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Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviations

Definition

AXI4

Advanced Extensible Interface 4

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

B2P Byte to Pixel

CCM Color Correction Matrix

CPU Central Processing Unit

CSI-2 Camera Serial Interface 2

DMA Direct Memory Access

FIFO First In First Out

FPGA Field Programmable Gate Array

FPS Frame Per Second

GPIO General Purpose Input/Output

HAL Hardware Abstraction Layer

IEBM In Endpoint Buffer Manager

IEDS In Endpoint Data Source

12C Inter-Integrated Circuit

INT Interrupt

IP Intellectual Property

IRQ Interrupt Request

ISP Image Signal Processing

LED Light Emitting Diode

LMMI Lattice Memory Mapped Interface
MC Microcontroller

MIPI Mobile Industry Processor Interface
PC Personal Computer

PLL Phase-Locked Loop

RAM Random Access Memory

RGB Red Green Blue

RISC-V Reduced Instruction Set Computer — Five
RTL Register Transfer Level

SCL Serial Clock Line

SDA Serial Data Line

SPI Serial Peripheral Interface

TDP True Dual Port

TRB Transfer Request Block

UART Universal Asynchronous Receiver/Transmitter
usB Universal Serial Bus

u3v USB3 Vision
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The Lattice Semiconductor CrossLinkU™-NX USB3 Vision (U3V) reference design provides you a template for video
streaming from camera sensor over USB using the USB hard IP in a CrossLinkU-NX device. The U3V is an interface
standard for industrial cameras. This design implements the standard defined in the U3V specifications.

1.1. AQuick Facts

Download the reference design files from the U3V reference design web page.

Table 1.1. Summary of the Reference Design

Target Devices LIFCL-33U
General

Source Code Format C code, RTL

Functional Simulation Not supported
Simulation Timing Simulation Not supported

Hardware Validation

Fully validated

Software Tool and Version

e  Lattice Propel™ SDK 2024.2

e Lattice Propel Builder 2024.2

e Llattice Radiant™ Software version 2024.2

. Lattice Radiant Programmer version 2024.2

A Propel Software Soft IP Version
Software Requirements

e  RISC-V RX version 2.5.0

e  Tightly Coupled Memory version 1.5.0
e  AXIl4 to AHB-Lite Bridge version 1.3.0
e  AHB-Lite Interconnect version 1.3.2
e  AHB-Lite to APB Bridge version 1.1.2
e AHB-Lite Feedthrough version 1.0.0
e  APB Interconnect version 1.2.1

e |2C Controller version 2.2.0

° UART version 1.4.0

e  Octal SPI Controller version 1.0.0

e  GPIO version 1.7.0

Custom IP:

e [EMB2.2.1.0

e  AHB-Lite to Memory Bridge version 1.0.0
e  AHB-Lite to AXI-Lite Bridge version 1.0.0
e  AHB-Lite to LMMI Bridge version 1.0.0

Radiant Software Soft IP Version

. Byte-to-Pixel Converter version 1.7.0

e  Color Space Converter version 2.3.0

e  Debayer version 1.2.2

° CSI-2/DSI D-PHY Receiver version 1.9.0
. FIFO_DC version 2.4.0

Board

LIFCL-33U-EVN Evaluation Board REV-B

Camera Sensor

Raspberry Pl Camera Module V2

Hardware Requirements
Cables

e  USB 3.0 Superspeed Data cable (USB C to USB C cable, or
USB C to USB A cable)
e  USB Ato Micro USB cable
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1.2. Features

Key features of the CrossLinkU-NX USB3 Vision reference design include:

e  USB3 Vision specifications, which include device identification, device control, and data streaming.

e  GenlCam-compliant XML file.

e Video data streaming at USB 3 SuperSpeed at 3.4 Gbps.

e  Multiple video formats and resolutions:
e RAWS, RAW10, Mono8, Mono10, and YCbCr422.
e  1280x720 (at 45 FPS), 1920x1080 (at 30 FPS) and 3280x2160 (at 14 FPS).

e Works with Pleora eBUS Player to control the imaging source parameters and view the video stream.

e  RISC-V processor system with running Zephyr real-time operating system (RTOS).

e Soft Mobile Industry Processor Interface (MIP1) D-PHY and Camera Serial Interface (CSI-2) for image sensor
aggregation. The Lattice Semiconductor D-PHY Receiver IP converts CSI-2 data to 8-bit data.

e The Lattice Semiconductor Byte-to-Pixel Converter IP converts CSI-2 standard-based video payload packets from
the D-PHY Receiver module output to pixel format.

e The Lattice Semiconductor Debayer IP converts raw image data into an RGB image.

e Hard USB IP for USB video class to stream the video from the image sensor to a PC through USB Type C connector.

e  Primarily targets the Raspberry PI Camera Module 2. For more information, refer to the Raspberry Pi Camera
Module 2 web page.

1.3. Naming Conventions

1.3.1. Nomenclature

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

1.3.2. Signal Names

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

e _oareoutput signals.
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2. Directory Structure and Files

This reference design source code release is controlled. Only the demo bitstream and binary files are released on the
public web page. Contact Lattice Sales or Technical Support to obtain the complete source code.
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The following figure shows the directory structure for this reference design with source code.

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

Table 2.1. File List

CrossLinkU-MNX-UVC-RD-Source-RevA

embedded
u3v_xml
zephyr
hardware
component
ip_packager
ref_designs
demo
pdc
pll_&0rn_i_&0m_o
remote_files
rtl
source
udv_phbs

software

Figure 2.1. Directory Structure

Attribute

embedded\u3v_xml (1)

Contains the XML file used for USB3 Vision camera.

embedded\zephyr (1)

Contains the Zephyr source code in patch format.

hardware\component (1)

Contains the custom IP and RTL used in this reference design.

hardware\ref_design (1)

Contains the complete Radiant software and Propel Builder software project files.

hardware\ref_design/demo @

Contains the design demo file.

software|\utilities 2

Contains the Windows® application for performing SPI flash operation in this reference

Notes:

1. Files that are only available in the source code-controlled release.
2. Files are available in both controlled and public releases.
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3. Functional Description

The block diagram of the CrossLinkU-NX USB3 Vision reference design is shown in the figure below.

Refer to the Design Components section for the details of each component in this block diagram.

NX33
USB3 Vision Design
Block Diag

usvToP

u3v_mipi_raw10_to_yuv422_conv_top

LIFCL-330

Figure 3.1. Reference Design Block Diagram

3.1. Design Components

This section describes all the blocks used in the CrossLinkU-NX USB3 Vision reference design.

3.1.1. PLL

The phase-locked loop (PLL) IP generates three clocks output with different frequencies, which are used by various
blocks in the design. The USB23 PHY operates at 60 MHz, the MIPI RX DPHY and video IP operate at 80 MHz, and RISC-V
subsystem operates at 90 MHz.

Figure 3.2, Figure 3.3, and Figure 3.4 show the general and optional ports configuration of the PLL IP.
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| Module/IP Block Wizard

Configure Component from Module pll Version 1.9.0
Set the followir to confi this ¢

P

Diagram pll_60m_i_60m_o

pll_60m_i_60m_o

R
clkop_ol—
) clkos2_of—
—clki_
clkos_of—
lock_o}—
~—

pll

4!

Configure IP
4 General Optional Ports
Property Value
Teeenl
Configuration Mode Frequency
Set Parameter Optimization Target Minimum Jitter (Higher
Enable Fractional-MN Divider
Enable Spread Spectrum Clock Generation O
Enable Internal Path Swi'tching |:|
WCO Frequency

CLKIL: Frequency (MHz) [18 - 800]
CLKI: Divider Ac falue [1-44] 1
Phase Detector Frequency (MHz) [18 -

Enable Reference Clock Maenitor

CLKFB: Feedback Mode INTCLKOP

CLKFE: FBK Divider Ac
CLKFE: FEK Divider Act falue (Fractional) [0
CLKFE: FBK Divider Actual Value (Float)

CLKOP: Frequency Desired Value (MHz) [6.25 - 800] 60

falue (Integer) [1-1

CLKOP: Divider Actual Value [1 - 128] 24

CLKOP Tolerance (%) 0.0
CLKOP: ERROR (PPM) 0

CLKOP: Enable Trim for CLKOP O
CLKOS: Enable

CLKOS: Frequency Desired Value (MHz) [6.25 - 800] 90

CLKOS: Divider Actual Value [1 - 128] 16
CLKOS Tolerance (%) 0.0
CLKOS: ERROR (PPM) 0
CLKOS: Static Phase Shift (Degrees) 0
CLKOS: Enable Trim for CLKOS O

User Guide

Mo DRC issues are found.

Figure 3.2. PLL Configuration — General, Reference Clock, and Primary Clock
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29 Module/IP Block \

zard

Configure Component from Module pll Version 1.9.0

Set the following parameters to configure this compenent.

Diagram pll_60m_i_60m_o Configure IP
M General Optional Ports
Property WValue u

INTCLKOP

CLKOP: Divider Ac
CLKOP Tolerance (%) 0.0
. CLKOP: ERROR (PPM) 0 B
p"_60m I 60m_0 CLKOP: Enable Trim for CLKOP ]
A | st
|k CLKOS: Enable
Clkop_o— CLKOS: Frequency Desired Value (MHz) [6.25-800] | 80
CLKOS: Divider ue [1-128] 16
clki i l kOSZ_O— CLKOS Tolerance (%) 0.0
] — clkos o CLKOS: ERROR (PPM 0
- CLKOS: Static Phase Shift (Degrees) 0
CLKOS: Enable Trim for CLKDS O
ok O |- st
\ CLKOS2: Enable
pl I CLKOS2: Frequency Desired Value (MHz) [6.25 - 800] 80
CLKOSZ: Divider Actual Value [1 - 128] 18
CLKOS2 Tolerance (%) 0.0
CLKOS2: ERROR (PPM 0
CLKOSZ: Static Phase Shift (Degrees) 0
CLKOS3: Enable O
CLKOS4: Enable ]
CLKOSS: Enable N
4 >
User Guide Mo DRC issues are found.

Figure 3.3. PLL Configuration — Secondary Clock
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-] Module/IP Block Wizard R

Configure Component from Module pll Version 1.9.0
Set the following parameters to configure this component.

Diagram pll_60m_i_60m_o Configure IP

General Optional Ports
Property Value

pll_60m_i_60m_0 |srmemeasiors
~ N

Set |/0 Pin for PLL Reference Clock
~ Dynamic Phase Control Ports

Enable Dynamic Phase Ports
Clkop or— ~ Clock Enable Ports

- CLKOS Enable Port
CLKOS2 Enable Port

~ clkos2_o— | s
— Clkl_l Provide PLL Reset
clkos_of— |*Hite

Provide PLL Lock Signal
PLL Lock is Sticky
Iock O I ~ Register Interface

— Select Register Interface None
~ Power Mode Settings
- J Enable Legacy Mode

p | | Enable Powerdown Mode

e G Calculate

ocument No DRC issues are found.

Generate Cancel

Figure 3.4. PLL Configuration — Optional Ports

3.1.2. USB23 Controller

The USB23 controller is the hardened IP core in CrossLinkU-NX FPGAs. This IP handles the USB2 and USB3 communication

between the FPGA and the Host PC.

The AX14 Manager interface of the USB23 controller is connected to the following two different memories via the USB23

AXI bridge:

e  For USB Bulk transfers, the USB23 controller fetches data from IN Endpoint Buffer Manager (IEBM) block. This
IEBM memory is not shared with any other manager in the system including the RISC-V processor.

e  For other operations, USB23 controller access the shared memory block to communicate with the RISC-V
processor.

3.1.3. AHB-Lite to LMMI Bridge

The USB23 controller register interface can be configured through its LMMI interface. The AHB-Lite to LMMI bridge allows
the RISC-V processor to access the LMMI interface on the USB23 controller registers.

3.1.4. RISC-V RX Processor

The RISC-V RX processor manages the system including USB controller and endpoint operations, 12C transfers, prints
messages via UART processes and others. The processor executes the Zephyr RTOS with driver support for peripherals
in the system. The processor handles the external interrupts from USB23 controller and IEBM core. The RISC-V RX
processor configuration is shown in Figure 3.5, Figure 3.6, Figure 3.7, and Figure 3.8.
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€ C

%, Module/IP Block Wizard

from Module riscv_rtos Version 2.5.0

Set the following parameters to configure this component.

Diagram cpud

cpul

i
o
o ss

—{clk_system_i

=—rstn_i

AXI_M_DAT,
LOCAL_BUS_M_DAT,

—clk_realtime_i LOCAL_BUS_M_INST

system_resetn_o

4

riscv_rtos

Configure IP
General Debug Buses Interrupt UART
Property Value
Processor Mode Balanced

User Guide

No DRC issues are found.

Figure 3.5. RISC-V General Tab Configuration

%, Medule/IP Block Wizard

Configure Component from Module riscv_rtos Version 2.5.0
Set the following parameters to configure this component.

Diagram cpul

cpud

o 2
oS
R0 s+

clk_system_i
—rstn_i

AXI_M_DAT,
LOCAL_BUS_M_DAT.

clk_realtime_i LOCAL_BUS_M_INST

system_resetn_o

A

riscv_rtos

User Guide

Configure IP
General Debug Buses Interrupt UART
Property Value
Enable Debug

Enable Debug On Off Control Port

JTAG Type Hard
Extend JTAG Channel
JTAG Channel Selection for Certain Devices [14- 18] | 14

No DRC issues are found,

Figure 3.6. RISC-V Debug Tab Configuration

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

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

FPGA-RD-02319-1.0

16


http://www.latticesemi.com/legal

CrossLinkU-NX USB3 Vision LATTICE

Reference Design

4 Module/IP Block Wizard x

Configure Compeonent from Module riscv_rtos Version 2.5.0
Set the following parameters to configure this companent.

Diagram cpul Configure IP

General Debug Buses Interrupt UART
Property Value

Enable Local Bus

cpuo _

Enable AXl Instruction Ports

=Hrao_s2 T
-qu_sz AXL_M_DAT, AXI Ing b Slic
—fjRQ_S4  LOCAL BUS_M_DAT AXI 1D Width 1
—{clk_realtime_i LOCAL_BUS_M_INST AXIData Ports |D Number [0-1]. 0

tion Ports D Mur

[ e reseng _

et Ensble CXU Ports
riscv_rtos CAU [1-2] !
Enable RVFI
4 3 i
User Guide Mo DRC issues are found.
Figure 3.7. RISC-V Buses Tab Configuration
. Module/IP Block Wizard X

Configure Component from Module riscv_rtos Version 2.5.0
Set the following parameters to configure this component.

Diagram cpul Configure IF
General Debug Buses Interrupt UART
Property Value It
Enable CLINT
Enable PLIC e
cpuo nable .
Enable Mon-maskable Interrupt
-EERQ_SZ Enable Interrupt for Supervisor Mode |
—E[RQ_S:; AXI_M_DAT, Width of Interrupt Prierity Register [2-3] 2
_@154 LOCAL BUS M DAT, Mumber of User Interrupt Requests [1-30] | 3

—{clk_realtime_i LOCAL_BUS_M_INSTI
Enable CDC Register for IRC_S2

clk_system_i system_resetn_o)

Enable CDC Register for IRQ_53
—retnd Enable CDC Register for IRQ_SA
riscv_rtos ekl
-
1 » o -
User Guide No DRC issues are found,

Figure 3.8. RISC-V Interrupt Tab Configuration
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3.1.5. UART

The UART IP core performs serial-to-parallel conversion on data characters received from a peripheral UART device and
parallel-to-serial conversion on data characters received from the host (RISC-V processor) located inside the FPGA
through an APB Interface. The UART IP core configuration is shown in the figure below.

4, Module/IP Block Wizard

Configure Component from IP vart Version 1.4.0

Set the following parameters to configure this component.

Diagram s1_apb_uart

Configure IP

s1_apb_uart

- PB_SU
—clk_i INT_MO—

—rst_n_i txd _o—

—{rxd_i

uart

4

Property Value

System Clock Frequency (MHz) [2-200] 90

Serial Data Width 8
Stop Bits 1
Parity Enable

Baud Rate Type Standard
UART Standard Baud Rate 115200

FIFO Enable

Rx Ready Enable
Tx Ready Enable

Usger Guide

No DRC issues are found,

Figure 3.9. UART Configuration
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3.1.6. Remote Wakeup GPIO

The Remote Wakeup GPIO input pin is typically used to trigger a wake-up event from a low-power or sleep mode
through an external GPIO signal. When the remote_wakeup_in_i pin is activated (For example, button press or signal
transition), it generates an interrupt to the RISC-V processor. This interrupt prompts the processor to take the
necessary steps to exit the low-power or sleep state and resume normal operation.

%

Configure Component from IP gpio Version 1.7.0
Set the following parameters to configure this component.

Diagram rw_gpio Configure IP
“| Property Value
* General
Mumber of 170 Lines [1- 32] 1
Remove Tri-State Buffer =

Initial Cutput Value (hex) [0 - FFFFFFFF] 0

rw_gpio

10 Direction (hex) [0 - FFFFFFFF] 0

EAPB—SO INT@ Interface APB

clk_i

gpio_en_o[0:0]
gpio_i[0:0]

gpio_o[0:0]
resetn_i
gpio
A 3 i
User Guide Mo DRC issues are found.

Generate Cancel

Figure 3.10. Remote Wakeup GPIO

3.1.7. Hardware Version GPIO

The hardware version GPIO tracks the version of the hardware design and the RISC-V firmware reads to know the
current hardware version supported by the design. The GPIO input signals are connected to the following local
parameters in the design top-level RTL file (u3v_u23toaxi_ahbl_revBbd_des.sv) as shown in the figure below.

// HW Design Major wersion
localparam FPGE DES_MAJOR_VERSION = 2'h0l:
/f HW Design Minor wersion
localparam FPGE_DES_MINOR_VERSION = 3'h00:

// HW_VERSION indicator

localparam FPGA_DES_MAJOR VERSION , FPGA DES MINOR VERSION};

Figure 3.11. Hardware Version Definition in RTL
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The figure below shows the GPIO IP parameters configured in the Propel Builder software project. The GPIO IP is set to
has 16-bit input signal that is connected to local parameters as mentioned above.

%, Module/IP Block Wizard H
Configure Component from IP gpio Version 1.7.0
Set the following parameters to configure this component.
Ciiagram hw_version Configure IP
| Property Value
* General
Mumber of 170 Lines [1- 32] 16
Remove Tri-State Buffer
Initial Output Value (hex) [0 - FFFFFFFF] 0
hw_version 10 Direction (hex) [0 - FFFFFFFF] 0
EAPB—SO Interface APB
| TR
ck_i ]
o gpio_en_o[15:0]
gpio_i[15:0] )
) gpio_o[15:0]
resetn_i
gpio
-
4 ]
User Guide No DR.C issues are found.
Figure 3.12. Hardware Version GPIO IP
© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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3.1.8. USB2 PHY Reset GPIO

While switching between USB2 and USB3 modes, the current state of the USB2 PHY must be reset. This reset operation
is controlled by the RISC-V processor firmware through a GPIO IP where its signal is connected to the USB2 PHY reset.

4 Module/IP Block Wizard *

Configure Component from IP gpio Version 1.7.0
Set the following parameters to configure this component.

Diagram usb2_phy_reset Configure IP
“| Property Value
~ General
Mumber of 170 Lines [1- 32] 1
Remove Tri-State Buffer

Initial Output Value (hex) [0 - FFFFFFFF] | O

usb2 phy reset

|0 Direction (hex) [0 - FFFFFFFF] 1

EAPB—SD [NTE Interface APB

clk_i

gpio_en_o[0:0]
gpio_i[0:0]

gpio_o[0:0]
resetn_i
gpio
4 3 -
User Guide Mo DR.C issues are found.

Figure 3.13. USB2 PHY Reset GPIO
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3.1.9. Octal SPI Controller

The Octal SPI Controller is used to communicate with high-speed flash memory available on the NX33U board.

4. Module/IP Block Wizard

Configure Component from IP octal_spi_controller Version 1.2.0
Set the following parameters to configure this component.

