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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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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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Figure 2-8. sysMEM Memory Primitives
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Table 2-6. EBR Signal Descriptions

Port Name Description Active State
CLK Clock Rising Clock Edge
CE Clock Enable Active High
OCE' Output Clock Enable Active High
RST Reset Active High
BE' 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 EMPTY| 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.

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, Aimost 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

Flag Name Programming Range
Full (FF) 1 to max (up to 2M-1)
Almost Full (AF) 1 to Full-1
Almost Empty (AE) 1 to Full-1
Empty (EF) 0

N = Address bit width.

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
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If an EBR is pre-loaded during configuration, the GSR input must be disabled or the release of the GSR during
device wake up must occur before the release of the device 1/0s becoming active.

These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR sig-
nal is always enabled and the WE and RE signals act like the clock enable signals in Figure 2-10. The reset timing
rules apply to the RPReset input versus the RE input and the RST input versus the WE and RE inputs. Both RST
and RPReset are always asynchronous EBR inputs. For more details refer to TN1290, Memory Usage Guide for
MachXO3 Devices.

Note that there are no reset restrictions if the EBR synchronous reset is used and the EBR GSR input is disabled.

Programmable I/O Cells (PIC)

The programmable logic associated with an I/O is called a PIO. The individual PIO are connected to their respec-
tive syslO buffers and pads. On the MachXO3L/LF devices, the PIO cells are assembled into groups of four PIO
cells called a Programmable 1/O Cell or PIC. The PICs are placed on all four sides of the device.

On all the MachXOSL/LF devices, two adjacent PIOs can be combined to provide a complementary output driver
pair.

All PIO pairs can implement differential receivers. Half of the PIO pairs on the top edge of these devices can be
configured as true LVDS transmit pairs. The PIO pairs on the bottom edge of these devices have on-chip differen-
tial termination and also provide PCI support.
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Table 2-11 shows the I/O standards (together with their supply and reference voltages) supported by the
MachXO3L/LF devices. For further information on utilizing the syslO buffer to support a variety of standards please
see TN1280, MachXOS3 syslO Usage Guide.

Table 2-11. Supported Input Standards

VCCIO (Typ.)

Input Standard 33V |25V [ 18V |15V | 12V
Single-Ended Interfaces
LVTTL Yes
LVCMOS33 Yes
LVCMOS25 Yes
LVCMOS18 Yes
LVCMOS15 Yes
LVCMOS12 Yes
PCI Yes
Differential Interfaces
LVDS Yes Yes
BLVDS, MLVDS, LVPECL, RSDS Yes Yes
MIPI! Yes Yes
LVTTLD Yes
LVCMOS33D Yes
LVCMOS25D Yes
LVCMOS18D Yes

1. These interfaces can be emulated with external resistors in all devices.
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Embedded Hardened IP Functions

All MachXO3L/LF devices provide embedded hardened functions such as SPI, 12C and Timer/Counter. MachXO3LF
devices also provide User Flash Memory (UFM). These embedded blocks interface through the WISHBONE interface
with routing as shown in Figure 2-17.

Figure 2-17. Embedded Function Block Interface
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Hardened I°C IP Core

Every MachXO3L/LF device contains two I°C IP cores. These are the primary and secondary I°C IP cores. Either of
the two cores can be configured either as an I°C master or as an I°C slave. The only difference between the two IP
cores is that the primary core has pre-assigned I/O pins whereas users can assign I/O pins for the secondary core.

When the IP core is configured as a master it will be able to control other devices on the I°C bus through the inter-
face. When the core is configured as the slave, the device will be able to provide I/O expansion to an I1°C Master.
The I2C cores support the following functionality:

* Master and Slave operation

e 7-bit and 10-bit addressing

e Multi-master arbitration support

e Up to 400 kHz data transfer speed

* General call support

* Interface to custom logic through 8-bit WISHBONE interface
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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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Programming and Erase Supply Current — C/E Devices"?*%*

Symbol Parameter Device Typ.* Units
lcc Core Power Supply LCMXO3L/LF-1300C 256 Ball Package 221 mA
LCMXO3L/LF-2100C 22.1 mA
LCMXO3L/LF-2100C 324 Ball Package 26.8 mA
LCMXOBSL/LF-4300C 26.8 mA
LCMXO3L/LF-4300C 400 Ball Package 33.2 mA
LCMXOB3L/LF-6900C 33.2 mA
LCMXOBSL/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
lccio Bank Power Supply® All devices 0 mA
VCCIO =25V

. For further information on supply current, please refer to TN1289, Power Estimation and Management for MachXOg3 Devices.
. Assumes all inputs are held at Vg0 or GND and all outputs are tri-stated.

