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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.

Details

Product Status Active

Number of LABs/CLBs 264

Number of Logic Elements/Cells 2112

Total RAM Bits 75776

Number of I/O 268

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 324-VFBGA

Supplier Device Package 324-CSFBGA (10x10)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/lcmxo3l-2100e-6mg324c

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong
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This phase shift can be either programmed during configuration or can be adjusted dynamically. In dynamic mode, 
the PLL may lose lock after a phase adjustment on the output used as the feedback source and not relock until the 
tLOCK parameter has been satisfied. 

The MachXO3L/LF also has a feature that allows the user to select between two different reference clock sources 
dynamically. This feature is implemented using the PLLREFCS primitive. The timing parameters for the PLL are 
shown in the sysCLOCK PLL Timing table.

The MachXO3L/LF PLL contains a WISHBONE port feature that allows the PLL settings, including divider values, 
to be dynamically changed from the user logic. When using this feature the EFB block must also be instantiated in 
the design to allow access to the WISHBONE ports. Similar to the dynamic phase adjustment, when PLL settings 
are updated through the WISHBONE port the PLL may lose lock and not relock until the tLOCK parameter has been 
satisfied. The timing parameters for the PLL are shown in the sysCLOCK PLL Timing table.

For more details on the PLL and the WISHBONE interface, see TN1282, MachXO3 sysCLOCK PLL Design and 
Usage Guide. 

Figure 2-7. PLL Diagram

Table 2-4 provides signal descriptions of the PLL block.

Table 2-4. PLL Signal Descriptions 

Port Name I/O Description

CLKI I Input clock to PLL

CLKFB I Feedback clock

PHASESEL[1:0] I Select which output is affected by Dynamic Phase adjustment ports

PHASEDIR I Dynamic Phase adjustment direction

PHASESTEP I Dynamic Phase step – toggle shifts VCO phase adjust by one step.
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http://www.latticesemi.com/view_document?document_id=50124
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Figure 2-8. sysMEM Memory Primitives

DI[17:0]

CLKW

WE

FIFO RAM

DO[17:0]

RST

FULLI

AFF
FF
AEF
EF

CLKR
RE

CSR[1:0]

ORE

RPRST

CSW[1:0] EMPTYI

ROM

DO[17:0]

AD[12:0]

CLK
CE

RST

CS[2:0]

OCEEBR EBR

AD[12:0]
DI[8:0]

DO[8:0]

CLK
CE

RST
WE

CS[2:0]

OCE

Single-Port RAM

ADA[12:0]

DIA[8:0]

CLKA
CEA

RSTA
WEA

CSA[2:0]

DOA[8:0]
OCEA

ADB[12:0]

DI[8:0]

CLKB
CEB

RSTB
WEB
CSB[2:0]

DOB[8:0]
OCEB

True Dual Port RAM

ADW[8:0]
DI[17:0]

CLKW
CEW
RST

CSW[2:0]

ADR[12:0]

CLKR

CER

DO[17:0]

CSR[2:0]

OCER

BE[1:0]

Pseudo Dual Port RAM

EBREBREBR



2-18

Architecture
MachXO3 Family Data Sheet

Output Register Block 
The output register block registers signals from the core of the device before they are passed to the sysIO buffers. 

Left, Top, Bottom Edges
In SDR mode, D0 feeds one of the flip-flops that then feeds the output. The flip-flop can be configured as a D-type 
register or latch. 

In DDR generic mode, D0 and D1 inputs are fed into registers on the positive edge of the clock. At the next falling 
edge the registered D1 input is registered into the register Q1. A multiplexer running off the same clock is used to 
switch the mux between the outputs of registers Q0 and Q1 that will then feed the output.

Figure 2-12 shows the output register block on the left, top and bottom edges.

Figure 2-12. MachXO3L/LF Output Register Block Diagram (PIO on the Left, Top and Bottom Edges)

Tri-state Register Block 
The tri-state register block registers tri-state control signals from the core of the device before they are passed to 
the sysIO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one of the flip-flops that 
then feeds the output. 
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Output Gearbox 
Each PIC on the top edge has a built-in 8:1 output gearbox. Each of these output gearboxes may be programmed 
as a 7:1 serializer or as one ODDRX4 (8:1) gearbox or as two ODDRX2 (4:1) gearboxes. Table 2-10 shows the 
gearbox signals.

Table 2-10. Output Gearbox Signal List

The gearboxes have three stage pipeline registers. The first stage registers sample the low-speed input data on the 
low-speed system clock. The second stage registers transfer data from the low-speed clock registers to the high-
speed clock registers. The third stage pipeline registers controlled by high-speed edge clock shift and mux the 
high-speed data out to the sysIO buffer. Figure 2-14 shows the output gearbox block diagram.

