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Abbreviations Definition

AHB-Lite Advanced High-Performance Bus — Lite
APB Advanced Peripheral Bus

AXI4 Advanced eXtensible Interface 4
BPC Bits per Component

CCM Color Correction Matrix

CPU Central Processing Unit

CSC Color Space Converter

CSI-2 Camera Serial Interface-2

DMA Direct Memory Access

DSI Display Serial Interface

EBR Embedded Block RAM

FIFO First In First Out

FPGA Field Programmable Gate Array

FPS Frames per Second

GPIO General Purpose Input Output

GUI Graphical User Interface

HDL Hardware Description Language
IEBM In Endpoint Buffer Manager

12C Inter-Integrated Circuit

IP Intellectual Property

IPK IP Package

ISP Image Signal Processing

LMMI Lattice Memory Mapped Interface
MIPI Mobile Industry Processor Interface
PC Personal Computer

PHY Physical Layer

PLL Phase-Locked Loop

PPC Pixels per Clock

RAM Random Access Memory

RGB Red, Green, Blue

RISC-V Reduced Instruction Set Computer — Five (V)
RISC-V MC RISC-V for Microcontroller Applications
RTL Register Transfer Level

SCL 12C controller serial clock line

SDA 12C controller serial data line

SDK Software Development Kit

SPI Serial Peripheral Interface

TDP True Dual-Port

TPG Test Pattern Generator

UART Universal Asynchronous Receiver/Transmitter
usB Universal Serial Bus

uvc USB Video Class

uVvsI Unified Video Streaming Interface
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1. Introduction

The Lattice Semiconductor CrossLinkU™-NX Mobile Industry Processor Interface (MIP1®) Camera Serial Interface-2
(CSI-2) to Universal Serial Bus (USB) Video Class (UVC) reference design provides a template for unified video streaming

from a camera sensor, using the USB hard IP in a CrossLinkU-NX device.

1.1.

Quick Facts

Download the design files for the MIPI CSI-2 to USB UVC Reference Design from the corresponding GitHub page.

Table 1.1. Summary of the Reference Design

Target Devices LIFCL-33U
General - -
Source code format C Code, Verilog and SystemVerilog RTL
Functional simulation Not performed
) ) Timing simulation Not performed
Simulation

Test bench

Not available

Test bench format

Not applicable

Lattice Propel™ SDK 2026.1
Lattice Propel Builder 2026.1

Software tool and Lattice Radiant™ Software 2026.1

version Lattice Radiant Programmer 2026.1
PotPlayer Software (3™ Party), version 1.7 — Download from Microsoft
Software Requirements Store or PotPlayer Official Website
MIPI CSI/DSI IP Core version 4.2.0
. . Color Space Converter IP Core version 2.4.1.03 (Custom IP)
IP version? (if . . .
applicable) Color Correction Matrix IP Core version 1.3.1.03 (Custom IP)
Debayer IP Core version 1.4.0.03 (Custom IP)
USB23 IP Core version 3.2.0
Board CrossLinkU-NX Evaluation Board REV-B (LIFCL-33U-EVN)
. Camera Raspberry Pi Camera Module V2
Hardware Requirements
Cable USB Type-C to USB Type-C cable, or USB Type-C to USB Type-A 9-pin cable

USB Type-A to Micro USB cable

Note:
1. Insome instances, the IPs may be updated without changes to the corresponding user guides. The user guide of each IP may
reflect an earlier IP version but remains fully compatible with the later IP version.

1.2. Features

Key features of the MIPI CSI-2 to USB UVC reference design include:

e  The Lattice MIPI CSI/DSI IP Core in this reference design is configured to support two lanes (capped by IMX219
capability) with a lane rate of 592 Mbps (capped by driver configuration). The IP receives, processes, and converts
incoming MIPI video payload packets into Unified Video Streaming Interface (UVSI) packets.

e The Lattice Debayer IP Core extracts the R, G, and B components from the pixel data output by the image sensor,
converting the RAW10 data format into full RGB components. For details, refer to
<IP Installation Path>/latticesemi_custom_ip_debayer_1.4.0.03/doc/IP_Design_Notes.pdf.

e The Lattice Color Correction Matrix IP Core performs pixel data correction by adjusting R, G, and B components
gain and compensates for color channel crosstalk. For details, refer to
<IP Installation Path>/latticesemi_custom_ip_ccm_1.3.1.03/doc/IP_Design_Notes.pdf.

e The Color Space Converter IP Core converts RGB data into the YUV format. For details, refer to
<IP Installation
Path>/latticesemi_custom_ip_color_space_converter_2.4.1.03/doc/IP_Design_Notes.pdf.

e The Chroma Resampler converts YUV444 data into the YUV422 format by reducing the chroma component.
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e The Video to USB Bridge takes in UVSI packets and forms a data stream in USB Video Class (UVC) format for USB
transfer.

e The hardware USB IP Core streams the unified video data from the image sensor to a PC through a USB Type-C
connector.

1.3. Naming Conventions

1.3.1. Nomenclature

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

1.3.2. Signal Names

e _nare active low, asserted when value is logic 0.
e _jareinput signals.

e o areoutput signals.

e _joare bi-directional input and output signals.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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2. Directory Structure and Files

Figure 2.1 shows the directory structure.

+---docs //Contains reference design user guide

+---fpga_lifcl //FPGA_SDEVICE_FAMILY

| +---precompiled file //Contains a precompiled bitstream (IP Evaluation)
+---propelsdk

| +---riscv_mc

or the default configuration

\---radiant //Contains Lattice Propel Builder files, Radiant files and RTL source code
+---propelbld_mipi_csi_to_usb_uvc
| \---1lib
+---gluelogics
+---IPs
\---latticesemi.com
+---ip

| 4+---ahbl_to_axilite_bridge
| +---ahbl_to_lmmi_inst
|  +---ahbl_to_mem_inst
| 4+---Cpud
| +---HW_ver_gpio
| +---1sc_i2cc
| 4---mipi_csi_rx
| +---sysmem@
|  +---tp_en_gpio
| 4+---uart®
| +---unified_interconnect_8
Y---module

+---pll_multiclk

+---rs_pixel

+---rs_riscv

+---rs_usb

\---USB23
\---latticesemi_custom
+---ip

+---isp_ccm
+---isp_chroma_resampler
+---isp_csc

+---isp_debayer
+---unified_video_to_usb
+---usb_bus_interface_bridge

|
|
\
|
|
|
|
|
|
|
|
|
|
|
\
|
|
\
|
\
|
|
\
|
|
|
|
|
|
\
|
|
\
|
\
|
|
\
-
\

+---5g8 sstem Generation Environment (Generated by Propel Builder)
+---5rc
| \---constraints //Contains the constraints file (.pdc) used in the design
\---verification //Generated by Propel Builder
--misc //Contains non-FPGA files
+---custom_ip //Contains Lattice IP Packagers for custom IPs (eg: ISP IP, AHBL to AXI4-Lite, and etc)
Figure 2.1. Directory Structure
Table 2.1 shows the list of files included in the reference design package.
Table 2.1. File List
Attribute Description
<Component name>.ipx This file contains the information on the files associated with the generated IP.
<Component name>.cfg This file contains the parameter values used in IP configuration.
component.xml This file contains the ipxact:component information of the IP.
design.xml This file documents the configuration parameters of the IP in IP-XACT 2014 format.
rtl/<Component name>.v This file provides an example RTL top file that instantiates the module.
rtl/<Component name>_bb.v This file provides the synthesis closed-box.
misc/<Component name>_tmpl.v . -
. / P —mp These files provide instance templates for the module.
misc/<Component name>_tmpl.vhd

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice
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3. Functional Description
The top-level block diagram of the CrossLinkU-NX MIPI CSI-2 to USB UVC reference design is shown in Figure 3.1 below.

CrossLinkU-NX

[RiSCVMC  [Cam. Driver] | Control Plane
]

Data Plane

/1 9U71-gHV-

Unified Interconnect

-4/1 97-9HV-

MIPI ISP

|
|
|
|
|
|
|
|
|
|
[
I I I I
I I = = |
@ F & F
= [ [ [ !
3 s 3 3 |
: i h P
|
System Memory |
|
UART<—:UART UART APB 1/ z AL e AHBL t :
£
| AHBL to AXIL bt Native H |
| 3 Memory |
[—T12C—>(12C Controller APB I/F = |
| |
| Control Plane |Z T |
| Scheduler =) Z |
i — — r_——— e — et R e S |
| | | = = |
Camera | | | T T |
| | | |
! ! Ezter Color S Chroma ! — | Unified Video !
| i olor Space 1 | )
| DPHY- MIPI CSI/DSI Uvsll Debayer uvsl Co"t;lr;i&on uvsi e Uvsl Resampler X UVsH To USB AX14 I/F Hard USB USBID+/D USB Host|
| | | |
| | | |
| | | |
| | | |
| | | |
| |

Figure 3.1. Reference Design Block Diagram

3.1. Design Components

The CrossLinkU-NX MIPI CSI-2 to USB UVC reference design includes blocks described in the following sections. In this
reference design, video data is captured through the CSI-2 interface using the RAW10 color format. The incoming
RAW10 data stream is converted to RGB888, subsequently YUV444, and finally YUV422 through the image signal
processing (ISP) pipeline. The ISPs operate with a configuration of 8 bits per component (BPC) and 2 pixels per clock
(PPC), with a maximum supported video resolution of 3280x2160.

3.1.1. USB23 Controller

This is the USB23 Device Controller hardened IP. This IP communicates with the system memory through the Advanced
eXtensible Interface 4 (AXI4) to Advanced High-Performance Bus — Lite (AHB-Lite) converter module.

The AXI4 Direct Memory Access (DMA) Controller of the USB23 Controller is connected to two different memories

through the AXI4 Interconnect Bridge.

e  For Bulk transfer, the USB controller fetches data from the In Endpoint Buffer Manager (IEBM) module’s data
Random Access Memory (RAM). This RAM is not shared with any other controller or RISC-V processor.

e For all other operations, the USB controller talks to the True Dual-Port (TDP) Memory, which is shared with the
RISC-V processor. This kind of architecture helps to achieve higher Bulk throughput.

3.1.2. AHB-Lite to LMMI Converter

The USB23 controller register interface can be configured through its Lattice Memory Mapped Interface (LMMI). Since
RISC-V MC supports only the AHB-Lite interface, an AHB-Lite to LMMI converter is needed.

3.1.3. RISC-V Microcontroller

All the serial peripheral blocks are connected to the RISC-V MC soft processor through the AHB-Lite interface. The
RISC-V MC CPU IP processes data and instructions while monitoring external interrupts coming from the USB23
controller and IEBM core.
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3.1.4. System Memory

This IP is a soft IP for memory which is used by the RISC-V MC processor. The processor reads the instructions stored in
this memory through the AHB-Lite interface and takes actions accordingly. This IP has two interfaces, AHB-Lite and
AXI4, through which the manager can communicate with it. The AHB-Lite interface is used to communicate with the
RISC-V processor.

3.1.5. UART

The RISC-V MC processor can communicate with the UART and GPIO cores through its Advanced Peripheral Bus (APB)
interface. Hence, the UART and GPIO cores are connected to the soft processor through the AHB-Lite to APB Bridge.
The UART IP performs serial-to-parallel conversion on data characters received from a peripheral UART device. The IP
performs parallel-to-serial conversion on data characters received from the host through an APB interface.

3.1.6. GPIO

There is a 32-bit input GPIO, which is the hardware version GPIO, to monitor the FPGA design version for a particular
release. Also, there is a 2-bit output GPIO, known as the test pattern enable GPIO. This GPIO is used to select between
the Image Signal Processing data stream and YUV422 Test Pattern Generator.

3.1.7. Lattice 12C Controller

This Lattice 12C Controller IP is designed for communicating with any 12C target device. It supports standard operations
such as 12C write, 12C read, and combined write-then-read transactions with the connected device. In this design, the
RISC-V MC processor uses the 12C Controller IP to configure the registers of the MIPI camera sensor, enabling proper
initialization and operation of the camera.

3.1.8. Unified Interconnect

This IP provides the communication interface between the RISC-V soft processor and peripherals that support AHB-Lite
and APB interfaces, such as System Memory, UART, and 12C Controller.

3.1.9. MIPI CSI/DSI IP Core

The Lattice MIPI CSI/DSI IP provides a flexible solution for receiving high-speed video data over a MIPI-compliant D-PHY
interface in FPGA designs. MIPI enables high-speed, low-power video transmission between components such as
cameras and displays. In this reference design, the video packets are received through the D-PHY physical layer
interface from the Raspberry Pi Camera Module V2. The incoming video payload packets are processed and converted
from bytes to pixels before being transmitted through UVSI.
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3.1.10. Debayer IP Core

The Debayer IP accepts pixel data input in Bayer format from a source such as an image sensor for processing. To
extract the individual R, G, and B color components from this Bayer-patterned data, a Debayer function is required. The
Debayer IP converts RAW10 image data into full RGB components. This IP supports UVSl interfaces for both its input
and output video streams. For complete specifications, including interface signals and parameter details, refer to the
Debayer IP documentation:

<IP Installation Path>/latticesemi_custom_ip_debayer_1.4.0.03/doc/IP_Design_Notes.pdf.

3.1.11. Color Correction Matrix IP Core

To obtain the correct colors, the IP performs pixel data correction by adjusting R, G, and B components gain and
compensating for color channel crosstalk. This linear mapping of the color components is achieved by using a 3 x 3
matrix, called color correction matrix (CCM). For complete specifications, including interface signals and parameter
details, refer to the Color Correction Matrix IP documentation:

<IP Installation Path>/latticesemi_custom_ip_ccm_1.3.1.03/doc/IP_Design_Notes.pdf.

3.1.12. Color Space Converter IP Core

The Color Space Converter IP block converts RGB data into the YUV format. For complete specifications, including
interface signals and parameter details, refer to the Color Space Converter IP documentation:

<IP Installation
Path>/latticesemi_custom_ip_color_space_converter_2.4.1.03/doc/IP_Design_Notes.pdf.

3.1.13. Chroma Resampler
The Chroma Resampler converts YUV444 data into the YUV422 format by reducing the chroma component.

3.1.14. Video to USB Bridge

The Video to USB Bridge is responsible for receiving video data from UVSI, packing into a UVC-compliant format,
buffering using In Endpoint Buffer Manager (IEBM) and True Dual-Port (TDP) Memory, and handling the transfer
between the data buffer and the USB23 controller for host transmission. In addition, the Video to USB Bridge features a
YUV422 Test Pattern Generator (TPG) for debugging available for use by enabling it using the control plane. This TPG
only supports 1080p resolution.

