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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

ADC Analog to Digital Converter

AES Advanced Encryption Standard
AHB-Lite Advanced High-performance Bus-Lite
Al Artificial Intelligence

APB Advanced Peripheral Bus

BGA Ball Grid Array

CDR Clock and Data Recovery

CRC Cycle Redundancy Code

CRE Cryptographic Engine

CSI-2 Camera Serial Interface-2

DCC Dynamic Clock Control

DCS Dynamic Clock Select

DDR Double Data Rate

DLL Delay Locked Loops

D-PHY Display Serial Interface-Physical Layer
DRAM Dynamic Random Access Memory

DSI Digital Serial Interface

DSP Digital Signal Processing

DTR Digital Temperature Readout

EBR Embedded Block RAM

ECC Error Correction Coding

ECDSA Elliptic Curve Digital Signature Algorithm
ECLK Edge Clock

EMIF External Memory Interface

ESFB Embedded Security Function Block
FD-SOI Fully Depleted Silicon on Insulator

FFT Fast Fourier Transforms

FIFO First In First Out

FIR Finite Impulse Response

HMAC Hash-based Message Authentication Codes
HP High Performance

HPIO High Performance I/O

HSP High Speed Port

JTAG Joint Test Action Group

LC Logic Cell

LMMI Lattice Memory Mapped Interface

LOL Loss of Lock

LP Low Power

LRAM Large RAM

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

MIPI Mobile Industry Processor Interface
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Acronym Definition

ML Machine Learning

MSPS Million Samples per Second

PCI Peripheral Component Interconnect
PCS Physical Coding Sublayer

PCLK Primary Clock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional Unit

PIC Programmable 1/0 Cells

PLL Phase Locked Loops

POR Power On Reset

PQC Post Quantum Cryptography

RAM Random Access Memory

ROM Read Only Memory

ROT Root of Trust

RSA Rivest-Shamir-Adleman

SAR Successive Approximation Resistor
SEC Soft Error Correction

SED Soft Error Detection

SER Soft Error Rate

SEU Single Event Upset

SHA Secure Hashing Algorithm

SGMII Serial Gigabit Media Independent Interface
SLVS Scalable Low-Voltage Signaling

SPI Serial Peripheral Interface

SPR Single Port RAM

SRAM Static Random Access Memory
STAPL Standard Test and Programming Language
subLVDS (Reduced Voltage) Low Voltage Differential Signaling
TAP Test Access Port

TDM Time Division Multiplexing

TRNG True Random Number Generator
UFM User Flash Memory

WRIO Wide Range 1/0

VREF Voltage Reference
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1. General Description

The MachXO5™-NX family of low-power FPGAs can be used in a wide range of applications, and are
optimized for bridging, I/O expansion, and board control and management. It is built on the Lattice
Semiconductor Nexus FPGA platform, using low-power 28 nm FD-SOI technology. It combines the extreme
flexibility of an FPGA with the low power and high reliability (due to the extreme low Soft Error Rate) of
FD-SOI technology, and offers small footprint package options.

The MachXO5-NX family supports a variety of interfaces including MIPI D-PHY (CSI-2, DSI), LVDS, SLVS,
subLVDS, SGMII (Gigabit Ethernet), PCl Express® (Genl, and Gen2) and more. It includes embedded flash
memory for on-chip multi-boot and UFM.

The MachXO5-NX FPGA supports the fast configuration of its reconfigurable SRAM-based logic fabric, and
ultra-fast configuration of its programmable sysl/O™ from on-chip Flash. To secure user designs, the
MachXO05-NX security features include bitstream encryption, and authentication. In addition to the high
reliability inherent to FD-SOI technology (due to its extreme low SER), active reliability features such as built-
in frame-based SED/SEC (for SRAM-based logic fabric), and ECC (for EBR and LRAM) are also supported.
Built-in ADC is available in each device for system monitoring functions.

The MachXO5-NX FPGA also provides the security enhanced devices. They are extended with the security
capability to 521-bit key strength as well as PQC capability that can be used as a Root-of-Trust hardware
solution in a complex system, and can provide secure flash access for user keys, security policies, bitstreams,
and user data. This data sheet describes the MachXO5-NX Root-of-Trust (RoT) devices. You can find
information of other MachX05-NX devices in MachXO5-NX Family Data Sheet (FPGA-DS-02102).

Lattice Radiant™ design software allows large complex user designs to be efficiently implemented on the
MachXO5-NX FPGA family. Synthesis library support for MachXO5-NX devices is available for popular logic
synthesis tools. Radiant tools use the synthesis tool output along with constraints from its floor planning
tools, to place and route the user design in MachX05-NX device. The tools extract timing from the routing,
and back-annotate it into the design for timing verification.

Lattice Semiconductor provides many pre-engineered Intellectual Property (IP) modules for the
MachXO5-NX family. By using these configurable soft IP cores as standardized blocks, you are free to
concentrate on the unique aspects of your design, increasing your productivity.
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1.1. Features
e Programmable Architecture
e 14k to 53k logic cells

e 161to 146 18 x 18 multipliers (in sysDSP™

blocks)

e 1.9 Mb to 5.6 Mb of embedded memory

blocks (EBR, LRAM)

e 199 to 299 programmable sysl/O (High
Performance and Wide Range 1/0)

e Programmable sysl/O supports wide varieties

of interfaces

e High Performance (HP) on bottom I/O
dual rank

e Supports up to 1.8 V Vcao

e Mixed voltage support (1.0V, 1.2V,

1.5V, 1.8V)

e High-speed differential up to 1.2 Gbps
e Supports soft D-PHY (Tx/Rx), LVDS 7:1

(Tx/Rx), SLVS (Tx/Rx), subLVDS (Rx)

e Supports SGMII (Gb Ethernet) — two

channels (Tx/Rx) at 1.25 Gbps

e Dedicated DDR3, DDR3L, and LPDDR4
memory support with DQS logic, up

to 1066 Mbps data-rate and x16
data-width

e Wide Range (WR) on Left, Right and Top

I/0 Banks
e Supports up to 3.3 V Vcao

e Mixed voltage support (1.2V, 1.5V,

1.8V,2.5V,3.3V)
e Programmable slew rate (slow,
medium, fast)
e Controlled impedance mode
e Emulated LVDS support
e Hot socketing support
e PCle hard IP supports:
e Genland Gen2
e Endpoint
e Multi-function up to four functions
e One single lane or two single lanes

Power Modes — Low-Power versus
High-Performance modes

e User selectable

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

e High-Performance mode for faster
processing

Small footprint package options

o 14x14mmto 17 x 17 mm package
options

Two channels of Clock Data Recovery (CDR)

up to 1.25 Gbps to support SGMII using HP

1/0

e CDR for RX

e 8b/10b decoding

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

sysCLOCK™ analog PLLs

e Six outputs per PLL

e Fractional N

e Programmable and dynamic phase control

sysDSP enhanced DSP blocks

e Hardened pre-adder

e Dynamic Shift for Al/ML support

e Four 18 x 18, eight 9 x9, two 18 x 36, or
36 x 36 multipliers

e Advanced 18 x 36, two 18 x 18, or four
8 x 8 MAC

Flexible memory resources

e Upto 3.0 Mb sysMEM™ Embedded Block
RAM (EBR)

e Programmable width
e Error Correction Coding (ECC)*
e  First Input First Output (FIFO)
e 951t0 320 kbit distributed RAM
e Large RAM Blocks

e 0.5 Mb per block
Internal bus interface support
e APB control bus
e AHB-Lite for data bus
o AXl4-streaming
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e Non-Volatile Configuration — Fast, Secure, e Single Event Upset (SEU) Mitigation Support
On-chip multi-boot e Extremely low Soft Error Rate (SER) due to
e Embedded flash memory FD-SOI technology
e Single-chip, secure solution e Soft Error Detection (SED) — Embedded
e Ultrafast I/O configuration for instant-on hard macro
support e Soft Error Correction (SEC) — Continuous
o Multi-sectored UFM for customer data user operation mode
storage e Dual ADC -1 MSPS, 12-bit SAR with
e Bitstream Security Simultaneous Sampling?
e Encryption e Two ADCs per device
e Authentication e Three Continuous-time Comparators
e Cryptographic Engine and Embedded Security e Simultaneous sampling
Function Block (ESFB) e System Level Support
e Bitstream encryption — using AES-256 e |EEE 1149.1 and IEEE 1532 compliant
e Bitstream authentication — using ECDSA e Reveal Logic Analyzer
256/384/521 bit e On-chip oscillator for initialization and
e Hashing algorithms — SHA 256/384/512 general use
bit, HMAC 256/384/512 bit e 1.0V core power supply

e Rivest-Shamir-Adleman (RSA) — RSA 3K/4K
e True Random Number Generator

e AES 256 GCM Encryption Note:
e Post-Quantum safe algorithm support 1. Available in select speed grades, see the
(TDQ devices only) — LMS, XMSS, ML-DSA, Ordering Information section.

ML-KEM, SHA3 and SHAKE

Table 1.1. Specification Status for MachXO5-NX RoT Devices

Device Package Grade Status
8BBG256 Commercial/Industrial Production
9BBG256 Commercial/Industrial Production

LFMXO5-15D
8BBG400 Commercial/Industrial Production
9BBG400 Commercial/Industrial Production
8BBG400 Commercial/Industrial Production

LFMXO5-55TD , - -
9BBG400 Commercial/Industrial Production
8BBG256 Commercial/Industrial Preliminary
9BBG256 Commercial/Industrial Preliminary

LFZ/IXOS_ZOTD 8BBG400 Commercial/Industrial Preliminary

an

MachX0O5-NX LFMX05-20TDQ 9BBG400 Commercial/Industrial Preliminary
RoT 8BBG484 Commercial/Industrial Preliminary

9BBG484 Commercial/Industrial Preliminary
8BBG256 Commercial/Industrial Preliminary
9BBG256 Commercial/Industrial Preliminary

LF';/IXOS_SOTD 8BBG400 Commercial/Industrial Preliminary

an

LFMX05-30TDQ 9BBG400 Commercial/Industrial Preliminary
8BBG484 Commercial/Industrial Preliminary
9BBG484 Commercial/Industrial Preliminary
8BBG400 Commercial/Industrial Production

LFMX05-55TDQ, , - -
9BBG400 Commercial/Industrial Production
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Table 1.2. MachX05-NX RoT Commercial/Industrial Family Selection Guide

Device LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5-
15D 20TD 20TDQ 30TD 30TDQ 55TD 55TDQ
Logic Cells? 14K 20K 20K 30K 30K 53K 38K
Embedded
Memory (EBR) 20 48 48 52 52 64 67
Blocks (18 kb)
Embedded
Memory (EBR) 360 864 864 936 936 1152 1206
Bits (kb)
Distributed RAM 112 136 136 200 200 320 248
Bits (kb)
Large Memory
(LRAM) Blocks ! 2 2 2 2 > >
Large Memory
(LRAM) Bits (kb) 512 1024 1024 1024 1024 2560 2560
1 1
8 x . 8. 16 48 48 48 48 110 93
Multipliers
ADC Blocks with
Two SAR ADCs? ! ! ! ! ! ! !
450 MHz High
Frequency 1 1 1 1 1 1 1
Oscillator
128 kHz Low 1 1 1 1 1 1 1
Power Oscillator
GPLL 2 2 2 2 2 4 4
PCle Gen2 hard 0 1 1 1 1 1 1
IP
Bitstream ECDSA-384 ECDSA-384 ECDSA- EEGD/S;‘S-MSZl
N ECDSA-384 ECDSA-384 ! ECDSA-384 ’ |256/384/521, ’
Authentication LMS, XMSS LMS, XMSS RSA-3K/4K LMS, XMSS,
ML-DSA
14,880 14,880
UFM (kb) 8,160 16,320 16,320 16,320 16,320
7,2003 7,2003
DDR3, DDR3,
EMIF DDR3, DDR3L | DDR3, DDR3L | DDR3, DDR3L | DDR3, DDR3L | DDR3, DDR3L DDR3L, DDR3L,
LPDDR4 LPDDR4
Packages SERDES Channels/I10s (Wide Range (WR) GPIOs (Top/Left/Right Banks) + High Performance (HP) GP1Os
(Size, Ball Pitch) (Bottom Banks) + ADC dedicated inputs)
BBG256
(14 x 14 0/205 1/170 1/170 1/170 1/170 _ _
mm, (159+40+6) | (134+30+6) | (134+30+6) | (134+30+6) | (134+30+6)
0.8 mm)
BBG400
(17x17 0/305 0/315 0/315 0/315 0/315 2/297 2/297
Pyt mm)mm' (251+48+6) | (261+48+6) | (261+48+6) | (261+48+6) | (261+48+6) | (159+132+6) | (159+132+6)
BBG484
(19 x 19 mm _ 1/368 1/368 1/368 1/368 _ _
’ (314+48+6) | (314+48+6) | (314+48+6) | (314+48+6)
0.8 mm)
Notes:

1. Logic Cells = LUTs x 1.2 effectiveness. In select speed grades. See the Ordering Information section.
2. Inselect speed grades. See the Ordering Information section.

3.  When Sentry Flag is enabled in customer policy.
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2. Architecture

2.1. Overview

Each MachXO5-NX device 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 shown in Figure 2.1. The LFMX05-15D device has one row of DSP
blocks and contains four rows of sysMEM EBR blocks. In addition, LFMXO5-15D device includes one Large
SRAM block. The sysMEM EBR blocks are large, dedicated 18 kbit fast memory blocks and have built-in ECC
and FIFO support. Each sysMEM block can be configured to a single, pseudo dual or true dual port memory
in a variety of depths and widths as RAM or ROM. Each DSP block supports variety of multiplier, adder
configurations with one 108-bit or two 54-bit accumulators supported, which are the building blocks for
complex signal processing capabilities. Refer to Figure 2.2 for details of the LFMXO5-55TD devices.

Each PIC block encompasses two PIO (PIO pairs) with their respective sysl/O buffers. The sysl/O buffers of
the MachX05-NX devices are arranged in up to twelve banks allowing the implementation of a wide variety
of /0 standards. The Wide Range (WR) I/O banks that are located in the top, left and right sides of the
device provide flexible ranges of general purpose 1/0O configurations up to 3.3 V VCCIOs. The banks located
in the bottom side of the device are dedicated to High Performance (HP) interfaces such as LVDS, MIPI,
DDR3, LPDDR3, and LPDDR4 support up to 1.8 V VCCIOs.

The Programmable Functional Unit (PFU) contains the building blocks for logic, arithmetic, RAM and ROM
functions. The PFU block is optimized for flexibility, allowing complex designs to be implemented quickly and
efficiently. Logic Blocks are arranged in a two-dimensional array. The registers in PFU and sysl/O blocks in
MachX05-NX devices can be configured to be SET or RESET. After power up and the device is configured, it
enters into user mode with these registers SET/RESET according to the configuration setting, allowing the
device to enter to a known state for predictable system function.

The LFMXO5-55TD FPGAs feature one hard PCle link layer IP block which supports PCle Gen1, Gen2 with 1 or
2 x1 configuration and internal VREF that supports LPDDRA4.

In addition, MachX05-NX devices provide various system level hard IP functional and interface blocks such
as 12C, SGMII/CDR, and ADC blocks. MachX05-NX devices also provide security features to help secure user
designs and deliver more robust reliability features to the user designs by using enhanced frame-based
SED/SEC functions.

Other blocks provided include PLLs, DLLs, and configuration functions. The PLL and DLL blocks are located at
the corners of each device. MachXO5-NX devices also include Lattice Memory Mapped Interface (LMMI)
which is a Lattice standardized interface for simple read and write operations to support controlling internal
IPs.

The MachX05-NX security enhanced devices require the user to access the UFM through the Embedded
Security and Function Block (ESFB). This provides better security measures for security applications.

Every device in the family has a JTAG port. This family also provides an on-chip oscillator and soft error
detect (SED) capability. The MachXO5-NX devices use 1.0 V as their core voltage.
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‘ 1/0 Bank (Bank 0) ‘ ‘ 1/0 Bank (Bank 1) ‘
PLL
‘ Large RAM ‘ ‘ ‘ ‘ Non-volatile Configuration & Security ‘ ‘ On-chip User Flash ‘
1/0 Bank 1/0 Bank
(Bank 9) (Bank 2)
1/0 Bank 1 1 O 0 1/0 Bank
(Bank 8) i (Bank 3)
1/0 Bank
1/0 Bank ! ! O [ (Bank 4)
(Bank 7)
ADC
CDR H H H H (2ch)
(2Ch)
1/0 Bank (Bank 6) 1/0 Bank (Bank 5) ‘ ‘ PLL
Figure 2.1. Simplified Block Diagram, LFMX05-15D Device (Top Level)
Large
&
(Bank 7) (Bank 1)
&
e
(Bank 6) Large 1/O Bank
RAM (Bank 2)
(2Ch)
=
(2ch)
PLL 1/0 Bank (Bank 5) 1/O Bank (Bank 4) 1/O Bank (Bank 3) PLL

Figure 2.2. Simplified Block Diagram, LFMXO5-55TD Device (Top Level)
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2.2. PFU Blocks

The core of the MachXO5-NX device consists of PFU blocks. Each PFU block consists of four interconnected
slices numbered 0-3, as shown in Figure 2.3. Each slice contains two LUTs. All the interconnections to and
from PFU blocks are from routing.

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

From
Routing

v o v

| LUT4 & LUT4 & ‘
CARRY CARRY ‘
Slice 0
D
FF

v v v

O ¢

FF FF FF FF FF FF

<,
<,
s
<
-«
<
‘,
4,
e
<,<
-«
<,<
4,

Routing

Figure 2.3. PFU Diagram

2.2.1. Slice

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

Table 2.1. Resources and Modes Available per Slice

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

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

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

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

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

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

Each slice has 17 input signals: 16 signals from routing and one from the carry-chain (from the adjacent slice
or PFU). Three of them are used for FF control and shared between two slices (0/1 or 2/3). There are five
outputs: four to routing and one to carry-chain (to the adjacent PFU). Table 2.2 and Figure 2.4 list the signals
associated with all the slices. Figure 2.5 shows the slice signals that support one LUT5 or two LUT5 functions.
FO can be configured to have one LUT4 or LUTS5 output while F1 is for a LUT4 output.
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» FCO
(Todifferent SLICE/PFU)
M——
Bl — 1 —P » F1
LUTS
Cl ——1—» LUT4 and » FO
Carmry
Dl ——————1—P >
DI g > Q1
g
M1 FF
—>
AO P
BO > |
COo g LUT4
DO >
DIO > » Q0
MO/SEL g
_____________________ = FF
| Common to I
| | —P
| SLICE 0/1 OR 2/3 |
I I
| CE——1—b |
| FF
I LSR————————P |
I I
[ L — — — — — — — — -
(From different SLICE/PFU) 4
FCI
Note: In RAM mode, LUT4s use the following signals:
QWDO/1
QWDNO0/1

QWAS00~03, QWAS10~13

Figure 2.4. Slice Diagram

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

A1l

\ 4

B1

C1

\ 4

D1

SEL

AO

\ 4

LUT4

v

\ 4

BO

Co

DO

LUT4

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

QWDO0/1
QWDNO0/1

QWAS00~03, QWAS10~13

Table 2.2. Slice Signal Descriptions

Figure 2.5. Slice Configuration for LUT4 and LUT5

F1

FO

Function Type Signal Names Description

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

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

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

Input Control signal SEL LUT5 mux control input

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

Input Control signal CE Clock Enable

Input Control signal LSR Local Set/Reset

Input Control signal CLKIN System Clock

Input Inter-PFU signal FCI Fast Carry-in!

Output Data signals FO LUT4/LUTS output signal

Output Data signals F1 LUT4 output signal

Output Data signals Qo, Q1 Register outputs

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

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

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

Logic Mode

In this mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A LUT4 can have
16 possible input combinations. Any four input logic functions can be generated by programming this lookup
table. Since there are two LUT4s per slice, a LUTS can be constructed within one slice.

Ripple Mode
Ripple mode supports the efficient implementation of small arithmetic functions. In ripple mode, the
following functions can be implemented by each slice:
e Addition 2-bit
e Subtraction 2-bit
e Add/Subtract 2-bit using dynamic control
e Up counter 2-bit
e Down counter 2-bit
e Up/Down counter with asynchronous clear 2-bit using dynamic control
e Up/Down counter with preload (sync) 2-bit using dynamic control
e Comparator functions of A and B inputs 2-bit
e A greater-than-or-equal-to B
e A not-equal-to B
e Aless-than-or-equal-to B
e Up/Down counter with A greater-than-or-equal-to B comparator 2-bit using dynamic control
e Up/Down counter with A less-than-or-equal-to B comparator 2-bit using dynamic control
e  Multiplier support Ai*Bj+1 + Ai+1*Bj in one logic cell with 2 logic cells per slice
e Serial divider 2-bit mantissa, shift 1bit/cycle
e Serial multiplier 2-bit, shift 1bit/cycle or 2bit/cycle

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

RAM Mode

In this mode, a 16 x 4-bit distributed single or pseudo dual port RAM can be constructed in one PFU using
each LUT block in Slice 0 and Slice 1 as a 16 x 2-bit memory in each slice. Slice 2 is used to provide memory
address and control signals. MachXO5-NX devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the
software constructs these using distributed memory primitives that represent the capabilities of the PFU.
Table 2.3 lists the number of slices required to implement different distributed RAM primitives. For more
information about using RAM in MachXO5-NX devices, refer to Memory User Guide for Nexus Platform
(FPGA-TN-02094).

www.latticesemi.com/legal


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

= LATTICE

Table 2.3. Number of Slices Required to Implement Distributed RAM?

SPR16 x4 PDPR 16 x 4

| Number of slices 3 3

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

ROM Mode

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

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

2.3. Routing

There are many resources provided in the MachXO5-NX devices to route signals individually or as busses
with related control signals. The routing resources consist of switching circuitry, buffers and metal
interconnect (routing) segments.

The MachX05-NX family has an enhanced routing architecture that produces a compact design. The Lattice
Radiant software tool suites take the output of the synthesis tool and places and routes the design.

2.4. Clocking Structure

The MachX0O5-NX clocking structure consists of:

e clock synthesis blocks, sysCLOCK PLL;

e balanced clock tree networks, PCLK and ECLK; and

e efficient clock logic modules, Clock Dividers (PCLKDIV and ECLKDIV) and Dynamic Clock Select (DCS),
Dynamic Clock Control (DCC), and DLL.

Each of these functions is described as follow.

2.4.1. Global PLL

The Global PLLs (GPLL) provide the ability to synthesize clock frequencies. The devices in the MachX05-NX
family support two full-featured General Purpose GPLLs. The Global PLLs provide the ability to synthesize
clock frequencies.

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

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

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

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

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

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

Refck  (To bypass muxes)
L
[ Look LOCK
Detect CLKOP
Veo p Divider > CLKOP
(1-128) A
CLKI 14 Phase F— CLKOS
\I/Dgtoectoré ] veo Divider p CLKOS
»and o (1-128) A
Loop Filter
Modulator VCO CLKOS2
T »  Divider > CLKOS2
FBKSEL (1-128) A
CLKFB [ Feedback
Divider N vco | CLKOS3
»  Divider g CLKOS3
(1-128) A
_ CLKOS4
PHASESEL[1:0] M Dynamic VCO R > CLKOS4
PHASEDIR 4 Phase (1-128) ‘K
PHASESTEP P Adjust
PHASELOADREG [ > vCco | CLKOSS5
P Divider ;F\—D CLKOS5
(1-128) 4
Internal Feedback
4] CLKOP, CLKOS, CLKOS2-5
ENCLKOP [
ENCLKOS
ENCLKOS2 [
ENCLKOS3
ENCLKOS4
ENCLKOS5
RSTO—»
PLLPD_EN N [o—»

Figure 2.6. General Purpose PLL Diagram

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

2.4.2. Clock Distribution Network

There are two main clock distribution networks for any member of the MachXO5-NX product family, namely
Primary Clock (PCLK) and Edge Clock (ECLK). These clock networks can be driven from many different
sources, such as Clock Pins, PLL outputs, DLLDEL outputs, Clock divider outputs, and user logic. There are
clock divider blocks (ECLKDIV and PCLKDIV) to provide a slower clock from these clock sources.

MachXO5-NX supports glitchless Dynamic Clock Control (DCC) for the PCLK Clock to save dynamic power.
There are also Dynamic Clock Selection logic to allow glitchless selection between two clocks for the PCLK
network (DCS).

Overview of Clocking Network is shown in Figure 2.7 and Figure 2.8 for MachX0O5-NX devices.
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2.4.3. Primary Clocks

The MachX05-NX device family provides low-skew, high fan-out clock distribution to all synchronous
elements in the FPGA fabric through the Primary Clock Network. The MachX05-NX PCLK 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 source.

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

The Lattice Radiant software can automatically route each clock to one of the domains up to a maximum of
16 clocks per domain. You can change how the clocks are routed by specifying a preference in the Lattice
Radiant software to locate the clock to a specific domain. MachX05-NX device provides you with a
maximum of 64 unique clock input sources that can be routed to the primary Clock network.

Primary clock sources are:

e Dedicated clock input pins

e PLL outputs

e PCLKDIV, ECLKDIV outputs

e Internal FPGA fabric entries (with minimum general routing)

e SGMII-CDR clocks

e OSCclock

These sources are routed to each of four clock switches called a Mid Mux (LMID, RMID, TMID, BMID). The
outputs of the Mid MUX are routed to the center of the FPGA where additional clock switches (DSC_CMUX)
are used to route the primary clock sources to primary clock distribution to the MachXO5-NX fabric. These
routing muxes are shown in Figure 2.7 and Figure 2.8. There are potentially 64 unique clock domains that
can be used in the largest MachX0O5-NX device. For more information about the primary clock tree and
connections, refer to sysCLOCK PLL Design and User Guide for Nexus Platform (FPGA-TN-02095).

2.4.4. Edge Clock

MachXO5-NX devices have a number of high-speed edge clocks that are intended for use with the PIO in the
implementation of high-speed interfaces. There are four (4) ECLK networks per bank I/0 on the Bottom side
of the devices. For power management, the Edge clock network is powered by a separate power domain (to
reduce power noise injection from the core and reduce overall noise induced jitter) while controlled by the
same logic that gates the FPGA core and PCLK domains.

Each Edge Clock can be sourced from the following:

e Dedicated PIO Clock input pins (PCLK)

e DLLDEL output (PIO Clock delayed by 90°)

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

e Internal Nodes

Figure 2.9 illustrates the various ECLK sources. Bank 5 is shown in the example. Other bottom side banks are
similar.
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Bank 5 PCLK Pin (odd)
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Figure 2.9. Edge Clock Sources per Bank

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

2.4.5. Clock Dividers

MachX0O5-NX devices have two distinct types of clock divider, Primary and Edge. There are from one (1) to
two (2) Primary Clock Divider (PCLKDIV), which are located in the DCS_CMUX block(s) at the center of the
device. There are up to twelve (12) ECLKDIV dividers per device, locate near the bottom high-speed I/O
banks.

The PCLKDIV supports +2, +4, +8, +16, +32, +64, +128, and +1 (bypass) operation. The PCLKDIV is fed from a
DCSMUX within the DCS_CMUX block. The clock divider output drives one input of the DCS Dynamic Clock
Select within the DSC_CMUX block. The Reset (RST) control signal is asynchronously and forces all outputs to

low. The divider output starts at next cycle after the reset is synchronously released. The PCLKDIV is shown
in Figure 2.10.

The ECLKDIV is intended to generate a slower-speed system clock from a high-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 clock based on the release of its reset signal. The ECLKDIV can be fed from selected
PLL outputs, external primary clock pins (with or without DLLDEL Delay) or from 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 divider output starts at next cycle after the reset is synchronously released.

The ECLKDIV block is shown in Figure 2.9. For further information on clock dividers, refer to sysCLOCK PLL
Design and User Guide for Nexus Platform (FPGA-TN-02095).

2.4.6. Clock Center Multiplexor Blocks

All clock sources are selected and combined for primary clock routing through the Dynamic Clock Selector
Center Multiplexor logic (DCS_CMUX). There are one (1) DCS_CMUX blocks per device.

For the LFMXO5-55TD device, each DCS_CMUX block contains four (4) DCSMUX blocks, two (2) PCLKDIV, two
(2) DCS block, and four (4) CMUX blocks.

See Figure 2.10 and Figure 2.11 for representative DCS_CMUX block diagrams.

The heart of the DCS_CMUX is the Center Multiplexor (CMUX) block, inputs up to 64 feed clock sources
[mid-muxes (RMID, LMID, TMIC, BMID) and DCC] and to drive up to 16 primary clock trunk lines.
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Up to two (2) clock inputs to the DCS_CMUX can be routed through a Dynamic Clock Select block, and then

routed to the CMUX. One (1) input to the DCS can be optionally divided by the Primary Clock Divider

(PCLKDIV). For more information about the DCS_CMUX, refer to sysCLOCK PLL Design and User Guide for
Nexus Platform (FPGA-TN-02095).
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Figure 2.10. DCS_CMUX Diagram for LFMXO05-15D Devices
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Figure 2.11. DCS_CMUX Diagram for LFMX05-55TD Devices
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2.4.7. Dynamic Clock Select

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

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

Figure 2.12 shows the timing waveforms of the default DCS operating mode. The DCS block can be
programmed to other modes. For more information about the DCS, refer to sysCLOCK PLL Design and User
Guide for Nexus Platform (FPGA-TN-02095).

ihihighih

|
cko |
pes
CLK1 b
o | C
clk1 1|
s nel |
SEL : Ll
| | | |
i —L
: "1 cko
I nég
o
| |
DCSOUT b

Figure 2.12. DCS Waveforms

2.4.8. Dynamic Clock Control

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

Four additional DCC elements control the clock inputs from the MachXO5-NX domain logic to the Center
MUX elements (DSC_CMUX).

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

The MachXO5-NX device has two 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 that corresponding to 90-degree phase of the reference clock input, and provide this
code to every individual DQS block and DLLDEL slave delay element. The reference clock can be either from
PLL, or input pin. This code is used in the DQSBUF block that controls a set of DQS pin groups to interface
with DDR memory (slave DLL). The DQSBUF uses this code to control the DQS input of the DDR memory to
90-degree shift to clock DQs at the center of the data eye for DDR memory interface.

The code is also sent to another slave DLL, DLLDEL, which takes a primary clock input and generates a
90-degree shift clock output to drive the clocking structure. This is useful to interface edge-aligned Generic
DDR, where 90-degree clocking needs to be created. Not all primary clock inputs have associated DLLDEL
control. Figure 2.13 shows DDRDLL connectivity to a DLLDEL block (connectivity to DQSBUF blocks is similar).

To both BMID and
ECLKINMUX
PCLK Input
- DLLDEL
A A
~ N
5 5
o o .
< © © 9 Right DDRDLL
Left DDRDLL 9

v

Figure 2.13. DLLDEL Functional Diagram

Each DDRDLL can generate delay code based on the reference clock frequency. The slave DLL (DQSBUF and
DLLDEL) uses the code to delay the signal to create the phase shifted signal used either for DDR memory or

for creating 90-degree shift clock. Figure 2.14 and Figure 2.15 show the DDRDLL and the slave DLLs on the
top-level view.
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Figure 2.14. DDRDLL Architecture for LFMX05-15D Device
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Figure 2.15. DDRDLL Architecture for LFMXO5-55TD Device

2.5. SGMII TX/RX

The MachX05-NX device utilizes different components/resources for the transmit and receive paths of
SGMIIL. For the SGMII transmit path, Generic DDR I/O with X5 gearing are used. For more information, refer
to the GDDRX5_TX.ECLK.Aligned interface section in the MachX05-NX High-Speed /0 Interface
(FPGA-TN-02286).

For the SGMII receive path, one of the two available hardened CDR (Clock and Data Recovery) Components
can be used. There are 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 correcting signals that needed to achieve and
maintain phase lock with the data. The data is then passed through a deserializer which deserializes the data
to 10-bit parallel data. The 10-bit parallel data is then sent to the FIFO bridge, which allows the CDR to
interface with the rest of the FPGA.

Figure 2.16 shows a block diagram of the SGMII CDR IP.

The two hardened blocks are located at the bottom left of the chip and uses the high speed 1/O Bank 5 for
the differential pair input. It is recommended 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 to the SGMII
and Gb Ethernet PCS IP Core (FPGA-IPUG-02077).
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Figure 2.16. SGMII CDR IP

2.6. sysMEM Memory

MachXO5-NX devices contain a number of sysMEM Embedded Block RAM (EBR). The EBR consists of an 18
kb RAM with memory core, dedicated input registers and output registers as well as optional pipeline
registers at the outputs. Each EBR includes functionality to support true dual-port, pseudo dual-port,
single-port RAM, ROM and built in FIFO. In the MachXO5-NX device, unused EBR blocks is powered down to
minimize power consumption.

2.6.1. sysMEM Memory Block

The sysMEM block can implement single port, dual port or pseudo dual port memories. Each block can be
used in a variety of depths and widths as listed in Table 2.4. FIFO can be implemented using the built-in read
and write address counters and programmable full, almost full, empty and almost empty flags. The EBR
block facilitates parity checking by supporting an optional parity bit for each data byte. EBR blocks provide
byte-enable support for configurations with 18-bit and 36-bit data widths. For more information, refer to
Memory User Guide for Nexus Platform (FPGA-TN-02094).

EBR also provides a build in ECC engine in select speed grades (see Ordering Information). The ECC engine
supports a write data width of 32 bits and it can be cascaded for larger data widths such as x64. The ECC
parity generator creates and stores parity data for each 32-bit word written. 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 disturb is automatically corrected at the data output.
In addition, two dedicated error flags indicate if a single-bit or two-bit error has occurred.
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Table 2.4. sysMEM Block Configurations

Memory Mode Configurations

16,384 x 1

8,192 x2

4,096 x 4

Single Port
2,048 x 9

1,024 x 18

512 x 36

16,384 x 1

8,192 x2

True Dual Port 4,096 x 4

2,048 x9

1,024 x 18

16,384 x 1

8,192 x2

4,096 x 4

Pseudo Dual Port
2,048 x 9

1,024 x 18

512 x 36

2.6.2. Bus Size Matching

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

2.6.3. RAM Initialization and ROM Operation

If desired, the contents of the RAM can be pre-loaded during device configuration. By preloading the RAM
block during the chip configuration cycle and disabling the write controls, the sysMEM block can also be
utilized as a ROM.

2.6.4. Memory Cascading

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

2.6.5. Single, Dual and Pseudo-Dual Port Modes

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

2.6.6. Memory Output Reset

The EBR utilizes latches at the A and B output ports. These latches can be reset asynchronously or
synchronously. RSTA and RSTB are local signals, which reset the output latches associated with Port A and
Port B, respectively. The Global Reset (GSRN) signal can reset both ports. The output data latches and
associated resets for both ports are as shown in Figure 2.17. The optional Pipeline Registers at the outputs
of both ports are also reset in the same way.
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Figure 2.17. Memory Core Reset

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

2.7. Large RAM

The MachXO5-NX device includes additional memory resources in the form of Large Random-Access
Memory (LRAM) blocks.

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

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

2.8. sysDSP

The MachX05-NX family provides an enhanced sysDSP architecture, making it ideally suitable for low-cost,
high-performance Digital Signal Processing (DSP) applications. Typical functions used in these applications
are Finite Impulse Response (FIR) filters, Fast Fourier Transforms (FFT) functions, Correlators,
Reed-Solomon/Turbo/Convolution encoders and decoders. These complex signal processing functions use
similar building blocks, such as multiply-adders and multiply-accumulators.

2.8.1. sysDSP Approach Compared to General DSP

Conventional general-purpose DSP chips typically contain one to four (Multiply and Accumulate) MAC units
with fixed data-width multipliers; this leads to limited parallelism and limited throughput. Their throughput
is increased by higher clock speeds. In the MachX05-NX device family, there are many DSP blocks that can

be used to support different data widths. This allows you to use highly parallel implementations of the DSP
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functions. You can optimize DSP performance versus area by choosing appropriate levels of parallelism.
Figure 2.18 compares the fully serial implementation to the mixed parallel and serial implementation.

=~
Operand ,|Operand{ _ _»| Operand
A A A
Operand Operand| _ _ _,| Operand
—\ B B
Operand | | Operand
A B
m/k
o loops
Single > M loops Multiplier Multiplier
Multiplier 0 K
Accumulator,
_/
Function Implemented in General —
Purpose DSP
accumulate
Output
Function Implemented in
MachXO5-NX Devices

Figure 2.18. Comparison of General DSP and MachXO5-NX Approaches

2.8.2.  sysDSP Architecture Features

The MachX05-NX sysDSP Slice has been significantly enhanced to provide functions needed for advanced
processing applications. These enhancements provide improved flexibility and resource utilization.

The MachXO5-NX sysDSP Slice supports many functions that include the following:

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

e 0Odd Mode - Filter with Odd number of taps
e Even Mode - Filter with Even number of taps
¢ Two dimensional (2D) Symmetry Mode — Supports 2D filters for mainly video applications

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

Fully cascadable DSP across slices. Support for symmetric, asymmetric and non-symmetric filters.
Multiply (36 x 36, two 18 x 36, four 18 x 18 or eight 9 x 9)

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

Two Multiplies feeding one Accumulate per cycle for increased processing with lower latency (two 18 x
18 Multiplies feed into an accumulator that can accumulate up to 54 bits)
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e Pipeline registers
e 1D Symmetry support. The coefficients of FIR filters have symmetry or negative symmetry
characteristics.
e 0Odd Mode - Filter with Odd number of taps
e Even Mode - Filter with Even number of taps
e 2D Symmetry support. The coefficients of 2D FIR filters have symmetry or negative symmetry
characteristics.
e 3 x3and3x5-Internal DSP Slice support
e 5x5and larger size 2D blocks — Semi internal DSP Slice support
e Flexible saturation and rounding options to satisfy a diverse set of applications situations
e Flexible cascading DSP blocks
e Minimizes fabric use for common DSP functions
e Enables implementation of FIR Filter or similar structures using dedicated sysDSP slice resources only
e Provides matching pipeline registers
e (Can be configured to continue cascading from one row of sysDSP slices to another for longer cascade
chains
e RTL Synthesis friendly synchronous reset on all registers, while still supporting asynchronous reset for
legacy users
e Dynamic MUX selection to allow Time Division Multiplexing (TDM) of resources for applications that
require processor-like flexibility that enables different functions for each clock cycle
Figure 2.19 shows the diagram of sysDSP. For most cases. As shown in Figure 2.19, the MachX05-NX sysDSP
is backwards-compatible with the LatticeECP3™ sysDSP block, such that, legacy applications can be targeted
to MachXO5-NX sysDSP.
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Figure 2.19. DSP Functional Block Diagram

The MachX05-NX sysDSP block supports the following basic elements.
e  MULT (Multiply)

e MAC (Multiply, Accumulate)

e MULTADDSUB (Multiply, Addition/Subtraction)

e MULTADDSUBSUM (Multiply, Addition/Subtraction, Summation)
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Table 2.5 shows the capabilities of MachXO5-NX sysDSP block versus the above functions.

