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Architecture Overview

The MachXOS3L/LF family architecture contains an array of logic blocks surrounded by Programmable 1/0 (P10). All
logic density devices in this family have sysCLOCK™ PLLs and blocks of sysMEM Embedded Block RAM (EBRs).
Figure 2-1 and Figure 2-2 show the block diagrams of the various family members.

Figure 2-1. Top View of the MachXO3L/LF-1300 Device
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Notes:
* MachXOS3L/LF-640 is similar to MachXO3L/LF-1300. MachXO3L/LF-640 has a lower LUT count.
* MachXOB3L devices have NVCM, MachXO3LF devices have Flash.
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Figure 2-4. Slice Diagram
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For Slices 0 and 1, memory control signals are generated from Slice 2 as follows:

+ WCKis CLK

+ WRE is from LSR

« DI[3:2] for Slice 1 and DI[1:0] for Slice 0 data from Slice 2
« WAD [A:D] is a 4-bit address from slice 2 LUT input

Table 2-2. Slice Signal Descriptions

Function Type Signal Names Description
Input Data signal A0, BO, CO, DO |Inputs to LUT4
Input Data signal A1, B1, C1, D1 |Inputs to LUT4
Input Multi-purpose MO/MH1 Multi-purpose input
Input Control signal CE Clock enable
Input Control signal LSR Local set/reset
Input Control signal CLK System clock
Input Inter-PFU signal FCIN Fast carry in’
Output Data signals FO, F1 LUT4 output register bypass signals
Output Data signals Qo, Q1 Register outputs
Output Data signals OFX0 Output of a LUT5 MUX
Output Data signals OFX1 Output of a LUT6, LUT7, LUT82 MUX depending on the slice
Output Inter-PFU signal FCO Fast carry out

—_

2. Requires two PFUs.

. See Figure 2-3 for connection details.
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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 2-8. 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 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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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)
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Tri-state Register Block

The tri-state register block registers tri-state control signals from the core of the device before they are passed to
the syslO buffers. The block contains a register for SDR operation. In SDR, TD input feeds one of the flip-flops that
then feeds the output.
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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.

2-20


http://www.latticesemi.com/view_document?document_id=50122
http://www.latticesemi.com/view_document?document_id=50122

. Architecture
= LATTICE MachXO3 Family Data Sheet

Security and One-Time Programmable Mode (OTP)

For applications where security is important, the lack of an external bitstream provides a solution that is inherently
more secure than SRAM-based FPGAs. This is further enhanced by device locking. MachXO3L/LF devices contain
security bits that, when set, prevent the readback of the SRAM configuration and NVCM/Flash spaces. The device
can be in one of two modes:

1. Unlocked — Readback of the SRAM configuration and NVCM/Flash spaces is allowed.
2. Permanently Locked — The device is permanently locked.

Once set, the only way to clear the security bits is to erase the device. To further complement the security of the
device, a One Time Programmable (OTP) mode is available. Once the device is set in this mode it is not possible to
erase or re-program the NVCM/Flash and SRAM OTP portions of the device. For more details, refer to TN1279,
MachXO3 Programming and Configuration Usage Guide.

Password

The MachXO3LF supports a password-based security access feature also known as Flash Protect Key. Optionally,
the MachXOS3L device can be ordered with a custom specification (c-spec) to support this feature. The Flash Pro-
tect Key feature provides a method of controlling access to the Configuration and Programming modes of the
device. When enabled, the Configuration and Programming edit mode operations (including Write, Verify and
Erase operations) are allowed only when coupled with a Flash Protect Key which matches that expected by the
device. Without a valid Flash Protect Key, the user can perform only rudimentary non-configuration operations such
as Read Device ID. For more details, refer to TN1313, Using Password Security with MachXOg3 Devices.

Dual Boot

MachXO3L/LF devices can optionally boot from two patterns, a primary bitstream and a golden bitstream. If the pri-
mary bitstream is found to be corrupt while being downloaded into the SRAM, the device shall then automatically
re-boot from the golden bitstream. Note that the primary bitstream must reside in the external SPI Flash. The
golden image MUST reside in an on-chip NVCM/Flash. For more details, refer to TN1279, MachXO3 Programming
and Configuration Usage Guide.

