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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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Introduction
The MachXO2 family of ultra low power, instant-on, non-volatile PLDs has six devices with densities ranging from 
256 to 6864 Look-Up Tables (LUTs). In addition to LUT-based, low-cost programmable logic these devices feature 
Embedded Block RAM (EBR), Distributed RAM, User Flash Memory (UFM), 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. These fea-
tures allow these devices to be used in low cost, high volume consumer and system applications.

The MachXO2 devices are designed on a 65 nm non-volatile low power process. The device architecture has sev-
eral features such as programmable low swing differential I/Os and the ability to turn off I/O banks, on-chip PLLs 
and oscillators dynamically. These features help manage static and dynamic power consumption resulting in low 
static power for all members of the family. 

The MachXO2 devices are available in two versions – ultra low power (ZE) and high performance (HC and HE) 
devices. The ultra low power devices are offered in three speed grades –1, –2 and –3, with –3 being the fastest. 
Similarly, the high-performance devices are offered in three speed grades: –4, –5 and –6, with –6 being the fastest. 
HC devices have an internal linear voltage regulator which supports external VCC supply voltages of 3.3 V or 2.5 V. 
ZE and HE devices only accept 1.2 V as the external VCC supply voltage. With the exception of power supply volt-
age all three types of devices (ZE, HC and HE) are functionally compatible and pin compatible with each other.

The MachXO2 PLDs are available in a broad range of advanced halogen-free packages ranging from the space 
saving 2.5 mm x 2.5 mm WLCSP to the 23 mm x 23 mm fpBGA. MachXO2 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 pre-engineered source synchronous logic implemented in the MachXO2 device family supports a broad range 
of interface standards, including LPDDR, DDR, DDR2 and 7:1 gearing for display I/Os. 

The MachXO2 devices offer enhanced I/O features such as drive strength control, slew rate control, PCI compati-
bility, 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 MachXO2 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 sim-
ilar state machines.

The MachXO2 devices also provide flexible, reliable and secure configuration from on-chip Flash memory. 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, MachXO2 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 
MachXO2 family of devices. Popular logic synthesis tools provide synthesis library support for MachXO2. Lattice 
design tools use the synthesis tool output along with the user-specified preferences and constraints to place and 
route the design in the MachXO2 device. These tools extract the timing from the routing and back-annotate 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 MachXO2 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, increas-
ing their productivity.
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Modes of Operation 
Each slice has up to four potential modes of operation: Logic, Ripple, RAM and ROM. 

Logic Mode 
In this mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A LUT4 can have 16 
possible input combinations. Any four input logic functions can be generated by programming this lookup table. 
Since there are two LUT4s per slice, a LUT5 can be constructed within one slice. Larger look-up tables such as 
LUT6, LUT7 and LUT8 can be constructed by concatenating other slices. Note LUT8 requires more than four 
slices. 

Ripple Mode 
Ripple mode supports the efficient implementation of small arithmetic functions. In Ripple mode, the following func-
tions can be implemented by each slice: 

• Addition 2-bit 

• Subtraction 2-bit 

• Add/subtract 2-bit using dynamic control 

• Up counter 2-bit 

• Down counter 2-bit 

• Up/down counter with asynchronous clear 

• Up/down counter with preload (sync) 

• Ripple mode multiplier building block 

• Multiplier support 

• Comparator functions of A and B inputs 
— A greater-than-or-equal-to B 
— A not-equal-to B 
— A less-than-or-equal-to B 

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

RAM Mode 
In this mode, a 16x4-bit distributed single port RAM (SPR) can be constructed by using each LUT block in Slice 0 
and Slice 1 as a 16x1-bit memory. Slice 2 is used to provide memory address and control signals. 

MachXO2 devices support distributed memory initialization. 

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the soft-
ware will construct these using distributed memory primitives that represent the capabilities of the PFU. Table 2-3 
shows the number of slices required to implement different distributed RAM primitives. For more information about 
using RAM in MachXO2 devices, please see TN1201, Memory Usage Guide for MachXO2 Devices.

Table 2-3. Number of Slices Required For Implementing Distributed RAM

SPR 16x4 PDPR 16x4

Number of slices 3 3

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

www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
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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
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SDA
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Control
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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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Power-On-Reset Voltage Levels1, 2, 3, 4, 5

Programming/Erase Specifications

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 HC 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 Min. Max.1 Units

NPROGCYC
Flash Programming cycles per tRETENTION — 10,000

Cycles
Flash functional programming cycles — 100,000

tRETENTION
Data retention at 100 °C junction temperature 10 —

Years
Data retention at 85 °C junction temperature 20 —

1. Maximum Flash memory reads are limited to 7.5E13 cycles over the lifetime of the product.

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.

www.latticesemi.com/dynamic/view_document.cfm?document_id=41245
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Static Supply Current – ZE Devices1, 2, 3, 6 

Static Power Consumption Contribution of Different Components – 
ZE Devices
The table below can be used for approximating static power consumption. For a more accurate power analysis for 
your design please use the Power Calculator tool.

