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Table 1-1. MachXO3L/LF Family Selection Guide

MachXO3L-640/ | MachXO3L-1300/ | MachXO3L-2100/ | MachXO3L-4300/ | MachXO3L-6900/ | MachXO3L-9400/
Features MachXO3LF-640 | MachXO3LF-1300 | MachXO3LF-2100 | MachXO3LF-4300 | MachXO3LF-6900 | MachXO3LF-9400
LUTs 640 1300 2100 4300 6900 9400
Distributed RAM (kbits) 5 10 16 34 54 73
EBR SRAM (kbits) 64 64 74 92 240 432
Number of PLLs 1 1 1 2 2 2
Hardened I2C 2 2 2 2 2 2
Functions:
SPI 1 1 1 1 1 1
Timer/Counter 1 1 1 1 1 1
Oscillator 1 1 1 1 1 1
MIPI D-PHY Support Yes Yes Yes Yes Yes Yes
Nulti jime Programmable MachXO3L-640 | MachXO3L-1300 | MachXO3L-2100 | MachXO3L-4300 | MachXO3L-6900 | MachXO3L-9400
Programmable Flash MachXO3LF-640 | MachXO3LF-1300 | MachXO3LF-2100 | MachXO3LF-4300 | MachXO3LF-6900 | MachXO3LF-9400
Packages 10
36-ball WLCSP' o8
(2.5 mm x 2.5 mm, 0.4 mm)
49-ball WLCSP' 38
(3.2 mm x 3.2 mm, 0.4 mm)
81-ball WLCSP! 63
(3.8 mm x 3.8 mm, 0.4 mm)
121-ball csfBGA'
(6 mm x 6 mm, 0.5 mm) 100 100 | 100 | 100
256-ball csfBGA' ! ‘
(9 mm x 9 mm, 0.5 mm) 206 206 | 206 ‘ 206 206
324-ball csfBGA' ‘ ‘
(10 mm x 10 mm, 0.5 mm) — | 268 ‘ 281
256-ball caBGA? ‘ ‘ |
(14 mm x 14 mm, 0.8 mm) 206 206 | — ‘ 206 206
324-ball caBGA? ‘ ‘
(15 mm x 15 mm, 0.8 mm) 279 | 279 ‘ 279
400-ball caBGA? \ ‘ -]
(17 mm x 17 mm, 0.8 mm) SES - 335
484-ball caBGA?
(19 mm x 19 mm, 0.8 mm) 384

1. Package is only available for E=1.2 V devices.
2. Package is only available for C=2.5 V/3.3 V devices.

Introduction

MachXO3™ device family is an Ultra-Low Density family that supports the most advanced programmable bridging
and |0 expansion. It has the breakthrough 10 density and the lowest cost per 10. The device 10 features have the
integrated support for latest industry standard 10.

The MachXO3L/LF family of low power, instant-on, non-volatile PLDs has five devices with densities ranging from
640 to 9400 Look-Up Tables (LUTs). In addition to LUT-based, low-cost programmable logic these devices feature
Embedded Block RAM (EBR), Distributed RAM, Phase Locked Loops (PLLSs), 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, I12C controller and timer/counter. MachXO3LF devices also support User
Flash Memory (UFM). These features allow these devices to be used in low cost, high volume consumer and sys-
tem applications.

The MachXO3L/LF devices are designed on a 65nm non-volatile low power process. The device architecture has
several features such as programmable low swing differential 1/Os and the ability to turn off 1/O banks, on-chip PLLs
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Figure 2-2. Top View of the MachXO3L/LF-4300 Device
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Notes:

* MachXO3L/LF-1300, MachXO3L/LF-2100, MachXO3L/LF-6900 and MachXO3L/LF-9400 are similar to MachXO3L/LF-4300. MachXO3L/LF-1300 has a lower
LUT count, one PLL, and seven EBR blocks. MachXOS3L/LF-2100 has a lower LUT count, one PLL, and eight EBR blocks. MachXO3L/LF-6900 has a higher
LUT count, two PLLs, and 26 EBR blocks. MachXO3L/LF-9400 has a higher LUT count, two PLLs, and 48 EBR blocks.

