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Acronyms in This Docunmé

A list of acronyms used in this document.
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Acronym Definition

ADC Analog to Digital Converter

AHBLite Advanced Higiperformance Bud.ite
Al Artificial Intelligence

APB Advanced Peripheral Bus

BGA Ball Grid Array

CDR Clock and Data Recovery

CRC Cycle Redundancy Code

CRE Cryptographic Engine

Csi2 Camera Serial Interfaez

DCC Dynamic Clock Control

DCS Dynamic Clock Select

DDR Double Data Rate

DLL Delay Locked Loops

D-PHY Display Serial Interfae@hysical Layer
DRAM Dynamic Random Accelsemory

DSl Digital Serial Interface

DSP Digital Signal Processing

DTR Digital Temperature Readout

EBR Embedded Block RAM

ECC Error Correction Coding

ECLK Edge Clock

FDSOI Fully Depleted Silicon on Insulator
FFT Fast Fourier Transforms

FIFO FirstIn First Out

FIR Finite Impulse Response

HP High Performance

HSP High Speed Port

JTAG Joint Test Action Group

LC Logic Cell

LMMI Lattice Memory Mapped Interface
LOL Loss of Lock

LRAM Large RAM

LVCMOS LowVoltage Complementary Metal Oxi@&miconductor
LVDS LowVoltage Differential Signaling
LVPECL Low Voltage Positive Emitter Coupled Logic
LVTTL Low Voltage Transisteffransistor Logic
LUT Look Up Table

MIPI Mobile Industry Processor Interface
ML Machine Learning

MLVDS Multipoint LowVoltage Differential Signaling
MSPS Million Sampls per Second

PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK Primary Clock

PDPR Pseudo Dual Port RAM
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Acronym Definition

PFU Programmable Functional Unit

PIC Programmable 1/O Cells

PLL Phasd_ocked Loops

POR Power On Reset

RAM Random Access Memory

ROM Read Only Memory

SAR Successive Approximation Resistor
SEC Soft Error Correction

SED Soft Error Detection

SER Soft Error Rate

SEU Single Event Upset

SGMII Serial Gigabit Medimdependent Interface
SLVS Scalable Low/oltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM

SRAM Static Randoni\ccess Memory
subLVDS (Reduced Voltage) Low Voltage Differential Signaling
TAP Test Access Port

TDM Time DivisioMultiplexing

UFM User Flash Memory
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1. General Description

TheMachXO%-NXfamily of lowpower FPGAsan be used in a wide range of applicatioasd are optimized for
bridging 1/0 expansionand board control and managemerit.is built on Lattice Nexus FPGA platform, using
low-power 28nm FBSOI technology. It combines the extreme flexibility of an FPGA with the low power and high
reliability due tothe extreme low 8ft Bror Rate) of FBSOI technology, and offers small footprint package options.

TheMachXO&NXfamily supports a variety of interfaces including MIPPBY (C, DSI), LVDS, SLVS, subLVDS, SGMII
(Gigabit Ethernet)and more.lt includes embedded flash memofyr on-chip multi-boot and UFM.

Processing featuresf the first MachXOSNXdeviceinclude27k logiccells,20 18 x 18 multipliers,1.9Mb of embedded
memory (consisting of EBR and LRAM blocks), distributed memory, DRAfslciese(supporting DDR3, DDR3L,
LPDDR2NdLPDDRS3 up to0B6 Mbpsx 16 data width.

TheMachXOSNXFPGA suppastthe fast configuration of its reconfigurable SRAMsed logic fabrignd ultra-fast
configuration of its programmable systdrom on-chip Flash To secure user designthe MachXOSNXsecurity
featuresinclude bitstream encryptionauthentication,and password protectionin addition to the high reliability
inherent to FBSOI technology (due to its extreme low SER), active reliability fsaturch as buiih framebased
SED/SEC (for SRAdsed logic fabrichnd ECC (for EBR and LRAM) are also supportedinBAIXC is available in each
device for system monitoring functions.

Lattice Radiant design software allows large complex user desitp be efficiently implemented otihe MachXOSNX
FPGA family. Synthesis library supportN@chXO5NXdevices is available for popular logic synthesis tools. Radiant
tools use the synthesis tool output along with constraints from its floor planning toolplace and route the user
design inMachXO8SNXdevice. The tools extract timing from the routing, and backotate it into the design for

timing verification.

LatticeSemiconductoprovides many preengineered Intellectual Proper{yP) modules fothe MachXOENXfamily. By
using these configurable soft IP cores as standardized blpoksre free to concentrate on the unique aspectsyobir
design, increasingour productivity.
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Table 1.1. MachXO5SNXCommercial/Industrial Family Selection Guide
Device LFMXO85
Logic Cells 27k
Embedded Memory (EBR) Blocks (18 kb) 80
Embedded Memory (EBR) Bits (kb) 1,440
Distributed RAM Bits (kb) 184
Large Memory (LRAM) Blocks 1
Large Memory (LRAM) Bits (kb) 512
18x 18 Multipliers 20
ADC Blocks 2
450 MHz High Frequency Oscillator 1
128 kHz Low Power Oscillator 1
GPLL 2
UFM (kb) 15,360

Packages (Size, Ball Pitch)

Wide Range (WR) GPIO (Top/Left/Right Banks) / High Performa
(HP) GPIOs (Bottom Banks)

256BBG (14x 14 mm, 0.8 mm)

160/40

400BBG (17 17 mm, 0.8 mm)

252/48

Notes
1. Logic Cells = LUTs x 1.2 effectiveness.
2. In select speed grades. S@edering Information
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2. Architecture

2.1. Overview

EachMachXOEBNXdevice contains an array of logic blocks surrounded by Programmable 1/0 Cells (PIC). Interspersed
between the rows of logic blocks are rows of sysMEM Embedded Block RAM (EBR) and rows of sysDSP Digital Signal
Processing blocks, as showrFigure2.1. TheMachXO&25 devicehas onerow of DSlocks and contatfour rows of
sysMEM EBR blocks. In additibbachXO%25 device includesne Large SRAM blockhe sysMEM EBR blocks are

large, dedicated 18bit fast memory blocks and have buiiltt ECC and FIFO support. Each sysMEM block can be
configured to a single, pseudo dual or true dual port memory in a variety of depths and widths asr R&ANH. Each

DSP Iock supports variety of multiplier, adder configtions with one 10&it or two 54bit accumulators supported,

which are the building blocks for complex signal processing capabilities.

Ead PIC block encompasses two PRID pairs) with their respectivaysl/O buffers. The sysl/O buffers of the
MachXO&NXdevices are arranged ump to twelvebanks allowing the implementation of a wide variety of I/O
standards. Th&Vide Range (WRJ)O banks that are located in the top, left and right sides of the depiogide flexible
ranges of general purpose I/O configurations up to 3.38@&/ The banks located in the bottom side of the device are
dedicated toHighPerformance (HP) interfacasich as LVD#IPI,DDR3, LPDDRéhd LPDDR3 supparp to 1.8 V
Vceis.

The Programmable Functional Unit (PFU) contains the building blocks for logic, arithmetic, RAM and ROM functions.
The PFU block is optimized for flexibility, allowing complex designs to be implemented quickly and efficigitly.
Blocks are arranged intavo-dimensional array. The registers in PFU and sysl/O blodkadhXOSNXdevices can be
configured to be SET or RESET. After power up andkthiee is configured, it enters into user mode with these
registers SET/RESET according to the configuraditting allowing the devicéo enter to a known state for

predictable system function.

In addition,MachXO8SNXdevices provide various system level hard IP functional and interface blocks sé€h as |
SGMII/CDRand ADC block$lachXOEBNXdevices also prade security features to help secure user designs and
deliver more robust reliability features to the user designs by using enhanced-fraserl SED/SEC functions.

Other blocks provided include PLLs, Dahd configuration functions. The PLL and DLL blaoiocated at the

corners of each devicdlachXOBNXdevices also include Lattice Memory Mapped Interface (LMMI) which is a Lattice
standardized interface for simple read and write operations to support controlling internal IPs.

MachXOEBNXdevices als@rovide multiple blocks of User Flash Memory (UFM). The UFM intstiatiee core logic
andcompletes therouting through the LMMI interface. The UFM space also provides the User Key storage for
customer security functions. The UFM can also be accessedgh the SPI2C, and JTAG ports.

BEvery device in the family has a JTAG port. This family also providesdhipooscillator and soft erratetect (SED)
capability. TheMachXOBNXdevices use 1.0 V as their core voltage.
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Data Sheet

’ 1/0 Bank (Bank 0) ‘ ’ 1/0 Bank (Bank 1) ‘
PLL
’ Large RAM ‘ ’ osc ‘ ’ Non-volatile Configuration & Security ‘ ’ On-chip User Flash ‘
1/0 Bank 1/0 Bank
(Bank 9) (Bank 2)
1/0 Bank 1/0 Bank
(Bank 8) (Bank 3)
1/0 Bank
1/0 Bank (Bank 4)
(Bank 7)
ADC
CDR (2ch)
(2ch)
1/0 Bank (Bank 6) 1/0 Bank (Bank 5) PLL

Figure2.1. Simplified Block DiagramylachXO525 Device (Top Level)
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2.2. PFU Blocks

The core of theMachXOBNXdevice consists of PFU blocks. Each PFU block consists of four intercorstieeted
numbered 63 asshown inFigure2.2. Each slice contains two LUTs. All the interconnections to andRfethblocks are
from routing.

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

Fom

W

| |
iy T
N LUT4& 48 48 48
CARRY ARR ARR ARR
Sice 2 Sice 3
L g D D
EERERE
v v v v v v v

To

Figure2.2. PFU Diagram

2.2.1. Slice

Each slice contains two LUT4s feeding two registers. In Distributed SRAM mode, Slice 0 and Slice 1 are configured as
distributed memory, Slice 2 is not available as it is Useslipport Slice 0 and Sliceuthile Slice 3 is available as Logic

or ROM.Table2.1 shows the capability of the slisalong with the operation modes they enable. In addition, each Slice
contains logic that allows the LUTs to be combined to perform a LUT5 function. There is control logic to perform
set/reset functions (programmable as synchronous/ asynchronous), cléett sehipselect 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 2 LUT4s and 2 Register Logic, Ripple, ROM

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

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

Slice 3 2 LUT4seind 2 Registers Logic, Ripple, ROM 2 LUT4s and 2 Register: Logic, Ripple, ROM

Figure2.3 shows an overview of the internal logic of the slice. The registers in the slice can lygiceshfor
positive/negativeedge trigger.

Each slice has 17 input signals: 16 signals from roatidgone from the carrghain (from the adjacent slice &FU).
Three of them are used for FF control and sharetiveen two slices (A or 2/3). There are five outputs: four to
routing and one to carrghain (to the adjacent PFUjable2.2 and Figure2.3 list the signals associated with all the
slicesFigure2.4 shows the slice signals that supporte LUT5 or two LUT5 functions. FO can be configured to bage
LUT4 or LUT5 output while Klfor a LUT4 output.
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» FCO
(To different SLICE/PFU)

» F1

» FO

> Q1

A1 »
B1 > —>
LUTS
C1 P LUT4 and
< Carry
D1 >
A
DI >
M1 FF
—>
A0 =
BO > |
Cco P LUT4
DO >
DIO P
MO/SEL |
_____________________ - FF
Common to | L
SLICE 0/1 OR 2/3 :
|
CE > '
CLKIN > FF I
N CTRL _:_
LSR P |
LT

(From different SLICE/PFU)

FCI

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

QWDO0/1
QWDNO/1

QWAS00~03, QWAS10~13

Figure2.3. Slice Diagram
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Al

B1

C1

LUT4

D1

SEL

v

F1

h 4
-/

v

FO

A0

BO

Cco

LUT4

DO

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

QWDO0/1

QWDNO/1
QWAS00~03, QWAS10~13

Figure2.4. SliceConfiguration for LUT4 and LUT5

Table2.2. Slice Signal Descriptions

Function Type Signal Names Description

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

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

Input Data signal MO, M1 Directinput to FF from fabric

Input Control signal SEL LUT5 mux control input

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

Input Control signal CE Clock Enable

Input Control signal LSR Local Set/Reset

Input Control signal CLKIN SystemClock

Input Inter-PFU signal FCI Fast Carnmn?

Output Data signals FO LUT4/LUTS5 output signal

Output Data signals F1 LUT4 output signal

Output Data signals QO0, Q1 Register outputs

Output Inter-PFU signal FCO Fast carry chain outplit
Note:

1.

SeeFigure2.3 for connection details.
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2.2.2. Modes of Operation

Slices €@ have up to four potential modes of operation: LogippR, RAM and ROM. Slicean be used in Logic,
Ripple, or ROM modebut not needed foRAM mode.

