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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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The logic blocks, Programmable Functional Unit (PFU) and sysMEM EBR blocks, are arranged in a two-dimen-
sional grid with rows and columns. Each row has either the logic blocks or the EBR blocks. The PIO cells are 
located at the periphery of the device, arranged in banks. The PFU contains the building blocks for logic, arithmetic, 
RAM, ROM, and register functions. The PIOs utilize a flexible I/O buffer referred to as a sysIO buffer that supports 
operation with a variety of interface standards. The blocks are connected with many vertical and horizontal routing 
channel resources. The place and route software tool automatically allocates these routing resources.

In the MachXO2 family, the number of sysIO banks varies by device. There are different types of I/O buffers on the 
different banks. Refer to the details in later sections of this document. The sysMEM EBRs are large, dedicated fast 
memory blocks; these blocks are found in MachXO2-640/U and larger devices. These blocks can be configured as 
RAM, ROM or FIFO. FIFO support includes dedicated FIFO pointer and flag “hard” control logic to minimize LUT 
usage.

The MachXO2 registers in PFU and sysI/O can be configured to be SET or RESET. After power up and device is 
configured, the device enters into user mode with these registers SET/RESET according to the configuration set-
ting, allowing device entering to a known state for predictable system function.

The MachXO2 architecture also provides up to two sysCLOCK Phase Locked Loop (PLL) blocks on MachXO2-
640U, MachXO2-1200/U and larger devices. These blocks are located at the ends of the on-chip Flash block. The 
PLLs have multiply, divide, and phase shifting capabilities that are used to manage the frequency and phase rela-
tionships of the clocks.

MachXO2 devices provide commonly used hardened functions such as SPI controller, I2C controller and timer/
counter. MachXO2-640/U and higher density devices also provide User Flash Memory (UFM). These hardened 
functions and the UFM interface to the core logic and routing through a WISHBONE interface. The UFM can also 
be accessed through the SPI, I2C and JTAG ports.

Every device in the family has a JTAG port that supports programming and configuration of the device as well as 
access to the user logic. The MachXO2 devices are available for operation from 3.3 V, 2.5 V and 1.2 V power sup-
plies, providing easy integration into the overall system.

PFU Blocks
The core of the MachXO2 device consists of PFU blocks, which can be programmed to perform logic, arithmetic, 
distributed RAM and distributed ROM functions. Each PFU block consists of four interconnected slices numbered 0 
to 3 as shown in Figure 2-3. Each slice contains two LUTs and two registers. There are 53 inputs and 25 outputs 
associated with each PFU block.
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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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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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Figure 2-5. Primary Clocks for MachXO2 Devices

Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2-6. One of the eight 
inputs to the secondary high fanout net input mux comes from dual function clock pins and the remaining seven 
come from internal routing. The maximum frequency for the secondary clock network is shown in MachXO2 Exter-
nal Switching Characteristics table.
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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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Figure 2-9. Memory Core Reset

For further information on the sysMEM EBR block, please refer to TN1201, Memory Usage Guide for MachXO2 
Devices.

EBR Asynchronous Reset
EBR asynchronous reset or GSR (if used) can only be applied if all clock enables are low for a clock cycle before 
the reset is applied and released a clock cycle after the reset is released, as shown in Figure 2-10. The GSR input 
to the EBR is always asynchronous. 

Figure 2-10. EBR Asynchronous Reset (Including GSR) Timing Diagram

If all clock enables remain enabled, the EBR asynchronous reset or GSR may only be applied and released after 
the EBR read and write clock inputs are in a steady state condition for a minimum of 1/fMAX (EBR clock). The reset 
release must adhere to the EBR synchronous reset setup time before the next active read or write clock edge.

If an EBR is pre-loaded during configuration, the GSR input must be disabled or the release of the GSR during 
device wake up must occur before the release of the device I/Os becoming active.

These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR sig-
nal is always enabled and the WE and RE signals act like the clock enable signals in Figure 2-10. The reset timing 
rules apply to the RPReset input versus the RE input and the RST input versus the WE and RE inputs. Both RST 
and RPReset are always asynchronous EBR inputs. For more details refer to TN1201, Memory Usage Guide for 
MachXO2 Devices.

