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Figure 2-5. Primary Clocks for MachXO2 Devices
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Primary clocks for MachX02-640U, MachX02-1200/U and larger devices.

Note: MachX02-640 and smaller devices do not have inputs from the Edge Clock Divider or PLL
and fewer routing inputs. These devices have 17:1 muxes instead of 27:1 muxes.

Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2-6. One of the eight
inputs to the secondary high fanout net input mux comes from dual function clock pins and the remaining seven
come from internal routing. The maximum frequency for the secondary clock network is shown in MachXO2 Exter-

nal Switching Characteristics table.
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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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The EBR memory supports three forms of write behavior for single or dual port operation:

1. Normal — Data on the output appears only during the read cycle. During a write cycle, the data (at the current
address) does not appear on the output. This mode is supported for all data widths.

2. Write Through — A copy of the input data appears at the output of the same port. This mode is supported for
all data widths.

3. Read-Before-Write — When new data is being written, the old contents of the address appears at the output.

FIFO Configuration

The FIFO has a write port with data-in, CEW, WE and CLKW signals. There is a separate read port with data-out,
RCE, RE and CLKR signals. The FIFO internally generates Almost Full, Full, Almost Empty and Empty Flags. The
Full and Almost Full flags are registered with CLKW. The Empty and Almost Empty flags are registered with CLKR.
Table 2-7 shows the range of programming values for these flags.

Table 2-7. Programmable FIFO Flag Ranges

Flag Name Programming Range
Full (FF) 1 to max (up to 2"-1)
Almost Full (AF) 1 to Full-1
Almost Empty (AE) 1 to Full-1
Empty (EF) 0

N = Address bit width.

The FIFO state machine supports two types of reset signals: RST and RPRST. The RST signal is a global reset
that clears the contents of the FIFO by resetting the read/write pointer and puts the FIFO flags in their initial reset
state. The RPRST signal is used to reset the read pointer. The purpose of this reset is to retransmit the data that is
in the FIFO. In these applications it is important to keep careful track of when a packet is written into or read from
the FIFO.

Memory Core Reset

The memory core contains data output latches for ports A and B. These are simple latches that can be reset syn-
chronously or asynchronously. RSTA and RSTB are local signals, which reset the output latches associated with
port A and port B respectively. The Global Reset (GSRN) signal resets both ports. The output data latches and
associated resets for both ports are as shown in Figure 2-9.
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Figure 2-11. Group of Four Programmable I/O Cells
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1. Input gearbox is available only in PIC on the bottom edge of MachX02-640U, MachX02-1200/U and larger devices.
2. Output gearbox is available only in PIC on the top edge of MachX02-640U, MachX02-1200/U and larger devices.
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Figure 2-15. MachX02 Output Register Block Diagram (PIO on the Right Edges)
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Tri-state Register Block

The tri-state register block registers tri-state control signals from the core of the device before they are passed to
the syslO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one of the flip-flops that
then feeds the output.

The tri-state register blocks on the right edge contain an additional register for DDR memory operation. In DDR
memory mode, the register TS input is fed into another register that is clocked using the DQSW90 signal. The out-
put of this register is used as a tri-state control.

Input Gearbox

Each PIC on the bottom edge has a built-in 1:8 input gearbox. Each of these input gearboxes may be programmed
as a 1:7 de-serializer or as one IDDRX4 (1:8) gearbox or as two IDDRX2 (1:4) gearboxes. Table 2-9 shows the
gearbox signals.

Table 2-9. Input Gearbox Signal List

Name 1/0 Type Description
D Input High-speed data input after programmable delay in PIO A
input register block
ALIGNWD Input Data alignment signal from device core
SCLK Input Slow-speed system clock
ECLK][1:0] Input High-speed edge clock
RST Input Reset
Q[7:0] Output Low-speed data to device core:

Video RX(1:7): Q[6:0]
GDDRX4(1:8): Q[7:0]
GDDRX2(1:4)(I0L-A): Q4, Q5, Q6, Q7
GDDRX2(1:4)(IOL-C): Q0, Q1, Q2, Q3
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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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MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000 and MachX0O2-7000 devices contain three
types of syslO buffer pairs.

