supply pin f@erDePual x. VCCAUXAx = 2.5 V.
HighspeedSerDesnputs, P = Positive, N = Negative, dual_num = [0, 1],
chan_num = [0, 1]. These are dedicag&etDesnput pins.
HighspeedSerDeoutputs, P = Positive, N = Negative, dual_num = [0, 1],
chan_num = [0, 1]. These are dedicag&etDe®utput pins.
SerDeReference Clock inputs, P = Positive, N = Negative, dual_num = |
These are dedicatefierDesnput pins.

SerDedHigh-Speed Inputs Termination Voltage Supplies, dual_num =[O,
VCCHRX_D[dual_num]CH[chan_num] T chan_num = [0, 1]. These pins should be powered to 1.1 V on ECPS5, or
1.2 V on ECP5G.

SerDedigh-Speed Outputs Buffer Voltage Supplies, dual_num = [0, 1],
VCCHTX_D[dual_num]CH[chan_num] T chan_num = [0, 1]. These pins should be powered to 1.1 V on ECPS5, or
on ECP5G.

VCCAX T

HDRX[P/N]_D[dual_num]CH[chan_nul |

HDTX[P/N]_D[dual_num]CH[chan_nuj O

REFCLK[P/N]_D[dual_num] I

Notes

1  When placing switching I/0O around these critical pins that are designed to supply the device with the proper reference or
supply voltage, care must be given.

1 These pins are dedicated inputs or can be used as general purpose 1/O.
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4.2. PICs and DDR Data (DQ) Pins Associated with the DDR Strobe (DQS) Pin

PICs Associated with DQS Strobe ‘ PIO within PIC ‘ DDRStrobe (DQS) and Data (DQ) Pin
For Left and Right Edges of the Device Only
A DQ
B DQ
P[L/R] [16]
C DQ
D DQ
A DQ
B DQ
PIL/R] 3]
C DQ
D DQ
A DQS (P)
P[L/R] [n] B bQs (N)
c DQ
D DQ
A DQ
B DQ
P[L/R] [n+3]
C DQ
D DQ
Note:
1. nisarow PIC number.
4.3. Pin Information Summary
4.3.1. LFESUM/LFES5UM5G
Pin Information Summary LPESULTY LFES5UM/LFE5UM5&5 LFE5SUM/LFE5UM58b
LFESUM5&5
Pin Type 285 381 285 381 554 285 381 554 756
csfBGA | caBGA | CSfBGA| caBGA | caBG | csfBGA| caBG | caBGA | caBGA
Bank 0 6 24 6 27 32 6 27 32 56
Bank 1 6 32 6 33 40 6 33 40 48
Bank 2 21 32 21 32 32 21 34 32 48
General Purpose Bank 3 28 32 28 33 48 28 33 48 64
Inputs/Outputs per Bank | Bank 4 0 0 0 0 0 0 0 14 24
Bank 6 26 32 26 33 48 26 33 48 64
Bank 7 18 32 18 32 32 18 32 32 48
Bank 8 13 13 13 13 13 13 13 13 13
Total Singlé€ended User 1/0 118 197 118 203 245 118 205 259 365
VCC 13 20 13 20 24 13 20 24 36
VCCAUX (Core) 3 4 3 4 9 3 4 9 8
Bank 0 1 2 1 2 3 1 2 3 4
Bank 1 1 2 1 2 3 1 2 3 4
Bank 2 2 3 2 3 4 2 3 4 4
Vecceio Bank 3 2 3 2 3 3 2 3 3 4
Bank 4 0 0 0 0 0 0 0 2 2
Bank 6 2 3 2 3 4 2 3 4 4
Bank 7 2 3 2 3 3 2 3 3 4
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LFE5SUM/