Note that there are no reset restrictions if the EBR synchronous reset is used and the EBR GSR input is disabled.
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www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
www.latticesemi.com/dynamic/view_document.cfm?document_id=39082
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Figure 2-11. Group of Four Programmable I/O Cells
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There are some limitations on the use of the hardened user SPI. These are defined in the following technical notes:

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

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

Figure 2-22. SPI Core Block Diagram

Table 2-16 describes the signals interfacing with the SPI cores.

Table 2-16. SPI Core Signal Description

Signal Name I/O Master/Slave Description

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

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

spi_scsn I Slave SPI slave chip-select input

spi_irq O Master/Slave Interrupt request

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

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

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

ufm_sn I Slave Configuration Slave Chip Select (active low), dedicated for selecting the
User Flash Memory (UFM). 

cfg_stdby O Master/Slave
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, SPI Tab.

cfg_wake O Master/Slave
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, SPI Tab.

EFB
SPI Function

Core
Logic/

Routing 
EFB 

WISHBONE 
Interface

SPI
Registers 

Control
Logic 

Configuration
Logic

MISO

MOSI

SCK

MCSN

SCSN

www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=39086
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Absolute Maximum Ratings1, 2, 3

MachXO2 ZE/HE (1.2 V) MachXO2 HC (2.5 V / 3.3 V)
Supply Voltage VCC . . . . . . . . . . . . . . . . . . . . . . .–0.5 V to 1.32 V . . . . . . . . . . . . .–0.5 V to 3.75 V

Output Supply Voltage VCCIO  . . . . . . . . . . . . . . .–0.5 V to 3.75 V . . . . . . . . . . . . .–0.5 V to 3.75 V

I/O Tri-state Voltage Applied4, 5 . . . . . . . . . . . . . . .–0.5 V to 3.75 V . . . . . . . . . . . . .–0.5 V to 3.75 V

Dedicated Input Voltage Applied4. . . . . . . . . . . . .–0.5 V to 3.75 V . . . . . . . . . . . . .–0.5 V to 3.75 V

Storage Temperature (Ambient). . . . . . . . . . . . . –55 °C to 125 °C. . . . . . . . . . . . –55 °C to 125 °C

Junction Temperature (TJ) . . . . . . . . . . . . . . . . . –40 °C to 125 °C. . . . . . . . . . . . –40 °C to 125 °C

1. Stress above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional operation of the 
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

2. Compliance with the Lattice Thermal Management document is required.
3. All voltages referenced to GND.
4. Overshoot and undershoot of –2 V to (VIHMAX + 2) volts is permitted for a duration of <20 ns.
5. The dual function I2C pins SCL and SDA are limited to –0.25 V to 3.75 V or to –0.3 V with a duration of <20 ns.

Recommended Operating Conditions1

Power Supply Ramp Rates1

Symbol Parameter Min. Max. Units

VCC
1

Core Supply Voltage for 1.2 V Devices 1.14 1.26 V

Core Supply Voltage for 2.5 V / 3.3 V Devices 2.375 3.6 V

VCCIO
1, 2, 3 I/O Driver Supply Voltage 1.14 3.6 V

tJCOM Junction Temperature Commercial Operation 0 85 °C

tJIND Junction Temperature Industrial Operation –40 100 °C

1. Like power supplies must be tied together. For example, if VCCIO and VCC are both the same voltage, they must also be the same 
supply.

2. See recommended voltages by I/O standard in subsequent table.
3. VCCIO pins of unused I/O banks should be connected to the VCC power supply on boards.

Symbol Parameter Min. Typ. Max. Units

tRAMP Power supply ramp rates for all power supplies. 0.01 — 100 V/ms

1. Assumes monotonic ramp rates.
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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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LVDS Emulation
MachXO2 devices can support LVDS outputs via emulation (LVDS25E). The output is emulated using complemen-
tary LVCMOS outputs in conjunction with resistors across the driver outputs on all devices. The scheme shown in 
Figure 3-1 is one possible solution for LVDS standard implementation. Resistor values in Figure 3-1 are industry 
standard values for 1% resistors.

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

Table 3-1. LVDS25E DC Conditions

Over Recommended Operating Conditions
Parameter Description Typ. Units

ZOUT Output impedance 20 Ohms

RS Driver series resistor 158 Ohms

RP Driver parallel resistor 140 Ohms

RT Receiver termination 100 Ohms

VOH Output high voltage 1.43 V

VOL Output low voltage 1.07 V

VOD Output differential voltage 0.35 V

VCM Output common mode voltage 1.25 V

ZBACK Back impedance 100.5 Ohms

IDC DC output current 6.03 mA

158

158

Zo = 100  

140 100

On-chip On-chipOff-chip Off-chip

VCCIO = 2.5 

8mA 

8mA 

Note: All resistors are ±1%. 

