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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. MachXO2™ Family Selection Guide

XO2-256 XO2-640 XO2-640U1 XO2-1200 XO2-1200U1 XO2-2000 XO2-2000U1 XO2-4000 XO2-7000

LUTs 256  640  640  1280 1280 2112  2112  4320 6864

Distributed RAM (kbits) 2  5  5  10  10 16  16  34  54

EBR SRAM (kbits) 0  18  64  64  74 74 92  92  240

Number of EBR SRAM Blocks (9 
kbits/block) 0 2 7 7 8 8 10 10 26

UFM (kbits) 0 24 64 64 80 80 96 96 256

Device Options: HC2 Yes Yes Yes Yes Yes Yes Yes Yes Yes

HE3 Yes Yes Yes Yes

ZE4 Yes Yes Yes Yes Yes Yes

Number of PLLs 0 0 1 1 1 1 2 2 2

Hardened 
Functions:

I2C 2 2 2 2 2 2 2 2 2

SPI 1 1 1 1 1 1 1 1 1

Timer/Coun-
ter 1 1 1 1 1 1 1 1 1

Packages IO

25-ball WLCSP5

(2.5 mm x 2.5 mm, 0.4 mm) 18

32 QFN6

(5 mm x 5 mm, 0.5 mm) 21 21

48 QFN8, 9

(7 mm x 7 mm, 0.5 mm) 40 40

49-ball WLCSP5

(3.2 mm x 3.2 mm, 0.4 mm) 38

64-ball ucBGA
(4 mm x 4 mm, 0.4 mm) 44

84 QFN7

(7 mm x 7 mm, 0.5 mm) 68

100-pin TQFP 
(14 mm x 14 mm) 55 78 79 79

132-ball csBGA
(8 mm x 8 mm, 0.5 mm) 55 79 104 104 104

144-pin TQFP
(20 mm x 20 mm) 107 107 111 114 114

184-ball csBGA7

(8 mm x 8 mm, 0.5 mm) 150

256-ball caBGA
(14 mm x 14 mm, 0.8 mm) 206 206 206

256-ball ftBGA
(17 mm x 17 mm, 1.0 mm) 206 206 206 206

332-ball caBGA
(17 mm x 17 mm, 0.8 mm) 274 278

484-ball ftBGA
(23 mm x 23 mm, 1.0 mm) 278 278 334

1. Ultra high I/O device.
2. High performance with regulator – VCC = 2.5 V, 3.3 V 
3. High performance without regulator – VCC = 1.2 V 
4. Low power without regulator – VCC = 1.2 V 
5. WLCSP package only available for ZE devices.
6. 32 QFN package only available for HC and ZE devices.
7. 184 csBGA package only available for HE devices.
8. 48-pin QFN information is ‘Advanced’.
9. 48 QFN package only available for HC devices. 
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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 TN1201, Memory Usage Guide for MachXO2 
Devices. 

Routing
There are many resources provided in the MachXO2 devices to route signals individually or as buses with related 
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) seg-
ments. 

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 MachXO2 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 MachXO2 architecture has three types of clocking resources: edge clocks, primary clocks and secondary high 
fanout nets. MachXO2-640U, MachXO2-1200/U and higher density devices have two edge clocks each on the top 
and bottom edges. Lower density devices have no edge clocks. 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, 
MachXO2 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 MachXO2 External Switching Characteris-
tics table.

The primary clock signals for the MachXO2-256 and MachXO2-640 are generated from eight 17:1 muxes The 
available clock sources include eight I/O sources and 9 routing inputs. Primary clock signals for the MachXO2-
640U, MachXO2-1200/U 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 sysCLOCK PLL outputs. 

www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
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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 MachXO2 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 MachXO2 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 sat-
isfied. 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 TN1199, MachXO2 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

B1
Mux

C1
Mux

www.latticesemi.com/dynamic/view_document.cfm?document_id=39080
www.latticesemi.com/dynamic/view_document.cfm?document_id=39080
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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 UFM. To maximize the number of UFM bits, initialize the EBRs used in your design to an all-zero 
pattern. Initializing to an all-zero pattern does not use up UFM bits. MachXO2 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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More information on the input gearbox is available in TN1203, Implementing High-Speed Interfaces with MachXO2 
Devices.

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 2-17 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 

www.latticesemi.com/dynamic/view_document.cfm?document_id=39084
www.latticesemi.com/dynamic/view_document.cfm?document_id=39084
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Figure 2-17. Output Gearbox

More information on the output gearbox is available in TN1203, Implementing High-Speed Interfaces with 
MachXO2 Devices.
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www.latticesemi.com/dynamic/view_document.cfm?document_id=39084
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Table 2-11. I/O Support Device by Device

Table 2-12. Supported Input Standards

MachXO2-256, 
MachXO2-640

MachXO2-640U,
MachXO2-1200

MachXO2-1200U
MachXO2-2000/U, 
MachXO2-4000, 
MachXO2-7000

Number of I/O Banks 4 4 6

Type of Input Buffers
Single-ended (all I/O banks)

Differential Receivers (all I/O 
banks)

Single-ended (all I/O banks)

Differential Receivers (all I/O 
banks)

Differential input termination 
(bottom side)

Single-ended (all I/O banks)

Differential Receivers (all I/O 
banks)

Differential input termination 
(bottom side)

Types of Output Buffers
Single-ended buffers with 
complementary outputs (all I/O 
banks)

Single-ended buffers with 
complementary outputs (all I/O 
banks)

Differential buffers with true 
LVDS outputs (50% on top 
side)

Single-ended buffers with 
complementary outputs (all I/O 
banks)

Differential buffers with true 
LVDS outputs (50% on top 
side)

Differential Output Emulation 
Capability All I/O banks All I/O banks All I/O banks

PCI Clamp Support No Clamp on bottom side only Clamp on bottom side only

VCCIO (Typ.)