. Typical user pattern.

JTAG programming is at 25 MHz.

T, =25 °C, power supplies at nominal voltage.

. Per bank. Vg0 = 2.5 V. Does not include pull-up/pull-down.

ouh N =
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LVDS Emulation

MachXO3L/LF devices can support LVDS outputs via emulation (LVDS25E). The output is emulated using comple-
mentary LVCMOS outputs in conjunction with resistors across the driver outputs on all devices. The scheme shown
in Figure 3-1 is one possible solution for LVDS standard implementation. Resistor values in Figure 3-1 are industry
standard values for 1% resistors.

Figure 3-1. LVDS Using External Resistors (LVDS25E)

VCCIO =25
: 158 H
8mA {1 . . L
Zo =100
VCCIO =25 140 100
158
8mA 1 d C
On-chip Off-chip Off-chip On-chip
E— <+—
Emulated
LVDS
Buffer

Note: All resistors are +1%.

Table 3-1. LVDS25E DC Conditions

Over Recommended Operating Conditions

Parameter Description Typ. Units
Zout Output impedance 20 Ohms
Rg Driver series resistor 158 Ohms
Rp Driver parallel resistor 140 Ohms
Rt Receiver termination 100 Ohms
VoH Output high voltage 1.43 \"
VoL Output low voltage 1.07 \
Vob Output differential voltage 0.35 Vv
Vewm Output common mode voltage 1.25 \
Zaack Back impedance 100.5 Ohms
Ioc DC output current 6.03 mA
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MachXO3L/LF External Switching Characteristics — C/E Devices' %3 %5610

Over Recommended Operating Conditions

-6 -5
Parameter Description Device Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fwax_pri’  |Frequency for Primary Clock Tree All MachXO3L/LF devices| — 388 — 323 | MHz
tw PRI Clock Pulse Width for Primary Clock All MachXOB3L/LF devices| 0.5 — 0.6 — ns
MachXO3L/LF-1300 — 867 — 897 ps
MachXO3L/LF-2100 — 867 — 897 ps
tskew _pri | Primary Clock Skew Within a Device MachXO3L/LF-4300 — 865 — 892 ps
MachXO3L/LF-6900 — 902 — 942 ps
MachXO3L/LF-9400 — 908 — 950 ps
Edge Clock
fwax_EpGe’ |Frequency for Edge Clock MachXO3L/LF | — | 400 | — [ 333 | MHz
Pin-LUT-Pin Propagation Delay
thp Dest case propagation delay through one | o) MachXOSLLF devices| — | 672 | — | 696 | ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachXO3L/LF-1300 — 7.46 — 7.66 ns
MachXO3L/LF-2100 — 7.46 — 7.66 ns
tco Clock to Output - PIO Output Register MachXO3L/LF-4300 — 7.51 — 7.71 ns
MachXO3L/LF-6900 — 7.54 — 7.75 ns
MachXO3L/LF-9400 — 7.53 — 7.83 ns
MachXOS3L/LF-1300 -020| — |-020| — ns
MachXO3L/LF-2100 -020| — |-020| — ns
tsu Clock to Data Setup - PIO Input Register MachXO3L/LF-4300 -023| — |-023| — ns
MachXOS3L/LF-6900 -023| — |-023| — ns
MachXO3L/LF-9400 -0.24 — -0.24 — ns
MachXO3L/LF-1300 1.89 — 2.13 — ns
MachXO3L/LF-2100 1.89 — 2.13 — ns
tH Clock to Data Hold - PIO Input Register MachXO3L/LF-4300 1.94 — 2.18 — ns
MachXO3L/LF-6900 1.98 — 2.23 — ns
MachXOS3L/LF-9400 1.99 — 2.24 — ns
MachXO3L/LF-1300 1.61 — 1.76 — ns
) MachXO3L/LF-2100 1.61 — 1.76 — ns
toupeL ookt aﬂi‘gfgg{;}; PIO Input Register - -hXO3L/LF-4300 166 | — | 181 | — | ns
MachXO3L/LF-6900 1.53 — 1.67 — ns
MachXO3L/LF-9400 1.65 — 1.80 — ns
MachXOS3L/LF-1300 -023| — |-023| — ns
_ ~ |MachXO3L/LF-2100 -023| — |-023| — ns
4 pEL ﬁ'gﬁfé‘;gaéaegi'd - PIO Input Register with 2 X O3L/LF-4300 025 — |025| — | ns
MachXOS3L/LF-6900 -021| — |-021| — ns
MachXO3L/LF-9400 -0.24 — -0.24 — ns
fmax_ 10 Clock Frequency of /0 and PFU Register  |All MachXO3L/LF devices| — 388 — 323 | MHz
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6 5