VCCIO = 2.5 
+

-

Emulated 
LVDS

Buffer   
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MachXO2 External Switching Characteristics – HC/HE Devices1, 2, 3, 4, 5, 6, 7

Over Recommended Operating Conditions

Parameter Description Device

–6 –5 –4

UnitsMin. Max. Min. Max. Min. Max.

Clocks

Primary Clocks

fMAX_PRI
8 Frequency for Primary Clock 

Tree All MachXO2 devices — 388 — 323 — 269 MHz

tW_PRI
Clock Pulse Width for Primary 
Clock All MachXO2 devices 0.5 — 0.6 — 0.7 — ns

tSKEW_PRI
Primary Clock Skew Within a 
Device

MachXO2-256HC-HE — 912 — 939 — 975 ps

MachXO2-640HC-HE — 844 — 871 — 908 ps

MachXO2-1200HC-HE — 868 — 902 — 951 ps

MachXO2-2000HC-HE — 867 — 897 — 941 ps

MachXO2-4000HC-HE — 865 — 892 — 931 ps

MachXO2-7000HC-HE — 902 — 942 — 989 ps

Edge Clock

fMAX_EDGE
8 Frequency for Edge Clock MachXO2-1200 and 

larger devices — 400 — 333 — 278 MHz

Pin-LUT-Pin Propagation Delay

tPD
Best case propagation delay 
through one LUT-4 All MachXO2 devices — 6.72 — 6.96 — 7.24 ns

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

tCO
Clock to Output – PIO Output 
Register

MachXO2-256HC-HE — 7.13 — 7.30 — 7.57 ns

MachXO2-640HC-HE — 7.15 — 7.30 — 7.57 ns

MachXO2-1200HC-HE — 7.44 — 7.64 — 7.94 ns

MachXO2-2000HC-HE — 7.46 — 7.66 — 7.96 ns

MachXO2-4000HC-HE — 7.51 — 7.71 — 8.01 ns

MachXO2-7000HC-HE — 7.54 — 7.75 — 8.06 ns

tSU
Clock to Data Setup – PIO 
Input Register

MachXO2-256HC-HE –0.06 — –0.06 — –0.06 — ns

MachXO2-640HC-HE –0.06 — –0.06 — –0.06 — ns

MachXO2-1200HC-HE –0.17 — –0.17 — –0.17 — ns

MachXO2-2000HC-HE –0.20 — –0.20 — –0.20 — ns

MachXO2-4000HC-HE –0.23 — –0.23 — –0.23 — ns

MachXO2-7000HC-HE –0.23 — –0.23 — –0.23 — ns

tH
Clock to Data Hold – PIO Input 
Register

MachXO2-256HC-HE 1.75 — 1.95 — 2.16 — ns

MachXO2-640HC-HE 1.75 — 1.95 — 2.16 — ns

MachXO2-1200HC-HE 1.88 — 2.12 — 2.36 — ns

MachXO2-2000HC-HE 1.89 — 2.13 — 2.37 — ns

MachXO2-4000HC-HE 1.94 — 2.18 — 2.43 — ns

MachXO2-7000HC-HE 1.98 — 2.23 — 2.49 — ns
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tSU_DEL

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

MachXO2-256ZE 2.62 — 2.91 — 3.14 — ns

MachXO2-640ZE 2.56 — 2.85 — 3.08 — ns

MachXO2-1200ZE 2.30 — 2.57 — 2.79 — ns

MachXO2-2000ZE 2.25 — 2.50 — 2.70 — ns

MachXO2-4000ZE 2.39 — 2.60 — 2.76 — ns

MachXO2-7000ZE 2.17 — 2.33 — 2.43 — ns

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

MachXO2-256ZE –0.44 — –0.44 — –0.44 — ns

MachXO2-640ZE –0.43 — –0.43 — –0.43 — ns

MachXO2-1200ZE –0.28 — –0.28 — –0.28 — ns

MachXO2-2000ZE –0.31 — –0.31 — –0.31 — ns

MachXO2-4000ZE –0.34 — –0.34 — –0.34 — ns

MachXO2-7000ZE –0.21 — –0.21 — –0.21 — ns

fMAX_IO
Clock Frequency of I/O and 
PFU Register All MachXO2 devices — 150 — 125 — 104 MHz