Symbol Parameter Device Typ.4 Units

ICC Core Power Supply

LCMXO2-256ZE 18 µA

LCMXO2-640ZE 28 µA

LCMXO2-1200ZE 56 µA

LCMXO2-2000ZE 80 µA

LCMXO2-4000ZE 124 µA

LCMXO2-7000ZE 189 µA

ICCIO
Bank Power Supply5

VCCIO = 2.5 V All devices 1 µA

1. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.
2. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at VCCIO 

or GND, on-chip oscillator is off, on-chip PLL is off. To estimate the impact of turning each of these items on, please refer to the following 
table or for more detail with your specific design use the Power Calculator tool.

3. Frequency = 0 MHz.
4. TJ = 25 °C, power supplies at nominal voltage.
5. Does not include pull-up/pull-down.
6. To determine the MachXO2 peak start-up current data, use the Power Calculator tool.

Symbol Parameter Typ. Units

IDCBG Bandgap DC power contribution 101 µA

IDCPOR POR DC power contribution 38 µA

IDCIOBANKCONTROLLER DC power contribution per I/O bank controller 143 µA

www.latticesemi.com/dynamic/view_document.cfm?document_id=39079
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Static Supply Current – HC/HE Devices1, 2, 3, 6 

Programming and Erase Flash Supply Current – HC/HE Devices1, 2, 3, 4 

Symbol Parameter Device Typ.4 Units

ICC Core Power Supply

LCMXO2-256HC 1.15 mA

LCMXO2-640HC 1.84 mA

LCMXO2-640UHC 3.48 mA

LCMXO2-1200HC 3.49 mA

LCMXO2-1200UHC 4.80 mA

LCMXO2-2000HC 4.80 mA

LCMXO2-2000UHC 8.44 mA

LCMXO2-4000HC 8.45 mA

LCMXO2-7000HC 12.87 mA

LCMXO2-2000HE 1.39 mA

LCMXO2-4000HE 2.55 mA

LCMXO2-7000HE 4.06 mA

ICCIO
Bank Power Supply5

VCCIO = 2.5 V All devices 0 mA

1. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.
2. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at VCCIO or 

GND, on-chip oscillator is off, on-chip PLL is off.
3. Frequency = 0 MHz.
4. TJ = 25 °C, power supplies at nominal voltage.
5. Does not include pull-up/pull-down.
6. To determine the MachXO2 peak start-up current data, use the Power Calculator tool.

Symbol Parameter Device Typ.5 Units

ICC Core Power Supply

LCMXO2-256HC 14.6 mA

LCMXO2-640HC 16.1 mA

LCMXO2-640UHC 18.8 mA

LCMXO2-1200HC 18.8 mA

LCMXO2-1200UHC 22.1 mA

LCMXO2-2000HC 22.1 mA

LCMXO2-2000UHC 26.8 mA

LCMXO2-4000HC 26.8 mA

LCMXO2-7000HC 33.2 mA

LCMXO2-2000HE 18.3 mA

LCMXO2-2000UHE 20.4 mA

LCMXO2-4000HE 20.4 mA

LCMXO2-7000HE 23.9 mA

ICCIO Bank Power Supply6 All devices 0 mA

1. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.
2. Assumes all inputs are held at VCCIO or GND and all outputs are tri-stated.
3. Typical user pattern.
4. JTAG programming is at 25 MHz.
5. TJ = 25 °C, power supplies at nominal voltage.
6. Per bank. VCCIO = 2.5 V. Does not include pull-up/pull-down.

www.latticesemi.com/dynamic/view_document.cfm?document_id=39079
www.latticesemi.com/dynamic/view_document.cfm?document_id=39079
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sysIO Recommended Operating Conditions

Standard

VCCIO (V) VREF (V)

Min. Typ. Max. Min. Typ. Max.

