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Aaonymsin ThisDocument

Alist ofacronymsused inthis document.

Acronym Definition

BGA Ball Grid Array

caBGA ChipArray Ball GtiArray

CE Clock Enable

CLK System clock

CMOS Complementary Metal Oxide Semiconductor
DDR Double Data Rate

EBR Embedded Block RAM

ECLK Edge Clock

FCIN FastCarry In

F® FastCarry Out

12C Inter-Integrated Circuit

IP Intellectual Property

110 Input/Output

JTAG Joint Test Action Group

LED Lightemitting Diode

LSR Localst/Reset

LUT LookUp Table

LVCMOS LowVoltage CMOS

LVDS LowVoltage Differential Signaling
LVPECL LowVoltage Positive/Pseudemitter-Coupled Logic
LVTTL Low Voltage Transistor to Transistor Logic
MIPI Mobile Industry Processor Interface
MLVDS Multipoint LowVoltage Differential Signaling
PCI Peripheral Component Interconnect
PCLK Primary Clock

PDPR Pseudo Dual Port RAM

PFU Programmable Functional Unit

PIC Programmable Interface Controllers
PIO Programmed Input/Output

PLD Programmable Logic Device

PLL Phase Locked Loop

RAM Random Access Memory

ROM Readonly Memory

SDR Single Data Rate

SHA Secure HasAlgorithm

SPI Serial Peripheral Interface

SPR Single Port Random Access Memory
SRAM Static Random Access Memory
TransFR Transparent Field Reconfiguration
UFM User Flash Memory

WLCSP Wafer Level Chip Scale Package
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1. Introduction

The MachXO2 family of ultra low power, instaron,
non-volatile PLDs has six devices wi#nsities ranging
from 256 to 6864 Locklp Tables (LUTS). In addition to
LUTbased, lowcost programmable logithese
devices feature Embedded Block RAM (EBR),
Distributed RAM, User Flash Memory (UFM), Phase
Locked Loops (PLLs), preengineered source
synchronous I/O support, advanced configuration
support including duaboot capability and hardened
versions of commonly used functions such as SPI
controller, FC controller and timer/counter. These
features allow these devices to be used in low cost,
high voume consumer and system applications.

The MachXO2 devices are designed on a 65 nm
non-volatile low power process. The device
architecture has several features such as
programmable low swing differential I/O and the

ability to turn off I/O banks, orchip R.Ls 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 (i@

HE) devices. The ultra low power devices are offered in
three speed gradesl, ¢2 and¢3, with ¢3 being the
fastest. Similarly, the higpherformance devices are
offered in three speed gradeg4, ¢5 andc6, with¢6
being the fastest. HC devices haveigternal 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 voltage all three types
of devices (ZE, HC and HE functionally compatible
and pin compatible with each other.

The MachXO2 PLDs are available in a broad range of
advanced halogefree 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 dgnsit
migration within the same packagéablel.1 shows

the LUT densities, package and I/O options, along with
other key parameters.

Downloaded from AFFOW.Com.
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The preengineered source synchronous logic
implemented in the MachXO2 device famslypports a
broad range of interface standards, including LPDDR,
DDR, DDR2 and 7:1 gearing for display /0.

The MachXO2 devices offer enhanced I/O features
such as drive strength control, slew rate control, PCI
compatibility, buskeeper latches, pullip resstors,
pull-down resistors, open drain outputs and hot
socketing. Pulup, pulldown and bukeeper features
FNE O2y G NR-EIAYE SOIRFA & P G LISNI
A userprogrammable internal oscillator is included in
MachXO2 devices. The clock output from this oscillato
may be divided by the timer/counter for use as clock
input in functions such as LED control, keyboard
scanner and similar state machines.

The MachXO2 devices also provide flexible, reliable
and secure configuration from echip Flash memory.
These devicg can also configure themselves from
external SPI Flash or be configured by an external
master through the JTAG test access port or through
the PC port. Additionally, MachXO2 devices support
dualboot 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.
Latticedesign tools use the synthesis tool output along
with the userspecified preferences and constraints to
place and route the design in the MachXO2 device.
These tools extract the timing from the routing and
backannotate it into the design for timing vewfation.

