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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
BTP 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
uvc USB Video Class
© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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The Lattice Semiconductor CrosslinkU™-NX USB Video Class (UVC) reference design provides you a template for video
streaming from camera sensor, utilizing the USB hard IP in a CrosslinkU-NX device.

1.1. AQuick Facts

Download the reference design files from the UVC 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

Lattice Propel™ SDK 2024.2

Lattice Propel Builder 2024.2

Lattice Radiant™ Software Version 2024.2
Lattice Radiant Programmer Version 2024.2

) Propel Soft IP Version
Software Requirements

RISC-V MC Version 2.7.0

System Memory Version 2.3.0
AHB-Lite Interconnect Version 1.3.2
AHB-Lite to APB Bridge Version 1.1.2
AHB-Lite Feedthrough Version 1.0.0
APB Interconnect Version 1.2.1
GPIO Version 1.6.2

12C Controller Version 2.0.1

UART Version 1.3.0

Radiant Soft IP Version

Byte to Pixel Converter Version 1.7.0
Color Space Converter Version 2.2.0
Debayer Version 1.2.2

CSI-2/DSI D-PHY Receiver Version 1.7.0
FIFO_DC Version 2.3.0

Board

LIFCL-33U-EVN Evaluation Board REV-B

Camera Sensor

Raspberry Pl Camera Module V2

Hardware Requirements
Cable

USB C to USB C cable, or USB C to USB A 9 pin cable
USB A to Micro USB cable

1.2. Features

Key features of the CrosslinkU-NX USB Video Class reference design include:

e Soft Mobile Industry Processor Interface (MIPI) 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 Hardware USB IP for USB video class to stream the video from the image sensor to a PC through USB Type C

connector.

e This reference design primarily targets the Raspberry Pl Camera Module 2.
Refer to https://www.raspberrypi.com/products/camera-module-v2/ for more information.
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1.3. Naming Conventions

1.3.1. Nomenclature

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

1.3.2. Signal Names

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

e o areoutput signals.

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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2. Directory Structure and Files

Figure 2.1 shows the directory structure.

v RD_UVC_USB23

v hardware
v ref_designs
| v mipi_uvc_nx33u |—
pdc
pll_60m_i_60m_o

remote_files

rtl

software

source

Contains Hardware Abstraction Layer (HAL) drivers for Lattice USB23 UVC device.

Contains RTL source code for usb23_axi_bridge and video_ip.

Contains Lattice IP Packagers for iebm, ahbl_to_Immi_bridge,
ahbl_to_mem_bridge, and ahbl_to_axi4lite.

Contains Lattice Radiant Project file.
Contains Bitstream files.
Lattice Radiant implementation folder.

Contains RISC-V firmware for different mode.

Contains top level RTL files for the UVC reference design.

Contains the Lattice Propel SDK Project for RISC-V USB enumeration firmware
and the .mem file for System Memory.

ik u23_lifclu_nx33_prpl_bldr I— Contains Lattice Propel Builder Project for the UVC reference design.

sge
u23_lifclu_nx33_prpl_bldr

verification

Contains the download link for usbtreeview utility and potplayer utility.

Figure 2.1. Directory Structure

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

Table 2.1. File List

Attribute Description

<Component name>.ipx

This file contains the information on the files associated to the generated IP.

<Component name>.cfg

This file contains the parameter values used in IP configuration.

component.xml

Contains the ipxact:component information of the IP.

design.xml

Documents the configuration parameters of the IP in IP-XACT 2014 format.

rtl/<Component name>.v

This file provides an example RTL top file that instantiates the module.

rtl/<Component name>_bb.v

This file provides the synthesis closed box.

misc/<Component name>_tmpl.v
misc /<Component name>_tmpl.vhd

These files provide instance templates for the module.

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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3. Functional Description

The top level block diagram of CrosslinkU-NX USB Video Class reference design is shown in Figure 3.1 below.

T R
/ \
| |
| |
| |
| I
| g RT i UART
c
oc
: %g o !
locks | £ onenor 12€ Bus ; s 12C Bus
2
| 12
Custom RTL JUSEIA iio-ieto. PRILET e
Blocks : m 32bit 32-bk ! §
k<t |z
| E’E e tp_en(1:0] 1B
H =5
ard P | 26 I £
ocks | 3 z
<3 -3
| £ . (¥}
| Propel Builder |
| Project |
| T |
| T (U23._lifclu_nx33_prpl_bldr_des) |
| !
N 4l - ___r- - ______ /
sys_clk 'g
72MHz H Image Signal Processing Blocks
Py =
et e \ Y g
o
USB23 AXI Bridge =

! I
! I
l l AXt B2Pto
| Memory Memory | PRI SN Correction (e Debayer mm SPY (Il =’ BYEE tO
"o | Interrupt Native I/F ;rue'\l:ual Native F Parallel | 4&-bit SEUFIUTEE 48 bit Tobit| Stream | 16-bit MLLCUN 16-bit| MIPIRX
Host CPU (PC] ort Mem SE
: oo | N o B ; pixel_clk 1 1 1 e
85 | 3 72MHz _
3 72 MHz
PotPlayer ¢ USDB‘"‘”‘ =3 0 et
river || ussied) |8 @ | o
59 Space
)
| VM LM 1/F | |
Target
| Interface sa-bit I sys_clk !
| | 72MHz | LlFCL-33U
N o e e s N 4

Figure 3.1. Reference Design Block Diagram

3.1. Design Components

The CrosslinkU-NX USB Video Class reference design includes blocks described in the following sections, from PLL to
YUV422 Test Pattern In FIFO Bridge.

3.1.1. PLL

To operate some modules, a 60 MHz clock and a 72 MHz clock are needed. These clock signals can be generated from a
60 MHz input clock produced by the on-board crystal oscillator, and a Phase-Locked Loop (PLL) is utilized to do this. The
PLL generates the 60 MHz clock and a 72 MHz clock signals, which are then routed to the submodules for further
processing. MIPI RX-DPHY and the whole system operate at 72 MHz. USB23 PHY operates at 60 MHz PLL clock and all
the Image Signal Processing (ISP) blocks operate on the MIPI byte clock.

Figure 3.2 and Figure 3.3 show the general and optional ports configuration of the PLL IP.

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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M SEMICONDUCTOR

] Module/IP Block Wizard

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

gp 9! P

Diagram pll_60m_i_60m_o

pll_60m_i_60m_o
- ~

clkop_of—
~ clkos2_o—
—lclki_i
clkos_ol—
lock_ol—
. J/
4 43 >
User Guide

Configure IP
General Optional Ports
Property Value =
Configuration Mode | Frequency

Enable Fractlonal N DMder

Enable Spread Spectrum Clock Generation
Enable Internal Path Switching i O
O Frequenc

CLKI: Fvequency (MHz) [18 300]

CLKOP: Enable Trim for CLKOP \ |

CLKOS. Enable

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

CLKOS Tolerance (%) | 0.0

CLKOS. Static Phase Shlft (Degrees) |0

Seipres it i Yk —-

CLKOS: Enable Trim for CLKOS |
CLKOS2: Enable
CLKOS2: Frequency Desired Value (MHz) [6.25 - 800] 72

2: Divider

CLKOSZ Tolerance (%) 100

CLKOS2: Statlc Phase Shift (Degrees)

CLKOS3: Enable \

} Calculate ‘

No DRC issues are found.

\ Generate ‘ ‘ Cancel ‘

Figure 3.2. PLL General Configuration
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2] Module/IP Block Wizard X

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

~ Reference Clock I/0 Pin
Set /0 Pin for PLL Reference Clock

PI_60M_Ii_60M_0O | bymamicrmase convairors
4 )

Enable Dynamic Phase Ports

Ik v Clock Enable Ports
c Op—o B CLKOS Enable Port
CLKOS2 Enable Port
v PLL Reset
Provide PLL Reset
¥ PLL Lock
Provide PLL Lock Signal B
PLL Lock is Sticky
\_ ) ~ Register Interface
p II Select Register Interface None
~ Power Mode Settings
Enable Legacy Mode

clkos2_o—
—clki_i
clkos_of—

lock_of—

Enable Powerdown Mode

Calculate

uide No DRC issues are found.

Generate Cancel

Figure 3.3. PLL Optional Ports Configuration

3.1.2. USB23 Controller

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

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

through the AXI Interconnect Bridge.

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

e  For all other operations, the USB controller talks to the system memory, which is shared with the RISC-V processor.

This kind of architecture helps to achieve higher Bulk throughput.

3.1.3. AHB-Lite to LMMI Converter

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

3.1.4. RISC-V Microcontroller

All the serial peripheral blocks are connected to the RISC-V MC soft processor through the AHB-Lite interface. The
RISC-V MC CPU IP processes data and instructions while monitoring external interrupts coming from the USB23
controller and IEBM core. The RISC-V MC processor configuration is shown in Figure 3.4 below.
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%, Module/IP Block Wizard X

Configure Component from IP riscv_mc Version 2.6.0
Set the following parameters to configure this component.

Diagram cpud Configure IP

Property Value

~ CFU Configuration
Enable CFU Ports

cpu0 ~ General
Debug Enable [v]
Soft JTAG

[HHIRQ_s0 e
—[4HRQ_S1 AHBL_MO_INSTR4|~
—[4RQ_S2 AHBL_M1_DATA-H|~—
—[4RQ_S3 TIMER IRQ MO+~

. C Extension for Compressed Instructions
—clk_i system_resetn_o|—
— y W=t = M Extension for Integer Mult and Div [v]
= ~ CFU Configuration
—rst_n_i
~ General
r|scv_mc PIC Enable [v]
Timer Enable V]
PIC and Timer Base Address (32'h00000000 ~ 32'hFFFFFFFF) 32'hFFFFO000
Number of Interrupt Requests [2 - 8] 4
] i 2] JTAG Channel Selection for Certain Devices [14 - 16] 14
User Guide No DRC issues are found.

Generate Cancel

Figure 3.4. RISC-V MC IP Configuration

3.1.5. System Memory

This IP is a soft IP for memory which is used by the RISC-V MC processor. The processor reads the instructions stored in
this memory through the AHB-Lite interface and takes actions accordingly. This IP has two interfaces, AHB-Lite and
AXl4, through which the manager can communicate with it. The AHB-Lite interface is used to communicate with the
RISC-V processor. The System Memory IP configuration is shown in Figure 3.5, Figure 3.6 and Figure 3.7.

4, Module/IP Block Wizard X

Configure Component from Module system_memory Version 2.3.0
Set the following parameters to configure this component.

Diagram sysmem0Q Configure IP
General Port S0 Settings Port 51 Settings
0 Property Value
sysmem —
e N\ Interface AHBL
Memory Address Depth [1 - 81920] 32768
Data Bus Width(bits) 32
I AH B L_ Memory Type LRAM
Port Count 2

— + AH BL_S 1 ECC Enable

Enable Arbiter
~ Data Streamer

pa— a h bl hCI k i Enable Data Streamer

—ahbl_hresetn _i

L 3
system_memory

~ Initialization

Initialize Memory

No DRC issues are found.

Generate Cancel

Figure 3.5. System Memory General Configuration
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%, Module/IP Block Wizard X

Configure Component from Module system_memory Version 2.3.0
Set the following parameters to configure this component.

Diagram sysmem0 Configure IP
General Port SO Settings Port S1 Settings
sysmemO sl
y ~ Port S0 Settings

\ Enable Port SO Output Register
Enable Port SO Read Pipeline

s
— H BL_SO Byte Enable for Port SO

Unaligned Access for Port SO

— H BL_S 1 Edit Address Range Port SO

—ahbl_hclk_i

—ahbl_hresetn_i

Access Type for Port SO R/W

- ®:
system_memory

No DRC issues are found.

Generate Cancel
Figure 3.6. System Memory Port SO Configuration
%, Module/IP Block Wizard X
Configure Component from Module system_memory Version 2.3.0
Set the following to configure this
Diagram sysmem0Q Configure IP
General Port S0 Settings Port 51 Settings
0 Property Value
sysmem =
'd N\ Enable Port S1 Output Register
Enable Port 51 Read Pipeline
A
—[HHAHBL_S0 v —
Unaligned Access for Port S1
+ A
= H B L—S 1 Edit Address Range Port S1
—ahbl_hclk_i
— — Access Type for Port 51 RIW
—ahbl_hresetn_i
- J
-
4 >
No DRC issues are found.
Generate Cancel

Figure 3.7. System Memory Port S1 Configuration

3.1.6. UART

The RISC-V MC processor can communicate with the UART and GPIO cores through its Advanced Peripheral Bus (APB)
interface. Hence, the UART and GPIO cores are connected to the soft processor through the AHB-Lite to APB Bridge.
Generally, the UART IP performs serial-to-parallel conversion on data characters received from a peripheral UART
device. The IP performs parallel-to-serial conversion on data characters received from the host through an APB
interface. In this reference design, the host is the RISC-V processor inside the FPGA. The UART IP configuration is shown
in Figure 3.8.
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%, Module/IP Block Wizard %

Configure Component from IP uart Version 1.3.0
Set the following parameters to configure this component.

Diagram uart0 Configure IP
“| Property Value

System Clock Frequency (MHz) [2-200] 72
ua rto Serial Data Width 8

N Stop Bits 1

Ve
— PB_SO Parityv Err‘mble
—clk_i INT_MO4]~

Baud Rate Type Standard
b rSt_n_I txd_o — UART Standard Baud Rate 115200

—rxd_i

FIFO Enable
. J A 1 Enable
ua rt Rx Ready Enable

Tx Ready Enable

4 3
User Guide No DRC issues are found.