Input Standard 3.3 V 2.5 V 1.8 V 1.5 1.2 V

Single-Ended Interfaces

LVTTL  2 2 2

LVCMOS33  2 2 2

LVCMOS25 2  2 2

LVCMOS18 2 2  2

LVCMOS15 2 2 2  2

LVCMOS12 2 2 2 2 

PCI1 

SSTL18 (Class I, Class II)   

SSTL25 (Class I, Class II)  

HSTL18 (Class I, Class II)   

Differential Interfaces

LVDS  

BLVDS, MVDS, LVPECL, RSDS  

MIPI3  

Differential SSTL18 Class I, II   

Differential SSTL25 Class I, II  

Differential HSTL18 Class I, II   

1. Bottom banks of MachXO2-640U, MachXO2-1200/U and higher density devices only.
2. Reduced functionality. Refer to TN1202, MachXO2 sysIO Usage Guide for more detail.
3. These interfaces can be emulated with external resistors in all devices.

www.latticesemi.com/dynamic/view_document.cfm?document_id=39083
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Figure 2-21. I2C Core Block Diagram

Table 2-15 describes the signals interfacing with the I2C cores.

Table 2-15. I2C Core Signal Description

Hardened SPI IP Core
Every MachXO2 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 
MachXO2 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 MachXO2 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 MachXO2 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 MachXO2 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 MachXO2 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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Hardened Timer/Counter
MachXO2 devices provide a hard Timer/Counter IP core. This Timer/Counter is a general purpose, bi-directional, 
16-bit timer/counter module with independent output compare units and PWM support. The Timer/Counter sup-
ports the following functions:

• Supports the following modes of operation:
— Watchdog timer
— Clear timer on compare match
— Fast PWM
— Phase and Frequency Correct PWM 

• Programmable clock input source

• Programmable input clock prescaler

• One static interrupt output to routing 

• One wake-up interrupt to on-chip standby mode controller.

• Three independent interrupt sources: overflow, output compare match, and input capture

• Auto reload

• Time-stamping support on the input capture unit

• Waveform generation on the output

• Glitch-free PWM waveform generation with variable PWM period

• Internal WISHBONE bus access to the control and status registers

• Stand-alone mode with preloaded control registers and direct reset input

Figure 2-23. Timer/Counter Block Diagram

Table 2-17. Timer/Counter Signal Description

Port I/O Description

tc_clki I Timer/Counter input clock signal

tc_rstn I Register tc_rstn_ena is preloaded by configuration to always keep this pin enabled

tc_ic I Input capture trigger event, applicable for non-pwm modes with WISHBONE interface. If 
enabled, a rising edge of this signal will be detected and synchronized to capture tc_cnt value 
into tc_icr for time-stamping.

tc_int O Without WISHBONE – Can be used as overflow flag
With WISHBONE – Controlled by three IRQ registers

tc_oc O Timer counter output signal

EFB Timer/Counter

Core
Logic

Routing
PWM

EFB
WISHBONE

Interface

Timer/
Counter

Registers

Control
Logic
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For more details on these embedded functions, please refer to TN1205, Using User Flash Memory and Hardened 
Control Functions in MachXO2 Devices.

User Flash Memory (UFM)
MachXO2-640/U and higher density 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 TN1205, Using User Flash Memory and Hardened Control Func-
tions in MachXO2 Devices.

Standby Mode and Power Saving Options
MachXO2 devices are available in three options for maximum flexibility: ZE, HC and HE devices. The ZE devices 
have ultra low static and dynamic power consumption. These devices use a 1.2 V core voltage that further reduces 
power consumption. The HC and HE devices are designed to provide high performance. The HC devices have a 
built-in voltage regulator to allow for 2.5 V VCC and 3.3 V VCC while the HE devices operate at 1.2 V VCC.

MachXO2 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, 
MachXO2 devices support an ultra low power Stand-by mode. While most of these features are available in all 
three device types, these features are mainly intended for use with MachXO2 ZE devices to manage power con-
sumption.

In the stand-by mode the MachXO2 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 MachXO2 devices are powered on when in standby mode and all 
power supplies should remain in the Recommended Operating Conditions.

www.latticesemi.com/dynamic/view_document.cfm?document_id=39086
www.latticesemi.com/dynamic/view_document.cfm?document_id=39086
www.latticesemi.com/dynamic/view_document.cfm?document_id=39086
www.latticesemi.com/dynamic/view_document.cfm?document_id=39086
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Configuration and Testing
This section describes the configuration and testing features of the MachXO2 family.

