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Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviations Definition

APB Advanced Peripheral Bus

CPLD Complex Programmable Logic Device
CRC Cyclic Redundancy Check

DC-MHS Datacenter Modular Hardware System
EBR Embedded Block RAM

FPGA Field Programmable Gate Array

GUI Graphical User Interface

JTAG Joint Test Action Group

LED Light-Emitting Diode

LUT Look-Up Table

oCP Open Compute Project

PLL Phase-Locked Loop

RTL Register Transfer Level

SoC System on Chip

UART Universal Asynchronous Receiver-Transmitter
usB Universal Serial Bus

vw Virtual Wire

© 2026 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

FPGA-RD-02341-1.0


https://www.latticesemi.com/legal

= LATTICE

1. Introduction

M-PESTl is a generic and extensible 1-wire, bidirectional circuit and protocol for applications such as cabled high-speed
I/0 interposers, managed power distribution, cooling subsystems, and control panels. This reference design provides
M-PESTI as an SoC-based project and this reference design is OCP Ready™.

This version of the M-PESTI Initiator reference design provides a Lattice Propel™ Builder software solution template

that uses the M-PESTI Initiator IP core with an external I12C driver reference code, and M-PESTI target test component.

The reference design is compliant with the M-PESTI Base Specification, which is part of the DC-MHS version 1.0

specification. This reference design includes the following collaterals:

e The SoC design project on which you can open, view, and modify the design through the Lattice Propel Builder
software. The bitstream can be generated using the Lattice Diamond™ software.

e The CPLD demonstration bitstream.

1.1. AQuick Facts

Download the reference design files from the Lattice reference design web page.

Table 1.1. Summary of the Reference Design

. | Target devices MachXO3LF™, MachXO5™-NX, MachXxO3D™
enera
Source code format Verilog, System Verilog, Python
Functional simulation Performed
X . Timing simulation Not performed
Simulation
Testbench Available
Testbench format System Verilog
e  Lattice Radiant™ software 2025.2 or higher
. e Llattice Diamond™ 3.14 or higher
Software tool and version . . . .
Software Requirements . Lattice Diamond™ Programmer version 3.14 or higher
e  Lattice Propel™ 2025.2 or higher
IP version (if applicable) IP core v2.0.1
. M-PESTI Initiator:
° MachXO3LF Starter Kit (LCMXO3LF-6900C-S-EVN) or
MachX03D Breakout Board (LCMXO3D-9400HC-B-
EVN) or
Board e MachXO5-NX Development Board (LFMXO5-25-EVN)
Hardware Requirements e  M-PESTI Target:
e  MachX03D Breakout Board (LCMXO3D-9400HC-B-
EVN)
e  Aardvark I12C/SPI Host Adapter
Cable e  Two USB Type-A plug to USB Mini-B plug.
. Five port-to-port jumper wires.
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1.2. Features

Key features of the M-PESTI Initiator reference design include the following:

Communicates via a half-duplex, bidirectional UART protocol at 250k-baud rate, 8-bit data, 1-bit odd parity, 1 start
bit, and 1 stop bit on the M-PESTI port

Supports static discovery payload with CRC-8 payload checksum

Supports a one initiator to many targets system

Supports a configurable number of M-PESTI devices, up to 64 targets

Supports an autonomous static discovery payload request command issued to all targets in a round-robin manner
during the Discovery Phase

Supports static discovery payload request command retries. If the payload is not successfully received after an
initial attempt, up to two more retries per target are triggered before proceeding to the next target(s). When the
execution returns to the target, the initiator continues sending commands as a set of initial attempt followed by up
to two retries until payload is successfully received

Supports target reset at any time

Supports sending broadcast commands

Supports aborting an ongoing Discovery or Active Phase command to insert a broadcast command

Supports source and destination cable coupling discovery

1.3. Limitations

The M-PESTI Initiator IP core supports MachX05-NX, MachX0O3D, MachXO3L™, MachXO3LF, Certus™-N2, and
Avant™ devices. However, this reference design only includes an M-PESTI Initiator project for MachXO3LF,
MachX03D, and MachX0O5-NX devices.

The M-PESTI Initiator IP core supports both Specification 1.0 and 1.2. In this reference design, the 12C sequences
and the M-PESTI pseudo-target still follow the Discovery Payload format based on Specification 1.0. This is because
Specification 1.2 does not yet fully define the number of Virtual Wires supported by an M-PESTI target based on its
Discovery Payload. In Specification 1.0, the number of Virtual Wires supported by an M-PESTI Target is described in
Byte 03h of its Discovery Payload.
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2. Directory Structure and Files

The following figure shows the directory structure of the reference design.

The M-PESTI Initiator reference design package includes the following subfolders:

w [ M-PESTI_Initiator_Reference Design

!
!
> -
V.

>..

wr =

>..

>..

k1

W

W

Aardvark_Source_Code
Bitstream
Documentation
Project

| MPESTI_Initiator
> [ X03D

s [ XO3LF
5[] XOSNX

' Target

> [ X03D
Sirmulation
Source

Target
Testbench

Figure 2.1. Directory Structure

= LATTICE

e Aardvark_Source_Code — Contains the Python source codes for both the Command Terminal and GUI-based
access. These source codes utilize Aardvark API.

e Bitstream — Contains the programming files for the MachXO3LF Starter Kit (Initiator), MachXO5-NX Development
Board (Initiator), MachXO3D Breakout Board (Initiator), and MachXO3D Breakout Board (Target)

e  Project — Contains the Diamond and SoC projects for the M-PESTI Initiator. This folder also contains the Diamond
project for the M-PESTI pseudo-target model.

e Simulation — Contains the simulation file (.do) used to run RTL simulation in the ModelSim™ Lattice FPGA Edition

software

e  Source — Contains the source files for the M-PESTI pseudo-target model
o Testbench — Contains the testbench files used in simulation

The following table shows the list of files included in the reference design.

Table 2.1. File List

Filename

Description

mpesti_initiator0.ipx

Contains the information on the files associated to the generated IP.

mpesti_initiator0.cfg

Contains the parameter values used in IP configuration.

mpesti_initiator0.sv

Provides an example RTL top file that instantiates the module.

mpesti_initiatorO _bb.v

Provides the synthesis closed-box.

mpesti_initiatorQ) _tmpl.v
mpesti_initiatorO _tmpl.vhd

These files provide instance templates for the module.

www.latticesemi.com/legal


https://www.latticesemi.com/legal

3. Functional Description

The following figure shows the high-level block diagram of the reference design, which consists of three key hardware
components:

An M-PESTI Initiator SoC design that is programmed into the MachXO3LF Starter Kit, MachXO3D Breakout Board,
or MachX05-NX Development Board
Emulated multiple target devices that are programmed into a MachXO3D Breakout Board
A PC-based Command Terminal/GUI-based access using the reference Python code

Aardvark 12C/SPI Host

Adapter

A

A

Aardvark API

A

A

12C

= LATTICE

M-PESTI Initiator SoC Design
(XO3LF, XO3D, or XOS5NX)

[T]

| —— —

Command Terminal/GUI-
based Access

3.1.

Design Components

» 12C to APB Bridge RD

A

APB

M-PESTI Initiator <

M-PESTI Targets (XO3D)
Single Wire
» M-PESTI Target O
Single Wire
» M-PESTI Target 1
Single Wire M-PESTI Target N

Figure 3.1. Reference Design Block Diagram

The RISC-V Controlled M-PESTI Initiator reference design includes the following blocks:

M-PESTI Initiator SoC design

e  M-PESTI IP core

e |2C to APB Bridge reference design

M-PESTI pseudo-target module with multiple emulated target devices

PC-based Command Terminal/GUI-based access based on the included Aardvark Python(.py) reference code
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3.1.1. M-PESTI Initiator SoC Design

The following figure shows that the M-PESTI Initiator IP core is instantiated in the SoC design and uses the 12C to APB
Bridge reference design for IP register access to orchestrate the IP functionality. This Lattice Propel Builder SoC design
can be used to generate a Diamond™ software project, which is then used to generate the programming bitstreams.

For more information, refer to the Lattice Propel 2025.2 Builder User Guide (FPGA-UG-022434). Pre-generated

bitstreams are included in the reference design package, and regeneration is required only when design modifications
are made.

PLLO_inst
= i2c2apb0_inst

dki CLKOP— n

L _ ) e - APB_MOH
invert_module_inst CLKOS Ik i SEL < i2c2apb0_SCL

rstn_iD |I>OO RST Loc equation_module_inst rstn_i ecapnn

Ie) SDAF——————— ' i2c2apb0_SDA

Al / -

mpesti_initiator0_inst

—— [EAPB_SO
Ik i

rst_n_i

INT_MU:-E —
mpesti_io[10:0 < > mpesti_io[10:0]

led_counter_inst

Ik

rstn_i

led_o[7:0 { > led o[7:0]

Figure 3.2. M-PESTI Initiator Reference Design Interface Diagram

3.1.2. M-PESTI Target Module

The M-PESTI pseudo-target device is programmed into a MachX03D Breakout Board. Several instantiations of the M-
PESTI target module are programmed onto a separate FPGA board to emulate multiple M-PESTI target devices. These
modules are connected to the initiator through the 1-wire interface. This target module has an internal loopback
mechanism that echoes the last Virtual Wire (VW) data byte it received from the previous transaction back to the
initiator. For example, during transaction 1, the last data byte that it received from the initiator is OxAA. During
transaction 2, the target responds OxAA back to the initiator.

3.1.3. Command Terminal/GUI-Based Access

To control the M-PESTI Initiator IP, the design uses either the Command Terminal or the GUI-based application, both
written in Python (.py) to manage IP functionality and display messages on the PC.