Soft Error Detection

The SED feature is a CRC check of the SRAM cells after the device is configured. This check ensures that the
SRAM cells were configured successfully. This feature is enabled by a configuration bit option. The Soft Error
Detection can also be initiated in user mode via an input to the fabric. The clock for the Soft Error Detection circuit
is generated using a dedicated divider. The undivided clock from the on-chip oscillator is the input to this divider.
For low power applications users can switch off the Soft Error Detection circuit. For more details, refer to TN1292,
MachXO3 Soft Error Detection Usage Guide.

Soft Error Correction

The MachXOSLF device supports Soft Error Correction (SEC). Optionally, the MachXO3L device can be ordered
with a custom specification (c-spec) to support this feature. When BACKGROUND_RECONFIG is enabled using
the Lattice Diamond Software in a design, asserting the PROGRAMN pin or issuing the REFRESH sysConfig com-
mand refreshes the SRAM array from configuration memory. Only the detected error bit is corrected. No other
SRAM cells are changed, allowing the user design to function uninterrupted.

During the project design phase, if the overall system cannot guarantee containment of the error or its subsequent
effects on downstream data or control paths, Lattice recommends using SED only. The MachXO3 can be then be
soft-reset by asserting PROGRAMN or issuing the Refresh command over a sysConfig port in response to SED.
Soft-reset additionally erases the SRAM array prior to the SRAM refresh, and asserts internal Reset circuitry to
guarantee a known state. For more details, refer to TN1292, MachXO3 Soft Error Detection (SED)/Correction
(SEC) Usage Guide.
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Programming and Erase Supply Current — C/E Devices"?*%*

Symbol Parameter Device Typ.* Units
lcc Core Power Supply LCMXO3L/LF-1300C 256 Ball Package 221 mA
LCMXO3L/LF-2100C 22.1 mA
LCMXO3L/LF-2100C 324 Ball Package 26.8 mA
LCMXOBSL/LF-4300C 26.8 mA
LCMXO3L/LF-4300C 400 Ball Package 33.2 mA
LCMXOB3L/LF-6900C 33.2 mA
LCMXOBSL/LF-9400C 39.6 mA
LCMXO3L/LF-640E 17.7 mA
LCMXO3L/LF-1300E 17.7 mA
LCMXO3L/LF-1300E 256 Ball Package 18.3 mA
LCMXO3L/LF-2100E 18.3 mA
LCMXO3L/LF-2100E 324 Ball Package 20.4 mA
LCMXO3L/LF-4300E 20.4 mA
LCMXO3L/LF-6900E 23.9 mA
LCMXO3L/LF-9400E 28.5 mA
lccio Bank Power Supply® All devices 0 mA
VCCIO =25V

. For further information on supply current, please refer to TN1289, Power Estimation and Management for MachXOg3 Devices.
. Assumes all inputs are held at Vg0 or GND and all outputs are tri-stated.

. Typical user pattern.

JTAG programming is at 25 MHz.

T, =25 °C, power supplies at nominal voltage.

. Per bank. Vg0 = 2.5 V. Does not include pull-up/pull-down.

ouh N =
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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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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
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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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Parameter Description Device Min. ‘ Max. | Min. ‘ Max. | Units
Generic DDRX1 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —
GDDRX1_RX.SCLK.Aligned®®
tova Input Data Valid After CLK — |0317| — |0.344| UI
tove Input Data Hold After CLK Q(!v'}gaeghxow'-F 0742 — |0702| — ul
foaTA DDRX1 Input Data Speed all sides — 300 — 250 | Mbps
fDDRX1 DDRX1 SCLK Frequency — 150 — 125 | MHz
Generic DDRX1 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input -
GDDRX1_RX.SCLK.Centered®®
tsu Input Data Setup Before CLK 0566 | — |0.560 | — ns
tHo Input Data Hold After CLK ng'}/c'zghxom-/'-': 0778 | — [0879| — | ns
fDATA DDRX1 Input Data Speed all sideé — 300 — Mbps
fopRX1 DDRX1 SCLK Frequency — 150 — 125 | MHz
Generic DDRX2 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —
GDDRX2_RX.ECLK.Aligned®?®

