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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

CMOS Complementary Metal-Oxide Semiconductor
DNI Do Not Install

FTDI Future Technology Devices International
FPC Flexible Printed Circuit

GPIO General Purpose Input/Output

12C Inter-Integrated Circuit

LDO Low Dropout

LVDS Low Voltage Differential Signaling

PCle Peripheral Component Interconnect Express
SLVS Scalable Low Voltage Signaling

SPI Serial Peripheral Interface

TPI Twisted Pair Interface
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1. Introduction

The Lattice Semiconductor MahXO5T™-NX Development Board allows you to investigate and experiment with the
features of the LFMX05-100T device. The features of the MachXO5T-NX Development Board can assist you with the
rapid prototyping and testing of your specific designs.

The MachXO5T-NX Development Board is part of the MachXO5T-NX Development Kit, which includes the following:
e  MachXO5T-NX Development Board pre-loaded with the demo design

e 12V AC/DC Power adapter

e Mini USB cable

e Quick Start Guide

The contents of this user guide include top-level functional descriptions of the various portions of the development
board, descriptions of the onboard headers, diodes and switches, and a complete set of schematics.

1.1. MachXO5T-NX Development Board

Along with the LFMXO05-100T device, the MachXO5T-NX Development Board also includes features to expand the
LFMXO5-100T usability with Arduino, Raspberry, PCle, RJ45, Versa, and Aardvark headers.

Figure 1.1 shows the top view of the MachXO5T-NX Development Board.

Figure 1.2 shows the bottom view of this board.
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Figure 1.1. Top View of MachXO5T-NX Development Board
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Figure 1.2. Bottom View of MachXO5T-NX Development Board

1.2. Features

On board LFMX05-100T Device

Two Gbe PHY RJ45 connectors, with SGMII PHY support

LPDDR4 up to 1066 Mbps, x16 bits

PCle Gen2 x1 Edge Connector

Optional SMA to support x1 PCle

Versa Headers bridge with Lattice ASC Demo Board to support L-ASC10

General Purpose Input/Output (GPIO) interface with PMOD, Arduino and Raspberry Pi boards
USB-B connection for device programming with JTAG and Inter-Integrated Circuit (12C) utility
Additional USB-B connection for user with Soft JTAG and UART utility

Eight-position DIP Switches, four push buttons, and eight red LEDs for demo purposes

ADC interface with 10K POT

Two 50-pin FPC headers

Multiple reference clock sources

Optional Aardvark header

Support FPGA Power Evaluation

Lattice Radiant® programming support

Note: DNI stands for Do Not Install parts and DI stands for Do Install parts for assembly.

Caution: The MachXO5T-NX Development Board contains ESD-sensitive components. ESD safe

practices should be followed while handling and using the development board.
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1.3. LFMXO5-100T Device

The MachXO5T-NX Development Board features the LFMXO5-100T device in a 400-ball caBGA package. This device
offers a variety of features and programmability that enhances Secure Control PLD functionality with Multiple Boot
capabilities. Its cryptographic engine supports user-mode security features. Along with the cryptographic engine,
numerous system functions are included such as four PLLs and 3,744 kbits of embedded RAM plus hardened
implementations of 12°C and SPI, MachXO5T-NX FPGAs feature one hard PCle link layer IP block which supports PCle
Gen1l, Gen2 with one or two x1 configuration, with flexible, high performance /0 support numerous single-ended and
differential standards including LPDDR4 controller and SLVS. For more information on the capabilities of LFMX05-100T
device, see MachXO5-NX Family Data Sheet (FPGA-DS-02102).

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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2. Applying Power to the Board

The MachXO5T-NX Development Board comes ready to power up with onboard DC/DC switching regulators and Low
Dropout (LDO) generators powered by an external 12 V DC power source. The external power supply can be connected
with the DC power input jack J17 or the PCle edge connector CN1, which is fused with a surface mounted fuse U10. The
5A fuse prevents the crashed current from flowing into the internal circuits and cause serious damage, as shown in
Figure 2.1.

12V DC 12V PC +1.8V
=I PHYO VDDP/PHY1 VDDP (U6/U7) |
PowerJack PCle Edge +1.8V
- b
(J17) Connector (CN1) p»{ LPDDR4 VDD1 (U9)
P | 1.8V »| VCCAUX/VCCAUXA/VCCAUXH/VCCADC/
12V_IN_PICE 1.8V LDO +1.8V _ VCCPLLSD/VCCAUXSDAQ (U3)
v (U15) 12V S|e P> VCCIos (U3
Fuse (U10) A ———Cle| v (u3)
+2.5V
+12V [ 25vLIDO +25V PMODO(J15)
gl NM——-=-T0
5V Regulator +2.5V 18y — Config JTAG (J1)
(U11) v L —Te R
+2.5V| M12viDo L +1.2V 3|8 P vCCi04(U3)
(U16) 433V — Regl out
PS_5V ——
N} PHY1 VDD (U7)
v +3.3V 1
- - —>| FTDI1 VCCIO (U18)
Slide Switch +5.0V A 1.0V Regulator | 1 +1.0V VCC Core/VCCSD/
(swe) (U12) 3.3V VCCSDCK(U3)
%
VBUS_5V b] PHYO VDD (U6)
33V ™ phvo (Us) %
5V PC1 USB Header A4 +1.1V Reg0 out
> (11) 1'(1315'?0 i »  vCCio3(Us)
p| LPDDR4VDDQ/
£33V VDD2 (U9)
JP15 g 3'3(\6;;30 »|  vCeioo(u3)
5VPC2 [ USB Header EJ% Ardumo ] +3.3V_AR Sle > vCCio6(u3)
(419) Header (J4) — |
+3.3V. PMOD1 (J16)
EJW Raspberry Pi | +3.3V.RASP |91
Header (J6) .

Figure 2.1. Board Power Supply

The onboard 5 V power regulator U11 provides 90% power convert efficiency from 12 V DC when output current
between 50 mA and 3 A. It is distributed to 3.3V, 2.5V LDOs and 1.0 V regulator through one side of slide switch SW6
to support onboard devices. Through another side of SW6, this board can take the 5 V DC power from USB header J11
as well to supply those LDOs. For some low power applications, JP15 can be used to double the power supplier
capability, if J19 is also plugged into the same PC that is connected to J11. You need to ensure 5 V DC power consume
less than maximum capability from each USB port of PC when taking power from J11 and J19.

For the board extension, 5 V DC power can also supply Raspberry Pi and Arduino boards through the jumpers and
onboard headers, to consolidate AC/DC adapters for stack boards system. Conversely, 5V DC power for MachXO5T-NX
Development Board can be supplied either from mated Raspberry Pi or Arduino Boards, if they are powered up by
external AC/DC adapters already. You need to ensure 5 V power from a single source when adding JP6 or JP7 jumpers.
However, maintain 5 V DC supplier is the basic requirement to power on the board, by checking the power good blue
LED D18.

The onboard 1.1V, 1.2V, and 1.8 V LDOs take the power from 2.5 V LDO output.

Table 2.1 summarizes onboard major power rails and their test points.
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Table 2.1. Onboard Major Power Rails

Power Net Name Primary Source Test Point
+12V DC Power Jack (J17) or PCIE Edge Connecter (CN1) TP20
PS_5V DC/DC Regulator (U11) —

VBUS_5V Mini-USB Headers (J11 or J19) JP15
+5.0V Selected by Slide switch (SW6) TP14
+3.3V LDO (U8) TP15
+2.5V LDO (U13) TP16
+1.8V LDO (U15) TP17
+1.2V LDO (U16) TP18
+1.1V LDO (U17) TP19
+1.0V DC/DC Regulator (U12) TP21

+3.3V_RASP Raspberry Pi Header (J6) —
+3.3V_AR Arduino Header (J4) —

As shown in Figure 2.1, this board provides multiple power options for I/O bank voltage flexibility. Table 2.2
summarizes the Vccio support matrix on this board. For an example, Vccior and Vecioz share the same three positions
jumper J24 and short its Pin 1 and Pin 2 can bring the 3.3 V LDO output to both 1/0 bank 1 and bank 2. For power
consumption evaluation, this board facilitate some two-position jumpers with 1 Q sense resistors to measure the
voltage drop on each power rail, then the supply current can be calculated.

Table 2.2. LFMX05-100T 10 Bank Power Rails Stuff

Power Sense
Lirng(ag?-r Jumpers 33V 25V 1.8V 1.2V 1.1V Ext3.3V Te.st Resistor

Point of1Q
Vccioo — Fixed — — — - — JP19 R132
Vcaio1 124 Pin 1-2 Pin 2-3 — — — — JP16 R133
Vcaioz 124 Pin 1-2 Pin 2-3 — — — — JP20 R134
Vccios — - - - — Fixed — P21 R61
Vecios 123 - — Pin 1-2 Pin 2-3 - — JP22 R62
Vccios 120 - — Pin 1-2 Pin 2-3 - — JP23 R63
Vccios 121 Pin 1-2 — — — — Pin 2-3 P24 R64
Vcaior 122 Pin 1-2 — — — — Pin 2-3 JP25 R153

Other than power rail for each 1/0 Bank, this board also provides some test points to evaluate the major power
consumptions for LFMXO05-100T device as listed in Table 2.3.

Table 2.3. LFMX05-100T Major Power Rails Stuff

LFMXO05-100T Power (U3) Power Test Point Voltage Drop Resistor Resistance
Vec_core JP18 R112 0.010Q
Vee_aux/Vee auxn/Vecauxa P14 R131 1Q
Vee_apc P17 R137 1Q

www.latticesemi.com/legal



http://www.latticesemi.com/legal

3. Hard JTAG/I>C Programming

The hardened JTAG/I?C programming architecture of the MachXO5T-NX Development Board is shown in Figure 3.1. The
board has a built-in download controller for programming the LFMXO5-100T device. It uses an FT2232H Future
Technology Devices International (FTDI) part U1 to convert USB to JTAG from port A, or convert USB to I2C from port B.
Using Detect Cable function with Radiant programming software installed, you can detect dual ports after power up
the board and connect the mini USB to USB-A cable from J11 to your PC, ensuring FTDI reset control jumper JP9 is not
populated as default. The software select option FTUSB-0 is dedicate for hard JTAG and FTUSB-1 is dedicated for hard
I2C which is mapping with port A and port B from hardware perspective, as shown in Figure 3.2.

Mini-USB
(J11)

JP9
GND

usB

(U1)

rst#

Port B

FT2232H

Port A
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scLO
SDAO
P12 P13
P27
<'|‘L‘|‘| FTDI_SCL
FTDI_SDA >
— | ) "
s ] P NX_TMS
Ty
TDO Level A _NX_TDO
DI Shift NX_TDI
> AN
T (U14) LA VX T

LFMX05-100T
(U3)

Config JTAG Header (J1)

Figure 3.1. JTAG/I>C Programming Architecture

i3 Programmer: Multiple Cables Detected

Select Cable:

= Cable 1: USB2
+<= FTUSB-0 (Dual RS232-HS A Location 0000)
v FTUSB-1 (Dual RS232-HS B Location 0001)

Cancel

Figure 3.2. Radiant Programmer Detect Dual Ports
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3.1. JTAG Download Interface

A level shifter SN74AVC4T774 U14 from Tl is inserted between Config FTDI Port A and LFMX05-100T JTAG port to make
sure the FTDI fixed 1/O voltage can adapt with flexible voltage selection of bank 2 of the FPGA, as shown in Figure 3.3.
An eight-pin header J1 (Figure 3.4) allowing you to probe the JTAG signals to access LFMX05-100T JTAG port from the
external JTAG host, such as external Lattice HW-USBN-2B Programming Cable (available separately), or to access SSPI
port from the external SPI host. In those cases, jumper JP1 must be added to pull OEN high and ensure U14 to output
tri-state mode so as to avoid multi-drivers on those shared signals. The JTAG connections between J1 and
LFMXO5-100T are listed in Table 3.1.