LVCMOS 3.3 3.135 3.3 3.6 — — —

LVCMOS 2.5 2.375 2.5 2.625 — — —

LVCMOS 1.8 1.71 1.8 1.89 — — —

LVCMOS 1.5 1.425 1.5 1.575 — — —

LVCMOS 1.2 1.14 1.2 1.26 — — —

LVTTL 3.135 3.3 3.6 — — —

PCI3 3.135 3.3 3.6 — — —

SSTL25 2.375 2.5 2.625 1.15 1.25 1.35

SSTL18 1.71 1.8 1.89 0.833 0.9 0.969

HSTL18 1.71 1.8 1.89 0.816 0.9 1.08

LVCMOS25R33 3.135  3.3 3.6 1.1 1.25 1.4

LVCMOS18R33 3.135 3.3 3.6 0.75 0.9 1.05

LVCMOS18R25 2.375 2.5 2.625 0.75 0.9 1.05

LVCMOS15R33 3.135 3.3 3.6 0.6 0.75 0.9

LVCMOS15R25 2.375 2.5 2.625 0.6 0.75 0.9

LVCMOS12R334 3.135 3.3 3.6 0.45 0.6 0.75

LVCMOS12R254 2.375 2.5 2.625 0.45 0.6 0.75

LVCMOS10R334 3.135 3.3  3.6 0.35 0.5 0.65

LVCMOS10R254 2.375 2.5 2.625 0.35 0.5 0.65

LVDS251, 2 2.375 2.5 2.625 — — —

LVDS331, 2 3.135 3.3 3.6 — — —

LVPECL1 3.135 3.3 3.6 — — —

BLVDS1 2.375 2.5 2.625 — — —

RSDS1 2.375 2.5 2.625 — — —

SSTL18D 1.71 1.8 1.89 — — —

SSTL25D 2.375 2.5 2.625 — — —

HSTL18D 1.71 1.8 1.89 — — —

1. Inputs on-chip. Outputs are implemented with the addition of external resistors.
2. MachXO2-640U, MachXO2-1200/U and larger devices have dedicated LVDS buffers.
3. Input on the bottom bank of the MachXO2-640U, MachXO2-1200/U and larger devices only.
4. Supported only for inputs and BIDIs for all ZE devices, and –6 speed grade for HE and HC devices.
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tHPLL
Clock to Data Hold – PIO Input 
Register

MachXO2-1200ZE 0.66 — 0.68 — 0.80 — ns

MachXO2-2000ZE 0.68 — 0.70 — 0.83 — ns

MachXO2-4000ZE 0.68 — 0.71 — 0.84 — ns

MachXO2-7000ZE 0.73 — 0.74 — 0.87 — ns

tSU_DELPLL

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

MachXO2-1200ZE 5.14 — 5.69 — 6.20 — ns

MachXO2-2000ZE 5.11 — 5.67 — 6.17 — ns

MachXO2-4000ZE 5.27 — 5.84 — 6.35 — ns

MachXO2-7000ZE 5.15 — 5.71 — 6.23 — ns

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

MachXO2-1200ZE –1.36 — –1.36 — –1.36 — ns

MachXO2-2000ZE –1.35 — –1.35 — –1.35 — ns

MachXO2-4000ZE –1.43 — –1.43 — –1.43 — ns

MachXO2-7000ZE –1.41 — –1.41 — –1.41 — ns

Generic DDRX1 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input – GDDRX1_RX.SCLK.Aligned9, 12

tDVA Input Data Valid After CLK

All MachXO2 
devices, all sides

— 0.382 — 0.401 — 0.417 UI

tDVE Input Data Hold After CLK 0.670 — 0.684 — 0.693 — UI

fDATA DDRX1 Input Data Speed — 140 — 116 — 98 Mbps

fDDRX1 DDRX1 SCLK Frequency — 70 — 58 — 49 MHz

Generic DDRX1 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – GDDRX1_RX.SCLK.Centered9, 12

tSU Input Data Setup Before CLK

All MachXO2 
devices, all sides

1.319 — 1.412 — 1.462 — ns

tHO Input Data Hold After CLK 0.717 — 1.010 — 1.340 — ns

fDATA DDRX1 Input Data Speed — 140 — 116 — 98 Mbps

fDDRX1 DDRX1 SCLK Frequency — 70 — 58 — 49 MHz

Generic DDRX2 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input – GDDRX2_RX.ECLK.Aligned9, 12

tDVA Input Data Valid After CLK

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
bottom side only11

— 0.361 — 0.346 — 0.334 UI

tDVE Input Data Hold After CLK 0.602 — 0.625 — 0.648 — UI

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

fDDRX2 DDRX2 ECLK Frequency — 140 — 117 — 97 MHz

fSCLK SCLK Frequency — 70 — 59 — 49 MHz

Generic DDRX2 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – GDDRX2_RX.ECLK.Centered9, 12

tSU Input Data Setup Before CLK

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
bottom side only11

0.472 — 0.672 — 0.865 — ns

tHO Input Data Hold After CLK 0.363 — 0.501 — 0.743 — ns

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

fDDRX2 DDRX2 ECLK Frequency — 140 — 117 — 97 MHz

fSCLK SCLK Frequency — 70 — 59 — 49 MHz

Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input - GDDRX4_RX.ECLK.Aligned9, 12

tDVA Input Data Valid After ECLK

MachXO2-640U, 
MachXO2-1200/U 
and larger devices, 
bottom side only11

— 0.307 — 0.316 — 0.326 UI

tDVE Input Data Hold After ECLK 0.662 — 0.650 — 0.649 — UI

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

fDDRX4 DDRX4 ECLK Frequency — 210 — 176 — 146 MHz

fSCLK SCLK Frequency — 53 — 44 — 37 MHz

Parameter Description Device

–3 –2 –1

UnitsMin. Max. Min. Max. Min. Max.
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Figure 3-5. Receiver RX.CLK.Aligned and MEM DDR Input Waveforms

