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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

© 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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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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Figure 2-3. Top View of the MachX0256 Device
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The core of the MachXO devices consists of PFU and PFF blocks. The PFUs can be programmed to perform
Logic, Arithmetic, Distributed RAM, and Distributed ROM functions. PFF blocks can be programmed to perform
Logic, Arithmetic, and Distributed ROM functions. Except where necessary, the remainder of this data sheet will
use the term PFU to refer to both PFU and PFF blocks.

Each PFU block consists of four interconnected Slices, numbered 0-3 as shown in Figure 2-4. There are 53 inputs
and 25 outputs associated with each PFU block.

Figure 2-4. PFU Diagram
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Each Slice contains two LUT4 lookup tables feeding two registers (programmed to be in FF or Latch mode), and
some associated logic that allows the LUTs to be combined to perform functions such as LUT5, LUT6, LUT7, and
LUTS8. There is control logic to perform set/reset functions (programmable as synchronous/asynchronous), clock
select, chip-select, and wider RAM/ROM functions. Figure 2-5 shows an overview of the internal logic of the Slice.
The registers in the Slice can be configured for positive/negative and edge/level clocks.
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Figure 2-13. Memory Core Reset
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For further information on the sysMEM EBR block, see the details of additional technical documentation at the end
of this data sheet.

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 2-14. The GSR input to the
EBR is always asynchronous.

Figure 2-14. EBR Asynchronous Reset (Including GSR) Timing Diagram

Reset

Clock

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/f\;ax (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 1/0Os 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 2-14. The reset timing
rules apply to the RPReset input vs the RE input and the RST input vs. the WE and RE inputs. Both RST and
RPReset are always asynchronous EBR inputs.

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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output data signals are multiplexed and provide a single signal to the I/O pin via the syslO buffer. Figure 2-17
shows the MachXO PIO logic.

The tristate control signal is multiplexed from the output data signals and their complements. In addition a global
signal (TSALL) from a dedicated pad can be used to tristate the syslO buffer.

The PIO receives an input signal from the pin via the syslO buffer and provides this signal to the core of the device.
In addition there are programmable elements that can be utilized by the design tools to avoid positive hold times.

Figure 2-17. MachXO PIO Block Diagram
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Note: Buffer 1 tracks wi_th Veeoaux 1
Buffer 2 tracks with Vg0, From Complementary

Buffer 3 tracks with internal 1.2V Vggf. Pad
Buffer 4 is available in MachX01200 and MachX02280 devices only.

syslO Buffer

Each 1/O is associated with a flexible buffer referred to as a syslO buffer. These buffers are arranged around the
periphery of the device in groups referred to as Banks. The syslO buffers allow users to implement the wide variety
of standards that are found in today’s systems including LVCMOS, TTL, BLVDS, LVDS and LVPECL.

In the MachXO devices, single-ended output buffers and ratioed input buffers (LVTTL, LVCMOS and PCI) are pow-
ered using Vgcjo- In addition to the Bank V¢ o supplies, the MachXO devices have a V¢ core logic power supply,
and a Vcaux supply that powers up a variety of internal circuits including all the differential and referenced input buf-
fers.

MachX0256 and MachXO0640 devices contain single-ended input buffers and single-ended output buffers with
complementary outputs on all the 1/0 Banks.

MachX01200 and MachX02280 devices contain two types of syslO buffer pairs.

1. Top and Bottom syslO Buffer Pairs
The syslO buffer pairs in the top and bottom Banks of the device consist of two single-ended output drivers and
two sets of single-ended input buffers (for ratioed or absolute input levels). The I/O pairs on the top and bottom
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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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Device Configuration
All MachXO devices contain a test access port that can be used for device configuration and programming.

The non-volatile memory in the MachXO can be configured in two different modes:

* In IEEE 1532 mode via the IEEE 1149.1 port. In this mode, the device is off-line and I/Os are controlled by
BSCAN registers.

* In background mode via the IEEE 1149.1 port. This allows the device to remain operational in user mode
while reprogramming takes place.

The SRAM configuration memory can be configured in three different ways:

* At power-up via the on-chip non-volatile memory.
¢ After a refresh command is issued via the IEEE 1149.1 port.
* In IEEE 1532 mode via the IEEE 1149.1 port.

Figure 2-22 provides a pictorial representation of the different programming modes available in the MachXO
devices. On power-up, the SRAM is ready to be configured with IEEE 1149.1 serial TAP port using IEEE 1532 pro-
tocols.