The Python source codes are in M-PESTI_Initiator_Reference_Design/Aardvark_Source_Code/python folder. This
folder contains:

e  mpesti_demo_cmd_terminal_source.py — source code for the Command Terminal-based implementation

e  mpesti_demo_gui_source.py — source code for GUIl-based access.

Either option may be used, depending on preference.
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Parameters

MAX_NUM_TARGETS MAX_STATIC_DI:

Aardvark Control

OVERY_PAYLOAD_SIZE 12C Slave Address 0x (I

Commands
s Command Output Teminal 12C Transaction Lo
« Get Discovery Status
® Get Discovery Payload > Aardvark Connection Established! 12C Transaction Log Ready

Bitrate: 100 kHz
12C Slave Address: Ox41
4 Send PWRBRK Broadcast

2 Send USER Broadcast

& Set/Get VWIRE Data

(W) Disable Active Phase

uLATTICE

OPEN

SOLUTION PROVIDER

Figure 3.3. GUI-based Access

rk Connection Port @ Established!
Bitrate set to : 108 kHz
I2C Slave Address Set to : x4l

Select an operation:
[1] Get Discovery Status

[2] Get Discowvery Payload
[3] Send PWRBRK Broadcast
[4] Send USER Broadcast
[5] Set/Get WWIRE Data
[6] Disable Active Phase
ose Aardvark Terminal
Enter choice [1-7]:

Figure 3.4. Command Terminal-based Access
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3.2. M-PESTI Protocol Phases

3.2.1. Discovery Phase

After power-on, the M-PESTI target enters an initialization state (break event) that lasts for T_DBREAK_NS (50 us). After
this interval, the M-PESTI target releases the M-PESTI line (break release) and becomes ready to respond to the
Discovery Payload Request Command. The following figure shows three targets undergoing the Discovery Phase in a
round-robin fashion. The first 8-bit transaction on each of the targets is the Discovery Payload Request command
(0x00) sent by the initiator.

T
Discovery Payload 16 Bytes Discovery Payload Data
Request Command

(0x00)

Figure 3.5. Discovery Phase

In the zoomed-out image of Target 0 above, the target responds with 16 discovery payload data bytes, which match
the third header byte value (STATIC_PAYLOAD_SIZE[7:0] x 8) of the discovery payloads.

According to the M-PESTI specification, the STATIC_PAYLOAD_SIZE value represents the number of discovery payload
data bytes divided by 8.

For example, STATIC_PAYLOAD_SIZE = 0x02h indicates the size as 2 x 8 = 16 discovery payload data bytes.

3.2.2. Active Phase

During the Active Phase, the initiator issues a Virtual Wire (VW) Exchange Request command (0x01) to the target and

begins transmitting VW data. Next, the target responds by also transmitting VW data to the initiator. The number of

VW output and VW input bytes is determined by the fourth byte of the target’s discovery payload.

e The bits [3:0] of the fourth byte indicate the number of VW input bytes from initiator to target
(NUM_VIRTUAL_WIRE_INPUT_BYTES).

e The bits [7:4] of the fourth byte indicate the number of VW output bytes from target to initiator
(NUM_VIRTUAL_WIRE_OUTPUT_BYTES).

After completing the VW exchange on Target 0, the sequence is repeated for the other remaining targets in a round-
robin fashion. The following figure shows the VW data exchange activity.

wituslWire  VWData VWData VW Data VW Data VWData VWDsta VWDsta VWData
Byt20  Bytel Byts 2 Byta 3 Byte O Byte 1 Byte 2 Byte 3

I From Initiator to Target

I From Target to Initiator

Figure 3.6. Active Phase Virtual Wire Exchange Data

3.2.3. Broadcast Transactions

The broadcast request can be triggered only during the Active Phase. If no VW exchange transaction is in progress, the
broadcast command can be transmitted immediately.

However, if the broadcast request is triggered while VW exchange is in progress, the request is delayed until the
current VW exchange transaction is complete.
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This scenario is shown in the following figure, in which the Broadcast Request Command (0OxFF) only happens at the M-
PESTI line after the VW exchange completes.

Target 3 VW Exchange

|
[ \
4 [3) Th
40 0 ikt el e St e e v e e T s 181 . e e e e i e
4 0 N S S A T T T e i i O O A N
4 [0] Thi

T

Target 2 VW Exchange Target 3 VW Exchange

Target 1 VW Exchange

Broadcast Request PWRBRK Command 0x00
Command 0xFF

Figure 3.7. Broadcast Request
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4. Pinout

4.1.

M-PESTI Initiator Pinout

The following tables show the M-PESTI Initiator pinout for:

e  MachXO3LF Starter Kit
e  MachX0O3D Breakout Board

e MachX05-NX Development Board

= LATTICE

Table 4.1. M-PESTI Initiator Pinout for MachXO3LF Starter Kit and MachX0O3D Breakout Board

Name Width | Direction MachXO3LF/MachXO3D | MachXO3LF Starter Description
Ball Kit/MachX03D Breakout
Board Component
Clock and Reset Interface
clk_i 1 input c8 — 12 MHz clock input for MachXO3LF
and MachX03D.
rstn_i 1 input B3 Swi Active low reset signal.
M-PESTI Initiator Interface
mpesti_io[0] 1 inout D9 13 (29) M-PESTI line. Each pin can be left
mpesti_io[1] 1 inout A10 13(27) Ilaorzt;?‘g or connected to an M-PESTI
mpesti_io[2] 1 inout E6 13 (26)
mpesti_io[3] 1 inout Cc5 13 (25)
mpesti_io[4] 1 inout D7 J3(19)
mpesti_io[5] 1 inout E7 13(17)
mpesti_io[6] 1 inout E8 J3(15)
mpesti_io[7] 1 inout F9 J3(13)
mpesti_io[8] 1 inout E10 13(9)
mpesti_io[9] 1 inout C12 13(7)
mpesti_io[10] | 1 inout F8 J3(5)
i2c2apb0_SCL | 1 input B4 13(37) 12C interface serial clock line.
i2c2apb0_SDA | 1 inout A4 J3(38) 12C interface serial data line.
Others
led_o[0] 1 output H11 LED D9 LED counter indicates that the
i 1| oo |1 coo e ot
led_o[2] 1 output J11 LED D7
led_ol[3] 1 output L12 LED D6
led_ol[4] 1 output K11 LED D5
led_o[5] 1 output L13 LED D4
led_o[6] 1 output N15 LED D3
led_ol[7] 1 output P16 LED D2
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Table 4.2. M-PESTI Initiator Pinout for MachXO5-NX Development Board

= LATTICE

Name

Width

Direction

MachX0O5-NX Ball

MachX05-NX Development
Board Component

Description

Clock and Reset Interface

clk_i 1 input Vi — 125 MHz clock input for MachXO5-NX.
rstn_i 1 input G20 SW5 Active low reset signal.

M-PESTI Initiator Interface

mpesti_io[0] 1 inout E4 19 (4) M-PESTI line. Each pin can be left
mpesti_io[1] 1 inout o 19 (6) :Lcnragt:.g or connected to an M-PESTI
mpesti_io[2] 1 inout ES5 19 (8)

mpesti_io[3] 1 inout C5 J9 (10)

mpesti_io[4] 1 inout A2 19 (12)

mpesti_io[5] 1 inout A3 19 (14)

mpesti_io[6] 1 inout D5 J9 (16)

mpesti_io[7] 1 inout B5 19 (18)

mpesti_io[8] 1 inout D3 19 (3)

mpesti_io[9] 1 inout Cc3 J9 (5)

mpesti_io[10] | 1 inout A4 19 (7)

i2c2apb0_SCL | 1 input E11 J16(1) 12C interface serial clock line
i2c2apb0_SDA | 1 inout D13 J16(2) 12C interface serial data line

Others

led_ol[0] 1 output R3 LED D1 LED counter indicates that the system
o 1| |w so0: ot e
led_o[2] 1 output R1 LED D3

led_ol[3] 1 output P7 LED D4

led_o[4] 1 output H12 LED D5

led_o[5] 1 output H11 LED D6

led_o[6] 1 output G13 LED D7

led_o[7] 1 output G12 LED D8
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4.2. M-PESTI Target Pinout
The following table shows the M-PESTI Target pinout for MachXO3D Breakout Board.

Table 4.3. M-PESTI Target Pinout

= LATTICE

Name Width Direction | MachXO3D | MachXO3D Breakout | Description
Ball Board Component
Clock and Reset Interface
clk_i 1 input c8 - 12 MHz clock input.
reset_n 1 input B3 Swi1 Active low reset signal. SW1 tact switch.
M-PESTI Target Interface
mpesti_t[0] 1 inout D1 18 (30) M-PESTI line. Each pin can be left floating or
mpesti_t[1] 1 inout E1 18 (28) connected to an M-PESTI initiator.
mpesti_t[2] 1 inout F1 18 (26)
mpesti_t[3] 1 inout G1 18 (24)
Others
led_o output H11 LED D9 LED blink indicator.
loopback_en_i 1 input P2 SW2 (DIP_SW1) Active high signal. Enables the target to echo

back the last VW data byte value it received
from the previous transaction to the current
transaction.
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5. Implementing the Reference Design on Board

This reference design requires two boards:

e  M-PESTI Initiator SoC Design: MachXO3LF Starter Kit, MachXO3D Breakout Board, or MachX0O5-NX Development
Board

e  M-PESTI target module: MachX03D Breakout Board

Jumper wire connections are required to bridge the two boards.
In Figure 5.1, the board on the left is the MachXO3LF Starter Kit, acting as the M-PESTI Initiator, while the board on the
right is the MachXO3D Breakout Board, acting as the emulated M-PESTI targets.