Figure 3-6. Receiver RX.CLK.Centered Waveforms

Figure 3-7. Transmitter TX.CLK.Aligned Waveforms

Figure 3-8. Transmitter TX.CLK.Centered and MEM DDR Output Waveforms

tDVA or tDVADQ 

tDVE or tDVEDQ

RX.Aligned

RX CLK Input
or DQS Input

RX Data Input
or DQ Input

tHO tHOtSUtSU

RX.Centered

RX CLK Input 

RX Data Input 

TX CLK Output 

tDIA

TX Data Output 

tDIB

TX.Aligned

tDIAtDIB

TX CLK Output
or DQS Output

tDVA or  
tDQVAS

TX Data Output
or DQ Output

tDVB or
tDQVBS

TX.Centered

tDVA or  
tDQVAS

tDVB or
tDQVBS
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Pinout Information Summary     
MachXO2-256 MachXO2-640 MachXO2-640U

32 
QFN1

48 
QFN3

64 
ucBGA

100 
TQFP

132 
csBGA

48 
QFN3

100 
TQFP

132 
csBGA 144 TQFP

General Purpose I/O per Bank

Bank 0 8 10 9 13 13 10 18 19 27

Bank 1 2 10 12 14 14 10 20 20 26

Bank 2 9 10 11 14 14 10 20 20 28

Bank 3 2 10 12 14 14 10 20 20 26

Bank 4 0 0 0 0 0 0 0 0 0

Bank 5 0 0 0 0 0 0 0 0 0

Total General Purpose Single Ended I/O 21 40 44 55 55 40 78 79 107

Differential I/O per Bank

Bank 0 4 5 5 7 7 5 9 10 14

Bank 1 1 5 6 7 7 5 10 10 13

Bank 2 4 5 5 7 7 5 10 10 14

Bank 3 1 5 6 7 7 5 10 10 13

Bank 4 0 0 0 0 0 0 0 0 0

Bank 5 0 0 0 0 0 0 0 0 0

Total General Purpose Differential I/O 10 20 22 28 28 20 39 40 54

Dual Function I/O 22 25 27 29 29 25 29 29 33

High-speed Differential I/O

Bank 0 0 0 0 0 0 0 0 0 7

Gearboxes

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

Number of 7:1 or 8:1 Input Gearbox 
Available (Bank 2) 0 0 0 0 0 0 0 0 7

DQS Groups

Bank 1 0 0 0 0 0 0 0 0 2

VCCIO Pins

Bank 0 2 2 2 2 2 2 2 2 3

Bank 1 1 1 2 2 2 1 2 2 3

Bank 2 2 2 2 2 2 2 2 2 3

Bank 3 1 1 2 2 2 1 2 2 3

Bank 4 0 0 0 0 0 0 0 0 0

Bank 5 0 0 0 0 0 0 0 0 0

VCC 2 2 2 2 2 2 2 2 4

GND2 2 1 8 8 8 1 8 10 12

NC 0 0 1 26 58 0 3 32 8

Reserved for Configuration 1 1 1 1 1 1 1 1 1

Total Count of Bonded Pins 32 49 64 100 132 49 100 132 144

1. Lattice recommends soldering the central thermal pad onto the top PCB ground for improved thermal resistance.
2. For 48 QFN package, exposed die pad is the device ground. 
3. 48-pin QFN information is 'Advanced'.
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MachXO2-2000 MachXO2-2000U

49 
WLCSP

100 
TQFP

132 
csBGA

144 
TQFP

256 
caBGA

256 
ftBGA 484 ftBGA

General Purpose I/O per Bank

Bank 0 19 18 25 27 50 50 70

Bank 1 0 21 26 28 52 52 68

Bank 2 13 20 28 28 52 52 72

Bank 3 0 6 7 8 16 16 24

Bank 4 0 6 8 10 16 16 16

Bank 5 6 8 10 10 20 20 28

Total General Purpose Single-Ended I/O 38 79 104 111 206 206 278

Differential I/O per Bank

Bank 0 7 9 13 14 25 25 35

Bank 1 0 10 13 14 26 26 34

Bank 2 6 10 14 14 26 26 36

Bank 3 0 3 3 4 8 8 12

Bank 4 0 3 4 5 8 8 8

Bank 5 3 4 5 5 10 10 14

Total General Purpose Differential I/O 16 39 52 56 103 103 139

Dual Function I/O 24 31 33 33 33 33 37

High-speed Differential I/O

Bank 0 5 4 8 9 14 14 18

Gearboxes

Number of 7:1 or 8:1 Output Gearbox 
Available (Bank 0) 5 4 8 9 14 14 18

Number of 7:1 or 8:1 Input Gearbox 
Available (Bank 2) 6 10 14 14 14 14 18

DQS Groups

Bank 1 0 1 2 2 2 2 2

VCCIO Pins

Bank 0 2 2 3 3 4 4 10

Bank 1 0 2 3 3 4 4 10

Bank 2 1 2 3 3 4 4 10

Bank 3 0 1 1 1 1 1 3

Bank 4 0 1 1 1 2 2 4

Bank 5 1 1 1 1 1 1 3

VCC 2 2 4 4 8 8 12

GND 4 8 10 12 24 24 48

NC 0 1 1 4 1 1 105

Reserved for Configuration 1 1 1 1 v 1 1

Total Count of Bonded Pins 39 100 132 144 256 256 484
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For Further Information
For further information regarding logic signal connections for various packages please refer to the MachXO2 
Device Pinout Files.