2.2.2.1. Logic Mode

In this mode, the LUTs in each slice are configurediaput combinatorial lookup tables. A LUT4 can havedssible
input combinations. Anjour input logic functions can be generated by programming this lookup t8lkee there are
two LUT4s per slice, a LUT5 can be constructed within one slice.

2.2.2.2. Ripple Mode

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

Addition 2bit

Subtraction 2bit

Add/Subtract 2bit using dynamic control

Up counter 2bit

Down counter 2bit

Up/Down counter with asynchronous cle2ubit using dynamic control

Up/Downcounter with preload (syn@-bit using dynamic control

Comparator functions of A and B inp@&bit

f ! 3 N® K i2 $80p ddl 2

T ! y&RAidd 2

1 ! inSKu#ysdlj di 2%

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

Serial divide@-bit mantissa, shift 1bit/cycle

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

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

=A =4 =4 =4

Rpple Mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this
configuration (also referred to as CCU2 mqded additional signals, Carry Generate and Carop&gate, are
generated on a per slice basis to allow fast arithmetic functions to be constructed by concatenating Slices.

2.2.2.3. RAM Mode

In this mode, a 1& 4-bit distributed single or pseudo dual port RAM can be constructed in one PFU using each LUT
block inSlice 0 and Slice 1 as aX®-bit memory in each slice. Slice 2 is used to provide memory address and control
signalsMachXOBNXdevices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the software
constructsthese using distributed memory primitives that represent the capabilities of the P&ibe2.3 lists the

number of slices required to implement different distributed RAM primitives. For more information alstng RAM in
MachXOEBNXdevices, refer taviemory Ugr Guidefor Nexus PlatfornfFPGATN-02094)

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

SPR 1&4 PDPR 1&4
| Number ofslices 3 3
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

2.2.2.4. ROM Mode

ROM mode ges the LUT logic; hence, Slic#roughSlice3 can be used in ROM mode. Preloading is accomplished
through the programming interface during PFU configuration.

For more information, refer tdlemory Ugr Guidefor Nexus PlatfornifFPGATN-02094)
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2.3. Routing

There are many resources provided in lachXO5SNXdevices to route signaladividually or as busses witklated
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (reegimgnts.

TheMachXO&NXfamily has an enhanced routing architecture that produces a compact desighatieeRadiant
software tool suites take the output of the synthesis tool and places and routes the design.

2.3.1. Clocking Structure

TheMachXO&NXclocking structure consists :of

91 clock synthesis blocks, sysCLOCK PLL;

1 balanced clock trenetworks, PCLK and BECland

1 efficient clock logic modules)d&@kDividers (PCLKDIV and ECLK&H& Dynamic Clock SeldEtCS), Dynamic Clock
Control (DCC), and DLL.

Each of these functions is described as follow.

2.3.2. GlobalPLL

The Global PLLs (GPLL) provide the ability to synthesize clock frequencies. The deviddadhXIBENXfamily
support two fullfeatured General Purpose GPLLs. The Global PLLs provide the ability to syothekitequencies.
The architecture of the BLL is shown iRigure2.5. A description of the GPLL functionality follows.

REFK is the reference frequency input to the PLL and its source caa from external CLK inputs fsom internal
routing. The CLKI input feeds into the input Clock Divider block.

CLKFB is the feedback signal to the GPLL which can come from internal feedbackq#thg. The feedback divider
is used to multiply the refemce frequency and thus synthesize a highelowerfrequency clocloutput.

The PLL has six clock outputs CLKOP, CLKOS, CLKOS2, CLKQ&addIIK@=Eh. Each output has its own output
divider,thus allowing the GPLL to generate different frequencieséxh output. The output dividers can have a value
from 1 to 128. Each GPLL output can be used to drive the primarya@tge clock networks.

The setup and hold times of the device can be improved by programming a phase shift into the output ciobks wh
advance®r delaysthe output clock with reference to the ushifted output clockThis phase shift can eithée
programmed during configuration or be adjusted dynamically using the DIRSEL, DIR, DYNROTATE, and LOADREG ports

The LOCK signal is assdrtéhen the GPLL deternes it has achieved lock andasserted if a loss of lockdgtected.
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Figure2.5. General Purpose PLL Diagram

For more details on thelR, you can refer to thesysCLOCK PResign andJser Guide for Nexus Platform
(FPGATN-02095)

2.3.3. Clock Distribution Network

There are two main clock distribution networks for any member ofNfaehXO5SNXproduct family, namely Primary

Clock (PCLK) and Edge Clock (ECLK). These clock networks can be driven from many different sources, such as Clock
Pins, PLL outputs, DLLDEL otgpGlock divider outputs, angser logic. There are clock divider blocks (ECLKDIV and
PCLKDIV) to provide a slower clock ftbese clock sources.

MachXOE&NXsupports glitchless Dynamic Clock Control (DCC) for the PCLKoGae& dynamic power. Theese also
Dynamic Clock Selection logic to allghtchlessselection between two clocks fone PCLK network (DCS).

Overview of Clocking Network is showrFigure2.6 for MachXOBNXdevice.
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Figure2.6. Clocking

2.3.4. Primary Clocks

TheMachXO8NXdevice family provides lowkew, high farout clock distribution to all synchronowtements inthe

FPGA fabric through the Primary Clock NetwdhieMachXOSNXPCLK clock network is a balanced clock structure
which is designed to minimize the clock skew among all the final destination of the IPs in the FPGA core that needs a
clock soure.

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

The Lattice Radiant software can automatically route each clock t@btiee domains up to a maximum &6 clocks
perdomain Youcan change how the clocks are routed by specifying a preference in the |Retili@nt software to
locate the clock to a specific domain. THachXO&NXdevice provideyouwith a maximum o064 wnique clock input
sources that can be routed to the primary Clock network.

Primary clock sources are:

Dedicated clock input pins

PLL outputs

PCLKDIV, ECLKDIV outputs

Internal FPGA fabric entries (with minimum general routing)

SGMHCDRlocks

1 OSC clock

These sources are routed to each of four clock switches called a Mid Mux (LMID, RMID, TMID, BMID). The outputs of
the Mid MUX are routed tthe center of the FPGA where additional clock switches (DSC_CMUX) are used to route the
primary clocksources to prary clock distribution to thlachXO5NXfabric. These routingiuxes are shown in

Figure2.6. There are potentially 64nique clock domains that can be used in the lardéathXOENXdevice For more
information about the primaryglock tree and connections, refer iysCLOCK PResign andJser Guide for Nexus

Platform (FPGATN-02095)

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

MachXO&NXdevices have a number of higipeed edge clocks that are intended for use with the PIO in the
implementation of highspeed interfaces. There are four (4) ECLK networks per bardnlthe Bottom side dhe
devicesFor power management, the Edge clock network is powered by a separate power domain (to reduce power
noise injection from the core anduce overall noise induced jitter) while controlled by the same logic that gates the
FPGA core and PCLK domains.

Each Edge Clock can be sourced from the following:

1 Dedicated PIO Clock input pins (PCLK)

1 DLLDEL output (PIO Clock delayed by 90°)

1 PLL output§CLKOP, CLKOS, CLKOS2, CLKOS3, &k OBKOS5)

1 Internal Nodes

Figure2.7 illustrates the various ECLK sources. Baiskshown in the example. Bagks similar.

X From Banks 6
Bank 5 PCLK Pin (even) » 2 ECLKSYNC
DLLDEL

From Fabric —_—>

—T——" Bank 5 ECLK Tree

ECLKSYNC
Bottom 6
Right GPLL ECLKDIV BMID

Bank 5 PCLK Pin (odd)

To Banks 6 Muxes

Figure2.7. Edge Clock Sources per Bank

The edge clocks have low injection delay and low skew. They are typically used for DDR Memory or Generic DDR
interfaces. For detailed information on Edge Clock connections, rers6LOCK PDEsign and Usesuide for Nexus
Platform(FPGATN-02095)

2.3.6. Clock Dividers

MachXOEBNXdevices have two distinct types of clock divider, Primary and Edge. There are from one (1) to eight (8)
Primary Clock Divider (PCLKDIV) and which are looated DCS_CMUX bloskét the center of the devic&here are
eight(8) ECLKDIV dividers per device, locate neabtittom highspeed 1/0 banks.

The PCLKDIV supports +2, +4, =8, +16, +32, +64, +128, and +1 (bypass) operation. The PCLKDIV BGRfixm a
within the DCS_CMUX blodkhe clock divider output drives one input of the DCS Dynamic Cltek &éhin the
DSC_CMUX blockhe Reset (RST) control signal is asynchronously and forces all outputs to low. The divider output
startsat next cycle #er the reset is synchronously releasdthe PCLKDIV is showrFigure2.8.

The ECLKDI¥intended to generate a slowapeed system clock fromhagh-speed edge clock. The block operates in
a +2, +3.5, +4, or +5 mode and maintains a known phase relationship between the divided down clock and the
high-speed clockased on the release of its reset signal. The ECLd&DIbe fed from selected PLL outp, external
primary clock pins (with or withoutlDDELDelay) or from routing. The clock divider outputs feed into the Bottom
Mid-mux (BMID). The Reset (RST) control signal is asynchronous and forces all outputs to low. The dividgadatput
at nextcycle after the reset is synchronously released.

The ECLKDIV block is showRigure2.7. For further information on clock dividers, refer $gsCLOCK PResign and
UserGuide for Nexus Platforifi-PGATN-02095)
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2.3.7. Clock Center Multiplexor Blocks

All clock sources are selected and combined for primary clock routing throudbytiemic Clock Selector Center
Multiplexor logic (DCS_CMUXhere are one (IPCS_CMUX blocks per devigach DCS_CMUX block contdine (2)
DGMUX blockspne @) PCLKDIWne @) DCS blockandtwo (2) CMUX bocks. SeeFigure2.8 for a representative
DCS_CMUX block diagram.

The heart of the DCS_CMUX is the Center Multiplexor (CMUX) block, inputs up to 64 feed clockmamases
(RMID, LMIDTMIC, BMID) and DT4&hd to drive up to 16 primary clock trunk lines.

Up to two (2) clock inputs to the DCS_CMUX can be routed through a Dynamic Clockl&eahdthen routed to
the CMUXOne (1) input to the DCS can be optionally divided by the Primary Clock Divider (PCLKDIV). For more
information about the DCS_CMUX, refersisCLOCK PREsign andJser Guide forNexus PlatfornfFPGATN-02095)

A A

16 16
16x (partial 16x (partial
(16/64):1) (16/64):1)
CMUX CMUX
Fy > >
DCS_CMUX dcs2cmux0
DCS |
A A
62 desl dcs0
PCLKDIV
A
| DCSMUX | DCSMUX
(62:1) (62:1)
] t 62 62
62 62
-t 'y >
62

Figure2.8. DCS_CMUX Diagram

2.3.8. Dynamic Clock Select

The Dynamic Clock Select (DCS) is a smart multiplexer function available in the primary tlogkltewitches
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 tog@gld. Bothinput clocks must be runngnto achieve functioning glitédss DCS output clock, but running
clocks are not requiredhen used as noglitchless normal clock multiplexer.

There are one (19r two (2)DCS blocks per device that feed all clock domains. The DCS blocks are located in the
DCS_MUX block. The inputs to the DCS blocks come from MIDMUX outputs and user logic clocks via DCC elements. The
DCS elements are located at the center of the PLC aoray The output of the DCS is connected to the inputs of

Primary Clock Center MUXs (CMUX).

Figure2.9 showsthe timing waveforms of the default DCS oang mode. The DCS block can be programmed to other
modes. For more information about the DCS, refesyeCLOCK PResign andJser Guide for Nexus Platform
(FPGATN-02095)
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CLKO
| |
cko |
pPes |
CLK1 L
| | : :
clk1 c1 |
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SEL : Lo
| | | |
i 1
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I nég
| |
| |
DCSOUT !

Figure2.9. DCS Waveforms

2.3.9. Dynamic Clock Control

The Dynamic Clock Control (D@®)mainClock enable/disable feature allows internal logic control ofdbenain

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 funistigitcHess, and
doesnot increase the clock latency to the primary clock network.

Four additional DCC elements control the clock inputs fromMaehXOBNXdomainlogic to the Center MUX elements
(DSC_CMUX).

This DCC controls the clock sources from the Primary CLOCK MIDMUX befare tleel to the Primary CentétUXs
that drive thedomainclock network. For more information about the D@&er to sysCLOCK PDesign andJser
Guide for Nexus Platforifi-P GATN-02095)

2.3.10. DDRDLL

TheMachXO8NXdevicehastwo identical DDRDLL blocks located in the lower left and lower right corners of the

device. Each DDRDLL (master DLL block) can generate a phase shift code representing the amount of delay in a delay
block thatcorresponding to 9@legree phase of the reference clock input, and provide this code to every individual

DQS block and DLLDEL slave delay element. The reference clock can be eitRéd frominput pin. This code is used

in the DQSBUF block that contralset of DQS pin groups to interface wlDR memory (slave DLL). The DQSBUF uses
this code to control the DQi8put of the DDR memory to 9@egree shift to clock DQs at the center of the data eye for

DDR memory interface.