+3.3V VCCIO2
I U14
JP1 I
( 1 16 15
OEN_ 24 D(I>S 5 VCCA  VCCB
. LS = o
ADBUSO 0 = R4 TCK 3 14 NX_TCK
ADBUST 0 Y 1’5 TOI ) ﬁ; 81 =
US2 TD 1 _TD
N o X Y
— ANAN — A4 DO
+3.3V 12 NX_TDO
R4 4.7k 1 B3
) DIR1 11 NX_TMS
{ DIR2 B4
48¥ v Tk DIR
‘ QEN DIR4 10
Y M OEN GNEji—
= SNT4AVCATT74 g

Figure 3.3. Level Shift for JTAG Download Interface

VCCIO2
[}
1 2 3
J1
1 B7K B7K HIK
13 NX_TDO
A
B3
3 g NX_TOI
g B NX_TMS
=
7 ] NX_TCK
8

Header 1x8 R8
DNI
= 2.2K

Figure 3.4. JTAG Test Header
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Table 3.1. Config JTAG Connections

J1 Pin Number JTAG Net Name e iR alllecation Optional SSPI Function
for JTAG
1 vCcaio2 — —
2 NX_TDO E16 ss|
3 NX_TDI c16 550
4 _ _ _
5 — —_ —_
6 NX_TMS B16 SCSN
7 GND — —
8 NX_TCK B19 SCLK

The MachXO5T-NX Development Board also provides test points for other dedicated JTAG configuration pins as shown

in Table 3.2.
Table 3.2. Other Config JTAG Control Signals
Net Name LFMXO5-100T Ball Location LED Indicator Test Point
JTAGEN Al4 — Pin 2 of JP2
PROGRAMN G10 — —
INITN H10 D11 TP5
DONE H11 D10 TP6

JP2 for JTAGEN is used to pull down the JTAGEN to disable JTAG port. Using SW5 push button with PROGRAMN reloads
the bitstream from internal Flash when PROGRAMN_PORT function is enabled by software.

3.2.

I>’C Download Interface

The USB hub on the PC can also detect the addition of the USB function on Config FTDI Port B. You can select the port
FTUSB-1 on the programmer interface for the accessing from Config FTDI Port B to the LFMX05-100T dedicated 1°C
download port (Figure 3.2) that is named as FTDI_SDA/FTDI_SCL with 2.2 kQ pull up resistor each. The Diode D21 is
inserted to support I°C clock stretching mode with JP27 added to drive FTDI_SCL from FTDI, but JP27 cannot be added
when using 12C config mode. Figure 3.5 details the design of Config FTDI Port B for dedicated I>C download interface.
Table 3.3 summarizes the interconnection with LFMX05-100T and its supported circuits. JP12 and JP13 are used to
connect the dedicated 1°C download port of LFMX05-100T with the bridge I>C bus SDAO/SCLO cross the whole board, in
case you need access 1°C download port from other on board headers other than Config FTDI part. For the detail
connection from other headers to bridge 1°C bus SDAO/SCLO, refer to the User 12C Interface section.

D21
1 2 1N4448W
s P12
WUS0 Q1_SCL SCLD
BOBUSO [-a——BRare e ANYR130 =245t —
i 299 8DBUST™ 0 R24 vt
BDBUS! 35— BDBUSZ_ 0 R25 "TDLSDA2.. 1 SDAC
Us3 X
BODBUS3 [~73 X SDA
BDBUS4 f—g5—X e =
BOB:&JSS a5 2 P27 —>> FTDI_SDA [5]
BDBUSE 72X gppus? 2 4 FTDI_SCL "
BDBUST — 0 O = > FTDI_SCL [5]
SCL_IN
Figure 3.5. IC Programming Mode
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Table 3.3. Download I2C Connections

LFMXO5-100T Ball . Bridge 12C Net .
2
Download I2C Net Name Location for JTAG 2.2 kQ Pull up Resistor Name Bridge Jumper
FTDI_SCL Al19 R33 SCLO JP12
FTDI_SDA Al18 R34 SDAO JP13

For more information on LFMXO5-100T JTAG/ 12C programming, refer to MachX05-NX Programming and Configuration
User Guide (FPGA-TN-02271).

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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4. Soft JTAG/UART User Interface

The soft JTAG/UART user interface for the MachXO5T-NX Development Board is shown in Figure 4.1. Supposedly it also
uses an FT2232H FTDI part U18 to convert USB to user JTAG from port A, or convert USB to UART from port B. Using
Detect Cable function with Radiant programming software installed and ensuring FTDI reset control jumper JP8 is not
populated in default, as shown in Figure 3.2, you can detect other dual ports after power up the board. You can then
connect the mini USB to USB-A cable from J19 to your PC. The software select option FTUSB-O0 is targeted for user JTAG,
and FTUSB-1 is targeted for UART that is mapped with port A and port B from hardware perspective.

RS232_RX_TTL

>
Port B|
< RS232_TX_TTL
Mini-USB FT2232H LFMX05-100T
(J19) (U18) UTmS > (U3)
< 1 UTDO
Port A A4 UTDI >
158 rst# A UTCK >

GND

| User JTAG Header (/18) |

Figure 4.1. JTAG/UART User Interfacing

4.1. Soft JTAG User Interface

User FTDI Port A is connected with GPIOs in Bank 1 directly. You need allocate GPIOs for adaption with JTAG signals by
programmable logic, which is defined by FTDI Port A when converting USB to JTAG through FTUSB-0. J18 is an eight-pin
standalone JTAG header that is used with an external Lattice download cable (available separately) when the FTDI part
is disabled from the JTAG chain after setting JP8. J18 can also be used as test point when USB to JTAG is working.

Table 4.1. Soft JTAG Connections

J18 Pin Number FTDI Signal JTAG Net Name LFMXO05-100T Ball Location
1 — VCCIO1 —
2 UADBUS2 UTDO F12
3 UADBUS1 uTDI F13
4 — — —
5 — — —
6 UADBUS3 UTMS G13
7 — GND —
8 UADBUSO UTCK Gl4
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4.2. Soft UART User Interface

User FTDI Port B is also connected with GPIOs in Bank O directly. You need allocate GPIOs for adaption with UART
signals by programmable logic, which is defined by FTDI Port B when converting USB to UART through FTUSB-1.

Table 4.2. Soft UART Connections

FTDI Signal UART Net Name LFMXO05-100T Ball Location for Port A
UBDBUSO RS232_RX_TTL C15
UBDBUS1 RS232_TX_TTL D15
UBDBUS2 RTSn B15
UBDBUS3 CTSn A15
UBDBUS4 DTRn E13
UBDBUSS5 DSRn E12
UBDBUS6 DCDn D14
UBDBUS7 RI E15

© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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5. LFMXO05-100T Clock Sources

The MachXO5T-NX Development Board has multiple external clock options for the LFMX05-100T applications as shown
in Figure 5.1.

e 12 MHz from U1 (FTDI)

e 27 MHz from x4 (OSC MEM)

e  External clock source from J10 (SMA)

e Differential 100 MHz from x7

o Differential 100 MHz from x8

o Differential 125 MHz from x9

e Differential external clock source from SMA4 and SMAS5 (SMA pair)

| 18 | [
EXPCON_OSC
100 MHz luss
x7 2MHz
100 MHz
125 MHz
X9 x4
EXT1_CLK
SMAA4/5 J10

Figure 5.1. Onboard Clock Resources

You need take care 12 MHz clocks from the FT2232H FTDI U1 device are not always on without some hardware
configuration. SMA clocks need source from external boards. Refer to Table 5.1 for those clock utilization and enable
conditions.

Table 5.1. Input Clock Options

Clock LFMXO5- Clock
Net Name 100T Ball 10 Type Enable Conditions
Frequency . Source
Location
12 MHz EXPCON OSC 116 U1 LVCMOS33 Need add R1§9 and JP11. USB header J11
- connected with power on.
27 MHz 27M 0SC IN o x4 LVCMOS33 Always on. Use J25 to disable or control clock
- - output.
EXT_CLK 0SC_IN AL7 10 LVCMOS33 or | Need add J10 SMA. Connect to external clock

LVCOMS25 generator through SMA cable.

Always on. Dedicated reference clock for PCS.

100 MHz EXTO_CLKp/ Ccl1/c12 X7 LVDS Refer to the SerDes/PCS User Guide FPGA-TN-
EXTO_CLKn .
- 02245 for details.

LVSTLD_100MHzp/ Always on. Generated by the HSCL clock and AC

1 . 1 2 L LD
00 MHz LVSTLD_100MHzn U1s/U20 X8 VST coupled to the 1.1 V I/O bank for LPDDRA4.
Always on. Dedicated reference clock for PCS.
125 MHz Ll_\\//[[))SS_112255'\|\/;||:iZzF:1/ R3/P3 X9 LVDS Refer to the CertusPro-NX SerDes/PCS User Guide
- (FPGA-TN-02245) for details.

EXT1_CLKp/EXT1_ SMA4/ Need add SMA4 and SMAS. Connect to external

SMA_CLK CLKn B13/C13 SMAS LVDS differential clock generator through SMA cables.
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6. SGMII Ethernet Connections

This section describes the MachXO5T-NX Development Board SGMII application for Ethernet connections. This board
can support two independent Ethernet connections through on-board SGMII PHY devices PHYO and PHY1, which is
GPY115C0VI from Maxlinear, as shown in Figure 6.1. Table 6.1 listed the signals from the FPGA interfacing with SGMII
PHY devices.

Management Port O
SGMII TXO PHYO
> (US) Port A
<
SGMII RXO
LFMXO5-100T RJ45 x2
(U3) SGMII TX1 (J14)
>
< PHY1 Port B
SGMII RX1 (U7)
Management Port 1
Figure 6.1. SGMII x2 Interfacing
Table 6.1. SGMII Ethernet PHY Interfacing
PHY Interface LFMXOS_]',OOT Ball Net Name Pin Number of PHY Device
Location
P6 PHYO_MDIO 10
u2 PHYO_MDC 11
R4 PHYO_MDINT 12
T5 PHYO_EXINTO 13
PHYO (U6) =
P2 SGMII_FPGA_RXOP 25
R2 SGMII_FPGA_RXON 24
T1 SGMII_FPGA_TXOP 27
Ul SGMII_FPGA_TXON 28
P7 PHY1_MDIO 10
T2 PHY1_MDC 11
P4 PHY1_MDINT 12
us PHY1_EXINTO 13
PHY1 (U7)

RS SGMII_FPGA_RX1P 25
P5 SGMII_FPGA_RX1N 24
P1 SGMII_FPGA_TX1P 27
R1 SGMII_FPGA_TX1IN 28

The pin strapping configuration for both SGMII PHY devices have been implemented on board, as shown in Table 6.2
and Table 6.3.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Table 6.2. SGMII Ethernet PHYO Strapping Configuration
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U6 Pin Number Configura.tio.n Item Logic Value in Default 1K Pull up Resistor 1K Pull down Resistor
Description

37 PS_PHY_MADDR(0) 0 R182 (DNI) R172
35 PS_PHY_MADDR(1) 0 R178 (DNI) R173
34 PS_PHY_MADDR(2) 0 R179 (DNI) R174

PS_PHY_MADDR(3) 0 R180 (DNI) R175

PS_PHY_MADDR(4) 0 R181 (DNI) R176
12 PS_MINT_POL 0 R183 (DNI) R171
18 PS_RJAS5_TAP 0 R184 (DNI) R170
19 PS_MDIO_VOLTAGE 0 NA R177

Table 6.3. SGMII Ethernet PHY1 Strapping Configuration

Configuration Item

U7 Pin Number Description Logic Value in Default 1K Pull up Resistor 1K Pull down Resistor

37 PS_PHY_MADDR(0) 0 R224(DNI) R215
35 PS_PHY_MADDR(1) 0 R220(DNI) R216
34 PS_PHY_MADDR(2) 0 R221(DNI) R217

PS_PHY_MADDR(3) 0 R222(DNI) R218

PS_PHY_MADDR(4) 0 R223(DNI) R219
12 PS_MINT_POL 0 R225(DNI) R214
18 PS_RJ45_TAP 0 R226(DNI) R213
19 PS_MDIO_VOLTAGE 0 — R202

MachXO5T-NX Development Board provides two options to supply the VDD power of PHY devices, as shown in

Table 6.4. One option is to supply the VDD with on-board 1.0 V regulator. The other option needs additional power
from the on-board 3.3 V LDO and converts to 1.0 V output by the internal regulator of PHY devices. It is recommended
to use the first option to improve the power efficiency and off load the 3.3V LDO on this board.