Leave Alone I/O

When using IEEE 1532 mode for non-volatile memory programming, SRAM configuration, or issuing a refresh
command, users may specify 1/Os as high, low, tristated or held at current value. This provides excellent flexibility
for implementing systems where reconfiguration or reprogramming occurs on-the-fly.

TransFR (Transparent Field Reconfiguration)

TransFR (TFR) is a unique Lattice technology that allows users to update their logic in the field without interrupting
system operation using a single ispVM command. See TN1087, Minimizing System Interruption During Configura-
tion Using TransFR Technology for details.

Security
The MachXO devices contain security bits that, when set, prevent the readback of the SRAM configuration and
non-volatile memory spaces. Once set, the only way to clear the security bits is to erase the memory space.

For more information on device configuration, please see details of additional technical documentation at the end
of this data sheet.
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Figure 2-22. MachXO Configuration and Programming

Program in seconds

ISP 1149.1 TAP Port

1532

Configure in milliseconds

microseconds

Background
R N R , R
1
, Power-up |
1 1 -
Non-Volatile : '
Memory Space ; —>
: Refresh |
! 1
. Download in :
| |

SRAM Memory

Space

Density Shifting

The MachXO family has been designed to enable density migration in the same package. Furthermore, the archi-
tecture ensures a high success rate when performing design migration from lower density parts to higher density
parts. In many cases, it is also possible to shift a lower utilization design targeted for a high-density device to a
lower density device. However, the exact details of the final resource utilization will impact the likely success in

each case.
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Supply Current (Sleep Mode)" 2

Symbol Parameter Device Typ.® Max. Units
LCMX0256C 12 25 HA
| C P Suppl LCMX0640C 12 25 HA
ore rower su
ce PPy LCMXO1200C 12 25 HA
LCMX02280C 12 25 A
LCMX0O256C 1 15 HA
| Auxili P Suppl LCMXO0640C 1 25 MHA
uxiliary Power Su
CCAUX y PPY LCMXO1200C 1 45 A
LCMX02280C 1 85 HA
lccio Bank Power Supply* All LCMXO ‘C’ Devices 2 30 MA
1. Assumes all inputs are configured as LVCMOS and held at the VCCIO or GND.
2. Frequency = OMHz.
3. Ta =25°C, power supplies at nominal voltage.
4. Per Bank.
Supply Current (Standby)" % %4
Over Recommended Operating Conditions
Symbol Parameter Device Typ.® Units
LCMX0O256C 7 mA
LCMX0640C 9 mA
LCMXO1200C 14 mA
LCMX02280C 20 mA
lcc Core Power Supply
LCMXO256E 4 mA
LCMXO0640E 6 mA
LCMXO1200E 10 mA
LCMXO02280E 12 mA
LCMXO256E/C 5 mA
| Aucxiliary Power Supply LCMXO640E/C 7 mA
CoAUX Vecaux =33V LCMXO1200E/C 12 mA
LCMX02280E/C 13 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 outputs are tristated, all inputs are configured as LVCMOS and held at V¢ o or GND.
3. Frequency = OMHz.
4. User pattern = blank.
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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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 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)
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Zo =100
VCCIO =25 140 100
158
8mA 1 . C
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EEE— <4—
Emulated
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Note: All resistors are +1%.

The LVDS differential input buffers are available on certain devices in the MachXO family.
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Over Recommended Operating Conditions

Buffer Type \ Description \ -5 \ -4 -3 Units

Input Adjusters

LvDS25* LVDS 0.44 0.53 0.61 ns
BLVDS25* BLVDS 0.44 0.53 0.61 ns
LVPECL33* LVPECL 0.42 0.50 0.59 ns
LVTTL33 LVTTL 0.01 0.01 0.01 ns
LVCMOSS33 LVCMOS 3.3 0.01 0.01 0.01 ns
LVCMOS25 LVCMOS 2.5 0.00 0.00 0.00 ns
LVCMOS18 LVCMOS 1.8 0.07 0.08 0.10 ns
LVCMOS15 LVCMOS 1.5 0.14 0.17 0.19 ns
LVCMOS12 LVCMOS 1.2 0.40 0.48 0.56 ns
PCI33* PCI 0.01 0.01 0.01 ns
Output Adjusters

