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Features
B Flexible Logic Architecture

* Six devices with 256 to 6864 LUT4s and
19 to 335 1/Os
Ultra Low Power Devices
* Advanced 65 nm low power process
* As low as 19 pW standby power
* Programmable low swing differential I/Os
» Stand-by mode and other power saving options
Embedded and Distributed Memory
* Up to 240 Kbits sysMEM™ Embedded Block
RAM
* Up to 54 Kbits Distributed RAM
 Dedicated FIFO control logic
On-Chip User Flash Memory
* Up to 256 Kbits of User Flash Memory
* 100,000 write cycles
* Accessible through WISHBONE, SPI, I)C and
JTAG interfaces
* Can be used as soft processor PROM or as
Flash memory
Pre-Engineered Source Synchronous I/O
* DDR registers in I/O cells
* Dedicated gearing logic
 7:1 Gearing for Display I/Os
e Generic DDR, DDRX2, DDRX4
* Dedicated DDR/DDR2/LPDDR memory with
DQS support
High Performance, Flexible I/O Buffer
e Programmable syslO™ buffer supports wide
range of interfaces:
- LVCMOS 3.3/2.5/1.8/1.5/1.2
- LVTTL
- PCI
— LVDS, Bus-LVDS, MLVDS, RSDS, LVPECL
— SSTL 25/18
— HSTL 18
— Schmitt trigger inputs, up to 0.5V hysteresis
* |/Os support hot socketing
¢ On-chip differential termination
* Programmable pull-up or pull-down mode

Flexible On-Chip Clocking
 Eight primary clocks
» Up to two edge clocks for high-speed 1/0
interfaces (top and bottom sides only)
* Up to two analog PLLs per device with
fractional-n frequency synthesis
— Wide input frequency range (10 MHz to
400 MHz)
Non-volatile, Infinitely Reconfigurable
¢ Instant-on — powers up in microseconds
* Single-chip, secure solution
 Programmable through JTAG, SPI or I)C
» Supports background programming of non-vola-
tile memory
* Optional dual boot with external SPI memory
TransFR™ Reconfiguration
* In-field logic update while system operates
Enhanced System Level Support
» On-chip hardened functions: SPI, I2C, timer/
counter
On-chip oscillator with 5.5% accuracy
Unique TracelD for system tracking
One Time Programmable (OTP) mode
Single power supply with extended operating
range
IEEE Standard 1149.1 boundary scan
IEEE 1532 compliant in-system programming
Broad Range of Package Options
* TQFP, WLCSP, ucBGA, csBGA, caBGA, ftBGA,
fpBGA, QFN package options
* Small footprint package options
— As small as 2.5x2.5mm
* Density migration supported
* Advanced halogen-free packaging

www.latticesemi.com
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Table 1-1. MachX0O2™ Family Selection Guide

X02-256 X02-640 X02-640U" | X02-1200 X02-12000" | X02-2000 X02-2000U" | X02-4000 X02-7000
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
HC? X X X X X X X i X
Device Options | HE3 X X X X
ZE* X X X X X b
Number of PLLs 0 0 1 1 1 1 2 2 2
Hardened Functions:
12C 2 2 2 2 2 2 2 2 2
SPI 1 1 1 1 1 1 1 1 1
Timer/Counter 1 1 1 1 1 1 1 1 1
Packages 1/0s
25 WLCSP® 18
(2.5 x 2.5mm, 0.4mm)
32 QFN® 21
(5 x 5mm, 0.5mm)
64 ucBGA a4
(4 x 4mm, 0.4mm)
100 TQFP
(14 x 14mm) < 55 78 e — >
[ [ [ [ [
132 csBGA
(8 x 8mm, 0.5mm) < 55 79 : 104 : : 104 : : 104 >
144 TQFP % I I [ | |
(20 x 20mm) \1 107 107 111 114 114
184 csBGA’
(8 x 8mm, 0.5mm) 150
256 caBGA
(14 x 14mm, 0.8mm) < 206 —2%6 206 >
[ [ [
256 ftBGA
2 2 2 2
(17 x 17mm, 1.0mm) < 06 06 L9 T Ls >
[
332 caBGA
274 27
(17 x 17mm, 0.8mm) < T 2 >
484 fpBGA % !
(23 x 23mm, 1.0mm) N 28 8%

1. Ultra high I/O device.

2. High performance with regulator — V¢ = 2.5V, 3.3V

3. High performance without regulator - V- = 1.2V

4. Low power without regulator - V¢ = 1.2V

5. WLCSP package only available for ZE devices.

6. QFN package only available for HC and ZE devices.
7. 184 csBGA package only available for HE devices.

Introduction

The MachXO2 family of ultra low power, instant-on, non-volatile PLDs has six devices with densities ranging from
256 to 6864 Look-Up Tables (LUTs). In addition to LUT-based, low-cost programmable logic these devices feature
Embedded Block RAM (EBR), Distributed RAM, User Flash Memory (UFM), Phase Locked Loops (PLLs), pre-
engineered source synchronous I/O support, advanced configuration support including dual-boot capability and
hardened versions of commonly used functions such as SPI controller, I°C controller and timer/counter. These fea-
tures allow these devices to be used in low cost, high volume consumer and system applications.

The MachXO2 devices are designed on a 65nm non-volatile low power process. The device architecture has sev-
eral features such as programmable low swing differential 1/Os and the ability to turn off 1/0O banks, on-chip PLLs
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and oscillators dynamically. These features help manage static and dynamic power consumption resulting in low
static power for all members of the family.

The MachXO2 devices are available in two versions — ultra low power (ZE) and high performance (HC and HE)
devices. The ultra low power devices are offered in three speed grades -1, -2 and -3, with -3 being the fastest. Sim-
ilarly, the high-performance devices are offered in three speed grades: -4, -5 and -6, with -6 being the fastest. HC
devices have an internal linear voltage regulator which supports external V¢ supply voltages of 3.3V or 2.5V. ZE
and HE devices only accept 1.2V as the external V¢ supply voltage. With the exception of power supply voltage
all three types of devices (ZE, HC and HE) are functionally compatible and pin compatible with each other.

The MachXO2 PLDs are available in a broad range of advanced halogen-free packages ranging from the space
saving 2.5x2.5 mm WLCSP to the 23x23 mm fpBGA. MachXQO2 devices support density migration within the same
package. Table 1-1 shows the LUT densities, package and I/O options, along with other key parameters.

The pre-engineered source synchronous logic implemented in the MachXO2 device family supports a broad range
of interface standards, including LPDDR, DDR, DDR2 and 7:1 gearing for display 1/Os.

The MachXO2 devices offer enhanced 1/O features such as drive strength control, slew rate control, PCI compati-
bility, bus-keeper latches, pull-up resistors, pull-down resistors, open drain outputs and hot socketing. Pull-up, pull-
down and bus-keeper features are controllable on a “per-pin” basis.

A user-programmable internal oscillator is included in MachXO2 devices. The clock output from this oscillator may
be divided by the timer/counter for use as clock input in functions such as LED control, key-board scanner and sim-
ilar state machines.

The MachXO2 devices also provide flexible, reliable and secure configuration from on-chip Flash memory. These
devices can also configure themselves from external SPI Flash or be configured by an external master through the
JTAG test access port or through the I1°C port. Additionally, MachXO2 devices support dual-boot capability (using
external Flash memory) and remote field upgrade (TransFR) capability.

Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the
MachXO2 family of devices. Popular logic synthesis tools provide synthesis library support for MachXO2. Lattice
design tools use the synthesis tool output along with the user-specified preferences and constraints to place and
route the design in the MachXO2 device. These tools extract the timing from the routing and back-annotate it into
the design for timing verification.

Lattice provides many pre-engineered IP (Intellectual Property) LatticeCORE™ modules, including a number of
reference designs licensed free of charge, optimized for the MachXO2 PLD family. By using these configurable soft
core IP cores as standardized blocks, users are free to concentrate on the unique aspects of their design, increas-
ing their productivity.
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Architecture Overview

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

Figure 2-1. Top View of the MachX02-1200 Device

Embedded Function
Block (EFB)

| —— User Flash Memory
C =T (UFM)

I 2 o
OO000O000E0 000000000
sysCLOCK PLL DO00E000EDON ODEO000588 sysMEM Embedded
0 o o Block RAM (EBR)

On-chip Configuration
Flash Memory

Programmable Function Units

PIOs Arranged into with Distributed RAM (PFUs)

syslO Banks

Note: MachX02-256, and MachX02-640/U are similar to MachX02-1200. MachX02-256 has a lower LUT count and no PLL or EBR blocks.
MachX02-640 has no PLL, a lower LUT count and two EBR blocks. MachX02-640U has a lower LUT count, one PLL and seven EBR blocks.

Figure 2-2. Top View of the MachX02-4000 Device

Embedded
| /I// Function Block(EFB)
- —— User Flash
/
sl DOODODDOEEn Memory (UFM)

sysCLOCK PLL— 1

On-chip Configuration ||
Flash Memory —

L\

sysMEM Embedded
Block RAM (EBR)

\

PIOs Arranged int%’

syslO Banks

Programmable Function Units
with Distributed RAM (PFUs)

Note: MachX02-1200U, MachX02-2000/U and MachX02-7000 are similar to MachX02-4000. MachX02-1200U and MachX02-2000 have a lower LUT count,
one PLL, and eight EBR blocks. MachX02-2000U has a lower LUT count, two PLLs, and 10 EBR blocks. MachX02-7000 has a higher LUT count, two PLLs,
and 26 EBR blocks.

© 2013 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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The logic blocks, Programmable Functional Unit (PFU) and sysMEM EBR blocks, are arranged in a two-dimen-
sional grid with rows and columns. Each row has either the logic blocks or the EBR blocks. The PIO cells are
located at the periphery of the device, arranged in banks. The PFU contains the building blocks for logic, arithmetic,
RAM, ROM, and register functions. The PIOs utilize a flexible 1/0 buffer referred to as a syslO buffer that supports
operation with a variety of interface standards. The blocks are connected with many vertical and horizontal routing
channel resources. The place and route software tool automatically allocates these routing resources.

In the MachXO2 family, the number of syslO banks varies by device. There are different types of I/O buffers on the
different banks. Refer to the details in later sections of this document. The sysMEM EBRs are large, dedicated fast
memory blocks; these blocks are found in MachX02-640/U and larger devices. These blocks can be configured as
RAM, ROM or FIFO. FIFO support includes dedicated FIFO pointer and flag “hard” control logic to minimize LUT
usage.

The MachXO2 architecture also provides up to two sysCLOCK Phase Locked Loop (PLL) blocks on MachXO2-
640U, MachX02-1200/U and larger devices. These blocks are located at the ends of the on-chip Flash block. The
PLLs have multiply, divide, and phase shifting capabilities that are used to manage the frequency and phase rela-
tionships of the clocks.

MachXO2 devices provide commonly used hardened functions such as SPI controller, 1°C controller and timer/
counter. MachX02-640/U and higher density devices also provide User Flash Memory (UFM). These hardened
functions and the UFM interface to the core logic and routing through a WISHBONE interface. The UFM can also
be accessed through the SPI, I)C and JTAG ports.

Every device in the family has a JTAG port that supports programming and configuration of the device as well as
access to the user logic. The MachXO2 devices are available for operation from 3.3V, 2.5V and 1.2V power sup-
plies, providing easy integration into the overall system.

PFU Blocks

The core of the MachXO2 device consists of PFU blocks, which can be programmed to perform logic, arithmetic,
distributed RAM and distributed ROM functions. Each PFU block consists of four interconnected slices numbered 0
to 3 as shown in Figure 2-3. Each slice contains two LUTs and two registers. There are 53 inputs and 25 outputs
associated with each PFU block.

Figure 2-3. PFU Block Diagram
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Slices

Slices 0-3 contain two LUT4s feeding two registers. Slices 0-2 can be configured as distributed memory. Table 2-1
shows the capability of the slices in PFU blocks along with the operation modes they enable. In addition, each PFU
contains logic that allows the LUTs to be combined to perform functions such as LUT5, LUT6, LUT7 and LUTS8.
The control logic performs set/reset functions (programmable as synchronous/ asynchronous), clock select, chip-
select and wider RAM/ROM functions.

Table 2-1. Resources and Modes Available per Slice

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

Figure 2-4 shows an overview of the internal logic of the slice. The registers in the slice can be configured for posi-
tive/negative and edge triggered or level sensitive clocks. All slices have 15 inputs from routing and one from the
carry-chain (from the adjacent slice or PFU). There are seven outputs: six for routing and one to carry-chain (to the
adjacent PFU). Table 2-2 lists the signals associated with Slices 0-3.

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

2-3



= LATTICE

Architecture
MachXO02 Family Data Sheet

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/M1 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'

1. See Figure 2-3 for connection details.
2. Requires two PFUs.

Modes of Operation
Each slice has up to four potential modes of operation: Logic, Ripple, RAM and ROM.

Logic Mode

In this mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A LUT4 can have 16
possible input combinations. Any four input logic functions can be generated by programming this lookup table.
Since there are two LUT4s per slice, a LUT5 can be constructed within one slice. Larger look-up tables such as
LUT6, LUT7 and LUT8 can be constructed by concatenating other slices. Note LUT8 requires more than four
slices.

Ripple Mode
Ripple mode supports the efficient implementation of small arithmetic functions. In Ripple mode, the following func-
tions can be implemented by each slice:

e Addition 2-bit

* Subtraction 2-bit

* Add/subtract 2-bit using dynamic control

e Up counter 2-bit

* Down counter 2-bit

e Up/down counter with asynchronous clear
e Up/down counter with preload (sync)

* Ripple mode multiplier building block

e Multiplier support

» Comparator functions of A and B inputs
— A greater-than-or-equal-to B
— A not-equal-to B
— A less-than-or-equal-to B
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Ripple mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this con-
figuration (also referred to as CCU2 mode) two additional signals, Carry Generate and Carry Propagate, are gener-
ated on a per-slice basis to allow fast arithmetic functions to be constructed by concatenating slices.

RAM Mode

In this mode, a 16x4-bit distributed single port RAM (SPR) can be constructed by using each LUT block in Slice 0
and Slice 1 as a 16x1-bit memory. Slice 2 is used to provide memory address and control signals. A 16x2-bit
Pseudo Dual Port RAM (PDPR) memory is created by using one slice as the read-write port and the other compan-
ion slice as the read-only port.

MachXO2 devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the soft-
ware will construct these using distributed memory primitives that represent the capabilities of the PFU. Table 2-3
shows the number of slices required to implement different distributed RAM primitives. For more information about
using RAM in MachXO2 devices, please see TN1201, Memory Usage Guide for MachXO2 Devices.

Table 2-3. Number of Slices Required For Implementing Distributed RAM

SPR 16x4 PDPR 16x4
Number of slices 3 3
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM

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.
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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 I/O sources, 11 routing inputs, eight clock divider inputs and up to eight sysCLOCK PLL outputs.

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.
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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 MachXQO2 Exter-
nal Switching Characteristics table.

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 1/O pin or from internal routing. CLKFB is the feedback signal to the PLL which
can come from internal routing or an external I/O pin. The feedback divider is used to multiply the reference fre-
quency and thus synthesize a higher frequency clock output.

The MachX02 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, MachX02 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 CLKOS2 and CLKOSS3 dividers may also be cascaded together
to generate low frequency clocks. The CLKOP, CLKOS, CLKOS2, and CLKOSS3 outputs can all be used to drive the
MachXO2 clock distribution network directly or general purpose routing resources can be used.
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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.
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 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 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 110 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.
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 PLL L(_)CK, asynchronous signal. Active high indicates PLL is locked to input and feed-
back 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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Table 2-5. sysMEM Block Configurations

Memory Mode Configurations

8,192 x 1
4,096 x 2
2,048 x4
1,024 x 9

8,192 x 1
4,096 x 2
2,048 x4
1,024 x 9

8,192 x 1
4,096 x 2
Pseudo Dual Port 2,048 x 4
1,024 x 9
512x 18

8,192 x 1
4,096 x 2
FIFO 2,048 x 4
1,024 x 9
512x 18

Single Port

True Dual Port

Bus Size Matching

All of the multi-port memory modes support different widths on each of the ports. The RAM bits are mapped LSB
word 0 to MSB word 0, LSB word 1 to MSB word 1, and so on. Although the word size and number of words for
each port varies, this mapping scheme applies to each port.

RAM Initialization and ROM Operation

If desired, the contents of the RAM can be pre-loaded during device configuration. EBR initialization data can be
loaded from the UFM. To maximize the number of UFM bits, initialize the EBRs used in your design to an all-zero
pattern. Initializing to an all-zero pattern does not use up UFM bits. MachXO2 devices have been designed such
that multiple EBRs share the same initialization memory space if they are initialized to the same pattern.

By preloading the RAM block during the chip configuration cycle and disabling the write controls, the sysMEM block
can also be utilized as a ROM.

Memory Cascading
Larger and deeper blocks of RAM can be created using EBR sysMEM Blocks. Typically, the Lattice design tools
cascade memory transparently, based on specific design inputs.

Single, Dual, Pseudo-Dual Port and FIFO Modes

Figure 2-8 shows the five basic memory configurations and their input/output names. In all the sysMEM RAM
modes, the input data and addresses for the ports are registered at the input of the memory array. The output data
of the memory is optionally registered at the memory array output.
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Figure 2-8. sysMEM Memory Primitives

AD[12:0] > DIA[8:0] > < DI[8:0]
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CLK[—> CLKA > < CLKB BE[1:0] —™ s
CE—» CEA— +—| CEB CLKW |—> )
OCE—*  EBR > DO[B:0] RsTAL—»| EBR l¢ |grsTB CEW—> EBR [+ |CER
RST > WEA > - WEB RST > » DO[17:0]
WE —> CSA[2:0] — «— CSB[2:0] » OCER
CS[2:0] A OCEA > - OCEB CSW[2:0] = » CSR[2:0]
DOA[8:0] |« » DOB(8:0]
Single-Port RAM True Dual Port RAM Pseudo Dual Port RAM
o AFF AD[12:0] >
DI[17:0] fpp > FF
> AEF
CLKW > » EF CléK >
WE > »| DO[17:0] E b
RsT —»| EBR  «— ORE OCE —™  EeBR » DO[17:0]
- CLKR
FULLI > < RE RST >
CSW[1:0] ~ < EMPTYI
< CSRI[1:0] CS[2:0] >
“ RPRST
FIFO RAM ROM
Table 2-6. EBR Signal Descriptions
Port Name Description Active State
CLK Clock Rising Clock Edge
CE Clock Enable Active High
OCE' Output Clock Enable Active High
RST Reset Active High
BE' Byte Enable Active High
WE Write Enable Active High
AD Address Bus —
DI Data In —
DO Data Out —
CS Chip Select Active High
AFF FIFO RAM Almost Full Flag —
FF FIFO RAM Full Flag —
AEF FIFO RAM Almost Empty Flag —
EF FIFO RAM Empty Flag —
RPRST FIFO RAM Read Pointer Reset —

1. Optional signals.

2. For dual port EBR primitives a trailing ‘A’ or ‘B’ in the signal name specifies the EBR port A or port B respectively.
3. For FIFO RAM mode primitive, a trailing ‘R’ or ‘W’ in the signal name specifies the FIFO read port or write port respec-

tively.

4. For FIFO RAM mode primitive FULLI has the same function as CSW(2) and EMPTYI has the same function as CSR(2).
5. In FIFO mode, CLKW is the write port clock, CSW is the write port chip select, CLKR is the read port clock, CSR is the
read port chip select, ORE is the output read enable.
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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 2V-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.

Figure 2-9. Memory Core Reset

Memory Core » Port A[18:0]
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» Port B[18:0]
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X |
| 1
! |
| I
| I

RSTA [CT> _D_
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Programmable Disable
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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.

Programmable I/O Cells (PIC)

The programmable logic associated with an I/O is called a PIO. The individual PIO are connected to their respec-
tive syslO buffers and pads. On the MachXO2 devices, the PIO cells are assembled into groups of four PIO cells
called a Programmable I/O Cell or PIC. The PICs are placed on all four sides of the device.

On all the MachXO2 devices, two adjacent PIOs can be combined to provide a complementary output driver pair.

The MachX02-640U, MachX02-1200/U and higher density devices contain enhanced 1/O capability. All PIO pairs
on these larger devices can implement differential receivers. Half of the PIO pairs on the top edge of these devices
can be configured as true LVDS transmit pairs. The PIO pairs on the bottom edge of these higher density devices
have on-chip differential termination and also provide PCI support.
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Figure 2-11. Group of Four Programmable I/O Cells
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Notes:

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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PIO

The PIO contains three blocks: an input register block, output register block and tri-state register block. These
blocks contain registers for operating in a variety of modes along with the necessary clock and selection logic.

Table 2-8. PIO Signal List

Pin Name 1/0 Type Description
CE Input Clock Enable
D Input Pin input from syslO buffer.
INDD Output Register bypassed input.
INCK Output Clock input
Qo Output DDR positive edge input
Q1 Output Registered input/DDR negative edge input
DO Input Output signal from the core (SDR and DDR)
D1 Input Output signal from the core (DDR)
TD Input Tri-state signal from the core
Q Output Data output signals to syslO Buffer
TQ Output Tri-state output signals to syslO Buffer
DQSR90! Input DQS shift 90-degree read clock
DQSW90' Input DQS shift 90-degree write clock
DDRCLKPOL' Input DDR input register polarity control signal from DQS
SCLK Input System clock for input and output/tri-state blocks.
RST Input Local set reset signal

1. Available in PIO on right edge only.

Input Register Block

The input register blocks for the PIOs on all edges contain delay elements and registers that can be used to condi-
tion high-speed interface signals before they are passed to the device core. In addition to this functionality, the input
register blocks for the PIOs on the right edge include built-in logic to interface to DDR memory.

Figure 2-12 shows the input register block for the PIOs located on the left, top and bottom edges. Figure 2-13
shows the input register block for the PIOs on the right edge.

Left, Top, Bottom Edges

Input signals are fed from the syslO buffer to the input register block (as signal D). If desired, the input signal can
bypass the register and delay elements and be used directly as a combinatorial signal (INDD), and a clock (INCK).
If an input delay is desired, users can select a fixed delay. I/Os on the bottom edge also have a dynamic delay,
DEL[4:0]. The delay, if selected, reduces input register hold time requirements when using a global clock. The input
block allows two modes of operation. In single data rate (SDR) the data is registered with the system clock (SCLK)
by one of the registers in the single data rate sync register block. In Generic DDR mode, two registers are used to
sample the data on the positive and negative edges of the system clock (SCLK) signal, creating two data streams.
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Figure 2-12. MachXO2 Input Register Block Diagram (PIO on Left, Top and Bottom Edges)

J.—> INCK
® P INDD
D Programmable Q1 ;I—L
Delay Cell I/ D Q bLQ » Qi

0
e D Q » Qo

SCLK L @

Right Edge

The input register block on the right edge is a superset of the same block on the top, bottom, and left edges. In
addition to the modes described above, the input register block on the right edge also supports DDR memory
mode.

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

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

Figure 2-13. MachXO02 Input Register Block Diagram (PIO on Right Edge)
INCK
I p INDD
b | > % e [ ast D o—'_j_LD/L a—p-at

> e — =
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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.
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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)

| Qo ———»a
DO ® DL Q

—
b1 D Q o of¥

Output path

Right Edge

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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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)(IOL-A): Q4, Q5, Q6, Q7
GDDRX2(1:4)(IOL-C): Q0, Q1, Q2, Q3
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These gearboxes have three stage pipeline registers. The first stage registers sample the high-speed input data by
the high-speed edge clock on its rising and falling edges. The second stage registers perform data alignment
based on the control signals UPDATE and SELO from the control block. The third stage pipeline registers pass the
data to the device core synchronized to the low-speed system clock. Figure 2-16 shows a block diagram of the
input gearbox.

Figure 2-16. Input Gearbox
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More information on the input gearbox is available in TN1203, Implementing High-Speed Interfaces with MachXO2
Devices.

Output Gearbox

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

Table 2-10. Output Gearbox Signal List

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

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

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

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

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
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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/0 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 I/O supply voltage (Vo). Each syslO bank has its own Vg o. In addition, each bank has a
voltage reference, Vgyeg Which allows the use of referenced input buffers independent of the bank V0.

MachX02-256 and MachX02-640 devices contain single-ended ratioed input buffers and single-ended output buf-
fers with complementary outputs on all the 1/0 banks. Note that the single-ended input buffers on these devices do
not contain PCI clamps. In addition to the single-ended 1/O buffers these two devices also have differential and ref-
erenced input buffers on all I1/0Os. The 1/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.

MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000 and MachX02-7000 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
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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/O banks that
are critical to the application. The default configuration of the I/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 Vcgo as the default func-
tionality). The I/O pins will maintain the blank configuration until Vo 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.

There are various ways a user can ensure that there are no spurious signals on critical outputs as the device pow-
ers up. These are discussed in more detail in TN1202, MachXO2 syslO Usage Guide.

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, LVCMOS 1.2, 1.5, 1.8, 2.5,
and 3.3V 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 I/Os on the top bank. Differential
receivers for LVDS, BLVDS, MLVDS and LVPECL are supported on all banks of MachXO2 devices. PCI support is
provided in the bottom bank of theMachX02-640U, MachX02-1200/U and higher density devices. Table 2-11 sum-
marizes the 1/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.

Table 2-11. I/O Support Device by Device

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

MachX02-256, MachX02-640U,
MachX02-640 MachX02-1200

Number of 1/0 Banks 4 4 6

Type of Input Buffers

Single-ended (all I/O banks)

Differential Receivers (all I/O
banks)

Single-ended (all I/O banks)

Differential Receivers (all /0O
banks)

Differential input termination
(bottom side)

Single-ended (all I/O banks)

Differential Receivers (all /0
banks)

Differential input termination
(bottom side)
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MachX02-256,
MachX02-640

MachX02-640U,
MachX02-1200

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

Single-ended buffers with
complementary outputs (all /O

Single-ended buffers with
complementary outputs (all /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 | /5 panks All /O banks All /O banks
Capability
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 \ 2.5V \ 1.8V \ 1.5 \ 1.2V
Single-Ended Interfaces
LVTTL v v? v? v?
LVCMOS33 v v? v? V2
LVCMOS25 V2 v v? V2
LVCMOS18 e V2 v Wz
LVCMOS15 v? V2 v?2 v V2
LVCMOS12 V2 v? v?2 v? v
PCI' v
SSTL18 (Class |, Class I1) v
SSTL25 (Class |, Class I1) v
HSTL18 (Class |, Class Il) v
Differential Interfaces
LvDS v v
BLVDS, MVDS, LVPECL, RSDS v v
Differential SSTL18 Class |, Il v
Differential SSTL25 Class |, Il v
Differential HSTL18 Class I, Il v

1. Bottom banks of MachX02-640U, MachX02-1200/U and higher density devices only.
2. Reduced functionality. Refer to TN1202, MachXO2 syslO Usage Guide for more detail.
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Table 2-13. Supported Output Standards

Output Standard Veeio (Typ.)

Single-Ended Interfaces

LVTTL 3.3
LVCMOS33 3.3
LVCMOS25 25
LVCMOS18 1.8
LVCMOS15 1.5
LVCMOS12 1.2

LVCMOSS383, Open Drain —
LVCMOS25, Open Drain —
LVCMOS18, Open Drain —
LVCMOS15, Open Drain —
LVCMOS12, Open Drain —

PCI33 3.3
SSTL25 (Class I) 25
SSTL18 (Class I) 1.8
HSTL18(Class I) 1.8
Differential Interfaces

LvDs"? 25,33
BLVDS, MLVDS, RSDS 2 25
LVPECL? 3.3
Differential SSTL18 1.8
Differential SSTL25 25
Differential HSTL18 1.8

1. MachX02-640U, MachX02-1200/U and larger devices have dedicated LVDS buffers.
2. These interfaces can be emulated with external resistors in all devices.

syslO Buffer Banks

The numbers of banks vary between the devices of this family. MachX02-1200U, MachX02-2000/U and higher
density devices have six /O banks (one bank on the top, right and bottom side and three banks on the left side).
The MachX02-1200 and lower density devices have four banks (one bank per side). Figures 2-18 and 2-19 show
the syslO banks and their associated supplies for all devices.
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Figure 2-18. MachX02-1200U, MachX02-2000/U, MachX02-4000 and MachX02-7000 Banks
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Figure 2-19. MachX02-256, MachX02-640/U and MachX02-1200 Banks
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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 2-20. Embedded Function Block Interface
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Hardened IC IP Core

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

I/0s for 12C
(Primary)
r[1/Os for 12C
/| (Secondary)

1/0Os for SPI

~--- Indicates connection

~~7 through core logic/routing.

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

Master and Slave operation

7-bit and 10-bit addressing
Multi-master arbitration support
Clock stretching

Up to 400 KHz data transfer speed
General call support

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

* 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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There are some limitations on the use of the hardened user SPI. These are defined in the following technical notes:

e TN1087, Minimizing System Interruption During Configuration Using TransFR Technology (Appendix B)

e TN1205, Using User Flash Memory and Hardened Control Functions in MachXO2 Devices

Figure 2-22. SPI Core Block Diagram
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Table 2-16 describes the signals interfacing with the SPI cores.

Table 2-16. SPI Core Signal Description

Signal Name 110 Master/Slave Description
spi_csn[0] O Master SPI master chip-select output
spi_csn[1..7] 0] Master Additional SPI chip-select outputs (total up to eight slaves)
spi_scsn | Slave SPI slave chip-select input
spi_irq o Master/Slave Interrupt request
spi_clk 1/0 Master/Slave SPI clock. Output in master mode. Input in slave mode.
Spi_miso IO Master/Slave SPI data. Input in master mode. Output in slave mode.
Spi_mosi I/0 Master/Slave SPI data. Output in master mode. Input in slave mode.
Configuration Slave Chip Select (active low), dedicated for selecting the
ufm_sn I Slave User Flash Memory (UFM).
Stand-by signal — To be connected only to the power module of the MachX02
cfg_stdby 0] Master/Slave device. The signal is enabled only if the “Wakeup Enable” feature has been
set within the EFB GUI, SPI Tab.
Wake-up signal — To be connected only to the power module of the MachX02
cfg_wake O Master/Slave device. The signal is enabled only if the “Wakeup Enable” feature has been
set within the EFB GUI, SPI Tab.

Hardened Timer/Counter

MachXO2 devices provide a hard Timer/Counter IP core. This Timer/Counter is a general purpose, bi-directional,
16-bit timer/counter module with independent output compare units and PWM support. The Timer/Counter sup-
ports the following functions:
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e Supports the following modes of operation:
— Watchdog timer
— Clear timer on compare match

— Fast PWM

— Phase and Frequency Correct PWM

e Programmable clock input source

e Programmable input clock prescaler

¢ One static interrupt output to routing

* One wake-up interrupt to on-chip standby mode controller.

e Three independent interrupt sources: overflow, output compare match, and input capture

¢ Auto reload

* Time-stamping support on the input capture unit

* Waveform generation on the output

* Glitch-free PWM waveform generation with variable PWM period

* Internal WISHBONE bus access to the control and status registers

e Stand-alone mode with preloaded control registers and direct reset input

Figure 2-23. Timer/Counter Block Diagram
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Table 2-17. Timer/Counter Signal Description

Port /0 Description

tc_clki | Timer/Counter input clock signal

tc_rstn | Register tc_rstn_ena is preloaded by configuration to always keep this pin enabled

tc_ic | Input capture trigger event, applicable for non-pwm modes with WISHBONE interface. If
enabled, a rising edge of this signal will be detected and synchronized to capture tc_cnt value
into tc_icr for time-stamping.

tc_int (0] Without WISHBONE — Can be used as overflow flag
With WISHBONE — Controlled by three IRQ registers

tc_oc (0] Timer counter output signal

For more details on these embedded functions, please refer to TN1205, Using User Flash Memory and Hardened
Control Functions in MachXO2 Devices.
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User Flash Memory (UFM)

MachX02-640/U and higher density devices provide a User Flash Memory block, which can be used for a variety of
applications including storing a portion of the configuration image, initializing EBRs, to store PROM data or, as a
general purpose user Flash memory. The UFM block connects to the device core through the embedded function
block WISHBONE interface. Users can also access the UFM block through the JTAG, I12C and SPI interfaces of the
device. The UFM block offers the following features:

* Non-volatile storage up to 256Kbits

* 100K write cycles

* Write access is performed page-wise; each page has 128 bits (16 bytes)
* Auto-increment addressing

WISHBONE interface

For more information on the UFM, please refer to TN1205, Using User Flash Memory and Hardened Control Func-
tions in MachXO2 Devices.

Standby Mode and Power Saving Options

MachXO2 devices are available in three options for maximum flexibility: ZE, HC and HE devices. The ZE devices
have ultra low static and dynamic power consumption. These devices use a 1.2V core voltage that further reduces
power consumption. The HC and HE devices are designed to provide high performance. The HC devices have a
built-in voltage regulator to allow for 2.5V V¢ and 3.3V V¢ while the HE devices operate at 1.2V V.

MachXO2 devices have been designed with features that allow users to meet the static and dynamic power
requirements of their applications by controlling various device subsystems such as the bandgap, power-on-reset
circuitry, 1/0 bank controllers, power guard, on-chip oscillator, PLLs, etc. In order to maximize power savings,
MachXO2 devices support an ultra low power Stand-by mode. While most of these features are available in all
three device types, these features are mainly intended for use with MachXO2 ZE devices to manage power con-
sumption.

In the stand-by mode the MachXO2 devices are powered on and configured. Internal logic, I/Os and memories are
switched on and remain operational, as the user logic waits for an external input. The device enters this mode
when the standby input of the standby controller is toggled or when an appropriate I1°C or JTAG instruction is issued
by an external master. Various subsystems in the device such as the band gap, power-on-reset circuitry etc can be
configured such that they are automatically turned “off” or go into a low power consumption state to save power
when the device enters this state.
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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 1.2V 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), Voo nT 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 1/0Os 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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Configuration and Testing

This section describes the configuration and testing features of the MachXO2 family.

IEEE 1149.1-Compliant Boundary Scan Testability

All MachXO2 devices have boundary scan cells that are accessed through an IEEE 1149.1 compliant test access
port (TAP). This allows functional testing of the circuit board, on which the device is mounted, through a serial scan
path that can access all critical logic nodes. Internal registers are linked internally, allowing test data to be shifted in
and loaded directly onto test nodes, or test data to be captured and shifted out for verification. The test access port
consists of dedicated I/Os: TDI, TDO, TCK and TMS. The test access port shares its power supply with Voo
Bank 0 and can operate with LVCMOS3.3, 2.5, 1.8, 1.5, and 1.2 standards.

For more details on boundary scan test, see AN8066, Boundary Scan Testability with Lattice syslO Capability and
TN1087, Minimizing System Interruption During Configuration Using TransFR Technology.

Device Configuration

All MachXQO2 devices contain two ports that can be used for device configuration. The Test Access Port (TAP),
which supports bit-wide configuration and the sysCONFIG port which supports serial configuration through I°C or
SPI. The TAP supports both the IEEE Standard 1149.1 Boundary Scan specification and the IEEE Standard 1532
In-System Configuration specification. There are various ways to configure a MachXO2 device:

1. Internal Flash Download

2. JTAG

3. Standard Serial Peripheral Interface (Master SPI mode) — interface to boot PROM memory
4

System microprocessor to drive a serial slave SPI port (SSPI mode)
5. Standard I°C Interface to system microprocessor

Upon power-up, the configuration SRAM is ready to be configured using the selected sysCONFIG port. Once a
configuration port is selected, it will remain active throughout that configuration cycle. The IEEE 1149.1 port can be
activated any time after power-up by sending the appropriate command through the TAP port. Optionally the de-
vice can run a CRC check upon entering the user mode. This will ensure that the device was configured correctly.

The sysCONFIG port has 10 dual-function pins which can be used as general purpose I/Os if they are not required
for configuration. See TN1204, MachXO2 Programming and Configuration Usage Guide for more information
about using the dual-use pins as general purpose I/Os.

Lattice design software uses proprietary compression technology to compress bit-streams for use in MachX0O2
devices. Use of this technology allows Lattice to provide a lower cost solution. In the unlikely event that this technol-
ogy is unable to compress bitstreams to fit into the amount of on-chip Flash memory, there are a variety of tech-
niques that can be utilized to allow the bitstream to fit in the on-chip Flash memory. For more details, refer to
TN1204, MachXQO2 Programming and Configuration Usage Guide.

The Test Access Port (TAP) has five dual purpose pins (TDI, TDO, TMS and TCK). These pins are dual function
pins - TDI, TDO, TMS and TCK can be used as general purpose 1/O if desired. For more details, refer to TN1204,
MachX02 Programming and Configuration Usage Guide.

TransFR (Transparent Field Reconfiguration)

TransFR is a unique Lattice technology that allows users to update their logic in the field without interrupting sys-
tem operation using a simple push-button solution. For more details refer to TN1087, Minimizing System Interrup-
tion During Configuration Using TransFR Technology for details.

Security and One-Time Programmable Mode (OTP)
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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, MachXQO2
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, I’C, 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. For more details refer to the MachXO2 migration files.
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o MachXO2 Family Data Sheet
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January 2013 Data Sheet DS1035
Absolute Maximum Ratings' 3%
MachXO2 ZE/HE (1.2V) MachX02 HC (2.5V/3.3V)
Supply Voltage Ve o oo -05t01.32V .......... ..., -0.5to0 3.75V
Output Supply Voltage Vel o« o v vvoveve e -05t03.75V ... -0.5t0 3.75V
I/O Tri-state Voltage Applied® ................ -05t03.75V . ... Ll -0.5t0 3.75V
Dedicated Input Voltage Applied .. ............ -05t03.75V . ... ..l -0.5t0 3.75V
Storage Temperature (Ambient). . ............ -55°Ct0125°C ............. -55°C to 125°C
Junction Temperature (Ty) . ................. -40°Ct0125°C ............. -40°C to 125°C

1. Stress above those listed under the “Absolute Maximum Ratings” may cause permanent damage to the device. Functional operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

. Compliance with the Lattice Thermal Management document is required.

. All voltages referenced to GND.

. Overshoot and undershoot of -2V to (V|pmax + 2) volts is permitted for a duration of <20ns.

. The dual function 1?C pins SCL and SDA are limited to -0.25V to 3.75V or to -0.3V with a duration of <20ns.

a b~ wdD

Recommended Operating Conditions’

Symbol Parameter Min. Max. Units

Vo] Core Supply Voltage for 1.2V Devices 1.14 1.26 \

ce Core Supply Voltage for 2.5V/3.3V Devices 2.375 3.465 \
Voo 28 I/0 Driver Supply Voltage 1.14 3.465 Y
ticom Junction Temperature Commercial Operation 0 85 °C
tIND Junction Temperature Industrial Operation -40 100 °C
1. Like power supplies must be tied together. For example, if Voo and Vg are both the same voltage, they must also be the same

supply.

2. See recommended voltages by I/O standard in subsequent table.
3. Vgeio pins of unused I/O banks should be connected to the Vs power supply on boards.

Power Supply Ramp Rates'

Symbol Parameter Min. Typ. Max. Units
tramP Power supply ramp rates for all power supplies. 0.01 — 100 V/ms
1. Assumes monotonic ramp rates.

© 2013 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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= LATTICE MachXO2 Family Data Sheet

Power-On-Reset Voltage Levels®?*%*

Symbol Parameter Min. Typ. Max. Units
Power-On-Reset ramp up trip point (band gap based circuit .
Vporup monitoring Vegint @2nd Vegio) 0.9 1.06 v
Vv Power-On-Reset ramp up trip point (band gap based circuit 15 . 51 Vv
PORUPEXT monitoring external Vg power supply) ' :
Vv Power-On-Reset ramp down trip point (band gap based circuit . . 0.93 Vv
PORDNBG monitoring VeoinT) '
Vv Power-On-Reset ramp down trip point (SRAM based circuit . 0.6 . Vv
PORDNSRAM I monitoring VeginT) ‘

1. These POR trip points are only provided for guidance. Device operation is only characterized for power supply voltages specified under rec-
ommended operating conditions.
2. For devices without voltage regulators Voo nT is the same as the V¢ supply voltage. For devices with voltage regulators, VoonT is regu-

lated from the V¢ supply voltage.
3. Note that Vpgryp (min.) and Vporpneg (Max.) are in different process corners. For any given process corner Vporpngg (Max.) is always

12.0mV below VPORUP (mln)
4. VporupexT is for HC devices only. In these devices a separate POR circuit monitors the external V¢ power supply.

