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ROM Mode

ROM mode uses the LUT logic; hence, slices 0-3 can be used in ROM mode. Preloading is accomplished through
the programming interface during PFU configuration.

For more information on the RAM and ROM modes, please refer to TN1201, Memory Usage Guide for MachXO2
Devices.

Routing

There are many resources provided in the MachXO2 devices to route signals individually or as buses with related
control signals. The routing resources consist of switching circuitry, buffers and metal interconnect (routing) seg-
ments.

The inter-PFU connections are made with three different types of routing resources: x1 (spans two PFUs), x2
(spans three PFUs) and x6 (spans seven PFUs). The x1, x2, and x6 connections provide fast and efficient connec-
tions in the horizontal and vertical directions.

The design tools take the output of the synthesis tool and places and routes the design. Generally, the place and
route tool is completely automatic, although an interactive routing editor is available to optimize the design.

Clock/Control Distribution Network

Each MachXO2 device has eight clock inputs (PCLK [T, C] [Banknum]_[2..0]) — three pins on the left side, two pins
each on the bottom and top sides and one pin on the right side. These clock inputs drive the clock nets. These
eight inputs can be differential or single-ended and may be used as general purpose /O if they are not used to
drive the clock nets. When using a single ended clock input, only the PCLKT input can drive the clock tree directly.

The MachXO2 architecture has three types of clocking resources: edge clocks, primary clocks and secondary high
fanout nets. MachX02-640U, MachX02-1200/U and higher density devices have two edge clocks each on the top
and bottom edges. Lower density devices have no edge clocks. Edge clocks are used to clock 1/O registers and
have low injection time and skew. Edge clock inputs are from PLL outputs, primary clock pads, edge clock bridge
outputs and CIB sources.

The eight primary clock lines in the primary clock network drive throughout the entire device and can provide clocks
for all resources within the device including PFUs, EBRs and PICs. In addition to the primary clock signals,
MachXO2 devices also have eight secondary high fanout signals which can be used for global control signals, such
as clock enables, synchronous or asynchronous clears, presets, output enables, etc. Internal logic can drive the
global clock network for internally-generated global clocks and control signals.

The maximum frequency for the primary clock network is shown in the MachXO2 External Switching Characteris-
tics table.

The primary clock signals for the MachX02-256 and MachX02-640 are generated from eight 17:1 muxes The
available clock sources include eight I/O sources and 9 routing inputs. Primary clock signals for the MachXO2-
640U, MachX02-1200/U and larger devices are generated from eight 27:1 muxes The available clock sources
include eight 1/0 sources, 11 routing inputs, eight clock divider inputs and up to eight sysCLOCK PLL outputs.
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This phase shift can be either programmed during configuration or can be adjusted dynamically. In dynamic mode,
the PLL may lose lock after a phase adjustment on the output used as the feedback source and not relock until the
t ock parameter has been satisfied.

The MachXO2 also has a feature that allows the user to select between two different reference clock sources
dynamically. This feature is implemented using the PLLREFCS primitive. The timing parameters for the PLL are
shown in the sysCLOCK PLL Timing table.

The MachXO2 PLL contains a WISHBONE port feature that allows the PLL settings, including divider values, to be
dynamically changed from the user logic. When using this feature the EFB block must also be instantiated in the
design to allow access to the WISHBONE ports. Similar to the dynamic phase adjustment, when PLL settings are
updated through the WISHBONE port the PLL may lose lock and not relock until the t| ock parameter has been sat-
isfied. The timing parameters for the PLL are shown in the sysCLOCK PLL Timing table.

For more details on the PLL and the WISHBONE interface, see TN1199, MachX0O2 sysCLOCK PLL Design and
Usage Guide.

Figure 2-7. PLL Diagram
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Table 2-4 provides signal descriptions of the PLL block.
Table 2-4. PLL Signal Descriptions
Port Name /0 Description
CLKI I Input clock to PLL
CLKFB I Feedback clock
PHASESEL[1:0] I Select which output is affected by Dynamic Phase adjustment ports
PHASEDIR I Dynamic Phase adjustment direction
PHASESTEP I Dynamic Phase step — toggle shifts VCO phase adjust by one step.
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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 UFM. To maximize the number of UFM bits, initialize the EBRs used in your design to an all-zero
pattern. Initializing to an all-zero pattern does not use up UFM bits. MachXO2 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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Table 2-13. Supported Output Standards

Output Standard Veeio (Typ.)

