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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.

Details

Product Status Active

Number of LABs/CLBs 264

Number of Logic Elements/Cells 2112

Total RAM Bits 75776

Number of I/O 206

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 256-VFBGA

Supplier Device Package 256-CSFBGA (9x9)
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Features
 Solutions

• Smallest footprint, lowest power, high data 
throughput bridging solutions for mobile applica-
tions

• Optimized footprint, logic density, IO count, IO 
performance devices for IO management and 
logic applications

• High IO/logic, lowest cost/IO, high IO devices for 
IO expansion applications

 Flexible Architecture
• Logic Density ranging from 640 to 9.4K LUT4 
• High IO to LUT ratio with up to 384 IO pins

 Advanced Packaging 
• 0.4 mm pitch: 1K to 4K densities in very small 

footprint WLCSP (2.5 mm x 2.5 mm to 
3.8 mm x 3.8 mm) with 28 to 63 IOs

• 0.5 mm pitch: 640 to 6.9K LUT densities in 
6 mm x 6 mm to 10 mm x 10 mm BGA packages 
with up to 281 IOs

• 0.8 mm pitch: 1K to 9.4K densities with up to 
384 IOs in BGA packages

 Pre-Engineered Source Synchronous I/O
• DDR registers in I/O cells 
• Dedicated gearing logic 
• 7:1 Gearing for Display I/Os 
• Generic DDR, DDRx2, DDRx4

 High Performance, Flexible I/O Buffer
• Programmable sysIOTM buffer supports wide 

range of interfaces: 
— LVCMOS 3.3/2.5/1.8/1.5/1.2 
— LVTTL 
— LVDS, Bus-LVDS, MLVDS, LVPECL 
— MIPI D-PHY Emulated 
— Schmitt trigger inputs, up to 0.5 V 

hysteresis 
• Ideal for IO bridging applications 
• I/Os support hot socketing 
• On-chip differential termination 
• Programmable pull-up or pull-down mode 

 Flexible On-Chip Clocking
• Eight primary clocks 
• Up to two edge clocks for high-speed I/O inter-

faces (top and bottom sides only) 
• Up to two analog PLLs per device with frac-

tional-n frequency synthesis 
— Wide input frequency range 

(7 MHz to 400 MHz) 

 Non-volatile, Multi-time Programmable
• Instant-on 

— Powers up in microseconds 
• Optional dual boot with external SPI memory
• Single-chip, secure solution
• Programmable through JTAG, SPI or I2C 
• MachXO3L includes multi-time programmable 

NVCM
• MachXO3LF infinitely reconfigurable Flash

— Supports background programming of non-
volatile memory 

 TransFR Reconfiguration
• In-field logic update while IO holds the system 

state

 Enhanced System Level Support
• On-chip hardened functions: SPI, I2C, timer/

counter 
• On-chip oscillator with 5.5% accuracy 
• Unique TraceID for system tracking 
• Single power supply with extended operating 

range 
• IEEE Standard 1149.1 boundary scan 
• IEEE 1532 compliant in-system programming 

 Applications
• Consumer Electronics
• Compute and Storage
• Wireless Communications
• Industrial Control Systems
• Automotive System 

 Low Cost Migration Path 
• Migration from the Flash based MachXO3LF to 

the NVCM based MachXO3L
• Pin compatible and equivalent timing

MachXO3 Family Data Sheet
Introduction
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Table 1-1. MachXO3L/LF Family Selection Guide

Introduction
MachXO3TM device family is an Ultra-Low Density family that supports the most advanced programmable bridging 
and IO expansion. It has the breakthrough IO density and the lowest cost per IO. The device IO features have the 
integrated support for latest industry standard IO. 

The MachXO3L/LF family of low power, instant-on, non-volatile PLDs has five devices with densities ranging from 
640 to 9400 Look-Up Tables (LUTs). In addition to LUT-based, low-cost programmable logic these devices feature 
Embedded Block RAM (EBR), Distributed RAM, Phase Locked Loops (PLLs), pre-engineered source synchronous 
I/O support, advanced configuration support including dual-boot capability and hardened versions of commonly 
used functions such as SPI controller, I2C controller and timer/counter. MachXO3LF devices also support User 
Flash Memory (UFM). These features allow these devices to be used in low cost, high volume consumer and sys-
tem applications.