Thermal Management 
Thermal management is recommended as part of any sound FPGA design methodology. To assess the thermal 
characteristics of a system, Lattice specifies a maximum allowable junction temperature in all device data sheets. 
Users must complete a thermal analysis of their specific design to ensure that the device and package do not 
exceed the junction temperature limits. Refer to the Thermal Management document to find the device/package 
specific thermal values.

For Further Information
For further information regarding Thermal Management, refer to the following:

• Thermal Management document

• TN1198, Power Estimation and Management for MachXO2 Devices

• The Power Calculator tool is included with the Lattice design tools, or as a standalone download from
www.latticesemi.com/software

www.latticesemi.com/dynamic/view_document.cfm?document_id=210
www.latticesemi.com/dynamic/view_document.cfm?document_id=39079
http://www.latticesemi.com/products/designsoftware/index.cfm


5-4

Ordering Information
MachXO2 Family Data Sheet

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000ZE-1TG100C 2112 1.2 V –1 Halogen-Free TQFP  100 COM

LCMXO2-2000ZE-2TG100C 2112 1.2 V –2 Halogen-Free TQFP  100 COM

LCMXO2-2000ZE-3TG100C 2112 1.2 V –3 Halogen-Free TQFP  100 COM

LCMXO2-2000ZE-1MG132C 2112 1.2 V –1 Halogen-Free csBGA 132 COM

LCMXO2-2000ZE-2MG132C 2112 1.2 V –2 Halogen-Free csBGA 132 COM

LCMXO2-2000ZE-3MG132C 2112 1.2 V –3 Halogen-Free csBGA 132 COM

LCMXO2-2000ZE-1TG144C 2112 1.2 V –1 Halogen-Free TQFP 144 COM

LCMXO2-2000ZE-2TG144C 2112 1.2 V –2 Halogen-Free TQFP 144 COM

LCMXO2-2000ZE-3TG144C 2112 1.2 V –3 Halogen-Free TQFP 144 COM

LCMXO2-2000ZE-1BG256C 2112 1.2 V –1 Halogen-Free caBGA 256 COM

LCMXO2-2000ZE-2BG256C 2112 1.2 V –2 Halogen-Free caBGA 256 COM

LCMXO2-2000ZE-3BG256C 2112 1.2 V –3 Halogen-Free caBGA 256 COM

LCMXO2-2000ZE-1FTG256C 2112 1.2 V –1 Halogen-Free ftBGA 256 COM

LCMXO2-2000ZE-2FTG256C 2112 1.2 V –2 Halogen-Free ftBGA 256 COM

LCMXO2-2000ZE-3FTG256C 2112 1.2 V –3 Halogen-Free ftBGA 256 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-4000ZE-1QN84C 4320 1.2 V –1 Halogen-Free QFN 84 COM