Table 6.4. PHY device VDD Power Supply Options

PHY VDD Jumper Supply from On-board Regulator Supply from in-chip Regulator
ue 126 Pin 2-3 (U12) Pin 1-2 (U6)
u7 128 Pin 2-3 (U12) Pin 1-2 (U7)
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7. PCle Gold Finger

MachXO5T-NX Development Board supports x1 PCle Gen2, as shown in Figure 7.1. The signal connections are listed in

Table 7.1.

Figure 7.1. Top Side of PCle Edge Connector

Table 7.1. Gold Finger Pin Connections

CN1 Pin Number Net Name LFMXO5-100T Ball Location
Al PRSNT1n —
A2,A3,B1,B2,B3 12_IN_PCIE —
A4,A12,A15,A18,B4,87,813,816,B18 GND —
A9,A10,B8 PCIE_3V3 —
All PCIE_PERSTn K6t
Al3 PCIE_CLKP c7
Ald PCIE_CLKN B7
Al6 x1_PERpO A5
Al7 x1_PERNO A6
B14 x1_PETpO A2
B15 x1_PETnO A3
B17 PRSNT2n —
— RO_ext ca
- RETO_ref B4
Note:
1. Need addJP10 to bridge with FPGA control 1/0.
© 2023 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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8. Optional SMA Headers

MachXO5T-NX Development Board provides two pairs of high speed SMA footprints to support flexible Serdes Protocol
validation, with x1 RX and TX signal pairs, as shown in Figure 8.1. Their SMA footprint is compatible with
SF2921-61345-2S from Amphenol. The signal mapping was shown as Table 8.1.

Figure 8.1. SMA Interfacing for x1 Serdes RX and TX

Table 8.1. Connections for SMA Serdes signal pair

Reference Net Name LFMXO5-100T Ball Location
SMAO SD3_RXp A8
SMA1 SD3_RXn A9
SMA2 SD3_TXp All
SMA3 SD3_TXn Al12

Note: LFMXO5-100T engineering samples cannot support additional PCle lane via the SMA.

MachXO5T-NX Development Board also provides a pair of high-speed SMA footprints to support SerDes extension
reference clock input as shown in Figure 8.2. Their SMA footprint is compatible with SF2921-61356-2S from Amphenol
and the LVDS clock is recommended to be connected. The signal mapping is shown in Table 8.2.

E1CLKp EI1CLKn

Figure 8.2. SMA Interfacing for x1 SerDes Rx and Tx

Table 8.2. Connections for External SMA Reference Clock

SMA Net Name LFMXO5-100T Ball Location
SMA4 EXT1_CLKp B13
SMAS EXT1_CLKn Cc13
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MachXO5T-NX Development Board is also designed with a single-end SMA clock header J10, as shown in Figure 8.3.
This is low-cost standard type SMA footprint, such as 5-1814832-2 from TE Connectivity. You need solder it on the

board. Table 8.3 details its connection to the FPGA.

Table 8.3. Single-end External SMA Clock

J10

EXT_CLK

Figure 8.3. SMA Clock Input

SMA

Net Name

LFMXO5-100T Ball Location

J10

EXT_CLK

Al17
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9. LPDDR4 Memory Controller Interface
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Table 9.1 lists all LPDDR4 memory controller Interface signals. The LFMXO5-100T device Memory Controller is used to
interface with the onboard 16-bit parallel data and 8 Gb capacity LPDDR4 memory device (Micron MT53E512M16D1),
which is supported with 512 Meg x16 configurations. This board is designed to use on-die termination in default and

reserved on-board termination options.

Table 9.1. LPDDR4 Memory Controller Interconnections

LPDDR4 Net Name (U9)

LFMXO05-100T Ball Location

DQO_A N18
DQ1_A N20
DQ2_A P18
DQ3_A P17
DQ4_A P16
DQ5_A N19
DQ6_A M17
DQ7_A M16
DMIO_A N17

DQSO_T_A P19

DQSO_C_A P20
DQS_A R15
DQ9_A T14

DQ10_A R14
DQ11_A T15
DQ12_A V14
DQ13_A W14
DQ14_A V15
DQ15_A u14
DMI1_A u1s

DQS1_T_A Y15

DQS1_C_A Y14
CAO_A W19
CALA V18
CA2_A T19
CA3_A V19
CA4_A V20
CA5_A T20

CK_T_A R19
CK_C_A R20
CKEO_A W20
CS0_A w18
ODT_CA_A R16
RESET_N N16
ZQOI —

Note:
1. ZQOis pull up VDDQ through a 240 Q resistor.

Caution: The MachXO5T-NX Development Board is designed to support x16 bits with default population but
reserved to support x24 bits configuration if change to x32 LPDDR4 device.
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10. Generating the Programming File

The demo project on the MachXO5T-NX Development Board Rev A board can be downloaded from the Lattice website
(https://www.latticesemi.com/products/developmentboardsandkits/machxo5-nx-development-board).

To generate the JEDEC (.jed) file:
1. Open the Lattice Radiant software.
2. From the File menu, choose Open > Project.

3. Inthe Open Project dialog box, select the test.rdf file and click Open, as shown in Figure 10.1. This opens the demo
project.

Open Progect
« _ Hardwate + JEDE-DG YOOK » Test Project + LPMXODS_100_EVN_defuslt + ~ v T FIMX

|
Organice « New folder v M o

o Marr

@ Onelrive
@ This PC mpl.]
source
P 3D Objects
B Desxtop
: Documents
& Downlosds
D Music
* Pictures
B videos
& Local Disk (C)
[ New Volume
= Hardware sham

test_tor.owr

% Network v, /8 »
File parme: | test odf Progect Fles {* 1)

T

Figure 10.1. Radiant Software — Open Project Dialog Box

4. Inthe Process Toolbar, click Run All g , as shown in Figure 10.2.

Lattice Radiant Software - Reports

Eile Edit View Project Tools Window Help

o~ B3~ Q@ 4 al @8
} u Synthesize Design u Map Design u Flace & Route Design u Export Files

Figure 10.2. Radiant Software — Process Toolbar Initial State

EEEY

Green checkmarks appear on each successfully-completed step, including the generation of the JEDEC file, as
shown in Figure 10.3.
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Lattice Radiant Software - Reports

File Edit View Project Tools Window Help

& B ODC 10 @QQQQ oL @ F
h’ Synthesize Design ‘ Flace & Route Design | Export Files ‘

Figure 10.3. Radiant Software — State of the Processes Toolbar Completion

The generated .mcs and .jed file are located in the impl_1 folder.
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11. Programming the MachXO5-NX Device

Lattice Radiant Programmer can be used to program the JEDEC file to the MachXO5-NX embedded flash after the
JEDEC data file is generated, as shown in the Generating the Programming File section. Radiant Programmer is
integrated into the Radiant software and is also available as a standalone version.

To program the MachX05-NX embedded flash:
1. Connect the PC and MachXO5T-NX Development Board (J11) using the USB cable.
2. In Radiant Software, click Tools > Programmer, as shown in Figure 11.1.

i Lattice Radiant Software - Reports

| Ble fde Yew Proect Jook Wedow Help

Tivung Consteaim Editey L = - - -
0" J H E] Dr.--c;fcom--m Edrtor 4 L 2 o . y [] .
B netla 2nalpe
> ] Phyucal Designer u
llaw FndT Bl £CO Edter > x 7 St Page Repo
i l Terng Analyier
o ] ten % Feveal Inyerter
LMINCS-25.98868 8 Reveal Anabyzen/Controder Reports
. Strateges @ Power Calcutator
e e
T kestFe 5] SfiEdior
i Bitstresm Securgy Settings » 7 Synihesis Reports
. -u:uu.;:: €5 Fun Manages
' sourc
- PreSynthews C . Faniticn Wond ’ Map Reports
Lottice LSE Source Template
Synpily Pro £ 1P Catalog b | Place & Route Repars
v Pout-Syrthesn | i
Impl_1/x05 n ModelSim Lattice-Edibon < Export Reporns
Debrug Flm Clear Tool Memery..
Sorpe Fees) Options,.
Ar::-\n Files e
- Programming Fies
sourcefionpl_1xct “ ISIS Model

Figure 11.1. Radiant Software — Radiant Programmer

3. After the Radiant Programmer interface opens (Figure 11.2), power up MachXO5T-NX Development Board by
correctly positioning the power switch SW6.
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e e e —
i B Radiant Programmmes - imgl_tact

| File Edt View Pon Toohy  Melp

<

Qutpa

Lottce WM Dravers detected (HW-DLN-IC (Parolled))
Frogrammar device detabase loosed

1 3 & Bew B
Eratle St Devica Family
12 | Geseric ITAG Device JRG-NOP

5“"\'.

Dpaation

Bypaa

Outpet  Td Conzobe
Resd,

Figure 11.2. Radiant Programmer - Initial Opened

4. Click Run > Scan Device to check the board through FTUSB-0 Port of embedded HW-USBN-2B(FTDI) cable, as
shown in Figure 11.3. The MachXO5-NX device named as LFMX05-100T should be detected on the JTAG chain as

shown in Figure 11.4.

| 0 Radtare Pengramme - impl Lact
El'-le IS View Rum Tool Hep
(el s  ScmDews
 Enable  Stetu &) Progrem Device
o) B Geerate Embedded Code
Wl Geverste SVF File
8 Oheck XCF Project

3 Oes LogFle

«

Ontpot

Latics VM D"wn d'll‘d;dr("\‘l O IC (Parailel))
Frogrammer device datsbose loaded

NOF

Devics

Opestion

Bypas

Frle Mo | Cable Setup
Coble Sethings
Debact Cabia

Catle: HAW-USEN-28 (FTDE)

Port: FTuse-o
Custom port:

Frogramming Spaed Sattings
B Use defivall Chock Dividar
) Use custom Clock Divider

TCR Ovacar Sexnng (120

Ouput Td Consale

Figure 11.3. Radiant Programmer — Scan Device

5. Change the Programming Speed Settings in the Cable Setup pane on the right. Check the Use custom Clock
Divider option to increase the TCK Divider Setting to 3 or above, as shown in Figure 11.4.
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Catde Settrgs
Catde! W USR8 FTO0
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1/0 Setrgn
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) Lne coiiom O settings
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e s 4 PSw B
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168 LAMXDSY LFMXO05-100T Faut .
<
T0O
TCK
HOST. ™S
PC/ICOMPUTER
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DOWNLOAD CABLE ,
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oI TDO
SECET -l JTAG_EN
Lsttce WM Drroprs cetected 0 -0UN-IC Paralel), Hioy LE%-231 71000)
Programver device datsbase loaded
Ot Ted Console

Figure 11.4. Radiant Programmer — Device Detected

Open the Device Properties dialog box by double click Operation column. Select FLASH Configuration Memory
from Target Memory drop-down list in the Device Operation area, as shown in Figure 11.5. You can then see the
Device Properties dialog showing FLASH Configuration Memory details (Figure 11.6).

B3 Lrvixos -

General

LFMXO5-100T - Device Properties

Device Information

Device Operation

Target Memary: Static Random Access Memory (SRAM) w
Static Random Access Memary (SRAM

Port Interface: FLASH Configuration Memory
MNan Volatile Configuration Memory

Access Mode: CiFECt Progr g

Operation: Fast Configuration ~

Programming Options

Programming file: |
[] Password Protection Options {Provide key file if password protection enabled)
-

Figure 11.5. Radiant Programmer — Select Target Memory for Device Properties
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Figure 11.6. Radiant Programmer — Device Properties for FLASH Configuration Memory

Confirm the Device Operation options as follows:

and select target User Flash Memory Programming Options according to Figure 11.6.