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

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

and the device has been configured.

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

Typical I/O Behavior During Power-up

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

Supported Standards

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

Tables 2-11 and 2-12 show the I/O standards (together with their supply and reference voltages) supported by the
MachXO2 devices. For further information on utilizing the syslO buffer to support a variety of standards please see
TN1202, MachXO2 syslO Usage Guide.
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Table 2-11. I/O Support Device by Device

MachX02-256,
MachX02-640

MachX02-640U,
MachX02-1200

MachX02-1200U
MachX02-2000/U,
MachX02-4000,
MachX02-7000

Number of I/O Banks 4

4

6

Single-ended (all I/0 banks)

Type of Input Buffers Differential Receivers (all /0
banks)

banks)

Single-ended (all I/O banks)

Differential Receivers (all I/0

Differential input termination
(bottom side)

Single-ended (all I/O banks)

Differential Receivers (all I/0
banks)

Differential input termination
(bottom side)

Single-ended buffers with
complementary outputs (all I/O

Single-ended buffers with
complementary outputs (all I/O

Single-ended buffers with banks) banks)
Types of Output Buffers complementary outputs (all /O | ) ) ] ) )
banks) Differential buffers with true Differential buffers with true
LVDS outputs (50% on top LVDS outputs (50% on top
side) side)
Differential Output Emulation
Capability All I/O banks All I/O banks All I/O banks
PCI Clamp Support No Clamp on bottom side only Clamp on bottom side only

Table 2-12. Supported Input Standards

VCCIO (Typ.)

Input Standard 3.3V \ 25V \ 1.8V \ 1.5 \ 1.2V
Single-Ended Interfaces
LVTTL v v? v?2 v?2
LVCMOS33 v v?2 v? v?
LVCMOS25 v? v v? v?
LVCMOS18 v? v? v v?
LVCMOS15 v? v?2 v? v v?
LVCMOS12 v? v?2 v? v? v
PCI' v
SSTL18 (Class |, Class Il) v v v
SSTL25 (Class |, Class Il) v v
HSTL18 (Class I, Class Il) v v v
Differential Interfaces
LVDS v v
BLVDS, MVDS, LVPECL, RSDS v v
MIPI® v v
Differential SSTL18 Class |, Il v v v
Differential SSTL25 Class |, Il v v
Differential HSTL18 Class |, Il v v v

1. Bottom banks of MachX02-640U, MachX02-1200/U and higher density devices only.
2. Reduced functionality. Refer to TN1202, MachXO2 sysIO Usage Guide for more detail.
3. These interfaces can be emulated with external resistors in all devices.
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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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BLVDS

The MachXO2 family supports the BLVDS standard through emulation. The output is emulated using complemen-
tary LVCMOS outputs in conjunction with resistors across the driver outputs. The input standard is supported by
the LVDS differential input buffer. BLVDS is intended for use when multi-drop and bi-directional multi-point differen-
tial signaling is required. The scheme shown in Figure 3-2 is one possible solution for bi-directional multi-point dif-
ferential signals.

Figure 3-2. BLVDS Multi-point Output Example

Heavily loaded backplane, effective Zo ~ 45 to 90 Ohms differential

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

|2.5 \Y; | ! 25V

' 80 45-90 Ohms 45-90 Ohms |

16 mA>—e— | o . 1o <{6 mAT
1
80 1
1
1

EE 2.5V I 25V ﬁé
1
16 m o— N\ \16\mA

Table 3-2. BLVDS DC Conditions’

Over Recommended Operating Conditions

Nominal

Symbol Description Zo=145 Zo =90 Units
Zout Output impedance 20 20 Ohms
Rs Driver series resistance 80 80 Ohms
RrierT Left end termination 45 90 Ohms
RTRIGHT Right end termination 45 90 Ohms
VoH Output high voltage 1.376 1.480 \Y%
VoL Output low voltage 1.124 1.020 \Y
Vob Output differential voltage 0.253 0.459 Vv
Vewm Output common mode voltage 1.250 1.250 Vv
Ibc DC output current 11.236 10.204 mA