Note: This figure is also applicable when using the MachXO3D Breakout Board as the M-PESTI Initiator since it has the
same pinout as the MachXO3LF Starter Kit in the design.

USB Connection to PC i2c2apb0_SDA (to external 12C Controller) USB Connection to PC
A A
i2c2apb0_SCL (to external 12C Controller)

M-PESTI Jumper Wire
Connections

Ground Connection

998 Y28

YI6E B-AVE
v OIS

Y3¥Y 340101084

A
M-PESTI Initiator M-PESTI Target

Reset Switch Reset Switch

Figure 5.1. Hardware Connections between MachXO3LF and MachX03D Devices

Figure 5.2 shows wherein the initiator is using MachX0O5-NX Development Board.

Although only one target board, the design programmed into the board emulates four independent target devices,
connected through each of the jumper wire connections. It is also good practice to have a ground connection between
the two boards.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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i2c2apb0_SCL (to external 12C Controller)

USB Connection to PC
(For Programming Only )

i2c2aph0_SDA (to external 12C Controller)

USB Connection to PC

M-PESTI Jumper Wire
Connections

M-PESTI Initiator

M-PESTI Target

/
4 Reset Switch

Reset Switch (sw1)

(SW5)
Figure 5.2. Hardware Connections between MachX05-NX and MachX03D Devices
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. SEMICONDUCTOR.
MachXOS5-NX Development Boord REV A
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E
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Figure 5.3. Jumper Settings for MachX05-NX Development Board

5.1. Programming the M-PESTI Initiator SoC Design to the MachXO3LF Starter Kit
or MachX03D Breakout Board

To program the M-PESTI Initiator design onto the MachXO3LF Starter Kit, follow the steps below. Note that these steps
are also applicable for programming the MachXO3D Breakout Board as an M-PESTI initiator. Only the programming file
and the target device need to be changed. The programming files are in the Bitstream folder.

1. Connect the MachXO3LF Starter Kit to the USB port.

2. Launch the Diamond programmer. Select Create a new blank project as shown in the following figure.

‘,.+ Diamond Programmer - Getting Started ? X

Select an Action

() Create a new project from a JTAG scan

(@ Create a new blank project

j) Open an existing programmer project

Figure 5.4. Create a New Blank Project
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3. Click the JTAG Scan button to detect the LCMXO3LF-6900C device found on the MachXO3LF Starter Kit board.

£, Diamond Programmer - Untitled * - o X
Eile Edit View Design Help
o= llz @ @8
Enable S| Device Family Device Operation File Name (ad
Cable Settings
1 achXO3LF LCMXO3LF-6900C FLASH Erase,Program Verify
Detect Cable
Cable: HW-USBN-28 (FTDI) -
Port: FTUSB-0 he
Custom port
Programming Speed Settings
(@ use default Clock Divider
g (O use custom Clock Divider
g
Ll X Divider Setting (0-30x 2
g
' /O Settings
3 @ Use default O settings
| O use custom /O settings
< > v
putput Info™ & x
INFO - Board with FTDI USB Host Chip detected. ~ 1D Message
INFD' No Latios HW-USIN-2A Gable detactd. o 85021092 INFO - Cable Auto Detection Activated.
INFO - No Lattice HW-DLN-3C (parallel) cable detected.
1 INFO - h FTDI H ;
INFO - Multiple cables were detected. O] 85021100 INFO - Board witl DI USB Host Chip detected.
INFO - Scanning USB2 Port FTUSB-0...
)< o gt kccmsinuly, v|| @ 802109  INFO-No Lattice HW-USBN-2A cable detected. %
. J -
Output Tl Console Error Warning Info™

Figure 5.5. JTAG Scan

4. Right-click on the device and select Device Properties as shown in the following figure.

i,k Diamond Programmer - Untitled =
File Edit View Design Help

el LT BER RS
Enable Status Device Family Device Operation

1 -- MachX03LF LCMXO3LF-

FLASH Erase, Program, Verify

Device Properties...
Edit 1/0 State...

Custom Devices...

1 Copy Ctrl+C
Paste Ciri+V

{3 Add Device

{3 Remove Device

Internal Teols

Figure 5.6. Diamond Programmer - Device Properties
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5. Do the following settings as shown in the following figure and click OK.
e Access Mode: Flash Programming Mode
e  Operation: FLASH Erase, Program, Verify
e  Programming File:
MachXO3LF: XO3LF_MPESTI_Initiator_Demo_impl1.jed
MachXO03D: XO03D_MPESTI_Initiator_Demo_impl1_a.jed

General Device Information

Device Operation
Access mode: Flash Programming Mode

Operation: FLASH Erase,Program, verify

Programming Options

Programming file: ESTI_Initiator_Reference_Design/Bitstream/X03LF_MPESTI_Initiator_Demo_impll.jed ...

.

Cancel

Figure 5.7. MachXO3LF Device Properties Settings

6. Click the Program button as shown in the following figure. It is recommended to set the TCK Divider Setting to 3 or

above to have a slower and more stable programming clock frequency.

%4> Diamond Programmer - Untitled *

File Edit View Design Help
= 3 a =

Enable Status

1 [ASEl vachxosL

Device Operation File Name

LCMXO3LF-6900C

Device Foj

FLASH Erase Program,Verify ...Project/Bitstream/M-PEST_ Initiator_)

<

Cable and 1/O Settings

Output Info* & x
A ~
Total erase time: 3520 ms. 1D Message
i 85021092 INFO - Cable Auto Detection Activated.
INFO - Operation Done. No errors U]
WO Hapead teie: 10 iy 27,00 y 85021100 INFO - Board with FTDI USB Host Chip detected.
INFO - Operation: successful
vil® 85021096 INFO - No Lattice HW-USBN-2A cable detected. A
Error™ Warning Info*

Cable Settings
Detect Cable

Cable: HW-USBN-28 (FTDT) -

Port: FTUSB-0 X

Programming Speed Settings

(@ Use default Clock Divider

(O use custom Clock Divider

VO Settings
@ Use default /O settings

() Use custom /O settings

Output Tcl Console

Figure 5.8. Program Button

© 2026 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.

FPGA-RD-02341-1.0

22


https://www.latticesemi.com/legal

M-PESTI Initiator Reference Design

Reference Design :..LATT’CE

7. When programming is successful, the output console displays the message shown in the following figure.
Output
Total erase time: 3520 ms. N

INFO - Operation Done, No errors.
INFO - Elapsed time: 00 min : 27 sec

INFO - Operation: successful.

Outpﬁt Tcl Console

Figure 5.9. Operation Successful
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5.2. Programming the M-PESTI Initiator SoC Design to the MachX05-NX
Development Board

To program the M-PESTI Initiator design to the MachXO5-NX Development Board, follow these steps:
1. Connect the MachX05-NX Development Board to the USB port.

2. Launch the Radiant Programmer. Select Create a new blank project as shown in the following figure.

3 Radiant Programmer - Getting Started ? X

News Project:

Project Name: lunmled l

Project Location: l D:/ > l Browse...

(_) Create a new project from a scan

c
<>

@ Create 2 new blank project

Open Project:

(7) Open an existing programmer project

Figure 5.10. Create a New Blank Project (MachX05-NX)

3. Click the JTAG Scan button to detect the LFMX05-25 device found on the MachXO5-NX Development Board.

6 Raciant Programmer - MachXO$_Development_Boardaxet o X
fle Edt Yiew Bun Jool Help
s e~ 2
fnable Sy Device Vendor Device Famay Device Operatson Cable Setup s x
163 Lattice LFMXOS LFMXOS-25 Erase Program Verfy Catia Semrge =
< >
TDO
-
TCK
™ws ‘
‘ | TOX Ohwicder Settng (0-30x): 1) =
ot Tex 1’\5
CPUMCR 1O Sumngs
O LFMNOS-25 @ Une defout 1O marc
- T TDO Use custom 1O smngs
RESET "
JIAG EN
< >
Outpan f x

Lamcn Y Drvary datecied (M-DUL-IC (Paralel
Brograrimer Se. Co dutabase Gaded

Outont  Te Comscle

Ready

Figure 5.11. JTAG Scan (MachX05-NX)
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4. Right-click on the device and select Device Properties as shown in the following figure.

B Radiant Programmer - Mach(05_Development_Board.xcl
File Edt View Run Tock Hep
he e Bw v B
Enable Status  Device Vendor Device Family Device Operation

00
Tex
HOST ™s
PC/C ER
STt '
CPUMCROPROCESSOR T e
O LENNOS-25
TO! 100
) JTAG_EN

Lamce VM Drovers detacted (HVW-DUN-XC (Paralel])
Brogrammer deuck database Caded

Programming Speed Settngs
) Use delat Clock Divider
@ Use custem Ciock Divider

TCX Divicer Sefting (0-00)1 | 1

1O Semnge

@ Une cefaut 10 semngn
) s custom 1O satmings

Ouput T Commole

Figure 5.12. Radiant Programmer - Device Properties (MachX05-NX)

5. Do the following settings as shown in the following figure and click OK.
e Target Memory: Flash Configuration Memory
e Port Interface: JTAG
e Access Mode: Direct FLASH Programming
e  QOperation: Erase, Program, Verify, Refresh
e CFGO Programming Options: Checked
e  Programming File: XO5NX_MPESTI_Initiator_Demo_impl_1_0.jed
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an

5 - LFNV

e Properties

General Device Information
Device Operation

Target Memory:

Port Interface:

Access Mode:

Operation:

(] Password Protection Options (Provide key file if password protection enabled)

= (] X
FLASH Cenfiguration Memory ~
ITAG ~
Direct FLASH Programming ~
Erase,Program,Verify,Refresh ~
User Flash Memory Programming Options

[T Flash Header/Dual Image Programming Options [ UserData Programming

Programming file:

O0ZECDOD .

