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Table 1-1. MachXO2™ Family Selection Guide

(23 mm x 23 mm, 1.0 mm)

X02-256 | X02-640 | XO2:640U' | XO2-1200 | X02-1200U' | X02-2000 | XO2-2000U' | XO2-4000 | XO2-7000
LUTs 256 640 640 1280 1280 2112 2112 4320 6864
Distributed RAM (kbits) 2 5 5 10 10 16 16 34 54
EBR SRAM (kbits) 0 18 64 64 74 74 92 92 240
Number of EBR SRAM Blocks (9
Kbits/block) 0 2 7 7 8 8 10 10 26
UFM (kbits) 0 24 64 64 80 80 96 96 256
Device Options: HC? Yes Yes Yes Yes Yes Yes Yes Yes Yes
HE® Yes Yes Yes Yes
ZE* Yes Yes Yes Yes Yes Yes
Number of PLLs 0 0 2 2 2
Hardened 12C 2 2 2 2 2 2
Functions: SPI ] ]
Timer/Coun-
ter 1 1 1 1 1 1 1 1 1
Packages 10
25-ball WLCSP?® 18
(2.5 mm x 2.5 mm, 0.4 mm)
32 QFN¢
(5 mm x5 mm, 0.5 mm) 21 21
48 QFN®°
(7 mm x 7 mm, 0.5 mm) 40 40
49-ball WLCSP?® 38
(8.2 mm x 3.2 mm, 0.4 mm)
64-ball ucBGA 44
(4 mm x 4 mm, 0.4 mm)
84 QFN’ 68
(7 mm x 7 mm, 0.5 mm)
100-pin TQFP
(14 mm x 14 mm) 55 i i 79
132-ball csBGA
(8 mm x 8 mm, 0.5 mm) 55 79 104 104 104
144-pin TQFP
(20 mm x 20 mm) 107 107 111 114 114
184-ball csBGA” 150
(8 Mmm x 8 mm, 0.5 mm)
256-ball caBGA
(14 mm x 14 mm, 0.8 mm) 206 206 206
256-ball ftBGA
(17 mm x 17 mm, 1.0 mm) 206 206 206 206
332-ball caBGA
(17 mm x 17 mm, 0.8 mm) 2 .
484-ball ftBGA 278 578 334

—_

. Ultra high 1/O device.

©CONOUAW®N

. High performance with regulator - VCC =25V, 3.3V
. High performance without regulator - Voo =1.2V

. Low power without regulator - Voo =12V
WLCSP package only available for ZE devices.

32 QFN package only available for HC and ZE devices.
. 184 csBGA package only available for HE devices.

. 48-pin QFN information is ‘Advanced’.
. 48 QFN package only available for HC devices.
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Figure 2-4. Slice Diagram

FCO To Different Slice/PFU

A
Slice
Fx8 »> » OFX1
FXA > K v
|-
Al > »
B1 < F/SUM
B > Lutas » —»0D > Qt
Carry g Flli_p-ﬂ?\p/
atc
Cl _: To
A Routing
M1
E Mo LUT5
rom Mux
» .
Routing [§ » OFX0
A0 < (o]6]
o0 > > ro
|- »
g > LuT4& IR
e e Lt
Carry  Eisum > » D - Qo
.
i " » Flip-flop/
A P« Latch
CE
CLK
LSR
Memory & FCI From
Control Different
Signals Slice/PFU

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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ROM Mode

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

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

Routing

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

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

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

Clock/Control Distribution Network

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

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

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

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

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

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

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

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

Figure 2-7. PLL Diagram
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Table 2-4 provides signal descriptions of the PLL block.
Table 2-4. PLL Signal Descriptions
Port Name /0 Description
CLKI I Input clock to PLL
CLKFB I Feedback clock
PHASESEL[1:0] I Select which output is affected by Dynamic Phase adjustment ports
PHASEDIR I Dynamic Phase adjustment direction
PHASESTEP I Dynamic Phase step — toggle shifts VCO phase adjust by one step.
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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
Enable

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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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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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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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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Figure 2-18. MachX02-1200U, MachX02-2000/U, MachX02-4000 and MachX02-7000 Banks
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When implementing background programming of the on-chip Flash, care must be taken for the operation of the
PLL. For devices that have two PLLs (XO2-2000U, -4000 and -7000), the system must put the RPLL (Right-side
PLL) in reset state during the background Flash programming. More detailed description can be found in TN1204,
MachXO2 Programming and Configuration Usage Guide.