LCMXO2-4000ZE-2QN84C 4320 1.2 V –2 Halogen-Free QFN 84 COM

LCMXO2-4000ZE-3QN84C 4320 1.2 V –3 Halogen-Free QFN 84 COM

LCMXO2-4000ZE-1MG132C 4320 1.2 V –1 Halogen-Free csBGA 132 COM

LCMXO2-4000ZE-2MG132C 4320 1.2 V –2 Halogen-Free csBGA 132 COM

LCMXO2-4000ZE-3MG132C 4320 1.2 V –3 Halogen-Free csBGA 132 COM

LCMXO2-4000ZE-1TG144C 4320 1.2 V –1 Halogen-Free TQFP 144 COM

LCMXO2-4000ZE-2TG144C 4320 1.2 V –2 Halogen-Free TQFP 144 COM

LCMXO2-4000ZE-3TG144C 4320 1.2 V –3 Halogen-Free TQFP 144 COM

LCMXO2-4000ZE-1BG256C 4320 1.2 V –1 Halogen-Free caBGA 256 COM

LCMXO2-4000ZE-2BG256C 4320 1.2 V –2 Halogen-Free caBGA 256 COM

LCMXO2-4000ZE-3BG256C 4320 1.2 V –3 Halogen-Free caBGA 256 COM

LCMXO2-4000ZE-1FTG256C 4320 1.2 V –1 Halogen-Free ftBGA 256 COM

LCMXO2-4000ZE-2FTG256C 4320 1.2 V –2 Halogen-Free ftBGA 256 COM

LCMXO2-4000ZE-3FTG256C 4320 1.2 V –3 Halogen-Free ftBGA 256 COM

LCMXO2-4000ZE-1BG332C 4320 1.2 V –1 Halogen-Free caBGA 332 COM

LCMXO2-4000ZE-2BG332C 4320 1.2 V –2 Halogen-Free caBGA 332 COM

LCMXO2-4000ZE-3BG332C 4320 1.2 V –3 Halogen-Free caBGA 332 COM

LCMXO2-4000ZE-1FG484C 4320 1.2 V –1 Halogen-Free fpBGA 484 COM

LCMXO2-4000ZE-2FG484C 4320 1.2 V –2 Halogen-Free fpBGA 484 COM

LCMXO2-4000ZE-3FG484C 4320 1.2 V –3 Halogen-Free fpBGA 484 COM
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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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High-Performance Commercial Grade Devices without Voltage Regulator, Halogen Free 
(RoHS) Packaging

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000HE-4TG100C 2112 1.2 V –4 Halogen-Free TQFP  100 COM

LCMXO2-2000HE-5TG100C 2112 1.2 V –5 Halogen-Free TQFP  100 COM

LCMXO2-2000HE-6TG100C 2112 1.2 V –6 Halogen-Free TQFP  100 COM

LCMXO2-2000HE-4TG144C 2112 1.2 V –4 Halogen-Free TQFP 144 COM

LCMXO2-2000HE-5TG144C 2112 1.2 V –5 Halogen-Free TQFP 144 COM

LCMXO2-2000HE-6TG144C 2112 1.2 V –6 Halogen-Free TQFP 144 COM

LCMXO2-2000HE-4MG132C 2112 1.2 V –4 Halogen-Free csBGA 132 COM

LCMXO2-2000HE-5MG132C 2112 1.2 V –5 Halogen-Free csBGA 132 COM

LCMXO2-2000HE-6MG132C 2112 1.2 V –6 Halogen-Free csBGA 132 COM

LCMXO2-2000HE-4BG256C 2112 1.2 V –4 Halogen-Free caBGA 256 COM

LCMXO2-2000HE-5BG256C 2112 1.2 V –5 Halogen-Free caBGA 256 COM

LCMXO2-2000HE-6BG256C 2112 1.2 V –6 Halogen-Free caBGA 256 COM

LCMXO2-2000HE-4FTG256C 2112 1.2 V –4 Halogen-Free ftBGA 256 COM

LCMXO2-2000HE-5FTG256C 2112 1.2 V –5 Halogen-Free ftBGA 256 COM

LCMXO2-2000HE-6FTG256C 2112 1.2 V –6 Halogen-Free ftBGA 256 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000UHE-4FG484C 2112 1.2 V –4 Halogen-Free fpBGA 484 COM

LCMXO2-2000UHE-5FG484C 2112 1.2 V –5 Halogen-Free fpBGA 484 COM

LCMXO2-2000UHE-6FG484C 2112 1.2 V –6 Halogen-Free fpBGA 484 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-4000HE-4TG144C 4320 1.2 V –4 Halogen-Free TQFP 144 COM

LCMXO2-4000HE-5TG144C 4320 1.2 V –5 Halogen-Free TQFP 144 COM

LCMXO2-4000HE-6TG144C 4320 1.2 V –6 Halogen-Free TQFP 144 COM

LCMXO2-4000HE-4MG132C 4320 1.2 V –4 Halogen-Free csBGA 132 COM

LCMXO2-4000HE-5MG132C 4320 1.2 V –5 Halogen-Free csBGA 132 COM

LCMXO2-4000HE-6MG132C 4320 1.2 V –6 Halogen-Free csBGA 132 COM

LCMXO2-4000HE-4BG256C 4320 1.2 V –4 Halogen-Free caBGA 256 COM

LCMXO2-4000HE-4MG184C 4320 1.2 V –4 Halogen-Free csBGA 184 COM

LCMXO2-4000HE-5MG184C 4320 1.2 V –5 Halogen-Free csBGA 184 COM

LCMXO2-4000HE-6MG184C 4320 1.2 V –6 Halogen-Free csBGA 184 COM

LCMXO2-4000HE-5BG256C 4320 1.2 V –5 Halogen-Free caBGA 256 COM

LCMXO2-4000HE-6BG256C 4320 1.2 V –6 Halogen-Free caBGA 256 COM

LCMXO2-4000HE-4FTG256C 4320 1.2 V –4 Halogen-Free ftBGA 256 COM

LCMXO2-4000HE-5FTG256C 4320 1.2 V –5 Halogen-Free ftBGA 256 COM

LCMXO2-4000HE-6FTG256C 4320 1.2 V –6 Halogen-Free ftBGA 256 COM

LCMXO2-4000HE-4BG332C 4320 1.2 V –4 Halogen-Free caBGA 332 COM

LCMXO2-4000HE-5BG332C 4320 1.2 V –5 Halogen-Free caBGA 332 COM
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LCMXO2-4000HE-6BG332C 4320 1.2 V –6 Halogen-Free caBGA 332 COM

