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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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Modes of Operation
Each Slice is capable of four modes of operation: Logic, Ripple, RAM, and ROM. The Slice in the PFF is capable of
all modes except RAM. Table 2-2 lists the modes and the capability of the Slice blocks.

Table 2-2. Slice Modes

Logic Ripple RAM ROM
PFU Slice LUT 4x2 or LUT 5x1 2-bit Arithmetic Unit SP 16x2 ROM 16x1 x 2
PFF Slice LUT 4x2 or LUT 5x1 2-bit Arithmetic Unit N/A ROM 16x1 x 2

Logic Mode: In this mode, the LUTs in each Slice are configured as 4-input combinatorial lookup tables (LUT4). A
LUT4 can have 16 possible input combinations. Any logic function with four inputs can be generated by program-
ming this lookup table. Since there are two LUT4s per Slice, a LUT5 can be constructed within one Slice. Larger
lookup tables such as LUT6, LUT7, and LUT8 can be constructed by concatenating other Slices.

Ripple Mode: Ripple mode allows the efficient implementation of small arithmetic functions. In ripple mode, the fol-
lowing functions can be implemented by each Slice:

Addition 2-bit

Subtraction 2-bit

Add/Subtract 2-bit using dynamic control
Up counter 2-bit

Down counter 2-bit

Ripple mode multiplier building block
Comparator functions of A and B inputs
- A greater-than-or-equal-to B

- A not-equal-to B

- A less-than-or-equal-to B

Two additional signals, Carry Generate and Carry Propagate, are generated per Slice in this mode, allowing fast
arithmetic functions to be constructed by concatenating Slices.

RAM Mode: In this mode, distributed RAM can be constructed using each LUT block as a 16x2-bit memory.
Through the combination of LUTs and Slices, a variety of different memories can be constructed.

The ispLEVER design tool supports the creation of a variety of different size memories. Where appropriate, the
software will construct these using distributed memory primitives that represent the capabilities of the PFU.
Table 2-3 shows the number of Slices required to implement different distributed RAM primitives. Figure 2-6 shows
the distributed memory primitive block diagrams. Dual port memories involve the pairing of two Slices. One Slice
functions as the read-write port, while the other companion Slice supports the read-only port. For more information
on RAM mode in MachXO devices, please see details of additional technical documentation at the end of this data
sheet.

Table 2-3. Number of Slices Required For Implementing Distributed RAM

SPR16x2 DPR16x2
Number of Slices 1 2
Note: SPR = Single Port RAM, DPR = Dual Port RAM
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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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Figure 2-18. MachX02280 Banks
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the system. These capabilities make the MachXO ideal for many multiple power supply and hot-swap applica-
tions.

Sleep Mode

The MachXO “C” devices (V¢ = 1.8/2.5/3.3V) have a sleep mode that allows standby current to be reduced dra-
matically during periods of system inactivity. Entry and exit to Sleep mode is controlled by the SLEEPN pin.

During Sleep mode, the logic is non-operational, registers and EBR contents are not maintained, and 1/Os are tri-
stated. Do not enter Sleep mode during device programming or configuration operation. In Sleep mode, power sup-
plies are in their normal operating range, eliminating the need for external switching of power supplies. Table 2-11
compares the characteristics of Normal, Off and Sleep modes.

Table 2-11. Characteristics of Normal, Off and Sleep Modes

Characteristic Normal Off Sleep
SLEEPN Pin High — Low
Static Icc Typical <10mA 0 Typical <100uA
I/O Leakage <10pA <1mA <10pA
Power Supplies VCC/VCCIO/VCCAUX Normal Range 0 Normal Range

Logic Operation

User Defined

Non Operational

Non operational

1/0 Operation

User Defined

Tri-state

Tri-state

JTAG and Programming circuitry

Operational

Non-operational

Non-operational

EBR Contents and Registers

Maintained

Non-maintained

Non-maintained

SLEEPN Pin Characteristics

The SLEEPN pin behaves as an LVCMOS input with the voltage standard appropriate to the VCC supply for the
device. This pin also has a weak pull-up, along with a Schmidt trigger and glitch filter to prevent false triggering. An
external pull-up to VCC is recommended when Sleep Mode is not used to ensure the device stays in normal oper-
ation mode. Typically, the device enters sleep mode several hundred nanoseconds after SLEEPN is held at a valid
low and restarts normal operation as specified in the Sleep Mode Timing table. The AC and DC specifications por-
tion of this data sheet shows a detailed timing diagram.

