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Figure 2-3. PFU Block Diagram
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Slices

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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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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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.
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Figure 2-17. Output Gearbox
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More information on the output gearbox is available in TN1203, Implementing High-Speed Interfaces with

MachXO2 Devices.
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Figure 2-20. Embedded Function Block Interface
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Hardened IC IP Core

Every MachXO2 device contains two 1°C IP cores. These are the primary and secondary I°C IP cores. Either of the
two cores can be configured either as an I1°C master or as an I°C slave. The only difference between the two IP
cores is that the primary core has pre-assigned I/O pins whereas users can assign I/O pins for the secondary core.

I/Os for I2C
(Primary)

I/0s for 12C
(Secondary)

1/Os for SPI

~--- Indicates connection
%=~ through core logic/routing.

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

Master and Slave operation

7-bit and 10-bit addressing
Multi-master arbitration support
Up to 400 kHz data transfer speed
General call support

Interface to custom logic through 8-bit WISHBONE interface
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Figure 2-21. FC Core Block Diagram

Core
Logic/
Routing

Power
Control

s
iyt

12C Function

Configuration
Logic

s
iyt

EFB

A EFB
A WISHBONE

Interface

Control

12C ()
Logic

Registers

ifi

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 — 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.

3-5



www.latticesemi.com/dynamic/view_document.cfm?document_id=39079
www.latticesemi.com/dynamic/view_document.cfm?document_id=39079

o DC and Switching Characteristics
=LATTICE MachX02 Family Data Sheet

Programming and Erase Flash Supply Current — ZE Devices" >3 *

Symbol Parameter Device Typ.® Units

LCMXO02-256ZE 13 mA
LCMXO02-640ZE 14 mA
LCMX02-1200ZE 15 mA

lcc Core Power Supply
LCMX02-2000ZE 17 mA
LCMXO02-4000ZE 18 mA
LCMX02-7000ZE 20 mA

lccio Bank Power Supply® | All devices 0 mA

. For further information on supply current, please refer to TN1198, Power Estimation and Management for MachXO2 Devices.
. Assumes all inputs are held at Vo or GND and all outputs are tri-stated.

. Typical user pattern.

. JTAG programming is at 25 MHz.

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

. Per bank. Vggi0 = 2.5 V. Does not include pull-up/pull-down.

OO WN =
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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




o DC and Switching Characteristics
=LATTICE MachXO2 Family Data Sheet

-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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-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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Figure 3-5. Receiver RX.CLK.Aligned and MEM DDR Input Waveforms
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Figure 3-6. Receiver RX.CLK.Centered Waveforms
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Figure 3-7. Transmitter TX.CLK.Aligned Waveforms
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Figure 3-8. Transmitter TX.CLK.Centered and MEM DDR Output Waveforms

TX CLK Output - ‘ ‘
or DQS Output ! |
| |
| | | |
I |

TX Data Output 99999, 99999, 999409,
orDQ OutpEt ’0‘0’0‘0’0‘“"0‘0’0‘0’-’0‘0’0‘0’0‘
TX.Centered ‘“—’:‘—’1 “—’:‘—"

| |
tpvg Or : tpya or tpyg Or : tpya or
tbaves : tbavas  tbaqves ! tbavas

3-29



o DC and Switching Characteristics
=LATTICE MachX02 Family Data Sheet

Flash Download Time" 2

Symbol Parameter Device Typ- Units
LCMX02-256 0.6 ms
LCMX02-640 1.0 ms
LCMXO02-640U 1.9 ms
LCMX02-1200 1.9 ms
tREFRESH POR to Device I/O Active LCMXO2-1200U 1.4 ms
LCMX0O2-2000 1.4 ms
LCMX02-2000U 2.4 ms
LCMX02-4000 2.4 ms
LCMX02-7000 3.8 ms

