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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 MachX02-640/U and larger 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 2-9. Memory Core Reset
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For further information on the sysMEM EBR block, please refer to TN1201, Memory Usage Guide for MachXO2
Devices.

EBR Asynchronous Reset

EBR asynchronous reset or GSR (if used) can only be applied if all clock enables are low for a clock cycle before
the reset is applied and released a clock cycle after the reset is released, as shown in Figure 2-10. The GSR input
to the EBR is always asynchronous.

Figure 2-10. EBR Asynchronous Reset (Including GSR) Timing Diagram

Reset

Clock

Clock
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If all clock enables remain enabled, the EBR asynchronous reset or GSR may only be applied and released after
the EBR read and write clock inputs are in a steady state condition for a minimum of 1/fyax (EBR clock). The reset
release must adhere to the EBR synchronous reset setup time before the next active read or write clock edge.

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

These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR sig-
nal is always enabled and the WE and RE signals act like the clock enable signals in Figure 2-10. 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 TN1201, Memory Usage Guide for
MachXO2 Devices.

Note that there are no reset restrictions if the EBR synchronous reset is used and the EBR GSR input is disabled.
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Programmable 1/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 MachXO2 devices, the PIO cells are assembled into groups of four PIO cells
called a Programmable 1/0O Cell or PIC. The PICs are placed on all four sides of the device.

On all the MachXO2 devices, two adjacent PIOs can be combined to provide a complementary output driver pair.

The MachX02-640U, MachX02-1200/U and higher density devices contain enhanced I/O capability. All PIO pairs
on these larger devices 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 higher density devices
have on-chip differential termination and also provide PCI support.




. Architecture
= LATTICE MachXO2 Family Data Sheet

Output Register Block
The output register block registers signals from the core of the device before they are passed to the syslO buffers.
Left, Top, Bottom Edges

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

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

Figure 2-14 shows the output register block on the left, top and bottom edges.

Figure 2-14. MachX02 Output Register Block Diagram (PIO on the Left, Top and Bottom Edges)
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Right Edge

The output register block on the right edge is a superset of the output register on left, top and bottom edges of the
device. In addition to supporting SDR and Generic DDR modes, the output register blocks for PIOs on the right
edge include additional logic to support DDR-memory interfaces. Operation of this block is similar to that of the out-
put register block on other edges.

In DDR memory mode, DO and D1 inputs are fed into registers on the positive edge of the clock. At the next falling
edge the registered D1 input is registered into the register Q1. A multiplexer running off the DQSW90 signal is used
to switch the mux between the outputs of registers Q0 and Q1 that will then feed the output.

Figure 2-15 shows the output register block on the right edge.
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MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000 and MachX0O2-7000 devices contain three
types of syslO buffer pairs.

1. Left and Right syslO Buffer Pairs
The syslO buffer pairs in the left and right banks of the device consist of two single-ended output drivers and
two single-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the left and
right of the devices also have differential and referenced input buffers.

2. Bottom syslO Buffer Pairs
The syslO buffer pairs in the bottom bank of the device consist of two single-ended output drivers and two sin-
gle-ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the bottom also have
differential and referenced input buffers. Only the I/Os on the bottom banks have programmable PCI clamps
and differential input termination. The PCI clamp is enabled after V¢ and Vg o are at valid operating levels

and the device has been configured.

3. Top syslO Buffer Pairs
The syslO buffer pairs in the top bank of the device consist of two single-ended output drivers and two single-
ended input buffers (for ratioed inputs such as LVCMOS and LVTTL). The I/O pairs on the top also have differ-
ential and referenced I/O buffers. Half of the syslO buffer pairs on the top edge have true differential outputs.
The syslO buffer pair comprising of the A and B P1Os in every PIC on the top edge have a differential output
driver. The referenced input buffer can also be configured as a differential input buffer.

Typical I/O Behavior During Power-up

The internal power-on-reset (POR) signal is deactivated when V¢ and Voo have reached Vpgoryp level defined
in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. After the
POR signal is deactivated, the FPGA core logic becomes active. It is the user’s responsibility to ensure that all
Vcelo banks are active with valid input logic levels to properly control the output logic states of all the I/0 banks that
are critical to the application. The default configuration of the 1/O pins in a blank device is tri-state with a weak pull-
down to GND (some pins such as PROGRAMN and the JTAG pins have weak pull-up to V¢gio as the default func-
tionality). The I/O pins will maintain the blank configuration until Ve and Vg o (for I/O banks containing configura-
tion 1/0s) have reached Vpgoryp levels at which time the I/Os will take on the user-configured settings only after a
proper download/configuration.

Supported Standards

The MachXO2 syslO buffer supports both single-ended and differential standards. Single-ended standards can be
further subdivided into LVCMOS, LVTTL, and PCI. The buffer supports the LVTTL, PCI, LWVCMOS 1.2, 1.5, 1.8, 2.5,
and 3.3 V standards. In the LVCMOS and LVTTL modes, the buffer has individually configurable options for drive
strength, bus maintenance (weak pull-up, weak pull-down, bus-keeper latch or none) and open drain. BLVDS,
MLVDS and LVPECL output emulation is supported on all devices. The MachX02-640U, MachX02-1200/U and
higher devices support on-chip LVDS output buffers on approximately 50% of the 1/0Os on the top bank. Differential
receivers for LVDS, BLVDS, MLVDS and LVPECL are supported on all banks of MachXO2 devices. PCIl support is
provided in the bottom bank of theMachX02-640U, MachX02-1200/U and higher density devices. Table 2-11 sum-
marizes the I/O characteristics of the MachXO2 PLDs.