Oscillator

Every MachXO device has an internal CMOS oscillator. The oscillator can be routed as an input clock to the clock
tree or to general routing resources. The oscillator frequency can be divided by internal logic. There is a dedicated
programming bit to enable/disable the oscillator. The oscillator frequency ranges from 18MHz to 26MHz.

Configuration and Testing

The following section describes the configuration and testing features of the MachXO family of devices.

IEEE 1149.1-Compliant Boundary Scan Testability

All MachXO devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant test access
port (TAP). This allows functional testing of the circuit board, on which the device is mounted, through a serial scan
path that can access all critical logic nodes. Internal registers are linked internally, allowing test data to be shifted in
and loaded directly onto test nodes, or test data to be captured and shifted out for verification. The test access port
consists of dedicated 1/0Os: TDI, TDO, TCK and TMS. The test access port shares its power supply with one of the
VCCIO Banks (MachX0256: Vgio1; MachX0640: Vegioe; MachX01200 and MachX02280: Vegios) and can
operate with LVCMOSS3.3, 2.5, 1.8, 1.5, and 1.2 standards.

For more details on boundary scan test, please see information regarding additional technical documentation at
the end of this data sheet.

2-21



= ATTICE DC and Switching Characteristics

MachXO Family Data Sheet

MachX0256 and MachX0640 Hot Socketing Specifications® >3

Symbol Parameter Condition Min. Typ. Max Units

Ipk Input or I/O leakage Current 0 <V|y £ V4 (MAX) — — +/-1000 HA

1. Insensitive to sequence of Vg Vocaux, and Vegio- However, assumes monotonic rise/fall rates for Voo Vocaux, and Vecio.
2. 0L VCC < VCC (MAX), 0< Vcc|o < Vcc|o (MAX) and0 < VCCAUX < VCCAUX (MAX)
3. IDK is additive to IPU, IPD or IBH'

MachX01200 and MachX02280 Hot Socketing Specifications™ 2?3

Symbol ‘ Parameter ‘ Condition ‘ Min. ‘ Typ. ‘ Max. ‘ Units
Non-LVDS General Purpose syslOs
Ipk ‘Input or I/O Leakage Current ‘0 < VN £ Vi (MAX) ‘ — ‘ — ‘ +/-1000 ‘ HA
LVDS General Purpose syslOs
Ipk LvDS Input or I/O Leakage Current Vin = Vecio — __ +-1000 hA
= Vin > Vecio — 35 — mA

1. Insensitive to sequence of V¢c Vecaux, and Vegio- However, assumes monotonic rise/fall rates for Vo Vecaux, and Vegio.
2. 0 <V < Ve (MAX), 0 < Veeio < Vecio (MAX), and 0 < Vecaux < Vecaux (MAX).
3. IDK is additive to IPU, IPW or IBH'

DC Electrical Characteristics

Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units
0<ViNS(V -0.2v — — 10 A
L ii"*® |Input or I/O Leakage in = Vecio ) a

’ (VCC|O -0.2V) < V|N <3.6V — — 40 MHA

IPU I/0O Active Pull-up Current 0<V|N=0.7Vceio -30 — -150 HA

1=%5) I/0 Active Pull-down Current VL (MAX) < V)\ < Vg (MAX) 30 — 150 MA

IBHLS Bus Hold Low sustaining current |V,y = V|_ (MAX) 30 — — pA

IBHHS Bus Hold High sustaining current |V =0.7Vccio -30 — — HA

IBHLO Bus Hold Low Overdrive current |0 < V)\ < V|4 (MAX) — — 150 HA

IBHHO Bus Hold High Overdrive current |0 < V\ < V)4 (MAX) — — -150 MA

VBHTG Bus Hold trip Points 0 <V|n £ Vg (MAX) VL (MAX) — ViH (MIN) \%
. 2 Veeio = 3.3V, 2.5V, 1.8V, 1.5V, 1.2V, . .

C1 I/O Capacitance Voo = Typ., Vio = 0 1o Vi (MAX) 8 pf
. . 2 Veeio = 3.3V, 2.5V, 1.8V, 1.5V, 1.2V, . .

Cc2 Dedicated Input Capacitance Voo = Typ., Vio = 0 1o Vi (MAX) 8 pf

1. Input or I/O leakage current is measured with the pin configured as an input or as an I/O with the output driver tri-stated. It is not measured
with the output driver active. Bus maintenance circuits are disabled.

. Ta 25°C, f = 1.0MHz

. Please refer to V| _and V) in the syslO Single-Ended DC Electrical Characteristics table of this document.

. Not applicable to SLEEPN pin.

