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Abbreviations in This Document

A list of abbreviations used in this document.

a=LATTICE

Abbreviations Definition

AC Alternating Current

AMBA Advanced Microcontroller Bus Architecture
APB Advanced Peripheral Bus

CcDC Clock Domain Crossing

CRC Cycle Redundancy Check

CSR Control and Status Register

DC-SCI Datacenter-ready Secure Control Interface
DC-SCM Datacenter-ready Secure Control Module
DDR Double Data Rate

EFB Embedded Function Block

FPGA Field Programmable Gate Array

GDDR Graphics Double Data Rate

GPIO General Purpose Input/Output

GUI Graphical User Interface

HDL Hardware Description Language

HPM Host Processor Module

1/O Input/Output

12C Inter-Integrated Circuit

IP Intellectual Property

IPK Intellectual Property Kit

LED Light-Emitting Diode

LLGPIO Low Latency General Purpose Input/Output
LTPI LVDS Tunneling Protocol and Interface

LUT Look-Up Table

LVDS Low Voltage Differential Signaling

MCSI Multi-Channel Serial Interface

MCTP Management Component Transport Protocol
N/A Not Applicable

NLGPIO Normal Latency General Purpose Input/Output
OoCP Open Compute Project

OEM Original Equipment Manufacturer

PFU Programmable Functional Unit

PLL Phase-Locked Loop

RTL Register Transfer Level

Rx Receiver

SCM Secure Control Module

SDR Single Data Rate

Tx Transmitter

UART Universal Asynchronous Receiver/Transmitter
usB Universal Serial Bus
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1. Introduction

The DC-SCM 2.0 LTPI Reference Design offers multiple solution templates utilizing the current LVDS Tunneling Protocol
Interface (LTPI) IP. This IP complies with Datacenter-ready Secure Control Module (DC-SCM) 2.0 LTPI specifications and
features a standardized Datacenter-ready Secure Control Interface (DC-SCI). It aggregates multiple data channels,
including 12C, GPIO, and UART to enhance flexibility in a customer’s system and board design.

This reference design is OCP Ready™.

1.1. AQuick Facts

a=LATTICE

You can download the reference design files in the LVDS Tunneling Protocol and Interface Reference Design web page.

Table 1.1. Summary of the Reference Design

Supported Devices

MachX03™, MachX03D™, and MachXO5-NX™

Test bench

General -
Source code format Verilog
Functional simulation Performed
. X Timing simulation Not performed
Simulation

Available

Test bench format

Verilog

Software Requirements

Software tool and version

Lattice Diamond™ version 3.14 for the MachX03, MachXO3D devices
Lattice Radiant™ version 2025.1 for the MachXO5-NX devices

Lattice Propel™ version 2025.1

Synplify Pro®

Questa Lattice OEM Edition-64 2024.2

IP version (if applicable)

DC-SCM LTPI 2.0.0
12C-to-APB Bridge Reference Design 1.2.1

Hardware Requirements

MachXO3LF Starter Kit

Board MachX03D Breakout Board
MachX05-NX Development Board
Cable USB Mini-B to USB-A cable (provided for all boards except the LTPI

board)

1.2. Features

Key features of the LTPI reference design include:

e  Support for DC-SCM 2.0 LTPI version 1.1 (Oct 2023)

e Link initialization, discovery, and negotiation
e Support for multi-channel serial interface

e  Support for LVDS

e  Aggregation/disaggregation of up to five channels in total
e  Support for GPIO, 12C, UART, OEM, and data channel aggregation
e Configurable 12C interface as single-node (controller or target only) or multi-node (supports both external

controller and target)

e  Each multi-node 12C bus uses 1 payload byte, equivalent to two single-node 12C buses

e  Support for up to 1,200 Mbps LVDS data rate (up to 800 Mbps on the MachX03 and MachX03D devices; up to
1,200 Mbps on the MachXO5-NX devices)

e  Support for AMBA 3 APB Protocol version 1.0 for register access of the soft IP and data channel:
e  PREADY signal indicates completion of an APB transfer
e  PSLVERR signal indicates failure of a transfer, supported only in data channel-related access
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Reference Design

1.3. Naming Conventions

1.3.1. Nomenclature

The nomenclature used in this document is based on Verilog HDL.

1.3.2. Signal Names

Signal names that have:

e _nareactive low (asserted when value is logic 0)
e _jareinputsignals

e _oareoutputsignals

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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2. Directory Structure and Files

Figure 2.1 shows the directory structure.

v LVD5-Tunneling-Protocol-and-Interface-Reference-Design
IPK
v Projects

MachXQ30_HPM

MachXQ3D_5CM

MachXQ3LF_HPM

MachXQ3LF_SCM

MachXO5MNX_HPM

MachXQ3MNX_S5CM
v Simulaticn

libraries

rtl_sim

source

Figure 2.1. Directory Structure

Table 2.1 shows the list of files included in the reference design package.

Table 2.1. File List
Subfolder Description

IPK This subfolder contains the IPK used in the project.

This subfolder contains pre-built projects, subcategorized by the function and the Lattice
FPGA used.

e MachXO3D_HPM

e  MachX03D_SCM

Projects e MachXO3LF_HPM

e  MachXO3LF_SCM

. MachXO5NX_HPM

e MachXO5NX_SCM

Each project has been tested through simulation and on hardware.

This subfolder contains the simulation files used for functional simulation.

e Libraries: pre-built simulation libraries for the Lattice FPGA devices

e Source: contains the test bench RTL and other submodules needed for simulation
Additionally, this subfolder *.do files used to run preset functional simulations. These
files are named in this format:
SCM_<device_used_for_SCM>_HPM_<device_used_for_HPM>.do

e SCM_X03D_HPM_XO03D.do

e  SCM_X03D_HPM_XO3LF.do

Simulation e SCM_XO03D_HPM_XO5.do

e  SCM_XO3LF_HPM_X03D.do

e  SCM_XO3LF_HPM_XO3LF.do

e  SCM_XO3LF_HPM_XO05.do

e  SCM_X05_HPM_XO3D.do

e  SCM_X05_HPM_XO3LF.do

e SCM_X05_HPM_XO05.do

e wave.do —this is invoked by the other *.do files to add preset signals on the Wave
view of the simulator

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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3. Functional Description

The reference design provides you with a ready-to-use LTPI template for both SCM and HPM. The design manages all
initialization requirements for SCM and HPM to establish a working link, following the LTPI state flow internally, as
shown in Figure 3.1. It also provides access to the LTPI IP’s Control and Status Registers through the 12C interface.
Figure 3.2 and Figure 3.3 illustrate the implementation of the DC-SCM LTPI IP within the reference design. Some
modules differ between the HPM and SCM implementations based on their intended usage. Additionally, because the
design supports multiple target devices, some modules vary for each device. These differences will be discussed in the
subsection of each block.

The reset from the Reset Timer is also used as the primary reset net unless specified otherwise.
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Legend:
—Based Clock (25 MHz) at SDR

~ Target Clock

- Operates on Base and Target
clock depending on previous
state

| Continuously transmit and receive Link-detect -
| frames until frame alignment is done.

{1f SCM: continuously sends Link-Speed Frame until
{able to transmit at least seven frames
| If HPM: continuously sends Link-Speed Frame until |~~~

{ able to receive at |east three frames AN

MISC signals: sends out the 16-bit target speed 1~
External GPLL can use this to change clocks.

—} IP performs internal GDDR ;—

GDDR Sync
done?

Start of Frame
found

&& LD frames with

correct CRC2 3

Rx:2 7LD

frames received &&

Tx:2 255D frames transmitted
or

Rx: 1LS frame.

received

SCM: Tx: 2 7 LS frames
transmitted
HPM: Rx: 23 LS.
frames received

:

Advertise - Frame Alignment
(Tx sends Advertise Frames continuously)

Start of Frame
found

&& frames with
correct CRC>=3

Error: Lost three frames

MISC signals: Asserts link error flag. When a link
error toggles during this state, this means that IP
needs to go back to base clock and Link-training

Error Scenario?

Received 1
CFG frame?

Every time there is a change in clock, GDDR
synchronization needs to be performed by either
restarting synchronization through sync_start_i or
performing synchronization reset through
sync_rst_i |

Tx continuously sends Detect Frame until Rx
receives at least 7 detect frames and transmitted at
_least 255 frames

OR

Rx has received 1 Link-Speed Frame. If one side
moves to the next stage faster and starts sending
Link Speed Frame, the ‘slower’ side moves to the
next state immediately without completing the
required number of TX and RX Frames.

~ -~ MISC signals asserts link error flag.

Tx continuously sends Advertise frames for at least
Lms.

Rx received at least 3 frames with correct CRC.
There s no time-out in this state.

__—difscm 1m: issi

fiirst and starts sending Configure Frame, HPM
immediately switches to Accept without completing
the 1 ms transmission requirement.

Error: Lost three Consecutive frames.

MISC signals: Asserts link error flag. When a link
error toggles during this state, this means that IP
needs to go back to base clock and Link-Training
needs to be performed again. Performing system
reset is also required for clean transition.

External GPLL can use this to change clocks.

needs to be performed again. Performing system
reset i also required for clean transition.

External GPLL can use this to change clocks.

| Receive matched frame within 32 frames

For normal data packet transfer, IP starts sampling
the user-interface and generates packets. Whatever |
are sampled from the channels are assumedas |
valid data already. All payload received are i
transmitted back to user-interface side. i

]
Different sampling algorithm is implemented |
depending on the protocol of the external channel
connected.

Error Scenario?

Matched Frame
Received?

L0 frames
Received?

Figure 3.1. LTPI State Flow

| Received LO frames within seven frames
|

 Error: Seven consecutive frame lost such as wrong

7 CRC, unexpected frames.

MISC signals: asserts link error flag. When link error
toggles during this state, this means that IP needs
to0 go back to base clock and Link-Training needs to
be performed again. Performing system reset s also
required for clean transition.

External GPLL can use this to change clocks.
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[ 12C-to-APB Bridge =~ @———I12C-to-APB Bus———p>
|-
L
PLL LTPI Clock
Streamer P Source
| Logic —ECLK, ECLK90, CLK-
¢—Channels—p
LTPIIP
—rstn_j—p| Reset A~ _| (setasthe SCM)
Timer «——LTP—>
—clk_Itpi_i
Figure 3.2. SCM Block Diagram
PLL LTPI Clock
Streamer p Source L _ECIK, ECLK9O, CLK—
,—p Logic
A
LTPIIP «¢—Channels—p
—rstn_j—p| Reset Re|SEt (Set asthe HPM)
Timer «——LTP—p
—clk_Itpi_i »

Figure 3.3. HPM Block Diagram
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3.1. Design Components

a=LATTICE

This section outlines the module components of the top-level module in the reference design. For the signal
description of the top-level module, refer to the Signal Description section.

3.1.1. LTPI

This module utilizes the DC-SCM LTPI IP from Lattice Propel. Depending on the configuration, it can be either an SCM or

HPM instance.
Module Name: scmO (for SCM instanc

e) or hpmO (for HPM instance).

scmO_inst
4 ™\
INTR] (S
- P5750
i2c_scl_io[5:0]
= aclkS0_i[0:0]
i2c_sda_io[5:0] ju
i aclk_i[0:0]
I|_gpio_o[15:0] je=
i ||_gpio_i[15:0]
Ink_error_o[0:0] ju=
we lvds_rx_clk_i[0:0]
Ink_init_done_o[0:0] ju=
= lvds_rx_data i[0:0]
Ivds_tx_clk_o[0:0] fw
=i n|_gpio_i[15:0]
Ivds_tx_data_o[0:0] e
=i phy_clk_valid_i[0:0]
nl_gpio_o[15:0] jm=
w— uart_ctrl_i[1:0]
phy_clk_rate_o[3:0] jm
w—uart_tx_i[1:0]
phy_clk_upd_en_o[0:0] ju=
—clk_i
uart_ctrl_o[1:07 ju
—rst_ n_i
uart_rx_o[1:0] je=
. J

Figure 3.4. LTPI (SCM) Block Diagram

hpm0_inst
4 ™\
INT—
—PB_SO
i2C_sCl_i0[5:0] fwem
i clk90 _i[0:0]
i2¢_sda_io[5:0] =
w{ eclk_i[0:0]
1l_gpio_o[15:0] jm=
wi ||_gpic_i[15:0]
Ink_error_o[0:0] ju=
wt [vds_rx_clk_i[0:0]
Ink_init_done_o[0:0] ju=
=i lvds_rx_data_i[0:0]
Ivds_tx_clk_o[0:0] jum
w={ Nl_gpio_i[15:0]
Ilvds_tx_data_o[0:0] fus=
=i phy_clk_valid_i[0:0]
nl_gpio_o[15:0] ju=
w{ uart_ctrl i[1:0]
phy_clk_rate_o[3:0] fm=
w—{ Lart_tx_i[1:0]
phy_clk_upd_en_o[0:0] ju=
—clk_i
uart_ctrl_o[1:0] e
—Jrst_n_i
uart_rx_o[1:0] e
AN S

Figure 3.5. LTPI (HPM) Block Diagram
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Table 3.1. LTPI Clock Source Signals

a=LATTICE

Port Name | Input/Output | Width | Default Value Description

System Signals

ak_i Input 1 N/A The LTPI main clock connects to either CLKOS2 of LTPI clock
source or sys_clk_o of clock generator.

reset_n_i Input N/A Active low reset.

soft_reset_i Input 1’b0 LTPI active high soft reset.

eclk_i Input 1 N/A 'II_':EI EC(IZCI)_:(ki:glLJJ:C(:nnects to either CLKOP or clkop_o of the

eclka0_ i Input 1 N/A The ECLK90 input connects to either CLKOS or clkos_o of the
LTPI clock source.

INTR Interrupt N/A N/A Interrupt interface. Unused.

LTPI Signals
LVDS Receive Clock. Connects to

Ivds_rx_clk_i Input 1 N/A scmO_inst_Ivds_rx_clk_i_port or
hpmO_inst_Ivds_rx_clk_i_port (Top Module).
LVDS Receive Data. Connects to

Ivds_rx_data_i Input 1 N/A scmO_inst_lvds_rx_data_i_port or
hpmO_inst_Ivds_rx_data_i_port (Top Module).
LVDS Transmit Clock. Connects to

Ivds_tx_clk_o Output 1 N/A scmO_inst_Ivds_tx_clk_o_port or
hpmO_inst_Ivds_tx_clk_o_port (Top Module).
LVDS Transmit Data. Connects to

Ivds_tx_data_o Output 1 N/A scmO_inst_lvds_tx_data_o_port or
hpmO_inst_Ivds_tx_data_o_port (Top Module).

Low Latency GPIO Channel

ILgpio Input s | or oo, st 1 g1 portbus (ropMeduay
Low Latency Output. Connects to

Il_gpio_o Output 4 N/A scmO_inst_Il_gpio_o_portbus or
hpmO_inst_Il_gpio_o_portbus (Top Module).

Normal Latency GPIO Channel
Low Latency Input. Connects to

nl_gpio_i Input 4 N/A scmO_inst_nl_gpio_i_portbus or
hpmO_inst_nl_gpio_i_portbus (Top Module).
Low Latency Output. Connects to

nl_gpio_o Output 4 N/A scmO_inst_nl_gpio_o_portbus or
hpmO_inst_nl_gpio_o_portbus (Top Module).

UART Channel

vart_tx_i Input 1 N/A ES:{)_TiT]Etilg:[i::_cit_spt;rtstjums(.)_inst_uart_tx_i_portbus or

uart_rx_o Ouput |1 WA hpm. nst. ar, o o portbus Top Viodael, -

12C Channel

. . 12C Clock pin. Connects to scmOQ_inst_i2c_scl_io_portbus or

12¢_scl_lo Inout 1 N/A hme_insf_iZc_scI_io_portbus (_Top K/Iod_ule)_. -

. . 12C Data pin. Connects to scm0_inst_i2c_sda_io_portbus or

i2¢_sda_lo Inout 1 N/A hme_inft_iZc_sda_io_portbus_(Top_Mo_duIe;. -

Data Channel

data_ch_i Input 8’h00 Data channel input tag. Unused.

data_ch_o Output 8’h00 Data channel output tag. Unused.

APB_MO APB IE N/A N/A Data Channel APB Requester Interface. Connects to the

APB_S0 interface of LTPI.
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Port Name | Input/Output | Width | Default Value Description
APB Interface
apb_pclk_i Input 1 N/A APB interface clock. 25 MHz clock input.
apb_reset_n_i Input N/A Active-low reset.
CSR APB Completer Interface. Connects to APB_MO of the
APB_S0 APBIF N/A N/A 12C-to-APB Bridge module (SCM only).
Miscellaneous Signals
Ink_init_done_o Output 1 N/A Link Established Flag.
Ink_error o Output 1 N/A :_Slr;gslirror Flag. Indicates that the link between SCM and HPM

3.1.2. Reset Timer

This module uses the output of an internal watchdog timer to generate the system’s reset net. If the timer is disabled
(timeout_en_i = 0), the output reset source matches the input reset.