(OxD02EODOD

Start address (Hex):

@ CFGD/UFMD Programming Options

End address (Hex):

N

O02E0D0D -

Ox002FO000

[ UserDatat Programming
Programming file: :rence_Design/Bitstream/XO5NX_MPEST|_Initiator_Demo_impl_1_0jed ..

[ urmo Programming Options
00300000 -

Start address (Hex):

Programming file:

End address (Hex):

N

(00310000 -

[C) UserData2 Programming

() CFG1/UFM1 Programming Options

Start address (Hex): | 0x00320000 -
Programming file:

End address (Hex):

N

(00330000 -

UFM1 Programming Options [C) UserData3 Programming

Programming file:

(00340000 <

Start address (Hex):

() CFG2/UFM2 Programming Options

End address (Hex):

N

0x00350000 -

[C) UserDatad Programming

Programming file:

UFM2 Programming Options

N

Start address (Hex): | 0x00360000 | End address (Hex): | 0x00370000 -
Programming file:
& & [[] UserData5 Programming
oK Cancel
Figure 5.13. MachX05-NX Device Properties (MachX05-NX)
6. Click the Program button as shown in the following figure.
1]
" @ GBw B
Enable Stutus Oevigludor  Device Famidy Device Operation Fie Name File Date/Time. Checksum USERCODE || Cable Setup x
e Latic LFMKOS LPMX05-25 Ersse Progeam Verify fefresh tuFaDs 000000000 Cabie Sctings
Detect Cable
Caie: HI-USEN-28 (FTDY)
Por: FTUsE-0
Programming Speed Setting:
00 ©) Use defauit Clock Divider
© Use custom Clock Divider
TCK
. - TCK Divider Setting (0-300 3
PLICOMPUTER
FTDI USB HOST BULD-N /O Settings
CRMCROPROCEsSOR oK T © s detin 6 seings
Ol o LFMXO5-25 E © Use custom 10 settings
RESET JTAG_EN

Figure 5.14. Program Button

7.

When programming is successful, the output console displays the message shown in the following figure.
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Output

"Erasing the CFGO.."

"Programming the CFGO..."

"Verifying the CFGO..."
INFO <85021298> - Operation Done. Mo errors.
INFO <85021371> - Elapsed time: 00 min : 19 sec

INFO <85021373> - Operation: successful.

Output  Tcl Console
Figure 5.15. Operation Successful

5.3. Programming the M-PESTI Target Module to the MachXO3D Breakout Board
To program the M-PESTI target module to the MachX0O3D Breakout Board, follow these steps:
1. Connect the MachXO3D Breakout Board to the USB port.
2. Launch the Diamond Programmer. Create a new blank project.
3. Click the JTAG Scan button to detect the LCMXO3D-9400HC device found on the MachXO3D Breakout Board.

“,.» Diamond Programmer - Untitled *

File Edit View Design Help

A =
Enable Status Device Family Dewvice Operation
1 [ PASSS MachX03D LCMXO3D-9400HC FLASH Erase,Program Verify
Figure 5.16. LCMXO3D-9400HC Device Selection

4. Do the following settings and click OK:

o Access Mode: Flash Programming Mode

e Port Interface: JTAG Interface

e  Operation: FLASH Erase, Program, Verify

e CFGO Programming Options: Checked

e  Programming File: XO3D_Target_impl1_a.jed
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D - LCMXO3D-9400HC - Device Properties 4

General Device Information

Device Operation

Access mode: Flash Programming Mode -
Port Interface: ITAG Interface -
Operation: FLASH Erase,Program, verify -

ﬂ CFG0 Programming Options

Programming file: ‘ngineering/M-FESTI_Initiator_Reference_Design/Bitstream,X03D_Target_impli_a.jed ...

[:] CFG1 Programming Options

Programming file:

(] UFM2/UFM3 Programming Options

UFM2 Programming file:

UFM3 Programming file:

cancs

Figure 5.17. MachXO3D Device Properties Settings
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6. IP Demonstration

6.1. Enabling the Aardvark 12C/SPI Host Adapter as 12C Controller

6.1.1. 12C Interface Board Connect
To enable access to the M-PESTI Initiator IP via 12C, you must connect the Aardvark 12C/SPI Host Adapter to the M-
PESTI Initiator Board as shown below.

— L

Hdl.
EH00000000)
y msml _ .“.. : : e
ml:uummuuui 5 oo
dyy 2 £ £
E g 3
RC nmnmuuuim! i S
oD = 1.SCL
&3 2. GND
gg 3.SDA
o (5 4. NC/+5V
m =
H —
D ks 5. MISO
gq B
s %H 6. NC/+5V
5 ns‘e”?-‘as ;m 7.SCLK
V34V 3dAL0L0Yd 8. MOSI
A A R R R R N NN
XXX 9.5S
XXX
0000000000 10. GND

Figure 6.1. 12C Interface Connection

6.1.2. Running the Reference Python Code
The reference Python code drives the 12C interface to gain access to and control of the M-PESTI Initiator IP registers.

Do not connect the USB port of the Aardvark device to the PC immediately after connecting the 12C interface (Figure
6.1) between the M-PESTI initiator and the Aardvark device. The following steps must be completed first:

1. Download Python version 3.13.3 from www.python.org/ftp/python/3.13.3/python-3.13.3-amd64.exe and install it.
For convenience, the installer is also readily available in the Installers folder included in this reference design
package. When prompted, select Install Now.
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B0 Python 3.13.3 (64-kit) Setup

/

—

pgth;:)_n

windows

Install Python 3.13.3 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

— Install Now

ChUsers\dsantiaghAppData‘\Local\Programs\Python'\Python313

Includes IDLE, pip and decumentation
Creates chortcuts and file associations

—> Customize installation
Choose location and features

] Use admin privileges when installing py.exe

[C] Add python.exe to PATH Cancel

Figure 6.2. Python 3.13.3 Installation Prompt

Download the latest Aardvark 12C/SPI Host Adapter latest USB drivers from www.totalphase.com/products/usb-
drivers/. For convenience, the installer is also readily available in the Installers folder included in this reference

design package. Read and follow the instructions in the README.txt located in the file path
installer/total_phase_usb-drivers/TotalPhaseUSB-v4.0.0/windows on how to install the USB drivers.

E¥ Administrator: CAWINDOWS\System32\WindowsPowerShellw1.0\powershell.exe

otal Phase USB Driver Installer
(c) 2007-2022 Total Phase, Inc. All

.0
rights reserved.

Please unplug Total Phase devices before proceeding.

1) Install USB drivers and library

2) Uninstall v drivers and library

Option: 1

Installing USB Driver and Library

=== Removing HKLM 'STEM\CurrentControlset\Control\usbflags\0403e0D00400

=== Installing winusbtp.inf
dicrosoft PnP Utility

package: winusbtp.inf

package added successfully.
d Name: oem/1.inf

er packages: 1
er packages: 1

Copying tpd2xx64.d11 to C:\WINDOWS\System32\tpd2xx.d11

Copying tpd2xx32.d11 to C:\WINDOWS\Syswowb4\tpd2xx.d11

Install complete.

::: Press enter to exit :::

Figure 6.3. Aardvark USB Drivers Successfully Installed

Continue to this step only after you completed steps 1 and 2. Connect the USB port of the Aardvark 12C/SPI Host

Adapter to your PC.

4. This step assumes that the following actions have already been completed successfully:
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e  Programmed the M-PESTI Initiator board with the bitstream described in sections 5.1 or 5.2, as applicable. The
LEDs should blink at approximately 1-second intervals, indicating that the clock is present, the PLL has achieved
a locked state, and the bitstream is running

e  Programmed the M-PESTI target board (MachXO3D Breakout Board) with the bitstream described in section
5.3. The LED D9 should be blinking, indicating that the clock is present and the bitstream is running.

e The M-PESTI Initiator board and the target module board are connected as described in Figure 5.1 or Figure 5.2
as applicable

e The Aardvark I2C/SPI Host Adapter is connected to the 12C interface of the M-PESTI Initiator board, as
described in Figure 6.1

e The USB port of the Aardvark 12C/SPI Host Adapter is connected to the PC

Launch Python IDLE 3.13.3, then select File > Open > choose either mpesti_demo_gui_source.py for GUI-based

access or mpesti_demo_cmd_terminal_source.py for Command Terminal-based access. Both scripts are in the M-

PESTI_Initiator_Reference_Design/Aardvark_Source_Code/python folder.

Note: Only one instance of the application can run at a time. Either the Terminal-based or the GUI-based reference
code may be used, depending on preference. The GUI-based reference code includes a feature that logs the 12C
transactions, whereas the Terminal-based reference application does not.

A IDLE Shell 3.13.3
File Edit Shell Debug Options Window Help
New File Ctrl+N B.13.3:6280bb5, Apr 8 2025, 14:47:33) [M5C v.1943 €4 bit (AMDE4)] on win32

Open... Ctrl+0 click "Help" above for more information.

