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Abbreviations in This Document

A list of abbreviations used in this document.

= LATTICE

Abbreviations Definition

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

GPIO General Purpose Input/Output

HPM Host Processor Module

1/0 Input/Output

12C Inter-Integrated Circuit

IP Intellectual Property

LED Light-Emitting Diode

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

LVDS Low Voltage Differential Signaling

MCSI Multi-Channel Serial Interface

MCTP Management Component Transport Protocol
NLGPIO Normal Latency General Purpose Input/Output
OEM Original Equipment Manufacturer

RTL Register Transfer Level

Rx Receiver

SDR Single Data Rate

Tx Transmitter

UART Universal Asynchronous Receiver/Transmitter
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Introduction
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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.

1.1.

Quick Facts

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™

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

Test bench

Available

Test bench format

Verilog

Software Requirements

Software tool and version

Lattice Diamond™ version 3.14 for the MachX03, MachXO3D devices
Lattice Radiant™ version 2024.2 for the MachX0O5-NX devices

Lattice Propel™ version 2024.2

Synplify Pro®

Questa Lattice OEM Edition-64 2024.2

IP version (if applicable)

DC-SCM LTPI 1.6.0

APB Interconnect 1.2.1
APB Feedthrough 1.1.0
12C to APB Bridge RD 1.2.0

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:
Support for DC-SCM 2.0 LTPI version 1.1 (Oct 2023)
Link initialization, discovery, and negotiation
Support for multi-channel serial interface

Support for LVDS

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

controller and target)

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

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 MachX0O5-NX devices)
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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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

© 2022-2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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2. Directory Structure and Files

Figure 2.1 shows the directory structure.

w LVDS-Tunneling-Protocol-and-Interface-Reference-Design
v Projects
MachX03D_HPM
MachX03D_5CM
MachXO3LF_HPM
MachX03LF_SCM
MachXO3MX_HPM
MachXO5ME_SCM
hd Simulation
libraries

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

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

. MachXO03D_HPM

. MachX03D_SCM

Projects e  MachXO3LF_HPM

. MachXO3LF_SCM

. MachXO5NX_HPM

e MachXO5NX_SCM

Each project has been tested via 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_X03D_HPM_XO5.do

e  SCM_XO3LF_HPM_X03D.do

e  SCM_XO3LF_HPM_XO3LF.do

e  SCM_XO3LF_HPM_XO5.do

e SCM_XO5_HPM_X03D.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
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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 via 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 25 MHz clock from the 25 MHz Generator module serves as the primary system clock unless specified otherwise.

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.

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

I HPM: continuously sends Link-Speed Frame until
able to receive at least three frames

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

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
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 assumed as |
valid data already. All payload received are i
transmitted back to user-interface side. ]

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

|

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

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

fou
&& frames with
correct CRC>=3.

Received 1
CFG frame?

Error Scenario?

L0 frames
Received?

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.

T continuously sends Advertise frames for at least
1ms.

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

__—difscm 1m: issi

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

| Received LO frames within seven frames i
|

 Error: Seven consecutive frame lost such as wrong

~F~77 CRC, unexpected frames.

MISC signals: asserts link error flag. When link error

Figure 3.1. LTPI State Flow

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
=~ reqired for clean transition.

External GPLL can use this to change clocks.
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~———12C-to-APB Bus———»]

12C-to-APB Bridge na

clk_i—m
25 MHz
Generator
rstn_i—»| |
Lock—
Reset
Timer
clk_i—
25MHz |
Generator
rstn_i——
Lock:
Reset
Timer

P — >
N APB
: Interconnect
I
i Data Channel APB
i CSRAPB
PLL ™
Streamer [ — LTPI Clock
Logic Source
[—Channels—»
,,,,,,,,,,,,,,,, »
ECLK, ECLK90, CLKI
LTPIIP (setas SCM)  |[«——LTP—>
Initialization
Logic g
Figure 3.2. SCM Block Diagram
APB
; Feedthrough
[——
. i Data Channel APB
CSRAPB
PLL =
Streamer | — LTPI Clock
Logic Source
|
[«—Channels—#»
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, »

Initialization
Logic

ECLK, ECLK90, CLKI

Figure 3.3. HPM Block Diagram

LTPI IP (set as HPM)

[e——LTP—>
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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: scm0 (for SCM instance) or hpmO (for HPM instance).

=f=|APB_SO
=f=|aPB_s1
apb_pclk_i
sync_clk_i
clk_i
apb_reset_n_i
reset_n_i
Il_gpio_i[3:0]
nl_gpio_i[3:0]

uart_tx_i[0:0]

—— data_ch_i[7:0]

eclk90_i
eclk_i
start_rx_i
start_tx_i
sync_rst_i
sync_start_i
Ivds_rx_clk_i
soft_reset_i

Ivds_rx_data_i

INTR ]

clkcfg_en_o
tgt_spd_o[15:0]
i2c_scl_io[0:0]
i2c_sda_io[0:0]
Il_gpio_o[3:0]
nl_gpio_o[3:0]
uart_rx_o[0:0]
data_ch_o[7:0]
init_done_o
rx_align_stat_o
Is_to_o
rx_feat_cap_o[63:0]
cfg_to_o
i2c_tmr_to_o
i2c_code_err_o
crc_err_o
link_err_o
acpt_to_o
Ivds_tx_clk_o
Ivds_tx_data_o
rx_feat_cap_vld_o
rx_fifo_empty_o
rx_fifo_full_o
sample_done_o
tx_fifo_empty_o
tx_fifo_full_o
tgt_spd_vld_o

sync_rdy_o

Figure 3.4. LTPI (SCM) Block Diagram
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[=f=|APB_S0

Il_gpio_i[3:0]
eclk_i
nl_gpio_i[3:0]
clk_i

eclko0_i

uart_tx_i[0:0]
apb_pclk_i
sync_clk_i
apb_reset_n_i

reset_n_i

—— data_ch_i[7:0]

Table 3.1. LTPI Clock Source Signals

start_rx_i
start_tx_i
sync_rst_i
sync_start_i
soft_reset_i
Ivds_rx_clk_i

Ivds_rx_data_i

APB_MO [mfm|——
INTR [ —

clkefg_en_o—
tgt_spd_o[15:0] ——
i2c_scl_io[0:0] ——
i2c_sda_io[0:0] ——
Il_gpio_o[3:0] ——
nl_gpio_o[3:0] ——
rx_feat_cap_o[63:0] —
uart_rx_o[0:0] ——
init_done_o ——
cfg_to_ or—
rx_align_stat_o ——
Is_to_o——
acpt_to_o——
i2c_tmr_to_o—
i2c_code_err_o——
data_ch_o[7:0] —
cre_err_o——
link_err_o——
dc_err_o—
Ivds_tx_clk_ot+——
Ivds_tx_data_o+——
rx_feat_cap_vld_o —
rx_fifo_empty_o —
rx_fifo_full_o—
sample_done_o —
tx_fifo_empty_o —
tx_fifo_full_o —
tgt_spd_vld_o—

sync_rdy o——

Figure 3.5. LTPI (HPM) Block Diagram

Port Name

| Input/Output |Width | Default Value |

Description

System Signals

. The LTPI main clock connects to either CLKOS2 of LTPI clock
clk_i Input 1 N/A
source or sys_clk_o of clock generator.
reset_n_i Input N/A Active low reset.
soft_reset_i Input 1 1'b0 LTPI Active high soft reset.
eclk_i Input 1 N/A The ECLK input connects to either CLKOP or clkop_o of the
LTPI clock source.
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Port Name Input/Output | Width | Default Value Description
eclk90_| 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.
PHY Initialization Signals
sync_clk_i Input 1 N/A PHY synchronization clock. 25 MHz clock input.
start_rx_i Input 1 N/A Initialize Rx PHY. Connects to start_rx_o of initialization logic.
start_tx_i Input 1 N/A Initialize Tx PHY. Connects to start_tx_o of initialization logic.
sync_rst_i Input 1 N/A PHY reset. Connects to sync_rst_o of initialization logic.
sync_start_i Input 1 N/A The PHY synchronlza.wtl.o.n étar.t trlgggr connects to
sync_start_o of the initialization logic.
sync_rdy o Output 1 b0 The PHY synchrc.)nization ready connects to sync_rdy_i of the
initialization logic.
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_Ivds_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_Ivds_tx_data_o_port or
hpmO_inst_Ivds_tx_data_o_port (Top Module).
Low Latency GPIO Channel
- Low Latency Input. Connect scmO_inst_Il_gpio_i_portbus or
Il | t 4 N/A . .. T -~
—Epto_! npu / hpmO_inst_Il_gpio_i_portbus (Top Module).
. Low Latency Output. Connect scm0_inst_Il_gpio_o_portbus
Il Output 4 N/A . . o - -
-Epio_o utpu / or hpmO_inst_ll_gpio_o_portbus (Top Module).
Normal Latency GPIO Channel
L Low Latency Input. Connect scmO_inst_nl_gpio_i_portbus or
| | t 4 N/A . -
n_gpto npu / hpmO_inst_nl_gpio_i_portbus (Top Module).
. Low Latency Output. Connect scmO_inst_nl_gpio_o_portbus
| Output 4 N/A - T T -
ni_gplo_o utpu / or hpmO_inst_nl_gpio_o_portbus (Top Module).
UART Channel
. UART Tx pin. Connect scmO0_inst_uart_tx_i_portbus or
1 _Inst_uart_tx_I_|
uart_tx_i Input N/A hpmO_inst_uart_tx_i_portbus.
UART Rx pin. Connect scmQ_inst_uart_rx_o_portbus or
t Output 1 N/A . - = - - =
uar_rx_o utpu / hpmO_inst_uart_rx_o_portbus (Top Module).
12C Channel
. . 12C Clock pin. Connects to scmO_inst_i2c_scl_io_portbus or
2 | | t 1 N/A . . . .
lec_scllo nou / hpmO_inst_i2c_scl_io_portbus (Top Module).
. . 12C Data pin. Connects to scmO_inst_i2c_sda_io_portbus or
2c_sd | t 1 N/A . . . A
lec_sda_lo nou / hpmO_inst_i2c_sda_io_portbus (Top Module).
Data Channel
data_ch_i Input 8’h00 Data channel input tag. Unused.
data_ch_o Output 8’h00 Data channel output tag. Unused.
Data Channel Completer Interface (SCM only). Connects to
APB_S1 APBIF N/A N/A APB_MO0O of APB Interconnect.
APB_MO APB IE N/A N/A Data Channel APB Requester Interface. Connects to APB_SO

of APB Feedthrough.
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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_MO01 of APB
APB_S0 APB IF N/A N/A Interconnect (SCM only) or APB_MO of APB Feedthrough
(HPM only).
Miscellaneous Signals
Clock Reconfiguration Enabled Flag. It indicates that the LTPI
clocks can now change from Base Speed to Target Speed. It
clkcfg_en_o Output 1 N/A Connects to clkcfg_en_i of Initialization Logic and PLL
Streamer Logic.
Target Speed Status. It Indicates the highest common
available frequency between SCM and HPM. Note that only
one bit can be high for bits 0-9.
Bit 15: DDR if 1, SDRif O
Bit 14-10: Reserved
Bit 9: 600 MHz
Bit 8: 400 MHz
Bit 7: 300 MHz
tgt_spd_o Output 32 N/A Bit 6: 250 MHz
Bit 5: 200 MHz
Bit 4: 150 MHz
Bit 3: 100 MHz
Bit 2: 75 MHz
Bit 1: 50 MHz
Bit 0: 25 MHz
It Connects to tgt_spd_i of PLL Streamer Logic and Clock
Generator.
rx_feat_cap_o Output 64 N/A Received Feature Capabilities. Unconnected.
Link Established Flag. Connects to
init_done_o Output 1 N/A concat_module_inst_status_display_portbus[0] (Top
Module).
Configuration State Timeout. Only active for SCM. Connects
cfg_to_o Output 1 N/A to concat_module_inst_status_display_portbus[3] (Top
Module, SCM only).
PHY Rx Alignment Done Flag. Connects to
rx_align_stat_o Output 1 N/A concat_module_inst_status_display_portbus[1] (Top
Module).
Link Speed State Timeout. Connects to
Is_to_o Output 1 N/A concat_module_inst_status_display_portbus[2] (Top
Module).
Accept State Timeout. Only active for HPM. Connects to
acpt_to_o Output 1 N/A concat_module_inst_status_display_portbus[3] (Top

Module, HPM only).
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Port Name Input/Output | Width | Default Value Description
12C Timer Timeout/Reset Flag. Inactive (low) when the 12C
channel is disabled.
When the 12C channel is enabled, this is only valid if any of
the following is true:
e  Enable Timer for Bus # option of any of the available 12C
bus is checked; or
i2c_tmr_to_o Output 1 N/A e  Generate STOP on Bus # Reset option of any of the
available Target 12C bus is checked.
This indicates that a timeout or bus reset occurred on any of
the active 12C channels and that the bus recovery is
successful. It Connects to
concat_module_inst_status_display_portbus[4] (Top
Module).
Invalid 12C Event Received Flag. Connects to
i2c_code_err_o Output 1 N/A concat_module_inst_status_display_portbus[5] (Top
Module).
Frame CRC Error. The following number of consecutive CRC
Errors will result in a link error:
e  Advertise State—3
crc_err_o Output 1 N/A .
e  Active State—-7
Connects to concat_module_inst_status_display_portbus[6]
(Top Module).
Link Error Flag. It indicates that the link between SCM and
HPM is lost. It Connects to
link Output 1 N/A . .
INK_&rr_o utpu / concat_module_inst_status_display_portbus[7] (Top
Module).
dc_err_o Output N/A Data Channel Error Flag. Not connected.
rx_feat_cap_vld_o | Output N/A Received Feature Capability Valid Flag. Not connected.
rx_fifo_empty_o Output N/A Rx FIFO Empty Flag. Not connected.
leD Flag. This indi hat the IP i li
sample_done_o Output 1 N/A Sample Done Flag. This indicates that the IP is done sampling
a frame. Not connected.
tx_fifo_empty_o Output 1 N/A Tx FIFO Empty Flag. Not connected.
Target Speed Valid Flag. Connects to tgt_spd_vld_i of PLL
tgt_spd_vld_o Output 1 N/A arget >pe ! € ctstotgt_spa_vid_

Streamer Logic.

3.1.2. 25 MHz Generator

This module serves as a wrapper for a PLL instance that accepts an external clock input and converts it into a 25 MHz
clock. This module can be omitted if an external 25 MHz clock is available.

Table 3.3 for the difference in implementation across the three devices.

