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Architecture Overview

The MachXO2 family architecture contains an array of logic blocks surrounded by Programmable I/O (PIO). The
larger logic density devices in this family have sysCLOCK™ PLLs and blocks of sysMEM Embedded Block RAM
(EBRs). Figure 2-1 and Figure 2-2 show the block diagrams of the various family members.

Figure 2-1. Top View of the MachX02-1200 Device
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Note: MachX02-256, and MachX02-640/U are similar to MachX02-1200. MachX02-256 has a lower LUT count and no PLL or EBR blocks.
MachX02-640 has no PLL, a lower LUT count and two EBR blocks. MachX02-640U has a lower LUT count, one PLL and seven EBR blocks.

Figure 2-2. Top View of the MachX02-4000 Device
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Note: MachX02-1200U, MachX02-2000/U and MachX02-7000 are similar to MachX02-4000. MachX02-1200U and MachX02-2000 have a lower LUT count,
one PLL, and eight EBR blocks. MachX02-2000U has a lower LUT count, two PLLs, and 10 EBR blocks. MachX02-7000 has a higher LUT count, two PLLs,
and 26 EBR blocks.
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Figure 2-3. PFU Block Diagram
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Slices 0-3 contain two LUT4s feeding two registers. Slices 0-2 can be configured as distributed memory. Table 2-1
shows the capability of the slices in PFU blocks along with the operation modes they enable. In addition, each PFU
contains logic that allows the LUTs to be combined to perform functions such as LUT5, LUT6, LUT7 and LUTS8.
The control logic performs set/reset functions (programmable as synchronous/ asynchronous), clock select, chip-
select and wider RAM/ROM functions.

Table 2-1. Resources and Modes Available per Slice

PFU Block
Slice Resources Modes
Slice 0 2 LUT4s and 2 Registers Logic, Ripple, RAM, ROM
Slice 1 2 LUT4s and 2 Registers Logic, Ripple, RAM, ROM
Slice 2 2 LUT4s and 2 Registers Logic, Ripple, RAM, ROM
Slice 3 2 LUT4s and 2 Registers Logic, Ripple, ROM

Figure 2-4 shows an overview of the internal logic of the slice. The registers in the slice can be configured for posi-
tive/negative and edge triggered or level sensitive clocks. All slices have 15 inputs from routing and one from the
carry-chain (from the adjacent slice or PFU). There are seven outputs: six for routing and one to carry-chain (to the
adjacent PFU). Table 2-2 lists the signals associated with Slices 0-3.
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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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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 EMPTYI has the same function as CSR(2).
5. In FIFO mode, CLKW is the write port clock, CSW is the write port chip select, CLKR is the read port clock, CSR is the
read port chip select, ORE is the output read enable.
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Figure 2-12. MachXO2 Input Register Block Diagram (PIO on Left, Top and Bottom Edges)
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The input register block on the right edge is a superset of the same block on the top, bottom, and left edges. In
addition to the modes described above, the input register block on the right edge also supports DDR memory

mode.

In DDR memory mode, two registers are used to sample the data on the positive and negative edges of the modi-
fied DQS (DQSR90) in the DDR Memory mode creating two data streams. Before entering the core, these two data
streams are synchronized to the system clock to generate two data streams.

The signal DDRCLKPOL controls the polarity of the clock used in the synchronization registers. It ensures ade-
quate timing when data is transferred to the system clock domain from the DQS domain. The DQSR90 and

DDRCLKPOL signals are generated in the DQS read-write block.
Figure 2-13. MachXO02 Input Register Block Diagram (PIO on Right Edge)
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More information on the input gearbox is available in TN1203, Implementing High-Speed Interfaces with MachX02
Devices.

Output Gearbox

Each PIC on the top edge has a built-in 8:1 output gearbox. Each of these output gearboxes may be programmed
as a 7:1 serializer or as one ODDRX4 (8:1) gearbox or as two ODDRX2 (4:1) gearboxes. Table 2-10 shows the
gearbox signals.