tova Input Data Valid After CLK — | 0316 — |0.342| Ul
tove Input Data Hold After CLK . 0710 | — |0675| — ul
foATA DDRX2 Serial Input Data Speed g"o"’;f:%«g%';/'ailge"'ces’ — [ 664 | — | 554 | Mbps
fDDRX2 DDRX2 ECLK Frequency — 332 — 277 | MHz
fsoLk SCLK Frequency — 166 — 139 | MHz
Generic DDRX2 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input —
GDDRX2_RX.ECLK.Centered®?®

tsu Input Data Setup Before CLK 0233 | — |0219| — ns
tho Input Data Hold After CLK . 0287 | — (0287 | — ns
foATA DDRX2 Serial Input Data Speed l’;"o"’:f:r;«g%';/';':lge"'ces’ — | 664 | — | 554 | Mbps
fDDRX2 DDRX2 ECLK Frequency — 332 — 277 | MHz
fscLk SCLK Frequency — 166 — 139 | MHz
Generic DDR4 Inputs with Clock and Data Aligned at Pin Using PCLK Pin for Clock Input —- GDDRX4_RX.ECLK.Aligned®
tova Input Data Valid After ECLK — 10307 — 0320 Ul
tovE Input Data Hold After ECLK . 0782 | — |0699| — ul
foATA DDRX4 Serial Input Data Speed l’;"o"’:f:r;«g%';/';':lge"'ces’ — 7800 | — | 630 | Mbps
fDDRX4 DDRX4 ECLK Frequency — 400 — 315 | MHz
fscLk SCLK Frequency — 100 — 79 MHz
Generic DDR4 Inputs with Clock and Data Centered at Pin Using PCLK Pin for Clock Input — GDDRX4_RX.ECLK.Centered?®
tsu Input Data Setup Before ECLK 02383 | — |0219| — ns
tho Input Data Hold After ECLK . 0287 | — (0287 | — ns
foaTA DDRX4 Serial Input Data Speed l’;"o"’:f:r;«g%';/';':lge"'ces’ — 7800 | — | 630 | Mbps
fDDRX4 DDRX4 ECLK Frequency — 400 — 315 | MHz
fscLk SCLK Frequency — 100 — 79 MHz
7:1 LVDS Inputs (GDDR71_RX.ECLK.7:1)°

tova Input Data Valid After ECLK — 10290 | — 0320 Ul
tove Input Data Hold After ECLK 0739 | — |0699| — ul
foaTA DDR71 Serial Input Data Speed MachXOB3L/LF devices, — 756 — 630 | Mbps
foDR71 DDR71 ECLK Frequency bottom side only — 878 | — | 315 | MHz
foLKIN 7:1 Input Clock Frequency (SCLK) (mini- . 108 . 20 MHz

mum limited by PLL)
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sysCLOCK PLL Timing
Over Recommended Operating Conditions
Parameter Descriptions Conditions Min. Max. Units
fin Input Clock Frequency (CLKI, CLKFB) 7 400 MHz
fout 8E:€gtsg)lock Frequency (CLKOP, CLKOS, 15625 | 400 MHz
foura 8E:(pcl;ts;;equency (CLKOS3 cascaded from 0.0122 | 400 MHz
fvco PLL VCO Frequency 200 800 MHz
fPED Phase Detector Input Frequency 7 400 MHz
AC Characteristics
tor Output Clock Duty Cycle Without duty trim selected® 45 55 %
tor TRIM Edge Duty Trim Accuracy 75 75 %
tpy* Output Phase Accuracy —6 6 %
Output Clock Period Jitter four > 100 MHz — 150 bs b
fouT < 100 MHz — 0.007 UIPP
Output Clock Cycle-to-cycle Jitter four > 100 MHz — 180 PS PP
fouT < 100 MHz — 0.009 uipPpP
topyrt"® Output Clock Phase Jitter frp > 100 MHz — 160 PS PP
fprp < 100 MHz — 0.011 uiPP
Output Clock Period Jitter (Fractional-ny | /our > 100 MHz — | 230 bSpp
fouT < 100 MHz — 0.12 uipPpP
Output Clock Cycle-to-cycle Jitter four > 100 MHz — 230 ps p-p
(Fractional-N) fout < 100 MHz — 0.12 uIPP
tspo Static Phase Offset Divider ratio = integer -120 120 ps
tw Output Clock Pulse Width At 90% or 10%° 0.9 — ns
tLock>? PLL Lock-in Time — 15 ms
tunLocK PLL Unlock Time — 50 ns
tipuiT® Input Clock Period Jitter fprp = 20 MHz — 1,000 PS PP
ferp < 20 MHz — 0.02 uiPP
th Input Clock High Time 90% to 90% 0.5 — ns
to Input Clock Low Time 10% to 10% 0.5 — ns
tsTABLE® STANDBY High to PLL Stable — 15 ms
trsT RST/RESETM Pulse Width 1 — ns
trRsTREC RST Recovery Time 1 — ns
trsT DIV RESETC/D Pulse Width 10 — ns
trstRec piv  |RESETC/D Recovery Time 1 — ns
tROTATE-SETUP PHASESTEP Setup Time 10 — ns
tROTATE_ WD PHASESTEP Pulse Width 4 — VCO Cycles

