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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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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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This phase shift can be either programmed during configuration or can be adjusted dynamically. In dynamic mode, 
the PLL may lose lock after a phase adjustment on the output used as the feedback source and not relock until the 
tLOCK parameter has been satisfied. 

The MachXO3L/LF also has a feature that allows the user to select between two different reference clock sources 
dynamically. This feature is implemented using the PLLREFCS primitive. The timing parameters for the PLL are 
shown in the sysCLOCK PLL Timing table.

The MachXO3L/LF PLL contains a WISHBONE port feature that allows the PLL settings, including divider values, 
to be dynamically changed from the user logic. When using this feature the EFB block must also be instantiated in 
the design to allow access to the WISHBONE ports. Similar to the dynamic phase adjustment, when PLL settings 
are updated through the WISHBONE port the PLL may lose lock and not relock until the tLOCK parameter has been 
satisfied. The timing parameters for the PLL are shown in the sysCLOCK PLL Timing table.

For more details on the PLL and the WISHBONE interface, see TN1282, MachXO3 sysCLOCK PLL Design and 
Usage Guide. 

Figure 2-7. PLL Diagram

Table 2-4 provides signal descriptions of the PLL block.

Table 2-4. PLL Signal Descriptions 

Port Name I/O Description

CLKI I Input clock to PLL

CLKFB I Feedback clock

PHASESEL[1:0] I Select which output is affected by Dynamic Phase adjustment ports

PHASEDIR I Dynamic Phase adjustment direction

PHASESTEP I Dynamic Phase step – toggle shifts VCO phase adjust by one step.

CLKOP, CLKOS, CLKOS2, CLKOS3

REFCLK

Internal Feedback

FBKSEL

CLKOP

CLKOS

4

CLKOS2

CLKOS3

REFCLK 
Divider

M (1 - 40)

LOCK

ENCLKOP, ENCLKOS, ENCLKOS2, ENCLKOS3

RST, RESETM, RESETC, RESETD

CLKFB

CLKI

Dynamic 
Phase 
Adjust

PHASESEL[1:0]

PHASEDIR

PHASESTEP

FBKCLK 
Divider

N (1 - 40)

Fractional-N
Synthesizer

Phase detector,
VCO, and
 loop filter.

CLKOS3 
Divider

(1 - 128)

CLKOS2 
Divider

(1 - 128)

Phase 
Adjust

Phase 
Adjust

Phase 
Adjust/ 

Edge Trim

CLKOS 
Divider

(1 - 128)

CLKOP 
Divider

(1 - 128)

Lock
Detect

ClkEn
Synch

ClkEn
Synch

ClkEn
Synch

ClkEn
Synch

PLLDATO[7:0] , PLLACK
PLLCLK, PLLRST, PLLSTB, PLLWE, PLLDATI[7:0], PLLADDR[4:0]

A0

B0

C0

D0
D1

Mux

A2
Mux

B2
Mux

C2
Mux

D2
Mux

DPHSRC

Phase 
Adjust/ 

Edge TrimSTDBY

http://www.latticesemi.com/view_document?document_id=50124
http://www.latticesemi.com/view_document?document_id=50124
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Output Register Block 
The output register block registers signals from the core of the device before they are passed to the sysIO buffers. 

Left, Top, Bottom Edges
In SDR mode, D0 feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as a D-type 
register or latch. 

In DDR generic mode, D0 and D1 inputs are fed into registers on the positive edge of the clock. At the next falling 
edge the registered D1 input is registered into the register Q1. A multiplexer running off the same clock is used to 
switch the mux between the outputs of registers Q0 and Q1 that will then feed the output.

Figure 2-12 shows the output register block on the left, top and bottom edges.

Figure 2-12. MachXO3L/LF Output Register Block Diagram (PIO on the Left, Top and Bottom Edges)

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 sysIO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one of the flip-flops that 
then feeds the output. 

 

Output path 

TQ D/L Q 
TD 
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Q

D1 D  Q D  Q 
Q1 

D/L Q
Q0 
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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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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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Table 2-11 shows the I/O standards (together with their supply and reference voltages) supported by the 
MachXO3L/LF devices. For further information on utilizing the sysIO buffer to support a variety of standards please 
see TN1280, MachXO3 sysIO Usage Guide.

Table 2-11. Supported Input Standards

VCCIO (Typ.)

