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Features

B Solutions B Flexible On-Chip Clocking

» Smallest footprint, lowest power, high data
throughput bridging solutions for mobile applica-
tions

* Optimized footprint, logic density, 10 count, 10
performance devices for IO management and
logic applications

* High IO/logic, lowest cost/IO, high IO devices for
IO expansion applications

Flexible Architecture
* Logic Density ranging from 640 to 9.4K LUT4
e High IO to LUT ratio with up to 384 IO pins

Advanced Packaging

* 0.4 mm pitch: 1K to 4K densities in very small
footprint WLCSP (2.5 mm x 2.5 mm to
3.8 mm x 3.8 mm) with 28 to 63 10s

* 0.5 mm pitch: 640 to 6.9K LUT densities in
6 mm x 6 mm to 10 mm x 10 mm BGA packages
with up to 281 10s

* 0.8 mm pitch: 1K to 9.4K densities with up to
384 I0s in BGA packages

Pre-Engineered Source Synchronous I/O
* DDR registers in I/O cells
* Dedicated gearing logic
e 7:1 Gearing for Display 1/Os
e Generic DDR, DDRx2, DDRx4

High Performance, Flexible I/O Buffer

* Programmable sysIO™ buffer supports wide
range of interfaces:
— LVCMOS 3.3/2.5/1.8/1.5/1.2
— LVTTL
— LVDS, Bus-LVDS, MLVDS, LVPECL
— MIPI D-PHY Emulated
— Schmitt trigger inputs, up to 0.5 V
hysteresis
Ideal for 10 bridging applications
I/Os support hot socketing
On-chip differential termination
Programmable pull-up or pull-down mode

 Eight primary clocks
* Up to two edge clocks for high-speed 1/O inter-
faces (top and bottom sides only)
* Up to two analog PLLs per device with frac-
tional-n frequency synthesis
— Wide input frequency range
(7 MHz to 400 MHz)

B Non-volatile, Multi-time Programmable

* Instant-on

— Powers up in microseconds
Optional dual boot with external SPI memory
Single-chip, secure solution
Programmable through JTAG, SPI or I°C
MachXO3L includes multi-time programmable
NVCM
MachXO3LF infinitely reconfigurable Flash

— Supports background programming of non-

volatile memory

TransFR Reconfiguration
* In-field logic update while 10 holds the system
state

Enhanced System Level Support

» On-chip hardened functions: SPI, I2C, timer/
counter

* On-chip oscillator with 5.5% accuracy

¢ Unique TracelD for system tracking

¢ Single power supply with extended operating
range

e |EEE Standard 1149.1 boundary scan

* |EEE 1532 compliant in-system programming

Applications
e Consumer Electronics
e Compute and Storage
¢ Wireless Communications
¢ Industrial Control Systems
e Automotive System

Low Cost Migration Path
» Migration from the Flash based MachXO3LF to
the NVCM based MachXO3L
* Pin compatible and equivalent timing
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Table 1-1. MachXO3L/LF Family Selection Guide

MachXO3L-640/ | MachXO3L-1300/ | MachXO3L-2100/ | MachXO3L-4300/ | MachXO3L-6900/ | MachXO3L-9400/
Features MachXO3LF-640 | MachXO3LF-1300 | MachXO3LF-2100 | MachXO3LF-4300 | MachXO3LF-6900 | MachXO3LF-9400
LUTs 640 1300 2100 4300 6900 9400
Distributed RAM (kbits) 5 10 16 34 54 73
EBR SRAM (kbits) 64 64 74 92 240 432
Number of PLLs 1 1 1 2 2 2
Hardened I2C 2 2 2 2 2 2
Functions:
SPI 1 1 1 1 1 1
Timer/Counter 1 1 1 1 1 1
Oscillator 1 1 1 1 1 1
MIPI D-PHY Support Yes Yes Yes Yes Yes Yes
Nulti jime Programmable MachXO3L-640 | MachXO3L-1300 | MachXO3L-2100 | MachXO3L-4300 | MachXO3L-6900 | MachXO3L-9400
Programmable Flash MachXO3LF-640 | MachXO3LF-1300 | MachXO3LF-2100 | MachXO3LF-4300 | MachXO3LF-6900 | MachXO3LF-9400
Packages 10
36-ball WLCSP' o8
(2.5 mm x 2.5 mm, 0.4 mm)
49-ball WLCSP' 38
(3.2 mm x 3.2 mm, 0.4 mm)
81-ball WLCSP! 63
(3.8 mm x 3.8 mm, 0.4 mm)
121-ball csfBGA'
(6 mm x 6 mm, 0.5 mm) 100 100 | 100 | 100
256-ball csfBGA' ! ‘
(9 mm x 9 mm, 0.5 mm) 206 206 | 206 ‘ 206 206
324-ball csfBGA' ‘ ‘
(10 mm x 10 mm, 0.5 mm) — | 268 ‘ 281
256-ball caBGA? ‘ ‘ |
(14 mm x 14 mm, 0.8 mm) 206 206 | — ‘ 206 206
324-ball caBGA? ‘ ‘
(15 mm x 15 mm, 0.8 mm) 279 | 279 ‘ 279
400-ball caBGA? \ ‘ -]
(17 mm x 17 mm, 0.8 mm) SES - 335
484-ball caBGA?
(19 mm x 19 mm, 0.8 mm) 384