Programming/Erase Specifications

Symbol Parameter Min. Max.' Units
Flash Programming cycles per treTeENTION — 10,000
NproGeye . . Cycles
Flash functional programming cycles — 100,000
Data retention at 100°C junction temperature 10 —
tRETENTION . — Years
Data retention at 85°C junction temperature 20 —

1. Maximum Flash memory reads are limited to 7.5E13 cycles over the lifetime of the product.

Hot Socketing Specifications® 3

Symbol Parameter Condition Max. Units
Ipk Input or I/O leakage Current 0 < V|N < ViH (MAX) +/-1000 HA

1. Insensitive to sequence of V¢ and Vgo. However, assumes monotonic rise/fall rates for Vg and Vegio.
2. 0< VCC < VCC (MAX), 0< VCClO < VCClO (MAX)
3. IDK is additive to |pu, IPD or IBH'

ESD Performance

Please refer to the MachXO2 Product Family Qualification Summary for complete qualification data, including ESD
performance.
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DC Electrical Characteristics

Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ. Max. | Units
Clamp OFF and VCC|O < V|N < V|H (MAX) — —_— +175 |J.A
Clamp OFF and VIN = VCClO -10 — 10 IJ.A
Clamp OFF and VCC|O -0.97V < VIN < — —
14 -175 HA
e " Input or I/O Leakage Veeio
Clamp OFF and OV < V|5 < Vg0 - 0.97V | — — 10 MA
Clamp OFF and V|, = GND — — 10 MA
Clamp ON and 0V < VIN < VCCIO — — 10 }J.A
lpy I/0 Active Pull-up Current |0 <V|y<0.7 Vgoi0 -30 — -309 MA
1/0O Active Pull-down —
IPD Current V||_ (MAX) < V|N < VCC|O 30 305 IJ.A
Bus Hold Low sustainin — —
lgHLS current 9 |Vin = Vi (MAX) 30 HA
Bus Hold High sustainin
lsHHS current 9 9 |Vin=0.7Vcoi0 -30 - — HA
Bus Hold Low Overdrive
lsHLO current 0<ViN<Vceio - - 305 HA
Bus Hold High Overdrive
lsHHO current 9 0<ViN<Vceio - - -309 | pA
Ve Bus Hold Trip Points Vi | | Vi v
BHT (MAX) (MIN)
. > Veeio = 3.3V, 2.5V, 1.8V, 1.5V, 1.2V,
C1 I/0O Capacitance Vée = Typ., Vio = 0 1o Vg (MAX) 3 5 9 pf
Dedicated Input Veeio = 3.3V, 2.5V, 1.8V, 1.5V, 1.2V,
c2 Capacitance® Vee = Typ., Vo = 0 to V| (MAX) 3 55 / pf
Vcelo = 3.3V, Hysteresis = Large — 450 — mV
Vcelo = 2.5V, Hysteresis = Large — 250 — mV
Vecio = 1.8V, Hysteresis = Large — 125 — mV
v Hysteresis for Schmitt Vceio = 1.5V, Hysteresis = Large — 100 — mV
HYST Trigger Inputs® Vceio = 3.3V, Hysteresis = Small — | 250 | — mvV
Vceio = 2.5V, Hysteresis = Small — 150 — mV
Vcelo = 1.8V, Hysteresis = Small — 60 — mV
Veeio = 1.5V, Hysteresis = Small — 40 — mV

1. Input or I/O leakage current is measured with the pin configured as an input or as an 1/O with the output driver tri-stated. It is not measured

with the output driver active. Bus maintenance circuits are disabled.
2. Ty 25°C, f = 1.0MHz.
3. Please refer to V|_and V| in the syslO Single-Ended DC Electrical Characteristics table of this document.

4. When V4 is higher than Vg, a transient current typically of 30ns in duration or less with a peak current of 6mA can occur on the high-to-
low transition. For true LVDS output pins in MachX02-640U, MachX02-1200/U and larger devices, V| must be less than or equal to Vg0
5. With bus keeper circuit turned on. For more details, refer to TN1202, MachXO2 syslO Usage Guide.
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Static Supply Current — ZE Devices"*%©

Symbol Parameter Device Typ.* Units

LCMXO02-256ZE 18 HA
LCMX02-640ZE 28 MA
LCMX02-1200ZE 56 HA

lcc Core Power Supply
LCMXO2-2000ZE 80 HA
LCMX0O2-4000ZE 124 MA
LCMXO2-7000ZE 189 MA

lccio szzszovzv%rVSupplyf’ All devices 0 mA

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

. Assumes blank pattern with the following characteristics: all outputs are tri-stated, all inputs are configured as LVCMOS and held at Vo
or GND, on-chip oscillator is off, on-chip PLL is off. To estimate the impact of turning each of these items on, please refer to the following
table or for more detail with your specific design use the Power Calculator tool.

. Frequency = 0 MHz.

. Ty=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.

—_

\S]

[o 06 I S ¢V ]

Static Power Consumption Contribution of Different Components —
ZE Devices

The table below can be used for approximating static power consumption. For a more accurate power analysis for
your design please use the Power Calculator tool.

Symbol Parameter Typ. Units
Ipceg Bandgap DC power contribution 101 HA
IbcPoOR POR DC power contribution 38 MHA
IDCIOBANKCONTROLLER DC power contribution per I/O bank controller 143 MA
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Static Supply Current — HC/HE Devices™ %3 °

Symbol Parameter Device Typ.* Units

LCMX02-256HC 1.15 mA
LCMXO02-640HC 1.84 mA
LCMX02-640UHC 3.48 mA
LCMX02-1200HC 3.49 mA
LCMXO02-1200UHC 4.80 mA
LCMX02-2000HC 4.80 mA

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

lccio szzszovzv%rVSupplyf’ All 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.

[o )06 I N é)

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

. Ty =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.

Symbol Parameter Device Typ.5 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
LCMXO02-7000ZE 20 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. TJ = 25°C, power supplies at nominal voltage.

6. Per bank. Vg0 = 2.5V. Does not include pull-up/pull-down.
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Programming and Erase Flash Supply Current — HC/HE Devices' %34

Symbol Parameter Device Typ.® Units

LCMXO02-256HC 14.6 mA
LCMXO02-640HC 16.1 mA
LCMXO2-640UHC 18.8 mA
LCMX02-1200HC 18.8 mA
LCMXO02-1200UHC 221 mA
LCMX02-2000HC 221 mA

lcc Core Power Supply LCMX0O2-2000UHC 26.8 mA
LCMXO02-4000HC 26.8 mA
LCMX02-7000HC 33.2 mA
LCMXO2-2000HE 18.3 mA
LCMXO2-2000UHE 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 V)0 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. V¢gio = 2.5V. Does not include pull-up/pull-down.
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syslO Recommended Operating Conditions

Veeio (V) Vrer (V)

Standard Min. Typ. Max. Min. Typ. Max.
LVCMOS 3.3 3.135 3.3 3.465 — — —
LVCMOS 2.5 2.375 25 2.625 — — —
LVCMOS 1.8 1.71 1.8 1.89 — — —
LVCMOS 1.5 1.425 1.5 1.575 — — —
LVCMOS 1.2 1.14 1.2 1.26 — — —
LVTTL 3.135 3.3 3.465 — — —
PCI® 3.135 3.3 3.465 — — —
SSTL25 2.375 25 2.625 1.15 1.25 1.35
SSTL18 1.71 1.8 1.89 0.833 0.9 0.969
HSTL18 1.71 1.8 1.89 0.816 0.9 1.08
LvDS25"2 2.375 25 2.625 — — —
LvDS33"? 3.135 3.3 3.465 — — —
LVPECL' 3.135 3.3 3.465 — — —
BLVDS' 2.375 25 2.625 — — —
RSDS' 2.375 25 2.625 — — —
SSTL18D 1.71 1.8 1.89 — — —
SSTL25D 2.375 25 2.625 — — —
HSTL18D 1.71 1.8 1.89 — — —

1. Inputs on-chip. Outputs are implemented with the addition of external resistors.
2. MachX02-640U, MachX02-1200/U and larger devices have dedicated LVDS buffers
3. Input on the bottom bank of the MachX02-640U, MachX02-1200/U and larger devices only.
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syslO Single-Ended DC Electrical Characteristics®?

Input/Output ViL Vin VoL Max. | VouMin. | o, Max.® | Iy Max.*
Standard Min. (V)? Max. (V) Min. (V) Max. (V) V) V) (mA) (mA)
4 -4
8 -8
LVCMOS 3.3 0.4 Vceio - 0.4 12 -12
OVITL -0.3 0.8 2.0 3.6 5 e
24 -24
0.2 Veeio- 0.2 0.1 -0.1
4 -4
8 -8
0.4 Vecio- 0.4
LVCMOS 2.5 -0.3 0.7 1.7 3.6 12 -12
16 -16
0.2 Veeio - 0.2 0.1 -0.1
4 -4
0.4 Veeio - 0.4 8 -8
LVCMOS 1.8 -0.3 0.35Vecio | 0-65Vecio 3.6 > >
0.2 Veeio- 0.2 0.1 -0.1
4 -4
0.4 Vegio- 0.4
LVCMOS 1.5 -0.3 0.35Vccio | 0.65Vecio 3.6 8 -8
0.2 Veeio- 0.2 0.1 -0.1
4 -2
0.4 Vegio- 0.4
LVCMOS 1.2 -0.3 0.35Vecio | 0-65Vecio 3.6 8 -6
0.2 Vecio - 0.2 0.1 -0.1
PCI -0.3 0.3Veeio | 0.5Vecio 3.6 0.1Veeio | 0.9Vecio 15 05
SSTL25 Class | -0.3 Vger- 0.18 | Vger +0.18 3.6 054 |Vggio-0.62 8 8
SSTL25 Class I -0.3 VRer - 0.18 | Vpeg +0.18 3.6 NA NA NA NA
SSTL18 Class | 0.3 VRee - 0.125| Vgep +0.125 3.6 0.40  |[Vggio- 0.40 8 8
SSTL18 Class Il -0.3 VREF -0.125 VHEF +0.125 3.6 NA NA NA NA
HSTL18 Class | -0.3 Veer- 0.1 | Vgpggp+0.1 36 0.40 Vecio - 0.40 8 8
HSTL18 Class Il 0.3 Veege- 0.1 | Vgeg+0.1 36 NA NA NA NA

1. MachXO2 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 1/0Os 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 I2C pins SCL and SDA are limited to a V| min of -0.25V or to -0.3V with a duration of <10ns.

4. The average DC current drawn by 1/Os between GND connections, or between the last GND in an 1/O bank and the end of an I/O bank, as
shown in the logic signal connections table shall not exceed n * 8mA. Where n is the number of 1/Os between bank GND connections or
between the last GND in a bank and the end of a bank.

Input Standard Veeio (V) VL Max. (V)
LVCMOS 33 1.5 0.685
LVCMOS 25 1.5 1.687
LVCMOS 18 1.5 1.164
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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
Input Voltage Veeio =33 0 — 2.605 \
Vinp Vinm Veoio = 2.5 0 2.05 v
CCIO = &- — :

V1D Differential Input Threshold +100 — mV

Veeio = 3.3V 0.05 — 2.6 \
Vem Input Common Mode Voltage

Veeio = 2.5V 0.05 — 2.0 \
N Input current Power on — — =10 HA
VoH Output high voltage for Vop or Vom Rt =100 Ohm — 1.375 — Vv
VoL Output low voltage for Vop or Vo Rt =100 Ohm 0.90 1.025 — \
Vob Output voltage differential (Vop - Vowm), Bt =100 Ohm 250 350 450 mV
AVpp Change in Vop between high and low — — 50 mV
Vos Output voltage offset (Vop - Vom)/2, Rt = 100 Ohm 1.125 1.20 1.395 \'%
AVog Change in Vgg between H and L — — 50 mV
losp Output short circuit current Vop = 0V driver outputs shorted — — 24 mA
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LVDS Emulation

MachXO2 devices can support LVDS outputs via emulation (LVDS25E). The output is emulated using complemen-
tary LVCMOS outputs in conjunction with resistors across the driver outputs on all devices. The scheme shown in
Figure 3-1 is one possible solution for LVDS standard implementation. Resistor values in Figure 3-1 are industry
standard values for 1% resistors.

Figure 3-1. LVDS Using External Resistors (LVDS25E)

VCCIO =25
i 158 :
8mA 3 . * L
Zo =100
VCCIO =25 140 100
158
8mA {1 . C
On-chip Off-chip Off-chip On-chip
— “—
Emulated
LVDS
Buffer

Note: All resistors are +1%.

Table 3-1. LVDS25E DC Conditions

Over Recommended Operating Conditions

Parameter Description Typ. Units
Zout Output impedance 20 Ohms
Rs Driver series resistor 158 Ohms
Rp Driver parallel resistor 140 Ohms
Rt Receiver termination 100 Ohms
VoH Output high voltage 1.43 Vv
VoL Output low voltage 1.07 Vv
Vob Output differential voltage 0.35 \
Vewm Output common mode voltage 1.25 \
Zaack Back impedance 100.5 Ohms
Ioc DC output current 6.03 mA
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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

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

|2.5v } | 2.5V
' 80 45-90 ohms 45-90 ohms |
TmmA 4»—|t| * o \/\/\—||:|—1F 16mAT
EE 2.5V 2.5V ﬁé
16mA 16mA

o

Table 3-2. BLVDS DC Conditions’

Over Recommended Operating Conditions

Nominal

Symbol Description Zo=145 Zo =90 Units
Zout Output impedance 10 10 Ohms
Rs Driver series resistance 80 80 Ohms
RrLerT Left end termination 45 90 Ohms
RTRIGHT Right end termination 45 90 Ohms
VoH Output high voltage 1.376 1.480 Vv
VoL Output low voltage 1.124 1.020 \Y
Vob Output differential voltage 0.253 0.459 \"
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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LVPECL

The MachXO2 family supports the differential LVPECL standard through emulation. This output standard is emu-
lated using complementary LVCMOS outputs in conjunction with resistors across the driver outputs on all the
devices. The LVPECL input standard is supported by the LVDS differential input buffer. The scheme shown in Dif-
ferential LVPECL is one possible solution for point-to-point signals.

Figure 3-3. Differential LVPECL

Veeio = 3.3V |
1 1
| 93 ohms :
1 1

16mA (] o o i
| |
Veero = 3.3V X
celo : 196 ohms 100 ohms :
1 1
. 93 ohms X

16mA Q 3 ° Q
| Transmission line, Zo = 100 ohm differential
1 1

On-chip |  Off-chip Off-chip | On-chip

L —
1 1

Table 3-3. LVPECL DC Conditions’

Over Recommended Operating Conditions

Symbol Description Nominal Units
Zout Output impedance 10 Ohms
Rs Driver series resistor 93 Ohms
Rp Driver parallel resistor 196 Ohms
Rr Receiver termination 100 Ohms
VoH Output high voltage 2.05 \
VoL Output low voltage 1.25 \Y
Vob Output differential voltage 0.80 \'
Vem Output common mode voltage 1.65 \
Zpack Back impedance 100.5 Ohms
Ipc DC output current 12.11 mA

1. For input buffer, see LVDS table.

For further information on LVPECL, BLVDS and other differential interfaces please see details of additional techni-
cal documentation at the end of the data sheet.
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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 294 E
8mA 1 Py Py
s Zo =100 .
VCCIO = 2.5V |
| I 121 100 .
| 294 |
8mA (] o o
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
VoH 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
Ibc DC output current 3.66 mA
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Typical Building Block Function Performance — HC/HE Devices’
Pin-to-Pin Performance (LVCMOS25 12mA 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)

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.

183 MHz
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Typical Building Block Function Performance — ZE Devices'
Pin-to-Pin Performance (LVCMOS25 12mA Drive)

Function | -3 Timing | Units
Basic Functions
16-bit decoder 13.9 ns
4:1 MUX 10.9 ns
16:1 MUX 12.0 ns

Register-to-Register Performance

Function -3 Timing Units
Basic Functions
16:1 MUX 191 MHz
16-bit adder 134 MHz
16-bit counter 148 MHz
64-bit counter 77 MHz

Embedded Memory Functions

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

90 MHz

Distributed Memory Functions
16x4 Pseudo-Dual Port RAM (one PFU) | 214 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.

Derating Logic Timing

Logic timing provided in the following sections of the data sheet and the Lattice design tools are worst case num-
bers in the operating range. Actual delays may be much faster. Lattice design tools can provide logic timing num-
bers at a particular temperature and voltage.
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Maximum syslO Buffer Performance

1/0 Standard Max. Speed Units
LvVDS25 400 MHz
LVDS25E 150 MHz
RSDS25 150 MHz
RSDS25E 150 MHz
BLVDS25 150 MHz
BLVDS25E 150 MHz
MLVDS25 150 MHz
MLVDS25E 150 MHz
LVPECL33 150 MHz
LVPECLS33E 150 MHz
SSTL25_| 150 MHz
SSTL25_lI 150 MHz
SSTL25D_| 150 MHz
SSTL25D_lI 150 MHz
SSTL18_I 150 MHz
SSTL18_lI 150 MHz
SSTL18D_| 150 MHz
SSTL18D_lI 150 MHz
HSTL18_lI 150 MHz
HSTL18_lI 150 MHz
HSTL18D_|I 150 MHz
HSTL18D_lI 150 MHz
PCI33 134 MHz
LVTTL33 150 MHz
LVTTL33D 150 MHz
LVCMOS33 150 MHz
LVCMOS33D 150 MHz
LVCMOS25 150 MHz
LVCMOS25D 150 MHz
LVCMOS25R33 150 MHz
LVCMOS18 150 MHz
LVCMOS18D 150 MHz
LVCMOS18R33 150 MHz
LVCMOS18R25 150 MHz
LVCMOS15 150 MHz
LVCMOS15D 150 MHz
LVCMOS15R33 150 MHz
LVCMOS15R25 150 MHz
LVCMOS12 91 MHz
LVCMOS12D 91 MHz
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MachXO2 External Switching Characteristics — HC/HE Devices’%%% %67

Over Recommended Operating Conditions

-6 -5 -4
Parameter Description Device Min. ‘ Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax pr® | roduency for Primary Glock | o Machx02 devices | — | 388 | — | 323 | — | 269 | MHz
tw PRI gjock Pulse Width for Primary | s\ machxoz devices | 05 | — | 06 | — | 07 | — | ns
MachX02-256HC-HE — 912 — 939 — 975 ps
MachX02-640HC-HE — 844 — 871 — 908 ps
tskew e Primary Clock Skew Within a |MachX02-1200HC-HE| — 868 — 902 — 951 ps
- Device MachX02-2000HC-HE| — 867 — 897 — 941 ps
MachX02-4000HC-HE| — 865 — 892 — 931 ps
MachX02-7000HC-HE| — 902 — 942 — 989 ps
Edge Clock
fuax_£pae® |Frequency for Edge Clock :\S%C:rxd(gsi_g 200and | 1400 | — | 838 | — | 278 | MHz
Pin-LUT-Pin Propagation Delay
trp ﬁfghgﬁsgnzrtﬁaﬁ’j“o” delay | A MachXO2 devices | — | 672 | — | 696 | — | 724 | ns
General /0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256HC-HE — 713 — 7.30 — 7.57 ns
MachX02-640HC-HE — 715 — 7.30 — 7.57 ns
tco Clock to Output - PIO Output MachX02-1200HC-HE| — 7.44 — 7.64 — 7.94 ns
Register MachX02-2000HC-HE| — 7.46 — 7.66 — 7.96 ns
MachX02-4000HC-HE| — 7.51 — 7.71 — 8.01 ns
MachX02-7000HC-HE| — 7.54 — 7.75 — 8.06 ns
MachX02-256HC-HE | -0.06 — -0.06 — -0.06 — ns
MachX0O2-640HC-HE | -0.06 — -0.06 — -0.06 — ns
tsu Clock to Data Setup - PIO MachX02-1200HC-HE | -0.17 | — -0.17 | — -0.17 | — ns
Input Register MachX02-2000HC-HE| -020 | — |[-020 | — |[-020 | — ns
MachX02-4000HC-HE | -0.23 — -0.23 — -0.23 — ns
MachX02-7000HC-HE | -0.23 — -0.23 — -0.23 — ns
MachX02-256HC-HE 1.75 — 1.95 — 2.16 — ns
MachX0O2-640HC-HE | 1.75 — 1.95 — 2.16 — ns
; Clock to Data Hold - P10 Input |MachX02-1200HC-HE | 1.88 — 212 — 2.36 — ns
H Register MachX02-2000HC-HE| 1.89 | — | 213 | — | 237 | — ns
MachX02-4000HC-HE | 1.94 — 2.18 — 2.43 — ns
MachX02-7000HC-HE | 1.98 — 2.23 — 2.49 — ns
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-6 -5 -4
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-256HC-HE | 142 | — | 159 | — | 196 | — ns
MachXO2-640HC-HE | 141 | — [ 158 | — [ 196 | — ns
Clock to Data Setup - PIO MachX02-1200HC-HE| 163 | — | 179 | — | 217 | — ns
tsu DEL Input Register with Data Input
- Delay MachXO2-2000HC-HE| 161 | — | 176 | — | 213 | — ns
MachX02-4000HC-HE| 166 | — | 1.81 | — [ 219 | — ns
MachX02-7000HC-HE| 153 | — | 167 | — | 203 | — ns
MachX02-256HC-HE | -024 | — [ -024 | — [ -024 | — ns
MachX02-640HC-HE | -023 | — [ -023| — [-023| — ns
¢ Clock to Data Hold - P1O Input |MachX02-1200HC-HE | -0.24 — -0.24 — -0.24 — ns
H_DEL Register with Input Data Delay [MachX02-2000HC-HE| -023 | — | -023 | — |[-023| — ns
MachX02-4000HC-HE| -025 | — [-025 | — [ -025| — ns
MachX02-7000HC-HE| -021 | — [ -021 | — [-021| — ns
fuax 10 S:SSKR'Zgi‘;t‘;”CV of /Oand | A Machx02 devices | — | 388 | — | 323 | — | 269 | MHz
General /0 Pin Parameters (Using Edge Clock without PLL)
MachX02-1200HC-HE] — [ 753 [ — [776 [ — [ 810 | ns
t Clock to Output - PIO Output  |MachXO2-2000HC-HE| — [ 753 | — [ 776 | — [ 810 | ns
COE Register MachXO2-4000HC-HE| — | 7.45 | — | 768 | — | 800 | ns
MachX02-7000HC-HE| — | 753 | — [ 776 | — | 810 | ns
MachX02-1200HC-HE| -0.19 | — [-019 | — [-019 | — ns
t Clock to Data Setup - PIO MachX02-2000HC-HE| -0.19 | — [-019 | — [-019 | — ns
SUE Input Register MachX02-4000HC-HE | -0.16 | — | -0.16 | — | -0.16 | — | ns
MachX02-7000HC-HE| -0.19 | — [-019 | — [-019| — ns
MachXO2-1200HC-HE| 197 | — | 224 | — | 252 | — ns
; Clock to Data Hold - P10 Input |MachX02-2000HC-HE | 1.97 — 2.24 — 2.52 — ns
HE Register MachXO2-4000HC-HE| 1.89 | — | 216 | — | 243 | — ns
MachX02-7000HC-HE| 1.97 | — | 224 | — | 252 | — ns
MachX02-1200HC-HE| 156 | — | 169 | — | 2.05 | — ns
Clock to Data Setup - PIO MachX02-2000HC-HE| 156 | — | 169 | — | 2.05 | — ns
tsu DELE Input Register with Data Input
- Delay MachXO2-4000HC-HE| 174 | — | 188 | — | 225 | — ns
MachX02-7000HC-HE| 166 | — | 1.81 | — | 217 | — ns
MachX02-1200HC-HE| -023 | — | -023| — [ -023| — ns
) Clock to Data Hold - P1O Input |MachX02-2000HC-HE | -0.23 — -0.23 — -0.23 — ns
H_DELE Register with Input Data Delay [MachX02-4000HC-HE| -0.34 | — | -034 | — |-0.34 | — ns
MachX02-7000HC-HE| -029 | — [ -029 | — [ -029 | — ns
General I/0 Pin Parameters (Using Primary Clock with PLL)
MachX02-1200HC-HE] — [ 597 [ — [ 600 | — [ 613 ] ns
; Clock to Output - PIO Output  |MachX02-2000HC-HE| — 5.98 — 6.01 — 6.14 ns
COPLL Register MachXO2-4000HC-HE| — | 599 | — | 6.02 | — | 6.16 | ns
MachX02-7000HC-HE| — | 602 | — | 606 | — | 620 | ns
MachXO2-1200HC-HE| 036 | — | 036 | — | 065 | — ns
t Clock to Data Setup - PIO MachXO2-2000HC-HE| 036 | — | 036 | — | 063 | — ns
SUPLL Input Register MachXO2-4000HC-HE| 035 | — | 035 | — | 062 | — ns
MachX02-7000HC-HE| 034 | — [ 034 | — | 059 | — ns

3-18




= LATTICE

DC and Switching Characteristics
MachXO2 Family Data Sheet

-6 -5 -4
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-1200HC-HE | 0.41 — 0.48 — 0.55 — ns
¢ Clock to Data Hold - P10 Input |[MachX02-2000HC-HE | 0.42 — 0.49 — 0.56 — ns
HPLL Register MachX02-4000HC-HE| 043 | — | 050 | — | 058 | — | ns
MachX0O2-7000HC-HE | 0.46 — 0.54 — 0.62 — ns
MachX02-1200HC-HE | 2.88 — 3.19 — 3.72 — ns
Clock to Data Setup - PIO 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 | — |-083 | — ns
¢ Clock to Data Hold - P1O Input |MachX02-2000HC-HE | -0.83 — -0.83 — -0.83 — ns
H.DELPLL | Register with Input Data Delay [MachX02-4000HC-HE| -087 | — | 087 | — | -087 | — | ns
MachX0O2-7000HC-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®
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®
tova Input Data Valid After CLK — | 0316 — |0342| — |0.364| UI
tove Input Data Hold After CLK MachX02-640U, 0710 — |0675| — |0679| — ul
foata gEeZ)éZ Serial Input Data :\;I%cgrxd(()ji g eZSS),O/U and | 664 _ 554 _ 462 | Mbps
foDRX2 DDRX2 ECLK Frequency bottom side only — 82 | — [ 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®
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 Il\élfgc:rxd(gsi ; é2£O/U and | 664 _ 554 _ 462 | Mbps
foDRY2 DDRX2 ECLK Frequency bottom 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

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

tova Input Data Valid After ECLK — |0290| — |0320| — |0.345| Ul

tove Input Data Hold After ECLK MachX02-640U 0739| — |0699| — |0.703| — ul
DDRX4 Serial Input Data MachX02-1200/U and

foaTa Speed larger devices, - 756 - 630 - 524 | Mbps

T— DDRX4 ECLK Frequency bottom side only — | 378 | — | 315 | — | 262 | MHz

fscLk SCLK Frequency — 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 MachX0O2-640U 0287| — (0287 | — |0344 | — ns
DDRX4 Serial Input Data MachX02-1200/U and | . .

foatA Speed larger devices, 756 630 524 | Mbps

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)°

tova Input Data Valid After ECLK — |0290| — |0320| — |0.345| Ul

tovE Input Data Hold After ECLK 0739| — |0699| — |0.703| — ul
DDR71 Serial Input Data MachX02-640U,

foaTa Speed MachX02-1200/Uand | — | /%6 | — | 830 | — | 524 | Mbps

T— DDR71 ECLK Frequency 'S"’;é%e;rﬂ;‘”ces’ bottom ™ —"1"378 | — | 315 | — | 262 | MHz
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®
Output Data Invalid After CLK

tpia Output — | 0520 — |[0550| — |0580| ns
Output Data Invalid Before All MachXO2 devices

t : — |0520| — |0550| — |0.580| ns

piB CLK Output all sides

fDATA DDRX1 Output Data Speed — 300 — 250 — 208 | Mbps

foDRX1 DDRX1 SCLK frequency — 150 — 125 — 104 | MHz

Generic DDR Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —- GDDRX1_TX.SCLK.Centered®
Output Data Valid Before CLK

tove Output 1210 | — |1510| — |1.870| — ns
Output Data Valid After CLK

tbva omgut All MachXO2 devices, | 1210 | — 11510} — 11870 | — ns

all sides

fDATA DDRX1 Output Data Speed — 300 — 250 — 208 | Mbps
DDRX1 SCLK Frequency

fooRxi (minimum limited by PLL) — | W0 — |13 — | 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 — 0200 — |0215| — /0230 ns
Output Data Invalid Before
tois MachX02-640U, — |0200| — |0215| — |[0.230| ns
CLK Output MachX02-1200/U and
DDRX2 Serial Output Data larger devices, top side | . .
foaTA Speed only 664 554 462 | Mbps
foDRX2 DDRX2 ECLK frequency — 332 — 277 — 231 MHz
fscLk SCLK Frequency — 166 — 139 — 116 | MHz
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Parameter

Description

Device

-6

-5

-4

Min. ‘ Max.

Min. ‘ Max.

Min. ‘ Max.

Units

Generic DDRX2 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clo

ck Input - GDDRX2_TX.ECLK.Centered®

Output Data Valid Before CLK

tovs Output

t Output Data Valid After CLK
DVA Output

f DDRX2 Serial Output Data
DATA Speed

f DDRX2 ECLK Frequency
DDRX2 (minimum limited by PLL)
fscLk SCLK Frequency

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

0535 | —

0.670 | —

0.830 | —

ns

0535 | —

0.670 | —

0.830 | —

ns

— 664 — 554 — 462 | Mbps
— 332 — 277 — 231 MHz
— 166 — 139 — 116 | MHz

Generic DDRX4 Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —- GDDRX4_TX.

ECLK.Aligned®

Output Data Invalid After CLK

toia Output — |0200| — |0215| — ]0.230| ns
Output Data Invalid Before
tois MachX02-640U, — |0200| — |0215| — ]0.230| ns
CLK Output MachX02-1200/U and
DDRX4 Serial Output Data larger devices, top side | . .
fDATA Speed only 756 630 524 Mbps
fODRX4 DDRX4 ECLK Frequency — 378 — 315 — 262 | MHz
fscLk SCLK Frequency — 95 — 79 — 66 MHz
Generic DDRX4 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX4_TX.ECLK.Centered®
Output Data Valid Before CLK
tDVB OUtpUt 0.455 — 0.570 — 0.710 — ns
Output Data Valid After CLK
- MachX02-1200/U and
fDATA gEeF;)é4 Serial Output Data larger devices, top side | — 756 — 630 — 524 | Mbps
only
DDRX4 ECLK Frequency
foorx (minimum limited by PLL) — | %8| — | 816 | — | 262 | MHz
fsoLk SCLK Frequency — 95 — 79 — 66 MHz
7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1°
Output Data Valid Before CLK
tove Output — |0160| — |0.180| — |0.200| ns
OQutput Data Valid After CLK
tova — |0160| — |0.180| — |0.200| ns
Output MachX02-640U,
DDR?71 Serial Output Data MachX02-1200/U and | . .
foatA Speed larger devices, top side 756 630 524 | Mbps
T— DDR71 ECLK Frequency only. — | 378 | — | 3156 | — | 262 | MHz
7:1 Output Clock Frequency
foLkouT (SCLK) (minimum limited by — 108 — 90 — 75 MHz

PLL)
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6 5 4
Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Min. ‘ Max. | Units
LPDDR?®
tovaoa it o Afler DAs — |o369| — |0395| — |o421| ui
Input Data Hold After DQS
tbveba Ingut 0529 | — |0530| — [0527| — ul
Output Data Invalid Before
'oaves  |pQS Output MachX02-1200/U and | 0-25 | — | 025 | — 025 | — | Ul
: larger devices, right
tbas  |outat e ARerBAS Teide only 025 | — | 025 | — |025 | — | Ul
foata I\S/IFI)EeI\gdLPDDR Serial Data . 280 . 250 . 208 | Mbps
fscLk SCLK Frequency — 140 — 125 — 104 | MHz
fLPDDR LPDDR Data Transfer Rate 0 280 0 250 0 208 | Mbps
DDR?
tovaDQ :2% Data Valid After DQS — |o0ss0| — |o0s387| — |o0414| ui
tveba  [pog o AlerDAs 0545 — |o0538| — |0532| — | Ul
Output Data Invalid Before
tbQves MachX02-1200/U and | 0.25 — 0.25 — 0.25 — ul
? DQS Output larger devices, right
toauas 83:33} Data Invalid After DQS |side only. 0.25 . 0.25 . 025 . Ul
foATA MEM DDR Serial Data Speed — 300 — 250 — 208 | Mbps
fSCLK SCLK Frequency — 150 — 125 — 104 MHz
fwem ppr  |MEM DDR Data Transfer Rate N/A | 300 N/A | 250 N/A | 208 | Mbps
DDR2°
tvaoa it AflerBas — |o0360| — |0878| — |0406| Ui
tovena :233: Data Hold After DQS 0555 | — |0549| — |o0542 — | ul
Output Data Invalid Before
'oavas DQS Output MachX02-1200/U and | 025 | — [ 025 | — | 025 | — | Ul
- larger devices, right
toQVAS 83}33: Data Invalid After DQS | jge onjy, 025 | — |025| — |025| — | Ul
foATA MEM DDR Serial Data Speed — [ 300 | — | 250 | — | 208 | Mbps
fsoLk SCLK Frequency — 150 — 125 — 104 | MHz
fvem_poRe |l DDR2 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 1.14V. Other
operating conditions, including industrial, can be extracted from the Diamond software.

2. General I/0 timing numbers based on LVCMOS 2.5, 8mA, 0pf load.

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

4. DDR timing numbers based on SSTL25. DDR2 timing numbers based on SSTL18. LPDDR timing numbers based in LVCMOS18.
5. 7:1 LVDS (GDDR71) uses the LVDS I/O standard (for input, output, and clock ports).

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

7. Thetgy pgL and ty pgp values use the SCLK_ZERHOLD default step size. Each step is 105ps (-6), 113ps (-5), 120ps (-4).

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

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

10. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.

3-22



DC and Switching Characteristics
MachXO2 Family Data Sheet

= LATTICE

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® | oduency for Primary Clock | oy machx02 devices| — | 150 | — | 125 | — | 104 | MHz
tw_ PRI gjock Pulse Width for Primary | sy machxoz devices| 1.00 | — | 120 | — | 140 [ — | ns
MachX02-256ZE — 1250 — 1272 — 1296 ps
MachX02-640ZE — 1161 — 1183 — 1206 ps
tekew Pl Brimary 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 :\gfgcgr)égsi'g 200and | 1210 | — | 175 | — | 146 | MHz
Pin-LUT-Pin Propagation Delay
top E}fﬁbgﬁfﬂgiﬁ?ﬁ“on delay | Al MachXO2 devices| — | 935 | — | 978 | — |1021| ns
General /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
tco g|oqk 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 IC|OCk to Data Setup - PIO MachX0O2-1200ZE -0.25 — -0.25 — -0.25 — ns
nput Register MachX02-2000ZE | -0.27 | — |-027 | — |-027 | — ns
MachX02-4000ZE -0.31 — -0.31 — -0.31 — ns
MachX02-7000ZE -0.33 — -0.33 — -0.33 — ns
MachX02-256ZE 3.96 — 4.25 — 4.65 — ns
MachX02-640ZE 4.01 — 4.31 — 4.71 — ns
t Cloqk to Data Hold - PIO Input |MachX02-1200ZE 3.95 — 4.29 — 4.73 — ns
Register MachX02-2000ZE 3.94 — 4.29 — 4.74 — ns
MachX02-4000ZE 3.96 — 4.36 — 4.87 — ns
MachX02-7000ZE 3.93 — 4.37 — 4.91 — ns
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-256ZE 262 | — [ 291 | — [314 ] — ns
MachX02-640ZE 256 | — | 285 | — | 308 | — ns
Clock to Data Setup - PIO MachX02-1200ZE 230 | — | 257 | — |279 | — ns
tsu DEL Input Register with Data Input
- Delay MachX02-2000ZE | 225 | — [ 250 | — [ 270 | — ns
MachX02-4000ZE | 239 | — [ 260 | — | 276 | — ns
MachX02-7000ZE | 217 | — [ 233 | — [ 243 | — ns
MachX02-256ZE 044 | — |-044| — |-044]| — ns
MachX02-640ZE 043 | — |-043| — |-043| — ns
; Clock to Data Hold - PIO Input |MachX02-1200ZE -0.28 — -0.28 — -0.28 — ns
H_DEL Register with Input Data Delay [MachX02-2000ZE | -0.31 | — | -031 | — | -031 | — ns
MachX02-4000ZE | -0.34 | — | -034| — [-034| — ns
MachX02-7000ZE | -021 | — [-021| — [-021| — ns
fax 10 g:ﬁ’l‘jkﬂzrgegi‘:rncy of /Oand | A} Machx02 devices| — | 150 | — | 125 | — | 104 | MHz
General I/0 Pin Parameters (Using Edge Clock without PLL)
MachX02-1200ZE — 1110 — [1181] — [1191] ns
t Clock to Output - PIO Output |MachX02-2000ZE — 1110 — [1181] — [1191] ns
COE Register MachXO2-4000ZE — |1089 ] — [1128] — [1167| ns
MachX02-7000ZE — 1110 — [11581| — [1191] ns
MachX02-1200ZE | -023 | — |-023 | — [-023| — ns
t Clock to Data Setup - PIO MachX02-2000ZE | -023 | — |-023| — [-023| — ns
SUE Input Register MachX02-4000ZE | -0.15 | — | -015| — |-015| — | ns
MachX02-7000ZE | -023 | — |-023| — [-023| — ns
MachX02-1200ZE | 381 | — | 411 | — [ 452 | — ns
; Clock to Data Hold - PIO Input |MachX02-2000ZE 3.81 — 4.11 — 4.52 — ns
HE Register MachX02-4000ZE | 360 | — | 389 | — | 428 | — | ns
MachX02-7000ZE | 381 | — | 411 | — [ 452 | — ns
MachX02-1200ZE | 278 | — | 311 | — [ 340 | — ns
Clock to Data Setup - PIO MachX02-2000ZE 278 | — | 311 | — | 340 | — ns
tsu DELE Input Register with Data Input
- Delay MachX02-4000ZE | 311 | — [ 348 | — [ 379 | — ns
MachX02-7000ZE | 294 | — [ 330 | — | 360 | — ns
MachX02-1200ZE | -029 | — [ -029 | — [-029| — ns
¢ Clock to Data Hold - PIO Input |MachX02-2000ZE -0.29 — -0.29 — -0.29 — ns
H_DELE Register with Input Data Delay [MachXO2-4000ZE | -0.46 | — | -0.46 | — | -0.46 | — ns
MachX02-7000ZE | -037 | — [-037 | — [-037| — ns
General I/0 Pin Parameters (Using Primary Clock with PLL)
MachX02-1200ZE — | 795 | — [807| — [819 | ns
t Clock to Output - PIO Output |MachX02-2000ZE — | 797 | — [810| — [822 ] ns
COPLL Register MachXO2-4000ZE — | 798 — [ 810 | — [823| ns
MachX02-7000ZE — [ 802 — [814| — [826 | ns
MachX02-1200ZE 085 | — [08 | — [o089 | — ns
t Clock to Data Setup - PIO MachX02-2000ZE 084 | — [084 ] — [o08 | — ns
SUPLL Input Register MachXO2-4000ZE | 0.84 | — | 084 | — | 085 | — | ns
MachX02-7000ZE 083 — [083 | — [o081 ] — ns
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Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
MachX02-1200ZE 0.66 — 0.68 — 0.80 — ns
¢ Clock to Data Hold - PIO Input |MachX02-2000ZE 0.68 — 0.70 — 0.83 — ns
HPLL Register MachXO2-4000ZE | 068 | — | 071 | — | 084 | — | ns
MachX02-7000ZE 0.73 — 0.74 — 0.87 — ns
MachX02-1200ZE 5.14 — 5.69 — 6.20 — ns
t ﬁ'osré% Di:tt:rsvﬁmpD; g?n .t |Machx02-2000zE | 541 | — [567 | — [ 617 | — | ns
SU_DELPLL Df;lay 9 PU Machx02-4000ZE | 527 | — | 584 | — | 635 | — | ns
MachX02-7000ZE 5.15 — 5.71 — 6.23 — ns
MachX02-1200ZE -1.36 — -1.36 — -1.36 — ns
i Clock to Data Hold - PIO Input MachX02-2000ZE -1.35 — -1.35 — -1.35 — ns
H.DELPLL — |Register with Input Data Delay [MachX02-4000ZE | -1.43 | — | 143 | — |-143| — | ns
MachX02-7000ZE -1.41 — -1.41 — -1.41 — ns
Generic DDRX1 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input — GDDRX1_RX.SCLK.Aligned®’
tova Input Data Valid After CLK — 0382 | — | 0.401 — | 0417 | UI
tove Input Data Hold After CLK All MachXO2 0670 | — |0684| — |0.693| — ul
fDATA DDRX1 Input Data Speed devices, all sides — | 140 | — | 116 | — 98 | Mbps
fopRX1 DDRX1 SCLK Frequency — 70 — 58 — 49 MHz

Generic DDRX1 Inputs with Clock and Data Centered at Pin Using P

CLK Pin for Clock Input — GDDR

X1_RX.SCLK.Centered®

tsu Input Data Setup Before CLK 1319 | — | 1412 | — [1462| — ns
tho Input Data Hold After CLK All MachX0O?2 0.717 | — 1.010 | — 1340 | — ns
foATA DDRX1 Input Data Speed devices, all sides — | 140 | — | 116 | — 98 | Mbps
foDRX1 DDRX1 SCLK Frequency — 70 — 58 — 49 MHz
Generic DDRX2 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —- GDDRX2_RX.ECLK.Aligned®
tova Input Data Valid After CLK — | 0.361 — 10346 | — |0.334 | Ul
tove Input Data Hold After CLK MachX02-640U, 0602| — |0625| — |0.648| — ul
o |oormce SR Max02 12000y T gy [ o | | toa | g
[— DDRX2 ECLK Frequency bottom side only — 140 | — | 117 | = | 97 | MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz
Generic DDRX2 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —- GDDRX2_RX.ECLK.Centered®
tsu Input Data Setup Before CLK 0472 — |0672| — |0865| — ns
tho Input Data Hold After CLK MachX02-640U, 0.363 | — | 0.501 — 10743 | — ns
oS0 SR Marx02 12000y T gy [ || toa | g
foDRY2 DDRX2 ECLK Frequency bottom side only — 140 | = [ 117 | = | 97 | MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz
Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input - GDDRX4_RX.ECLK.Aligned®
tova Input Data Valid After ECLK — 0307 — |0316| — |[0.326| Ul
tove Input Data Hold After ECLK MachX02-640U, 0662| — |0650| — |0649| — ul
N o e T
Ta— DDRX4 ECLK Frequency bottom side only — [ 210 | — [ 176 | — | 146 | MHz
fsoLk SCLK Frequency — 53 — 44 — 37 MHz
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
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 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 - 852 - 292 | Mbps
T— DDRX4 ECLK Frequency bottom side only — 210 [ = [ 176 | — | 146 | MHz
fsoLk 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| UI
tovE Input Data Hold After ECLK 0662| — |0650| — |0649| — ul
DDR71 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
feLKIN (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 — |080| — |0910| — |0970| ns
Output Data Invalid Before All MachXO2

t — |080| — |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 Centered at Pin Using PCLK Pin for Clock Input —- GDDRX1_TX.SCLK.Centered®

Output Data Valid Before CLK

tove Output 2720 | — |3380| — [|4140| — ns
Output Data Valid After CLK
tova Outgut All MachXO2 2720 | — |3380| — |4140| — ns
devices, all sides
foaTA DDRX1 Output Data Speed — 140 — 116 — 98 | Mbps
fobRx1 DDRX1 SCLK Frequency _ 70 _ 58 _ 49 | MHz

(minimum limited by PLL)

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

tbia Output — |0270| — |0300| — |0.330| ns
Output Data Invalid Before
t MachX02-640U, — | 0270 — |0300| — |0.330| ns
o CLK Output MachX02-1200/U
DDRX2 Serial Output Data and larger devices, - . .
fDATA Speed top side only 280 234 194 Mbps
fDDRX2 DDRX2 ECLK frequency — 140 — 117 — 97 MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz
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-3 -2 -1
Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units

Generic DDRX2 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX2_TX.ECLK.Centered®

Output Data Valid Before CLK

tove Output 1445| — |1760| — |2140| — | ns
Output Data Valid After CLK
tova Output MachX02-640U, 1.445 — 1.760 — 2.140 — ns
- MachX02-1200/U
foaa QDAX2 Serial Output Data | ang arger devices, | — | 280 | — | 284 | — | 194 | Mbps
P top side only
DDRX2 ECLK Frequency . . .
foorxe (minimum limited by PLL) 140 17 97 | MHz
fscLk SCLK Frequency — 70 — 59 — 49 MHz

Generic DDRX4 Outputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —- GDDRX4_TX.ECLK.Aligned®

Output Data Invalid After CLK

toia Output — | 0270 — |0300| — |0.330| ns
Output Data Invalid Before
t MachX02-640U, — | 0270 — |0300| — |0.330| ns
o® CLK Output MachX02-1200/U
DDRX4 Serial Output Data and larger devices, . . .
foaTa Speed top side only 420 852 292 | Mbps
foDRX4 DDRX4 ECLK Frequency — 210 — 176 — 146 | MHz
fscLk SCLK Frequency — 53 — 44 — 37 MHz

Generic DDRX4 Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX4_TX.ECLK.Centered®

Output Data Valid Before CLK

tove Output 0873| — |1.067| — |1319] — | ns
Output Data Valid After CLK

tova Outgut MachX02-640U, 0873 — |[1.067| — [1319| — | ns

- MachX02-1200/U

fonta QDRX4 Serial Output Data | ang larger devices, | — | 420 | — | 352 | — | 292 | Mbps
P top side only
DDRX4 ECLK Frequency

fopRx4 (minimum limited by PLL) — | 20| — | 176 | — | 146 | MHz

fsoLk SCLK Frequency — 53 — 44 — 37 MHz

7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1°

tove 83:23% Data Valid Before CLK — loz2a0! — lo270! — |0300! ns
Output Data Valid After CLK

tova — |o0240| — |o0270| — |0300]| ns
Output MachX02-640U,
DDR71 Serial Output Data MachX02-1200/U

foaTa Speed and larger devices, - 420 - 852 - 292 | Mbps

fooR71 DDR71 ECLK Frequency | 'OP Side only. — 210 [ — [ 176 | — | 146 | MHz
7:1 Output Clock Frequency

foLKoUT (SCLK) (minimum limited by — | 60 | — | 50 | — | 42 | MHz
PLL)
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Parameter Description Device Min. | Max. | Min. | Max. | Min. | Max. | Units
LPDDR®
tovana :283} Data Valid After DQS — o349 — |o0s3s1| — |039% | Ul
tveoa it ol AflerBAs 0665| — |0630| — |0613| — | Ul
Output Data Invalid Before
'oqves DQS Output MachXO2-12000y | 025 | — | 025 | — 025 — | Ul
- and larger devices,
toauas 83:?3} Data Invalid After DQS | o+ side only, 025 | — 025 | — |o025| — | ui
foaTA {\S/Iplfel\gdLPDDR Serial Data . 120 . 110 o 96 Mbps
fscLk SCLK Frequency — 60 — 55 — 48 MHz
fLPDDR LPDDR Data Transfer Rate 0 120 0 110 0 96 Mbps
DDR®
tovADG :EBEE Data Valid After DQS — losa7| — loszal — loses!| ui
tveoa it ol AflerBAs 0665| — |0637| — |0616| — | UI
Output Data Invalid Before
toqves MachX02-1200/U 0.25 — 0.25 — 0.25 — ul
? DQS Output and larger devices,
toavAS 83:33: Data Invalid After DQS |right side only. 0.25 . 0.25 . 0.25 o Ul
foaTA MEM DDR Serial Data Speed — 140 — 116 — 98 | Mbps
fscLk SCLK Frequency — 70 — 58 — 49 MHz
fMEM_DDR MEM DDR Data Transfer Rate N/A 140 N/A 116 N/A 98 Mbps
DDR2°
tovADQ :223: Data Valid After DQS — |os72| — |o0394| — |o04t0| ul
tovena oyt D2ta fold After QS 0690 | — |0658| — |o0618| — | UI
Output Data Invalid Before
'baves DQS Output MachX02-1200/U 025 | — | 025 | — (025 | — | Ul
: and larger devices,
toQuas Oty ot Invalid AerBAS rignt side only. 025 | — [025| — |025| — | Ul
foaTA MEM DDR Serial Data Speed — [ 140 | — | 116 | — 98 | Mbps
fscLk SCLK Frequency — 70 — 58 — 49 MHz
fuem_pore | DDR2 Data Transter N/A | 140 | N/A | 116 | N/A | 98 | Mbps

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

2. General I/O timing numbers based on LVCMOS 2.5, 8mA, 0pf load.

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

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

5. 7:1 LVDS (GDDR71) uses the LVDS 1/0O standard (for input, output, and clock ports).

