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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.
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and oscillators dynamically. These features help manage static and dynamic power consumption resulting in low 
static power for all members of the family. 

The MachXO3L/LF devices are available in two versions C and E with two speed grades: -5 and -6, with -6 being 
the fastest. C devices have an internal linear voltage regulator which supports external VCC supply voltages of 3.3 
V or 2.5 V. E devices only accept 1.2 V as the external VCC supply voltage. With the exception of power supply 
voltage both C and E are functionally compatible with each other. 

The MachXO3L/LF PLDs are available in a broad range of advanced halogen-free packages ranging from the 
space saving 2.5 x 2.5 mm WLCSP to the 19 x 19 mm caBGA. MachXO3L/LF devices support density migration 
within the same package. Table 1-1 shows the LUT densities, package and I/O options, along with other key 
parameters.

The MachXO3L/LF devices offer enhanced I/O features such as drive strength control, slew rate control, PCI com-
patibility, bus-keeper latches, pull-up resistors, pull-down resistors, open drain outputs and hot socketing. Pull-up, 
pull-down and bus-keeper features are controllable on a “per-pin” basis.

A user-programmable internal oscillator is included in MachXO3L/LF devices. The clock output from this oscillator 
may be divided by the timer/counter for use as clock input in functions such as LED control, key-board scanner and 
similar state machines.

The MachXO3L/LF devices also provide flexible, reliable and secure configuration from on-chip NVCM/Flash. 
These devices can also configure themselves from external SPI Flash or be configured by an external master 
through the JTAG test access port or through the I2C port. Additionally, MachXO3L/LF devices support dual-boot 
capability (using external Flash memory) and remote field upgrade (TransFR) capability.

Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the 
MachXO3L/LF family of devices. Popular logic synthesis tools provide synthesis library support for MachXO3L/LF. 
Lattice design tools use the synthesis tool output along with the user-specified preferences and constraints to place 
and route the design in the MachXO3L/LF device. These tools extract the timing from the routing and back-anno-
tate it into the design for timing verification.

Lattice provides many pre-engineered IP (Intellectual Property) LatticeCORE™ modules, including a number of 
reference designs licensed free of charge, optimized for the MachXO3L/LF PLD family. By using these configurable 
soft core IP cores as standardized blocks, users are free to concentrate on the unique aspects of their design, 
increasing their productivity.
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ROM Mode 
ROM mode uses the LUT logic; hence, slices 0-3 can be used in ROM mode. Preloading is accomplished through 
the programming interface during PFU configuration. 

For more information on the RAM and ROM modes, please refer to TN1290, Memory Usage Guide for MachXO3 
Devices. 

Routing
There are many resources provided in the MachXO3L/LF devices to route signals individually or as buses with 
related control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) 
segments. 

The inter-PFU connections are made with three different types of routing resources: x1 (spans two PFUs), x2 
(spans three PFUs) and x6 (spans seven PFUs). The x1, x2, and x6 connections provide fast and efficient connec-
tions in the horizontal and vertical directions.

The design tools take the output of the synthesis tool and places and routes the design. Generally, the place and 
route tool is completely automatic, although an interactive routing editor is available to optimize the design.

Clock/Control Distribution Network
Each MachXO3L/LF device has eight clock inputs (PCLK [T, C] [Banknum]_[2..0]) – three pins on the left side, two 
pins each on the bottom and top sides and one pin on the right side. These clock inputs drive the clock nets. These 
eight inputs can be differential or single-ended and may be used as general purpose I/O if they are not used to 
drive the clock nets. When using a single ended clock input, only the PCLKT input can drive the clock tree directly. 

The MachXO3L/LF architecture has three types of clocking resources: edge clocks, primary clocks and secondary 
high fanout nets. MachXO3L/LF devices have two edge clocks each on the top and bottom edges. Edge clocks are 
used to clock I/O registers and have low injection time and skew. Edge clock inputs are from PLL outputs, primary 
clock pads, edge clock bridge outputs and CIB sources.