Module Name: reset_timeout

Table 3.2. Reset Timer Signals

—reset_n_i
—clk_i
—timeout_en_i

—init_done_i

reset_n_ol—

Figure 3.6. Reset Timer Block Diagram

Port Name Input/Output | Width Default Value Description
reset_n_i Input 1 N/A Active-low reset.
clk_i Input 1 N/A 25 MHz clock input.
. . ) Enables the timeout timer. The timer is active when
timeout_en_i Input 1 1’bl . . - .
timeout_en_i =1 and init_done_i = 0.
Connects to init_done_o of LTPI. The timer is active when
- . 1 ! _
Init_done_| Input N/A timeout_en_i =1 and init_done_i = 0.
reset_n_o Output 1 1’b0 System reset source.
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3.1.3. PLL Streamer Logic

This module manages the process of changing the LTPI Clock Source frequency from Base Speed to Target Speed and
vice versa. Table 3.4 outlines the difference in implementation for the three devices.

—clk i

—reset n_i

—1 wr_rdn_i

= Wb dat i[7:0]
—wb ack i
—pll_lock_i

= phy_clk_rate_o[3:0]

—{phy_clk_update_en_o

data_o[7:0] e
wb clk of—
wb_rst_of—
wb_cyc_op—
wb stb of—
wb we of—

wb_adr_o[7:0] jum
wb_dat_o[7:0] jwe=
pll_rst_of—

phy_clk_valid_i{—

Figure 3.7. PLL Streamer Logic (Wishbone) Block Diagram

—clk_i
—rstn_i
—{wr_rdn_i
—{lock_i

— apb_pready_i

apb_pslverr_i

== apb_prdata_i[31:0]

phy_clk_rate_o[3:0]

phy_clk_update_en_o

apb_penable_o}—
apb_psel_o—
apb_pwrite_of—
apb_paddr_o[31:0] =
apb_pwdata_o[31:0] =
change_done_o—
pll_rstn_o}—

phy_clk_valid_i—

Figure 3.8. PLL Streamer Logic (APB) Block Diagram

Table 3.3. PLL Streamer Logic Implementation

Target Device Module Name
MachX03 wishbone_streamer
MachX03D wishbone_streamer
MachXO5-NX apb_streamer

Table 3.4. PLL Streamer Logic Signals

Port Name | Input/Output | Width | Default Value | Description
Wishbone
clk_i Input 1 N/A 25 MHz clock input.
reset_n_i Input 1 N/A Active-low reset.
wr_rdn_i Input 1 1'bl Write (High) / Read (Low) Enable. DO NOT CHANGE.
wb_dat_i Input 8 N/A Wishbone Data In. Connects to wb_dat_o of EFB.
wb_ack_i Input 1 N/A Wishbone Ack Bit. Connects to wb_ack_o of EFB.
© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Port Name Input/Output | Width Default Value | Description
pll_lock_i Input 1 N/A PLL lock status signal. Connects to lock_o of PLL Wrapper.
Indicates the requested clock frequency rate of eclk_i and
eclk90_i:
4'd0 — 25 MHz (default)
4d1 - 50 MHz
4'd2 — 75 MHz
4’d3 — 100 MHz
phy_clk_rate_o Output 4 N/A 4’d4 — 150 MHz
4’d5 —200 MHz
4’d6 — 250 MHz
4'd7 — 300 MHz
4'd8 — 400 MHz
4’d9 - 600 MHz
Other values —reserved
Indicates a request to update the clock frequency of eclk_i
phy_clk_update_en_o | Output 1 N/A and eclk90 _i to the rate specified by phy_clk_rate_o.
Connects to phy_clk_update_en_o of LTPI.
data_o Output 8 8’h00 Module debug port. Unused.
wb_clk_o Output 1 1'b0 Wishbone Clock. Connects to wb_clk_i of EFB.
wb_rst_o Output 1 1'b0 Wishbone Reset. Connects to wb_rst_i of EFB.
wb_cyc_o Output 1 1'b0 Wishbone Cycle. Connects to wb_cyc_i of EFB.
wb_stb_o Output 1 1'b0 Wishbone Strobe. Connects to wb_stb_i of EFB.
wb_we_o Output 1 1'b0 Wishbone Write Enable. Connects to wh_we_i of EFB.
wb_adr_o Output 8 8’h00 Wishbone Address. Connects to wb_adr_i of EFB.
wb_dat_o Output 8 8’h00 Wishbone Data Out. Connects to wbh_dat_i of EFB.
oll_rst o Output 1 17b0 SDg/Sfcnew.ic PLL Reset Source. Connects to RST of LTPI Clock
phy_ck vald ) | Input L 2 stohle, Connetts o oy, ck et 1af TPL
APB
clk_i Input 1 N/A 25 MHz clock input.
rstn_i Input 1 N/A Active-low reset.
wr_rdn_i Input 1 1'bl Write (High) / Read (Low) Enable. DO NOT CHANGE.
lock_i Input 1 N/A Dynamic PLL Lock. Connects to lock_o of LTPI Clock Source.
apb,_pready. i Input 1 N/A ?;l?rCR:ady. Connects to apb_pready_o of LTPI Clock
apb_pslverr_i Input 1 N/A é;ifg;?ﬁlcic.er Error. Connects to apb_pslverr_o of LTPI
apb_prdata_| Input 32 N/A APB Read Data. Connects to apb_prdata_o of LTPI Clock

Source.
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Port Name Input/Output | Width Default Value | Description

Indicates the requested clock frequency rate of eclk_i and
eclk90_i:

4’d0 — 25 MHz (default)
4’d1 - 50 MHz

4’d2 - 75 MHz

4’d3 - 100 MHz
phy_clk_rate_o Output 4 N/A 4’d4 — 150 MHz

4’d5 - 200 MHz

4’d6 — 250 MHz

4’d7 — 300 MHz

4’d8 — 400 MHz

4’d9 — 600 MHz

Other values — reserved

Indicates a request to update the clock frequency of eclk_i
phy_clk_update_en_o | Output 1 N/A and eclk90 _i to the rate specified by phy_clk_rate_o.
Connects to phy_clk_update_en_o of LTPI.

apb_penable_o Output 1 b0 APB Enable. Connects to apb_penable_i of LTPI Clock

Source.

apb_psel_o Output 1 1’b0 APB Select. Connects to apb_psel_i of LTPI Clock Source.

apb_pwrite_o Output 1 b0 APB Write Enable. Connects to apb_pwrite_i of LTPI Clock
Source.

apb_paddr_o Output 32 39h00000000 APB Address. Connects to apb_paddr_i of LTPI Clock
Source.

apb_pwdata_o Output 32 39h00000000 APB Write Data. Connects to apb_pwdata_i of LTPI Clock
Source.

change_done_o Output 1 b0 Frequency Change Done Flag. Connects to change_done_i
of Clock Generator.

oll_rstn_o Output 1 bl Dynamic PLL Reset Source. Connects to rstn_i of LTPI Clock
Source.

- Indicates that the input clocks eclk_i and eclk90_i are valid
phy_clk_valid_i Input 1 N/A and stable. Connects to phy_clk_rate_i of LTPI
3.1.4. EFB

This module serves as a wrapper for an EFB instance, providing access to the Wishbone interface of the LTPI Clock
Source PLL. This module is used exclusively for MachX03 and MachX0O3D devices.

Module Name: wb_pll

—iwhb_clk_i
- - wb_dat_o[7:0]}—

— wb_rst_i
- wh_ack_o—

—wb_cyc_i
pll_clk_ of—

—{wb_stb_i
b ] pll_rst_o—
|- pll_stb_ofF—

—wb_adr_i[7:0]

. pll_we_o—
-7l addr_ofa:on—
—pll_data_i[7:0] oll_data_o[7:0]—
—pll_ack_i

Figure 3.9. EFB Block Diagram
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Port Name Input/Output | Width Default Value Description
wb_clk_i Input 1 N/A Wishbone Clock. Connects to wb_clk_o of PLL Streamer Logic.
wb_rst_i Input 1 N/A Wishbone Reset. Connects to wb_rst_o of PLL Streamer Logic.
wb_cyc_i Input 1 N/A Wishbone Cycle. Connects to wb_cyc_o of PLL Streamer Logic.
wh_stb_i Input 1 N/A Wls_hbone Strobe. Connects to wb_stb_o of PLL Streamer
Logic.
. Wishbone Write Enable. Connects to wb_we_o of PLL Streamer
wb_we_i Input 1 N/A .
Logic.
wh_adr i Input 3 N/A Wls'hbone Address. Connects to wb_adr_o of PLL Streamer
Logic.
wh_dat_| Input 3 N/A Wls.hbone Data In. Connects to wb_dat_o of PLL Streamer
Logic.
. PLL Wishbone Data In. Connects to PLLDATO of LTPI Clock
pll_dat_i Input 8 N/A
Source.
. PLL Wishbone Ack Bit. Connects to PLLACK of LTPI Clock
pll_ack _i Input 1 N/A
Source.
wb_dat_o Output 3 3h00 Wls.hbone Data Out. Connects to wb_dat_i of PLL Streamer
Logic.
wb_ack o Output 1 1’b0 Wishbone Ack Bit. Connects to wb_ack_i of PLL Streamer Logic.
pll_clk_o Output 1 N/A PLL Wishbone Clock. Connects to PLLCLK of LTPI Clock Source.
pll_rst_o Output 1 1'b0 PLL Wishbone Reset. Connects to PLLRST of LTPI Clock Source.
pll_stb_o Output 1 1'b0 PLL Wishbone Strobe. Connects to PLLSTB of LTPI Clock Source.
, PLL Wishbone Write Enable. Connects to PLLWE of LTPI Clock
pll_we_o Output 1 1'b0
Source.
oll_addr o Output 5 5h00 PLL Wishbone Address. Connects to PLLADDR of LTPI Clock
Source.
oll_data_o Output 3 200 :IC;IL_J:::V;shbone Data Out. Connects to PLLDATI of LTPI Clock

3.1.5. LTPI Clock Source

This module serves as a wrapper for a PLL instance, providing the necessary clocks for the LTPI.

Module name: dynamic_pll

—{cLki

—|RsT
—{PLLCLK
—PLLRST
—PLLSTB
—{PLLWE
—PLLDATI[7:0]
—IPLLADDR[4:0]

CLKOP|—
CLKOS|—
CLKOS2 }|—
LOCK|—
PLLDATO[7:0] f—
PLLACK|—

Figure 3.10. LTPI Clock Source (MachX03/MachX03D) Block Diagram
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clk_i

rstn_i

apb_pclk_i
apb_preset_n_i
apb_penable_i
apb_psel_i
apb_pwrite_i
apb_paddr_i[31:0]
apb_pwdata_i[31:0]

clkop_ol—
clkos_o[—
clkos2_ol—
lock_of—
apb_pready_of—
apb_pslverr_o—

apb_prdata_o[31:0]—

Figure 3.11. LTPI Clock Source (MachX05-NX) Block Diagram

Table 3.6. LTPI Clock Source Signals

Port Name | Input/Output | Width | Default Value | Description

MachX03/MachX03D

CLKI Input 1 N/A 25 MHz clock input.

RST Input 1 N/A Actl.ve-h|gh reset. Connects to pll_rst_o of PLL Streamer
Logic.

PLLCLK Input 1 N/A PLL Wishbone Clock. Connects to pll_clk_o of LTPI Clock
Source.

PLLRST Input 1 N/A PLL Wishbone Reset. Connects to pll_rst_o of LTPI Clock
Source.

PLLSTB Input 1 N/A PLL Wishbone Strobe. Connects to pll_stb_o of LTPI Clock
Source.

PLLWE Input 1 N/A PLL Wishbone Write Enable. Connects to pll_we_o of LTPI
Clock Source.

PLLDATI Input 8 N/A PLL Wishbone Data In. Connects to pll_data _o of LTPI Clock
Source.

PLLADDR Input 5 N/A PLL Wishbone Address. Connects to pll_addr_o of LTPI Clock
Source.

CLKOP Output 1 N/A LTPI ECLK source. Connects to eclk_i of LTPI.

CLKOS Output 1 N/A LTPI ECLK 90 source. Connects to eclk90_i of LTPI.

CLKOS2 Output 1 N/A LTPI main clock source. Connects to clk_i of LTPI.

LOCK Output 1 1’b0 Dynamic PLL Lock. Connects to lock_i of Initialization Logic.

PLLDATO Output 8 8’h00 PLL Wishbone Data Out. Connects to pll_dat_i of EFB.

PLLACK Output 1 1'b0 PLL Wishbone Ack Bit. Connects to pll_ack_i of EFB.

MachX05-NX

clk_i Input 1 N/A 25 MHz clock input.

ive- . LL

rstn_i Input 1 N/A Act|.ve low reset. Connects to pll_rstn_o of PLL Streamer
Logic.

apb_pclk_i Input 1 N/A 25 MHz clock input.

apb_preset_n_i Input 1 N/A Active-low reset.

apb_penable_| Input 1 N/A APB. Enable. Connects to apb_penable_o of PLL Streamer
Logic.

apb_psel_i Input 1 N/A APB Select. Connects to apb_psel_o of PLL Streamer Logic.

apb_pwrite_i Input 1 N/A APB Write En.able. Connects to apb_pwrite_o of PLL
Streamer Logic.

apb_paddr i Input 32 N/A f:gBicAddress. Connects to apb_paddr_o of PLL Streamer
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Port Name Input/Output | Width Default Value Description

apb_pwdata_ i Input 32 N/A APB. Write Data. Connects to apb_pwdata_o of PLL Streamer
Logic.

clkop_o Output 1 N/A LTPI ECLK source. Connects to eclk_i of LTPI.

clkos_o Output N/A LTPI ECLK 90 source. Connects to eclk90_i of LTPI.

clkos2_o Output 1 N/A LTPI Target Speed System Clock. Connects to clk_systarget_i
of Clock Generator.

lock_o Output 1 17'b0 Dynamic I.DLL Lock. Connects to lock_i of Initialization Logic
and lock_i of Clock Generator.

apb_pready o Output 1 1’b0 APB Ready. Connects to apb_pready_i of PLL Streamer Logic.

apb_psiverr o Output 1 b0 APB Complet?r Error. Connects to apb_pslverr_i of PLL
Streamer Logic.

apb_prdata_o Output 32 32’h00000000 f:gBicRead Data. Connects to apb_prdata_i of PLL Streamer

Table 3.7. LTPI Clock Source Implementation

Target Device Module Name PLL Instance
MachX03 dynamic_pll dpll
MachX03D dynamic_pll dpll
MachXO5-NX dynamic_pll_xo5 dpll_xo05

3.1.6. 12C-to-APB Bridge (SCM Only)

This module utilizes the 12C-to-APB Bridge Reference Design from Lattice Propel. It converts external 12C commands
into APB commands.

Module name: i2c2apb0

4 N

clk_i APB_MO|ef]
SCL——

rstn_i SDAF——

. J

Figure 3.12. 12C-to-APB Bridge Block Diagram

Table 3.8. 12C-to-APB Bridge Signals

Port Name Input/Output | Width Default Value Description

clk_i Input 1 N/A 25 MHz clock input.

rstn_i Input 1 N/A Active-low reset.

APB_MO APB I N/A N/A APB Requester Interface 0. Connects to APB_S00 of APB
Interconnect.

scL Inout 1 Tri-state 12C Clock port. Connects to i2c2apb0_inst_SCL_port (Top
Module).

SDA Inout 1 Tri-state :\i(;(lj)jtez; port. Connects to i2c2apb0_inst_SDA_port (Top
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3.2. Clocking Scheme

The reference design employs two input clocks, clk_i and clk_Itpi_i. The clk_i signal serves as the primary system clock
and is fixed at 25 MHz. This 25 MHz source is essential for generating the derived clocks required by the DC-SCM LTPI
IP, specifically, ECLK, ECLK90, and CLK. This configuration enables a single set of computed parameters to produce
LTPI-compliant operating frequencies as defined by the specification — up to 400 MHz for MachX03 and MachX03D
devices, and up to 600 MHz for MachXO5-NX devices.

In contrast, the clk_Itpi_i signal is directly connected to the LTPI IP core, and its frequency is determined by the system
clock range specified in the LTPI IP specifications.