Target Memory is FLASH Configuration Memory;
Port Interface is JTAG;

Access Mode is Direct FLASH Programming;
Operation is Erase, Program, Verify;

Check the Flash Header Programming Options and click ... to select the .mcs file.

Check the CFGO Programming Options and click ... to select the .jed file.
Click OK to program the embedded Flash.

Click the Program Device button & in Radiant Programmer as shown in Figure 11.7.

30
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Figure 11.7. Radiant Programmer — Ready for Flash Programming

12. Wait for about 2 minutes. If programming successful, the Status column shows PASS with the Output pane also

shows INFO — Operation: successful.
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Figure 11.8. Radiant Programmer — Flash Programming Successful
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12. Headers and Test Connections

This section describes the MachXO5T-NX Development Board headers and test connections.

12.1. Versa Headers

The board provides two headers, J8 and J9, for expansion purpose.

Table 12.1. Versa J8 Header Pin Connections

=L ATTICE

J8 Pin Number Net Name LFMXO5-100T Ball Location
1 GND —
2 NC —
3 EXPCON_2V5* —
4 EXPCON_I029 J10
5 EXPCON_IO30 J11
6 EXPCON_IO31 K10
7 EXPCON_I032 117
8 EXPCON_I033 J12
9 EXPCON_IO34 H20
10 EXPCON_IO35 H19
11 EXPCON_IO36 K11
12 EXPCON_IO37 J19
13 EXPCON_IO38 J14
14 EXPCON_IO39 J13
15 EXPCON_I0O40 K16
16 EXPCON_l041 J15
17 EXPCON_l042 K14
18 EXPCON_I043 K15
19 EXPCON_lO44 K12
20 EXPCON_l|045 K13
21 SVIN* —
22 GND —
23 EXPCON_2V5* —
24 GND —
25 +3.3V —
26 GND —
27 +3.3V —
28 GND -
29 EXPCON_OSC J16
30 GND —
31 EXPCON_CLKIN J18
32 GND -
33 EXPCON_CLKOUT J20
34 GND —
35 EXPCON_3V3** —
36 GND —
37 EXPCON_3V3** —
38 GND -
39 EXPCON_3V3** -

40 GND —
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Notes:

* Net is optionally connected to power source through resistor DNI.

** Net is optionally connected to power source through resistor DI.

Table 12.2. Versa J9 Header Pin Connections

J9 Pin Number Net Name LFMXO05-100T Ball Location
HPE_RESOUT# H14
2 GND —
3 EXPCON_IO0 H15
4 EXPCON_IO1 H13
5 EXPCON_I02 F15
6 EXPCON_I03 H16
7 EXPCON_I04 D16
8 EXPCON_IO5 F16
9 EXPCON_IO6 C17
10 EXPCON_IO7 Al6
11 EXPCON_I08 B18
12 EXPCON_I09 B17
13 EXPCON_IO10 F17
14 EXPCON_I011 E17
15 EXPCON_I012 E18
16 EXPCON_I013 B20
17 EXPCON_lI014 F18
18 EXPCON_I015 G16
19 GND —
20 EXPCON_3V3** —
21 EXPCON_I016 G17
22 GND —
23 EXPCON_I017 C19
24 GND —
25 EXPCON_I018 C20
26 GND -
27 EXPCON_I019 D20
28 EXPCON_I020 D19
29 EXPCON_l1021 E19
30 GND —
31 EXPCON_l022 F19
32 EXPCON_I023 E20
33 EXPCON_l024 F20
34 GND —
35 EXPCON_I1025 G20
36 EXPCON_I026 G19
37 EXPCON_l027 H17
38 CARDSEL#* —
39 EXPCON_l1028 H18
40 GND —

Notes:

* Net is optionally connected to power source through resistor DNI.

** Net is optionally connected to power source through resistor DI.
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12.2. Arduino Board GPIO Headers
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The board provides four headers, J2, J3, J4, and J5, for Arduino Zero board adaption.

Table 12.3. Arduino J2 Pin Connections

J2 Pin Arduino ZERO Board LFMXO5-100T Ball
Net Name . . Comments
Number Signal Location

1 AR_I08 ~D8/PA06 K3 —

2 AR_IO9 ~D9/PA07 K2 —

3 AR_SS 1010 ~D10/PA18/SS K1 Defaults to SS function on Arduino ZERO Board.

4 AR_MOS|_I011 | ~D11/PA16/COP! 13 Defaults to COPI function on Arduino ZERO
Board.

5 AR_MISO_I012 | ~D12/PA19/CIPO 1 Defaults to CIPO function on Arduino ZERO
Board.

6 AR_SCK_1013 ~D13/PAL7/SCK L2 Defaults to SCK function on Arduino ZERO
Board.

GND GND — —

8 AR_AREF AREF/PAO3 L6 AR_AREF connection to AREF through R43.
Defaults to SDA function on Arduino ZERO

9 AR_SDA D20/PA22/SDA N5 Board. It is optionally connected to SDAO
through R44 (DNI).
Defaults to SCL function on Arduino ZERO Board.

10 AR_SCL D21/PA23/SCL N6 It is optionally connected to SCLO through R45
(DNI).

Table 12.4. Arduino J3 Pin Connections

J3 Pin Number Net Name Arduino ZERO Board Signal LFMXO5-100T Ball Location Comments
1 AR_IO0 DO/RX/PA11 K4 —
2 AR_IO1 D1//TX/PA10 K5 —
3 AR_|02 D2/PA14 J6 —
4 AR_IO3 ~D3/PA09 K7 —
5 AR_l04 ~D4/PA08 17 —
6 AR_IO5 ~D5/PA15 J8 —
7 AR_IO6 ~D6/PA20 H9 —
8 AR_IO7 D7/PA21 K8 —
Table 12.5. Arduino J4 Pin Connections
J4 Pin Number | Net Name Arduino. ZERO LFMXOS-I.OOT Ball Comments
Board Signal Location
1 AR_1014 ATN L7 -
2 NC IOREF — —
Pin K2 should be set high by default. Avoid
3 AR_RESET RESET K2 Arduino ZERO board in Reset status when
connected.
4 +3.3V_AR +3V3 — 3.3 V power supply from Arduino ZERO board.
5 AR_5V +5V — Jump to 5 V onboard power rail through JP6.
6 GND GND — —
7 GND GND — —
8 +12V VIN — Share with +12 V onboard power rail.

Note:

If JP6 is installed, 5 V power can be supplied from either the Arduino board or the MachXO5T-NX Development Board. With JP6
removed, both boards need their own 5 V power.
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Table 12.6. Arduino J5 Pin Connections

J5 Pin Number | Net Name | Arduino ZERO Board Signal LFM):_?)?;:&T- Ball Comments
1 AR_ADO D14/ADCO/PA0O2 M1 Defaults to ADCO on Arduino ZERO Board.
2 AR_AD1 D15/ADC1/PB08 M2 Defaults to ADC1 on Arduino ZERO Board.
3 AR_AD2 D16/ADC2/PB09 M3 Defaults to ADC2 on Arduino ZERO Board.
4 AR_AD3 D17/ADC3/PAO4 M4 Defaults to ADC3 on Arduino ZERO Board.
5 AR_AD4 D18/ADC4/PAQO5 M5 Defaults to ADC4 on Arduino ZERO Board.
6 AR_ADS5 D19/ADC5/PB02 M6 Defaults to ADC5 on Arduino ZERO Board.

12.3. FPC Headers

The board provides two 50-Pin FPC headers, CN2 and CN3, for board signal extension. Each header got 14 pairs of LVDS
or SLVS signals for high-speed data transmitter or receiver. CN2 and CN3 are designed to support loopback test with a
standard 50-pin FPC cable.

Table 12.7. FPC Header Pin Connections

CN2 at the Top Side CN3 at the Bottom Side
Pin Number Net Name CertusPro?NX Pin Number Net Name CertusProjNX
Ball Location Ball Location
1 NC - 50 NC —
2 TP3 — 49 TP4 _
3 TP3 — 48 TP4 —
4 TP3 - 47 TP4 -
5 TP3 — 46 TP4 —
6 NC — 45 NC —
7 SLVS_TP1 V6 44 SLVS_TP2 W6
8 GND — 43 GND —
9 SLVS_DP26 W4 42 SLVS_DP24 Y2
10 SLVS_DN26 Y4 41 SLVS_DN24 Y3
11 GND — 40 GND —
12 SLVS_DP27 W5 39 SLVS_DP25 V1
13 SLVS_DN27 Y5 38 SLVS_DN25 w1
14 GND — 37 GND —
15 SLVS_DPO w13 36 SLVS_DP12 U13
16 SLVS_DNO W12 35 SLVS_DN12 V13
17 GND — 34 GND —
18 SLVS_DP1 Vi1 33 SLVS_DP13 R13
19 SLVS_DN1 u12 32 SLVS_DN13 T13
20 GND — 31 GND —
21 SLVS_DP2 Y12 30 SLVS_DP14 P12
22 SLVS_DN2 Y13 29 SLVS_DN14 R12
23 GND - 28 GND -
24 SLVS_DP3 w9 27 SLVS_DP15 u10
25 SLVS_DN3 W10 26 SLVS_DN15 V10
26 GND — 25 GND —
27 SLVS_DP4 V12 24 SLVS_DP16 U9
28 SLVS_DN4 W11 23 SLVS_DN16 V9
29 GND — 22 GND —
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CN2 at the Top Side CNS3 at the Bottom Side
Pin Number Net Name %:TT_ZZ:::: Pin Number Net Name EZ:TTZZ:;::
30 SLVS_DP5 P13 21 SLVS_DP17 R9
31 SLVS_DN5 P14 20 SLVS_DN17 T9
32 GND — 19 GND —
33 SLVS_DP6 Y10 18 SLVS_DP18 W7
34 SLVS_DN6 Y11 17 SLVS_DN18 W8
35 GND — 16 GND —
36 SLVS_DP7 Y8 15 SLVS_DP19 N9
37 SLVS_DN7 Y9 14 SLVS_DN19 P9
38 GND — 13 GND —
39 SLVS_DP8 Y6 12 SLVS_DP20 N7
40 SLVS_DN8 Y7 11 SLVS_DN20 N8
41 GND — 10 GND —
42 SLVS_DP9 u7 9 SLVS_DP21 M12
43 SLVS_DN9 V7 8 SLVS_DN21 N12
44 GND - 7 GND -
45 SLVS_DP10 T7 6 SLVS_DP22 R11
46 SLVS_DN10 R7 5 SLVS_DN22 R10
47 GND — 4 GND —
48 SLVS_DP11 R8 3 SLVS_DP23 P10
49 SLVS_DN11 P8 2 SLVS_DN23 P11
50 GND — 1 GND -

12.4. Aardvark Header (DNI)

The Aardvark I1°C /SPI Host Adapter is a fast and powerful I2C bus and SPI bus host adapter through USB. It allows you to
interface a Windows, Linux, or Mac OS X PC through USB to a downstream embedded system environment and
transfer serial messages using the I°C and SPI protocols.

The MachXO5T-NX Development Board provides an Aardvark compatible header for customer applications. The I12C bus
is optional connecting to a global 1°C bus on the board.

Table 12.8. Aardvark J7 Header Pin Connections

J7 Pin Number Net Name LFMXO5-100T Ball Location
1 AK_SCL M7
2 GND _
3 AK_SDA M8
4 +5V_12C —
5 AK_MISO N1
6 +5V_SPI —
7 AK_SCLK N2
8 AK_MOSI N4
9 AK_SS N3
10 GND —
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12.5. Raspberry Pi Board GPIO Header

The MachXO5T-NX Development Board provides a 40-pin receptacle that is compatible with the GPIO header of
Raspberry Pi 2/3 serial models.

