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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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Number of Logic Elements/Cells 256

Total RAM Bits -

Number of I/O 21

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 32-UFQFN Exposed Pad

Supplier Device Package 32-QFN (5x5)
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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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These gearboxes have three stage pipeline registers. The first stage registers sample the high-speed input data by 
the high-speed edge clock on its rising and falling edges. The second stage registers perform data alignment 
based on the control signals UPDATE and SEL0 from the control block. The third stage pipeline registers pass the 
data to the device core synchronized to the low-speed system clock. Figure 2-16 shows a block diagram of the 
input gearbox.

Figure 2-16. Input Gearbox 
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Figure 2-18. MachXO2-1200U, MachXO2-2000/U, MachXO2-4000 and MachXO2-7000 Banks

Figure 2-19. MachXO2-256, MachXO2-640/U and MachXO2-1200 Banks
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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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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 – 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 Differential Electrical Characteristics
The LVDS differential output buffers are available on the top side of MachXO2-640U, MachXO2-1200/U and higher 
density devices in the MachXO2 PLD family.

LVDS
Over Recommended Operating Conditions

LVCMOS10R25 –0.3 VREF – 0.1 VREF + 0.1 3.6 0.40 NA Open 
Drain 16, 12, 8, 4 NA Open 

Drain

1. MachXO2 devices allow LVCMOS inputs to be placed in I/O banks where VCCIO is different from what is specified in the applicable JEDEC 
specification. This is referred to as a ratioed input buffer. In a majority of cases this operation follows or exceeds the applicable JEDEC spec-
ification. The cases where MachXO2 devices do not meet the relevant JEDEC specification are documented in the table below.

2. MachXO2 devices allow for LVCMOS referenced I/Os which follow applicable JEDEC specifications. For more details about mixed mode 
operation please refer to please refer to TN1202, MachXO2 sysIO Usage Guide.

3. The dual function I2C pins SCL and SDA are limited to a VIL min of –0.25 V or to –0.3 V with a duration of <10 ns.
4. For electromigration, the average DC current sourced or sinked by I/O pads between two consecutive VCCIO or GND pad connections, or 

between the last VCCIO or GND in an I/O bank and the end of an I/O bank, as shown in the Logic Signal Connections table (also shown as 
I/O grouping) shall not exceed a maximum of n * 8 mA. “n” is the number of I/O pads between the two consecutive bank VCCIO or GND 
connections or between the last VCCIO and GND in a bank and the end of a bank. IO Grouping can be found in the Data Sheet Pin Tables, 
which can also be generated from the Lattice Diamond software.

Input Standard VCCIO (V) VIL Max. (V)

LVCMOS 33 1.5 0.685

LVCMOS 25 1.5 0.687

LVCMOS 18 1.5 0.655

Parameter 
Symbol Parameter Description Test Conditions Min. Typ. Max. Units

VINP, VINM Input Voltage
VCCIO = 3.3 V 0 — 2.605 V

VCCIO = 2.5 V 0 — 2.05 V

VTHD Differential Input Threshold ±100 — mV

VCM Input Common Mode Voltage
VCCIO = 3.3 V 0.05 — 2.6 V

VCCIO = 2.5 V 0.05 — 2.0 V

IIN Input current Power on — — ±10 µA

VOH Output high voltage for VOP or VOM RT = 100 Ohm — 1.375 — V

VOL Output low voltage for VOP or VOM RT = 100 Ohm 0.90 1.025 — V

VOD Output voltage differential (VOP - VOM), RT = 100 Ohm 250 350 450 mV

VOD Change in VOD between high and low — — 50 mV

VOS Output voltage offset (VOP + VOM)/2, RT = 100 Ohm 1.125 1.20 1.395 V

VOS Change in VOS between H and L — — 50 mV

IOSD Output short circuit current VOD = 0 V driver outputs shorted — — 24 mA

Input/Output 
Standard

VIL VIH VOL Max. 
(V)

