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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 1175

Number of Logic Elements/Cells 9400

Total RAM Bits 442368

Number of I/O 335

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 85°C (TJ)

Package / Case 400-LFBGA

Supplier Device Package 400-CABGA (17x17)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/lcmxo3l-9400e-5bg400c

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong
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Figure 2-6. Secondary High Fanout Nets for MachXO3L/LF Devices

sysCLOCK Phase Locked Loops (PLLs)
The sysCLOCK PLLs provide the ability to synthesize clock frequencies. All MachXO3L/LF devices have one or 
more sysCLOCK PLL. CLKI is the reference frequency input to the PLL and its source can come from an external 
I/O pin or from internal routing. CLKFB is the feedback signal to the PLL which can come from internal routing or an 
external I/O pin. The feedback divider is used to multiply the reference frequency and thus synthesize a higher fre-
quency clock output.

The MachXO3L/LF sysCLOCK PLLs support high resolution (16-bit) fractional-N synthesis. Fractional-N frequency 
synthesis allows the user to generate an output clock which is a non-integer multiple of the input frequency. For 
more information about using the PLL with Fractional-N synthesis, please see TN1282, MachXO3 sysCLOCK PLL 
Design and Usage Guide.

Each output has its own output divider, thus allowing the PLL to generate different frequencies for each output. The 
output dividers can have a value from 1 to 128. The output dividers may also be cascaded together to generate low 
frequency clocks. The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can all be used to drive the MachXO3L/LF 
clock distribution network directly or general purpose routing resources can be used.

The LOCK signal is asserted when the PLL determines it has achieved lock and de-asserted if a loss of lock is 
detected. A block diagram of the PLL is shown in Figure 2-7.

The setup and hold times of the device can be improved by programming a phase shift into the CLKOS, CLKOS2, 
and CLKOS3 output clocks which will advance or delay the output clock with reference to the CLKOP output clock. 
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sysMEM Embedded Block RAM Memory
The MachXO3L/LF devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists of a 9-Kbit RAM, 
with dedicated input and output registers. This memory can be used for a wide variety of purposes including data 
buffering, PROM for the soft processor and FIFO.

sysMEM Memory Block
The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be 
used in a variety of depths and widths as shown in Table 2-5. 

CLKOP O Primary PLL output clock (with phase shift adjustment)

CLKOS O Secondary PLL output clock (with phase shift adjust)

CLKOS2 O Secondary PLL output clock2 (with phase shift adjust)

CLKOS3 O Secondary PLL output clock3 (with phase shift adjust)

LOCK O PLL LOCK, asynchronous signal. Active high indicates PLL is locked to input and feed-
back signals.

DPHSRC O Dynamic Phase source – ports or WISHBONE is active

STDBY I Standby signal to power down the PLL

RST I PLL reset without resetting the M-divider. Active high reset.

RESETM I PLL reset - includes resetting the M-divider. Active high reset.

RESETC I Reset for CLKOS2 output divider only. Active high reset.

RESETD I Reset for CLKOS3 output divider only. Active high reset.

ENCLKOP I Enable PLL output CLKOP

ENCLKOS I Enable PLL output CLKOS when port is active

ENCLKOS2 I Enable PLL output CLKOS2 when port is active

ENCLKOS3 I Enable PLL output CLKOS3 when port is active

PLLCLK I PLL data bus clock input signal

PLLRST I PLL data bus reset. This resets only the data bus not any register values.

PLLSTB I PLL data bus strobe signal

PLLWE I PLL data bus write enable signal

PLLADDR [4:0] I PLL data bus address

PLLDATI [7:0] I PLL data bus data input

PLLDATO [7:0] O PLL data bus data output

PLLACK O PLL data bus acknowledge signal

Table 2-4. PLL Signal Descriptions (Continued)

Port Name I/O Description
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Table 2-6. EBR Signal Descriptions

The EBR memory supports three forms of write behavior for single or dual port operation:

1. Normal – Data on the output appears only during the read cycle. During a write cycle, the data (at the current 
address) does not appear on the output. This mode is supported for all data widths. 

2. Write Through – A copy of the input data appears at the output of the same port. This mode is supported for 
all data widths. 