Name I/O Type Description

Q Output High-speed data output

D[7:0] Input Low-speed data from device core

Video TX(7:1): D[6:0] 

GDDRX4(8:1): D[7:0]

GDDRX2(4:1)(IOL-A): D[3:0] 

GDDRX2(4:1)(IOL-C): D[7:4] 

SCLK Input Slow-speed system clock 

ECLK [1:0] Input High-speed edge clock

RST Input Reset 
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Hot Socketing
The MachXO3L/LF 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 the system. These capabilities make the MachXO3L/LF ideal for many multiple power supply and hot-swap 
applications.

On-chip Oscillator
Every MachXO3L/LF device has an internal CMOS oscillator. The oscillator output can be routed as a clock to the 
clock tree or as a reference clock to the sysCLOCK PLL using general routing resources. The oscillator frequency 
can be divided by internal logic. There is a dedicated programming bit and a user input to enable/disable the oscil-
lator. The oscillator frequency ranges from 2.08 MHz to 133 MHz. The software default value of the Master Clock 
(MCLK) is nominally 2.08 MHz. When a different MCLK is selected during the design process, the following 
sequence takes place: 

1. Device powers up with a nominal MCLK frequency of 2.08 MHz. 

2. During configuration, users select a different master clock frequency. 

3. The MCLK frequency changes to the selected frequency once the clock configuration bits are received. 

4. If the user does not select a master clock frequency, then the configuration bitstream defaults to the MCLK fre-
quency of 2.08 MHz.

Table 2-13 lists all the available MCLK frequencies.

Table 2-13. Available MCLK Frequencies

MCLK (MHz, Nominal) MCLK (MHz, Nominal) MCLK (MHz, Nominal)

2.08 (default) 9.17 33.25

2.46 10.23 38

3.17 13.3 44.33

4.29 14.78 53.2

5.54 20.46 66.5

7 26.6 88.67

8.31 29.56 133
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DC Electrical Characteristics
Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. Units

IIL, IIH
1, 4 Input or I/O Leakage

Clamp OFF and VCCIO < VIN < VIH (MAX) — — +175 µA

Clamp OFF and VIN = VCCIO –10 — 10 µA

Clamp OFF and VCCIO - 0.97 V < VIN < 
VCCIO

–175 — — µA

Clamp OFF and 0 V < VIN < VCCIO - 0.97 V — — 10 µA

Clamp OFF and VIN = GND — — 10 µA

Clamp ON and 0 V < VIN < VCCIO — — 10 µA

IPU I/O Active Pull-up Current 0 < VIN < 0.7 VCCIO –30 — –309 µA

IPD
I/O Active Pull-down 
Current VIL (MAX) < VIN < VCCIO 30 — 305 µA

IBHLS
Bus Hold Low sustaining 
current VIN = VIL (MAX) 30 — — µA

IBHHS
Bus Hold High sustaining 
current VIN = 0.7VCCIO –30 — — µA

IBHLO
Bus Hold Low Overdrive 
current 0  VIN VCCIO — — 305 µA

IBHHO
Bus Hold High Overdrive 
current 0  VIN VCCIO — — –309 µA

VBHT
3 Bus Hold Trip Points VIL 

(MAX) — VIH 
(MIN) V

C1 I/O Capacitance2 VCCIO = 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V,
VCC = Typ., VIO = 0 to VIH (MAX) 3 5 9 pf

C2 Dedicated Input 
Capacitance2

VCCIO = 3.3 V, 2.5 V, 1.8 V, 1.5 V, 1.2 V,
VCC = Typ., VIO = 0 to VIH (MAX) 3 5.5 7 pf

VHYST
Hysteresis for Schmitt 
Trigger Inputs5

VCCIO = 3.3 V, Hysteresis = Large — 450 — mV

VCCIO = 2.5 V, Hysteresis = Large — 250 — mV

VCCIO = 1.8 V, Hysteresis = Large — 125 — mV

VCCIO = 1.5 V, Hysteresis = Large — 100 — mV

VCCIO = 3.3 V, Hysteresis = Small — 250 — mV

VCCIO = 2.5 V, Hysteresis = Small — 150 — mV

VCCIO = 1.8 V, Hysteresis = Small — 60 — mV

VCCIO = 1.5 V, Hysteresis = Small — 40 — mV

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.