Parameter Description Device Min. | Max. | Min. | Max. | Units
MachXO3L/LF-1300 287 | — | 318 | — | ns

_ MachXO3L/LF-2100 287 | — | 318 | — | ns

tsu DELPLL \?v:?thDgaD|?1t§u?gt:|g§ PIO Input Register ;2 chXO3L/LF-4300 206 | — | 328 | — | ns
MachXO3L/LF-6900 305 | — |33 | — | ns

MachXO3L/LF-9400 306 | — | 337 | — | ns

MachXO3L/LF-1300 ~083| — | 083 — | ns

~ [MachXO3L/LF-2100 —083| — |-083| — | ns

4 DELPLL &'gﬁl‘g;gaéi E}‘j’d'P'o Input Register with - o XO3L/LF-4300 ~087| — |-087| — | ns
MachXO3L/LF-6900 091| — |—0901| — | ns

MachXO3L/LF-9400 093] — |03 — | ns
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Parameter Description

-6

-5

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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sysCLOCK PLL Timing
Over Recommended Operating Conditions
Parameter Descriptions Conditions Min. Max. Units
fin Input Clock Frequency (CLKI, CLKFB) 7 400 MHz
fout 8E:€gtsg)lock Frequency (CLKOP, CLKOS, 15625 | 400 MHz
foura 8E:(pcl;ts;;equency (CLKOS3 cascaded from 0.0122 | 400 MHz
fvco PLL VCO Frequency 200 800 MHz
fPED Phase Detector Input Frequency 7 400 MHz
AC Characteristics
tor Output Clock Duty Cycle Without duty trim selected® 45 55 %
tor TRIM Edge Duty Trim Accuracy 75 75 %
tpy* Output Phase Accuracy —6 6 %
Output Clock Period Jitter four > 100 MHz — 150 bs b
fouT < 100 MHz — 0.007 UIPP
Output Clock Cycle-to-cycle Jitter four > 100 MHz — 180 PS PP
fouT < 100 MHz — 0.009 uipPpP
topyrt"® Output Clock Phase Jitter frp > 100 MHz — 160 PS PP
fprp < 100 MHz — 0.011 uiPP
Output Clock Period Jitter (Fractional-ny | /our > 100 MHz — | 230 bSpp
fouT < 100 MHz — 0.12 uipPpP
Output Clock Cycle-to-cycle Jitter four > 100 MHz — 230 ps p-p
(Fractional-N) fout < 100 MHz — 0.12 uIPP
tspo Static Phase Offset Divider ratio = integer -120 120 ps
tw Output Clock Pulse Width At 90% or 10%° 0.9 — ns
tLock>? PLL Lock-in Time — 15 ms
tunLocK PLL Unlock Time — 50 ns
tipuiT® Input Clock Period Jitter fprp = 20 MHz — 1,000 PS PP
ferp < 20 MHz — 0.02 uiPP
th Input Clock High Time 90% to 90% 0.5 — ns
to Input Clock Low Time 10% to 10% 0.5 — ns
tsTABLE® STANDBY High to PLL Stable — 15 ms
trsT RST/RESETM Pulse Width 1 — ns
trRsTREC RST Recovery Time 1 — ns
trsT DIV RESETC/D Pulse Width 10 — ns
trstRec piv  |RESETC/D Recovery Time 1 — ns
tROTATE-SETUP PHASESTEP Setup Time 10 — ns
tROTATE_ WD PHASESTEP Pulse Width 4 — VCO Cycles

1. Period jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clock. Cycle-to-cycle jitter is taken over 1000 cycles. Phase

jitter is taken over 2000 cycles. All values per JESD65B.

