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Figure 2-8. sysMEM Memory Primitives
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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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Figure 2-11. Group of Four Programmable I/O Cells

Core Logic/
Routing

1PIC

|
:

Input Register
Block

PIO A

=

Output
Register Block
& Tristate
Register Block

Pin

v
>

Input Register
Block

PIO B

—

Output
Register Block
& Tristate
Register Block

Pin

A 4
@

(— —

E Input Output
Gearbox Gearbox

—_ -

| |

J Input Register

Block

PIOC

Output
Register Block

& Tristate
Register Block

Pin

y
O

|
:

A Input Register

Block

PIO D

Output
Register Block
& Tristate
Register Block

A4

Dl_’ Pin

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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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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MachX02-640U, MachX02-1200/U, MachX02-2000/U, MachX02-4000 and MachX0O2-7000 devices contain three
types of syslO buffer pairs.

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

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

and the device has been configured.

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

Typical I/O Behavior During Power-up

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

Supported Standards

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

Tables 2-11 and 2-12 show the I/O standards (together with their supply and reference voltages) supported by the
MachXO2 devices. For further information on utilizing the syslO buffer to support a variety of standards please see
TN1202, MachXO2 syslO Usage Guide.
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Table 2-13. 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 1) 25
SSTL18 (Class I) 1.8
HSTL18(Class I) 1.8
Differential Interfaces

LvDs"? 25,33
BLVDS, MLVDS, RSDS 2 25
LVPECL? 3.3
MIPI2 25
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 I/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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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:

Supports the following modes of operation:
— Watchdog timer

— Clear timer on compare match

— Fast PWM

— Phase and Frequency Correct PWM

Programmable clock input source

Programmable input clock prescaler

One static interrupt output to routing

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

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

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 I 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
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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 MachXO2 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, MachXO2 Programming and Configuration Usage Guide.

The Test Access Port (TAP) has five dual purpose pins (TDI, TDO, TMS, TCK and JTAGENB). These pins are dual
function pins - TDI, TDO, TMS and TCK can be used as general purpose /O if desired. For more details, refer to
TN1204, MachXO2 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.
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Static Supply Current — ZE Devices"?*%©

Symbol Parameter Device Typ.* Units

LCMX02-256ZE 18 MA
LCMXO2-640ZE 28 MA
LCMX0O2-1200ZE 56 MA

lcc Core Power Supply
LCMX02-2000ZE 80 HA
LCMX02-4000ZE 124 MA
LCMXO2-7000ZE 189 pA

lecio szzzpf"zv%r\?”pp'ys Al devices 1 WA

. 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.

N =

(o206 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 HA
IDCIOBANKCONTROLLER DC power contribution per I/O bank controller 143 HA
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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 3.6 — — —
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 3.6 — — —
PCI® 3.135 3.3 3.6 — — —
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
LVCMOS25R33 3.135 3.3 3.6 1.1 1.25 1.4
LVCMOS18R33 3.135 3.3 3.6 0.75 0.9 1.05
LVCMOS18R25 2.375 25 2.625 0.75 0.9 1.05
LVCMOS15R33 3.135 3.3 3.6 0.6 0.75 0.9
LVCMOS15R25 2.375 25 2.625 0.6 0.75 0.9
LVCMOS12R33* 3.135 3.3 3.6 0.45 0.6 0.75
LVCMOS12R25* 2.375 25 2.625 0.45 0.6 0.75
LVCMOS10R33* 3.135 3.3 3.6 0.35 0.5 0.65
LVCMOS10R25* 2.375 25 2.625 0.35 0.5 0.65
LvDS25"2 2.375 25 2.625 — — —
LvVDS33"2 3.135 3.3 3.6 — — —
LVPECL' 3.135 3.3 3.6 — — —
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.