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

tCOE
Clock to Output – PIO Output 
Register

MachXO2-1200ZE — 11.10 — 11.51 — 11.91 ns

MachXO2-2000ZE — 11.10 — 11.51 — 11.91 ns

MachXO2-4000ZE — 10.89 — 11.28 — 11.67 ns

MachXO2-7000ZE — 11.10 — 11.51 — 11.91 ns

tSUE
Clock to Data Setup – PIO 
Input Register

MachXO2-1200ZE –0.23 — –0.23 — –0.23 — ns

MachXO2-2000ZE –0.23 — –0.23 — –0.23 — ns

MachXO2-4000ZE –0.15 — –0.15 — –0.15 — ns

MachXO2-7000ZE –0.23 — –0.23 — –0.23 — ns

tHE
Clock to Data Hold – PIO Input 
Register

MachXO2-1200ZE 3.81 — 4.11 — 4.52 — ns

MachXO2-2000ZE 3.81 — 4.11 — 4.52 — ns

MachXO2-4000ZE 3.60 — 3.89 — 4.28 — ns

MachXO2-7000ZE 3.81 — 4.11 — 4.52 — ns

tSU_DELE

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

MachXO2-1200ZE 2.78 — 3.11 — 3.40 — ns

MachXO2-2000ZE 2.78 — 3.11 — 3.40 — ns

MachXO2-4000ZE 3.11 — 3.48 — 3.79 — ns

MachXO2-7000ZE 2.94 — 3.30 — 3.60 — ns

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

MachXO2-1200ZE –0.29 — -0.29 — –0.29 — ns

MachXO2-2000ZE –0.29 — -0.29 — –0.29 — ns

MachXO2-4000ZE –0.46 — -0.46 — –0.46 — ns

MachXO2-7000ZE –0.37 — -0.37 — –0.37 — ns

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

tCOPLL
Clock to Output – PIO Output 
Register

MachXO2-1200ZE — 7.95 — 8.07 — 8.19 ns

MachXO2-2000ZE — 7.97 — 8.10 — 8.22 ns

MachXO2-4000ZE — 7.98 — 8.10 — 8.23 ns

MachXO2-7000ZE — 8.02 — 8.14 — 8.26 ns

tSUPLL
Clock to Data Setup – PIO 
Input Register

MachXO2-1200ZE 0.85 — 0.85 — 0.89 — ns

MachXO2-2000ZE 0.84 — 0.84 — 0.86 — ns

MachXO2-4000ZE 0.84 — 0.84 — 0.85 — ns

MachXO2-7000ZE 0.83 — 0.83 — 0.81 — ns

Parameter Description Device

–3 –2 –1

UnitsMin. Max. Min. Max. Min. Max.
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Generic DDR4 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – GDDRX4_RX.ECLK.Centered9, 12

tSU Input Data Setup Before ECLK

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

0.434 — 0.535 — 0.630 — ns

tHO Input Data Hold After ECLK 0.385 — 0.395 — 0.463 — ns

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

7:1 LVDS Inputs – GDDR71_RX.ECLK.7.19, 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
DDR71 Serial Input Data 
Speed — 420 — 352 — 292 Mbps

fDDR71 DDR71 ECLK Frequency — 210 — 176 — 146 MHz

fCLKIN

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

— 60 — 50 — 42 MHz

Generic DDR Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input – GDDRX1_TX.SCLK.Aligned9, 12

tDIA
Output Data Invalid After CLK 
Output

All MachXO2 
devices, all sides

— 0.850 — 0.910 — 0.970 ns

tDIB
Output Data Invalid Before 
CLK Output — 0.850 — 0.910 — 0.970 ns

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

fDDRX1 DDRX1 SCLK frequency — 70 — 58 — 49 MHz

Generic DDR Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – GDDRX1_TX.SCLK.Centered9, 12

tDVB
Output Data Valid Before CLK 
Output

All MachXO2 
devices, all sides

2.720 — 3.380 — 4.140 — ns

tDVA
Output Data Valid After CLK 
Output 2.720 — 3.380 — 4.140 — ns

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

fDDRX1
DDRX1 SCLK Frequency
(minimum limited by PLL) — 70 — 58 — 49 MHz

Generic DDRX2 Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input – GDDRX2_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
DDRX2 Serial Output Data 
Speed — 280 — 234 — 194 Mbps

fDDRX2 DDRX2 ECLK frequency — 140 — 117 — 97 MHz

fSCLK SCLK Frequency — 70 — 59 — 49 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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MachXO2-4000