Generate ‘ Cancel

Figure 3.8. UART Configuration

3.1.7. GPIO

There is a 32-bit input GPIO, the hardware version GPIO, to monitor the FPGA design version for a particular release.
The hardware version GPIO IP configuration is shown in Figure 3.9.

%, Module/IP Block Wizard X

Configure Component from IP gpio Version 1.6.2
Set the following parameters to configure this component.

Diagram HW_ver_gpio Configure IP
“| Property Value
Number of I/O Lines [1-32] 32
Remove Tri-State Buffer

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

HW_ver_gpio

10 Direction (h’ex)‘{O - FFEFFFFF] 0
—[4HAPrB_s0 e Ee
INTR p— Interface APB
—fclk_i ) [3
gpio_en_o[31:0]pm=
== gpio_i[31:0] ]
gpio_o[31:0] =
—resetn_i
gpio
4 ; v
User Guide No DRC issues are found.

Generate Cancel

Figure 3.9. Hardware Version GPIO Configuration

2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-RD-02306-1.0 17


http://www.latticesemi.com/legal

CrossLinkU-NX USB Video Class
Reference Design

= LATTICE

Also, there is a 2-bit output GPIO, that is, the test pattern enable GPIO. This GPIO is used to select the data either from

the camera sensor RX DPHY or MIPI RAW10 Test Pattern Generator, and Image Signal Processing stream or YUV422
Test Pattern Generator. The test pattern enable GPIO IP configuration shown in the Figure 3.10.

%, Module/IP Block Wizard

Configure Component from IP gpio Version 1.6.2
Set the following parameters to configure this component.

Diagram tp_en_gpio

Configure IP

tp_en_gpio

—(4-APB_S0
_m INT

gpio_en_o[1:0]

= gpio_i[1:0
25 —[_ ] gpio_o[1:0]
—resetn_i

gpio

“| Property
~ General
Number of I/0 Lines [1 - 32]

Remove Tri-State Buffer

10 Direction (hex) [0 - FFFFFFFF]

Interface

User Guide

No DRC issues are found.

Value

2
e}

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

3

APB

Generate

Cancel

Figure 3.10. Test Pattern Enable GPIO Configuration

3.1.8. Lattice 12C Controller

This is a Lattice 12C Controller IP used to communicate with any I2C target device. With this IP, you can perform 12C
write, 12C read, and 12C write followed by read operation on the 12C target device connected to it. In this design, the
RISC-V MC processor configures the MIPI Camera Sensor register through this 12C Controller IP. The 12C Controller IP

configuration is shown in Figure 3.11.
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%, Module/IP Block Wizard

C

ller Version 2.0.1

from IP i2c_q
Set the following parameters to configure this component.

Diagram Isc_i2cc Configure IP
“| Property Value
~ General
APB Mode Enable
Remove Tristate Buffers
1 ~ FIFO
Isc_i2cc
FIFO Depth 256
Implementation of FIFO LuT
D
[HHAPB_SO INTRI4H] e e
g p RX FIFO Almost Full Flag [1 - 256] 254
clk_i scl_io ~ Clock
System Clock Frequency (MHz) [10-200] 72
rst n | sda |O Desired SCL Frequency (kHz) [100 - 1000] | 100
i2c_controller
4 8

User Guide

No DRC issues are found.

Generate Cancel

Figure 3.11. Lattice 12C Controller Configuration

3.1.9. AHB-Lite Interconnect

This IP provide the communicate interface between RISC-V soft processor and peripherals that support AHB-Lite
interface, such as System Memory and AHB-Lite to LMMI Bridge. The AHB-Lite Interconnect module configuration is

shown in the following figures,

from Figure 3.12 to Figure 3.15.

%, 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 ahbl0 Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value
~ General
Total AHB-Lite Managers [1 - 32] 1
ahb|0 Total AHB-Lite Subordinates [1 - 32] 6
Manager Address Width(bits) 32
AHBL_MOG4H~
Data Bus Width(bits) 32
AHBL_MO{4H~
—(4HAHBL_S00 . -
) AHBL_MOE— ~ Manager 0 Connection Setting :
—ah bl—hdk—l Manager 0 Subordinate 0 Connect Enable =
AHBL_MOFH— .
=1 ahb|_hresetn_i Manager 0 Subordinate 1 Connect Enable =
AHBL_MO‘{E_ Manager 0 Subordinate 2 Connect Enable | [
AHBL MOE'— Manager 0 Subordinate 3 Connect Enable =
- Manager 0 Subordinate 4 Connect Enable
ahb_lite_interconnect Manager 0 Subordinate 5 Connect Enable
4 »
User Guide No DRC issues are found.
Generate Cancel

Figure 3.12. AHB-Lite Interconnect General 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 ahbl0 Configure IP

General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value =

ahbl0
AHBL_MOG4~
AHBL_MO {4~
—EEAHBL_SOO AHBL‘MOE
—lahbl_hclk_i . E

AHBL_MOFH—
AHBL_MO44H—
AHBL_MOSH—

ahb_lite_interconnect

ahbl_hresetn_i

7 » ddress Range £ 25
User Guide No DRC issues are found.

Generate | | Cancel |

Figure 3.13. 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 zhbl0 Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value =
Arbiter Scheme Round Robin
ahbl0
' ~
AHBL_MOGH—
AHBL_MO{~ e
—(4HAHBL_S00 =
~ AHBL_MOZ4— PP —
—{ahbl_hclk_i e
AHBL_MO3H— anager 15 Priori
—ahbl_hresetn_i anager 16 Priofi 7
AHBL_M04H— R i
AHBL_MOS4H— fanager 18 Prio '
3 ) . = il :
ahb_lite_interconnect anager 20 Pr |
< > A Arbiter Scheme | Round Robin o
User Guide No DRC issues are found.
| Generate 7 Cancel i

Figure 3.14. AHB-Lite Interconnect Manager Priority Setting
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4, 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 ahbl0 Configure IP

General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value

Subordinate 0 Max Burst Size
Subordinate 1 Max Burst Size
Subordinate 2 Max Burst Size
Subordinate 3 Max Burst Size
Subordinate 4 Max Burst Size
Subordinate 5 Max Burst Size

o O O O o o

ahbl0

AHBL_MOG4H—
[EAHBL S00 AHBL‘MO_
ahbl_hdlk_i AHEL MOFHLS =
AHBL_MOFH— e
AHBL_Mo4H—

AHBL_MO5H—

ahbl_hresetn_i

o S
ahb_lite_interconnect

4 »

User Guide No DRC issues are found.

Generate || Cancel

Figure 3.15. AHB-Lite Interconnect Max Burst Setting
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3.1.10. APB Interconnect

This IP provides the communicate interface between the RISC-V MC soft processor and other slow peripherals that
support the APB interface, such as UART and GPIO. APB interconnect configuration is shown in Figure 3.16 and
Figure 3.17.

%, Module/IP Block Wizard X

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

Diagram apb0 Configure IP
General Main Settings Requestor Priority Settings
Property Value

Total APB Requestors [1 - 32] 1
Total APB Completers [1 - 32] 4
apbo Requestor Address Width(bits) 32

APB_MO@‘— Data Bus Width(bits) 32

APB_MO‘—

APB_MOZ{E-

APB_MO@-
)

apb_interconnect

(45APB_S00

apb_pclk_i

apb_presetn_i

4 4

User Guide No DRC issues are found.

Generate Cancel

Figure 3.16. APB Interconnect General Configuration
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14, Module/IP Block Wizard X

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

Diagram apb0 Configure IP
&l General Main Settings Requestor Priority Settings
Property Value =

SO e Address 00

s Range ‘ 00

51 Base Adc

51 Address Range

apb0

T

APB_MO@-
=t EgApB_soo e EE 3
APB_MOE —
APB_MOE =

apb_interconnect

—apb_pclk_i

—apb_presetn_i

T . S11 Addr

User Guide No DRC issues are found.

[ ][t |

Figure 3.17. APB Interconnect Main Settings Configuration

3.1.11. APB-Lite to APB Converter

The AHB-Lite to APB Bridge provides an interface between the AHB-Lite manager and APB completer. Read and write
transfers on the AHB are converted into equivalent transfers on the APB. The AHB-Lite to APB Converter IP
configuration is shown in Figure 3.18.
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%, Module/IP Block Wizard

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

Diagram ahbl2apb0 Configure IP
*| Property Value
Address Width(bits) | 32
Data Bus Width(bits) 32
APB Clock Enable
ahbl2apb0
H BL_SO
cli_i APB_MO4H—
rst n i
J
ahb_lite_to_apb_bridge
4 » 5
User Guide No DRC issues are found.

Generate

Cancel

Figure 3.18. APB-Lite to APB Converter Configuration

3.1.12. RX DPHY

The MIPI camera sensor’s data that you receive is in serial form. Hence, this IP converts those serial data into parallel

by following the MIPI CSI-2 protocol. The RX DPHY IP configuration is shown in Figure 3.19, Figure 3.20, and Figure 3.21.

2] Module/IP Block Wizard
Configure Component from IP dphy_rx Version 1.7.0
Set the foll gp to configure this comp
Diagram rx_dphy_wo_parser Configure IP
General RX_FIFO Settings Soft PHY
rx_dphy_wo_parser
Property Value =
bd0_0[7:0% = =
bd1_o[7:0] RX Interface Type Csl-2
capture_en_of—
—clk_byte_fr_i clk_byte_hs_oj}— Number of RX Lanes 2
—pll_lock_i clk_byte_ol— RX Gear 8
—reset_byte_fr_n_i clk_n_io}—
—reset_n_i clk_p_io}— -
RX Line Rate (Mbps) [80 - 1034] 360
—{sync_clk_i d_n_io[1:0]t
—{sync_rst_i d_p_io[1:0] b
T R No DRC issues are found. M
ray.| —Sync_ @ Info INFO -- Data Settle Cycle set is equivalent to ~111 ns. Make sure this matches the
Ip_d_rx_n_o[1 ;O]E transmitter setting. Refer to IPUG for more details about this parameter.
Ip_d_rx_p_o[1:0]
ready_o—
.
dphy_rx
4 »
User Guide
Generate | Cancel

Figure 3.19. RX DPHY General Configuration
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2] Module/IP Block Wizard X
Configure Component from IP dphy_rx Version 1.7.0
Set the following parameters to configure this component.
Diagram rx_dphy_wo_parser Configure IP
General RX_FIFO Settings Soft PHY
rx_dphy_wo_parser
L Property Value
bd0_o[7:0] RX_FIFO Enable
bd1_0[7:0]= E— SINGLE
capture_en_op— Implementation EBR
—{clk_byte_fr_i clk_byte_hs_ot— Depth 1024
—{pll_lock_i clk_byte_o}— Default FIFO Read Delay [0-16384] 8
. . Confi ble FIFO Read Del.
—reset_byte_fr_n_i clk_n_iof— sl bl ibonliiaial
) ) Clock Mode DC
—reset_n_i clk_p_iof— .
Misc Signals
—{sync_clk_i d_n_io[1:0] =
—{sync_rst_i d_p_io[1:0] =
e I No DRC issues are found. ¥
ray- —Sync.| @ Info INFO -- Data Settle Cycle set is equivalent to ~111 ns. Make sure this matches the
Ip_d_rx_n_o[1:0] = transmitter setting. Refer to IPUG for more details about this parameter.
Ip_d_rx_p_o[1:0] =
ready_or—
dphy_rx
4
User Guide
Generate | Cancel
Figure 3.20. RX DPHY RX FIFO Configuration
2] Module/IP Block Wizard X
Configure Component from IP dphy_rx Version 1.7.0
Set the following parameters to configure this component.
Diagram rx_dphy_wo_parser Configure IP
General RX_FIFO Settings Soft PHY
rx_dphy_wo_parser
Property Value
bd0_o[7:0] =
bd1_o[7:0] = Delay Mode | Edge Clock Centered
capture_en_ot—
—{clk_byte_fr_i clk_byte_hs_o}—
—pll_lock_i clk_byte_of—
—reset_byte_fr_n_i clk_n_ioj—
—{reset_n_i clk_p_iot—
—{sync_clk_i d_n_io[1:0] =
—{sync_rst_i d_p_io[1:0] =
S Foraine.d No DRC issues are found. v
ray- -Sync_ © Info INFO -- Data Settle Cycle set is equivalent to ~111 ns. Make sure this matches the
Ip_d_rx_n_o[1:0] jm= transmitter setting. Refer to IPUG for more details about this parameter.
Ip_d_rx_p_0[1:0] =
ready_ot—
dphy_rx
4
User Guide
Generate Cancel

Figure 3.21. RX DPHY Soft PHY Configuration
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3.1.13. MIPI Packet Decoder

This module decodes the data packet coming from the camera sensor. These packets may include data, control,
synchronization, or configuration information. After decoding the packets, the RAW10 data is passed to the byte to
pixel IP.

3.1.14. Byte to Pixel

This module converts the incoming RAW10 data into the pixel format. It receives raw bytes from a parser and
rearranges them to output pixels. This modules outputs 2-pixels in one clock cycle with valid signal. Each pixel is of
10-bit. The configuration of the Byte to Pixel IP is shown in Figure 3.22.

2] Module/IP Block Wizard %

Configure Component from IP byte2pixel Version 1.7.0
Set the following parameters to configure this component.