Security and One-Time Programmable Mode (OTP)

For applications where security is important, the lack of an external bitstream provides a solution that is inherently
more secure than SRAM-based FPGAs. This is further enhanced by device locking. MachXO2 devices contain
security bits that, when set, prevent the readback of the SRAM configuration and non-volatile Flash memory
spaces. The device can be in one of two modes:

1. Unlocked — Readback of the SRAM configuration and non-volatile Flash memory spaces is allowed.
2. Permanently Locked — The device is permanently locked.

Once set, the only way to clear the security bits is to erase the device. To further complement the security of the
device, a One Time Programmable (OTP) mode is available. Once the device is set in this mode it is not possible to
erase or re-program the Flash and SRAM OTP portions of the device. For more details, refer to TN1204, MachXO2
Programming and Configuration Usage Guide.

Dual Boot

MachXO2 devices can optionally boot from two patterns, a primary bitstream and a golden bitstream. If the primary
bitstream is found to be corrupt while being downloaded into the SRAM, the device shall then automatically re-boot
from the golden bitstream. Note that the primary bitstream must reside in the on-chip Flash. The golden image
MUST reside in an external SPI Flash. For more details, refer to TN1204, MachXO2 Programming and Configura-
tion Usage Guide.

Soft Error Detection

The SED feature is a CRC check of the SRAM cells after the device is configured. This check ensures that the
SRAM cells were configured successfully. This feature is enabled by a configuration bit option. The Soft Error
Detection can also be initiated in user mode via an input to the fabric. The clock for the Soft Error Detection circuit
is generated using a dedicated divider. The undivided clock from the on-chip oscillator is the input to this divider.
For low power applications users can switch off the Soft Error Detection circuit. For more details, refer to TN1206,
MachXO2 Soft Error Detection Usage Guide.

TracelD

Each MachXO2 device contains a unique (per device), TracelD that can be used for tracking purposes or for IP
security applications. The TracelD is 64 bits long. Eight out of 64 bits are user-programmable, the remaining 56 bits
are factory-programmed. The TracelD is accessible through the EFB WISHBONE interface and can also be
accessed through the SPI, I2C, or JTAG interfaces.

Density Shifting

The MachXO2 family has been designed to enable density migration within the same package. Furthermore, the
architecture ensures a high success rate when performing design migration from lower density devices to higher
density devices. In many cases, it is also possible to shift a lower utilization design targeted for a high-density
device to a lower density device. However, the exact details of the final resource utilization will impact the likely suc-
cess in each case. When migrating from lower to higher density or higher to lower density, ensure to review all the
power supplies and NC pins of the chosen devices. For more details refer to the MachXO2 migration files.
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Input/Output Vi Vi VoL Max. | Vgy Min. | Ig. Max.* | Ioy Max.*
Standard | Min.(V)’ | Max.(V) | Min.(V) | Max. (V) ) V) (mA) (mA)
LVCMOS10R25 | 03 | Vmgr—0.1 | Vegp+ 0.1 3.6 0.40 NAOPeN | 46,12,8,4 | NE OPen

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

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

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

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

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

syslO Differential Electrical Characteristics

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

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

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

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

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

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

The MachXO2 family supports the differential RSDS standard. The output standard is emulated using complemen-
tary LVCMOS outputs in conjunction with resistors across the driver outputs on all the devices. The RSDS input
standard is supported by the LVDS differential input buffer. The scheme shown in Figure 3-4 is one possible solu-
tion for RSDS standard implementation. Use LVDS25E mode with suggested resistors for RSDS operation. Resis-
tor values in Figure 3-4 are industry standard values for 1% resistors.