2. TA 25 °C, f = 1.0 MHz.
3. Please refer to VIL and VIH in the sysIO Single-Ended DC Electrical Characteristics table of this document.
4. When VIH is higher than VCCIO, a transient current typically of 30 ns in duration or less with a peak current of 6mA can occur on the high-to-

low transition. For true LVDS output pins in MachXO3L/LF devices, VIH must be less than or equal to VCCIO.
5. With bus keeper circuit turned on. For more details, refer to TN1280, MachXO3 sysIO Usage Guide.

http://www.latticesemi.com/view_document?document_id=50125
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Programming and Erase Supply Current – C/E Devices1, 2, 3, 4 

Symbol Parameter Device Typ.4 Units

ICC Core Power Supply LCMXO3L/LF-1300C 256 Ball Package 22.1 mA

LCMXO3L/LF-2100C 22.1 mA

LCMXO3L/LF-2100C 324 Ball Package 26.8 mA

LCMXO3L/LF-4300C 26.8 mA

LCMXO3L/LF-4300C 400 Ball Package 33.2 mA

LCMXO3L/LF-6900C 33.2 mA

LCMXO3L/LF-9400C 39.6 mA

LCMXO3L/LF-640E 17.7 mA

LCMXO3L/LF-1300E 17.7 mA

LCMXO3L/LF-1300E 256 Ball Package 18.3 mA

LCMXO3L/LF-2100E 18.3 mA

LCMXO3L/LF-2100E 324 Ball Package 20.4 mA

LCMXO3L/LF-4300E 20.4 mA

LCMXO3L/LF-6900E 23.9 mA

LCMXO3L/LF-9400E 28.5 mA

ICCIO Bank Power Supply5 
VCCIO = 2.5 V

All devices 0 mA

1. For further information on supply current, please refer to TN1289, Power Estimation and Management for MachXO3 Devices.
2. Assumes all inputs are held at VCCIO or GND and all outputs are tri-stated.
3. Typical user pattern.
4. JTAG programming is at 25 MHz.
5. TJ = 25 °C, power supplies at nominal voltage.
6. Per bank. VCCIO = 2.5 V. Does not include pull-up/pull-down.

www.latticesemi.com/dynamic/view_document.cfm?document_id=50513
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BLVDS
The MachXO3L/LF family supports the BLVDS standard through emulation. The output is emulated using comple-
mentary LVCMOS outputs in conjunction with resistors across the driver outputs. The input standard is supported 
by the LVDS differential input buffer. BLVDS is intended for use when multi-drop and bi-directional multi-point differ-
ential signaling is required. The scheme shown in Figure 3-2 is one possible solution for bi-directional multi-point 
differential signals.

Figure 3-2. BLVDS Multi-point Output Example

Table 3-2. BLVDS DC Conditions1

Over Recommended Operating Conditions

Symbol Description

Nominal

UnitsZo = 45 Zo = 90

ZOUT Output impedance 20 20 Ohms

RS Driver series resistance 80 80 Ohms

RTLEFT Left end termination 45 90 Ohms

RTRIGHT Right end termination 45 90 Ohms

VOH Output high voltage 1.376 1.480 V

VOL Output low voltage 1.124 1.020 V

VOD Output differential voltage 0.253 0.459 V

VCM Output common mode voltage 1.250 1.250 V

IDC DC output current 11.236 10.204 mA

1. For input buffer, see LVDS table.

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

2.5 V
80

80

80808080

45-90 Ohms 45-90 Ohms

80
2.5V

2.5 V

2.5 V 2.5 V 2.5 V 2.5 V

2.5 V

+ 
–

. .  . . .  . 
+ 
–

+ –

16 mA

16 mA 16 mA 16 mA 16 mA

16 mA

16 mA16 mA

+ –
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Typical Building Block Function Performance – C/E Devices1

Pin-to-Pin Performance (LVCMOS25 12 mA Drive)

Register-to-Register Performance

Derating Logic Timing
Logic timing provided in the following sections of the data sheet and the Lattice design tools are worst case num-
bers in the operating range. Actual delays may be much faster. Lattice design tools can provide logic timing num-
bers at a particular temperature and voltage.

 Function –6 Timing Units

Basic Functions

16-bit decoder 8.9 ns

4:1 MUX 7.5 ns

16:1 MUX 8.3 ns

 Function –6 Timing Units

Basic Functions

16:1 MUX 412 MHz

16-bit adder 297 MHz

16-bit counter 324 MHz

64-bit counter 161 MHz

Embedded Memory Functions

1024x9 True-Dual Port RAM 
(Write Through or Normal, EBR output registers) 183 MHz

Distributed Memory Functions

16x4 Pseudo-Dual Port RAM (one PFU) 500 MHz

1. The above timing numbers are generated using the Diamond design tool. Exact performance may vary 
with device and tool version. The tool uses internal parameters that have been characterized but are not 
tested on every device. Commercial timing numbers are shown at 85 °C and 1.14 V. Other operating con-
ditions, including industrial, can be extracted from the Diamond software.
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Maximum sysIO Buffer Performance
I/O Standard Max. Speed Units