1. Package is only available for E=1.2 V devices.
2. Package is only available for C=2.5 V/3.3 V devices.

Introduction

MachXO3™ device family is an Ultra-Low Density family that supports the most advanced programmable bridging
and |0 expansion. It has the breakthrough 10 density and the lowest cost per 10. The device 10 features have the
integrated support for latest industry standard 10.

The MachXO3L/LF family of low power, instant-on, non-volatile PLDs has five devices with densities ranging from
640 to 9400 Look-Up Tables (LUTs). In addition to LUT-based, low-cost programmable logic these devices feature
Embedded Block RAM (EBR), Distributed RAM, Phase Locked Loops (PLLSs), pre-engineered source synchronous
I/O support, advanced configuration support including dual-boot capability and hardened versions of commonly
used functions such as SPI controller, I12C controller and timer/counter. MachXO3LF devices also support User
Flash Memory (UFM). These features allow these devices to be used in low cost, high volume consumer and sys-
tem applications.

The MachXO3L/LF devices are designed on a 65nm non-volatile low power process. The device architecture has
several features such as programmable low swing differential 1/Os and the ability to turn off 1/O banks, on-chip PLLs
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and oscillators dynamically. These features help manage static and dynamic power consumption resulting in low
static power for all members of the family.

The MachXOS3L/LF devices are available in two versions C and E with two speed grades: -5 and -6, with -6 being
the fastest. C devices have an internal linear voltage regulator which supports external VCC supply voltages of 3.3
V or 2.5 V. E devices only accept 1.2 V as the external VCC supply voltage. With the exception of power supply
voltage both C and E are functionally compatible with each other.

The MachXO3L/LF PLDs are available in a broad range of advanced halogen-free packages ranging from the
space saving 2.5 x 2.5 mm WLCSP to the 19 x 19 mm caBGA. MachXO3L/LF devices support density migration
within the same package. Table 1-1 shows the LUT densities, package and I/O options, along with other key
parameters.

The MachXOBSL/LF devices offer enhanced I/O features such as drive strength control, slew rate control, PCI com-
patibility, bus-keeper latches, pull-up resistors, pull-down resistors, open drain outputs and hot socketing. Pull-up,
pull-down and bus-keeper features are controllable on a “per-pin” basis.

A user-programmable internal oscillator is included in MachXO3L/LF devices. The clock output from this oscillator
may be divided by the timer/counter for use as clock input in functions such as LED control, key-board scanner and
similar state machines.

The MachXOSL/LF devices also provide flexible, reliable and secure configuration from on-chip NVCM/Flash.
These devices can also configure themselves from external SPI Flash or be configured by an external master
through the JTAG test access port or through the I1°C port. Additionally, MachXO3L/LF devices support dual-boot
capability (using external Flash memory) and remote field upgrade (TransFR) capability.

Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the
MachXO3L/LF family of devices. Popular logic synthesis tools provide synthesis library support for MachXO3L/LF.
Lattice design tools use the synthesis tool output along with the user-specified preferences and constraints to place
and route the design in the MachXOSL/LF device. These tools extract the timing from the routing and back-anno-
tate it into the design for timing verification.

Lattice provides many pre-engineered IP (Intellectual Property) LatticeCORE™ modules, including a number of
reference designs licensed free of charge, optimized for the MachXO3L/LF PLD family. By using these configurable
soft core IP cores as standardized blocks, users are free to concentrate on the unique aspects of their design,
increasing their productivity.
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Figure 2-5. Primary Clocks for MachXO3L/LF Devices
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Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2-6. One of the eight
inputs to the secondary high fanout net input mux comes from dual function clock pins and the remaining seven
come from internal routing. The maximum frequency for the secondary clock network is shown in MachXOSL/LF
External Switching Characteristics table.
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Table 2-4. PLL Signal Descriptions (Continued)

Port Name /0 Description
CLKOP (0] Primary PLL output clock (with phase shift adjustment)
CLKOS (0] Secondary PLL output clock (with phase shift adjust)
CLKOS2 (0] Secondary PLL output clock2 (with phase shift adjust)
CLKOS3 (0] Secondary PLL output clock3 (with phase shift adjust)
LOCK o tF:LL LQCK, asynchronous signal. Active high indicates PLL is locked to input and feed-

ack signals.