To support the USB data flow, the bridge uses an IEBM to organize and store video data before it reaches the USB23
controller. The IEBM writes video data sequentially into endpoint buffers through a FIFO interface and then exposes
these buffers to the USB23 controller through AXI4 for reading. This ensures continuous and orderly movement of
video frames through the system. The TDP Memory offers dedicated storage that supports simultaneous read and
write operations between RISC-V CPU and USB23 Controller, helping maintain stable video throughput even at high
data rates.

This module enables seamless data flow from UVSI to the USB controller while being easy to use, minimizing design
blocks required to be instantiated by the user to achieve the transfer.

Refer to Table 3.1 and Table 3.2 for parameter and signal descriptions of this module.

Table 3.1. Video to USB Bridge Parameters

Port Name Selectable Values Default Description
COLOR_FORMAT YUuv422 YUv422 Color Format
BPC 8 8 Bits Per Component
PIXEL_PER_CLK 1,2,or4 2 Pixels Per Clock

Table 3.2. Video to USB Bridge Signals

Port Name 1/0 Width Description
pixel_clk Input 1 Pixel Clock
clk_pll_72m Input 1 72 MHz Clock generated by PLL
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Port Name 1/0 Width Description

mipi_byte_clk Input 1 MIPI Byte Clock

system_reset_n Input 1 AHB-Lite reset (Active Low)

pixel_clk_reset_n Input 1 Resc—*‘jt for logic operating in the pixel clock domain
(Active Low)

mipi_byte_clk_resetn Input 1 Reset for MIPI byte-clock domain logic (Active Low)
Enables the internal YUY2 (YUV422) test-pattern

yuy2_tp_en Input 1

generator through GPIO.

Native Memory Interface for True Dual-Port Memory

mem_to_ahbl_32_wr_en_b Input 1 Write-enable signal for writing data

mem_to_ahbl_32_wr_data_b | Input [13:0] Write-data bus for buffered memory writes

mem_to_ahbl_32_ben_b Input [3:0] Byte-enable signals for selecting active write bytes

mem_to_ahbl_32_addr_b Input [9:0] Address bus for memory transactions

mem_to_ahbl_32_rd_data_b | Output [31:0] Read-data output

AHB-Lite Subordinate Interface for IEBM

ahbl_haddr_i Input [7:0] AHB-Lite address bus for subordinate access.

ahbl_hburst_i Input [2:0] Burst-type indicator for AHB-Lite transactions.

ahbl_hmastlock_i Input 1 Manager-lock signal indicating locked AHB sequences

ahbl_hprot._i Input [3:0] Eersttii;tsion control signals for privilege/cache/buffer

ahbl_hready i Input 1 Lr;ldoi\clzvastisew?:at:sefeprrfvious transfer is complete. It

ahbl_hsel_i Input 1 AHB-Lite subordinate select signal

ahbl_hsize_i Input [2:0] Specifies the transfer size, byte, half-word, or word.

ahbl_htrans_i Input [1:0] AHB-Lite transfer type

ahbl_hwdata_i Input [31:0] Write data from AHB-Lite manager

ahbl_hwrite_i Input 1 Write direction indicator. 1=WRITE, 0=READ.

ahbl_hrdata_o Output [31:0] Read data returned to AHB-Lite manager

ahbl_hreadyout o Output 1 Indicates the subordinate is ready to complete the
current transfer.

ahbl_hresp_o Output 1 Transfer response

AXI4 Subordinate Interface for USB23 Controller

u23_axim_XMAWADDR Input [31:0] AXI4 write-address channel: write address

u23_axim_XMAWBURST Input [1:0] Burst type for write transactions

u23_axim_XMAWID Input [7:0] Write-transaction ID

u23_axim_XMAWLEN Input [7:0] Number of beats in a write burst

u23_axim_XMAWPROT Input [2:0] Protection bits for write transactions

u23_axim_XMAWSIZE Input 1 Write data size per beat (encoded)

u23_axim_XMAWREADY Output 1 Indicates acceptance of write address.

u23_axim_XMAWVALID Input 1 Write-address valid signal

u23_axim_XMWDATA Input [63:0] Write-data bus

u23_axim_XMWSTRB Input [7:0] Write strobe bits per byte

u23_axim_XMWLAST Input 1 Indicates last beat of write burst

u23_axim_XMWREADY Output 1 Indicates acceptance of write data

u23_axim_XMWVALID Input 1 Write-data valid signal

u23_axim_XMARADDR Input [31:0] AXI4 read-address channel: read address

u23_axim_XMARBURST Input [1:0] Burst type for read transactions

u23_axim_XMARID Input [7:0] Read-transaction ID

u23_axim_XMARLEN Input [7:0] Number of beats in a read burst

u23_axim_XMARPROT Input [2:0] Protection bits for read transactions
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Port Name 1/0 Width Description

u23_axim_XMARSIZE Input [2:0] Read data size per beat

u23_axim_XMARREADY Output 1 Indicates acceptance of read address.

u23_axim_XMARVALID Input 1 Read-address valid signal

u23_axim_XMRDATA Output [63:0] Read-data bus

u23_axim_XMRID Output [7:0] ID of the read-data response

u23_axim_XMRRESP Output [1:0] Read response type

u23_axim_XMRLAST Output Indicates the last beat of a read burst.

u23_axim_XMRREADY Input Indicates the Manager is ready to accept read data.

u23_axim_XMRVALID Output Read-data valid signal

u23_axim_XMBID Output [7:0] ID for write-response channel

u23_axim_XMBRESP Output [1:0] Write response

u23_axim_XMBREADY Input Indicates the Manager is ready for write response.

u23_axim_XMBVALID Output Write-response valid

Unified Video Streaming Interface

tdata nput | IPIYEL PR CLK 16101 | e across the ntetace,
Sideband information is transmitted alongside the data
stream.

tuser Input [1:0] tuser[0] — start of frame
tuser[1] —interlaced video

tlast Input 1 TLAST indicates t'he'end of the line for.each horizgntal
line. It always coincides with the last pixel of the line.

tready Output 1 TREADY indicates that RX can accept a transfer in the
current cycle.

tvalid Input 1 TVALID indicates availabiIiFy of valid pixel data on
tx_tdata_o when TREADY is asserted.

Interrupt

1

3.1.15. AHB-Lite to Native Memory Bridge

This block helps the RISC-V data manager to access the True Dual-Port (TDP) memory, which is dedicated to USB
operations. This block converts the AHB-Lite subordinate signal into the native memory controller interface signals.
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3.2. Clocking Scheme

The CrossLinkU-NX MIPI CSI-2 to USB UVC reference design uses a PLL to generate the 72 MHz system clock, 120 MHz
pixel clock for image signal processing, and 60 MHz USBPHY clock. All these clocks are generated from the 60 MHz
crystal oscillator on the CrossLinkU-NX Evaluation Board.

3.2.1. Clocking Overview

An overview of the CrossLinkU-NX MIPI CSI-2 to USB UVC reference design clocking scheme is shown in Figure 3.2.

CrossLinkU-NX FPGA

= -qq-“

Figure 3.2. Clocking Scheme Overview

USB3_REFCLK_P —— 72 MHz

120 MHz

3.3. Reset Scheme

Synchronous resets are generated for each clock domain from the PLL lock signal and corresponding PLL clock outputs.

3.3.1. Reset Overview
An overview of the CrossLinkU-NX MIPI CSI-2 to USB UVC reference design reset scheme is shown in Figure 3.3.

CrossLinkU-NX FPGA

— -

Figure 3.3. Reset Scheme Overview
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4. Signal Description
Table 4.1 shows the input and output interface signals for this reference design.

Table 4.1. Primary 1/O

Port Name 1/0 Width Description

clk_60m_i Input 1 60 MHz input clock from the on-board crystal oscillator.
dp_z Inout 1 USB 2.0 positive differential data line

dm_z Inout 1 USB 2.0 negative differential data line

u3_rxm_i Input 1 USB 3.0 positive differential data line for the receiver
u3_rxp_i Input 1 USB 3.0 negative differential data line for the receiver
vbus_z Inout 1 Power signal

u2_reset_ext_z Inout 1 Synchronous reset for USB 2.0

REFINCLKEXTP_i Input 1 USB 3.0 PHY external positive differential clock
REFINCLKEXTM_i Input 1 USB 3.0 PHY external negative differential clock
u3_txm_o Output 1 USB 3.0 positive differential data line for the transmitter
u3_txp_o Output 1 USB 3.0 negative differential data line for the transmitter
cam_scl_z Inout 1 12C controller serial clock line (SCL) for the camera sensor
cam_sda_z Inout 1 12C controller serial data line (SDA) for the camera sensor
cam_en_o Output 1 Camera sensor enable

rx_clk_p_i Inout 1 Camera positive differential clock line

rx_clk_n_i Inout 1 Camera negative differential clock line

rx_d0_p_i Inout 1 Camera positive differential dataO line

rx_dO_n_i Inout 1 Camera negative differential data0 line

rx_dl_p_i Inout 1 Camera positive differential datal line

rx_dl_n_i Inout 1 Camera negative differential datal line

uart_rxd_i Input 1 UART input for RISC-V microcontroller debugging
uart_txd_o Output 1 UART output for RISC-V microcontroller debugging
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5. Running the Reference Design

This section describes the steps to run the reference design in the Lattice Propel SDK, Lattice Propel Builder, and Lattice
Radiant software. If you want to evaluate the reference design using the precompiled bitstream, you can skip the build
steps in this section and proceed directly to the Precompiled Bitstream section.

Note: The screenshots provided are for reference only. Details may vary depending on the version of the IP, reference
design, or software being used. If there have been no significant changes to the GUI, a screenshot may reflect an earlier
version of the IP and reference design.

5.1. Running Propel SDK Project

This reference design uses the hardened USB block inside the LIFCL-33U device. The block is configured and USB
enumeration is performed by the RISC-V firmware. This section describes how to build and run a C project in the Lattice
Propel SDK software.

To run the reference design in the Lattice Propel SDK software, follow these steps:
1. Launch the Lattice Propel SDK software.

2. Click the Browse button to set the workspace folder to
<Project Directory>/rd02306_mipi_csi_to_usb_uvc/fpga_lifcl/propelsdk.

3. Then, click the Launch button, as shown in Figure 5.1.

% Lattice Propel Launcher *

Select a directory as workspace

Lattice Propel uses the workspace directory to store its preferences and development artifacts.

Workspace: ] CAWorkhrd02306_mipi_csi_to_usb_uvcifpga_lifch\propelsdk ~ Browse...

] Use this as the default and do not ask again

¢ Recent Workspaces

Launch ] Cancel

Figure 5.1. Launch Lattice Propel SDK

4. Inthe GUI, click Import projects..., and then select Existing Projects into Workspace under General (Figure 5.2).
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= R R RACRECRIE R R T 5] 5 - Q im|
(L Project Explorer X 3 § o = 0O | §= Outline X ol =)
There are no projects in your workspace. There is no active editor that provides an outhne.
To add » project:
i Import o x
Select \
Creste newprojects from an archive ile o diectoy. [l |
prose
Select an import wizsed:
5 File System
1] Preferences
 Projects from Folder o Archive
& C/Ce
&G
& Instat
& Lattice Propel
@ Oomph
= Run/Debug
5 SVEditor
& Team
o
) [ Net> Cancel
2 Problems X &) Tasks © Console| (7] Properties ™ Terminal =0
0 items
Description Resource  Path Location Type
Figure 5.2. Import a Project in Lattice Propel SDK
5. Click the Browse button to set the root directory (Figure 5.3):
<Project Directory>/rd02306_mipi_csi_to_usb_uvc/fpga_lifcl/propelsdk/riscv_mc.
Then, click Finish.
33 Import O X
Import Projects —=1
Select a directory to search for existing Eclipse projects. ; ‘,-’
© Select root directory: ~ | I Browse... I
() Select archive file: Browse...
Projects:
Select All
Deselect All
Refresh
Options
[_ISearch for nested projects
[_] Copy projects into workspace
[ Close newly imported projects upon completion
["] Hide projects that already exist in the workspace
Working sets
] Add project to working sets New...
Warking sets! Select...
® < Back Mext = Finish Cancel
Figure 5.3. Browse Projects Root Directory
© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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6. The Propel SDK project opens and you can see the riscv_mc project (Figure 5.4).

=g R -] R L A A A L LI T A . Flw .o Q,

L Project Explorer X = i=0o = B |2 outine % vi=n0
5 tiscw.me

There is no active editar that pravides an outline.

2] Problems & Tosks | B Console [ Progeries | 4% Terminal Tm-=8

Na conscles to displey at this time

Figure 5.4. Propel SDK Project Opened in Lattice Propel SDK

7. Navigate to riscv_mc > src to expand the project file list, as shown in Figure 5.5.

ile Edit Source Refactor Navigate Search Preject Run LatticeTools Window Help
(2 © B-RvmiQi% % @ CRMURMCRECAME AL R N T- X A e e Q i@
() Project Explorer X E®vY 8 =0 = B |55 Outline X #i=0
There isno scive editor that provides an utline.
> %, Binartes
des

> [ Isc_command.c
[2) Isc_ctr xferc
> & Isc_endpoint.c
[® Iz¢_endpointh
> 8 Isc_ep_handlerc
> @ Isc_epd_handierc
5 [ e b regsh
> & Isc.in_ep_buf_mgmt.c
[ Ise_in_ep_buf_mgmth
> @ lscintrc
@ Isc_reg_accessc
> @ Iseusb_chd.c
> [ lsc_usb_ch9h
> B lsc_ush_desch
> [ Isc.usb_devc
> (B 1sc_us_devh
> [§ lsc,ush_event.c
&) Isc_usb_vendor.c
> [ Isc_usb_vendor.h
> [B lsc winsub.h
> 8 lscushic
> & main.c
(9 utilsc
> [ utilsh
R cpusve
3 cpuyaml
) linkerld
3 sys_envaml
> G Debug

(22 Problems [@) Tosks| @ Console % [T Properties] 8 Terminal S O-m-=1
No consoles to disploy at this time.