Table 2-10. Output Gearbox Signal List

Name 1/0 Type Description
Q Output High-speed data output
D[7:0] Input Low-speed data from device core

Video TX(7:1): D[6:0]
GDDRX4(8:1): D[7:0]
GDDRX2(4:1)(IOL-A): D[3:0]
GDDRX2(4:1)(IOL-C): D[7:4]

SCLK Input Slow-speed system clock
ECLK [1:0] Input High-speed edge clock
RST Input Reset

The gearboxes have three stage pipeline registers. The first stage registers sample the low-speed input data on the
low-speed system clock. The second stage registers transfer data from the low-speed clock registers to the high-
speed clock registers. The third stage pipeline registers controlled by high-speed edge clock shift and mux the
high-speed data out to the syslO buffer. Figure 2-17 shows the output gearbox block diagram.
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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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Hot Socketing

The MachXO2 devices have been carefully designed to ensure predictable behavior during power-up and power-
down. Leakage into I/O pins is controlled to within specified limits. This allows for easy integration with the rest of
the system. These capabilities make the MachXO2 ideal for many multiple power supply and hot-swap applica-
tions.

On-chip Oscillator

Every MachXO2 device has an internal CMOS oscillator. The oscillator output can be routed as a clock to the clock
tree or as a reference clock to the sysCLOCK PLL using general routing resources. The oscillator frequency can be
divided by internal logic. There is a dedicated programming bit and a user input to enable/disable the oscillator. The
oscillator frequency ranges from 2.08 MHz to 133 MHz. The software default value of the Master Clock (MCLK) is
nominally 2.08 MHz. When a different MCLK is selected during the design process, the following sequence takes
place:

1. Device powers up with a nominal MCLK frequency of 2.08 MHz.

2. During configuration, users select a different master clock frequency.

3. The MCLK frequency changes to the selected frequency once the clock configuration bits are received.
4

If the user does not select a master clock frequency, then the configuration bitstream defaults to the MCLK fre-
quency of 2.08 MHz.

Table 2-14 lists all the available MCLK frequencies.

Table 2-14. Available MCLK Frequencies

MCLK (MHz, Nominal) MCLK (MHz, Nominal) MCLK (MHz, Nominal)
2.08 (default) 9.17 33.25
2.46 10.23 38
3.17 13.3 44.33
4.29 14.78 53.2
5.54 20.46 66.5
7 26.6 88.67
8.31 29.56 133

Embedded Hardened IP Functions and User Flash Memory

All MachXO2 devices provide embedded hardened functions such as SPI, I’C and Timer/Counter. MachX02-640/U
and higher density devices also provide User Flash Memory (UFM). These embedded blocks interface through the
WISHBONE interface with routing as shown in Figure 2-20.
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syslO Recommended Operating Conditions

Veeio (V) Vrer (V)

Standard Min. Typ. Max. Min. Typ. Max.
LVCMOS 3.3 3.135 3.3 3.6 — — —
LVCMOS 2.5 2.375 25 2.625 — — —
LVCMOS 1.8 1.71 1.8 1.89 — — —
LVCMOS 1.5 1.425 1.5 1.575 — — —
LVCMOS 1.2 1.14 1.2 1.26 — — —
LVTTL 3.135 3.3 3.6 — — —
PCI® 3.135 3.3 3.6 — — —
SSTL25 2.375 25 2.625 1.15 1.25 1.35
SSTL18 1.71 1.8 1.89 0.833 0.9 0.969
HSTL18 1.71 1.8 1.89 0.816 0.9 1.08
LVCMOS25R33 3.135 3.3 3.6 1.1 1.25 1.4
LVCMOS18R33 3.135 3.3 3.6 0.75 0.9 1.05
LVCMOS18R25 2.375 25 2.625 0.75 0.9 1.05
LVCMOS15R33 3.135 3.3 3.6 0.6 0.75 0.9
LVCMOS15R25 2.375 25 2.625 0.6 0.75 0.9
LVCMOS12R33* 3.135 3.3 3.6 0.45 0.6 0.75
LVCMOS12R25* 2.375 25 2.625 0.45 0.6 0.75
LVCMOS10R33* 3.135 3.3 3.6 0.35 0.5 0.65
LVCMOS10R25* 2.375 25 2.625 0.35 0.5 0.65
LvDS25"2 2.375 25 2.625 — — —
LvVDS33"2 3.135 3.3 3.6 — — —
LVPECL' 3.135 3.3 3.6 — — —
BLVDS' 2.375 25 2.625 — — —
RSDS' 2.375 25 2.625 — — —
SSTL18D 1.71 1.8 1.89 — — —
SSTL25D 2.375 25 2.625 — — —
HSTL18D 1.71 1.8 1.89 — — —