Pin Information Summary LEESUM5@5 LFESUM/LFE5SUM5&b5 LFESUM/LFE5UM586
Pin Type 285 381 285 381 554 285 381 554 756
csfBGA | caBGA | cSfBGA| caBGA | caBG | csfBGA| caBG | caBGA | caBGA
Bank 8 2 2 2 2 2 2 2 2 2
TAP 4 4 4 4 4 4 4 4 4
Miscellaneous Dedicated Pins 7 7 7 7 7 7 7 7 7
GND 83 59 83 59 113 83 59 113 166
NC 1 8 1 2 33 1 0 17 29
Reserved 2 2 4 0 2 4 4
SerDes 14 28 14 28 28 14 28 28 28
VCCAO 2 2 2 2 6 2 2 6 8
VCCASerDes
VCCAl 0 2 0 2 6 0 2 6 9
VCCAUXA( 2 2 2 2 2 2 2 2 2
VCCAUX(SerDe}
VCCAUXAI1 0 2 0 2 2 0 2 2 2
GNDA $erDey 26 26 26 26 49 26 26 49 60
Total Balls 285 381 285 381 554 285 381 554 756
Bank O 0 0 0 0 0 0 0 0 0
Bank 1 0 0 0 0 0 0 0 0 0
Bank 2 10/8 16/8 10/8 16/8 16/8 10/8 17/9 16/8 | 24/12
High Speed Differential Bank 3 14/7 16/8 14/7 16/8 | 24/1 14/7 16/8 | 24/12 | 32/16
Input / Output Pairs Bank 4 0 0 0 0 0 0 0 0 0
Bank 6 13/6 16/8 13/6 16/8 | 24/1 13/6 16/8 | 24/12 | 32/16
Bank 7 8/6 16/8 8/6 16/8 16/8 8/6 16/8 16/8 | 24/12
Bank 8 0 0 0 0 0 0 0 0 0
Total High Speed Differential I/O Pairs | 45/27 64/32 | 45/27 | 64/32 | 80/4 | 45/27 | 65/3 | 80/40 | 112/5
Bank O 0 0 0 0 0 0 0 0 0
Bank 1 0 0 0 0 0 0 0 0 0
DQS Groups Bank 2 1 2 1 2 2 1 2 2 3
(> 11 pins in group) Bank 3 2 2 2 2 3 2 2 3 4
Bank 4 0 0 0 0 0 0 0 0 0
Bank 6 2 2 2 2 3 2 2 3 4
Bank 7 1 2 1 2 2 1 2 2 3
Bank 8 0 0 0 0 0 0 0 0 0
Total DQS Groups 6 8 6 8 10 6 8 10 14
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4.3.2. LFE5SU
g'l:‘n']rr‘r:g:;"a“on LFE5kL2 LFE5LR5 LFE5W5 LFESL85
N 144 | 256 | 285 | 381 | 144 | 256 | 285 | 381 | 144 | 256 | 285 | 381 | 554 | 285 | 381 | 554 | 756
TQFPlcaBG/csfBGicaBG/| TQFPcaBG/csfBGicaBG/ TQFPcaBG/csfBGicaBG/{caBGAcsfBG/icaBG caBGAcaBGA
BankO 10 | 24 | 6 | 24| 10 | 24 | 6 | 24| 12 | 24| 6 | 27| 32| 6 | 27| 32 | 56
Bank1 16 | 32 | 6 | 32| 16 | 32| 6 | 32| 14 | 32| 6 | 33| 40 | 6 | 33| 40 | 48
General Bank2| 18 | 32 | 21 | 32 | 18 | 32 | 21 | 32| 13 | 32| 21 | 32| 32 | 21 | 34 | 32 | 48
Purpose Bank3 15 | 32 | 28 | 32 | 15 | 32 | 28 | 32 | 20 | 32 | 28 | 33 | 48 | 28 | 33 | 48 | 64
Inputs/Outputs/Bank4 0 | 0 | o [0 | o o] o[ o] ool oo o ool 14a]24
per Bank Bank6 15 | 32 | 26 | 32 | 15 | 32| 26 | 32| 17 | 32 | 26 | 33 | 48 | 26 | 33 | 48 | 64
Bank7| 12 | 32 | 18 | 32 | 12 | 32 | 18 | 32| 10 | 32| 18 [ 32| 32 | 18 | 32 | 32 | 48
Bankg 12 | 13 | 13 | 13 | 12 | 13 | 13 | 13| 12 | 13| 13 | 13| 13 | 13 | 13 | 13 | 13
joeiSigleEnded User | gg | 197 | 118 | 107 | 98 | 197| 118 | 107 | 98 | 197 | 118 | 203| 245 | 118 | 205 | 259 | 365
Vee 8 | 6 | 13|20 8 | 6| 13[20] 8 | 6 | 13]20] 24| 13|20 24 | 36
VecauxCore) 4 |2 3| al a2 alalal2]3]a]o]3]|a]ol]es
Banko, 0 | 2 | 1 | 2| o | 2| 1|2 o212 ]3]1|2]3]a
Bankl 0 | 2 | 1 |2 o212 o 2123 1]2]3]a4
Bank2 0 | 2 | 2 | 3| o |2 23] o223 ]34]213]a4] a4
Bank3 2 | 2 | 2 | 3| 2 |2 23] 221213323 3] 4
Vecio Bankd 0 | 0| o o | ool o[o]olololo|lo]olo] 2]2
Bankg 2 | 2 | 2 | 3| 2 |2 23] 2212134213 4] 4
Bank7] 0 | 2 | 2 | 3l o | 2| 23] ol2]2]3]3]2]3]3]a
Bankg 0 | 1 | 2 | 2| o | 1| 2201222 z2112]21:2
TAP 4 | 4| a | a| a | a] a]a] a|alalala]a]al|a]as
g;ﬁi!?:;g‘::s 7l 777 7|7 | 7|7 |7 |7\ 7| 7| 7|7 |7|7]|7
GND 13 | 27 [123] 99 | 13 | 27 | 123 | 99 | 14 | 27 | 123 | 113 108 | 123 | 113 198 | 267
NC 2 lo| 126 2 ol o]26| 0 o1 |2]3]1]0]3]2
Reserved 6 0 4 6 6 0 4 6 5 0 4 10 12 4 10 12 12
Total Balls 144 | 256 | 285 | 381 | 144 | 256 | 285 | 381 | 144 | 256 | 285 | 381 | 554 | 285 | 381 | 554 | 756
Bankof 0 | 0 | 0 | o| ool o|lo|]o|lo]olo|[o|[o|lo]ol]lo
Bank] 0 | 0 | 0o | o| o |o|o|lo|]o|lo]olo|[o|[o|lo]olflo
High Speed | Bank2| 9/5 | 16/8] 1058 [16/58] 9/5 | 16/8| 10/8 [16/8 | 8/4 | 16/8| 10/8 [ 16/8 | 16/8 | 108 | 17/9| 16/8 | 24/1
Differential | Bank 3 6/3 | 16/8| 14/7 | 16/8| 6/3 | 16/8 | 14/7 | 16/8 | 13/6 | 16/8 | 14/7 | 16/8 | 24/12| 14/7 | 16/8 | 24/12] 3211
Input /Output [Bank4 0 [ 0 [ 0 [o [ o o[ oJoloJo|loJo]Jo[o]o]o]o
Pairs Bank 6 8/5 |16/8| 13/6 | 16/8| 8/5 |16/8| 13/6 | 16/8| 10/4 | 16/8 | 13/6 | 16/8 |24/12| 13/6 | 16/8 | 24/12| 32/1
Bank7| 5/3 | 16/8| 8/6 | 168| 5/3 |16/8| 8/6 |16/8| 5/2 |16/8| /6 |16/8| 16/8 | 8/6 | 16/8| 16/8 | 24/1
Bankg 0 | 0 | 0 | o| o |o|o|o|o|lo]olo|o|[o|lo] oo
Total High Speed
Do o pairs | 28/16(64/32| 45127|64/32| 28/16|64/32| 45/27|64/32| 36/16|64/32| 45/27|64/32| 80/40 | 45/27|65/33| 80/40[112/56
Banko, 0 | 0 | 0 | o| o |o|o|o|o|lo]olo|lo|[o|lo]ol]lo
Bank] 0 | 0 | 0o | o| o |o|o|lo|o|lo]olo|lo|[o|lo]ol]lo
Bank2l 2 | 2 | 1 | 2| 2 [ 2| 1222122212213
DRSGroups fpaka 2 | 2 | 2 | 2| 2 |2 2 |2 312223 |2 2]3]a
(> 11 pinsin
group) Bank4 0 | 0 | 0 |o| o | o]l o|lo|o|lo]olo|lo|[o|lo]olflo
Bankg 2 | 2 | 2 | 2| 2 |2 21232212132 1]21]3]a4
Bank7 2 | 2 | 1 | 2| 2 |2 1222121122121 21]S:
Bankg 0 | 0 | 0 | o| o |o|o|lo|]o|lo]olo|o|[o|lo]olo
Total DQS Groups s | 8| 6 | 8| 8 | 8|6 | 8|10]|8|6 | 8|16/ 8] 10]14
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5. Ordering Information

