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Welcome to E-XFL.COM

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.

Details

Product Status Active

Number of LABs/CLBs 858

Number of Logic Elements/Cells 6864

Total RAM Bits 245760

Number of I/O 114

Number of Gates -

Voltage - Supply 2.375V ~ 3.465V

Mounting Type Surface Mount

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 144-LQFP

Supplier Device Package 144-TQFP (20x20)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/lcmxo2-7000hc-4tg144i

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong
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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


2-11

Architecture
MachXO2 Family Data Sheet

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 2-11. Group of Four Programmable I/O Cells
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PIO 
The PIO contains three blocks: an input register block, output register block and tri-state register block. These 
blocks contain registers for operating in a variety of modes along with the necessary clock and selection logic.

Table 2-8. PIO Signal List

Input Register Block 
The input register blocks for the PIOs on all edges contain delay elements and registers that can be used to condi-
tion high-speed interface signals before they are passed to the device core. In addition to this functionality, the input 
register blocks for the PIOs on the right edge include built-in logic to interface to DDR memory.

Figure 2-12 shows the input register block for the PIOs located on the left, top and bottom edges. Figure 2-13 
shows the input register block for the PIOs on the right edge.

Left, Top, Bottom Edges
Input signals are fed from the sysIO buffer to the input register block (as signal D). If desired, the input signal can 
bypass the register and delay elements and be used directly as a combinatorial signal (INDD), and a clock (INCK). 
If an input delay is desired, users can select a fixed delay. I/Os on the bottom edge also have a dynamic delay, 
DEL[4:0]. The delay, if selected, reduces input register hold time requirements when using a global clock. The input 
block allows two modes of operation. In single data rate (SDR) the data is registered with the system clock (SCLK) 
by one of the registers in the single data rate sync register block. In Generic DDR mode, two registers are used to 
sample the data on the positive and negative edges of the system clock (SCLK) signal, creating two data streams. 

Pin Name I/O Type Description

CE Input Clock Enable

D Input Pin input from sysIO buffer.

INDD Output Register bypassed input. 

INCK Output Clock input

Q0 Output DDR positive edge input

Q1 Output Registered input/DDR negative edge input 

D0 Input Output signal from the core (SDR and DDR)

D1 Input Output signal from the core (DDR)

TD Input Tri-state signal from the core 

Q Output Data output signals to sysIO Buffer

TQ Output Tri-state output signals to sysIO Buffer

DQSR901 Input DQS shift 90-degree read clock 

DQSW901 Input DQS shift 90-degree write clock

DDRCLKPOL1 Input DDR input register polarity control signal from DQS

SCLK Input System clock for input and output/tri-state blocks. 

RST Input Local set reset signal 

1. Available in PIO on right edge only.
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Figure 2-12. MachXO2 Input Register Block Diagram (PIO on Left, Top and Bottom Edges)

Right Edge
The input register block on the right edge is a superset of the same block on the top, bottom, and left edges. In 
addition to the modes described above, the input register block on the right edge also supports DDR memory 
mode.

In DDR memory mode, two registers are used to sample the data on the positive and negative edges of the modi-
fied DQS (DQSR90) in the DDR Memory mode creating two data streams. Before entering the core, these two data 
streams are synchronized to the system clock to generate two data streams. 

The signal DDRCLKPOL controls the polarity of the clock used in the synchronization registers. It ensures ade-
quate timing when data is transferred to the system clock domain from the DQS domain. The DQSR90 and 
DDRCLKPOL signals are generated in the DQS read-write block.

Figure 2-13. MachXO2 Input Register Block Diagram (PIO on Right Edge)
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Table 2-13. Supported Output Standards

sysIO Buffer Banks
The numbers of banks vary between the devices of this family. MachXO2-1200U, MachXO2-2000/U and higher 
density devices have six I/O banks (one bank on the top, right and bottom side and three banks on the left side). 
The MachXO2-1200 and lower density devices have four banks (one bank per side). Figures 2-18 and 2-19 show 
the sysIO banks and their associated supplies for all devices.

Output Standard VCCIO (Typ.)