The MachXO3L/LF devices are designed on a 65nm non-volatile low power process. The device architecture has 
several features such as programmable low swing differential I/Os and the ability to turn off I/O banks, on-chip PLLs 

Features
MachXO3L-640/
MachXO3LF-640

MachXO3L-1300/
MachXO3LF-1300

MachXO3L-2100/
MachXO3LF-2100

MachXO3L-4300/
MachXO3LF-4300

MachXO3L-6900/
MachXO3LF-6900

MachXO3L-9400/
MachXO3LF-9400

LUTs 640  1300  2100  4300 6900 9400

Distributed RAM (kbits) 5  10  16  34  54 73

EBR SRAM (kbits) 64  64  74  92  240 432

Number of PLLs 1 1 1 2 2 2

Hardened 
Functions:

I2C 2 2 2 2 2 2

SPI 1 1 1 1 1 1

Timer/Counter 1 1 1 1 1 1

Oscillator 1 1 1 1 1 1

MIPI D-PHY Support Yes Yes Yes Yes Yes Yes

Multi Time Programmable 
NVCM MachXO3L-640 MachXO3L-1300 MachXO3L-2100 MachXO3L-4300 MachXO3L-6900 MachXO3L-9400

Programmable Flash MachXO3LF-640 MachXO3LF-1300 MachXO3LF-2100 MachXO3LF-4300 MachXO3LF-6900 MachXO3LF-9400

Packages IO
36-ball WLCSP1

(2.5 mm x 2.5 mm, 0.4 mm) 28

49-ball WLCSP1

(3.2 mm x 3.2 mm, 0.4 mm) 38

81-ball WLCSP1

(3.8 mm x 3.8 mm, 0.4 mm) 63

121-ball csfBGA1

(6 mm x 6 mm, 0.5 mm)

256-ball csfBGA1

(9 mm x 9 mm, 0.5 mm)

324-ball csfBGA1

(10 mm x 10 mm, 0.5 mm)

256-ball caBGA2

(14 mm x 14 mm, 0.8 mm)

324-ball caBGA2

(15 mm x 15 mm, 0.8 mm)

400-ball caBGA2

(17 mm x 17 mm, 0.8 mm)

484-ball caBGA2

(19 mm x 19 mm, 0.8 mm)

1. Package is only available for E=1.2 V devices.
2. Package is only available for C=2.5 V/3.3 V devices.

100 100 100

206 206 206 206

268 268 281

206 206 206 206

279 279 279

335 335

100

206

206

335

384
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Architecture Overview
The MachXO3L/LF family architecture contains an array of logic blocks surrounded by Programmable I/O (PIO). All 
logic density devices in this family have sysCLOCK™ PLLs and blocks of sysMEM Embedded Block RAM (EBRs). 
Figure 2-1 and Figure 2-2 show the block diagrams of the various family members.

Figure 2-1. Top View of the MachXO3L/LF-1300 Device

sysMEM Embedded
Block RAM (EBR)

sysCLOCK PLL

PIOs Arranged into
sysIO Banks 

Programmable Function Units
with Distributed RAM (PFUs) 

Embedded Function
Block (EFB) 

NVCM1/UFM

Configuration 
NVCM0/Flash

 

Notes:
• MachXO3L/LF-640 is similar to MachXO3L/LF-1300. MachXO3L/LF-640 has a lower LUT count.
• MachXO3L devices have NVCM, MachXO3LF devices have Flash.

MachXO3 Family Data Sheet
Architecture
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Figure 2-5. Primary Clocks for MachXO3L/LF Devices

Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2-6. One of the eight 
inputs to the secondary high fanout net input mux comes from dual function clock pins and the remaining seven 
come from internal routing. The maximum frequency for the secondary clock network is shown in MachXO3L/LF 
External Switching Characteristics table.
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Figure 2-13. Input Gearbox 

More information on the input gearbox is available in TN1281, Implementing High-Speed Interfaces with MachXO3 
Devices.

D   Q

D

ECLK0/1 SCLK 

Q21 

Q0_ 

S2 

S0 
D   Q

D   Q
T2 

T0 
Q0 

Q2 

D   Q

D   Q
CE 

D   Q
CE 

D   Q
Q65 

Q43 

S6 

S4 
D   Q

D   Q
T6 

T4 
D   Q

cdn

D   Q
CE 

D   Q

cdn

CE 

D   Q
Q54 

Q_6 

S3 

S5 
D

D
T3 

T5 

Q6 

D   Q

D   Q
CE 

D   Q
CE 

D   Q
Q10 

Q32 

S1 
D

T1 

D   Q

D   Q
CE 

Q65 

Q65 

Q43 

Q43 

Q21 

Q10 

Q21 

Q32 

Q54 

Q_6 

Q54 

Q32 

SEL0

Q4 

Q5 

Q1 

Q3 

S7 
D   Q

T7 
D   Q
CE 

Q7 

UPDATE 

Q_6 

http://www.latticesemi.com/view_document?document_id=50122
http://www.latticesemi.com/view_document?document_id=50122