5.1. ECP5/ECP5G Part Number Description

LFBU - XX- X XXXXX X

Device Family ‘
LFBU (ECB FPGA

Logic Capacity
12F=12K LUTs
25F=25K LUTs
45F=45K LUTs
85F=85K LUTs

Speed
6 =Slowest
7
8 =Fastest

L Grade

C=Commercial
| =Industrial

Package
TG144=144pin TQFP
B&@56=256-ball caBGA
MG285=285ball csBGA
B&81=2381-ball caBGA
B&54=554-ball caBGA
BG756="756-ball caBGA

LFHESUM - XX - XXKKXXX

Device Family ;

LFESUM (ECPS FPGA
with SERDES

Logic Capacity
25F=25K LUTs
45F=45K LUTs
85F=85KLUTs

Feed
6 = Jowest
7
8 = Fastest

T— Grade

C=Commercial
| =Industrial

Package
MG285 = 285-ball csfBGA
BG381 = 381-ball caBGA
BG554 =554-ball caBGA
BG756 = 756-ball caBGA

LFESUM 3G - XX - XXXXKX X

Device Family Q

LFESUM5G (ECP5-5G FPGA
with SERDES

Logic Capacity

25F=25KLUTs
45F = 45K LUTs
85F=85KLUTs

Feed

8 =Fastest

T— Grade

C=Commercial
| =Industrial

Package
MG285 = 285-ball csfBGA
BG381 = 381-ball caBGA
BG554 =554-ball caBGA
BG756 = 756-ball caBGA
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5.2. Ordering Part Numbers

5.2.1. Commercial

Part number Grade Package Pins Temp. LUTs (K) | SerDes
LFE5LUL2FR6TGL44C ¢6 Lead free TQFP 144 Commercial 12 No
LFESEI2R7TGEL44C q7 Lead free TQFP 144 Commercial 12 No
LFE5LL2F8TG144C ¢8 Lead free TQFP 144 Commercial 12 No
LFE5L12R6BGS6C c6 Lead free aBGA 256 Commercial 12 No
LFESHL2R7BGS6C c7 Lead free aBGA 256 Commercial 12 No
LFE5L12R8BGS6C c8 Lead free aBGA 256 Commercial 12 No
LFESLL2R6MG285C c6 Lead free csfBGA 285 Commercial 12 No
LFE512R7MG285C c7 Lead free csfBGA 285 Commercial 12 No
LFE5SLL2R8MG285C ¢8 Lead free csfBGA 285 Commercial 12 No
LFE5L12R6BG381C c6 Lead free caBGA 381 Commercial 12 No
LFE5SLL2R7BG381C 7 Lead free caBGA 381 Commercial 12 No
LFE5L12R8BG381C c8 Lead free caBGA 381 Commercial 12 No
LFE5LR5R6TGL144C c6 Lead free TQFP 144 Commercial 24 No
LFE5R5R7TGL144C q7 Lead free TQFP 144 Commercial 24 No
LFE5LR5R8TG144C ¢8 Lead free TQFP 144 Commercial 24 No
LFE5LR5R6BGSH6C c6 Lead free aBGA 256 Commercial 24 No
LFE5LP5R7BGS6C c7 Lead free aBGA 256 Commercial 24 No
LFE5R5R8BGSH6C c8 Lead free aBGA 256 Commercial 24 No
LFE5LP5FR6MG285C c6 Lead free csfBGA 285 Commercial 24 No
LFE5ER5R7MG285C q7 Lead free csfBGA 285 Commercial 24 No
LFE5LP5R8MG285C c8 Lead free csfBGA 285 Commercial 24 No
LFE5LR5R6BG381C c6 Lead free caBGA 381 Commercial 24 No
LFE5SLR5R7BG381C 7 Lead free caBGA 381 Commercial 24 No
LFE5R5R8BG381C ¢8 Lead free caBGA 381 Commercial 24 No
LFESA5R6TGL44C c6 Lead free TQFP 144 Commercial 44 No
LFESA5R7TGL44C q7 Lead free TQFP 144 Commercial 44 No
LFES45R8TG144C ¢8 Lead free TQFP 144 Commercial 44 No
LFESW45R6BGH6C c6 Lead free aBGA 256 Commercial 44 No
LFESU5R7BGH6C 7 Lead free aBGA 256 Commercial 44 No
LFES5R8BGH6C ¢8 Lead free aBGA 256 Commercial 44 No
LFES15F6MG285C c6 Lead free csfBGA 285 Commercial 44 No
LFES15R7MG285C 4 Lead free csfBGA 285 Commercial 44 No
LFESWA5R8MG285C 8 Lead free csfBGA 285 Commercial 44 No
LFESW15R6BG381C c6 Lead free caBGA 381 Commercial 44 No
LFESW5R7BG381C 7 Lead free caBGA 381 Commercial 44 No
LFE5S45R8BG381C q8 Lead free caBGA 381 Commercial 44 No
LFESW5R6BG554C c6 Lead free caBGA 554 Commercial 44 No
