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Figure 2-4. Slice Diagram
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For Slices 0 and 1, memory control signals are generated from Slice 2 as follows:

+ WCKis CLK

+ WRE is from LSR

« DI[3:2] for Slice 1 and DI[1:0] for Slice 0 data from Slice 2
« WAD [A:D] is a 4-bit address from slice 2 LUT input

Table 2-2. Slice Signal Descriptions

Function Type Signal Names Description
Input Data signal A0, BO, CO, DO |Inputs to LUT4
Input Data signal A1, B1, C1, D1 |Inputs to LUT4
Input Multi-purpose MO/MH1 Multi-purpose input
Input Control signal CE Clock enable
Input Control signal LSR Local set/reset
Input Control signal CLK System clock
Input Inter-PFU signal FCIN Fast carry in’
Output Data signals FO, F1 LUT4 output register bypass signals
Output Data signals Qo, Q1 Register outputs
Output Data signals OFX0 Output of a LUT5 MUX
Output Data signals OFX1 Output of a LUT6, LUT7, LUT82 MUX depending on the slice
Output Inter-PFU signal FCO Fast carry out

—_

2. Requires two PFUs.

. See Figure 2-3 for connection details.
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Figure 2-6. Secondary High Fanout Nets for MachXO2 Devices
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sysCLOCK Phase Locked Loops (PLLs)

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. The MachX02-640U, MachX02-1200/U
and larger devices have one or more sysCLOCK PLL. CLKI is the reference frequency input to the PLL and its
source can come from an external I/O pin or from internal routing. CLKFB is the feedback signal to the PLL which
can come from internal routing or an external 1/0 pin. The feedback divider is used to multiply the reference fre-
quency and thus synthesize a higher frequency clock output.

The MachX0O2 sysCLOCK PLLs support high resolution (16-bit) fractional-N synthesis. Fractional-N frequency syn-
thesis allows the user to generate an output clock which is a non-integer multiple of the input frequency. For more
information about using the PLL with Fractional-N synthesis, please see TN1199, MachX0O2 sysCLOCK PLL
Design and Usage Guide.

Each output has its own output divider, thus allowing the PLL to generate different frequencies for each output. The
output dividers can have a value from 1 to 128. The output dividers may also be cascaded together to generate low
frequency clocks. The CLKOP, CLKOS, CLKOS2, and CLKOSS outputs can all be used to drive the MachXO2 clock
distribution network directly or general purpose routing resources can be used.

The LOCK signal is asserted when the PLL determines it has achieved lock and de-asserted if a loss of lock is
detected. A block diagram of the PLL is shown in Figure 2-7.

The setup and hold times of the device can be improved by programming a phase shift into the CLKOS, CLKOS2,
and CLKOS3 output clocks which will advance or delay the output clock with reference to the CLKOP output clock.
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Table 2-4. PLL Signal Descriptions (Continued)

Port Name /0 Description
CLKOP (0] Primary PLL output clock (with phase shift adjustment)
CLKOS (0] Secondary PLL output clock (with phase shift adjust)
CLKOS2 (0] Secondary PLL output clock2 (with phase shift adjust)
CLKOS3 (0] Secondary PLL output clock3 (with phase shift adjust)
LOCK o tF:LL LQCK, asynchronous signal. Active high indicates PLL is locked to input and feed-

ack signals.

DPHSRC o] Dynamic Phase source — ports or WISHBONE is active
STDBY | Standby signal to power down the PLL
RST I PLL reset without resetting the M-divider. Active high reset.
RESETM I PLL reset - includes resetting the M-divider. Active high reset.
RESETC I Reset for CLKOS2 output divider only. Active high reset.
RESETD I Reset for CLKOSS3 output divider only. Active high reset.
ENCLKOP I Enable PLL output CLKOP
ENCLKOS I Enable PLL output CLKOS when port is active
ENCLKOS2 I Enable PLL output CLKOS2 when port is active
ENCLKOS3 I Enable PLL output CLKOS3 when port is active
PLLCLK I PLL data bus clock input signal
PLLRST I PLL data bus reset. This resets only the data bus not any register values.
PLLSTB I PLL data bus strobe signal
PLLWE I PLL data bus write enable signal
PLLADDR [4:0] I PLL data bus address
PLLDATI [7:0] I PLL data bus data input
PLLDATO [7:0] (0] PLL data bus data output
PLLACK (0] PLL data bus acknowledge signal

sysMEM Embedded Block RAM Memory

The MachX02-640/U and larger devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists of a
9-kbit RAM, with dedicated input and output registers. This memory can be used for a wide variety of purposes

including data buffering, PROM for the soft processor and FIFO.