* MachXOB3L devices have NVCM, MachXO3LF devices have Flash.

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 MachXOS3L/LF 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 can be configured as RAM, ROM or FIFO. FIFO support includes dedicated
FIFO pointer and flag “hard” control logic to minimize LUT usage.

The MachXOB3L/LF registers in PFU and sysl/O can be configured to be SET or RESET. After power up and device
is configured, the device enters into user mode with these registers SET/RESET according to the configuration set-
ting, allowing device entering to a known state for predictable system function.

The MachXOS3L/LF architecture also provides up to two sysCLOCK Phase Locked Loop (PLL) blocks. These
blocks are located at the ends of the on-chip NVCM/Flash block. The PLLs have multiply, divide, and phase shifting
capabilities that are used to manage the frequency and phase relationships of the clocks.

MachXO3L/LF devices provide commonly used hardened functions such as SPI controller, I12C controller and timer/
counter.

MachXO3LF 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 MachXOSL/LF devices are available for operation from 3.3 V, 2.5 V and 1.2 V power
sup-plies, providing easy integration into the overall system.
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Figure 2-6. Secondary High Fanout Nets for MachXO3L/LF Devices
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sysCLOCK Phase Locked Loops (PLLs)

The sysCLOCK PLLs provide the ability to synthesize clock frequencies. All MachXO3L/LF devices have one or
more sysCLOCK PLL. CLKI is the reference frequency input to the PLL and its source can come from an external
I/O pin or from internal routing. CLKFB is the feedback signal to the PLL which can come from internal routing or an
external 1/0 pin. The feedback divider is used to multiply the reference frequency and thus synthesize a higher fre-
quency clock output.

The MachXOBSL/LF sysCLOCK PLLs support high resolution (16-bit) fractional-N synthesis. Fractional-N frequency
synthesis 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 TN1282, MachXO3 sysCLOCK PLL
Design and Usage Guide.

Each output has its own output divider, thus allowing the PLL to generate different frequencies for each output. The
output dividers can have a value from 1 to 128. The output dividers may also be cascaded together to generate low
frequency clocks. The CLKOP, CLKOS, CLKOS2, and CLKOS3 outputs can all be used to drive the MachXO3L/LF
clock distribution network directly or general purpose routing resources can be used.

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

The setup and hold times of the device can be improved by programming a phase shift into the CLKOS, CLKOS2,
and CLKOSS3 output clocks which will advance or delay the output clock with reference to the CLKOP output clock.
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Table 2-4. PLL Signal Descriptions (Continued)

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

ack signals.

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

sysMEM Embedded Block RAM Memory

The MachXO3L/LF devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists of a 9-Kbit RAM,
with dedicated input and output registers. This memory can be used for a wide variety of purposes including data
buffering, PROM for the soft processor and FIFO.

sysMEM Memory Block
The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be
used in a variety of depths and widths as shown in Table 2-5.
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Figure 2-11. Group of Four Programmable I/O Cells
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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

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 2-13 shows a block diagram of the

input gearbox.
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Figure 2-13. Input Gearbox
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More information on the input gearbox is available in TN1281, Implementing High-Speed Interfaces with MachXO3
Devices.
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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]
: D[7:0]

GDDRX2(4:1)(IOL-A): D[3:0]
GDDRX2(4:1)(IOL-C): D[7:4]

)
GDDRX4(8:1)
)
)

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 2-14 shows the output gearbox block diagram.
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Figure 2-14. Output Gearbox
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More information on the output gearbox is available in TN1281, Implementing High-Speed Interfaces with

MachXO3 Devices.
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Embedded Hardened IP Functions

All MachXO3L/LF devices provide embedded hardened functions such as SPI, 12C and Timer/Counter. MachXO3LF
devices also provide User Flash Memory (UFM). These embedded blocks interface through the WISHBONE interface
with routing as shown in Figure 2-17.

Figure 2-17. Embedded Function Block Interface
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Hardened I°C IP Core

Every MachXO3L/LF device contains two I°C IP cores. These are the primary and secondary I°C IP cores. Either of
the two cores can be configured either as an I°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.