LCMXO2-4000HE-4FG484C 4320 1.2 V –4 Halogen-Free fpBGA 484 COM

LCMXO2-4000HE-5FG484C 4320 1.2 V –5 Halogen-Free fpBGA 484 COM

LCMXO2-4000HE-6FG484C 4320 1.2 V –6 Halogen-Free fpBGA 484 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-7000HE-4TG144C 6864 1.2 V –4 Halogen-Free TQFP 144 COM

LCMXO2-7000HE-5TG144C 6864 1.2 V –5 Halogen-Free TQFP 144 COM

LCMXO2-7000HE-6TG144C 6864 1.2 V –6 Halogen-Free TQFP 144 COM

LCMXO2-7000HE-4BG256C 6864 1.2 V –4 Halogen-Free caBGA 256 COM

LCMXO2-7000HE-5BG256C 6864 1.2 V –5 Halogen-Free caBGA 256 COM

LCMXO2-7000HE-6BG256C 6864 1.2 V –6 Halogen-Free caBGA 256 COM

LCMXO2-7000HE-4FTG256C 6864 1.2 V –4 Halogen-Free ftBGA 256 COM

LCMXO2-7000HE-5FTG256C 6864 1.2 V –5 Halogen-Free ftBGA 256 COM

LCMXO2-7000HE-6FTG256C 6864 1.2 V –6 Halogen-Free ftBGA 256 COM

LCMXO2-7000HE-4BG332C 6864 1.2 V –4 Halogen-Free caBGA 332 COM

LCMXO2-7000HE-5BG332C 6864 1.2 V –5 Halogen-Free caBGA 332 COM

LCMXO2-7000HE-6BG332C 6864 1.2 V –6 Halogen-Free caBGA 332 COM

LCMXO2-7000HE-4FG484C 6864 1.2 V –4 Halogen-Free fpBGA 484 COM

LCMXO2-7000HE-5FG484C 6864 1.2 V –5 Halogen-Free fpBGA 484 COM

LCMXO2-7000HE-6FG484C 6864 1.2 V –6 Halogen-Free fpBGA 484 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.
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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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Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-4000HC-4QN84I 4320  2.5 V / 3.3 V –4 Halogen-Free QFN 84 IND

LCMXO2-4000HC-5QN84I 4320  2.5 V / 3.3 V –5 Halogen-Free QFN 84 IND

LCMXO2-4000HC-6QN84I 4320  2.5 V / 3.3 V –6 Halogen-Free QFN 84 IND

LCMXO2-4000HC-4TG144I 4320  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 IND

LCMXO2-4000HC-5TG144I 4320  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 IND

LCMXO2-4000HC-6TG144I 4320  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 IND

LCMXO2-4000HC-4MG132I 4320  2.5 V / 3.3 V –4 Halogen-Free csBGA 132 IND

LCMXO2-4000HC-5MG132I 4320  2.5 V / 3.3 V –5 Halogen-Free csBGA 132 IND

LCMXO2-4000HC-6MG132I 4320  2.5 V / 3.3 V –6 Halogen-Free csBGA 132 IND

LCMXO2-4000HC-4BG256I 4320  2.5 V / 3.3 V –4 Halogen-Free caBGA 256 IND

LCMXO2-4000HC-5BG256I 4320  2.5 V / 3.3 V –5 Halogen-Free caBGA 256 IND

LCMXO2-4000HC-6BG256I 4320  2.5 V / 3.3 V –6 Halogen-Free caBGA 256 IND

LCMXO2-4000HC-4FTG256I 4320  2.5 V / 3.3 V –4 Halogen-Free ftBGA 256 IND

LCMXO2-4000HC-5FTG256I 4320  2.5 V / 3.3 V –5 Halogen-Free ftBGA 256 IND

LCMXO2-4000HC-6FTG256I 4320  2.5 V / 3.3 V –6 Halogen-Free ftBGA 256 IND

LCMXO2-4000HC-4BG332I 4320  2.5 V / 3.3 V –4 Halogen-Free caBGA 332 IND

LCMXO2-4000HC-5BG332I 4320  2.5 V / 3.3 V –5 Halogen-Free caBGA 332 IND

LCMXO2-4000HC-6BG332I 4320  2.5 V / 3.3 V –6 Halogen-Free caBGA 332 IND

LCMXO2-4000HC-4FG484I 4320  2.5 V / 3.3 V –4 Halogen-Free fpBGA 484 IND

LCMXO2-4000HC-5FG484I 4320  2.5 V / 3.3 V –5 Halogen-Free fpBGA 484 IND

LCMXO2-4000HC-6FG484I 4320  2.5 V / 3.3 V –6 Halogen-Free fpBGA 484 IND

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-7000HC-4TG144I 6864  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 IND