sysMEM Memory Block

The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be

used in a variety of depths and widths as shown in Table 2-5.
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Figure 2-9. Memory Core Reset
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For further information on the sysMEM EBR block, please refer to TN1201, Memory Usage Guide for MachXO2
Devices.

EBR Asynchronous Reset

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

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

Reset

Clock

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

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

These instructions apply to all EBR RAM, ROM and FIFO implementations. For the EBR FIFO mode, the GSR sig-
nal is always enabled and the WE and RE signals act like the clock enable signals in Figure 2-10. The reset timing
rules apply to the RPReset input versus the RE input and the RST input versus the WE and RE inputs. Both RST
and RPReset are always asynchronous EBR inputs. For more details refer to TN1201, Memory Usage Guide for
MachXO2 Devices.

Note that there are no reset restrictions if the EBR synchronous reset is used and the EBR GSR input is disabled.
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Output Register Block
The output register block registers signals from the core of the device before they are passed to the syslO buffers.
Left, Top, Bottom Edges

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

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

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

Figure 2-14. MachX02 Output Register Block Diagram (PIO on the Left, Top and Bottom Edges)
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The output register block on the right edge is a superset of the output register on left, top and bottom edges of the
device. In addition to supporting SDR and Generic DDR modes, the output register blocks for PIOs on the right
edge include additional logic to support DDR-memory interfaces. Operation of this block is similar to that of the out-
put register block on other edges.

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

Figure 2-15 shows the output register block on the right edge.
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DDR Memory Support

Certain PICs on the right edge of MachX02-640U, MachX02-1200/U and larger devices, have additional circuitry
to allow the implementation of DDR memory interfaces. There are two groups of 14 or 12 PIOs each on the right
edge with additional circuitry to implement DDR memory interfaces. This capability allows the implementation of up
to 16-bit wide memory interfaces. One PIO from each group contains a control element, the DQS Read/Write
Block, to facilitate the generation of clock and control signals (DQSR90, DQSW90, DDRCLKPOL and DATAVALID).
These clock and control signals are distributed to the other PIO in the group through dedicated low skew routing.

DQS Read Write Block

Source synchronous interfaces generally require the input clock to be adjusted in order to correctly capture data at
the input register. For most interfaces a PLL is used for this adjustment. However, in DDR memories the clock
(referred to as DQS) is not free-running so this approach cannot be used. The DQS Read Write block provides the
required clock alignment for DDR memory interfaces. DQSR90 and DQSW90 signals are generated by the DQS
Read Write block from the DQS input.

In a typical DDR memory interface design, the phase relationship between the incoming delayed DQS strobe and
the internal system clock (during the read cycle) is unknown. The MachXO2 family contains dedicated circuits to
transfer data between these domains. To prevent set-up and hold violations, at the domain transfer between DQS
(delayed) and the system clock, a clock polarity selector is used. This circuit changes the edge on which the data is
registered in the synchronizing registers in the input register block. This requires evaluation at the start of each
read cycle for the correct clock polarity. Prior to the read operation in DDR memories, DQS is in tri-state (pulled by
termination). The DDR memory device drives DQS low at the start of the preamble state. A dedicated circuit in the
DQS Read Write block detects the first DQS rising edge after the preamble state and generates the DDRCLKPOL
signal. This signal is used to control the polarity of the clock to the synchronizing registers.

The temperature, voltage and process variations of the DQS delay block are compensated by a set of calibration
signals (6-bit bus) from a DLL on the right edge of the device. The DLL loop is compensated for temperature, volt-
age and process variations by the system clock and feedback loop.

syslO Buffer

Each 1/O is associated with a flexible buffer referred to as a syslO buffer. These buffers are arranged around the
periphery of the device in groups referred to as banks. The syslO buffers allow users to implement a wide variety of
standards that are found in today’s systems including LVCMOS, TTL, PCI, SSTL, HSTL, LVDS, BLVDS, MLVDS
and LVPECL.