1. Inputs on-chip. Outputs are implemented with the addition of external resistors.

2. MachX02-640U, MachX02-1200/U and larger devices have dedicated LVDS buffers.

3. Input on the bottom bank of the MachX02-640U, MachX02-1200/U and larger devices only.

4. Supported only for inputs and BIDIs for all ZE devices, and —6 speed grade for HE and HC devices.
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syslO Single-Ended DC Electrical Characteristics®?

Input/Output Vi Vin VoL Max. | VouMin. | Ig Max. | loy Max.
Standard Min. (V)? Max. (V) Min. (V) Max. (V) V) V) (mA) (mA)
4 v
8 8
LyoNI0S 33 0.3 0.8 2.0 3.6 04 | Vecio-04 12 jg
24 Y
02 |Veao-02| 01 0.1
4 v
0.4 Veeio— 0.4 8 8
LVCMOS 2.5 0.3 0.7 17 3.6 12 12
16 T
02  |Veao-02| 01 01
4 )
LVCMOS 1.8 -0.3 0.35Vecio | 0.65Vecio 3.6 04 Vecio=04 182 _182
02 |Veao-02| 01 0.1
4 v
04  |Veoo-04
LVCMOS 1.5 03 | 0.38Veeo | 0.65Vccio 3.6 8 8
02 |Veao-02| 01 0.1
4 >
04  |Veeo—04
LVCMOS 1.2 03 | 0.38Veeo | 0.65Vccio 3.6 8 6
02 |Veao-02| 01 0.1
PCI 0.3 03Veeo | 05Veoo 36 01Veoo | 9.9Vcoo 15 05
SSTL25Class| | 0.3 | Vmer—0.18 | Vagr +0.18 | 356 054 |Vooo-062| 8 8
SSTL25Class Il | —03 | Vaer—0.18 | Vaer +0.18 | 3.6 NA NA NA NA
SSTL18Class| | 03  |Vper—0.125|Vper +0.125| 3.6 040  |Vego-040| 8 8
SSTL18Class Il | =03  |Vper—0.125|Vper+0.125| 3.6 NA NA NA NA
HSTL18 Class| | 0.3 | Vagr—0.1 | Vagr + 0.1 36 040  |Vego-040| 8 8
HSTL18 Class I | 0.3 | Vagr— 0.1 | Vagr + 0.1 36 NA NA NA NA
LVCMOS25R33 | 0.3 | Vagr—0.1 | Vagr + 0.1 36 NA NA NA NA
LVCMOS18R33 | 0.3 | Vagr—0.1 | Vagr + 0.1 36 NA NA NA NA
LVCMOS18R25 | 0.3 | Vagr—0.1 | Vagr + 0.1 36 NA NA NA NA
LVCMOS15R33 | 0.3 | Vagr—0.1 | Vagr + 0.1 36 NA NA NA NA
LVCMOS15R25 | 0.3 | Vagr—0.1 | Vagr + 0.1 36 NA NA NA NA
LVCMOS12R33 | 03 | Vmgr—0.1 | Vmgg+ 0.1 3.6 0.40 NA Open |24, ;’6&1 2,| NA Open
LVCMOS12R25 | 03 | Vmgr—0.1 | Vpgg+ 0.1 3.6 0.40 NAOPen 46 12,8,4 | NE OPen
LVCMOS10R33 | 03 | Vmgr—0.1 | Vgp+ 0.1 3.6 0.40 NA Open |24, ;,6;'12’ NA Open