The code is also sent to anotheave DLL, DLLDRhjchtakes a primary clock input and generate8Gdegreeshift
clock output to drive the clocking structure. This is useful to interface-atigned Generic DDR, where-88gree
clocking needs to be created. Not all primary cloguis have associated DLLDEL conFiglure2.10 shows DDRDLL
connectivity to a DLLDEL block (connectivity to DQSBUF blocks is .similar)
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To both BMID and
ECLKINMUX

PCLK Input

DLLDEL

codel
code2

A
©

Right DDRDLL

Left DDRDLL 9

\ 4

Figure2.10. DLIDHE. Functional Diagram

Each DDRDLL can generate delay code based on the refeteokfzequency. The slave DLL (DQSBUF and DLLDEL)
usesthe code to delay the sigh to create the phassehifted signal used eithdor DDR memoryr for creating
90-degree shift clock-igure2.11 shows the DDRDLL atitk slave DLLs on the top level view.

Left Right
DDRDLL DDRDLL
Digital Delay Code (L) Digital Delay Code (R)
Refclk Se / Refclk Se\
7y 7\
? ? ? ? ? I
LA Z YV LA 2 LA 4 LA 2 vV
[oLioer | | peso | | pest | [oLioeL | | peso | | pest |
BANK6 ECLK BANKS ECLK

Figure2.11. DDRDLL Architecture

2.4. SGMII TX/RX

The MachXOBIX device utilizes different components/resources for the transmit and receive paths of SGMII. For the
SGMII transmit path, Generic DDR 1/O with X5 gearing are used. For more information, refer to the
GDDRX5_TX.ECLK.Aligned interface sectthe MachXOSNX HighSpeed I/O Interface (FPEGA02286)

For the SGMII receive path, one of the two available hardened CDR (Clock and Data Recovery) Components can be
used. Therare three main blocks in each CDR: the CDR, deserializer, and FIFO. Each CDR features two loops. The first
loop is locked to the reference clock. Once locked, the loop switches to the data path loop where the CDR tracks the
data signals to generate the gerting signals that needed to achieve and maintain phase lock with the data. The data

is then passed through a deserializer which deserializes the datahi p@rallel data. The 1bit parallel data is then

sent to the FIFO bridge, which allows the G®Rterface with the rest of the FPGA.

Figure2.12 shows a block diagram of the SGMII CDR IP.
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The two hardened blocks are located at the bottom left of the chip and uses the high speed I/O Bank 5 for the
differential pair input. It is recomended that the reference clock should be entered through a GPIO that has
connection to the PLL on the lower left corner as well.

For more information on how to implement the hardened CDR for your SGMII solution, refer $&tkiél and Gb
Ethernet PCS IP Core (FRBBG02077)

SGMII CDR IP
. -~~~ T~ T T TS TTTTTTTTTTTTTTTTTTTT Tt T 1
Immi_dk l :
Immi_request : :
Immi_wrdn : : Immi_rdata[7:0]
l:g;_\z::;[;:g]] I ',—b |mmi:rdata_valid
Immi:reset : i Immi_ready
ip_ready :
sgmii_cdr_icnst<l:0>:
I
|
+ | xd<9:0> sgmii_rxd<9:0>
sgmii_in rxd_des :
1
DUAL_LOOP DESERIALIZER FIFO
- CDR
rclk_des
dco_calib_rst »
dco_facq_rst

rrst

sgmii_refclk(125 MHz) sgmii_pclk

I
I
I
I
I
I
I
|
I
I
I
|
|
|
| I
| I
| |
| |
| I
| |
| I
| |
I
| I
| |
| |
| I
| |
| I
| |
| |
| 1
| |
| I
| | .
I ! ii
| = sgmii_rclk
| I
| |
| |
| |
| I
| |
I

Figure2.12. SGMII CDR IP

2.5. sysMEM Memory

MachXO&NXdevices contain a number of sysMEM Embedded Block RAM (EBR). The EBR consistisdbdRAM18

with memory core, dedicated input registers and output registers as well as optional pipeline registers at the outputs.
Each EBR includes functionality to suppnre duakport, pseudo duaport, singleport RAM, ROM and built in FIFO. In
the MachXOBNXdevice unused EBR blocks is powered down to minimize power consumption.

2.5.1. sysMEM Memory Block

The sysMEM block can implement single port, dual port or pseudo aduthemories. Each block can be used in a

variety of depths and widths as listedTable2.4. FIFO can be implemented using the binltead and wri¢ address

counters and programmable full, almost full, empty and almost empty flags. The EBR block facilitates parity checking by
supporting an optional parity bit for each data byte. EBR blocks providegmgile support for configurations with

18-bit and 36-bit data widths. For more information, refer tdemory Ugr Guide for Nexus PlatforifirPGATN-02094)

EBR also provides a build in ECC engiselect speed grades (see Ordgrinformation) The ECC engine supports a

write data width of 32 bits and it can be cascaded for larger data widths sudg¥ashe ECC parity generatoreates

and stores parity data for each 3Dit word written. When a read operation is performed, it compares the data with its
associated parity data and report back if any Single Event Upset (SEU) event has disturbed the data. Any single bit data
disturbisautomatically orrected at the data output. In addition, two dedicated error flagdicateif a singlebit or

two-bit error has occurred.
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Table2.4. sysMEM Block Configurations

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

Single Port

Pseudo Dual Port

2.5.2. Bus Size Matching

All ofthe multi-port memory modes support different widths on each of the pdescept ECC mogdehich only
supports a write data width of 32 bitsfhe RAM bits are mapped L8&d 0 to MSB word 0, LSB word 1 to MSB word
1, and so on. Although the word sizedanumber of words foeach port varies, this mapping scheme applies to each
port.

2.5.3.  RAM Initialization and ROM Operation

If desired, the contents of the RAM can be fwaded during device configuration. By preloading the RAM hdocikg
the chipconfiguration cycle and disabling the write controls, the sysMEM block can also be utilizBDas.a

2.5.4. Memory Cascading

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

2.5.5. Single, Dual and Pseuebdual Port Modes

In all the sysMEM RAM moddke 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 tatpot.

2.5.6. Memory Output Reset

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

Reset (GSRN) signal can reset both ports. The output data latches and associatetbrdssth ports are as shown in
Figure2.13. The optonal Pipeline Registers at the outputs of both ports are also reset in the same way.
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I
Memory Core | Q : » Port A[17:0]
I I
T |
: I
I
I
I Output Data :
: Latches |
I Q —» Port B[17:0]
I I
I
———p|lar :
I I

RSTA > *Di
=

GRN [T

[
Programmable Disable

Figure2.13. Memory Core Reset

For further information on the sysMEM EBR block, see thefligtahnical documentatioin Supplemental Information
section

2.6. Large RAM

TheMachXO8NXdevice includes additional memorgsources in the form of Large Rand@dwcess Memory (LRAM)
blocks

The LRAM is designed to work as SkiRget RAM, DualPort RAM, Pseudo DuBbrt RAM, and ROM memories. It is
designedo function as additional memory resources faru beyond what is avidble in the EBR and PFU.

Each individual Large RAM block contains 0.5 Mb of memory, and has a programmable data width of up to 32 bits.
Cascading Large RAM blocks allows data widths up to 64 bits. Additieaalyl. RAM camse either Error Correction
Cding (ECC) or byte enable.

2.7. sysDSP

TheMachXOBNXfamily provides an enhanced sysDSP architecture, making it ideadyleddr low-cost,
high-performance Digital Signal Processing (DSP) applications. Typical functions used in these applicatiores are Finit
Impulse Response (FIR) filters, Fast Fourier Transforms (FFT) functions, Correlate®s|éteed/Turbo/Convolution
encoders and decoders. These complex signal processing functions use similar buildingutbcis multiphadders

and multiplyaccumuators.

2.7.1. sysDSHRpproach Compared to General DSP

Conventional generghurpose DSP chips typically contain one to four (Multiply and Accumulate) MAC units with fixed
data-width multipliers; this leads to limited parallelism and limited throughput. Their tlgigput is increased by higher
clock speeds. In thlachXOSNXdevice family, there are many DBBcksthat can be used to support different data
widths. This allowgouto use highly parallel implementations thfe DSP functionsyoucanoptimize DSPerformance
versusarea by choosing appropriate levels of parallelisigure2.14 compares the fullerial implementation to the
mixed parallel anderial implementation.
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Operand

Multiplier

0 K

accumulate
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Control-D6 Devices

Multiplier

> m/k

loops

Figure2.14. Comparison of General DSP alkidchXO5NXApproaches

2.7.2. sysDSP Architecture Features
TheMachXO&NXsysDSP Slice has been significantly enhancpbtade functions needed for advanced processing
applications. These enhancements provide improved flexibility and resource utilization.
TheMachXO&NXsysDSP Slice supports many functions that include the following:

1 Symmetry support. The primary targgp@ication is wireless. 1D Symmetry is useful for many applications that

use FIR filters when their coefficients have symmetry or asymmetry characteristics. The main motivation for using
1D symmetry is cost/size optimization. The expected size reductigmtis 2x.

I hRR2RECAfGUSNI 6A0GK hRR ydzYoSNJ 2F (I L

1 9FAFRECAT (SN 6AGK 9@Sy ydzYoSNI 2¥F (I L)

1 ¢62 RAYSYRARYWISENRSOIBNIMBLEAT GSNBR F2NJ YFAyfe @GARS?2
91 Duaklmultiplier architecture. Lower accumulator overhead to half andltency to half compared to single

multiplier architecture

91 Fully cascadable DSP across slices. Support for symmetric, asymmetric asyanmoetric filters.
1 Multiply (36% 36, two 18x 36, four 18x 18 or eight 9 9)
I  Multiply Accumulate (supports one 2836 multiplier result accumulation, two 1818 multiplier result
accumulation or four %9 multiplier result accumulation)
1 Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (xi® 18
Multiplies feed into an ecumulator that can accumulate up to 54 bits)

1 Pipeline registers

1 1D Symmetry support. The coefficients of FIR filters have symmetry or negative symmetry characteristics.
T hR&2 RE&AT GSNJ 6A0GK hRR ydzYoSNI 2¥F (I L)
T 90AFRECAT GSNI s6AGK 90Sy ydzYoSNI 2F (I L)

1 2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry characteristics.
f oRPo I YReLoyiSNYyIFf 5{t {fAOS &dzLldJ2 NI

1 pPp YR fI NESN) SVA SA WGBS NI IZO1H{t {fAO

& dzLJLJ2 NJi
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Flexible saturation and roundirgptions to satisfy a diverse set of applications situations

Flexible cascading DSP blocks

f aAyYyAYAT S&a FLEONRO dzaS F2NJ 02YY2y 5{t TFdzyOlAz2ya

f 9yloftSa AYLXSYSylliGdAaA2y 2F CLw CAfGSNI 2N aAYAf I NI &0 NHzC
f t NPOARSALIWIISIIOKWY INB3IA ad SNA

T /'ty 06S8S O2yFAIdzNBR (G2 O2yiAydzS OFalOlFRAy3d TNKYAFES NR
RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset foséegacy

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

For most cases, as shownfigure2.15, the MachXOBNXsysDSP is backwar@s2 Y LI A6t S gAGK GKS [} 4
sysDSP block, such that, legacy applications can be targeMddoXOSNXsysDSFrigure2.15 shows the diagram of
sysDSP.

Input Input Input Input Input Input Input Input
B1 B1 B1 B1 B1 B1 Bl B1

( InputI Input | InputI Input Y InputI Input Y InputI Input Y InputI Input | InputI Input | InputI Input Y InputI Input )

C B2 C B2 C B2 C B2 C B2 C B2 C B2 C B2

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

a Y )
REG 18 I REG 18 I REG 18 I REG 18 REG 18 I REG 18 I REG 18 I REG 18
- A .

ACC54 ACC54

| Output Register I Output Register |

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

Figure2.15. DSP Functional Blodkiagram

TheMachXO&NXsysDSP blodupports the following basic elements.

|l

f
f
f

MULT (Multiply)

MAC (Multiply, Accumulate)

MULTADDSUB (Multiply, Addition/Subtraction)
MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)

wiwe: latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Table2.5 shows the capabilities dflachXOSNXsysDSP bloakersus the above functions.
Table2.5. Maximum Number of Elements in sysDSP block

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

Some options are available in the four elements. The input register in all the elements can be directly loadeokeor can
loaded as a shift register from previougayand registers. By selectitignamic operationthe following operations are
possible:

1 Inthe Add/Sub optionthe Accumulator can be switched between addition and subtraction on every cycle.
1 The loading of operands can switch between parallel and smpiiations.

