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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 MachXOS3L/LF devices are available in two versions C and E with two speed grades: -5 and -6, with -6 being
the fastest. C devices have an internal linear voltage regulator which supports external VCC supply voltages of 3.3
V or 2.5 V. E devices only accept 1.2 V as the external VCC supply voltage. With the exception of power supply
voltage both C and E are functionally compatible with each other.

The MachXO3L/LF PLDs are available in a broad range of advanced halogen-free packages ranging from the
space saving 2.5 x 2.5 mm WLCSP to the 19 x 19 mm caBGA. MachXO3L/LF 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 MachXOBSL/LF devices offer enhanced I/O features such as drive strength control, slew rate control, PCI com-
patibility, 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 MachXO3L/LF 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
similar state machines.

The MachXOSL/LF devices also provide flexible, reliable and secure configuration from on-chip NVCM/Flash.
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, MachXO3L/LF 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
MachXO3L/LF family of devices. Popular logic synthesis tools provide synthesis library support for MachXO3L/LF.
Lattice design tools use the synthesis tool output along with the user-specified preferences and constraints to place
and route the design in the MachXOSL/LF device. These tools extract the timing from the routing and back-anno-
tate 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 MachXO3L/LF 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,
increasing their productivity.
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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 EMPTY| 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.

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, Aimost 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 2M-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
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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]

Latches

» Port B[18:0]

RSTA > _D_

RSTB [T> ) >
GSRN |:|>—,_o[>J—

Programmable Disable

For further information on the sysMEM EBR block, please refer to TN1290, Memory Usage Guide for MachXO3
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/fyyax (EBR clock). The reset
release must adhere to the EBR synchronous reset setup time before the next active read or write clock edge.

2-14


http://www.latticesemi.com/view_document?document_id=50515
http://www.latticesemi.com/view_document?document_id=50515

. Architecture
= LATTICE MachXO3 Family Data Sheet

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 1/0s 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 TN1290, Memory Usage Guide for
MachXO3 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 MachXO3L/LF devices, the PIO cells are assembled into groups of four PIO
cells called a Programmable 1/O Cell or PIC. The PICs are placed on all four sides of the device.

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

All PIO pairs 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 devices have on-chip differen-
tial termination and also provide PCI support.
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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.

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 2-12 shows the output register block on the left, top and bottom edges.

Figure 2-12. MachXO3L/LF Output Register Block Diagram (PIO on the Left, Top and Bottom Edges)

| Qo ———»a
Do . DL Q

—
D1 D Q o of™

Output path

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.
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Table 2-12. 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
Differential Interfaces

LvDS' 25,33
BLVDS, MLVDS, RSDS ' 25
LVPECL' 3.3
MIPI! 25
LVTTLD 3.3
LVCMOS33D 3.3
LVCMOS25D 25
LVCMOS18D 1.8

1. 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. MachXOS3L/LF-1300 in the 256 Ball packages and
the MachXO3L/LF-2100 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 MachXO3L/LF-1300 and lower density devices have four banks (one bank
per side). Figures 2-15 and 2-16 show the syslO banks and their associated supplies for all devices.
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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

EFB Timer/Counter
\ q
Core o/ c
Logic 1N EFB Timer, I \ ont_rol AN
Routing  \—/] WISHBONE C> Counter N/ Logic N/ PWM
Interface Registers

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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Table 2-17. MachXO3L/LF 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 differential 1/O buffers are

also turned off. Bandgap can only be turned off for 1.2 V devices.

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

Power-On-Reset (POR)

The on-chip oscillator has two power saving features. It may be switched off if it is not

On-Chip Oscillator needed in your design. It can also be turned off in Standby mode.

Similar to the on-chip oscillator, the PLL also has two power saving features. It can be
statically switched off if it is not needed in a design. It can also be turned off in Standby

PLL mode. The PLL will wait until all output clocks from the PLL are driven low before power-
ing off.
Differential 1/0O buffers (used to implement standards such as LVDS) consume more than
I/0 Bank Controller 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.

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 TN1289, Power Estimation and Management for MachXOS3 Devices.