Tables 2-11 and 2-12 show the I/O standards (together with their supply and reference voltages) supported by the
MachXO2 devices. For further information on utilizing the syslO buffer to support a variety of standards please see
TN1202, MachXO2 syslO Usage Guide.
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Figure 2-21. FC Core Block Diagram
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Table 2-15 describes the signals interfacing with the I°C cores.

Table 2-15. FC Core Signal Description

Signal Name

/0

Description

i2c_scl

Bi-directional

Bi-directional clock line of the I12C core. The signal is an output if the I*C core is in master
mode. The signal is an input if the I?C core is in slave mode. MUST be routed directly to the
pre-assigned I/O of the chip. Refer to the Pinout Information section of this document for
detailed pad and pin locations of I1°C ports in each MachXO2 device.

i2c_sda

Bi-directional

Bi-directional data line of the I1°C core. The signal is an output when data is transmitted from
the I?C core. The signal is an input when data is received into the I°C core. MUST be routed
directly to the pre-assigned /O of the chip. Refer to the Pinout Information section of this
document for detailed pad and pin locations of I2C ports in each MachXO2 device.

i2c_irqo

Output

Interrupt request output signal of the I1>C core. The intended usage of this signal is for it to be
connected to the WISHBONE master controller (i.e. a microcontroller or state machine) and
request an interrupt when a specific condition is met. These conditions are described with
the I2C register definitions.

cfg_wake

Output

Wake-up signal — To be connected only to the power module of the MachXO2 device. The
signal is enabled only if the “Wakeup Enable” feature has been set within the EFB GUI, I)C
Tab.

cfg_stdby

Output

Stand-by signal — To be connected only to the power module of the MachXO2 device. The
signal is enabled only if the “Wakeup Enable” feature has been set within the EFB GUI, I’C
Tab.

Hardened SPI IP Core

Every MachXO2 device has a hard SPI IP core that can be configured as a SPI master or slave. When the IP core
is configured as a master it will be able to control other SPI enabled chips connected to the SPI bus. When the core
is configured as the slave, the device will be able to interface to an external SPI master. The SPI IP core on
MachXO2 devices supports the following functions:

» Configurable Master and Slave modes

e Full-Duplex data transfer

* Mode fault error flag with CPU interrupt capability

* Double-buffered data register

 Serial clock with programmable polarity and phase
* LSB First or MSB First Data Transfer

* Interface to custom logic through 8-bit WISHBONE interface
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Static Supply Current — ZE Devices"?*%©

Symbol Parameter Device Typ.* Units

LCMX02-256ZE 18 MA
LCMXO2-640ZE 28 MA
LCMX0O2-1200ZE 56 MA

lcc Core Power Supply
LCMX02-2000ZE 80 HA
LCMX02-4000ZE 124 MA
LCMXO2-7000ZE 189 pA

lecio szzzpf"zv%r\?”pp'ys Al devices 1 WA

. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.

. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at Vo
or GND, on-chip oscillator is off, on-chip PLL is off. To estimate the impact of turning each of these items on, please refer to the following
table or for more detail with your specific design use the Power Calculator tool.

. Frequency = 0 MHz.

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

. Does not include pull-up/pull-down.

. To determine the MachXO2 peak start-up current data, use the Power Calculator tool.

N =

(o206 I S V]

Static Power Consumption Contribution of Different Components —
ZE Devices

The table below can be used for approximating static power consumption. For a more accurate power analysis for
your design please use the Power Calculator tool.

Symbol Parameter Typ. Units
Ipceg Bandgap DC power contribution 101 HA
IbcPoOR POR DC power contribution 38 HA
IDCIOBANKCONTROLLER DC power contribution per I/O bank controller 143 HA
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Static Supply Current — HC/HE Devices™ %3 °

Symbol Parameter Device Typ.* Units

LCMX02-256HC 1.15 mA
LCMX02-640HC 1.84 mA
LCMX02-640UHC 3.48 mA
LCMX02-1200HC 3.49 mA
LCMX02-1200UHC 4.80 mA
LCMX02-2000HC 4.80 mA

lcc Core Power Supply
LCMX02-2000UHC 8.44 mA
LCMXO02-4000HC 8.45 mA
LCMX0O2-7000HC 12.87 mA
LCMX0O2-2000HE 1.39 mA
LCMXO2-4000HE 2.55 mA
LCMXO2-7000HE 4.06 mA

lccio Bzzzpf\’zv%r \? upPIY® | Al devices 0 mA

1. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.

2. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at V¢ g or

GND, on-chip oscillator is off, on-chip PLL is off.

. Frequency = 0 MHz.

1N NN

T, =25 °C, power supplies at nominal voltage.
. Does not include pull-up/pull-down.
. To determine the MachXO2 peak start-up current data, use the Power Calculator tool.

Programming and Erase Flash Supply Current — HC/HE Devices"*3*

Symbol Parameter Device Typ.5 Units

LCMXO02-256HC 14.6 mA
LCMXO02-640HC 16.1 mA
LCMX02-640UHC 18.8 mA
LCMX02-1200HC 18.8 mA
LCMXO02-1200UHC 221 mA
LCMX02-2000HC 22.1 mA

lcc Core Power Supply LCMX02-2000UHC 26.8 mA
LCMXO02-4000HC 26.8 mA
LCMXO02-7000HC 33.2 mA
LCMXO2-2000HE 18.3 mA
LCMXO02-2000UHE 20.4 mA
LCMXO2-4000HE 20.4 mA
LCMXO2-7000HE 23.9 mA

lccio Bank Power Supply® All devices 0 mA

1. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.