3-8




= LATTICE

DC and Switching Characteristics

MachX02 Family Data Sheet

Input/Output Vi Vi VoL Max. | Vgy Min. | Ig. Max.* | Ioy Max.*
Standard | Min.(V)’ | Max.(V) | Min.(V) | Max. (V) ) V) (mA) (mA)
LVCMOS10R25 | 03 | Vmgr—0.1 | Vegp+ 0.1 3.6 0.40 NAOPeN | 46,12,8,4 | NE OPen

1. MachXOz2 devices allow LVCMOS inputs to be placed in I/O banks where V¢ g is different from what is specified in the applicable JEDEC
specification. This is referred to as a ratioed input buffer. In a majority of cases this operation follows or exceeds the applicable JEDEC spec-
ification. The cases where MachXO2 devices do not meet the relevant JEDEC specification are documented in the table below.

2. MachXO2 devices allow for LVCMOS referenced 1/Os which follow applicable JEDEC specifications. For more details about mixed mode
operation please refer to please refer to TN1202, MachXO2 syslO Usage Guide.

3. The dual function I°C pins SCL and SDA are limited to a V,_min of —0.25 V or to 0.3 V with a duration of <10 ns.

4. For electromigration, the average DC current sourced or sinked by I/O pads between two consecutive VCCIO or GND pad connections, or
between the last VCCIO or GND in an I/O bank and the end of an I/O bank, as shown in the Logic Signal Connections table (also shown as
1/0 grouping) shall not exceed a maximum of n * 8 mA. “n” is the number of I/0 pads between the two consecutive bank VCCIO or GND
connections or between the last VCCIO and GND in a bank and the end of a bank. 10 Grouping can be found in the Data Sheet Pin Tables,
which can also be generated from the Lattice Diamond software.

Input Standard Veeio (V) VL Max. (V)
LVCMOS 33 1.5 0.685
LVCMOS 25 1.5 0.687
LVCMOS 18 1.5 0.655

syslO Differential Electrical Characteristics

The LVDS differential output buffers are available on the top side of MachX02-640U, MachX02-1200/U and higher
density devices in the MachXO2 PLD family.

LVDS
Over Recommended Operating Conditions
Parameter
Symbol Parameter Description Test Conditions Min. Typ. Max. Units

Veecio=3.3V 0 — 2.605 \Y
V|NP VlNM Input VOItage

Vecio=25V 0 — 2.05 \%
V1HD Differential Input Threshold +100 — mV

Vecio =33V 0.05 — 2.6 Vv
Vewm Input Common Mode Voltage

Vecio=25V 0.05 — 2.0 \%
N Input current Power on — — +10 HA
VoH Output high voltage for Vgp or Vom Ry =100 Ohm — 1.375 — Vv
VoL Output low voltage for Vop or Vou Rt =100 Ohm 0.90 1.025 — \
Vop Output voltage differential (Vop - Vowm), Rt =100 Ohm 250 350 450 mV
AVop Change in Vgp between high and low — — 50 mV
Vos Output voltage offset (Vop + Vom)/2, Rt = 100 Ohm 1.125 1.20 1.395 \Y
AVps Change in Vog between H and L — — 50 mV
losp Output short circuit current Vop = 0 V driver outputs shorted — — 24 mA
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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)
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MachXO2 External Switching Characteristics — ZE Devices' %3 %67