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 I1°C Master.
The I2C cores support the following functionality:

* Master and Slave operation

e 7-bit and 10-bit addressing

e Multi-master arbitration support

e Up to 400 kHz data transfer speed

* General call support

* Interface to custom logic through 8-bit WISHBONE interface
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Hardened Timer/Counter

MachXO3L/LF devices provide a hard Timer/Counter IP core. This Timer/Counter is a general purpose, bi-direc-
tional, 16-bit timer/counter module with independent output compare units and PWM support. The Timer/Counter
supports 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.

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 2-20. Timer/Counter Block Diagram
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Table 2-16. 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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For more details on these embedded functions, please refer to TN1293, Using Hardened Control Functions in
MachXO3 Devices.

User Flash Memory (UFM)

MachXO3LF 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 256 kbits

* 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 TN1293, Using Hardened Control Functions in MachXO3
Devices.

Standby Mode and Power Saving Options

MachXO3L/LF devices are available in two options, the C and E devices. The C devices have a built-in voltage reg-
ulator to allow for 2.5 V V¢ and 3.3 V V¢ while the E devices operate at 1.2 V V.

MachXO3L/LF 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,
MachXO3L/LF devices support a low power Stand-by mode.

In the stand-by mode the MachXO3L/LF devices are powered on and configured. Internal logic, 1/0Os 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 I°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. Note that the MachXO3L/LF devices are powered on when in standby mode and
all power supplies should remain in the Recommended Operating Conditions.
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Configuration and Testing

This section describes the configuration and testing features of the MachXOS3L/LF family.

IEEE 1149.1-Compliant Boundary Scan Testability

All MachXO3L/LF 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
Vcelo 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 MachXO3L/LF 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 MachXOS3L/LF device:

1. Internal NVCM/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 TN1279, MachXO3 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 MachXO3L/
LF devices. Use of this technology allows Lattice to provide a lower cost solution. In the unlikely event that this
technology is unable to compress bitstreams to fit into the amount of on-chip NVCM/Flash, there are a variety of
techniques that can be utilized to allow the bitstream to fit in the on-chip NVCM/Flash. For more details, refer to
TN1279, MachXO3 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
TN1279, MachXO3 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.

2-34


http://www.latticesemi.com/view_document?document_id=50123
http://www.latticesemi.com/view_document?document_id=50123
http://www.latticesemi.com/view_document?document_id=50123
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638
www.latticesemi.com/dynamic/view_document.cfm?document_id=3468
www.latticesemi.com/dynamic/view_document.cfm?document_id=21638

= LATTICE

DC and Switching Characteristics
MachXO3 Family Data Sheet

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
0.4 v 0.4 i -
LVCMOS 3.3 : cclo - Y-
LVTTL -0.3 0.8 2.0 3.6 12 -12
16 -16
0.2 Veecio-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 Vecio-0.2 0.1 -0.1
4 —4
0.4 Vecio-0.4 8 -8
LVCMOS 1.8 -0.3 0.35Vgeio | 0.65Vieio 3.6 2 5
0.2 Veecio-0.2 0.1 -0.1
4 -4
0.4 Vecio-0.4
LVCMOS 1.5 -0.3 0.35Vgcio | 0.65Vieio 3.6 8 -8
0.2 Veecio-0.2 0.1 -0.1
4 -2
0.4 Vecio-0.4
LVCMOS 1.2 -0.3 0.35Vgcio | 0.65Vieio 3.6 8 -6
0.2 Veecio-0.2 0.1 -0.1
LVCMOS25R33 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS18R33 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS18R25 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS15R33 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
LVCMOS15R25 -0.3 VREF-0.1 | VREF+0.1 3.6 NA NA NA NA
_ - NA Open | 24,16, 12, | NA Open
LVCMOS12R33 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 8 4 Drain
_ - NA Open NA Open
LVCMOS12R25 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 16,12,8,4| "5y
_ - NA Open | 24,16, 12, | NA Open
LVCMOS10R33 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 8 4 Drain
) : NA Open NA Open
LVCMOS10R25 0.3 VREF-0.1 | VREF+0.1 3.6 0.40 Drain 16,12,8,4| 5o

1. MachXOB3L/LF devices allow LVCMOS inputs to be placed in I/O banks where Vg 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 specification. The cases where MachXO3L/LF devices do not meet the relevant JEDEC specification are documented in the table

below.