For further information, refer tasysDSRIserGuide for Nexus PlatforifiFPGATN-02096)

2.8. Programmable I/Q(PI1O)

The programmable logic associated with an 1/O is calletta The individual P$@re connected to their respective
sysl O buffers and pads.

On all theMachXOBNXdevices, two adjacent PIO can be combined to provide a complementary output paiver

2.9. Programmable 1/0O Cell (PIC)

The programmable 1/O cells (PIC) provide I/O function and necessary gearing logic associated igttXOEN X
consists of base PIC and gearing PIC.

BasePICs contain three blocks: an input register block, output register blackl tri-state register bock. Thesdlocks
contain registers for operating in a variety of modes along with the necessary clock and selectidddsgiPICs cover
the top and left/right bank. Gearing PICs contain gearing logic and edge monitor used for locating the certer of da
window. Gearing PICs cover the bottom banks to support DDR operation.
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Figure2.17. Wide Range Programmable I/O Cells
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2.9.1. Input Register Block

The input register blocks for the PIO on all edges contain delay elements and registers that can be used to condition
high-speed interface signatsefore they are passed to the device core. In additibe input register blocks fahe PIO
on thebottom edges includé¢he built-in FIFO logic to interface to DDR and LPDDR memory.

The Input rgister block on the bottom sideicludes gearing logic andgisters to implement IDDRXDDRX2IDDRX4,
IDDRX5 gearirfgnctions. With two PICs sharing the DDR register path, it can also implement IDDRX71 function used
for 7:1 LVDS interfaces.uses three sets of registecsshift, update, and transfer to impieent gearing and the clock
domain transfer. The first stage registers sample the {sigled input data by the higspeed edge clock on itsing

and falling edges. The second stage registers perform data alignment based on the control signals. $tagehird
pipeline registers pass the data to the device core synchronized to thepeed system clock. For more information

on geaaring function, refer tdVlachXOSNX HighSpeed I/0 Iterface (FPGATN-02286)

LyLidzi CLCh

TheMachXOSNXPIO has dedicated input FIFO per siragided pin for input data register for DDR Memanterfaces.
The FIFO resides before the gearing logic. It transfers data from DQS domain to continucdsnEdhIOn the Write
side of the FIFQ, it is clocked by DQS c¢lwhich is the delayed version of the DQS Strsigmal from DDR memory. On
the Read side of FIFO, it is clocked by ECLK. ECLK may be-apgddgtiockvith identical frequency as DQS (the
frequency of the memory chip). Each DQS group has one FIFO controltudiigtkibutes FIFO read/write pointer to
every PIC in same DQS group. DQS Grouping and DQS Controldaésciitied irDDR Memory Supposection.

Table2.6. Input Block Port Description

Name Type Description

D Input High Speed Data Input

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

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

Figure2.18 shows the input register block for the PIO on the ,ttgdt, and rightedges.

| > INOK
D Programmable > INFF
Delay Cell
> INFF > Q
LK » IDDRXL |—» Q[L0]
RST »

Figure2.18. Input Register Block for PIO on Tdpeft, and RighSides of the Device
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Figure2.19 shows themput register block for the Pl@cated on thebottom edge

‘ P INCK
— P INFF
Programmable
b Delay Cell
INFF »Q
Ld
Generic
IDDRX1
FIFO 175382 Q[L:0y
IDDRX4 Q[3:0)
Delayed DQS ECLK IDDRX5 P Qre:01/
IDDRX71* Q[7:0y
Q[o:0]
Memory
ECLK
IDDRX2
SCLK IDDRX4
RST
ALIGNWD

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

Figure2.19. Input Register Block for PIO d@nttom Side of the Device

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

MachXOBSNXoutput data path has output programmable flip flops and output gearing logic. Ohdttem side the

output register block casupport 1x, 2xx4, x5and 7:1 gearing enabling high speed DDR interfaces andrigbRry
interfaces. On théop, left, and right sidesthe banks support 1x gearinglachXOEBNXoutput data path diagram is

shown inFigure2.20. The programmable delay cells are also available in the output data path.

For detailed description of the output register block modes and usage, you canadferchXOENXHighSpeed I/0O
Interface (FPGAN02286.

| - Programmable N
D g Delay Cell >0
» OUTH- »
RST >
K » Ceneric
D[L:0] ,|  ODDRXL

Figure2.20. Output Register Block on Topeft,and RightSides
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vy

Programmable
» Delay Cell

OUTFF

RST

SCLK

ECLK
DQSW

vV VVvVvYyY

DQSW270

QIL:0y
QI3:0)
QI6:0]*/
QI7:0y

v

Generic
ODD RX1/

ODDRX2/
ODD RX4
ODDRX5
ODDR71*

Memory
ODDRX2
OSHX2

ODD RX4

Q[9:0]

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

Table2.7. Output Block Port Description

Figure2.21. Output Register Block oBottom Side

Name Type Description

Q Output High Speed Data Output

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

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.9.3. Tristate Register Block

The tristate register block registets-state control signals from the core of the device before they are passed to the
syslO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one dfdpedliplthen

feeds the output. In DDRperation used mainly for DR memory interface can be implemented on twtom sideof

the device. Hergtwo inputs feed the tristate registers clocked by both ECLK and SCLK.

Figure2.22 andFigure2.23 show the Trstate Register Block functions on the device. For detalstription ofthe
tri-state register block modes and usage, refeMachXOSNXHighSpeed I/O Interface (FPEA02286.

TD

»

»

RST —— TSFF

SCLK ——— b

—» TQ

Figure2.22. Tri-state Register Block on Tojeft, and RighBides
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—» TQ

RST

Ll

SAK

EOK ——————P
DOSN ——————»
DQSAN270 ———————P
MLo) —————»

Ll

THSX2

Figure2.23. Tri-state Register Block oBottom Side

Table2.8. Tristate Block Port Description

Name Type Description

D Input Tri-state Input to Trstate SDR Register

RST Input Reset to the Tstate Block

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

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.10. DDR Memory Support

2.10.1. DQS Grouping for DDR Memory

SomePICs have additional circuitry to allow the implementation of ighed source synchronous and DDR3/DDR3L,

LPDDR2 or LPDDR3 memory interfaces. The support varies by the edge of the device as detailed below.

The Bottombank PIChasfully functional elements supporting DDR3/DDR3L, LPD@RPDDR3 memory interfaces.
Every 2 PIO on the bottom side are grouped into one DQS group, as shoigure2.24. Within each DQS group,

there are two preplaced pins for DQS and DQS# signals. The rest of the pins in the DQS group can be used as DQ
signals and DM signal. The numbethdf pins in each RS group bonded out is package dependent. DQS groups with
less than 11 pins bonded out can only be used for LPDDR2/3 Command/ Address busses. In DQS groups with more than

11 pins bonded out, up to two preefined pins are assigned to be used as virtuabMy driving tkese pins to HIGH,
andconnecting these pins tocdéiopower supply. These connections create soft connections:tmiiru these output
pins, and make better connections oadwto help to reduce SSO noise. For details, refevie@hXOSNXHigh-Speed
I/0O Interface (FPGAN-02286.
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g ped
V ped
g ped

4 ped
V ped
V ped

Figure2.24. DQS Grouping on thBottom Edge

2.10.2. DLL Calibrate®QS Delay and Control Block (DQSBUF)

To support DDR memory interfaces (DDR3/DDR3L, LPDDR2/3), the DQS strobe signal from the memory muist be used
capture the data (DQ) in the PIC registers during memory reads. This signal is output from the DDRdeec®ry

aligned to data transitions and must be time shifted before it can be used to capture data in the Ptitnerbisft is

achieved by using DQSBUF programmable delay line in the DQS Delay Block (DQS redtheii@Q@8BUF is

implemented as a slavdelay line and works in conjunction with a master DDRDLL.

This block also includes slave delay line to generate delayed clocks used in the write side to generate DQnéthd DQS
correct phases within one DQS group. There is a third delay line inside this block used to {vwidee-leveling

feature for DDR write if needed.

Each of the read and write side delays can be dynamically shifted using margin control sigrads thetontrolled by

the core logic.

FIFO Control Block includlbere 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.

© 2021-2022Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswetetatticesemi.com/legal
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DQS| —————p
PAUSE——p
RDCLKSB0] —
RDDIR ————————p

RDL OADN———————
REA[B0] —
READMOVE—
RST—
SCLK—————»

SELCLKk——p|
WRDIR ——————P]

WRLOADN —_§
WRLWDIR— ]
WRLVLOAIN ——————f

WRLVMOVE—————P

WRMOVE —————
ECLKIN———————»
RSTSMCNF——————
DLLCOB0] ————

[——» BTDETECT
PreambléPostamble Management
——— » BURSTDETECT
——» DATAVALID
. I
FIFO Contraind Data Valid bosw
Generation ——» DQSWRD
» RDPNTR:0]
——————p» READCOUT
Slave Delay Lif®D with F——— DosRo
Adjustment Margin Test
——» DQSW70
X » WRCOUT
Slave DelayWR) with
Adjustment Margin Test and Write Leveling —————» WRLVCOUT
——» WRPNTR:0]

Figure2.25. DQS Control and Delay Block (DQSBUF)

Table2.9. DQSBUF Polist Description

Name Type Description

DQ3% Input DQSsignal from IO through the PIC

PAUSE Input To stop ECLK for DDR3 Write leveling and DLL code update

RDCLKSEL[3:0] Input Select read clock source and polarity control (from CIB)

RDDIR Input 0 ¢ to increase the code
1 ¢ to decrease the code for DDBad

RDLOADN Input 1b0¢ When mcl_mt_en_read=1b1l and read_load_n=1b0 the read_mov|
pulse needs to be generated to the load the preload value consisting of
{mc1_sign_readncl_s_read8:0]} value
1b1 ¢ When counter has preload value, read_move puiae be used to
increment and decrement the counter based on the read_directignai
valueand mc1l_mt_en_write should be set 1b1.

READI3:0] Input Read signal for DDR read mode (from CIB)

READMOVE Input Move pulse needs to be at leaste (1)sclk cya@ and should be greater
than 5ns at TT corner. Pulse is used along with the eclk to generate the
internal 'mov’' signal to update the counter by one value. The count up o
down is determined by the read_direction port.

RST Input DQS reset control for bothADR/CDR modes (from CIB)

SCLK Input SCLK from SCLK tree (CIB)

SELCLK Input Select the clock to be used between the output of the read section's dela
cell or sclk

WRDIR Input 0¢to increase the code
1 ¢ to decrease the code for DDR write
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Name Type Description

WRLOAD_N Input 1b0¢ When mcl_mt_en_write=1b1 and write_load_n=1b0 the write_mo
pulse needs to be generated to the load the preload value consisting of
{mc1_sign_writemcl_s_writel8:0]} value
1b1¢ When counter has preload value, write_move pulse can be used tq
increment and decrement the counter based on the write_direction signg
value and mc1_mt_en_write should be set 1b1.

WRLVDIR 0 ¢ to increase the code

Input . .
1 ¢ to decrease the code for DDRite leveling

WRLVLOAD_N Input 1b0¢ 9-bit counter in reset operation
1b1¢When mcl_mt_en_write_leveling=1b1 and
write_leveling_load_n=1b1 the counter can be incremented/decremente
based on the direction signal using the write_leveling_move signal

WRLVMOVE Input Move pulse needs to be at least 1 sclk cycle and should be greater tin
at TT corner. Pulse is used along with the eclk to generate the internal 'n
signal to update the counter by one value. The count up or down is
determined by thewrite_leveling_direction port.

WRMOVE Input Move pulse needs to be at least 1 sclk cyclé stould be greater than 5ns
at TT corner. Pulse is used along with the eclk to generate the internal 'rj
signal to update the counter by one value. The counbugdown is
determined by the write_direction port.

ECLKIN Input ECLK frorfour different ECLK tree output

RSTSMCNT Input Signal to reset the smoothing counters used for the Read, Write, and W
leveling delays

DLLCODE[8:0] Input DLL code selecteddm the DLL code routing mux

BTDETECT Output READ burst detect output (to CIB)

BURSTDETECT Output The burst_det_sclk signal is generated using burst_det and is asserted ¢
the rising edge of SCLK

DATAVALID Output Data Valid Flag for READ modeQi®)

DQSW Output ECLK phase shifted or delayed, goes to the dgsw tree through the PIC

DQSWRD Output The read training clock adjusted in the write section. The read_clk_sel[3
determines the selected delay and read enable position

RDPNTR[2:0] Output FIFO control READ pointerl§és) to FIFO in PIC (through each tree to 101

READCOUT Output Margin test output flag for READ to indicate the unélew or overflow.