Figure 3-4. RSDS (Reduced Swing Differential Standard)

VCCIO =25V ! !
\I\ E 204 E
8 mA 1 e Py
s Zo =100 .
VCCIO =25V, |
| I 121 100 .
| 294 |
8 mA ] ¢ .
On-chip | Off-chip Off-chip | On-chip
I 47 I
Emulated !
RSDS Buffer
Table 3-4. RSDS DC Conditions
Parameter Description Typical Units
Zout Output impedance 20 Ohms
Rs Driver series resistor 294 Ohms
Rp Driver parallel resistor 121 Ohms
Rt Receiver termination 100 Ohms
Vou Output high voltage 1.35 \
VoL Output low voltage 1.15 \
Vop Output differential voltage 0.20 \%
Vewm Output common mode voltage 1.25 \'%
Zeack Back impedance 101.5 Ohms
Ipc DC output current 3.66 mA
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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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Parameter

Description

Device

Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input - GDDRX4_RX.ECLK.Aligned® 2

tova Input Data Valid After ECLK
tove Input Data Hold After ECLK
f DDRX4 Serial Input Data
DATA Speed

fDDRX4 DDRX4 ECLK Frequency
fscLk SCLK Frequency

MachX02-640U,
MachX02-1200/U and
larger devices,

bottom side only."

6 5 4
Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. | Units
— 0.290 — 0.320 — 0.345 Ul
0.739 — 0.699 — 0.703 — Ul
— 756 — 630 — 524 | Mbps
— 378 — 315 — 262 MHz
— 95 — 79 — 66 MHz

Generic DDR4 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock

Input - GDDRX4_RX.ECLK.Centered® *?

tsu Input Data Setup Before ECLK 0233 — |0219| — |0.198 | — ns
tho Input Data Hold After ECLK MachXO2-640U, 0287| — (0287 | — |0344 | — ns
DDRX4 Serial Input Data MachX02-1200/U and | . .
foaTa Speed larger devices, 756 630 524 | Mbps
H 1
T— DDRX4 ECLK Frequency bottom side only. — | 378 | — | 3156 | — | 262 | MHz
fsoLk SCLK Frequency — 95 — 79 — 66 MHz
7:1 LVDS Inputs (GDDR71_RX.ECLK.7:1)% 2
tova Input Data Valid After ECLK — Jo290] — Jo0320] — [0345] uUI
tove Input Data Hold After ECLK 0739 | — |0699| — |0703| — ul
DDR71 Serial Input Data MachX02-640U, . . -
foaTa Speed MachX02-1200/U and 756 630 524 | Mbps
T— DDR71 ECLK Frequency larger devices, bottom ™ "378 " " 345 | — | 262 | MHz
side only.
7:1 Input Clock Frequency
foLkIN (SCLK) (minimum limited by — 108 — 90 — 75 MHz

PLL)

Generic DDR Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX1_TX.SCLK.Aligned® 2

Output Data Invalid After CLK

el Output

tois Output Data Invalid Before
CLK Output

foaTA DDRX1 Output Data Speed

foDRX1 DDRX1 SCLK frequency

All MachXO2 devices,
all sides.

— 0520 — |0550| — |0580| ns
— 0520 — |0550| — |0580| ns
— 300 — 250 — 208 | Mbps
— 150 — 125 — 104 | MHz

Generic DDR Outputs with Clock and Data Centered at Pin Using PC|

LK Pin for Clock Input —

GDDRX1_TX.SCLK.Centered® 2

Output Data Valid Before CLK

tove Output

t Qutput Data Valid After CLK
DVA Output

foaTA DDRX1 Output Data Speed
f DDRX1 SCLK Frequency
DDRX1

(minimum limited by PLL)

All MachXO2 devices,
all sides.