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

JTAG Port Timing Specifications

Symbol Parameter Min. Max. Units
fmax TCK clock frequency — 25 MHz
tBTCPH TCK [BSCAN] clock pulse width high 20 — ns
tsTePL TCK [BSCAN] clock pulse width low 20 — ns
teTs TCK [BSCAN] setup time 10 — ns
teTH TCK [BSCAN] hold time 8 — ns
tsTco TAP controller falling edge of clock to valid output — 10 ns
tsTcopIs TAP controller falling edge of clock to valid disable — 10 ns
teTCOEN TAP controller falling edge of clock to valid enable — 10 ns
tsTCRS BSCAN test capture register setup time 8 — ns
tsTCRH BSCAN test capture register hold time 20 — ns
tsuTtco BSCAN test update register, falling edge of clock to valid output — 25 ns
tsTUODIS BSCAN test update register, falling edge of clock to valid disable — 25 ns
tBTUPOEN BSCAN test update register, falling edge of clock to valid enable — 25 ns
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sysCONFIG Port Timing Specifications

Symbol ‘ Parameter Min. Max. ‘ Units
All Configuration Modes
trrGM PROGRAMN low pulse accept 55 — ns
tpPraMY PROGRAMN low pulse rejection — 25 ns
tNITL INITN low time LCMX02-256 — 30 us
LCMX02-640 — 35 us
LCMXO2-640U/ — 55
LCMX02-1200 HS
LCMXO02-1200U/ — 70
LCMX02-2000 HS
LCMX02-2000U/ — 105
LCMX02-4000 HS
LCMXO2-7000 — 130 us
toPPINIT PROGRAMN low to INITN low — 150 ns
tbPPDONE PROGRAMN low to DONE low — 150 ns
tiobiss PROGRAMN low to I/O disable — 120 ns
Slave SPI
fmax CCLK clock frequency — 66 MHz
tcoLkH CCLK clock pulse width high 7.5 — ns
tcoLkL CCLK clock pulse width low 7.5 — ns
tsTsu CCLK setup time — ns
tsTH CCLK hold time — ns
tstco CCLK falling edge to valid output — 10 ns
tstoz CCLK falling edge to valid disable — 10 ns
tstov CCLK falling edge to valid enable — 10 ns
tscs Chip select high time 25 — ns
tscss Chip select setup time 3 — ns
tscsH Chip select hold time 3 — ns
Master SPI
fmax MCLK clock frequency — 133 MHz
tMeLKH MCLK clock pulse width high 3.75 — ns
tmeLkL MCLK clock pulse width low 3.75 — ns
tsTsu MCLK setup time 5 — ns
tsTH MCLK hold time 1 — ns
tcsspi INITN high to chip select low 100 200 ns
tmeLk INITN high to first MCLK edge 0.75 1 VE
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Signal Descriptions

SignalName | 1O | Descriptions
General Purpose

[Edge] indicates the edge of the device on which the pad is located. Valid edge designations
are L (Left), B (Bottom), R (Right), T (Top).

[Row/Column Number] indicates the PFU row or the column of the device on which the PIO
Group exists. When Edge is T (Top) or (Bottom), only need to specify Row Number. When
Edge is L (Left) or R (Right), only need to specify Column Number.

[A/B/C/D] indicates the PIO within the group to which the pad is connected.

P[Edge] [Row/Column o |Some of these user-programmable pins are shared with special function pins. When not used
Number]_[A/B/C/D] as special function pins, these pins can be programmed as 1/Os for user logic.

During configuration of the user-programmable 1/Os, the user has an option to tri-state the
I/Os and enable an internal pull-up, pull-down or buskeeper resistor. This option also applies
to unused pins (or those not bonded to a package pin). The default during configuration is for
user-programmable 1/Os to be tri-stated with an internal pull-down resistor enabled. When the
device is erased, I/Os will be tri-stated with an internal pull-down resistor enabled. Some pins,
such as PROGRAMN and JTAG pins, default to tri-stated 1/Os with pull-up resistors enabled
when the device is erased.

NC — |No connect.

GND __ |GND - Ground. Dedicated pins. It is recommended that all GNDs are tied together.
For QFN 48 package, the exposed die pad is the device ground.