LFE5UA5R7BG554C q7 Lead free caBGA 554 Commercial 44 No
LFES5R8BG554C 8 Lead free caBGA 554 Commercial 44 No
LFE5L85R6MG285C ¢6 Lead free csfBGA 285 Commercial 84 No
LFE5L85R7MG285C q7 Lead free csfBGA 285 Commercial 84 No
LFE5B5R8MG285C ¢8 Lead free csfBGA 285 Commercial 84 No
LFE585R6BG381C 6 Lead free caBGA 381 Commercial 84 No
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Part number Grade Package Pins Temp. LUTs (K) | SerDes
LFE5L85R7BG381C c7 Lead free caBGA 381 Commercial 84 No
LFE5B5R8BG381C ¢8 Lead free caBGA 381 Commercial 84 No
LFE5L85R6BG554C c6 Lead free caBGA 554 Commercial 84 No
LFE5B85R7BG554C c7 Lead free caBGA 554 Commercial 84 No
LFE5EB5R8BG554C ¢8 Lead free caBGA 554 Commercial 84 No
LFE5LB85R6BG756C c6 Lead free caBGA 756 Commercial 84 No
LFE5B5R7BG756C c7 Lead free caBGA 756 Commercial 84 No
LFE5LB5R8BG756C ¢8 Lead free caBGA 756 Commercial 84 No
LFESUM5R6MG285C c6 Lead free csfBGA 285 Commercial 24 Yes
LFESUM5FR7MG285C c7 Lead free csfBGA 285 Commercial 24 Yes
LFESUM5R8MG285C c8 Lead free csfBGA 285 Commercial 24 Yes
LFESUM5F6BG381C c6 Lead free caBGA 381 Commercial 24 Yes
LFESUMP5R7BG381C c7 Lead free caBGA 381 Commercial 24 Yes
LFESUMP5R8BG381C c8 Lead free caBGA 381 Commercial 24 Yes
LFESUMISR6MG285C c6 Lead free csfBGA 285 Commercial 44 Yes
LFESUMASR7MG285C c7 Lead free csfBGA 285 Commercial 44 Yes
LFESUMASR8MG285C ¢8 Lead free csfBGA 285 Commercial 44 Yes
LFESUMAS5R6BG381C c6 Lead free caBGA 381 Commercial 44 Yes
LFESUMAS5R7BG381C c7 Lead free caBGA 381 Commercial 44 Yes
LFESUMASR8BG381C ¢8 Lead free caBGA 381 Commercial 44 Yes
LFESUMAS5R6BG554C c6 Lead free caBGA 554 Commercial 44 Yes
LFESUMASR7BG554C q7 Lead free caBGA 554 Commercial 44 Yes
LFESUMA5R8BG554C c8 Lead free caBGA 554 Commercial 44 Yes
LFESUMB5R6MG285C c6 Lead free csfBGA 285 Commercial 84 Yes
LFESUMB5R7MG285C q7 Lead free csfBGA 285 Commercial 84 Yes
LFESUMB5FB8MG285C ¢8 Lead free csfBGA 285 Commercial 84 Yes
LFESUMB5R6BG381C c6 Lead free caBGA 381 Commercial 84 Yes
LFESUMB5F7BG381C c7 Lead free caBGA 381 Commercial 84 Yes
LFESUMB5R8BG381C q8 Lead free caBGA 381 Commercial 84 Yes
LFESUMB5R6BG554C c6 Lead free caBGA 554 Commercial 84 Yes
LFESUMB5FR7BG554C c7 Lead free caBGA 554 Commercial 84 Yes
LFESUMB5R8BG554C q8 Lead free caBGA 554 Commercial 84 Yes
LFESUMB5FR6BG756C c6 Lead free caBGA 756 Commercial 84 Yes
LFE5UMB5FR7BG756C q7 Lead free caBGA 756 Commercial 84 Yes
LFESUMB5FR8BG756C ¢8 Lead free caBGA 756 Commercial 84 Yes
LFESUM5@5FR8MG285C | ¢8 Lead free csfBGA 285 Commercial 24 Yes
LFESUM5&5F8BG381C | ¢8 Lead free caBGA 381 Commercial 24 Yes
LFESUM5&5FR8MG285C | ¢8 Lead free csfBGA 285 Commercial 44 Yes
LFE5SUM5@5F8BG381C | ¢8 Lead free caBGA 381 Commercial 44 Yes
LFE5UM5&5FR8BG554C ¢8 Lead free caBGA 554 Commercial 44 Yes
LFESUM5@5FR8MG285C | ¢8 Lead free csfBGA 285 Commercial 84 Yes
LFE5SUM5@5F8BG381C | ¢8 Lead free caBGA 381 Commercial 84 Yes
LFE5UM5@5FR8BG554C ¢8 Lead free caBGA 554 Commercial 84 Yes
LFE5SUM5@5F8BG756C | ¢8 Lead free caBGA 756 Commercial 84 Yes
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5.2.2. Industrial