Figure 5.5. Navigate the Propel SDK Project

8. Select Project > Build Configurations > Set Active > 1 Debug (Figure 5.6) to compile the Propel SDK project to
generate the memory image for the RISC-V firmware.
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173 propeisk - Lthce Propel
Fde Edt Sowce Refactor Novgate Search Project Fun LafticeTools Window Help
. Bk 5 D
5 Project Explorer X

(i mscvmd]

Clase Project

Build Configurations
Build Project
Buid Working Set

5 Inchudes
=
e b
& we Clean.
> B be_command.c Build Automaticslly
(&) e sferc
& kic_endpoint.c Create Lattice Apgiication Template
> B ke_endpointh Update Lattice C/Ce+ Project,
4 bic_ep_handien.c
& ksc_ep0_handler.c C/Ce+ Index
» [ sc_hw regsh
4 bsc_in_ep_buf mgmt.c
1 lsc_in_ep_ buf_mgmth
@ ket

4 bic_reg_aceess.c

Properties

» [8 Isc_usb_chi.c
[ sc_ush_chilh
1B sc_usb_desch

» [8 sc_usb_devic
B ac_uzh,_devh
§ e usb_ovent.c

s [ b usbvendorc
8 Isc_usb vendorh
R Isc_winsubh

» (@ lcusbe

& utilsc
H utish
B cpusvd
5 cpuyaml
) bkerd
3 sysemvam
» @ Debug

b risev_ e

Build Al Cul+B

> Set Active >~ 1Debug
Manage...

Build by Working Set >
Set Active by Working Set >

2 Probiems 2] Tasks | © Console ] Propesies| 4 Terminal
No consoles to display o this time.

- o8 x

Q

B

= 0 || Outline

Thereis no active editor that provides an cutine.

E-m~= 0

Figure 5.6. Set Propel Build Configuration Mode

9. To launch the project building process, right-click on the process name riscv_mc, select Clean Project from the
menu to clean up the output folders. Then, select Build Project from the menu, as shown in Figure 5.7. The output

riscv_mc.mem file is located at:

<Project Directory>/rd02306 _mipi_csi_to_usb_uvc/fpga_lifcl/propelsdk/riscv_mc/Debug/riscv_mc.mem.

File New

Go Into
L Proj
=i Open in New Window

~ B
Copy
X Delete

Source

Rename...

& Import...

Export..

Refresh

Close Project

Build Configurations
Build Targets
Index
© RunAs
% Debug As
Profile As
Restore from Local History.
Create Lattice Application Template
Update Lattice C/C++ Project
? Run C/C++ Code Analysis

&

Team

Compare With

> sols Window Help
TOTRY S -

Show In Alt+Shift+w >

Ctrl+C

Delete

Fs

>

>

>

>

>
# Tasks| @ Console| T Properties & Terminal
15, 1 other

i Resource Path

items)
]

>

Location  Type

=8 *i1=0

& Outline %

There is no active editor that provides an
outline.

Figure 5.7. Launch the Project Building Process
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5.2. Running Propel Builder and Radiant Project

This section describes the steps to run the reference design in the Lattice Propel Builder and Lattice Radiant software.
To run the reference design in the Lattice Propel Builder and Lattice Radiant software, follow these steps:

1. Launch the Lattice Propel Builder software.

2. Go to File > Open Design, browse and select the existing project file: mipi_csi_to_usb_uvc.sbx.

Note: The expected INFO and WARNING messages appear after opening the project file. Refer to the Debugging
section for a detailed explanation of these messages.

3. Before performing any IP reconfiguration, ensure that the IP has been downloaded and installed under IP on Local,
as shown in Figure 5.8. In this reference design, there are a few IPKs that need to be installed into IP on Local.
Follow the steps below to perform the IPK installation.

a. Right-click IP on Local and select Install IP from file..., as shown in Figure 5.9.

b. Inthe pop-up file browser, select the following IPK path:
<Project Directory>/rde2306_mipi_csi_to_usb_uvc/misc/custom_ip
/latticesemi.com_ahbl_to_axi4lite_bridge_1.0.0.0.1ipk.

c. Click OK.
d. Inthe IP License Agreement window, click Accept to finish the IP installation, as shown in Figure 5.10.

e. Repeat Steps a to d above to install the rest of the IPKs listed below:

e <Project Directory>/rd@2306_mipi_csi_to_usb_uvc/misc/custom_ip/
latticesemi.com_ahbl_to_lmmi_bridge_1.1.0.0.1ipk.

e <Project Directory>/rd@2306_mipi_csi_to_usb_uvc/misc/custom_ip/
latticesemi.com_ahbl_to_mem_bridge_1.0.0.0.ipk.

e <Project
Directory>/rd@2306_mipi_csi_to_usb_uvc/misc/custom_ip/latticesemi_custom_uvsi_
to_usb_1.0.0.ipk

e <Project Directory>/rd@2306_mipi_csi_to_usb_uvc/misc/custom_ip/
latticesemi_custom_usb23 bus_intf bridge 1.0.0.1ipk

e <Project
Directory>/rde2306_mipi_csi_to_usb_uvc/misc/custom_ip/latticesemi_custom_ccm_1
.3.1.03.1ipk

e <Project
Directory>/rd02306_mipi_csi_to_usb_uvc/misc/custom_ip/latticesemi_custom_color
_space_converter_2.4.1.03.1ipk

e <Project
Directory>/rd02306_mipi_csi_to_usb_uvc/misc/custom_ip/latticesemi_custom_debay
er_1.4.0.03.1ipk

e <Project
Directory>/rd02306_mipi_csi_to_usb_uvc/misc/custom_ip/latticesemi_custom_chrom
a_resampler_1.0.0.1ipk

f. After completing the IPK installation, the IP mentioned above should be available under IP on Local, as shown
in Figure 5.11.
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IP on Local IP on Server
AHB AHB-Lite APB AXI AX14 AX14-Stre
Search:
Show latest IP version only
1 Module/IP on Local
* Module
» [ Architecture_Modules
» [ Arithmetic_Modules
» ] Embedded IP
» [ Memory_Modules
» [ Processors_Controllers_and_Peripherals
v [ Verification IP
- |P
~ | latticesemi.com
~ [ Audio_Video_and_Image_Processing
© mip1 csi/DsI 420 [
~ [ Processors_Controllers_and_Peripherals
) AHBL to AXI4 Lite Bridge 1.0.1.0 T
) AHBL to LMMI Bridge 1.4.0.0 1]
) AHBL to Memory bridge 1.0.0.0 T7
© cpio 181 7
© 12¢ controller 241 17
© uaRT 1.6.0 7
© unified Interconnect 2.0.0 TJ
~ [ USB23
© uss23 320 0
= [ latticesemi_custom
+ [ Audio_Video_and_lmage_Processing
) Chroma Resampler 1.0.0 7
@ Color Correction Matrix 1.3.1.03 [
) Debayer 1.4.0.03 7]
~ ] DSP
) Color Space Converter 2.4.1.03 7
~ [ Processors_Controllers_and_Peripherals
) UsB23 Bus Interface Bridge  1.0.0 [
© uvsi to USB 1.0.0 17

Figure 5.8. IP on Local Tab in IP Catalog

IPon™ °

— 5 Refresh

Search: I ; Install IP from file... I

Show latest IP version only

tream LOCAL BUS

) #

Figure 5.9. Install IP from File
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%, IP License Agreement

Lattice SG Pte. Ltd.
IP Core License Agreement

THIS IS A LEGAL AGREEMENT BETWEEN YOU, THE END USER, AND LATTICE
SG PTE. LTD. ("LATTICE"). BY PROCEEDING WITH THE USE OF THE IP CORE,
YOU: (1) ACKNOWLEDGE YOU HAVE READ THIS AGREEMENT, YOU
UNDERSTAND IT, AND YOU AGREE TO BE BOUND BY THE TERMS AND
CONDITIONS OF THIS AGREEMENT; AND (2) IF YOU ARE ENTERING INTO
THIS AGREEMENT ON BEHALF OF YOUR EMPLOYER, YOU REPRESENT THAT
YOU HAVE THE AUTHORITY TO ENTER INTO THIS AGREEMENT ON BEHALF
OF YOUR EMPLOYER. IF YOU DO NOT AGREE TO THE TERMS AND
CONDITIONS OF THIS AGREEMENT, DO NOT USE THE [P CORE, AND IF YOU
HAVE ALREADY OBTAINED THE IP CORE FROM AN AUTHORIZED SOURCE,
PROMPTLY RETURN IT FOR A REFUND.

1. Definitions.

1.1 "Configured Object Code" means the form of the IP Core in
bitstream, encrypted net list, or other non-human readable device

Accept Decline

Figure 5.10. IP License Agreement
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IF on Local IF on Server

AHBE AHB-Lite APB AX AXl4 AX14-5tre|
Search:

Show latest IP version only

1 Medule/IP on Local

~ Module
3 Architecture Modules
3 Arithmetic_Meodules
b Embedded IP
3 Memory Modules
3 Processors_Controllers_and_Peripherals
b Verification IP
* |P
- latticesemi.com
- Audio Video and_Image Processing
@ miPI CsI/DSI 4.2.0 ]
- Processors Controllers and Peripherals
() AHBL to AXI4 Lite Bridge 1.0.1.0{ T
) AHBL to LMMI Bridge 1.4.0.0/ 1]
() AHBL to Memory bridge 1.0.0.0/ 1]
) GPID T8T 1
@ 12C Controller 2.4.1 1]
@ UART 1.6.0 1]
() Unified Interconnect 2.0.0 TJ
- UsSE23
{ use23 3.2.0 TJ
- latticesemi_custom
- Audio Video and_Image Processing
) Chroma Resampler 1.0.0 77
) Color Correction Matrix 1.3.1.03|
() Debayer 1.4.0.03| ]
- D5P
() Color Space Converter 2.4.1.03| ]
- Processors Controllers_and Peripherals
() UsSB23 Bus Interface Bridge  1.0.0 7]
{ uvsl to USB 1.0.0 77

Figure 5.11. IPs Installed from Files

4. Inthe Propel Builder design schematic, double-click sysmem0O_inst to open the system_memory Module/IP Block
Wizard and ensure the Initialization File is mappedto ../../propelsdk/riscv_mc/Debug/riscv_mc.mem or the
latest revision of the .mem file. Then, click the Generate button, as shown in Figure 5.12.
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4. Module/IP Block Wizard

Configure Component from Module system_memory Version 2.5.1
Set the following parameters to configure this component.

Diagram sysmem( Configure IP
- General Port 50 Settings Port 51 Settings
Property Value
sysmem0O Inteface AHBL
7 ™~ Memory Address Depth [1 - 81920] 32768
Data Bus Width(bits) 32
— H BL SO Memory Type LRAM
Port Count 2
_HBL S‘] ECC Enable
- Enable Arbiter
—{ahbl_hclk_i TDaasweamer
Enable Data Streamer
— ahbl_hresetn_i
AN /
SyStem—memory Initialize Memory
Initialization File Format hex
Initialization File | <lnitialization File Path> | .. |
d b No DRC issues are found.
User Guide

5.

Figure 5.12. Mapping the System Memory Initialization Files

Builder Project, as shown in Figure 5.13.

Click the Address tab to review the base address assignment for the system and all peripherals within the Propel

Ele Edit Yew Design Jools Window

oM M iLS
Design View

B uFCLa3U-TCTG104C
mipi_calto_usb_uve
——
 H_ver_gpio_inst
§ ahbl_to_axi_lte_bridge

Help

E

» 1} ahbl_to_Immi_bridge_inst
» 1} ahbl_to_mem

» T1 cpun_inst

» 1 invert_module2_inst

» {0 isp_ccm_inst

» 11 isp_chroma_resampler_inst
» ) isp_csc_inst

» {1 isp_debayer inst

» 41 lsc_i2ec_inst

» 41 mipi_csi_re_inst

» {1 pil_multiclk_inst

I} rs_porel_inst

v I} rs_risev_inst

+ 1 rs_usb_ingt

v 3 splt

» 11 split_modulel_inst

» 11 split_module2_inst

» 11 split_module_inst

» 11 sysmem0_inst

Properties
MName: | HW_ver_gpio_inst
Instance

mipi_csi_to_ush_uve/HW_ver_gpio_inst

VLWV

IP Catalog Design View

What's New

a

@

MEI-NOEANE-© QQQQ B 2
[ schematic B Address =1 Summary & start Page
Cell Base Address
- cpud_inst
« LocalMemory
cpull_inst/pic_timer_registers OxFFFFO0D0
« mipi_csi_to_usb_uve/cpu0_instiriscy_shbl_m_instr_Address_Space (32 address bits: 4G)
sysmem_inst/AHBL_S0 X0DO00000
= mipi_csi_to_usb_uvc/cpud_instiriscy_shbl_m_data_Address_Space (32 address bits: 4G)
HW ver nsUAPB_ SO Ox00050400
ahbl_ta_i e_bridge/AHBL 0X00051400
ahbl_ta_lmmi_bridge_inst/AHBL Ox00020000
ahbl_to_mem/AHBL_MEM 0X00040000
Isc_i2ec_insUAPB_SO 0xX00050C00
sysmem@_inst/AHBL S1 00000000
tp_en_gpio_inst/APB_S0 0x00050800
wartd_inst/APB_SO 00050000
unified_video_to_usb_inst/AHBL 0x00051000
« isp_com_inst
« mipi_csi_to_usb_uve/isp_ccm_inst/AXI4S_Transmitter_Address_Space (32 address bits: 4G)
isp_csc_instUAXIAS_SO 00000000
« isp_csc_inst
« mipi_csi_to_ush_uvefisp_csc_inst/AXI4S_Transmitter_Address_Space (32 address bits: 4G)
isp_chroma_resampler_inst/AXI4S_S0 0x00000000
« isp_debayer_inst
= mipi_csi_to_usb_uvc/isp_debayer_inst/AXid45_Transmitter_Address_Space (32 address bits: 4G}
isp_com_instUAXMS S0 00000000

Range

128K

ax

axK

ax

End Address

OxFFFFOTFF

Ox0001FFFF

0x000507FF
0x000517FF
Ox0003FFFF
0x0004FFFF
0x00050FFF
Ox0001FFFF
0x00050BFF
0x000503FF
0x000513FF

0x00000FFF

0x00000FFF

0x00000FFF

Lock

0x00000000

DXODO1FFFF
000020000

0xODO3FFFF

0x00040000

‘ahbl_to_mem/AHBL_MEM
OxO00AFFFF

0x00050000

0x000503FF
0x00050400

DX000507FF
000050800

0x00050BFF
0x00050C00

0X0DOSOFFF
0x00051000

0x000513FF
0x00051400

0X000517FF

Figure 5.13. Base Address Assignment

Note: To reconfigure the IP, refer to the Customizing the Reference Design section for the available IP configuration

options.