—clk_i

—rstn_i

ck o——

lock oF——

Figure 3.6. 25 MHz Generator (MachX03) Block Diagram
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—clki_i

—rstn_i

clkop_of——

lock oF——

Figure 3.7. 25 MHz Generator (MachX0O5-NX) Block Diagram

Table 3.2. 25 MHz Generator Signals

Port Name | Input/Output | Width | Default Value | Description
MachX03/MachX03D
External clock input. 12 MHz for MachXO3 and MachXO3D.
clk_i Input 1 N/A 125 MHz for MachX05-NX
Connects to clk_i (Top Module).
rstn_i Input 1 N/A Active-low reset. Coonects to rstn_i (Top Module).
clk_o Output 1 N/A 25 MHz clock output.
lock_o Output 1 1'b0 PLL lock. Connects to reset_n_i input of the reset timer.
MachX0O5-NX
External clock input. 12 MHz for MachX03 and MachXO3D.
clki_i Input 1 N/A 125 MHz for MachX05-NX
Connects to clk_i (Top Module).
rstn_i Input 1 N/A Active-low reset. Coonects to rstn_i (Top Module).
clkop_o Output 1 N/A 25 MHz clock output.
lock_o Output 1 1'b0 PLL lock. Connects to reset_n_i input of the reset timer.
Table 3.3. 25 MHz Generator Implementation
Target Device Module Name PLL Instance
MachX03 pll_25MHz upll
MachX03D pll_25MHz upll
MachX0O5-NX pll_25MHz_xo05 upll_xo5

3.1.3. Reset Timer

This module utilizes both the PLL lock from the 25 MHz Generator (or external reset if 25 MHz Generator is not used)
and 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 is equal to the input reset.

Module Name: reset_timeout

—reset_n_i

S— T

——{timeout_en_i

—init_done_i

reset_n_of—

Figure 3.8. Reset Timer Block Diagram
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Port Name Input/Output | Width Default Value Description
Active-low reset. It is connected to rstn_i (Top Module) if the
reset_n_i Input 1 N/A 25 MHz generator is disabled. Otherwise, it is connected to
lock_o of the 25 MHz generator.
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
init_done_i Input 1 N/A ) LT = .
timeout_en_i =1 and init_done_i = 0.
reset_n_o Output 1 1'b0 System reset source.

3.1.4. Initialization Logic

This module manages the PHY initialization of the LTPI and controls the signal to trigger the switch between Base Speed

and Target Speed.

reset_n_i
clk_i
sync_rdy_i
clkefg_en_i
init_done_i

lock_i

sync_rst_ot—
sync_start_ol—
sel_or—
start_tx_of—

start_rx_or—

Figure 3.9. Initialization Logic Block Diagram

Table 3.5. Initialization Logic Signals

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.
sync_rdy_i Input 1 N/A PHY synchronization ready. Connects to sync_rdy_o of LTPI.
clkcfg_en_i Input 1 N/A (LI_:_CIJDcIk Reconfiguration Enable. Connects to clkcfg_en_o of
init_done_i Input 1 N/A Link Established Flag. Connects to init_done_o of LTPI.
lock_i Input 1 N/A SDZS?CZ.E PLL Lock. Connects to LOCK or lock_o of LTPI Clock
sync_rst_o Output 1 1'b0 PHY reset. Connects to sync_rst_i of LTPI.
sync_start_o Output 1 17b0 f;-llz(l.synchronization start trigger. Connects to sync_start_i of
Control signal for frequency change:
1’b0 = Base Speed
sel_o Output 1 1'b0 1’b1 = Target Speed
Connects to sel_i of clock generator.
Unused for MachX03 and MachXO3D.
start_tx_o Output 1 1'b0 Initialize Tx PHY. Connects to start_tx_i of LTPI.
start_rx_o Output 1 1'b0 Initialize Rx PHY. Connects to start_rx_i of LTPI.
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3.1.5. PLL Streamer Logic
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This module manages the process of changing the LTPI Clock Source frequency from Base Speed to Target Speed and
vice versa. Table 3.7 outlines the difference in implementation for the three devices.

clk_i

reset_n_i

— wr_rdn_i

— wb_dat_i[7:0]

—{wb_ack_i

—ddr_sdr_sel_i
—tgt_spd_i[9:0]
—{tgt_spd_vid_i

—clkefg_en_i

data_o[7:0]
wb_clk_o
wb_rst_ o
wb_cyc_o
wb_stb_o
wb_we_o
wb_adr_o[7:0]
wb_dat_o[7:0]
pll_rst_o

Figure 3.10. PLL Streamer Logic (Wishbone) Block Diagram

clk_i

—rstn_i

wr_rdn_j

lock_i
apb_pready_i
apb_pslverr_i
apb_prdata_i[31:0]
tgt_spd_i[9:0]
tgt_spd_sel_i
tgt_spd_vid_i
clkefg_en_i

apb_penable_o
apb_psel_o
apb_pwrite_o
apb_paddr_o[31:0]
apb_pwdata_o[31:0]
change_done_o

pll_rstn_o|

Figure 3.11. PLL Streamer Logic (APB) Block Diagram

Table 3.6. PLL Streamer Logic Implementation

Target Device

Module Name

MachX03 wishbone_streamer
MachX03D wishbone_streamer
MachXO5-NX apb_streamer

Table 3.7. 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.
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Port Name Input/Output Width Default Value | Description

Flag for SDR/DDR selection:
ddr_sdr_sel_i Input 1 N/A 160 = SDR

1’b1 =DDR

Connects to tgt_spd_o[15] of LTPI.

Status flag for Target Speed Selection:

10’h001 = 25 MHz

10’h002 = 50 MHz

10’h004 = 75 MHz

10’h008 = 100 MHz
tgt_spd_i Input 10 N/A 10’h010 = 150 MHz

10’h020 = 200 MHz

10’h040 = 250 MHz

10’h080 = 300 MHz

10’h100 = 400 MHz

Connects to tgt_spd_o[9:0] of LTPI.
tet_spdvidJ Input ! VA | Comets totgt spe g oot Bl
clkcfg_en_i Input 1 N/A E—:—T:Tk Reconfiguration Enable. Connects to clkcfg_en_o of
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 wb_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 b0 SD,:\,/S?C?C PLL Reset Source. Connects to RST of LTPI Clock
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 APB Ready. Connects to apb_pready_o of LTPI Clock Source.
apb_pslverr_i Input 1 N/A ?;’Erileafve Error. Connects to apb_pslverr_o of LTPI Clock
apb_prdata_| Input 32 N/A ?:l?rcR:.ad Data. Connects to apb_prdata_o of LTPI Clock

Status flag for Target Speed Selection:

10’h001 = 25 MHz

10’h002 = 50 MHz

10’h004 = 75 MHz

10’h008 = 100 MHz
tgt_spd_i Input 10 N/A 10'h010 = 150 MHz

10’h020 = 200 MHz
10’h040 = 250 MHz
10’h080 = 300 MHz
10’h100 = 400 MHz
10’h200 = 800 MHz
Connects to tgt_spd_o[9:0] of LTPI.
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Port Name Input/Output Width Default Value | Description
Flag for SDR/DDR selection:
1’b0 = SDR

ddr_sdr_sel_i Input 1 N/A ,
1’bl =DDR
Connects to tgt_spd_o[15] of LTPI.

. It indicates that the value on the tgt_spd_o of LTPI is valid.

tgt_spd_vid_i Input 1 N/A Connects to tgt_spd_vld_o of LTPI.

clkcfg_en_i Input 1 N/A Clock Reconfiguration Enable. Connects to clkcfg_en_o of
LTPI.

apb_penable_o Output 1 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 32’h00000000 | APB Address. Connects to apb_paddr_i of LTPI Clock Source.

apb_pwdata_o Output 32 32h00000000 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.

3.1.6. 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 MachXO3D devices.

Module Name: wb_pll

— wb_clk_i
wb_dat_o[7:0] —

— whb_rst_i
wb_ack_ol—

— whb_cyc_i
] pll_clk_ot—

— wb_stb i
) pll_rst_or—

—wb_we_i
- - pll_stb_oj—

—twb_adr_i[7:0]

pll_we o—
wh_dat_i[7:0] pll_addr_o[4:0]—
pll_data_i[7:0] oll_data_o[7:0]—

—pll_ack_i

Figure 3.12. EFB Block Diagram
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Table 3.8. EFB Signals
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Port Name Input/Output Width Default Value | Description

wh_clk_i Input 1 N/A Wls.hbone Clock. Connects to wb_clk_o of PLL Streamer
Logic.

. Wishbone Reset. Connects to wb_rst_o of PLL Streamer

wb_rst_i Input 1 N/A . -
Logic.

wh_cyc i Input 1 N/A Wls.hbone Cycle. Connects to wb_cyc_o of PLL Streamer
Logic.

wh_stb_| 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

wb_we_i Input 1 N/A . - -
Streamer Logic.

wh_adr i Input 8 N/A Wls'hbone Address. Connects to wb_adr_o of PLL Streamer
Logic.

wh_dat_i Input 8 N/A Wls'hbone Data In. Connects to wb_dat_o of PLL Streamer
Logic.

oll_dat_i Input 8 N/A PLL Wishbone Data In. Connects to PLLDATO of LTPI Clock
Source.

oll_ack_i Input 1 N/A PLL Wishbone Ack Bit. Connects to PLLACK of LTPI Clock
Source.
Wish D . i of PLL

wb_dat_o Output 8 8'h00 |s' bone Data Out. Connects to wb_dat_i o Streamer
Logic.

wh_ack_o Output 1 17b0 Wls.hbone Ack Bit. Connects to wb_ack_i of PLL Streamer
Logic.

oll_clk o Output 1 N/A PLL Wishbone Clock. Connects to PLLCLK of LTPI Clock
Source.
PLL Wish R . PLLRST of LTPI Clock

oll_rst_o Output 1 b0 ishbone Reset. Connects to STo Cloc
Source.
PLL Wish . PLLSTB of LTPI Clock

pll_stb_o Output 1 17b0 ishbone Strobe. Connects to PLLSTB o Cloc
Source.

pllwe_o Output 1 b0 PLL Wishbone Write Enable. Connects to PLLWE of LTPI Clock
Source.

pll_addr o Output 5 5'h00 PLL Wishbone Address. Connects to PLLADDR of LTPI Clock
Source.

oll_data_o Output 3 8'h00 :I(;t:l(:lelshbone Data Out. Connects to PLLDATI of LTPI Clock

3.1.7. LTPI Clock Source

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

Table 3.3 outlines the difference in implementation for the three devices.

—{CLKi

—RST
—PLLCLK
—PLLRST
—PLLSTB

— PLLWE
—PLLDATI[7:0]
—PLLADDR[4:0]

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

Figure 3.13. 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_of—

clkos_o—
clkos2_of—

lock_of—
apb_pready_or—
apb_pslverr_o—
apb_prdata_o[31:0]—

Figure 3.14. LTPI Clock Source (MachX05-NX) Block Diagram

Table 3.9. 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 1 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 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 APE Slave Error. Connects to apb_pslverr_i of PLL Streamer
Logic.

apb_prdata_o Output 32 32h00000000 fggBicRead Data. Connects to apb_prdata_i of PLL Streamer

Table 3.10. LTPI Clock Source Implementation

Target Device

Module Name

PLL Instance

MachX03 dynamic_pll dpll
MachX03D dynamic_pll dpll
MachXO5-NX dynamic_pll_xo5 dpll_xo5

3.1.8. Clock Generator

This module generates a 2.5 MHz clock that cannot be natively produced by the LTPI Clock Source. It also includes the
switch logic to toggle between this 2.5 MHz clock and clkos2_o, the output of the LTPI Clock Source, to generate the
required input clock, clk_i, for LTPI. This module is exclusively used for MachX05-NX devices.

Module Name: clock_generator

Table 3.11. Clock Generator Signals

—clk_i
—clk_systarget_i
—rstn_i

— lock_i
—sel_i
—tgt_spd_i[9:0]
—ddr_sdr_sel_i

—{change_done_i

sys_clk_o—

Figure 3.15. Clock Generator Block Diagram

Port Name Input/Output Width Default Value | Description
clk_i Input 1 N/A 25 MHz clock input.
. LTPI Target Speed System Clock. Connects to clkos2_o port of
clk_systarget_i Input 1 N/A LTP! Clock Source.
rstn_i Input 1 N/A Active-low reset.
lock_i Input 1 N/A Dynamic PLL Lock. Connects to lock_o of LTPI Clock Source.
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Port Name

Input/Output

Width Default Value

Description

sel_i

Input

1 N/A

Control signal for frequency change:
1’b0 = Base Speed

1’b1 = Target Speed

Connects to sel_i of Initialization Logic.

ddr_sdr_sel_i

Input

1 N/A

Flag for SDR/DDR selection:

1’b0 = SDR

1’bl =DDR

Connects to tgt_spd_o[15] of LTPI.

tgt_spd_i

Input

10 N/A

Status flag for Target Speed Selection:
10’h001 = 25 MHz

10’h002 = 50 MHz

10’h004 = 75 MHz

10’h008 = 100 MHz

10’h010 = 150 MHz

10’h020 = 200 MHz

10’h040 = 250 MHz

10’h080 = 300 MHz

10’h100 = 400 MHz

10’h200 = 800 MHz

Connects to tgt_spd_o[9:0] of LTPI.

change_done_i

Input

1 N/A

Frequency Change Done Flag. Connects to change_done_o of
PLL Streamer Logic.

sys_clk_o

Output

1 N/A

LTPI main clock source. Connects to clk_i of LTPI.

3.1.9. APB Interconnect (SCM Only)

This module utilizes the APB Interconnect Module from Lattice Propel. It arbitrates APB commands from the 12C-to-APB
Bridge to either the CSR APB Completer Interface or the Data Channel APB Completer Interface of LTPI.

Module Name: apb0

-

——[e|aPB_s00
—apb_pclk_i

—apb_presetn_i

S

~

APB_MO1[ef——

APB_MOO[e——

J

Figure 3.16. APB Interconnect Block Diagram

Table 3.12. APB Interconnect Signals

Port Name Input/Output Width Default Value | Description

APB_S00 APB I N/A N/A APB Cqmpleter Interface 0. Connects to APB_MO of I2C-to-
APB Bridge.

apb_pclk_i Input 1 N/A 25 MHz clock input.

apb_presetn_i Input 1 N/A Active-low reset.

APB_MOO APB I N/A N/A APB Re.quester Interface 0. Connects to APB_S1 of 12C-to-
APB Bridge.

APB_MO1 APB I N/A N/A APB Re.quester Interface 1. Connects to APB_SO0 of 12C-to-
APB Bridge.
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3.1.10. APB Feedthrough (HPM Only)
This module utilizes the APB Feedthrough Module from Lattice Propel. It arbitrates APB commands from the Data

Channel APB Requester Interface to the CSR APB Completer Interface of LTPI.

Module Name: apbf0

| APB_SO  APB_MO El}

Figure 3.17. APB Feedthrough Block Diagram

Table 3.13. APB Feedthrough Signals

= LATTICE

Port Name Input/Output Width Default Value | Description
APB_SO APB IF N/A N/A APB Completer Interface 0. Connects to APB_MO of LTPI.
APB_MO APB IF N/A N/A APB Requester Interface 0. Connects to APB_SO of LTPI.

3.1.11. 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

Figure 3.18. 12C-to-APB Bridge Block Diagram

Table 3.14. 12C-to-APB Bridge Signals

SCL—
SDAF——

4 N\

clk_i APB_MO[e|——
rstn_i

. _J

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.

B . B B

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

scL Inout 1 Trisstate 12C Clock port. Connects to i2c2apb0_inst_SCL_port (Top
Module).

SDA Inout 1 Tri-state :ai:j':; port. Connects to i2c2apb0_inst_SDA_port (Top
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3.2. Clocking Scheme

The reference design uses a 25 MHz generator (via PLL) that accepts either a 12 MHz input for MachX03 and
MachXO3D devices or a 125 MHz input for MachXO5-NX devices.

The input values are determined by the available external oscillators on each device’s boards, which are used as the
target hardware for this design.