1. For input buffer, see LVDS table.
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Typical Building Block Function Performance — HC/HE Devices’
Pin-to-Pin Performance (LVCMOS25 12 mA Drive)

Function | -6 Timing | Units
Basic Functions
16-bit decoder 8.9 ns
4:1 MUX 7.5 ns
16:1 MUX 8.3 ns

Register-to-Register Performance

Function -6 Timing Units
Basic Functions
16:1 MUX 412 MHz
16-bit adder 297 MHz
16-bit counter 324 MHz
64-bit counter 161 MHz

Embedded Memory Functions

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

183 MHz

Distributed Memory Functions
16x4 Pseudo-Dual Port RAM (one PFU) | 500 MHz

1. The above timing numbers are generated using the Diamond design tool. Exact performance may vary
with device and tool version. The tool uses internal parameters that have been characterized but are not
tested on every device. Commercial timing numbers are shown at 85 °C and 1.14 V. Other operating con-
ditions, including industrial, can be extracted from the Diamond software.
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-6 -5 -4

Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-1200HC-HE | 0.41 — 0.48 — 0.55 — ns
oL g|09k to Data Hold — PIO Input |MachX02-2000HC-HE | 0.42 — 0.49 — 0.56 — ns
egister MachX02-4000HC-HE | 0.43 — 0.50 — 0.58 — ns
MachX02-7000HC-HE | 0.46 — 0.54 — 0.62 — ns
MachX02-1200HC-HE | 2.88 — 3.19 — 3.72 — ns
Clock to Data Setup —PIO  f\MachX02-2000HC-HE| 287 | — | 318 | — [ 370 | — | ns

tsu peLpLL |Input Register with Data Input

- Delay MachX02-4000HC-HE | 2.96 — 3.28 — 3.81 — ns
MachX02-7000HC-HE | 3.05 — 3.35 — 3.87 — ns
MachX02-1200HC-HE| 083 | — |-083| — |-0.83| — ns
4 DELPLL Cloqk to Dgta Hold — P1O Input |MachX02-2000HC-HE| -0.83 | — |-0.83 | — |-083| — ns
- Register with Input Data Delay |MachX02-4000HC-HE| -0.87 | — [-0.87 | — |-0.87 | — ns
MachX02-7000HC-HE | —0.91 — -0.91 — -0.91 — 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 — 0317 — |0.344| — |0.368| Ul
tove Input Data Hold After CLK All MachXO2 devices, | 0.742 | — | 0702 | — |0.668| — ul
fDATA DDRX1 Input Data Speed all sides — |80 | — | 250 | — | 208 | Mbps
foDRX1 DDRX1 SCLK Frequency — 150 — 125 — 104 | 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 0566 | — |0560| — |0538| — ns
tho Input Data Hold After CLK All MachXO2 devices, | 0-778 | — | 0.879 — 1.090 | — ns
foATA DDRX1 Input Data Speed all sides — | 30 | — | 250 | — | 208 | Mbps
foDRX1 DDRX1 SCLK Frequency — 150 — 125 — 104 | 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 — | 0316 — |0342| — |[0.364| Ul
tove Input Data Hold After CLK MachX02-640U, 0710 — |0675| — |0679| — ul
foata gEeZ)éZ Serial Input Data Il\gfgcgrxd?esi g eZSS)’O/U and | 664 . 554 . 462 | Mbps
foDRX2 DDRX2 ECLK Frequency | Pottom side only™ — [ 32 | — | 277 | — | 231 | MHz
fscLk SCLK Frequency — 166 — 139 — 116 | 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 0233 — |0219| — |0.198 | — ns
tho Input Data Hold After CLK MachXO2-640U, 0287 | — |0287| — |0344| — ns
foaTa gFI)DeF;)éz Serial Input Data M%C:rxd(()asic: é2£O/U and | 664 _ 554 _ 462 | Mbps
foDRX2 DDRX2 ECLK Frequency __|Pottom side only™ — |82 | — | 277 | — | 231 | MHz
fscLk SCLK Frequency — 166 — 139 — 116 | MHz
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-6 -5 -4
Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. | Units
LPDDR® 2
tovaoa it o Afler DAs — |o369| — |0395| — |o0421| ui
tovEDQ :233} Data Hold After DQS 0520 | — |0530| — |o0527| — | wui
Output Data Invalid Before
tbaves DQS Output MachX02-1200/Uand | 925 | — | 025 | — 1025 ) — | Ul
: larger devices, right
Output Data Invalid After DQS | . 3 . . .
tbqvas Output side only. 0.25 0.25 0.25 Ul
MEM LPDDR Serial Data
fDATA Speed — 280 — 250 — 208 MbpS
fscLk SCLK Frequency — 140 — 125 — 104 | MHz
fLPDDR LPDDR Data Transfer Rate 0 280 0 250 0 208 | Mbps
DDR® 2
tvaoa it Afer bas — |oss0| — |0387| — |o0414| ui
tovena :233} Data Hold After DQS 0545 | — |0538| — |0532| — | ul
Output Data Invalid Before
toaQVBs MachX02-1200/Uand | 025 | — | 025 | — | 025 | — | Ul
q DQS Output larger devices, right
Output Data Invalid After DQS |side only.' . . .
tbquas Output 0.25 0.25 0.25 ul
foATA MEM DDR Serial Data Speed — 300 — 250 — 208 | Mbps
fSCLK SCLK Frequency — 150 — 125 — 104 MHz
fmem ppr  |MEM DDR Data Transfer Rate N/A | 300 N/A | 250 N/A | 208 | Mbps
DDR2% 12
tvaoa it o AflerBas — |o360| — |0378| — |o0406| Ui
tovena :233: Data Hold After DQS 0555 | — |0549| — |o0542 — | ul
Output Data Invalid Before
'oqvas DQS Output MachX02-1200/U and | 025 | — [ 025 | — | 025 ) — | Ul
- larger devices, right
Output Data Invalid After DQS | . 3 . . .
tbqvas Output side only. 0.25 0.25 0.25 Ul
foATA MEM DDR Serial Data Speed — [ 30 | — [ 250 | — | 208 | Mbps
fsoLk SCLK Frequency — 150 — 125 — 104 | MHz
fvem_pore |l DDRZ Data Transfer N/A | 300 | N/A | 250 | N/A | 208 | Mbps

