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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, I°C 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 V¢ supply voltages of 3.3V or 2.5 V.
ZE and HE devices only accept 1.2 V as the external V¢ 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 1/Os.

The MachXO2 devices offer enhanced 1/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 I1°C 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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Architecture Overview

The MachXO2 family architecture contains an array of logic blocks surrounded by Programmable I/O (PIO). The
larger logic density devices in this family have sysCLOCK™ PLLs and blocks of sysMEM Embedded Block RAM
(EBRs). Figure 2-1 and Figure 2-2 show the block diagrams of the various family members.

Figure 2-1. Top View of the MachX02-1200 Device
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Note: MachX02-256, and MachX02-640/U are similar to MachX02-1200. MachX02-256 has a lower LUT count and no PLL or EBR blocks.
MachX02-640 has no PLL, a lower LUT count and two EBR blocks. MachX02-640U has a lower LUT count, one PLL and seven EBR blocks.

Figure 2-2. Top View of the MachX02-4000 Device
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Note: MachX02-1200U, MachX02-2000/U and MachX02-7000 are similar to MachX02-4000. MachX02-1200U and MachX02-2000 have a lower LUT count,
one PLL, and eight EBR blocks. MachX02-2000U has a lower LUT count, two PLLs, and 10 EBR blocks. MachX02-7000 has a higher LUT count, two PLLs,
and 26 EBR blocks.
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or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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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 /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. MachX02-640U, MachX02-1200/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 1/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 MachX02-256 and MachX02-640 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, MachX02-1200/U and larger devices are generated from eight 27:1 muxes The available clock sources
include eight 1/0 sources, 11 routing inputs, eight clock divider inputs and up to eight sysCLOCK PLL outputs.
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Figure 2-9. Memory Core Reset
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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
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Clock
Enable

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/fyax (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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Figure 2-11. Group of Four Programmable I/O Cells
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1. Input gearbox is available only in PIC on the bottom edge of MachX02-640U, MachX02-1200/U and larger devices.
2. Output gearbox is available only in PIC on the top edge of MachX02-640U, MachX02-1200/U and larger devices.
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Figure 2-12. MachXO2 Input Register Block Diagram (PIO on Left, Top and Bottom Edges)
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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. MachXO02 Input Register Block Diagram (PIO on Right Edge)
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Figure 2-15. MachX02 Output Register Block Diagram (PIO on the Right Edges)
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Tri-state Register Block

The tri-state register block registers tri-state control signals from the core of the device before they are passed to
the syslO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one of the flip-flops that
then feeds the output.

The tri-state register blocks on the right edge contain an additional register for DDR memory operation. In DDR
memory mode, the register TS input is fed into another register that is clocked using the DQSW90 signal. The out-
put of this register is used as a tri-state control.

Input Gearbox

Each PIC on the bottom edge has a built-in 1:8 input gearbox. Each of these input gearboxes may be programmed
as a 1:7 de-serializer or as one IDDRX4 (1:8) gearbox or as two IDDRX2 (1:4) gearboxes. Table 2-9 shows the
gearbox signals.

Table 2-9. Input Gearbox Signal List

Name 1/0 Type Description
D Input High-speed data input after programmable delay in PIO A
input register block
ALIGNWD Input Data alignment signal from device core
SCLK Input Slow-speed system clock
ECLK][1:0] Input High-speed edge clock
RST Input Reset
Q[7:0] Output Low-speed data to device core:

Video RX(1:7): Q[6:0]
GDDRX4(1:8): Q[7:0]
GDDRX2(1:4)(I0L-A): Q4, Q5, Q6, Q7
GDDRX2(1:4)(IOL-C): Q0, Q1, Q2, Q3
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Table 2-13. Supported Output Standards

Output Standard Veeio (Typ.)