LCMXO2-7000HC-5TG144I 6864  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 IND

LCMXO2-7000HC-6TG144I 6864  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 IND

LCMXO2-7000HC-4BG256I 6864  2.5 V / 3.3 V –4 Halogen-Free caBGA 256 IND

LCMXO2-7000HC-5BG256I 6864  2.5 V / 3.3 V –5 Halogen-Free caBGA 256 IND

LCMXO2-7000HC-6BG256I 6864  2.5 V / 3.3 V –6 Halogen-Free caBGA 256 IND

LCMXO2-7000HC-4FTG256I 6864  2.5 V / 3.3 V –4 Halogen-Free ftBGA 256 IND

LCMXO2-7000HC-5FTG256I 6864  2.5 V / 3.3 V –5 Halogen-Free ftBGA 256 IND

LCMXO2-7000HC-6FTG256I 6864  2.5 V / 3.3 V –6 Halogen-Free ftBGA 256 IND

LCMXO2-7000HC-4BG332I 6864  2.5 V / 3.3 V –4 Halogen-Free caBGA 332 IND

LCMXO2-7000HC-5BG332I 6864  2.5 V / 3.3 V –5 Halogen-Free caBGA 332 IND

LCMXO2-7000HC-6BG332I 6864  2.5 V / 3.3 V –6 Halogen-Free caBGA 332 IND

LCMXO2-7000HC-4FG400I 6864  2.5 V / 3.3 V –4 Halogen-Free fpBGA 400 IND

LCMXO2-7000HC-5FG400I 6864  2.5 V / 3.3 V –5 Halogen-Free fpBGA 400 IND

LCMXO2-7000HC-6FG400I 6864  2.5 V / 3.3 V –6 Halogen-Free fpBGA 400 IND

LCMXO2-7000HC-4FG484I 6864  2.5 V / 3.3 V –4 Halogen-Free fpBGA 484 IND

LCMXO2-7000HC-5FG484I 6864  2.5 V / 3.3 V –5 Halogen-Free fpBGA 484 IND

LCMXO2-7000HC-6FG484I 6864  2.5 V / 3.3 V –6 Halogen-Free fpBGA 484 IND
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Revision History
MachXO2 Family Data Sheet

February 2012 01.7 All Updated document with new corporate logo.

01.6 — Data sheet status changed from preliminary to final.

Introduction MachXO2 Family Selection Guide table – Removed references to 
49-ball WLCSP.

DC and Switching 
Characteristics

Updated Flash Download Time table. 

Modified Storage Temperature in the Absolute Maximum Ratings 
section.

Updated IDK max in Hot Socket Specifications table.

Modified Static Supply Current tables for ZE and HC/HE devices.

Updated Power Supply Ramp Rates table.

Updated Programming and Erase Supply Current tables.

Updated data in the External Switching Characteristics table.

Corrected Absolute Maximum Ratings for Dedicated Input Voltage 
Applied for LCMXO2 HC. 

DC Electrical Characteristics table – Minor corrections to conditions 
for IIL, IIH.

Pinout Information Removed references to 49-ball WLCSP.

Signal Descriptions table – Updated description for GND, VCC, and 
VCCIOx.

Updated Pin Information Summary table – Number of VCCIOs, 
GNDs, VCCs, and Total Count of Bonded Pins for MachXO2-256, 
640, and 640U and Dual Function I/O for MachXO2-4000 332caBGA.

Ordering Information Removed references to 49-ball WLCSP 

August 2011 01.5 DC and Switching 
Characteristics

Updated ESD information.

Ordering Information Updated footnote for ordering WLCSP devices.

01.4 Architecture Updated information in Clock/Control Distribution Network and sys-
CLOCK Phase Locked Loops (PLLs).

DC and Switching 
Characteristics

Updated IIL and IIH conditions in the DC Electrical Characteristics 
table.

Pinout Information Included number of 7:1 and 8:1 gearboxes (input and output) in the 
pin information summary tables.

Updated Pin Information Summary table: Dual Function I/O, DQS 
Groups Bank 1, Total General Purpose Single-Ended I/O, Differential 
I/O Per Bank, Total Count of Bonded Pins, Gearboxes.

Added column of data for MachXO2-2000 49 WLCSP.

Ordering Information Updated R1 Device Specifications text section with information on 
migration from MachXO2-1200-R1 to Standard (non-R1) devices.

Corrected Supply Voltage typo for part numbers: LCMX02-2000UHE-
4FG484I, LCMX02-2000UHE-5FG484I, LCMX02-2000UHE-
6FG484I.

Added footnote for WLCSP package parts.

Supplemental 
Information

Removed reference to Stand-alone Power Calculator for MachXO2 
Devices. Added reference to AN8086, Designing for Migration from 
MachXO2-1200-R1 to Standard (non-R1) Devices.

Date Version Section Change Summary