IEEE 1149.1-Compliant Boundary Scan Testability
All MachXO2 devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant test access 
port (TAP). This allows functional testing of the circuit board, on which the device is mounted, through a serial scan 
path that can access all critical logic nodes. Internal registers are linked internally, allowing test data to be shifted in 
and loaded directly onto test nodes, or test data to be captured and shifted out for verification. The test access port 
consists of dedicated I/Os: TDI, TDO, TCK and TMS. The test access port shares its power supply with VCCIO
Bank 0 and can operate with LVCMOS3.3, 2.5, 1.8, 1.5, and 1.2 standards. 

For more details on boundary scan test, see AN8066, Boundary Scan Testability with Lattice sysIO Capability and 
TN1087, Minimizing System Interruption During Configuration Using TransFR Technology.

Device Configuration
All MachXO2 devices contain two ports that can be used for device configuration. The Test Access Port (TAP), 
which supports bit-wide configuration and the sysCONFIG port which supports serial configuration through I2C or 
SPI. The TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532 
In-System Configuration specification. There are various ways to configure a MachXO2 device: 

1. Internal Flash Download

2. JTAG 

3. Standard Serial Peripheral Interface (Master SPI mode) – interface to boot PROM memory 

4. System microprocessor to drive a serial slave SPI port (SSPI mode) 

5. Standard I2C Interface to system microprocessor 

Upon power-up, the configuration SRAM is ready to be configured using the selected sysCONFIG port. Once a 
configuration port is selected, it will remain active throughout that configuration cycle. The IEEE 1149.1 port can be 
activated any time after power-up by sending the appropriate command through the TAP port. Optionally the de-
vice can run a CRC check upon entering the user mode. This will ensure that the device was configured correctly.

The sysCONFIG port has 10 dual-function pins which can be used as general purpose I/Os if they are not required 
for configuration. See TN1204, MachXO2 Programming and Configuration Usage Guide for more information 
about using the dual-use pins as general purpose I/Os.

Lattice design software uses proprietary compression technology to compress bit-streams for use in MachXO2 
devices. Use of this technology allows Lattice to provide a lower cost solution. In the unlikely event that this technol-
ogy is unable to compress bitstreams to fit into the amount of on-chip Flash memory, there are a variety of tech-
niques that can be utilized to allow the bitstream to fit in the on-chip Flash memory. For more details, refer to 
TN1204, MachXO2 Programming and Configuration Usage Guide.

The Test Access Port (TAP) has five dual purpose pins (TDI, TDO, TMS, TCK and JTAGENB). These pins are dual 
function pins - TDI, TDO, TMS and TCK can be used as general purpose I/O if desired. For more details, refer to 
TN1204, MachXO2 Programming and Configuration Usage Guide.

TransFR (Transparent Field Reconfiguration)
TransFR is a unique Lattice technology that allows users to update their logic in the field without interrupting sys-
tem operation using a simple push-button solution. For more details refer to TN1087, Minimizing System Interrup-
tion During Configuration Using TransFR Technology for details.

www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=39085
www.latticesemi.com/dynamic/view_document.cfm?document_id=3468
www.latticesemi.com/dynamic/view_document.cfm?document_id=39085
www.latticesemi.com/dynamic/view_document.cfm?document_id=39085
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
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tSU_DEL

Clock to Data Setup – PIO 
Input Register with Data Input 
Delay

MachXO2-256HC-HE 1.42 — 1.59 — 1.96 — ns

MachXO2-640HC-HE 1.41 — 1.58 — 1.96 — ns

MachXO2-1200HC-HE 1.63 — 1.79 — 2.17 — ns

MachXO2-2000HC-HE 1.61 — 1.76 — 2.13 — ns

MachXO2-4000HC-HE 1.66 — 1.81 — 2.19 — ns

MachXO2-7000HC-HE 1.53 — 1.67 — 2.03 — ns

tH_DEL
Clock to Data Hold – PIO Input 
Register with Input Data Delay

MachXO2-256HC-HE –0.24 — –0.24 — –0.24 — ns

MachXO2-640HC-HE –0.23 — –0.23 — –0.23 — ns

MachXO2-1200HC-HE –0.24 — –0.24 — –0.24 — ns

MachXO2-2000HC-HE –0.23 — –0.23 — –0.23 — ns

MachXO2-4000HC-HE –0.25 — –0.25 — –0.25 — ns

MachXO2-7000HC-HE –0.21 — –0.21 — –0.21 — ns

fMAX_IO
Clock Frequency of I/O and 
PFU Register All MachXO2 devices — 388 — 323 — 269 MHz