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
MachX02-1200ZE 0.66 — 0.68 — 0.80 — ns
¢ Clock to Data Hold — P10 Input |MachX02-2000ZE 0.68 — 0.70 — 0.83 — ns
HPLL Register MachXO2-4000ZE | 0.68 | — | 071 | — | 084 | — | ns
MachX02-7000ZE 0.73 — 0.74 — 0.87 — ns
MachX02-1200ZE 5.14 — 5.69 — 6.20 — ns
t ﬁ'oﬁré% Di:tt:rswei:ﬁPD;tZ'ﬁ i |Machx02-2000zE | 541 | — |567 [ — [617 | — | ns
SU_DELPLL Df;lay 9 PU [Machx02-4000ZE | 527 | — | 584 | — | 635 | — | ns
MachX02-7000ZE 5.15 — 5.71 — 6.23 — ns
MachX02-1200ZE -1.36 — -1.36 — -1.36 — ns
¢ Clock to Data Hold — PIO Input MachX02-2000ZE -1.35 — | -1.35 — | -1.35 — ns
HDELPLL  |Register with Input Data Delay |MachX02-4000ZE | —1.43 | — |-1.43| — |-143| — | ns
MachX02-7000ZE -1.41 — —-1.41 — —-1.41 — ns
Generic DDRX1 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX1_RX.SCLK.Aligned® '2
tova Input Data Valid After CLK — 0382 | — | 0.401 — | 0417 | Ul
tove Input Data Hold After CLK All MachXO2 0670 | — |0684| — |0693| — ul
fDATA DDRX1 Input Data Speed devices, all sides — | 140 | — | 116 | — 98 | Mbps
fopRX1 DDRX1 SCLK Frequency — 70 — 58 — 49 MHz
Generic DDRX1 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX1_RX.SCLK.Centered® *?
tsu Input Data Setup Before CLK 1319 | — | 1412 | — [1462| — ns
tho Input Data Hold After CLK All MachX02 0.717 | — 1.010 | — 1340 | — ns
foATA DDRX1 Input Data Speed devices, all sides — | 140 | — | 116 | — 98 | Mbps
foDRX1 DDRX1 SCLK Frequency — 70 — 58 — 49 MHz
Generic DDRX2 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX2_RX.ECLK.Aligned® 2
tova Input Data Valid After CLK — | 0.361 — 10346 | — |0.334 | Ul
tove Input Data Hold After CLK MachX02-640U, 0602| — |0625| — |0.648| — ul
O R 5 U [P [P R P proe
fonRX2 DDRX2 ECLK Frequency | Pottom side only™ — [ 140 | — | 117 | — | 97 | MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz
Generic DDRX2 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX2_RX.ECLK.Centered® 2
tsu Input Data Setup Before CLK 0472 — |0672| — |0865| — ns
tho Input Data Hold After CLK MachX02-640U, 0.363 | — | 0.501 — 10743 | — ns
on SO SRR UaoC212000 [Ty |y | | ron | wops
foDRX2 DDRX2 ECLK Frequency __|Pottom side only™ — 120 | — | 117 | — | 97 | MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz
Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input - GDDRX4_RX.ECLK.Aligned® '?
tova Input Data Valid After ECLK — 0307 — |0316| — |[0.326| UI
tove Input Data Hold After ECLK MachX02-640U, 0.662 — 0.650 — 0.649 — ul
w0 SRDR e C212000 [y |y | |z | wops
Ta— DDRX4 ECLK Frequency | bottom side only™ — 210 | = [ 176 | — | 146 | MHz
fsoLk SCLK Frequency — 53 — 44 — 37 MHz
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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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MachX02-7000

144 TQFP | 256 caBGA | 256 ftBGA \ 332 caBGA \ 400 caBGA \ 484 fpBGA

General Purpose I/O per Bank

Bank 0 27 50 50 68 83 82
Bank 1 29 52 52 70 84 84
Bank 2 29 52 52 70 84 84
Bank 3 9 16 16 24 28 28
Bank 4 10 16 16 16 24 24
Bank 5 10 20 20 30 32 32
Total General Purpose Single Ended 1/0 114 206 206 278 335 334
Differential 1/0 per Bank

Bank 0 14 25 25 34 42 41
Bank 1 14 26 26 35 42 42
Bank 2 14 26 26 35 42 42
Bank 3 4 8 8 12 14 14
Bank 4 5 8 8 8 12 12
Bank 5 5 10 10 15 16 16
Total General Purpose Differential 1/0 56 103 103 139 168 167
Dual Function I/O 37 37 37 37 37 37
High-speed Differential /0

Bank 0 9 20 20 21 21 21
Gearboxes

X:;ﬂgglreo(fga.:]ko(r)fj Output Gearbox 9 20 20 1 1 1
X:;}Zg;’eo(fga.llfgfj Input Gearbox 14 20 20 1 21 21
DQS Groups