X

Diagram octal_spi_cntr

octal_spi_cntr

clk_i

[4Ax14_suB

rst n_i
spi_dt_i[0:0]

INTRI4|

spi_cs_n_o[0:0]
spi_dt_o[0:0]

spi_sck_o

4

octal_spi_controller

User Guide

Configure IP
General Flash Device Config DEBUG: 1P Parameters
Property Value
5Pl Protocol Custom
System Clock Frequency (MHz) [1 - 200] o0

SPI Clock (SCK) Pulse width [0- 31] 1

Mumber of cutstanding request [1 - 16] 1

AX|4 Bus ID Width [1-12] 1
FIFO depth 256

FIFO Implementation HARD IP
TSPCemfigurton
Default LSBF value 0
Default CPOL value 0
Default CPHA value 0
Default Endianness value 0
Default Non-blocking T FIFO 0
Default Non-blocking Rx FIFO ]
Minimum Timing (number of SPI clock): C5 assert to SCK [0 - 15] 1
Minimum Timing (number of 5PI clock): 5CK to CS deassert [0 - 13] 0
Minimum Timing (number of 5Pl clock): C5 deassert to C5 assert [0-13] 1

Enable Target Address Map
Enable Command Processing
Max number of data lanes X1
Max number of 5Pl Target [1-32]
Include FIFO
Programmable LSBF

Programmable CPOL

Programmable CPHA

Programmable Command Code

No DRC issues are found.

Figure 3.14. Octal SPI Controller
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3.1.10. 12C Controller

The 12C Controller IP core is used to communicate with the 12C devices. 12C write and 12C read operations can be
performed to the 12C device that is connected to the CrossLinkU-NX FPGA on the board. In this design the RISC-V
processor configures the external camera sensor register via the 12C interface using the 12C Controller IP. The 12C
Controller IP core configuration is shown in the figure below.

% Module/IP Block Wizard et

Configure Component from IP i2c_controller Version 2.2.0
Set the following parameters to configure this component.

Diagram i2c_v201 Configure IP
“| Property Value
T General
APB Mode Enable v
Remove Tristate Buffers
- HFO
i2c_v201
FIFOQ Depth 16
Implementation of FIFO LuT
— PB_SCI INT — TX FIFO Almost Empty Flag [1 - 256] 2
RX FIFQ Almost Full Flag [1 - 236] 14
—iclk i scl_io}— - Clock
. . System Clock Frequency (MHz) [10- 2007 90
—rst_ n_i SCIEI_IO — Desired SCL Frequency (kHz) [100-1000] 100
i2c_controller
1 »
User Guide Mo DR.C issues are found.

Figure 3.15. Lattice 12C Master Configuration

3.1.11. Tightly Coupled Memory

The Tightly Coupled Memory (TCM) IP core is the main memory used by the RISC-V processor. The RISC-V processor
reads the instructions stored in this memory via the local bus memory interface and execute the instructions
accordingly. The TCM memory also holds the data required for RISC-V processor execution. This IP core has two local
bus interfaces by which the processor can communicate with. The dedicated connection between processor and TCM
provides faster reading of instructions and data, and improves the overall system performance. A total of 192 Kb of
TCM memory space is available for RISC-V processor usage. The TCM IP core configuration is shown in Figure 3.16,
Figure 3.17, and Figure 3.18.
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4. Module/IP Block Wizard X
Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this component.
Diagram cpu_tem Configure IP
General Port S50 Settings Port 51 Settings
Property Value
Enable GSR
Memory Type LRAM
cpu_tcm
ECC Enable
— OCAL BUS DATA Access Type for Port 50 R/W
- - Access Type for Port 51 RAW
—(4FLOCAL BUS INSTR ATOMIC
] Sys_clk Enable FIFO Streamer
—sys_rst_n
Iocal bus_tcm Memeory Initialization none
4 3
User Guide No DRC issues are found.
Generate Cancel
Figure 3.16. TCM General Configuration
%, Module/IP Block Wizard X
Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this component.
Diagram cpu_tcm Configure IP
General Port 50 Settings Port 51 Settings
Property Value
Port S0 : Data Width [1 - 64] 32
Port 50: Address Depth [2 - 81920] 49152
CpU_tCITI Read Port : Enable Qutput Register (S0)
Byte Enable for Port 50
—(4-LOCAL_BUS_DATA
Unaligned Access for Port 50
—[4-LOCAL BUS_INSTR Edit Address Range Port SO
—sys_clk
—{sys_rst n
localbus_tcm
1 3
User Guide No DRC issues are found.
Generate Cancel

Figure 3.17. TCM Port SO Configuration
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<, Module/IP Block Wizard >

Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this component.

Diagram cpu_tcm Configure [P
General Port 50 Settings Port 51 Settings
Property Value
Port 51: Data Width [1 - 84] 32
Port 51: Address Depth [2 - 81920] 49152
CpLI_tClTI Read Port : Enable Output Register (ST)
Byte Enable for Port 51

—OCALBUSJATA
Unaligned Access for Port 51
—OCAL_BUS_INSTR Edit Address Range Port §1

—sys_clk

—sys_rst n

localbus tcm

4 »
User Guide No DRC issues are found.

Generate Cancel

Figure 3.18. TCM Port S1 Configuration

3.1.12. AXI4 to AHB-Lite Bridge

The RISC-V RX AXl4-based data interface is used to access and control various peripherals in the system including UART,
12C controller, USB register, and others. The AHB-Lite interconnect is used in this system to arbitrate the access from the
RISC-V processor to multiple peripherals subordinate interfaces. Therefore, you must convert the processor AXI4
interface to AHB-Lite using the AXI4 to AHB-Lite Bridge IP. This IP has configurations shown in the figure below.

4y Module/IP Block Wizard x

Config! Co from IP axi2ahb_bridge Version 1.3.0
Set the following parameters to configure this component.

Diagram axi4_to_ahbld Configure IP
“| Property Value
= General
AX|_AHB Data bus width 32
AXI D width 1
AX] User Width 1

axi4_to_ahbl0

I‘LS
aclk i AH BL7

aresetn i

axi2ahb_bridge

4 »
User Guide No DRC issues are found.

Figure 3.19. AXI4 to AHB-Lite Bridge Configuration

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

FPGA-RD-02319-1.0 25


http://www.latticesemi.com/legal

CrossLinkU-NX USB3 Vision :..LATT’CE

Reference Design

3.1.13. AHBL Interconnect

This IP provides the communication interface between RISC-V RX processor and peripherals (UART, I12C Controller,
IEBM, RISCV to TDP RAM bridge and USB AHB-Lite to LMMI bridge) which supports AHB-Lite interface. Figure 3.20,
Figure 3.21, Figure 3.22, and Figure 3.23 show the AHB-Lite interconnect configuration.

<, Medule/IP Block Wizard x

Configure Component from Module ahb_lite_interconnect Version 1.3.2
Set the following parameters to configure this component.

Diagram ahbl_interconnectd Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value
~ General
Total AHB-Lite Managers [1 - 32] 1
ahbl interconnect0 Total AHB-Lite Subordinates [1 - 32] 6
Manager Address Width(bits) 32

AHBL_ModHH—
[4FAHBL_S00 AHBL_MOfH—

AHBL M0ZH~ | [~ Manager 0 Connection Setting

Data Bus Width(bits) 32

_ahbl—hdk—i AHBL MO - Manager 0 Subordinate 0 Connect Enable
—{ahbl hresetn i - E Manager 0 Subordinate 1 Connect Enable
- - AHBL_MOE— Manager 0 Subordinate 2 Connect Enable [
AHBL—MOE_ Manager 0 Subordinate 3 Connect Enable [v]

Manager 0 Subordinate 4 Connect Enable [v]

Manager 0 Subordinate 5 Connect Enable [v]

ahb_lite_interconnect

4 »
User Guide No DRC issues are found.

Generate Cancel

Figure 3.20. AHB-Lite Interconnect General Configuration

4, Module/IP Block Wizard *

Configure Component from Module ahb_lite_interconnect Version 1.3.2
Set the following parameters to configure this component.

Diagram ahbl_interconnect Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value =
+ Subordinate 0 Settings

ahbl_interconnect0

AHBL_ModH
AHEL_MO1H
EAHBL‘S_OO AHBL_M0Z-H
ahbl_hdlk_i
AHBL_M03H
AHBL_M04-H
AHBL_M054H

ahb_lite_interconnect

ahbl_hresetn_i

4 3 -
User Guide No DRC issues are found.

Generate Cancel

Figure 3.21. AHB-Lite Interconnect Main Configuration
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., Module/IP Block Wizard X
Configure Component from Module ahb_lite_interconnect Version 1.3.2
Set the following parameters to configure this component.
Diagram shbl_interconnectd Configure IF
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value =
~ Subordinate 0 Settings
Arbiter Scheme Round Robin
ahbl_interconnect0
AHBL_MOQ4H—
AHBL_MO —_
—(HHAHBL_S00 H
AHBL_MOdHH~
—{ahbl_hdlk_i
AHBL_M03H—
—jahbl_hresetn_i
AHBL_M044H—
AHBL_MOSH—
ahb_lite_interconnect
4 3 " =
User Guide Mo DRC issues are found.
Generate Cancel
Figure 3.22. AHB-Lite Interconnect Manager Priority Settings
4. Module/IP Block Wizard *
Configure Component from Module ahb_lite_interconnect Version 1.3.2
Set the following parameters to configure this component.
Diagram ahbl_interconnectd Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value &
* Max Burst Size Subordinate Settings
Subordinate 0 Max Burst Size 0
ahbl interconnect0 Subordinate 1 Max Burst Size | 0
= Subordinate 2 Max Burst Size 0
AHBL_MU - Subordinate 3 Max Burst Size | 0
Subordinate 4 Max Burst Size 0
AHBL_MO- Subordinate 5 Max Burst Size | 0
—(45AHBL_S00
AHBL_MOJHH—
—{ahbl_hdk_i
AHBL_MOFHH—
—{ahbl_hresetn_i
AHBL_M044H—
AHBL_MOSHH—
ahb_lite_interconnect
[ » - -
User Guide No DRC issues are found.
Generate Cancel

Figure 3.23. AHB-Lite Interconnect Max Burst Settings
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3.1.14. AHB-Lite to APB Convertor

The AHB-Lite to APB bridge provides an interface between the AHB-Lite manager and APB subordinate. Read-and-write
transfers on the AHB-Lite are converted into equivalent transfers on the APB. This conversion is required to allow the
RISC-V RX processor access to APB-based peripherals such as UART and I12C controller. The AHB-Lite to APB Convertor IP
core configuration is shown in the figure below.

%, Module/IP Block Wizard X

‘Configure Component from Module ahb_lite_to_apb_bridge Version 1.1.2
Set the following parameters to configure this component.

Diagram ahbl_to_apb0 Configure IP

| Property Value
~ General
Address Width(bits) 32
Data Bus Width(bits) 32
APB Clock Enable

ahbl_to_apb0

H BL_SO
clk_i APB_M(-H

rst_n_i

ahb_lite_to_apb_bridge

Ll v

User Guide No DRC issues are found.

Generate Cancel

Figure 3.24. AHB-Lite to APB Configuration

3.1.15. APB Interconnect
The APB Interconnect IP arbitrate RISC-V processor manager access to various subordinates in the system such as the

UART and 12C Controller that support the APB interface. The APB interconnect configuration is shown in Figure 3.25 and
Figure 3.26.

%, Module/IP Block Wizard X

Configure Component from Module apb_interconnect Version 1.2.1
Set the following parameters to configure this component.

Diagram abp_inter_v121 Configure IP
General Main Settings Requestor Priority Settings
Property Value
~ General
Total APB Requestors [1 - 32] 1
Total APB Completers [1 - 32] 2
. Requestor Address Width(bits) 32
abp_inter_v121
Data Bus Width(bits) 32
.A APB_S00
~ APB_MOGH
apb_pclk_i
~ APB_MO14H
apb_presetn_i
apb_interconnect
4 > &
Document No DRC issues are found.

Figure 3.25. APB Interconnect General Configuration

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

FPGA-RD-02319-1.0 28


http://www.latticesemi.com/legal

CrossLinkU-NX USB3 Vision
Reference Design

= LATTICE

‘%, Module/IP Block Wizard

Configure Component from Module apb_interconnect Version 1.2.1
Set the following parameters to configure this component.

Diagram abp_inter_v121

abp_inter_v121
[4+/APB_S00

apb_pclk_i
apb_presetn_i

~

apb_interconnect

APB_MOGHH—
APB_MO1[4|—~

Configure IP

General Main Settings
Property Value

Requestor Priority Settings

Figure 3.26. APB Interconnect Main Settings Configuration

3.1.16. CSI-2/DSI D-PHY Receiver

The CSI-2/DSI D-PHY Receiver IP core converts the CSI-2 data from the Raspberry Pi MIPI camera to 8-bit data for the

subsequent processing in the FPGA. The MIPI camera sensor data enters FPGA in serial form and this IP converts those

serial data into parallel by following MIPI CSI-2 protocol. The IP configuration is shown in Figure 3.27, Figure 3.28, and

Figure 3.29.

User Guide

2] Module/IP Block Wizard X
Configure Component from IP dphy_rx Version 1.9.0
Set the following parameters ta configure this component.
Diagram mx_dphy Configure m_dphy:
General RX_FIFO Settings Soft PHY
Property Value
RX Interface Type csl-2
rx_dphy Number of RX Lanes 2
RX Gear 8
bd0_o[7:0 S
b1 _of7:0p= || e
RX Line Rate (Mbps) [60 - 1034] 720
capture_en_o S -
—{clk_byte fr i clk_byte_hs_of B ney (MH: 9
—pliJock_i dk_byte_o D-PHY Clock Mede Continuous
. . Sync Clock Frequency (MHz) [60- 200] | 80
—{reset_byte_fr_n_i dk_n_ig
—{reset_n_i clk_p_iof Enable Lane Aligner Module
. . Enable Packet P; 1
—sync_clk_i d_n_io[1:0 neble Packet Torser
Enable AXId-Stream Interface
—{sync_rst_i d_p_io[1:0 [
—fbordy i hs_sync_ol Enable Miscellaneous Status Signals ]
Ip_d_ncn_of1:0 Customize Data Settle Cycle
Ip_d_n¢_p_o[1:0 Da e Cycle [0- 255]
Configurable Data Settle Count
ready_o|
No DRC issues are found. v
dphy_rx © Info INFO - In order to run Gate-level simulations, add “define GATE_SIM in the testbench (tb._top.sv). Testbench
- can only run RIL simulation by default,
© Info INFO -~ Data Settle Cycle set is equivalent to ~122 ns. Make sure this matches the transmitter seting. Refer to
IPUG for more details about this parameter,
Fl

Figure 3.27. RX DPHY General Configuration
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] Module/IP Block Wizard

Configure Component from IP dphy_rx Version 1.9.0
Set the following parameters to configure this component.

Diagram re_dphy

rx_dphy
bd0_o[7:0]=
bd1 O[7:0fw=
capture_en_of—
—{clk_byte_fr_i clk_byte_hs_of—
—{pll_lock i clk_byte_of—
—reset_byte fr n_i clk_n_io—
—|reset_n_i clk_p_iof—
—Isync_clk_i d n_io[1:0]m=
—{sync_rst i d_p_io[1:0)=
—{trdy_i hs_sync_o—
Ip_d_re_n_o[1:0]m=
Ip_d_rx_p_o[1:0]m=
ready o—
dphy_rx
Fl
User Guide

Configure ne_dphy:

General
Property

RX_FIFO Enable
Type
Implementation
Depth
Default FIFO Read Delay [0 - 16334]
Configurable FIFO Read Delay
Clock Mode
Misc Signals

No DRC issues are found.

RI_FIFO Settings
Value

=

SINGLE

EBR

Soft PHY

1024

8

~

© Info INFO - In order to run Gate-level simulations, add ‘define GATE_SIM in the testbench (tb_top.sv). Testbench
can only run RIL simulaticn by default.
© Info INFO -- Data Settle Cycle set is equivalent to ~122 ns. Make sure this matches the transmitter setting. Refer to
IPUG for more details about this parameter.

<Back | Generate | Cancel
Figure 3.28. RX DPHY RX FIFO Configuration
2] Module/IP Block Wizard X
Configure Component from IP dphy_rx Version 1.9.0
Set the following parameters to configure this component.
Diagram n_dphy Configure r_dphy:
General RX_FIFO Settings Soft PHY
Property Value
~ Delay Cell Settings
Delay Mode  Edge Clock Centered
rx_dphy
bd0_o[7:0J=
bd1_o[7:0]m=
capture_en_o—
—{clk_byte_fr i clk_byte hs_o—
—pll_lock_i clk_byte_o—
—{reset_byte_fr_n_i clk_n_io—
—reset_n_i clk_p_iof—
—{sync_dlk_i d_n_io[1:0]=
—sync_rst_i d_p_io[1:0]m=
—{tx_rdy i hs_sync_ol—
Ip_d_rx_n_o[1:0)=
Ip_d_rs_p_o[1:0]m=
ready_o—
No DRC issues are found. v
dphy_rx © Info INFO -- In orderto run Gate-level simulations, add define GATE_SIM in the testbench (tb_top.sv). Testbench
- can only run RIL simulation by default.
© Info INFO -- Data Settle Cycle set is equivalent to ~122 ns. Make sure this matches the transmitter setting. Refer to
IPUG for more details about this parameter.
<
User Guide
<Back || Generate | Cancel

Figure 3.29. RX DPHY Soft PHY Configuration
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3.1.17. MIPI Packet Decoder

This module decodes the data packet from the camera sensor that is received via the RX D-PHY interface. These
packets include data, control, synchronization, and configuration information. After decoding the packets, the RAW10
data is passed to the Byte-to-Pixel Converter IP core. This module is a custom block that is not part of Lattice IP in the IP
Catalog Server.

3.1.18. Byte-to-Pixel Converter IP Core

The Byte-to-Pixel Converter IP core converts the incoming RAW10 data (from MIPI Packet Decoder) into pixel format. It
receives raw bytes from a parser and rearranges them to output pixels. This module outputs 2-Pixels (each pixel of
10-bit) in one clock with a valid signal and its configuration is shown in the figure below.

=] Module/IP Block Wizard X
Configure Component from IP byte2pixel Version 1.7.0
Set the following parameters to configure this component.
Diagram b2p_inst Configure IP
4| Property Value
~ General
Data Type RAW10
~ Byte Interface
RX Interface csl-2
. Number of RX Lanes /
b2p_inst =
RX Gear 8
AXI4S?MQ£ Byte Clock Frequency (MHz) [10 - 200] 60
—|axis_mdk_i fifo_empty_o Enable AXI4-Stream Receiver Interface
— axis_mresetn_j —ﬁf full_
o_ful_o
—{ck_byte_i o ~ Pixel Interface
0|
={dt_[5:0] Number of Output Pixel Lanes 2
mem_re_o|
—lp_av_en_i
mem_we_o
—{payload_en_i "
pix_out_cntr_o[15:0]
= payload_i[15:0] )
pixent_c_o[18:0]
—reset_byte_n_i Pixel Clock Frequency (MHz) [10 - 200] 80
I read_cycle_o[1:0] Enable AXI4-Stream Transmitter Interface
e, wc_pix_sync_o[15:0]
=wc_i[15:0] )
write_cycle_o[3:0] ~ FIFO
Manual Adjust
byte2pixel
FIFO Implementation EBR
Word Count [5 - 65535] 4100
~ Miscellaneous
Enable Debug Ports =
4 {3
Document No DRC issues are found.
Generate | Cancel

Figure 3.30. Byte-to-Pixel Configuration

3.1.19. Byte-to-Pixel (B2P) to AXI Stream Conversion

This module converts the pixel data according to the AXI Stream protocol to meet Lattice Debayer AXI Stream input
requirement. This module act as a bridge between the Lattice Byte-to-Pixel Converter IP core and Lattice Debayer IP
core. This module is a custom block that is not part of Lattice IP in the IP Catalog Server.

3.1.20. Debayer IP Core

The camera sensor produces pixel data in Bayer format. The Debayer IP core extracts the red, green, and blue (RGB)
component from the Bayer data. The Debayer converts RAW10 image data into an RGB component and its
configuration is shown in the figure below.
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=] Module/IP Block Wizard X

C C from IP yer Version 1.2.2
Set the following parameters to configure this component.

Diagram image_debayer Configure IP

DEBAYER Test parameters
Property Value

Bits per pixel 8
Pixels per clock | 2
Partial Resolution |
Horizontal size [512 - 4096] | 3280
image_debayer

E
[HFax14s_so

Enable dynamic configuration

—laxis rx arstn i T buffer depth | 1024
. W Blanking buffer Depth 4096
e pcdid AXIS MO uton pemitaien
—faxis_tx_arstn_i Bayer pattern RGGB
—axis_tx_clk_i Hefiayerent
debayer
< > i

Figure 3.31. Debayer Configuration

2| Module/IP Block Wizard

X

Configure Component from IP debayer Version 1.2.2
Set the following parameters to configure this component.