Single-Ended Interfaces

LVTTL 3.3
LVCMOS33 3.3
LVCMOS25 25
LVCMOS18 1.8
LVCMOS15 1.5
LVCMOS12 1.2

LVCMOSS383, Open Drain —
LVCMOS25, Open Drain —
LVCMOS18, Open Drain —
LVCMOS15, Open Drain —
LVCMOS12, Open Drain —

PCI33 3.3
SSTL25 (Class 1) 25
SSTL18 (Class I) 1.8
HSTL18(Class I) 1.8
Differential Interfaces

LvDs"? 25,33
BLVDS, MLVDS, RSDS 2 25
LVPECL? 3.3
MIPI2 25
Differential SSTL18 1.8
Differential SSTL25 25
Differential HSTL18 1.8

1. MachX02-640U, MachX02-1200/U and larger devices have dedicated LVDS buffers.
2. These interfaces can be emulated with external resistors in all devices.

syslO Buffer Banks

The numbers of banks vary between the devices of this family. MachX02-1200U, MachX02-2000/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 MachX02-1200 and lower density devices have four banks (one bank per side). Figures 2-18 and 2-19 show
the syslO banks and their associated supplies for all devices.

2-27



= LATTICE

Architecture

MachXO2 Family Data Sheet

Figure 2-20. Embedded Function Block Interface
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Hardened IC IP Core

Every MachXO2 device contains two 1°C IP cores. These are the primary and secondary I°C IP cores. Either of the
two cores can be configured either as an I1°C master or as an I°C slave. The only difference between the two IP
cores is that the primary core has pre-assigned I/O pins whereas users can assign I/O pins for the secondary core.

I/Os for I2C
(Primary)

I/0s for 12C
(Secondary)

1/Os for SPI

~--- Indicates connection
%=~ through core logic/routing.

When the IP core is configured as a master it will be able to control other devices on the I°C bus through the inter-
face. When the core is configured as the slave, the device will be able to provide I/O expansion to an I2C Master.
The I°C cores support the following functionality:

Master and Slave operation

7-bit and 10-bit addressing
Multi-master arbitration support
Up to 400 kHz data transfer speed
General call support

Interface to custom logic through 8-bit WISHBONE interface
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MachXO02 External Switching Characteristics — HC/HE Devices’%%% %67

Over Recommended Operating Conditions

-6 -5 -4
Parameter Description Device Min. ‘ Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax pr® | roduency for Primary Glock | o Machx02 devices | — | 388 | — | 323 | — | 269 | MHz
tw PRI glock Pulse Width for Primary | o) Machxoz devices | 05 | — | 06 | — | 07 | — | ns
MachX02-256HC-HE — 912 — 939 — 975 ps
MachX02-640HC-HE — 844 — 871 — 908 ps
tskew e Primary Clock Skew Within a |MachX02-1200HC-HE| — 868 — 902 — 951 ps
- Device MachX02-2000HC-HE| — 867 — 897 — 941 ps
MachX02-4000HC-HE| — 865 — 892 — 931 ps
MachX02-7000HC-HE| — 902 — 942 — 989 ps
Edge Clock
fuax_£pae® |Frequency for Edge Clock I'\é'fg":rx 021200and | | 400 | — | 338 | — | 278 | MHz
Pin-LUT-Pin Propagation Delay
top ﬁfghgﬁsgnzrtﬁaﬁ’j“o” delay | MachXO2 devices | — | 672 | — | 696 | — | 724 | ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256HC-HE — 713 — 7.30 — 7.57 ns
MachX02-640HC-HE — 715 — 7.30 — 7.57 ns
tco Clock to Output — PIO Output MachX02-1200HC-HE| — 7.44 — 7.64 — 7.94 ns
Register MachX02-2000HC-HE| — 7.46 — 7.66 — 7.96 ns
MachX02-4000HC-HE| — 7.51 — 7.71 — 8.01 ns
MachX02-7000HC-HE| — 7.54 — 7.75 — 8.06 ns
MachX02-256HC-HE | —0.06 — -0.06 — -0.06 — ns
MachX0O2-640HC-HE | —0.06 — —-0.06 — —-0.06 — ns
tsu Clock to Data Setup — PIO MachX0O2-1200HC-HE| -0.17 | — | -017| — |-017| — ns
Input Register MachX02-2000HC-HE| 020 | — |[-020| — |[-020| — ns
MachX02-4000HC-HE | —0.23 — -0.23 — -0.23 — ns
MachX02-7000HC-HE | —0.23 — -0.23 — -0.23 — ns
MachX02-256HC-HE 1.75 — 1.95 — 2.16 — ns
MachX02-640HC-HE | 1.75 — 1.95 — 2.16 — ns
; Clock to Data Hold — PI1O Input |MachX02-1200HC-HE | 1.88 — 212 — 2.36 — ns
H Register MachX02-2000HC-HE| 1.89 | — | 213 | — | 237 | — ns
MachX02-4000HC-HE | 1.94 — 2.18 — 2.43 — ns
MachX02-7000HC-HE | 1.98 — 2.23 — 2.49 — ns
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Parameter