6. To validate the design, select Design > Validate Design or click the Validate Design icon (as shown in Figure 5.14).
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File Edit View Design Tools Window Help

o R s ME- NoeBLDSe @aaa B

Figure 5.14. Validate the Design in Lattice Propel Builder

7. To generate the design, select Design > Generate or click the Generate icon (as shown in Figure 5.15).

File Edit View Design Tools Window Help

O'.‘B = m;a&':'k’i‘E° @QQU«.QN

Figure 5.15. Generate the Design in Lattice Propel Builder

Note: Ensure the TCL console shows no errors, and only the expected INFO and WARNING messages appear. Refer to
the Debugging section for a detailed explanation of these messages.

8. To synthesize the RTL files and generate the bitstream, click the Lattice Radiant icon in Lattice Propel Builder, as
shown in Figure 5.16.

File Edit View Design Tools Window Help

-5 R o MBS NoBuDe @aaaa WK

Figure 5.16. Lattice Radiant Icon in Lattice Propel Builder

9. The Lattice Radiant software window opens and shows this project (Figure 5.17).
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Lattice Radiant Software -{C:/Work/RDO2306_mipi_csi_to,_usb_wve/fpga_ifcl/radiant/mipi_csi_to_usb.df] - Report Browser - o X
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> B srvecose [ wrossn [ rocanoneomion [ eponries

8 URCL-33U-7CTG104C
~ 9 Sategies imgt 1 Strategy Name Strategy!

Area . Pert Number. FCL-33U-7CTG104C G
» Synthesis Reports

7] Timing
17 Strategyt
2 impl_1 (Synplify Pro)
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Figure 5.17. Lattice Radiant Software Window

10. Set the synthesis strategy (Figure 5.18) and the Place and Route design strategy (Figure 5.19).

Strategies - Strategy X
Description:
Process Al ~ || Default
= [ Synthesize Design Nome Type Value
E Constraint Prapagation ., Duplicate Modules T
. % zgphfy fre Area i
[=] RTL Design Rule Check Armange VHDL Files 7
- 2] ostymtesis Auto Compile P T
=] Post-Synthesis Timing Analy  Automatic Reaci/Wiite Check Insertion for RAM T
 [Z] Map Design Clock Conves TF
[=] Map Timing Analysis Command Line Options Text
* [] Place & Route Design Default Enum Encoding List  Default
[=] Place & Route Timing Analy  Disable IO Insertion TiF
[=] 10 Timing Analysis Disable Register Replication during S/R Optimization | T/F
[] Timing Simulation Export Radiant Settings to Synplify Pro GUI List Vs
(=] sitetream FDC Constraint Files File
FSM Compiler TF
Fanout Guide Num 1000
Force GSR List  False
Frequency (MHz) Num 200
Library Directories Dir
Number of Critical Paths Num
Mumber of Start/End Points Num
Output Netlist Format list  Mone
Pipelining and Retiming List  Pipelining Only
Push Tristates T/F
RTL Design Rule Check Option T
Resolve Mixed Drivers T
Resource Sharing TF
Resynthesize All T
Update Compile Point Timing Data T
Use Clock Period for Unconstrained 1/0 T/F
VHDL 2008 T
4 »
oK Cancel Help

Figure 5.18. Synthesis Strategy Settings
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trategies - Strategy X
Description:
Process All ¥ || Default
A Synthesize Design Nam‘e Type Value
: Constraint Propagation Command Line Options Text
j— Synplify Fre Disable Auto Hold Timing Correction T/F
’ .E‘E RTL Design Rule Check Disable Timing Driven T/F
- = Post-Synthesis Impose Hold Timing Correction T/F
= Post-Synthesis Timing Analy Multi-Tasking Mode List File
+ [=] Map Design Mumber of Host Machine Cores Mum |1
[=] Map Timing Analysis Pack Logic Block Utility [blank or 0 to 100] Num
i l:‘ Place & Route Design Path-based Placement List Cn
[=] Place & Route Timing Analy || Placement lteration Start Point Num 1
Elio Timing Analysis Placement lterations [0-100] Num 1
E Timing Simulation Placement Save Best Run [1-100] Mum 1

Bitstream Prioritize Hold Correction Over Setup Performance | T/F

Run Placement Cnly T/F

Set Speed Grade for Hold Optimization List m

Set Speed Grade for Setup Cptimization List Default
Stop Once Timing is Met T/F

oK Cancel Help

Figure 5.19. Place and Route Design Strategy Settings

11. Click the Run All icon to generate the bitstream (Figure 5.20).

File Edit View Project Tools Window Help

-8-A 9 @aQea EE ML ©
E u Synthesize Design n Map Design n Place & Route Design n Export Files

AN 2 x 1Y Start Page

Figure 5.20. Generating Bitstream

12. The compilation flow takes some time to complete. As shown in Figure 5.21, when the compilation is completed
successfully, the mipi_csi_to_usb_uvc_impl_1.bit file is generated or updated in the project path:
<Project Directory>/rdo2306_mipi_csi_to_usb_uvc/fpga_Llifcl/radiant/impl_1.

Figure 5.21. Compilation Completed

Note: If timing violations occur or Place and Route fails during compilation or fails to generate a bitstream, refer to the
Debugging section for detailed debugging instructions.
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6. Implementing the Reference Design on Board

This section describes how to run this reference design on the CrossLinkU-NX Evaluation Board.

6.1. Programming the FPGA

6.1.1. Recompiled Bitstream

To program the recompiled bitstream, follow these steps:

1. Connect the Micro USB port (J2) of the CrossLinkU-NX Evaluation Board to your PC by using a Micro USB cable.
2. Click the Programmer icon, as shown in Figure 6.1.

RLSOEERS B

Figure 6.1. Programmer Icon

3. The main interface opens, as shown in Figure 6.2.

& O« B

Ensbie Status Device Family Device Operston File Name File Data/ime  Checksum USERCODE

-] urcL UFCL-330 & Program Verity | C:Work/mip_csi to_usb_uve/rd02308_mipi_exi_to_ush,_uve/fpga el precompiled fie/ 04/16/26 171522 OFadd Cable Settings

VO Setiings

© Use defaut O setings

O Use custom U0 settings

Figure 6.2. Lattice Radiant Programmer Window

To select the programming settings, follow these steps:
a. Double-click Operation to open the Device Properties window.

b. The generated bitstream file is automatically selected: <Project
Directory>/rd02306_mipi_csi_to_usb_uvc/fpga_lifcl/radiant/impl_1/
mipi_csi_to_usb_uvc_impl_1.bit.

c. Select the other settings shown in Figure 6.3 and click OK.
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a LIFCL - LIFCL-33U - Device Properties = O *

General Device Information

Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:

External SPI Flash Memory (SPI FLASH)
JTAG2SPI
Direct Programming

Erase,Pregram,Verify

Programming Options

Programming file: ‘precompiled_file/mipi_csi_to_usb_uvc_impl_T.bit .. 0OxF443

5PI Flash Options

Family: SPI Serial Flash ~
Vendor: WinBond ~
Device: W25Q512)V ~
Package: 16-pin SOIC ~

SPI Programming

Data file size (Bytes): 1064286 Load from File

Start address (Hex): 0x00000000 ~

End address (Hex): 000100000 ~
(] Turn off addresses auto updating
[ Erase SPI part on programming error

Secure 5P| flash golden pattern sectors

OK Cancel

Figure 6.3. Device Properties Window for CrossLinkU-NX SPI Flash Programming

4. Click the Program Device button from the menu bar to start programming (Figure 6.4).

File Edit

BEd sl e

Yiew FRun Tools Help

& [ZS o

Figure 6.4. Programming Menu Bar

When the FPGA programming is successful, the output console displays the Operation: successful message.

INFC «85021389> - Execution time: 00 min : 30 sec
INFC «85021371> - Elapsed time: 00 min : 36 sec

INFC «85021373» - Operation: successful.

Tel Console

Output

Figure 6.5. Programmer Output Window

Note: If the programming operation is unsuccessful, refer to the Debugging section.

5. After programming, unplug the programming cable to ensure that the board is not powered. Then, follow
the steps in the Hardware Setup section to set up the hardware.
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6.1.2. Precompiled Bitstream
To program the precompiled bitstream, follow these steps:

1. Create a new project using the Lattice Radiant Programmer software. In the Getting Started dialog box, input the
Project Name and Location, as shown in Figure 6.6.

2. Select Create a new project from a scan. The values are indicated in the Cable, Port, and TCK Divider Setting
(0-30x) fields.
3. Click OK.

#4 Radiant Programmer - Getting Started X

New Project:

Project Name: Untitled

Project Location:  C:/Work ~ Browse...

© Create a new project from a scan
Cable: ~  Port: ~ Detect Cable
TCK Divider Setting (0-30x): 3 s

O Create a new blank project

Open Project:

O Open an existing programmer project

Browse..

oK Cancel

Figure 6.6. Creating a New Project from a Scan

Note: To open an existing programmer project, select Open an existing programmer project and browse to the
project file (.xcf).
4. The Radiant Programmer main interface opens, as shown in Figure 6.7.

i d @ & 2w B
Enable Status Device Family Device Operation File Name File Date/Time  Checksum  USER( Cable Setup o x
N ] UIFCL UIFCL-33U Fast Configuration Cable Settings
Detect Cable
Cable: HW-USBN-28 (FTDI)
Port: FTIUSB-O
Custom port
Programming Speed Settings

Use default Clock Divider

© Use custom Clock Divider

TCK Divider Setting (0-30x):

VO Settings

© Use default I/0 settings

Use custom /0 settings

Tel Console

Output T Console

Figure 6.7. Lattice Radiant Programmer Window

5. If the Programmer settings do not match the settings for CrossLinkU-NX devices shown in Figure 6.8, select these
settings manually from the drop-down menu.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02306-1.4 32


https://www.latticesemi.com/legal

MIPI CSI-2 to USB UVC Reference Design User Guide
Reference Design

= LATTICE

Enable Status Device Family Device Operation

a furcL] |uFcL-33u | Fast Configuration

File Name File Date/Time Checksum USERCODE

Figure 6.8. CrossLinkU-NX Device Settings

6. To select the programming settings, follow these steps:

a. Double-click Operation to open the Device Properties dialog box.

b. Browse and select the precompiled bitstream file,
c. Select the other settings, as shown in Figure 6.9.

mipi_csi_to_usb_uvc_impl_1.bit.

Note: If the flash device is a GigaDevice flash, then the SPI Flash options are GD25LQ128E and 8-pin SOP. If the flash
device is a Winbond flash, then the SPI Flash options are W25Q512JV and 8-pad WSON.

u LIFCL - LIFCL-33U - Device Properties

General Device Information
Drevice Operation

Target Memory:

— O X

<

External SPI Flash Memary (SPI FLASH)

5Pl Programming

Data file size (Bytes): 1064286

Port Interface: JTAG2SPI w
Access Mode: Direct Programming ~
Cperation: Erase Program,Verify ~
Programming Cptions
Programming file: ‘precompiled_file/mipi_csi_to_usb_uve_impl_1.bit .. OxF443
5P| Flash Cptions
Family: SPI Serial Flash ~
Vendor: WinBond ~
Device: W230512)V w
Package: 8-pad WSON ~

Load from File

Start address (Hex):
End address (Hex):

[ Turn off addresses auto updating

[ Erase sPI part on programming error

Secure 5P| flash golden pattern sectors

0x00000000 ~

0x00100000 ~

QK Cancel

Figure 6.9. Device Properties Window for the CrossLinkU-NX SPI Flash Programming

7. Click Programming from the menu bar to start programming (Figure 6.10).

File Edit View Run

et 8268

Tools  Help

@ [E e s

Figure 6.10. Programmer Menu Bar
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8. When the FPGA programming is successful, the output console displays the Operation: successful message
(Figure 6.11).

INFO <85021390> - Execution time: 00 min : 30 sec
INFO <85021371> - Elapsed time: 00 min : 36 sec

INFO <83021373> - Operation: successful,

QOutput  Tcl Console

Figure 6.11. Programming Output Window

Note: If the programming operation is unsuccessful, refer to the Debugging section.
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6.2. Hardware Setup

Connect the Raspberry Pi Camera Module V2 to the CN1 connector on the CrossLinkU-NX Evaluation Board, which is
the camera connector. Connect the USB Type-C connector CN2 on the pre-programmed CrossLinkU-NX Evaluation
Board to the PC using the USB Type-C to USB Type-C cable or the USB Type-C to USB Type-A 9-pin cable, as shown in
Figure 6.12. The device is enumerated as Lattice USB23, which can be found in Windows Device Manager, as shown in

Figure 6.13.

USB C Cable to connect
LIFCL-33U USB23 port to PC

CrossLinkU-NX
Evaluation Board REV B

Raspberry Pi
Camera Module V2

Figure 6.12. CrossLinkU-NX Evaluation Board Setup for Demonstration

% Device Manager

Action View Help

&= @B

[m] X

v & 1101448

ij Audio inputs and outputs
3 Batteries

%} Biometric devices

€ Bluetooth

® Cameras

® |ntegrated Camera
® | attice B

[ Computer
s Disk drives

» [G§ Display adapters

i Firmware

[ FortiDeviceGuard

) Human Interface Devices

E= Keyboards

{1 Memory technology devices

@ Mice and other pointing devices
[ Monitors

!l Multifunction adapters

5 Network adapters

E? Other devices

™ Print queues

I Processors

B9 Security devices

¥ Software components

B Software devices

i Sound, video and game controllers
S Storage controllers

¥3 System devices

i Universal Serial Bus controllers
§ USB Connector Managers

Figure 6.13. USB Enumeration
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6.3. Demonstration

To demonstrate this reference design, follow these steps:

1. Prior to running this demonstration, ensure PotPlayer is installed. This reference design uses version 1.7.
2. Open the PotPlayer application.

3. To open a video, either press the shortcut Ctrl+J or click PotPlayer > Open > Open Webcam/Other Device, as
shown in Figure 6.14.

Enter

Ctrl+Enter

Figure 6.14. Open Webcam or Other Devices in PotPlayer

4. The video of the camera sensor can be seen on the PotPlayer screen, as shown in Figure 6.15.
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L ATTICE

vww SEMICONDUCTOR

Figure 6.15. Video Output on PotPlayer

5. To change the Video Renderer option in PotPlayer, right-click on the video and select Video > Video Renderer >
Built-in Direct3D 11 Video Renderer, as shown in Figure 6.16.

Enter

Ctrl+Enter

Ctrl+F1

F1

Figure 6.16. Video Renderer Option
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6. To view the frames per second (FPS), either press the shortcut Ctrl+F1 or click PotPlayer > Playback/System Info...,
as shown in Figure 6.17. An example of the video information is shown in Figure 6.18.