Single-Ended Interfaces

LVTTL 3.3

LVCMOS33 3.3

LVCMOS25 2.5

LVCMOS18 1.8

LVCMOS15 1.5

LVCMOS12 1.2

LVCMOS33, Open Drain —

LVCMOS25, Open Drain —

LVCMOS18, Open Drain —

LVCMOS15, Open Drain —

LVCMOS12, Open Drain —

PCI33 3.3

SSTL25 (Class I) 2.5

SSTL18 (Class I) 1.8

HSTL18(Class I) 1.8

Differential Interfaces

LVDS1, 2 2.5, 3.3

BLVDS, MLVDS, RSDS 2 2.5

LVPECL2 3.3

MIPI2 2.5

Differential SSTL18 1.8

Differential SSTL25 2.5

Differential HSTL18 1.8

1. MachXO2-640U, MachXO2-1200/U and larger devices have dedicated LVDS buffers.
2. These interfaces can be emulated with external resistors in all devices.
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BLVDS
The MachXO2 family supports the BLVDS standard through emulation. The output is emulated using complemen-
tary LVCMOS outputs in conjunction with resistors across the driver outputs. The input standard is supported by 
the LVDS differential input buffer. BLVDS is intended for use when multi-drop and bi-directional multi-point differen-
tial signaling is required. The scheme shown in Figure 3-2 is one possible solution for bi-directional multi-point dif-
ferential signals.

Figure 3-2. BLVDS Multi-point Output Example

Table 3-2. BLVDS DC Conditions1

Over Recommended Operating Conditions

Symbol Description

Nominal

UnitsZo = 45 Zo = 90

ZOUT Output impedance 20 20 Ohms

RS Driver series resistance 80 80 Ohms

RTLEFT Left end termination 45 90 Ohms

RTRIGHT Right end termination 45 90 Ohms

VOH Output high voltage 1.376 1.480 V

VOL Output low voltage 1.124 1.020 V

VOD Output differential voltage 0.253 0.459 V

VCM Output common mode voltage 1.250 1.250 V

IDC DC output current 11.236 10.204 mA

1. For input buffer, see LVDS table.

Heavily loaded backplane, effective Zo ~ 45 to 90 Ohms differential
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tSU_DEL

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

tCOE
Clock to Output – PIO Output 
Register

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

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

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

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

tSUE
Clock to Data Setup – PIO 
Input Register

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

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

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

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

tHE
Clock to Data Hold – PIO Input 
Register

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

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

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

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

tSU_DELE

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

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

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

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

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

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

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

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

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

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

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

tCOPLL
Clock to Output – PIO Output 
Register

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

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

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

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

tSUPLL
Clock to Data Setup – PIO 
Input Register

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

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

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

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

Parameter Description Device

–6 –5 –4

UnitsMin. Max. Min. Max. Min. Max.
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Generic 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 only.11

— 0.290 — 0.320 — 0.345 UI

tDVE Input Data Hold After ECLK 0.739 — 0.699 — 0.703 — UI

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

fDDRX4 DDRX4 ECLK Frequency — 378 — 315 — 262 MHz

fSCLK SCLK Frequency — 95 — 79 — 66 MHz

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 only.11

0.233 — 0.219 — 0.198 — ns

tHO Input Data Hold After ECLK 0.287 — 0.287 — 0.344 — ns

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

fDDRX4 DDRX4 ECLK Frequency — 378 — 315 — 262 MHz

fSCLK SCLK Frequency — 95 — 79 — 66 MHz

7:1 LVDS Inputs (GDDR71_RX.ECLK.7:1)9, 12

tDVA Input Data Valid After ECLK

MachXO2-640U, 
MachXO2-1200/U and 
larger devices, bottom 
side only.11

— 0.290 — 0.320 — 0.345 UI

tDVE Input Data Hold After ECLK 0.739 — 0.699 — 0.703 — UI

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

fDDR71 DDR71 ECLK Frequency — 378 — 315 — 262 MHz

fCLKIN

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

— 108 — 90 — 75 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.

— 0.520 — 0.550 — 0.580 ns

tDIB
Output Data Invalid Before 
CLK Output — 0.520 — 0.550 — 0.580 ns

fDATA DDRX1 Output Data Speed — 300 — 250 — 208 Mbps

fDDRX1 DDRX1 SCLK frequency — 150 — 125 — 104 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.

1.210 — 1.510 — 1.870 — ns

tDVA
Output Data Valid After CLK 
Output 1.210 — 1.510 — 1.870 — ns

fDATA DDRX1 Output Data Speed — 300 — 250 — 208 Mbps

fDDRX1
DDRX1 SCLK Frequency
(minimum limited by PLL) — 150 — 125 — 104 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.