DQSR90 Output DQSI phase shifted or delayed byd#ree output (through DQSR tree to
IOL)

DQSW270 Output ECLK phase shifted or delayed by-#@@ree output (through DQSW270
tree to I0L)

WRCOUT Output Margin test output flag for WRITE to indicate the unélew or overflow.

WRLVCOUT Output Margin test output flag for WRITE LEVELidNiGdicate the undeiflow or
over-flow.

WRPNTR[2:0] Output FIFO control WRITE pointerifiés) to FIFO in PIC (through each tree to 10
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2.11. sysl/O Buffer

Each 1/O is associated with a flexible buffer referred to as a sysl/O buffer. These buffenaaged around the

periphery of the device in groups referred to as banks. The sysl/O baffevgs youto implement the wide varietpf
aidryRFNR&a GKFIG INB F2dzyR Ay (2RI&Qa &aeéalveryandMpPOEt dzRA Y 3
TheMachXO&NXfamily contains multiple Programmable /O Cell (PIC) blocks. E@atoRiains two Programmable

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

side of the differential 1/0, and the complement with the negative.

The top, left and right side banks support I/0O standards fronV3t@ 1.0V while the bottomsupportsl/O standards

from 1.8 V to 1.0 V. Every pair of I/O on the bottom bank also have a true LVDS and SLVS Tx Driver. In addition, the
bottom bank supports singiended input termination. Both static and dynamic termination are supported. Dynamic
termination isused to support the DDR/LPDDR interface standards. For more information about DDR implementation
in 1/0 Logic and DDR memory interface support, refavis;hXOSNXHigh-Speed I/Anterface (FPGAN02286.

2.11.1. Supported sysl/O Standards

MachXOE&NXsysI/O buffer supports both singended differential and differential standards. Singleded standards

can be further subdivided into internally ratioed standarsisch as LVCMOS, LVTTL, and external referenced standards
such as HSUL and SSTL. The buffers support the LVTTL, LVOXQ3\,.A.5V, 1.8V, 2.5V, and 3.3V standards.
Differential standards supported include LVDS, SLVS, differential LVCMOStaff8&ETL, and differential HSUL. For
better support of video standards, subLVD® &MiPI D-PHYare also supportedrable2.10and Table2.11 provide a

list of sysl/O standards supportedlitachXOSNXdevices.

Table2.10. SingleEnded I/O Standards

Standard Input Output Bi-directional
LVTTL33 Yes Yes Yes
LVCMOS33 Yes Yes Yes
LVCMOS25 Yes Yes Yes
LVCMOS18 Yes Yes Yes
LVCMOS15 Yes Yes Yes
LVCMOS12 Yes Yes Yes
LVCMOS10 Yes No No
HTSL15 | Yes Yes Yes
SSTL 151 Yes Yes Yes
SSTL 1351 Yes Yes Yes
HSUL12 Yes Yes Yes
LVCMOS18H Yes Yes Yes
LVCMOS15H Yes Yes Yes
LVCMOS12H Yes Yes Yes
LVCMOS10H Yes Yes Yes
LVCMOS10R Yes T Yed

Note:
1. Output supported by LVCMOS10H.
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Table2.11. Differential /O Standards

Standard Input Output Bi-directional
LVDS Yes Yes Yes
SUBLVDS Yes No T
SLVS Yes Yes T
SUBLVDSE T Yes T
SUBLVDSEH T Yes T
LVDSE T Yes T
MIPI_D-PHY Yes Yes Yes
HSTL15D | Yes Yes Yes
SSTL15D_| Yes Yes Yes
SSTL15D_1I Yes Yes Yes
SSTL135D_| Yes Yes Yes
SSTL135D_lI Yes Yes Yes
HSUL12D Yes Yes Yes
LVTTL33D T Yes T
LVCMOS33D T Yes T
LVCMOS25D T Yes T

2.11.2. sysl/O Bankig Scheme

MachXOE&NXdevice haup totenbanks in totalThere aretwo bankson the top, threebanks each athe left and right
side ofthe device, andwo on the bottom side ofhe device.Bankl can onlysupport \ecio3.3 V, Bank0O, Bank2, Bank
3, Bank4, Bank7, Bank8 and Bank9 support up to \¥cio3.3 V, while Bank5 and Banké cansupport up to ¥ciol.8 V. In
addition, Banls and Banl6 support two VREF input fdts flexibility to receive two different referenceidput levels on
the same bankFigure2.26 shows the location of each bank.
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VCCIO(0) VCCIO(1)
GND GND
Bank 0 Bank 1
GND GND
VCCIO(9) —— | Bank 9 Bank 2 veeioR)
GND GND
VCCIO@)— | Bank 8 Bank 3 VCCIO(3)
GND
NP Bank4 | [ VCCIO(4)
veelo(ry—1 | Bank 7 an
Bank 6 Bank 5
GND GND

(9)o1020A
(9)T439A
(9)z43dA
(5)o100A
(8)T43dA
(8)z4349A

Figure2.26. sysl/O Banking

2.11.2.1. Typical sysl/O I/O Behavior During Powap

The internal PoweOnReset (POR) signal is deactivated whega¥dd \ecawhave reached satisfactory levels. After the
POR signal is deactivated, the FPGA core logic becomes actiyeultrissponsibility to ensure that all otherc¥io

banks are active with valid input logic levels to properly control the oulipgit states of all the I/O banks that are
critical to the application. For more informati@m controlling the output logic state with valid input logic levels during
power-up inMachXOBNXdevicesrefer to the list of technical documentation iBupplemental Informatiosection.

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

order to simplify the system design while providingnsistent and predictable 1/O behavior, it is recommended that

the 1/O buffers be poweredip prior to the FPGA core fabric. For different power supply voltage level by the I/O banks,
refer to sysl/O UseGuidefor Nexus PlatfornfFPGATN-02067)for detailed information.

2.11.2.2. VREF1 and VREF2
Bank5 and Banké can support two separate VREF input voltage, VRETILVREF2. To assign a VREF driver, use
IO_Type = VREF1_DRIVER or VREFZER.OTassign VREF to a buffer, use VREF1_LOAD or VREF2_LOAD.

2.11.2.3. sysl/O Standards Supported by I/O Bank

All banks can support multiple I/O standards under tleidules discussed abov&able2.12and Table2.13
summarize the 1/0 standards supported on various sides oMaehXOS\Xdevice.

wiwe: latticesemi.com/legal


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

= LATTICE

Table2.12. SingleEnded I/O Standards Suppatl on Various Sides

Standard Topt Left Right Bottom
LVTTL33 Yes Yes Yes T
LVCMOS33 Yes Yes Yes T
LVCMOS25 Yes Yes Yes T
LVCMOS18 Yes Yes Yes T
LVCMOS15 Yes Yes Yes T
LVCMOS12 Yes Yes Yes T
LVCMOS10 Yes Yes Yes T
LVCMOS18H T T T Yes
LVCMOS15H T T T Yes
LVCMOS12H T T T Yes
LVCMOS10H T T T Yes
LVCMOS10R T T T Yes
HTSL15 | T T T Yes
SSTL151, 11 T T T Yes
SSTL 1351, 11 T T T Yes
HSUL12 T T T Yes

Note:
1. Bank 1 can onlgupport3.3V Vcgo.

Table 2.13. Differential I/O Standards Supported on Various Sides

Standard Top Left Right Bottom
LVDS T T T Yes
SUBLVDS T T T Yes
SLVS T T T Yes
SUBLVDSE Yes Yes Yes T
SUBLVDSEH T T T Yes
LVDSE Yes Yes Yes T
MIPI_D-PHY T T T Yes
HSTL15D | T T T Yes
SSTL15D_| T T T Yes
SSTL15D I T T T Yes
SSTL135D | T T T Yes
SSTL135D 11 T T T Yes
HSUL12D T T T Yes
LVTTL33D Yes Yes Yes T
LVCMOS33D Yes Yes Yes T
LVCMOS25D Yes Yes Yes T

Note:
1. Bank 1 can only support 3.3¢dM

2.11.2.4. Hot Socketing

MachXOBNXdevices have been carefully designed to ensure predictable behavior during jppvaard powerdown.
During powerup and powerdown sequences, the 1/0 remainfin-state until the power supply voltage tEgh enough
to ensure reliable operation. In addition, leakage into 1/0 pins is controlled within specified Baitk0, Bank1,
Bank2, Bank3, Bank4, Bank7, Bank8, and Bank9 wide range 1/O (excluding INITN/DONiE fully hotsocketable
while Banks andBank6 are not supported.
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2.11.3. sysl/O Buffer Configurations

This section describes the various sysl/O features available addlceXOESNXdevice.Refer tosysl/O UseGuidefor
Nexus PlatfornfFPGATN-02067)for detailed information.

2.12. Analog Interface

In select speed gradei@ MachXOBNXfamily provides an analog ietface, consisting of two Analog to Digital
Convertors (ADC), three continuous time comparators and an internal junction temperature monitoring Skéede.
Ordering Information for more detail3he two ADCs can sample the input sequentially or simultarigous

2.12.1. Analog to Digital Converters

The Analog to Digital Convertor is aldig 1 MSPS SAR (Successive Approximation Resistor/capaoituticture
converter. The ADC supports both continuous and single shot conversion modes.

The ADC input is selected among-getected GPIO input pairs, dedicated analog input pair, the internal junction
temperature sensing diode and internal voltage rails. The input signal can be converted in eithefaurgr bipolar

mode.

The reference eltage is selectable between the 1.2 V internal reference generator and an external reference. The ADC

can convert up to a 1.8 V input signal with a 1.8 V external reference voltage. The ADC hascatitaaton function
which calibrates the gain andfeét.

2.12.2. Continuous Time Comparators

The continuoudime comparator can be used to compare asedected GPIO input pairs or one dedicatednparator
input pair. The output of the comparator is provided as continuous and latched data.

2.12.3. Internal JunctionTemperature Monitoring Diode

Ondie junction temperature can be monitored using the internal junction temperature monitoring diode. The PTAT
(proportional to absolute temperature) diode voltage can be monitored by the ADC to provide a digital temperature
readout.Refer toADC Usr Guidefor Nexus PlatfornfFPGAIN-02129)for more details.

2.13. IEEE 1149-Compliant Boundary Scan Testability

AllMachXOBNXdevices have boundary scan cdfiat are accessed through an IEEE 1149.1 compliantAtestss Port
(TAP). This allows functional testing of the circuit board on which the device is mounted thrsegal &can path that
can access all critical logic nodes. Internal registers are limkeahally, allowing test data tbe shifted in and loaded
directly onto test nodes, or test data to be captured and shifted out for verification. Thetestss port consists of
dedicated 1/0O: TDI, TDO, T@Kd TMS. The test access port usesofor power supply.The test access port is
supported forVccio= 1.8 \-3.3 V.

For more informationrefer to MachXOBSNX Programming and Configuration User Guide (FRE@2271)

2.14. Device Configuration

AllMachXOBNXdevices contain two ports that can be used for device configuration. The Test AcceSEARMHat
supports bitwide configuration, and the sysCONFIG phat supporsserial, quad, and byte configuratiomAP
supports loth the IEEE Standard 1149.1 Boundary Scan specification and the IEEE 3faB2landystem
Configuration specificatiormhe JTAG_EN is the only dedicated pin supportexy8@ONFIG.
PPROGRAMNNITN/DONMRre enabled by default, but can be turned into GPIde remaining sysCONFIG pins are
used as dual function pins. ReferMachXO5SNX Programming and Configuration User Guide fP®02271)for
more information about usinthe duatuse pins as general purpose I/O.

There are various ways to configurdlachXO&NXdevice
1 Internal Flash Download
1 JTAG
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Inter-Integrated Circuit Bus?(T)

Improved Interintegrated Circuit Bus3Q

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

Lattice Memory Mapped Interface (LMMIgfer tosysl/O Usr Guidefor Nexus PlatfornfFPGATN-02067)for
condition.

1 JTAG, SSPIC| and I3C are supported fotdw= 1.8 \¢ 3.3 V

On powerup, based on the voltage levdligh or low) of the PROGRAMN pime FPGA SRAM is configured by the
appropriate sysCONFIG port. If PROGRAMN [miw,ishe FPGA is in the Slavenfiguration ports (Slave SMlave3C

or Slave I13¥and is waiting for the correct Slave Configuration port activation RBYQDGRAMN pin must be driven high
within 50 ns of the end of transmission of the Slave Configuration aativation key, that is, th deassertion of SCSN.