2-23

Architecture
MachXO3 Family Data Sheet

sysIO Buffer
Each I/O is associated with a flexible buffer referred to as a sysIO buffer. These buffers are arranged around the 
periphery of the device in groups referred to as banks. The sysIO buffers allow users to implement a wide variety of 
standards that are found in today’s systems including LVCMOS, TTL, PCI, LVDS, BLVDS, MLVDS and LVPECL. 

Each bank is capable of supporting multiple I/O standards. In the MachXO3L/LF devices, single-ended output buf-
fers, ratioed input buffers (LVTTL, LVCMOS and PCI), differential (LVDS) input buffers are powered using I/O sup-
ply voltage (VCCIO). Each sysIO bank has its own VCCIO.

MachXO3L/LF devices contain three types of sysIO buffer pairs. 

1. Left and Right sysIO Buffer Pairs
The sysIO buffer pairs in the left and right banks of the device consist of two single-ended output drivers and 
two single-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the left and 
right of the devices also have differential input buffers.

2. Bottom sysIO Buffer Pairs
The sysIO buffer pairs in the bottom bank of the device consist of two single-ended output drivers and two sin-
gle-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the bottom also have 
differential input buffers. Only the I/Os on the bottom banks have programmable PCI clamps and differential 
input termination. The PCI clamp is enabled after VCC and VCCIO are at valid operating levels and the device 
has been configured.

3. Top sysIO Buffer Pairs
The sysIO buffer pairs in the top bank of the device consist of two single-ended output drivers and two single-
ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the top also have differ-
ential I/O buffers. Half of the sysIO buffer pairs on the top edge have true differential outputs. The sysIO buffer 
pair comprising of the A and B PIOs in every PIC on the top edge have a differential output driver. 

Typical I/O Behavior During Power-up
The internal power-on-reset (POR) signal is deactivated when VCC and VCCIO0 have reached VPORUP level defined 
in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. After the 
POR signal is deactivated, the FPGA core logic becomes active. It is the user’s responsibility to ensure that all 
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. The default configuration of the I/O pins in a blank device is tri-state with a weak pull-
down to GND (some pins such as PROGRAMN and the JTAG pins have weak pull-up to VCCIO as the default func-
tionality). The I/O pins will maintain the blank configuration until VCC and VCCIO (for I/O banks containing configura-
tion I/Os) have reached VPORUP levels at which time the I/Os will take on the user-configured settings only after a 
proper download/configuration.

There are various ways a user can ensure that there are no spurious signals on critical outputs as the device pow-
ers up. These are discussed in more detail in TN1280, MachXO3 sysIO Usage Guide.

Supported Standards
The MachXO3L/LF sysIO buffer supports both single-ended and differential standards. Single-ended standards can be 
further subdivided into LVCMOS, LVTTL, and PCI. The buffer supports the LVTTL, PCI, LVCMOS 1.2 V, 1.5 V, 1.8 V, 
2.5 V, and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individually configurable options for drive 
strength, bus maintenance (weak pull-up, weak pull-down, bus-keeper latch or none) and open drain. BLVDS, MLVDS 
and LVPECL output emulation is supported on all devices. The MachXO3L/LF devices support on-chip LVDS output 
buffers on approximately 50% of the I/Os on the top bank. Differential receivers for LVDS, BLVDS, MLVDS and LVPECL 
are supported on all banks of MachXO3L/LF devices. PCI support is provided in the bottom bank of the MachXO3L/LF 
devices. Table 2-11 summarizes the I/O characteristics of the MachXO3L/LF PLDs.

http://www.latticesemi.com/view_document?document_id=50125
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Figure 2-15. MachXO3L/LF-1300 in 256 Ball Packages, MachXO3L/LF-2100, MachXO3L/LF-4300, 
MachXO3L/LF-6900 and MachXO3L/LF-9400 Banks

Figure 2-16. MachXO3L/LF-640 and MachXO3L/LF-1300 Banks
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Figure 2-18. I2C Core Block Diagram

Table 2-14 describes the signals interfacing with the I2C cores.