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

7. Thetgy pgL and ty pg values use the SCLK_ZERHOLD default step size. Each step is 167ps (-3), 182ps (-2), 195ps (-1).

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

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

10. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.
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Figure 3-5. Receiver RX.CLK.Aligned and MEM DDR Input Waveforms

RX CLK Input ‘ ‘
or DQS Input : :
|

RX Data Input 00000 R0 MO0
or DQ I ’0’0’0‘0‘0’0‘0‘-‘0‘0‘0‘0’0’0‘0‘-’0’0’0‘0‘0’0‘0‘
RX.Aligned  'DvA O tbvaDQ 34” | EA |

| |
tpvE or tpveDQ \ —> >

Figure 3-6. Receiver RX.CLK.Centered Waveforms

|
RX CLK Input \I

00000 00000\
RX Data fnput ‘o‘o‘o’o’o‘o‘o‘“‘0’0‘0’0’0‘0‘0’“‘0‘0‘0‘0’0’0‘0‘

RX.Centered

| |
tsu :tHo tsu ! tHo

Figure 3-7. Transmitter TX.CLK.Aligned Waveforms

| |
TX CLK Output )I \I /
| |

0000t 0000 0000
T Data Output ‘0’0‘0‘0‘0’-’0‘0’0‘0‘-‘0‘0‘0’0’0‘
>

|
TX.Aligned AR e >
| |
tpiB :tDIA tpiB :tDIA

Figure 3-8. Transmitter TX.CLK.Centered and MEM DDR Output Waveforms

TX CLK Output - ‘ ‘
or DQS Output \ /! \

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

| |
tpyg Or : tpva or tpyg Or : tpya or
tbaves : tbavas  tbaqves | tbavas
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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
125 MHz — | | | |
Bit #! Bit #! Bit #! Bit #! i
For each Channel: 00-1! 10-8 | 20151 30-22, ;
7-bit Words From 01-2! 11-91 21161 31-23) |
FPGA Fabric 02-3 12-1Q 2217, 32-24 |
03-41 1314 2318 33-25 |
04-5! 14-13 24 19! 34 - 26) |
05-6 15-13 25 20! 35- 27, :
06-7 | 16-14 26 21 36- 28 |

Figure 3-10. Receiver GDDR71_RX. Waveforms

cLk 1/ /S
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it !

Figure 3-11. Transmitter GDDR71_TX. Waveforms
CLK /
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>

—» H— tDIB
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sysCLOCK PLL Timing
Over Recommended Operating Conditions
Parameter Descriptions Conditions Min. Max. Units
fin Input Clock Frequency (CLKI, CLKFB) 7 400 MHz
fout 8EthoutS(23)lock Frequency (CLKOP, CLKOS, 15625 | 400 MHz
fours 8E:<poutsgequency (CLKOS3 cascaded from 0.0122 | 400 MHz
fvco PLL VCO Frequency 200 800 MHz
fPFD Phase Detector Input Frequency 7 400 MHz
AC Characteristics
tor Output Clock Duty Cycle Without duty trim selected® 45 55 %
toT TRIM Edge Duty Trim Accuracy -75 75 %
tpy* Output Phase Accuracy -6 6 %
Output Clock Period Jitter four > 100MHz — 150 PS PP
fout < 100MHz — 0.007 UIPP
Output Clock Cycle-to-cycle Jitter four > 100MHz — 180 PS PP
fout < 100MHz — 0.009 UIPP
toput"® Output Clock Phase Jitter fprp > 100MH2 — 160 PS PP
fprp < 100MHz — 0.011 UIPP
Output Clock Period Jitter (Fractional-N) four > 100MHz _ 230 PS PP
fout < 100MHz — 0.12 UIPP
Output Clock Cycle-to-cycle Jitter four > 100MHz — 230 ps p-p
(Fractional-N) fout < 100MHz — 0.12 UIPP
tspo Static Phase Offset Divider ratio = integer -120 120 ps
tw Output Clock Pulse Width At 90% or 10%°® 0.9 — ns
tLock®? PLL Lock-in Time — 15 ms
tunLocK PLL Unlock Time — 50 ns
tipuir® Input Clock Period Jitter fprp 2 20 MHz — 1,000 PS PP
fprp < 20 MHz — 0.02 UIPP
t) Input Clock High Time 90% to 90% 0.5 — ns
tLo Input Clock Low Time 10% to 10% 0.5 — ns
tsTABLE® STANDBY High to PLL Stable — 15 ms
trsT RST/RESETM Pulse Width 1 — ns
tRsTREC RST Recovery Time 1 — ns
trsT DIV RESETC/D Pulse Width 10 — ns
trstrec piv |RESETC/D Recovery Time 1 — ns
trotate-seTup |PHASESTEP Setup Time 10 — ns
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sysCLOCK PLL Timing (Continued)

Over Recommended Operating Conditions

Parameter Descriptions Conditions Min. Max. Units
tROTATE_WD PHASESTEP Pulse Width 4 — VCO CyCleS
1. Period jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clock. Cycle-to-cycle jitter is taken over
1000 cycles. Phase jitter is taken over 2000 cycles. All values per JESD65B.

2. Output clock is valid after t) ook for PLL reset and dynamic delay adjustment.

3. Using LVDS output buffers.

4. CLKOS as compared to CLKOP output for one phase step at the maximum VCO frequency. See TN1199, MachXO2 sysCLOCK PLL
Design and Usage Guide for more details.

5. At minimum fpgp, As the fppp increases the time will decrease to approximately 60% the value listed.

6. Maximum allowed jitter on an input clock. PLL unlock may occur if the input jitter exceeds this specification. Jitter on the input clock may be
transferred to the output clocks, resulting in jitter measurements outside the output specifications listed in this table.

7. Edge Duty Trim Accuracy is a percentage of the setting value. Settings available are 70 ps, 140 ps, and 280 ps in addition to the default
value of none.

8. Jitter values measured with the internal oscillator operating. The jitter values will increase with loading of the PLD fabric and in the presence

of SSO noise.
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MachXO2 Oscillator Output Frequency

Symbol Parameter Min. Typ. Max Units

Oscilla’ior Output Frequency (Commercial Grade Devices, 125.685 133 140.315 MHz
¢ 0 to 85°C)

MAX - - -

Oscillator Output Frequency (Industrial Grade Devices,

-40 to 100°C) 124.355 133 141.645 MHz
toT Output Clock Duty Cycle 43 50 57 %
topurt! Output Clock Period Jitter 0.01 0.012 0.02 UIPP
tsTABLEOSC STDBY Low to Oscillator Stable 0.01 0.05 0.1 Ms

1. Output Clock Period Jitter specified at 133MHz. The values for lower frequencies will be smaller UIPP. The typical value for 133MHz is 95ps
and for 2.08MHz the typical value is 1.54ns.

MachX0O2 Standby Mode Timing — ZE Devices

Symbol Parameter Device Min. Typ. Max Units
tPwWRDN USERSTDBY High to Stop All — — 13 ns
LCMX02-256 — us
LCMX02-640 — us
LCMX02-1200 20 — 50 us
tPwRUP USERSTDBY Low to Power Up
LCMX02-2000 — us
LCMX0O2-4000 — us
LCMX0O2-7000 — us
twsTDBY USERSTDBY Pulse Width All 19 — — ns
tBNDGAPSTBL USERSTDBY High to Bandgap Stable All — — 15 ns
MachX0O2 Standby Mode Timing — HC/HE Devices
Symbol Parameter Device Min. Typ. Max Units
tPWRDN USERSTDBY High to Stop All — — 9 ns
LCMX02-256 — V&
LCMX02-640 — us
LCMX02-640U — ps
LCMX02-1200 20 — 50 us
tPwRUP USERSTDBY Low to Power Up LCMXO2-1200U — ps
LCMXO2-2000 — us
LCMX0O2-2000U — us
LCMX02-4000 — us
LCMXO2-7000 — us
twsTDBY USERSTDBY Pulse Width All 18 — — ns
USERSTDBY Mode >
BG, POR <SS
N tewruP -
tPwRDN S S
USERSTDBY

twsToBY
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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
LCMX02-2000 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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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 — 55 us
toPPINIT PROGRAMN low to INITN low — 70 ns
tbPPDONE PROGRAMN low to DONE low — 80 ns
tiobiss PROGRAMN low to I/O disable — 120 ns
Slave SPI
fmAx CCLK clock frequency — 66 MHz
tceLkH CCLK clock pulse width high 7.5 — ns
tcoLkL CCLK clock pulse width low 7.5 — ns
tsTsu CCLK setup time 2 — ns
tsTH CCLK hold time 0 — 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
tMoLKH MCLK clock pulse width high 3.75 — ns
tmoLkL 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
tmoLk INITN high to first MCLK edge 0.75 1 us

I’C Port Timing Specifications™?

Symbol Parameter Min. Max. Units

fmax Maximum SCL clock frequency — 400 KHz

1. MachXO2 supports the following modes:
» Standard-mode (Sm), with a bit rate up to 100 kbit/s (user and configuration mode)
* Fast-mode (Fm), with a bit rate up to 400 kbit/s (user and configuration mode)

2. Refer to the I2C specification for timing requirements.

SPI Port Timing Specifications’

Symbol Parameter Min. Max. Units
fMAX Maximum SCK clock frequency — 45 MHz

1. Applies to user mode only. For configuration mode timing specifications, refer to sysCONFIG Port Timing Specifications
table in this data sheet.
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Switching Test Conditions

Figure 3-13 shows the output test load used for AC testing. The specific values for resistance, capacitance, volt-

age, and other test conditions are shown in Table 3-5.

Figure 3-13. Output Test Load, LVTTL and LVCMOS Standards

DUT

Vr

R1

—— CL

®

Test Point

Table 3-5. Test Fixture Required Components, Non-Terminated Interfaces

Test Condition R1 CL Timing Ref. vT

LVTTL, LVCMOS 3.3 =1.5V —

LVCMOS 2.5 = Vg 0/2 —

LVTTL and LVCMOS settings (L -> H, H -> L) 0 OpF LVCMOS 1.8 = Vg 0/2 —
LVCMOS 1.5 = Vg 0/2 —

LVCMOS 1.2 = Vg 0/2 —
LVTTL and LVCMOS 3.3 (Z -> H) 1.5 VoL
LVTTL and LVCMOS 3.3 (Z-> L) 1.5 Vou
Other LVCMOS (Z -> H) 188 OpF Veeio/2 VoL
Other LVCMOS (Z -> L) Veeio/2 VoH
LVTTL + LVCMOS (H -> 2) Von - 0.15 VoL
LVTTL + LVCMOS (L -> Z) VoL -0.15 VoH

Note: Output test conditions for all other interfaces are determined by the respective standards.
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Signal Descriptions

Signal Name

\ 110

Descriptions

General Purpose

P[Edge] [Row/Column
Number]_[A/B/C/D]

I/0

[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.

Some of these user-programmable pins are shared with special function pins. When not used
as special function pins, these pins can be programmed as I/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 1/0Os 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.

Violo _ |Vee - 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-programmable I/O pins when not used for PLL or clock pins)

[LOC]_GPLL[T, C]_IN

Reference Clock (PLL) input pads: [LOC] indicates location. Valid designations are L (Left
PLL) and R (Right PLL). T = true and C = complement.

[LOC]_GPLL[T, C]_FB

Optional Feedback (PLL) input pads: [LOC] indicates location. Valid designations are L (Left
PLL) and R (Right PLL). T = true and C = complement.

PCLK [n]_[2:0]

Primary Clock pads. One to three clock pads per side.

Test and Programming (Dual f

unction pins used for test access port and during sysCONFIG™)

TMS I Test Mode Select input pin, used to control the 1149.1 state machine.
TCK I Test Clock input pin, used to clock the 1149.1 state machine.
TDI I 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 1/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. This pin always has an active pull-up.
INITN e Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, a pull-up

is enabled.

© 2013 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 Name

/O

Descriptions

General Purpose

Open Drain pin. Indicates that the configuration sequence is complete, and the start-up

DONE Vo sequence is in progress.

MCLK/CCLK /o Input Configuqatio_n Clock for co_nfiguring an FPGA in_SIavg 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/0 |Master SPI active low chip select output.

SI/SISPI /0 |Slave SPI serial data input and master SPI serial data output.

SO/SPISO I/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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Pin Information Summary

MachX02-256 MachX02-640 MachX02-640U

32 QFN' ‘64 ucBGA|100 TQFP|132 csBGA 100 TQFP (132 csBGA| 144 TQFP
General Purpose I/O per Bank
Bank 0 8 9 13 13 18 19 27
Bank 1 2 12 14 14 20 20 26
Bank 2 9 11 14 14 20 20 28
Bank 3 2 12 14 14 20 20 26
Bank 4 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0
;c())tal General Purpose Single Ended 21 44 55 55 78 79 107
Differential I/O per Bank
Bank 0 4 5 7 7 9 10 14
Bank 1 1 6 7 7 10 10 13
Bank 2 4 5 7 7 10 10 14
Bank 3 1 6 7 7 10 10 13
Bank 4 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0
Total General Purpose Differential I/O 10 22 28 28 39 40 54
Dual Function I/O | 22 | 27 | 20 | 29 [ 209 [ 29 | 33
High-speed Differential I/O
Bank 0 | o | o | o | 0 | o | 0 \ 7
Gearboxes
E\L/J;ﬂgglreo{gélsg)sj Output Gearbox 0 0 0 0 0 0 7
E\L/ja:ﬂgglreo(fls‘?ailkog)i“ Input Gearbox 0 0 0 0 0 0 7
DQS Groups
Bank 1 | o | o 0 0 0 0 2
VCCIO Pins
Bank 0 2 2 2 2 2 2 3
Bank 1 1 2 2 2 2 2 3
Bank 2 2 2 2 2 2 2 3
Bank 3 1 2 2 2 2 2 3
Bank 4 0 0 0 0 0 0 0
Bank 5 0 0 0 0 0 0 0
VCC 2 2 2 2 2 2 4
GND 2 8 8 8 8 10 12
NC 0 1 26 58 3 32 8
Total Count of Bonded Pins 31 62 73 73 96 99 135

1. Lattice recommends soldering the central thermal pad onto the top PCB ground for improved thermal resistance.
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MachX02-1200

MachX02-1200U

100 TQFP | 132 csBGA | 144 TQFP | 25 WLCSP 256 ftBGA
General Purpose I/O per Bank
Bank 0 18 25 27 11 50
Bank 1 21 26 26 0 52
Bank 2 20 28 28 7 52
Bank 3 20 25 26 0 16
Bank 4 0 0 0 0 16
Bank 5 0 0 0 0 20
Total General Purpose Single Ended I/O 79 104 107 18 206
Differential I/O per Bank
Bank 0 9 13 14 5 25
Bank 1 10 13 13 0 26
Bank 2 10 14 14 2 26
Bank 3 10 12 13 0 8
Bank 4 0 0 0 0 8
Bank 5 0 0 0 0 10
Total General Purpose Differential 1/0 39 52 54 7 103
Dual Function I/O | 31 | 33 33 18 33
High-speed Differential I/O
Bank 0 | 4 | 7 7 0 14
Gearboxes
?IIBUamnE%r)Of 7:1 or 8:1 Output Gearbox Available 4 7 7 0 14
?IIBUamnEezr)Of 7:1 or 8:1 Input Gearbox Available 5 7 7 0 14
DQ@S Groups
Bank 1 1 2 2 0 2
VCCIO Pins
Bank 0 2 3 3 1 4
Bank 1 2 3 3 0 4
Bank 2 2 3 3 1 4
Bank 3 3 3 3 0 1
Bank 4 0 0 0 0 2
Bank 5 0 0 0 0 1
VCC 2 4 4 2 8
GND 8 10 12 2 24
NC 1 1 8 0 1
Total Count of Bonded Pins 98 130 135 24 254
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MachX02-2000

MachX02-2000U

100 132 144 256 256

TQFP csBGA TQFP caBGA ftBGA 484 ftBGA
General Purpose /O per Bank
Bank 0 18 25 27 50 50 70
Bank 1 21 26 28 52 52 68
Bank 2 20 28 28 52 52 72
Bank 3 6 7 8 16 16 24
Bank 4 6 8 10 16 16 16
Bank 5 8 10 10 20 20 28
Total General Purpose Single-Ended 1/0 79 104 111 206 206 278
Differential I/O per Bank
Bank 0 9 13 14 25 25 35
Bank 1 10 13 14 26 26 34
Bank 2 10 14 14 26 26 36
Bank 3 3 3 4 8 8 12
Bank 4 3 4 5 8 8 8
Bank 5 4 5 5 10 10 14
Total General Purpose Differential 1/0 39 52 56 103 103 139
Dual Function /O 31 3 | 33 33 33 37
High-speed Differential /O
Bank 0 4 8 | 9 14 14 18
Gearboxes
23;323{602‘8751‘?6;3.1 Output Gearbox 4 8 9 14 14 18
R\L/jgiwlgglreo(fBZ:ﬂ?;)Sj Input Gearbox 10 14 14 14 14 18
DQS Groups
Bank 1 1 2 2 2 2 2
VCCIO Pins
Bank 0 2 3 3 4 4 10
Bank 1 2 3 3 4 4 10
Bank 2 2 3 3 4 4 10
Bank 3 1 1 1 1 1 3
Bank 4 1 1 1 2 2 4
Bank 5 1 1 1 1 1 3
VCC 2 4 4 8 8 12
GND 8 10 12 24 24 48
NC 1 1 4 1 1 105
Total Count of Bonded Pins 98 130 139 254 254 378
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MachX02-4000
132 144 184 256 256 332 484
csBGA TQFP csBGA caBGA ftBGA caBGA fpBGA

General Purpose I/O per Bank
Bank 0 25 27 37 50 50 68 70
Bank 1 26 29 37 52 52 68 68
Bank 2 28 29 39 52 52 70 72
Bank 3 7 9 10 16 16 24 24
Bank 4 8 10 12 16 16 16 16
Bank 5 10 10 15 20 20 28 28
Total General Purpose Single Ended 1/0 104 114 150 206 206 274 278
Differential I/O per Bank
Bank 0 13 14 18 25 25 34 35
Bank 1 13 14 18 26 26 34 34
Bank 2 14 14 19 26 26 35 36
Bank 3 3 4 4 8 8 12 12
Bank 4 4 5 6 8 8 8 8
Bank 5 5 5 7 10 10 14 14
Total General Purpose Differential 1/0 52 56 72 103 103 137 139
Dual Function I/O 37 37 7 | 37 7 | 37 37
High-speed Differential /O
Bank 0 8 9 8 | 18 18 | 18 18
Gearboxes
R\L/jz;ﬂgglreo(fBg;l?(r))sj Output Gearbox 8 9 9 18 18 18 18
R\L/Jarlri}gglreo(}‘87é:]kc>£)€3.1 Input Gearbox 14 14 12 18 18 18 18
DQS Groups
Bank 1 2 2 2 2 2 2 2
VCCIO Pins
Bank 0 3 3 3 4 4 4 10
Bank 1 3 3 3 4 4 4 10
Bank 2 3 3 3 4 4 4 10
Bank 3 1 1 1 1 1 2 3
Bank 4 1 1 1 2 2 1 4
Bank 5 1 1 1 1 1 2 3
VCC 4 4 4 8 8 8 12
GND 10 12 16 24 24 27 48
NC 1 1 1 1 1 5 105
Total Count of Bonded Pins 130 142 182 254 254 326 378
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MachX02-7000
144 TQFP | 256 caBGA \ 256 ftBGA \ 332 caBGA \ 484 fpBGA

General Purpose I/O per Bank

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

Differential I/O per Bank

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

Bank 0 \ 9 \ 20 \ 20 \ 21 \ 21
Gearboxes

E\tl;ri}gglreo(fB?é;kog)Sﬂ Output Gearbox 9 20 20 29 29
E\t‘;}gglreo(gé:ﬂ?;)sj Input Gearbox 14 20 20 29 o1
DQS Groups

Bank 1 2 2 2 2 2
VCCIO Pins

Bank 0 3 4 4 4 10
Bank 1 3 4 4 4 10
Bank 2 3 4 4 4 10
Bank 3 1 1 1 2 3
Bank 4 1 2 2 1 4
Bank 5 1 1 1 2 3
VCC 4 8 8 8 12
GND 12 24 24 27 48
NC 1 1 1 1 49
Total Count of Bonded Pins 142 254 254 330 434
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For Further Information

For further information regarding logic signal connections for various packages please refer to the MachXO2
Device Pinout Files.

Thermal Management

Thermal management is recommended as part of any sound FPGA design methodology. To assess the thermal
characteristics of a system, Lattice specifies a maximum allowable junction temperature in all device data sheets.
Users must complete a thermal analysis of their specific design to ensure that the device and package do not
exceed the junction temperature limits. Refer to the Thermal Management document to find the device/package
specific thermal values.

For Further Information
For further information regarding Thermal Management, refer to the following:

e Thermal Management document

e TN1198, Power Estimation and Management for MachXO2 Devices

* The Power Calculator tool is included with the Lattice design tools, or as a standalone download from
www.latticesemi.com/software
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MachXO2 Part Number Description
LCMXO2 — XXXX X X X — X XXXXXX X XX XX

Device Family J —I_— Device Status
MachXO2 PLD Blank = Production Device
ES = Engineering Sample

Logic Capacity
256 = 256 LUTs
640 = 640 LUTs

R1 = Production Release 1 Device
50 = WLCSP package, 50 parts per reel

1200 = 1280 LUTs — Shipping Method
2000 =2112 LUTs Blank = Trays
4000 = 4320 LUTs TR = Tape and Reel
7000 = 6864 LUTs L Grade
I/0 Count C = Commercial
Blank = Standard Device | = Industrial
U = Ultra High I/O Device Package

Power/Performance
Z = Low Power
H = High Performance

UWG25 = 25-Ball Halogen-Free WLCSP
(0.4 mm Pitch)

SG32 = 32-Pin Halogen-Free QFN
(0.5 mm Pitch)

&l}():plzyglgtzg;v UMG64 = 64-Ball Halogen-Free ucBGA
E=10V (0.4 mm Pitch)
TG100 = 100-Pin Halogen-Free TQFP
Speed TG144 = 144-Pin Halogen-Free TQFP
1 = Slowest MG132 = 132-Ball Halogen-Free csBGA
2 } Low Power (0.5 mm Pitch)
3 = Fastest MG 184 = 184-Ball Halogen-Free csBGA
(0.5mm Pitch)
4 = Slowest BG256 = 256-Ball Halogen-Free caBGA
5 } High Performance (0.8 mm Pitch)
6 = Fastest FTG256= 256-Ball Halogen-Free ftBGA

(1.0 mm Pitch)
BG332 = 332-Ball Halogen-Free caBGA
FG484 = 484-Ball Halogen-Free fpBGA
(1.0 mm Pitch)

Ordering Information

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

LATTICE LCMXO2
LCMXO2-1200ZE 256ZE
1TG100C Lo
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.

© 2013 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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Ultra Low Power Commercial Grade Devices, Halogen Free (RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256ZE-1SG32C 256 1.2V -1 Halogen-Free QFN 32 COM
LCMX02-256ZE-2SG32C 256 1.2V -2 Halogen-Free QFN 32 COM
LCMX02-256ZE-3SG32C 256 1.2V -3 Halogen-Free QFN 32 COM
LCMX02-256ZE-1UMG64C 256 1.2V -1 Halogen-Free ucBGA 64 COM
LCMX02-256ZE-2UMG64C 256 1.2V -2 Halogen-Free ucBGA 64 COM
LCMX02-256ZE-3UMG64C 256 1.2V -3 Halogen-Free ucBGA 64 COM
LCMX02-256ZE-1TG100C 256 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-256ZE-2TG100C 256 1.2V -2 Halogen-Free TQFP 100 COM
LCMX02-256ZE-3TG100C 256 1.2V -3 Halogen-Free TQFP 100 COM
LCMX02-256ZE-1MG132C 256 1.2V -1 Halogen-Free csBGA 132 COM
LCMXO2-256ZE-2MG132C 256 1.2V -2 Halogen-Free csBGA 132 COM
LCMX02-256ZE-3MG132C 256 1.2V -3 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640ZE-1TG100C 640 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-640ZE-2TG100C 640 1.2V -2 Halogen-Free TQFP 100 COM
LCMX02-640ZE-3TG100C 640 1.2V -3 Halogen-Free TQFP 100 COM
LCMXO02-640ZE-1MG132C 640 1.2V -1 Halogen-Free csBGA 132 COM
LCMXO02-640ZE-2MG132C 640 1.2V -2 Halogen-Free csBGA 132 COM
LCMX02-640ZE-3MG132C 640 1.2V -3 Halogen-Free csBGA 132 COoM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-1200ZE-1TG100C 1280 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-2TG100C 1280 1.2V -2 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-3TG100C 1280 1.2V -3 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-1MG132C 1280 1.2V -1 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-2MG132C 1280 1.2v -2 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-3MG132C 1280 1.2V -3 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-1TG144C 1280 1.2V -1 Halogen-Free TQFP 144 COoM
LCMXO02-1200ZE-2TG144C 1280 1.2V -2 Halogen-Free TQFP 144 COM
LCMX02-1200ZE-3TG144C 1280 1.2V -3 Halogen-Free TQFP 144 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000ZE-1TG100C 2112 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-2000ZE-2TG100C 2112 1.2V -2 Halogen-Free TQFP 100 COM
LCMX02-2000ZE-3TG100C 2112 1.2V -3 Halogen-Free TQFP 100 COM
LCMX02-2000ZE-1MG132C 2112 1.2V -1 Halogen-Free csBGA 132 COM
LCMX02-2000ZE-2MG132C 2112 1.2V -2 Halogen-Free csBGA 132 COM
LCMX02-2000ZE-3MG132C 2112 1.2V -3 Halogen-Free csBGA 132 COM
LCMX02-2000ZE-1TG144C 2112 1.2V -1 Halogen-Free TQFP 144 COM
LCMXO02-2000ZE-2TG144C 2112 1.2V -2 Halogen-Free TQFP 144 COM
LCMX02-2000ZE-3TG144C 2112 1.2V -3 Halogen-Free TQFP 144 COoM
LCMX02-2000ZE-1BG256C 2112 1.2V -1 Halogen-Free caBGA 256 COM
LCMX02-2000ZE-2BG256C 2112 1.2V -2 Halogen-Free caBGA 256 COM
LCMX02-2000ZE-3BG256C 2112 1.2V -3 Halogen-Free caBGA 256 COM
LCMX02-2000ZE-1FTG256C 2112 1.2V -1 Halogen-Free fiBGA 256 COoM
LCMXO2-2000ZE-2FTG256C 2112 1.2V -2 Halogen-Free ftBGA 256 COM
LCMX02-2000ZE-3FTG256C 2112 1.2V -3 Halogen-Free fiBGA 256 COoM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000ZE-1MG132C 4320 1.2V -1 Halogen-Free csBGA 132 COM
LCMX02-4000ZE-2MG132C 4320 1.2V -2 Halogen-Free csBGA 132 COM
LCMXO02-4000ZE-3MG132C 4320 1.2V -3 Halogen-Free csBGA 132 COM
LCMXO02-4000ZE-1TG144C 4320 1.2V -1 Halogen-Free TQFP 144 COM
LCMX02-4000ZE-2TG144C 4320 1.2V -2 Halogen-Free TQFP 144 COoM
LCMXO02-4000ZE-3TG144C 4320 1.2V -3 Halogen-Free TQFP 144 COM
LCMXO02-4000ZE-1BG256C 4320 1.2V -1 Halogen-Free caBGA 256 COM
LCMX02-4000ZE-2BG256C 4320 1.2V -2 Halogen-Free caBGA 256 COM
LCMX02-4000ZE-3BG256C 4320 1.2V -3 Halogen-Free caBGA 256 COM
LCMXO2-4000ZE-1FTG256C 4320 1.2V -1 Halogen-Free ftBGA 256 COM
LCMX02-4000ZE-2FTG256C 4320 1.2V -2 Halogen-Free fiBGA 256 COoM
LCMXO02-4000ZE-3FTG256C 4320 1.2V -3 Halogen-Free ftBGA 256 COM
LCMXO02-4000ZE-1BG332C 4320 1.2V -1 Halogen-Free caBGA 332 COM
LCMX02-4000ZE-2BG332C 4320 1.2V -2 Halogen-Free caBGA 332 COM
LCMX02-4000ZE-3BG332C 4320 1.2v -3 Halogen-Free caBGA 332 COM
LCMXO02-4000ZE-1FG484C 4320 1.2V -1 Halogen-Free fpBGA 484 COM
LCMX02-4000ZE-2FG484C 4320 1.2V -2 Halogen-Free fpBGA 484 COM
LCMXO02-4000ZE-3FG484C 4320 1.2V -3 Halogen-Free fpBGA 484 CcOoM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000ZE-1TG144C 6864 1.2V -1 Halogen-Free TQFP 144 COM
LCMXO2-7000ZE-2TG144C 6864 1.2V -2 Halogen-Free TQFP 144 COM
LCMXO2-7000ZE-3TG144C 6864 1.2V -3 Halogen-Free TQFP 144 COM
LCMXO2-7000ZE-1BG256C 6864 1.2V -1 Halogen-Free caBGA 256 COM
LCMXO02-7000ZE-2BG256C 6864 1.2V -2 Halogen-Free caBGA 256 COM
LCMX0O2-7000ZE-3BG256C 6864 1.2V -3 Halogen-Free caBGA 256 COM
LCMXO2-7000ZE-1FTG256C 6864 1.2V -1 Halogen-Free ftBGA 256 COM
LCMXO02-7000ZE-2FTG256C 6864 1.2V -2 Halogen-Free fiBGA 256 COM
LCMXO2-7000ZE-3FTG256C 6864 1.2V -3 Halogen-Free ftBGA 256 COM
LCMXO2-7000ZE-1BG332C 6864 1.2v -1 Halogen-Free caBGA 332 COM
LCMXO02-7000ZE-2BG332C 6864 1.2V -2 Halogen-Free caBGA 332 COM
LCMX0O2-7000ZE-3BG332C 6864 1.2V -3 Halogen-Free caBGA 332 COM
LCMXO2-7000ZE-1FG484C 6864 1.2V -1 Halogen-Free fpBGA 484 COM
LCMXO02-7000ZE-2FG484C 6864 1.2V -2 Halogen-Free fpBGA 484 COM
LCMXO2-7000ZE-3FG484C 6864 1.2V -3 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-1200ZE-1TG100CR1" 1280 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-2TG100CR1" 1280 1.2v -2 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-3TG100CR1" 1280 1.2V -3 Halogen-Free TQFP 100 COM
LCMX0O2-1200ZE-1MG132CR1’ 1280 1.2V -1 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-2MG132CR1’ 1280 1.2V -2 Halogen-Free csBGA 132 COM
LCMX02-1200ZE-3MG132CR1’ 1280 1.2V -3 Halogen-Free csBGA 132 COM
LCMXO2-1200ZE-1TG144CR1" 1280 1.2V -1 Halogen-Free TQFP 144 COM
LCMX02-1200ZE-2TG144CR1" 1280 1.2V -2 Halogen-Free TQFP 144 COM
LCMX02-1200ZE-3TG144CR1" 1280 1.2V -3 Halogen-Free TQFP 144 COM

1. Specifications for the “LCMX02-1200ZE-speed package CR1” are the same as the “LCMX02-1200ZE-speed package C” devices respec-
tively, except as specified in the R1 Device Specifications section on page 5-18 of this data sheet.