Power On Reset

MachXOB3L/LF devices have power-on reset circuitry to monitor Voo nt and Vo voltage levels during power-up
and operation. At power-up, the POR circuitry monitors Vogint @and Vegiog (controls configuration) voltage levels. It
then triggers download from the on-chip configuration NVCM/Flash memory after reaching the Vpgryp level speci-
fied in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. For “E”
devices without voltage regulators, VT is the same as the V¢ supply voltage. For “C” devices with voltage reg-
ulators, VoonT is regulated from the Vg supply voltage. From this voltage reference, the time taken for configura-
tion and entry into user mode is specified as NVCM/Flash Download Time (tgrgrresn) in the DC and Switching
Characteristics section of this data sheet. Before and during configuration, the 1/Os are held in tri-state. I/Os are
released to user functionality once the device has finished configuration. Note that for “C” devices, a separate POR
circuit monitors external Vg 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 Vognt 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 Vegnt @and Vo voltage levels. Vporpneag @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 an “E” 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 para-
graph 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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Absolute Maximum Ratings™ >3

MachXO3L/LFE (1.2V)  MachXO3L/LF C (2.5 V/3.3 V)

Supply Voltage Ve oo vvoo e -05Vto1.32V............. -0.5Vt03.75V
Output Supply Voltage Vegio - v oo oo e e -05Vto3.75V............. -05Vt03.75V
I/O Tri-state Voltage Applied*®............... -05V1t03.75V............. -0.5Vt03.75V
Dedicated Input Voltage Applied*. ... ......... -05Vto3.75V............. -05V1t03.75V
Storage Temperature (Ambient). .. .......... —-55°Cto125°C............ -55°Cto 125 °C
Junction Temperature (T) . ................ —-40°Cto125°C............ —-40°Cto 125 °C

1.

a b~ wdN

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 =2 V to (V|yuax + 2) volts is permitted for a duration of <20 ns.

. The dual function 12C pins SCL and SDA are limited to —0.25 V to 3.75 V or to —0.3 V with a duration of <20 ns.

Recommended Operating Conditions’

Symbol Parameter Min. Max. Units

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

ce Core Supply Voltage for 2.5 V/3.3 V Devices 2.375 3.465 \Y
Veeioh?? I/O Driver Supply Voltage 1.14 3.465 Y
ticom Junction Temperature Commercial Operation 0 85 °C
tynD 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 V¢ power supply on boards.

Power Supply Ramp Rates'

Symbol Parameter Min. Typ. Max. Units

trRamP Power supply ramp rates for all power supplies. 0.01 — 100 V/ms

1. Assumes monotonic ramp rates.

© 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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syslO Recommended Operating Conditions

Veeio (V) Vger (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 15 1.575 — — —
LVCMOS 1.2 1.14 1.2 1.26 — — —
LVTTL 3.135 3.3 3.465 — — —
LvDS25"2 2.375 25 2.625 — — —
LVDS33"2 3.135 3.3 3.465 — — —
LVPECL' 3.135 3.3 3.465 — — —
BLVDS' 2.375 25 2.625 — — —
MIPI® 2.375 25 2.625 — — —
MIPI_LP? 1.14 1.2 1.26 — — —
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

1. Inputs on-chip. Outputs are implemented with the addition of external resistors.
. For the dedicated LVDS buffers.

. Requires the addition of external resistors.

. Supported only for inputs and BIDIs for -6 speed grade devices.

A WN
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BLVDS

The MachXO3L/LF family supports the BLVDS standard through emulation. The output is emulated using comple-
mentary 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 differ-
ential signaling is required. The scheme shown in Figure 3-2 is one possible solution for bi-directional multi-point
differential signals.

Figure 3-2. BLVDS Multi-point Output Example

Heavily loaded backplane, effective Zo ~ 45 to 90 Ohms differential
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| 80
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1 1
EE 2.5V I : 25V ﬁé
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16mA [~/\—e * oo\ \m\mA
1
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1
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Table 3-2. BLVDS DC Conditions’

Over Recommended Operating Conditions

Nominal

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

1. For input buffer, see LVDS table.
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LVPECL

The MachXO3L/LF family supports the differential LVPECL standard through emulation. This output standard is
emulated 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

Vecio =33V, |
1 1
| 93 0hms |
1 1

16 mA (] o o i
| |
Veeio = 3.3V, X
e | 196 Ohms 100 Ohms |
1 1
, 93 0Ohms \

16 mA [ ) ) [
: Transmission line, Zo = 100 Ohm differential :
1 1

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

| +—
1 1

Table 3-3. LVPECL DC Conditions’

Over Recommended Operating Conditions

Symbol Description Nominal Units
Zout Output impedance 20 Ohms
Rs Driver series resistor 93 Ohms
Rp Driver parallel resistor 196 Ohms
Ry Receiver termination 100 Ohms
VoH Output high voltage 2.05 \
VoL Output low voltage 1.25 \
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.




o DC and Switching Characteristics
=LATTICE MachXO3 Family Data Sheet

Table 3-5. MIPI D-PHY Output DC Conditions’