Vielo __|Vce — The power supply pins for core logic. Dedicated pins. It is recommended that all VCCs
are tied to the same supply.

VCCIOx __ | VCCIO - The power supply pins for I/O Bank x. Dedicated pins. It is recommended that all

VCCIOs located in the same bank are tied to the same supply.
PLL and Clock Functions (Used as user-programmabile 1/O pins when not used for PLL or clock pins)

[LOC]_GPLL[T, C]_IN . EESrzggeﬂc(lgékthPLﬂ_a)l-n_PLittp;sgsérgla%Ci |Qgr|:]:§|t:; Ieonct.atlon. Valid designations are L (Left
[LOC] GPLL[T,C] FB| — (P)Elt_l)ogﬁlst?gki)gar::tk P(EII__)L) 'I'm=p’t]rtu Za;sd [(IS(Z%] olrr:]cg%ar;e;nlfcatlon. Valid designations are L (Left
PCLK [n]_[2:0] — | Primary Clock pads. One to three clock pads per side.

Test and Programming (Dual function pins used for test access port and during sysCONFIG™)

TMS | Test Mode Select input pin, used to control the 1149.1 state machine.

TCK Test Clock input pin, used to clock the 1149.1 state machine.

|
TDI | Test Data input pin, used to load data into the device using an 1149.1 state machine.
TDO O |Output pin — Test Data output pin used to shift data out of the device using 1149.1.

Optionally controls behavior of TDI, TDO, TMS, TCK. If the device is configured to use the
JTAG pins (TDI, TDO, TMS, TCK) as general purpose /O, then:

JTAGENB | If JTAGENB is low: TDI, TDO, TMS and TCK can function a general purpose I/O.

If JTAGENB is high: TDI, TDO, TMS and TCK function as JTAG pins.

For more details, refer to TN1204, MachXO2 Programming and Configuration Usage Guide.
Configuration (Dual function pins used during sysCONFIG)

PROGRAMN | Initiates configuration sequence when asserted low. During configuration, or when reserved
as PROGRAMN in user mode, this pin always has an active pull-up.

© 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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MachX02-1200 MachX02-1200U

100 TQFP 132 csBGA | 144 TQFP ‘25 WLCSP ‘ 32 QFN' 256 ftBGA
General Purpose I/O per Bank
Bank 0 18 25 27 11 9 50
Bank 1 21 26 26 0 2 52
Bank 2 20 28 28 7 9 52
Bank 3 20 25 26 0 2 16
Bank 4 0 0 0 0 0 16
Bank 5 0 0 0 0 0 20
Total General Purpose Single Ended 1/0 79 104 107 18 22 206
Differential I/O per Bank
Bank 0 9 13 14 5 4 25
Bank 1 10 13 13 0 1 26
Bank 2 10 14 14 2 4 26
Bank 3 10 12 13 0 1 8
Bank 4 0 0 0 0 0 8
Bank 5 0 0 0 0 0 10
Total General Purpose Differential 1/0 39 52 54 7 10 103
Dual Function I/O | 8 | 8 | 3 | 18 [ 22 | 33
High-speed Differential I/O
Bank 0 \ 4 \ 7 \ 7 \ 0 \ 0 \ 14
Gearboxes
E\L/j;i}gglreo(fgél kog )8.1 Output Gearbox 4 7 7 0 0 14
gk:r;?g;r?‘i ;)1 or 8:1 Input Gearbox Avail 5 7 7 0 5 14
DQS Groups
Bank 1 1 2 2 0 0 2
VCCIO Pins
Bank 0 2 3 3 1 2 4
Bank 1 2 3 3 0 1 4
Bank 2 2 3 3 1 2 4
Bank 3 3 3 3 0 1 1
Bank 4 0 0 0 0 0 2
Bank 5 0 0 0 0 0 1
VCC 2 4 4 2 2 8
GND 8 10 12 2 2 24
NC 1 1 8 0 0 1
Reserved for Configuration 1 1 1 1 1 1
Total Count of Bonded Pins 100 132 144 25 32 256