1210 | — 1510 | — 1870 | — ns

1210 | — 1510 | — 1870 | — ns
— 300 — 250 — 208 | Mbps
— 150 — 125 — 104 | MHz

Generic DDRX2 Outputs with Clock and Data Aligned at Pin Using PCLK Pin

for Clock Input — GDDRX2_TX.ECLK.Aligned® *?

Output Data Invalid After CLK

toia Output

t Output Data Invalid Before
DB CLK Output

f DDRX2 Serial Output Data
DATA Speed

fDDRXZ DDRX2 ECLK frequency
fscLk SCLK Frequency

MachX02-640U,
MachX02-1200/U and
larger devices, top side
only.

— 0200 — |0215| — |[0230| ns
— 0200 — (0215 — |0230| ns
— 664 — 554 — 462 | Mbps
— 332 — 277 — 231 MHz
— 166 — 139 — 116 | MHz
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MachXO2 External Switching Characteristics — ZE Devices' %3 %67

Over Recommended Operating Conditions

-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax PR | rogueney for Primary Glock™ | o) Machxo2 devices| — | 150 | — | 125 | — | 104 | MHz
tw PR Sjock Pulse Width for Primary | o) pachxoz devices| 1.00 | — | 120 | — | 140 [ — | ns
MachX02-256ZE — 1250 — 1272 — 1296 ps
MachX02-640ZE — 1161 — 1183 — 1206 ps
tskew PR grimary Clock Skew Withina |MachX02-1200ZE — 1213 — 1267 — 1322 ps
- evice MachX02-2000ZE — 1204 — 1250 — 1296 ps
MachX02-4000ZE — 1195 — 1233 — 1269 ps
MachX02-7000ZE — 1243 — 1268 — 1296 ps
Edge Clock
fuax_£pce® | Frequency for Edge Clock :\gf‘g"ehrxd(gsi';gfo and | o0 | — | 175 | — | 146 | MHz
Pin-LUT-Pin Propagation Delay
top ﬁfﬁh;ﬁsgngriﬁ‘ﬁ‘“m delay | Al MachXO2 devices| — | 935 | — | 978 | — |1021| ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256ZE — 10.46 — 10.86 — 11.25 ns
MachX02-640ZE — 10.52 — 10.92 — 11.32 ns
o S'“ﬂk to Output — PIO Output |MachX02-1200ZE — | 1124 — [1168| — [1212] ns
egister MachX02-2000ZE — 11.27 — 11.71 — 12.16 ns
MachX02-4000ZE — 11.28 — 11.78 — 12.28 ns
MachX02-7000ZE — 11.22 — 11.76 — 12.30 ns
MachX02-256ZE -0.21 — -0.21 — -0.21 — ns
MachX02-640ZE -0.22 — | -0.22 — | -0.22 — ns
tsu |C|0Ck to Data Setup - PIO MachX02-1200ZE -025| — |-025| — |-025| — ns
nput Register MachX02-2000ZE | -0.27 | — |-027| — |-027| — ns
MachX02-4000ZE -0.31 — | -0.31 — | -0.31 — ns
MachX02-7000ZE -0.33 — | -0.33 — | —0.33 — ns
MachX02-256ZE 3.96 — 4.25 — 4.65 — ns
MachX02-640ZE 4.01 — 4.31 — 4.71 — ns
t Cloqk to Data Hold — PIO Input |MachX02-1200ZE 3.95 — 4.29 — 4.73 — ns
Register MachX02-2000ZE 3.94 — 4.29 — 4.74 — ns
MachX02-4000ZE 3.96 — 4.36 — 4.87 — ns
MachX02-7000ZE 3.93 — 4.37 — 4.91 — ns
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Parameter

Description

Device

-3

-2

-1

Min. | Max.

Min. | Max.

Min. | Max.

