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Features

B Non-volatile, Infinitely Reconfigurable
* |nstant-on — powers up in microseconds
* Single chip, no external configuration memory

B Flexible I/O Buffer
* Programmable sysIO™ buffer supports wide
range of interfaces:
- LVCMOS 3.3/2.5/1.8/1.5/1.2

) — LVTTL
required - PCI
* Excellent design security, no bit stream to _ LVDS. Bus-LVDS. LVPECL. RSDS
intercept ’ ’ ’

Reconfigure SRAM based logic in milliseconds
SRAM and non-volatile memory programmable
through JTAG port

Supports background programming of
non-volatile memory

Sleep Mode
¢ Allows up to 100x static current reduction

TransFR™ Reconfiguration (TFR)
* In-field logic update while system operates

High 1/O to Logic Density

* 256 to 2280 LUT4s

* 73 to 271 I/Os with extensive package options

* Density migration supported

* Lead free/RoHS compliant packaging
Embedded and Distributed Memory

* Up to 27.6 Kbits sysMEM™ Embedded Block

RAM
* Up to 7.7 Kbits distributed RAM
* Dedicated FIFO control logic

B sysCLOCK™ PLLs
e Up to two analog PLLs per device
* Clock multiply, divide, and phase shifting

B System Level Support

IEEE Standard 1149.1 Boundary Scan

* Onboard oscillator

¢ Devices operate with 3.3V, 2.5V, 1.8V or 1.2V
power supply

IEEE 1532 compliant in-system programming

Introduction

The MachXO is optimized to meet the requirements of
applications traditionally addressed by CPLDs and low
capacity FPGAs: glue logic, bus bridging, bus interfac-
ing, power-up control, and control logic. These devices
bring together the best features of CPLD and FPGA
devices on a single chip.

Table 1-1. MachXO Family Selection Guide

Device LCMXO0256 LCMX0640 LCMXO1200 LCMX02280
LUTs 256 640 1200 2280
Dist. RAM (Kbits) 2.0 6.1 6.4 7.7
EBR SRAM (Kbits) 0 0 9.2 27.6
Number of EBR SRAM Blocks (9 Kbits) 0 0 1 3
V¢ Voltage 1.2/1.8/2.5/3.3V | 1.2/1.8/2.5/3.3V | 1.2/1.8/2.5/3.3V | 1.2/1.8/2.5/3.3V
Number of PLLs 0 0 1 2
Max. I/0 78 159 211 271
Packages
100-pin TQFP (14x14 mm) 78 74 73 73
144-pin TQFP (20x20 mm) 113 113 113
100-ball csBGA (8x8 mm) 78 74
132-ball csBGA (8x8 mm) 101 101 101
256-ball caBGA (14x14 mm) 159 211 211
256-ball ftBGA (17x17 mm) 159 211 211
324-ball fiBGA (19x19 mm) 271
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The devices use look-up tables (LUTs) and embedded block memories traditionally associated with FPGAs for flex-
ible and efficient logic implementation. Through non-volatile technology, the devices provide the single-chip, high-
security, instant-on capabilities traditionally associated with CPLDs. Finally, advanced process technology and
careful design will provide the high pin-to-pin performance also associated with CPLDs.

The ispLEVER® design tools from Lattice allow complex designs to be efficiently implemented using the MachXO
family of devices. Popular logic synthesis tools provide synthesis library support for MachXO. The ispLEVER tools
use the synthesis tool output along with the constraints from its floor planning tools to place and route the design in
the MachXO device. The ispLEVER tool extracts the timing from the routing and back-annotates it into the design
for timing verification.
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Architecture Overview

The MachXO family architecture contains an array of logic blocks surrounded by Programmable 1/O (PIO). Some
devices in this family have sysCLOCK PLLs and blocks of sysMEM™ Embedded Block RAM (EBRs). Figures 2-1,
2-2, and 2-3 show the block diagrams of the various family members.

The logic blocks are arranged in a two-dimensional grid with rows and columns. The EBR blocks are arranged in a
column to the left of the logic array. The PIO cells are located at the periphery of the device, arranged into Banks.
The PIOs utilize a flexible 1/0 buffer referred to as a syslO interface that supports operation with a variety of inter-
face standards. The blocks are connected with many vertical and horizontal routing channel resources. The place
and route software tool automatically allocates these routing resources.

There are two kinds of logic blocks, the Programmable Functional Unit (PFU) and the Programmable Functional
unit without RAM (PFF). The PFU contains the building blocks for logic, arithmetic, RAM, ROM, and register func-
tions. The PFF block contains building blocks for logic, arithmetic, ROM, and register functions. Both the PFU and
PFF blocks are optimized for flexibility, allowing complex designs to be implemented quickly and effectively. Logic
blocks are arranged in a two-dimensional array. Only one type of block is used per row.

In the MachXO family, the number of syslO Banks varies by device. There are different types of /0O Buffers on dif-
ferent Banks. See the details in later sections of this document. The sysMEM EBRs are large, dedicated fast mem-
ory blocks; these blocks are found only in the larger devices. These blocks can be configured as RAM, ROM or
FIFO. FIFO support includes dedicated FIFO pointer and flag “hard” control logic to minimize LUT use.

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

The MachXO architecture provides up to two sysCLOCK™ Phase Locked Loop (PLL) blocks on larger devices.
These blocks are located at either end of the memory blocks. The PLLs have multiply, divide, and phase shifting
capabilities that are used to manage the frequency and phase relationships of the clocks.

Every device in the family has a JTAG Port that supports programming and configuration of the device as well as
access to the user logic. The MachXO devices are available for operation from 3.3V, 2.5V, 1.8V, and 1.2V power
supplies, providing easy integration into the overall system.