Table 2-14. I2C Core Signal Description

Hardened SPI IP Core
Every MachXO3L/LF device has a hard SPI IP core that can be configured as a SPI master or slave. When the IP 
core is configured as a master it will be able to control other SPI enabled chips connected to the SPI bus. When the 
core is configured as the slave, the device will be able to interface to an external SPI master. The SPI IP core on 
MachXO3L/LF devices supports the following functions:

• Configurable Master and Slave modes

• Full-Duplex data transfer

• Mode fault error flag with CPU interrupt capability

• Double-buffered data register

• Serial clock with programmable polarity and phase

• LSB First or MSB First Data Transfer

• Interface to custom logic through 8-bit WISHBONE interface

Signal Name I/O Description

i2c_scl Bi-directional

Bi-directional clock line of the I2C core. The signal is an output if the I2C core is in master 
mode. The signal is an input if the I2C core is in slave mode. MUST be routed directly to the 
pre-assigned I/O of the chip. Refer to the Pinout Information section of this document for 
detailed pad and pin locations of I2C ports in each MachXO3L/LF device. 

i2c_sda Bi-directional

Bi-directional data line of the I2C core. The signal is an output when data is transmitted from 
the I2C core. The signal is an input when data is received into the I2C core. MUST be routed 
directly to the pre-assigned I/O of the chip. Refer to the Pinout Information section of this 
document for detailed pad and pin locations of I2C ports in each MachXO3L/LF device. 

i2c_irqo Output

Interrupt request output signal of the I2C core. The intended usage of this signal is for it to be 
connected to the WISHBONE master controller (i.e. a microcontroller or state machine) and 
request an interrupt when a specific condition is met. These conditions are described with 
the I2C register definitions.

cfg_wake Output
Wake-up signal – To be connected only to the power module of the MachXO3L/LF device. 
The signal is enabled only if the “Wakeup Enable” feature has been set within the EFB GUI, 
I2C Tab.

cfg_stdby Output
Stand-by signal – To be connected only to the power module of the MachXO3L/LF device. 
The signal is enabled only if the “Wakeup Enable” feature has been set within the EFB GUI, 
I2C Tab.

EFB

SCL

SDA

Configuration
Logic 

Core
Logic/

Routing

Power
Control

I2C
Registers

EFB
WISHBONE

Interface

Control
Logic

I2C Function
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There are some limitations on the use of the hardened user SPI. These are defined in the following technical notes:

• TN1087, Minimizing System Interruption During Configuration Using TransFR Technology (Appendix B)

• TN1293, Using Hardened Control Functions in MachXO3 Devices

Figure 2-19. SPI Core Block Diagram

Table 2-15 describes the signals interfacing with the SPI cores.

Table 2-15. SPI Core Signal Description

Signal Name I/O Master/Slave Description

spi_csn[0] O Master SPI master chip-select output

spi_csn[1..7] O Master Additional SPI chip-select outputs (total up to eight slaves)

spi_scsn I Slave SPI slave chip-select input

spi_irq O Master/Slave Interrupt request

spi_clk I/O Master/Slave SPI clock. Output in master mode. Input in slave mode. 

spi_miso I/O Master/Slave SPI data. Input in master mode. Output in slave mode. 

spi_mosi I/O Master/Slave SPI data. Output in master mode. Input in slave mode. 

sn I Slave Configuration Slave Chip Select (active low), dedicated for selecting the Con-
figuration Logic. 

cfg_stdby O Master/Slave
Stand-by signal – To be connected only to the power module of the 
MachXO3L/LF device. The signal is enabled only if the “Wakeup Enable” fea-
ture has been set within the EFB GUI, SPI Tab.

cfg_wake O Master/Slave
Wake-up signal – To be connected only to the power module of the 
MachXO3L/LF device. The signal is enabled only if the “Wakeup Enable” fea-
ture has been set within the EFB GUI, SPI Tab.

EFB
SPI Function
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www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
http://www.latticesemi.com/view_document?document_id=50518
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Security and One-Time Programmable Mode (OTP)
For applications where security is important, the lack of an external bitstream provides a solution that is inherently 
more secure than SRAM-based FPGAs. This is further enhanced by device locking. MachXO3L/LF devices contain 
security bits that, when set, prevent the readback of the SRAM configuration and NVCM/Flash spaces. The device 
can be in one of two modes: 

1. Unlocked – Readback of the SRAM configuration and NVCM/Flash spaces is allowed.

2. Permanently Locked – The device is permanently locked.

Once set, the only way to clear the security bits is to erase the device. To further complement the security of the 
device, a One Time Programmable (OTP) mode is available. Once the device is set in this mode it is not possible to 
erase or re-program the NVCM/Flash and SRAM OTP portions of the device. For more details, refer to TN1279, 
MachXO3 Programming and Configuration Usage Guide.