Units

Generic DDR4 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock

Input - GDDRX4_RX.ECLK.Centered® '2

tsu Input Data Setup Before ECLK 0434| — |053| — |0630| — ns

tho Input Data Hold After ECLK MachX02-640U, 0385| — |039%| — |0463| — ns
DDRX4 Serial Input Data MachX02-1200/U

foaTa Speed and larger devices, - 420 - 352 - 292 | Mbps

H 11

T— DDRX4 ECLK Frequency bottom side only — 210 | — [ 176 | — | 146 | MHz

fscLk SCLK Frequency — 53 — 44 — 37 MHz

7:1 LVDS Inputs - GDDR71_RX.ECLK.7.1%"

tova Input Data Valid After ECLK — |0307| — |0316| — |[0.326| Ul

tovE Input Data Hold After ECLK 0662| — |0650| — |0649| — ul
DDR?71 Serial Input Data MachX02-640U, - . .

foaTA Speed MachX02-1200/U 420 352 292 | Mbps

and larger devices, — — —

foDR71 DDR71 ECLK Frequency bottom side only™" 210 176 146 | MHz
7:1 Input Clock Frequency

foLkiN (SCLK) (minimum limited by — 60 — 50 — 42 MHz
PLL)

Generic DDR Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input - GDDRX1_TX.SCLK.Aligned® '?
Output Data Invalid After CLK

toia Output — 1080 — |0910| — |0970| ns
Output Data Invalid Before All MachXO2

t — 1080 — |0910| — |0970| ns

DIB CLK Output devices, all sides

foaTA DDRX1 Output Data Speed — 140 — 116 — 98 | Mbps

fDDRX1 DDRX1 SCLK frequency — 70 — 58 — 49 MHz

Generic DDR Outputs with Clock and Data Ce

ntered at Pin Using PCLK Pin for Clock Input —

GDDRX1_TX.SCLK.Centered® '

Output Data Valid Before CLK

All MachX02
devices, all sides

tove Output

t Output Data Valid After CLK
DVA Output

foaTA DDRX1 Output Data Speed
f DDRX1 SCLK Frequency
DDRX1

(minimum limited by PLL)

2720 — 3380 | — [4140| — ns

2720 — 3380 | — [4140| — ns
— 140 — 116 — 98 Mbps
— 70 — 58 — 49 MHz

Generic DDRX2 Outputs with Clock and Data Aligned at Pin Using PCLK Pin

for Clock Input — GDDRX2_TX.ECLK.Aligned® *?

Output Data Invalid After CLK

MachX02-640U,
MachX02-1200/U

and larger devices,
top side only

toia Output

t Output Data Invalid Before
DiB CLK Output

f DDRX2 Serial Output Data
DATA Speed

foDRX2 DDRX2 ECLK frequency
fsoLk SCLK Frequency

— 10270 — 0300 — ]0.330 ns
— 10270 — |0300| — ]0.330 ns
— 280 — 234 — 194 | Mbps
— 140 — 117 — 97 MHz
— 70 — 59 — 49 MHz

3-26




am Pinout Information
s=LATTICE MachXO2 Family Data Sheet

Pinout Information Summary

MachX02-256 MachX02-640 MachX02-640U
32 . 48 . 64 100 132 48 . 100 132 144 TQFP
QFN QFN° (ucBGA| TQFP |csBGA| QFN’ | TQFP |csBGA
General Purpose I/0 per Bank
Bank O 8 10 9 13 13 10 18 19 27
Bank 1 2 10 12 14 14 10 20 20 26
Bank 2 9 10 11 14 14 10 20 20 28
Bank 3 2 10 12 14 14 10 20 20 26
Bank 4 0 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0 0
Total General Purpose Single Ended I/O 21 40 44 55 55 40 78 79 107
Differential I/O per Bank
Bank 0 4 5 5 7 7 5 9 10 14
Bank 1 1 5 6 7 7 5 10 10 13
Bank 2 4 5 5 7 7 5 10 10 14
Bank 3 1 5 6 7 7 5 10 10 13
Bank 4 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0
Total General Purpose Differential 1/0 10 20 22 28 28 20 39 40 54
Dual Function I/0 | 22 | 25 | 27 [ 20 [ 20 [ 25 | 20 | 20 | 33
High-speed Differential I/O
Bank 0 | o | o [ o | o [ o | o | o [ o | 7
Gearboxes
E\L/Jgi]lgglreo(fgé; ko(r) )8.1 Output Gearbox 0 0 0 0 0 0 0 0 7
x\?;}gg{eo(l‘gélfé)SJ Input Gearbox 0 0 0 0 0 0 0 0 7
DQS Groups
Bank 1 | o [ o [ o [ o [ o [ o | o | o | 2
VCCIO Pins
Bank O 2 2 2 2 2 2 2 2 3
Bank 1 1 1 2 2 2 1 2 2 3
Bank 2 2 2 2 2 2 2 2 2 3
Bank 3 1 1 2 2 2 1 2 2 3
Bank 4 0 0 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0 0 0
VvCC 2 2 2 2 2 2 2 2 4
GND? 2 1 8 1 8 10 12
NC 0 0 1 26 58 0 3 32 8
Reserved for Configuration 1 1 1 1 1 1 1 1 1
Total Count of Bonded Pins 32 49 64 100 132 49 100 132 144