Single-Ended Interfaces

LVTTL 3.3
LVCMOS33 3.3
LVCMOS25 25
LVCMOS18 1.8
LVCMOS15 1.5
LVCMOS12 1.2

LVCMOSS383, Open Drain —
LVCMOS25, Open Drain —
LVCMOS18, Open Drain —
LVCMOS15, Open Drain —
LVCMOS12, Open Drain —

PCI33 3.3
SSTL25 (Class 1) 25
SSTL18 (Class I) 1.8
HSTL18(Class I) 1.8
Differential Interfaces

LvDs"? 25,33
BLVDS, MLVDS, RSDS 2 25
LVPECL? 3.3
MIPI2 25
Differential SSTL18 1.8
Differential SSTL25 25
Differential HSTL18 1.8

1. MachX02-640U, MachX02-1200/U and larger devices have dedicated LVDS buffers.
2. These interfaces can be emulated with external resistors in all devices.

syslO Buffer Banks

The numbers of banks vary between the devices of this family. MachX02-1200U, MachX02-2000/U and higher
density devices have six I/O banks (one bank on the top, right and bottom side and three banks on the left side).
The MachX02-1200 and lower density devices have four banks (one bank per side). Figures 2-18 and 2-19 show
the syslO banks and their associated supplies for all devices.
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Figure 2-18. MachX02-1200U, MachX02-2000/U, MachX02-4000 and MachX02-7000 Banks

VCCIO5
GND

VCCIO4
GND

VCCIO3
GND

GND VCCIOO0

[ I S

! |

1 )
I__-ILD Bank 0 =i
| |« | |
| | | |
I 38 I I
L _ [t | |
R | |
: :<r gl |
I = ! !
' | @ | |
e : !
1 lo ! |
| I_é | :
+ |§ 1L _ 2.

R N Bank2 _____ |

t T

: |

|

GND VCCIO2

Figure 2-19. MachX02-256, MachX02-640/U and MachX02-1200 Banks
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Absolute Maximum Ratings™ >3

MachX02 ZE/HE (1.2 V) MachX02 HC (2.5 V /3.3 V)

Supply Voltage Ve o vvovee 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~ wdD

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|ymax + 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 3.6 \Y
Vo' 28 I/0 Driver Supply Voltage 1.14 3.6 v
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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Typical Building Block Function Performance — ZE Devices'
Pin-to-Pin Performance (LVCMOS25 12 mA Drive)

Function | -3 Timing | Units
Basic Functions
16-bit decoder 13.9 ns
4:1 MUX 10.9 ns
16:1 MUX 12.0 ns

Register-to-Register Performance

Function -3 Timing Units
Basic Functions
16:1 MUX 191 MHz
16-bit adder 134 MHz
16-bit counter 148 MHz
64-bit counter 77 MHz

Embedded Memory Functions

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

90 MHz

Distributed Memory Functions
16x4 Pseudo-Dual Port RAM (one PFU) | 214 MHz

1. The above timing numbers are generated using the Diamond design tool. Exact performance may vary
with device and tool version. The tool uses internal parameters that have been characterized but are not
tested on every device.