© 2013 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand
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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Table 2-5. PLL Signal Descriptions

Signal /0 Description
CLKI | Clock input from external pin or routing
CLKFB | PLL feedback input from PLL output, clock net, routing/external pin or internal feedback from
CLKINTFB port
RST | “1” to reset the input clock divider
CLKOS (0] PLL output clock to clock tree (phase shifted/duty cycle changed)
CLKOP (0] PLL output clock to clock tree (No phase shift)
CLKOK (0] PLL output to clock tree through secondary clock divider
LOCK O “1” indicates PLL LOCK to CLKI
CLKINTFB (e Internal feedback source, CLKOP divider output before CLOCKTREE
DDAMODE | Dynamic Delay Enable. “1”: Pin control (dynamic), “0”: Fuse Control (static)
DDAIZR | Dynamic Delay Zero. “1”: delay = 0, “0”: delay = on
DDAILAG | Dynamic Delay Lag/Lead. “1”: Lag, “0”: Lead
DDAIDEL[2:0] | Dynamic Delay Input

For more information on the PLL, please see details of additional technical documentation at the end of this data

sheet.

sysMEM Memory

The MachX01200 and MachX02280 devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists
of a 9-Kbit RAM, with dedicated input and output registers.

sysMEM Memory Block

The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be
used in a variety of depths and widths as shown in Table 2-6.

Table 2-6. sysMEM Block Configurations

Memory Mode Configurations

8,192 x 1
4,096 x 2
2,048 x 4
1,024 x 9
512x 18
256 x 36

8,192 x 1
4,096 x 2
True Dual Port 2,048 x 4
1,024 x 9
512 x 18

8,192 x 1
4,096 x 2
2,048 x4
1,024 x 9
512x 18
256 x 36

8,192 x 1
4,096 x 2
2,048 x 4
1,024 x 9
512x 18
256 x 36

Single Port

Pseudo Dual Port

FIFO

2-10
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Table 2-8. I/O Support Device by Device

MachX0256

MachX0640

MachX01200

MachX02280

Number of 1/0 Banks

2

4

8

8

Type of Input Buffers

Single-ended
(all /O Banks)

Single-ended
(all /O Banks)

Single-ended
(all /O Banks)

Differential Receivers
(all /O Banks)

Single-ended
(all /O Banks)

Differential Receivers
(all /O Banks)

Types of Output Buffers

Single-ended buffers
with complementary
outputs (all I/O Banks)

Single-ended buffers
with complementary
outputs (all I/O Banks)

Single-ended buffers
with complementary
outputs (all I/O Banks)

Differential buffers with
true LVDS outputs (50%
on left and right side)

Single-ended buffers
with complementary
outputs (all I/O Banks)

Differential buffers with
true LVDS outputs (50%
on left and right side)

Differential Output

Emulation Capability All /O Banks All /O Banks All /0O Banks All /O Banks
PCI Support No No Top side only Top side only
Table 2-9. Supported Input Standards
VCCIO (Typ.)
Input Standard 3.3V \ 2.5V \ 1.8V \ 1.5V \ 1.2V

Single Ended Interfaces

LVTTL Yes Yes Yes Yes Yes

LVCMOS33 Yes Yes Yes Yes Yes

LVCMOS25 Yes Yes Yes Yes Yes

LVCMOS18 Yes

LVCMOS15 Yes

LVCMOS12 Yes Yes Yes Yes Yes

PCI' Yes

Differential Interfaces

BLVDS? LVDS? LVPECL?, RSDS* | Yes | Yes | Yes | Yes | Yes

1. Top Banks of MachX0O1200 and MachX02280 devices only.
2. MachX01200 and MachX02280 devices only.
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Initialization Supply Current" >34
Over Recommended Operating Conditions

Symbol Parameter Device Typ.® Units

LCMX0256C 13 mA
LCMX0640C 17 mA
LCMXO1200C 21 mA
LCMX02280C 23 mA

lce Core Power Supply
LCMXO256E 10 mA
LCMXO0640E 14 mA
LCMXO1200E 18 mA
LCMXO02280E 20 mA
LCMXO256E/C 10 mA

| Aucxiliary Power Supply LCMXO640E/C 13 mA

CCAUX \% =3.3V
CCAUX LCMXO1200E/C 24 mA

LCMXO2280E/C 25 mA

lccio Bank Power Supply® All devices 2 mA

1. For further information on supply current, please see details of additional technical documentation at the end of this data sheet.

2. Assumes all I/O pins are held at Vg o or GND.

3. Frequency = OMHz.

4. Typical user pattern.

5. T, =25°C, power supplies at nominal voltage.

6. Per Bank, V¢cjo = 2.5V. Does not include pull-up/pull-down.

Programming and Erase Flash Supply Current’? %4

Symbol Parameter Device Typ.® Units
LCMX0256C 9 mA
LCMXO640C 11 mA
LCMXO1200C 16 mA
LCMX02280C 22 mA
lcc Core Power Supply
LCMXO256E 6 mA
LCMXO640E 8 mA
LCMXO1200E 12 mA
LCMXO02280E 14 mA
LCMX0O256C/E 8 mA
| Auxiliary Power Supply |LCMXO640C/E 10 mA
CCAUX \Y =3.3V
CCAUX LCMXO1200/E 15 mA
LCMX02280C/E 16 mA
lccio Bank Power Supply® All devices 2 mA
1. For further information on supply current, please see details of additional technical documentation at the end of this data sheet.
2. Assumes all I/0 pins are held at Vg o or GND.
3. Typical user pattern.
4. JTAG programming is at 25MHz.
5. T,=25°C, power supplies at nominal voltage.
6. Per Bank. Vg0 = 2.5V. Does not include pull-up/pull-down.
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syslO Recommended Operating Conditions

Vecio (V)

Standard Min. Typ. Max.
LVCMOS 3.3 3.135 3.3 3.465
LVCMOS 2.5 2.375 25 2.625
LVCMOS 1.8 1.71 1.8 1.89
LVCMOS 1.5 1.425 1.5 1.575
LVCMOS 1.2 1.14 1.2 1.26
LVTTL 3.135 3.3 3.465
PCI® 3.135 3.3 3.465
LvDS"? 2.375 25 2.625
LVPECL' 3.135 3.3 3.465
BLVDS' 2.375 25 2.625
RSDS' 2.375 25 2.625

1. Inputs on chip. Outputs are implemented with the addition of external resistors.
2. MachX01200 and MachX02280 devices have dedicated LVDS buffers
3. Input on the top bank of the MachX01200 and MachX02280 only.