2. Assumes all inputs are held at Vo or GND and all outputs are tri-stated.

3. Typical user pattern.

4. JTAG programming is at 25 MHz.

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

6. Per bank. Vgco = 2.5 V. Does not include pull-up/pull-down.
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Over Recommended Operating Conditions

-6 -5 -4
Parameter Description Device Min. ‘ Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax pr® | roduency for Primary Glock | o Machx02 devices | — | 388 | — | 323 | — | 269 | MHz
tw PRI glock Pulse Width for Primary | o) Machxoz devices | 05 | — | 06 | — | 07 | — | ns
MachX02-256HC-HE — 912 — 939 — 975 ps
MachX02-640HC-HE — 844 — 871 — 908 ps
tskew e Primary Clock Skew Within a |MachX02-1200HC-HE| — 868 — 902 — 951 ps
- Device MachX02-2000HC-HE| — 867 — 897 — 941 ps
MachX02-4000HC-HE| — 865 — 892 — 931 ps
MachX02-7000HC-HE| — 902 — 942 — 989 ps
Edge Clock
fuax_£pae® |Frequency for Edge Clock I'\é'fg":rx 021200and | | 400 | — | 338 | — | 278 | MHz
Pin-LUT-Pin Propagation Delay
top ﬁfghgﬁsgnzrtﬁaﬁ’j“o” delay | MachXO2 devices | — | 672 | — | 696 | — | 724 | ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256HC-HE — 713 — 7.30 — 7.57 ns
MachX02-640HC-HE — 715 — 7.30 — 7.57 ns
tco Clock to Output — PIO Output MachX02-1200HC-HE| — 7.44 — 7.64 — 7.94 ns
Register MachX02-2000HC-HE| — 7.46 — 7.66 — 7.96 ns
MachX02-4000HC-HE| — 7.51 — 7.71 — 8.01 ns
MachX02-7000HC-HE| — 7.54 — 7.75 — 8.06 ns
MachX02-256HC-HE | —0.06 — -0.06 — -0.06 — ns
MachX0O2-640HC-HE | —0.06 — —-0.06 — —-0.06 — ns
tsu Clock to Data Setup — PIO MachX0O2-1200HC-HE| -0.17 | — | -017| — |-017| — ns
Input Register MachX02-2000HC-HE| 020 | — |[-020| — |[-020| — ns
MachX02-4000HC-HE | —0.23 — -0.23 — -0.23 — ns
MachX02-7000HC-HE | —0.23 — -0.23 — -0.23 — ns
MachX02-256HC-HE 1.75 — 1.95 — 2.16 — ns
MachX02-640HC-HE | 1.75 — 1.95 — 2.16 — ns
; Clock to Data Hold — PI1O Input |MachX02-1200HC-HE | 1.88 — 212 — 2.36 — ns
H Register MachX02-2000HC-HE| 1.89 | — | 213 | — | 237 | — ns
MachX02-4000HC-HE | 1.94 — 2.18 — 2.43 — ns
MachX02-7000HC-HE | 1.98 — 2.23 — 2.49 — ns
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Parameter

Description

Device

-6

-5

-4

Min. ‘ Max.

Min. ‘ Max.

Min. ‘ Max.

Units

Generic DDRX2 Outputs with Clock and Data

Centered at Pin Using PCLK Pin for Clock Input — GDDRX

2_TX.ECLK.Centered® '?

Output Data Valid Before CLK

MachX02-640U,

MachX02-1200/U and
larger devices, top side

only.

tovs Output

t Output Data Valid After CLK
DVA Output

f DDRX2 Serial Output Data
DATA Speed

f DDRX2 ECLK Frequency
DDRX2 (minimum limited by PLL)
fscLk SCLK Frequency

0.535

0.670

0.830

ns

0.535

0.670

0.830

ns

— 664 — 554 — 462 | Mbps
— 332 — 277 — 231 MHz
— 166 — 139 — 116 | MHz

Generic DDRX4 Outputs with Clock and Data Alighed at Pin Using PCLK Pin

for Clock Input — GDDRX4_TX.ECLK.Aligned® "

Output Data Invalid After CLK

MachX02-640U,
MachX02-1200/U and

larger devices, top side
only.

o Output

t Output Data Invalid Before
DB CLK Output

f DDRX4 Serial Output Data
DATA Speed

fODRX4 DDRX4 ECLK Frequency
fscLk SCLK Frequency

— (0200 — |0215| — [0230| ns
— (0200 — |0215| — |[0230| ns
— 756 — 630 — 524 | Mbps
— 378 — 315 — 262 | MHz
— 95 — 79 — 66 MHz