Derating Logic Timing

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

-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax PR | rogueney for Primary Glock™ | o) Machxo2 devices| — | 150 | — | 125 | — | 104 | MHz
tw PR Sjock Pulse Width for Primary | o) pachxoz devices| 1.00 | — | 120 | — | 140 [ — | ns
MachX02-256ZE — 1250 — 1272 — 1296 ps
MachX02-640ZE — 1161 — 1183 — 1206 ps
tskew PR grimary Clock Skew Withina |MachX02-1200ZE — 1213 — 1267 — 1322 ps
- evice MachX02-2000ZE — 1204 — 1250 — 1296 ps
MachX02-4000ZE — 1195 — 1233 — 1269 ps
MachX02-7000ZE — 1243 — 1268 — 1296 ps
Edge Clock
fuax_£pce® | Frequency for Edge Clock :\gf‘g"ehrxd(gsi';gfo and | o0 | — | 175 | — | 146 | MHz
Pin-LUT-Pin Propagation Delay
top ﬁfﬁh;ﬁsgngriﬁ‘ﬁ‘“m delay | Al MachXO2 devices| — | 935 | — | 978 | — |1021| ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256ZE — 10.46 — 10.86 — 11.25 ns
MachX02-640ZE — 10.52 — 10.92 — 11.32 ns
o S'“ﬂk to Output — PIO Output |MachX02-1200ZE — | 1124 — [1168| — [1212] ns
egister MachX02-2000ZE — 11.27 — 11.71 — 12.16 ns
MachX02-4000ZE — 11.28 — 11.78 — 12.28 ns
MachX02-7000ZE — 11.22 — 11.76 — 12.30 ns
MachX02-256ZE -0.21 — -0.21 — -0.21 — ns
MachX02-640ZE -0.22 — | -0.22 — | -0.22 — ns
tsu |C|0Ck to Data Setup - PIO MachX02-1200ZE -025| — |-025| — |-025| — ns
nput Register MachX02-2000ZE | -0.27 | — |-027| — |-027| — ns
MachX02-4000ZE -0.31 — | -0.31 — | -0.31 — ns
MachX02-7000ZE -0.33 — | -0.33 — | —0.33 — ns
MachX02-256ZE 3.96 — 4.25 — 4.65 — ns
MachX02-640ZE 4.01 — 4.31 — 4.71 — ns
t Cloqk to Data Hold — PIO Input |MachX02-1200ZE 3.95 — 4.29 — 4.73 — ns
Register MachX02-2000ZE 3.94 — 4.29 — 4.74 — ns
MachX02-4000ZE 3.96 — 4.36 — 4.87 — ns
MachX02-7000ZE 3.93 — 4.37 — 4.91 — ns
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
LPDDR® "
tovana :283} Data Valid After DQS — |o349| — |o0s81| — [039%6| UI
Input Data Hold After DQS
tovenQ ,ngut 0665 — |0630| — [0613| — | Ul
Output Data Invalid Before
'oqves DQS Output MachXO2-12000y | 025 | — | 025 | — 025 — | U
- and larger devices
Output Data Invalid After DQS | : ’
tpavas Output right side only.' 025 | — 025 | — |025| — | U
MEM LPDDR Serial Data
foata Speed — | 120 | — | 110 | — 96 | Mbps
fscLk SCLK Frequency — 60 — 55 — 48 MHz
fLPDDR LPDDR Data Transfer Rate 0 120 0 110 0 96 | Mbps
DDR® "
tovana :233: Data Valid After DQS — |o0347| — |o0374| — |o0393| wi
tovEDQ eyt Dota Rold After bas 0665| — |0637| — |0616| — | UI
Output Data Invalid Before
tbaves MachX02-1200/U 0.25 — 0.25 — 0.25 — ul
DQS Output and larger devices,
Output Data Invalid After DQS |right side only." . . .
tbauas Output 0.25 0.25 0.25 ul
foaTA MEM DDR Serial Data Speed — 140 — 116 — 98 | Mbps
fscLk SCLK Frequency — 70 — 58 — 49 MHz
fMEM_DDR MEM DDR Data Transfer Rate N/A 140 N/A 116 N/A 98 Mbps
DDR2% 2
tovaDQ :223: Data Valid After DQS — |os72| — |0394| — |o0410| ul
toveDQ :223: Data Hold After DQS 0690 | — |0658| — |o0618| — | Ul
Output Data Invalid Before
'baves DQS Output MachxO2-1200u | 925 | — | 025 — 10251 — | Ul
: and larger devices,
toquas ouiput Data Invalid After DAS | igh side only. 025 | — [025| — |025| — | Ul
utput
foATA MEM DDR Serial Data Speed — | 140 | — [ 116 | — | 98 | Mbps
fsoLk SCLK Frequency — 70 — 58 — 49 MHz
fuem_pore | DDR2 Data Transter N/A | 140 | N/A | 116 | N/A | 98 | Mbps

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

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

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

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

5. 7:1 LVDS (GDDR71) uses the LVDS 1/O standard (for input, output, and clock ports).

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

7. Thetgy pgL and ty pgp values use the SCLK_ZERHOLD default step size. Each step is 167 ps (-3), 182 ps (-2), 195 ps (-1).

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

9. Duty cycle is +/— 5% for system usage.

10. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.