syslO Single-Ended DC Electrical Characteristics

Input/Output V"- VIH VOL Max. VOH Min. |0|_1 |0|.|1
Standard  |[Min. (V)] Max. (V) Min. (V) [Max. (V)] (V) (V) (mA) (mA)
04 | Veoio-04 | 16,12,8,4 | -14,-12,-8, 4
LVCMOS 3.3 -0.3 0.8 2.0 3.6 cclo
02 | Veoo-02 0.1 -01
0.4 2.4 16 -16
LVTTL -0.3 0.8 2.0 3.6 04 | Veoio-04| 12,84 12, -8, -4
02 | Veoo-02 0.1 -01
04 | Vooio-04 | 16,12,8,4 | 14,12, -8, -4
LVCMOS 2.5 -0.3 0.7 17 3.6
02 | Vgoo-02 0.1 -0.1
04 | Vooio-04 | 16,12,8,4 | -14,-12,-8, -4
LVCMOS 1.8 -0.3 | 0.35Vggio | 0.65Vecio | 3.6
02 | Veoo-02 0.1 -0.1
04 | Vooio-0.4 8, 4 -8, -4
LVCMOS 1.5 -0.3 | 0.35Vggio | 0.65Vco | 36 cco
02 | Veoo-02 0.1 -01
04 | Vegio- 0.4 6, 2 6, 2
LVCMOS 1.2 -0.3 0.42 0.78 36 celo
(“C” Version) 0.2 Veeio - 02 0.1 -0.1
LVCMOS 1.2 0.4 Vceio-04 6,2 -6, -2
Pt 0.3 | 0.35v 0.65V 3.6
(‘E” Version) ce ce 02 | Vgeo-02 0.1 -0.1
PCI 203 | 0.3Vego | 05Vecio 36 | 0.17Veoio | 0.9Vceo 15 05

1. The average DC current drawn by I/Os between GND connections, or between the last GND in an I/0 Bank and the end of an I/O Bank, as
shown in the logic signal connections table shall not exceed n * 8mA. Where n is the number of 1/Os between Bank GND connections or
between the last GND in a Bank and the end of a Bank.
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syslO Differential Electrical Characteristics

LVDS
Over Recommended Operating Conditions
Parameter
Symbol Parameter Description Test Conditions Min. Typ. Max. Units
Vine Vinm | Input Voltage 0 — 2.4 \
VTHD Differential Input Threshold +/-100 — — mV
100mV < V1yp VTHD/2 1.2 1.8 \
Vem Input Common Mode Voltage 200mV < Vyyp V1Hp/2 1.2 1.9 \
350mV < VTHD VTHD/2 1.2 2.0 \
N Input current Power on — — +/-10 WA
VoH Output high voltage for Vop or Vopy  |Rt = 100 Ohm — 1.38 1.60 \
VoL Output low voltage for Vop or Vg |Rt =100 Ohm 0.9V 1.03 — \
Vobp Output voltage differential (Vop - Vowm), Rt =100 Ohm 250 350 450 mV
AVop gcvange in Vop between high and _ _ 50 mv
Vos Output voltage offset (Vop - Vom)/2, R = 100 Ohm 1.125 1.25 1.375 Vv
AVog Change in Vog between H and L — — 50 mV
- Vop = 0V Driver outputs _ _
losp Output short circuit current shorted 6 mA

LVDS Emulation

MachXO devices can support LVDS outputs via emulation (LVDS25E), in addition to the LVDS support that is avail-
able on-chip on certain devices. The output is emulated using complementary LVCMOS outputs in conjunction with
resistors across the driver outputs on all devices. The scheme shown in Figure 3-1 is one possible solution for
LVDS standard implementation. Resistor values in Figure 3-1 are industry standard values for 1% resistors.

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

VCCIO =25
158
8mA 1 * L
Zo =100
VCCIO =25 140 100
158
8mA 1 . C
On-chip Off-chip Off-chip On-chip
EEE— <4—
Emulated
LVDS
Buffer

Note: All resistors are +1%.

The LVDS differential input buffers are available on certain devices in the MachXO family.
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Table 3-1. LVDS DC Conditions

Over Recommended Operating Conditions

Parameter Description Typical Units

Zout Output impedance 20 Q
Rg Driver series resistor 294 Q
Rp Driver parallel resistor 121 Q
Rt Receiver termination 100 Q
VoH Output high voltage 1.43 \
VoL Output low voltage 1.07 \
Vob Output differential voltage 0.35 \
Veum Output common mode voltage 1.25 \'%
ZBACK Back impedance 100 Q
Ipc DC output current 3.66 mA
BLVDS

The MachXO family supports the BLVDS standard through emulation. The output is emulated using complemen-
tary LVCMOS outputs in conjunction with a parallel external resistor across the driver outputs. The input standard
is supported by the LVDS differential input buffer on certain devices. BLVDS is intended for use when multi-drop
and bi-directional multi-point differential signaling is required. The scheme shown in Figure 3-2 is one possible
solution for bi-directional multi-point differential signals.

Figure 3-2. BLVDS Multi-point Output Example

Heavily loaded backplane, effective Zo ~ 45 to 90 ohms differential

|2.5v | ! 2.5V
! 80  45-90 ohms 45-90 ohms ,
16mA 4>—|t|ﬁ/ ® e \/\/\—|;|—<F 16mA
2.5V
16mA
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Table 3-2. BLVDS DC Conditions'

Over Recommended Operating Conditions

Nominal

Symbol Description Zo=45 | Zo=90 | Units
Zout Output impedance 100 100 Ohms
RrLerT Left end termination 45 90 Ohms
RTRIGHT Right end termination 45 90 Ohms
VoH Output high voltage 1.375 1.48 \
VoL Output low voltage 1.125 1.02 \
Vobp Output differential voltage 0.25 0.46 Vv
Veum Output common mode voltage 1.25 1.25 \
Ioc DC output current 11.2 10.2 mA

1. For input buffer, see LVDS table.

LVPECL

The MachXO family supports the differential LVPECL standard through emulation. This output standard is emu-
lated using complementary LVCMOS outputs in conjunction with a parallel resistor across the driver outputs on all
the devices. The LVPECL input standard is supported by the LVDS differential input buffer on certain devices. The
scheme shown in Figure 3-3 is one possible solution for point-to-point signals.