Table 2.5. Maximum Number of Elements in a sysDSP block

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

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

e Inthe Add/Sub option, the Accumulator can be switched between addition and subtraction on every
cycle.

e The loading of operands can switch between parallel and serial operations.
For further information, refer to sysDSP User Guide for Nexus Platform (FPGA-TN-02096).

2.9. Programmable I/0 (PIO)

The programmable logic associated with an 1/O is called a PIO. The individual PIOs are connected to their
respective sysl/O buffers and pads.

On all the MachX0O5-NX devices, two adjacent PIO can be combined to provide a complementary output
driver pair.

2.10. Programmable 1/0 Cell (PIC)

The programmable I/O cells (PIC) provide 1/O function and necessary gearing logic associated with PIO.
MachXO5-NX consists of base PIC and gearing PIC.

Base PICs contain three blocks: an input register block, output register block, and tri-state register block.
These blocks contain registers for operating in a variety of modes along with the necessary clock and
selection logic. Base PICs cover the top and left/right bank. Gearing PICs contain gearing logic and edge
monitor used for locating the center of data window. Gearing PICs cover the bottom banks to support DDR
operation.
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Figure 2.20. Group of Two High Performance Programmable 1/0 (HPIO) Cells
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Figure 2.21. Wide Range Programmable 1/0 (WRIO) Cells
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2.10.1. Input Register Block

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

The Input register block on the bottom side includes gearing logic and registers to implement IDDRX1,
IDDRX2, IDDRX4, IDDRXS5 gearing functions. With two PICs sharing the DDR register path, it can also
implement IDDRX71 function used for 7:1 LVDS interfaces. It uses three sets of registers — shift, update, and
transfer to implement gearing and the clock domain transfer. The first stage registers sample the high-speed
input data by the high-speed edge clock on its rising and falling edges. The second stage registers perform
data alignment based on the control signals. The third stage pipeline registers pass the data to the device
core synchronized to the low-speed system clock. For more information on gearing function, refer to
MachXO5-NX High-Speed 1/0 Interface (FPGA-TN-02286).

Input FIFO

The MachXO5-NX PIO has dedicated input FIFO per single-ended pin for input data register for DDR Memory
interfaces. The FIFO resides before the gearing logic. It transfers data from DQS domain to continuous ECLK
domain. On the Write side of the FIFQ, it is clocked by DQS clock, which is the delayed version of the DQS
Strobe signal from DDR memory. On the Read side of FIFQO, it is clocked by ECLK. ECLK may be any
high-speed clock with identical frequency as DQS (the frequency of the memory chip). Each DQS group has
one FIFO control block. It distributes FIFO read/write pointer to every PIC in same DQS group. DQS Grouping
and DQS Control Block is described in DDR Memory Support section.

Table 2.6. Input Block Port Description

Name Type Description

D Input High Speed Data Input

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

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

Figure 2.22 shows the input register block for the P1O on the top, left, and right edges.

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

IDDRX1 —» Q[1:0]

SCLK
RST

r v

Figure 2.22. Input Register Block for PIO on Top, Left, and Right Sides of the Device
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Figure 2.23 shows the input register block for the PIO located on the bottom edge.

’ P INCK
P INFF
Programmable
b Delay Cell
INFF » Q
l Generic
IDDRX1
FIFO e art:oy
IDDRX4 Q[3:0)
Delayed DQS ECLK IDDRX5 —p q[e:01/
IDDRX71* Q[7:0y
Q[9:0]
Memory
ECLK
IDDRX2
SCLK IDDRX4
RST
ALIGNWD

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

Figure 2.23. Input Register Block for PIO on Bottom Side of the Device

2.10.2. Output Register Block

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

MachX05-NX output data path has output programmable flip flops and output gearing logic. On the bottom
side, the output register block can support 1x, 2x, x4, x5, and 7:1 gearing enabling high speed DDR interfaces
and DDR memory interfaces. On the top, left, and right sides, the banks support 1x gearing. MachX05-NX
output data path diagram is shown in Figure 2.24. The programmable delay cells are also available in the
output data path.

For detailed description of the output register block modes and usage, you can refer to MachX05-NX
High-Speed I/0O Interface (FPGA-TN-02286).

»
| Programmable 3
D > Delay Cell »>Q
» OUTFF »
»
L
RST »
SCLK » Generic
D[1:0] > ODDRX1

Figure 2.24. Output Register Block on Top, Left, and Right Sides
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Figure 2.25. Output Register Block on Bottom Side

Table 2.7. Output Block Port Description

Name Type Description

Q Output High Speed Data Output

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

RST Input Reset to the Output Block

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.10.3. Tri-state Register Block

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

ECLK and SCLK.

Figure 2.26 and Figure 2.27 show the Tri-state Register Block functions on the device. For detailed
description of the tri-state register block modes and usage, refer to MachXO5-NX High-Speed 1/0 Interface

(FPGA-TN-02286).

—» TQ

»
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SCLK ———p

TSFF

Figure 2.26. Tri-state Register Block on Top, Left, and Right Sides
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Figure 2.27. Tri-state Register Block on Bottom Side

Table 2.8. Tri-state Block Port Description

Name Type Description

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

RST Input Reset to the Tri-state Block

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

SCLK Input Slow Speed System Clock

ECLK Input High Speed Edge Clock

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

2.11. DDR Memory Support

2.11.1. DQS Grouping for DDR Memory

Some PICs have additional circuitry to allow the implementation of high-speed source synchronous and
DDR3/DDR3L/LPDDR4 memory interfaces. The support varies by the edge of the device as detailed below.

The Bottom bank PIC has fully functional elements supporting DDR3/DDR3L/LPDDR4 memory interfaces.
Every 12 P1O on the bottom side are grouped into one DQS group, as shown in Figure 2.28. Within each DQS
group, there are two pre-placed pins for DQS and DQS# signals. The rest of the pins in the DQS group can be
used as DQ signals and DM signal. The number of the pins in each DQS group bonded out is package
dependent. DQS groups with less than 11 pins bonded out can only be used for Command/Address busses.
In DQS groups with more than 11 pins bonded out, up to two pre-defined pins are assigned to be used as
virtual Vceio, by driving these pins to HIGH, and connecting these pins to Vccio power supply. These
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connections create soft connections to Vcao thru these output pins, and make better connections on Vcco to
help to reduce SSO noise. For details, refer to MachXO5-NX High-Speed 1/0 Interface (FPGA-TN-02286).
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Figure 2.28. DQS Grouping on the Bottom Edge

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

To support DDR memory interfaces (DDR3/DDR3L/LPDDR4), the DQS strobe signal from the memory must
be used to capture the data (DQ) in the PIC registers during memory reads. This signal is output from the
DDR memory device aligned to data transitions and must be time shifted before it can be used to capture
data in the PIC. This time shift is achieved by using DQSBUF programmable delay line in the DQS Delay Block
(DQS read circuit). The DQSBUF is implemented as a slave delay line and works in conjunction with a master
DDRDLL.

This block also includes slave delay line to generate delayed clocks used in the write side to generate DQ and
DQS with correct phases within one DQS group. There is a third delay line inside this block used to provide
the write-leveling feature for DDR write if needed.

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

ple]
PAUSE
RDCLKSEL[3:0]

RDDIR
RDLOADN
READ[3:0]

READMOVE
RST

SCLK
SELCLK

WRDIR

WRLOAD_N
WRLVDIR

WRLVLOAD_N

WRLVMOVE

WRMOVE
ECLKIN
RSTSMCNT
DLLCODE(8:0]

[——» BTDETECT

Preamble/Postamble Management
}————————p BURSTDETECT
[———— DATAVALID

) EEE—

FIFO Control and Data Valid basw
Generation [—————————» DQSWRD

» RDPNTR[2:0]

——» READCOUT

Slave Delay Line (RD) with ————> Dasro0
Adjustment/Margin Test

——» DQSW270
——» WRCOUT
Slave Delay (WR) with

Adjustment/Margin Test and Write Leveling [——————» WRLVCOUT

[———" WRPNTR[2:0]

Figure 2.29. DQS Control and Delay Block (DQSBUF)

Table 2.9. DQSBUF Port List Description

Name Type Description

DQSI Input DQS signal from |0 through the PIC.

PAUSE Input To stop ECLK for DDR3/LPDDR4 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 DDR read.

RDLOADN Input 1b0 —When mcl_mt_en_read=1b1 and read_load_n=1b0 the read_move
pulse needs to be generated to the load the preload value consisting of the
{mcl_sign_read, mcl_s_read [8:0]} value.
1b1 — When counter has preload value, read_move pulse can be used to
increment and decrement the counter based on the read_direction signal
value and mc1l_mt_en_write should be set 1b1.

READ(3:0] Input Read signal for DDR read mode (from CIB).

READMOVE Input Move pulse needs to be at least 1 sclk cycle 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 or down is
determined by the read_direction port.

RST Input DQS reset control for both DDR/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 delay
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_move
pulse needs to be generated to the load the preload value consisting of the
{mc1_sign_write, mc1_s_write [8:0]} value.
1b1 — When counter has preload value, write_move pulse can be used to
increment and decrement the counter based on the write_direction signal
value and mcl_mt_en_write should be set 1b1.

WRLVDIR 0 —to increase the code.

Input . .
1 —to decrease the code for DDR write 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/decremented
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 than 5 ns
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 or down is
determined by the write_leveling_direction port.

WRMOVE Input Move pulse needs to be at least 1 sclk cycle 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 or down is
determined by the write_direction port.

ECLKIN Input ECLK from four different ECLK tree output.

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

DLLCODE[8:0] Input DLL code selected from 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 on
the rising edge of SCLK.

DATAVALID Output Data Valid Flag for READ mode (to CIB).

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[3:0]
determines the selected delay and read enable position.

RDPNTR[2:0] Output FIFO control READ pointer (3-bits) to FIFO in PIC (through each tree to IOL).

READCOUT Output Margin test output flag for READ to indicate the under-flow or over-flow.

DQSR90 Output DQSI phase shifted or delayed by 90-degree output (through DQSR tree to
I0L).

DQSW270 Output ECLK phase shifted or delayed by 270-degree output (through DQSW270
tree to 10L).

WRCOUT Output Margin test output flag for WRITE to indicate the under-flow or over-flow.

WRLVCOUT Output Margin test output flag for WRITE LEVELING to indicate the under-flow or
over-flow.

WRPNTR[2:0] Output FIFO control WRITE pointer (3-bits) to FIFO in PIC (through each tree to 10L).
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2.12. sysl/O Buffer

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

The MachX05-NX family contains multiple Programmable I/0 Cell (PIC) blocks. Each PIC contains two
Programmable 1/O, PIOA and PIOB. Each PIO includes a sysl/O buffer and 1/0 logic. Two adjacent PIO can be
joined to provide a differential I/O pair. These two pairs are referred to as True and Comp, where True Pad is
associated with the positive side of the differential I/0, and the complement with the negative.

The top, left and right side banks support I/O standards from 3.3 V to 1.0 V while the bottom supports I/O
standards from 1.8 V to 1.0 V. Every pair of I/0 on the bottom bank also have a true LVDS and SLVS Tx
Driver. In addition, the bottom bank supports single-ended input termination. Both static and dynamic
termination are supported. Dynamic termination is used to support the DDR/LPDDR interface standards. For
more information about DDR implementation in /O Logic and DDR memory interface support, refer to
MachXO5-NX High-Speed 1/0 Interface (FPGA-TN-02286).

2.12.1. Supported sysl/O Standards

MachX05-NX sysl/O buffer supports both single-ended differential and differential standards. Single-ended
standards can be further subdivided into internally ratioed standards, such as LVCMOS, LVTTL, and external
referenced standards such as HSUL, SSTL, and LVSTL. The buffers support the LVTTL, LVCMOS 1.0V, 1.2V,
1.5V,1.8V, 2.5V, and 3.3 V standards. Differential standards supported include LVDS, SLVS, differential
LVCMOS, differential SSTL, differential HSUL, and differential LVSTL. For better support of video standards,
subLVDS and MIPI_D-PHY are also supported. Table 2.10 and Table 2.11 provide a list of sysl/O standards
supported in MachX0O5-NX devices.

Table 2.10. Single-Ended 1/0 Standards

Standard Input Output Bi-directional
LVTTL33 Yes Yes Yes
LVCMOS33 Yes Yes Yes
LVCMOS25 Yes Yes Yes
LVCMOS18 Yes Yes Yes
LVCMOS15 Yes Yes Yes
LVCMOS12 Yes Yes Yes
LVCMOS10 Yes No No
HTSL15 | Yes Yes Yes
SSTL15 | Yes Yes Yes
SSTL 1351 Yes Yes Yes
HSUL12 Yes Yes Yes
LVSTL_I2 Yes Yes Yes
LVSTL_II1? Yes Yes Yes
LVCMOS18H Yes Yes Yes
LVCMOS15H Yes Yes Yes
LVCMOS12H Yes Yes Yes
LVCMOS10H Yes Yes Yes
LVCMOS10R Yes - Yes!

Notes:

1. Output supported by LVCMOS10H.
2. Only supported in LFMXO5-55TD devices.
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Table 2.11. Differential 1/0O Standards

Standard Input Output Bi-directional
LVDS Yes Yes Yes
SUBLVDS Yes No —
SLVS Yes Yes —
SUBLVDSE — Yes —
SUBLVDSEH — Yes —
LVDSE — Yes —
MIPI_D-PHY Yes Yes Yes
HSTL15D_| Yes Yes Yes
SSTL15D_| Yes Yes Yes
SSTL15D_lI Yes Yes Yes
SSTL135D_| Yes Yes Yes
SSTL135D 1l Yes Yes Yes
LVSTLD_I* — — Yes
LVSTLD_II* — — Yes
HSUL12D Yes Yes Yes
LVTTL33D — Yes —
LVCMOS33D — Yes —
LVCMOS25D — Yes —

Note:
1. Only supported in LFMXO5-55TD devices.

2.12.2. sysl/O Banking Scheme
MachXO5-NX devices have up to 11 banks in total.

For each LFMXO5-15D part, there are ten banks in total. There are two banks on the top, three banks each
at the left and right side of the device, and two on the bottom side of the device. Bank 1 and Bank 2 can only
support VCCIO 3.3V, Bank 0, Bank 3, Bank 4, Bank 7, Bank 8 and Bank 9 support up to VCCIO 3.3 V, while
Bank 5 and Bank 6 can support up to VCCIO 1.8 V. In addition, Bank 5 and Bank 6 support two VREF input for
its flexibility to receive two different referenced input levels on the same bank. Figure 2.30 shows the
location of each bank.

For each LFMXO5-55TD or LFMXO5-55TDQ part, there are eight banks in total. There is one bank on top, two
banks each on the left and right side of the device, and three on the bottom side of the device. Bank 0 and
Bank 7 can only support VCCIO 3.3 V, Bank 1, Bank 2, and Bank 6 support up to VCCIO 3.3 V, while Bank 3,
Bank 4 and Bank 5 can support up to VCCIO 1.8 V. In addition, Bank 3, Bank 4 and Bank 5 support two VREF
input for its flexibility to receive two different referenced input levels on the same bank. Figure 2.31 shows
the location of each bank.

For each LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD or LFMX05-30TDQ part, there are eleven banks in
total. Two banks are on the top, bank 0 and bank 1; three banks are on left side, bank 7, bank 8, and bank 9;
three banks are on the right side, bank 2, bank 3, and bank 4; and three banks are on the bottom, bank 5,
bank 6, and bank 11. Note that there is no bank 10. The bottom banks have 2 VREF inputs for flexibility to
receive two referenced input levels in the same bank. Figure 2.32 shows the location of each bank. Bank 1
and Bank 2 can only support VCCIO 3.3V, Bank 0, Bank 3, Bank 4, Bank 7, Bank 8, Bank 9, and Bank 11
support VCCIO 1.2 V up to VCCIO 3.3 V, while Bank 5 and Bank 6 can support VCCIO 1.0 V up to VCCIO 1.8 V.
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Figure 2.30. sysl/O Banking of LFMX05-15D Devices
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Figure 2.31. sysl/O Banking of LFMX05-55TD/55TDQ Devices
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Figure 2.32. sysl/O Banking of LFMX05-20TD/20TDQ/30TD/30TDQ, Devices

2.12.3. sysl/O Considerations

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

The internal Power-On-Reset (POR) signal is deactivated when Ve, Vecaux, and Vccoo and Vecior
(LFMXO05-55TD/55TDQ) or Vccior and Vecioa (LFMX05-20TD/20TDQ/30TD/30TDQ and LFMX05-15D) have
reached satisfactory levels. After the POR signal is deactivated, the FPGA core logic becomes active. The
power supply network must ensure that all other Vccio banks are active with valid input logic levels to
properly control the output logic states of all the I/O banks that are critical to the application. For more
information on controlling the output logic state with valid input logic levels during power-up in MachX05-
NX devices, see the information and references below.

The Vcc and Vecaux supply the power to the FPGA core fabric, whereas the Voo supplies power to the 1/0
buffers.

For the different power supply voltage levels by the I/O banks, refer to sysl/O User Guide for Nexus
Platform (FPGA-TN-02067) for detailed information.

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

Option 1: Specific power-up sequence:

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

o All power supplies must meet standard trame and trame vcciocrs requirements.

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

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

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

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

Notes:

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

2. Dual-function sysCONFIG pins with a default pull-up during configuration are excluded from this

guidance. Refer to sysCONFIG User Guide for Nexus Platform (FPGA-TN-02099) for more information

about the default pull mode of dual-function pins.

VREF1 and VREF2

Bank 5 and Bank 6 can support two separate VREF input voltage, VREF1, and VREF2. To assign a VREF driver,

use |0_Type = VREF1_DRIVER or VREF2_DRIVER. To assign VREF to a buffer, use VREF1_LOAD or

VREF2_LOAD.

sysl/O Standards Supported by I/0 Bank

All banks can support multiple 1/0 standards under the Vcco rules discussed above. Table 2.12 and
Table 2.13 summarize the 1/O standards supported on various sides of the MachXO5-NX device.

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

Standard Top? Left Right Bottom
LVTTL33 Yes Yes Yes —
LVCMOS33 Yes Yes Yes —
LVCMOS25 Yes Yes Yes —
LVCMOS18 Yes Yes Yes —
LVCMOS15 Yes Yes Yes —
LVCMOS12 Yes Yes Yes —
LVCMOS10 Yes Yes Yes —
LVCMOS18H — — — Yes
LVCMOS15H - — — Yes
LVCMOS12H — — — Yes
LVCMOS10H — — — Yes
LVCMOS10R — — — Yes
HTSL15 | — — — Yes
SSTL151, 1l — — — Yes
SSTL1351, 11 - — — Yes
HSUL12 — — — Yes
LVSTLI, 112 — — — Yes

Notes:

1. For LFMXO05-15D device, Bank 1 can only support 3.3 V Vccio. For LFMXO5-55TD device, Bank 0 can only support 3.3 V Vccio.
2. Only available in LFMXO5-55TD device.

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

Standard Top?! Left Right Bottom
LVDS — — — Yes
SUBLVDS — — — Yes
SLVS — — — Yes
SUBLVDSE Yes Yes Yes —
SUBLVDSEH — — — Yes
LVDSE Yes Yes Yes —
MIPI_D-PHY — — — Yes
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Standard Top! Left Right Bottom
HSTL15D_| — — — Yes
SSTL15D_| — — — Yes
SSTL15D I — — — Yes
SSTL135D_| — — — Yes

SSTL135D_lI — — — Yes

LVSTLD_I2 — — — Yes
LVSTLD_l12 — — — Yes

HSUL12D — — — Yes
LVTTL33D Yes Yes Yes —

LVCMOS33D Yes Yes Yes —
LVCMOS25D Yes Yes Yes —
Notes:
1. For LFMXO05-15D device, Bank 1 can only support 3.3 V VCCIO. For LFMX05-55T/LFMXO05-100T device, Bank 0 can only support
3.3V VcCclo.

2. Only available in LFMXO5-55TD device.

Hot Socketing

MachX05-NX devices have been carefully designed to ensure predictable behavior during power-up and
power-down. During power-up and power-down sequences, the I/0 remain in tri-state until the power
supply voltage is high enough to ensure reliable operation. In addition, leakage into I/O pins is controlled
within specified limits. Top/Left/Right Bank wide range 1/0 (excluding INITN/DONE) are fully hot socketable,
while Bottom Bank are not supported.

2.12.4. sysl/O Buffer Configurations

This section describes the various sysl/O features available on the MachX05-NX device. Refer to sysl/O User
Guide for Nexus Platform (FPGA-TN-02067) for detailed information.

2.13. Analog Interface

In select speed grades, the MachXO5-NX family provides an analog interface, consisting of two Analog to
Digital Convertors (ADC), three continuous time comparators and an internal junction temperature
monitoring diode. See Ordering Information for more details. The two ADCs can sample the input
sequentially or simultaneously.

2.13.1. Analog to Digital Converters

The Analog to Digital Convertor is a 12-bit, 1 MSPS SAR (Successive Approximation Resistor/capacitor)
architecture converter. The ADC supports both continuous and single shot conversion modes.

The ADC input is selected among pre-selected GPIO input pairs, dedicated analog input pair, the internal
junction temperature sensing diode and internal voltage rails. The input signal can be converted in either
uni-polar or bi-polar mode.

The reference voltage is selectable between the 1.2 V internal reference generator and an external
reference. The ADC can convert up to a 1.8 V input signal with a 1.8 V external reference voltage. The ADC
has an auto-calibration function which calibrates the gain and offset.

2.13.2. Continuous Time Comparators

The continuous-time comparator can be used to compare a pre-selected GPIO input pairs or one dedicated
comparator input pair. The output of the comparator is provided as continuous and latched data.
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2.13.3. Internal Junction Temperature Monitoring Diode

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

2.14. IEEE 1149.1-Compliant Boundary Scan Testability

All MachXO5-NX devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant Test
Access Port (TAP). This allows functional testing of the circuit board on which the device is mounted through
a serial scan path that can access all critical logic nodes. Internal registers are linked internally, allowing test
data to be shifted in and loaded directly onto test nodes, or test data to be captured and shifted out for
verification. The test access port consists of dedicated I/O: TDI, TDO, TCK, and TMS. For LFMX05-55TD
device, the test access port must be enabled by loading a configuration image into the device prior to IEEE
1149.1 BSCAN test access. The test access port uses Vccioz for power supply. The test access port is
supported for Vceoz =1.8V-3.3 V.

2.15. Device Configuration

Unlike the conventional FPGA, MachX05-NX RoT devices do not support fast configuration via all sysCONFIG
pins, i.e. JTAG, Serial SPI and 12C/I3C. To run user design in MachXO5-NX RoT devices, you need to provision
the booting image into the internal flash as part of the provisioning process. Refer to MachX0O5-NX Device
Provisioning User Guide (FPGA-TN-02333) for more information about the provisioning process on the
MachXO5-NX RoT devices.

2.15.1. Dual-Boot Image Support

Dual-boot is supported for applications requiring reliable remote updates of configuration data for the
system FPGA. After the primary image is provisioned into CFGO, a new boot image can be downloaded
remotely and stored in CFG1. Any time after the update, the MachXO5-NX devices can be re-booted from
this new configuration file. If there is a problem, such as corrupt data during download or incorrect version
number with this new boot image, the MachXO5-NX device can revert back to the original running image
and try again. This all can be done without power cycling the system.

2.16. Single Event Upset (SEU) Support

MachXO5-NX devices are unique due to the underlying technology used to build these devices, and is much
more robust and less prone to soft errors.

MachXO5-NX devices have an improved hardware implemented Soft Error Detection (SED) circuit that can
be used to detect SRAM errors and thus allow the errors to be corrected. There are two layers of SED
implemented in the MachX0O5-NX device making it more robust and reliable.

The SED hardware in MachXO5-NX devices is part of the Configuration block. The SED module in the
MachXO5-NX device is an enhanced version as compared to the SED modules implemented in other Lattice
devices. The configuration data is divided into frames so that the entire FPGA can be programmed precisely
with ease. The SED hardware reads data from the FPGAs configuration memory and performs Error
Correcting Code (ECC) calculation on every frame of configuration data (see Figure 2.1). 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
one-bit error is detected within one frame of configuration data, an error message is generated.
MachXO5-NX devices also have a dedicated logic to perform Cycle Redundancy Code (CRC) checks. This CRC
runs in parallel for the entire bitstream along with ECC.
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After the ECC is calculated 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 CRC calculated, do not
include EBR Big SRAM and distributed RAM memory.

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

2.17. On-Chip Oscillator

The MachX05-NX device features two different frequency Oscillators. One is tailored for low-power
operation that runs at low frequency (LFOSC). Both Oscillators are controlled with the internally generated
current.

The LFOSC runs at nominal frequency of 128 kHz. The high frequency oscillator (HFOSC) runs at a nominal
frequency of 450 MHz, and is divisible from 2 to 256 for output frequency between 1.758 MHz (div256) and
225 MHz (div2). The LFOSC always run, thus can be used to perform all always-on functions with the possible
lowest power.

2.18. User I>CIP

The MachX05-NX device has one I2C IP core. The core can be configured either as an 1>2C master or as an IC
slave. The pins for the 12C interface are pre-assigned.

The core has the option to delay either the input or the output, or both, by 50 ns nominal, using dedicated
on-chip delay elements. This provides an easier interface with any external I1°C components. In addition, 50
ns glitch filters are available for both SDA and SCL.

When the IP core is configured as master, it can control other devices on the I2C bus through the
pre-assigned pin interface. When the core is configured as the slave, the device can provide, for example,
I/0 expansion to an I1>C Master. The I2C core supports the following functionalities:

e Master and Slave operation

e 7-bit and 10-bit addressing

e  Multi-master arbitration support

e Clock stretching

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

e Optional receive and transmit data FIFOs with programmable sizes

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

e Hard-connection and Programmable I/O connection support

e Programmable to a mode compliant with I3C requirements on legacy I>C Slave devices
e Fast-Mode and Fast-Mode Plus support

e Disabled Clock Stretching

e 50 ns SCL and SDA Glitch Filter

e Programmable 7-bit address

For further information on the User I12C, refer to I1°C Hardened IP User Guide for Nexus Platform
(FPGA-TN-02142).

2.19. User Flash Memory (UFM)

MachXO5-NX devices provide a UFM block that can be used for a variety of applications including initializing
EBRs to store PROM data or as a general purpose User Flash Memory.
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For enhanced security, access to the UFM in the MachX05-NX-15D and MachX0O5-NX-55TD devices is
controlled by the Embedded Security and Function Block (ESFB). ESFB offers an AHB-Lite interface for the
FPGA fabric to communicate with the UFM. You can also access the UFM block through the ESFB through
the LFMX05-15D and LFMXO05-55TD JTAG provided the JTAG register interface is not locked in customer lock
policy.

You can define up to eight UFM sectors, the starting address of each UFM sector and the size of UFM in
customer policy.

2.20. Trace ID

Each MachX05-NX device contains a unique (per device) TracelD that can be used for tracking purposes or
for IP security applications. The TracelD is 64 bits long. Eight out of 64 bits are user-programmable, the
remaining 56 bits are factory-programmed. The Trace ID can be read by executing the ESFB API. Refer to
Embedded Security and Function Block User Guide for MachXO5-NX (15D) (FPGA-TN-02320) and Embedded
Security and Function Block with Advanced Key Management for MachXO5-NX (55TD) Devices
(FPGA-TN-02353) for ESFB API detail information.

2.21. Peripheral Component Interconnect Express (PCle)

The MachX05-NX-55TD device features one hardened PCle block on the top side of the device. The PCle
block implements all the three layers defined by the PCI Express Specification: Physical, Data Link, and
Transaction, as shown in Figure 2.33. Below is a summary of the features supported by the PCle bock:

e Gen1 (2.5 Gbps)and Gen 2 (5.0 Gbps) speed

e PCle Express Base Specification 3.0 compliant including compliance with earlier PCI Express
Specifications

e x1 or x1+x1 Bifurcation mode

e Multi-function support with up to four physical functions

e Endpoint

e Type 0 configuration registers in Endpoint mode

e Complete error-handling support

e 32-bit core data width

e Many power management features including power budgeting
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Figure 2.33. PCle Core

The hardened PCle block can be instantiated with the primitive PCle through Lattice Radiant software,
however, it is not recommended to directly instantiate the PCle primitive itself. It is highly recommended to
generate the PCle Endpoint Soft IP through the Radiant IP Catalog and IP Block Wizard instead. In

Figure 2.34, the PCle core is configured as Endpoint using a Soft IP wrapper that provides useful functions
such as bridging support for bus interfaces and DMA applications. In addition to the standard Transaction
Layer Packet (TLP) interface, the data interface can also be configured to be AXI4 or AHB-Lite as well. The
PCle hardened block also features a register interface for LMMI and User Configuration Space Register
Interface (UCFG). The PCle block has many registers that contain information about the current status of the
PCle block as well as the capability to dynamically switch PCle settings. One easy way to access these
registers is through the Reveal Controller Tool.

For more information about the PCle soft IP, refer to the PCle X4 IP Core — Lattice Radiant Software
(FPGA-IPUG-02126) document.
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Figure 2.34. PCle Soft IP Wrapper

2.22. Cryptographic Engine

The MachX05-NX family of devices support several cryptographic features that helps customer secure their
design. Some of the key cryptographic features include Advanced Encryption Standard (AES) and Hashing
Algorithms and true random number generator (TRNG). The MachX05-NX device also features the bitstream
encryption (using AES-256) used for protecting confidential FPGA bitstream data, and the bitstream
authentication (using ECDSA) maintaining the bitstream integrity and protecting the FPGA design bitstream
from being copied and tampered.

The Embedded Security and Function Block (ESFB) is the main engine (Figure 2.35) that is responsible for the
bitstream security of MachXO5-NX RoT devices. You can pre-authenticate the bitstream using ECDSA, RSA,
LMS, XMSS or ML-DSA during device provisioning. Once the bitstream is authenticated and the device is
ready for user functions, the ESFB is available for implementing various cryptographic functions in your
FPGA design. Refer Table 2.14 for supported security features for all MachXO5-NX RoT devices.

Table 2.14. Supported Security Features for Various RoT Devices

Security LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5-

Features 15D 20TD 20TDQ 30TD 30TDQ 55TD 55TDQ

Bitstream ECDSA-384 EcDsA-38a, |FCDSA° 5?2/?2;4/521

authentication | 0o~ 384 | ECDSASBE ) s sviss | ECDSAIBE s s ;ii{gﬁ%in' LMS, XMSS,
ML-DSA

Bitstream AES-CBC AES-CBC AES-CBC AES-CBC AES-CBC AES-CBC AES-CBC

encryption

ECDSA signing

and 256/384 256/384 256/384 256/384 256/384 256/384/521 | 256/384/521

authentication

RSA 3K/4K

5|gn|ng,4 4 _ _ _ _ _ Yes _

authentication

and encryption
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Security LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5- LFMXO5-

Features 15D 20TD 20TDQ 30TD 30TDQ 55TD 55TDQ

SHA/HMAC 256/384 256/384/512 | 256/384/512 | 256/384/512 | 256/384/512 | 256/384/512 | 256/384/512

SHA-3/SHAKE — — — — — — Yes

ECIES/ECDH 256/384 256/384 256/384 256/384 256/384 256/384/521 | 256/384/521
LMS, XMSS,

PQC — — LMS, XMSS — LMS, XMSS — ML-DSA,
ML-KEM

AES-256 CBC CBC CBC CBC CBC CBC/GCM CBC/GCM

Unique ID Yes Yes Yes Yes Yes Yes Yes

TRNG Yes Yes Yes Yes Yes Yes Yes

ECDSA

i::'gii”vate 256/384 256/384 256/384 256/384 256/384 256/384/521 | 256/384/521

Generation

ML-DSA

Public/Private

Key Pa/ir B N B N - - Yes

Generation

ML-KEM

Encapsulation/

Decapsulation — — — — — — Yes

Key Pair

Generation

For more information about the ESFB, refer to the Embedded Security Function Bock (ESFB) User Guide for
MachXO5-NX (15D) Devices (FPGA-TN-02320), MachX05-NX (55TD) Devices (FPGA-TN-02353) and
MachX05-NX (55TDQ) Devices (FPGA-TN-02414).

\

Crypto Engine®
ECDSA-256/384/521
Authentication/Signature
Generation Service

’ RSA-3K/4K ‘ Fabric

(Flexible User Security Algorithm + Flexible 1/0
Protocol)

SHA-256/384/512,
HMAC-256/384/512
Service

0O/ 8jqewwesbold

’ SHA-3/SHAKE Service ‘

’ ECIES/ECDH Service ‘

PQC (LMS/XMSS/ML-

DSA, ML-KEM) JTAG Pins GPIO

A y A v

Hard/Soft JTAGg\
(FIFO DMA® AHBL-Interface Enablef ;

AES-256

Unique ID ¢ i

Register Interface

P

True Random Number Embedded Security and Function Block (ESFB)

Generator

Public/Private Key Pair I
Generation
/

On-Chip Flash Memory

Figure 2.35. Embedded Security Function Block (ESFB) Block Diagram
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Data Sheet

Notes:

1.
2.
3.

Not available in LFMXO5-55TD and LFMXO5-55TDQ devices.
Only available in LFMXO5-55TD and LFMXO5-55TDQ devices.
Refer to Table 2.14 for supported security features for various devices.
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3. DC and Switching Characteristics for LFMX05-15D
Commercial and Industrial

All specifications in this section are characterized within recommended operating conditions unless
otherwise specified.

3.1. Absolute Maximum Ratings

Table 3.1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vee, Veceak Supply Voltage -0.5 1.10 \Y
Veeaux, Vecauxa, Supply Voltage -0.5 1.98 Vv
Vecauxhs, VecauxHs

Veeioo,1,2,3,4,7, 8,9 I/0 Supply Voltage -0.5 3.63 \Y
Vceios, 6 I/0 Supply Voltage -0.5 1.98 Vv
Vceapcis ADC Block 1.8 V Supply Voltage -0.5 1.98 Vv
Vccapcis ADC Block 1.8 V Supply Voltage -0.5 1.98 \Y
. Input or 1/0 Voltage Applied, Bank 0, Bank 1, 05 3.63 Y

Bank 2, Bank 3, Bank 4, Bank 7, Bank 8, Bank 9
— Input or I/0 Voltage Applied, Bank 5, Bank 6 -0.5 1.98 v
Ta Storage Temperature (Ambient) —65 150 °C
Ty Junction Temperature - +125 °C
Notes:

e  Stress above those listed under the Absolute Maximum Ratings may cause permanent damage to the device. Functional
operation of the device at these or any other conditions above those indicated in the operational sections of this specification is
not implied.

e  Compliance with the Lattice Thermal Management document is required.

e  Allvoltages referenced to GND.

e All Vccaux should be connected on PCB.

3.2. Recommended Operating Conditions? %3

Table 3.2. Recommended Operating Conditions

Symbol Parameter Conditions Min Typ. Max Unit

Vee, Veceaik Core Supply Voltage Vee=1.0 0.95 1.00 1.05 \Y
Bank 0, Bank 1, Bank 2, Bank

Veeaux Aucxiliary Supply Voltage 3, Bank 4, Bank 7, Bank 8, 1.746 1.80 1.89 \Y
Bank 9

VeeauxHs/s Aucxiliary Supply Voltage Bank 5, Bank 6 1.746 1.80 1.89 \Y

Aucxiliary Supply Voltage
Vecauxa for core logic 1.746 1.80 1.89 Y

Vcc|o =3.3 V, Bank 0, Bank 1,
Bank 2, Bank 3, Bank 4, Bank 3.135 3.30 3.465 \Y,
7, Bank 8, Bank 9

Vceo = 2.5V, Bank 0, Bank 3,

2.375 2.50 2.625 \Y
Vo I/O Driver Supply Voltage Bank 4, Bank 7, Bank 8, Bank 9
Vceio = 1.8V, All Banks except
1.71 1. 1.
Bank 1 and Bank 2 / 80 83 v
Veeao = 1.5V, All Banks except 1.495 1.50 1.575 v

Bank 1 and Bank 2
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Symbol Parameter Conditions Min Typ. Max Unit
Vcc|o =1.35 V, All Banks
except Bank 1 and Bank 2 (For 1.2825 1.35 1.4175 \
DDR3L Only)

Vceo = 1.2V, All Banks except

Bank 1 and Bank 2 1.14 1.20 1.26 \

Vccio = 1.0V, Bank 5, Bank 6 0.95 1.00 1.05 \

ADC External Power Supplies
Vceancis ADC 1.8 V Power Supply — 1.71 1.80 1.89 \%
Operating Temperature

Junction Temperature,
ticom . P . — 0 — 85 °C
Commercial Operation

Junction Temperature,
t . . — -40 — 100 °C
JIND Industrial Operation

Notes:

1. For correct operation, all supplies must be held in their valid operation voltage range.

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

3. Common supply rails must be tied together.

3.3. Power Supply Ramp Rates
Table 3.3. Power Supply Ramp Rates

Symbol Parameter Min Typ Max Unit

tramp Power Supply ramp rates for all supplies?23.4 0.1 — 50 V/ms

tramMP_vcciocrG Power Supply ramp rates for Vccioo1 23 0.65 — 50 V/ms
Notes:

1. Assumes monotonic ramp rates.

2. All supplies need to be in the operating range as defined in Recommended Operating Conditions when the device has
completed configuration and entering into User Mode. Supplies that are not in the operating range needs to be adjusted to
faster ramp rate, or you have to delay configuration or wake up.

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

4. Includes Vccio1 when the rail achieves its minimum Recommended Operating Condition prior to Vcc ramp-up.

5. Required when Vcco1 is powered up simultaneously with or after Vcc

3.4. Power up Sequence

Power-On-Reset (POR) puts the MachXO5-NX device into a reset state. There is no power up sequence
required for the MachX0O5-NX device.

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

Note: Dual-function sysCONFIG pins with configuration phase pull-up resistors will transition high during this
period and are excluded from this guidance. Refer to the sysCONFIG Pins section of the MachX05-NX
Programming and Configuration User Guide (FPGA-TN-02271) for the complete list of dual-function
sysCONFIG pins.

Table 3.4. Power-On Reset

Symbol Parameter Min Typ Max Unit
Power-On-Reset ramp-up trip Vec 0.73 - 0.33 v

Vporup point (Monitoring Vcc, Vecaux, Veeaux 1.34 — 1.62 \Y
Vecioz, and Vecioz) Veaion,Vecioz 0.89 — 1.05 \Y
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Symbol Parameter Min Typ Max Unit
y Power-On-Reset ramp-down trip Vee 0.51 — 0.81 \Y
PORDN point (Monitoring Vcc and Vecau) | Vecaux 1.38 — 1.59 v
3.5. On-Chip Programmable Termination

The MachXO5-NX devices support a variety of programmable on-chip terminations options, including:

e Dynamically switchable Single-Ended Termination with programmable resistor values of 40 Q, 50 Q,
60Q,0r75Q.

e Common mode termination of 100 Q for differential inputs.