3. Read-Before-Write – When new data is being written, the old contents of the address appears at the output. 

FIFO Configuration
The FIFO has a write port with data-in, CEW, WE and CLKW signals. There is a separate read port with data-out, 
RCE, RE and CLKR signals. The FIFO internally generates Almost Full, Full, Almost Empty and Empty Flags. The 
Full and Almost Full flags are registered with CLKW. The Empty and Almost Empty flags are registered with CLKR. 
Table 2-7 shows the range of programming values for these flags. 

Table 2-7. Programmable FIFO Flag Ranges

The FIFO state machine supports two types of reset signals: RST and RPRST. The RST signal is a global reset 
that clears the contents of the FIFO by resetting the read/write pointer and puts the FIFO flags in their initial reset 

Port Name Description Active State 

CLK Clock Rising Clock Edge 

CE Clock Enable Active High 

OCE1 Output Clock Enable Active High

RST Reset Active High 

BE1 Byte Enable Active High

WE Write Enable Active High 

AD Address Bus — 

DI Data In — 

DO Data Out — 

CS Chip Select Active High

AFF FIFO RAM Almost Full Flag —

FF FIFO RAM Full Flag —

AEF FIFO RAM Almost Empty Flag —

EF FIFO RAM Empty Flag —

RPRST FIFO RAM Read Pointer Reset —

1. Optional signals.
2. For dual port EBR primitives a trailing ‘A’ or ‘B’ in the signal name specifies the EBR port A or port B respectively.
3. For FIFO RAM mode primitive, a trailing ‘R’ or ‘W’ in the signal name specifies the FIFO read port or write port respec-

tively.
4. For FIFO RAM mode primitive FULLI has the same function as CSW(2) and EMPTYI has the same function as CSR(2).
5. In FIFO mode, CLKW is the write port clock, CSW is the write port chip select, CLKR is the read port clock, CSR is the 

read port chip select, ORE is the output read enable.

Flag Name Programming Range

Full (FF) 1 to max (up to 2N-1)

Almost Full (AF) 1 to Full-1

Almost Empty (AE) 1 to Full-1

Empty (EF) 0

N = Address bit width.
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Input Gearbox 
Each PIC on the bottom edge has a built-in 1:8 input gearbox. Each of these input gearboxes may be programmed 
as a 1:7 de-serializer or as one IDDRX4 (1:8) gearbox or as two IDDRX2 (1:4) gearboxes. Table 2-9 shows the 
gearbox signals.

Table 2-9. Input Gearbox Signal List

These gearboxes have three stage pipeline registers. The first stage registers sample the high-speed input data by 
the high-speed edge clock on its rising and falling edges. The second stage registers perform data alignment 
based on the control signals UPDATE and SEL0 from the control block. The third stage pipeline registers pass the 
data to the device core synchronized to the low-speed system clock. Figure 2-13 shows a block diagram of the 
input gearbox.

Name I/O Type Description

D Input High-speed data input after programmable delay in PIO A 
input register block

ALIGNWD Input Data alignment signal from device core

SCLK Input Slow-speed system clock

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

RST Input Reset

Q[7:0] Output Low-speed data to device core:
Video RX(1:7): Q[6:0]
GDDRX4(1:8): Q[7:0]
GDDRX2(1:4)(IOL-A): Q4, Q5, Q6, Q7
GDDRX2(1:4)(IOL-C): Q0, Q1, Q2, Q3
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Figure 2-14. Output Gearbox

More information on the output gearbox is available in TN1281, Implementing High-Speed Interfaces with 
MachXO3 Devices.
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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



2-30

Architecture
MachXO3 Family Data Sheet

There are some limitations on the use of the hardened user SPI. These are defined in the following technical notes:

• TN1087, Minimizing System Interruption During Configuration Using TransFR Technology (Appendix B)

• TN1293, Using Hardened Control Functions in MachXO3 Devices

Figure 2-19. SPI Core Block Diagram

Table 2-15 describes the signals interfacing with the SPI cores.