— 0.200 — 0.215 — 0.230 ns

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

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

fDDRX2 DDRX2 ECLK frequency — 332 — 277 — 231 MHz

fSCLK SCLK Frequency — 166 — 139 — 116 MHz

Parameter Description Device

–6 –5 –4

UnitsMin. Max. Min. Max. Min. Max.
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LPDDR9, 12

tDVADQ
Input Data Valid After DQS 
Input

MachXO2-1200/U 
and larger devices, 
right side only.13

— 0.349 — 0.381 — 0.396 UI

tDVEDQ
Input Data Hold After DQS 
Input 0.665 — 0.630 — 0.613 — UI

tDQVBS
Output Data Invalid Before 
DQS Output 0.25 — 0.25 — 0.25 — UI

tDQVAS
Output Data Invalid After DQS 
Output 0.25 — 0.25 — 0.25 — UI

fDATA
MEM LPDDR Serial Data 
Speed — 120 — 110 — 96 Mbps

fSCLK SCLK Frequency — 60 — 55 — 48 MHz

fLPDDR LPDDR Data Transfer Rate 0 120 0 110 0 96 Mbps

DDR9, 12

tDVADQ
Input Data Valid After DQS 
Input

MachXO2-1200/U 
and larger devices, 
right side only.13

— 0.347 — 0.374 — 0.393 UI

tDVEDQ
Input Data Hold After DQS 
Input 0.665 — 0.637 — 0.616 — UI

tDQVBS
Output Data Invalid Before 
DQS Output 0.25 — 0.25 — 0.25 — UI

tDQVAS
Output Data Invalid After DQS 
Output 0.25 — 0.25 — 0.25 — UI

fDATA MEM DDR Serial Data Speed — 140 — 116 — 98 Mbps

fSCLK SCLK Frequency — 70 — 58 — 49 MHz

fMEM_DDR MEM DDR Data Transfer Rate N/A 140 N/A 116 N/A 98 Mbps

DDR29, 12

tDVADQ
Input Data Valid After DQS 
Input

MachXO2-1200/U 
and larger devices, 
right side only.13

— 0.372 — 0.394 — 0.410 UI

tDVEDQ
Input Data Hold After DQS 
Input 0.690 — 0.658 — 0.618 — UI

tDQVBS
Output Data Invalid Before 
DQS Output 0.25 — 0.25 — 0.25 — UI

tDQVAS
Output Data Invalid After DQS 
Output 0.25 — 0.25 — 0.25 — UI

fDATA MEM DDR Serial Data Speed — 140 — 116 — 98 Mbps

fSCLK SCLK Frequency — 70 — 58 — 49 MHz

fMEM_DDR2
MEM DDR2 Data Transfer 
Rate N/A 140 N/A 116 N/A 98 Mbps

1. Exact performance may vary with device and design implementation. Commercial timing numbers are shown at 85 °C and 1.14 V. Other 
operating conditions, including industrial, can be extracted from the Diamond software. 

2. General I/O timing numbers based on LVCMOS 2.5, 8 mA, 0 pf load, fast slew rate.
3. Generic DDR timing numbers based on LVDS I/O (for input, output, and clock ports).
4. DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18. LPDDR timing numbers based in LVCMOS18.
5. 7:1 LVDS (GDDR71) uses the LVDS I/O standard (for input, output, and clock ports).
6. For Generic DDRX1 mode tSU = tHO = (tDVE - tDVA - 0.03 ns)/2.
7. The tSU_DEL and tH_DEL values use the SCLK_ZERHOLD default step size. Each step is 167 ps (–3), 182 ps (–2), 195 ps (–1).
8. This number for general purpose usage. Duty cycle tolerance is +/–10%.
9. Duty cycle is +/– 5% for system usage.
10. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.
11. High-speed DDR and LVDS not supported in SG32 (32-Pin QFN) packages.
12. Advance information for MachXO2 devices in 48 QFN packages.
13. DDR memory interface not supported in QN84 (84 QFN) and SG32 (32 QFN) packages.

Parameter Description Device

–3 –2 –1

UnitsMin. Max. Min. Max. Min. Max.
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Flash Download Time1, 2

JTAG Port Timing Specifications

Symbol Parameter Device Typ. Units

tREFRESH POR to Device I/O Active

LCMXO2-256 0.6 ms

LCMXO2-640 1.0 ms

LCMXO2-640U 1.9 ms

LCMXO2-1200 1.9 ms

LCMXO2-1200U 1.4 ms

LCMXO2-2000 1.4 ms

LCMXO2-2000U 2.4 ms

LCMXO2-4000 2.4 ms

LCMXO2-7000 3.8 ms

1. Assumes sysMEM EBR initialized to an all zero pattern if they are used.
2. The Flash download time is measured starting from the maximum voltage of POR trip point.