1. Period jitter sample is taken over 10,000 samples of the primary PLL output with a clean reference clock. Cycle-to-cycle jitter is taken over 1000 cycles. Phase

jitter is taken over 2000 cycles. All values per JESD65B.

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

3. Using LVDS output buffers.

4. CLKOS as compared to CLKOP output for one phase step at the maximum VCO frequency. See TN1282, MachXO3 sysCLOCK PLL Design and Usage

Guide for more details.

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

6. Maximum allowed jitter on an input clock. PLL unlock may occur if the input jitter exceeds this specification. Jitter on the input clock may be transferred to the

output clocks, resulting in jitter measurements outside the output specifications listed in this table.

7. Edge Duty Trim Accuracy is a percentage of the setting value. Settings available are 70 ps, 140 ps, and 280 ps in addition to the default value of none.
8. Jitter values measured with the internal oscillator operating. The jitter values will increase with loading of the PLD fabric and in the presence of SSO noise.
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o DC and Switching Characteristics
=LATTICE MachXO3 Family Data Sheet

NVCM/Flash Download Time' 2

Symbol Parameter Device Typ. Units
tREFRESH POR to Device 1/O Active |LCMXO3L/LF-640 1.9 ms
LCMXOB3L/LF-1300 1.9 ms
LCMXO3L/LF-1300 256-Ball Package 1.4 ms
LCMXO3L/LF-2100 1.4 ms
LCMXOSL/LF-2100 324-Ball Package 2.4 ms
LCMXOBSL/LF-4300 24 ms
LCMXO3L/LF-4300 400-Ball Package 3.8 ms
LCMXOB3L/LF-6900 3.8 ms
LCMXOBSL/LF-9400C 5.2 ms

1. Assumes sysMEM EBR initialized to an all zero pattern if they are used.
2. The NVCM/Flash download time is measured starting from the maximum voltage of POR trip point.

3-25



o DC and Switching Characteristics
=LATTICE MachXO3 Family Data Sheet

sysCONFIG Port Timing Specifications

Symbol | Parameter | Min. Max. | Units

All Configuration Modes
tPRGM PROGRAMN low pulse accept 55 — ns
tPrGMY PROGRAMN low pulse rejection — 25 ns
tNITL INITN low time LCMXO3L/LF-640/ - 55 us

LCMXOBSL/LF-1300

LCMXO3L/LF-1300

256-Ball Package/ — 70 us

LCMXO3L/LF-2100

LCMXOBSL/LF-2100

324-Ball Package/ — 105 us

LCMXO3-4300

LCMXO3L/LF-4300

400-Ball Package/ — 130 us

LCMX03-6900

LCMXO3L/LF-9400C — 175 us
topPINIT PROGRAMN low to INITN low — 150 ns
tbPPDONE PROGRAMN low to DONE low — 150 ns
tiobiss PROGRAMN low to I/O disable — 120 ns
Slave SPI
fmAx CCLK clock frequency — 66 MHz
tceLkH CCLK clock pulse width high 7.5 — ns
tcoLkL CCLK clock pulse width low 7.5 — ns
tsTsu CCLK setup time 2 — ns
tsTH CCLK hold time 0 — ns
tstco CCLK falling edge to valid output — 10 ns
tsToZ CCLK falling edge to valid disable — 10 ns
tstov CCLK falling edge to valid enable — 10 ns
tscs Chip select high time 25 — ns
tscss Chip select setup time 3 — ns
tscsH Chip select hold time 3 — ns
Master SPI
fmax MCLK clock frequency — 133 MHz
tMCLKH MCLK clock pulse width high 3.75 — ns
tMeLKL MCLK clock pulse width low 3.75 — ns
tsTsu MCLK setup time 5 — ns
tsTH MCLK hold time 1 — ns
tcsspi INITN high to chip select low 100 200 ns
tmMoLk INITN high to first MCLK edge 0.75 1 us
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Pinout Information
MachXO3 Family Data Sheet