Each bank is capable of supporting multiple I/0O standards. In the MachXO2 devices, single-ended output buffers,
ratioed input buffers (LVTTL, LVCMOS and PCI), differential (LVDS) and referenced input buffers (SSTL and HSTL)
are powered using 1/O supply voltage (Vccio). Each syslO bank has its own Vg 0. In addition, each bank has a
voltage reference, Vyeg Which allows the use of referenced input buffers independent of the bank Vo

MachX02-256 and MachX02-640 devices contain single-ended ratioed input buffers and single-ended output buf-
fers with complementary outputs on all the I/O banks. Note that the single-ended input buffers on these devices do
not contain PCI clamps. In addition to the single-ended I/O buffers these two devices also have differential and ref-
erenced input buffers on all I/Os. The I/Os are arranged in pairs, the two pads in the pair are described as “T” and
“C”, where the true pad is associated with the positive side of the differential input buffer and the comp (comple-
mentary) pad is associated with the negative side of the differential input buffer.
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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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Figure 2-21. FC Core Block Diagram
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Table 2-15 describes the signals interfacing with the I°C cores.

Table 2-15. FC Core Signal Description

Signal Name

/0

Description

i2c_scl

Bi-directional

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

i2c_sda

Bi-directional

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

i2c_irqo

Output

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

cfg_wake

Output

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

cfg_stdby

Output

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

Hardened SPI IP Core

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

» Configurable Master and Slave modes

e Full-Duplex data transfer

* Mode fault error flag with CPU interrupt capability

* Double-buffered data register

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

* Interface to custom logic through 8-bit WISHBONE interface
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Table 2-18. MachXO2 Power Saving Features Description

Device Subsystem Feature Description

The bandgap can be turned off in standby mode. When the Bandgap is turned off, ana-
Bandgap log circuitry such as the POR, PLLs, on-chip oscillator, and referenced and differential
I/O buffers are also turned off. Bandgap can only be turned off for 1.2 V devices.

The POR can be turned off in standby mode. This monitors VCC levels. In the event of
unsafe V¢ drops, this circuit reconfigures the device. When the POR circuitry is turned
off, limited power detector circuitry is still active. This option is only recommended for ap-
plications in which the power supply rails are reliable.

Power-On-Reset (POR)

The on-chip oscillator has two power saving features. It may be switched off if it is not

On-Chip Oscillator needed in your design. It can also be turned off in Standby mode.

Similar to the on-chip oscillator, the PLL also has two power saving features. It can be
statically switched off if it is not needed in a design. It can also be turned off in Standby
mode. The PLL will wait until all output clocks from the PLL are driven low before power-
ing off.

PLL

Referenced and differential I/O buffers (used to implement standards such as HSTL,
SSTL and LVDS) consume more than ratioed single-ended 1/Os such as LVCMOS and
LVTTL. The I/O bank controller allows the user to turn these 1/Os off dynamically on a
per bank selection.

1/0 Bank Controller

Dynamic Clock Enable for Primary

Clock Nets Each primary clock net can be dynamically disabled to save power.

Power Guard is a feature implemented in input buffers. This feature allows users to
switch off the input buffer when it is not needed. This feature can be used in both clock
and data paths. Its biggest impact is that in the standby mode it can be used to switch off
clock inputs that are distributed using general routing resources.

Power Guard

For more details on the standby mode refer to TN1198, Power Estimation and Management for MachXO2 Devices.

Power On Reset

MachXO2 devices have power-on reset circuitry to monitor Voont @nd Vego voltage levels during power-up and
operation. At power-up, the POR circuitry monitors Voo nt @nd Vegiog (controls configuration) voltage levels. It
then triggers download from the on-chip configuration Flash memory after reaching the Vpgryp level specified in
the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. For devices
without voltage regulators (ZE and HE devices), VoonT iS the same as the V¢ supply voltage. For devices with
voltage regulators (HC devices), VNt is regulated from the V¢ supply voltage. From this voltage reference, the
time taken for configuration and entry into user mode is specified as Flash Download Time (trerresH) in the DC
and Switching Characteristics section of this data sheet. Before and during configuration, the 1/Os are held in tri-
state. 1/Os are released to user functionality once the device has finished configuration. Note that for HC devices, a
separate POR circuit monitors external V¢ voltage in addition to the POR circuit that monitors the internal post-
regulated power supply voltage level.