Diagram image_debayer Configure IP

Py

DEBAYER Test parameters
Property Value

Horizontal pixel Size [512 - 4096] 3280
Vertical pixel Size [128 - 2160] 2160

image_debayer
[HFax14s_so
axis_rx_arstn_i
axis_rx_clk_i  AXI4S_MG4H
axis_tx_arstn_i

axis_tx_clk_i

debayer

48 >
Document No DRC issues are found.

Figure 3.32. Debayer Configuration — Test Configuration
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3.1.21. AXI Stream to Parallel Conversion

This module converts the AXI Stream protocol signal to parallel data. In this design, this module acts as a bridge
between the Lattice Debayer IP core and Lattice CSC IP core. This module is a custom block that is not part of Lattice IP
in the IP Catalog Server.

3.1.22. Pixel Data Conversion

Multiple conversion modules are used (as shown in Figure 3.1) after the Byte-to-Pixel Converter IP to convert the
RAW10 pixel data into different formats such as Bayer8, Bayer10 Packed, and Bayer 10. This module is a custom block
that is not part of Lattice IP in the IP Catalog Server.

3.1.23. Color Space Converter
This IP block converts RGB data into YUV format and its configuration is shown in Figure 3.33 and Figure 3.34

2] ModulefIP Block Wizard ¥

Configure Component from IP color_space_converter Version 2.3.0
Set the following parameters to cenfigure this component.

Diagram csc_inst Configure [P
Input/coefficient Qutput
Property Value
~ General
Core Type Custom
~ Doutd
coeffl [-100 - 100] 0.257
coeff1 [-100 - 100] 0.504
coeff2 [-100 - 100] 0.098

constant [-1000 - 1000] 35

* Doutl
csc_inst coeffd [-100 - 100] -0.148
) coeff1 [-100 - 100] -0.291
-k coeff2 [-100- 100] 0.439
= din0_i[7:0] doutD_o[7:0]m= constant [-1000-1000] 128
- din1_i[7:0] dout_o[7:0]m= ~ Dout2
= din2_i[7:0] dout2_o[7:0]m= coeff0 [-100 - 100] 0.439
—linpvalid_i outvalid_of— coeff1 [-100 - 100] -0.368
. coeff2 [-100 - 100] -0.071
N T’STI’LI. . tagsfoutﬁo[S:O]— constant [-1000 - 1000] 128
= tags_in_i[8:0] & froriiesito
color_space_converter Architecture Parallel
Support V55 IP Suite =
Input data type Unsigned

Input data width [8 - 16] 2
Coefficient Width [9-18] 9§
Tags width [9- 18] 9

~ Implementation
Registered Input Enable
Keep data at blank time

~ Optional input/output ports
Clock Enable
Synchronous Reset

. ; & Inpvalid/Qutvalid =

User Guide No DRC issues are found.

Figure 3.33. Color Space Converter Configuration
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| Module/IP Block Wizard ®

Configure Component from IP color_space_converter Version 2.3.0
Set the following parameters to configure this component,

Diagram csc Configure csc:
Input/coefficient Output
Property Value
* Output latency
csc
. ~ Qutput setting
] dk—l Output data type Unsigned
w= din0_i[7:0] dout0_o[7:0 Output data width [2-16] | 8
== din1_i[7:0] dout1_o[7:0 v SEEETT T
. . Overflow Saturation
== din2_i[7:0] dout2_o[7:0 - -
Rounding Rounding up
—{inpvalid_i outvalid_of
—rstr_i tags_out_o[8:0
== tags_in_i[8:0]
colo r_space conve rter
4 » E

User Guide Mo DRC issues are found.

< Back Generate Cancel

Figure 3.34. Color Space Converter Configuration — Output and Precision Control

3.1.24.YUV422 to UVC Bridge

This module features an internal DC-FIFO called YUV422 FIFO that is designed to store incoming YUV422 data along
with associated data indicator codes. The FIFO Write interface works on Pixel Clock and the Read interface works on
the IEBM clock. The YUV422 FIFO plays a critical role in managing and buffering video data, ensuring smooth data flow
and processing. This module is a custom block that is not part of Lattice IP in the IP Catalog Server.

3.1.25.YUV422 Test Pattern Generator

This block generates the YUY422 solid color test pattern. It allows generating test pattern to test the video to USB path
in this design. The video data source selection can be made in the Host PC via the Pleora eBUS Player software, to
either selecting the camera sensor (for YUV422 format) or this pattern generator video data. A multiplexer is
implemented in the design to facilitate this selection.

3.1.26.IEBM IN FIFO Interface

When the IEBM block grants permission to write the data, the IN FIFO controller module initiates the process. It reads
the data from the YUV422 FIFO of the YUV422 to UVC Bridge, where the video data is temporarily stored and write into
the IEBM buffers.

3.1.27. In Endpoint Buffer Manager (IEBM)

The IEBM is responsible for managing the IN endpoint buffers for the USB23 Controller. It handles the efficient and
orderly flow of video data from the camera sensor or a test pattern generator. The data is written into different buffers
sequentially through the First-In-First-Out (FIFO) interface. Once the data is available in these buffers, the USB23
Controller reads it through the AXl interface. This entire process, from managing the FIFO writes to facilitating the AXI
reads, is managed by this IEBM module. The IEBM IP configuration is shown in the figure below.
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o
Configure Component from IP in_ep_buffer_manager Version 2.2.1.0
Set the following parameters to configure this companent.
Diagram iebm_v2100 Configure IP
= Tab1
Property Value
~ User_configurable_parameters
Memory Type LRAM
Hardware Maximum Buffers [1-13] 4
. ; e [1- 7
|ebm7v2100 Hardware Single Buffer Size [1- 63336] 32768
Buffer Write Data Width 64
—EAHEL Buffer Write Byte Enable Width 8
—fahbl_ck
—{ahbl_reset_n AHBL Address Width 8
—lieds_ck IRE— AHBL Data Width 32
- Memery Read Address Width 17
= ieds_fifo_wr_byte_en_[[7:0] ieds_fifo_being_flushed_of— Memory Read Data Width @
= ieds_fifo_wr_data_i[63:0] ieds_fifo_bytes_can_be_written_o[16:0]m= SOB/EOB and VALID LIMES IN FRAME Enable [
—ieds_fifo_wr_req_i ieds_fifo_invalid_access_of—
—ieds_first_bufr_in_xfer_i ieds_fifo_wr_allowed_ol—
—ieds_hand_over_partial filed_fifo_pl i ieds_fifo_wr_almost_ful oj—
—ieds_last_bufr_in_xfer_i ieds_fifo_wr_ful_oj—
—lieds_reset_n ieds_handed_over_bufr_to_fw_pl of—
—lieds_zero_len_xfer_req_pl_i ieds_none_bufr_pending_of—
= mem_rd_addr_64_i[16:0] mem_rd_data_o[63:0] =
—mem_rd_ck
— mem_rd_req i
- size_y_i[13:0]
in_ep_buffer_manager
4 »
User Guide Mo DRC issues are found.

Figure 3.35. IEBM Configuration

The IEMB has an AHB-Lite based interface for accesses to its registers. This interface is connected to the RISC-V RX for
control via firmware. The FIFO interface on the IEBM is configured as 64 bit in this design, and it is connected to the IN
FIFO block described in the previous section. The FIFO interface is used to supply the video data into the IEBM before it
is retrieved by the USB23 Controller to perform IN Endpoint transfer upon request by the Host PC. The USB23
Controller reads data out from the IEBM via the Memory Native interface.

The Appendix B section describes the details of the IEBM IP core.

3.1.28. TDP Memory and AHB-Lite to Memory Bridge

This block helps the RISC-V data manager to access True Dual Port memory that is dedicated for USB operations. This
block converts AHB-Lite subordinate signals in to native memory manager interface signals. True Dual Port (TDP)
memory is used as communication between the RISC-V firmware and the USB23 Controller for operations such as
control data and USB events handling, creating USB3 Vision leader and trailer data and others. The TDP memory has
32-bit and 64-bit data interfaces for RISC-V and USB23 Controller accesses respectively, and these interfaces are not
AMBA AHB-Lite based. Hence, the AHB-Lite to Memory Bridge IP is used to allow the RISC-V processor access to the
TDP memory. The IP configuration is shown in the figure below.
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*n

Configure Component from IP ahbl_to_mem_bridge Version 1.0.0.0
Set the following parameters to configure this component.

Diagram riscv_tdp_ram_brdg Configure IP

Tabi
Property Value

= User_Configurable_Parameters

ADDR_WIDTH_| [14-32] 14

riscv_tdp_ram_brdg

—[HAHBL

avm_addr_32_o[11:0] =
= avm_rd_data_i[31:0]

avm_rd_req_o[—
—lavm_rd_data_valid_pl_i
] . avm_wr_byte en_o[3:0]m=
—avm_wait_req_i
—fclk

—reset_n

avm_wr_data_o[31:0]p=

avm_wr_req_o—

ahbl_to_mem_bridge

Figure 3.36. AHB-Lite to Memory Bridge Configuration

3.1.29. U3V Register Interface

This is an AHB-Lite register interface module for USB3 Vision registers set. The U3V Register interface stores user
configuration during runtime such as the image format, image height and width, test pattern enable, and others. This
module is a custom block that is not part of Lattice IP in the IP Catalog Server.

3.1.30. USB23 AXI Manager to Memory Interface Bridge

This section describes the architecture, functionality, and other technical information of the USB23 AXI manager to
memory interface bridge. This bridge enables the conversion of AXI4 transfer signals into the native memory interface,
which is crucial for performing read-and-write operations with the TDP memory. The USB23 Controller uses this path to
access data provided by the RISC-V processor. Furthermore, the bridge offers a secondary memory interface that
allows the USB23 controller to retrieve data from the IEBM data RAM.

3.1.30.1. USB23 AXI Manager to Memory Bridge Architecture

The architecture of the USB23 AXI manager to memory bridge is shown in the figure below. The bridge can be
configured to have native memory read-only and write-only interfaces. The read-only interface is used to read data
from buffer that corresponds to a USB IN Endpoint, while the write-only interface writes data into a buffer that
corresponds to a USB OUT Endpoint. In this reference design, only one IN Endpoint is used for streaming the video
data, therefore it is configured to have only the read-only interface.
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USB23 AXI to Memory Bridge
Write
Manager
Memory 2 < >
Native Interface
Memory 2
Read
Manager
Memoryl Read FIFO Address/Data AXI AX! AXI UsB23
Native Interface 7] g Data 7 (2k depth) Mux »| Subordinate |« > AX4
—» Mux P Interface Interface
Memory 1
—>
Read
Manager
Memory 0 < > . |
Native Interface Write
Manager
Memory 0

Figure 3.37. USB23 AXI Bridge to Memory Bridge Architecture
3.1.30.2. Block Description
The functional blocks are described in the following sections.

AXI Subordinate Interface
The AXI subordinate interface is connected to the AXI4 bus of the USB23 Controller.

Address/Data Mux
This block decodes the write address or read address of the specific memory block.

FIFO

This FIFO acts as the intermediate storage when the AXI manager is not ready to accept data. The FIFO size is 2048 KB,
256 in depth, and 64-bits data width.

Read Data Mux

This block decodes the memory block that requires a read operation based on the read address.

Memory 0
This block contains both a write manager and a read manager, enabling it to perform both read-and-write operations.

Memory 1
This block contains a read manager that is designed to handle read operations.

Memory 2

This block contains a read manager that is designed to handle read operations.
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3.1.30.3. IP Core Port and Parameters
This section provides details of the USB23 AXI manager to Memory Bridge IP ports and interface.

Clock and Global Reset
The table below describes ports for clock and global reset.

Table 3.1. Clock and Reset Ports

Signal Name Width | Direction Description
clk 1 Input Global clock.
reset_n 1 Input Global reset, active low.

Native Memory Interface

The table below describes ports for the native memory interface.

Table 3.2. Native Memory Interface Ports

Signal Name Width | Direction Description
wr_req_o 1 Input Write request.
wr_addr_8 o 18 Output Write address.
wr_data_o 64 Output Write data.
wr_byte_en_o 8 Output Write byte enable.
rd_data_i 64 Input Read data.
rd_req_o 1 Output Read request.
rd_addr_8 o 18 Output Read address.

AXI4 Interface

The table below describes ports of the native AXI4 interface.

Table 3.3. AXI4 Interface Ports

Signal Name Width | Direction Description
axis_mi_awid_i 8 Input Write Transaction ID: A unique identifier for the write transaction.
. . . Write Address: The address of the write operation. It is used by the
axis_mi_awaddr_i 32 Input . . .
- - subordinate to determine where to write data.
. . . Write Burst Length: The number of transfers in a burst that is measured in
axis_mi_awlen_i 8 Input
bytes.
axis mi awsize i 3 Inout Write Burst Size: The size of each transfer in the burst, such as 8 bit,
-l - P 16 bit, and 32 bit.
te B : - - -
axis_mi_awburst_i 5 Input Write ; urst Type: The type of burst transfer, such as fixed, incrementing, or
wrapping.
. . A Write Address Valid: Indicates that a valid write address is available from the
axis_mi_awvalid_i 1 Input
manager.
. . Write Address Ready: Indicates that the subordinate is ready to accept the
axis_mi_awready_o 1 Output .
write address.
axis mi wdata i 64 Inout Write Data: The data being written to the subordinate. The subordinate
- - - P stores this data at the address specified in AWADDR.
. . . Write Strobes: A set of byte-enable signals that indicate which bytes of the
axis_mi_wstrb_i 8 Input . .
data are valid for writing.
axis_mi_wlast_i 1 Input Write Last: This signal indicates the last transfer in a write burst.
. . . Write Data Valid: Indicates that valid data is available on the WDATA bus for
axis_mi_wvalid_i 1 Input .
the subordinate.
. . Write Data Ready: Indicates that the subordinate is ready to accept the write
axis_mi_wready_o 1 Output data
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Signal Name Width | Direction Description
. - Write Transaction ID: A unique identifier for the write transaction that is used
axis_mi_bid_o 8 Output .
- - to match the response with the request.
axis mi bresp o ) Outout Write Response: The status of the write operation. It can indicate a successful
- - P P operation represented by OKAY, or an error, such as SLVERR.
. . . Write Response Valid: Indicates that the subordinate has a valid response for
axis_mi_bvalid_o 1 Output . .
- - - the write transaction.
. . . Write Response Ready: Indicates that the manager is ready to receive the
axis_mi_bready _i 1 Input . .
write response from the subordinate.
. L Read address ID: This signal is the identification tag for the read address
axis_mi_arid_i 8 Input .
- - - group of signals.
. . . Read address: The read address gives the address of the first transfer in a
axis_mi_araddr_i 32 Input .
read burst transaction.
axis_mi_arlen_i 8 Input Burst length: This signal indicates the exact number of transfers in a burst.
axis_mi_arsize_i Input Burst size: This signal indicates the size of each transfer in the burst.
. . . Burst type: The burst type and the size information determine how the
axis_mi_arburst_i 2 Input L .
address for each transfer within the burst is calculated.
. . . Read address valid: This signal indicates that the channel is signaling valid
axis_mi_arvalid_i 1 Input . .
read address and control information.
. . Read address ready: This signal indicates that the subordinate is ready to
axis_mi_arready_o 1 Output . .
accept an address and associated control signals.
. . . Read Data Ready: Indicates that the manager is ready to accept read data
axis_mi_rready _i 1 Input .
from the subordinate.
. . Read Transaction ID: A unique identifier for the read transaction that is used
axis_mi_rid_o 8 Output .
- - - to match the response with the request.
axis mi rdata o 64 Output Read Data: The data being read from the subordinate. The manager reads this
- - - P data at the address specified in ARADDR.
axis mi rresp o ) Outout Read Response: The status of the read operation. It can indicate a successful
—MI_rresp_ P operation, represented by OKAY, or an error, such as SLVERR.
axis_mi_rlast_o 1 Output Read last: This signal indicates the last transfer in a read burst.
. . . Read Data Valid: Indicates that valid read data is available for the manager to
axis_mi_rvalid_o 1 Output

read.

3.1.31. Dual Boot Wrapper

This dual boot wrapper module consists of the following IP or modules that are responsible for the dual boot

functionality, which has been added in the design:

e Internal oscillator—This IP is an oscillator module. It generates clock sources, sys_clk and Immi_clk, to the LMMI
host controller and CONFIG_LMMIA primitive.

e CONFIG_LMMIA—Lattice Memory Mapped Interface (LMMI) interfaces to the configuration block.

e  LMMI Host Controller—This controller implements a state machine controller to send the necessary commands to
the CONFIG_LMMIA block, and sends the boot address to the MULTIBOOT primitive to boot the desired alternate
pattern stored in the internal or external SPI flash.

e  MULTIBOOT Primitive—This primitive is a wrapper for the interface to perform the multi-boot functionality. It
enables the booting to load the desired alternate pattern through sending the Refresh command to the
CONFIG_LMMIA block.

For more information about the dual boot feature, refer to the Multi-Boot User Guide for Nexus Platform

(FPGA-TN-02145).
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3.2. Clocking Scheme

The CrossLinkU-NX USB3 Vision Reference Design use a PLL to generate the 90 MHz system clock, 80 MHz pixel clock
for image signal processing and 60 MHz USBPHY clock. All these clocks are generated from the 60 MHz crystal oscillator
on LIFCL-33U Evaluation Board. An overview of the design clocking scheme is shown in the figure below.

= LATTICE

NX33
USB3 Vision Design
Block Diagr

u3vToP

u3v_mipi_raw10_to_yuva22_conv_top

System

LIFCL-33U

3.3. Reset Scheme

Figure 3.38. USB3 Vision Reference Design Clocking Scheme

The overview of reset scheme for U3V Reference Design is shown in Figure 3.39. The following table summarizes the

reset domains in the design.

Table 3.4. Reset Domains

Reset

Source

Destination

cpu_reset_n_90m

PLL lock signal synchronized to PLL
clkos_o (CPU clock).

RISC-V CPU rstn_i and MIPI RX DPHY.

riscv_system_reset_n

RISC-V RX.

All components in the Propel software subsystem.

riscv_system_reset_n_90m

riscv_system_reset_n synchronized to
PLL clkos_o (CPU clock).

USB23 Controller and the AXI Bridge subsystem,
YUV422 to UVC Bridge and IEBM In FIFO
interface.

pixel_clk_reset_n

riscv_system_reset_n synchronized to
PLL clkos2_o (Pixel clock).

All video IP in the U3V subsystem.

mipi_byte_clk_reset_n

riscv_system_reset_n synchronized to
clk_byte_hs_o from the MIPI RX
DPHY.

MIPI packet decoder and Byte-to-Pixel Converter
IP.
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Figure 3.39. Reset Scheme

3.4. Design Operations

This section describes the design operations of the reference design.

3.4.1. USB3 Vision Enumeration

USB3 Vision is an interface standard for industrial cameras using USB 3.0. The enumeration process of a USB3 Vision
device follows the standard USB enumeration process with additional steps specific to the USB3 Vision protocol.

After the physical connection is established, the following USB standard enumeration process occurs:

Device Detection:

e The host detects the presence of the USB3 Vision camera.

e The host issues a Reset on the USB bus to ensure the device is in a known state.

Device Descriptor Request—The host requests the Device Descriptor (PID, VID, class, and subclass) using
GET_DESCRIPTOR requests. This helps identify the device as a USB3 Vision camera from the class and subclass field
sent by the USB device in response to this request.

Address Assignment—The host assigns a unique address to the device.

Configuration Descriptor Request—The host requests the Configuration Descriptor to determine available
interfaces and endpoints. It sets the device to the configured state.

Interface Descriptor Processing—The host retrieves the Interface Descriptor supported by the USB3 Vision device,
which includes USB class and subclass values specific to USB3 Vision. In response to the interface descriptor
request from the USB host, the USB device provides details about the supported interfaces, such as control
interface, streaming interface, event interface, and so on.
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After the standard USB enumeration is completed, the host software (such as a USB3 Vision-compliant) interacts with
the camera using GenlCam and USB3 Vision Protocol.

The following list describes the USB3 Vision specific enumeration:
e Discovery of USB3 Vision Camera:
e The host software checks if the device supports USB3 Vision Protocol by reading the GenlCam XML Descriptor.
e The XML file describes the camera register map, features, and control parameters.
e Vendor-Specific Control Transfers:
The host sends Vendor-Specific Requests over Control Transfers (Endpoint 0) to:
e Read the device capabilities.
e Retrieve the GenlCam XML file.
e Configure the camera operational settings.
e  Bulk Endpoints Setup
The USB3 vision device exposes Bulk IN and Bulk OUT endpoints:
e  Bulk IN Endpoint: Used for streaming image data to the host.
e Bulk OUT Endpoint: Used for sending control commands to the camera.