Part number Grade Package Pins Temp. LUTs (K) | SerDes
LFE5LL2F6TG1441 ¢6 Lead free TQFP 144 Industrial 12 No
LFESEL2R7TGL44] q7 Lead free TQFP 144 Industrial 12 No
LFESEL2R8TGL1441 q8 Lead free TQFP 144 Industrial 12 No
LFE5L12R6BG 56| c6 Lead free aBGA 256 Industrial 12 No
LFESUL2R7BG 56 c7 Lead free aBGA 256 Industrial 12 No
LFE5UL2R8BG 56| ¢8 Lead free aBGA 256 Industrial 12 No
LFE5LL2R6MG285I c6 Lead free csfBGA 285 Industrial 12 No
LFESHL2R7MG285I c7 Lead free csfBGA 285 Industrial 12 No
LFE5LL2R8MG285I ¢8 Lead free csfBGA 285 Industrial 12 No
LFE5L12~6BG3811 c6 Lead free caBGA 381 Industrial 12 No
LFESLL2R7BG3811 c7 Lead free caBGA 381 Industrial 12 No
LFE5EL2~8BG381l q8 Lead free caBGA 381 Industrial 12 No
LFE5LR5R6TG144] c6 Lead free TQFP 144 Industrial 24 No
LFE5SLR5R7TG1441 c7 Lead free TQFP 144 Industrial 24 No
LFE5LR5R8TG1441 ¢8 Lead free TQFP 144 Industrial 24 No
LFE5LP5R6BG 56 c6 Lead free aBGA 256 Industrial 24 No
LFESLR5R7BG 56 7 Lead free aBGA 256 Industrial 24 No
LFE5LR5R8BG 56| c8 Lead free aBGA 256 Industrial 24 No
LFE5LP5R6MG285I c6 Lead free csfBGA 285 Industrial 24 No
LFES5LR5R7MG285I 4 Lead free csfBGA 285 Industrial 24 No
LFE5LP5R8MG285I c8 Lead free csfBGA 285 Industrial 24 No
LFE5LP5R6BG381I c6 Lead free caBGA 381 Industrial 24 No
LFES5LR5R7BG381I 4 Lead free caBGA 381 Industrial 24 No
LFE5LP5R8BG381I c8 Lead free caBGA 381 Industrial 24 No
LFESAS5R6TGL441 c6 Lead free TQFP 144 Industrial 44 No
LFESASR7TGL441 q7 Lead free TQFP 144 Industrial 44 No
LFESA5R8TGL44] q8 Lead free TQFP 144 Industrial 44 No
LFES45R6BG 56 6 Lead free aBGA 256 Industrial 44 No
LFESW5R7BG 56 7 Lead free aBGA 256 Industrial 44 No
LFESW5R8BG 56 ¢8 Lead free aBGA 256 Industrial 44 No
LFESUA5R6MG285I 6 Lead free csfBGA 285 Industrial 44 No
LFESW5R7MG285I 4 Lead free csfBGA 285 Industrial 44 No
LFESW5R8MG285I ¢8 Lead free csfBGA 285 Industrial 44 No
LFES45R6BG381 6 Lead free caBGA 381 Industrial 44 No
LFESW5R7BG381I 4 Lead free caBGA 381 Industrial 44 No
LFES45R8BG381 q8 Lead free caBGA 381 Industrial 44 No
LFESW5R6BG5541 c6 Lead free caBGA 554 Industrial 44 No
LFESA5R7BG5541 q7 Lead free caBGA 554 Industrial 44 No
LFESA5R8BG554] q8 Lead free caBGA 554 Industrial 44 No
LFE5EB5R6MG285I c6 Lead free csfBGA 285 Industrial 84 No
LFE5LB5FR7MG285I q7 Lead free csfBGA 285 Industrial 84 No
LFE5EB5R8MG285I 8 Lead free csfBGA 285 Industrial 84 No
LFE5B5R6BG3811 c6 Lead free caBGA 381 Industrial 84 No
LFE5L85FR7BG381lI q7 Lead free caBGA 381 Industrial 84 No
LFE5B5R8BG381I ¢8 Lead free caBGA 381 Industrial 84 No
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Part number Grade Package Pins Temp. LUTs (K) | SerDes
LFE5LB5R6BG554] c6 Lead free caBGA 554 Industrial 84 No
LFE5EB5R7BG5541 c7 Lead free caBGA 554 Industrial 84 No
LFE5LB5R8BG554 c8 Lead free caBGA 554 Industrial 84 No
LFE5LB5R6BG756I c6 Lead free caBGA 756 Industrial 84 No
LFE5B5R7BG756I c7 Lead free caBGA 756 Industrial 84 No
LFE5LB5R8BG756I c8 Lead free caBGA 756 Industrial 84 No
LFESUM5FR6MG285I c6 Lead free csfBGA 285 Industrial 24 Yes
LFESUMR5R7MG285I c7 Lead free csfBGA 285 Industrial 24 Yes
LFE5UMR5R8MG285I c8 Lead free csfBGA 285 Industrial 24 Yes
LFES5UM5F6BG381I c6 Lead free caBGA 381 Industrial 24 Yes
LFESUM5R7BG381I c7 Lead free caBGA 381 Industrial 24 Yes
LFE5UM5F8BG381I ¢8 Lead free caBGA 381 Industrial 24 Yes
LFESUMASF6MG285I c6 Lead free csfBGA 285 Industrial 44 Yes
LFESUMISR7MG285I 7 Lead free csfBGA 285 Industrial 44 Yes
LFESUMISF8MG285I q8 Lead free csfBGA 285 Industrial 44 Yes
LFESUMISR6BG381I c6 Lead free caBGA 381 Industrial 44 Yes
LFESUMISR7BG381lI q7 Lead free caBGA 381 Industrial 44 Yes
LFESUMISR8BG381I c8 Lead free caBGA 381 Industrial 44 Yes
LFESUMISF6BG554| c6 Lead free caBGA 554 Industrial 44 Yes
LFESUMISR7BG5541 q7 Lead free caBGA 554 Industrial 44 Yes
LFESUMISR8BG554| c8 Lead free caBGA 554 Industrial 44 Yes
LFE5UMB5F6MG285I c6 Lead free csfBGA 285 Industrial 84 Yes
LFES5UMB5R7MG285I c7 Lead free csfBGA 285 Industrial 84 Yes
LFE5UMB5F8MG285I c8 Lead free csfBGA 285 Industrial 84 Yes
LFE5UNMB5F6BG381I c6 Lead free caBGA 381 Industrial 84 Yes
LFESUMB5FR7BG381lI c7 Lead free caBGA 381 Industrial 84 Yes
LFESUMB5R8BG381I q8 Lead free caBGA 381 Industrial 84 Yes
LFESUNMB5FR6BG554| c6 Lead free caBGA 554 Industrial 84 Yes
LFE5UMB5R7BG554I q7 Lead free caBGA 554 Industrial 84 Yes
LFESUMB5R8BG554| q8 Lead free caBGA 554 Industrial 84 Yes
LFES5UMB5FR6BG756I c6 Lead free caBGA 756 Industrial 84 Yes
LFE5UMB5F7BG756I q7 Lead free caBGA 756 Industrial 84 Yes
LFES5UNMB5FR8BG 756 ¢8 Lead free caBGA 756 Industrial 84 Yes
LFE5UM5&@5F8MG285I 8 Lead free csfBGA 285 Industrial 24 Yes
LFESUM5@5F8BG381I ¢8 Lead free caBGA 381 Industrial 24 Yes
LFESUM5@5FR8MG285I q8 Lead free csfBGA 285 Industrial 44 Yes
LFESUM5&5F8BG381I ¢8 Lead free caBGA 381 Industrial 44 Yes
LFESUM5@5FR8BG5541 q8 Lead free caBGA 554 Industrial 44 Yes
LFESUM5@5R8MG285I ¢8 Lead free csfBGA 285 Industrial 84 Yes
LFESUM5@G5R8BG381I q8 Lead free caBGA 381 Industrial 84 Yes
LFESUM5@5R8BG554I ¢8 Lead free caBGA 554 Industrial 84 Yes
LFESUM5@5R8BG756I ¢8 Lead free caBGA 756 Industrial 84 Yes
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Data Sheet