2. Output clock is valid after t, ook for PLL reset and dynamic delay adjustment.

3. Using LVDS output buffers.

4. CLKOS as compared to CLKOP output for one phase step at the maximum VCO frequency. See TN1282, MachXO3 sysCLOCK PLL Design and Usage

Guide for more details.

5. At minimum fpep, As the fpep increases the time will decrease to approximately 60% the value listed.

6. Maximum allowed jitter on an input clock. PLL unlock may occur if the input jitter exceeds this specification. Jitter on the input clock may be transferred to the

output clocks, resulting in jitter measurements outside the output specifications listed in this table.

7. Edge Duty Trim Accuracy is a percentage of the setting value. Settings available are 70 ps, 140 ps, and 280 ps in addition to the default value of none.
8. Jitter values measured with the internal oscillator operating. The jitter values will increase with loading of the PLD fabric and in the presence of SSO noise.
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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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Ordering Information
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MachXO3 Part Number Description
LCMXO3X — XXXXX — XXXXXXX XX

Device Family Q L Shipping Method
Low Density Blank = Trays
MachXO3 FPGA TR = Tape and Reel

TR50 = WLCSP Package, 50 parts per reel

Configuration Memory
TR1K = WLCSP Package, 1,000 parts per reel

L =NVCM
Ll.: = Flash. L Grade

Logic Capacity C = Commercial
640 = 640 LUTs | = Industrial

1300 = 1280 LUTs
2100 =2112 LUTs
4300 = 4320 LUTs
6900 = 6864 LUTs
9400 = 9400 LUTs

Package
UWG36 = 36-Ball Halogen-Free WLCSP (0.4 mm Pitch)
UWGA49 = 49-Ball Halogen-Free WLCSP (0.4 mm Pitch)
UWG81 = 81-Ball Halogen-Free WLCSP (0.4 mm Pitch)
MG121 = 121-Ball Halogen-Free csfBGA (0.5 mm Pitch

( )

S”g":";‘?\'/ta/%es v MG256 = 256-Ball Halogen-Free csfBGA (0.5 mm Pitch)
E -1 '2 v ' MG324 = 324-Ball Halogen-Free csfBGA (0.5 mm Pitch)

’ BG256 = 256-Ball Halogen-Free caBGA (0.8 mm Pitch)

Speed BG324 = 324-Ball Halogen-Free caBGA (0.8 mm Pitch)
5 = Slowest BG400 = 400-Ball Halogen-Free caBGA (0.8 mm Pitch)

6 = Fastest BG484 = 484-Ball Halogen-Free caBGA (0.8 mm Pitch)

Ordering Information

MachXO3L/LF devices have top-side markings as shown in the examples below, on the 256-Ball caBGA package
with MachXO3-6900 device in Commercial Temperature in Speed Grade 5. Notice that for the MachXO3LF device,
LMXO3LF is used instead of LCMXO3LF as in the Part Number.

LATTICE LATTICE
LCMXO3L-6900C LMXO3LF-6900C
5BG256C 5BG256C
Datecode Datecode

Note: LCMXO3LF is marked
with LMXO3LF

Note: Markings are abbreviated for small packages.