The eight primary clock lines in the primary clock network drive throughout the entire device and can provide clocks 
for all resources within the device including PFUs, EBRs and PICs. In addition to the primary clock signals, 
MachXO3L/LF devices also have eight secondary high fanout signals which can be used for global control signals, 
such as clock enables, synchronous or asynchronous clears, presets, output enables, etc. Internal logic can drive 
the global clock network for internally-generated global clocks and control signals. 

The maximum frequency for the primary clock network is shown in the MachXO3L/LF External Switching Charac-
teristics table.

Primary clock signals for the MachXO3L/LF-1300 and larger devices are generated from eight 27:1 muxes The 
available clock sources include eight I/O sources, 11 routing inputs, eight clock divider inputs and up to eight sys-
CLOCK PLL outputs. 

http://www.latticesemi.com/view_document?document_id=50515
http://www.latticesemi.com/view_document?document_id=50515
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sysMEM Embedded Block RAM Memory
The MachXO3L/LF devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists of a 9-Kbit RAM, 
with dedicated input and output registers. This memory can be used for a wide variety of purposes including data 
buffering, PROM for the soft processor and FIFO.

sysMEM Memory Block
The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be 
used in a variety of depths and widths as shown in Table 2-5. 

CLKOP O Primary PLL output clock (with phase shift adjustment)

CLKOS O Secondary PLL output clock (with phase shift adjust)

CLKOS2 O Secondary PLL output clock2 (with phase shift adjust)

CLKOS3 O Secondary PLL output clock3 (with phase shift adjust)

LOCK O PLL LOCK, asynchronous signal. Active high indicates PLL is locked to input and feed-
back signals.

DPHSRC O Dynamic Phase source – ports or WISHBONE is active

STDBY I Standby signal to power down the PLL

RST I PLL reset without resetting the M-divider. Active high reset.

RESETM I PLL reset - includes resetting the M-divider. Active high reset.

RESETC I Reset for CLKOS2 output divider only. Active high reset.

RESETD I Reset for CLKOS3 output divider only. Active high reset.

ENCLKOP I Enable PLL output CLKOP

ENCLKOS I Enable PLL output CLKOS when port is active

ENCLKOS2 I Enable PLL output CLKOS2 when port is active

ENCLKOS3 I Enable PLL output CLKOS3 when port is active

PLLCLK I PLL data bus clock input signal

PLLRST I PLL data bus reset. This resets only the data bus not any register values.

PLLSTB I PLL data bus strobe signal

PLLWE I PLL data bus write enable signal

PLLADDR [4:0] I PLL data bus address

PLLDATI [7:0] I PLL data bus data input

PLLDATO [7:0] O PLL data bus data output

PLLACK O PLL data bus acknowledge signal

Table 2-4. PLL Signal Descriptions (Continued)

Port Name I/O Description
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Table 2-5. sysMEM Block Configurations

Bus Size Matching
All of the multi-port memory modes support different widths on each of the ports. 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.

RAM Initialization and ROM Operation
If desired, the contents of the RAM can be pre-loaded during device configuration. EBR initialization data can be 
loaded from the NVCM or Configuration Flash.

MachXO3LF EBR initialization data can also be loaded from the UFM. To maximize the number of UFM bits, initial-
ize the EBRs used in your design to an all-zero pattern. Initializing to an all-zero pattern does not use up UFM bits. 
MachXO3LF devices have been designed such that multiple EBRs share the same initialization memory space if 
they are initialized to the same pattern. 

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. 

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.

Single, Dual, Pseudo-Dual Port and FIFO Modes
Figure 2-8 shows the five basic memory configurations and their input/output names. In all the sysMEM RAM 
modes, the input data and addresses for the ports are registered at the input of the memory array. The output data 
of the memory is optionally registered at the memory array output.

Memory Mode Configurations

Single Port

 8,192 x 1
4,096 x 2
2,048 x 4
1,024 x 9

True Dual Port

 8,192 x 1
4,096 x 2
2,048 x 4
1,024 x 9

Pseudo Dual Port

 8,192 x 1
4,096 x 2
2,048 x 4
1,024 x 9
512 x 18

FIFO

 8,192 x 1
4,096 x 2
2,048 x 4
1,024 x 9
512 x 18
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Input Gearbox 
Each PIC on the bottom edge has a built-in 1:8 input gearbox. Each of these input gearboxes may be programmed 
as a 1:7 de-serializer or as one IDDRX4 (1:8) gearbox or as two IDDRX2 (1:4) gearboxes. Table 2-9 shows the 
gearbox signals.