11. High-speed DDR and LVDS not supported in SG32 (32-Pin QFN) packages.

12. Advance information for MachXO2 devices in 48 QFN packages.

13. DDR memory interface not supported in QN84 (84 QFN) and SG32 (32 QFN) packages.
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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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I’C Port Timing Specifications:2

Symbol Parameter Min. Max. Units
fMAX Maximum SCL clock frequency — 400 kHz

1. MachXO2 supports the following modes:
* Standard-mode (Sm), with a bit rate up to 100 kbit/s (user and configuration mode)
* Fast-mode (Fm), with a bit rate up to 400 kbit/s (user and configuration mode)

2. Refer to the I2C specification for timing requirements.

SPI Port Timing Specifications’

Symbol Parameter Min. Max. Units
fmax Maximum SCK clock frequency — 45 MHz

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

Switching Test Conditions

Figure 3-13 shows the output test load used for AC testing. The specific values for resistance, capacitance, volt-
age, and other test conditions are shown in Table 3-5.

Figure 3-13. Output Test Load, LVTTL and LVCMOS Standards

Vr

R1
DUT ® ® Test Point

—~ CL

Table 3-5. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition R1 CL Timing Ref. vT
LVTTL, LVCMOS 3.3=15V —
LVCMOS 2.5 = Vg 0/2 —
LVTTL and LVCMOS settings (L -> H, H -> L) 0 OpF LVCMOS 1.8 = Vg 0/2 —
LVCMOS 1.5 = Vg0/2 —
LVCMOS 1.2 = Vg 0/2 —

LVTTL and LVCMOS 3.3 (Z -> H) 15V VoL
LVTTL and LVCMOS 3.3 (Z -> L) 15V Von
Other LVCMOS (Z -> H) 188 opF Vocio/2 VoL
Other LVCMOS (Z -> L) Vecio/2 Vor
LVTTL + LVCMOS (H -> 2) Vor —0.15V VoL
LVTTL + LVCMOS (L -> 2) VoL-0.15V Von

Note: Output test conditions for all other interfaces are determined by the respective standards.
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Signal Descriptions (Cont.)

Signal Name /0 Descriptions
Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, or when
INITN I/0 ; e ;
reserved as INITn in user mode, this pin has an active pull-up.
Open Drain pin. Indicates that the configuration sequence is complete, and the start-up
DONE I/O |sequence is in progress. During configuration, or when reserved as DONE in user mode, this
pin has an active pull-up.
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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MachX02-4000
84 132 144 184 256 256 332 484
QFN csBGA | TQFP | csBGA | caBGA | fiBGA | caBGA | fpBGA

General Purpose /O per Bank
Bank 0 27 25 27 37 50 50 68 70
Bank 1 10 26 29 37 52 52 68 68
Bank 2 22 28 29 39 52 52 70 72
Bank 3 0 7 9 10 16 16 24 24
Bank 4 9 8 10 12 16 16 16 16
Bank 5 0 10 10 15 20 20 28 28
Total General Purpose Single Ended 1/O 68 104 114 150 206 206 274 278
Differential /0 per Bank
Bank 0 13 13 14 18 25 25 34 35
Bank 1 4 13 14 18 26 26 34 34
Bank 2 11 14 14 19 26 26 35 36
Bank 3 0 3 4 4 8 8 12 12
Bank 4 4 4 5 6 8 8 8 8
Bank 5 0 5 5 7 10 10 14 14
Total General Purpose Differential 1/0 32 52 56 72 103 103 137 139
Dual Function I/O | 28 | 8 | 8 | 8 | 387 | 3 | 38 | 3
High-speed Differential I/O
Bank 0 | 8 | 8 | o | 8 | 18 | 18 [ 18 | 18
Gearboxes
Ey;wi}gglreo(fBg:ﬂfg)Sj Output Gearbox 8 8 9 9 18 18 18 18
25523{60(“87;:]&;3” Input Gearbox 11 14 14 12 18 18 18 18
DQS Groups
Bank 1 1 2 2 2 2 2 2 2
VCCIO Pins
Bank 0 3 3 3 3 4 4 4 10
Bank 1 1 3 3 3 4 4 4 10
Bank 2 2 3 3 3 4 4 4 10
Bank 3 1 1 1 1 1 1 2 3
Bank 4 1 1 1 1 2 2 1 4
Bank 5 1 1 1 1 1 1 2 3
VCC 4 4 4 4 8 8 8 12
GND 4 10 12 16 24 24 27 48
NC 1 1 1 1 1 1 5 105
Reserved for configuration 1 1 1 1 1 1 1 1
Total Count of Bonded Pins 84 132 144 184 256 256 332 484
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MachXO2 Part Number Description
LCMXO2 — XXXX X X X — X XXXXXX X XX XX