84
QFN

132 
csBGA

144 
TQFP

184 
csBGA

256 
caBGA

256 
ftBGA

332 
caBGA

484 
fpBGA

General Purpose I/O per Bank

Bank 0 27 25 27 37 50 50 68 70

Bank 1 10 26 29 37 52 52 68 68

Bank 2 22 28 29 39 52 52 70 72

Bank 3 0 7 9 10 16 16 24 24

Bank 4 9 8 10 12 16 16 16 16

Bank 5 0 10 10 15 20 20 28 28

Total General Purpose Single Ended I/O 68 104 114 150 206 206 274 278

Differential I/O per Bank

Bank 0 13 13 14 18 25 25 34 35

Bank 1 4 13 14 18 26 26 34 34

Bank 2 11 14 14 19 26 26 35 36

Bank 3 0 3 4 4 8 8 12 12

Bank 4 4 4 5 6 8 8 8 8

Bank 5 0 5 5 7 10 10 14 14

Total General Purpose Differential I/O 32 52 56 72 103 103 137 139

Dual Function I/O 28 37 37 37 37 37 37 37

High-speed Differential I/O

Bank 0 8 8 9 8 18 18 18 18

Gearboxes

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

Number of 7:1 or 8:1 Input Gearbox 
Available (Bank 2) 11 14 14 12 18 18 18 18

DQS Groups

Bank 1 1 2 2 2 2 2 2 2

VCCIO Pins

Bank 0 3 3 3 3 4 4 4 10

Bank 1 1 3 3 3 4 4 4 10

Bank 2 2 3 3 3 4 4 4 10

Bank 3 1 1 1 1 1 1 2 3

Bank 4 1 1 1 1 2 2 1 4

Bank 5 1 1 1 1 1 1 2 3

VCC 4 4 4 4 8 8 8 12

GND 4 10 12 16 24 24 27 48

NC 1 1 1 1 1 1 5 105

Reserved for configuration 1 1 1 1 1 1 1 1

Total Count of Bonded Pins 84 132 144 184 256 256 332 484
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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.

LCMXO2-1200HC-4SG32I 1280  2.5 V / 3.3 V –4 Halogen-Free QFN  32 IND

LCMXO2-1200HC-5SG32I 1280  2.5 V / 3.3 V –5 Halogen-Free QFN  32 IND

LCMXO2-1200HC-6SG32I 1280  2.5 V / 3.3 V –6 Halogen-Free QFN  32 IND

LCMXO2-1200HC-4TG100I 1280  2.5 V / 3.3 V –4 Halogen-Free TQFP  100 IND

LCMXO2-1200HC-5TG100I 1280  2.5 V / 3.3 V –5 Halogen-Free TQFP  100 IND

LCMXO2-1200HC-6TG100I 1280  2.5 V / 3.3 V –6 Halogen-Free TQFP  100 IND

LCMXO2-1200HC-4MG132I 1280  2.5 V / 3.3 V –4 Halogen-Free csBGA 132 IND

LCMXO2-1200HC-5MG132I 1280  2.5 V / 3.3 V –5 Halogen-Free csBGA 132 IND

LCMXO2-1200HC-6MG132I 1280  2.5 V / 3.3 V –6 Halogen-Free csBGA 132 IND

LCMXO2-1200HC-4TG144I 1280  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 IND

LCMXO2-1200HC-5TG144I 1280  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 IND

LCMXO2-1200HC-6TG144I 1280  2.5 V/ 3.3 V –6 Halogen-Free TQFP 144 IND

Part Number LUTs Supply Voltage Grade Package  Leads Temp.