The 25 MHz source is required to generate the necessary clocks for the DC-SCM LTPI IP (ECLK, ECLK90, and CLK). This
allows one set of computed values to generate the supported frequencies as defined by the LTPI specifications, up to
400 MHz for MachX03 and MachX03D devices and up to 800 MHz for MachX0O5-NX devices.

If an external 25 MHz source is available, the 25 MHz generator can be removed, connecting the external clock directly
to the system and the rstn_i port to the reset timer module instead of the PLL’s lock port.

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

This information is based on section 2.4 of the DC-SCM LTPI IP User Guide (FPGA-IPUG-02200). Any changes made by
future IP updates may not be reflected immediately in this document.

Table 3.15. DC-SCM LTPI IP Registers

. Register Description
Offset | Register Name Access | Default Value - - - —
Bit | Field Field Description
Attribute Registers
{depends on [31:16] RSVD Reserved bits.
0x0 ID RO ID Number set ) L
in Attributes} [15:0] id Identification Number.
{depends on [31:8] RSVD Reserved bits.
LTPI Version
Oxd LTPI_VER RO (Major) ahd . Specifies the LTPI Yer5|on.
LTPI Version [7:0] Itpi_ver [7:4] — Major version
(Minor) set in [3:0] = Minor version
Attributes}
[31:16] RSVD Reserved bits.
{depends on Defines the speed capability of the
08 SPEED_CAP RO Speed” IP. Base frequency is 25 MHz.
Capability set | [15:0] speed_cap [7:0] = {X12,X10,X8,X6,X4,X3,X2,X1}
in Attributes} [15:8] =
{DDR,3’h00,X40,X32,X24,X16}
{depends on [31:16] RSVD Reserved bits.
0x0C PLATFORM_TYPE RO ID Number set ) latf latf
in Attributes} [15:0] platform_type Platform type.
{depends on Feature capability (byte3-0) of the
IP and IP. If Enable Full OEM Capabilities
0x10 FEATURE_CAP3_0 RO Channel [31:0] feature_cap3_0 Type == Checked, it gets value from
Capability set OEM Feature Capability 0 in Hex
in Attributes} (0Ox).
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Register Description

Offset | Register Name Access | Default Value - - - —
Bit Field Field Description
{depends on Feature capability (byte7-4) of the
IP and IP. If Enable Full OEM Capabilities
0x14 FEATURE_CAP7_4 RO Channel [31:0] feature_cap7_4 Type == Checked, it gets value from
Capability set OEM Feature Capability 1 in Hex
in Attributes} (0x).
Feature capability (byte11-8) of the
0x18 | FEATURE CAP11 8 | RO 32'h0 (31:0] feature_cap11 g | - currently is unused and only
serves as a placeholder for future
use.
{depends on
Feature Request features of the IP when /P
0x1C REQ_FEATURE3_0 RW Capability O [31:0] req_feature3_0 MODE == SCM. When IP MODE ==
setin HPM, this register is discarded.
Attributes}
{depends on
Feature Request features of the IP when /P
0x20 REQ_FEATURE7_4 RW Capability 1 [31:0] req_feature7_4 MODE == SCM. When IP MODE ==
setin HPM, this register is discarded.
Attributes}
Request features of the IP when /P
MODE == SCM. When IP MODE ==
0x24 REQ_FEATURE 11_8 | RW 32’h0 [31:0] req_featurell_8 HPM, this register is discarded.
Currently is unused and only serves
as a placeholder for future use.
[31:16] RSVD Reserved bits.
Defines the target speed of the IP
based on Link training and
0x28 TGT_SPEED RO 32'ho negotiation. Base frequency is 25
[15:0] tgt_spd MHz.
[7:0] = {X12,X10,X8,X6,X4,X3,X2,X1}
[15:8] =
{DDR,3’h00,X40,X32,X24,X16}
Received Feature Capability from
0x2C RX_FEATURE3_O RO 32’h0 [31:0] rx_feat_cap3_0 Remote IP during Link-training and
negotiation.
Received Feature Capability from
0x30 RX_FEATURE7_4 RO 32’h0 [31:0] rx_feat_cap7_4 Remote IP during Link-training and
negotiation.
Received Feature Capability from
0x34 RX_FEATURE 11_8 RO 32’h0 [31:0] rx_feat_cap1l_8 Remote IP during Link-training and

negotiation.
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Offset

Register Name

Access

Default Value

Register Description

Bit

| Field

Field Description

IP Contro

0x38

IP_CTRL

RO

RW

{23’h0,
depends on
Automatically
move to
Configuration
State set in
Attributes,
8’h0}

[31:9]

RSVD

Reserved bits.

(8]

auto_cfgen

When set and /P Mode == SCM, the
IP automatically goes to
Configuration state after
completing the required frame
transmission for Advertise State.

[7:4]

RSVD

Reserved bits.

(3]

data_ch_rst

Data channel reset register.

When asserted, resets the data
channel interface controller of the
IP.

When IP Mode==HPM, this also
resets the APB requester interface
output ports.

(2]

software_rst

LTPI link software reset. Reset only
applies to interface controller and
Link-training and negotiation
FSM-related logic.

(1]

resync_link

Link retraining request register.
When asserted, internally resets
the IP except for IP CSR related
interface. The IP goes back to
Link-training state. Needs to be
unset to proceed with retraining
after active trigger.

(]

reqcfg_rdy

Used to indicate access to CSR is
done and requested features (for
SCM) is ready for Advertise state.
Bit is only checked during Advertise
state and automatically move to
Configuration State==Unchecked
during IP configuration.

Only when this is set that SCM goes
to Configuration State.

When IP Mode==HPM, this register
is discarded.

0x3C

12C_BUS_RST

RO

RW

32’h0

[31:24]

RSVD

Reserved bits.

[23:0]

i2c_bus_rst

12C bus controller reset. This can be
used to perform reset and recovery
of 12C buses during timeout or bus
hang-up.

Each bit index is mapped to each
12C bus link reset with bus link 0
occupying index 0.

[0] = 12C bus O reset

[1] = 12C bus 1 reset

[23] = 12C bus 23 reset
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. Register Description
Offset | Register Name Access | Default Value - - - —
Bit | Field Field Description
IP Settings
[31:8] RSVD Reserved bits.
0x40 SP_SYMBOL RO K28.7 (8'hFC) Symbol used to indicate the start of
[7:0] sp_symbol
normal frames (LO state).
[31:8] RSVD Reserved bits.
Ox44 LT_SYMBOL RO K28.5 (8'hBC) Symbol .us.ed to indicate start (?f
[7:0] It_symbol Link Training related frames (Link-
Detect and Link-Speed states).
[31:8] RSVD Reserved bits.
0x48 CFG_SYMBOL RO k28.6 (8'hDC) Symbo! used to.indicate start of
[7:0] cfg_symbol Advertise, Configure, and Accept
frames.
[31:8] RSVD Reserved bits.
OXAC LDFT SYMBOL RO D0.0 (8'h00) Symbol used to indicate frame type
- [7:0] Idft_symbol for Link-Detect frames during Link
Training.
[31:8] RSVD Reserved bits.
0x50 LSFT_SYMBOL RO D1.0 (8'h01) Syml?ol used to indicate fr.ame‘type
[7:0] Isft_symbol for Link-Speed frames during Link
Training.
[31:8] RSVD Reserved bits.
0x54 IDLE_SYMBOL RO D0.0 (8'h00) . Syml?ol used to indic§te IDLE bytes
[7:0] idle_symbol for Link-Detect and Link-Speed
frames during Link Training.
[31:8] RSVD Reserved bits.
0x58 | ADVFT_SYMBOL RO D0.0 (8'h00) Symbol used to indicate frame type
[7:0] advft_symbol for Advertise frames during Link
Configuration.
[31:8] RSVD Reserved bits.
0x5C REQFT_SYMBOL RO D1.0 (8'h01) Symbol used to |r?d|cat§ frame type
[7:0] regft_symbol for Request Configuration frames
for SCM during Link Configuration.
[31:8] RSVD Reserved bits.
0x60 ACCFT_SYMBOL RO D2.0 (8'h02) Symbol used to indicate frame_type
[7:0] accft_symbol for Accept frames for HPM during
Link Configuration.
24’ho, [31:8] RSVD Reserved bits.
depends on Symbol used to indicate frame type
0x64 DFT_SYMBOL RO Data Frame (7:0] dft bol for Default or Custom 1/O Frame.
Type set in ) —symbo 0x00 — Default 1/0
Attributes 0x10 — Custom 1/O
[31:8] RSVD Reserved bits.
0x68 DCFT_SYMBOL RO D1.0(8'h01 indi
_ ( ) [7:0] deft_symbol Symbol used to indicate frame type
for Data Frame.
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Offset

Register Name

Access

Default Value

Register Description

Bit

Field

Field Description

IP Debug Registers

0x6C

LINK_STATE_TX

RO

32’hl

[31:7]

RSVD

Reserved bits.

[6:0]

link_state_tx

Local LTPI link state.

0x01 — Idle/Link-Detect —Frame
Align

0x02 — Link-Detect

0x04 — Link-Speed

0x08 — Advertise

0x10 — Configuration

0x20 — Accept

0x40 — LO (Operational)

0x70

LINK_STATE_RX

RO

32’h1

[31:7]

RSVD

Reserved bits.

[6:0]

link_state_rx

Remote LTPI link state.

0x01 — Idle/Link-Detect —Frame
Align

0x02 — Link-Detect

0x04 — Link-Speed

0x08 — Advertise

0x10 — Configuration

0x20 — Accept

0x40 — LO (Operational)

Interrupt Registers

0x74

INT_STATUS

RW1C

32’h0

[31:13]

RSVD

Reserved bits.

(12]

i2c_code_err_int

12C invalid code error. Asserts if
invalid I12C event is observed in any
of the active 12C buses.

(11]

i2c_tmr_to_int

12C timeout. Asserts if any of the
active buses encounter timeout.

(10]

acpt_to_int

Accept state timeout.

(9]

cfg_to_int

Configuration state timeout.

(8]

Is_to_int

Link-Speed state timeout.

[7]

rx_feat_vld_int

Received feature capability is valid.

(6]

clk_cfg_int

Clock can be reconfigured for target
frequency based. This is asserted
every time the IP is in Advertise
state.

(5]

tgt_spd_vld_int

Target speed information from link
training and negotiation is already
valid.

(4]

link_err_int

Link error is encountered during
normal operation.

(3]

rxfifo_full_int

Rx FIFO full asserted unexpectedly
during normal operation.

(2]

txfifo_full_int

Tx FIFO full asserted unexpectedly
during normal operation.

(1]

lol_rx_int

Loss of enable: detected
deassertion of start_rx_i.

[l

lol_tx_int

Loss of enable: detected
deassertion of start_tx_i.
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Register Description

Offset | Register Name Access | Default Value - - - —

Bit Field Field Description

[31:13] RSVD Reserved bits.

(12] i2¢_code_err_en 12C invalid code error — interrupt
enable.

[11] i2c_tmr_to_en 12C timeout — interrupt enable.

(10] acpt_to_en Accept state timeout — interrupt
enable.

(9] cfg_to_en Fonfiguration state timeout —
interrupt enable.

(8] Is_to_en !_ink-Speed state timeout —
interrupt enable.

7] rx_feat_vid_en Re.ceived feature capability is valid
—interrupt enable.

(6] olk_cfg_en Clock can be reconfigured for target
frequency based —interrupt enable.
Target speed information from link

0x78 INT_ENABLE RW 32’h0 [5] tgt_spd_vld_en training and negotiation is already

valid — interrupt enable.
Link error is encountered during

[4] link_err_en normal operation — interrupt
enable.
Rx FIFO full asserted unexpectedly

[3] rxfifo_full_en during normal operation — interrupt
enable.
Tx FIFO full asserted unexpectedly

[2] txfifo_full_en during normal operation — interrupt
enable.
Loss of enable: detected.

[1] lol_rx_en deassertion of start_rx_i —interrupt
enable.
Loss of enable: detected.

[0] lol_tx_en deassertion of start_tx_i —interrupt

enable.
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. Register Description
Offset | Register Name Access | Default Value - - - —
Bit Field Field Description
[31:13] RSVD Reserved bits.
[12] i2c_code_err_set | I2Cinvalid code error — set.
[11] i2c_tmr_to_set 12C timeout — set.
[10] acpt_to_set Accept state timeout — set.
[9] cfg_to_set Configuration state timeout — set.
[8] Is_to_set Link-Speed state timeout — set.
(7] rx_feat_vid_set Received feature capability is valid
—set.
(6] olk_cfg_set Clock can be reconfigured for target
frequency based — set.
, Target speed information from link
0x7C INT_SET wo 32’h0 [5] tgt_spd_vld_set training and negotiation is already
valid — set.
(4] link_err_set Link error is en.countered during
normal operation — set.
Rx FIFO full I
3] rxfifo_full_set X . O full asserted l{nexpected y
during normal operation — set.
Tx FIFO full I
2] txfifo_full_set X . O full asserted u'nexpected y
during normal operation — set.
(1] lol rx set Loss of enable: detected.
- deassertion of start_rx_i —set.
Loss of enable: detected.
lol
(ol ol_tx_set deassertion of start_tx_i — set.

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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4. Signal Description

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 5::3:“ Description
System
External clock input. 12 MHz for
clk_i Input 1 N/A MachX03 and MachX03D. 125
MHz for MachXO5-NX.
Active-low reset. This is used to
rstn_i Input 1 N/A reset the 25 MHz Generator
module.
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 4 N/A Low Latency Input pins
scmO_inst_Il_gpio_o_portbus Output 4 N/A Low Latency Output pins
Normal Latency GPIO Channel Interface
scmO_inst_nl_gpio_i_portbus Input 4 N/A Normal Latency Input pins
scmO_inst_nl_gpio_o_portbus Output 4 N/A Normal Latency Output pins
UART Channel Interface
scmO_inst_uart_tx_i_portbus Input 1 N/A UART Tx pin
scmO_inst_uart_rx_o_portbus Output 1 N/A UART Rx pin
12C Channel Interface
scmO_inst_i2c_scl_io_portbus Inout 1 Tri-state 12C Clock pin. Requires external
pull-up.
scmO_inst_i2c_sda_io_portbus Inout 1 Tri-state 12C Data pin. Requires external
pull-up.
12C-to-APB Interface
i2c2apb0_inst_SCL_port Inout 1 Tri-state Zi:r(:\?li)iﬁ—lz: pin. Requires
i2c2apb0_inst_SDA_port Inout 1 Tri-state szi_et::]_szz:l)_it; pin. Requires
Protocol Information
Status Flags from LTPI:
Bit O: init_done_o
Bit 1: rx_align_stat_o
Bit 2: Is_to_o
concat_module_inst_status_display_portbus Output 8 1 Bit 3: cfg_to_o
Bit 4:i2c_tmr_to_o
Bit 5:i2c_code_err_o
Bit 6: crc_err_o
Bit 7: link_error_o
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Port Name Input/Output Width 3::::“ Description
System
External clock input. 12 MHz for
clk_i Input 1 N/A MachX03 and MachX03D. 125
MHz for MachXO5-NX.
Active-low reset. This is used to
rstn_i Input 1 N/A reset the 25 MHz Generator
module.
LVDS Interface
hpmO_inst_Ivds_tx_clk_o_port Output 1 N/A LVDS Tx PHY clock
hpmO_inst_Ivds_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 4 N/A Low latency GPIO input pins
hpmO_inst_ll_gpio_o_portbus Output 4 N/A Low latency GPIO output pins
Normal Latency GPIO Channel Interface
hpmO_inst_nl_gpio_i_portbus Input 4 N/A Normal latency GPIO input pins.
hpmO_inst_nl_gpio_o_portbus Output N/A Normal latency GPIO output pins.
UART Channel Interface
hpmO_inst_uart_tx_i_portbus Input 1 N/A UART Tx pin
hpmO_inst_uart_rx_o_portbus Output 1 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.
Protocol Information
Status Flags from LTPI IP:
Bit 0: init_done_o
Bit 1: rx_align_stat_o
Bit 2:Is_to_o
concat_module_inst_status_display_portbus Output 8 1 Bit 3: acpt_to_o

Bit 4:i2c_tmr_to_o
Bit 5:i2c_code_err_o
Bit 6: crc_err_o

Bit 7: link_error_o
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5. Timing Constraints

For timing constraint guidelines, refer to the Timing Analysis for High-Speed GDDR Interfaces’ section of the
Implementing High-Speed Interfaces with MachXO3 Devices (FPGA-TN-02057) for MachX03 family, Implementing High-
Speed Interfaces with MachX03D Usage Guide (FPGA-TN-02065) for MachX0O3D family, and MachX05-NX High-Speed
I/0 Interface (FPGA-TN-02286) for the MachXO5-NX family.