Diagram b2p_inst Configure IP
Property Value
~ General
Data Type RAW10
~ Byte Interface
RX Interface Csl-2
b2p_inst
Number of RX Lanes 2
AXI4S_M —_
. z — RXG 8
—{axis_mclk_i ) *H £
. . fifo_empty_of— Byte Clock Frequency (MHz) [10 - 200] 45
—{axis_mresetn_i fifo full ol— Enable AX|4-Stream Receiver Interface
—clk_byte_i =
) fv_o}—
wm dt_i[5:0] ~ Pixel Interface
‘P _—y mem_re_or— Number of OQutput Pixel Lanes 2
50— mem_we_of—
—{payload_en_i .
. pix_out_cntr_o[15:0] =
== payload_i[15:0] .
. pixcnt_c_o[18:0]
—{reset_byte_n_i
SHaRz read_cycle_o[1 10] Pixel Clock Frequency (MHz) [10 - 200] 72
p-en| WC_PiX_SyNnc_o[15:0]jmm Enable AX|4-Stream Transmitter Interface =
w{WC_i[15:0] .
write_cycle_o[3:0]jmm
~ FIFO
byteZpixel Manual Adjust ]
Overflow/Underflow Threshold [1 - 65535] 700
FIFO Depth [8 - 65536] 1024
FIFO Implementation EBR
Word Count [5 - 65535] 2400
~ Miscellaneous
4 S = Enable Debug Ports ]

No DRC issues are found.

Generate Cancel

Figure 3.22. Byte to Pixel IP Configuration

3.1.15. 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. Therefore, this module acts as a bridge between Lattice Byte to Pixel and Lattice Debayer IP.

3.1.16. Debayer

The image sensor output pixel data in the Bayer format. In order to extract the R, G, and B component from Bayer data,
we need the Debayer function. The Debayer converts raw10 image data into an RGB component. The Debayer IP
configuration is shown in Figure 3.23 and Figure 3.24.
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] 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

DEBAYER Test parameters
Property Value

Bits per pixel 8

image_debayer Pixels per clock 5

Partial Resolution
- I4S_SO

—axis_rx_arstn_i

Horizontal size [512 - 4096] 1920

Enable dynamic configuration

. . Tx buffer depth 1024
— aX|s_rx_cIk_| AXI4S_M - Blanking buffer Depth 2048
—axis_tx_arstn_i P RGGB
—laxis_tx_clk_i =

debayer

Document No DRC issues are found.

; Generate | | Cancel

Figure 3.23. Debayer Configuration

2] Module/IP Block Wizard X
Configure Comp from IP debayer Version 1.2.2
Set the following p ters to configure this comp it.
Diagram image_debayer Configure IP
“| DEBAYER Test parameters
Property Value

. Horizontal pixel Size {512 - 4096] | 1920
image_debayer Vertical pixel Size [128-2160] 1080

s
—(HHAxias_so

—{axis_rx_arstn_i
—axis_rx_clk_i AXI4S_ME —_

—axis_tx_arstn_i

—axis_tx_clk_i

AN 4

debayer

40

A0 »

User Guide No DRC issues are found.

| Generate | ‘ Cancel |

Figure 3.24. Debayer Test Parameters Configuration
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3.1.17. Color Correction Matrix

To obtain the correct colors, the pixels need to be mapped from sensor RGB color space to standard RGB color space.
This linear mapping of the color components is achieved by using a 3x3 matrix, called color correction matrix (CCM).
The configuration of the CCM IP is shown in Figure 3.25.

2] Module/IP Block Wizard

Configure Component from IP ccm Version 1.2.1

Diagram color_correction_mtx

Set the following parameters to configure this component.

color_correction_mtx

- XI4L_SO
- XI4S_SO

—{axis_rx_arstn_i

axis_rx_clk_i

— axis_tx_arstn_i

axis_tx_clk_i

ccm

4

AXIAS_M -

User Guide

Configure IP
M
Property Value
~ CCM Configuration
Bits per pixel 8
Pixels per clock 2

Partial Resolution
~ Dynamic Configuration

Enable dynamic configuration
~ FIFO

Tx buffer depth 1024
~ Configuration Default values

CCM enable =
~ Translation Vector Elements

Translation

~ Color Correction Martrix Elements
MRR [-0.99 - 0.99]
MRG [-0.99 - 0.99]
MRB [-0.99 - 0.99]
MGR [-0.99 - 0.99]
MGG [-0.99 - 0.99]
MGB [-0.99 - 0.99]
MBR [-0.99 - 0.99]
MBG [-0.99 - 0.99]
MBB [-0.99 - 0.99]

o o o o o o o o o

No DRC issues are found.

Test parameters

Generate Cancel

Figure 3.25. Color Correction Matrix Configuration

3.1.18. AXI Stream to Parallel Conversion

This module converts the AXI Stream protocol signal to parallel data. In this design, this module act as a bridge

between Lattice Debayer IP and Lattice CSC IP.

3.1.19. Color Space Converter

The Color Space Converter IP block converts RGB data into the YUV format and its configuration is shown in Figure 3.26

and Figure 3.27.
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M SEMICONDUCTOR

2] Module/IP Block Wizard

Confi

from IP color_space_¢ Version 2.2.0
Set the following parameters to configure this component.

Diagram csc_inst

csc_inst

Vs

clk i

Configure IP
Input/coefficient
Property

Core Type

Output
Value

| Custom

== din0_i[7:0] dout0_o[7:0] pm=
= din1_i[7:0] dout1_o[7:0] =
= din2_i[7:0] dout2_o[7:0] =
—inpvalid_i outvalid_of—
—rstn_i tags_out_o[8:0] =
= tags_in_i[8:0]
W J
color_space_converter

coeff (100 - 100] [0257
coeff1 [-100-100] 0504
coeff2 [-100 - 100] |0.008
constant [-1000-1000] |35
" coeffD [-100-100] -0.148
coeff1 [-100 - 100] 1-0.291
coeff2 [100- 100] 0439
constant [-1000 - 1000] 1128
Toe
coeff0 [-100- 100] 0439
coefl [-100- 100] 0368
coeff2 [100- 100] -00m
constant [-1000-1000] | 128
Tpusewng
Ar:h:nedure Pargllel
Support VSS IP Suite
— Unsigned
Input data width (8-16] |8
Coefficient Width [9-18] |9
Tags width [9- 18] 9
Simplementstion
Registered Input | Enable
Keep data at blank time 1 O
COpemtimputfoutputports
Clock Enable ‘ m
Synchronous Reset ! m
Inpvalid/Outvalid ]

No DRC issues are found.

| Generate || Cancel |

Figure 3.26. Color Space Converter Input/Coefficient Configuration

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-RD-02306-1.0

30


http://www.latticesemi.com/legal

CrossLinkU-NX USB Video Class :..LATTICE

Reference Design

2| Module/IP Block Wizard X

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

Diagram csc_inst Configure IP
Input/coefficient Output
Property Value
csc_inst Y Output latency
~

- C|k__i ~ Qutput setting

X X Output data type Unsigned
= din0_i[7:0] dout0_o[7:0] = Output data width [8-16] 8
w= din1_i[7:0] dout1_o[7:0] = ~ Precision control

. . Overflow Saturation
w= din2_i[7:0] dout2_o[7:0] = : 2

Rounding Rounding up

—{inpvalid_i outvalid_o}—
—rstn_i tags_out_o[8:0]jm=

== tags_in_i[8:0]

/

.
color_space_converter

User Guide No DRC issues are found.

Generate Cancel

Figure 3.27. Color Space Converter Output Configuration

3.1.20. YUV422 to UVC Bridge

This module features an internal DC-FIFO called YUV422 FIFO, designed to store incoming YUV422 data along with
associated data indicator codes. This write interface of this FIFO works on the pixel clock and the read interface works
on the same clock as the IEBM. The YUV422 FIFO plays a critical role in managing and buffering video data, ensuring
smooth data flow and processing.

3.1.21.1EBM 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 YUV FIFO, where the video data is temporarily stored. Before writing this data into the IEBM buffers,
the IN FIFO controller adds a two-byte UVC header at the starting of each frame. Once the header is appended, the
combined data, the header plus the YUV data, is written into the IEBM buffers.

3.1.22. In Endpoint Buffer Manager

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 FIFO interface. Once the data is available in these buffers, the USB23 controller reads it
through the AXI interface. The entire process, from managing the FIFO writes to facilitating the AXI reads, is managed
by this IEBM module. For more detail about IEBM IP, refer to the IN Endpoint Buffer Manager Architecture section.
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%, Module/IP Block Wizard X

Configure Component from IP in_ep_buffer_manager Version 2.2.1.0
Set the following parameters to configure this component.

Diagram iebm_inst Configure IP
Tab1
Property Value
¥ User_configurable_parameters
iebm_inst Memory Type LRAM

\HBL Hardware Maximum Buffers [1-15] 8
ahbl_clk Hardware Single Buffer Size [1 - 65536] 16384

ahbl_reset_n RAH~ Buffer Write Data Width 64

ieds_clk ieds_fifo_being_flushed_oj~ Buffer Write Byte Enable Width 8

ieds_fifo_wr_byte_en_i[7:0] ieds_fifo_bytes_can_be_written_o[16:0] =

ieds_fifo_wr_data_i[63:0] ieds_fifo_invalid_access_of—

ieds_fifo_wr_req_i ieds_fifo_wr_allowed_o}~ AHBL Address Width 3

ieds_hand_over_partial_filed_fifo_pl_i ieds_fifo_wr_almost_full ot~ AHBL Data Width 2

jeds_reset.n ieds_fifo_wr_full_of- Memory Read Address Width 17

ieds_zero_len_xfer_req_pl_i ieds_none_bufr_pending_oj~ Memory Read Data Width &
-

mem_rd_addr_64_i[16:0] mem_rd_data_o[63:0]

SOB/EOB and VALID LINES IN FRAME Enable
mem_rd_ck

mem_rd_req_i

in_ep_buffer_manager

User Guide No DRC issues are found.

Generate Cancel

Figure 3.28. IEBM IP Configuration

3.1.23. AHB-Lite to Memory Bridge

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

3.1.24. USB23 to AXI Bridge

The USB23 to AXI Bridge block helps the USB23 controller to access various memories. USB23 controller has AXI
manager interface while this block has a AXI subordinate interface. This converts AXI subordinate signals into native
memory controller interface signals. This block also acts as a decoder to select appropriate memory-based input
address.

3.1.25. RAW10 Test Pattern Generator
This block generates the RAW10 format color bar test pattern.

3.1.26.YUV422 Test Pattern Generator
This block generates the YUV422 solid color test pattern.

3.1.27.YUV422 Test Pattern In FIFO Bridge

This bridge receives the YUV422 solid color pattern from the Video Pattern Generator module, adds UVC header at the
start of frame, and writes it into the IEBM buffer when the IEBM module allows for write.

3.2. Clocking Scheme

The CrosslinkU-NX USB Video Class Reference Design use a PLL to generate the 72 MHz system clock, 72 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.

3.2.1. Clocking Overview

An overview of the CrosslinkU-NX USB Video Class Reference Design clocking scheme is shown in Figure 3.29.

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02306-1.0 32


http://www.latticesemi.com/legal

CrossLinkU-NX USB Video Class
Reference Design

= LATTICE

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e ~
[ \
| |
| On-Chip Memory I
| Bt e —— |
| el g lreworro [ compietsr) |
| RISC-V o |
Lattice IP | Processor <§ APB |
Blocks @ |Requestor] |
| £ I
|
CustomRTL| | | N e o |
Blocks | APB Bridge |
g I
| ] AHBALI
=1 e B‘:dl:e |
Hard IP | ;.:‘ I
Blocks | e |
9
I < I
5 . |
| _.".z;’:.:“ Propel Builder |
! Project |
| AHB.tteto
| AXI-Lite Bridge (U23_lifclu_nx33_prpl_bldr_des) |
| |
\ sys_clk ]
D s T 4
5 gy
[
| o Image Signal
est vz Processing Blocks
_______________________ | WRFO e
| | | Brid
| | |
Rawio
' ' ! =
| | 1EBM IN AXI Color Generator
| | | FIFO Stream to Correction Debayer, Bx:fe‘l"
| Interrupt | | Interface Parallel Matrix Pl MIPIRX
Packet DPHY
: | | pixel_clk i 1 I Decoder
| g E I 72 MHz 75;5 _Mclk 4
S
-8 | S e
| T | YUV422 to Color e
T 9 | uve Space [
| |z>= | | Bridge converter [
: - USB23 AXI Bridge : | il
Target
| = | [ ! LIFCL-33U
| | ! } Synchronizer
____________________ Y N~

J

3.3.

Figure 3.29. Reference Design Clock Domain Block Diagram

Reset Scheme

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

3.3.1. Reset Overview
An overview of the CrosslinkU-NX USB Video Class Reference Design clocking scheme is shown in Figure 3.30.
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Figure 3.30. Reference Design Reset Scheme Diagram
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4. IN Endpoint Buffer Manager Architecture

This section provides technical information about the IEBM IP.

4.1.

IP Ports and Parameters

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

4.1.1. 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. Table 4.1 describes ports of the AHB-Lite subordinate

interface.

Table 4.1. 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 Output AHB-Lite ready out, indicates the transfer has finished on the bus.

ahbl_hresp_o Output Valid lines in the One Frame register

4.1.2. AXI Interface

This subordinate interface is used to read the data from IP’s data memory. This interface is synchronous to the AXI
clock, axi_clk. Table 4.2 describes ports of the AXI subordinate interface.