If no slave port is declared active before the PROGRAMN génsed HIGH, the FPGA isaifdownloadmode.In
selfdownloadmode, the FPGA boots fromn-chip flash Once a configuratioport is activated, iremainsactive
throughout that configuration cycle. The IEEE 1149.1 port can be activatdarangfter powerup by enabling the
JTAG_EN pin and sending the appropriate command through the TAP port.

=A =4 -4 =4

2.14.1. Enhanced Configuration Options

MachXOEBNXdevices have enhancamnfiguration features such as

Early I/O release

Bitstreamdecryption

Decompressiosupport

Watchdog Timer support

Dual and Multiboot image support

Early I/Oreleaseis a new configuration feature in which certain /O banks are released earlier so that customer
systems have minimal disruptioRor more details refer toMachXOSNX Programmingrad Configuration User Guide
(FPGATN-02271)

Watchdog Timer is a new configuration feature that helpsadd a programmable timer option for timeout
applications

=A =4 =4 =4

2.14.2. DuatlBoot and Mult-Boot Image Support

Duatboot and multiboot images are supported for afpations 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 stod®eace. Any time after the updatéhe
MachXO&NXdevices can be rbooted from this new configuration file. If there is a problem, such as codata

during download or incorrect version number with this new boot image MaehXOBNXdevice can reverback to the

original backup golden configuration and try again. This all can be done without power cycling the system. For more
information, refer to MachXOBNX Programming and Cidguration User Guide (FPGA02271)
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2.15. Single Event Upset (SEU) Support

MachXO&NXdevices are unique due to the underlying technology used to build these dewitéis much more

robust and less prone to soft errors.

MachXOEBNXdevices have an improvduardware implemented Soft Error Detection (SED) citbait can be used to
detect SRAM errors arnttius allow theerrorsto be corrected. There are two layers of SED implementéldan
MachXOBSNXdevicemaking it more robust and reliable.

The SED hardwair MachXOBNXdevices is part of the Configuration block. The SED modiie iMachXOESNX

deviceis an enhanced version as compared to the SED modules implemented in other Lattice devices. The
configuration data is divided into frames so that the entiREA can be programmed precisely with ease. The SED
hardware reads data from the FPGAs configuration memory and performs Error Correcting Code (ECC) calculation on
every frame of configuration data (s€&gure2.1). Once a single bit of error is detected, Soft Error Upset (SEU), a
notification is generated and SED resumes operation. For single bit errors, the corrected value is rewritten to the
particular frame using ECC information. If more than-bitesrror is detected within one frame of configuration data,

an error message is generatedachXO5\NXdevices also have a dedicated logic to perform Cycle Redundancy Code
(CRC) checks. This CRC runs in parallel for the entire bitstream along with ECC.

After the ECC alculated on all frames of configuration data, Cyclic Redundancy Check (CRC) is calculated for the
entire configuration data (bitstream). The data that is read, and the ECC and CR&e#| do not include EBBg
SRAMand distributed RAMnemory.

For wurther information on SED support, refer oft Error Detection (SED)/Correction (SE€) Gaide for Nexus
Platform (FPGAN-02076)

2.16. On-Chip Oscillator

TheMachXOBNXdevice featues two different frequency Oscillators. One is tailored for-fmawer operation that
runs at low frequency (LFOSC). Both Oscillators are controlledhgithternally generated current.

The LFOSC runs at nominal frequency of 128 kHz. The high frequeilleyay (HFOSC) runs at a nominal frequency of
450 MHz andisdivisible from 2 to 256 for output frequency between 1.758 MHz (div256) and 225 MHz (din2)
LFOSC always run, thus can be used to perform all alwafisctions with thepossiblelowestpower.

2.17. User I12C IP

TheMachXO&NXdevice has one I2C IP core. The core can be configured either as an 12C master or as an 12C slave. The
pins for the 12C interface are pigssigned.

The core has the option to delay either the input or the output, or bbth50 ns nominal, using dedicated-ohip
delay elements. This provides an easier interface with any exté@aldmponentsin addition, 50 ns glitch filters are
available for both SDA and SCL.

When the IP core is configured as mastecaihcontrol other devices on théC bus through the prassigned pin
interface. When the core is configured as the slave, the desaog@rovide, for example, 1/0 expansion to an 12C
Master. The I12C core supports the followifugctionaliies

1 Master and Shkae operation

7-bit and 1Gbit addressing

Multi-master arbitration support

Clock stretching

Up to1 MHzdata transfer speed (Standafdode, FastMode, FastMode Plus)
General Call support

Optional receive and transmit data FIFOs with programmable sizes
Optionally 50 ns delay on input or output data, or both

Hard-connection and Programmablé® connectionsupport

Programmable to a mode compliant witBCrequirements on legacyQT Slavelevices
FastMode and FastMode Plussupport

=A =4 =4 =4 -4 -4 -4 -4 -8 A
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91 Disabled Clock Stretchyn
1 50 ns SCand SDA Gilitch Filter
1 Programmable bit address

For further information on the User I12C, refer t&C Hardened IP ©sGuidefor Nexus PlatfornfFPGATN-02142)

2.18. UserFlash Memory (UFM)

MachXO&NXdevices provide a UFM block that can be used for a variety of applications inotedifiguration image

overflow, initializing EBRs to store PROM data or, as a general purpose user Flash memory. The UFM block connects to
the device core through the embedded function block LMMI interface. You can also access the UFM block through the
JTAGC, and SPI interfaces of the device. The UFM block offers the following features:

1 Nonvolatile storageup to 15,360kb

1 Write access is ptarmed pagewise; each page h&048bits 256 bytes)
1 Autoincrement addressing

1 LMMlinterface

Table2.14. UFM Size

Device UFMO (kbit) UFM1 (kbit) UFM2 (kbit) User Data(kbit)
LFMXO®5 2,048 2,048 2,048 9,216
2.19. Trace ID

EachMachXOBNXdevice contains a unique (per device) TracelD that can be used for tracking purposes or for IP
security applications. The TracelD is 64 bits long. Eight out of 64 bits arpragemmable, the remaining 56 bits are
factory-programmed. The TracelD is accessible through the’8PgrlJTAG interfaces. For further information on
TracelD, refer tdJsing TracelD (FPEGA02084)

2.20. Pin Migration

TheMachXO8NXfamily is designed to ensure that different density devices in the same family and in the same
package have the same pinout. Furthermore, the architecture ensures a high success rate when performing design
migration from lower density devices tagher density devices. In many cases, it is also possible to shift a lower
utilization design targeted for a higlensity device to a lower density device. However, the exact details of the final
resource utilizatioimpactthe likelihood of success iraeh case. An example is that some user 1/0O bregome No
Connects in smaller devices in the same package. Refer tdabbXOESNXPin Migration TableandLattice Radiant
software for specific restrictions and limitations.
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2.21. Cryptographic Engine

TheMachX®-NXfamily of devices support several cryptographic features that helps customer secure their design.
Some of the key cryptographic features include Advanced Encryption Standar@fdEashing Algorithms and true
random number generator (TRNG). TMachXO5NXdevice also featurethe bitstream encryption (using AES6)

used for protecting confidential FPGA bitstream datiad the bitstream authentication (using ECD$#gintainng the
bitstream integrity andprotectingthe FPGA design bitstream frdming copied andtampered.

The Cryptographic Engine (CRE) is the main effigigere2.27) that is responsible for the bitstream encryption as well
asthe authentication of theMachXO&BNXdevice. Once the bitstream is authenticated and the device is ready for user
functions, CRE @vailable for you to implement various cryptographic functions in your FPGA design. To enable specific
cryptographic function, CRRustbe configured by setting a few registers.

CRBsupports thefollowingusermode features:

1 True Random Number generatffRNG)
1 Secure Hashing Algorithm (SF2&6 bit
1 Message authentication codes (MAG$IMAC
1 Lattice Memory Mapped Interface (LMMI) interface to user logic
1 High Speed Port (HSP) for Fif&B@ed streaming data transfer
Cryptographic Engin€RIE
. 4—»‘ Unique Secret IdentitgUSID ‘
» Control Register >
LMMI/ 4—»‘ True Random Number GeneratGiRNG ‘
FpgA  High Speed Port :
Fabric € >  CRERegisters e 4—»‘ Advanced Encryption StandagtE$ ‘
. _ «—> SH/56 |
Bitstream Encryption
«—> HMACSHA&56 |
Bitstream Authentication

Figure2.27. Cryptographic Engine Block Diagram
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3. DC and Switching Characteristifcts Commercial and
Industrial

3.1. Absolute Maximum Ratings
Table3.1. Absolute MaximumRatings

Symbol Parameter Min Max Unit
Veg VececLk Supply Voltage c0.5 1.10 Vv
VCCAUXVCCAUX, SUpp'y Voltage (0.5 1.98 V
Vecauxs Vecauxer

Vccm), 1,23,4,7,8,910, 11 110 SUpp'y Voltage (0.5 3.63 V
Vceis, 6 I/O Supply Voltage ¢0.5 1.98 \%
Vcapcis ADC Block 1.8 Supply Voltage ¢0.5 1.98 \%
: e oo | 05 | s v
T Input or 1/0 Voltage AppliedBanks, Bank6 ¢0.5 1.98 \%
Ta Storage Temperature (Ambient) ¢65 150 °C
T, Junction Temperature T +125 °C

Notes

1 Stress above those listed under thbsolute Maximum Ratingmay cause permanent damage to the device. Functional
operation of thedevice at these or any other conditions above those indicated iroflerational sections of this specification is

not implied.

1  Compliance with the LatticEhermal Managemerdocument is required.
All voltages referenced to GND.

==

M All \ecauxshould be connected on PCB.
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3.2. Recommended Operating Conditiohg 3

Table3.2. Recommended Operating Conditions

Symbol Parameter Conditions Min Typ. Max Unit
VecVececLk Core Supply Voltage Vee= 1.0 0.95 1.00 1.05 Vv
- Bank 0, Bank Bank 2, BanR,
Veeaux Auxiliary Supply Voltage Bank4, Bank?, Banks, Banko 1.746 1.80 1.89 \Y
Vecauxsis Auxiliary Supply Voltage | Bank5, Bank6 1.746 1.80 1.89 \
Auxiliary Supply Voltage fo
Vccauxa core logic T 1.746 1.80 1.89 \Y
Vccio= 3.3 VBank 0, Bank 1,
Bank 2, BanB, Bank4, Bank7, 3.135 3.30 3.465 \Y
Bank8, Bankd
Vceio= 2.5 VBank 0, Bank 2,
Bank3, Bank4, Bank7, Banks, 2.375 2.50 2.625 \Y
Bank9
. Veeio= 1.8 V, All Barglexcept 171 1.80 1.89 v
Veeio /0 Driver Supply Voltage | Bank 1
Veai= 1.5 V, ABanksxcept 1.425 150 1575 Vv
Bank %
Vcei= 1.35 VAl Banksexcept
Bank # (For DDR3L Only) 1.2825 1.35 1.4175 v
Veai= 1.2 V, ABanksexcept 114 1.20 1.26 Vv
Bank %
Vcei= 1.0 VBank5s, Bank6 0.95 1.00 1.05 \%

ADC External Power Supplies

Veceapcis ADC 1.8/ Power Supply T 1.71 1.80 1.89 \Y

Operating Temperature

Junction Temperature, o
tacom Commercial Operation T 0 T 85 c
Junction Temperature, o
tano IndustrialOperation T c40 T 100 ¢
Notes

1. For correct operation, all supplies must be held in their valid operat@tagerange.

2. All supplies with same voltage should be from the same voltagecs. Proper isolation filters are needed to properly isolate
noisefrom each other.

3.  Common supply rails must be tied together.

4. JTAG, SSHC| and I3C (Bar®j ports are supported fordéio= 1.8 Vto 3.3 V.
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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 0.1 T 50 V/ms
Notes:

1. Assumes monotonic ramp rates.

2. All supplies need to be in the operating range as defindflecommended®perating Conditionahen the device has
completed configuratin and entering into User Mod&upplies that are not in the operating range needs to be adjusted to
faster ramp rate, oyou haveto delay configuration or wake up.