Vo Zo =50
Z0=400Q,50Q, 60 Q, or 75 Q TERM
to Veep /2 control
I Zo
i S
VREF ﬁi =
_ OFF-chip I ON-chip < OFF-chip I ON-chip >

Parallel Single-Ended Input Differential Inp ut

Figure 3.1. On-Chip Termination

See Table 3.5 for termination options for input modes.

Table 3.5. On-Chip Termination Options for Input Modes

10_TYPE Differential Termination Resistor? 2 Terminate to Vccio/21 2
subLVDS 100, OFF OFF

SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
HSTL15D_| 100, OFF OFF
SSTL15D_| 100, OFF OFF
SSTL135D_| 100, OFF OFF
HSUL12D 100, OFF OFF
LVCMOS15H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
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
LVSTL_I OFF, OFF 40, 48, 60, 80, 120
LVSTL_II OFF, OFF 80, 120
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Notes:

1. TERMINATE to VCCIO/2 (Single-Ended) and DIFFRENTIAL TERMINATION RESISTOR when turned on can only have one setting
per bank. Only bottom bank have this feature.

2. Use of TERMINATE to VCCIO/2 and DIFFRENTIAL TERMINATION RESISTOR are mutually exclusive in an I/O bank. On-chip
termination tolerance —10%/+60%.

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

ranges.

3.6. Hot Socketing Specifications
Table 3.6. Hot Socketing Specifications for GPIO

Symbol Parameter Condition Min Typ Max Unit

0 < Viy < Vip(max)

0 < Ve < Vee(max)

0 < Vccio < Vecio(max)

0 < Veeaux < Vecaux(max)

Input or 1/O Leakage Current for
Ik Wide Range I/0O (excluding
INITN/DONE)

Notes:

e Ipcis additive to lpy, lpp, OF lgy.

e Hot socket specification defines when the hot socketed device's junction temperature is at 85 °C or below. When the hot
socketed device's junction temperature is above 85 °C, the Ipk current can exceed the above spec.

e  Going beyond the hot socketing ranges specified here will cause exponentially higher Leakage currents and potential reliability
issues. A total of 64mA per 8 1/0 should not be exceeded.

3.7. Programming/Erase Specifications

Table 3.7. Programming/Erase Specifications®

Symbol Parameter Min Max. Units
Flash Programming cycles per trerention - 10,000

NeroGeye - Cycles
Flash Write/Erase cycles — 100,000
Data retention at 100 °C junction temperature 20 —

treTENTION - P - Years
Data retention at 85 "C junction temperature >20 —

Note:

1. A Write/Erase cycle is defined as any number of writes over time followed by one erase cycle.

3.8. ESD Performance

Refer to the MachXO5-NX Product Family Qualification Summary for complete qualification data, including
ESD performance.
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3.9. DC Electrical Characteristics

Table 3.8. DC Electrical Characteristics — Wide Range (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit
Input or I/0O Leakage current

I, vt . . 0<VNEV — — 10 A

1L IH (Commercial/Industrial) IN = Feao H

liy? Input or I/0O Leakage current Veeio € Vin € Viy (max) — — 100 MA

oy 1/0 Weak Pull-up Resistor 0<Vin 0.7 x Veuo -30 _ ~150 1y
Current

oo I/0 Weak Pull-down Resistor Vi (max) € Vin < Veao 30 _ 150 pA
Current

IBHLS Bus Hold Low Sustaining Current | Viy =V (max) 30 - — uA

IgHHS Bus Hold High Sustaining Current | Viy=0.7 x Vcao -30 — — HA

lsHLo Bus hold low Overdrive Current 0<Vin<Veao — — 150 HA

lsHHO Bus hold high Overdrive Current 0<Vin<Veao — — -150 MA

Venr Bus Hold Trip Points — V. (max) - Vin (min) v

Notes:

1. Inputor1/O leakage current is measured with the pin configured as an input or as an 1/0O with the output tri-stated. Bus
Maintenance circuits are disabled.

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

Table 3.9. DC Electrical Characteristics — High Speed (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit
I, vt Input or I/0O Leakage 0<Vin< Veao — — 10 uA
lpy 'C/Srrve\/:tak Pull-up Resistor 0£Vin€0.7 x Veco 30 — -150 | pA
oo I/O Weak Pull-down Resistor Vi (max) < Vix € Veco 30 _ 150 HA
Current
lghLs Bus Hold Low Sustaining Current | Viy =V (max) 30 — — MA
lgHHs Bus Hold High Sustaining Current | Viy=0.7 X Vcao -30 — — MA
lsHLo Bus hold low Overdrive Current 0<Vin< Voo — — 150 WA
I8HHO Bus hold high Overdrive Current 0<Vin<Veao — - -150 MA
Veur Bus Hold Trip Points - Vi (max) - Vi (min) \Y
Note:

1. Inputor /O leakage current is measured with the pin configured as an input or as an 1/0 with the output tri-stated. Bus
Maintenance circuits are disabled.

Table 3.10. Capacitors — Wide Range (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit

. Veao=3.3V,25V,18V,15V, 1.2V
1 ) f ) ) ) _ _
C I/0 Capacitance Vee=typ., Vio= 0 to Vego + 0.2 V 6 pf

. . Veao=3.3V,25V,18V,15V, 1.2V
1 ’ ’ ’ ’ ’ _ _
C; Dedicated Input Capacitance Vee=typ., Vio= 0 t0 Veaio + 0.2 V 6 pf

Note:
1. T,25°C,f=1.0 MHz.
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Table 3.11. Capacitors — High Performance (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit
. Vcc|0 =1.8 V, 1.5 V, 1.2 V, Vcc = typ.,
1 — J—
Ci 1/0 Capacitance Vio= 0 t0 Voo + 0.2 V 6 pf
. . Vcc|0 =1.8 V, 1.5 V, 1.2 V, Vcc = typ.,
1 — —
G Dedicated Input Capacitance Vio= 010 Ve + 0.2 V 6 pf
Note:

1. Ta25°C, f=1.0 MHz.

Table 3.12. Single Ended Input Hysteresis — Wide Range (Over Recommended Operating Conditions)

10_TYPE Vccio TYP Hysteresis
LVCMOS33 33V 250 mV
LVCMOS25 33V 200 mV
25V 250 mV
LVCMOS18 1.8V 180 mV
LVCMOS15 1.5V 50 mV
LVCMOS12 1.2V 0
LVCMOS10 1.2V 0

Table 3.13. Single Ended Input Hysteresis — High Performance (Over Recommended Operating Conditions)

10_TYPE Vccio TYP Hysteresis
LVCMOS18H 1.8V 180 mV

1.8V 50 mV
LVCMOS15H

15V 150 mV
LVCMOS12H 1.2V 0
LVCMOS10H 1.0V 0
MIPI-LP-RX 1.2V >25 mV

3.10. Supply Currents

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

This operating and peak current is

design dependent, and can be calculated in Lattice Design Software. Some

blocks can be placed into low current standby modes. Refer to Power Management and Calculation for
Certus-NX, CertusPro-NX, and MachXO5-NX Devices (FPGA-TN-02257).
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3.11. sysl/O Recommended Operating Conditions

Table 3.14. sysl/O Recommended Operating Conditions

Standard Support Banks Vecio (Input) Veaio (Output)
Typ. Typ.
Single-Ended
LVCMOS33 0,1,23,4,7,8,9 33 33
LVTTL33 0,1,23,4,7,8,9 33 33
LVCMOS25" 2 0,23,4738,9 25,33 2.5
LVCMOS18" 2 0,23,4738,9 1.2,15,1.8,25,3.3 1.8
LVCMOS18H 5,6 1.8 1.8
LVCMOS15" 2 0,23,478,9 1.2,1.5,1.8,2.5,3.3 1.5
LVCMOS15H’ 5,6 1.5,1.8 1.5
LVCMOS12" 2 0,23,4738,9 1.2,15,1.8,25,3.3 1.2
LVCMOS12H’ 5,6 1.2,1.357,1.5,1.8 1.2
LVCMOS10' 0,23,4738,9 1.2,1.5,1.8,2.5,3.3 —
LVCMOS10H’ 5,6 1.0,1.2,1.357,15,1.8 1.0
LVCMOS10R’ 5,6 1.0,1.2,1.357,15,1.8 —
SSTL135_I, SSTL135_113 5,6 1.357 1.35
SSTL15_1, SSTL15_113 5,6 1.58 1.58
HSTL15_I3 5,6 1.58 1.58
HSUL123 5,6 1.2 1.2
MIPI D-PHY LP Input® 5,6 1.2 1.2
Differential
LVDS 5,6 1.2,1.35,1.5,1.8 1.8
LVDSE® 0,23,4,738,9 — 2.5
subLVDS 5,6 1.2,1.35,15,1.8 —
subLVDSE® 0,23,4,78,9 - 1.8
subLVDSEH?® 5,6 - 1.8
SLVS® 5,6 1.0,1.2,1.357,1.5,1.84 1.2,1.357,1.5, 1.8
MIPI D-PHY® 5,6 1.2 1.2
LVCMOS33D> 0,1,2,3,4,7,8,9 - 33
LVTTL33D?® 0,1,23,4,7,8,9 — 33
LVCMOS25D> 0,23,4738,9 — 2.5
SSTL135D_|, SSTL135D_II° 5,6 — 1.357
SSTL15D_|, SSTL15D |15 5,6 — 1.5
HSTL15D_I5 5,6 — 1.5
HSUL12D® 5,6 — 1.2
Notes:
1. Single-ended input can mix into /O Banks with Vccio different from the standard requires due to some of these input standards

use internal supply voltage source (Vcc, Vccaux) to power the input buffer, which makes them to be independent of Vccio

voltage. For more details, please refer to sysl/O User Guide for Nexus Platform (FPGA-TN-02067). The following is a brief

guideline to follow:

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

b. Bank 5 and Bank 6 1/0O can only mix into banks with Vccio higher than the pin standard, due to clamping diode on the pin in
these banks. Bank 0, Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, Bank 8 and Bank 9 does not have this restriction.

c. LVCMOS25 uses Vccio supply on input buffer in Bank 0, Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, Bank 8 and Bank 9. It can be
supported with Vcco = 3.3 V to meet the Viy and V. requirements, but there is additional current drawn on Vcpo.
Hysteresis has to be disabled when using 3.3 V supply voltage.

d. LVCMOS15 uses Vccio supply on input buffer in Bank 5 and Bank 6. It can be supported with Vccio = 1.8 V to meet the Vi
and V. requirements, but there is additional current drawn on Vccio.
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2. Single-ended LVCMOS inputs can mixed into /O Banks with different Vccio, providing weak pull-up is not used.
For additional information on Mixed 1/0 in Bank Vccio, refer to sysl/O User Guide for Nexus Platform (FPGA-TN-02067).

3. These inputs use differential input comparator in Bank 5 and Bank 6. The differential input comparator uses Vccauxn power
supply. These inputs require the Vger pin to provide the reference voltage in the Bank. Refer to sysl/O User Guide for Nexus
Platform (FPGA-TN-02067) for details.

4. All differential inputs use differential input comparator in Bank 5 and Bank 6. The differential input comparator uses Vccauxn
power supply. There is no differential input signaling supported in Bank 0, Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, Bank 8 and

Bank 9.

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

6. Soft MIPI D-PHY HS using sysl/O is supported with SLVS input and output that can be placed in banks with Vccio voltage shown
in SLVS. D-PHY with HS and LP modes supported needs to be placed in banks with Vccio voltage = 1.2 V. Soft MIPI D-PHY LP input
and output using sysl/O are supported with LVCMOS12.

7. Vcao=1.35Vis only supported in Bank 5 and Bank 6, for use with DDR3L interface in the bank. These Input and Output
standards can fit into the same bank with the Vccio = 1.35 V.

8. LVCMOS15 input uses Vccio supply voltage. If Vcco is 1.8 V, the DC levels for LVCMOS15 are still met, but there could be increase
in input buffer current.

3.12. sysl/O Single-Ended DC Electrical Characteristics?

Table 3.15. sysl/O DC Electrical Characteristics — Wide Range I/O (Over Recommended Operating

Conditions)
Input/Output Standard Vi L VoL Max (V) | Vou Min? (V) | lo(mA) lon(mA)
Min (V) Max (V) Min (V) Max (V)
4,8,12 48
L33 — 0.8 2.0 3.4655 0.4 Veao=04 | oo ) —12,"
50RS”3
LVEMOS33 — 0.8 2.0 3.4655 0.4 2.4 2 -2
- 0.8 2.0 3.465° 0.49 Veeio —0.58 16 -16
24,810, | > 478
LVCMOS25 — 0.7 1.7 3.4655 0.4 Veao =045 | 72772 72 1,
50RS”3
“5QRS”3
LVCMOS18 — 0.35xVcao | 0.65xVeeo | 3.4655 0.4 Vcao — 0.45 ,,25'0‘:{ s%'ls _3'5(_):;:38'
LVCMOS15 - 0.35x Vccio | 0.65xVeeio | 3.4655 0.4 Voo — 0.4 2,4 2,4
LVCMOS12 - 0.35x Vccio | 0.65xVeeio | 3.4655 0.4 Voo — 0.4 2,4 2,4
LVCMOS10 — 0.35x Vco | 0.65xVeeio | 3.4655 No O/P Support
Notes:

1. Vcao forinput level refers to the supply rail level associated with a given input standard.
Vceio for the output levels refer to the Veeio of the CertusPro-NX device.

2

3. Selecting “50RS” in driver strength is to select 50 Q series impedance driver.

4. For electro-migration, the combined DC current sourced or sinked by 1/O pads between two consecutive Vccio or GND pad
connections, or between the last Vccio or GND in an 1/0O bank and the end of an I/O bank, as shown in the Logic Signal
Connections table (also shown as I/O grouping) shall not exceed a maximum of n x 8 mA. n is the number of I/O pads between
the two consecutive bank Vcco or GND connections or between the last Vccio and 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. Ifthe input clamp is OFF, V\4(Max) in Banks 0, 1, 2, 3, 4, 7, 8, and 9 can go up to 3.465 V. Otherwise, the input voltage cannot be
higher than Vccio + 0.3 V.
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Table 3.16. sysl/O DC Electrical Characteristics — High Performance 1/O (Over Recommended Operating
Conditions)®

1 1

Input/Output Standard A VILMax v M) L Max (V] VoL Max (V) | Von Min? (V) | loL (mA) lon (MA)
LVCMOS18H - 0.35x Vecio |0.65 % Vecio | Vecio +0.3 0.4 Vecio —0.45 z fé > _2’__]‘2_8’

- 0.35 X Vcaio [0.65 % Vecio | Vecio +0.3 0.4 Veao—0.53 | “50RS”3 “5ORS”3
LVCMOS15H —  ]0.35xVceo |0.65% Veao | Veao +0.3 0.4 Veco—-0.4 | 2,4,8 | -2,-4,-8
LVCMOS12H —  [0.35% Veeo [0.65 x Vo | Veao +0.3 04 Voo04 | 228 | 2.4 8
LVCMOS10H - 0.35 x Vcaio [0.65 x Veao | Veao +0.3 [ 0.27 x Veeo | 0.64 x Vo 2 -

_ 0.35 x Vo |0.65 % Veaio | Veao +0.3 [ 0.27 x Veao | 0.75 x Vecio 4 -4
SSTL15_| — VRer—0.10 | VRee+ 0.1 | Vo +0.3 0.30 Vcao—0.30 7.5 -7.5
SSTL15_1I — VRer—0.10 | VRee+ 0.1 | Voo +0.3 0.30 Vcao—0.30 8.8 -8.8
HSTL1S | - Vrer—0.10 | VRer+0.16 | Voo +0.3 0.40 Veaio — 0.40 8 -8
SSTL135_| — VReg—0.09 | Vgee+0.09 | Vo +0.3 0.27 Veao—0.27 6.75 -6.75
SSTL135_II — | Veer—0.09 |Vger+0.09 | Vo +0.3 0.27 Veao—0.27 8 8
LVCMOS10R — | Vaer—0.10 | Vper+0.10 | Vego+0.3 _ _ _ —
HSUL12 — | Vaer—0.10 |Vger+0.10 | Veao+03 | 03 Veo-03 |00 | T
Notes:

1.  Vcao for input level refers to the supply rail level associated with a given input standard or the upstream driver Vcco rail levels.

2. Vcao for the output levels refer to the Vo of the MachXO5-NX device.

3. Select “50RS” in driver strength is selecting the 50Q series impedance driver.

4. For electro-migration, the combined DC current sourced or sinked by I/O pads between two consecutive Vccio or GND pad
connections, or between the last Vccio or GND in an I/O bank and the end of an 1/0 bank, as shown in the Logic Signal
Connections table (also shown as I/O grouping) shall not exceed a maximum of n x 8 mA. n is the number of I/O pads between
the two consecutive bank Vccio or GND connections or between the last Vccio and GND in a bank and the end of a bank. I/0
Grouping can be found in the Data Sheet Pin Summary Tables, which can also be generated from the Lattice Radiant software.

Table 3.17. 1/0 Resistance Characteristics (Over Recommended Operating Conditions)

Parameter Description Test Conditions Min Typ Max Unit
Output Drive Resistance when 50RS B
50RS Drive Strength Selected Vcao=1.8V,2.5V,0r3.3V 50 Q
Input Differential Termination Bank 5 and Bank 6 for I/0 selected to
Roirr . . . — 100 - Q
Resistance be differential
36 40 64
SE Input Input Single Ended Termination Bank 5 and Bank 6 for I/O selected to 46 50 80 a
Termination | Resistance be Single Ended 56 60 96
65 75 120
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Table 3.18. VIN Maximum Overshoot/Undershoot Allowance — Wide Range'?

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

Notes:

1. The peak overshoot or undershoot voltage and the duration above Vccio + 0.2 V or below GND — 0.2 V must not exceed the
values in this table.

2. For Ul less than 20 ps.

Table 3.19. VIN Maximum Overshoot/Undershoot Allowance — High Performance®?

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

Notes:

1. The peak overshoot or undershoot voltage and the duration above Vccio + 0.2 V or below GND — 0.2 V must not exceed the
values in this table.

2.  For Ul less than 20 ps.

3.13. sysl/O Differential DC Electrical Characteristics

3.13.1. LVDS

LVDS input buffer on MachXO5-NX is powered by Vccaux = 1.8 V, and protected by the bank Vcco. Therefore,
the LVDS input voltage cannot exceed the bank Vccovoltage. LVDS output buffer is powered by the Bank
Vceao at 1.8 V.

LVDS can only be supported in Bank 5 and Bank 6. LVDS25 output can be emulated with LVDS25E in Bank O,
Bank 1, Bank 2, Bank 3, Bank 4, Bank 7, Bank 8 and Bank 9. This is described in LVDS25E (Output Only)
section.

Table 3.20. LVDS DC Electrical Characteristics (Over Recommended Operating Conditions)?

Parameter | Description Test Conditions Min Typ Max Unit
Vine, Vinm Input Voltage — 0 — 1.603 \Y
Viem Input Common Mode Voltage Half the sum of the two Inputs 0.05 - 1.552 Vv
V1Hp Differential Input Threshold Difference between the two Inputs +100 — — mV
Iin Input Current Power On or Power Off — — +10 MA
Vou Output High Voltage for Vop or Vom Rr=100Q — 1.425 1.60 Vv
Vo Output Low Voltage for Vop or Vom Rr=100Q 0.9 1.075 — \"
Vob Output Voltage Differential (Vo - Vowm), Rr =100 Q 250 350 450 mV
AVoo E:\?Vnge in Vop Between High and . . . 50 mv
Vocm Output Common Mode Voltage (Vop + Vom)/2, Rr=100 Q 1.125 1.25 1.375 Y
AVocm Change in Vocwm, Voemmax) - Voomming | — — — 50 mV
Isas Output Short Circuit Current \e/;)zh:c?t:]/e?nver outputs shorted to — — 12 mA
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Parameter | Description Test Conditions Min Typ Max Unit
AVos Change in Vos between H and L - — — 50 mV
Notes:

1. LVDS input or output are supported in Bank 5, and Bank 6. LVDS input uses Vccaux on the differential input comparator, and can
be located in any Vccio voltage bank. LVDS output uses Vccio on the differential output driver, and can only be located in bank
with Vcc|o =1.8V.

2. Viemis depending on VID, input differential voltage, so the voltage on pin cannot exceed Vinp/inm(min/max) requirements. Vicvmin) =
Vine/inm(min) + % Vio, Viemmax) = Vine/inmmax) — % Vip. Values in the table is based on minimum V,p of +/- 100 mV.

3. Vine and Vinmimax) must be less than or equal to Vccio in all cases.

3.13.2. LVDS25E (Output Only)

Three sides of the MachXO5-NX devices, Top, Left and Right, support LVDS25 outputs with emulated
complementary LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The
scheme shown in Figure 3.2 is one possible solution for point-to-point signals.

Table 3.21. LVDS25E DC Conditions

Parameter Description Typical Unit
Vcao Output Driver Supply (£5%) 2.50 Vv
Zout Driver Impedance 20 Q
Rs Driver Series Resistor (+1%) 158 Q
Rp Driver Parallel Resistor (+1%) 140 Q
Rr Receiver Termination (+1%) 100 Q
Vou Output High Voltage 1.43 \"
Vo Output Low Voltage 1.07 \"
Vob Output Differential Voltage 0.35 \"
Vem Output Common Mode Voltage 1.25 Vv
Zsack Back Impedance 100.5 Q
Inc DC Output Current 6.03 mA

VCCIO = 2.5 V (:5%)

A

» »

RS = 158Q E
(£1%) :
o 8m L J —/\/ \, ¢ ? E]_
lvcmoszss ¢ :
VCCIO = 2.5 V (s5%) PO DO E i
: RS = 1580 : /
: (£1%) :
8y/ [—\N—s —I
LVCMOSES i Transmission line, Zo = 100q differential i
_ ON-chip OFF-chip ON-chip OFF-chip

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

SubLVDS is a reduced-voltage form of LVDS signaling, very similar to LVDS. It is a standard used in many
camera types of applications. Similar to LVDS, the MachX0O5-NX devices can support the subLVDS input
signaling with the same LVDS input buffer. The output for subLVDS is implemented in subLVDSE/subLVDSEH
with a pair of LVCMOQS18 output drivers. See SubLVDSE/SubLVDSEH (Output Only) section.

Table 3.22. SubLVDS Input DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit

Vip Input Differential Threshold Voltage | Over Vicm range 70 150 200 mV

Viem Input Common Mode Voltage Half the sum of the two Inputs 0.4 0.9 1.41 Vv
Note:

1.  Viem + %VID cannot exceed the bank Vccpo in all cases.

Sub-LVDS Driver P(B Traces, Connectors or Cables

S i
e

100 Q differential +11%*

A
v

Off-chip On-chip

Figure 3.3. SubLVDS Input Interface

3.13.4. SubLVDSE/SubLVDSEH (Output Only)

SubLVDS output uses a pair of LVCMOS18 drivers with True and Complement outputs. The VCCIO of the
bank used for subLVDSE or subLVDSEH needs to be powered by 1.8 V. SubLVDSE is for Bank 0, Bank 1,
Bank 2, Bank 3, Bank 4, Bank 7, Bank 8 and Bank 9; and subLVDSEH is for Bank 5 and Bank 6.

Performance of the subLVDSE/subLVDSEH driver is limited to the performance of LVCMOS18.
Table 3.23. SubLVDS Output DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Vob Output Differential Voltage Swing — — 150 — mV
Vocm Output Common Mode Voltage Half the sum of the two Outputs — 0.9 — Vv
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VCAO =+1.8V PCB Traces, Connectorsor Cables

Zo= 50
Rs=267 Q+1%
\ °

Rp=1210+1% 100 Q differential RTI=100Q £1% Sub-LVDS Recevier

Y, g
Rs=267 Q+1% F%
Zo= 50

+

SubLVDS Output
SubLVDSE
SubLVDSEH

v

N
»

A
A

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

o

Figure 3.4. SubLVDS Output Interface

3.13.5. SLVS

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

The MachXO5-NX devices receive SLVS differential input with the LVDS input buffer. This LVDS input buffer is
designed to cover wide input common mode range that can meet the SLVS input standard specified by the
JEDEC standard.

Table 3.24. SLVS Input DC Characteristics (Over Recommended Operating Conditions)

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

The SLVS output on the MachXO5-NX device is supported with the LVDS drivers found in Bank 5 and Bank 6.
The LVDS driver on the MachXO5-NX device is a current controlled driver. It can be configured as LVDS
driver, or configured with the 100 Q differential termination with center-tap set to Vocm at 200 mV. This
means the differential output driver can be placed into bank with Vcao=1.2V, 1.5V, or 1.8 V, even ifitis
powered by Vcco.
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Table 3.25. SLVS Output DC Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Vcao Bank Vccio — —5% 12{ 33"5' +5% \%
Vob Output Differential Voltage Swing — 140 200 270 mV
Vocm Output Common Mode Voltage Half the sum of the two Outputs 150 200 250 mV
Zos Single-Ended Output Impedance — 375 50 62.5 Q

| SLVS Receiver

I
I
| 3 A A | 100 Q Diff
+ > > g I +
SLVS I Z0=50 |
B L & O VWA |
| |
| |
| |
On Ghip | | .
| | SLVS Driver
I ) O I
+ I | +
LVDS | Z0=50 |
) O |
I
I
I
I

Figure 3.5. SLVS Interface

3.13.6. Soft MIPI D-PHY

When Soft D-PHY is implemented inside the FPGA logic, the 1/0 interface needs to use sysl/O buffers to
connect to external D-PHY pins.

The MachXO5-NX sysl/O provides support of SLVS, as described in SLVS section, plus the LVCMOS12 input/
output buffers together to support the High Speed (HS) and Low Power (LP) mode as defined in MIPI
Alliance Specification for D-PHY.

To support MIPI D-PHY with SLVS (LVDS) and LVCMOS12, the bank Vccio cannot be setto 1.5V or 1.8 V. It has
toconnectto1.2V,or1.1V.

All other DC parameters are the same as those listed in SLVS section. DC parameters for the LP driver and
receiver are the same as those listed in LVCMOS12.
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LVCMOS12
LP Data_P | |
I I
I I
I I
LPenable | |
HSenable : : MIPI Receiver
I I
| | 100 Q Diff
+ l Y T l Py +
I I
HS Data : Z0=50 :
- : , D : ° -
SLVS : !
LPenable —’\I
LP Data_N
| LVCMOS12
MIPI_LP_RX
| On-Chip | |
RXLP_P ! |
| | I
| : MIPI Divider
I I
I I
I I
+ L ) z ' +
I I
HS Data [ | 20=50 :
- : ) O : -—
LVDS ! 1
MIPI_LP_RX |

RXLP_N |

Figure 3.6. MIPI Interface
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Table 3.26. Soft D-PHY Input Timing and Levels

Symbol | Description Conditions Min I Typ | Max | Unit
High Speed (Differential) Input DC Specifications
Vemrx(oo) Common-mode Voltage in High Speed Mode — 70 — 330 mV
VipTH Differential Input HIGH Threshold — 70 — — mV
Vot Differential Input LOW Threshold — — — -70 mV
Vinus Input HIGH Voltage (for HS mode) — — — 460 mV
Virs Input LOW Voltage — -40 — — mV
VTERM-EN Single-ended voltage for HS Termination Enable* — — — 450 mV
Zp Differential Input Impedance — 80 100 125 Q
High Speed (Differential) Input AC Specifications
AVempxnrt Common-mode Interference (>450 MHz) — — — 100 mV
AVemrxn®3 | Common-mode Interference (50 MHz — 450 MHz) — -50 — 50 mvV
Cem Common-mode Termination - 60 pF
Low Power (Single-Ended) Input DC Specifications
Vin Low Power Mode Input HIGH Voltage — 740 — — mV
Vi Low Power Mode Input LOW Voltage — — — 480 mV
ViL-up Ultra Low Power Input LOW Voltage — — — 300 mV
Vhyst Low Power Mode Input Hysteresis — 25 — — mV
€spike Input Pulse Rejection — — — 300 V-ps
TmIN-RX Minimum Pulse Width Response — 20 — — ns
VinT Peak Interference Amplitude — — — 200 mV
fint Interference Frequency — 450 — — MHz

Notes:

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

2.
3.
4

Input common-mode voltage difference compared to average common-mode voltage on the receiver inputs.
Exclude any static ground shift of 50 mV.
High Speed Differential Rrgrm is enabled when both Dp and Dy are below this voltage.
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Table 3.27. Soft D-PHY Output Timing and Levels

Symbol | Description | Conditions Min I Typ | Max Unit
High Speed (Differential) Output DC Specifications
Vemrx Common-mode Voltage in High Speed Mode — 150 200 250 mV
Vemrx Mismatch Between Differential HIGH
[AVemmxs,0| and LOW 7 mV
[ Vool Output Differential Voltage ll\lDl_PHY_P ~ D-PHY- 140 200 270 mV
IAVoo| Vop Mismatch Between Differential HIGH and | _ _ 25 mv
LOW
VoHHs Single-Ended Output HIGH Voltage — — — 410 mV
Zos Single Ended Output Impedance — 37.5 50 80 Q
AZos Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications
AVemrx(ir) Common-Mode Variation, 50 MHz—450 MHz — — — 25 MVerus
AVemTx(HE) Common-Mode Variation, above 450 MHz — — — 15 MVems
<tp<
o 0.08 Gbps < tg < 1.00 . _ 0.30 ul
¢ Output 20%—-80% Rise Time Gbps
R Output 80%—20% Fall Time 1.00 Gbps <tg<1.25
— — 0.434 Ul
Gbps
<t <
g.t())pssebps Str<1.00 _ _ 0.30 ul
tr Output Data Valid After CLK Output
1.00 Gbps < tF < 1.25
— — 0.419 Ul
Gbps
Low Power (Single-Ended) Output DC Specifications
. -1.2
Vo Low Power Mode Output HIGH Voltage ggssGbps > 1.07 1.2 1.3 \
Vo Low Power Mode Input LOW Voltage - -50 — 50 mV
Zoip Output Impedance in Low Power Mode - 110 - - Q
Low Power (Single-Ended) Output AC Specifications
trip 15%—85% Rise Time — — — 25 ns
tep 85%—15% Fall Time — — — 25 ns
treoT HS — LP Mode Rise and Fall Time, 30%—85% — — — 35 ns
First LP XOR Clock
Pulse after STOP 20 _ _ ns
Tip-putse-Tx Pulse Width of the LP Exclusive-OR Clock State or Last Pulse
before STOP State
All Other Pulses 20 — — ns
TiLp-PER-TX Period of the LP Exclusive-OR Clock —_ 90 — ot ns
Croap Load Capacitance - 0 - 70 pF
Table 3.28. Soft D-PHY Clock Signal Specification
Symbol Description Conditions Min ’ Typ | Max ’ Unit
Clock Signal Specification
Ul Ulisr — — — 12.5 ns
Instantaneous
o — -10% — 10% ul
Ul Variation AUI
— -5% — 5% Ul
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Table 3.29. Soft D-PHY Data-Clock Timing Specifications

Symbol Description Conditions Min ‘ Typ | Max ‘ Unit
Data-Clock Timing Specifications

0.08 Gbps < Tskew[Tx)

<1.00 Gbps 0-15 015 Vst
Tskew[mx] Data to Clock Skew

1.00 Gbps < Tskew[rx]

<1.25 Gbps 0-20 020 | Ulnst

0.08 Gbps < Tskew(us)

<1.00 Gbps 0.20 020 Vst
Tskew(TLis] Data to Clock Skew b

1.00G ps < TSwa[Tus]

<1.25 Ghps 010 010 Ulwer

0.08 Gbps < Tsetuplrx]

<1.00 Gbps 0.15 v
TseTup(rX] Input Data Setup Before CLK

1.00 Gbps < Tserupirx]

2 - - I

<1.25 Gbps 0-20 v

0.08 Gbps < THoLprx]

<1.00 Gbps 0.15 vl
Thotpirx] Input Data Hold After CLK b

1.00 Gbps < THoLp(rx]

2 — - !
<1.25 Gbps 0.20 v

3.13.7. Differential HSTL15D (Output Only)

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

3.13.8. Differential SSTL135D, SSTL15D (Output Only)

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

3.13.9. Differential HSUL12D (Output Only)

Differential HSUL is used for differential clock in DDR3/DDR3L/LPDDR4 memory interface. All differential
HSUL outputs are implemented as a pair of complementary single-ended HSUL12 outputs. All allowable
single-ended drive strengths are supported.

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

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

Over recommended operating conditions.

Table 3.30. Maximum 1/0 Buffer Speed™ %347

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

Single-Ended

LVCMOS33 LVCMOS33, Vceio=3.3V 0,123,4,7,8,9 200 MHz
LVTTL33 LVTTL33, Veco=3.3V 0,1,23,4,7,8,9 200 MHz
LVCMOS25 LVCMOS25, Veco=2.5V 0,1,2,3,47,8,9 200 MHz
LVCMOS18 5 LVCMOS18, Vecio = 1.8V 0,23,4738,9 200 MHz
LVCMOS18H LVCMOS18, Vecio = 1.8V 5,6 200 MHz
LVCMOS15 5 LVCMOS15, Veeo=1.5V 0,23,47,8,9 100 MHz
LVCMOS15H > LVCMOS15, Veeo=1.5V 5,6 150 MHz
LVCMOS12 5 LVCMOS12, Veeio = 1.2V 0,2,3,4,7,8,9 50 MHz
LVCMOS12H > LVCMOS12, Veeo=1.2V 5,6 100 MHz
LVCMOS10 5 LVCMOS 1.0, Vego = 1.2 V 0,2,3,4,7,8,9 50 MHz
LVCMOS10H 5 LVCMOS 1.0, Vcao=1.0V 5,6 50 MHz
LVCMOS10R LVCMOS 1.0, Vcao independent 5,6 50 MHz
SSTL15_I, SSTL15_lI SSTL_15, Vccio = 1.5V 5,6 1066 Mbps
SSTL135_|, SSTL135_1I SSTL_135, Veecio=1.35V 56 1066 Mbps
HSUL12 HSUL_12, Vcao=1.2V 5,6 1066 Mbps
HSTL15 HSTL15, Veco =15V 5,6 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vccio =1.2V 5,6 10 Mbps
Differential®

LVDS LVDS, Vccio independent 5,6 1250 Mbps
subLVDS subLVDS, Vccio independent 5,6 1250 Mbps
SLVS f‘:;’e‘c’pzr:d't";tto MIPIHS, Veao 5,6 1250 | Mbps
MIPI D-PHY (HS Mode) MIPI, High Speed Mode, Vccio =1.2V 5,6 1250 Mbps
SSTL15D Differential SSTL15, Vccio independent 5,6 1066 Mbps
SSTL135D Differential SSTL135, Vccio independent 5,6 1066 Mbps
HSUL12D Differential HSUL12, V¢cio independent 5,6 1066 Mbps
HSTL15D Differential HSTL15, Vccio independent 5,6 250 Mbps
Maximum sysl/O Output Frequency

Single-Ended

LVCMOS33 (all drive strengths) LVCMOS33, Veco=3.3V 0,1,2,3,47,8,9 200 MHz
LVCMOS33 (RS50) LVCMOS33, Vccio = 3.3V, Rseries =50 Q 0,1,2,3,4,7,8,9 200 MHz
LVTTL33 (all drive strengths) LVTTL33, Veco=3.3V 0,1,23,4,7,8,9 200 MHz
LVTTL33 (RS50) LVTTL33, Vccio = 3.3 V, Rseries =50 Q 0,1,23,4,7,8,9 200 MHz
LVCMOS25 (all drive strengths) LVCMOS25, Veco =2.5V 0,23,4738,9 200 MHz
LVCMOS25 (RS50) LVCMOS25, Vecio = 2.5V, Rseries =50 Q 0,23,4738,9 200 MHz
LVCMOS18 (all drive strengths) LVCMOS18, Vecio=1.8V 0,2,3,4,7,8,9 200 MHz
LVCMOS18 (RS50) LVCMOS18, Vccio = 1.8 V, Rseries = 50 Q 0,23,4,7,8,9 200 MHz
LVCMOS18H (all drive strengths) LVCMOS18, Vecio = 1.8V 5,6 200 MHz
LVCMOS18H (RS50) LVCMOS18, Vccio = 1.8V, Rseries =50 Q 5,6 200 MHz
LVCMOS15 (all drive strengths) LVCMOS15, Veco =15V 0,23,4738,9 100 MHz
LVCMOS15H (all drive strengths) LVCMOS15, Veco =15V 5,6 150 MHz
LVCMOS12 (all drive strengths) LVCMOS12, Veco=1.2V 0,2,3,4,7,8,9 50 MHz
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Buffer Description Banks Max Unit
LVCMOS12H (all drive strengths) LVCMOS12, Veao=1.2V 5,6 100 MHz
LVCMOS10H (all drive strengths) LVCMOS12, Veao=1.2V 5,6 50 MHz
SSTL15_1, SSTL15_11 SSTL_15, Veeio=1.5V 5,6 1066 Mbps
SSTL135_1, SSTL135_1I SSTL_135, Vecio=1.35V 5,6 1066 Mbps
HSUL12 (all drive strengths) HSUL_12, Vcco=1.2V 5,6 1066 Mbps
HSTL15 HSTL15, Vcao = 1.5V 5,6 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vccio =1.2V 5,6 10 Mbps
Differential®

LVDS LVDS, Vccio=1.8V 5,6 1250 Mbps
LVDS25E® LVDS25, Emulated, Vcao=2.5V 0,234,789 400 Mbps
SubLVDSE® subLVDS, Emulated, Vcco=1.8V 0,234,789 400 Mbps
SubLVDSEH® subLVDS, Emulated, Vccio=1.8V 5,6 800 Mbps
SLVS SLVS similar to MIPI, Vcao = 1.2V 5,6 1250 Mbps
MIPI D-PHY (HS Mode) MIPI, High Speed Mode, Veco = 1.2V 5,6 1250 Mbps
SSTL15D Differential SSTL15, Vccio=1.5V 5,6 1066 Mbps
SSTL135D Differential SSTL135, Vccio = 1.35V 5,6 1066 Mbps
HSUL12D Differential HSUL12, Vccio = 1.2 V 5,6 1066 Mbps
HSTL15D Differential HSTL15, Vccio = 1.5V 5,6 250 Mbps

Notes:

1.  Maximum I/O speed is the maximum switching rate of the I/O operating within the guidelines of the defining standard. The

actual interface speed performance using the 1/0 also depends on other factors, such as internal and external timing.
2. These numbers are characterized but not test on every device.
3. Performance is specified in MHz, as defined in clock rate when the sysl/O is used as pin. For data rate performance, this can be
converted to Mbps, which equals to 2 times the clock rate.
4. LVCMOS and LVTTL are measured with load specified in Table 3.44.
5. These LVCMOS inputs can be placed in different Vo voltage. Performance may vary. Please refer to Lattice Design Software
6. These emulated outputs performance is based on externally properly terminated as described in LVDS25E (Output Only) and
SubLVDSE/SubLVDSEH (Output Only).
7. All speeds are measured with fast slew.
8. For maximum differential I/0 performance, only Differential I/O should be placed in the bottom I/O banks. If this is not
possible, the following will impact on maximum performance:
a. If Fast Slew Rate LVCMOS I/0 are used, they should be limited to no more than nine 1/0 (adjacent), four I/O (same bank),
55 1/0 (left/right banks) to keep degradation below 50%.
b. If non-Differential I/O (SLOW SLEW) are placed on the bottom but not within the same bank as differential I/O, then the
maximum Differential performance is degraded to 70% of original when 21 aggressors are toggling.
c. If non-Differential I/O (SLOW SLEW) are placed within the same bank as Differential I/O then the maximum performance is
degraded to 50% of original when 16 aggressor are toggling.
d. No performance impact if MIPI LP and MIPI HS are in the same bank.
. If Differential RX/TX I/O are both placed within the same bank then the maximum performance is degraded to 90%.
f.  For DDR3/DDR3L/LPDDR4 separate DQ/DQS groups from Address/Commands/CLK groups into separate banks.
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3.15. Typical Building Block Function Performance

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

Table 3.31. Pin-to-Pin Performance?