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  External Clock
e 12 MHz for MachX03/MachX03D
e 125 MHz for MachXO5-NX
e clk_i:20 MHz
e sync_clk_i: 25 MHz
e eclk_i: 100 MHz
e eclk90_i: 100 MHz
e apb_pclk_i: 25 MHz
e lvds_rx_clk_i: 100 MHz
e phytx_sclk : 20 MHz
e ddrtx_sclk : 20 MHz
e pclkdiv_out : 10 MHz (used for SDR)
o sys _clk:20 MHz
e ddrrx_sclk : 20 MHz

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 inside the IP for the following clock sources and can be set as false paths as well.

o clk_i

e sync_clk_i

o eclk_i

e eclk90 i

e apb_pclk_i

o |vds_rx_clk_i
e  phytx_sclk

e ddrtx_sclk

e pclkdiv_out
o sys clk

e ddrrx_sclk
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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 will discuss 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 'ltpi_rd_documentation_sample' is successfully generated.
IP: desem_ltpi Version: 1.6.0

Vendor: latticesemi.com

Language: Verilog

Generated files:

IP-XACT _component: component.xml

IP-XACT _design: design.xml

black_box_verilog: rtlItpi_rd_documentation_sample_bb.v
cfg: Itpi_rd_documentation_sample.cfg

dependency_file: eval/dut_inst.v

dependency_file: eval/dut_params.v

IF package file: |tpi_rd_documentation_sample ipx
template_verilog: misc/itpi_rd_documentation_sample_tmpl.v
timing_constraints: constraints/ltpi_rd_documentation_sample.ldc
template_vhdl: misc/tpi_rd_documentation_sample_tmpl.vhd
top_level_verilog: rtl/ltpi_rd_documentation_sample. v

D Insert to project

< Back Finish

Figure 6.3. Check Generated Result Window
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6.1.3.1. General Tab

General Section

“, Module/IP Block Wizard

Configure Compenent from 1P descm_ltpi Version 1.6.0

Set the following parameters to configire this campanent.

Diagram Itpi_rd_documentation_sample

4

Itpi_rd_documentation_sample

—[Hare_s0
—[Hare_st

—apb_pclk_i

—apb_reset_n_i

—ck_i

= data_ch_i[7:0] INTR)
—feck90_i data_ch_o[7:0]
—feck_i i2c_scl_io[5:0]
=il_gpio_i[15:0] i2c_sda_io[5:0]
—{vds_rx_clk_i I_gpio_o[15:0]
—ilvds_rx_data_i Ivds_tx_clk_o|
=n|_gpio_i[15:0] vds_tx_data_o

= oem_output_en_[31:0] n|_gpio_o[15:0]
oem_io[31:0]
sync_rdy_o
uart_ctrl_o[1:0]
uart_rx_o[1:0]

—reset_n_l|
—{soft_reset_i
—{start_rn_i
—{start_tx_i
—sync_clk_i
—sync_rst_i
—sync_start_i
={yart_ctrl_i[1:0]
=yart_tx_i[1:0]

desem_ltpi

User Guide

Configure Itpi_rd_documentation_sample:

General  FrameFormat  Capabiites  LLGPIO  NLGPIO  I2C UART

Property Value

~ General
D Number in Hex (0x0000) 0
P Mode SCM
LTPI Version (Minor) [0- 1] 1
10 Type VDS
Customize CRC Polynomial
Enable Miscellaneous Signals Disabled
Enable Protocol Information Signals  Disabled
Enable Clock Compensation =

~ Settings
Data Frame Type Defautt /0
Enable Low Latency GPIO Channel Enabled
Enable Normal Latency GPIO Channel  Enabled
Enable 12C Channel Enabled
Enable UART Channel Enabled
Enable OEM Channel Enabled
Enable Data Channel Enabled

No DRC issues are found,

@ Info
@ Info

@ Info

INFO — 2.5 MHz target system clock frequency is based on highest speed capability enabled.

INFQ -- CRC in IP with LTPI version 1.1++ support is computed without reflected/inverted input and

output.
INFO -- Default Data I/Q Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channel/s are automatically padded with 1s.

<Back | Generate

OEM

Cancel

ID Number in Hex (0x0000)

LTPI Version (Minor)

Customize CRC Polynomial

Figure 6.4. General Tab

This option is set to 0xCA26 for SCM and 0xBF17 for HPM. This is set to create a difference between the
contents of the SCM and HPM CSR, which is then used to validate CSR access.
This can be removed or changed as necessary.
Changes to this option will be written at offset 0x00 of the CSR (ID).
IP Mode

This option determines the function of the IP.
When modifying the reference design, do not change this option unless it is necessary.

This option can be set to either 0 or 1. It sets the IP to support either LTPI version 1.0 or version 1.1.
It is recommended to use version 1.1 as it is the latest (this is the default setting).
There is no backward compatibility with version 1.0 since the change redefined how the CRC is computed in
the frames, along with other changes.

Do not change this option unless it is necessary.
10 Type

This is a placeholder option in case LTPI supports other IO types in future versions. Do not change.

This is a placeholder option in case LTPI supports other CRC polynomials in future versions. Do not change.

FPGA-RD-02247-1.4
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Enable Miscellaneous Signals

e This option creates ports for various status flags of the IP, including init_done_o and link_err_o.

e This option should be enabled for the reference design to work.

e Itis possible to gain access to these flags via CSR.

Enable Protocol Information Signals

e This option creates ports for various protocol signals of the IP, including tgt_spd_o and clkcfg_en_o.

e This option should be enabled for the reference design to work.

e |tis possible to gain access to these signals via CSR.

Enable Clock Compensation

e This option allows the IP to perform frame drop or frame repeat if its FIFO experiences an underflow or
overflow. This ensures the link remains stable even if there is a recoverable difference between the SCM and
HPM clocks.

e This option should not be changed to ensure link stability.

Settings Section

Data Frame Type

e This option allows modification of the frame format if set to Custom.

e The reference design uses the default setting for this option (Default 1/0).

Enable Low Latency GPIO Channel

e This option enables or disables the Low Latency GPIO Channel.

e This option is enabled in the reference design.

e When disabled, this option will remove the LL GPIO ports from the IP and the top-level module

Enable Normal Latency GPIO Channel

e This option enables or disables the Low Latency GPIO Channel.

e This option is enabled in the reference design.

e When disabled, this option will remove the LL GPIO ports from the IP and the top-level module.

Enable 12C Channel

e This option enables or disables the Low Latency GPIO Channel.

e This option is enabled in the reference design.

e  When disabled, this option will remove the LL GPIO ports from the IP and the top-level module.

Enable UART Channel

e This option enables or disables the UART Channel.

e This option is enabled in the reference design.

e  When disabled, this option will remove the LL GPIO ports from the IP and the top-level module.

Enable OEM Channel

e This option enables or disables the OEM Channel.

e This option is disabled in the reference design.

Enable Data Channel

e This option enables or disables the Data Channel.

e This option is enabled in the reference design.

e When disabled, this option will remove the APB_S1 interface (SCM) or APB_MO interface (HPM). This
effectively disconnects the HPM CSR from access via the 12C-to-APB Bridge.

e Disabling this option would also remove data_ch_i and data_ch_o from the IP ports. However, these are
already unused in the reference design.
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6.1.3.2. Frame Format Tab

By default, this is not editable. This can only be modified by setting Data Frame Type to Custom. The default setting
adheres to the Default I/0O Frame Format as defined by the LTPI Specification.

%, Module/IP Block Wizard X

Configure Component from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configure this component.

Disgram ltpi_rd_documentston_sample Canfigure hpi_rd_documentation_sample:
General Frame Format Capabilities LL GPIO ML GPIO 12c UART OEM
Itpi_rd_documentation_sample Property Value

~ Data /O Frame Format

~{Here_s0
—{HarB st

—apb_pck_i
INTI =
—{apb_reset_n_i E
B dkcfg_en_of—
—dlk_i
data_ch_o[7:0]=
= data_ch_i[7:0]
i2c_scl_io[5:0]m=
—feckao_i . )
. 2c_sda_io[5:0] =
o I_gpio_o[15:0]
|_gpio_o[15:0]f=
=|_gpio_i[15:0]
Ivds_tx_clk_of—
—|vds_rx_clk_i
Ivds_tx_data_of—
—{lvds_rx_data_i

nl_gpio_o[15:0] =
= 11l_gpio_i[15:0] gpo_o[15:0]

; oem_io[31:0]m=
= Oem_output_en_i[31:0]

rx_feat_cap_o[63:0 =

—{reset_n_i
rx_feat_cap_vid_of—
—soft_reset_j @
sync_rdy_ot—
—{start_rx_i tgt_spd_o[15:0]
gt_spd_o[15:0]jm=
—{start_tx_i
. tgt_spd_vid_of—
—fsync_clk_i
vart_ctrl_o[1:0]j=
—sync_rst_i No DRC issues are found. ~
uart_rx_o[1:0]p= ® Info INFO -- 2.5 MHz target system clock frequency is based on highest speed capability enabled.
—sync_start_i get sy quency ighest sp pability
—uart_ctrl [1:0] @ Info mgu;— CRC in IP with LTPI version 1.1++ support is computed without reflectedyinverted input and
= uart_tx_i[1:0] @ Info INFO -- Default Data /O Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with 1s.
descm_ltpi
4 »
User Guide

<Back || Generate = Cancel

Figure 6.5. Frame Format Tab
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6.1.3.3. Capabilities Tab

“, Module/IP Block Wizard X

Configure Compenent from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configlre this component.,

Diagram lipi_rd_documentation_sample Configure lipi_rd_decumentation_sample:
General  FrameFormat  Capabiies ~ LLGPIO  MLGPIO  I2C UART OEM
Itpi_rd_documentation_sample Property Value
~ Speed Capability
—{Hea_so Dual-Data Rate (DDR)
—{Here_s1
—apb_pclk_i X2 (50 MHz)
INTE » X3 (75 MH
—|apb_reset_n_i (75 MHz)
ki ckcfg_en_oi— %4 (100 MHz)
4 t_ h i7:0] data_ch_o[7:0] = X6 (150 MHz)
= (ata_ch_if 72
- 2c_scl_io[5:0] b LIPS
—|eckoo_i 310 (250 MHz)
2c_sda_io[5:0] =
—leck_i X12 (300 MHz)
~ I_gpio_o[15:0]p=
—igpb_15:0] 16 (400 MHz)
lvds_tx_ck_of— X24 (600 MHz)
—Ivds_rx_clk_j
Ivds_tx_data_o—
—lIvds_rx_data_i

nl_gpio_o[15:0]p=
= 11l_gpio_i[15:0] —opo- [31 U]
0em_io[31:0] =
- 0em_output_en_i[31:0] el31:0] ~ Feature Capability
rx_feat_cap_o[63:0]m=

—{reset_n_i
rx_feat_cap_vid_o—
—|soft_reset_i 4
sync_rdy_of—
—{start_rx_i
tgt_spd_o[15:0]j= 8
—{start_tx_i Automatically move to Configuration State
tgt_spd_vid_of—
—{sync_clk_i
uart_ctrl_o[1:0]
—sync_rst_1 No DRC issues are found. v
. uart_rx_o[1:0]p= © Info INFO -- 2.5 MHz target system clock frequency is based on highest speed capability enabled.
—{sync_start_i
uart_ctrl_[1:0] ® Info Iul\igm CRC in IP with LTPI version 1.1++ support is computed without reflected/inverted input and
= uart_tx_i[1:0] ® Info INFO - Default Data /0 Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with 1s.
descm_ltpi
4 »
User Guide

<Back | Generate | Cancel

Figure 6.6. Capabilities Tab

Speed Capability Section
Changes to the options in this section will be recorded at offset 0x08 of the CSR (SPEED_CAP). Multiple options can be
enabled simultaneously.
e Dual-Data Rate (DDR)
e SPEED_CAP[15] = 1 when enabled. SPEED_CAP[15] = 0 when disabled.
e This setting is enabled in the reference design.
e X1(25 MHz)
e This setting is always enabled. Mapped to SPEED_CAP[0].
e X2 (50 MHz)
e SPEED_CAP[1] =1 when enabled. SPEED_CAP[1] = 0 when disabled.
e This setting is disabled in the reference design.
e X3 (50 MHz)
e SPEED_CAP[2] =1 when enabled. SPEED_CAP[2] = 0 when disabled.
e This setting is disabled in the reference design.
e X4 (100 MHz)
e SPEED_CAP[3] =1 when enabled. SPEED_CAP[3] = 0 when disabled.
e This setting is enabled in the reference design.
e X6 (150 MHz)
e SPEED _CAP[4] =1 when enabled. SPEED_CAP[4] = 0 when disabled.
e This setting is disabled in the reference design.
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e X8 (200 MHz)
e SPEED_CAP[5] = 1 when enabled. SPEED_CAP[5] = 0 when disabled.
e This setting is disabled in the reference design.
e X10 (250 MHz)
e SPEED_CAP[6] = 1 when enabled. SPEED_CAP[6] = 0 when disabled.
e This setting is disabled in the reference design.
e X12 (300 MHz)
e SPEED_CAP[7] = 1 when enabled. SPEED_CAP[7] = 0 when disabled.
e This setting is disabled in the reference design.
e X16 (400 MHz)
e SPEED_CAP[7] = 1 when enabled. SPEED_CAP[7] = 0 when disabled.
e This setting is disabled in the reference design.
e X24 (600 MHz)
e SPEED_CAP[9] = 1 when enabled. SPEED_CAP[9] = 0 when disabled.
e This setting is disabled in the reference design.
e Thisis not accessible for MachX03 and MachXO3D (grayed out).
e Target System Clock (MHz)
e This option is non-editable.
e Thisis computed to be the system clock (clk_i of LTPI) required, based on the fastest frequency enabled.
e Changes to this frequency are managed by the reference design logic.