VOH Min. 
(V)

IOL Max.4

(mA)
IOH Max.4 

(mA)Min. (V)3 Max. (V) Min. (V) Max. (V)

www.latticesemi.com/dynamic/view_document.cfm?document_id=39083


3-12

DC and Switching Characteristics
MachXO2 Family Data Sheet

LVPECL
The MachXO2 family supports the differential LVPECL standard through emulation. This output standard is emu-
lated using complementary LVCMOS outputs in conjunction with resistors across the driver outputs on all the 
devices. The LVPECL input standard is supported by the LVDS differential input buffer. The scheme shown in Dif-
ferential LVPECL is one possible solution for point-to-point signals.

Figure 3-3. Differential LVPECL

Table 3-3. LVPECL DC Conditions1

Over Recommended Operating Conditions

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

Symbol Description Nominal Units

ZOUT Output impedance 20 Ohms

RS Driver series resistor 93 Ohms

RP Driver parallel resistor 196 Ohms

RT Receiver termination 100 Ohms

VOH Output high voltage 2.05 V

VOL Output low voltage 1.25 V

VOD Output differential voltage 0.80 V

VCM Output common mode voltage 1.65 V

ZBACK Back impedance 100.5 Ohms

IDC DC output current 12.11 mA

1. For input buffer, see LVDS table.

Transmission line, Zo = 100 Ohm differential 

100 Ohms

93 Ohms
16 mA

16 mA

93 Ohms

Off-chip On-chip 

VCCIO = 3.3 V

VCCIO = 3.3 V + 
–196 Ohms

On-chip Off-chip 
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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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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.

0.535 — 0.670 — 0.830 — ns

tDVA
Output Data Valid After CLK 
Output 0.535 — 0.670 — 0.830 — ns

fDATA
DDRX2 Serial Output Data 
Speed — 664 — 554 — 462 Mbps

fDDRX2
DDRX2 ECLK Frequency
(minimum limited by PLL) — 332 — 277 — 231 MHz

fSCLK SCLK Frequency — 166 — 139 — 116 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.

— 0.200 — 0.215 — 0.230 ns

tDIB
Output Data Invalid Before 
CLK Output — 0.200 — 0.215 — 0.230 ns

fDATA
DDRX4 Serial Output Data 
Speed — 756 — 630 — 524 Mbps

fDDRX4 DDRX4 ECLK Frequency — 378 — 315 — 262 MHz

fSCLK SCLK Frequency — 95 — 79 — 66 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.

0.455 — 0.570 — 0.710 — ns

tDVA
Output Data Valid After CLK 
Output 0.455 — 0.570 — 0.710 — ns

fDATA
DDRX4 Serial Output Data 
Speed — 756 — 630 — 524 Mbps

fDDRX4
DDRX4 ECLK Frequency 
(minimum limited by PLL) — 378 — 315 — 262 MHz

fSCLK SCLK Frequency — 95 — 79 — 66 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. 

— 0.160 — 0.180 — 0.200 ns

tDIA
Output Data Invalid After CLK 
Output — 0.160 — 0.180 — 0.200 ns

fDATA
DDR71 Serial Output Data 
Speed — 756 — 630 — 524 Mbps

fDDR71 DDR71 ECLK Frequency — 378 — 315 — 262 MHz

fCLKOUT

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

— 108 — 90 — 75 MHz

Parameter Description Device

–6 –5 –4

UnitsMin. Max. Min. Max. Min. Max.
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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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Signal Descriptions 
Signal Name I/O Descriptions

General Purpose

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

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

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

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

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

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

NC — No connect.

GND — GND – Ground. Dedicated pins. It is recommended that all GNDs are tied together.
For QFN 48 package, the exposed die pad is the device ground.

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

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

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

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

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

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

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

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

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

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

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

JTAGENB I

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

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

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

For more details, refer to TN1204, MachXO2 Programming and Configuration Usage Guide.