4. Supported only for inputs and BIDIs for all ZE devices, and —6 speed grade for HE and HC devices.
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Input/Output Vi Vi VoL Max. | Vgy Min. | Ig. Max.* | Ioy Max.*
Standard | Min.(V)’ | Max.(V) | Min.(V) | Max. (V) ) V) (mA) (mA)
LVCMOS10R25 | 03 | Vmgr—0.1 | Vegp+ 0.1 3.6 0.40 NAOPeN | 46,12,8,4 | NE OPen

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

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

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

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

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

syslO Differential Electrical Characteristics

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

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

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

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

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

Vecio=25V 0.05 — 2.0 \%
N Input current Power on — — +10 HA
VoH Output high voltage for Vgp or Vom Ry =100 Ohm — 1.375 — Vv
VoL Output low voltage for Vop or Vou Rt =100 Ohm 0.90 1.025 — \
Vop Output voltage differential (Vop - Vowm), Rt =100 Ohm 250 350 450 mV
AVop Change in Vgp between high and low — — 50 mV
Vos Output voltage offset (Vop + Vom)/2, Rt = 100 Ohm 1.125 1.20 1.395 \Y
AVps Change in Vog between H and L — — 50 mV
losp Output short circuit current Vop = 0 V driver outputs shorted — — 24 mA
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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
: 158 :
8mA {1 . . L
Zo =100
VCCIO =25 140 100
158
8mA 1 d C
On-chip Off-chip Off-chip On-chip
E— <+—
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
Rg Driver series resistor 158 Ohms
Rp Driver parallel resistor 140 Ohms
Rt Receiver termination 100 Ohms
VoH Output high voltage 1.43 \"
VoL Output low voltage 1.07 \
Vob Output differential voltage 0.35 Vv
Vewm Output common mode voltage 1.25 \
Zaack Back impedance 100.5 Ohms
Ioc DC output current 6.03 mA
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Typical Building Block Function Performance — HC/HE Devices’
Pin-to-Pin Performance (LVCMOS25 12 mA Drive)

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

Register-to-Register Performance

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

Embedded Memory Functions

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

183 MHz

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

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

Description

Device

-3

-2

-1

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® 2

Output Data Valid Before CLK

tbve Output 1.445 — 1.760 — 2.140 — ns
Output Data Valid After CLK
tDVA OUtpUt MaChX02'640U, 1.445 — 1.760 — 2.140 — ns
- MachX02-1200/U
foaa DDRX2 Serial Output Data | anq larger devices, | — | 280 | — | 234 | — | 194 | Mops
P top side only
DDRX2 ECLK Frequency . . .
foorxe (minimum limited by PLL) 140 7 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 | — | 202 | Mbps
P top side only
DDRX4 ECLK Frequency
fopRx4 (minimum limited by PLL) — | 210 — | 176 | — | 146 | MHz
fsoLk SCLK Frequency — 53 — 44 — 37 MHz
7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1% "2
o 85:?&?:&? Invalid Before — |o240| — |0270| — [0300]| ns
Output Data Invalid After CLK
toia — |0240| — |0270| — |0.300]| ns
Output MachX02-640U,
DDR71 Serial Output Data MachX02-1200/U
foaTa Speed and larger devices, - 420 - 852 - 292 | Mbps
fooR71 DDR71 ECLK Frequency | 1OP 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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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 tbvapQ 34“ } H |

| |
tpvE or tpveDQ \ —> >

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

|
RX CLK Input \I

00000 00000\
X Data Input ‘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 /
| |

OGN 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 ! |
| |
| | | |
I |

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

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

SignalName | 1O | Descriptions
General Purpose

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

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

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

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

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

NC — |No connect.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand
or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Pinout Information Summary

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

1. Lattice recommends soldering the central thermal pad onto the top PCB ground for improved thermal resistance.
2. For 48 QFN package, exposed die pad is the device ground.
3. 48-pin QFN information is 'Advanced'.
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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
LCMXO02-7000ZE-3BG256C 6864 1.2V -3 Halogen-Free caBGA 256 COM
LCMXO2-7000ZE-1FTG256C 6864 1.2V -1 Halogen-Free ftBGA 256 COM
LCMXO2-7000ZE-2FTG256C 6864 1.2V -2 Halogen-Free ftBGA 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
LCMX02-7000ZE-2BG332C 6864 1.2V -2 Halogen-Free caBGA 332 COM
LCMXO02-7000ZE-3BG332C 6864 1.2V -3 Halogen-Free caBGA 332 COM
LCMXO2-7000ZE-1FG484C 6864 1.2V -1 Halogen-Free fpBGA 484 COM
LCMXO2-7000ZE-2FG484C 6864 1.2V -2 Halogen-Free fpBGA 484 COM
LCMXO02-7000ZE-3FG484C 6864 1.2V -3 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX0O2-1200ZE-1TG100CR1" 1280 1.2V -1 Halogen-Free TQFP 100 COM
LCMX02-1200ZE-2TG100CR1" 1280 1.2V -2 Halogen-Free TQFP 100 COoM
LCMX0O2-1200ZE-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
LCMX02-1200ZE-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 of this data sheet.
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Ordering Information
MachXO2 Family Data Sheet