DPHSRC o] Dynamic Phase source — ports or WISHBONE is active
STDBY | 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 CLKOSS3 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] (0] PLL data bus data output
PLLACK (0] PLL data bus acknowledge signal

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.
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Table 2-5. sysMEM Block Configurations

Memory Mode Configurations

8,192 x 1
4,096 x 2
2,048 x4
1,024 x 9

8,192 x 1
4,096 x 2
2,048 x4
1,024 x 9

8,192 x 1
4,096 x 2
Pseudo Dual Port 2,048 x 4
1,024 x 9
512x 18

8,192 x 1
4,096 x 2
FIFO 2,048 x 4
1,024 x 9
512x 18

Single Port

True Dual Port

Bus Size Matching

All of the multi-port memory modes support different widths on each of the ports. The RAM bits are mapped LSB
word 0 to MSB word 0, LSB word 1 to MSB word 1, and so on. Although the word size and number of words for
each port varies, this mapping scheme applies to each port.

RAM Initialization and ROM Operation
If desired, the contents of the RAM can be pre-loaded during device configuration. EBR initialization data can be
loaded from the NVCM or Configuration Flash.

MachXO3LF EBR initialization data can also be loaded from the UFM. To maximize the number of UFM bits, initial-
ize the EBRs used in your design to an all-zero pattern. Initializing to an all-zero pattern does not use up UFM bits.
MachXO3LF devices have been designed such that multiple EBRs share the same initialization memory space if
they are initialized to the same pattern.

By preloading the RAM block during the chip configuration cycle and disabling the write controls, the sysMEM block
can also be utilized as a ROM.

Memory Cascading
Larger and deeper blocks of RAM can be created using EBR sysMEM Blocks. Typically, the Lattice design tools
cascade memory transparently, based on specific design inputs.

Single, Dual, Pseudo-Dual Port and FIFO Modes

Figure 2-8 shows the five basic memory configurations and their input/output names. In all the sysMEM RAM
modes, the input data and addresses for the ports are registered at the input of the memory array. The output data
of the memory is optionally registered at the memory array output.
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PIO

The PIO contains three blocks: an input register block, output register block and tri-state register block. These
blocks contain registers for operating in a variety of modes along with the necessary clock and selection logic.

Table 2-8. PIO Signal List

Input Register Block

Pin Name 1/0 Type Description
CE Input Clock Enable
D Input Pin input from syslO buffer.
INDD Output Register bypassed input.
INCK Output Clock input
Qo Output DDR positive edge input
Q1 Output Registered input/DDR negative edge input
DO Input Output signal from the core (SDR and DDR)
D1 Input Output signal from the core (DDR)
TD Input Tri-state signal from the core
Q Output Data output signals to syslO Buffer
TQ Output Tri-state output signals to syslO Buffer
SCLK Input System clock for input and output/tri-state blocks.
RST Input Local set reset signal

The input register blocks for the PIOs on all edges contain delay elements and registers that can be used to condi-
tion high-speed interface signals before they are passed to the device core.

Left, Top, Bottom Edges

Input signals are fed from the syslO buffer to the input register block (as signal D). If desired, the input signal can
bypass the register and delay elements and be used directly as a combinatorial signal (INDD), and a clock (INCK).
If an input delay is desired, users can select a fixed delay. 1/0Os on the bottom edge also have a dynamic delay,
DEL[4:0]. The delay, if selected, reduces input register hold time requirements when using a global clock. The input
block allows two modes of operation. In single data rate (SDR) the data is registered with the system clock (SCLK)
by one of the registers in the single data rate sync register block. In Generic DDR mode, two registers are used to
sample the data on the positive and negative edges of the system clock (SCLK) signal, creating two data streams.
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Figure 2-15. MachXO3L/LF-1300 in 256 Ball Packages, MachXO3L/LF-2100, MachXO3L/LF-4300,
MachXO3L/LF-6900 and MachXO3L/LF-9400 Banks
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Hardened Timer/Counter

MachXO3L/LF devices provide a hard Timer/Counter IP core. This Timer/Counter is a general purpose, bi-direc-
tional, 16-bit timer/counter module with independent output compare units and PWM support. The Timer/Counter
supports the following functions:

* Supports the following modes of operation:
— Watchdog timer
— Clear timer on compare match
— Fast PWM
— Phase and Frequency Correct PWM

* Programmable clock input source

* Programmable input clock prescaler

* One static interrupt output to routing

* One wake-up interrupt to on-chip standby mode controller.

e Three independent interrupt sources: overflow, output compare match, and input capture
* Auto reload