Signal Descriptions (Cont.)

Signal Name | I/0 ‘ Descriptions

Configuration (Dual function pins used during sysCONFIG)

PROGRAMN | Initiates configuration sequence when asserted low. This pin always has an active pull-up.
Open Drain pin. Indicates the FPGA is ready to be configured. During configuration, a pull-up

INITN /o |,
is enabled.

DONE /O Open Drain pin. Indicates that the configuration sequence is complete, and the start-up
sequence is in progress.

MCLK/CCLK /O Input Configuration Clock for configuring an FPGA in Slave SPI mode. Output Configuration
Clock for configuring an FPGA in SPI and SPIm configuration modes.

SN | Slave SPI active low chip select input.

CSSPIN I/O |Master SPI active low chip select output.

SI/SPISI I/O |Slave SPI serial data input and master SPI serial data output.

SO/SPISO /O |Slave SPI serial data output and master SPI serial data input.

SCL I/O |Slave I>C clock input and master I°C clock output.

SDA I/O |Slave I’C data input and master I°C data output.

4-2



am Pinout Information
s=LATTICE MachXO3 Family Data Sheet

MachXO3L/LF-4300
WLCSP81 |CSFBGA121 | CSFBGA256 | CSFBGA324| CABGA256 | CABGA324 | CABGA400

General Purpose 10 per Bank

Bank 0 29 24 50 71 50 71 83
Bank 1 0 26 52 62 52 68 84
Bank 2 20 26 52 72 52 72 84
Bank 3 7 7 16 22 16 24 28
Bank 4 0 7 16 14 16 16 24
Bank 5 7 10 20 27 20 28 32
Total General Purpose 63 100 206 268 206 279 335

Single Ended 10

Differential 10 per Bank

Bank 0 15 12 25 36 25 36 42
Bank 1 0 13 26 30 26 34 42
Bank 2 10 13 26 36 26 36 42
Bank 3 3 3 8 10 8 12 14
Bank 4 0 3 8 6 8 8 12
Bank 5 3 5 10 13 10 14 16
Total General Purpose 31 49 103 131 103 140 168
Differential 10

Dual Function 10 25 37 37 37 37 37 37
Number 7:1 or 8:1 Gearboxes

Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 10 7 18 18 18 18 21
Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 10 13 18 18 18 18 21
High-speed Differential Outputs

Bank 0 | 10 7 18 18 18 18 21
VCCIO Pins

Bank 0 3 1 4 4 4 4 5
Bank 1 0 1 3 4 4 4 5
Bank 2 2 1 4 4 4 4 5
Bank 3 1 1 2 2 1 2 2
Bank 4 0 1 2 2 2 2 2
Bank 5 1 1 2 2 1 2 2
vcc 4 4 8 8 8 10 10
GND 6 10 24 16 24 16 33
NC 0 0 0 13 1 0 0
Reserved for Configuration 1 1 1 1 1 1 1
Total Count of Bonded Pins 81 121 256 324 256 324 400
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am Pinout Information
s=LATTICE MachXO3 Family Data Sheet