Password
The MachXO3LF supports a password-based security access feature also known as Flash Protect Key. Optionally, 
the MachXO3L device can be ordered with a custom specification (c-spec) to support this feature. The Flash Pro-
tect Key feature provides a method of controlling access to the Configuration and Programming modes of the 
device. When enabled, the Configuration and Programming edit mode operations (including Write, Verify and 
Erase operations) are allowed only when coupled with a Flash Protect Key which matches that expected by the 
device. Without a valid Flash Protect Key, the user can perform only rudimentary non-configuration operations such 
as Read Device ID. For more details, refer to TN1313, Using Password Security with MachXO3 Devices.

Dual Boot
MachXO3L/LF devices can optionally boot from two patterns, a primary bitstream and a golden bitstream. If the pri-
mary bitstream is found to be corrupt while being downloaded into the SRAM, the device shall then automatically 
re-boot from the golden bitstream. Note that the primary bitstream must reside in the external SPI Flash. The 
golden image MUST reside in an on-chip NVCM/Flash. For more details, refer to TN1279, MachXO3 Programming 
and Configuration Usage Guide.

Soft Error Detection
The SED feature is a CRC check of the SRAM cells after the device is configured. This check ensures that the 
SRAM cells were configured successfully. This feature is enabled by a configuration bit option. The Soft Error 
Detection can also be initiated in user mode via an input to the fabric. The clock for the Soft Error Detection circuit 
is generated using a dedicated divider. The undivided clock from the on-chip oscillator is the input to this divider. 
For low power applications users can switch off the Soft Error Detection circuit. For more details, refer to TN1292, 
MachXO3 Soft Error Detection Usage Guide.

Soft Error Correction
The MachXO3LF device supports Soft Error Correction (SEC). Optionally, the MachXO3L device can be ordered 
with a custom specification (c-spec) to support this feature. When BACKGROUND_RECONFIG is enabled using 
the Lattice Diamond Software in a design, asserting the PROGRAMN pin or issuing the REFRESH sysConfig com-
mand refreshes the SRAM array from configuration memory. Only the detected error bit is corrected. No other 
SRAM cells are changed, allowing the user design to function uninterrupted.

During the project design phase, if the overall system cannot guarantee containment of the error or its subsequent 
effects on downstream data or control paths, Lattice recommends using SED only. The MachXO3 can be then be 
soft-reset by asserting PROGRAMN or issuing the Refresh command over a sysConfig port in response to SED. 
Soft-reset additionally erases the SRAM array prior to the SRAM refresh, and asserts internal Reset circuitry to 
guarantee a known state. For more details, refer to TN1292, MachXO3 Soft Error Detection (SED)/Correction 
(SEC) Usage Guide.

http://www.latticesemi.com/view_document?document_id=50123
http://www.latticesemi.com/view_document?document_id=50123
http://www.latticesemi.com/view_document?document_id=50123
www.latticesemi.com/dynamic/view_document.cfm?document_id=39087
http://www.latticesemi.com/view_document?document_id=50517
http://www.latticesemi.com/view_document?document_id=50517
http://www.latticesemi.com/view_document?document_id=xxxx
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DC Electrical Characteristics
Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units

IIL, IIH
1, 4 Input or I/O Leakage

Clamp OFF and VCCIO < VIN < VIH (MAX) — — +175 µA

Clamp OFF and VIN = VCCIO –10 — 10 µA

Clamp OFF and VCCIO - 0.97 V < VIN < 
VCCIO

–175 — — µA

Clamp OFF and 0 V < VIN < VCCIO - 0.97 V — — 10 µA

Clamp OFF and VIN = GND — — 10 µA

Clamp ON and 0 V < VIN < VCCIO — — 10 µA

IPU I/O Active Pull-up Current 0 < VIN < 0.7 VCCIO –30 — –309 µA

IPD
I/O Active Pull-down 
Current VIL (MAX) < VIN < VCCIO 30 — 305 µA

IBHLS
Bus Hold Low sustaining 
current VIN = VIL (MAX) 30 — — µA

IBHHS
Bus Hold High sustaining 
current VIN = 0.7VCCIO –30 — — µA

IBHLO
Bus Hold Low Overdrive 
current 0  VIN VCCIO — — 305 µA

IBHHO
Bus Hold High Overdrive 
current 0  VIN VCCIO — — –309 µA

VBHT
3 Bus Hold Trip Points VIL 

(MAX) — VIH 
(MIN) V

C1 I/O Capacitance2 VCCIO = 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V,
VCC = Typ., VIO = 0 to VIH (MAX) 3 5 9 pf