* Time-stamping support on the input capture unit

e Waveform generation on the output

* Glitch-free PWM waveform generation with variable PWM period

* Internal WISHBONE bus access to the control and status registers

» Stand-alone mode with preloaded control registers and direct reset input

Figure 2-20. Timer/Counter Block Diagram

EFB Timer/Counter
\ q
Core o/ c
Logic 1N EFB Timer, I \ ont_rol AN
Routing  \—/] WISHBONE C> Counter N/ Logic N/ PWM
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Table 2-16. Timer/Counter Signal Description

Port /0 Description
tc_clki | Timer/Counter input clock signal
tc_rstn I Register tc_rstn_ena is preloaded by configuration to always keep this pin enabled
tc_ic | Input capture trigger event, applicable for non-pwm modes with WISHBONE interface. If

enabled, a rising edge of this signal will be detected and synchronized to capture tc_cnt value
into tc_icr for time-stamping.

tc_int (0] Without WISHBONE — Can be used as overflow flag
With WISHBONE — Controlled by three IRQ registers
tc_oc (0] Timer counter output signal

2-31




. Architecture
= LATTICE MachXO3 Family Data Sheet

Table 2-17. MachXO3L/LF Power Saving Features Description

Device Subsystem Feature Description
The bandgap can be turned off in standby mode. When the Bandgap is turned off, ana-
Bandgap log circuitry such as the POR, PLLs, on-chip oscillator, and differential 1/O buffers are

also turned off. Bandgap can only be turned off for 1.2 V devices.

The POR can be turned off in standby mode. This monitors VCC levels. In the event of
unsafe V¢ 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.

Power-On-Reset (POR)

The on-chip oscillator has two power saving features. It may be switched off if it is not

On-Chip Oscillator needed in your design. It can also be turned off in Standby mode.

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

PLL mode. The PLL will wait until all output clocks from the PLL are driven low before power-
ing off.
Differential 1/0O buffers (used to implement standards such as LVDS) consume more than
I/0 Bank Controller ratioed single-ended 1/Os such as LVCMOS and LVTTL. The I/O bank controller allows

the user to turn these 1/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 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.

Power Guard

For more details on the standby mode refer to TN1289, Power Estimation and Management for MachXOS3 Devices.

Power On Reset

MachXOB3L/LF devices have power-on reset circuitry to monitor Voo nt and Vo voltage levels during power-up
and operation. At power-up, the POR circuitry monitors Vogint @and Vegiog (controls configuration) voltage levels. It
then triggers download from the on-chip configuration NVCM/Flash memory after reaching the Vpgryp 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, VT is the same as the V¢ supply voltage. For “C” devices with voltage reg-
ulators, VoonT is regulated from the Vg supply voltage. From this voltage reference, the time taken for configura-
tion and entry into user mode is specified as NVCM/Flash Download Time (tgrgrresn) in the DC and Switching
Characteristics section of this data sheet. Before and during configuration, the 1/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 Vg 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 Vognt levels. If
Veeint drops below Vporpnea level (with the bandgap circuitry switched on) or below Vporpnsram 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 Vegnt @and Vo voltage levels. Vporpneag @nd 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 Vporpnsram 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 V¢ supply dropping below V¢ (min) they should not shut down the bandgap or
POR circuit.
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Security and One-Time Programmable Mode (OTP)

For applications where security is important, the lack of an external bitstream provides a solution that is inherently
more secure than SRAM-based FPGAs. This is further enhanced by device locking. MachXO3L/LF devices contain
security bits that, when set, prevent the readback of the SRAM configuration and NVCM/Flash spaces. The device
can be in one of two modes:

1. Unlocked — Readback of the SRAM configuration and NVCM/Flash spaces is allowed.
2. Permanently Locked — The device is permanently locked.

Once set, the only way to clear the security bits is to erase the device. To further complement the security of the
device, a One Time Programmable (OTP) mode is available. Once the device is set in this mode it is not possible to
erase or re-program the NVCM/Flash and SRAM OTP portions of the device. For more details, refer to TN1279,
MachXO3 Programming and Configuration Usage Guide.

Password

The MachXO3LF supports a password-based security access feature also known as Flash Protect Key. Optionally,
the MachXOS3L device can be ordered with a custom specification (c-spec) to support this feature. The Flash Pro-
tect Key feature provides a method of controlling access to the Configuration and Programming modes of the
device. When enabled, the Configuration and Programming edit mode operations (including Write, Verify and
Erase operations) are allowed only when coupled with a Flash Protect Key which matches that expected by the
device. Without a valid Flash Protect Key, the user can perform only rudimentary non-configuration operations such
as Read Device ID. For more details, refer to TN1313, Using Password Security with MachXOg3 Devices.