Description

Device

Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input - GDDRX4_RX.ECLK.Aligned® 2

tova Input Data Valid After ECLK
tove Input Data Hold After ECLK
f DDRX4 Serial Input Data
DATA Speed

fDDRX4 DDRX4 ECLK Frequency
fscLk SCLK Frequency

MachX02-640U,
MachX02-1200/U and
larger devices,

bottom side only."

6 5 4
Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. | Units
— 0.290 — 0.320 — 0.345 Ul
0.739 — 0.699 — 0.703 — Ul
— 756 — 630 — 524 | Mbps
— 378 — 315 — 262 MHz
— 95 — 79 — 66 MHz

Generic DDR4 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock

Input - GDDRX4_RX.ECLK.Centered® *?

tsu Input Data Setup Before ECLK 0233 — |0219| — |0.198 | — ns
tho Input Data Hold After ECLK MachXO2-640U, 0287| — (0287 | — |0344 | — ns
DDRX4 Serial Input Data MachX02-1200/U and | . .
foaTa Speed larger devices, 756 630 524 | Mbps
H 1
T— DDRX4 ECLK Frequency bottom side only. — | 378 | — | 3156 | — | 262 | MHz
fsoLk SCLK Frequency — 95 — 79 — 66 MHz
7:1 LVDS Inputs (GDDR71_RX.ECLK.7:1)% 2
tova Input Data Valid After ECLK — Jo290] — Jo0320] — [0345] uUI
tove Input Data Hold After ECLK 0739 | — |0699| — |0703| — ul
DDR71 Serial Input Data MachX02-640U, . . -
foaTa Speed MachX02-1200/U and 756 630 524 | Mbps
T— DDR71 ECLK Frequency larger devices, bottom ™ "378 " " 345 | — | 262 | MHz
side only.
7:1 Input Clock Frequency
foLkIN (SCLK) (minimum limited by — 108 — 90 — 75 MHz

PLL)

Generic DDR Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX1_TX.SCLK.Aligned® 2

Output Data Invalid After CLK

el Output

tois Output Data Invalid Before
CLK Output

foaTA DDRX1 Output Data Speed

foDRX1 DDRX1 SCLK frequency

All MachXO2 devices,
all sides.

— 0520 — |0550| — |0580| ns
— 0520 — |0550| — |0580| ns
— 300 — 250 — 208 | Mbps
— 150 — 125 — 104 | MHz

Generic DDR Outputs with Clock and Data Centered at Pin Using PC|

LK Pin for Clock Input —

GDDRX1_TX.SCLK.Centered® 2

Output Data Valid Before CLK

tove Output

t Qutput Data Valid After CLK
DVA Output

foaTA DDRX1 Output Data Speed
f DDRX1 SCLK Frequency
DDRX1

(minimum limited by PLL)

All MachXO2 devices,
all sides.

1210 | — 1510 | — 1870 | — ns

1210 | — 1510 | — 1870 | — ns
— 300 — 250 — 208 | Mbps
— 150 — 125 — 104 | MHz

Generic DDRX2 Outputs with Clock and Data Aligned at Pin Using PCLK Pin

for Clock Input — GDDRX2_TX.ECLK.Aligned® *?

Output Data Invalid After CLK

toia Output

t Output Data Invalid Before
DB CLK Output

f DDRX2 Serial Output Data
DATA Speed

fDDRXZ DDRX2 ECLK frequency
fscLk SCLK Frequency

MachX02-640U,
MachX02-1200/U and
larger devices, top side
only.