Lattice provides many prengineered IP (Intellectual
Property) LatticeCOREmModules, 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 standaedi blocks,
users are free to concentrate on the unique aspects of
their design, increasing their productivity.
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1.1. Features

1.1.1. Flexible Logic Architecture
1 Six devices witR56t0 6864 LUT4s and 18 to 334
I/1O

1.1.2. Ultra Low Power Devices
1 Advanced 65 nm low power prose
T ta t2¢6 | a HH >2

1 Programmable low swing differential I/0
1 Standby mode and other power saving options

1.1.3. Embedded and Distributed Memory
1 Up to 240 kbits sysMBEIMEmbedded Block RAM
I Up to 54 kbits Distributed RAM

1 DedicatedrFIFO control logic

1.1.4. On-Chip User Flash Memory

1 Up to 256 kbits of User Flash Memory

1 100,000 write cycles

1 Accessible through WISHBONE, %Blahd JTAG
interfaces

1 Can be used as soft processor PROM or as Flash
memory

1.1.5. Pre-Engineered Source Synchronous
I/O0

DDR registers in 1/O cells

Dedicated gearing logic

7:1 Gearing for Display 1/O

Generic DDR, DDRX2, DDRX4

Dedicated DDR/DDR2/LPDDR memory with DQS

support

=A =4 =8 -4 A

1.1.6. High Performance, Flexible I/O Buffer

AG0FyRoe

1.1.7. Flexible OrChip Clocking

9 Eight primary clocks

1 Up to two edge clocks for higépeed 1/10
interfaces (top and bottom sides only)

1 Upto two analog PLLs per device with fractienal
frequency synthesis
f 2ARS Ay Lz

alluo

FNBIJjdzSyoOe

I']?.21‘.2’8.SI\'Tlgn-voIatile, Infinitely Reconfigurable

Instanton ¢ powers up in microseconds
Singlechip, secure solution

Programmable through JTAG, SPIFGr
Supports background programming of nealatile
memory

1 Optionaldual boot with external SPI memory

1
1
1
1

1.1.9. TransFR Reconfiguration
1 In-field logicupdatewhile system operates

1.1.10.Enhanced System Level Support
1 On<chip hardened functions: SPAC|
timer/counter

On-chip oscillator with 5.5% accuracy
Unigue TracelD for system tracking

One Time Programmable (OTP) mode
Single power supply with extended operating
range

IEEE Standard 1149.1 boundary scan

IEEE 1532ompliant insystem programming

= =& —a -8

1
1

1.1.11.Broad Range of Packagefibns

1 TQFP, WLCSP, ucBGA, csBGA, caBGA, fiBGA,
fpBGA, QFN package options

1 Small footprint package options

: f 14 avlft & wnop YY E
i Programmablesysl/O« buffer supports wide 1 Density migration supported
range of interface: 1 Advanced halogefree packaging
T [t/ ah{ O®POKHPPpKMDPYKM®DPpKMODH
T [£¢cc¢]
T t/L
T [£t5{H+t5dzx a[zx5{X w{5{Z [t 9/]
T {{¢[ Hpkmy
T 1 {¢[ my
T aLtml 5 9YdzZf I 4SR
f {OKYAGOH GNARIISNI AylLlziazr dzLd G2 nodop + KeadiSNBaia
f Lkh adzlJLl2NIL K234 a201SiGAy3
T hyOKALI RAFFSNBYGALE GSN¥YAYLFGAZ2Y
f t NP 3INJ YYizdX 8 Rty RS
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Tablel.1. MachXO2 Family Selection Guide

(23 mm x 23 mm, 1.0 mm)

X02 | XO02 | XO2 | XO2 X02 X02 X02 X02 | XO2
256 640 | 640U | 1200 | 1200 | 2000 | 2000U | 4000 | 7000

LUTs 256 640 640 1280 1280 2112 2112 4320 | 6864

Distributed RAM (kbits) 2 5 5 10 10 16 16 34 34

EBR SRAM (Kbits) 0 18 64 64 74 74 92 92 240

Number of EBR SRAM Blocks (9 Kbits) 0 2 7 7 8 8 10 10 26

UFM (kbits) 0 24 64 64 80 80 96 96 256
HC Yes Yes Yes Yes Yes Yes Yes Yes Yes

Device Options: HB T T T T T Yes Yes Yes Yes
ZB Yes Yes T Yes T Yes T Yes Yes

Number of PLLs 0 0 1 1 1 1 2 2 2
12C 2 2 2 2 2 2 2 2 2

Hardened Functions | SPI 1 1 1 1 1 1 1 1 1
Timer/Counter 1 1 1 1 1 1 1 1 1

Packages 1/0

25-ball WLCSP 18

(2.5 mm x 2.5 mm, 0.4 mm)

32 QFNR

(5 mm x 5 mm, 0.5 mm) 21 21

36-ball WLCSP 28

(2.5 mm x 2.5 mm, 0.4 mm)