Open Medule...  Alt+M

Recent Files 4
Medule Browser Alt+C

Path Browser

Save Ctrl+S
Save As... Ctrl+Shift+S
Save Copy As.. AltsShiftsS

Print Window  Ctrl+P

Close Window  Alt+F4
Exit IDLE Ctrl+Q

# Open

W-PESTL Initistor_Reference Design » Aardvark Source, Code » pythen

m
=]
L

_pycache_
* sardvark_pypy

& mpesti_deme_cmd_terminal_source,py

mpesti_deme_gui_source.py 3/16/2026 1:55 PM Python Source File k8]

File name: | mpedti demo._gui_source py Pythan files (* py:* pyw” pyi)

Open Cancel

Figure 6.4. Opening Reference Python Code in Python IDLE
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A mpesti_demo_gui_source.py

File Edit Format Run Options Window Help

frpore tkinter LT F5
From tkinter i gyn. Customized Shift+f5 MPledialog
= ::i:;’_ CheckModule  Alt+X

oa Python Shell

pti Used for GUI-based control of M-PESTI Initiator v2.0.l1 via Aardvark I2C interface.
S e e e e e e e e e e e e e

Aardvark Control

MAX_NUM [ ] Y
Command Output Teminal 12C Transaction Log
> Aardvark Connection Established! [2C Transaction Log Ready

Bitrate: 100 kHz
[2C Slave Address: Oxd 1

uLATTICE

SOLUTIDN PROVIDER

Figure 6.5. Successful Launch of the GUI-based Reference Python Code

A mpesti_demo_cmd_terminal_source.py -
File Edit Format Run Options Window Help

aardvark_| Run Module F3
array im Run... Customized Shift+F5
HEHEREEIIERS Gii=in A FEEEEEEEEEERE PRI BB R B R R
- . Bython Shell

0l of M- TI Initiator v2.0.1 wvia Aardvark I2C i rface.
e e e s i

# Descrip
FEEEEEE2

#H—-H#H-H--HH‘-}-}--}4##*%-};##‘4-}-%

!l ug  Options Wi
Python 3.13.3 (tags/v3,13.3:6280bbS, Apr & 2025, 14:47:33) [MSC v,1943 €4 bit (RMDE4)] on windz
Enter "help" belew or click "Help= above for more information.

= RESTART: C:\Users\dsantiag\Desktop\Mark training modules\Customer Engineering\M-PESTI_Initiator Reference Design\Rardvark Source Code\python\mpesti demo_cmd_terminal source.py
Aszdvack C tion Port O Eatablished!
Bicrate set to 100 kHz

I2C Slave Address Set ©

: Oxdl

Select an operation:

[1] & Status

21 Favload

131 roadcast

[ adcast

151 VWIRE Data

[€] Disable Active Phase

[7] Exit/Close Aardvark Terminal
Enter choice [1-7]:

Figure 6.6. Successful Launch of the Terminal-based Reference Python Code
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6.2. Usage Example

When the 12C connection is established, a selection menu and a success message appear on the screen. This menu
provides access to various M-PESTI functions by selecting a numbered option and following the instructions for the
selected item.

To port the 12C sequences to another external 12C controller or driver, you have an option to either probe the 12C

transactions taking place in the 12C bus or refer to the 12C logs. Note the following information about the GUI-based

access parameters:

o  MAX_NUM_TARGETS — This setting must match the MPESTI Initiator Maximum Number of Target Devices
attribute in the IP GUI

e MAX_STATIC_DISCOVERY_PAYLOAD_SIZE — This setting must match the MPESTI Initiator Maximum Static
Discovery Payload Size attribute in the IP GUI

e |2C Slave Address — This setting must match the 12C to APB Bridge RD 7-bit Slave Address attribute in the GUI

Aardvark Control

TARGETS: M| Max_sTATIC_DiscOVERY_PAYLOAD_SiZE: ENIMl||i2C Siave Address 0x
Commands
& GotDiscavery Sics Command Output Teminal 12C Transaction Log
@ Get Discovsry Payioad > ardvark Connection Established! 12C Transaciion Log Ready
. Bitrate: 100 kHz

12C Slave Address. 0x41
4+ Send PWRBRK

2 Send USER
WIRE Data

(W) Disable Active Phase

uLATTICE

SOLUTION PROVIDER

Figure 6.7. GUl-based Access Parameters

6.2.1. Get Discovery Status

Because the Discovery Phase Enable attribute in the GUI is enabled by default, the M-PESTI Initiator IP autonomously
sends the Discovery Phase command (0x00) to any M-PESTI ready target that has provided a break release. Note that
the reference code continues to follow the Payload Format defined in Specification 1.0, because Specification 1.2 does
not yet fully define about the number of supported Virtual Wires. This menu selection allows the Discovery Status
register to be read for each M-PESTI target. Each target may report one of the following statuses:

e 0b0O - Absent

e (0b01 - Present
e 0bl10 - M-PESTI is present with good payload
e 0Obl1l - M-PESTI is present without successful payload yet

© 2026 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

FPGA-RD-02341-1.0 33


https://www.latticesemi.com/legal

M-PESTI Initiator Reference Design

Reference Design

= LATTICE

Aardvark Control

Commands

& Get Discovery Status

® Get D ry Payload

d PWRBRK Broadc:

] Disable Active Phase

uLATTICE

SOLUTION PROVIDER

Command Output Teminal

12C Transaction Log

Getting Discovery Stafus.

Target 0 Discovery Status [1:0] - 00 - Absent
Target 1 Discovery Status [1:0] - 00 — Absent
Target 2 Discovery Status [1:0] - 00 — Absent.
Target 3 Discovery Status [1:0] - 00 - Absent
Target 4 Discovery Status [1:0] - 00 — Absent.
Target 5 Discovery Status [1:0] - 00 — Absent
Target 6 Discovery Status [1:0] - 00 - Absent
Target 7 Discovery Status [1:0] - 00 - Absent
Target 8 Discovery Status [1:0] - 00 — Absent
Target 9 Discovery Status [1:0] - 00 - Absent
Target 10 Discovery Status [1:0] - 00 — Absent

12C Transaction Log Ready
Get Discovery Status...

S - Addr (Ox41) - W - Data Bytes: 0x00 0x01
0x00 0x00 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S- Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x04 - Sr - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x00 - P

S- Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x08 - Sr - Addr (0x41) - R - Data Bytes.
0x01 0x01 0x00 0x00 - P

S .- Addr (Ox41) - W - Data Bytes: 0x00 0x01
0x00 0xOC - Si - Addr (0x41) - R - Data Bytes.
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x10 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S Addr (0x41) - W - Data Bytes: 0x00 0x01
%00 0x14 - St - Addr (Dx41) - R - Data Bytes
0x01 Ox01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x18 - Sr - Addr (0x41) - R - Data Bytes:
0x01 Ox01 Ox00 Ox00 - P

S- Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x1C - Sr - Addr (0x41) - R - Data Bytes
%01 0x01 0x00 Dx00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x20 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0524 - S1 - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x00 - P

S - Addr (0xd1) - W - Nata Rvtes: (x M1

Figure 6.8. Absent Discovery Status

If the Absent status is displayed, this indicates that the M-PESTI Initiator is still waiting for a break release from the
M-PESTI targets. A break release can be issued by pressing and releasing SW1 on the M-PESTI target board (MachXO3D

Breakout Board). The figure below shows that when a break release is detected, the M-PESTI Initiator autonomously
initiates the Discovery Phase and parses the discovery payloads of the targets.

Mame L Armed 32756 samples 1 3,125 MHZ | 2026-03-19 09:21:56.710.975. 758 (32320 | VIO: 3.3V
- mpest o[0] I
b o024 T TTITTT )
roesn sl N (IO
Data | 1] TIT T
e o4 N AT,
Y EE I LLLLR LR L
e N T —
Daa o027 I LLLT R0 R

After a break release is successfully issued, another Get Discovery Status can be performed. The figure below shows
that the targets 0, 1, 2, and 3 HAVE been successfully discovered and the Discovery Payload has been read and stored

Figure 6.9. Discovery Phase Hardware Waveform

by the M-PESTI Initiator. The other targets are not connected by default and therefore expected to be shown as

Absent.
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Aardvark Control

Commands
& Get Discovery Status
@ Get Discovery Payload
4 Send PWRBRK Broadcast
2 Send USER Broa«

& SelUGet VWIRE Data

MAX_NUM_TARGET:

arame!

)VERY_PAYLOAD €

Command Output Teminal

2

12C Transaction Log

Getting Discovery Status

Target 0 Discovery Status [1:0]
Target 1 Discovery Status [1:0]
Target 2 Discovery Status [1:0]
Target 3 Discovery Status [1:0]
Target 4 Discovery Status [1:0]
Target 5 Discovery Status [1:0]
Target 6 Discovery Status [1:0]

10 — M-PESTI is present with good payload
10 ~ M-PESTI 1s present with good payload
10 — M-PESTI is present with good payload.
10 - M-PESTI is present with good payioad
00 — Absent
00 — Absent
00 - Absent

Get Discovery Status...

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x00 - St - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x22 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x04 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x22 - P

Target 7 Discovery Status [1:0] : 00 — Absent
Target 8 Discovery Status [1-0] - 00 — Absent
Target 9 Discovery Status [1:0] : 00 — Absent
Target 10 Discovery Status [1:0] - 00 — Absent

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
P R 0x00 0x08 - S - Addr (0x41) - R - Data Bytes:
[8) Disable Active Phase 0x01 0x01 0x00 0x22 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
000 0x0C - St - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x22 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x10 - Sr - Addr (0x41) - R - Data Bytes.
0x010x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x14 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x18 - Sr - Addr (0x41) - R - Data Bytes.
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x1C - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x20 - Sr - Addr (0x41) - R - Data Bytes.
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x24 - Sr - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x28 - Sr - Addr (0x41) - R - Data Bytes:
L& Froje 01 Ox1 OO OO0 - P

SOLUTION PROVIDER

Figure 6.10. Good Payload Discovery Status

6.2.2. Get Discovery Payload

As shown in the following figure, when the discovery payload has been successfully received during the Get Discovery
Status, a summary is displayed on the screen, including the Payload Size and the actual Payload Read. Note that the
reference code continues to follow the Payload Format of Specification 1.0, because Specification 1.2 does not yet fully
define the information about the number of Virtual Wires supported.