— 0200 — |0215| — |[0230| ns
— 0200 — (0215 — |0230| ns
— 664 — 554 — 462 | Mbps
— 332 — 277 — 231 MHz
— 166 — 139 — 116 | MHz
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-256ZE 262 | — | 291 | — |314 | — ns
MachX02-640ZE 256 | — | 285 | — | 308 | — ns
Clock to Data Setup — PIO MachX02-1200ZE 230 | — | 257 | — |279 | — ns
tsu DEL Input Register with Data Input
- Delay MachX02-2000ZE 225 | — | 250 | — |270 | — ns
MachX02-4000ZE 239 | — | 260 | — | 276 | — ns
MachX02-7000ZE 217 | — | 233 | — | 243 | — ns
MachX02-256ZE 044 | — |-044| — [-044| — ns
MachX02-640ZE 043 — |-043| — [-043| — ns
; Clock to Data Hold — P10 Input |MachX02-1200ZE -028| — |-028| — |-028| — ns
H_DEL Register with Input Data Delay [MachX02-2000ZE | -0.31 | — | -031| — |-031| — | ns
MachX02-4000ZE | -0.34| — |[-034| — [-034| — ns
MachX02-7000ZE | -021| — |[-021| — [-021| — ns
fax 10 SE’SKR'ZQE&‘;”CV of /Oand || Machx02 devices| — | 150 | — | 125 | — | 104 | MHz
General I/0 Pin Parameters (Using Edge Clock without PLL)
MachX02-1200ZE — 1110 — [1181] — [1191] ns
t Clock to Output — PIO Output |MachX02-2000ZE — 1110 — [1181] — [1191] ns
COE Register MachX02-4000ZE — [1089| — [1128] — [1167] ns
MachX02-7000ZE — 1110 — [1181| — [1191] ns
MachX02-1200ZE | -023| — [-023| — [-023| — ns
t Clock to Data Setup — PIO MachX02-2000ZE | -023| — |-023| — [-023| — ns
SUE Input Register MachXO2-4000ZE | -0.15| — |-0.15| — |-0.15| — | ns
MachX02-7000ZE | -023| — [-023| — [-023| — ns
MachX02-1200ZE 381 | — [ 411 | — | 452 | — ns
; Clock to Data Hold — P10 Input |MachX02-2000ZE 3.81 — 4.11 — 4.52 — ns
HE Register MachX02-4000ZE | 360 | — | 389 | — | 428 | — ns
MachX02-7000ZE 381 | — [ 411 | — | 452 | — ns
MachX02-1200ZE 278 | — | 311 | — | 340 | — ns
Clock to Data Setup — PIO MachX02-2000ZE 278 | — | 311 | — | 340 | — ns
tsu DELE Input Register with Data Input
- Delay MachX02-4000ZE 311 | — [ 348 | — [379 | — ns
MachX02-7000ZE 294 | — [ 33 | — |360 | — ns
MachX02-1200ZE | -029 | — [-029 | — [-029| — ns
¢ Clock to Data Hold — PIO Input MachX02-2000ZE -0.29 — -0.29 — | -0.29 — ns
H_DELE Register with Input Data Delay [MachX0O2-4000ZE | —-0.46 | — | -046 | — | -046| — | ns
MachX02-7000ZE | -037| — |-037| — [-037| — ns
General I/0 Pin Parameters (Using Primary Clock with PLL)
MachX02-1200ZE — | 795 — [807| — [819 | ns
t Clock to Output — PIO Output |MachX02-2000ZE — | 797 | — [ 810 — [822] ns
COPLL Register MachX02-4000ZE — [798 | — [810| — |[823 ]| ns
MachX02-7000ZE — [ 802 — [814| — [826 | ns
MachX02-1200ZE 085 | — |08 | — |08 | — ns
t Clock to Data Setup — PIO MachX02-2000ZE 084 | — |08 | — |08 | — ns
SUPLL Input Register MachXO2-4000ZE | 084 | — | 084 | — | 085 | — | ns
MachX02-7000ZE 083 | — |08 | — |o081 | — ns
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Figure 3-9. GDDR71 Video Timing Waveforms