2. MachXOS3L/LF devices allow for LVCMOS referenced I/Os which follow applicable JEDEC specifications. For more details about mixed
mode operation please refer to please refer to TN1280, MachXO3 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 1/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 con-
nections 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.
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syslO Differential Electrical Characteristics
The LVDS differential output buffers are available on the top side of the MachXO3L/LF PLD family.

LVDS

Over Recommended Operating Conditions

Parameter
Symbol Parameter Description Test Conditions Min. Typ. Max. Units
Input Voltage Vecio=33V 0 — 2.605 \"
Vinp Vinm Vecio=25V 0 2.05 v
CCIO = &- — :
V1D Differential Input Threshold +100 — mV
Veeio=33V 0.05 — 2.6 \%
Vem Input Common Mode Voltage
Vecio=25V 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
AVop 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 = 0 V driver outputs shorted — — 24 mA
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MachXO3L/LF External Switching Characteristics — C/E Devices' %3 %5610

Over Recommended Operating Conditions

-6 -5
Parameter Description Device Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fwax_pri’  |Frequency for Primary Clock Tree All MachXO3L/LF devices| — 388 — 323 | MHz
tw PRI Clock Pulse Width for Primary Clock All MachXOB3L/LF devices| 0.5 — 0.6 — ns
MachXO3L/LF-1300 — 867 — 897 ps
MachXO3L/LF-2100 — 867 — 897 ps
tskew _pri | Primary Clock Skew Within a Device MachXO3L/LF-4300 — 865 — 892 ps
MachXO3L/LF-6900 — 902 — 942 ps
MachXO3L/LF-9400 — 908 — 950 ps
Edge Clock
fwax_EpGe’ |Frequency for Edge Clock MachXO3L/LF | — | 400 | — [ 333 | MHz
Pin-LUT-Pin Propagation Delay
thp Dest case propagation delay through one | o) MachXOSLLF devices| — | 672 | — | 696 | ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachXO3L/LF-1300 — 7.46 — 7.66 ns
MachXO3L/LF-2100 — 7.46 — 7.66 ns
tco Clock to Output - PIO Output Register MachXO3L/LF-4300 — 7.51 — 7.71 ns
MachXO3L/LF-6900 — 7.54 — 7.75 ns
MachXO3L/LF-9400 — 7.53 — 7.83 ns
MachXOS3L/LF-1300 -020| — |-020| — ns
MachXO3L/LF-2100 -020| — |-020| — ns
tsu Clock to Data Setup - PIO Input Register MachXO3L/LF-4300 -023| — |-023| — ns
MachXOS3L/LF-6900 -023| — |-023| — ns
MachXO3L/LF-9400 -0.24 — -0.24 — ns
MachXO3L/LF-1300 1.89 — 2.13 — ns
MachXO3L/LF-2100 1.89 — 2.13 — ns
tH Clock to Data Hold - PIO Input Register MachXO3L/LF-4300 1.94 — 2.18 — ns
MachXO3L/LF-6900 1.98 — 2.23 — ns
MachXOS3L/LF-9400 1.99 — 2.24 — ns
MachXO3L/LF-1300 1.61 — 1.76 — ns
) MachXO3L/LF-2100 1.61 — 1.76 — ns
toupeL ookt aﬂi‘gfgg{;}; PIO Input Register - -hXO3L/LF-4300 166 | — | 181 | — | ns
MachXO3L/LF-6900 1.53 — 1.67 — ns
MachXO3L/LF-9400 1.65 — 1.80 — ns
MachXOS3L/LF-1300 -023| — |-023| — ns
_ ~ |MachXO3L/LF-2100 -023| — |-023| — ns
4 pEL ﬁ'gﬁfé‘;gaéaegi'd - PIO Input Register with 2 X O3L/LF-4300 025 — |025| — | ns
MachXOS3L/LF-6900 -021| — |-021| — ns
MachXO3L/LF-9400 -0.24 — -0.24 — ns