. When V is higher than V¢ 0, a transient current typically of 30ns in duration or less with a peak current of 8mA can occur on the high-to-
low transition. For MachX01200 and MachX02280 true LVDS output pins, V| must be less than or equal to Vg 0.

a b wN

3-2



= LATTICE

DC and Switching Characteristics
MachXO Family Data Sheet

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)

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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MachXO External Switching Characteristics’

Over Recommended Operating Conditions

-5 -4 -3
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
General I/O Pin Parameters (Using Global Clock without PLL)'
LCMX0256 — 3.5 — 4.2 — 4.9 ns
LCMX0640 — 3.5 — 4.2 — 4.9 ns
tPp Best Case tpp Through 1 LUT
LCMXO1200| — 3.6 — 4.4 — 5.1 ns
LCMX02280| — 3.6 — 4.4 — 5.1 ns
LCMX0256 — 4.0 — 4.8 — 5.6 ns
LCMXO640 — 4.0 — 4.8 — 5.7 ns
tco Best Case Clock to Output - From PFU
LCMXO1200| — 4.3 — 5.2 — 6.1 ns
LCMX02280| — 4.3 — 5.2 — 6.1 ns
LCMXO256 1.3 — 1.6 — 1.8 — ns
LCMX0640 11 — 1.3 — 15 — ns
tsu Clock to Data Setup - To PFU
LCMXO1200| 1.1 — 1.3 — 1.6 — ns
LCMX02280| 1.1 — 1.3 — 1.5 — ns
LCMX0O256 | -0.3 — -0.3 — -0.3 — ns
LCMX0640 -0.1 — -0.1 — -0.1 — ns
tH Clock to Data Hold - To PFU
LCMXO1200| 0.0 — 0.0 — 0.0 — ns
LCMX02280| -0.4 — -0.4 — -0.4 — ns
LCMX0O256 — 600 — 550 — 500 | MHz
¢ Clock Fi £ /O and PEU Reqist LCMXO640 — 600 — 550 — 500 | MHz
ock Frequency o an egister
MAX_I0 auency 9T lcMx01200] — | 600 | — | 550 | — | 500 | MHz
LCMX02280| — 600 — 550 — 500 | MHz
LCMXO256 — 200 — 220 — 240 ps
) LCMXO640 — 200 — 220 — 240 ps
tskew pri | Global Clock Skew Across Device
- LCMXO1200| — 220 — 240 — 260 ps
LCMX02280| — 220 — 240 — 260 ps

1. General timing numbers based on LVCMOS2.5V, 12 mA.
Rev. A 0.19
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MachXO Family Timing Adders" 2?3

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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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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LCMX0O1200 and LCMX02280 Logic Signal Connections: 100 TQFP (Cont.)

LCMXO01200 LCMX02280
Pin Ball Dual Ball Dual
Number | Function | Bank Function Differential | Function | Bank Function Differential
42 PB9A 4 T PB12A 4 T
43 PB9B 4 C PB12B 4 C
44 VCCIO4 4 VCCIO4 4
45 PB10A 4 T PB13A 4 T
46 PB10B 4 C PB13B 4 C
47+ SLEEPN - SLEEPN SLEEPN - SLEEPN
48 PB11A 4 T PB16A 4 T
49 PB11B 4 C PB16B 4 C
50** GNDIO3 ) GNDIO3 )
GNDIO4 GNDIO4
51 PR16B 3 PR19B 3
52 PR15B 3 Cc* PR18B 3 c*
53 PR15A 3 T PR18A 3 T
54 PR14B 3 Cc* PR17B 3 C*
55 PR14A 3 T PR17A 3 T
56 VCCIO3 3 VCCIOS 3
57 PR12B 3 Cc* PR15B 3 c*
58 PR12A 3 T PR15A 3 T
59 GND - GND -
60 PR10B 3 Cc* PR13B 3 c*
61 PR10A 3 T PR13A 3 T
62 PR9B 3 Cc* PR11B 3 Cc*
63 PR9A 3 T PR11A 3 T
64 PR8B 2 Cc* PR10B 2 Cc*
65 PR8A 2 T PR10A 2 T
66 VCC - VCC -
67 PR6C 2 PR8C 2
68 PR6B 2 Cc* PR8B 2 Cc*
69 PR6A 2 T PR8A 2 T
70 VCCIO2 2 VCCIO2 2
71 PR4D 2 PR5D 2
72 PR4B 2 c* PR5B 2 c*
73 PR4A 2 T PR5A 2 T
74 PR2B 2 C PR3B 2 Cc*
75 PR2A 2 T PR3A 2 T
76+ GNDIO1 i GNDIO1 )
GNDIO2 GNDIO2
77 PT11C 1 PT15C 1
78 PT11B 1 C PT14B 1 C
79 PT11A 1 T PT14A 1 T
80 VCCIO1 1 VCCIO1 1
81 PTOE 1 PT12D 1 C