Dual Boot

MachXO3L/LF devices can optionally boot from two patterns, a primary bitstream and a golden bitstream. If the pri-
mary bitstream is found to be corrupt while being downloaded into the SRAM, the device shall then automatically
re-boot from the golden bitstream. Note that the primary bitstream must reside in the external SPI Flash. The
golden image MUST reside in an on-chip NVCM/Flash. For more details, refer to TN1279, MachXO3 Programming
and Configuration Usage Guide.

Soft Error Detection

The SED feature is a CRC check of the SRAM cells after the device is configured. This check ensures that the
SRAM cells were configured successfully. This feature is enabled by a configuration bit option. The Soft Error
Detection can also be initiated in user mode via an input to the fabric. The clock for the Soft Error Detection circuit
is generated using a dedicated divider. The undivided clock from the on-chip oscillator is the input to this divider.
For low power applications users can switch off the Soft Error Detection circuit. For more details, refer to TN1292,
MachXO3 Soft Error Detection Usage Guide.

Soft Error Correction

The MachXOSLF device supports Soft Error Correction (SEC). Optionally, the MachXO3L device can be ordered
with a custom specification (c-spec) to support this feature. When BACKGROUND_RECONFIG is enabled using
the Lattice Diamond Software in a design, asserting the PROGRAMN pin or issuing the REFRESH sysConfig com-
mand refreshes the SRAM array from configuration memory. Only the detected error bit is corrected. No other
SRAM cells are changed, allowing the user design to function uninterrupted.

During the project design phase, if the overall system cannot guarantee containment of the error or its subsequent
effects on downstream data or control paths, Lattice recommends using SED only. The MachXO3 can be then be
soft-reset by asserting PROGRAMN or issuing the Refresh command over a sysConfig port in response to SED.
Soft-reset additionally erases the SRAM array prior to the SRAM refresh, and asserts internal Reset circuitry to
guarantee a known state. For more details, refer to TN1292, MachXO3 Soft Error Detection (SED)/Correction
(SEC) Usage Guide.
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Absolute Maximum Ratings™ >3

MachXO3L/LFE (1.2V)  MachXO3L/LF C (2.5 V/3.3 V)

Supply Voltage Ve oo vvoo e -05Vto1.32V............. -0.5Vt03.75V
Output Supply Voltage Vegio - v oo oo e e -05Vto3.75V............. -05Vt03.75V
I/O Tri-state Voltage Applied*®............... -05V1t03.75V............. -0.5Vt03.75V
Dedicated Input Voltage Applied*. ... ......... -05Vto3.75V............. -05V1t03.75V
Storage Temperature (Ambient). .. .......... —-55°Cto125°C............ -55°Cto 125 °C
Junction Temperature (T) . ................ —-40°Cto125°C............ —-40°Cto 125 °C

1.

a b~ wdN

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.

. Compliance with the Lattice Thermal Management document is required.

. All voltages referenced to GND.

. Overshoot and undershoot of =2 V to (V|yuax + 2) volts is permitted for a duration of <20 ns.

. The dual function 12C pins SCL and SDA are limited to —0.25 V to 3.75 V or to —0.3 V with a duration of <20 ns.

Recommended Operating Conditions’

Symbol Parameter Min. Max. Units

Vo] Core Supply Voltage for 1.2 V Devices 1.14 1.26 \

ce Core Supply Voltage for 2.5 V/3.3 V Devices 2.375 3.465 \Y
Veeioh?? I/O Driver Supply Voltage 1.14 3.465 Y
ticom Junction Temperature Commercial Operation 0 85 °C
tynD Junction Temperature Industrial Operation —40 100 °C
1. Like power supplies must be tied together. For example, if Voo and Vg are both the same voltage, they must also be the same

supply.

2. See recommended voltages by I/O standard in subsequent table.
3. Vgeio pins of unused I/O banks should be connected to the V¢ power supply on boards.

Power Supply Ramp Rates'

Symbol Parameter Min. Typ. Max. Units

trRamP Power supply ramp rates for all power supplies. 0.01 — 100 V/ms

1. Assumes monotonic ramp rates.

© 2017 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Units
Generic DDRX1 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —
GDDRX1_RX.SCLK.Aligned®®
tova Input Data Valid After CLK — |0317| — |0.344| UI
tove Input Data Hold After CLK Q(!v'}gaeghxow'-F 0742 — |0702| — ul
foaTA DDRX1 Input Data Speed all sides — 300 — 250 | Mbps
fDDRX1 DDRX1 SCLK Frequency — 150 — 125 | MHz
Generic DDRX1 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input -
GDDRX1_RX.SCLK.Centered®®
tsu Input Data Setup Before CLK 0566 | — |0.560 | — ns
tHo Input Data Hold After CLK ng'}/c'zghxom-/'-': 0778 | — [0879| — | ns
fDATA DDRX1 Input Data Speed all sideé — 300 — Mbps
fopRX1 DDRX1 SCLK Frequency — 150 — 125 | MHz
Generic DDRX2 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —
GDDRX2_RX.ECLK.Aligned®?®