3.3. Reset Scheme

The reference design uses the Reset Timer module to generate the system’s reset net.

Note that the LTPI Clock Source module does not use the system reset. Its reset is provided by the PLL streamer logic,
allowing the module to toggle the PLL’s output when changing from Base Speed to Target Speed and vice versa.

3.4. DC-SCM LTPI IP Control and Status Registers
Refer to the DC-SCM LTPI IP User Guide (FPGA-IPUG-02200) for the DC-SCM LTPI IP register description information.

3.5. GPIO Latency

The latency for the LL GPIO is at best case 700 ns (at 800 Mbps for MachX03 and MachX03D) and 425 ns (at 1200
Mbps for MachX05-NX). We measure this from the time the transmitting module system clock samples the data on the
LL Input Interface to the time the LL Output Interface of the receiver module reflects the data.

The latency for the NL GPIO depends on the ratio of the number of NL GPIO and the number of NL GPIO per frame
(rounded up). This pertains to how many frames we need to send before the next frame contains an update to the
same NL GPIO bits. Below is a sample computation:

Number of NL GPIO : 130

Number of NL GPIO per Frame: 16

Target Device: MachX03

Total Delay (Best Case) = 700 ns x ceiling(130/16) = 6300 ns
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This section describes the top module signals of the reference design, which are shown in Table 4.1 for SCM and

Table 4.2 for HPM.
Table 4.1. SCM Top Module Signals

Port Name Input/Output | Width 3:{::" Description
System
ak_i Input 1 25 MHz |Ii;l(l:ezr.nal clock input, fixed at 25
LTPI IP input clock which value
|1 fwa |l et o
specifications.
rstn_i Input 1 N/A Active-low reset.
LVDS Interface
scmO_inst_Ivds_tx_clk_o_port Output 1 N/A LVDS Tx PHY clock
scmO_inst_Ivds_tx_data_o_port Output 1 N/A LVDS Tx PHY data
scmO_inst_Ivds_rx_clk_i_port Input 1 N/A LVDS Rx PHY clock
scmO_inst_lvds_rx_data_i_port Input 1 N/A LVDS Rx PHY data
Low Latency GPIO Channel Interface
scmO_inst_Il_gpio_i_portbus Input 16 N/A Low latency input pins
scmO_inst_Il_gpio_o_portbus Output 16 N/A Low latency output pins
Normal Latency GPIO Channel Interface
scmO_inst_nl_gpio_i_portbus Input 16 N/A Normal latency input pins
scmO_inst_nl_gpio_o_portbus Output 16 N/A Normal latency output pins
UART Channel Interface
scmO_inst_uart_tx_i_portbus Input N/A UART Tx pin
scmO_inst_uart_rx_o_portbus Output N/A UART Rx pin
12C Channel Interface
scmO_inst_i2c_scl_io_portbus Inout 6 Tri-state 12C clock pin. Requires external
pull-up.
scmO_inst_i2c_sda_io_portbus Inout 6 Tri-state 12€ data pin. Requires external
pull-up.
12C-to-APB Interface
i2c2apb0_inst_SCL_port Inout 1 Tri-state Lii:::\ﬁiiﬁl_zi pin. Requires
i2c2apb0_inst_SDA_port Inout 1 Tri-state Lii:ﬁ;giiﬁ?::pm' Requires
OEM Channel Interface
scmO_inst_oem_oe_i_portbus Input 32 N/A OEM input pins
scmO_inst_oem_io_portbus Output 32 N/A OEM output pins
Protocol Information
Status Flags from LTPI:
concat_module_inst_status_display_portbus Output 2 1 Bit O: init_done
Bit 1: link_err
scmO_inst_Ink_error_o_portbus Output 1 LTPI status flag: Link Error
scmO_inst_Ink_init_done_o_portbus Output 1 1 LTPI status flag: Link Init Done
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Port Name Input/Output Width 3:{::“ Description

System

olk_i Input 1 25 MHz ’E;I(It_iezr.nal clock input, fixed at 25
LTPI IP input clock which value

L E O [ 7 b ey
specifications.

rstn_i Input 1 N/A Active-low reset.

LVDS Interface

hpmO_inst_Ivds_tx_clk_o_port Output 1 N/A LVDS Tx PHY clock

hpmO_inst_lvds_tx_data_o_port Output 1 N/A LVDS Tx PHY data

hpmO_inst_lvds_rx_clk_i_port Input 1 N/A LVDS Rx PHY clock

hpmO_inst_lvds_rx_data_i_port Input 1 N/A LVDS Rx PHY data

Low Latency GPIO Channel Interface

hpmO_inst_ll_gpio_i_portbus Input 16 N/A Low latency GPIO input pins

hpmO_inst_ll_gpio_o_portbus Output 16 N/A Low latency GPIO output pins

Normal Latency GPIO Channel Interface

hpmO_inst_nl_gpio_i_portbus Input 16 N/A Normal latency GPIO input pins

hpmO_inst_nl_gpio_o_portbus Output 16 N/A Normal latency GPIO output pins

UART Channel Interface

hpmO_inst_uart_tx_i_portbus Input N/A UART Tx pin

hpmO_inst_uart_rx_o_portbus Output N/A UART Rx pin

12C Channel Interface

hpmO_inst_i2c_scl_io_portbus Inout 1 N/A 12C Clock pin. Requires external
pull-up.

hpmO_inst_i2c_sda_io_portbus Inout 1 N/A 12C Data pin. Requires external
pull-up.

OEM Channel Interface

hpmO_inst_oem_oe_i_portbus Input 32 N/A OEM input pins

hpmO_inst_oem_io_portbus Output 32 N/A OEM output pins

Protocol Information

hpmO_inst_Ink_error_o_portbus Output 1 1 LTPI status flag: Link Error

hpmO_inst_Ink_init_done_o_portbus Output 1 1 LTPI status flag: Link Init Done
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5. Timing Constraints

For timing constraint guidelines, refer to the Timing Analysis for High-Speed GDDR Interfaces in the following
documents:

e Implementing High-Speed Interfaces with MachXO3 Devices (FPGA-TN-02057) for MachX03 devices.

e Implementing High-Speed Interfaces with MachXO3D Usage Guide (FPGA-TN-02065) for MachXO3D devices.
e MachX05-NX High-Speed 1/0 Interface (FPGA-TN-02286) for MachXO5-NX devices.

5.1. Clock Definitions

The following clock frequencies are set either manually (preset by the reference design) or automatically (preset by the

software). All are referenced to input or internal clocks of the DC-SCM LTPI IP.

e clk_i: Clock supplied to the LTPI Clock Source PLL as well as the system clock of all other modules in the reference
design except for the LTPI IP and 12C-to-APB Bridge module. This clock must be set to 25 MHz and is constrained
by the reference design to 25 MHz.

o clk_Itpi_i: Clock used as system clock for the LTPI IP and 12C-to-APB Bridge module. This clock must match the
Actual System Clock Frequency (MHz) setting of the LTPI IP. This clock is constrained by the reference design to:

e 100 MHz for MachX03 and MachXO3D devices.
e 125 MHz for MachXO5-NX devices.

o eclk_i: Clock supplied as the ECLK of the LTPI IP. This clock is constrained based on the LTPI Clock Source PLL setting
(software-defined). This clock varies from 25 MHz (during Base Speed states) up to:

e 400 MHz for MachX03 and MachX03D devices.
e 600 MHz for MachXO5-NX devices.

e eclk90_i: Clock supplied as the ECLK90 of the LTPI IP and is 90 degrees out of phase with eclk_i. This clock is
constrained based on the LTPI Clock Source PLL setting (software-defined). This clock varies from 25 MHz (during
Base Speed states) up to:

e 400 MHz for MachX03 and MachX03D devices.
e 600 MHz for MachXO5-NX devices.

e lvds_rx_clk_i_portbus[0]: Expected LVDS RX Clock frequency. This clock is constrained by the reference design to:

e 400 MHz for MachX03 and MachX03D devices.
e 600 MHz for MachXO5-NX devices.

o tx_sclk_o: Generated SCLK by the Tx PHY module. This clock is:

e 1/4 of the ECLK and constrained by the reference design to 100 MHz for MachX03 and MachXO3D devices.
e 1/5 of the ECLK and constrained by the reference design to 120 MHz for MachXO5-NX devices.

e rx_sclk_o: Generated SCLK by the Rx PHY module. This clock is:

e 1/4 of the ECLK and constrained by the reference design to 100 MHz for MachX03 and MachX03D devices.
e 1/5 of the ECLK and constrained by the reference design to 120 MHz for MachXO5-NX devices.

5.2. Clocks, Resets, and False Paths

All reset paths are asynchronous and can be set as false paths. Data transfers and clock domain crossings are already
handled in the reference design. All clocks defined in the Clock Definitions section can also be set as false paths.
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6. Modifying the Reference Design

The reference design is pre-compiled and ready to use upon download. If the intent is to run the default design on
hardware for evaluation purposes, proceed to the Hardware Implementation section.

This section discusses the software design flow if changes to the reference design need to be made.

IMPORTANT: Ensure that the linked project for Lattice Diamond or Lattice Radiant is not open when making any
modifications in the Lattice Propel project, and vice versa.

6.1. Lattice Propel
This section discusses changes that the user can make to the reference design using Lattice Propel.
For more information on Lattice Propel usage, refer to the Lattice Propel 2024.2 Builder User Guide (FPGA-UG-02219).

6.1.1. Opening the Lattice Propel Project

1. Unzip the reference design ZIP file.
2. Open Lattice Propel 2024.2. Note that the reference design is tested using this version and does not guarantee
backward compatibility with previous Lattice Propel versions.
3. Click the Open Design button or go to File > Open Design.
4. Propel Builder
Eile  Edit View Design Tools Window Help
=1
- =2 H &
IP Catalog Open Design a
L 5
s o= |
Figure 6.1. Open Design Button
4. Select the project file (*.sbx) found in <Reference_Design_Folder>/Projects/<Design_Folder>/<Design_Folder>. In

this section, the design used as an example is MachXO3D_SCM.

. Open sbx x

« “ A || « Projects » MachX03D_SCM 5 MachX03D_SCM v & | Search MachX03D_SCM o
Organize v New folder =~ [ @
Name Date modified Trpe Size

# Quick acce
impl 51PM File folder
@, OneDrive lib File folder
3
@ OneDrive. | ) MachX03D_SCMsbx SBX File KB
[ This PC
¥ Network

File name: | MachX03D_SCM.sbx

| [sbx Files ("sbx)

Cancel

Figure 6.2. Selecting the Lattice Propel Project
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6.1.2. Add/Remove Top-Level Module Ports

All module ports that are connected to an external port (input -, output T0r inout <) will be part of the top-level
module port list.
e Toremove a top-level port, do any of the following:
e  Right-click the external port and select Disconnect.
e  Click the external port and press Delete.
e Toadd a top-level port to an unconnected module port, right-click.
e Toadd a top-level port to connected module port(s) or net(s), do the following:
e Right-click on any blank space in the Schematic Window and select Create Port.
e Configure the external port.
e Connect to the module port or net.

Click Save after making changes.

6.1.3. Changing the DC-SCM LTPI IP Settings

This section provides an overview of what users can change in the IP GUI. All figures in this section show the default IP
settings, not the SCM or HPM project settings. Each subsection describes the settings made for each tab (if applicable)
and other changes that can be made to customize the reference design.

For more information on the IP’s function, refer to the DC-SCM LTPI IP User Guide (FPGA-IPUG-02200).
After making changes to the IP:

Click Generate.

Review the generated result.

Check or Uncheck the Insert to project option, depending on your needs.

Click Finish.

Create top-level ports, if necessary.

Click Save.

ok wnN R

4. Module/IP Block Wizard X

Check Generated Result
Check the generated component results in the panel below. Uncheck option 'Insert to project’ if you do not want to add this
component to your design.

Component 'scm1' is successfully generated.
IP: desem_ltpi Version: 2.0.0

Vendor: |atticesemi.com

Language: Verilog

Generated files:

IP-XACT _component: component.xml
IP-XACT _design: design.xml
black_box_verilog: rti/scm1_bb.v

cfg: sam1.cfg

dependency_file: evalfdut_inst.v
dependency_file: eval/dut_params.v
1P package file: scm Lipx
td_constraints: constraints/scm1
template_verilog: misc/scm1_tmpl.v
dependency_file: testbench/dut_inst.v
dependency_file: testbench/dut_params.v
timing_constraints: constraints/scm1.ldc
template_vhdl: misc/scm1_tmpl.vhd
top_level_verilog: rtifscm1.v

Insert to project

< Back Finish

Figure 6.3. Check Generated Result Window

© 2025 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-02247-1.5 29


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=53598

LVDS Tunneling Protocol and Interface (LTPI) User Guide
Reference Design

a=LATTICE

6.1.3.1. General Tab
This section provides descriptions of the parameters in the General tab.

%, Module/IP Block Wizard

Configure Component from IP dcscm_ltpi Version 2.0.0
Set the following parameters to configure this component.

Diagram scm0 Configure IP

General Frame Format

Property

IP Mode

10 Type

Platform Type ID (16b Hex)

Enable Programmable Clock Control
Enable [0 Primitive

scm0

[ual-Data Rate (DDR)

INTI -
PB_S0 o | io[5:0] 25 MHz
C_SBCl_lofa2
ch_i ) _d - rs:0] X2 (50 MHz)
C_Sda_lo[a:
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Figure 6.4. General Tab
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Table 6.1. General Tab Parameter Descriptions

Parameter Description
General
LTPI Version Set by default and specifies the LTPI version supported by the IP core.
IP Mode Determines the function of the IP.
When modifying the reference design, do not change the value unless necessary.
10 Type A placeholder option intended for future support of additional 10 types in upcoming LTPI

versions. Do not modify.

ID Number in Hex (0x0000)

Set to 0xCA26 for SCM and OxBF17 for HPM. It is used to differentiate the contents of the SCM
and HPM CSR, which is then used to validate CSR access.

This option can be removed or modified as needed. Any changes to this value are written at
offset 0x00 of the CSR (ID).

Enable Programmable Clock
Control

Disabled by default. When enabled, the signals used for requesting clock update are not present
and are instead converted to equivalent programmable registers.

Enable 10 Primitive

Enabled by default. When enabled, the I12C and OEM signals appear as bidirectional ports.
Otherwise, the internal tri-state I/O signals are brought out as ports.

Speed Capability?!

Dual-Data Rate (DDR)

SPEED_CAP[15] = 1 when enabled. SPEED_CAP[15] = 0 when disabled.
This setting is enabled in the reference design.

X1 (25 MHz) This setting is always enabled. Mapped to SPEED_CAP[0].
X2 (50 MHz) SPEED_CAP[1] = 1 when enabled. SPEED_CAP[1] = 0 when disabled.
z
This setting is disabled in the reference design.
X3 (50 MHz) SPEED_CAP[2] = 1 when enabled. SPEED_CAP[2] = 0 when disabled.

This setting is disabled in the reference design.

X4 (100 MHz)

SPEED_CAP[3] = 1 when enabled. SPEED_CAP[3] = 0 when disabled.
This setting is disabled in the reference design.

X6 (150 MHz)

SPEED_CAP[4] = 1 when enabled. SPEED_CAP[4] = 0 when disabled.
This setting is disabled in the reference design.

X8 (200 MHz)

SPEED_CAP[5] = 1 when enabled. SPEED_CAP[5] = 0 when disabled.
This setting is enabled in the reference design.

X10 (250 MHz)

SPEED_CAP[6] = 1 when enabled. SPEED_CAP[6] = 0 when disabled.
This setting is disabled in the reference design.

X12 (300 MHz)

SPEED_CAP[7] = 1 when enabled. SPEED_CAP[7] = 0 when disabled.
This setting is disabled in the reference design.

X16 (400 MHz)

SPEED_CAP[7] = 1 when enabled. SPEED_CAP[7] = 0 when disabled.
This setting is disabled in the reference design.

X24 (600 MHz)

SPEED_CAP[9] = 1 when enabled. SPEED_CAP[9] = 0 when disabled.
This setting is disabled in the reference design.
This setting is not accessible for MachX03 and MachXO3D (grayed out).

Minimum System Clock (clk_i)
Frequency (MHz)

Shows the recommended minimum system clock frequency.

Actual System Clock
Frequency (MHz)

You must indicate the actual clk_i frequency that is used.
This serves as the basis for calculating the necessary values in timer counters.

Supported Channels

Enable Low Latency GPIO
Channel

Enables or disables the low latency GPIO channel. This option is enabled in the reference design.
When disabled, this option removes the LL GPIO ports from the IP and the top-level module.