Feature Capability Section

e Enable Full OEM Capabilities Type
e This enables or disables the usage of the OEM Capability 0 in Hex (0x) and OEM Capability 1 in Hex (0x) options
under the OEM Tab.
e By default, this option is non-editable.
e This option is unused in the reference design.
e Default Feature Capability 0 in Hex (0x)
e By default, this option is non-editable.
e This option represents the lower 32 bits of the default feature capabilities.
e This value is computed based on the current settings of the IP. It is written to offset 0x10 of the CSR
(FEATURE_CAP3_0) when the Enable Full OEM Capabilities Type is disabled.
e This value should be consistent between SCM and HPM.
o Default Feature Capability 1 in Hex (0x)
e By default, this option is non-editable.
e This option represents the upper 32 bits of the default feature capabilities.
e This value is computed based on the current settings of the IP. It is written to offset 0x14 of the CSR
(FEATURE_CAP7_4) when Enable Full OEM Capabilities Type is disabled.
e This value should be consistent between SCM and HPM.
e Automatically move to Configuration State
e This option is only available for SCM.
e This option is enabled in the reference design.
e This option should be enabled unless the user can trigger the transition from the Advertise state to the
Configuration state via CSR access.
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6.1.3.4. LLGPIO Tab
The options on this tab are only available if the Enable LL GPIO Channel is enabled.

% Module/IP Block Wizard X

Configure Component from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configure this component.

Diagram ltpi_rd_documentaton_sample Configure ltpi_rd_documentation_sample:
= General Frame Format Capabilities LL GPIO NL GPIO 12C UART OEM
Itpi_rd_documentation_sample Property Value
~ Settings
~{HHare_s0
LL GPIO Input Data Width [1 - 96] 16
—{HarB_S1 LL GPIO Qutput Data Width [1 - 961 16
—{apb_pck_i
INTRH =
—{apb_reset_n_i
ckcfg_en_of—
—{clk_i

data_ch_o[7:0]j=

= data_ch_i[7:0]
i2c_scl_io[5:0]pmm
—eck90_i
2c_sda_io[5:0] =
—feck_i 0 [15:0]
|_gpio_o[15:0] =
=|_gpio_[15:0]
Ivds_tx_clk_of—
—{vds_rx_clk_i
Ivds_tx_data_oj—
—|lvds_rx_data_i

nl_gpio_o[15:0] =
= 11l_gpio_i[15:0] gpo_o[15:0]

oem_io[31:0]p=
= 0em_output_en_{[31:0]

rx_feat_cap_o[63:0 =

—{reset_n_i
rx_feat_cap_vid_of—
— soft_reset_j "
sync_rdy_ot—
—{start_rx_i tgt_spd_o[15:0]
gt_spd_o[15:0] b=
—{start_tx_i
tgt_spd_vid_of—
—{sync_clk_i
vart_ctrl_o[1:0]j=
—{sync_rst_i Mo DRC issues are found. v
. uart_rx_o[1:0]p= ® Info INFO -- 2.5 MHz target system clock frequency is based on highest speed capability enabled.
—{sync_start_i
uart_ar1:0] ® Info IuNuiSm CRC in IP with LTPI version 1.1++ support is computed without reflected/inverted input and
= uart_tx_i[1:0] © Info INFO - Default Dzta /O Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with s,
descm_ltpi
4 »
User Guide

<Back || Generate = Cancel

Figure 6.7. LL GPIO Tab

e LLGPIO Input Data Width
e This option determines the size of the Low Latency Inputs.
e Inthe reference design, this option is set to 4.
e Although up to 96 bits can be set, this is only possible when the Data Frame Type is Custom. When the Data
Frame Type is Default /O, this can only be set up to 16 bits.
e LL GPIO Output Data Width
e This option determines the size of the Low Latency Outputs.
e Inthe reference design, this option is set to 4.
e Although up to 96 bits can be set, this is only possible when the Data Frame Type is Custom. When the Data
Frame Type is Default /O, this can only be set up to 16 bits.
e LL GPIO Payload Width per Frame
e This option determines the maximum number of LL GPIO that is sent per frame.
e The value for either LL GPIO Input Data Width or LL GPIO Output Data Width must not exceed this value.
e This can only be modified when the Data Frame Type is set to Custom and the Enable Data Channel option is
disabled.
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6.1.3.5. NLGPIO Tab
The options on this tab are only available if the Enable NL GPIO Channel is enabled.

% Module/IP Block Wizard X

Configure Component from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configure this component.

Disgram ltpi_rd_documentation_sample Configure Itpi_rd_documentation_sample:
A Gereral Frame Format Capabilties LL GPIO ML GPIO 12¢ UART OEM
Itpi_rd_documentation_sample Property Value
~ Settings
'E’APB—SU Mumber of NL GPIO [1 - 256] 16
—{HarB_S1
—{apb_pck_i
INTI =
—{apb_reset_n_i E
ckcfg_en_of—
—{clk_i
data_ch_o[7:0]j=
= data_ch_i[7:0]
i2c_scl_io[5:0]pmm
—eck90_i
2c_sda_io[5:0] =
—feck_i 0 [15:0]
|_gpio_o[15:0] =
= _gpio_{15:0
opio_I[ ! Ivds_tx_clk_of—
—{vds_rx_clk_i
Ivds_tx_data_oj—
—|lvds_rx_data_i

nl_gpio_o[15:0] =
= n|_gpio_[15:0] gpio_o[ !
oem_io[31:0]p=
= 0em_output_en_{[31:0]
rx_feat_cap_o[63:0 =

—{reset_n_i
rx_feat_cap_vid_of—
— soft_reset_j "
sync_rdy_ot—
—{start_rx_i tgt_spd_o[15:0]
gt_spd_o[15:0] b=
—{start_tx_i
tgt_spd_vid_of—
—{sync_clk_i
vart_ctrl_o[1:0]j=
—{sync_rst_i Mo DRC issues are found. v
. 1% _O[1:0]p= nfo -2 iz target system clock frequency is based on highest speed capability enabled.
uart_rx_o[1:0] @ Info INFO -- 2.5 MH, lock fi is based on high d capability enabled
—{sync_start_i
uart_ar1:0] ® Info LNuiSm CRC in IP with LTPI version 1.1++ support is computed without reflected/inverted input and
= uart_tx_i[1:0] © Info INFO - Default Dzta /O Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with s,
descm_ltpi
4 »
User Guide

<Back || Generate = Cancel

Figure 6.8. NL GPIO Tab

e Number of NL GPIO
e This option determines the size of the Normal Latency Inputs and Outputs.
e In this reference design, this option is set to 4.
e  Unlike LL GPIO, this option can be set up to its maximum size of 256 bits. This is because NL GPIO bits are sent
through the frame based on the size of the NL GPIO Payload Width per Frame using a round-robin sequence.
e Note that setting this option beyond the size of the NL GPIO Payload Width per Frame will cause updates on
the 1/0 to be delayed.
e NL GPIO Payload Width per Frame
e This option determines the maximum number of NL GPIO signal sent per frame.
e Unlike other channels, the total number of bits that can be set is not influenced by this option.
e This option can only be modified when Data Frame Type is set to Custom.
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6.1.3.6. 12CTab
The options on this tab are only available if the Enable I12C Channel is enabled.

% Module/IP Block Wizard X

Configure Component from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configure this component.

Diagram ltpi_rd_documentaton_sample Configure ltpi_rd_documentation_sample:
= General Frame Format Capabilities LL GPIO NL GPIO 12C UART OEM
Itpi_rd_documentation_sample Property Value M
~ Settings
~[HHape_s0 Mumber of MCTP bus interface [0-12] 0
—{HarB_S1 Number of 12 bus interface [1- 24] 6
—{apb_pck_i
INTRH =
—{apb_reset_n_i
K ckcfg_en_of— ~ Bus 0
—ClK_I
4 t_ b [7:0] data_ch_o[7:0] = 12C Bus 0 Mode Controller
={data_ch_i[7:
2¢_scl_jo[5:0]/= Enable Fast Mode for Bus 0
—eckao_i Customize Bus 0 Tsu-sda
2c_sda_io[5:0] =
eck_i Enable Timer for Bus 0
- I_gpio_o[15:0] = - Bus1
=|_gpio_[15:0] -
Ivds_tx_clk_of— 12C Bus 1 Mode Controller
. :VZSJ’LZIK;‘ ) lvds_tx_data_ol— Enable Fast Mode for Bus 1
—Ivds_rx_data_i o
nlgpio_o[15:0]= Customize Bus 1 Tsu-sda
= nl_gpio_[15:0] Enable Timer for Bus 1
oem_io[31:0]p=
= 0em_output_en_[31:0] T Bus2
reset n i rx_feat_cap_o[63:0]p= 12C Bus 2 Mode Controller
- rx_feat_cap_vid_o— Enable Fast Mode for Bus 2
—|soft_reset_i sync_rdy_ol— Customize Bus 2 Tsu-sda
—{start_rx_i - ;[15;] Enable Timer for Bus 2
—start_tx_i SR SRl
i tgt_spd_vid_o— 12€ Bus 3 Mode Controller
T uart_ctrl_o[1:0]j= e o z
—{sync_rst_i Mo DRC issues are found. v
. uart_rx_o[1:0]p= ® Info INFO -- 2.5 MHz target system clock frequency is based on highest speed capability enabled.
—{sync_start_i
vart_crl {1:0] © Info INFO - CRC in IP with LTPI version 1.1+ + support is computed without reflected/inverted input and
b e output
=luart_tx_i{1:0] © Info INFO -- Default Data /O Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with 1s.
descm_ltpi
4 »
User Guide

<Back || Generate = Cancel

Figure 6.9. 12C Tab

Settings Section

e Number of MCTP bus interface
e This option allows the IP to generate I12C channels that can support both external I12C controllers and 12C
targets simultaneously.
e Each channel uses two 12C bus instances.
e Number of 12C bus interface
e This option determines the number of 12C buses enabled by the IP.
e Inthe reference design, this option is set to 1.
e  Each number generates a new Bus X section in the GUI.
e  |2C Bus Interface per Frame
e This option determines the maximum number of I12C buses sent per frame. The default value is six (6).
e This option can only be set in multiples of two (2) because each byte on the frame can store two (2) 12C bus
data.
e This option can only be modified when the Data Frame Type is set to Custom.
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Bus X Section

Bus 0
12C Bus 0 Mode Controller
Enable Fast Mode for Bus 0
Customize Bus 0 Tsu-sda
Enable Timer for Bus 0

Figure 6.10. Bus X Section for Controller

Bus 0
[2C Bus 0 Mode Target
Enable Fast Mode for Bus 0
Custormnize Bus 0 Tsu-zda
Enable Timer for Bus 0
Generate STOP on Bus 0 Reset

n F

Figure 6.11. Bus X Section for Target

e [2CBus X Mode
e This option can be set to either Controller (expecting an external 12C controller to be connected) or Target
(expecting an external 12C target to be connected).
e This option is set to Controller for SCM and Target for HPM.
e Enable Fast Mode for Bus X
e This option can be enabled to support fast mode 12C (400 kHz) or disabled to support standard mode 12C (100
kHz).
e Inthe reference design, this option is disabled.
e Note that this option affects how the IP regenerates the 12C transaction. While a fast mode enabled bus can
support a 100 kHz transaction, it would regenerate 400 kHz on the Target side.
e  Customize Bus Tsu-sda
e This option enables or disables the customization of the SDA setup time.
e Inthe reference design, this option is disabled.
e Generate STOP on Bus X Reset
e This option is only available when the 12C Bus X Mode is set to Target.
e This option enables or disables the IP to attempt sending a STOP condition on the bus when a 12C bus reset is
invoked.
e This option is not available if the Enable Timer for Bus X is enabled, which is the case in the reference design.
e Enable Timer for Bus X
e This option enables or disables the timeout timer for the specific 12C bus.
e Inthe reference design, this option is enabled.
e When enabled, this option creates additional options within the section. Figure 6.12 shows the additional
options.
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Enable Timer for Bus 0 |
Disable Timer Prescaler for Bus 0

Prescaler Ratio for Bus 0 1:256
Tirmer Size of Bus 0 [1 - 32] 12
Apply Bus 0 Timer Settings to all 12C Buses

Figure 6.12. Additional Bus X Section Options

Additional Bus X Section Options

e Disable Timer Prescaler for Bus X
e Thisis disables/enables the use of the timer prescaler.
e Thisis unchecked in the reference design.
e  Prescaler Ratio for Bus X
e This determines the timer prescaler value.
e Thisissetto 1: 131072 in the reference design.
e Use the formula in Figure 6.13 to determine the necessary setting for this option.
e  Timer Size of Bus X
e This determines the register size that would be allocated to the 12C timer.
e Thisis set to 2 in the reference design.
e Use the formula in Figure 6.13 to determine the necessary setting for this option.
e Apply Bus X Timer Settings to all Buses
e This option enables/disables the same timer settings to be used for all other 12C buses.
e This is only available if there is more than one (1) I12C bus enabled, which is not the case for the reference
design.

Threshold Equation:
Timeouty = Prescaler Ratio x System Clock Period x [(2Timer Size)-1]

Sample Computation/s:
Prescaler Ratio = 1:65536
System Clock = 12.5 ns (80 MHz)
Timer Size =5
Timeoutty = 65536 x 12.5 ns x [(25)-1]
=25.3952ms

Prescaler Ratio = DISABLED
System Clock = 12.5 ns (80 MHz)
Timer Size =21

Timeoutty =1 x 12.5 ns x [(222)-1]
=26.2144 ms

Figure 6.13. 12C Timeout Formula and Sample Computation
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6.1.3.7. UART Tab
The options on this tab are only available if the Enable UART Channel is enabled.

% Module/IP Block Wizard X

Configure Component from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configure this component.

Diagram Itpi_rd_documentation_sample Configure Itpi_rd_documentation_sample:
A Gereral Frame Format Capabiiies L GPIO ML GPIO 12¢ UART OEM
Itpi_rd_documentation_sample Property Value
~ Settings
—Hare_so0 Baud Rate 9600
—{HarB_S1 Enable Flow Control Enabled
—{apb_pck_i Number of UART bus interface [1-24] 2
INTRH =
—{apb_reset_n_i
ckcfg_en_of—
—{clk_i
data_ch_o[7:0]j=
= data_ch_i[7:0]
i2c_scl_io[1:0]pm
—eck90_i
2c_sda_io[1:0]=
—feck_i 0 [15:0]
|_gpio_o[15:0] =
=|_gpio_[15:0]
Ivds_tx_clk_of—
—{vds_rx_clk_i
Ivds_tx_data_oj—
—|lvds_rx_data_i

nl_gpio_o[15:0] =
= n|_gpio_[15:0] gpio_o[ !
oem_io[31:0]p=
= 0em_output_en_{[31:0]
rx_feat_cap_o[63:0 =

—{reset_n_i
rx_feat_cap_vid_of—
— soft_reset_j "
sync_rdy_ot—
—{start_rx_i tgt_spd_o[15:0]
gt_spd_o[15:0] b=
—{start_tx_i
tgt_spd_vid_of—
—{sync_clk_i
vart_ctrl_o[1:0]j=
—{sync_rst_i Mo DRC issues are found. v
. uart_rx_o[1:0]p= ® Info INFO -- 2.5 MHz target system clock frequency is based on highest speed capability enabled.
—{sync_start_i
uart_ar1:0] ® Info :\Lism CRC in IP with LTPI version 1.1++ support is computed without reflected/inverted input and
= uart_tx_i[1:0] © Info INFO - Default Dzta /O Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with s,
descm_ltpi
4 »
User Guide

<Back || Generate = Cancel

Figure 6.14. UART Tab

e Baud Rate
e This option determines the maximum baud rate that can be supported.
e Inthe reference design, this option is set to 115,200.
e Enable Flow Control
e This option enables or disables the flow control signals, which are used to support multiple full-duplex UART
interfaces tunneling.
e Inthe reference design, this option is disabled.
e Number of UART bus interface
e This option determines the number of UART buses are enabled by the IP.
e Inthe reference design, this option is set to 1.
e  |2C Bus Interface per Frame
e This option determines the maximum number of UART buses sent per frame. The default value is two (2).
e This option can only be set in multiples of two (2) because each byte on the frame can store two (2) 12C bus
data.
e This option can only be modified when the Data Frame Type is set to Custom.
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6.1.3.8. OEM Tab
The options on this tab are only available if the Enable OEM Channel is enabled.

