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Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Number of I/O 211

Number of Gates -

Voltage - Supply 1.71V ~ 3.465V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 256-LBGA

Supplier Device Package 256-FTBGA (17x17)
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Figure 2-6. Distributed Memory Primitives

ROM Mode: The ROM mode uses the same principal as the RAM modes, but without the Write port. Pre-loading is 
accomplished through the programming interface during configuration.

PFU Modes of Operation
Slices can be combined within a PFU to form larger functions. Table 2-4 tabulates these modes and documents the 
functionality possible at the PFU level.

Table 2-4. PFU Modes of Operation

Routing
There are many resources provided in the MachXO devices to route signals individually or as buses with related 
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) seg-
ments. 

The inter-PFU connections are made with three different types of routing resources: x1 (spans two PFUs), x2 
(spans three PFUs) and x6 (spans seven PFUs). The x1, x2, and x6 connections provide fast and efficient connec-
tions in the horizontal and vertical directions.

Logic Ripple RAM ROM

LUT 4x8 or
MUX 2x1 x 8 2-bit Add x 4 SPR16x2 x 4

DPR16x2 x 2 ROM16x1 x 8

LUT 5x4 or
MUX 4x1 x 4 2-bit Sub x 4 SPR16x4 x 2

DPR16x4 x 1 ROM16x2 x 4

LUT 6x 2 or
MUX 8x1 x 2 2-bit Counter x 4 SPR16x8 x 1 ROM16x4 x 2

LUT 7x1 or
MUX 16x1 x 1 2-bit Comp x 4 ROM16x8 x 1
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Figure 2-13. Memory Core Reset

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

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/fMAX (EBR clock).  The reset 
release must adhere to the EBR synchronous reset setup time before the next active read or write clock edge.

If an EBR is pre-loaded during configuration, the GSR input must be disabled or the release of the GSR during 
device Wake Up must occur before the release of the device I/Os becoming active.

These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR sig-
nal is always enabled and the WE and RE signals act like the clock enable signals in Figure 2-14.  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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Figure 2-20. MachXO640 Banks

Figure 2-21. MachXO256 Banks

Hot Socketing
The MachXO devices have been carefully designed to ensure predictable behavior during power-up and power-
down. Leakage into I/O pins is controlled to within specified limits. This allows for easy integration with the rest of 
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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 (VCC = 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 I/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

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 I/Os: TDI, TDO, TCK and TMS. The test access port shares its power supply with one of the 
VCCIO Banks (MachXO256: VCCIO1; MachXO640: VCCIO2; MachXO1200 and MachXO2280: VCCIO5) and can 
operate with LVCMOS3.3, 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.

Characteristic Normal Off Sleep

SLEEPN Pin High — Low

Static Icc Typical <10mA 0 Typical <100uA

I/O Leakage <10µA <1mA <10µA

Power Supplies VCC/VCCIO/VCCAUX Normal Range 0 Normal Range

Logic Operation User Defined Non Operational Non operational

I/O 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
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Figure 2-22. MachXO Configuration and Programming

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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Recommended Operating Conditions1

MachXO Programming/Erase Specifications

Absolute Maximum Ratings1, 2, 3

1. Stress above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional operation of the 
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

2. Compliance with the Lattice Thermal Management document is required.
3. All voltages referenced to GND.

LCMXO E (1.2V) LCMXO C (1.8V/2.5V/3.3V)
Supply Voltage VCC . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to 1.32V . . . . . . . . . . . . . . . -0.5 to 3.75V

Supply Voltage VCCAUX . . . . . . . . . . . . . . . . . . . . . -0.5 to 3.75V . . . . . . . . . . . . . . . -0.5 to 3.75V

Output Supply Voltage VCCIO . . . . . . . . . . . . . . . . -0.5 to 3.75V . . . . . . . . . . . . . . . -0.5 to 3.75V

I/O Tristate Voltage Applied 4 . . . . . . . . . . . . . . . . . -0.5 to 3.75V . . . . . . . . . . . . . . . -0.5 to 3.75V

Dedicated Input Voltage Applied4  . . . . . . . . . . . . . -0.5 to 3.75V . . . . . . . . . . . . . . . -0.5 to 4.25V