Supplementalinformation

For Further Information

A variety of technical notes for the ECP5/EGBSamily arevailable.

1 Advanced Security Encryption Key Programming Guide for ECP55GARGticeECP3, and LatticeECP2/MS
DevicesEFPGATN-02202

LatticeECP3, LatticeECP2/M, ECP5 and-EGP&ial Boot and Multiple Boot FeatuFPGATN-02203
ECP5 and ECB& sysCONFIG Usage GuikRGATN-02039

ECP5 and ECB& SerDefCS Usage GuideERGATN-02206

ECP5 and ECB& sydI0 Usage Guidd-PGATN02032

ECP5 and ECB& sysClock PLL/DLL Design and Usage GRGA[N-02200

ECP5 and ECB& Memory Usage GUidERGATN-022049)

ECP5 and ECB& HighSpeed 1/0O Interfacd<PGATN-02035

Power Consumption and Management for ECP5 and EGHBevicesHPGATN-02210

ECP5 and ECBE& sysDSP Usage GuiBEGATN-02209

ECP5 and ECB& Hardware Checklist (FRGKN02038)

Electrical Recommendations for Latti8erDegFPGATN-02077)

Programming External SPI Flash through JTAG for ECPRGCPBGAN-02050)

High-Speed PCB Design Considerati¢GiiB3GATN-02179

Transmission of HigBpeed Serial Signals Over Common Cable MEBIGATN-02199

PCB Layout Recommendations for BGA PackB&§e3ATN-02029

Minimizing System Interruption During Configuration Using TransFR TechreR@GHRI(N-02198
LatticeECP3, EERBnd ECR5G Soft Error Detection (SED)/Correction (SEC) Usage GREATN-02207)
Using TracelOFPGATN-02084

SubLVDS Signaling Using Lattice DevieBSETN02209

Solder Reflow Guide for Surface Mount Devices (FRG@2041)

ECP5 and ECB& PCI Express Soft IP Ease of Use Guidelines TRR2845)

Adding Scalable Power and Thermal Management to ECP5 UA8Q10KPGAAN-02019

MIPI DPHY Bandwidth Matrix and Implementation (FPT02090)

Below are some useful links related to ECP5 and -5GH&mily devices.

1 ECP&NdECP5%Gpage

1 Boards, Demos, IP Cores and Reference Designs for ECP5 aitsdGECP5

1 Lattice Insight for attice Semiconductor Training Series and Learning Plans

For further information on interface standard®fer to the following websites

1 JEDEC Standards (LVTTL, LVCMOS, v&8Vljg¢dec.org

1 PClwww.pcisig.com
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Technical Support Assistance

Submit a technical support case througivw.latticesemi.com/techsupport

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase
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Section

Change Summary

Disclaimers

Updated this section.

Architecture

In the Device Configuratiosection, added the following note for the SPI interface:
SPI Quad is not supported on the TQFP144 package.

w S @ A ghX! 2dy3 ezd @ o

Section

Change Summary

Architecture

1 InTable2.13. LFESUM/LFESUMSerDesStandard Suppoyichanged the Data Rate
(Mb/s) of the JESD204A/B standard fr8t25to 312.53125(for ECP5 family devices)
5000(for ECP5G family devices).

1 Newly added théigital Temperature Readosgction.

Supplemental Information

Newly added the linkt the following pagesECP5 and ECB& pageBoards, Demos, IP
Cores and Reference Designs for ECP5 and&&RBAd Lattice Insight for Lattice
Semiconductor Training Series and Learning Plans

w S @A ahiEa2l yNID K H 0

Section

Change Summary

Pinout Information

1 Updated inSignal Descriptiosection
1 Updated the descriptiosiof [L/R]DQS[group_nunand [T/R]]DQ[group_num]
from T (Top}Yo L (Left)
1 DeletedThis is a shared I/O pirom the description of
HOLDN/DI/BUSY/CSSPIN/CEN

Technical Suppo#ssistance

AddedTechnical Suppo#ssistance section.

w S @A ama52S5/0 S YHONSHNG

Section

Change Summary

DC and Switching Characteristic|

Added tand tvalues under AC CharacteristicSable 3.23

wS OA AdEVRdyE R

Section ChangeSummary
Architecture M  Correctedthe number of clock dividers for ECP5/E€&¥5from 2 to 4n 2.6. Clock
Dividers

1 Rephrased the sentence to explain how to use a single channel on Q8. SerDeg
and Physical Coding Sublayer

DC andSwitching Characteristics

1 Insection 3.6. Hot Socketing Specifications:
1  Added description
1  Added hot socketing specifications for the conditior<'\w < Mu(Max), \éc< Vporup
(Vc9' inTable 3.5
1 Addedfootnote no. 5
1 UpdatedFigure 3.1o correct the typo errors

Pinout Information

Changed the values of NC for LFA2UANd LFE5®5 144TQFP package from O tm2.3.2.
LFE5U.
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Section

Change Summary

General Description

Corrected typographical errors.

DC andswitching Characteristics

Updated values in Table 3.22. ECP5/E®RPEXternal Switching Characteristics (Generic
DDRX2 Inputs With Clock and Data Centered at Pin (GDDRX2_RX.ECLK.Centered) U
Clock Input, Left and Right sides Only)

The following values fdDATA_GDDRX2_centeteab been changed from the last release:
1 ¢7 maxfrom 700 to 655.8

1 ¢6 maxfrom 624 to 555.6

The following values foMAX_GDDRX2_centerkds been changed from the last release:

1 ¢7 maxfrom 350 to 327.9
T ¢6 maxfrom 312 to 277.8
wS @A &arEh2G/i 2H0dE NJ H T H M

Section

Change Summary

Pinout Information

Changed the VCCAUX and NC pin count for -2&E285csfBGA ifiable 4.3.2. LFE5U.

wS @A &K 25/ IS 5 15 mlJ

Section Change Summary

All 1  Minor adjustments to formatting across the document.
1 Changedi2Kand84Kto 12k and84k across the document.
1 Changed SERDES to SerDes across the document.

General Description

UpdatedTable 1.1o change LFE5WR, LFE5425, and LFE5Y51/O countfor 144 TORP
from 0/96 to 0R8.

DC andswitchingCharacteristics

Removed Preliminary word in the heading nam@&®6fe (5 Gb/s) AC and DC Characteristi
andCPRI LV2 E.48 Electrical and Timing Characteristics

Pinout Information

Updated 144 TQFP I/O countliRESUable.

wS @A GpAVRdyt &H dH N H
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Section

Change Summary

DC andswitchingCharacteristics

Addedtable note 4 inTable 3.12 Single Ended DC Characteristics.

wS @A anK 2LYNRHED H N
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Section

ChangeSummary

Introduction

UpdatedTablel.1. ECP5 and EGB& Family Selection Guidehanged 144 TQFP
dimensions to 20 mm 20 mm, 0.5 mm.

DC and Switching Characteristic|

UpdatedTable3.5. Hot Socketing SpecificationrGhanged IPW to IPD in footnote 2.