MachXO3L/LF-6900

CSFBGA256 CSFBGA324 CABGA256 CABGA324 CABGA400
General Purpose 10 per Bank
Bank 0 50 73 50 71 83
Bank 1 52 68 52 68 84
Bank 2 52 72 52 72 84
Bank 3 16 24 16 24 28
Bank 4 16 16 16 16 24
Bank 5 20 28 20 28 32
Total General Purpose Single Ended 10 206 281 206 279 335
Differential 10 per Bank
Bank 0 25 36 25 36 42
Bank 1 26 34 26 34 42
Bank 2 26 36 26 36 42
Bank 3 8 12 8 12 14
Bank 4 8 8 8 8 12
Bank 5 10 14 10 14 16
Total General Purpose Differential 10 103 140 103 140 168
Dual Function 10 37 37 37 37 37
Number 7:1 or 8:1 Gearboxes
Number of 7:1 or 8:1 Output Gearbox Available (Bank 0) 20 21 20 21 21
Number of 7:1 or 8:1 Input Gearbox Available (Bank 2) 20 21 20 21 21
High-speed Differential Outputs
Bank 0 | 20 21 20 21 21
VCCIO Pins
Bank 0 4 4 4 4 5
Bank 1 3 4 4 4 5
Bank 2 4 4 4 4 5
Bank 3 2 2 1 2 2
Bank 4 2 2 2 2 2
Bank 5 2 2 1 2 2
vcC 8 8 8 10 10
GND 24 16 24 16 33
NC 0 0 1 0 0
Reserved for Configuration 1 1 1 1 1
Total Count of Bonded Pins 256 324 256 324 400
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Ordering Information

MachXO3 Family Data Sheet

MachXO3L Ultra Low Power Commercial and Industrial Grade Devices, Halogen Free

(RoHS) Packaging

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-640E-5MG121C 640 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-640E-6MG121C 640 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-640E-5MG 1211 640 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-640E-6MG 1211 640 1.2V 6 Halogen-Free csfBGA 121 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-1300E-5UWG36CTR 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36CTR50 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36CTR1K 1300 1.2V 5 Halogen-Free WLCSP 36 COM
LCMXO3L-1300E-5UWG36ITR 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5UWG36ITR50 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5UWG36ITR1K 1300 1.2V 5 Halogen-Free WLCSP 36 IND
LCMXO3L-1300E-5MG121C 1300 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-1300E-6MG121C 1300 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-1300E-5MG121] 1300 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-1300E-6MG121] 1300 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-1300E-5MG256C 1300 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-1300E-6MG256C 1300 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-1300E-5MG256I 1300 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-1300E-6MG256I 1300 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-1300C-5BG256C 1300 25V/33V 5 Halogen-Free caBGA 256 COM
LCMXO3L-1300C-6BG256C 1300 25V/33V 6 Halogen-Free caBGA 256 COM
LCMXO3L-1300C-5BG256I 1300 25V/33V 5 Halogen-Free caBGA 256 IND
LCMXO3L-1300C-6BG256I 1300 25V/33V 6 Halogen-Free caBGA 256 IND

Part Number LUTs | Supply Voltage | Speed Package Leads Temp.
LCMXO3L-2100E-5UWG49CTR 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49CTR50 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49CTR1K 2100 1.2V 5 Halogen-Free WLCSP 49 COM
LCMXO3L-2100E-5UWG49ITR 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5UWG49ITR50 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5UWG49ITR1K 2100 1.2V 5 Halogen-Free WLCSP 49 IND
LCMXO3L-2100E-5MG121C 2100 1.2V 5 Halogen-Free csfBGA 121 COM
LCMXO3L-2100E-6MG121C 2100 1.2V 6 Halogen-Free csfBGA 121 COM
LCMXO3L-2100E-5MG121] 2100 1.2V 5 Halogen-Free csfBGA 121 IND
LCMXO3L-2100E-6MG121] 2100 1.2V 6 Halogen-Free csfBGA 121 IND
LCMXO3L-2100E-5MG256C 2100 1.2V 5 Halogen-Free csfBGA 256 COM
LCMXO3L-2100E-6MG256C 2100 1.2V 6 Halogen-Free csfBGA 256 COM
LCMXO3L-2100E-5MG256I 2100 1.2V 5 Halogen-Free csfBGA 256 IND
LCMXO3L-2100E-6MG256I 2100 1.2V 6 Halogen-Free csfBGA 256 IND
LCMXO3L-2100E-5MG324C 2100 1.2V 5 Halogen-Free csfBGA 324 COM
LCMXO3L-2100E-6MG324C 2100 1.2V 6 Halogen-Free csfBGA 324 COM
LCMXO3L-2100E-5MG324| 2100 1.2V 5 Halogen-Free csfBGA 324 IND
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Ordering Information
MachXO3 Family Data Sheet

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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