Function Typ. @ Vec=1.0V Unit

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

16-bit Decoder (I/0O configured with HSTL15_1l, Bottom Banks) 5.1 ns

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

16:1 Mux (I/0 configured with HSTL15_I, Bottom Banks) 6.1 ns
Note:

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

Table 3.32. Register-to-Register Performance **

Function Typ. @ Vec=1.0V Unit
Basic Functions
16-bit Adder 5002 MHz
32-bit Adder 496 MHz
16-bit Counter 402 MHz
32-bit Counter 371 MHz
Embedded Memory Functions
512 x 36 Single Port RAM, with Output Register 5002 MHz
1024 x 18 True-Dual Port RAM using same clock, with EBR Output Registers 5002 MHz
1024 x 18 True-Dual Port RAM using asynchronous clocks, with EBR Output Registers 5002 MHz
Large Memory Functions
32 k x 32 Single Port RAM, with Output Register 3752 MHz
32 k x 32 Single Port RAM with ECC, with Output Register 3502 MHz
32 k x 32 True-Dual Port RAM using same clock, with Output Registers 200 MHz
Distributed Memory Functions
16 x 4 Single Port RAM (One PFU) 5002 MHz
16 x 2 Pseudo-Dual Port RAM (One PFU) 5002 MHz
16 x 4 Pseudo-Dual Port (Two PFUs) 5002 MHz
DSP Functions
9 x 9 Multiplier with Input Output Registers 376 MHz
18 x 18 Multiplier with Input/Output Registers 287 MHz
36 x 36 Multiplier with Input/Output Registers 200 MHz
MAC 18 x 18 with Input/Output Registers 203 MHz
MAC 18 x 18 with Input/Pipelined/Output Registers 287 MHz
MAC 36 x 36 with Input/Output Registers 119 MHz
MAC 36 x 36 with Input/Pipelined/Output Registers 155 MHz
Notes:

1. The Clock port is configured with LVDS 1/0 type. Performance Grade: 9_High-Performance_1.0V.

2. Limited by the Minimum Pulse Width of the component

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

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

Table 3.33 summarizes the performance of the LMMI interface with supported IPs. Additional timing
requirement and constraint can be identified through the Lattice Radiance design tools.

Table 3.33. LMMI Fuyax Summary

P Fvax (MHz)
CDRO 73
CDR1 70

12 38

PLL_ULC 59

PLL_LRC 37

3.17. Derating Timing Tables

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

3.18. External Switching Characteristics

Over recommended commercial operating conditions.

Table 3.34. External Switching Characteristics (Vcc = 1.0 V)

Parameter Description Min . Max Min : Max Unit
Clocks

Primary Clock

fvax_eri Frequency for Primary Clock - 400 — 325.2 ns
tw pri Clock Pulse Width for Primary Clock 1.125 - 1.384 — ps
tskew_pri® Primary Clock Skew Within a Device — 450 — 554 MHz
Edge Clock

fmax_eoce Frequency for Edge Clock Tree — 800 — 650.4 MHz
tw_epce Clock Pulse Width for Edge Clock 0.537 — 0.661 — ns
tskew_ence® Edge Clock Skew Within a Device — 120 — 148 ps
Generic SDR Input

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

tco Clock to Output — PIO Output Register - 8.36 - 8.53 ns
tsu Clock to Data Setup — P10 Input Register 0.00 - 0.00 - ns
Th(LTr) Clock to Data Hold — PIO Input Register 3.73 — 3.83 - ns
tH(Bottom) Clock to Data Hold — P10 Input Register 4.65 — 4.75 — ns
tou et ICr:gEI: tDOeE?,ta Setup — PIO Input Register with Data 184 _ 1.84 _ ns
1 ELLTR) ICr:gEI: tDOeE?,ta Hold — PIO Input Register with Data 0.22 _ 0.22 _ ns
1 pELsottom) ﬁ}lgﬁl: tDOEIDH?Ita Hold — PIO Input Register with Data 177 _ 177 _ ns
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-9 -8
] Unit

Parameter Description Min Max Min Max
General 1/0 Pin Parameters Using Dedicated Primary Clock Input with PLL
teopLL Clock to Output — PIO Output Register — 4.55 — 4.67 ns
TSUPLL(LTR except Bank1) Clock to Data Setup — P10 Input Register 1.71 — 1.71 — ns
tsupLL(Bank1) Clock to Data Setup — P10 Input Register 2.33 — 2.33 — ns
tsupLL(Bottom) Clock to Data Setup — P10 Input Register 1.33 — 1.33 — ns
tHPLL(LTR) Clock to Data Hold — PIO Input Register 0.98 — 1.21 — ns
tHPLL(Bottom) Clock to Data Hold — PIO Input Register 1.87 — 1.87 — ns
tSU_DELPLL(LTR except Clock to Data Setup — PIO Input Register with Data 4.87 _ 4.87 _ ns
Bank1) Input Delay

Clock to Data Setup — PIO Input Register with Data
tsu_DELPLL(Bank1) P P J 5.77 — 5.77 — ns

Input Delay

Clock to Data Setup — PIO Input Register with Data
tsu_DELPLL(Bottom) P P J 4,74 — 4,74 — ns

Input Delay
— Clock to Data Hold — PIO Input Register with Data 0.00 _ 0.00 . ns

- Input Delay

Generic DDR Input/Output

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

(Left, Top, and Right

Banks) — Figure 3.7 and Figure 3.9

tsu_GDDRI Input Data Setup Before CLK 0917 — 0917 — ne
- 0.275 — 0.275 — ul
tHo_GDDRL Input Data Hold After CLK 0.917 — 0.917 — ns
. 1.217 — 1.113 — ns
tove_GDDRL Output Data Valid After CLK Output 045 — 0554 — et %0l
toaua GooR1 Output Data Valid After CLK Output 127 - (L8 - n
- -0.45 — -0.554 — ns + %Ul
foata_cporxa Input/Output Data Rate — 300 — 300 Mbps
fmax_cporx1 Frequency of PCLK — 150 — 150 MHz
% Ul Half of Data Bit Time, or 90 degree 1.667 — 1.667 — ns
Output TX to Input RX Margin per Edge 0.3 - 0.197 - ns
Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input
(Left, Top, and Right Banks) — Figure 3.8 and Figure 3.10
— -0.917 — -0.917 ns + %Ul
tova_GDDR1 Input Data Valid After CLK — 0.75 — 0.75 ns
— 0.225 — 0.225 ul
0.917 — 0.917 — ns + %UIl
tove_GoDR1 Input Data Hold After CLK 2.583 — 2.583 — ns
0.775 — 0.775 — ul
toiA_GDDRL Output Data Invalid After CLK Output - 0.45 - 0.554 ns
tois_GDDRL Output Data Invalid Before CLK Output — 0.45 — 0.554 ns
foata_cpoRx1 Input/Output Data Rate — 300 — 300 Mbps
fmax_Gpprx1 Frequency for PCLK — 150 — 150 MHz
% Ul Half of Data Bit Time, or 90 degree 1.667 — 1.667 — ns
Output TX to Input RX Margin per Edge 0.3 - 0.197 - ns
Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input
(Bottom Banks) — Figure 3.7 and Figure 3.9
tsu_GoDR1 Input Data Setup Before CLK 05> — 05> — e
- 0.275 — 0.275 — Ul
tHo_GDDRL Input Data Hold After CLK 0.55 — 0.55 — ns
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Parameter Description . 2 T . : - Unit
. 0.7 — 0.631 — ns
tove_GDDRL Output Data Valid After CLK Output 0.300 — 0.369 — et %0l
) 0.7 — 0.631 — ns
toava_GDDRL Output Data Valid After CLK Output 0.300 — 0.369 — PRI
foata_cporxa Input/Output Data Rate — 500 — 500 Mbps
fmax_Gporx1 Frequency of PCLK — 250 — 250 MHz
% Ul Half of Data Bit Time, or 90 degree — — 1 — ns
Output TX to Input RX Margin per Edge 0.15 — 0.081 — ns
Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input
(Bottom Banks) — Figure 3.8 and Figure 3.10
— —0.55 — —0.550 ns + %UI
tova_GDDR1 Input Data Valid After CLK — 0.45 — 0.45 ns
— 0.225 — 0.225 Ul
0.55 — 0.55 — ns + %Ul
tove_GoDR1 Input Data Hold After CLK 1.55 — 1.55 — ns
0.775 — 0.775 — Ul
toiA_GDDRL Output Data Invalid After CLK Output — 0.3 — 0.369 ns
tois_GDDRL Output Data Invalid Before CLK Output — 0.3 — 0.369 ns
foata_coorx1 Input/Output Data Rate — 500 — 500 Mbps
fmax_coorxt Frequency for PCLK — 250 — 250 MHz
% Ul Half of Data Bit Time, or 90 degree 1 — 1 — ns
Output TX to Input RX Margin per Edge 0.15 — 0.081 — ns
Generic DDRX2 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX2_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 3.7 and Figure 3.9
— — — — ns
tsu_GoDRx2 Data Setup before CLK Input 0175 — 0175 — U
tHo_GDDRX2 Data Hold after CLK Input 0.175 — 0.175 — ns
. 0.177 — 0.177 — ns
tove_GDDRX2 Output Data Valid Before CLK Output 0.38 — 0352 — s+ 3501
. -0.12 — -0.148 — Ns
toava_GDDRX2 Output Data Valid After CLK Output 0.38 — 0352 — <%0l
foata_cpoRx2 Input/Output Data Rate -0.12 — -0.148 — Mbps
fmax_cporx2 Frequency for ECLK — 1000 — 1000 MHz
% Ul Half of Data Bit Time, or 90 degree — 500 — 500 ns
focik PCLK frequency 0.5 — 0.5 — MHz
Output TX to Input RX Margin per Edge 0.23 — 0.202 — ns
Generic DDRX2 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX2_RX/TX.ECLK.Aligned) using PCLK Clock Input —
Figure 3.8 and Figure 3.10
— -0.275 — -0.275 ns + %Ul
tova_GDDRX2 Input Data Valid After CLK — 0.225 — 0.225 ns
— 0.225 — 0.225 ul
0.275 — 0.275 — ns + %UI
tove_GopRx2 Input Data Hold After CLK 0.775 — 0.775 — ns
0.775 — 0.775 — Ul
toiA_GDDRX2 Output Data Invalid After CLK Output — 0.12 — 0.148 ns
toig_GDDRX2 Output Data Invalid Before CLK Output — 0.12 — 0.148 ns
foaTa_DDRX2 Input/Output Data Rate — 1000 — 1000 Mbps
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fmax_coorx2 Frequency for ECLK — 500 — 500 MHz
% Ul Half of Data Bit Time, or 90 degree 0.5 — 0.5 — ns
frck PCLK frequency — 250 — 250 MHz
Output TX to Input RX Margin per Edge 0.105 — 0.077 — ns
Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 3.7 and Figure 3.9
0.168 — 0.210 — ns
tsu_GoDRX4 Input Data Set-Up Before CLK 0252 — 0252 — m
tHo_GDDRX4 Input Data Hold After CLK 0.174 — 0.210 — ns
tove_GDDRY4 Output Data Valid Before CLK Output 0-213 — 0269 — ne
- -0.12 — -0.148 — ns + % Ul
. 0.213 — 0.269 — ns
toaqva_GDDRX4 Output Data Valid After CLK Output o1z — 0148 — Ul
foaTa_GoDRX4 Input/Output Data Rate — 1500 — 1200 Mbps
fmax_GpoRx4 Frequency for ECLK — 750 — 600 MHz
% Ul Half of Data Bit Time, or 90 degree 0.333 — 0.417 — ns
frek PCLK Frequency — 187.5 — 150 MHz
Output TX to Input RX Margin per Edge 0.08 — 0.102 — ns

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

and Right sides Only — Figure 3.8 and Figure 3.10

ECLK.Aligned) using PCLK Clock Input, Left

— -0.183 — -0.229 ns + %UI
tova_GDDRX4 Input Data Valid After CLK — 0.15 — 0.188 ns
— 0.225 — 0.225 Ul
0.183 — 0.229 — ns + %Ul
toVE_GDDRX4 Input Data Hold After CLK 0.517 — 0.646 — ns
0.775 — 0.775 — Ul
toiA_GDDRX4 Output Data Invalid After CLK Output — 0.12 — 0.148 ns
toig_GDDRX4 Output Data Invalid Before CLK Output - 0.12 - 0.148 ns
foata_cpDRX4 Input/Output Data Rate — 1500 — 1200 Mbps
fmax_GpDRx4 Frequency for ECLK - 750 - 600 MHz
% Ul Half of Data Bit Time, or 90 degree 0.333 — 0.417 — ns
frcik PCLK frequency — 187.5 — 150 MHz
Output TX to Input RX Margin per Edge 0.03 - 0.04 - ns
Generic DDRX5 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX5_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 3.7 and Figure 3.9
0.179 - 0.187 — ns
tsu_GoDRXS Input Data Set-Up Before CLK 0224 — 0224 — U
tHo_GDDRX5 Input Data Hold After CLK 0.181 — 0.187 — ns
tWINDOW_GDDRXSC Input Data Valid Window 0.36 — 0.374 — ns
0.28 — 0.269 — ns
tbvB_GDDRX5 Output Data Valid Before CLK Output
-0.120 — -0.148 — ns+%Ul
. 0.28 — 0.269 — ns
tbQva_GDDRX5 Output Data Valid After CLK Output
-0.120 — -0.148 — ns+%Ul
foaTa_copRxs Input/Output Data Rate — 1250 — 1200 Mbps
fmax_Goorxs Frequency for ECLK — 625 — 600 MHz
¥ Ul Half of Data Bit Time, or 90 degree 0.4 — 0.417 — ns
frcik PCLK frequency — 125 — 120 MHz
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Output TX to Input RX Margin per Edge 0.12 - 0.102 - ns
Generic DDRXS5 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX5_RX/TX.ECLK.Aligned) using PCLK Clock Input —
Figure 3.8 and Figure 3.10
— -0.220 — -0.229 ns + %Ul
tovA_GDDRXS Input Data Valid After CLK — 0.18 — 0.188 ns
— 0.225 — 0.225 Ul
0.22 — 0.229 — ns + Ul
tovE_GDDRXS Input Data Hold After CLK 0.62 — 0.646 — ns
0.775 — 0.775 — Ul
twiNDOow_GDDRX5A Input Data Valid Window 0.440 — 0.458 — ns
tDIA_GDDRXS Output Data Invalid After CLK Output — 0.12 — 0.148 ns
toig_GDDRXs Output Data Invalid Before CLK Output — 0.12 — 0.148 ns
foaTa_coDRXS Input/Output Data Rate — 1250 — 1200 Mbps
fmax_GooRxs Frequency for ECLK — 625 — 600 MHz
% Ul Half of Data Bit Time, or 90 degree 0.4 — 0.417 — ns
freik PCLK frequency — 125 — 120 MHz
Output TX to Input RX Margin per Edge 0.06 — 0.04 — ns
Soft D-PHY DDRX4 Inputs/Outputs with Clock and Data Centered at Pin, using PCLK Clock Input
0.133 — 0.167 — ns
tsu_GDDRX4_MP Input Data Set-Up Before CLK 02 — 02 — U
tHo_GDDRX4_MP Input Data Hold After CLK 0.133 — 0.167 — ns
0.133 — 0.167 — ns
tove_GDDRX4_MP Output Data Valid Before CLK Output
- - 0.2 — 0.2 — Ul
. 0.133 — 0.167 — ns
tbqva_GDDRX4_MP Output Data Valid After CLK Output 02 — 02 — U
foaTa_GDDRXA_MP Input Data Bit Rate for MIPI PHY — 1500 — 1200 Mbps
% Ul Half of Data Bit Time, or 90 degree 0.333 — 0.417 — ns
frcik PCLK frequency — 187.5 — 150 MHz
Output TX to Input RX Margin per Edge 0.067 — 0.083 — ns

Video DDRX71 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) using PLL Clock Input — Figure 3.12 and

Figure 3.13
tarsi oA Input Valid‘ Bit "i". switch from CLK Rising Edge ("i" = — 0.264 — 0.264 ul

B 0to 6, 0 aligns with CLK) — -0.250 — —0.250 | ns+(%+)*Ul
N Input HoId‘Bit "i".switch from CLK Rising Edge ("i"= | 0.722 — 0.722 — ul

B 0to 6, 0 aligns with CLK) 0.235 — 0.235 - ns+(%+)*Ul
trosi_pov Ej;i ?.Li’..tzug :/:‘gfjoBzig'nssa'itt;hcf[gn CLK Rising — | o159 | — | 0159 | ns+*ul
R e et e Bl s
t1pBi_skew_UI TX skew in Ul — 0.15 — 0.15 Ul
ts Serial Data Bit Time, = 1UlI 1.058 — 1.058 — ns
foata_1x71 DDR71 Serial Data Rate — 945 — 945 Mbps
fmax_Tx71 DDR71 ECLK Frequency — 473 — 473 MHz
feran 7:1 Clock (PCLK) Frequency — 135 — 135 MHz
Output TX to Input RX Margin per Edge 0.159 — 0.159 — ns
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Parameter Description Min Max Min Max
Memory Interface
DDR3/DDR3L READ (DQ Input Data are Aligned to DQS) - Figure 3.8
toveoa_pors Data Input Valid before DQS Input — -0.235 — -0.235 ns + %UI
tovepa_boR3L
tovaba_oors Data Input Valid after DQS Input 0.235 — 0.235 — ns + %Ul
tovapa_DDR3L
foara_oors DDR Memory Data Rate - 1066 - 1066 Mb/s
fDATA_DDR3L
Fuax_ecix_oor3 DDR Memory ECLK Frequency — 533 — 533 MHz
fmax_ecLk_poRaL
Fuax scik_oors DDR Memory SCLK Frequency — 133.3 — 133.3 MHz
fmax_scLk_pprat
DDR3/DDR3L WRITE (DQ Output Data are Centered to DQS) — Figure 3.11
toaves_oors Data Output Valid before DQS Output — | -0.235 — [ -0.235| ns+%Ul
toaves_porsL
foavas pors Data Output Valid after DQS Output 0.235 - 0.235 — ns + %Ul
toavas_porst
f
DATA_DDR3 DDR Memory Data Rate — 1066 — 1066 Mb/s
fDATA_DDR3L
f
MAX_ECLK_DDR3 DDR Memory ECLK Frequency — 533 — 533 MHz
fmax_ecLk_poRsL
f
MAX_SCLK_DDR3 DDR Memory SCLK Frequency — 133.3 — 133.3 MHz
fmax_scLk_pprat
Notes:
1. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Lattice Radiant
software.

2. General I/0 timing numbers are based on LVCMOS 1.8, 8 mA, Fast Slew Rate, 0 pf load for all 10s except the bankl. For bank1,
the number are based on LVCMOS 3.3, 12 mA, Fast Slew Rate, 0 pf load.

Generic DDR timing are numbers based on LVDS 1/0.

DDR3 timing numbers are based on SSTL15.

Uses LVDS I/0 standard for measurements.

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

This clock skew is not the internal clock network skew. Nexus family devices have very low internal clock network skew that can
be approximated to O ps. These tsew Values measured externally at system level includes additional skew added by the 1/0, wire
bonding and package ball.

ouew

Rx CLK (in) /

tsu

g
|

tsu

|
.

|
|

tHD tHD

Figure 3.7. Receiver RX.CLK.Centered Waveforms
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DI L NN % Ul
Rx CLK (in) /< 1u =\\' /
orDQS input ———— i

A
A4

o

tDVA/tDVADQ i

tDVE/tDVEDQ

tDVE/tDVEDQ

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

20l . 12Ul L 12u0 . 12Ul

4
A
A
A
N

Tx CLK (out) /

or DQS Output

Tx DATA (out)
or DQ Output

tovs/tpaves tove/tpaves

=

tova/toava tova/tpavas

Figure 3.9. Transmit TX.CLK.Centered and DDR Memory Output Waveforms
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Figure 3.10. Transmit TX.CLK.Aligned Waveforms
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Receiver — Shown for one LVDS Channel
# of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data In ’
membs  AOXTX2X3X4X 58X oX 1 X2X3X4X5XeXox X2aX3 aXsXsroX 1 X2X3X4X5Xe o)
I I
Clock In 0} 1 2 ! 3‘ 4
108 MHz |
! | Bit# | Bit# | Bit# ! Bit#
10X 1 10-1 120-8 1 30-15 | 40-22
| 1 11-2 1 91— 1 31— |
For each Channel: | % P j21-9 | 31-16 | a1-23
. 1 0x 1 12-3 1 22-10 | 32-17 | 42-24
7-bit Output YVords ' ox 13-4 L 23-11 | 33-18 ' 43-25
to FPGA Fabric I Ox 1 14-5 1 24-12 34-19 ! 44-26
 ox | 15-6 | 25-13 | 35-20 | 45-27
! ox 1 16-7 1 26-14 136-21 | 46-28
Transmitter — Shown for one LVDS Channel
# of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out \
seemprs Ao TX2X3XAXSX6XoX X2 3 X 4AX5 60X T h2X3 4 e exoXX2Xx3X4XsXexo)
I I
I I
Clock Out 0} L 24 3‘ 4}
108 MHz
Bit # 3 Bit # 3 Bit # 3 Bit # 3 3
For each Channel: 88‘;3 ig_g i 20-15 4 :2_2 ! |
i -2 -9 | 21-16 | -23 | |
4 bF':,g:tFpu; Words gy_3 | 12-10 | 2-17 | 32-24 | |
to abric 00-4! 13-11 | 23-18 ! 33-25 | i
00—53 14-12 3 24-19 3 34-26 3 3
00-6 ! 15-13 1 25-20 ! 35-27 | ;
00-7 | 16-14 | 26-21 1 36-28 | 1
Figure 3.11. DDRX71 Video Timing Waveforms
Bit 0 Bit 1 Bit i
12Ul 1/2 Ul
l Lgd <—>

/ /.

CLK (in) [ 10

/_____-

tsu.i

A4

tHD i

v

Figure 3.12. Receiver DDRX71_RX Waveforms
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Bit O Bit 1 Bit i

/L

/i 1 Ul E \
CLK (out) i i !

Figure 3.13. Transmitter DDRX71_TX Waveforms
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3.19. sysCLOCK PLL Timing (Vcc = 1.0 V)

Over recommended operating conditions.

Table 3.35. sysCLOCK PLL Timing (Vcc = 1.0 V)

Amplitude Step Size

Parameter Descriptions Conditions Min Typ. Max Units
fin Input Clock Frequency (CLKI, CLKFB) — 18 — 500 MHz
four Output Clock Frequency — 6.25 — 800 MHz
fuco PLL VCO Frequency — 800 — 1600 MHz
Without Fractional-N 18 _ 500 MHz
f Phase Detector Input F Enabled
ase Detector Input Frequenc
ro P a Y With Fractional-N 18 _ 100 MHz
Enabled
AC Characteristics
tor Output Clock Duty Cycle — 45 — 55 %
tpu? Output Phase Accuracy — -5 — 5 %
four 2200 MHz — — 250 S p-
Output Clock Period litter ot PS PP
four < 200 MHz — — 0.05 UIPP
four 2200 MHz — — 250 s p-
Output Clock Cycle-to-Cycle Jitter o Ps PP
four < 200 MHz — — 0.05 UIPP
fprp 2200 MHz — — 250 ps p-p
. 60 MHz < fppp < 200 MHz — — 350 ps p-p
toputt Output Clock Phase lJitter
30 MHz < fppp < 60 MHz — — 450 ps p-p
18 MHz < fprp < 30 MHz — — 650 ps p-p
four 2200 MHz — — 350 s p-
Output Clock Period Jitter (Fractional-N) o PSpP
four < 200 MHz — — 0.07 UIPP
Output Clock Cycle-to-Cycle Jitter four 2 200 MHz — — 400 ps p-p
(Fractional-N) four < 200 MHz - - 0.08 uIpp
faw? PLL Loop Bandwidth — 0.45 13 MHz
trock? PLL Lock-in Time — — — 10 ms
tunLock PLL Unlock Time (from RESET goes HIGH) - - - 50 ns
ferp 2 20 MHz — — 500 S p-
tipnt Input Clock Period Jitter i PS PP
ferp < 20 MHz — — 0.01 UIPP
thi Input Clock High Time 90% to 90% 0.5 — — ns
to Input Clock Low Time 10% to 10% 0.5 — — ns
trsT RST/ Pulse Width — 1 — — ms
fesc 100 Spread Spectrum Clock Modulation . 20 . 200 KHz
- Frequency
Spread Spectrum Clock Modulation
f; —_ 2 - 2. 9
SSC_MOD_AMP Amplitude Range 0.25 00 %
Spread Spectrum Clock Modulation
fssc_mop_step P P — — 0.25 — %

Notes:

1. Jitter sample is taken over 10,000 samples for Period jitter, and 1,000 samples for Cycle-to-Cycle jitter of the primary PLL output
with clean reference clock with no additional I/0 toggling.
2. Output clock is valid after t,gc« for PLL reset and dynamic delay adjustment.

w

Result from Lattice Radiant software.
4. CLKOS as compared to CLKOP output for one phase step at the maximum VCO frequency.
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3.20. Internal Oscillators Characteristics
Table 3.36. Internal Oscillators (Vcc = 1.0 V)

Symbol Parameter Description Min Typ Max Unit
feikne HFOSC CLKK Clock Frequency 418.5 450 481.5 MHz
feuar LFOSC CLKK Clock Frequency 25.6 32 38.4 kHz
DCHciknr HFOSC Duty Cycle (Clock High Period) 45 50 55 %
DCHcikir LFOSC Duty Cycle (Clock High Period) 45 50 55 %

3.21. User I2C Characteristics
Table 3.37. User I2C Specifications (Vcc = 1.0 V)

Parameter STD Mode FAST Mode FAST Mode Plus?

Symbol Descrioti = - - Units

escription Min Typ Max Min Typ Max Min Typ Max

f SCL Clock _ _ 100 — — 400 — — 1000 kHz
Frequency
Optional delay

1 —_ — — — — —_
ToeLay through delay block 62 62 62 ns

Notes:

1. Refer to the I2C Specification for timing requirements. User design should set constraints in Lattice Design Software to meet this
industrial 12C Specification.

2. Fast Mode Plus maximum speed may be achieved by using external pull up resistor on I2C bus. Internal pull up may not be
sufficient to support the maximum speed.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

3.22. Analog-Digital Converter (ADC) Block Characteristics

Table 3.38. ADC Specifications®

Symbol Description Condition Min Typ Max Unit
ADC Int | Ref
VReFINT_ADC nternat Reterence — 1.142 1.2 1.262 \Y,
- Voltage*
ADC External Reference
VREFEXT_ADC — 1.0 — 1.8 Y,
Voltage
NRres_apc ADC Resolution — _ 12 — bits
ENOBapc Effective Number of Bits — 9.9 11 — bits
\ - Vv +
Bipolar Mode, Internal Vger M_ABC Vewm abc M_ABC \
VREFINT_ADC/4 - VREFINT_ADC/4
\ - Vv +
Bipolar Mode, External VRer Y M_ABC VREFEXT_ADC Vv M_ABC \
Vsr_abc ADC Input Range REFEXT_ADC/4 REFEXT_ADC/4
Uni-polar Mode, Internal
v 0 — VREFINT_ADC \Y
REF
Uni-polar Mode, External
v P 0 — VREFEXT_ADC \
REF
ADC Input Common Mode Internal Vger — VREFINT_ADC/2 — \Y
Vem_anc Voltage (for fully differential
B signals) External Vrer — VREFEXT_ADC/2 - Y]
fek_anc ADC Clock Frequency - - 25 50 MHz
@Sampling Frequency =
f ADC Input F — - KH
INPUT_ADC C Input Frequency 1 Mbps 500 z
FSapc ADC Sampling Rate — — 1 — MS/s
NtrACK_ADC ADC Input Tracking Time — 4 — — cycles?
R Ao AD(; Input Equivalent . _ 116 _ K
- Resistance
teaL Apc ADC Calibration Time — - — 6500 cycles?
. . Includ ini tracki
LouTput_ApcC ADC Conversion Time r.1c udes minimum tracking 25 — — cycles?
- time of four cycles
DNLaoc ADC .leferentlal . 4 . 1 LSB
Nonlinearity
INLaoc ADC Integral Nonlinearity — =22 — 2.21 LSB
SFDRoc ADC Spurious Free Dynamic _ 677 77 _ dBe
Range
THDsoc APC thal Harmonic . _ 76 66.8 4B
Distortion
SNRapc ADC Signal to Noise Ratio — 61.9 68 — dB
SNDRaoc APC Slgnal to 'N0|se Plus _ 617 67 _ 4B
Distortion Ratio
ERRGAIN_ADC ADC Gain Error - -0.5 - 0.5 % FSapc
ERROFFSET_ADC ADC Offset Error — -2 —_ 2 % FSaoc
ADC Input Equivalent
Cin_apc .p q — — 2 — pF
Capacitance
Notes:

1. ADCis available in select speed grades. See Ordering Information.
2. Not tested; guaranteed by design.

3.  ADC Sample Clock cycles. See ADC User Guide for Nexus Platform (FPGA-TN-02129) for more details.
4. Internal voltage reference is only for internal testing purpose. It does not recommended for customer design.
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3.23. Comparator Block Characteristics

Table 3.39. Comparator Specifications!?

Symbol Description Min Typ Max Unit
fin_comp Comparator Input Frequency — — 10 MHz
Vin_comp Comparator Input Voltage 0 — Vceancis \'%
Vorrser_comp Comparator Input Offset -23 — 24 mv
Vhyst_comp Comparator Input Hysteresis 10 — 31 mv
ViaTency_comp Comparator Latency - — 31 ns
Note:
1. Comparator is available in select speed grades. See Ordering Information.
3.24. Digital Temperature Readout Characteristics
Digital temperature Readout (DTR) is implemented in one of the channels of ADC1.
Table 3.40. DTR Specifications’ 2
Symbol Description Condition Min Typ Max Unit
DTRaance DTR Detect Temperature _ _40 _ 100 e
Range
with external voltage?
DTRaccuracy DTR Accuracy reference range of 1.0V -13 +4 13 ’C
to1.8V
ith I vol .
DTRResoLuTiON DTR Resolution with external voltage -0.3 — 0.3 C
reference

Notes:

1. External voltage reference (VREF) should be 0.1% accurate or better. DTR sensitivity to VREF is -4.1 °C per VREF per-cent (for

example, if the VREF is 1 % low, then the DTR will read +4.1 °C high).
2. DTRis available in select speed grades. See the Ordering Information section.

3.25. Hardened SGMII Receiver Characteristics

3.25.1. SGMII Rx Specifications

Over recommended operating conditions.

Table 3.41. SGMII Rx

Symbol Description Test Conditions Min Typ Max Unit
foata SGMII Data Rate — — 1250 — MHz
SGMII Reference Clock Frequency (Data
f — — 125 — MH
REFCLK Rate/lO) z
JroL_pj . N Periodic jitter L
Jitter Tolerance, Deterministic <300 kHz 0.1 Ul
. Periodic jitter 1
JroL 1 Jitter Tolerance, Total <300 kHz 0.3 ul
Af/f Data Rate and Reference Clock Accuracy — -300 — 300 ppm
Note:

1.  Jror can meet the following jitter mask specification: 0 to 3.5 kHz: 10 Ul; 3.5 to 700 kHz: log-log slope 10 Ul to 0.05 Ul; above

700 kHz: 0.05 UI.
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3.26. sysCONFIG Port Timing Specifications

Over recommended operating conditions.

Table 3.42. sysCONFIG Port Timing Specifications

Symbol ‘ Parameter Device Min Typ. Max Unit
POR Timing
Time during POR, from Vcc, Vcc/.\ux, Vcc|oo or
t Vcaio1 (Whichever is the last) pass POR trip . _ _ 1 S
MSPLINA voltage to pull PROGRAMN LOW to prevent M
entering self-download mode
PROGRAMN Configuration Timing
tprOGRAMN_L PROGRAMN LOW pulse accepted — 50 — — ns
tPROGRAMN_H PROGRAMN HIGH pulse accepted — 60 — — ns
tPrROGRAMN_RI PROGRAMN LOW pulse rejected — — — 25 ns
tiniT_Low PROGRAMN LOW to INITN LOW — — — 100 ns
tNIT_HIGH PROGRAMN LOW to INITN HIGH — — — 40 s
INITN LOW to INITN HIGH (SRAM initialization
tnm . - — — 39.9 us
period)
tpone_Low PROGRAMN LOW to DONE LOW — — — 55 s
tpoNE_HIGH PROGRAMN HIGH to DONE HIGH — — — 2 s
tiobiss PROGRAMN LOW to I/O Disabled — — — 125 ns
< tprOGRAMN g
PROGRAMN
|
< ; UNIT_HiGH >
l¢— “INIT_LOW
INITN
DONE < tDONE_LOW
—> topiss [¢—
USER I/O

Figure 3.14. PROGRAMN Timing
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PROGRAMN

INITN

DON
E

TN Low

i—tinr_HiGH —P

n
Erpor

Configuratio

MSPI

—

!

Config uration
Started

tinme=SRAMmemory initialization period

Figure 3.15. Configuration Error Notification

3.27. JTAG Port Timing Specifications

Over recommended operating conditions.

Table 3.43. JTAG Port Timing Specifications

Restart
Configuration

Configuration

Symbol Parameter Min Typ. Max Units
fumax TCK clock frequency - _ 75 MHz
tarcpH TCK clock pulse width high 20 — — ns
taTcpL TCK clock pulse width low 20 — — ns
tars TCK TAP setup time 5 — — ns
tarH TCK TAP hold time 5 - — ns
taTrF TAP controller TDO rise/fall time? 1000 — — mV/ns
tarco TAP controller falling edge of clock to valid output - - 14 ns
tarconis TAP controller falling edge of clock to valid disable - - 14 ns
taTcoEN TAP controller falling edge of clock to valid enable - - 14 ns
tercrs BSCAN test capture register setup time 8 — — ns
tarcRH BSCAN test capture register hold time 25 — — ns
tutco BSCAN test update register, falling edge of clock to valid output — — 25 ns
taTuoDIS BSCAN test update register, falling edge of clock to valid disable - - 25 ns
taTUPOEN BSCAN test update register, falling edge of clock to valid enable - - 25 ns

Note:

1. Based on default I/0 setting of slow slew rate.
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TMS ><
DI ><
& tgrs Pe—— tyry ——W
tgrcpH —Pre— teTCPL — P DI —
TCK I 4/7
tBTCOEN tBTCO tBTCOD|S
TDO Valid Data Valid Data
T ¢——1tBTCRH
BTCRS
Data to be
Captured Data Captured X
from 1/0
4= tBTUPOEN 4— tguTco 4—tgTUODIS
Data to be
driven out Valid Data Valid Data
to 1/O |

Figure 3.16. JTAG Port Timing Waveforms

3.28. Switching Test Conditions

Figure 3.17 shows the output test load that is used for AC testing. The specific values for resistance,
capacitance, voltage, and other test conditions are listed in Table 3.44.

Vs
R1

DUT * @® Test Point
R2 CL*

*CL Includes Test Fixture and Probe Capacitance

)|
|

Figure 3.17. Output Test Load, LVTTL and LVCMOS Standards
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Table 3.44. Test Fixture Required Components, Non-Terminated Interfaces?

Test Condition R1 Rz C Timing Ref. \
LVCM0S3.3=1.5V —

LVCMOS 2.5 = Vqio/2 —

LVTTL and other LVCMOS settings (Lto H, H to L) ) ) 0 pF LVCMOS 1.8 = Vccio/2 —
LVCMOS 1.5 = Vcgio/2 -

LVCMOS 1.2 = Vcgo/2 -

LVCMOS 2.5 1/0 (Z to H) 0 1MQ 0 pF Veeio/2 -

LVCMOS 2.51/0 (Zto L) 1MQ o 0 pF Veao/2 Veao

LVCMOS 2.51/0 (H to 2) 0 100 0 pF Vou—0.10 —

LVCMOS 2.51/0 (Lto 2) 100 o 0 pF Vo +0.10 Veao
Note:

1. Output test conditions for all other interfaces are determined by the respective standards.
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4. DC and Switching Characteristics for LFMX05-20TD,
LFMXO05-20TDQ, LFMXO05-30TD, LFMX05-30TDQ,
LFMXO5-55TD, and LFMXO0O5-55TDQ Commercial and
Industrial

All specifications in this section are characterized within recommended operating conditions unless
otherwise specified.