Pinout Information

Added 144 TQFP values.

wS @A aoka2l yNIHKD H N
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Section

ChangeSummary

Introduction

Updated Table 1.1. Chang&d4 TQFRimensions t®22mm x22 mm, 0.5 mm

Ordering Information

1 Updated figure in ECP5/EGPG Part Number Description. Changed package to TG]

1 Updated tables in Commercial and Industri@hanged OPNs from LFESXFXTN144C
and LFESXXXFXTN144I to LFESXXFXTG144C and LFEBMFXTG144I.

Minor adjustment in styleXXx XX mnchanged taXX mmnx XX mn).
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Section Change Summary
Disclaimers Added thissection.
Introduction Updated Table 1.1.
Architecture 1 Updated Table 2.7.
1 Updated content oSerDesnd Physical Coding Sublayer section to add VCC core
information.
DC and Switching Characteristic) 1 Updated Figure 3.14.
1 Updated Supply CurreiiStatic) to change Standby to Static.
1 Updated note in Table 3.8.
1 Updated Table 3.27 and Table 3.29.
Pinout Information 1 Updated table in Signal Descriptions section to remove GR_PCLK[Bank][num] row
1 Updated table in LFESUM/LFESUMS5G to correct the Pin Type VCCAUX to VCCAL
1 Updated table in LFE5U to add column for TQFP 144 package and correct the pin
for caBGA 381 package.
Ordering Information 1 Updated figure in ECP5/EGPG Part Number Description.
1 Updated table in Commercial and Industrial.

WS @A GVE 2LYNRHED H 1 M D

Section Change Summary

General Description In the Featuressection, changed feature ®ubLVDS and SLVS, SoftlP MPHD
receiver/transmitter interfaceander Programmable sysl#OBuffer Supports Wide Range ¢
Interfaces

Architecture Updated theSupported sysl/O Standardsction.

DC and Switching Characteristic Updatedsysl/O Recommended Operating Conditions

Table3.11. sysl/O Recommended Operating Conditions

Added/revised standards and values.

Corrected typo from LVCOM to LVCMOS.

UpdatedTable3.12. SingleEnded DC Characteristics

Corrected typo from LVCOM to LVCMOS.

Updated Configuration Pads (Used during sysCONF88)rial Descriptionsble.

Removed note 3.

Pinout Information

=A|=2 =8 |=a = =888

Supplemental Information Updated document numbers of:

1 PCB Layout Recommendations for Bfkages to FPGAN02024

1 ECP5 and ECBS sysl/O Usage Guide to FPB¥02032

1 ECP5 and ECB& HighSpeed I/O Interface to FPEGMA02035

1 Added MIPI BPHY Bandwidth Matrix and Implementation Technical Note.

All Minor editorial changes

w S O A i @RLYNIM

Section Change Summary

Pin Information Summary Adjusted tables in thé FESUM/LFESUM5®B theLFES5Wectiors.

Supplemental Information Updated document number of ECP5 and EBBSysCONFIG Usage Guide to FRGA
02039.
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Section

Change Summary

All

Updatedformatting and page referencing.

General Description

UpdatedTablel.1. ECP5 and EGB6& Family Selection GuideddedcaBGA256 package in
LFE5WS.

Architecture

Added a row for SGMII ifable2.13. LFESUM/LFESUMS&rDesStandard Support
Updated footnote #1.

DC and Switching Characteristic|

=

Updated Table 3.2. Recommended Operating Conditions.

Added 2 rows and updated values in Table 3.7. DC Electrical Characteristics.
Updated Table 3.&CP5/ECPSG Supply Current (Standby).

Updated Table 3.11. sysl/O Recommended Operating Conditions.

Updated Table 3.12. Singtended DC Characteristics.

Updated Table 3.13. LVDS.

Updated Table 3.14. LVDS25E DC Conditions.

Updated Table 3.21. ECP5/E&®@Maximum 1/O Buffer Speed.

Updated Table 3.28. Receiver Total Jitter Tolerance Specification.

Updated header name of section 3.28 CPRI LV E.24/SGMII(2.5 Gbps) Electrical al
Timing Characteristics.

Updated header name of section 3.29 Gigabit Ethernet/SGMII (1.25 Gbps)/CPRI L
Electrical and Timing Characteristics.

=A =4 =4 -4 -8 -8 -8 -8 —a

]

Pinout Information

Updated table in sectiod.3.2LFE5U

Ordering Information

1 Added table rows i5.2.1Commercial
1 Added table rows in 5.2.2 Industrial

Supplemental Information

UpdatedFor Further Informatiorsection.

wS @A ER2YD S YHO /ST

Section

Change Summary

General Description

Updated Table 1.1. ECP5 and E6BF-amily Selection Guidedded caBGA256 package in
LFE5LL2 and LFESQ5.

w S AN ERLYNA
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Section

Change Summary

All

Changed documemtumber from DS1044 to FP&¥s02012.

General Description

Updated Features section. Changed 1.1 V core power supply to 1.1 V core power supp
ECPS5, 1.2 V core power supply for ECP5UM5G.

Architecture

Updated Overview section.
Change The ECP5/EE5 devices use 1.1 V as their core voltage to The ECP5 devices
1.1V, ECP5UMSG devices use 1.2 V as their core voltage.

DC and Switching Characteristic|

]

Updated Table 3.2. Recommended Operating Conditions.

Added ECR5G on ¥cto be 1.2V +/5%.

Added ECR5G on Vcato be 1.2V +/3%.

Updated Table 3.8. ECP5/EE&R5 Supply Current (Standby).

Changed Core Power Supply Current for ICC on LFE5UMS5G devices.
ChangedserDesower Supply Current (Per Dual) for ICCA on LFE5UMS5G devices
Updated Table 3.20. Regist@r-Register Performance.

RemoveDDR/SDR) fro®@SP Function.

Changed DSP functions to 225 MHz.

=A =4 4 8 8 -8 a8

Pinout Information

Update Section 4.1 Signal Description. ReviseziDescription t&ower supply pins for core
logic. Dedicated pins.c¥= 1.1 V (ECP5), 1.2 V (ECP5UM5G)
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Section

Change Summary

All

Changed document status from Preliminary to Final.

General Description

1 Updated Features section. Changed 24K to 84K LUTs to 12K to 84K LUTSs.
AddedLFE5EL2 column to Table 1.1. ECP5 and E&®R%amily Selection Guide.

DC and Switching Characteristic

Updated Power up Sequence section.

Identified typical ICC current for specific devices in Table 3.8. ECPSBECRpply
Current (Standby).