4-9



a Pinout Information
#ZLATTICE MachXO Family Data Sheet

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

51 TDI 2 TDI TDI 5 TDI TDI 5 TDI

52 VCC - VCC - VCC -

53 VCCAUX - VCCAUX - VCCAUX -

54 PB5A 2 T PB6F 5 PB8F 5

55 PB5B 2 PCLKT2_1*** C PB7B 4 PCLK4_1*** PB10F 4 PCLK4_1***

56 PB5D 2 PB7C 4 T PB10C 4 T
57 PB6A 2 T PB7D 4 C PB10D 4

58 PB6B 2 PCLKT2_0*** C PB7F 4 PCLK4_0*** PB10B 4 PCLK4_0***

59 GND - GND - GND -

60 PB7C 2 PB9A 4 T PB12A 4 T
61 PB7E 2 PB9B 4 C PB12B 4 C
62 PB8A 2 PB9E 4 PB12E 4

63 VCCIO2 2 VCCIO4 4 VCCIO4 4

64 GNDIO2 2 GNDIO4 4 GNDIO4 4

65 PB8C 2 T PB10A 4 T PB13A 4 T
66 PB8D 2 C PB10B 4 C PB13B 4 C
67 PB9A 2 T PB10C 4 T PB13C 4 T
68 PB9C 2 T PB10D 4 C PB13D 4 C
69 PB9B 2 C PB10F 4 PB14D 4
70" SLEEPN - SLEEPN SLEEPN - SLEEPN SLEEPN - SLEEPN

71 PB9D 2 C PB11C 4 T PB16C 4 T
72 PB9F 2 PB11D 4 (o} PB16D 4 C
73 PR11D 1 C PR16B 3 C PR20B 3 C
74 PR11B 1 C PR16A 3 T PR20A 3 T
75 PR11C 1 T PR15B 3 c* PR19B 3 C
76 PR10D 1 C PR15A 3 T™ PR19A 3 T
77 PR11A 1 T PR14D 3 C PR17D 3 C
78 PR10B 1 C PR14C 3 T PR17C 3 T
79 PR10C 1 T PR14B 3 c* PR17B 3 c*
80 PR10A 1 T PR14A 3 T™ PR17A 3 T™
81 PR9D 1 PR13D 3 PR16D 3

82 VCCIO1 1 VCCIO3 3 VCCIO3 3

83 GNDIO1 1 GNDIO3 3 GNDIO3 3

84 PR9A 1 PR12B 3 c* PR15B 3 c*
85 PR8C 1 PR12A 3 T PR15A 3 T
86 PR8A 1 PR11B 3 c* PR14B 3 c*
87 PR7D 1 PR11A 3 T™ PR14A 3 T
88 GND - GND - GND -

89 PR7B 1 C PR10B 3 c* PR13B 3 Cc*
90 PR7A 1 T PR10A 3 T™ PR13A 3 T
91 PR6D 1 C PR8B 2 c* PR10B 2 c*
92 PR6C 1 T PR8A 2 T™ PR10A 2 T
93 VvCC - VCC - VCC -

94 PR5D 1 PR6B 2 c* PR8B 2 c*
95 PR5B 1 PR6A 2 T™ PR8A 2 T
96 PR4D 1 PR5B 2 c* PR7B 2 c*
97 PR4B 1 C PR5A 2 T PR7A 2 T
98 VCCIO1 1 VCCIO2 2 VCCIO2 2

99 GNDIO1 1 GNDIO2 2 GNDIO2 2

100 PR4A 1 T PR4C 2 PR5C 2
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a Pinout Information
#ZLATTICE MachXO Family Data Sheet

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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a Pinout Information
#ZLATTICE MachXO Family Data Sheet

LCMXO02280 Logic Signal Connections: 324 ftBGA (Cont.)