Table 2-9. Input Gearbox Signal List

These gearboxes have three stage pipeline registers. 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 UPDATE and SEL0 from the control block. The third stage pipeline registers pass the 
data to the device core synchronized to the low-speed system clock. Figure 2-13 shows a block diagram of the 
input gearbox.

Name I/O Type Description

D Input High-speed data input after programmable delay in PIO A 
input register block

ALIGNWD Input Data alignment signal from device core

SCLK Input Slow-speed system clock

ECLK[1:0] Input High-speed edge clock

RST Input Reset

Q[7:0] Output Low-speed data to device core:
Video RX(1:7): Q[6:0]
GDDRX4(1:8): Q[7:0]
GDDRX2(1:4)(IOL-A): Q4, Q5, Q6, Q7
GDDRX2(1:4)(IOL-C): Q0, Q1, Q2, Q3
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Output Gearbox 
Each PIC on the top edge has a built-in 8:1 output gearbox. Each of these output gearboxes may be programmed 
as a 7:1 serializer or as one ODDRX4 (8:1) gearbox or as two ODDRX2 (4:1) gearboxes. Table 2-10 shows the 
gearbox signals.

Table 2-10. Output Gearbox Signal List

The gearboxes have three stage pipeline registers. The first stage registers sample the low-speed input data on the 
low-speed system clock. The second stage registers transfer data from the low-speed clock registers to the high-
speed clock registers. The third stage pipeline registers controlled by high-speed edge clock shift and mux the 
high-speed data out to the sysIO buffer. Figure 2-14 shows the output gearbox block diagram.

Name I/O Type Description

Q Output High-speed data output

D[7:0] Input Low-speed data from device core

Video TX(7:1): D[6:0] 

GDDRX4(8:1): D[7:0]

GDDRX2(4:1)(IOL-A): D[3:0] 

GDDRX2(4:1)(IOL-C): D[7:4] 

SCLK Input Slow-speed system clock 

ECLK [1:0] Input High-speed edge clock

RST Input Reset 
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Figure 2-14. Output Gearbox

More information on the output gearbox is available in TN1281, Implementing High-Speed Interfaces with 
MachXO3 Devices.
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Table 2-12. Supported Output Standards

sysIO Buffer Banks
The numbers of banks vary between the devices of this family. MachXO3L/LF-1300 in the 256 Ball packages and 
the MachXO3L/LF-2100 and higher density devices have six I/O banks (one bank on the top, right and bottom side 
and three banks on the left side). The MachXO3L/LF-1300 and lower density devices have four banks (one bank 
per side). Figures 2-15 and 2-16 show the sysIO banks and their associated supplies for all devices.

Output Standard VCCIO (Typ.)

Single-Ended Interfaces

LVTTL 3.3

LVCMOS33 3.3

LVCMOS25 2.5

LVCMOS18 1.8

LVCMOS15 1.5

LVCMOS12 1.2

LVCMOS33, Open Drain —

LVCMOS25, Open Drain —

LVCMOS18, Open Drain —

LVCMOS15, Open Drain —

LVCMOS12, Open Drain —

PCI33 3.3

Differential Interfaces

LVDS1 2.5, 3.3

BLVDS, MLVDS, RSDS 1 2.5

LVPECL1 3.3

MIPI1 2.5

LVTTLD 3.3

LVCMOS33D 3.3

LVCMOS25D 2.5

LVCMOS18D 1.8

1. These interfaces can be emulated with external resistors in all devices.
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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

Core
Logic/

Routing 
EFB 

WISHBONE 
Interface

SPI
Registers 

Control
Logic 

Configuration
Logic

MISO

MOSI

SCK

MCSN

SCSN

www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
http://www.latticesemi.com/view_document?document_id=50518
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Table 2-17. MachXO3L/LF Power Saving Features Description

For more details on the standby mode refer to TN1289, Power Estimation and Management for MachXO3 Devices.