Bank 1 2 2 2 2 2 2
VCCIO Pins

Bank 0 3 4 4 4 5 10
Bank 1 3 4 4 4 5 10
Bank 2 3 4 4 4 5 10
Bank 3 1 1 1 2 2 3
Bank 4 1 2 2 1 2 4
Bank 5 1 1 1 2 2 3
VCC 4 8 8 8 10 12
GND 12 24 24 27 33 48
NC 1 1 1 1 0 49
Reserved for Configuration 1 1 1 1 1 1
Total Count of Bonded Pins 144 256 256 332 400 484
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000ZE-1TG144C 6864 1.2V -1 Halogen-Free TQFP 144 COM
LCMXO2-7000ZE-2TG144C 6864 1.2V -2 Halogen-Free TQFP 144 COM
LCMXO2-7000ZE-3TG144C 6864 1.2V -3 Halogen-Free TQFP 144 COM
LCMXO2-7000ZE-1BG256C 6864 1.2V -1 Halogen-Free caBGA 256 COM
LCMXO02-7000ZE-2BG256C 6864 1.2V -2 Halogen-Free caBGA 256 COM
LCMXO02-7000ZE-3BG256C 6864 1.2V -3 Halogen-Free caBGA 256 COM
LCMXO2-7000ZE-1FTG256C 6864 1.2V -1 Halogen-Free ftBGA 256 COM
LCMXO2-7000ZE-2FTG256C 6864 1.2V -2 Halogen-Free ftBGA 256 COM
LCMXO2-7000ZE-3FTG256C 6864 1.2V -3 Halogen-Free ftBGA 256 COM
LCMXO2-7000ZE-1BG332C 6864 1.2V -1 Halogen-Free caBGA 332 COM
LCMX02-7000ZE-2BG332C 6864 1.2V -2 Halogen-Free caBGA 332 COM
LCMXO02-7000ZE-3BG332C 6864 1.2V -3 Halogen-Free caBGA 332 COM
LCMXO2-7000ZE-1FG484C 6864 1.2V -1 Halogen-Free fpBGA 484 COM
LCMXO2-7000ZE-2FG484C 6864 1.2V -2 Halogen-Free fpBGA 484 COM
LCMXO02-7000ZE-3FG484C 6864 1.2V -3 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX0O2-1200ZE-1TG100CR1" 1280 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-2TG100CR1" 1280 1.2V -2 Halogen-Free TQFP 100 COoM
LCMX0O2-1200ZE-3TG100CR1" 1280 1.2V -3 Halogen-Free TQFP 100 COM
LCMX0O2-1200ZE-1MG132CR1’ 1280 1.2V -1 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-2MG132CR1’ 1280 1.2V -2 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-3MG132CR1’ 1280 1.2V -3 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-1TG144CR1" 1280 1.2V -1 Halogen-Free TQFP 144 COM
LCMX02-1200ZE-2TG144CR1" 1280 1.2V -2 Halogen-Free TQFP 144 COM
LCMX02-1200ZE-3TG144CR1" 1280 1.2V -3 Halogen-Free TQFP 144 COM

1. Specifications for the “LCMX02-1200ZE-speed package CR1” are the same as the “LCMX02-1200ZE-speed package C” devices respec-