Storage Temperature (ambient). . . . . . . . . . . . . . . -65 to 150°C . . . . . . . . . . . . . . . -65 to 150°C

Junction Temp. (Tj) . . . . . . . . . . . . . . . . . . . . . . . . . . +125°C . . . . . . . . . . . . . . . . . . . +125°C

4. Overshoot and undershoot of -2V to (VIHMAX + 2) volts is permitted for a duration of <20ns.

Symbol Parameter Min. Max. Units

VCC
Core Supply Voltage for 1.2V Devices 1.14 1.26 V

Core Supply Voltage for 1.8V/2.5V/3.3V Devices 1.71 3.465 V

VCCAUX
3 Auxiliary Supply Voltage 3.135 3.465 V

VCCIO
2 I/O Driver Supply Voltage 1.14 3.465 V

tJCOM Junction Temperature Commercial Operation 0 +85 oC

tJIND Junction Temperature Industrial Operation -40 100 oC

tJFLASHCOM Junction Temperature, Flash Programming, Commercial 0 +85 oC

tJFLASHIND Junction Temperature, Flash Programming, Industrial -40 100 oC

1. Like power supplies must be tied together. For example, if VCCIO and VCC are both 2.5V, they must also be the same supply. 3.3V VCCIO 
and 1.2V VCCIO should be tied to VCCAUX or 1.2V VCC respectively.

2. See recommended voltages by I/O standard in subsequent table.
3. VCC must reach minimum VCC value before VCCAUX reaches 2.5V.

Symbol Parameter Min. Max. Units

NPROGCYC
Flash Programming Cycles per tRETENTION 1,000 Cycles

Flash Functional Programming Cycles 10,000 Cycles

tRETENTION Data Retention at 125o Junction Temperature 10 Years

MachXO Family Data Sheet
DC and Switching Characteristics
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sysIO Recommended Operating Conditions

sysIO Single-Ended DC Electrical Characteristics

Standard

VCCIO (V)

Min. Typ. Max.

LVCMOS 3.3 3.135 3.3 3.465

LVCMOS 2.5 2.375 2.5 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

PCI3 3.135 3.3 3.465

LVDS1, 2 2.375 2.5 2.625

LVPECL1 3.135 3.3 3.465

BLVDS1 2.375 2.5 2.625

RSDS1 2.375 2.5 2.625

1. Inputs on chip. Outputs are implemented with the addition of external resistors.
2. MachXO1200 and MachXO2280 devices have dedicated LVDS buffers
3. Input on the top bank of the MachXO1200 and MachXO2280 only.

Input/Output
Standard

VIL VIH VOL Max. 
(V)

VOH Min. 
(V)

IOL
1

(mA)
IOH

1

(mA)Min. (V) Max. (V) Min. (V) Max. (V)

LVCMOS 3.3 -0.3 0.8 2.0 3.6
0.4 VCCIO - 0.4 16, 12, 8, 4 -14, -12, -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVTTL -0.3 0.8 2.0 3.6

0.4 2.4 16 -16

0.4 VCCIO - 0.4 12, 8, 4 -12, -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 2.5 -0.3 0.7 1.7 3.6
0.4 VCCIO - 0.4 16, 12, 8, 4 -14, -12, -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.8 -0.3 0.35VCCIO 0.65VCCIO 3.6
0.4 VCCIO - 0.4 16, 12, 8, 4 -14, -12, -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.5 -0.3 0.35VCCIO 0.65VCCIO 3.6
0.4 VCCIO - 0.4 8, 4 -8, -4

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.2
(“C” Version) -0.3 0.42 0.78 3.6

0.4 VCCIO - 0.4 6, 2 -6, -2

0.2 VCCIO - 0.2 0.1 -0.1

LVCMOS 1.2
(“E” Version) -0.3 0.35VCC 0.65VCC 3.6

0.4 VCCIO - 0.4 6, 2 -6, -2

0.2 VCCIO - 0.2 0.1 -0.1

PCI -0.3 0.3VCCIO 0.5VCCIO 3.6 0.1VCCIO 0.9VCCIO 1.5 -0.5

1. The average DC current drawn by I/Os between GND connections, or between the last GND in an I/O 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 I/Os between Bank GND connections or 
between the last GND in a Bank and the end of a Bank.
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Table 3-2. BLVDS DC Conditions1