Enable Normal Latency GPIO
Channel

Enables or disables the low latency GPIO channel. This option is enabled in the reference design.
When disabled, this option removes the LL GPIO ports from the IP and the top-level module.

Enable 12C Channel

Enables or disables the low latency GPIO channel. This option is enabled in the reference design.
When disabled, this option removes the LL GPIO ports from the IP and the top-level module.

Enable UART Channel

Enables or disables the UART Channel. This option is enabled in the reference design.
When disabled, this option removes the LL GPIO ports from the IP and the top-level module.
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Parameter

Description

Enable OEM Channel

Enables or disables the OEM Channel. This option is enabled in the reference design.

Enable Data Channel

Enables or disables the Data Channel. This option is enabled in the reference design.

When disabled, this option removes the APB_S1 interface (SCM) or APB_MO interface (HPM).
This effectively disconnects the HPM CSR from access through the 12C-to-APB Bridge module.
Disabling this option also removes data_ch_i and data_ch_o from the IP ports. However, these
are already unused in the reference design.

Feature Capability

Data Frame Type

Specifies the frame type for data frames. This option sets Default 1/0 by default, which is a
predefined frame based on the DC-SCM LTPI 1.1 specification.
You can also choose Custom to customize the data I/O frames.

Enable Full OEM Capabilities
Type

This option can only be enabled when Data Frame Type is set to Custom.
It enables customized value for Capabilities Type that is used in Advertise Frame, allowing the
use for non-default and non-IP predefined capabilities.

Capabilities Type

Indicates if Advertise Frame mapping follows default, IP predefined, or user-customized
capabilities mapping. Refer to the DC-SCM LTPI IP User Guide (FPGA-IPUG-02200) for more
information on capabilities type details.

Custom OEM Capability (64b
Hex)

Indicates the OEM feature capability of the IP. This information is used in Advertise Frame if Full
OEM Capabilities Type ==Checked. Refer to the Advertise Frame details in the DC-SCM LTPI IP
User Guide (FPGA-IPUG-02200) for more information.

Automatically Move to
Configuration State

Specifies that when IP Mode == SCM, the IP automatically goes to configuration state after
completing the required frame transmission for Advertise State.

When unchecked, you must perform manual feature request related programming. Refer to the
request features details in the DC-SCM LTPI IP User Guide (FPGA-IPUG-02200) for more
information.

Note:

1. Changes to the options in this section are recorded at offset 0x08 of the CSR (SPEED_CAP). Multiple options can be enabled

simultaneously.
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6.1.3.2. Frame Format Tab

This section provides descriptions of the parameters in the Frame Format tab. By default, the parameters are not
editable. They can only be modified by setting Data Frame Type to Custom. The default setting adheres to the default
1/0 frame format as defined in the LTPI specification.

%, Module/IP Block Wizard *

Configure Comp t from IP d _ltpi Version 2.0.0
Set the following parameters to configure this component.

Diagram scm0 Configure IP
General Frame Format Channels DEBUG: IP Parameters
Property Value

scmO
-
INT
=(4re_s0
) i2c_sd_in[5:0]
—clk_i
i2c_sda_in[5:0]
= aclk0_i[0:0] )
) Il_gpio_o[15:0]
w eclk_i[0:0]
Ink_error_o[0:0]
m||_gpio_i[15:0] o
) Ink_init_done_o[0:0]
mm fyds e clk_i[0:0]

heds_r_data_i[0:0] -
nl_gpio_i[15:0] -
oerm_oe_i[31:0]
phy_clk_valid_i[0:0]

e hy._ck_upd_en_o[0:0]
phy_clk_upd_en_o[0:
i art_tw i[1:0]
uart_rx_o[1:0]
L
descm_tpi
b

L] [
User Guide Mo DRC issues are found. d

Generate Cancel

Figure 6.5. Frame Format Tab
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6.1.3.3. Channels Tab
This section provides descriptions of the parameters in the Channels tab.

A Module/IP Block Wizard

Configure Component from IP dcscm_ltpi Version 2.0.0

Set the following parameters to configure this component.

Diagram scmi

scmO
INTI
PB_S0
i2c_scl_io[5:0]
i2c_sda_io[5:0]
eckan_i[0:0]
Il gpio_o[15:0]

eclk_i[0:0] - T
Il_gpio_i[15:0] »
heds_rx_clk_i[0:0] - -
hds_re_data_i[0:0]
nl_gpio_i[15:0]
oem_oe_i[31:0]
phy_clk_valid_i[0:0]
rst_n_i

uart_te i[1:0]

phy_clk_rate_o[3:0]
phy_clk_upd_en_o[0:0]
uart_r_o[1:0]

descm_ltpi

Frame Format Channels

1
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i
o
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Data Channel Memaory Size (KiB)

Data Channel: Enable External Access

LL GPIO Input Data Width [1- 18]
LL GPIO Qutput Data Width [1 - 16]

ML GPIO Input Data Width [1 - 256]
ML GPIO Qutput Data Width [1 - 236]

Baud Rate
Enable Flow Control
Mumber of UART bus interface [1- 2]

OEM Data Width [1-32]
QEM Capability (16b Hex)

Total Number of 12C/5MBus interface [1 - 6]
Mumber of External Bi-directional interface [0 - €]
Mumber of External Controller (LTPI Target interface) [0 - 6]

Mumber of External Target (LTP| Controller interface)

Bitrap: Enable Fast Mode (External 12C Bi-directional)
Bitrap: Enable Fast Mode (External 12C Controller)

Bitrap: Enable Fast Mode (External 12C Target)

Timeout Value (ms) [1- 50]
Bitmap: Enable Timer (External I2C Bi-directional)
Bitrnap: Enable Timer (External 12C Controller)

Bitrnap: Enable Timer (External 12C Target)
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Figure 6.6. Channels Tab
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Table 6.2. Channels Tab Parameter Descriptions

Parameter

Description

Low Latency GPIO Settings

LL GPIO Input Data Width

Determines the size of the Low Latency inputs.
In the reference design, this option is set to 8 and can be configured for up to 16 bits.

LL GPIO Output Data Width

Determines the size of the Low Latency outputs.
In the reference design, this option is set to 8 and can be configured for up to 16 bits.

Normal Latency GPIO Settings

NL GPIO Input Data Width

Determines the size of the Normal Latency inputs.

In the reference design, this option is set to 8. Unlike LL GPIO, it can be configured to its
maximum size of 256 bits. This is possible because NL GPIO bits are transmitted through the
frame using a round-robin sequence, based on the size of the NL GPIO Payload Width per
Frame.

Note: Setting this option beyond the size of the NL GPIO Payload Width per Frame causes
delays in I/O updates.

NL GPIO Output Data Width

Determines the size of the Normal Latency outputs.

In the reference design, this option is set to 8 and can be configured to its maximum size of
256 bits.

Note: Setting this option beyond the size of the NL GPIO Payload Width per Frame causes
delays in I/O updates.

UART Settings

Baud Rate

Determines the maximum baud rate that can be supported.
In the reference design, this option is set to 115,200.

Enable Flow Control

Enables or disables the flow control signals, which are used to support multiple full-duplex
UART interfaces tunneling.
In the reference design, this option is disabled.

Number of UART bus Interface

Determines the number of UART buses enabled by the IP.
In the reference design, this option is set to 1.

12C/SMBus Interface Settings

Total Number of 12C/SMBus
Interface

Determines the number of 12C buses enabled by the IP. Each number generates a new Bus X
section in the GUI.

Number of External
Bi-directional Interface

Specifies the number of 12C interface with bidirectional (both target and controller) functions.

Number of External Controller
(LTPI Target Interface)

Specifies the number of 12C interface with target function only.
This interface is connected to an external 12C Controller.

Number of External Target (LTPI
Controller Interface)

Specifies the number of 12C interface with controller function only.
This interface is connected to an external 12C Target.

12C/SMBus Speed Settings

Bitmap: Enable Fast Mode (12C
Bi-directional/Target/Controller)

Can be enabled to support fast mode 12C (400 kHz) or disabled to support standard mode 12C
(100 kHz). Each bit represents a setting for each 12C interface.

In the reference design, this option is disabled.

Note: This option affects how the IP regenerates the 12C transaction. While a bus with Fast
Mode enabled supports a 100 kHz transaction, the IP regenerates it at 400 kHz on the Target
side.

12C/SMBus Timer Settings

Bitmap: Timeout Value (ms)

Specifies the timeout value in milliseconds. Each bit represents a setting for each 12C
interface.

Note: The timer counter requires the clock period, which is calculated based on the setting in
Actual System Clock Frequency (MHz).

Bitmap: Enable Timer (12C
Bi-directional/Target/Controller)

Enables the built-in timer in each available 12C bus. Each bus has its own timer logic.
This option is enabled by default.
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6.1.3.4. Debug: IP Parameters

This tab displays the parameter configurations applied to the project, reflecting the actual values implemented in the
generated RTL. The configurations are intended for comparison and debugging purposes only.

., Module/IP Block Wizard *
Configure Component from IP dcscm_ltpi Version 2.0.0
Set the following parameters to configure this component.
Diagram scmi Configure IP
General Frame Format Channels DEBUG: IP Parameters
Property Value -
= LTPl Parameters
scmi
INT
PB_50
i2c_sd io[5:0]
) i2c_sda_io[5:0]
eclka0_i[0:0]
) I_gpio_o[15:0]
eclk_i[0:0]
o Ink_error_o[0:0]
Il_gpio_i[15:0] B
) Ink_init_done_o[0:0]
heds_re_clk_i[0:0]
) hds_tx_clk_o[0:0]
heds_rx_data_i[0:0]
. hds_tx_data_o[0:0]
nl_gpio_i[15:0]
o nl_gpio_n[15:0]
phy_clk_valid_i[0:0]
: phy_clk_rate_o[3:0]
retn hy_clk_upd [0:0]
phy_ClK_upd_en_o|U:
uart_ctrl_if1:0]
] uart_ctrl_o[1:0]
uart_tx i[1:0]
uart_rx_o[1:0]
descm_ltpi
4 -
User Guide Mo DR.C issues are found. v
Generate Cancel
Figure 6.7. Debug: IP Parameters Tab
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Table 6.3. Debug: IP Parameters Tab Descriptions

Parameter

Description

LTPI Parameters

FAMILY

Displays the device family selected during the creation of the Propel Builder project.

SPEED GRADE

Displays the performance grade selected during creation of the Propel Builder project.

MAX_LVDC_FREQ

Displays the maximum LTPI speed capability parameter as configured under the General settings in the
General tab.

ACTUAL_SYSCLK_FREQ

Displays the actual LTPI system clock frequency as configured under the General settings in the
General tab.

EN_APB Indicates whether Data Channel is enabled or disabled as configured under the General settings in the
General tab:
e 0-—Disabled
e 1-—Enabled

EN_APB_REQ Indicates whether an external access on Data Channel is enabled. When enabled, it provides an APB

requester interface:
e (0-Disabled
e 1-Enabled

LTPI_MIN_VERSION

Displays the LTPI minor version. This setting is fixed and set by default.

LTPI_MAJ_VERSION

Displays the LTPI major version. This setting is fixed and set by default.

IP_MODE Displays the IP mode, either SCM or HPM, as configured under the General settings in the General tab.
PLATFORM_TYPE Displays the address as configured under the General settings in the General tab.

NUM_NODE Indicates the number of nodes set on the IP.

IO_TYPE Displays the I/O type (LVDS) as configured under the General settings in the General tab.

EN_PROG_CLK_CTRL

Indicates whether the program clock control is enabled or disabled as configured under the General
settings in the General tab:

e 0-Disabled

e 1-Enabled

CLK_VALID_NODEO

Default value of the Clock Valid register, indicating that the clock is valid at Node 0.

CLK_VALID_NODE1

Default value of the Clock Valid register, indicating that the clock is valid at Node 1.

EN_IO_PRIMITIVE

Indicates whether the I/O primitive is enabled or disabled as configured under the General settings in
the General tab:

e (0-Disabled
e 1-Enabled

EN_DDR_PRIM

Default value is 1, which instantiates the DDR primitive.

FRAME_FORMAT

Indicates whether the frame format is set to Custom or Default as configured under the General
settings in the General tab:

. 1 - Custom

e 2 —Default

EN_CH_LL_GPIO

Indicates whether the LL GPIO channel is enabled or disabled as configured under the General settings
in the General tab:

e (0-Disabled
e 1-Enabled

EN_CH_NL_GPIO

Indicates whether the NL GPIO channel is enabled or disabled as configured under the Supported
Channels settings in the General tab:

e 0-Disabled

e 1-Enabled

EN_CH_I2C_SMB

Indicates whether the 12C channel is enabled or disabled as configured under the Supported Channels
settings in the General tab:

e 0-Disabled

e 1-Enabled
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Parameter

Description

EN_CH_UART

Indicates whether the UART channel is enabled or disabled as configured under the Supported
Channels settings in the General tab:

e  0-Disabled

e 1-—Enabled

EN_CH_OEM

Indicates whether the OEM channel is enabled or disabled as configured under the Supported
Channels settings in the General tab:

e  0-Disabled

e 1-—Enabled

EN_CH_DATA

Indicates whether the Data channel is enabled or disabled as configured under the Supported
Channels settings in the General tab:

e 0-Disabled
e 1-Enabled

EN_DDR

Indicates whether the DDR is enabled or disabled as configured under the Speed Capability settings in
the General tab:

e (0-Disabled
e 1-Enabled

MAP_SUP_SPD

Indicates the bit mapping of supported LTPI speeds.

SYSCLK_PERIOD

Displays the computed system clock period as configured under the LTPI speed capability settings in
the General tab.

NUMCNT_1US Indicates the number of clock cycles.
CAPABILITIES_TYPE Displays the capabilities type as configured under Feature Capability settings in the General tab.
EN_PROG_OEM Indicates whether the program OEM is enabled or disabled as configured under the Feature Capability

settings (when Custom Data Frame is selected) in the General tab:
e 0-Disabled
e 1-Enabled

FULL_OEM_CAP

Indicates the default value of the Capability settings.

SCM_AUTO_CFG

Indicates whether the SCM automatic configuration state is enabled under the Feature Capability
settings in the General tab:

e 0-Disabled
e 1-Enabled

LLGPIO_IDX Displays the LL GPIO index as configured under the 10 Frame Byte Allocation (Index) settings in the
Frame Format tab.

LLGPIO_SIZE Displays the LL GPIO byte size as configured under the 10 Frame Byte Allocation (Size) settings in the
Frame Format tab.

NLGPIO_IDX Displays the NL GPIO index as configured under the 10 Frame Byte Allocation (Index) settings in the
Frame Format tab.

NLGPIO_SIZE Displays the NL GPIO byte size as configured under the 10 Frame Byte Allocation (Size) settings in the
Frame Format tab.

NLCNTR_IDX Displays the NL Frame Counter index as configured under the |0 Frame Byte Allocation (Index) settings
in the Frame Format tab.

NLCNTR_SIZE Displays the NL Frame Counter byte size as configured under the |10 Frame Byte Allocation (Size)
settings in the Frame Format tab.

UART_IDX Displays the UART index as configured under the 10 Frame Byte Allocation (Index) settings in the
Frame Format tab.

UART_SIZE Displays the UART byte size as configured under the 10 Frame Byte Allocation (Size) settings in the
Frame Format tab.

12CSMB_IDX Displays the 12C/SMBus index as configured under the 10 Frame Byte Allocation (Index) settings in the
Frame Format tab.

12CSMB_SIZE Displays the 12C/SMBus byte size as configured under the 10 Frame Byte Allocation (Size) settings in
the Frame Format tab.

OEM_IDX Displays the OEM Index as configured under the 10 Frame Byte Allocation (Index) settings in the Frame

Format tab.
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Parameter Description

OEM_SIZE Displays the OEM byte size as configured under the |0 Frame Byte Allocation (Size) settings in the
Frame Format tab.

DATA_IDX Displays the data index as configured under the Unused 10 Frame Bytes settings in the Frame Format
tab.

DATA_SIZE Displays the data size as configured under the Unused 10 Frame Bytes settings in the Frame Format

tab.

DATA_SPACE_AWID

Indicates the Data Channel address space multiplier with a constant value of 4 kB.

LL_IWID Displays the LL GPIO input data width as configured under the LL GPIO Settings in the Channels tab.
LL_OWID Displays the LL GPIO output data width as configured under the LL GPIO Settings in the Channels tab.
NL_IWID Displays the NL GPIO input data width as configured under the NL GPIO Settings in the Channels tab.
NL_OWID Displays the NL GPIO output data width as configured under the NL GPIO Settings in the Channels tab.
UART_MAX_BAUD Displays the baud rate as configured under the UART settings in the Channels tab.