tively, except as specified in the R1 Device Specifications section of this data sheet.
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High-Performance Commercial Grade Devices without Voltage Regulator, Halogen Free
(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000HE-4TG100C 2112 1.2V —4 Halogen-Free TQFP 100 COoM
LCMXO2-2000HE-5TG100C 2112 1.2V -5 Halogen-Free TQFP 100 COM
LCMX02-2000HE-6TG100C 2112 1.2V ) Halogen-Free TQFP 100 COM
LCMX02-2000HE-4TG144C 2112 1.2V —4 Halogen-Free TQFP 144 COM
LCMXO02-2000HE-5TG144C 2112 1.2V -5 Halogen-Free TQFP 144 COM
LCMX02-2000HE-6TG144C 2112 1.2V -6 Halogen-Free TQFP 144 COM
LCMX02-2000HE-4MG132C 2112 1.2V —4 Halogen-Free csBGA 132 COM
LCMXO02-2000HE-5MG132C 2112 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO02-2000HE-6MG132C 2112 1.2V —6 Halogen-Free csBGA 132 COM
LCMX02-2000HE-4BG256C 2112 1.2V -4 Halogen-Free caBGA 256 COM
LCMX02-2000HE-5BG256C 2112 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO2-2000HE-6BG256C 2112 1.2V -6 Halogen-Free caBGA 256 COM
LCMX02-2000HE-4FTG256C 2112 1.2V -4 Halogen-Free fiBGA 256 COoM
LCMX02-2000HE-5FTG256C 2112 1.2V -5 Halogen-Free ftBGA 256 COM
LCMXO2-2000HE-6FTG256C 2112 1.2V —6 Halogen-Free fiBGA 256 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHE-4FG484C 2112 1.2V —4 Halogen-Free fpBGA 484 COM
LCMXO02-2000UHE-5FG484C 2112 1.2V -5 Halogen-Free fpBGA 484 COM
LCMX02-2000UHE-6FG484C 2112 1.2V ) Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000HE-4TG144C 4320 1.2V —4 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-5TG144C 4320 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-6TG144C 4320 1.2V —6 Halogen-Free TQFP 144 COM
LCMX02-4000HE-4MG132C 4320 1.2V —4 Halogen-Free csBGA 132 COoM
LCMXO2-4000HE-5MG132C 4320 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO02-4000HE-6MG132C 4320 1.2V —6 Halogen-Free csBGA 132 COM
LCMX02-4000HE-4BG256C 4320 1.2V —4 Halogen-Free caBGA 256 COM
LCMXO2-4000HE-4MG184C 4320 1.2V —4 Halogen-Free csBGA 184 COoM
LCMXO02-4000HE-5MG184C 4320 1.2V -5 Halogen-Free csBGA 184 COM
LCMX02-4000HE-6MG184C 4320 1.2V -6 Halogen-Free csBGA 184 COM
LCMX0O2-4000HE-5BG256C 4320 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO02-4000HE-6BG256C 4320 1.2V —6 Halogen-Free caBGA 256 COM
LCMX02-4000HE-4FTG256C 4320 1.2V —4 Halogen-Free fiBGA 256 COM
LCMX02-4000HE-5FTG256C 4320 1.2V -5 Halogen-Free fiBGA 256 COM
LCMXO2-4000HE-6FTG256C 4320 1.2V —6 Halogen-Free fiBGA 256 COM
LCMXO02-4000HE-4BG332C 4320 1.2V -4 Halogen-Free caBGA 332 COM
LCMX02-4000HE-5BG332C 4320 1.2V -5 Halogen-Free caBGA 332 COM
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For Further Information

A variety of technical notes for the MachXOz2 family are available on the Lattice web site.

e TN1198, Power Estimation and Management for MachXO2 Devices

* TN1199, MachX0O2 sysCLOCK PLL Design and Usage Guide

* TN1201, Memory Usage Guide for MachXO2 Devices

* TN1202, MachXO2 syslO Usage Guide

* TN1203, Implementing High-Speed Interfaces with MachXO2 Devices

* TN1204, MachXO2 Programming and Configuration Usage Guide

* TN1205, Using User Flash Memory and Hardened Control Functions in MachXO2 Devices
* TN1206, MachXO2 SRAM CRC Error Detection Usage Guide

* TN1207, Using TracelD in MachXO2 Devices

* TN1074, PCB Layout Recommendations for BGA Packages

* TN1087, Minimizing System Interruption During Configuration Using TransFR Technology
* ANB8086, Designing for Migration from MachX02-1200-R1 to Standard (non-R1) Devices
* ANB8066, Boundary Scan Testability with Lattice syslO Capability

* MachXO2 Device Pinout Files
* Thermal Management document

¢ Lattice design tools

For further information on interface standards, refer to the following web sites:
» JEDEC Standards (LVTTL, LVCMOS, LVDS, DDR, DDR2, LPDDR): www.jedec.org

* PCIl: www.pcisig.com
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