LCMXO2-1200UHC-4FTG256I 1280 2.5 V / 3.3 V –4 Halogen-Free ftBGA 256 IND

LCMXO2-1200UHC-5FTG256I 1280 2.5 V / 3.3 V –5 Halogen-Free ftBGA 256 IND

LCMXO2-1200UHC-6FTG256I 1280 2.5 V / 3.3 V –6 Halogen-Free ftBGA 256 IND

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000HC-4TG100I 2112  2.5 V / 3.3 V –4 Halogen-Free TQFP  100 IND

LCMXO2-2000HC-5TG100I 2112  2.5 V / 3.3 V –5 Halogen-Free TQFP  100 IND

LCMXO2-2000HC-6TG100I 2112  2.5 V / 3.3 V –6 Halogen-Free TQFP  100 IND

LCMXO2-2000HC-4MG132I 2112  2.5 V / 3.3 V –4 Halogen-Free csBGA 132 IND

LCMXO2-2000HC-5MG132I 2112  2.5 V / 3.3 V –5 Halogen-Free csBGA 132 IND

LCMXO2-2000HC-6MG132I 2112  2.5 V / 3.3 V –6 Halogen-Free csBGA 132 IND

LCMXO2-2000HC-4TG144I 2112  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 IND

LCMXO2-2000HC-5TG144I 2112  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 IND

LCMXO2-2000HC-6TG144I 2112  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 IND

LCMXO2-2000HC-4BG256I 2112  2.5 V / 3.3 V –4 Halogen-Free caBGA 256 IND

LCMXO2-2000HC-5BG256I 2112  2.5 V / 3.3 V –5 Halogen-Free caBGA 256 IND

LCMXO2-2000HC-6BG256I 2112  2.5 V / 3.3 V –6 Halogen-Free caBGA 256 IND

LCMXO2-2000HC-4FTG256I 2112  2.5 V / 3.3 V –4 Halogen-Free ftBGA 256 IND

LCMXO2-2000HC-5FTG256I 2112  2.5 V / 3.3 V –5 Halogen-Free ftBGA 256 IND

LCMXO2-2000HC-6FTG256I 2112  2.5 V / 3.3 V –6 Halogen-Free ftBGA 256 IND

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-2000UHC-4FG484I 2112 2.5 V / 3.3 V –4 Halogen-Free fpBGA 484 IND

LCMXO2-2000UHC-5FG484I 2112 2.5 V / 3.3 V –5 Halogen-Free fpBGA 484 IND

LCMXO2-2000UHC-6FG484I 2112 2.5 V / 3.3 V –6 Halogen-Free fpBGA 484 IND
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January 2013 02.0 Introduction Updated the total number IOs to include JTAGENB.

Architecture Supported Output Standards table – Added 3.3 VCCIO (Typ.) to LVDS 
row.

Changed SRAM CRC Error Detection to Soft Error Detection.

DC and Switching 
Characteristics

Power Supply Ramp Rates table – Updated Units column for tRAMP 
symbol.

Added new Maximum sysIO Buffer Performance table.

sysCLOCK PLL Timing table – Updated Min. column values for fIN, 
fOUT, fOUT2 and fPFD parameters. Added tSPO parameter. Updated 
footnote 6.

MachXO2 Oscillator Output Frequency table – Updated symbol name 
for tSTABLEOSC.

DC Electrical Characteristics table – Updated conditions for IIL, IIH 
symbols.

Corrected parameters tDQVBS and tDQVAS

Corrected MachXO2 ZE parameters tDVADQ and tDVEDQ

Pinout Information Included the MachXO2-4000HE 184 csBGA package.

Ordering Information Updated part number.

April 2012 01.9 Architecture Removed references to TN1200.

Ordering Information Updated the Device Status portion of the MachXO2 Part Number 
Description to include the 50 parts per reel for the WLCSP package.

Added new part number and footnote 2 for LCMXO2-1200ZE-
1UWG25ITR50.

Updated footnote 1 for LCMXO2-1200ZE-1UWG25ITR.

Supplemental
Information

Removed references to TN1200.

March 2012 01.8 Introduction Added 32 QFN packaging information to Features bullets and 
MachXO2 Family Selection Guide table.

DC and Switching 
Characteristics

Changed ‘STANDBY’ to ‘USERSTDBY’ in Standby Mode timing dia-
gram.

Pinout Information Removed footnote from Pin Information Summary tables.

Added 32 QFN package to Pin Information Summary table.

Ordering Information Updated Part Number Description and Ordering Information tables 
for 32 QFN package.

Updated topside mark diagram in the Ordering Information section.

Date Version Section Change Summary