LVDS25E LVDS25E -0.13 -0.15 -0.18 ns
LvDS25* LVDS 2.5 -0.21 -0.26 -0.30 ns
BLVDS25 BLVDS 2.5 -0.03 -0.03 -0.04 ns
LVPECL33 LVPECL 3.3 0.04 0.04 0.05 ns
LVTTL33_4mA LVTTL 4mA drive 0.04 0.04 0.05 ns
LVTTL33_8mA LVTTL 8mA drive 0.06 0.07 0.08 ns
LVTTL33_12mA LVTTL 12mA drive -0.01 -0.01 -0.01 ns
LVTTL33_16mA LVTTL 16mA drive 0.50 0.60 0.70 ns
LVCMOSS33_4mA LVCMOS 3.3 4mA drive 0.04 0.04 0.05 ns
LVCMOS33_8mA LVCMOS 3.3 8mA drive 0.06 0.07 0.08 ns
LVCMOSS33_12mA LVCMOS 3.3 12mA drive -0.01 -0.01 -0.01 ns
LVCMOSS33_14mA LVCMOS 3.3 14mA drive 0.50 0.60 0.70 ns
LVCMOS25_4mA LVCMOS 2.5 4mA drive 0.05 0.06 0.07 ns
LVCMOS25_8mA LVCMOS 2.5 8mA drive 0.10 0.12 0.13 ns
LVCMOS25_12mA LVCMOS 2.5 12mA drive 0.00 0.00 0.00 ns
LVCMOS25_14mA LVCMOS 2.5 14mA drive 0.34 0.40 0.47 ns
LVCMOS18_4mA LVCMOS 1.8 4mA drive 0.11 0.13 0.15 ns
LVCMOS18_8mA LVCMOS 1.8 8mA drive 0.05 0.06 0.06 ns
LVCMOS18_12mA LVCMOS 1.8 12mA drive -0.06 -0.07 -0.08 ns
LVCMOS18_14mA LVCMOS 1.8 14mA drive 0.06 0.07 0.09 ns
LVCMOS15_4mA LVCMOS 1.5 4mA drive 0.15 0.19 0.22 ns
LVCMOS15_8mA LVCMOS 1.5 8mA drive 0.05 0.06 0.07 ns
LVCMOS12_2mA LVCMOS 1.2 2mA drive 0.26 0.31 0.36 ns
LVCMOS12_6mA LVCMOS 1.2 6mA drive 0.05 0.06 0.07 ns
PCI33* PCI33 1.85 2.22 2.59 ns

1. Timing adders are characterized but not tested on every device.

2. LVCMOS timing is measured with the load specified in Switching Test Conditions table.
3. All other standards tested according to the appropriate specifications.
4. 1/O standard only available in LCMXO1200 and LCMX02280 devices.

Rev. A 0.19
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Power Supply and NC

Signal 100 TQFP! 144 TQFP! 100 csBGA?

VCC LCMX0256/640: 35, 90 21,52, 93, 129 P7,B6
LCMX01200/2280: 17, 35, 66, 91

VCCIOO0 LCMXO0256: 60, 74, 92 LCMX0640: 117, 135 LCMX0256: H14, A14, B5
LCMXO0640: 80, 92 LCMX01200/2280: 135 LCMXO0640: B12, B5
LCMX01200/2280: 94

VCCIO1 LCMX0256: 10, 24, 41 LCMXO0640: 82, 98 LCMX0256: G1, P1, P10
LCMX0640: 60, 74 LCMX01200/2280: 117 LCMXO0640: H14, A14
LCMX01200/2280: 80

VCCIO2 LCMXO0256: None LCMXO0640: 38, 63 LCMXO0256: None
LCMXO0640: 29, 41 LCMX01200/2280: 98 LCMXO0640: P4, P10
LCMX01200/2280: 70

VCCIO3 LCMXO0256: None LCMXO0640: 10, 26 LCMX0256: None
LCMX0640: 10, 24 LCMX01200/2280: 82 LCMX0640: G1, P1
LCMX01200/2280: 56

VCCIO4 LCMX0256/640: None LCMXO0640: None —
LCMX01200/2280: 44 LCMX01200/2280: 63

VCCIO5 LCMX0256/640: None LCMXO0640: None —
LCMX01200/2280: 27 LCMX01200/2280: 38

VCCIO6 LCMX0256/640: None LCMXO0640: None —
LCMX01200/2280: 20 LCMX01200/2280: 26