Figure 3-3. Differential LVPECL

Veeio =3.3V X
E 100 ohms E
16mA i T Py [
Veeio = 3.3V | |
celo i 150 ohms 100 ohms i
X 100 ohms X
16mA 0] o O]
: Transmission line, Zo = 100 ohm differential |
On-chip |  Off-chip Off-chip | On-chip
E— 4 —
Table 3-3. LVPECL DC Conditions’
Over Recommended Operating Conditions
Symbol Description Nominal Units
Zout Output impedance 100 Ohms
Rp Driver parallel resistor 150 Ohms
Rt Receiver termination 100 Ohms
VoH Output high voltage 2.03 \
VoL Output low voltage 1.27 \
Vob Output differential voltage 0.76 \'%
Vem Output common mode voltage 1.65 \'
Zaack Back impedance 85.7 Ohms
Ibc DC output current 12.7 mA

1. For input buffer, see LVDS table.

3-8



aw DC and Switching Characteristics
= LATTICE MachXO Family Data Sheet

MachXO “C” Sleep Mode Timing

Symbol Parameter Device Min. Typ. Max | Units
tPwRDN SLEEPN Low to Power Down All — _ 400 -
LCMX0O256 — — 400 Hs
tpwRUP SLEEPN High to Power Up LCMX0640 — — 600 Hs
LCMXO1200 — — 800 us
LCMX02280 — - 1000 | s
twsLEEPN SLEEPN Pulse Width All 400 — _ ns
twawAKE SLEEPN Pulse Rejection All — — 100 ns
Rev. A 0.19

Flash Download Time

< Power Down Mode

v

/0

(Vg
N

< > «— trwRrop ——
tPwRDN < C

B
SLEEPN
‘ twsLEEPN OF twawaKE "l
Symbol Parameter Min. Typ. Max. Units
LCMX0256 — — 0.4 ms
i :\(II?Imer?hVCiC or VCCIAUX) LCMXO0640 — — 06 ms
REFRESH ater of the two supplies
to Device I/O Active LCMXO1200 — — 0.8 ms
LCMX02280 — — 1.0 ms

JTAG Port Timing Specifications

Symbol Parameter Min. Max. Units
fmax TCK [BSCAN] clock frequency — 25 MHz
teTcp TCK [BSCAN] clock pulse width 40 — ns
tsTCPH TCK [BSCAN] clock pulse width high 20 — ns
tgToPL TCK [BSCAN] clock pulse width low 20 — ns
taTs TCK [BSCAN] setup time 8 — ns
taTH TCK [BSCAN] hold time 10 — ns
tgTRF TCK [BSCAN] rise/fall time 50 — mV/ns
tsTco TAP controller falling edge of clock to output valid — 10 ns
tsTcopIs TAP controller falling edge of clock to output disabled — 10 ns
tBTCOEN TAP controller falling edge of clock to output enabled — 10 ns
tsTCRS BSCAN test capture register setup time 8 — ns
t8TCRH BSCAN test capture register hold time 25 — ns
tsuTco BSCAN test update register, falling edge of clock to output valid — 25 ns
tsTUODIS BSCAN test update register, falling edge of clock to output disabled — 25 ns
tBTUPOEN BSCAN test update register, falling edge of clock to output enabled — 25 ns
Rev. A0.19
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LCMXO0256 and LCMXO0640 Logic Signal Connections: 100 csBGA

LCMX0256 LCMXO0640
Ball Ball Dual Differen- Ball Ball Dual Differen-
Number | Function Bank Function tial Number | Function Bank Function tial
B1 PL2A 1 T B1 PL2A 3 T
C1 PL2B 1 C C1 PL2C 3 T
D2 PL3A 1 T D2 PL2B 3 C
D1 PL3B 1 C D1 PL2D 3 C
c2 PL3C 1 T c2 PL3A 3 T
E1 PL3D 1 C E1 PL3B 3 C
E2 PL4A 1 T E2 PL3C 3 T
F1 PL4B 1 C F1 PL3D 3 C
F2 PL5A 1 T F2 PL4A 3
G2 PL5B 1 C G2 PL4C 3 T
HA GNDIO1 1 H1 GNDIOS3 3
H2 PL5C 1 T H2 PL4D 3 C
J1 PL5D 1 GSRN C J1 PL5B 3 GSRN
J2 PL6A 1 T J2 PL7B 3
K1 PL6B 1 TSALL C K1 PL8C 3 TSALL T
K2 PL7A 1 T K2 PL8D 3 C
L1 PL7B 1 C L1 PL9A 3
L2 PL7C 1 T L2 PL9C 3
M1 PL7D 1 C M1 PL10A 3
M2 PL8A 1 T M2 PL10C 3
N1 PL8B 1 C N1 PL11A 3
M3 PL9A 1 T M3 PL11C 3
N2 GNDIO1 1 N2 GNDIO3 3
P2 TMS 1 TMS P2 TMS 2 TMS
P3 PL9B 1 C P3 PB2C 2
N4 TCK 1 TCK N4 TCK 2 TCK
P4 PB2A 1 T P4 VCCIO2 2
N3 PB2B 1 C N3 GNDIO2 2
P5 TDO 1 TDO P5 TDO 2 TDO
N5 PB2C 1 T N5 PB4C 2
P6 TDI 1 TDI P6 TDI 2 TDI
N6 PB2D 1 C N6 PB4E 2
P7 VCC - P7 VCC -
N7 PB3A 1 PCLK1_1** T N7 PB5B 2 PCLK2_1**
P8 PB3B 1 C P8 PB5D 2
N8 PB3C 1 PCLK1_0** T N8 PB6B 2 PCLK2_0**
P9 PB3D 1 C P9 PB6C 2
N10 GNDIO1 1 N10 GNDIO2 2
P11 PB4A 1 T P11 PB8B 2
N11 PB4B 1 C N11 PB8C 2 T
P12 PB4C 1 T P12 PB8D 2 C
N12 PB4D 1 C N12 PB9A 2
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LCMX0256 and LCMXO0640 Logic Signal Connections: 100 csBGA (Cont.)