General I/O Pin Parameters (Using Edge Clock without PLL)

tCOE
Clock to Output – PIO Output 
Register

MachXO2-1200HC-HE — 7.53 — 7.76 — 8.10 ns

MachXO2-2000HC-HE — 7.53 — 7.76 — 8.10 ns

MachXO2-4000HC-HE — 7.45 — 7.68 — 8.00 ns

MachXO2-7000HC-HE — 7.53 — 7.76 — 8.10 ns

tSUE
Clock to Data Setup – PIO 
Input Register

MachXO2-1200HC-HE –0.19 — –0.19 — –0.19 — ns

MachXO2-2000HC-HE –0.19 — –0.19 — –0.19 — ns

MachXO2-4000HC-HE –0.16 — –0.16 — –0.16 — ns

MachXO2-7000HC-HE –0.19 — –0.19 — –0.19 — ns

tHE
Clock to Data Hold – PIO Input 
Register

MachXO2-1200HC-HE 1.97 — 2.24 — 2.52 — ns

MachXO2-2000HC-HE 1.97 — 2.24 — 2.52 — ns

MachXO2-4000HC-HE 1.89 — 2.16 — 2.43 — ns

MachXO2-7000HC-HE 1.97 — 2.24 — 2.52 — ns

tSU_DELE

Clock to Data Setup – PIO 
Input Register with Data Input 
Delay

MachXO2-1200HC-HE 1.56 — 1.69 — 2.05 — ns

MachXO2-2000HC-HE 1.56 — 1.69 — 2.05 — ns

MachXO2-4000HC-HE 1.74 — 1.88 — 2.25 — ns

MachXO2-7000HC-HE 1.66 — 1.81 — 2.17 — ns

tH_DELE
Clock to Data Hold – PIO Input 
Register with Input Data Delay

MachXO2-1200HC-HE –0.23 — –0.23 — –0.23 — ns

MachXO2-2000HC-HE –0.23 — –0.23 — –0.23 — ns

MachXO2-4000HC-HE –0.34 — –0.34 — –0.34 — ns

MachXO2-7000HC-HE –0.29 — –0.29 — –0.29 — ns

General I/O Pin Parameters (Using Primary Clock with PLL)

tCOPLL
Clock to Output – PIO Output 
Register

MachXO2-1200HC-HE — 5.97 — 6.00 — 6.13 ns

MachXO2-2000HC-HE — 5.98 — 6.01 — 6.14 ns

MachXO2-4000HC-HE — 5.99 — 6.02 — 6.16 ns

MachXO2-7000HC-HE — 6.02 — 6.06 — 6.20 ns

tSUPLL
Clock to Data Setup – PIO 
Input Register

MachXO2-1200HC-HE 0.36 — 0.36 — 0.65 — ns

MachXO2-2000HC-HE 0.36 — 0.36 — 0.63 — ns

MachXO2-4000HC-HE 0.35 — 0.35 — 0.62 — ns

MachXO2-7000HC-HE 0.34 — 0.34 — 0.59 — ns

Parameter Description Device

–6 –5 –4

UnitsMin. Max. Min. Max. Min. Max.
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Generic DDRX2 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – GDDRX2_TX.ECLK.Centered9, 12

tDVB
Output Data Valid Before CLK 
Output

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
top side only

1.445 — 1.760 — 2.140 — ns

tDVA
Output Data Valid After CLK 
Output 1.445 — 1.760 — 2.140 — ns

fDATA
DDRX2 Serial Output Data 
Speed — 280 — 234 — 194 Mbps

fDDRX2
DDRX2 ECLK Frequency
(minimum limited by PLL) — 140 — 117 — 97 MHz

fSCLK SCLK Frequency — 70 — 59 — 49 MHz

Generic DDRX4 Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input – GDDRX4_TX.ECLK.Aligned9, 12

tDIA
Output Data Invalid After CLK 
Output

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
top side only

— 0.270 — 0.300 — 0.330 ns

tDIB
Output Data Invalid Before 
CLK Output — 0.270 — 0.300 — 0.330 ns

fDATA
DDRX4 Serial Output Data 
Speed — 420 — 352 — 292 Mbps

fDDRX4 DDRX4 ECLK Frequency — 210 — 176 — 146 MHz

fSCLK SCLK Frequency — 53 — 44 — 37 MHz

Generic DDRX4 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – GDDRX4_TX.ECLK.Centered9, 12

tDVB
Output Data Valid Before CLK 
Output

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
top side only

0.873 — 1.067 — 1.319 — ns

tDVA
Output Data Valid After CLK 
Output 0.873 — 1.067 — 1.319 — ns

fDATA
DDRX4 Serial Output Data 
Speed — 420 — 352 — 292 Mbps

fDDRX4
DDRX4 ECLK Frequency 
(minimum limited by PLL) — 210 — 176 — 146 MHz

fSCLK SCLK Frequency — 53 — 44 — 37 MHz

7:1 LVDS Outputs – GDDR71_TX.ECLK.7:19, 12

tDIB
Output Data Invalid Before 
CLK Output

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
top side only. 