Table 2-15. SPI Core Signal Description

Signal Name I/O Master/Slave Description

spi_csn[0] O Master SPI master chip-select output

spi_csn[1..7] O Master Additional SPI chip-select outputs (total up to eight slaves)

spi_scsn I Slave SPI slave chip-select input

spi_irq O Master/Slave Interrupt request

spi_clk I/O Master/Slave SPI clock. Output in master mode. Input in slave mode. 

spi_miso I/O Master/Slave SPI data. Input in master mode. Output in slave mode. 

spi_mosi I/O Master/Slave SPI data. Output in master mode. Input in slave mode. 

sn I Slave Configuration Slave Chip Select (active low), dedicated for selecting the Con-
figuration Logic. 

cfg_stdby O Master/Slave
Stand-by signal – To be connected only to the power module of the 
MachXO3L/LF device. The signal is enabled only if the “Wakeup Enable” fea-
ture has been set within the EFB GUI, SPI Tab.

cfg_wake O Master/Slave
Wake-up signal – To be connected only to the power module of the 
MachXO3L/LF device. The signal is enabled only if the “Wakeup Enable” fea-
ture has been set within the EFB GUI, SPI Tab.

EFB
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Core
Logic/

Routing 
EFB 

WISHBONE 
Interface

SPI
Registers 

Control
Logic 

Configuration
Logic

MISO
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SCK
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www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
http://www.latticesemi.com/view_document?document_id=50518
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Table 2-17. MachXO3L/LF Power Saving Features Description

For more details on the standby mode refer to TN1289, Power Estimation and Management for MachXO3 Devices.

Power On Reset
MachXO3L/LF devices have power-on reset circuitry to monitor VCCINT and VCCIO voltage levels during power-up 
and operation. At power-up, the POR circuitry monitors VCCINT and VCCIO0 (controls configuration) voltage levels. It 
then triggers download from the on-chip configuration NVCM/Flash memory after reaching the VPORUP level speci-
fied in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. For “E” 
devices without voltage regulators, VCCINT is the same as the VCC supply voltage. For “C” devices with voltage reg-
ulators, VCCINT is regulated from the VCC supply voltage. From this voltage reference, the time taken for configura-
tion and entry into user mode is specified as NVCM/Flash Download Time (tREFRESH) in the DC and Switching 
Characteristics section of this data sheet. Before and during configuration, the I/Os are held in tri-state. I/Os are 
released to user functionality once the device has finished configuration. Note that for “C” devices, a separate POR 
circuit monitors external VCC voltage in addition to the POR circuit that monitors the internal post-regulated power 
supply voltage level.

Once the device enters into user mode, the POR circuitry can optionally continue to monitor VCCINT levels. If 
VCCINT drops below VPORDNBG level (with the bandgap circuitry switched on) or below VPORDNSRAM level (with the 
bandgap circuitry switched off to conserve power) device functionality cannot be guaranteed. In such a situation 
the POR issues a reset and begins monitoring the VCCINT and VCCIO voltage levels. VPORDNBG and VPORDNSRAM
are both specified in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data 
sheet.

Note that once an “E” device enters user mode, users can switch off the bandgap to conserve power. When the 
bandgap circuitry is switched off, the POR circuitry also shuts down. The device is designed such that a mini-mal, 
low power POR circuit is still operational (this corresponds to the VPORDNSRAM reset point described in the para-
graph above). However this circuit is not as accurate as the one that operates when the bandgap is switched on. 
The low power POR circuit emulates an SRAM cell and is biased to trip before the vast majority of SRAM cells flip. 
If users are concerned about the VCC supply dropping below VCC (min) they should not shut down the bandgap or 
POR circuit.

Device Subsystem Feature Description

Bandgap
The bandgap can be turned off in standby mode. When the Bandgap is turned off, ana-
log circuitry such as the POR, PLLs, on-chip oscillator, and differential I/O buffers are 
also turned off. Bandgap can only be turned off for 1.2 V devices.

Power-On-Reset (POR)

The POR can be turned off in standby mode. This monitors VCC levels. In the event of 
unsafe VCC drops, this circuit reconfigures the device. When the POR circuitry is turned 
off, limited power detector circuitry is still active. This option is only recommended for ap-
plications in which the power supply rails are reliable.

On-Chip Oscillator The on-chip oscillator has two power saving features. It may be switched off if it is not 
needed in your design. It can also be turned off in Standby mode.

PLL

Similar to the on-chip oscillator, the PLL also has two power saving features. It can be 
statically switched off if it is not needed in a design. It can also be turned off in Standby 
mode. The PLL will wait until all output clocks from the PLL are driven low before power-
ing off.

I/O Bank Controller
Differential I/O buffers (used to implement standards such as LVDS) consume more than 
ratioed single-ended I/Os such as LVCMOS and LVTTL. The I/O bank controller allows 
the user to turn these I/Os off dynamically on a per bank selection.