LCMX0256 LCMXO0640
Ball Ball Dual Differen- Ball Ball Dual Differen-
Number | Function Bank Function tial Number | Function Bank Function tial
P13 PB5A 1 P13 PBaC 2 T
M12* SLEEPN - SLEEPN M12* SLEEPN - SLEEPN
P14 PB5C 1 T P14 PB9D 2 C
N13 PB5D 1 C N13 PB9F 2
N14 PR9B 0 C N14 PR11D 1 C
M14 PR9A 0 T M14 PR11B 1 C
L13 PR8B 0 C L13 PR11C 1 T
L14 PR8A 0 T L14 PR11A 1 T
M13 PR7D 0 C M13 PR10D 1 C
K14 PR7C 0 T K14 PR10C 1 T
K13 PR7B 0 C K13 PR10B 1 C
J14 PR7A 0 T J14 PR10A 1 T
J13 PR6B 0 C J13 PR9D 1
H13 PR6A 0 T H13 PR9B 1
G14 GNDIOO 0 G14 GNDIO1 1
G13 PR5D 0 C G13 PR7B 1
F14 PR5C 0 T F14 PR6C 1
F13 PR5B 0 C F13 PR6B 1
E14 PR5A 0 T E14 PR5D 1
E13 PR4B 0 C E13 PR5B 1
D14 PR4A 0 T D14 PR4D 1
D13 PR3D 0 C D13 PR4B 1
Ci14 PR3C 0 T Ci14 PR3D 1
C13 PR3B 0 C C13 PR3B 1
B14 PR3A 0 T B14 PR2D 1
Ci12 PR2B 0 C Ci12 PR2B 1
B13 GNDIOO 0 B13 GNDIO1 1
A13 PR2A 0 T A13 PTOF 0 C
A12 PT5C 0 A12 PTOE 0 T
B11 PT5B 0 C B11 PT9C 0
A1 PT5A 0 T A1 PTOA 0
B12 PT4F 0 C B12 VCCIOO0 0
A10 PT4E 0 T A10 GNDIOO 0
B10 PT4D 0 C B10 PT7E 0
A9 PT4C 0 T A9 PT7A 0
A8 PT4B 0 PCLKO_1** C A8 PT6B 0 PCLKO_1**
B8 PT4A 0 PCLKO_0** T B8 PT5B 0 PCLKO_0** C
A7 PT3D 0 C A7 PT5A 0 T
B7 VCCAUX - B7 VCCAUX -
A6 PT3C 0 T A6 PT4F 0
B6 VCC - B6 VCC -
A5 PT3B 0 C A5 PT3F 0
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LCMXO0640, LCMXO01200 and LCMX02280 Logic Signal Connections:

144 TQFP

LCMX0640 LCMXO01200 LCMX02280
Pin Ball Dual Ball Dual Ball Dual
Number | Function | Bank Function | Differential] Function |Bank Function Differential ] Function |Bank Function Differential

1 PL2A 3 T PL2A 7 T PL2A 7 LUMO_PLLT_FB_A T
2 PL2C 3 T PL2B 7 C PL2B 7 |LUMO_PLLC_FB_A (o]
3 PL2B 3 o] PL3A 7 T PL3A 7 T
4 PL3A 3 T PL3B 7 c* PL3B 7 c*
5 PL2D 3 o] PL3C 7 T PL3C 7 LUMO_PLLT_IN_A T
6 PL3B 3 Cc PL3D 7 (o] PL3D 7 | LUMO_PLLC_IN_A (o]
7 PL3C 3 T PL4A 7 T PL4A 7 T
8 PL3D 3 C PL4B 7 c* PL4B 7 c*
9 PL4A 3 PL4C 7 PL4C 7

10 VCCIO3 3 VCCIO7 7 VCCIO7 7

11 GNDIO3 3 GNDIO7 7 GNDIO7 7

12 PL4D 3 PL5C 7 PL6C 7

13 PL5A 3 T PL6A 7 T PL7A 7 T
14 PL5B 3 GSRN PL6B 7 GSRN c* PL7B 7 GSRN c*
15 PL5D 3 PL6D 7 PL7D 7

16 GND - GND - GND -

17 PL6C 3 T PL7C 7 T PL9C 7 T
18 PL6D 3 Cc PL7D 7 (o] PL9D 7 (o]
19 PL7A 3 T PL10A 6 T PL13A 6 T
20 PL7B 3 C PL10B 6 c* PL13B 6 c*
21 VCC - vCcC - vCC -

22 PL8A 3 PL11A 6 T PL13D 6

23 PL8B 3 C PL11B 6 c* PL14D 6 C
24 PL8C 3 TSALL PL11C 6 TSALL PL14C 6 TSALL T
25 PL9C 3 T PL12B 6 PL15B 6

26 VCCIO3 3 VCCIO6 6 VCCIO6 6

27 GNDIO3 3 GNDIO6 6 GNDIO6 6

28 PL9D 3 o] PL13D 6 PL16D 6

29 PL10A 3 T PL14A 6 | LLMO_PLLT_FB_A T PL17A 6 | LLMO_PLLT_FB_A T
30 PL10B 3 o] PL14B 6 |LLMO_PLLC_FB_A c* PL17B 6 | LLMO_PLLC_FB_A c*
31 PL10C 3 T PL14C 6 T PL17C 6 T
32 PL11A 3 T PL14D 6 C PL17D 6 C
33 PL10D 3 C PL15A 6 LLMO_PLLT_IN_A T PL18A 6 LLMO_PLLT_IN_A T
34 PL11C 3 T PL15B 6 LLMO_PLLC_IN_A c* PL18B 6 LLMO_PLLC_IN_A c*
35 PL11B 3 C PL16A 6 T PL19A 6 T
36 PL11D 3 C PL16B 6 C PL19B 6 C
37 GNDIO2 2 GNDIO5 5 GNDIO5 5

38 VCCIO2 2 VCCIO5 5 VCCIO5 5

39 T™S 2 T™S T™S 5 T™MS T™MS 5 T™MS

40 PB2C 2 PB2C 5 T PB2A 5 T
41 PB3A 2 T PB2D 5 C PB2B 5 (o]
42 TCK 2 TCK TCK 5 TCK TCK 5 TCK

43 PB3B 2 Cc PB3A 5 T PB3A 5 T
44 PB3C 2 T PB3B 5 (o] PB3B 5 (o]
45 PB3D 2 C PB4A 5 T PB4A 5 T
46 PB4A 2 T PB4B 5 C PB4B 5 C
47 TDO 2 TDO TDO 5 TDO TDO 5 TDO

48 PB4B 2 C PB4D 5 PB4D 5

49 PB4C 2 T PB5A 5 T PB5A 5 T
50 PB4D 2 PB5B 5 C PB5B 5 C
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LCMXO0640, LCMXO1200 and LCMX02280 Logic Signal Connections:
144 TQFP (Cont.)