— 0.240 — 0.270 — 0.300 ns

tDIA
Output Data Invalid After CLK 
Output — 0.240 — 0.270 — 0.300 ns

fDATA
DDR71 Serial Output Data 
Speed — 420 — 352 — 292 Mbps

fDDR71 DDR71 ECLK Frequency — 210 — 176 — 146 MHz

fCLKOUT

7:1 Output Clock Frequency 
(SCLK) (minimum limited by 
PLL)

— 60 — 50 — 42 MHz

Parameter Description Device

–3 –2 –1

UnitsMin. Max. Min. Max. Min. Max.
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MachXO2 Part Number Description

LCMXO2 – XXXX X X X – X XXXXXX X XX XX

Device Status
    Blank = Production Device   
    ES = Engineering Sample
    R1 = Production Release 1 Device
    1K = WLCSP Package, 1,000 parts per reel
    
              
Shipping Method
    Blank = Trays

Grade
    C = Commercial
    I = Industrial    

Logic Capacity
     256 = 256 LUTs
     640 = 640 LUTs
     1200 = 1280 LUTs
     2000 = 2112 LUTs
     4000 = 4320 LUTs
     7000 = 6864 LUTs
     

Power/Performance
    Z = Low Power
    H = High Performance

I/O Count
    Blank = Standard Device
    U = Ultra High I/O Device

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

Speed
    1 = Slowest
    2
    3 = Fastest

    4 = Slowest
    5
    6 = Fastest

Low Power

High Performance

Package 

Device Family
    MachXO2 PLD
 

= 25-Ball Halogen-Free WLCSP 
   (0.4 mm Pitch)
= 32-Pin Halogen-Free QFN 
   (0.5 mm Pitch)

= 49-ball Halogen-Free WLCSP 
   (0.4 mm Pitch)

TR = Tape and Reel

* 48-pin QFN information is 'Advanced'.

= 64-Ball Halogen-Free ucBGA 
   (0.4 mm Pitch)
= 84-Pin Halogen-Free QFN 
   (0.5 mm Pitch)
= 100-Pin Halogen-Free TQFP
= 144-Pin Halogen-Free TQFP
= 132-Ball Halogen-Free csBGA 
   (0.5 mm Pitch)
= 184-Ball Halogen-Free csBGA 
   (0.5 mm Pitch)
= 256-Ball Halogen-Free caBGA 
   (0.8 mm Pitch)
= 256-Ball Halogen-Free ftBGA 
   (1.0 mm Pitch)
= 332-Ball Halogen-Free caBGA
   (0.8 mm Pitch)
= 484-Ball Halogen-Free fpBGA 
   (1.0 mm Pitch)

UWG25
 
SG32

SG48
 
UWG49

UMG64
 
QN84 
 
TG100
TG144 
MG132 

MG184
  

BG256 
 
FTG256 

BG332
 
FG484

= 48-Pin Halogen-Free QFN 
   (0.5 mm Pitch)

MachXO2 Family Data Sheet
Ordering Information
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Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000UHC-4FG484C 2112 2.5 V / 3.3 V –4 Halogen-Free fpBGA 484 COM

LCMXO2-2000UHC-5FG484C 2112 2.5 V / 3.3 V –5 Halogen-Free fpBGA 484 COM

LCMXO2-2000UHC-6FG484C 2112 2.5 V / 3.3 V –6 Halogen-Free fpBGA 484 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-4000HC-4QN84C 4320  2.5 V / 3.3 V –4 Halogen-Free QFN 84 COM

LCMXO2-4000HC-5QN84C 4320  2.5 V / 3.3 V –5 Halogen-Free QFN 84 COM

LCMXO2-4000HC-6QN84C 4320  2.5 V / 3.3 V –6 Halogen-Free QFN 84 COM

LCMXO2-4000HC-4MG132C 4320  2.5 V / 3.3 V –4 Halogen-Free csBGA 132 COM

LCMXO2-4000HC-5MG132C 4320  2.5 V / 3.3 V –5 Halogen-Free csBGA 132 COM

LCMXO2-4000HC-6MG132C 4320  2.5 V / 3.3 V –6 Halogen-Free csBGA 132 COM

LCMXO2-4000HC-4TG144C 4320  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 COM

LCMXO2-4000HC-5TG144C 4320  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 COM

LCMXO2-4000HC-6TG144C 4320  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 COM

LCMXO2-4000HC-4BG256C 4320  2.5 V / 3.3 V –4 Halogen-Free caBGA 256 COM

LCMXO2-4000HC-5BG256C 4320  2.5 V / 3.3 V –5 Halogen-Free caBGA 256 COM

LCMXO2-4000HC-6BG256C 4320  2.5 V / 3.3 V –6 Halogen-Free caBGA 256 COM

LCMXO2-4000HC-4FTG256C 4320  2.5 V / 3.3 V –4 Halogen-Free ftBGA 256 COM

LCMXO2-4000HC-5FTG256C 4320  2.5 V / 3.3 V –5 Halogen-Free ftBGA 256 COM

LCMXO2-4000HC-6FTG256C 4320  2.5 V / 3.3 V –6 Halogen-Free ftBGA 256 COM

LCMXO2-4000HC-4BG332C 4320  2.5 V / 3.3 V –4 Halogen-Free caBGA 332 COM

LCMXO2-4000HC-5BG332C 4320  2.5 V / 3.3 V –5 Halogen-Free caBGA 332 COM

LCMXO2-4000HC-6BG332C 4320  2.5 V / 3.3 V –6 Halogen-Free caBGA 332 COM

LCMXO2-4000HC-4FG484C 4320  2.5 V / 3.3 V –4 Halogen-Free fpBGA 484 COM

LCMXO2-4000HC-5FG484C 4320  2.5 V / 3.3 V –5 Halogen-Free fpBGA 484 COM

LCMXO2-4000HC-6FG484C 4320  2.5 V / 3.3 V –6 Halogen-Free fpBGA 484 COM
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Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-7000HC-4TG144C 6864  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 COM