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-2000UHC-4FG484C 2112 25V/33V —4 Halogen-Free fpBGA 484 COM
LCMXO2-2000UHC-5FG484C 2112 25V/33V -5 Halogen-Free fpBGA 484 COM
LCMXO2-2000UHC-6FG484C 2112 25V/33V -6 Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-4000HC-4QN84C 4320 25V/33V -4 Halogen-Free QFN 84 COM
LCMXO2-4000HC-5QN84C 4320 25V/33V -5 Halogen-Free QFN 84 COM
LCMXO2-4000HC-6QN84C 4320 25V/33V -6 Halogen-Free QFN 84 COM
LCMXO2-4000HC-4MG132C 4320 25V/33V -4 Halogen-Free csBGA 132 COM
LCMX0O2-4000HC-5MG132C 4320 25V/33V -5 Halogen-Free csBGA 132 COM
LCMX02-4000HC-6MG132C 4320 25V/33V -6 Halogen-Free csBGA 132 COM
LCMXO2-4000HC-4TG144C 4320 25V/33V -4 Halogen-Free TQFP 144 COM
LCMXO2-4000HC-5TG144C 4320 25V/33V -5 Halogen-Free TQFP 144 COM
LCMXO02-4000HC-6TG144C 4320 25V/33V —6 Halogen-Free TQFP 144 COM
LCMXO2-4000HC-4BG256C 4320 25V/33V -4 Halogen-Free caBGA 256 COM
LCMX02-4000HC-5BG256C 4320 25V/33V -5 Halogen-Free caBGA 256 COM
LCMX02-4000HC-6BG256C 4320 25V/33V -6 Halogen-Free caBGA 256 COM
LCMXO2-4000HC-4FTG256C 4320 25V/33V -4 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-5FTG256C 4320 25V/33V -5 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-6FTG256C 4320 25V/33V -6 Halogen-Free ftBGA 256 COM
LCMXO2-4000HC-4BG332C 4320 25V/33V -4 Halogen-Free caBGA 332 COM
LCMX02-4000HC-5BG332C 4320 25V/33V -5 Halogen-Free caBGA 332 COM
LCMX02-4000HC-6BG332C 4320 25V/33V -6 Halogen-Free caBGA 332 COM
LCMXO2-4000HC-4FG484C 4320 25V/33V -4 Halogen-Free fpBGA 484 COM
LCMXO2-4000HC-5FG484C 4320 25V/33V -5 Halogen-Free fpBGA 484 COM
LCMX02-4000HC-6FG484C 4320 25V/33V -6 Halogen-Free fpBGA 484 COM
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000HC-4QN84| 4320 25V/33V -4 Halogen-Free QFN 84 IND
LCMX02-4000HC-5QN84| 4320 25V/33V -5 Halogen-Free QFN 84 IND
LCMX02-4000HC-6QN84| 4320 25V/33V -6 Halogen-Free QFN 84 IND
LCMXO02-4000HC-4TG 1441 4320 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX0O2-4000HC-5TG1441 4320 25V/33V -5 Halogen-Free TQFP 144 IND
LCMX02-4000HC-6TG 144l 4320 25V/33V -6 Halogen-Free TQFP 144 IND
LCMX02-4000HC-4MG132I 4320 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-4000HC-5MG132I 4320 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX0O2-4000HC-6MG132I 4320 25V/33V -6 Halogen-Free csBGA 132 IND
LCMX02-4000HC-4BG256I 4320 25V/33V —4 Halogen-Free caBGA 256 IND
LCMXO2-4000HC-5BG256I 4320 25V/33V -5 Halogen-Free caBGA 256 IND
LCMX0O2-4000HC-6BG256I 4320 25V/33V -6 Halogen-Free caBGA 256 IND
LCMX02-4000HC-4FTG256I 4320 25V/33V —4 Halogen-Free fiBGA 256 IND