Symbol Parameter Min. Max. Units

fMAX TCK clock frequency —   25 MHz 

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

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

tBTS  TCK [BSCAN] setup time 10 —    ns 

tBTH  TCK [BSCAN] hold time 8 —    ns 

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

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

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

tBTCRS  BSCAN test capture register setup time 8 —    ns 

tBTCRH  BSCAN test capture register hold time 20  —    ns 

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

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

tBTUPOEN  BSCAN test update register, falling edge of clock to valid enable —   25 ns 
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Figure 3-12. JTAG Port Timing Waveforms
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I2C Port Timing Specifications1, 2

SPI Port Timing Specifications1

Switching Test Conditions
Figure 3-13 shows the output test load used for AC testing. The specific values for resistance, capacitance, volt-
age, and other test conditions are shown in Table 3-5.

Figure 3-13. Output Test Load, LVTTL and LVCMOS Standards

Table 3-5. Test Fixture Required Components, Non-Terminated Interfaces

Note: Output test conditions for all other interfaces are determined by the respective standards.

Symbol Parameter Min. Max. Units

fMAX Maximum SCL clock frequency — 400 kHz

1. MachXO2 supports the following modes:
• Standard-mode (Sm), with a bit rate up to 100 kbit/s (user and configuration mode)
• Fast-mode (Fm), with a bit rate up to 400 kbit/s (user and configuration mode)

2. Refer to the I2C specification for timing requirements.

Symbol Parameter Min. Max. Units

fMAX Maximum SCK clock frequency — 45 MHz

1. Applies to user mode only. For configuration mode timing specifications, refer to sysCONFIG Port Timing Specifications 
table in this data sheet.

Test Condition R1 CL Timing Ref. VT

LVTTL and LVCMOS settings (L -> H, H -> L)  0pF

LVTTL, LVCMOS 3.3 = 1.5 V —

LVCMOS 2.5 = VCCIO/2 —

LVCMOS 1.8 = VCCIO/2 —

LVCMOS 1.5 = VCCIO/2 —

LVCMOS 1.2 = VCCIO/2 —

LVTTL and LVCMOS 3.3 (Z -> H)

188 0pF

1.5 V VOL

LVTTL and LVCMOS 3.3 (Z -> L) 1.5 V VOH

Other LVCMOS (Z -> H) VCCIO/2 VOL

Other LVCMOS (Z -> L) VCCIO/2 VOH

LVTTL + LVCMOS (H -> Z) VOH – 0.15 V VOL

LVTTL + LVCMOS (L -> Z) VOL – 0.15 V VOH

DUT   

V T 

R1   

CL   

Test Poi n t
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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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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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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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Ultra Low Power Industrial Grade Devices, Halogen Free (RoHS) Packaging
Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-256ZE-1SG32I  256 1.2 V –1 Halogen-Free QFN 32 IND

LCMXO2-256ZE-2SG32I  256 1.2 V –2 Halogen-Free QFN 32 IND

LCMXO2-256ZE-3SG32I  256 1.2 V –3 Halogen-Free QFN 32 IND

LCMXO2-256ZE-1UMG64I  256 1.2 V –1 Halogen-Free ucBGA 64 IND

LCMXO2-256ZE-2UMG64I  256 1.2 V –2 Halogen-Free ucBGA 64 IND

LCMXO2-256ZE-3UMG64I  256 1.2 V –3 Halogen-Free ucBGA 64 IND

LCMXO2-256ZE-1TG100I  256 1.2 V –1 Halogen-Free TQFP  100 IND

LCMXO2-256ZE-2TG100I  256 1.2 V –2 Halogen-Free TQFP  100 IND

LCMXO2-256ZE-3TG100I  256 1.2 V –3 Halogen-Free TQFP  100 IND

LCMXO2-256ZE-1MG132I  256 1.2 V –1 Halogen-Free csBGA 132 IND

LCMXO2-256ZE-2MG132I  256 1.2 V –2 Halogen-Free csBGA 132 IND

LCMXO2-256ZE-3MG132I  256 1.2 V –3 Halogen-Free csBGA 132 IND

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-640ZE-1TG100I 640 1.2 V –1 Halogen-Free TQFP  100 IND

LCMXO2-640ZE-2TG100I 640 1.2 V –2 Halogen-Free TQFP  100 IND

LCMXO2-640ZE-3TG100I 640 1.2 V –3 Halogen-Free TQFP  100 IND

LCMXO2-640ZE-1MG132I 640 1.2 V –1 Halogen-Free csBGA 132 IND

LCMXO2-640ZE-2MG132I 640 1.2 V –2 Halogen-Free csBGA 132 IND

LCMXO2-640ZE-3MG132I 640 1.2 V –3 Halogen-Free csBGA 132 IND

Part Number  LUTs  Supply Voltage  Grade  Package  Leads  Temp.