fmax_ 10 Clock Frequency of /0 and PFU Register  |All MachXO3L/LF devices| — 388 — 323 | MHz
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-6 -5
Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Units
General I/0 Pin Parameters (Using Edge Clock without PLL)
MachXO3L/LF-1300 — 7.53 — 7.76 ns
MachXO3L/LF-2100 — 7.53 — 7.76 ns
tcoe Clock to Output - PIO Output Register MachXO3L/LF-4300 — 7.45 — 7.68 ns
MachXO3L/LF-6900 — 7.53 — 7.76 ns
MachXO3L/LF-9400 — 8.93 — 9.35 ns
MachXOS3L/LF-1300 -019| — |-019| — ns
MachXO3L/LF-2100 -019| — |-019| — ns
tsue Clock to Data Setup - PIO Input Register MachXO3L/LF-4300 -0.16 | — |-016| — ns
MachXOS3L/LF-6900 -019| — |-019| — ns
MachXO3L/LF-9400 -020| — |-020| — ns
MachXO3L/LF-1300 1.97 — 2.24 — ns
MachXO3L/LF-2100 1.97 — 2.24 — ns
the Clock to Data Hold - PIO Input Register MachXO3L/LF-4300 1.89 — 2.16 — ns
MachXO3L/LF-6900 1.97 — 2.24 — ns
MachXOS3L/LF-9400 1.98 — 2.25 — ns
MachXO3L/LF-1300 1.56 — 1.69 — ns
' MachXO3L/LF-2100 1.56 — 1.69 — ns
tuoee ookt aﬂi‘gfgg{;}; PIO Input Register - -hXO3L/LF-4300 174 | — | 188 | — | ns
MachXO3L/LF-6900 1.66 — 1.81 — ns
MachXO3L/LF-9400 1.71 — 1.85 — ns
MachXOS3L/LF-1300 -023| — |-023| — ns
_ ~ |MachXO3L/LF-2100 -023| — |-023| — ns
4 pELE ﬁ'gﬁfé‘;gaéae gg'd - PIO Input Register with ;2 cH X O3L/LF-4300 ~034| — |-034| — | ns
MachXOS3L/LF-6900 -029| — |-029| — ns
MachXO3L/LF-9400 -030| — |-030| — ns
General I/0 Pin Parameters (Using Primary Clock with PLL)
MachXOS3L/LF-1300 — 5.98 — 6.01 ns
MachXO3L/LF-2100 — 5.98 — 6.01 ns
tcopLL Clock to Output - PIO Output Register MachXO3L/LF-4300 — 5.99 — 6.02 ns
MachXOS3L/LF-6900 — 6.02 — 6.06 ns
MachXO3L/LF-9400 — 5.55 — 6.13 ns
MachXO3L/LF-1300 0.36 — 0.36 — ns
MachXO3L/LF-2100 0.36 — 0.36 — ns
tsupLL Clock to Data Setup - PIO Input Register MachXO3L/LF-4300 0.35 — 0.35 — ns
MachXO3L/LF-6900 0.34 — 0.34 — ns
MachXOS3L/LF-9400 0.33 — 0.33 — ns
MachXO3L/LF-1300 0.42 — 0.49 — ns
MachXOS3L/LF-2100 0.42 — 0.49 — ns
tHPLL Clock to Data Hold - PIO Input Register MachXO3L/LF-4300 0.43 — 0.50 — ns
MachXO3L/LF-6900 0.46 — 0.54 — ns
MachXO3L/LF-9400 0.47 — 0.55 — ns
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JTAG Port Timing Specifications

Symbol Parameter Min. Max. Units
fMAX TCK clock frequency — 25 MHz
t8TCPH TCK [BSCAN] clock pulse width high 20 — ns
tgTepL TCK [BSCAN] clock pulse width low 20 — ns
teTs TCK [BSCAN] setup time 10 — ns
t8TH 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
tBTCOEN 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
tsutco 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

Figure 3-8. JTAG Port Timing Waveforms
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Signal Descriptions

SignalName | 1O | Descriptions
General Purpose

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

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

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

P[Edge] [Row/Column | |,y |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, 1/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.