4.1. Absolute Maximum Ratings

Table 4.1. Absolute Maximum Ratings

Symbol Parameter Min Max Unit
Vee, Vececik Supply Voltage -0.5 1.10 Y
Veeaux, Vecauxa,
VCCAUXHs,VCCAUXH4, Supply Voltage -0.5 1.98 Vv
Vecauxrs, VecauxHs
/O Supply Voltage (LFMX05-55TD/LFMXO5-
V -0. . Y
€Cl00, 1,2, 6,7 55TDQ) 0.5 3.63
/O Supply Voltage (LFMX0O5-55TD/LFMXO5-
V -0. 1. Y
cCl03, 4,5 55TDQ) 0.5 98
I/0 Supply Voltage
Veaoo 23,4789 | (| EMX05-20TD/20TDQ/30TD/30TDQ) 0-> 363 v
I/0 Supply Voltage
V -0.5 1.98 \Y
s (LFMX05-20TD/20TDQ/30TD/30TDQ)
VeepLisp* SERDES Block PLL Supply Voltage -0.5 1.98 Vv
Vcesp* SERDES Supply Voltage -0.5 1.10 Vv
Vcespek SERDES Clock Buffer Supply Voltage -0.5 1.10 \Y
Vccapcis ADC Block 1.8V Supply Voltage -0.5 1.98 Vv
VCCAUXSDQ* SERDES AUX Supply Voltage -0.5 1.98 Vv
Input or I/0 Voltage Applied, Bank 0, Bank 1,
Bank 2, Bank 6, Bank 7 0.5 3.63 v
. Input or I/0 Voltage Applied, Bank 3, Bank 4, 05 1.98 v
Bank 5
Ta Storage Temperature (Ambient) —65 150 °C
Ty Junction Temperature — +125 °C
Notes:

e  Stress above those listed under the Absolute Maximum Ratings may cause permanent damage to the device. Functional

operation of the device at these or any other conditions above those indicated in the operational sections of this specification is

not implied.

e Compliance with the Lattice Thermal Management document is required.

e Allvoltages referenced to GND.

o All Vccaux should be connected on PCB.
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4.2,

Recommended Operating Conditions® >3

Table 4.2. Recommended Operating Conditions

Symbol

Parameter

Conditions

Min

Typ.

Max

Unit

Ve, Vececik

Core Supply Voltage

Vcc =1.0

0.95

1.00

1.05

Vecaux

Auxiliary Supply Voltage

WRIO banks:

Bank 0/1/2/6/7 (LFMXO5-
55TD/55TDQ), Bank
0/1/2/3/4/7/8/9/11 (LFMXO5-
20TD/20TDQ/30TD/30TDQ)

1.71

1.80

1.89

VecauxHs/a/s/e

Auxiliary Supply Voltage

HPIO banks:

Bank 3/4/5 (LFMXO5-
55TD/55TDQ),

Bank 5/6 (LFMXO5-
20TD/20TDQ/30TD/30TDQ)

1.71

1.80

1.89

Vecauxa

Auxiliary Supply Voltage
for core logic

1.71

1.80

1.89

Vo

I/O Driver Supply Voltage

Vceio = 3.3V, WRIO banks

3.135

3.30

3.465

Vcao = 2.5V, all WRIO banks
except Bank 1, Bank 2
(LFMXO5-
20TD/20TDQ/30TD/30TDQ)
and Bank 0, Bank 7 (LFMXO5-
55TD/55TDQ)

2.375

2.50

2.625

Vceio = 1.8 V, All Banks except
Bank 1, Bank 2 (LFMXO5-
20TD/20TDQ/30TD/30TDQ)
and Bank 0, Bank 7 (LFMXO5-
55TD/55TDQ)

1.71

1.80

1.89

Vcao = 1.5V, All Banks except
Bank 1, Bank 2 (LFMXO5-
20TD/20TDQ/30TD/30TDQ)
and Bank 0, Bank 7 (LFMXO5-
55TD/55TDQ)

1.425

1.50

1.575

Veco =1.35 V, All Banks
except Bank 1, Bank 2
(LFMXO5-
20TD/20TDQ/30TD/30TDQ)
and Bank 0, Bank 7 (LFMXO5-
55TD/55TDQ) (For DDR3L
Only)

1.2825

1.35

1.4175

Vcao = 1.2V, All Banks except
Bank 1, Bank 2 (LFMXO5-
20TD/20TDQ/30TD/30TDQ)
and Bank 0, Bank 7 (LFMXO5-
55TD/55TDQ)

1.14

1.20

1.26

Vcc|o =1.0 V, HPIO banks

0.95

1.00

1.05

ADC External Power Supplies

Veeapcis

ADC 1.8 V Power Supply

1.71

1.80

1.89

SERDES Block External Power Supplies

Veespr

Supply Voltage for SERDES
Block and SERDES I/O

0.95

1.00

1.05

Veespek

Supply Voltage for SERDES
Clock Buffer

0.95

1.00

1.05
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Symbol Parameter Conditions Min Typ. Max Unit
SERDES Block PLL Suppl

VeepLisp* Voltage PRl — 1.71 1.80 1.89 \%

Vccauxspa SERDES Block Auxiliary - 1.71 1.80 1.89 \%
Supply Voltage

Operating Temperature

Junction Temperature,
ticom . P . — 0 — 85 °C
Commercial Operation

Junction Temperature,
t . . — -40 — 100 °C
JIND Industrial Operation

Notes:

1. For correct operation, all supplies must be held in their valid operation voltage range.

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

3. Common supply rails must be tied together.

4.3. Power Supply Ramp Rates
Table 4.3. Power Supply Ramp Rates

Symbol Parameter Min Typ Max Unit
tramp Power Supply ramp rates for all suppliest23.4 0.1 — 50 V/ms
tramP_vcciocre Power Supply ramp rates for Vccioo (LFMXO5-55TD and 0.9 — 50 V/ms

LFMXO5-55TDQ) or Vccio1 (LFMX05-20TD,
LFMX05-20TDQ, LFMX05-30TD, and LFMX05-30TDQ)
supply235

Notes:

1. Assumes monotonic ramp rates.

2. All supplies need to be in the operating range as defined in Recommended Operating Conditions when the device has
completed configuration and entering into User Mode. Supplies that are not in the operating range needs to be adjusted to
faster ramp rate, or you have to delay configuration or wake up.

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

4. Includes Vccioo (LFMXO5-55TD and LFMX05-55TDQ) or Vccio1 (LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD, and
LFMXO05-30TDQ) when the respective rail achieves its minimum Recommended Operating Condition prior to Vcc ramp-up.

5. Required when Vccioo (LFMXO05-55TD and LFMXO5-55TDQ) or Vccior (LFMXO05-20TD, LFMX05-20TDQ, LFMX05-30TD, and
LFMXO05-30TDQ) is powered up simultaneously with or after Vcc.

4.4. Power up Sequence

Power-On-Reset (POR) puts the MachXO5-NX device into a reset state. There is no power up sequence
required for the MachXO5-NX device.

Table 4.4. Power-On Reset!

Symbol Parameter Min Typ Max Unit
Vee 0.73 — 0.83 \%
Vecaux 1.34 — 1.62 \Y

Vecioo,Vecior
(LFMXO5-55TD and

Power-On-Reset ramp-up trip
LFMXO05-55TDQ)

Vporup point (Monitoring Vcc, Vecaux,
Vecioo, Vecior, and Vecioz) Veaio,Vecio: 0.89
(LFMX05-20TD,
LFMX05-20TDQ,
LFMXO05-30TD, and
LFMXO05-30TDQ)

— 1.05 \
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Symbol Parameter Min Typ Max Unit
v Power-On-Reset ramp-down trip | Vcc 0.51 — 0.81 \
PoRoN point (Monitoring Ve and Veeaux) | Vcaux 1.38 — 1.59 v
Note:

1. Monitored Vccpo rails do not have a Power-On-Reset ramp down detection. Monitored Vccio must remain within the
Recommended Operating Conditions to ensure proper operation.

4.5. On-Chip Programmable Termination

The MachXO5-NX devices support a variety of programmable on-chip terminations options, including:
e Dynamically switchable Single-Ended Termination with programmable resistor values of 40 Q, 50 Q,
60Q, or750Q.

e Common mode termination of 100 Q for differential inputs.

Vo Zo =50
20=400,500, 60 Q, or 75 Q TERM
to Vccio /2
I Zo
i
VREF ﬁi >
__ OFF-chip | oN-chip - <O -chip I ON-chip
Parallel Single-Ended Input Differential Input

Figure 4.1. On-Chip Termination

See Table 4.5 for termination options for input modes.

Table 4.5. On-Chip Termination Options for Input Modes

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

SLVS 100, OFF OFF
MIPI_DPHY 100 OFF
HSTL15D_| 100, OFF OFF
SSTL15D_| 100, OFF OFF
SSTL135D_| 100, OFF OFF
HSUL12D 100, OFF OFF
LVCMOS15H OFF OFF
LVCMOS12H OFF OFF
LVCMOS10H OFF OFF
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
LVSTL_I OFF OFF, 40, 48, 60, 80, 120
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10_TYPE Differential Termination Resistor'.2 Terminate to Vccio/21?
LVSTL_II OFF OFF, 80, 120
Notes:

1. Single-ended Terminate Resistor (to ground for LPDDR4, to VCCIO/2 for all other non-LPDDR4) and Differential Resistor when
turned on can only have one setting per bank. Only bottom banks have this feature.
2. Use of Single-ended Terminate Resistor (to ground for LPDDR4, to VCCIO/2 for all other non-LPDDR4) and Differential
Termination Resistor are mutually exclusive in an 1/0O bank.

3. Tolerance for single-ended termination resistor is -10/60%, while for differential termination resistor is -15/15%.

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

ranges.

4.6. Hot Socketing Specifications

Table 4.6. Hot Socketing Specifications for GPIO

Symbol Parameter Condition Min Typ Max Unit
0 < Viy < Vig(max)
Input or I/0O Leakage Current for
" . 0 < Ve < Vee(max)
Iok Wide Range 1/0 (excluding 0 < Veao < Vecol ) -1.5 — 1.5 mA
INITN/DONE) ccio < Veaoimax
0 < Vecaux < Vecaux(max)
Notes:

e Ipcis additive to lpy, lpp, OF lgy.
e Hot socket specification defines when the hot socketed device's junction temperature is at 85 °C or below. When the hot
socketed device's junction temperature is above 85 °C, the Ipk current can exceed the above spec.
e Going beyond the hot socketing ranges specified here will cause exponentially higher Leakage currents and potential reliability
issues. A total of 64mA per 8 I/0 should not be exceeded.

4.7. Programming/Erase Specifications

Table 4.7. Programming/Erase Specifications®

Symbol Parameter Min Max. Units
Flash Programming cycles per trerention — 10,000

Nproscye - Cycles
Flash Write/Erase cycles — 100,000
Data retention at 100 °C junction temperature 20 —

treTENTION - .. - Years
Data retention at 85 "C junction temperature >20 —

Note:

1. A Write/Erase cycle is defined as any number of writes over time followed by one erase cycle.

4.8.

ESD Performance

Refer to the MachXO5-NX Product Family Qualification Summary for complete qualification data, including
ESD performance.
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4.9. DC Electrical Characteristics
Table 4.8. DC Electrical Characteristics — Wide Range (Over Recommended Operating Conditions)
Symbol Parameter Condition Min Typ Max Unit
Input or I/0O Leakage current - - 10
1 < <
e (Commercial/Industrial) 0% Vin < Veao MA
liy? Input or I/0O Leakage current Veeio € Vin € Viy (max) — — 100 MA
oy 1/0 Weak Pull-up Resistor 0 Vi £0.7 x Ve -30 — -150 UA
Current
1/0 Weak Pull-down Resistor 30 - 150
Ipp é Vit (max) < Vin £ Veeo HA
urrent
IBHLS Bus Hold Low Sustaining Current | Viy =V (max) 30 - — uA
IgHHS Bus Hold High Sustaining Current | Viy=0.7 x Vcao -30 — — HA
lsHLo Bus hold low Overdrive Current 0<Vin<Veao — — 150 HA
lsHHO Bus hold high Overdrive Current 0<Vin<Veao — — -150 MA
Venr Bus Hold Trip Points — V. (max) - Vin (min) v
Notes:

1. Inputor1/O leakage current is measured with the pin configured as an input or as an 1/0O with the output tri-stated. Bus

Maintenance circuits are disabled.
2. Theinput leakage current |,y is the worst case input leakage per GPIO when the pad signal is high and also higher than the bank

Vccio. This is considered a mixed mode input.

Table 4.9. DC Electrical Characteristics — High Speed (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit
I, vt Input or I/0O Leakage 0<Vin< Veao — — 10 uA
oy I/0 Weak Pull-up Resistor 0 Vi £0.7 % Ve -30 — -150 UA
Current
I/0 Weak Pull-down Resistor 30 — 150
lpp C/ ViL (max) < Vin £ Veeio HA
urrent
lghLs Bus Hold Low Sustaining Current | Viy =V (max) 30 — — MA
lgHHs Bus Hold High Sustaining Current | Viy=0.7 X Vcao -30 — — MA
lsHLo Bus hold low Overdrive Current 0<Vin< Voo — — 150 WA
I8HHO Bus hold high Overdrive Current 0<Vin<Veao — - -150 MA
Veur Bus Hold Trip Points - Vi — Vi (min) \Y
(max)
Note:
1. Inputor /O leakage current is measured with the pin configured as an input or as an I/O with the output tri-stated. Bus
Maintenance circuits are disabled.
Table 4.10. Capacitors — Wide Range (Over Recommended Operating Conditions)
Symbol Parameter Condition Min Typ Max Unit
. Veao=3.3V,25V,18V,15V, 1.2V,
1 I — — f
= /O Capacitance Vee=typ., Vio= 0o Veao + 0.2V 6 P
. . Veao=3.3V,25V,18V,15V, 1.2V,
1 D — —
G edicated Input Capacitance Vee = typ., Vio = 0t0 Vegio + 0.2 V 6 pf
Note:

1. Ta25°C, f=1.0 MHz.
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Table 4.11. Capacitors — High Performance (Over Recommended Operating Conditions)

Symbol Parameter Condition Min Typ Max Unit

Cit I/O Capacitance xlcoc': ; :('ng\i’cul)'f (\)/.’21\'/2 Vi Vee=typ., — 6 — pf

Gt Dedicated Input Capacitance xlcoc': ; :('ng\i’cul)'f (\)/.’21\'/2 Vi Vee=typ., — 6 — pf

Cst SERDES I/O Capacitance xggg**ilooz\c VeC=typ, Vio=0to | _ 5 - pf
Note:

1. Ta25°C, f=1.0MHz.

Table 4.12. Single Ended Input Hysteresis — Wide Range (Over Recommended Operating Conditions)

10_TYPE Vceio TYP Hysteresis
LVCMOS33 3.3V 250 mV
LVCMOS25 3.3V 200 mV
25V 250 mV
LVCMOS18 1.8V 180 mV
LVCMOS15 1.5V 50 mV
LVCMOS12 1.2V 0
LVCMOS10 1.2V 0

Table 4.13. Single Ended Input Hysteresis — High Performance (Over Recommended Operating Conditions)

10_TYPE Vccio TYP Hysteresis
LVCMOS18H 1.8V 180 mV

1.8V 50 mV
LVCMOS15H

1.5V 150 mV
LVCMOS12H 1.2V 0
LVCMOS10H 1.0V 0
MIPI-LP-RX 1.2V >25 mV

4.10. Supply Currents

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

This operating and peak current is design dependent, and can be calculated in Lattice Design Software. Some

blocks can be placed into low curre

nt standby modes. Refer to Power Management and Calculation for

Certus-NX, CertusPro-NX, and MachXO5-NX Devices (FPGA-TN-02257).
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4.11. sysl/O Recommended Operating Conditions

Table 4.14. sysl/O Recommended Operating Conditions

Supported Banks Vccio (Input) Vccio (Output)

standard LFMXO5-55TD and | -FMX05-20TD, LFMXO5-

G E FEaE 20TDQ, LFMX05-30TD, Typ. Typ.

and LFMX05-30TDQ

Single-Ended
LVCMOS33 0,1,2,6,7 0,1,23,4,7,8,9,11 3.3 3.3
LVTTL33 0,1,2,6,7 0,1,23,4,7,8,9,11 3.3 3.3
LVCMOS25" 2 1,2,6,7 0,23,4,7,8,9,11 25,33 2.5
LVCMOS18" 2 1,2,6,7 0,23,4,7,8,9,11 1.2,1.5,1.8,25,3.3 1.8
LVCMOS18H 3,4,5 5,6 1.8 1.8
LVCMOS15" 2 1,2,6,7 0,23,4,7,8,9,11 1.2,1.5,1.8,2.5,3.3 1.5
LVCMOS15H' 3,4,5 5,6 1.5,1.8 1.5
LVCMOS12" 2 1,2,6,7 0,23,4,7,8,9,11 1.2,1.5,1.8,2.5,3.3 1.2
LVCMOS12H! 3,4,5 5,6 1.2,1.357,1.5,1.8 1.2
LVCMOS10' 1,2,6,7 0,23,4,7,8,9,11 1.2,1.5,1.8,25,3.3 —
LVCMOS10H' 3,4,5 5,6 1.0,1.2,1.357,1.5,1.8 1.0
LVCMOS10R' 3,4,5 5,6 1.0,1.2,1.357,1.5,1.8 —
SSTL135 |, 3,4,5
SSTL135_ 112 5,6 1.357 1.35
SSTL15_|, 3,4,5 5,6 . .
SSTL15_113 L5 15
HSTL15_ I3 3,4,5 5,6 1.58 1.58
HSUL123 3,4,5 5,6 1.2 1.2
LVSTL_|9 3,4,5 5,6 1.1 1.1
LVSTL_lI° 3,4,5 5,6 1.1 1.1
MIPI D-PHY LP 3,4,5 5,6
Inputs 1.2 1.2
Differential
LVDS 3,4,5 5,6 1.2,1.35,1.5,1.8 1.8
LVDSES 1,2,6,7 0,2,3,4,7,89,11 - 2.5
subLVDS 3,4,5 5,6 1.2,1.35,1.5,1.8 —
subLVDSE® 1,2,6,7 0,23,4,7,8,9,11 — 1.8
subLVDSEH?® 3,4,5 5,6 — 1.8
SLVS® 3,4,5 5,6 1.0,1.2,1.357,1.5,1.84 1.2,1.357,1.5,1.84
MIPI D-PHY® 3,4,5 5,6 1.2 1.2
LVCMOS33D3 1,2,6,7 0,23,4,7,8,9,11 — 3.3
LVTTL33D® 1,2,6,7 0,23,4,7,8,9,11 — 3.3
LVCMOS25D5 1,2,6,7 0,2,3,4,7,89,11 - 2.5
SSTL135D_| 3,4,5 —

p— ) ’ ’ 7
SSTL135D_II° >6 135
SSTL15D_|, 3,4,5 —

SSTL15D_II5 >6 15
HSTL15D_I° 3,4,5 5,6 — 1.5
HSUL12D% 3,4,5 5,6 — 1.2
LVSTLD_I° 3,4,5 5,6 — 1.1
LVSTLD_II° 3,4,5 5,6 — 1.1
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Notes:

1. Single-ended input can mix into 1/O Banks with Vccio different from the standard requires due to some of these input standards
use internal supply voltage source (Vcc, Vecaux) to power the input buffer, which makes them to be independent of Vccio
voltage. For more details, please refer to sysl/O User Guide for Nexus Platform (FPGA-TN-02067). The following is a brief
guideline to follow:

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

b.  HPIO bank I/0O can only mix into banks with Vccio higher than the pin standard, due to clamping diode on the pin in these
banks. WRIO bank I/0 do not have this restriction.

c. LVCMOS25 uses Vceo supply on input buffer in WRIO banks. It can be supported with Vccio = 3.3 V to meet the Viy and V.
requirements, but there is additional current drawn on Vccio. Hysteresis has to be disabled when using 3.3 V supply
voltage.

d. LVCMOS15 uses Vccio supply on input buffer in HPIO banks. It can be supported with Vccio = 1.8 V to meet the Vi3 and V),
requirements, but there is additional current drawn on Vccio.

2. Single-ended LVCMOS inputs can mixed into /O Banks with different Vccio, providing weak pull-up is not used.

For additional information on Mixed 1/0 in Bank Vccio, refer to sysl/O User Guide for Nexus Platform (FPGA-TN-02067).

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

4. All differential inputs use differential input comparator in HP1O banks. The differential input comparator uses Vccauxn power
supply. There is no differential input signaling supported in WRIO banks.

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

6. Soft MIPI D-PHY HS using sysl/O is supported with SLVS input and output that can be placed in banks with Vccio voltage shown
in SLVS. D-PHY with HS and LP modes supported needs to be placed in banks with Vcco voltage = 1.2 V. Soft MIPI D-PHY LP input
and output using sysl/O are supported with LVCMOS12.

7. Vcao=1.35Vis only supported in HPIO banks, for use with DDR3L interface in the bank. These Input and Output standards can
fit into the same bank with the Vcco=1.35V.

8. LVCMOS15 input uses Vccio supply voltage. If Veqo is 1.8 V, the DC levels for LVCMOS15 are still met, but there could be increase
in input buffer current.

9. These inputs use differential input comparator in HPIO banks. The differential input comparator uses Vccauxn power supply.
These inputs require the Vger pin to provide the reference voltage in the Bank. Refer to sysl/O User Guide for Nexus Platform
(FPGA-TN-02067) for details.

4.12. sysl/O Single-Ended DC Electrical Characteristics®

Table 4.15. sysl/O DC Electrical Characteristics — Wide Range I/O (Over Recommended Operating
Conditions)

V||_‘I VIH‘I
Input/Output Standard VoL Max (V) | Vou Min? (V loi(mA lon(mA
put/Outp Min (V) | Max (V) Min (V) | Max(v) | (V) | Vou Min“{v} | lo(mA) | lon(mA)
LVTTL33 0.8 2.0 3.465° 0.4 V 0.4 > 4,1263, " _2112_4,1_68’
_ . . R . Cclo — V. )y - T )
LVCMOS33 “50RS”3 “50RS”3
24810, | > 48
LVCMOS25 — 0.7 1.7 3.4655 0.4 Veao—0.45 | <021 10,
50RS”3
IISORSI’3
2,4,8, |-2,-4,-8
L 1 —_ . . . 5 . - 0. L Lo
VCMOS18 0.35 x Veao | 0.65 x Veaio 3.465 0.4 Vccio —0.45 “5ORS”3 “50RS”3
LVCMOS15 — 0.35 x Vceio 0.65 x Vccio 3.4655 0.4 Veeo—0.4 2,4 -2,-4
LVCMOS12 — 0.35 x Vceio 0.65 x Vccio 3.4655 0.4 Veeo—0.4 2,4 -2,-4
LVCMOS10 — 0.35 x Vceio 0.65 x Vccio 3.4655 No O/P Support
Notes:

1.  Vcao for input level refers to the supply rail level associated with a given input standard.

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

3. Selecting “50RS” in driver strength is to select 50 Q series impedance driver.

4. For electro-migration, the combined DC current sourced or sinked by I/O pads between two consecutive Vccio or GND pad
connections, or between the last Vccio or GND in an I/O bank and the end of an I/O bank, as shown in the Logic Signal
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Connections table (also shown as 1/0 grouping) shall not exceed a maximum of n x 8 mA. n is the number of I/O pads between
the two consecutive bank Vccio or GND connections or between the last Vecio and GND in a bank and the end of a bank. I/O
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 clamp is OFF, V4 (Max) in WRIO banks can go up to 3.465 V. Otherwise, the input voltage cannot be higher than
Vcao + 0.3 V.

Table 4.16. sysl/O DC Electrical Characteristics — High Performance 1/O (Over Recommended Operating

Conditions)®

V||_‘I VIH1
Input/Output Standard VoL Max (V) | Vou Min2 (V) | oL (mA lon (MA
put/Outp Min (V) Max (V) Min (V) Max (V) oL (V) OH (V) | lo. (mA) on (MA)
21 41 81 _2/ _41 _8/
LVCMOS18H — 0.35 x Vcco [0.65 x Vecio | Veao +0.3 0.4 Vceo —0.45 12, =12,
lISORSII3 1150R5113
2,4,8, |-2,-4,-8,
LVCMOS15H —_ 0.35 x VCCIO 0.65 x VCCIO Vcc|0 +0.3 0.4 VCCIO -0.4 4150RS/13 1/50Rsn3
2,4,8 -2,-4,-8
LVCMOS12H — . V . V V . 4 Veao—0.4 L L
CMOS 0.35 % Vccio [0.65 % Vecio | Veao +0.3 0 cco—0 “50RS”3 “50RS”3
LVCMOS10H —_ 0.35 x Vcc|o 0.65 x Vcc|o Vcc|o +0.3 0.27 x Vcc|o 0.75 x Vcc|0 2, 4 —2, -4
SSTL15_| — VRer—0.10 | VRee+ 0.1 | Voo +0.3 0.30 Vcao—0.30 7.5 -7.5
SSTL15_1I — VRer—0.10 | VRer+ 0.1 | Voo +0.3 0.30 Vcao—0.30 8.8 -8.8
HSTL15_1 — VRer—0.10 | VRee+ 0.1 | Vo +0.3 0.40 Vcao —0.40 8 -8
SSTL135_| — VRer—0.09 | VRgr+0.09 | Vo +0.3 0.27 Veao—0.27 6.75 -6.75
SSTL135_1I — VRer—0.09 | VRgr+0.09 | Vo +0.3 0.27 Vceo—0.27 8 -8
LVCMOS10R — VRer—0.10 | VRgg+0.10 | Vo +0.3 — — — -
8.0,7.5 -8.0,-7.5
— VRer—0.10 | VRge+0.10 . . -0. o ! !
HSUL12 REF REF Veeio +0.3 0.3 Veco—0.3 6.25,5 -6.25, -5
0.35 x 0.65 x 2468 =2,-4,
LVSTL_I -0.2 Veeio +0.2 0.1x VCCIO 0.3 x Vcc|o v -6, -8,
Vecio Veeio 10
-10
0.35 x 0.65 x
LVSTL_” -0.2 Vecio +0.2 0.1x VCCIO 0.36 x VCC|0 4,6 -4, -6
Veeio Veeo
Notes:

1. Vcao for input level refers to the supply rail level associated with a given input standard or the upstream driver Vo rail levels.

Vcaio for the output levels refer to the Vecio of the MachXO5-NX device.

2.

3. Select “50RS” in driver strength is selecting the 50Q series impedance driver.

4. For electro-migration, the combined DC current sourced or sinked by 1/O pads between two consecutive Vccio or GND pad
connections, or between the last Vccio or GND in an 1/0O bank and the end of an I/O bank, as shown in the Logic Signal
Connections table (also shown as I/O grouping) shall not exceed a maximum of n x 8 mA. n is the number of 1/0 pads between
the two consecutive bank Vccio or GND connections or between the last Vccio and 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.

Table 4.17. 1/0 Resistance Characteristics (Over Recommended Operating Conditions)

Parameter Description Test Conditions Min Typ Max Unit
Output Drive Resistance when 50RS
R V =1.8V,25V 3V - - Q
>0RS Drive Strength Selected cao=18V,2.5V,0r3.3 >0
Input Differential Termination HPI0 banks for I/0 selected to be
RDIFF . . . - 100 —_ Q
Resistance differential
36 40 64
SE Input Input Single Ended Termination HPIO banks for I/0 selected to be 46 50 80 o
Termination | Resistance Single Ended 56 60 96
71 75 120
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Table 4.18. VIN Maximum Overshoot/Undershoot Allowance — Wide Range'?

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

Notes:

1. The peak overshoot or undershoot voltage and the duration above Vccio + 0.2 V or below GND — 0.2 V must not exceed the
values in this table.

2. For Ul less than 20 ps.

Table 4.19. VIN Maximum Overshoot/Undershoot Allowance — High Performance®?

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

Notes:

1. The peak overshoot or undershoot voltage and the duration above VCCIO + 0.2 V or below GND — 0.2 V must not exceed the
values in this table.

2.  For Ul less than 20 ps.

4.13. sysl/O Differential DC Electrical Characteristics

4.13.1. LVDS

LVDS input buffer on MachXO5-NX is powered by Vccaux = 1.8 V, and protected by the bank Vcco. Therefore,
the LVDS input voltage cannot exceed the bank Vccovoltage. LVDS output buffer is powered by the Bank
Vceao at 1.8 V.

LVDS can only be supported in HPIO banks. LVDS25 output can be emulated with LVDS25E in WRIO banks
supporting 1.8 V Vccpo. This is described in the LVDS25E (Output Only) section.

Table 4.20. LVDS DC Electrical Characteristics (Over Recommended Operating Conditions)?

Parameter | Description Test Conditions Min Typ Max Unit
Vine, Vinm Input Voltage — 0 — 1.603 \Y
Viem Input Common Mode Voltage Half the sum of the two Inputs 0.05 - 1.552 Vv
VTHD Differential Input Threshold Difference between the two Inputs +100 - - mv
Iin Input Current Power On or Power Off — — +10 MA
Von Output High Voltage for Vop or Vom Rr=100Q — 1.425 1.60 Vv
Vo Output Low Voltage for Vop or Vom Rr=100Q 0.9 1.075 — \"
Vob Output Voltage Differential (Vo - Vowm), Rr =100 Q 250 350 450 mV
AVoo E:\ilnge in Vop Between High and . . . 50 mv
Vocm Output Common Mode Voltage (Vop + Vom)/2, R1=100 Q 1.125 1.25 1.375 Y
AVocm Change in Vocm, Voecmmax) - Voemminy | — — — 50 mV
Isas Output Short Circuit Current \e/;)zh:c?t:]/e?nver outputs shorted to — — 12 mA
AVos Change in Vos between Hand L — — — 50 mV
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Notes:

1. LVDS input or output are supported in HPIO banks. LVDS input uses Vccaux on the differential input comparator, and can be
located in any Vccio voltage bank. LVDS output uses Vccio on the differential output driver, and can only be located in bank with
Vcc|o =1.8V.

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

3. Vinp and Vinmmax) must be less than or equal to Vccio in all cases.

4.13.2. LVDS25E (Output Only)

Three sides of the MachXO05-NX devices, Top, Left and Right, support LVDS25 outputs with emulated
complementary LVCMOS outputs in conjunction with a parallel resistor across the driver outputs. The
scheme shown in Figure 4.2 is one possible solution for point-to-point signals.

Table 4.21. LVDS25E DC Conditions

Parameter Description Typical Unit
Vcao Output Driver Supply (£5%) 2.50 Vv
Zout Driver Impedance 20 Q
Rs Driver Series Resistor (+1%) 158 Q
Re Driver Parallel Resistor (+1%) 140 Q
Rt Receiver Termination (+1%) 100 Q
Vou Output High Voltage 1.43 Vv
Vo Output Low Voltage 1.07 Vv
Vob Output Differential Voltage 0.35 Vv
Vem Output Common Mode Voltage 1.25 Vv
Zsack Back Impedance 100.5 Q
Inc DC Output Current 6.03 mA

VCCIO = 2.5V (:5%)

RS = 158Q
(£1%)
* 8m C—AA—
LVCMOS25
VCCIO = 2.5 V (:5%) RS = 1400 RS - 1000 +>

(£1%) (£1%)
RS = 1580
(£1%)
gm [T—\N— .
LVCMOS25

ON-chip OFF-chip . ON-chip

Transmission line, Zo = 100aq differential

OFF-chip

»

A
A

A

Figure 4.2. LVDS25E Output Termination Example

4.13.3. SubLVDS (Input Only)

SubLVDS is a reduced-voltage form of LVDS signaling, very similar to LVDS. It is a standard used in many
camera types of applications. Similar to LVDS, the MachX0O5-NX devices can support the subLVDS input
signaling with the same LVDS input buffer. The output for subLVDS is implemented in subLVDSE/subLVDSEH
with a pair of LVCMOS18 output drivers. See the SubLVDSE/SubLVDSEH (Output Only) section.
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Table 4.22. SubLVDS Input DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit

Vip Input Differential Threshold Voltage | Over Vicu range 70 150 200 mV

Viem Input Common Mode Voltage Half the sum of the two Inputs 0.4 0.9 1.41 Vv
Note:

1.  Viem + %VID cannot exceed the bank Vcco in all cases.

i
. 1
Sub-LVDS Driver PCB Traces, Connectors or Cables !
]
= = i
—_— e 1
Z,=50 |
1
1
+ : +
1
1
RT=100 0
100 Q differential + 119+
1
1
Hn Zo=50 1 :
= = 1
1
1
1
!
«—  —
1
Off-chip : On-chip

Figure 4.3. SubLVDS Input Interface

4.13.4. SubLVDSE/SubLVDSEH (Output Only)

SubLVDS output uses a pair of LVCMOS18 drivers with True and Complement outputs. The VCCIO of the
bank used for subLVDSE or subLVDSEH needs to be powered by 1.8 V. SubLVDSE is for WRIO banks
supporting 1.8 V Vccio, and subLVDSEH is for HPIO banks.

Performance of the subLVDSE/subLVDSEH driver is limited to the performance of LVCMOS18.
Table 4.23. SubLVDS Output DC Electrical Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
Vob Output Differential Voltage Swing — — 150 — mV
Voem Output Common Mode Voltage Half the sum of the two Outputs — 0.9 - Vv
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VCAO =+1.8V PCB Traces, Connectorsor Cables

Zo= 50
Rs=267 Q+1%
\ °

Rp=1210+1% 100 Q differential RTI=100Q £1% Sub-LVDS Recevier

Y, g
Rs=267 Q+1% F%
Zo= 50

+
SubLVDS Output
SubLVDSE

SubLVDSEH

v

N
»

A
A

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

o

Figure 4.4. SubLVDS Output Interface

4.13.5. SLVS

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

The MachXO5-NX devices receive SLVS differential input with the LVDS input buffer. This LVDS input buffer is
designed to cover wide input common mode range that can meet the SLVS input standard specified by the
JEDEC standard.

Table 4.24. SLVS Input DC Characteristics (Over Recommended Operating Conditions)

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

The SLVS output on the MachXO5-NX device is supported with the LVDS drivers found in HPIO Banks. The
LVDS driver on the MachXO5-NX device is a current controlled driver. It can be configured as LVDS driver, or
configured with the 100 Q differential termination with center-tap set to Vocm at 200 mV. This means the
differential output driver can be placed into bank with Vcco=1.2V, 1.5V, or 1.8 V, even if it is powered by
Vcceio.

Table 4.25. SLVS Output DC Characteristics (Over Recommended Operating Conditions)

Parameter | Description Test Conditions Min Typ Max Unit
1.2,

Vceio Bank Vccio — -5% 15, +5% \
1.8

Voo Output Differential Voltage Swing — 140 200 270 mV

Vocm Output Common Mode Voltage Half the sum of the two Outputs 150 200 250 mV

Zos Single-Ended Output Impedance — 37.5 50 62.5 Q
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SLVS Receiver

| |
| |
I 3 . AA | 100 Q Di ff
+ s g I +
SLVS | 20=50 |
) e O WA '
' I
I
I
On Gip | |
| | SLVS Driver
|
‘ ) O I
+ I | +
LVDS | Z0=50 |
) O !
I
I
I
I

Figure 4.5. SLVS Interface

4.13.6. Soft MIPI D-PHY
When Soft D-PHY is implemented inside the FPGA logic, the I/0 interface needs to use sysl/O buffers to
connect to external D-PHY pins.

The MachX0O5-NX sysl/O provides support of SLVS, as described in the SLVS section, plus the LVCMOS12
input / output buffers together to support the High Speed (HS) and Low Power (LP) mode as defined in MIPI
Alliance Specification for D-PHY.

To support MIPI D-PHY with SLVS (LVDS) and LVCMOS12, the bank Vcco cannot be set to 1.5V or 1.8 V. It has
toconnectto1.2V,or1.1V.

All other DC parameters are the same as those listed in the SLVS section. DC parameters for the LP driver
and receiver are the same as those listed in LVCMOS12.
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LVCMOS12
LP Data_P |
|
|
|
LPenable |
HSenable :
|
|
+ 1
|
HS Data :
- |
|
SLVS :
LPenable —’\I\
LP Data_N
| LVCMOS12
MIPI_LP_RX
| On-Chip

RXLP_P |

oot < T

LVDS

MIPI_LP_RX |

RXLP_N |

Figure 4.6. MIPI Interface

Table 4.26. Soft D-PHY Input Timing and Levels

MIPI Receiver

MIPI Divider

Symbol | Description I Max Unit
High Speed (Differential) Input DC Specifications

Vemrx(oo) Common-mode Voltage in High Speed Mode 330 mV
VioTH Differential Input HIGH Threshold — mV
Vipr Differential Input LOW Threshold -70 mV
ViHHs Input HIGH Voltage (for HS mode) 460 mV
Vitns Input LOW Voltage — mV
VTERM-EN Single-ended voltage for HS Termination Enable* 450 mV
Zp Differential Input Impedance 125 Q
High Speed (Differential) Input AC Specifications

AVempxnrt Common-mode Interference (>450 MHz) 100 mV
AVemrxir®3 | Common-mode Interference (50 MHz — 450 MHz) 50 mvV
Cem Common-mode Termination 60 pF
Low Power (Single-Ended) Input DC Specifications

Viu Low Power Mode Input HIGH Voltage — mV
Vi Low Power Mode Input LOW Voltage 480 mV
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Symbol Description Conditions Min Typ Max Unit
ViL-up Ultra Low Power Input LOW Voltage — — — 300 mV
Vhyst Low Power Mode Input Hysteresis — 25 — — mV
Espike Input Pulse Rejection - - - 300 V-ps
TMIN-RX Minimum Pulse Width Response — 20 — — ns
Vint Peak Interference Amplitude — — — 200 mV
fint Interference Frequency — 450 — — MHz
Notes:
1. Thisis peak amplitude of sine wave modulated to the receiver inputs.
2. Input common-mode voltage difference compared to average common-mode voltage on the receiver inputs.
3.  Exclude any static ground shift of 50 mV.
4. High Speed Differential Rrerm is enabled when both Dp and Dy are below this voltage.
Table 4.27. Soft D-PHY Output Timing and Levels
Symbol | Description | Conditions Min | Typ | Max Unit
High Speed (Differential) Output DC Specifications
Vemrx Common-mode Voltage in High Speed Mode - 150 200 250 mV
IAVewricio| ;/rc],gTE(IJVIV:/smatch Between Differential HIGH . _ _ 7 mv
[Voo| Output Differential Voltage ,l\ﬁ'PHY'P ~ D-PHY- 140 200 270 mv
IAVoo| tlngMismatch Between Differential HIGH and | _ _ 25 mv
VoHHs Single-Ended Output HIGH Voltage — — — 410 mV
Zos Single Ended Output Impedance — 375 50 80 Q
AZqs Zos mismatch — — — 20 %
High Speed (Differential) Output AC Specifications
AVemx(Lr Common-Mode Variation, 50 MHz—450 MHz — — — 25 mVgwms
AVemTx(HE) Common-Mode Variation, above 450 MHz — — — 15 MVems
o 0.08 Gbps <tz < 1.00 . _ 0.30 ul
& Output 20%-80% Rise Tlme Gbps
Output 80%—20% Fall Time 1.00 Gbps < tg < 1.25
Gbps — — 0.434 Ul
g.gssebps <tr<1.00 . _ 0.30 ul
tr Output Data Valid After CLK Output
1.00 Gbps < t; < 1.25
Gbps — — 0.419 Ul
Low Power (Single-Ended) Output DC Specifications
Vou Low Power Mode Output HIGH Voltage g.gsSGbps -125 1.07 1.2 1.3 Vv
VoL Low Power Mode Input LOW Voltage — -50 — 50 mV
Zowp Output Impedance in Low Power Mode — 110 — — Q
Low Power (Single-Ended) Output AC Specifications
trep 15%—-85% Rise Time — — — 25 ns
trip 85%—15% Fall Time — — — 25 ns
treoT HS — LP Mode Rise and Fall Time, 30%—85% — — — 35 ns
First LP XOR Clock
Pulse after STOP 40 _ . ns
TLp-pULSE-TX Pulse Width of the LP Exclusive-OR Clock State or Last Pulse
before STOP State
All Other Pulses 20 — — ns

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Symbol Description Conditions Min Typ Max Unit
Tip-pER-TX Period of the LP Exclusive-OR Clock — 90 — — ns
Cronp Load Capacitance — 0 — 70 pF
Table 4.28. Soft D-PHY Clock Signal Specification
Symbol Description Conditions Min I Typ | Max I Unit
Clock Signal Specification
Ul Ulisr — — — 12.5 ns
Instantaneous
o — -10% — 10% ul
Ul Variation AUI
— -5% — 5% ul
Table 4.29. Soft D-PHY Data-Clock Timing Specifications
Symbol Description Conditions Min ‘ Typ | Max ‘ Unit
Data-Clock Timing Specifications
0.08 Gbps < Tskewrx)
<1.00 Gbps 0.15 0.15 Ulinst
Tskew[Tx] Data to Clock Skew
1.00 Gbps < Tskew[rx]
-0.2 — .2 |
<1.25 Gbps 0.20 0.20 Ulinst
0.08 Gbps < TSKEW[TLIS]
-0. — .2 |
<1.00 Gbps 0.20 0.20 Ulinst
Tskew[Tuis] Data to Clock Skew N
1.00 Gbps < Tskew(tuis) B _
<1.25 Gbps 0.10 0.10 Ulinst
0.08 Gbps < TseTup[RX]
1 — — |
<1.00 Gbps 0.15 v
Tsetup[RX] Input Data Setup Before CLK
1.00 Gbps < Tserupirx]
2 —_ —_ |
<1.25 Gbps 0.20 v
0.08 Gbps < Thoio[rx]
Nl —_ —_ |
<1.00 Gbps 0.15 v
THololrx] Input Data Hold After CLK
1.00 Gbps < THOLD[RX] 0.20 _ _ ul

<1.25 Gbps

4.13.7. Differential HSTL15D (Output Only)

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

4.13.8. Differential SSTL135D, SSTL15D (Output Only)

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

4.13.9. Differential HSUL12D (Output Only)

Differential HSUL is used for differential clock in DDR2/DDR3L/LPDDR4 memory interface. All differential
HSUL outputs are implemented as a pair of complementary single-ended HSUL12 outputs. All allowable
single-ended drive strengths are supported.
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4.13.10. Differential LVCMOS25D, LVCMOS33D, LVTTL33D (Output Only)

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

4.13.11. Differential LVSTLD (Output Only)

Differential LVSTL is used for differential clock in LPDDR4 memory interface. All differential LVSTL outputs
are implemented as a pair of complementary single-ended LVSTL outputs. All allowable single-ended drive
strengths are supported.