Aardvark Control

MAX_NUM_TARGET: X OVERY_PAYLOA
Commands
« Got Discovery Status Command Output Teminal 12C Transaction Log
Getting Discovery Payload Get Discovery Payload...
Discovery Payload for Target[0] S - Addr (0x41) - W - Data Bytes: 0x00 0x01
4 Send PWRBRK Broadcast Byte[03h], Byte[02h], Byte[01h], Byte[00h]: Ox44 0x02 0x00 0x00 0x00 0x00 - St - Addr (0x41) - R - Data Bytes
Byte[07h], Byte[06h], Byte[05h], Byte[04h]: 0x00 0x00 0x00 Ox1F 0x01 0x01 0x00 0x22 - P
2 Byte[0Bh), Byte[0Ah], Byte[09h], Byte[08h]: 0x00 0x00 0x00 0x00
2 Send USER Broadcast Byte[OFh]. Byte[OEN], Byte[0Dh], Byte[0Ch]: 0x2B 0x00 0x00 0x00 S - Addr (0x41) - W - Data Bytes 0x00 0x01
Byte[13h], Byte[12h], Byte{11h], Byte{10h]: 0x00 0x00 0x00 0x00 0x00 0x04 - S - Addr (0x41) - R - Data Bytes
& Set/Get VWIRE Data Byte(17h], Byte[16h], Byte{15h], Byte{14h]: 0x00 0x00 0300 0x00 Lot et
Byte[1Bh], Byte{1Ah], Byte[19h], Byte{18h]: 0x00 0x00 0x00 0x00 - Addr (0x41) - W~ Dala Bytes: 000 0501
. Byte[1Fh], Byte[1Eh], Byte{1Dh], Byte[1Ch]: 0x00 0x00 0x00 0x00 0x00 0x08 - St - Addr (0x41) - R - Data Bytes
() Disable Active Phase NUM_VIRTUAL_WIRE_OUTPUT BYTES = 4, NUM_VIRTUAL_WIRE_INPUT BYTES = 4 01 001 0X00 025 P
STATIC_PAYLOAD_SIZE - 0x02 * 8 = 16 Bytes
DEVICE_CLASS: 0x00 - Riser/interposer S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0X0C - St - Addr (0x41) - R - Data Bytes
Discovery Payload for Targel(1] 0x01 0x01 0x00 0x22 - P
Byte[03h], Byte[02h], Byte[01h], Byte[00h]: 0x22 0x03 0x00 0x00
Byte[07h], Byte[06h], Byte(05h], Byte[04h]: 0x86 0x80 0x00 0x00 S - Addr (0x41) - W - Data Bytes: 0x00 0x01
Byte[0Bh], Byte[0Ah], Byte[09h], Byte[08h]. 0x00 0x01 0x21 0x00 0x00 0x10 - St - Addr (0x41) - R - Data Bytes
Byte[OFh], Byte[OEh], Byte{0Dh], Byte{0Ch]: 0x00 0x80 0x00 0x00 0x01 0x01 0x00 0x00 - P
Byte[13n], Byte[12h], Byte[11h], Byte[10h]: 0x00 0x03 0x10 Ox10
Byte[17h], Byte[16h], Byte[15h], Byte[14h]: 0xCC 0x00 0x00 0x00 S - Addr (0x41) - W - Data Bytes: 0x00 0x01
Byte[18h], Byte[1Ah], Byte[19h], Byte[18h]: 0x00 0x00 0x00 0x00 0x00 0x14 - St - Addr (0x41) - R - Data Bytes
Byte[1Fh], Byte[1Eh], Byte[1Dh], Byte[1Ch]: 0x00 0x00 0x00 0x00 0x01 0x01 0x00 0x00 - P
NUM_VIRTUAL_WIRE_OUTPUT BYTES = 2, NUM_VIRTUAL_WIRE_INPUT BYTES = 2
STATIC_PAYLOAD_SIZE - 0x03 * 8 = 24 Bytes S )\V;d'f(’gg ‘B)“f: 00 %’j{‘t’c's
DEVICE_CLASS: 0x00 - Riser/Interposer a0 T 00 00
Discovery Payload for Target(2] N
Byte[03h], Byte[02h], Byte[01h], Byte[00h]: 0x22 0x04 0x00 0x00 3.03‘3‘1'1‘:?“@,")\%32&317?& V%ggoé‘;;
Byte[07h], Byte[06h], Byte[05h], Byte[04h]: 0x86 0x80 0x27 0x00 0x01 0x01 000 0x00 - P
Byte[0Bh], Byte[0Ah], Byte[09h], Byte[08h]: 0x00 0x02 Ox41 OXAD
Byte[OFh], Byte[OEh], Byte[0Dh], Byte[OCh]: 0x37 0x80 0x04 0x41 S - Addr (0x41) - W - Data Bytes. 0x00 0x01
Byte[13h], Byte[12h], Byte[11h], Byte[10h]: 0x80 0x04 0x00 Ox27 0x00 0x20 - St - Addr (0x41) - R - Data Bytes
Byte[17h], Byte[16h], Byte{15h], Byte[14h] OxOF 0x10 0x10 0x00 0x01 0x01 0x00 0x00 - P
Byte[1Bh], Byte[1Ah], Byte[19h], Byte[18h]: 0x00 0x00 0x00 0x00
Byte[1Fh], Byte[1Eh], Byte[1Dh], Byte[1Ch]: 0x1C 0x00 0x00 0x00 S - Addr (0x41) - W - Data Bytes: 0x00 0x01
NUM_VIRTUAL_WIRE_OUTPUT BYTES = 2, NUM_VIRTUAL_WIRE_INPUT BYTES = 2 0x00 0x24 - Sr - Addr (0x41) - R - Data Bytes
STATIC_PAYLOAD_SIZE : 0x04 * 8 = 32 Bytes 0x01 0x01 0x00 0x00 - P
DEVICE_CLASS: 0x00 - Riser/Interposer
S - Addr (0x41) - W - Data Bytes: 0x00 0x01
Discovery Payload for Target(3] 0x00 0x28 - St - Addr (0x41) - R - Data Bytes
DL AAIATRT DL 4afOAART D 4nlfah] Do 4alNART. Al T A4 A A 01 (et DD N0 . P
S0LUTION PROVIDE

Figure 6.11. Successful Get Discovery Payload
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6.2.3. Send PWRBRK Broadcast

This menu selection allows the broadcasting of PWRBRK Command (0x00) to all targets. The command frame is
preceded by the BROADCAST Command (0OxFF), followed by the PWRBRK Command (0x00).

Aardvark Control

Commands
« Get Discovery Status
@ Get Discovery Payload
2 Send USER Broadcast
& Sel/Get VWIRE Data

(W) Disable Active Phase

uLATTICE

Parameters

MA UM Il mAX STATIC ER

Command Output Teminal

Y_PAYLOAD_SIZE 12C Slav

12C Transaction Log

Sending PWRBRK Broadcast Command
Broadcast PWRBRK Command Done

Send PWRBRK Broadcast...

S - Addr (0x41) - W - Data Bytes: 0x00 0x00
0x00 0x28 0x00 0x00 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x00
0x00 0x24 0x00 0x01 0x00 0x00 - P

OPEN
Figure 6.12. Successful PWRBRK Broadcast Command
MName moT Armed 37766 samples at 3. 125 MHZ | 2026-03-19 09:41:52.069.666.928 (32/330) | VIO: 3.3V
moess_o(o] N {e oo }
s oo 2 1L
—— =T }
Dot L
- mpese jolZ] {e Joo }
ora LI
ot 3 v =}
Data Di027 LT

Figure 6.13. Successful PWRBRK Broadcast Hardware Waveform

6.2.4. Send USER Broadcast

This menu selection allows the broadcasting of USER Command to all targets. The command frame is preceded by the

BROADCAST Command (0xFF), followed by the USER Command (User input).
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Parame

max_Num_TARGETS: [l mAx

Aardvark Control

Slave Addr

TATIC_DISCOVERY_PAYLOAD_SIZE

Commands

« Gt Discovery Status Command Output Teminal 12€C Transaction Log

© Get Discovery Payload Broadcast USER Command Send USER Broadcast...

4 Send PWRBRK Broadcast

2 Send USER Broadcast
4

& Set/Get VWIRE Data
Enter 1-byte User Broadcast Command in hex (00-FF)
vy

Disable Active Phase e
oK Cancel

uLATTICE

SOLUTION PROVIDER

Figure 6.14. Sending USER Broadcast User Input

Parameters

Aardvark Control
MAX_NUM_TAR Bl MAX_STATIC_DISCOVERY_PAYLOAD_SIZE

Commands
12C Transaction Log

« Get Discovery Status Command Output Teminal

@ Get Discovery Payload Broadcast USER Command Send USER Broadcast...
2 3 Broadcasting Command = OxAA
Broadcast USER Command Done S - Addr (0x41) - W - Data Bytes: 0x00 0x00
0x00 0x28 0x00 0x00 0x00 OxAA - P

4 Send PWRBRK Broadcast
S - Addr (0x41) - W - Data Bytes: 0x00 0x00

2 Send USER Broadcast 0x00 0x24 0x00 0x01 0x00 0x00 - P

& Set/Get VWIRE Data

() Disable Active Phase

uLATTICE

| e

SOLUTION PROVIDER

Figure 6.15. Successful USER Broadcast

Name P T Armed 52758 somoes ot 12.5 M | 20360319 09045255, 74, 102458 (32/324) | VI0= 3.9
- mgest ofo] y s
L
e Tras }
L
{F T }
[
e e }
L

Figure 6.16. Successful USER Broadcast Hardware Waveform
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6.2.5. Set/Get VWIRE Data

This menu selection allows the MPESTI Initiator to issue the Active Phase command (0x01) and exchange Virtual Wire
data with multiple targets in a round-robin fashion. The reference code automatically parses the supported number of
Virtual Wires for each target by reading the byte 03h of the target’s Discovery Payload, specifically, the
NUM_VIRTUAL_WIRE_OUTPUT_BYTES[3:0] and NUM_VIRTUAL_WIRE_INPUT_BYTES[3:0].