Receiver — Shown for one LVDS Channel

# of Bits 12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29

Data In
756 Mbps

Clock In
125 MHz

For each Channel:
7-bit Output Words
to FPGA Fabric

Transmitter — Shown for one LVDS Channel

# of Bits 12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out
756 Mbps
Clock Out
125 MHz — ! ‘ ! !
Bit # | Bit# ! Bit# | Bit # | i
For each Channel: 00-1! 10-8 | 2015 | 30-221 ;
7-bit Words From 01-2! 11-9 | 2116 | 31-23 |
FPGA Fabric 02-3, 12 -10! 2217 | 32-24, !
03-41 13111 2318 | 33-25! |
04-5! 14-12] 2419 | 34-26] |
05-6 15-13! 2520 | 35-27 | !
06-7 | 16-14! 2621 | 36-28| :

Figure 3-10. Receiver GDDR71_RX. Waveforms
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Figure 3-11. Transmitter GDDR71_TX. Waveforms
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High-Performance Commercial Grade Devices with Voltage Regulator, Halogen Free

(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32C 256 25V/33V —4 Halogen-Free QFN 32 COM
LCMX02-256HC-5SG32C 256 25V/33V -5 Halogen-Free QFN 32 COM
LCMX02-256HC-6SG32C 256 25V/33V -6 Halogen-Free QFN 32 COM
LCMX02-256HC-4SG48C 256 25V/33V —4 Halogen-Free QFN 48 COM
LCMX02-256HC-5SG48C 256 25V/33V -5 Halogen-Free QFN 48 COM
LCMX02-256HC-6SG48C 256 25V/33V -6 Halogen-Free QFN 48 COM
LCMX02-256HC-4UMG64C 256 25V/33V —4 Halogen-Free ucBGA 64 COM
LCMX02-256HC-5UMG64C 256 25V/33V -5 Halogen-Free ucBGA 64 COM
LCMX02-256HC-6UMG64C 256 25V/33V ) Halogen-Free ucBGA 64 COM
LCMX02-256HC-4TG100C 256 25V/33V —4 Halogen-Free TQFP 100 COM
LCMX02-256HC-5TG100C 256 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-256HC-6TG100C 256 25V/33V -6 Halogen-Free TQFP 100 COoM
LCMX02-256HC-4MG132C 256 25V/33V -4 Halogen-Free csBGA 132 COoM
LCMX02-256HC-5MG132C 256 25V/33V -5 Halogen-Free csBGA 132 COM
LCMXO02-256HC-6MG132C 256 25V/33V —6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-640HC-4SG48C 640 25V/33V -4 Halogen-Free QFN 48 COM
LCMX02-640HC-5SG48C 640 25V/33V -5 Halogen-Free QFN 48 COM
LCMX02-640HC-6SG48C 640 25V/33V -6 Halogen-Free QFN 48 COM
LCMX0O2-640HC-4TG100C 640 25V/33V -4 Halogen-Free TQFP 100 COM
LCMX02-640HC-5TG100C 640 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-640HC-6TG100C 640 25V/33V ) Halogen-Free TQFP 100 COM
LCMX02-640HC-4MG132C 640 25V/33V —4 Halogen-Free csBGA 132 COM
LCMX02-640HC-5MG132C 640 25V/33V -5 Halogen-Free csBGA 132 COM
LCMX02-640HC-6MG132C 640 25V/33V -6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-640UHC-4TG144C 640 25V/33V —4 Halogen-Free TQFP 144 COM
LCMX02-640UHC-5TG144C 640 25V/33V -5 Halogen-Free TQFP 144 COM
LCMXO02-640UHC-6TG144C 640 25V/33V —6 Halogen-Free TQFP 144 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-2000UHC-4FG484C 2112 25V/33V —4 Halogen-Free fpBGA 484 COM
LCMXO2-2000UHC-5FG484C 2112 25V/33V -5 Halogen-Free fpBGA 484 COM
LCMXO2-2000UHC-6FG484C 2112 25V/33V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-4000HC-4QN84C 4320 25V/33V -4 Halogen-Free QFN 84 COM
LCMXO2-4000HC-5QN84C 4320 25V/33V -5 Halogen-Free QFN 84 COM
LCMXO2-4000HC-6QN84C 4320 25V/33V -6 Halogen-Free QFN 84 COM
LCMXO2-4000HC-4MG132C 4320 25V/33V -4 Halogen-Free csBGA 132 COM
LCMX0O2-4000HC-5MG132C 4320 25V/33V -5 Halogen-Free csBGA 132 COM
LCMX02-4000HC-6MG132C 4320 25V/33V -6 Halogen-Free csBGA 132 COM
LCMXO2-4000HC-4TG144C 4320 25V/33V -4 Halogen-Free TQFP 144 COM
LCMXO2-4000HC-5TG144C 4320 25V/33V -5 Halogen-Free TQFP 144 COM