C2 Dedicated Input 
Capacitance2

VCCIO = 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V,
VCC = Typ., VIO = 0 to VIH (MAX) 3 5.5 7 pf

VHYST
Hysteresis for Schmitt 
Trigger Inputs5

VCCIO = 3.3 V, Hysteresis = Large — 450 — mV

VCCIO = 2.5 V, Hysteresis = Large — 250 — mV

VCCIO = 1.8 V, Hysteresis = Large — 125 — mV

VCCIO = 1.5 V, Hysteresis = Large — 100 — mV

VCCIO = 3.3 V, Hysteresis = Small — 250 — mV

VCCIO = 2.5 V, Hysteresis = Small — 150 — mV

VCCIO = 1.8 V, Hysteresis = Small — 60 — mV

VCCIO = 1.5 V, Hysteresis = Small — 40 — mV

1. Input or I/O leakage current is measured with the pin configured as an input or as an I/O with the output driver tri-stated. It is not measured 
with the output driver active. Bus maintenance circuits are disabled.

2. TA 25 °C, f = 1.0 MHz.
3. Please refer to VIL and VIH in the sysIO Single-Ended DC Electrical Characteristics table of this document.
4. When VIH is higher than VCCIO, a transient current typically of 30 ns in duration or less with a peak current of 6mA can occur on the high-to-

low transition. For true LVDS output pins in MachXO3L/LF devices, VIH must be less than or equal to VCCIO.
5. With bus keeper circuit turned on. For more details, refer to TN1280, MachXO3 sysIO Usage Guide.

http://www.latticesemi.com/view_document?document_id=50125
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LVDS Emulation
MachXO3L/LF devices can support LVDS outputs via emulation (LVDS25E). The output is emulated using comple-
mentary LVCMOS outputs in conjunction with resistors across the driver outputs on all devices. The scheme shown 
in Figure 3-1 is one possible solution for LVDS standard implementation. Resistor values in Figure 3-1 are industry 
standard values for 1% resistors.

Figure 3-1. LVDS Using External Resistors (LVDS25E)

Table 3-1. LVDS25E DC Conditions

Over Recommended Operating Conditions
Parameter Description Typ. Units

ZOUT Output impedance 20 Ohms

RS Driver series resistor 158 Ohms

RP Driver parallel resistor 140 Ohms

RT Receiver termination 100 Ohms

VOH Output high voltage 1.43 V

VOL Output low voltage 1.07 V

VOD Output differential voltage 0.35 V

VCM Output common mode voltage 1.25 V

ZBACK Back impedance 100.5 Ohms

IDC DC output current 6.03 mA

158

158

Zo = 100  

140 100

On-chip On-chipOff-chip Off-chip

VCCIO = 2.5 

8mA 

8mA 

Note: All resistors are ±1%. 

VCCIO = 2.5 
+

-

Emulated 
LVDS

Buffer   
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MIPI D-PHY Emulation 
MachXO3L/LF devices can support MIPI D-PHY unidirectional HS (High Speed) and bidirectional LP (Low Power) 
inputs and outputs via emulation. In conjunction with external resistors High Speed IOs use the LVDS25E buffer 
and Low Power IOs use the LVCMOS buffers. The scheme shown in Figure 3-4 is one possible solution for MIPI D-
PHY Receiver implementation. The scheme shown in Figure 3-5 is one possible solution for MIPI D-PHY Transmit-
ter implementation. 

Figure 3-4. MIPI D-PHY Input Using External Resistors

Table 3-4. MIPI DC Conditions1

 Description Min. Typ. Max. Units

Receiver

External Termination

RT 1% external resistor with VCCIO=2.5 V — 50 — Ohms

1% external resistor with VCCIO=3.3 V —  50 — Ohms

High Speed

VCCIO VCCIO of the Bank with LVDS Emulated input 
buffer

— 2.5 — V

VCCIO of the Bank with LVDS Emulated input 
buffer

— 3.3 — V

VCMRX Common-mode voltage HS receive mode 150  200 250 mV

VIDTH Differential input high threshold — — 100 mV

VIDTL Differential input low threshold –100 — — mV

VIHHS Single-ended input high voltage — — 300 mV

VILHS Single-ended input low voltage  100 — — mV

ZID Differential input impedance 80  100 120 Ohms

R
T

R
T

Dp

Dn

LVDS

MIPI D-PHY Input

LVCMOS

LVCMOS

LVCMOS

LVCMOS
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Figure 3-5. MIPI D-PHY Output Using External Resistors