tova Input Data Valid After CLK — | 0316 — |0.342| Ul
tove Input Data Hold After CLK . 0710 | — |0675| — ul
foATA DDRX2 Serial Input Data Speed g"o"’;f:%«g%';/'ailge"'ces’ — [ 664 | — | 554 | Mbps
fDDRX2 DDRX2 ECLK Frequency — 332 — 277 | MHz
fsoLk SCLK Frequency — 166 — 139 | MHz
Generic DDRX2 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —
GDDRX2_RX.ECLK.Centered®?®

tsu Input Data Setup Before CLK 0233 | — |0219| — ns
tho Input Data Hold After CLK . 0287 | — (0287 | — ns
foATA DDRX2 Serial Input Data Speed l’;"o"’:f:r;«g%';/';':lge"'ces’ — | 664 | — | 554 | Mbps
fDDRX2 DDRX2 ECLK Frequency — 332 — 277 | MHz
fscLk SCLK Frequency — 166 — 139 | MHz
Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —- GDDRX4_RX.ECLK.Aligned®
tova Input Data Valid After ECLK — 10307 — 0320 Ul
tovE Input Data Hold After ECLK . 0782 | — |0699| — ul
foATA DDRX4 Serial Input Data Speed l’;"o"’:f:r;«g%';/';':lge"'ces’ — 7800 | — | 630 | Mbps
fDDRX4 DDRX4 ECLK Frequency — 400 — 315 | MHz
fscLk SCLK Frequency — 100 — 79 MHz
Generic DDR4 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX4_RX.ECLK.Centered?®
tsu Input Data Setup Before ECLK 02383 | — |0219| — ns
tho Input Data Hold After ECLK . 0287 | — (0287 | — ns
foaTA DDRX4 Serial Input Data Speed l’;"o"’:f:r;«g%';/';':lge"'ces’ — 7800 | — | 630 | Mbps
fDDRX4 DDRX4 ECLK Frequency — 400 — 315 | MHz
fscLk SCLK Frequency — 100 — 79 MHz
7:1 LVDS Inputs (GDDR71_RX.ECLK.7:1)°

tova Input Data Valid After ECLK — 10290 | — 0320 Ul
tove Input Data Hold After ECLK 0739 | — |0699| — ul
foaTA DDR71 Serial Input Data Speed MachXOB3L/LF devices, — 756 — 630 | Mbps
foDR71 DDR71 ECLK Frequency bottom side only — 878 | — | 315 | MHz
foLKIN 7:1 Input Clock Frequency (SCLK) (mini- . 108 . 20 MHz

mum limited by PLL)
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Device Min. ‘ Max.

Min. \ Max. | Units

MIPI D-PHY Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input -

GDDRX4_RX.ECLK.Centered'* "2

tgy'® Input Data Setup Before ECLK 0200 | — |0.200| — ul
tho™ Input Data Hold After ECLK 0200 | — |0.200| — ul
Fonra” MIPI D-PHY Input Data Speed Q(!v'}’éz‘s’f‘)égfo%fi geonly | — | 900 | — | 900 | Mbps
fobRxa'* MIPI D-PHY ECLK Frequency — 450 — 450 | MHz
fsok™ SCLK Frequency — | 1125 | — | 1125 | MHz
Generic DDR Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX1_TX.SCLK.Aligned®
tbia Output Data Invalid After CLK Output — | 0520 — |0550| ns
tois Output Data Invalid Before CLK Output Q(!v'}gaeghXOC”'—/'—F — |0520] — [0550| ns
foATA DDRX1 Output Data Speed all sides — | 8300 | — | 250 | Mbps
fDDRX1 DDRX1 SCLK frequency — 150 — 125 | MHz
Generic DDR Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —- GDDRX1_TX.SCLK.Centered®
tove Output Data Valid Before CLK Output 1210 | — |1510| — ns
tova Output Data Valid After CLK Output All MachXO3L/LF 1210 | — 1510 | — ns
foATA DDRX1 Output Data Speed devices, — | 300 | — | 250 | Mbps
fobRX1 DDRX1 SCLK Frequency all sides — | 150 | — | 125 | MHz
(minimum limited by PLL)
Generic DDRX2 Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —- GDDRX2_TX.ECLK.Aligned®
tpia Output Data Invalid After CLK Output — 0200 — |0215| ns
tbis Output Data Invalid Before CLK Output . — 0200 — |0.215| ns
ToATA DDRX2 Serial Output Data Speed Mgﬁgfg’;{)’;’: devices, [ —"gg4 | — | 554 | Mbps
fDDRX2 DDRX2 ECLK frequency — 332 — 277 | MHz
fscLk SCLK Frequency — 166 — 139 | MHz
Generic DDRX2 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —
GDDRX2_TX.ECLK.Centered®?®
tove Output Data Valid Before CLK Output 053 | — |0670 | — ns
tova Output Data Valid After CLK Output 0535 — |0670| — ns
foaTA DDRX2 Serial Output Data Speed Maché(OBLllLF devices, — 664 — 554 | Mbps
top side only
oo | inmum fimited by PLL) — || — |27 |
fscLk SCLK Frequency — 166 — 139 | MHz
Generic DDRX4 Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —
GDDRX4_TX.ECLK.Aligned®*®
tpia Output Data Invalid After CLK Output — 0200 — |0.215| ns
tois Output Data Invalid Before CLK Output . — 10200 — |0215| ns
foATA DDRX4 Serial Output Data Speed Mgﬁgfg’;{)’;’: devices, ™ —"g50 | — | 630 | Mbps
foDRX4 DDRX4 ECLK Frequency — 400 — 315 | MHz
fscLk SCLK Frequency — 100 — 79 MHz
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NVCM/Flash Download Time' 2