NUM_UART Displays the number of UART channels as configured under the UART settings in the Channels tab.
UART_DWID Indicates the number of UART channels that are enabled.

UART_FLOW_CTL_EN

Indicates whether UART flow control is enabled as configured under the UART settings in the Channels
tab:

e (0-Disabled
e 1-Enabled

OEM_DWID

Displays the OEM data width as configured under the OEM settings in the Channels tab.

OEM_DEFAULT_CAP

Displays the OEM data width as configured under the OEM Capability settings in the Channels tab.

12C_DWID

Displays the 12C/SMBus data width as configured under the OEM Capability settings in the Channels
tab.

NUM_I2C_SMB Displays the number of 12C/SMB interface as configured under the 12C/SMBus Interface settings in the
Channels tab.

NUM_I2C_TGT Displays the number of 12C/SMB target interface as configured under the 12C/SMBus Interface settings
in the Channels tab.

NUM_I2C_CTL Displays the number of 12C/SMB control interface as configured under the 12C/SMBus Interface
settings in the Channels tab.

12C_SMB_SPD Displays the 12C speed as configured under the 12C/SMBus Interface settings in the Channels tab.

12C_SMB_TIMEOUT

Displays the timeout value set for 12C as configured under the 12C/SMBus Interface settings in the
Channels tab.

12C_SMB_TIMER

Displays the 12C timer as configured under the 12C/SMBus Interface settings in the Channels tab.
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6.1.4. Adding a Custom RTL Module

This step can be used to add any of the following options:

e A placeholder RTL Module (only declarations of inputs and outputs).

e A wrapper module for RTL modules that will be added through Lattice Diamond or Lattice Radiant.
e An existing RTL module.

1. Double-click or drag the rtl glue logic from the IP Catalog to the Schematic window.

rtl equation split concat invert

IP Catalog Design View

Figure 6.8. RTL Glue Logic

2. The user can either place the RTL code in the Rtl box of the Glue Logic window and then click OK, or

%, Glue Logic X

Logic Diagram Configuration

Language: | Verilog A

Use Existing File:

sample_rtl RH:  module sample_rt{
— input sample_input,
. output kample_output
—{sample_input sample_output}— );
endmodule
4 3

oK Cancel

Figure 6.9. Using the RTL Box

3. Check the Use Existing File checkbox, link the file in Path field, and then click OK.

% Glue Logic x
Logic Diagram Configuration
Language: | Verilog -
Use Existing File:
Samp|97¢| Path: C:/Users/Documents fsample_rt.v

CopyToDesign:
—|sample_input sample_output}—

oK Cancel

Figure 6.10. Using an Existing RTL File
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4. The user can either connect the module to existing modules, or connect it to a top-level module port. See the
Add/Remove Top-Level Module Ports section for more details.

rx_fifo_empty_oj— sample_rtl_inst
rx_fifo_full_o}—
v —sample_input  sample_output—
sample_done_of— v
tx_fifo_empty_o}—

Figure 6.11. Connecting to Existing Modules

5. Click Save.

6.2. Lattice Diamond

This section discusses the changes that users can make to the reference design using Lattice Diamond. This section is
only applicable to projects that use either MachXO3 or MachXO3D. For more information on using Lattice Diamond,
refer to the Lattice Diamond software user guide.

6.2.1. Opening the Lattice Diamond Project
1. Unzip the reference design zip file.

2. Open Lattice Diamond 3.14. Note that the reference design has been tested using this version and does not
guarantee backwards compatibility with previous Lattice Diamond versions.

Go to File > Open > Project.

Select the project file (*.Idf) found in <Reference_Design_Folder>/Projects/<Design_Folder>. In this section, the
design used as an example is MachXO3D_SCM.

# Open Project X
<« v 4 <« Projects » MachxO3D_SCM » v O Search MachX03D_SCM =l
Organize » Mew folder =~ [ @
~
MName Date modified Type
# Quick acce
impl1 File folder
@ OneDrive MachX03D_SCM File folder
& OneDrive - MachX03D_SCM_ter.dir File folder
sge File folder
3 This PC source File folder
o Network verification & 3 11:39 AM File folder
|| MachX03D_SCM.Idf 3/14/2025 3:18 PM LDF File
£ >
Azgees |MachXO3D_SCM.Idf v| Project Files (*.1df) v

Figure 6.12. Selecting the Lattice Diamond Project

6.2.2. Changing the Target Device

This section explains how to change the project’s target device. While it is possible to change to other device families
using these steps, it is recommended to use the project dedicated to that device family and then use these steps to
adjust the specifications for that device.

Note that changing to other device families may result in incompatibility with some modules in the design.
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1. Double-click the current target device or right-click then select Edit.

File List

W

v [ Mach¥03D_SCM

J LCMXO3D-0400HC - SBG A=A

Strategies

[—%’5 Area

Edit...
Open With...

Figure 6.13. Selecting the Lattice Diamond Project

2. Choose the new target device.

 Device Selector

Select Device:

Family:

Device:

Device Information

Voltage:

ECPSU
ECPSUM
ECPSUMSG
LFMNX

LIFMD

LIFMDF

LatticeEC
LatticeECP
LatticeECP2
LatticeECPIM
LatticeECP3
LatticeSC
LatticeSCM
LatticeXP
LattieeXP2.
MachX0
Machx02
MachX03D
MachX03L
MachXO3LF
MachXO3LFP
Platform Manager
Platform Manager 2

LAMXO3D-4300HC
LAMXO3D-43002C
LCMX03D-4300HC
LCMX03D-4300HE
LCMX03D-4300UHE
LCMXO3D-4200ZC
LCMXO3D-4300ZE
LAMXO3D-9400HE
LAMXO3D-9400ZC
LCMX03D-8400HC
LCMX03D-8400HE
LCMX03D-94002C
LCMX03D-9400ZE

LT
Registers:
EBR Bits:
EBR Blocks
Dist RAM:

PIO Cels:
PIO Pins:

Performance grade:()
5

Operating conditions:
Commercial

Part Names:

LCMXO3D-3400HC-58G256C
Select ASC Device:
PartNames  Device
L-ASC10-15G481

Online Data Sheet for Device

Package type:
CABGA256

External ASC Numbers

[ show Obsolete devices

o

2.5V/3.3v

2400

Max Programmable I0s: 206

Help

Figure 6.14. Device Selector Window
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6.2.3. Adding Modules to the Design
Below are the steps for adding a new module to the design.
1. Drag the file from Windows Explorer to the File List Window or,

M MachX03D_SCM/MachX03D_SCM.v
M MachX030_SCM/Iib/gluelogics/initialization.v

1 = | SampleFolder
rE-HI® * GEBAS =N
Home  Share  View
ﬁOHéma‘,’%wExG‘@aa._«s-:'rI%@-P A =
e . cu.. »
st 8 X (@ swrtpage T2 Report z =
[% Machx03D_SCM ~| gl
K LCMXO3D-9400HC-58G256C P
v [l Sistegies Design Summary &% Akt
@ Area v 0 Project
(@ VO Assistant ) Project Summary S <
@ Quick v Process Reports. >3
® Timing B Syrpldy Pro
£ Strategy! 8 Map
v EH impit ®) Place & Route
v Input Files B SignaiPad

® Bitstream/JEDEC
v Analysis Reports

¥ Machx030_SCM/lib/gluslogics/wh_pilv ) Map Trace
= = - e Share
Viom ~
PHCABESHEAOEEGASQ ool BEABEN .
[Hetme 8 X ([} strtpage 72 Report e
v ([ Machx030_ScM ] i .
I LCMXO30-9400HC- 58G255C i
v | Stategies Design Summary [ sample_rthv

3 ares v o Project

[ 10 Assistant B Project Summary

[ Quick v Process Reports

[ Timing B Synplify Pro
Strategy! B Map

v 8 imptt #) Place & Route
~ 1 Input Files B Signat/Pad

M MachX03D_SCM/MachX03D_SCM.v ®) Bitstream/JEDEC
M Machx03D_SCM/lib/ gluelogics/intisization.v v 8 Analysis Reports
M Machx030_SCW/lib/gluelogics/wh_pilv ) Map Trace
¥ MachX03D_SCM/ib/latticesemi comyip/semOAGVtlscn 1 Place & Route Trace
M Machx03D_SCM/iib/gluelogics/wishbone_streamer.v ) Thermal Analysis

Figure 6.15. Adding a Module through Drag and Drop

2. Right-click the Input Files folder under the implementation, and select Add > Existing File.

=T
v [EH imph >
v L Input Fi~ ’
¥ Ma Open >
ﬁ Ma Open With... ation.v v &
Jﬁ Ma Open Containing Folder v
¥ ma /semi/1.6.0/rtl/ser >
i Ma Add 3 Mew File...

ﬁMa
i Ma
ﬁMa
i Ma
ﬁMa

= Remove I T

Clone Implementation... MNew Implementation...
Clone Strategy...

Find Files...

MNew Strategy...

Existing File...

Set as Active Existing Strategy...

Figure 6.16. Selecting the Lattice Diamond Project

3. Select the file to be added and click Add.

# Add Existing File ?

Look in: C:\Users\.. pleFolder « 0 () 0

(1 B

X

‘ My Computer g...?ﬂmﬁl? rtlay;

File name: Add

| sample_rtl.v

Files of type: |InputFiles (*.vhd *.v *.sv *.ed* *.sch *|} = Cancel

[ copy file to Implementation's Seurce directory

Figure 6.17. Add Existing File Window
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Note that for these modules to be used in the design, any of the following must be met:

e The added module is instantiated by one of the existing modules. This is especially useful for modules that are
instantiated by wrapper modules in the Lattice Propel project. This is the recommended method of adding
modules. See Adding a Custom RTL Module section for instructions on how to add wrapper modules.

e The added module is manually instantiated into one of the existing modules. This requires modification of the
existing modules. This method is not recommended as any changes to the top-level module may be overwritten by
changes to the Lattice Propel project.

6.2.4. Updating the Pin Assignments

There are two ways to change the pin assignment:
e Changing the constraint file (*.Ipf)
e Using spreadsheet view

6.2.4.1. Updating Using Constraint File
1. Open the LPF file found under LPF constraint files.

J}'IILIIC T UTTSITOITTIL T IS
A LPF Constraint Files

™ MachX03D_SCM.Ipf

e P S ] [P

Figure 6.18. Constraint File (*.Ipf)

2. Define or modify the 1/O properties of the port.

| ICEUF PORT "clk_i™ IO TYPE=LWCM0S533 PULLMODE=NCNE ;

Figure 6.19. 1/0 Properties Example

3. Define or modify the location (pin assignment) of the port. For specific pin assignment requirements, refer to the
Lattice FPGA Requirements section.

OCATE COMP "clk_i™ SITE "Cg" ;

Figure 6.20. 1/0 Location Example

4. Save the file.

6.2.4.2. Updating Using Spreadsheet View

1. Run synthesis.

v ¥ Synthesize Design
% Synplify Pro
%L Translate Design

Figure 6.21. Lattice Diamond Synthesis
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2. Open the spreadsheet view by clicking the Spreadsheet View icon or by clicking Tools > Spreadsheet View.

# Lattice Diamond - Spreadsheet View

File Edit View Project Design Process Tools Window Help
A-BF-HG B 2 ¥ D12 SpreadsheetView
7, I Q B Bg o @ Package View
s O Device View
mwt [+, Aloal A L

Figure 6.22. Open Spreadsheet View

3. Update the necessary properties. For specific pin assignment requirements, refer to the Lattice FPGA Requirements

section.

@ Srtroe [ repors ¥ Spreadshect View £

& Hame. Group By Pin  BANK  BANKVCC  WREF 10_TvPE PULMODE  ORNE  SLEWRATE  CLAMP  OPEN

Y E T i
1 v nput

w [ 11 v o Clocx v v v

= B ok caca) LVCHOSI3ALVCHOS33) NONENONE) NAMA)  NAINA) ON(ON)  OFFIOF,

sz B sem0_inst_bvts_re_oi|_pod ™ LVDS25(LYD525) NONEINONE) MANA)  NAINAY OFF(OFF)  OFFIOF
1z » s B3(83) LVCMOSI3(VCMOS33) NONEINONE) NAMNA)  NAINA ONIOM)  OFF(OF

B

Wil B somi_jnst_I_gpio_i_pondus(o] FerFe) LVCMOSI3ALVCHOS33) NONENONE) NAMA)  NAINA) ON(ON)  OFFIOF,

- |4 ® scmi_inst__spio_L_portous(1] 0909) LVCHOSIHLVCMOSI3) NONEINONE) MAGA)  NAINAI ON(OM)  OFFIOF

w115 ® somd_inst_l_gplo_{_portous(2] ForFg) LVCMOSI3(VCMOS33) NONEINONE) NAMNA)  NAPNA ON[M)  OFF(OF

m |8 B scmi_jnst_I_gpio_i_ponous(3] EnEn LVCMOSI30LVCHOS33) NONEINONE) NAMA)  NARNAI ON(ON)  OFFIOF,

o7 ® somi_inst_ivds_n_dats_L_port E\F] LVDSZ5LYD525) NONENONE) NANA)  NAINAI OFF(OFF)  OFFIOF,

‘; 118 ® somd_jnst_nl_gpio_|_portbusio] Da(DE) LVCMOSI3ULVCHOS33) NONE(NONE) MAMA)  NAINA ONON)  OFF(OF|

mle B scmd_inst_nl_geio_i_porbusi{1] E9E9) LVCHOSI30LYCHOS33) NONEMONE) MANA)  NAMA) ONOM)  OFFIOF

s

ug || 110 ® scmi_inst_ni_gpio_i_portbusiz] 0806 LVCMOSIILVCMOS33) NONEINONE) NAMS)  NAINAl ON(ON)  OFFIOF,

"_. 1 % scmid_inst_nl_gpic_i_poribus[3] ETET) LVCMOSI3LVCMOS33) NONE(NONE) MANA)  NAINA ONON OFF(OF,

S B somi_jnst_uat_bi_i_portousi0 FaF3) LVCHOSI3ALVCHOS33) NONE(ONE) NAIMA)  NAMNA) ON(ON)  OFFIOF,
12 v < output
121 eoncal_module_inst_slatus_sisplay_gortbus{] HMTY LVCMOSI3(LVCMOS33) NONE(NONE)  (8) FAST(FAST)  OFF(OFF) OFF(OF
122 concal_module_ins!_status_asplay_portous{1] a3 LVCMOSI3AVCMOS33) NONE(NCNE) 3(8) FASTIFAST)  GFFICFF) OFFIOF
123 concal_module_nst_status_sisplay_portous(2) ampm, LVCMOSI3LVCMOS33) NONENONE)  8(8 FAST(FAST)  OFFIOFF) OFFIOF
124 £onCal_Module_inst_Status_asplay_portouspd] L1212 LVCHOSI3ALVCHOS33) NONE(NONE) 8(E) FAST(FAST)  OFFIOFF) OFFIOF
125 concal_meduls_inst_status_display_portousld) K1) LVCHOSIILVCHOS33) NONENONE)  8(8) FAGT(FAST)  OFF(OFF) OFFIOF
126 concal_module_inst_status_sisplay_portous(s] L1313) LVCMOSI3(VCMOS33) NONEINONE) (8 FAST(FAST)  OFF(OFF) OFF(OF
127 concal_modull_nst_s1atus_Gisplay_portaus(s) e LVCHOSI3ALVCHOS33) NONE(NONE) 8(E) FASTIFAST)  OFFICFF) OFFIOF
128 concal_medule_inst_status_display_portous(] PA8P1E) LVCHOSIILVCHOS33) NONENONE)  8(8) FASTFAST)  OFFIOFF) OFFIOF
129 semb_ins_J|_gpio_o_portbusio] [ETET IS LVCMOSI3(VCMOS33) NONEINONE) (8 FAST(FAST)  OFF(OFF) OFF(OF
1210 semi_inst_I|_gpia_o_potbus{1] ) LVCHOSI3ALVCHOS33) NONE(NONE) 8(E) FASTFAST)  OFFICFF) OFFIOF
1211 semil_instUL_pie_o._portbusi2] L1515 LVCHOSIILVCHOS33) NONENONE) 868 FASTFAST)  OFFIOFF)  OFFIOF
1212 somiD_ins_ll_gpio_o_portbusf3] HIBMIG) 1 LVCHOST3AVCHMOS33) NONEINONE) 8(8 FAST(FAST)  OFF(OFF) OFF(OF
< >

Figure 6.23. Spreadsheet View

4. Save the changes.

6.3.

Lattice Radiant

This section discusses changes the user can make to the reference design using Lattice Radiant. This section is only

applicable for the projects that use MachX0O5-NX.