High-Performance Commercial Grade Devices with Voltage Regulator, Halogen Free
(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32C 256 2.5V/3.3V -4 Halogen-Free QFN 32 COM
LCMX02-256HC-5SG32C 256 2.5V/3.3V -5 Halogen-Free QFN 32 COM
LCMX02-256HC-6SG32C 256 2.5V/3.3V -6 Halogen-Free QFN 32 COM
LCMX02-256HC-4UMG64C 256 2.5V/3.3V -4 Halogen-Free ucBGA 64 COM
LCMXO02-256HC-5UMG64C 256 2.5V/3.3V -5 Halogen-Free ucBGA 64 COM
LCMX02-256HC-6UMG64C 256 2.5V/3.3V -6 Halogen-Free ucBGA 64 COM
LCMX02-256HC-4TG100C 256 2.5V/3.3V -4 Halogen-Free TQFP 100 COM
LCMX02-256HC-5TG100C 256 2.5V/3.3V -5 Halogen-Free TQFP 100 CcOoM
LCMX02-256HC-6TG100C 256 2.5V/3.3V -6 Halogen-Free TQFP 100 COM
LCMX02-256HC-4MG132C 256 2.5V/3.3V -4 Halogen-Free csBGA 132 COM
LCMX02-256HC-5MG132C 256 2.5V/3.3V -5 Halogen-Free csBGA 132 COM
LCMX02-256HC-6MG132C 256 2.5V/3.3V -6 Halogen-Free csBGA 132 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640HC-4TG100C 640 2.5V/3.3V -4 Halogen-Free TQFP 100 COM
LCMX02-640HC-5TG100C 640 2.5V/3.3V -5 Halogen-Free TQFP 100 COM
LCMX02-640HC-6TG100C 640 2.5V/3.3V -6 Halogen-Free TQFP 100 COM
LCMX02-640HC-4MG132C 640 2.5V/3.3V -4 Halogen-Free csBGA 132 COM
LCMX0O2-640HC-5MG132C 640 2.5V/3.3V -5 Halogen-Free csBGA 132 COM
LCMX02-640HC-6MG132C 640 2.5V/3.3V -6 Halogen-Free csBGA 132 COM

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-640UHC-4TG144C 640 2.5V/3.3V -4 Halogen-Free TQFP 144 COM
LCMX02-640UHC-5TG144C 640 2.5V/3.3V -5 Halogen-Free TQFP 144 COM
LCMXO02-640UHC-6TG144C 640 2.5V/3.3V -6 Halogen-Free TQFP 144 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX0O2-1200HC-4TG100C 1280 2.5V/3.3V -4 Halogen-Free TQFP 100 COM
LCMX02-1200HC-5TG100C 1280 2.5V/3.3V -5 Halogen-Free TQFP 100 COM
LCMX02-1200HC-6TG100C 1280 2.5V/3.3V -6 Halogen-Free TQFP 100 COM
LCMX02-1200HC-4MG132C 1280 2.5V/3.3V -4 Halogen-Free csBGA 132 COM
LCMX02-1200HC-5MG132C 1280 2.5V/3.3V -5 Halogen-Free csBGA 132 COM
LCMX02-1200HC-6MG132C 1280 2.5V/3.3V -6 Halogen-Free csBGA 132 COM
LCMXO2-1200HC-4TG144C 1280 2.5V/3.3V -4 Halogen-Free TQFP 144 COM
LCMXO02-1200HC-5TG144C 1280 2.5V/3.3V -5 Halogen-Free TQFP 144 COM
LCMX02-1200HC-6TG144C 1280 2.5V/3.3V -6 Halogen-Free TQFP 144 COM

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-1200UHC-4FTG256C 1280 2.5V/3.3V -4 Halogen-Free ftBGA 256 COM
LCMXO02-1200UHC-5FTG256C 1280 2.5V/3.3V -5 Halogen-Free ftBGA 256 COM
LCMX02-1200UHC-6FTG256C 1280 2.5V/3.3V -6 Halogen-Free fiBGA 256 COM

5-5




= LATTICE

Ordering Information
MachXO2 Family Data Sheet

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000HC-4TG100C 2112 2.5V/3.3V -4 Halogen-Free TQFP 100 COM
LCMXO02-2000HC-5TG100C 2112 2.5V/3.3V -5 Halogen-Free TQFP 100 COM
LCMX02-2000HC-6TG100C 2112 2.5V/3.3V -6 Halogen-Free TQFP 100 COM
LCMX02-2000HC-4MG132C 2112 2.5V/3.3V -4 Halogen-Free csBGA 132 COM
LCMX02-2000HC-5MG132C 2112 2.5V/3.3V -5 Halogen-Free csBGA 132 COM
LCMX02-2000HC-6MG132C 2112 2.5V/3.3V -6 Halogen-Free csBGA 132 COM
LCMX02-2000HC-4TG144C 2112 2.5V/3.3V -4 Halogen-Free TQFP 144 COM
LCMXO02-2000HC-5TG144C 2112 2.5V/3.3V -5 Halogen-Free TQFP 144 COM
LCMX02-2000HC-6TG144C 2112 2.5V/3.3V -6 Halogen-Free TQFP 144 COM
LCMX02-2000HC-4BG256C 2112 2.5V/3.3V -4 Halogen-Free caBGA 256 COM
LCMX02-2000HC-5BG256C 2112 2.5V/3.3V -5 Halogen-Free caBGA 256 COM
LCMX02-2000HC-6BG256C 2112 2.5V/3.3V -6 Halogen-Free caBGA 256 COM
LCMX02-2000HC-4FTG256C 2112 2.5V/3.3V -4 Halogen-Free fiBGA 256 COM
LCMXO2-2000HC-5FTG256C 2112 2.5V/3.3V -5 Halogen-Free ftBGA 256 COM
LCMX02-2000HC-6FTG256C 2112 2.5V/3.3V -6 Halogen-Free fiBGA 256 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHC-4FG484C 2112 2.5V/3.3V -4 Halogen-Free fpBGA 484 COM
LCMX02-2000UHC-5FG484C 2112 2.5V/3.3V -5 Halogen-Free fpBGA 484 COM
LCMXO02-2000UHC-6FG484C 2112 2.5V/3.3V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000HC-4MG132C 4320 2.5V/3.3V -4 Halogen-Free csBGA 132 COM
LCMXO2-4000HC-5MG132C 4320 2.5V/3.3V -5 Halogen-Free csBGA 132 COM
LCMX02-4000HC-6MG132C 4320 2.5V/3.3V -6 Halogen-Free csBGA 132 COM
LCMXO02-4000HC-4TG144C 4320 2.5V/3.3V -4 Halogen-Free TQFP 144 COM
LCMXO02-4000HC-5TG144C 4320 2.5V/3.3V -5 Halogen-Free TQFP 144 COM
LCMX02-4000HC-6TG144C 4320 2.5V/3.3V -6 Halogen-Free TQFP 144 COM
LCMX02-4000HC-4BG256C 4320 2.5V/3.3V -4 Halogen-Free caBGA 256 COM
LCMX02-4000HC-5BG256C 4320 2.5V/3.3V -5 Halogen-Free caBGA 256 COM
LCMX02-4000HC-6BG256C 4320 2.5V/3.3V -6 Halogen-Free caBGA 256 COM
LCMXO02-4000HC-4FTG256C 4320 2.5V/3.3V -4 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-5FTG256C 4320 2.5V/3.3V -5 Halogen-Free ftBGA 256 COM
LCMX02-4000HC-6FTG256C 4320 2.5V/3.3V -6 Halogen-Free fiBGA 256 COM
LCMX02-4000HC-4BG332C 4320 2.5V/3.3V -4 Halogen-Free caBGA 332 COM
LCMX02-4000HC-5BG332C 4320 2.5V/3.3V -5 Halogen-Free caBGA 332 COM
LCMX02-4000HC-6BG332C 4320 2.5V/3.3V -6 Halogen-Free caBGA 332 COM
LCMXO02-4000HC-4FG484C 4320 2.5V/3.3V -4 Halogen-Free fpBGA 484 CcOoM
LCMX02-4000HC-5FG484C 4320 2.5V/3.3V -5 Halogen-Free fpBGA 484 COM
LCMX02-4000HC-6FG484C 4320 2.5V/3.3V -6 Halogen-Free fpBGA 484 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HC-4TG144C 6864 2.5V/3.3V -4 Halogen-Free TQFP 144 COM
LCMXO02-7000HC-5TG144C 6864 2.5V/3.3V -5 Halogen-Free TQFP 144 COM
LCMX02-7000HC-6TG144C 6864 2.5V/3.3V -6 Halogen-Free TQFP 144 COM
LCMX02-7000HC-4BG256C 6864 2.5V/3.3V -4 Halogen-Free caBGA 256 COM
LCMXO02-7000HC-5BG256C 6864 2.5V/3.3V -5 Halogen-Free caBGA 256 COM
LCMX02-7000HC-6BG256C 6864 2.5V/3.3V -6 Halogen-Free caBGA 256 COM
LCMX02-7000HC-4FTG256C 6864 2.5V/3.3V -4 Halogen-Free ftBGA 256 COM
LCMXO2-7000HC-5FTG256C 6864 2.5V/3.3V -5 Halogen-Free ftBGA 256 COM
LCMX02-7000HC-6FTG256C 6864 2.5V/3.3V -6 Halogen-Free fiBGA 256 COM
LCMX02-7000HC-4BG332C 6864 2.5V/3.3V -4 Halogen-Free caBGA 332 COM
LCMXO02-7000HC-5BG332C 6864 2.5V/3.3V -5 Halogen-Free caBGA 332 COM
LCMX02-7000HC-6BG332C 6864 2.5V/3.3V -6 Halogen-Free caBGA 332 COM
LCMX02-7000HC-4FG484C 6864 2.5V/3.3V -4 Halogen-Free fpBGA 484 COM
LCMXO2-7000HC-5FG484C 6864 2.5V/3.3V -5 Halogen-Free fpBGA 484 COM
LCMX02-7000HC-6FG484C 6864 2.5V/3.3V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-1200HC-4TG100CR1’ 1280 2.5V/3.3V -4 Halogen-Free TQFP 100 COM
LCMXO2-1200HC-5TG100CR1’ 1280 2.5V/3.3V -5 Halogen-Free TQFP 100 COM
LCMX02-1200HC-6TG100CR1’ 1280 2.5V/3.3V -6 Halogen-Free TQFP 100 CcOoM
LCMX02-1200HC-4MG132CR1" | 1280 2.5V/3.3V -4 Halogen-Free csBGA 132 COM
LCMXO2-1200HC-5MG132CR1' | 1280 2.5V/3.3V -5 Halogen-Free csBGA 132 COM
LCMX02-1200HC-6MG132CR1" | 1280 2.5V/3.3V -6 Halogen-Free csBGA 132 COM
LCMX02-1200HC-4TG144CR1’ 1280 2.5V/3.3V -4 Halogen-Free TQFP 144 COM
LCMXO2-1200HC-5TG144CR1’ 1280 2.5V/3.3V -5 Halogen-Free TQFP 144 COM
LCMX02-1200HC-6TG144CR1’ 1280 2.5V/3.3V -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 on page 5-18 of this data sheet.
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High-Performance Commercial Grade Devices without Voltage Regulator, Halogen Free
(RoHS) Packaging

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

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

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000HE-4TG144C 4320 1.2V -4 Halogen-Free TQFP 144 COM
LCMXO02-4000HE-5TG144C 4320 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-6TG144C 4320 1.2V -6 Halogen-Free TQFP 144 COM
LCMX02-4000HE-4MG132C 4320 1.2V -4 Halogen-Free csBGA 132 COM
LCMXO02-4000HE-5MG132C 4320 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO2-4000HE-6MG132C 4320 1.2V -6 Halogen-Free csBGA 132 COM
LCMX02-4000HE-4BG256C 4320 1.2V -4 Halogen-Free caBGA 256 COM
LCMXO02-4000HE-4MG184C 4320 1.2V -4 Halogen-Free csBGA 184 COM
LCMXO2-4000HE-5MG184C 4320 1.2V -5 Halogen-Free csBGA 184 COM
LCMX02-4000HE-6MG184C 4320 1.2V -6 Halogen-Free csBGA 184 COM
LCMXO02-4000HE-5BG256C 4320 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO02-4000HE-6BG256C 4320 1.2V -6 Halogen-Free caBGA 256 COM
LCMX02-4000HE-4FTG256C 4320 1.2V -4 Halogen-Free fiBGA 256 COM
LCMXO02-4000HE-5FTG256C 4320 1.2V -5 Halogen-Free ftBGA 256 COM
LCMX02-4000HE-6FTG256C 4320 1.2V -6 Halogen-Free fiBGA 256 COM
LCMX02-4000HE-4BG332C 4320 1.2V -4 Halogen-Free caBGA 332 COM
LCMXO02-4000HE-5BG332C 4320 1.2V -5 Halogen-Free caBGA 332 COM
LCMX02-4000HE-6BG332C 4320 1.2V -6 Halogen-Free caBGA 332 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-4000HE-4FG484C 4320 1.2V -4 Halogen-Free fpBGA 484 COM
LCMX02-4000HE-5FG484C 4320 1.2V -5 Halogen-Free fpBGA 484 COM
LCMXO2-4000HE-6FG484C 4320 1.2V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HE-4TG144C 6864 1.2V -4 Halogen-Free TQFP 144 COM
LCMX02-7000HE-5TG144C 6864 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO02-7000HE-6TG144C 6864 1.2V -6 Halogen-Free TQFP 144 COM
LCMXO02-7000HE-4BG256C 6864 1.2V -4 Halogen-Free caBGA 256 COM
LCMX02-7000HE-5BG256C 6864 1.2V -5 Halogen-Free caBGA 256 COM
LCMX02-7000HE-6BG256C 6864 1.2V -6 Halogen-Free caBGA 256 COM
LCMXO2-7000HE-4FTG256C 6864 1.2V -4 Halogen-Free fiBGA 256 COM
LCMXO02-7000HE-5FTG256C 6864 1.2V -5 Halogen-Free fiBGA 256 COM
LCMXO2-7000HE-6FTG256C 6864 1.2V -6 Halogen-Free fiBGA 256 COM
LCMXO02-7000HE-4BG332C 6864 1.2V -4 Halogen-Free caBGA 332 COM
LCMX02-7000HE-5BG332C 6864 1.2V -5 Halogen-Free caBGA 332 COM
LCMX02-7000HE-6BG332C 6864 1.2V -6 Halogen-Free caBGA 332 COM
LCMXO2-7000HE-4FG484C 6864 1.2V -4 Halogen-Free fpBGA 484 COM
LCMXO2-7000HE-5FG484C 6864 1.2V -5 Halogen-Free fpBGA 484 COM
LCMXO2-7000HE-6FG484C 6864 1.2V -6 Halogen-Free fpBGA 484 COM
Ultra Low Power Industrial Grade Devices, Halogen Free (RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256ZE-1SG32I 256 1.2V -1 Halogen-Free QFN 32 IND
LCMXO2-256ZE-2SG32I 256 1.2V -2 Halogen-Free QFN 32 IND
LCMXO02-256ZE-3SG32I 256 1.2V -3 Halogen-Free QFN 32 IND
LCMX02-256ZE-1UMG64I 256 1.2V -1 Halogen-Free ucBGA 64 IND
LCMXO2-256ZE-2UMG64| 256 1.2V -2 Halogen-Free ucBGA 64 IND
LCMXO02-256ZE-3UMG64I 256 1.2V -3 Halogen-Free ucBGA 64 IND
LCMX02-256ZE-1TG100I 256 1.2V -1 Halogen-Free TQFP 100 IND
LCMXO2-256ZE-2TG 100l 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
LCMXO2-256ZE-2MG132I 256 1.2V -2 Halogen-Free csBGA 132 IND
LCMXO02-256ZE-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
LCMXO2-640ZE-3TG 100l 640 1.2V -3 Halogen-Free TQFP 100 IND
LCMXO02-640ZE-1MG132I 640 1.2V -1 Halogen-Free csBGA 132 IND
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-640ZE-2MG132I 640 1.2V -2 Halogen-Free csBGA 132 IND
LCMXO2-640ZE-3MG132I 640 1.2V -3 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-4000HE-4MG 1841 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 caBGA 184 IND
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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
LCMX0O2-1200ZE-1TG100I 1280 1.2V -1 Halogen-Free TQFP 100 IND
LCMX0O2-1200ZE-2TG100I 1280 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-3TG100I 1280 1.2V -3 Halogen-Free TQFP 100 IND
LCMX0O2-1200ZE-1MG132I 1280 1.2V -1 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-2MG132I 1280 1.2V -2 Halogen-Free csBGA 132 IND
LCMX0O2-1200ZE-3MG132I 1280 1.2V -3 Halogen-Free csBGA 132 IND
LCMXO2-1200ZE-1TG 1441 1280 1.2V -1 Halogen-Free TQFP 144 IND
LCMXO2-1200ZE-2TG 1441 1280 1.2V -2 Halogen-Free TQFP 144 IND
LCMXO2-1200ZE-3TG 1441 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 10,000 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 50 units with a minimum order quantity of 50. Order quantities must be in increments of 50
units. For example, a 1000 unit order will be shipped as 20 reels of 50 units each.

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX0O2-2000ZE-1TG100I 2112 1.2V -1 Halogen-Free TQFP 100 IND
LCMX02-2000ZE-2TG100I 2112 1.2V -2 Halogen-Free TQFP 100 IND
LCMX0O2-2000ZE-3TG100I 2112 1.2V -3 Halogen-Free TQFP 100 IND
LCMX0O2-2000ZE-1MG132I 2112 1.2v -1 Halogen-Free csBGA 132 IND
LCMX0O2-2000ZE-2MG132I 2112 1.2v -2 Halogen-Free csBGA 132 IND
LCMX0O2-2000ZE-3MG132I 2112 1.2v -3 Halogen-Free csBGA 132 IND
LCMXO2-2000ZE-1TG 1441 2112 1.2V -1 Halogen-Free TQFP 144 IND
LCMX02-2000ZE-2TG 1441 2112 1.2V -2 Halogen-Free TQFP 144 IND
LCMXO2-2000ZE-3TG 1441 2112 1.2V -3 Halogen-Free TQFP 144 IND
LCMX0O2-2000ZE-1BG256I 2112 1.2v -1 Halogen-Free caBGA 256 IND
LCMX0O2-2000ZE-2BG256| 2112 1.2V -2 Halogen-Free caBGA 256 IND
LCMX0O2-2000ZE-3BG256| 2112 1.2v -3 Halogen-Free caBGA 256 IND
LCMXO2-2000ZE-1FTG256I 2112 1.2v -1 Halogen-Free ftBGA 256 IND
LCMX02-2000ZE-2FTG256I 2112 1.2V -2 Halogen-Free fiBGA 256 IND
LCMXO2-2000ZE-3FTG256I 2112 1.2V -3 Halogen-Free ftBGA 256 IND

1. Samples can be ordered in minimum order quantities and increments of 50 units. Production volumes can be ordered in minimum order
quantities and increments of 10,000 units for the LCMXO2-1200ZE in the 25-ball WLCSP package.
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-4000ZE-1MG132I 4320 1.2v -1 Halogen-Free csBGA 132 IND
LCMX0O2-4000ZE-2MG132I 4320 1.2V -2 Halogen-Free csBGA 132 IND
LCMX02-4000ZE-3MG132I 4320 1.2v -3 Halogen-Free csBGA 132 IND
LCMXO2-4000ZE-1TG 1441 4320 1.2V -1 Halogen-Free TQFP 144 IND
LCMXO2-4000ZE-2TG 1441 4320 1.2V -2 Halogen-Free TQFP 144 IND
LCMXO2-4000ZE-3TG 1441 4320 1.2V -3 Halogen-Free TQFP 144 IND
LCMX0O2-4000ZE-1BG256I 4320 1.2v -1 Halogen-Free caBGA 256 IND
LCMX0O2-4000ZE-2BG256| 4320 1.2v -2 Halogen-Free caBGA 256 IND
LCMX0O2-4000ZE-3BG256| 4320 1.2v -3 Halogen-Free caBGA 256 IND
LCMXO2-4000ZE-1FTG256I 4320 1.2v -1 Halogen-Free ftBGA 256 IND
LCMXO2-4000ZE-2FTG256I 4320 1.2v -2 Halogen-Free ftBGA 256 IND
LCMXO2-4000ZE-3FTG256I 4320 1.2V -3 Halogen-Free ftBGA 256 IND
LCMX02-4000ZE-1BG332I 4320 1.2v -1 Halogen-Free caBGA 332 IND
LCMX0O2-4000ZE-2BG332I 4320 1.2v -2 Halogen-Free caBGA 332 IND
LCMX02-4000ZE-3BG332I 4320 1.2V -3 Halogen-Free caBGA 332 IND
LCMXO2-4000ZE-1FG484I 4320 1.2V -1 Halogen-Free fpBGA 484 IND
LCMXO02-4000ZE-2FG484| 4320 1.2V -2 Halogen-Free fpBGA 484 IND
LCMXO02-4000ZE-3FG484| 4320 1.2V -3 Halogen-Free fpBGA 484 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000ZE-1TG 1441 6864 1.2V -1 Halogen-Free TQFP 144 IND
LCMXO2-7000ZE-2TG 1441 6864 1.2V -2 Halogen-Free TQFP 144 IND
LCMXO2-7000ZE-3TG144l 6864 1.2V -3 Halogen-Free TQFP 144 IND
LCMXO2-7000ZE-1BG256| 6864 1.2V -1 Halogen-Free caBGA 256 IND
LCMXO2-7000ZE-2BG256I 6864 1.2v -2 Halogen-Free caBGA 256 IND
LCMXO2-7000ZE-3BG256I 6864 1.2V -3 Halogen-Free caBGA 256 IND
LCMXO2-7000ZE-1FTG256I 6864 1.2v -1 Halogen-Free ftBGA 256 IND
LCMXO2-7000ZE-2FTG256I 6864 1.2V -2 Halogen-Free ftBGA 256 IND
LCMXO2-7000ZE-3FTG256I 6864 1.2V -3 Halogen-Free ftBGA 256 IND
LCMXO2-7000ZE-1BG332I 6864 1.2V -1 Halogen-Free caBGA 332 IND
LCMXO2-7000ZE-2BG332I 6864 1.2v -2 Halogen-Free caBGA 332 IND
LCMXO2-7000ZE-3BG332I 6864 1.2V -3 Halogen-Free caBGA 332 IND
LCMXO2-7000ZE-1FG484lI 6864 1.2V -1 Halogen-Free fpBGA 484 IND
LCMXO2-7000ZE-2FG484I 6864 1.2V -2 Halogen-Free fpBGA 484 IND
LCMXO2-7000ZE-3FG484I 6864 1.2V -3 Halogen-Free fpBGA 484 IND
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-1200ZE-1TG100IR1" 1280 1.2V -1 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-2TG100IR1’ 1280 1.2V -2 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-3TG100IR1" 1280 1.2V -3 Halogen-Free TQFP 100 IND
LCMX02-1200ZE-1MG132IR1" 1280 1.2V -1 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-2MG132IR1’ 1280 1.2V -2 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-3MG132IR1" 1280 1.2V -3 Halogen-Free csBGA 132 IND
LCMX02-1200ZE-1TG144IR1’ 1280 1.2V -1 Halogen-Free TQFP 144 IND
LCMX02-1200ZE-2TG144IR1’ 1280 1.2V -2 Halogen-Free TQFP 144 IND
LCMX02-1200ZE-3TG144IR1’ 1280 1.2V -3 Halogen-Free TQFP 144 IND

1. Specifications for the “LCMX02-1200ZE-speed package |IR1” are the same as the “LCMX0O2-1200ZE-speed package I” devices respec-
tively, except as specified in the R1 Device Specifications section on page 5-18 of this data sheet.

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 2.5V/3.3V -4 Halogen-Free QFN 32 IND
LCMX02-256HC-5SG32I 256 2.5V/3.3V -5 Halogen-Free QFN 32 IND
LCMX02-256HC-6SG32I 256 2.5V/3.3V -6 Halogen-Free QFN 32 IND
LCMXO2-256HC-4UMG641 256 2.5V/3.3V -4 Halogen-Free ucBGA 64 IND
LCMX02-256HC-5UMG641 256 2.5V/3.3V -5 Halogen-Free ucBGA 64 IND
LCMXO2-256HC-6UMG64I 256 2.5V/3.3V -6 Halogen-Free ucBGA 64 IND
LCMX02-256HC-4TG100I 256 2.5V/3.3V -4 Halogen-Free TQFP 100 IND
LCMX02-256HC-5TG100I 256 2.5V/3.3V -5 Halogen-Free TQFP 100 IND
LCMX02-256HC-6TG 100l 256 2.5V/3.3V -6 Halogen-Free TQFP 100 IND
LCMX02-256HC-4MG132I 256 2.5V/3.3V -4 Halogen-Free csBGA 132 IND
LCMX02-256HC-5MG132I 256 2.5V/3.3V -5 Halogen-Free csBGA 132 IND
LCMX0O2-256HC-6MG132I 256 2.5V/3.3V -6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMXO2-640HC-4TG100I 640 2.5V/3.3V -4 Halogen-Free TQFP 100 IND
LCMX02-640HC-5TG100lI 640 2.5V/3.3V -5 Halogen-Free TQFP 100 IND
LCMXO02-640HC-6TG100I 640 2.5V/3.3V -6 Halogen-Free TQFP 100 IND
LCMXO02-640HC-4MG132I 640 2.5V/3.3V -4 Halogen-Free csBGA 132 IND
LCMX02-640HC-5MG 132l 640 2.5V/3.3V -5 Halogen-Free csBGA 132 IND
LCMX0O2-640HC-6MG132I 640 2.5V/3.3V -6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMX02-640UHC-4TG144l 640 2.5V/3.3V -4 Halogen-Free TQFP 144 IND
LCMX02-640UHC-5TG 144l 640 2.5V/3.3V -5 Halogen-Free TQFP 144 IND
LCMXO02-640UHC-6TG 1441 640 2.5V/3.3V -6 Halogen-Free TQFP 144 IND
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-1200HC-4TG100I 1280 2.5V/3.3V -4 Halogen-Free TQFP 100 IND
LCMX02-1200HC-5TG100I 1280 2.5V/3.3V -5 Halogen-Free TQFP 100 IND
LCMX0O2-1200HC-6TG100I 1280 2.5V/3.3V -6 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-4MG 132l 1280 2.5V/3.3V -4 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-5MG132I 1280 2.5V/3.3V -5 Halogen-Free csBGA 132 IND
LCMX0O2-1200HC-6MG 132l 1280 2.5V/3.3V -6 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-4TG 144l 1280 2.5V/3.3V -4 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-5TG 144l 1280 2.5V/3.3V -5 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-6TG 144l 1280 2.5V/3.3V -6 Halogen-Free TQFP 144 IND

Part Number LUTs Supply Voltage Grade Package Leads | Temp.
LCMXO2-1200UHC-4FTG2561 1280 2.5V/3.3V -4 Halogen-Free ftBGA 256 IND
LCMXO2-1200UHC-5FTG2561 1280 2.5V/3.3V -5 Halogen-Free ftBGA 256 IND
LCMX0O2-1200UHC-6FTG2561 1280 2.5V/3.3V -6 Halogen-Free ftBGA 256 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000HC-4TG100I 2112 2.5V/3.3V -4 Halogen-Free TQFP 100 IND
LCMX0O2-2000HC-5TG100I 2112 2.5V/3.3V -5 Halogen-Free TQFP 100 IND
LCMX02-2000HC-6TG100lI 2112 2.5V/3.3V -6 Halogen-Free TQFP 100 IND
LCMXO2-2000HC-4MG 132l 2112 2.5V/3.3V -4 Halogen-Free csBGA 132 IND
LCMXO2-2000HC-5MG 132l 2112 2.5V/3.3V -5 Halogen-Free csBGA 132 IND
LCMXO2-2000HC-6MG132I 2112 2.5V/3.3V -6 Halogen-Free csBGA 132 IND
LCMXO2-2000HC-4TG 144l 2112 2.5V/3.3V -4 Halogen-Free TQFP 144 IND
LCMXO2-2000HC-5TG 144l 2112 2.5V/3.3V -5 Halogen-Free TQFP 144 IND
LCMXO2-2000HC-6TG 144l 2112 2.5V/3.3V -6 Halogen-Free TQFP 144 IND
LCMXO2-2000HC-4BG256I 2112 2.5V/3.3V -4 Halogen-Free caBGA 256 IND
LCMXO2-2000HC-5BG2561 2112 2.5V/3.3V -5 Halogen-Free caBGA 256 IND
LCMXO2-2000HC-6BG256I 2112 2.5V/3.3V -6 Halogen-Free caBGA 256 IND
LCMXO2-2000HC-4FTG2561 2112 2.5V/3.3V -4 Halogen-Free ftBGA 256 IND
LCMXO2-2000HC-5FTG2561 2112 2.5V/3.3V -5 Halogen-Free ftBGA 256 IND
LCMXO2-2000HC-6FTG2561 2112 2.5V/3.3V -6 Halogen-Free ftBGA 256 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHC-4FG4841 2112 2.5V/3.3V -4 Halogen-Free fpBGA 484 IND
LCMXO02-2000UHC-5FG4841 2112 2.5V/3.3V -5 Halogen-Free fpBGA 484 IND
LCMXO2-2000UHC-6FG484| 2112 2.5V/3.3V -6 Halogen-Free fpBGA 484 IND
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-4000HC-4TG 144l 4320 2.5V/3.3V -4 Halogen-Free TQFP 144 IND
LCMXO2-4000HC-5TG 144l 4320 2.5V/3.3V -5 Halogen-Free TQFP 144 IND
LCMX02-4000HC-6TG 144l 4320 2.5V/3.3V -6 Halogen-Free TQFP 144 IND
LCMXO2-4000HC-4MG 132l 4320 2.5V/3.3V -4 Halogen-Free csBGA 132 IND
LCMXO2-4000HC-5MG132I 4320 2.5V/3.3V -5 Halogen-Free csBGA 132 IND
LCMX02-4000HC-6MG132| 4320 2.5V/3.3V -6 Halogen-Free csBGA 132 IND
LCMX02-4000HC-4BG256I 4320 2.5V/3.3V -4 Halogen-Free caBGA 256 IND
LCMX02-4000HC-5BG 256 4320 2.5V/3.3V -5 Halogen-Free caBGA 256 IND
LCMX02-4000HC-6BG256I 4320 2.5V/3.3V -6 Halogen-Free caBGA 256 IND
LCMX02-4000HC-4FTG256lI 4320 2.5V/3.3V -4 Halogen-Free fiBGA 256 IND
LCMXO2-4000HC-5FTG2561 4320 2.5V/3.3V -5 Halogen-Free ftBGA 256 IND
LCMX02-4000HC-6FTG256I 4320 2.5V/3.3V -6 Halogen-Free fiBGA 256 IND
LCMX02-4000HC-4BG332l 4320 2.5V/3.3V -4 Halogen-Free caBGA 332 IND
LCMX02-4000HC-5BG332l 4320 2.5V/3.3V -5 Halogen-Free caBGA 332 IND
LCMX02-4000HC-6BG332I 4320 2.5V/3.3V -6 Halogen-Free caBGA 332 IND
LCMX02-4000HC-4FG484I 4320 2.5V/3.3V -4 Halogen-Free fpBGA 484 IND
LCMXO2-4000HC-5FG484I 4320 2.5V/3.3V -5 Halogen-Free fpBGA 484 IND
LCMX02-4000HC-6FG484I 4320 2.5V/3.3V -6 Halogen-Free fpBGA 484 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HC-4TG 144l 6864 2.5V/3.3V -4 Halogen-Free TQFP 144 IND
LCMXO02-7000HC-5TG 144l 6864 2.5V/3.3V -5 Halogen-Free TQFP 144 IND
LCMXO2-7000HC-6TG 144l 6864 2.5V/3.3V -6 Halogen-Free TQFP 144 IND
LCMXO2-7000HC-4BG256I 6864 2.5V/3.3V -4 Halogen-Free caBGA 256 IND
LCMX02-7000HC-5BG256I 6864 2.5V/3.3V -5 Halogen-Free caBGA 256 IND
LCMX02-7000HC-6BG256I 6864 2.5V/3.3V -6 Halogen-Free caBGA 256 IND
LCMXO2-7000HC-4FTG256I 6864 2.5V/3.3V -4 Halogen-Free ftBGA 256 IND
LCMX02-7000HC-5FTG256I 6864 2.5V/3.3V -5 Halogen-Free fiBGA 256 IND
LCMXO2-7000HC-6FTG2561 6864 2.5V/3.3V -6 Halogen-Free ftBGA 256 IND
LCMXO2-7000HC-4BG332I 6864 2.5V/3.3V -4 Halogen-Free caBGA 332 IND
LCMX02-7000HC-5BG332l 6864 2.5V/3.3V -5 Halogen-Free caBGA 332 IND
LCMX02-7000HC-6BG332l 6864 2.5V/3.3V -6 Halogen-Free caBGA 332 IND
LCMXO2-7000HC-4FG484I 6864 2.5V/3.3V -4 Halogen-Free fpBGA 484 IND
LCMX02-7000HC-5FG484I 6864 2.5V/3.3V -5 Halogen-Free fpBGA 484 IND
LCMXO2-7000HC-6FG484I 6864 2.5V/3.3V -6 Halogen-Free fpBGA 484 IND

5-15



= LATTICE

Ordering Information
MachXO2 Family Data Sheet

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-1200HC-4TG100IR1’ 1280 2.5V/3.3V -4 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-5TG100IR1’ 1280 2.5V/3.3V -5 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-6TG100IR1’ 1280 2.5V/3.3V -6 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-4MG132IR1’ 1280 2.5V/3.3V -4 Halogen-Free csBGA 132 IND
LCMX02-1200HC-5MG132IR1’ 1280 2.5V/3.3V -5 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-6MG132IR1’ 1280 2.5V/3.3V -6 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-4TG144IR1’ 1280 2.5V/3.3V -4 Halogen-Free TQFP 144 IND
LCMX02-1200HC-5TG144IR1’ 1280 2.5V/3.3V -5 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-6TG144IR1’ 1280 2.5V/3.3V -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 on page 5-18 of this data sheet.

High Performance Industrial Grade Devices Without Voltage Regulator, Halogen Free

(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000HE-4TG100I 2112 1.2V -4 Halogen-Free TQFP 100 IND
LCMXO2-2000HE-5TG100I 2112 1.2V -5 Halogen-Free TQFP 100 IND
LCMXO2-2000HE-6TG100I 2112 1.2V -6 Halogen-Free TQFP 100 IND
LCMXO2-2000HE-4MG132I 2112 1.2V -4 Halogen-Free csBGA 132 IND
LCMXO2-2000HE-5MG132] 2112 1.2V -5 Halogen-Free csBGA 132 IND
LCMXO2-2000HE-6MG132I 2112 1.2V -6 Halogen-Free csBGA 132 IND
LCMXO2-2000HE-4TG 1441 2112 1.2V -4 Halogen-Free TQFP 144 IND
LCMXO2-2000HE-5TG 1441 2112 1.2V -5 Halogen-Free TQFP 144 IND
LCMXO2-2000HE-6TG 144l 2112 1.2V -6 Halogen-Free TQFP 144 IND
LCMXO2-2000HE-4BG256I 2112 1.2V -4 Halogen-Free caBGA 256 IND
LCMXO2-2000HE-5BG256I 2112 1.2V -5 Halogen-Free caBGA 256 IND
LCMXO2-2000HE-6BG256| 2112 1.2V -6 Halogen-Free caBGA 256 IND
LCMXO2-2000HE-4FTG256I 2112 1.2V -4 Halogen-Free ftBGA 256 IND
LCMXO02-2000HE-5FTG2561 2112 1.2V -5 Halogen-Free ftBGA 256 IND
LCMXO2-2000HE-6FTG256I 2112 1.2v -6 Halogen-Free ftBGA 256 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHE-4FG484I 2112 1.2V -4 Halogen-Free fpBGA 484 IND
LCMXO02-2000UHE-5FG4841 2112 1.2V -5 Halogen-Free fpBGA 484 IND
LCMXO02-2000UHE-6FG4841 2112 1.2V -6 Halogen-Free fpBGA 484 IND
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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-5MG132] 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 144l 4320 1.2V -5 Halogen-Free TQFP 144 IND
LCMXO2-4000HE-6TG 144l 4320 1.2V -6 Halogen-Free TQFP 144 IND
LCMXO2-4000HE-4BG256I 4320 1.2V -4 Halogen-Free caBGA 256 IND
LCMXO2-4000HE-5BG256| 4320 1.2V -5 Halogen-Free caBGA 256 IND
LCMXO2-4000HE-6BG256I 4320 1.2V -6 Halogen-Free caBGA 256 IND
LCMXO2-4000HE-4FTG256I 4320 1.2V -4 Halogen-Free ftBGA 256 IND
LCMXO2-4000HE-5FTG256I 4320 1.2V -5 Halogen-Free fiBGA 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-5BG332| 4320 1.2V -5 Halogen-Free caBGA 332 IND
LCMXO2-4000HE-6BG332I 4320 1.2V -6 Halogen-Free caBGA 332 IND
LCMXO2-4000HE-4FG484I 4320 1.2V -4 Halogen-Free fpBGA 484 IND
LCMXO2-4000HE-5FG484I 4320 1.2V -5 Halogen-Free fpBGA 484 IND
LCMXO2-4000HE-6FG484| 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 144l 6864 1.2V -5 Halogen-Free TQFP 144 IND
LCMXO2-7000HE-6TG144l 6864 1.2V -6 Halogen-Free TQFP 144 IND
LCMXO2-7000HE-4BG256I 6864 1.2V -4 Halogen-Free caBGA 256 IND
LCMXO2-7000HE-5BG256| 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-5FTG256I 6864 1.2V -5 Halogen-Free fiBGA 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-5BG332| 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-5FG484| 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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R1 Device Specifications

The LCMX02-1200ZE/HC “R1” devices have the same specifications as their Standard (non-R1) counterparts

except as listed below. For more details on the R1 to Standard migration refer to AN8086, Designing for Migration
from MachX02-1200-R1 to Standard Non-R1) Devices.

The User Flash Memory (UFM) cannot be programmed through the internal WISHBONE interface. It can still be
programmed through the JTAG/SPI/IC ports.

The on-chip differential input termination resistor value is higher than intended. It is approximately 200Q2 as
opposed to the intended 100Q. It is recommended to use external termination resistors for differential inputs. The
on-chip termination resistors can be disabled through Lattice design software.

Soft Error Detection logic may not produce the correct result when it is run for the first time after configuration. To
use this feature, discard the result from the first operation. Subsequent operations will produce the correct result.

Under certain conditions, IIH exceeds data sheet specifications. The following table provides more details:

Pad Rising Pad Falling Steady State Pad | Steady State Pad
Condition Clamp IIH Max. IIH Min. High IIH Low IIL
VPAD > VCCIO OFF 1mA -1TmA 1mA 10pA
VPAD = VCCIO ON 10pA -10pA 10pA 10pA
VPAD = VCCIO OFF 1mA -TmA 1mA 10pA
VPAD < VCCIO OFF 10pA -10pA 10pA 10pA

The user SPI interface does not operate correctly in some situations. During master read access and slave write
access, the last byte received does not generate the RRDY interrupt.

In GDDRX2, GDDRX4 and GDDR71 modes, ECLKSYNC may have a glitch in the output under certain condi-
tions, leading to possible loss of synchronization.

When using the hard I?C IP core, the I°C status registers 12C_1_SR and 12C_2_SR may not update correctly.

PLL Lock signal will glitch high when coming out of standby. This glitch lasts for about 10usec before returning
low.

Dual boot only available on HC devices, requires tying VCC and VCCIO2 to the same 3.3V or 2.5V supply.
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For Further Information

A variety of technical notes for the MachXOz2 family are available on the Lattice web site.
¢ TN1198, Power Estimation and Management for MachXO2 Devices

* TN1199, MachXO2 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

e 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 MachXOz2 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

e Thermal Management document

e | attice design tools

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

e PCI: www.pcisig.com

© 2012 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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Date

Version

Section

Change Summary

November 2010

01.0

Initial release.

January 2011

01.1

All

Included ultra-high I/O devices.

DC and Switching
Characteristics

Recommended Operating Conditions table — Added footnote 3.

DC Electrical Characteristics table — Updated data for I, Ijy. VHysT typ-
ical values updated.

Generic DDRX2 Outputs with Clock and Data Aligned at Pin
(GDDRX2_TX.ECLK.Aligned) Using PCLK Pin for Clock Input tables —
Updated data for Tpja and Tpg.

Generic DDRX4 Outputs with Clock and Data Aligned at Pin
(GDDRX4_TX.ECLK.Aligned) Using PCLK Pin for Clock Input tables —
Updated data for Tpja and Tpg.

Power-On-Reset Voltage Levels table - clarified note 3.

Clarified VCCIO related recommended operating conditions specifica-
tions.

Added power supply ramp rate requirements.

Added Power Supply Ramp Rates table.

Updated Programming/Erase Specifications table.

Removed references to Vcp

Pinout Information

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

Removed references to Vcp

April 2011

01.2

Data sheet status changed from Advance to Preliminary.

Introduction

Updated MachXO2 Family Selection Guide table.

Architecture

Updated Supported Input Standards table.

Updated sysMEM Memory Primitives diagram.

Added differential SSTL and HSTL IO standards.

DC and Switching
Characteristics

Updates following parameters: POR voltage levels, DC electrical char-
acteristics, static supply current for ZE/HE/HC devices, static power
consumption contribution of different components — ZE devices, pro-
gramming and erase Flash supply current.

Added VREF specifications to syslO recommended operating condi-
tions.

Updating timing information based on characterization.

Added differential SSTL and HSTL IO standards.

Ordering Information

Added Ordering Part Numbers for R1 devices, and devices in WLCSP
packages.

Added R1 device specifications.

May 2011

01.3

Multiple

Replaced “SED” with “SRAM CRC Error Detection” throughout the doc-
ument.

DC and Switching
Characteristics

Added footnote 1 to Program Erase Specifications table.

Pinout Information

Updated Pin Information Summary tables.

Signal name SO/SISPISO changed to SO/SPISO in the Signal Descrip-
tions table.
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Date Version Section Change Summary
August 2011 01.4 Architecture Updated information in Clock/Control Distribution Network and sys-
CLOCK Phase Locked Loops (PLLs).
DC and Switching  |Updated I, and I,y conditions in the DC Electrical Characteristics table.
Characteristics
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 1/0, DQS
Groups Bank 1, Total General Purpose Single-Ended 1/O, Differential
I/0O 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-6FG4841.
Added footnote for WLCSP package parts.
Supplemental Removed reference to Stand-alone Power Calculator for MachXO2
Information Devices. Added reference to AN8086, Designing for Migration from
MachX02-1200-R1 to Standard (non-R1) Devices.
August 2011 01.5 DC and Switching  |Updated ESD information.
Characteristics
Ordering Information |Updated footnote for ordering WLCSP devices.
February 2012 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 sec-
tion.
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
hes i,
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
February 2012 01.7 All Updated document with new corporate logo.
March 2012 01.8 Introduction Added 32 QFN packaging information to Features bullets and MachXO2

Family Selection Guide table.

DC and Switching
Characteristics

Changed ‘STANDBY’ to ‘USERSTDBY’ in Standby Mode timing dia-
gram.

Pinout Information

Removed footnote from Pin Information Summary tables.
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Date Version Section Change Summary
March 2012 01.8 Pinout Information  |Added 32 QFN package to Pin Information Summary table.
(cont.) (cont.) (cont.)
Ordering Information |Updated Part Number Description and Ordering Information tables for
32 QFN package.
Updated topside mark diagram in the Ordering Information section.
April 2012 01.9 Architecture Removed references to TN1200.
Ordering Information |Updated the Device Status portion of the MachXO2 Part Number
Description to include the 50 parts per reel for the WLCSP package.
Added new part number and footnote 2 for LCMX02-1200ZE-
1UWG25ITR50.
Updated footnote 1 for LCMX02-1200ZE-1UWG25ITR.
Supplemental Removed references to TN1200.
Information
January 2013 02.0 Introduction Updated the total number IOs to include JTAGENB.

Architecture

Supported Output Standards table — Added 3.3 Vg0 (Typ.) to LVDS
row.

Changed SRAM CRC Error Detection to Soft Error Detection.

DC and Switching
Characteristics

Power Supply Ramp Rates table — Updated Units column for tgamp
symbol.

Added new Maximum syslO Buffer Performance table.

sysCLOCK PLL Timing table — Updated Min. column values for f, four
foute and fppp parameters. Added tgpg parameter. Updated footnote 6.

MachXO2 Oscillator Output Frequency table — Updated symbol name
for tstapLEOSC.

DC Electrical Characteristics table — Updated conditions for I Iy sym-
bols.

Corrected parameters tDQVBS and tDQVAS

Corrected MachXO2 ZE parameters tDVADQ and tDVEDQ

Pinout Information

Included the MachX02-4000HE 184 csBGA package.

Ordering Information

Updated part number.
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T Power Estimation and
mEALTICE Management for MachXO2 Devices

December 2012 Technical Note TN1198

Introduction

A key requirement for many of today’s high volume FPGA applications is low power consumption. The MachX02™
PLD provides many power-saving features including Power Controller, Bank Controller and Power Guard. This
technical note provides users with detail for using the MachXO2 low power architectural features including power
supply considerations and power estimations provided by the Power Calculator tool.

Power Modes

FPGA designers often minimize power consumption by turning off subsystems while configured and operational.
Design modes of operation are typically categorized into the following:

Normal operation:
¢ Device is fully operational and all circuits are active

* Highest power consumption

Low power operation:

e Subsystems are dynamically shut down when not required
* Average to low power consumption

Ultra low power standby:

¢ All subsystems are shut down

* Lowest power consumption provides the best option for prolonged battery life

The MachXO2 offers a flexible architecture that allows many on-chip components to be dynamically turned off dur-
ing the low power operation modes. These features are listed in Table 8-1.

Table 8-1. MachX0O2 Components with Low Power Features

Device Component Description

The Bandgap can be turned off in standby mode. When the Bandgap is turned off analog circuitry
such as the PLLs, on-chip oscillator, and referenced and differential 1/O buffers are also turned off.