After the camera is enumerated, the USB host queries the supported pixel formats, resolutions, and frame rates. The
camera can be configured dynamically via the GenlCam interface. The host can start image acquisition by triggering
data transfer over bulk endpoints. Then USB3 vision device starts sending the camera data over the BULK IN endpoints
and the USB host software processes the data in real time.

3.4.2. USB3 Vision Interfaces

This section intends to give user basic information about USB3 Vision design data flow from USB perspective. The USB3
Vision Interfaces implemented in this reference design follows the definition in USB3 Vision Specifications. This
reference design assumes that you have basic familiarity with USB3 Vision standard and USB interface.

This reference design has the following interfaces:

e Device Control Interface (DCl)

e Device Event Interface (DEI)

e  Device Streaming Interface (DSI)

These interfaces are discussed in the following subsections.

3.4.2.1. Device Control Interface
This interface is used to control the USB3 Vision aspects of the device. It follows the Generic Control Protocol (GenCP),
which is part of the GenlCam Standard.

The following register maps are required and defined in the USB3 Vision design. All these registers are managed via the
DCl:

e Technology Agnostic Bootstrap Register Map (ABRM)

e Technology Specific Bootstrap Register Map (SBRM)

e Event Interface Register Map (EIRM)

e  Streaming Interface Register Map (SIRM)

Refer to USB3 Vision specification on details about each of these registers.

In this reference design, the USB3 Vision registers are implemented as structures in the RISC-V Zephyr firmware code.
The structures are defined in the usbd_u3v.c file that includes U3VABRM, U3VSBRM, U3VEIRM, and U3VSIRM.

The offset of these registers are defined in the usbd_u3v.h file and are listed below:
#define U3V_ABRM_ADDR 0x00000000

#define U3V_SBRM_ADDR 0x00050000
#define U3V_EIRM_ADDR 0x00060000
#define U3V_SIRM_ADDR 0x00070000

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

The first 64 KB of the bootstrap register map is used for ABRM. Therefore, ABRM has base offset 0x0. While rest
register maps can be started on a free manufacturer-specific address space after address OxFFFF.

To read or write any register, the host sends command over Bulk OUT endpoint and device responses to that command
over Bulk IN endpoint. In this reference design, the RISC-V firmware decodes command packet received over OUT
endpoint, takes necessary action, and prepares response to be sent over IN endpoint. For more information, refer to
the Control and Event Channel Protocol section.

3.4.2.2. Device Event Interface
This interface is used to pass transmission of asynchronous events from the device to the host. Events are generated
only when the Event Enable flag in El Control Register (part of EIRM) is set.

This reference design supports two types of events:

e U3V Event Test—This is used to test device event interface. This is sent when TriggerEventTest bit in Event Test
Control register (part of EIRM) is set.

e  Start of Frame event test—This is used to send event at the start of frame. This is controlled via its corresponding
event notification register. This register is a part of XML-based registers.

One Bulk IN endpoint is used to send event packets to the host. The RISC-V firmware prepares data for this Bulk IN
endpoint. Based on request received from the host via the DCI, the firmware decides when this event is sent. For more
information on how protocols are used, refer to the Control and Event Channel Protocol section.

3.4.2.3. Device Streaming Interface

This interface is used to pass video streaming data. One Bulk IN endpoint is used to pass this data. Registers controlling
this interface are defined in SIRM.

The Stream Enable flag that is available in the S| control register (part of SIRM) is used to control streaming. The host
sets the Stream Enable bit to start streaming. Once that is set, the device streams data over the stream endpoint.
When the host wants to stop streaming, it clears the Stream Enable bit.

When you start the video streaming using any U3V application (such as eBUS Player), the host sends a command to
enable the Stream Enable flag. When you stop the streaming from any U3V application, the host sends a command to
clear the Stream Enable flag. Follow the same method described earlier to perform register access via the DCI.

To allow the separation of user requested payload data and USB3 Vision protocol specific data, USB3 Vision standard
uses the concept of a leader - payload - trailer data sequence. Streaming control registers (SIRM) are used to pass
information about leader/payload/trailer layout. These registers are also controlled via the DCI. Refer to the U3V
specification to get idea about various registers related to this.

Image resolution and pixel format can also be changed from a U3V application if supported by the device. This
reference design supports this feature. Registers controlling image resolution and pixel format are part of XML-based
registers. Based on XML file content, U3V application knows which registers to be updated whenever you update image
resolution and/or pixel format. These registers are accessed via the DCI.

3.4.3. Streaming Data Transfer via IEBM

This section provides a high-level overview of how streaming data from a camera sensor or test pattern generator
module is transmitted to a USB host. Kindly have a look at the following image.
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Figure 3.40. Data Flow During Streaming

The IEBM block is configured to accept data from the IN endpoint data source.

Based on the figure above, the streaming data transfers happen in the following sequences:

1.

Data from the IN endpoint data source is written into the internal buffer of the IEBM via the FIFO interface.
Information about the start of frame and end of frame is also passed to the IEBM to facilitate preparation of Leader
and Trailer data.

After a buffer is filled, the IEBM generates an interrupt to the RISC-V processor. Meanwhile, if the IEBM has a free

buffer available, it switches to that buffer, allowing the IN endpoint data source to continue filling data via the FIFO

interface.

Upon receiving the interrupt from the IEBM, the RISC-V processor collects information about the buffer that has

been handed over.

a. Ifthisis the first buffer in a frame, firmware prepares leader data and writes it into corresponding on-chip
memory. It also prepares the corresponding Transfer Request Block (TRB) in the TRB buffer. If this is not the
first buffer, the firmware skips preparing the TRB for the leader.

b. Firmware prepares TRB for the data buffer and writes it into the TRB buffer. This TRB contains information
about the data buffer pointer and size. It also contains some other information useful for the USB23
Controller.

c. Ifthisis the last buffer in a frame, the firmware prepares trailer data and writes it into the corresponding on-
chip memory. It also prepares the corresponding TRB in the TRB buffer. If this is not the last buffer, the
firmware skips preparing TRB for the trailer.

After the TRB buffer is updated, the RISC-V processor informs the USB23 controller about the availability of the

TRB(s) by writing to the appropriate registers via the LMMI interface.

The USB23 controller fetches the TRB(s) from the TRB buffer.

Based on the information in the TRB, the USB23 controller fetches data either from the IEBM data buffer or from
on-chip memory. Leader and trailer data reside in on-chip memory while video data reside in IEBM internal buffer.

Upon receiving a request from the USB host for the corresponding IN endpoint, the USB23 controller transmits the
data.

Once all the data corresponding to the TRB is transmitted to the USB host, the USB23 controller updates the TRB in
the TRB buffer.

After updating the TRB, the USB23 controller generates an interrupt to inform the RISC-V processor that the TRB
has been processed.
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10. The RISC-V processor handles the interrupt generated by the USB23 controller. If interrupt is for the TRB associated
with IEBM buffer, the RISC-V processor returns the buffer to the IEBM, allowing the IN endpoint data source to
reuse the buffer for new data.

3.4.4. Control and Event Channel Protocol
The DCI and DEI operate according to the Generic Control Protocol (GenCP). GenCP is part of the GenlCam standard.
It follows the following data transfer layout.

Prefix — Common Command Data (CCD) — Specific Command Data (SCD)
Prefix: USB3 Vision defines the Prefix as 043563355 for the control channel and 0x45563355 for the event channel.
Common Command Data: GenCP defines a technology agnostic Common Command Data (CCD) section. It can include

a command request or a command acknowledge. The following table lists the command format.

Table 3.5. Common Command Data Format

Width (Bytes) Offset (Bytes) Description

2 0 Flags

Command ID (command_id)

2 2
2 4 Length
2 6 Request ID (request_id)

Specific Command Data: The length and content of Specific Command Data (SCD) depends on the command ID
(command_id) used.

USB3 Vision devices and the host software use the SCDs as defined by GenCP.

Example 1: Reading Manifest Table Address Register

Technology Agnostic Bootstrap Register Map (ABRM) has one register at offset 0x001D0 that specifies Manifest Table
Address. Suppose the host wishes to read its content. For this, the host sends command via Bulk OUT endpoint. It will
have the following format:

Table 3.6. Read Manifest Table Data Structure

Section Width (Bytes) | Offset (Bytes) | Description

Prefix 4 0 Prefix.

0x43563355 for control channel.

This Prefix contains the ASCII string U3VC, which stands for USB3 Vision Control
(with ‘U’ in the LSB).

CCcD 2 4 Flags.
0x4000 to indicate that acknowledgement is required.

2 6 Command.
0x0800 to indicate READMEM_CMD. (This follows GenCP specification.)

2 8 Payload length.
0x000C to indicate that the payload has 12 bytes of data. In this example, SCD is
12 bytes.

2 10 Request ID.
This is based on a request. For example, 0x0259.

SCD 8 12 Register address.

0x00000000000001d0 to indicate Manifest Table Address. Refer to the USB 3
Vision specification.

2 20 Reserved.
This is set to 0.
2 22 Read length.

8 to indicate 8 bytes are read.
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Upon receiving the above data from Bulk OUT endpoint, the RISC-V firmware decodes this data. Upon decoding this, it
identifies that this command is to read the Manifest Table Address from ABRM. It collects data from the corresponding
structure and prepares a response to be sent over to the Bulk IN endpoint. The following response will be sent over
Bulk IN endpoint as shown in table below.

Table 3.7. Read Manifest Table Response Data Structure

Section Width (Bytes) | Offset (Bytes) | Description
Prefix 4 0 Prefix.
0x43563355 for control channel.
This Prefix contains the ASCII string U3VC standing for USB3 Vision Control (with
‘U’ in the LSB).
CCcD 2 4 Flags.
0x0000 which represents U3V_STATUS_GENCP_SUCCESS. For example, status is
successful.
2 6 Command.
0x0801 to indicate READMEM_ACK. (This follows GenCP specification.)
2 8 Payload length.
0x0008 to indicate payload has 8 bytes of data. In this example, SCD is of 8 bytes.
2 10 Request ID.
This is based on a request. Let’s take 0x0259 as an example.
SCD 8 12 Data.
0x0000000000080000. This represents the Manifest Table Address. This relates
to U3V_MANIFEST_TABLE_ADDR macro value available in Isc_usb3vision.h.

Example 2: FrameStart Event Format

This example shows the event data format that is being used to send FrameStart event. You control this event
generation from the eBUS Player or similar application. This section describes what happens at the FPGA side.

To enable this event, the host sets the following fields in corresponding registers:

e Event Enable flag in El Control Register (part of EIRM) is set.

e  Event Notification Enable flag in Event notification register (part of XML-based register) is set.

Both registers are written in the same way as explained in Example 1.

After these registers are written, the device sends event at the start of frame. This event data is sent over
corresponding Bulk endpoint and has the structure shown in the following table.

Table 3.8. Frame Start Event Data Structure

Section Width (Bytes) | Offset (Bytes) | Description

Prefix 4 0 Prefix.
0x45563355 for event channel.
This prefix contains the ASCII string “U3VE” standing for USB3 Vision Event (with

‘U’ in the LSB).
CCcD 2 4 Flags.
0x0000 to indicate that acknowledgement is not required.
2 6 Command.
0x0CO0O0 to indicate EVENT_CMD. This follows GenCP specification.
2 8 Payload length.
0x0014 to indicate that the payload has 20 bytes of data. In this example, SCD is
of 20 bytes.
2 10 Request ID.
This is based on request.
SCD 2 12 Event size.
0 as Multiple Events in a single command is not supported.
2 14 Event ID.
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Section Width (Bytes) | Offset (Bytes) | Description
0x9C40 that indicates Frame Start event. This mapping is managed in an XML file.
8 16 Timestamp.
This indicates the timestamp value.
8 24 Event-specific data.
This example passes 8 bits of frame ID.

Events are generated only when the Event Enable flag in El Control Register (part of EIRM) is set.

3.4.5. XML File

The USB3 Vision standard relies on the GenlCam standard to describe the features supported by the camera. This
description takes the form of an XML device description file respecting the syntax defined by the GenApi module of the
GenlCam standard.

For more information on the GenlCam standard, refer to the GenlCam website.

This XML file is retrieved and interpreted by the host software to enumerate the features supported by the device. The
XML device description file provides the mapping between a device feature and the device registers supporting it.

3.4.5.1.
After the USB3 Vision camera is connected and enumerated by the host, the host queries the camera for its manifest

table. The host sends a Control Request to read the manifest table, which provides details about the location and size
of the XML file.

Device Discovery and Manifest Table Fetch

3.4.5.2. Fetching the XML File

The manifest table contains the necessary information for the host to locate the XML file such as its address. Based on
the location provided, the host initiates a bulk read transfer (or control transfer) to retrieve the XML file in chunks.
USB3 Vision allows high-speed data transfer so the host can fetch large XML files efficiently using bulk transfer over the
control endpoint. The Address of the Manifest Table is defined at register offset 0x1DO. This is a part of ARBM. The
manifest table contains a list of Manifest Entries as shown in the table below.

Table 3.9. Manifest Table Layout

Width (Bytes) Offset (Bytes) Support Access Description
8 0 M R MT Entry Count
Number of entries in the Manifest Table.
64 8 M R Manifest Entry 0
First entry in the Manifest Table.
64 8+64 0 R Manifest Entry 1
Second entry in the Manifest Table.
64 8+ n*64 0 R Manifest Entry n
(N+1)th entry in the Manifest Table.

By reading the manifest table, the Host gets information about the number of XML files supported by device. Each
Manifest Entry describes the properties of a single file. Manifest Entry follows the format according to GenCP standard
as shown in table below.
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Width (Bytes) Offset (Bytes) Description
4 0 GenlCam File Version
Bit offset Width (bits) | Description
(Isb << x)
0 16 File-Subminor Version
Subminor version of the GenlCam file referenced in this
entry.
16 8 File-Minor Version
Minor version of the GenlCam file referenced in this
entry.
24 8 File-Major Version
Major version of the GenlCam file referenced in this
entry.
4 4 Schema / Filetype / Fileformat
Bit offset Width Description
(Isb << x) (bits)
0 3 File Type
File type of the file this manifest entry points to.
0 = Device XML
This is the “normal” GenlCam device xml containing all
device features. This is the one file provided in GenCP
until version 1.1.
1 = Buffer XML
This optional XML-file contains only the chunkdata
related nodes. This allows the consumer to instantiate
one nodemap per buffer in case the buffers containing
chunk data and so work on multiple buffers in parallel.
2-7 =reserved
3 7 Reserved
Set to 0.
10 6 File Format
The file format of the file this entry points to.
0 = Uncompressed GenlCam XML file
1 =ZIP containing a single GenlCam XML file
2-63 =reserved
16 8 Schema-Minor Version
Minor Version of the GenlCam Schema the GenlCam file
complies with.
24 8 Schema-Major Version
Major Version of the GenlCam Schema the GenlCam file
complies with.
8 8 Register Address
Register Address at which the file can be read from.
8 16 File Size
Size of the file this manifest entry points to in bytes.
20 24 SHA1-Hash
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Width (Bytes) Offset (Bytes) Description

SHA1 Hash of the file or 0 in case the hash is not available.
20 44 Reserved

Set to 0.

Based on the manifest entry, the host gets information about register address from which this file can be read and file
size. The host reads the entire XML file via the DCI. The USB3 Vision device uses a zip format of XML file to send to the
host when host sends a read request to read an XML file. This zipped XML file raw data is stored using an array U3VXML
defined in the Isc_usb3vision_xml.c file.

3.4.5.3. Parsing and Using the XML File

After the XML file is completely downloaded to the host, it is parsed using the GenlCam standard. This XML file defines
the camera device features, controls, and capabilities, such as resolutions, pixel format, frame rates, and many more.
The host can then use this information to control the camera device and configure it.

Example Usage of XML File
The following table describes the U3V Mandatory Features in the XML file based on the definitions from the USB3
Vision Specification.

Table 3.11. USB3 Vision Mandatory Features for the Camera XML Description File

Feature Name Name Access Units Description

Width linteger R/(W) Pixels Width of the image output by the camera on the stream
channel.

Height linteger R/(W) Pixels Height of the image output by the camera on the stream
channel.

For linescan sources, this represents the maximum height
of the frame created by combining consecutive lines.

PixelFormat IEnumeration R/(W) — Format of the pixel output by the camera on the stream
channel.

From XML file, the host can retrieve the device supported setting Width of output image and which register offset shall
be used to inform device to set width of an output image.

If USB Vision device supports configuration of width of output image. When it receives request from the host via
corresponding register and if that value is supported by the device, it configures camera sensor to the requested width.
If camera configuration is successful, it returns GENCP_SUCCESS as a status code. If received width is invalid,
GENCP_WRONG_CONFIG status is returned.

The corresponding register is a part of XML-based registers in this reference design. WidthRegAddr member of
U3VXMLIMPREG structure represents this register in our case. This structure has been defined in the usbd_u3v.c file.

There is a mapping for the device feature defined in an XML file in the RISC V firmware. These XML features are
implemented in firmware based on XML Inquiry register(U3VXMLINQREG) and XML Implementation register
(U3VXMLIMPREG) sets.

U3VXMLINQREG: This register set helps to get an idea about the features that are supported by the U3V device. Offset
and name of these registers are retrieved from the XML file. After reading the XML file, the host reads these registers to
get information about the supported features.

U3VXMLIMPREG: This register set represents the implementation of the corresponding supported features defined in
U3VXMLINQREG. The host performs read or write operations on this register to configure the U3V device.
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Example:
XML has TestPatterning_RegAddr with register offset 0x24 as shown in the figure below.

<Integer Name="TestPatternIng_R

<Value>0x00010024</Value>
</Integer>

Figure 3.41. Test Pattern Inquiry Register Offset in XML File

For this address offset 0x24, the value 0x00000900 has been assigned in the RISC-V firmware as shown in the figure
below.

USVXMLINQREG_5 U3VXMLINQREG =

1
.DeviceControlIngRegAddr = @xBapeseas,
.ReverseIngRegAddr = @x@eelseal,
JWidthMinReghddr = exBeaaesaa,
.HeightMinRegAddr = @xeaee080@,
JHunitRegAddr = BxB888818,
JNunitReghAddr = BxBeseae,
.RegionselectorIngReghddr = @x4pe88801,
.PixelFormatIng@Reghddr = @x@@888581,
.PixelFormatIngRegAddr = @x@a330889,
.TestPatternIngRegAddr = @xe@eepoBe,

.Frame5pecInfolngReghddr = @xBeB@B30F,
ErameSnerTRfaBNTPAa=i+ianTnaRi+ = GwBIAARIEE

Offset: @x@ <br> DeviceControlIng_RegAddr :
Offset: @x4 <br> ReverseIng_RegAddr - @x@l3d
Offset: @x8 <br> WidthMin_Reghddr - @x@ */
Offset: @wC <br> HeightMin_RegAddr - @x@ */
Offset: 8x1@ <br> Hunit_RegAddr - 8xl@ *,
Offset: @x14 <br> Vunit_RegAddr - @x@2 */

Offset: @xl8 <br:> RegionSelectorIng_RegAddr
offset: @xlC <br:> PixelFormatIng® RegAddr -
Offset: @x2@ <br: PixelFormatIng_RegAddr -@
Offset: 8x24 <br> TestPatternIng_RegAddr - 4
Offset: @x28 <br> FrameSpecInfolng_RegAddr -
ffzats OwdIc rhey EramsCnarTnfaB0TPasitdanT

r+

WA A A A A A A A A A

!

Figure 3.42. Data Structure—Value of Test Pattern Inquiry Register

When the host wants to get the device supported test patterns, the host sends read command with address
0x00010024, where 0x00010000 is a base offset of U3VXMLINQREG and 0x24 is an offset of TestPatterning_RegAddr.
The device sends data 0x00000900 in response to the read command. This data indicates the supported test patterns
that the device has.

When you want to change any of the supported test patterns, the host application sends corresponding write
command with address 0x00030030 where 0x00030000 indicates the base address of U3VXMLIMPREG and 0x30 is an
offset of TestPattern_RegAddr. This TestPattern_RegAddr is defined in XML as shown the figure below.

<Integer Name="TestPattern_R
<Value>@x@0030030</Value>

</Integer>

Figure 3.43. Test Pattern Register Offset in XML File

Firmware receives data from an application for test pattern and writes it at the address offset of 0x30
(TestPatternRegAddr) in U3VXMLIMPREG as shown below.