Table 12.9. Raspberry Pi J6 Header Pin Connections

J6 Pin Number Net Name LFMXOS-I.OOT Ball J6 Pin Number Net Name LFMXOS-I_OOT Ball
Location Location
1 3.3V_RASP* — 2 RASP_5V** —
3 RASP_1002 E8 4 RASP_5V** —
5 RASP_I003 F6 6 GND —
7 RASP_l004 G9 8 RASP_I014 G8
9 GND — 10 RASP_I015 F8
11 RASP_l017 E7 12 RASP_I018 G7
13 RASP_1027 E6 14 GND —
15 RASP_1022 ES 16 RASP_l023 E4
17 3.3V_RASP* — 18 RASP_I024 E3
19 RASP_|010 F7 20 GND -
21 RASP_I009 E2 22 RASP_I025 F3
23 RASP_|011 F2 24 RASP_I008 F1
25 GND — 26 RASP_I007 G3
27 RASP_ID_SD D1 28 RASP_ID_SC El
29 RASP_I005 G1 30 GND —
31 RASP_l006 G2 32 RASP_I012 F5
33 RASP_I013 G6 34 GND -
35 RASP_l019 H4 36 RASP_IO16 H5
37 RASP_l026 H6 38 RASP_I020 H7
39 GND — 40 RASP_l021 H8

Notes:

* 3.3V power is supplied from Raspberry Pi board.

** 5V power can come from either the Raspberry Pi board or the MachXO5T-NX Development Board when jumper JP7 is installed.
When jumper JP7 is not installed, both boards need their own 5 V power.

12.6. PMOD Headers

The MachXO5T-NX Development Board provides two 12-pin receptacle headers that is compatible with the Digilent

PMOD™ interface spec.
Table 12.10. J15 Header Pin Connections

J15 Pin Number

Net Name

LFMXO05-100T Ball

J15 Pin Number

Net Name

LFMXO05-100T Ball

Location Location
1 PMODO_1 K20 PMODO_5 K19
2 PMODO_2 L16 PMODO_6 L17
3 PMODO_3 L18 PMODO_7 L20
4 PMODO_4 L19 10 PMODO_8 M18
5 GND — 11 GND -
6 VCCIO2 — 12 VCCIO2 —
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Table 12.11. J16 Header Pin Connections

J16 Pin Number Net Name LFMXOS-I.OOT Ball J16 Pin Number Net Name LFMXOS-l.OOT Ball
Location Location
1 PMOD1_1 14 7 PMOD1_5 J5
2 PMOD1_2 J1 8 PMOD1_6 3
3 PMOD1_3 H1 9 PMOD1_7 J2
4 PMOD1_4 H3 10 PMOD1_8 H2
5 GND — 11 GND —
6 VCCIO7 — 12 VCCIO7 —

12.7. User I’C Interface

This board provides more options for user 12C access from different LFMX05-100T Wide Range 1/0 to multiple onboard
headers. They are solid connected for target applications, but those connections to bridge SCLO/SDAO are not
populated in default. User need to customize interconnection for I2C applications across the board. For example, if you
want to use an Ardvark 1°C host to access ARDUINO board, you can use internal fabric logic of LFMXO5-100T to bridge
AK_SCL/AK_SDA with AR_SCL/AR_SDA, or add bridge resistors according to Table 12.12 to connect all of them to
SCLO/SDAO for bridge interconnections on board without involvement of FPGA. You also need to setup the design with
tri-state mode for output high with pull up resistors. If there is no pull up setup on the counterpart boards or internal
GPIOs of FPGA, you can add JP12 and JP13 to leverage FTDI’s 12C pull up R33 and R34 for SCLO/SDAO. Note that the
multi-drives should be disabled for FTDI_SCL/FTDI_SDA in this case. You can add JP9 to disable FTDI output and force
FPGA output High-Z from ball location A19/A18.

By adding JP12 and JP13, you can also access FPGA I12C configure interface from those extension boards with 12C host
through SCLO/SDAO, which provides the flexibility to update the bitstream from an extension board in some
applications.

Table 12.12. I>C Connections

LFMXO05-100T Ball Bridge Resistor to
Extend header LFMXO05-100T Bank Location for JTAG Net Name SCLO/SDAO
Versa Header . B20 EXPCON_|013 R35 (DNI)
(49) Gl6 EXPCON_I015 R37 (DNI)
Aardvark Header 6 M7 AK_SCL R60 (DNI)
(47) M9 AK_SDA R59 (DNI)
Arduino Header 6 N5 AR_SCL R45 (DNI)
(J2) N6 AR_SDA R44 (DNI)
) E1 RASP_ID_SC R85 (DNI)
Raspberry Pi Header (J6) 7
D1 RASP_ID_SD R87 (DNI)
. F6 RASP_I003 R96 (DNI)
Raspberry Pi Header (J6) 7
E8 RASP_1002 R84 (DNI)

12.8. ADC and Potentiometer

There are two dedicate ADC input pairs for LFMXO5-100T. This board provides multiple application options. For default population,
one pair of ADCO is used to measure the core VCC voltage drop through a 10 mQ resistor R112. Therefore, the core VCC current is
calculable, as shown in Figure 12.1. Positive input of another pair ADC1 is connected to a 10 kQ Trimmer Potentiometers (POT1)
which provides voltage variation from 0 V to selectable VCCIO4, as shown in Figure 12.2. The negative input of ADC1 is grounded
through 1 kQ resistor.
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Figure 12.1. Circuit Design for ADCO

+18V ADCM1
(Bl
i 1K R&2 1K
S0TY POT1_WIPER ADCPY
Po3 Y - VeV -
3314G-1-1036¢

Figure 12.2. Circuit Design for ADC1

Rotate the Trimmer clockwise to decrease the voltage, as shown in Figure 12.3. To increase the voltage to ADCP1,
rotate the POT counter-clockwise.
%} Wiper

Decreasing
cow OB ew Wiper
Clockwise —» Voltage

Figure 12.3. Trimmer Wiper Description
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13. LEDs and Switches

LEDs and switches of the MachXO5T-NX Development Board that can be used in demo and customer designs are
described in this section.

13.1. 8-Position DIP Switch

Four LFMXO05-100T pins are connected to the four switches of SW1, as shown in the circuit design in Figure 13.1. The
DIP switches are connected to logic level 0 when in the ON position, as shown in Figure 13.2.

VCCIO5
o)
R39 47k DIP1 —
—.—/\/\/\ -
TR0 47k DIP2 ——
TRt .47k DIP3 ==
AN\ - —r—
1>L42—’\/\/‘4'7k L — — |
R3S 4.7k __DIP5
R56 V.Y A4.7k _ DIP8 e
RE7 47k DIP7 ==
| EEEAAN YT ==
et N\ N\ N —  m—— |
SW DIP-8 =

MFG P/N = DS04-254-1L-08BK

Figure 13.1. Eight-Position DIP Switch Circuits

Figure 13.2. Eight-position DIP Switch

One side of each switch is connected to GPIOs within the VCCIOS5 bank and pulled up through 4.7 kQ resistors. The
other side is grounded. The designated pins are connected, as shown in Table 13.1.

Table 13.1. Four-Position DIP Switch Signals

LFMXO05-100T Ball

SW1 DIP Switch

Logic Input Level at

Net Name Location Position 4.7 kQ Pull up Resistor ON Position
DIP1 V2 1 R39 0
DIP2 V3 2 R40 0
DIP3 W2 3 R41 0
DIP4 w3 4 R42 0
DIP5 U4 5 R55 0
DIP6 V4 6 RS6 0
DIP7 T4 7 RS7 0
DIP8 V5 8 R58 0

40
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13.2. General Purpose Push Buttons

The MachXO5T-NX Development Board provides four push button switches, SW2, SW3, SW4 and SW5, for demos and
user applications. Pressing these buttons drives a logic level 0 to the corresponding I/O pins.

Table 13.2. Push Button Switch Signals

Push Button Number Reference name LFMXO05-100T Ball Location Shared function Check Conditions
PB1 SW2 K6 PCIE Reset JP10
PB2 SW3 — PHY devices Reset JP3, JP5
PB3 Sw4 D19 ASC Reset JP4
PB4 SW5 G10 PROGRAMN —

SW2 is designed for general-purpose applications. At the same time, SW2 can be used to trigger PCIE reset by adding
JP10 jumper. SW3 can be used to trigger the reset sequency of SGMII PHY devices after adding JP3 and JP5 jumpers.
SW4 can be used as ASC global reset push button when JP4 is set to connect with EXPCON_1020, which is connected to
MANDATORY_RESET signal when mated with Lattice ASC Bridge Board. Refer to ASC Bridge Board Evaluation Board
User Guide (FPGA-EB-02025) for detailed information with ASC application. SW5 can be used as PROGRAMN push
button to trigger the configuration process without power cycle. For detailed information on PROGRAMN, refer to
MachXO5 Programming and Configuration User Guide (FPGA-TN-02271).

13.3. General Purpose LEDs

The MachXO5T-NX Development Board provides eight red LEDs that are connected to general purpose I/O. The LEDs
are lighted when the output is driven LOW. Table 13.3 lists the red LEDs and their associated pins.

Table 13.3. LED Signals

Red LEDs Ref Name Net Name LFMXO5-100T Ball Location
D1 XLEDO G1l1
D2 XLED1 G15
D3 XLED2 G12
D4 XLED3 H12
D5 XLED4 L14
D6 XLEDS L15
D7 XLED6 M20
D8 XLED7 M19
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14. Software Requirements

The following software are required to develop designs for the MachXO5T-NX Development Board:
e Radiant 2022.1.1 (or later version)
e Radiant Programmer 2022.1.1 (or later version)

15. Storage and Handling

Static electricity can shorten the life span of electronic components. Observe these tips to prevent damage that can
occur from electrostatic discharge:

e Use antistatic precautions such as operating on an antistatic mat and wearing an antistatic wristband.

e Store the MachXO5T-NX Development Board in the provided packaging.

e Touch a metal USB housing to equalize voltage potential between you and the board.

16. Ordering Information

Table 16.1 Ordering Information

AT Ordering Part Number China RoHS Enwron(r::l:\;-)Frlendly Use Period

MachXO5T-NX Development Board | LFMXO5-100T-EVN te'
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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Appendix A. MachXO5T-NX Development Board Schematics
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: MachXO05-NX 100K Development Board :
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01 - Title Page

02 - Block Diagram and Power Tree
03 - USB to Hard JTAG I/F

04 - USB to Soft JTAG I/F (BANKO)
05 - PMODO/Versa connector (BANK1/2)
06 - LPDDR4 (BANK3)

07 - PCIE&FPC Headers (BANK4)
08 - GBE and R3J45 (BANKS5)
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Figure A. 1. Title Page
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Figure A. 6. LPDDR4 (BANK3)
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Figure A. 7. PCIE&FPC Headers (BANK4)
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Figure A. 9. Multiple Headers (BANK6/7)
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Figure A. 10. Power Rails

FPGA-EB-02058-1.0

© 2023 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.