Power On Reset
MachXO3L/LF devices have power-on reset circuitry to monitor VCCINT and VCCIO voltage levels during power-up 
and operation. At power-up, the POR circuitry monitors VCCINT and VCCIO0 (controls configuration) voltage levels. It 
then triggers download from the on-chip configuration NVCM/Flash memory after reaching the VPORUP level speci-
fied in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. For “E” 
devices without voltage regulators, VCCINT is the same as the VCC supply voltage. For “C” devices with voltage reg-
ulators, VCCINT is regulated from the VCC supply voltage. From this voltage reference, the time taken for configura-
tion and entry into user mode is specified as NVCM/Flash Download Time (tREFRESH) in the DC and Switching 
Characteristics section of this data sheet. Before and during configuration, the I/Os are held in tri-state. I/Os are 
released to user functionality once the device has finished configuration. Note that for “C” devices, a separate POR 
circuit monitors external VCC voltage in addition to the POR circuit that monitors the internal post-regulated power 
supply voltage level.

Once the device enters into user mode, the POR circuitry can optionally continue to monitor VCCINT levels. If 
VCCINT drops below VPORDNBG level (with the bandgap circuitry switched on) or below VPORDNSRAM level (with the 
bandgap circuitry switched off to conserve power) device functionality cannot be guaranteed. In such a situation 
the POR issues a reset and begins monitoring the VCCINT and VCCIO voltage levels. VPORDNBG and VPORDNSRAM
are both specified in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data 
sheet.

Note that once an “E” device enters user mode, users can switch off the bandgap to conserve power. When the 
bandgap circuitry is switched off, the POR circuitry also shuts down. The device is designed such that a mini-mal, 
low power POR circuit is still operational (this corresponds to the VPORDNSRAM reset point described in the para-
graph above). However this circuit is not as accurate as the one that operates when the bandgap is switched on. 
The low power POR circuit emulates an SRAM cell and is biased to trip before the vast majority of SRAM cells flip. 
If users are concerned about the VCC supply dropping below VCC (min) they should not shut down the bandgap or 
POR circuit.

Device Subsystem Feature Description

Bandgap
The bandgap can be turned off in standby mode. When the Bandgap is turned off, ana-
log circuitry such as the POR, PLLs, on-chip oscillator, and differential I/O buffers are 
also turned off. Bandgap can only be turned off for 1.2 V devices.

Power-On-Reset (POR)

The POR can be turned off in standby mode. This monitors VCC levels. In the event of 
unsafe VCC drops, this circuit reconfigures the device. When the POR circuitry is turned 
off, limited power detector circuitry is still active. This option is only recommended for ap-
plications in which the power supply rails are reliable.

On-Chip Oscillator The on-chip oscillator has two power saving features. It may be switched off if it is not 
needed in your design. It can also be turned off in Standby mode.

PLL

Similar to the on-chip oscillator, the PLL also has two power saving features. It can be 
statically switched off if it is not needed in a design. It can also be turned off in Standby 
mode. The PLL will wait until all output clocks from the PLL are driven low before power-
ing off.

I/O Bank Controller
Differential I/O buffers (used to implement standards such as LVDS) consume more than 
ratioed single-ended I/Os such as LVCMOS and LVTTL. The I/O bank controller allows 
the user to turn these I/Os off dynamically on a per bank selection.

Dynamic Clock Enable for Primary 
Clock Nets Each primary clock net can be dynamically disabled to save power.

Power Guard

Power Guard is a feature implemented in input buffers. This feature allows users to 
switch off the input buffer when it is not needed. This feature can be used in both clock 
and data paths. Its biggest impact is that in the standby mode it can be used to switch off 
clock inputs that are distributed using general routing resources.

www.latticesemi.com/dynamic/view_document.cfm?document_id=50513
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Power-On-Reset Voltage Levels1, 2, 3, 4, 5

Hot Socketing Specifications1, 2, 3

ESD Performance
Please refer to the MachXO2 Product Family Qualification Summary for complete qualification data, including ESD 
performance. 