USVXMLIMPREG_S USVXMLIMPREG =
{
.AcquisitionStartReghddr = @xec800808,
.AcquisitionStopRegAddr = @xeececses,
.DeviceTemperatureRegAddr = @xeee20088,
.DeviceResetRegAddr = @x20080008,
.FindMeRegAddr = @x@6800800,
.DeviceLinkThroughputlimitModeRegAddr = @xeepecpes,
.RegicnModeReghAddr = @x@e008008,
.WidthRegAddr = U3V_IMAGE SIZE X_DEFAULT,
.HeightRegAddr = U3V_IMAGE SIZE ¥ DEFAULT,
.OffsetXRegAddr @x@eao0000,
.0ffset¥YReghAddr @xaepaaaea,
.LinePitchRegAddr = @xeeacoeaa,
.TestPatternRbgAddr - exeeeseese,
.ReverseXReghddr = @x00020000,

: Bx@ <br: AcquisitionStart RegAddr -
: Bx4 <br> AcquisitionStop_RegAddr - Ri
: @x8 <br> DeviceTemperature_ReghAddr - R
¢ @xC <br> DeviceReset_RegAddr | */

: 8x1@ <br> FindMe_RegAddr -
: @xl4 <br> DeviceLinkThroughputLim
¢ @x18 <br: RegionMode_RegAddr - Rk
t Bx1C <br> Width_RegAddr

1 Bx2@ <brr Height_RegAddr - RW
¢ @x24 <br:> OffsetX_RegAddr - R
: @x28 <br> OffsetY_RegAddr - Ri
: @x2C <br> LinePitch_RegAddr - RW
: @x3@ <br> TestPattern_Regfddr -
: @x34 <br: ReverseX_ReghAddr - RW *

Figure 3.44. Data Structure—Value of Test Pattern Register
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3.4.5.4. Video Pipeline Operation

The block diagram in the following figure shows the video IP path in this reference design.
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Figure 3.45. U3V Design Video IP Path Block Diagram

3.4.5.5. USB Video Path Overview

The USB video path processes the MIPI serial data that is received from the camera sensor and converts it into a
suitable USB video format that can be streamed to the host system. This process involves multiple stages of data
transformation that is handled by different IP cores. The following lists the step-by-step breakdown of the pipeline:

1. MIPI Serial to Parallel Conversion
e The RX DPHY IP core receives MIPI serial data coming from the camera sensor.
e |t converts the high-speed serial stream into parallel pixel data, making it suitable for further processing.

2. Byte-to-Pixel Conversion
e The Byte-to-Pixel Converter IP core takes the MIPI byte data and reorganizes it into a pixel-formatted structure.
e The output format from B2P is typically Bayer format, which needs further processing before display or
streaming.

3. Bayer to RGB Conversion
e The Debayer IP core processes the Bayer-formatted pixel data and converts it into a full RGB image.
e This is an essential step to reconstruct a meaningful image from raw sensor data.

4. RGB to YUV422 Conversion
e The Color Space Conversion IP core takes the RGB pixel data and converts it into YUV422 format, which is
widely used for video compression and streaming.
e The YUV test pattern generator module produces predefined solid color patterns in YUV422 format for testing
and debugging.

5. Supported Pixel Formats
e As per the block diagram, the system supports multiple pixel formats after the YUV422 conversion step. The
available formats include:
e YUV format: YUV422. Used for compressed video transmission.
e Monochrome (Grayscale) formats: MONO8, MONO10, and MONI10P
e Bayer (Raw Sensor) Formats: BAYERS, BAYER10, and BAYER10P

6. Data Selection and Transmission to USB
e Depending on the pixel_format selection value set by you, the appropriate pixel data is selected using a
multiplexer (MUX).
e The selected pixel data is then passed to the IEBM buffer, which stores camera data or YUV test pattern data.
After one buffer is filled, it is handed over to the RISC-V CPU for further processing.
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3.4.5.6. Changing Video Properties

When user change the pixel format from the eBUS player, the following activities will be performed.

1.

The eBUS Player sends a request to the GenlCam-compliant USB3 Vision device to change the pixel format. Let’s
say the user has selected the MONO10 format. This request is transmitted via the USB3 Vision control channel,
following the GenlCam standard. The request includes the PixelFormat register value corresponding to MONO10,
ensuring the camera correctly interprets and updates its internal settings.

The RISC-V CPU, which acts as the embedded processing unit inside the USB3 Vision device, receives the pixel

format update request. Upon receiving this request, the CPU:

a. Processes the command, extracts the requested pixel format, and verifies whether MONO10 is supported.

b. Stores the GenlCam-compliant pixel format value internally for reference.

c. Generates an acknowledgment response and sends it back to the USB host via the USB3 Vision protocol,
confirming that the requested pixel format update has been successfully applied.

After successfully processing the request, the RISC-V CPU writes the updated GenlCam-compliant pixel format
value into the U3V register interface module. The format update is communicated using the AHB-Lite interface,
which connects the CPU with the register interface module.

In this case, because the selected format is MONO10, the RISC-V CPU will not enable the YUV test pattern
generator. This Pixel Format Data Selection Multiplexer is responsible for dynamically selecting the correct data
format based on the updated PixelFormat register value. The selected MONO10 data is then passed to the
subsequent processing modules for further handling, such as transmission over the USB3 pipeline.

3.4.5.7. Selecting YUV Test Pattern

The YUV test pattern data can be generated by the design. This is useful as an alternative data source besides the
camera sensor. To select the YUV test pattern, follow these steps:

1.

Select the YUV422 pixel format in the eBUS Player, indicating that the image data must be transmitted in a YUV422
color space.

Enable the test pattern mode by setting it to Testimage_YUV422 within the eBUS Player. This instructs the U3V
device to generate a YUV422 test pattern instead of using real sensor data.

After the RISC-V CPU receives and processes both requests:

a. It updates the PixelFormat register with the GenlCam-compliant YUV422 format value, ensuring that the
correct encoding scheme is selected.

b. It enables the YUV422 test pattern module, which generates predefined YUV422 test image data.

As a result, the Pixel Format Data Selection Multiplexer (‘Pixel Format Data Selection Mux’) identifies that the test
pattern mode is active and selects the YUV422 test pattern data instead of actual sensor data. The selected test
pattern data is then passed to the subsequent processing modules for further handling.

3.4.6. SPI Flash Operation

The SPI flash is used in this design to store the FPGA bitstream and the USB3 Vision device GUID. You can write to the
SPI flash from the host computer using a Windows application (USBTestApp.exe). The commands are sent from the
host to the FPGA via a USB connection. The figure below shows the flowchart for SPI File write operation.
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File Write

iter = file_len / 128;
File Opened? rem = file_len % 128;
spi_add = add;
spi_tx_len =file_len;
i=0;
spi_add = add; L
sector =file_len / 4096
i=0; tx_len=1;
: Send Write Enable 4
* (Send Vendor Write)
tx_len=1;
Send Write Enable
(Send Vendor Write)
No
Yes
tx_len=4;
Send Sector Erase
(Send Vendor Write)
No
Yes
tx_len=1;
Send Read Status -—
(send Vendor Write)
No
tx_len=1;
Send Read Status  |——
(Send Vendor Write)
Yes
tx_len=1;
*response = buf;
Send Read Status No
Display Error (Send Vendor Read)
Yes
if(buf & 0x1)
END tx_len=1;
*response = buf;
No Send Read Status
(send Vendor Read)
i+
spi_add += 4096
Error
Yes
No
spi_tx_len = 128;
spi_add += 128
Yes

i<iter?

perform
simple
Write

No
File write completed!
Vendor request to
te Dual Boot

Figure 3.46. SPI File Write Operation Flow Chart
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Notes:
1. Itisassumed that there is a bit file running on the device that supports SPI Operations for USB Test Application.
2. You must have a USB Test application and U3V_GUID.bit file for usage.

At the end of the SPI flash write operation, the USB Test application sends a vendor-specific USB request to initiate the
dual boot sequence. The dual boot sequence is a process to re-program the FPGA into the newly written bit file in the
SPI flash. On the firmware side, when the RISC-V processor receives this request, it toggles a dedicated GPIO signal. This
action triggers the dual boot process in the hardware.
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4. U3V Reference Design Signal Description

The input and output interface signals for the CrossLinkU-NX USB3 Vision Reference Design are shown in the table

below.

Table 4.1. Primary 1/O

Port Name Direction LIFCL-33U Ball Description

clk_60m_i Input H8 60 MHz input clock form the on-board crystal oscillator.
dp_z Input/Output D7 USB2.0 positive differential data line.

dm_z Input/Output E7 USB2.0 negative differential data line.

u3_rxp_i Input A8 USB3.0 positive differential data line for receiver.
u3_rxm_i Input B8 USB3.0 negative differential data line for receiver.
vbus_z Input/Output E5 Power signal.

u2_reset_ext_z Input/Output — Synchronous reset for USB 2.0.

REFINCLKEXTP_i Input F8 USB3.0 PHY external positive differential clock.
REFINCLKEXTM_i Input E8 USB3.0 PHY external negative differential clock.
u3_txp_o Output A7 USB3.0 positive differential data line for the transmitter.
u3_txm_o Output A6 USB3.0 negative differential data line for the transmitter.
cam_scl_z Input/Output J6 12C controller serial clock line (SCL) for the camera sensor.
cam_sda_z Input/Output H6 12C controller serial data line (SDA) for the camera sensor.
cam_en_o Output L7 Camera sensors enable.

rx_clk_p_i Input/Output F7 Camera positive differential clock line.

rx_clk_n_i Input/Output E6 Camera negative differential clock line.

rx_d0_p_i Input/Output M7 Camera positive differential dataO line.

rx_d0_n_i Input/Output M6 Camera negative differential dataoO line.

rx_dl p_i Input/Output N7 Camera positive differential datal line.

rx_dl_n_i Input/Output N6 Camera negative differential datal line.

uart_rxd_i Input F1 UART input for RISC-V microcontroller debugging.
uart_txd_o Output G1 UART output for RISC-V microcontroller debugging.
remote_wakeup_in_i | Input B1 Remote wakeup GPIO input pin.

spi_cs_n_o Output B3 SPI Chip select line.

spi_sck_o Output B4 SPI serial clock line.

spi_dt_o Output D4 SPI data output line.

spi_dt_i Input D3 SPI data input line.
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5. Running the U3V Demo on Evaluation Board

This section describes how to run the U3V demo using prebuilt binary files on the LIFCL-33U Evaluation Board.

5.1. Extracting Reference Design Files
Before you start running the demo, download the design archive file from the Lattice Semiconductor website.

Extract the CrossLinkU-NX-U3V-RD-Source-RevA.zip file to your local directory, example to C:\workspace\. This path is
referred as <my_workspace> hereafter, for example <my_workspace> = C:\workspace\ CrossLinkU-NX-U3V-RD-Source-
RevA\.

5.2. Pleora eBUS Player Installation
This reference design requires installation of Pleora eBUS Player to stream the USB3 Vision video. Download the eBUS
software version 6.2.8.5877 from the Pleora eBus Player download page and install it into your PC or laptop.

5.3. CrossLinkU-NX LIFCL-33U Evaluation Board Connection

Connect the following to the CrossLinkU LIFCL-33U Evaluation Board:

e Connect Raspberry Pi Camera Module 2 to the CN1 connector.

e Connect the Micro USB port (J2) of the LIFCL-33U Evaluation Board to your PC by using a Micro USB.
e Make sure that Jumper J5 is not connected.

5.4. Programming FPGA Bitstream to Flash
In case the LIFCL-33U Evaluation Board must be programmed or re-programmed, refer to the following steps:

1. Launch the Radiant Programmer. Click the Operation area to bring up the Device Properties window.

£ LIFCL - LIFCL-33U - Device Properties — [m] *®

General Device Information

Device Operation

Target Memory: External 5P| Flash Memory (SPI FLASH) ~
Port Interface: JTAG2SPI ~
Access Mode: Direct Pragramming ~
Operation: Erase Program, Verify ~

Programming Options

Programming file: }iemﬂ_r’u}v_uBtnaxl_ahbl_ravBhd_das_lmpl_T.h\t| .| [0x3AB8

SPI Flash Options

Family: 5P| Serial Flash ~
Vendor: WinBond ~
Device: W250512V ~
Package: 8-pad WSON ~

5PI Pragramming

Data file size (Bytes): | 1164323 | I Load from File
Start address (Hex): 000000000 ~
End address (Hex): 000110000 ~

[ Turn off addresses auto updating
[] Erase SPI part en programming error

Secure 5P| flash golden pattern sectors

OK Cancel

Figure 5.1. Device Properties Options
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5.5.

Select options for Target Memory, Port Interface, Access Mode, and Operation.

Select the bitstream file from the <my_workspace>\
hardware\ref_design\demo\u3v_u23toaxi_ahbl_revBbd_des_impl_1.bit under Programming files.

Choose the SPI Flash Options.
Click OK after configuration.

Click the Program Device icon from the toolbar to perform the device programming. The following figure shows a

successful operation.

Output

Programmer device database loaded
INFO «85021074> - Check configuration setup: Start.

IMNFO <83021077> - Check configuration setup: Successful (Ignored JTAG Connection Checking).
INFO <83021284> - Devicel LIFCL-33U: LIFCL-33L: Refresh Verify ID

INFO =23021298> - Operaticn Done, No errors,

INFO £83021294> - Devicel LIFCL-33U: W25Q512JV: Erase, Program, Verify
Initializing...

IDCode Checking...

Enter 4-Byte mode..,

Enabling...

Erasing...

Disabling...

Enabling...

Pregramming...

Disabling...

Verifying...

INFO <85021399> - Execution time: 00 min : 37 sec

INFO =23021371> - Elapsed time: 00 min : 42 zec

INFO <23021373> - Operation: successful,

Figure 5.2. Successful Device Programming Operation

Connect Evaluation Board to PC

Once the bitstream programming is successful, connect the USB-C port on the evaluation board to PC by following
these steps:

1.
2.

Disconnect the Micro USB cable from PC and the board J2 connector.
Connect the USB type-C connector CN2 to your PC using the USB-C to USB type-C cable or the USB-C to USB type-A

9-pin cable.

The evaluation board must be enumerated as USB3 Vision Device, which can be found in the Windows Device
Manager. The figure below shows that the USB3 Vision Device is enumerated.

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

FPGA-RD-02319-1.0

57


http://www.latticesemi.com/legal

= LATTICE

& Device Manager
File Action View Help
e @ E HEIE

~ B CITW10P111806
iy Audio inputs and outputs
[ Computer
57 Delllnstrumentation
- Disk drives
[l Display adapters
- DVD/CD-ROM drives
3 Firmware
il Human Interface Devices
= Keyboards
@ Mice and other pointing devices
[ Monitors
57 Network adapters
W Ports (COM & LPT)
= Print queues
L] Processors
07 Security devices
!* Software compenents
B Software devices
iy Sound, video and game controllers

f Sterage controllers
i@ System devices
& UCMCLIENT
§ Universal Serial Bus controllers
~ § USB3 Vision devices
§ USB3 Vision device

Figure 5.3. U3V USB Enumeration

5.6. USB3 Vision Demonstration

This section lists the steps on how to see camera/YUV test pattern video data on the eBUS Player.

5.6.1. Device Connection to eBUS Player

To connect the device to the eBUS Player, follow these steps:

1. Launch the eBUS Player software.

2. Click on the Select / Connect tab to connect the USB3 Vision device to the eBUS Player application.
3. Select U3V Camera-NX33U [2AC100000000] device and click on OK.

5.6.2. Video Streaming from Camera Sensor

To start video streaming from the Raspberry Pi camera sensor, follow these steps:
1. Click on the Device control tab.

2. Configure the following settings available under the ImageFormatControl tab:

a. Change the width and height, by typing in the following allowable values:
e Width = 1,280, Height = 720
e Width = 1,920, Height = 1,080
e Width = 3,280, Height = 2,160
Note: The demo bitstream file that is provided only supports 1080P resolution. For more information on the
support for other resolutions, refer to the Changing to the Other Supported Resolutions section.

b. Double-click on the PixelFormat to change the format to any option available in the drop-down list.
c. Set TestPattern to Off to view the camera sensor video.

3. Click on the Play button to see the video from the camera sensor. The video FPS and USB throughput (Mbps) are
shown at the bottom of the eBUS Player.

Click the Stop button.
5. Click the Disconnect button before you remove the USB-C cable from the computer.
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5.6.3. Video Streaming from YUV422 Test Pattern

The reference design contains a YUV422 test pattern generator that generates solid color pattern video. This is useful
to stream high-bandwidth frame rates over the USB, which is not limited by the Raspberry Pi sensor bandwidth. Follow
these steps to enable the test pattern:

Click the Play button.

o vk wN R

solid color frames.

Click on the Device control tab.
Set TestPattern mode to Testimage_YUV422.

Click the Disconnect button before you remove the USB-C cable from the computer.
Select YUV422 test image mode to see the YUV422 test pattern on the eBUS Player. The eBUS Player flashes various

5.6.4. SPI File Write Operation Using USB Test Application

= LATTICE

Click the Stop button. Note that you must click on the Stop button if the video streaming is on-going.

This section lists the steps on how to use USB Test application for loading bit file into SPI flash and updating U3V GUID

for the device.

5.6.4.1. Download Demo Bitstream File in SPI Flash Using USB Test Application

The following steps demonstrate how to write bitstream file into the SPI flash using the USB Test application.
1. Launch the USBTestApp.exe in the software\utilities\USBTestApp directory.

Note: Make sure the USB-C cable is connected to the board.

jels
Master Index:
Operation:

Configuration:

Slave Address:

[ tteration:

Get

Set

Tx Data Length:

Rx Data Length:

Select Operation Mo ~
Select Configuration +
(In Hex)

—
-

(In Hex)

|

(Enter hex Data separated by (,))

GPIO

GPIO Index:

l:l (In Hex)

Operation: Select Operation Mo ~

Reglength:  |selectLength ~

Raression Test

Start Stop

OfF Bitmap:

FPGA Version:
Firmware Version: -
Device Status: Disconnected

Disconnect

SPI

Master Index: l:l (In Hex)

Operation: Select Operation Mo

Configuration: |elect Configuration ~

SPI Address: l:l (In Hex)

Select File: |

Browse

TxLength: {In Hex)

—
—

Rx Length:

SPI Command: {In Hex)

Read Write

File Read

Flash Write

Figure 5.4. USB Test Application

2. Click on the Connect button to connect to the device. On successful connection, you will see the information
highlighted in the figure below.
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FPGA W g 0
Firmware Version: 1
Device Status: Connected
12C GPIO SPI
Master Index: |:| (In Hex) GPIO Index: l:l {In Hex) Master Index: |:| (In Hex)
Operation: Select Operation Mo Operation: Select Operation Mo Operation: Select Operation Mo~
8 Configuration: | select Configuration
Configuration: Select Configuration Req Length: Select Length ~ &
SPI Address: l:l (In Hex)
Slave Address: |:| ({InHex) Cet I:l (In Hex)
Select File: | T
Tx Data Length: n Hex] n Hex]
ol e S [ o) | e [ e
Rx Data Length: l:l (InHex) Rgression Test Rx Length: l:l (InHex)
[ tteration: /P Bitmap: l:lﬂn Hex) SPI Command: l:l {InHex)
=l E—
< S5 iy Read Virite Fie Read Flash Wirite
(Enter hex Data separated by (,))
Log
Connect
Winusb Device found: VID = Ox2ac1 PID = 0xfd00
FPGA Version:0
Firmware Version: 1

3.
SPI Address = 0x0

Figure 5.5. Device Connected to USB Test Application

To write a new bitstream file to SPI flash, set the following GUI parameters:

Select File = Browse and select the bitstream in <my_workspace>\

hardware\ref_design\demo\u3v_u23toaxi_ahbl_revBbd_des_impl_1.bit

Note: Make sure you select a bitstream file that supports both USB and image upgrade functionality.

If a bitstream without this support is selected, the SPI flash upgrade will not be possible. In this case, the only way is to

use the JTAG programmer.

4.