53


http://www.latticesemi.com/legal

MachXO5T-NX-Development Board
Evaluation Board User Guide

= LATTICE

VBUS_8V
12V v pg sy T U11_ BDID321EFJ oS 5
7 1.5A 81un  BooT icﬂz ' +5.0V
u1o c107_|_c1o8 c114i R0t 1] oy 3.3uH SPM6530T-3R3M T 3A
y ) 2 [rs w 47k 6 TWO"FYYY\
3 ! 2 100nF sw L10
o 143 cla4 FUSE c145 R135 2 ct1e R99 < CI11 c112 o
2 ¢ ol ol 1K g 8 124k
o 100nF 100nF £ 0.1nF 22ul 22u
= D17 D16 u
PJ-051A V12P10 = V12P10 = =
D18 = R100 <
12_IN_PCEE | Blue 2k >
= = Vout=0.76*(R99+R100)/R100 =
+5.0V -
U12 _BD9D321EFJ
T 8 7 +.0V +1.8V
VIN BOOT =] crat +1.0V . 1A +ev
c105_| Cc106 c113l R104papn 1 1.5uH SPMB530T-1R5M-HZ T 3A +2.5V
w L a7k EN swle 1000Fy~~A f u1s
3 3
] =3 100nF GND L9 4 Vdd  Vout 5
3 2 c11s R102< €109 c11g Ew; 475 3 0
. = VREG o FB 75k > 155_[c103 CcE 2 152_[c153_[C154 .
oz 4l & 0.4nF 22ul 22u © R107 —_
u 00nF [10uF RP115H181D/SOTE95 2uF [100nF [10uF
1uF I = = 23.7K-DNI
e = R103 <
2k > : }
3.3nF
= Vout=0.76*(R102+R103)/R103
K +33V 1.2V +12V L “
3.3V 1A = 25v s 500mA
+5.0V . T
Q 4
us R136 0 L4
3 2 3.3V_OUT 1064 47} 3 0
96 __co7 93 _co4 __[co5

2 1
TAB 4 6000hm 500mA
css C89 €90 (100nF 10uF  RP111H121D-T1-FE/SOT89-§

R108 1
1 2uF f100nF [10uF
[ri— GND 23.7K-DNI
22uF 100nF
s 1 NCV1117ST33T3G ! ! 8

I

10

1.1V

+2.5V
2.5V A i
. +255V +1.4V
sV uir 500 mA
M u1s R98 0 Ls 4 —
3 2 2.5V_OUT 2 1
IN Qrgg R 6000hm 500mA 145, 3
C104. co1 €92
s GND cro2 | RP111H111D/SOT89-, R63 L czn
=] 22uF 100nF [ I
1 NCV1117ST25T3G S 23.7K-DNI 10uF
10v
A A
Lattice Semiconductor Applications
Email: _techsupport@Latticesemi.com
Phone (503) 268-8001 -or- (800) LATTICE
Tite
POWER REGULATORS
Schematic Rev 1.0
P Bomll i rev A
[ Sheet 11 __of 11
5 T 3 T 3 T 2 7

Figure A. 11. Power Regulators
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Appendix B. MachXO5T-NX Development Board Bill of Materials

PCB Part
ipti Assembl
Item |Reference Qty |Part Footprint |Number Manufacturer |Description ssembly
1| ont 1 |- PCEXL | — - PCIE edge -
connector
CONN FFC
0462880
04628805 04628805 BOTTOM
2 CN2,CN3 2 0000846+ EOIOUO5084 0000846+ KYOCERA AVX 50POS —
P 0.50MM R/A
CAP CER
3 C1,C3,C129,C130 4 4.7uF C0603 23221210 Wurth 4.7UF 6.3V —
X5R 0603
C2,C4,C6,C7,C10,C11,C12,
C13,C14,C17,C29,C30,C34,
C81,C85,C86,£90,C92,C94,
C96,C98,C99,C100,C101,
C113,C114,C122,C123,C124,
C125,C127,C128,C131,C132,
C133,C134,C135,C136,C140,
C141,C142,C144,C145,C146,
C147,C148,C149,C150,C151,
C153,€155,€178,C€179,C180, GRM155R CAP CER
4 C181,C182,C183,C184,C185, | 106 | 100nF C0402 71H104KE | Murata 0.1UF 50V —
C214,C215,C225,C226,C227, 14D X7R 0402
C228,£229,C230,C231,C233,
C236,C239,C241,C245,C247,
C250,C254,C257,C258,C260,
C267,C269,C270,C271,C272,
C274,C279,C281,C282,C283,
C284,C285,C286,£287,C288,
C289,€290,€291,C292,C293,
C294,C295,C296,C£297,C298,
C302,C304
C5,C31,€32,C33,C35,C37,
C39,C42,C45,C49,C52,C55,
C61,C65,C66,C80,C95,C97, 0603zD10 CAP CER 10UF
> C103,C121,C137,C154,C217, 32 10uF €0603 6KAT2A KYOCERA AVX 10V X5R 0603
C242,C243,C244,C246,C255,
C263,C268,£278,C280
C0402C18
C8,C9,C18,C19,C138,C139, CAP CER 18PF
6 276,C277 8 18pF C0402 (L)JK3GACT KEMET 25V NPO 0402
7 C15,C16 2 150pF C0402 - - - DNI
GRM188R CAP CER 47UF
8 C20,C22,C24,C26 4 47uF C0603 60J476ME | Murata 6.3V X5R —
15D 0603
EMK105A CAP CER
9 C21,C23,C25,C27 4 0.47uF C0402 BJ474KVH | Taiyo Yuden 0.47UF 25V —
F 10% X5R 0402
C28,C87,C224,C232,C237, GRT155R7 CAP CER
10 C238,C240,C252,C253,C256, | 15 10nF C0402 1E103KEO | Murata 10000PF 25V —
C259,€275,C€299,C303,C305 1 X7R 0402
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Item |[Reference Qty |Part :s:tprint :I?Jrr;ber Manufacturer |Description Assembly
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C46,C50,C51,C53,C54,C56,
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C211
C47,C48,C312,C313 4 220NF- C0402 GCM155R | Murata CAP CER
12 0402SMT 71C224KE 0.22UF 16V -
02D X7R 0402
13 C88,C£102,C104,C105,C106, 8 10uF C1206 CL31B106 | Samsung CAP CER 10UF
C107,C108,C143 KBHNNNE 50V X7R 1206 |
14 C89,C91,C109,C110,C111, 20 22uF C0603 CL10A226 | Samsung CAP CER 22UF
C112,C186,C188,£190,C212, MO7JZNC 16V X5R 0603
C213,C218,C219,C251,C264, -
C265,C273,C306,C308,C310
15 C93,C152,C216,C234,C235, 8 2.2uF C0805 CL21B225 | Samsung CAP CER
C249,C261,C262 KPFNNNE 2.2UF 10V —
X7R 0805
16 C115,C116 2 0.1nF C0603 CCO603JR | YAGEO CAP CER
NPO9BN1 100PF 50V
01 COG/NPO o
0603
17 C117,C118,C187,C189,C191, | 8 1uF C0603 CL10A105 | Samsung CAP CER 1UF
C307,C309,C311 KO8NNNC 16V X5R 0603 |
18 C119,C120 2 3.3nF C0201 GRMO33R | Murata CAP CER
71A332JA 3300PF 10V —
01D X7R 0201
19 C220,C266 2 330pF C0402 GCM155R | Murata CAP CER
71H331KA 330PF 50V -
37D X7R 0402
20 D1,D2,D3,D4,D5,D6,D7,D8, 9 Red led_0603 | LTST- LITE-On INC LED RED
D9 C190KRKT CLEAR 0603 -
SMD
21 D10,D11 2 Green led_0603 | LTST- LITE-On INC LED GREEN
C190KGKT CLEAR CHIP —
SMD
22 D12,D19 2 ESDR0502 | UDFN6_ | ESDR0502 | ON semi TVS DIODE
N-UDFN6 | 040 NMUTBG 5.5VWM —
6UDFN
23 D16,D17 2 V12P10 V12P10 V12P10- Vishay DIODE
M3/87A SCHOTTKY
12A 100V —
SMPC TO-
277A
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Item |[Reference Qty |Part :s:tprint :I?Jrr;ber Manufacturer |Description Assembly
24 D18 1 Blue led_0603 | LTST- LITE-On INC LED 468NM
C190TBKT BLUE CLEAR —
0603 SMD
25 D21 1 1N4448W | 1N4448 1N4448W | Onsemi DIODE GEN
w T PURP 75V
200MA o
SOD523F
26 FB2,FB3,FB4,FB5,FB7,FBS, 17 MPZ1005 MPZ100 MPZ1005 | TDK FERRITE BEAD
FB9,FB10,FB11,FB12,FB13, S121CTO0 | 5S121CT | S121CTOO 120 OHM
FB14,FB16,FB17,FB18,FB19, 0 000 0 0402 1LN -
FB20
27 JP1,JP2,1P3,JP4,IP5,)P6,IP7, 27 JUMPER Header_ | 86140002 | Amphenol CONN
JP8,JP9,JP10,JP11,/P12,IP13, 1x2 1YO2LF HEADER VERT
JP14,JP15,IP16,/P17,IP18,IP 2P0OS —
19,JP20,JP21,1P22,JP23,1P24, 2.54MM
JP25,1P26,JP27
28 J1,J18 2 Header hdr_amp | 22284081 | Molex CONN
1x8 _87220_ HEADER 8POS DNI
8 1x8 1 .100 VERT TIN
00
29 J2 1 Header CONF1X 10129378 | Amphenol CONN
1x10 10- - HEADER VERT
254P_26 | 910002BL 10POS DNI
12X240X | F 2.54MM
850H_TH
30 13,14 2 Header CONF1X 10129378 | Amphenol CONN
1x8 8- - HEADER VERT
254P_21 | 908002BL 8POS DNI
04X240X | F 2.54MM
850H_TH
31 J5 1 Header CONF1X 10129378 | Amphenol CONN
1x6 6- - HEADER VERT
254P_15 | 906002BL 6POS DNI
96X240X | F 2.54MM
850H_TH
32 J6 1 Receptacl | HDR254- | PPTC202L | Sullins CONN
e 20X2 2X20_so | FBN-RC HEADER FEM DNI
cket 40P0OS .1" DL
TIN
33 17 1 HEADER HDR254- | 30310- 3M CONN
5X2 2X5_SHR | 6002HB HEADER DNI
OUDED 10POS DL STR
GOLD
34 18,19 2 HDR40 HDR- PRPC020D | Sullins CONN
20x2 FBN-RC HEADER VERT
40POS -
2.54MM
35 J10 1 SMA bnc5- 5- TE CONN SMA
100-280t | 1814832- Connectivity JACK STR 50 DNI
1 OHM PCB
36 J11,J19 1 USB_MINI | usb2-0- UX60-MB- | Hirose CONN RECEPT
B rec-240- | 5ST MINI USB2.0 _
0001-9 5POS
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PCB Part
ipti Assembl
Item |[Reference Qty |Part e | Manufacturer |Description ssembly
37 J12,113 2 GND TUR_TH 1573-2 Keystone TERMINAL
Electronics TURRET DBL _
.082"L
38 J14 1 RIMG212 "RIMG21 | " RIMG212S21 Amphenol
S21130ER | 2S2XX30 130ER _
XR
39 J15,116 2 PMOD PPPC062 | PPPCO62L | Sullins CONN HDR
2x6 LIBN-RC | JBN-RC 12P0S 0.1 _
GOLD PCB
R/A
40 J17 1 PJ-051A PJ_051A | PJ-051A CUI Device CONN PWR
JACK _
2X5.5MM
SOLDER
41 J20,J21,122,123,124,125,126, 8 HDR1X3 HDR1X3 PRPC0O03S | Sullins CONN
128 AAN-RC HEADER VERT |
3POS
2.54MM
42 L1,L2,L3,L4,L5,L6,L7,L8,L12, 20 6000hm fb0603 BLM18KG | Murata FERRITE BEAD
L13,L14,L15,L16,L17,L18,L19, 500mA 601SN1D 600 OHM —
L20,L22,L23,L.24 0603 1LN
43 L9 1 SPM6530 | SPM653 SPM6530 | TDK FIXED IND
T-1R5M 0T-2R2M | T-1R5M 1.5UH 11A -
10.67MOHM
SM
44 L10 1 SPM6530 | SPM653 SPM6530 | TDK FIXED IND
T-3R3M 0T-2R2M | T-3R3M 3.3UH 6.8A _
29.7MOHM
SM
45 L11,L21 2 1.0uH SRP3020 | SRP3020T | Bourns Inc. FIXED IND
TA A-1ROM 1UH 4A 38 -
MOHM SMD
46 POT1 1 3314G-1- sot23- 3314G-1- Bourns Inc. TRIMMER 10K
103E 3314G-1 | 103E OHM 0.25W —
SMD
47 Q1,Q5 2 2N3904 MMBT39 | MMBT390 | Diodes TRANS NPN
04 4-7-F 40V 0.2A SOT- | —
23
48 R1,R2,R3,R39,R40,R41,R42, 29 4.7k R0402 RTO402FR | yageo RES SMD 4.7K
R46,R47,R48,R55,R56,R57, EQ74K7L OHM 1%
R58,R101,R104,R105,R106, 1/16W 0402 .
R111,R141,R142,R143,R145,
R148,R149,R155,R165,R186,
R248
49 R4,R5,R6,R7,R14,R15,R16,R1 | 38 0 R0O603 RCO603FR | yageo RES 0.0 OHM
7,R18,R20,R21,R22,R24,R25, -070RL 1/10W JUMP
R31,R90,R91,R93,R95,R98, 0603 SMD