Table 4.2. AXI Subordinate Interface

Signal Name Width | Direction | Description

axi_clk 1 Input AXI clock

axi_reset_n 1 Input AXIl 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 8t 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 64 Input AXI Write data
axi_to_mem_wlast_i 1 Input AXI Write last
axi_to_mem_wstrb_i 8 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 64 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

Note:

1. AXI Address width and data width are configurable. Based on the corresponding selection, this value changes. Depending on
the FIFO data width selection, this value also 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.

4.1.3. 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’s buffer using this FIFO interface. This interface is synchronous to the external FIFO controller,
clock, efm_clk. Table 4.3 describes ports of the FIFO interface. Refer to the FIFO Write Operation section for more

detail.

Table 4.3. 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 32! 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 FIFO 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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4.1.4. Miscellaneous Ports

Table 4.4 describes the miscellaneous ports of the IP.

Table 4.4. Miscellaneous Ports

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 1 Input First buffer in transfer indication
last_bufr_in_xfer_i 3 Input Last buffer in transfer indication

4.1.5. User Configurable Parameters

Table 4.5 provides the list of the user configurable parameters for the IP.

Table 4.5. User Configurable Parameters

Parameter Description

IEBM_AXI4_ADDR_WIDTH_I This parameter defines the address width of the AXI interface.

This parameter defines the read and write data width of AX|4 interface.
Valid values: 32, 64, and 128

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

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

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

This parameter defines the In Endpoint Buffer Manager’s single buffer depth in
IEBM_HW_SINGLE_BUFR_SIZE_| terms of bytes.

Valid values: 1 to 4096

This parameter defines the In Endpoint Buffer Manager’s write data width in terms
IEBM_BUFR_WR_DATA_WIDTH_I of bits.

Valid values: 32, 64, 128

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

IEBM_IP_MAJOR_VER_I This parameter defines major version for the IP.

IEBM_IP_MINOR_VER_I This parameter defines minor version for the IP.

IEBM_AXI4_DATA_WIDTH_|

IEBM_AXI4_BYTE_EN_WIDTH_|

IEBM_AHBL_DATA_WIDTH_|

I[EBM_HW_MAX_BUFRS_|

IEBM_BUFR_WR_BYTE_EN_WIDTH_|

4.2. Register Offset Map

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

Table 4.6. 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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4.3,

4.3.1. IP_VERSION

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

Register Details

This register contains information about the IP version.

Table 4.7. IP_VERSION, Offset = 0x00

Bit Access Default Value | Description
31:24 RO VariesuponIP 1 \o o cor version
release
23:16 RO Variesupon P |\, ior version
release
15:0 RO 0x0 Reserved

4.3.2. SCRATCH

This register can be used for testing and debugging purpose. When being read, the register returns the same value that

is written it.

Table 4.8. SCRATCH, Offset = 0x04

Bit Access Default Value | Description
This field can be used for testing and debugging purpose. When being read, the register
31:0 RW 0x0 returns the same value that is written to it.

Typically, this used to check whether firmware is able to communicate with the IP
properly or not during initial design development phase.

4.3.3. INT_EN

This register indicates the interrupt enable which controls the reporting of interrupt to the software. It contains direct
mapping to the INT_SRC register. When a bit is set and the corresponding interrupt is active.

Table 4.9. INT_EN, Offset = 0x08

Bit Access Default Value | Description
31:1 RO 0x0 Reserved
Enable buffer 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.
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4.3.4. INT_SRC

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

Table 4.10. INT_SRC, Offset = 0x0C

Bit Access Default Value Description

31:1 RO 0x0 Reserved

Buffer 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.

4.3.5. BUFR_CNFG

This register allows firmware to configure buffer parameters according to different requirements. Firmware shall
update this register upon steps such as initialization, configuration, or reconfiguration.

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

Table 4.11. 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
21:17 RW HW_MAX_BUFRS | which describes maximum buffers that can be used for this endpoint.
This field shall not be zero.
Typically, the firmware shall use maximum buffers allowed by hardware design, that
is, upon HW_MAX_BUFRS. The firmware may use smaller number for debugging
purpose.
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 shall 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 is not split across multiple buffers.
HW_SINGLE_BUFR | Examples:

_MAX_DEPTH (1) Suppose 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, 1536, and 2048.
(2) Suppose 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.
(3) Suppose 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

16:0 RW
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4.3.6. HW_PARAMS_INFO

This register contains information about parameters set in the hardware design.

Table 4.12. 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 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 . . .
This field shall 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.

4.3.7. CTRL

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

Table 4.13. CTRL, Offset = 0x18

Bit Access Default Value Description

31:2 RO 0x0 Reserved
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.

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

1 RW 0x0

Resets other appropriate local variables.
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 should
reinitialize its local variables for a fresh start.
6. After this, 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.

Configured

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

0 RW 0x0 The firmware shall configure or reconfigure the bridge IP every time the
corresponding endpoint is configured or re-initialized. Typically, 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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Table 4.14. 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 which is either being accessed or is to be accessed by
firmware.

3:0 RO 0x0 This field is incremented by one once 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.

4.3.9. BUFR_AVAILABILITY_INFO

This register is used to get information about buffer availability.

Table 4.15. BUFR_AVAILABILITY_INFO, Offset = 0x20

Bit

Access

Default Value

Description

31:5

RO

0x0

Reserved

4:0

RO

0x0

4.3.10. BUFR_XCHNG_CTRL

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

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

Table 4.16. 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.
Firmware processed one buffer fw_processed_one_bufr
The firmware sets this bit when it has processed one buffer. 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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4.3.11. SEL_BUFR_INFO_FOR_FW

This register indicates the selected buffer information to the firmware.

Table 4.17. 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 that the handed over buffer from the external controller is the first
22 RO 0x0 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

Firmware knows that the handed over buffer from the external controller is
21 RO 0x0 the last 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 can use this to find offset.

Buffr_Offset = MEMORY_BASE_ADDRESS + (Selected buffer number *
HW_ALLOCATED_SINGLE_BUFR_DEPTH)

3:0 RO 0x0 For Example:

Selected buffer number or Firmware Buffer Tracker is 2.
HW_ALLOCATED_SINGLE_BUFR_DEPTH is 4096.
MEMORY_BASE_ADDRESS is 0.

Buffr_Offset = 8192.

4.3.12. 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. Hence, 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 operating clock frequency.

1. TIMESTAMP_WO — Timestamp lower word register
2. TIMESTAMP_W1 — Timestamp upper word register
See the example below.

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

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

4.3.12.1. TIMESTAMP_WO

Timestamp lower word register, 32 bits.

Table 4.18. TIMESTAMP_WO, Offset = 0x30

Bit Access Default Value | Description

Timestamp_wO0

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

Timestamp upper word register, 32 bits.

Table 4.19. TIMESTAMP_WO, Offset = 0x34
Bit Access Default Value | Description

Timestamp_w1

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

4.3.13. VALID_LINES_IN_FRAME

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

Table 4.20. BUFR_XCHNG_CTRL (Offset = 0x24)
Bit Access | Default Value | Description
31:13 RO 0x0 Reserved
active_lines_in_frame
This indicates total number of lines that has been received and written into the buffers.

12:0 RO 0x0

4.4. IN Endpoint Buffer Management Architecture

The buffer management architecture is shown in Figure 4.1 below.

IN Endpoint Buffer Manager
AXI4
Interface NX33U
IN Endpoint |« IN Buffer > Data RAM < AXI - UsB23
Data Supplier FIFO Write Gate Memory (Dual Clock) Memory Subordinate Controller
Interface Interface Interface
'
LMMI
LMMI
< , Size <>
Memory RAM AHB-Lite
Interface
A
AHB-Lite
4
Register « > RISC-V
Interface AHB-Lite Processor
Interface

Figure 4.1. IN Endpoint Buffer Management Block Diagram

4.5. 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.

4.5.1. Buffer Write Flow

The buffer write operation contains the following steps:
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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. Once the access is granted by the IN FIFO write access gate module, 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.

4. Upon a completion, the Buffer Available to firmware for processing interrupt is generated.
5. Once interrupt is generated, jump to step 1.
The flow chart below shows how one buffer is written into the data RAM (Figure 4.2).

Endpoint Buffer Processing Flow

|

A
e N
./'/ hat
-~ N No
~ Is buffer available ™

~ .
~._ forwrite? ~

<

|Write data into Data RAM ]

s buffer filled? ™

Store buffer size

into the Size RAM

l

Generate the
"Buffer Available to firmware for processing'
interrupt

-
y
‘ Update some variables ] »|Update Local Variables

Note: Click on each colored arrow to
jump to the related flow.

Figure 4.2. Buffer Write Operation Flow

4.5.2. Buffer Read Flow

Once one buffer is written into the Data RAM, the corresponding interrupt and buffer information is updated in the
register through the register interface module. Below are 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 untill
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 or not. 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.
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4. |If the bufr_avail_for_fw_processing variable is not zero, that means the firmware needs to prepare the TRB.

5. For TRB, the firmware needs two fields. The first is the TRB starting address that is decided upon the buffer

number. The second is the TRB size, which is the buffer size field of the SEL_BUFR_INFO_FOR_FW register. Hence,

Read the SEL_BUFR_INFO_FOR_FW register to know the buffer size and buffer number. With this information, the

firmware needs to prepare the TRB for selected buffer.

6. Set the Firmware Processed one buffer bit in the Buffer Exchange Control register.

7. Decrement the local variable bufr_avail_for_fw_processing by 1 and jump back to step 3.

8. In parallel to this, Once the data packet is sent from the USB23 controller to 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 should set the handover_bufr_to_iebm bit.

The flow chart below shows how one buffer is read from the data RAM (Figure 4.3).

Buffer Processing Flow for RISC-V

Buffer Available to
firmware for processing
interrupt?

Read the no_of_bufrs_yet_to_be_processed_by_fw field

bufrs_avail_for_fw_processing = no_of_bufrs_yet_to_be_processed_by_fw

bufrs_avail_for_fw_processing == 0?

Read the SEL_BUFR_INFO_FOR_FW register to
know buffer size and buffer number

Select buffer address based on

bufrs_avail_for_fw_processing - =1 | the selected buffer number

Prepare and initiate TRB
Set the fw_processed_one_bufr bit

Bulk IN
xfer_complete
event?

Set the
handover_bufr_to_em
bit

No

Process other USB events

Color conversions

Local variables defined in firmware

. Register fields

Figure 4.3. Buffer Read Operation Flow
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4.6. Core Operation

This section describes how firmware can configure and reconfigure buffers.

4.6.1. IP Core Configuration or Reconfiguration

To configure or reconfigure the IP:

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 v s~ w N 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.

4.6.2. FIFO Write Operation

This section describes how In Endpoint Data Source (IEDS) perform FIFO write operation. Table 4.21 describes ports
that are used during FIFO write operation.

Table 4.21. Input Ports Related to FIFO Write Operation

Port Direction | Description

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

leds_fifo_wr_req_| Input e  FIFO is being flushed —ieds_fifo_being_flushed_o is high.
e  FIFOis 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 Thisis intended 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 a 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

must be asserted for one clock cycle.

Make sure the following conditions are met:

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

e Once 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

ieds_hand_over_partial_filled_fifo_pl_i Input
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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_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.

ieds_zero_len_xfer_req_pl_i Input

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 a 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 n 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, once you write the second buffer and FIFO full signal
goes high, this signal goes low again for three to four efm_clk clock cycles.

Thus, 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 Once 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.

Following are the conditions considered as invalid access to the FIFO.

e  Data is being written into the FIFO while write operation is not
allowed. That is, ieds_fifo_wr_req_i is high while
ieds_fifo_wr_allowed_o is low.

e  Datais 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.

ieds_fifo_invalid_access_o Output

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 or not.

FIFO Being Flushed

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.

ieds_fifo_being_flushed_o Output
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Port Direction | Description
Note: Do not perform 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 can use 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.

4.6.3. 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:

USB 2.0 speed

Endpoint’s maximum packet size: 512 bytes

Number of IEBM buffers: 4

Write data width: 32 bits

Some typical FIFO write operation examples are shown in Figure 4.4 to Figure 4.9.