FPGA Version: 0

Disconnect
Firmware Version: 1
Device Status: Connected
SPI
Master Index: l:l (InHex)
Operation: Select Operation Mo ~
Configuration: | selact Configuration
SPI Address: | gxg {In Hex)
Select File: |E;\Lnm\\Dumments\uSv_uZBh:axi_ahbl_hd_| [ Brawse 1
Ru Length:

SPI Command: l:l {In Hex)

Read Write File Read Flash Write

Figure 5.6. SPI File Write Settings

Click on the Flash Write button to load the file in the flash at the given SPI address and wait for the write operation

to be completed. The write operation may take some time depending on the size of the bit file. The message file
data verified! is displayed in the Log section when the write operation is successful.
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Log

Connect

12C GPIO
Master Index: {In Hex) GPIO Index: I:I (In Hex)
Operation: Select Operation Mo ~ Operation: Select Operation Mo
Configuration: Select Configuration ~ Req Length: Select Length ~
Slave Address: l:l (In Hex) Get l:l (In Hex)
Rx Data Length: l:l {In Hex) Raression Test
[ Tteration: 0/P Bitmap: l:l(]n Hex)

e | ] st | [ swp

(Enter hex Data separated by (,))

FPGA Version: 0
Firmware Version: 1
Device Status: Disconnected

Disconnect

SPT

Master Index: l:l (In Hex)

Operation: Select Operation Mo ~

Configuration: | select Configuration

SPI Address: (In Hex)

Select File: | E:\Local\Documentsu3v_u23toaxi_ahbl_hct_ Browse
SPI Command: |:| {In Hex)
Read Write File Read Flash Wwrite

iter: 9177

rem: 73

Write Time Start: 11:21:57
Write Time End: 11:22:15
File Read
wrbufsz: 1174729
rdBufsz: 1174729
Write File Read Bytes: 1174725
Read Time Start:11:22:15
Read Time End: 11:22:26

file data Verified..!!

log. tet is created under [Release folder,

Figure 5.7. File Write Successful

5. The FPGA is automatically re-configured to the newly written .bit file. In this demo, the U3V bit is used. Therefore,

the same operations described in the Device Connection to eBUS Player section, Video Streaming from Camera

Sensor section, and Video Streaming from YUV422 Test Pattern section are used to verify that the reconfiguration is

successful.

5.6.4.2. Update U3V GUID in SPI Flash Using USB Test Application

The U3V GUID value represents the ID for the device. It is stored in the offset 0x500000 of the SPI flash. The GUID value
is saved as a binary file (U3V_GUID.bit) and can be updated using the USB Test Application.

The following lists the steps for updating the GUID:
1. Openthe U3V_GUID.bit file in software\utilities\USBTestApp with any text editor.

2. Change the last 8 digit of the serial number to your new GUID and save it. The following figure shows that the

default 8-digits of the serial number is 00000000.

Note: The serial number must be a hexadecimal value within the range 00000000 to 7FFFFFFF, as this is the only
range supported by eBUS. According to the specifications, it is mandatory to keep the leading 4 digits as 2CA1.

|=] uav_GUID.bit E!]

1 |2ca100000000|WEEE

Figure 5.8. U3V GUID Bitstream File Contents
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3. Open the USB Test Application. Click on the Connect button to connect the device to the SLS Application. On

successful connection, you will see the information highlighted in the figure below.

2c

Master Index: l:l {In Hex)
Operation: Select Operation Mo ~
Configuration: Select Configuration

Slave Address: {In Hex)

[
Tx Data Length: l:l {In Hex)
[

Rx Data Length: {In Hex)
[ 1teration:

(Enter hex Data separated by ()
Log

e FPGA Version: 0

Firmware Version: 1
Device Status: Connected
GPIO SPL

GPIO Index: l:l {InHex) Master Index: I:I {In Hex)

Operation: Select Cperation Mo Operation: Select Operation Mo ~

Configuration: | gelect Configuration ~

SPI Address: I:I {In Hex)
(In Hex)
e[ ] SekctFe

Req Length: Select Length ¥

‘ Browse
Hi
e [ O e T oo
Raression Test Rx Length: l:l (In Hex)
O/ Bitmap: I:Iﬂ" Hex) SPI Command: I:I (In Hex)
i i Read Wirite Fie Read Flash Wiite

Connect

Winusb Device found: VID = 0x2ac1 PID = 0xfd00
FPGA Version:0

Firmware Version: 1

Figure 5.9. Successful Connection

4. Make the following changes highlighted in the figure below:

e SPI| Address = 0x500000
e Select File = U3V_GUID.bit

— O *
FPGA Version: a
Disconnect
Firmware Wersion: 1
Device Status: Connected
SPI
Master Index: I:l (In Hex)
Operation: |5e|ect Operation Mo ~ |
Configuration: | gelect Configuration
SPI Address: 0x500000 (In Hex)
Select File: | E:\Local\DocumentsiU3v_GUID. bit Browse
SPI Command: I:l (In Hex)
Read Write File Read Flash Write

Figure 5.10. U3V GUID Bit Selection
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5. Click on the Flash Write button to load the file in the flash at the given SPI address. On successful write operation,
the log displays file data verified..!! message.

s SLS Setu vl - O
FPGA Vi = o
Connect Disconnect ersen
Firmware Version: 1
Device Status: Disconnected
12C GPIO SPI
Master Index: I:I (In Hex) GPIO Index: l:l {In Hex) Master Index: I:I {In Hex)
S e Operation: -
Operation: Select Operation Mo ~ Operation: Select Operation Mo ~ = Select Operation Mo
y Configuration: i
Configuration: Select Configuration ReqLength: Select Length ~ SeiecGonfocs abon
SPI Address: | gy500000 ({In Hex)
Slave Address: I:I {In Hex) Get l:l {In Hex)
Select File: | E:\Local\Documents\U3vV_GUID. bit Toroa
Mbaatengh: [ [ (nbed s [ O e [ ] e
Ryx Data Length: |:| (In Hex) Rgression Test R Length: I:l {In Hex)
[ 1teration: O/P Bitmap: |:| {In Hex) SPI Command: I:l {In Hex)
o N —
= Start Stop Read Write File Read Flash Write
(Enter hex Data separated by (,))
Log
iter: 0 ~
rem: 13
Write Time Start:11:10:42
Wirite Time End:11:10:42
File Read
wrbufsz: 13
rdBufsz: 13
Wirite File Read Bytes: 13
Read Time Start:11:10:42
Read Time End: 11:10:42
file data Verified.. !
Iug.txt is created under /Release folder,
v

6. Re-connect the device to the eBUS Player. The new GUID must be reflected in the Device Selection list.

Figure 5.11. File Write Verified

Device Selection

Available Devices

G Intel(R) Ethernet Connection (7) 12191M 8cec:4b:87:8b:66
IUSB xHCI Compliant Host Controller
L ttsE IV Camera-hy 330 [2CA 100000000]

Figure 5.12. Device Selection List is Updated with New GUID
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6. Building the Reference Design

This section describes how to build the U3V reference design using the Lattice Propel® and Lattice Radiant® software.
The process of building the reference design is needed when you want to generate the binary files from source files
especially after you made changes to the reference design.

For more details on these software, refer to the Lattice Propel SDK Builder User Guide on the Lattice Propel Design

Environment web page, and the Lattice Radiant Software User Guide on the Lattice Radiant Software web page.

Note: Building this reference design requires the project source code. Contact Lattice Sales or Technical Support to get
access to the complete USB3 Vision design source code.

6.1. Running Propel Builder Design

The U3V reference design uses the hardened USB block inside the LIFCL-33U, which requires a RISC-V microcontroller
to handle the USB hard IP enumeration and USB traffic control. This section describes how to generate the RISC-V
design, including the peripheral soft IP cores in the Propel Builder software.

6.1.1. Install IPs on Local from File

Before opening the U3V Propel Builder project, there are four soft IP cores that must be installed into the IP on Local
section in the Propel Builder software. These are custom IP cores that are created in this reference design that are not
available in the IP Server. Therefore, these IP cores must be installed to the IP on Local section. To perform the soft IP
installation process, launch the Propel Builder software v2024.2 and follow these steps:

1. Right-click IP on Local and select Install IP from file..., as shown in the figure below.

<. Propel Builder - O X

File Edit View Design Tools Window Help

IP Catalog = %\ Start Page
c e ————
1P on Local TP on Server %
woite fream [ 4 Welcome Back
o | 3 Rt
show latest 1 & Install IP from file... Recent Project List

2 Module/IP on Local s
~ Module
> Architecture_Modules
Arithmetic_Modules
Embedded_IP
Memory_Modules
Processors_Controllers_and_Peripherals
Security_Subsystem
Solution_IPs

Verification IP

(BT v vvvvvew

latticesemi.com

tl equation split concat invert

Tcl Console
3

Figure 6.1. Install IP from File

2. Inthe popped-up file browser, select the following:
<my_workspace>\hardware\ip_packager\latticesemi.com_ahbl_to_axi4lite_bridge 1.0.0.0.ipk.

3. Click OK.

In the IP License Agreement window, click Accept to finish the IP installation as shown in the figure below.
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<, IP License Agreement ? X

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 IP 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 programming file
format.

1.2 "Design” means: (a) a single printed circuit board on which one or

more Lattice Devices may be programmed using one or more programming files
containing the IP Core; or (b) more than one printed circuit board, so long as all -

Decine

Figure 6.2. Accept IP License Agreement

5. Repeat step 1 to step 4 to install the rest of the IP cores listed below:
e <my_workspace>\hardware\ip_packager\latticesemi.com_ahbl_to_Immi_bridge_1.1.0.0.ipk.
e <my_workspace>\hardware\ip_packager\latticesemi.com_ahbl_to_mem_bridge_1.0.0.0.ipk.
e <my_workspace>\hardware\ip_packager\latticesemi.com_in_ep_buffer_manager_2.2.1.0.ipk.

After completing the installation process, these IP cores mentioned above are available in the IP on Local section,

as shown in the figure below.

% Propel Builder -

File Edit View Design Tools Window Help

-ER 9 & MBS x4 aaae i
IP Catalog o A, StartPage
cx 4
1P on Local 1P on Server Y
m s m e W Welcome Back

Search:
Recent Project List

u23_lifelu_nx33_prpl_bldr_des

Show latest IP version only
3 Module/IP on Local =
~ Module
» Architecture_Modules
Arithmetic_Modules
Embedded IP
Memory_ Modules

Processors_Controllers_and Peripherals
Security_ Subsystem

Solution_IPs

Veification IP

(B rrrerororoy

latticesemi.com

~ [ Audio Video_snd Image Processing

| @ in Endpoint Buffer 2100 |
~ [ Processors_Controllers_and_Peripherals
@ AHBLto AXI4Lite Bridge 1000
@ AHBL to LMMI Bridge 1100
@ AHBL to Memory bridge 1.00.0
@ ario 162
@ 15C Controller 201 11 b

,ﬂ: ‘f: ;.us-E }nui -: >0~

il equation split concat invert

Tel Console
B

Figure 6.3. IP Cores Installed from Files
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6.1.2. Opening the Propel Builder Design

To open the Propel Builder software project in the Lattice Propel Builder, follow these steps:

1. Launch the Propel Builder software tool.

2. Click File > Open Design and navigate through the Open sbx window to open the following:

<my_workspace>\hardware\ref_designs\u3v_pbs\u3v_pbs\u3v_pbs.sbx.

4, Propel Builder
File Edit View Design Tools
5 New Design
3 New SoC Design
=1 Open Design

Recent Designs B

B

I Medule/Ponlocal
~ Module
» [ Architecture Modules
Arithmetic_Modules
Embedded_IP
Memory_Modules

>
»

»

»

» [ Security_Subsystem
» [ Solution_IPs

» [ Verification IP

P

latticesemi.com

@ cri0

© 12¢ Controller
@ 12C Target

© 13C_Controller
@ RisCc-vMC

L e

tl equation

wsf

split

Tel Console
3

AXI-Lite

Window  Help

e JEPAGH R
=

aaaeaa

4\ Start Page

Y

AXI4-Stream || AXI4_LITE

Processors_Controllers_and_Peripherals

~ [ Processors_Controllers_and_Peripherals
162 ©

concat invert

Welcome Back

Recent Project List
u23._if prpl_bid

soft_boundary_scan_project_xo5_55td

Figure 6.4. Open the Propel Builder Design

6.1.3. Generate the Propel Builder System

To generate the Propel Builder design, click on the Generate icon as shown in the figure below. No errors should be
observed in the TCL Console of the Propel Builder software.

% Propel Builder [C:/Users/whan/Documents/AppProject/USB_UVC/RD_UV(

File Edit View Design Tools Window Help
: s ¥ Auto Assign
o~ U] E £Qq Validate Design
Design View £4 Generate

B8 UFCL-33u-7C Select Al

v 1F u23lifclu_nx w Area_select

v ¥ Instances; <+ Locate Object

» 1E HW.Y [ Switch Verification and SoC Design
v 1F ahblo)
» 1 ahbl2i Generate Memory Report
y = ahblt = pyn Radiant
b 1Eahblt gy Propel
» IF
ALt History
» i apbl_ i .
— 1 Design Settings
» T coud e

Figure 6.5. Generate the Propel Builder System
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6.2. Running the Radiant Software Project
This section describes the procedure to create your FPGA bitstream file using the Lattice Radiant software v2024.2.

1. Launch the Radiant 2024.2 from the Windows Start menu.
Note: Do not launch the Radiant software from within the Propel Builder software as this will overwrite the
top-level setup of the Radiant software.

In the Radiant software, click File -> Open -> Project.
Navigate to <my_workspace>\hardware\ref_designs and select u3v_u23toaxi_ahbl_revBbd_des.rdf. Click Open.

In the Radiant software, click Export Files to start the bitstream compilation.

Lattice Radiant Software - Reports
File Edit View Project Tools Window Help

= A )
3 &~ I F N & @
[o= Synthesize Design Map Design Place & Route Design N Export Files

Run Export Files
Q= Find Text... 2 ox 12 Start Page oo

Figure 6.6. Export Files to Start Bitstream Compilation

The compilation may take some time to complete. Observe that the .bit file is generated or updated in the project
path (<my_workspace>\hardware\ref_designs \impl_1) after the compilation is completed successfully.

Note: The generated .bit file does not contain the RISC-V firmware. The following sections provide instructions on
how to build the Zephyr firmware for RISC-V and to combine the firmware into the .bit file.

6.3. Building RISC-V Zephyr

This reference design uses Zephyr RTOS as the RISC-V firmware for USB3 Vision operations. This section describes how
to set up the Zephyr build environment, apply the git patches from this design, and compile the Zephyr binary.

6.3.1. Set Up Zephyr Build Environment

For instructions on how to set up the Zephyr build environment, refer to the Getting Started Guide on the Zephyr
website.

You may choose the corresponding guide based on the machine you have (Ubuntu or Windows or MacOS).

The following lists important notes or workarounds that you can follow in case you face some issues during the setup:
e Use Windows Command Prompt instead of Power Shell. Run as Administrator when it is instructed, otherwise run
as Regular User.
e When installing the dependencies using Python PIP3, you may see the following error:
ERROR: Could not install packages due to an OSError: [WinError 2]
Append ——user to the pip3 command to resolve it.

For example:
pip3 install -r $HOMEPATHS$\zephyrproject\zephyr\scripts\requirements.txt —--—
user

To test whether your environment can successfully build Zephyr, try the following sample:

west build -p auto -b reel board samples/basic/blinky

If there are errors: “error: conflicting types for [...]” when setting up the Zephyr build environment, follow these steps
to resolve the error:

1. Open the .config file located in C:\%HOMEPATH%\zephyrproject\zephyr\build\zephyr, edit these two variables:
CONFIG PICOLIBC=n
CONFIG MINIMAL LIBC=y
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2. Rerun the build command using the following command:
west build -b reel board samples/basic/blinky
Note: “-p always/auto” is removed to avoid pristine build overriding the edited .config file.

C¥
Found

minimum required i found components: Interpreter

minimum required is "1.4

tree_generated.h

for board: reel_board

Figure 6.7. Zephyr Build Environment

6.3.2. Apply Patch and Build Zephyr Binary

Before applying the patch, make sure all the steps provided in the section above are followed. The following
instructions are based on Windows environment:

1. Open acmd.exe terminal window as a regular user. Go to the zephyr folder located in the zephyrproject folder.

Note: This assumes that you set up the Zephyr environment in HOMEPATH (C:\Users\<username>).
cd $HOMEPATH%\zephyrproject\zephyr

2. Reset the Zephyr repository to LTS release version 3.7.0.
git reset --hard v3.7.0

BN C\Windows\System32\cmd.exe

E:\USB\v3-Release\zephyrprojecthzephyr:>
E:\USE\v3-Release\zephyrprojecti\zephyr>
E:\USB\v3-Release\zephyrprojectizephyr>git reset --hard v3.7.8
Updating files: 188% (5296/5296), done.

HEAD is now at 36948db938a release: Zephyr v3.7.8

E:\USB\v3-Release\zephyrprojectizephyr>

Figure 6.8. Reset the Zephyr Repository

3. Verify that the repository has been successfully reset to the required version. The Zephyr repository must be at tag
v3.7.0.

git log --oneline -10
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E:\USB\v3-Release\zephyrproject\zephyr>git log --oneline -18
main release: Zephyr v3.7.0
doc: release: Finalize v3.7.8 release notes and migration guide
doc: release: Add v3.7.8 to the list of supported releases
doc: release-notes-3.7: add ctcc/nrf52846
boards: ct: ctcc: add M.2 picture and fix pictures quality

doc: 3.7 migration guide: Remove empty headings

doc: 3.7 migration guide: Minor fixes

doc: 3.7 release_notes: Remove empty headings

doc: 3.7 release_notes: Remove mention of never introduced options
doc: 3.7 release notes: Fix minor issues

E:\USB\v3-Release\zephyrprojecti\zephyr>

Figure 6.9. Zephyr Repository is at Tag v3.7.0

Apply the patch using the following command:
git am --3way --ignore-space-change --keep-cr LSC Patches Combined.patch

Note: Type in the actual path where the .patch file is located. For example: <my_workspace>\zephyr\
LSC_Patches_Combined.patch.

E:\USB\v1-CrossLinkNX33U\zephyrproject\zephyr>git am --3way --ignore-space-change --keep-cr "LSC Patches_Combined.patch”
pplying: LSC Patches Combined

E:\USB\v1-CrossLinkNX33U\zephyrproject\zephyr>

Figure 6.10. Apply Zephyr Patch

Run the command to build the Zephyr project. After building the project successfully, the command generates
zephyr.elf and zephyr.bin files as shown below:
west build -p always -b clunx eval rev b samples\subsys\usb\testusb lattice

The generated files are in the following path: %$HOMEPATH%\zephyrproject\zephyr\build\zephyr\.

6.3.3. Regenerate Bitstream Using the ECO Editor

After you have successfully built the Zephyr source code to obtain the zephyr.elf file, follow these steps to re-generate
the FPGA bitstream that contains the Zephyr binary as RISC-V firmware:

1.

In the Windows command prompt, change the directory to: BHOMEPATH%\zephyrproject\zephyr\build\zephyr. You
will find the zephyr.bin file in this directory.

At the command prompt, type the following command to convert the zephyr.bin file to zephyr.mem file that is
needed by the Radiant software.

Note: This command assumes that you installed the Propel tool in the path listed below. Otherwise, change the
path accordingly.

C:\Iscc\propel\2024.2\sdk\tools\bin\srec_cat.exe zephyr.bin -Binary -byte-swap 4 -DISable Header -Output
zephyr.mem -MEM 32

To merge the software application file (.mem) with the programming file (.bit) using the ECO Editor within the
Radiant software, follow these steps:.

a. Select Tools > ECO Editor to open the ECO Editor in the Radiant software.
Note that the ECO Editor tool will only be available after design compilation, which requires you to complete
the procedure to create your FPGA bitstream file using the Radiant software.

b. In the Memory Initialization tab, double-click on the Attribute column of row 1.5.0 located in the top red box
shown in Figure 6.12.

c. Inthe Memory Initialization Settings window, make the selection shown in Figure 6.12.

Note: The zephyr.mem file is in %3HOMEPATH%\zephyrproject\zephyr\build\zephyr path. Click OK when you
have completed the memory initialization settings.

d. Click File > Save to save the changes made in the ECO Editor. When prompted, click Save to proceed.
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e. The Export Files icon turns blue. Click on it to rerun the Export Files step to generate the new bitstream with
Zephyr binary integrated.