VCCIO7 LCMX0256/640: None LCMXO0640: None —
LCMX01200/2280: 6 LCMX01200/2280: 10

VCCAUX LCMX0256/640: 88 53, 128 B7
LCMX01200/2280: 36, 90

GND® LCMXO0256: 40, 84, 62, 75, 93, 12, |16, 59, 88, 123, 118, 136, 83, 99, |LCMXO0256: N9, B9, G14, B13,
25,42 37,64, 11,27 A4, H1, N2, N10
LCMXO0640: 40, 84, 81, 93, 62, 75, LCMX0640: N9, B9, A10, A4,
30, 42, 12, 25 G14, B13, N3, N10, H1, N2
LCMX01200/2280: 9, 41, 59, 83,
100, 76, 50, 26

NC* —

wn =

Pin orientation follows the conventional order from pin 1 marking of the top side view and counter-clockwise.
Pin orientation A1 starts from the upper left corner of the top side view with alphabetical order ascending vertically and numerical order ascending horizontally.
All grounds must be electrically connected at the board level. For fpBGA and fiBGA packages, the total number of GND balls is less than the actual number of

GND logic connections from the die to the common package GND plane.

»

NC pins should not be connected to any active signals, VCC or GND.
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a Pinout Information
#ZLATTICE MachXO Family Data Sheet

LCMX0256 and LCMXO0640 Logic Signal Connections: 100 TQFP (Cont.)

LCMX0256 LCMXO0640
Ball Dual Ball Dual
Pin Number| Function Bank Function | Differential | Function Bank Function | Differential

85 PT4B 0 PCLKO_1** C PT6B 0 PCLKO_1**

86 PT4A 0 PCLKO_0** T PT5B 0 PCLKO_0** C
87 PT3D 0 C PT5A 0 T
88 VCCAUX - VCCAUX -

89 PT3C 0 T PT4F 0

90 VCC - VCC -

91 PT3B 0 C PT3F 0

92 VCCIOO0 0 VCCIOO0 0

93 GNDIOO 0 GNDIOO 0

94 PT3A 0 T PT3B 0 C
95 PT2F 0 C PT3A 0 T
96 PT2E 0 T PT2F 0 C
97 PT2D 0 C PT2E 0 T
98 PT2C 0 T PT2B 0 C
99 PT2B 0 C PT2C 0

100 PT2A 0 T PT2A 0 T

* NC for “E” devices.
** Primary clock inputs are single-ended.
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a Pinout Information
#ZLATTICE MachXO Family Data Sheet

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

Ad GNDIOO 0 A4 GNDIOO 0

B4 PT3A 0 T B4 PT3B 0 C
A3 PT2F 0 C A3 PT3A 0 T
B3 PT2E 0 T B3 PT2F 0 C
A2 PT2D 0 C A2 PT2E 0 T
C3 PT2C 0 T C3 PT2B 0 C
A1 PT2B 0 C A1l PT2C 0

B2 PT2A 0 T B2 PT2A 0 T
N9 GND - N9 GND -

B9 GND - B9 GND -

B5 VCCIOO0 0 B5 VCCIOO0 0
Al4 VCCIOO0 0 Al14 VCCIO1 1
H14 VCCIOO0 0 H14 VCCIOf1 1

P10 VCCIO1 1 P10 VCCIO2 2

G1 VCCIO1 1 G1 VCCIO3 3

P1 VCCIO1 1 P1 VCCIO3 3

*NC for “E” devices.
**Primary clock inputs are single-ended.
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:I.LATTICE Pinout Information

MachXO Family Data Sheet

LCMXO0640, LCMX0O1200 and LCMX02280 Logic Signal Connections:
256 caBGA / 256 ftBGA