B R R R Ry A e R e e aRaly Inkal
ieds_fifo_being_flushed_o '\ // [/
ieds_none_bufr_pending_o 777 Ji R

ieds_fifo_wr_allowed_o 777/ yi \_/J

ieds_fifo_bytes_can_be_written_o .“nm
ieds_fifo_wr_full_o % // /ﬁ;’ \
ieds_fifo_wr_almost_full_o % // /ﬁ/}' \

ieds_fifo_invalid_access_o //
ieds_fifo_wr_req_i Q // \ [f
ieds_fifo_wr_data_i /Do) D1} D2} D3 XD125{D126){D127 /
ieds_fifo_wr_byte_en_i / 0xFjf \ I
ieds_hand_over_partial_filled_fifo_pl_i 2. // [/
ieds_zero_len_xfer_req_pl_i // //

Writing 512 bytes

Figure 4.4. FIFO Operation Example — Writing 512 Bytes

SO I O /A S A S A I I O S O S O
ieds_fifo_being_flushed_o // f/ /f
ieds_none_bufr_pending_o Y JAR I
ieds_fifo_wr_allowed_o Ji \ ! / Ji L
jeds_fifo_bytes_can_be_written_o 512 50q| X\ & X ¢ X 0 Y7 o 504/
ieds_fifo_wr_full_o i /—j’f_\ I /
ieds_fifo_wr_almost_full_o // /ﬁf_\ /f /
ieds_fifo_invalid_access_o i I I
ieds_fifo_wr_req_i __ [ Ji \ I / Ji L
ieds_fifo_wr_data_i D0 D2j/ JD128{D127 i D128D129( D13f] )D254)D258
ieds_fifo_wr_byte_en_i / OxFf \ I / 0xH/ \
ieds_hand_over_partial_filled_fifo_pl_i i I I
ieds_zero_len_xfer_req_pl_i // f/ /f

Writing 1024 bvtes
Figure 4.5. FIFO Operation Example — Writing 1024 Bytes
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ieds_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
ieds_fifo_wr_req_i
ieds_fifo_wr_data_i
ieds_fifo_wr_byte_en_i
ieds_hand_over_partial_filled_fifo_pl_i
ieds_zero_len_xfer_req_pl_i

= LATTICE

Jj J\
Ji [ L
512 soff e Y4 X0 X777 512 X w8 77
ik / M
I / I\
ik I
_ Ji \ I [\
0o (D1 X D2/ )D126D127 I /o128,
/ o/ \ I 0x1
I I N\
I I

Writing 513 bytes

Figure 4.6. FIFO Operation Example — Writing 513 Bytes

ieds ok f L F L fF L & L b L F L& L & L F
J

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o

/A —

ieds_fifo_wr_allowed_o \ / /R
ieds_fifo_bytes_can_be_written_o 512 X508 ¥ 504 X 500 \ A i S I
ieds_fifo_wr_full_o i
ieds_fifo_wr_almost_full_o I
ieds_fifo_invalid_access_o ff
ieds_fifo_wr_req_i / \ I
ieds_fifo_wr_data_i /Do X b1 X D2 \ i
ieds_fifo_wr_byte_en_i / OxF L oe /i
ieds_hand_over_partial_filled_fifo_pl_i [\ /f{
ieds_zero_len_xfer_req_pl_i /i
Writing 10 bytes
Figure 4.7. FIFO Operation Example — Writing 10 Bytes
ieds ok £ L& L & L f L F L & 1 s
ieds_fifo_being_flushed_o //
ieds_none_bufr_pending_o f/ \
ieds_fifo_wr_allowed_o \ // /
ieds_fifo_bytes_can_be_written_o 512 %W%%m 512
ieds_fifo_wr_full_o I
ieds_fifo_wr_almost_full_o //
ieds_fifo_invalid_access_o I
ieds_fifo_wr_req_i I
ieds_fifo_wr_data_i i
ieds_fifo_wr_byte_en_i //
ieds_hand_over_partial_filled_fifo_pl_i I
ieds_zero_len_xfer_req_pl_i / \ I

Transmitting zero length packet

Figure 4.8. FIFO Operation Example — Zero Length Packet Request
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teds_ck {1 F 1AL LA L L L
/

ieds_fifo_being_flushed_o

ieds_none_bufr_pending_o J \
ieds_fifo_wr_allowed_o J \
ieds_fifo_bytes_can_be_written_o 512 508 504]
ieds_fifo_wr_full_o I G
ieds_fifo_wr_almost_full_o I G
ieds_fifo_invalid_access_o [/ R
ieds_fifo_wr_req_i [ Ji \ a/_\
ieds_fifo_wr_data_i /Do) D1 X D2 )D126/D127\ / Do\
ieds_fifo_wr_byte_en_i / 0xFf \ OxF
ieds_hand_over_partial_filled_fifo_pl_i f/
ieds_zero_len_xfer_req_pl_i I

Invalid IN Endpoint FIFO Access

Figure 4.9. FIFO Operation Example — Invalid IN FIFO Access
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5. 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 True Dual Port RAM. The USB23 CPU utilizes this
path to access data provided by the RISC-V processor. Furthermore, the bridge offers a secondary memory interface,
allowing the USB23 controller to retrieve data from the IEBM data RAM.

5.1. USB23 AXI Manager to Memory Bridge Architecture

The architecture of the USB23 AXI manager to memory bridge is shown in Figure 5.1.

USB23 AXI to Memory Bridge

Memory 2 Manager ’

Native Interface

Memory 2

P —_—
Read
Manager,
Memory 1
Native Interface Memory 1 Address AXI UsB23
/Data Subordinate £_ _|AXI AXI4
—_— Mux Interface Interface
Y
Read
Manager
Memory 0 > Write
Native Interface
Manager

Memory 0

Figure 5.1. USB23 AXI Bridge to Memory Bridge Architecture

5.2. Block Description

The functional blocks are described in the following sections.

5.2.1. AXI Subordinate Interface
The AXI subordinate interface is connected to the AXI4 bus of the USB23 device controller.

5.2.2. Address/Data Mux

This block is responsible for decoding the write address or read address of the specific memory block.

5.2.3. 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 with 64 bits Data Width.

5.2.4. Read Data Mux

This block is responsible for decoding the memory block that requires a read operation based on the read address.
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5.2.5. Memory 0

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

5.2.6. Memory 1
This block contains a read manager, which is designed to handle read operations.

5.2.7. Memory 2

This block contains a read manager, which is designed to handle read operations.

5.3. IP Core Port and Parameters

This section provides details of the USB23 AXI manager to Memory Bridge IP ports and interface.

5.3.1. Clock and Global Reset

Table 5.1 describes ports for clock and global reset.

Table 5.1. Clock and Reset Ports

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

5.3.2. Native Memory Interface

Table 5.2 describes ports for the native memory interface.

Table 5.2. 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

5.3.3. AXI4 Interface
Table 5.3 describes ports of the native AXI4 interface.

Table 5.3. AXI4 Interface Ports

Signal Name Width | Direction | Description
axis_mi_awid_i 8 Input Write Transaction ID: A unique identifier for the write transaction.
axis mi awaddr i 32 Inout Write Address: The address of the write operation. It is used by the
- - P subordinate to determine where to write data.
axis_mi_awlen_i 8 Input Write Burst Length: The number of transfers in a burst, measured in bytes.
axis mi awsize i 3 Inout Write Burst Size: The size of each transfer in the burst, such as 8-bit,
-M - P 16-bit, and 32-bit.
. . . Write Burst Type: The type of burst transfer, such as fixed, incrementing, or
axis_mi_awburst_i 2 Input .
wrapping.
. . . Write Address Valid: Indicates that a valid write address is available from the
axis_mi_awvalid_i 1 Input manager
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Signal Name Width | Direction | Description
. . 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 Inbut 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.
. L. Write Transaction ID: A unique identifier for the write transaction, used to
axis_mi_bid_o 8 Output .
- - - match the response with the request.
axis mi breso o ) Output 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.
. . 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 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.
. Lo Read Transaction ID: A unique identifier for the read transaction, used to
axis_mi_rid_o 8 Output .
- - - 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 Freso o ) Output 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.
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Table 5.4 Describes the configurable parameters of the USB23 AXI Master to Memory Bridge IP.

Table 5.4. User Configurable Parameters

Parameter

Description

AXI_ADDR_WIDTH_8_|

AXI Subordinate Address Width, in terms of byte offset.

MEMO_ADDR_WIDTH_8._|

Memory 0 Address Width, in terms of byte offset.

Valid Value: 18
Memory 1 Address Width, in terms of byte offset.
MEM1_ADDR_WIDTH_8 | .
- - - - Valid Value: 18
Memory 2 address width, in terms of byte offset.
MEM2_ADDR_WIDTH_8 | .
- - - - Valid Value: 18
Read Latency of External Memory connected with Memory 0
MEMO_READ_LATENCY_I )
- - - Valid Value: 1
Read Latency of External Memory connected with Memory 1
MEM1_READ_LATENCY_I .
- - - Valid Value: 2
Read Latency of External Memory connected with Memory 2
MEM2_READ_LATENCY_| ,
Valid Value: 1
AXI Subordinate Data Width, in terms of bits.
AXI_DATA_WIDTH_I .
Valid Value: 64
AXI Byte Enable Width
AXI_BYTE_EN_WIDTH_| ,
Valid Value: 8

BASE_ADDRESS_SO

Base Address of Memory 0
Note: A memory span of 256 KB is needed.

END_ADDRESS_SO

End Address of Memory 0
Note: A memory span of 256 KB is needed.

BASE_ADDRESS_S1

Base Address of Memory 1
Note: A memory span of 256 KB is needed.

END_ADDRESS_S1

End Address of Memory 1
Note: A memory span of 256 KB is needed.

BASE_ADDRESS_S2

Base Address of Memory 2
Note: A memory span of 256 KB is needed.

END_ADDRESS_S2

End Address of Memory 2
Note: A memory span of 256 KB is needed.
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6. UVC Reference Design Signal Description

The input and output interface signals for the CrosslinkU-NX USB Video Class Reference Design are shown in Table 6.1.

Table 6.1. 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_rxm_i Input A8 USB3.0 positive differential data line for receiver
u3_rxp_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_txm_o Output A7 USB3.0 positive differential data line for the transmitter
u3_txp_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 E7 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_dO_n_i Input/Output M6 Camera negative differential dataO 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 Gl UART output for RISC-V microcontroller debugging
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7. Building the Reference Design

This section describes how to run the UVC reference design using the Lattice Propel design environment and Lattice
Radiant software. For more details on these software used, refer to the Lattice Propel SDK and Builder User Guide, and
Lattice Radiant Software User Guide.

7.1. Running Propel SDK Project

The UVC reference design utilizes the hardened USB block inside the LIFCL-33U device, which needs to be configured
and perform USB enumeration through the RISC-V firmware. This section describes how to build and run a C project in
the Lattice Propel Software.

7.1.1. Opening Propel SDK Project
To open the Propel SDK project in the Lattice Propel software tool, launch Lattice Propel SDK.

Click the Browse button to set the workspace folder to \hardware\ref_designs\mipi_uvc_nx33u\software. Then, click
the Launch button, as shown in Figure 7.1.

£ Lattice Propel Launcher X

Select a directory as workspace

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

Workspace:al USB_UVC\RD_UVC_USB23\hardware\ref_designs\mipi_uvc_nx33u\software| v'l Browse...

[[] Use this as the default and do not ask again

» Recent Workspaces

Figure 7.1. Launch Lattice Propel SDK

The Propel SDK project is opened and shown as the RDFW_UVC project (Figure 7.2).
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% software - Lattice Propel - o X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
N-HR ®-R-RBiBICIO{RSRAE-S-E-C-ik-0- Q- L~ BETIE-F- O
Q |3
i e S =g = 8 |[5= outline X = B8
BESY § e 8

|> 125 RDFW_UVC

There is no active editor that

provides an outline.

L'z Problems || Tasks | & Console X\\\\D Properties] R Terminal] 4 Search‘[} Call Hierarchy | &g Progress‘[ B8y = 0 ]

No consoles to display at this time.

Figure 7.2. Propel SDK Project Opened in Lattice Propel SDK

7.1.2. Navigating Propel SDK Project
In Project Explorer, navigate to RDFW_UVC > src to expand the project file list, as shown in Figure 7.3.

>
>

>

>

>

>

> [0 Isc_hw_regs.h
>

5 [h Isc_in_ep_buf_mgmth
> 48 lscintr.c

> [§) Isc_reg_access.c

5 [§ Isc_usb_chS.c

5 [8] lsc_usb_ch9h

> IR Isc_usb_desch

> [§) lsc_usb_dev.c

5 [B lsc_usb_devh

> k€ Isc_ush_event.c
> [€) Isc_usb_vendor.c
>
>
>
>

[R) Isc_usb_vendor.h 20 // SOFTWARE TN NO FVENT SH8II IATTTCE RE ITRIF TN ONV PARTY EOR DTRECT ¥ straming_en : volatile uint? ¢
[B] Isc_winsub.h & o iie i Y
[€) Iscusb.c (21 Problems |1 Tasks | & Console X [T Properties| $ Terminal | 4" Search| 3¢ Call Hierarchy | = Progress | ®B8~-B~>= 8
> 1€ main.c = o i
g No consoles to display at this time.
> [g utils.c
> [ utilsh
R cpusvd
3 cpuyaml
) linkerld
3 sys_envaxml
> (& Debug

0 software - RDFW_UVC/src/main.c - Lattice Propel - [u] X
| File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
DG ®-R - RSO RS @ BB G- % -0 - @A RET Y -F DD Q @
& Projectxplorer x\_ B % ¥ & = O N = B |5 outline X ERE
ject Expl SV < o S
Vkp RUFW_UVC ] 333>>>>>3>3>>>>>>>>>>>> COPYRIGHT NOTICE <<<<<<<<LLLLLLLLLLLLLLLLLLLLLLLL AE ¥ B laz ‘& ‘S -} * §
W > 4 Binaries R e e R e e s e e s o stdioh N
& Includes 3 // Copyright (c) 2019-2024 by Lattice Semiconductor Corporation ]
> b 4 // ALL RIGHTS RESERVED W uarth
v 8 src R R R o utilsh
> = bsp 6 // B Isc_usb_dev.h
> @ uve 7 // IMPORTANT: THIS FILE IS USED BY OR GENERATED BY the LATTICE PROPEL™ 2 pich |
[8 lsc_command.c 8 // DEVELOPMENT SUITE, WHICH INCLUDES PROPEL BUILDER AND PROPEL SDK. e
- 4 9 4/ o gpio_regs.h
19 tsc_ctrlxferc 10 |11 Uatice grants permission to.lise this codk pursuant to the o gpioh
E] ‘SC.E"dPOf"‘-( 11 // terms of the Lattice Propel License Agreement. & Iscin_ep_buf_mgmth
[B Isc_endpointh 2 7t o i2c_masterh
[ Isc_ep_handler.c ﬁ ; ; DISCLAIMER: 21 i2c_master_regs.h
Isc_ep0_handler.c . initializati
L9 sc_ep0. 15 // LATTICE MAKES NO WARRANTIES ON THIS FILE OR ITS CONTENTS, WHETHER _" uvc/camera _initialization.h
16 // EXPRESSED, IMPLIED, STATUTORY, OR IN ANY PROVISION OF THE LATTICE U uvc/lsc_cem_regh
[¢] Isc_in_ep_buf mgmt.c 17 // PROPEL LICENSE AGREEMENT OR COMMUNICATION WITH LICENSEE, AND LATTICE U sys_platform.h