LCMXO2-1200ZE-1UWG25ITR1 1280 1.2 V –1 Halogen-Free WLCSP 25 IND

LCMXO2-1200ZE-1UWG25ITR503 1280 1.2 V –1 Halogen-Free WLCSP 25 IND

LCMXO2-1200ZE-1UWG25ITR1K2 1280 1.2 V –1 Halogen-Free WLCSP 25 IND

LCMXO2-1200ZE-1SG32I 1280 1.2 V –1 Halogen-Free QFN  32 IND

LCMXO2-1200ZE-2SG32I 1280 1.2 V –2 Halogen-Free QFN  32 IND

LCMXO2-1200ZE-3SG32I 1280 1.2 V –3 Halogen-Free QFN  32 IND

LCMXO2-1200ZE-1TG100I 1280 1.2 V –1 Halogen-Free TQFP  100 IND

LCMXO2-1200ZE-2TG100I 1280 1.2 V –2 Halogen-Free TQFP  100 IND

LCMXO2-1200ZE-3TG100I 1280 1.2 V –3 Halogen-Free TQFP  100 IND

LCMXO2-1200ZE-1MG132I 1280 1.2 V –1 Halogen-Free csBGA 132 IND

LCMXO2-1200ZE-2MG132I 1280 1.2 V –2 Halogen-Free csBGA 132 IND

LCMXO2-1200ZE-3MG132I 1280 1.2 V –3 Halogen-Free csBGA 132 IND

LCMXO2-1200ZE-1TG144I 1280 1.2 V –1 Halogen-Free TQFP 144 IND

LCMXO2-1200ZE-2TG144I 1280 1.2 V –2 Halogen-Free TQFP 144 IND

LCMXO2-1200ZE-3TG144I 1280 1.2 V –3 Halogen-Free TQFP 144 IND

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

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

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

LCMXO2-1200ZE-1TG100IR11 1280 1.2 V –1 Halogen-Free TQFP  100 IND

LCMXO2-1200ZE-2TG100IR11 1280 1.2 V –2 Halogen-Free TQFP  100 IND

LCMXO2-1200ZE-3TG100IR11 1280 1.2 V –3 Halogen-Free TQFP  100 IND

LCMXO2-1200ZE-1MG132IR11 1280 1.2 V –1 Halogen-Free csBGA 132 IND

LCMXO2-1200ZE-2MG132IR11 1280 1.2 V –2 Halogen-Free csBGA 132 IND

LCMXO2-1200ZE-3MG132IR11 1280 1.2 V –3 Halogen-Free csBGA 132 IND

LCMXO2-1200ZE-1TG144IR11 1280 1.2 V –1 Halogen-Free TQFP 144 IND

LCMXO2-1200ZE-2TG144IR11 1280 1.2 V –2 Halogen-Free TQFP 144 IND

LCMXO2-1200ZE-3TG144IR11 1280 1.2 V –3 Halogen-Free TQFP 144 IND

1. Specifications for the “LCMXO2-1200ZE-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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For Further Information
A variety of technical notes for the MachXO2 family are available on the Lattice web site.

• TN1198, Power Estimation and Management for MachXO2 Devices

• TN1199, MachXO2 sysCLOCK PLL Design and Usage Guide 

• TN1201, Memory Usage Guide for MachXO2 Devices

• TN1202, MachXO2 sysIO Usage Guide

• TN1203, Implementing High-Speed Interfaces with MachXO2 Devices

• TN1204, MachXO2 Programming and Configuration Usage Guide

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

• TN1206, MachXO2 SRAM CRC Error Detection Usage Guide

• TN1207, Using TraceID in MachXO2 Devices

• TN1074, PCB Layout Recommendations for BGA Packages

• TN1087, Minimizing System Interruption During Configuration Using TransFR Technology

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

• AN8066, Boundary Scan Testability with Lattice sysIO Capability

• MachXO2 Device Pinout Files

• Thermal Management document

• Lattice design tools

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

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

• PCI: www.pcisig.com
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