MIPI 450 MHz

LVDS25 400 MHz

LVDS25E 150 MHz

BLVDS25 150 MHz

BLVDS25E 150 MHz

MLVDS25 150 MHz

MLVDS25E 150 MHz

LVPECL33 150 MHz

LVPECL33E 150 MHz

LVTTL33 150 MHz

LVTTL33D 150 MHz

LVCMOS33 150 MHz

LVCMOS33D 150 MHz

LVCMOS25 150 MHz

LVCMOS25D 150 MHz

LVCMOS18 150 MHz

LVCMOS18D 150 MHz

LVCMOS15 150 MHz

LVCMOS15D 150 MHz

LVCMOS12 91 MHz

LVCMOS12D 91 MHz
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MachXO3L/LF External Switching Characteristics – C/E Devices1, 2, 3, 4, 5, 6, 10

Over Recommended Operating Conditions

Parameter Description Device

–6 –5

UnitsMin. Max. Min. Max.

Clocks

Primary Clocks

fMAX_PRI
7 Frequency for Primary Clock Tree All MachXO3L/LF devices — 388 — 323 MHz

tW_PRI Clock Pulse Width for Primary Clock All MachXO3L/LF devices 0.5 — 0.6 — ns

tSKEW_PRI Primary Clock Skew Within a Device

MachXO3L/LF-1300 — 867 — 897 ps

MachXO3L/LF-2100 — 867 — 897 ps

MachXO3L/LF-4300 — 865 — 892 ps

MachXO3L/LF-6900 — 902 — 942 ps

MachXO3L/LF-9400 — 908 — 950 ps

Edge Clock

fMAX_EDGE
7 Frequency for Edge Clock MachXO3L/LF — 400 — 333 MHz

Pin-LUT-Pin Propagation Delay

tPD
Best case propagation delay through one 
LUT-4 All MachXO3L/LF devices — 6.72 — 6.96 ns

General I/O Pin Parameters (Using Primary Clock without PLL)

tCO Clock to Output - PIO Output Register

MachXO3L/LF-1300 — 7.46 — 7.66 ns

MachXO3L/LF-2100 — 7.46 — 7.66 ns

MachXO3L/LF-4300 — 7.51 — 7.71 ns

MachXO3L/LF-6900 — 7.54 — 7.75 ns

MachXO3L/LF-9400 — 7.53 — 7.83 ns

tSU Clock to Data Setup - PIO Input Register

MachXO3L/LF-1300 –0.20 — –0.20 — ns

MachXO3L/LF-2100 –0.20 — –0.20 — ns

MachXO3L/LF-4300 –0.23 — –0.23 — ns

MachXO3L/LF-6900 –0.23 — –0.23 — ns

MachXO3L/LF-9400 –0.24 — –0.24 — ns

tH Clock to Data Hold - PIO Input Register

MachXO3L/LF-1300 1.89 — 2.13 — ns

MachXO3L/LF-2100 1.89 — 2.13 — ns

MachXO3L/LF-4300 1.94 — 2.18 — ns

MachXO3L/LF-6900 1.98 — 2.23 — ns

MachXO3L/LF-9400 1.99 — 2.24 — ns

tSU_DEL
Clock to Data Setup - PIO Input Register 
with Data Input Delay

MachXO3L/LF-1300 1.61 — 1.76 — ns

MachXO3L/LF-2100 1.61 — 1.76 — ns

MachXO3L/LF-4300 1.66 — 1.81 — ns

MachXO3L/LF-6900 1.53 — 1.67 — ns

MachXO3L/LF-9400 1.65 — 1.80 — ns

tH_DEL
Clock to Data Hold - PIO Input Register with 
Input Data Delay

MachXO3L/LF-1300 –0.23 — –0.23 — ns

MachXO3L/LF-2100 –0.23 — –0.23 — ns

MachXO3L/LF-4300 –0.25 — –0.25 — ns

MachXO3L/LF-6900 –0.21 — –0.21 — ns

MachXO3L/LF-9400 –0.24 — –0.24 — ns

fMAX_IO Clock Frequency of I/O and PFU Register All MachXO3L/LF devices — 388 — 323 MHz
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Figure 3-6. Receiver GDDR71_RX. Waveforms

Figure 3-7. Transmitter GDDR71_TX. Waveforms
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I2C Port Timing Specifications1, 2

SPI Port Timing Specifications1

Switching Test Conditions
Figure 3-9 shows the output test load used for AC testing. The specific values for resistance, capacitance, voltage, 
and other test conditions are shown in Table 3-6.