1. Lattice recommends soldering the central thermal pad onto the top PCB ground for improved thermal resistance.
2. For 48 QFN package, exposed die pad is the device ground.
3. 48-pin QFN information is 'Advanced'.
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Ultra Low Power Industrial Grade Devices, Halogen Free (RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-256ZE-1SG32I 256 1.2V -1 Halogen-Free QFN 32 IND
LCMXO02-256ZE-2SG32I 256 1.2V -2 Halogen-Free QFN 32 IND
LCMXO02-256ZE-3SG32I 256 1.2V -3 Halogen-Free QFN 32 IND
LCMXO2-256ZE-1UMG64I 256 1.2V -1 Halogen-Free ucBGA 64 IND
LCMXO02-256ZE-2UMG641 256 1.2V -2 Halogen-Free ucBGA 64 IND
LCMXO2-256ZE-3UMG64I 256 1.2V -3 Halogen-Free ucBGA 64 IND
LCMX02-256ZE-1TG100I 256 1.2V -1 Halogen-Free TQFP 100 IND
LCMXO02-256ZE-2TG100I 256 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-256ZE-3TG100I 256 1.2V -3 Halogen-Free TQFP 100 IND
LCMX02-256ZE-1MG132I 256 1.2V -1 Halogen-Free csBGA 132 IND
LCMXO02-256ZE-2MG132I 256 1.2V -2 Halogen-Free csBGA 132 IND
LCMX02-256ZE-3MG132I 256 1.2V -3 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640ZE-1TG100I 640 1.2V -1 Halogen-Free TQFP 100 IND
LCMX02-640ZE-2TG100I 640 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-640ZE-3TG100I 640 1.2V -3 Halogen-Free TQFP 100 IND
LCMXO02-640ZE-1MG132I 640 1.2V —1 Halogen-Free csBGA 132 IND
LCMXO02-640ZE-2MG132I 640 1.2V -2 Halogen-Free csBGA 132 IND
LCMXO02-640ZE-3MG132I 640 1.2V -3 Halogen-Free csBGA 132 IND

Part Number LUTs | Supply Voltage Grade Package Leads Temp.
LCMX02-1200ZE-1UWG25ITR' 1280 1.2V -1 Halogen-Free WLCSP 25 IND
LCMX02-1200ZE-1UWG25ITR50° 1280 1.2V -1 Halogen-Free WLCSP 25 IND
LCMX02-1200ZE-1UWG25ITR1K? 1280 1.2V -1 Halogen-Free WLCSP 25 IND
LCMX02-1200ZE-1SG32I 1280 1.2V -1 Halogen-Free QFN 32 IND
LCMX02-1200ZE-2S5G32I 1280 1.2V -2 Halogen-Free QFN 32 IND
LCMX02-1200ZE-3SG32I 1280 1.2V -3 Halogen-Free QFN 32 IND
LCMX02-1200ZE-1TG100I 1280 1.2V —1 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-2TG100I 1280 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-3TG100I 1280 1.2V -3 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-1MG132] 1280 1.2V -1 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-2MG132I 1280 1.2V -2 Halogen-Free csBGA 132 IND
LCMXO02-1200ZE-3MG 132l 1280 1.2V -3 Halogen-Free csBGA 132 IND
LCMXO2-1200ZE-1TG 1441 1280 1.2V -1 Halogen-Free TQFP 144 IND
LCMXO02-1200ZE-2TG 144l 1280 1.2V -2 Halogen-Free TQFP 144 IND
LCMXO2-1200ZE-3TG 144l 1280 1.2V -3 Halogen-Free TQFP 144 IND