Input Standard 3.3 V 2.5 V 1.8 V 1.5 V 1.2 V

Single-Ended Interfaces

LVTTL Yes

LVCMOS33 Yes

LVCMOS25 Yes

LVCMOS18 Yes

LVCMOS15 Yes

LVCMOS12 Yes

PCI Yes

Differential Interfaces

LVDS Yes Yes

BLVDS, MLVDS, LVPECL, RSDS Yes Yes

MIPI1 Yes Yes

LVTTLD Yes

LVCMOS33D Yes

LVCMOS25D Yes

LVCMOS18D Yes

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

http://www.latticesemi.com/view_document?document_id=50125
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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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For more details on these embedded functions, please refer to TN1293, Using Hardened Control Functions in 
MachXO3 Devices.

User Flash Memory (UFM)
MachXO3LF devices provide a User Flash Memory block, which can be used for a variety of applications including 
storing a portion of the configuration image, initializing EBRs, to store PROM data or, as a general purpose user 
Flash memory. The UFM block connects to the device core through the embedded function block WISHBONE 
interface. Users can also access the UFM block through the JTAG, I2C and SPI interfaces of the device. The UFM 
block offers the following features:

• Non-volatile storage up to 256 kbits

• 100K write cycles

• Write access is performed page-wise; each page has 128 bits (16 bytes)

• Auto-increment addressing

• WISHBONE interface

For more information on the UFM, please refer to TN1293, Using Hardened Control Functions in MachXO3 
Devices. 

Standby Mode and Power Saving Options
MachXO3L/LF devices are available in two options, the C and E devices. The C devices have a built-in voltage reg-
ulator to allow for 2.5 V VCC and 3.3 V VCC while the E devices operate at 1.2 V VCC.

MachXO3L/LF devices have been designed with features that allow users to meet the static and dynamic power 
requirements of their applications by controlling various device subsystems such as the bandgap, power-on-reset 
circuitry, I/O bank controllers, power guard, on-chip oscillator, PLLs, etc. In order to maximize power savings, 
MachXO3L/LF devices support a low power Stand-by mode. 

In the stand-by mode the MachXO3L/LF devices are powered on and configured. Internal logic, I/Os and memories 
are switched on and remain operational, as the user logic waits for an external input. The device enters this mode 
when the standby input of the standby controller is toggled or when an appropriate I2C or JTAG instruction is issued 
by an external master. Various subsystems in the device such as the band gap, power-on-reset circuitry etc can be 
configured such that they are automatically turned “off” or go into a low power consumption state to save power 
when the device enters this state. Note that the MachXO3L/LF devices are powered on when in standby mode and 
all power supplies should remain in the Recommended Operating Conditions.

http://www.latticesemi.com/view_document?document_id=50518
http://www.latticesemi.com/view_document?document_id=50518
http://www.latticesemi.com/view_document?document_id=50518
http://www.latticesemi.com/view_document?document_id=50518
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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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LVPECL
The MachXO3L/LF family supports the differential LVPECL standard through emulation. This output standard is 
emulated using complementary LVCMOS outputs in conjunction with resistors across the driver outputs on all the 
devices. The LVPECL input standard is supported by the LVDS differential input buffer. The scheme shown in Dif-
ferential LVPECL is one possible solution for point-to-point signals.

Figure 3-3. Differential LVPECL

Table 3-3. LVPECL DC Conditions1

Over Recommended Operating Conditions

For further information on LVPECL, BLVDS and other differential interfaces please see details of additional techni-
cal documentation at the end of the data sheet. 

Symbol Description Nominal Units

ZOUT Output impedance 20 Ohms

RS Driver series resistor 93 Ohms

RP Driver parallel resistor 196 Ohms

RT Receiver termination 100 Ohms

VOH Output high voltage 2.05 V

VOL Output low voltage 1.25 V

VOD Output differential voltage 0.80 V

VCM Output common mode voltage 1.65 V

ZBACK Back impedance 100.5 Ohms

IDC DC output current 12.11 mA

1. For input buffer, see LVDS table.

Transmission line, Zo = 100 Ohm differential 

100 Ohms

93 Ohms
16 mA

16 mA

93 Ohms

Off-chip On-chip 

VCCIO = 3.3 V

VCCIO = 3.3 V
196 Ohms

On-chip Off-chip 

+

–



3-13

DC and Switching Characteristics
MachXO3 Family Data Sheet

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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Figure 3-6. Receiver GDDR71_RX. Waveforms

Figure 3-7. Transmitter GDDR71_TX. Waveforms
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JTAG Port Timing Specifications