LCMX0640 LCMX01200 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
GND | GNDIO3 3 GND | GNDIO7 7 GND | GNDIO7 7
VCCIO3 | VCCIO3 3 VCCIO7 | VCCIO7 7 VCCIO7 | VCCIO7 7
E4 NC E4 PL2A 7 T E4 PL2A 7 | LUMO_PLLT_FB_A T
E5 NC E5 PL2B 7 E5 PL2B 7 |LUMO_PLLC_FB_A
F5 NC F5 PL3A 7 T F5 PL3A 7 T™
F6 NC F6 PL3B 7 c* F6 PL3B 7 c*
F3 PL3A 3 T F3 PL3C 7 T F3 PL3C 7 LUMO_PLLT_IN_A
F4 PL3B 3 C F4 PL3D 7 F4 PL3D 7 | LUMO_PLLC_IN_A
E3 PL2C 3 T E3 PL4A 7 T™ E3 PL4A 7 T
E2 PL2D 3 (o] E2 PL4B 7 c* E2 PL4B 7 c*
C3 NC C3 PL4AC 7 T C3 PL4C 7
c2 NC c2 PL4D 7 Cc c2 PL4D 7
B1 PL2A 3 T B1 PL5A 7 T™ B1 PL5A 7 T
C1 PL2B 3 C1 PL5B 7 c* C1 PL5B 7 c*
VCCIO3 | VCCIO3 3 VCCIO7 | VCCIO7 7 VCCIO7 | VCCIO7 7
GND | GNDIO3 3 GND | GNDIO7 7 GND | GNDIO7 7
D2 PL3C 3 T D2 PL5C 7 T D2 PL6C 7 T
D1 PL3D 3 Cc D1 PL5D 7 D1 PL6D 7
F2 PL5A 3 T F2 PL6A 7 T™ F2 PL7A 7 T
G2 PL5B 3 GSRN o] G2 PL6B 7 GSRN c* G2 PL7B 7 GSRN Cc*
E1 PL4A 3 T E1 PL6C 7 T E1 PL7C 7 T
F1 PL4B 3 Cc F1 PL6D 7 F1 PL7D 7
G4 NC G4 PL7A 7 T G4 PL8A 7 T
G5 NC G5 PL7B 7 Cc* G5 PL8B 7 c*
GND GND - GND GND - GND GND -
G3 PLAC 3 T G3 PL7C 7 T G3 PL8C 7
H3 PL4D 3 o] H3 PL7D 7 H3 PL8D 7
H4 NC H4 PL8A 7 T H4 PL9A 7 T
H5 NC H5 PL8B 7 c* H5 PL9B 7 c*
- - VCCIO7 | VCCIO7 7 VCCIO7 | VCCIO7 7
- - GND | GNDIO7 7 GND | GNDIO7 7
G1 PL5C 3 T G1 PL8C 7 T G1 PL10C 7
H1 PL5D 3 o] H1 PL8D 7 H1 PL10D 7
H2 PL6A 3 T H2 PL9A 6 T H2 PL11A 6 T
J2 PL6B 3 Cc J2 PL9B 6 c* J2 PL11B 6 c*
J3 PL7C 3 T J3 PL9C 6 T J3 PL11C 6
K3 PL7D 3 o] K3 PL9D 6 C K3 PL11D 6
J1 PL6C 3 T J1 PL10A 6 T™ J1 PL12A 6 T™
- - VCCIO6 | VCCIO6 6 VCCIO6 | VCCIO6 6
- - GND | GNDIO6 6 GND | GNDIO6 6
K1 PL6D 3 Cc K1 PL10B 6 c* K1 PL12B 6 c*
K2 PL9A 3 T K2 PL10C 6 T K2 PL12C 6 T
L2 PL9B 3 o] L2 PL10D 6 L2 PL12D 6
L1 PL7A 3 T L1 PL11A 6 T™ L1 PL13A 6 T™
M1 PL7B 3 o] M1 PL11B 6 c* M1 PL13B 6 c*
P1 PL8D 3 Cc P1 PL11D 6 P1 PL14D 6
N1 PL8C 3 TSALL T N1 PL11C 6 TSALL T N1 PL14C 6 TSALL T
L3 PL10A 3 T L3 PL12A 6 T L3 PL15A 6 T
M3 PL10B 3 o] M3 PL12B 6 c* M3 PL15B 6 c*
M2 PL9C 3 T M2 PL12C 6 T M2 PL15C 6
N2 PL9D 3 o] N2 PL12D 6 N2 PL15D 6
VCCIO3 | VCCIO3 3 VCCIO6 | VCCIO6 6 VCCIO6 | VCCIO6 6
GND | GNDIO3 3 GND | GNDIO6 6 GND | GNDIO6 6
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a Pinout Information
#ZLATTICE MachXO Family Data Sheet