Dynamic Clock Enable for Primary 
Clock Nets Each primary clock net can be dynamically disabled to save power.

Power Guard

Power Guard is a feature implemented in input buffers. This feature allows users to 
switch off the input buffer when it is not needed. This feature can be used in both clock 
and data paths. Its biggest impact is that in the standby mode it can be used to switch off 
clock inputs that are distributed using general routing resources.

www.latticesemi.com/dynamic/view_document.cfm?document_id=50513
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Static Supply Current – C/E Devices1, 2, 3, 6

Symbol Parameter Device Typ.4 Units

ICC Core Power Supply LCMXO3L/LF-1300C 256 Ball Package 4.8 mA

LCMXO3L/LF-2100C 4.8 mA

LCMXO3L/LF-2100C 324 Ball Package 8.45 mA

LCMXO3L/LF-4300C 8.45 mA

LCMXO3L/LF-4300C 400 Ball Package 12.87 mA

LCMXO3L/LF-6900C7 12.87 mA

LCMXO3L/LF-9400C7 17.86 mA

LCMXO3L/LF-640E 1.00 mA

LCMXO3L/LF-1300E 1.00 mA

LCMXO3L/LF-1300E 256 Ball Package 1.39 mA

LCMXO3L/LF-2100E 1.39 mA

LCMXO3L/LF-2100E 324 Ball Package 2.55 mA

LCMXO3L/LF-4300E 2.55 mA

LCMXO3L/LF-6900E 4.06 mA

LCMXO3L/LF-9400E 5.66 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 blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at VCCIO 

or GND, on-chip oscillator is off, on-chip PLL is off.
3. Frequency = 0 MHz.
4. TJ = 25 °C, power supplies at nominal voltage.
5. Does not include pull-up/pull-down.
6. To determine the MachXO3L/LF peak start-up current data, use the Power Calculator tool.
7. Determination of safe ambient operating conditions requires use of the Diamond Power Calculator tool.

www.latticesemi.com/dynamic/view_document.cfm?document_id=50513
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sysIO Recommended Operating Conditions

Standard

VCCIO (V) VREF (V)

Min. Typ. Max. 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 — — —

LVDS251, 2 2.375 2.5 2.625 — — —

LVDS331, 2 3.135 3.3 3.465 — — —

LVPECL1 3.135 3.3 3.465 — — —

BLVDS1 2.375 2.5 2.625 — — —

MIPI3 2.375 2.5 2.625 — — —

MIPI_LP3 1.14 1.2 1.26 — — —

LVCMOS25R33 3.135 3.3 3.6 1.1 1.25 1.4

LVCMOS18R33 3.135 3.3 3.6  0.75 0.9 1.05

LVCMOS18R25 2.375 2.5 2.625 0.75 0.9 1.05

LVCMOS15R33 3.135 3.3 3.6 0.6 0.75 0.9

LVCMOS15R25 2.375 2.5 2.625 0.6  0.75 0.9

LVCMOS12R334 3.135  3.3 3.6 0.45 0.6 0.75 

LVCMOS12R254 2.375 2.5 2.625 0.45  0.6 0.75 

LVCMOS10R334 3.135 3.3  3.6 0.35 0.5 0.65 

LVCMOS10R254 2.375  2.5  2.625 0.35 0.5 0.65 

1. Inputs on-chip. Outputs are implemented with the addition of external resistors.
2. For the dedicated LVDS buffers.
3. Requires the addition of external resistors.
4. Supported only for inputs and BIDIs for -6 speed grade devices.
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sysIO Single-Ended DC Electrical Characteristics1, 2

Input/Output 
Standard

VIL VIH VOL Max. 
(V)

VOH Min. 
(V)

IOL Max.4

(mA)
IOH Max.4 

(mA)Min. (V)3 Max. (V) Min. (V) Max. (V)