For more information on Lattice Radiant usage, refer to the Lattice Radiant software user guide.

6.3.1. Opening the Lattice Radiant Project

1. Unzip the reference design zip file.

2. Open Lattice Radiant 2024.2. Note that the reference design is tested using this version and does not guarantee
backward compatibility with previous Lattice Radiant versions.

Go to File > Open > Project.

Select the project file (*.rdf) found in <Reference_Design_Folder>/Projects/<Design_Folder>. In this section, the
design used as an example is MachXO5NX_SCM.
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Open Project X
« . 4 <« Projects » MachXO3NX_SCM » v O Search MachX05NX_SCM y-l
Organize + New folder ==~ [MH e
Mame Date modified Type Si
7 Quick acce
impl_1 File folder
@ OneDrive MachXOSNX_SCM File folder
& OneDrive - MachXO5NK_SCM_ter.dir File folder
sge File folder
ET"HS PC source File folder
= Network verification File folder
- D MachXO5NX_SCM.rdf RDF File
< »
File name: | MachXOSNX_SCM.rdf v | [Project Fites (- -
Figure 6.24. Selecting the Lattice Radiant Project
6.3.2. Adding Modules to the Design
Below are the steps for adding a new module to the design:
1. Drag the file from Windows Explorer to the File List window or,
— Ea S Page
[E0 MachXOShX_SCM # | Samph
B LAMXOS5-25-58BGH00C N - -
= [ Strategies 21~ |l
Area
Timing u
7 Strategyl ! sample_tly
= 7% impL_1 (Synpiify Pro) %
- Input Files t{’
o MachXOSHX_SCM/MachXOSNX_SCM.v
a MachXOSNX_SCM/ib/ ghuelogics/nitialization.v
» [ MachXOSNX_SCM/lib/latticesemi.comyip/scmiy1.6.0/scmiipx
» B2 AL Fies
» Constraint Files
[ MachXOSNX_SCM ¥ [ ¥ | Sempiefod
8 LFMXOS-25-88BGA00C [ e
- Strategies. - . A « Dox|
T Area
Timing N Name
'/ Strategy! 3 [ sample_rtiv
&~ 7 impl1 (Synplify Pro) e
- Input Files
‘o MachXOSNX_SCM/Mac! v
) MachXOSNX_SCM/iib/gluelogies/ini + Copy v
v % MachXOSNX_SCM/ibAaicesemi.com/ip/scm0/ 1. 6.0/scmilips
» RIL Files
» Constraint Files
scmil.cfy

Figure 6.25. Adding a Module through Drag and Drop

2. Right-click the input files folder under the implementation, and select Add > Existing File.

- BB

- impl_1 (Synplify Pro)

h E nputF\\E;
) MachXOS5N|
5 MachXO35N: v
= | MachXO5N; Regenerate All IPs... 10/1.6.0/scmipx
N .
RTL Files ™ paa b NewFile..
3 Constrai
seml.cfy
5l MachXO5N]
I Bzt e

e MachXO5N)
e MachXO5N)
* | MachXO5N}

¥ Existing Simulation File...

Figure 6.26. Selecting the Lattice Diamond Project

© 2025 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-02247-1.5

46


http://www.latticesemi.com/legal

LVDS Tunneling Protocol and Interface (LTPI) User Guide

Reference Design

a=LATTICE

3. Select the file to be added and click Add.

Add Existing File X
Look in: C\Users\cr..ampleFolder ~ & & @ Eﬁ @ E
s
LS| My Computer Name Size T
D{ sample_rtlv 78 bytes Wi
4 *
File name: sample_rtlv Add
Files of type: | Input Files (*.whd *w *.sv *.h “.ipx "sbx “wvm *ipm} = | Cancel
Copy file to directory | rojects/MachXO3NE_SCM/source/impl_1
-

Figure 6.27. Add Existing File Window

Note that for these modules to be used in the design, any of the following conditions must be met:
e The added module is instantiated by one of the existing modules. This is especially useful for modules that are
instantiated by wrapper modules in the Lattice Propel project. This is the recommended method of adding

modules. See the Adding a Custom RTL Module section on how to add wrapper modules.

e The added module is manually instantiated into one of the existing modules. This requires modification of the
existing modules. This method is not recommended as any changes to the top-level module may be overwritten by
changes to the Lattice Propel project.

6.3.3. Updating the Pin Assignments

There are two ways to change the pin assignment:
e Changing the constraint file (*.pdc)
e Using the device constraint editor

6.3.3.1. Updating Using Constraint File

1. Open the *.pdc file found under Post-Synthesis Constraint Files.

~ Post-Synthesis Constraint Files
MachXO5NX_SCM.pdc

Figure 6.28. Lattice Radiant Constraint File (*.pdc)

2. Define or modify the 1/O properties of the port.

ldc_set_port -icbuf [I0_TYPE=LWVC

40533 PULLMODE=NONE}

[get_ports clk_i]

Figure 6.29. Lattice Radiant /O Properties Example

Define or modify the location (pin assighnment) of the port. For specific pin assignment requirements, refer to the

Lattice FPGA Requirements section.

| ldc_set_location —-3ite {V1]} [get_ports clk_i]

Figure 6.30. Lattice Radiant I/0 Location Example

Save the file.
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6.3.3.2. Updating Using the Device Constraint Editor
1. Run synthesis.

Synthesize Design

Figure 6.31. Lattice Radiant Synthesis

2. Open the device constraint editor by clicking the Device Constraint Editor icon or by clicking Tools > Device
Constraint Editor.

Tools Window Help
& Pre-Synthesis Constraint Editor Q . A B
SiiC e
@ Post-Synthesis Timing Constraint Editor =\ Iy
[] Device Constraint Editor
v

Figure 6.32. Open Device Constraint Editor

3. Update the necessary properties. For specific pin assignment requirements, refer to the Lattice FPGA Requirements

section.
tart Page 21 Reports [F] Device Constraint Editor x
Bottom View : LFNNOS-25- BBG400 T
- Find Text. Al
» [ visible Bank]
= Ports 0191817161514 121211109 8 7 6 5 4 2 2 1 » @ AIPIOs
I# Instancesczs) A[EEO 1L ] No-Conned]
| 1
| Nets 8 3 Test and P
< (] LIO » @3 PZw::su )
° (1| 1 o)
E | [s][e][=]
F [E](E] s
< ] i8] =i[el[e]ls)]
H OO EEEE
Bl 1O} cloOo
K LS [&/[8]|8)(8]
L e EEE]EE
M BiE O E|E( O]
" 8] &= =)=
3 0 [&[8][s][E]
® o8 (Sl Siteteiu) ke
Name Pin BANK | 10_TYPE PULLMODE  CLAMP  DIFFDRIVE  DIFFRESIST
~ 2 AllPort N/A N/A | NZA N/A N/A N7A N/A
- [ Input N/A NAA | N7A N/A N/A /A N/A
v @ Clock N/A NA | N/A N/A N/A N/A N/A
& clki VIEV) 77| VCMOSIHIVEMOS33) NONE(NO... | ON(ON) | NA(NA) OFF(OFF)
@ scm0_inst fvds_nc_clk...  W7(W7) LUDS(LYDS) NONE(NO... |ON(ON] |NA(NA) 100(100)
[ rstn i E19(E19) LVCMOS33(IVEMOS33) NONE(NO... | ON(ON] | NA(NA) OFF(OFF)
[ scml_inst_ll_gpio_i_portb.. H14(H14) LVCMOS33(VEMOS33) NONE(NG... ON(GN] | NA(NA) OFF(OFF)
[ sem0_inst_ll_gpio_i_perth.. H15(H15) LVCMOS33(LVCMOS33) NONE(NG... | ON(ON] | NA(NA) OFF(OFF)
[ semd_inst_ll_gpio_i_portb.. H16(H16) LVCMOS33(VCMOS33) NONE(NO.. | ON(ON) | NAMA) OFF(OFF)
[ scmd_inst_ll_gpio_i_pertb... H20(H20) LVCMOSI3{IVEMOS33) NONE(NO... |ON(ON] |NA(NA) OFF(OFF)
[ sem0_inst_Ivds_ox_data_i_.. WO(WS) LUDS(LVDS) NONE(NO... | ON(ON] | NA(NA) 100(100)
T e imeb ol mmin | e "I 2N TR ANE AR ANEI 2N MONEMIN IR ENT VTS neemnee Y
« >
¥ Eiter Dot o Jahal o .

Figure 6.33. Device Constraint Editor

4. Save the changes.
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7. Simulating the Reference Design

7.1. Setting Up the Simulation

To simulate using the default configurations of the designs, perform the following steps:

1. Unzip the reference design zip file.

2. Open the simulation do file to be used. For this walkthrough, SCM_X03D_HPM_X03D.do will be used. Note that the
succeeding steps apply regardless of the chosen do file.

3. Online 2 of the do file, replace the default path with the simulation folder path.

SCM_X03D_HPM_X03D.do Ed |

quit -=im

$# Example:

[ Wt

Iset SIM DIR "C:/Users/latticesemi/LVDS-Tunneling-Protocol-and-Interface—Reference—Design/Simulation”

I f set SIM DIR "C:/Users/sampleuser/LVDS-Tunnsling-Protocol-and-Interface-Refersnce-Design/Simulation”

Figure 7.1. Simulation Do File

Click Save.

Open the simulator tool. For this walkthrough, Questa Lattice OEM Edition-64 2024.2 will be used.

Go to Tools > Td > Execute Macro.

. Cuesta Lattice OEM Edition-64 2024.2
File Edit View Compile Simulate

e

&l - @

Add

Library = Tools Layout Bookmarks
-

J ColumnLayout |211Colurns

. vibrary

Waveform Compare

3

Code Coverage
Functional Coverage
Toggle Coverage
Coverage Save...
Cowerage Report
Cowverage Configuration
Frofile

Garbage Collector
Breakpoints...

Dataset Snapshot...

-

r v v r

Window Help

SR

i3

Trace
C Debug
JobSpy

Td
Wildcard Filter...
Edit Preferences...

Execute Macro...

Td Debugger
TdPro Debugger

Figure 7.2. Execute Macro
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7. Open the simulation do file. Close and overwrite any existing projects when prompted.

. Execute Do File *
&« w <« LVDS-Tunneling-Protocol-... » Simulation » v | 0 Search Simulation ye
Organize « MNew folder == + [ 0

Mame Date modified Type Size ™
libraries 446 File folder
source 416 File folder
[ SCM_X03D_HPM_X03D.do 4 DO File
[ SCM_X03D_HPM_XQ3LF.do 4 DO File
[ SCM_X03D_HPM_X05.do 4y DO File
[ SCM_XO3LF_HPM_X03D.do 4 DO File
[ SCM_XO3LF_HPM_X03LF.do 476 DO File
[ SCM_X03LF_HPM_X05.do 4 DO File
[ SCM_X05_HPM_X03D.do 4 DO File
[ SCM_X05_HPM_X03LF.do 4 DO File
[ SCM_X05_HPM_X05.do 4 DO File
[ wave.do 4 DO File
W
< >
File name: | SCM_X03D_HPM_X03D.do ~| " Macro Files (*.do;* tcl) v

Figure 7.3. Execute Macro

7.2. Simulation Details and Results
The simulation is executed in six parts: Link Training, GPIO Test, OEM Test, UART Test, 12C Test, and CSR Test.

-4 samd_inst_oem _io_portbus
B san0_inst_oem_oe i_portbus

3

Cursor 2 19200000 15

Figure 7.4. Simulation Wave View
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7.2.1. Link Training

1. After the reset is released at 100 ns, the LTPI connection between the SCM and the HPM starts transmitting data at
25 MHz SDR (LTPI Base Speed).

F

Ivds_hpm_to_scm_dk
4. |yds_hpm_to_scm_data
4. Ivds_scm_to_hpm_dk
Ivds_scm_to_hpm_data
— SCM STATE
4. =sem0_rstn
B som0_inst_Ink_init_done_o_portbus

a4

B san0_inst_Ink_error_o_portbus
— HPM STATE
4 hpm0_rstn
B  hpm0_inst_nk_init_done_o_portbus
B hpm0_inst_Ink_error_o_portbus
‘| 19200000 ns
m s Cursor 2

Figure 7.5. Reset Release

lvds_hpm_to_scm_dk
lvds_hpm_to_scm_data
lvds_scm_to_hpm_dk
lvds_scm_to_hpm_data

— 5CM STATE
#

F)
F
F

scn0_rsin
B scm0_inst_Ink_init_done_o_portbus
B scm0_inst_Ink_error_o_portbus
— HPM STATE

4 hpm0_rstn
B hpm0_inst_Ink_init_done_o_portbus
B hpm0_inst_Ink_error_o_portbus

L 19200000 ns
Cursor 2 | 330108,90469 ns
Cursor 3 | 330148,90475 ns

Figure 7.6. LTPI Base Speed

2. Once the Base Speed clock is stable, the system enters the Link Detect state. The transitions between the internal
states are not explicitly shown in the simulation and are only observable through CSR access.

3. The transition between Base Speed and Target Speed is observable in the simulation. The default Target Speed of
the reference design is 200 MHz DDR.

n | | | | |
T (g A g g
QT | S I B | ] ]

r_o_porthus

done_o_porthus
r_o_porthus

15200000 ns |

Figure 7.7. Base Speed to Target Speed Transition
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Both SCM and HPM realign their PHY using the new clock frequency and go through the Advertise, Configuration
(SCM only), Accept (HPM only) and Active states.

A message is printed on the simulator console once the link is established (scm0_inst_Ink_init_done_o_portbus=1
and hpmO_inst_Ink_init_done_o_portbus = 1).

# lwds_hpm_to_scm_ck

# lvds_hpm_to_scm_data

. lwds_scm_to_hpm_ck

4. lvds_scm_to_hpm_data
— SCM STATE

4. semil_rstn

scm0_inst_Ink_init_done_o_portbus
scm0_inst_lnk_error_o_portbus
— HPM STATE
4 hpmi_rstn
B hpm0_inst_Ink_init_done_o_porthus
B hpm0_inst_Ink_error_o_portbus

15200000 ng

Figure 7.8. Link Training Done

2905295ns  : ###444#444 Link Established ##88484444

Figure 7.9. Link Established Message

7.2.2. GPIO Test
This test evaluates both Low Latency GPIO and Normal Latency GPIO, in the following order:

1.
2.

The Low Latency Input of SCM is set to OXAA55.

The test bench checks for changes in the Low Latency Output of HPM. If the change matches the set value of
0xAA55, a message is printed indicating the test passed. Otherwise, the message indicates the test failed.

The Low Latency Input of HPM is set to Ox55AA.

The test bench checks for changes in the Low Latency Output of SCM. If the change matches the set value of
0x55AA, a message is printed indicating the test passed. Otherwise, the message indicates the test failed.

The Normal Latency Input of SCM is set to Ox5A5A.

The test bench checks for changes in the Normal Latency Output of HPM. If the change matches the set value of
0x5A5A, a message is printed indicating the test passed. Otherwise, the message indicates the test failed.

The Normal Latency Input of HPM is set to OXA5A5.

The test bench checks for changes in the Normal Latency Output of SCM. If the change matches the set value of
0xAS5A5, a message is printed indicating the test passed. Otherwise, the message indicates the test failed.
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After step 8, a message is printed to indicate that the GPIO test is complete. The test bench continues to stimulate all
Low Latency and Normal Latency inputs by inversion and increments of one, respectively. However, all outputs are no
longer checked by the test bench. This continuous activity helps simulate active LLGPIO and NLGPIO channels while the
next channels are being tested.