Symbol Parameter Device Typ. Units
tREFRESH POR to Device 1/O Active |LCMXO3L/LF-640 1.9 ms
LCMXOB3L/LF-1300 1.9 ms
LCMXO3L/LF-1300 256-Ball Package 1.4 ms
LCMXO3L/LF-2100 1.4 ms
LCMXOSL/LF-2100 324-Ball Package 2.4 ms
LCMXOBSL/LF-4300 24 ms
LCMXO3L/LF-4300 400-Ball Package 3.8 ms
LCMXOB3L/LF-6900 3.8 ms
LCMXOBSL/LF-9400C 5.2 ms

1. Assumes sysMEM EBR initialized to an all zero pattern if they are used.
2. The NVCM/Flash download time is measured starting from the maximum voltage of POR trip point.
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Signal Descriptions (Cont.)

Signal Name | I/0 ‘ Descriptions

Configuration (Dual function pins used during sysCONFIG)

PROGRAMN | Initiates configuration sequence when asserted low. This pin always has an active pull-up.
Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, a pull-up

INITN /o |,
is enabled.

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

MCLK/CCLK /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 | 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 /O |Slave SPI serial data output and master SPI serial data input.

SCL I/O |Slave I>C clock input and master I°C clock output.

SDA I/O |Slave I’C data input and master I°C data output.
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Pin Information Summary

MachXO3L/LF
-640 MachXO3L/LF-1300

CSFBGA121 WLCSP36 CSFBGA121 CSFBGA256 CABGA256
General Purpose 10 per Bank
Bank 0 24 15 24 50 50
Bank 1 26 0 26 52 52
Bank 2 26 9 26 52 52
Bank 3 24 4 24 16 16
Bank 4 0 0 0 16 16
Bank 5 0 0 0 20 20
Total General Purpose Single Ended 10 100 28 100 206 206
Differential 10 per Bank
Bank 0 12 8 12 25 25
Bank 1 13 0 13 26 26
Bank 2 13 4 13 26 26
Bank 3 11 2 11 8 8
Bank 4 0 0 0 8 8
Bank 5 0 0 0 10 10
Total General Purpose Differential 10 49 14 49 103 103
Dual Function 10 33 25 33 33 33
Number 7:1 or 8:1 Gearboxes
Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 7 3 7 14 14
Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 7 2 7 14 14
High-speed Differential Outputs
Bank 0 | 7 3 7 14 14
VCCIO Pins
Bank 0 1 1 1 4 4
Bank 1 1 0 1 3 4
Bank 2 1 1 1 4 4
Bank 3 3 1 3 2 1
Bank 4 0 0 0 2 2
Bank 5 0 0 0 2 1
vcc 4 2 4 8 8
GND 10 2 10 24 24
NC 0 0 0 0 1
Reserved for Configuration 1 1 1 1 1
Total Count of Bonded Pins 121 36 121 256 256
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MachXO3L/LF-4300
WLCSP81 |CSFBGA121 | CSFBGA256 | CSFBGA324| CABGA256 | CABGA324 | CABGA400

General Purpose 10 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 63 100 206 268 206 279 335

Single Ended 10

Differential 10 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 31 49 103 131 103 140 168
Differential 10