The MPESTI Initiator uses this information to determine the number of the Virtual Wire bytes to send and the number
of the Virtual Wire bytes to receive. This menu selection also provides the option to specify the Virtual Wire data values
to be sent, as shown in the following figures.

Note that the reference code continues to follow the Payload Format of Specification 1.0, because Specification 1.2
does not yet fully define the information about the number of Virtual Wires supported.

Param

MAX_NUM_TAR MAX_STATIC_|

Aardvark Control

rY_PAYLOAD_sizE [l 12C Stave Address 0x I

Commands

« Gat Discovery Status Command Output Teminal 12C Transaction Log
@ Get Discovery Payload Set/Get VWIRE Data Set/Get VWIRE Data...
Target 0: NUM_VIRTUAL_WIRE_OUTPUT BYTES = 4, NUM_VIRTUAL_WIRE_INPUT BYTES = 4 S - Addr (0x41) - W - Data Bytes 0x00 0x01
4 Send PWRBRK Broadcast 0x00 0x00 - Sr - Addr (0x41) - R - Data Bytes

0x01 0x05 0x00 0x26 - P

2 Send USER Broadcast S . Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x04 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x05 0x00 0x26 - P

& SelGet VWIRE Data

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
= 0x00 0x08 - Sr - Addr (0x41) - R - Data Bytes.
(w) Disable Active Phase 0x01 0x05 0x00 0x26 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0xOC - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x05 0x00 0x26 - P

# VWIRE Output Dta o Target 0 x

S - Addr (0x41) - W - Data Bytes: 0x00 0x01

5 0x00 0x10 - Sr - Addr (0x41) - R - Data Bytes:

Enter 4 VWIRE output bytes (comma-separated, e.g. OxAA, 0xBB, 0xCC .): 0x01 0x01 0x00 0x00 - P
S - Addr (0x41) - W - Data Bytes: 0x00 0x01

o« Canced 0x00 0x14 - Sr - Addr (0x41) - R - Data Bytes:

0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes. 0x00 0x01
0x00 0x18 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 Ox1C - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x20 - Sr - Addr (0x41) - R - Data Bytes:

..LAnICE 0x01 0x01 0x00 0x00 - P
[ ] S - Addr (0x41) - W - Data Bytes: 0x00 0x01

0x00 0x24 - Sr - Addr (0x41) - R - Data Bytes.
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01

OPEDN 0x00 0x28 - Sr - Addr (0x41) - R - Data Bytes
SompuLe Ploject P

01 D1 MO MO

SOLUTION PROVIDES

Figure 6.17. Set/Get Virtual Wire User Input
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ara

MAX_NUM_TA 3 MAX_STATIC_D!

Aardvark Control

VERY_PAYLOAD_sizE [N 1

Commands
a Get Discovery Status Command Output Teminal 12C Transaction Log
@ Get Discovery Payload Set/Get VWIRE Data Set/Get VWIRE Data...
Target 0: NUM_VIRTUAL_WIRE_OUTPUT BYTES = 4, NUM_VIRTUAL_WIRE_INPUT BYTES = 4 S - Addr (0x41) - W - Data Bytes: 0x00 0x01
4 Send PWRBRK Broadcast Target 0: VWIRE Data Sent to Targel: OxAA, OXAA, OxAA, OKAA 0x00 0x00 - St - Addr (Ox41) - R - Data Bytes
Target 0: VWIRE Data Received from Target: OxAA OxAA OXAA OXAA 0x01 0x05 0x00 0:26 - P
2 Send USER Broadcast Target 1: NUM_VIRTUAL_WIRE_OUTPUT BYTES = 2, NUM_VIRTUAL_WIRE_INPUT BYTES = 2 S - Addr (0x41) - W - Data Bytes: 0x00 0x01
Target 1: VWIRE Data Sent to Target: 088, 0xBB 0x00 0x04 - St - Addr (0x41) - R - Data Bytes

& Set/Get VWIRE Data Target 1: VWIRE Data Received from Target: 0xBB 0xBB 0x01 0x05 0x00 0x26 - P

Target 2: NUM_VIRTUAL_WIRE_OUTPUT BYTES = 2, NUM_VIRTUAL_WIRE_INPUT BYTES = 2 gmﬁ%iro(gmsw[; Xﬁa.?éiiﬂ“?f %xz?tg OB);?SS
able Active Phase Target 2: VWIRE Data Sent to Target: 0xCC, 0xCC 0x01 0x05 0x00 0x26 - P
Target 2: VWIRE Data Received from Target: 0xCC 0xCC

. . S - Addr (0x41) - W - Data Bytes: 0x00 0x01
Target 3: NUM_VIRTUAL_WIRE_OUTPUT BYTES = 15, NUM_VIRTUAL_WIRE_INPUT BYTES = 15 0x00 0X0C - 7 - Addr (0x41) - R - Data Bytes
Target 3: VWIRE Data Sent to Target: 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD, 0xDD 0x01 0¥05 0x00 0x26 - P
Target 3: VWIRE Data Received from Target: 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD 0xDD

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
Active Phase is now ENABLED on the targets above 0x00 0x10 - Sr - Addr (0x41) - R - Data Bytes
To stop VWIRE exchange, please use 'Disable Active Phase’ 0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 Ox14 - Sr - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
000 0x18 - St - Addr (Ox41) - R - Data Bytes
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x1C - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x20 - Sr - Addr (0x41) - R - Data Bytes:
'LATTICE 0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x24 - Sr - Addr (0x41) - R - Data Bytes
0x01 0x01 0x00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01

OPEDN 0x00 0x28 - St - Addr (0x41) - R - Data Bytes

N1 e 00 0x0N - P

SOLUTION PROVIDER

Figure 6.18. Successful Set/Get Virtual Wire
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Figure 6.19. Set/Get Virtual Wire Hardware Waveform

Note: Once this selection is successfully completed, the Active Phase bit of the displayed targets is enabled, which
means the Virtual Wire Exchange is performed continuously until it is disabled. For more information, refer to the
Disable Active Phase section.
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6.2.6. Disable Active Phase

This menu selection allows you to stop the Virtual Wire Exchange by setting the Active Phase Enable bit to 0 for each of
the target currently in Active Phase (continuous Virtual Wire Exchange). The continuous Virtual Wire Exchange (shown

in Figure 6.19) stops, once this operation completes successfully, as shown in Figure 6.21.

# Lattice M-PESTI infistor Dema v1.0

Aardvark Control

® Get D

sery Payload

d PWRBRK Bro

uLATTICE

R Broac

1 VWIRE Data

I:IF'EI'II

Command Output Teminal

12C Transaction Log

Disabling Active Phase
Target 0. Disable Active Phase Successful
Target 1: Disable Active Phase Successiul.
Target 2 Disable Aclive Phase Successful
Target 3: Disable Active Phase Successful

12C Transaction Log Ready
Disable Active Phase...

S - Addr (Ox41) - W - Data Bytes: 0x00 0x01
0x00 0x00 - 1 - Addr (0x41) - R - Data Bytes
0x01 0x05 0xD0 0:26 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x00 0x01 0x01 0x00 0x00 - P

S - Addr (Ox41) - W - Data Bytes: 0x00 Dx01
0x00 0x04 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x05 0xDO 0x26 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x04 0xD1 0x01 0200 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x08 - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x05 OxDO 026 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x08 0x01 0x01 0400 0400 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x0C - Sr - Addr (0x41) - R - Data Bytes:
0x01 0x05 0xD0 0x26 - P

S - Addr (Ox41) - W - Data Bytes: 0x00 Ox01
0x00 0x0OC 0x01 001 Ox00 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0501
0x00 0x10 - Sr - Addr (0x41) - R - Data Bytes
0x01 0x01 0xD0 0x00 - P

S - Addr (0x41) - W - Dala Bytes: Dx00 0x01
0x00 Ox14 - St - Addr (0x41) - R - Data Bytes
0x01 0x01 0xD0 0x00 - P

S - Addr (0x41) - W - Data Bytes: 0x00 0x01
0x00 0x18 - Sr - Addr (0x41) - R - Data Byles.
0x01 0xD1 0xDD 0x00 - P

S Adelr (0x41) . W - Nata Avies N (01

Figure 6.20. Disable Active Phase Successful
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Figure 6.21. Disable Active Phase Hardware Waveform
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7. 12C Transactions

This design utilizes the 12C to APB Bridge reference design that converts 12C transactions into APB requestor
transactions to gain access and control to the M-PESTI IP core register address map. The I12C timing diagrams and
example register access are shown in the following figures.

7.1. Write Operation

The figure below shows the 12C framing for a single APB write transaction. The figure is described as the following:
e The first four bytes of serial data are converted into a 32-bit register address (or APB Address)

e The next four bytes of serial data are converted into 32-bit write data (APB Write Data) to that register address (or
APB Address)

e  For multiple write operations, this framing must be repeated by the 12C Controller for all APB address locations
For more information, refer to the 12C to APB Bridge Reference Design web page.