Configuration (Dual function pins used during sysCONFIG)

PROGRAMN I Initiates configuration sequence when asserted low. During configuration, or when reserved 
as PROGRAMN in user mode, this pin always has an active pull-up. 

MachXO2 Family Data Sheet
Pinout Information

www.latticesemi.com/dynamic/view_document.cfm?document_id=39085
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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
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Ordering Information
MachXO2 devices have top-side markings, for commercial and industrial grades, as shown below:

Notes: 

1. Markings are abbreviated for small packages.

2. See PCN 05A-12 for information regarding a change to the top-side mark logo.

LCMXO2-1200ZE
1TG100C 
Datecode

LCMXO2
256ZE

1UG64C
Datecode

http://www.latticesemi.com/documents/doc44912x28.pdf
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Ultra Low Power Commercial Grade Devices, Halogen Free (RoHS) Packaging 

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-256ZE-1SG32C  256 1.2 V –1 Halogen-Free QFN 32 COM

LCMXO2-256ZE-2SG32C  256 1.2 V –2 Halogen-Free QFN 32 COM

LCMXO2-256ZE-3SG32C  256 1.2 V –3 Halogen-Free QFN 32 COM

LCMXO2-256ZE-1UMG64C  256 1.2 V –1 Halogen-Free ucBGA 64 COM

LCMXO2-256ZE-2UMG64C  256 1.2 V –2 Halogen-Free ucBGA 64 COM

LCMXO2-256ZE-3UMG64C  256 1.2 V –3 Halogen-Free ucBGA 64 COM

LCMXO2-256ZE-1TG100C  256 1.2 V –1 Halogen-Free TQFP  100 COM

LCMXO2-256ZE-2TG100C  256 1.2 V –2 Halogen-Free TQFP  100 COM

LCMXO2-256ZE-3TG100C  256 1.2 V –3 Halogen-Free TQFP  100 COM

LCMXO2-256ZE-1MG132C  256 1.2 V –1 Halogen-Free csBGA 132 COM

LCMXO2-256ZE-2MG132C  256 1.2 V –2 Halogen-Free csBGA 132 COM

LCMXO2-256ZE-3MG132C  256 1.2 V –3 Halogen-Free csBGA 132 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-640ZE-1TG100C 640 1.2 V –1 Halogen-Free TQFP  100 COM

LCMXO2-640ZE-2TG100C 640 1.2 V –2 Halogen-Free TQFP  100 COM

LCMXO2-640ZE-3TG100C 640 1.2 V –3 Halogen-Free TQFP  100 COM

LCMXO2-640ZE-1MG132C 640 1.2 V –1 Halogen-Free csBGA 132 COM

LCMXO2-640ZE-2MG132C 640 1.2 V –2 Halogen-Free csBGA 132 COM

LCMXO2-640ZE-3MG132C 640 1.2 V –3 Halogen-Free csBGA 132 COM

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-1200ZE-1SG32C 1280 1.2 V –1 Halogen-Free QFN  32 COM

LCMXO2-1200ZE-2SG32C 1280 1.2 V –2 Halogen-Free QFN  32 COM

LCMXO2-1200ZE-3SG32C 1280 1.2 V –3 Halogen-Free QFN  32 COM

LCMXO2-1200ZE-1TG100C 1280 1.2 V –1 Halogen-Free TQFP  100 COM

LCMXO2-1200ZE-2TG100C 1280 1.2 V –2 Halogen-Free TQFP  100 COM

LCMXO2-1200ZE-3TG100C 1280 1.2 V –3 Halogen-Free TQFP  100 COM

LCMXO2-1200ZE-1MG132C 1280 1.2 V –1 Halogen-Free csBGA 132 COM

LCMXO2-1200ZE-2MG132C 1280 1.2 V –2 Halogen-Free csBGA 132 COM

LCMXO2-1200ZE-3MG132C 1280 1.2 V –3 Halogen-Free csBGA 132 COM

LCMXO2-1200ZE-1TG144C 1280 1.2 V –1 Halogen-Free TQFP 144 COM

LCMXO2-1200ZE-2TG144C 1280 1.2 V –2 Halogen-Free TQFP 144 COM

LCMXO2-1200ZE-3TG144C 1280 1.2 V –3 Halogen-Free TQFP 144 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.