4.14. Maximum sysl/O Buffer Speed

Over recommended operating conditions.

Table 4.30. Maximum 1/0 Buffer Speed® %347

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

Single-Ended

LVCMOS33 LVCMOS33, Veco=3.3V 0,1,2,6,7 200 MHz
LVTTL33 LVTTL33, Vccio=3.3V 0,1,2,6,7 200 MHz
LVCMOS25 LVCMOS25, Vecio=2.5V 1,2,6,7 200 MHz
LVCMOS18 5 LVCMOS18, Vecio=1.8V 1,2,6,7 200 MHz
LVCMOS18H LVCMOS18, Vecio=1.8V 3,4,5 200 MHz
LVCMOS15 5 LVCMOS15, Vecio=1.5V 1,2,6,7 100 MHz
LVCMOS15H 5 LVCMOS15, Veco=1.5V 3,4,5 150 MHz
LVCMO0S12 5 LVCMOS12, Veco=1.2V 1,2,6,7 50 MHz
LVCMOS12H > LVCMOS12, Veeio=1.2V 3,4,5 100 MHz
LVCMOS10 > LVCMOS 1.0, Vcao = 1.2V 1,2,6,7 50 MHz
LVCMOS10H > LVCMOS 1.0, Vcao = 1.0V 3,4,5 50 MHz
LVCMOS10R LVCMOS 1.0, Vcao independent 3,4,5 50 MHz
SSTL15_1, SSTL15_11 SSTL_15, Vecio=1.5V 3,4,5 1066 Mbps
SSTL135_1, SSTL135_lI SSTL_135, Vecio = 1.35V 3,4,5 1066 Mbps
LVSTL_I, LVSTL_II LVSTL, Veco= 1.1V 3,4,5 1066 Mbps
HSUL12 HSUL_12, Vceo=1.2V 3,4,5 1066 Mbps
HSTL15 HSTL15, Veco=1.5V 3,4,5 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vcco=1.2V 3,4,5 10 Mbps
Differential®

LVDS LVDS, Vccio independent 3,4,5 1250 Mbps
subLVDS subLVDS, Vccio independent 3,4,5 1250 Mbps
SLVS ?nL;/:pse':’('j':;tto MIPIHS, Veao 3,4,5 1250 Mbps
MIPI D-PHY (HS Mode) MIPI, High Speed Mode, Vccio=1.2V 3,4,5 1250 Mbps
SSTL15D Differential SSTL15, Vccio independent 3,4,5 1066 Mbps
SSTL135D Differential SSTL135, Vccio independent 3,4,5 1066 Mbps
LVSTLD_I, LVSTLD_II Differential LVSTL, Vccio independent 3,4,5 1066 Mbps
HSUL12D Differential HSUL12, V¢cio independent 3,4,5 1066 Mbps
HSTL15D Differential HSTL15, Vccio independent 3,4,5 250 Mbps
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Buffer | Description Banks Max Unit
Maximum sysl/O Output Frequency
Single-Ended
LVCMOS33 (all drive strengths) LVCMOS33, Vecio=3.3V 0,1,2,6,7 200 MHz
LVCMOS33 (RS50) LVCMOS33, Vceio = 3.3V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVTTL33 (all drive strengths) LVTTL33, Vecio=3.3V 0,1,2,6,7 200 MHz
LVTTL33 (RS50) LVTTL33, Vccio = 3.3V, Rseries = 50 Q 0,1,2,6,7 200 MHz
LVCMOS25 (all drive strengths) LVCMOS25, Vecio=2.5V 1,2,6,7 200 MHz
LVCMOS25 (RS50) LVCMOS25, Vccio = 2.5V, Rseries = 50 Q 1,2,6,7 200 MHz
LVCMOS18 (all drive strengths) LVCMOS18, Vecio=1.8V 1,2,6,7 200 MHz
LVCMOS18 (RS50) LVCMOS18, Vccio = 1.8 V, Rseries = 50 Q 1,2,6,7 200 MHz
LVCMOS18H (all drive strengths) LVCMOS18, Vecio=1.8V 3,4,5 200 MHz
LVCMOS18H (RS50) LVCMOS18, Vccio = 1.8 V, Rseries = 50 Q 3,4,5 200 MHz
LVCMOS15 (all drive strengths) LVCMOS15, Vecio=1.5V 1,2,6,7 100 MHz
LVCMOS15H (all drive strengths) LVCMOS15, Vecio=1.5V 3,4,5 150 MHz
LVCMOS12 (all drive strengths) LVCMOS12, Vo =1.2V 1,2,6,7 50 MHz
LVCMOS12H (all drive strengths) LVCMOS12, Vo =1.2V 3,4,5 100 MHz
LVCMOS10H (all drive strengths) LVCMOS12, Veeio=1.2V 3,4,5 50 MHz
SSTL15_1, SSTL15_11 SSTL_15, Vecio=1.5V 3,4,5 1066 Mbps
SSTL135_|, SSTL135_1I SSTL_135, Vecio =1.35V 3,4,5 1066 Mbps
LVSTL_I, LVSTL_II LVSTL, Veco= 1.1V 3,4,5 1066 Mbps
HSUL12 (all drive strengths) HSUL_12, Vcao=1.2V 3,4,5 1066 Mbps
HSTL15 HSTL15, Vcao = 1.5V 3,4,5 250 Mbps
MIPI D-PHY (LP Mode) MIPI, Low Power Mode, Vcco=1.2V 3,4,5 10 Mbps
Differential®
LVDS LVDS, Vccio =1.8V 5,6 1250 Mbps
LVDS25E® LVDS25, Emulated, Vecio=2.5V 1,2,6,7 400 Mbps
SubLVDSE® subLVDS, Emulated, Vccio = 1.8V 1,2,6,7 400 Mbps
SubLVDSEH® subLVDS, Emulated, Vccio = 1.8V 3,4,5 800 Mbps
SLVS SLVS similar to MIPI, Vcao = 1.2 V 3,4,5 1250 Mbps
MIPI D-PHY (HS Mode) MIPI, High Speed Mode, Vceio = 1.2 V 3,4,5 1250 Mbps
SSTL15D Differential SSTL15, Vccio =1.5V 3,4,5 1066 Mbps
SSTL135D Differential SSTL135, Vcao=1.35V 3,4,5 1066 Mbps
LVSTLD Differential LVSTL, Vccio = 1.1V 3,4,5 1066 Mbps
HSUL12D Differential HSUL12, Vcao=1.2 V 3,4,5 1066 Mbps
HSTL15D Differential HSTL15, Vccio = 1.5V 3,4,5 250 Mbps
Notes:
1.  Maximum I/O speed is the maximum switching rate of the 1/0 operating within the guidelines of the defining standard. The
actual interface speed performance using the 1/0 also depends on other factors, such as internal and external timing.
2. These numbers are characterized but not test on every device.
3. Performance is specified in MHz, as defined in clock rate when the sysl/O is used as pin. For data rate performance, this can be
converted to Mbps, which equals to 2 times the clock rate.
4. LVCMOS and LVTTL are measured with load specified in Table 4.44.
5. These LVCMOS inputs can be placed in different Vccio voltage. Performance may vary. Please refer to Lattice Design Software
6. These emulated outputs performance is based on externally properly terminated as described in LVDS25E (Output Only) and
SubLVDSE/SubLVDSEH (Output Only).
7. All speeds are measured with fast slew.
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8. For maximum differential I/0 performance, only Differential I/O should be placed in the bottom I/O banks. If this is not

possible, the following will impact on maximum performance:

a. If Fast Slew Rate LVCMOS I/0 are used, they should be limited to no more than nine I/0 (adjacent), four 1/O (same bank),
55 1/0 (left/right banks) to keep degradation below 50%.

b. If non-Differential I/O (SLOW SLEW) are placed on the bottom but not within the same bank as differential I/O, then the
maximum Differential performance is degraded to 70% of original when 21 aggressors are toggling.

c. If non-Differential I/O (SLOW SLEW) are placed within the same bank as Differential I/O then the maximum performance is
degraded to 50% of original when 16 aggressor are toggling.

d. No performance impact if MIPI LP and MIPI HS are in the same bank.

. If Differential RX/TX I/O are both placed within the same bank then the maximum performance is degraded to 90%.
f.  For DDR3/DDR3L/LPDDR4 separate DQ/DQS groups from Address/Commands/CLK groups into separate banks.

4.15. Typical Building Block Function Performance

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

Table 4.31. Pin-to-Pin Performance

Function Typ. @ Vec=1.0V Unit
16-bit Decoder (I/0O configured with LVCMOS18, Top, Left and Right Banks) 5.5 ns
16-bit Decoder (I/0O configured with HSTL15_|, Bottom Banks) 5.1 ns
16:1 Mux (I/O configured with LVCMOS18, Top, Left and Right Banks) 6 ns
16:1 Mux (I/O configured with HSTL15_1|, Bottom Banks) 6.1 ns

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

Table 4.32. Register-to-Register Performance >*

Function Typ. @ Vec=1.0V Unit
Basic Functions

16-bit Adder 5002 MHz
32-bit Adder 496 MHz
16-bit Counter 402 MHz
32-bit Counter 371 MHz
Embedded Memory Functions

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

32 k x 32 Single Port RAM, with Output Register 3752 MHz
32 k x 32 Single Port RAM with ECC, with Output Register 3502 MHz
32 k x 32 True-Dual Port RAM using same clock, with Output Registers 200 MHz
Distributed Memory Functions

16 x 4 Single Port RAM (One PFU) 5002 MHz
16 x 2 Pseudo-Dual Port RAM (One PFU) 5002 MHz
16 x 4 Pseudo-Dual Port (Two PFUs) 5002 MHz
DSP Functions

9 x 9 Multiplier with Input Output Registers 376 MHz
18 x 18 Multiplier with Input/Output Registers 287 MHz
36 x 36 Multiplier with Input/Output Registers 200 MHz
MAC 18 x 18 with Input/Output Registers 203 MHz
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Function Typ. @ Vec=1.0V Unit

MAC 18 x 18 with Input/Pipelined/Output Registers 287 MHz

MAC 36 x 36 with Input/Output Registers 119 MHz

MAC 36 x 36 with Input/Pipelined/Output Registers 155 MHz
Notes:

1. The Clock port is configured with LVDS 1/0 type. Performance Grade: 9_High-Performance_1.0V.

2. Limited by the Minimum Pulse Width of the component

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

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

4.16. LMMI

Table 4.33 summarizes the performance of the LMMI interface with supported IPs. Additional timing
requirement and constraint can be identified through the Lattice Radiance design tools.

Table 4.33. LMMI Fyax Summary

P Fvax (MHz)
CDRO 73
CDR1 70

12C 38

PLL_ULC 59
PLL_LRC 37

4.17. Derating Timing Tables

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

Over recommended commercial operating conditions.

Table 4.34. External Switching Characteristics (Vcc = 1.0 V)

Parameter Description N & Max i : Max Unit
Clocks
Primary Clock
fvax_eri Frequency for Primary Clock — 400 — 325.2 ns
tw _pri Clock Pulse Width for Primary Clock 1.125 — 1.384 — ps
tskew_pri® Primary Clock Skew Within a Device — 450 — 554 MHz
Edge Clock
fmax_ebae Frequency for Edge Clock Tree — 800 — 650.4 MHz
tw_epce Clock Pulse Width for Edge Clock 0.513 — 0.65 — ns
tskew_ence® Edge Clock Skew Within a Device — 120 — 148 ps
Generic SDR Input
General I/0 Pin Parameters Using Dedicated Primary Clock Input without PLL
co(except BANKO) Clock to Output — PIO Output Register — 8.36 — 8.53 ns
tco(sANKo) Clock to Output — PIO Output Register — 9.54 — 9.54 ns
tsu Clock to Data Setup — PIO Input Register 0.00 — 0.00 - ns
LH(LTR)(except BANKO) Clock to Data Hold — PIO Input Register 3.73 — 3.83 - ns
TH(LTR)(BANKO) Clock to Data Hold — PIO Input Register 4.20 — 4.20 - ns
tH(Bottom) Clock to Data Hold — PIO Input Register 4.65 — 4.75 — ns
tou_oet ﬁ:git tDoellz?/ta Setup — PIO Input Register with Data 184 _ 1.84 _ ns
1 DEL(LTRexcent BANKO) ﬁ:git tDoellz?/ta Hold — PIO Input Register with Data 0.22 _ 0.22 _ ns
1 DELLTRBANKO) ﬁ:git tDoeIDa?/ta Hold — PIO Input Register with Data 031 _ 031 _ ns
1 pELsottom) ﬁ:git tDoeIDa?/ta Hold — PIO Input Register with Data 177 _ 177 _ ns
General 1/0 Pin Parameters Using Dedicated Primary Clock Input with PLL
teopLL Clock to Output — PIO Output Register — 4.55 — 4.67 ns
TSUPLL(LTR)(except Banko) Clock to Data Setup — PIO Input Register 1.33 — 1.33 — ns
tsupLL(Banko) Clock to Data Setup — PIO Input Register 2.10 — 2.10 — ns
tsuPLL(Bottom) Clock to Data Setup — P10 Input Register 1.33 - 1.33 - ns
tHPLL(LTR) Clock to Data Hold — PIO Input Register 0.98 — 1.21 — ns
tHPLL(Bottom) Clock to Data Hold — PIO Input Register 1.87 — 1.87 — ns
tSU_DELPLL(LTR)( except Clock to Data Setup — PIO Input Register with Data 474 _ 474 _ ns
Bank1) Input Delay
o0 DELPLLBankd) ﬁ:git tDoeg?,ta Setup — PIO Input Register with Data 550 _ 550 _ ns
tsu_bELbLL(Bottom) ICr:gEI: tDOeE?,ta Setup — PIO Input Register with Data 474 _ 474 _ ns
t_oEtsLL ICr:gEI: tDOeE?,ta Hold — PIO Input Register with Data 0.00 _ 0.00 _ ns
Generic DDR Input/Output
Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input
(Left, Top, and Right Banks) — Figure 4.7 and Figure 4.9
tsu_DDR1 Input Data Setup Before CLK 0.917 — 0.917 — ns
- 0.275 — 0.275 — ul
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Parameter Description . 2 T . : - Unit
tHo_GDDRL Input Data Hold After CLK 0.917 — 0.917 — ns
tove GDDRL Output Data Valid After CLK Output A e W M e
- -0.533 — -0.554 — ns + %UI
toava_GooRI Output Data Valid After CLK Output Lel7 | — | M| — ne
- -0.45 — -0.554 — ns + %UI
foata_cporRx1 Input/Output Data Rate — 300 — 300 Mbps
fmax_cpoRx1 Frequency of PCLK — 150 — 150 MHz
% Ul Half of Data Bit Time, or 90 degree 1.667 — 1.667 — ns
Output TX to Input RX Margin per Edge 0.3 — 0.197 — ns
Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input
(Left, Top, and Right Banks) — Figure 4.8 and Figure 4.10
— -0.917 — -0.917 ns + %UI
tova_GDDR1 Input Data Valid After CLK — 0.75 — 0.75 ns
— 0.225 — 0.225 Ul
0.917 — 0.917 — ns + %Ul
tove_GoDR1 Input Data Hold After CLK 2.583 — 2.583 — ns
0.775 — 0.775 — Ul
tolA_GDDRL Output Data Invalid After CLK Output — 0.554 — 0.554 ns
tois_GDDRL Output Data Invalid Before CLK Output — 0.45 — 0.554 ns
foata_coorx1 Input/Output Data Rate — 300 — 300 Mbps
fmax_GppRx1 Frequency for PCLK — 150 — 150 MHz
% Ul Half of Data Bit Time, or 90 degree 1.667 — 1.667 — ns
Output TX to Input RX Margin per Edge 0.300 — 0.197 — ns
Generic DDRX1 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX1_RX/TX.SCLK.Centered) using PCLK Clock Input
(Bottom Banks) — Figure 4.7 and Figure 4.9
0.917 — 0.917 — ns
tsu_GoDR1 Input Data Setup Before CLK 0275 — 0275 — U
tHo_GDDRL Input Data Hold After CLK 0.917 — 0.917 — ns
fOATA_IN_GDDRXL Input Data Rate — 300 — 300 Mbps
. 0.670 - 0.631 — ns
tove_GDDRL Output Data Valid After CLK Output 0.330 — 0.369 — <0l
toava_cDpR1 Output Data Valid After CLK Output 0.700 — 0.631 — ns
- —-0.300 - —-0.369 - ns + %Ul
foata_cporxa Input/Output Data Rate — 500 — 500 Mbps
fmax_GpoRx1 Frequency of PCLK — 250 — 250 MHz
% Ul Half of Data Bit Time, or 90 degree 1.000 — 1 — ns
Output TX to Input RX Margin per Edge 0.150 — 0.081 — ns
Generic DDRX1 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX1_RX/TX.SCLK.Aligned) using PCLK Clock Input
(Bottom Banks) — Figure 4.8 and Figure 4.10
— -0.917 — -0.917 ns + %UI
tova_GDDR1 Input Data Valid After CLK — 0.75 — 0.75 ns
— 0.225 — 0.225 ul
0.917 — 0.917 — ns + %UI
tove_GoDR1 Input Data Hold After CLK 2.583 — 2.583 — ns
0.775 — 0.775 — Ul
foaTA_IN_GDDRX1 Input Data Rate — 300 — 300 Mbps
toia_GDDR1 Output Data Invalid After CLK Output — 0.3 — 0.369 ns
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Parameter Description . < T . ’ - Unit
tois_GDDRL Output Data Invalid Before CLK Output — 0.3 — 0.369 ns
foata_cporRx1 Input/Output Data Rate — 500 — 500 Mbps
fmax_coprxt Frequency for PCLK — 250 — 250 MHz
% Ul Half of Data Bit Time, or 90 degree 1 — 1 — ns
Output TX to Input RX Margin per Edge 0.15 — 0.081 — ns
Generic DDRX2 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX2_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 4.7 and Figure 4.9
0.209 — 0.209 — ns
tsu_GooRx2 Data Setup before CLK Input 0209 — 0209 — m
tHo_GDDRX2 Data Hold after CLK Input 0.213 — 0.213 — ns
. 0.360 — 0.352 — ns
tove_GDDRX2 Output Data Valid Before CLK Output 0.120 — 0148 — PRI
. 0.38 — 0.352 — ns
toaQva_GDDRX2 Output Data Valid After CLK Output o012 — 0.148 — et %0l
foaTa_GopRX2 Input/Output Data Rate — 1000 — 1000 Mbps
fmax_cporx2 Frequency for ECLK — 500 — 500 MHz
% Ul Half of Data Bit Time, or 90 degree 0.5 — 0.5 — ns
frck PCLK frequency — 250 — 250 MHz
Output TX to Input RX Margin per Edge 0.23 — 0.202 — ns
Generic DDRX2 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX2_RX/TX.ECLK.Aligned) using PCLK Clock Input —
Figure 4.8 and Figure 4.10
— -0.275 — -0.275 ns + %UI
tova_GDDRX2 Input Data Valid After CLK — 0.225 — 0.225 ns
— 0.225 — 0.225 Ul
0.275 — 0.275 — ns + %UI
tove_GopRx2 Input Data Hold After CLK 0.775 — 0.775 — ns
0.775 — 0.775 — Ul
toiA_GDDRX2 Output Data Invalid After CLK Output - 0.12 - 0.148 ns
tois_GDDRX2 Output Data Invalid Before CLK Output - 0.12 - 0.148 ns
foata_cporx2 Input/Output Data Rate — 1000 — 1000 Mbps
fmax_coorx2 Frequency for ECLK — 500 — 500 MHz
% Ul Half of Data Bit Time, or 90 degree 0.5 — 0.5 — ns
focik PCLK frequency — 250 — 250 MHz
Output TX to Input RX Margin per Edge 0.105 - 0.077 - ns
Generic DDRX4 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX4_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 4.7 and Figure 4.9
0.210 - 0.210 — ns
tsu_GoDRX4 Input Data Set-Up Before CLK 0315 — 0252 — m
tHo_GDDRX4 Input Data Hold After CLK 0.254 — 0.254 — ns
tove_cpDRX4 Output Data Valid Before CLK Output 0.193 — 0.269 — ne
- -0.140 — -0.148 — ns + % Ul
toava_GDDRX4 Output Data Valid After CLK Output 0-213 — 0269 — ne
- -0.12 — -0.148 — ns + % Ul
foaTa_coDRX4 Input/Output Data Rate — 1500 — 1200 Mbps
fmax_GpoRxa Frequency for ECLK — 750 — 600 MHz
¥ Ul Half of Data Bit Time, or 90 degree 0.333 — 0.417 — ns
frck PCLK Frequency — 187.5 — 150 MHz
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Parameter

Description

-9

-8

Min

Max

Min Max

Unit

Output TX to Input RX Margin per Edge

0.08

0.102 —

ns

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

and Right sides Only — Figure 4.8 and Figure 4.10

ECLK.Aligned) using PCLK Clo

ck Input, Left

— -0.216 — -0.229 ns + %Ul
tova_GDDRX4 Input Data Valid After CLK — 0.117 — 0.188 ns
— 0.176 — 0.225 Ul
0.227 — 0.229 — ns + Ul
tovE_GDDRX4 Input Data Hold After CLK 0.560 — 0.646 — ns
0.840 — 0.775 — ul
toiA_GDDRX4 Output Data Invalid After CLK Output — 0.12 — 0.148 ns
toig_GDDRX4 Output Data Invalid Before CLK Output — 0.12 — 0.148 ns
foaTa_cDDRX4 Input/Output Data Rate — 1500 — 1200 Mbps
fmax_cooRxa Frequency for ECLK — 750 — 600 MHz
% Ul Half of Data Bit Time, or 90 degree 0.333 — 0.417 — ns
freik PCLK frequency — 187.5 — 150 MHz
Output TX to Input RX Margin per Edge 0.03 — 0.04 — ns
Generic DDRXS5 Inputs/Outputs with Clock and Data Centered at Pin (GDDRX5_RX/TX.ECLK.Centered) using PCLK Clock Input —
Figure 4.7 and Figure 4.9
0.231 — 0.231 — ns
tsu_GDDRXS Input Data Set-Up Before CLK
- 0.289 — 0.277 — Ul
tHo_GDDRX5 Input Data Hold After CLK 0.229 — 0.229 — ns
tWINDOW_GDDRX5C Input Data Valid Window — — — — ns
. 0.249 — 0.269 — ns
tbve_GDDRX5 Output Data Valid Before CLK Output
-0.151 — -0.148 — ns+%Ul
. 0.249 — 0.269 — ns
tbQvA_GDDRX5 Output Data Valid After CLK Output
-0.151 — -0.148 — ns+%Ul
foata_copRxS Input/Output Data Rate — 1250 — 1200 Mbps
fmax_GpoRxs Frequency for ECLK — 625 — 600 MHz
% Ul Half of Data Bit Time, or 90 degree 0.4 — 0.417 — ns
focik PCLK frequency — 125 — 120 MHz
Output TX to Input RX Margin per Edge 0.12 — 0.102 — ns
Generic DDRXS5 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX5_RX/TX.ECLK.Aligned) using PCLK Clock Input —
Figure 4.8 and Figure 4.10
— -0.220 — -0.229 ns + %UIl
tova_GDDRXS Input Data Valid After CLK — 0.18 — 0.188 ns
— 0.225 — 0.225 Ul
0.22 — 0.229 — ns + %Ul
toveE_GDDRXS Input Data Hold After CLK 0.62 — 0.646 — ns
0.775 — 0.775 — ul
tWINDOW_GDDRX5A Input Data Valid Window — — — — ns
toIA_GDDRX5 Output Data Invalid After CLK Output — 0.12 — 0.148 ns
tois_GDDRXS Output Data Invalid Before CLK Output — 0.12 — 0.148 ns
foaTa_copRxs Input/Output Data Rate — 1250 — 1200 Mbps
fmax_GooRxs Frequency for ECLK — 625 — 600 MHz
% Ul Half of Data Bit Time, or 90 degree 0.4 — 0.417 — ns
frcik PCLK frequency — 125 — 120 MHz
Output TX to Input RX Margin per Edge 0.06 - 0.04 - ns
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-9 -8
] Unit
Parameter Description Min Max Min Max
Soft D-PHY DDRX4 Inputs/Outputs with Clock and Data Centered at Pin, using PCLK Clock Input
0.133 — 0.167 — ns
tSU_GDDRX4_MP Input Data Set—Up Before CLK 0.2 — 0.2 — Ul
tHO_GDDRXd_MP Input Data Hold After CLK 0.133 —_ 0.167 —_ ns
. 0.133 — 0.167 — ns
tove_GDDRX4_MP Output Data Valid Before CLK Output 02 — 02 — m
) 0.133 — 0.167 — ns
tDQVA_GDDRX4_MP Output Data Valid After CLK Output 0.2 — 0.2 — Ul
fDATA_GDDRX4_MP Input Data Bit Rate for MIPI PHY —_ 1500 —_ 1200 MbpS
% Ul Half of Data Bit Time, or 90 degree 0.333 — 0.417 — ns
frck PCLK frequency — 187.5 — 150 MHz
Output TX to Input RX Margin per Edge 0.067 - 0.083 - ns
Video DDRX71 Inputs/Outputs with Clock and Data Aligned at Pin (GDDRX71_RX.ECLK) using PLL Clock Input — Figure 4.12 and
Figure 4.13
toon Input Valid Bit "i" switch from CLK Rising Edge ("i" = — 0.264 — 0.264 Ul
RPELOVA 0 to 6, 0 aligns with CLK) — | 0250 | — | -0.250 | ns+(%+i)*Ul
ton Input Hold Bit "i" switch from CLK Rising Edge ("i"= | 0.761 — 0.761 - Ul
RPBLDVE 0to 6, 0 aligns with CLK) 0276 | — | 0276 | — | ns+(n+i)*ul
Data Output Valid Bit "i" switch from CLK Rising %
tresi_pov Edge ("i" = 0 to 6, 0 aligns with CLK) 0.159 0.159 ns+Ul
Data Output Invalid Bit "i" switch from CLK Rising Sk
tresi_pol Edge ("i" = 0 to 6, 0 aligns with CLK) 0.159 0.159 ns+(i+ 1)Ul
tTPBi_skew_UI TX skew in Ul —_ 0.15 —_ 0.15 Ul
tg Serial Data Bit Time, = 1UlI 1.058 — 1.058 — ns
fDATA_TX71 DDR71 Serial Data Rate —_ 945 —_ 945 MbpS
fmax_Tx71 DDR71 ECLK Frequency — 473 — 473 MHz
feLkn 7:1 Clock (PCLK) Frequency - 135 - 135 MHz
Output TX to Input RX Margin per Edge 0.159 — 0.159 — ns
Memory Interface
DDR3/DDR3L READ (DQ Input Data are Aligned to DQS) — Figure 4.8
toveoa_pors Data Input Valid before DQS Input — | -0235 — | -0235| ns+%Ul
toveba_poRsL
fovana_pors Data Input Valid after DQS Input 0235 | — | 0235 | — ns + %Ul
tovabaq_poRrst
f
DATA_DDR3 DDR Memory Data Rate — 1066 — 1066 Mb/s
fDATA_DDR3L
f
MAX_ECLK_DDR3 DDR Memory ECLK Frequency — 533 — 533 MHz
fmAX_ECLK_DDR3L
f
MAX_SCLK_DDR3 DDR Memory SCLK Frequency — 133.3 — 133.3 MHz
fmAX_scLK_DDR3L
DDR3/DDR3L WRITE (DQ Output Data are Centered to DQS) — Figure 4.11
toaves_pors Data Output Valid before DQS Output — -0.235 — -0.235 ns + %Ul
toaves_porsL
toavas_pors Data Output Valid after DQS Output 0.235 — 0.235 — ns + %Ul
tpbavas_ppraL
f
DATA_DDR3 DDR Memory Data Rate — 1066 — 1066 Mb/s
fDATA_DDR3L
fax_ecui_oors DDR Memory ECLK Frequency - 533 - 533 MHz
fmax_ecLk_poRaL
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::LATT’CE MachX05-NX Family Root-of-Trust Devices

Data Sheet
-9 -8 it
ioti ni
Parameter Description Min Max Min Max
f
MAX_SCLK_DDR3 DDR Memory SCLK Frequency — 133.3 — 133.3 MHz
fmax_scLk_pprat
Notes:
1. Commercial timing numbers are shown. Industrial numbers are typically slower and can be extracted from the Lattice Radiant

software.

|-,
»

tDVE/tDVEDQ

Y

2. General I/0 timing numbers are based on LVCMOS 1.8, 8 mA, Fast Slew Rate, 0 pf load for all 10s except the bank0. For bankO,
the number are based on LVCMOS 3.3, 12 mA, Fast Slew Rate, 0 pf load.
Generic DDR timing are numbers based on LVDS I/0.

DDR3 timing numbers are based on SSTL15.

3. Uses LVDS I/O standard for measurements.

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

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

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

Rx CLK (in) /
i tsu i tsu f
i - :
; tHD ; tHD §
L, >
Figure 4.7. Receiver RX.CLK.Centered Waveforms
1 1 1
[ 7 Ul > P Y5 Ul o
1Ul ' /
Rx CLK (in) /< - =\\ i
orDQS input —— |
Rx DATA (in) )
or DQS input i : ; ;
| E E tD\/A/tDVADQ'i E
ItDVA/tDVADj i E i E E
i i i tove/tovena |

Figure 4.8. Receiver RX.CLK.Aligned and DDR Memory Input Waveforms
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1/2 Ul L 12Ul Lo 12Ul . 1/2 Ul

A
A
A4
A
¥

Tx CLK (out) /
or DQS Output

Tx DATA (out)
or DQ Output

tove/tpaves tove/tpaves

tova/tpava tova/tpavas

=
==
=

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

1Ul

toia
‘_

Figure 4.10. Transmit TX.CLK.Aligned Waveforms
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Receiver — Shown for one LVDS Channel
# of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data In
ssembys LAY o)) o) X e  oX XXX aX sX X oX
Clock In 0 1 2 ! 3‘ 4
108MHz |
Bit # Bit # Bit # Bit #
0x 10-1 20-8 30-15 40-22
. 10x 1-2 21-9 31-16 41-23
;ol;‘.:aochtCh;‘::ir‘;\lI'lel;i ox 12-3 22-10 32-17 42-24
-bit Output Words ! 0x 1 13-4 123-11 1 33-18 ! 43-25
to FPGA Fabric I 0x 114-5 1 24-12 1 34-19 ! 44-26
| Ox | 15-6 | 25-13 | 35-20 | 45-27
! ox | 16-7 1 26-14 1 36-21 | 46-28
Transmitter — Shown for one LVDS Channel
# of Bits 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out
reenys OO AX B X2 X 2} o)X 2 E) o
I
I
Clock Out 0} 1 24 3‘ 4
108 MHz
!
I
Bit # 3 Bit # Bit # Bit #
For each Channel: gg';i 12'3 20-15 :2';;
i -2 - 21-16 -
4 b;;g:t;:ubt Words ;3 | 12-10 2-17 32-24
to abric 00-4 ! 13-11 | 23-18 ! 33-25 | |
00—53 14-12 3 24-19 3 34-26 3 3
00-6 | 15-13 1 25-20 ! 35-27 | ;
00-7 | 16-14 | 26-21 | 36-28 | i
Figure 4.11. DDRX71 Video Timing Waveforms
Bit O Bit 1 Bit i

tsu.i

Figure 4.12. Receiver DDRX71_RX Waveforms
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Bit 0

/L

/ 1 Ul
CLK (out) i

DATA (out)

7/

Biti

Figure 4.13. Transmitter DDRX71_TX Waveforms

4.19. sysCLOCK PLL Timing (Vcc = 1.0 V)

Over recommended operating conditions.

Table 4.35. sysCLOCK PLL Timing (Vcc = 1.0 V)

Parameter Descriptions Conditions Min Typ. Max Units
fin Input Clock Frequency (CLKI, CLKFB) — 18 — 500 MHz
four Output Clock Frequency - 6.25 — 800 MHz
fuco PLL VCO Frequency — 800 — 1600 MHz
Without Fractional-N 18 _ 500 MHz
frep Phase Detector Input Frequency Enabled
With Fractional-N 18 . 100 MHz
Enabled
AC Characteristics
tor Output Clock Duty Cycle — 45 — 55 %
ten? Output Phase Accuracy — -5 — 5 %
Output Clock Period Jitter four 2 200 MHz — — 230 PS PP
four < 200 MHz — — 0.05 UIPP
Output Clock Cycle-to-Cycle Jitter four 2 200 MHz — — 250 Ps PP
four < 200 MHz — — 0.05 UIPP
frep = 200 MHz — — 250 ps p-p
. 60 MHz < fppp < 200 MHz — — 350 ps p-p
toputt Output Clock Phase lJitter
30 MHz < fppp < 60 MHz — — 450 ps p-p
18 MHz < fppp < 30 MHz — — 650 ps p-p
Output Clock Period Jitter (Fractional-N) four 2 200 MHz — — 330 PSpP
four < 200 MHz — — 0.07 UIPP
Output Clock Cycle-to-Cycle Jitter four 2 200 MHz — — 400 ps p-p
(Fractional-N) four < 200 MHz — — 0.08 UIPP
faw3 PLL Loop Bandwidth — 0.45 13 MHz
trock? PLL Lock-in Time — — — 10 ms
tunLock PLL Unlock Time (from RESET goes HIGH) — — — 50 ns
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Parameter Descriptions Conditions Min Typ. Max Units
fprp 2 20 MHz — — 500 S p-
tipnt Input Clock Period Jitter Al Ps PP
fprp < 20 MHz — — 0.01 UIPP
th Input Clock High Time 90% to 90% 0.5 — — ns
to Input Clock Low Time 10% to 10% 0.5 — — ns
trsT RST/ Pulse Width — 1 — — ms
fesc mon Spread Spectrum Clock Modulation . 20 _ 200 KHz
- Frequency
fesc MOD Ave Sprea_d Spectrum Clock Modulation . 0.25 _ 200 %
- Amplitude Range
Spread Spectrum Clock Modulation 0
fsc_mop_stee Amplitude Step Size 0.25 %

Notes:

1. Jitter sample is taken over 10,000 samples for Period jitter, and 1,000 samples for Cycle-to-Cycle jitter of the primary PLL output

with clean reference clock with no additional I/0 toggling.

2. Output clock is valid after t,oc for PLL reset and dynamic delay adjustment.

w

Result from Lattice Radiant software.