R136,R140,R160,R161,R168,
R169,R190,R191,R192,R196,
R197,R203,R204,R207,R208,
R209,R210,R235
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Item |[Reference Qty |Part TR it e Manufacturer |Description ssembly
50 R8,R9,R26,R27,R33,R34,R97, | 8 2.2k R0402 RCO402FR | yageo RES 2.2K
R157 -072K2L OHM 1% —
1/16W 0402
51 R10,R19,R81,R83 4 12K R0O603 RCO603FR | yageo RES 12K OHM
-0712KL 1/10W 1% —
0603 SMD
52 R11,R12,R13,R29,R52,R73, 14 10K R0402 RTO402FR | yageo RES SMD 10K
R74,R121,R122,R123,R126, E0710KL OHM 1% —
R139,R240,R243 1/16W 0402
53 R28,R69,R164 3 100K R0402 ACO402FR | yageo RES 100
-7W100KL KOHM 1% —
1/8W 0402
54 R30,R35,R37,R43,R44,R45, 22 0 R0O603 — — —
R59,R60,R78,R79,R84,R8S5, DNI
R86,R87,R88,R92,R94,R96,
R130,R146,R147,R159
55 R53,R107,R108 3 23.7K-DNI | R0603 — - —
DNI
56 R54,R70,R71,R72,R109,R110 | 15 0 R0402 AC0402JR | yageo RES SMD 0
,R144,R162,R163,R241,R242 -070RL OHM JUMPER | _
,R244,R245,R249,R250 1/16W 0402
57 R61,R62,R63,R64,R131,R132 | 10 1 R0O603 RTO603DR | yageo RES 1 OHM
,R133,R134,R137,R153 EO71RL 0.5% 1/10W —
0603
58 R80,R82,R113,R114,R115, 35 1k R0402 AFO402FR | yageo RES SMD 1K
R116,R117,R118,R119,R120, -071KL OHM 1%
R125,R135,R156,R170,R171, 1/16W 0402
R172,R173,R174,R175,R176, —
R177,R185,R193,R194,R199,
R200,R202,R206,R213,R214,
R215,R216,R217,R218,R219
59 R99 1 124K R0O603 RTO603DR | yageo RES SMD
D07124KL 124K OHM .
0.5% 1/10W
0603
60 R100,R103,R152,R198 4 22K R0402 ACO0402FR | yageo RES SMD 22K
-0722KL OHM 1% —
1/16W 0402
61 R102 1 7.5k R0O603 RTO603DR | yageo RES SMD 7.5K
DO77K5L OHM 0.5% —
1/10W 0603
62 R112 1 10mOhms | R0603 WSL0603 Vishay RES 0.01
RO100FEA OHM 1% -
1/10W 0603
63 R127 1 976R- R0402 RTO402BR | Yageo RES SMD 976
0402SMT D07976RL OHM 0.1% -
1/16W 0402
64 R128 1 1.15K- R0402 RTO402BR | Yageo RES SMD
0402SMT D071K15L 1.15K OHM

0.1% 1/16W
0402
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Item |[Reference Qty |Part e | Manufacturer |Description ssembly
65 R138 1 240E R0402 RCO402FR | Yageo RES SMD 240
-07240RL OHM 1% —
1/16W 0402
66 R151,R201,R227,R228,R229, | 10 200 R0O603 RCO603FR | Yageo RES 200 OHM
R230,R231,R232,R233,R234 -13200RL 1% 1/10W —
0603
67 R158,R205 2 1M Ohm R0402 Yageo RES SMD 1M
ACO402FR OHM 1% —
-071ML 1/16W 0402
68 R166,R178,R179,R180,R181, | 20 1k R0402 — — —
R182,R183,R184,R187,R188, DNI
R189,R211,R212,R220,R221,
R222,R223,R224,R225,R226
69 R167,R195,R246,R251 4 100 R0402 — — — DNI
70 R238,R239 2 49.9E R0402 RCO402FR | Yageo RES SMD 49.9
-0749R9L OHM 1% —
1/16W 0402
71 R252 1 150 R0O201 RCO201FR | Yageo RES 150 OHM
-07150RL 1% 1/20W —
0201
72 R253,R254,R255,R256,R257, | 7 49.9E R0O201 — — — DNI
R258,R259
73 SMAO,SMA1,SMA2,SMA3 4 27G_SMA | SV_SF29 | SF2921- Amphenol CONN SMA
-DNI 21- 61345-2S JACK STR 50 DNI
61345- OHM SMD
2S
74 SMA4,SMA5 2 27G_SMA | SV_SF29 | SF2921- Amphenol CONN SMA
-DNI 21- 61356-2S JACK STR 50 DNI
61356- OHM SMD
2S
75 Sw1 1 SW DIP-8 DIP_254- | DS04-254- | CUI device DIP SWITCH,
8 1L-08BK SPST, 2.54 —
PITCH, RA
76 SW2,SW3,SW4,SW5 4 SYS_RST sw_sp_st | TL1015AF | E-Switch SWITCH
_eswitch | 160QG TACTILE SPST- | —
_tl1015 NO 0.05A 12V
77 SW6 1 1101M2S | SWITCH_ | 1101M2S C&K Slide Switches |
2CQE2 3P-6A 2CQE2
78 TP3,TP4,TP5,TP6,TP7,TPS, 23 TPOINTR | TP TP — —
TP9,TP10,TP11,TP12,TP14,
TP15,TP16,TP17,TP18,TP19, DNI
TP20,TP21,TP22,TP23,TP24,
TP25,TP26
79 u1,U18 2 FT2232HL | tqfp64_0 | FT2232HL | FTDI IC USB HS
p5_12p2 | -TRAY DUAL _
x12p2_h UART/FIFO
1p6 64-LQFP
80 u2,U19 2 93LC56C- so8_50_ | 93LC56C- Microchip IC EEPROM
I/SN 244 I/SN 2KBIT 3MHZ -
8S0IC
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81 u3 1 JEDI_D6_F | BGA400- | LFMXO5- Lattice Target Device
inal 080- 100- _
17X17- BBG400
SOCKET
82 u6,U7 2 GPY115C0 | 56VQFN GPY115C0 | Maxlinear IC TRANSVR
\ _GPY115 | VI IC _
GPY115CoVI
VQFN56
83 us 1 NCP1117 sot223_4 | NCP1117S | ON semi IC REG LDO
p T33T3G 3.3V1A —
SOT223
84 u9 1 lpddr4- TFBGA20 | MT53E51 Micron LPDDR4 8G
fbga200- 0 2M16D1 512MX16 —
x16 FBGA
85 u10 1 FUSE 0154004 | 0154005. Littelfuse FUSE BRD
DRT DRT MNT 5A _
125VAC/VDC
2SMD
86 u11,U12 2 BDOD321E | HTSOP_8 Rohm IC REG BUCK
FJ _BD9D32 | BD9D321E ADJ 3A -
1 FJ-E2 8HTSOP-J
87 ui3 1 NCV1117S | sot223_4 | NCV1117S | ON semi IC REG
T25T3G p T25T3G LINEAR 2.5V —
1A SOT223-4
88 u14 1 SN74AVC tssopl6- Tl IC TRNSLTR
47774 Op65mm | SN74AVC BIDIRECTION _
4T774PW AL 16TSSOP
R
89 u1s 1 RP115H18 | SOT89-5 | RP115H18 | Nisshinbo IC REG
1D/SOT89 1D-T1-FE LINEAR 1.8V -
-5 1A SOT89-5
90 ul1e6 1 RP111H12 | SOT89-5 | RP111H12 | Nisshinbo IC REG
1D/SOT89 1D-T1-FE LINEAR 1.2V —
-5 1A SOT89-5
91 u17 1 RP111H11 | SOT89-5 | RP111H11 | Nisshinbo IC REG
1D/SOT89 1D-T1-FE LINEAR 1.1V —
-5 1A SOT89-5
92 X1,X2 2 M- xtal_4p_ | 7M- TXC CRYSTAL
12.000MA | 7m 12.000MA 12MHZ 18PF -
Al AJ-T SMD
93 X3,X6 2 ABM3-25 XTAL_AB | ABM7- Abracon LLC CRYSTAL
M3 25.000MH 25.0000MHZ -
Z-D2Y-T 18PF SMD
94 X4 1 DSC1001D | x4-2520 ASDAIG- Abracon LLC MEMS OSC
E2- 27.000MH X0 _
027.0000 Z-C-S-T 27.0000MHZ
CMOS SMD
95 X7 1 NX33A000 | 3225- NX33A000 | Diodes XTAL OSC XO
6Z 6PIN 6Z 100MHZ 3.3V | —
LVDS
96 X8 1 NX34A000 | 3225- NX34A000 | Diodes XTAL OSC XO
5z 6PIN 5z 100MHZ 3.3V | —
HCSL
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Item |Reference Qty |Part Fcfotprint N?.lrr:Iber Manufacturer |Description Assembly
97 X9 1 NX33C501 | 3225- NX33C501 | Diodes XTAL OSC XO
3z 6PIN 3z 125MHZ 3.3V | —
LVDS
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Appendix C. User Defined Preference File

// These names follow the MachXO5T-NX Development Board schematic but,
// they may be defined by the user. Thus, they can be copied into the
// preference file and edited to match a different naming convention if
// needed or used to fill in the Spreadsheet view.

// LFMX05-100T LED Connections
// Note: The following order matches the LED locations on the board
// from top D1 to bottom D8
ldc _set location -site {Gll} [get ports {LED[O]
ldc_set location -site {G1l5} [get ports {LED[1]
ldc_set location -site {Gl2} [get ports {LED[2]
ldc_set location -site {H12} [get ports {LED[3]
ldc _set location -site {L14} [get ports {LED[4]
ldc _set location -site {L15} [get ports {LED[5]
ldc_set location -site {M20} [get ports {LED[6]
ldc_set location -site {M19} [get ports {LED[7]

//DIP Switch Connections

ldc_set location -site {V2}
ldc_set location -site {V3}
ldc_set location -site {W2}
ldc_set location -site {W3}
ldc_set location -site {U4}
ldc_set location -site {V4}
ldc_set location -site {T4}
ldc_set location -site {V5}

[get ports {DIPSW
[get ports {DIPSW
[get ports {DIPSW
[get ports {DIPSW
[get ports {DIPSW
[get ports {DIPSW
[get ports {DIPSW
[get ports {DIPSW
//Push Button Connections

ldc_set location -site {K6} [get ports PBI1]

//add JP4 to enable PB2 control
ldc _set location -site {B7} [get ports PB3]

//ldc_set sysconfig {PROGRAMN PORT=DISABLE}
//ldc_set location -site {G1l0} [get ports PB4]

//Clock inputs

ldc_set location -site {C2}

[get ports

ldc_set port -iobuf {IO TYPE=LVCMOS33}

ldc_set location -site {U19}

[get ports

ldc set port -iobuf {IO TYPE=LVSTLD I}

ldc_set location -site {R3}

ldc_set port -iobuf {IO_TYPE=LVDS}

//SLVS

ldc_set location -site {W13}
ldc_set location -site {V11}
ldc_set location -site {Y12}
ldc_set location -site {W9}
ldc_set location -site {V12}
ldc_set location -site {P13}
ldc_set location -site {Y10}