Over Recommended Operating Conditions

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

Table 3-3. LVPECL DC Conditions1

Over Recommended Operating Conditions

Nominal

Symbol Description Zo = 45 Zo = 90 Units

ZOUT Output impedance 100 100 Ohms

RTLEFT Left end termination 45 90 Ohms

RTRIGHT Right end termination 45 90 Ohms

VOH Output high voltage 1.375 1.48 V

VOL Output low voltage 1.125 1.02 V

VOD Output differential voltage 0.25 0.46 V

VCM Output common mode voltage 1.25 1.25 V

IDC DC output current 11.2 10.2 mA

1. For input buffer, see LVDS table.

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 V

VOL Output low voltage 1.27 V

VOD Output differential voltage 0.76 V

VCM Output common mode voltage 1.65 V

ZBACK Back impedance 85.7 Ohms

IDC DC output current 12.7 mA

1. For input buffer, see LVDS table.

Transmission line, Zo = 100 ohm differential  

100 ohms 

100 ohms 
16mA 

16mA 

100 ohms 

Off-chip On-chip 

VCCIO = 3.3V 

VCCIO = 3.3V + 

- 150 ohms 

On-chip Off-chip 
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sysCLOCK PLL Timing
Over Recommended Operating Conditions

Parameter Descriptions Conditions Min. Max. Units

fIN Input Clock Frequency (CLKI, CLKFB)
 25 420 MHz

Input Divider (M) = 1; 
Feedback Divider (N) <= 45, 6 18 25 MHz

fOUT Output Clock Frequency (CLKOP, CLKOS)  25 420 MHz

fOUT2 K-Divider Output Frequency (CLKOK)  0.195 210 MHz

fVCO PLL VCO Frequency  420 840 MHz

fPFD Phase Detector Input Frequency
 25 — MHz

Input Divider (M) = 1; 
Feedback Divider (N) <= 45, 6 18 25 MHz

AC Characteristics

tDT Output Clock Duty Cycle Default duty cycle selected3 45 55 %

tPH
4 Output Phase Accuracy — 0.05 UI

tOPJIT
1 Output Clock Period Jitter

fOUT >= 100 MHz — +/-120 ps

fOUT < 100 MHz — 0.02 UIPP

tSK Input Clock to Output Clock Skew Divider ratio = integer — +/-200 ps

tW Output Clock Pulse Width At 90% or 10%3 1 — ns

tLOCK
2 PLL Lock-in Time — 150 µs

tPA Programmable Delay Unit 100 450 ps

tIPJIT Input Clock Period Jitter
fOUT  100 MHz — +/-200 ps

fOUT < 100 MHz — 0.02 UI

tFBKDLY External Feedback Delay — 10 ns

tHI Input Clock High Time 90% to 90% 0.5 — ns

tLO Input Clock Low Time 10% to 10% 0.5 — ns

tRST RST Pulse Width 10 — ns

1. Jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clock.
2. Output clock is valid after tLOCK for PLL reset and dynamic delay adjustment.
3. Using LVDS output buffers.
4. CLKOS as compared to CLKOP output.
5. When using an input frequency less than 25 MHz the output frequency must be less than or equal to 4 times the input frequency.
6. The on-chip oscillator can be used to provide reference clock input to the PLL provided the output frequency restriction for clock 

inputs below 25 MHz are followed. 
Rev. A 0.19
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MachXO “C” Sleep Mode Timing