Symbol Parameter Min. Typ. Max. Units

VPORUP
Power-On-Reset ramp up trip point (band gap based circuit 
monitoring VCCINT and VCCIO0) 0.9 — 1.06 V

VPORUPEXT
Power-On-Reset ramp up trip point (band gap based circuit 
monitoring external VCC power supply) 1.5 — 2.1 V

VPORDNBG
Power-On-Reset ramp down trip point (band gap based circuit 
monitoring VCCINT) 0.75 — 0.93 V

VPORDNBGEXT
Power-On-Reset ramp down trip point (band gap based circuit 
monitoring VCC) 0.98 — 1.33 V

VPORDNSRAM
Power-On-Reset ramp down trip point (SRAM based circuit 
monitoring VCCINT) — 0.6 — V

VPORDNSRAMEXT
Power-On-Reset ramp down trip point (SRAM based circuit 
monitoring VCC) — 0.96 — V

1. These POR trip points are only provided for guidance. Device operation is only characterized for power supply voltages specified under rec-
ommended operating conditions.

2. For devices without voltage regulators VCCINT is the same as the VCC supply voltage. For devices with voltage regulators, VCCINT is regu-
lated from the VCC supply voltage.

3. Note that VPORUP (min.) and VPORDNBG (max.) are in different process corners. For any given process corner VPORDNBG (max.) is always 
12.0 mV below VPORUP (min.).

4. VPORUPEXT is for C devices only. In these devices a separate POR circuit monitors the external VCC power supply.
5. VCCIO0 does not have a Power-On-Reset ramp down trip point. VCCIO0 must remain within the Recommended Operating Conditions to 

ensure proper operation.

Symbol Parameter Condition Max. Units

IDK Input or I/O leakage Current 0 < VIN < VIH (MAX) +/-1000 µA

1. Insensitive to sequence of VCC and VCCIO. However, assumes monotonic rise/fall rates for VCC and VCCIO.
2. 0 < VCC < VCC (MAX), 0 < VCCIO < VCCIO (MAX). 
3. IDK is additive to IPU, IPD or IBH.

http://www.latticesemi.com/view_document?document_id=41245
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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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Typical Building Block Function Performance – C/E Devices1

Pin-to-Pin Performance (LVCMOS25 12 mA Drive)

Register-to-Register Performance

Derating Logic Timing
Logic timing provided in the following sections of the data sheet and the Lattice design tools are worst case num-
bers in the operating range. Actual delays may be much faster. Lattice design tools can provide logic timing num-
bers at a particular temperature and voltage.

 Function –6 Timing Units

Basic Functions

16-bit decoder 8.9 ns

4:1 MUX 7.5 ns

16:1 MUX 8.3 ns

 Function –6 Timing Units

Basic Functions

16:1 MUX 412 MHz

16-bit adder 297 MHz

16-bit counter 324 MHz

64-bit counter 161 MHz

Embedded Memory Functions

1024x9 True-Dual Port RAM 
(Write Through or Normal, EBR output registers) 183 MHz

Distributed Memory Functions

16x4 Pseudo-Dual Port RAM (one PFU) 500 MHz

1. The above timing numbers are generated using the Diamond design tool. Exact performance may vary 
with device and tool version. The tool uses internal parameters that have been characterized but are not 
tested on every device. Commercial timing numbers are shown at 85 °C and 1.14 V. Other operating con-
ditions, including industrial, can be extracted from the Diamond software.
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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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Figure 3-6. Receiver GDDR71_RX. Waveforms

Figure 3-7. Transmitter GDDR71_TX. Waveforms

tDVA

tDVE

0 1 2 3 4 5 6 0

tDIA     

tDIB     

0 1 2 3 4 5 6 0
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Configuration (Dual function pins used during sysCONFIG)

PROGRAMN I Initiates configuration sequence when asserted low. This pin always has an active pull-up. 

INITN I/O Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, a pull-up 
is enabled.

DONE I/O Open Drain pin. Indicates that the configuration sequence is complete, and the start-up 
sequence is in progress.

MCLK/CCLK I/O Input Configuration Clock for configuring an FPGA in Slave SPI mode. Output Configuration 
Clock for configuring an FPGA in SPI and SPIm configuration modes.