1. Lattice recommends soldering the central thermal pad onto the top PCB ground for improved thermal resistance.
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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.
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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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-7000HC-4TG144C 6864 25V/33V -4 Halogen-Free TQFP 144 COM
LCMX02-7000HC-5TG144C 6864 25V/33V -5 Halogen-Free TQFP 144 COM
LCMX02-7000HC-6TG144C 6864 25V/33V ) Halogen-Free TQFP 144 COM
LCMXO02-7000HC-4BG256C 6864 25V/33V —4 Halogen-Free caBGA 256 COM
LCMX02-7000HC-5BG256C 6864 25V/33V -5 Halogen-Free caBGA 256 COM
LCMX02-7000HC-6BG256C 6864 25V/33V -6 Halogen-Free caBGA 256 COM
LCMXO2-7000HC-4FTG256C 6864 25V/33V -4 Halogen-Free ftBGA 256 COM
LCMXO2-7000HC-5FTG256C 6864 25V/33V -5 Halogen-Free ftBGA 256 COM
LCMX02-7000HC-6FTG256C 6864 25V/33V -6 Halogen-Free ftBGA 256 COM
LCMX02-7000HC-4BG332C 6864 25V/33V -4 Halogen-Free caBGA 332 COM
LCMX02-7000HC-5BG332C 6864 25V/33V -5 Halogen-Free caBGA 332 COM
LCMX02-7000HC-6BG332C 6864 25V/33V ) Halogen-Free caBGA 332 COM
LCMX02-7000HC-4FG400C 6864 25V/33V -4 Halogen-Free fpBGA 400 COM
LCMXO2-7000HC-5FG400C 6864 25V/33V -5 Halogen-Free fpBGA 400 COM
LCMX02-7000HC-6FG400C 6864 25V/33V ) Halogen-Free fpBGA 400 COM
LCMXO02-7000HC-4FG484C 6864 25V/33V -4 Halogen-Free fpBGA 484 COM
LCMXO2-7000HC-5FG484C 6864 25V/33V -5 Halogen-Free fpBGA 484 COM
LCMX02-7000HC-6FG484C 6864 25V/33V ) Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX0O2-1200HC-4TG100CR1’ 1280 25V/33V —4 Halogen-Free TQFP 100 COoM
LCMX02-1200HC-5TG100CR1’ 1280 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-1200HC-6TG100CR1’ 1280 25V/33V -6 Halogen-Free TQFP 100 COM
LCMXO2-1200HC-4MG132CR1" | 1280 25V/33V —4 Halogen-Free csBGA 132 COM
LCMX02-1200HC-5MG132CR1'| 1280 25V/33V -5 Halogen-Free csBGA 132 CcOoM
LCMX02-1200HC-6MG132CR1' | 1280 25V/33V -6 Halogen-Free csBGA 132 COM
LCMXO2-1200HC-4TG144CR1’ 1280 25V/33V -4 Halogen-Free TQFP 144 COM
LCMX02-1200HC-5TG144CR1’ 1280 25V/33V -5 Halogen-Free TQFP 144 COM
LCMX02-1200HC-6TG144CR1’ 1280 25V/33V -6 Halogen-Free TQFP 144 COM

1. Specifications for the “LCMX02-1200HC-speed package CR1” are the same as the “LCMX02-1200HC-speed package C” 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-4TG100IR1’ 1280 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX0O2-1200HC-5TG100IR1’ 1280 25V/33V -5 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-6TG100IR1’ 1280 25V/33V -6 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-4MG132IR1’ 1280 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-1200HC-5MG132IR1’ 1280 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX0O2-1200HC-6MG132IR1’ 1280 25V/33V —6 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-4TG144IR1’ 1280 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX02-1200HC-5TG144IR1’ 1280 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-6TG144IR1’ 1280 25V/33V -6 Halogen-Free TQFP 144 IND

1. Specifications for the “LCMX02-1200HC-speed package IR1” are the same as the “LCMX02-1200ZE-speed package |” devices respec-
tively, except as specified in the R1 Device Specifications section of this data sheet.
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