LCMXO2-7000HC-5TG144C 6864  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 COM

LCMXO2-7000HC-6TG144C 6864  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 COM

LCMXO2-7000HC-4BG256C 6864  2.5 V / 3.3 V –4 Halogen-Free caBGA 256 COM

LCMXO2-7000HC-5BG256C 6864  2.5 V / 3.3 V –5 Halogen-Free caBGA 256 COM

LCMXO2-7000HC-6BG256C 6864  2.5 V / 3.3 V –6 Halogen-Free caBGA 256 COM

LCMXO2-7000HC-4FTG256C 6864  2.5 V / 3.3 V –4 Halogen-Free ftBGA 256 COM

LCMXO2-7000HC-5FTG256C 6864  2.5 V / 3.3 V –5 Halogen-Free ftBGA 256 COM

LCMXO2-7000HC-6FTG256C 6864  2.5 V / 3.3 V –6 Halogen-Free ftBGA 256 COM

LCMXO2-7000HC-4BG332C 6864  2.5 V / 3.3 V –4 Halogen-Free caBGA 332 COM

LCMXO2-7000HC-5BG332C 6864  2.5 V / 3.3 V –5 Halogen-Free caBGA 332 COM

LCMXO2-7000HC-6BG332C 6864  2.5 V / 3.3 V –6 Halogen-Free caBGA 332 COM

LCMXO2-7000HC-4FG400C 6864  2.5 V / 3.3 V –4 Halogen-Free fpBGA 400 COM

LCMXO2-7000HC-5FG400C 6864  2.5 V / 3.3 V –5 Halogen-Free fpBGA 400 COM

LCMXO2-7000HC-6FG400C 6864  2.5 V / 3.3 V –6 Halogen-Free fpBGA 400 COM

LCMXO2-7000HC-4FG484C 6864  2.5 V / 3.3 V –4 Halogen-Free fpBGA 484 COM

LCMXO2-7000HC-5FG484C 6864  2.5 V / 3.3 V –5 Halogen-Free fpBGA 484 COM

LCMXO2-7000HC-6FG484C 6864  2.5 V / 3.3 V –6 Halogen-Free fpBGA 484 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-1200HC-4TG100CR11 1280  2.5 V / 3.3 V –4 Halogen-Free TQFP  100 COM

LCMXO2-1200HC-5TG100CR11 1280  2.5 V / 3.3 V –5 Halogen-Free TQFP  100 COM

LCMXO2-1200HC-6TG100CR11 1280  2.5 V / 3.3 V –6 Halogen-Free TQFP  100 COM

LCMXO2-1200HC-4MG132CR11 1280  2.5 V / 3.3 V –4 Halogen-Free csBGA 132 COM

LCMXO2-1200HC-5MG132CR11 1280  2.5 V / 3.3 V –5 Halogen-Free csBGA 132 COM

LCMXO2-1200HC-6MG132CR11 1280  2.5 V / 3.3 V –6 Halogen-Free csBGA 132 COM

LCMXO2-1200HC-4TG144CR11 1280  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 COM

LCMXO2-1200HC-5TG144CR11 1280  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 COM

LCMXO2-1200HC-6TG144CR11 1280  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 COM

1. Specifications for the “LCMXO2-1200HC-speed package CR1” are the same as the “LCMXO2-1200HC-speed package C” devices respec-
tively, except as specified in the R1 Device Specifications section of this data sheet. 
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Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000ZE-1UWG49ITR1 2112 1.2 V –1 Halogen-Free WLCSP  49 IND