© 2016 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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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 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-640E-6MG121C 640 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-640E-5MG 1211 640 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-640E-6MG 1211 640 1.2V 6 Halogen-Free csfBGA 121 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-1300E-5UWG36CTR 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36CTR50 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36CTR1K 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36ITR 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5UWG36ITR50 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5UWG36ITR1K 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5MG121C 1300 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-1300E-6MG121C 1300 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-1300E-5MG121] 1300 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-1300E-6MG121] 1300 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-1300E-5MG256C 1300 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-1300E-6MG256C 1300 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-1300E-5MG256I 1300 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-1300E-6MG256I 1300 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-1300C-5BG256C 1300 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-1300C-6BG256C 1300 25V/33V 6 Halogen-Free caBGA 256 COM
LCMXO3L-1300C-5BG256I 1300 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-1300C-6BG256I 1300 25V/33V 6 Halogen-Free caBGA 256 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-2100E-5UWG49CTR 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49CTR50 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49CTR1K 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49ITR 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5UWG49ITR50 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5UWG49ITR1K 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5MG121C 2100 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-2100E-6MG121C 2100 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-2100E-5MG121] 2100 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-2100E-6MG121] 2100 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-2100E-5MG256C 2100 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-2100E-6MG256C 2100 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-2100E-5MG256I 2100 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-2100E-6MG256I 2100 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-2100E-5MG324C 2100 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3L-2100E-6MG324C 2100 1.2V 6 Halogen-Free csfBGA 324 COM
LCMXO3L-2100E-5MG324| 2100 1.2V 5 Halogen-Free csfBGA 324 IND
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Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-6900E-5MG256C 6900 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-6900E-6MG256C 6900 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-6900E-5MG256I 6900 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-6900E-6MG256I 6900 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-6900E-5MG324C 6900 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3L-6900E-6MG324C 6900 1.2V 6 Halogen-Free csfBGA 324 COM
LCMXO3L-6900E-5MG324I 6900 1.2V 5 Halogen-Free csfBGA 324 IND
LCMXO3L-6900E-6MG324| 6900 1.2V 6 Halogen-Free csfBGA 324 IND
LCMXO3L-6900C-5BG256C 6900 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-6900C-6BG256C 6900 25V/33V 6 Halogen-Free caBGA 256 COM
LCMXO3L-6900C-5BG256| 6900 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-6900C-6BG256I 6900 25V/33V 6 Halogen-Free caBGA 256 IND
LCMXO3L-6900C-5BG324C 6900 25V/33V 5 Halogen-Free caBGA 324 COM
LCMXO3L-6900C-6BG324C 6900 25V/33V 6 Halogen-Free caBGA 324 COM
LCMXO3L-6900C-5BG324I 6900 25V/33V 5 Halogen-Free caBGA 324 IND
LCMXO3L-6900C-6BG324I 6900 25V/33V 6 Halogen-Free caBGA 324 IND
LCMXO3L-6900C-5BG400C 6900 25V/33V 5 Halogen-Free caBGA 400 COM
LCMXO3L-6900C-6BG400C 6900 25V/33V 6 Halogen-Free caBGA 400 COM
LCMXO3L-6900C-5BG400lI 6900 25V/33V 5 Halogen-Free caBGA 400 IND
LCMXO3L-6900C-6BG400lI 6900 25V/33V 6 Halogen-Free caBGA 400 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-9400E-5MG256C 9400 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-9400E-6MG256C 9400 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-9400E-5MG256I 9400 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-9400E-6MG256I 9400 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-9400C-5BG256C 9400 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-9400C-6BG256C 9400 25V/3.3V 6 Halogen-Free caBGA 256 COM
LCMXO3L-9400C-5BG2561 9400 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-9400C-6BG2561 9400 25V/33V 6 Halogen-Free caBGA 256 IND
LCMXO3L-9400C-5BG400C 9400 25V/3.3V 5 Halogen-Free caBGA 400 COM
LCMXO3L-9400C-6BG400C 9400 25V/3.3V 6 Halogen-Free caBGA 400 COM
LCMXO3L-9400C-5BG400I 9400 25V/33V 5 Halogen-Free caBGA 400 IND
LCMXO3L-9400C-6BG400I 9400 25V/3.3V 6 Halogen-Free caBGA 400 IND
LCMXO3L-9400C-5BG484C 9400 25V/3.3V 5 Halogen-Free caBGA 484 COM
LCMXO3L-9400C-6BG484C 9400 25V/3.3V 6 Halogen-Free caBGA 484 COM
LCMXO3L-9400C-5BG484| 9400 25V/33V 5 Halogen-Free caBGA 484 IND
LCMXO3L-9400C-6BG484I 9400 25V/3.3V 6 Halogen-Free caBGA 484 IND
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