LVCMOS 3.3
LVTTL –0.3 0.8 2.0 3.6

0.4 VCCIO - 0.4

4 –4

8 –8

12 –12

16 –16

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

4 –4

8 –8

12 –12

16 –16

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

4 –4

8 –8

12 –12

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

4 –4

8 –8

0.2 VCCIO - 0.2 0.1 –0.1

LVCMOS 1.2 –0.3 0.35VCCIO 0.65VCCIO 3.6
0.4 VCCIO - 0.4

4 –2

8 –6

0.2 VCCIO - 0.2 0.1 –0.1

LVCMOS25R33 –0.3 VREF–0.1 VREF+0.1 3.6 NA NA NA NA 

LVCMOS18R33 –0.3 VREF–0.1 VREF+0.1 3.6 NA NA NA NA 

LVCMOS18R25 –0.3 VREF–0.1 VREF+0.1 3.6 NA NA NA NA 

LVCMOS15R33 –0.3 VREF–0.1 VREF+0.1 3.6 NA NA NA NA 

LVCMOS15R25 –0.3 VREF–0.1 VREF+0.1 3.6 NA NA NA NA 

LVCMOS12R33 –0.3 VREF–0.1 VREF+0.1 3.6 0.40 NA Open 
Drain

24, 16, 12, 
8, 4

NA Open 
Drain

LVCMOS12R25 –0.3 VREF–0.1 VREF+0.1 3.6 0.40 NA Open 
Drain 16, 12, 8, 4 NA Open 

Drain

LVCMOS10R33 –0.3 VREF–0.1 VREF+0.1 3.6 0.40 NA Open 
Drain

24, 16, 12, 
8, 4

NA Open 
Drain

LVCMOS10R25 -0.3 VREF-0.1 VREF+0.1 3.6 0.40 NA Open 
Drain 16, 12, 8, 4 NA Open 

Drain

1. MachXO3L/LF devices allow LVCMOS inputs to be placed in I/O banks where VCCIO is different from what is specified in the applicable 
JEDEC specification. This is referred to as a ratioed input buffer. In a majority of cases this operation follows or exceeds the applicable 
JEDEC specification. The cases where MachXO3L/LF devices do not meet the relevant JEDEC specification are documented in the table 
below.

2. MachXO3L/LF devices allow for LVCMOS referenced I/Os which follow applicable JEDEC specifications. For more details about mixed 
mode operation please refer to please refer to TN1280, MachXO3 sysIO Usage Guide.

3. The dual function I2C pins SCL and SDA are limited to a VIL min of –0.25 V or to –0.3 V with a duration of <10 ns.
4. For electromigration, the average DC current sourced or sinked by I/O pads between two consecutive VCCIO or GND pad connections, or 

between the last VCCIO or GND in an I/O bank and the end of an I/O bank, as shown in the Logic Signal Connections table (also shown as 
I/O grouping) shall not exceed a maximum of n * 8 mA. “n” is the number of I/O pads between the two consecutive bank VCCIO or GND con-
nections or between the last VCCIO and GND in a bank and the end of a bank. IO Grouping can be found in the Data Sheet Pin Tables, 
which can also be generated from the Lattice Diamond software.

http://www.latticesemi.com/view_document?document_id=50125
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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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General I/O Pin Parameters (Using Edge Clock without PLL)

tCOE Clock to Output - PIO Output Register

MachXO3L/LF-1300 — 7.53 — 7.76 ns

MachXO3L/LF-2100 — 7.53 — 7.76 ns

MachXO3L/LF-4300 — 7.45 — 7.68 ns

MachXO3L/LF-6900 — 7.53 — 7.76 ns

MachXO3L/LF-9400 — 8.93 — 9.35 ns

tSUE Clock to Data Setup - PIO Input Register

MachXO3L/LF-1300 –0.19 — –0.19 — ns

MachXO3L/LF-2100 –0.19 — –0.19 — ns

MachXO3L/LF-4300 –0.16 — –0.16 — ns

MachXO3L/LF-6900 –0.19 — –0.19 — ns

MachXO3L/LF-9400 –0.20 — –0.20 — ns

tHE Clock to Data Hold - PIO Input Register

MachXO3L/LF-1300 1.97 — 2.24 — ns

MachXO3L/LF-2100 1.97 — 2.24 — ns

MachXO3L/LF-4300 1.89 — 2.16 — ns

MachXO3L/LF-6900 1.97 — 2.24 — ns

MachXO3L/LF-9400 1.98 — 2.25 — ns

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

MachXO3L/LF-1300 1.56 — 1.69 — ns

MachXO3L/LF-2100 1.56 — 1.69 — ns

MachXO3L/LF-4300 1.74 — 1.88 — ns

MachXO3L/LF-6900 1.66 — 1.81 — ns

MachXO3L/LF-9400 1.71 — 1.85 — ns

tH_DELE
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 –0.34 — –0.34 — ns

MachXO3L/LF-6900 –0.29 — –0.29 — ns

MachXO3L/LF-9400 –0.30 — –0.30 — ns

General I/O Pin Parameters (Using Primary Clock with PLL)