% Module/IP Block Wizard X

Configure Component from 1P descm_ltpi Version 1.6.0
Set the folloning parameters to configure this component.

Disgram lpi_rd_documentation_sample Configure Itpi_rd_documentation_sample:
2 General Frame Format Capabilities LL GPIO NL GPIO 12c UART OEM
Itpi_rd_documentation_sample Property Value
~ Settings
~[HHape_s0 OEM Data Width [1 - 9] 2
—{HarB_S1
—{apb_pclk_i OEM Capability 0 in Hex (0x) 0
TR OEM C
—{apb_reset_n_i apability 1 in Hex (0x) 00
ckcfg_en_of—
—{clk_i

data_ch_o[7:0]j=

= data_ch_i[7:0]
i2c_scl_io[1:0]pm
—eck90_i
2c_sda_io[1:0]=
—feck_i 0 [15:0]
|_gpio_o[15:0] =
=|_gpio_[15:0]
Ivds_tx_clk_of—
—{vds_rx_clk_i
Ivds_tx_data_oj—
—|lvds_rx_data_i

nl_gpio_o[15:0] =
= n|_gpio_[15:0] gpio_o[ !
oem_io[31:0]p=
= 0em_output_en_{[31:0]
rx_feat_cap_o[63:0 =

—{reset_n_i
rx_feat_cap_vid_of—
— soft_reset_j "
sync_rdy_ot—
—{start_rx_i tgt_spd_o[15:0]
gt_spd_o[15:0] b=
—{start_tx_i
tgt_spd_vid_of—
—{sync_clk_i
vart_ctrl_o[1:0]j=
—{sync_rst_i Mo DRC issues are found. v
. uart_rx_o[1:0]p= ® Info INFO -- 2.5 MHz target system clock frequency is based on highest speed capability enabled.
—{sync_start_i
uare_arl_f1:0] ® Info Lhiuism CRC in IP with LTPI version 1.1++ support is computed without reflected/inverted input and
= uart_tx_i[1:0] © Info INFO - Default Dzta /O Frame channel mapping is shown in Frame Format tab. Frame bytes
allocated for disabled channelfs are automatically padded with s,
descm_ltpi
4 »
User Guide

<Back || Generate = Cancel

Figure 6.15. UART Tab

e OEM Data Width
e This option determines the number of OEM bits enabled by the IP.
e This option is not available in the reference design (Enable OEM Channel = Disabled).
e |2C Bus Interface per Frame
e This option determines the maximum number of OEM bits that can be sent per frame. The default value is 32.
e The value of the OEM Data Width cannot exceed this value.
e This option can only be modified when the Data Frame Type is set to Custom.
e This option is not available in the reference design (Enable OEM Channel = Disabled).
e  OEM Capability 0 in Hex (0x)
e This option represents the lower 32 bits of custom feature capabilities.
e The value in this option is written to offset 0x10 of the CSR (FEATURE_CAP3_0) when the Enable Full OEM
Capabilities Type is enabled.
e This option is not available in the reference design (Enable OEM Channel = Disabled).
e  OEM Capability 1 in Hex (0x)
e This option represents the upper 32 bits of custom feature capabilities.
e The value in this option is written to offset 0x14 of the CSR (FEATURE_CAP7_4) when Enable Full OEM
Capabilities Type is enabled.
e This option is not available in the reference design (Enable OEM Channel = Disabled).
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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 6.16. 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 6.17. 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 6.18. 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 6.19. Connecting to Existing Modules

5. Click Save.

6.1.5. Removing the 25 MHz Generator

For this example, the 25 MHz generator for MachX03/MachXO3D will be used, but this can also be applied to the
MachXO5-NX.

1. Click on the nets connecting the clk_i external port to the clk_i port of the 25 MHz Generator and rstn_i external
port to the rstn_i port of the 25 MHz generator, and click Delete.

pll_25MHz_inst
cIk_iD— clk_i clk oF——
rstn_ D— rstn_i lock_ofF——

Figure 6.20. Selecting the Nets

2. Hover over the clk_o port until the pencil icon ¥ appears. Connect it to the clk_i external port (a green check mark
should appear).

pll_25MHz_inst

dk_i DIJ —elk_i ck_o}—
rstn_i D — rstn_i lock_op—

Figure 6.21. Connecting the Existing Nets of clk_o to External clk_i

3. Hover over the lock_o port until the pencil icon ¥ appears. Connect it to the rstn_i external port (a green check
mark should appear).

pll_25MHz_inst

clk_i D —clk_i ck_o}——
S D v
- v

—rstn_i lock_o}——

Figure 6.22. Connecting the Existing Net of lock_o to External rstn_i
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4. If successful, the nets should be transferred to the external ports.

scmO_inst_Ivds_rx_clk_i_portbus[3:0] [ > I
pll_25MHz_inst

reset_timeout_inst

el i [ D>—r
- —clk_i ck of—

rstn_i D— —rstn_i lock_ot—

1'b1

reset_n_i
clk_i
timeout_en_i

init_done_i

reset_n_of———

scmO_inst_lvds_rx_clk_i_port [ >

scmO_inst_lvds_rx_data_i_port[ >

scmO_inst_uart_tx_i_portbus[0:0] D

Figure 6.23. Transferred Connections

5. Delete the 25 MHz generator module.
6. 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 MachX03 or MachX03D. For more information on using Lattice Diamond,

refer to the Lattice Diamond 3.14 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.

cance'

= Open Project X
&« v P <« Projects » MachX03D_SCM » v & Search MachX03D_SCM p
Organize v Mew folder == » [TH 9
Mame Date modified Type
7 Quick acce
impll File folder
@, OneDrive MachX03D_SCM File folder
@ OneDrive - MachX030_SCM_ter.dir File folder
sge File folder
[ This PC source File folder
= Network verification File folder
|| MachX03D_SCM.ldf LDF File
<
File name: |MachXO3D_SCM.Idf V| Project Files (*.Idf) R

Figure 6.24. Selecting the Lattice Diamond Project
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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.

1. Double-click the current target device or right-click then select Edit.

File List

v [ Mach¥03D_SCM

W

‘Mot LCMX03D-9400HC-5BGI5A
Strategies

EB}‘ Area

Edit...

Open

W
W

ith...

Figure 6.25. Selecting the Lattice Diamond Project

2. Choose the new target device.

 Device Selector

Select Device:

Family:

Device:

ECP5U
ECP5UM
ECPSUMSG
LFMNX
LIFMD
LIFMDF
LatticeEC
LatticeECP
LatticeECP2
LatticeECP2M
LatticeECP3
LatticeSC
LatticeSCM
LatticeXP
LatticexP2
Mach0
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

5

Commercial

Part Names

Part Names
L-ASC10-15G481

Performance grade:()

Operating conditons:

LCMXO3D-3400HC-58G256C

Select ASC Device:

Device

Online Data Sheet for Device

Package type:
v |caseazse

External ASC Numbers

[ show Obsolete devices

Device Information
Voltage:
LT
Registers:
EBR Bits:
EBR Blocks
Dist RAM:
DSP:

PLL

DLL:

Pes:
APIO:

PIO Cels:
PIO Pins:

2.5V/3.3v
5400
2400
432K

£

75200

2

0

384
207

Max Programmable I0s: 206

o

Help

Figure 6.26. 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,

@&

st
[ MachX03D_SCM

v | Sustegies
B Area
(@ VO Assistant
@ Quick
@ Timing

~ 1 Input Files

HoABes

3 LCMXO3D-9400HC-58G256C

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

Design Summary
v 5 Project
) Project Summary
v 0 Process Reports ¥
B symplidy Pro
8 Map
) Place & Route
B SignaPad
® Bastream/JEDEC
v Analysis Reports

% | SampleFolder
a . B
§_ Home  Shate  View
sEBa>” BERE
- - 4 Docu... »
8 X (7 SturtPage 12 Report ’
A it

32 MachX030_SCM/lib/ gluelogics/wb_plly
M3 MachX03D_SCM/lib/ latticesemi.com/ip/sem0/

/rtl/sen
M Machx03D_SCM/iib/gluelogics/wishbone_streamer.v

) Map Trace
#) Place & Route Tace
") Thermal Analysis

M Machx030_SCM/lib/gluelogics/wh_plv ; Map Trace
Vome  Share
PRHCRBESHSVDEEGR=QscER> ’FF..’-E— > =
[t B X ([} surtpage 2 Report -
v ([ Machx030_scM ] it
I LCMXO3D-9400HC-58G256C .
v | Stategies Design Summary (o sample_stiv
[ ares v 1 Project
[ 10 Assistant B Project Summary
[ Quick v 1 Process Reports
[ Timing B synplify Pro
2 Strategy! B Map
v [8 imptt #) Place & Route
v 1 Input Files B SignatPad
M2 MachX03D_SCM/MachX03D_SCM.v #) Bitstream/JEDEC
i Machx03D_SCM/lib/ gluelogics/intiskzation.v v B Analysis Reports

Figure 6.27. Adding a Module via Drag and Drop

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

v EB ;‘pl‘l

v L Input Fii~-
¥ Ma Open
ﬁ Ma Open With... ation.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

Clone Implementation...
Clone Strategy...
Find Files...

Set as Active

MNew Strategy...

Existing File...

Existing Strategy...

By v~
L

v

Mew Implementation...

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

Figure 6.28. Selecting the Lattice Diamond Project

# Add Existing File

Look in:

C:\Users\.. pleFolder «

GO0

X

(1 B

‘ My Computer

i sample rtly

File name: |sam|:||e_rﬂ.v

|| Add

Files of type:

Input Files (*.vhd *.v *.sv *.ed* *.sch = =

[ copy file to Implementation's Seurce directory

Cancel

Figure 6.29. 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. Changing the 25 MHz Generator Input

The default requirement for the 25 MHz generator is 12 MHz. These are the steps to change the input frequency

required:

1. Double-click the upll.ipx file.

w

== StrategyT

i [EH impl1

Input Files

¥ MachX03D_SCM/MachX03D_SCM.v

M MachX03D_5CM/lib/gluelogics/initialization.v

M MachX03D_SCM/lib/gluelogics/wh_pllv

M MachX03D_SCM/lib/latticeseri.com/ip/scm0/1.6.0/rtl/scm0.v

M MachX03D_SCM/lib/gluelogics/wishbone_streamer.v

Y MachX03D_SCM/lib/gluelogics/dynamic_pll.v

M MachX03D_SCM/lib/gluelogics/pll_25MHz.v

M MachX03D_SCM/lib/gluelogics/reset_timeoutay

M MachX03D_SCM/lib/latticeseri.com/ip/i2c2apb0/1.2.0/rtl/i2c2apb0x
M MachX03D_SCM/lib/latticesemi.com/module/apb0/1.2.1/rtl/apb0.v
[ source/dpll/dpllipx

Figure 6.30. UPLL File

2. Under the CLKI block, change the frequency value, then click Calculate. Note that if the input frequency is already
25 MHz, it might not be necessary to use this PLL instance. See Removing the 25 MHz Generator section for
instructions on how to remove this module.

HY Lattice FPGA Module -- PLL -

Configuration | Generate Log

PLL Configueation |
@ Frequency Mode
= CLKoP
DividecMode, I Bypass I Clock Divider
CLKI
Desied Actual
CLROPI=# Frequency Frequency  Tolerance % FrEn
—>{ CLKI 200 i | = () i | (3000000
Banawah VOO Freq Duty Tiim Dptions
Stalic Phase Shift
0764 600,000 degrees @ Rising  Delay Multiplier
CLKOS|—~ CLKFB 0 -l € Faling [0 -l
FBK Mode N
= fxos o o CLKOS
= FractionaN Divider (0-65595) | | ¥ Eneble I Bypass I~ Clock Divider
LOCK|—» I Enable 0] Desired Actual
Frequency  Tolerance % Frequency
Optional Port Selections 24 00 i v [0.000000
I™ Dynamic Phase Ports R — Duty Tiim Dptions
I™ Clock Enable Ports - degrees. @ Rising  Delay Multiplier
Estimated Resource Usage: I Standby Ports 0 ~ € Faling [0 ~
I™ Enable Clock Select
CLKOS2
PLL Reset Options I™ Enable I™ Bypass I~ Clock Divider

¥ Provide PLL Reset
I Provide PLLM Reset

I~ PLLCU 100 00 i ~
I~ PLLCU set o ~
Lock Settings CLKS3 -
[¥ Provide PLL Lock signal I™" Enable I~ Bypass I Clock Divider
I PLL Lock s Sticky
‘Wishbone BUS 100 T |
I Provide WB Potts | O}
Reguires instantiaion
of EFB block Calculate
Generate Close ‘ Help

Figure 6.31. PLL GUI Window

© 2022-2025 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-02247-1.4

59


http://www.latticesemi.com/legal

LVDS Tunneling Protocol and Interface (LTPI) User Guide

Reference Design

= LATTICE

3. Ifan error occurs, check if setting the CLKOS to a factor or multiple of the input clock can work. This is usually due
to the PLL not being able to calculate the divider values that will allow it to generate the CLKOP or CLKOS. In the
case of the reference design, directly using CLKOP as the feedback clock will not work because the PLL cannot
calculate a 25 MHz clock based on a 12 MHz input. This is why it uses CLKOS as the feedback clock, which is set to
24 MHz. For more information on how to calculate the PLL frequencies, refer to the MachX03 sysCLOCK PLL Design
and User Guide (FPGA-TN-02058) or the MachX03D sysCLOCK PLL Usage Guide (FPGA-TN-02070). In Figure 6.32, an
input clock of 35 MHz cannot be used to calculate CLKOP based on the current PLL settings. In Figure 6.33, setting
CLKOS (feedback clock) to 70 MHz (a multiple of 35) allowed the IP to calculate the dividers to generate CLKOP.

Configuration \

& Frequency Mode

™ Dynamic Phase Ports (|
I~ Cio 5 Check Parameters
I sta

PLL
¥ P
[~ Pra
I~ PLL GRS Heset e

p— CLKOP
Hikebicd ™ Bypass [T Clack Divider
el Desired Achual
Frequency Frequency Tolerance % Frequency
% 1 | 25 [ ~[ | [0.000000
~Bandwidth WCO Freq. Dty Trim O pti
anan =4 Static Phase Shil L Tim Hptans
0,764 600,000 i & Rising  Dielay Multplier
CLKFR 0 j " Faling |0 ﬂ
FEE Mode
CLKOS ~i ] ELKDS
FractionalN Divider (0 - B5535) ¥ Enable ™ Bypass [T Clock Divider
[~ Enable 0 Desired Actual
Frequency — Tolerance % Frequency
Optional Port Selections 24

] ~[ | [noooooo

I Dty Trim Options
K slay Multiplier

=

I Ene The Requested Frequency of CLKOP cannat be generated.
1 Try to change the Desired Frequency or Tolerance.