18 // SPECIFICALLY DISCLAIMS ANY IMPLIED WARRANTY OF MERCHANTABILITY OR
19 // FITNESS FOR A PARTICULAR PURPOSE. LATTICE DOES NOT WARRANT THAT THE
20 // FUNCTIONS CONTAINED HEREIN WILL MEET LICENSEE'S REQUIREMENTS, OR THAT USB20SRIRAL
21 // LICENSEE'S OPERATION OF ANY DEVICE, SOFTWARE OR SYSTEM USING THIS FILE i

22 // OR ITS CONTENTS WILL BE UNINTERRUPTED OR ERROR FREE, OR THAT DEFECTS uart_core_uart : struct uart_instance

# LSC_USB_DEV_BASE_ADD
#
#
®
23 // HEREIN WILL BE CORRECTED. LICENSEE ASSUMES RESPONSIBILITY FOR ® usb_dev: struct Isc_usb_dev
®
®
®
L
®
®

USB20SR_PIC_START_ADDR

24 // SELECTION OF MATERIALS TO ACHIEVE ITS INTENDED RESULTS, AND FOR THE b e dim ¢ strict lsc ushi dev.din
25 // PROPER INSTALLATION, USE, AND RESULTS OBTAINED THEREFROM. LICENSEE Gio.0 sinictigpio, idance

26 // ASSUMES THE ENTIRE RISK OF THE FILE AND ITS CONTENTS PROVING DEFECTIVE = R s
27 // OR FAILING TO PERFORM PROPERLY AND IN SUCH EVENT, LICENSEE SHALL lecampstercare : et eom:instance
28 // ASSUME THE ENTIRE COST AND RISK OF ANY REPAIR, SERVICE, CORRECTION, OR bulk_data_buf : uint2 t[]

29 // ANY OTHER LIABILITIES OR DAMAGES CAUSED BY OR ASSOCIATED WITH THE print_buf : int2_t[]

| wiitable | Smart Insert [1:1:0

Figure 7.3. Navigating the Propel SDK Project
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7.1.3. Generating Output MEM file

To compile the Propel SDK project to generate the memory image for the RISC-V firmware, select Project > Build
Configurations > Set Active > 1 Debug (Figure 7.4).

3 software - ROFW_UVC/src/main.c - Lattice Propel - 0O X
File Edit Source Refactor Navigate Search  Project Run LatticeTools Window Help
B-lE ®- &R -5:0:g:0 Open Project 5O~ Qi@ g Tyl e <\t Q i®|S
(75 Project Explorer X & g =1 Close Project = B |[% outline X SEE
vis RPFYV'WC [ Build All Ctrl+B >> COPYRIGHT NOTICE <<<<<<<LLLLLLLLLLLLLLLLLLLLRLLRL L PBEEZR S 0% 3
> 3%, Binaries Build Configurations > Set Active > o stdioh &
» @) Includ
Bl Incldes Build Project Manage... U cuath
v (8 src i Al o e o tilsh
> @ bsp e g Build by Working Set > &1 Isc_usb_devh
> & uve ] Clean... Set Active by Working Set , |LatTICE ;;gps:- o pich
sc_command.c il N i
X Build Automatically Manage Working S 21 gpio_regsh
» [€) Isc_ctrl_xfer.c e = gpioh
3 , FSTOTTo-usE-TmTs-COm
) Isc_endpoint.c Qeraindex Propel License Agreement. 21 Isc_in_ep_buf_mgmth
[H] Isc_endpoint.h i 2 i2c_masterh
» &) lsc_ep_handier.c . 21 i2c_master_regsh
» (€] Isc_ep0_handler.c 1414 . jzati
Rt h‘:lo’e iy 15 AKES NO WARRANTIES ON THIS FILE OR ITS CONTENTS, W A, “uyc/camers initiafzationh
'—, /regs. 16 ED, STATUTORY, OR IN ANY PROVISION OF THE & uve/lsccem_regh
[€] Isc_in_ep_buf_mgmt.c 17 NICATION WITH LICENSEE, AND LA’ £ U sys_platform.h
> ) Isc.in_ep_buf_mgmt.h 18 D WARRANTY OF MERCHANTABILITY OR # LSC_USB_DEV_BASE_ADD
> A8 Isc_intr.c zz # USB20SR_PIC_START_ADDR
» [2) Isc_reg_access.c
B |s(‘ui'ch9c 21 IARE OR SYSTEM USING THIS FILE # USEISR 1B
B e 22 ERROR FREE, OR THAT DEFECTS ©® uart_core_uart
» [ Isc_usb_ch9.h 3 5 @ usb_dev: struc
> 4h| Isc_usb_desch z,_x c ATERIALS Io ACHI! @® usb_dev_dm )
> e dve ;? 1 PS?E:RSTS nn;o”fzéi:é A:D ND ITS CONTENTS PROVING DI ® {gpio; sl inance
> [B Isc_usb_dev.h 6 ASSUMES THE ENTIRE F THE A E i ST e
g e 27 // OR FAILING TO PERFORM PROPERLY AND IN SUCH EVENT, LICENSEE SHALL 9 12 master core: shrlick o instance
> 44l lsc_ush_event. 28 // ASSUME THE ENTIRE COST AND RISK OF ANY REPAIR, SERVICE, CORRECTION, OR @ bulk_data_buf : uint2 1]
> [g] Isc_usb_vendor.c 29 // OR DAMAGES CAUSED BY OR ASSOCIATED WITH THE ® print_buf: uint2 t[]
> [ Isc_usb_vendor.h 2 1/ T SHAII 1ATTTCE RF 1 TARIF TN ANV PARTY FNR NTRECT ®" straming_en : volatile uints_t
> [l lsc_winsub.h & .o uiiion. Y
» [€) Iscusb.c 22 Problems | Tasks | B Console X [T Properties | & Terminal| 4" Search| 2 Call Hierarchy| g Progress| MB-3-=08
, 6] main.c e iy :
B uti No consoles to display at this time.
> (g utils.c
5 [B utileh
R cpusvd
W coiyail
) linker.ld
% sys_envaml
> (= Debug
| wiitable | Smart Insert 1:7:6

Figure 7.4. Set Propel Build Configuration Mode

To launch the project building process, right-click on the process name RDFW_UVC, select Clean Project from the
menu to clean up the output folders. Then, select Build Project from the menu, as shown in Figure 7.5.
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Figure 7.5.

Launch the Project Building Process

The output RDFW_UVC.mem file is located at:
\hardware\ref_designs\mipi_uvc_nx33u\software\RDFW_UVC\Debug\RDFW_UVC.mem.

7.2.

Running Propel Builder Design

5= Outline X ¢
stdio.h

uarth

utils.h
Isc_usb_dev.h
pich

gpio_regs.h

gpioh
Isc_in_ep_buf_mgmth
i2c_masterh
i2c_master_regs.h
uvc/camera_initialization.h
uve/lsc_cem_regh
sys_platform.h
LSC_USB_DEV_BASE_ADD
USB20SR_PIC_START_ADDR
USB20SR_IRQ
uart_core_uart : str
usb_dev: struct |
usb_dev_dm
gpio_0: st
i2c_master_core
bulk_data_buf : uin
print_buf : uint?_[]
straming_en : v
x_cmplt : uin

<

main(void) : int

coco oo OPOIOEOIREREEELEEEEEEEELEE

<

isr_register(uint32_t, uint32_t, void(*)(void"), void") : uint2_t

Isc_bulk_out_handler(struct Isc_usb_dev*, uint8_t, uint32_t)
Isc_bulk_in_handler(struct Isc_usb_dev*, uint8_t, uint32_) : vo

The UVC reference design utilizes 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 evaluate
the RISC-V design, including the peripheral soft IPs, in the Lattice Propel Builder software tool.

7.2.1. Install IPs at Local from File

Before opening the UVC Propel Builder project, there are four soft IPs that need to be installed into the IP on Local

=]

>

section in the Propel Builder software tool. To perform the soft IP installation process, Lunch Lattice Propel Builder and
follow steps below.

1. Right click IP on Local and select Install IP from file..., as shown in Figure 7.6.
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1P on Local 1P on Server h 4

e e Welcome Back

~
Search: 5s Refresh

Show latest T L. Install P from fle. Recent Project List

u23_lifclu_nx33
3 Module/IP on Local & S
v Module
» Architecture_Modules
| Arithmetic_Modules
7 Embedded_IP

pl_bldr_des

u23_lifelu_nx33

»

» 1 Memory_Modules

» [ Processors_Controllers_and_Peripherals
» [ Security_Subsystem
o
»

Solution_IPs
(] Verification IP
~ P
v [ latticesemi.com o
14} i f = sus—E }sus [;>
tl equation split concat invert

Tl Console
*

<. Propel Builder -

Figure 7.6. Install IP from File

2. Inthe popped up file browser, Select the following:
\hardware\ip_packager\ahbl_to_axi4lite\ipk\latticesemi.com_ahbl_to_axi4lite_bridge_1.0.0.0.ipk.

Click OK.

4. Inthe IP License Agreement window, click Accept to finish the IP installation, as shown in Figure 7.7.

. 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 dircuit board, so long as all ~

Decine

Figure 7.7. Accept IP License Agreement

Repeat step 1 to step 4 above to install the rest of the IPs listed below:
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e \hardware\ip_packager\ahbl_to_Immi_bridge\ipk\latticesemi.com_ahbl_to_Immi_bridge 1.1.0.0.ipk.
e . \hardware\ip_packager\ahbl_to_mem_bridge\ipk\latticesemi.com_ahbl_to_mem_bridge_1.0.0.0.ipk.
e . \hardware\ip_packager\iebm\ipk\latticesemi.com_in_ep_buffer_manager_2.2.1.0.ipk.

After completing the installation process, these IPs mentioned above should be available in the IP on Local section, as

shown in Figure 7.8.

& Propel Builder

File Edt View Design Tools Window Help

IP Catalog
o

1 on Local 1P on Server

an-te || apB || axt || axtite || Axta-stream

Search:

Show Iatest IP version only

[ Module/IP on Local

~ Module

» £ Architecture Modules

Arithmetic_Modules
Embedded P
Memary_Modules

Processors_Controllers_and_Peripherals

»
»

3

»

» £ Security_Subsystem
» £ Solution_IPs

» 7 Verification IP
P

latticesemi.com

v [ Audio_Video_and_Image_Processing

B & E- e Qaaeaaaa N

o 4, Start Page

A4

AXI4_LITE

| @ 1n Endpoint Buffer

2210 7

~ [ Processors Controllers_and_Peripherals

@ AHBL to AXI4 Lite Bridge
@ AHBL to LMMI Bridge
AHEL to Memory bridge

1000 T
1100 T
1000 IF

Q@ crio

@ 12¢ Contraller

162 T
201 T

Welcome Back

Recent Project List

tl equation split coneat invert

Tel Console
B

Figure 7.8. IPs Installed from Files

7.2.2. Opening Propel Builder Design

To open the Propel Builder project in Lattice Propel Builder, launch the software tool. Click File > Open Design and

navigate through the Open sbx window to open the following (Figure 7.9):

\hardware\ref_designs\mipi_uvc_nx33u\u23_lifclu_nx33_prpl_bldr\u23_lifclu_nx33_prpl_bldr\u23_lifclu_nx33_prpl_b

Idr_des.sbx
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. Propel Builder
File Edit View Design Tools Window Help
5 New Design A .
2 New SoC Design “ WKy @
I’f‘ Open Design m|
Recent Designs »
B
AXIite || AXI4-Stream || AXI4_LITE
LT Medule/PGr Local
¥ Module
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Embedded_IP
» [ Memory_Modules
» [ Processors_Controllers_and_Peripherals
» [ Security_Subsystem
» [ Solution_IPs
» (] Verification IP
- P
v [ latticesemi.com
~ [ Processors_Controllers_and_Peripherals
@ cri0 162 &
© 12C Controller 201 T
© 12C Target 210 T
© 13C_Controller 300 7
@ RrisC-vMC 260 T
‘ } /.: BUSE }aus >0
e L
tl equation split concat invert
Tel Console
%

A4

Qeaaaeaa n

4 StartPage

Welcome Back

Recent Project List

i lifclu_nx33_prp

Figure 7.9. Open the Propel Builder Design

7.2.3. Mapping Design with Firmware

In the Propel Builder design schematic, double-click the sysmemO_inst to open the system_memory Module Block

Wizard, as shown in Figure 7.10.