— SCMLLGPIO
B4 sand_inst | gpio i portbus
-4 samd_inst_|_gpio_o_portbus
— HPMLLGPIO

£ hpm0_inst I gpio_j_ portbus
-4 hpm0_inst_l_gpio_o_portbus
— SCMNLGPIO

1

B4 sand_inst_nl_gpio i porthus

-4 sanl_inst_nl_gpio_o_porthus [ Joow
— HPMNLGPIO

B homd_inst_nl_gpio_i porthus

- homd_inst_nl_gpio_o_porthus

Now 19200000 ns

Figure 7.10. GPIO Test Flow

871243n3 @ <<<<<GPIO Test - STRART>>>>>

253ns @ 3CM teo HPM LLGPIO Test - START
258ns @ Setting S5CM LLGPIO Input to OxALSS
: HEM LLGPIO Cutput receiwved 0xaais
140ns @ 5CM to HEM LLGFIC Test - Passed
140ns @ 5CM teo HPM LLGPIC Test - END

7

o Co CO o oo
-1
(IR gy
=
(4]

w
=}

t

150ns : HEM teo SCM LLGPIO Test - START
155ns @ Setting 5CM LLGPIO Input to Ox55AR
: 5CM LLGPICO Cutput receiwved 0x55aa
ins : HEM to 5CM LLGPIO Test - Passed
8ns : HPEM to 5CM LLGPIO Test - END

o Co Co o oo
-1

W s L L
-1
=9
()
=]
t

8ns : 5CM toc HPM NLGPFIO Test - START

3ns  : Setting 5CM NLGPIO Input to OxSASR
335ns  + HEM NLGPIO Cutput receiwved 0xSada
340ns @ 5CM to HEM NLGFIC Test - Passed
340ns @ 3CM teo HPM NLGPIC Test - END

O Co Co o oo
-1
(== RS

876350ns : HPFM to S5CM NLGPIO Test - START
876355ns @ Setting 5CM NLGPIO Input to 0xASAS
277943ns & S5CM NLGPIO Cutput received 0xaSad
877948ns : HPFM to 5CM NLGPIC Test - Passed
877948ns : HPM toc SCM NLGPIC Test - END

377958ns @ GPIO Test - Passed

Figure 7.11. GPIO Test Console Messages

© 2025 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-02247-1.5 53


http://www.latticesemi.com/legal

LVDS Tunneling Protocol and Interface (LTPI) User Guide ::LATT’CE

Reference Design

7.2.3. OEM Test

This test evaluates the OEM channel in the following order:

1. SCMis set as input and HPM as output.

2. Fixed data (OX5A5AO0FQF) is transmitted through SCM OEM.

3. The test bench checks for changes in HPM OEM. If the change matches the set value of 0Ox5A5A0FO0F, a message is
printed indicating the test passed. Otherwise, the message indicates the test failed.

HPM is set as input and SCM as output.
Fixed data (OxA5AS5FOFQ) is transmitted through HPM OEM.

The test bench checks for changes in SCM OEM. If the change matches the set value of 0XA5A5FOFQ, a message is
printed indicating the test passed. Otherwise, the message indicates the test failed.

After step 6, a message is printed to indicate that the GPIO test is complete. The test bench continues to stimulate the
upper 16 bits of SCM OEM and lower 16 bits of HPM OEM by increments of one. However, all outputs are no longer
checked by the test bench. This continuous activity helps simulate an active OEM channel while the next channels are
being tested.

g4 sanl_inst_oem_io_porthus

B4 snd_inst_oem_oe i portbus

— HPM OEM
[\ 2 hrﬂ_lst_nun_in ,panhs

19200000 ns
Cursor 2 879530 ns

Figure 7.12. OEM Test Flow (SCM to HPM)

G B | 155

o sum:m:oun:u_l,purh hfe 00000 i i

— HPMOEM

-4 hpm0_inst_oem_jo_porthus
B4 hond_inst oem ce | porbus

Cursor 2 881138 ns

Figure 7.13. OEM Test Flow (SCM to HPM)
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877978n3 1 <<<<K0EM Test - START>HH3

8ns : 5CM to HPFM OEM Test - START

3ns  : Setting SCM OEM as input and HEM OEM as ocutput
Ens : Transmitting O0xSaSalfif

§535ns : HFM CEM received 0Ox5adalfif

9540ns : 5CM toc HEM CEM Test - Passed

9540n3s : 5CM to HEM OEM Test - END

=1

o0 00 OO 00 OO CO
=1 B |
=1

(A, LN R Y« Y &)
Lo

=

9550ns : HPM to SCM OEM Test - START

79555ns  : Setting HPFM OEM as input and 5CM OEM as ocutput
795¢0ns : Tramsmitting OxaSadf0fd

81143ns : 5CM QEM received OxadaSf0fo

21148ns : HPFM to 5CM OEM Test - Passed

81148ns : HPFM to SCM OEM Test - END

O 00 CO 00 OO CO

881158ns : OEM Test - Passed

8811l68ns : <<<<<0EM Test - END>H>5D3

Figure 7.14. OEM Test Console Messages

7.2.4. UART Test
This test evaluates the UART channel at a baud rate of 115,200.
1. Fixed data (0OxA5) is sent through the Tx port of SCM Bus 0.

2. Onthe HPM side, the Tx and Rx are tied together, transmitting the exact data received from SCM back to the
source.

3. Datais checked at the Rx port of SCM Bus 0. If the received data matches the transmitted data, a message is
printed indicating the test passed. Otherwise, the message indicates the test failed.

4. Steps 1-3 are repeated for Bus 1, sending 0x5A instead.

After completion, a message is printed to indicate that the UART test is complete. The test bench continues to

stimulate the Tx ports of SCM Bus 0 and Bus 1 by increments of one. However, the Rx ports of SCM Bus 0 and Bus 1 are

no longer checked by the test bench. This continuous activity helps simulate an active UART channel while the next
channel is being tested.

— SCMUART
o4 sam0)_inst_uart_bx i portbus
o4 scm0_inst_uart_rx_o_portbus
— HPMUART

-4 hom0_inst uart_bx i portbus
o4 hpm0_inst_uart rx_o_portbus

9200000 ns

Figure 7.15. UART Test Flow
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§81138na
971930ns
971935na

971945ns
1062580na
1062585ns

1062595n3

t <<<<<UART Test — START>H53>>

: Sending 0xRAS on Bus 0
: 5CM UART Bus 0 BX receiwved 0xab
: UART Bus 0 Test - Passed

: Sending 0x52 on Bus 1
: S5CM UART Bus 1 BX received 0x5a
: UART Bus 1 Test - Passed

: UART Test - Passed

Figure 7.16. UART Test Console Messages

7.2.5. 12C Test

This test evaluates the 12C channel in standard mode (100 kHz). The channels are configured such that an external 12C
controller is connected to SCM, while an external I12C target is connected to HPM. The external 12C target has a memory
block for simulating the writing and reading of internal registers through 12C.

1. The external controller sends an initial 32-bit read command to address 0x00. The contents of this address are

irrelevant and this step is performed only to show the initial status of the target register.

The external controller sends a 32-bit write command to address 0x00 with a fixed data.

To check if the write was successful, another 32-bit read command is sent to address 0x00. If the read data matches
the written data, a message is printed indicating the test passed. Otherwise, the message indicates the test failed.

4. Steps 1-3 are repeated for Bus 1 through Bus 5. Each previously tested 12C bus is idle.

After step 4, a message is printed to indicate that the 12C test is complete. The 12C channels are no longer stimulated by

the test bench and remain in a pull-up state.

g ol sk o i pors
B4 o0 e ik o o s
—iX

g4 bond st 50 i pors
04 ol et o i octus

Figure 7.17. 12C Test Flow
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10€2615ns

1062625ns3
2012453ns
2012458ns
2826055ns
3776453ns
3776458ns

377646803
472245303
4722458ns
5536055ns3
G436453ns
G436458ns

@43c0468ns
T41le453ns
T416458ns
§226055ns
%160453ns
%160458ns

9le0468ns
10086453ns
10086458ns
1085605503
11330453ns
11330458ns

11830468ns
12756453ns
12756458ns
13566055ns3
14500453ns
14500458ns

14500468ns
15426453ns
15426458ns
1623605503
17170453ns
17170458ns

17170465ns

17170478ns

: I2C
: I2C
: I2C
: I2C
: I2C
: I2C

: I2C
: I2C
: I2C
: I2C
: I2C
: I2C

» I2C
» I2C
: I2C
» I2C
» I2C
» I2C

: I2C
: I2C
: I2C
: I2C
: I2C
: I2C

: I2C
: I2C
: I2C
: I2C
: I2C
: I2C

» I2C
» I2C
» I2C
» I2C
: I2C
» I2C

» I2C

Bus
Bus
Bus
Bus
Bus
Bus

Bus
Bus
Bus
Bus
Bus
Bus

Bus
Bus
Bus
Bus
Bus
Bus

Bus
Bus
Bus
Bus
Bus
Bus

Bus
Bus
Bus
Bus
Bus
Bus

Bus
Bus
Bus
Bus
Bus
Bus

(U U FLIN FLR FUNN Y ST O R G N T O 8 ] H o= L o e o e s |

Col I S L

v «<<<<I2C Test — START:=H>>>

Initial 32-kit Data Read from Rddress
Received Data is 0x24810%e3

Write Data OxBASSFFO0 to Address 0x00
Bead Data from Rddress 0xz00

Received Data is OxaaSS5E££00

Test - Passed

Initial 32-kit Data Read from Address
Received Data is Ox33aedb82

Write Data 0x55FFO00AL to Address 0x00
Read Data from Address 0x00

Received Data is 0x55£f00aa

Test - Passed

Initial 32-kit Data Read from Address
Beceived Data is Ox4ab91313

Write Data O0xFFO0RARASS to Address 0x00
Read Data from Address 0x00

Beceived Data is 0x£f£00aas5s

Test - Passed

Initial 32-kit Data Read from Address
Beceived Data is 0OxcT782cec?

Write Data O0x00RRS55FF to ARddress 0x00
Read Data from Address 0x00

Received Data is 0x00aa55ff

Test - Passed

Initial 32-kit Data Read from Rddress
Received Data is Ox62e9%2eid

Write Data 0x55ARZ00FF to ARddress 0x00
Read Data from ARddress 0x00

Received Data is Ox55aal0ff

Test - Pasaed

Initial 32-kit Data Read from Rddress
Beceived Data is 0xT9%cd9245

Write Data 0x00FF554R to ARddress 0x00
Bead Data from Address 0x00

Received Data is O0x00££f55aa

Test - Passed

Test - Passed

v <120 Test - END>»>5>

ax00

0x00

0x00

0x00

0x00

0x00

Figure 7.18. 12C Test Console Messages
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7.2.6. CSR Test

This test evaluates the integrated 12C-to-APB module’s capability to access both SCM and HPM CSR. It also serves as a

test of the data channel, which is the method by which the module can access the HPM CSR. An external I12C controller
is connected to the module to execute the testing.

Note that by default, all HPM IDs were set to 0xBF17 and all SCM IDs were set to 0xCA26 during IP generation. This is

arbitrary and can be removed or changed as necessary. These IDs were set to help differentiate the SCM and HPM CSR.

1. The external controller sends a 32-bit read command to address 0x0000020C, effectively reading offset 0x0C

(Platform ID Local) of SCM CSR (mapped to 0x200-0x2FF by default).

2. If the read data matches the expected SCM ID (0xO000CA26), a message is printed indicating the test passed.

Otherwise, the message indicates the test failed.

3. The external controller sends a 32-bit read command to address 0x0000120C, effectively reading offset 0x00
(Platform ID Local) of HPM CSR (mapped to 0x200-0x2FF by default, accessed through Data Channel).

4. If the read data matches the expected HPM ID (0x0000BF17), a message is printed indicating the test passed.

Otherwise, the message indicates the test failed.

After step 4, a message is printed to indicate that the CSR test is complete. At this point, the simulation is finished.

Figure 7.19. CSR Test Flow

171704&8ns

171704%98ns
1717050303
153143555ns
153143560ns
15314356503
153143570ns
153143575ns
159124555ns
15124560ns
15124565ns

1512457503

v <<<<<C5R RAccess via I2C Test -

: 5CM C5R Teat - S5TRART

: Read Unique ID for 5CM (Offset
: Received Data is 0x0000ca2é

: 5CHM CSR Test - Passed

: 5CM C5R Test - END

: HPM C5R Test - 5TART

: Read Unique ID for HPFM (Offset
: Received Data is 0x0000b£17

: HFM C5R Tesat - Passed

: HEM C5R Tesat - END

START»>>3>

0x0000020C) , expecting 0x0000CAZ6

0x0000120C), expecting 0x0000BF17

v <<<<<C5R RAccess via I2C Test - END>>>>>

Figure 7.20. CSR Test Console Messages
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8. Hardware Implementation

8.1. Requirements

8.1.1. DC-SCM 2.0 Requirements
This section discusses the hardware requirements as defined by the DC-SCM 2.0 Specification.

It defines the LVDS link as AC-coupled. As such, the following components are required on the hardware:
e DC Blocking Capacitor — placed on SCM only.

e Voltage Bias Circuit — placed close to the LVDS RX I/O Buffer.

To ensure that these specifications are met within the board design, it is highly recommended that both DC blocking

capacitors and the voltage bias circuit be added externally on any user board design.

SCM HPM

SCM CPLD o HPM FPGA
"""" Vaom  RX | 3 TchucHxl
1 Coc = y i
8 —T - i
.GE, Voltage .g :
1 Bias Coc &05\ !
e - 1 1 !
' Ll \ ra i
= i
¥ r 1
i Veao 1 X RX Veao rx |
i \\:[ Coc I\-[ E
T i
| . I 2 |
. Z Coc Vol.tage o, i
: g 0 Bias 3 !
: b, 1l u !
i u _ |

Figure 8.1. LVDS Link

SCM HPM

Voltage Bias HPM FPGA

SCM CPLD

12520 |

Veao rx

Veao m RX |

Receiver

Figure 8.2. LVDS Link
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Table 8.1. LVDS Electrical Requirements

Parameter Min Max Description
Vob 100 mV 800 mV Output Differential Voltage Swing.
Vip 100 mV 800 mV Input Differential Voltage Swing.

LVDS VCCIO Voltage (Refer to MachX03/MachX03D/Mach-NX

Veaio rymx 2.5V 33V documentation).

Viem N/A (Veaorx/ 2) + 20% Input common mode voltage on LVDS I/0O pins.

Coc 0.22 uF N/A DC blocking capacitor.

Rrr 100 Q-5% 100 Q + 5% LVDS Termination Resistor (can be set internally on the device).

8.1.2. Lattice FPGA Requirements

This section describes the device-specific requirements for implementing the reference design on hardware. Note that
by default, these requirements are already covered by the reference design.

Below is the guidance for the pin assignments of input and output LVDS for MachX03 and MachXO3D:

e Input LVDS: These signals can only be assigned to A/B pairs (PBxxA/PBxxB) on Bank 2. In addition, the LVDS clock
should be assigned to a PCLK pin (PCLKT2_x /PCLKC2_x).

e  Qutput LVDS: These signals can only be assigned to A/B pairs (PTxxA/PTxxB) on Bank 0.

For MachX05-NX, the LVDS pairs (both input and output) should be mapped to high-performance 1/0 banks (bottom
banks).

Disclaimer: This is not a comprehensive list of requirements for each device. For more information, refer to the
supporting documents for each device available on the following web pages:

e  MachX03 web page

e MachXO3D web page

e  MachXO5-NX web page
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9. Resource Utilization

The resource utilization depends on the DC-SCM LTPI IP configuration. The following tables show the resource

utilization of the reference design based on device family.
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Note: Resource utilization values may vary depending on whether additional or fewer channel buses are used.

Table 9.1. MachX03 Device Resource Utilization for Demo Designs

Configuration

LUT4

PFU Register

EBR

Slice

DC-SCM LTPI IP — SCM

LTPI Reference Design

2447

1708

1296

LTPI IP (Default 1/0 Setting):
LLGPIO: 16-bit

NLGPIO: 16-bit

12C/SMBus: 6 bus

UART : 2 channels

OEM : 32-bit

2087.5

1402

1098.05

Miscellaneous LTPI Module
Examples include: APB Streamer,

Timeout, 12C-to-APB Bridge modules.

359.5

306

197.95

DC-SCM LTPI IP — HPM

LTPI Reference Design

2916

1671

1527

LTPI IP (Default I/O Setting):
LLGPIO: 16-bit

NLGPIO: 16-bit

12C/SMBus: 6 bus

UART : 2 channels

OEM : 32-bit

2822.5

1576

1465.48

Miscellaneous LTPI Modules
Examples include: APB Streamer,

Timeout, 12C-to-APB Bridge modules.

93.5

95

61.52

Table 9.2. MachX03D Device Resource Utilization for Demo Designs

Configuration

LUT4

PFU Register

EBR

Slice

DC-SCM LTPI IP — SCM

LTPI Reference Design

2535

1805

1349

LTPI IP (Default I/O Setting):
LLGPIO: 16-bit

NLGPIO: 16-bit

12C/SMBus: 6 bus

UART : 2 channels

OEM : 32-bit

2174.5

1499

1155.82

Miscellaneous LTPI Module
Examples include: APB Streamer,

Timeout, 12C-to-APB Bridge modules.

360.5

306

193.18

DC-SCM LTPI IP — HPM

LTPI Reference Design

2916

1671

1527

LTPI IP (Default 1/0 Setting):
LLGPIO: 16-bit

NLGPIO: 16-bit

12C/SMBus: 6 bus

UART : 2 channels

OEM : 32-bit

2822.5

1576

1465.48
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Configuration

LUT4

PFU Register

EBR

Slice

Miscellaneous LTPI Modules
Examples include: APB Streamer,
Timeout, 12C-to-APB Bridge modules.