LCMXO2-1200HC-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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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



5-19

Ordering Information
MachXO2 Family Data Sheet

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-1200HC-4TG100IR11 1280  2.5 V / 3.3 V –4 Halogen-Free TQFP  100 IND

LCMXO2-1200HC-5TG100IR11 1280  2.5 V / 3.3 V –5 Halogen-Free TQFP  100 IND

LCMXO2-1200HC-6TG100IR11 1280  2.5 V / 3.3 V –6 Halogen-Free TQFP  100 IND

LCMXO2-1200HC-4MG132IR11 1280  2.5 V / 3.3 V –4 Halogen-Free csBGA 132 IND

LCMXO2-1200HC-5MG132IR11 1280  2.5 V / 3.3 V –5 Halogen-Free csBGA 132 IND

LCMXO2-1200HC-6MG132IR11 1280  2.5 V / 3.3 V –6 Halogen-Free csBGA 132 IND

LCMXO2-1200HC-4TG144IR11 1280  2.5 V / 3.3 V –4 Halogen-Free TQFP 144 IND

LCMXO2-1200HC-5TG144IR11 1280  2.5 V / 3.3 V –5 Halogen-Free TQFP 144 IND

LCMXO2-1200HC-6TG144IR11 1280  2.5 V / 3.3 V –6 Halogen-Free TQFP 144 IND

1. Specifications for the “LCMXO2-1200HC-speed package IR1” are the same as the “LCMXO2-1200ZE-speed package I” devices respec-
tively, except as specified in the R1 Device Specifications section of this data sheet. 
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R1 Device Specifications
The LCMXO2-1200ZE/HC “R1” devices have the same specifications as their Standard (non-R1) counterparts 
except as listed below. For more details on the R1 to Standard migration refer to AN8086, Designing for Migration 
from MachXO2-1200-R1 to Standard Non-R1) Devices.

• The User Flash Memory (UFM) cannot be programmed through the internal WISHBONE interface. It can still be 
programmed through the JTAG/SPI/I2C ports.

• The on-chip differential input termination resistor value is higher than intended. It is approximately 200 as 
opposed to the intended 100. It is recommended to use external termination resistors for differential inputs. The 
on-chip termination resistors can be disabled through Lattice design software.

• Soft Error Detection logic may not produce the correct result when it is run for the first time after configuration. To 
use this feature, discard the result from the first operation. Subsequent operations will produce the correct result.

• Under certain conditions, IIH exceeds data sheet specifications. The following table provides more details:

• The user SPI interface does not operate correctly in some situations. During master read access and slave write 
access, the last byte received does not generate the RRDY interrupt.

• In GDDRX2, GDDRX4 and GDDR71 modes, ECLKSYNC may have a glitch in the output under certain condi-
tions, leading to possible loss of synchronization.

• When using the hard I2C IP core, the I2C status registers I2C_1_SR and I2C_2_SR may not update correctly.

• PLL Lock signal will glitch high when coming out of standby. This glitch lasts for about 10 µsec before returning 
low.

• Dual boot only available on HC devices, requires tying VCC and VCCIO2 to the same 3.3 V or 2.5 V supply.

Condition Clamp
Pad Rising 

IIH Max.
Pad Falling 

IIH Min.
Steady State Pad 

High IIH
Steady State Pad 

Low IIL

VPAD > VCCIO OFF 1 mA –1 mA 1 mA 10 µA

VPAD = VCCIO ON 10 µA –10 µA 10 µA 10 µA

VPAD = VCCIO OFF 1 mA –1 mA 1 mA 10 µA

VPAD < VCCIO OFF 10 µA –10 µA 10 µA 10 µA
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