SN I Slave SPI active low chip select input.

CSSPIN I/O Master SPI active low chip select output.

SI/SPISI I/O Slave SPI serial data input and master SPI serial data output.

SO/SPISO I/O Slave SPI serial data output and master SPI serial data input.

SCL I/O Slave I2C clock input and master I2C clock output.

SDA I/O Slave I2C data input and master I2C data output.

Signal Descriptions (Cont.)
Signal Name I/O Descriptions
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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



5-2

Ordering Information
MachXO3 Family Data Sheet

MachXO3L Ultra Low Power Commercial and Industrial Grade Devices, Halogen Free 
(RoHS) Packaging 

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-640E-5MG121C 640 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-640E-6MG121C 640 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-640E-5MG121I 640 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-640E-6MG121I 640 1.2 V 6 Halogen-Free csfBGA 121 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-1300E-5UWG36CTR 1300 1.2 V 5 Halogen-Free WLCSP 36 COM

LCMXO3L-1300E-5UWG36CTR50 1300 1.2 V 5 Halogen-Free WLCSP 36 COM

LCMXO3L-1300E-5UWG36CTR1K 1300 1.2 V 5 Halogen-Free WLCSP 36 COM

LCMXO3L-1300E-5UWG36ITR 1300 1.2 V 5 Halogen-Free WLCSP 36 IND

LCMXO3L-1300E-5UWG36ITR50 1300 1.2 V 5 Halogen-Free WLCSP 36 IND

LCMXO3L-1300E-5UWG36ITR1K 1300 1.2 V 5 Halogen-Free WLCSP 36 IND

LCMXO3L-1300E-5MG121C 1300 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-1300E-6MG121C 1300 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-1300E-5MG121I 1300 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-1300E-6MG121I 1300 1.2 V 6 Halogen-Free csfBGA 121 IND

LCMXO3L-1300E-5MG256C 1300 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-1300E-6MG256C 1300 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-1300E-5MG256I 1300 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-1300E-6MG256I 1300 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-1300C-5BG256C 1300 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3L-1300C-6BG256C 1300 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3L-1300C-5BG256I 1300 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3L-1300C-6BG256I 1300 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-2100E-5UWG49CTR 2100 1.2 V 5 Halogen-Free WLCSP 49 COM

LCMXO3L-2100E-5UWG49CTR50 2100 1.2 V 5 Halogen-Free WLCSP 49 COM

LCMXO3L-2100E-5UWG49CTR1K 2100 1.2 V 5 Halogen-Free WLCSP 49 COM

LCMXO3L-2100E-5UWG49ITR 2100 1.2 V 5 Halogen-Free WLCSP 49 IND

LCMXO3L-2100E-5UWG49ITR50 2100 1.2 V 5 Halogen-Free WLCSP 49 IND

LCMXO3L-2100E-5UWG49ITR1K 2100 1.2 V 5 Halogen-Free WLCSP 49 IND

LCMXO3L-2100E-5MG121C 2100 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-2100E-6MG121C 2100 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-2100E-5MG121I 2100 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-2100E-6MG121I 2100 1.2 V 6 Halogen-Free csfBGA 121 IND

LCMXO3L-2100E-5MG256C 2100 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-2100E-6MG256C 2100 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-2100E-5MG256I 2100 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-2100E-6MG256I 2100 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-2100E-5MG324C 2100 1.2 V 5 Halogen-Free csfBGA 324 COM

LCMXO3L-2100E-6MG324C 2100 1.2 V 6 Halogen-Free csfBGA 324 COM

LCMXO3L-2100E-5MG324I 2100 1.2 V 5 Halogen-Free csfBGA 324 IND
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Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3LF-6900E-5MG256C 6900 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3LF-6900E-6MG256C 6900 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3LF-6900E-5MG256I 6900 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3LF-6900E-6MG256I 6900 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3LF-6900E-5MG324C 6900 1.2 V 5 Halogen-Free csfBGA 324 COM