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
E11 NC E11 PT10D 1 C E11 PT15B 1 C
E10 NC E10 PT10C 1 T E10 PT15A 1 T
D12 PT9D 0 C D12 PT10B 1 C D12 PT14D 1 (o]
D11 PT9C 0 T D11 PT10A 1 T D11 PT14C 1 T
Al4 PT7F 0 C Al14 PTOF 1 C Al4 PT14B 1 C
A13 PT7E 0 T A13 PT9E 1 T A13 PT14A 1 T
c12 PT8B 0 o] C12 PT9D 1 C c12 PT13D 1 C
Ci1 PT8A 0 T C11 PT9C 1 T Ci1 PT13C 1 T
- - VCCIO1 | VCCIO1 1 VCCIO1 | VCCIO1 1
- - GND | GNDIO1 1 GND | GNDIO1 1
B12 PT7B 0 o] B12 PT9B 1 C B12 PT12D 1 C
B11 PT7A 0 T B11 PT9A 1 T B11 PT12C 1 T
A12 PT7D 0 o] A12 PT8F 1 C A12 PT12B 1 C
A1 PT7C 0 T A1 PT8E 1 T A1 PT12A 1 T
GND GND - GND GND - GND GND -
B10 PT5D 0 Cc B10 PT8D 1 Cc B10 PT11B 1 Cc
B9 PT5C 0 T B9 PT8C 1 T B9 PT11A 1 T
D10 PT8D 0 o] D10 PT8B 1 C D10 PT10F 1 C
D9 PT8C 0 T D9 PT8A 1 T D9 PT10E 1 T
- - VCCIO1 | VCCIO1 1 VCCIO1 | VCCIO1 1
- - GND | GNDIO1 1 GND | GNDIO1 1
c10 PT6D 0 C c10 PT7F 1 Cc C10 PT10D 1 Cc
Cc9 PT6C 0 T C9 PT7E 1 T Cc9 PT10C 1 T
A9 PT6B 0 PCLKO_1*** o] A9 PT7D 1 PCLK1_1*** C A9 PT10B 1 PCLK1_1*** C
A10 PT6A 0 T A10 PT7C 1 T A10 PT10A 1 T
E9 PT9B 0 Cc E9 PT7B 1 (o] E9 PT9D 1 (o]
E8 PT9A 0 T E8 PT7A 1 T E8 PT9C 1 T
D7 PT5B 0 PCLKO_0*** C D7 PT6F 0 PCLK1_0*** C D7 PT9B 1 PCLK1_0*** C
D8 PT5A 0 T D8 PT6E 0 T D8 PT9A 1 T
VCCIOO | VCCIO0 0 VCCIOO | VCCIOO0 0 VCCIOO0 | VCCIO0 0
GND | GNDIOO 0 GND | GNDIOO 0 GND | GNDIOO 0
c8 PT4F 0 c8 PT6D 0 c8 PT8D 0
B8 PT4E 0 T B8 PT6C 0 T B8 PT8C 0
A8 VCCAUX - A8 VCCAUX - A8 VCCAUX -
A7 PT4D 0 C A7 PT6B 0 C A7 PT7D 0 C
A6 PT4C 0 A6 PT6A 0 T A6 PT7C 0 T
vCcC VCC - VCC VCC - VCC VCC -
B7 PT4B 0 Cc B7 PT5F 0 (o] B7 PT7B 0 (o]
B6 PT4A 0 T B6 PT5E 0 T B6 PT7A 0 T
C6 PT3C 0 T C6 PT5C 0 T cé PT6A 0 T
Cc7 PT3D 0 o] c7 PT5D 0 C c7 PT6B 0 C
A5 PT3E 0 T A5 PT5A 0 T A5 PT6C 0 T
A4 PT3F 0 C A4 PT5B 0 C A4 PT6D 0 C
E7 NC E7 PT4C 0 T E7 PT6E 0 T
E6 NC E6 PT4D 0 (o] E6 PT6F 0 (o]
B5 PT3B 0 Cc B5 PT3F 0 C B5 PT5D 0 Cc
B4 PT3A 0 T B4 PT3E 0 T B4 PT5C 0 T
D5 PT2D 0 o] D5 PT3D 0 C D5 PT5B 0 C
D6 PT2C 0 T D6 PT3C 0 T D6 PT5A 0 T
C4 PT2E 0 T C4 PT4A 0 T c4 PT4A 0 T
C5 PT2F 0 Cc C5 PT4B 0 (o] C5 PT4B 0 (o]
- - - - - - GND GND -
D4 NC D4 PT2D 0 C D4 PT3D 0 C
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= ATTICE MachXO Family Data Sheet
Ordering Information

June 2013 Data Sheet DS1002
Part Number Description
LCMXO XXXX X=X XXXXXX X XX

Device Family Q —E ES = Engineering Sample
MachXO PLD Blank = Production Device
Grade
Logic Capacity .
256 LUTSs = 256 |C=_| r%%r;rr'i‘:lm'a'
640 LUTs = 640
1200 LUTs = 1200 L Package
2280 LUTs = 2280 T100 = 100-pin TQFP
T144 = 144-pin TQFP
Supplyoltage M100 = 100-ball csBGA
g = :'2\\7 2.5V/3.3V M132 = 132-ball csBGA