LCMXO02-4000HC-6TG144C 4320 25V/33V —6 Halogen-Free TQFP 144 COM
LCMXO2-4000HC-4BG256C 4320 25V/33V -4 Halogen-Free caBGA 256 COM
LCMX02-4000HC-5BG256C 4320 25V/33V -5 Halogen-Free caBGA 256 COM
LCMX02-4000HC-6BG256C 4320 25V/33V -6 Halogen-Free caBGA 256 COM
LCMXO2-4000HC-4FTG256C 4320 25V/33V -4 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-5FTG256C 4320 25V/33V -5 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-6FTG256C 4320 25V/33V -6 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-4BG332C 4320 25V/33V -4 Halogen-Free caBGA 332 COM
LCMX02-4000HC-5BG332C 4320 25V/33V -5 Halogen-Free caBGA 332 COM
LCMX02-4000HC-6BG332C 4320 25V/33V -6 Halogen-Free caBGA 332 COM
LCMXO2-4000HC-4FG484C 4320 25V/33V -4 Halogen-Free fpBGA 484 COM
LCMXO2-4000HC-5FG484C 4320 25V/33V -5 Halogen-Free fpBGA 484 COM
LCMX02-4000HC-6FG484C 4320 25V/33V -6 Halogen-Free fpBGA 484 COM
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High-Performance Commercial Grade Devices without Voltage Regulator, Halogen Free
(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000HE-4TG100C 2112 1.2V —4 Halogen-Free TQFP 100 COoM
LCMXO2-2000HE-5TG100C 2112 1.2V -5 Halogen-Free TQFP 100 COM
LCMX02-2000HE-6TG100C 2112 1.2V ) Halogen-Free TQFP 100 COM
LCMX02-2000HE-4TG144C 2112 1.2V —4 Halogen-Free TQFP 144 COM
LCMXO02-2000HE-5TG144C 2112 1.2V -5 Halogen-Free TQFP 144 COM
LCMX02-2000HE-6TG144C 2112 1.2V -6 Halogen-Free TQFP 144 COM
LCMX02-2000HE-4MG132C 2112 1.2V —4 Halogen-Free csBGA 132 COM
LCMXO02-2000HE-5MG132C 2112 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO02-2000HE-6MG132C 2112 1.2V —6 Halogen-Free csBGA 132 COM
LCMX02-2000HE-4BG256C 2112 1.2V -4 Halogen-Free caBGA 256 COM
LCMX02-2000HE-5BG256C 2112 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO2-2000HE-6BG256C 2112 1.2V -6 Halogen-Free caBGA 256 COM
LCMX02-2000HE-4FTG256C 2112 1.2V -4 Halogen-Free fiBGA 256 COoM
LCMX02-2000HE-5FTG256C 2112 1.2V -5 Halogen-Free ftBGA 256 COM
LCMXO2-2000HE-6FTG256C 2112 1.2V —6 Halogen-Free fiBGA 256 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHE-4FG484C 2112 1.2V —4 Halogen-Free fpBGA 484 COM
LCMXO02-2000UHE-5FG484C 2112 1.2V -5 Halogen-Free fpBGA 484 COM
LCMX02-2000UHE-6FG484C 2112 1.2V ) Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000HE-4TG144C 4320 1.2V —4 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-5TG144C 4320 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-6TG144C 4320 1.2V —6 Halogen-Free TQFP 144 COM
LCMX02-4000HE-4MG132C 4320 1.2V —4 Halogen-Free csBGA 132 COoM
LCMXO2-4000HE-5MG132C 4320 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO02-4000HE-6MG132C 4320 1.2V —6 Halogen-Free csBGA 132 COM
LCMX02-4000HE-4BG256C 4320 1.2V —4 Halogen-Free caBGA 256 COM
LCMXO2-4000HE-4MG184C 4320 1.2V —4 Halogen-Free csBGA 184 COoM
LCMXO02-4000HE-5MG184C 4320 1.2V -5 Halogen-Free csBGA 184 COM
LCMX02-4000HE-6MG184C 4320 1.2V -6 Halogen-Free csBGA 184 COM
LCMX0O2-4000HE-5BG256C 4320 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO02-4000HE-6BG256C 4320 1.2V —6 Halogen-Free caBGA 256 COM
LCMX02-4000HE-4FTG256C 4320 1.2V —4 Halogen-Free fiBGA 256 COM
LCMX02-4000HE-5FTG256C 4320 1.2V -5 Halogen-Free fiBGA 256 COM
LCMXO2-4000HE-6FTG256C 4320 1.2V —6 Halogen-Free fiBGA 256 COM
LCMXO02-4000HE-4BG332C 4320 1.2V -4 Halogen-Free caBGA 332 COM
LCMX02-4000HE-5BG332C 4320 1.2V -5 Halogen-Free caBGA 332 COM