LCMXO3LF-6900E-6MG324C 6900 1.2 V 6 Halogen-Free csfBGA 324 COM

LCMXO3LF-6900E-5MG324I 6900 1.2 V 5 Halogen-Free csfBGA 324 IND

LCMXO3LF-6900E-6MG324I 6900 1.2 V 6 Halogen-Free csfBGA 324 IND

LCMXO3LF-6900C-5BG256C 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3LF-6900C-6BG256C 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3LF-6900C-5BG256I 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3LF-6900C-6BG256I 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 IND

LCMXO3LF-6900C-5BG324C 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 COM

LCMXO3LF-6900C-6BG324C 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 COM

LCMXO3LF-6900C-5BG324I 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 IND

LCMXO3LF-6900C-6BG324I 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 IND

LCMXO3LF-6900C-5BG400C 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 400 COM

LCMXO3LF-6900C-6BG400C 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 400 COM

LCMXO3LF-6900C-5BG400I 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 400 IND

LCMXO3LF-6900C-6BG400I 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 400 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3LF-9400E-5MG256C 9400 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3LF-9400E-6MG256C 9400 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3LF-9400E-5MG256I 9400 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3LF-9400E-6MG256I 9400 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3LF-9400C-5BG256C 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3LF-9400C-6BG256C 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3LF-9400C-5BG256I 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3LF-9400C-6BG256I 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 256 IND

LCMXO3LF-9400C-5BG400C 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 400 COM

LCMXO3LF-9400C-6BG400C 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 400 COM

LCMXO3LF-9400C-5BG400I 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 400 IND

LCMXO3LF-9400C-6BG400I 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 400 IND

LCMXO3LF-9400C-5BG484C 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 484 COM

LCMXO3LF-9400C-6BG484C 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 484 COM

LCMXO3LF-9400C-5BG484I 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 484 IND

LCMXO3LF-9400C-6BG484I 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 484 IND
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April 2016 1.6 Introduction Updated Features section.
— Revised logic density range and IO to LUT ratio under Flexible Archi-
tecture.
— Revised 0.8 mm pitch information under Advanced Packaging.
— Added MachXO3L-9400/MachXO3LF-9400 information to Table 1-1, 
MachXO3L/LF Family Selection Guide.

Updated Introduction section. 
— Changed density from 6900 to 9400 LUTs.
— Changed caBGA packaging to 19 x 19 mm.

Architecture Updated Architecture Overview section. 
— Changed statement to “All logic density devices in this family...”
— Updated Figure 2-2 heading and notes.

Updated sysCLOCK Phase Locked Loops (PLLs) section. 
— Changed statement to “All MachXO3L/LF devices have one or more 
sysCLOCK PLL.” 

Updated Programmable I/O Cells (PIC) section. 
— Changed statement to “All PIO pairs can implement differential receiv-
ers.”

Updated sysIO Buffer Banks section. Updated Figure 2-5 heading.

Updated Device Configuration section. Added Password and Soft Error 
Correction.

DC and Switching 
Characteristics

Updated Static Supply Current – C/E Devices section. Added LCMXO3L/
LF-9400C and LCMXO3L/LF-9400E devices.

Updated Programming and Erase Supply Current – C/E Devices section. 
— Added LCMXO3L/LF-9400C and LCMXO3L/LF-9400E devices.
— Changed LCMXO3L/LF-640E and LCMXO3L/LF-1300E Typ. values.

Updated MachXO3L/LF External Switching Characteristics – C/E 
Devices section. Added MachXO3L/LF-9400 devices.

Updated NVCM/Flash Download Time section. Added LCMXO3L/LF-
9400C device.

Updated sysCONFIG Port Timing Specifications section. 
— Added LCMXO3L/LF-9400C device.
— Changed tINITL units to from ns to us.
— Changed tDPPINIT and tDPPDONE Max. values are per PCN#03A-16.

Pinout Information Updated Pin Information Summary section. Added LCMXO3L/LF-9400C 
device.

Ordering Information Updated MachXO3 Part Number Description section. 
— Added 9400 = 9400 LUTs.
— Added BG484 package.

Updated MachXO3L Ultra Low Power Commercial and Industrial Grade 
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.

Updated MachXO3LF Ultra Low Power Commercial and Industrial Grade 
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.

Date Version Section Change Summary