Generic DDRX4 Outputs with Clock and Data

Centered at Pin Using PCLK Pin for Clock Input —

GDDRX4_TX.ECLK.Centered® 2

Output Data Valid Before CLK

tDVB OUtpUt 0.455 — 0.570 — 0.710 — ns
Output Data Valid After CLK
tova Output MachX02-640U, 0455 | — [0570| — |0710| — | ns
- MachX02-1200/U and
foATA gEeF;)é4 Serial Output Data larger devices, top side | — 756 — 630 — 524 | Mbps
only.
DDRX4 ECLK Frequency
'boRxs (minimum limited by PLL) — | %8| — |85 — | 262 ) MHz
fsoLk SCLK Frequency — 95 — 79 — 66 MHz
7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1% 1
o 8&"&?;&? Invalid Before — |ote0| — |o0180| — |o0.200| ns
Output Data Invalid After CLK
toia — |0160| — |0180| — |0.200| ns
Output MachXO2-640U,
DDR?71 Serial Output Data MachX02-1200/U and | . .
foaTa Speed larger devices, top side 756 630 524 | Mbps
fopR71 DDR71 ECLK Frequency only. — | 378 | = | 315 | — | 262 | MHz
7:1 Output Clock Frequency
feLkouT (SCLK) (minimum limited by — 108 — 90 — 75 MHz

PLL)

3-21



o DC and Switching Characteristics
=LATTICE MachXO2 Family Data Sheet

-6 -5 -4
Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. | Units
LPDDR® 2
tovaoa it o Afler DAs — |o369| — |0395| — |o0421| ui
tovEDQ :233} Data Hold After DQS 0520 | — |0530| — |o0527| — | wui
Output Data Invalid Before
tbaves DQS Output MachX02-1200/Uand | 925 | — | 025 | — 1025 ) — | Ul
: larger devices, right
Output Data Invalid After DQS | . 3 . . .
tbqvas Output side only. 0.25 0.25 0.25 Ul
MEM LPDDR Serial Data
fDATA Speed — 280 — 250 — 208 MbpS
fscLk SCLK Frequency — 140 — 125 — 104 | MHz
fLPDDR LPDDR Data Transfer Rate 0 280 0 250 0 208 | Mbps
DDR® 2
tvaoa it Afer bas — |oss0| — |0387| — |o0414| ui
tovena :233} Data Hold After DQS 0545 | — |0538| — |0532| — | ul
Output Data Invalid Before
toaQVBs MachX02-1200/Uand | 025 | — | 025 | — | 025 | — | Ul
q DQS Output larger devices, right
Output Data Invalid After DQS |side only.' . . .
tbquas Output 0.25 0.25 0.25 ul
foATA MEM DDR Serial Data Speed — 300 — 250 — 208 | Mbps
fSCLK SCLK Frequency — 150 — 125 — 104 MHz
fmem ppr  |MEM DDR Data Transfer Rate N/A | 300 N/A | 250 N/A | 208 | Mbps
DDR2% 12
tvaoa it o AflerBas — |o360| — |0378| — |o0406| Ui
tovena :233: Data Hold After DQS 0555 | — |0549| — |o0542 — | ul
Output Data Invalid Before
'oqvas DQS Output MachX02-1200/U and | 025 | — [ 025 | — | 025 ) — | Ul
- larger devices, right
Output Data Invalid After DQS | . 3 . . .
tbqvas Output side only. 0.25 0.25 0.25 Ul
foATA MEM DDR Serial Data Speed — [ 30 | — [ 250 | — | 208 | Mbps
fsoLk SCLK Frequency — 150 — 125 — 104 | MHz
fvem_pore |l DDRZ Data Transfer N/A | 300 | N/A | 250 | N/A | 208 | Mbps

—_

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.

General I/0 timing numbers based on LVCMOS 2.5, 8 mA, Opf load, fast slew rate.

Generic DDR timing numbers based on LVDS 1/O (for input, output, and clock ports).

DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18. LPDDR timing numbers based in LVCMOS18.

7:1 LVDS (GDDR71) uses the LVDS 1I/O standard (for input, output, and clock ports).

For Generic DDRX1 mode tsu=tHo = (tDVE -tova - 0.03 ns)/2.

The tgy peL and ty pgp values use the SCLK_ZERHOLD default step size. Each step is 105 ps (—6), 113 ps (-5), 120 ps (—4).

This number for geﬁeral purpose usage. Duty cycle tolerance is +/— 10%.

Duty cycle is +/-5% for system usage.

. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.
. High-speed DDR and LVDS not supported in SG32 (32 QFN) packages.

. Advance information for MachXO2 devices in 48 QFN packages.

. DDR memory interface not supported in QN84 (84 QFN) and SG32 (32 QFN) packages.
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DC and Switching Characteristics
MachXO2 Family Data Sheet

MachXO2 Oscillator Output Frequency

Symbol Parameter Min. Typ. Max Units

Oscilla’ior Output Frequency (Commercial Grade Devices, 125.685 133 140.315 MHz
¢ 0 to 85°C)

MAX - - -

Oscillator Output Frequency (Industrial Grade Devices,

—40 °C to 100 °C) 124.355 133 141.645 MHz
toT Output Clock Duty Cycle 43 50 57 %
topyrT' Output Clock Period Jitter 0.01 0.012 0.02 UIPP
tsTABLEOSC STDBY Low to Oscillator Stable 0.01 0.05 0.1 Ms

1. Output Clock Period Jitter specified at 133 MHz. The values for lower frequencies will be smaller UIPP. The typical value for 133 MHz is 95
ps and for 2.08 MHz the typical value is 1.54 ns.