% Prop [ "

File Edt View Design Took Window Help

s3A M

P Catelog
o

ma &

[T Vo IS

Schematc  hodesc % summary
ok

P onLocsl P on Serve %

wBie
searche
[ Show atest B version oriy
12 Moduie/ an Local -
* Module
» (1 Auchitecture_Modules
Arthmetic Medules
Embedded P
Memery_Medules
Processors Contraliers_and_Periphersls
Solution Ps
Neriication 1P

28| A0 MAte| | A4Steam | | AQ4LITE

» latticesemi.com
* (7 Audia_Video_and Image Processing
@ In Endpeint Bufer Management
+ 23 Processors Contraliers_and_Perighesals
© AHBL to AX4 Lite Bridge
© AHEBL to LMMI Bridge
© AHBL o Memory bridge

2100

@ oo
@ ¢ Controller
@ 0CTorger
.o -
f= .i }.Us
W eaton st conat  inven
Design Vi T

ip -vimv {latcicesem:.com:
v (latcices:
ort Bus wid

- Starc: sbp_design drc.
Finished: sbp_design

% st

USB_UVC/RD, LNC .1 nw33_pepl_blde/u23 Wchs_nu3)._prpl bidk_dessbx] Device: LIFCL-33U-TCTGI0C Board: N

Qaaa n

FLAG:284, 5YS_CLOCK_FREQ: 72}

Figure 7.10. Opening System Memory Module Block Wizard
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In the system_memory Module Block Wizard, make sure the Initialization File is mapped to

../../software/RDFW_UVC/Debug/RDFW_UVC.mem or the latest revision of the .mem file. Then, click on the Generate

button, as shown in Figure 7.11.

4, Module/IP Block Wizard

Configure Component from Module system_memory Version 2.3.0
Set the following parameters to configure this component.

Diagram sysmem0 Configure IP
“|  General Port 50 Settings
Property Value
y Interface AHBL
o N\
Memory Address Depth [1 - 81920] 32768
Data Bus Width(bits) 32
- + H BL_SO Memory Type LRAM
Port Count 2
I ECC Enable
Po—
H B L—S 1 Enable Arbiter

Enable Data Streamer

—ahbl_hclk_i

—ahbl_hresetn_i

Ko ik Initialize Memory

Port 51 Settings

Syste m_me m Ol"y Initialization File Format =

Initialization File

software/RDFW_UVC/Debug/RDFW_UVC.mem i

4 »
User Guide

No DRC issues are found.

Cancel

Figure 7.11. Mapping the System Memory Initialization File

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

Builder Project, as shown in Figure 7.12.

. Propel Builder [C:/Users/whan/Documents/AppProject/USB_UVC/RD_UVC._...u_nx33_prpl_bldr/u23_lifclu_nx33_prpl_bldr_des.sbx] Device: LIFCL-33U-7CTG104C Board: NA - [u] "
File Edit View Design Tools Window Help
= - i o
-&ER8 9D A MEE- NS |- g aaaeaea l
Design View o Schematic S Summary % Start Page
LIFCL-33U-7CTG104C
- & w23 fifclu_nx33_prpl_bidr_des @ Cell Base Address Range End Address Lock
v {% Instances v cpul_inst
» 1F HW_ver_gpio_inst s Reiony
» 1F ahblo_inst
+ § shbl2apb0.inst cpuO_inst/pic_timer_registers OxFFFF0000 2K OxFFFFOTFF —
» 1 ahbl_to_axi_lite_bridge v u23_lifclu_nx33_prpl_bldr_des/cpu0_inst/riscv_ahbl_m_instr_Address_Space (32 address bits: 4G)
> 8 ahblto Immi bridge sysmem0_inst/AHBL_SO 0x00000000 128K 0x0001FFFF
» 1 ahblto_mem
» B apblinst ~ u23,lifclu_nx33_prpl_bldr_des/cpu0_inst/riscv_ahbl_m_data_Address_Space (32 address bits: 4G)
» $E cpuO_inst HW_ver_gpio_inst/APB_S0  0x00050400 1K 0x000507FF
e 5
8 e ahbl_to_axi_lite_bridge/AHBL 0x00051400 1K 0x000517FF
» I Isci2ec_inst
% bt engpio st ahbl_to_Immi_bridge/AHBL ~ 0x00020000 128K Ox0003FFFF
> 1F uartO_inst ahbl_to_mem/AHBL_MEM  0x00040000 64K 0x0004FFFF 1
» 0_inst -
£ sysmembin iebm/AHBL 0x00051000 1K 0x000513FF [
Properties
Isc_i2cc_inst/APB_SO 0x00050C00 1K 0x00050FFF
Name: cpu0_inst
sysmem0_inst/AHBL_S1 0x00000000 128K OxO0001FFFF
Type: Instance
Path: w23.lfclu_nx33._prpl_bidr_des/cpu0_inst tp_en_gpio_inst/APB_SO 0x00050800 1K 0x00050BFF [
Lol St sl uart0_inst/APB_SO 0x00050000 1K 0x000503FF [ DHOCOITHE,
1P Vinv: lattic M. i :2.6.
Component Location: C:/L h tUSB UYCRD UVC U
i »
1P Catalog Design View
Tcl Console a
32,INIT_FILE IN:../../software/RDFW_UVC/Debug/RDFW_UVC.mem, INIT MEM:true,MEMORY TYPE:LRAM,PORT_COUNT:2,REGMODE_S0:true,REGMODE_Sl:true} b
% sbp_replace -vlnv {latticesemi.com:ip:sysmem0:2.3.0} -name {sysmem0_inst} -component {u23_lifclu nx33_prpl_bldr_des/sysmem0_inst}
%

Figure 7.12. Base Address Assignment
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7.2.4. Exporting the Design to Lattice Radiant Software

To export the propel builder design to the Lattice Radiant software, click on the Generate icon as shown in
Figure 7.13.

. Propel Builder [C:/Users/whan/Documents/AppProject/USB_UV

File Edit View Design Tools Window Help

— H’f Auto Assign
o~ I E i Validate Design
Design View 4 Generate

8 uFcL-33u-7C SelectAll
v 1 u23_lifclu_nx? w Area_select

v % Instances] I} Locate Object
» IE HW.Y [5 Switch Verification and SoC Design
» i ahblo]
» ahbl2i 3 Generate Memory Report
k ahblt = pyn Radiant
L a—f ahbl_t Run Propel
: ;i ::tl)'t Tcl History
- = Design Settings
» 3E coud

Figure 7.13. Export the Propel Builder Design to Radiant Software

The exported files are located in the ./Design/u23_lifclu_nx33_prpl_bldr/u23_lifclu_nx33_prpl_bldr folder.

7.3. Running Radiant Project

7.3.1. Opening Radiant Project

This section provides the procedure of creating your FPGA bitstream file using the Lattice Radiant Software.

To create the FPGA bitstream file, open the Lattice Radiant software. Then, click on Open Project icon, as shown in
Figure 7.14.

File Edit View Project Tools Window Help

o-E-B eeaee HHE & eoerNEERmBLGORERSEBSH
) Start page
- _________________________________________________4

LATTICE Ye&2
RADIANT

DESIGN SOFTWARE

Welcome Back

Project

Recent Project List

= 2 23_lifel_n

New Project Open Project Open Example

23_ifclu_nx33_prpl_bldr_des
Information Center ) U "

+

Getting Started Tutorials User Guides Support Center

mLATTICE

Figure 7.14. Lattice Radiant Software
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Open the Radiant project file mipi_uvc_nx33u_revB_bd_u23axibridge.rdf from the
\hardware\ref_designs\mipi_uvc_nx33u\ folder, as shown in Figure 7.15. The design should have no errors but there
are 30 warnings due to some unused signals from some instance. The warnings do not affect the design compilation
and bitstream generation.

L Software -[C  UVC/RD_UVC_US823 _desigr/mipi_uve_nx33u/mips_uve_rx33u_revB_bd u23axibridge 18] - Reports o x

Fle €41 View Project Tooks Window Help
¢-E=-H 4 aeaeaQ BE @ CeNEHEMBLQORBEESBSE
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% ri/clock debugsv
FCCSP104 Project Updated 202412102 025823

W lfreseln sync.sv

+ 7] Piace & Roule Reports

L 023y 3. prpl /23 W clu 33 prpL /23 Wl oS3 orpl bld des.v c: _UVOIRD_UVC_USE: vareiel_dssigns/mipi_uve_nc33umipLuve_m3u_revB_bd_u23e
[, 623_ffchy_nx33_prpl_bld/u23_Sfclu_ne33._prpl_bide/ib/lttcesem.com/ip/ uan®/1 3.0 u.ipx Implsmentation =
% P » [’ Export Reports Location c UVCRD UV desgnsimio uve nx33ufimol 1
» B Testbench Fles
> Drwer Fles » [ Misc Reports Resource Usage
a0ty Lure 2524 Buter 4
* 123 ifch 3_prpl_bldu/\ ifclu_nx33_prpl_blde/lib/latticesemi.com/ip/lsc_i2ce/2.0.1/1s¢_i2cCipx
£ 23.fifchy_ro33_prplbido/u23 ifclu_ne33.prpl_bkde/ib atticesemi.com/ipflsc_i2ce/20.1/lsc idccip T P = =
» £ RUFiles
» 9 Constraint Fles
» 5 Testbench Fles Mipi_uve_nx33u_revB_bd_u23axibridge Constraints Dropped Summary
K S Dyves Five Synthes a Post Synhest 2
[
~ [ u23.litchy_i33_prpl_blde/u23_ifcly_nx33_prpl.bide/lib/latticesemi.com/ip/tp_en. gpio/1.6.2tp_en_ggio.ipx - 9 oekdiie o
» [ RTLFies
> 7 Testbench Fles
» 1 Diver iles 1P Summary
tp-en_gpiocty 1P Name Vendor 1P Module Name Version License Feature License Status
~ 4 pll.60m,i_60m_o/pll_60m.i_60m_o.px
] UART latticesemi com vartd 130
v L3 mipi_uve_nx33u_revB_bd_u23axibridge - mipi_uve_ni33u_revB_bd_u3axibridge sv x* -
» T uvetp_in_fifo_bridge{utifb) - uve_tp_in_fifo_brdge.sv 2%

£} ve_test_pattern _geniutpg) - uve_test patiem gen.sv
ge.top(wibt) - usb23_axi_biidge top.sv
_bil_des(r\_prpl_bldr) - u23_ifclu_ni33_prpl_bldr_des.v

03 resetn_sync(rs_pll_60m_rstn) - resetn_sync.sv Done: design load finished with (0) erzors, and (30)

| resetn svncirs pixel clk) - resetn svnc.sv.
3 Fielist [F) Source Template 1] P Catolog ] %l Console E Ouput 59 Message

Figure 7.15. Open the Radiant Design

7.3.2. Generating Bitstream File

Click Export Files to generate the bitstream file, as shown in Figure 7.16. View the log message from the
\hardware\ref_designs\mipi_uvc_nx33u\impl_1 folder.
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Figure 7.16. Generated Bitstream Log

The generated bitstream is located at:
\hardware\ref_designs\mipi_uvc_nx33u\impl_1\mipi_uvc_nx33u_revB_bd_u23axibridge_impl_1.bit.
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8. LIFCL-33U Evaluation Board Programming

In case the LIFCL-33U Evaluation Board needs to be programmed or re-programmed, refer to the steps in the following
subsections.

8.1. LIFCL-33U Evaluation Board Connection for Programming
Connect the Micro USB port (J2) of the LIFCL-33U Evaluation Board to your PC by using a Micro USB cable.

8.2. Radiant Programmer GUI Setup

1. Launch the Radiant Programmer. Navigate to the Edit > Device Properties... menu item or click the Operation area
to bring up the Device Properties window, as shown in Figure 8.1.

2
e 3
Enable Status Device Family Device Operation B3 LIFCL - LIFCL-33U - Device Properties — O X | CableSetup 8 x

1 PASS LIFCL LIFCL-33U Erase,Program Verify Cable Settings
General

Device Information

Detect Cable
Device Operation

Cable: HW-USBN-28 (FIDI) v
Target Memory: External SPI Flash Memory (SPI FLASH) v

Port: FTUSB-0 v
Port Interface: JTAG2SPI v

Custom port
Access Mode: Direct Programming v
Operation: Erase, Program,Verify v Programming Speed Settings

O Use default Clock Divider
Programming Options

@® Use custom Clock Divider

Programming file: Jipi_uvc_nx33u_revB_bd_u23axibridge_impl_1.bit ... 0x5819
< 2 & E ge 1.5k} TCK Divider Setting (0-30x): [5 [+
o SPI Flash Opti
LR s epLens 1/0 Settings
T
= Family: SPI Serial Flash v ® Use default 1/0 settings
Vendor: GigaDevice v O Use custom I/O settings
Device: GD25LQ128E b INIT onnected
o
- Package: 8-pin SOP v
SPI Programming
Data file size (Bytes): 1079789 Load from File St TRSThigh N
Start address (Hex): 0x00000000 v < >
Output End address (Hex): 0x00100000 v 8 x
[ Turn off addresses auto updating
INFO <85021077> - Check configuration setup: Successful (Ignored JTAG Connection Checking).
[ Erase SPI part on programming error
INFO <85021278> - Devicel LIFCL-33U: Fast Configurat
5 P SR [ Secure SP flash golden pattern sectors
INFO <85021298> - Operation Done. No errors.
INFO <85021371> - Elapsed time: 00 min : 12 sec
INFO <85021373> - Operation: successful.
v

Output  Tcl Console

Ready

Figure 8.1. Radiant Programmer GUI

2. Select your desired Target Memory, Port Interface, Access Mode, and Operation.
3. Select the bitstream file from the bit files folder and choose the SPI Flash Options shown in Figure 8.1.
4. Click OK after configuration.
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8.3.

Programming the Evaluation Board

Click the Program Device icon from the toolbar to perform the device programming, as shown in Figure 8.2.