Llack Divider

Figure 6.32. PLL Clock Calculation Error

4. Once successfully calculated (indicated by the availability of the Generate button), click Generate, then Close.

HY Lattice FPGA Module -- PLL

Configuration | Generate Log |

PLL Corfiguraton |

" Divider Made

ELKOP—> k3 [i ~
“Bandwidth VLD Freq
e 350,000

—»{CLK

CLKFE

cLKos—> FBK Mode

foros o el
Fractional N Divider (0 - 655351
—>|RsT I Enable o

LoeK—- Optiona Pt S elections
I~ Dymaric Phase Fots
™ Clock Enable Parts

I~ Standby Parts

™ Enable Clock Select

Estinated Fesource Usage

PLL Rieset O ptons

¥ Provide PLL Reset

™ Provide PLLM Reset

I™ PLL CLKOS2 Rsset

I™ PLL CLKOS3 Reset
Lock Settings

¥ Provide PLL Lock signal
I™ PLL Lock is Sticky
Wishbone BLIS

™ Provide WB Poits
Rleguires instanlition
oF EFB black

I™ Bypass I™ Clock Divider
Desied Actual
Frequency  Tolerance %
3 (] it =l 25000000
Duty Trim Options
(5 Rising  Delay Mulpler

Crag i o

Statis Phase Shift
degiees
o ~

CLKas
W Enable I Bypass I Clock Divider

Desired Actual
Frequency  Telerance % Frequency

il oo v+ [7a000mo0
Static Phase Shift B =L
degees @ Rising  Delay Mullplier

0 ~ © Faling [0 -l

CLKOs2
I Enable: I™ Bypass

™ Clock Divicer
o0 00 ol )
—
GG

I Enable I™ Bypass I Clock Divider
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o |
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Figure 6.33. PLL Clock Calculation Done
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6.2.5. Updating the Pin Assignments

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

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

J}'IILIIE T UTTISITOTTIT T ITE
hd LPF Constraint Files
[ MachX03D_SCM.Ipf

Clmlossm Ciler

Figure 6.34. Constraint File (*.Ipf)

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

| IOEUF PORT “"clk_i"™ IO TYPE=LVCMO533 FULLMODE=NONE ;

Figure 6.35. 10 Properties Example

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

LOCATE COMFP “"clk_i™ S5ITE "Ca™ ;

Figure 6.36. 10 Location Example

4. Save the file.

6.2.5.2. Updating Using Spreadsheet View

1. Run synthesis.

v %L Synthesize Design
%L Synplify Pro
T Translate Dresign

Figure 6.37. Lattice Diamond Synthesis

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

N v g 8 % e ¥ D 12 SpreadsheetView
CECRBOEG @EGH Pl
e {3} Device View E

Figure 6.38. Open Spreadsheet View
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3. Update the necessary properties. For specific pin assignment requirements, refer to the Lattice FPGA Requirements

section.

(@ StartPoge [ Reparts i spreadsheet view [
& Hame Graup By Pin  BANK  BANKVEC  VREF 10.TVPE PULLMODE  ORNE  SLEWRATE  CLAMB  OPEM
ail|t v 5 Ao
4 i8l v ot
w100 ¥ = Cinc
o1 w o cacy) LVCMOSI3(LVCMDS33) NONEINONE) MAMNA)  NAINA) ONIOM)  OFF(OF
L [z B scm0_insl_s_ni_ak_|_pod m LVD325LVD525) NONE(NONE) NAINA)  NANA) CFFICFF)  OFFIOF
= 5 » B2E3) LVCMOSIIAVCMOSI3) NONEINONE) NAMS)  NAINAI ONIOM)  OFFIOF
113 ® semD_inst_I_gpia_i_portbus(0] ForFe) LVCMOSI3LVCMDS13) NONEINONE) MAMNA)  NAINA) ONIOM)  OFF(OF
'_:h 114 ® somi_jnstl_gpio_i_portous(1] 09D} LVCMOSI3MVCHOS33) NONEINONE) NAMA)  NAINA) ONIOM)  OFFIOF
= B ® scm0_instl_geio_1_portous(z] o LVCMOSIIAVCHOSI3) NONEINONE) NAMS)  NAINA) ON[OM)  OFFIOF
B8 ® sem_inst_I_gpio_i_portous(3] ENEN LVCMOSI3LVOMDS13) NONEINONE) HAMNA)  NAIMA} ONIOM)  OFF(OF
ol ® somi_jnst_ivds_n_data_i_part 1313 LVD=25(LVD525) NONE(NONE) NAINA)  NAINA) CFF(CFE)  OFFIOF
% e B scmo_inst_ni_gpie_|_ponousio) Dapa) LVCMOSISAVCHOS32) NONEMNONE) MAMMA)  NAINA) ONION)  OFFIOF
& ® scmd_inst_ni_gpie_i_porbusit] E3E9) LVCMOSI3LVOMDS13) NONEINONE) HAMNA)  NADMAY ONIOM)  OFF(OF
;{ 110 ® somb_nst_nl_gpio_|_portbusiz] 05(D5) LVCMOST31VCMOS33) NONEINONE) HAMNY)  NATNA) ONIOM)  OFFIOF
= ARRL B scmo_inst_nl_gic_i_perious(3] E7En LVCMOSISMVCHOS32) NONEMNONE) MAMMA)  NAINA) ONION)  OFFIOF
S ® somi)_inst_uart_be_i_portbusid FIFy LVCMOSIILVOMDS33) NONEINONE) HAMNA)  NAIMAY ONIOM)  OFF(OF
12 v < Cutput v v v
121 concal_module_inst_status_ispiay_perous(o) H1gH) LVCMOSI30LVCHOS33) NONE(NNE)  8(8) FASTI OFFIOFF)  OFFIOF
122 concal_module_inst_status_dsplay_periousti] JETE] LVCHOSI3LYOMOS33)  NONENONE)  8(8) FAST! OFF(OFF)  OFFIOF
123 concal_module_inst_ status_dsplay_pertous(2] iy, LVCOSI3ALYCHOS33)  NONEINONE) 38 FASTIFAST)  OFFIOFF)  OFFIOF
124 epncal_module_inst_status_display_portbus[3] L1z LVCMOSI3(LVCMOS33) NONE(NONE)  8(8) FAST(FAST)  OFF(OFF) OFF(OF
125 concal_module_inst_status_display_portbus(4] K1k LVCMOSI3ULVCMOS33) NONE(NCNE)  8(8) FAST(FAST)  OFF(CFF) OFFIOF
128 concal_module_nst status_@spisy_porus(s) [EEEE] LVCMOSISALVCHOS32)  NONENONE) 8@ FASTIFAST)  OFFIOFF) OFFIOF
127 epncal_module_inst_status_display_portbus(s] Fme) LVCMOSI3LVOMDS33) NONE(NONE)  (8) FAST(FAST)  OFF(OFF) OFF(OF
128 concal_module_inst_status_display_gortbus(7] PI6(R16) LVCMOST31LVCMOS33) NONE(NONE)  8(8) FAST(FAST)  OFF(CFF) OFFIOF
128 SCmO_instJ|_goio_o_ponousio) LisL) 1 LVCMOSISALVCHOS32) NONENONE) 8@ FASTIFAST)  OFFIOFF)  OFFIOF
1210 semo_instI|_spio_o_portbus]f) [ LVCMOSI3LVOMDS33) NONE(NONE)  (8) FAST(FAST)  OFF(OFF) OFF(OF
121 somb_ins_IL_gpio_o_portbusiz] L1518y LVCMOSI3(LVCMOS33) NONEINONE) 8(8 FAST(FAST)  OFF(CFF) OFFIOF
1212 SCmO_inst_Il_geio_o_portousi) [GERE LVCUOSISALVCHOS32) NONE(NONE) 8@ FASTFAST)  OFFIOFF)  OFFIOF
< >

4. Save the changes.

Figure 6.39. Spreadsheet View

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 2024.2 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.

-
Organize = MNew folder
Mame
3 Quick acce
impl_1
@ OneDrive
@ OneDrive -
sge
z This PC source
£ Network wverification
<

Open Project

v <« Projects » MachXO3NX_SCM >

MachX035NX_SCM
MachXO5NK_SCM_ter.dir

[7] MachX05NX_SCM.rdf

v D Search MachXO35NX_SCM

Date modified

4 11:39 AM
4/5/2025 6:08 PM

File name: | MachXOSNX_SCM.rdf

B -

Type

File folder

File folder

File folder

File folder

File folder

File folder
RDF File

v| Project Files (*.rdf)

Cancel

-]
@ @

X

Figure 6.40. Selecting the Lattice Radiant Project
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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,

- Fand e 7 N
Bl MachXOShX_SCM = | Sampk
) LFMXOS-25-388G400C Home 5

v [ Suategies v 2

Area

Timing ﬁ“ "

7 Strategy1 f tamfio_ti
v 7 impl1 (Syngify Pro) %
v Input Files T D“)
i MachXOSNX_SCM/MachXOSHX_SCM.y
la, MachXOSNX_SCM/Tib/ gluelagics/initialization.v
= |8 MachXOSHX_SCM/Tib/latticesemi.com/ip/scmd/1.6.0/scm.ipx
» £ AL Files
» Constraint Files
I3 MachXOSNX_SCM ¥ | SampleFold
I LFMXOS-25-88BG400C N e e
~ £ Stutegies . - 2 [l « 0o
) Area
Timing ;
7 Strategyt 3 (o sample_tly
7 impL1 SynplifyPro) .@c
b Input Files H

o) MachXOSNX_SCM/Mac v
a] MachXOSNX_SCM/Tib/gluelogics/ini + Copy v
* g MachXOSNX_SCM/Tib/latticesemi.com/ip/scmi/1,6.0/scmllipx

» £ FTL Files
» ‘Constraint Files.
seml.chy

Figure 6.41. Adding a Module via Drag and Drop

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

~ % impl_1 (Synplify Pro)
~ [ iInput Files!

. MachXO5N
5 MachXO35N; v
|18} MachXO5N} Regenerate All Ps... 10/1.6.0/scm0.ipx
R .
RIL Fles ™ > NewFile..
3 Constrai
seml.cft
5 MachXO35N:
Existing File...

T3l MachXO35N}
s MachXO5N;
* |} MachXOS5N;

b Existing Simulation File..,

Figure 6.42. Selecting the Lattice Diamond™ Project

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

Add Existing File X
Look in: CUsers\cr..ampleFolder ¥ @ © @ [F [ B
] My Computer Name Size L
Q{ sample_rtlv 78 bytes Wi
4 *
File name: sample_rtl.v Add
Files of type: | Input Files (*.vhd *w *.sv *.h *.ipx *.sbx *wm *ipm ) * | | Cancel
Copy file to directory | rojects/MachXO5MNX_SCM/source/impl_1

Figure 6.43. Add Existing File Window
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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. Changing the 25 MHz Generator Input
The default requirement for the 25 MHz generator is 125 MHz. These are the steps to change the input frequency

required.

1. Double-click the upll_xo5.ipx file.

v [y MachXO5NX_SCM/lib/latticesemi.com/module/apb0/1.2.1/apb0.ipx

3 RTL Files
3 Testbench Files
apb{.cfg
~ |y MachxXO3NK_SCM/lib/latticesemi.com/ip/i2c2apb0/1.2.0/i2c2apb0.ipx
3 RTL Files
3 Testbench Files

2c2apb0.cf

e
3 RTL Files
3 Constraint Files
3 Testbench Files
upll_xo5.cfg
¥ |y source/dpll_xo5/dpll_xo5.ipx
3 RTL Files
3 Constraint Files
3 Testbench Files

Figure 6.44. UPLL File

2. Under the Reference Clock section, change the CLKI frequency value then click Calculate. Note that if the input
frequency is already 25 MHz, it might not be necessary to use this PLL instance. See the Removing the 25 MHz
Generator section for instructions on how to remove this module.

21 Madube/IP Block Wizsrd

Configure Component from Madule pll Version 1.9.0
Set the following parametess to configure this companent.

Diagram upllxo5 Configure P
o cenenl Optional Parts
Property Value
~ General
Configuration Mode Frequency
upll xo5

Enable Spread Spectrum Clock Generation
Enable User Feedback Clock
Ensble Intemal Path Switching

'~ Reference Clock

CLK: Frequency (MHa) [18 - 803] 200
Enable Reference Clock Monitor

~ Feedback.
CLKFE: Feedback Mode NTCLKOP

Calculate

No DRC issues are found.

Generate || Cancel

Figure 6.45. PLL GUI Window
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3. Once successfully calculated (indicated by the message seen in Figure 6.46), click Generate, then Finish.

Mo DRC issues are found.
@ Info |[INFO] Done Parameter Optimizaticn.

Figure 6.46. PLL Clock Calculation Done

6.3.4. 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

6.3.4.1. Updating Using Constraint File
1. Open the *.pdc file found under Post-Synthesis Constraint Files.

~ Post-Synthesis Constraint Files
MachXO5NX_SCM.pdc

Figure 6.47. Lattice Radiant Constraint File (*.pdc)

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

ldc_set_port -icbuf [I0_TYPE=LVCMOS533 PULLMODE=NCNE]} [get_ports clk_i]

Figure 6.48. Lattice Radiant 10 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.

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

Figure 6.49. Lattice Radiant™ 10 Location Example

4. Save the file.

6.3.4.2. Updating Using the Device Constraint Editor

1. Run synthesis.

Figure 6.50. 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 -
o oo QEE AL 00
@ Post-Synthesis Timing Constraint Editor -
[F] Device Constraint Editor

Figure 6.51. Open Device Constraint Editor
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3. Update the necessary properties. For specific pin assignment requirements, refer to the Lattice FPGA Requirements

section.
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[ semi_inst_ll_gpio_i_portb.. HI16(H16) 22) LVCMOS33(LVCMOS33) NONE(NO...
[ sem_inst_ll_gpio_i_pertb.. H20(H20) 22) LVCMOS33(LVCMOS33) NONE(NQ...
[ scmb_jnst_lvds_nc_data_i_.. WO(W3) 6(6) LVDS(LVDS) NONE(NO.
S ... son | iucaancosnucancon e

o Johal

n

cLAMP
N/A

N/A

N/A

ON(@N)
ON(ON)
ON(ON)
ON(ON)
ON(ON)
ON(@N)
ON(ON)
ON(ON)

DIFFDRIVE
N7A
N7A
/A
NAMNA)
NANA)
NA(NA)
NA(NA)
NA(NA)
NAMNA)
NANA)
NA(NA)

- Ean

DIFFRESIST

v
»

Visible Bank]
3 Anpios

[ No-Connec
[ Test and Pr

Power Supp|

4. Save the changes.

Figure 6.52. Device Constraint Editor
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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 = New 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 five parts: Link Training, GP1O Test, UART Test, I12C Test, and CSR Test.