MachX0O2 Standby Mode Timing — HC/HE Devices

Symbol Parameter Device Min. Typ. Max Units
tPWRDN USERSTDBY High to Stop All — — 9 ns
LCMX02-256 — us
LCMX02-640 — us
LCMX02-640U — us
LCMX02-1200 20 — 50 us
tpwRUP USERSTDBY Low to Power Up LCMXO2-1200U — bs
LCMX02-2000 — us
LCMX0O2-2000U — us
LCMXO2-4000 — us
LCMX02-7000 — us
twsTDBY USERSTDBY Pulse Width All 18 — — ns
USERSTDBY Mode »
BG, POR g S
. towRuP
tPwRDN S S
USERSTDBY
twsTpBY ‘
MachX0O2 Standby Mode Timing — ZE Devices
Symbol Parameter Device Min. Typ. Max Units
tPWRDN USERSTDBY High to Stop All — — 13 ns
LCMX02-256 — us
LCMX02-640 — us
tpWRUP USERSTDBY Low to Power Up LOMXO2-1200) 20 — %0 Hs
LCMX02-2000 — us
LCMX02-4000 — us
LCMX02-7000 — us
twsToBY USERSTDBY Pulse Width All 19 — — ns
{BNDGAPSTBL USERSTDBY High to Bandgap Stable All — — 15 ns
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000ZE-1TG100C 2112 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-2000ZE-2TG100C 2112 1.2V —2 Halogen-Free TQFP 100 COM
LCMX02-2000ZE-3TG100C 2112 1.2V -3 Halogen-Free TQFP 100 COoM
LCMX02-2000ZE-1MG132C 2112 1.2V -1 Halogen-Free csBGA 132 COoM
LCMX0O2-2000ZE-2MG132C 2112 1.2V -2 Halogen-Free csBGA 132 COM
LCMXO02-2000ZE-3MG132C 2112 1.2V -3 Halogen-Free csBGA 132 COM
LCMX02-2000ZE-1TG144C 2112 1.2V -1 Halogen-Free TQFP 144 COM
LCMXO02-2000ZE-2TG144C 2112 1.2V —2 Halogen-Free TQFP 144 COM
LCMXO02-2000ZE-3TG144C 2112 1.2V -3 Halogen-Free TQFP 144 COM
LCMX02-2000ZE-1BG256C 2112 1.2V -1 Halogen-Free caBGA 256 COM
LCMX02-2000ZE-2BG256C 2112 1.2V -2 Halogen-Free caBGA 256 COM
LCMXO02-2000ZE-3BG256C 2112 1.2V -3 Halogen-Free caBGA 256 COM
LCMX02-2000ZE-1FTG256C 2112 1.2V -1 Halogen-Free ftBGA 256 COoM
LCMX0O2-2000ZE-2FTG256C 2112 1.2V -2 Halogen-Free ftBGA 256 COM
LCMX02-2000ZE-3FTG256C 2112 1.2V -3 Halogen-Free fiBGA 256 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000ZE-1QN84C 4320 1.2V -1 Halogen-Free QFN 84 COM
LCMX02-4000ZE-2QN84C 4320 1.2V -2 Halogen-Free QFN 84 COoM
LCMX02-4000ZE-3QN84C 4320 1.2V -3 Halogen-Free QFN 84 COM
LCMXO02-4000ZE-1MG132C 4320 1.2V -1 Halogen-Free csBGA 132 COM
LCMX02-4000ZE-2MG132C 4320 1.2V -2 Halogen-Free csBGA 132 COoM
LCMX02-4000ZE-3MG132C 4320 1.2V -3 Halogen-Free csBGA 132 COM
LCMXO02-4000ZE-1TG144C 4320 1.2V -1 Halogen-Free TQFP 144 COM
LCMX02-4000ZE-2TG144C 4320 1.2V -2 Halogen-Free TQFP 144 COM
LCMXO2-4000ZE-3TG144C 4320 1.2V -3 Halogen-Free TQFP 144 COM
LCMX0O2-4000ZE-1BG256C 4320 1.2V -1 Halogen-Free caBGA 256 COM
LCMX02-4000ZE-2BG256C 4320 1.2V —2 Halogen-Free caBGA 256 COM
LCMX0O2-4000ZE-3BG256C 4320 1.2V -3 Halogen-Free caBGA 256 COM
LCMXO02-4000ZE-1FTG256C 4320 1.2V -1 Halogen-Free ftBGA 256 COM
LCMX02-4000ZE-2FTG256C 4320 1.2V -2 Halogen-Free fiBGA 256 COoM
LCMXO2-4000ZE-3FTG256C 4320 1.2V -3 Halogen-Free ftBGA 256 COM
LCMX02-4000ZE-1BG332C 4320 1.2V -1 Halogen-Free caBGA 332 COM
LCMXO02-4000ZE-2BG332C 4320 1.2V -2 Halogen-Free caBGA 332 COM
LCMX02-4000ZE-3BG332C 4320 1.2V -3 Halogen-Free caBGA 332 COM
LCMXO02-4000ZE-1FG484C 4320 1.2V -1 Halogen-Free fpBGA 484 COM
LCMXO02-4000ZE-2FG484C 4320 1.2V -2 Halogen-Free fpBGA 484 COM
LCMX02-4000ZE-3FG484C 4320 1.2V -3 Halogen-Free fpBGA 484 COoM
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High-Performance Commercial Grade Devices with Voltage Regulator, Halogen Free