The POR can be turned off in standby mode. This circuit monitors V¢ levels. In the event of
unsafe V¢ drops, this circuit reconfigures the MachXO2 device. When the POR circuitry is turned
off, limited power detection circuitry is still active. This option is only recommended for applications
in which the power supply rails are reliable.

Bandgap

Power-On-Reset (POR)

The on-chip oscillator has two power-saving features. It may be statically switched off when not

On-Chip Oscillator used in a design. It can also be turned off in standby mode.

PLL 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.

Referenced and differential 1/0O buffers (used to implement standards such as HSTL, SSTL and
I/O Bank Controller LVDS) consume more than ratioed single-ended 1/0Os such as LVCMOS. The I/O bank controller
allows the designer to turn these 1/Os off dynamically on a per-bank basis.

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 designers 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 in the standby mode when it can be used to switch off clock inputs that are distrib-
uted using general routing resources.

Power Guard

© 2012 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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Power Controller

The MachXO2 PLD includes a Power Controller to ensure smooth transitions into and out of standby mode. The
Power Controller’s two primary signals, STOP and STDBY, transitions are shown in Figure 8-1.

Figure 8-1. Power ControllerFigure 8-1 State Diagram (STDBY, STOP)

Enter Standby
Operate (00)

BGstable

Wakeup (10)

The detailed Power Controller block diagram is shown in Figure 8-2 and its ports are defined in Table 8-2. The time-
out signal is generated from an optional 8-bit Timer Counter which divides the input clock source by 28 (or 256).
This injects a delay between the STOP and STDBY signals.

Wakeup

Wakeup AND BGstable

Wakeup AND !BGstable

Figure 8-2. Power Controller Block Diagram

CLK ———»
8-Bit T » STDBY
USERTIMEQUT ————» Timer Counter h e —
Timeout
S
BGstable —>‘>O—DQ jD’ PORGff

|—> LT
> BGoff

_:I—\
Enter Standby
s
0—»D Q » STOP
USERSTDBY ——>|>o_> c
Wakeus + —lpa » SFLAG
»> C R
CLRFLAG ¥
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Table 8-2. Power Controller Signals

Port /10 Optional Description
CLK Input Yes Clock source to the Timer Delay block.
USERTIMEOUT Input Yes An active high enable signal for the Timer Counter block.

A rising edge of this signal begins the shut-down sequence to enter standby. A
falling edge of this signal begins the wake up sequence from standby. The
USERSTDBY Input or Yes USERSTDBY signal is from user logic or hardwire from the Configuration

Hardwired logic. The signals CFGSTDBY and CFGWAKE are used to provide simulation
support for the Configuration I12C and SPI standby and wake commands.
These ports should be connected to the matching ports on the EFB.

Asynchronous active high reset for the standby flag. User logic should assert a
CLRFLAG Input Yes high pulse on this signal once device has woken up to clear the SFLAG.

Active high signal which is a precursor to the STDBY signal. The delay from

STOP Output Yes STOP to STDBY is determined by the 8-bit Timer Counter block. The STOP
signal is used to prepare logic for standby by switching off clocks, signals etc.
Active high signal through general routing to user logic, I/O pads, oscillator,

STDBY Output No and PLLs. Used to place logic in standby.

SFLAG Output Yes This flag signal goes high to alert user logic that the device is in standby.
Shut-off signal to the Power Detector circuitry (POR). Power Detector circuitry

PORoff' Hardwired Yes is used to determine if there has been a drop in V. If so, the device will be

reconfigured.

Shut-off signal to bandgap circuitry found in the MachXO2 ZE and HE versions

1 . for additional power savings. When the bandgap circuitry is turned off, POR
BGoff Hardwired Yes circuitry, analog circuits (PLL, oscillator, referenced LVCMOS I/Os, SSTL I/Os,
HTSTL 1/Os, and differential 1/0Os) are turned off.

. The BGstable signal is a signal from the bandgap circuit. This signal will only
BGstable Hardwired No be released after the bandgap circuitry is stable.

1. When POR is shuf off, limited Power Detector circuitry is still active. This option is only recommended for applications where the power sup-
ply rails are reliable. Vs must remain within the data sheet recommended range, otherwise device functionality cannot be guaranteed.

The Power Controller can be configured using IPexpress™ as shown in Figure 8-3.

Figure 8-3. IPexpress Power Controller

f L attice FPGA Module -- Power Controller '

Configuration ] Generate Log ]

Power Controller Configuration \
—= CLKE Entry O ptions
— | UISERSTOEY sTOP Entry Signals Uszer ﬂ
—{ CLRFLAG STOEY —= Stop to Standby Delay Counter ﬂ
—» CFGSTDEY i
SFLAG Wwake Optiong
—» CFGwWAKE Wake Signals Usger ﬂ
E stimated Resource |sage: ¥ Enable Standby Flags
=
[+ Turm off Bandgap when in Standby

Bius Ordering Style:
[Big Endian [M5B:LSE] Rl

[ Import LPC to ispLEVER project Generate Close Help
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Table 8-3. IPexpress Power Controller Descriptions

Standby'

Entry Type Values Default Value Comment
Entry Signals Combo Box | User, Configuration User Configuration includes JTAG and I°C
Stop to Standby Delay Combo Box User, Counter, Bypass User enables the USERTIMEOUT signal for
Bypass the Timer Counter. When Bypass is selected

there will be no delay between the STOP and
STDBY signals.

Wake

Wake Signals Combo Box | User, Configuration User

Standby

Enable Standby Flags Check Box TRUE, FALSE TRUE

Turn off Bandgap when | Check Box TRUE, FALSE FALSE When the bandgap circuitry is turned off, POR

in Standby" circuitry, analog circuits (PLL, oscillator, refer-
enced LVCMOS I/Os, SSTL I/Os, HTSTL 1/Os,
and differential I/Os) are turned off.

Turn off POR when in Check Box TRUE, FALSE FALSE Power Detector circuitry is used determine if

there has been a drop on V. If there has
been, then the device will be reconfigured.

1. When POR is shuf off, limited Power Detector circuitry is still active. This option is only recommended for applications where the power sup-
ply rails are reliable. VCC must remain within the data sheet recommended range, otherwise device functionality cannot be guaranteed.

The Power Controller sequence for entering and exiting standby is shown in Figure 8-4.

Figure 8-4. Power Controller Waveform
Operating

A

ShutDn

\ 4
A

Standby

>

Wakeup

Operating

[

\ 4

USERSTDBY

]

USERTIMEOUT

=

POROoff

BGoff

STOP

]

STDBY

SFLAG

I

CLRFLAG

CLK

o

BGstable
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When designing with the Power Controller, users should be aware of the following:

* The software will produce an error if the Power Controller USRSTDBY signal is turned off during standby. This is
to prevent a lock-up situation.

* When the Power Detector circuitry is turned off, there is still some limited circuitry within the Power Detector that
is active. It is recommended to turn off the Power Detector circuitry only if the power supply rails are reliable. V¢
must remain within the data sheet recommended range or functionality cannot be guaranteed.

* When the Bandgap circuitry is turned off, Power Detector circuitry, analog circuits (PLL, oscillator, referenced
LVCMOS I/Os, SSTL 1/Os, HTSTL I/Os, and differential 1/0s) are turned off.

Bank Controller

Referenced, differential and LVDS 1/O standards consume more power then other I/O standards and are not always
required to be active. The active high Bank Controller allows the designer to turn these I/Os off dynamically on a
per-bank selection. The Dynamic InRD (input referenced and differential 1/0s) is used to turn off referenced and dif-
ferential inputs. Dynamic LVDS control is used to turn off the LVDS output driver. The Bank Controller can be
instantiated using the primitives shown (BCINRD for dynamic InRD, BCLVDSO for dynamic LVDS) in Figure 8-5 or
using IPexpress, as shown in Figure 8-6.

Figure 8-5. INRDB, LVDSOB Primitive

INRDENI ——» BCINRD
LVDSENI| f—an BCLVDSO

Figure 8-6. IPexpress Dynamic Bank Controller

' Lattice FPGA Module -- Dynamic Bank Controller

Configuration ] Generate Log ]

Dymarnic Bank Controller Configuration \l\
— INRDENID
—3 INRDEMI1

INRDENI2 Bank 0 ¥ Enable Dynamic InRD Control W Enable Dynamic LYDS Control
—3 INRDEMIZ
—={ INRDEMI4 Bark 1 ¥ Enable Dynamic InRD Control
—{ INRDEMIS Bank 2 ¥ Enable Dynamic InRD Control
—

LVDSENI Bank 3 ¥ Enable Dynamic InRD Control

E stimated Resource Usage: Bark 4 [ Enable Dynamic InRD Control

Bank 5 [ Enable Dynamic InRD Control

Mate: There iz RTL/Functional simulation suppart far the Dynamic Bank Contraller.
There is only Post PAR simulation support far this silicon specific feature.

Buz Ordering Skyle:
Big Endian [M58:L5E] j

[ Import LPC to ispLEVER project Generate Close Help
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When designing with the Bank Controller, users should be aware of the following:

» The software will produce an error if the Bank Controller control signal is from a referenced or differential 1/O in
the bank which is enabled by the Bank Controller. This is in order to prevent a lock-up situation.

» Powering off the bandgap overrides the Bank Controller

Power Guard

The Power Guard (PG) feature minimizes dynamic power consumption on routing by gating signals at the input pin.
To prevent this loss, especially on large fan-out or heavily loaded nets like clocks, inputs can be “Power Guarded”.
Power Guard prevents logic from getting on nets using an active high control signal. The Power Guard primitive
component, as shown in Figure 8-7, can be included in your clock or data paths. For large buses, IPexpress can be
used as shown in Figure 8-8.

Figure 8-7. Power Guard Primitive

Power Guard

Figure 8-8. IPexpress Power Guard

| attice FPGA Module -- Power Guard

Configuration l Generate Log ]

Power Guard Configuration \

Specify the width of the Power Guard bus:

9 1-999)

Mote: Enable logic must be the same for all
|05 with Power Guard in a bank.

e [[E:0]
(13 0] i

E stimated Resource Uzage:

Bug Ordering Style:
|Big Endian [MSB:LSE] |

[ Import LPC to ispLEVER project Generate Close Help
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When designing with Power Guard, users should be aware of the following:

* The software will produce an error if the Power Guard control signal is from the output of the Power Guard com-
ponent. This is to prevent a lock-up situation.

Low Power Design Implementation

Figure 8-9 shows an example design implementation utilizing the MachXO2 low-power architectural components.
In this design, there are four power level states:

1. Normal operation

2. Normal operation except DDR memory controller turned off
3. Preparing for standby

4. Standby

In this example design:

* White blocks are normal FPGA logic.
e Gray blocks are MachXO2 components associated with low power consumption.

* The clock CLK goes through the Power Guard component because it is a high fan-net in the design. The STDBY
signal is used to block the clock signal from getting onto the routing, thus reducing dynamic power.

* The signal INRDENI is used to turn off the referenced SSTL I/Os of the DDR interface using the Bank Controller
BCINRDA, reducing static and dynamic power.

* A Power State Machine is used to step through the various states of the design. The bullets below describe what
happens at each state:
— Normal operation DDR Controller and I/0 Expander are communicating with external memory and peripher-
als.
— DDR memory is not being used and the INRDENI signal is asserted high. The referenced SSTL I/Os are dis-
abled, thereby reducing static and dynamic power.
— The device begins the low power standby sequence:
- USERSDBY is asserted high and is used by the Power Controller to assert high STOP.
- The DDR Controller and I/O Expander logic prepare for standby.
- After the delay CLKX/256 from the Power Controller Timer Counter the STDBY signal is asserted
high.
- SFLAG is asserted high. Power Guard blocks the CLK signal from getting on high fan-out routing.
Bank Controller turns off the referenced SSTL I/Os. DDR Controller and I/O Expander logic are in
standby reaching the lowest power state.
— When in the low power standby state the device waits for the signal Wakeup before resuming normal opera-
tion.
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Figure 8-9. Low Power Design Implementation

CLK >
STDBY —»

Power Guard —» CLKX

CLKX — .
Wakeup > Power State Machine L » |NRDENI

o e—| S lomiOmtoy e srop
USERSTDBY #—— >:&le = shul Down ontrofler \4—— gtpgy

State 3. Device in Standby
CLRFLAG State 4. Wakeup Sequence SFLAG

CLKX —»»|
TIMEOUT —»| Power

USERSTDBY —»| Controller
CLRFLAG —|

—® STOP
——m STDBY
— SFLAG

—— CLKX CLKX ’

I/O Expander —— STDBY STDBY —p| DDR

Controller

—— STOP STOP —»

INRDENI —»| BCINRDA

A
¥ ]
External DDR
Peripherals Memory

Power Supply Sequencing and Hot Socketing

MachXO2 devices are designed to ensure predictable behavior during power-up and power-down. During power-
up and power-down sequences, the 1/0Os remain in tri-state until the power supply voltage is high enough (VCC-
MIN) to ensure reliable operation. In addition, leakage into I/O pins is controlled to within the limits specified in the
MachXO2 Family Data Sheet, allowing for easy integration with the rest of the system.

Recommended Power-up Sequence
Refer to the DC and Switching Characteristics section of the MachXO2 Family Data Sheet for more information on
power-up sequences for the MachXO2 family.

Power Calculator

The Power Calculator is a powerful tool that allows users to estimate the power consumption of a device. This tool
offers an Estimation mode for “what-if” analysis, and enables designers to import NCD design files to accurately
estimate power for their designs. The background engine performs each calculation quickly and accurately.

When running the Power Calculator tool in Estimation mode, designers provide estimates of the utilization of vari-
ous components and the tool provides an estimate of the power consumption. This is a good start, especially for
“what-if” analysis and device selection.

Calculation mode is a more accurate approach, where the designer imports the actual device utilization by import-
ing the post Place and Route netlist design file (or NCD file).

Users can also import a Trace Report (or TWR) file where the frequencies for various clocks are also imported.
Note that the Trace Report only includes frequencies of the clock nets that are constrained in the Preference file.
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The default Activity Factor (AF%) for dynamic power calculation is set to 10% in the Power Calculator. Users can
change the default AF for the entire project or for each clock net individually. Activity Factor is discussed in more
detail later in this document.

Power Calculator Hardware Assumptions

The power consumption of a device can be broken down coarsely into the static (or DC) element and the dynamic
(or AC) element. These elements have the following dependencies with respect to the junction temperature (T,) of
the die.

» Static power is a result of the leakage associated with the transistors. There are two types of static leakage.
— Static leakage which has a strong temperature dependency
— DC bias which is fairly constant across temperature

¢ Dynamic power is caused by the toggling of signals in the transistor.
— Dynamic power is fairly constant across temperature

Each component of the device (e.g., LUT, register, EBR, I/O etc.) has its own coefficients for static and dynamic
power. Certain selections in the Power Calculator tool affect some of these coefficients as discussed in the next
section.

Power Calculator and Power Equations

Please refer to the ispLEVER Tutorial for launching and using the Power Calculator tool under Help > ispLEVER
Help.

Once you step through the procedure, you will see the window illustrated in Figure 8-10.
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Figure 8-10. Power Calculator Main Window

& Power Calculator c:\isptoolsiexamplesMpgaimachxo2\vhdiprep1iprepi.pep g@@
File Edit Help

DEDE 9

Lattice Power Calculator Software Mode: | Calculation

Powver Surmmary | Logic Block | Clocks || 11D | 100 Term || Block RAM || PLLD@SOLLD@SIDLLDEL | EFE | Misc || Graph | Report

Device Enviranmert

Famity: MachX 02 v | Speed Grade: -4 w Thermal Profile...
Device: LCMYO2-1200HE  » | Cperating Condition: |oommercial w Ambient Temperature (C) | og
Package Type! CSBGA1E2 w | Part Marme: LCHX02-1 200HC-4MG 1 32CES v Effective Theta-J& (CAVY: | 3357

Device Power Parameters Junction Temperature (C): | 2508

Process TYRE Typical w | Powver File Revision: | Advanced Power Contral... Madmum Safe Ambiert (C): | 84 8

Dyhamic| Current by Power Supply Details Powver by Power Supply Details Power by Block (M) | Peak Startup (8)
Poreer

" Muiplier| [tatic: (4) | Dynaric (&) Total (8) || |Static (/)| Dynaric 0A) Total gan || sk Tree U2
vee 2300 || oo 0000650 [0.000000  [pooose0 || mooz2es poooooo  [ooo22od i D) 57
Vecin3a 3300 || 100 0000000 [0.000000 (0000000 || 0.000000 (0000000 |0.000000 Logic 0.0003285
Vecio 25 12500 || 100 0000008 |0.000000 (0000008 || 0.000023 (0000000 0000023 EBR 0.000117
Veciols 11800 | 100 0000000 [0.000000 0000000 | 0000000 [0.000000  |0.000000 DESOLL A
veeinls 11500 | o0 0000000 [0.000000 (0000000 | 0000000 0000000  |0.000000 Das 0.000032
vecio1.2 11200 || 700 0000000 |0.000000 |0000000 || 0.000000 (0000000 |0.000000 DLLDEL 0.000081
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It is important to understand how the options available with the Power Calculator affect the power consumption of a
device. For example, if the ambient temperature is changed, it affects the junction temperature, according to the fol-
lowing equation:

Ty=Ta+Oya grrecTive * P (1)
Where T, and Tj are the junction and ambient temperatures, respectively, and P is the power.
Oya_errecTIVE IS the effective thermal impedance between the die and its environment.

The junction temperature is directly proportional to the ambient temperature. An increase in T will increase T and
result in an increase of the static leakage component.

Selecting the Process Type again affects the static leakage; in particular the static leakage coefficient changes.
The DC Bias component is constant across the range.

For dynamic power, increasing the frequency of toggling will increase the dynamic component of power.

8-10



[ ] Power Estimation and Management
#=ZLATTICE for MachX02 Devices

Typical and Worst Case Process Power/lcc

Another factor that affects DC power is process variation. This variation, in turn, causes variation in quiescent
power.

Power Calculator takes these factors into account and allows designers to specify either a typical process or a
worst case process.

Junction Temperature

Junction temperature is the temperature of the die during operation. It is one of the most important factors that
affect the device power. For a fixed junction temperature, voltage and device package combination, quiescent
power is fixed.

Ambient temperature affects the junction temperature as shown in Equation 1. Devices operating in a high-temper-
ature environment have higher leakage since their junction temperature will be higher. Power Calculator models
this ambient-to-junction temperature dependency. When the user provides an ambient temperature, it is rolled into
an algorithm that calculates the junction temperature and power through an iterative process to find the thermal
equilibrium of the system (device running with the design) with respect to its environment (T,, airflow etc.).

Maximum Safe Ambient Temperature

Maximum Safe Ambient Temperature is one of the most important numbers displayed in the Summary tab of the
Power Calculator. This is the maximum ambient temperature at which the design can run without violating the junc-
tion temperature limits for commercial or industrial devices.

Power Calculator uses an algorithm to accurately predict this temperature. The algorithm adjusts itself as the user
changes options such as voltage, process, frequency, AF% etc. (or any factor that may affect the power dissipation
of the device).

Operating Temperature Range

When designing a system, users must make sure that a device operates at specified temperatures within the sys-
tem environment. This is particularly important to consider before a system is designed. With Power Calculator,
users can predict device thermodynamics and estimate the dynamic power budget. The ability to estimate a
device’s operating temperature prior to board design also allows the designer to better plan for power budgeting
and airflow.

Although total power, ambient temperature, thermal resistance and airflow all contribute to device thermodynamics,
the junction temperature (as specified in the MachXO2 Family Data Sheet) is the key to device operation. The
allowed junction temperature range is 0°C to 85°C for commercial grade devices and -40°C to 105°C for industrial
grade devices. If the junction temperature of the die is not within these temperature ranges, the performance and
reliability of the device’s functionality cannot be guaranteed.

Dynamic Power Multiplier (DPM)

The user-defined frequency of operation makes this problem even more complex. To help resolve this issue, the
Dynamic Power Multiplier provides some guard bands for system and board designers.

The Dynamic Power Multiplier is defaulted to “1” which means the dynamic power is what it is. If the user wishes to
add 20% additional dynamic power, the DPM can be set to 1.2 (1 + 20%) and it can be placed against the appropri-
ate power supply. This increases the dynamic power for that supply by 20% and provides designers with some
guard band (if needed).

Power Budgeting

The Power Calculator provides the power dissipation of a design under a given set of conditions. It also predicts the
junction temperature (T ) for the design. If the junction temperature is outside the limits specified in the MachXO2
Family Data Sheet, the viability of operating the device at this junction temperature must be re-evaluated.
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A commercial grade device is likely to show speed degradation with a junction temperature above 85°C and an
industrial grade device at a junction temperature will degrade above 100°C. It is required that the die temperature
be kept below these limits to achieve the guaranteed speed operation.

Operating a device at a higher temperature also means a higher Static Igc. The difference between the Total Ig¢
and the Static Ig¢ (both Static Igc and Dynamic Igg) at a given temperature provides the Dynamic Icc budget avail-
able. If the device runs at a Dynamic Ig¢ higher than this budget, the total I is also higher. This causes the die
temperature to rise above the specified operating conditions.

The four factors of power, ambient temperature, thermal resistance and airflow, can also be varied and controlled to
reduce the junction temperature of the device. The Power Calculator is a powerful tool to help system designers to
properly budget the FPGA power that, in turn, helps improve the overall system reliability.

Dynamic Power Savings

The Power Calculator dynamically estimates the power when the Power Controller, Bank Controller and Power
Guard are implemented in a design by simply enabling or disabling the components.

Figure 8-11. Dynamic Power Options
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Activity Factor Calculation

The Activity Factor % (or AF%) is defined as the percentage of frequency (or time) that a signal is active or toggling
the output. Most resources associated with a clock domain are running or toggling at some percentage of the fre-
quency at which the clock is running. Users must provide this value as a percentage under the AF% column in the
Power Calculator tool.

Another term for 1/Os is the 1/0O Toggle Rate. The AF% is applicable to the PFU, Routing, and Memory Read Write
Ports, etc. The activity of I/Os is determined by the signals provided by the user (in the case of inputs) or as an out-
put of the design (in the case of outputs). The rates at which the 1/Os toggle define their activity. The I/O Toggle
Rate or the 1/0 Toggle Frequency is a better measure of their activity.

The Toggle Rate (or TR) in MHz of the output is defined in the following equation:
Toggle Rate (MHz) = 1/2 * f * AF% (2)

Users are required to provide the TR (MHz) value for the 1/O instead of providing the frequency and AF% for other
resources. AF can be calculated for each routing resource, output or PFU. However, this involves long calculations.
The general recommendation for a design occupying roughly 30% to 70% of the device is an AF% between 15%
and 25%. This is an average value. The accurate value of an AF depends upon clock frequency, stimulus to the
design and the final output.

8-12
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Thermal Impedance and Airflow

A common method for characterizing a packaged device’s thermal performance is with Thermal Resistance, T. For
a semiconductor device, thermal resistance indicates the steady state temperature rise of the die junction above a
given reference for each watt of power (heat) dissipated at the die surface. Its units are °C/W.

The most common examples are 0 5, Thermal Resistance Junction-to-Ambient (in °C/W) and ©,c, Thermal Resis-
tance Junction-to-Case (also in °C/W). Another factor is ® g, Thermal Resistance Junction-to-Board (in °C/W).

Knowing the reference (i.e. ambient, case, or board) temperature, the power, and the relevant T value, the junction
temperature can be calculated per the following equations.

TJ=TA+®JA*P (3)
Ty=Tc+0,c*P (4)
TJ=TB+®JB*P (5)

Where T, T, Tc and Tg are the junction, ambient, case (or package) and board temperatures (in °C), respectively.
P is the total power dissipation of the device.

05 is commonly used with natural and forced convection air-cooled systems. @ ¢ is useful when the package has
a high conductivity case mounted directly to a PCB or heatsink. And ® g applies when the board temperature adja-
cent to the package is known.

Power Calculator utilizes the ambient temperature (°C) to calculate the junction temperature (°C) based on the © 5
for the targeted device. Users can also provide the airflow values (in LFM) to obtain a more accurate junction tem-
perature value.

To improve airflow effectiveness, it is important to maximize the amount of air that flows over the device or the sur-
face area of the heat sink. The airflow around the device can be increased by providing an additional fan or increas-
ing the output of the existing fan. If this is not possible, baffling the airflow to direct it across the device may help.
This means the addition of sheet metal or objects to provide the mechanical airflow guides to guide air to the target
device. Often the addition of simple baffles can eliminate the need for an extra fan. In addition, the order in which
air passes over devices can impact the amount of heat dissipated.

Reducing Power Consumption

One of the most critical challenges for designers today is reducing the system power consumption. A low-order
reduction in power consumption goes a long way, especially in modern hand-held devices and electronics. There
are several design techniques that can be used to significantly reduce overall system power consumption. Some of
these include:

* Using the MachXO2 power saving architecture features like Power Controller, Bank Controller and Power Guard.
* Reducing operating voltage while staying within data sheet limits.

* Operating within the specified package temperature limitations.

* PLL jitter/power option within IPexpress

e Confirm if input-only bank saves power

» Using optimum clock frequency reduces power consumption, as the dynamic power is directly proportional to the
frequency of operation. Designers must determine if some portions of the design can be clocked at a lower rate
that will reduce power.
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Reducing the span of the design across the device. A more closely-placed design uses fewer routing resources
and therefore less power.

Reducing the voltage swing of the I/Os where possible.
Ensuring input logic levels are not left floating but pulled either up or down.
Ensuring no I/O pull-up/down conflicts with other components on the board.

Using optimum encoding where possible. For example, a 16-bit binary counter has, on average, only 12% activity
factor and a 7-bit binary counter has an average of 28% activity factor. On the other hand, a 7-bit LFSR counter
will toggle at an activity factor of 50%, which causes higher power consumption. A gray code counter, where only
one bit changes at each clock edge, will use the least amount of power, as the activity factor is less than 10%.

Minimizing the operating temperature by the following methods:
— Use packages that can better dissipate heat, such as ceramic packages.
— Place heat sinks and thermal planes around the device on the PCB.
— Use better airflow techniques, such as mechanical airflow guides and fans (both system fans and device
mounted fans).

To achieve the lowest standby power:

— All clocks and combinatorial logic should be held at a steady state
All inputs should be held at a rail; if not possible, toggling inputs should gated using Power Guard
All outputs should be tri-stated and the Bank Controller should turn off referenced and LVDS outputs
Internal oscillator should be turned off using the STDBY port
PLLs should be turned off using the STDBY port
Bandgap and POR should be turned off using the Power Controller

Power Calculator Assumptions
The following are the assumptions made by the Power Calculator.

The Power Calculator tool uses equations with constants based on a room temperature of 25°C. The default tem-
perature of 25°C can be changed.

Users can define the ambient temperature (T,) for device junction temperature (T ) calculation based on the
power estimation. T is calculated from the user-entered T, and the power calculation of typical room tempera-
ture.

I/O power consumption is based on an output loading of 5 pF. Designers have the ability to change this capaci-
tive loading.

Users can estimate power dissipation and current for each type of power supply (Vce, Vecio)-

The nominal V¢ is used by default to calculate power consumption. A lower or higher V¢ can be chosen from
a list of available values.

O 4p can be changed to better estimate the operating system manually or by entering Airflow in Linear Feet per
Minute (LFM) along with a Heat Sink options.

The default value of the I/O types for MachXQO2 devices is LVCMOS25, 8 mA.

The activity factor (AF) is defined as the toggle rate of the registered output. For example, assuming that the
input of a flip-flop is changing at every clock cycle, 100% AF of a flip-flop running at 100 MHz is 50 MHz. The
default activity factor for logic is 10%.
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Introduction

The MachXO2™ FPGA family combines a high-performance, low power, FPGA fabric with built-in, hardened con-
trol functions and on-chip User Flash Memory (UFM). The hardened control functions ease design implementation
and save general purpose resources such as LUTSs, registers, clocks and routing. The hardened control functions
are physically located in the Embedded Function Block (EFB). All MachXO2 devices include an EFB module. The
EFB block includes the following control functions:

» Two I’C cores

¢ One SPI core

One 16-bit timer/counter

Interface to Flash memory which includes:
— User Flash Memory for MachX02-640 and higher densities
— Configuration logic

* Interface to Dynamic PLL configuration settings

* Interface to On-chip Power Controller through 1°C and SPI
Figure 9-1 shows the EFB architecture and the WISHBONE interface to the FPGA user logic.
Figure 9-1. Embedded Function Block (EFB)
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The hard SPI, I2C, Timer/Counter IPs contained in the EFB can save in excess of 500 LUTs when compared to
implementing these same functions in FPGA logic using Lattice reference designs.

© 2012 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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The EFB Register Map is used to access the EFB hardened functions through the Slave WISHBONE bus. Each
hard IP has dedicated 8-bit Data and Control registers, with the exception of the Flash Memory (UFM/Configura-
tion), which is accessed through the same set of registers. Ports having access to the EFB Register Map have
access to all registers. As an example from the Primary I°C Slave port you could access the Timer/Counter regis-
ters. The EFB Register Map is shown below:

Table 9-1. EFB Memory Map

Address Range (Hex) |8-bit Data/Control Registers Function
0x00-0x1F PLLO Dynamic Access'
0x20-0x3F PLL1 Dynamic Access’
0x40-0x49 I2C Primary
0x4A-0x53 I’C Secondary
0x54-0x5D SPI
Ox5E-0x6F Timer/Counter
0x70-0x75 Flash Memory (UFM/Configuration)
0x76-0x77 EFB Interrupt Source

1. There can be up to two PLLs in a MachXO2 device. PLLO has an address
range from 0x00 to Ox1F. PLL1 (if present) has an address range from 0x20
to Ox3F. Reference TN1199, MachXO2 sysCLOCK PLL Design and Usage
Guide, for details on PLL configuration registers and recommended usage.

The EFB module is represented in design software as a primitive and it is described in this document. Use IPex-
press™ to configure the EFB, and to generate Verilog or VHDL source code. The source code is instantiated in

your design.

WISHBONE Bus Interface

The WISHBONE bus in the MachXQO2 is compliant with the WISHBONE standard from OpenCores. It provides
connectivity between FPGA user logic and the EFB functional blocks, as well as connectivity between the individ-
ual EFB functional blocks. The User Logic must include a WISHBONE Master interface to communicate with the
WISHBONE Slave interface of the EFB. An example of a WISHBONE Master is the LatticeMico8™.

The block diagram in Figure 9-2 shows the WISHBONE bus signals between the FPGA core and the EFB. Table 9-
2 provides a detailed definition of the signals.

Figure 9-2. WISHBONE Bus Interface Between the FPGA Core and the EFB Module

MachX02
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EFB Register Map
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9-2


www.latticesemi.com/dynamic/view_document.cfm?document_id=39080
www.latticesemi.com/dynamic/view_document.cfm?document_id=39080
http://opencores.org/opencores,wishbone

am Using User Flash Memory and Hardened
=LATTICE Control Functions in MachX02 Devices

Table 9-2. WISHBONE Slave Interface Signals of the EFB Module

Signal Name /0 Width Description

Positive edge clock used by WISHBONE interface registers and hardened func-
tions within the EFB module. Supports clock speeds up to 133 MHz.

Synchronous reset signal that resets the WISHBONE interface logic. This signal
does not affect the contents of any registers. It terminates an active bus cycle.

wb_clk_i Input 1

wh_rst_i Input 1 Wait 1us after de-assertion before starting any subsequent WISHBONE trans-
actions.

wh_cyc. i Input 1 Asserted by the WISHBONE master, indicates a valid bus cycle is present on
the bus.
Strobe signal indicating the WISHBONE Slave is the target for the current trans-

wb_stb_i Input 1 action on the bus. The EFB module asserts an acknowledgment in response to
the assertion of the strobe.

. Level-sensitive Write/Read control signal. Low indicates a Read operation, and

whb_we_l Input 1 high indicates a Write operation.

wb_adr_i Input 8 8-bit wide address used to selects an EFB specific register.

wb_dat_| Input 8 A WISHBONE Master writes data to the addressed EFB register using the

wb_dat_i bus during write cycles.

A WISHBONE Mater receives data from the addressed EFB register using
wb_dat_o Output 8 wb_dat_o during read memory cycles.
wb_ack_o Output 1 Signals the WISHBONE Master the bus cycle is complete; data written to the

EFB is accepted. Data read from the EFB is valid.

To interface to the EFB you must create a WISHBONE Master controller in the User Logic. In a multiple-Master
configuration, the WISHBONE Master outputs are multiplexed in a user-defined arbiter. A LatticeMico8 soft proces-
sor can also be utilized along with the Mico System Builder (MSB) platform which can implement multi-Master bus
configurations. If two Masters request the bus in the same cycle, only the outputs of the arbitration winner reach the
Slave interface.

WISHBONE Protocol

For information on the WISHBONE protocol and command sequences read the WISHBONE section of TN1246,
Reference Guide for Using User Flash Memory and Hardened Control Functions in MachXO2 Devices.

WISHBONE Design Tips
1. Take note when dynamically turning off components for power savings; the EFB requires the MachX02
internal oscillator to be enabled even if it is not the source of the WISHBONE Clock.
2. If the EFB WISHBONE input signals are not used they should be connected to ‘0.
For more information on the WISHBONE spec can be found on OpenCores website.

4. Many Lattice reference designs have a WISHBONE bus (www.latticesemi.com/products/intellectualprop-
erty/aboutreferencedesigns.cfm)

w

Generating an EFB Module with IPexpress

IPexpress is used to configure the EFB hard IP functions and generate the EFB module. From the Lattice Dia-
mond® top menu select Tools > IPexpress. With a MachXO2 device targeted for the Diamond project, the IPex-
press window opens and the EFB module can be found under Modules > Architecture Modules.
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Figure 9-3. EFB Module in IPexpress
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Fill in the Project Path, File Name, and Design Entry fields, and click Customize.

After clicking on the Customize button, the EFB configuration dialog appears. The left side of the EFB window dis-
plays a graphical representation of the I/0O associated with each IP function. The I/O pins appear and disappear as
each IP is enabled or disabled. The initial tab is used to enable the hardened functions, the dynamic access to the
PLL configuration settings, the User Flash Memory (UFM) and enter the WISHBONE Clock Frequency. An exam-
ple EFB with all features enabled is shown in Figure 9-4.

The hardened IP functions and the UFM have individual tabs in the EFB window for individual configuration set-
tings. These tabs will be discussed later in the document, with the technical description of the specific functions.
When all functions have been configured, click on the Generate button and the EFB module will be generated and
ready to be instantiated in your design.
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Figure 9-4. Generating an EFB Module with IPexpress
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The number of available PLL modules depends on the device density and this will be reflected in the IPexpress
EFB GUI. The MachX02-256 and MachX02-640 do not have PLL modules and so the PLL checkbox in the EFB
window is not available for selection. The MachX02-640U, MachX02-1200, MachX02-1200U, and MachXO2-
2000 each have one PLL, and the MachX02-2000U, MachX02-4000 and MachX02-7000 each have two PLLs
available for dynamic access through the EFB WISHBONE Slave interface.

The default WISHBONE Clock Frequency is set to 50 MHz. Designers can enter a clock frequency up to 133 MHz.
The WISHBONE clock is used by the EFB WISHBONE interface registers and also by the SPI and I°*C hardened IP
cores. The EFB requires the MachXO2 internal oscillator to be enabled even if it is not the source of the WISH-
BONE Clock.

Like other modules, the EFB settings can be viewed in the Map Report as shown below:

Embedded Functional Block Connection Summary:

Desired WISHBONE clock frequency: 2.0 MHz
Clock source:
Reset source:
Functions mode:

12C #1 (Primary) Function:
12C #2 (Secondary) Function:

SP1

Function:

Timer/Counter Function:
Timer/Counter Mode:

UFM Connection:

PLLO Connection:

PLL1 Connection:

clk
wb_rst

ENABLED
DISABLED
ENABLED
DISABLED
WB
DISABLED
DISABLED
DISABLED
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12C Function Summary:

12C Component: PRIMARY

12C Addressing: 7BIT

12C Performance: 100kHz

Slave Address: 0b0001001

General Call: ENABLED

12C Wake Up: DISABLED

12C Component: UFM/Configuration

12C Addressing: 7BIT

12C Performance: 100kHz

Slave Address: 0b0001000
SPI Function Summary:

SP1 Mode: BOTH

SP1 Data Order: LSB to MSB

SP1 Clock Inversion: DISABLED

SP1 Phase Adjust: DISABLED

SP1 Wakeup: DISABLED

Timer/Counter Function Summary:
None

UFM Function Summary:
UFM Utilization: EBR Initialization
Available General
Purpose Flash Memory: 511 Pages (511*128 Bits)

EBR Blocks with Unique

Initialization Data: 6

WID EBR Instance

0b0000000011 LCDCharMap_inst/LCDCharMap_0 0 O

0b0000000100 STRING_TABLE_INST/EXT_ROM_INST/pmi_romXhmenusdn8101024 0 0 O
0b0000000101
Im8_inst/ul_isp8/ul_isp8_prom/pmi_romxXhprom_initadn18112048 1 1 O
0b0000000110
Im8_inst/ul_isp8/ul_isp8_prom/pmi_romxhprom_initadn18112048 0_0 3
0b0000000111
Im8_inst/ul_isp8/ul_isp8_prom/pmi_romXhprom_initadn18112048 0_1_2
0b0000001000

Im8_inst/ul_isp8/ul_isp8_prom/pmi_romXhprom_initadn18112048 1 0 1
Hardened I?C IP Cores

I°C is a widely used two-wire serial bus for communication between devices on the same board. Every MachX02
device contains two hardened I°C IP cores designated as the “Primary” and “Secondary” I?C IP cores. The two
cores in the MachXO2 can operate as an I°C Master or as an I1°C Slave. The difference between the two cores is
that the Primary core has pre-assigned I/O pins while the ports of the secondary core can be assigned to any gen-
eral purpose I/O. In addition, the Primary core also has access to the Flash Memory (UFM/Configuration) through
the Flash Command Interface. The hardened I°C IP core functionality and block diagram are shown below.
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Table 9-3. Hardened FC Functionality

Primary I°C Primary I°C Secondary I°C

Configuration User User
I2C Port as Master No Yes Yes
I2C Port as Slave Yes' Yes' Yes
Access the Flash Memory (UFM/Configuration) Yes' No No
Access the User Logic No Yes Yes
Must use dedicated 1/Os Yes Yes No
Wake Power Controller from Standby Mode Yes Yes Yes
Enter Power Controller Standby Mode Yes No No

1. Primary port can be used as Configuration/UFM port or as a User port, but not both.

Figure 9-5. FC Block Diagram
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When an EFB I?C core is a Master it can control other devices on the I°C bus through the physical interface. When
an EFB I°C core is the Slave, the device can provide I/O expansion to an I°C Master. Both MachXO2 Primary and
Secondary cores support the following I°C functionality:

¢ Master/Slave mode support

e 7-bit and 10-bit addressing

* Clock stretching (I°C Slave is allowed to hold down or stretch the clock to reduce the bus speed)
e Supports 50KHz, 100KHz, and 400KHz data transfer speed

» General Call support (addresses all devices on the bus using the 12C address 0)

* Interface to User Logic through the EFB WISHBONE Slave interface
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Primary I’C
The MachXO2 Primary I°C Controller is shown in Figure 9-6. The main functions of the Primary Controller are:

 Either:
— I2C Configuration Slave provides access to the Flash Memory (UFM/Configuration); or

— I2C User Slave provides access to the User Logic
* |?C Configuration or User Slave provides access to the MachXO2 Power Controller

* |2C User Master provides access to peripherals attached to the MachXO2

Figure 9-6. FC Primary Block Diagram
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The Primary I2C core can be used for accessing the User Flash Memory (UFM) and for programming the Configu-
ration Flash. However, the Primary 12C port cannot be used for both UFM/Configuration access and user functions
in the same design. The block diagram in Figure 9-6 shows an interface between the I1°C block and the Flash Mem-
ory (UFM/Configuration). For information on Programming the MachXO2 through I12C port reference, the I2C section
of TN1204, MachXO2 Programming and Configuration Usage Guide.

Slave I?C peripherals on a bus are accessed by the Master I°C calling the Slave’s unique addresses. The Primary

Configuration address is “yyyxxxxx00” and the Primary User address is “yyyxxxxx01” where “y” and “x” are user
programmable from IPexpress.

The Primary Configuration I1°C can be used to wake the Power Controller from Standby or enter Standby. The Pri-
mary User can only be used to wake the Power Controller from Standby mode. For more information on the Power
Controller, reference TN1198, Power Estimation and Management for MachXO2 Devices. The I’C Power Controller
features can be set up through IPexpress as documented later and the register settings are defined in TN1246,
Reference Guide for Using User Flash Memory and Hardened Control Functions in MachXO2 Devices.

Table 9-4 documents the IP signals of the Primary I°C cores.
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Table 9-4. FC Primary - IP Signals

Signal Name

Pre-Assigned
Pin Name

/0

Width

Description

i2c1_scl

SCL

Bi-directional

Open drain clock line of the I°C core — The signal is an out-
put if the I°C core is performing a Master operation. The sig-
nal is an input for Slave operations.

This signal MUST be routed directly to the corresponding
Pre-Assigned Pin. Please reference the MachXO2 Family
Data Sheet pin tables for detailed pad and pin locations of I°C
ports in each MachXO2 device.

i2c1_sda

SDA

Bi-directional

Open drain data line of the I°C core — The signal is an out-
put when data is transmitted from the I12C core. The signal is
an input when data is received into the 1°C core.

This signal MUST be routed directly to the corresponding
Pre-Assigned Pin. Please reference the MachXO2 Family
Data Sheet pin tables for detailed pad and pin locations of I°C
ports in each MachXO2 device.

i2c1_irqo

Output

Interrupt request output signal of the I°C core — The
intended use of this signal is for it to be connected to a WISH-
BONE 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 I°C section of
TN1246.

cfg_wake

Output

Wake-up signal — Hardwired signal to be connected ONLY to
the Power Controller of the MachXO2 device for functional
simulation support. 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 — Hardwired signal to be connected ONLY

to the Power Controller of the MachXO2 device for functional
simulation support. The signal is enabled only if the Wakeup
Enable feature has been set within the EFB GUI, I°C Tab.