4. CLKOS as compared to CLKOP output for one phase step at the maximum VCO frequency.

4.20. Internal Oscillators Characteristics

Table 4.36. Internal Oscillators (Vcc = 1.0 V)

Symbol Parameter Description Min Typ Max Unit
feikmr HFOSC CLKK Clock Frequency 418.5 450 481.5 MHz
feker LFOSC CLKK Clock Frequency 25.6 32 38.4 kHz
DCHcikur HFOSC Duty Cycle (Clock High Period) 45 50 55 %
DCHcikir LFOSC Duty Cycle (Clock High Period) 45 50 55 %
4.21. User I*C Characteristics
Table 4.37. User I12C Specifications (Vcc = 1.0 V)
Parameter STD Mode FAST Mode FAST Mode Plus?
Symbol Descrioti = - - Units
ption Min Typ Max Min Typ Max Min Typ Max
f SCL Clock _ _ 100 — — 400 — — 1000 kHz
Frequency
Optional delay
1 — — — — — —
Toeway through delay block 62 62 62 ns
Notes:

1. Refer to the I2C Specification for timing requirements. User design should set constraints in Lattice Design Software to meet this
industrial 12C Specification.
2. Fast Mode Plus maximum speed may be achieved by using external pull up resistor on I2C bus. Internal pull up may not be
sufficient to support the maximum speed.
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Table 4.38. ADC Specifications®

Symbol Description Condition Min Typ Max Unit
ADC Int | Ref
VReFINT_ADC nternalReterence | _ 1.142 1.2 1.262 \Y,
- Voltage*
ADC External Reference
VREFEXT_ADC — 1.0 — 1.8 Y,
Voltage
NRes_aoc ADC Resolution — — 12 — bits
ENOBoc Effectlve Number of . 9.9 1 . bits
Bits
Vv — V +
Bipolar Mode, Internal Vger CM_ABC Vem apc M_ABC Vv
VREFINT_ADC/4 - VREFINT_ADC/4
. Vem_anc — Vewm_anc+
Vsr_apc ADC Input Range Bipolar Mode, External Vger VREFEXT_ADC v
- VREFEXT_ADC/4 VREFEXT_ADC/4
Uni-polar Mode, Internal Vger 0 — VREFINT_ADC \
Uni-polar Mode, External Vger 0 — VREFEXT_ADC \
ADC Input Common Internal Vger — VREFINT_ADC/2 — \
Vem_anc Mode Voltage (for fully
differential signals) External Veer - VRerext_anc/2 - \Y
fek_anc ADC Clock Frequency - - 25 50 MHz
@ Sampling Frequency =
f ADC | F — — kH
INPUT_ADC C Input Frequency 1 Mbps 500 z
FSapc ADC Sampling Rate — — 1 — MS/s
ADC Input Trackin — 4 — —
NtrAck_ADC Ti P J cycles?
ime
R aoc AD(.Z Input Equivalent . _ 116 . KQ
- Resistance
teaL_anc ADC Calibration Time — — — 6500 cycles?
. ) Includ ini tracki
LouTput_ApcC ADC Conversion Time r.1c udes minimum tracking 25 - - cycles?
- time of four cycles
DNLanc ADC Plfferentlal . 4 _ 1 LSB
Nonlinearity
INLapc ADC Integral — 22 — 221 LsB
Nonlinearity
SFDRanc ADC Sp.urlous Free _ 677 77 _ dBe
Dynamic Range
THDoc APC thal Harmonic . _ 76 —66.8 4B
Distortion
SNRanc AD? Signal to Noise . 61.9 68 _ 4B
Ratio
ADC Signal to Noise
SNDRzoc Plus Distortion Ratio 617 67 dB
ERRGAINiADC ADC Gain Error — -0.5 — 0.5 % FSADC
ERROFFSETiADC ADC Offset Error — -2 — 2 % FSanc
ADC Input Equivalent
Cin_anc C 1put =g - - 2 - pF
apacitance
Notes:
1. ADCis available in select speed grades. See Ordering Information.

2.
3.
4

Not tested; guaranteed by design.

ADC Sample Clock cycles. See ADC User Guide for Nexus Platform (FPGA-TN-02129) for more details.

Internal voltage reference is only for internal testing purpose. It is not recommended for customer design. User should always
use the part with external reference voltage.
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4.23. Comparator Block Characteristics

Table 4.39. Comparator Specifications!?

Symbol Description Min Typ Max Unit
fin_comp Comparator Input Frequency — — 10 MHz
Vin_comp Comparator Input Voltage 0 — Vceancis \'%
Vorrser_comp Comparator Input Offset =23 - 24 mv
VhysT_comp Comparator Input Hysteresis 10 — 31 mv
VaTency_comp Comparator Latency — — 31 ns
Note:
1. Comparator is available in select speed grades. See Ordering Information.
4.24. Digital Temperature Readout Characteristics
Digital temperature Readout (DTR) is implemented in one of the channels of ADC1.
Table 4.40. DTR Specifications’
Symbol Description Condition Min Typ Max Unit
DTRaance DTR Detect Temperature _ _40 _ 100 e
Range
with external voltage?
DTRaccuracy DTR Accuracy reference range of 1.0V -13 +4 13 ’C
to1.8V
ith I vol .
DTRResoLuTiON DTR Resolution with external voltage -0.3 — 0.3 C
reference

Notes:

1. External voltage reference (VREF) should be 0.1% accurate or better. DTR sensitivity to VREF is -4.1 °C per VREF per-cent (for
example, if the VREF is 1 % low, then the DTR will read +4.1 °C high).
2. DTRis available in select speed grades. See the Ordering Information section.

4.25. Hardened PCle Characteristics

4.25.1. PCle (2.5 Gbps)
Table 4.41. PCle (2.5 Gbps)

Symbol | Description Condition Min. Typ. Max. Unit
Transmitter!
ul Unit Interval — 399.88 400 400.12 ps
BWrx Tx PLL bandwidth — 15 — 22 MHz
Differential p-p Tx voltage
VTX-DIFF-PP . PP & — 0.8 - 1.2 Vp-p
swing
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . PP — 0.4 — 1.2 Vp-p
voltage swing
Tx de-emphasis level ratio at
V1X-DE-RATIO-3.5dB 35dB — 3 — 4 dB
TTX-RISE-FALL Transmitter rise and fall time — 0.125 — — Ul
- Eve i -
Treeve Transmltter ye, including all . 0.75 . . ul
jitter sources
T Max. time between jitter
TXEVE-MEDIAN-to-MAX- median and max deviation — — — 0.125 Ul
JITTER from the median
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Symbol Description Condition Min. Typ. Max. Unit
RLocore Tx D|ff_erent|al Retu.r_n Loss, . 10 . _ 4B
including pkg and silicon
RLrx.cm Tx Common Mode Return Loss, | ¢ 1 req < 2.5 GHz 6 — — dB
including pkg and silicon
Z1x-DIFF-DC DC differential Impedance — 80 — 120 Q
v Tx AC peak common mode . . _ 20 mV,
TCMACP voltage, RMS RMS
Transmitter short-circuit
Irx-sHoRT — - — 90 mA
current
Transmitter DC common-mode
Vrx-ne-cm — 0 — 1.2 Y
voltage
Electrical Idle Output peak
VTX-IDLE-DIFF-AC-p putp — — — 20 mV
voltage
Voltage change allowed durin
V1x-RCV-DETECT .g & g | - — — 600 mvV
Receiver Detect
Trx-IDLE-MIN Min. time in Electrical Idle — 20 — — ns
T Max. time from El Order Set to . _ . 3 ns
TXIDLESET-TO-IDLE valid Electrical Idle
T Max. time from Electrical Idle . _ . 3 ns
TXIDLETO-DIFF-DATA to valid differential output
500 ps
Lrx-skew Lane-to-Lane output skew +2 Ul ps
Receiver?
Ul Unit Interval — 399.88 400 400.12 ps
Differential Rx peak-peak
VRX-DIFF-PP P P — 0.175 — 1.2 Vp-p
voltage
Trx-eve3 Receiver eye opening time — 0.4 — - Ul
T Max time delta between
RX’E;E’MED'AN’“”MAX’ median and deviation from — — — 0.3 ul
JITTER .
median
RLacorre Receiver dlfferentla! Beturn . 10 . _ B
Loss, package plus silicon
RLexcon Receiver common mgde Return _ 6 _ _ dB
Loss, package plus silicon
Zooc Becelver DC single ended . 40 . 60 a
impedance
Receiver DC differential
ZRX-DIFF-DC . — 80 — 120 Q
impedance
Receiver DC single ended
ZRX-HIGH-IMP-DC impedance when pOWered — 200k — — Q
down
Rx AC peak common mode mV,
Vrx-cM-Ac-p> P — — — 150
voltage peak
VRX-IDLE-DET-DIFF-PP Electrical Idle Detect Threshold | — 65 - 175 mVp-p
LRx-skew Receiver —lane-lane skew — — — 20 ps
Notes:
1. Referto PCl Express Base Specification Revision 3.0 Table 4.18 test condition and requirement for respective parameters.
2. Refer to PCl Express Base Specification Revision 3.0 Table 4.24 test condition and requirement for respective parameters.
3. Spec compliant requirement.
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4.25.2. PCle (5 Gbps)
Table 4.42. PCle (5 Gbps)

Symbol | Description Test Conditions Min Typ | Max | Unit
Transmit!
Ul Unit Interval — 199.94 200 200.06 ps
Tx PLL bandwidth
Bwnpke-pLs corresponding to PKGrx.pi11 o 8 - 16 MHz
Tx PLL bandwidth
Bwrx-pKG-pLL2 corresponding to PKGrypiis — 5 — 16 MHz
Tx PLL Peaking
PaTx- - - - 3 dB
KemeRtL corresponding to PKGrx.pii1
P Tx PLL Peaking 1 4B
KemeRLL2 corresponding to PKGrx-pLi2
Differential p-p Tx voltage
V1x-DIFF-pP . PP & — 0.8 — 1.2 V, p-p
swing
Low power differential p-p Tx
V1X-DIFF-PP-LOW P . PP - 0.4 — 1.2 V, p-p
voltage swing
Tx de-emphasis level ratio at
V1x-DE- X — — 4 B
TX-DE-RATIO-3.5dB 3548 3 d
Tx de-emphasis level ratio at
V1x-DE-RATIO-60B P — 5.5 — 6.5 dB
6dB
TMIN-PULSE Instantaneous lone pulse width | — 0.9 - — Ul
TTX-RISE-FALL Transmitter rise and fall time — 0.15 — — ul
T i Eye, includi Il
Treere ”ransm|tter ye, including a . 0.75 . _ ul
jitter sources
T inistic ji >1.
Treos x deterministic jitter 5 _ _ _ 015 ul
MHz
T Tx RMS jitter < 1.5 MHz — — — 3 P,
TX-R) J . RMS
TRF-MISMATCH Tx rise/fall time mismatch — — — 0.1 ul
R Tx Differential Return Loss, 50 MHz < freq < 1.25 GHz 10 — — dB
Lepi including package and silicon | 1.25 GHz < freq < 2.5 GHz 8 — — dB
Rirvem Tx Common Mode Return Loss, | ¢\, freq < 2.5 GHz 6 - — dB
including package and silicon
Z1X-DIFF-DC DC differential Impedance — — — 120 Q
Tx AC peak common mode mV,
V1x-cM-Ac-pP — — — 150
voltage, peak-peak p-p
Transmitter short-circuit
Irx-sHORT — — — 90 mA
current
Transmitter DC common-mode
Vrx-nc-cm — 0 — 1.2 \Y
voltage
Electrical Idle Output DC
VTX-IDLE-DIFF-DC P — 0 — 5 mV
voltage
Electrical Idle Differential
VTX-IDLE-DIFF-AC- — — — 20 \"
THIDLEDIFF-ACD Output peak voltage m
Voltage change allowed durin
V1x-Rev-DETECT .g & LI - — — 600 mV
Receiver Detect
Trx-IpLE-MIN Min. time in Electrical Idle — 20 — — ns
T Max. time from El Order Set to . . . 3 ns
TXIDLESET-TO-IDLE valid Electrical Idle
T Max. time from Electrical Idle . . . 3 ns
TXIDLE-TO-DIFF-DATA to valid differential output
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Symbol | Description Test Conditions Min Typ | Max | Unit
Receive?
500 +
Lyx-skew Lane-to-Lane output skew — — — 40Ul ps
Ul Unit Interval — 199.94 200 200.06 ps
Differential Rx peak-peak
VRX-DIFF-PP P P — 0.343 — 1.2 Vv, p-p
voltage
T Receiver random jitter 1.5 MHz - 100 MHz _ _ 42 ps,
RIRI-RMS tolerance (RMS) Random noise ' RMS
Receiver deterministic jitter
Trx-Dy ) — — — 88 ps
tolerance
R Receiver differential Return 50 MHz < freq < 1.25 GHz 10 — — dB
LRX-DIFF Loss, package plus silicon 1.25 GHz < freq < 2.5 GHz 8 — — dB
Receiver common mode
Rirx-cm Return Loss, package plus - 6 — — dB
silicon
Zooc Becelver DC single ended _ 0 _ 60 Q
impedance
Receiver DC single ended
ZRX-HIGH-IMP-DC impedance when powered — 200K — — Q
down
Rx AC peak common mode mV,
Vrx-cm-ac-p® P — — — 150
voltage peak
V RX-IDLE-DET-DIFE-PP Electrical Idle Detect Threshold | — 65 — 1753 mv, pp
LRrx-skew Receiver —lane-lane skew — — — 8 ns
Notes:

1. Referto PCl Express Base Specification Revision 3.0 Table 4.18 test condition and requirement for respective parameters.
2. Refer to PCl Express Base Specification Revision 3.0 Table 4.24 test condition and requirement for respective parameters.

3. Spec compliant requirement.

4.26. Hardened SGMII Receiver Characteristics

4.26.1. SGMII Rx Specifications

Over recommended operating conditions.

Table 4.43. SGMII Rx

Symbol Description Test Conditions Min Typ Max Unit
foata SGMII Data Rate — — 1250 — MHz
SGMII Reference Clock Frequency (Data
frercik Rate/10) 125 MHz
JroL_pj . - Periodic jitter L
Jitter Tolerance, Deterministic <300 kHz 0.1 Ul
. Periodic jitter N
JroLT1j Jitter Tolerance, Total <300 KHz 0.3 ul
Af/f Data Rate and Reference Clock Accuracy — -300 — 300 ppm
Note:

1.  Jror can meet the following jitter mask specification: 0 to 3.5 kHz: 10 Ul; 3.5 to 700 kHz: log-log slope 10 Ul to 0.05 Ul; above

700 kHz: 0.05 UI.
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4.27. sysCONFIG Port Timing Specifications
Over recommended operating conditions.
Table 4.44. sysCONFIG Port Timing Specifications
Symbol ‘ Parameter Device Min Typ. Max Unit
POR Timing
Time during POR, from Vcc, VCCAUX; Vecioo OF
t Vcaio1 (Whichever is the last) pass POR trip . _ _ 1 S
MSPLINH voltage to pull PROGRAMN LOW to prevent M
entering self-download mode
PROGRAMN Configuration Timing
tPrROGRAMN_L PROGRAMN LOW pulse accepted — 50 — — ns
tPROGRAMN_H PROGRAMN LOW pulse accepted — 60 — — ns
tPROGRAMN_RJ PROGRAMN LOW pulse rejected — — —_ 25 ns
tiniT_Low PROGRAMN LOW to INITN LOW — — — 100 ns
tNIT_HIGH PROGRAMN LOW to INITN HIGH — — — 50 s
tinimL INITN LOW to INITN HIGH (SRAM initialization) — — — 39.9 us
tpone_Low PROGRAMN LOW to DONE LOW — — — 55 s
tpoNE_HIGH PROGRAMN HIGH to DONE HIGH — — — 2 s
tiobiss PROGRAMN LOW to I/O Disabled — — — 125 ns
< tpROGRAMN >
PROGRAMN
B ; tiNiT_HiGH
¢— INIT_LOW
INITN
DONE <“—thone_Low
—> lopiss [¢—
USER I/O -

Figure 4.14. PROGRAMN Timing
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=
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Figure 4.15. Configuration Error Notification

4.28. JTAG Port Timing Specifications

Over recommended operating conditions.

Table 4.45. JTAG Port Timing Specifications

Symbol Parameter Min Typ. Max Units
fvax TCK clock frequency — — 25 MHz
teTcpH TCK clock pulse width high 20 — — ns
taTepL TCK clock pulse width low 20 — — ns
tars TCK TAP setup time 5 — — ns
tath TCK TAP hold time 5 — — ns
teTRF TAP controller TDO rise/fall time? 1000 — — mV/ns
tsrco TAP controller falling edge of clock to valid output — — 14 ns
tatconis TAP controller falling edge of clock to valid disable — — 14 ns
taTcoen TAP controller falling edge of clock to valid enable — — 14 ns
taTCRs BSCAN test capture register setup time 8 — - ns
tercRH BSCAN test capture register hold time 25 — — ns
tutco BSCAN test update register, falling edge of clock to valid output — — 25 ns
taTuoDIS BSCAN test update register, falling edge of clock to valid disable - - 25 ns
taTUPOEN BSCAN test update register, falling edge of clock to valid enable - - 25 ns

Note:

1. Based on default I/0 setting of slow slew rate.
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TMS ><
DI ><
& tgrs Pe—— tyry ——W
tgrcpH —Pre— teTCPL — P DI —
TCK I 4/7
tBTCOEN tBTCO tBTCOD|S
TDO Valid Data Valid Data
T ¢——1tBTCRH
BTCRS
Data to be
Captured Data Captured X
from 1/0
4= tBTUPOEN 4— tguTco 4—tgTUODIS
Data to be
driven out Valid Data Valid Data
to 1/O |

Figure 4.16. JTAG Port Timing Waveforms

4.29. Switching Test Conditions

Figure 4.17 shows the output test load that is used for AC testing. The specific values for resistance,
capacitance, voltage, and other test conditions are listed in Table 4.46.

Vs
R1

DUT * @® Test Point
R2 CL*

*CL Includes Test Fixture and Probe Capacitance

)|
|

Figure 4.17. Output Test Load, LVTTL and LVCMOS Standards

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Table 4.46. Test Fixture Required Components, Non-Terminated Interfaces?

Test Condition R1 Rz C Timing Ref. \
LVCM0S3.3=1.5V —

LVCMOS 2.5 = Vqio/2 —

LVTTL and other LVCMOS settings (Lto H, H to L) 0 0] 0 pF LVCMOS 1.8 = Vccio/2 —
LVCMOS 1.5 = Vcgio/2 -

LVCMOS 1.2 = Vcgo/2 -

LVCMOS 2.5 1/0 (Z to H) © 1MQ 0 pF Veeio/2 -

LVCMOS 2.51/0 (Zto L) 1MQ o 0 pF Veao/2 Veao

LVCMOS 2.51/0 (H to 2) 0 100 0 pF Vou—0.10 —

LVCMOS 2.51/0 (Lto 2) 100 o 0 pF Vo +0.10 Veao
Note:

1. Output test conditions for all other interfaces are determined by the respective standards.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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5. Pinout Information

5.1. Signal Descriptions

Table 5.1. Signal Description

Signal Name |

Bank

Type

Description

Power and GND

Vss

GND

Ground for internal FPGA logic and I/O

Vsssp

GND

Ground for the SERDES block.

Vssapc

GND

Ground for the ADC block.

Vee, Vececik

Power

Power supply pins for core logic. Vcc is connected to 1.0 V (nom.)
supply voltage. Power On Reset (POR) monitors this supply voltage.

Vecauxa

Power

Aucxiliary power supply pin for internal analog circuitry. This supply is
connected to 1.8 V (nom.) supply voltage. POR monitors this supply
voltage.

Vecaux

Power

Auxiliary power supply pin for I/0O Bank 0, Bank 1, Bank 2, Bank 3, Bank
4, Bank 7, Bank 8 and Bank 9. This supply is connected to 1.8 V (nom.)
supply voltage, and is used for generating stable drive current for the
1/0.

Vecauxhx

Power

Auxiliary power supply pin for I/0 Bank 5 and Bank 6. This supply is
connected to 1.8 V (nom.) supply voltage, and is used for generating
stable current for the differential input comparators.

Veciox

0-9,11

Power

Power supply pins for 1/0 bank x.

For LFMXO5-15D:

Bank 1, 2: 3.3V Only
BanksO0,3,4,7,8,9:1.2V,1.35V,1.5V,1.8V,25V,33V

Banks 5,6:1.0V,1.2V,1.35V,15V, 1.8V

For LFMXO5-55TD and LFMX05-55TDQ:

Bank 0, 7: 3.3V Only
Banks1,2,6,:1.2V,135V,15V,18V,2.5V,3.3V

Banks 3,4,5:1.0V,1.2V,135V,15V,18V.

LFMXO05-20TD, LFMX05-20TDQ, LFMX05-30TD and LFMX05-30TDQ:
Bank 1, 2: 3.3V only

Banks O, 3,4,7,8,9,11:1.2V,135V,15V,18V,2.5V,and 3.3V
Banks5,6:1.0V,1.2V,1.35V,and 1.8V

There are dedicated and shared configuration pins as follows:

for LFMX05-15D, LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD and
LFMXO5-30TDQ in banks 1 and 2;

for LFMXO5-55TD and LFMXO5-55TDQ, in banks 0, 1 and 7.

POR monitors these banks supply voltages.

Veeapcis

Power

1.8 V (nom.) power supply for the ADC block.

Veesox

Power

1.0V (nom.) power supply for the SERDES block.

Veespek

Power

1.0 V (nom.) power supply for SERDES clock buffer.

VeepLspx

Power

1.8 V (nom.) power supply for the PLL in the SERDES block.

Vecauxspax

Power

)
1.8 V (nom.) auxiliary power supply for the SERDES block.

Dedicated Pins

Dedicated Configuration 1/O Pin

JTAG_EN

Input

LVCMOS input pin.

This pin is not applicable to LFMXO5-55TD and LFMXO5-55TDQ. This
input selects the JTAG shared GPIO to be used for JTAG.

0=GPIO

1=JTAG
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Signal Name

Bank

Type

Description

PROGRAMN

0/1

Input

Input pin with internal weak pull-up.

On Bank 0 for LFMX05-55TD and LFMXO5-55TDQ.

On Bank 1 for LFMX05-15D, LFMX05-20TD, LFMX05-20TDQ,
LFMXO5-30TD, and LFMX05-30TDQ.

INITN

0/1

Bir-Dir

Bidirectional open-drain control pin.

On Bank 0 for LFMXO5-55TD and LFMXO5-55TDQ.

On Bank 1 for LFMX05-15D, LFMX05-20TD, LFMX05-20TDQ,
LFMX05-30TD, and LFMXO5-30TDQ.

DONE

0/1

Bir-Dir

Bi-directional open drain with an internal weak pull-up.

On Bank 0 for LFMXO5-55TD and LFMXO5-55TDQ.

On Bank 1 for LFMX05-15D, LFMX05-20TD, LFMX05-20TDQ,
LFMX05-30TD, and LFMXO5-30TDQ.

Dedicated ADC I/0 Pins

ADC_REF[0, 1]

Input

ADC reference voltage, for each of the 2 ADC converters. If not used,
tie to ground.

ADC_DP/NIO, 1]

Input

Dedicated ADC input pairs, for each of the 2 ADC converters. If not
used, tie to ground.

Dedicated SERDES 1/O Pins

SDx_RXDP/N

Input

SERDES data differential input pairs.

SDx_TXDP/N

Output

SERDES data differential output pairs.

SDQy_REFCLKP/N

Input

SERDES reference clock differential input pairs for Quad y.

SD_EXTy_REFCLKP/N

Input

Shared SERDES external reference clock input pairs.

SDx_REXT

Input

SERDES external reference resistor input. Resistor connects between
this pin and SDx_REFRET pin. This is used to adjust the on-chip
differential termination impedance, based on the external resistance
value:

REXT =909 Q, RDIFF =80 Q

REXT =976 Q, RDIFF =85 Q

REXT =1.02 kQ, R[)”:F =900Q

REXT =1.15 kQ, R[)m: =100Q

SDx_REFRET

Input

SERDES reference return input. These pins should be AC coupled to the
Veepisox supply.

Misc Pins

NC

No connect.

RESERVED

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

General Purpose I/0 Pins

P[T/B/L/R] [Number]_[A/B]

Top,
Bottom,
Left,
Right

Input,
Output,
Bi-Dir

Programmable User 1/0:

[T/B/L/R] indicates the package pin/ball isin T (Top), B (Bottom), L
(Left), or R (Right) edge of the device.

[Number] identifies the PIO [A/B] pair.

[A/B] shows the package pin/ball is A or B signal in the pair. PIO A and
PIO B are grouped as a pair.

Each A/B pair in the bottom banks supports true differential input and
output buffers. When configured as differential input, differential
termination of 100 Q can be selected.

Each A/B pair in the top, left and right banks does not support true
differential input or output buffer. It supports all single-ended inputs
and outputs, and can be used for emulated differential output buffer.
Some of these user-programmable 1/0 are used during configuration,
depending on the configuration mode. You need to make appropriate
connection on the board to isolate the 2 different functions
before/after configuration.
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Signal Name

Bank

Type

Description

Some of these user-programmable 1/0 are shared with special function
pins. These pins, when not used as special purpose pins, can be
programmed as 1/0 for user logic.

During configuration the user-programmable 1/0 are tri-stated with an
internal weak pull-down resistor enabled. If any pin is not used (or not
bonded to a package pin), it is tri-stated and default to have weak pull-
down enabled after configuration.

Shared User GPIO Pins? 2 3.4

1. Shared User GPIO pins are pins that can be used as GPIO, or functional pins that connect directly to specific functional
blocks, when device enters into User Mode.

2. Declaring on assigning the pin as GPIO or specific functional pin is done by configuration bitstream, except JTAG pins.

3. LFMXO05-15D/LFMX05-20TD/LFMX05-20TDQ/LFMX05-30TD/LFMX05-30TDQ JTAG pins are controlled by JTAG_EN signal.
When JTAG_EN = 1, the pins are used for JTAG interface. When JTAG_EN = 0, the pins are used as GPIO.

4. Refer to package pin file.

Shared JTAG Pins (For LFMX05-15D/LFMX05-20TD/LFMX05-20TDQ/LFMX05-30TD/LFMX05-30TDQ)

Input, User Mode:

PRxxx/TDO Right Output, | PRxxx: GPIO
Bi-Dir | TDO: When JTAG_EN =1, used as TDO signal for JTAG
Input, | User Mode:

PRxxx/TDI Right Output, | PRxxx: GPIO
Bi-Dir | TDI: When JTAG_EN = 1, used as TDI signal for JTAG
Input, User Mode:

PRxxx/TMS Right Output, | PRxxx: GPIO
Bi-Dir | TMS: When JTAG_EN = 1, used as TMS signal for JTAG
Input, | User Mode:

PRxxx/TCK Right Output, | PRxxx: GPIO
Bi-Dir | TCK: When JTAG_EN =1, used as TCK signal for JTAG

Shared JTAG Pins (For LFMXO5-55TD and LFMXO05-55TDQ)

Provision Mode:

INPUL, | e 1p0. used as TDO signal for JTAG
PLxxx/IF_TDO Left Output,
- L User Mode:
Bi-Dir
PLxxx: GPIO
Provision Mode:
Input, .
IF_TDI: used as TDI signal for JTAG
PLxxx/IF_TDI Left Output,
- L User Mode:
Bi-Dir
PLxxx: GPIO
Provision Mode:
Input, .
IF_TMS: used as TMS signal for JTAG
PLxxx/IF_TMS Left Output,
- L User Mode:
Bi-Dir
PLxxx: GPIO
Provision Mode:
Input, .
IF_TCK: used as TCK signal for JTAG
PLxxx/IF_TCK Left Output,
o User Mode:
Bi-Dir
PLxxx: GPIO
Shared SSPI Pins (For LFMX05-55TD/Q)
| Provision Mode:
nput, CSN: SSPI chip-select signal
PLxxx/CSN Left Output,
L User Mode:
Bi-Dir
PLxxx: GPIO
Inout Provision Mode:
nput,
MCLK: SSPI clock
PLxoxx/MCLK Left Output, cloc
. User Mode:
Bi-Dir
PLxxx: GPIO
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Signal Name Bank Type Description
Inout Provision Mode:
nput, .
MISO: SSPI MISO |
PLxxx/MISO Left Output, slgnha
S User Mode:
Bi-Dir
PLxxx: GPIO
Inout Provision Mode:
nput, .
MISO: SSPI MOSI |
PLxxx/MOSI Left Output, slgna
S User Mode:
Bi-Dir
PLxxx: GPIO
Shared MODE pins
| Provision Mode:
PRxxx/MODE . nput, MODE: MODE signal to select normal or provision mode
(For LFMXO5- Right Output, U Mode:
15D/20TD/20TDQ/30TD/30TDQ) Bi-Dir serviode:
PRxxx: GPIO
Provision Mode:
| MODE[0]: Select CUA or CUT image during boot up or reboot
PLxxx/MODE[2:0] Left o':?uz’t MODE[1]: Select normal or provision mode during boot up or reboot
(For LFMX05-55TD/Q) Bi-gir " | MODE[2]: Select JTAG or SSPI provisioning
User Mode:
PLxxx: GPIO

Shared CLOCK Pin 1

1. Some PCLK pins can also be used as GPLL reference clock input pin. Refer to sysCLOCK PLL/DLL Design and User Guide for
Nexus Platform (FPGA-TN-02095).

User Mode:
PBxxx: GPIO
Input PCLK: Primary Clock or GPLL Refclk signal
PBxxx/PCLK[T,CI[X-Y]_ ! [T] = For single-ended signaling, use only PCLKT pins as primary CLK
Bottom Output,
[0-3]/yyyy Bi.oir | P2ds:
[T,C] = True/Complement when using differential signaling
[0-3] Up to 4 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PTxxx: GPIO
PTxxx/PCLKT[0,1]_[ X-Y1/yyyy Top Output, | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
Bi-Dir [0-1] Up to 2 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PRxxx: GPIO
PRxxx/PCLKT[X-Y]_[0-2]/yyyy Right Output, | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
Bi-Dir [0-2] Up to 3 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PLxxx: GPIO
PLxxx/PCLKT[X-Y]_[0-2]/yyyy Left Output, | PCLKT: Primary Clock or GPLL Refclk signal (Only Single Ended)
Bi-Dir [0-2] Up to 3 signals in the bank
yyyy: Other possible selectable specific functional
User Mode:
Input, PBxxx: GPIO
PBxxx/LRC_GPLL[T,C]_IN/yyyy Bottom Output, | LRC_GPLL: Lower Right GPLL Refclk signal (PLLCK)
Bi-Dir [T,C] = True/Complement when using differential signaling
yyyy: Other possible selectable specific functional
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Signal Name Bank Type Description
Inout User Mode:
PLixx/ULC_GPLLT_IN/yyyy Left Ou?pult, PLxxx: GPIO , ,
Bi-Dir ULC_GPLL: Upper Left GPLL Refclk signal (Only Single Ended) (PLLCK)
yyyy: Other possible selectable specific functional
Shared VREF Pins
User Mode:
Input, PBxxx: GPIO
PBxxx/VREF[5,6]_[1-2]/yyyy Bottom Output, | VREF: Reference Voltage for DDR memory function
Bi-Dir [1-2] Up to VREFs for each bank
yyyy: Other possible selectable specific functional
Shared ADC Pins
User Mode:
PBxxx: GPIO
INPUL, | Apc ¢ ADC Channel Inputs
PBxxx/ADC_C[P,N]nn/yyyy Bottom Output, . .
Bi-Dir [P,N] = Positive or Negative Input
nn = ADC Channel number (0 — 15)
yyyy: Other possible selectable specific functional
Shared Comparator Pins
User Mode:
PBxxx: GPIO
Input, COMP: Differential Comparator Input
PBxxx/COMP[1-3][P,N]/yyyy Bottom Output, o .
Bi-Dir [P,N] = Positive or Negative Input
[1-3] = Input to Comparators 1-3
yyyy: Other possible selectable specific functional
Shared SGMII Pins
User Mode:
PBxxx: GPIO
PBxxx/SGMII_RX[P,N][O- INPUL, | seMii RX: Differential SGMII RX Inputs
- Bottom Output, . .
11/yyyy Bi-Dir [P,N] = Positive or Negative Input

[0-1] = Input to SGMII RX0 or RX1
yyyy: Other possible selectable specific functional

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

Table 5.2. Pin Information Summary of LFMX05-15D, LFMX05-55TD, and LFMX05-55TDQ

X LFMXO05-15D LFMXO5-55TD and LFMIXO5-55TDQ
Pin BBG256 BBG400 BBG400
User I/0 Pins

Bank 0 24 40 15
Bank 1 29 33 39
Bank 2 23 31 32
Bank 3 16 32 48
General Purpose Bank 4 12 24 48
Inputs/Outputs per Bank | Bank 5 20 24 36
Bank 6 20 24 32
Bank 7 12 24 38
Bank 8 16 32 0
Bank 9 24 32 0
Total Single-Ended User I/0 196 296 288
Bank 0 12 20 7
Bank 1 16 18 19
Bank 2 11 15 16
Bank 3 16 24
Differential Input/ Bank 4 12 24
Output Pairs Bank 5 10 12 18
Bank 6 10 12 16
Bank 7 12 19
Bank 8 16 0
Bank 9 12 16 0
Total Differential 1/0 99 149 143
Power Pins
Ve, Veceeik 4 6 10
Vecauxa 2 2 1
Vecaux 2 3 2
Vecauxmx 2 2 3
Vccauxspax 0 0 1
Bank 0 2 3 1
Bank 1 2 3 2
Bank 2 2 2 1
Bank 3 1 2 3
Veao Bank 4 1 2 3
Bank 5 2 2 2
Bank 6 2 2 1
Bank 7 1 2 2
Bank 8 1 2 0
Bank 9 2 2 0
Veesox 0 0 3
VeepLisox 0 0 2
Vceancis 1 1 1
Total Power Pins 27 36 38
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X LFMXO5-15D LFMIXO5-55TD and LFMXO5-55TDQ
Pin BBG256 BBG400 BBG400
GND Pins
Vss 22 30 23
Vssanc 1
Vsssba 0 0 22
Vssr — — 1
Total GND Pins 23 31 47
Dedicated Pins
Dedicated ADC Channels (pairs) 2 2
Dedicated ADC Reference Voltage Pins 2
Dedicated SERDES Pins 0 18
Dedicated Misc Pins
JTAG_EN 1 1 0
PROGRAMN 1 1 1
INITN 1 1 1
DONE 1 1 1
NC 0 27 0
RESERVED 0 0 0
Total Dedicated Pins 10 37 27
Shared Pins

Bank 0 0 0 0
Bank 1 0 0 0
Bank 2 1 1 0
Bank 3 0 0 0
Shared Configuration Bank 4 0 0 0
Pins Bank 5 0 0 0
Bank 6 0 0 0
Bank 7 0 0 7
Bank 8 0 0 0
Bank 9 0 0 0
Bank 0 0 0 0
Bank 1 0 0 0
Bank 2 4 4 0
Bank 3 0 0 0
Shared JTAG Pins Bank 4 0 0 0
Bank 5 0 0 0
Bank 6 0 0 0
Bank 7 0 0 4
Bank 8 0 0 0
Bank 9 0 0 0
Bank 0 2 2 0
Bank 1 2 2 3
Bank 2 3 3 3
Bank 3 2 2 8
Shared PCLK Pins Bank 4 2 2 8
Bank 5 8 8 8
Bank 6 8 8 3
Bank 7 2 2 3
Bank 8 2 2 0
Bank 9 0 3 0
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Pin

LFMXO5-15D

LFMXO05-55TD and LAVIXO5-55TDQ

BBG256

BBG400

BBG400

Shared GPLL Pins

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

Shared VREF Pins

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

Shared ADC Channels
(Pairs)

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

Shared Comparator
Channels (Pairs)

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

Shared SGMII Channels
(Pairs)

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

o|lofo|(vV|O|O|O|O|O|O|O|O|OfW|W|(O|O|O|O|O|O|O|O|®|(N|O|O|O|O|O|O|O|(O|NMN|(NV|(O|O|O|O|O|Rr|O|O|O|(N|[O|O|O|O|O

o|lofo|(vV|O|O|O|O|O|O|O|O|O(W|wWw|(O|O|O|O|O|O|O|O|V[(N|(O|O|O|O|O|O|O|O|NMN|(NV|(O|O|O|O|O|Rr|O|O|O|(N|[O|O|O|O|O

o|lolo|o|vV|([O|O|O|O|O|O|O|O|O|wWw|(O|Ww|O|O|O|O|O|O|O|d|(d|x|O|O|O|O|O|(OC|O(N[(N|INMV]|O|O|O|O|O|O|O|(N|[O|IN|(O|IN]|O
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Table 5.3. Pin Information Summary of LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD, and

LFMXO05-30TDQ

LFMXO05-20TD, LFMX05-20TDQ, LFMXO05-30TD, and LFMXO5-30TDQ

Pin BBG256 BBG400 BBG484
Bank 0 19 40 40
Bank 1 24 36 36
Bank 2 21 35 37
Bank 3 14 32 38
General Purpose Bank 4 10 28 36
Inputs/Outputs per| Bank5 14 24 24
Bank Bank 6 16 24 24
Bank 7 12 29 32
Bank 8 13 32 38
Bank 9 24 32 40
Bank 11 — — 20
Total Single-Ended User I/0 167 312 365
Bank 0 9 20 20
Bank 1 12 18 18
Bank 2 10 17 18
Bank 3 7 16 19
Bank 4 5 14 18
e T i 2 2
Bank 6 8 12 12
Bank 7 6 14 16
Bank 8 6 16 19
Bank 9 12 16 20
Bank 11 — - 10
Total Differential I/O 82 155 182
Power Pins
Ve, Veceaik 12 14 19
Veeauxa 2 2 2
Veeaux 2 3 3
Veeauxrx 2 2 2
Vecauxsbax 1 - 1
Bank 0 2 3 2
Bank 1 2 3 2
Bank 2 2 2 2
Bank 3 1 2 2
Bank 4 1 2 2
Vo Bank 5 2 2 2
Bank 6 2 2 2
Bank 7 1 2 2
Bank 8 1 2 2
Bank 9 2 2 2
Bank 11 — - 2
Veesox 1 — 1
Veeput_uie 1 1 1
VecpLisox 1 — 1
Vecancis 1 1 1
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LFMXO05-20TD, LFMXO05-20TDQ, LFMXO05-30TD, and LFMXO5-30TDQ

Pin BBG256 BBG400 BBG484

Total Power Pins 39 45 53

GND Pins

Vss 28 36 44

Vssanc 0

Vsssba 7 0 7

Total GND Pins 35 36 51

Dedicated Pins

Dedicated ADC Channels 2 2 2

(pairs)

Dedicated ADC Reference 2 2 2

Voltage Pins

Dedicated SERDES Pins 8 — 8

Dedicated Misc Pins

JTAG_EN 1 1 1

PROGRAMN 1 1 1

INITN 1 1 1

DONE 1 1 1

Total Dedicated Pins 18 10 18

Shared Pins
Bank 0 0 0 0
Bank 1 0 0 0
Bank 2 1 1 1
Bank 3 0 0 0
Bank 4 0 0 0

(Sigerl\;ie:uration Pins Bank 5 0 0 0
Bank 6 0 0 0
Bank 7 0 0 0
Bank 8 0 0 0
Bank 9 0 0 0
Bank 11 — — 0
Bank 0 0 0 0
Bank 1 0 0 0
Bank 2 4 4 4
Bank 3 0 0 0
Bank 4 0 0 0

Shared JTAG Pins Bank 5 0 0 0
Bank 6 0 0 0
Bank 7 0 0 0
Bank 8 0 0 0
Bank 9 0 0 0
Bank 11 — — 0
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Pin

LFMXO05-20TD, LFMXO05-20TDQ, LFMXO05-30TD, and LFMXO5-30TDQ

BBG256

BBG400

BBG484

Shared PCLK Pins

Bank 0

2

2

2

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

N[NNI [IN|IN|W|N

WIN|N|O[OIN|IN|W|N

Bank 11

Shared GPLL Pins

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

R lOlO|lO|N|O|O|O|O|O

RlOO|O|N|O|O|O|O|O

Bank 11

Shared VREF Pins

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

o|jofo|vM|MN|O|lO|O|O|O

oOjlofOo|INN|N|O|O|O|O|O

Bank 11

Shared ADC
Channels (Pairs)

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

oO|lo|lo|lV|N|O|lOo|Oo|O|O

oOlo|lOoO||n|OlO|O|O|O

Bank 11

O|O(CO|C|O|d|P|(OC|O|O|O(CO|O|OCO|O(O|IN|N[INIO|O|O|O(RP|O|O|O(N|O|O|O(OC|(C|O|W[IN|IN|O|OININ|W|N
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MachX05-NX Family Root-of-Trust Devices

Data Sheet

Pin

LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD, and LFMX05-30TDQ

BBG256

BBG400

BBG484

Bank 0

0

0

0

Bank 1

Bank 2

Bank 3

Shared

Bank 4

Comparator

Bank 5

Channels (Pairs)

Bank 6

Bank 7

Bank 8

Bank 9

oOlo|lo|lw|lw|(O|lO|O|O

oOlo|lOoO|lw|lw|(O|lO|O|O

Bank 11

Bank 0

Bank 1

Bank 2

Bank 3

Bank 4

Shared SGMI|
Channels (Pairs)

Bank 5

Bank 6

Bank 7

Bank 8

Bank 9

oO|ojlo|vV|O|O|O|O|O|O

oO|OoOlOo|NVN|O|O|O|O|O|O

Bank 11

olojo|0o|Oo|vV|(O|O|O|O|O|O|O|O|O|O|W|O|(W|O|O
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6. Ordering Information

Lattice Semiconductor provides a wide variety of services for its products including custom marking, factory
programming, known good die, and application specific testing. Contact your local sales representatives for
more details.