Enter

Ctrl+Enter

Figure 6.17. Playback/System Info...
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PotPlayer TV/CAM/device

Playback/System Information

Playback Info File Info System Info

Video Info
Decoder: Built-in Video Codec/Transform

Codec: YUY2
Input type: YUY2(16 bits) Input size: 1920 x 1080(1.78:1)
Output type: NV12(12 bits) Output size: 1920 x 1080(1.78:1)
FPS: 105 Actual FPS: 9.276 -> 9.3
Bit rate: -811319/338546 kbps

Audio Info

Decoder: Built-in Audio Codec/Transform

Codec: ExtPCM(0xfffe) - PCM
Sample rate: 48000 -> 48000 Channels: 2 -> 2 channels

Bit rate: 3072/3072 kbps Bit depth: 32 -> 16 bits/sample

Detail Info

[Used Filter List]
(1) Lattice USB23
(2) Built-in Video Codec/Transform
(3) Enhanced Video Renderer(Custom Present)
(4) WASAPI Audio Capture Source
() Built-in Audio Codec/Transform
(6) Null Audio Renderer

Audio Input Levels

|_Copy to the dlipboard |

& 00:00:00

Figure 6.18. Example of Video Information

Note: If no display appears after programming the precompiled or recompiled bitstream or the display turns black
when switching resolution during active display, refer to the Debugging section for detailed debugging instructions.
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7. Customizing the Reference Design

This section describes the steps required to configure each IP and software for various demonstration setups, starting
from the default design configuration. It also provides a way to enable or disable the YUV422 test pattern generator.
While the default IP configuration can support all resolutions and frame rates, the IP can be reconfigured to
demonstrate a lower pixel-per-clock setup, resulting in reduced resource utilization. The IMX219 sensor is configured
to operate at a 592 Mbps link rate with a 2-lane configuration. Refer to Table 7.1 for the IP configuration setting
according to the desired setup.

Table 7.1. IP Configuration for Supported Resolutions

Resolution/FPS USB Mode LA LG D-PHY Lane Count 2 Re::;ziizjr(g::sll:ing
iy at 120 MHz)
3280x2160/15.61 3.0 (SuperSpeed) 592 2 lor2
1920x1080/30.66 3.0 (SuperSpeed) 592 2 lor2
1280x720/45.19 3.0 (SuperSpeed) 592 2 lor2
640x480/66.05 3.0 (SuperSpeed) 592 2 lor2
1920x1080/9.30 2.0 (High-Speed) 592 2 lor2
1280x720/20.56 2.0 (High-Speed) 592 2 lor2
640x480/60.11 2.0 (High-Speed) 592 2 lor2
Notes:

1. IMX219 does not support a 4-lane configuration.
2. The driver does not support a 1-lane configuration.
3.  Pixels Per Clock of 4 is not supported due to high device resource requirements.
4. The required clock frequency of the pixel clock is the clocking ratio multiplied by byte clock frequency, where the clocking ratio
is calculated using the following formula:
(NUM_LANES * PHY_DATA_WIDTH) / (PPC * BPP)
whereby in this reference design NUM_LANES is 2, PHY_DATA_WIDTH is 8, PPCis 1 or 2 or 4, BPP is 10 (RAW10) with minimum
ratio being 1, and byte clock frequency is 592 Mbps / 8 = 74 MHz.
e NUM_LANES 2, PPC 1: (2*8) / (1*10) = 1.6x Clocking Ratio; Clocking Required: 1.6 x 74 MHz = 118.4 MHz.
e  NUM_LANES 2, PPC 2: (2*8) / (2*10) = 0.8x Clocking Ratio; Clocking Required: 1 x 74 MHz = 74 MHz.
e  NUM_LANES 2, PPC 4: (2*8) / (4*10) = 0.4x Clocking Ratio; Clocking Required: 1 x 74 MHz = 74 MHz.
For more information, refer to the MIPI CSI/DSI IP User Guide (FPGA-IPUG-02321).

7.1. Change the Camera Resolution
This section explains how to change the camera video resolution, which you can configure in PotPlayer.

When a resolution change is requested, the host sends the resolution configuration to the on-board embedded
firmware over USB using the UVC protocol. The firmware performs sensor reconfiguration only when the camera is idle
and no active video stream is running, ensuring stable and uninterrupted operation.

7.1.1. Selecting the 1080p Output Resolution

1. Open the PotPlayer application.

2. To configure output resolution, either press the shortcut Alt+D or click PotPlayer > Open > Device Settings..., as
shown in Figure 7.1.
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ernal Audio..

Figure 7.1. Device Settings in PotPlayer 1

3. Inthe Format drop-down menu shown in Figure 7.2, select the YUY2 1920x1080 option. Then click OK.

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray

Video capture device
Device: |Lattice USB23

Type: [Coptre v
Audio: |W

Audio capture device
Device: | WASAPI - Default Device

H I
YUY2 1920=1080 105
YUY2 1920:1020P 105(P 16:9)
TUYL [£oUA 101U

YUY2 1280x720P 105(P 16:9)
YUY2 640:480 105

YUY2 6405430P 105(P 4:3)

@ Preview audio YUY2 3280=2160 105

YUY2 32802160 105(P 41:27)
* 640480 20,97

* 704480 20.97

[ Enable timeshift * 720480 29.97

* 768576 29.97

* 960 540 20,97

*1280x720 20.97

* 1280x768 20.97

* 1440:900 29.97

*1020=1080 29.97

* 640480 50,94

* 704x480 59.94

* 720480 59.94

* 760576 59.94

* 960 540 59,94

*1280x720 50.94

oK | Cancel *1280=768 59.94

* 1440900 59.94

| — s EREERL
Figure 7.2. 1080p Selection in PotPlayer

Input:

Advanced Settings

4. Open video per normal settings, as described in the Demonstration section.
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5. (Optional) To adjust exposure, re-open Device Settings, as shown in the previous steps. Then, click the triple-dot
menu to show the Camera Control menu (Figure 7.3).

Screen Capture | Analog TV | Digital TV | DVD/Blu-ray

Video capture device

Device: | Lattice USB23 v
Type: | Capture v Format: |YUY2 19201080105 v
Audio: | Use audio capture de v Rescan Devices

Audio capture device

Device: | WASAP| - Default Device v
Input:
@ Preview audio

Advanced Settings
[CJ Enable timeshift

oK Cancel Open device

Figure 7.3. Camera Control Setting in PotPlayer 1

6. (Optional) In the Camera Control menu, adjust exposure using the slider. Then, click OK to confirm (Figure 7.4).

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray
Video capture device
Device: | Lattice USB23 V|-
Lattice USB23 X |
Camera Control |
Auto E
Ay
r
Exposure || i o M I
Ad
a
Low Light
Compensation Default
0K Cancel Apply
QK Cancel Open device

Figure 7.4. Camera Control Menu in PotPlayer 1
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7.1.2. Selecting the 720p Output Resolution
1. Open the PotPlayer application.

2. To configure output resolution, either press the shortcut Alt+D or click PotPlayer > Open > Device Settings..., as
shown in Figure 7.5.

Figure 7.5. Device Settings in PotPlayer 2

3. Inthe Format drop-down menu shown in Figure 7.6, select the YUY2 1280x720 option. Then click OK.

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Elu-ray

Audio capture device
Device: ‘WASAPI - Default Device

Video capture device
Audio: | Use eudio capture de v et farma oot

YUY2 1280720 105
WUY2 640 480P 105(P 4:3)

Advanced Settings " 640480 20.57
* 7682576 29.97
* 1280768 29.97
* 640 480 59.94
* 7682 576 59.94

oK ‘m = 1280: 768 50.04

Device: ‘ Lattice USB23
YIUY2 1920 1080 105
‘YUYZ 1280:720P 105(P 16:9)
B Preview audio YUY2 3280 2160 105
* 704 480 29.97
* 960 540 20.97
* 1440900 28.97
* 704 480 59.94
™ 960x 540 59.94
™ 1440x 900 59.94

Type: ‘Capture v
WUY2 1920 1080P_105(P 16:9)
Input: TUVZ eaU=4e0Tus
YUY2 3280 2160P 105(P 41:27)
[T Enable timeshift * 720480 29.97
*1280=720 29.97
*1920x 1080 29.97
* 720480 59.94
™ 1280x 720 59.94
| s o RPEVIUPE

Figure 7.6. 720p Selection in PotPlayer
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4. Open video per normal settings, as described in the Demonstration section.

5. (Optional) To adjust exposure, re-open Device Settings, as shown in the previous steps. Then click the triple-dot
menu to show the Camera Control menu (Figure 7.7).

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray

Video capture device

Device: | Lattice USB23 v
Type: | Capture v
Audio: | Use audio capture de v Rescan Devices

Audio capture device

Device: | WASAP| - Default Device v
Input:
@ Preview audic

Advanced Settings
[C) Enable timeshift

oK LCancel Open device

Figure 7.7. Camera Control Setting in PotPlayer 2

6. (Optional) In the Camera Control menu, adjust exposure using the slider. Then, click OK to confirm (Figure 7.8).

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray
Video capture device
Device: | Lattice USB23 ¥
Lattice USB23 * |
Camera Control I
Auto E
Au
v
Exposure | [] il o M v
Ad
a
Low Light
Compensation Default
0K Cancel Apply
OK LCancel Open device

Figure 7.8. Camera Control Menu in PotPlayer 2
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7.1.3. Selecting the 480p Output Resolution
1. Open the PotPlayer application.

2. To configure output resolution, either press the shortcut Alt+D or click PotPlayer > Open > Device Settings..., as
shown in Figure 7.9.

Figure 7.9. Device Settings in PotPlayer 3

3. Inthe Format drop-down menu shown in Figure 7.10, select the YUY2 640x480 option. Then click OK.

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray

Video capture device

Device: |Lattice USB23

Type: |Capture v :
Audios U s core 1 o] Choose the video output format to start watching
e |USEEUd'° capturede v  Default format (Recommended)

WUW2 16201080 105
Audio capture device YUY2 1920: 1080P 105(P 16:9)
. . YUY2 1280:720 105
Device: |WASAPI - Default Device YUIY2 12805 720P 105(P 16:9)
YUY2 640::480 105
YUY2 640: 480P 105(P 4:3)
B Preview audio VUYZ 328052100 103
YUY2 3280: 2160P 105(P 41:27)
* 540480 29.97
* 704 480 29.97
[C) Enable timeshift *720=480 29.97
*T68x576 29.97
*060x 540 29.97
*1280=720 29.97
*1280<768 29.97
* 1440900 29.97
*1920x 1080 29.97
* 640480 59.94
* 704480 59.94
* 720480 59.94
*768x576 59.94
*960x 540 59.94
*1280x=720 59.94

oK | Cancel *1280= 768 59.94

1440900 59.94

RNl - 1257, 1505 55 5.
Figure 7.10. 480p Selection in PotPlayer

UY¥2 19201080 105! A |

Input: ‘

Advanced Settings
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4. Open video per normal settings, as described in the Demonstration section.

5. (Optional) To adjust exposure, re-open Device Settings, as shown in the previous steps. Then, click the triple-dot
menu to show the Camera Control menu (Figure 7.11).

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray

Video capture device

Device: | Lattice U5B23 v

Type: | Capture v Format:

Audic: | Use audio capture de v Rescan Devices

Audio capture device
Device: | WASAPI - Default Device v
Input:

@ Preview audio

Advanced Settings
() Enable timeshift

OK Cancel Open device

Figure 7.11. Camera Control Setting in PotPlayer 3

6. (Optional) In the Camera Control menu, adjust exposure using the slider. Then, click OK to confirm (Figure 7.12).

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray
Video capture device
Device: | Lattice USB23 v|.
Lattice LISB23 X |
Camera Control [
Auto E
Au
1
Exposure ! i B m] "
Ad
a
Low Light
Compensation Default
OK Cancel Apply
0K Cancel Open device

Figure 7.12. Camera Control Menu in PotPlayer 3
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7.1.4. Selecting the 2160p Output Resolution (USB 3.0 Only)

1. Open the PotPlayer application.

2. To configure output resolution, either press the shortcut Alt+D or click PotPlayer > Open > Device Settings..., as
shown in Figure 7.13.

Figure 7.13. Device Settings in PotPlayer 4

3. Inthe Format drop-down menu shown in Figure 7.14, select the YUY2 3280x2160 option. Then click OK.

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray

Video capture device

Device:  Lattice USB23

Type: ‘Capture v !
T T P ———— Choose the video output format to start watching
Hene ‘ Use zudio capturede v  Default format (Recommended)

YUY2 1920: 1080 105
Audio capture device YUY2 1920: 1080P 105(P 16:9)
- - YUY2 1280:720 105
Device: ‘ WASAPI - Default Device VUV2 1290<720P 105(P 16:9)
YUY2 640480 103
YLIV2 Al AB0P 105(P 4:31
B Preview audio ‘YUY?_ 3280x2160 105
YUY2 3280: 2160P 105(P 41:27)

Advanced Settings ;unxqisu:‘d.w

704480 29.97
[CJ Enable timeshift * 720480 28.97
* 7682576 20.97
*960x 540 28.97
*1280:720 29.97
*1280=768 29.97
*1440::900 29.97
* 19201080 29.97
* 640::480 59.94
* 704::480 59,94
* 720480 539.94
* 768576 59.94
*960: 340 39.94
*1280:720 59.94

K | Cancel *1280= 768 59.94

*1440: 900 59.94

| e e RS
Figure 7.14. 2160p Selection in PotPlayer

Input:

4. Open video per normal settings, as described in the Demonstration section.
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5. (Optional) To adjust exposure, re-open Device Settings, as shown in the previous steps. Then, click the triple-dot

menu to show the Camera Control menu (Figure 7.15).

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray

Video capture device

Device: | Lattice USB23 v

Type: | Capture v Format:

Audio: | Use audio capture de v Rescan Devices
Audio capture device
Device: | WASAPI - Default Device
Input:
8 Preview audio

Advanced Settings
[CJ Enable timeshift

oK LCancel Open device

Figure 7.15. Camera Control Setting in PotPlayer 4

6. (Optional) In the Camera Control menu, adjust exposure using the slider. Then, click OK to confirm (Figure 7.16).