tCOPLL Clock to Output - PIO Output Register

MachXO3L/LF-1300 — 5.98 — 6.01 ns

MachXO3L/LF-2100 — 5.98 — 6.01 ns

MachXO3L/LF-4300 — 5.99 — 6.02 ns

MachXO3L/LF-6900 — 6.02 — 6.06 ns

MachXO3L/LF-9400 — 5.55 — 6.13 ns

tSUPLL Clock to Data Setup - PIO Input Register

MachXO3L/LF-1300 0.36 — 0.36 — ns

MachXO3L/LF-2100 0.36 — 0.36 — ns

MachXO3L/LF-4300 0.35 — 0.35 — ns

MachXO3L/LF-6900 0.34 — 0.34 — ns

MachXO3L/LF-9400 0.33 — 0.33 — ns

tHPLL Clock to Data Hold - PIO Input Register

MachXO3L/LF-1300 0.42 — 0.49 — ns

MachXO3L/LF-2100 0.42 — 0.49 — ns

MachXO3L/LF-4300 0.43 — 0.50 — ns

MachXO3L/LF-6900 0.46 — 0.54 — ns

MachXO3L/LF-9400 0.47 — 0.55 — ns

Parameter Description Device

–6 –5

UnitsMin. Max. Min. Max.
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Generic DDRX4 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input – 
GDDRX4_TX.ECLK.Centered8, 9

tDVB Output Data Valid Before CLK Output

MachXO3L/LF devices, 
top side only

0.455 — 0.570 — ns

tDVA Output Data Valid After CLK Output 0.455 — 0.570 — ns

fDATA DDRX4 Serial Output Data Speed — 800 — 630 Mbps

fDDRX4
DDRX4 ECLK Frequency 
(minimum limited by PLL) — 400 — 315 MHz

fSCLK SCLK Frequency — 100 — 79 MHz

7:1 LVDS Outputs – GDDR71_TX.ECLK.7:18, 9

tDIB Output Data Invalid Before CLK Output

MachXO3L/LF devices, 
top side only

— 0.160 — 0.180 ns

tDIA Output Data Invalid After CLK Output — 0.160 — 0.180 ns

fDATA DDR71 Serial Output Data Speed — 756 — 630 Mbps

fDDR71 DDR71 ECLK Frequency — 378 — 315 MHz

fCLKOUT
7:1 Output Clock Frequency (SCLK) (mini-
mum limited by PLL) — 108 — 90 MHz

MIPI D-PHY Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input - 
GDDRX4_TX.ECLK.Centered10, 11, 12

tDVB Output Data Valid Before CLK Output

All MachXO3L/LF 
devices, top side only

0.200 — 0.200 — UI

tDVA Output Data Valid After CLK Output 0.200 — 0.200 — UI

fDATA
14 MIPI D-PHY Output Data Speed — 900 — 900 Mbps

fDDRX4
14 MIPI D-PHY ECLK Frequency (minimum 

limited by PLL) — 450 — 450 MHz

fSCLK
14 SCLK Frequency — 112.5 — 112.5 MHz

1. Exact performance may vary with device and design implementation. Commercial timing numbers are shown at 85 °C and 1.14 V. Other 
operating conditions, including industrial, can be extracted from the Diamond software. 

2. General I/O timing numbers based on LVCMOS 2.5, 8 mA, 0pf load, fast slew rate.
3. Generic DDR timing numbers based on LVDS I/O (for input, output, and clock ports).
4. 7:1 LVDS (GDDR71) uses the LVDS I/O standard (for input, output, and clock ports).
5. For Generic DDRX1 mode tSU = tHO = (tDVE - tDVA - 0.03 ns)/2.
6. The tSU_DEL and tH_DEL values use the SCLK_ZERHOLD default step size. Each step is 105 ps (–6), 113 ps (–5), 120 ps (–4).
7. This number for general purpose usage. Duty cycle tolerance is +/–10%.
8. Duty cycle is +/– 5% for system usage.
9. Performance is calculated with 0.225 UI. 
10. Performance is calculated with 0.20 UI. 
11. Performance for Industrial devices are only supported with VCC between 1.16 V to 1.24 V.
12. Performance for Industrial devices and –5 devices are not modeled in the Diamond design tool.
13. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected. 
14. Above 800 Mbps is only supported with WLCSP and csfBGA packages
15. Between 800 Mbps to 900 Mbps:

a. VIDTH exceeds the MIPI D-PHY Input DC Conditions Table 3-4 and can be calculated with the equation tSU or tH = -0.0005*VIDTH + 
0.3284

b. Example calculations
i.   tSU and tHO = 0.28 with VIDTH = 100 mV
ii.  tSU and tHO = 0.25 with VIDTH = 170 mV
iii. tSU and tHO = 0.20 with VIDTH = 270 mV

Parameter Description Device

–6 –5

UnitsMin. Max. Min. Max.
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JTAG Port Timing Specifications

Figure 3-8. JTAG Port Timing Waveforms

Symbol Parameter Min. Max. Units

fMAX TCK clock frequency —   25 MHz 

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

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

tBTS TCK [BSCAN] setup time 10 —    ns 

tBTH TCK [BSCAN] hold time 8 —    ns 

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

tBTCODIS TAP controller falling edge of clock to valid disable —   10 ns 

tBTCOEN TAP controller falling edge of clock to valid enable —   10 ns 

tBTCRS BSCAN test capture register setup time 8 —    ns 

tBTCRH BSCAN test capture register hold time 20  —    ns 

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

tBTUODIS BSCAN test update register, falling edge of clock to valid disable —   25 ns 

tBTUPOEN BSCAN test update register, falling edge of clock to valid enable —   25 ns 

TMS

TDI

TCK

TDO

Data to be
captured
from I/O

Data to be
driven out

to I/O

ataD dilaVataD dilaV

ataD dilaVataD dilaV

Data Captured

tBTCPH tBTCPL

tBTCOEN

tBTCRS

tBTUPOEN tBUTCO tBTUODIS

tBTCRH

tBTCO tBTCODIS

tBTS tBTH

tBTCP
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Configuration (Dual function pins used during sysCONFIG)

PROGRAMN I Initiates configuration sequence when asserted low. This pin always has an active pull-up. 

INITN I/O Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, a pull-up 
is enabled.

DONE I/O Open Drain pin. Indicates that the configuration sequence is complete, and the start-up 
sequence is in progress.

MCLK/CCLK I/O Input Configuration Clock for configuring an FPGA in Slave SPI mode. Output Configuration 
Clock for configuring an FPGA in SPI and SPIm configuration modes.

SN I Slave SPI active low chip select input.

CSSPIN I/O Master SPI active low chip select output.

SI/SPISI I/O Slave SPI serial data input and master SPI serial data output.

SO/SPISO I/O Slave SPI serial data output and master SPI serial data input.

SCL I/O Slave I2C clock input and master I2C clock output.

SDA I/O Slave I2C data input and master I2C data output.

Signal Descriptions (Cont.)
Signal Name I/O Descriptions
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MachXO3L/LF-2100

WLCSP49 CSFBGA121 CSFBGA256 CSFBGA324 CABGA256 CABGA324

General Purpose IO per Bank

Bank 0 19 24 50 71 50 71

Bank 1 0 26 52 62 52 68

Bank 2 13 26 52 72 52 72

Bank 3 0 7 16 22 16 24

Bank 4 0 7 16 14 16 16

Bank 5 6 10 20 27 20 28

Total General Purpose Single Ended IO 38 100 206 268 206 279

Differential IO per Bank

Bank 0 10 12 25 36 25 36

Bank 1 0 13 26 30 26 34

Bank 2 6 13 26 36 26 36

Bank 3 0 3 8 10 8 12

Bank 4 0 3 8 6 8 8

Bank 5 3 5 10 13 10 14

Total General Purpose Differential IO 19 49 103 131 103 140

Dual Function IO 25 33 33 37 33 37

Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 5 7 14 18 14 18

Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 6 13 14 18 14 18

High-speed Differential Outputs

Bank 0 5 7 14 18 14 18

VCCIO Pins

Bank 0 2 1 4 4 4 4

Bank 1 0 1 3 4 4 4

Bank 2 1 1 4 4 4 4

Bank 3 0 1 2 2 1 2

Bank 4 0 1 2 2 2 2

Bank 5 1 1 2 2 1 2

VCC 2 4 8 8 8 10

GND 4 10 24 16 24 16

NC 0 0 0 13 1 0

Reserved for Configuration 1 1 1 1 1 1

Total Count of Bonded Pins 49 121 256 324 256 324
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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
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April 2016 1.6 Introduction Updated Features section.
— Revised logic density range and IO to LUT ratio under Flexible Archi-
tecture.
— Revised 0.8 mm pitch information under Advanced Packaging.
— Added MachXO3L-9400/MachXO3LF-9400 information to Table 1-1, 
MachXO3L/LF Family Selection Guide.