Figure 3-9. Output Test Load, LVTTL and LVCMOS Standards

Table 3-6. Test Fixture Required Components, Non-Terminated Interfaces

Note: Output test conditions for all other interfaces are determined by the respective standards.

Symbol Parameter Min. Max. Units

fMAX Maximum SCL clock frequency — 400 kHz

1. MachXO3L/LF supports the following modes:
• Standard-mode (Sm), with a bit rate up to 100 kbit/s (user and configuration mode)
• Fast-mode (Fm), with a bit rate up to 400 kbit/s (user and configuration mode)

2. Refer to the I2C specification for timing requirements.

Symbol Parameter Min. Max. Units

fMAX Maximum SCK clock frequency — 45 MHz

1. Applies to user mode only. For configuration mode timing specifications, refer to sysCONFIG Port Timing Specifications 
table in this data sheet.

Test Condition R1 CL Timing Ref. VT

LVTTL and LVCMOS settings (L -> H, H -> L)  0pF

LVTTL, LVCMOS 3.3 = 1.5 V —

LVCMOS 2.5 = VCCIO/2 —

LVCMOS 1.8 = VCCIO/2 —

LVCMOS 1.5 = VCCIO/2 —

LVCMOS 1.2 = VCCIO/2 —

LVTTL and LVCMOS 3.3 (Z -> H)

188 0pF

1.5 VOL

LVTTL and LVCMOS 3.3 (Z -> L) 1.5 VOH

Other LVCMOS (Z -> H) VCCIO/2 VOL

Other LVCMOS (Z -> L) VCCIO/2 VOH

LVTTL + LVCMOS (H -> Z) VOH - 0.15 VOL

LVTTL + LVCMOS (L -> Z) VOL - 0.15 VOH

DUT   

V T 

R1   

CL   

Test Poi n t
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Signal Descriptions 
Signal Name I/O Descriptions

General Purpose

P[Edge] [Row/Column 
Number]_[A/B/C/D] I/O

[Edge] indicates the edge of the device on which the pad is located. Valid edge designations 
are L (Left), B (Bottom), R (Right), T (Top). 

[Row/Column Number] indicates the PFU row or the column of the device on which the PIO 
Group exists. When Edge is T (Top) or (Bottom), only need to specify Row Number. When 
Edge is L (Left) or R (Right), only need to specify Column Number. 

[A/B/C/D] indicates the PIO within the group to which the pad is connected. 

Some of these user-programmable pins are shared with special function pins. When not used 
as special function pins, these pins can be programmed as I/Os for user logic. 

During configuration of the user-programmable I/Os, the user has an option to tri-state the 
I/Os and enable an internal pull-up, pull-down or buskeeper resistor. This option also applies 
to unused pins (or those not bonded to a package pin). The default during configuration is for 
user-programmable I/Os to be tri-stated with an internal pull-down resistor enabled. When the 
device is erased, I/Os will be tri-stated with an internal pull-down resistor enabled. Some pins, 
such as PROGRAMN and JTAG pins, default to tri-stated I/Os with pull-up resistors enabled 
when the device is erased. 

NC — No connect.

GND — GND – Ground. Dedicated pins. It is recommended that all GNDs are tied together.

VCC — VCC – The power supply pins for core logic. Dedicated pins. It is recommended that all VCCs 
are tied to the same supply.

VCCIOx — VCCIO – The power supply pins for I/O Bank x. Dedicated pins. It is recommended that all 
VCCIOs located in the same bank are tied to the same supply.

PLL and Clock Functions (Used as user-programmable I/O pins when not used for PLL or clock pins)

[LOC]_GPLL[T, C]_IN — Reference Clock (PLL) input pads: [LOC] indicates location. Valid designations are L (Left 
PLL) and R (Right PLL). T = true and C = complement.

[LOC]_GPLL[T, C]_FB — Optional Feedback (PLL) input pads: [LOC] indicates location. Valid designations are L (Left 
PLL) and R (Right PLL). T = true and C = complement.

PCLK [n]_[2:0] — Primary Clock pads. One to three clock pads per side. 

Test and Programming (Dual function pins used for test access port and during sysCONFIG™)

TMS I Test Mode Select input pin, used to control the 1149.1 state machine. 

TCK I Test Clock input pin, used to clock the 1149.1 state machine.

TDI I Test Data input pin, used to load data into the device using an 1149.1 state machine. 

TDO O Output pin – Test Data output pin used to shift data out of the device using 1149.1.