LCMXO2-4000HC-5FTG2561 4320 25V/33V -5 Halogen-Free ftBGA 256 IND
LCMX0O2-4000HC-6FTG256I 4320 25V/33V -6 Halogen-Free ftBGA 256 IND
LCMX02-4000HC-4BG332| 4320 25V/33V —4 Halogen-Free caBGA 332 IND
LCMXO2-4000HC-5BG332I 4320 25V/33V -5 Halogen-Free caBGA 332 IND
LCMX0O2-4000HC-6BG332I 4320 25V/33V -6 Halogen-Free caBGA 332 IND
LCMX02-4000HC-4FG484| 4320 25V/33V —4 Halogen-Free fpBGA 484 IND
LCMXO02-4000HC-5FG484I 4320 25V/33V -5 Halogen-Free fpBGA 484 IND
LCMXO2-4000HC-6FG484I 4320 25V/33V -6 Halogen-Free fpBGA 484 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-7000HC-4TG 144l 6864 25V/33V —4 Halogen-Free TQFP 144 IND
LCMXO02-7000HC-5TG 1441 6864 25V/33V -5 Halogen-Free TQFP 144 IND
LCMX02-7000HC-6TG 144l 6864 25V/33V ) Halogen-Free TQFP 144 IND
LCMXO2-7000HC-4BG256I 6864 25V/33V —4 Halogen-Free caBGA 256 IND
LCMX02-7000HC-5BG256I 6864 25V/33V -5 Halogen-Free caBGA 256 IND
LCMX02-7000HC-6BG256I 6864 25V/33V —6 Halogen-Free caBGA 256 IND
LCMXO2-7000HC-4FTG256I 6864 25V/33V —4 Halogen-Free ftBGA 256 IND
LCMX02-7000HC-5FTG256I 6864 25V/33V -5 Halogen-Free ftBGA 256 IND
LCMX02-7000HC-6FTG256I 6864 25V/33V -6 Halogen-Free fiBGA 256 IND
LCMXO2-7000HC-4BG332I 6864 25V/33V —4 Halogen-Free caBGA 332 IND
LCMX02-7000HC-5BG332I 6864 25V/33V -5 Halogen-Free caBGA 332 IND
LCMXO02-7000HC-6BG332I 6864 25V/33V —6 Halogen-Free caBGA 332 IND
LCMXO2-7000HC-4FG400I 6864 25V/33V -4 Halogen-Free fpBGA 400 IND
LCMX02-7000HC-5FG400I 6864 25V/33V -5 Halogen-Free fpBGA 400 IND
LCMX02-7000HC-6FG400I 6864 25V/33V -6 Halogen-Free fpBGA 400 IND
LCMXO2-7000HC-4FG484I 6864 25V/33V -4 Halogen-Free fpBGA 484 IND
LCMXO2-7000HC-5FG4841 6864 25V/33V -5 Halogen-Free fpBGA 484 IND
LCMX02-7000HC-6FG484I 6864 25V/33V -6 Halogen-Free fpBGA 484 IND
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-1200HC-4TG100IR1’ 1280 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX0O2-1200HC-5TG100IR1’ 1280 25V/33V -5 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-6TG100IR1’ 1280 25V/33V -6 Halogen-Free TQFP 100 IND
LCMXO2-1200HC-4MG132IR1’ 1280 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-1200HC-5MG132IR1’ 1280 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX0O2-1200HC-6MG132IR1’ 1280 25V/33V —6 Halogen-Free csBGA 132 IND
LCMXO2-1200HC-4TG144IR1’ 1280 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX02-1200HC-5TG144IR1’ 1280 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-1200HC-6TG144IR1’ 1280 25V/33V -6 Halogen-Free TQFP 144 IND

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