Secondary I°C

The Secondary I°C controller in the MachXO2 provides the same functionality as the Primary I°C controller with the
exception of access to the MachXO2 Configuration Logic. The i2c2_scl and i2c2_sda ports are routed through the
general purpose routing of the FPGA fabric and designers can assign them to any General Purpose I/0 (GPIO).

The Secondary I1°C can be used to wake the Power Controller from Standby mode. For more information on the
Power Controller, reference TN1198, Power Estimation and Management for MachXO2 Devices. The I1)C Power
Controller features can be setup through IPexpress as documented later and the register settings are defined in
TN1246, Reference Guide for Using User Flash Memory and Hardened Control Functions in MachXO2 Devices.

Slave I?C peripherals on a bus are accessed by the User Master I1°C calling the Slave’s unique addresses. The Sec-
ondary User address is “yyyxxxxx10” where “y” and “x” are user-programmable from IPexpress.

Figure 9-7 shows the block diagram of the Secondary I°C core.
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Figure 9-7. FC Secondary Block Diagram
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Table 9-5 documents the IP signals of the Secondary I°C cores. These signals can be routed to any GPIO of the
MachXOz2 devices.

Table 9-5. FC Secondary — IP Signals

Signal Name

Pre-assigned
Pin Name

/0

Width

Description

i2c2_scl

Bi-directional

Open drain clock line of the I°C core. The signal is an out-
put if the I1°C core is performing a Master operation. The sig-
nal is an input for Slave operations. The signal can be routed
to any GPIO of the MachXO2.

i2c2_sda

Bi-directional

Open drain data line of the I°C core. The signal is an out-
put when data is transmitted from the I°C core. The signal is
an input when data is received into the I?C core. The signal
can be routed to any GPIO of the MachXO2.

i2c2_irqo

Output

Interrupt request output signal of the I°C core. This sig-
nal is intended to be connected to a WISHBONE master
controller (i.e. a microcontroller or state machine) and to
request an interrupt when a specific condition is met. These
conditions are described with the I°C register definitions.

cfg_wake

Output

Wake-up signal — Hardwired signal to be connected ONLY
to the Power Controller of the MachXO2 device for functional
simulation support. 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 — Hardwired signal to be connected ONLY
to the Power Controller of the MachXO2 device for functional
simulation support. The signal is enabled only if the Wakeup
Enable feature has been set within the EFB GUI, I?C Tab.

Configuring I°C Cores with IPexpress

Designers can configure the IC cores and generate the EFB module with IPexpress. Selecting the 1°C tab in the
EFB GUI will display the configurable settings of the I°C cores. Figure 9-8 shows an example where the I°C cores
are configured for an example design.
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Figure 9-8. Configuring the FC Functions of the EFB Module with IPexpress
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General Call Enable

This setting enables the I1°C General Call response (addresses all devices on the bus using the I°C address 0) in
Slave mode. This setting can be modified dynamically by enabling the GCEN bit in the Primary register 12C_1_CR
or the Secondary register 2C_2_CR.

Wake-up Enable
For more information on the Power Controller reference TN1198, Power Estimation and Management for MachXO2
Devices.

When the Wake-up Enable is selected an external I°C Master can cause the MachXO2 to leave the Standby Power
state. There are two methods an external I°C master can use to wake the MachXO2 device:

* Primary or Secondary Slave I1°C EFB address match

» Perform a General Call followed by the 0xF3 hex command opcode

The WKUPEN bit in the 12C_1_CR or the 12C_2_CR can be modified dynamically allowing the Wake Up function to
be enabled or disabled.

I’C Bus Performance

Designers can select an I°C frequency of 50KHz, 100KHz, or 400KHz. This will be the frequency of the SCL clock
on the IC bus. This GUI value, together with the WISHBONE Clock Frequency attribute from the EFB Enables tab,
allows the software to calculate the clock divider value for the 10-bit pre-scale registers using the equation (WB
Clock)/(Clock Pre-scale Value). This pre-scale value is modified dynamically by accessing the Primary I’C Baud
Rate register pair 1I2C_1_BR1, 12C_1_BRO or the Secondary I1°C Baud Rate register pair 12C_2_BR1, 12C_2_BRO.
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I’C Addressing

Designers can select between a 7-bit or 10-bit I°C Slave addressing scheme. The last two bits of the 7-bit address
and 10-bit address are hard-coded and select one of the I°C components. The programmable bits of the I°C
address are shared between I°C modules and defined as:

YYYXXXXXWW
ww bits are hard coded with the following definition
00 = Primary Configuration Flash Memory (UFM/Configuration) I°C
01 = Primary User I°C
10 = Secondary User I°C
11 = I?C core reset
xxxxx bits are programmable using the IPexpress GUI and have the default value of 10000
yyy bits are programmable when 10-bit addressing is selected and have the default value of 000

The Primary I°C address is the same as the length (seven or ten bits) as the Flash Memory (UFM/Configuration)
I*)C address. The Primary and Secondary I1°C address sizes can be of differing lengths. For example the Primary
I*C address could be ten bits and the Secondary I1°C address could be seven bits.

MachXO2 I°C Usage Cases
The 12C usage cases described below refer to Figure 9-9.

1. Master MachXO2 IC Accessing Slave External I2C Devices
a. A WISHBONE bus Master is implemented in the MachXO2 logic
b. I°C devices 1, 2, and 3 are all Slave devices
c. The WISHBONE bus Master performs bus transactions to the Primary 1°C controller in the EFB to
access external Slave I°C Device 1 on Bus A
d. The WISHBONE bus Mater performs bus transactions to the Secondary I?°C controller in the EFB to
access the external Slave I°C Devices number 2 or 3 on Bus B
e. For information on the 12C register definitions and command sequences reference the 1°C section of
TN1246, Using User Flash Memory and Hardened Control Functions in MachXO2 Devices Reference
Guide
2. External Master I°C Device Accessing Slave MachXO2 12C
a. The I°C devices 1, 2, and 3 are I°C Master devices
b. The external master I°C Device 1 on Bus A performs I°C memory cycles to access the EFB Primary
I*C controller using address yyyxxxxx01.
c. The external master I°C Device 2 or 3 on Bus B performs I°C memory cycles to access the EFB Sec-
ondary I°C User with the address yyyxxxxx10
d. A WISHBONE bus master in the MachXO2 fabric must manage data reception and transmission. The
WISHBONE master can use interrupts or polling techniques to manage data transfer, and to prevent
data overrun conditions.
i. For information on the I°C register definitions and command sequences reference I°C section of
TN1246, Reference Guide for Using User Flash Memory and Hardened Control Functions in
MachXO2 Devices
3. External Master I°C Device Accessing the MachXO2 Flash Memory Using the Primary I°C Interface
a. The external Master I1°C Device 1 on Bus A performs bus transactions using address yyyxxxxx00. The
external master interacts with the MachXO2 Configuration Logic using this address. The Configuration
Logic provides the controls necessary for performing Flash memory operations.
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b. More details on the accessing the Flash Memory (UFM/Configuration) of the MachXO2 device through
I2C will be found later in this document and in TN1246, MachXO2 EFB Reference Guide.

c. For information on Programming the MachXO2 through I2C port reference, the I°C section of TN1204,
MachXO2 Programming and Configuration Usage Guide.

4. The above usage cases are not mutually exclusive. For example:

a. External Master Device 1 on Bus A can access the MachXQO2 Configuration Logic at the same time a
WISHBONE Master transfers data to the I°C slave devices on Bus B.

b. A WISHBONE master can transfer data to a microprocessor on Bus A (i.e. I°C Device 1), and at some
future time the microprocessor can send data back to the WISHBONE Master. The microprocessor
may also at some future time reprogram the MachXO2 Flash memory in order to update the MachX02
device’s functionality.

Figure 9-9. FC Circuit
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I’C Design Tips

1. For information on the I?C register definitions and command sequences, reference the I°C section of
TN1246, Using User Flash Memory and Hardened Control Functions in MachXO2 Devices Reference
Guide.

2. Take note when dynamically turning off components for power savings; the EFB requires the MachX0O2
internal oscillator to be enabled even if it is not the source of the WISHBONE Clock.

3. I2C has lower priority than JTAG Port and the Slave SPI Port when accessing the Flash Memory
(UFM/Configuration). Reference “Flash Memory (UFM/Configuration) Access” on page 29 for details.

4. The Primary I°C port cannot be used for both UFM/Configuration access and user functions in the same
design.

5. If the secondary I°C Secondary Port is enabled after issuing a Refresh command or toggling PROGRAMN
it is recommended to reset the state machine with a I°C STOP. I’C STOP is performed with a single regis-
ter write 0x40 to 12C_2_CMDR. This will cause a short low-pulse on SCK as the block signals the STOP.
Normal I*C activity can be commenced without additional delay.

6. There are a number of I°C reference designs on the Lattice website (www.latticesemi.com/products/intel-
lectualproperty/aboutreferencedesigns.cfm) including:

a. RD1124: I13C Slave Peripheral Using Embedded Function Block
b. UG55: MachXO2 Hardened I2C Master/Slave Demo
7. For information on the 1>C Protocol reference www.i2c-bus.org/
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Hardened SPI IP Core

SPI is a widely used four-wire serial bus which operates in full duplex for communication between devices. The
MachXO2 EFB contains a SPI Controller that can be configured as a SPI Master/Slave or a SPI Slave. When the IP
core is configured as a Master/Slave it is able to control up to either other devices with Slave SPI interfaces. When
the core is configured as a Slave, it is able to interface to an external SPI Master device. The SPI core interfaces
with the MachX0O2’s Configuration Logic or the other User Logic. The hardened SPI IP core functionality and block
diagram are shown below.

Table 9-6. Hardened SPI Functionality

Configuration SPI User SPI
Slave SPI Port Yes Yes
Master SPI Port No' Yes
Access the Flash Memory (UFM/Configuration) Yes No
Must use dedicated I/Os Yes Yes?
Wake Power Controller from Standby Mode Yes Yes
Enter Power Controller Standby Mode No Yes
1. Only for the configuring SRAM.
2. Any GPIO can be used for spi_csn[7:1] and spi_scsn.
Figure 9-10. SPI Block Diagram
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The SPI IP core on MachXO2 devices supports the following functions:

» Configurable Master and Slave modes

* Mode Fault error flag with CPU interrupt capability

* Double-buffered data register for increased throughput

 Serial clock with programmable polarity and phase

LSB First or MSB First Data Transfer

* Interface to custom logic through the EFB WISHBONE slave interface
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In Master/Slave SPI mode:

* The User SPI controller has eight available Master Chip Selects (spi_csn[7:0]) ports. This allows the control of up
to eight external devices with Slave SPI interface.

* The Configuration SPI upon power-up, if the SPI port has been enabled to boot the MachXO2 device from an
external Slave SPI Flash memory, then the SPI port will act as a Master SPI controller and spi_csn[0] is used as
a Master Chip Select for selecting a specific SPI Flash memory. For information on Programming the MachX0O2
through the SPI port, reference the SPI section of TN1204, MachXO2 Programming and Configuration Usage
Guide.

In Slave SPI mode:

* The User SPI core has one Slave Chip Select (spi_scsn) pin. This allows the User SPI core to be selected by an
external device with a Master SPI interface. User Logic is access through the EFB WISHBONE interface by a
WISHBONE Master in the FPGA logic.

* The Configuration SPI has one Slave Chip Select (ufm_sn) pin. An external SPI Master can access the
MachX0O2’s Configuration Logic by asserting the chip select input. The external SPI Master can reprogram the
MachX0O2’s Configuration Flash and User Flash Memory by performing bus transfers with SN asserted.

This usage guide is focused on the User SPI access. For more information on Programming the MachXO2 through
SPI port reference, the SPI section of TN1204, MachXO2 Programming and Configuration Usage Guide.

The Slave Configuration SPI port can be used to wake the Power Controller from Standby or enter Standby. The
Slave User SPI port can only be used to wake the Power Controller from Standby mode. For more information on
the Power Controller, reference TN1198, Power Estimation and Management for MachXO2 Devices. The SPI
Power Controller features can be set up through IPexpress as documented later and the register settings are
defined in TN1246, Reference Guide for Using User Flash Memory and Hardened Control Functions in MachXO2
Devices.

SPI Interface Signals

The SPI interface uses a serial transmission protocol. Data is transmitted serially (shifted out from the transmitting
device) and it is received serially, shifted into the receiving device. The master device selects a specific slave
device by asserting a chip select, enabling the slave device to shift in the commands/data and to respond by shift-
ing out data.

Table 9-7 documents the signals that are generated with the IP core. Each signal has a description of the usage
and how it should be connected in a design project.

Table 9-7. SPI - IP Signals

Pre-assigned
Signal Name Pin Name /0 Width Description

The signal is an output if the SPI core is in Master mode
(MCLK). The signal is an input if the SPI core is in Slave mode
(CCLK).

spi_clk MCLK/CCLK | Bi-directional 1 This signal MUST be routed directly to the corresponding Pre-
Assigned Pin. Reference the MachXO2 Family Data Sheet pin
tables for detailed pad and pin locations of SPI signals in each
MachXO2 device.

The signal is an input if the SPI core is in Master mode
(SPISO). The signal is an output if the SPI core is in Slave
mode (SO).

SpI_miso SPISO/SO Bi-directional 1 This signal MUST be routed directly to the corresponding Pre-
Assigned Pin. Reference the MachXO2 Family Data Sheet pin
tables for detailed pad and pin locations of SPI signals in each
MachXO2 device.
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Table 9-7. SPI — IP Signals (Continued)

Pre-assigned
Signal Name Pin Name /0 Width Description

The signal is an output if the SPI core is in Master mode
(SISPI). The signal is an input if the SPI core is in Slave mode
(SI).

SpI_MosI SISPI/SI Bi-directional 1 This signal MUST be routed directly to the corresponding Pre-
Assigned Pin. Reference the MachXO2 Family Data Sheet pin
tables for detailed pad and pin locations of SPI signals in each
MachXO2 device.

Master Chip Select (Active Low). Up to eight independent
slave SPI devices can be accessed using the MachXO2 SPI
Controller when it is in Master SPI mode.

spi_csn[7:0] CSSPIN Output 8 The signal spi_csn[0] MUST be routed directly to the corre-
sponding Pre-Assigned Pin. Reference the MachX02 Family
Data Sheet tables for detailed pad and pin locations of SPI
signals in each MachXO2 device.

User Slave Chip Select (Active Low). An external SPI Master
controller asserts this signal to transfer data to/from the SPI
Controllers Transmit Data/Receive Data registers. The signal
can be routed to any GPIO of MachXO2 device.

spi_scsn — Input 1

Configuration Logic Chip select (Active Low) is dedicated for
selecting the Flash Memory UFM and Configuration Sectors.
This signal MUST be routed directly to the corresponding Pre-
Assigned Pin. Reference the MachXO2 Family Data Sheet pin
tables for detailed pad and pin locations of SPI signals in each
MachXO2 device.

ufm_sn SN Input 1 SN is an active pin whenever the SPI core is instantiated,

whether 'ufm_sn' appears on the EFB primitive or not. Thus,
SN cannot be recovered as user I/O. SN can be tied high
externally to augment the weak internal pull-up if not con-
nected to an external Master SPI bus.

SN is also active in a blank or erased device.

Interrupt request output signal of the SPI core. This signal is
intended to be connected to a WISHBONE master controller
spi_irq — Output 1 (i.e. a microcontroller or state machine). It is asserted when
specific conditions are met. These conditions controlled using
the SPI register settings.

Wakeup signal — to be connected only to the Power Controller
module of the MachXO2 device. The signal is enabled only if

cfg_wake T Output 1 the “Wakeup Enable” feature has been set within the EFB
GUI, SPI Tab.
Stand-by signal —to be connected only to the Power Controller
cfg_stdby . Output 1 module of the MachXO2 device. The signal is enabled only if

the “Wakeup Enable” feature has been set within the EFB
GUI, SPI Tab.

Configuring the SPI Core with IPexpress

IPexpress is used to configure the SPI Controller and to generate Verilog or VHDL source code for inclusion in your
design. Selecting the SPI tab, in the EFB GUI, displays the configurable settings for the SPI core. Figure 9-11
shows an example SPI Controller configuration.
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Figure 9-11. Configuring the SPI Functions of the EFB Module with IPexpress
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SPI Mode

This option allows the user to select between “Slave”, or “Slave & Master” modes for the initial mode of the SPI
core. Selecting “Slave & Master” enables SPI Master settings which include Master Clock Rate and Master Chip
Selects. This option can be updated dynamically by modifying the MSTR bit of the register SPICR2.

SPI Master Clock Rate

Desired Frequency: The EFB SPI Controller, when it is configured as a SPI Master, provides an output clock to the
SPI Slave devices on the bus. The output frequency uses a “power of two” value to divide the WISHBONE Clock
Frequency. The SPI Master uses the Master Clock Rate to time all SPI bus transactions and internal operations.
The MachXO2 SPI Master interface can operate at speeds up to 45 MHz. You input the WISHBONE Clock Fre-
quency on the EFB Enables tab of the dialog.

The divisor can be changed while the FPGA is in user mode. Updating the divider value in the SPIBR register
causes the SPI Controller to reset and use a new output clock frequency.

Actual Frequency: It is not always possible to divide the input WISHBONE clock exactly to the frequency requested
by the user. The actual frequency value will be returned in this read-only field. When both the desired SPI clock and
WISHBONE clock fields have valid data and either is updated, this field will return the value rounded to two decimal
places.

SPI Protocol Options

LSB First: This setting specifies the order of the serial shift of a byte of data. The data order (MSB or LSB first) is
programmable within the SPI core. This option can be updated dynamically by modifying the LSBF bit in the regis-
ter SPICR2.

Inverted Clock: The inverts the clock polarity used to sample and output data is programmable for the SPI core.
When selected the edge changes from the rising to the falling clock edge. This option can be updated dynamically
by accessing the CPOL bit of register SPICR2.
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Phase Adjust: An alternate clock-data relationship is available for SPI devices with particular requirements. This
option allows the user to specify a phase change to match the application. This option can be updated dynamically
by accessing the CPHA bit in the register SPICR2.

Slave Handshake Mode: Enables Lattice proprietary extension to the SPI protocol. For use when the internal sup-
port circuit (e.g. WISHBONE host) cannot respond with initial data within the time required, and to make the Slave
read out data predictably available at high SPI clock rates. This option can be updated dynamically by accessing
the SDBRE bit in the register SPICR2.

Master Chip Selects

The SPI Controller provides the ability to provide up to eight individual chip select outputs for master operation.
Each slave SPI device accessed by the master must have their own dedicated chip select. This option can be
updated dynamically by modifying the register SPICSR.

SPI Controller Interrupts

TX Ready: An interrupt which indicates the SPI transmit data register (SPITXDR) is empty. The interrupt bit is
IRQTRDY of the register SPIIRQ. When enabled, indicates TRDY was asserted. Write a ‘1’ to this bit to clear the
interrupt. This option can be change dynamically by modifying the bit IRQTRDYEN in the register SPICSR.

RX Ready: An interrupt which indicates the receive data register (SPIRXDR) contains valid receive data. The inter-
rupt is bit IRQRRDY of the register SPIIRQ. When enabled, indicates RRDY was asserted. Write a ‘1’ to this bit to
clear the interrupt. This option can be change dynamically by modifying the bit IRQRRDYEN in the register
SPICSR.

TX Qverrun: An interrupt which indicates the Slave SPI chip select (SPI_SCSN) was driven low while a SPI Master.
The interrupt is bit IRQMDF of the register SPIIRQ. When enabled, indicates MDF (Mode Fault) was asserted.
Write a ‘1’ to this bit to clear the interrupt. This option can be change dynamically by modifying the bit IRQMDFEN
in the register SPICSR.

RX Qverrun: An interrupt which indicates SPIRXDR received new data before the previous data. The interrupt is bit
IRQROE of the register SPIIRQ. When enabled, indicates ROE was asserted. Write a ‘1’ to this bit to clear the
interrupt. This option can be change dynamically by modifying the bit IRQROEEN in the register SPICSR.

Enable Port (Interrupts): This enables the interrupt request output signal (spi_irg_ of the SPI core signal. This sig-
nal is intended to be connected to a WISHBONE master controller (i.e. a microcontroller or state machine) and to
request an interrupt when a specific condition is met.

Wake-up Enable

Enables the SPI core to send a wake-up signal to the Power Controller to wake the part from standby mode when
the User Slave SPI chip select (spi_csn[0]) is driven low. This option can be updated dynamically by modifying the
bit WKUPEN_USER in the register SPICR1.

MachXO2 SPI Usage Cases
The SPI usage cases described below refer to the figures below:

1. External Master SPI Device Accessing the Slave MachXO2 User SPI

a. The External Master SPI is connected to the MachXO2 using the dedicated SI, SO, CCLK pins. The
spi_scsn is placed on any Generic I/0. The EFB SPI Mode is set to Slave only.

b. A WISHBONE Master controller is implemented in the MachXO2 general purpose logic array. The
master controller monitors the availability to transmit or receive data by polling the SPI status registers,
or by responding to interrupts generated by the SPI Controller.

i. Forinformation on the SPI register definitions and command sequences reference SPI section of
TN1246, Reference Guide for Using User Flash Memory and Hardened Control Functions in
MachXO2 Devices.

c. The external SPI Master does not have access to the MachXO2 Configuration Logic because the SN
that selects the Configuration Logic is pulled high.
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Figure 9-12. External Master SPI Device Accessing the Slave MachX0O2 User SPI
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2. MachXO2 User SPI Master accessing one or multiple External Slave SPI devices
a. The MachXO2 SPI Master is connected to External SPI Slave devices using the dedicated SPI port
pins. The Chip Selects are configured as follows:

i. The MachXO2 SPI Master Chip Select spi_scn[0] is placed on the dedicated CSSPIN and con-
nected to the External Slave Chip Select.

ii. The MachXO2 SPI Master Chip Select spi_scn[1] is placed on any I/O and connected to another
External Slave Chip Select.
iii. Up to eight External Slave SPIs can be connected using spi_scn[7:0]

b. A WISHBONE Master controller is implemented in the MachXO2 general logic. It controls transfers to
the slave SPI devices. It can use a polling method, or it can use SPI Controller interrupts to manage
transfer and reception of data.

i. Forinformation on the SPI register definitions and command sequences reference SPI section of
TN1246, Reference Guide for Using User Flash Memory and Hardened Control Functions in
MachXO2 Devices.

Figure 9-13. MachX02 User SPI Master Accessing One or Multiple External Slave SPI Devices
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3. External Master SPI Device accessing the MachX02 Configuration Logic

a. The External SPI Master is connected to the MachXO2 dedicated slave Configuration SPI port pins.
The external SPI Master’s chip select controls the SN input that enables the MachX02’s Configuration
Logic block. The external master sends commands to the Configuration Logic block permitting it to
interface to the Configuration Flash and the UFM.

i. Forinformation on the accessing the Flash Memory (UFM/Configuration) of the MachXO2 device
through SPI can be found later in this document.

ii. For more information on Programming the MachXO2 through SPI port reference, the SPI section
of TN1204, MachXO2 Programming and Configuration Usage Guide.

Figure 9-14. External Master SPI Device Accessing the MachXO2 Configuration Logic
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SPI Design Tips

1. For information on the SPI register definitions and command sequences reference SPI section of
TN1246, Reference Guide for Using User Flash Memory and Hardened Control Functions in MachXO2
Devices.

2. Take note when dynamically turning off components for power savings; the EFB requires the MachX0O2
internal oscillator to be enabled even if it is not the source of the WISHBONE Clock.

3. The SPIbus is bidirectional. A byte is received for every byte transmitted. Always discard RX data to avoid
Receiver Overrun Error (ROE).

4. SN is an active pin whenever the SPI core is instantiated, whether 'ufm_sn' appears on the EFB primitive
or not. Thus, SN cannot be recovered as user I/0. SN should be tied high externally to augment the weak
internal pull-up if not connected to an external Master SPI bus.

5. There are a number of SPI reference designs on the Lattice website (www.latticesemi.com/products/intel-
lectualproperty/aboutreferencedesigns.cfm) including:

a. RD1125: SPI Slave Peripheral using Embedded Function Block
b. UG56: MachXO2 Hardened SPI Master/Slave Demo

Timer/Counter

The MachXO2 EFB contains a Timer/Counter function. This Timer/Counter is a general purpose 16-bit Timer/Up
Down Counter module with independent output compare units and Pulse Width Modulation (PWM) support. The
Timer/Counter supports the following functions:

¢ Four unique modes of operation:
— Watchdog timer
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— Clear Timer on Compare Match
— Fast PWM
— Phase and Frequency Correct PWM

* Programmable clock input source

e Programmable input clock pre-scale

e Interrupt output to FPGA fabric

e Three independent interrupt sources: overflow, output compare match, and input capture
* Auto reload

* Time-stamping support on the input capture unit

e Waveform generation on the output

* Glitch-free PWM waveform generation with variable PWM period

* Internal WISHBONE bus access to the control and status registers

* Stand-alone mode with preloaded control registers and direct reset input

Figure 9-15. Timer/Counter Block Diagram
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The Timer/Counter communicates with the FPGA core logic through the WISHBONE interface and specific signals
such as clock, reset, interrupt, timer output, and event trigger. The Timer/Counter can be included in a design with
or without the WISHBONE interface.

Timer/Counter Modes of Operation

The Timer/Counter is a flexible function, which has four modes of operation. These modes are designed to meet
different system needs related to sequencing of events and PWM (Pulse Width Modulation). The four Timer/Coun-
ter modes are:

* Clear Timer on Compare Match

e Watchdog Timer

* Fast PWM

e Phase and Frequency Correct PWM
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Clear Timer on Compare Match Mode

CTCM (Clear Timer on Compare Match) is a basic counter with interrupts. The counter is automatically cleared to
0x0000 when the counter value, TCCNT register, matches the value loaded in the TCTOP register. The value of the
TCTOP register can by dynamically updated through the WISHBONE register, or it can hold a static value that is
assigned with IPexpress at the time of IP generation. The default value of the TCTOP register is OXFFFF.

The data loaded into the timer counter to define the top counter value is double-registered. The WISHBONE host
writes the data to TCTOPSET register, which is then automatically loaded onto the TCTOP register at the moment
of auto-clear. Therefore, a new top value can be written to the TCTOPSET register after the overflow flag and dur-
ing the counting-up to the top value. Updating the value of the TCTOP register will change the frequency of the out-
put signal of the Timer/Counter.

Figure 9-16. Timer/Counter Output Waveform
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Watchdog Timer Mode

Watchdog timers are used to monitor a system’s operating behavior and provide a reset or interrupt when the sys-
tem’s microcontroller or embedded state machine is no longer operational. One scenario is for a microcontroller to
reset the Watchdog Timer to 0x0000 before it begins a process. The microcontroller must complete the process
and reset the Watchdog Timer before the timer reaches its terminal count. In the event that the microprocessor
does not clear the timer quickly enough the Watchdog Timer asserts a strobe signaling time expired. The system
uses the “time exceeded” strobe to gracefully recover the system.

Another way to use the Watchdog Timer is to periodically turn OFF system modules in order to save power. It can
also be used to interact with the on-chip power controller of MachXO2.

The most commonly used ports of the Timer/Counter in Watchdog Timer Mode are the clock, reset and interrupt.
Optionally, the WISHBONE interface can be used to read time stamps from the TCICR register and update the top
value of the counter.

Fast PWM Mode

Pulse-Width Modulation (PWM) is a popular technique to digitally control analog circuits. PWM uses a rectangular
pulse wave whose pulse width is modulated resulting in the variation of the average value of the waveform. Design-
ers can vary the period and the duty cycle of the waveform by loading 16-bit digital values on the TCTOP register to
define the top value of the counter, and the TCOCR register to provide a compare value for the output of the coun-
ter.

The output of the Timer/Counter is cleared when the counter value matches the top value that is loaded in the
TCTOP register. The output is set when the value of the counter matches the compare value that is loaded into the
TCOCR register. The clear/set functions can be inverted. This means that the output of the Timer/Counter is set
when the counter value matches the top value and it is cleared when the value of the counter matches the compare
value.

The interrupt line can be used for Overflow Flag (OVF) and Output Compare Flag (OCRF).
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Figure 9-8 shows the PWM waveform generation. The output of the Timer/Counter is configured to be set when the
counter matches the top value and clear when the counter matches the compare value.

Table 9-8. PWM Waveform Generation
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Phase and Frequency Correct PWM Mode

In phase and frequency correct PWM mode, the counting direction will change from up to down at the moment the
counter is incrementing to the top value (top value minus 1). The moment that the counter is decrementing from
0x0001 to 0x0000, the following will occur:

1. TCTOP is updated with the value loaded in the TCTOPSET register
2. TCOCR is updated with the value loaded in the TCOCRSET register
3. Overflow TCSR[OVF] is asserted for one clock cycle

The output of the Timer/Counter is updated only when the counter value matches the compare value in TCOCR
register. This occurs twice within one period. The first match occurs when the counter is counting up and the sec-
ond match occurs when the counter is counting down. The Output Compare Flag TCSR[OCRF] is asserted when
both matches occur. The output of the Timer/Counter is set on the first compare match and cleared on the second
compare match. The order of set and clear can be inverted.

The mode allows users to adjust the frequency (based on the top value) and phase (based on the compare value)
of the generated waveform.
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Figure 9-17. Phase and Frequency Correct PWM Waveform Generation
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Timer/Counter IP Signals

Table 9-9 documents the signals that are generated with the IP. Each signal has a description of the usage and how
it should be connected in a design project.

Table 9-9. Timer/Counter — IP Signals

Signal Name /10 Width Description

Timer/Counter input clock signal. Can be connected to the on-chip oscillator. The

te_clki Input T Iclock signal is limited to 133 MHz.

tc_rstn Input 1 This is an active-low reset signal, which resets the 16-bit counter.

This is an active-high input capture trigger event, applicable for non-PWM modes with
WISHBONE interface. If enabled, a rising edge of this signal will be detected and syn-
tc_ic Input 1 chronized to capture the counter value (TCCNT Register) and make the value acces-
sible to the WISHBONE interface by loading it into TCICR register. The common
usage is to perform a time-stamp operation with the counter.

This is an interrupt signal, indicating the occurrence of a specific event such as Over-

te_int Output 1 flow, Output Compare Match, or Input Capture.

tc_oc Output 1 Timer/Counter output signal

Configuring the Timer/Counter

IPexpress is used to configure the Timer/Counter. Selecting the Timer/Counter tab in the EFB GUI displays the
configurable settings of the Timer/Counter core.

The Timer/Counter can be used with our without the WISHBONE interface. For usage without the WISHBONE
interface, designers can select/enter values in the IPexpress EFB GUI. The values are programmed in the
Timer/Counter registers with the programmable bitstream. Using the Timer/Counter with a WISHBONE interface
enables users to dynamically update the register content through the WISHBONE interface. The main EFB GUI,
EFB Enables tab, allows the user to make a selection between using the Timer/Counter with or without a WISH-
BONE screen shot.

Figure 9-18 shows an example of the Timer/Counter is configured for a specific design.
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Figure 9-18. Configuring the Timer/Counter
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Timer/Counter Mode
This option allows the user to select one of the four operating modes.

e CTCM — Clear Timer on Compare Match

e WATCHDOG — Watchdog timer

e FASTPWM - Fast PWM

e PFCPWM - Phase and Frequency Correct PWM

This option can be updated dynamically by modifying the bits TCM[1:0] of the register TCCR1.

Output Function
Designers can select the function of the output signal (tc_oc) of the Timer/Counter IP. The available functions are:

e STATIC — The output of the Timer/Counter is static low
* TOGGLE — The output of the Timer/Counter toggles based on the conditions defined by the Timer/Counter Mode

* WAV_GENERATE — The waveform is generated by the Set/Clear on the conditions defined by the Timer/Counter
Mode

* INV_WAV_GENERATE - The waveform is inverted
This option can be updated dynamically by modifying bits OCM[1:0] of the register TCCR1.

Clock Edge Selection
Designers can select the edge (positive or negative) of the input clock source as well as enable the usage of the
on-chip oscillator. The selections are:

* PCLOCK - Positive edge of the clock from user logic
e POSC - Positive edge of the clock from the internal oscillator
* NCLOCK — Negative edge of the clock from user logic

* NOSC — Negative edge of the clock from the internal oscillator
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This option can be updated dynamically by modifying the bits CLKSEL and CLKEDGE of the register TCCRO.

Pre-scale Divider Value
Pre-scale divider values (0, 1, 8, 64, 256, 1024) are provided to divide the input clock prior to reaching the 16-bit
counter. This option can be updated dynamically by modifying the bits PRESCALE[2:0] of the register TCCR1.

Timer/Counter Top
Designers can select the top value of the counter. This option can be updated dynamically by modifying the bits
TCTOPSET of the registers TCTOPSET1 and TCTOPSETO.

Output Compare Value
Designers can select the output compare value of the counter. This option can be updated dynamically by modify-
ing the bits TCOCRSET the registers TCOCRSET1 and TCOCRSETO0

Enable Interrupt Registers

¢ Overflow — An interrupt which indicates the counter matches the TCTOPO/1 register value. The interrupt is bit
IRQOVF of the register TCIRQ. When enabled, indicates OVF was asserted. Write a ‘1’ to this bit to clear the
interrupt. This option can be updated dynamically by modifying the bit IRQOVFEN of the register TCIRQEN.

* Output Compare Match — An interrupt which indicates when counter matches the TCOCRO0/1 register value. The
interrupt is bit IRQOCREF of the register TCIRQ. When enabled, indicates OCRF was asserted. Write a ‘1’ to this
bit to clear the interrupt. This option can be updated dynamically by modifying the IRQOCRFEN bit of register
TCIRQEN.

* Input Capture — An interrupt which indicates when the user asserts the TC_IC input signal. The interrupt is bit
IRQICREF of the register TCIRQ. When enabled, indicates ICRF was asserted. Write a ‘1’ to this bit to clear the
interrupt. This option can be updated dynamically by modifying IRQICRFEN bit of the register TCIRQEN.

¢ Standalone Overflow — Used without the WISHBONE interface and serves as the only available interrupt
request.

MachXO02 Timer/Counter Usage Cases
1. Basic counter with interrupts

a. Configure the Timer/Counter for Static or Dynamic operation. Dynamic operation enables the WISH-
BONE bus interface allowing a WISBONE Master to control the Timer/Counter.

b. In the Timer Counter tab
i. Configure the Timer/Counter Mode using the Mode Selection controls
1. Select CTCM (Clear Timer on Compare Match) Mode
2. Select the Output Function
a. Hold static 0 (STATIC)
b. Toggle (TOGGLE)
ii. Update the Clock Selections
1. Select the clock edge to which the Timer/Counter responds
a. Positive (PCLOCK) or Negative (NCLOCK) edge
2. Select the Clock Pre-scale Divider
iii. Configure the Counter Values
1. Enable the Top Counter Value
2. Select a Timer/Counter Top value
iv. Enable optional interrupts
2. Watchdog Timer

a. Configure the Timer/Counter for Static or Dynamic operation. Dynamic operation enables the WISH-
BONE bus interface allowing a WISBONE Master to control the Timer/Counter.

b. In the Timer Counter tab
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i. Configure the Timer/Counter Mode using the Mode Selection controls
1. Select WATCHDOG mode
2. Select Output Function
a. Hold static 0 (STATIC)
ii. Update the Clock Selections
1. Select the clock edge to which the Timer/Counter responds
a. Positive (PCLOCK) or Negative (NCLOCK) edge
2. Select the Clock Pre-scale Divider
iii. Configure the Counter Values
1. Enable the Top Counter Value
2. Select a Timer/Counter Top value
3. Select an Output Compare Value
iv. Enable interrupts (TC_INT)
1. Select Output Compare Match
2. Select Input Capture
3. PWM Output with variable duty cycle and period

a. Configure the Timer/Counter for Static or Dynamic operation. Dynamic operation enables the WISH-
BONE bus interface allowing a WISBONE Master to control the Timer/Counter.

b. In the Timer Counter tab
i. Configure the Timer/Counter Mode using the Mode Selection controls
1. Select the FASTPWM mode
2. Select Output Function
a. Hold static 0 (STATIC)
b. PWM (WAVE_GENERATOR)
c. Complement PWM (INV_WAVE_GENERATOR)
ii. Update the Clock Selections
1. Select the clock edge to which the Timer/Counter responds
a. Positive (PCLOCK) or Negative (NCLOCK) edge
2. Select the Clock Pre-scale Divider
iii. Configure the PWM Values
1. Select the PWM period (Timer Counter Top)
2. Select the PWM duty cycle (Output Compare Value)

a. Where the duty cycle is (Output Compare Value)/(Timer Counter Top): [(Timer Counter
Top) — (Output Compare Value))/(Timer Counter Top)

4. PWM output with 50:50 duty variable phase and period

a. Configure the Timer/Counter for Static or Dynamic operation. Dynamic operation enables the WISH-
BONE bus interface allowing a WISBONE Master to control the Timer/Counter.

b. In the Timer Counter tab
i. Configure the Timer/Counter Mode using the Mode Selection controls
1. Select FASTPWM
2. Select Output Function
a. Hold static 0 (STATIC)
b. PWM (WAVE_GENERATOR)
c. Complement PWM (INV_WAVE_GENERATOR)
ii. Update the Clock Selections
1. Select the clock edge to which the Timer/Counter responds
a. Positive (PCLOCK) or Negative (NCLOCK) edge
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2. Select the Clock Pre-scale Divider
iii. Configure the PWM Values
1. Select the PWM period (Timer Counter Top)
2. Select the Phase Adjustment (Output Compare Value)
a. Where Phase Adjustment is (360 degrees)*(Output Compare Value)/ (Timer Counter
Top)

Timer/Counter Design Tips
1. For information on the Timer/Counter register definitions and command sequences reference

Timer/Counter section of TN1246, Reference Guide for Using User Flash Memory and Hardened Control
Functions in MachXO2 Devices.

2. Take note when dynamically turning off components for power savings; the EFB requires the MachX02
internal oscillator to be enabled even if it is not the source of the WISHBONE Clock.
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Flash Memory (UFM/Configuration) Access

Designers can access the Flash Memory Configuration Logic interface using the JTAG, SPI, I°’C, or WISHBONE
interfaces. The MachXO2 Flash Memory consists of three sectors:

* User Flash Memory (UFM)
¢ Configuration
¢ Feature Row

The ports to access the Flash Memory and the block diagram are shown in Table 9-10.

Table 9-10. Flash Memory (UFM/Configuration) Access

UFM Configuration Flash
JTAG Yes Yes
Slave SPI Port with Chip Select (ufm_sn) Yes Yes
Slave SPI Port with Chip Select (spi_scsn) No No
Primary Slave 12C Port address (yyyxxxxx00) Yes Yes
Primary Slave 12C Port address (yyyxxxxx01) No No
Secondary Slave 12C Port address (yyyxxxxx10) No No
WISHBONE Yes Yes

Figure 9-19. Flash Memory (UFM/Configuration) Block Diagram
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Flash Memory (UFM/Configuration) Access Ports

The Configuration Logic arbitrates access to the Flash Memory from the interfaces by the following priority. When
higher priority ports are enabled Flash Memory access by lower priority ports is blocked.

1. JTAG Port — All MachXO2 devices have a JTAG port, which can be used to perform Read/Write opera-
tions to the Flash Memory (UFM/Configuration). The JTAG port is compliant with the IEEE 1149.1 and
IEEE 1532 specifications. JTAG has the highest priority to the Flash Memory (UFM/Configuration).
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2. Slave SPI Port — All MachXO2 devices have a Slave SPI port, which can be used to perform Read/Write
operations to the Flash Memory (UFM/Configuration). Asserting the Flash Memory (UFM/Configuration)
Slave Chip Select (ufm_sn) will enable access.

3. [3C Primary Port — All MachXO2 devices have an I?C port, which can be used to perform Read/Write oper-
ations to the Flash Memory (UFM/Configuration). The Primary I12C Port address is yyyxxxxx00 (Where ‘y’
and X’ are user programmable).

4. WISHBONE Slave Interface — The WISHBONE Slave interface of the EFB module enables designers to
access the Flash Memory (UFM/Configuration) from the FPGA user logic by creating a WISHBONE Mas-
ter. In addition to the WISHBONE bus signals, an interrupt request output signal is brought to the FPGA
fabric. An IRQ (wbc_ufm_irq) is provided to assist the WB Master to perform UFM/CF programming oper-
ations. It is configurable and provides information about the R/W FIFO, and arbitration errors.

Note: To access the Flash Memory (UFM/Configuration) via WISHBONE in R1 devices, the hard SPI port
or the Primary 12C port must be enabled. For more details, reference AN8086, Designing for Migration
from MachX0O2-1200-R1 to Standard (Non-R1) Devices.

Note: Enabling the Flash Memory (UFM/Configuration) Interface using Enable Configuration Interface command
0x74 Transparent Mode will temporarily disable certain features of the device including:

* Power Controller

e GSR

* Hardened User SPI Port

* Hardened Primary User FC Port

Functionality is restored after the Flash Memory (UFM/Configuration) Interface is disabled using Disable Configu-
ration Interface command 0x26 followed by Bypass command OxFF.

Interface to UFM

MachX02-640 and higher density devices provide one sector of User Flash Memory (UFM). Designers can access
the UFM sector through the Configuration Logic interface using the JTAG, Configuration SPI, Primary Configuration
I*C or WISHBONE interfaces. The UFM is a separate sector within the on-chip Flash Memory and is organized by
pages. Each page is 128 bits (16 bytes). Table 9-11 shows the UFM resources in each device, represented in bits,
bytes and pages.