LCMXO0640 LCMX0O1200 LCMX02280

Pin Ball Dual Ball Dual Ball Dual

Number | Function | Bank Function | Differential] Function |Bank Function Differential ] Function |Bank Function Differential
101 PR3D 1 C PR4B 2 c* PR5B 2 Cc*
102 PR3C 1 T PR4A 2 T™ PR5A 2 T
103 PR3B 1 C PR3D 2 C PR4D 2 C
104 PR2D 1 C PR3C 2 T PR4C 2 T
105 PR3A 1 T PR3B 2 c* PR4B 2 c*
106 PR2B 1 C PR3A 2 T™ PR4A 2 T
107 PR2C 1 T PR2B 2 C PR3B 2 c*
108 PR2A 1 T PR2A 2 T PR3A 2 T
109 PTOF 0 C PT11D 1 C PT16D 1 C
110 PT9D 0 C PT11C 1 T PT16C 1 T
111 PTOE 0 T PT11B 1 (o} PT16B 1 C
112 PT9B 0 C PT11A 1 T PT16A 1 T
113 PT9C 0 T PT10F 1 C PT15D 1 C
114 PT9A 0 T PT10E 1 T PT15C 1 T
115 PT8C 0 PT10D 1 C PT14B 1 C
116 PT8B 0 C PT10C 1 T PT14A 1 T
117 VCCIO0 0 VCCIO1 1 VCCIO1 1
118 GNDIOO 0 GNDIO1 1 GNDIO1 1
119 PT8A 0 T PTOF 1 C PT12F 1 C
120 PT7E 0 PT9E 1 T PT12E 1 T
121 PT7C 0 PT9B 1 C PT12D 1 C
122 PT7A 0 PT9A 1 T PT12C 1 T
123 GND - GND - GND -
124 PT6B 0 PCLKO_1*** C PT7D 1 PCLK1_1*** PT10B 1 PCLK1_1***
125 PT6A 0 T PT7B 1 C PT9D 1 C
126 PT5C 0 PT7A 1 T PT9C 1 T
127 PT5B 0 PCLKO_0*** PT6F 0 PCLK1_0*** PT9B 1 PCLK1_0***
128 VCCAUX - VCCAUX - VCCAUX -
129 VvCC - VCC - VCC -
130 PT4D 0 PT5D 0 C PT7B 0 C
131 PT4B 0 C PT5C 0 T PT7A 0 T
132 PT4A 0 T PT5B 0 C PT6D 0
133 PT3F 0 PT5A 0 T PT6E 0 T
134 PT3D 0 PT4B 0 PT6F 0 C
135 VCCIO0 0 VCCIOO0 0 VCCIO0 0
136 GNDIOO 0 GNDIOO 0 GNDIOO 0
137 PT3B 0 C PT3D 0 C PT4B 0 T
138 PT2F 0 C PT3C 0 T PT4A 0 C
139 PT3A 0 T PT3B 0 C PT3B 0 C
140 PT2D 0 C PT3A 0 T PT3A 0 T
141 PT2E 0 T PT2D 0 C PT2D 0 C
142 PT2B 0 C PT2C 0 T PT2C 0 T
143 PT2C 0 T PT2B 0 C PT2B 0 C
144 PT2A 0 T PT2A 0 T PT2A 0 T

*Supports true LVDS outputs.
**NC for “E” devices.
***Primary clock inputs arer single-ended.
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LCMXO0640, LCMX0O1200 and LCMX02280 Logic Signal Connections:
256 caBGA / 256 ftBGA (Cont.)