Vielo — 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 /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 _ Eﬁfsrgrr:geRC(lgi(;kthPLﬂ_L))l'n_Fu=ttesgsérglc_jocCi Igc?rﬁgltgri (Ieonctétlon. Valid designations are L (Left
[LOC]_GPLL[T, C] FB _ (F?Elt_l)ogﬁldFF??g{?;ﬁtk FSEIL_)L) 'I'm=p'tjrtu ga:sd [(L:ozcc] olrr:qdr:lcgar:]eesnltc.)catlon. 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™)

T™MS | 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 I/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 TN1279, MachXO3 Programming and Configuration Usage Guide.

© 2017 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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Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3LF-6900E-5MG256C 6900 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3LF-6900E-6MG256C 6900 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3LF-6900E-5MG2561 6900 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3LF-6900E-6MG256I 6900 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3LF-6900E-5MG324C 6900 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3LF-6900E-6MG324C 6900 1.2V 6 Halogen-Free csfBGA 324 CcOoM
LCMXO3LF-6900E-5MG324I 6900 1.2V 5 Halogen-Free csfBGA 324 IND
LCMXO3LF-6900E-6MG3241 6900 1.2V 6 Halogen-Free csfBGA 324 IND
LCMXO3LF-6900C-5BG256C 6900 25V /33V 5 Halogen-Free caBGA 256 COM
LCMXO3LF-6900C-6BG256C 6900 25V /33V 6 Halogen-Free caBGA 256 COM
LCMXO3LF-6900C-5BG256| 6900 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3LF-6900C-6BG256I 6900 25V/33V 6 Halogen-Free caBGA 256 IND
LCMXO3LF-6900C-5BG324C 6900 25V /33V 5 Halogen-Free caBGA 324 COM
LCMXO3LF-6900C-6BG324C 6900 25V/33V 6 Halogen-Free caBGA 324 COM
LCMXO3LF-6900C-5BG324| 6900 25V/33V 5 Halogen-Free caBGA 324 IND
LCMXO3LF-6900C-6BG324l 6900 25V/33V 6 Halogen-Free caBGA 324 IND
LCMXO3LF-6900C-5BG400C 6900 25V/33V 5 Halogen-Free caBGA 400 COM
LCMXO3LF-6900C-6BG400C 6900 25V /33V 6 Halogen-Free caBGA 400 COM
LCMXO3LF-6900C-5BG400lI 6900 25V/33V 5 Halogen-Free caBGA 400 IND
LCMXO3LF-6900C-6BG400I 6900 25V/33V 6 Halogen-Free caBGA 400 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3LF-9400E-5MG256C 9400 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3LF-9400E-6MG256C 9400 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3LF-9400E-5MG2561 9400 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3LF-9400E-6MG2561 9400 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3LF-9400C-5BG256C 9400 25V/3.3V 5 Halogen-Free caBGA 256 COM
LCMXO3LF-9400C-6BG256C 9400 25V/3.3V 6 Halogen-Free caBGA 256 COM
LCMXO3LF-9400C-5BG256I 9400 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3LF-9400C-6BG256| 9400 25V/3.3V 6 Halogen-Free caBGA 256 IND
LCMXO3LF-9400C-5BG400C 9400 25V/3.3V 5 Halogen-Free caBGA 400 COM
LCMXO3LF-9400C-6BG400C 9400 25V/3.3V 6 Halogen-Free caBGA 400 COM
LCMXO3LF-9400C-5BG400I 9400 25V/3.3V 5 Halogen-Free caBGA 400 IND
LCMXO3LF-9400C-6BG400lI 9400 25V/33V 6 Halogen-Free caBGA 400 IND
LCMXO3LF-9400C-5BG484C 9400 25V/3.3V 5 Halogen-Free caBGA 484 COM
LCMXO3LF-9400C-6BG484C 9400 25V/3.3V 6 Halogen-Free caBGA 484 COM
LCMXO3LF-9400C-5BG484l 9400 25V/3.3V 5 Halogen-Free caBGA 484 IND
LCMXO3LF-9400C-6BG484l 9400 25V/3.3V 6 Halogen-Free caBGA 484 IND
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