JTAGENB I

Optionally controls behavior of TDI, TDO, TMS, TCK. If the device is configured to use the 
JTAG pins (TDI, TDO, TMS, TCK) as general purpose I/O, then:

If JTAGENB is low: TDI, TDO, TMS and TCK can function a general purpose I/O.

If JTAGENB is high: TDI, TDO, TMS and TCK function as JTAG pins. 

For more details, refer to TN1279, MachXO3 Programming and Configuration Usage Guide.

MachXO3 Family Data Sheet
Pinout Information

http://www.latticesemi.com/view_document?document_id=50123
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MachXO3L/LF-4300

WLCSP81 CSFBGA121 CSFBGA256 CSFBGA324 CABGA256 CABGA324 CABGA400

General Purpose IO per Bank

Bank 0 29 24 50 71 50 71 83

Bank 1 0 26 52 62 52 68 84

Bank 2 20 26 52 72 52 72 84

Bank 3 7 7 16 22 16 24 28

Bank 4 0 7 16 14 16 16 24

Bank 5 7 10 20 27 20 28 32

Total General Purpose 
Single Ended IO

63 100 206 268 206 279 335

Differential IO per Bank

Bank 0 15 12 25 36 25 36 42

Bank 1 0 13 26 30 26 34 42

Bank 2 10 13 26 36 26 36 42

Bank 3 3 3 8 10 8 12 14

Bank 4 0 3 8 6 8 8 12

Bank 5 3 5 10 13 10 14 16

Total General Purpose 
Differential IO

31 49 103 131 103 140 168

Dual Function IO 25 37 37 37 37 37 37

Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 10 7 18 18 18 18 21

Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 10 13 18 18 18 18 21

High-speed Differential Outputs

Bank 0 10 7 18 18 18 18 21

VCCIO Pins

Bank 0 3 1 4 4 4 4 5

Bank 1 0 1 3 4 4 4 5

Bank 2 2 1 4 4 4 4 5

Bank 3 1 1 2 2 1 2 2

Bank 4 0 1 2 2 2 2 2

Bank 5 1 1 2 2 1 2 2

VCC 4 4 8 8 8 10 10

GND 6 10 24 16 24 16 33

NC 0 0 0 13 1 0 0

Reserved for Configuration 1 1 1 1 1 1 1

Total Count of Bonded Pins 81 121 256 324 256 324 400
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MachXO3L/LF-9400C

CSFBGA256 CABGA256 CABGA400 CABGA484

General Purpose IO per Bank

Bank 0 50 50 83 95

Bank 1 52 52 84 96

Bank 2 52 52 84 96

Bank 3 16 16 28 36

Bank 4 16 16 24 24

Bank 5 20 20 32 36

Total General Purpose Single Ended IO 206 206 335 383

Differential IO per Bank

Bank 0 25 25 42 48

Bank 1 26 26 42 48

Bank 2 26 26 42 48

Bank 3 8 8 14 18

Bank 4 8 8 12 12

Bank 5 10 10 16 18

Total General Purpose Differential IO 103 103 168 192

Dual Function IO 37 37 37 45

Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 20 20 22 24

Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 20 20 22 24

High-speed Differential Outputs

Bank 0 20 20 21 24

VCCIO Pins

Bank 0 4 4 5 9

Bank 1 3 4 5 9

Bank 2 4 4 5 9

Bank 3 2 1 2 3

Bank 4 2 2 2 3

Bank 5 2 1 2 3

VCC 8 8 10 12

GND 24 24 33 52

NC 0 1 0 0

Reserved for Configuration 1 1 1 1

Total Count of Bonded Pins 256 256 400 484
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MachXO3L Ultra Low Power Commercial and Industrial Grade Devices, Halogen Free 
(RoHS) Packaging 

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-640E-5MG121C 640 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-640E-6MG121C 640 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-640E-5MG121I 640 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-640E-6MG121I 640 1.2 V 6 Halogen-Free csfBGA 121 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-1300E-5UWG36CTR 1300 1.2 V 5 Halogen-Free WLCSP 36 COM

LCMXO3L-1300E-5UWG36CTR50 1300 1.2 V 5 Halogen-Free WLCSP 36 COM

LCMXO3L-1300E-5UWG36CTR1K 1300 1.2 V 5 Halogen-Free WLCSP 36 COM

LCMXO3L-1300E-5UWG36ITR 1300 1.2 V 5 Halogen-Free WLCSP 36 IND

LCMXO3L-1300E-5UWG36ITR50 1300 1.2 V 5 Halogen-Free WLCSP 36 IND

LCMXO3L-1300E-5UWG36ITR1K 1300 1.2 V 5 Halogen-Free WLCSP 36 IND

LCMXO3L-1300E-5MG121C 1300 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-1300E-6MG121C 1300 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-1300E-5MG121I 1300 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-1300E-6MG121I 1300 1.2 V 6 Halogen-Free csfBGA 121 IND