Low Power

VCCIO VCCIO of the Bank with LVCMOS12D 6 mA 
drive bidirectional IO buffer

  1.2  V

VIH Logic 1 input voltage — — 0.88 V

VIL Logic 0 input voltage, not in ULP State 0.55 — — V

VHYST Input hysteresis 25 — — mV

1. Over Recommended Operating Conditions

 Description Min. Typ. Max. Units

RL

RH

RH

Dp

Dn

LVCMOS

LVDS

RL

MIPI D-PHY Output 

LVCMOS

LVCMOS

LVCMOS
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Maximum sysIO Buffer Performance
I/O Standard Max. Speed Units

MIPI 450 MHz

LVDS25 400 MHz

LVDS25E 150 MHz

BLVDS25 150 MHz

BLVDS25E 150 MHz

MLVDS25 150 MHz

MLVDS25E 150 MHz

LVPECL33 150 MHz

LVPECL33E 150 MHz

LVTTL33 150 MHz

LVTTL33D 150 MHz

LVCMOS33 150 MHz

LVCMOS33D 150 MHz

LVCMOS25 150 MHz

LVCMOS25D 150 MHz

LVCMOS18 150 MHz

LVCMOS18D 150 MHz

LVCMOS15 150 MHz

LVCMOS15D 150 MHz

LVCMOS12 91 MHz

LVCMOS12D 91 MHz
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NVCM/Flash Download Time1, 2

Symbol Parameter Device Typ. Units

tREFRESH POR to Device I/O Active LCMXO3L/LF-640 1.9 ms

LCMXO3L/LF-1300 1.9 ms

LCMXO3L/LF-1300 256-Ball Package 1.4 ms

LCMXO3L/LF-2100 1.4 ms

LCMXO3L/LF-2100 324-Ball Package 2.4 ms

LCMXO3L/LF-4300 2.4 ms

LCMXO3L/LF-4300 400-Ball Package 3.8 ms

LCMXO3L/LF-6900 3.8 ms

LCMXO3L/LF-9400C 5.2 ms

1. Assumes sysMEM EBR initialized to an all zero pattern if they are used. 
2. The NVCM/Flash download time is measured starting from the maximum voltage of POR trip point.
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Pin Information Summary
MachXO3L/LF

-640 MachXO3L/LF-1300

CSFBGA121 WLCSP36 CSFBGA121 CSFBGA256 CABGA256

General Purpose IO per Bank

Bank 0 24 15 24 50 50

Bank 1 26 0 26 52 52

Bank 2 26 9 26 52 52

Bank 3 24 4 24 16 16

Bank 4 0 0 0 16 16

Bank 5 0 0 0 20 20

Total General Purpose Single Ended IO 100 28 100 206 206

Differential IO per Bank

Bank 0 12 8 12 25 25

Bank 1 13 0 13 26 26

Bank 2 13 4 13 26 26

Bank 3 11 2 11 8 8

Bank 4 0 0 0 8 8

Bank 5 0 0 0 10 10

Total General Purpose Differential IO 49 14 49 103 103

Dual Function IO 33 25 33 33 33

Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 7 3 7 14 14

Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 7 2 7 14 14

High-speed Differential Outputs

Bank 0 7 3 7 14 14

VCCIO Pins

Bank 0 1 1 1 4 4

Bank 1 1 0 1 3 4

Bank 2 1 1 1 4 4

Bank 3 3 1 3 2 1

Bank 4 0 0 0 2 2

Bank 5 0 0 0 2 1

VCC 4 2 4 8 8

GND 10 2 10 24 24

NC 0 0 0 0 1

Reserved for Configuration 1 1 1 1 1

Total Count of Bonded Pins 121 36 121 256 256
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MachXO3L/LF-9400C