Device Family J —l_— Device Status
MachXO2 PLD Blank = Production Device

Logic Capacity ES = Enginegring Sample .
256 = 256 LUTs R1 = Production Release 1 Device
640 = 640 LUTs 1K = WLCSP Package, 1,000 parts per reel
1200 = 1280 LUTs Shipping Method
2000 = 2112 LUTs Blank = Trays
4000 = 4320 LUTs TR = Tape and Reel
7000 = 6864 LUTs L Grade

1/0 Count C = Commercial
Blank = Standard Device | = Industrial
U = Ultra High 1/O Device Package

Power/Performance

UWG25 = 25-Ball Halogen-Free WLCSP
(0.4 mm Pitch)
SG32 = 32-Pin Halogen-Free QFN

Z = Low Power
H = High Performance

Supply Voltage (0.5 mm Pitch)
C=25V/33V SG48 = 48-Pin Halogen-Free QFN
E=12V (0.5 mm Pitch)

UWGA49 = 49-ball Halogen-Free WLCSP

Speed .

1 = Slowest (0.4 mm Pitch)
N UMG64 = 64-Ball Halogen-Free ucBGA
2 Low Power ;
3 = Fastest (0.4 mm Pitch)
- QN84 = 84-Pin Halogen-Free QFN
(0.5 mm Pitch)
4 =9l t
owest | TG100 = 100-Pin Halogen-Free TQFP
5 High Performance :
TG144 = 144-Pin Halogen-Free TQFP
6 = Fastest

MG132 = 132-Ball Halogen-Free csBGA
(0.5 mm Pitch)

MG184 = 184-Ball Halogen-Free csBGA
(0.5 mm Pitch)

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

FTG256 = 256-Ball Halogen-Free ftBGA
(1.0 mm Pitch)

BG332 = 332-Ball Halogen-Free caBGA
(0.8 mm Pitch)

FG484 = 484-Ball Halogen-Free fpBGA

* 48-pin QFN information is 'Advanced'. (1.0 mm Pitch)

© 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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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.
LCMXO02-4000HE-6BG332C 4320 1.2V —6 Halogen-Free caBGA 332 COM
LCMXO02-4000HE-4FG484C 4320 1.2V -4 Halogen-Free fpBGA 484 COM
LCMXO02-4000HE-5FG484C 4320 1.2V -5 Halogen-Free fpBGA 484 COM
LCMXO2-4000HE-6FG484C 4320 1.2V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HE-4TG144C 6864 1.2V -4 Halogen-Free TQFP 144 COM
LCMXO2-7000HE-5TG144C 6864 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO2-7000HE-6TG144C 6864 1.2V —6 Halogen-Free TQFP 144 COM
LCMXO02-7000HE-4BG256C 6864 1.2V -4 Halogen-Free caBGA 256 COM
LCMXO2-7000HE-5BG256C 6864 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO02-7000HE-6BG256C 6864 1.2V -6 Halogen-Free caBGA 256 COM
LCMXO2-7000HE-4FTG256C 6864 1.2V —4 Halogen-Free fiBGA 256 COM
LCMXO2-7000HE-5FTG256C 6864 1.2V -5 Halogen-Free ftBGA 256 COM
LCMXO2-7000HE-6FTG256C 6864 1.2V —6 Halogen-Free ftBGA 256 COM
LCMXO02-7000HE-4BG332C 6864 1.2V —4 Halogen-Free caBGA 332 COM
LCMXO2-7000HE-5BG332C 6864 1.2V -5 Halogen-Free caBGA 332 COM
LCMXO02-7000HE-6BG332C 6864 1.2V -6 Halogen-Free caBGA 332 COM
LCMXO2-7000HE-4FG484C 6864 1.2V -4 Halogen-Free fpBGA 484 COM
LCMXO2-7000HE-5FG484C 6864 1.2V -5 Halogen-Free fpBGA 484 COM
LCMXO2-7000HE-6FG484C 6864 1.2V —6 Halogen-Free fpBGA 484 CcOoM
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High Performance Industrial Grade Devices Without Voltage Regulator, Halogen Free