LCMXO3L-1300E-5MG256C 1300 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-1300E-6MG256C 1300 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-1300E-5MG256I 1300 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-1300E-6MG256I 1300 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-1300C-5BG256C 1300 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3L-1300C-6BG256C 1300 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3L-1300C-5BG256I 1300 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3L-1300C-6BG256I 1300 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-2100E-5UWG49CTR 2100 1.2 V 5 Halogen-Free WLCSP 49 COM

LCMXO3L-2100E-5UWG49CTR50 2100 1.2 V 5 Halogen-Free WLCSP 49 COM

LCMXO3L-2100E-5UWG49CTR1K 2100 1.2 V 5 Halogen-Free WLCSP 49 COM

LCMXO3L-2100E-5UWG49ITR 2100 1.2 V 5 Halogen-Free WLCSP 49 IND

LCMXO3L-2100E-5UWG49ITR50 2100 1.2 V 5 Halogen-Free WLCSP 49 IND

LCMXO3L-2100E-5UWG49ITR1K 2100 1.2 V 5 Halogen-Free WLCSP 49 IND

LCMXO3L-2100E-5MG121C 2100 1.2 V 5 Halogen-Free csfBGA 121 COM

LCMXO3L-2100E-6MG121C 2100 1.2 V 6 Halogen-Free csfBGA 121 COM

LCMXO3L-2100E-5MG121I 2100 1.2 V 5 Halogen-Free csfBGA 121 IND

LCMXO3L-2100E-6MG121I 2100 1.2 V 6 Halogen-Free csfBGA 121 IND

LCMXO3L-2100E-5MG256C 2100 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-2100E-6MG256C 2100 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-2100E-5MG256I 2100 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-2100E-6MG256I 2100 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-2100E-5MG324C 2100 1.2 V 5 Halogen-Free csfBGA 324 COM

LCMXO3L-2100E-6MG324C 2100 1.2 V 6 Halogen-Free csfBGA 324 COM

LCMXO3L-2100E-5MG324I 2100 1.2 V 5 Halogen-Free csfBGA 324 IND
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Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-6900E-5MG256C 6900 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-6900E-6MG256C 6900 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-6900E-5MG256I 6900 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-6900E-6MG256I 6900 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-6900E-5MG324C 6900 1.2 V 5 Halogen-Free csfBGA 324 COM

LCMXO3L-6900E-6MG324C 6900 1.2 V 6 Halogen-Free csfBGA 324 COM

LCMXO3L-6900E-5MG324I 6900 1.2 V 5 Halogen-Free csfBGA 324 IND

LCMXO3L-6900E-6MG324I 6900 1.2 V 6 Halogen-Free csfBGA 324 IND

LCMXO3L-6900C-5BG256C 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3L-6900C-6BG256C 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3L-6900C-5BG256I 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3L-6900C-6BG256I 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 256 IND

LCMXO3L-6900C-5BG324C 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 COM

LCMXO3L-6900C-6BG324C 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 COM

LCMXO3L-6900C-5BG324I 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 324 IND

LCMXO3L-6900C-6BG324I 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 324 IND

LCMXO3L-6900C-5BG400C 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 400 COM

LCMXO3L-6900C-6BG400C 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 400 COM

LCMXO3L-6900C-5BG400I 6900 2.5 V / 3.3 V 5 Halogen-Free caBGA 400 IND

LCMXO3L-6900C-6BG400I 6900 2.5 V / 3.3 V 6 Halogen-Free caBGA 400 IND

Part Number LUTs Supply Voltage Speed Package Leads Temp.

LCMXO3L-9400E-5MG256C 9400 1.2 V 5 Halogen-Free csfBGA 256 COM

LCMXO3L-9400E-6MG256C 9400 1.2 V 6 Halogen-Free csfBGA 256 COM

LCMXO3L-9400E-5MG256I 9400 1.2 V 5 Halogen-Free csfBGA 256 IND

LCMXO3L-9400E-6MG256I 9400 1.2 V 6 Halogen-Free csfBGA 256 IND

LCMXO3L-9400C-5BG256C 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 256 COM

LCMXO3L-9400C-6BG256C 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 256 COM

LCMXO3L-9400C-5BG256I 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 256 IND

LCMXO3L-9400C-6BG256I 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 256 IND

LCMXO3L-9400C-5BG400C 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 400 COM

LCMXO3L-9400C-6BG400C 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 400 COM

LCMXO3L-9400C-5BG400I 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 400 IND

LCMXO3L-9400C-6BG400I 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 400 IND

LCMXO3L-9400C-5BG484C 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 484 COM

LCMXO3L-9400C-6BG484C 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 484 COM

LCMXO3L-9400C-5BG484I 9400 2.5 V/3.3 V 5 Halogen-Free caBGA 484 IND

LCMXO3L-9400C-6BG484I 9400 2.5 V/3.3 V 6 Halogen-Free caBGA 484 IND
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For Further Information
A variety of technical notes for the MachXO3 family are available on the Lattice web site.