Flash Download Time

JTAG Port Timing Specifications

Symbol Parameter Device Min. Typ. Max Units

tPWRDN SLEEPN Low to Power Down All — — 400 ns

tPWRUP SLEEPN High to Power Up

LCMXO256 — — 400 µs

LCMXO640 — — 600 µs

LCMXO1200 — — 800 µs

LCMXO2280 — — 1000 µs

tWSLEEPN SLEEPN Pulse Width All 400 — — ns

tWAWAKE SLEEPN Pulse Rejection All — — 100 ns

Rev. A 0.19

Symbol Parameter Min. Typ. Max. Units

tREFRESH

Minimum VCC or VCCAUX 
(later of the two supplies) 
to Device I/O Active

LCMXO256 — — 0.4 ms

LCMXO640 — — 0.6 ms

LCMXO1200 — — 0.8 ms

LCMXO2280 — — 1.0 ms

Symbol Parameter Min. Max. Units

fMAX TCK [BSCAN] clock frequency — 25 MHz

tBTCP TCK [BSCAN] clock pulse width 40 — ns

tBTCPH TCK [BSCAN] clock pulse width high 20 — ns

tBTCPL TCK [BSCAN] clock pulse width low 20 — ns

tBTS TCK [BSCAN] setup time 8 — ns

tBTH TCK [BSCAN] hold time 10 — ns

tBTRF TCK [BSCAN] rise/fall time 50 — mV/ns

tBTCO TAP controller falling edge of clock to output valid — 10 ns

tBTCODIS TAP controller falling edge of clock to output disabled — 10 ns

tBTCOEN TAP controller falling edge of clock to output enabled — 10 ns

tBTCRS BSCAN test capture register setup time 8 — ns

tBTCRH BSCAN test capture register hold time 25 — ns

tBUTCO BSCAN test update register, falling edge of clock to output valid — 25 ns

tBTUODIS 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. A 0.19
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82 PT9A 1   PT12C 1  T

83 GND -   GND -   

84 PT8B 1  C PT11B 1  C

85 PT8A 1  T PT11A 1  T

86 PT7D 1 PCLK1_1****  PT10B 1 PCLK1_1****  

87 PT6F 0 PCLK0_0****  PT9B 1 PCLK1_0****  

88 PT6D 0  C PT8F 0  C

89 PT6C 0  T PT8E 0  T

90 VCCAUX -   VCCAUX -   

91 VCC -   VCC -   

92 PT5B 0   PT6D 0   

93 PT4B 0   PT6F 0   

94 VCCIO0 0   VCCIO0 0   

95 PT3D 0  C PT4B 0  C

96 PT3C 0  T PT4A 0  T

97 PT3B 0   PT3B 0   

98 PT2B 0  C PT2B 0  C

99 PT2A 0  T PT2A 0  T

100** GNDIO0
GNDIO7 -   GNDIO0

GNDIO7 -   

*Supports true LVDS outputs.
**Double bonded to the pin.
***NC for "E" devices.
****Primary clock inputs are single-ended.

LCMXO1200 and LCMXO2280 Logic Signal Connections: 100 TQFP (Cont.)

Pin 
Number

LCMXO1200 LCMXO2280

Ball 
Function Bank 

Dual 
Function Differential

Ball 
Function Bank 

Dual 
Function Differential
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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   C

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  C 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  C*

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 VCC -   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   

LCMXO640, LCMXO1200 and LCMXO2280 Logic Signal Connections: 
144 TQFP (Cont.)

Pin
Number

LCMXO640 LCMXO1200 LCMXO2280

Ball 
Function Bank 

Dual 
Function Differential

Ball 
Function Bank

Dual 
Function Differential

Ball 
Function Bank

Dual 
Function Differential
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101 PR3D 1  C PR4B 2  C* PR5B 2  C*

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 PT9F 0  C PT11D 1  C PT16D 1  C

110 PT9D 0  C PT11C 1  T PT16C 1  T

111 PT9E 0  T PT11B 1  C 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 GNDIO0 0   GNDIO1 1   GNDIO1 1   

119 PT8A 0  T PT9F 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 PCLK0_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 PCLK0_0***  PT6F 0 PCLK1_0***  PT9B 1 PCLK1_0***  

128 VCCAUX -   VCCAUX -   VCCAUX -   

129 VCC -   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   VCCIO0 0   VCCIO0 0   

136 GNDIO0 0   GNDIO0 0   GNDIO0 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.

LCMXO640, LCMXO1200 and LCMXO2280 Logic Signal Connections: 
144 TQFP (Cont.)