Device Settings

Screen Capture | Webcam | Analog TV | Digital TV | DVD/Blu-ray
Video capture device
Device: | Lattice USB23 v |
Lattice USB23 X |
Camera Control
Auto E
Au
v
Exposure ¢ [ 0 M v
Ad
a
Low Light
Compensation Default
O ‘ Cancel Apply
QK Cancel Open device

Figure 7.16. Camera Control Menu in PotPlayer 4
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7.2. Changing IP Configuration to 1 PPC

This section describes how to configure the IP blocks for 1 PPC operation.

The reference design supports both 2 PPC and 1 PPC modes, allowing users to choose between higher maximum
throughput (2 PPC) and reduced device resource utilization (1 PPC), as shown in Table 8.1.

Note: The constraints file (.pdc) remains unchanged for this configuration.

7.2.1. Configuring the MIPI CSI/DSI IP

To configure the MIPI CSI/DSI IP, follow these steps:

1. Double-click the mipi_csi_rx_inst block to open the Module/IP Block Wizard.

2. Under the Video Format setting, set the Number of Pixel per Clock (PPC) to 1 (Figure 7.17).

% Module/IP Block Wizard

Configure Component from IP mipi_csi_dsi Version 4.2.0
Set the following parameters to configure this component.

Diagram mipi_csi_rx Configure IP
“| Property Value
~ PHY Configuration
PHY Direction RX
PHY Mode Soft D-PHY
Number of D-PHY Lanes 2
Line Rate Per Lane (Mbps) [80 - 1034] 592
L PHY Clock Mode Continuous
mipi_csi_rx
—faxis_vid_clk_i  RX_AXI4S_VI ionrolies
i vid . b Ik Protocol Mode CSI-2
—[exisvia_rst.n_i yte_clk_o ECC Insert (TX) / ECC Check (RX)
—ffr_clk_i clk_n_io CRC Insert (TX) / CRC Check (RX)
—{fr_rst_n_i clk_p_io Enable AXI4-Lite Interface
—ref_clk_i d_n_io[1:0] ~ Streaming Interface
ref rst n i d_p_io[1:0] Unified Video Streaming Interface (UVSI)
-7 - MIPI Byte Streaming Interface (MBSI)
mipi_csi_dsi ~ Video Format
Number of Pixel per Clock (PPC) 1 v

Enable RGB888 Color Format
Enable RGB565 Color Format
Enable RAW10 Color Format
Enable RAW12 Color Format
~ Miscellaneous
Pixel Buffer Depth 1024

No DRC issues are found.
~| @ Info For Soft D-PHY mode, only 60MHz Reference Clock is supported.
< »

User Guide

Generate = Cancel

Figure 7.17. MIPI CSI/DSI Configuration

3. Click Generate.
After the generation is completed, click Finish in the Check Generated Result window (Figure 7.18).

The unified video streaming data width has been updated, which causes existing UVSI connections to be
disconnected. The connections can be re-established when isp_debayer_inst is reconfigured to the same PPC.
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% Module/IP Block Wizard

Check Generated Result
Check the generated component results in the panel below.

Component 'mipi_csi_ne is successfully generated.
IP: mipi_csi_dsi Version: 4.2.0

‘endor: latticesemi.com

Language: Verilog

Generated files:

IP-XACT_compenent: compenent.xmi
IP-XACT_design: design.xml
black_box_verilog: rtlimipi_csi_rx_bb.sw
ofg: mipi_csi_rx.cfg

dependency_file: evalidut_inst.v
dependency file: evalidut_params.v

1P package file: mipi_csi_rx.ipx
tcl_conmstraints: constraints/mipi_csi_rx
template_verileg: misc/mipl_csi_rx_tmpl.sv
dependency_file: testbenchidut_inst.v
dependency_file: testbenchidut_params.v
template_vhdl: miscimipl_csl_rx_tmplvhd
top_level_system_werilog: rmipi_csi_ni.sv

= Back

Einish

Figure 7.18. MIPI CSI/DSI IP Check Generated Result Window

7.2.2. Configuring the Debayer IP

To configure the Debayer IP, follow these steps:

1. Double-click the isp_debayer_inst block to open the Module/IP Block Wizard.
2. Under the DEBAYER setting, set the Pixels per clock to 1 (Figure 7.19).
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&, Module/IP Block Wizard x

Configure Component from IP debayer Version 1.4.0.01
Set the following parameters to configure this component.

Diagram isp_debayer Configure IP
4| DesavER
Property Value
Bits per pixel 10
isp_debayer Active Bits per pixel s
- ~ I Pixels per clock i I
—(4HAx145_s0 Partial Resolution 0l

Maximum Horizontal Size [512 - 4096] 1920

—axis_rx_arstn_i
— axis_rx_clk_i A)(MS_M(E - Enable dynamic configuration [

—axis_tx_arstn_i

Tx buffer depth 128
—axis_tx_clk_i
) Bayer pattern RGGB
debayer
i | No DRC issues are found.
Document The files of this IP will be overwritten if you click the Generate b

Figure 7.19. Debayer Configuration

3. Click Generate.

4. After the generation is completed, click Finish in the Check Generated Result window (Figure 7.20).
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A Module/IP Block Wizard X

Check Generated Result
Check the generated component results in the panel below.

Component 'isp_debayer” is successfully generated.
IP: debayer Version: 1.4.0.01

Vendor: latticesemi_custom

Language: Verilog

Generated files:

IP-XACT_component: componentxm|
IP-XACT_design: design.xml

black_box_verileg: rtlfisp_debayer_bb.wv

cfg: isp_debayer.cfg

IP package file: isp_debayer.ipx
template_verilog: misc/isp_debayer_trmplw
timing_constraints: constraints/isp_debayer.ldc
template_vhdl: misc/isp_debayer_tmplvhd
top_level_verilog: rtlfisp_debayerw

< Back Finish

Figure 7.20. Debayer IP Check Generated Result Window

5. The unified video streaming data width has been updated, causing existing UVSI connections to be disconnected.
Reconnect isp_debayer_inst AXI4S_SO to mipi_csi_rx_inst AXI4S_VID, as shown in Figure 7.21.

isp_debayer_inst

-l HRAXI45_50

axis_rx_clk_i

axis_tx_clk_i AX145_MOH
axis_rx_arstn_i

axis_tx_arstn_i

mipi_csi_rx_inst

xis_vid_clk_i Rx_Ams_wn[.EI-_
frclic_i clk_n_io
ref_clk_i clk_p_io
®is_vid_rst_n_i byte clk_ci—
fr_rst n_i d_n_io[1:0]
ref rst_n_i d_p_io[1:0]

Figure 7.21. Propel Builder Connection Update for UVSI
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7.2.3. Configuring the Color Correction Matrix IP

To configure the Color Correction Matrix IP, follow these steps:

1. Double-click the isp_ccm_inst block to open the Module/IP Block Wizard.
2. Under the CCM setting, set the Pixels per clock to 1 (Figure 7.22).

4. Module/IP Block Wizard X

Configure Component from IP ccm Version 1.3.1.01
Set the following parameters to configure this component.

Diagram isp_ccm Configure IP
S cem
Property Value =
isp_ccm
™) Bits per pixel 8
— EAX' 41_S0 Pixels per clock i
= EAXMS—SO Enable dynamic configuration

—axi_lite_clk_i

. . Tx buffer depth 128
—axi_lite_rst_n_i °

A)(I4S_Mq£ —

—axis_rx_arstn_i Translation

—axis_rx_clk_i

—axis_tx_arstn_i

—axis_tx_clk_i
MRR [-0.99 - 0.99] 0.99
vy
ccm MRG [-0.99 - 0.99] 0
MRB [-0.99 - 0.99] 0
MGR [-0.99 - 0.99] 0
- MGG [-0.99 - 0.991 0.99 hd
LI I No DRC issues are found.
Document The files of this IP will be overwritten if you click the Generate button.

:Generate:[ Cancel |

Figure 7.22. Color Correction Matrix Configuration

3. Click Generate.

4. After the generation is completed, click Finish in the Check Generated Result window (Figure 7.23).
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5.

7.2.4. Configuring the Color Space Converter IP

To configure the Color Space Converter IP, follow these steps:

Double-click the isp_csc_inst block to open the Module/IP Block Wizard.
Under the Input setting, set the Pixels per clock to 1 (Figure 7.24).

1.
2.

Check Generated Result

Check the generated component results in the panel below.

IPicem Version: 1.3.1.01
Vendor: latticesemi_custom
Language: Verilog

Generated files:

IP-¥ACT_component companentaxml
IP-XACT_design: design.xml
black_box_verilog: ril/isp_cem_bbw

cfg: isp_cem.cfg

IP package file: isp_ccm.ipx
template_verileg: misc/isp_com_tmplv
timing_constraints: constraints/isp_ccm.ldc
template_vhdl: misc/isp_ccm_tmplvhd
top_level_verilog: rilfisp_ccmuw

Companent 'isp_ccm’ is successfully generated.

< Back

Finish

Figure 7.23. Color Correction Matrix IP Check Generated Result Window

The unified video streaming data width has been updated, causing existing UVSI connections to be disconnected.
Reconnect isp_ccm_inst AXI4S_SO to isp_debayer_inst AXI4S_MO. This is the same procedure used to connect
isp_debayer_inst with mipi_csi_rx_inst through UVSI.
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%, Module/IP Block Wizard *

Configure Component from IP color_space_converter Version 2.4.1.01
Set the following parameters to configure this component.

Dliagram isp_csc Configure IP
Input/coefficient Qutput
Property Value
Core Type Computer RGB to YCbCrSOTV
isp_csc

Input data width [8 - 16] | &

_EAX|4S S0 I Pixels per clock 1

Coefficient Width [9-18] |9
—faxis_rx_arstn_i

—laxis_rx_clk_i AXMS_ME —

—axis_tx_arstn_i

—axis_tx_clk_i

color_space_converter

4 3

Mo DRC issues are found.
Document The files of this IP will be ove

ten if you click the Generate b

Generate Cancel

Figure 7.24. Color Space Converter Configuration

3. Click Generate.

4. After the generation is completed, click Finish in the Check Generated Result window (Figure 7.25).
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*

Check Generated Result
Check the generated companent results in the panel below.

Companent "isp_csc' is successfully generatad,
IP: color_space_converter  Version: 2.4.1.01
Vendor: latticesemi_custom

Language: Verilog

Generated files:

IP-XACT_component: componentxml
IP-XACT_design: design.xml
black_box_verilog: rtlfisp_csc_bb.v

cfg: isp_csc.cfg

IP package file! isp_csc.ipx
template_verilog: misc/isp_csc_tmplv
timing_constraints: constraints/isp_cscldc
template_vhdl: misc/isp_csc_tmplyvhd
top_level_verilog: rilfisp_cscv

< Back Finish

Figure 7.25. Color Space Converter IP Check Generated Result Window

5. The unified video streaming data width has been updated, causing existing UVSI connections to be disconnected.
Reconnect isp_csc_inst AX14S_SO0 to isp_ccm_inst AXI4S_MO. This is the same procedure used to connect
isp_debayer_inst with mipi_csi_rx_inst through UVSI.

7.2.5. Configuring the Chroma Resampler IP
To configure the Chroma Resampler IP, follow these steps:
1. Double-click the isp_chroma_resampler_inst block to open the Module/IP Block Wizard.

2. Under the Input setting, set the Pixels per clock to 1 (Figure 7.26).
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*. Module/IP Block Wizard

Configure Component from IP chroma_resampler Version 1.0.0
Set the following parameters to configure this component.

Diagram isp_chroma_resampler Configure IP
= Input
Property Value
Core Type YUV 4:4:4 to YUV 4:2:2

X Input data width [8-16] |8
isp_chroma_resampler [ Tpisets per clock 5

EAXMS_SO
clk_i AXI4S_ME

rstn_i

chroma_resampler

o > | No DRC issues are found.
Document The files of this IP will b

r|
=
S
-
m

o

you click the Generate button

| Generate ‘ Cancel

Figure 7.26. Chroma Resampler Configuration

3. Click Generate.
4. After the generation is completed, click Finish in the Check Generated Result window (Figure 7.27).
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* Module/IP Block Wizard X

Check Generated Result
Check the generated component results in the panel below.

Component 'isp_chroma_resampler' is successfully generated.
IP: chroma_resampler  Version: 1.0.0

Veendor: latticesemi_custom

Language: Verilog

Generated files:

IP-¥ACT_component componentxm|
IP-X¥ACT_design: design.xml

black_box_verilog: ril/isp_chroma_resampler_bb.v
cfg: isp_chroma_resampler.cfg

IP package file! isp_chroma_resampler.ipx
template_verilog: misc/isp_chroma_resampler_tmply
template_vhdl: misc/isp_chroma_resampler_tmpl.vhd
top_level_verilog: rtlfisp_chroma_resamplery

< Back Finish

Figure 7.27. Chroma Resampler IP Check Generated Result Window

5. The unified video streaming data width has been updated, causing existing UVSI connections to be disconnected.
Reconnect isp_chroma_resampler_inst AXI4S_SO0 to isp_csc_inst AXI4S_MO. This is the same procedure used to
connect isp_debayer_inst with mipi_csi_rx_inst through UVSI.

7.2.6. Configuring the Video to USB Bridge

To configure the Video to USB Bridge, follow these steps:

1. Double-click the unified_video_to_usb_inst block to open the Module/IP Block Wizard.
2. Under the Input setting, set the Pixels per clock to 1 (Figure 7.28).
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2 Module/IP Block Wizard x

Configure Component from IP uvsi_to_usb Version 1.0.0
Set the following parameters to configure this component.

Diagram unified_video_to_usb Configure IP

General

Property Value

unified_video_to_usb

L

25 50 -
gm_lnuﬂtg I Pixel per Clock 1 I

ke _gll_T2m
o mam_to_ahbl_32_addr_&[3:0]
= mam_ta_shbl_32_ban &3]
o mam_to_shbl_32_wr_dat_bi3 1]

—{mem_to_shbl_32_wr_an b e
= migikytaclk mam_to_ahil_32_rd_data_b[31:0m
={migibyta_clk_raszmn

~{sixalclk

—gixal_clk_rasatn
—{risc_v_system_resat_n_Tim
= Systam_resat_n
—furssstn

—fruydtpan

uvsi_to_ush

4 3

Mo DRC issues are found.

Document The files of this IP will be overwritten if you click the Generate button.

Generate Cancel

Figure 7.28. Video to USB Configuration

3. Click Generate.
4. After the generation is completed, click Finish in the Check Generated Result window (Figure 7.29).
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* Module/lP Block Wizard

Check Generated Result
Check the generated component results in the panel below.