Table 9-11. UFM Resources in MachXO2 Devices

MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02-
256 640 640U 1200 1200U 2000 2000V 4000 7000
UFM Bits 0 24,576 65,536 65,536 81,920 81,920 98,304 98,304 262,144
UFM Bytes 0 3,072 8,192 8,192 10,240 10,240 12,288 12,288 32,768
UFM Pages 0 192 512 512 640 640 768 768 2048

The UFM is a general purpose Flash Memory. Refer to the MachXO2 Family Data Sheet for the number of Pro-
gramming/Erase Specifications. The UFM is typically used to store system-level data, Embedded Block RAM ini-
tialization data, or executable code for microprocessors and state-machines. Use the following tools to partition the
UFM resource:

* |Pexpress: Use IPexpress to enable the UFM and to initialize the memory

» Spreadsheet View (Diamond): The global sysConfig configuration options control the use of the UFM. Read
TN1204, MachXO2 Programming and Configuration Usage Guide for a complete description of available
options.
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Initializing the UFM with IPexpress

Designers can initialize the UFM sector with system level non-volatile data and generate the EFB module via |Pex-
press. Selecting the UFM tab in the EFB GUI will display the configurable settings of the UFM.

Figure 9-20. Initializing the UFM Sector with IPexpress
EX Lattice FPGA Module -- EFB =3

Configuration ] Generate Log ]

EFB EFE Enables |, 120} 571} TGN
Initialize User Flash Memory
*| wh_clk_i Enter Number of Pages{122 bitz in one Page] 512
Initialization D ata Starts at Page
—= wh_rst_i wih_dat_of7: 0] e
" User Flash Memary |5 Initialized ‘with Al Oz

— wh_cyc i + Upload User Flash Memary Initialization D ata File
example.men] J

T whsth wh_ack_o—= + Hexadecimal © Binary

— wh_we |

e b _adi_i[7:0] wbe_ufrn_ing—=

=) wh_dat_i[7:0]

E stimated Resource Uzage:

[ Import [P¥ to Diamond project Generate Close Help

Designers enter the number of pages to be pre-loaded with initialization data. Because initialization data is 'bottom
justified,' the read-only field “Initialization Data Starts at Page” informs the designer with the address of the first
page that is initialized. In the example used for this document, 512 pages of the UFM sector of MachX02-2000 are
to be initialized with the content of the memory file “example.mem”.

UFM Utilization Example (MachX02-2000)
Initializing 512 Pages
Page 0
Uninitialized Pages Page 1

First Page of Initial Data ———» Page 128
Page 129

Last Page of Initial Data ——»| Page 639

The MachX02-2000 has 640 pages in the UFM sector. The initialization data occupies the bottom (highest)
addressable pages of the UFM, while the top (lowest) addressable pages remain uninitialized (all zeros). The for-
mat of the memory file is page-based and can be expressed in binary or hexadecimal format.
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UFM Initialization Memory File
The initialization data file has the following properties and format:

Extension: .mem

Format: Binary, Hexadecimal

Data Width: 1 page (128 bits in one row of the file)

No. of Rows:  Less than or equal to the number of available pages

Example 1. Binary

1010...1010 (Placed at the starting page of the UFM initialization data, address = N)
1010...1010 (page address =N + 1)
1010...1010 (page address = N + 2)

1010...1010 (Placed at the highest UFM page address)
Example 2. Hexadecimal

A...B (Placed at the starting page of the UFM initialization data, address = N)
C...D (page address =N + 1)
E...F (page address =N + 2)

A...F (Placed at the highest UFM page address)

The most significant byte (byte 15) of the page is on the left side of the row. The least significant byte of the page
(byte 0) is on the right side of the rowbit in a row is the left-most (i.e. bit 127), the least significant is right-most (bit
0)

EBR Initialization

For designers that choose to share the UFM sector with EBR initialization data, the sector map below should be
referenced as an example when planning the design. Note at this time the EBR Mapping is not supported Dia-
mond.

UFM Sector
(MachX02-2000)

Page 0 (EBR Block N Location)
Page 1 (EBR Block N Initialization Data)

Block N Location
and Initiliazation
Data

Page 72 (EBR Block N Initialization Data)
Page 73 (EBR Block M Location)
Page 74 (EBR Block M Initialization Data)

Block M Location
and Initialization

Data
Page 145 (EBR Block M Initialization Data)
Page 146
Pages Available for
General Purpose
Non-volatile Data
Page 639

Care must be taken when performing a Bulk-Erase operation to prevent the loss of EBR initialization data. Prior to
erasing the UFM sector, designers should make a copy of the pages holding the EBR block location and EBR ini-
tialization data in a secondary memory resource. After the UFM sector is erased, the data can be written back into
the UFM. Upon power-up or a reconfiguration command, the EBR initialization data is automatically loaded in their
respective EBR blocks. The EBR Block Location data guides the configuration logic on the location of the EBR
block.
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UFM in Lattice Diamond Software
The UFM sector is one of the Flash Memory resources of the MachX0O2. The CONFIGURATION option in the Dia-
mond Spreadsheet view controls how UFM behaves. Each options impact to the UFM is described below.

Figure 9-21. UFM in Diamond Spreadsheet View

£ Lattice Diamond - Spreadsheet View *

File Edit Wiew Project Design  Process Tools  Window  Help
A-B-Ha 8|2 EERBRRRAQQEBEIEO) =
CECRCESQHEGAVO-ARY BFEEFHEO
Process & X| | {F start Page Reparts BY 1Pexpress i’ spreadsheet View * [
i Eynthesizg Design "o || Preference name Preference Yalue
2 Synplify Pra & - -
2 Translate Design , Junction Temperature (Tji{C) 85.000
S 3 Map Design | vaoltage i 1.140
v P e 0| - SYSTEM_JITTER(nS) Default
L] & Map Trace = Block Path
[ & ‘erilog Simulation File e BlockAsynchpaths o]
O : WHOL Simulation File o Block Resetpaths oN
= & Plati&RDUte Design Block RD During WR Paths OFF
[] & Place & Route Trace £ Block InterClock Domain Paths OFF
[ & 1o Timing Analysis Block Jitter OFF
= : Export Files E —I- sysConfig
[0 & 1S Model ' SDM_PORT DISABLE
[ & verilog Simulation File SLAYE_SFI_PORT ENABLE
L1 & ot simeion e - ﬁEETTPEORRTSM PORT EEEIABLIJEER
2 JEDEC File 5P _
Me @ GEMERATE_BITSTREAM EMABLE
a7 COMPRESS_COMFIG o]{]
= CONFIGURATION CFi3 [
& MY_ASSP FG
™ OME_TIME_FPROGRAM EEEGIEE#RUFM
L
- CONFIG_SECURE
5. MCCLK_FREQ ExTERNAL
JTAG_PORT EMABLE
EMABLE_TRAMSFR DISABLE
SHAREDEBRIMIT DISABLE
MU _COMNFIGLURATION_PORTS DISABLE
= User Code

Configuration Parameter Options

* CFG_EBRUFM — The SRAM configuration (not including EBR initialization data) is stored in the Configuration
Flash. EBR initialization data, if any, is stored in the lowest page addresses (starting from Page 0) of the UFM
sector. Any unoccupied UFM pages after the mapping of EBR initialization data is available as general purpose
memory.

* CFG - The SRAM configuration (including EBR initialization data, if any) is stored in the Configuration Flash
array and does not overflow into UFM. The full UFM sector is available as general purpose Flash memory.

* CFGUFM — The SRAM configuration (including EBR initialization data, if any) is stored in the Configuration Flash
and is allowed to overflow into UFM. The UFM cannot be used as general purpose memory.

* EXTERNAL — The SRAM configuration (including EBR initialization data, if any) is stored in an external memory
SPI memory. The full UFM sector is available as general purpose Flash memory.

Configuration Flash Memory

The WISHBONE interface of the EFB module allows a WISHBONE master to access the Configuration resources
of MachXO2 devices. This is particularly useful for reading data from Configuration resources such as USERCODE
and TracelD. A WISHBONE master can update the Configuration Flash memory using the Configuration Logic’s
transparent mode. The new design is active after power-up or a Configuration Refresh operation.

For more information on Programming the MachXO2, reference TN1204, MachXO2 Programming and Configura-
tion Usage Guide and TN1246 Using User Flash Memory and Hardened Control Functions in MachXO2 Devices
Reference Guide.

For more information on the TracelD, reference TN1207, Using TracelD in MachXO2 Devices.
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Table 9-12. Configuration Flash Resources in MachXO2 Devices

MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02- | MachX02-
256 640 640U 1200 1200U 2000 2000U 4000 7000
CFG Bits 73,600 147,328 278,400 278,400 409,344 409,344 737,024 737,024 | 1,179,136
CFG Bytes 9,200 18,416 34,800 34,800 51,168 51,168 92,128 92,128 147,392
CFG Pages 575 1,151 2,175 2,175 3,198 3,198 5,758 5,758 9,212

Flash Memory (UFM/Configuration) Design Tips

1. For information on the Flash Memory (UFM/Configuration) register definitions and command sequences
reference Flash Memory (UFM/Configuration) section of TN1246, Reference Guide for Using User Flash
Memory and Hardened Control Functions in MachXO2 Devices.

2. For more information Programming the MachXO2, reference TN1204, MachXO2 Programming and Con-
figuration Usage Guide.

3. For more information on the TracelD, reference TN1207, Using TracelD in MachXO2 Devices.

4. Take note when dynamically turning off components for power savings; The EFB requires the MachX02
internal oscillator to be enabled even if it is not the source of the WISHBONE Clock.

5. It is recommended when accessing the Configuration Flash the Feature Row be Read Only after initial
programming as it contains the persistent settings for the Configuration ports

6. The Configuration Flash Chip Select (ufm_sn) is enabled when the UFM and SPI functions are enabled.
Tie ufm_sn inactive (i.e. high) if you are not using the Slave SPI interface to access the Configuration
Flash/UFM.

7. The buses used to access the Flash Memory and UFM have a priority. The bus priority is, from highest to
lowest, the JTAG Port, Slave SPI Port, I1°C Primary Port, and WISHBONE Slave Interface. When higher
priority ports are enabled Flash Memory access by lower priority ports is blocked. You must define a pro-
cess that prevents simultaneous access to the Configuration Flash/UFM by masters on each configuration
port.

8. The Primary I?C port cannot be used for both UFM/Configuration access and user functions in the same
design.

9. Enabling Flash Memory (UFM/Configuration) Interface using Enable Configuration Interface command
0x74 Transparent Mode will temporarily disable the Power Controller, GSR, Hardened User SPI port,
Functionality is restored after the Flash Memory (UFM/Configuration) Interface is disabled using Disable
Configuration Interface command 0x26 followed by Bypass command OxFF.

In Flash memory, ‘0’ defines erased, ‘1’ defines written

Smallest unit for a Write operation (bits => 1) is 1 page (16 bytes)

Smallest unit for an Erase operation (bits => 0) is one sector (There are only two available Flash sectors:
Configuration and UFM)

The UFM has a limited number of erase/programming cycles. The number of cycles is described in
DS1035. Lattice recommends storing static, or data that varies infrequently in the UFM.

There are a number of Flash Memory (UFM/Configuration) Reference designs on the Lattice website
(www.latticesemi.com/products/intellectualproperty/aboutreferencedesigns.cfm) including:

a.RD1126: RAM-Type Interface for Embedded User Flash Memory
b.UG57: MachXO2 Programming via WISHBONE Demo

10.
11.
12.

13.

14.

Interface to Dynamic PLL Configuration Settings

The WISHBONE interface of the EFB module can be used to dynamically update configurable settings of the
Phase Locked Loops (PLLs) in MachXQO2 devices.
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Figure 9-22. EFB Interface to Dynamic PLL

User Logic
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PLLO PLL1

There can be up to two PLLs in a MachXO2 device. PLLO has an address range from 0x00 to Ox1F in the EFB reg-
ister map. PLL1 (if present) has an address range from 0x20 to 0x3F in the EFB register map. Reference TN1199,
MachX02 sysCLOCK PLL Design and Usage Guide, for details on PLL configuration bits and recommended

usage.

Users can enable the WISHBONE interface to the PLL components in IPexpress, EFB GUI as shown in Figure 9-

23.

Figure 9-23. Interface to Dynamic PLL Configuration Settings

== Lattice FPGA Module -- EFB

Configuration ] Generate Log ]

EFE

— wh_clk_i

—{ wh_rst i
L wib,_dlat_of7: 01—

— wh_cyc i
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—e

10_bs_of16:0] =
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E stimated Resource Uzage:

[ Import [P¥ to Diamond project

EFB Enables\ Lsr ) (NTETRY

EFE Function Enables
[~ 12C #1 [Primary]
[ 12C #2 [Secondary)
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[~ Timer/Caunter
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¥ PLL [Dynamic access)

FLL Dptions
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[See IPExpress PLL module to set PLL initial settings].
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o

WISHBOME Clock
WISHBOME Clock Frequency: 50 MHz

Generate

Close

Help

=1
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Enabling the interface to dynamically control PLL settings through the WISHBONE interface will generate an IP
with the following ports, which are used for dedicated connections to the PLL(s).

Table 9-13 documents the signals that are generated with the IP. Each signal has a description of the usage and
how it should be connected in a design project.

Table 9-13. PLL Interface — IP Signals

Signal Name /0 Width Description

Input data and control bus. Users must connect this bus only to a PLL compo-

Pllo_bus_i Input 9 nent that is instantiated in the design.

Input data and control bus. Users must connect this bus only to a PLL compo-

PlI0_bus_i Input 9 nent that is instantiated in the design.

Output data and control bus. Users must connect this bus only to a PLL compo-
Plio_bus_o Output 17 nent that is instantiated in the design.
pll0_bus._1 Output 17 Output data and control bus. Users must connect this bus only to a PLL compo-

nent that is instantiated in the design.

Technical Support Assistance

Hotline: 1-800-LATTICE (North America)
+1-503-268-8001 (Outside North America)

e-mail:  techsupport@Iatticesemi.com

Internet: www.latticesemi.com
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Date

Version

Change Summary
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01.0

Initial release.

January 2011

01.1

Updated for ultra-high 1/0O (“U”) devices.

June 2011

02.0

Expanded WISHBONE register definitions for I*C, SPI, TC and
UFM/Configuration blocks.

Added Master I?°C and Master SPI WISHBONE flow diagrams.

Expanded UFM/Configuration Command tables.

Added UFM/Configuration Command descriptions

Added I?C and SPI timing diagrams.

Added Configuration Flash resources table.

Added UFM/Configuration performance table.

Added Appendices A, B and C.

Various minor corrections, additions and refinements to the text.
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02.1

Added diagram: I°C Slave Read/Write Example (via WISHBONE).

Added references to AN8086, Designing for Migration from MachXO2-
1200-R1 to Standard (R-1) Devices, throughout the document.

August 2011

02.2

Added diagram: Basic Configuration Flash Update Example.

Removed 'Erase_ DONE' command.

Clarified SPITXDR and WBRESET timing.

September 2011

02.3

Clarified WISHBONE timing for wait states.

Corrected Flash Check Status checking.

Modified I°C Master Read/Write Example (Figure 9-10).

Clarified R1 UFM/Config Access.

Clarified Flash address auto-increment functionality.

Added notation for non-simulation commands (Table 9-57).

October 2011

02.4

Corrected SPI Clock Prescale equation.

Clarified user SPI port restoration command sequence following Config-
uration Enable.

Added 0xC6 (Enable Offline Configuration) and OxFF (Bypass).

December 2011

02.5

Noted operational delays which must be observed following wb_rst_i
and UFM/Config Enable, Erase and Programming commands.

Added new figure: SPI Master Read/Write Example (via WISHBONE) —
Production Silicon.

GSR and Power Controller functionality is suspended during UFM/Con-
figuration Interface Enable (0x74)

BYPASS command (0xFF) must now follow all Configuration Disable
(0x26) commands.

Added Feature Row capability to Erase Flash (0OxOE) command.

Corrected examples for Read Config Flash (0x73)

January 2012

02.6

Check Busy Flag (0xFO0) table, updated example

Added operational delays following Enable Configuration Interface com-
mand in Appendix B examples.

January 2012

02.7
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January 2012

02.8
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February 2012 03.0 Updated document with new corporate logo.
February 2012 03.1 Fixed Busy flag read example.
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March 2013 Technical Note TN1202

Introduction

The MachXO2™ PLD family syslO™ buffers are designed to meet the needs of flexible 1/O standards in today’s
fast-paced design world. The supported I/O standards range from single-ended I/O standards to differential 1/0
standards so that users can easily interface their designs to standard buses, memory devices, video applications
and emerging standards. This technical note provides a description of the supported 1/0O standards and the bank-
ing scheme for the MachXO2 PLD family. The syslO architecture and the software usage are also discussed to pro-
vide a better understanding of the I/O functionality and placement rules.

syslO Buffer Overview

The basic building block of the MachXO2 sysIO is the Programmable I/O Cell (PIC) block. There are four types of
PIC blocks in the MachXO2 device architecture. These include the basic PIC block, the memory PIC block for DDR
memory support, the receiving PIC block with gearing, and the transmitting PIC block with gearing. The PIC blocks
with gearing are used for video and high-speed applications. The PIC blocks with gearing have a built-in control
module for word alignment. The memory PIC block has additional logic to manage DQS strobe signals and clock
phase shift. The details of the memory PIC block and the gearing PIC block can be found in TN1203, MachX0O2
High-Speed Source Synchronous and Memory Interfaces.

A common feature of all four types of PIC blocks is that each PIC block consists of four programmable 1/Os (P10s).
Each PIO includes a syslO buffer and an I/O logic block. A simplified syslO block diagram is shown in Figure 10-1.
The 1/0 logic block consists of an input block, an output block, and a tri-state block. These blocks have registers,
input delay cells, and the necessary control logic to support various operational modes. The syslO buffer deter-
mines the compliance to the supported I/O standards. It also supports features like hysteresis to meet common
design needs. The I/O logic block and the syslO buffer are designed with a minimal use of die area; providing easy
bus interfacing, and pin out efficiency.

Two adjacent PIOs can form a pair of complementary output drivers. In addition, PIOA and PIOB of the PIC block
form the primary pair of the buffer, while PIOC and PIOD form the alternate pair of the buffer. The primary pairs
have additional capability that is not available on the alternate pair. The syslO buffers of the PIC block are equiva-
lent when implemented as the single-ended I/O standards.

Figure 10-1. PIC Block Diagram

Primary PIO Pair Alternate PIO Pair
PAD A PAD B PAD C PAD D
(M (C) (T (C)
syslO syslO syslO syslO
Buffer A Buffer B Buffer C Buffer D
IOLogic A IOLogic B IOLogic C IOLogic D
v v v v
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Supported syslO Standards

The Lattice MachXO2 syslO buffer supports both single-ended and differential standards. The single-ended stan-
dard can be further divided into internally ratioed standards such as LVCMOS, and externally referenced standards
such as SSTL. The internally ratioed standards support individually configurable drive strength and bus mainte-
nance circuits (weak pull-up, weak pull-down, or bus keeper).

There are two types of ratioed input buffers. One is connected to V¢ and the other is connected to V¢ (1.2V).
Each syslO buffer supports both buffers in parallel, and therefore provides an option to program any input buffer to
be a 1.2V ratioed input buffer regardless of the Vg o voltage.

All banks of the MachXO2 devices support true differential inputs, and emulated differential outputs using external
resistors and the complementary LVCMOS outputs. The true-LVDS differential outputs and LVDS input termination
are supported in specific banks as described in the syslO Banking Scheme section of this document.

Table 10-1. Supported Input Standards

Input Standard | Vger (Nominal) | Vccio' (Nominal)
Single-Ended Interfaces
LVTTL33 — —
LVCMOS33 — —
LVCMOS25 — —
LVCMOS18 — —
LVCMOS15 — —
LVCMOS12 — —
SSTL25 Class I, Il 1.25 —
SSTL18 Class |, Il 0.9 —
HSTL18 Class |, Il 0.9 —
PCI33 - 3.3
Differential Interfaces
LVDS25 — —
LVPECL33 — —
MLVDS25 — —
BLVDS25 — —
RSDS25 — —
SSTL25 Differential — —
SSTL18D Differential — —
HSTL18D Differential — —
LVTTL / LVCMOS Differential — —
1. If not specified, refer to mixed voltage support in the VCCIO Requirement section.
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Table 10-2. Supported Output Standards

Output Standards Drive (mA) | Vceio (Nominal)
Single-Ended Interfaces
LVTTL33 4,8,12, 16, 24 3.3
LVCMOS33 4,8,12,16, 24 3.3
LVCMOS25 4,8,12,16 2.5
LVCMOS18 4,8,12 1.8
LVCMOS15 4,8 1.5
LVCMOS12 2,6 1.2
SSTL25 Class | 8 2.5
SSTL18 Class | 8 1.8
HSTL18 Class | 8 1.8
PCI33 24 3.3
Differential Interfaces
LVDS25 3.5,2.5,2.0,1.25 25,33
LVPECL33 16 3.3
MLVDS25 16 25
BLVDS25 16 25
RSDS25 8 25
SSTL25 Differential 8 25
SSTL18D Differential 8 1.8
HSTL18D Differential 8 1.8
LVTTL33 Differential 4,8,12, 16, 24 3.3
LVCMOS33 Differential 4,8,12,16, 24 3.3
LVCMOS25 Differential 4,8,12, 16 2.5
LVCMOS18 Differential 4,8,12 1.8
LVCMOS15 Differential 4,8 1.5
LVCMOS12 Differential 2,6 1.2

syslO Banking Scheme

The MachXO2 family has a non-homogeneous I/O banking structure. MachX02-256, MachX02-640/U and
MachX02-1200 have four I/O banks each with one I/O bank per side. MachX02-1200U, MachX02-2000/U,
MachX02-4000, and MachX02-7000 devices have six I/O banks each, with one 1/0 bank on each of the top, bot-
tom and right sides, and three banks on the left side.

The MachX0-640U, MachX0O-1200/U and higher density devices support true LVDS differential outputs through
the primary pairs on the top bank (bank 0). These devices also support 100 ohm differential input termination on
every I/O pair on the bottom 1/O bank. There is also a programmable PCI clamp available on the bottom 1/O bank
for these devices. For the “R1” version of the MachXO2 devices, the 100 ohm differential input termination is
approximately 200 ohms. The “R1” versions of the MachXO2 devices have an “R1” suffix at the end of the part
number (e.g., LCMX02-1200ZE-1TG144CR1). For more details on the R1 to Standard migration refer to AN8086,
Designing for Migration from MachX02-1200-R1 to Standard (Non-R1) Devices.

MachX02-256 and MachX02-640 do not support true LVDS differential outputs, differential input termination, and
PCI clamps in any banks (MachX02-640U 1/O architecture is similar to the larger devices and supports the afore-
mentioned features). Each of the I/O pins on all MachXO2 PLDs has a clamp feature which can be disabled or
enabled. This clamp is similar to the PCI clamp but it is not PCI compliant except in the bottom bank of the
MachX02-640U, MachX02-1200/U and higher density devices. The arrangements of the 1/0O banks are shown in
Figures 10-2, 10-3, and 10-4. DDR memory support in bank 1 is not available for devices in wafer level chip scale
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packages (WLCSP).

Figure 10-2. MachX02-256 and MachX02-640 I/O Banking Arrangement
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Figure 10-3. MachX02-640U and MachX02-1200 I/O Banking Arrangement
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Figure 10-4. MachX02-1200U, MachX02-2000/U, MachX02-4000, and MachX02-7000 I/O Banking Arrange-
ment
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Array sizes:
1200U, 2000/U, 4000, 7000

Bank 1
Base I/0 Buffer
DDR memory support
(not available on WLCSP packages)

Base I/0 Buffer
Bank 4

| Bank 2 |

Base I/0 Buffer
Plus: 100 ohm differential input termination
on every pair plus PCI clamp

syslO Standards Supported by I/O Banks

All banks can support multiple I/O standards under the Vg o rules discussed above. Tables 10-3 and 10-4 sum-
marize the I/O standards supported on various sides of the MachXO2 device.

Table 10-3. Single-Ended I/O Standards Supported on Various Sides

Standard Top Bottom Left Right
PCI33 — Yes' — —
LVTTL33 Yes Yes Yes Yes
LVCMOS33 Yes Yes Yes Yes
LVCMOS25 Yes Yes Yes Yes
LVCMOS18 Yes Yes Yes Yes
LVCMOS15 Yes Yes Yes Yes
LVCMOS12 Yes Yes Yes Yes
SSTL252 Yes Yes Yes Yes
SSTL182 Yes Yes Yes Yes
HSTL18? Yes Yes Yes Yes

1. PCI33 is supported at the bottom bank of MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000,
and MachX02-7000 devices.
2. SSTL Class Il and HSTL Class Il are supported as input only.
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Table 10-4. Differential I/O Standards Supported on Various Sides

Standard Top Bottom Left Right
LVDS output Yes' — — —
LVPECL33E? Yes Yes Yes Yes
MLVDS25E? Yes Yes Yes Yes
BLVDS25E? Yes Yes Yes Yes
RSDS25E? Yes Yes Yes Yes
LVDS25E? Yes Yes Yes Yes
SSTL25D output Yes Yes Yes Yes
SSTL18D output Yes Yes Yes Yes
HSTL18D output Yes Yes Yes Yes
LVTTL33D output Yes Yes Yes Yes
LVCMOSS33D output Yes Yes Yes Yes
LVCMOS25D output Yes Yes Yes Yes
LVCMOS18D output Yes Yes Yes Yes
LVCMOS15D output Yes Yes Yes Yes
LVCMOS12D output Yes Yes Yes Yes
LVDS input Yes Yes Yes Yes
LVPECLS3 input Yes Yes Yes Yes
MLVDS25 input Yes Yes Yes Yes
BLVDS25 input Yes Yes Yes Yes
RSDS25 input Yes Yes Yes Yes
SSTL25D input Yes Yes Yes Yes
SSTL18D input Yes Yes Yes Yes
HSTL18D input Yes Yes Yes Yes
LVTTL33D input Yes Yes Yes Yes
LVCMOSS33D input Yes Yes Yes Yes
LVCMOS25D input Yes Yes Yes Yes
LVCMOS18D input Yes Yes Yes Yes
LVCMOS15D input Yes Yes Yes Yes
LVCMOS12D input Yes Yes Yes Yes

1. True LVDS output is supported at the top bank of MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachXO2-
4000, and MachX02-7000 devices.
2. Emulated output standards are denoted with a trailing “E” in the name of the standard.

Power Supply Requirements

The MachXO2 device family has a simplified power supply scheme for syslO buffers. The core power Vs and the
bank power V¢ o are the two main power supplies. A MachXO2 device can be powered and operated with a sin-
gle power supply by connecting V¢ and Vo to nominal voltages of 1.2V. The JTAG programming pins are pow-
ered by Vegio in bank 0 where the JTAG pins reside. All the user syslOs have a weak pull-down after power-up is
complete and before the device configuration is done.

Vcceio Requirement for 1/0 Standards

Each 1/0 bank of a MachXO2 device has a separate Vo supply pin that can be connected to 1.2V, 1.5V, 1.8V,
2.5V or 3.3V. This voltage is used to power the output I/O standard and source the drive strength for the output. In
addition to this, Vg0 also powers the ratioed input buffers such as LVTTL, LVCMOS and PCI. This ensures that
the threshold of the input buffers tracking the Vg o voltage level.
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For LVCMOS I/O types, mixed input voltage support is allowed in each I/O bank as long as the V¢ o requirement
for the input or output I/O standard is the same, or when all inputs in the bank are within the over-drive or under-
drive range as specified in Tables 10-5 and 10-6. Two other options exist to further increase the input receiver flex-
ibility. One is to configure an I/O to be a 1.2V ratioed input buffer, regardless of the bank V¢ g voltage. This is pos-
sible because the MachXO2 sys|O buffer has two ratioed input buffers connected to Vg and Vg in parallel. The
other option is to use the input reference voltage pin to set the input threshold for LWVCMOS standards that are not

covered by the V¢ o of the bank.

Table 10-5. V¢ o for Same Bank LVCMOS/LVTTL Input/Output Requirements’

1/0 Type

Bank Restrictions

LVCMOS12

Outputs require Vggio = 1.2V
Inputs available in all Vg o levels

LVCMOS15

Outputs require Vggio = 1.5V
Inputs available in all Vo levels.

LVCMOS15R332*

Inputs only, require Vg0 = 3.3V and Vggg = 0.75V

LVCMOS15R25%3

Inputs only, require Vo = 2.5V and Vggg = 0.75V

LVCMOS18

Outputs require Vggio= 1.8V
Inputs require Voo = 1.5V, 1.8V, 2.5V, or 3.3V

LVCMOS18R332*

Inputs only, require Vggio = 3.3V and Vggg = 0.9V

LVCMOS18R25%3

Inputs only, require Vg0 = 2.5V and Vggg = 0.9V

LVCMOS25

Outputs require Voo = 2.5V
Inputs require Voo = 1.5V, 1.8V, 2.5V, or 3.3V.

LVCMOS25R33% 3

Inputs only, require Vggjo = 3.3V and Vggg = 1.25V

Outputs require Vo = 3.3V

LVCMOS33 Inputs require Voo = 1.5V, 1.8V, 2.5V, or 3.3V
Outputs require Vo = 3.3V

LVTTL33 Inputs require Voo = 1.5V, 1.8V, 2.5V, or 3.3V

PCI33 Inputs and outputs both require Vg o= 3.3V

1. Certain I/O type and bank V¢ o combinations may cause higher DC current. For more details refer to

Table 10-6. Use Power Calculator to get power estimation for 1/O types.
2. The HYSTERESIS option and BUS KEEPER option are not available for these 1/0 types.

3. Since only one Vgeg signal can be supported in each I/O bank, only one of these I/O standards can be

used in each 1/0O bank.
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Table 10-6. Mixed Voltage Support for LVCMOS and LVTTL I/O Types

Inputs Outputs
Veeio 1.2V 1.5V 1.8V 2.5V 3.3V 1.2v 1.5V 1.8V 2.5V 3.3V
1.2V YES YES® YES
1.5V YES' YES YES® YES® YES® YES
1.8V YES' YES® YES YES® YES® YES
2.5V YES' YES?57 | YES®®7 YES YES® YES
3.3V YES' YES?57 | YES*®7 | YES*®7 YES YES

—_

. Leakage will occur if bus hold or weak pull-up is turned on.

2. This input standard can be supported using the ratioed input buffer in under-drive conditions or using the 1/0 types LVCMOS15R25 or

LVCMOS15R33 with the referenced input buffer.

. This input standard can be supported using the ratioed input buffer in under-drive conditions or using the 1/0 type LVCMOS18R25 or

LVCMOS18R33 with the referenced input buffer.

. This input standard can be supported using the ratioed input buffer in under-drive conditions or using the 1/0 type LVCMOS25R33 with the

referenced input buffer.

. Under-drive condition when using the ratioed input buffer and the input standard voltage is below Vccio

a. Under-drive causes higher DC current when the 10 is at logic high. It is recommended to use Power Calculator to estimate the power
consumption under such condition.

b. Hysteresis is not supported. In the Diamond software, HYSTERESIS must be set to NA.

c. CLAMP is not supported. In the Diamond software, CLAMP must be set to OFF.

d. 10 termination is not supported. In the Diamond software, PULLMODE must be set to NONE.

. Over-drive condition when using the ratioed input buffer and the input standard voltage is above Vccio

a. Hysteresis is not supported. In the Diamond software, HYSTERESIS must be set to NA.
b. CLAMP is not supported. In the Diamond software, CLAMP must be set to OFF.
c. 10 termination is not supported. In the Diamond software, PULLMODE must be set to NONE.

. Ratioed input buffer in under-drive conditions is preferred over referenced input buffer due to lower power requirement for the ratioed input

buffer.

. When using the ratioed input buffers in under-drive or over-drive conditions, the HYSTERESIS setting shall be NA, the CLAMP setting shall

be OFF, and the UP and KEEPER PULLMODE settings are not supported.

For differential input standards, certain mixed voltage support is allowed in the architecture as shown in Table 10-7.

Table 10-7. Mixed Voltage Support for Differential Input Standards

Differential Inputs
LVDS,

LVPECL33,

MLVDS25, LVCMOS25D,

BLVDS25, SSTD18D, LVTTL33D, LVCMOS15D,

Veeio RSDS25 SSTL25D HSTL18D LVCMOS33D LVCMOS12D LVCMOS18D

1.2v
1.5V
1.8V YES YES
2.5V YES YES YES YES YES
3.3V YES YES YES YES YES YES

Input Reference Voltage

Each 1/0 bank supports one reference voltage (Vggg). Any I/O in the bank can be configured as the input reference
voltage pin. This pin is a regular 1/O if it is not used as reference voltage input. To support SSTL and HSTL inputs,
the reference voltage is set to half of the V¢ g level. The input reference voltage can also be generated internally
from the Vggr generator. Again, there is one Vgeg generator per bank and its programmable settings include OFF,
45% of Vgeio, 50% of Vg0, and 55% of Vo Programming of the internal Vygr generator and the external
VRer pin cannot be set at the same time for a particular bank because there is only one Vygg bus per bank.
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syslO Buffer Configuration

MachXO2 devices have three types of general-purpose syslO buffer pairs to support a variety of single-ended and
differential standards. Each syslO buffer pair is made of two PIO buffers. PIO A and B pads form the primary pair,
and PIO C and D pads form the alternate pair. Pads A and C of the pair are considered the “true” pad, while pads
B and D are considered the “comp” pad. The “true” pad is associated with the positive side of the differential signal,
while the “comp” pad is associated with the negative side of the differential signal.

All the PIOs support programmable clamp and bus maintenance circuitry to allow a weak pull-up, or a weak pull-
down, or a weak bus keeper. The base syslO buffer pair is used on all sides of the smaller devices, and on the left
and right sides of MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachX02-7000
devices. The LVDS sysIO buffer pairs have additional LVDS output drivers in the primary PIO pairs. They are used
on the top bank of the MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachXOz2-
7000 devices. The bottom syslO buffer pairs have additional 100ohm termination resistors between the “true” and
“comp” pads. The bottom syslO buffer pairs also support PCI clamp. They are supported on the bottom I/O bank of
the MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachX0O2-7000 devices.

LVCMOS Buffer Configurations

The LVCMOS buffers are built on the base syslO buffer pairs. These LVCMOS buffers can be configured in a vari-
ety of modes to support common circuit design needs.

Bus Maintenance circuit

Each pad has a weak pull-up, weak pull-down, and weak bus-keeper capability. These are selected with ON and
OFF programmability. The pull-up and pull-down settings offer a fixed characteristic, which is useful in creating
wired logic such as wired ORs. The bus-keeper option latches the signal in the last driven state, holding it at a valid
level with minimal power dissipation. Input leakage can be minimized by turning off the bus maintenance circuitry.
However, it is important to ensure that inputs are driven to a known state to avoid unnecessary power dissipation in
the input buffer. The bus maintenance circuit is available for single-ended ratioed I/O standards.

Programmable Drive Strength

All single-ended drivers have programmable drive strength. This option can be set for each 1/O independently. The
drive strengths available for each 1/O standard can be found in Table10-9. The MachXO2 programmable drive
architecture is guaranteed with minimum drive strength for each drive setting. The V/I curves in the data sheet pro-
vide details of output driving capability versus the output load. This information, together with the current per bank
and the package thermal limit current, should be taken into consideration when selecting the drive strength.

Input Hysteresis

All ratioed input receivers, except LVCMOS12, support input hysteresis. The input hysteresis for the LVCMOS33,
LVCMOS25, LVCMOS18 and LVCMOS15 have two settings for flexibility. The ratioed input receivers have no input
hysteresis when they are operated in under-drive or over-drive input conditions as shown in Tables 10-5 and 10-6.

Programmable Slew Rate

The single-ended output buffer for each device I/O pin has programmable output slew rate control that can be con-
figured for either low noise (SLEWRATE=SLOW) or high speed (SLEWRATE=FAST) performance. Each /O pin
has an individual slew rate control. This slew rate control affects both the rising edge and the falling edges. The rise
and fall ramp rates for each I/O standard can be found in the in the device IBIS file for a given I/O configuration.

Tri-state and Open Drain Control

Each single-ended output driver has a separate tri-state control in addition to the global tri-state control for the
device. The single-ended output drivers also support open drain operation on each I/O independently. The open
drain output is typically pulled up externally and only the sink current specification is maintained.

PCI Support with PCI Clamp
The bottom syslO buffer pair supports an optional PCI clamp diode that may be programmed individually.
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This is only supported at the bottom edge of MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachXOz2-
4000, and MachX02-7000 devices. The PCI clamp supports a larger clamping current than the programmable
clamp available on all other sides of the devices.

Complementary Outputs

Each syslO buffer pair has built-in complementary circuit that can optionally be driven by the complement of the
data that drives the single-ended driver associated with the true pad. This allows a pair of single-ended drivers to
be used to drive complementary outputs with the lowest possible skew between the signals.

Differential Buffer Configurations

The base syslO buffer pair supports differential input standards. Its complementary outputs support SSTL and
HSTL differential output standards. The top and bottom edges of MachX02-640U, MachX02-1200/U and higher
density devices support some additional functions over those supported by the base syslO buffer pairs.

Differential Receivers
All the syslO buffer pairs support differential input on all edges of the device. When a syslO buffer pair is configured
as differential receiver, the input hysteresis and the bus maintenance capabilities will be disabled for the buffer.

On-Chip Input Termination

The MachXO2 device supports on-chip 100 ohm (nominal) input differential termination on the bottom edge of
MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachX0O2-7000 devices. The termi-
nation is available on all input PIO pairs of the bottom edge and is programmable.

Emulated Differential Outputs

All syslO buffer pairs support complementary outputs as described above. This feature can be used to drive com-
plementary SSTL or HSTL signals as required for differential SSTL and HSTL standards. It can also be used
together with off-chip resistor networks for emulating the differential output standards such as LVPECL, MLVDS,
BLVDS, and RSDS differential standards. When a syslO buffer pair is configured as differential transmitter, the bus
maintenance and open drain capabilities will be disabled. All single-ended syslO buffers pairs in the MachX0O2 fam-
ily can support emulated differential output standards.

True Differential Output And Output Drive

MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachX02-7000 devices support true
differential output drivers on the top edge of these devices. These true differential outputs are only available on the
primary PlO pairs. The output driver has a fixed common mode of 1.2V and a programmable drive current of 1.25
mA, 2.5 mA, 2.0 mA or 3.5 mA. Only one true LVDS differential drive setting is available at a time. All true LVDS dif-
ferential drivers on the top edge must be programmed to have the same drive strength. The bank Vg o for true dif-
ferential output can be 2.5V or 3.3V.

Software syslO Attributes

The syslO attributes or primitives must be used in the Lattice development software to control the functions and
capabilities of the syslO buffers. syslO attributes or primitives can be specified in the HDL source code, in the Lat-
tice Diamond™ Spreadsheet View GUI, or in the ASCII preference file (.Ipf) file directly. Appendices A, B and C list
examples of using such attributes in different environments. This section describes each of these attributes in
detail.

HDL Attributes

All the attributes discussed in this section, except two, can be used in the HDL source code to direct the syslO buf-
fer functionality.

I/O_TYPE

This attribute is used to set the syslO standard for an 1/0. The Vg0 required to set these I/O standards are
embedded in the attribute names. The BANK VCCIO attribute is used to specify allowed Vg o combinations for
each I/O type. Table shows the valid I/O types for the MachXO2 family.
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Table 10-8. Supported I/O Types

syslO Signaling Standard I/O_TYPE
LVDS 2.5V LVDS25
Emulated LVDS 2.5V" LVDS25E
RSDS RSDS25
Emulated RSDS' RSDS25E
Bus LVDS 2.5V BLVDS25
Emulated Bus LVDS 2.5V" BLVDS25E
MLVDS 2.5V MLVDS25
Emulated MLVDS 2.5V" MLVDS25E
LVPECL 3.3V LVPECLS33
Emulated LVPECL 3.3V! LVPECLS33E
SSTL 25 Class | SSTL25_|
SSTL 25 Class 11?2 SSTL25_1I
SSTL 25 Class | differential® SSTL25D_|
SSTL 25 Class Il differential®® SSTL25D_lI
SSTL 18 Class | SSTL18_I
SSTL 18 Class IP? SSTL18_lI
SSTL 18 Class | differential® SSTL18D_|
SSTL 18 Class Il differential®® SSTL18D_lI
HSTL 18 Class | HSTL18_lI
HSTL 18 Class II? HSTL18_lI
HSTL 18 Class | differential® HSTL18D_I
HSTL 18 Class Il differential®3 HSTL18D_lI
PCI 3.3V PCI33
LVTTL 3.3V LVTTL33
LVTTL 3.3V differential® LVTTL33D
LVCMOS 3.3V LVCMOS33
LVCMOS 3.3V differential® LVCMOS33D
LVCMOS 2.5V (default) LVCMOS25
LVCMOS 2.5V differential® LVCMOS25D
LVCMOS 2.5V in a 3.3V VCCIO bank* LVCMOS25R33
LVCMOS 1.8V LVCMOS18
LVCMOS 1.8V differential® LVCMOS18D
LVCMOS 1.8V in 3.3V VCCIO bank* LVCMOS18R33
LVCMOS 1.8V in 2.5V VCCIO bank* LVCMOS18R25
LVCMOS 1.5V LVCMOS15
LVCMOS 1.5V differential® LVCMOS15D
LVCMOS 1.5V in 3.3V VCCIO bank* LVCMOS15R33
LVCMOS 1.5V in 2.5V VCCIO bank* LVCMOS15R25
LVCMOS 1.2V LVCMOS12
LVCMOS 1.2V differential® LVCMOS12D

1. These differential output standards are emulated by using a complementary LVCMOS driver pair together with an external resistor pack.
2. Only input mode is supported. Output or bidirectional modes are not supported for these I/O types.