Dual Function 10 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-6900

CSFBGA256 CSFBGA324 CABGA256 CABGA324 CABGA400
General Purpose 10 per Bank
Bank 0 50 73 50 71 83
Bank 1 52 68 52 68 84
Bank 2 52 72 52 72 84
Bank 3 16 24 16 24 28
Bank 4 16 16 16 16 24
Bank 5 20 28 20 28 32
Total General Purpose Single Ended 10 206 281 206 279 335
Differential 10 per Bank
Bank 0 25 36 25 36 42
Bank 1 26 34 26 34 42
Bank 2 26 36 26 36 42
Bank 3 8 12 8 12 14
Bank 4 8 8 8 8 12
Bank 5 10 14 10 14 16
Total General Purpose Differential 10 103 140 103 140 168
Dual Function 10 37 37 37 37 37
Number 7:1 or 8:1 Gearboxes
Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 20 21 20 21 21
Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 20 21 20 21 21
High-speed Differential Outputs
Bank 0 | 20 21 20 21 21
VCCIO Pins
Bank 0 4 4 4 4 5
Bank 1 3 4 4 4 5
Bank 2 4 4 4 4 5
Bank 3 2 2 1 2 2
Bank 4 2 2 2 2 2
Bank 5 2 2 1 2 2
vcC 8 8 8 10 10
GND 24 16 24 16 33
NC 0 0 1 0 0
Reserved for Configuration 1 1 1 1 1
Total Count of Bonded Pins 256 324 256 324 400
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Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-2100E-6MG324I 2100 1.2V 6 Halogen-Free csfBGA 324 IND
LCMXO3L-2100C-5BG256C 2100 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-2100C-6BG256C 2100 25V /33V 6 Halogen-Free caBGA 256 COM
LCMXO3L-2100C-5BG256I 2100 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-2100C-6BG256I 2100 25V/33V 6 Halogen-Free caBGA 256 IND
LCMXO3L-2100C-5BG324C 2100 25V/33V 5 Halogen-Free caBGA 324 COM
LCMXO3L-2100C-6BG324C 2100 25V/33V 6 Halogen-Free caBGA 324 COM
LCMXO3L-2100C-5BG324I 2100 25V/33V 5 Halogen-Free caBGA 324 IND
LCMXO3L-2100C-6BG324I 2100 25V/33V 6 Halogen-Free caBGA 324 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-4300E-5UWG81CTR 4300 1.2V 5 Halogen-Free WLCSP 81 COM
LCMXO3L-4300E-5UWG81CTR50 4300 1.2V 5 Halogen-Free WLCSP 81 COM
LCMXO3L-4300E-5UWG81CTR1K 4300 1.2V 5 Halogen-Free WLCSP 81 COM
LCMXO3L-4300E-5UWG81ITR 4300 1.2V 5 Halogen-Free WLCSP 81 IND
LCMXO3L-4300E-5UWG81ITR50 4300 1.2V 5 Halogen-Free WLCSP 81 IND
LCMXO3L-4300E-5UWG81ITR1K 4300 1.2V 5 Halogen-Free WLCSP 81 IND
LCMXO3L-4300E-5MG121C 4300 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-4300E-6MG121C 4300 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-4300E-5MG121] 4300 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-4300E-6MG121] 4300 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-4300E-5MG256C 4300 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-4300E-6MG256C 4300 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-4300E-5MG256I 4300 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-4300E-6MG256I 4300 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-4300E-5MG324C 4300 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3L-4300E-6MG324C 4300 1.2V 6 Halogen-Free csfBGA 324 COM
LCMXO3L-4300E-5MG324| 4300 1.2V 5 Halogen-Free csfBGA 324 IND
LCMXO3L-4300E-6MG324I 4300 1.2V 6 Halogen-Free csfBGA 324 IND
LCMXO3L-4300C-5BG256C 4300 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-4300C-6BG256C 4300 25V/33V 6 Halogen-Free caBGA 256 COM
LCMXO3L-4300C-5BG256I 4300 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-4300C-6BG256I 4300 25V/33V 6 Halogen-Free caBGA 256 IND
LCMXO3L-4300C-5BG324C 4300 25V/33V 5 Halogen-Free caBGA 324 COM
LCMXO3L-4300C-6BG324C 4300 25V/33V 6 Halogen-Free caBGA 324 COM
LCMXO3L-4300C-5BG3241 4300 25V/33V 5 Halogen-Free caBGA 324 IND
LCMXO3L-4300C-6BG324I 4300 25V/33V 6 Halogen-Free caBGA 324 IND
LCMXO3L-4300C-5BG400C 4300 25V /33V 5 Halogen-Free caBGA 400 COM
LCMXO3L-4300C-6BG400C 4300 25V/33V 6 Halogen-Free caBGA 400 COM
LCMXO3L-4300C-5BG400I 4300 25V/33V 5 Halogen-Free caBGA 400 IND
LCMXO3L-4300C-6BG400I 4300 25V/33V 6 Halogen-Free caBGA 400 IND
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