Component ‘unified_videc_to_usb' is successfully generated.
IP: wvsi_to_usk  Version: 1.0.0

Vendor: latticesemi_custom

Language: Verilog

Generated files:

IP-XACT_component: componentxml|

IP-XACT _design: design.xml

black_box_verilog: ril/unified_video_to_usb_bb.sv
cfg: unified_video_to_usb.cfg

IP package file: unified_video_to_usb.ipx
template_verilog: misc/unified_video_to_ush_tmpl.sv
template_vhdl: misc/unified_video_to_usb_tmpl.vhd
top_level_verilog: rtl/unified_video_to_usb.sv

< Back Finish

Figure 7.29. Video to USB Check Generated Result Window

5. The unified video streaming data width has been updated, causing existing UVSI connections to be disconnected.
Reconnect unified_video_to_usb_inst AXI4S_S0 to isp_chroma_resampler_inst AXI4S_MO. This is the same
procedure used to connect isp_debayer_inst with mipi_csi_rx_inst through UVSI.

After reconfiguration is completed, refer to the Running the Reference Design section to generate the memory image
and bitstream. After the bitstream is generated, refer to the Programming the FPGA section to program the bitstream
into the FPGA.

7.3. Steps to Enable YUV422 Test Pattern

1. Goto<Project Directory>/propelsdk/riscv_mc/src and open the main.cfile.

2. Uncomment the following line, as shown in Figure 7.30.

//Test pattern enable GPIO

J/ 0=l vuyZz tp en (YUV422 test pattern)

// lsc 8 write((TP_EN GPIO INST BASE ADDR + 0Oxz4), Oxl):

[an]

enable camera();

Figure 7.30. Firmware Code to Enable the YUV422 Test Pattern

3. Write the data value 0x1 to enable the YUV422 test pattern.
Rebuild the Propel SDK project.

5. After the .mem file is generated, refer to Step 4 of the Running Propel Builder and Radiant Project section, to
regenerate sysmem0O_inst.

Note: YUV422 Test Pattern only supports 1080p resolution.
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8. Resource Utilization

Table 8.1 below shows the example configurations validated on the CrossLinkU-NX Evaluation Board, including the
resource utilization for the CrossLinkU-NX MIPI CSI-2 to USB UVC reference design. These configurations use the
LIFCL-33U-9CTG104C device with Lattice Radiant software 2025.2.

Table 8.1. Resource Utilization for CrossLinkU-NX MIPI CSI-2 to USB UVC Reference Design

ISP
MIPI CSI/DSI (Debayer, CCM, CSC? Chroma Resampler) Resource Utilization
Lane Count |Line Rate (Mbps) BPC PPC LUT4 Registers DSP EBR
x2 592 8 2 19403 12974 36 22
x2 592 8 1 15628 10755 21 22
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9. Debugging

9.1. Errors when Updating the SPI Flash

e If thereis a verification error when programming the .bit file, try changing the TCK frequency by setting TCK
Divider Setting to greater than three. Click Program to restart programming (Figure 9.1).

Cable Setup 8 X

Cable Settings "

Detect Cable
Cable: HW-USBN-2B (FTDI) -
Port: FTUSB-0 =

Custom port:

Programming Speed Settings
O Use default Clock Divider
@ Use custom Clock Divider

TCK Divider Setting (0-30x): (3 |&

Figure 9.1. TCK Frequency Settings

e If the verification error issue still occurs, press and hold the PROGRAMN push button before clicking Program.
e |Ifthe device is not detected on Port: FTUSB-0, click Detect Cable and select Port: FTUSB-1 (Figure 9.2).

Cable Setup 5 X

Cable Settings

Detect Cable
Cable: HW-USBN-2B (FTDI) -
Port: FTUSB-0 =

Custom port:

Figure 9.2. Port Selection

9.2. Timing Violations or Place and Route Failed

Timing violations may occur during compilation and may be caused by the Placement Iteration settings for Place and
Route not being set optimally on the current machine. In addition, Place and Route may fail due to the signal being
partially routed, as shown in Figure 9.3.

~ Place & Route (232 errors, 2 warnings, 7 info)
4 71241014 WARNING - The PLL clock port [clk_&60m_i] is assigned to a non-PLL clock dedicated pin [H8], which might affect the clock performance. Use dedicated PLL clock resources for the port.
4 70001951 INFO - Constrained CDC register input For a group of COC paths.
» @ 71001187 ERROR - netcheck: Signal ahbl0_inst_ AHBL_MOO_interconnect_HADDRI16] is partially routed.
+ & 71001188 ERROR - netcheck: Signal ahbl_to_Immi_bridge_inst.ahbl_to_Immi_bridge_inst.rd_req_timeout_pl_2_8 is unrouted.
60001137 INFO - lteration 5_10 failed due to design error(s).

the directory "C:\Work\RDO2306_mipi_csi_to_usb_uvc\fpga_lifchradiant\impl_1\mipi_csi_to_usb_impl_1_par.din\5_10.par".

] 60001149 ERRCR - All 1 iterations failed with design error(s). It is recommended to correct all design errors before running multiple iterations. Please check the Place and Route reports (par) for the individual iterations under

Figure 9.3. Place and Route Failed Message
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To resolve these issues, follow these steps:

1. Go to Project > Active Strategy > Place & Route Design Settings.
2. Inthe settings window shown in Figure 9.4, change both Placement Iteration and Placement Save Best Run from 1
to 10. Select Stop Once Timing is Met.
Strategies - Strategy1 X
Description:
Process All ¥ | Default
- Synthesize Design Name Type Value
Constraint Propagat Command Line Options Text
Synplify Pro ) - )
- 2 1se Disable Auto Hold Timing Correction T/F
o ) Disable Timing Driven T/F
RTL Design Rule — .
. Post-Synthesis Impose Hold Timing Correction T/F
Post-Synthesis Timir Multi-Tasking Node List File
v | Map Design Mumber of Host Machine Cores MNum 1
[=] Map Timing Analysit  Pack Logic Block Utility [blank or 0 to 100] Num
v Place & Route Design Path-based Placement List Cn
Place & Route Timin  Placement Iteration Start Point Num 1
IO Timing Analysis ' [pjacement Iterations [0-100] Num 10
Timing Simulation Placement Save Best Run [1-100] Mum 10
Bitstream Prioritize Hold Correction Over Setup Performance | T/F
Run Placement Cnly T/F
Set Speed Grade for Hold Optimization List m
Set Speed Grade for Setup Optimization List Default
Stop Once Timing is Met T/F [v]
4 »
oK Cancel Help
Figure 9.4. Place and Route Design Strategy Settings
3. Click OK to apply the changes.
4. Click Export Files to regenerate the bitstream.
5. If aniteration meets timing requirements, the Place and Route reports display the placement results.
9.3. No Display After Programming the Bitstream

If no display appears after programming the precompiled or recompiled bitstream, follow the steps below to enable
the TPG and make sure that the hardware is functioning properly.

1.

vk wnN

Program either the precompiled or recompiled bitstream onto the board.

Disconnect all cables to ensure that there is no power supplied to the CrossLinkU-NX Evaluation Board.

Remove the Raspberry Pi Camera Module V2 from the CrossLinkU-NX Evaluation Board.

Connect the CrossLinkU-NX Evaluation Board to the PC using a USB Type-C cable.

Repeat the steps described in the Demonstration section to run the reference design. Refer to Selecting the 1080p
Output Resolution to configure the output resolution to 1080p, as this TPG only supports 1080p resolution.

The TPG video is displayed with a looping sequence of different colors.
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Figure 9.5. TPG Video

9.4. Black Screen When Switching Resolution

The display may turn black when switching resolutions during active display (Figure 9.6). To avoid this issue, press the
Stop Display button before changing the resolution. After the resolution switch is complete, press the Start Display
button to resume displaying.

PotPlayer -~
Playlist

Default

Figure 9.6. PotPlayer GUI

9.5. INFO and WARNING Messages in Lattice Propel Builder Software

9.5.1. Opening the Project File

If the following INFO and WARNING messages appear (Figure 9.7) when opening the .sbx file, the INFO messages
indicate an interface port bus width mismatch between IP blocks. This is expected, as not all bus signals or bits are fully
used in the design.

The WARNING indicates that the required IP is not installed in the <IP Installation Path>. Follow the steps in the
Running Propel Builder and Radiant Project section to install the corresponding IPK files for the required IPs.

www.latticesemi.com/legal


https://www.latticesemi.com/legal

MIPI CSI-2 to USB UVC Reference Design User Guide :..LATT’CE

Reference Design

Tl Console

% sbp_design open -naz

'T

Figure 9.7. INFO and WARNING when Opening a Project File

9.5.2. Validating and Generating the Design

When validating and generating the design, several INFO and WARNING messages (Figure 9.8) appear. These messages
are expected and do not indicate errors. The WARNING messages indicate that some modules do not contain a bus
interface memory map. This is expected behavior because these bus interfaces do not require memory mapping.
During the generation process, some port connection warnings may also appear, indicating that certain ports remain
unconnected. These ports are intentionally left unconnected, as they are not used in this design. Finally, the INFO
messages indicate that there is no available driver for the listed bridge components as these bridge components do not
require software drivers for the intended operation of this reference design.

Figure 9.8. INFO and WARNING when Validating and Generating a Design
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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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Section

Change Summary

All

Updated the IP name MIPI CSI/DSI RX IP to MIPI CSI/DSI IP globally.

Abbreviations in This Document

Updated this section.

Introduction

e InTable 1.1. Summary of the Reference Design:
e  updated the Lattice Propel SDK tool version from 2025.2 to 2026.1;
e  updated the Lattice Propel Builder tool version from 2025.2 to 2026.1;
e updated the Lattice Radiant software tool version from 2025.2 to 2026.1;
e updated the Lattice Radiant Programmer tool version from 2025.2 to 2026.1;

e changed the IP Version entry MIPI CSI/DSI RX IP Core version 1.0.0.02 (Custom IP) to

MIPI CSI/DSI IP Core version 4.2.0;

e  updated the Color Space Converter IP version from 2.4.1.01 to 2.4.1.03;

e updated the Color Correction Matrix IP version from 1.3.1.01 to 1.3.1.03;

e updated the Debayer IP version from 1.4.0.01 to 1.4.0.03;

e  updated the USB23 IP version from 3.1.1 to 3.2.0;

e removed FIFO_DC IP version 2.3.0 from the IP Version row.

e Inthe Features section:

e removed the IP documentation reference path <IP Installation
Path>/latticesemi_custom_ip_mipi_csi_dsi_1.0.0.02/doc/IP_Design_Notes.pdf;

e updated the IP documentation reference paths of the Debayer, Color Correction

Matrix, and Color Space Converter IP Cores to reflect the corresponding updated IP

versions.

Directory Structure and Files

Updated Figure 2.1. Directory Structure.

Functional Description

e  Updated Figure 3.1. Reference Design Block Diagram.

e Inthe Design Components section, changed the statement The ISPs operate with a
configuration of 8 bits per component (BPC) and 2 pixels per clock (PPC), with a
maximum supported video resolution of 1080p30 to
The ISPs operate with a configuration of 8 bits per component (BPC) and 2 pixels per
clock (PPC) with a maximum supported video resolution of 3280x2160.

e Inthe Unified Interconnect section:

e updated the section title from AHB-Lite Interconnect to the current;

e changed the statement This IP provides the communicating interface between
RISC-V soft processor and peripherals that support AHB-Lite interface, such as
System Memory and AHB-Lite to LMMI Bridge to
This IP provides the communicating interface between RISC-V soft processor and

peripherals that support AHB-Lite and APB interface, such as System Memory, UART,

and 12C Controller.

e  Removed the old APB Interconnect and AHB-Lite to APB Converter sub-sections.

e Inthe MIPI CSI/DSI IP Core section:

e  updated the section title from MIPI CSI/DSI RX IP Core to the current;

e removed the statement For complete specifications, including interface signals and
parameter details, refer to the MIPI CSI/DSI RX IP documentation: <IP Installation
Path>/latticesemi_custom_ip_mipi_csi_dsi_1.0.0.02/doc/IP_Design_Notes.pdf.

e Inthe Debayer IP Core, Color Correction Matrix IP Core, and Color Space Converter IP
Core sections, updated the IP documentation reference paths to reflect the
corresponding updated IP versions.

e InTable 3.1. Video to USB Bridge Parameters, changed the Default value of
PIXEL_PER_CLK from 4 to 2.

e  Updated Figure 3.2. Clocking Scheme Overview.

e  Updated Figure 3.3. Reset Scheme Overview.

Running the Reference Design

e  Added the following note to the introductory paragraph:
The screenshots provided are for reference only. Details may vary depending on the
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version of the IP, reference design, or software being used. If there have been no
significant changes to the GUI, a screenshot may reflect an earlier version of the IP and
reference design.
e Inthe Running Propel SDK Project section:
changed the path separators of the workspace folder path in Step 2, the projects root
directory path in Step 5, and the riscv_mc.mem output path in Step 9 from backslashes
to forward slashes.
e Inthe Running Propel Builder and Radiant Project section:
e changed the path separators of the IPK installation paths from backslashes to
forward slashes;
e removed <Project Directory>/rd02306_mipi_csi_to_usb_uvc/misc/custom_ip/
latticesemi_custom_mipi_csi_dsi_1.0.0.02.ipk from the list of IPKs to be installed;
e updated the Color Correction Matrix, Color Space Converter, and Debayer IPK file
names to reflect corresponding updated IP versions;
e  updated Figure 5.8. IP on Local Tab in IP Catalog, Figure 5.11. IPs Installed from
Files, and Figure 5.13. Base Address Assignment.

Implementing the Reference
Design on Board

Updated Figure 6.15. Video Output on PotPlayer and Figure 6.18. Example of Video
Information.