LCMXO0640 LCMXO01200 LCMX02280
Ball Ball Dual Ball Ball Dual Ball Ball Dual
Number | Function | Bank | Function | Differential | Number | Function | Bank Function Differential | Number | Function | Bank Function Differential
- - VCCIO4 | VCCIO4 4 VCCIO4 | VCCIO4 4
- - GND | GNDIO4 4 GND | GNDIO4 4
M10 PB6A 2 T M10 PB7E 4 T M10 PB10A 4 T
R9 PB6C 2 T R9 PB8A 4 T R9 PB11C 4 T
R10 PB6D 2 o] R10 PB8B 4 C R10 PB11D 4 C
T10 PB7C 2 T T10 PB8C 4 T T10 PB12A 4 T
T11 PB7D 2 o] T11 PB8D 4 C T11 PB12B 4 C
N10 NC N10 PB8E 4 T N10 PB12C 4 T
N11 NC N11 PB8F 4 C N11 PB12D 4 Cc
VCCIO2 | VCCIO2 2 VCCIO4 | VCCIO4 4 VCCIO4 | VCCIO4 4
GND | GNDIO2 2 GND | GNDIO4 4 GND | GNDIO4 4
R11 PB7E 2 T R11 PB9A 4 T R11 PB13A 4 T
R12 PB7F 2 o] R12 PB9B 4 C R12 PB13B 4 C
P11 PB8A 2 T P11 PBIC 4 T P11 PB13C 4 T
P12 PB8B 2 Cc P12 PB9D 4 Cc P12 PB13D 4 C
T13 PB8C 2 T T13 PB9E 4 T T13 PB14A 4 T
T12 PB8D 2 C T12 PB9F 4 C T12 PB14B 4 C
R13 PB9A 2 T R13 PB10A 4 T R13 PB14C 4 T
R14 PB9B 2 C R14 PB10B 4 C R14 PB14D 4 C
GND GND - GND GND - GND GND -
T14 PB9C 2 T14 PB10C 4 T T14 PB15A 4 T
T15 PB9D 2 Cc T15 PB10D 4 C T15 PB15B 4 (o]
P13** | SLEEPN - SLEEPN P13** | SLEEPN - SLEEPN P13** | SLEEPN - SLEEPN
P14 PBOF 2 P14 PB10F 4 P14 PB15D 4
R15 NC R15 PB11A 4 T R15 PB16A 4 T
R16 NC R16 PB11B 4 (o] R16 PB16B 4 (o]
P15 NC P15 PB11C 4 T P15 PB16C 4 T
P16 NC P16 PB11D 4 Cc P16 PB16D 4 Cc
VCCIO2 | VCCIO2 2 VCCIO4 | VCCIO4 4 VCCIO4 | VCCIO4 4
GND | GNDIO2 2 GND | GNDIO4 4 GND | GNDIO4 4
GND | GNDIO1 1 GND | GNDIO3 3 GND | GNDIO3 3
VCCIO1 | vCCIO1 1 VCCIO3 | VCCIO3 3 VCCIO3 | VCCIO3 3
M11 NC M11 PR16B 3 (o] M11 PR20B 3
L11 NC L11 PR16A 3 T L11 PR20A 3
N12 NC N12 PR15B 3 c* N12 PR18B 3 Cc*
N13 NC N13 PR15A 3 T™ N13 PR18A 3 T™
M13 NC M13 PR14D 3 M13 PR17D 3
M12 NC M12 PR14C 3 T M12 PR17C 3 T
N14 PR11D 1 Cc N14 PR14B 3 c* N14 PR17B 3 c*
N15 PR11C 1 T N15 PR14A 3 T N15 PR17A 3 T
L13 PR11B 1 (¢} L13 PR13D 3 L13 PR16D 3
L12 PR11A 1 T L12 PR13C 3 T L12 PR16C 3 T
M14 PR10B 1 o] M14 PR13B 3 c* M14 PR16B 3 c*
VCCIO1 | vCCIO1 1 VCCIO3 | VCCIO3 3 VCCIO3 | VCCIO3 3
GND | GNDIO1 1 GND | GNDIO3 3 GND | GNDIO3 3
L14 PR10A 1 T L14 PR13A 3 T L14 PR16A 3 T
N16 PR10D 1 (¢} N16 PR12D 3 C N16 PR15D 3
M16 PR10C 1 T M16 PR12C 3 T M16 PR15C 3
M15 PR9D 1 o] M15 PR12B 3 c* M15 PR15B 3 c*
L15 PR9C 1 T L15 PR12A 3 T L15 PR15A 3 T
L16 PR9B 1 Cc L16 PR11D 3 (o] L16 PR14D 3
K16 PR9A 1 T K16 PR11C 3 T K16 PR14C 3
K13 PR8D 1 C K13 PR11B 3 c* K13 PR14B 3 Cc*
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LCMXO02280 Logic Signal Connections: 324 ftBGA (Cont.)

LCMX02280
Ball Number Ball Function Bank Dual Function Differential
T2 PL20B 6 C
P6 TMS 5 TMS
Vi1 PB2A 5 T
u2 PB2B 5 C
T3 PB2C 5 T
N7 TCK 5 TCK
R4 PB2D 5 C
R5 PB3A 5 T
T4 PB3B 5 C
VCC VCC -
R6 PB3C 5 T
P7 PB3D 5 C
u3 PB4A 5 T
T5 PB4B 5 C
V2 PB4C 5 T
N8 TDO 5 TDO
V3 PB4D 5 C
T6 PB5A 5 T
GND GNDIO5 5
VCCIO5 VCCIO5 5
U4 PB5B 5 C
P8 PB5C 5 T
T7 PB5D 5 C
V4 TDI 5 TDI
R8 PB6A 5 T
N9 PB6B 5 C
us PB6C 5 T
V5 PB6D 5 C
ué PB7A 5 T
VCC VCC -
V6 PB7B 5 C
P9 PB7C 5 T
T8 PB7D 5 C
u7 PB8A 5 T
V7 PB8B 5 C
M10 VCCAUX -
us PB8C 5 T
V8 PB8D 5 C
VCCIO5 VCCIO5 5
GND GNDIO5 5
T9 PBS8E 5 T
U9 PB8F 5 C
V9 PB9A 4 T
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Part Number LUTs Supply Voltage 1/0s Grade Package Pins Temp.
LCMXO256E-3TN100I 256 1.2V 78 -3 Lead-Free TQFP 100 IND
LCMXO256E-4TN100lI 256 1.2V 78 -4 Lead-Free TQFP 100 IND
LCMXO256E-3MN100I 256 1.2V 78 -3 Lead-Free csBGA| 100 IND
LCMXO256E-4MN100I 256 1.2V 78 -4 Lead-Free csBGA| 100 IND

Part Number LUTs Supply Voltage 1/0s Grade Package Pins Temp.
LCMXO640E-3TN100I 640 1.2V 74 -3 Lead-Free TQFP 100 IND
LCMXO640E-4TN100lI 640 1.2V 74 -4 Lead-Free TQFP 100 IND
LCMXO640E-3MN100I 640 1.2V 74 -3 Lead-Free csBGA| 100 IND
LCMXO640E-4MN100I 640 1.2V 74 -4 Lead-Free csBGA| 100 IND
LCMXO640E-3TN144| 640 1.2V 113 -3 Lead-Free TQFP 144 IND
LCMXO640E-4TN144l 640 1.2V 113 -4 Lead-Free TQFP 144 IND
LCMXO640E-3MN132I 640 1.2V 101 -3 Lead-Free csBGA| 132 IND
LCMXO640E-4MN132I 640 1.2V 101 -4 Lead-Free csBGA| 132 IND
LCMXO640E-3BN256I 640 1.2V 159 -3 Lead-Free caBGA| 256 IND
LCMXO640E-4BN256I 640 1.2V 159 -4 Lead-Free caBGA 256 IND
LCMXO640E-3FTN256| 640 1.2V 159 -3 Lead-Free fiBGA 256 IND
LCMXO640E-4FTN256I 640 1.2V 159 -4 Lead-Free fiBGA 256 IND