6.1. Part Number Description

LFMXOS XX XXX X XXXX X

Device Family —8 ———
MachXO5-NX FPGA Grade
C = Commercial
| = Industrial
Logic Capacity
15 = 14K Logic Cells
55 = 53K Logic Cells ——— Package
20 = 20K Logic Cells BBG256 = 256-ball, 0.80 mm, caBGA
30 = 30K Logic Cells BBG400 = 400-ball, 0.80 mm, caBGA
BBG484 = 484-ball, 0.80 mm, caBGA
Feature Speed (Same Number for HP and LP)
T = Transceiver 8 = Slow
D = Root of Trust 9 = Fast

DQ = Post Quantum Crypto Security and RoT
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6.2. Ordering Part Numbers

MachX05-NX devices have either of the top-side markings as shown in the examples below.

2 LATTICE

M SEMICONDUCTOR

MachXO5 - NX

LotID

B
arcode 00

Figure 6.1. Top Marking Diagram

6.2.1. Commercial

Part Number Speed Pins Temp. Logic Cells (k)
LFMXO5-15D-8BBG256C -8 256 Commercial 14
LFMXO5-15D-9BBG256C -9 256 Commercial 14
LFMXO5-15D-8BBG400C -8 400 Commercial 14
LFMXO5-15D-9BBG400C -9 400 Commercial 14
LFMXO5-20D-8BBG400C -8 400 Commercial 20
LFMXO5-20D-9BBG400C -9 400 Commercial 20
LFMXO5-30D-8BBG400C -8 400 Commercial 30
LFMXO5-30D-9BBG400C -9 400 Commercial 30
Part Number Speed Pins Temp. Logic Cells (k)
LFMX05-20TD-8BBG256C -8 256 Commercial 20
LFMX05-20TD-9BBG256C -9 256 Commercial 20
LFMXO5-20TD-8BBG484C -8 484 Commercial 20
LFMXO5-20TD-9BBG484C -9 484 Commercial 20
LFMXO05-30TD-8BBG256C -8 256 Commercial 30
LFMXO05-30TD-9BBG256C -9 256 Commercial 30
LFMXO5-30TD-8BBG484C -8 484 Commercial 30
LFMXO5-30TD-9BBG484C -9 484 Commercial 30
LFMXO5-55TD-8BBG400C -8 400 Commercial 53
LFMXO5-55TD-9BBG400C -9 400 Commercial 53
Part Number Speed Pins Temp. Logic Cells (k)
LFMXO5-20TDQ-8BBG256C -8 256 Commercial 20
LFMX05-20TDQ-9BBG256C -9 256 Commercial 20
LFMXO5-20TDQ-8BBG484C -8 484 Commercial 20
LFMXO5-20TDQ-9BBG484C -9 484 Commercial 20
LFMXO5-30TDQ-8BBG256C -8 256 Commercial 30
LFMXO5-30TDQ-9BBG256C -9 256 Commercial 30
LFMXO5-30TDQ-8BBG484C -8 484 Commercial 30
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Part Number Speed Pins Temp. Logic Cells (k)
LFMX05-30TDQ-9BBG484C -9 484 Commercial 30
LFMXO05-55TDQ-8BBG400C -8 400 Commercial 53
LFMXO5-55TDQ-9BBG400C -9 400 Commercial 53
Part Number Speed Pins Temp. Logic Cells (k)
LFMX05-20DQ-8BBG400C -8 400 Commercial 20
LFMX05-20DQ-9BBG400C -9 400 Commercial 20
LFMX05-30DQ-8BBG400C -8 400 Commercial 30
LFMXO05-30DQ-9BBG400C -9 400 Commercial 30
6.2.2. Industrial
Part Number Speed Pins Temp. Logic Cells (k)
LFMXO5-15D-8BBG256I -8 256 Industrial 14
LFMXO5-15D-9BBG256I -9 256 Industrial 14
LFMXO5-15D-8BBG400I -8 400 Industrial 14
LFMXO5-15D-9BBG400I -9 400 Industrial 14
LFMXO5-20D-8BBG400I -8 400 Industrial 20
LFMXO5-20D-9BBG400I -9 400 Industrial 20
LFMXO5-30D-8BBG400I -8 400 Industrial 30
LFMXO5-30D-9BBG400I -9 400 Industrial 30
Part Number Speed Pins Temp. Logic Cells (k)
LFMXO5-20TD-8BBG256I -8 256 Industrial 20
LFMXO5-20TD-9BBG256I -9 256 Industrial 20
LFMXO5-20TD-8BBG484l -8 484 Industrial 20
LFMXO5-20TD-9BBG484l| -9 484 Industrial 20
LFMXO5-30TD-8BBG256I -8 256 Industrial 30
LFMXO5-30TD-9BBG256I -9 256 Industrial 30
LFMXO5-30TD-8BBG484l -8 484 Industrial 30
LFMXO5-30TD-9BBG484l -9 484 Industrial 30
LFMXO5-55TD-8BBG400I -8 400 Industrial 53
LFMXO5-55TD-9BBG400I -9 400 Industrial 53
Part Number Speed Pins Temp. Logic Cells (k)
LFMX05-20DQ-8BBG400I -8 400 Industrial 20
LFMX05-20DQ-9BBG400I -9 400 Industrial 20
LFMX05-30DQ-8BBG400I -8 400 Industrial 30
LFMX05-30DQ-9BBG400I -9 400 Industrial 30
Part Number Speed Pins Temp. Logic Cells (k)
LFMXO5-20TDQ-8BBG256I -8 256 Industrial 20
LFMX0O5-20TDQ-9BBG256I -9 256 Industrial 20
LFMXO5-20TDQ-8BBG484I -8 484 Industrial 20
LFMXO5-20TDQ-9BBG484I -9 484 Industrial 20
LFMXO5-30TDQ-8BBG256I -8 256 Industrial 30
LFMXO5-30TDQ-9BBG256I -9 256 Industrial 30
LFMXO05-30TDQ-8BBG484I -8 484 Industrial 30
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MachX05-NX Family Root-of-Trust Devices

Data Sheet
Part Number Speed Pins Temp. Logic Cells (k)
LFMX05-30TDQ-9BBG484I -9 484 Industrial 30
LFMXO5-55TDQ-8BBG400I -8 400 Industrial 53
LFMXO5-55TDQ-9BBG400I -9 400 Industrial 53
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References

e MachX05-NX Family Data Sheet (FPGA-DS-02102)

e ADC User Guide for Nexus Platform (FPGA-TN-02129)

e Embedded Security and Function Block User Guide for MachXO5-NX (15D) Devices (FPGA-TN-02320)

e |2C Hardened IP User Guide for Nexus Platform (FPGA-TN-02142)

e Lattice Memory Mapped Interface and Lattice Interrupt Interface User Guide (FPGA-UG-02039)

e MachXO5-NX Hardware Checklist (FPGA-TN-02274)

e MachXO5-NX High-Speed I/0 Interface (FPGA-TN-02286)

e MachX05-NX Programming and Configuration UG (FPGA-TN-02271)

e Memory User Guide for Nexus Platform (FPGA-TN-02094)

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

e Single Event Upset (SEU) Report for Nexus Platform (FPGA-TN-02174)

e  Soft Error Detection (SED)/Correction (SEC) User Guide for Nexus Platform (FPGA-TN-02076)

e sub-LVDS Signaling Using Lattice Devices (FPGA-TN-02028)

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

e sysDSP User Guide for Nexus Platform (FPGA-TN-02096)

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

e Power Management and Calculation for Certus-NX, CertusPro-NX and MachX0O5-NX Devices
(FPGA-TN-02257)

o Thermal Management (FPGA-TN-02044)

e Using TracelD (FPGA-TN-02084)

The following documents are available under Non-Disclosure Agreement (NDA):

e MachX0O5-NX Provisioning Reference Design (FPGA-RD-02259)

e Embedded Security and Functional Block User Guide for MachX0O5-NX (15D) Devices (FPGA-TN-02320)

e Advanced Key Management User Guide for MachXO5-NX (FPGA-TN-02321)

e MachX0O5-NX Secure Lock Policy Editor and Settings User Guide (FPGA-TN-02326)

e MachX05-NX Secure Device Overview and Security Checklist (FPGA-TN-02332)

e Embedded Security and Function Block with Advanced Key Management for MachXO5-NX (55TD)
Devices (FPGA-TN-02353)

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

e JEDEC Standards (LVTTL, LVCMOS, SSTL) — www.jedec.org
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

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

Revision 1.4, May 2026

Section

Change Summary

Architecture

e  Updated figure caption of Figure 2.32. sysl/O Banking of
LFMX05-20TD/20TDQ/30TD/30TDQ Devices to the current.

e  Moved the following sub-sections from the original sysl/O Banking Scheme section to
the newly added sysl/O Considerations section:
e  Typical sysl/O I/O Behavior During Power-up;
e  VREF1 and VREF2;
e  sysl/O Standards Supported by 1/0 Bank;
e  Hot Socketing.

e  Added guidance on WRIO power-up sequencing and pull-down requirements to the
sysl/O Considerations section.

DC and Switching Characteristics
for LFMX05-15D Commercial and
Industrial

e  Table 3.3. Power Supply Ramp Rates:

. added tramp_vcciocrs Symbol;

e  added new note contents.

e Added guidance on WRIO power-up sequencing and pull-down requirements in the
Power up Sequence section.

e  Table 3.38. ADC Specifications1:
corrected the Unit for ERRorrser_apc to the current % FSapc.

DC and Switching Characteristics
for LFMXO5-20TD,
LFMX05-20TDQ, LFMX05-30TD,
LFMX0O5-30TDQ, LFMX0O5-55TD,
and LFMXO05-55TDQ Commercial
and Industrial

e  Table 4.3. Power Supply Ramp Rates:

e added tramp_vcciocre Symbol;

e  added new note contents.

e  Table 4.4. Power-On Reset1:

e added Vo2 to parameter for Vporup Symbol and updated the related device support
information.

e newly added Note.

e  Table 4.38. ADC Specifications1:
corrected the Unit for ERRorrser_apc to the current % FSapc.

Revision 1.3, January 2026

Section

Change Summary

Acronyms in This Document

Newly added HPIO and WRIO as well as their definition to the list.

General Description

e  Table 1.1. Specification Status for MachXO5-NX RoT Devices:
updated the Status to Production for LFMX05-55TDQ 8BBG400 and
LFMXO05-55TDQ 9BBG400 packages.
e  Table 1.2. MachXO5-NX RoT Commercial/Industrial Family Selection Guide:
e  for LFMXO5-20TD, LFMX05-20TDQ, LFMX05-30TD, updated the data for:
e Embedded Memory (EBR) Bits (18 kb);
e Embedded Memory (EBR) Bits (kb);
e Distributed RAM Bits (kb);
e Large Memory (LRAM) Blocks;
e Large Memory (LRAM) Bits (kb);
e  for LFMX05-30TDQ, updated the data for:
e Embedded Memory (EBR) Blocks (18 kb);
e Embedded Memory (EBR) Bits (kb);
e Distributed RAM Bits (kb);
e 18 x 18 Multipliers;
e  for LFMXO5-55TD, updated the data for:
e Large Memory (LRAM) Blocks;
e Large Memory (LRAM) Bits (kb);
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Section

Change Summary

e  for LFMXO5-55TDQ, updated the data for:
e Large Memory (LRAM) Bits (kb);

e removed Wide Range (WR) GPIO (Top/Left/Right Banks)/High Performance (HP)
GPIOs (Bottom Banks) from Packages (Size, Ball, Pitch);

e  for LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD, and LFMX05-30TDQ, updated
the data for:
e BBG256 (14 x 14 mm, 0.8 mm);
e BBG400 (17 x 17 mm, 0.8 mm);
e BBG484 (19 x19 mm, 0.8 mm).
e  Table 2.14. Supported Security Features for Various RoT Devices:
newly added ML-KEM Encapsulation/Decapsulation Key Pair Generation to Security
Features as well as its related information.

Architecture

e Updated figure caption for Figure 2.20. Group of Two High Performance Programmable
1/0 (HPIO) Cells and Figure 2.21. Wide Range Programmable I/0O (WRIO) Cells to the
current.

e  Updated the description of the sysl/O Banking Scheme section to the current.

e  Updated the figure caption for Figure 2.31. sysl/O Banking of LFMXO5-55TD/55TDQ
Devices.

e Newly added Figure 2.32. sysl/O Banking of MachX05-20TD/20TDQ/30TD/30TDQ
Devices to the current.

DC and Switching Characteristics
for LFMX05-15D Commercial and
Industrial

e  Table 3.4. Power-On Reset:
updated the Parameter for Veoron Symbol to Power-On-Reset ramp-down trip point
(Monitoring VCC and VCCAUX).

e  Table 3.42. sysCONFIG Port Timing Specifications:
newly added tinr. and its related information.

e  Table 3.44. Test Fixture Required Components, Non-Terminated Interfacesl:
updated all the original > to to in Test Condition.

DC and Switching Characteristics
for LFMX05-20TD, LFMXO5-
20TDQ, LFMXO05-30TD, LFMXO5-
30TDQ, LFMXO5 55TD, and
LFMXO5-55TDQ Commercial and
Industrial

e  Table 4.1. Absolute Maximum Ratings:

e newly added Vccauxrs to the original Vecaux, Vecauxa, VecauxHs, VecauxHa, Vecauxhs
symbol;

e added LFMXO5-55TD/LFMXO05-55TDQ to the Parameter for Vccioo, 1,2, 5,7 and
Vccios, 4,55

e newly added Vcciog, 1,2, 3,1,7,8, 9,11 and Vccios, s as well as their related information.

e  Table 4.2. Recommended Operating Conditions:

e updated Conditions to the current for Vccaux symbol;

e  updated the Vccauxns/azs/s Nname and its Conditions to the current;

e updated Conditions to the current for Vccio symbol.

e Table 4.4. Power-On Reset:
updated the Parameter for Vporon Symbol to Power-On-Reset ramp-down trip point
(Monitoring VCC and VCCAUX).

e Table 4.14. sysl/O Recommended Operating Conditions:

e added supported banks information separately for LFLMXO5-55TD/LFMXO5-
55TDQ and LFMX05-20TD/LFMX05-20TDQ/LFMX05-30TD/LFMX05-30TDQ;

e updated Note 1b, Note 1c, Note 1d, Note 3, Note 4, Note 7, and Note 9 contents
regarding bank support to the current.

e  Table 4.15. sysl/O DC Electrical Characteristics — Wide Range 1/0 (Over Recommended
Operating Conditions):
updated Note 5 contents regarding bank to the current.

e Table 4.17.1/0 Resistance Characteristics (Over Recommended Operating Conditions):
updated Test Conditions regarding bank to the current for Rpiee and SE Input
Termination parameters.

e  sysl/O Differential DC Electrical Characteristics:

e updated the bank information to the current in the LVDS section;
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Section Change Summary

e updated the bank information to the current in Note 1 of Table 4.20. LVDS DC
Electrical Characteristics (Over Recommended Operating Conditions)1;
e  updated the bank information to the current in the SubLVDSE/SubLVDSEH (Output
Only) section;
e updated the bank information to the current in the SLVS section.
e Table 4.44. sysCONFIG Port Timing Specifications:
newly added tyt. symbol and its related information.
e  Table 4.46. Test Fixture Required Components, Non-Terminated Interfacesl:
updated all the original > to to in Test Condition.

Pinout Information Table 5.1. Signal Description:
e newly added the Dedicated SERDES I/O Pins section and the related information;

e added [T] = For single-ended signaling, use only PCLKT pins as primary CLK pads to
PBxxx/PCLK[T,C][X-Y] [0-3]/yyyy signal in the Shared CLOCK Pin section.

Revision 1.2, October 2025

Section Change Summary
All For MachXO5-NX TDQ parts release.
General Description e Added PQC capability the description.

e  Added Post-Quantum safe algorithm support (TDQ devices only) — LMS, XMSS, ML-DSA,
ML-KEM, SHA3 and SHAKE to the Features.

e  Updated Table 1.1. Specification Status for MachXO5-NX RoT Devices adding
LFMXO05-20TD, LFMX05-20TDQ, LFMX05-30TD, LFMX05-30TDQ, LFMX0O5-55TDQ and
their related information.

e  Updated Table 1.2. MachXO5-NX RoT Commercial/Industrial Family Selection Guide
adding LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD, LFMX05-30TDQ, LFMXO5-
55TDQ and their related information such as BBG484 package.

Architecture Cryptographic Engine:
e made editorial update to the description for the support of LFMX05-20TD,
LFMXO5-20TDQ, LFMX05-30TD, LFMX05-30TDQ, LFMXO05-55TDQ parts;

e newly added Table 2.14. Supported Security Features for Various RoT Devices;
e updated Figure 2.35. Embedded Security Function Block (ESFB) Block Diagram.

DC and Switching Characteristics e  Table 3.2. Recommended Operating Conditions:
for LFMX05-15D Commercial and e added Bank 2 to Vccio Conditions;

Industrial e removed the original Note 4.

DC and Switching Characteristics e Updated the section title to the current.

for LFMX05-20TD, e  Table 4.2. Recommended Operating Conditions:
LFMX05-20TDQ, LFMXO5-30TD, e added Bank 7 to Vccio Conditions;

LFMX05-30TDQ,, and e removed the original Note 4.
LFMXO5-55TD and
LFMXO5-55TDQ Commercial and

Industrial

Pinout Information e  Table 5.1. Signal Description:

e updated VCCIOx Bank and Description;

e updated the JTAG_EN Description to This pin is not applicable to LFMX05-55TD
and LFMX05-55TDQ.This input selects the JTAG shared GPIO to be used for JTAG;

e  updated the PROGRAMN Description to On Bank 0 for LFMX05-55TD and
LFMXO5-55TDQ; On Bank 1 for LFMXO5-15D, LFMX05-20TD, LFMX05-20TDQ,
LFMXO5-30TD and LFMX05-30TDQ;

e updated the INITN Description to On Bank 0 for LFMX05-55TD and LFMXO5-
55TDQ; On Bank 1 for LFMX05-15D, LFMXO5-20TD, LFMX05-20TDQ, LFMXO5
307D, and LFMX05-30TDQ;
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Section

Change Summary

e updated the DONE description to On Bank 0 for LFMXO5-55TD and LFMXO5-
55TDQ; On Bank 1 for LFMX05-15D, LFMX05-20TD, LFMX05-20TDQ, LFMXO5-
307D, and LFMX05-30TDQ;

e added LFMX05-20TD/LFMX05-20TDQ/LFMX05-30TD/LFMX05-30TDQ to Shared
User GPIO Pins;

e removed all the yyyy: Other possible selectable specific functional from Shared
JTAG Pins;

e newly added Shared JTAG Pins (for LFMXO5-55TD and LFMXO5-55TDQ);

e newly added Shared SSPI Pins (For LFMXO5-55TD and LFMXO5-55TDQ).

e  Table 5.2. Pin Information Summary of LFMX05-15D, LFMX05-55TD, and LFMXO5-
55TDQ:

newly added LFMXO5-NX-55TDQ and adjusted related data.

e Table 5.3. Pin Information Summary of LFMX05-20TD, LFMX05-20TDQ, LFMX05-30TD,
and LFMX05-30TDQ:

newly added this table.

Ordering Information

e  Updated the Part Number Description.

e Newly added the following parts and their related information to the Ordering
Information section:

e  LFMXO05-20TD-8BBG256C
e  LFMXO05-20TD-9BBG256C
e  LFMXO05-20TD-8BBG256!

e  LFMXO05-20TD-9BBG256!

e  LFMXO5-30TD-8BBG256C
e  LFMXO5-30TD-9BBG256C
e  LFMXO5-30TD-8BBG256!

e  LFMXO5-30TD-9BBG256!

e LFMXO05-20D-8BBG400C

e LFMX05-20D-9BBG400C

e  LFMXO05-20D-8BBG400I

e  LFMXO05-20D-9BBG400I

e LFMXO05-30D-8BBG400C

e LFMXO05-30D-9BBG400C

e  LFMXO05-30D-8BBG400I

e  LFMXO05-30D-9BBG400I

e  LFMXO05-20TD-8BBG484C
e  LFMXO05-20TD-9BBG484C
e  LFMXO05-20TD-8BBG484I

e  LFMXO05-20TD-9BBG484I

e  LFMXO5-30TD-8BBG484C
e  LFMXO5-30TD-9BBG484C
e  LFMXO5-30TD-8BBG484I

e  LFMXO5-30TD-9BBG484I

e LFMX05-20TDQ-8BBG256C
e LFMX05-20TDQ-9BBG256C
e LFMX0O5-20TDQ-8BBG256I
e LFMX0O5-20TDQ-9BBG256I
e LFMXO05-30TDQ-8BBG256C
e LFMXO05-30TDQ-9BBG256C
e LFMXO5-30TDQ-8BBG256I
e LFMXO5-30TDQ-9BBG256I
e LFMX05-20DQ-8BBG400C
e LFMX05-20DQ-9BBG400C
e LFMX05-20DQ-8BBG400I
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Section

Change Summary

LFMXO5-20DQ-9BBG400I
LFMX05-30DQ-8BBG400C
LFMX05-30DQ-9BBG400C
LFMX05-30DQ-8BBG400I
LFMX05-30DQ-9BBG400I
LFMX05-20TDQ-8BBG484C
LFMX05-20TDQ-9BBG484C
LFMX05-20TDQ-8BBG484I
LFMX05-20TDQ-9BBG484I
LFMXO5-30TDQ-8BBG484C
LFMXO5-30TDQ-9BBG484C
LFMXO5-30TDQ-8BBG484I
LFMXO5-30TDQ-9BBG484I
LFMXO5-55TDQ-8BBG400C
LFMXO05-55TDQ-9BBG400C
LFMXO05-55TDQ-8BBG400I
LFMXO05-55TDQ-9BBG400I

Revision 1.1, August 2025

Section

Change Summary

All

For LFMXO05-15D Production release.

General Description

Table 1.1. Specification Status for MachXO5-NX RoT Devices:

updated the Status to Production for all the LFMX05-15D packages.

Table 1.2. MachX05-NX RoT Commercial/Industrial Family Selection Guide:

e  for LFMXO5-15D part, updated the value to the current for the following:

Distributed RAM Bits (kb),
ADC Blocks.

e  for LFMXO5-55TD part, updated the value to the current for the following:

Embedded Memory (EBR) Blocks (18 kb),
Embedded Memory (EBR) Bits (kb),
Large Memory (LRAM) Blocks,

Large Memory (LRAM) Bits (kb),

18 x 18 Multipliers, and

ADC Blocks.

e changed ADC Blocks to ADC Blocks with Two SAR ADCs;
e changed UFM (kB) to UFM (Byte);
e removed the original Note 1.

Architecture

e  Removed description about PROGRAMN pin, BootROM image, as well as CFG1 image

from the Device Configuration section.

e  Updated the Dual-Boot Image Support section title to the current removing Multi-Boot.
e  Updated Figure 2.35. Embedded Security Function Block (ESFB) Block Diagram.

Pinout Information

Table 5.1. Signal Description:
e  forJTAG_EN:

e newly added PROGRAMN, INITN, and DONE and their related information to the

removed For LFMX05-55TD, connect this pin to ground from the Description;

updated description to This pin is applicable to LFMX05-15D only;

removed On Bank 2 for LFMXO05-15D devices, On Bank 1 for LFMX0O5-NX-55TD

devices from the Description.

Dedicated Configuration 1/O Pin section.
Table 5.2. Pin Information Summary:
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Change Summary

for LFMXO05-55TD BBG400, updated Bank O value to 15 for General Purpose
Inputs/Outputs per Bank;

for LFMX05-15D BBG256, updated Bank 1 value to 29 for General Purpose
Inputs/Outputs per Bank;

for LFMX05-15D BBG400, updated Bank 1 value to 33 for General Purpose
Inputs/Outputs per Bank;

for LFMX05-15D BBG256, updated Total Single-Ended User I/O value to 196;

for LFMX05-15D BBG400, updated Total Single-Ended User I/O value to 296;

for LFMX05-55TD BBG400, updated Total Single-Ended User I/0 value to 288;

for LFMX05-55TD BBG400, updated Total Differential /O value to 143;

newly added Vssg pin and its related information;

for LFMXO05-55TD BBG400, updated Total GND pins value to 17;

newly added PROGRAMN, INITN, DONE and their related information to Dedicated Misc
Pins;

for LFMXO05-55TD BBG400, updated Bank 0 value to O for Shared Configuration Pins;
for LFMXO05-55TD BBG400, updated Bank 1 value to 0 for Shared Configuration Pins;
for LFMX05-15D BBG256, updated Bank 2 value to 1 for Shared Configuration Pins;
for LFMX05-15D BBG400, updated Bank 2 value to 1 for Shared Configuration Pins;
for LFMXO05-55TD BBG400, updated Bank 7 value to 7 for Shared Configuration Pins;
for LFMXO05-55TD BBG400, updated Bank 1 value to 0 for Shared JTAG Pins;

for LFMXO05-55TD BBG400, updated Bank 7 value to 4 for Shared JTAG Pins;

for LFMXO05-55TD BBG400, updated Bank 4 value to 0 for Shared GPLL Pins.

Ordering Information

Updated Logic Capacity to 15D = 14K Logic Cells, 55TD = 53K Logic Cells with Root of

Trust Security, BBG256 = 256-ball, 0.80 mm, caBGA, BBG400 = 400-ball, 0.80 mm,

caBGA in the Part Number Description section.

Updated Figure 6.1. Top Marking Diagram to the current.

Commercial:

e  updated Logic Cells (k) value to 14 for LFMX05-15D-8BBG256C, LFMX05-15D-
9BBG256C, LFMX05-15D-8BBG400C, and LFMX05-15D-9BBG256C;

e updated Logic Cells (k) value to 53 for LFMX0O5-55TD-8BBG400C and LFMXO5-
55TD-9BBG400C;

e removed the original Package column.

Industrial:

e  updated Logic Cells (k) value to 14 for LFMX05-15D-8BBG256|, LFMX05-15D-
9BBG256I, LFMX05-15D-8BBG400I, and LFMX05-15D-9BBG400I;

e  updated Logic Cells (k) value to 53 for LFMXO5-55TD-8BBG400I and LFMX05-55TD-
9BBG400I;

e removed the original Package column.

Revision 1.0, April 2025

Section

Change Summary

All

For LFMXO5-55TD Production release.

General Description

General Description:

o changed 512-bit to 521-bit key strength;

e removed and password protection.

Features:

e removed JTAG, SPI, 12C, and I13C;

e  added using ECDSA 256 bit to Bitstream authentication;

e  removed AES 128 Encryption;

e removed Soft Error Injection — Emulate SEU even to debug system error handling.
Newly added Table 1.1. Specification Status for MachXO5-NX RoT Devices.

Table 1.2. MachXO5-NX RoT Commercial/Industrial Family Selection Guide:
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e  updated Bitstream Authentication for LFMXO5-55TD to the current;
e updated UFM (kB) for LFMXO5-15D and LFMXO5-55TD to the current;
e newly added Note 4.

Architecture

Removed MachXO5-NX devices also provide multiple blocks of User Flash Memory

(UFM). The UFM interfaces to the core logic and completes the routing through the

LMMI interface. The UFM space also provides the User Key storage for customer

security functions. The UFM can also be accessed through the SPl and JTAG ports from

the Overview section.

Added the following to the User Flash Memory (UFM) section:

. LFMXO5-55TD JTAG provided the JTAG register interface is not locked in customer
lock policy;

e You can define up to eight UFM sectors, the starting address of each UFM sector
and the size of UFM in customer policy.

Removed the original Table 2.14. UFM Size.

Added The Trace ID can be read by executing the ESFB API, refer to Embedded Security

and Function Block User Guide for MachX05-NX (15D) (FPGA-TN-02320) and Embedded

Security and Function Block with Advanced Key Management for MachX05-NX (55TD)

Devices (FPGA-TN-02353) for ESFB API detail information to the Trace ID section.

Cryptographic Engine:

e added ECDSA-256/384 and RSA-3K/4K;

e  added ECDSA-256/384/521 (only LFMXO5-55TD supports 521 bit;

. added AES-CBC for LFMX05-15D, AES-GCM for LFMXO5-55TD;

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

e added and Embedded Security and Function Block with Advanced Key Management
for MachX05-NX (55TD) Devices (FPGA-TN-02353).

DC and Switching Characteristics
for LFMX05-15D Commercial and
Industrial

Removed:

Note: All the data in this section is preliminary. The specifications included in this
section are subject to change without prior notice.

from general description.

Removed SSPI, 12C, and I3C port support from Note 4 of Table 3.2. Recommended
Operating Conditions.

Removed the CRE IP from the LMMI section.

DC and Switching Characteristics
for LFMXO5-55TD Commercial
and Industrial

Removed SSPI, 12C, and I13C port support from Note 4 of Table 4.2. Recommended
Operating Conditions.

Removed the CRE IP from the LMMI section.

Pinout Information

Table 5.1. Signal Description:

e updated JTAG_EN signal description reflecting the differences between
LFMXO5-55TD and LFMXO5-15D devices;

e  updated Shared User GPIO Pins usage reflecting the usage for LFMXO5-NX-15D
device;

e updated Shared JTAG Pins to Applicable to LFMX05-NX-15D only.

Updated JTAGEN to JTAG_EN in Table 5.2. Pin Information Summary.

Ordering Information

Removed LFMX05-15D-8BBG400IAQA and its related data from the Industrial section

Revision 0.82, October 2024

Section

Change Summary

All

Changed SerDes to SERDES across the document.

DC and Switching Characteristics
for LFMX05-15D Commercial and
Industrial

Table 3.42. sysCONFIG Port Timing Specifications:
. Changed tprocramn tO teroGRAMN_L;
e Newly added terocramn_n @and added its related information;
(] For tINITiHIGH symbol:
updated the Typ.to —;
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updated the Max to 40;
removed 55 from the Max.
[ ] Updated tINIT_HIGH Max to 40;
(] Updated tDONE_LOW Max to 55;
[ ] Updated tDONE_HIGH Max to 2;
[ ] For tiobiss symbol:
removed its original Min value;
updated its Max to 125.
e  Newly added Figure 3.15. Configuration Error Notification.

DC and Switching Characteristics
for LFMXO5-55TD Commercial
and Industrial

e  Removed the Note about preliminary data from the introductory paragraph.
e Table 4.14. sysl/O Recommended Operating Conditions:
updated bank information in Notes 1, 3, 4, and 7.
e  Table 4.44. sysCONFIG Port Timing Specifications:
° Changed tprocramn tO teroGRAMN_L;
e Newly added terogramn_n and added its related information;
(] For tINIT_HIGH symbol:
updated the Typ.to —;
updated the Max to 50.
(] Updated tDONE_LOW Max to 55;
(] Updated tDONE_HIGH Max to 2;
e  For tiopiss symbol:
removed its original Min value;
updated its Max to 125.
o Newly added Figure 4.15. Configuration Error Notification.

Pinout Information

For Vcciox, updated the description showing differences among different parts.

Revision 0.81, June 2024

Section

Change Summary

Acronyms in this Document

Added STAPL.

General Description

Changed Endpoint and Root Complex to Endpoint in the Features section.

Architecture

e  |EEE 1149.1-Compliant Boundary Scan Testability section:
e added For LFMXO05-55TD device, the test access port must be enabled by loading a
configuration image into the device prior to IEEE 1149.1 BSCAN test access;
e removed For more information, refer to MachXO5-NX Programming and
Configuration User Guide (FPGA-TN-02271).
e  Device Configuration section:
e made general update to the description;
e removed the original Enhanced Configuration Options subsection;
e reworded the Dual-Boot Image Support subsection.

e Changed Endpoint and Root Complex to Endpoint in the Peripheral Component
Interconnect Express (PCle) section.

e  Made general update to the User Flash Memory (UFM) section.

DC and Switching Characteristics
for LFMX05-15D Commercial and
Industrial

e  Removed and follow the SMIA 1.0, Part 2: CCP2 Specification from the SubLVDS (Input
Only) section.

e  Table 3.34. External Switching Characteristics (VCC = 1.0 V):
e updated the unit for tpvs_cporxa Symbol;
e updated description and unit for tpqua_sporxa Symbol;
e  updated description for fuyax_sporxa Symbol;
e  updated description for fpcixk symbol’
e removed all =7 device related data.

e  Removed the Flash Download Time section.
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Change Summary

Removed Flash Program and Erase Current section.

Table 3.38. ADC Specifications1:

. newly added Note 4;

e changed the Max value to 50 for the fcik_anc symbol;

. removed DCcik_apc Symbol from the table;

e  changed the condition to @Sampling Frequency = 1 Mbps for finpur_apc Symbol;

e removed the original condition for Rin_apc symbol.

Table 3.42. sysCONFIG Port Timing Specifications:

e  changed Slave SPI/12C/I3C POR/REFRESH Timing to POR Timing;

e updated the parameter for tmspi_inin Symbol to Time during POR, from VCC,
VCCAUX, VCCIOO or VCCIO1 (whichever is the last) pass POR trip voltage to pull
PROGRAMN LOW to prevent entering self-down mode;

[ ] removed tACT_PROGRAMN_H, tCONFIG_CCLK, and TCONFIG_SCLK symbols and their related data;

. removed all the Slave SPI, 12C/13C, and Wake-Up Timing symbols and their related
data.

Removed the original Figure 3.14 Slave SPI/I2C/I3C POR/REFRESH Timing.

Figure 3.14. PROGRAMN Timing:

e renamed to the current figure caption;

e removed CCLK, SSI, SCL, SDA signals and related waveform from this figure;

e removed tact_procramn_H from this figure.

Removed the original Figure 3.16 Slave SPI Configuration Timing.

Removed the original Figure 3.17 12C/I3C Configuration Timing.

Removed the original Figure 3.18 Slave SPI 12C/I3C Wake-up Timing.

DC and Switching Characteristics
for LFMXO05-20TD, LFMXO5-
20TDQ, LFMX05-30TD, LFMXO5-
30TDQ, LFMX05-55TD, and
LFMXO05-55TDQ Commercial and
Industrial

Table 4.34. External Switching Characteristics (VCC=1.0 V):

e  updated the unit for tovs_cporxa Symbol;

e  updated description and unit for toqva_sporxa Symbol;

e  updated description for fuax_sporxa Symbol;

e updated description for fpcix symbol;

e removed all removed all =7 device related data.

Removed the Flash Download Time section.

Removed Flash Program and Erase Current section.

Table 4.38. ADC Specifications1:

e newly added Note 4;

e changed the Max value to 50 for the fcik_apc symbol;

Table 4.44. sysCONFIG Port Timing Specifications:

e changed Slave SPI/12C/I3C POR/REFRESH Timing to POR Timing;

e updated the parameter for tmspi_inin Symbol to Time during POR, from VCC,
VCCAUX, VCCIOO0 or VCCIO1 (whichever is the last) pass POR trip voltage to pull
PROGRAMN LOW to prevent entering self-down mode;

(] removed tACTﬁPROGRAMNiH, tCONFIGfCCLK, and TCONFIGfSCLK symbols and their related data;

e removed all the Slave SPI, 12C/I13C, and Wake-Up Timing symbols and their related
data.

Removed the original Figure 4.14 Slave SPI/I2C/I3c POR/REFRESH Timing,

Figure 4.14. PROGRAMN Timing:

e renamed to the current figure caption;

e removed CCLK, SSI, SCL, SDA signals from this figure;

e removed tact_procramn_H from this figure.

Removed the original Figure 4.16. Slave SPI Configuration Timing,

Removed the original Figure 4.17. 12C /I3C Configuration Timing.

Removed the original Figure 4.18. Slave SPI/12C/I3C Wake-Up Timing.

Pinout Information

Table 5.1. Signal Description:
e removed Shared configurations Pins;
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Change Summary

e removed the following signals and their related data
e PRxxx /SDA/USER_SDA
e PRxxx /SCL/USER_SCL
e PRxxx/TDO/SSO
e PRxxx/TDI/SSI
e  PRxxx/TMS/SCSN
e PRxxx/TCK/SCLK
e  PTxxx/MCSNO
e PTxxx/PROGRAMN
e  PTxxx/INITN
e PTxxx/DONE

e  Added Total Differential I/O area and related data to Table 5.2. Pin Information
Summary.

Ordering Information

Newly added LFMX05-15D-8BBG400IAQA and its related data to the Industrial section.

Supplemental Information

Newly added the following:
The following documents are available under Non-Disclosure Agreement (NDA):
e  MachXO5-NX Provisioning Reference Design (FPGA-RD-02259)

e  Embedded Security and Functional Block User Guide for MachXO5-NX Devices (FPGA-
TN-02320)

e  Advanced Key Management User Guide for MachXO5-NX (FPGA-TN-02321)
e MachXO5-NX Secure Lock Policy Editor and Settings User Guide (FPGA-TN-02326)
e MachX0O5-NX Secure Device Overview and Security Checklist (FPGA-TN-02332)

e  Embedded Security and Function Block with Advanced Key Management for MachX05-
NX (55TD) Devices (FPGA-TN-02353)

Revision 0.80, March 2024

Section

Change Summary

All

Initial preliminary release.
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