LCMX02280
Ball Number Ball Function Bank Dual Function Differential
E13 PT16D 1 C
C15 PT16C 1 T
F13 PT16B 1 C
D14 PT16A 1 T
A18 PT15D 1 C
B17 PT15C 1 T
A16 PT15B 1 C
A17 PT15A 1 T
VCC VCC -
D13 PT14D 1 C
F12 PT14C 1 T
Ci14 PT14B 1 C
E12 PT14A 1 T
C13 PT13D 1 C
B16 PT13C 1 T
B15 PT13B 1 C
A15 PT13A 1 T
VCCIO1 VCCIO1 1
GND GNDIO1 1
B14 PT12F 1 C
Al14 PT12E 1 T
D12 PT12D 1 C
F11 PT12C 1 T
B13 PT12B 1 C
A13 PT12A 1 T
Cci12 PT11D 1 C
GND GND -
B12 PT11C 1 T
E11 PT11B 1 C
D11 PT11A 1 T
C11 PT10F 1 C
A12 PT10E 1 T
VCCIO1 VCCIO1 1
GND GNDIO1 1
F10 PT10D 1 C
D10 PT10C 1 T
B11 PT10B 1 PCLK1_1*** C
A11 PT10A 1 T
E10 PT9D 1 C
c10 PTOC 1 T
D9 PT9B 1 PCLK1_0*** C
E9 PTOA 1 T
B10 PT8F 0 C
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a Pinout Information
#ZLATTICE MachXO Family Data Sheet

LCMXO02280 Logic Signal Connections: 324 ftBGA (Cont.)

LCMX02280
Ball Number Ball Function Bank Dual Function Differential
F16 GND -
H10 GND -
H11 GND -
H8 GND -
H9 GND -
J10 GND -
J11 GND -
J4 GND -
J8 GND -
J9 GND -
K10 GND -
K11 GND -
K17 GND -
K8 GND -
K9 GND -
L10 GND -
L11 GND -
L8 GND -
L9 GND -
N2 GND -
P14 GND -
P5 GND -
R7 GND -
F14 VCC -
G11 VCC -
G9 VCC -
H7 VCC -
L7 VCC -
M9 VCC -
H6 VCCIO7 7
J7 VCCIO7 7
M7 VCCIO6 6
K7 VCCIO6 6
M8 VCCIO5 5
R9 VCCIO5 5
M12 VCCIO4 4
M11 VCCIO4 4
L12 VCCIO3 3
K12 VCCIO3 3
J12 VCCIO2 2
H12 VCCIO2 2
G12 VCCIO1 1
G10 VCCIO1 1
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Pinout Information

MachXO Family Data Sheet

LCMXO02280 Logic Signal Connections: 324 ftBGA (Cont.)

LCMX02280
Ball Number Ball Function Bank Dual Function Differential
G8 VCCIOO0 0
G7 VCCIOO0 0

* Supports true LVDS outputs.
** NC for “E” devices.

*** Primary clock inputs are single-ended.
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:I.LATTICE Pinout Information

MachXO Family Data Sheet

Thermal Management

Thermal management is recommended as part of any sound FPGA design methodology. To assess the thermal
characteristics of a system, Lattice specifies a maximum allowable junction temperature in all device data sheets.
Designers must complete a thermal analysis of their specific design to ensure that the device and package do not
exceed the junction temperature limits. Refer to the Thermal Management document to find the device/package
specific thermal values.

For Further Information
For further information regarding Thermal Management, refer to the following:

e Thermal Management document

e TN1090 - Power Estimation and Management for MachXO Devices

* Power Calculator tool included with the Lattice ispLEVER design tool, or as a standalone download from
www.latticesemi.com/software
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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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Revision History
MachXO Family Data Sheet

Date Version Section Change Summary
November 2006 02.3 DC and Switching  [Corrections to MachXO “C” Sleep Mode Timing table - value for
Characteristics twsLeepn (400ns) changed from max. to min. Value for tyawaxe
(100ns) changed from min. to max.
Added Flash Download Time table.
December 2006 02.4 Architecture EBR Asynchronous Reset section added.
Pinout Information  |Power Supply and NC table: Pin/Ball orientation footnotes added.
February 2007 02.5 Architecture Updated EBR Asynchronous Reset section.
August 2007 02.6 DC and Switching  |Updated syslO Single-Ended DC Electrical Characteristics table.
Characteristics
November 2007 02.7 DC and Switching  |Added JTAG Port Timing Waveforms diagram.
Characteristics
Pinout Information  |Added Thermal Management text section.
Supplemental Updated title list.
Information
June 2009 02.8 Introduction Added 0.8-mm 256-pin caBGA package to MachXO Family Selection
Guide table.
Pinout Information  |Added Logic Signal Connections table for 0.8-mm 256-pin caBGA pack-
age.
Ordering Information |Updated Part Number Description diagram and Ordering Part Number
tables with 0.8-mm 256-pin caBGA package information.
July 2010 02.9 DC and Switching  |Updated sysCLOCK PLL Timing table.
Characteristics
June 2013 03.0 All Updated document with new corporate logo.

Architecture

Architecture Overview — Added information on the state of the
register on power up and after configuration.

DC and Switching
Characteristics

MachX01200 and MachX02280 Hot Socketing Specifications table —
Removed footnote 4.

Added MachXO Programming/Erase Specifications table.
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