Updated Introduction section. 
— Changed density from 6900 to 9400 LUTs.
— Changed caBGA packaging to 19 x 19 mm.

Architecture Updated Architecture Overview section. 
— Changed statement to “All logic density devices in this family...”
— Updated Figure 2-2 heading and notes.

Updated sysCLOCK Phase Locked Loops (PLLs) section. 
— Changed statement to “All MachXO3L/LF devices have one or more 
sysCLOCK PLL.” 

Updated Programmable I/O Cells (PIC) section. 
— Changed statement to “All PIO pairs can implement differential receiv-
ers.”

Updated sysIO Buffer Banks section. Updated Figure 2-5 heading.

Updated Device Configuration section. Added Password and Soft Error 
Correction.

DC and Switching 
Characteristics

Updated Static Supply Current – C/E Devices section. Added LCMXO3L/
LF-9400C and LCMXO3L/LF-9400E devices.

Updated Programming and Erase Supply Current – C/E Devices section. 
— Added LCMXO3L/LF-9400C and LCMXO3L/LF-9400E devices.
— Changed LCMXO3L/LF-640E and LCMXO3L/LF-1300E Typ. values.

Updated MachXO3L/LF External Switching Characteristics – C/E 
Devices section. Added MachXO3L/LF-9400 devices.

Updated NVCM/Flash Download Time section. Added LCMXO3L/LF-
9400C device.

Updated sysCONFIG Port Timing Specifications section. 
— Added LCMXO3L/LF-9400C device.
— Changed tINITL units to from ns to us.
— Changed tDPPINIT and tDPPDONE Max. values are per PCN#03A-16.

Pinout Information Updated Pin Information Summary section. Added LCMXO3L/LF-9400C 
device.

Ordering Information Updated MachXO3 Part Number Description section. 
— Added 9400 = 9400 LUTs.
— Added BG484 package.

Updated MachXO3L Ultra Low Power Commercial and Industrial Grade 
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.

Updated MachXO3LF Ultra Low Power Commercial and Industrial Grade 
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.

Date Version Section Change Summary
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June 2014 1.0 — Product name/trademark adjustment.

Introduction Updated Features section. 

Updated Table 1-1, MachXO3L Family Selection Guide. Changed fcCSP 
packages to csfBGA. Adjusted 121-ball csfBGA arrow. 

Introduction section general update.

Architecture General update.

DC and Switching 
Characteristics

Updated sysIO Recommended Operating Conditions section. Removed 
VREF (V) column. Added standards.

Updated Maximum sysIO Buffer Performance section. Added MIPI I/O 
standard.

Updated MIPI D-PHY Emulation section. Changed Low Speed to Low 
Power. Updated Table 3-4, MIPI DC Conditions.

Updated Table 3-5, MIPI D-PHY Output DC Conditions.

Updated Maximum sysIO Buffer Performance section. 

Updated MachXO3L External Switching Characteristics – C/E Device 
section. 

May 2014 00.3 Introduction Updated Features section.

Updated Table 1-1, MachXO3L Family Selection Guide. Moved 121-ball 
fcCSP arrow.

General update of Introduction section. 

Architecture General update.

Pinout Information Updated Pin Information Summary section. Updated or added data on 
WLCSP49, WLCSP81, CABGA324, and CABGA400 for specific devices.

Ordering Information Updated MachXO3L Part Number Description section. Updated or 
added data on WLCSP49, WLCSP81, CABGA324, and CABGA400 for 
specific devices.

Updated Ultra Low Power Commercial and Industrial Grade Devices, 
Halogen Free (RoHS) Packaging section. Added part numbers.

February 2014 00.2 DC and Switching 
Characteristics

Updated MachXO3L External Switching Characteristics – C/E Devices 
table. Removed LPDDR and DDR2 parameters.

00.1 — Initial release.
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