—_

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

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

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

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

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

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

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

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

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

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

. Advance information for MachXO2 devices in 48 QFN packages.

. DDR memory interface not supported in QN84 (84 QFN) and SG32 (32 QFN) packages.
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Figure 3-9. GDDR71 Video Timing Waveforms

Receiver — Shown for one LVDS Channel

# of Bits 12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29

Data In
756 Mbps

Clock In
125 MHz

For each Channel:
7-bit Output Words
to FPGA Fabric

Transmitter — Shown for one LVDS Channel

# of Bits 12 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29
Data Out
756 Mbps
Clock Out
125 MHz — ! ‘ ! !
Bit # | Bit# ! Bit# | Bit # | i
For each Channel: 00-1! 10-8 | 2015 | 30-221 ;
7-bit Words From 01-2! 11-9 | 2116 | 31-23 |
FPGA Fabric 02-3, 12 -10! 2217 | 32-24, !
03-41 13111 2318 | 33-25! |
04-5! 14-12] 2419 | 34-26] |
05-6 15-13! 2520 | 35-27 | !
06-7 | 16-14! 2621 | 36-28| :

Figure 3-10. Receiver GDDR71_RX. Waveforms
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Figure 3-11. Transmitter GDDR71_TX. Waveforms
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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 (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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Ordering Information

MachXO2 devices have top-side markings, for commercial and industrial grades, as shown below:

LATTICE LCMXO2

LCMX02-1200ZE 1%53550

1TG100C Datecode
Datecode

Notes:
1. Markings are abbreviated for small packages.