LCMXO2-2000ZE-1UWG49ITR503 2112 1.2 V –1 Halogen-Free WLCSP  49 IND

LCMXO2-2000ZE-1UWG49ITR1K2 2112 1.2 V –1 Halogen-Free WLCSP  49 IND

LCMXO2-2000ZE-1TG100I 2112 1.2 V –1 Halogen-Free TQFP  100 IND

LCMXO2-2000ZE-2TG100I 2112 1.2 V –2 Halogen-Free TQFP  100 IND

LCMXO2-2000ZE-3TG100I 2112 1.2 V –3 Halogen-Free TQFP  100 IND

LCMXO2-2000ZE-1MG132I 2112 1.2 V –1 Halogen-Free csBGA 132 IND

LCMXO2-2000ZE-2MG132I 2112 1.2 V –2 Halogen-Free csBGA 132 IND

LCMXO2-2000ZE-3MG132I 2112 1.2 V –3 Halogen-Free csBGA 132 IND

LCMXO2-2000ZE-1TG144I 2112 1.2 V –1 Halogen-Free TQFP 144 IND

LCMXO2-2000ZE-2TG144I 2112 1.2 V –2 Halogen-Free TQFP 144 IND

LCMXO2-2000ZE-3TG144I 2112 1.2 V –3 Halogen-Free TQFP 144 IND

LCMXO2-2000ZE-1BG256I 2112 1.2 V –1 Halogen-Free caBGA 256 IND

LCMXO2-2000ZE-2BG256I 2112 1.2 V –2 Halogen-Free caBGA 256 IND

LCMXO2-2000ZE-3BG256I 2112 1.2 V –3 Halogen-Free caBGA 256 IND

LCMXO2-2000ZE-1FTG256I 2112 1.2 V –1 Halogen-Free ftBGA 256 IND

LCMXO2-2000ZE-2FTG256I 2112 1.2 V –2 Halogen-Free ftBGA 256 IND

LCMXO2-2000ZE-3FTG256I 2112 1.2 V –3 Halogen-Free ftBGA 256 IND

1. This part number has a tape and reel quantity of 5,000 units with a minimum order quantity of 10,000 units. Order quantities must be in 
increments of 5,000 units. For example, a 10,000 unit order will be shipped in two reels with one reel containing 5,000 units and the other 
reel with less than 5,000 units (depending on test yields). Unserviced backlog will be canceled.

2. This part number has a tape and reel quantity of 1,000 units with a minimum order quantity of 1,000. Order quantities must be in increments 
of 1,000 units. For example, a 5,000 unit order will be shipped as 5 reels of 1000 units each.

3. This part number has a tape and reel quantity of 50 units with a minimum order quantity of 50. Order quantities must be in increments of 50 
units. For example, a 1,000 unit order will be shipped as 20 reels of 50 units each.
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Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-4000ZE-1QN84I 4320 1.2 V –1 Halogen-Free QFN 84 IND

LCMXO2-4000ZE-2QN84I 4320 1.2 V –2 Halogen-Free QFN 84 IND

LCMXO2-4000ZE-3QN84I 4320 1.2 V –3 Halogen-Free QFN 84 IND

LCMXO2-4000ZE-1MG132I 4320 1.2 V –1 Halogen-Free csBGA 132 IND

LCMXO2-4000ZE-2MG132I 4320 1.2 V –2 Halogen-Free csBGA 132 IND

LCMXO2-4000ZE-3MG132I 4320 1.2 V –3 Halogen-Free csBGA 132 IND

LCMXO2-4000ZE-1TG144I 4320 1.2 V –1 Halogen-Free TQFP 144 IND

LCMXO2-4000ZE-2TG144I 4320 1.2 V –2 Halogen-Free TQFP 144 IND

LCMXO2-4000ZE-3TG144I 4320 1.2 V –3 Halogen-Free TQFP 144 IND

LCMXO2-4000ZE-1BG256I 4320 1.2 V –1 Halogen-Free caBGA 256 IND

LCMXO2-4000ZE-2BG256I 4320 1.2 V –2 Halogen-Free caBGA 256 IND

LCMXO2-4000ZE-3BG256I 4320 1.2 V –3 Halogen-Free caBGA 256 IND

LCMXO2-4000ZE-1FTG256I 4320 1.2 V –1 Halogen-Free ftBGA 256 IND

LCMXO2-4000ZE-2FTG256I 4320 1.2 V –2 Halogen-Free ftBGA 256 IND

LCMXO2-4000ZE-3FTG256I 4320 1.2 V –3 Halogen-Free ftBGA 256 IND

LCMXO2-4000ZE-1BG332I 4320 1.2 V –1 Halogen-Free caBGA 332 IND

LCMXO2-4000ZE-2BG332I 4320 1.2 V –2 Halogen-Free caBGA 332 IND

LCMXO2-4000ZE-3BG332I 4320 1.2 V –3 Halogen-Free caBGA 332 IND

LCMXO2-4000ZE-1FG484I 4320 1.2 V –1 Halogen-Free fpBGA 484 IND

LCMXO2-4000ZE-2FG484I 4320 1.2 V –2 Halogen-Free fpBGA 484 IND

LCMXO2-4000ZE-3FG484I 4320 1.2 V –3 Halogen-Free fpBGA 484 IND

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-7000ZE-1TG144I 6864 1.2 V –1 Halogen-Free TQFP 144 IND

LCMXO2-7000ZE-2TG144I 6864 1.2 V –2 Halogen-Free TQFP 144 IND

LCMXO2-7000ZE-3TG144I 6864 1.2 V –3 Halogen-Free TQFP 144 IND

LCMXO2-7000ZE-1BG256I 6864 1.2 V –1 Halogen-Free caBGA 256 IND

LCMXO2-7000ZE-2BG256I 6864 1.2 V –2 Halogen-Free caBGA 256 IND

LCMXO2-7000ZE-3BG256I 6864 1.2 V –3 Halogen-Free caBGA 256 IND

LCMXO2-7000ZE-1FTG256I 6864 1.2 V –1 Halogen-Free ftBGA 256 IND

LCMXO2-7000ZE-2FTG256I 6864 1.2 V –2 Halogen-Free ftBGA 256 IND

LCMXO2-7000ZE-3FTG256I 6864 1.2 V –3 Halogen-Free ftBGA 256 IND

LCMXO2-7000ZE-1BG332I 6864 1.2 V –1 Halogen-Free caBGA 332 IND

LCMXO2-7000ZE-2BG332I 6864 1.2 V –2 Halogen-Free caBGA 332 IND

LCMXO2-7000ZE-3BG332I 6864 1.2 V –3 Halogen-Free caBGA 332 IND

LCMXO2-7000ZE-1FG484I 6864 1.2 V –1 Halogen-Free fpBGA 484 IND

LCMXO2-7000ZE-2FG484I 6864 1.2 V –2 Halogen-Free fpBGA 484 IND

LCMXO2-7000ZE-3FG484I 6864 1.2 V –3 Halogen-Free fpBGA 484 IND
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For Further Information
A variety of technical notes for the MachXO2 family are available on the Lattice web site.