(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32C 256 25V/33V —4 Halogen-Free QFN 32 COM
LCMX02-256HC-5SG32C 256 25V/33V -5 Halogen-Free QFN 32 COM
LCMX02-256HC-6SG32C 256 25V/33V -6 Halogen-Free QFN 32 COM
LCMX02-256HC-4SG48C 256 25V/33V —4 Halogen-Free QFN 48 COM
LCMX02-256HC-5SG48C 256 25V/33V -5 Halogen-Free QFN 48 COM
LCMX02-256HC-6SG48C 256 25V/33V -6 Halogen-Free QFN 48 COM
LCMX02-256HC-4UMG64C 256 25V/33V —4 Halogen-Free ucBGA 64 COM
LCMX02-256HC-5UMG64C 256 25V/33V -5 Halogen-Free ucBGA 64 COM
LCMX02-256HC-6UMG64C 256 25V/33V ) Halogen-Free ucBGA 64 COM
LCMX02-256HC-4TG100C 256 25V/33V —4 Halogen-Free TQFP 100 COM
LCMX02-256HC-5TG100C 256 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-256HC-6TG100C 256 25V/33V -6 Halogen-Free TQFP 100 COoM
LCMX02-256HC-4MG132C 256 25V/33V -4 Halogen-Free csBGA 132 COoM
LCMX02-256HC-5MG132C 256 25V/33V -5 Halogen-Free csBGA 132 COM
LCMXO02-256HC-6MG132C 256 25V/33V —6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-640HC-4SG48C 640 25V/33V -4 Halogen-Free QFN 48 COM
LCMX02-640HC-5SG48C 640 25V/33V -5 Halogen-Free QFN 48 COM
LCMX02-640HC-6SG48C 640 25V/33V -6 Halogen-Free QFN 48 COM
LCMX0O2-640HC-4TG100C 640 25V/33V -4 Halogen-Free TQFP 100 COM
LCMX02-640HC-5TG100C 640 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-640HC-6TG100C 640 25V/33V ) Halogen-Free TQFP 100 COM
LCMX02-640HC-4MG132C 640 25V/33V —4 Halogen-Free csBGA 132 COM
LCMX02-640HC-5MG132C 640 25V/33V -5 Halogen-Free csBGA 132 COM
LCMX02-640HC-6MG132C 640 25V/33V -6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-640UHC-4TG144C 640 25V/33V —4 Halogen-Free TQFP 144 COM
LCMX02-640UHC-5TG144C 640 25V/33V -5 Halogen-Free TQFP 144 COM
LCMXO02-640UHC-6TG144C 640 25V/33V —6 Halogen-Free TQFP 144 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-1200ZE-1TG100IR1’ 1280 1.2V —1 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-2TG100IR1’ 1280 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-3TG100IR1" 1280 1.2V -3 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-1MG132IR1’ 1280 1.2V -1 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-2MG132IR1" 1280 1.2V -2 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-3MG132IR1’ 1280 1.2V -3 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-1TG144IR1’ 1280 1.2V -1 Halogen-Free TQFP 144 IND
LCMX02-1200ZE-2TG144IR1" 1280 1.2V -2 Halogen-Free TQFP 144 IND
LCMX02-1200ZE-3TG144IR1’ 1280 1.2V -3 Halogen-Free TQFP 144 IND

1. Specifications for the “LCMX02-1200ZE-speed package IR1” are the same as the “LCMX02-1200ZE-speed package I” devices respec-
tively, except as specified in the R1 Device Specifications section of this data sheet.
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-1200HC-4SG32I 1280 25V/33V —4 Halogen-Free QFN 32 IND
LCMX02-1200HC-55G32I 1280 25V/33V -5 Halogen-Free QFN 32 IND
LCMX02-1200HC-6SG32I 1280 25V/33V —6 Halogen-Free QFN 32 IND
LCMX02-1200HC-4TG100I 1280 25V/33V -4 Halogen-Free TQFP 100 IND
LCMX02-1200HC-5TG100I 1280 25V/33V -5 Halogen-Free TQFP 100 IND
LCMXO02-1200HC-6TG100I 1280 25V/33V —6 Halogen-Free TQFP 100 IND
LCMX02-1200HC-4MG132| 1280 25V/33V -4 Halogen-Free csBGA 132 IND
LCMX02-1200HC-5MG132] 1280 25V/33V -5 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-6MG 132l 1280 25V/33V -6 Halogen-Free csBGA 132 IND
LCMX02-1200HC-4TG 144l 1280 25V/33V —4 Halogen-Free TQFP 144 IND
LCMX02-1200HC-5TG 144l 1280 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-6TG 144l 1280 25V/33V -6 Halogen-Free TQFP 144 IND

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-1200UHC-4FTG256I 1280 25V/33V —4 Halogen-Free fiBGA 256 IND
LCMX0O2-1200UHC-5FTG2561 1280 25V/33V -5 Halogen-Free ftBGA 256 IND
LCMX02-1200UHC-6FTG256I 1280 25V/33V -6 Halogen-Free ftBGA 256 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000HC-4TG100I 2112 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-2000HC-5TG100I 2112 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX0O2-2000HC-6TG100lI 2112 25V/33V -6 Halogen-Free TQFP 100 IND
LCMXO2-2000HC-4MG 132l 2112 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-2000HC-5MG132| 2112 25V/33V -5 Halogen-Free csBGA 132 IND
LCMXO2-2000HC-6MG132I 2112 25V/3.3V —6 Halogen-Free csBGA 132 IND
LCMXO02-2000HC-4TG 144l 2112 25V/33V —4 Halogen-Free TQFP 144 IND
LCMX02-2000HC-5TG 144l 2112 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-2000HC-6TG 144l 2112 25V/33V -6 Halogen-Free TQFP 144 IND
LCMXO2-2000HC-4BG256I 2112 25V/33V —4 Halogen-Free caBGA 256 IND
LCMX02-2000HC-5BG 256 2112 25V/33V -5 Halogen-Free caBGA 256 IND
LCMXO2-2000HC-6BG256I 2112 25V/33V —6 Halogen-Free caBGA 256 IND
LCMXO02-2000HC-4FTG256I 2112 25V/33V —4 Halogen-Free ftBGA 256 IND
LCMX02-2000HC-5FTG256I 2112 25V/33V -5 Halogen-Free fiBGA 256 IND
LCMX02-2000HC-6FTG256I 2112 25V/33V ) Halogen-Free ftBGA 256 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000UHC-4FG484I 2112 25V/33V —4 Halogen-Free fpBGA 484 IND
LCMXO2-2000UHC-5FG484| 2112 25V/33V -5 Halogen-Free fpBGA 484 IND
LCMX02-2000UHC-6FG484I 2112 25V/33V —6 Halogen-Free fpBGA 484 IND