Once the device enters into user mode, the POR circuitry can optionally continue to monitor Voont levels. If
Veeint drops below Vporpnea level (with the bandgap circuitry switched on) or below Vporpnsram level (with the
bandgap circuitry switched off to conserve power) device functionality cannot be guaranteed. In such a situation
the POR issues a reset and begins monitoring the Vooint @nd Vo voltage levels. Vporpneg @nd VporDNSRAM
are both specified in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data
sheet.

Note that once a ZE or HE device enters user mode, users can switch off the bandgap to conserve power. When
the bandgap circuitry is switched off, the POR circuitry also shuts down. The device is designed such that a mini-
mal, low power POR circuit is still operational (this corresponds to the Vporpnsram reset point described in the
paragraph above). However this circuit is not as accurate as the one that operates when the bandgap is switched
on. The low power POR circuit emulates an SRAM cell and is biased to trip before the vast majority of SRAM cells
flip. If users are concerned about the V¢ supply dropping below V¢ (min) they should not shut down the bandgap
or POR circuit.
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Static Supply Current — HC/HE Devices™ %3 °

Symbol Parameter Device Typ.* Units

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

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

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

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

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

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

. Frequency = 0 MHz.

1N NN

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

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

Symbol Parameter Device Typ.5 Units

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

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

lccio Bank Power Supply® All devices 0 mA

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

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

3. Typical user pattern.

4. JTAG programming is at 25 MHz.

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

6. Per bank. Vgco = 2.5 V. Does not include pull-up/pull-down.
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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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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
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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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Figure 3-12. JTAG Port Timing Waveforms
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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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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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MachX02-2000 MachX02-2000U

49 100 132 144 256 256
WLCSP | TQFP | ¢csBGA | TQFP | caBGA | ftBGA 484 ftBGA

General Purpose I/O per Bank

Bank 0 19 18 25 27 50 50 70
Bank 1 0 21 26 28 52 52 68
Bank 2 13 20 28 28 52 52 72
Bank 3 0 6 7 8 16 16 24
Bank 4 0 6 8 10 16 16 16
Bank 5 6 8 10 10 20 20 28
Total General Purpose Single-Ended 1/0 38 79 104 111 206 206 278

Differential /0 per Bank

Bank 0 7 9 13 14 25 25 35
Bank 1 0 10 13 14 26 26 34
Bank 2 6 10 14 14 26 26 36
Bank 3 0 3 3 4 8 8 12
Bank 4 0 3 4 5 8 8 8
Bank 5 3 4 5 5 10 10 14
Total General Purpose Differential 1/0 16 39 52 56 103 103 139
Dual Function I/O | 24 | 3 | 3 | 38 | 3 [ 33 | 37
High-speed Differential I/O

Bank 0 | 5 | 4 | 8 | 9o | 14 [ 14 | 18
Gearboxes

E\L/j:ﬂgglreo(fgé:w kOE) )8.1 Output Gearbox 5 4 8 9 14 14 18
E\L/J:ﬂgg{eo{gé:‘;;?j Input Gearbox 6 10 14 14 14 14 18
DQ@S Groups