B sandnst_|_gpio_o_poribus
HULED

£ homd st |_gpio i portbus

B4 el it | gpio o pors
SHMEID

B4 sl st g prius

B4 sl st o ports
HHMEID

£ feom st oo puris

B b0 inst i gpio o porbus
SOHURT

B4 s_et et b | prs

M LT
B hom st art b i prts
B bom) st vt o0 porbes

ho3 T
m
wl
wl
i
jth.

5200000 ns

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 will start transmitting data

at approximately 25 MHz SDR (LTPI Base Speed).

lvds_hpm_to_scm_dk

lvds_hpm_to_scm_data

Ivds_sem_to_hpm_dk

lvds_scm_to_hpm_data
SCM STATE

4. sam0_rstn
—* som0_concat_module_inst_status_display_portbus
— HPM STATE
4. hpm0_rstn
—* hpm0_concat_module_inst_status_display_portbus |31

&
Cursar 2

wlla 0 e lll 41

Figure 7.5. Reset Release

— LTPL
Ivds_hpm_to_scm_dlk

t_status_display_portbus

status_display_portbus
MNow 9200000 ns
Cursor 2 6999.12 ns
Cursor 3

Figure 7.6. LTPI Base Speed

2.  When status_display[1] = 0, it indicates that the PHY is not yet aligned.

3. Once aligned (status_display[1] = 1), the system enters either the Link Detect state or the Link Speed state. The
transitions between these states are not explicitly shown in the simulation and are only observable via CSR access.

pm_to_scm_data
lvds_scm_to_hpm_dk

9200000 ns

Figure 7.7. PHY Aligned

4. The transition between Base Speed and Target Speed is also observable in the simulation. This occurs when both
PHY alignments of SCM and HPM (status_display[1]) go low without encountering a Link Error (status_display[7]).
The default Target Speed of the reference design is 100 MHz DDR.
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Figure 7.8. Base Speed to Target Speed Transition

5. Both SCM and HPM will realign their PHY using the new clock frequency and will go through Advertise,
Configuration (SCM only), Accept (HPM only) and Active states.

6. A message will be printed on the simulator console once the link is established (state_display[0] = 1)

lvds_hpm_to_scm_ck
lvds_hpm_to_scm_data
lvds_scm_to_hpm_clk
lvds_scm_to_hpm_data

1ho

1ho

1ho

1hi

— SCM STATE
4 som0_rstn
scm0_concat_module_inst_status_display_portbus
— HPM STATE
4. hpm0_rsin
B hpm0_concat_module_inst_status_display_portbus

‘9200000 ns
Cursor & 314414142 ns

Figure 7.9. Link Training Done

1hi
8ho3 03

Thi

8ho3

3144141, 4,

|2905295ns 2322442244 Link Fatablished #282#22#22

Figure 7.10. Link Established Message

7.2.2. GPIO Test
This test evaluates both Low Latency GPIO and Normal Latency GPIO, in the following order:
1. The Low Latency Input of SCM is set to 0x9.

2. The test bench checks for changes in the Low Latency Output of HPM. If the change matches the set value of 0x9, a
message will be printed, indicating that the test passed. Otherwise, the message will indicate that the test failed.
The Low Latency Input of HPM is set to 0x6.
The test bench checks for changes in the Low Latency Output of SCM. If the change matches the set value of 0x6, a
message will be printed, indicating that the test passed. Otherwise, the message will indicate that the test failed.
The Normal Latency Input of SCM is set to OxA.
The test bench checks for changes in the Normal Latency Output of HPM. If the change matches the set value of

0xA, a message will be printed, indicating that the test passed. Otherwise, the message will indicate that the test
failed.

The Normal Latency Input of HPM is set to 0x5.

The test bench checks for changes in the Normal Latency Output of SCM. If the change matches the set value of
0x5, a message will be printed, indicating that the test passed. Otherwise, the message will indicate that the test
failed.
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After step 8, a message will indicate that the GPIO test is complete. The test bench will continue to stimulate all Low
Latency and Normal Latency inputs by inversion and increments of one, respectively. However, all outputs will no
longer be checked by the test bench. This continuous activity helps simulate active LLGPIO and NLGPIO channels while
the next channels are tested.

B4 hpm0_inst_I_gpio_o_portbus
|— scMmerio

-4 hpm0_inst_nl_gpio_i_portbus
B-“ hpm0_inst_nl_gpio_o_portbus.

Figure 7.11. GPIO Test Flow

2905305na8 @ <<<<<GFIO Test - START>H5H>

2905315ns @ SCM to HPM LLGPIO Test - START
25805320ns : Setting SCM LLGPIC Input to 0x%
2909434ns : 5CM to HPM LLGPIO Test - Passed
290943%ns : HPM LLGPIC Output receiwed 0x9
2909439ns @ SCM to HPM LLGPIO Test - END

280%449ns : HPM to 5CM LLGPIO Test - START
25909454ns  : Setting 5CM LLGPIO Input to Oxé
2911795ns  : HPFM to 5CM LLGFIO Test - Passed
2911500ns : SCM LLGPIC Cutput received 0xé
2811200ns : HPM to 5CM LLGPIO Test - END

28112810ns : SCM to HPM NLGPIO Test - START

2911815ns : Setting 5CM NLGPIO Input to Oxh
2915385n3  : 5CM to HPM NLGPIO Test - Passed
259158%0ns : HPM NLGPIO Cutput receiwved 0xA

2815390ns : SCM to HPM NLGPIO Test - END

2915900ns : HPM to SCM NLGPIO Test - STRRT
2915905n3 : Setting SCM NLGPIO Input to 0x5
2918995ns : HPM to 5CM NLGPIO Test - Passed
2919000ns : S5CM NLGPIC Output receiwed 0x5
2919000ns : HPM to SCM NLGPIO Test - END

2819010ns @ «<<<<<GPIO Test - END:>>>>>

Figure 7.12. GPIO Test Console Messages

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

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 SCM’s Rx port. If the received data matches the transmitted data, a message will be printed,
indicating that the test passed. Otherwise, the message will indicate that the test failed.

After step 3, a message will indicate that the UART test is complete. The test bench will continue to stimulate the
SCM'’s Tx port by increments of one. However, the SCM’s Rx port will no longer be checked by the test bench. This
continuous activity helps simulate an active UART channel while the next channel is tested.
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— SCM UART

-4 sam0_inst_uart_tx_i_portbus
24 sam0_inst_uart_rx_o_portbus
— HPM UART

-4 hpmoO_inst_uart_tx_i_portbus
-4 hpmo0_inst_uart_rx_o_portbus

9200000 ns

7.2.4. 12C Test

Figure 7.13. UART Test Flow

29158020ns <<<<<JRRT Test - START»>>>>>
29159030ns Sending 0xRS

3014030ns TURRT Test - Passed
3014035ns SCM UARRT BX receiwed 0xR5
3014045ns <<<<<JRART Test - END>>>>>

Figure 7.14. UART Test Console Messages

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 via 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 only performed 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 (OxAA55FF00).

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 will be printed, indicating that the test passed. Otherwise, the message will indicate

that the test failed.

After step 3, a message will indicate that the 12C test is complete. The 12C channels will no longer be stimulated by the

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

— SQMIC

B4 soninst_i2_sd jo_porttus
D soul st 2 sda Jo_porthus

— HPMIXC

B homd_inst 2 sd_o_portbus
B4 hom0_inst_i2c _sda o portbus

Figure 7.15. 12C Test Flow

3014055ns

3014065ns
4451395na
4451500ns
5716145ns
71589058503
71859100ns

7189110ns

: <<<<<I2C Test - START>>>33>

: Initial 32-bit Data Read from Address 0x00
: Received Data is 0x24310963

: Write Data OxRASSFFO0 to Address 0x00

: Read Data from RZddress 0x00

: I2C Test - Passed

: Received Data is OxRASSFFOO0

: <<<<<I2C Test - END>>3>>

Figure 7.16. 12C Test Console Messages
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7.2.5. 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 0x00000400, effectively reading offset 0x00 (ID) of
SCM CSR (mapped to 0x400-0x7FF by default).

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

passed. Otherwise, the message will indicate that the test failed.

3. The external controller sends a 32-bit read command to address 0x00000000, effectively reading offset 0x00 (ID) of
HPM CSR (mapped to 0x000-0x3FF by default).

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

passed. Otherwise, the message will indicate that the test failed.

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

Figure 7.17. CSR Test Flow

T7133120ns

99130ns
99135ns
£555ns
3560ns
565ns
570ns
8575ns
5144555ns
9144580ns
914456503

00 Co o

o e e

COo00 b OO0

@
@
[
&
@

914457503

1 <<<<<C5R Access via I2C Test - START>>>>>

: 5CM C5R Test - STRRT

: Read Unigque ID for 5CM (Offset = 0x00000400), expecting Ox0000CRZE
: 5CM CSR Test - Passed

: Beceived Data is 0x0000CR26

: 5CM C5R Test - END

: HPM C3R Test - START

: Bead Unigque ID for HPM (Offset = 0x00000000), expecting Ox0000BF17
: HFM CSR Test - Passed

: Received Data is 0x0000BF17

: HPM C5R Test - END

1 €<<<<C5R Reccess via I2C Test - END»>3>

Figure 7.18. CSR Test Console Messages
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Table 8.1 lists the pin assignments for the target devices. The port names are shortened for brevity.

The assignments are based on the boards used for each device during design evaluation. Table 8.2 lists the boards used

for each device.

Connect the LVDS Tx ports of SCM to the LVDS Rx ports of HPM, and vice versa.

A successful link will be indicated by a logic 1 on state_display[0] (Init Done).

Table 8.1. Pin Assignments

Port Name MachXO3LF/MachX03D | MachX05-NX | Notes
LVDS Interface (SCM)

clk_i c8 Vi External on-board oscillator
rstn_i B3 E19 Pushbutton

LVDS Interface (SCM)

Ivds_tx_clk_o_port B9 R10 —

Ivds_tx_data_o_port A3 N10 —

Ivds_rx_clk_i_port T7 w7 —

Ivds_rx_data_i_port T3 w9 —

LVDS Interface (HPM)

Ivds_tx_clk_o_port D10 Y12 —

Ivds_tx_data_o_port A5 N11 —

Ivds_rx_clk_i_port T9 Y11 —

Ivds_rx_data_i_port T11 Y14 —

Low Latency GPIO Interface

Il_gpio_i_portbus[0] F8 H14 -

Il_gpio_i_portbus[1] D9 H15 —

Il_gpio_i_portbus[2] F9 H16 —

Il_gpio_i_portbus[3] E11 H20 —

Il_gpio_o_portbus[0] L14 G14 —

Il_gpio_o_portbus[1] M14 G18 —

Il_gpio_o_portbus[2] L15 G19 —

Il_gpio_o_portbus(3] N16 H19 -

Normal Latency GPIO Interface

nl_gpio_i_portbus[0] D8 J17 —

nl_gpio_i_portbus[1] E9 J15 —

nl_gpio_i_portbus([2] D6 J13 —

nl_gpio_i_portbus(3] E7 J12 —

nl_gpio_o_portbus([0] L16 J18 —

nl_gpio_o_portbus[1] M15 J16 —

nl_gpio_o_portbus[2] N14 J14 —

nl_gpio_o_portbus[3] M16 H13 —

UART Interface

uart_tx_i_portbus F3 D3 —

uart_rx_o_portbus D1 E4 —

12C Interface

i2c_scl_io_portbus D3 A4 Requires External Pull-up
i2c_sda_io_portbus c2 E5 Requires External Pull-up
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Port Name | MachXO3LF/MachX03D MachXO5-NX Notes
12C-to-APB Interface

i2c2apb0_inst_SCL_port E3 B2 Requires External Pull-up (SCM Only)
i2c2apb0_inst_SDA_port El A2 Requires External Pull-up (SCM Only)
Protocol Information

status_display_portbus[0] H11 R3 Init Done (LED)
status_display_portbus[1] J13 R2 Rx Aligned (LED)
status_display_portbus[2] J11 R1 Link Speed Timeout (LED)
status_display_portbus[3] L12 P7 Configuration Timeout (LED)
status_display_portbus[4] K11 H12 12C Timer Timeout (LED)
status_display_portbus[5] L13 H11 12C Code Error (LED)
status_display_portbus[6] N15 G13 CRC Error (LED)
status_display_portbus[7] P16 G12 Link Error (LED)

Table 8.2. LTPI Clock Source Implementation

Target Device Board Name Ordering Part Number
MachX03 MachXO3LF Starter Kit LCMXO3LF-6900C-S-EVN
MachX03D MachX0O3D Breakout Board LCMXO03D-9400HC-B-EVN
MachX05-NX MachX0O5-NX Development Board LFMXO5-25-EVN

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 Specifications.

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 lo HPM FPGA
Veao r RX | 3 1 ™ Veao i
~1 (o] |
TJ!. Coc I/’ |
~ 5 —I - !
A2 Voltage L"; 8 !
< ] Bias Co 5 '
g —_ \O\\ !
N J |
Veao X RX Veao rx E
- | ~ |
< o | \T |
_— —C o H 2
E' > Coc Voltage 8. ~ i
§ | Bias 5 |
= A il i ] / |
/ " L b e !
- I_ 4

Figure 8.1. LVDS Link
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SCM

SCM CPLD

Voltage Bias

HPM

HPM FPGA

Veao r

135-2a |

ITX  Veao

Figure 8.2. LVDS Link

Table 8.3. LVDS Electrical Requirements

Parameter Min Max Description
Vop 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
Veao rmx 25V 33V documentation).
Viem N/A (Veaorx/ 2) + 20% Input common mode voltage on LVDS I/O pins.
Coc 0.22 pF N/A DC blocking capacitor.
Rrr 100Q-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 MachX03D:

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 OQutput 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 I/0O banks (bottom

banks).

DISCLAIMER: This is not a comprehensive list of requirements for each device. Please refer to the supporting
documents for each device for more information.

MachX03 : https://www.latticesemi.com/Products/FPGAandCPLD/MachX03
MachX03D : https://www.latticesemi.com/Products/FPGAandCPLD/MachX03D
MachXO5-NX : https://www.latticesemi.com/Products/FPGAandCPLD/MachX0O5-NX
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9. Resource Utilization

The resource utilization depends on the DC-SCM LTPI IP configuration. Table 9.1 shows the resource utilization of the
reference design. Resource utilization may vary when using additional or fewer channel buses.

Table 9.1. Resource Utilization for Demo Designs

= LATTICE

Device Design LUT4 Registers EBR SLICE
SCM 2,358 2,307 6 1,382
MachXO3LF
HPM 2,180 2,074 6 1,301
SCM 2,358 2,307 6 1,382
MachX03D
HPM 2,180 2,074 6 1,301
SCM 2,893 2,329 3 3,829
MachX05-NX
HPM 2,660 2,091 3 3,422
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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)
- 12c_sc_jo[5:0] = X6 (150 MH
—eckao.i (150 MHe)
K i i2c_sda_io[5:0] = X8 (200 MHz) =
—jedkd inkt_done_ol— 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
—lvds_rx_data_i —apo-
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_of15:0]f= © 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.

3. Clock Mismatch
e This issue occurs when the external clock frequency does not match the expected clock input frequency of the

25 MHz generator. It can be resolved by updating upll.ipx on Lattice Diamond or upll_xo5.ipx on Lattice
Radiant.
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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.
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