Pin
Number

LCMXO640 LCMXO1200 LCMXO2280

Ball 
Function Bank 

Dual 
Function Differential

Ball 
Function Bank

Dual 
Function Differential

Ball 
Function Bank

Dual 
Function Differential
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LCMXO640, LCMXO1200 and LCMXO2280 Logic Signal Connections:
256 caBGA / 256 ftBGA 

LCMXO640 LCMXO1200 LCMXO2280

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential

Ball 
Number

Ball 
Function Bank

Dual 
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 LUM0_PLLT_FB_A T

E5 NC    E5 PL2B 7  C E5 PL2B 7 LUM0_PLLC_FB_A C

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 LUM0_PLLT_IN_A T

F4 PL3B 3  C F4 PL3D 7  C F4 PL3D 7 LUM0_PLLC_IN_A C

E3 PL2C 3  T E3 PL4A 7  T* E3 PL4A 7  T*

E2 PL2D 3  C E2 PL4B 7  C* E2 PL4B 7  C*

C3 NC    C3 PL4C 7  T C3 PL4C 7  T

C2 NC    C2 PL4D 7  C C2 PL4D 7  C

B1 PL2A 3  T B1 PL5A 7  T* B1 PL5A 7  T*

C1 PL2B 3  C 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  C D1 PL5D 7  C D1 PL6D 7  C

F2 PL5A 3  T F2 PL6A 7  T* F2 PL7A 7  T*

G2 PL5B 3 GSRN C G2 PL6B 7 GSRN C* G2 PL7B 7 GSRN C*

E1 PL4A 3  T E1 PL6C 7  T E1 PL7C 7  T

F1 PL4B 3  C F1 PL6D 7  C F1 PL7D 7  C

G4 NC    G4 PL7A 7  T* G4 PL8A 7  T*

G5 NC    G5 PL7B 7  C* G5 PL8B 7  C*

GND GND -   GND GND -   GND GND -   

G3 PL4C 3  T G3 PL7C 7  T G3 PL8C 7  T

H3 PL4D 3  C H3 PL7D 7  C H3 PL8D 7  C

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  T

H1 PL5D 3  C H1 PL8D 7  C H1 PL10D 7  C

H2 PL6A 3  T H2 PL9A 6  T* H2 PL11A 6  T*

J2 PL6B 3  C J2 PL9B 6  C* J2 PL11B 6  C*

J3 PL7C 3  T J3 PL9C 6  T J3 PL11C 6  T

K3 PL7D 3  C K3 PL9D 6  C K3 PL11D 6  C

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  C K1 PL10B 6  C* K1 PL12B 6  C*

K2 PL9A 3  T K2 PL10C 6  T K2 PL12C 6  T

L2 PL9B 3  C L2 PL10D 6  C L2 PL12D 6  C

L1 PL7A 3  T L1 PL11A 6  T* L1 PL13A 6  T*

M1 PL7B 3  C M1 PL11B 6  C* M1 PL13B 6  C*

P1 PL8D 3  C P1 PL11D 6  C P1 PL14D 6  C

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  C M3 PL12B 6  C* M3 PL15B 6  C*

M2 PL9C 3  T M2 PL12C 6  T M2 PL15C 6  T

N2 PL9D 3  C N2 PL12D 6  C N2 PL15D 6  C

VCCIO3 VCCIO3 3   VCCIO6 VCCIO6 6   VCCIO6 VCCIO6 6   

GND GNDIO3 3   GND GNDIO6 6   GND GNDIO6 6   
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- -    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  C R10 PB8B 4  C R10 PB11D 4  C

T10 PB7C 2  T T10 PB8C 4  T T10 PB12A 4  T

T11 PB7D 2  C 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  C

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  C R12 PB9B 4  C R12 PB13B 4  C

P11 PB8A 2  T P11 PB9C 4  T P11 PB13C 4  T

P12 PB8B 2  C P12 PB9D 4  C 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  T T14 PB10C 4  T T14 PB15A 4  T