Part Number LUTs Supply Voltage I/0s Grade Package Pins Temp.
LCMXO1200E-3TN100I 1200 1.2V 73 -3 Lead-Free TQFP 100 IND
LCMXO1200E-4TN100I 1200 1.2V 73 -4 Lead-Free TQFP 100 IND
LCMXO1200E-3TN144| 1200 1.2V 113 -3 Lead-Free TQFP 144 IND
LCMXO1200E-4TN144l 1200 1.2V 113 -4 Lead-Free TQFP 144 IND
LCMXO1200E-3MN132I 1200 1.2V 101 -3 Lead-Free csBGA| 132 IND
LCMXO1200E-4MN132I 1200 1.2V 101 -4 Lead-Free csBGA| 132 IND
LCMXO1200E-3BN256I 1200 1.2V 211 -3 Lead-Free caBGA 256 IND
LCMXO1200E-4BN256| 1200 1.2V 211 -4 Lead-Free caBGA| 256 IND
LCMXO1200E-3FTN256I 1200 1.2V 211 -3 Lead-Free fiBGA 256 IND
LCMXO1200E-4FTN256I 1200 1.2V 211 -4 Lead-Free fiBGA 256 IND

Part Number LUTs Supply Voltage I/O0s Grade Package Pins Temp.
LCMX02280E-3TN100I 2280 1.2V 73 -3 Lead-Free TQFP 100 IND
LCMXO2280E-4TN100I 2280 1.2V 73 -4 Lead-Free TQFP 100 IND
LCMXO02280E-3TN144l 2280 1.2V 113 -3 Lead-Free TQFP 144 IND
LCMXO2280E-4TN144| 2280 1.2V 113 -4 Lead-Free TQFP 144 IND
LCMX02280E-3MN132I 2280 1.2V 101 -3 Lead-Free csBGA| 132 IND
LCMXO02280E-4MN132I 2280 1.2V 101 -4 Lead-Free csBGA 132 IND
LCMX02280E-3BN256| 2280 1.2V 211 -3 Lead-Free caBGA| 256 IND
LCMXO2280E-4BN256I 2280 1.2V 211 -4 Lead-Free caBGA 256 IND
LCMX0O2280E-3FTN256I 2280 1.2V 211 -3 Lead-Free fiBGA 256 IND
LCMXO2280E-4FTN256I 2280 1.2V 211 -4 Lead-Free fiBGA 256 IND
LCMXO2280E-3FTN324| 2280 1.2V 271 -3 Lead-Free ftBGA 324 IND
LCMXO2280E-4FTN324I 2280 1.2V 271 -4 Lead-Free fiBGA 324 IND
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For Further Information

A variety of technical notes for the MachXO family are available on the Lattice web site.

TN1091, MachXO syslO Usage Guide

TN1089, MachXO sysCLOCK Design and Usage Guide

TN1092, Memory Usage Guide for MachXO Devices

TN1090, Power Estimation and Management for MachXO Devices

TN1086, MachXO JTAG Programming and Configuration User's Guide

TN1087, Minimizing System Interruption During Configuration Using TransFR Technology
TN1097, MachXO Density Migration

ANB8066, Boundary Scan Testability with Lattice syslO Capability

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

JEDEC Standards (LVTTL, LVCMOS): www.jedec.org
PCI: www.pcisig.com

© 2013 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand
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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www.latticesemi.com/dynamic/view_document.cfm?document_id=9920
www.latticesemi.com/dynamic/view_document.cfm?document_id=9921
www.latticesemi.com/dynamic/view_document.cfm?document_id=9919
www.latticesemi.com/dynamic/view_document.cfm?document_id=9917
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=10088
www.latticesemi.com/dynamic/view_document.cfm?document_id=3468
www.latticesemi.com/dynamic/view_document.cfm?document_id=9918
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Revision History
MachXO Family Data Sheet

Date

Version

Section

Change Summary

April 2006
(cont.)

02.0
(cont.)

Architecture
(cont.)

“Top View of the MachX0O1200 Device” figure updated.

“Top View of the MachX0O640 Device” figure updated.

“Top View of the MachX0256 Device” figure updated.

“Slice Diagram” figure updated.

Slice Signal Descriptions table updated.

Routing section updated.

sysCLOCK Phase Lockecd Loops (PLLs) section updated.

PLL Diagram updated.

PLL Signal Descriptions table updated.

sysMEM Memory section has been updated.

P10 Groups section has been updated.

PIO section has been updated.

MachXO PIO Block Diagram updated.

Supported Input Standards table updated.

MachXO Configuration and Programming diagram updated.

DC and Switching
Characteristics

Recommended Operating Conditions table - footnotes updated.

MachX0256 and MachX0640 Hot Socketing Specifications - footnotes
updated.

Added MachX01200 and MachX02280 Hot Socketing Specifications
table.

DC Electrical Characteristics, footnotes have been updated.

Supply Current (Sleep Mode) table has been updated, removed "4W"
references. Footnotes have been updated.

Supply Current (Standby) table and associated footnotes updated.

Intialization Supply Current table and footnotes updated.

Programming and Erase Flash Supply Current table and associated
footnotes have been updatd.

Register-to-Register Performance table updated (rev. A 0.19).

MachXO External Switching Characteristics updated (rev. A 0.19).

MachXO Internal Timing Parameters updated (rev. A 0.19).

MachXO Family Timing Adders updated (rev. A 0.19).

sysCLOCK Timing updated (rev. A 0.19).

MachXO "C" Sleep Mode Timing updated (A 0.19).

JTAG Port Timing Specification updated (rev. A 0.19).

Test Fixture Required Components table updated.

Pinout Information

Signal Descriptions have been updated.

Pin Information Summary has been updated. Footnote has been
added.

Power Supply and NC Connection table has been updated.

Logic Signal Connections have been updated (PCLKTx_x --> PCLKx_x)

Ordering Information

Removed "4W" references.

Added 256-ftBGA Ordering Part Numbers for MachX0640.

May 2006

02.1

Pinout Information

Removed [LOC][0]_PLL_RST from Signal Description table.

PCLK footnote has been added to all appropriate pins.

August 2006

02.2

Multiple

Removed 256 fpBGA information for MachX0O640.
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