[get ports

[get ports {slvs data
[get ports {slvs data
[get ports {slvs data
[get ports {slvs datal
[get ports {slvs data
[get ports {slvs data
[get ports {slvs data

clk x4]

[get ports clk x4]

clk x8]

[get ports clk x8]

clk x9]

[get ports clk x9]
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ldc_set location -site {Y8} [get ports {slvs datal[7]}]
ldc _set location -site {Y6} [get ports {slvs data[8]}]
ldc _set location -site {U7} [get ports {slvs data[9]}]
ldc _set location -site {T7} [get ports {slvs data[l0]}]
ldc_set location -site {R8} [get ports {slvs data[ll]}]
ldc_set location -site {Ul3} [get ports {slvs data[l2]}]
ldc _set location -site {R13} [get ports {slvs data[l3]}]
ldc _set location -site {P12} [get ports {slvs data[l4]}]
ldc _set location -site {Ul0} [get ports {slvs data[l5]}]
ldc_set location -site {U9} [get ports {slvs data[l6]}]
ldc_set location -site {R9} [get ports {slvs data[l7]}]
ldc _set location -site {W7} [get ports {slvs data[1l8]}]
ldc _set location -site {N9} [get ports {slvs data[1l9]}]
ldc _set location -site {N7} [get ports {slvs data[20]}]
ldc_set location -site {M12} [get ports {slvs data[21]}]
ldc_set location -site {R11l} [get ports {slvs data[22]}]
ldc_set location -site {P10} [get ports {slvs data[23]}]
ldc_set location -site {Y2} [get ports {slvs data[24]}]
ldc_set location -site {V1} [get ports {slvs data[25]}]
ldc_set location -site {W4} [get ports {slvs data[26]}]
ldc_set location -site {W5} [get ports {slvs data[27]}]
//LPDDR4

# DQS GROUP 0

ldc_set location -site {N18} [get ports {ddr dg io[0]}]
ldc_set location -site {N20} [get ports {ddr dg io[l]}]
ldc_set location -site {P18} [get ports {ddr dg io[2]}]
ldc_set location -site {P17} [get ports {ddr dg io[3]}]
ldc_set location -site {P1l6} [get ports {ddr dg io[4]}]
ldc_set location -site {N19} [get ports {ddr dg io[5]}]
ldc_set location -site {M17} [get ports {ddr dg io[6]}]
ldc_set location -site {M16} [get ports {ddr dg io[7]}]
ldc_set location -site {P19} [get ports {ddr _dgs io[0]}]
ldc_set location -site {N17} [get ports {ddr dmi io[0]}]
# DQS GROUP 1

ldc_set location -site {R15} [get ports {ddr dg io[8]}]
ldc_set location -site {T14} [get ports {ddr dg io[9]}]
ldc_set location -site {R14} [get ports {ddr dg io[10]}]
ldc_set location -site {T15} [get ports {ddr dg io[11]}]
ldc_set location -site {V14} [get ports {ddr dg io[12]}]
ldc_set location -site {Wl1l4} [get ports {ddr dg io[13]}]
ldc_set location -site {V15} [get ports {ddr dg io[14]}]
ldc_set location -site {Ul4} [get ports {ddr dg io[15]}]
ldc_set location -site (Y15} [get ports {ddr dgs io[1l]}]
ldc_set location -site {Ul5} [get ports {ddr dmi io[1]}]

ldc_set port -iobuf {IO TYPE=LVSTL I TERMINATION=40}
ldc_set port -iobuf {IO TYPE=LVSTL I TERMINATION=40}
ldc_set port -iobuf {IO TYPE=LVSTLD I TERMINATION=40}
{ddr dgs io[*]}]

[get ports {ddr dmi io[*]}]
[get ports {ddr_dg io[*]}]
[get ports

# CK, CKE, CS, CA

ldc_set location -site {R19} [get ports {ddr ck o[0]}]
ldc_set location -site {W20} [get ports {ddr cke o[0]}]
ldc_set location -site {W1l8} [get ports {ddr cs o[0]}]
ldc_set location -site {W19} [get ports {ddr ca o[0]}]
ldc_set location -site {V18} [get ports {ddr ca o[l]}]
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ldc_set location -site {T19}
ldc_set location -site {V19}
ldc _set location -site {V20}
ldc _set location -site {T20}
ldc_set location -site {R16}
ldc_set location -site {N16}

get ports {ddr ca ol2
get ports {ddr ca ol3
get ports {ddr ca o[4
get ports {ddr ca o[5
get ports ddr_odt ca
get ports ddr reset n o]

— — — — —

ldc_set port -iobuf {IO TYPE=LVSTLD I} [get ports {ddr ck o[0]}]
ldc _set port -iobuf {IO TYPE=LVSTL I} [get ports {ddr cke o[0]}]
ldc_set port -iobuf {IO_TYPE=LVSTL I} [get ports {ddr cs o[0]}]
ldc_set port -iobuf {IO_TYPE=LVSTL I} [get ports {ddr ca o[*]}]
ldc_set port -iobuf {IO TYPE=LVSTL I} [get ports ddr odt ca o]
ldc _set port -iobuf {IO TYPE=LVSTL I} [get ports ddr reset n o]

//PMOD0 Connections

ldc _set location -site {K20} [get ports PMODO 1]
ldc _set location -site {L16} [get ports PMODO 2]
ldc _set location -site {L18} [get ports PMODO 3]
ldc _set location -site {L19} [get ports PMODO 4]
ldc _set location -site {K19} [get ports PMODO 5]
ldc _set location -site {L17} [get ports PMODO 6]
ldc _set location -site {L20} [get ports PMODO 7]
ldc _set location -site {MI18} [get ports PMODO 8]
//PMOD1 Connections

ldc_set location -site {J4} [get ports PMOD1 1]
ldc_set location -site {Jl} [get ports PMOD1 2]
ldc_set location -site {H1} [get ports PMOD1 3]
ldc_set location -site {H3} [get ports PMOD1 4]
ldc_set location -site {J5} [get ports PMOD1 5]
ldc_set location -site {J3} [get ports PMOD1 6]
ldc_set location -site {J2} [get ports PMOD1 7]
ldc _set location -site {H2} [get ports PMOD1 8]
//USER JTAG Connections

ldc_set location -site {F13} [get ports UTDI]
ldc_set location -site {F12} [get ports UTDO]

ldc set location -site {G13} [get ports UTMS]

ldc _set location -site {Gl4} [get ports UTCK]
//USER RS232 Connections

ldc_set location -site {Cl5} [get ports RS232 Rx TTL]
ldc_set location -site {D15} [get ports RS232 Tx TTL]
ldc _set location -site {B15} [get ports RTSn]

ldc _set location -site {Al5} [get ports CTSn]
ldc_set location -site {E13} [get ports DTRn]
ldc_set location -site {E12} [get ports DSRn]
ldc_set location -site {D1l4} [get ports DCDn]
ldc_set location -site {E15} [get ports RI]
//RASPBERRY PI Connections

ldc_set location -site {E8} [get ports RASP I002]
ldc_set location -site {F6} [get ports RASP I003]
ldc_set location -site {G9} [get ports RASP I004]
ldc set location -site {Gl} [get ports RASP I005]
ldc set location -site {G2} [get ports RASP I006]
ldc_set location -site {G3} [get ports RASP I007]
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ldc_set location
ldc _set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location

-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site

{F1}
{E2}
{F7}
{F2}
{F5}
{Go}
{G8}
{F8}
{H5}
{E7}
{G7}
{H4}
{HT7}
{H8}
{ES}
{E4}
{E3}
{F3}
{H6}
{E6}
{E1}
{D1}

//VERSA HEADER Connections

ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location

-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site

{H15}
{H13}
{F15}
{H16}
{D16}
{F16}
{C17}
{A16}
{B18}
{B17}
{F17}
{E17}
{E18}
{B20}
{F18}
{G16}
{G17}
{C19}
{C20}
{D20}
{D19}
{E19}
{F19}
{E20}
{F20}
{G20}
{G19}
{H17}
{H18}
{J10}
{J11}
{K10}
{J17}
{J12}

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[get ports

RASP I008]
RASP _I009]
RASP I010]
RASP I011]
RASP I012]
RASP I013]
RASP I014]
RASP I015]
RASP I016]
RASP I017]
RASP I018]
RASP I019]
RASP _1020]
RASP I021]
RASP I022]
RASP I023]
RASP 1024]
RASP_I025]
RASP_1026]
RASP I027]
RASP ID SC]
RASP_ID SD]

EXPCON_IO0
EXPCON_IO1
EXPCON_I02
EXPCON_IO3
EXPCON_I04
EXPCON_IO5
EXPCON_I06
EXPCON_IO7
EXPCON_IO8
EXPCON_I09
EXPCON_I010
EXPCON_IO11
EXPCON_I012
EXPCON_IO13
EXPCON_I014
EXPCON_IO015
EXPCON_I016
EXPCON_IO17
EXPCON_IO18
EXPCON_I019
EXPCON_I020
EXPCON_I021
EXPCON_I022
EXPCON_I023
EXPCON_ 1024
EXPCON I025
EXPCON_I026
EXPCON_I027
EXPCON_I028
EXPCON_I029
EXPCON_I030
EXPCON IO31
EXPCON_I032
EXPCON_IO33

]
]
]
]
]
]
]
]
]
]

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
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ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location

-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site

{H20}
{H19}
{K11}
{J19}
{J14}
{J13}
{K16}
{J15}
{K14}
{K15}
{K12}
{K13}
{Jle}
{J18}
{J20}
{H14}
{G18}

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

//Aardvark Header Connections

ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location

//Arduino Header
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc _set location
ldc _set location
ldc _set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location
ldc_set location

-site
-site
-site
-site
-site
-site

Connections

-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site
-site

{M7}
{M8}
{N1}
{N2}
{N3}
{N4}

(K4}
{K5}
{Je}
{K7}
{(J7}
{J8}
{HS9}
{K8}
{K3}
{K2}
(K1}
{L3}
{L1}
{L2}
(L7}
{N5}
{N6}
{J9}
{M1}
{M2}
{M3}
{M4}
{M5}
{M6}

get ports
get ports
get ports
get ports
get ports

[
[
[
[
[
[get ports

get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports
get ports

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[get ports

EXPCON_I034
EXPCON_IO35
EXPCON_I036
EXPCON_I037
EXPCON_IO38
EXPCON_I039
EXPCON_I040
EXPCON_I041
EXPCON_I042
EXPCON_I043
EXPCON_I044
EXPCON_I045
EXPCON_0SC]
EXPCON_CLKIN]
EXPCON_CLKOUT]
HPE_RESOUT#]
HPE_CARDSEL#]

]
]
]
]
]
]
]
]
]
]
]
]

AK_SCL]
AK_SDA]
AK_MISO]
AK_SCLK]
AK_SS]
AK_MOSI]

AR T09]

AR SS 1010]
AR MOSI I011]
AR MISO I012]
AR SCK_I013]
AR T014]

AR SDA]

AR SCL]

AR RESET]

AR ADO]

AR AD1]
AR AD2]
AR AD3]
AR AD4]
AR AD5]
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Appendix D. MachXO5T-NX Development Board Errata

As shown in Appendix A. MachXO5T-NX Development Board Schematics:

Page3 of the Schematics, USB to Hard JTAG I/F

Pin 1 of J1 and Pin 15 of U14 are connected with VCCIO2. It is recommended to connect them with VCCIO1 to
ensure JTAG pins pull up to VCCIO1.

Page 7 of the Schematics, PCIE&FPC Headers (BANK4)

PCIE_CLKp and PCIE_CLKn assignments are mismatched with the U3 ball locations. It is recommended to swap
them with the correct assignment. PCIE_CLKp should be connected to B7 of U3. PCIE_CLKn should be connected to
C7 of U3.
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For more information, refer to the following documents:
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