Description Min. | Typ. | Max. [ Units
Transmitter
External Termination
RL 1% external resistor with VCCIO =2.5 V — 50 — Ohms
1% external resistor with VCCIO = 3.3 V — 50 —
RH 1% external resistor with performance up to 800 — 330 — Ohms
Mbps or with performance up 900 Mbps when
VCCIO=25V
1% external resistor with performance between — 464 — Ohms
800 Mbps to 900 Mbps when VCCIO = 3.3 V
High Speed
VCCIO VCCIO of the Bank with LVDS Emulated output — 2.5 — \Y,
buffer
VCCIO of the Bank with LVDS Emulated output — 3.3 — \Y,
buffer
VCMTX HS transmit static common mode voltage 150 200 250 mV
VOD HS transmit differential voltage 140 200 270 mV
VOHHS HS output high voltage — — 360 \
Z0S Single ended output impedance — 50 — Ohms
AZOS Single ended output impedance mismatch — — 10 Y%
Low Power
VCCIO VCCIO of the Bank with LVCMOS12D 6 mA — 1.2 — \
drive bidirectional 10 buffer
VOH Output high level 1.1 1.2 1.3 \
VOL Output low level -50 0 50 mV
ZOLP Output impedance of LP transmitter 110 — — Ohms

1. Over Recommended Operating Conditions
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Typical Building Block Function Performance — C/E 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.

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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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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Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Units

-6 -5

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

tove Output Data Valid Before CLK Output 0455 | — |0570 | — ns
tova Output Data Valid After CLK Output 0455 | — |0570 | — ns
foaTA DDRX4 Serial Output Data Speed MaCh;(OSL(LF devices, — 800 — 630 | Mbps
top side only

foomxt | (minimum imied by PLL) — |40 | — |35 | e
fsoLk SCLK Frequency — 100 — 79 MHz
7:1 LVDS Outputs — GDDR71_TX.ECLK.7:1%?

tois Output Data Invalid Before CLK Output — |0160| — |0.180| ns
tpia Output Data Invalid After CLK Output — |0160| — |0.180 | ns
foaTA DDR?71 Serial Output Data Speed MachXOB3L/LF devices, — 756 — 630 | Mbps
T— DDR71 ECLK Frequency top side only — | 378 | — | 315 | MHz
foLkoUT 7:1 Output Clock Frequency (SCLK) (mini- . 108 . 20 MHz

mum limited by PLL)

MIPI D-PHY Outputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input
GDDRX4_TX.ECLK.Centered'® " '2

tovs Output Data Valid Before CLK Output 0200 — |[0.200| — Ul
tova Output Data Valid After CLK Output 0200 — |0.200| — ul
foata™ MIPI D-PHY Output Data Speed All MachXO3L/LF — 900 — 900 | Mbps

fDDRX414 —_— 450 —_— 450 MHz

MIPI D-PHY ECLK Frequency (minimum | devices, top side only
limited by PLL)

fsc™ SCLK Frequency — | 1125 | — |[1125| MHz

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

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

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

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

For Generic DDRX1 mode tgy = tyo = (tpye - tpya - 0.03 ns)/2.

The tgy_peL and ty_pg values use the SCLK_ZERHOLD default step size. Each step is 105 ps (-6), 113 ps (-5), 120 ps (-4).

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

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

Performance is calculated with 0.225 UI.

. Performance is calculated with 0.20 UI.

. Performance for Industrial devices are only supported with VCC between 1.16 V to 1.24 V.

. Performance for Industrial devices and —5 devices are not modeled in the Diamond design tool.

. The above timing numbers are generated using the Diamond design tool. Exact performance may vary with the device selected.
. Above 800 Mbps is only supported with WLCSP and csfBGA packages

. Between 800 Mbps to 900 Mbps:

a. VIDTH exceeds the MIPI D-PHY Input DC Conditions Table 3-4 and can be calculated with the equation tSU or tH = -0.0005*VIDTH +
0.3284
b. Example calculations
i. tSU and tHO = 0.28 with VIDTH = 100 mV
ii. tSU and tHO = 0.25 with VIDTH = 170 mV
iii. tSU and tHO = 0.20 with VIDTH = 270 mV
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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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MachXO3L/LF-2100