Updated values in Table 3.9. ECP5.

Updated values in Table 3.10. EGPa

Added values t@8 Timing column of Table 3.19. RinPin Performance.

Added values t@8 Timing column of Table 3.20. Regid®Register Performance.

Changed LFE4b to AllDevices in Table 3.22. ECP5/E6B%External Switching
Characteristics.

1 Added table notes to Table 3.31. PCle (5 Gb/s).
1 Added table note to Table 3.32. CPRI LV2 E.48 Electrical and Timing Characterist
M Added values to Max column ®fble3.39. Transmit

= =4 |=1

= =4 =4 -4 =4

Pinout Information

Added LFE5W2 column to the table in LFE5U section

Ordering Information

Updated LFE5U in ECP5/EGRBSPart Number Description section: added 12 F = 12K LU
Logic Capacity.
Added LFE5W2F information to Ordering Part Numbers section.

wS @A ER2yD S Yo rSMg

Section

Change Summary

All

1 Added ECR5G device family.
1 Changed document title to ECP5 and E&BF-amily Dat8heet.

w S @A @R2yD S YHO ISP

Section

Change Summary

General Description

Updated Features sectioldded support for eDP in RDR and HDR.

Architecture

1 Updated Overview section.
1 Revised Figure 2.1. Simplified Block DiagtaE5SUM/LFESUMS85 Device (Top
Level). Modified Flexible sysl/O description and Note.
1 UpdatedSerDesand Physical Coding Sublayer section.
1 Changed E.24.V in CPRI protocol to E.24.LV.
1 Removed 1.1 V from paragraph on unused Dual.

DC and SwitchinGharacteristics

1 Updated Hot Socketing Requirements section. Revised VCCHTX in table notes 1 ¢
Indicated VCCHTX in table note 4.

1 UpdatedSerDedHighSpeed Data Transmitter section. Revised VCCHTX in table.ng

Ordering Information

Updated ECP5/ECEB% Part Number Description section. Changed LFE5 FPGA under [
Family to ECP5 FPGA.

w S @A v @@dy3 ezdn v p

Section

Change Summary

General Description

Updated Features section

f Removed SMPTE3G under Embed8erDes

1 Added Single Event Upg&@EU) Mitigation Support.
1 Removed SMPTE protocol in fifth paragraph.

Architecture

General update.
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Section

Change Summary

DC and Switching Characteristic|

General update.

Pinout Information

UpdatedSignal Descriptionsection. Revised the descriptions of the following signals:
P[L/R] [Group Number]_[A/B/C/D]

P[T/B][Group Number]_[A/B]

D4/104 (Previously named D4/MOSI2/104)

D5/105 (Previously named D5/MISO/IO5)
VCCHRX_DJ[dual_num]CH[chan_num]

VCCHTX_D[dual_num]CH[chan_num]

= =4 =4 -8 -8 -4

Supplemental Information

Added TN1184 reference.

wS @AM@Rdyd dzarmi H M

Section

Change Summary

All

Changed document status from Advance to Preliminary.

GeneralDescription

Updated Features section.

Deleted Serial RapidO protocol under EmbeddeSlerDes

Corrected data rate under Pi#engineered Source Synchronous I/O.
Changed DD3. LPDDR3 to DDR2/3, LPDDR2/3.

Mentioned transmit deemphasis preand postcursors.

Architecture

=4 =4 =4 -8 -8 -aoa oA oA e e oa e oa e o

Updated Overview section.

Revised description of PFU blocks.

Specified SRAM cell settings in describing the contr8eoDeAPCS duals.
UpdatedSerDesnd Physical Coding Sublayer section.

ChangedPCl Express 2.0 to PCI Express Genl and Gen2.

Deleted Serial RapidlO protocol.

Updated Table 2.13. LFESUM/LFE5UNB® esStandard Support.
UpdatedTable 2.15. LFESUM/LFE5UM5G Mixed Protocol Support.
Updated ORChip Oscillator section.

Deleted130 MHz +15% CM@Scillator.

UpdatedTable2.16. Selectable Master Clock (MCLK) Frequencies during Configurg
(Nominal)

DC and Switching Characteristic|

= =4

il

il

Updated Absolute Maximum Ratings sectidalded supply voltagesc¥sand \ecauxa
Updated sysl/O Recommended Operating Conditions sediemised HSULD1®Bci0
values and removethble note

1 Updated sysl/O Singlended DC Electrical Characteristics sectit@vised some valueg
for SSTL15 _I, SSTL15 _II, SSTL135 1, SSTL15 I, and HSUL12.

Updated External Switching Characteristics sect@mnged parameters to
tskew_pNccaand tskew epcnd added LFESS as device.

Updated ECP5 Family Timing Adders section. A8&3d.135_1I buffer type data.
Removed LVCMOS33_20mA, LVCMOS25_20mA, LVCMOS25_16mA,
LVCMOS25D_16mA, and LVCMOS18_16mA buffer types. Changed buffer ty,
LVCMOS12_4mA ahy CMOS12_8mA.

Updated Maximum I/O Buffer Speed section. Revised Max values

Updated sysCLOCK PLL Timing sed®@eniseddgrMin and Max alues. Revised
torsMax value. Revised number of sampletainle note 1.
UpdatedSerDedligh-Speed Data Transmitter section. Updated Tabld.3Szrial
Output Timing and Levels and Table53.2hannel Output Jitter

In SerDedigh-Speed Data Receiver sectjapdated Table 3.26. Serial Input Dat
Specifications, Table B2Receiver Total Jitter Tolerance Specification, and Tal
3.29. External Reference Clock Specification (refclkp/refclkn).

Modified section heading to XXAUI/CPRI LV E.30 Electrical and Timing
Characteristics. Updated Table 3 Bransmit and Table 34. Receive and Jitter
Tolerance
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Section Change Summary

1 Modified section heading to CPRI LV E.24 Electrical and Timing Characteristi
Updated Table 35. Transmit and Table 36. Receive and Jitter Tolerance

1 Modified section heading to Gigabit Ethernet/SGMII/CPRI LV E.12 Electrical g
Timing Characteristics. Updated Tablg73.Transmit and Table 38. Receive and
Jitter Tolerance

wS @A ERdyyi & mn
Section Change Summary
Ordering Information Updated ECP5/ECB% Part Number Description and Ordering Part Numbers sections.

wS @A @a2yNID K M
Section Change Summary
All Initial release.
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