• TN1282, MachXO3 sysCLOCK PLL Design and Usage Guide 

• TN1281, Implementing High-Speed Interfaces with MachXO3 Devices

• TN1280, MachXO3 sysIO Usage Guide

• TN1279, MachXO3 Programming and Configuration Usage Guide

• TN1074, PCB Layout Recommendations for BGA Packages

• TN1087, Minimizing System Interruption During Configuration Using TransFR Technology

• AN8066, Boundary Scan Testability with Lattice sysIO Capability

• MachXO3 Device Pinout Files

• Thermal Management document

• Lattice design tools

MachXO3 Family Data Sheet
Supplemental Information

www.latticesemi.com/dynamic/view_document.cfm?document_id=671
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=3468
http://www.latticesemi.com/en/Products/FPGAandCPLD/MachXO3.aspx
www.latticesemi.com/dynamic/view_document.cfm?document_id=210
www.latticesemi.com/dynamic/view_document.cfm?document_id=210
http://www.latticesemi.com/view_document?document_id=50124
http://www.latticesemi.com/view_document?document_id=50122
http://www.latticesemi.com/view_document?document_id=50125
http://www.latticesemi.com/products/designsoftware/index.cfm
http://www.latticesemi.com/view_document?document_id=50123
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Revision History
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September 2015 1.5 DC and Switching 
Characteristics

Updated the MIPI D-PHY Emulation section. Revised Table 3-5, MIPI D-
PHY Output DC Conditions.
— Revised RL Typ. value. 
— Revised RH description and values.

Updated the Maximum sysIO Buffer Performance section. Revised MIPI 
Max. Speed value.

Updated the MachXO3L/LF External Switching Characteristics – C/E 
Devices section. Added footnotes 14 and 15.

August 2015 1.4 Architecture Updated the Device Configuration section. Added JTAGENB to TAP
dual purpose pins.

Ordering Information Updated the top side markings section to indicate the use of LMXO3LF 
for the LCMXO3LF device.

March 2015 1.3 All General update. Added MachXO3LF devices.

October 2014 1.2 Introduction Updated Table 1-1, MachXO3L Family Selection Guide. Revised XO3L-
2100 and XO3L-4300 IO for 324-ball csfBGA package.

Architecture Updated the Dual Boot section. Corrected information on where the pri-
mary bitstream and the golden image must reside.

Pinout Information Updated the Pin Information Summary section. 

Changed General Purpose IO Bank 5 values for MachXO3L-2100 and 
MachXO3L-4300 CSFBGA 324 package.

Changed Number 7:1 or 8:1 Gearboxes for MachXO3L-640 and 
MachXO3L-1300.

Removed DQS Groups (Bank 1) section.

Changed VCCIO Pins Bank 1 values for MachXO3L-1300, MachXO3L-
2100, MachXO3L-4300 and MachXO3L-6900 CSFBGA 256 package.

Changed GND values for MachXO3L-1300, MachXO3L-2100, 
MachXO3L-4300 and MachXO3L-6900 CSFBGA 256 package.

Changed NC values for MachXO3L-2100 and MachXO3L-4300 CSF-
BGA 324 package.

DC and Switching 
Characteristics

Updated the BLVDS section. Changed output impedance nominal values 
in Table 3-2, BLVDS DC Condition.

Updated the LVPECL section. Changed output impedance nominal value 
in Table 3-3, LVPECL DC Condition.

Updated the sysCONFIG Port Timing Specifications section. Updated 
INITN low time values.

July 2014 1.1 DC and Switching 
Characteristics

Updated the Static Supply Current – C/E Devices section. Added 
devices.

Updated the Programming and Erase Supply Current – C/E Device sec-
tion. Added devices.

Updated the sysIO Single-Ended DC Electrical Characteristics section. 
Revised footnote 4.

Added the NVCM Download Time section.

Updated the Typical Building Block Function Performance – C/E Devices 
section. Added information to footnote.

Pinout Information Updated the Pin Information Summary section. 

Ordering Information Updated the MachXO3L Part Number Description section. Added pack-
ages.

Updated the Ordering Information section. General update.

Date Version Section Change Summary