B256 = 256-ball caBGA
Note: Parts dual marked as described. FT256 = 256-ball ftBGA
FT324 = 324-ball ftBGA

TN100 = 100-pin Lead-Free TQFP

TN144 = 144-pin Lead-Free TQFP

MN100 = 100-ball Lead-Free csBGA
MN132 = 132-ball Lead-Free csBGA
BN256 = 256-ball Lead-Free caBGA
FTN256 = 256-ball Lead-Free fiBGA
FTN324 = 324-ball Lead-Free ftBGA

Speed
3 = Slowest
4
5 = Fastest

Ordering Information

Note: MachXO devices are dual marked except the slowest commercial speed grade device.pFor example the
commercial speed grade LCMXO640E-4F256C is also marked with industrial grade -3I grade.pThe slowest com-
mercial speed grade does not have industrial markings.p The markings appears as follows:

LCMXO640E
4F256C-3I

Datecode

Dual Mark

© 2012 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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I 1] Ordering Information
#ZLATTICE MachXO Family Data Sheet

Part Number LUTs Supply Voltage 1/0s Grade Package Pins Temp.
LCMXO256E-3T100I 256 1.2V 78 -3 TQFP 100 IND
LCMXO256E-4T100I 256 1.2V 78 -4 TQFP 100 IND
LCMXO256E-3M100I 256 1.2V 78 -3 csBGA 100 IND
LCMXO256E-4M100I 256 1.2V 78 -4 csBGA 100 IND

Part Number LUTs Supply Voltage 1/0s Grade Package Pins Temp.
LCMXO640E-3T100I 640 1.2V 74 -3 TQFP 100 IND
LCMXO640E-4T100I 640 1.2V 74 -4 TQFP 100 IND
LCMXO640E-3M100I 640 1.2V 74 -3 csBGA 100 IND
LCMXO640E-4M100I 640 1.2V 74 -4 csBGA 100 IND
LCMXO640E-3T144| 640 1.2V 113 -3 TQFP 144 IND
LCMXO640E-4T144| 640 1.2V 113 -4 TQFP 144 IND
LCMXO640E-3M132I 640 1.2V 101 -3 csBGA 132 IND
LCMXO640E-4M132| 640 1.2V 101 -4 csBGA 132 IND
LCMXO640E-3B256I 640 1.2V 159 -3 caBGA 256 IND
LCMXO640E-4B256I 640 1.2V 159 -4 caBGA 256 IND
LCMXO640E-3FT256I 640 1.2V 159 -3 fiBGA 256 IND
LCMXO640E-4FT256I 640 1.2V 159 -4 ftBGA 256 IND

Part Number LUTs Supply Voltage 1/0s Grade Package Pins Temp.
LCMXO1200E-3T100I 1200 1.2V 73 -3 TQFP 100 IND
LCMXO1200E-4T100I 1200 1.2V 73 -4 TQFP 100 IND
LCMXO1200E-3T 144l 1200 1.2V 113 -3 TQFP 144 IND
LCMXO1200E-4T144I 1200 1.2V 113 -4 TQFP 144 IND
LCMXO1200E-3M132I 1200 1.2V 101 -3 csBGA 132 IND
LCMXO1200E-4M132I 1200 1.2V 101 -4 csBGA 132 IND
LCMXO1200E-3B256I 1200 1.2V 211 -3 caBGA 256 IND
LCMXO1200E-4B256| 1200 1.2V 211 -4 caBGA 256 IND
LCMXO1200E-3FT256I 1200 1.2V 211 -3 ftBGA 256 IND
LCMXO1200E-4FT256I 1200 1.2V 211 -4 ftBGA 256 IND

Part Number LUTs Supply Voltage I/O0s Grade Package Pins Temp.
LCMX02280E-3T100I 2280 1.2V 73 -3 TQFP 100 IND
LCMX02280E-4T100I 2280 1.2V 73 -4 TQFP 100 IND
LCMXO2280E-3T144I 2280 1.2V 113 -3 TQFP 144 IND
LCMX0O2280E-4T144I 2280 1.2V 113 -4 TQFP 144 IND
LCMX02280E-3M132I 2280 1.2V 101 -3 csBGA 132 IND
LCMX0O2280E-4M132| 2280 1.2V 101 -4 csBGA 132 IND
LCMX0O2280E-3B256I 2280 1.2V 211 -3 caBGA 256 IND
LCMXO2280E-4B256I 2280 1.2V 211 -4 caBGA 256 IND
LCMXO2280E-3FT256I 2280 1.2V 211 -3 ftBGA 256 IND
LCMX02280E-4FT256I 2280 1.2V 211 -4 ftBGA 256 IND
LCMXO2280E-3FT324I 2280 1.2V 271 -3 ftBGA 324 IND
LCMXO2280E-4FT324l 2280 1.2V 271 -4 ftBGA 324 IND
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I 1] Ordering Information
#ZLATTICE MachXO Family Data Sheet