3.4. Powerup Sequence

PowerOnReset(PORputs theMachXO5SNXdevice iro a reset stateThere is no power up sequence required for the
MachXOBNXdevice

Table3.4. PowerOn Reset

Symbol Parameter Min Typ Max Unit
PowerOn-Reset ramgup trip Vee 0.73 T 0.83 \
VpPoRuP point (Monitoring \ég Vecaux Veeaux 1.34 T 1.62 \Y
VCCICI; and \éCIQ) Vcc|Q,VCC|Q 0.89 T 1.05 \Y
v PowerOn-Reset rampup trip Vee 0.51 T 0.81 \Y
PORON point (Monitoring \ecand \ecauk Vecaux 1.38 T 1.59 \Y%

3.5.  On-Chip Programmale Termination

TheMachXO&NXdevices support a variety of programmable-cmip terminations options, including:
1 Dynamically switchable Singnded Termination with programmable resistor valueg of pH¥Z 6KKEZ 72K\ND
f /2YY2Yy Y2RS GSNXYAYyLFGA2Y 2F mnn K F2N RAFFSNBYGALE Ayl

Vceio Z0=50
Z0=403,503,603, or 753 TERM

t0 Vecrof 2 control
%

g--

[

VREF
_OFfchip | onchip o _oFrchip | onchip
Parallel SingleEnded Input Differential Input

Figure3.1. OnChip Termination

SeeTable3.5 for termination options for input modes.

Table3.5. On-Chip Termination Options for Input Modes

10_TYPE Differential Termination Resistd¥?2 Terminate to \&cid21-2
subLVDS 100, OFF OFF
SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
HSTL15D | 100, OFF OFF
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I0_TYPE Differential Termination Resistdr?2 Terminate to \ecid21:2
SSTL15D_| 100, OFF OFF
SSTL135D_| 100, OFF OFF
HSUL12D 100, OFF OFF
LVCMOS15H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
LVCMOS18H OFF OFF, 40, 50, 60, 75
HSTL15 | OFF 50

SSTL15 | OFF OFF, 40, 50, 60, 75
SSTL135_| OFF OFF, 40, 50, 60, 75
HSUL12 OFF OFF, 40, 50, 60, 75

Notes

1. TERMINATE to VCCIO/2 (Siifided) and DIFFRENTIAL TERMINATION RESISTOR when turned on can only have one setting
per bank. Onlyottom bank have this feature.

2. Use of TERMINATE to VCCIO/2 and DIFFRENTIAL TERMINATION RESISTOR are mutually exzloanie drahip/
termination tolerance;10%4+60%

Refer tosysl/O Usr Guidefor Nexus PlatfornfFPGATN-02067)for on-chip termination usage and value ranges.

3.6. Hot Socketing Specifations
Table3.6. Hot Socketing Specificatiorfer GP1O

Symbol Parameter Condition Min Typ Max Unit
Input or 1/O Leakage Current for 8 z iN; \\t&r::z;))
Iok Wide Range 1/O (excluding 0<\ ¢l.5 T 15 mA
INITN/DONE) cio< \ecigmax)
0 < \bcauxx \ecaufmax)
Notes

1 Ipkis additive to gy, lpp, OF lgi
1  Hot socket specification defines when the hot socketed device's junction temperature is@3®elow. When the hot
socketed device'minction temperature is above 8%, the hxcurrent can exceethe above spec

1 Going beyond the hot socketing ranges specified ahecauseexponentially higher Leakage currents and potential reliability
issues. A total of 6/hA pereightl/O should no be exceeded.

3.7. Programming /Erase Specifications

Table3.7. Programming/Erasé&pecifications

Symbol Parameter Min Max. Units
Flash Programming cycles pgetenTio T 10,000

Neroceyc .g 9%y PRETENTION Cycles
Flash WritgErase cycles T 100,000
Data retention at 100C junction temperature 20 T

tRETENTION ; - - Years
Data retention at 8%C junction temperature >20 T

Note:

A Write/Erase cycle is defined as any number of writes over time followeddgrase cycle.

3.8. ES[CPerformance

Refer to theMachXOBSNXProduct Family Qualification Summdoy complete qualification datancluding ESD
performance.
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3.9. DC Electrical Characteristics

TaHde 3.8. DC Electrical CharacteristicdVide RanggOver Recommended Operating Conditions)

Symbol | Parameter Condition Min Typ Max Unit

Input or 1/0 Leakage current T T 10
1

e b (Commercial/Industrial) N MK tdo KA

I+ Input or 1/0 Leakage current VeaioK in2K infmax) T T 100 MA
1/0 Weak Pullp Resistor -30 T -150

Ipu Current N MK+ xXEio HA
1/0 Weak Puldown Resistor . s 30 T 150

Ipp Current ViLo Y I EROK o = HA

IHLs Bus Hold_ow Sustaining Current Vin= M. (max) 30 T T MA

IBHHS Bus Hold High Sustaining Curre| Vin= 0.7%Vccio -30 T T HA

IHLO Bus hold low Overdrive Current| n = MoK o T T 150 HA

lgHHO Bus hold high Overdrive Currenf 1 MK £do T T -150 HA

VBHT Bus Hold Trip Points T ViL(max) T Vin(min) \%

Notes

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

Table3.9. DC Electrical Characteristic3ligh Speed (Over Remmended Operating Conditions)

Symbol | Parameter Condition Min Typ Max Unit
I, bt Input or 1/O Leakage n K tdo T T 10 HA
I/0 Weak Pulup Resistor -30 T -150
lpu Current n W + x W&o HA
I/O Weak Puilown Resistor . = 30 T 150
leo Current Vico YH K 2o + HA
IgHLs Bus Hold Low Sustaining Currerl Vin= M (max) 30 T T HA
IgHHs Bus Hold High Sustaining Curre| Vin= 0.7%Vccio -30 T T HA
IsHLO Bus hold low Overdrive Current| 1 MK tao T T 150 HA
IzHHO Bus hold higlDverdrive Current | N WK £do T T -150 HA
. . Vi .
VBHT Bus Hold Trip Points T (mgx) T Vin(min) \%
Note:

1. Inputor I/O leakage current is measured with the pin configured as an input or as an 1/O with the wisgtated. Bus
Maintenance circuits ardisabled.

Table3.10. Capacitorg; Wide Range (Over Recommended Operating Conditions)

Symbol | Parameter Condition Min Typ Max Unit
. Vca=3.3V,25V,18V,15V,1.2
Gt I/0O Capacitance T 6 T f
: P Vee= typ.,Vio= 0 to \ciot 0.2V P
. . Vca=3.3V,25V,18V,15V, 1.2
Gt Dedicated Input Capacitance T 6 T f
? P P Vee= typ.,Vio= 0 t0 \ciot 0.2V P
Note:

1. Ta25°C,f=1.0 MHz.
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Table3.11. Capacitors; HighPerformance(Over Recommended Operating Conditions)

Symbol | Parameter Condition Min Typ Max Unit
. Vec=1.8V, 15V, 1.2 Vgc= typ.,
1
G I/O Capacitance Vio= 0 10 \eeigh 0.2V T 6 T pf
: ) Vec=1.8V, 15V, 1.2 Vgc= typ.,
1
G Dedicated Input Capacitance Vio= 0 10 Vot 0.2V T 6 T pf
Note:

1. Ta25°C,f=1.0 MHz.

Table3.12. Single Ended Input HysteresisWide Range (Over Recommended Operating Conditions)

I0_TYPE Vceio TYP Hysteresi
LVCMOS33 3.3V 250 nv
LVCMOS25 33V 200 v
25V 250 nv
LVCMOS18 1.8V 180 nV
LVCMOS15 1.5V 50 mv
LVCMOS12 1.2v 0
LVCMOS10 12V 0

Table3.13. Single Ended Input HysteresisHigh PerformancéOver Recommended Operating Conditions)

I0_TYPE Vccio TYP Hysteresis
LVCMOS18 1.8V 180mV

1.8V 50mv
LVCMOS15

15V 150 mV
LVCMOS12 1.2V 0
LVCMOS1H 1.0V 0
MIPFLRRX 1.2V >25mV

3.10. Supply Currerd

Forestimating anccalculatingcurrent, use Power Calculator in Lattice Design Software.

This operatingand peakcurrent is desigmlependent, and can be calculated in Lattice Design Softvmae blocks
can be placed into low current standby mod&efer toPower Management and Calculation for CerlXs,
CertusPreNX, and MachXGHNX Devices (FPEMA02257)

3.11. sysl/O Recommended Operating Conditions
Table3.14. sysl/O Recommended Operating Conditions

Standard Support Banks VeadInput) VceidOutput)
Typ Typ
SingleEnded
LVCMOS33 0,1,23,4,7,8,9 3.3 3.3
LVTTL33 0,1,2,3,47,8,9 3.3 3.3
LVCMOS2®2 0,1,2,3,4,78,9 25,33 2.5
LVCMOSH& 0,2,3,4,7,8,9 1.2,15,1.8,25,3.3 1.8
LVCMOS18H 5,6 1.8 1.8
LVCMOSEz 0,2,3,4,7,8,9 1.21.5,1.8 2.5, 3.3 15
LVCMOS15H 5,6 15,18 15
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Standard Support Banks izclcECH Voot WP
Typ. Typ.
LVCMOSI2 0,2,3,47,8,9 1.2,15,18,25,3.3 1.2
LVCMOS12H 56 1.2,1.35,15,1.8 1.2
LVCMOSZ0 0,2,3,47,8,9 1.2,15,18,25,3.3 T
LVCMOS10H 5,6 1.0,12,13515,1.8 1.0
LVCMOS10R 5,6 1.0,12,13515,1.8 T
SSTL135_I, SSTL135_lI 56 1.35 1.35
SSTL15_|, SSTL1S I 56 1.5 1.5
HSTL153] 5,6 1.5 1.5
HSUL1? 5,6 1.2 1.2
MIPI DPHY LP Inptit 5,6 1.2 1.2
Differential
LVDS 56 1.2,1.35,1.51.8 1.8
LVD® 0,2,3,47,8,9 T 2.5
subLVDS 5,6 1.2,1.35,1.51.8 T
subLVDE 0,23,4,7,8,9 T 1.8
subLVDSEH 56 T 1.8
SLVS 5,6 1.0,12,13515,1.8 1.2,1.358,15, 1.8
MIPI BPHY 5,6 1.2 1.2
LVCMOS33D 0,1,2,3,4,7,8,9 T 3.3
LVTTL33D 0,1,2,3,4,7,8,9 T 3.3
LVCMOS25D 0,2,3,4,7,8,9 T 25
SSTL135D_|, SSTL135D | 5,6 T 1.35
SSTL15D_|I, SSTL15D I 5,6 T 15
HSTL15D3 | 56 T 15
HSUL12D 56 T 1.2

Notes

1. Singleended input can mix into I/O Banks witadvdifferent from the standard requires due to some of these input standards
use internal supply voltagsource (¥g Vecauxto power the input buffer, which makes them to be independent iy
voltage.For more details, please refer siysl/O Usr Guidefor Nexus PlatfornfFPGATN02067) The following is a brief
guideline to follow:

a. Weak pullup on the I1/0 must be set to OFF.

b. Bankb5andBanké I/0O can onlymixinto banks with ¥cichigher than the pin standard, due to clampingdi on the pin in
these banksBank 0, Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, BawlB&nk9 doesnot have this restriction.

c. LVCMOS25 usesdosupply on input buffem Bank 0, Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, BalB&nk9. It canbe
supported with ¥cio= 3.3V to med the Viyand \{_requirements, but therdés additional current drawn on 3&i0
Hysteresis has to be disabled when using\Bpply voltage.

d. LVCMOS15 usesdosupply on iput buffer in Banks andBanké. It can be supported with 3i0= 1.8V to meetthe iy
and \(Lrequirements, but therés additional current drawn on 3&ie

2. Singleended LVCMOS inputs can mixed into I/O Banks with differeng Yroviding weak pullip is not used.

For additional information on Mixed I/O in Bankdé refer to sysl/O Usr Guide for Nexus PlatforifiFPGATN02067)

3. These inputs usdifferentialinput comparatorin Bank 5andBank 6 Thedifferentialinput comparator use¥ccauxfpower
supply.These inputs require ther¢sin to provide thereference voltage in the Bankefer to sysl/O Usr Guide for Nexus
Platform(FPGATN-02067)for details

4. All differential inputs gedifferentialinput comparator inBank 5andBank 6 The differentiainput comparator uses dauxn
power supplyThere is no differentiahput signaling supported iBank 0, Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, Bawak 8
Bank9.

5. These outputs are emulatirdjfferential output pair with singleended output drivers withrue and complemenbutputs
driving oneach ofthe corresponding true and complemeantitput pair pinsThe common mode voltagecy, is ¥ Vccio Refer
to sysl/O Usr Guide for Nexus PlatforifiFPGATN-02067)for details

6. SoftMIPI DPHY H8sing sysl/Gs supported with SLVS input and output that can be placed in banks wégidvditage shown
in SLVE-PHY with HS and LP modes supported needs to be placed in banksauittohage= 1.2 VSoft MIP D-PHY LP input
and outputusing sysl/Gre supported with LVCMOS12.
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7. Vccio= 1.35V is only supported iBank 5 and Bank 6or use with DDR3L interface in the barkese Inpuand Output
standards can fit into the same bank with thec\é= 1.35V.