0 (write)

| s |Hm I2C Target Address| RFW | A ‘ APB Address[31:24] | A ‘APBAddress[ZSﬂE] | A | APB Address[15:8] | A | APB Address[7-(] | A F‘

\—-{APBWriteData[atqu A |APBWriteData[23:16]| A [ APBWrileData[15:B]| A [APBWriIeData[’r’:D] | A ] P ]

[CJFrom Controller to Target ~A — Not Acknowledge  R/~W — Data Direction Bit
[/From Target to Controller A — Acknowledge 0 — Indicates Write Operation

S — Start Condition 1 — Indicates Read Operation
Rs — Repeated Start
P — Stop Condition

Figure 7.1. Write Operation Data Format for 12C to APB Conversion

7.2. Read Operation

The figure below shows the 12C framing for a single APB read transaction. The figure is described as the following:
e The first four bytes of 12C serial data are converted into the 32-bit register address (or APB Address)

e The next four bytes of 12C serial data contain the 32-bit read data (APB Read Data) coming from the accessed
register address (or APB Address)

e  For multiple read operations, this framing must be repeated by the 12C Controller for all APB address locations.
For more information, refer to the 12C to APB Bridge Reference Design web page.

0 (write)
|

| = ‘Tbi‘t LZCTargelMdress‘ R/~W | A | APB Address[31:24] | A | APB Address[23:16] | A | APB Address[15:8] | A | APB Address[7:0] ‘ A |—‘

L| Rs|7-bnlchargetAddress| RI-W |APB Read Data[31-24] | A | APB Read Datn[2316]| A | APB Read Data[15;e]| A ‘ APB Read Data[7-0] | ~A | P |

1 (read)

O From Controller to Target ~A — Not Acknowledge R/~W — Data Direction Bit

[ From Target to Controller A — Acknowledge 0 — Indicates Write Operation
S — Start Condition 1 - Indicates Read Operation
Rs — Repeated Start
P — Stop Condition

Figure 7.2. Read Operation Data Format for 12C to APB Conversion
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7.3. Register Write Operation Example

The figure below shows an example 12C transaction that performs a write operation to the Required Registers of
M-PESTI Initiator Target 0. For more information about the M-PESTI Initiator register descriptions, refer to the M-PESTI
Initiator IP User Guide (FPGA-IPUG-02258).

Register Address: 0x0001_0000 (Target 0 Required Registers)

Write Data: 0x0101_0000
o Discovery Phase Enable [16] =1
e Active Phase Enable [18] =0
e  Broadcast Subscription [24] =1

0 (write)
I

|S| 12C Addr = 0x41 | RI~W A ] 0x00 l A l 0x01 | A | 0x00 I A I 0x00 | A }—‘

\—-{ 0x01 [ A l 0x01 | A I 0x00 I A [ 0x00 l A [ P ]

CJFrom Controller to Target ~A — Not Acknowledge R/~W — Data Direction Bit
LIFrom Target to Controller = A — Acknowledge 0 - Indicates Write Operation
S — Start Condition 1 — Indicates Read Operation
Rs — Repeated Start
P — Stop Condition

Figure 7.3. Write Data 0x0101_0000 to Target 0 Required Registers (0x0001_0000)

7.4. Register Read Operation Example

The figure below shows an example I12C transaction that performs a read operation to the Required Registers of
M-PESTI Initiator Target 0. For more information about the M-PESTI Initiator register descriptions, refer to the M-PESTI
Initiator IP User Guide (FPGA-IPUG-02258).

Register Address: 0x0001_0000 (Target 0 Required Registers)

Read Data: 0x0105_0026
e Discovery Status [1:0] = 2'b10
e Active Phase Status [2] =1
e Presence Timeout Detection [5] =1
e Discovery Phase Enable [16] =1
e Active Phase Enable [18] =1
e  Broadcast subscription [24] =1
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0 (write)
| S| 12C Addr = 0x41 ‘ R~W | A ‘ 0x00 ‘ A \ 0x01 I A | 0x00 | A ‘ 0x00 | A |—‘
L| RS|7-hﬂ|20TarQeMﬂdrSS| R/~W ‘ 0x01 ‘ A ‘ 0x05 | A | 0x00 | A | 0x26 | ~A| P |
1 (read)
[0 From Controller to Target ~A — Not Acknowledge R/~W — Data Direction Bit
[ From Target to Controller A — Acknowledge 0 — Indicates Write Operation
S - Start Condition 1 — Indicates Read Operation

Rs — Repeated Start
P — Stop Condition

Figure 7.4. Read Target 0 Required Registers (0x0001_0000)
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8. Simulating the Reference Design

This reference design includes pre-generated RTL files that can be directly simulated using the ModelSim™ Lattice FPGA
Edition software or QuestaSim™ Lattice FPGA Edition software. To simulate the design, perform the following steps:

1. Unzip the reference design zip file.

2. Openthe .dofile in a text editor and replace the SET THE SIMULATION PATH HERE text in line 2 with the directory path of the
simulation file. Figure below shows an example of the replaced directory path in line 5.

[R%]

|set SIM DIR "SET THE SIMULATION PATH HERE"

P L

# Example:
5 |# set sIM DIR "C:/Users/M-PESTI Initiator Reference Design/Simulation”

Figure 8.1. Changing the Simulation Directory

3. Launch the ModelSim Lattice FPGA Edition software and select Tools > TCL > Execute Macro.

. Questa Lattice OEM Edition-64 2025.2
File Edit View Compile Simulate Add Library Tecls Layout Bockmarks Window Help
Waveform Compare 4
T e Code Coverage 3
J e Ca hr‘:; ‘ Functional Coverage 3
o aall [ Toggle Coverage L3 g J e v wln o She | Search: J
EE Y B v RD e S | otardn bl
J &; ﬁ @ Coverage Save...
M Library Coverage Report 4 + | x|
"|Name Coverage Configuration * o
1,—‘{]:& ovi_iCE40UP Profile ¥ 4. foae_library fsimulationlibsiCE40UR
i,—ﬂjl ICE40UP Garbage Collector » L. .. feae_library fsimulationlibs iCE40UP
1;—M ut24ep Breakpoints... 4. .f.. frae_library fsimulationlibs Mfcprx
1;—‘{]:]1 Ifcprx Dataset Snapshot. .. 4. 4. . feae_library fsimulationlibs Ifcpnx
L ovi_ut24cp 4./ fcae_library/simulation/libs Ifcpnx
1,—ﬂjl ovi_lfcpnx Trace b 4. foae_library fsimulationlibsMopnx
1;—‘{]:]1 ovi_lfmxo4 C Debug » L./ fcae_libraryfsimulationlibsifmxo4
=l tmxa4 JobSpy v ... feae_library jsimulation/libs tfmxo
1;_ﬂjl ovi_lfmxo4d . A frae lihrary fsimulation flibs fmxo4d
i;—ﬂjl Ifmxo4d Td Execute Macro... | jon/libs/ifmxo4d
L Ifd2nxt Wildcard Filter... ion/libs ifmxa5
4l ovi_lfmxos Edit Preferences. .. Td Debugger ion/ibs Hfmxo5
i;—ﬂjl Ifmxo5 Lorary WUCT TAILIV_LN TdPro Debugger lonflibs/ifmxo5
1;—M ovi_lfd2rx1 Library SQUESTASIM_DIR/../.. fcae_library /simulationlibs/ifmxo5
1,—‘{]:& Ifmxo5t Library SQUESTASIM_DIR/. /.. fcae_library simulationlibs/ifmxo5t
i,—ﬂjl ovi_lfmxo5t Library SQUESTASIM_DIR/. /.. fcae_library /simulationlibs fmxo5t
gl mxost1 Library SQUESTASIM_DIR/. . /.. fcae_library /simulation libs fmxo5t1
i Ifdanxz Library SOUESTASIM_DIR/. /.. fcae_library /simulation/ibs fmxo5t1
+Hl ovi_tfmxost1 Library SQUESTASIM_DIR/.. /.. fcae_library fsimulationlibs Ifmxo5t1
1,—ﬂjl ovi_lfd2nx2 Library SQUESTASIM_DIR/. /.. fcae_library /simulation/libs/ifmxo5t1
il owi ut24c lihrarw SNIIFSTASTM DTR /.. {. . frae library isimilation libs Aifd j

Figure 8.2. Running the Simulation Script File
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Questa Lattice OEM Edition-64 2025.2 - a x
File Edit View Compile Smulste Add Wave Tocl: Layout Bookmar

Window Help

I EMET e

£ [jULITfrpes nibtord_nstick

£ [bjUTmpest nitatord_nstrst_n i

£ LT frpesti_itatard_nstjoph_psel §
.. MIULIT rpest_nitaturd_nstiaph oready_o
£ [jUTmpestnitatord_nstiaph_penable i
£ [T mpest_initator0_nstjap_pwrite_j
“o MDALITmpest_initiater0_instjaph_peiverr_o

3
@ FULPSH
@ LR

L@ =
&
@ Furs
@ sPULPE
3

foto 1021273088130 fs |Project :r8_verlog KOS Now: 101,650, 123,375,100 fs Delta: 1 e

Figure 8.3. Simulation Waveform
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9. Resource Utilization

The following table lists the resource utilization information of the reference design.

Table 9.1. Resource Utilization

= LATTICE

MachXO3LF/ MachX05-NX
MachX03D Utilization
Module or IP Utilization Notes
LUTs EBR LUTs EBR
M-PESTI IP 2311 9 2605 4 The current design supports up to 11 targets. This limit can be
increased through the IP GUI.
12C to APB Bridge 198 - 207 - The current 7-bit Slave Address is set to Ox41. This value can be
Reference Design changed as needed.
Led Counter 22 — 58 — Used as an indicator that the clock is present, the PLL has
achieved a locked state, and that the bitstream is running.
PLL 2 — 2 — . In MachXO3LF and MachXO3D devices, the PLL is used to
generate the 25 MHz system clock from the external
(onboard) 12 MHz oscillator
. In MachX05-NX devices, the PLL is used to generate the 25
MHz system clock from the external (onboard) 125 MHz
oscillator
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Technical Support Assistance

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

For frequently asked questions, please refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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