93.5

95

61.52

Table 9.3. MachXO05-NX Device Resource Utilization for Demo Designs

Configuration

LUT4

PFU Register

EBR

Slice

DC-SCM LTPI IP — SCM

LTPI Reference Design

2702

1812

3326

LTPI IP (Default I/O Setting):
LLGPIO: 16-bit

NLGPIO: 16-bit

12C/SMBus: 6 bus

UART : 2 channels

OEM : 32-bit

2343

1533

Miscellaneous LTPI Module
Examples include: APB Streamer,
Timeout, 12C-to-APB Bridge modules.

364

276

DC-SCM LTPI IP — HPM

LTPI Reference Design

2936

1651

3531

LTPI IP (Default 1/0 Setting):
LLGPIO: 16-bit

NLGPIO: 16-bit

12C/SMBus: 6 bus

UART : 2 channels

OEM : 32-bit

2803

1586

Miscellaneous LTPI Modules
Examples include: APB Streamer,
Timeout, 12C-to-APB Bridge modules.

132

65

www.latticesemi.com/legal



http://www.latticesemi.com/legal

LVDS Tunneling Protocol and Interface (LTPI) User Guide ::LATT’CE

Reference Design

10. Common Issues and Troubleshooting

10.1. Link Not Reaching Active State

The most common issue observed in the design is that the LTPI does not reach the Active State (status_display[0] = 0).
This can be caused by any of the following:
1. IP Feature Capability Mismatch

e This occurs when the feature capability of HPM and SCM does not match, meaning that one or more of the

enabled or disabled interfaces do not match. This can be checked using the Capabilities tab of the IP (as shown
in Figure 10.1).

. Maodule/IP Block Wizard x

Configure Component from IP dcscm_ltpi Version 1.1.0.12
Set the following parameters to configure this component.

Diagram scm Configure sam:
FET General Capabilties LL GPIO ML GPIO 12¢ UART OEM
Property Value
INTE » ~ Speed Capability
acpt_to_o— Dual-Data Rate (DDR) =
cfg_to_o—
ckcfg_en_o— X2 (G0 M)
—HArB_S0 X3 (75 MHz)
i Crc_err_of— X4 (100 M)
- i2c_scl_io[5:0] = X6 (150 MH;
—eckao.i (150 MHe)
K i i2c_sda_io[5:0] = X8 (200 MHz) =
e init_done_o}— X10 (250 MHz)
== |_gpio_i[15:0] X12 (300 MHz)
ink_err_of—
—Ivds_rx_clk_i I B i X16 (400 MHz)
H0_O[15:0] e
—Ivds_rx_data_i -gpio
Is_to_of—
—reset_n_i
Ivds_tx_clk_op—
—{soft_reset_i
Ivds_tx_data_of—
—start_rx_i N ~ Feature Capability
start o r_algn_stat_oj— Enable Full OEM Capabilities Type
-7 rx_feat_cap_o[63:0]m=
—{sync_clk_i
rx_feat_cap_vid_oi—
—sync_rst_i
. sample_done_of—
—sync_start_i Automatically move to Configuration State
} sync_rdy_o—
= uart_ctrl_i[1:0] Mo DRC issues are found. =
sys_dk_of— © Info INFO -- 40.0 MHz target system clock frequency is based on highest speed capability enabled.

= uart_tx_i[1:0]
tgt_spd_o[15:0]= © Info INFO — Indicates support for Dual-Data Rate capability. When enabled, this implies that each X#
tgt_spd_vid_ol— enabled also supports DDR capability.

uart_ctrl_o[1:0]m=

uart_rx_o[1:0] =

desem_ltpi

<Back | Generate | Cancel

Figure 10.1. Feature Capabilities

2. Floating Inputs
e This issue occurs when interface inputs, LL inputs, NL inputs, 12C bus, and UART TX do not have valid logic
values and are floating or in tri-state. It is indicated by consecutive crc_err_o assertions during start-up. This
can be resolved by placing initial values for LL, NL, and UART, as well as pull-up for the 12C bus.
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10.2. 12C Bus Hang

This issue sometimes occurs when the 12C transaction is abruptly ended or interrupted. In this scenario, the SCL or SDA

of the LTPI 12C channel will remain indefinitely on logic low. This can be resolved through the following methods:

1. Inducing an external reset — this, however, does not guarantee that the issue will not recur.

2. Enabling the 12C timer for both SCM and HPM — this is discussed in Modifying the Reference Design section.
3. Sending an 12C bus reset through the offset 0x3C — Figure 10.2 describes the register format of offset 0x3C.

Offset

Register Name

Access

Default Value

Register Description

Field

| Field Description

IP Control

x3C

12C_BUS_RST

RO

RW

32'h0

[31:24]

R3VD

Reserved bits.

[23:0]

i2c_bus_rst

12C bus controller reset. When
asserted, IP releases the local
bus and resets the interface
controller of the corresponding
bus link number.

Each bit index is mapped to
each 1°C bus link reset with bus
link 0 occupying index 0.

[0] — I°C bus 0 reset

[1] - 1°C bus 1 reset

[23] - I*C bus 23 reset

Figure 10.2. 12C_BUS_RST Register
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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.

© 2025 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-02247-1.5 66


http://www.latticesemi.com/legal
https://www.latticesemi.com/techsupport
https://www.latticesemi.com/Support/AnswerDatabase

LVDS Tunneling Protocol and Interface (LTPI) User Guide
Reference Design

a=LATTICE

Revision History

Revision 1.5, September 2025

Section

Change Summary

All

e  Added the OCP logo to the document cover page.
e  Updated all instances of APB Slave Error to APB Completer Error.
e  Made editorial fixes.

Abbreviations in This
Document

Added AC, AMBA, FPGA, GDDR, GUI, HDL, IPK, LUT, N/A, OCP, PFU, PLL, SCM, and USB.

Introduction

e  Added the OCP Ready™ statement to the Introduction section.

e Updated Software Requirements and Hardware Requirements in Table 1.1. Summary of the
Reference Design.

Directory Structure and
Files

e Updated Figure 2.1. Directory Structure.
e Added IPK Subfolder to Table 2.1. File List.

Functional Description

e  Removed the 25 MHz Generator module description in the Functional Description section.

e Updated Figure 3.2. SCM Block Diagram, Figure 3.3. HPM Block Diagram, Figure 3.4. LTPI
(SCM) Block Diagram, and Figure 3.5. LTPI (HPM) Block Diagram.

e  Updated Table 3.1. LTPI Clock Source Signals, Table 3.2. Reset Timer Signals, Table 3.4. PLL
Streamer Logic Signals, and Table 3.4. PLL Streamer Logic Signals.

e  Removed the 25 MHz Generator, Initialization Logic, Clock Generator, APB Interconnect (SCM
Only), and APB Feedthrough (HPM Only) sections.

e  Updated the descriptions in the Reset Timer, LTPI Clock Source, Clocking Scheme, and DC-
SCM LTPI IP Control and Status Registers sections.

e  Removed Table 3.15. DC-SCM LTPI IP Registers.

Signal Description

Updated Table 4.1. SCM Top Module Signals and Table 4.2. HPM Top Module Signals.

Timing Constraints

Updated this section.

Modifying the Reference
Design

e Inthe Changing the DC-SCM LTPI IP Settings section:
e Updated Figure 6.3. Check Generated Result Window — Figure 6.5. Frame Format Tab.
e  Updated the General Tab and Frame Format Tab sections.

e  Removed the Capabilities Tab, LL GPIO Tab, NL GPIO Tab, 12C Tab, UART Tab, and OEM
Tab sections.

e  Added the Channels Tab and Debug: IP Parameters sections.
e  Removed the Removing the 25 MHz Generator, Changing the 25 MHz Generator Input, and
Changing the 25 MHz Generator Input sections.

Simulating the Reference
Design

e  Updated the following sections:
e  Simulation Details and Results
e  Link Training (including all figures)
e  GPIO Test (including all figures)
e  UART Test (including Figure 7.16. UART Test Console Messages)
e  |2CTest (including Figure 7.18. 12C Test Console Messages)
e  (CSRTest (including Figure 7.20. CSR Test Console Messages)
e  Added the OEM Test section.

Hardware Implementation

e  Removed Table 8.1. Pin Assignments and its description.
e Updated the disclaimer in the Lattice FPGA Requirements section.

Common Issues and
Troubleshooting

Removed the Clock Mismatch information in the Link Not Reaching Active State section.

Resource Utilization

Updated this section.

References

Added the Open Compute Project web page and removed Lattice Propel 2024.2 Builder User Guide
(FPGA-UG-02219), Lattice Radiant Software 2024.2 User Guide, and Lattice Diamond 3.14 User
Guide.

© 2025 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-02247-1.5

67



http://www.latticesemi.com/legal

Revision 1.4, June 2025

a=LATTICE

Section

Change Summary

All

Minor editorial fixes.

Introduction

e  Removed the following subsections:
e Limitations
e  Conventions
e  Attribute Names
e  Added new subsections:
e Quick Facts
e  Naming Conventions
e  Removed support for Mach-NX.

Directory Structure and
Files

e  Added this section.
e  Added new directory structure overview and description.

Functional Description

e Removed the Pin Description section and replaced it with the Functional Description section.
e  Removed the following subsections:
e  Overview
e Reference Design Specification
e  Target Speed Setting
e Clock Recovery
e Additional Requirement for Mach-NX
e Added the new subsections:
e Design Components
e  Clocking Scheme
e  Reset Scheme
e  Reworked subsection contents of LL GPIO Latency and renamed to GPIO Latency.

Signal Description

e  Removed the Reference Design Macros section and replaced it with the Signal Description
section.

e  Added top-level ports for SCM and HPM.

Timing Constraints

e  Removed the Diamond Design and Radiant Design subsections.
e Added Clock Definitions subsection.

Modifying the Reference
Design

e  Removed Generating the IP section and replaced it with Modifying the Reference Design
section.

e  Added the following subsections:
e  Llattice Propel
e  Lattice Diamond
e  Lattice Radiant

Simulating the Reference
Design

e  Removed HDL Simulation and Verification section and replaced it with Simulating the
Reference Design section.

e  Added the following subsections:

e  Setting Up the Simulation

e  Simulation Details and Results
e Added new simulation screenshots.

Hardware Implementation

Removed the Hardware Setup section and Hardware Validation section and replaced it with the
Hardware Implementation section.

Resource Utilization

Updated the resource utilization numbers to match utilization for LTPI IP version 1.6.0.

Common Issues and
Troubleshooting

Added 12C Bus Hang subsection.

Packaged Design

Removed this section.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

Revision 1.3, August 2024

a=LATTICE

Section

Change Summary

All

Added User Guide to the document title.

Disclaimers

Updated boilerplate.

Inclusive Language

Added boilerplate.

Abbreviations in This
Document

e  Replaced the word acronyms with abbreviations.
e Added Management Component Transport Protocol (MCTP) to the list of abbreviations.

Introduction

e  Updated the following items in the Features section:
e Added an introductory sentence.
e Updated the LTPI version.

e  Removed the sentence: for I2C interface, each can be configured as Controller, Target or
Controller/Target (for multi-controller/main).

e Added the descriptions for I2C interface Single-node and Multi node features.

e  Updated the versions of the Lattice Diamond, Lattice Radiant, and Lattice Propel software in
the Limitation section.

Generating the IP

Added section 6.3. Sample Reference Design Setup.

References

Added the following references:

e Implementing High-Speed Interfaces with MachXO3 Devices (FPGA-TN-02057)

e Implementing High-Speed Interfaces with MachXO3D Usage Guide (FPGA-TN-02065)

e Implementing High-Speed Interfaces with Mach-NX Usage Guide (FPGA-TN-02234)

e MachXO5-NX High-Speed /0 Interface (FPGA-TN-02286)

e Lattice Insights web page for Lattice Semiconductor training courses and learning plans

Revision 1.2, June 2023

Section

Change Summary

Acronyms in This
Document

Added CDC and removed SCM.

Introduction

e  Updated LTPI version and supported data rates in the Features section.

e  Added MachXO5-NX to supported devices and updated software versions in the Limitations
section.

Functional Description

e  Updated the Overview section to add the DC-SCM.

e  General update to the Reference Design Specification (previously Reference Design
Variations) and the Target Speed Setting sections.

e  Removed the Clock Recovery Diagram figure from the Clock Recovery section. Marked
statement as Note.

e  Updated information on the latency of LL GPIO in the LL GPIO Latency section.

e  Deleted statement regarding a separate demo from the Additional Requirement for Mach-NX
section.

Pin Description

e  Removed the statement Note that some pins may not appear on every variation of the
reference design from introductory paragraph.
e InTable 3.1. Pin Descriptions:
e  Moved int_o to the System group.
e Updated tgt_spd_o description.
e  Updated values and description of rx_feat_cap_o.

Reference Design Macros

General update to this section (previously Parameters and Synthesis Directives)

Timing Constraints

e  Added timing constraints guidelines for MachXO5-NX.

e  Added the Diamond Design, Lattice Radiant Design, Clocks, Resets, and False Paths
subsections.

Generating the IP

Updated steps and figures in the main section and in the Sample SCM IP Configuration (Default
Reference Design) subsection.

HDL Simulation and
Verification

e  Provided detailed information regarding Figure 7.1. Initialization after Reset.
e  Updated figures.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

a=LATTICE

Section

Change Summary

Hardware Setup

General update to this section.

Hardware Validation

Updated hardware validation information for MachXO3D and Mach-NX. Added information on
MachXO5-NX.

Packaged Design

Updated the design directory structure and added note.

Resource Utilization

Updated section to show only the resource utilization of the Diamond and the Lattice Radiant
demos.

References

Added references to product web pages.

Technical support
Assistance

Added reference to the Lattice Answer Database on the Lattice website.

Revision 1.1, November 2022

Section

Change Summary

Introduction

e Inthe Limitations section:
e added Mach-NX to the Supported Device Families;
e updated the Supported Lattice Propel version to 2.2.

Functional Description

e  General update to the Target Speed Setting section.
e  Added the Using a Single PLL section.
e Added the Additional Requirement for Mach-NX section.
e Inthe section Clock Recovery:
e added a description for Figure 2.4. Clock Recovery Diagram;
e added information about additional clock recovery function of the IP.

Pin Descriptions

e  Added information of the Initialization Interface.

e InTable 3.1. Pin Descriptions:
e  updated the Description for the sync_clk_i Port;
e updated the note of the Initialization Interface.

Timing Constraints

Added the current timing constraints applied to the design.

Generating the IP

e  Added information about the usage of RTL files in step 8 of the IP generation process.
e  Updated Figure 6.9. Sample RTL File Path.
e  Updated step 9 of the IP generation process.
e  Added Figure 6.11. Sample Key File Path.
e  Added the Setting-up Diamond Software section.
e Added information about the Enable Clock Compensation option in the section Sample SCM
IP Configuration (Design 1) section.
e  Added the following tables:
e Table 6.1. General Tab Attributes
e Table 6.2. General Tab Attributes Description
e Table 6.5. Capabilities Tab Attributes
e Table 6.6. Capabilities Tab Attributes Description
e Table6.7. LL GPIO Tab Attributes
e Table 6.8. LL GPIO Tab Attributes Description
e  Table 6.9. NL GPIO Tab Attributes
e  Table 6.10. NL GPIO Tab Attributes Description
e Table6.11. 12C Tab Attributes
e Table 6.12. 12C Tab Attributes Description
e  Table 6.13. UART Tab Attributes
e  Table 6.14. UART Tab Attributes Description
e Table 6.15. OEM Tab Attributes
e Table 6.16. OEM Tab Attributes Description
e  Added Figure 6.20. NL GPIO Tab and Figure 6.23. OEM Tab.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

a=LATTICE

Section Change Summary
HDL Simulation and Added the Running the Simulation section.
Verification

Hardware Setup

e InTable 8.1. Diamond Demo Pin Assignments, updated the Pin Assignment information of the
following Ports of the LVDS Interface: Ivds_tx_clk_o, Ivds_tx_data_o, Ivds_rx_clk_i, and
Ivds_rx_data_i.

Added the LVDS Setup Considerations section.

Hardware Validation

Added information about the hardware validation for Mach-NX device.

References

Updated this section.

Revision 1.0, August 2022

Section

Change Summary

All

Production release

Introduction

Updated the features to match the new IP implementation.

Functional Description

e  Updated section content to match the new IP implementation, including Figure 2.1. Block
Diagram and Figure 2.2. State Machine.
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Troubleshooting
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Packaged Design
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