8. LVCMOSI15 input usesdbsupply voltagelf Vecias 1.8V, the DC levels for LVCMOS15 are still met, but there could be increase

in input buffer current.

3.12. sysl/O SingleEnded DC Electrical Characteristics

Table3.15. sysl/ODC Electrical Characteristic3Vide Range I/qOverRecommended Operating Conditiohs

Wit Vit .
Input/Output Standard VoLMax (V) | VouMinz (V lomA lo(mA
puroutp Mn (V)] Max(v) | Min(v) | Maxqy)| "o-Max (V)| VouMinz (V)| lomA) | lodmA)
¢4,¢8,
T 0.8 2.0 3.465% 0.4 Vecieg 0.4 4 8, 12, cl2,
LVTTL33 apnw &pniv
LVCMOS33 T 0.8 2.0 3.465% 0.4 2.4 2 c2
T 0.8 2.0 3.465% 0.49 Veeiog 0.58 16 ¢l16
2,4,8,10) %> S48
LVCMOS25 T 0.7 1.7 3.465% 0.4 Vceiog 0.45 . c10,
apnwy{ ,
apnw
2,4,8, 2,¢4,¢8,
LVCMOS18 T 0.35xVecio | 0.65%Vecio | 3.465 0.4 Veok 046 | &85 Cd ; nﬂw
LVCMOS15 T 0.35%Vccio | 0.65%Vccio 3.465 0.4 Vcc|cﬁ 0.4 2, 4 C2, C4
LVCMOS12 T 0.35%Vccio | 0.65%Vccio 3.465 0.4 Vcc|cﬁ 0.4 2, 4 C2, C4
LVCMOS10 T 0.35%Vccio | 0.65%Vecio| 3.465% No O/P Support
Notes
1. Vcador input level refers to the supply rail level associated with a given input standard.
2. Vccador the output levels refer to the 3¢00f the CertusPréNX device.
3. {StSO0GAy3a apnw{é Ay RNAGSNI aGNBy3adK Aa G2 asStsSOd pn X
4

For electremigration, the combined DC current sourced or sinked by 1/0 pads between two consecdiya GND pad
connections, or between the lastdcor GND in an I/0 bank and the end of an 1/O bank, as shown in the Logic Signal

Connections table (also shown as 1/O grouping) shall not exceed a maximun8ahA.n is the number of I/O pads between

the two consecutive bankdéicor GND connections or between the lagic\dand GND in a bank and the end of a bank. 1/0
Grouping can be found in the Data Sheet Pin Summary Tables, which can also be generated from the Lattice Radiant software.

5. If the input chmp is OFF,MMax) in Banks 0, 1, 3, 4, 7, 8and9 can go up to 3.465 V. Otherwise, the input voltage cannot be

higher than \¥ciot+ 0.3 V
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Table3.16. sysl/O DC Electrical Characteristichligh Performancel/O (Over Recommended Operating Conditiofs)

1 1
Input/Output Standard Min (%) VlLMax W | Minw) Vi Max (V) VoLMax (V) | VorMin? (V) | lo.(mA) | lon(mMA)
LVCMOS18 T 0.35%Vcci0]0.65% Vecio| Veciot 0.3 0.4 Vcc|o§ 0.45 2,;12, 8, szcc]‘-]'éq&

T 0.35%Vcci0]0.65% Veeio| Veciot 0.3 0.4 Vcc|o§ 0.53 a pn v a pn %{
LVCMOS1% T 0.35%Vcci0]0.65% Vecio| Veciot 0.3 0.4 Vcc|c( 0.4 2,4,8 CZ, Q4, C8
LVCMOS12 T 0.35%Vccio [0.65% Vecio | Veciot 0.3 0.4 Vceiog 0.4 2,4,8 G2,¢4,¢8
LVCMOS10H T 0.35%Vccio |0.65% Vecio| Veciot 0.3 | 0.27 xVecio | 0.64 % Vccio 2 G2

T 0.35%Vccio |0.65% Vecio | Veciot 0.3 | 0.27 xVccio | 0.75% Vccio 4 ¢4
SSTL18 T VRe¢ 0.10 | VReet 0.1 | Vecio+ 0.3 0.30 Vceiog 0.30 7.5 ¢7.5
SSTL15!1 | T VRer 0.10 | VRert 0.1 | Vot 0.3 0.30 Veciok 0.30 8.8 ¢8.8
HSTL15 | T VReeg 0.10 | VRerr 0.6 | Vot 0.3 0.40 Vceiog 0.40 8 ¢8
SSTL135 1 T VRerg 0.09 | VrRer+ 0.09 | Vot 0.3 0.27 Vcaie 0.27 6.75 ¢6.75
SSTL1351 | T VrerG 0.09 | VRep+ 0.09 | Vecio+ 0.3 0.27 Veciog 0.27 8 q8
LVCMOS10R T Vrer 0.10 | VRep 010 | Vecio+ 0.3 T T T T
HSUL12 T |VRe0.10 |Veer 0.0 | Veoor 03 | 0.3 Veoios 0.3 86%57,'2' Cq%%;lg'
Notes
1. Vcador input level refers to the supply rail level associated with a given input standard or the upstream dexeaiMevels.

2.
3.
4

{ St SOU apnw{ ¢

Vceidfor the output levels refer to the 3¢,00f the MachXOBNXdevice.

Ay Ri\p @ Sds impedEhgediivee. A &

a8t SOGAy3

For electremigration, the combined DC current sourced or sinked by 1/O pads between two conseéigizve GND pad

connections, or between the lastcicor GND in an 1/0 bank and the end of an 1/O bank, as shown in the Logic Signal

Connections table (also shown as 1/O grouping) shall not exceed a maximun8ahA. n is the number of I1/O pads between
the two consecutive bankcciocor GND connections dretween the lasiVccicand GND in a bank and the end of a bank. 1/0
Grouping can be found in the Data Sheet Pin Summary Tables, which can also be generated from the Lattice Radiant software

Table3.17. 1/0 Resistance Characteristics (Overd@mmended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Output Drive Resistance when 50R _
50RS Drive Strength Selected Veco= 1.8V, 2.%, or 3.3V T 50 T K
Input DifferentialTermination Bank 5 and Bankfor 1/0O selected to
Roree Resistance be differential T 100 ! X
36 40 64
SE Input Input Single Ended Termination Bank 5 and Bankfér I/0 selected to | 46 50 80
N . : K
Termination | Resistance be Single Ended 56 60 96
65 75 120
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Table3.18. Vin Maximum Overshoot/Undershoot Allowance Wide Rangé?

= LATTICE

AC Voltage Overshoot % of Ul atg40°Cto 100°C AC Voltage Undershoot % of Ul atc40°Cto 100°C
Veciot 0.4 100.0% 0.4 100.0%
Vceiot 0.5 100.0% ¢0.5 44.2%
Vceiot 0.6 94.0% (0.6 10.1%
Veciot 0.7 21.0% c0.7 1.3%
Veciot 0.8 10.2% ¢0.8 0.3%
Vceiot 0.9 2.5% (0.9 0.1%

Notes

1. The peak overshoot or undershoot voltage and the duration abéye*+ 0.2V or below GNIQ 0.2V must not exceed the

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

Table3.19. Vin Maximum Overshoot/Undershoot Allowance High Performancé?

AC Voltage Overshoot % of Ul atg40°Cto 100°C AC VoltagdJndershoot % of Ul atc40°Cto 100°C
Veciot 0.5 100.0% ¢0.5 100.0%
Vcciot 0.6 47.3% Q0.6 47.3%
Veciot 0.7 10.9% ¢0.7 10.9%
Veciot 0.8 2.7% ¢0.8 2.7%
Veciot 0.9 0.7% ¢0.9 0.7%

Notes

1. The peak overshoot or undershoot voltage and the duration ab@egs+ 0.2 V or below GNR 0.2V must not exceed the

values in this table.
2. For Ul less than 20s.
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3.13. sysl/O DifferentialDCElectrical Characteristics

3.13.1. LVDS

LVDS inpubuffer on MachXOSNXis powered byVccaue 1.8V, and protected by the bankc¥ic Therefore, the LVDS
input voltage cannot exceed the bankdévoltage.LVDS output buffer is powered by the Barivat 1.8V.

LVDS can onlyetsupported irBank 5 and Bank 6VDS25 outputan ke emulated with LVDS25EB@ank O, Bank 1,
Bank 2, Bank 3, Bank 4, Bank 7, Bank 8 and 8artks is described iolvDS25EDutput Only)section

Table3.20. LVDPC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Ving Vinm Input Voltage T 0 T 1.6 Y,
Viem Input Common Modé&/oltage Half the sum of the two Inputs 0.05 T 1.5% \%
VTHD Differential Input Threshold Difference between the two Inputs | *100 1 1 mv
Iin Input Current Power On or Power Off T T +10 HA
VoH Output High Voltage fordborVom | Rl mnn K 1 1.425 | 1.60 \%
VoL Output Low Voltage fordéor Vom Rl mnn K 0.9 1.075 T \Y,
Vob Output Voltage Differential (Mop-Vom), RT' mnn K 250 350 450 mV
DVop f:v?/nge in ¥ Between High and . T T 50 mv
Vocwm Output Common Mode Voltage (Vop+ \om)/2, RT mnn K 1.125 | 1.25 1.375 \Y,
DVocwm Change in ¥cm Vocmmvaxy Voecmminy | T T 1 50 mV
lsag Output Short Circuit Current Vop= 0 V Driver outputs shorted to T T 12 mA
each other
DVos Change in ¥sbetween H and L T T T 50 mV
Notes:

1. LVDS input or output arsupported in Bank Bank4, and Banis. LVDS input uses¥auon the differential input comparator,

and can be located in any¥ovoltage bankLVDS output usesc¥con the differential output driver, and can only be located in

bank with \&cio= 1.8V.

2. Vauis depending on VID, input differential voltage, so the voltage orginot exceed Mipaniminmaxrequirements.Viavuminy=
Vinpanminy + ¥2 W, Mavmax)= VinpimwmaxG ¥2 Mb. Values in the table is based on minimurp &f +/- 100mV.

3. Vinrand Mnmmaxymust be less than or equal ta:Mdn all cases.

3.13.2. LVDS25futput Only)

Three sides of thélachXOBNXdevices Top, Left and Righsupport LVDZ5 outputswith emulated complementary
LVCMOS outputs in conjunction with a parallel resiatopss the driver outputs. The scheme showfigure3.2 is
one possible solution for poirtb-point signals.

Table3.21. LVDS25E DC Conditions

Parameter Description Typical Unit
Vceio Output Driver Supply (x5%) 2.50 \%
Zout Driver Impedance 20 M
Rs Driver Series Resistor (+1%) 158 M
R- Driver Parallel Resistor (£1%) 140 M
Rr Receiver Termination (+1%) 100 M
Vou Output High Voltage 1.43 \%
VoL Output Low Voltage 1.07 \%
Vob Output Differential Voltage 0.35 \Y,
Vewm Output Common Mode Voltage 1.25 \%
Zspack Back Impedance 100.5 M
Ioc DC Output Current 6.03 mA
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Data Sheet

VOCID = 2.5V {15%)

|
|
| AS=158 {1
\}\ | {115}
2 ma ﬁ AYL
VCMOS25 | I |
I . AP - 1400 RT=1000 = |
WECID = 25 (455 I 1) [£13) I
€ I RG=158 4 I
\}\ I [+1%) l I
B ma $ v
VCMOS25 | ) |
I Transmissiom line, Lo = 1000 differential |

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

P &
L - |

F 1
L J

Figure3.2. LVDS25E Output Termination Example

3.13.3. SubLVD@nput Only)

SubLVDS is a reduceditage form of LVDS signaling, very similar to LI{[xSa standard used in many camera types
of applications, and followhie SMIA 1.0, Part 2: CCP2 Specificatdmilar to LVDS, thilachXOENXdevices can
support the subLVDS input signaling with the same LVDS lingfer. The output for subLVDS is implemeniad
subLVDSE/subLVDSEH with a pdiM@MOS18 output driverSee SubLVDSE/SubLVDSEH (Output Gattion

Table3.22. SubLVD$put DCElectrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit

Vip Input Differential Threshold Voltagg Over \lcurange 70 150 200 mV

Viem Input Common Mode Voltage Half the sum of the two Inputs 0.4 0.9 1.4t \%
Note:

1. Viem+ 1/2 VID cannot exceed the bankdén all cases.

SubLVDDriver PCB Trace€onnectors or Cables !
= = i
Z,=50 i
1
1

+ E +
1

_ _ RT2100%
100K differential + 1104+

1
1

éﬂ% | C
1
1 Z,=50 1 i
- - i
!
1

— ! —
1

Off-chip i Onchip

Figure3.3. SubLVDS Input Interface
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