5-17




= LATTICE

Revision History
MachXO2 Family Data Sheet

Date Version Section Change Summary
May 2016 3.2 All Moved designation for 84 QFN package information from ‘Advanced'
to 'Final'.
Introduction Updated the Features section. Revised Table 1-1, MachXO2 Family
Selection Guide.
— Added ‘Advanced’ 48 QFN package.
— Revised footnote 6.
— Added footnote 9.
DC and Switching Updated the MachXO2 External Switching Characteristics — HC/HE
Characteristics Devices section. Added footnote 12.
Updated the MachXO2 External Switching Characteristics — ZE
Devices section. Added footnote 12.
Pinout Information  |Updated the Signal Descriptions section. Added information on GND
signal.
Updated the Pinout Information Summary section.
— Added ‘Advanced’” MachX02-256 48 QFN values.
— Added ‘Advanced’ MachX02-640 48 QFN values.
— Added footnote to GND.
— Added footnotes 2 and 3.
Ordering Information |Updated the MachXO2 Part Number Description section. Added
‘Advanced’ SG48 package and revised footnote.
Updated the Ordering Information section.
— Added part numbers for ‘Advanced’ QFN 48 package.
March 2016 3.1 Introduction Updated the Features section. Revised Table 1-1, MachXO2 Family
Selection Guide.
— Added 32 QFN value for XO2-1200.
— Added 84 QFN (7 mm x 7 mm, 0.5 mm) package.
— Modified package name to 100-pin TQFP.
— Modified package name to 144-pin TQFP.
— Added footnote.
Architecture Updated the Typical /0 Behavior During Power-up section. Removed
reference to TN1202.
DC and Switching  |Updated the sysCONFIG Port Timing Specifications section. Revised
Characteristics topppoNE and tpppiniT Max. values per PCN 03A-16, released March
2016.
Pinout Information  |Updated the Pinout Information Summary section.
— Added MachX02-1200 32 QFN values.
— Added ‘Advanced’ MachX02-4000 84 QFN values.
Ordering Information |Updated the MachXO2 Part Number Description section. Added
‘Advanced’ QN84 package and footnote.
Updated the Ordering Information section.
— Added part numbers for 1280 LUTs QFN 32 package.
— Added part numbers for 4320 LUTs QFN 84 package.
March 2015 3.0 Introduction Updated the Features section. Revised Table 1-1, MachXO2 Family

Selection Guide.
— Changed 64-ball ucBGA dimension.

Architecture

Updated the Device Configuration section. Added JTAGENB to TAP
dual purpose pins.
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Date

Version

Section

Change Summary

December 2014

2.9

Introduction

Updated the Features section. Revised Table 1-1, MachXO2 Family
Selection Guide.

— Removed X02-4000U data.

— Removed 400-ball fiBGA.

— Removed 25-ball WLCSP value for XO2-2000U.

DC and Switching
Characteristics

Updated the Recommended Operating Conditions section. Adjusted
Max. values for Vo and Vegio.

Updated the syslO Recommended Operating Conditions section.
Adjusted Max. values for LVCMOS 3.3, LVTTL, PCI, LVDS33 and
LVPECL.

Pinout Information

Updated the Pinout Information Summary section. Removed
MachX02-4000U.

Ordering Information

Updated the MachXO2 Part Number Description section. Removed
BG400 package.

Updated the High-Performance Commercial Grade Devices with Volt-
age Regulator, Halogen Free (RoHS) Packaging section. Removed
LCMX0O2-4000UHC part numbers.

Updated the High-Performance Industrial Grade Devices with Voltage
Regulator, Halogen Free (RoHS) Packaging section. Removed
LCMX02-4000UHC part numbers.

November 2014

2.8

Introduction

Updated the Features section.

— Revised 1/Os under Flexible Logic Architecture.

— Revised standby power under Ultra Low Power Devices.

— Revise input frequency range under Flexible On-Chip Clocking.

Updated Table 1-1, MachXO2 Family Selection Guide.
— Added X0O2-4000U data.

— Removed HE and ZE device options for XO2-4000.
— Added 400-ball ftBGA.

Pinout Information

Updated the Pinout Information Summary section. Added MachXO2-
4000U caBGA400 and MachX02-7000 caBGA400.

Ordering Information

Updated the MachXO2 Part Number Description section. Added
BG400 package.

Updated the Ordering Information section. Added MachX02-4000U
caBGA400 and MachX02-7000 caBGA400 part numbers.