> Synthesize Design | Map Design | Place & Route Design | n Export Files

Figure 6.11. Rerun Export Files to Generate New Bitstream

£ Start Page Reperts ECO Editor *
Q Memory Instance Attribute
3 v 150 Width:32  Depth:49152  ModelRAM
Memory ntszation
~ Components
pbe_top.cpu_tem instlocalbus_tem instu_lsce_mem.idcl LAVAT.iram dp.ulram_O.u_inst SAME_WIDTH.xADDR{0)xDATA[0],_NO_INIT.u0_inst.u_lrsm0.LRAM inst  LRAM_CORE_R20C50
Pbs._top.cpu_tem_instlocalbus_tem_inst.u_lscc_mem.Jifcl LAVAT Jram.dp.ulram_0.u_inst. SAME_WIOTH.xADDR{2)xDATA[0]._NO_INIT.u0_inst.u_lemO.LRAM inst  LRAM_CORE_RACS0

pbs_top.epu_tem instlocalbus_tem instu_fsce_mem.ifel LAVAT lram.dp.ulram_0.u_inst. SAME_WIDTH.XADDR{1)xDATA[0]._NO_INIT.u0_inst.u_ramO.LRAM inst  LRAM_CORE_R34C50

~ secured_instance_0_12055 [ 23 Memory Initatzation Settings x Width18  Depth:1024  ModeEBR

Memory Initislization Choose File

Initialize all bits to 0

i n
e Initialize ol bits to 1

secured_instance_0_12055 © Initislize by Memory File EBR_CORE_R4C30
secured_instance 0_12056 Fle Formet: | Headecmet = £BR_CORE_RS4C33
secured jinstance_0_12057 £8R_CORE_RE4C20
Memory File: phy mem =
secured_instance_0_12058 £BR_CORE_R64C17
oK Cancel
secured_instance 0_12059 EBR_CORE_RB4C22
secured_instance 0_12060 €BR_CORE_R64C27
secured_instance_0_12061 EBR_CORE_RE4C45
secured_instance 0_12062 EBR_CORE_R64C42

sysIO Settings I Memory Initiakization I
- <

Figure 6.12. ECO Editor Settings

4. Program the updated bitstream file to the evaluation board by following the instructions in the Programming FPGA
Bitstream to Flash section.
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7. Customizing the Reference Design

This section provides a description for camera support and resolution adjustment. It also provides a way to enable or
disable the YUV422 test pattern. For more information on customization or modification of the UVC reference design,
contact Lattice Sales.

7.1. Changing the Camera Resolution

The current Lattice B2P and Debayer IP cores are configured to support up to a maximum resolution of 2160P in the
Radiant software design. Higher camera resolutions are not supported due to limitations in the Debayer and B2P IP
cores. If both IP cores support higher resolutions in the future, you must upgrade or configure the IP cores with the
following modifications and recompile the Radiant software design.

7.1.1. Updating Radiant IP Parameters Configuration

7.1.1.1. Updating Lattice Byte-to-Pixel IP Core Parameters

Set the Word Count value according to the requirement. To set the Word Count field, refer to Figure 3.30.

The word count for 1920 (W) x 1080 (H) resolutions can be calculated based on the equation below:
(1920 x 10) _

WordCount = - 2400

The value 10 refers to bits per pixel. For example, RAW10 has 10 bits per pixel.

7.1.1.2. Updating Lattice Debayer IP Core Parameters
To update the parameters of the Debayer IP, follow these steps:

1. Under the DEBAYER setting, set the Horizontal size value, which is the IMAGE_WIDTH value according to the
requirement. For details of the configuration, refer to Figure 3.31.

2. Under Test parameters setting, set the Horizontal pixel size and Vertical pixel size according to the desired
resolution. For details of the configuration, refer to Figure 3.31.

7.2. Changing to the Other Supported Resolutions

The demo bitstream that is provided only supports 1080P resolution. To change the resolution to other supported
resolutions (for example, 720P and 2160P), follow these steps:
1. Modify the Zephyr code.

2. Update the bitstream to the new RISC-V Zephyr firmware.
For guidance on how to build the RISC-V Zephyr firmware and update the FPGA, refer to the Building RISC-V Zephyr
section.

7.2.1. Modifying the Zephyr Code

Modify the macros in the usbd_u3v.h file located
in %HOMEPATH%\zephyrproject\zephyr\include\zephyr\usb\classdirectory, as shown in the figure below.

482— #define TMAGE E_X U3V_IMAGE_SIZE_X_1@80P
4 U3V_IMAGE_SIZE_Y_1080P

U3V_IMAGE_SIZE_X_1086P
U3V_IMAGE_SIZE_Y_1080P

Figure 7.1. Zephyr Code Change to Support Other Resolutions

www.latticesemi.com/legal


http://www.latticesemi.com/legal
mailto:sales@latticesemi.com

Appendix A. Resource Utilization

= LATTICE

The table below shows the resource utilization of the U3V reference design for LIFCL-33U-9CTG104C using Synplify
Pro® of the Lattice Radiant software v2024.2.

Table A.1. Resource Utilization for LIFCL-33U-9CTG104C

Module/Resource Utilization LUTs Registers EBRs Large RAMs DSP MULT
RISC-V RX Micro Controller 6,862 3,449 18 0 6
TCM System Memory 243 115 0 3 0
Bus Controller & Converters 920 488 0 0 0
RISC-V System IEBM 475 531 0 2 0
Lattice 12C Controller 606 514 0 0 0
Octal SPI Controller 1,367 967 2 0 0
GPIOs 207 176 0 0 0
UART 253 145 0 0 0
MIPI DPHY/CSI 643 383 5 0 0
Byte-to-Pixel Converter 501 292 3 0 0
B2P to AXI Stream 178 72 0 0 0
Image Debayer 5,923 5,240 17 0 6
. AXI Stream to Parallel 7 54 0 0 0
:::‘:f;:i'rg‘zal Color Space Converter 288 396 0 0 12
YUV422 Test Pattern 733 218 0 0 0
YUV422 to UVC Bridge 324 193 3 0 0
IEBM IN FIFO Interface 9 18 0 0 0
Data Width Convertor 602 964 0 0 0
USB23 AXI to Memory Bridge 235 175 6 0 0
USB3 Vision U3V Register Interface 438 442 0 0 0
Dual Boot 53 177 0 0 0
Misc i
o | m | w [0 | o |
Total 21,039 15,426 54 5 24
Percentage Over the Device (%) 76.1 62.59 84.38 100 37.5
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Appendix B. IN Endpoint Buffer Manager

This section provides technical information about the IEBM IP.

B.1. IP Ports and Parameters

This section provides details of the IEBM IP ports and interface.

AHB-Lite Interface

This interface is used to access the registers of the IP. This AHB-Lite subordinate must be connected to the processor.
This interface is synchronous to the AHB-Lite clock, ahbl_clk. The following table describes the ports of the AHB-Lite
subordinate interface.

Table B.1. AHB-Lite Subordinate Interface

Signal Name Width | Direction Description

ahbl_clk 1 Input AHB-Lite clock.

ahbl_reset_n 1 Input AHB-Lite reset, active low.

ahbl_haddr_i 8 Input AHB-Lite address.

ahbl_hburst_i 3 Input AHB-Lite burst type.

ahbl_hmastlock_i 1 Input AHB-Lite manager lock.

ahbl_hprot_i 4 Input AHB-Lite protection control.

ahbl_hready_i 1 Input AHB-Lite ready.

ahbl_hsel_i 1 Input AHB-Lite subordinate select.

ahbl_hsize_i 3 Input AHB-Lite size.

ahbl_htrans_i 2 Input AHB-Lite transfer type.

ahbl_hwdata_i 32 Input AHB-Lite write data.

ahbl hwrite i 1 Input AHB-Lite transfer dire.cti'on: When HIGH, this signal indicates a write
- - transfer. When LOW, it indicates a read transfer.

ahbl_hrdata_o 32 Output AHB-Lite read data.

ahbl_hreadyout_o 1 Output AHB-Lite ready out indicates the transfer has finished on the bus.

ahbl_hresp_o 1 Output Valid lines in the One Frame register.

AXI Interface

This subordinate interface is used to read the data from IP data memory. This interface is synchronous to the AXI clock,
axi_clk. The table below describes the ports of the AXI subordinate interface.

Table B.2. AXI Subordinate Interface

Signal Name Width Direction | Description

axi_clk 1 Input AXI clock.
axi_reset_n 1 Input AXl reset, active low.
axi_to_mem_araddr_i 8! Input AXI Read address.

axi_to_mem_arburst_i 2 Input AXI Read burst type.
axi_to_mem_arid_i 8 Input AXI Read address ID.
axi_to_mem_arlen_i 8 Input AXI Read burst length.
axi_to_mem_arsize_i 3 Input AXI Read burst size.
axi_to_mem_arvalid_i 1 Input AXI Read address valid.
axi_to_mem_arready_o 3 Output AXI Read address ready.
axi_to_mem_awaddr_i 8! Input AXI Write address.
axi_to_mem_awburst_i 2 Input AXI Write burst type.
axi_to_mem_awid_i 8 Input AXI Write address ID.
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Signal Name Width Direction | Description
axi_to_mem_awlen_i 8 Input AXI Write burst length.
axi_to_mem_awsize_i 3 Input AXI Write burst size.
axi_to_mem_awvalid_i 1 Input AXI Write address valid.
axi_to_mem_awready_o 1 Output AXI Write address ready.
axi_to_mem_wdata_i 641 Input AXI Write data.
axi_to_mem_wlast_i 1 Input AXI Write last.
axi_to_mem_wstrb_i 82 Input AXI Write strobe.
axi_to_mem_wvalid_i 1 Input AXI Write valid.
axi_to_mem_wready_o 1 Output AXI Write ready.
axi_to_mem_bready i 1 Input AXI Write response ready.
axi_to_mem_bid_o 8 Output AXI Write response ID.
axi_to_mem_bresp_o 2 Output AXI Write response.
axi_to_mem_bvalid_o 1 Output AXI Write response valid.
axi_to_mem_rready_i 1 Input AXI Read ready.
axi_to_mem_rdata_o 641 Output AXI Read data.
axi_to_mem_rid_o 8 Output AXI Read ID.
axi_to_mem_rlast_o 1 Output AXI Read last.
axi_to_mem_rresp_o 2 Output AXI Read response.
axi_to_mem_rvalid_o 1 Output AXI Read valid.

Notes:

1. The AXI address width and data width are configurable. Based on the IEBM_AXI4_ADDR_WIDTH_I and
IEBM_AXI4_DATA_WIDTH_| parameter selection, this value changes.

2. Depending on the IEBM_AXI4_DATA_WIDTH_I selection, this value also changes. For example, if the selected AXI4 data width is
16, this value is 2. If the selected AXI4 data width is 32, this value is 4. If the selected AXI4 data width is 64, this value is 8.

FIFO Interface

This interface is used to communicate with the external FIFO controller, efm. The external FIFO controller can read or
write into the endpoint buffer using this FIFO interface. This interface is synchronous to the external FIFO controller,
clock, efm_clk. The table below describes the ports of the FIFO interface. For more information, refer to the FIFO Write

Operation section.

Table B.3. FIFO Interface

Signal Name Width Direction Description

ieds_clk 1 Input External FIFO controller clock.
ieds_fifo_wr_req_i 1 Input Write request.
ieds_fifo_wr_data_i 321 Input Write data.
ieds_fifo_wr_byte_en_i 42 Input Byte enable.
ieds_hand_over_partial_filled_fifo_pl_i 1 Input Partial transfer request pulse.
ieds_zero_len_xfer_req_pl_i 1 Input Zero length transfer request pulse.
ieds_fifo_invalid_access_o 1 Output Invalid FIFO access.
ieds_fifo_wr_full_o 1 Output FIFQ is full.
ieds_fifo_wr_almost_full_o 1 Output FIFO is almost full.
ieds_fifo_wr_allowed_o 1 Output Write is allowed.
ieds_none_bufr_pending_o 1 Output No buffer is pending.
ieds_fifo_being_flushed_o 1 Output FIFO is being flushed.
ieds_fifo_bytes_can_be_written_o 10 Output Number of bytes that can be written.

Notes:

1. FIFO data width is configurable. Based on the corresponding selection, this value changes.

2. Depending upon FIFO data width selection, this value changes. For example, if the selected FIFO data width is 16, this value is 2.
If the selected FIFO data width is 32, this value is 4. If the selected FIFO data width is 64, this value is 8.
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This table describes the miscellaneous ports of the IP.

Table B.4. FIFO Interface

Signal Name Width Direction | Description

timestamp_i 64 Input Timestamp value.
valid_lines_per_frame_i 13 Input This indicates the valid lines in one frame.
first_bufr_in_xfer_i Input First buffer in transfer indication.
last_bufr_in_xfer_i 3 Input Last buffer in transfer indication.

User Configurable Parameters

This table describes the list the user configurable parameters for the IP.

Table B.5. User Configurable Parameters

Parameter

Description

IEBM_AXI4_ADDR_WIDTH_|

This parameter defines the address width of the AXl interface.

IEBM_AXI4_DATA_WIDTH_|

This parameter defines the read and write data width of AXI4 interface.
Valid values: 32, 64, and 128.

IEBM_AXI4_BYTE_EN_WIDTH_|

This parameter defines the byte enable width of the AXI interface.
Calculated based on the IEBM_AXI4_DATA_WIDTH_I/8.

IEBM_AHBL_ADDR_WIDTH_|

This parameter defines the address width of the AHB-Lite interface.

IEBM_AHBL_DATA_WIDTH_|

This parameter defines the read and write data width of AHB-Lite interface.
Valid values: 32.

IEBM_HW_MAX_BUFRS_|

This parameter defines the number of total buffers allocated for hardware.
Valid values: 1 to 15.

IEBM_HW_SINGLE_BUFR_SIZE_|

This parameter defines the In Endpoint Buffer Manager’s single buffer depth in
terms of bytes.
Valid values: 1 to 4,096.

IEBM_BUFR_WR_DATA_WIDTH_|

This parameter defines the In Endpoint Buffer Manager write data width in terms of
bits.
Valid values: 32, 64, 128.

IEBM_BUFR_WR_BYTE_EN_WIDTH_I

This parameter defines the In Endpoint Buffer Manager write data width.
Valid values: 4, 8, 16.

IEBM_IP_MAJOR_VER_|

This parameter defines the major version for the IP.

IEBM_IP_MINOR_VER_|

This parameter defines the minor version for the IP.

B.2.

Register Offset Map

This section provides register offset map for the IN Endpoint Buffer Manager IP.

Table B.6. IEBM Register Offset Map

Register Offset Description

IP_VERSION 0x00 IP version register.

SCRATCH 0x04 Scratch register.

INT_EN 0x08 Interrupt enable register.

INT_SRC 0x0C Interrupt source register.

BUFR_CNFG 0x10 Buffer configuration register
HW_PARAMS_INFO 0x14 Hardware parameters information register.
CTRL 0x18 Control register.

BUFR_TRACKER_INFO 0x1C Buffer tracker information register.
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Register Offset Description

BUFR_AVAILABILITY_INFO 0x20 Buffer availability information register.
BUFR_XCHNG_CTRL 0x24 Buffer exchange control register.
SEL_BUFR_INFO_FOR_FW 0x28 Selected buffer information for firmware register.
Reserved 0x2C Reserved.

TIMESTAMP_WO0 0x30 Timestamp lower bytes register.
TIMESTAMP_W1 0x34 Timestamp upper bytes register.
VALID_LINES_IN_FRAME 0x38 Valid Lines in one frame register.

B.3. Register Details

IP_VERSION

This register contains information about the IP version.

Table B.7. IP_VERSION, Offset = 0x00

Bit Access | Default Value Description

31:24 RO Varies upon IP release. IP major version.

23:16 RO Varies upon IP release. IP minor version.

15:0 RO 0x0. Reserved.
SCRATCH

This register is used for testing and debugging purpose. When being read, the register returns the same value that is
written to it.

Table B.8. SCRATCH, Offset = 0x04

Bit Access Default Value Description

This field can be used for testing and debugging purposes. When being read, the
register returns the same value that is written to it.

Typically, this is used to check whether firmware can communicate with the IP properly
during initial design development phase.

31:.0 RW 0x0

INT_EN
This register indicates the interrupt enable that controls the reporting of interrupt to the software. It contains direct

mapping to the INT_SRC register. When a bit is set, the corresponding interrupt is active.

Table B.9. INT_EN, Offset = 0x08

Bit Access Default Value Description

31:1 RO 0x0 Reserved.

Enable buffer is available to firmware for processing interrupt.

0 RW 0x0 1: Enable buffer available to firmware for processing interrupt.
0: Disable buffer available to firmware for processing interrupt.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

INT_SRC

This register indicates the interrupt source, which defines the events that determine the interrupt generation.

Table B.10. INT_SRC, Offset = 0x0C
Bit Access Default Value Description
31:1 RO 0x0 Reserved.

Buffer is available to firmware for processing interrupts.
This field indicates that there is at least one buffer available to firmware for

0 RO 0x0 further processing.
This field remains high as long as no_of_bufrs_pending_to_be_processed_by fw is
not zero.
BUFR_CNFG

This register allows firmware to configure buffer parameters according to different requirements. The firmware must
update this register during the initialization, configuration, or reconfiguration stages.

Warning: The firmware must only modify this register when Configured Flag is zero. Failing to meet this requirement
may cause unexpected behavior.

Table B.11. BUFR_CNFG, Offset = 0x10

Bit Access Default Value Description

31:22 RO 0x0 Reserved.

FW_ALLOCATED_TOTAL_BUFRS

This field defines the total number of buffers allocated by the firmware for this
endpoint.

This field must be less than or equal to HW_MAX_BUFRS, the hardware parameter
that describes maximum buffers that can be used for this endpoint.

This field must not be zero.

The firmware must use maximum buffers allowed by hardware design, that is, upon
HW_MAX_BUFRS. The firmware may use smaller number for debugging purpose.

21:17 | RW HW_MAX_BUFRS

FW_ALLOCATED_SINGLE_BUFR_DEPTH

This field defines single buffer depth in terms of bytes.

This field must be less than or equal to HW_SINGLE_BUFR_MAX_DEPTH, the

hardware parameter that defines the maximum depth of a single buffer in terms of

bytes.

This field must not be zero.

This field must be in multiples of the endpoint's maximum packet size. This

ensures data packet to be sent on the USB bus does not split across multiple buffers.

Examples:

e  HW_SINGLE_BUFR_MAX_DEPTH is 2048 and endpoint's maximum packet size is
512 bytes. In this case, valid values for this field are 512, 1024, 1,536, and 2048.

e  HW_SINGLE_BUFR_MAX_DEPTH is 512 and endpoint's maximum packet size is
64 bytes. In this case, valid values for this field are 64, 128, 192, 256, 320, 384,
448, and 512.

e  HW_SINGLE_BUFR_MAX_DEPTH is 4096 and endpoint's maximum packet size is
700 bytes. In this case, valid values for this field are 700, 1400, 2100, 2800, and
3500.

HW_SINGLE_BUFR

16:0 RW _MAX_DEPTH
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Table B.12. HW_PARAMS_INFO, Offset = 0x14

Bit Access Default Value Description
Based on the HW_MAX_BUFRS
31:28 RO hardware This field indicates the hardware parameter value that describes the maximum
parameters buffers that can be used for this endpoint.
27 RO 0x0 Reserved.
HW_SINGLE_BUFR_MAX_DEPTH
Based on the e e ) :
This field indicates the hardware parameter value that defines the maximum depth
26:10 RO hardware . .
of a single buffer in terms of bytes.
parameters L . .
This field must be in multiples of 8.
9:8 RO 0x0 Reserved.
Based on the HW_FIFO_DATA_WIDTH
7:0 RO hardware This field indicates the hardware parameter value for the data width of FIFO interface
parameters in terms of bits.
CTRL

This register is used by the firmware to control bridge IP functionality. The firmware access this register for IP
initialization, configuration, or reconfiguration steps.

Table B.13. CTRL, Offset = 0x18

Bit

Access

Default Value

Description

31:2

RO

0x0

Reserved.

RW

0x0

Flush Buffers flush_bufrs

The firmware sets this field to request the bridge IP to flush corresponding

buffers. Upon detecting this field going high, the IP takes the following

actions:

1. Resets the IN Endpoint Buffer Manager Buffer Tracker and Firmware Buffer
Tracker to 0.

2. Loads the number of buffers available to the IN Endpoint Buffer Manager with a
value equals to the FW_ALLOCATED_TOTAL_BUFRS field.

3. Resets the number of buffers pending to be processed by the firmware to 0.

. Resets other appropriate local variables.

5. Asserts one signal for 10 clock cycles of the FIFO clock to indicate to the IN
Endpoint Buffer Manager about the re-initialization process. That block must
reinitialize its local variables for a fresh start.

6. The IP resets this field.

The firmware can only write 1 to this field. Writing 0 has no effect. This field is
automatically cleared by the IP.

RW

0x0

Configured.

This field indicates that the firmware has configured or reconfigured the bridge IP
and the IN endpoint data supplier block can now access the FIFO interface.