5-10



= LATTICE

Ordering Information
MachXO02 Family Data Sheet

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-4000HE-6BG332C 4320 1.2V —6 Halogen-Free caBGA 332 COM
LCMXO02-4000HE-4FG484C 4320 1.2V -4 Halogen-Free fpBGA 484 COM
LCMXO02-4000HE-5FG484C 4320 1.2V -5 Halogen-Free fpBGA 484 COM
LCMXO2-4000HE-6FG484C 4320 1.2V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HE-4TG144C 6864 1.2V -4 Halogen-Free TQFP 144 COM
LCMXO2-7000HE-5TG144C 6864 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO2-7000HE-6TG144C 6864 1.2V —6 Halogen-Free TQFP 144 COM
LCMXO02-7000HE-4BG256C 6864 1.2V -4 Halogen-Free caBGA 256 COM
LCMXO2-7000HE-5BG256C 6864 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO02-7000HE-6BG256C 6864 1.2V -6 Halogen-Free caBGA 256 COM
LCMXO2-7000HE-4FTG256C 6864 1.2V —4 Halogen-Free fiBGA 256 COM
LCMXO2-7000HE-5FTG256C 6864 1.2V -5 Halogen-Free ftBGA 256 COM
LCMXO2-7000HE-6FTG256C 6864 1.2V —6 Halogen-Free ftBGA 256 COM
LCMXO02-7000HE-4BG332C 6864 1.2V —4 Halogen-Free caBGA 332 COM
LCMXO2-7000HE-5BG332C 6864 1.2V -5 Halogen-Free caBGA 332 COM
LCMXO02-7000HE-6BG332C 6864 1.2V -6 Halogen-Free caBGA 332 COM
LCMXO2-7000HE-4FG484C 6864 1.2V -4 Halogen-Free fpBGA 484 COM
LCMXO2-7000HE-5FG484C 6864 1.2V -5 Halogen-Free fpBGA 484 COM
LCMXO2-7000HE-6FG484C 6864 1.2V —6 Halogen-Free fpBGA 484 CcOoM
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High-Performance Industrial Grade Devices with Voltage Regulator, Halogen Free (RoHS)

Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32I 256 25V/33V —4 Halogen-Free QFN 32 IND
LCMX02-256HC-5SG32I 256 25V/33V -5 Halogen-Free QFN 32 IND
LCMX02-256HC-6SG32I 256 25V/33V -6 Halogen-Free QFN 32 IND
LCMX02-256HC-4SG48| 256 25V/33V -4 Halogen-Free QFN 48 IND
LCMX02-256HC-5SG48I 256 25V/33V -5 Halogen-Free QFN 48 IND
LCMX02-256HC-6SG48I 256 25V/33V -6 Halogen-Free QFN 48 IND
LCMX02-256HC-4UMG64I 256 25V/33V —4 Halogen-Free ucBGA 64 IND
LCMX0O2-256HC-5UMG64I 256 25V/33V -5 Halogen-Free ucBGA 64 IND
LCMX02-256HC-6UMG64| 256 25V/33V -6 Halogen-Free ucBGA 64 IND
LCMX02-256HC-4TG 100l 256 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-256HC-5TG100I 256 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX02-256HC-6TG100I 256 25V/33V -6 Halogen-Free TQFP 100 IND
LCMX02-256HC-4MG132| 256 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-256HC-5MG132I 256 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX02-256HC-6MG132I 256 25V/33V —6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-640HC-4SG48I 640 25V/33V -4 Halogen-Free QFN 48 IND
LCMXO2-640HC-5SG48I 640 25V/33V -5 Halogen-Free QFN 48 IND
LCMX02-640HC-6SG48I 640 25V/33V ) Halogen-Free QFN 48 IND
LCMXO2-640HC-4TG100I 640 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-640HC-5TG100I 640 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX02-640HC-6TG 100l 640 25V/33V ) Halogen-Free TQFP 100 IND
LCMX02-640HC-4MG132I 640 25V/33V -4 Halogen-Free csBGA 132 IND
LCMX02-640HC-5MG132I 640 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX02-640HC-6MG 132l 640 25V/33V -6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640UHC-4TG 1441 640 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX02-640UHC-5TG 144l 640 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-640UHC-6TG144I 640 25V/33V —6 Halogen-Free TQFP 144 IND
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Revision History

March 2017 Data Sheet DS1035
Date Version Section Change Summary
March 2017 3.3 DC and Switching Updated the Absolute Maximum Ratings section.
Characteristics Added standards.

Updated the syslO Recommended Operating Conditions section.
Added standards.

Updated the syslO Single-Ended DC Electrical Characteristics sec-
tion. Added standards.

Updated the MachXO2 External Switching Characteristics — HC/HE
Devices section.

Under 7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1, the Dyg and the
Dya parameters were changed to D,g and D4 The parameter
descriptions were also modified.

Updated the MachXO2 External Switching Characteristics — ZE
Devices section.

Under 7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1, the Dyg and the
Dya parameters were changed to D,g and D5 The parameter
descriptions were also modified.

Updated the sysCONFIG Port Timing Specifications section.
Corrected the t 7 units from ns to ps.

Pinout Information

Updated the Signal Descriptions section. Revised the descriptions of
the PROGRAMN, INITN, and DONE signals.

Updated the Pinout Information Summary section. Added footnote to
MachX02-1200 32 QFN.

Ordering Information

Updated the MachXO2 Part Number Description section. Corrected
the MG184, BG256, FTG256 package information. Added “(0.8 mm
Pitch)” to BG332.

Updated the Ultra Low Power Industrial Grade Devices, Halogen Free
(RoHS) Packaging section.

— Updated LCMX02-1200ZE-1UWG25ITR50 footnote.

— Corrected footnote numbering typo.

— Added the LCMX02-2000ZE-1UWG49ITR50 and LCMXO2-
2000ZE-1UWGA49ITR1K part numbers. Updated/added footnote/s.
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or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Revision History
MachXO2 Family Data Sheet

Date Version Section Change Summary
January 2013 02.0 Introduction Updated the total number IOs to include JTAGENB.
Architecture Supported Output Standards table — Added 3.3 V¢ o (Typ.) to LVDS
row.
Changed SRAM CRC Error Detection to Soft Error Detection.
DC and Switching Power Supply Ramp Rates table — Updated Units column for tgapp
Characteristics symbol.
Added new Maximum syslO Buffer Performance table.
sysCLOCK PLL Timing table — Updated Min. column values for fj,
fout fouTte and fppp parameters. Added tgpg parameter. Updated
footnote 6.
MachXO2 Oscillator Output Frequency table — Updated symbol name
for tsTagLEOSC.
DC Electrical Characteristics table — Updated conditions for I Iy
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 LCMX02-1200ZE-
1UWG25ITR50.
Updated footnote 1 for LCMXO02-1200ZE-1UWG25ITR.
Supplemental Removed references to TN1200.
Information
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.
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