48 QFN °

(7 mm x 7 mm, 0.5hm) 40 40

49-ball WLCSP 38

(3.2 mm x 3.2 mm, 0.4 mm)

64-ball u~cBGA m

(4 mm x 4 mm, 0.4 mm)

81-ball WLCSP 63

(3.8 mm x 3.8 mm, 0.4 mm)

84 QFN 68

(7 mm x 7 mm, 0.5 mm)

100-pin TQFP

(14 rF;m X 14 mm) S5 8 ” 9

132-ball csBGA

(8 mm x 8 mm, 0.5 mm) 55 79 104 104 104

144pin TQFP

20 r?nm X 20 mm) 107 107 111 115 115

184-ball csBGA 150

(8 mm x 8 mm, 0.5 mm)

256-ball caBGA

(14 mm x 14 mm, 0.8 mm) 206 206 206

256-ball ftBGA

(17mm x 17 mm, 1.0 mm) 206 206 206 206

332-ball caBGA

(17 mm x 17 mm, 0.8 mm) 214 218

484-ball ftBGA 278 278 334
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Data Sheet

Notes:

Ultra high I/O device.

High performance with regulatafVCC =2.5V, 3.3V

Highperformance without regulatog VCC = 1.2 V

Low power without regulatog VCC = 1.2 V

WLCSP package only available for ZE devices.

32 QFN package only available for HC and ZE devices.

184 csBGAackage only available for HE devices.

481LIAY vCh AYyT2NXNIGAZ2Y A& W! RGIyOSRQO®
48 QFN package only available for HC devices.

©oNok~wNPRE
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2. Architecture

2.1. Architecture Overview

The MachXO2 family architecture contains an array of logic blocks surrotwyd@dgrammable I/QPIO). Théarger
logic density devices in this family have sysCuCORIK s and blds of sysMEM Embedded Block REBRS)-igure2.1
andFigure2.2 show the block diagrams of the various family members.

=
O OO0O0OOO0O0 IOOOO0O0Oc
OO0O0OO0O0O0O0O00 OOOOOOa0ad

Embedded Function BlodEFB

| — User Flash MemorgUFM)

sysCLOCK PLL 000000000000 000000000 sySMEM Embedded Block RAEER
0 o o o

On-chip Confguration Flash

Memory
.... ... Programmable Function Units with

PIOS Artaged into T T o T o o Distributed RAMPFU3

sysfO Banks 0 o o o
oo o o g
o o o o

Note: MachX@-256, and MachXQ-640'U are similar to MachX21200 MachX@-256 has a laver LUT cant and no PLL or EBbkcks
MachX@-640has no PLla lower LUT cant and tvo EBFRblocks MachX@-640U has a lver LUT cant, one PLL and sen EBRlocks

Figure2.1. Top View of the MachX02200 Device

Embedded Function

| J// BlocKEFB

User Flash
Memory (UFM

sysCLOCK PLL =1

000000000000000 O00000000000000
Sirenip Cont O00000000000000 000000000000000

D00000000000000 000000000000000
O00000000000000 000000000000000
D00000000000000 000000000000000
DO0000000000000 000000000000000 sySMEM Embedded Block RAEER

H /
PIOSs Araged into__— | L—T]
sysl O Banks

OODODDOODO0OOOOO0 OO00000000000000
5 o
OOD0DDO000000000 OO00000000000000 | Programmable Function Units
OODDDDO0ODO0O0O0O0O0 OOODODO000O0O0000E| —f{ With Distributed RAM(PFUS
OODOODOO0O00000000 OO000O0000000O0000|
I
OODODDDODODOOODODOOD OO00D00000O0000000
I
OODODDODODODODOOD0DOOD OO00000000000000——

On-chip Confguration _—

L\

\

Note: MachX@-1200U, MachX@-2000'U and MachX@-7000are similar to MachX®4000. MachX@-1200U and MachX@2000have a lover LUT cont,
one PLJand eight EBBlocks MachX@-2000U has a lver LUT cont, two PLLsand 10 EBRblocks MachX(-7000has a higher LUT ont, two PLLsand 26
EBRblocks

Figure2.2. Top View of the MachXG2000 Device

© 2012023Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asiwstetatticesemi.com/legal
All other brand or productames are trademarks or registered trademarks of their respective holders. The specifications and information herein etréosaiigage without notice

14 FPGADS020564.1
Downloaded from AFFOW.Com.


http://www.latticesemi.com/legal
http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

Downloaded from Afrow.com.


http://www.arrow.com