1. This part number has a tape and reel quantity of 5,000 units with a minimum order quantity of 10,000 units. Order quantities must be in
increments of 5,000 units. For example, a 10,000 unit order will be shipped in two reels with one reel containing 5,000 units and the other
reel with less than 5,000 units (depending on test yields). Unserviced backlog will be canceled.

2. This part number has a tape and reel quantity of 1,000 units with a minimum order quantity of 1,000. Order quantities must be in increments
of 1,000 units. For example, a 5,000 unit order will be shipped as 5 reels of 1000 units each.

3. This part number has a tape and reel quantity of 50 units with a minimum order quantity of 50. Order quantities must be in increments of 50
units. For example, a 1,000 unit order will be shipped as 20 reels of 50 units each.
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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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Revision History
MachXO2 Family Data Sheet

Date Version Section Change Summary
February 2012 01.7 All Updated document with new corporate logo.
01.6 — Data sheet status changed from preliminary to final.
Introduction MachXO2 Family Selection Guide table — Removed references to
49-ball WLCSP.
DC and Switching Updated Flash Download Time table.
Characteristics
Modified Storage Temperature in the Absolute Maximum Ratings
section.
Updated Ipk max in Hot Socket Specifications table.
Modified Static Supply Current tables for ZE and HC/HE devices.
Updated Power Supply Ramp Rates table.
Updated Programming and Erase Supply Current tables.
Updated data in the External Switching Characteristics table.
Corrected Absolute Maximum Ratings for Dedicated Input Voltage
Applied for LCMXO2 HC.
DC Electrical Characteristics table — Minor corrections to conditions
for |||_, I|H.
Pinout Information  |Removed references to 49-ball WLCSP.
Signal Descriptions table — Updated description for GND, VCC, and
VCCIOx.
Updated Pin Information Summary table — Number of VCCIOs,
GNDs, VCCs, and Total Count of Bonded Pins for MachX02-256,
640, and 640U and Dual Function 1/O for MachX02-4000 332caBGA.
Ordering Information |Removed references to 49-ball WLCSP
August 2011 01.5 DC and Switching  |Updated ESD information.
Characteristics
Ordering Information |Updated footnote for ordering WLCSP devices.
01.4 Architecture Updated information in Clock/Control Distribution Network and sys-

CLOCK Phase Locked Loops (PLLs).

DC and Switching
Characteristics

Updated I, and I conditions in the DC Electrical Characteristics
table.

Pinout Information

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

Updated Pin Information Summary table: Dual Function I/0, DQS
Groups Bank 1, Total General Purpose Single-Ended I/O, Differential
1/0 Per Bank, Total Count of Bonded Pins, Gearboxes.

Added column of data for MachX02-2000 49 WLCSP.

Ordering Information

Updated R1 Device Specifications text section with information on
migration from MachX02-1200-R1 to Standard (non-R1) devices.

Corrected Supply Voltage typo for part numbers: LCMX02-2000UHE-
4FG4841, LCMX02-2000UHE-5FG4841, LCMX02-2000UHE-
6FG484l.

Added footnote for WLCSP package parts.

Supplemental
Information

Removed reference to Stand-alone Power Calculator for MachXO2
Devices. Added reference to AN8086, Designing for Migration from
MachX02-1200-R1 to Standard (non-R1) Devices.
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