T15 PB9D 2  C T15 PB10D 4  C T15 PB15B 4  C

P13** SLEEPN - SLEEPN  P13** SLEEPN - SLEEPN  P13** SLEEPN - SLEEPN  

P14 PB9F 2   P14 PB10F 4   P14 PB15D 4   

R15 NC    R15 PB11A 4  T R15 PB16A 4  T

R16 NC    R16 PB11B 4  C R16 PB16B 4  C

P15 NC    P15 PB11C 4  T P15 PB16C 4  T

P16 NC    P16 PB11D 4  C P16 PB16D 4  C

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  C M11 PR20B 3  C

L11 NC    L11 PR16A 3  T L11 PR20A 3  T

N12 NC    N12 PR15B 3  C* N12 PR18B 3  C*

N13 NC    N13 PR15A 3  T* N13 PR18A 3  T*

M13 NC    M13 PR14D 3  C M13 PR17D 3  C

M12 NC    M12 PR14C 3  T M12 PR17C 3  T

N14 PR11D 1  C N14 PR14B 3  C* N14 PR17B 3  C*

N15 PR11C 1  T N15 PR14A 3  T* N15 PR17A 3  T*

L13 PR11B 1  C L13 PR13D 3  C L13 PR16D 3  C

L12 PR11A 1  T L12 PR13C 3  T L12 PR16C 3  T

M14 PR10B 1  C 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  C N16 PR12D 3  C N16 PR15D 3  C

M16 PR10C 1  T M16 PR12C 3  T M16 PR15C 3  T

M15 PR9D 1  C M15 PR12B 3  C* M15 PR15B 3  C*

L15 PR9C 1  T L15 PR12A 3  T* L15 PR15A 3  T*

L16 PR9B 1  C L16 PR11D 3  C L16 PR14D 3  C

K16 PR9A 1  T K16 PR11C 3  T K16 PR14C 3  T

K13 PR8D 1  C K13 PR11B 3  C* K13 PR14B 3  C*

LCMXO640, LCMXO1200 and LCMXO2280 Logic Signal Connections:
256 caBGA / 256 ftBGA (Cont.)

LCMXO640 LCMXO1200 LCMXO2280

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential
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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  C

D11 PT9C 0  T D11 PT10A 1  T D11 PT14C 1  T

A14 PT7F 0  C A14 PT9F 1  C A14 PT14B 1  C

A13 PT7E 0  T A13 PT9E 1  T A13 PT14A 1  T

C12 PT8B 0  C C12 PT9D 1  C C12 PT13D 1  C

C11 PT8A 0  T C11 PT9C 1  T C11 PT13C 1  T

- -    VCCIO1 VCCIO1 1   VCCIO1 VCCIO1 1   

- -    GND GNDIO1 1   GND GNDIO1 1   

B12 PT7B 0  C B12 PT9B 1  C B12 PT12D 1  C

B11 PT7A 0  T B11 PT9A 1  T B11 PT12C 1  T

A12 PT7D 0  C A12 PT8F 1  C A12 PT12B 1  C

A11 PT7C 0  T A11 PT8E 1  T A11 PT12A 1  T

GND GND -   GND GND -   GND GND -   

B10 PT5D 0  C B10 PT8D 1  C B10 PT11B 1  C

B9 PT5C 0  T B9 PT8C 1  T B9 PT11A 1  T

D10 PT8D 0  C 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  C C10 PT10D 1  C

C9 PT6C 0  T C9 PT7E 1  T C9 PT10C 1  T

A9 PT6B 0 PCLK0_1*** C 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  C E9 PT7B 1  C E9 PT9D 1  C

E8 PT9A 0  T E8 PT7A 1  T E8 PT9C 1  T

D7 PT5B 0 PCLK0_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

VCCIO0 VCCIO0 0   VCCIO0 VCCIO0 0   VCCIO0 VCCIO0 0   

GND GNDIO0 0   GND GNDIO0 0   GND GNDIO0 0   

C8 PT4F 0  C C8 PT6D 0  C C8 PT8D 0  C

B8 PT4E 0  T B8 PT6C 0  T B8 PT8C 0  T

A8 VCCAUX -   A8 VCCAUX -   A8 VCCAUX -   

A7 PT4D 0  C A7 PT6B 0  C A7 PT7D 0  C

A6 PT4C 0  T A6 PT6A 0  T A6 PT7C 0  T

VCC VCC -   VCC VCC -   VCC VCC -   

B7 PT4B 0  C B7 PT5F 0  C B7 PT7B 0  C

B6 PT4A 0  T B6 PT5E 0  T B6 PT7A 0  T

C6 PT3C 0  T C6 PT5C 0  T C6 PT6A 0  T

C7 PT3D 0  C 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  C E6 PT6F 0  C