• TN1198, Power Estimation and Management for MachXO2 Devices

• TN1199, MachXO2 sysCLOCK PLL Design and Usage Guide 

• TN1201, Memory Usage Guide for MachXO2 Devices

• TN1202, MachXO2 sysIO Usage Guide

• TN1203, Implementing High-Speed Interfaces with MachXO2 Devices

• TN1204, MachXO2 Programming and Configuration Usage Guide

• TN1205, Using User Flash Memory and Hardened Control Functions in MachXO2 Devices

• TN1206, MachXO2 SRAM CRC Error Detection Usage Guide

• TN1207, Using TraceID in MachXO2 Devices

• TN1074, PCB Layout Recommendations for BGA Packages

• TN1087, Minimizing System Interruption During Configuration Using TransFR Technology

• AN8086, Designing for Migration from MachXO2-1200-R1 to Standard (non-R1) Devices

• AN8066, Boundary Scan Testability with Lattice sysIO Capability

• MachXO2 Device Pinout Files

• Thermal Management document

• Lattice design tools

For further information on interface standards, refer to the following web sites:

• JEDEC Standards (LVTTL, LVCMOS, LVDS, DDR, DDR2, LPDDR): www.jedec.org

• PCI: www.pcisig.com
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Revision History
MachXO2 Family Data Sheet

December 2014 2.9 Introduction Updated the Features section. Revised Table 1-1, MachXO2 Family 
Selection Guide. 
— Removed XO2-4000U data.
— Removed 400-ball ftBGA. 
— Removed 25-ball WLCSP value for XO2-2000U.

DC and Switching 
Characteristics

Updated the Recommended Operating Conditions section. Adjusted 
Max. values for VCC and VCCIO.

Updated the sysIO Recommended Operating Conditions section. 
Adjusted Max. values for LVCMOS 3.3, LVTTL, PCI, LVDS33 and 
LVPECL.

Pinout Information Updated the Pinout Information Summary section. Removed 
MachXO2-4000U.

Ordering Information Updated the MachXO2 Part Number Description section. Removed 
BG400 package.

Updated the High-Performance Commercial Grade Devices with Volt-
age Regulator, Halogen Free (RoHS) Packaging section. Removed 
LCMXO2-4000UHC part numbers.

Updated the High-Performance Industrial Grade Devices with Voltage 
Regulator, Halogen Free (RoHS) Packaging section. Removed 
LCMXO2-4000UHC part numbers.

November 2014 2.8 Introduction Updated the Features section. 
— Revised I/Os under Flexible Logic Architecture.
— Revised standby power under Ultra Low Power Devices.
— Revise input frequency range under Flexible On-Chip Clocking.

Updated Table 1-1, MachXO2 Family Selection Guide. 
— Added XO2-4000U data.
— Removed HE and ZE device options for XO2-4000.
— Added 400-ball ftBGA. 

Pinout Information Updated the Pinout Information Summary section. Added MachXO2-
4000U caBGA400 and MachXO2-7000 caBGA400.

Ordering Information Updated the MachXO2 Part Number Description section. Added 
BG400 package.

Updated the Ordering Information section. Added MachXO2-4000U 
caBGA400 and MachXO2-7000 caBGA400 part numbers.

October 2014 2.7 Ordering Information Updated the Ultra Low Power Industrial Grade Devices, Halogen Free 
(RoHS) Packaging section. Fixed typo in LCMXO2-2000ZE-
1UWG49ITR part number package.

Architecture Updated the Supported Standards section. Added MIPI information 
to Table 2-12. Supported Input Standards and Table 2-13. Supported 
Output Standards.

DC and Switching 
Characteristics

Updated the BLVDS section. Changed output impedance nominal 
values in Table 3-2, BLVDS DC Condition.

Updated the LVPECL section. Changed output impedance nominal 
value in Table 3-3, LVPECL DC Condition.

Updated the sysCONFIG Port Timing Specifications section. 
Updated INITN low time values.

July 2014 2.6 DC and Switching 
Characteristics

Updated sysIO Single-Ended DC Electrical Characteristics1, 2 section. 
Updated footnote 4.

Updated Register-to-Register Performance section. Updated foot-
note.

Ordering Information Updated UW49 package to UWG49 in MachXO2 Part Number 
Description.

Updated LCMXO2-2000ZE-1UWG49CTR package in Ultra Low 
Power Commercial Grade Devices, Halogen Free (RoHS) Packaging.
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