(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000HE-4TG100I 2112 1.2V —4 Halogen-Free TQFP 100 IND
LCMXO2-2000HE-5TG100I 2112 1.2V -5 Halogen-Free TQFP 100 IND
LCMXO2-2000HE-6TG100I 2112 1.2V —6 Halogen-Free TQFP 100 IND
LCMXO2-2000HE-4MG132I 2112 1.2V —4 Halogen-Free csBGA 132 IND
LCMXO2-2000HE-5MG132I 2112 1.2V -5 Halogen-Free csBGA 132 IND
LCMXO2-2000HE-6MG132I 2112 1.2V —6 Halogen-Free csBGA 132 IND
LCMXO2-2000HE-4TG 1441 2112 1.2V -4 Halogen-Free TQFP 144 IND
LCMXO2-2000HE-5TG 144l 2112 1.2V -5 Halogen-Free TQFP 144 IND
LCMXO02-2000HE-6TG 144l 2112 1.2V —6 Halogen-Free TQFP 144 IND
LCMXO2-2000HE-4BG256I 2112 1.2V —4 Halogen-Free caBGA 256 IND
LCMXO2-2000HE-5BG256I 2112 1.2V -5 Halogen-Free caBGA 256 IND
LCMXO2-2000HE-6BG256I 2112 1.2V -6 Halogen-Free caBGA 256 IND
LCMXO2-2000HE-4FTG256I 2112 1.2V —4 Halogen-Free ftBGA 256 IND
LCMXO2-2000HE-5FTG2561 2112 1.2V -5 Halogen-Free ftBGA 256 IND
LCMXO2-2000HE-6FTG256I 2112 1.2V ) Halogen-Free ftBGA 256 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHE-4FG4841 2112 1.2V -4 Halogen-Free fpBGA 484 IND
LCMXO2-2000UHE-5FG484I 2112 1.2V -5 Halogen-Free fpBGA 484 IND
LCMXO02-2000UHE-6FG4841 2112 1.2V -6 Halogen-Free fpBGA 484 IND
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Revision History
MachXO2 Family Data Sheet

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.
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Date

Version

Section

Change Summary

May 2011

01.3

Multiple

Replaced “SED” with “SRAM CRC Error Detection” throughout the
document.

DC and Switching
Characteristics

Added footnote 1 to Program Erase Specifications table.

Pinout Information

Updated Pin Information Summary tables.

Signal name SO/SISPISO changed to SO/SPISO in the Signal
Descriptions table.

April 2011

01.2

Data sheet status changed from Advance to Preliminary.

Introduction

Updated MachXO2 Family Selection Guide table.

Architecture

Updated Supported Input Standards table.

Updated sysMEM Memory Primitives diagram.

Added differential SSTL and HSTL |O standards.

DC and Switching
Characteristics

Updates following parameters: POR voltage levels, DC electrical
characteristics, static supply current for ZE/HE/HC devices, static
power consumption contribution of different components — ZE
devices, programming and erase Flash supply current.

Added VREF specifications to syslO recommended operating condi-
tions.

Updating timing information based on characterization.

Added differential SSTL and HSTL |O standards.

Ordering Information

Added Ordering Part Numbers for R1 devices, and devices in
WLCSP packages.

Added R1 device specifications.

January 2011

01.1

All

Included ultra-high I/O devices.

DC and Switching
Characteristics

Recommended Operating Conditions table — Added footnote 3.

DC Electrical Characteristics table — Updated data for I, . ViysT
typical values updated.

Generic DDRX2 Outputs with Clock and Data Aligned at Pin
(GDDRX2_TX.ECLK.Aligned) Using PCLK Pin for Clock Input tables
— Updated data for T4 and Tpg.

Generic DDRX4 Outputs with Clock and Data Aligned at Pin
(GDDRX4_TX.ECLK.Aligned) Using PCLK Pin for Clock Input tables
— Updated data for T, and Tpg.

Power-On-Reset Voltage Levels table - clarified note 3.

Clarified VCCIO related recommended operating conditions specifi-
cations.

Added power supply ramp rate requirements.

Added Power Supply Ramp Rates table.

Updated Programming/Erase Specifications table.

Removed references to Vcp

Pinout Information

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

Removed references to Vop

November 2010

01.0

Initial release.
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