Customizing the Reference
Design

e  Table 7.1. IP Configuration for Supported Resolutions:

e changed the Resolution column header to Resolution/FPS;

e added the USB Mode column;

e replaced the 1080p30 and 720p30 rows with seven rows covering 3280x2160,
1920x1080, 1280x720, and 640x480 for both 3.0 (SuperSpeed) and 2.0 (High-Speed)
USB modes;

e changed the table note statement from For more information, refer to <Project
Directory>/latticesemi_custom_ip_mipi_csi_dsi_1.0.0.02/doc/IP_Design_Notes.pdf
for the IP user guide to
For more information, refer to the MIPI CSI/DSI IP User Guide (FPGA-IPUG-02321).

e Inthe Selecting the 1080p Output Resolution section:

e added two optional steps describing how to adjust exposure through the Camera
Control menu;

e updated Figure 7.2. 1080p Selection in PotPlayer;

. added Figure 7.3. Camera Control Setting in PotPlayer 1 and Figure 7.4. Camera
Control Menu in PotPlayer 1.

e Inthe Selecting the 720p Output Resolution section:

e added two optional steps describing how to adjust exposure through the Camera
Control menu;

e updated Figure 7.6. 720p Selection in PotPlayer;

e added Figure 7.7. Camera Control Setting in PotPlayer 2 and Figure 7.8. Camera
Control Menu in PotPlayer 2.

e Added the Selecting the 480p Output Resolution and Selecting the 2160p Output

Resolution (USB 3.0 Only) sections.

e Inthe Changing IP Configuration to 1 PPC section, added the following statement:

The reference design supports both 2 PPC and 1 PPC modes, allowing users to choose

between higher maximum throughput (2 PPC) and reduced device resource utilization (1

PPC), as shown in Table 8.1. Resource Utilization for CrossLinkU-NX MIPI CSI-2 to USB

UVC Reference Design.

e Inthe Configuring the MIPI CSI/DSI IP section:

e updated the section title from Configuring the MIPI RX IP to the current;

e inStep 2, changed Under the Byte-to-Pixel setting to Under the Video Format
setting;

e  updated Figure 7.17. MIPI CSI/DSI Configuration and Figure 7.18. MIPI CSI/DSI IP
Check Generated Result Window.

e Inthe Configuring the Debayer IP section, updated Figure 7.21. Propel Builder

Connection Update for UVSI.

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.

All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02306-1.4

69


http://www.latticesemi.com/legal

= LATTICE

Section

Change Summary

References

Updated this section.

Revision 1.3, July 2026

Section

Change Summary

All

e  This revision applies to the MIPI CSI-2 to USB UVC Reference Design v1.1.0.
e Updated the document title to the current.

Abbreviations in This Document

Updated this section.

Introduction

. In the Quick Facts section, added the following note:
In some instances, the IPs may be updated without changes to the corresponding user
guides. The user guide of each IP may reflect an earlier IP version but remains fully
compatible with the later IP version.

e Inthe Features section, changed the IP document reference path prefix from <Project
Directory> to <IP Installation Path>.

Functional Description

e  Changed the IP document reference path prefix from <Project Directory> to <IP
Installation Path> in the MIPI CSI/DSI RX IP Core, Debayer IP Core, Color Correction
Matrix IP Core, and Color Space Converter IP Core descriptions.

e Inthe USB23 Controller section:
changed the statement the USB controller talks to the system Memory to
the USB controller talks to the True Dual-Port (TDP) Memory.

e Inthe GPIO section:
changed This GPIO is used to select the data either from the camera sensor RX DPHY or
MIPI RAW10 Test Pattern Generator, and Image Signal Processing stream or YUV422
Test Pattern Generator to
This GPIO is used to select between the Image Signal Processing data stream and
YUV422 Test Pattern Generator.

e Inthe Debayer IP Core section:
changed the statement The image sensor outputs pixel data in Bayer format to
The Debayer IP accepts pixel data input in Bayer format from source such as image
sensor for processing.

e Inthe Video to USB Bridge section:

e added This TPG only supports 1080p resolution;
e  clarified that the TDP Memory offers dedicated storage that supports simultaneous
read and write operations between RISC-V CPU and USB23 Controller.

e  Updated Figure 3.2. Clocking Scheme Overview.

Running the Reference Design

e Intheintroductory paragraph, added If you want to evaluate the reference design using
the precompiled bitstream, you can skip the build steps in this section and proceed
directly to the Precompiled Bitstream section.

e Inthe Running Propel SDK Project section:

e changed the workspace folder directory in Step 2 from
<Project Directory>\RD02306_mipi_csi_to_usb_uvc\propelsdk to
<Project Directory>\rd02306_mipi_csi_to_usb_uvc\fpga_lifcl\propelsdk;

e changed the root directory in Step 5 from
<Project Directory>\RD02306_mipi_csi_to_usb_uvc\propelsdk\riscv_mc to
<Project Directory>\rd02306_mipi_csi_to_usb_uvc\fpga_lifcl\propelsdk\riscv_mc;

e changed the riscv_mc.mem file directory in Step 9 from <Project Directory>
\RD02306_mipi_csi_to_usb_uvc\propelsdk\riscv_mc\Debug\riscv_mc.mem to
<Project Directory>\rd02306_mipi_csi_to_usb_uvc\fpga_lifcl\propelsdk\riscv_mc\
Debug\riscv_mc.mem.

e Inthe Running Propel Builder and Radiant Project section:

e removed the old Figure 5.8. Lattice Propel Builder Window and Figure 5.17. TCL
Console Output after Generating the Design and related descriptions;

e added the following note below Step 2, The expected INFO messages and WARNING
appear after opening the project file. Refer to the Debugging section for detailed
explanation of these messages;

e  updated Figure 5.11. Mapping the System Memory Initialization Files;

www.latticesemi.com/legal



https://www.latticesemi.com/legal

= LATTICE

Section

Change Summary

e removed the following statement from Step 6 and Step 7: Ensure the TCL console
shows no errors, and only the expected INFO and WARNING messages appear;

° added the following note below Step 7, Ensure the TCL console shows no errors, and
only the expected INFO and WARNING messages appear. Refer to the Debugging
section for detailed explanation of these messages.

Implementing the Reference
Design on Board

In the Programming the FPGA section:

e added the Recompiled Bitstream subsection describing how to program a freshly
recompiled bitstream using the Lattice Radiant Programmer;

e  reorganized the existing programming procedure under the Precompiled Bitstream
subsection;

e added the following note to the Precompiled Bitstream section, Note: To open an
existing programmer project, select Open an existing programmer project and
browse to the project file (.xcf);

e  updated Figure 6.6. Creating a New Project from a Scan, Figure 6.9. Device
Properties Window for the CrossLinkU-NX SPI Flash Programming, and
Figure 6.11. Programming Output Window.

In the Hardware Setup section, changed Raspberry Pi Camera Module 2 to

Raspberry Pi Camera Module V2.

In the Demonstration section, added the following note, If no display appears after

programming the precompiled or recompiled bitstream or display turns black when

switching resolution during active display, refer to the Debugging section for detailed
debugging instructions.

Customizing the Reference
Design

In Table 7.1. IP Configuration for Supported Resolutions:

e changed the resolution labels from 1080p and 720p to 1080p30 and 720p30,
respectively;

e changed clock frequency to Pixel clock’s clock frequency in Table Note 4.

In the Change the Camera Resolution section, added the following paragraph:

When a resolution change is requested, the host sends the resolution configuration to

the on-board embedded firmware over USB using the UVC protocol. The firmware

performs sensor reconfiguration only when the camera is idle and no active video stream

is running, ensuring stable and uninterrupted operation.

In the Selecting the 720p Output Resolution section, changed the Format drop-down

selection from YUV2 1920x1080 to YUV2 1280x720 in Step 3.

In the Changing IP Configuration to 1 PPC section, added the following note: The

constraints file (.pdc) remains unchanged for this configuration.

In the Configuring the MIPI RX IP section, added Step 5: The unified video streaming data

width has been updated, which causes existing UVSI connections to be disconnected. The

connections can be re-established when isp_debayer_inst is reconfigured to the same

PPC.

In the Configuring the Debayer IP section, added Step 5: The unified video streaming

data width has been updated, causing existing UVSI connections to be disconnected.

Reconnect isp_debayer_inst AXI4S_S0 to mipi_csi_rx_inst AXI4S_VID as shown in Figure

7.9.

In the Configuring the Color Correction Matrix IP section, added Step 5: The unified video

streaming data width has been updated, causing existing UVSI connections to be

disconnected. Reconnect isp_ccm_inst AXI4S_SO to isp_debayer_inst AXI4S_MO. This is

the same procedure used to connect isp_debayer_inst with mipi_csi_rx_inst through

UVsI.

In the Configuring the Color Space Converter IP section, added Step 5: The unified video

streaming data width has been updated, causing existing UVSI connections to be

disconnected. Reconnect isp_csc_inst AXI4S_S0 to isp_ccm_inst AXI4S_MO. This is the

same procedure used to connect isp_debayer_inst with mipi_csi_rx_inst through UVSI.

In the Configuring the Chroma Resampler IP section, added Step 5: The unified video

streaming data width has been updated, causing existing UVSI connections to be

disconnected. Reconnect isp_chroma_resampler_inst AXI4S_SO to isp_csc_inst

AXI4S_MO. This is the same procedure used to connect isp_debayer_inst with
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mipi_csi_rx_inst through UVSI.

In the Configuring the Video to USB Bridge section, added Step 5: The unified video
streaming data width has been updated, causing existing UVSI connections to be
disconnected. Reconnect unified_video_to_usb_inst AXI4S_SO to
isp_chroma_resampler_inst AXI4S_MO. This is the same procedure used to connect
isp_debayer_inst with mipi_csi_rx_inst via UVSI.

Added Figure 7.9. Propel Builder Connection Update for UVSI.

Resource Utilization

Noted that the validated example configurations use Lattice Radiant software 2025.2.

Debugging

Added the No Display After Programming the Bitstream section.
Added the Black Screen When Switching Resolution section.
Added the INFO and WARNING Messages In Propel Builder section.

Revision 1.2, March 2026

Section

Change Summary

All

Updated the reference design name from CrossLinkU-NX USB Video Class to MIPI CSI-2 to USB
UVC Reference Design globally.

Introduction

Updated Table 1.1. Summary of the Reference Design.
In the Features section, updated key features of the reference design to the current.
Updated the Naming Conventions section.

Directory Structure and Files

Updated Figure 2.1. Directory Structure.

Functional Description

Updated Figure 3.1. Reference Design Block Diagram.

In the Design Components section:

e removed the old PLL, MIPI Packet Decoder, Byte to Pixel, B2P to AXI Stream
Conversion, AXI Stream to Parallel Conversion, YUV422 to UVC Bridge, IEBM in FIFO
Interface, In Endpoint Buffer Manager, USB23 to AXI Bridge, RAW10 Test Pattern
Generator, YUV422 Test Pattern In FIFO Bridge sections;

e removed the old Figure 3.4. RISC-V MC IP Configuration and related description in
the RISC-V Microcontroller section;

e removed the old Figure 3.5. System Memory General Configuration, Figure 3.6.
System Memory Port SO Configuration, and Figure 3.7. System Memory Port S1
Configuration and related description in the System Memory section;

e removed the old Figure 3.8. UART Configuration and related description in the
UART section;

e removed the old Figure 3.9. Hardware Version GPIO Configuration, Figure 3.10 Test
Pattern Enable GPIO Configuration and related description in the GPIO section;

e removed the old Figure 3.11 Lattice 12C Controller Configuration and updated the
general description of the Lattice 12C Controller in the Lattice 12C Controller section;

e removed the old Figure 3.16. APB Interconnect General Configuration and Figure
3.17. APB Interconnect Main Setting Configuration and related description in the
APB Interconnect section;

e removed the old Figure 3.18. APB-Lite to APB Converter Configuration and related
description in the AHB-Lite to APB Converter section;

e replaced the old RX DPHY section with the current MIPI CSI/DSI RX IP Core section;

e replaced the old Debayer section with the current Debayer IP Core section;

e removed the old Figure 3.25. Color Correction Matrix Configuration and updated
the general description of the Color Correction Matrix IP Core in the Color
Correction Matrix IP Core section;

e removed the old Figure 3.26. Color Space Converter Input/Coefficient
Configuration, Figure 3.27. Color Space Converter Output Configuration and
updated general description of the Color Space Converter in the Color Space
Converter IP Core section;

e renamed the old AHB-Lite to Memory Bridge section to the current AHB-Lite to
Native Memory Bridge section.
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Section

Change Summary

e added Chroma Resampler and Video to USB Bridge sections.
e Inthe Clocking Scheme section, removed the old Figure 3.29. Reference Design Clock
Domain Block Diagram and added Figure 3.2. Clocking Scheme Overview.

e Inthe Reset Scheme section, removed the old Figure 3.30 Reference Design Reset
Scheme Diagram and added Figure 3.3. Reset Scheme Overview.

In Endpoint Buffer Manager
Architecture

Removed this section.

USB23 AXI Manager to Memory
Interface Bridge

Removed this section.

Signal Description

Renamed the section name from UVC Reference Design Signal Description to the current and
updated Table 4.1. Primary 1/0.

Building the Reference Design

Removed this section.

Running the Reference Design

Added this section.

Running the Reference Design
on Evaluation Board

Removed this section.

Implementing the Reference
Design on Board

Added this section.

Customizing the Reference
Design

Replaced the old Customizing the Reference Design section with detailed descriptions on the
steps required to configure each IP and software for various demonstration setups.

Resource Utilization

Moved the resource utilization information to the current section and updated the data.

Debugging

Added this section.

References

Updated this section.

Revision 1.1, September 2025

Section

Change Summary

Functional Description

Updated Figure 3.1. Reference Design Block Diagram, Figure 3.10. Test Pattern Enable GPIO
Configuration, Figure 3.29. Reference Design Clock Domain Block Diagram, and
Figure 3.30. Reference Design Reset Scheme Diagram.

Building the Reference Design

e  Updated Figure 7.12. Base Address Assignment.

e Inthe Install IPs at Local from File section, added the following note:
Note: for the latest version of the local IP files, contact Lattice Sales or Tech Support.

e Inthe Opening Radiant Project section:

e changed To create the FPGA bitstream file, open the Lattice Radiant software to
To create the FPGA bitstream file, launch the Lattice Radiant software from Lattice
Propel Builder;

e changed The design should have no errors but there are 30 warnings due to some
unused signals from some instance to
The design should have no errors but there are 1074 warnings due to some unused
signals from some instance;

e  updated Figure 7.15. Open the Radiant Design.

e Inthe Generating Bitstream File section:

e  added If the Place & Route Design process encounters an out-of-memory error, reduce
the number of host machine cores defined in Strategyl > Place & Route Design from 7 to
a smaller number;

e added Figure 7.17. Place & Route Design Strategy.

LIFCL-33U Evaluation Board
Programming

In the Radiant Programmer GUI Setup section, added If the flash device is a GigaDevice flash,
then the SPI Flash options are GD25LQ128E and 8-pin SOP. If the flash device is a Winbond
flash, then the SPI Flash options are W25Q512JV and 8-pad WSON.

Customizing the Reference
Design

Added the Steps to Migrate from the FCCSP104 Package to the WLCSP84 Package section.
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Section

Change Summary

All

Production release.
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