Bank 1 0 1 2 2 2 2 2
VCCIO Pins

Bank 0 2 2 3 3 4 4 10
Bank 1 0 2 3 3 4 4 10
Bank 2 1 2 3 3 4 4 10
Bank 3 0 1 1 1 1 1 3
Bank 4 0 1 1 1 2 2 4
Bank 5 1 1 1 1 1 1 3
VCC 2 2 4 4 8 8 12
GND 4 8 10 12 24 24 48
NC 0 1 1 4 1 1 105
Reserved for Configuration 1 1 1 1 v 1 1
Total Count of Bonded Pins 39 100 132 144 256 256 484
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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.
LCMXO2-4000HE-4MG132I 4320 1.2V -4 Halogen-Free csBGA 132 IND
LCMXO2-4000HE-5MG132I 4320 1.2V -5 Halogen-Free csBGA 132 IND
LCMXO2-4000HE-6MG132I 4320 1.2V —6 Halogen-Free csBGA 132 IND
LCMXO2-4000HE-4TG 1441 4320 1.2V -4 Halogen-Free TQFP 144 IND
LCMXO2-4000HE-5TG 1441 4320 1.2V -5 Halogen-Free TQFP 144 IND
LCMXO2-4000HE-6TG 1441 4320 1.2V -6 Halogen-Free TQFP 144 IND
LCMX0O2-4000HE-4MG 184l 4320 1.2V —4 Halogen-Free csBGA 184 IND
LCMXO2-4000HE-5MG 1841 4320 1.2V -5 Halogen-Free csBGA 184 IND
LCMXO2-4000HE-6MG 1841 4320 1.2V —6 Halogen-Free csBGA 184 IND
LCMXO2-4000HE-4BG256I 4320 1.2V —4 Halogen-Free caBGA 256 IND
LCMXO2-4000HE-5BG256I 4320 1.2V -5 Halogen-Free caBGA 256 IND
LCMXO2-4000HE-6BG256I 4320 1.2V —6 Halogen-Free caBGA 256 IND
LCMXO02-4000HE-4FTG256I 4320 1.2V -4 Halogen-Free ftBGA 256 IND
LCMXO2-4000HE-5FTG2561 4320 1.2V -5 Halogen-Free ftBGA 256 IND
LCMXO2-4000HE-6FTG256I 4320 1.2V —6 Halogen-Free ftBGA 256 IND
LCMXO2-4000HE-4BG332I 4320 1.2V —4 Halogen-Free caBGA 332 IND
LCMXO2-4000HE-5BG332I 4320 1.2V -5 Halogen-Free caBGA 332 IND
LCMXO2-4000HE-6BG332I 4320 1.2V —6 Halogen-Free caBGA 332 IND
LCMXO02-4000HE-4FG484I 4320 1.2V —4 Halogen-Free fpBGA 484 IND
LCMXO2-4000HE-5FG484I 4320 1.2V -5 Halogen-Free fpBGA 484 IND
LCMXO2-4000HE-6FG484I 4320 1.2V —6 Halogen-Free fpBGA 484 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HE-4TG 1441 6864 1.2V -4 Halogen-Free TQFP 144 IND
LCMXO2-7000HE-5TG 1441 6864 1.2V -5 Halogen-Free TQFP 144 IND
LCMXO2-7000HE-6TG 144l 6864 1.2V -6 Halogen-Free TQFP 144 IND
LCMXO2-7000HE-4BG256I 6864 1.2V —4 Halogen-Free caBGA 256 IND
LCMXO2-7000HE-5BG256I 6864 1.2V -5 Halogen-Free caBGA 256 IND
LCMXO2-7000HE-6BG256I 6864 1.2V -6 Halogen-Free caBGA 256 IND
LCMXO2-7000HE-4FTG256I 6864 1.2V —4 Halogen-Free ftBGA 256 IND
LCMXO2-7000HE-5FTG2561 6864 1.2V -5 Halogen-Free ftBGA 256 IND
LCMXO2-7000HE-6FTG256I 6864 1.2V —6 Halogen-Free ftBGA 256 IND
LCMXO2-7000HE-4BG332I 6864 1.2V —4 Halogen-Free caBGA 332 IND
LCMXO2-7000HE-5BG332I 6864 1.2V -5 Halogen-Free caBGA 332 IND
LCMXO2-7000HE-6BG332I 6864 1.2V —6 Halogen-Free caBGA 332 IND
LCMXO2-7000HE-4FG484I 6864 1.2V -4 Halogen-Free fpBGA 484 IND
LCMXO2-7000HE-5FG484l 6864 1.2V -5 Halogen-Free fpBGA 484 IND
LCMXO2-7000HE-6FG484| 6864 1.2V —6 Halogen-Free fpBGA 484 IND
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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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