2. See PCN 05A-12 for information regarding a change to the top-side mark logo.
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High-Performance Industrial Grade Devices with Voltage Regulator, Halogen Free (RoHS)

Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32I 256 25V/33V —4 Halogen-Free QFN 32 IND
LCMX02-256HC-5SG32I 256 25V/33V -5 Halogen-Free QFN 32 IND
LCMX02-256HC-6SG32I 256 25V/33V -6 Halogen-Free QFN 32 IND
LCMX02-256HC-4SG48| 256 25V/33V -4 Halogen-Free QFN 48 IND
LCMX02-256HC-5SG48I 256 25V/33V -5 Halogen-Free QFN 48 IND
LCMX02-256HC-6SG48I 256 25V/33V -6 Halogen-Free QFN 48 IND
LCMX02-256HC-4UMG64I 256 25V/33V —4 Halogen-Free ucBGA 64 IND
LCMX0O2-256HC-5UMG64I 256 25V/33V -5 Halogen-Free ucBGA 64 IND
LCMX02-256HC-6UMG64| 256 25V/33V -6 Halogen-Free ucBGA 64 IND
LCMX02-256HC-4TG 100l 256 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-256HC-5TG100I 256 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX02-256HC-6TG100I 256 25V/33V -6 Halogen-Free TQFP 100 IND
LCMX02-256HC-4MG132| 256 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-256HC-5MG132I 256 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX02-256HC-6MG132I 256 25V/33V —6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-640HC-4SG48I 640 25V/33V -4 Halogen-Free QFN 48 IND
LCMXO2-640HC-5SG48I 640 25V/33V -5 Halogen-Free QFN 48 IND
LCMX02-640HC-6SG48I 640 25V/33V ) Halogen-Free QFN 48 IND
LCMXO2-640HC-4TG100I 640 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-640HC-5TG100I 640 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX02-640HC-6TG 100l 640 25V/33V ) Halogen-Free TQFP 100 IND
LCMX02-640HC-4MG132I 640 25V/33V -4 Halogen-Free csBGA 132 IND
LCMX02-640HC-5MG132I 640 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX02-640HC-6MG 132l 640 25V/33V -6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640UHC-4TG 1441 640 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX02-640UHC-5TG 144l 640 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-640UHC-6TG144I 640 25V/33V —6 Halogen-Free TQFP 144 IND
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Date Version Section Change Summary
May 2014 2.5 Architecture Updated TransFR (Transparent Field Reconfiguration) section.
Updated TransFR description for PLL use during background Flash
programming.
February 2014 02.4 Introduction Included the 49 WLCSP package in the MachXO2 Family Selection

Guide table.

Architecture

Added information to Standby Mode and Power Saving Options sec-
tion.

Pinout Information

Added the X02-2000 49 WLCSP in the Pinout Information Summary
table.

Ordering Information

Added UW49 package in MachXO2 Part Number Description.

Added and LCMX02-2000ZE-1UWG49CTR in Ultra Low Power
Commercial Grade Devices, Halogen Free (RoHS) Packaging sec-
tion.

Added and LCMX02-2000ZE-1UWGA49ITR in Ultra Low Power
Industrial Grade Devices, Halogen Free (RoHS) Packaging section.

December 2013 02.3 Architecture

Updated information on CLKOS output divider in sysCLOCK Phase
Locked Loops (PLLs) section.

DC and Switching
Characteristics

Updated Static Supply Current — ZE Devices table.

Updated footnote 4 in syslO Single-Ended DC Electrical Characteris-
tics table; Updated V,_Max. (V) data for LVCMOS 25 and LVCMOS
28.

Updated Vg test condition in syslO Differential Electrical Character-
istics - LVDS table.

September 2013 02.2 Architecture

Removed I2C Clock-Stretching feature per PCN #10A-13.

Removed information on PDPR memory in RAM Mode section.

Updated Supported Input Standards table.

DC and Switching
Characteristics

Updated Power-On-Reset Voltage Levels table.

June 2013 02.1 Architecture

Architecture Overview — Added information on the state of the regis-
ter on power up and after configuration.

sysCLOCK Phase Locked Loops (PLLs) section — Added missing
cross reference to sysCLOCK PLL Timing table.

DC and Switching
Characteristics

Added slew rate information to footnote 2 of the MachXO2 External
Switching Characteristics — HC/HE Devices and the MachXO2 Exter-
nal Switching Characteristics — ZE Devices tables.

Power-On-Reset Voltage Levels table — Added symbols.
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