Part Number LUTs Supply Voltage 1/0s Grade Package Pins Temp.
LCMXO1200E-3TN100C 1200 1.2V 73 -3 Lead-Free TQFP 100 COM
LCMXO1200E-4TN100C 1200 1.2V 73 -4 Lead-Free TQFP 100 COM
LCMXO1200E-5TN100C 1200 1.2V 73 -5 Lead-Free TQFP 100 COM
LCMXO1200E-3TN144C 1200 1.2V 113 -3 Lead-Free TQFP 144 COM
LCMXO1200E-4TN144C 1200 1.2V 113 -4 Lead-Free TQFP 144 COM
LCMXO1200E-5TN144C 1200 1.2V 113 -5 Lead-Free TQFP 144 COM
LCMXO1200E-3MN132C 1200 1.2V 101 -3 Lead-Free csBGA| 132 COM
LCMXO1200E-4MN132C 1200 1.2V 101 -4 Lead-Free csBGA 132 COM
LCMXO1200E-5MN132C 1200 1.2V 101 -5 Lead-Free csBGA| 132 COM
LCMXO1200E-3BN256C 1200 1.2V 211 -3 Lead-Free caBGA| 256 COM
LCMXO1200E-4BN256C 1200 1.2V 211 -4 Lead-Free caBGA| 256 COM
LCMXO1200E-5BN256C 1200 1.2V 211 -5 Lead-Free caBGA| 256 COM
LCMXO1200E-3FTN256C 1200 1.2V 211 -3 Lead-Free ftBGA 256 COM
LCMXO1200E-4FTN256C 1200 1.2V 211 -4 Lead-Free ftBGA 256 COM
LCMXO1200E-5FTN256C 1200 1.2V 211 -5 Lead-Free ftBGA 256 COM

Part Number LUTs Supply Voltage I/Os Grade Package Pins Temp.
LCMX02280E-3TN100C 2280 1.2V 73 -3 Lead-Free TQFP 100 COM
LCMXO2280E-4TN100C 2280 1.2V 73 -4 Lead-Free TQFP 100 COoM
LCMX02280E-5TN100C 2280 1.2V 73 -5 Lead-Free TQFP 100 COM
LCMX0O2280E-3TN144C 2280 1.2V 113 -3 Lead-Free TQFP 144 COM
LCMXO02280E-4TN144C 2280 1.2V 113 -4 Lead-Free TQFP 144 COM
LCMXO02280E-5TN144C 2280 1.2V 113 -5 Lead-Free TQFP 144 COM
LCMX02280E-3MN132C 2280 1.2V 101 -3 Lead-Free csBGA| 132 COM
LCMXO02280E-4MN132C 2280 1.2V 101 -4 Lead-Free csBGA 132 COM
LCMX02280E-5MN132C 2280 1.2V 101 -5 Lead-Free csBGA| 132 COM
LCMX02280E-3BN256C 2280 1.2V 211 -3 Lead-Free caBGA| 256 COM
LCMXO02280E-4BN256C 2280 1.2V 211 -4 Lead-Free caBGA| 256 COM
LCMX02280E-5BN256C 2280 1.2V 211 -5 Lead-Free caBGA| 256 COM
LCMX02280E-3FTN256C 2280 1.2V 211 -3 Lead-Free ftBGA 256 COM
LCMXO2280E-4FTN256C 2280 1.2V 211 -4 Lead-Free ftBGA 256 COM
LCMX02280E-5FTN256C 2280 1.2V 211 -5 Lead-Free ftBGA 256 COM
LCMX0O2280E-3FTN324C 2280 1.2V 271 -3 Lead-Free ftBGA 324 COM
LCMXO2280E-4FTN324C 2280 1.2V 271 -4 Lead-Free ftBGA 324 COM
LCMX02280E-5FTN324C 2280 1.2V 271 -5 Lead-Free ftBGA 324 COM
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