INFO <85021399> - Execution time: 00 min : 11 sec
INFO <85021371> - Elapsed time: 00 min : 16 sec

INFO <85021373> - Operation: successful.

8 Rediant Prograr — O
Pl E B8% 8|S
Enable Status Device Family Device Operation File Name File Date/Time Che| | Cable Setup 8 x
1 PASS  LIFCL LIFCL-33U  Erase Program, Verify an ppProj  LIFCL! i_market_design_R1P7/Design/... 04/10/2414:24:06 0x20 | Cable Settings
Detect Cable
Cable: HW-USEN-28 (FIDI) v
Port: FTUSB-1 v
Custom port:
< >
Programming Speed Settings
O Use defauit Clock Divider
TDO
(® Use custom Clock Divider
TeK
e . TCK Divider Setting (0-30%): [5__ (%]
PCICOMPUTER 1
FTDI USB HOST BUILD-N
DOWNLOAD CABLE 1/0 Settings
CPUWMICROPROCESSOR TCK TMS
@ Use default 1/0 settings
oI g PECHS30 O Use custom 1/0 settings
RESER: ITAG_EN, - INITN pin connected
DONE pin connected
(CLK CS DI DO TRST pin connected
571 Seril Fssh
Set TRST high
et ba
< >
Output 8 x
Programming...
Disabling...
Verifying...

Output  Td Console
Ready

Figure 8.2. Program the Device
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9. Running the Reference Design on Evaluation Board

This section describes how to run the UVC Reference Design demo on the LIFCL-33U Evaluation Board. For more details
on the LIFCL-33U Evaluation Board, contact Lattice Sales for the board documentation.

9.1. LIFCL-33U Evaluation Board Connection

Connect the Raspberry Pi Camera Module 2 to the CN1 connector, which is the camera connector. Connect the USB
Type C connector CN2 on the pre-programmed LIFCL-33U Evaluation Board to your PC using the USB type C to USB type
C cable or the USB type C to USB type A 9 pins cable, as shown in Figure 9.1.

USB C Cable to connect LIFCL-NX33U
USB23 port to PC

CrossLinkU-NX Evaluation Board
REV B

Raspberry Pl Camera Module V2

Figure 9.1. CrossLinkU-NX Evaluation Board Setup for Demonstration

Now the device is enumerated as Lattice USB23, which can be found in Windows Device Manager (Figure 9.2).

% Device Manager = a X
File Action View Help
Ll ARl 7 loil
v & Lot
iy Audio inputs and outputs
@ Batteries
%| Biometric devices
€ Bluetooth

v ® Cameras
@ Integrated Camera
Computer
s Disk drives
5§ Display adapters
B Firmware
[ FortiDeviceGuard
) Human Interface Devices
== Keyboards
LI Memory technology devices
@ Mice and other pointing devices
[ Monitors
#§ Multifunction adapters
57 Network adapters
E? Other devices
1 Print queues
1 Processors
B Security devices
!‘ Software components
B Software devices
| Sound, video and game controllers
Sa Storage controllers
= System devices
§ Universal Serial Bus controllers
§ USB Connector Managers

Figure 9.2. USB Enumeration
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9.2. UVC Demonstration

To demonstrate the UBC reference design:

1. Open the pot player application.

2. To open video, either hit shortcut Ctrl+J or Click PotPlayer > Open > Open Webcam/Other Device, as shown in
Figure 9.3.

PotPlayer v TV/CAM/device

F3

Open File

Cpen URL...

Open Fol

Open FTPA

Open Fil

Action

Playback
Subtitles > Of n Capture

Open Webcam/Other Devic

Open Analog TV

Gpen Digital TV (BDA de

Settings..,

Open Blu-ray
Open Blu-ray files (*.MPLS)...
Enter
Ctrl+Enter
F5
Pla

Control Panel..

Playback tem Info.. Ctrl+F1 : = .
X = Load External Audio...

Figure 9.3. Open Webcam/Other Device in PotPlayer

3. The video of the camera sensor can be seen on the PotPlayer screen, as shown in Figure 9.4.

Figure 9.4. Video Output on PotPlayer

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-RD-02306-1.0 70


http://www.latticesemi.com/legal

CrossLinkU-NX USB Video Class :..LATT’CE

Reference Design

4. To change the Video Renderer option in PotPlayer, right click on the video and select Video > Video Renderer >
Built in Direct3D 11 Video Renderer, as shown in Figure 9.5.

PotPlayer v

Figure 9.5. Video Renderer Option

5. To view the frame per second (FPS), either hit shortcut Ctrl + F1 or click PotPlayer > Playback/System Info ..., as
shown in Figure 9.6. An example of the video information is shown in Figure 9.7.

s

m into.,

Figure 9.6. Playback/System Information
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Video info
Decoder

Codec: YUV

it rate:-$1131/1045953 kbps

Budio nfo
Decoder Bushtin Ausdio Codec/Tranatorm

55,
{8 Null Audio Rendeser

Audio Input Levels

Figure 9.7. Example of Video Information
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10. Customizing the Reference Design

This section provides description for camera support and resolution adjustment. It also provides the way to enable or

disable the YUV422 test pattern. For more customization or modification of the UVC reference design, contact Lattice
Sales for information.

10.1. Change the Camera Resolution

This section explains how to change the camera video resolution, which requires changing various files.

10.1.1. Update the user_cnfg_param.v File
1. Open the <MIPI UVC Design Name>/rtl/include/user_cnfg_params.v file.

2. Set the IMAGE_WIDTH at line 12 and IMAGE_HEIGHT at line 16 according to the desired resolution, as shown in
Figure 10.1.

oo =J

]

Figure 10.1. User Configuration Parameter File

10.1.2. Update RISC-V Firmware

10.1.2.1. Update the Isc_uvc.h File

1. Open the Isc_uvc.h file.

2. Gotoline 316 and set the IMAGE_WIDTH according to the desired resolution.
3. Gotoline 317 and set the IMAGE_HEIGHT according to the desired resolution.

10.1.2.2. Update the camera_initialization.h File
1. Open the camera_initialization.h file.

2. To configure the IMX219 camera PLL settings, search for below functions, as shown in Figure 10.2.
e cam_pll_setting_u3
e cam_pll_setting_u2
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[h] camera_initialization.h X

401
402
403
404
485
406
407
408
409
410
411
412
413
414

1
static unsigned char cam_pll_setting_u2[] = {

// PLL_VT_MPY = 20 (Multiplier)
// PLL1
@x83, exe6, 0xee,
9x83, exe7, exeD,// 1@sep
// exe3, exe7, exi2,//72ep

// PLL_OP_MPY = 4@ (Multiplier)
// PLL2
ox03, 8xeC, 0xee,
oxe3, exeD, exlA //1esep
// ©oxe3, exeD, ox24 //72@p

1
static unsigned char cam_pll_setting_u3[] = {

// PLL_VT_MPY = 43 (Multiplier)
// PLL1
@x83, Ox86, 0xeo,
ox03, 0xe7, @x25, //188ep
// exe3, exe7, ex24, //72ep

// PLL_OP_MPY = 86 (Multiplier)
// PLL2
@x@3, exeC, 8xes,
exe3, exen, @x4A //1ezep|
// ©x83, exeD, exas //72ep

33

Figure 10.2. Camera PLL Configurations

10.1.2.3. Update the camera_initialization.c File

1. Open the camera_initialization.c file.

2. Search for the set_resolution function. Enable the for loop for required resolutions (Figure 10.3).

[ camera_initialization.c X

67 }
68

70 {

69- void set_resolution()

for ( int i = @; i < sizeof(mode _1280x720); i = i + 3)
‘

i

tx_config_buf[@]=mode_1280x720[1i];
tx_config_buf[1]=mode_1280x720[i+1];
tx_config_buf[2]=mode_1286x720[i+2];

i2c_master_write (&i2c_master_core,
TRGT_SLV_ADDR,
@x3, // Every time fix 2 byte of offset address
tx_config_buf // Tx length
)s

delayMs(S);

}

For (int 1 = 0; 1 < sizeof(mode_1920x1080); 1 = 1 + 3)

tx_config_buf[@]=mode_192ex1e80[i];
tx_config_buf[1]=mode_1920x1080[i+1];
tx_config_buf[2]=mode_1920x1080[i+2];

i2c_master_write (&i2c_master_core,
TRGT_SLV_ADDR,
@x3, // Every time fix 2 byte of offset address
tx_config_buf // Tx length
)

delayMs(5);

Figure 10.3. Camera PLL Configurations
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10.1.3. Update Lattice Radiant IP Parameters Configuration

10.1.3.1. Update Lattice B2P IP Core
Set the Word Count value according to the requirement. Refer to Figure 3.22 to set the Word Count field.

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

(1920« 10)
Word Count = — = = 2400

Here 10 is bits per pixel. For example, RAW10 has 10 bits per pixel.

10.1.3.2. Update Lattice Debayer IP

1. Refer to Figure 3.23, Under the DEBAYER setting, set the Horizontal size value, that is, IMAGE_WIDTH value,
according to the requirement.

2. Refer to Figure 3.24, Under Test parameters setting, set the Horizontal pixel Size and Vertical pixel Size according
to the desired resolution.

10.2. Steps to Enable YUV422 Test Pattern

1. Open the main.c file from the RISC-V Firmware.

2. Uncomment line 268, as shown in Figure 10.4.

3. Write data value Ox1 to enable the YUV422 test pattern.
4. Rebuild the Propel SDK project.

\¢| main.c X

Test pattern enable GPIC
tp _en (YUV422 test pattern)

te((TP_EN_GPIO INST BASE ADDR + @x4), @x1);

1sc 8 wri

Figure 10.4. Firmware Code to Enable the UYV422 Test Pattern

10.3. Steps to Select Memory Type for the In Endpoint Buffer Manager

This section explains the steps to select memory configuration for the IEBM.

10.3.1. Steps for IEBM Memory Type Selection

1. Open the Propel Builder project from the following path:
mipi_uvc_nx33u_revB_bd_u23axibridge/u23_lifclu_nx33_prpl_bldr/u23_lifclu_nx33_prpl_bldr/u23_lifclu_nx33_pr
pl_bldr_des.sbx

Find the IEBM IP and open the configuration window, as shown in Figure 3.28.
Select the Memory Type parameter according to your requirement. Choose either EBR or LRAM.
Enter the Hardware Maximum Buffers and Hardware Single Buffer Size parameter according to your requirement.

Click Generate, as shown in Figure 3.28.

o vk~ wN

Validate and generate the Propel builder design, as shown in Figure 7.13.

10.3.2. Firmware Modification
1. Open thelsc_in_ep_buf_mgmt.h file.

2. Enter the value for LSC_IEBM_FW_SINGLE_BUF_DEPTH based on your requirement. The value should be less than
or equal to that of the Hardware Single Buffer Size parameter of the IEBM IP.
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3. Enter the value for LSC_IEBM_FW_TOTAL_BUF based on your requirement. It should be less than or equal to that
of the Hardware Maximum Buffers parameter of the IEBM IP (Figure 10.5).

@ Isc_in_ep_buf_mgmth X
21
22
23 #define LSC_IEBM BUF_MGMT_IP_BASE TEBM_BASE_ADDR
24 #define LSC_IEBM BUF_MGMT_IRQ TEBM_IRQ
25 #define LSC IEBM BUF MEM BASE B 140060
26 #define HW_ALLOC_BUF_DEPTH TEBM_TEBM_HW_SINGLE_BUFR_SIZE_I
27
28 //Buffer Configuration Register
20 #define LSC_IEBM BUF_CNF_REG @x18
31 #define LSC TEBM FW TOTAL BUF : |
33 #define LSC_IEBM FW_TOTAL BUF_MASK Bx1E0060
33 #define LSC_IEBM FW_TOTAL_BUF OFST 17
34
35 #define LSC_TEBM TOTAL_FW_BUF(n) (n & LSC_IEBM_FW_TOTAL_BUF_MASK) »»> LSC_IEBM_FW_TOTAL_BUF_OFST
36
37 #define LSC_TEBM FW_SINGLE_BUF_DEPTH 16384 |
ine _ | Fld_ _BUF_| || x1FFFF

Figure 10.5. Firmware Configurable Registers
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Appendix A. Resource Utilization

Table A.1 shows the resource utilization of the UVC reference design for LIFCL-33U-9CTG104C using Synplify Pro® of
Lattice Radiant software 2024.2.

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

Module/Resource Utilization LUTs Registers EBRs Large RAMs DSP MULT
RISC-V Micro Controller 3791 1918 2 0
System Memory 126 35 0 2 0
. Bus Controller & Converters 509 338 0 0 0
2::;2’:?"“"” IEBM 406 448 0 2 0
GPIO 293 285 0 0 0
12C Controller 1378 625 0 0 0
UART 246 146 0 0 0
MIPI DPHY/CSI 530 329 4 0 0
Byte to Pixel Converter 590 281 3 0 0
B2P to AXI Stream 115 72 0 0 0
Image Debayer 5809 5226 10 0 6
Color Correction Matrix 1758 1863 6 0 18
Image Signal AXI Stream to Parallel 6 53 0 0 0
Processing Collor Space Converter 288 388 0 0 12
YUV422 to UVC Bridge 204 167 3 0 0
IEBM IN FIFO Interface 57 19 0 0
gxgg‘l;est Pattern Generation & 248 138 ) 0 0
USB23 AXI to Memory Bridge 239 173 6 0
e | 7 | = [ o | o |
Total 16,586 12,559 36 4 42
Percentage Over the Device 60% 45% 56% 80% 66%
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Technical Support Assistance

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

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