Figure 3-8. JTAG Port Timing Waveforms

Symbol Parameter Min. Max. Units

fMAX TCK clock frequency —   25 MHz 

tBTCPH  TCK [BSCAN] clock pulse width high 20 —    ns 

tBTCPL TCK [BSCAN] clock pulse width low 20 —    ns 

tBTS TCK [BSCAN] setup time 10 —    ns 

tBTH TCK [BSCAN] hold time 8 —    ns 

tBTCO TAP controller falling edge of clock to valid output —   10 ns 

tBTCODIS TAP controller falling edge of clock to valid disable —   10 ns 

tBTCOEN TAP controller falling edge of clock to valid enable —   10 ns 

tBTCRS BSCAN test capture register setup time 8 —    ns 

tBTCRH BSCAN test capture register hold time 20  —    ns 

tBUTCO BSCAN test update register, falling edge of clock to valid output —   25 ns 

tBTUODIS BSCAN test update register, falling edge of clock to valid disable —   25 ns 

tBTUPOEN BSCAN test update register, falling edge of clock to valid enable —   25 ns 

TMS

TDI

TCK

TDO

Data to be
captured
from I/O

Data to be
driven out

to I/O

ataD dilaVataD dilaV

ataD dilaVataD dilaV

Data Captured

tBTCPH tBTCPL

tBTCOEN

tBTCRS

tBTUPOEN tBUTCO tBTUODIS

tBTCRH

tBTCO tBTCODIS

tBTS tBTH

tBTCP
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Signal Descriptions 
Signal Name I/O Descriptions

General Purpose

P[Edge] [Row/Column 
Number]_[A/B/C/D] I/O

[Edge] indicates the edge of the device on which the pad is located. Valid edge designations 
are L (Left), B (Bottom), R (Right), T (Top). 

[Row/Column Number] indicates the PFU row or the column of the device on which the PIO 
Group exists. When Edge is T (Top) or (Bottom), only need to specify Row Number. When 
Edge is L (Left) or R (Right), only need to specify Column Number. 

[A/B/C/D] indicates the PIO within the group to which the pad is connected. 

Some of these user-programmable pins are shared with special function pins. When not used 
as special function pins, these pins can be programmed as I/Os for user logic. 

During configuration of the user-programmable I/Os, the user has an option to tri-state the 
I/Os and enable an internal pull-up, pull-down or buskeeper resistor. This option also applies 
to unused pins (or those not bonded to a package pin). The default during configuration is for 
user-programmable I/Os to be tri-stated with an internal pull-down resistor enabled. When the 
device is erased, I/Os will be tri-stated with an internal pull-down resistor enabled. Some pins, 
such as PROGRAMN and JTAG pins, default to tri-stated I/Os with pull-up resistors enabled 
when the device is erased. 

NC — No connect.

GND — GND – Ground. Dedicated pins. It is recommended that all GNDs are tied together.

VCC — VCC – The power supply pins for core logic. Dedicated pins. It is recommended that all VCCs 
are tied to the same supply.

VCCIOx — VCCIO – The power supply pins for I/O Bank x. Dedicated pins. It is recommended that all 
VCCIOs located in the same bank are tied to the same supply.

PLL and Clock Functions (Used as user-programmable I/O pins when not used for PLL or clock pins)

[LOC]_GPLL[T, C]_IN — Reference Clock (PLL) input pads: [LOC] indicates location. Valid designations are L (Left 
PLL) and R (Right PLL). T = true and C = complement.

[LOC]_GPLL[T, C]_FB — Optional Feedback (PLL) input pads: [LOC] indicates location. Valid designations are L (Left 
PLL) and R (Right PLL). T = true and C = complement.

PCLK [n]_[2:0] — Primary Clock pads. One to three clock pads per side. 

Test and Programming (Dual function pins used for test access port and during sysCONFIG™)

TMS I Test Mode Select input pin, used to control the 1149.1 state machine. 

TCK I Test Clock input pin, used to clock the 1149.1 state machine.

TDI I Test Data input pin, used to load data into the device using an 1149.1 state machine. 

TDO O Output pin – Test Data output pin used to shift data out of the device using 1149.1.

JTAGENB I

Optionally controls behavior of TDI, TDO, TMS, TCK. If the device is configured to use the 
JTAG pins (TDI, TDO, TMS, TCK) as general purpose I/O, then:

If JTAGENB is low: TDI, TDO, TMS and TCK can function a general purpose I/O.

If JTAGENB is high: TDI, TDO, TMS and TCK function as JTAG pins. 

For more details, refer to TN1279, MachXO3 Programming and Configuration Usage Guide.