B5 PT3B 0  C B5 PT3F 0  C B5 PT5D 0  C

B4 PT3A 0  T B4 PT3E 0  T B4 PT5C 0  T

D5 PT2D 0  C 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  C C5 PT4B 0  C C5 PT4B 0  C

- - -   - - -   GND GND -   

D4 NC    D4 PT2D 0  C D4 PT3D 0  C

LCMXO640, LCMXO1200 and LCMXO2280 Logic Signal Connections:
256 caBGA / 256 ftBGA (Cont.)

LCMXO640 LCMXO1200 LCMXO2280

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential

Ball 
Number

Ball 
Function Bank

Dual 
Function Differential
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J13 PR10C 2  T

M18 PR10B 2  C*

L18 PR10A 2  T*

GND GNDIO2 2   

VCCIO2 VCCIO2 2   

H16 PR9D 2  C

H14 PR9C 2  T

K18 PR9B 2  C*

J18 PR9A 2  T*

J17 PR8D 2  C

VCC VCC -   

H18 PR8C 2  T

H17 PR8B 2  C*

G17 PR8A 2  T*

H13 PR7D 2  C

H15 PR7C 2  T

G18 PR7B 2  C*

F18 PR7A 2  T*

G14 PR6D 2  C

G16 PR6C 2  T

VCCIO2 VCCIO2 2   

GND GNDIO2 2   

E18 PR6B 2  C*

F17 PR6A 2  T*

G13 PR5D 2  C

G15 PR5C 2  T

E17 PR5B 2  C*

E16 PR5A 2  T*

GND GND -   

F15 PR4D 2  C

E15 PR4C 2  T

D17 PR4B 2  C*

D18 PR4A 2  T*

B18 PR3D 2  C

C18 PR3C 2  T

C16 PR3B 2  C*

D16 PR3A 2  T*

C17 PR2B 2  C

D15 PR2A 2  T

VCCIO2 VCCIO2 2   

GND GNDIO2 2   

GND GNDIO1 1   

VCCIO1 VCCIO1 1   

LCMXO2280 Logic Signal Connections: 324 ftBGA (Cont.)
LCMXO2280

Ball Number Ball Function Bank Dual Function Differential
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G8 VCCIO0 0   

G7 VCCIO0 0   

* Supports true LVDS outputs.
** NC for “E” devices.
*** Primary clock inputs are single-ended.

LCMXO2280 Logic Signal Connections: 324 ftBGA (Cont.)
LCMXO2280

Ball Number Ball Function Bank Dual Function Differential
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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:

• Thermal Management document

• 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

www.latticesemi.com/dynamic/view_document.cfm?document_id=210
www.latticesemi.com/dynamic/view_document.cfm?document_id=9919
http://www.latticesemi.com/products/designsoftware/index.cfm
www.latticesemi.com/dynamic/view_document.cfm?document_id=210
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Hot Socketing section updated.

Sleep Mode section updated.

SLEEP Pin Characteristics section updated.

Oscillator section updated.

Security section updated.

DC and Switching 
Characteristics

Recommended Operating Conditions table updated.
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Supply Current (Sleep Mode) table added with LCMXO256/640 data.

Supply Current (Standby) table updated with LCMXO256/640 data.

Initialization Supply Current table updated with LCMXO256/640 data.
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LCMXO256/640 data.

Register-to-Register Performance table updated (rev. A 0.16).
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Family Timing Adders updated (rev. A 0.16).

sysCLOCK Timingupdated (rev. A 0.16).

MachXO "C" Sleep Mode Timing updated (A 0.16). 
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Pinout Information SLEEPIN description updated.

Pin Information Summary updated.
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Logic Signal Connection section has been updated to include all 
devices/packages.

Ordering Information Part Number Description section has been updated.
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MachXO Density Migration Technical Note (TN1097) added.
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