October 2014

2.7

Ordering Information

Updated the Ultra Low Power Industrial Grade Devices, Halogen Free
(RoHS) Packaging section. Fixed typo in LCMX02-2000ZE-
1UWGA49ITR part number package.

Architecture

Updated the Supported Standards section. Added MIPI information
to Table 2-12. Supported Input Standards and Table 2-13. Supported
Output Standards.

DC and Switching
Characteristics

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

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

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

July 2014

2.6

DC and Switching
Characteristics

Updated syslO Single-Ended DC Electrical Characteristics' 2 section.
Updated footnote 4.

Updated Register-to-Register Performance section. Updated foot-
note.

Ordering Information

Updated UW49 package to UWG49 in MachXO2 Part Number
Description.

Updated LCMX02-2000ZE-1UWG49CTR package in Ultra Low
Power Commercial Grade Devices, Halogen Free (RoHS) Packaging.
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Date Version Section Change Summary
January 2013 02.0 Introduction Updated the total number IOs to include JTAGENB.
Architecture Supported Output Standards table — Added 3.3 V¢ o (Typ.) to LVDS
row.
Changed SRAM CRC Error Detection to Soft Error Detection.
DC and Switching Power Supply Ramp Rates table — Updated Units column for tgapp
Characteristics symbol.
Added new Maximum syslO Buffer Performance table.
sysCLOCK PLL Timing table — Updated Min. column values for fj,
fout fouTte and fppp parameters. Added tgpg parameter. Updated
footnote 6.
MachXO2 Oscillator Output Frequency table — Updated symbol name
for tsTagLEOSC.
DC Electrical Characteristics table — Updated conditions for I Iy
symbols.
Corrected parameters tDQVBS and tDQVAS
Corrected MachXO2 ZE parameters tDVADQ and tDVEDQ
Pinout Information  |Included the MachXO2-4000HE 184 csBGA package.
Ordering Information |Updated part number.
April 2012 01.9 Architecture Removed references to TN1200.
Ordering Information |Updated the Device Status portion of the MachXO2 Part Number
Description to include the 50 parts per reel for the WLCSP package.
Added new part number and footnote 2 for LCMX02-1200ZE-
1UWG25ITR50.
Updated footnote 1 for LCMXO02-1200ZE-1UWG25ITR.
Supplemental Removed references to TN1200.
Information
March 2012 01.8 Introduction Added 32 QFN packaging information to Features bullets and

MachXO2 Family Selection Guide table.

DC and Switching
Characteristics

Changed ‘STANDBY’ to ‘USERSTDBY’ in Standby Mode timing dia-
gram.

Pinout Information

Removed footnote from Pin Information Summary tables.

Added 32 QFN package to Pin Information Summary table.

Ordering Information

Updated Part Number Description and Ordering Information tables
for 32 QFN package.

Updated topside mark diagram in the Ordering Information section.
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Date Version Section Change Summary
February 2012 01.7 All Updated document with new corporate logo.
01.6 — Data sheet status changed from preliminary to final.
Introduction MachXO2 Family Selection Guide table — Removed references to
49-ball WLCSP.
DC and Switching Updated Flash Download Time table.
Characteristics
Modified Storage Temperature in the Absolute Maximum Ratings
section.
Updated Ipk max in Hot Socket Specifications table.
Modified Static Supply Current tables for ZE and HC/HE devices.
Updated Power Supply Ramp Rates table.
Updated Programming and Erase Supply Current tables.
Updated data in the External Switching Characteristics table.
Corrected Absolute Maximum Ratings for Dedicated Input Voltage
Applied for LCMXO2 HC.
DC Electrical Characteristics table — Minor corrections to conditions
for |||_, I|H.
Pinout Information  |Removed references to 49-ball WLCSP.
Signal Descriptions table — Updated description for GND, VCC, and
VCCIOx.
Updated Pin Information Summary table — Number of VCCIOs,
GNDs, VCCs, and Total Count of Bonded Pins for MachX02-256,
640, and 640U and Dual Function 1/O for MachX02-4000 332caBGA.
Ordering Information |Removed references to 49-ball WLCSP
August 2011 01.5 DC and Switching  |Updated ESD information.
Characteristics
Ordering Information |Updated footnote for ordering WLCSP devices.
01.4 Architecture Updated information in Clock/Control Distribution Network and sys-

CLOCK Phase Locked Loops (PLLs).

DC and Switching
Characteristics

Updated I, and I conditions in the DC Electrical Characteristics
table.

Pinout Information

Included number of 7:1 and 8:1 gearboxes (input and output) in the
pin information summary tables.

Updated Pin Information Summary table: Dual Function I/0, DQS
Groups Bank 1, Total General Purpose Single-Ended I/O, Differential
1/0 Per Bank, Total Count of Bonded Pins, Gearboxes.

Added column of data for MachX02-2000 49 WLCSP.

Ordering Information

Updated R1 Device Specifications text section with information on
migration from MachX02-1200-R1 to Standard (non-R1) devices.

Corrected Supply Voltage typo for part numbers: LCMX02-2000UHE-
4FG4841, LCMX02-2000UHE-5FG4841, LCMX02-2000UHE-
6FG484l.

Added footnote for WLCSP package parts.

Supplemental
Information

Removed reference to Stand-alone Power Calculator for MachXO2
Devices. Added reference to AN8086, Designing for Migration from
MachX02-1200-R1 to Standard (non-R1) Devices.

7-6