MachXO3 Family Data Sheet
Pinout Information

http://www.latticesemi.com/view_document?document_id=50123
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MachXO3L/LF-4300

WLCSP81 CSFBGA121 CSFBGA256 CSFBGA324 CABGA256 CABGA324 CABGA400

General Purpose IO per Bank

Bank 0 29 24 50 71 50 71 83

Bank 1 0 26 52 62 52 68 84

Bank 2 20 26 52 72 52 72 84

Bank 3 7 7 16 22 16 24 28

Bank 4 0 7 16 14 16 16 24

Bank 5 7 10 20 27 20 28 32

Total General Purpose 
Single Ended IO

63 100 206 268 206 279 335

Differential IO per Bank

Bank 0 15 12 25 36 25 36 42

Bank 1 0 13 26 30 26 34 42

Bank 2 10 13 26 36 26 36 42

Bank 3 3 3 8 10 8 12 14

Bank 4 0 3 8 6 8 8 12

Bank 5 3 5 10 13 10 14 16

Total General Purpose 
Differential IO

31 49 103 131 103 140 168

Dual Function IO 25 37 37 37 37 37 37

Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 10 7 18 18 18 18 21

Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 10 13 18 18 18 18 21

High-speed Differential Outputs

Bank 0 10 7 18 18 18 18 21

VCCIO Pins

Bank 0 3 1 4 4 4 4 5

Bank 1 0 1 3 4 4 4 5

Bank 2 2 1 4 4 4 4 5

Bank 3 1 1 2 2 1 2 2

Bank 4 0 1 2 2 2 2 2

Bank 5 1 1 2 2 1 2 2

VCC 4 4 8 8 8 10 10

GND 6 10 24 16 24 16 33

NC 0 0 0 13 1 0 0

Reserved for Configuration 1 1 1 1 1 1 1

Total Count of Bonded Pins 81 121 256 324 256 324 400
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Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-2100E-6MG324I 2100 1.2 V 6 Halogen-Free csfBGA 324 IND

LCMXO3L-2100C-5BG256C 2100 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3L-2100C-6BG256C 2100 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3L-2100C-5BG256I 2100 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3L-2100C-6BG256I 2100 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 IND

LCMXO3L-2100C-5BG324C 2100 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 COM

LCMXO3L-2100C-6BG324C 2100 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 COM

LCMXO3L-2100C-5BG324I 2100 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 IND

LCMXO3L-2100C-6BG324I 2100 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-4300E-5UWG81CTR 4300 1.2 V 5 Halogen-Free WLCSP 81 COM

LCMXO3L-4300E-5UWG81CTR50 4300 1.2 V 5 Halogen-Free WLCSP 81 COM

LCMXO3L-4300E-5UWG81CTR1K 4300 1.2 V 5 Halogen-Free WLCSP 81 COM

LCMXO3L-4300E-5UWG81ITR 4300 1.2 V 5 Halogen-Free WLCSP 81 IND

LCMXO3L-4300E-5UWG81ITR50 4300 1.2 V 5 Halogen-Free WLCSP 81 IND

LCMXO3L-4300E-5UWG81ITR1K 4300 1.2 V 5 Halogen-Free WLCSP 81 IND

LCMXO3L-4300E-5MG121C 4300 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-4300E-6MG121C 4300 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-4300E-5MG121I 4300 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-4300E-6MG121I 4300 1.2 V 6 Halogen-Free csfBGA 121 IND

LCMXO3L-4300E-5MG256C 4300 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-4300E-6MG256C 4300 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-4300E-5MG256I 4300 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-4300E-6MG256I 4300 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-4300E-5MG324C 4300 1.2 V 5 Halogen-Free csfBGA 324 COM

LCMXO3L-4300E-6MG324C 4300 1.2 V 6 Halogen-Free csfBGA 324 COM

LCMXO3L-4300E-5MG324I 4300 1.2 V 5 Halogen-Free csfBGA 324 IND

LCMXO3L-4300E-6MG324I 4300 1.2 V 6 Halogen-Free csfBGA 324 IND

LCMXO3L-4300C-5BG256C 4300 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3L-4300C-6BG256C 4300 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3L-4300C-5BG256I 4300 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3L-4300C-6BG256I 4300 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 IND

LCMXO3L-4300C-5BG324C 4300 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 COM

LCMXO3L-4300C-6BG324C 4300 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 COM

LCMXO3L-4300C-5BG324I 4300 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 IND

LCMXO3L-4300C-6BG324I 4300 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 IND

LCMXO3L-4300C-5BG400C 4300 2.5 V / 3.3 V 5 Halogen-Free caBGA 400 COM

LCMXO3L-4300C-6BG400C 4300 2.5 V / 3.3 V 6 Halogen-Free caBGA 400 COM

LCMXO3L-4300C-5BG400I 4300 2.5 V / 3.3 V 5 Halogen-Free caBGA 400 IND

LCMXO3L-4300C-6BG400I 4300 2.5 V / 3.3 V 6 Halogen-Free caBGA 400 IND
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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


7-2

Revision History
MachXO3 Family Data Sheet

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