The firmware must configure or reconfigure the bridge IP every time the
corresponding endpoint is configured or re-initialized. The endpoint is configured or
re-initialized upon the following requests: SET configuration, SET interface, and Clear
feature of Endpoint Halt.
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This register is used to track buffer pointers.
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Table B.14. BUFR_TRACKER_INFO, Offset = 0x1C

Bit Access Default Value Description

31:4 RO 0x0 Reserved.
Firmware Buffer Tracker fw_bufr_tracker.
This field indicates the buffer that is either being accessed or is to be accessed by
firmware.

3:0 RO 0x0 This field is incremented by one after one buffer is processed by the firmware. This rolls
over to 0 once it reaches the value that equals to FW_ALLOCATED_TOTAL_BUFRS. In
other words, the value of this field is in a range 0 to (FW_ALLOCATED_TOTAL_BUFRS-1).
This is reset to 0 when the flush buffers bit of the control register is set.

BUFR_AVAILABILITY_INFO

This register is used to get information about buffer availability.

Table B.15. BUFR_AVAILABILITY_INFO, Offset = 0x20

Bit

Access

Default Value

Description

315

RO

0x0

Reserved.

4:0

RO

0x0

Number of buffers pending to be processed by firmware
no_of_bufrs_pending_to_be_processed_by_fw.

This field indicates the number of buffers that are yet to be processed by the firmware.
Upon initialization or re-initialization, this field is reset to 0.

This is incremented by one once one buffer is handed over by the IN Endpoint Buffer
Manager to the firmware.

This is decremented by one after one buffer is processed by the firmware. For example,
the corresponding transfer request block (TRB) is submitted to the USB23 IP.

BUFR_XCHNG_CTRL

This register is used to exchange buffers between the IP and the firmware.

Table B.16. BUFR_XCHNG_CTRL, Offset = 0x24

Bit Access Default Value Description
31:2 RO 0x0 Reserved.
Handover Buffer to IN Endpoint Buffer Manager handover_bufr_to_iebm.
The firmware sets this bit when it receives information from the USB23 IP that this buffer
1 RW 0x0 has been consumed. Upon detecting this, the number of buffers available to IN Endpoint
Buffer Manager increments by 1.
This bit is auto-cleared by the IP.
The firmware processed one buffer fw_processed_one_bufr.
The firmware sets this bit when it has one buffer processed. In other words, when it has
1 RW 0x0 submitted corresponding TRB to the USB IP. Upon detecting this, the number of buffers
pending to be processed by firmware field decrements by 1 and the Firmware Buffer
Tracker field increments by 1.
This bit is auto-cleared by the IP.
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SEL_BUFR_INFO_FOR_FW

This register indicates the selected buffer information to the firmware.

Table B.17. SEL_BUFR_INFO_FOR_FW, Offset = 0x28

Bit Access Default Value Description

31:23 RO 0x0 Reserved.

First buffer in transfer indicator.

The firmware knows whether the handed over buffer from the external controller is the
22 RO 0x0 first buffer in the transfer or not.

0: The selected buffer is not the first buffer in transfer.

1: This is the first buffer in the transfer.

Last buffer in transfer indicator.

The firmware knows that the handed over buffer from the external controller is the last
21 RO 0x0 buffer in the transfer or not.

0: The selected buffer is not the last buffer in transfer.

1: This is the last buffer in the transfer.

20:4 RO 0x0 Buffer size.

Selected buffer number, same value as Firmware Buffer Tracker.

The firmware uses this to find offset.

Buffr_Offset = MEMORY_BASE_ADDRESS + (Selected buffer number *
HW_ALLOCATED_SINGLE_BUFR_DEPTH)

3:0 RO 0x0 For example:

The selected buffer number or Firmware Buffer Tracker is 2.
HW_ALLOCATED_SINGLE_BUFR_DEPTH is 40,96.
MEMORY_BASE_ADDRESS is 0.

Buffr_Offset = 8,192.

TIMESTAMP

The use case of this register is to know the current time of the ongoing transfer operation. The timestamp register is a
64-bit register. Therefore, two separate 32-bit registers are used for the timestamp register. This is in terms of clock
cycles. The firmware reads this register and calculates the current time based on the frequency of the operating clock.

TIMESTAMP_WO0 — Timestamp lower word register
TIMESTAMP_W1 — Timestamp upper word register
For example:

If this register shows the value of 1055275, which is 0x00101A2B in hexadecimal, with TIMESTAMP_WO0 = 0x1A2B and
TIMESTAMP_W1 = 0x0010, and the operating clock frequency is 60 MHz, given a clock period of 11.11 ns,
then the current time id calculated is as follows:

TIMESTAMP * (clock period) = 1055275 * 11.11 ns = 11.724 ms.

TIMESTAMP_WO0

Timestamp lower word register, 32 bits.

Table B.18. TIMESTAMP_WO0, Offset = 0x30

Bit Access Default Value Description

Timestamp_wO.

31:0 RO 0x0
This indicates the lower 32 bits information for the current timestamp value.
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TIMESTAMP_W1

Timestamp upper word register, 32 bits.

Table B.19. TIMESTAMP_WO0, Offset = 0x34
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Bit Access Default Value Description
Timestamp_w1.
31:0 | RO 0x0 nestamp.__ " . .
This indicates the upper 32-bits information for the current timestamp value.

VALID_LINES_IN_FRAME

This register provides the information regarding the total number of lines that has been received and written in the

buffers.
Table B.20. BUFR_XCHNG_CTRL (Offset = 0x24)
Bit Access Default Value Description
31:13 RO 0x0 Reserved.
active_lines_in_frame
12:0 RO 0x0 This indicates the total number of lines that has been received and written into the
buffers.

B.4. IN Endpoint Buffer Management Architecture

The buffer management architecture is shown in the figure below.
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Figure B.1. IN Endpoint Buffer Management Block Diagram
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B.5. Buffer Read and Write Management Flow

This section describes how one buffer is written into the data RAM and read from data RAM. Buffer data is written by
the IN Endpoint Buffer Manager and it is read back from data RAM by the CrossLinkU-NX USB23 Controller.

Buffer Write Flow
The buffer write operation contains the following steps:

1. The IN FIFO write gate module checks whether the buffer is available or not. When you examine the write allowed
signal, ieds_fifo_wr_allowed_o, if it is high, it indicates that the access is granted to the IN Endpoint Buffer
Manager.

2. After the access is granted by the IN FIFO write access gate module, the IN Endpoint Buffer Manager stores the
data into the IN Data RAM until one buffer becomes full.

3.  When one buffer becomes full, corresponding buffer length information is stored in the Size RAM. Also, the
corresponding buffer-related information is updated in the registers.

Upon completion, the Buffer Available to firmware for processing interrupt is generated.
When an interrupt is generated, proceed to step 1.

The flow chart below shows how one buffer is written into data RAM.

Endpoint Buffer Processing Flow

Is buffer available
for write?

Write data into Data RAM

Is buffer filled?

Store buffer size into
SIZE RAM

Generate
"Buffer Available to firmware for processing"
interrupt
v
Update some variables Update local variables

l

Figure B.2. Buffer Write Operation Flow
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Buffer Read Flow

After one buffer is written into the Data RAM, the corresponding interrupt and buffer information is updated in the

register through the register interface module. The following lists the steps for the RISC-V firmware to process one
buffer.

1. The Buffer Available to firmware for processing interrupt is generated. This interrupt remains high until
no_of_bufrs_pending_to_be_processed_by_fw is not zero.

2. The firmware reads the no_of_bufrs_pending_to_be_processed_by_fw field from the Buffer Availability
Information register and stores it into the local variable called bufr_avail_for_fw_processing.

3. The firmware checks whether the bufr_avail_for_fw_processing is zero. If it is zero, it means the whole TRB of the
buffer has been initiated by the firmware. Go to step 1 and wait for an interrupt.

If the bufr_avail_for_fw_processing variable is not zero, that means the firmware must prepare the TRB.

5. For TRB, the firmware needs two fields. The first field is the TRB starting address that is decided upon the buffer
number. The second field is the TRB size, which is the buffer size field of the SEL_BUFR_INFO_FOR_FW register.
Therefore, read the SEL_BUFR_INFO_FOR_FW register to know the buffer size and buffer number. With this
information, the firmware must prepare the TRB for selected buffer.

Set the Firmware Processed one buffer bit in the Buffer Exchange Control register.
Decrement the local variable bufr_avail_for_fw_processing by 1 and go back to step 3.

In parallel to this, after the data packet is sent from the USB23 Controller to the USB HOST, the host sends the ACK
in response to the data packet being sent. After that, the USB23 Controller generates an xfer complete event.
Based on that event, the firmware must set the handover_bufr_to_ iebm bit.

The flow chart below shows how one buffer is read from the data RAM.

Buffer Processing Flow for RISC-V

Is Buffer Available to firmware for

No processing interrupt?

I USB23 event ?
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Bulk IN
‘xfer complete’
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l
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Figure B.3. Buffer Read Operation Flow
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B.6. Core Operation

This section describes how firmware can configure and reconfigure buffers.

IP Core Configuration or Reconfiguration

To configure or reconfigure the IP, follow these steps:

Disable interrupt generation by writing 0 to the INT_EN register.

Reset the Configured bit in the CTRL register.

Load the Firmware Buffer Configuration register with appropriate values.
Set the Flush buffers bit in the CTRL register.

Poll until the Flush buffers bit in the CTRL register is reset by the IP.

o vk wN R

If the firmware plans to use the interrupt mode, enable interrupt generation by writing appropriate value to the
INT_EN register.

7. Set the Configured bit in the CTRL register.

FIFO Write Operation

This section describes how IN Endpoint Data Source (IEDS) performs FIFO write operation. The following table describes
ports that are used during the FIFO write operation.

Table B.21. Input Ports Related to FIFO Write Operation
Port Direction | Description

Write Request
Assert this signal to request a write operation.
Do not assert this signal if any of the following conditions is true:

leds_fifo_wr_req_i NPUt 1 FIFQ is being flushed — ieds_fifo_being_flushed_o is high.
e  FIFO s full —ieds_fifo_wr_full_o is high.
e  FIFO write operation is not allowed —ieds_fifo_wr_allowed_o is low.
Write Data

ieds_fifo_wr_data_i Input It holds the data to be written in the FIFO when the write request is
asserted.

Write Byte Enable

It holds the byte enable bits when the write request is asserted.

Make sure the following conditions are met:

e Thisisintended to be used only during partial transfer.

e Inall other cases, all bits in this signal must be kept asserted when
write request is high.

ieds_fifo_wr_byte_en_i Input Note: During partial transfer, if the number of bytes to be written is
less than the data width of the bus, all bytes must be adjacent and
start from the least significant position only.
For example, you want to write OXABCD as the last transfer on the
32-bit bus. ieds_fifo_wr_data_i is 0XOO00ABCD and
ieds_fifo_wr_byte_en_iis 0x3. ieds_fifo_wr_byte_en_i must not be
other than 0x3.

Hand Over Partially Filled FIFO Pulse

Assert the signal for one clock cycle to hand over the partially filled buffer.

It means, whenever the last data has been written into FIFO and the

ieds_fifo_wr_full_o signal is low on the next clock cycle of it, this signal

ieds_hand_over_partial_filled_fifo_pl_ must be asserted for one clock cycle.

. Input . .

i Make sure the following conditions are met:

e  This must be an active high pulse of a single clock cycle.

e After you assert this signal, the buffer is handed over to the firmware
for processing and ieds_fifo_wr_allowed_o goes low after one clock
cycle. Wait for the ieds_fifo_wr_allowed_o signal to go high again
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Port Direction | Description
before initiating the next write operation.
Zero Length Packet Transfer Pulse
Assert the signal for one clock cycle to transfer zero length packet. In a
. . special case, when the last data has been written into the FIFO and
ieds_zero_len_xfer_req_pl_i Input ; . ) . L
ieds_fifo_wr_full_o signal becomes high at the next clock cycle, it is
mandatory to assert this signal for one clock cycle when
ieds_fifo_wr_allowed_o becomes high again.

Full

ieds_fifo_wr_full_o Output | When asserted, the IN FIFO is considered full.
Note: Do not perform write operation when the FIFO is full.
Almost Full

ieds_fifo_wr_almost_full_o Output | Asserted when there is space for only single write operation. It is used as
an early indication of the full signal.

Write Allowed

Asserted when FIFO write operation is allowed. This signal would go low

for one clock cycle after either ieds_fifo_wr_full_o, or

ieds_hand_over_partial_filled_fifo_pl_i, or ieds_zero_len_xfer_req_pl_i
goes high. This signal also goes low when ieds_zero_len_xfer_req_pl_i
goes high.

Make sure the following conditions are simultaneously met:

e The Configured bit of the CTRL register of this IP is set by the
firmware.

. At least one buffer is available with the FIFO controller, In Endpoint
Data Source, to write data.

Example:

Assume four buffers are available to a FIFO controller, the IN Endpoint

ieds_fifo_wr_allowed_o Output | Data Source. After the first buffer is written by IEDS and the FIFO full signal
goes high, this signal goes low. It takes around three to four efm_clk clock
cycles to go high again. During this period, the first buffer is handed over to
the firmware and the buffer pointer switches to the next buffer. Same as
the first buffer, after you write the second buffer and FIFO full signal goes
high, this signal goes low again for three to four efm_clk clock cycles.

Therefore, if all buffers are filled in this manner, this signal goes low and

would go high again only when at-least one buffer is sent by the USB

device against the IN request from the USB host.

Notes:

e When FIFO is full and this signal is low, it takes around three to four
clock cycles of the FIFO clock to go HIGH again if at-least one buffer is
available to the IEDS.

e Do not perform write operation when this signal is low.

Invalid Access Pulse

Asserted when IN FIFO is being accessed improperly.

The following lists the conditions considered as invalid access to the FIFO:

ieds_fifo_invalid_access_o Output e Datais being v.vri’Ften in_to the FIFO Y\{hilg write_operation is not
allowed. That is, ieds_fifo_wr_req_i is high while
ieds_fifo_wr_allowed_o is low.

e  Data is being written into FIFO when FIFO is full. That is,
ieds_fifo_wr_req_i is high while ieds_fifo_wr_full_o is high.

None Buffer Pending

ieds_none_bufr_pending_o Output Asserted when there is no buffer pending for processing. This can be used
to know whether there is any buffer pending to be transmitted.

FIFO Being Flushed

ieds_fifo_being_flushed_o Output This signal is asserted during the IP initialization process. This indicates the

FIFO is being flushed. All buffers are available to the external FIFO
controller once FIFO is flushed.
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Port Direction | Description

Note: Do not perform a write operation when this signal is high.
Number of Bytes that Can Be Written

This indicates the number of bytes that can be written in the FIFO. An IEDS
ieds_fifo_bytes_can_be_written_o Output uses this information to know how many bytes can be written until the
FIFO becomes full.

Note: This is considered valid only when ieds_fifo_wr_allowed_o is high.

FIFO Write Examples

This section contains examples showing different cases for FIFO write operations, such as full transfer and partial
transfer. For these examples, the following configuration is used:

e USB 2.0 speed

e  Endpoint’s maximum packet size: 512 bytes

e Number of IEBM buffers: 4

o Write data width: 32 bits

Some typical FIFO write operation examples are shown in Figure B.4 to Figure B.9.

ess ek LU LA LS LF AL LU L L L

ieds_fifo_being_flushed_o \ /f /[
ieds_none_bufr_pending o 7774 ]f ]f \—

ieds_fifo_wr_allowed_o 771 ]] \_/J
ieds_fifo_bytes_can_be_written_o .““W
ieds_fifo_wr_full_o % /f /ﬁf \
ieds_fifo_wr_almost_full_o % /f /ﬁ( \
/

ieds fifo_invalid_access o /f
ieds_fifo_wr_req_i / ]] \ /f
ieds_fifo_wr_data_i - D127 ff
ieds_fifo_wr_byte_en_i / 0xA \ /f
ieds_hand_over_partial_filled_fifo_pl_i W /f /f
ieds_zero_len_xfer req pl i m /f /f

Writing 512 bytes

Figure B.4. FIFO Operation Example — Writing 512 Bytes

ieds_clk /AR T O A T /A O D O O
ieds_fifo_being_flushed_o /[ [[ /[
ieds_none_bufr_pending_o fj fj \ /[
ieds_fifo_wr_allowed_o ]j \_fu ]j \—
ieds._fifo_bytes_can_be written_o __ 512 504/ X8 {4 X 0 77777 512 504
leds_fifo_wr_full_o /[ /ﬁf_\ /[ /
ieds_fifo_wr_almost_full_o [[ /ﬁ]_\ [[ /7
1

ieds_fifo_invalid_access_o /f /[
ieds_fifo_wr_req_i _/ ]j \ [[ / /j -
ieds_fifo_wr_data_i DO D2 D127 Il D128{D129) D1 D254§D255
leds_fifo_wr_byte en_i / Ofof \ [[ / OKF” \
ieds_hand_over_partial_filled_fifo_pl_i [[ [[ [[

ieds_zero_len_xfer_req_pl_i /[ [[ / [

Writing 1024 bytes

Figure B.5. FIFO Operation Example — Writing 1,024 Bytes
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e aRaiaialyfaiaiaialyiniai it i al

ieds_fifo_being_flushed_o [[ [[
leds_none_bufr_pending_oc fj fj \
ieds_fifo_wr_allowed_o jj \_f# / \_
ieds_fifo_byles_can_be_writen o __ 512 sosX_ 504 X 8 X 4 X 0 Y777 512 N 508 YO
ieds_fifo_wr_full_o [[ /ﬁf_\
ieds_fifo_wr_almost_full_o [[ /ﬁj_\

I

ieds_fifo_invalid_access_o [[
ieds_fifo_wr_req_i _/ fj \ f[ /_\
ieds_fifo_wr_data_i DO D2/ YD126{D127 Il D128
ieds_fifo_wr_byte_en_i / OxF,",'l \ f[ m
ieds_hand_over_partial_filled_fifo_pl_i [[ ff /_\
ieds_zero_len_xfer_req_pl_i [[ f[

Writing 513 bytes
Figure B.6. FIFO Operation Example — Writing 513 Bytes

escof | F 1 fF L 1L &L 1L LA

ieds_fifo_being_flushed_o f[
leds_none_bufr_pending_o j]’ \
ieds_fifo_wr_allowed o \ ff /7
ieds_fifo_bytes_can_be_written_o 512 X508 ¥ 504 500 Wm
ieds_fifo_wr_full_o ff
leds_fifo_wr_almost_full_o ﬂ
ieds_fifo_invalid_access o ff
leds_fifo_wr_req_| / \ ﬁ
ieds_fifo_wr_data_i /b0 ¥ o1 Y b2 \ [
leds_fifo_wr_byte_en | / OxF X 0x3 \ ﬁ
ieds_hand_over_partial_filled_fifo_pl_i /ﬁ [/
leds_zero_len_xfer_req_pl_i [f

Whrting 10 bytes

Figure B.7. FIFO Operation Example — Writing 10 Bytes

LR T S N S A O e

ieds_fifo_being_flushed_o /f
leds_none_bufr_pending_o jj \
ieds_fifo_wr_allowed_o \ /f /
leds_fifo_bytes_can_be_written_o 512 Wm 512
ieds_fifo_wr_full_o /f
leds_fifo_wr_almost_full_o ;f[
ieds_fifo_invalid_access_o /f
ieds_fifo_wr_req_i /f
ieds_fifo_wr_data_i /f
ieds_fifo_wr_byte_en i /f
ieds_hand_over_partial_filled_fifo_pl_i /f
ieds_zero_len_xfer_req_pl_i / \ /f

Transmitting Zero length packet

Figure B.8. FIFO Operation Example — Zero Length Packet Request
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e iaialy faNaRaRaiaiaRaRai skl

leds_fifo_being_flushed_o
ieds_none_bufr_pending_o
ieds_fifo_wr_allowed_o
ieds_fifo_bytes_can_be_ written_o
ieds_fifo_wr_full_o
ieds_fifo_wr_almost_full_o

ieds_fifo_invalid_access_o

leds_fifo_wr_req_i

leds_fifo_wr_data |
ieds_fifo_wr_byte_en_i
ieds_hand_over_partial_filled_fifo_pl_i

leds_zero_len_xfer_req pl_i

I

Jj \

J \

X508 X504/ Y8 X4 X 0 ¥Z

/ [

[ / %

I »5 0\

Invalid access

] R

/oo YD1y D2,D(D126XD127\ / Do\

0xH \ OxF

[

I

Invalid IN Endpoint FIFO Access

Figure B.9. FIFO Operation Example — Invalid IN FIFO Access
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Technical Support Assistance

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

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