WLCSP49 |CSFBGA121 | CSFBGA256 | CSFBGA324 | CABGA256 | CABGA324
General Purpose 10 per Bank
Bank 0 19 24 50 71 50 71
Bank 1 0 26 52 62 52 68
Bank 2 13 26 52 72 52 72
Bank 3 0 7 16 22 16 24
Bank 4 0 7 16 14 16 16
Bank 5 6 10 20 27 20 28
Total General Purpose Single Ended 10 38 100 206 268 206 279
Differential 10 per Bank
Bank 0 10 12 25 36 25 36
Bank 1 0 13 26 30 26 34
Bank 2 6 13 26 36 26 36
Bank 3 0 3 8 10 8 12
Bank 4 0 3 8 6 8 8
Bank 5 3 5 10 13 10 14
Total General Purpose Differential 10 19 49 103 131 103 140
Dual Function 10 25 33 33 37 33 37
Number 7:1 or 8:1 Gearboxes
Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 5 7 14 18 14 18
Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 6 13 14 18 14 18
High-speed Differential Outputs
Bank 0 5 7 14 18 14 18
VCCIO Pins
Bank 0 2 1 4 4 4 4
Bank 1 0 1 3 4 4 4
Bank 2 1 1 4 4 4 4
Bank 3 0 1 2 2 1 2
Bank 4 0 1 2 2 2 2
Bank 5 1 1 2 2 1 2
vccC 2 4 8 8 8 10
GND 4 10 24 16 24 16
NC 0 0 0 13 1 0
Reserved for Configuration 1 1 1 1 1 1
Total Count of Bonded Pins 49 121 256 324 256 324
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For Further Information

A variety of technical notes for the MachXO3 family are available on the Lattice web site.

* TN1282, MachXO3 sysCLOCK PLL Design and Usage Guide

* TN1281, Implementing High-Speed Interfaces with MachXO3 Devices

e TN1280, MachXO3 syslO Usage Guide

* TN1279, MachXO3 Programming and Configuration Usage Guide

* TN1074, PCB Layout Recommendations for BGA Packages

* TN1087, Minimizing System Interruption During Configuration Using TransFR Technology
* ANB8066, Boundary Scan Testability with Lattice syslO Capability

¢ MachXO3 Device Pinout Files

* Thermal Management document

* Lattice design tools
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Date

Version

Section

Change Summary

April 2016

1.6

Introduction

Updated Features section.

— Revised logic density range and 10 to LUT ratio under Flexible Archi-
tecture.

— Revised 0.8 mm pitch information under Advanced Packaging.

— Added MachXO3L-9400/MachXO3LF-9400 information to Table 1-1,
MachXOBSL/LF Family Selection Guide.

Updated Introduction section.
— Changed density from 6900 to 9400 LUTs.
— Changed caBGA packaging to 19 x 19 mm.

Architecture

Updated Architecture Overview section.
— Changed statement to “All logic density devices in this family..”
— Updated Figure 2-2 heading and notes.

Updated sysCLOCK Phase Locked Loops (PLLs) section.
— Changed statement to “All MachXO3L/LF devices have one or more
sysCLOCK PLL”

Updated Programmable 1/O Cells (PIC) section.
— Changed statement to “All PIO pairs can implement differential receiv-
ers”

Updated syslO Buffer Banks section. Updated Figure 2-5 heading.

Updated Device Configuration section. Added Password and Soft Error
Correction.

DC and Switching
Characteristics

Updated Static Supply Current — C/E Devices section. Added LCMXO3L/
LF-9400C and LCMXOBSL/LF-9400E devices.

Updated Programming and Erase Supply Current — C/E Devices section.
— Added LCMXOBSL/LF-9400C and LCMXO3L/LF-9400E devices.
— Changed LCMXO3L/LF-640E and LCMXO3L/LF-1300E Typ. values.

Updated MachXO3L/LF External Switching Characteristics — C/E
Devices section. Added MachXO3L/LF-9400 devices.

Updated NVCM/Flash Download Time section. Added LCMXO3L/LF-
9400C device.

Updated sysCONFIG Port Timing Specifications section.

— Added LCMXOBSL/LF-9400C device.

— Changed t;y1 units to from ns to us.

— Changed tpppiniT @nd tppppone Max. values are per PCN#03A-16.

Pinout Information

Updated Pin Information Summary section. Added LCMXO3L/LF-9400C
device.

Ordering Information

Updated MachXO3 Part Number Description section.
— Added 9400 = 9400 LUTs.
— Added BG484 package.

Updated MachXO3L Ultra Low Power Commercial and Industrial Grade
Devices, Halogen Free (RoHS) Packaging section. Added LCMXO3L-
9400C part numbers.

Updated MachXOS3LF Ultra Low Power Commercial and Industrial Grade
Devices, Halogen Free (RoHS) Packaging section. Added LCMXOS3L-
9400C part numbers.

7-2