3. These differential standards are implemented by using a complementary LVCMOS driver pair.

4. These are input only and require Vggr to be set to certain value to allow the specified I/O types to be used.
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DRIVE

The DRIVE strength attribute is available for the output and bidirectional I/O standards. The default drive value
depends on the I/O standard used. Table 10-9 shows the supported drive strength for the single-ended 1/O types
under designated V¢ o conditions.

Table 10-9. Output Drive Capability for Ratioed syslO Standards

Drive Strength /O Type
(mA) LVCMOS12 LVCMOS15 LVCMOS18 LVCMOS25 LVCMOS33 LVTTL33

2 YES

4 YES YES YES YES YES

6 YES

8 YES YES YES YES YES
12 YES YES YES YES
16 YES YES YES
24 YES YES

DIFFDRIVE

The DIFFDRIVE strength attribute is available for the true LVDS output standard. All true LVDS differential drivers
on the top edge must be programmed to have the same drive strength. The DIFFDRIVE value will be listed in the
DRIVE column of Design Planner since this value is only valid for LVDS25 outputs.

Values: 1.25, 2.0, 2.5, 3.5, NA
Default: 3.5

PULLMODE

The PULLMODE option can be enabled or disabled independently for each 1/0. When the user selects OPEND-
RAIN=ON, the PULLMODE for the output standard is default to NONE. If using LVCMOS 1/O type in an under-drive
or over-drive mode, the UP and KEEPER settings are not supported The FAILSAFE option is available for
MLVDS25E bi-directional mode only.

Values: UP, DOWN, NONE, KEEPER, FAILSAFE
Default: DOWN for LVTTL, LVCMOS, and PCI; all others NONE

CLAMP

The CLAMP option can be enabled or disabled independently for each 1/0. The available settings on the bottom
edge of MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachX02-7000 devices is
PCI or OFF. All other I/0O have ON or OFF settings for this attribute.

Values: OFF, ON, PCI
Default: OFF

HYSTERESIS

The ratioed input buffers have two input hysteresis settings. The HYSTERESIS option can be used to change the
amount of hysteresis for the LVTTL and LVCMOS input and bidirectional I/O standards, except for the LVCMOS12
inputs. The LVCMOS12 inputs do not support HYSTERESIS.

The LVCMOS25R33, LVCMOS18R25, LVCMOS18R33, LVCMOS15R25, and LVCMOS15R33 input types do not
support HYSTERESIS. The HYSTERESIS option for each of the input pins can be set independently when it is
supported for the 1/O type.

Values: SMALL, LARGE, NA
Default: SMALL
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VREF

The VREF option is enabled for single-ended SSTL and HSTL inputs and the referenced LVMCOS input buffers.
The referenced LVMCOS input buffers are specified by choosing the I/0 type as LVCMOS25R33, LVCMOS18R25,
LVCMOS18R33, LVCMOS15R25, or LVCMOS15R33. The default value of NA will apply for all I/0 types that do not
use a VREF signal.

The VREF will default to external VREF pin for the single-ended SSTL/HSTL inputs, LVCMOS25R33,
LVCMOS18R25, LVCMOS18R33, LVCMOS15R25, or LWVCMOS15R33 inputs. The user may enter a VREF_NAME
value in the “VREF Location(s)” pop-up window of the Spreadsheet View of the Diamond software. In doing so, the
software will present the VREF_NAME as an available value in additional to the 145, 150 and 155 values in the
VREF column of the Port Assignments tab of the Diamond Spreadsheet View. A pin location specified by the
VREF_NAME value will be used as the VREF driver for that /0 bank. VREF_NAME is only necessary if the user
wants to specify a pin to be used as an external VREF pin. Otherwise, the software will automatically assign a pin
for the VREF signal.

There is only one VREF pin or internal VREF driver per 1/O bank. Only one of the VREF driver settings chosen
from 145, 150, 155 or VREF1_LOAD can be used in each I/O bank. This attribute can be set in the software GUI or
in the ASCII preference file.

Values: OFF, 145, 150, 155, VREF_NAME
Default: NA

OPENDRAIN

The OPENDRAIN option is available for all LVTTL and LVCMOS output and bidirectional I/O standards. Each syslO
can be assigned independently to be open drain. When the OPENDRAIN attribute is used, the PULLMODE must
be NONE and the CLAMP must be OFF.

Values: OFF, ON
Default: OFF

SLEWRATE
Each I/O pin has an individual slew rate control. This allows the designer to specify slew rate control on a pin-by-pin
basis for outputs and bidirectional 1/O pins. This is not a valid attribute for inputs or true differential outputs.

Values: FAST, SLOW, NA
Default: SLOW

DIFFRESISTOR

The bottom side I/0O pins support on-chip differential input termination resistors on the MachX02-640U, MachXO2-
1200/U, MachX02-2000/U, MachX02-4000, and MachX0O2-7000 devices. The termination resistor is available for
both the primary pair and the alternate pair of a syslO. The values supported are zero (OFF) or 100 ohms.

Values: OFF, 100
Default: OFF

DIN/DOUT

The DIN/DOUT option is available for each I/O and can be configured independently. An input register is used for
the input if the DIN attribute is assigned. Similarly, the software assigns an output register when the DOUT attribute
is specified. By default, the software automatically assigns DIN or DOUT to input or output registers if possible.

LOC

This attribute specifies the site location for the component after the mapping process. When attached to multiple
components, it indicates that these blocks are to be mapped together in the specified site. It specifies the PIC site
for the pad when it is assigned to a pad. The LOC attribute can be attached to components that will end up on an
I/0 cell, clocks, and internal flip-flops, but it should not be attached to combinational logic that will end up on a logic
cell; doing so could fail to generate a locate preference. The LOC attribute overrides register ordering.
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Bank VCCIO

This attribute is necessary to verify the valid 1/0 types for a bank, to determine which input buffer to use, and to set
the correct drive strength for the applicable I/O types. Since the I/O bank information is not required at the HDL
level, this attribute is available through either the Diamond software’s Spreadsheet View or in the ASCII preference
file. Values: AUTO, 3.3, 2.5, 1.8, 1.5, 1.2. Default: AUTO.

syslO Primitives

There are many syslO primitives in the software library. A few are selected to be discussed in this section because
some syslO capabilities can only be utilized through instantiating the primitives in the HDL source code.

Tri-State All (TSALL)

The MachXO2 device supports the TSALL function that is used to enable or disable the tristate control to all the
output buffers. The user can choose to assign any general purpose 1/O pin to control the TSALL function since
there is no dedicated TSALL pin. The TSALL primitive must be instantiated in the source code in order to enable
the TSALL function. The input of the primitive can be assigned to an input pin or to an internal signal.

A value of TSALL=1 will tri-state all outputs but the outputs will be under individual OE control when TSALL=0.

Figure 10-5. TSALL Primitive

TSALL ——¥| TSALL

Fixed Data Delay (DELAYE)

This primitive supports up to 32 steps of static delay for all syslO buffers in all banks of a MachXO2 device. Refer to
the MachXO2 Family Data Sheet for delay step values. Although users can choose USER_DEFINED mode to set
input delay, this primitive is primarily used by pre-defined source synchronous interfaces as described in TN1203,
MachXO2 High-Speed Source Synchronous and Memory Interfaces.

Figure 10-6. DELAYE Primitive and Associated Attributes

—» A DELAYE Z—»

Attribute Description Value Software Default

SCLK_ZEROHOLD

Fixed delay value depending Egtﬁ_éléﬁ%?w

DEL_MODE gglgnt?/raflﬁj:ssor user-defined SCLK_ALIGNED USER_DEFINED
y SCLK_CENTERED
USER_DEFINED
DEL_VALUE User-defined value DELAYO...DELAY31 DELAYO

Dynamic Data Delay (DELAYD)

This primitive supports dynamic delay for the syslO buffers in the bottom bank (Bank 2) of MachX02-640U,
MachX02-1200/U and larger devices. The 5-bit inputs can be controlled by user logic to modify the delay during
the device operation.

10-14


www.latticesemi.com/dynamic/view_document.cfm?document_id=39084
www.latticesemi.com/dynamic/view_document.cfm?document_id=38834

= LATTICE MachXO2 syslO Usage Guide

Figure 10-7. DELAYD Primitive
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Design Consideration and Usage

This section summarizes the MachXO2 designs rules and considerations that have been discussed in detail in pre-
vious sections. Table 10-6 lists the miscellaneous 1/O features on each side of a MachXO2 device.

syslO Buffer Features Common to All MachXO2 Devices

1

3.
. All banks support weak pull-up, pull-down, and bus-keeper (bus hold latch) settings on each I/O indepen-

6.
7.

. All banks support true differential inputs.
2.

All banks support emulated differential outputs using external resistors and complementary LVCMOS out-
puts. Emulated differential output buffers are supported on both primary and alternate pairs.

All banks have programmable 1/O clamps but they are not PCI compliant clamps.

dently.

. Veelo voltage levels, together with the selected I/O types, determine the characteristics of an I/O, such as

the pull mode, hysteresis, clamp behavior, and drive strength, supported in a bank. Multiple input stan-
dards can be supported in a bank through under-drive or over-drive conditions. Only one alternative input
standard can be supported through the bank VREF setting (for example, LWVCMOS25R33 requires Vgef to
be 1.25V in a 3.3V V¢ o bank). Each bank also supports 1.2V inputs regardless of the Vo setting of
the bank.

Each bank supports one Vg o signal.
Each bank supports one Vygr signal, whether it is from an external pin or from the internal Vggg generator.

syslO Buffer Rules Specific to MachX02-256 and MachX02-640

1.
2.
3.

Does not support true differential output buffers.
Does not support internal 100 ohm differential input terminations.
Does not support PCI clamps.

syslO Buffer Rules Specific to MachX02-640U, MachX02-1200/U, MachX02-2000/U,
MachX02-4000, and MachX02-7000

1.

2.
3.

Only Bank 0 (top side) supports true differential output buffers with programmable drive strengths. Only the
primary pair supports true differential output buffers.

Only Bank 2 (bottom side) supports internal 100 ohm differential input terminations.
Only Bank 2 (bottom side) supports PCI compliant clamps.
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Table 10-10. Miscellaneous I/O Features on Each Device Edge

Feature Top Bottom Left Right
100 Ohm Differential Resister — Yes' — —
Hot Socket Yes Yes Yes Yes
Clamp?® Yes Yes Yes Yes
PCI Compliant Clamp — Yes' — —
Weak Pull-up® Yes Yes Yes Yes
Weak Pull-down? Yes Yes Yes Yes
Bus Keeper® Yes Yes Yes Yes
Input Hysteresis® Yes Yes Yes Yes
Slew Rate Control Yes Yes Yes Yes
Open Drain Yes Yes Yes Yes
1. Supported by MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000, and MachX02-7000

devices.

2. Software default setting

3. /O characteristic under special conditions
a. HYSTERESIS option is not available for LVCMOS12.
b. HYSTERESIS option and BUS KEEPER option are not available for referenced input standards.
c. When using the ratioed input buffers in under-drive or over-drive conditions, the HYSTERESIS setting shall be

NA, the CLAMP setting shall be OFF, and the UP and KEEPER PULLMODE settings are not supported.

d. HYSTERESIS and the bus maintenance capabilities are disabled for differential receivers.

Technical Support Assistance

Hotline: 1-800-LATTICE (North America)
+1-503-268-8001 (Outside North America)

e-mail:  techsupport@Iatticesemi.com

Internet: www.latticesemi.com

Revision History

Date Version Change Summary
November 2010 01.0 Initial release.
January 2011 01.1 Updated for ultra-high 1/0 (“U”) devices.
April 2011 01.2 Updated for Lattice Diamond design software.
July 2011 01.3 Updated syslO Banking Scheme text section with information on migrat-
ing from MachX02-1200-R1 to Standard (non-R1) devices.
February 2012 01.4 Updated document with new corporate logo.

Document status changed from Preliminary to Final.

March 2013 01.5 Updated footnotes in the Mixed Voltage Support for LVCMOS and
LVTTL I/O Types table.

Added information on LVCMOS Buffer Configurations - Programmable
Slew Rate.
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Appendix A. syslO HDL Attributes

The syslO attributes can be used directly in the HDL source codes. This section provides a list of syslO attributes
supported by the MachX0O2 PLD family. The correct syntax and examples for the Synplify® synthesis tool are pro-
vided here for reference.

Attributes in VHDL Language
Syntax

Table 10-11. VHDL Attribute Syntax

Attribute Syntax
attribute I/O_TYPE: string;

VO_TYPE attribute 1/O_TYPE of Pinname: signal is “//O_TYPE Value”;
DRIVE attribute DRIVE: string;

attribute DRIVE of Pinname: signal is “Drive Value”;
DIFFDRIVE attribute DRIVE: string;

attribute DRIVE of Pinname: signal is “Diffdrive Value”;

attribute DIFFRESISTOR: string;
attribute DIFFRESISTOR of Pinname: signal is “DIFFRESISTOR Value”;

attribute CLAMP: string;
attribute CLAMP of Pinname: signal is “Clamp Value”;

attribute HYSTERESIS: string;
attribute HYSTERESIS OF Pinname: signal is “Hysteresis Value”;

VREF NA
attribute PULLMODE: string;

DIFFRESISTOR

CLAMP

HYSTERESIS

PULLMODE attribute PULLMODE of Pinname: signal is “Pullmode Value”;
attribute OPENDRAIN: string;
OPENDRAIN attribute OPENDRAIN of Pinname: signal is “OpenDrain Value”;
attribute PULLMODE: string;
SLOWSLEW attribute PULLMODE of Pinname: signal is “Slewrate Value”;
DIN attribute DIN: string;
attribute DIN of Pinname: signal is “value “;
DOUT attribute DOUT: string;
attribute DOUT of Pinname: signal is “value ;
LOC attribute LOC: string;
attribute LOC of Pinname: signal is “Pin locations”;
BANK VCCIO NA
Examples
I/O_TYPE

—-—***Attribute Declaration***
ATTRIBUTE 1/0_TYPE: string;

--***1/0_TYPE assignment for 1/0 Pin***
ATTRIBUTE 1/0_TYPE OF portA: SIGNAL 1S "PCI33";
ATTRIBUTE 1/0_TYPE OF portB: SIGNAL IS "LVCMOS33";
ATTRIBUTE 1/0_TYPE OF portC: SIGNAL IS *SSTL18 I';
ATTRIBUTE 1/0_TYPE OF portD: SIGNAL IS "LVDS25";
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DRIVE

—-—***Attribute Declaration***

ATTRIBUTE DRIVE: string;

--***DRIVE assignment for 1/0 Pin***
ATTRIBUTE DRIVE OF portB: SIGNAL IS “87;

DIFFDRIVE
—-—***Attribute Declaration***
ATTRIBUTE DIFFDRIVE: string;
--*** DIFFDRIVE assignment for 1/0 Pin***
ATTRIBUTE DIFFDRIVE OF portD: SIGNAL IS “2.07;

DIFFRESISTOR
—--***Attribute Declaration***
ATTRIBUTE DIFFRESISTOR: string;
—-*** DIFFRESISTOR assignment for 1/0 Pin***
ATTRIBUTE DIFFRESISTOR OF portD: SIGNAL IS "100";

CLAMP

—-—***Attribute Declaration***

ATTRIBUTE CLAMP: string;

--*** CLAMP assignment for 1/0 Pin***
ATTRIBUTE CLAMP OF portA: SIGNAL IS “PCI133";

HYSTERESIS

—--***Attribute Declaration***

ATTRIBUTE HYSTERESIS: string;

—-*** HYSTERESIS assignment for Input Pin***
ATTRIBUTE HYSTERESIS OF portA: SIGNAL IS " LARGE *;

PULLMODE

—-—***Attribute Declaration***

ATTRIBUTE PULLMODE : string;

-—***pLLMODE assignment for 1/0 Pin***
ATTRIBUTE PULLMODE OF portA: SIGNAL IS “DOWN™;
ATTRIBUTE PULLMODE OF portB: SIGNAL IS ““UP”;

OPENDRAIN

—--***Attribute Declaration***

ATTRIBUTE OPENDRAIN: string;

--***Qpen Drain assignment for 1/0 Pin***
ATTRIBUTE OPENDRAIN OF portB: SIGNAL 1S “ON”;

SLEWRATE
—-—***Attribute Declaration***
ATTRIBUTE SLEWRATE : string;
—-—*** SLEWRATE assignment for 1/0 Pin***
ATTRIBUTE SLEWRATE OF portB: SIGNAL IS “FAST”;

DIN/DOUT

—-—-***Attribute Declaration***

ATTRIBUTE din : string; ATTRIBUTE dout : string;
—--*** din/dout assignment for 1/0 Pin***

ATTRIBUTE din OF input_vector: SIGNAL 1S “TRUE *;
ATTRIBUTE dout OF output_vector: SIGNAL 1S “TRUE “;
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LOC
—-—***Attribute Declaration***
ATTRIBUTE LOC : string;
—-—*** | OC assignment for 1/0 Pin***
ATTRIBUTE LOC OF input_vector: SIGNAL 1S “E3,B3,C3 *;

Attributes in Verilog Language
Syntax

Table 10-12. Verilog Attribute Syntax

Attribute Syntax
I/O_TYPE PinType PinName /* synthesis I/O_TYPE="I/O_Type Value™/;
DRIVE PinType PinName /* synthesis DRIVE="Drive Value™*/
DIFFDRIVE PinType PinName /* synthesis DIFFDRIVE =" DIFFDRIVE Value™/,
DIFFRESISTOR PinType PinName /* synthesis DIFFRESISTOR =" DIFFRESISTOR Value™/;
CLAMP PinType PinName /* synthesis CLAMP =" Clamp Value™/,
HYSTERESIS PinType PinName /*synthesis HYSTERESIS = “Hysteresis Value” */;
VREF N/A
PULLMODE PinType PinName /* synthesis PULLMODE="Pullmode Value™/,
OPENDRAIN PinType PinName /* synthesis OPENDRAIN ="OpenDrain Value™/;
SLOWSLEW PinType PinName /* synthesis SLEWRATE="Slewrate Value™/;
DIN PinType PinName /* synthesis DIN= “value” */;
DOUT PinType PinName /* synthesis DOUT= “value” */;
LOC PinType PinName /* synthesis LOC="pin_locations “*/;
Bank VCCIO N/A

Examples

/N/O_TYPE, PULLMODE, SLEWRATE and DRIVE assignment
output portB /*synthesis 1/0_TYPE="LVCMOS33”
PULLMODE ="UP”” SLEWRATE ="FAST” DRIVE =720"*/;
output portC /*synthesis 1/0_TYPE="LVDS25” */;

//DIFFDRIVE
output portD /* synthesis 1/0_TYPE="LVDS25" DIFFDRIVE="2.0"*/;

//IDIFFRESISTOR
output [4:0] portA /* synthesis 1/0_TYPE="LVDS25" DIFFRESISTOR ="100""*/;

/[CLAMP
output portA /*synthesis 1/0_TYPE="PCI133” CLAMP ="PCI1” */;

//[HYSTERESIS
input mypin /* synthesis HYSTERESIS = “LARGE” */;

//OPENDRAIN
output portA /*synthesis OPENDRAIN ="ON’*/;

// DIN Place the flip-flops near the load input
input load /* synthesis din="" TRUE */;
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// DOUT Place the flip-flops near the outload output
output outload /* synthesis dout="TRUE” */;

/ILOC pin location

input [3:0] DATAO /* synthesis loc="E3,B1,F37*/;

/ILOC Register pin location

reg data_in_chl buf reg3 /* synthesis loc="R10C16” */;

/ILOC Vectored internal bus
reg [3:0] data_in_chl reg /*synthesis loc ="R10C16,R10C15,R10C14,R10C9” */;
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Appendix B. syslO Attributes Using the Spreadsheet View

The syslO buffer attributes can be assigned using the Spreadsheet View available in the Diamond design tool. The
attributes that are not available as HDL attributes, such as VREF and Bank VCCIO, are available in the Spread-
sheet View GUI.

The Port Assignment tab lists all the ports in a design and all the available syslO attributes as preferences. Click on
each of these cells for a list of all the valid I/O preferences for that port. Each column takes precedence over the
next. Therefore, when a particular I/O_TYPE is chosen, the columns for the DRIVE, PULL-MODE, SLEW-RATE
and other attributes will list the valid combinations for that I/O_TYPE. Pin locations can be locked using the Pin col-
umn of the Port Assignment tab. Right-clicking on a cell will list all the available pin locations. The Spreadsheet
View can run a DRC check to check for incorrect syslO attribute assignments.

All the preferences assigned using the Spreadsheet View are written into the logical preference file (.Ipf).

Figure 10-8. Port Assignment Tab of Spreadsheet View

&% Start Page Ej Reports Spreadsheet View [0 5 x
67 Type Name Wref I0_TYPE PULLMODE DRIVE SLEWRATE CLAMP OPENDRAIN DIFFRESISTOR 4
‘ 1 All Ports L e
2 Clock Input ¢k | A 5 DOVWN INA | OFF OFF OFF
. ‘ 3 Input Port reset 150 NONE NA OFF OFF OFF
: ‘ 4 Input Port direction f f NA L OFF OFF OFF
; 5 Qutput Port  count_7 8 OFF OFF OFF
s | & Output Port  count_6& OFF OFF OFF
B - Output Port  count_5 OFF OFF OFF
ki | 8 Output Port  count_4 8 OFF OFF OFF
| a Output Port  count_3 8 OFF OFF OFF
[ | 10 QutputPort  count_2 8 OFF OFF OFF
| 11 Qutput Port  count_1 2] OFF OFF OFF
z |12 OutputPort  count_0 g OFF OFF OFF
5 ‘13 Output Port  count2_15 5} OFF OFF OFF
| 14 OutputPort  countZ_14 8 OFF QFF OFF
| 15 Output Port  count2_13 OFF OFF OFF
‘ 16 Output Port  count2_12 OFF OFF OFF
‘ 17 Output Port  count2_11 OFF OFF OFF
|18 Output Port  count2_10 ] LVCMOS25 DOWH OFF OFF OFF
‘19 OutputPort | count2_89 ! LY MC DOWN OFF OFF OFF
?°ﬂ Outnit Part - cnnnt? A8 A IVCMOS 75 MIOVM A S OW OFF 0OFF OFF b
1€ »
Port Assignments Pin Assignments Clock Resource Route Priority Cell Mapping Global Preferences Timing Preferences Group Misc Preferences
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Figure 10-9. VREF Name and Location Pop-up Window of the Spreadsheet View

& Start Page [t2] Reports Spreadsheet Yiew * [
& Type Name Bank_¥CCIO Wref I0_TYPE PULLMODE DRIVE SLEWRATE CLAMP
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L & d 5 DOWIN 8 SLOW OFF
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m | 91 € g : e 2 5 DOWN 8 SLOW OFF

2 o

P ECIESE: ; Z:i : DOWN SLOW OFF

11 J 3 O 8 OFF
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17 q [ Add ] I Cancel ] [ Help 5 DOWN 8 SLOW OFF

18 q 5 DOWN 8 SLOWY OFF
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Port Assignments Pin Assignments Clock Resource Route Priority Cell Mapping Global Preferences Timing Preferences Group Misc Preferences

Vger Assignment in the Spreadsheet View

The VREF attribute can be assigned in the Spreadsheet View by clicking on the Vref Locations(s) button on the left
hand side. It is required to use this button only if a specific location for the VREF driver is desired. Otherwise the
software will assign the VREF driver signal to any location that does not violate the syslO bank rules.

When the VREF_NAME is assigned to a specific pin, the software will list VREF_NAME in the VREF column of the
Port Assignments tab. Both VREF_NAME and pin location will be reflected in the VREF column of the Pin Attribute
sheet.

Bank Vo Setting in the Spreadsheet View

Bank VCCIO is editable in the Global tab of the Spreadsheet View. The value of the Bank VCCIO can be chosen by
the users to determine the value of VCCIO of a specific bank.

Figure 10-10. Bank VCCIO in Global Preference Tab

[ Start Page E Reports Spreadsheet View * [0 8 %
& Preference Name Preference Value ~
- SLAYE_SPI_PORT DISABLE
12C_PORT DISABLE
MASTER_SPI_PORT DISABLE
o GENERATE_BITSTREAM DISABLE
e COMPRESS_CONFIG ON
i CONFIGURATION CFG
MY_ASSP OFF
= ONE_TIME_PROGRAM OFF
CONFIG_SECURE OFF
= MCCLK_FREQ 2.08
I JTAG_PORT ENABLE
ENABLE_TRANSFR DISABLE
B | 5 User Code
> UserCode Format Binary
UserCade 00000000000000000000000000000000
40 || = TRACEID
. Trace Id 00000000

= CUSTOM_IDCODE
Custom IDCode Format
Custom IDCode
Global SetReset Net

= Bank VCCIO
Bank0 (V) Auto
Bankl (V) Auto
Bank2 (V)
Bank3 () Auto
v
< >

Port Assignments Pin Assignments Clock Resource Route Priority Cell Mapping Global Preferences Timing Preferences Group Miscilr B
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Appendix C. syslO Attributes Using Preference File (ASCII File)

Designers can enter syslO attributes directly in the preference (.Ipf) file as syslO buffer preferences. The LPF file is
a post-synthesis FPGA constraint file that stores logical preferences that have been created or modified in the
Spreasheet View or directly in a text editor. It also contains logical preferences originating in the HDL source. Mod-
ifying the Speadsheet View in the Diamond software will automatically update the content of the LPF file and vice
versa. The settings in the Spreadsheet View are reflected in the preference file once they are saved. Details of the
supported preferences and their corresponding syntax can be found in the Diamond Help System.
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Introduction

In response to the increasing need for higher data bandwidth, the industry has migrated from the traditional Single
Data Rate (SDR) to the Double Data Rate (DDR) architecture. SDR uses either the rising edge or the falling edge
of the clock signal to transfer data, while DDR uses both edges of the clock signal for data transfer. This essentially
doubles the data transmission rate using the same clock frequency because the data is transferred twice per clock
cycle. The DDR clocking technique has largely been used in memory interfaces such as DDR SDRAM. As a result,
DDR SDRAM memories achieve twice the bandwidth as SDR SDRAM memories without increasing the signal
integrity requirements in the system.

The Lattice MachXO2™ PLD family supports high-speed interfaces for both DDR and SDR applications through
built-in Programmable 1/0 (P1O) logic. The MachXO2 devices also have dedicated circuitry to support DDR, DDR2,
and LPDDR SDRAM memory interfaces. This document focuses on the implementation of high-speed generic
DDR interfaces, and memory DDR/DDR2 and LPDDR interfaces in the MachXO2 devices. It also provides guide-
lines for making use of the built-in capabilities of the MachXO2 devices to achieve the best performance for high-
speed interfaces.

Architecture for High-Speed Interfaces

Gearing Logic Distribution

The high-speed generic DDR (GDDR) interfaces are supported through the built-in gearing logic in the Program-
mable I/O (PIO) cells. This gearing is necessary to support high-speed I/0 while reducing the performance require-
ment on the FPGA fabric.

There are four gearing ratio settings available in the MachXO2 devices depending on the I/O bank locations and
the logic density. The x1 gearing ratio is available in all banks for all the device densities. The x2, x4, and the 7:1
gearing ratio are available in the top and bottom banks of the MachX02-640U, MachX02-1200/U and higher den-
sity devices. The 7:1 gearing ratio is mainly used for video display applications. The x2/x4 gearing circuit is shared
with the 7:1 circuit on both receive and the transmit sides. The right bank of the MachX02-640U, MachX0O2-1200/U
and higher density devices support the memory DDR interface. The memory DDR uses x1 gearing logic in the ded-
icated memory PIO cells. Table 11-1 gives a breakdown of gearing logic support in the different I/O banks. Details
of PIO cells can be found in the MachXO2 Family Data Sheet.

Table 11-1. Gearing Logic Distribution for MachX02-640U, MachX02-1200/U and Higher Density Devices

Gearing Logic Definition Gearing Ratio Left Right Bottom Top
DDR x1' GDDR 1:2 or 2:1 Yes Yes Yes Yes
Input DDR x2 GDDR 1:4 — — Yes —
Input DDR x4 GDDR 1:8 — — Yes —
Input DDR 7:1 GDDR 1.7 — — Yes —
Output DDR x2 GDDR 4:1 — — — Yes
Output DDR x4 GDDR 8:1 — — — Yes
Output DDR 7:1 GDDR 71 — — — Yes
mem DDR x1 Memory DDR 1:2 or 2:1 — Yes — —

1. DDRXx1 is available for all MachXO2 device densities.

© 2013 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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Different Types of /0O Logic Cells

In order to support various gearing ratios, the MachXO2 devices support three types of PIO logic cells. These
include a basic PIO cell, a memory PIO cell, and a video PIO cell.

The basic PIO cell supports traditional SDR registers and DDR x1 registers. It is available on all sides of all
MachXO2 devices. The memory PIO cell supports DDR memory applications and is available on the right side of
the MachX02-640U, MachX02-1200/U and higher density devices. The video PIO cell supports the x2/x4 and 7:1
gearing applications. They are available on MachX02-640U, MachX02-1200/U and larger devices on the bottom
side for the receive interfaces, and on the top side for the transmit interfaces. The input and output structures of
each type of PIO cell are discussed in detail in the MachXO2 Family Data Sheet. The block diagrams of the PIO
cells are shown here again in this document for reference.

Figure 11-1. Basic PIO Cell Supports x1 Gearing Ratio
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Figure 11-2. Memory PIO Cell to Support DDR Memory Applications
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Figure 11-3. Video PIO Cell for x2/x4 and 7:1 Applications
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Clock Domain Transfer at PIO Cells

The MachXO2 gearing logic performs serializing and de-serializing of high-speed data in the PIO cells. The clock
domain transfer for the data from the high-speed edge clock (ECLK) to the low-speed system clock (SCLK) is guar-
anteed by design through two internal signals, UPDATE and SEL. The SEL signal toggles between ‘0’ and ‘1’ to
sample three bits or four bits of data at a time for the 7:1 gearing. It remains static during the x2/x4 gearings. The
UPDATE signal behaves the same for all the gearings to update the register with the correct byte of data. This data
is then clocked by the SCLK for downstream processing. Figure 11-3 illustrates the architecture of x2 /x4 input
gearing logic.

MachXO2 devices provide logic to support word alignment with minimal FPGA resources. The word alignment
results in a shift to the UPDATE, SEL and the SCLK signals. It can be activated by providing an alignment request
signal to the ALIGNWD port of the high-speed interface components. ALIGNWD can be asynchronous to the ECLK
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domain, but it must be at least two ECLK cycles wide. For the 7:1 gearing, ALIGNWD must be pulsed seven times
to loop through a maximum of seven combinations of word orders. For the x2/x4 gearings, ALIGNWD must be
pulsed eight times to step through maximum eight possible word orders.

Figures 11-4 and 11-5 provide a timing relationship of UPDATE, SEL, ECLK, and SCLK signals under different
gearing requirements. Figures 11-6 and 11-7 show the word alignment procedure for various gearing ratios. The
discussion of gearing logic is applicable to both receive and transmit sides of the high-speed interfaces. Refer to
reference design RD1093, MachXO2 Display Interface, for more details on implementing word alignment using the
7:1 gearing function.

The clock domain transfer for the DDR memory interface is accomplished by using the built-in, 90°-shifted clock
trees for memory READ and WRITE operations. DLL and DQS detection logic are provided to guarantee the cor-
rect receive and transmit of data to and from DDR memories.

Figure 11-4. 7:1 Deserializer Timing
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Figure 11-5. x2/x4 Deserializer Timing
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Figure 11-6. 7:1 Deserializer Timing in response to ALIGNWD
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Figure 11-7. x2/x4 Deserializer Timing in response to ALIGNWD

‘ALIGNWD’

000t D OO O C O 0 00t 0E0000000)
S atatalialaValalalalaiaialisial
roTE — — — T
/
SCLK _/—_ T
Q(6:0) ::X “b6b5b4b3b2b1b0a7” c6c5c4c3c2c1cob7! L “ ’7dﬁd5d4d3d2d1dr" ‘x “‘e7ebg5e4...”

External High-Speed Interface Description

There are two types of external high-speed interface definitions that can be used with the MachXO2 devices: cen-
tered and aligned. In a centered external interface, at the device pins, the clock is centered in the data opening. In
an aligned external interface, the clock and data transition are aligned at the device pins. This is sometimes called
“edge-on-edge”.

Figure 11-8 shows external interface waveforms for SDR and DDR. At the receive side, an aligned interface
requires clock delay adjustment to position the clock edge at the middle of the data opening to ensure that the cap-
ture flip-flop setup and hold times are not violated. Similarly a centered interface at the transmit side will require a
clock delay adjustment to position the clock at the center of the data opening for transmission.

Note that centered and aligned interfaces might both be used for a given bus. For example, in a DDR SDRAM
memory the clock and data relationship during READ is an aligned interface, while the clock and data relationship
during WRITE is a centered interface.
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Figure 11-8. External Interface Definition
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MachXO2 devices provide dedicated logic blocks for building high-speed interfaces, with each block performing a
unique function. Combining various blocks gives ultimate performance of a specific interface. The hardware com-
ponents in the device are described in this section. The DDR Software Primitives and Attributes section describes
the library elements for these components. Refer to TN1199, MachX02 sysCLOCK PLL Design and Usage Guide,
for an in-depth discussion of clocking and PLL architectures.

ECLK

Edge clocks are high-speed, low-skew /O dedicated clocks. Two edge clocks (ECLK) are available on each of the
top and bottom sides for MachX02-640U, MachX02-1200/U and higher density devices. The primary clock nets
(PCLK) have direct connectivity to ECLKs. The bottom PCLK pins also have minimal routing to PLLs for video
applications.

ECLKSYNC

This is the ECLK synchronization block. Each ECLK has its own ECLKCYNC component to synchronize the clock
domain transfer of data. This block can also be used to dynamically disable an edge clock to save power during
operation.

SCLK

SCLK refers to the system clock of the design. SCLK must use primary clock pins or primary clock nets for high
speed interfaces. There are eight primary clock pins (PCLK) available for the MachXO2 device, and eight primary
clock nets in the MachXO2 devices.

CLKDIV
Clock dividers are used to generate low-speed system clocks from a high-speed edge clock. There are two clock

dividers per top and bottom sides of the MachX02-640U, MachX02-1200/U and higher density devices. The ECLK
frequency can be divided down by 2, by 3.5, or by 4 through the CLKDIV component.

PLL

A maximum of two PLLs are available in the MachXO2 devices. The number of PLLs varies with the logic density.
The MachX02-640U, MachX02-1200/U and MachX02-2000 have one PLL. MachX02-2000U, MachX02-4000,
and MachX02-7000 devices have two PLLs. There are pre-assigned dual-purpose I/O pins that drive to PLLs as
reference clock inputs.

Data at pin | [ [
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DQSDLL

A maximum of two DQSDLLs are available in the MachX02-640U, MachX02-1200/U and higher density devices.
The top-right DQSDLL controls the top and right banks. The bottom-left DQSDLL can be used by the bottom and
left banks. This component can be used for both DDR memory and generic high-speed interfaces. The DQSDLL,
together with the clock slave delay cell (DLLDEL), is used to create a 90° clock shift/delay for aligned receiver inter-
faces.

Input DDR (IDDR)

Generic input DDR components support x1, x2, x4, and 7:1 gearing ratios at the receiving side of the PIO cells.
The x1 gearing is supported by IDDRX, or the basic PIO cell. It receives 1-bit DDR data and outputs 2-bit wide par-
allel data synchronized to the SCLK. There is no clock domain transfer involved in the x1 gearing. The x2 gearing is
supported by IDDRX2. It receives 1-bit DDR data synchronized to the ECLK and outputs four bits of parallel data
synchronized to the SCLK. The same function applies to the IDDRX4, which receives a single bit of DDR data syn-
chronized to the ECLK and outputs eight bits of parallel data synchronized to the SCLK. The 7:1 gearing shares the
same structure as the x4 gearing. The 7:1 gearing outputs seven bits of parallel data instead of eight. The generic
high-speed interface gearings are supported by the video PIO cells.

Output DDR (ODDR)

Generic output DDR components support x1, x2, x4, and 7:1 gearing ratios at the transmit side of the PIO cells.
The x1 gearing is supported by ODDRX, or the basic PIO cell. It serializes the 2-bit data based on SCLK. There is
no clock domain transfer involved in x1 gearing. The x2 gearing is supported by ODDRX2. The 4-bit parallel data is
clocked by SCLK and is serialized using ECLK. The x4 gearing is supported by ODDRX4. The 8-bit parallel data is
clocked by SCLK and is serialized using ECLK. The 7:1 gearing shares the same structure as the x4 gearing. The
7-bit parallel data is serialized by the ECLK. The generic high speed interface gearings are supported by the video
PIO cells.

Delays

There are two types of delay available for high-speed interfaces. The first type is the 1/O logic delay that can be
applied on the input data paths, as shown in the block diagram of PIO architectures at the beginning of the docu-
ment. Although the 32-tap 1/O logic delay can be static or dynamic, only the bottom side of the MachX02-640U,
MachX02-1200/U and higher density devices supports dynamic data path delay. The static I/O logic delay
(DELAYE) is used by default when configuring the interface in the Lattice design software. Software applies fixed
delay values based on the interface used. Dynamic delay (DELAYD) at the bottom-side input data path provides
dynamic or user-defined delay. Dynamic delay requires extra ports available on the module to be connected to user
logic for delay control. The I/O logic delay is used to achieve the SDR zero hold timing, or match primary clock
injection for x1 gearing, or match the edge clock injection for x2/x4 gearings.

The second type of delay is the clock slave delay cell (DLLDEL), which delays the incoming clock by 90° to place
the clock in the middle of the data opening. This block is digitally controlled by the DQSDLL through 7-bit control
code. There is one clock slave delay cell per primary clock pin. Its input comes from the primary clock pins and its
output can drive the primary clock net for the x1 aligned interface or ECLK for x2/x4 aligned interfaces.

DQSBUF

This is the dedicated DQS circuitry for DDR memory. It generates a 90° shift on DQS for memory read operations,
and a 90° shift on the SCLK for memory write operations. The clock polarity detection, burst detection, and data
valid signals are generated from this block. This is available on the right bank of the MachX02-640U, MachX0O2-
1200/U and higher density devices.

IDDRDQS

DDR memory input buffer supports clock domain transfers from DQS to SCLK. These memory PIO cells are used
exclusively for DDR memory interfaces and are used for DDR memory READ operations. They are available on the
right bank of the MachX02-640U, MachX02-1200/U and higher density devices.
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ODDRDQS

The DDR memory output buffer supports clock domain transfers from SCLK to DQS. These memory PIO cells are
used exclusively for DDR memory interfaces and are used for DDR memory WRITE operations. They are available
on the right bank of the MachX02-1200 and higher density devices.

Generic High-Speed DDR Interfaces

Generic high-speed interfaces, or Generic DDR (GDDR), are supported in MachXO2 using the dedicated logic
blocks. This section will discuss the GDDR types, the interface logic, and the software to support the GDDR capa-
bility in the silicon.

High-Speed GDDR Interface Types

The GDDR interfaces supported by the MachXO2 device family are pre-defined in the software and characterized

in the silicon. Table 11-2 lists all the supported interfaces and gives a brief description of each interface.

Table 11-2. Generic High-Speed I/O DDR Interfaces’

Mode

Interface Name

Description

Supporting Device & Sides

RX SDR

GIREG_RX.SCLK

SDR input using SCLK

All devices, all sides

RX GDDRx1 Aligned

GDDRX1_RX.SCLK.Aligned

DDRXx1 input using SCLK, data is
edge-to-edge with incoming clock

640U, 1200/U, and above,
all sides

RX GDDRx1 Centered

GDDRX1_RX.SCLK.Centered

DDRx1 input using SCLK, incoming
clock is centered at the data opening

All devices, all sides

RX GDDRx2 Aligned

GDDRX2_RX.ECLK.Aligned

DDRx2 input using ECLK, data is
edge-to-edge with incoming clock

640U, 1200/U, and above,
bottom

RX GDDRx2 Centered

GDDRX2_RX.ECLK.Centered

DDRx2 input using ECLK, incoming
clock is centered at the data opening

640U, 1200/U, and above,
bottom

RX GDDRx4 Aligned

GDDRX4_RX.ECLK.Aligned

DDRx4 input using ECLK, data is
edge-to-edge with incoming clock

640U, 1200/U, and above,
bottom

RX GDDRx4 Centered |GDDRX4_RX.ECLK.Centered | DDRx4 input using ECLK, incoming [640U, 1200/U, and above,
clock is centered at the data opening |bottom
RX GDDR71 GDDR71_RX.ECLK.7:1 GDDR 7:1 input using ECLK 640U, 1200/U, and above,
bottom
TX SDR GOREG_TX.SCLK SDR output using SCLK All devices, all sides

TX GDDRx1 Aligned

GDDRX1_TX.SCLK.Aligned

DDRx1 output using SCLK, data is
edge-to-edge with outgoing clock

All devices, all sides

TX GDDRx1 Centered

GDDRX1_TX.SCLK.Centered

DDRx1 output using SCLK, outgoing
clock is centered at the data opening

640U, 1200/U, and above,
all sides

TX GDDRx2 Aligned

GDDRX2_TX.ECLK.Aligned

DDRx2 output using ECLK, data is
edge-to-edge with outgoing clock

640U, 1200/U, and above,
top

TX GDDRx2 Centered

GDDRX2_TX.ECLK.Centered

DDRx2 output using ECLK, outgoing
clock is centered at the data opening

640U, 1200/U, and above,
top

TX GDDRx4 Aligned

GDDRX4_TX.ECLK.Aligned

DDRx4 output using ECLK, data is
edge-to-edge