CSFBGA256 CABGA256 CABGA400 CABGA484

General Purpose IO per Bank

Bank 0 50 50 83 95

Bank 1 52 52 84 96

Bank 2 52 52 84 96

Bank 3 16 16 28 36

Bank 4 16 16 24 24

Bank 5 20 20 32 36

Total General Purpose Single Ended IO 206 206 335 383

Differential IO per Bank

Bank 0 25 25 42 48

Bank 1 26 26 42 48

Bank 2 26 26 42 48

Bank 3 8 8 14 18

Bank 4 8 8 12 12

Bank 5 10 10 16 18

Total General Purpose Differential IO 103 103 168 192

Dual Function IO 37 37 37 45

Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 20 20 22 24

Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 20 20 22 24

High-speed Differential Outputs

Bank 0 20 20 21 24

VCCIO Pins

Bank 0 4 4 5 9

Bank 1 3 4 5 9

Bank 2 4 4 5 9

Bank 3 2 1 2 3

Bank 4 2 2 2 3

Bank 5 2 1 2 3

VCC 8 8 10 12

GND 24 24 33 52

NC 0 1 0 0

Reserved for Configuration 1 1 1 1

Total Count of Bonded Pins 256 256 400 484
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MachXO3 Part Number Description
LCMXO3X – XXXXX – XXXXXXX XX

Shipping Method
    Blank = Trays   
    TR = Tape and Reel
    TR50 = WLCSP Package, 50 parts per reel 
    TR1K = WLCSP Package, 1,000 parts per reel

Grade
   C = Commercial
    I = Industrial    

Logic Capacity
    640 = 640 LUTs
    1300 = 1280 LUTs
    2100 = 2112 LUTs
    4300 = 4320 LUTs
    6900 = 6864 LUTs
    9400 = 9400 LUTs

Supply Voltage
    C = 2.5 V / 3.3 V
    E = 1.2 V

Speed
    5 = Slowest
    6 = Fastest

Package

Device Family
    Low Density 
    MachXO3 FPGA

UWG36 = 36-Ball Halogen-Free WLCSP (0.4 mm Pitch) 
UWG49 = 49-Ball Halogen-Free WLCSP (0.4 mm Pitch) 
UWG81 = 81-Ball Halogen-Free WLCSP (0.4 mm Pitch) 
MG121 = 121-Ball Halogen-Free csfBGA (0.5 mm Pitch)
MG256 = 256-Ball Halogen-Free csfBGA (0.5 mm Pitch) 
MG324 = 324-Ball Halogen-Free csfBGA (0.5 mm Pitch) 
BG256 = 256-Ball Halogen-Free caBGA (0.8 mm Pitch) 
BG324 = 324-Ball Halogen-Free caBGA (0.8 mm Pitch) 
BG400 = 400-Ball Halogen-Free caBGA (0.8 mm Pitch)
BG484 = 484-Ball Halogen-Free caBGA (0.8 mm Pitch)

Configuration Memory
    L = NVCM 
    LF = Flash

Ordering Information
MachXO3L/LF devices have top-side markings as shown in the examples below, on the 256-Ball caBGA package 
with MachXO3-6900 device in Commercial Temperature in Speed Grade 5. Notice that for the MachXO3LF device, 
LMXO3LF is used instead of LCMXO3LF as in the Part Number.

Note: Markings are abbreviated for small packages.

LCMXO3L-6900C
5BG256C 
Datecode

LMXO3LF-6900C
5BG256C 
Datecode

Note:  LCMXO3LF is marked 
           with LMXO3LF

MachXO3 Family Data Sheet
Ordering Information
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For Further Information
A variety of technical notes for the MachXO3 family are available on the Lattice web site.

• TN1282, MachXO3 sysCLOCK PLL Design and Usage Guide 

• TN1281, Implementing High-Speed Interfaces with MachXO3 Devices

• TN1280, MachXO3 sysIO Usage Guide

• TN1279, MachXO3 Programming and Configuration Usage Guide

• TN1074, PCB Layout Recommendations for BGA Packages

• TN1087, Minimizing System Interruption During Configuration Using TransFR Technology

• AN8066, Boundary Scan Testability with Lattice sysIO Capability

• MachXO3 Device Pinout Files

• Thermal Management document

• Lattice design tools

MachXO3 Family Data Sheet
Supplemental Information

www.latticesemi.com/dynamic/view_document.cfm?document_id=671
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=3468
http://www.latticesemi.com/en/Products/FPGAandCPLD/MachXO3.aspx
www.latticesemi.com/dynamic/view_document.cfm?document_id=210
www.latticesemi.com/dynamic/view_document.cfm?document_id=210
http://www.latticesemi.com/view_document?document_id=50124
http://www.latticesemi.com/view_document?document_id=50122
http://www.latticesemi.com/view_document?document_id=50125
http://www.latticesemi.com/products/designsoftware/index.cfm
http://www.latticesemi.com/view_document?document_id=50123

